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PREFACE.

Ture motive for writing this book was, in the main, to supply
students of pharmacy with a text-book which, while sufficiently
comprehensive to serve as a trustworthy guide, should be devoid of
all nnnecessary material, such as official and unofficial formulas, ete.,
readily accessible in the Pharmacopeia and such books of reference
as are usually found in drug-stores. The author was repeatedly
assured by the late Professor Maisch, and other friends, that such a
book was desirable, and, at their request, the task was undertaken.
Owing to unavoidable interruptions caused by increased duties, the
work, begun in the spring of 1894, was not completed until the
antumn of 1895.

Since the present advanced state of professional pharmacy is the
fruit of long-continued labors of many competent men in both this
country and Europe, no hesitation was had in utilizing their results,
the author having, in fact, felt it to be his duty to incorporate with
his own experience, extending over twenty-five years of a busy life
as a practical pharmacist, the many valuable hints obtainable from
numerous well-known writings. Grateful acknowledgment is hereby
made for aid derived from such books as Proceedings of the American
Pharmaceutical Association, The Art of Dispensing, Proctor’s Lec-
tures on Practical Pharmacy, American Jowrnal of Phormacy, Ernst
Schmidt’s Lehrbuch der Pharmaceutischen Chemie, Hager, Fischer
u. Hartwich's Commentar zum Arzneibuch fiir das Deutsche Reich,
Hager’s Technil der Pharmaceutischen Receptur, Die Schule der
Pharmacie, Flickiger's Pharmaceutische Chemie, Bornemann’s Die
Fetten und Fliichtigen Oele, and others.
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The =ubjects treated in this book have been grouped under three
distinet headings.

Part I. comprises General Pharmacy, which includes the study of
weights and measures, specific gravity, the application and control
of heat, mechanieal subdivision of drugs, and methods of solution
and separation, together with a classification and description of the
various plant-products and solvents used in pharmacy.

Part II. treats of Practical Pharmacy. This involves a study of
the official galenical preparations, together with the many operations
of the dispensing-counter. It has been the author’s aim to explain
as clearly as possible the various processes and apparatus met with
in this department, and to point out difficulties likely to be encoun-
tered, as well as the remedies therefor. All suggestions made have
been tried and verified by the author before offering them, so that
statements made are based on actual experience.

Part III1. is devoted to Pharmaceutical Chemistry, the study of
which is of paramount importance to every pharmacist. While the
subject is a very comprehensive one, and undoubtedly entitled to an
extensive treatise, it has been confined, in this work, to such com-
pounds as are either officially recognized in the United States Phar-
macopeeia, or are of special interest to pharmacists.

By a careful analysis of the working formulas of the Pharma-
copeeia it has been thought possible to render that excellent book
more useful to students as well as pharmacists in general. The
Pharmacopeeia contains a number of valuable tests and assay methods
which are unintelligible to the average reader, but which can be
made available and interesting by a series of explanations. As such
explanations have thus far not been offered in any of the treatises
on pharmacy in the Eunglish language, the attempt has been made
to supply this want.

This book is pre-eminently intended to be one of instruetion and
an aid in the study and use of the Pharmacopeia. The object con-
stantly in view was to answer, if possible, the many questions of
why and wherefore with which students and practising pharmacists
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are almost daily confronted. To what extent the writer has been
successful in this direction must be left to the judgment of the
pharmaceutical profession. He is fully aware that imperfections
must of necessity exist in a work covering so extended a field of
study, and he hopes that those better able to judge will kindly
inform him of any apparent or real defects, so that they may be rec-
tified in a subsequent edition, should such ever be demanded.

The author desires to express his warmest acknowledgments to
his friends, A. D. Clark and J. P. Piquett, for valuable sugges-
tions and aid in proof-reading, to all parties who kindly furnished
drawings and electros for purposes of illustration, and to the pub-
lishers who have spared neither expense nor labor to bring the
. typography, engravings, and general outfit of the book up to the
fullest requirements.

CHARLES CASPARI, Jr.

BALTIMORE, September, 1895,
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PART 1.
GENERAL PHARMACY.

CHAFPTER 1.
PHARMACOPETAS.

AvrHOUGH the term Phaﬁ?mcnpr:eia. (from the Greek gdpuarov,
medicine, and rowiv, to make) is defined by lexicographers as mean-
ing a book of formulas or directions for the }l)reparatmn of medi-
cines, the word has now received a more liberal construction and is
taken to include, besides the foregoing, also descriptions of vegetable
as well as mineral and animal drugs, together with appropriate
tests for establishing the identity and quaht} of the same, the whole
prepared by some recognized authority.

The necessity for a definite and authoritative standard in the selec-
tion and preparation of medicines was long since recognized by all
civilized nations, thus the London Pharmacopeeia was established in
1618, that of Paris in 1639 and that of Edinburgh in 1699. The
first truly national standard was that of Irance, issued in 1818,
which retained the name of its predecessor, the Paris Pharmacopeeia,
and is even to-day still known as the Codex Medicamentarius. The
first United States Pharmacopeeia was established in 1820, prior to
which time various foreign pharmacopeceias had been in use in this
country. The British Pharmacopeia, into which were merged the
London, Edinburgh and Dublin (established 1807) Pharmacopeeias,
was first issued in 1864, while Germany did not adopt a national
standard until 1872, nearly two years after the restoration of the
German empire. Owing to the rapid advances in the science of
medicine and pharmacy, frequent revisions have become necessary,
and the following table shows the date of the last revised editions of
- the pharmacopceias of leading nations :

Gnuniﬂ' Date of Tssune. Country. Date of Iszue.
Germany (supplement) . 1805 Russia . : : . 1891
France [su ement ) . 1805 Germany . 1890
The Unite &{ﬂtes : . 1893 Grreat Britain qupplement;l 1890
Denmark . : . 1898 Austria . . 1889
Switzerland . ; . 1893 Great Britain . = . 1885
Ttaly . : 5 . 1892 France . : ; . 1884
Japan . . : . 1891 Spain . : : . 1884

The Pharmacopeia of the United States, although without the
power of legal enforcement by act of Government, is, nevertheless,
2



158 GENERAL PHAEMACY.

recognized as an authority by the courts, and is the standard em-
ployed in the purchase of medical supplies for the Army and Navy
of the United States. In some of the States it has been adopted as
the legal standard in the enforcement of pharmacy laws, and this
plan is likely to be followed by others. The Pharmacopeeia as now
published represents the joint work of the medical and pharmacentical
professions ; but in the ea,rly part of this century, when pharmacy
had not yet reached the state of a fully developed profession in this
country, the apothecary held a rather subordinate position, and
therefore had no voice in the compilation of the first national
Pharmacopeeia, which was adopted in 1820 by a convention of
physicians assembled at Washington, D. C., under the presidency of
Dr. 8. L. Mitchell, the publication of the book being entrusted to a
special committee of which Dr. Lyman Spalding was chairman, and
both the Latin and English languages being used in the text. In1830,
through some misunderstanding and consequent dissatisfaction, two
separate conventions were held for the revision of the Pharmacopeia,
one in New York and one in Washington, and at the latter the
Government medical service was represented for the first time and
participated in the proceedings; at this time provision was also
made for regular subsequent revisions every ten vears. In the
Pharmacopeeia of 1840 the Latin version of the text was omitted,
and in this revision material aid was also given by the pharmacists,
although they had no representation in the convention ; numemus
improvements in the working formulas appear in this edition.

the convention of 1850 two colleges of pharmacy were duly repre-
sented by delegates, and from this time forward the value of [}Eﬂl-
maceutical collaboration has been recognized, and its influence is
discernible in the many practical details of the Pharmacopeeia.
Since 1850 the convention for the revision of the Pharmacopozia
has assemnbled in the city of Washington, D, C., regularly in the
month of May of every tenth year; all duly incorporated medical
and pharmaceutical societies and milegeﬂ throughout the United
States are entitled to representation by three delegates, the three
branches of the Government medical service being also represented
by one delegate each. The final revision and publication of the
Pharmacopceia, under instructions from the convention, is entrusted
to a committee of twenty-five members; this committee in 1880
and again in 1890 was composed of twelve physicians and thirteen
pharmacists, under the c‘hairmanshlp of Charles Rice, Ph.D.

As the Pharmacopeeia is in almost daily use by the pharmacist, a
Ehort study of its plan and arﬁmgement is desirable for a more
intelligent understanding of the text. The titles of all drugs recog-
nized in the Pharmacopeeia, whether derived from the vegetable,
mineral, or animal kingdom, are conveniently given in three
subdivisions known as the official Latin name, the official English
name, and the official definition, to which is added an official deserip-
tion, by means of which the identity of all official substances can be
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readily established. The following examples will better illustrate
the arrangement of pharmacopeeial subjeets :

ACONITUM ((ficial Latin Name.)
ACONITE (Official English Name.)

The tuber of Acorttum Napellus, Linné (nat. ord. } (Official Definition.)
Ranunculaces)

From 10 to 20 Mm. thick at the crown; conically ]
contracted below ; from 50 to 75 Mm long, with scars
or fragments of radicles; dark brown externally;
whitish internally; with a rather thick bark, the cen- [ (Official Description.}
tral axis about seven-rayed; without odor; taste at
first sweetish, soon becoming acrid, and producing a
sensation of tingling and numbness, which lasts for
some time.

CANTHARIS {Official Latin Name.)
CANTHARIDES (Official English Name. )

m?;wﬂm?a vesicatoria, De Geer (class fnsecta; order | (Official Definition.)

About 25 Mm. long and 6 Mm. broad ; flattish-eylin- ]
drical, with filiform EL'!'LtEI:II]:IE black in the upper part,
and with long wing-cases, and ample membranous,
transparent, browni i wings; elsewhere of a shining ; (Official Deseription. )
coppery-green color. The powder is grayish-brown,
and contains green, shining particles. Odor strong and

disagreeable ; taste slight, afterwards acrid. |
PLUMBI CARBONAS (Official Latin Name.)
LEAD CARBONATE (Official English Name.)
2PbCO, Ph(OH), = 772.82 (Official Definition.)

A heavy, white, opague powder, or a pulverulent |
without odor or taste. Permanent in the air.
Inzoluble in water or aleohol, but soluble in acetic or
diluted nitric acid with effervescence. When strongly |
heated, the =alt turns vellow without charring, and if
heated in contact with chareoal, it is reduced to metal-
lic lead. Its solution in diluted nitric acid yields a
black precipitate with hydrogen sulphide, a yellow one
with potassium iodide, and a white one with diluted |}
sulphuric acid. One Gm. of the salt strongly ignited
in a porcelain erucible, should leave a residue of lead
oxide weighing not less than 0 85 Gm. J

+ (Official Deseription.)

The OrrFrciar LaTix Naumg, which very properly is given in the
Latin langunage, owing to its security against change, is intended to
be at once simple and distinctive, and must be accepted as repre-
senting the drug or preparation more particularly defined in the
other subdivisions. fn some instances the names by which drugs
have been long known have been retained without any special
reference to the source, thus Galla, Buchu, Cusso, Opium, Mastiche,
Senna, Kino, Kamala, ete., but in the majority of cases the generic
or sl:necihL name of the plant or animal vielding the drug has been
adopted as the official name, thus Aconitum, Camphora, Catechu,
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Ipecacuanha, Coccus, Hyoscyamus, Moschus, Rhewm, Senega, ete.
In order to avoid confusion a few of the former generic or specific
names of plants have been retained as the official names of drugs
now known to be derived from a different souree, as in the case of
(uassia from Pierena excelsa, Cambogia from Garcinia Hanburii,
Pareira from Chondodendron lomentosum, ete.

As different species of the same genus often furnish different
drugs, it becomes necessary in such cases either to employ the full
botanical name of the plant to distinguish the official varieties, as
Viburnum opulus and Viburnwm pr umfofnwn Rosa centifolia and
Rosa gallica, or to seleet the generie name only for one of the drugs
and the full botanical name for others, as in the case of the genus
Rubus, where the Pharmacopoeia has chosen the generie name of the
plant, ‘Rubus villosus, to designate the root of the blm,l{bern but the
full name of the plant, Rubus ideeus, as the official name for the fruit
of the raspberry.

Whenever different parts of the same plant are officially recog-
nized as distinet drug‘:‘ the name of the particular part must be
added to the generic or specific name of the plant, thus Arnice
Flores and Arnice Radiz, Belladonne Folia and Belladonne Radiz,
ete.; to this rule the Pharmacopeia makes an exception in the case of
Sassafras bark and pith, both derived from Sassafras variifolium —
the bark is officially known by the generic name only, while the
pith is designated as Sassafras Medulla.

In the official names of compound preparations the principal
active constituents are as a rule specified, as Liguor Ferri ef Am-
monii Acetatis, Tinctura Aloes el Myrrhe, Trochisei Glyeyrrhize ef
Opii, Pilulce Aloes et Ferri, Mistura Rhei ef Sode, but usage has
sanctioned a modification of this rule when there are many ingre-
dients, by naming one of them with the addition of an adjective,
hmh a8 mmpm.am.a*, a, win (compound), aromaticus, a, um (ammatu,},

, thus making a simple comprehensive title, as Spirifus Am-
monice Ammﬂhcus Tinetura Cinchone Composita, 'Pilulee Cathartice
Vegetabiles, Pulvis Morphine Compositus, Linimentum Sinapis Com-
positum, ete,

In the case of chemical compounds where similar combinations of
the same elements, or several varieties of the same compound, have
received recognition, it is absolutely necessary that the official name
include some qualifying term by means of which the character of
the substance may at once be 1r-rngn1f,ﬂd thus Hydrargyri Chlori-
dum— Corrosivum and Mite, Hydrargyri Iodidun— Flavwm and
Rubrum, Ferri Sm’p.-'ms—Emwmim and Granulatus, ete.

The Latin official names are senerally used in the singular num-
ber, even though t-hﬂ idea of plurality may be essentm]lv connected
with the drug, as in the case of Caryophyllus, Galla, Amygdala,
Pilocarpus, ete.; this is in accordance with the precedent set by the
Roman medical writers. Whenever a part of the plant also appears
in the official name the following rule prevails: Semen (seed), Cortex
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(bark), Radixz (root) are always used in the singular, while Folia
(leaves) and Flores (flowers) are invariably used in the plural,

The Orriciar, Excrisa NaMe need not necessarily be a literal
translation of the official Latin name, in fact it seems very desirable
that a drug should have two distinct names officially recognized, the
one confined to the official Latin title, admirably adaptr&d to abbrevia-
tion and use in preseriptions, while the other may be emplm ed in
the ordinary course of conversation and is intended for use in com-
mercial transactions and the daily routine of business, as Nufineg for
Myristica, Brandy for Spiritus Vini Gallici, Black Haw for Vibur-
nuin. Prunifolivm, Pale Rose for Rosa sz?;fnitra Caseara Sagrada
for Rhamnus Purshiana, Pumpkin Seed for Pepo, ete.  Occasionally
the English name is used in the plural while the Latin name is
always used in the singular number, ag Cantharides for Cantharis,
Cloves for Caryophyllus. In the case of chemical compounds the
official English name often indicates with greater precision the true
composition, as Solution of Mercuric Nitrate for Liquor Hydrargyri
Nitratis, Ferrous Sulphafe for Ferri Sulphas, Ferrie Citrate for Ferri
Citras, etc.

In a large number of instances a second English name, which long
custom has demanded shall not be ignored, is given as a synonym
in the fitle, although its origin may be unscientific and its reten-
tion not in strict accord with the systematic nomenclature of the
Phar macopeeia; the synonym inv ariably follows the official English
name and is enclosed in brackets. Among the prominent synonyms
found in the Pharmacopeeia ave Calomel for Mild Mercurous Chloride,
Epsom Salt for Magnesiwin Sulphate, Balm for Melissa, Labarrague’s
Sﬂ:’uﬁm for Solution of Chlovinated Soda, Witeh-hazel for Hamamelis,
Sweet Flag for Calamus, Black Il'rm.:ghr for Compound Infusion o;F
Senna, Red Precipilate for Red Mercuric Ozide, Grifith’s Mizture
for Compound Iron Mizture, Tully's Powder for Cfnnpnund Powder
of Morphine, Citrine Ointment fur Ointment of Mereuric Nilrale,
Basilicon Ointiment for Resin Cerate, ete.

Several of the official svnonyms have been added for the purpose
of more clearly expressing the true chemical character of the com-
pounds for which they are used, than is possible with the official
Latin or English names, as wanyfﬂcefczmide for Aeetanilid, Sodium
Paraphenolsulphonate for Sodium Sulphocarbolate, Phenyl Salicylate
for Salol, Beta Naphtol for Naphtol, etc.

The OFFIcIAL DEFINITION determines the source and character of
the drug or chemical as recognized by the Pharmacopeeia. In the
case of vegetable drugs the botanical name of the plant yielding the
drug is composed of two parts, the generic name and the specific
name, always wuttr-n in t}m same nrdm of sequence ; the first or
generic name is invariably begun with a capital letter, and is usually
employed as the official Tatin name of the drug, w hile the specific
name is only begun with a capital letter when derived from a ge nerie
name, as in @tmm Seoparius, or from a proper name, as in Gareinia
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Hanburii, or when it is indeclinable, as in Aspidosperina Quebracho-
blanco. The necessity for using the full botanical name of the
plant to indicate the source of the official drug is clearly shown in
the caze of the genus Lobelia, of which the Pharmacopeeia recognizes
only the species inflata, althuugh two others, syphilitica and eardi-
nalis, are also well known; of the genus Grindelia two species,
robusta and squarrosa, are 1*e~::urrmml as furnishing the official drug.
Accompanying the botanical name of the plant is the name of the
author, printed in Roman type, and following it, enclosed in paren-
theqes, the natural order to which the plant belﬂugq thus, Veronica
virginica, Linné (nat. ord. Serophulariacee).
In the case of official chemieals it becomes necessary to establish,
the identity of the compound by expressing its exact composition
by means of symbolic formulas; thus in the case of sodium phos-
phate the formula \;121-[]*0*—%1"}[{ O specifies clearly the kind
officially recognized by that name; other varieties of sodium phos-
llmtr such as Na,HPO,+6H,0, 1‘vffs..q,][]’*\u or even NaH,PO,, or
Na,PO, can therefore not be uwrd in pr&.animna or official prepara-
tions. The official definition of alumen, alum, is ALK, (SO,),-+
24H,0, showing that the pharmacopoeial ‘alum is potassinm alum,
or, more strictly speaking, potassium and aluminum sulphate ; since
commereial alum, as a rule, is ammonium alum, the official definition
is important, and necessary to establish the chemiecal character of
the mm]mund to be used as alum in prescriptions and official
preparations. The Pharmacopeia recognizes as magnesium car-
bonate a compound for which the symbolic formula 4MgCO,. Mg
(OH),+5H,0 iz given, which shows it to be not true magnesium
carbonate, but a substance containing four molecules of magnesium
f.-arhmmtc, one molecule of magnesinm hydroxide, and five molecules
of water. The official definition for pure mnrphme, C,H,,NO,+
H 0, recognizes a compound containing one molecule (in this case
5.94 per cent.) of water, and for pure quinine C, H, N,0,+3H,0,
a compound mntalmng three molecules (in this case 14.28 per t'eni.)
of water. Whenever water is expressed in a symbolie f'ﬂrmula, as
in the five cases above mentioned, it forms an integral part of that
formula, and is shown to be an essential constituent of the official
cnmpr;mml in the majority of cases the presence of such water lends
t{:l the mm]mund its power to assume the crystalline form, and is
then known as water of erystallization, but when not so rf-qlured it
is known as water of hydration, as in the case of the official magne-
sium carbonate. Every symbolic formula is followed by a number
which expresses the molecular weight of the compound, “that is, the
sum of the weights of the atoms of component elements ; thus in
the case of the official bismuth eitrate, BiC,H,0, = 397. 44, the
molecular weight 397.44 is equal to the sum nf' the weights of all
the atoms I‘(‘!ll‘ﬂ'&f‘ﬂt(‘d in the compound, namely, 1 atom of bismuth
= 208.9, 6 atoms of carbon = (11.97 > 6) 71. 82 5 atoms of hydro-
gen = {1 % 5) 5, and 7 atoms of oxygen =(15 96 X 7) 111.72,
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or 208.9 4 71.82 + 5 + 111.72 = 397.44 ; official sodium carbonate
is given as Na,CO, -+ 10H,0 = 285.45, in which case the weight of
all the atoms of the crystalline compound, including the water, is
accounted for in the molecular weight, 285.45, as follows: 2 atoms
of sodium = 23 X 2 or 46, 1 atom of carbon =11.97, 3 atoms of
oxygen = 15.96 X 3 or 47.88, ten times 2, or 20 atoms of hydro-
gen =1 X 20 or 20, and 10 further atoms of oxygen = 15.96 X 10
or 159.6, or 46 + 11.97 + 47.88 4+ 20 4 159.6 = 285.45.

The number following simple elements expresses only the weight
of a single atom, as bromine, Br = 79.76, sulphur, S = 31.48,
etc. Atomic and molecular weights are of value in the proper
construetion of equations for the purpose of demonstrating chemical
reactions.

TaE Orrictan. DescripTioN. Whilethe official definition is a brief
but exact statement of the nature and source of drugs and of the
composition of chemicals, the official description amplifies the defini-
tion by adding the physical characteristics of drugs, such as shape,
size, odor, and taste, together with a statement of possible impuri-
ties and adulterations and means for their detection. For chemicals
is added a clear account of their physical properties, their behavior
toward different solvents, and such tests as shall enable the phar-
macist to detect impurities and establish the fulfilment of pharma-
copeeial requirements. The official description is always printed in
small type, and forms a most valuable and important part of the
Pharmacopceia.

Dispensatories.

A dispensatory is a commentary on the Pharmacopeeia, and, as
such, has become indispensable to both physicians and pharmacists.
While the text of the Pharmacopeeia is confined to the definition and
description of drugs and chemicals as well as to the official tests and
I'Et]luircmfrnts and accepted formulas for numerous preparations, much
valuable additional information is given in the £5mn&1tcries, such
as historical data, action, and uses, as well as doses of medicines,
together with comments on and explanations of pharmaceutical and
chemical processes. Besides the Dl‘ffcial drugs and chemicals, a large
number of unofficial remedies and formulas are also treated in detail,
Two dispensatories are published in this country : the Unifed Stafes
Dispensatory, established in 1833, by Wood and Bache, which has
now reached its seventeenth edition, and the National Dispensatory,
established in 1879, by Stillé and Maisch, of which five editions
have thus far been published.



CHAPTER 11
WEIGHTS AND MEASURES,

MerroLoGY (from the Greek word guérpov, measure, and 7syoq, a
discourse) is a study of the art and science of measurements as
applied to extension, volume, and weight of matter. Measure of
extension may be either of Iength or of surface, while measure of
volume or bulk applies to the cubic contents. Measure of weight
is the determination of the gravitating force of bodies, that is, of
their attraction by the earth toward its centre, such attraction bearing
a direct relation to the quantity of matter contained in a body ;
hence weight is pressure exerted by a body upon a horizontal plane
suppﬂrtmg it. True weight can only be obtained in vacuo, where
the exact measurements of the foree of gravitation cannot be inter-
fered with by atmospheric pressure ; all measurements of weight in
any medium, such as air or water, must therefore give low results.
Ordinary operations of weighing, being conducted in air, give ap-
parent weight of the substance only.

Weighing and measuring being operations of daily occurrence in
oharmacy which require care and exactness, a knowledge of the
standards of weights and measures in use in ‘this country and else-
where is absolutely necessary. With more or less modification the
standards at present in use in pharmacy in the United States and
Great Britain are the same as those formerly employed by the
Romans, and which in all probability were by them derived from
the more ancient Greek nation. Three different systems of weights
are at present employed in all English-speaking nations; namely,
avoirdupois weight, apothecaries’ weight and metric weight.

Avoirpupors weight, as its name would seem to indicate, is prob-
ably of French origin (avoir du poids, to have weight), and was no
doubt introduced into Great Britain during the reign of the Nor-
man dynasty ; it first appeared in the English statute-books in 1335.
Avoirdupois weight is employed in the sale of all commodities ex-
cept precious metals and precious stones, hence drugs are always
bought and sold by pharmacists by this system. In Great Britain
avoirdupois weight is also employed in the formulas of the British
Pharmacopeeia, and is now known there under the name of Imperial
weight. In 1824, the value of an avoirdupois pound was defined
by law in Luglaud to be £335 of the old standard troy pound. The
divisions of avoirdupois wmght are the pound, ounce, drachm, and
grain, which are symbolized by the following characters : ﬂ} 0.,

e i e -

-
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drm., gr.; each pound contains 16 ounces and each ounce 16 drachms
or 43?} grains. The term drachm is rarely employed, quantities
less than an ounce being usually des;guated by common fractions,
such as % oz, § oz, } oz, or in grains. The avoirdupois ]mund
containing T{J{}D grains (487} X 16) is the only pmmd used in the
United States and Great Britain except at the mints ; the standard
pound is the equivalent in weight of 27.7015 cubic inches of distilled
water at 62° Fahrenheit and normal barometric pressure.
APoTHECARIES' weight was probably derived from troy weight,
which latter was introduced into Great Britain, by merchants from
Lombardy, toward the close of the thirteenth century; it is em-
ployed altogether in the writing and compounding of physicians’
preseriptions, and is divided into grains, scruples, drachms, and
ounces, of which 20 grains are equal to 1 scruple, Ssmuples are
equal to 1 drachm, and 8 drachms are equal to 1 ounce. The
apothecaries’ ounce is of the same value as the now obsolete English
troy ounce. The following symbols are employed to designate the
divisions of apothecaries’ wmnrht and always precede the number
indicating the quantity mtendc{], which is expressed in Roman
numericals, thus, gr. j, for one grain, Bij, for two scruples, 5iij, for
three draﬂ!]ms, 5iv, for four ounces. As far back as 1266, during
the reign of Henry IIIL., a statute was enacted in Lng]&nd which
provided that an Engll-ah silver penny, called a sterling, round and
without clipping, should equal in weight 32 wheat-grains, well dried
and taken E’Dﬂl the centre of the ear, and that of such pence 20
should make 1 ounce, and 12 ounces 1 puuml About 1497, in the
time of Henry VII., the weight of the silver penny, however, was
changed to the equivalent of 24 wheat-grains. These statutes clearly
indicate the origin of the pennyweight and the troy system, from
which the apothecaries’ weight, still in use at the present day, was
subsequently derived. The choice of wheat-grains from the centre of
the ear arose from a desire for uniformity in size and weight, as did
likewise the directions to employ the grain well dried. The adoption
of troy weight by physicians and pharmacists dates back to 1618,
when the first London Pharmacopeeia was compiled. In 1826,
Im erial measures and standards were legalized in England, and in
827 exact copies of these standards were . furnished the minister of
the United States Government at London ; namely, the standard
yard, a bronze bar of 36 inches length, a brass troy-pound weight
of 5760 grains, and a brass avoirdupois-pound weight of 7000
grains ; copies of these standards were supplied to the different
States in 1856 by Act of Congress. The length of the standard
yard is determined by comparison with a pendulum beating seconds
of mean time, in a vacuum, at the temperature of 62° Fahrenheit,
at the level of the sea, in the latitude of London; the length of such
a pendulum was found to be 39.13929 inches.
From what has been said above it is clear that every troy or
apothecaries’ ounce is heavier than the avoirdupois ounce by 421
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grains ; hence to find the corresponding value in avoirdupois ounces
of any given number of troy or apothecaries’ ounces, add to the
491 8 17 :

el JNE e T of that number, thus xxiv = 24
4371 875 °' 175 ’ -

avoirdupois ounces plus ];g of 24, which is 24 4 233, or 26.33

latter

ounces ; if, on the other hand, avoirdupois weight is to be converted
into apothecaries’ or troy weight, subtract from the number of ounces

givel 32_%; = Qﬁs or 1;_; of the number, thus 26.33 ounces
=25.33-1_£ of 26.33, which is equal to 26.33 — 2.33, or 24

apothecaries’ or troy ounces.

While apothecaries’ weight is employed in compounding prescrip-
tions both in this country and Great Britain, it is not used in either
the United States or British Pharmacopeeias, and will no doubt be
entirely abolished in the course of time, when a uniform international
system of weights shall have been adopted by the medical and phar-
maceutical professions of both countries. The grain is the connect-
ing link between avoirdupois, troy, apothecaries’ and Imperial weight,
being the same in all.

The fluid measure used by pharmacists of the United States is
derived from the old wine measure of England (now extinet), which
allowed to each wine gallon the volume of 231 cubic inches, or
58340.011 grains of distilled water at 15° C. (59° F.); the Im-
perial gallon of Great Britain contains 277.273 cubic inches, or
70,000 grains of distilled water at 62° Fahr, In both cases the
gallon is divided into 8 pints, but the pint of wine measure con-
tains 16 fluidounces, while the Imperial pint contains 20 fluid-
ounces. The United States fluid measure has the following units:
the minim, the fluidrachm, and the fluidounce, which are repre-
sented by the following signs: m,, £5, £5; in addition, the pint and

allon are sometimes employed in commercial transactions, being
ﬁesignatﬂ(l by the abbreviations O, from Oclarius, for pint, Cong.,
from Congius, for gallon, The units of Tmperial fluid measure bear
the same names as those employed for United States fluid measure,
but differ from them in value; thus, while the Imperial minim of
water weighs 0.91 (0.9114583) grain, the United States minim of
water weighs 0.95 (0.9493) grain, and, since both fluidounces contain
480 minims, the Imperial fluidounce of water weighs 437.5 grains,
but the United States fluidounce 455.70 grains, at 15.6° C. (60° F.).
Each fluidounce is divided into 8 fluidrachms and each fluidrachm
into 60 minims.

It must not be overlooked that many liquids, although dispensed
and sold by the apothecary by fluid measure, are purchased from the
manufacturer by weight, and whenever the specific gravity of the
liquid differs materially from that of water there must be also a
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marked difference in the relative volume; thus glycerin, syrups,
chloroform, ethers, acids, essential oils, and many chemical solu-
tions, are always purchased by weight. The following list shows the
number of fluidounces in one pound of the respective liquids, of
pharmacopeeial quality :

One Pound of Sulphuric Acid measures about . . 8} fluidounces.
“ Monsel's Solution measnures about . 10 8
ik i G‘hlumfﬂrm e (4] + 3 1{}& &
i ke S},rup i 113 : : 11 g £ £
y “  (zlycerin % N . 12} i
[ 1 GDIIIETdJS Ertl'ﬂct i £ : T ]2;‘ 1]
a “  Ammonia Water = it 3 . 18 S
e ¥ Stronger Ammonia Water measures about 17 %
3 ¢ Spirit of Nitrous Ether % 4 18} =
2 “  Fssential Oil measures from . . 13to18 e
b #  Fther measures about . : : . 2% i

The METrIC or DECIMAL system of weights and measures, which is
the only official system of the present United States Pharmacopceia,
is supposed to have originated in the fertile mind of the French
statesman, Prince de Talleyrand, toward the close of the last cen-
tury, and was enforced in France by law in December, 1799. It.
has already become the legal standard in all civilized countries
except the United States and Great Britain, and is destined to
become the universal standard for commercial transactions, as it 1s
already for strictly seientific work, the world over.

The use of metric weights and measures was legalized in the
United States and Great Britain in 1866, but neither country has
as vet officially adopted them, although the prospects for such desira-
ble action are brightening. In 1878 the use of the metric system
was made obligatory in the purchase of medical supplies for the
United States Marine-Hospital service. Since the introduction of
a new system of weights and measures must, no doubt, for a time
create some confusion, a careful study of the same is required of
pharmacists and physicians. The principles upon which t?u‘: metric
system was founded arve as follows: The reduction of all weights
and measnres to one uniform standard of linear measure ; the use
of an aliquot part of the earth’s circumference as such standard;
the application of the unit of linear measure to matter in its three
modes of extension—Ilength, breadth, and thickness—as a standard
of all measures of length, surface, and solidity ; the cubie con-
tents of linear measure in distilled water at the temperature of its
greatest density to furnish at once the standard measure of weight
and of eapacity ; everything susceptible of being weighed or
measured to have only one measure of weight, one measure of
length, and one measure of capacity, with their multiples and sub-
divisions exclusively in decimal proportions, and every weight and
every measure to be designated by an appropriate significant char-
acteristic name applied exclusively to itself.

As a basis, the authors of the metric system adopted a quadrant
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(one-fourth) of' the earth’s cirenmference, and dividing this into ten
million parts they obtained a certain measure of length, which they
named METER (French métre) and adopted as a standard for all units
of measurements ; this meter, which was made the unit of linear
measure, is equal to 39.3704 inches. One-tenth part of the meter,
applied to cubic measurement, was made the unit of measure of
capacity and called a LiTER (Irench litre) ; it is equal to 33.8149
U. 5. fluidounces or 2.1135 wine pints. The one-thousandth
of the liter (which is equal to the cube of one-hundredth part of
the meter) was chosen to furnish the unit of weight ; the weight
of such a volume of distilled water at its greatest ['lnuslt\ 4° C.
(39.2° F.), was called a GRAMME, and is equal to 15. 43235639 grains.
The multiples of these units are denoted by prefixes of the Greek
numerals, deka 10, hecto 100, kilo 1000, myria 10,000 ; while pre-
fixes of the Latin numerals denote the subdivisions, thug deci, one-
tenth ; eenfi, one-hundredth, and milli, one-thounsandth. Two other
units of the metric system, the are (the square of ten meters), and
the sfere (a cubie meter), are not of pharmaceutical interest. Al-
though the liter is the unit of measures of capaecity, the subdivisions
of this unit are almost invariably spoken of as so many cubic cen-
timeters, since cach liter is equal to 1000 cubic c:»entuneters, thus
the expressions 10, 50, IUU, 250, 750 cubic centimeters, ete., are
weferred to 1 antllltm, 5 wntlhterq 1 deciliter, one-fourth of a
iter, and three-fourths of a liter. In like manner the specific names
of the fourth multiple of the units are rarely employed, it being
customary to designate all above the third multiple as so many of
that multlplo thus 10 kilometers instead of 1 myriameter, 15,000
liters instead of 11 myurialiter, and 20 kilogrammes instead of 2
myriagrammes, ete.  When writing the names of metric measures
and weights, abbreviations are usually employed in place of the full
names, as will be seen from the following tables, which also give the
corresponding values in customary weights and measures :

Menswres of Length.,

1 Myriameter, Mm. = 100000 M. = 6.21374 miles.

1 Kilometer, Km. = 10000 “ = 49710+ furlongs

1 Hectometer, Hm. = 1000 * = 1983404 rods.

1 Dekameter, Dm. = 10.0 “ = 32.8086- feet.

1 Meter, M = 1.0 * = 39.3704 inches.

1 Decimeter, dm. = 01 ¢ = 393704 =

1 Centimeter, em = 001 ¥ = 0303704 =

1 Millimeter, mm. = 0001 ¢ = 00393704
Measures of Capaeily.

1 Myrialiter, ML = 100000 L. = 2641.7800+ gallons.

1 Kiloliter, Kl. = 10000 * = 26417894

1 Iectoliter, Hl. = 1000 * = 2641784 *

1 Dekaliter, M = 100 &% = 26417 «

1 Liter, L — 1.0 % = 338149+ ﬂu]dmmcgs_

1 Deciliter, dl. = 0l ¥ — 3.38149-}

1 Centiliter, el. = 0.0L ¥ — 0.3381494- %

1 Milliliter, ml. = 0001 ¥ — 0.03381494

1 Cubic centimeter, cem. = 0.001 ¥ = 0053381494 *
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Mensures of Weight.

1 Myriagramme, Mg, = 10000.0 G. = 22.0461+ pounds.

1 Kilogramme, Kg. = 10000 v = 220464+ =

1 Heetogramme, Hg. = 100.,0 * = 352734+ av. ozs.
1 Dekagramme, Dg = 100 ¥ = 1543235639 grains.
1 Gramme, Gm. = 1.0 ¥ = 1543235639 o
1 Decigramme, dg. = 01 * = 1543235639
1 Centigramme, cg. = 0.01 * = 0.1543235639 *
1 Milligramme, mg. = 0001 * = 001543235639 «

The U. S. Pharmacopeia deviates from these abbreviations
in three instances, using Mm. in place of wmm. for millimeter,
Cm. in place of em. for centimeter, and Ce. in place of cem. for
cubie centimeter. The numerical expression of all weights and
measures should always be accompanied by the abbreviation used
for the unit, and whenever subdivisions are not given a cipher
should follow the decimal point, so as to indicate more clearly the
intention of the writer; thus, 25.0 Gm. and 350.0 Ce,, leave no
doubt whatever as to the quantities desired, whereas 25 'Gm. and
350 Ce, might have been carelessly written for 2.5 Gm. and 35.0
Ce.. Since the value of the numerical expression depends entirely
upon the correct placing of the decimal point, due care must be
obzerved, lest the misplacement thereot increase or decrease the
intended ‘value tenfold. When reading metric weights and measures
the multiples of the units should be read as so many units, but the
subdivisions are preferably named as so many of the lowest division

ssible ; for instance, 25.050 Gm. 511011][1 be read 25 grammes and
a{}mﬂllgmmmes instead of 2! b and 1§ grammes ; 0.125 Gm., one hun-
dred and twenty-five milligram mes 1u5tead of ]3} L-enuummmos or
1 decigramme 2 centigrammes and 5 milligrammes ; 0.02 M. should
be read as 2 centimeters or 20 millimeters, but never as {3+ or

of a meter; 1.425 L. should be read as 1425 cubic centimeters
mstead of 1425, liter or 1 liter and 425 cubie centimeters,

The corresponding values, in customary weights and measu res, of
a few metric weights and measures should be firmly fixed in the
mind for convenient nse while reading or studying ; as,

1 Mm. %mi.llim&t&r} = 4 of an inch.
1 Cm. (centimeter) = § ** *
1 inch = 25 millimeters or 2} centimeters.
1 Ce. (cubie centimeter) = 16.23 minims or 0.27 fluidrachm or 0. EESE ﬂllldﬂunce
1 fluidounce = 29.57-4 cubic centimeters at 4° C. (39.2° F.), or 20.53 Ce. at
15.6° C (60° F.)
1 Gm. (gramme) = 15.4324 grains.
ﬁam = 0.064794 gramme or 64.79 mllligra.mme-;
(milligramme) = 0.01543 grain (practically 75 B ain ).
1 L. {hterj = 33.815 (nearly 34) fluidounces or 2} pints.

In larger commercial transactions the kilogramme is the metric
weight generally employed, being frequently abbreviated, “ kilo ”
it is equivalent to 21 avoirdupois pounds + 34 grains.
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The following simple rules will enable anyone to readily convert
metric weights and measures into those customary in this country,
the results being practically correct.

For linear measure: Divide the number of millimeters by 25,
300, or 900 ; the quotients will be the answer in inches, feet, or
yards, respectively.

For measures of capacity : Divide the number of cubic centi-
meters by 0.06163, 3.697, or 29.57 ; the quotients will be the answer
in U. 8. minims, fluidrachms or fluidounces, respectively.

For weight: Divide the number of grammes by 0.06479, 3.8874,
or 31.0992; the quotient will be the answer in grains, drachms, or
apothecaries’ ounces respectively.

In the actual operations of weighing and measuring, however,
it will be found more desirable to be provided with a set of accu-
rate metric weights and measures; for then even the slight errors
arising from the translation of one system into another can be
avoided.

COMPARATIVE TABLE OF METRIC WITH AVOIRDUPOIS AXD
APOTHECARIES WEIGHTS.

Numerical Equivalents in Equivalents in Eqguivalents in
Names. Expressions. Graine. Avoirdupois Weight. Apothecaries’ Weight,

Gm. { Gr. b, oz £r. k-4 o gr.
Milligramme 0.001 001548 | . L L Lk 1
Centigramme 0.010 016432 | ... . t{; +
Decigramme 0.100 1bdgex | . a1k T ]
Gramme 1.0 | 1548235 | ... ... 154 we 15,4
Dekagramme 100 | 154 32356 1 450 s 2 340
Hectogramme 100.0 1643.23563 | ... 3% 120 3 1 430
Kilogramme 1000.0 | 15432.35639 ¥ 8% 1047 32 1 124
Myriagramme 10000.0 | 154323.56390 | 22 1 148 321 4 35

The weight in grains of a cubie centimeter and a U, 8. minim of
distilled water must vary with the temperature at which the meas-
urement is made; hence the relation between metric and U, S,
apothecaries’ fluid measure remains uniform for all temperatures,
At 4° C. (39.2° F.) a cubic centimeter of distilled water weighs

15.4324 grains, while a minim weighs g&%ﬁ of '456.392 grains, or

0.9508 graiu, hence each cubic centimeter is equal to 15.4324 - 0.9508
or 16.23 minims ; at 15° C. (59° F.) a cubic centimeter of distilled
water weighs 15.392 grains, while a minim weighs 0.9483 grain,
hence each cubic centimeter is equal to 15.392 <+ 0.9483 or 16.23
minims.

In writing preseriptions, physicians are in the habit of considering
4 Ce. (actually 3.6969) as equivalent to 1 fluidrachm, and 30 Ce.
(actually 29.57) as equivalent to 1 fluidounce.
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CoMPARATIVE TABLE oF METRIC AND APOTHECARIES FrLuip MEASURE

Cubic Centimeter, | Minimas, 3 5 il
0.06163 i 1.0 2 e
030815 . 5.0 A i
061630 10.0
1.0 16.23 o i
5.0 R1.15 ; 1 21.15

10.0 162.30 s 2 42.3
20.0 324,60 ot (5] 24.6
20.0 486,90 1 0 6.9
40.0 _ G49.20 1 2 49.2
50,0 ' 811.50 1 a 31.5
60.0 D73.80 2 0 138
T0.0 1136.10 2 2 &56.1
8010 ' 1298.40 2 5} a8.4
Q1.0 1460.70 3 0 20.7
1800 { 1623.00 ] 3 3.0
250.0 4057.50 8 3 o870
500.0 211500 16 f 15.0
1000.0 1G230.00) 343 {i 30.0

Physicians and pharmacists cannot be too careful in the use of
metric weights and measures in the writing and reading of preserip-
tions. In continental Kurope, where the metric system has been in
use for many years, no signs are used in prescriptions, because all
ingredients, whether solid or liquid, are weighed, and it is under-
stood that weight is always intended ; whenever, for any reason,
measures are wanted, the signs L. (liter) or Cem. (cubic centimeter)
are employed. But in this country, and also in England, where it
is still, and likely to remain, customary to weigh solids and to
measure fluids in the dispensing of medicines, the official abbrevia-
tions given in the U. 8. Pharmacopeia should be used invariably,
so as to avoid all possible confusion ; with water, and the average
diluted alcohol tinctures, it would probably not make much differ-
ence whether grammes or cubic centimeters were dispensed, but in
the case of all liquids having a higher or lower specific gravity than
water, a marked variation will be observed ; thus 20 Gm. of glycerin
measure 16 Ce, and 20 Ce, of glycerin weigh 25 Gm.; 60 Gm. of
simple syrup measure 45.5 Ce., and 60 Ce. of syrap weigh 79.02 Gm.;
80 Gm. of chloroform measure 20.13 4 Ce., and 80 Ce. of chloroform
weigh 44.7 Gm.; 4 Gm. of bromoform measure only 1.4 Ce,, and
4 Ce. of bromoform weigh 11.32 Gm.; 10 Gm. of ether measure
13.77 + Ce., and 10 Ce. of ether weigh only 7.26 Gm.; 50 Gm, of
aleohol measure 60.97 + Ce., and 50 Ce. of aleohol weigh 41 Gm.

It is incumbent upon the medical schools of this country to
familiarize their students with the decimal system of weights and
measures, as is now done in all colleges of pharmacy, and not until
the National Medical and Pharmaceutical Associations shall have
agreed upon some rule or guide for the two professions in the speci-
fication of metric weights and measures in prescriptions will the
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pharmacist be relieved of annoyance and censure caused by an im-
proper interpretation of quantities.

In the absence of specified fluid measures it is safest to follow the
custom of continental Europe and weigh all solids and liguids when
dispensing plestnptmus written in the metr;c system,

In 1890 the United States Government obtained from the Inter-
national Bureau of Weights and Measures prototype standards of
the Meter and the Kilogramme, made of platinum-iridium ; these

were placed in the custody of the Office of Standard Weights and,

Measures at Washington, and from them the commercial weights
and measures now in use are derived. The value of the United
States prototype standard Meter and Kilogramme is identical with
the international standards derived from the Matre and Kilogramme
“des Archives” of France,

The United States yard is defined to b 1t
1e Unite ke yand as S defmenite) b Soiie NI ot

a meter; the pound (avoirdupois) is derned as being equal to
700000000
1543235639
of 3785434 grammes (58418.1444 grains) of water at the tem-
perature of its maximum density, weighed in vacuo.
The instruments used in weighing and measuring are balances,
weights, and graduated vessels, and the neccessity for their accuracy
and careful preservation cannot be too strongly emphasized.

of a kilogramme, and the liquid gallon is the volume

THE BALANCE, or, as it is commonly called, “a pair of scales,”
is no doubt the most useful instrument in the hands of the phar-
macist; upon its proper construction and sensitiveness depend
the accuracy of weighing and correct dispensing of medicines ;
hence every well-eqmpged pharmacy should be supplied with at
least three balances of different quality. The general construction
of an ordinary balance is so well known to everybody that a
detailed description seems unnecessary; the simple hand scales
(see Fig. 1), which were formerly relied upon altogether, have
almost completely disappeared in this country ; in their stead a
more substantial instrument is now used. The single beam prin-
ciple still prevails, in which a metallic bar is supported at its centre
on a knife-edged axis, called the fulerum, thus producing two arms
of equal length. The fulerum projects from the sides of the beam,
and rests on two supports at the top of a stationary column, so
constructed that the wear and tear due to constant friction is relieved
by a special contrivance for raising the beam above the steel or
agate plane when the balance is not in actual use. The knife-
edged axis and the support on which it rests are both made of
hﬂ..l*(li}l.‘lﬁ[] steel and highly polished, in order to reduce friction to a
minimum ; but, since even steel is liable to become rusty, particularly
when expnsed to moisture or acid vapors, agate edges and planes,
which ave practically indestructible, are now preferred on all finer

360000 of




WEIGHTS AND MEASURES. 33

balances. The centre of gravity of the beam should be slightly
below the edge of the fulerum ; if it were in the edge of the fulerum,
the beam would not come to a horizontal position when the pans are
equally loaded, but would remain in any position where it might
chance to be placed. If it were above the edge of the fulerum, the
beam would remain horizontal if placed so; but if slightly deflected it
would tend to overturn by the action of the weight of the beam. The
nearer the centre of gravity comes to the edge of the fulerum, the more

FiG. 1.

Old-ztyle hand balance,

aceurate and sensitive it will be ; but at the same time it will turn
more slowly. The seale-pans are suspended in suitable wire frames
also supported by means of knife edges from the ends of the beam ;
in order to insure perfect equilibrium it is essential that the end
knife edges be situated equally distant from the central point of
support and that they lie in the same plane with it, all three edges
being parallel to each other. The lighter in weight and the more’
inflexible the beam the greater will be the sensitiveness of the
balance. Both of these desirable qualities are obtained by the use of
aluminum beams, which arve also non-corrosive and non-magnetie.
The scale-pans are preferably made of solid nickel or solid
silver ; but for weighing certain chemieal substances likely to attack
the metal they should be supplanted by strong glass pans. Each
balance is provided with an indicator in the form of a long, thin,
flat needle attached to the centre of the beam and so arranged that
3
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when the beam is in perfect stable equilibrium it points directly to
the zero mark on a short graduated plate attached to the front
base of the upright (see IMig. 2); on some balances the indicator
points upward, the graduated
scale being placed at a little
distance above the beam (sce
Fig. 3.). When the balance is
in use it is far better to rely
upon the regular, uniform oseil-

Preseription balance with indicator below Preseription balance with indicator above
the beam. the heam.

lations of the beam as shown by the indicator on the seale than to
await the fixed position of the indicator at the zero point. Every
balance when purchased should be carefully tested as to its sensi-
bility and correct adjustment ; this is best done by allowing the
beam to oscillate freely au]:-[nn'tml on its fulerum, with the pans
detached. The oscillations should be regular and the beam finall Ly
return to its horizontal position of rest; but it must be borne in
mind that an essential requisite for the success of this test is a
erfectly level position of the balance. The equilibrium of the
beam should also be maintained when the pans are attached, whether
empty or lightly or heavily loaded, and when the load is tl"emﬁpn'ﬂ-

from one pan to the Dﬂll."l‘ ; these tests prove equality in the length
of the arms. [Fine pmsvnplmn balances should be kept enclosed
in a snitable case provided with glass sides and top to protect them
against dust, moisture, and corrosive vapors; they should not be
scoured at any time, but simply polished with a piece of soft
chamois skin or dusted with a soft camel-hair brush ; under no
cirenmstances should oil or chalk be used on the knife edges or
planes,

Compound lever balances differ from those above described
chiefly in having the pans situated above the beam and supported
upon rods so constructed as to retain their vertical position duung
oscillation ; they are less sensitive than the single beam preseription
balanees, and are venerally used for coarser wuwhmg When en-
closed in a box they are known as “box scales™ and then possess
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the advantage of having the more delicate parts of the mechanism
protected against injury.

Fig. 5,

Compound lever balance,

Figs. 4 and 5 show preseription and counter box seales con-
structed on the compound lever principle. Fig. 6 represents a
convenient dispensing balance for rough
preseription work, and is intended for s
quantities ranging from 30 grains to 2
or 4 ounces; it is sensitive to 1 grain,
and is provided with a beam graduated
into apothecaries’ and metrie weight (1 to
120 grains and 0.1 to 8.0 Gm.) and car-
ryving a sliding poise,

Special balances for weighing liquids, 4@
partienlarly in the laboratory, have been  Troemners dispensing seale.
found very convenient on account of their
peculiar construction, Fig. 7 represents Troemner’s new solution bal-
ance, capable of weighing from 10 grammes to 16 kilogrammes (154
grains to about 36 pounds). The scale is provided with an extra
balancing beam by which an empty bottle or container is quickly
balanced by simply sliding the balance weight along until a correct
balance is secured. A new system of adjusting weights, known as
the ball system, is attached, and is a great improvement over the old
method of using separate weights ; small weights are adjusted on




36 GENERAL PHARMACY.

the graduated beam in front, while the larger weights are repre-
sented by different positions of the balls on the central plate.

Since 1882 great improvements have been made in what are
known as forsion balanees. The chief difference between torsion
and ordinary balances is the entire absence of knife edges and the
location of the centre of gravity above the fulerum or point of

Fig. 7.

rotation, The knife edges have been replaced by thin steel springs
stretched tightly between bearings, the centre of the beam being
fastened to the centre of the strained spring and at right angles to
it ; under this condition the beam, by the elasticity or torsion of the

Fia. 8.

Torzion preseription balance,

"""I"'l G

Section of rider beam for same.

spring, will vibrate precisely as the ordinary beam balanced on knife
edges. The pans rest upon similar torsion springs at the ends of
the beam in tllu: same manner as the central fulerum of the beam.
The inherent forsional resistance to oscillation, due to the tightly-
stretched wire bands, is overcome by elevating the centre of gravity
above the fulerum, by means of a weight, to such a height that its
tendeney to reach its lowest position (vertically below the centre of
rotation) almost nentralizes the total resistance. If, consequently,
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the tendency of the high centre of gravity and the resistance of the
wire bands are opposed to such an extent as to nearly neutralize
each other, the sensitiveness of’ the balance is established, and the
slightest weight placed on the pans will cause the beams to oscillate ;
on the other hand, the beams will return to their horizontal position
by the unneutralized resistance. The foregoing principle has been
applied to a variety of balances adapted for ordinary commercial
weighin% as well as the more delicate adjustment of fine preserip-
tion work and chemiecal analysis; like ordinary balances they are
provided with graduated beams and poise to be used in place of
weights. Fig. 8 represents a torsion preseription balance of fine

Fig. &,

MPEHED

Bection of triple rider beam for same.

adjustment, with all the parts enclosed in a glass case and fully
exposed to view ; it is sensitive to 1 milligramme or {5 of a grain,
and up to 500 milligrammes or 8 grains all weights can be ad-
justed by means of a rider on the graduated beam, Fig. 9 repre-
sents a torsion counter balanece sensitive to 2 grains, and having a
capacity of 20 pounds; it is also provided with a triple graduated
beam for avoirdupois, troy, and metric weights,

Every pharmacist who lays claim to doing even a moderate pre-
seription business should have in his possession at least two bal-
ances, one of which may be used for weighing quantities ranging
from 30 grains to 2 or 3 ounces, and should be sensitive to at least
3 grain; while the other should be confined to quantities never
greater than 2 grammes or 30 grains, and should respond readily to
a_change in weight amounting to 2 or 3 milligrammes or 4 to 5
grain ; besides these a larger balance (usnally termed counter scales)
is needed for general trade ; this should be of such adjustment as to

allow aceurate weighing thereon of quantities ranging from 1 ounce
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to 5 or 10 pounds, and should be sensitive to 5 or 10 grains, with a
full charge.

WELGHTS are pieces of metal designed to weigh aliquot parts of
the established units ; brass or iron is used for the customary com-
mercial weights, while brass or aluminum is chosen for weights
employed for dispensing purposzes; platinum is also occasionally
used for small preseription weights on account of its extreme hard-
ness and resistance to atmospheric influences. Accurate weights
are as essential as accurate balances, for one is rendered unreliable
without the other. The usnal form of commercial weights at
present is in sets known as box or block weights and ranging from
one-quarter ounce to five pounds (Fig. 10). Troy weights as a

mark of distinetion from avoirdupois

Fig. 10. weights are usually sold in nests of

brass cups (see Fig. 11); they run
from one-eighth ounce to eight or
sixteen ounces, and for use in dispens-
ing prescriptions the lower denomi-
- nationg, from } grain up to 2 ounces,
Block weights. are frequently put up in boxes or
blocks as shown in IFig. 12, The
smaller dispensing weights are either made of brass or nickel-
silver, after the style shown in Fig. 13, or of aluminum if below the

Fic. 11.

FiG. 12.

Apothecaries” weights (17 gr.

to 3ij)in case. Brass or silver-nickel preseription weights.

denomination of ten grains (see Figs. 14 and 135); weights
less than one-quarter grain are often indicated by means of a
sliding poise on a graduated beam. The relative lightness of
aluminum adapts this metal admirably for use in weights of very
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low denominations, as they can be made of larger size and con-
sequently be more conveniently handled than heavier brass weights.
Metric weights are made of iron, brass, or aluminum, in the same
forms as alveady described for avoirdupois and apothecaries’ weight.

FIg. 14, Fre. 15,
<5Gnmna? "-m&mnsi! D> r»} i':* §

Aluminum wire weights, Aluminum grain weights,

In connection with the operation of weighing, the term fare is
frequently used to indicate the weight of the empty vessel (dish,
box, bottle, or jar), in which the substance (liguid or dry) is to
be weighed ; gross weight is the combined weight of the substance
and the container, nef weight is the weight of the substance alone,

2et of metric preseription weights, (100 grammes to 1 centigramme. )

obtained by subtracting, from the gross weight, the tare of the con-
tainer. Instead of finding the exact weight of the container, the
latter may be simply counterpoised or balanced by small shot or dry
coarse sand contained in a suitable cup.

Everyone who has occasion to use fine balances should early
accustom himself to certain habits of care and neatness, which will
materially preserve the sensitiveness of the instrument. The fol-
lowing rules are recommended: Never allow the beam to oscillate
when the balance is not in use. Immediately after the operation of
weighing is compleled, replace the weights in their proper rveceptacle and
clean the pans with a soft towel. Never weigh deliquescent salls, or
active ehemicals, such as todine, on the metal pans, but always on glass,
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or tn lared vessels, Aheays weigh potent or poisonous drugs on stiff
glazed paper, using two pieces of equal size lo counterpoise each other.
Never place large weights on the pans, or vemove them, while the beam is
in motion ; this is easily accomplished by means of levers Jor keeping the
beam and pans af rest.

Measunris are vessels used for determining the volume of liguids,
and even dry substances; the latter kind do not concern the phar-
macist, who is mmpe]led however, to have on hand a variety of
vessels suitably provided with appropriate scales of measurement for
liquids. Such vesselsare usually made of glass and are known simply
as graduates ; they oceur of dlﬂEI‘LHtLﬁlmt‘ltl(‘S from 1000 cubie centi-
meters (1 liter) down to 5 cubic centimeters, and from 64 fluid-
ounces down to 60 minims. The Pheniz and Ademe Graduales,
manufactured in this country, are gnaranteed to be accurate and
made strictly according to the American standard of apothecaries’
fluid measures ; since Imperial measure differs materially from U. S,
fluid measure, g araduates made in England cannot be used in this
country, unless they have been ad Juaterl according to the American
standard. Very accurate metric graduates are also now made in
this country.

Graduates of different shapes are in use, conical, tumbler-
shape, and eylindrical (see Figs 17, 18, 19), the last named of which,

Fie. 17. FiG. 15, Fia. 19.

Conical praduate, Tumhler-shﬁp-e graduate. Crlindrical graduate,

although the most acenrate, are but rarely seen in stores, Cylindri-
cal graduates have a small diameter, which is uniform throughout
the height of the vessel ; hence errors in measurement due to capil-
lary attraction are in these reduced to a minimum. For } and } oz
graduates the diameter is about } inch; for 1 and 2 oz sizes it
should not exeeed § inches ; while f{:-r the 4 oz. size, 1} inch diameter
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will be ample. For measuring quantities less than two fluidounces
the cone-shaped graduates will be found preferable to the tumbler-
shape, but difficulty is often encountered in cleaning them properly,
particularly the smaller sizes. The “Acme” graduates, introduced
a few vears ago, possess the advantage of being made flat on the
bottom, without a foot, and hence are less liable to be upset or
broken ; thev are admirably adapted for laboratory work, are eylin-
drical in form, of about the same diameter as tumbler-shape gradu-
ates, and can be had for both metric and apothecaries’ ﬁnidpmnasurn.
(See Figs. 20 and 21.)

Fig, 20,

Metrie fluid measure. 7, 8; fluid meazare,
Acme graduates,

Duplex graduates, arranged for apothecaries’ fluid measure on one
gide and metrie fluid measure on the other, are not to be recommended,
on account of the danger of confusion and the greater difficulty of
accurate measurement.

Although minim graduates are extensively employed for measur-
ing volumes of less than one-fourth fluidounce, it will be found more
desirable to nse minim ]i:ipr:ttes (see Fig. 22) for quantities ranging
from 5 to 60 minims ; these instrunients, first suggested by Dr. E.
R. Squibb, are very accurately made and will be found extremely
convenient. For measuring small metric volumes the graduated
cubic centimeter pipettes of Dr. Curtman will be found very
serviceable (see Iig. 23) ; they come in different sizes—5 and 10 and
25 Ce. capacity—each cubie centimeter being divided into tenths, and
are especially adapted to pharmacopweial testing.

As to the proper manner of holding a graduate while measuring
liquids, it may be said that the firmest hold is obtained by grasping
the gradunate with the left hand in such a manner that the first or
index finger encireles the lower part of the vessel, the thumb resting
on the base and the second finger forming a support by being placed
under the base; this leaves the third and fourth fingers free to remove
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and hold the stopper of a bottle from which any liquid is to be meas-
ured ; the mark to which the liquid is to be measured should be on a
lﬁw-l with the operator’s eye w hllﬁ the graduate is held in an uprlght
position. Owing to capillary attraction, every liquid contained in a

Fra. 22,

FiG. 23,
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gradnate will present two concave surfaces, neither of which can be
taken as the true level ; hence a correct reading of the graduation
can only be had by ﬁxmu‘ the desired marking of the seale inter-
mediate between the 111)1391' and lower edges of the liguid.
Giraduates which have the same seale marked on both sides, or
which are encircled by the markings of the scale, admit of more
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accurate measurements and do not require that careful attention to
levelling the graduate necessary with the plainer varieties.

Glass graduates are best cleaned by washing with a mop, using
soap and water if necessary, rinsing with clear water and allowing
the graduate to drain, cither on a perforated tray or by hanging in
a rack, but never should a towel be used to dry the gmdtth, as it is
apt to Teave lint adhering to the glass.

APPROXIMATE MEASUREMENTS. Owing to the varied density
of liquids, the number of drops contained in a certain volume must
vary greatly with different liguids ; moreover the size of a drop is
influenced by the size and shape of the vessel from which the drop
is allowed to fall—so that a drop is a very uncertain quantity in the
division of doses of medicines. The variability of adhesion to
glass exhibited by different liquids as well as the rapidity with
which liquids arve allowed to flow from wvessels, are other factors
which determine the size of drops, as is shown in the case of chlo-
roform.

Instead of being identical with the minim, drops may vary from
one-fifth to one and one-fourth minim.

For the purpose of better illustration, the following short table has
been inserted, showing the great variability in size of drops of
different liquids :

TARLE SHOWING THE NuMBeER oF Drops To A FLUIDRACHDM,

Tl - |
120 minims | 1 flnidounce | W. T. & Co’s. ;
Liguid, Phenix | Phenix I exact Medi- I:;mlf“;imllll-“
Graduate. | Graduate. | cine Dropper, Sbhell Bottle.

— —_— e —

Instilled Water . 3 ; ; 48 46 128
Tmctum of Aconite . i : 14100 1500 19100 120
# Belladonna . £ 144 144 174 108
L “ Chloride of Iron . 150 150 190 120
4 it {}pium = : i 150 130 154 |
i L ¥ Camphorated 1313 136 170
Al % Deodorized Opium . a0 1 | 124 - ]
Glycerin . : : a0 6 | 1]
l’nnﬁed Ghlumfarm ) ] . 234 | 240 | 304 160
second trial 2id | 0 | 360 180
Djl. Hydrﬂcyamc: Acid : ; 61 50 TH G

i | (3] bottle)

For the administration of medicines certain familiar domestic
measures are employed, which, although subject to considerable vari-
ations, are usnally estimated as having the following capaeity :

A teaspoonful, equal to one Hmdm&:m

A dessertspoonful, equal to two fluidrachms :

A tablespoonful, equal to one-half fluidounce ;

A wineglassful, equal to two fluidounces ;

A teacupful, equal to four fluidounces ; and

A tumblerful, equal to eight fluidounces.
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Figs. 24, 25, and 26 represent convenient medicine glasses, well
adapted for family use.

Fig. 26.

Graduated medicine glasses,

These vessels are now obtainable, aceurately graduated and made
to correspond to apothecaries’ fluid measure—hence they are prefer-
able to the variable tea-, dessert- and tablespoons generally met
with, and should be employed altogether in the sick-room.




CHAPTER 11T,
SPECIFIC GRAVITY.

A KNOWLEDGE of the subject of specific gravity is of importance
to the pharmacist, as it frequently enables him to detect impurities or
to determine the identity and quality of the drugs he handles. Spe-
cific gravity means relative weight, or the relation between the
volume and weight of bodies as compared with a standard—the
standard for liquids and solids being distilled water, while atmos-
pheric air or hydrogen is used for gaseous bodies; in other words,
specific gravity is the ratio between the weight of any gaseous, liquid,
or solid body and that of an equal volume of the respective standard.

The principle of specific gravity was first announced by Archi-
medes, a Greek philosopher, who formulated the law that all bodies
immersed in a liquid are buoyed up with a force equal to the weight
of the liquid displaced by them; hence a piece of metal of the size of
one cubic inch, when immersed in water, will exert as much less
pressure on the bottom of the container as will equal the weight of
one cubic inch of water—or a fraction over 252 grains. Iloating
bodies always displace their own weight of water, irrespective of their
volume, while immersed bodies always displace their own volume of
water, irrespective of their weight ; hence all bodies whose volume
weighs less than an equal volume of water are sure to float, only so
much of the body being immersed as equals a like weight of water,
while all bodies whose volume weighs more than an equal volume of
water must sink and be completely immersed, as this downward
pressure of the body exceeds the upward pressure or buoyant force
of an equal volume of water.

As the volume of all bodies varies with temperature, it is essential
that the comparison of weights be made at some fixed temperature
and that equal volumes of the standard and body examined be
weighed at the same temperature. In some countries the tempera-
ture of 4° C. (39.2° F.), at which pure water assumes its greatest
density, is taken for the comparison of w ﬁght&. while in the
United States and German Pharmacopeeias, 15° C. (59° F.) has been
fixed, with very few exceptions, as the 11m'mal temperature ; the
British Phar macopeeia has selected 15.6° C. (60° F.). ~As the com-
parison of weight of equal volumes of bodies may be made at any
temperature desired or convenient, and as the specific gravity will
vary accordingly, it is necessary tu state the temperature in connec-
tion with specific gravity; for instance, to say that a liquid has the
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specific gravity 1.42, would not indicate at what temperature the
liguid had been “el;._,hod nor would it indicate comparison with
water at the same temperature—hence the ratio would be an un-
certain expression; to say that a liquid has the specific gravity 1.42
at 15° ., would 5!1]1 leave a doubt as to the ternperature at which
an equal volume of pure water had been weighed for comparison, for
it may bave heen 4° C., 12° C,, or even 25° (., and, in either case,
the specific gravity named would not be absolutely correct; to say,
however, that a liquid has the specific gravity 1.42 at 15° C. as
compared with water at the same temperature, leaves no room for
doubt as to the true ratio existing between the liquid and water—it
therefore expresses the true specific gravity, The United States
Pharmacopceia (1890) expressly states that all of its specifie gravities
are to be considered as taken at 15° C' and compared with water at the
same temperatwre, whenever no special tem perature is mentioned,

Asitis freq l.l&l'lt]_‘f more convenient to weigh substances at a tempera-
ture above 15° C. than to cool the substance down and lkeep it at
that point, the average room-temperature, 22° C. (71.6° F.), or even
26240, {n“’ F.), has been suggested by some :‘tllth(}l‘ltIEE, and will
often be found preferable.

Barometrie pressure is not without effect on the relation between
the volume and weight of bodies, hence absolute specific gravity, like
absolute weight, is only nhtamablo in vacuo ; for pharmaceutical pur-
poses this difference is always ignored and the barometric pressure
assumed to be normal, 760 Mm. or 30 inches.

The specific gmuw of a solid or liquid is always expressed by a
number which shows how often the weight of a certain volume of
water is contained in the weight of the same volume of that solid or
liguid ; and the specitic gra,vlh' of a gaseous body is expressed by a
number which shows how often the welght of a certain volume of
atmospheric air (or hydrogen) is contained in the weight of the same
volume of that gaseous hody. The specific gravity of water is
therefore stated to be 1, and the specific gravity of air (or hydrogen)
is likewise stated to be 1. The following simple rule may be given
for finding the specific gravity of any liquid or solid substance by
caleulation : Divide the weight of a given volume of any liquid or
solid by the weight of an equal volume of distilled water, both
weighings having been made at the same temperature, The quc-tient
expresses the specific gravity.

Specific Gravity of Liguids.

The determination of the specific gravity of liquids is far more
frequently required than that of solids. The different instruments
employed for that purpose are specific gravity flasks or pycnometers,
loaded glass cylinders, specific gravity beads, and specific gravity
spindles or hydrometers. Any small flask, of 25 or 50 Ce. capacity,
with a long, narrow neck and made of thin glass, will answer as a
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specific gravity bottle. Its weight, or tare, is first carefully ascertained
and noted ; pure water is then poured into the flask until it reaches a
short distance up into the neck, when a mark should be made with a
file at the upper and lower edge of the meniscus or coneave surface ;
having noted the temperature of the water, the flask and contents
are weighed, and from it the tare of the flask is deducted, the re-
mainder being the weight of that particular volume of pure water at
the given temperature. The tare, temperature and weight of water,
are carefully eteched on the side of the flask, which-is now ready to
be used for taking the specific gravity of any liquid, by filling it to
the mark in the neck with the liquid to be tested, then weighing and
dividing the net weight of the liquid by the weight of the water,
the quotient being the specific gravity of the liquid. Suppose the
flask weighs 324 grains and holds, up to the mark, 647 grains of
water ; filled to the mark with sulphurie acid, it weighs 1511.5 grains,
which leaves 1511.5 — 324 = 1187.5 grains as the weight of the
acid. Now applying the rule, to divide the weight of a given
volume of a liquid by the weight of the same volume of water, the
specific gravity is found to be 1187.5 = 647 = 1.835+.

Fig. 27.

Glass-stoppered specific gravity bottle with tin case and eounterpoise,

Small glass-stoppered flasks, graduated to hold 100, 250, 500, or
1000 grains of distilled water at 15.6° C. (60° F.), are a more con-
venient form of pycnometer ; they come packed in tin cases and are
accompanied by a metal counterpoise to balance the empty bottle
(see Fig. 27). In using these flasks it is necessary to fill them with
the liquid to be tested, to a little above the mark in the neck to
which the glass stopper reaches when inserted, so that the air and
small excess of liquid shall be forced out through the capillary tube
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drilled through the stopper. The liquid to be tested, having the
same temperature as that at which the flask has been adjusted, may
be weighed, after wiping the flask dry, when, in the case of the 100
or 1000-grain bottle, the weight at once expresses the specific gravity,
by simply placing the decimal point correctly, without further cal-
culation ; for, as the weight of water (100 or 1000 grains) is to the
weight of the same volume of any liquid, so is the specific gravity of
water (1.000) to the specific gravity of that liquid. Ixample: If the
100-grain bottle be found to hold 141.5 grains of a certain acid, the
specific gravity of that acid will be 1.415; for 100 :141.5 ::1.000 :
o= 1315,

For the general purposes of the pharmacist, the above-described
specific gravity bottles give results sufficiently accurate, the most
annoying practical difficulty lying in the proper adjustment of the
temperature. At certain seasons of the year the prescribed tempera-
ture of 15° or 15.6° C. is readily attained ; but in summer, when the
temperature of the atmosphere frequently reaches 32° C. (89.6° F.)
and over, the dew-point rises above 15.6° C. and moisture is deposited
on the outside of the cooler bottle while weighing, thus sensibly in-
creasing its weight. The following table, taken from Parrish’s Treatfise
on Pharmaey, was compiled by Dr. W. II. Pile, and is based on the
corrections made for contraction and expansion of the 1000-grain
bottle used, as well as the water :

TABLE OF APPARENT AND True Sreciric Gravity or WATER As OBSERVED
1 A Grasz BorrLe ATt DIFFERERT TEMPERATURES.

2 8p. Gr, in . l &p. Gr, in |
Temp. Fahr. Gilass Bottles,! Troe Sp, Gr. || Temp. Fahr. | @luss Bottles,| True Sp Gr.
f——— . — -
LI 5 1000.54 100067 2 : " 008,04 00878
al A : 1O, 50 1000.62 || 73 3 i 09883 | DOB.66
a2 i 4 1000 46 1000.5G6 || 74 3 i ogg.72 | 99853
a9 . g 100041 1000,50 75 " " O93.60 998.40
LT - ’ 1000, 26 100044 76 E : 00848 | 998.27
5 : 5 LY. 20 100037 77 : : 00835 008,13
Al i 3 1000.25 000,30 78 . : D0gE,22 0097.99
a7 : : 1000.20 1000023 79 : . 998,08 997.34
8 . g 100014 100,16 80 : 3 097.94 997.68
5 . i 1000 07 100008 a1 : . 997.79 | 99702
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With a view of overcoming the difficulties usually encountered and
of insuring more accurate results, Dr. E. R, Squibb has had con-
structed a set of specific gravity bottles which are equally well adapted
to all standards of temperature from 4° C. to 25° C. (39.2° I. to
T7° F.) (See Fig. 28.) By means of the long narrow tube stopper,
graduated into half-millimeters, the volume of liquid in the bottle is
capable of very accurate adjustment. When first adjusted, the zero
mark on the secale indicates the point to which the volume of the

FiG. 28,
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standard weight of recently boiled distilled water reaches at 4° C,,
while the upper limit of the scale indicates the volume at 25° C.,
Since glass bottles contract appreciably for two years or more after
they have been made, the graduations should be verified every six
months or more until contraction has ceased, a memorandum of
the changes being kept for reference when the bottle is to be
usged ; thus the point for the volume at 4° C. may have advanced
from 0 to 2 or 3 divisions of the scale, and similarly for any tempera-
ture volume. The bottles are always used in a bath of either warmed
4
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or cooled water, and when the volume does not change for five
minutes, as indicated by the graduated scale, the contents of the
bottle may be known to have assumed the temperature of the bath
as ascertained by means of a delicate thermometer. A leaden col-
lar is used to keep the bottles steady in the bath, and the adjust-
ment of volume is made by means of a fine p!pette and blotting
er.
= Jesides taking the specific gravity of liquids by means of a
pycnometer, accurate results may be obtained with the so-called loaded
e E}rlindﬂr its use is far less troublesome, and as it can be
employ mfl at any temperature between 4° and 40° C. (39.2°
and 104° F.) it requires less careful attention to the ad-
justment of the latter. The loaded eylinder, as shown in
Fig. 29, consists of a glass tube partly filled with mercury
zmﬁ sealed at the top, to which is affixed a hook for con-
venient suspension to a scale beam. Having
weighed the eylinder in air and then in pure Fi6. 30.
water, at any given temperature, the weight of
an equal volume of water is ascertained by
subtracting the weight in water from the
weight in air; the eylinder is then weighed
in any desired liquid at the same temperature
as the water, and the loss in weight again
noted, which is the weight of an equal volume
of that liquid. The volume of the liquid
to be tested, being equal to the volume of the
cylinder, must be m;ual to the volume of water
also, for things that are equal to the same
thing are equal to each other ; by dividing the  giass or metal
weight of the given volume ‘of the liquid by plummet.
the weight of the same volume of water, the
specific gravity of the liquid is obtained. Example: A loaded
cylinder weighs in air 150 grains, and in water 120 grains, loss of
weight in water 80 grains; weighed in sulphuric acid it weighs
96 grains, showing a loss of 54 grains; equal volumes of the acid
and water weighing 54 and 30 grains respectively, the specific gravity
of the acid must be 1.800, for 54 = 30 =1.8.

When only a small qu'mt:t} of liquid is available for taking the
specific gravity the loaded eylinder may be replaced by a small glass
or platinum weight of the shape shown in Fig. 30; or Grauer’s
method may be followed. This consists in using a small pipette
having a fine orifice at one end, and at the upper end a short piece
of rubber tubing closed by a pincheock ; a mark is made on the
glass stem, showing the height to which a convenient quantity of
water rises (say 1.0 Gm. or 1.0 Ce.), and enough of the liquid to be
tested is drawn up through the tube to the mark previously made,
the tube is closed, and the whole then weighed ; the weight of the
liquid in grammes expresses the specific gravity with sufficient acen-

Londed
cylinder.
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racy for all practical purposes, as water increases its volume from 4°
to 100° C. only to the extent of 0.012, or about .

The principle of the loaded cylinder has been utilized in the con-
struction of the Mohr specific gravity balance, of which the West-
phal modification is a most desirable improvement (see Fig. 31).
The specific gravity of a liquid can be quickly taken at any temper-
ature between 7° and 30° C., since the loaded cylinder has been
replaced by a short glass thermometer, which is suspended from the

FiG. 1.

The Westphal specific gravily oalance.

end of the beam by a thin platinum wire ; the adjustment having
been made at 15 C, a slight variation will be observed for any
higher or lower temperature. The small thermometer has a range
of twenty-three degrees on the Centigrade scale, and, when suspended
in air from the longer arm of the beam, establishes perfect equilib-
rinm; when completely immersed in distilled water at 15° C. it
displaces its own volume of the water and is buoyed up by a force
equal to the weight of the water displaced—equilibrium of the beam
being re-established by attaching the necessary counterpoise, which
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is called 1.000: at 7.5° C. the necessary weight was found to
be 1.001, while at 27° C. it was 0.998. As seen in the illustration,
the ]UIID"EI arm of the beam is accurately divided into ten even spaces,
and the weights, or riders, used to counterbalance the thermometer
when immersed in any liquid, are made of brass and alnmmum
they are so constructed that each smaller rider is of exactly {; the
value of the next larger, the largest rider and the counterpoise
used to balance the thermometer in water, however, being of the
same weight or value. Without the neueasity for caleulation, if
the temperature of the liquid be at 15° C., the specific gravity of the
liquid can be at once rf::t[t]l off, after the equilibrium of the beam has
been established ; for instance, in testiny alcohol at 15° C., the
counterpoise necessary to balance the beam in water will be found
too heavy it attached at the same point in alcohol, hence it is
removed, and the largest rider is placed in the first, or, if necessary,
in the second notch on the beam, where it may appear a little too
licht, and then the smaller riders are added as may be neeessary
to balance the beam perfectly, The value of each of the two larger
riders, when suspended from the end of the beam, is considered as
1.000, while the three smaller riders are valued at 0.100, 0.010, and
0.001 respectively ; when removed to the top of the beam the value
of each rider is reduced by {; for every notch. If one of thE lar
riders be placed at the notch marked 8, a second rider at 2, and a
smaller ur}er at 1, the specific gravity of the alcohol must be read
as 0.821. In the case of chloroform and all other liquids specifically
heavier than water the large counterpoise is suspended from the end
of the beam, and the other riders are placed in the notches as may
be necessary; thus chloroform may require all four riders on the
beam, the largest at 4, the second at 8, and the smaller two at 9,
which would be read as 1.489 specific gravity. Whenever two
riders of different weight are required in the same notch on the
beam, the lighter of the two iz suspended from the hook of the
heav ]!El as shown in Fig. 32; thus the specific gravity of liquids
can be read with accurs acy to ‘four decimal places.  The Mohr or
Westphal balance cannot be used, however, if n:ml_&r very small
quantities of liquid are available, as sufficient. liquid is r@qmred to
immerse the glass thermometer c-r:-mpletel_‘,r

Specific gravity beads, also known as Lovi's beads, are small,
sealed, pear-shaped g]ass bulbs of varions specific weights, which
have been carefully ascertained and are marked on them ; these
beads will float indifferently in any liquid having the same specific
gravity, and may be used in reducing liquids to a fixed specific
gravity by dilution or evaporation. If a bead marked 0.93 be
placed in a jar of aleohol it will sink—unless the liquid happens to
be official diluted aleohol—but will slowly rise upon the addition
of water, until a sufficient quantity has been added to increase
the spemﬁt gravity of the mixture to that indicated on the bead,
when it will float about midway in the liguid. Results obtained
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with specific gravity beads are never so accurate as with other
methods.

Hydrometers, or areometers, are instruments intended to indicate
either the density or specific gravity of liquids, and in some cases
also the percentage by volume or weight of certain liquids. They

Fia. 32,

Showing the manner of reading the specific gravities,

consist of a glass tube having a bulb blown at one end, a little
above which the tube is usually expanded eylindrically for a short
distance, and then terminates in a long stem in which is securely fast-
ened a graduated paper scale (see Flig. 33). The bulb is filled with
mercury or small shot, so as to enable the instrument to assume a
vertical position when floated in any liquid. Hydrometers, like all
floating bodies, displace their own weight of a liquid and sink in it
to a depth proportional to the volume of liquid displaced, which
volume is equal in weight to the weight of the instrument ; thus, by
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comparison of volumes displaced, the densities and specific gravities
of various liquids can be ascertained. While the great majority of
hydrometers are so constructed that with constant weight
Fic 33 they will sink to varying depths in different liquids, some
are made to sink to a uniform depth in all liguids by
the addition or subtraction of weights, and the density,
or specific gravity, is calenlated from such change of weight ;
this latter class can also be conveniently used for taking
the specific gravity of solids.

Specific gravity hydrometers are made with the unit
mark 1.000 at a point to which the instrument sinks in
distilled water at normal temperature (usually 15.6° C. or
60° F.), and then have the scale carried above and below
this point, each mark on the scale indicating either 0.001,
or 0.005, or 0.010, according to the iutenré:rl delicacy of
the instrument. As specific gravities of liquids range
from 0.700 to above 2,00, the tube of a hydrometer carry-
ing such a seale would have to be inconveniently long to
permit of a fair reading of it; hence specific gravity
hydrometers usually come in sets of four, ranging from
0.600 to 1.000, from 1.000 to 1.400, from 1.400 to
1.800, and from 1.800 to 2.200. When intended for test-
ing the specific gravity of special liquids the scale is usually
much shorter, and thus permits of more accurate gradu-
ation,

By far the larger number of hydrometers are intended
for determining the density of liquids irrespective of spe-
cific gravity ; they are extensively emplt}}'eg for technieal
purposes and are based on arbitrary scales, no two of
which agree, but which can be converted into specific
gravity by certain rules, To this class belong Banmé’s,
Twaddell’s, Cartier’s, Zanetti’s, Sikes’, Beck’s, Jones’
and other hydrometers. Since Baumé’s hydrometers are
largely used by manufacturing chemists in this country,
and the degirees Bauwiné are often stated on labels, the
instrument is of special interest to pharmacists.

Baumé had two hydrometers, one for liquids heavier
than water and the other for liquids lighter than water;
tydrome. the former was called Pése-Aecide, or Pése-Sirop, and the

terplain.  latter Pése-Espril. For liquids heavier than water the

zero was placed at the point to which the instrument
sank in distilled water at 15.6° C., and the point to which it
sank in a solution of 15 parts of dry table salt and 85 parts of
distilled water, also at 15.6° C., was marked 15; the distance
between these two points was then divided into 15 equal parts,
called degrees, and the scale extended as far as the length of the tube
would permit. The zero for liquids lighter than water was found
by immersing the instrument in a solution of 10 parts of dry table
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salt and ninety parts of distilled water at 15.6° C. in such a way
that the long stem would be almost entirely out of the liquid; the
point to which the instrument sank in distilled water, also at 15.6°
(., was marked at 10, the space between the two points being divided
into 10 equal parts and the scale extended as in the other case. The
slightest error in obtaining the first interval is increased upon ex-
tension of the scale; hence it is almost impossible to find two instru-
ments adjusted by the old method to correspond exactly. A more
accurate and equally practicable method is to obtain the exact
specific gravity of two liquids compared with distilled water at a
fixed temperature, place these at the extremes of the scale, and then
divide the intervening space into the requisite number of degrees,
The liquids chosen in this country, for liquids heavier than water,
are concentrated sulphuric acid having the specific gravity 1.8354
at 15.6° C., and distilled water ; and for liquids lighter than water,
highly rectified ether having the specific gravity 0.725 at 15.6° C., and
distilled water; the space between the

points to which the hydrometer sinks ¢ 3t Rl 88,
in the water and the acid is divided into

66 parts, or degrees, and the space be- o 70- 1
tween the points to which it sinks in E

the ether and the water into 53 parts. 10
For all liquids heavier than water the
scale is read from above downward, 20-&
while for liquids lighter than water

it is read from below upward. (See 30
Figs. 34 and 35.)

As it is frequently desirable to know %0
the specific gravity for any given de-
gree on the Baumé scale, and vice versa, 50
the following rules have been formu-
lated.

For liquids heavier than water:
Subtract the degree Baumé from 145
and divide the remainder into 145 to
find the specific gravity.

Divide 145 by the specific gravity
and subtract the quotient from 145 to
find the degree Baumé.

For liquids lighter than water: Add
the degree Baumé to 130 and divide
the sum into 140 to find the specific
gravity. 2

Divide 140 by the specific gravity Pl el L v
;!;?i g:gnéiemeq%ﬁg:; subtract 130 0 yquigs ghter than water,

The moduli or constants employed in these rules express the pro-
portion which the weight of water displaced by the hydrometer when
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floating in water bears to the weight of water equal in bulk to one
degree. Thus, if a Baumé hydrometer be floated in water at O on
the hydrometer for heavier liquids, or at 10 on the hydrometer for
lighter liquids, it will require the addition of {1, of the weight of
the hydrometer to sink it one degree in the first case, or the with-
drawal of {17 of its weight to allow it to rise ove degree in the
second case. The fact that the water-line is marked at 10 instead
of 0, on Baumé hydrometers for liquids lighter than water, necessi-
tates the use of 130 instead of 140 in the foregoing rule.

In order to avoid the use of rules and tables in connection with
arbitrary scales, hydrometers have been in use for some years bear-
ing a double scale, for Baumé degrees and the
corresponding specific gravity, as shown in Fig. 36:
they come in sets, usunally five, two of which are
intended for liquids lighter than water, and three
for liquids heavier than water, the shorter size
permitting closer reading within smaller limits.

The Twaddell hydrometer is only for liquids
heavier than water, cach degree on the scale being
equal to 0.005 specific gravity ; hence the requisite
number of degrees multiplied by 0.005 and added
to 1.000 expresses the specific gravity of any
liquid ; thus, if a sample of glycerin stands at 50°
Twaddell, its specific gravity will be 1.250, for
50 % 0.005=0.25 and 1.0 4+ 0.25=1.25.

Nicholson’s and Fahrenheit’s hydrometers are
of the kind intended to sink to a uniform depth
(indicated by a mark on the stem) in all liquids, by

Fia. 6.
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the use of weights. TFig. 37 represents a Nicholson hydrometer
floating in a liquid. The construction is readily explained: A is an
elongated glass or metal bulb, terminatin%(in a stem surmounted by
a metallic disk, B ; on the stem is a mark at D, indicating the point
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to which the instrument must be made to gink, and attached to the
bottom of the bulb by means of a small hook is a loaded ecup, ¢, for
carrying solids if so desired. When the hydro-

meter is immersed in water, sufficient weights are Fie. 88,
placed on the disk, B, to cause the instrument to
sink to the point D; it is then transferred to the
liquid to be tested, and the weights adjusted as
before ; the weight necessary to sink the hydro-
meter to the proper point represents the weight of
the volume of liquid displaced by it; hence the
weight necessary in the case of any liquid, divided
by the weight required in the case of water, gives
the specific gravity of that liquid.

Spirit hydrometers, usunally called aleoholom-
eters, are used to ascertain the percentage of
absolute aleohol in the commercial article ; since
the value of alcohol depends entirely upon the
amount of absolute H.l{!{}[hl)l present, this instru-
ment is a most desirable piece of apparatus for
pharmacists. Aleoholometers are made of glass,
like ordinary hydrometers, but of much longer
shape, and are usually provided with two separate
scales— Richter’s scale, indicating the percentage of
alcohol by weight, and Tralles’ scale, showing the
percentage by volume; since the instrument is ad-
justed at 15.6° C. (60° F.) it becomes necessary to
malke proper corrections for any variations in temper-
ature. When immersed in aleohol at normal tem-
perature the figures on the respective scales to which
the instrument sinks indicate the number of parts
of absolute alcohol contained in 100 parts of the
specimen, the lowest mark on the scale being 0, to
which the hydrometer will sink in pure water.
Since a cold temperature, by contraction, increases
the density of alcohol the instrument cannot sink
so low in the liquid if the temperature be below
15.6° C. as when normal : an additive correction
in the reading of the scale must therefore be made.
On the other hand, if the temperature rise above
15.6° C. the density of the alcohol will decreage and
the hydrometer will sink lower, hence a subtractive
correction must be made for temperature. The
necessary correction has been ascertained to amonnt
to 0.27 of 1 per cent. for every degree on the Centi-
grade scale, or 0.15 of 1 per cent. for every degree
on the Fahrenheit scale. For example, if an
aleoholometer sinks in aleohol to 93° on the Tralles’ 4 onolometer with
scale at 50° F. (10° C.), the liquid contains really thermometer enclosed.
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94.5 per cent. of absolute alcohol by volume, instead of 93 as indi-
cated on the scale, for the temperature is 10° Fahrenheit below the
normal, henee 10 % 0.15, or 1.5, must be added ; but if the tempera-
ture had been 70° F. (21.11° C.) the true percentage of alcohol by
volume would have been only 91.5, for, the temperature being 10°
above normal, a subtraction of 1.5 from the reading 93 is necessary.
Fig. 38 represents a complete alcoholometer carrying a thermo-
meter within the tube for convenience in taking the temperature of
the liquid. IYor testing the specific gravity of urine a small hydro-
meter the range of which extends from 1.000 to 1.060 is employed
(see Fig. 39); the narrow eylinder in which to float the urinometer

Fra, 40,

Fra. 39.
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Dr. Squibb's urinome- Eichhorn's areo- Rouszsean's densimeter.
ter and eylinder. pycoometer,

was specially designed by Dr. Squibb with the view of preventing the
hydrometer from adhering to its sides, by means of the peculiar
indentations.

Special instruments have been devised for taking the specific gravity
of very small quantities of liquids; namely, Eichhorn’s areo-pye-
nometer (Fig. 40) and Rousseau’s densimeter (Fig. 41): instead of
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floating these instruments in the liquid to be tested, the latter is carried
in the hydrometer, which is then floated in water. The illustration
of the areo-pycnometer shows that it differs in construction from the
ordinary hy Ermu&tcr chiefly in having a glass bulb, ¢, placed between
the loaded bulb, F, and the expanded portion, B, of the stem; the bulb
¢ is provided with a stopeock, D, and into it is pmned the fluid to be
tested ; the small glass knob, E, serves to balance the instrument when
immersed in water, which should be at 17.5° C. (63.5° I.); the
specific gravity is shown on the divided scale in the tube, A.  The
densimeter is chiefly intended to be used for oils and similar liquids
lighter than water. The upper part of the tube, A to B, consists of a
little cup of 1 Ce. capacity ; when floated in water the instrument
sinks to the point ¢, and when carrying 1 Ce. of water in the cup it
sinks to B. The space on the stem between B and ¢ ig divided into
20 equal parts, each division corresponding to 5l Gm. or 0.050 Gm.;
now, if 1 Ce. of oil of peppermint be poured into the cup and the
instrument floated in water it will probably sink to the eighteenth
division of the scale—hence 18 ¢ 0.05=0.900, the $peciﬁu gravity
of the oil.

Specific Gravity of Solids.

The various methods for finding the ﬁpm!iﬁc gravity of solids are
based upon the well-established principles that all bodies immersed
in a liquid displace a quantity of that liquid equal in volume to the
volume of the body immersed, and at the same time are buoved up
with a force equal to the w e1ght of the liquid displaced. The upward
pressure exerted by the liquid upon the body immersed causes the
latter to appear lighter in weight, and is proportional to the density
of the liquid ; the loss of weight, then, which a body seems to suffer
upon immersion in any liquid, represents the weight of a volume of
that liquid identical with the volume of the body immersed. As
stated on age 45, pure water at 15.6° . (60° F.) has been chosen as
a standard of Lulll}mu&[m for solids, and may be directly mup]m ed for
the immersion of all bodies upon w ‘hich no solvent effect is prod need ;
in the contrary case, other liquids must be used, as will Iiw shown
later on. The specific gravity of any solid can be ascertained by the
simple rale of three, provided the first three terms of the proportion
are known, namely : first term, the ﬂE]ght of the liquid displaced ;
second term, the weight of the solid in air; third term, the apemhc
gravity of the liguid used for immersion. "Whenever water is used
for lmmersmn, the simple division of the weight of the solid in air
by the loss of w eight in water (weight of water dlsplamd) expresses
the specific gravity of the solid, since the specific gravity of water is
1.000. The methods for ﬁndmn' the specific glﬂ\?lt}’ of solids may
be divided as follows:

1. For solids insoluble in, but heavier than water ;

2. For solids insoluble in, but lighter than water ;
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3. For solids soluble in water, whether heavier or lighter than
that liquid ;

4. For solids in powder form.

For solids insoluble in, but heavier than water, several methods
are available ; of these, the direct method of weighing is the most
accurate and generally employed.

In place of the more expensive hydrostatic balance, any good
sensitive prescription balance may be used; the only extra piece
necessary being a small wooden or stiff wire bench as a support for
the vessel of water, as shown in Fig. 42, For instance, a piece of

FiG. 42, Fic. 43.

Dingram showing the manner of weighing a solid body in a liguid.

metal is found to weigh 258.75 grains in air; by
means of a sillen thread, or fine horse-hair, it is com-
pletely immersed in pure water and found to weigh
235.7T5 grains, the difference or loss of weight, 23
grains, representing the weight of a volume of water
equal in volume to the 258.75 grains of metal.

. . : Graduated
Dividing 258.75 by 23, the specific gravity of the m.;'ﬁm

metal is found to be 11.25,

Another but less accurate method is to weigh the solid in metric
weight and then place it in a graduated cylinder containing sufficient
water to submerge the solid completely (see Fig. 43); the difference
between the first height of the water and that after immersion of the
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solid indicates the volume of water displaced, and its corresponding
weight is readily noted. Suppose a solid body weighing 7.5 Gm.,
placed into 40 Ce. of water, causes the latter to rise to 41.5 Ce,
showing that 1.5 Ce. of water have been displaced, which weigh 1.5
Gm.; then, applying the rule, 7.5+ 1.5 =5, the specific gravity of
the solid.

Since solid bodies will float indifferently in any liguid having the
same specific gravity as themselves, advantage may be taken ot this
property to determine the specific gravity of solids. Hager recom-
mends determining the specific gravity of fats by placing them in
aleohol and then adding water until the fat floats about indifferently
beneath the surface of the mixture; the specific gravity of the mix-
ture is then taken in the usual way, preferably by means of a pye-
nometer, and this at the same time expresses the specific gravity of
the solid.

To ascertain the specific gravity of solids insoluble in, but lighter
than water, it becomes necessary to insure their immersion in water
by attaching to them some heavy substance, the weight ot which in
water must previously have been ascertained. Upon immersing the
two bodies in water it will be observed that the weight of the two
appears less than the weight of the heavy body alone, which is due to
the fact that the volume of water equal to the volume of the lighter
body is heavier than the latter, a‘zel?l therefore exerts a greater up-
ward pressure on the heavy body, causing it to appear to lose weight.
The difference between the weight of the heavy body in water and
the united weight of the light and heavy bodies in water expresses
the excess of weight of a volume of water over the weight of a like
volume of the light body ; in other words, it shows how much heavier
a volume of water is than the same volume of the light body; to
find the exact weight of a volume of water equal to the volume of
the light body, this difference, or excess, must be added to the weight
of the light body in air. Suppose a piece of cork weighs 62.5 grains
in air; attached to a piece of metal which weighs 94 grains in water,
the whole is found npon immersion in water to weigh 88 grains, or 6
grains less than the metal alone; adding 6 to 625 grains (the weight
of the cork) we obtain 68.5 grains, the weight of the water displaced
by the cork. The specific gravity of the cork is found by dividing
62.5 by 68.5 according to the general rule on page 46. The answer
will be 0.9124 4,

For solids soluble in water some other liquid must be selected for
immersion, in which the solid body is perfectly insoluble and of
which the specific gravity is known ; in other respects any of the
preceding methods may be followed. In such cases the weight of
the liquid displaced, having been ascertained, may be used to find the
weight of a corresponding volume of water, and the latter then be
divided into the weight of the solid; or the weight of the solid in air
may be divided by the weight of the liquid displaced and the quotient
then multiplied by the specific gravity of the liquid; by either
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method the specific gravity of the soluble suhstanee will be obtained.
To find the weight of a (‘DPI’-E‘E}]GI]{]H]g volume of water, divide the
weight of the liquid displaced by its specific gravity, for ‘the weights
of equal volumes of' two bodies are to each other directly proportional
as their specific gravities. Ixample: A piece of alum weighs 125
grains in air; immersed in oil of tullmntlne having the Si}emf'{:
gravity 0.860 it weighs 62 grains; 125 divided by 63 (the loss
of weight) yields 1.984 ; oil of tm]]mtine weighing only 0.86 as
mmh as water, 1,984 must be multiplied by 0.860, which gives

1.7062+ as the SPEE]hl" gravity of the alum. Or the weight of a
volume of water corresponding to the volume of oil of turpentine
displaced may be found by dividing 63 by 0.86, which equals 73.256,
and this divided into 125, the weight of the alum in air, also giwﬁ
1.7062+ as the specific gravity of the alum,

Sometimes it is desirable to find the specific gravity of solids in
powder form, as calomel, reduced iron, lead oxide, and the like ; this
is best done by using a flask or bottle known to hold a definite
quantity of water, introducing a certain weight of the powder, and
then filling with water and weighing the total contents; as two
bodies cannot oceupy the same space at the same time, it follows that
the flask or hottle containing the powder cannot hold the same guan-
tity of water as when empty, and this difference corresponds to the
weight of water equal in volume to the powder. Suppose 100 grains
of an insoluble powder are placed in a counterpoised 1000-grain
bottle, the latter being then filled with pure water; it the total contents
1*&1;;[1 1088 grains, 12 grains of water have been displaced by the
powder, for 1088 — 100 leaves 988, and, as the bottle is capable of
hui{imw 1000 grains of water, the difference 1000 — 988 — 12 must
have been rlnsplm red. Then applying the rule, 8.333+ is found to
be the specifie gravity of the powder, as 100 = 12 = 8.333 .

Specific Volume.

The term specific volume is used to define the ratio existing be-
tween the volumes of certain weights of bodies and the volume of
the same weight of pure water ; it 1s therefore the opposite of specifie
gravity. Specific volume is ascertained by dividing the specific
gravity of a body into unity, and hence may be called the reciprocal
of specific gravity ; it may also be found by dividing the weight of
a given volume of water by the weight of an equal volume of a
liquid. Every pharmacist is aware that it will require vessels of
different size to hold one pound of ether, water, glycerin, sulphuric
acid, oil of turpentine, or chloroform, and it is often desirable to
know in advanee the volume of a given weight of a liquid ; the
weight in grammes of any liquid multiplied by the specific vﬂlume
or divided by the specific gravity, of that liquid at once expresses the
actual volume in cubie centimeters, To find the volume of a given
weight, avoirdupois or apothecaries’, of a liquid, it becomes necessary
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first to ascertain the volume of a like weight of water, and then to
multiply this by the specific volume, or to divide b}ftm specific
gravity of the liquid ; or the given weight of a liquid may be divided
at once by its speuﬁfv gravity, which wili yield the weight of a
volume of water equal to the volume of the liquid, and then by ﬁnd-
ing the volume of such a weight of water the volume of the liquid
is at once known,

Examples: If the volume of 500 Gm. of aleohol U.S.P. is
desired, divide 500 by 0.820, the specific gravity of the alcohol, and
the quotient 609.75-} will be the answer in cubic centimeters,

To find the volume of 8 ounces of official glycerin (apothecaries’
weight) it is necessary to multiply by 480, the number of grains in
1 ounce, and then divide the product by 455, 7, the number of grains
in one U. 8. fluidounce of water, the quotient (480 X 8 = 3840
8840 —+ 455.7 = 8.427), 8.427, represents the number of fluidounces
contained in the same weight of water ; 8.427 then divided by 1.25,
the specific gravity of the glycerin, ) yields 6.7416 fluidounces as the
volume of 8 troy ounces of glycerin.

How large a bottle is required to hold one pound of chloroform
of 1.490 specific gravity ? One pound avoirdupois is equal to 7000
grains, and 7000 —- 1.490 = 4697 986, the weight in gr'um of a
volume of water equal to the n:*hInmfmm then 4697.986 = 455.7
= 10.309, or very nearly 101 flu idounces,

Adjustment of Specific Gravity and Percentages.

While the adjustment of percentages in liquids as well as solids
ents no diffienlties, the reduction of ]ulmn:{:-.. from a higher to a
lower specific gravity is not quite so easily accomplished, since
specific gravity is but the expression of the relation between volume
and wm;‘ht and condensation of volume frequently occurs as the
result of a mixture of two ligquids. Two very simple rules, or
formulas, have been published for the adjustment of specific gr axrlluﬂﬁ
of liquids, by volume and by weight ; but absolutely accurate results
are only possible when no confraction of volume takes place ; in the
majority of cases the condensation of volume is but very hl]frht, and
for ordinary purposes may be ignored. It is well known that the
. weights of equal volumes of two liquids are to each other directly
proportional as the specific gravities of these liquids; therefore, the
weight of a liquid divided l}v its specific gravity represents a weight
of water equal in volume to the weight of that liquid. It 1s also
well known that the volumes of equal weights of two liquids are
to each other inversely proportional as the %i;r(,l::ihf* gravities of these
liquids ; therefore, the volume of a liquid multiplied by its specific
gravity represents a volume of water equal in weight to the volume
of that liquid. The well-known process of alligation is admirably
adapted to the adjustment of specific gravities of liquids by volume,
but is unsuited to adjustment by weight. When two liquids of
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different specific gravities are mixed, the loss which one suffers will
be balanced by the gain of the other ; ; hence, the two liquids used
must be mixed in inverse pmpmtmn to that existing between the
gain and loss of specific gravity and the specific gravity of the
mixture ; the difference between the higher specifie gravity and the
desired H]JLLIﬁG gravity of the mixture will therefore indicate the
proportion of the liquid having the lower specific gravity ; and the
difference between the lower Hpeelf'c gravity avd the desired specific
gravity will indicate the proportion of the liquid having the higher
specific gravity. Ifor example, if solution of ferric chloride, specific
gravity 1.520, is to be reduced to 1.887 specific gravity by addition
of a weaker solution of 1.280 specific gravity, 107 volumes of the
stronger must be mixed with 133 volumes of the weaker solution,
or, in other words, 1 volume of the former with 1.243 volumes of
the latter. It is customary to set down a problem in alligation in
the following manner to facilitate comparison :

{ 1.520 | 0.107 = proportion of the stronger liquid.
1.387
1.280 | 0.133 = proportion of the weaker liquid.

If a definite volume of the mixture is desired, the requisite volume
of the stronger and weaker liquids may be ascertained by dividing
the desired volume by the sum of the proportionals, and then mul-
tiplying each proportional by the quotient so obtained ; thus, if 32
fluidounces are wanted, divide 32 by 0.240 (0.107 - 0.1: 33), which
yields 133.3; 0.107 X 133.3 = 14.97 fluidounces, the reqﬂisite volume
of the stronger solution, and 0.133 < 133 3 = 17.73 fluidounces, the
requisite volume of the weaker solution.

To adjust the specific gravity of a given weight of a liquid to a
higher or lower specific gravity, the following formula may be
employed :

_wXela—1b)
a (b —¢)

in which @ represents the weight of the diluent, w the weight of the
liquid to be diluted, a the specific gravity of the liquid to be diluted,
b the desired 5[mshc eravity, and e the specific gravity of the diluent.
(Whenever water is the diluent, ¢ is mﬂ.(le 1 U{]{}) As stated before

W : i .
(see page 63), = weight of water equal in volume tow, - = weight

: w4z ; . :
of water equal in volume to @, —,—= weight of water equal in

volume to w -+ @, To find the value of @, the following equation,
w0 » "W 4+ x

T =T ebbe solved :
weh 4 abr = wae 4 aex
ethy — aer = waec — web
X alb—ec) =w X ela—b)
_w X e{la—5)

!:"‘_ e o ———

alh —¢)
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Example : How much water must be added to 250 Gm. of solu-
tion of potassa of 1.539 specific gravity in order to reduce the specific
gravity to 1.036? Substituting numerical values for the letters
. oL 250 % 1000 (1539 — 1.036)
in the above formula, we have » = — 5 (1.036 — 1.000) °

200 % 0.503 125.75
= il s SR J er: 296896 Go.
then 1539 % 0.036 — 3_9554[)4—2289-6- Answer: 696 Gm

To make a definite weight of a liquid of definite specific gravity
by mixin§ two liquids of known specific gravity, both being of the
same kind, or one being water:

Let mw vepresent the desired weight of the mixture,  the weight
of the diluent, y the weight of the liquid to be diluted, and a, b, ¢
the specific gravity of the liquid to be diluted, of the mixture
desired, and of the diluent respectively. (Whenever water is the
diluent, e is made 1.000.) Since x - y = muw, and the value of
the liquid to be diluted X ¢ (@ — b)

a(b—e)
latter expression may be substituted for @ in the equation, z + y =
y X ¢(a—b)
mw, thus .
a(b—c)
yab — yac = mw X a (b — ¢), and eancelling, y X b (@ —¢) = mw X
a(b—e).

has been shown above to be , the

+ y =maw. This simplified is yea — yeb +

o ¥ oa (b—¢)
T la—c)

The value of y (weight of stronger liquid) having been ascertained,
it is subtracted from wmue, the desired weight of the mixture, to find
the value of x, the weight of the diluent.

Example: If it is desired to make 10 pounds of ammonia water
of 0.960 specific gravity, from ammonia water of 0.900 specific

ravity, mix 3.75 pounds of the latter with 6.25 pounds of water ;
or, substituting numerical values for the letters in the above
formula, the weight of the liquid to be diluted is equal to
10 < 0.900 (0.960 — 1.000) 10 % —0.036 —0.36 .
0.960(0P00—1.000) — —0.086 — —0.096  >'%
and 10 —3.75 = 6.25.

For the adjustment of percentage in alcohol (by weight or volume),
in acids (by weight), and in alkali solutions (by weight), the follow-
i]‘lg]‘?l'l.l]EE may be applied :

for reducing solutions from a higher to a lower percentage :
Multiply the given quantity by the given percentage and divide by the
required percentage ; the quotient will be the quantity to which the
liquid must be diluted by the addition of water. Since alcohol is fre-
quently reduced in volume percentage, and contraction of volume
invariably follows the admixture of aleohol and water, it becomes
necessary, after contraction has ceased, to add sufficient water to
restore the original volume of the mixture,

]
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Examples : Reduce 4 pints (64 fluidounces) of 93 per cent. (by
volume) aleohol to 65 per cent.: 64 X 93 = 5952, and 5952 =+ 65
= 91.57. Enough water must be added to the 4 pints of aleohol
to yield, after eontraction has ceased, ¥1.57 fluidounces.

Reduce 2 pounds of hydrochloric acid from 31.9 per cent. to 10
per cent. : 2 pounds = 32 avoirdupois ounces ; 32 % 31.9 = 1020.8,
and 1020.8 +— 10 =102.08. Enough water must be added to the
2 pounds of acid to bring the total weight up to 102.08 avoirdupois
ounces,

Reduce 8 troy onnees of stronger ammonia water, 28 per cent., to
10 per cent. strength : 8 X 28 =224, and 224 =+ 10=224. KEnough
water must be added to the 8 troy ounces of stronger ammonia water
to bring the total weight up to 22.4 troy ounces.

For making a definite quantity of a solution of a certain percent-
age by diluting a stronger solution with water : Mulliply the required

quantity by the required percenfage, and divide by the higher percent-,

age ; the quotient will be the quantity of the stronger liguid necessary,
and this subtracled from the total quantity required leaves the necessary
quantity of water, When volume adjustment of aleohol is made,
the same precautions in regard to contraction of volume must be
observed as stated in the preceding rule.

Examples : Make 1 gallon (128 fluidounces) of 60 per cent. (by
volume) aleohol from aleohol of 94 per cent. (by volume): 128 <60
=T7680, and 7680 94=281.7. Answer: 81.7 fluidounces of the
stronger alcohol must be mixed with sufficient water to yield, after
contraction has ceased, 128 fluidounces.

Make 4 pounds of 25 per cent. phosphoric aeid from the official
85 per cent, acid: 4 pounds=64 av. ozs.; 64X 25=1600, and
1600 = 85=18.823. Answer: Enough water must be mixed with
18.823 av. ozs. of the strong acid to bring the total weight up to 64
av. 0zs.

Make 720 grains of 5 per cent. caustic potash solution from a 12.5
per cent. solution : 720X 5 = 3600, and 3600 = 12.5=288; T20—
288 =432. Answer: 288 grains of the 12.5 per cent. solution must
be mixed with 432 grains of water.

The adjustment of percentage in liquids may also be readily made
by the process of alligation, as already explaived under adjustment of
specific gravities by volume, page 64.

Pharmacists and drug jobbers are sometimes called upon to make
mixtures of certain liquids or solids having different percentage
strengths in order to produce a desirable average strength ; this may
be done by the general rule for alligation. Write the percentages in
a column, and the mean percentage on the left. Connect the simples
in pairs, one less than the mean with one greater ; take the difference
between the mean and the numbers representing the percentage
strength of each simple and write it opposite the value with which
it is linked. These differences are the relative quantities of the sim-
ples taken in the order in which their values stand.
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Example: In what proportion must powdered opium of 9, 12.5,
15, and 16 per cent. morphia strength be mixed to produce a mix-
ture of 14 per cent. strength?

Proof, Proof
'E'r‘.ﬂ_l 10 1 = 9 = 9 9.0 20 2 x 9 = 18
14 12.6—|— | 20 2 X 1256=125 aniid 12.5— | E R e ([
15.0-— 50 5. X1h =75 15.0 - | [ 1.5 1.5%X15 = 225
160—— |15 15xX16 =24 16.0 50 5 X166 = &a
9.5 ) 133 9.5 ) 133.0
14 14

Answer: 1 part of 9 per cent., 2 parts of 12,5 per cent., 5 parts of
15 per cent., and 1.5 parts of 16 per cent., or 2 parts of 9 per cent.,
1 part of 12.5 per cent., 1.5 parts of 15 per cent, and 5 parts of 16
per cent.

It matters not how the simples are connected, as long as one less
than the mean is compared with one greater, for while the propor-
tional part of each simple may vary, the sum of the proportionals
remains the same. If the number of simples is not evenly divided
among those less and those greater than the mean, two or more of the
former may be linked with one of the latter, and vice versa; thus, to
mix 7, 8, 9, and 28 per cent. ammonia water so as to produce 10 per
cent. ammonia water, it would be necessary to use 6 parts of the 28 per
cent. solution and 18 parts each of the T, 8, and 9 per cent. solutions.

Proof.
pE 18 T=126
3 g 158 18 X 8=144
9| 18 18 X 9=162
| 28=—_ 34241=6 G > 28 =168
fil) ) GO0

—————

10

If a definite quantity of one of the simples be directed to be used
in the mixture, the corresponding quantities of the others are readily
ascertained by multiplying their proportionals by the ratio which the
given quantity bears to the proportional of the simple which it
represents.

Example : How much powdered cinchona bark containing 3, 3.5,
6, and 6.5 per cent. total alkaloids must be mixed with 10 pounds
of cinchona bark containing 4 per cent. total alkaloids to produce a
mixed powder of official strength, 5 per cent. total alkaloids,

10 + 1 = 10, ratio of given quantity to proportional.

2 1.5
an—— 1.5
5/40= || |10
B.0— [ 1.0

T i 204 1.5=35
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Angwer, Proof,
L5 >xX10=15 pmmds of 3 % bark. 15 X3 = 45
1 5?*5 10 =15 g5 15 X 35= 525
LA TO=10 " = 4 »t 10X 4 = 40
R LU= o el St L e
35X10=35 # © g5« « 30 X 6.0= 227.56
85 ) 425.0

[

If a definite quantity of a mixture is required, the quantity of each
simple may be ascertained by multiplying its pmpc-rtmnal by the ratio
which the total quantity required bears to the sum of the propor-
tionals of all the simples.

Example: How many grammes of powdered opium of 9, 12
15, 16, and 17 per cent. morphia stmngtlh must be taken to produce
250 grammes of a mixture containing 14 per cent. of morphia.

9—— |84+ 2=5 5 X 13.89 =69.45

| 12— | 1 1< 13.89 =13.80

14 | 15- | 2 2 X 13.80=2].78
i = 5 5 13.80 = (9.45

] 5 5 x 13.89 = 69.45

18 the sum of proportionals 250.02

250 -+ 18 = 13.89, ratio of required quantity to the sum of the proportionals,

Answer: 69.45 Gm. each of 9 per cent., 16 per cent., and 17 per
cent, opium, 13.89 Gm. of 12 per cent. opium, and 27.78 Gm. of 15
per cent. opium,

The foregoing rule can also be applied to a mixture of liquids of
different specific gravities.

Example: A pharmacist is called upon to prepare 500 Ce. of a
mixture of aleohol, spec. grav. 0.820; glycerin, spec. grav. 1.25;
simple syrup, spee. grav. 1.817 ; and water; the mixture to contain 15
per cent. by volume of glycerin, and to have the same specific gravity
as water. Ilow will he proceed ?

The 500 Ce. of mixture must weigh 500 Gm. in order to have the
same specific gravity as water ; 15 per cent. of 500 is 75, and 75 Ce.
of glycerin of 1.25 specific gravity will weigh 93.75 Gm.; this
leaves 425 Ce. as the volume of the aleohol, syrup, and water mix-
ture, the weight of which must be 500 —93.75=406.25 Gm. Such
a mixture would have the specific gravity 0.9559, for 406.25 - 425
=0.9559, and the necessary quantity of each ingredient may be
ascertained by alligation, thus

| 0.820—— | 0.0441 +- 0.3611 = 0.4052 proportional of alcohol.
0.9559 | 1.000 | | 0.1359 “ water.
13l7—— | 0.1359 3 * gimple syrup.

0.6770 sum of the proportionals.
425 - 0.6770 = 627.8, ratio of required quantity to the sum of the proportionals.
627.8 < 0.4052 = 254.384 Ce. of aleohol.
627.8 = 1 859 85.318 Ce. of water.
627.8 ¥ 1.359 85,318 Ce. of syrup.
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Ce. Proof.

254.384 (@) 0.820 = 208.504
85.818 * 1.000 = 85.318
85318 “ 1.317 = 112,363
75000 “ 1.250 = 93.750

—_———

500.020 ) 500,025 (1000

- Answer: 75 Ce. of glycerin must be mixed with 85.318 Ce, each
of simple syrup and water, and 254.384 Ce. of alcohol. No allow-

~ ance has been made for ﬂuntraﬂtmn of volume, which is sure to follow ;

~ hence the final volume of the mixture will be slightly below 500 Ce.

- and the specific gravity slightly above 1.000.




CHAPTER 1IV.
HEAT.

OxE of the most valnable aids to the pharmaeist in the numerous
manipulations of the store and laboratory is HEAT ; hence a knowl-
edge of its varied application and the modes of controlling and
directing its influence is necessary,

The undulatory theory regarding heat is now accepted by all scien-
tists ; this declares heat to be a foree generated by the motion of the
moleeules of bodies, and that it is the increase or decrease of this molec-
ular energy that gives rige to the conditions designated as hot, warm,
and eold. No h(fly 1s entirely without motion of its moleeules, hence
the terms heat and cold are merely relative ; moreover different bodies
have different capacities for heat, as is clearly proven by two persons
entering the same apartment, one of whom may complain of uncom-
fortable warmth, while the other experiences a chilly sensation. The
chief effect of heat, or inereased molecular motion, is to overcome the
force of cohesion and expand the volume of bodies by increasing
the intermolecular spaces ; the three states of aggregation, known as
solid, liquid, and gaseous, being the result of cohesive foree, are,
therefore, dependent upon the amount of heat generated in or applied
to a body.

All solid bodies, when their molecular motion has become suffi-
ciently intensified, will become luminous, as is shown by the spark
emitted when steel and flint are struck together, or by the kindling -
of flame when two pieces of dry wood are rubbed together vigorously
for some time.

Oftentimes the luminosity of heated bodies is used to indicate the
degree of heat exhibited ; hence such terms as dull-red heat, cherry-
red heat, and white heat, of which the first named is produced during
ordinary combustion of fuel in a stove, without a strong draught of
air, while the last-named is the result of most intense activity in
molecular motion, brought about by the aid of a powerful air-blast
in the combustion of fuel or by the use of electric currents.

Heat may be either active or latent; the former increases the
temperature of bodies and causes their expansion, while the latter is
heat hidden, after the expansion has been effected, for the purpose of
keeping up the expansion. Active or sensible heat can be measu
by its effect on mercury, upon which latent heat makes no impression ;
the latter can b-e«ﬂu1'1|‘r.n=31~rtvt3|}J into the former, however, by pressure and
other agencies.

Heat is in almost daily use by the pharmacist in the operations of
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solution, fusion, evaporation, and decoction, and may be applied
either by direct contact with the burning fuel or through the agency
of some interposed medium. The use of coal as a fuel for the pro-
duction of steam is confined to manufacturing establishments, the
retail pharmacist finding illuminating gas or some of the various
kinds of coal-oil better adapted to his wants. Wherever illuminat-
ing gas is available it is decidedly the most desirable fuel at the
present day, not only because its supply is constant, but also because
with modern apparatus and appliances it can be kept completely
under control, and thus the greatest amount of heating power be
obtained at a minimum of cost. In the course of time electricity
will no doubt become a serions competitor of gas for heating purposes
in pharmaceutical laboratories, as its use in the arts and for domestic
purposes has already demonstrated. Fig. 44 illustrates an electric
plate-stove, simple in construction and very convenient for boiling
and distilling inflammable liguids,

Fra, 44.

Electric plate-stove, showing switch for regulating the current,

Gasoline vapor and kerosene are extensively employed for the
neration of heat, in localities where illuminating gas cannot be
procured ; although both are quite cheap in price, a certain element
of danger attends the use of the former, while the latter is open to
the objections that it canvot be burned without the aid of a wick,
that it deposits soot unless the wick is carefully watched, and that
its combustion is frequently accompanied by a more or less disagree-
able odor. For small operations aleohol offers an excellent fuel of
good heating capacity ; its high price forbids its more extensive use,
The amount of heat produced by the combustion of any particular
fuel is constant, no matter how the combustion is effected ; but the
infensity of heatis dependent upon the rapidity of eombustion ; there-
fore, the finer the division of the fuel, the more rapidly will it be
burned or oxidized, and consequently the greater will be the degree
of heat generated. :
Various appliances have been designed for the produetion of heat
for pharmaceutical purposes, of which a few are shown herewith, as
it is assumed that either gas or coal-oil is available everywhere.
When the price of alcohol is not an object, this fuel is preferable
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to coal-oil where illuminating gas is not available. Tig. 45 vepre-

sents a very convenient form of spirit lam
vided with a regulating serew for the wie

E, nickel-plated and pro-
; it is not easily upset

and answers well for small operations at the dispensing counter,

FiG. 45

Nickel spirit lnmp.

Barthel’s aleohol lamp, Fig. 46,
was introduced in Germany in 1891,
and is capable of producing an in-
tense heat by the combustion of
alcohol vapor. This lamp, which is
perfectly safe, is extensively used
in Europe; it is made of metal,
has a lateral capped orifice for fill-

Fra. 46,

Barthel'saleohol lamp.

ing, and bears a central tube, closed on top, which carries a solid
wick., This is not itself ignited, but only serves to draw up aleohol

from the reservoir.

To the wick-tube is attached a second tube, the

burner-tube proper, which receives the vapors from the wick. The

FiG, 47.

VI '

Whitney's coal-oil stove.
(Single burner.)

burner-tube contains a wire diaphragm, which
can be raised or lowered by means of the
regulating serew, and thus a higher or lower
flame obtained as desired. When the lam

is to be used, the wick-tube must be heat

slightly by means of a lighted match, so as
to drive some alcohol vapor into the burner-
tube, where it is then ignited. It will then
continue to draw up aleohol vapor of its own
accord. The efficiency of the lamp is shown
by the fact that a quart of water can be raised
from 60° F. to the boiling-point in eight and
three-quarter minutes, with an expenditure
of about one ounce of aleohol ; low-grade
aleohol of 75 or 80 per cent. evaporates less

rapidly than stronger alcohol and produces equally good results.
For the combustion of coal oil, stoves are now manufactured
which are claimed to produce a smokeless and odorless flame ; the
heating capacity of these stoves is quite considerable, and is regulated
by means of screws for raising and lowering the wick. Fig. 47
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represents the Whitney Patent Hot-blast Stove, in which the wick
chamber is separate from the oil reservoir. Coal-0il stoves may be
had with one, two, or three wicks, and require some attention, so that
the wicks shall always be kept well trimmed and free from carbona-
ceous matter ; to avoid a deposit of soot, the wick should never be
allowed to touch the vessel to be heated.

It is well known that the illuminating power of gas depends upon
the incandescence of particles of unconsumed carbon, and that if these

rticles be brought to complete combustion by the appropriate use of
air (atmospheric oxygen), the luminosity of the flame will be decreased,
but its heating power will be intensified. A yellow carbonized flame,
also known as oil flame, because resembling that produced by the
combustion of oil, is never well adapted for heating purposes, besides

Fia. 48, Fra. 49,

Fleteher low-temperature
Lt Ler.. Foot-hlower.

depositing considerable soot or carbon on the bottom of wvessels
placed over it. In all modern gas-heating apparatus, proper pro-
vision is made for mixing the illuminating gas with such a propor-
tion of air that, when the mixture is ignited, a purely blue flame will
result, indicative of complete combustion ; burning alecohol resembles
such a flame. A large variety of gas burners and stoves is now
offered, intended to furnish both high and low powers of heat. Of
these probably none has a wider range in heating capacity than the
Fletcher low-temperature burner (Fig. 48), any degree of heat from
a gentle eurrent of warm air to clear red heat being obtainable ; it is
manufactured by the Buffalo Dental Manufacturing Company, of
Buffalo, N. Y. The burner consists of a ring of iron tubing, D,
perforated on the upper side, and enclosed in a cylinder of cast
iron, over which a diaphragm of wire gauze, A, is fastened ; there
is a space, B, between the lower end of the cylinder and the bottom
of the apparatus, for the admission of air, and a tube, ¢, for the
attachment of a pipe from a bellows when a blast is to be used for
producing pnwer[{ul heat. When a gentle heat is desired, the gas is
lighted: through the opening B, thus heating the air as it flows up-
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ward and escapes through the gauze A. For a stronger heat the gas
and air mixed are lighted above the wire gauze, and a steady, smole-
less, blue flame is thus obtained. As any rubber tubing attached to
D is apt to become very hot, it should either be wrapped with a small
wet cotton cloth, dipping in water, or, what is still better, about
eight inches of gas-pipe should be permanently attached to b, to
which the rubber supply-tube may be secured when wanted. Fig, 49
represents a convenient foot-blower for use with any gas furnace requir-
ing a strong supply of air; the rubber disk is well protected by netting.

For small operations at the dispensing eonnter, Bunsen burners are
usually employed, which are so constructed that a small supply of
gas is made to yield a strong heat by admixture with air, whereby
perfect combustion is effected. One drawback to the majority of
Bunsen burners in the market is the tendency to “ light back ”—that
is, when the flame is reduced, it is apt to recede a:El ignite the gas
at the pinhole orifice in the tube; the most effectual method of
overcoming this diffieulty is to contract the orifice of the tube and
introduce a ganze diaphragm into it near the top, which, how-
ever, reduces the heating power of the flame. Among the large
variety of Bunsen burners sold, a few have been found specially
adapted to the use of the pharmacist, and are here illustrated.
Fig. 50 represents a low form of burner, 3 inches high, made in

Fia. i, Fia, 61,

Bunsen burner, low form with erown,

two sizes, with tubes of % and £
inch in diameter respectively; with == =
the aid of a contracted brass cap, The Acme safety burner.
the flame can be turned down quite

low without receding. When it is desired to distribute the flame, the
brass crown shown in the cut should be attached, after removal
of the brass cap; the crown, being provided with three supports,
does away with the necessity for a tripod. The burner is made
by Bullock & Crenshaw, of Philadelphia, and will be found very
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serviceable for all smaller operations. In Fig. 51 is shown the
Acme Burner, patented in 1891 by T. Boyce, of New York ; this
is probably the most satisfactory burner made for small operations
at the dispensing counter, and can be used for coal or gasoline gas,
Each burner is provided with two tubes, one of the regular Bunsen
pattern, the other with a gauze safety-tip (Fig. 52), permitting the
flame to be turned down as low as desired, and out without receding.
The supply of gas is regulated by turning the
tube at o until the desired quantity of flame is
obtained ; by turning the milled disk, B, up or
down, it being threaded and moving upon the
nipple, the air-supply is adjusted. The height of
the burner is 5} inches, including the base. The
Finkner burner (Fig. 53) yields a very satisfac-
tory flame, but is not adapted for very strong
heat ; it is so constructed that the supply of gas
and admixture of air can be simultaneously regu-
lated by turning the milled head. Fig. 54 rep-
resents a convenient adjustable burner ; by turning
the serew, which is accessible to the fingers while
the burner is in use, the gas orifice can be so
adjusted that any desired flame may be had. The
air-supply is adjusted by turning the air-regalator .. o0 a e or
up or down, it being threaded and moving upon the Acms burner.
the burner tube. The moving of the point up

through the gas orifice, while reducing the gas quantity and size of
the flame, does not reduce the gas pressure; the gauze safety-tip

Fig. 52,

FiG. 53. Fia. 54.

The Finkner burner., Adjustable Bunsen burner,

(Fig. 52) can also be attached to this burner when a very small
flame is desired. For maintaining low temperatures, as in the
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testing of pepsin and similar operations, the double minim burner
(Fig. 55) will be found uvseful.

For use with inflammable liguids the apparatus illustrated in Fig,.
56 will be found serviceable, the burner being surrounded with safety

Double minim burner,

gauze, which prevents the Hame
from communicating with the
vapor on the outside, the principle
being the same as in the Davy
safety lamps.

Fletcher’s radial burner (Fig.
57) possesses some advantages over
other heaters, in containing no
loose parts and in being made en-
tirely of annealed cast-iron; it
is practically indestructible; if
choked with dirt it is readily
cleaned with a card or spatula.

The ﬂ_ames are practically solicd I
when in use, and show no ten- mable liguide,

Fletcher's radial burner.

dency to run to a point in the centre; the consumption of gas
amounts to from 12 to 18 feet per hour, and the burner will accom-
modate vessels from 10 to 18 inches in diameter.
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For larger operations the “Jewel ” gas-stove, Fig. 58, manufac-
tured by Geo. M. Clark & Co., Chicago, will be found very serviceable,
The cast-iron frame is twelve inches square
and five inches high, thus standing very Fig, 58,
firm and capable of supporting large -' ;
vessels. The gas is properly mixed with
air before it enters the radial burner, where
perfect combustion is effected, as shown by :
the pale-blue flame, which ean be turned Jewel gas stove.
down very low without flickering. It con-
sumes about eight feet of gas per hour, and is a most efficient heater.

For regulating the degree of heat within certain narrow limits,
special appliances have been devised, known as thermostats, by means

Frc. 59. Frie. 60,

Reicherl's thermostat. The Bunsen:- Kemp gas regulator or thermostat.
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of which the supply of gas admitted to the burner is automatically
controlled by expansion and contraction of mercury contained in
glass cups or tubes kept in contact with the air or liquid the tem-
perature of which it is desired to maintain at, or near, certain points.
All gas supplied to the burner is made to pass through the thermostat,
and the required temperature having been reached, the gange is set
by means of a screw, after which the supply of gas is controlled by
the expansion of the mercury caused by an increase of heat. Figs.
59 and 60 show two thermostats frequently employed.

The steam boiler, Fig. 61, designed by Prof. E. L. Patch, is a

Prof. Patch's steam boiler.

most convenient source of heat for the requirements of a small labo-
ratory. The boiler, 22 inches high and 10 inches in diameter, is
made of steel, contains 20 flues, and is covered with a thick layer of
asbestos composition, to prevent loss of heat by radiation; it has
a capacity of 7 gallons and possesses one great advantage—that
it can be heated by means of either a gas or a coal-oil stove.
Being provided with a water-gauge, safety-valve and manometer,
the boiler is as complete as any of larger size, and steam can be
carried from it to any point desired ; it is usually filled from above
at the safety-valve, but, wherever water service is available, an
injector may be attached, so as to allow of filling while steam pres-
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sure is on, The coil of pipe in the conically shaped metal case on
the side, may be used for hot filtration, evaporation or drying pur-
0SS,

It is well known that steam, when confined, is capable of absorb-
ing large quantities of heat, and its temperature rises proportionally
to the pressure exerted upon it; dense aqueous solutions, therefore,
can readily be boiled by means of superheated steam.

For the proper control and distribution of heat, different devices
are employed. When direct flame is to be applied to poreelain or

lass vessels the interposition of wire-gauze or asbestos cloth will be
ound very desirable ; for not only will the heat be supplied to a
greater extent of surface by radiation, but at the same time it will

Fic. 62, FrG. 63.

Sand-bath, shallow form. Sand-bath, deep form,

be uniformly distributed, and thus insure more regular heating, which
of itself is very important, considering the frail character of flasks
and dishes.

The sand-bath is employed for temperatures above that of boiling
water, and is chiefly intended to maintain a continunous supply of high

Fig. 64.
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Large sand-bath, heated by steam.

heat and to prevent sudden depression of temperature from foreign
causes ; it is invaluable in the distillation of certain liguids (acids, etc.)
from glass vessels, and may be either of deep or shallow form. (See
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Figs. 62 and 63.) The deep sand-bath consists of an iron pot or
basin containing sufficient dry fine sand so that, if desired, the retort
or flask may be entirely surrounded by the same. The best shallow
sand-baths are made of’ Russian sheet-iron, and are well adapted for
heating flasks and beakers, which require only sufficient sand to form
a good bed of support, since an excessive amount would involve a
waste of heat.

For use in a laboratory where steam is available, a permanent
sand-bath may be provided as shown in Fig. 64. Tt is constructed
from an ordinary galvanized-iron sink and large gas-pipe, about
three-quarters to one inch in diameter, arranged horizontally in folds,
the ends of the pipe being introduced through holes of appr&priatc
size drilled in the end of the vessel. Sand to the depth of two or
three inches may be poured over the pipes, which will form an ex-
cellent bed for flasks, dishes, and beakers.

Other apparatus for the use of heat above that of boiling-water,
vet avoiding contact with flame direct, are oil-baths, saline solu-
tion baths, glycerin baths, or paraffin baths; these are constructed
like water-baths, and readily furnish temperatures ranging from 100°
to 300° C. (212° to 644° L)

For all operations requiring a degree of heat below that of boiling-
water, water-baths will be found indispensable ; they may be made
with {!ithﬂ]‘ a round or flat bottom, as shown in Figs. 65 and 66, and

FrG. 66,

Round-bottom water-bath. Flat-bottom water-bath.

provided with a set of concentric rings to adapt them for use with
dishes or flasks of wvarious sizes. Water-baths made of extra heavy

tin will last a long time (provided they be dried properly after use), and
do not cost much, while copper is far more expensive, but, on the other
hand, resists the action of heat and water better than tinned iron. As
]-:}ng as the vapor of boiling water is allowed to escape freely, no amount
of heat applied to the vessel can possibly inerease the heat of the
water above that of boiling, and, as some heat-power is lost during
transmission from the water-bath to the vessel resting upon it, the
liquid contained in such wvessel will always be found a few deglees
lower in heat than the water in the bath; under no circumstances
can aqueous liquids be made to boil in dishes placed in water-baths.
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The name vapor-bath is in the majority of cases more appropriate
than water-bath, since the vessel heated by it does not, as a rule,
come in contact with the water for any length of time, but derives
its heat from the vapor or steam rising from the water and not con-
fined by pressure.

To avoid frequent refilling and consequent interruption in long-
continued operations, water-baths are often provided with a constant
supply attachment as shown in Fig. 67, which also serves to keep

Water-bath with constant-level attachment.

the water at a constant level in the bath. The best contrivance for
a constant water-bath is that suggested by Dr. B. F. Davenport, of
Boston, and shown in Fig. 68. It consists of a copper box, A, 10 or
15 inches square, the top being a brass plate 1 inch thick, to enable
it to bear eonsiderable weight without yielding. From the point B
projects a 1 inch brass tube, B C, which turns up at a right angle,
At Eis a stopeock which is vonnected by a thick rubber tube with
the glass tube, D F, the latter being fastened against the adjoining
wall. Connected with C by a rubber tube-joint is a } inch block
tin tube of 20 feet length, which extends up the wall, to which it is
fastened for 10 feet to the point T, whence it returns and ends just
over the top of the glass tube at D). The bath is filled with water
(preferably distilled) to just the level, B..b. Thesteam generated by
the constant boiling is condensed in the tube, C' T D, either before
or after reaching the top, T, and returns to the bath at C or at
D, where it drops into the gIﬂ“S water-gange, ) F. Having once
been filled, the water need not be replenished for years, and there
being no outlet for the steam, except into the condensing tube, the
air surrounding the water-bath will be kept constantly dry—a very
G
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desirable point in the evaporation of liquids. If the water-bath is
desired for use at fixed temperatures a thermometer may be intro-

Fia. 68,

B
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Davenport's constant water-bath,

duced through a cork fitted to
a tube inserted in the cover
of the bath.

The boiling-point of a liquid
is that at which the elas-
ticity of its vapor overcomes
the pressure of the surround-
ing atmosphere, or, in other
words, beyond which the
liquid cannot continue as a
liquid without inereased pres-
sure. Normal atmospheric
pressure, 15 pounds to the
square 1nch, which is equal
to the pressure of a column
of mercury 760 Mm. (29.874 °
inches) in height, is always
assumed when referring to the
boiling-point of a liquid, for
any modification of the former
will change the latter; thus
water, which ordinarily boils
at 100° C. (212° F.), has
been known to boil at 84° C,
(183.2°F.) on Mont Blane, in
Switzerland, and even at 35°
C. (95° F.) in a vacuum ap-
paratus ; while, under greatly
increased pressure, as in Pa-

in’s digester, it has been
Eeated to 160° C. (320° F.)
without boiling. There exists
also a great variability in
the boiling-points of different
liquids under normal condi-
tions; for, while official ether
boils at about 37° C. (98.6°
I7.),chloroform requires a tem-
perature of 60.5° C. (140.9°
F.), alecohol 78° C. (172.4°

F.), glyeerin 165° C. (329° F.), and mercury about 357° C.

(674.6° F.).

The simplest method for determining the boiling-point of a liquid
is to introduce some of it into a flask provided with a lateral tube in
the neck and a thermometer passing through the cork, as shown in
Fig. 69, or into an ordinary Florence flask provided with a doubly-
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perforated cork, through one orifice of which a thermometer is insertﬂl
and through the other a bent glass tube, as represented in Fig.

If mﬂammable or noxious vapors are likely to be evolved, the tuh{-:-
from either flask may be connected with a condenser. It is important
that the thermometer should not be immersed in the liquid, but enly
introduced into the flask so far that the bulb may be enveloped by

F1a. 69 Fia. 70

LT

Flasks arranged for finding the boiling-point of a liquid.

the vapor of the boiling liquid, as shown in the illustrations. Heat
should be carefully applied and gradually increased until the liquid
boils actively, at which time the boiling-point will be indicated by
the height of the mercurial column in the thermometer. In the case
of very accurate determinations, it may be necessary to make correc-
tions for increased or decreased atmospheric pressure, and according
to Kopp the correction amounts to 1° C. (1.8° F.) for every 27 milli-
meters above or below the normal height of the bn,mmetm eolumn of
mercury. In order to avoid errors, which might arise from the cool-
ing of the long mercurial column outside of the flask, specially con-
structed thermometers, known as Zincke’s thermometers (see page 90)
are usually employed for temperatures above 100° C. (212° I"}
Fusible substances, when gradually heated to their melting-point,
do not all behave in the tame manner; as a general rule, erystallizable
bodies become brittle just before melting, while non-crystallizable
substances assume a plastic condition. When fusion commences they
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combine, as it were, with heat in an intimate manner ; that is, they
occlude heat, so that the further addition of heat does not caunse any
rise in temperature until all of the substance has become liguefied.
The heat thus disappearing is called the latent heat of fluidity, because
it is used to change the solid form of a body into the liquid form
without any change in the temperature of the body ;, thus if erushed
ice be heated, the temperature will not vary from 0° C, (32° F.) while
the ice is meltmg and when completely han d to water, the tem-
perature of the water will also be U"’ C. 3‘3“‘ l* rovided the a ppli-
cation of heat be not continued beyond fusmn P he amount ﬂf heat
necessary to produce complete fusion varies with different substances;
thus in the case of ice it has been ascertained to be 79.25 C. or
142.65 F. degrees ; this was determined as follows : Two vessels, con-
taining respectively equal weights of ice and water at 0° C. (32° I.),
and each provided with a thermometer, were heated in a bath of
water; at the moment when the ice had completely melted the tem-
perature was indicated as still at 0° C. (32° F.), while the tempera-
ture of the water in the other vessel had risen from 0° C. (32° F.)
to 79.26° C. (142.65° ¥.). Ifa pound of ice at 0° C. (32° F.) and
a pound of water at 100° C. (212° F.) be mixed so as to avoid loss
by evaporation, the result, when all the ice has melted, will be two
pounds of water at 10.4° C, (50.7° F.); whereas if a pound of water at
0° C. (32° F.) be mixed with a pound of water at 100° C. (212° F.),
the result would be two pounds at 50° C. (122° F.). In the first
case, 79.25 C. (142.65 F.) degrees of heat were withdrawn from the
boiling water to melt the ice at 0° C. (32° F.) into water at 0° C.
(32° F.), but in the second case this was not necessary, and the mix-
ture assumed the mean temperature of the two. The latent heat of
fluidity of water being known as 79.25° C., a simple rule can be
formulated for ascertaining the amount of ice necessary to reduce any
given weight of water at stated temperature to a stated lower tem-
perature, as follows :

Add the desived temperature to 79.25°C, (142,65° F.) and divide
the swin into the difference between the stated temperature of the water
and the desired lemperature—the quotient will be the required pro-
portion of ice as compared with the given weight of water.

Example: How much ice is required to cool 1000 Gm. of water
from 100° C. to 25° C.?

79.25 100.0 104.25) 75.000 (0.7194

25.00 95.0 72075

104.25 75.0 20250
10425

5250
93825

Answer: 0.7194 of 1000, or 719.4 Gm.
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Proof: The ice needs 25° C., besides the 79.25° C. required for
melting it, and the water loses 75° C. by being reduced to 25° C,; as

e

the gain and loss must balance each other, it will require Tﬂf_ of

1000 Gm. of ice, or 791.4 Gm,

The law regarding latent heat of fluidity has a practical bearing
upon the fusion of various substances liable to be injured by expo-
sure to a heat a little above their melting-points; thus, a pan of
ointment or plaster may be kept over a direct fire, without fear of
injury, as long as a portion of the contents remains unmelted, as the
increased amount of heat is utilized in the change of the state of
aggregation, therefore it cannot raise the temperature above that of
the melting-point.

Fig. 7l. Fig. 72

=

TR TR ST TR LT AT AmIC AL R 4

9o
=
=
-
]
=]
]
-
=]
]
—
]
u
=
=
=
mm
=
=
=
-
=
=
-
=
=
E
|
-
=
]
-
-
=
.
-
=

o=
m
=
™
~—

5
I
If
AN i)
o e

Bl

Capillary tube and thermometer
with tnbe attached. snbstances,

The melting-points of solids are as variable as the boiling-points
of liquids ; thus, while ice melts at 0° C. (32° F.) and lard at 39° C.
(102.2° F.), sulphur requires a temperature of 115° C. (239° F.) and
pure morphine a temperature of 255° C. (491° F.)
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The determination of the melting-point of a substance frequently
leads to its identification, and is a most valuable adjunct in the

Fig. 73.
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Improved apparatus
for the determination
of melting-points,

examination of its quality. Some little care is
requisite in determining the melting-point so as
to insure accurate results, The best plan is to
put a little of the substance to be examined into
a small capillary tube (Fig. 71), and, after cutting
off the enlarged portion, which is un]y intended
for convenience in filling, attach the tube to an
accurate thermometer by means of a rubber band,
in such a manner that the tube lies close against
the thermometer and the substance is on a line
with the bulb, as shown in Fig, 71. The ther-
mometer thus arranged may he suspended in a
beaker containing water, fmlphurm acid, or par-
affin, as shown in Fig. 79, The liquid is gradu-
ally heated and the temperature accurately noted
when the substance in the capillary tube melts.

In order to insure greater uniformity in the
heating of the mercurial colomn of the thermom-
eter, a very excellent apparatus has been devised
by Dr. Alfred Dohme, of this city, the construc-
tion of which is very simple and is shown in Fig.
73. Into the neck of a rounded glass eylinder 9
inches long and 1% inches in diameter is fused a
olass tube closed at one end and } inch in diam-
eter. The thermometer, to which is attached the
capillary tube containing the substance, is inserted
into the inner tube by means of a perforated cork.
Through the opening in the shoulder sulphurie
acid is poured into the outer cylinder to the
ilm;jht of about 7} inches, and the apparatus hav-
ing been supported by means of a burette clamp,
heat is carefully applied, and the currents thus
e::tabhshed in the acid communicate heat to the
air in the inner tube, which is kept uniform by
circulation of the fluid. As in the preceding
experiment, the melting-point is noted by the
height. of the mercurial column when the sub-
stance melts,

The term lemperafure is used to designate infen-
sity but not guantity of heat, which is measured
by a thermometer, an instrument consisting of a
narrow capillary tube of uniform bore, hermet-
ically sealed at the upper end, and terminating
below in a bulb of glass. The bulb and a por-

tion of the tube are filled with mercury (in some cases with col-
ored aleohol or toluene), and the whole is provided with a graduated
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scale for measuring the rise and fall of the liquid within the tube ;
mercury is preferred for all temperatures not below —40° C. (at
which point it freezes), on account of its non-adhesion to the sides
of the glass tube, and consequent convex surface, and its great
sensitiveness to even the slightest change in temperature. Abso-
lute aleohol, although admirably adapted to very low temperatures,
cannot be used for measuring heat intensity above 78.3° O, its
boiling-point. The space above the liquid in the tube is deprived
of air, so as to insure the ready and uniform rise of the liquid when
expanded by heat,

As all glass vessels continue to contract for some years after they
have been made, absolutely correct measurement of temperatures can
only be obtained if the error of the thermometer is known ; such
error can easily be ascertained by two very simple experiments,
Immerse the bulb of the thermometer in crushed ice for fifteen or
twenty minutes, and note the point on the gradunated seale to which
the mercury will sink ; after five minutes more of immersion, again
examine to see whether the mercury has remained stationary ; if the
mercury receded to 0° C. (32° F.) and remained at this point, the
thermometer is correct as far as the freezing-point is concerned. To
test its accuracy at higher temperatures, suspend the thermometer in
steam rising from pure boiling water, in such a manner that it is
completely surrounded by it, for the unconfined vapor of a boiling
liguid has the same temperature as the boiling liquid itself; after
thirty minutes, note the point to which the mercary has risen and
continue the heat for ten or fifteen minutes, and examine again; if
the mercury has risen to 100° C. (212° I.) and remained at that
point for ten or fifteen minutes, the thermometer may be considered
correct as compared with the boiling-point of water. Clinical ther-
mometers, used by physicians for taking the temperature of fever
patients, should be supplied with a certificate showing their error, as
this in some cases may amount o nearly 1 degree. Since 1880 the
Winchester Observatory at Yale College, New Haven, Conn., has had
in operation a special bureau for the examination of thermometers ; as
glass tubing will continue to contract for three or four years, clinical
thermometers should have been “seasoned ” for at least that time be-
fore they are examined, so that any error found may remain constant.

During the past two years, thermometers of great accuracy, in-
tended for very high temperatures, up to 550° C. (1022° F.), have
been made in Germany, of special glass, known as “.Jena resistance
glass,” which is very hard and non-contractile. In order to pre-
vent boiling of the mercury, which ordinarily occurs at about
357° C. (674.6° F.), the capillary tube is expanded at the upper end
and filled above the mercurial eolumn with compressed dry carbon
dioxide. Still more recently (1894) thermometers have been manu-
factured in which the indicator consists of an alloy of sodium and
potassium, instead of mereury, and which may be used for tempera-
tures running as high as 650° C. (1202° F.). The alloy is enclosed,
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as in the previous case, in “resistance” glass, and the space above
the alloy is filled with nitrogen at such pressure that, when the bulb
becomes red-hot, the pressure inside is equal to that of the atmos-
phere. The glass of the bulb is attacked by the alloy and turned
brown, but this occurs at the time of filling, and the coating then
formed upon the surface of the glass protects it from further action,

For registering still higher temperatures, instruments known as
pyrometers are cmplm ed, which are, however, not very trustworthy;
they are of two kinds, "Wedcrewtmda pyrometer, based on the con-
traction of elay, and ngnmrt’s pyrometer, based on the expansion of
metals. When it is desirable to note the highest or lowest tempera-
ture reached during any fixed time, maximum and minimum ther-
mometers, so constructed that a small metallie or glass indicator is
carried to the highest or lowest point reached by the mercury or
ﬂlr.:r:lfml, and left at that point when the volume again changes, are
Hnsed.

Three different thermometric registers, known as the Fahrenheit,
(Celsius or Centigrade, and Réaumur scales, are in use. For scien-
tific purposes the Centigrade seale is now universally employed, while
the I'ahrenheit scale is in common use in this country and Great
Britain, and the Réaumur scale is ordinarily used in Continental
Europe. The graduations of all three scales are arbitrary, yet based
upon careful observations of the respective authors. Fahrenheit, a
(rerman, who invented the mercurial thermometer, in 1708, observed
that a quantity of mercury immersed in a mixture of ice and salt
(considered by him as the absolute zero of temperature) amounted to
11,124 volume parts, and when immersed in melting ice expanded
to 11 ,156 volume parts, showing an increase of 32; the same quan-
tity of mereury immersed in bmlmg water Expﬂudr;'d to 11,336
volume parts, or an increase of 212,

These obsetvations led Fahrenheit to mark the freezing and boiling
points of water at 32 and 212 degrees above zero respectively, and
to divide the space between these two points into 180 equal parts.
Réanmur, a Frenchman, found that 1000 volume parts of alecohol of
a given strength increased to 1080 volume parts between the freezing
and boiling points of water, and he marked these two extremes as
0 and 80 respectively, dividing the intervening space into 80 equal
parts. Celsius, a Swede, adopted the more convenient plan of cen-
tesimal division, and fixed the freezing and boiling points of pure
water at 0 and 100 respectively ; his scale is generally termed the
Centigrade scale and is preferred 'for scientific work.

When writing temperatures on the different scales, it is customary
to use the abbreviations F. or Fahr. for Fahrenheit, C., Cent. or Cels.
for Celsius, and R. or Réaum. for Réaumur, as, 32° I, ,100° C., and
80° R. On all ¢he scales, the degrees are divided into plm‘: and minus
degrees, as they may be ‘above or below the zero _point; the latter
being always distingunished by the prefix of the — sign, and whenever
this sign is wanting, the degrees of heat being understood to be above
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zero ; thus 18° F. would indicate 18 degrees above 0, although 14
degrees below the freezing-point, ete.

E%Fig. 74 illustrates the relative graduations on the respective
thermometric scales,

As equal spaces on the Centigrade and Fahrenheit scales are divided
into 100 and 180 degrees respectively, it follows that each degree on
the former scale is equal to 1.8 degrees on the latter, and since 80
degrees on the Réaumur scale equal 180 degrees on the Fahrenheit

e, every degree of the former must correspond to 2.25 degrees of
FIG. 74. FIG. 5.
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Réanmur, Centigrade, and Fahrenheit Zection of Zincke's thermometer,
thermometers,

the latter, Every Réaumur degree is equal to 1.25 Centigrade degrees.
The following rules for the conversion of thermometric values are
useful.

To convert Centigrade into Fahrenheit : Multiply by 1.8 and add
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32 ; for any number of degrees above or below the freezing-point on
the Centigrade scale when multiplied by 1.8 yield the corresponding
number of degrees above or below the freezing-point on the Il)'"‘i-ulzlren-
heit scale.

To convert Fahrenheit into Centigrade : Subtract 32 and divide by
1.8 ; for any number of degrees above or below the freezing-point on
the Fahrenheit scale when divided by 1.8 yield the corresponding
number of degrees above or below the ﬁeezmg -point on the Centi-
grade scale.

To convert Réaumur into Fahrenheit, or Fahrenheit into Réaumaur,
substitute 2,25 for 1.8 in the preceding rules.

To convert Centigrade into Réaumur, divide by 1.25; and to con-
vert Réaumur into Centigrade, mulliply by 1.25.

Examples: Convert 25° C. into F.; 25} 1.8 =45 and 45 4 32
=77. Answer, 77° F.

Conwvert —15’“ C. into F.;
9. Answer, 5° F.

Conwvert —4(]ﬂ {0 mtc} : —40 % 1.8= —72 and —72 4 32=
—40. Answer, —40° F

Convert 60° F. into U.; 60 —32=28 and 28 - 1.8 =15.55+.
Answer, 15.554+° C.

Convert 18° F. into C.: 18
—7.774+. Answer, —7.77+° C.

Conve H° F.ointo C.; —12.5 — 32 = —44.5 and —44.5
+1.8=—2472+. Answer, —24.724-° C.

Convert 30° R. into F.: 30 ¥ 2.25=67.5 and 67.5 4 32 = 99.5.
Aunswer, 99.5° F,

Convert —5° R. into F.; —5 X 2.25= —11.25 and —11.25 }
82 =20.75. \llﬂ‘ner 20.7 ia P

Convert 50° F. into R. : 50 —32 =18 and 18-+ 2.25=8.
Answer, 8° K.

Convert 4° F. into R.: 4—32= —28 and —28-+-225=
—12.4. Answer, —12.4° R. '

Convert 60° C. into R.; 60+1.25=48. Answer, 48° R.

Convert —8°C.intoR.;: —8 = 1.25= —6.4. Answer,—6.14°R.

Convert 28° R, into C. ; 28 X 1.26=235. Answer, 856° C.

Convert —7.5° R. into C.; —7.5 ¥ 1.26= —9.37+. Answer,
—9.3T+°C,

In order to avoid the use of the ordinary long thermometer for
temperatures above 100° C., which might frequently prove annoying
and give rise to inaccuracies in scientific worl, special short ther-
mometers have been devised, so constructed that the graduations of
the scale begin a little below the boiling-point of water. (See Fig.
75.) These instruments, known as Zincke's thermometers, are from
4 to G inches in length, very accurately made, and are admirably
adapted for testing the melting or bmlmg-pmnt of substances at
temperatures above 100° C.

15X 1.83= —27 and —27 4+ 32 =

= —14 and —14 -+ 1.8=
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CHAPTER YV.
COLLECTION AND PRESERVATION OF CRUDE DRUGS.

ArraoUGH the collection and preparation of vegetable drugs is
not in the hands of the pharmacist, but is carried on, often in a small
way, by special drug-gatherers and collectors, it is thought fit to
refer to the subject here,

The various parts of plants used in medicine cannot be gathered
indifferently at all seasons of the year, since the peculiar juices of
the plant in which its activity resides are more abundant in some
parts than others at certain periods of the {Jldl]f s growth. Roots of
annual plants should be gathered immediately before the time of
flowering ; those of annm&e either late in the fall of the first year,
or early in the spring of the second year, after the first appearance
of the plant above ground ; pclenmal roots should not be gathered
until after two or three years’ growth, and, in some cases, even four
or five years are allowed for full matmlty Fleshy roots must be
sliced, either transversely or longitudinally, previous to drying, in
order to expose a larger surface to the air; whilst smaller and
fibrous roots do not require this treatment. When artificial heat is
to be used in_drying roots, a temperature of 50° to 55° C. (about
122° to 131° F.) will be found sufficient, except in the case of a few
succulent roots, where the temperature may be raised to 65.5° C.
(150° F.)

Barks of trees should be gathered in the spring, but those of
shrubs in the autumn, for at these seasons they are most readily
separated from the wood. Onuly the inner bark being employed, the
outer epidermis should be removed.

Leaves begin to lose their activity after the flowers appear, for the
juices of the plant then go toward nourishing the latter; they should
therefore be collected when fully dwelopf:d before thev begin to
wither, Leaves of biennials must be collected during the second
geason.

Herbs are generally understood to mean the whole plant, although
the root is frequently rejected; they should be gathered when in
flower. If the flowers are not to be used with the stem, the latter
should be collected before the flowers appear, but after foliation.

Flowers are preferably gathered before they are perfectly developed
(expanded), since odor and color are then more pronounced ; the red
or French rose offers a striking example. They should be collected
in the morning, after the dew has disappeared, and be dried, without
artificial heat, in the shade.
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Fruits should be gathered before they are quite ripe; but seeds,
the least perishable of vegetable productions, must be perfectly ripe,
and require very little dr}rmg

Crude vegetable drugs are rarely deprived of all their inherent
moisture h'f the drnrr—gathuers and invariably reabsorb moisture
when exposed to a damp atmosphere; before such drugs can be
mechanically subdivided they frequently require a further %h ying by
artificial heat, which is effected by spreading the material loosely on
shelves in ventilated apartments heated by steam. While drugs
containing volatile constituents, such as buchu, wvalerian, myrrh,
spices, ete., demand a moderate heat, others again ean be strongly
heated until they become brittle, as, for instance, squill ; a tempera~
ture kept at or below 45° C, (113° F.) will not prove injurious in
any case,

The amount of moisture present in freshly gathered botanical
drugs varies considerably, ranging from 15 or 20 per cent. in barks
and wood to as much as 80 per cent. or more in some roots and
leaves, and the object of thorough drying is partly to reduce the
bulk, but chie fly to preserve the drug for future use; for if vegetable
l:lru,c_ra be packed away in a moist condition they soon begin to mould,
or become heated, and undergo rapid deterioration. The loss in
weight expcrmmd by th{)mmrh drying of drugs is in many cases
more than mmpemated for b the increase in value of the dried
article, as in opinm and t:rthl::l alkaloidal or resinous drugs. If
Upium containing 10 per cent. of morphine and 25 per cent. of
moisture be dried perfeetly, the loss in weight will amount to one-
fourth, but the relative proportion of active principle is inereased
one-third ; ; jalap tubers containing 8 per cent. of resin and 34 per
cent. of moisture will lose upon drying about one-third of their
weight, but the proportion of resin present is increased 50 per cent.
Dried botanical drugs are best preserved in cool, dry rooms in con-
tainers which shall exclude sunlight, but permit of free circulation
of air; odorous drugs should always be kept separate in order to
avoid eontamination of others; for instance, a bale of buchu, vale-
rian, or sassafras should never be stored by the side of senna leaves,
elm bark, or flaxseed.

As erude drugs reach the pharmacist they are frequently not in a
condition to be offered for sale, or to be used in the preparation of
medicines, on account of impurities present, and the lIJJ':'EEE" of gar-
bling is a very necessary operation. The ob]ert of garbling, or pick-
ing, is to remove, besides impurities and adulterations, decayed and
deteriorated portions of the drug, which not only mar the appear-
ance but are apt to contaminate the still healthy portion, and soon
render the whole worthless. Senna leaves are generally accompanied
by a considerable proportion of stems, broken capsules, and dust,
not to speak of the fraudulent admixtures of stones, shells, etc.,
made by the gatherer or exporter for the purpose of increasing the
weight ; as much as 15 per cent. of impurities has been taken from

A R e ———
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what was bought as prime senna. Juniper berries are never free
from unripe and decayed fruit, dirt and worm-eaten portions, which
should be carefully removed. Fibrous roots, as spigelia, wild gin-
ger, serpentaria, and the like, require to be freed from adhering dirt
and other roots that grow side by side with them, and have become
mixed through careless gathering. Although some drugs are found
in much better condition than others, there are none which may not
be improved in appearance, even if it be only to have the fine dust
and dirt l'emoved as in the case of sassafras, wild cherry, crushed
oak-bark, ete. lvm podium, fennel, flaxseed, and similar drugs,
should be well shaken in a suitable sieve, to remove foreign matter,
before putting them away in containers, and the careful pharmamst
will find that this little extra labor is readily appreciated by his
patrons, who are apt to judge a man largely by the appearance of his
wares. Ewven vegetable powders, such as ipecacuanha, nutgall, and
others of similar character, must be passed through a fine sieve, pre-
ferably bolting-cloth, to remove coarse particles which unfit them
for dispensing purposes, and which have, in some instances, been
found to amount to as much as 25 per cent. of the total weight of
the powdered drug.



CHAPTHE ¥
MECHANICAL SUBDIVISION OF DRUGS.

BEFoRE employing vegetable drugs in the various pharmaceutical
preparations it often becomes necessary to reduce them to a state of
comminution, or of powder, more or less coarse or fine as the nature
of the drug and the desired preparation may demand. By simple
contusion is generally understood a rather coarse division, brought
about by crushing or bruising in
snitable apparatus preparatory to
finer reduction ; for small operations
an iron or brass mortar of bell or
urn shape is employed, which should
be deep and with a broad inner base,
as shown in Fig, 76, the pestle being
of such length and weight as will
enable the operator to exercise con-
siderable force if necessary. In
contusing substances only such a
quantity should be placed in the
mortar at one time as to cover the
bottom for the depth of an inch
or two, and to avoid loss or un-
pleasant results from the escape of

provided with a hole through which
the pestle passes, should be used. In
place of the mortar and pestle a cut-
ting knife can frequently be used
withadvantage. The Champion Knife
No. 2, Fig. 77, made by the Enter-
prise Manufacturing Co., of Phila-
; : : delphia, is well adapted for the coarse
Sectional view of mortarand pestle  divigion of roots, barks, and herbs,
as it combines a drawing motion

with pressure while cutting the material. When operating on large
quantities, steam power is necessary, and the best apparatus for the
purpose is that known as Mead’s Disintegrator (see Figs. T8,
79, and 80). The grinding is done in this mill by bardened
steel beaters securely riveted on both sides of a steel disk, These
beaters revolve on the feeding side of the mill between corrugated
rings. The beaters catch the material as it enters the mill and beat
it against the corrugates until it is fine enough to pass between the

dust or particles of drug, a cover,
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disk and the face of the ring ; as soon as it passes here it iz on the
discharge side of the mill, and all that is fine enough is immediately

Fia. 7.

Front view. Mead's Dizintegrator.

driven out by the beaters on the back of
the disk. What is not fine enough to dis-
charge is caught by these back heaters and
beaten against the sereens until fine enough
to pass through. The sereens are made of
square steel, and present a grinding sur-
face to the beaters and a discharging sur-
face between each bar ; they are two inches
in width and extend around three-fourths
of the diameter of the mill, thus giving a
large discharging surface without diminish-
ing the grinding surface. The material, as
it is ground, falls into the box or room
below. The most effective work is achieved
with the disintegrator running at high
speed, three thousand revolutions per min-
ute; under such conditions, six hundred
pounds of wild cherry bark can be finely
erusghed in an hour,

The production of very fine powders of
drugs has long since passed into the hands

Side view.

TG, =i,

o, Section of steel screcn: b,
Section of corrngated ring; e
Steel disk with beaters attached.
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of the drug-miller, and even the coarser powders intended for
percolation are to-day prepared by only a small number of phar-
macists.  For the latter purpose the drug mills shown in Figs.
81 and 82 will be found very desirable In the New B Swift
Mill the grinding is done between plates placed horizontally, while
in the Enterprise Mill they are placed vertically. The grinding
surfaces of both mills consist of cireular chilled-iron castings
studded with concentric rows of sharp teeth, those of one plate
fitting between those of the other. The teeth decrease in size toward

Fig. 81.

The mill ready for use, The mill open.
New B Swilt Mill.

the centre, and the fineness of powder is regulated by a pair of
screws, by means of which the plates are made to approximate each
other. One of the plates is stationary while the other revolves.
Separate sets of plates for coarse and for very fine grinding can be had
for the mills. Care should be taken to thoroughly clean the mill
after each operation, else the remaining dust will surely contaminate
the drug next ground. The simplest method of cleaning is to run
sawdust through the mill repeatedly, then loosen the serews and
remove the grinding plates, so as to wash these with hot water, if
necessary, and dry quickly. A great mistake often made by the
inexperienced is the attempt to produce fine powders at once by
screwing the plates close together, instead of grinding the drug
coarsely at first and gradually tichtening the mill ; the first plan is
apt to cause the material to become heated and cake, while the second
plan will achieve the desired end more perfectly, with far less
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expenditure of manual labor and wear of machinery. Fig. 83 rep-
pesents the well-known Hance drug mill, having conical grinding

Enterprise drug mill (open’.

plates, which possess the advantage over the usual styles of not
allowing any material to pass throngh the mill unground (this some-
7
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times happens with vertical plates), and of not holding any of the
ground material too long, whereby clogging may sometimes be caused
with the horizontal plates. The mill is provided with an iron support,
or may be had without it, to be mounted on a heavy block or box,
Ior grinding small quantities at the dispensing counter the No. 450

i, 83,

Hanee's drug mill,

Enterprise Mill (Fig. 84) is admirably adapted ; it is constructed on
the same principle as the larger Enterprise Mill shown before. ~ All
the before-mentioned hand-mills can be opened horizontally, as shown
in the cuts, by means of a thumb-screw and hinge ; thus the interior
may be readily exposed to view for examination or cleaning. The
material is supplied through a capacious hopper, with its base
specially arranged for crushing the drug into coarse particles. The
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rapidity with which the material should be fed to the mill depends
entirely upon the character of the drug, as some drugs will soften
under the influence of heat and pressure, while others are not affected
at all. Substances like wanilla, which cannot be heated before
powdering, on account of the rapid loss of the aromatic principle,
must be reduced in the soft condition; and, although the old method

Cutter for vanilla.

of grinding with sagar or clean
sand is still largely in use, it is de-
cidedly inferior to the process of
cutting. Grinding or powdering
vanilla has a tendency to press
out the soft pulp, which soon re-
tards the reduction of the tough
fibre and requires the expenditure
of much time and labor. If vanilla
be reduced to the requisite degree
of fineness for percolation by means
of a rapid-acting cutter it retains practically its original condition,
no pulp being expressed, and a powder is obtained far superior to
that by grinding with sand or sugar. Fig. 85 represents the Ameri-
can mince-meat chopper, an apparatus admirably adapted to the
cutting of vanilla, and first suggested for this purpose, 1 believe, by
Mr. N. H. Jennings, of this city. The large knife-blade with which
the cutting is effected must be kept well sharpened. As the cylinder
revolves with each turn of the lever, fresh particles of the material
are continually presented to the knife, and disintegration is rapidly
achieved, while the aroma and virtue of the wvanilla are kept
intact.

The grinding of drugs on a large scale, and particularly into very
fine powder, is accomplished either in buhr-stone mills, iron mills,
such as the Bogardus Eccentrie Mill, or stone ““ chaser” mills. In the
first-named mill, grinding is effected between two large stone disks
placed horizontally and provided with numerons furrows to facili-
tate the passage of the ground drug from the centre to the cireum-
ference ; one of the disks is stationary—in some mills the upper, and
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in others the lower—while the other revolves, the material being fed
through an opening in the centre of the upper stone. By suitable
approximation of the stone disks, powders of various degrees of
fineness can be produced.

The portable Bogardus Eecentric Mill (Fig. 86) is a great favorite
with drug-millers, as it can be driven at a high rate of speed without
becoming heated, and discharges the
ground material promptly without
danger of choking, Both grinding
plates revolve in the same direction,
on centres which are about one or
two inches apart from each other,
hence the name eecentrie; this ar-
rangement causes the material be-
tween the plates to be moved about
in every conceivable manner, to be
acted upon by the plates at every
point, and snbjm;te-:{ to a peculiar
twisting, cutting, and grinding motion,
whereby it is rapidly disintegrated,
with large results in quantity ground
and the expenditure of but little
power. In mills with single revolv-
ing plates (the other being stationary),
one plate continually deseribes the
same circle on the other, so that mate-

} rial ground in these millsis subject to
Bogardus eccentric mill, motion in one direction only, hence
greater power and more time are
necessary to accomplish the desired result than if the material were
acted upon in various directions and by different motions, The rate
of feeding the mill is controlled by an adjustable slide attached
to the hopper, and the degree of fineness of powder is regulated by
means of a screw and lever controlled by a weight.

The so-called Chaser Mill is preferred when large quantities of
material, such as cinnamon, ginger, pepper, mustard-seed, and the like,
are to be reduced to impalpable powder. Fig. 87 shows a sectional
view of a large chaser mill in use at the drug mills of Messrs,
Gilpin, Langdon & Co., of this city. It consists of two large stone
disks, or granite wheels, connected by a short metallic axle with a
revolving shaft, which compels them to travel in fixed lines on a
base of granite. The name chaser mill is derived from the motion of
the disks—ecalled chasers—which appear to chase each other in their
travels over the stone base. The grinding of any material supplied
to the mill is effected between the granite base and the outer edge of
the chasers ; by means of iron serapers appropriately fastened to the
revolving shaft, the material is continually brought under the grind-
ing edges again.  As seen in the illustration, the base is surrounded

-
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by a curb, to prevent the coarsely-ground particles from mixing with
the finer puwder which, by means of the draught created by the
rapid revolution of the c]ta&erq, is carried upward and over the sides
of the curb. The whole mill is enclosed in a dust-proof compart-
ment, which is frequently provided with a series of shelves for the
purpose of allowing the fine particles of powder to be deposited for
subsequent convenient collection. The feeding of the mill is accom-
plished through the top of the box, by means of a long funnel deliv-
ering the material directly upon the stone base.

i lll|r||:|=
LEEiTn
R 1

Chaser mill.

SIFTING. In order to produce powder of uniform fineness,
the ground substance should be subjected to the separating action
of some perforated medium, whereby division into coarser and
finer particles is readily effected. The construction of ordinary
sieves is too well known to require special description. The perfor-
ated material or netting used may be made of iron, brass, or tinned
wire, hair-cloth for substances affected by metal, and silken cloth
for very fine or dusted powders. Different degrees of fineness
of powder are designated in the U.S. Pharmacopewia by num-
bers, which refer to the uumher of meshes to the linear inch in the
material of which the sieve is made; thus, very fine or No. 80
powder should pass through a sieve having 80 meshes to the linear
inch (or 30 meshes to the centimeter); fine or No. 60 powder should
pass through a sieve having 60 meshes to the linear inch (or 24
meshes to the centimeter); moderately fine or No. 50 powder should
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pass through a sieve having 50 meshes to the linear inch (or 20
meshes to the centimeter) ; moderately coarse or No. 40 powder should
pass through a sieve having 40 meshes to the linear inch (or 16
meshes to the centimeter); coarse or No. 20 powder should pass
through a sieve having 20 meshes to the linear inch (or 8 meshes to
the centimeter). While it is impossible to grind drugs entirely of the
degree of fineness wanted for many purposes, the aim should be to
keep the finer portion down to a low percentage by frequent sifting ;
as prescribed in the Pharmacopoeia, not more than one-fourth of the
powder should pass through a sieve having 10 more meshes to the
linear inch. It should also be borne in mind that some parts of
the drug can be ground more readily than others; it is therefore
necessary to mix the powder thoroughly, after the grinding and sift-
ing have been completed. The proper handling of a sieve cannot be
definitely deseribed, it must
be taught practically ; this
much, however, can be said
—that no effort should be
made to force the material
through the meshes of the
sieve by persistent pressure
of the hand, which will
canse the meshes to open
farther and allow coarser
particles to pass through.
In Fig. 88 isshown the well-
known Harris Sifting Ma-
: e == chine, which some twenty-
Harris' sifting machine five years ago was exten-

sively used by pharmacists ;

its construction is very simple and readily understood. Of late
vears, sifters and mixers combined in one piece of apparatus
have been greatly preferred ; such a combination, admirably adapted
to the wants of the pharmacist who manufactures on a small scale,
is shown in Fig. 89. Its capacity is 50 pounds, and the mixer
is provided with a galvanized double spiral agitator so arranged
that when the sifted powders come in contact with it the inside
spiral carries the material one way, while the outside spiral carries it
the other; thus a most thorough mixture is effected in a short time,
After the powders have been mixed, the contents may be withdrawn
by means of a slide in the bottom of the cirenlar mixer. Smaller
and larger sizes of the Lightning Sifter and Mixer are manufactured,
and can be supplied with sieves of different degrees of fineness.
Fig. 90 represents Jones’ Mixer and Sifter, in which the mixing is
effected on a different prineiple, by means of paddles and brushes;
its capacity is 10 pounds. These combined sifters and mixers are well
adapted for the manufacture of Seidlitz mixture, tooth-powder, com-
pound liquorice powder, ete., without the annoyance of dirt and dust.
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Powdered drugs are frequently offered at prices lower than those
ﬂsked for a good quahhr of the crude drug; yet it is well known that

Fig. &%, Fic. 90.

Jones' mixer and sifter.

the cost is enhanced by loss in
drying, expense of powdering
(from 3 to 10 cents per pound),
and other incidentals. There can
be but one explanation for this
anomaly : either an inferior quality
of drug has been ground, or ad-
mixtures have been made to in-
crease the yield of the powder. As detection of the fraud is not
within the reach of all, powdered drugs should be purchased only
from dealers whose sense of truth and honor is paramount to their
cupidity. Owing to the largely increased surface exposed to light
and air in the case of powdered drugs, they are, as a rule, more
liable to deterioration than ernde -:lmtrs, and should therefore be
more carefully protected, particularly against moisture,

Among other methods for the mechanical subdivision of drugs may
be mentioned frituration, which consists in reduction of a substance to
very fine powder by continued attrition of the particles between the
hard surface of a pestle and the sides and bottom of a mortar. Tritura-
tion is usually applied to saline and similar chemical substances, and
the mortars best adapted to the process are those made of Wedgewood
ware, of the shape shown in Fig. 91. A rotary motion of thL pestle
3f150!ﬂ1}ﬂ,1lim| by pressure is productive of the best results in tritura-
tion, the circles deseribed being gradually enlarged from the centre
outward and back again to the centre. A thin layer of the material
should be kept between the pestle and the sides of the mortar, When
the powder begins to cake and fall toward the centre of the mortar, a
spatula should be run around the sides so as to loosen up and mix
the different portions. The term trituration is also sometimes em-
ployed to designate the thorough mixture of vegetable or other
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powders by rubbing them well tu‘%ether in a mortar ; in such cases
little if any pressure is employed, and thorough blending of the
mixture is facilitated by frequently scraping the powder down from
both pestle and mortar with a 5pﬂtuiﬂ

The reduction of substances to fine powder by triturating them in
the presence of a liquid having no solvent effect upon them, is termed
levigation. The process is usually conducted in broad, shallow mor-
tars., Formerly, when a stone slab and muller were empluyed, this
method was also known as porphyrization, from porphyry, a very
hard stone, the material of which the slab was made. Water, alcohol,

Fig. 91,

Wedgewnod mortar and pestle.

or oil may be used as suitable media for levigation, the process con-
sisting of the formation of a soft paste of the substance to be pow-
dered and the liquid, this paste being then triturated or ground nntil
perfectly smooth., Red mercuric oxide may thus be reduced to an
1rupalpﬂ,hle powder by trituration with aleohul, and white paints, such
as zinc oxide and lead carbonate, are ground smooth with oil in
special paint mills,

Elutriation is a process intended for obtaining certain inorganic
substances in a finely pulverulent condition, by diffusing them in
water after they have been ground or EII.HhEd the coarser particles
then rapidly subside, owing to their higher epec,lhﬂ gravity, while the
water holding the fine powder in suspension is decanted and allowed
to settle in another vessel, the decantation being repeated a second
time if necessary. To facilitate drying of the elutriated powder,
the magma or soft mass is drained as cnmpletﬁl ¥ as possible, and then
formed into small conical nodules, which are conveniently dried on
warm porous tiles. The well-known soft prepared chalk, French
bismuth subnitrate, and numerous lake colors, are obtained as fine
powders by elutriation,

Other methods for the mechanical subdivision of drugs are pre-
cipitation, reduclion and granulation.
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By precipitation is understood the sudden destruction of the
soluble form of a substance which is held in solution ; this may be
effected by the addition of another substance to the solution, or by
some external agency. The substance thus thrown out of solution is
termed the precipitate, and the substance or force causing the separa-
tion, the precipitant. Precilpitati(}n is employed in pharmacy as a
method of pulverization and purification, and as a convenient means
for obtaining many insoluble substances,

The first of these comes under the head of what may be termed
simple or physical precipitation, usually brought about by the addi-
tion to the solution of some substance in which the dissolved body
is insoluble ; as in the precipitation of ferrous sulphate or of tartar
emetic from aqueous solution by means of alcohol. Other examples
of physical precipitation are the separation of iodine or camphor
from aleoholic solution by the addition of water, the precipitation of

solution of acacia by alcohol, the precipitation of lime-water by
boiling, and the preparation of the official resin of jalap.

The process of precipitation when intended as a means of purifica-
tion, or of the preparation of insoluble compounds, almost invariably
involves chemical action, as in the purification of metals by electro-
Iysis, the manufacture of mercuric iodide, ete.; in the former case
simple decomposition of a salt is effected, while in the latter case
mutual decomposition between two salts is as a rule necessary.

Some insoluble compounds are precipitated by simple decomposi-
tion of a substance by means of water, as bismuth subnitrate, yellow
mercuric suhsulplnte ete.; in the former case an acid solufion is
freely diluted with water, in the latter case white mercurie sulphate
is thrown into boiling water.

Mercuric oxide can be obtained in a much finer state of division
by precipitation than by any other method, but it must be brought
about by chemical action. ~ If a solution ‘of mercuric chloride be
poured into a solution of sodium or potassium hydroxide two new
compounds, yellow mercuric oxide and sodium chloride, are formed,
the latter remaining in solution, while the former Eepamtes as an
impalpable powder, bemg insoluble in all neutral liquids. ILead
iodide, magnesium carbonate, ammoniated mercury, and precipitated
chalk are familiar cxamplnﬁ of compounds prepared by chemical
precipitation.

The character of the precipitate depends largely upon the condi-
tions under which its formation is effected ; thus, concentrated solu-
tions are apt to yield dense precipitates, particularly if heat be
employed, whereas cold dilute solutions, as a rule, produce light
bulky precipitates. In the preparation of new chemical compounds
by precipitation it is important that the proportion in which the
precipitant is to be employed should be determined by ealeulation,
as a deficiency or an excess may result in loss from imperfect pre-
cipitation or re-solution of the precipitate. Mutual decomposition
between two salts always takes place in definite molecular propor-
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tions, and the necessary quantities may be readily ascertained by
writing out an equation showing the decomposition ; thus the forma-
tion of yellow mercuric oxide is demonstrated by the equation
HgCl, 4 2NaOH = HgO + 2NaCl 4 H,0, which shows that 1
molecule or 270.54 parts of mercuric chloride requires 2 molecules
or 79.92 parts of sodium hydroxide for complete precipitation. In
this case an excess of sodium hydroxide is not hurtful, but a
deficiency would result in the production of mercurie Dx}fﬂhluude
of brownish color instead of a pure yellow oxide. The equation
HeCl, 4 2K1 = Hgl, 4 2KCl shows that in the formation of red
mercuric iodide 2 molecules or $31.12 parts of potassium iodide are
necessary for the complete precipitation of 1 molecule or 270.54
parts of mercuric chloride ; these proportions must be strietly ob-
served, otherwise a loss w il result, as red mercurie iodide is soluble
in both potassium iodide and mercuric chloride solutions. When
precipitation by mutual decomposition between two salts is proposed,
the salts are mixed in the form of separate solutions, and perfect
blending is accomplished by stirring the mixture,

The most convenient style of vessel for precipitation is a glass or
stoneware jar considerably broader at the base than at the top, and
provided with a lip; this greatly facilitates the subsidence of the pre-
cipitate, and the subsequent removal of the clear liquid remaining
above the precipitate, known as supernatant liquid.

The purification of precipitates is effected by a process of washing,
which consists either in mixing them repeatedly with fresh portions
of water in a suitable jar, and decanting the supernatant liquid after
it has become perfectly clear, or in continued affusions of water on
the precipitate contained in a cloth strainer or paper filter ; each
portion of water should be well mixed with the precipitate and the
washing continued until the complete removal of the soluble by-
product has been ascertained by appropriate tests. When a precipi-
tate tenaciously retains liquid, forming a thin paste, the mixtuare is
termed a magma, and foreible expression must frequently be resorted
to in order to remove the liquid, as in the case of washing ferrie
hydroxide, freshly precipitated caleium phosphate, ete.

The official reduced iron is an instance of a metal obtained in a
finely divided state by reduction ; ferric oxide being heated to redness
in an atmosphere of hydrogen, in suitable tubes, and allowed to cool
without contact of air. This method of producing metallie iron in
fine powder yields better results than any other known.

Granulation is a process by which certain substances soluble in
water are obtained in the form of coarse powder by simple evapora-
tion of their solution, with constant stirring, until all moisture is
dissipated. Tt is employed either for dchqunsoent. and diffieultly
crystallizable substances, as potassium citrate and carbonate, or in
cases where the solution, if allowed to evaporate very slowly, would
yield larger erystalline masses, as ammonium chloride, lead acetate
ete. Granulated powders, as as the name indicates, never represent a
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fine state of division, but offer a very convenient form for dispensing
purposes. Zine and tin may be readily granulated in the metallic
state by heating them to a temperature a little below their melting-
point, when they become very brittle, and can then be rubbed into
coarse powder in a mortar.

Some substances obstinately resist pulverization by any of the
methods mentioned, and require a different treatment; for instance,
camphor cannot be reduced to a fine powder without being first
brought to a state of partial or perfect solution by means of almlml
a smooth paste being first formed of camphor and ‘aleohol in a mor t.al‘
which is then triturated until perfectly dry and in the form of an im-
pa]pable powder—excessive pressure should be avoided during the
trituration. Powdered camphor thus prepared is apt to return

radually to a crystalline condition, no matter how carefully it is pre-
served, but this can be prevented hy precipitating the camphor in the
presence of some powder with which it wil ]i‘ become intimately mixed.
Such a process was first published in Parrish’s Treatise on Pharmaey,
and is as follows: Four ounces of camphor dissolved in 8 fluidounces
of aleohol are pmum:l glowly, with constant stirring, into a smooth
mixture of 15 grains of calcined magnesia and 2 pints of water ; the
%rempltated camphor, enveloping the magnesia, soon rises to the sur-

ce, and is recovered by l]mumﬂ' the whole mixture on a paper filter,
where it is allowed to drain. To facilitate drying of the mass, it is
cut with a slfatula into small particles, and is finally pmqmwd in
bottles. Although retaining a very small amount of moisture, this
precipitated camphor keeps excellently, and may be used for all pur-
poses requiring camphor, except cases of solution. Todoform and
boric acid can also be quickly reduced to an impalpable powder
by trituration with aleohol, whereby partial solution is effeeted, and a
dry powder is obtained upon evaporation of the aleohol. Friable
substances, which are not held together by strong cohesive force, but
the p:u‘ti:rlﬂs of which are apt to cake when submitted to pressure,
may be powdered by simple friction over a perforated surface; no
better method is known for obtaining magnesium carbonate in an
impalpable condition than by rubbing the cakes over the surface of
an inverted bolting-cloth sieve.



CHAPTHERE YV IL.
SOLUTION.

WiEN a solid body is brought into contact with a fluid in such an

intimate manner that it loses its original form and assumes that of

the fluid, producing a clear and uniform liquid, the process is termed
solution, as is also the newly-formed homogeneous liquid ; but solution
15 by no means restricted to the liquefaction of solids by fluids, as
gaseous and liquid substances can also be brought to the condition of
perfect molecular blending characteristic of solution. The fluid used
to produce solution is called a solvent or menstruum. The hypotheses
at present engaging the minds of scientists regarding the electro-
chemical decomposition of bodies in a state of solution need not be
considered here; by some the process of solution is looked upon as
one of great force and activity, and this view may in the course of
time clear up many hitherto unexplained phenomena. '

Two kinds of solution are recognized, namely, simple and complex
solution ; in the former the solvent produces no change in the sensi-
ble characteristics of the dissolved body, simply altering its physical
condition, while in the latter, where solution takes place as the result
of chemieal action, the properties of both the solvent and the dis-
solved body become modified by the loss of old or the acquisition of
new properties. In the case of a simple solution, the taste, odor,
color, and chemiecal properties of the dissolved body remain intact
and are imparted to the solution ; as, for instance, solutions of sugar,
table-salt, or potassium permanganate in water. In simple solutions
the dissolved body can be recovered in its original condition by evap-
oration of the solvent. Complex solutions should not be confounded
with compound solutions ; the latter term indicates a mixture of solu-
tions, which may all be simple in character, while complex solutions
are understood to be the result of chemical action and are accompanied
by one or more of the following phenomena: heat, effervescence,
change of color, odor, and taste; as, for example, the solution of a
Seidlitz powder or the solution of red mercuric oxide in nitric acid.
The products obtained by evaporation of a complex solution will be
found to have new properties, not possessed originally by the solvent
or the dissolved body.

The greater the extent of surface exposed by the solid body to
the liquefying action of the solvent, the more rapidly will solution
be effected ; hence mechanical division facilitates solution, because the
latter process is in direct opposition to cohesion. A simple solution
of solid substances may be considered as a fluid produced by the
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intimate union of the solvent and the dissolved body in a state of
minute dwlsmn, the union and division being so complete that the
forces of cohesion and gravity are suspendec § otherwise a mixture
only is produced, and the solid substance will again separate. The
agitation of a mixture of a solid substance and solvent also causes
more rapid solution, by constantly bringing fresh portions of the
fluid into contact \‘I.Ith the solid; if equal we1ght5 of acacia or
sugar, in lumps or in fine powder be placed in separate vessels
with a sufficient quantity of water, the one being actively stirred
while the other is allowed to remain at rest, solution will be com-
leted in the former vessel long before it occurs in the latter ; this is
gue to the fact that in the second vessel a dense solution will form
immediately around the solid particles, and thus prevent the re.
mainder ot the fluid from exerting its solvent action.

The term “ solubility,” when no ) solvent is mentioned, always refers
to the behavior of the substance toward water at the ordinary
temperature, about 15.6° C. (60° F.); thus the statements that
sugar is soluble and bismuth subnitrate is insoluble refer solely to
the liquefying effect which water will have upon the two substances,
Different degrees of solubility are expressed by such terms as
sparingly soluble, soluble, and very soluble ; these varying degrees of
solubility do not determine the rapidity of solution, for some sub-
stances are known to dissolve slowly but to a greater extent than
others which enter into solution more rapidly but in less proportion,
Substances differ greatly in their solubility in water ; as extremes
may be mentioned zince chloride, soluble in one-third of its weight of
water, and barium sulphate, which requires about eight hundred
thousand times its weight of water for solution. Substances but
slightly soluble in water may be very soluble in other lignids; as
camphor, which requires about 1000 parts of water for solution but
is readily soluble in one-third of its weight of chloroform.

Heat, as a rule, favors the solution of solids and diminishes the
solubility of gases, but there are no substances totally insoluble in
the eold which become soluble by the aid of increased temperature.
The effect of the application of heat is the establishment of currents
in the liquid which will facilitate solution just as agitation of the
vessel favors the same result: and moreover, since heat intensifies
molecular motion in both the menstrunm and the solid, not only will
an inereased quantity of the latter assume the fluid state, but solution
will also be effected in less time, on account of the energetic intra-
molecular activity. There are some exceptions to the general rule
that heat increases the solubility of substances; for instance, common
salt is about as soluble at ordinary temp«emtuma as at the boiling-
point of water; sodium sulphate or Glanber’s salt increases in solu-
bility rapidly from 15° C (59° F.) to 34° C. (93.2° F.), at which point
water takes up four times its weight of the salt, but beyond this tem-
perature its solubility again decreases until 100° C. (212° F.) is
reached, when water takes up about 2.13 times its weight of the salt ;
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caleium citrate and sulphate as well as slaked lime are far less soluble
in hot water than in cold, and will be readily deposited if their
solutions be boiled.

The Pharmacopeeia, in the case of nearly every soluble substance,
indicates the degree of solubility by stating the number of parts by
weight of the solvent necessary to dissolve one part of the substance ;
this proportion is usually given for both normal and boeiling temper-
atures. The pharmacist must be familiar with the methods for
determining the solubility of substances, so as to be able to apply
the official tests intelligently. At ordinary temperature, 15° C,
(99 I.), a simple but accurate plan is to place some of the sub-
stance in fine powder in a wide test-tube, or small flask, provided
with a stopper, and add as much of the solvent as may be necessary,
leaving, however, a small portion of the snbstance undissolved—
shake the flask freely, or stir the contents of the tube briskly with a
glass rod, warm the mixture slightly in a water-bath and allow it
to cool down to 15° C.(59° I.), by placing the tube or flask in
water having that temperature. In order to avoid a supersaturated
solution, the mixture should next be set aside for twenty-four hours
at normal temperature, and oceasionally stirred with a glass rod,
the sides of the tube or flask being also rubbed with the rod.
The solution thus obtained is passed through a small dry filter into
a tared glass or porcelain dish, and weighed ; after evaporation to
dryness, the residue is carefully weighed, w hen the difference be-
tween the weight of the solution and that of the dry residue repre-
sents the weight of solvent, and from this the ratio of solubility is
easily calculated. Etamp]e Suppose the clear filtrate weighs 10.5
G, (or 162 grains) and the dry residue therefrom 1.125 Gm. (or
17.36 grains), then the weight of the solvent must be 9.375 Gm.
(or 144.64 grains), and the substance under examination is soluble in
8.33+ parts of the liquid used, for 9.375-+1.125 or 144.64
17.36 = 8.33+.

The determination of the solubility of a substance at temperatures
above the normal becomes more difficult on account of the loss
incurred during the filtration of hot liquids by ordinary methods.
Dr. Charles Rice has devised a very useful and simple apparatus,
called by him a lysimeter (from the Greek #io, solution), which
enables the operator to obtain a clear filtrate without any loss what-
ever, even at the boiling temperature of liquids. IFig. 92 shows
the construction of the lysimeter, which consists of a glass tube,
a, 15 centimeters (6 iu::]ms(g in length and 1 centimeter (2 inch) in
external diameter, provided at one end with a well-ground stopper,
¢, while the other end is cup-shaped, there being a contracted neck
between the cup and the main tube. Into this cup is made to fit a
carefully ground glass bell, e, having a small perforation in its
bottom, as _shown in £ there is also a stopper, b, which is carefully
gmlmd to fit into the cup, and which is inserted after the glass bell, e,
has been removed,
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When using the apparatus it is necessary to provide sufficient
liquid to allow at least one-half of the tube, @, to be immersed ;
beaker glasses, or preferably wide test-tubes, may be used for effect-
ing the solution. Suppose it is desired to ascertain the solubility of
a substance in boiling alcohol.  The following
is the plan of procedure: Insert the stopper,
e, into the tube, @, and into the cup-sha]ped
end insert the glass bell, e, containing a pledget
of purified cotton, and secured in place by a
thin platinum wire passing around the con-
tracted neck and over the mouth of the bell.
Sufficient aleohol having been put into a wide
test-tube or a beaker, the same is heated in a
water-bath and the  finely-powdered substance
added until, after boiling has continued for
some time, a portion of the substance remains
undissolved. The lysimeter, prepared as
above directed, is now inserted into the liquid,
and when the tube has assumed the tempera-
ture of the boiling liguid the stopper, e, is
removed, which allows the solution to filter
through the pledget of cotton and rise in the
tube as far as the quantity of fluid will per-
mit. If the filtered solution be allowed to How
back through the cotton once or twice, greater
uniformity of the liquid will be insured. The
stopper, ¢, is now reinserted, the apparatus
withdrawn from the liquid and turned upside
down to allow the bell, ¢, to be removed and
the stopper, b, to be inserted in its place. The
stoppered tube is carefully cleaned externally
by washing with aleohol, and laid aside until
cold. The tare of the stoppered tube having
previously been ascertained, the increase in
weight must represent the weight of the solu-
tion contained therein. After transferring the
solution to a tared capsule or beaker, the tube
is carefully rinsed with aleohol, and the wash-
ings added to the contents of the capsule or
beaker ; the solution is slowly evaporated on
a water-bath, and afterward heated to dryness
in a drying oven, when the weight of the
residue will indicate the weight of the dis-
solved substance, and subtracting this from the weight of the solution
gives the weight of aleohol.  From these data the ratio of solubility
is caleulated in the manner already explained in the example given
for determining the solubility at normal temperature,

Rapid simple solution of solid bodies is always accompanied by a

FiG. 92.

Dr. ERice's lyvsimeter,
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fall in temperature, while a solution of gases causes a rise in tempera-
ture ; these phenomena are in accordance with the laws governing the
state of aggregation of bodies. Solids, for the assumption of the
fluid state, require a certain amount of heat, which is withdrawn from
the surrounding liquid and becomes latent, while gases when con-
densing to liquids give out an amount of heat corresponding to that
I'qulilf‘tl for the gaseous state. Four ounces of ammonium nitrate or
potassium iodide rapidly shaken in a bottle with two ounces of pure
water will produce sufficient cold to condense the moisture of the air
on the outside of the bottle and freeze it into thin sheets of ice.

SATURATED SOLUTIONS, in a pharmaceutical sense, are such as can-
not take up any more of the dissolved body at ordinary temperature,
in other words, the solvent has become charged with as much soluble
matter as it is f-ﬂpai}]e of retaining in intimate union at the ordinary
temperature. The statements of ratio of solubility in the Pharma-
copeeia and clsewhere always refer to the formation of saturated solu-
tions at the temperature named ; thus the official statement that cane
sugar is soluble at 15° C. (59° ¥ .)in } part of water and 175 parts
of aleohol, in  part of boiling water and 28 parts of boiling aleohol,
means thfit with the proportions of water, and alcohol named, sugar
forms saturated solutions at the t@m;‘r&mhuos indicated. "‘mppl-
zaturated solutions are those in which the solvent, by artificial
means, has been made to take up more of the soluble matter than
it is tapahlo of retaining under ordinary ecircumstances; they are
very unstable and present a peculiar condition of qnlu.’mllw If
three parts of sodium sulphate be dissolved in one part of water
at 30° C. (86° F.), the solution carefully filtered into a perfectly
clean dry bottle free from dust, and allowed to cool down gradu-
ally, it will remain clear as long as it is not disturbed, although
supersaturated, since water at 15° C. (59° F.) can dissolve nu]}-' about
one-third of its weight of the salt; but, if the bottle containing the
supersaturated solution be shaken, or a little broken glass be intro-
duced, the whole contents will suddenly congeal to a erystalline mass,
Saturated solutions of salts are frequently capable of dissolving other
salts, and thus may be used for purposes of purification ; if putﬂssl um
nitrate be treated with a saturated aqueouns solution of’ the same salt
no more potassium nitrate can be taken up, but impurities present
will enter into solution and are thus removed.

The effect which the presence of one substance may have upon the
solubility of another is interesting as well as of practical value in
pharmacy ; frequently the increased solubility thus produced is due
to a chemical reaction between the two substances, Thus corrosive
sublimate is far more soluble in water in the presence of alkali
chlorides, and red mercurie iodide is readily dissolved in a solution
of potassium iodide; in both cases union takes place between the
mercuric and alkali salts. The increased solubility of potassium
chlorate in the presence of sodium bicarbonate is well known
mutual decomposition, no doubt, results—the newly formed s&lts
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sodium chlorate and potassium bicarbonate, requiring only 1.1 part
and 3.2 parts of water at 15° C. (59° F.) respectively for solution,
as against 16.7 and 11.3 parts for the original salts. Ordinarily
iodine requires about 5000 parts of water for solution, but if mixed
with twice its weight of potassium iodide, will readily dissolve in
20 times its weight of water. In this case n~ chemical union takes
place, as the iodine has every appearance of being dissolved but not
combined ; it retains its characteristic color and odor, and if the solu-
tion be heated in a test tube, the iodine can be completely volatilized,
a portion resubliming in the cooler part of the tube in its original
condition. *

Bince rapid simple solution canses a decided fall in temperature,
advantage is taken of the fact that some substances hasten the ligue-
faction of others in the production of so-called freezing-mixtures ;
thus, 5 parts each of ammonium chloride and potassium nitrate dis-
solved in 19 parts of water will cause a drop in temperature of 20°
C. (36° F.); a mixture of 2 parts of snow and 3 parts of erystallized
ealcinm chloride will cause the temperature to fall from 0° C. (32°
F.) to —45.5° C. (—50° F.) and freeze mercury ; the usual mix-
ture for ice-cream freezers consists of salt with twice its weight of
snow or crushed ice, which produces a temperature equal to about
—20° C. (—4° F.), the cream in the cylinder freezing qh}* reason of
the great abstraction of heat necessary for the rapid liquefaction of
the ice and snow surrounding it—not, as some persons imagine,
because intense cold is imparted to it from the outside,

Anhydrous salts, that is, salts completely deprived of water, will
frequently cause a rise in temperature when brought into solution ;
the heat thus generated must be looked upon as due to chemical
action caused by the water in restoring the anhydrous salt to the
crystallized state. If erystallized sodium carbonate be shaken with
twice its weight of water a marked fall in temperature will be
noticed, whereas anhydrous sodium ecarbonate shaken with twice its
weight of water causes a rise in temperature, thus proving
the correctness of the preceding supposition. When liquids are dis-
solved in other liquids, no change of temperature will oceur in the
mixture unless contraction of volume takes place, as in the case of
aleohol and water or sulphuric acid and water.

The simplest way of effecting solution of solids is to bring them
in the form of powder into contact with the solvent in such a way
that frequent agitation of the mixture is possible; for saline and
similar substances a porcelain or Wedgewood mortar, which admits
of active trituration, 1s best adapted. Considerable saving of time
may be effected in the solution of larger quantities of solids, if the
powdered substance be repeatedly triturated with fresh portions of
the solvent, each portion of solution being poured off when saturated.
Small quantities of readily soluble substances, such as potassium
iodide and bromide, silver nitrate, zine sulphate and the like, may be
placed directly in a bottle with the solvent, and the mixture agitated

8
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until perfect solution results. Some substances, of hygroscopic or de-
liquescent character, are preferably not reduced to powder before add-
ing the solvent, in order to avoid agglutination ; such are the official
scale salts of iron, which will dissolve more speedily if shaken with
water in scale fu:m than in fine powder. Whenever heat must be
employed for small operations of solution, a glass flask will be found
more desirable than a dish, as exapnlatmu of the solvent will be
retarded, and mnwlueutl} the heat become concentrated in the
vessel.  Solutions of solids are known te be denser than the solvents
used in preparing them, and advantage is frequently taken of this
fact to facilitate the solution of large quantities of solid substances,
or of such as are liable to form viscid solutions, or where stirring or
agitation is impracticable, by what is commonly known as eir utmtm'y
rlwpfuwmmi which consists in suspending the soluble matter Just
below the surface of the solvent, either on a porous diaphragm, in
a bag of loosely textured cloth, or in a perforated vessel, whieh should
be moved about from time to time. By this arrangement, that por-
tion of the solvent least charged with soluble matter is always in
contact with the solid, and as the solution becomes saturated it sinks
to the bottom, displacing the portion less charged with the solid,
which rises to the surface, and thusa continual cireulation or system
of eurrents, favorable to rapid solution, is kept up in the fluid.

PerceExTaGE Sovnvrions. This term is applied to solutions of
definite strength, containing a specified amount of soluble matter
in one hundred parts of the solution : for solids and gases percentage
solutions slmulci always be prepared by weight, while for liquid
substances either weight or volume may be employed. The quantity
of soluble substance and solvent necessary to make a specified quan-
tity of any particular percentage solution may be readily ascertained
bx the fulluwmg rule: Mulliply the quantity of solution desired, in
grammnes or grains, by the number expressing the percentage, divide the
produet by 100, and the quotient will indicale the quantity of soluble sub-
stance necessary ; subtract this from the lotal guantity of solution desired,
and the remainder will indicate the necessary quantity of solvent,

Examples : Wanted 500 Gm. of 10 per cent. carbolized oil : 500
% 10 = 5000 and 5000 = 100 = 50; 500 — 50 = 450. Answer:
Dissolve 50 Gm. of erystallized carbolic acid in 450 Gm. of olive oil.

Wanted 750 grains of 4 per cent. cocaine hydrochloride solution ;
750 % 4= 3000 and 3000 = 100 = 30 760 — 30 = 720. Answer:
Dissolve 30 grains of cocaine hydrochloride in 720 grains of distilled
water,

Wanted 640 Gm. of 2 per cent. mercuric chloride solution : 640
X 2= 1280 and 1280 = 100 = 12.8; 640 — 12.8 =627.2,
Answer : 12.8 Gm. of mercuric chloride must be dissolved in 627.2
Gm. of distilled water.

Wanted 480 grains of 20 per cent. quinine oleate : 480 < 20 =
9600 and 9600 = 100 = 96 ; 430 — 96 — 384. Answer: Dissolve
96 grains of quinine alkaloid in 384 grains of oleic acid.,

- "
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Sometimes a pm'cr-ntaw solution of two or three substances is
wanted ; in such a case the absolute quantity of each active ingre-
dient is first ascertained by the rule given above; the sum of their
weights is then subtracted from the total quantity of solution desired
to find the necessary weight of the solvent; for instance: Wauted
240 grains of 8 per cent. cocaine hydroch loride solution, containing
also 2 per cent. of borie acid: 240 X 8 = 1920 and 1920 -+ 100 =
19.2; 240 X 2 =480 and 480 = 100 =4.8; 19.2 + 4.8 = 24;
240 — 24 = 216. Answer: Dissolve 19.2 grains of cocaine hy-
drochloride and 4.8 grains of borie acid in 216 grains of distilled
water,

When a definite volume of a weight percentage solution is wanted,
the quantity nearest in volume to that IT‘{]llll'ﬂ{] must be mm]v-
although this sometimes involves a slight loss, there is no other
method known if’ aceuracy is to be preserved. Thus, if 2 fluidrachms
of a 4 per cent. solution of any soluble chemical are wanted, 5 grains
of the substance must be dissolved in 120 grains of water ; the 125
grains of solution will measure slightly more than 2 fluidrac hms,
but the exeess, which is slight, can be rejected. If 8 Auidounces of
a 10 per cent. solution are wanted, 4100 grains of solution must be
made by using 410 grains of the medicinal agent and 3690 grains
of water; 8 fluidounces of water weigh 3646 grains, hence the ex-
cess of solution will not be large. Ifa quart of 1 per cent. mercuric
chloride solution is desired, 15,000 grains of solution must be made,
as the weight of a quart of water is 14 ,083 grains, which is ﬂl]]‘r’
267 grains less than the quantity of water necessary ; 150 grains of
mercuric chloride dissolved in 14,850 grains of water vield only a
little over 1 fluidounce more of the solution than is wanted. ~If
500 Ce. of a 5 per cent. solution are desired, 530 Gm. of the solu-
tion must be made, the excess of solution being 4.5 Ce., for 5 per
cent. of 530 is 26.5, and as each Ce. of water equals 1 Gm., 530
— 26.5 = 504.5. When solvents other than water are used, having
a higher or lower specific gravity, due allowance must be made for
this fact, as also when strong solutions of substances likely to increase
the volume are to be pre;m::ed

The liquids nsed as solvents or menstrua in pharmacy, are water,
aleohol, ether, vinegar, glyeerin, and occasionally fixed and essential
oils ; each of these fluids has a specific action, and their use gives
rise to different classes of solution designated as infusions, tinctures,
wines, ete. Waler is more extensively employed than any other
solvent ; nearly all the salts of the 'ﬂka,hes earths, and metals are
dissolved by it, together with a large number of vegetable acids and
the salts of the alkaloids. Alcohol is an excellent solvent for vege-
table substances, such as resins, volatile oils, irlm-usules, and alka-
loids ; it also possesses valuable negative properties, since it does not
dissolve gum, starch, and alhnma,n which impair the stability of
aqueous solutions. The eombined solvent powers of aleohol ‘and
water are utilized in the form of diluted aleohol and wine as a men-
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struum for numerous liquid vegetable preparations, The use of
Ether is confined to solutions of fixed oils and fats, volatile oils and
resins, and a few alkaloids and neutral principles. G'lyeerin is chiefly
employed to insure the permanency -::-f' vegetable solutions when the
use of aleohol is contra-indicated ; it is also an excellent solvent for
the tannins, pepsin, and some mineral salts and vegetable acids,
and forms the basis of a valuable class of solutions known as
glycerites.

Complete solution is generally aimed at in pharmacy in the case
of inorganic solids, but is frequently impossible with substances of
vegetable origin.

The process of treating a mixture of soluble and insoluble mineral
substances with solvents which only partially dissolve them is termed
liztviation or leeching, and is extensively practised in the arts; as an
example may be cited the leeching of ashes of wood and marine
plants for the purpose of dissolving out the alkali carbonates, iodides,
etc. The various methods of ]H!.I'tl&l solution applied to mixtures of
soluble and insoluble w%emble matter are usually comprised under
the general term ““extraction,” but have received specific names, such
as miusmn decoction, macemtmu digestion, and percolation.

The process of Infusion is understood to represent the solvent
action of boiling water, on vegetable drugs, during the time oceupied
in cooling ; it may be varied, as to a longer or shorter period of time,
according to the degree of E‘Ltlili_tlblllt‘u of the principles to be dis-
solved, and should a!ways be conducted in closed vessels. The sub-
stance to be infused should be in a coarse state of division and
preferably suspended in the liquid. Decoelion represents the solvent
action of fluids at their boiling temperature, and is confined to drugs
not vielding their active virtues at a lower temperature and where
no loss of volatile principles need be feared. Maceration consists in
subjecting a mixture of soluble and insoluble matter in a divided
state to the solvent action of fluids at the common temperature for
such length of time as may be necessary to insure complete solution
of the principles sought ; the process must be conducted in well-
closed vessels, and the contents must be well shaken at least onee in
twenty-four hours. Frequent agitation is essential if complete ex-
traction of soluble matter is to be insured by maceration, as other-
wise a dense layer of a concentrated solution will soon envelop the
material and prevent the solvent action of the menstruum from being
effective ; hence only a small proportion of the soluble constit-
uents will be taken up, as may be readily observed in the slight
color and odor of the super natant liquid, if a mixture of asafetida
and aleohol, or of opium and water, be set aside for a week without
agilation, ﬂwexﬁmn differs from maceration only in the higher
degree of temperature employed, it being constant during the pro-
cess, the use of which is confined to substances of very close texture.

PRSI ———
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PERCOLATION.

PERCOLATION, or, as it is sometimes called, displacement, is beyond
doubt the most important method of solution or extraction in the
hands of the pharmacist. The term percolation (from the Latin
words per and colo, meaning to strain or trickle through) may be de-
fined as a process wherebv the soluble constituents of vegetable drugs
are extracted by allowing the menstruum to permeate a column of
the powdered material, the saturated solution, as fast as formed, being
removed, thus {'untlnuallv presenting fresh ﬂIwut to thodrug The
apparatus in which the process is carried on is known as the perco-
lator, the solution obtained as the percolate, and the residue of insol-
uble matter as the mare.

Although the idea of solution by percolation did not originate in
this country, its present improved and general application is due
entirely to American enterprise and ingenunity. I'he first attempt to
extract soluble matter from powdered drugs by allowing a menstruum
to exert its solvent action during its passage through a column of the
material was made by Count Real in the early part of the present cen-
tary, the lptmmp]t involved being about the same as that utilized by
the French in the preparation of'their world-renowned coffee. In 1833,
M. Boullay, an enterprizsing French pharmacist, considerably modified
the plan of Cuuut Real, and in a series of carefully condneted experi-
ments demonstrated the adaptability of the pr ocess of percolation to
the extraction of vegetable drugs. So convineing were the results of
his investigations that Prof. Procter and A. Duhmne}, prominent
American pharmacists, became deeply interested in the work, and in
1839 strongly advoecated its adoption as a method of extraction supe-
rior to others known at that time. Although the process of pereolation
was recognized in the United States Pharmacopeeias of 1840 and 1850,
it did not meet with the general favor since accorded it until Prof.
Israel Grahame, of the Maryland College of Pharmacy, in 1858, sug-

sted some valuable improvements, which led to betier results than

1ad vet been obtained. To Prof. Grahame belongs the eredit of first
advocating the use of powders of uniform degree of fineness as well
as the proper moistening of the powdered drug with a sufficient
quantity of the menstruum before packing it in the percolator, both
of which suggestions are now considered indispensable to successful
percolation ; at the same time, the use and advantage of a common
funnel for the percolation of many drugs was pointed out. The
advantage of properly moistening the powdered drug before packing
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will be readily understood when it is considered that the material to
be operated upon is not a mere mechanical mixture of soluble and
insoluble matter, but that the soluble principles to be extracted are
intimately held or enclosed by the insoluble cellular tissue, and that
]Jem:-tautmn of the tissue by the menstrunm is necessary to tﬂec solu-
tion ; the saturation of the powder with the liguid prepares the con-
stituents for ready solution and establishes an affinity between the
cellular contents and the fresh menstrnum, enabling the latter to per-
meate the cells by osmotic action. If the menstruum is brought in
contact with dry powder, absorption of the former cither takes place
very slowly or is entirely interfered with, just as dry, hard sponge
resists the entrance of water for a long time ; the original moist con-
dition of the drug before it was powdered must therefore be re-
established before the menstruum can exercise its power of extraction.

The principle underlying the process of percolation may be stated
as follows : A solvent or menstraum, poured on the top of a mass of
powder consisting in part of soluble matter, supported on a porous
diaphragm in a cylindrical or conical vessel, descends from layer to
layer by reason of its own gravity and the pressure of the superin-
cumbent ln]md p{:notratmg the particles of powder by reason of
surface action, and exercising its solvent power on each successive
layer until its power of solution is exhausted, after which it continues
its downward flow, as a saturated solution, into the receiving vessel
below. This process continues until all soluble constituents have
been removed from the powder, the descending menstruum becoming
less and less charged with extractive matter. To insure such complete
extraction it is ahsnlute]} necessary that the material operated upon
shall be in a uniform powder and that the capillarity or porosity of
the mass be not interfered with in any way, so that the descent of the
menstruum may be slow, even, and ﬁ,gular from one horizontal layer
to the next.

Different styles of percolators have been pl'opmul at various times,
and as drugs vary in their nature and require different treatment to
yield different preparations, the pharmacist must be supplied with a
variety of’ percolators, from the conical shape of the ordinary funnel
to the nt*urlv eylindrical. The choice of percolator depends largely
upon the character of the percolate to be obtained, and also upon the
nature of the drug; for instance, if a very strong solution is to be
prepared with a minimum quantit}' of menstroum, a narrow cylin-
drical percolator iz preferable, so that the solvent is made to pass
through a long column of the drug and thus become thoroughly
saturated ; a eylindrical, or only slightly tapering, percolator is also
indicated when the menstruum is stwntr]v alcoholie, or when ether
or some other volatile liquid is used for extraction. Ifi igs. 93 and 94
represent two very llht‘? | percolators for the prcnarulmn of fluid
extracts and tinctures. If, on the other hand, the quantity of drug
to be extracted is small in proportion to the menstruum, as in the
majority of official tinctures, a wider percolator, of the Ehdpe and
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style shown in Fig. 95, may be used, in which the liguid will
traverse the column of drug more rapidly and yet be able to exhaust
it thoroughly, owing to the larger amount of menstruum at the
disposal of the operator. When drugs such as gentian, senega,
rhubarb, orange-peel, and others, which have a tendency to swell
considerably, particularly with aqueous or feebly alcoholic men-
strua, are to be percolated, a common funnel will often be found

Fic, %3. Frg, 94,
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Glass percolator deseribed in the U, 5, Pharm., 1500, The Oldberg percolator.

advantageous on account of the ample allowance for lateral expan-
sion of the moist drug. The size of the percolator selected should
be in proportion to the quantity of drug to be extracted; when
properly packed in the percolator the drug should not occupy more
than two-thirds of its height.

The common tin percolator (Fig. 96) consists of a cylinder vary-
ing in size and tapering somewhat toward the funnel-shaped end,
provided with two perforated diaphragms fitting loosely into the
eylinder, the lower of which should be more ﬁne%y perforated than
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the upper. The stopeock in the neck of the funnel serves the
double purpose of allowing maceration for any desired period and
of enabling the operator to regnlate the rate of flow of the pereolate.
Tin percolators cannot be used, however, for any drugs containing
principles liable to be affected by metal, or to be exhausted with acid
menstrua.

Fia, 95

Ordinary glass percolator. Covered tin percolator with stopeock for
regulating the flow,

For percolation with very wvolatile liquids—ether, chloroform.
and the like—a specially constructed percolator must be unsed (see
Fig. 97), in which proper provision is made to prevent loss of
menstruum and to  establish communication between the wvessel
intended to receive the percolate and the space above the drug in the
percolator, so that the air may pass upward when displaced by the
percolate in the receiving jar; this latter provision is essential to
successful percolation. As may be seen from the illustration, the
percolator is fitted air-tight to the receiving vessel by being passed
through a cork, and loss of menstruum at the top is prevented by a
water-joint with which the cover of the percolator forms an air-
tight connection. The air is carried up ountside of the percolator,
and made to enter at the top, to take the place of menstroum pass-
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ing downward through the drug. Fresh menstrunm may be sup-
plied through the opening in the cover without disturbing the water-

joint. Another plan to provide for the upward displacement of the

air from the receiving jar is to pass a tube through the centre of the

reolator and extending below the lower
diaphragm, the drng being packed around the
tube ; such an arrangement is shown in the
tin percolator, Fig. 98, which is likewise pro-
vided with a water-joint, and the exit tube of
which should also pass air-tight through a
cork in the neck of the receiving vessel. An
arrangement of tubing on the outside, as seen
in Fig. 97, may be attached to any percolator
capable of being closed air-tight at the top
with a cork.

In 1874 the Dursse percolator was intro-
duced (see Fig. 99). It combines the advan-
tﬂ%ES of a broad cylindrical and a conical ves-
gel, and is admirably adapted for quantities
of drug ranging from 400 to 600 Gm. Un-
fortunately but one size is made of this pat-
tern, which is 15 inches in length, 5 inches
in diameter at the top and 1 inch at the begin-
ning of the outlet tube. One of these per-
colators was in use almost weekly, during
eighteen years, in the author’s hands, and many

FiG. 7.

a pound of nux vomiea, cinchona, ergot, gin-
ger, vanilla, gentian, rhubarb, valerian, ete., c.c
was successfully extracted therein during that 2400
time. Its chiel’ merits lie in the perfect uni- EH,_],RW
formity of its sides and its accurately fitting “a:qiﬂﬂz
cover, by which the flow of the liquid can be :E__ 1258
regulated and all volatilization of menstruum — 1000
be prevented. Being made of heavy glass it ~ 800
bears usage very well and is not easily = 500
broken. =0 |
Manufacturers who operate upon large %ﬁ;)

quantities of drugs, varying from 25 to 500 ; :

v xlass percolator for use with
}Jnunds or more, employ percolators made ot <l et
1eavy tin or tinned copper. Such percolators
are usually of the shape shown i Fig. 100, and supported in an
adjustable frame, or are cut off flat at the point where the funnel-
shaped end begins, and supported on a heavy wooden stand. In
the latter shape, the drip-cock is situated on the side of the per-
colator, near the bottom. These large percolators are provided
with two diaphragms or perforated disks, likewise made of heavy
tin ; the one is placed about eight or ten inches from the bottom,
and is usually covered with a piece of muslin before the moistened
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drug is introduced, while the other diaphragm is inserted over the
mass of drug, which has been previously covered with a piece of
felt or flannel, to insure uniform distribution of the menstruum. In
order that the descent of the menstruum may be regular and un-
interrupted during maceration of the drug, a tube attached to the
inner side of the percolator, connects the space below the lower
diaphragm with the space above the upper disk, and thus allows the

FiG. 98. Fig. 99,

Tin percolator for volatile liquids. The Dursse percolator,

air from below to displace the menstruum above. A well-fitting
cover, as shown in the illustration, prevents evaporation of aleohol
and admits fresh menstruum when desired.

The well-known siphon or well-tube percolator, first suggested in
1872 by Dr. E. R. Erqutbb 1s still in constant use in his laboratories ;
the prineiple involved, with slight modifications, has been adopted in
the official directions for percolation in the United States Pharmaco-
peeia for 1880 and 1890, The Squibb well-tube percolator, as shown
in Figs. 101 and 102, is constructed upon the principle of an artesian
well, the moistened drug representing the soil tllI‘DIIE'] which the men-
struum passes very slowly, the solution or percolate, rising in the well-
tube which passes through the centre of the mass, being finally drawn
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Copper percolator, tinned ingide. 2quibb’s well-tube percolator,
(Capacity, 20 to 100 gallons.) made of glaes.
Fig. 102,
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Squibb’s well-tube percolator, made of stoneware.




124 GENERAL PHARMACY,

off by means of the glass siphon. The process is completely under
the control of the operator as regards the rate of flow of the percolate
and maceration of the mass to any desired extent. To prevent par-
ticles of drug from entering the well-tube, this is made to rest on
several disks®of flannel thruugh which the percolate must pass before
it can enter the tube. The siphon acts antomatically after it has once
been started, and cannot exhaust itself, becanse, when the
liquid in the percolator falls to the level of the turned-
up end of the outer limb of the siphon, the flow ceases,
leaving the siphon-tube full of liquid, the difference in
the length of the two limbs of the siphon being only
such that the inner limb reaches the bottom of the well-
tube, and when measured on the outer limb, reaches to
one-half of its turned-up end. The pressure on the sur-
face of the moistened drug being duly counterbalanced
by the atmospheric pressure on the column of percolate
in the well-tube and siphon, all particles of the mass in
the percolator will be subject to uniform pressure; thus
the gravitation of the liquid is used to best advantﬂge,
just as in the case of the rubber tube recommended in
the pharmacopeeial directions for percolation. The body
of the percolator is made of glass or stoneware, and the
evaporation of menstruum is prevented by a tightly-
fitting cover of sheet rubber about 1 ineh thick.

Dmmg the past ten or twelve years much has been
written about *pressure percolators,” the chief claim
advanced for their use being the complete extraction of
drugs with less menstruum than by ordinary methods,
which applies to the preparation of concentrated solu-
tions, such as fluid extracts. The idea of more complete
solution by means of pressure originated with Count
Real about 1815, and the apparatus devised by him (see
IFig. 103) bears a close resemblance to some of' the pres-
sure percolators of the present day, devised by Rosen-
wasser, Berry, Suit,and Anderson. In the new apparatus
the drug to be extracted is confined, by means of a suit-
able serew arrangement, between 1]El‘f01 ated disks, in any
desired space, without the possibility of expansion on

E coming in contact with the bulk of the menstruum.
i pris‘;'l:'r‘: The solvent is forced through the mass by pressure
e latHe obtained from a column of liquid 10 or 12 feet in height,

supplied by a reservoir.

Management of the Process of Percolation. The Pharmacopeeia
gives the following directions for conducting percolation, which are
ﬂppluable to all official preparations in which this method of solu-
tion is indicated, as in each individual case the fineness of powder,
the quantity of menstruum to be used for moistening the drug, and
the degree of firmness with which it is to be packed, are specified :
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“The percolator most suitable for the quantities contemplated by
the Pharmacopeeia, should be nearly eylindrical or slightly conical,
with a funnel-shaped termination at the smaller end. The neck of
this funnel end should be rather short, aud should gradually and
regularly become narrower toward the orifice, so that a perforated
cork, bearing a short glass tube, may be tightly wedged into it from
within until the end of the cork is flush with its outer edge. The
glass tube, which must not protrude above the inner surface of the
cork, should extend from 3 to 4 Cm. beyond the outer surface of the
cork, and should be provided with a closely-fitting rubber tube,
at least one-fourth longer than the percolator itself, and ending in
another short glass tube, whereby the rubber tube may be so sus-
pended that its orifice shall be above the surface of the menstruum in
the percolator, a rubber band holding it in position.

“The percolator is prepared for percolation by gently pressing a
small tuft of cotton into the space of the neck above the cork, and a
small layer of clean and dry sand is then poured upon the surface of
the cotton to hold it in place.

“The powdered substance to be percolated (which must be uni-
formly of the fineness directed in the formula, and should be per-
fectly air-dry before it is weighed) is put into a basin, the specified
quantity of menstruum is poured on, and it is thoroughly stirred with
a spatula or other suitable instrument until it appears uniformly
moistened. The moist powder is then passed through a coarse
sieve—No. 40 powders, and those which are finer, requiring a No. 20
sieve, whilst No. 30 powders require a No. 15 sieve for this purpose.
Powders of a less degree of fineness usually do not require this ad-
ditional treatment after the moistening. The moist powder is now
transferred to a sheet of thick paper and the whole quantity poured
from it into the percolator. It is then shaken down lightly and
allowed to remain in that condition for a period varying from fifteen
minutes to several hours, unless otherwise dirvected; after which the
powder is pressed by the aid of a plunger of suitable dimensions,
more or less firmly in proportion to the character of the powdered
substance and the alcoholic strength of the menstroum; strongly
alcoholic menstrua, as a rule, permitting firmer packing of the pow-
der than those weaker. The percolator is now placed in position for
percolation, and the rubber tube having been fastened at a suitable
height, the surface of the powder is covered by an accurately fitting
disk of filtering paper or other suitable material, and a sufficient
quantity of the menstruum poured on through a funnel reaching
nearly to the surface of the paper. If these conditions ave accurately
observed the menstruum will penetrate the powder equally until it
has passed into the rubber tube, and has reached in this a height
corresponding to its level in the percolator, which is now closely
covered to prevent evaporation. The apparatus is then allowed to
stand at rest for the time specified in the formula,

“To begin percolation, the rubber tube is lowered and its glass
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end introduced into the neck of the bottle previously marked for the
quantity of liquid to be percolated, if the percolate is to be measured,
or of a tared bottle if the percolate is to be weighed ; and by raising

| 1 |
I

or lowering this recipient the rapidity of percolation may be increased
or lessened as may be desirable—observing, however, that the rate of
pereolation, unless the guantity of material taken in operation is
largely in excess of the pharmacopwrial quantities, shall not exceed
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the limit of ten to thirty drops in a minute. A layer of menstroum
must constantly be maintained above the powder, so as to prevent
the access of air to its interstices, until all has been added or the
requisite quantity of pm‘m]ate has been obtained. This 1s con-
veniently accomplished, if the space above the powder will admit of
it, by inverting a bottle containing the entire quantity of menstruum
over the percolator in such a manner that its mouth may dip beneath
the surface of the liquid, the bottle being of such a shape that its
shoulder will serve as a cover for the percolator. (For illustration
of the official process, see Fig. 104.)

“ When the process is successfully conducted, the first portion of
the liquid or percolate passing t]lrmlgh the pﬂm]a,mr will be nearly
saturated with the soluble constituents of the substance treated ; and
if the quantity of menstruum be sufficient for its exhaustion, the last
portion of the percolate will be destitute of color, odor, aml taste
other than that possessed by the menstruum itself.”

The degree of fineness of powder to which a drug is to be reduced
depends partly upon the menstruum to be used and partly upon the
nature of the active constituents of the drug and the readiness with
which these can be extracted. Druogs like aconite, cinchona, nux
vomica, veratrum viride, and others, require to be in fine p{m:ler
while gentian, rhubarb, me{,rm f:{'ll.'l‘tl] , and the like, can be readily
exhausted in coarser powder. -'ﬁ a rule, strongly almht}]u- or ethereal
menstrua are used with fine powder, whereas hydro-aleoholic and
aqueous menstrua are better adapted to coarser l‘l{}“dEl‘E

The quantity of menstraum to be used for moistening the powder
also varies with different drugs; one-fourth to one-half as muech
menstruum as powder is LrEm-ralIv required to thoroughly dampen it
withount destroying its l'ﬂiJIJIIIt-}", depending likewise upon the nature
of the drug and menstruum. In a few cases, where the active con-
stituents are quickly extracted, and previous moistening might cause
the powder to agglutinate, as in tincture of catechu and the official
oleoresins, it is even better not to moisten the drug at all before
placing it in the percolator.

The next step is the proper packing of the percolator, and upon it
will largely depend the success of the process. A suitable support
must be provided for the moistened powder, and for this purpose a
notched cork or a tuft of absorbent cotton may be used. If the cork
be chosen a layer of cotton should be placed over it to prevent the
escape of powder, or if cotton alone be used, it may be slightly com-
pressed into the neck of the percolator. Unless the quantity of drug
be large, the moistened powder, after having been first passed through
a coarse sieve to break up any ]umps should be transferred to the per-
colator all at one time, and then shaken down by tapping the sides of the

vessel.  If the drug is to be saturated with menstrunm before macera-
tion, as in the case of fluid extracts, the powder should be at once com-
prensuf], moderately or firmly as the character of the menstruum and
the nature of the drug may require. As a rule, fine powders and alco-
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holic menstrua demand firm packing, as also ligneous and spongy drugs
under certain conditions ; aqueous menstrua generally necessitate mod-
erate compression. If the moistened drug be introduced in layers, uni-
form packing becomes more difficult ; the lower portions of the drug
shuuh]l be less firmly compressed than the upper layers, because the
menstrunm, when it reaches them, being already charged with some
soluble matter, is denser than at the top, and hence cannot penetrate
a firmly packed mass as readily as would fresh menstrunm. Macera-
tion of the moistened powder prior to percolation is advantageous in
many cases, as it allows the drug to swell and become more thoroughly
permeated by the menstruum, and permits more satisfactory packing
afterward ; in some cases, where concen-

Fi6. 105, trated solutions are desired, maceration after

& > saturation is positively necessary to insure

] vood results. The packing of the moistened

powder is best effected with a packing stick
of suitable design, made of hard wood, of

| the shape of the well-known potato-masher.

== Next to uniformity in fineness of powder,

= uniformity in packing is the most important

— feature in percolation, so as to insure the

A even descent of the menstruum ; if the drug

& E:’ is more firmly compressed on one side than

e = on the other, the menstruum 18 sure to flow
= in the direction of least resistance, and leave

Glass receiving jar, graduatea 4 part of the mass imperfectly extracted.
in U. 8. id. measure. After the powder has been packed, a dia-

phragm of filtering paper or felt is laid
over the surface and kept in place by means of pebbles or pieces of
broken glass ; this is for the purpose of preventing disturbance of the
upper layer and to insure equal distribution of the liquid when the
menstruum is poured on.

As stated in the pharmacopeial directions, a layer of menstrunm
must constantly be nmintztium} above the powder, in order to prevent
the access of air to its interstices. Ewery percolator should be pro-
vided with a cover, which may be either of glass or sheet-rubber, to
avoid loss of or change in the menstruum,

The simplest arrangement for controlling the rate of flow of the
percolate is by means of a rubber tube, as specified in the official
dirvections, and this device ean be attached to nearly every form of
percolator known. As the rate of flow from the tube will be pro-
portionate to the difference in height between the liquid in the per-
colator and the point to which the tube is raised on the outside, it is
evident that its control is within easy reach and may be varied from
a constant stream to five drops per minute. The rapidity with which
the percolate shall be allowed to pass will vary with the object in
view and the ease with which the active principles enter into solu-
tion ; for tinctures, the average rate may be stated to be 15 to 20
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drops per minute, while the percolate in the case of fluid extracts

should not be allowed to flow faster than 5 or 10 drops per minute.
The complete exhaunstion of a drug can

only be judged by the physical properties Fic. 106.

of the last portions of the percolate ; hence —

a thorongh knowledge of the valuable con-

stituents sought to be extracted is essential ;

absence of color and odor is not always

indicative of perfect exhaustion, and the

sense of taste furnishes a more reliable test 2 :’:ﬁgu
in the case of aconite, ginger, nux vomica, E :
ete. Drugs like jalap and podophyllum are i
known to be exhausted when the percolate ~— 600
mixes clear with water, as this will not —— 400
oceur until all resin has been extracted. —— 200
Cardamom, walerian, vanilla and similar —ogo
aromatic drugs are judged entirely by the 8w
odor of the percolate; quassia, rhamnus oo

and gentian, by the bitter taste ; and rhatany, e
EﬂtE(gfu and geranium, by the peculiar astrin- s %}gg =

gency of their soluble !::pnstiir;uent& i \\._-_:-_-::‘_:_EEI_‘,)

Amn_sml#:mble_quautlty‘uf alcoholic men- o o, eraduated
struum is sometimes retained by the mare s otels B Tasasiirs.
after exhaustion of the drug, and this may
be recovered by exprcssmn or by percolation with water, either direct
or after admixture of clean sawdust. Such recovered aleohol is unfit
for further use until it has been purified
by adding three grains of potassium per-
manganﬂte to every pint, shaking the mix-
ture occasionally during several days, and
then decanting and distilling. Another plan
to avoid the loss of aleohol by absorption is
to employ gradually weaker menstrua, after
the required quantity of original menstruum
has all been added. 8T

Much time and annoyance may be saved
by collecting the percolate in pmperh grad-
uated glass jars (if the percolate is to be
weighed, use tared vessels), which can be oh-
tained from glass manufacturers in different
sizes adjusted both for apothecaries’ and
metric fluid measure (see Figs. 105 and 106).
A convenient plan also is to paste a strip of
paper on a wide-mouth bottle and mark on
the same with ink_the different quantities Gadustad Blas reckiving Jaz,
of liquid measured into the bottle, as shown home-made,
in Fig. 107 ; to protect the paper scale and
render it 1mpcw1mls to moisture, it should be coated with some
colorless varnish.

9
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The usnal method of supporting percolators is by means of the iron
rings of a retort-stand, as already shown in Fig. 104 ; in order to pro-
tect the glass, sections of rubber tubing may be attached to the ri ngs,
forming suitable cushions or guards. A very convenient arrangement
is Beck’s Percolating Stand (see IVig. 108), which admits of simulta-
neous multiple operations and is equally well adapted for use in the
store or laboratory. The stand can either be placed on the floor or
be supported on two iron brackets fastened to the wall ; as shown in

Fig. 108,

Beck's percolating stand.

the illustration, it can be changed by means of thumb-screws to snit
various heights of bottles. The length of the base-board is 42
inches, the width 12 inches, and the extreme height of the stand
36 inches ; the supports for pum]amrs and funnels are formed by
means of eross-pieces suitably hollowed out and secured by screws
passing through the slot in the eross-bars.

REPERCOLATION is a process intended for the preparation of con-
centrated vegetable solutions with a minimum quantity of menstruum,
and is confined to the manufacture of fluid extracts without heat.
Dr. Squibb, who is the author of the processs, defines it to be * the
successive application of the same percolating menstrunm to fresh
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portions of the substance to be percolated.” His suggestion was
based upon the observation made that a weak solution of the con-
stitnents of a drog is a better solvent for the soluble active prineiples
of that drug than fresh menstruum. The following example will
serve to illustrate the process of repercolation : 1000 Gm. of a prop-
erly powdered drug are divided into five portions of 200 Gm. each ;
one portion is moistened, packed, macerated, and percolated to ex-
haustion, the first 150 Ce, of the percolate being set aside as finished
product, the remainder being collected in fractions of 200 Ce, and
numbered respectively 1, 2, 3, ete, in the order in which they are
collected. The second portion of the drug is moistened with No. 1
weak percolate, packed and percolated to exhaustion, the different
weal percolates ]ﬁeing used in the order in which they have been
collected, followed by fresh menstruum if necessary, the first 200
Ce. of the percolate from this second portion of the drug being set aside
as finished product, the remainder being again collected in fractions
of 200 Ce., and numbered 1, 2, 3, ete., as before. The third, fourth,
and fifth portions of the drug are treated exactly like the second
portion, the first 200 Ce, of the percolate in each instanece being set
aside as finished product. When the fifth portion of the drug has
been exhausted there will be on hand five lots of finished product—
130, 200, 200, 200, and 200 Ce.; total, 950 Ce.—and besides, four
or five lots of weak percolate supposed to hold in solution the soluble
matter from 50 Gm. ; these weak percolates, properly numbered, are
set aside, to be again used in place of fresh menstroum for the next
lot of the same preparation, the process henceforth being continued
exactly as with the second portion of the drug mentioned before. This
retention of 25 per cent. of the soluble matter of one portion of
the drug in the weak percolates is based on numerous carefully con-
ducted experiments, the results of which showed that when 100 Gm.
of {Irn% are exhausted by percolation, from 70 to 80 per cent. of the
total soluble constituents present are contained in the first 75 Ce, of
percolate. By some the process of repercolation is termed fractional
percolation, and modifications of Dr. Squibl’s method, stated above,
have been suggested ; in every instance, however, the same principle
is kept in view—namely, the use of weak percolates in place of fresh
menstroum.

CONTINUOUS PERCOLATION is a name sometimes applied to a
process of extraction which involves the exhaustion of a drug with
a limited quantity of menstruum, by repeatedly vaporizing and con-
densing the fluid in a specially construeted apparatus, so arranged
that the extracted soluble matter remains in the receiving flask, while
the solvent, in the form of wvapor, passes upward to a reflux con-
denser, and thence flows back into the percolator. It is chiefly
employed in the examination of vegetable drugs, with a view of
determining their valuable constituents, and is partieularly adapted
to the manufacture of the official oleoresins. For description of the
apparatus see the chapter on Oleoresins.



CHAFPTER IX,
SEPARATION OF NON-VOLATILE MATTER.

Tue process of separation may be applied to non-volatile or fixed
as well as volatile matter; in the former ease it is understood to
refer to the removal of insoluble substances, sediments, ete., from
fluids holding them in suspension, and also of immiscible fluids from
each other. The various operations employed for the separation of
solids from fluids are termed filtration, decantation, expression, elari-
fication, and decoloration.

Filtration.

By some pharmacists filtration is considered so trivial an operation
as not to merit extended consideration ; but, like other simple pro-
cesses, it is well deserving of study, as there is room for the exercise
of intelligence and ingenuity in itz many useful modifications.  Fil-
tration is usually employed when the solid matter to be removed is
not present in excessive r]uantlw, and consists in submitting the
mixture to the separating action of certain media which allow the
fluids to pass through but are impervious to the solid particles.
Sometimes filtration is also calléd colation or straining ; but it is
understood that the process of straining differs from filtration either
in the less complete removal of suspended sedimentary matter from
a fluid, or in the fact that the solid particles are not in fine powder
and can be easily retained by coarser media than those generally
employed for filtration. Colation is a favorite mode of separation
when the fluid is of a viseid character. The various filtering media
employed are cotton and woollen cloth, paper made thereimm also
absorbent cotton, glass, wool, asbestos, e:md and charcoal; the clear
clear liquid passing through these media is termed the filtrate.

For straining syrups, oils, and similar fluids, filter-bags of’ flannel

or felt are admirably adapted, as they permit a lapud passage of
the liquid and effectually retain all solid matter; such filter-bags
are of conical shape, see Figs. 109 and 110, and are readily made,
of plain or Canton flannel, by folding over a square piece in the
manner indicated in Fig, 111 the line e d being laid over the line ¢ a
and united by a seam ; the hug thus formed is pointed at ¢ and open
from a to b, the line aec being lapped over to form the seam. The
long end projecting toward the point & beyond the dotted line e f
should be removed and four loops of heavy cord or tape attached
after the edge has been turned over ; the loops will serve to suspend
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the filter-bag properly in a square or round frame, as shown in Fig,
112. For some purposes, as the straining of dense saline solutions or

Fig, 104,

Flannel strainer. Filter-hag.

Fic. 111. Fra. 112,

el

Manner of folding strainer,

Fia. 113,

.

1]
Frame for ¢loth or flannel strainers, s
Enown a5 * tenaculum. ' Straining bag, showing position when in use.
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the washing and draining of bulky precipitates, a square cotton cloth
may be stretched over a square frame called fenaculum, as shown in
Fig. 113 ; for smaller operations, such as straining infusions or decoc-
tions, the cloth strainer may be fastened over a funnel by means of
wooden pincheocks, and when it becomes necessary to strain with
expression, the ends of the strainer must be folded over and twisted
in opposite directions, as shown in Fig, 114, A kind of cotton eloth

Fic. 114.

Bhowing the manner of folding and expressing flannel or cloth strainers,

known as cheese-cloth is preferred by many for strainers, as it allows
liquids to pass rapidly through it. All strainers should be well
wetted just before they are used, and those containing sizing should
be freed from the same by was'lnna* with hot water heﬂ:-ro they are
put into use at all. For use at the dispensing counter in straining
solutions, a pledget of absorbent cotton placed in the throat of a
funnel will be found very convenient and serviceable; and, as nearly
every solution prepared is likely to contain some ﬁpec-lia and motes,
this little operation should never be neglected.

Some years ago a very serviceable oil filter was devised by William
R. W’aruer, which possesses the advantage of filtration under pres-
sure, and is equally well adapted to syrups (I-".(!E Fig.115). The upper
C}'liudrical vessel of tinned iron is twenty-two inches high and ten

inches in diameter, with a flanch rim soldered on the bottom, of

rather less diameter and an inch wide, so as to fit firmly into the open
top of another eylindrical vessel, B, of the same diameter, eighteen
inches high. The upper vessel is furnished with a lid and with an
L-shaped tube and stopcock, e, which penetrates the side close to
the bottom, and fits into another tube, d, at e, which tube opens
into the lower vessel close to its base, and is further secured to B by
a tubular stay. The filtering medium is a cone of hat felt, projecting
upward from near the bottom of the lower vessel, and secured in
place by thumb-serews passing through two tinned-iron rings and
the felt, which are all properly pierced for that purpose. The stop-
cock, e, being closed, the upper vessel is fitted in its place, and the
tube-joint, e, rendered tight by wrapping with isinglass plaster;
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when this is dry, the upper vessel is filled with the liquid to be
filtered, and the stopcock, e, opened. The filtered liguid, as it accu-
mulates in B, should be drawn off at f, and if convenient the appa-
ratus should be kept in a temperature of about 120° F., in order to
facilitate the flow of the liguid. :

Complete separation of fine suspended matter from fluids can best
be effected by means of filtration through paper; only unsized paper

FiG. 115, Fie, 116,

1/1\r-' =

A plain filter.

] ‘ﬂ?ﬁ: can be usged, the best kind being that
7 made from cotton and linen rags,
although paper made from woollen
material is tougher, and, being more
porous, permits more rapid filtration.
The square sheets of filtering paper,
which at one time were the only
style to be had, are rarely used now,
since ready-cut round filters can be
had of all sizes and qualities. Two
kinds of paper filters are used, the
Warner's oil filter. plain and the plaited, the construction
of which is very simple, and, when
once properly understood, never forgotten. The chief advantages
of plain filters are the simplicity of construction and the fact that
they are admirably adapted for collecting the solid matter suspended
in the fluid, which is afterward to be removed from the paper for
further use; on the other hand, filtration proceeds far less rapidly
in a plain than in a plaited filter, because the paper lies flat against
the sides of the funnel, and the liguid passes through only at the
point or apex. Plain filters are made by doubling a eircular piece
of filtering paper upon itself, and then folding this direetly in the
middle ; by now opening the folds in such a manner that one sector
or division shall appear on one side and three sectors on the other
side, a perfect cone will be obtained, as shown in Fig. 116, which
will exactly fit into a properly-shaped funnel.
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The waste of paper which is cansed by this method of folding a
plain filter, where three thicknesses of paper are found on one side
of the filter and but one thickness on the other side, may be avoided

Fia. 117.

\D A C

Diagram for making an economical plain filter, according to E. Classen's directions.

by following the suggestions of Edo Classen, which are as follows :
To make a plain filter, of single thickness, which will fit a funnel
having an angle of 60°, use a piece of filter-paper in the shape of

F1G. 115.

a semi-ellipse, as shown in Fig. 117, the line A B being one-fifth
longer than the lines A Cor A D. Iold the paper in the centre so
that one-half’ exactly covers the other ; next fold the short straight
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side over, so that both straight sides shall be of the same length,
Additional security against leakage will be obtained if the strip
last folded is again folded back upon itself, preferably toward the

inside,

Fie. 119,

In order to strengthen the weakest point of the cone, a smaller
round filter may be placed on the outside of the larger filter and
folded with the same, or one plain filter may be placed inside of
another, so that even thicknesses of paper shall be on all sides.

A

The construction of a plaited filter is more readily demonstrated
than explained ; the simplest plan is to proceed as follows : Fold a
circular piece of filtering paper twice, after the manner directed
above for a plain filter ; this gives creases A B, A C,and A D. (See
Fig, 118.)

Next fold the crease A C over on A B, and the crease A D over
on A B; this causes the creases A E and A F. (See Fig. 119.)

Fra, 120,




138 (ENERAL PHARMACY,

Now fold the erease A C over on A F, the crease A D over on
A L, the crease A C over on A E, and the crease A D over on A I¥;
this causes the creases A G, A H, A I, and A K. (See Fig. 120.)

The semicirele is now divided into eight sectors, all creases being
in the same direction ; to complete the filter it is necessary to divide
each sector into two by making a crease in a direction opposite to
those already made—thus: (See Iig. 121.)

Fig. 121.

Diagram showing the creases of a plaited filter.

Fold the triangle, A C I, back upon itself’; this causes the crease, A L.
Wk 1 ii _l__j.‘_ I E i i L ik T ik ({3 A}I
il 13 ii A I.‘_" G’ {4 ({3 (13 (49 i £E (41 A. N.
111 1 13 _.:"!1.. {; I;: 11 i i 113 1 ié [ ,:'*L n
il (11 i ,E‘i I] K« ' i i ' i 0 A P
i ik 1 ﬁ H‘_ ]_n: 11 i 1 i i i (41 .:'+L Q
il 0 {1 z':‘i_ 1;‘ 1’.]'_' o ' i i S R i A l{.
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It the filter now be opened, it will be found divided into 32 sectors,
two of which, A C I and A D P, opposite each other, show both
edges pointing in the same direction (see Fig. 122); to |ln'eve11t these
two sectors from lying flat against the glass when the filter is placed
in the funnel, they should be again divided by placing the index
finger in the centre and bringing the edges up with the thumb and
second finger, thus forming two new creases inward, A U and A V.
(See Fig. 123.) In plaiting a filter, care must be observed that the
creases be not pressed too firmly down to the very point, as this has
a tendency to rupture the paper, or at least, to materially weaken it.
The plaited filter, when completed and ready for use, is divided into
34 sectors, and appears as shown in Fig. 124,

Frg. 124,

A complete plaited filter. A properly shaped glass funnel.

The points of paper filters may be toughened or strengthened by
dipping them into strong nitric acid of 1.42 sp. gr, and then wash-
ing well with water to remove excess of acid; while a similar treat-
ment with sulphurie acid converts unsized paper into parchment
paper, which is impervious to water. Nitric acid simply toughens the
paper, but in no wise interferes with the absorption and passage of
fluids through it, though its power of resistance is increased tenfold
by this treatment,

When the object of filtration is to obtain a clear fluid irrespective
of the solid matter removed, a plaited filter is always to be preferred
to the plain one, as it exposes the entire surface of the paper to the
liquid and allows the latter to pass through very rapidly.

Gilass, porcelain, or metallic funnels, intended as ‘supports for
paper filters, should be of the shape shown in Fig. 125, having
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straight sides at an angle of 60° to each other, and the end of the
tube being cut off obliquely, so as to compel the liquid to flow from
one point only; when used over a jar or beaker it is well to place
the lower end of the funnel in contact with the side of the vessel,
thus preventing any annovance from splashing of the liquid. In
order to provide for the necessary escape of air from the receiving
vessel, whenever a funnel i placed in a hottle a piece of twine or a
strip of paper should be placed between the neck of the bottle and
the tube of the funnel, the end of which should invariably project
below the neck of the bottle.

When a paper filter is placed in a funnel, its upper edges should
never quite reach to the rim of the funnel (better one-half inch below),
s0 as to allow the funnel to be covered with glass or sheet-rubber, for
the purpose of keeping out dust and preventing evaporation ; besides,
if the filter projects beyond the funnel, considerable liquid will be
drawn to the upper edges, owing to the capillarity of the paper, and .
evaporated, thus entailing loss. In pouring a liquid into a filter, it
should never be allowed to fall in a stream upon the apex or point,
which is likely to break from the sudden force, but should be directed
against the side by means of a guiding-rod, as shown in Figs. 126
and 127,

Manner of pouring liguids into a filter with the aid of & guiding-rod.

To insure a continuous supply of liquid to the filter, a bottle con-
taining the fluid may be inverted over the funnel, in the manner
shown in Fig. 104, for supplying menstruum to a percolator, .

For filtration of very volatile liquids, a glass tube, bent as in
Fig. 128, may be placed under the filter against the side of the
funnel ; the twisted end will prevent the tube from slipping down,
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and air from the receiving-bottle can readily pass up through the
tube, which should reach a little above the paper filter. The funnel,
which should pass air-tight through a cork, must
also be closed hermetically at the top. Ll
Oeccasionally the filtration of substances which are i
not fluid at ordinary temperature becomes necessary,
such as mutton suet, wax, petrolatum, ointments, etc.;
this can be effected either by means of a hot-air funnel
or a water-bath funnel. When hot air is to be used,
the funnel containing a filter is suspended by means
of porcelain strips, in a heavy tin jacket, which is
surrounded by a copper evlinder, and heat is sup-
lied from a ecircular low-power burner, as shown
in Fis. 129, the heated air continually cirenlating
around the funnel. The water-bath funnel consists of
a glass funnel surrounded by a double tin or copper st
jacket, as shown in Fig. 130; the opening, «, at the Gii:ﬁfﬁfélr;'iﬂfh
top of the jacket is for the purpose of introduncing hot
water, and the projecting tube, ¢, near the bottom, for keeping up
the heat of the water by means of a spirit lamp or gas jet. The
projecting rim, ¢, is intended to prevent any water, running over

Fre. 129, Fic. 130
b

Hot-air funnel, (L. MEYER.) Sectional view of hot-water funnel with cover,

at a, from entering the bottle or vessel, in the mouth of which the
neck of the funnel may be placed. The substance to be filtered
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should first be completely melted and then poured into the filter
contained in the previously heated funnel, which must be kept
covered to avoid loss of heat.

Fra, 131, P, 132.
TWnter

Foam
Richard's filter pump. Chapman’s filter pump,
FiG. 133. FiG. 134.

Gieizgler's glass filter pumips. Portable filter pump, with manometer. 3

The rate of filtration of a liguid can be greatly increased by ex-
hausting the air from the funnel-tube and receiving-bottle, thereby
increasing the atmospherie pressure above the liquid ; the necessity for
this operation occurs more frequently in the analyst’s laboratory than
with pharmacists, yet an acquaintance with the apparatus employed
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is desirable. The exhaustion of the air is effected by means of an
aspirator connected with a water aupplv and with the receiving-
bottle by rubber tubing. Tigs. 131, 132, 133, and 134, 1(1)1{%&11t
different styles of filter pumps ; as seen in ‘two of the ]]lll‘:.ti-.ltl(ll'lh
suction of air is produced by forcing water, under pressure, through
a contracted space which communicates with the air to be aspirated.
The internal construction of the pump shown in Fig. 134 is similar
to that of the other two, but the water which enters at w is discharged
at D on the side ; hence this apparatus can be used at any desired
point, being connected by means of tubing with the water supply
and sink : with air-tight connections a nearly absolute vacuum can
be obtained, as may be seen from the indications of the manometer
attached to the top of the pump. Whenever filter pumps are used,
the pressure on the liguid filtering becomes so great as to end'mger
the safety of the filter point; an extra support is therefore provided
in the shape of a finely perforated platinum cone set in the throat
of the funnel in which the paper cone is placed.

When an aspirator or filter pump is used in connection with water
drawn from the city supply, a very annoying accident sometimes
happens when the water pressure is suddenly reduced, or when the
pump is eut off'; namely, that a portion of water is drawn up into
the vessel from which the air is being aspirated ; this can be guarded
against either by interposing another vessel between the pump and
the aspirated vessel, or by introducing into the tube connecting the

ump and vessel a ﬂfcty valve as deslgned by Wislicenus, and shown
m Fig. 135. It consists of two glass tubes of peculiar shape fitting
snugly into each other at f, the bulb being well coated with resin
cerate ; the tube B is fitted into the rubber tube attached to the pump,
and the tube A into the tube attached to the vessel. At # a solid
soft-rubber ring rests in the upper part of the tube g, and closes the
same air-tight as soon as suction is established ; while at o there is an
opening in the closed end of the tube A, which is eovered with thin
sheet-rubber, as shown in Fig. 135. As soon as the suction of air
ceases from amr cause, the opening at o is tightly closed by the
rubber, and no water can enter. If any water is drawn up into B, it
is emptied by withdrawing the tube A, the rubber ring hm-{:rmmu_*
loose.

For rarefying the air under filters when water pressure is not
available, a simpler contrivance may be resorted to, as shown in Fig.
136 : the water flowing from the upper to the lower bottle with-
draws air from the receiving-flask, and by simply changing the bot-
tles when the upper one becomes empty, the operation may be
continued for any length of time, the air-tube being closed by means
of a pincheock, while the bottles are being changed.  Ordinary
five-gallon castor-oil cans may be conveniently used in place of
bottles,

The turbidity of some Itqmda is caused by suspension of matter in
so finely divided a form that its removal cannot be effected by the
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ordinary methods of filtration, and recourse must be had to the inter-
position of some other substance to render the liquid perfectly trans-
parent and clear ; in such cases paper pulp, caleium phosphate, and

FiG, 135, PG, 186,

Fie. 1535, —Wislicenns safety-valve,

Fre. 136.—Filiering apparatps, aand b are two large bottles eonnecied, as indicated in the
drawing, by a narrow india-rubber tube with thick walls. The upper bottle should be placed
as high as possible. cis a bottle into which the filtrate is to pass. The interlor of this isin
connection with a by a thick-walled tube, d. Into the stopper of ¢ the funnel ¢ is fixed, and at
its apex les a small perforated platinum cone, £, which supports the apex of the filter when
the interior of ¢ is partially exhausted by the discharge of the water in a into &,

purified taleum form excellent filtering media. Paper pulp is readily
prepared from scraps of filtering paper by treating them with hot
water in a mortar or with active agitation in a bottle. When the
paper has become thoroughly pulped, the excessive moisture may be
removed by expression in a elean cloth, after which the pulp may be
added to the liquid to be filtered and thoroughly incorporated by

e 7
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agitation. The finely divided pa]per pulp forms a layer on the sur-
face of the filter, which effectually prevents the passage of minute
rticles of insoluble matter by absorbing these into its own fibre,
]f)flm' acid liquids, finely shredded asbestos is preferable.
Immiscible liquids ean be conveniently separated from each other
by pouring the mixture into specially constructed apparatus known
as separators or separatory funnels (see Figs. 137 and 138), and after

FiG. 147,

(zlaszz separator. (Funnel shape.) Gilassseparator. [(Globe shape.)

the liquids have separated into distinet layers by reason of their
different specific gravities, withdrawing the lower liquid by carefully
opening the stopeock in the tube and allowing it to flow into a
suitable receiving vessel,

Decantation.

Decantation, or the process of pouring a fluid gently from one
vessel to another, is emploved in pharmacy more particularly in con-
nection with the washing of precipitates ; sometimes it is resorted to
for the separation of immiscible liquids, but separation in such a
case can never be so complete as by the method explained above,

All precipitates when freshly obtained by double decomposition of
two soluble substances, are more or less contaminated with a solution
of the other newly-formed salt ; to remove such impurities the process
of washing, which consists in treating the precipitate repeatedly with

10
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fresh portions of water, is employed. Thus, when solutions of lead
nitrate and potassium iodide are mixed, the newly-formed lead iodide
is deposited, while potassium nitrate remains in solution, and must be
removed before the precipitate can be dried. The thorough washin
of precipitates is a very important operation, which may be performe
by continued treatment with water on filters and cloth strainers, or
by allowing the liquid in which the precipitate was formed to settle
completely in suitable vessels, decanting the clear supernatant fluid,
adding successive portions of fresh water, and again decanting after
each settlement ; it is essential that the fresh water and precipitate be
well mixed by stirring or agitation alter each addition.

The decantation ol a fluid is not always so simple an operation as
it may seem ; the shape and size of the vessel from which the liquid

Fic. 139,

Decantation with aid of a glass rod,

is to be poured, the nature of the liquid and the height to which it
fills the vessel, all influence the flow of the liquid. When the fluid
to be decanted is water or an agueous solution, and the vessel not
very large, either with or without a lip, the simplest plan is to transfer
the liquid with the aid of a glass rod, as shown in Fig. 139. The
gniding-rod prevents the splitting of the current of the liquid, to
which is due the well-known phenomenon of liguids ranning back on
the sides of the vessel from which they are poured. When the vessel
from which the liquid is to be poured is too large or too full of liquid
to admit of decantation with the aid of a glass rod, the liguid may
be made to flow in a somewhat contracted but solid stream by greasing
the rim of the vessel with a little resin cerate, which prevents adhe-
sion of the liquid to the glass and enables the force of cohesion to
keep the particles of liquid united ; Fig. 140 illustrates the operation.
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Sometimes an instrument called a siphon is employed to draw off
the supernatant liquid from a precipitate, the method being par-
ticularly desirable 1f' the pre-

cipitate is light and easily
disturbed b}r handling the
vessel ; the simple construc-
tion of a siphon is shown
in Figs. 141 and 142, The
two limbs of the glass tube
are of unequal length, the
shorter one being immersed
in the liquid ; it i1s manifest
that if the air be entirely
withdrawn from the tube by
suetion, the liquid will rise
and fill the tube, owing to
the pressure of the atmnﬂpltere
on the surface of the liquid.
The flow of the liquid, having
been started, will continue by
reason of its downward tendency or gravitation aided by atmos-
pherie pressure, until it falls below the mouth of the shorter limb,
or until that in the receiving vessel rises to the level of that in

Fi. 140

Decantation with aid of a greased rim.

Frc. 141. Fin. 142,

Plain =iphon. Glase siphon with lateral suction tube.

the vessel from which it flows. A plain rubber tube can often be
used with advantage as a siphon, remembering that the end of the
tubing out of the liquid should always reach lower than that in the
liquid, so as to insure a continuous flow.

Clarification.

Clarification is a process of separation designed to render cloudy
or turbid liquid transparent by means other than those thus far con-
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sidered ; it is generally effected through the agency of heat ; in every
insum-::f‘, however, the separated {Imtmlnng element must subse-
quently be removed by filtration or decantation. The viscid character
of some liquids renders the various methods of filtration impracti-
cable; whereas the mere application of heat, by increasing their
liuullt\« enables the suspended particles of solid ‘matter to separate
&.pﬂnmnf_uua!y some rising to the surface while others sink to the
bottom ; if' the liquid bE allowed to remain at perfect rest while
separation is going on, the lighter particles will form a layer, which
can often be completely removed with the aid of a skimmer, while
the heavy sedimentary matter is readily retained on a cloth stramm
Honey and balsam of fir may be treated in this manner. Saline
solutions concentrated for the purpose of erystallization are fre-
quently contaminated with dust and other foreign matter which
passes freely through cloth and paper filters; they may be readily
clarified by adding paper-pulp (see page 144), which effectually re-
moves the fine particles of dirt from the boiling liquid, by enveloping
them in its own fibre and retaining them on the strainer,

Other substances added to turbid liquids in order to effect clarifica-
tion are egg-albumen, gelatin, and milk. White of egg, or albumen,
possesses the property of coagulating or solidifying when heated t0
abont 80° C. (176° F.), therefore, w when they are added to liquids
and then heated, any solid matter impairing the transparency of the
liquid will be enclosed in the coagnlum formed, and can then be
removed by straining ; some vegetable solutions prepared with cold
aqueous menstrua contain albuminous matter originally present in
the drug, which, upon heating to the boiling-point, is coagulated,
and is thus gotten rid of, as in the case of extract of gentian,
Albumen is preferably mixed with a little water before adding it to
the liquid to be clarified, and then thoroughly incorporated with it
before heating. Since albumen forms insoluble compounds with
some plant constituents, it must be judiciously employed, lest the
active principles contained in a liquid be removed by it. When the
turbidity of a liguid is due to tannin, gelatin is generally preferred
as aa,hnf'fmfr agent ; it is used like albumen, and forms insoluble
tannate of nrehitm or leather. Milk is l:spcu'llly adapted to clarify-
ing acid llqmds, ag the casein of the milk is coagulated by the acid,
and thus the impurities are removed by becoming enveloped in the
coagulum,

Clarification of liquids may also be effected by subsidence and fer-
mentation ; the former is often applied to fixed oils, which are
allowed to remain undisturbed in tightly closed containers for some
time, so that albuminous matter derived from the seed may gradu-
ally separate and settle to the bottom. Fruit juices, as a rule, con-
tain certain principles which tend to render them clondy and unsightly,
but which ean be removed by fermentation at a moderate temperature,
about 20° C. (68° F.); the matter thus separated settles to the bottom
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and the clear liquid may be drawn off by means of a siphon or
otherwise.

Decoloration.

Decoloration, as the name indicates, is a process for the removal of
color from Isqmda and is practised on a large scale in sugar refineries.
For pharmaceutical purposes it is LhIEH\.’ confined to solutions of
organic acids, alkalies, and neutral principles. The most effective
decolorizing agenl: is animal charcoal, made either from bone or blood ;
ordinary bone-black requires pur!ﬁ{:dtmu by means of hot hydro-
chlorie acid, whereby certain lime-salts are removed. Animal char-
coal 1s p:‘ef'eral‘.-h' used in a gumu]ar condition, and its utility as a
decolorizer depends upon its porosity ; Emfurtuuatei}r, charcoal also
absorbs other matters held in solution besides color, and this may
occasion loss of valuable constituents unless the charcoal is subse-
quently washed with fresh menstrum. The usnal method of employ-
ing animal charcoal is either by digesting it with the liquid to be
decolorized, or by allowing the latter to pn:rcolute slowly through a
eolumn of the charcoal ; in the former case the liquid requires sub-
sequent filtration.

Expression.

Expression is a process of separation which requires the exercise
of more or less force, since it is employed in those cases where the
amount of liquid is small com-
pared with the quantity of solid Fre. 143,
matter to be removed; as, for = :
instance, in the preparation of
fruit juices, the expression of
macerated drugs, or the recovery
of menstruoum that may have
been retained by the mare in
percolation when water fails to
force it through. Tor the pur-
poses of the pharmacist, the
tincture press, Fig. 143, and
the Enterprise Press, Fig. 144,
will be found very serviceable ;
in the former the substance to
be expressed, having been put
into a snitable canvas or press- ®
cloth bag, iz placed on a per- i elstre v | ek ol
forated disk in a poreelain-lined
iron eylinder, pressure being produced by means of a lever-serew
bearing upon a plate on top of the bag, The expressed liquid flows
out tln*ﬂugh the lip attached to the eylinder. The Enterprise Press
is operated without the use of press-cloths, the material to be ex-
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pressed being fed directly into the hopper communicating with a
tapering cylinder mntmnlng a large screw, the thread of which
gradually diminishes in size toward the smaller end ; the eylinder is
provided with a perforated plate in the bottom, and the material is
compressed by means of the tapering serew, which is turned with a

Fig, 144,

Enterprize press (horizontal).

crank. The dry residne is discharged through an opening in the
small end of the eylinder, and the liquid expressed flows out through
the perforated plate.

Another method of separation is that effected by means of centrif-
ngal machines, which arve extensively employed in manufacturing
establishments for washing and dl‘\i[]g‘ u:-,s,tul*-_. as well as for the

apid withdrawal of m[‘.n-:ttll'l* in the {11\.1115 of certain precipitates
and fabries. The apparatus used consists of a metal drum or eylin-
der having a solid bottom’ but open at the top, and provided with
perforated sides, which revolves on its own axis inside of a larger
stationary cylinder supplied with a cover to keep out dust, and an
outlet tube at the bottom, throngh which the liquid coming from the
inner cylinder is allowed to flow ont; sometimes the periur.ttcd sides
of the inver eylinder are covered with bolti ng-cloth, aceording to the
substance to be operated upon, and the rotary motion is m:putnl to
the cylinder from below by means of steam power. The value of
tll]ll‘lftlu':ll machines t.lvpundq upon the veloeity with which the mate-
rial to be centrifuvalized is hurled around and against the perforated
sides, the revolutions usually running as high as 2000 or 3000 and
even more per minute ; the strong draft of aiv created between the
walls of the inner and outer cy linders by such rapid revolution effects
drying of the material more thoroughly than is possible by expres-
sion or other means. The use of uentlllu;m] machines is based on
the well-known laws of motion and inertia, according to which a
body put in motion continues in a straight line unless turned from its
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vath by some external force, and thus liquids can readily be sepa-
rated from solids when a mixture of the two is dashed against a finely-
perforated surface. In sugar re-

Fio. 145. fineries, centrifugalizing is the only

suitable method known for sepa-

rating the granulated sugar from
the viseid mother liquor or mo-
lasses. For special use in the phar-
macist’s laboratory, small centrifu-
gal machines, to be operated by
hand, have been devised ; the outer
r:_ﬂlllde.r is usually mﬂrln of enam-
elled iron while the inner perforated
eylinder is made of porcelain ;

Fra. 146,

Centrifugal separator with cover (for hand power).

those in which motion is Hlll]l]li{'d from above are frequently pro-
vided with a cover for the inner cylinder, while in those operated
from below a cover is fitted to the outer eylinder. In Figs. 145 and
146 are shown two styles of hand-power machines.

Dialysis.

Dialysis is a process of separation whicly differs entirely from those
considered thus far, in not aiming at the removal of insoluble matter
suspended in a ]rqmd but at bringing about a separation between
solvents and matter held by them in solution ; also between different
kinds of matter held in solution by the same solvent, It is a prac-
tical application of the principle of osmosis, and is due solely to sur-
face action and the difference in diffusibility of various substances.
The word dialysis is derived from the Greek verb gazicw, to part
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asunder, to loose one from another, and was applied by Prof. Graham,

of England, to the method of ﬂepalatmn discovered by him in 1861

The pmctss consists in placing a solution of the substances to be
separated on a porous diaphragm and suspending this in pure water ;

osmosis 1s established, anr} certain substances will pass through the
diaphragm into solution in the water, while others will remain on the
dnphmum the rapidity of diffusion being in proportion to the
strength of the solution and increasing with the rise in temperature,
Prof. Graham discovered that erystallizable substances passed through
the diaphragm freely, while amorphous bodies, such as gums, starci,
celatin, ete., either did not diffuse at all, or only very slowly; he
ﬂpplml the name ¢ ystalloid (reqemblmg crystals) to all substances
thus eapable of diffusion through a septum, and the name colloid
(resembling ghu, or jelly) to those substances remaining on the
diaphragm. All colloids are amorphous or non-erystallizable, but
all erystalloids are not necessarily capable of erytallization, as, for
instance, hydrochlorie acid, the most highly diffusible body, and
many others. By mecans of dialysis, sugar can be readily separated
from gum or starch, pepsin from peptones, iron salts from iron oxide,
ete. Thus the process has become most valuable to manufacturers,
whilst the analyst often finds dialysis the only means for determining
the presence of certain substances in complex vegetable solutions, as,
for instance, arsenous acid, corrosive mercurie chloride, or putaa%mm
iodide in compound ﬂarsapanlh mixtures and other proprietary
medicines, where the dark color and complex nature of the solution
preclude all other methods of separation.

The apparatus used for dialysis is of very simple construction, as
shown in Figs. 147 and 148. It consists of a circular glass vessel,
with flat bottom and of convenient size, also another smaller cireular
but bottomless vessel of hard rubber or glass, having a projecting

Fra. 147,

Glass dialysers,

rim, over which is stretched a piece of bladder, parchment, or parch-
ment paper (see page 139). The latter constitutes the dialyser proper,
and into it is poured the solution to be dialysed, to the depth of about
one-half or three-quartersof an inch, after which it is floated in distilled
water contained in the other Lugtﬂ vessel. In Fig. 148 the glass
dialyser is provided at the top with a broad rim which rests upon
the edge of the outer vessel, and thus serves as a eover to protect the
water agalnat dust, ete, In place of the foregoing convenient appa-
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ratus, an ordinary clean hog or beef bladder may be used; the same
should be three-fourths filled with the solution, and then suspended
in a large vessel of water.

Diffusion in a dialyser will not take place unless the porous mem-
brane or septum is in contact with water, and, moreover, its limit will
be reached when the water on the outside becomes charged with such
a quantity of crystalloids as to render the strength of the solution
identical with that in the dialyser; hence it is necessary that the
quantity of water in the outer »easel be much greater than that of
the liquid in the dialyser, and that it be renewed from time to time.
The erystalloids from a 10 per cent. solution of sugar, salt, or hydro-
chloric acid will readily diffuse through a septum if the latter is
placed in contact with water, but no diffusion whatever will take
place if the dialyser be floated in a 10 per cent, solution of the same
snbstances. While the rate of diffusion varies greatly for different
substances, it was found by Graham to be uniform for isomorphous
bodies ; that is, those having exactly the same crytalline form.

The colloidal residue remaining on the diaphragm is termed the
dialysale, while the solution of the crystalloids that have passed
through the membrane is known as the diffusate.



CHAPTER X.
SEPARATION OF VOLATILE MATTER.

ApvaxTacE may be taken of the volatility of some substances
for the purpose of separation, and by their vaporization, either of the
following objects may be attained :

1. The separation of a volatile lignid from a solid, with a view of
retaining the solid substance, or of one liquid from another, to obtain
the less volatile ; in such cases the process is termed evaporation.

2. When the *-Elmratmn of liquid and solid substances, by means
of evaporation, is carried to complete dryness, the process is more
particularly designated as desiccation or exsicealion.

. The separation of a volatile lignid from either a less volatile
liquid or a solid, in order to obtain and preserve the volatilized liguid
for future use ; the process is then known as distillation.

4. The separation of a volatile solid from either a liquid or a solid
which is more fixed, the object sought being the volatilized solid hody ;
this process is termed sublimation,

Evaporation.

In the practice of pharmacy, evaporation is extensively resorted to
for the coneentration of vegetable and saline solutions, the latter with
a special view to subsequent erystallization, and the laws which con-

trol the proecess should be well understood. Evaporation may be
divided into four kinds; namely, evaporation over a naked fire, on
a water-bath or steam- l]d[h in a vacuum apparatus, and spontaneous
evaporation. Evaporation over a naked fire is effected by the direct
rachiation of heat from a fire, on the bottom of an uncovered dish or
pan, and is available when the substance in solution is not injured
by direct heat or high temperature ; it is usually employed for the
concentration of saline solutions for erystallization, but only when
the liquid to be vaporized is water. W hen evaporation at tempera-
tures below that of boiling water is desired, the low-power burner
shown on page 73, may be used with ddvauma'e.

Evaporation on a water- or steam-bath is the method most fre-
quently resorted to ; the latter ean also be employed for rapid coneen-
tration of solutions at a high temperature, without the danger of
injur_v from direct heat of the fire. IEvaporalion at temperatores

below 100° C. (212° F.) is effected on a water-bath, and is confined
to the surface of the liquid ; this is the method chosen for the con-
centration of vegetable and other solutions liable to be injured by
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lieat at or above that of boiling water and when more volatile sol-
vents than water are present. Whenever a liquid is to be evaporated
at a temperature below its boiling-point, rapidity of evaporation
will depend upon the extent of surface exposed to the air, since
the formation of vapor takes place only at the surface; hence
broad shallow vessels are to be preferred. During the hm]mn~ of
liquids the rate of evaporation depends (the source of heat huuw
ﬂﬂtlhtdutj entirely upon the extent ufleurlm:e to which heat is appthl
gince the more numerons the points of contact of the vessel with the
source of heat the more rapid must be the formation of vapor, and
ebullition is but the phenomenon of the rapid dlS(‘l‘lﬂ'ﬂ{?{*!‘IlDl]t of
vapor from the interior of a liguid

h&apamtmn in vacuo, being conducted under greatly redueed pres-
sure, is admirably adapted to the concentration of liquids holding
vegetuhle matter in solution, but is employed only in large manufac-
turing establishments, owing to the complicated and expensive appa-
ratus 1 necessary for the operation ; the process insures rapid evaporation
at a low temperature, without the possibility of injury from contact
with the air. In sugar refineries weak saccharine solutions are
rapidly concentrated in vacunm pans to avoid coloration and inver-
sion of the sugar. For the preparation of fluid and solid extracts,
evaporation in a vacnum apparatus offers advantages not obtainable
by any other method, as a low temperature and complete exelusion of
air insure the retention of soluble matter in its original form as
extracted from the drug. The vacuum apparatus consists of an air-
ticht boiler connected with a steam-bath and an air-pump operated
by machinery, for exhausting the air and vapor.

Spontaneous evaporation proceeds naturally, without the use of
external force, and consists in allowing vaporization to take place
at the ordinary temperature. It is due to diffusion of the vapor
of the liquid into the surrounding atmosphere, and its rapidity
depends upon the dryness and temperature of the air; the most
effectual means of promoting it, therefore, is to allow a current of
warm, dry air to pass over the f-,ul,ﬂi,m of t|1{, evaporating }u]tml as
this will remove the superincumbent air as spon as diffusion into it
has taken place

The most desirable evaporating dishes for general use are those
known as Royal Berlin poreelain ware (see Fig. 149); they resist
sudden changes in temperature better
than other carthen vessels, and possess
the great advantage of not hcmg perme-
able by colored fluids.  When used over
direct fire, a picce of wire gauze should
be interposed between the flame and
the dish, so as to distribute the heat
more uniformly over the bottom of the vessel and prevent the
flame from striking any particular point. As glass and porcelain
vessels are liable to crack when suddenly brought in contact with a
cold surface after having been heated, it will prove economical to

Fic. 1440

Roval Berlin poreelain dish,
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place them on straw rings or
151), when hot; these also ser

Fiz. 150,
i
3 1!r!=£7',=:_-'. e
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=raw ring for supporting d:shes and flasks,

rubber grommets (see Figs. 150 and
ve admirably as supports to prevent

Fig. 131.

G rom mets.

tilting of round-bottom dishes and flasks. Grommets are easily
made by forming rubber tubing into a cirele and uniting the ends by

Fig. 152,

i

A

|:;'H“‘ﬁ1u

o e
Moss® mechanical stirver.

England, and consists of a 1}

means of a wooden plug; three short
pieces of similar tubing of larger size
are then placed one over the joint and
the others at equal distances apart,
which arrangement permits a circula-
tion of air around the bottom of the
vessel. Enamelled cast-iron dishes are
extensively used, but, owing to the
non-uniform expansion and contrac-
tion of the metal and enamel, the latter
is apt to erack and chip off, unless heat
be very carefully applied; the so-
called “agate ware” dishes are better,
being made of sheet-iron and then
enamelled. For neutral liquids, well-
tinned copper pans may be employed,
while for the evaporation of solutions
of canstic soda or potassa, silver or
perfectly clean iron vessels are neces-
sary.

Evaporation of liquids in open ves-
zels is materially facilitated by keeping
the liguid in motion, which, in small
operations, can be readily done by
stirring with a glass rod or porcelain
spatula, and on a large scale by means
of a mechanical stirver operated by
steam or water power. A simple form
of mechanical stirrer is shown in Fig.
152; it was devised by John Moss, of
inch shaft, 4, and a hollow shaft, B,

which readily slides over it. These shafts are fastened together at €,
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by means of a pin, and are held vertically over the centre of the evap-
orating pan by means of the brackets, D), attached to the wall. Power
for turning the shaft is supplied by a band passing around the

rooved pulley at E. To the lower end of B is attached a hard-wood
E]DL]-( on the opposite sides of which are fastened the stirring paddles,
x, which can be set at any desired angle, by means of winged-screw
huits as seen in the ent. The paddlvs which are usually made of
ash, may consist of solid blades, 2 feet long by 21 inches wide and
3 inch thick, but are preferably perfm‘ated with holes not less than 1
inch in dtameter which prevent the contents of the pan from mov-
ing around as a solid mass, and insure the formation of currents
of different sizes, moving at ditferent rates of speed, whereby evap-
oration is greutl_v facilitated.

Corrosive vapors are sometimes given off during the evaporation
of acid liguids ; to prevent these from contaminating the atmos-
phere of the store or laboratory, and also to avoid saturating the air
with moisture, evaporation may be conveniently conducted under a
hood nnmmuuuatmg with a flue. When evaporation is directed to
be carried to a given weight, a tared dish must be used, the dish and
contents being weighed from time to time until the desired weight has
been reached. If evaporation is to be carried to a given volume, the
simplest ‘plan is to measure the desired volume of water into a dish
standing on a level surface, then introduce into the centre of the liquid
a thin stick of wood and mark the height to which the water reaches
—the liquid to be evaporated must be reduced in this same dish until
it stands at the point indicated by the notch on the stick.

Desiccation.

Desiceation, or exsiceation, a process of drying completely, is
another method of evaporation, aml is employed for driving off’ the

Fig. 153. Frae. 154,

Hot-water drying oven. Hot-air drying oven,
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moisture from vegetable drugs, erystalline salts, precipitates, pills,
tablets, lozenges, ete. The tem perature for effecting desiceation may
vary from 40° C. (104° F.) to 200° C. (302° F.), the heating being
carried on either in the open air on sand-baths or in closed compart-
ments,  For small operations, and when heat not higher than 100° C.
(212° F.) is required, a portable water-oven (Fig. 153) will answer
admirably. This consists of a double-walled copper box containing
water, which may be heated to boiling, and thus heat supplied to the
interior compartment, which is provided with a perforated tray, a
closely-fitting door, and an opening in the top for the escape of
moisture. For tt-nqmmlmes above 100° C. (212° F.) a hot-air bath
(Fig. 154) may be employed. This consists of a single-walled copper
box through which heated air is constantly circulating, and which is
provided with a thermometer through an opening in the top. In large
manufacturing establishments desiceation is carried on in appropriate
drying closets built of kiln-dried wood and heated by coils of steam pipe.
The term exsiccation, in pharmacy, is usually reserved for a pro-
cess of evaporation in which (‘l'thﬂ“ll]{‘ salts are first moderately
heated to effloreseence, and then with mlhtdnt*—;tlrnng more Etluug]v
until all water of ery stallization has been expelled and the powder has
ceased losing weight.  Dried alum, dried sulphate of iron, and dried
sulphate of copper are prepared
by exsiceation. Exsiceated or
anhydrous salts may be restored
to their original composition by
simple solution in water,
Desiceator is the name applied
to glass apparatus of varied con-
struction, in which substances,
after having been completely
dried by heat, are allowed to cool
in air which is kept entirely free
from moisture by strong sul-
phurie acid, fused caleium chlor-
ide or freshly-burned lime, placed
in the lower cup of theapparatus.
Desiceator. Sometimes the desiccator is also
used to abstract moisture from
material which, owing to its volatile nature, cannot be exposed to
heat without loss or injury, and since sulphurie acid and lime both
have a great affinity for water, perfect desiceation can thus be effected.
Fig. 155 represents one of the styles of this very useful apparatus,
which is indispensable in quantitative chemical analysis,

Incineration, Calcination, and Torrefaction.

[ncineration, or reduction to ash, is a process of separation applied
to vegetable ma.ttm' which consists in heating it to redness in open
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vessels, with full access of air, until all carbon has been consumed,
or converted into carbon dioxide.

Caleination differs from incineration chiefly in being applied to
mineral substances, which are heated to redness without fusion, for
the purpose of expelling some volatile constituent at a high hl’.‘-"‘lt as
the earbonic acid from magnpesium and ealeium car bonates in the
preparation of magnesia (calcined) and unslaked lime, or the nitric
acid from mevcuric and cupric nitrates in the preparation of the
respective oxides.

Porrefaction, or roasting, is not so much a method of separation
as one which is intended to modify the properties of substances hy
exposing them to dry heat to a point short of carbonization.
Roasted coffee is probably the most familiar example. Thirty or
forty vears ago physicians used rhubarb, dried, and roasted in very
coarse powder, which had thus lost its cathartic properties, but had
retained its astringency,

Distillation.

Distillation differs from evaporation chiefly in the utilization of
the volatilized liquid, and in order, therefore, that no loss may occur,
the process must be conducted in certain closed apparatus, where the
condensation of the vaporized liquid may be effected.  As the appli-
cation of heat to a liquid is necessary to convert it into vapor, so,
inversely, the withdrawal of heat from vapor is essential to reconvert
it into a liguid, and these two operations constitute the process of
distillation ; the necessary apparatus, then, must consist of two
parts, a boiler, or vaporizer, and a condenser, to which may be
attached a separate receiving vessel. The condensed vapor is called
the distillate.

The rationale of the process of distillation may be :-.lemed as
follows: Heat is applied to a liquid in a closed vessel, and is absorbed,
which causes the liquid to change its state of a?gregatmn to that of
vapor ; the vapor enters the condensing tube, where it comes in con-
tact with the cold surfaces chilled by water on the outside ; immedi-
ately it begins to part with its latent heat, transferring it to the cold
surface and the water, and assumes again its original liquid form.

The temperature of steam not under pressure is 100° C, (212° I,
in addition to which it carries a latent heat of 550° C. (990° F.); if
steam is condensed and the distillate collected is to have a tempera-
ture of 50° C. (122° F.), at least 600° C. (1080° F.) of heat must
be given off or transferred to the water in the cooler. In other
words, each liter of water converted into steam requires six liters of
water at 0° C. (32° F.) to convert it back into water having a
temperature of 50° C. (122° F.).

Aleoholic vapor requires only about one-half as much cold water
for condensation as aqueous vapor, since its bﬂnsm]c hedt is 78.2° C.
(172.4° F.) and its latent heat only 215° C. (387° F.). The sensi-
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ble heat of the vapor of official diluted aleohol is 82° C, (179.6° F.),
and its latent heat about 260° C. (468° F.).

As such large quantities of water for condensing purposes are not
wactically available, the same object is attained—the withdrawing of
the latent heat from vaporized liquids as completely as possible—by a
continuous supply of cold running water. It has been frequently
observed in the preparation of distilled water, that more rapid econ-
densation takes place if the water surmundmg the condenser be sup-
plied slowly and thus allowed to become warm. The outlet, or lower
end of the condensing tube, should always be kept coolest, henee cold

FiG. 156,

Simple distillation from a fask.

water must be supplied at this point and carried upward. Care must
also be observed that the application of heat and refrigeration be
properly adjusted, so that vapor be not generated in excess of the
capacity of the condenser.

The simplest form of distillatory apparatus consists of a flask, or
retort, in which the liquid to be distilled is vaporized, and a receiver

Fra. 157.

Plain retort with adapter, o, and receiver, b,

immersed in cold water, in which the vapor is condensed. When a
flask is used, this is connected with the receiver by means of glass
tubmg, as shuu n in Fig 156, while in the case of the retort, connec-
tion is made either by means of an adapter, see Fig. 157, or by in-
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serting the beak of the retort directly into the receiver, as shown in
Fig. 158,
"0 cool the vapor still more thoroughly, the beak of the retort, or
the tube connecting the flask with the receiver, may be wrapped in
rt with eotton eloth, upon which a constant stream of cold water
is allowed to trickle, the water being prevented from running into
the receiver, by suspending the end of the cloth in the receptacle for

Fig. 135,

Tubulated retort and fask receiver.

waste water. Tubulated retorts have almost entirely superseded the
plain variety, as they possess the advantage of being more easily
filled and cleaned, and also admit of the introduction of a ther-
mometer or safety-tube, through a cork in the tubulure. A safety-
tube, Fig. 159, is often necessary in distillation from retorts or flasks,
to allow the escape of large volumes of vapor
accumulated and suddenly evolved, which
otherwise might endanger the apparatus or
cause the liquid to rise and flow over into
the condensing tube. Wide-mouth, flat-
bottom flasks are preferable to retorts, as
they can be more readily filled, connected
and cleaned, and are easily supported on a
sand or water-bath.

For many purposes, when the most perfect
refrigeration of vapor possible is desired, the
apparatus known as the Liebig condenser
will be found extremely useful, its construe-
tion being such as to insure a constant supply
of cold water around the condensing tube,
which can be readily connected with any
flask or retort by means of corks and glass
tubing. Liebig’s condenser consists of two
tubes, one within the other; the inner always
of glass, the outer of glass or metal and Safety-tube.
provided with attachments for supply and
waste of water, which is made to enter near the lower end and to
traverse the whole length of the outer tube before it is discharged
at the upper end ; therefore, as the vapor passes downward in the

11

Fia. 1560,
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inper tube it is continually cooled, and thus perfect condensation
effected hefore it reaches the receiving vessel.  Fig., 160 shows an
all-glass Liebig condenser attachable to any hltermtr stand and capa-
ble of being set at any angle or height, by means of the clam
support, to suit the position of the flask or retort with which it is to

be connected.
Fria. 160, Frc, 161,
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All-glass Liebig condenser, with adjustable clamy. Squibb’s upright condenser.

In order to economize space on the laboratory table, Dr. Squibb
has devised an upright condenser, also made of glass, which can be
attached, like the preceding one, to a stand ; it is very effective, and
differs from the Liebig condenser in having the condensing tube
doubled like a U, as shown in Fig. 161. The outer lines represent
the water-case tube, v v the vapor tube of U-shape with a small
opening at the lower end, from which the condensed liquid escapes to
a proper recipient, while any uncondensed vapor passes to the other
leg of the tube, is there condensed, and flows downward to the
outlet. = is the tube supplying cold water to the lower end of the
water case, which rises and finally flows out through .
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For large operations, condensation of vapor is usually effected in a
metal or stoneware tube bent in the form of a spiral, and known as a
condensing worm, see Fig. 162, inclosed in a metal or wooden case,
which is kept supplied with a constant stream of cold water. On
account of the difficulty encountered in cleaning the worm, other
arrangements have been suggested, some of which are extensively
employed in Europe. Fig. 163 represents the Beindorf condenser,
in which the vapor is made to pass through three straight tubes, con-

Fiz. 162. Frz, 163,

Worm condenser, The Beindorfl condenser,

necting with a common outlet tube ; by unscrewing the upper half of
“the globular chamber into which the vapor first passes, all the tubes can
be thoroughly cleansed. The Mitscherlich condenser, Fig. 164, dif-
fers from others in keeping the vapor in contact with two separately
cooled surfaces, which insures more rapid condensation ; as shown in
the illustration, the condensing chamber consists of a somewhat ta-
pering cylindrieal vessel, a, ending in a tube, the whole made of metal
(preferably block-tin), and resting on a support in a large metal or
wooden case, b; into this condenser is aceurately fitted at the shoulder
a similar metal cylinder, ¢, cone-shaped at the closed end. By means
of long funnel tubes cold water is continually supplied at the bottom
of the outer and inner coolers, b and ¢, which rises as it becomes
warmed, and flows out at the top at d and d; the distillate flows oft
into a receiver at f. In practice, the Mitscherlich condenser has been
found very effective, and if the inner cooler has been properly fitted
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to the condensing chamber, no escape of vapor need be feared; it is
readily taken apart and clmnpd and the only apparent dlsadvantage
lies in the double water supply and waste.

It frequently happens, when distilling from glass flasks or retorts,
that the liquid, although boiling at first qmeﬂ}f. suddenly begms
to evolve vapor violently, the phenomenon repeating itself from time
to time. This outburst of accu-
mulated vapor is termed bump-
ing, and although its true cause
has not yet been satisfactorily
explained, it is known to oceur
chiefly in smooth glass vessels ;
it is both annoying and danger-
ous, as it may result in fracture
of the vessel, or in the liquid
splashing upward into the con-
densing tube. DBumping may
be due to unequal heating of the
vessel, for if the flask or retort
be covered with a hood of paste-
board or metal, so that the heat
he {-qualli,'diif'used it occurs but
rarely and less violently. An-
other remedy consists in intro-
ducing angular bodies into the
liquid, such as pieces of pumice-
stone or glass, or a long plati-
num spiral, which will aﬂurd a
ready means of escape for the
vapor from the bottom of the
liquid. Prof. Proctor, of Eng-
land, has proposed as a very
effectual remedy, to pass a slow
current of air, hydrogen, or car-
bon dioxide, through the hot liquid ; for small n]wmtmns this may
be done by forcing a stream of air, by means of an India-rubber
ball bellows, through a glass tube drawn out to a capillary tube and
dipping to the bottom of the liquid, while heat is being applied. Ebul-
lition is said to go on smoothly so lnug as this is contmued but bump-
ing will commence as soon as the supply of air ceases. Another plan
which has been found very satisfactory, especially in the process of
distillation, is the suction of air through the retort by means of an
aspirator attached to the receiver.

For the recovery of alecohol from weak percolates in the concentra-
tion of vegetable solutions by distillation, special metallic stills have
been devised. Those made of heavily- ~tinned copper, of one- to five-
gallon capacity, will be found most desirable for pharmacists. Hi
lﬁa, 166, 167, and 168 represent different styles of pharmaceutmal

Fig. llrl

The Mitzcherlich condenser.
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stills in use at the present time. Beck’s still (Fig. 163), designed
in 1893, is one of the best stills made for the concentration of weak
permlates and the recovery of alecohol. It is simple in construction,
efficient in condensing power, and easily cleaned. It is made of

FIG. 163,

Boek's pharmacentical still.  (Exterior view.)

(Interior view.)

heavily-tinned copper, and the evaporating pan has a capacity of two
gallons. The eold water, which is made to cirenlate freely between
the double walls of the cone-shaped head, is supplied near the base on
one side, at @, and discharged at the top on the other side, at 5. The
vapor is condensed on the under side of the still-head, the distillate
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collecting in two gutters or troughs, one above the other, whenee it
is discharged through a common outlet, ¢, as shown in Fig. 165. The
water-bath and condenser are securely clamped together by means of
six bolts and nuts, the rim of the evaporating pan being interposed
between two flat rubber rings, and an air-tight joint thus pro-
duced. A small tube on the side of the water-bath is for the
escape of steam, and if about one and a half gallons of water be put
into the bath when the still is started, it will not require refilling for
about twenty-four hours. If the quantity of liquid to be distilled is
in excess of the capacity of the evaporating dish, the latter may be
refilled by means of a long-stem funnel through the opening in the
apex of the still-head. The Beck still can be heated with either gas
or oil, and if water attachments are not convenient, a barrel of eold
water may be placed at some height above the still, from which the
condenser can be supplied.

The special features of the Remington still (Fig. 166), are the
peculiar shape ot the still-head and the construetion of the condenser.
In the former, the opening for the passage of the vapor is drawn over

FiG. 166G,

e i -

The Remington still.

to one side, instead of being in the centre as usual, by which arrange-
ment the condensing surface of the head is greatly reduced and con-
densation of vapor within the body of the still obviated as far as
possible. The condensing tube represents a multiple Liebig con-
denser, seven block-tin tubes being so arranged within a copper case
that cold water is constantly circulating between them. Two ground
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brass joints are used—one at the point of juncture of the condenser
with the still-head, the other where the nose-piece is attached to the

Fic. 167,

The Prentiss aleohol-reclaimer,
end of the condenser. The capacity of the still is three gallons, and
by the siphon arrangement shown in Fig, 166 it is possible to feed
the still from a reservoir while distillation is in progress.

FiG. 165,

The Anderson amtomatic still,

The Prentiss Aleohol-reclaimer (Fig. 167) is easily operated. It
is made of tinned copper, and is pr ovided with an upright column, B,
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screwed to the top of the still, in which is placed a rod carrying a
series of perforated tin disks intended to increase the aleoholic strength
of the distillate by condensing the aqueous vapor, which then returns
to the still, while the vapor of alcohol passes on to the condenser
proper. The vapor passes from the column through a short tube, ¢,
to the condenser, which consists of a twelve-ounce copper can, b,
containing a tube bent zigzag, and supplied with cold water by means
of a funnel tube, B, reaching to the bottom of the can. The dis-

Frc, 164,

10d-gallon copper still, with upright condenzer.

tillate is collected at the outlet, G, a continuation of the zigzag con-
densing tube, while the waste-water flows out at ¥, which is con-
nected with the sink by means of rubber tubing,

The Anderson Automatic Still, Fig. 168, differs from the others
deseribed, in the continuous automatic supply of water to the water-
bath. The refrigeration of vapor is effected by a free circulation of
water between the walls of the cone-shaped condenser, as in the
Beclk still, the distillate eollecting in a gutter at the base of the cone.
The water in the condenser gradually becomes warm and flows into
the water-bath, which is kept filled to a uniform height by means of
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an overflow pipe, and thus the necessity of replenishing the boiler
with cold water from time to time, in large operations, is obviated.
The liguid to be distilled is heated in a broad, shallow evaporating
dish, from which the alcoholic vapors rise rapidly, owing to the large
extent of surface exposed,

Automatie stills are recommended and largely used for the distil-
lation of water, but, when absolute purity is desired, it must not be
overlooked that in automatic stills, the air and Uther gases contained
in the water are sure to pass out with the steam and redissolve in
the condensed vapor, so that, while all non-volatile impurities are

Fra. 150,

Large copper still, with worm condenser,

removed, volatile matter is sure to contaminate the distillate. Dis-
tilled water entirely free from air and all other impurities can only be
obtained by rejecting the first portion of the distillate (about 10° per
cent.), which contains the volatile matter, and allowing the last ]mi‘tlcm
(about 10 per cent.) to remain in the ut:[I this will retain all mineral
impurities and such decomposition pruducta as may result from the
prolonged action of heat on organie constituents. Only about 80 per
cent. of the volume of water to be distilled should be collected and
considered absolutely pure. The tubes in which the aqueous vapor is
condensed must be of glass or pure block-tin.

In the manufacture of fluid and solid extracts and similar prepa-
rations, on a large scale, stills heated by steam are employved for the
concentration of weak ;mm:rhtc-; and the recovery of alcohol from
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the dregs. Such stills are made of heavily-tinned eopper, and will
hold from 50 to 250 gallons of percolate. The boiler, or evaporating
pan, is partly enclosed in a copper jacket provided with an inlet and
outlet for steam, by which means heat is supplied to the liquid. Figs,
169 and 170 11;11*&{11!: two large steam stills of different designs,

Frag. 171,

Still and condenser designed by Dr, Charles Rice,

Condensation of the aleoholic vapor is effected by either a worm
or an upright condenser, the latter usually consisting of a number of
straight block-tin pipes encased in a copper eylinder, on the prinei-
ple of the Liebig condenser.
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The still designed by Dr. Rice (see Ilig. 171) presents the pecu-
liarity of having the condenser situated immediately above the still-
head, which is for the double purpose of saving ﬂm}rqume and allow-
ing the condenser to be used as a reflux condenser in the case of
continuous percolation, as explained below. The case enclosing the
condensing coil is made of copper, has a rou nded bottom, and is
closed at the top ; cold water is supplied at the bottom at B by means
of the rubber tube, A, and is discharged at ¢, near the top, by means
of a tube leading to the waste-pipe, p. The small tube near s,
usually closed with a cork, is for the purpose of emptying the water
without removing the tabe A. The head of the still is provided with
three short tubular openings, one for refilling the still when required,
another for inserting a thermometer, and the third, shown in the cut,
for carrying a safety tube, L. T he vapor-pipe starts from the still-
head at E, and is connected with the projecting end of the block-tin
condensing coil, near the upper part of the tank, at E. The worm
inside of the condenser tank has a uniform downward descent, and
emerges at F, extending a short distance to the joint, by means
of which it is connected with a block-tin pipe, 1, leading to the
receiving vessel. The head is attached to the body of the still
by means of a rubber washer and iron clamps, and can be readily
removed, after taking off the clamps, by attaching the tackle, K, to
the top of the condenser and hoisting the whole ulmal*d Steam is
admitted to the jacket at a, and N is the exhaust pipe for the same.
About the middle of the lower projecting end of the condensing tube
a branch passes downward back to the still at G, and terminates under
the head, in the form of an €/, which trap prevents any condensed
liquid from flowing back into the still should the stopeock at 1 be
open. The object of this branch pipe is to carry the condensed alco-
hol back to the still when the apparatus is used for continuous perco-
lation of such substances as nux vomiea, aconite, ete.  When the still
is to be used for this purpose, a large tin-lined copper percolator, into
which the moistened drug has been packed and covered with a felt
diaphragm, is securely clamped between the head and body of the still,
into which menstruum has previously been poured. When steam is
admitted to the jacket the alcohol is vaporized, recondensed in the con-
denser above, and made to flow back to the Etlll and on to the drug in
the percolator by means of the branch pipe and stopeock at 11, tlu-tnlw
J, having been dhwuneelﬂl and the joint closed with a cork. The
peunl..lte collects in the body of the still and the alcohol is again
vaporized as before, the process continning at the pleasure of the
operator, and the drug being thoroughly exhausted with a minimum
quantity of menstruum. Thus, pmlmlfw:d digestion and continuous
percolation of large quantities of dr ugs can be successfully carried on
in this apparatus without any loss of Faleohol.

The so-called dreg stills for the recovery of aleohol from the mare
are sometimes made of 300 or 500 gallons capacity, of heavy copper,
but not jacketed; as no injury ean be done to the exhausted
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material by heat, live steam is passed directly into the still-body
containing the mare, and the aleohol is thus rapidly vaporized and
forced into suitable condensers.

Vacuum stills are necessarily of a somewhat different construction,
and, as already stated on page 151, are only used in large mauu-
facturing establishments, where the concentration of bulky vegetable
solutions, at low temperatures, is frequently desired. Without the
use of vacuum apparatus, the evaporation of solid extracts, without
injury, to a condition suitable for powdering, would be an impossi-
bility. Fig. 172 represents a large vacuum still in operation at the
establishment of Sharp & Dohme, of this city, to whose courtesy I
am indebted for the privilege of giving a photnbraphm reproduction
of the apparatus. The still proper consists of an egg-shaped vessel
of heavy tinned copper, partly encased in a jacket, to which steam is
wupplud i it is provided with a vacuum gauge, thermometer, sight-
olasses thlumrh which the process of {'VﬂpDI’ﬂtiﬂn may be watehed,
and an ingenious stirring apparatus attached to the vertical shaﬂ:,
operated Iw means of the two ceared wheels seen above the still,
The ]lqlml to be evaporated iz supplied automatically through the
tube seen projecting from the side of the still, to the right of the
wheel which operates the clamp holding the man-hole cover in posi-
tion. Cleaning of the still is effected thluugh a large man-hole in
the lower front of the still-body. The vapor of the evaporating
liquid passes through the large tube projecting laterally from the
*-tllf head, into a series of condensing tubes resting in a large iron
tank pruvided with a constant supply of water; any vapor escaping
condensation in these tubes, which may happen on account of its more

rapid movement caused bv the action of the vacaum pump, will be
caught and condensed in the Liebig condenser situated diagonally
underneath the iron tank. The distillate is finally discharged
throngh the large spout which may be seen emerging from the valve
box connected with the pump about the centre of the lower part of
the figure.

The ravefication of air in the apparatus is accomplished by means
of an exhaust pump sitnated under the condensing tank and com-
municating with the condensing tubes,

When the still is to be operated, the pump is started, exhausting
the air from the still until the desired vacuum is reached, as indi-
cated by the barometric gange attached to the wall between the still
and the ¢ ondensing tank, and connec ted with the still by means of a
two-neck bottle and a block-tin pipe. A rubber hose dipping into
the liquid to be evaporated is then connected with the projecting
tube to the right of the man-hole, and the stopcock in the tube
having been opened, the liquid is allowed to flow into the still by
atmospheric pressure until it reaches the desired height in the still,
after which the stopeock is partially closed and so set that the sup-
plv of liguid is automatically kept up in proportion to its evapora-
tion—the aim being to preserve, as far as possible, the original volume
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of the liquid in the still. By this arrangement, large volnmes of
percolate can be concentrated in a comparatively short time, without

taking the still apart or interfering in any way with the distilla-

Fria., 172

Large vacuum still and condensing tank.

tion of the menstruum, Evaporation taking place at a low tempera-
| ture and _w1t|1 entire exclusion of air, no possible injury can occur to
the constituents in solution.

i



174 (ENERAL PHARMACY.

Fractional distiflation is the name applied to a process intended to
separate liquids of different boiling-points, and is often a valuable aid
in determining the composition of a mixture, or in the purification
of certain chemicals, It necessitates the introduction of an accurate
thermometer into the retort, flask, or still, so that a change in the
boiling-point may be promptly observed and the receiving flask
changed accordingly. As all liquids will begin to vaporize before
their boiling-point is reached, perfect separation is impossible in a
single operation ; it is, therefore, customary to eollect the liguids con-
densed during a certain range of temperature in the still, and to Hllh
ject these again to the same process of fractionation, until finall
pure itquul showing a stationary boiling-point is obtained. As an
example, may be cited a mixture of ether, Lh]urufm m aund alechol.
If pure, the three liquids will boil at 37° C,, 60.5° C., and 78° C,
respectively ; but a mixture may possibly boil at about 40°, when

all of the ether will distil ov er, together with small portions of chloro-

form and traces of aleohol. As the temperature rises to 65° C., the
distillate will consist of chloroform mixed with small portions of
alcohol ; and finally, at 78° C., aleohol alone will distil over. By
chdngmg the receiving flask at 40° C. and 65° C., fractions will be
obtained entirely different in composition from the original.  If the
first fraction be now distilled, the liquid will probably boil near
38° C, and by carefully watc hmg the thermometer and changing the
receiver, ether almost entirely free from chloroform and aleohol may
be obtained. By thus carefully collecting the fractions at fixed
temperatures and re-distilling each by itself, more thorough separa-
tion is possible.

During the ebullition of a pure liquid no change of temperature
will be indicated by the thermometer, but in a mixture of inter-soluble
liquids, a gradual rise will continue as the more volatile are vapor-
ized, this rise being slow or rapid as either the more volatile or less
volatile liquids predominate, If a mixture of only partly miseible
liquids be subjected to distillation, the temperature will remain sta-
tionary tlurm;} the ebullition of hiie more volatile liguid and only
begin to rise when the same has nearly all been vaporized. In such
cases almost perfect separation can be effected, particularly if the
boiling-points of the liquids lie far apart. Examples benzin and
alcohol, or aleohol and oil of turpentine. Numerous coal-tar pro-
ducts are obtained by fractional distillation.

Tractional condensation is closely allied to fractional distillation,
and 1s largely em pln:uwd in the rectification of aleohol and the pur!ﬁ—
cation and concentration of glycerin and other liquids. It is
effected by passing the mixed vapors into a series of condensers kept
at regular temperatures, each suceeeding one being cooler than the
one which precedes it.

Destruetive distillation is the process of heating dry vegetable or
animal matter, in suitable closed vessels, until everything volatile has
been expelled and a fixed residue is left. As the name indicates, the
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process involves the destruction of the original compound, whereby
products of simpler composition are obtained. In order to avoid oxida-
tion, destructive distillation must be carried on in closed apparatus
with entire exclusion of air, and as the heat necessary is in most cases
far greater than that to which glass vessels could be safely exposed,
iron retorts or cylinders are employed. The residue left in the iron
retort is often a fused mass insoluble in water, which necessitates
mechanical means for its removal. The pmdmts of destructive
distillation, in their crude state, are usually accompanied by a peculiar
smoky odor called em yreuma, said to be due to an oil developed
during the process of {E;LUDIPDSIH{JII ; this is subsequently removed by
rectification. The most striking E}.amples of destructive distillation
are the manufacture of acetic acid from wood and of illuminating
gas from coal,

Sublimation.

Sublimation is the term applied to the process of vaporizing vola-
tile solids and condensing the vapor back into a solid ; it must not
be confounded with the term dry distillation, which is frequently
used in place of destructive distillation. T he product of sublima-
tion is known as a sublimate, and may occur either in the form of a
fine powder or compact masses.

The object of the process of sublimation may be the purification
of a substance by separating the volatile solid from less volatile or
fixed impurities, as in the case of sulphur, camphor, naphtalene, and
iodine, or the separation and collection of volatile solids resulting
from chemical reaction at higher temperatures, as in the case of
pyrogallol, calomel, and mercurie chloride.

The apparatus consists of a subliming vessel made of iron, glass,
or earthenware, and a condenser adapted to the volatility of the pro-
duct, the cﬂndcnsmh surface being kept sufficiently near the source of
heat to avoid cooling of the vapor before it reaches the condenser.
[f the temperature of the condenser is but little below that of the
subliming vessel, the vapors of the volatilized substance will not con-
dense until they strike the surface of the condenser, and will form
in compact masses, frequently in crystalline condition; as for instance,
arsenous acid, corrosive mercuric chloride, ammonium carbonate, and
commereial sal-ammoniac. In order to obtain the sublimate in the
form of powder, the air in the condenser must be decidedly cooler
than the temperature at which the substance volatilizes, becanse then
the vapor will be immediately cooled and rapidly deposited in very
small particles, as in the case of calomel, sulphur, and camphor
when intended for subsequent compression,

The process of sublimation is confined to the larger operations of
the manufacturing chemists, but can be demonstrated in a small way
by placing a few grains of ramphm‘ or iodine in a long test-tube and
then heating until all has been volatilized ; in a few minutes the
substance may be gathered in the form of wn small crystals from
the upper part of the tube.



CHAPTER XI.
CRYSTALLIZATION.

THE subject of crystallization, while a most important branch of
mineralogy and chemieal ph*,'sw is of less value in pharmacy
proper ; but, as the Pharmacopeeia ‘makes frequent use of terms be-
longing to the study of erystallology, and as the pharmacist may haye
occasion to resort to erystallization for the purpose of determinin
the character and quality of substances, a short notice is deem
desirable,

Crystallization may be looked upon as another method of separa-
tion, as it is frequently employed for the purpose of removing

'IlT,I]']'II'I,It.IE,E- fl‘(}m (l?Et&"lmblE Eﬂb'

IG5 stances. The term crystal is ap-

- b plied to solid inanimate bodies of

| 1 regular internal structure and defi-

nite geometrical form, bounded by
: plane surfaces and having angles
! : 0 of fixed and constant values. The
] assumption of such distinctive geo-

1— K metrical forms occurs, as a rule,
: during the change taking place in

i T the state of aggregation of sub-
e e S B a4 stances from the gaseous or liquid
m to the solid condition; in a few
E; 4 cases it oceurs also in solid bodies,

as iron and brass wire.
In the preliminary study of erystallography, the meaning of the
following terms must be considered.

Faces are the plane surfaces bounding the erystal (see abde, efhyg,
abfeand bfhd, Fig. 173).

Fidges ave the lines of intersection of two adjoining faces (see ef,
ab, fh, bf, db, eg, ea, gk, gf, ¢d, ca, cg, ete., Fig. 173).

..‘iﬂ!}ff& are the points formed h}r 'intersection of three or more
faces (see Fig. 173), ¢, formed by abef, eacy, and efhg; f, formed
by bdhf, baef, and ffq.-’i. e, formed by dhige, abde, and aege, ete.

Axes are imaginary lines "drawn through the centre of the erys-
tal, around which the symmetrical deposit of matter has occurred
dmmg the formation of the crystal (see ik, lm, and no, Fig. 173).

Amorphous (without form) ‘designates the absence of crystallme
form and struecture, as in acacia, starch, gelatin, ete.

Di- or tri-morphous (of two or thiee f—urmsj, indicates that the sub-
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stance occurs in two or three distinet crystalline forms, as carbon,
silphur, ete.

Polymorphous means of many forms,

Isomorphous (of the same form) indicates that two or more sub-
stances to which the term is applied, erystallize in the same form;
thus the chlorides, iodides, and bromides of sodium and potassium
are isomor pll{ms. Isnmurphum bodies are known to resemble each
other algo in chemical composition, and to permit of a ready inter-
change of constituents, as in the case of the various alums.

Ufm-mg& is the tendency of most crystals to split in particular
directions, affording usually even and frequently polished surfaces, the
direction being always parallel with the planes of the axes, or with
others diagonal to these. While some crystals cleave very easily, in
others this tendency is scarcely discernible,

Tabular crystals are such as erystallize in flat plates, as potassium
chlorate, iodine, strontium iodide, ete,

Laminar cr?stals are such as crystallize in thin plates, as acet-
anilid, naphtol, calcium hypophosphite, ete.

Acicular erystals are such as occeur needle-shaped, as aloin, cin-
chonidine sulphate, quinine salts, ete,

Prismalie crystals are such as resemble a prism, being extended
chiefly in the direction of the longest axis, as salicylic acid, san-
tonin, cinchonine sulphate, ete.

Orthomelric refers to the measurement of the angles, and is used
to signify that the three axes intersect each other at right angles.

(linometrie refers to the intersection of the axes at oblique angles,

Holohedral, applied to crystalline forms, signifies that the full num-
ber of faces requn'ed by perfect symmetry are present,

Hemihedral signifies that only one-half the number of faces re-
quired by full symmetry are present.

Crystals are formed according to fixed laws of Nature, and there
can be no doubt that the force of cohesion plays an important part
in their formation; but no one knows how, or why, the molecular
Hﬂrti{:lns of certain substances arrange themselves into symmetrieal

eposits, around a common centre, in a manner to give rise to
numerons distinet and definite forms,

The large variety of forms in which crystals appear, depends en-
tirely upon the number and length of the axes and their relative
inclination—that is, the angles at which they intersect each other.
All erystalline forms bave been reduced by scientists to two main
groups, the orthometric and the clinometric groups (see above), and
these have again been subdivided into six systems: the orthometric
group comprises the regular, quadratic, rhombic and hevagonal sys-
tems ; the clinometric group, the monoclinic and triclinic systems. As
all LT}'SI’{I]‘-} belong to one or the other of these systems, the salient
features of each should be studied.

1. The Regular System, also known as the Monometrie, Cubie,
Oectohedral, or Tessular Svstem,

1%



178 GENERAL PHARMACY.

Crystals of this system have three axes of equal length, which
intersect each other at right angles, as shown in Fig. 174, '
The fundamental forms of this system are the cube and the octo-
hedron, Figs. 175 and 176.

Frc. 174. Frg. 174,
[}
b L d
i
& a
rj_
c s
Axos of the regudar system, The eube.

Alum, phosphorus, arsenic trioxide, diamonds, alkali iodides,
chlorides, fluorides and eyanides, as well as many metals and their
sulphides, erystallize in this system.

2. The Quadratic System, also known as the Dimetrie, Square
Prismatie, or Tetragonal System.

FiG. 176. Fi1G. 177,
(1}
e d
2
b
Regular octohedron. Axes of the guadratie system.

Crystals of this system have three axes intersecting each other at
right angles, two of which are of equal length, and one either longer
or shorter than the other two; the two equal axes are
secondary axes, while the third is termed the primary axis, See
Fig. 177, |

The fundamental forms of this system are the guadratic octo-
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hedron (also called square-based double pyramid) and the right-
square prism, Figs. 178 and 179. The pyramids of this system
have square bases,

Fie. 178, Fia. 178,

.......
________

.....

-----

......

Ouadratic octohedron. Right square or quadratic prism,

Among the modified forms are the truncated quadratic octohedron,
Fig. 180, and the quadratic pyramidal prism, Fig, 181.

Fia. 180, Fia. 181,

Truncated guadratic octohedron. Cuadratic prism with pyramidal ends.

Potassium ferrocyanide, calomel, nickel sulphate, boron, tin,
stannic oxide, magnesium sulphate, zine sulphate, ete., erystallize in
this system,

3. The Rhombic System, also known as the Trimetric or Right
Prismatic System.
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~Crystals of this system have three unequal axes intersecting each
other at right angles, shown in Fig, 182. The fundamental form of
this system is the rhombic octohedron or
right rhombic double pyramid. See Fig.
183. A modified form is the rhombic
six-sided prismatie pyramid, Fig. 184,
Potassium sulphate and nitrate, resorein,
zine sulphate, citrie acid, iodine, rochelle
salt, mercuric chloride, barium chloride,
tartar emetic, codeine, salicylic acid,

FiG. 182,
a
b m d
f
C
Axes of the rhombic system. Rhombie octobedron.

piperin, Epsom salt, silver nitrate, ammonium sulphate, cream of
tartar, etc., crystallize in this state,

4. The Hewagonal or Rhombohedral System. Crystals of this
system have four axes, three of which are of equal length and are
called secondary axes, whilst the fourth, known as the primary axis,

FiG. 154, FiG., 185,

i RS .

4
/ b
Rhombie prism, Axes of the kevagonal eystem,

is either longer or shorter than the other three. The primary axis is
at right angles to the plane of the secondary axes. which intersect
each other at acute angles. See Fig. 185,

The fundamental form is the double six-sided pyramid, Iig. 186.
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The rhombohedron, Fig. 187, and the regular six-sided prism, I7ig.
188, are modifications of this system.

Fra. 186, FIe. 187,

Double six-sided pyramid. B hombohedron.

Sodium nitrate, camphor, graphite, ammonium chloride, ice, calc-
spar, thymol, metallic bismuth and antimony, arsenic, silicic acid,
ete., erystallize in this system,

5. The Monoclinic System, also known as the Monosymmetrie,
Clinorhombic or Oblique Prismatic System.

Fra. 183, Frc. 134, Fie. 190,
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b
Six-sided prism, Axoes of the monoelinie system,  Monoclinic double prramid.

Crystals of this system have three unequal axes, two being obliquely
inclined to each other, the other axis forming right angles with these
two. See Fig. 189,

The fandamental forms of this system are the monoclinie double
pyramid or octohedron, Fig. 190, and the monoclinic prism, Fig. 191.

Ferrous sulphate, borax, lead acetate, cupric acetate, tartaric acid,
potassium chlorate and sodium acetate, sulphate, thiosulphate, phos-
phate and carbonate, erystallize in this system.

6. The Triclinic System, also known as the Asymmetrie, Clino-
rhombohedral, or Doubly Oblique I’rismatic System.
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This is the least regular of all the systems, the erystals having
unequal axes, all obliquely inclined to one another. See Iig. 192,

Fia, 191. Frg. 192

—

Monoelinic prism. Axes of the friclinie system.

The fundamental forms of this system are the triclinic prism,
Fig. 193, and the triclinic octohedron, Fig. 194.

Fra. 193. Fic. 194,

Triclinic prism.

Cuprie sulphate, potassium dichro-
mate, gypsum, boric acid, manganous
sulphate, ete., eystallize in this system.

The pyramidal form of crystals is
found in all the systems above de- #
seribed, while the cube is confined to Triclinic pyramid.
the regular system, and prisms are met
in all but the regular system. The proper classification of a erystal
may be determined by measurement of the angles and subsequent
ealeulation of the length and inelination of the axes; the instru-
ment used for this purpose is known as a goniometer.,

Various methods are employed for obtaining erystals, dependent
upon the nature of the snbstance to be erystallized : thus, by sub-
limation ; by deposition from supersaturated solutions as they ecool ;
by deposition from solutions during slow evaporation of the solvent ;
by precipitation ; by fusion and partial cooling ; by the action of a
galvanic eurrent upon a solution ; and by the addition of a substance
having a strong affinity for the solvent, thereby withdrawing it
from the solution. The method generally followed is the gradual
separation from supersaturated solutions as they cool ; if a solution
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of saline matter made with aid of heat is allowed to cool slowly, the
water will gradually evaporate, and in some cases a part of it will
unite intimately with the soluble substance to form crystals. Water
which is thus appropriated, and which is essential to the constitu-
tion of the erystals, is called waler of erystallization ; it varies greatly
for different substances, ranging from 5 to 60 per cent. of the weight
of the erystals, Crystalline bodies in which this water is entirely
absent are said to be anhydrous. Some salts combine with various
proportions of water of crystallization according to the temperature
at which erystallization takes place, the crystals assuming different
f'ﬂrmsaem ing to the amount of water taken up; sodinm carbonate,
sodium l}hﬂsphate, and zine sulphate, are E“'{amplﬂs of this class.

Some crystals will part with a portion of their water of ecrystal-
lization when exposed to the air, particularly if the latter is slightly
warm ; they gradually lose their tmnupamnm and the surface be-
comes opaque from a deposit of dry powder. This change is termed
effloreseence, and is frequently observed in Epsom salt, sodium car-
bonate, and borax. Other crystals are inclined to absorb moisture
from the atmosphere, and in some instances even to such an extent as
to liquefy ; the terms hygroscopic and deliquescent are used to designate
this peculiar property, the latter applying to the more aggravated
form. Potassium hypophosphite, zine chloride and iodide, potassinm
acetate and carbonate, and lithium bromide, are examples of deliques-
cent crystals. Asa rule crystals containing water of crystallization
do not absorb mmstm'e from the air, although caleium chloride,
potassinm citrate, and sodinm hypophosphite are marked exceptions.

Besides the water needed for erystallization, some is also at times
mechanically retained within the erystal during the formation of the
latter, and is violently expelled npon application of heat ; such water
is called inferstitial water, because it fills small interstices or spaces
in the erystal, and water Ef decrepitation, because it causes the crys-
tals to d-&(.l'&pll’dtﬂ or crackle when heated, due to slight explosions
cansed by the escape of aqueous vapor from a confined space. [t is
impossible to erystallize all of the substance held in solution, by a
single operation—a portion will remain in solution in some of the
water, and this liquid constitutes the mother-liguor, which also retains
the more soluble impurities. By further concentration the mother-
liguor can be made to yield fresh crops of crystals.

The time necessary to complete erystallization will vary with the
nature of the dissolved body ; the end may be assumed to have been
reached when the solution has attained the temperature of the sur-
rounding atmosphere, and the time for this must vary, since the dis-
solved body, by again taking on the solid form, is continually giving
out latent heat to the qm‘mundm;_, solution, and thus the actual cool-
ing is retarded. IFor small quantities and not very soluble substances,
thenty-f'uur to thirty-six hours should be allowed, while large volumes
of solution of readily soluble matter will require from three to six or
eight days.
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In order to obtain large and well-formed erystals the solution
should not be made too concentrated, and should be carvefully filtered
to obtain a perfectly clear liquid, which should be allowed to remain
undisturbed and protected against dust, in a moderate temperature ;
it is the very slow evaporation of the solvent that enables, the par-
ticles of dissolved matter to arrange themselves harmoniously and
symmetrically around the centre of the crystal forming. Perfect rest
is equally essential, as agitation of the erystallizing solution tends
to disturh the gmdua] uniform deposit and causes the formation of
small and imperfect crystals, as in the case of commercial magnesium
sulphate, zinc sulphate, ete,

The proper degree of concentration of the solution must be de-
termined by the *-ulnlnlltv of the substance to be erystallized. If the
substance is only moderately soluble, the solution may be evaporated
until a erystalline crust or pellicle bvgl ns to form on the top of the
liquid ; but in the case of very soluble substances such a degree of
concentration would be too great, and a better plan is to evaporate
the solntion until a small portion transferred to a glass plate erystal-
lizes within a reasonable length of time. In large operations, the
manufacturer relies upon the density of the solution as indicated by
the hydrometer, and evaporation is continued to such a point as
experience has taught to be most desirable for perfect crystallization.

The vessels best adapted for erystallization are deep rough-glazed
stoneware basins, called erystallizers, frequently arranged with a lip
to facilitate the decantation of the mother-liquor ; wooden vats are
also extensively employved by manufacturing chemists, and in some
cases these are lined with lead. For very small ﬁpmatmn& glass or
porcelain dishes may be employed, but their smooth surface is not
favorable to the depn::cnt of cry stals,

Crystallization is often facilitated by placing insoluble foreign
substances in the solution, which form starting-points or nuclei for
the process, and to which the erystallizing substance readily attaches
itself’; pieces of string, wire, wood, ete., may be used for the pur-
pose.  Sugar is thus ecrystallized in the form of rock-candy, by
stretehing strings transversely across the boxes and tubs into which
the syrup is poured.

Since crystals do not increase in size from within, as do animals and
plants, but grow from without, by deposition of solid matter npon
their surface, it is possible to procure large and well-formed crystals,
for specimen purposes, by suspending a erystal in a saturated solution
of its own constituent matter. This proceeding may be termed
nursing a ::ryﬁtﬂl. Isomorphous crystals are capable of growing in
each other’s solution ; hence if a erystal of potassium alum be sus-
pended in a solution of ferric alum or chrome alum, the latter will be
found uniformly deposited, and thus a complete en Vell:-pe of chrome
or ferrie alum will grow on the original erystal of potassium alum.

=

P -

A



CHAPTER XII.

CLASSIFICATION OF NATURAL PRODUCTS USED IN
PHARMACY.

PrANTs, either spontaneously or after due subjection to various
processes, yield certain vegetable substances which are extensively
employed in pharmacy, and which, owing to their different behavior
as to composition, solubility, ete,, have been divided into distinet
classes, thus: gums, resins, oleoresins, gum-resing, balsams, fats, essen-
tial oils, ete. Unfortunately the names which from long uszage have
been applied to some drugs are not in all cases indicative of their
true nature ; hence a knowledge of the characteristics of each class of
plant produets is essential to guard against errors in nomenclature,
which are of daily occurrence in commercial transactions; for in-
stance, the names balsam of fir and balsam copaiba are applied to
substances belonging to the class of oleoresins, and not mntamlnu
any of the principles which characterize the balsams* gum guaiae
and gum mastiche are pure resins; gum benzoin belongs to the class
of balsams, and gum opium is an inspissated juice of complex com-
position.

True gums are amorphous exudations wholly soluble in cold water,
which are not affected by iodine, but are precipitated by aleohol and
solution of lead subacetate, the latter being a most delicate reagent
for the presence of gums. Neutral or normal lead acetate is readily
miscible with solutions of the true gums, of which acacia may be
taken as a type. A class of substances formerly called gums are now
more appropriately known as mucilages, because they differ in several
respects from the true gums; they are not {umplr-iel_y soluble in
water (cold or hot), but absorb the same, and in some instances swell
to a gelatinoid mass. Mucilages are frequently mixed with starch,
which is easily detected by the blue color produced upon addition of
iodine solution, lmgamnth and the gummy constituents of flax-
seed, elm bark, quince seed, ete., belong to the class of mucilages.

Resins are secretory pmduuts, in some instances the result of
oxidation of wvolatile oils, and are widely diffused in the vegetable
kingdom ; they are wlmlh insoluble in water, except in the presence
of u,usatu, alkalies, but are readily soluble in- aleohol, ether, and
chloroform, and f'requeutl;r in fixed and volatile oils. Resins are
mostly solid and brittle at ordinary temperatures, generally amor-
phous, readily fusible and inflammable, become negatively electrie
by friction, decompose before volatilizing, and are precipitated from
their solutions by water and acids. Pine re.'-sin, mastiche, jalap resin,
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and guaiac resin, are examples of this valuable class of plant pro-
duets,

Oleoresins oceupy a position intermediate between resins proper
and volatile oils, and partake of the properties of both classes ; their
existence confirms the view held as to the formation of some resins in
plants, and their consistence varies with the relative proportions of
resin and volatile oil. Like the resins proper, oleoresing are insolu-
ble in water, but soluble in alcohol and ether ; they possess a marked
odor, due to the volatile oil present, which latter can he separated by
distillation, leaving the resin as a solid residue. White turpentine
is an example of solid oleoresins, and copaiba of liquid oleoresins,

Gum-resins exist in plants in the form of an adhesive milky juice
composed of variable mixtures of resin and gum suspended in water;
they are obtained as exudations, by wounding the stem or roof of the
plant and allowing the juice to dry spontaneously. The proportion
of gum and resin varies considerably, not only for different gum-
resing, but also for different samples of the same gum-resin, and those
lots are most valuable which contain the largest amount of resin.
The activity of the drug resides wholly in the resin, and this fact is
taken into consideration in the official formulas for the tinctures of
asafetida and myrrh. A peculiarity of all gum-resins is that when
properly triturated with water they yield milk-like mixtures termed
emulsions, which fact is due to the suspension of very finely divided
resin in the solution of gum ; these milk-like mixtures cannot be
obtained if the commereial finely powdered gum-resins be triturated
with water, but require the use of the natural product in coarse pow-
der. As pmmment gum-resins may be mentioned asafetida, myrrh,
scammony, and ammoniac,

Balsams are either resinous or oleoresinons secretions containing
benzoic or cinnamic acid, or both; it is the presence of these acids
which distinguishes the balsams from ordinary resins and oleoresins.
Balsams are soluble in aleohol, ether, or chloroform, but insoluble in
water, although the balsamic principles can be extracted by sublima-
tion or by treatment with hot water. Benzoin and balsam of tolu
are examples of resinous balsams, whilst storax and balsam of Peru
belong to the oleoresinous variety.

Fats and Fixed Oils.

The fats used in pharmaey are derived from the vegetable as well
as the animal kingdom, and are divided into fats proper and fatty
oils, the latter being known in pharmaey more particularly as fixed
mls when Etl‘lt}ﬂ}" pure they are, as a rule, colorless, odorless, and
tasteless. True fats are strictly chemical compounds of glycerin and
fatty acids, and are known as olein, palmitin, and stearin, the former
being liq md while the two latter are solid. In fatty oi l-a, olein pre-
dominates ; while in solid fats, palmitin and stearin are present in
greater pm;mrtu}ua Fixed mls as a rule, are liquid at ordinary
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temperature, while fats proper are of a soft consistence and mostly
}f:e]g llqmd fats when subjected to a gradually increased pressure ;
those of a firmer consistence are usually termed tallows or suets, and
such as arve brittle at common temperatures are known as waxes,
but these are not true fats. The origin of fixed oilsin plants is au{)
posed to be the starch, while in animal fats they are more probably
derived from albuminous matter. Fats are lighter than water, and
insoluble in that liquid ; sparingly soluble in cold aleohol, with one
or two exceptions ; hut, as a rule, freely soluble in ether, :Iﬂm‘ufnrm
petrolenm benzin, carbon dl‘?l‘l]]‘!hlde benzene, ete.; a lmt alcﬂhulm
solution of fats, in most instances, will iiepusﬂ: them in a crystalline
condition npon cnuling. All fats, whether liquid or solid, appear
greasy to the touch, and when dropped upon paper produce a stain
which cannot be dissipated by heat; they have boiling-points vary-
ing from 260° to 300° C. (500° to 5720 F ), and frequently, when
thus heated, undergo decomposition and give off acrid irritating
vapors. Fixed oils usually have a specific gravity of from 0.900 to
0.930 at 15° C. (59° F.), though occasionally it runs as high as 0.970,
as in the case of castor oil ; many oils do not congeal until the tem-
perature has fallen considerably below 0° C. (32° F.), while others
deposit solid matter at 10° C. (50° F.). Like water, fixed oils
expand upon congealing, and have been known to burst the vessels
containing them. Fats are not inflammable, but will burn more or
less readily by the aid of a wick. Nearly all vegetable and animal
fats mnqlst of a mixture of two or more fats, and when e:«:p:}wd to
the air become oxidized, many of them wmdualh‘ assuming a dis-
agreeable odor, dne to the liberation of “odorous fatty acids; this
condition is known as rancidity, and may be avoided by keeping the
fats as free from moisture as possible, in air-tigcht containers stored
in a dry, cool, and dark place. Rancid fats may be improved mrl
to a certain extent, restored, by washing them with warm water, o
by treating them with magnesia or other weak alkali, and uf'terward
washing them well. During the oxidation of fats by exposure to
air, heat is always ileveluped, and certain fabries, such as woollen
and cotton rags, which are known to be poor conductors of heat, are
liable to spontaneous ignition if saturated with fats and L"«.}HHL{] to
the air for some time. Fixed oils may be conveniently divided into
drying and non-drying oils ; the former upon exposure to air graduo-
ally thicken, and if in thin i:-wprq form varnish-like masses, whereas
the non- rll'wng* oils remain floid and become rancid.

Although fats are found in various parts of plants, those intended
for use are collected exclusively from the fruit and seed, and are
obtained either by expression or by extraction with some suitable
solvent ; the former process yields somewhat lower results, but is
pr eferred because less troublesome and productive in many cases of a
superior article. In Fig. 195 is shown an hydraulic press eatenawel:,
used for the EJ{]}I'«E‘SRI{)II of mustard, cotton seed, and linseed oils,
The erushed material, after being heated somew hat is placed in sacks
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or press-cloths between the series of plates, and pressure applied
from below, the oil being collected in the large box or trough, and
from there delivered into the receiving vessel. The residue from
certain seed expressions is used, under the name of oil-cake, as food
for cattle and hogs or for fertilizing purposes. Cold expression

s

Fic. 1%,

Steam press for fixed olls.

vields a finer oil than when heat is employed, although slight warm-
ing is generally resorted to =0 as to render the oil more fluid in the
seed and thus insure a better flow. Expressed oils are always more
or less contaminated with impurities, such as muecilaginous and albu-
minous matter, which are removed by allowing the oil to settle in
large tanks and drawing off' the clear liquid. Frequently filtration
is employed for improving the quality of the oil, felt or flannel bags

.
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being best adapted for this purpose. When purification of fixed oils
becomes necessary they are treated either with sulphuric acid, caustic
alkalies, zine chloride, tannin, or alkali earbonates, and subsequently
washed with hot water, after which they are carefully decanted.

The extraction of fixed oils is condueted in specially constructed
extractors, frequently so arranged that the solvent is made to aect
upon successive portions of crushed seed, the saturated solution of
fat being then transferred to a suitable distillatory apparatus, where
the solvent is recovered, to be again used for subsequent operations,
The solvents usually Emp]n:,c-d are petrolenm benzin of low boiling-
point and carbon disulphide ; the oil is obtained in larger quantity
than by expression, and is free from many impurities often tound in
expressed oils.

ixed oils are frequently subjected to a bleaching process, which
consists in treating the oil with solution of hydrogen dioxide, potas-
sium permanganate, potassinm dichromate, chlorine, or sulphurous
acid ; of these methods, the hydrogen dioxide process is preferable,
as it is least liable to injure the oil, while the use of other bleaching
agents necessitates repeated washing of the oil with water and even
weak alkali solutions to remowve acid oxidation products.

The adulteration of fixed oils is effected by mixing the finer and
more valuable oils with inferior and cheaper varieties, and as the
crude methods of former years are no longer practised, a better
knowledge of the chemical behavior of fats and fixed oils is neces-
sary at the present day. Caustic and carbonated alkalies are prac-
tically without effect upon fats and fixed oils in the cold unless free
acids, due to rancidity, be present; a more or less uniform mixture
results, but no chemical change is produced. If boiled together
with solutions of alkali hydroxide or carbonate, all fats and fixed
oils used in pharmacy, with the exception of lanolin, wax, and sper-
maceti, readily undergn saponification and form water-soluble com-
pﬁunds the amount of caustic soda or potassa necessary to saponify
one gramme of fat varies for each fat and fixed oil, and expressed in
milligrammes is known as Koettstorfer’s saponification factor, by
means of which the purity of fixed oils may be tested. Since fattv
compounds are capable of uniting with iodine, a method for the de-
tection of admixtures in fixed oils has been pr npo?é(d by Huebl, the
quantity of iodine combining with a given weight of the oil bcing
different in each case; the number of grammes of jodine absorbed
by 100 grammes of any fixed oil expresses the iodine addition factor
of that oil. (These two methods are more fully explained under the
head of Pharmaceutical Chemistry.)

Drying oils may be distinguished from non- dn*mg oils by their
behavior with sulphurie and nitrous acids, If 50 Gm. of a fixed
oil be mixed with 10 Ce. of concentrated sulphurie acid, heat will
be developed varying in intensity for different oils, the dwln:r oils
always showing the greatest rise in temperature ; thus, while olive
oil increases 42° C. in temperature, castor oil 47° C., and oil of
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almond 52° C., hempseed oil will show a rise of 98° C. and linseed
oil 103° C. When mixed with nitrous acid, non-drying oils will
gradually be converted into a solid mass, while drying oils remain
fluid even after prolonged contact, although a few become somewhat
thicker. The test is made by iil“ltdtlﬂg for a short time one part of
copper foil with five parts each of nitric acid and the oil, and setting
the mixture aside for about six hours, when solidification is generally
completed. Among the prominent non-drying oils are olive oil,
eastor oil, almond oil, lard oil, sesame or benne oil, mustard m']
colza or rapeseed oil, and gmundnut oil, while the following he]uug
to the drying oils: linseed oil, cottonseed oil, poppyseed ovil, hemp-
seed oil, and walnut oil.

Animal fats are usually obtained by rendering over a slow fire
and then stmmmg to remove the particles of membranous tissue ;
like vegetable fats, they should be preserved in well-closed vessels
impervious to fat, in a cool place, protected against moisture and
light. Of the fats and fixed oils recognized in the Pharmacopaeia,
seven are of animal and eight of vegetable origin.

The Official Fats and Fixed Oils.

Adeps. Lard. This is the prepared abdominal fat of the hog de-
rived from theso-called leaves, and is preferably collected in the winter
or early bpzmg as it has a higher ftlsmh-pﬂmt than that eollected in
summer. It is obtained by removing, as far as possible, all foreign
matter, washing well with water afier the fat has been cut into small
pieces and then melting with a moderate heat, or a steam or water
bath, until all water is dissipated. Lard is sllghtl}f soluble in aleohol
and madllj so in ether, chloroform, carbon disulphide, or benzin ;
it fuses at 38°-40° C, {IUU 4°-104° F.) to a clear colorless liquid,
and at 30° C. (86° F.) again returns to a soft solid. In order to
render lard inodorous, to each pound of it melted, fifteen grains of
powdered alum and thirty grains of table salt are added, and the
heat continued as long as a seum rises ; this is removed, the lard is
allowed to cool, and then well washed with a constant stream of
water until all traces of the salts have been removed. Finally, the
fat is remelted and the heat continued until all the water has been
evaporated. Lard consists of a liquid fat known as ofein and a solid
fat known as sfearin, which can be readily separated by expression at
low temperatures; the liquid fat is officially employed under the name
of lard oil, but the stearin alone is not used in pharmacy. Owing
to the presence of these two fats, melted lard when allowed to cool
slowly will become granular, the more solid fats partially separating,
hence no smooth product can be obtained ; lard and its preparations
when melted should always be stirred until cool, or at least until
a uniform creamy mixture results. Commercial lard is liable to
contain starch, alkalies, added to improve the whiteness, and table
salt mixed mth it as a preservative; these substances the Pharma-
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copeeia requires to be absent in the medicinal lard, as shown by
appropriate tests. Since lard may be adulterated with cottonseed oil,
the ﬁf%iuiai silver nitrate test for this admixture should not be omitted.
Pure lard is liable to become rancid if kept for some time, hence the
Pharmacopeeia directs its preservation by benzoinating. This is done
hy suspending two parts of coarsely powdered benzoin, contained in
loosely textured cloth, for two hours, in 100 parts of melted lard at a
temperature not exceeding 60° C. (140° I.), in a covered vessel, then
straining and cooling. The balsamic principles of benzoin are solu-
ble in the melted fat, and protect it afterward against change. In
summer, the Frepuratiun which is officially known as Adeps Ben-
zoinatus should contain 5 per cent. of white wax, in place of a like
quantity of lard, to render it firmer,

Adeps Lane Hydrosus. Hydrous Wool-fat. Lanolin. The official
article is a mixture of T0 per cent. of purified wool-fat and 30 per
cent. of water. The wool ot sheep contains a natural grease, which
i readily removed in the process of washing the wool, and is of com-
plex composition, containing about 30 per cent. of free fatty acids,
besides numerous fatty compounds ; the so-called cholesterin fats are
the constituents sought for the production of lanolin. The erude fat
is first treated with weak alkaline solutions, whereby a creamy mix-
ture is obtained, which is placed in centrifugal machines and sepa-
rated into two layers ; of these the upper layer is treated with caleium
chloride, which precipitates impure lanolin, to be purified by repeated
melting and washing. Final extraction with acetone yields pure
anhydrous lanolin of yellowish brown color and characteristic odor,
which, when mixed with 30 per cent. of water, constitutes the official
hydrous wool-fat. The chief advantage of lanolin over other fats
lies in its miscibility with large amounts of water (twice its weight)
without losing its ointment-like character. The Pharmacopeia de-
mands for the official article the entire absence of alkalies, glycerin,
and free fatty acids. Hydrous wool-fat has about the same fusing-
point as lard, and forms turbid solutions with ether and chloroform ;
it is saponified with difficulty.

Cera Alba; Cera Flava. White Wax; Yellow Wax. DBeeswaz.
The only wax recognized by the Pharmacopwia is that secreted by
the bees and used by them in the construction of the honeycomb,
To obtain the wax, the honey is drained from the comb, which is then
expressed, melted in water, and after the impurities have subsided,
run into moulds and cooled. This constitutes yellow wax, from
which white wax is made by a process of sun-bleaching, as follows :
Melted wax is again solidified in the form of thin ribbons or bands,
by allowing it to flow over wet revolving eylinders ; these bands are
moistened with water, and exposed to sunlight in the open air. After
exposure for some time the color disappears in spots and the wax is
again melted, re-solidified and trn:-ateé as before, the \]]l‘m:e.‘:ifi being
repeated from time to time until the wax is completely bleached, when
it is finally melted and run into moulds; besides losing its color,
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wax thus treated is somewhat changed by long exposure to light and
air, and is more disposed to rancidity than yellow wax, as is notice-
able in the modified odor. Pure yellow wax melts at 63°-64° (.,
(145°-147.2° 1), white wax at 65° C. (149° F.); they differ from
true fats in not containing glycerin, and in not forming soap when
boiled with solution of alkali carbonates. Wax is completely dis-
solved by ether and ehloroform, but not by boiling aleohol and eold
benzene or carbon 1l|$u]phide Besides the crude adulterations
readily observed in melted wax, tallow and other fats, as well as ve
table wax, resin, and paraffin, are frequently mixed with it ; they can
be quickly detected by the pharmacopeeial tests. Fats and resin may
be taken up by a boiling solution of sodium hydroxide or by petro-
leum benzin, neither of which dissolves the wax ; paraffin is readily
detected by hmtmﬂ' the suspected wax with concentrated sulphuric
acid, which {]{‘.EII‘D}'H the wax but leaves the paraffin unaffected. If
pure wax be melted and allowed to cool slowly, it will always con-
geal with a level surface, but if paraffin in any form be present, the
surface will be more or less concave, according to the extent of adul-
teration.

Cetaceum.  Spermaceti. Spermaceti is obtained by expression
from the fatty secretion found in the cranial cavity of the sperm
whale, Before the animal is killed, the fat is liguid, but afterward
congeals to a yellow mass; by expression a yellow oil is remowved,
the residue is melted, washed with weak potassa solution and water,
and finally allowed to congeal. Spermaceti is apt to become yellowish
and rancid by age and when exposed to air; it melts at about 50° C.
(122° F.), and is soluble in boiling aleohol, ether, chloroform, carbon-
disulphide, and fixed and volatile oils. Tt can be powdered h_',f tritu-
ration in a mortar after sprinkling with alcohol. - Fused with potassa,
spermaceti is saponified, but not if boiled with a solution of alkali
carbonate, which fact serves to detect the presence of stearic acid as
an adulteration.

Olewm Adipis; Lard Oil. The fixed oil expressed from lard at a
low temperature. It congeals near 0° C, (32° F.), but already at
10° C.(50° I.) begins to deposit granular fat, hence, to remain fluid,
it should be kept at or above 15.5° C. (60° F.) The most likely
adulterations are cottonseed oil and paraffin oils ; the former can be
detected by heating the oil with an acidulated almlm]m solution of
silver nitrate, when the mixture should remain colorless. Lard oil
should be perfectly saponified by heating with potassa, water, and
aleohol ; the separation of an oily layer would indicate paraffin oils.
The yield of lard oil is equal to about 60 per cent. of the weight of
the lard expressed.

Olewmn Amygdale FErpressum. g)a essed Oil of Almond. This
oil, also commereially known as oil of sweet almond, is obtained by
expression from the bitter as well as the sweet almunr] the yield from
the latter source being about 20 per cent. greater 'than from the
former. The vellowish color of the commercial oil is due entirely
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to the colored episperm, for if blanched almonds be expressed, a
colorless oil will be obtained. Expressed oil of almond is soluble to
some extent in cold aleohol ; it remains perfectly clear at —10° C.
gré‘“ F.), and does not mntreai until cooled to —20° C. (—4° F.).

he oil is largely adulterated with the oils of peach and apricot
kernels, which can be detected by shaking together 1 volume each
of fuming nitrie acid and water and 2 volumes of the suspected oil ;
a whitish mixture, free from orange or reddish color, results if the
oil is pure. The development of a brownish color, with the same
test, would indicate the presence of cottonseed, groundnut, sesamum,
or poppyseed oils.

Olewm Gossypii Seminis.  Cotlonseed Oil.  The official cottonseed
oil is a refined bleached oil, for the crude product, obtained by
hydraulic pressure from the seed, has a brown color and linseed-like
odor, and contains considerable quantities of albuminous matter,
After subsiding, the crude oil is treated with superheated steam, and
finally well shaken with heated weak alkali solution. The yield of
oil from cottonseed varies from 12.5 to 20 per cent. ; the residue, or
oil-cake, is considered a valuable cattle food and fertilizer. Cotton-
seed oil eongeals when cooled to 0° or —5° C. (32° or —23° F.), and
. ig instantly colored dark reddish-brown in contact with concentrated
sulphurie acid ; it belongs to the drying oils, but shaken with nitric
acid and water it gradually forms a colored semi-solid mass. The
chief use of cottonseed oil is as a substitute for more expensive fixed
oils, as in the case of some of the official liniments, and there is no
doubt that it is extensively employed as an adulteration for almond,
olive, and other oils. When heated with an acidulated alcoholic
solution of silver nitrate the oil assumes a reddish-brown eolor, which
serves as a test for its detection.

Olewm Lini. Linseed Oil. The Pharmacopeia demands an oil
expressed without heat, which, as a rule, is not readily obtainable,
since hot pressure increases the yield nearly 50 per cent. Extraction
with petroleum benzin or carbon disulphide shows still better results :
thus, cold pressure, 16 to 20 per cent. ; hot pressure, 22 to 28 per cent. ;
extraction, 33 per cent. Cold-pressed Tinseed oil is lighter in color than
the other varieties ; when boiled it darkens in eolor and thickens, losing
about 6 to 8 per cent. in weight. The oil is quite soluble in abzolute
aleohol, and forms a clear mixture with an equal volume of official
aleohol, but becomes turbid if the proportion of aleohol is doubled ;
it does not congeal above —20° C. (—4° F.). Linseed oil is always
slightly acid and is readily saponified by alkalies ; it is the best dry-
ing oil known and should not be even partially solidified if shaken
with nitric acid and water for a long time, by which means the pres-
ence of non-drying oil may be detected, As linseed oil may be adul-
terated with paraffin oils, the Pharmacopeeia recommends shaking an
aqueous solution of linsced oil soap with an equal volume of ether,
which latter, after decantation, should not show a bluish fluorescence
nor leave an oily residue upon evaporation.

15
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Olewm Morvhue.,  Olewm Jecoris Aselli. Cod-liver Oil. Medi-
cinal cod-liver oil should always be procured from fresh livers,
by the aid of a gradually increased steam heat not exeeeding 60° C.
(140° F.); the oil is allowed to separate from the watery fluid,
and after it has been frozen is expressed in canvas bags, whereby
a pure only slightly colored oil is obtained, the hard yellow residue,
consisting of stearin and tissue, being rejected for other purposes.
Cod-liver oil thus carefully prepared keeps well in completely filled
vessels, and when cooled to 0° C. (32° F.) should deposit no solid
fats; it belongs to the drying oils, and it exposed to the air soon
thickens and assumes a disagreeable strong odor and taste. The
color reactions with sulphurie acid mentioned in the Pharmacopeeia
are due to the presence of certain biliary constituents and are very
pronounced. Cod-liver oil has a slight acid reaction which inereases
with age. The more probable adulteration consists of seal oil and
other fish oils, which can be detected by testing with fuming nitrie
acid ; eod-liver oil turns red, then bright rose-red, and finally lemon-
yellow ; seal oil shows at first no change of color, and other fish oils
become blue at first and afterward brown and yellow,

Olevan Olivee.  Olive Oil.  The finest quality of olive oil is that
obtained by cold expression from the flesh only of the ripe fruit, and is
known commercially as “virgin oil;” a second quality is expressed
from the residue, after the same has been mixed with water. Good
olive oil is of a pale yellow or light greenish-yellow color, while the
inferior grades, often expressed from fermented olives, are of a deeper
green. It becomes cloudy at 10° C. (50° F.), and congeals at 0° C.
(32° F.), to a whitish granular mass. Olive oil is, no doubt, largely
adulterated with cottonseed oil, groundnut oil, puEpyseed oil, and
sesamum oil ; when heated with an acidulated aleoholic solution of
silver nitrate, the oil, if pure, should retain its original pale-yellow
color without becoming reddish or brown. Sesame oil is best de-
tected by a special test given in the Pharmacopeia, and which is
characteristic for that oil. A solution of soap made from the suspected
oil and potassa is decomposed with sulphurie acid, and the liberated
fatty acid, freed from water, is shaken with hydrochloric acid ; if the
mixture turns green, sesame oil is present, and on the subsequent
addition of sugar, the mixture, afier shaking, assumes a violet or
erimson tint. This is known as Baudouin’s test.

Olewm Ricini.  Castor (3il. This well-known oil is produced in
very large quantities in this country in the city of St. Louis; in
order to increase the yield of the oil, the seed is frequently heated to
about 60° C. (140° F.), before expression, and the oil afterward
heated with water to remove albuminous matter. The yield of oil
by cold expression is about 25 to 30 per cent,, and by hot expression,
38 to 45 per cent. Castor oil when cooled to 0° C. (32° F.), be-
comes turbid, but does not congeal until the temperature has been
reduced to —18° C. (—0.4° F.); it is soluble in all proportions in
absolute alcohol or in glacial acetic acid, and in three times its volume
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of a mixture of 19 volumes of aleohol and 1 volume of water, which
distinguishes castor oil from other fixed oils. Castor oil is rarely
adulterated and is readily saponified by alkalies.

Oleum Sesami. Sesame Oil. Benne Oil. Teel Oil.  Sesame oil is
obtained both by cold and hot expression to the extent of about 50
per cent. of the weight of the seed. It congeals at —5° C. (23° I'.).
to a yellowish-white mass, and is converted into a brownish-red
jelly when mixed with concentrated sulphurie acid. When shaken
with an equal volume of concentrated hydrochlorie acid, it assumes
an emerald-green color, which, upon addition of sugar and further
shaking, changes to h]ue, vi-:}IE-.t, and finally, deep erimson. Sesame
oil is sometimes found as an admixture in olive oil and expressed oil
of almond.

Oleum Theobromatis. Ol of Theobroma. Butter of Cocoa. Oil of
theobroma is the only fixed oil recognized by the Pharmacopwia
which is solid at ordinary temperature; it is brittle at 15° C, (59° F.),
and melts at from 30° to 33°C. (86° to 91.4° F.). The oil is ob-
tained to the extent of about 40 per cent. , by hﬂatmg the shelled seeds
to 70° C. (158° I'.), and expressing hetween hot iron ]i]Iah:-s-.t Adul-
terations with stearin, tallow, wax, and paraffin, can be quickly de-
tected on account of the low ﬁmngpumt and high congealing-point
of the pure oil. The Pharmacopeeia requires that 1 Gm, of oil of
theobroma dissolved in 3 Ce. of ether at 17° C. (63° F.), and
plunged into water at 0.° C. (32° F.), shall neither become turbid
nor deposit a granular mass in less than three minutes ; if the mixture,
after congealing, be warmed to 15° C. (597 I), it should gradually
form a perfectly clear liquid.

Olewin Tiglit.  Crofon (il.  Croton oil is obtained by expression,
and does not congeal until cooled to —16° C. (3.2° F.). Its solu-
bility in alcohol inereases with age, and it has been shown by Senier,
of England, that the portion insoluble in aleohol contains the purga-
tive principle, while the vesicating principle is soluble in aleohol.
Croton oil is a non-drying oil, but differs from other non-drying oils,
in remaining liquid if vigorously shaken with fuming nitric acid and
water and allowed to stand for one or two days; this behavior serves
to detect adulterations.

Glycerin.

The sources of all glycerin used in pharmacy or sold commercially,
are various fats, both of vegetable and animal origin, glycerin l‘.l-emcr
an invariable constituent of all official fats except spermaceti and bees-
wax, from which it is liberated whenever such fats are converted into
soap b:, the action of moist metallic oxides. It has proven a most valu-
able solvent and antiseptic in pharmacy, second only to alcohol in this
respect. Nearly all glycerin now produced in this country is made by
decomposing fats in large copper digesters ; fat and water having been
put into the digester, steam under 120 to 150 pounds pressure is in-
troduced for several hours, whereby the mixture is kept in constant



196 GENERAL PHARMACY

agitation and the fat is completely decomposed, the glycerin entering
into solution in the water, and the non-volatile fatty acids floating
on the surface of the aqueous solution. The volatile fatty acids are
allowed to escape with steam through a small orifice in the top of the
digester. The dilute solution of glycerin is transferred to evapor-
ating tanks and concentrated until it reaches a density of 258° Baumé,
equal to a specific gravity of 1.24 at 15° C. (59° F.). The crude
dark amber-colored glycerin thus obtained is introduced into specially
constructed stills, into which superheated steam enters at a temper-
ature of about 250° C. (482° F.), carrying the glycerin, in the form
of vapor, with steam, over into a series of condensers so arranged
that the glycerin condenses in passing through, at various degrees of
density ; the first condenser, being least cooled, contains the heaviest
glycerin, the distillate becoming gradually weaker, until, in the last
condenser, almost pure water is collected. Coloring matter is removerd
by treatment with animal or vegetable charcoal, and the distillation
is frequently repeated two or three times until the required degree of
purity has been obtained. The Pharmacopeia demands at least 95
per cent, of absolute glyeerin, which liquid has the specific gravity
1.25 at 15° C. (59° F.), and is soluble in water and alcohol in all
proportions, as also in a mixture of three parts of aleohol and one
part of ether, but is insoluble in ether, chloroform, benzene, petro-
lenm benzin, fixed and volatile oils. The most important tests of
those mentioned in the Pharmacopeeia are : the absence of turbidity
and color, when glycerin, after dilution with water, is heated and
mixed with silver nitrate solution, and then exposed to diffused day-
light for five minutes ; the absence of an offensive or acidulous odor
when glycerin is heated with diluted sulphuric acid ; the absence of
dark color when a mixture of equal volumes of glycerin and econcen-
trated sulphuric acid is gently warmed ; and the complete volatility of
glycerin upon ignition. :
Although official glyeerin boils at about 165° C. (329° F.), it is
readily vaporized from an aqueous solution at 100° C. (212° I.).

Volatile Oils.

Volatile oils are those peculiar principles to which, in a majority of
cases, the odor of plants is due; they do not all preexist in the
plant, some being the result of fermentative action between certain

constituents of the plant in the presence of water, and others being

produced by destrnctive distillation.  Volatile oils may exist in
every part of' the plant from the root to the seed, and when several
oils are present in different parts of the same plant, they. will gener-
ally be found to differ in physical as well as chemical properties; as,
for instance, the oils of orange obtained from the leaf, flower, and
rind. They usually occur in separate cells, as glands in the herba-
ceous portion and rinds of many fruits, or distributed throughont
the interior tissue, or forming distinct oil tubes, as in the fruit of

it
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fennel, anise, ete. The odor of volatile oils, while in some instances
due to their particular composition, in others a,%)]]-:'ars to be due to
atmospheric influences, since oil of turpentine and others when recti-
fied in an atmosphere of earbon dioxide have been found devoid of
all unpleasant odor, and yet, when again exposed to the air, they soon
resumed their characteristic odor.  With few exceptions, volatile
oils are lighter than water, and their solubility in water is very
variable; their specific gravities at 15° C. (59° F.), range from 0.850
to 1.185. Absolately pure volatile oils are colorless, but the com-
mercial varieties are frequently colored yellow, green, blue, red, and
brown ; the color in most instances disappears when the oil is brought
into solution. Many volatile oils are completely soluble in glacial
acetic aecid, and all are soluble in aleohol, but in proportions vary-
ing from less than an equal volume to ten or more. They have but,
few properties in common with fixed oils, but like these are solu-
ble in ether, chloroform, and carbon disuiphide. Freshly-prepared
volatile oils are generally freely soluble in petroleum benzin, but,
after exposuve, they gradually lose this property and often form
turbid mixtures when shaken with the same. When dropped upon
filtering paper they cause a stain somewhat resembling that of fixed
oils, but which is dissipated upon the application of heat ; the stain
produced by old or partly resinified volatile oils, frequently cannot
be driven away by heat, but can be readily distinguished from the
stain of fixed oils, by its shining varnish-like appearance and by its
complete removal with the aid of warm aleohol, the stain from fixed
oils being devoid of lustre and insoluble in aleohol. Volatile oils
are inflammable, and burn with a bright but sooty flame ; exposed
to air and light they are more or less vapidly oxidized, being gradn-
ally converted into a viscid oil and finally even into a solid resin.
They never become rancid in the sense mentioned under fixed oils,
and do not contain glycerin. Owing to the changes which volatile
oils undergo through exposure to light and air, they should be pre-
served in well-stoppered bottles, in a dark place; amber or yellow-
colored glass is best adapted for oil containers, as it intercepts the
actinie rays of light. The addition of deodorized alcohol or Cologne
spirit will also preserve the fine aroma of such oils as lemon and
orange, not more than 5 per cent. by volume being necessary. Res-
inified oils may be restored by redistillation with water or weak
alkali, or, if in small quantities, by Cuvier’s method, which consists
in shaking the oil for fifteen or twenty minutes with a magma
formed of animal charcoal and a solution of borax, whereby the
resinified portion is united to the borax and the oil becomes limpid.
The whitening of corks in bottles containing volatile oils, is due to
the presence of ozone produced by the gradual oxidation of the oil.
The adulterations to which volatile oils are subjected are fixed
oils, aleohol, and highly rectified petroleum; frequently, also, the
higher-priced oils are mixed with cheaper and inferior oils. Fixed
oils are easily detected by a permanent greasy stain upon paper, and
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by a non-volatile residue when the suspected oil is subjected to distil-
lation. Aleohol may be tested for in several ways. If the oil be
shaken in a graduated tube with an equal volume of water or
glycerin, and then allowed to stand at rest, any diminution in the
volume of the oil would indicate aleohol, and approximately also the
proportion present; if considerable aleohol be present, the character-
istic lambent blue flame of burning aleohol will be observed if a
portion of the suspected oil is ignited in adark room ; fused caleium
chloride and dry potassium acetate are insoluble in volatile oils, but
in the presence of aleohol become soft and even liguid, dependin
upon the proportion of aleohol; potassium acetate and sulphurie aci
added to volatile oils will generate acetic ether if aleohol be present,
which may be detected by its odor; and aniline-red is insoluble in pure
volatile oils, but colors these red in the presence of aleohol. Adul-
terations with rectified petroleum are often not easily detected, and
may require a careful chemical examination; for it, as well as for
the inferior volatile oils, the Pharmacopeia prescribes appropriate
tests under the head of .the respective oils likely to be thus contami-
nated. The different optical behavior of wvolatile vils is also often of
great value in the search for adulterations.

The usual method of obtaining volatile oils is by distillation, and
in some instances the plan is still followed of placing the oil-yielding

FrG, 194
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material in an iron or copper still provided with a perforated dia-
phragm or false bottom, and adding sufficient water to barely cover
the material, after which direct heat is applied until the water boils,
and then continued as long as the distillate shows the presence of
any volatile oil. Although the boiling-points of volatile oils are
considerably above that of water, the oils pass over rapidly with the
vapor of boiling water, and in the leading establishments in this
country and Europe, volatile oils are now cﬁstilled by passing steam
under pressure into stills which contain the material on a series of
perforated trays extending across the inner body of the still ; by
this method compaction is avoided, the steam can readily penetrate
every particle of the material, and a much finer quality of c}i[i results,
sinece prolonged contact with boiling water has a deleterious effect
upon many oils. Fig. 196 represents the distillation of volatile
oils by steam, as carried on at the factory of Fritzsche Bros., at
(zarfield, N. J.; the large still in the rear has a capacity of 1000
pounds of cloves. Whenever the volatile oil is deeply imbedded in
the material, as in the case of cloves, cubebs, and many barks and
seeds, it is necessary that this be first reduced to a coarse powder so
as to facilitate the liberation of the oil. The distillate, which iz a
mixture of oil and water, is eollected in suitable receivers, either in
the form of I'lorentine flasks with a single outlet tube near the bottom
and reaching nearly to the top, as shown in Fig. 197, or of tall eylin-
ders provided with two tubes, a long one near the bottom and a
short one near the top; as the dis-
tillate cools it separates into two
distinet layers, ome consisting of
pure oil and the other of water
still holding some oil in solution and
suspension, which is subsequently re-
gained, either by conveying the water
back direct to the still or by distilling
the water in separate stills, frequently
after addition of table salt to facilitate
the separation of the oil. As a rule,
the layer of oil floats on top, except in
those cases in which the oil hasa spe-
cific gravity above 1.000, as the oils
of cloves, cassia, gaultheria, ete. The
lower layer will flow off through the
long tube as soon as the liguid in the
flask or cylinder reaches the height
of the curve in the tube, and will
continue to flow as long as distillation _ :
continues. When the upper layer R e
fills the wvessel, the latter must be i

changed, or if it is provided with two tubes, as shown in Fig. 198,
the liquid will pass out through the short tube into another recep-

Fra. 197,
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tacle ; thus the two layers of liquid are withdrawn simultaneously
almost as fast as separation takes place.

Fic, 1935,

Reeciver for volatile ofls, with two outlets,

Besides distillation, other methods are employed for obtaining
volatile oils, such as expression by hand or machine, and extraction
by means of suitable solvents ; for certain flowers possessing delicate
fragrance, such as the violet, helmtrope mignonette, tuberose, ete.,
which do not contain volatile oils in ﬂp].‘n'e-;,mbie quantities, the treat-
ment with fats by maceration and digestion, or the pnenmatic process,
is resorted to for obtaining the odorous principles.

Expression is particularly suited for those oils contained in the
epidermal cells of the fruit, as in the natural order of Aurantiaces,

and yields oils of superior quality ;

ELG. 195 the oils of orange and lemon are ve?'

sensitive to heat, and hand-pressed oils

always command a higher price, on ac-
; / ':: 44 ﬁ_ count of theirdelicatearoma. A special
/%) apparatus, known as écuelle & piquer (a
pricking basin), see Fig. 199, is exten-
sively employed in Southern France ;
it consists of a tin basin about 8
inches in diameter, studded with nu-
merons (150) short, very pointed
brass needles, and provided with a
hollow handle. The operator holds
the basin in one hand and with the
other, while rotating the fruit, he
continually presses it against the
Pricking basin for obtaining hand- HEEdIE-l}DIDtS, thus lllptli.llllg the oil-
N cells and causing the oil to flow into

the handle, whence it is transferred to

larger vessels and a lt:-wed to separate from any fruit juice with which
it has become contaminated. Another method of hand-pressing is

|'f %
J J u|' 4 2
‘*i
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ractised in Italy, known as the sponge method; the rind of the fruit
is geparated from the pulp and cut into three or four strips, which are
held over a sponge and expressed by convex flexion, whereby the cells
are burst and the oil is ejected. When the sponge 'bas become satu-
rated with oil, it is expressed into an earthen vessel. The residual
rind is frequently mixed with water and again expressed in linen
sacks, to yield a lower grade of oil.

The solvents employed for the extraction of volatile oils are
petrolenm benzin, ether, carbon disulphide, acetone, ete., solution
being effected, in tightly closed apparatus, by means of maceration
and percolation. After complete extraction of the volatile oil, the
solvent is recovered by distillation at temperatures not affecting the
oil, and the residue must then be further purified by rectification.
The chief drawback to this method is the possible extraction of other
substances besides volatile oils, such as resin, fat, etc., which are
sometimes eliminated with great difficulty ; hence it is not employed
to any great extent.

The process of maceration is confined to the extraction of delicate
odors from flowers, and belongs more properly to the art of per-
fumery than to pharmacy; although the odors are quite marked
and_persistent, the volatile oil in mauny flowers is present in such
small quantity only that it cannot be recovered by distillation, and
in some cases is injured by even moderate heat. Coniplete absurp—
tion of the odorous principle by fats, in the cold, is practised on a
large scale in France, where the process is Inown as enfleurage ;
bland, inodorous fats, such as purified lard, tallow, olive oil, benne
oil, and cottonseed oil, being used for the purpose. In the last three
cases the flowers are left in contact with the oil, in closed vessels, for
some time and then strained. When solid fats are used, they are
thinly spread on plates of glass, and then covered with flowers, which
are renewed from time to time as long as the fat continues to absorb
the odor. The fats, impregnated with the odor of the flowers, ave
finally seraped from the glass, and constitute the well-known French
pomades so extensively employed in the manufacture of fine per-
fumery. In order to extract the odor, the pomade is repeatedly
shaken (washed) with deodorized alcohol and the solution exposed
to cold in special eylinders, called erystallizers, whereby all trace of
fat is removed.

The pneumatic method consists in passing a current of air into a
vessel filled with fresh flowers, whereby the air becomes laden with
perfume, and is then passed into another vessel containing fat kept
in a fine state of division, so that intimate contact between the air
and fat is effected, and thus the odor is transferred to the fat.

Very few volatile oils are of simple composition, and some are
even known to contain six or eight distinet bodies. While formerly
many arbitrary and erroneous notions were entertained regarding
the nature of volatile oils, much light has been shed upon their true
character by Wallach and others, during the past ten or twelve
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vears. Regarding the classification of volatile oils, the plan is still
followed of dividing them into simple hydrocarbons or terpenes
(containing no oxygen), oxygenated oils, nitrogenated oils, suﬁjlm-
retted oils, and empyreumatic oils; but the division into eloptens
and stearoptens iz no longer maintained. The chemical character
and composition of volatile oils will be considered further on, when
the student’s knowledge of chemistry will better fit him for a proper
understanding of the subject.

1. Carbo-hydrogen Oils, or Terpenes. The carbo-hydrogen oils
are the simplest volatile oils known, being composed of carbon
and hydrogen only, and are derived mainly from the natural orders
Coniferse, Leguminose, and Piperacem. They are divided into
hemiterpenes, terpenes, sesquiterpenes, diterpenes, ete. Some of
these are frequently found present also in oxygenated oils. The
terpenes proper occur in five isomeric forms (having the same cen-
tesimal composition, but different properties), known as pinene,
dipentene, limonene, sylvestrene and phellandrene ; of these sometimes
two or three arve found associated in the same oil. As a class, the
carbo-hydrogen oils are the least soluble in aleohol and water, and
have specific gravities ranging from 0.850 to 0.900. They readily
become resinified when exposed to the air, and when left in contact
with aleohol and nitric aci(llj gradually absorb water and yield erystal-
lizable compounds. They react violently with iodine, and are con-
verted into a hard resinous mass by nitrie acid.

The official members of this class are oil of copaiba, oil of cubeb,
oil of erigeron, oil of juniper, oil of savin, and oil of turpentine.

2. Oxygenated Oils. These oils, as the name indicates, contain
oxygen, and are composed of variable mixtures of terpenes and other
bodies, such as aleohols, aldehydes, ethers, acids, ketones, phenols,
ete., which ecan be separated by fractional distillation. Oxygenated
oils are widely diffused in plants, but the larger number are derived
from the natural orders Umbelliferee, Labiate, Lauracew, Myr-
tacese, and Compositee. The majority of oxygenated oils are soluble
in an equal volume of alcohol or glacial acetic acid, and many arve
soluble in these two liquids in all proportions. They are far more
soluble in water than the simple terpenes, and hence are largely used
in the preparation of medicated waters. Decreased solubility in
aleohol, or in a mixture of aleohol and water, is frequently made a
test for adulteration with carbo-hydrogen and other oils.

While the majority of oxygenated oils are lighter than water, a
few will sink when dropped into water, the highest specific gravity
for volatile oils being found in this class, namely, 1.185 at 15°
C. (59° F.). Some, owing to their peculiar chemical composition,
will form a solid mass when shaken with an equal volume of con-
centrated potassa or soda solution, while others show a similar reaec-
tion with sodium bisulphite, Upon exposure to low temperatures,
some of the oils of this elass thicken and even congeal to a solid mass,
which fact is utilized as a test for their quality. The value of oxy-
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genated oils lies, as a rule, in the oxygenized compounds which they
contain, and which are preseut in the different oils in prnpurtmns
varying from 1 to 90 per cent. By producing these synthetically,
artificial oils, identical with the natural, have been made, of which
the official methyl salicylate or artificial oil of wintergreen (identical
also with the natural oil of sweet birch) is an example. The Phar-
macopeeia recognizes a single conerete volatile oil, camphor, which
can be appropriately classed among the oxygenated oils, since its
emical composition shows it to be a pure oxidized hydrocarbon.

The official oxygenated oils are those of anise, bergamot, betula,
cajeput, caraway, cloves, chenopodium, cinnamon, coriander, euca-
lyptus, fennel, gaultheria, hedeoma, lavender flowers, lemon, orange
flowers, orange peel, p-e-ppeunmt spearmint, myrcia, nutmeg,
pimenta, rose, rosemary, santal, sassafras, and thyme. Of these,
the oils of bergamot, orange ]:r&el and orange flower consist almost
entirely of limonene, one of the isomeric terpenes, containing less
than 3 per cent. of undetermined oxygenated bodies.

3. Nitrogenated Qils, Some plants do not produce volatile oils in
nature, but contain certain prineiples which, in the presence of water,
react upon each other, causing the formation of new compounds, one
of which is a volatile oil ; such is the case with certain plants belong-
ing to the natural order Rosacew, sub-order Amygdale. The vola-
tile oil, when absolutely pure, contains no nitrogen, but the name
nitrogenated oils has been given to this class because in their forma-
tion they are always accompanied by a nitrogenized substance, hy-
droeyanic acid, which is present in variable proportion and which
lends to the oils their poisonous character. The only official nitro-
%Euatﬁi oil is the oil of bitter almond, which is prepared by mixing

reshly powdered bitter almonds with the residue left after express-
ing the fixed oil from bitter and sweet almonds, adding water, and
distilling at a moderate heat. The specific gravity of the oil ranges
tfrom 1.060 to 1.070 at 15° C. (59° F.), and that of the purified oil is
about 1.045. The oil is sometimes adulterated with nitrobenzene or
artificial oil made from toluene. Bitter almonds, like peach and
cherry seeds, contain both the albuminous ferment and the peculiar
compound, amygdalin, necessary for the reaction, while sweet almonds
contain only the ferment, and hence will yield no volatile oil unless
mixed with the bitter vumt} The hydroeyanic acid present in oil
of bitter almond sometimes amounts to as much as 6 or 7 per cent.,
and may be removed by shaking the oil with ferrous chloride and
lime-water and then rectifying 'E:-J,r distillation. Oil of bitter almond
is soluble in 300 parts of water and in all proportions of aleohol.

4. Sulphuretted Oils. Like the prem:ding class, these oils are the
result of fermentative action, in which the living plant takes no part
except to provide the necessary active pr mmples for the subsequent
reaction in the presence of water. Sulphur is present in the oils,
combined with certain organic radicles, in the form of sulphide or
sulphocyanate. Nearly all the oils of this class are obtained from
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members of the natural order Cruciferse. The Pharmacopeia recog-
nizes but one sulphuretted oil, namely, the volatile oil of mus-
tard, made from b}l)aek mustard seed, which has a specific gravity
varying from 1.018 to 1.029 at 15° C. (59° F.). When shaken
witg aﬁ:olm] and ammonia water and slightly warmed, the oil deposits
erystals of thiosinamine ; 3 Gm. of oil should yield not less than
3.25 Gm. nor more than 3.5 Gm, of such crystals.

5. Empyrewmatic Oils,  Among the products of destructive distil-
lation are certain volatile oils, which are characterized by a peculiar
tarry odor, an acid reaction and a somewhat bitter taste. They are
lighter than water, sparingly soluble in that liquid, but readily solu-
ble in aleohol. Oil of cade and oil of tar are the only empyrenmatic
oils recognized in the Pharmacopeeia ; the former is obtained by the
dry distillation of the wood of the prickly cedar (juniperus oxy-
cedrug) and the latter by distillation of tar.




PART 11.
PRACTICAL PHARMACY.

THE study of practical pharmacy involves both galenical and
extemporaneous pharmacy, the former pertaining to the various
preparations of drugs, the latter to the many operations of the dis-
pensing counter. The different classes of plant products used in
medicine, as well as the various methods of solution and separation,
have been considered in previous chapters; the numerous prepara-
tions of drugs will be treated after a plan which, for a number of
years, has proven satisfactory to students, and although not based on
a strictly symmetrical arrangement, is probably in keeping with the
advance made by them in other branches of study up to this point.

The official preparations may be divided into those of a strietly
pharmacentical character and those involving chemical action ; the
latter class will be considered under the head of pharmaceutical
chemistry, where the preparations of each element or compound will
be grouped together.

The galenical preparations of the Pharmacopeia may be classified
as follows: 1, Waters; 2, Solutions or Liquors; 3, Decoctions and
Infusions; 4, Syrups; 5, Mucilages, Honeys, and Glycerites; 6,
Elixirs; 7, Spirits; 8, Tinctures; 9, Wines and Vinegars; 10, Fluid
Extracts; 11, Extracts; 12, Oleoresins and Resins; 13, Collodions;
14, Emulsions; 15, Mixtures; 16, Pills; 17, Lozenges and Confec-
tions; 18, Powders and Triturations; 19, Granular Effervescent
Salts ; 20, Cerates and Ointments; 21, Liniments and Oleates; 22,
Plasters and Suppositories,

The operations of the dispensing counter are intimately associated
with the various preparations of drugs officially recognized, and,
instead of treating them separately under a special head, it is thought
most convenient to consider them in conneection with some of the sub-
divisions named above, particularly as eight classes of the official
galenical preparations require remarks and explanations, which apply
Egua]ly to the details of dispensing pharmacy. Certain forms of

ministering medicines, not as yet recognized in the Pharmacopeia,
but which, of late years, have come into use extensively, such as
Compressed Tablets, Tablet Triturates, Hypodermic Tablets, Medi-
cated Disks, ete., may be looked upon as modifications of the official
class of lozenges and studied in connection with these,



CHAPTRER X ITIT.
THE OFFICIAL WATERS,

THE official waters include common and distilled water, as well as
those known as medicated waters ; the latter are all solutions of vola-
tile substances, and were it not for this pharmacopeeial classification,
four of them might be considered as more appropriately belonging to
the class of liquors or solutions proper, instead of medicated waters,
namely, agua ammonice, aqua ammonice fortior, aqua e¢hfori, and agua
hydrogeniv diozidi,

The U. S. Pharmacopeia directs three different methods for the
preparation of medicated waters ; namely, by simple agitation of the
medicinal ingredient with cold water, by trituration of essential oils
with precipitated calcium phosphate and water, and by distillation.
In England and Germany the second method is not practised, the
l}llarmﬂm}:-r.elas of both countries directing all aromatic waters to be
made by distillation. Another excellent method for making aromatic
waters is that known as the hot-water method ; the volatile oil may
either be dropped upon shredded filter paper, and this shaken with
hot water in a strong bottle for some time, or the oil may be dropped
into a stone jug and run around the sides, after which the hot water
is added and agitated until cold ; in either case the finished solution
is passed through a paper filter, and will be found of excellent uality.

he most important of the official waters is undoubtedly istilled
water, because it is intended to be absolutely free from impurities,
inmuaniw_ as well as organic, and is the only kind that should be used
in m"lklug aromatic waters. River water and most gpring waters
contain in solution varying quantities of mineral compounds, and
frequently carbon dioxide and organic matter, which render the
water unfit for many pharmaceuatical purposes; boiling and subse-
quent filtration through sand and charcoal will improve the water,
but do not remove the salts held in solution, which if present in
appreciable quantity will cause precipitation if silver nitrate or lead
acetate be dissolved in the water. The so-called hardness of water
may be due to the presence of calcium sulphate, and is then known
as permanent hardness, or it may be due to ealeium carbonate held
in solution by an excess of carbon dioxide, which is always the case
with spring water coming from limestone distri icts ; boiling such water
expels the excessive carbon dioxide, causing the Time-salt to be pre-
cipitated, whereby it is rendered soft. The directions of the Phar-
macopeeia to reject the first 10 per eent. of the distillate and to collect
ouly 80 per cent. for use, are for the purpose of getting rid of the

.
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gases and volatile compounds always present in water, and to avoid
the decomposition-products from ammeonia mm[mnnda and organic
matter, with which the last portions of water in the still are apt to be
contaminated.

The condensed steam from boiler pipes is frequently sold as dis-
tilled water, but, unless collected with care, will often be found very
lIl‘lSﬂt!Bfﬂ.ﬂtﬂ[‘}' and not up to the requirements of the Pharmacopeeia.
In the manufacture of distilled water all contact with iron and lead
should be avoided, and either glass or pure tin apparatus used, espe-
cially for the condensation of the vapors. The occasional appearance
of conferve (microscopic plants) in Elstllled water is due to the pres-
ence of minute spores derived from the air, and may be prevented by
keeping it in vessels so arranged that the air can enter only after
having passed through a layer of cotton. Aromatic waters made
with distilled water are subject {o the same difficulties. The addition
of aleohol, which has been recommended as a preservative measure,
is inadmissible, because a small quantity would predispose the water
to acetous fermentation (souring), as has been proven, and larger
quantities might interfere therapeutically.

The following classification of the official waters shows, at a glance,
their strength and mode of preparation :

OFFICIAT. WATERS MADE BY AcITATING THE MEDICINAL [¥GREDIENT WITH
Corp WaTen.

Official Name, Strength,

Aqua Amygdale Amare (.1 per cent. by volume of Oil of Bitter Almond

Agqua Aurantii Florum 50 per cent. of stronger Orange Flower Water.

Aqua Chloroformi Saturated. About 0.5 per cent. by volume of
Chloroform.

Agua Creosoti 1 per cent. by volume of Creosote.

Agua Hydrogenii Dioxidi About 3 per cent. l:n welght of |iutre Hydrogen
Dioxide, or 10 volumes of available l'.}'nj,i. n.

Agua Eose 20 per cent. of stronger Hose Water.

Bitter almond water is ]II-.EIY to contain variable proportions of
hydrocyanic acid, as this acid is usually present in the commercial
oil ; it is a weak and very uncertain prepdratmn The German
Pharmampmla directs that bitter almond water shall be made by
distillation and shall eontain 0.1 per cent. of absolute h}'dt‘{}ﬂ‘;’ﬂllli'
acid ; this corresponds in strength to the distilled cherry-laurel water
of the British Pharmacopeeia.

OFFICIAL WATERS MADE BY PASSING (FASES THROUCH WATER.

Official Name. Strength.
Aqua Ammoniwe : 10 per cent. by weight of gaseous Ammonia.
Agua Ammoniz Fortior 28 per cent. by weight of gaseous Ammonia.
Aqua Chlori 0.4 per cent. by weight of gaseous Chlorine.

Chlorine water is very prone to change; it should always be kept
in well-filled bottles, in a cool, dark place, as air and light Imatvn
deterioration.
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OrrFIciAL WATERS MADE Y TRITURATISG THE MEDICINAL IXGREDIENT WITH
PrECIPITATER CATCIUM ProspHATE AND THEN Mixmxe witha Cornn WAaTeER
AND FILTERING.

Official Name. Etrength.
Aqua Anisi 0.2 per cent. by volume of Oil of Anise.
Aqua Camphore 8 Gm. of Camphor in 1000 Ce.
Aqua Cinnamomi 0.2 per cent. by volume of Oil of Cinnamon.
Aqua Foeniculi 0 2 per cent. by volume of Oil of Fennel.
Aqua Menth:e Piperitae 0.2 per cent. by volume of Oil of Peppermint.
Aqua Menthwe Viridis 0.2 per cent. by volume of Oil of Spearmint.

With the exception of camphor water, this whole class is prepared
by triturating the oil with twice its weight of caleium lllttJSIJIIIH.tE, for
the purpose of minute subdivision, then adding gradually, under
constant trituration, sufficient distilled water to make the desired
volume, and finally filtering the mixture through paper. In the
case of camphor water, 8 Gm. of camphor are triturated with 5 Ce,
of aleohol and 5 Gm. of caleium phosphate, after which the prepara-
tion is finished like the others,

Other absorbent powders have been used from time to time to
facilitate the division of the oil, such as magnesiom carbonate, pre-
»ared chalk, purified talcum, ete;; but, of all, magnesium carbonate is
the least desirable, from the fact that a minute quantity of the salt is
always dissolved, and, in a few cases, compounds with the acids natu-
rally present in some oils are formed; cinnamon water made with
magnesium carbonate is always colored yellowish, whereas, if distilled
or made with caleium phosphate or purified taleum, a colorless solution
is obtained. The plan of distributing the volatile oil over purified
cotton and then bringing it into agueous solution, by slow percolation
with distilled water, which was officially directed in the Pharmacopceia
of 1880, vields aromatic waters of fine flavor, but is objectionable, on
account of the possible bad effects due to prolonged contact of the oils
with the fingers of the operator.

OFFrerAL WATERS MADE BY DIsTILLATION.

Official Name, Strength.
Aqua Aurantii Florom Fortior Saturated.
Aqua Destillata Absolutely pure.
Aqua Rosae Fortior Saturated.

Aromatic waters made by distillation, in many instances, possess a
more agreeable flavor than the agueous solution of the corresponding
volatile oils, which is probably due to the fact that, besides the vola-
tile oil, other volatile compounds, such as acids or ethers, are present
in the drug, and, passing over with the steam, remain dissolved in the
condensed water. In distilling aromatic waters over a naked fire,
are should be taken to prevent the material from being scorched,
which can be obviated by placing the drug either upon a diaphragm
or in a perforated vessel or wire cage, and then suspending this in
the water. A peculiar odor is observed in some waters immediately
after they have been distilled and condensed in tin vessels, but not
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when glass vessels have been used ; if the waters be exposed to the
air in loosely stoppered vessels, for a few days, this still-odor disap-
pears and the natural odor of the water becomes apparent.

The stronger orange flower and rose waters are obtained, on a large
seale, often as by-products in the distillation of the respective oils ;
in commerce they are distinguished as of triple or quadruple strength.
In order to produce a saturated solution of the oil, recourse is had to

Frc. 200,

The Curran Waler Still.

A iz a tin-lined copper boiler. ¢ lsa galvanized jacket for supporting the boiler over the gas
burners, and is attachable at v, ®; it is also intended to act as o flue to utilize the heat from the
gis burners on the sides of the boiler. & i= a screw cover removable for Glling or cleansing the
boiler. r iz the vapor pipe from the boiler to the condensing eoil, p, in the galvanized iron con-
densing tank, g, which is provided with an inlet for eold water at T, and an outlet for the warm
waterat1. Atcis a union for connecting the vapor plpe with the condensing coll. = is the
outlet for the condensed water, and X is the receiving vessel., J1is a perforated ring resting on
the jacket, and K are vent holes in the ring, through which the exbnusted gases pass ofl. o is
A removable cover for cleansing out the condensing tank. = isa faucet for drawing off i1he
water from the condensing tank. 1, L, L. are the gas burners, and ¥ the iron frame supporting
the apparatus and burners. a is a gas cock for regulating the supply of gas to the burners,

14
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the process of cohobation or redistillation, which consists in distilling
the same water two or three times with fresh portions of the flowers,
In some factories, saturated orange flower and rose waters are ob-
tained, not as by-products, but direct from the flowers, by distillin

them with relativ ely small quantities of water; thus triple StrencriE
water is distilled by using three parts of the flowers to one of w atm

ete. According to Schimmel & Co., of Leipzig, Germany (ex tensive
distillers of volatile oils and aromatic waters), sextuple rose water
represents the highest obtainable concentration, and rose water pre-
pared from more than six times its weight in roses will not retain the
whole of its oil in solution, at ordinary temperature.

For the preparation of distilled water a special apparatus has been
put upon the market, which is said, by those who have used it, to
vield an ﬂ\.mptmual]v pure water and in considerably larger (llldl]flt}’
than is usually expected from a still of like size. The apparatus,
which is illustrated in Fig. 200, is known as the Curran Water Still,
and can be used anywhere if gas and constant water supply be
available.

The tin-lined copper boiler has a capacity of five gallons, and from
it, four and a half gallons of distilled water can be obtained in about
two and a half hours ; this allows the first quart of distillate, carry-
ing with it all volatile matter, to be rejected, and also retains a quart
of water in the boiler. The rapid vaporization of the water in the
boiler is effected by means of four rose burners consuming jointly
about twenty-five feet of gas per hour, the generated heat being all
utilized on the bottom and sides of the boiler, which is surrounded by
a galvanized iron jacket, as shown in the cut. The vapor-pipes
ing from the boiler, and the condensing eoil, are both heavily ned
with pure block tin, thus avoeiding contact of the water with any
other metal. There is no pressure on any part of the apparatus, the
vapor being condensed as fast as generated and the distillate passing
rapidly into the receiving vessel. Larger sizes of the Curran Water
Still are made for use with gas or coal, delivering, according to the
manufacturer’s statements, which they guarantee, from four to ten
gallons of distilled water per hour.




CHAPTER XLV,
THE OFFICIAL SOLUTIONS OR LIQUORS.

THE term Liquor is applied in the Pharmacopeeia to all aqueous
solutions of non-volatile substances. In Europe the name is applied
in a less restricted sense, and in England it is not even confined to
aqueous solutions. Twenty-four liquors are officially recognized, and
of these, eight are made by simple solution of the medicinal agent in
water, fifteen involve chemical action in their preparation, and for
one the Pharmacopeeia gives no process of manufacture. This solu-
tion—the liquor sodii silicatis—is made on a large scale by manu-
facturers, being used extensively in the arts, and for medicinal use
should be of the density officially prescribed. For two of the solu-
tions—those of potassa and soda—double formulas are given: one
a simple solution, the other a more tedious chemical process; the
former plan is usually followed by pharmacists, while the latter is
preferred by manufacturers. The official liquors may therefore be
conveniently divided into two groups, as follows:

1. Simple Solutions. The active ingredient is added directly to
the water,

Officinl Name. Btrength,
1 Gm. Arsenous Acid
{ 5 Ce. Diluted Hydrochlorie »in 100 Ce.
Aeid.,
{l Gm. Arsenic [odide

Ligquor Acidi Arsenosi . : .

Liquor Arseni et Hydrargyri Iodidi 1 Gm. Red Mercuric in 100 Ce.

{ Donovan’s Solution) lodide
Liguor Caleis (Lime Water) 5 - Saturated ; contains about 0.17 per cent.
of Caleium Hydroxide at 15% C.
(59° F.), but the percentage decreases
. as the temperature rises.
Liguor Todi Compositus (Lugol's 5 per cent. of Iodine and 10 per cent. of
Solution) otassinm Todide.
Liquor Plumbi Subacetatis Dilutus 3 per cent. by volume of Solution of
_ Lead Water) }Jeml Subacetate (Goulard's Extract).
Liguor Potassse . | ke - About 5 per cent. of Potassa ( Potassinm
Hydroxide).
Liquor Sode . « « « . About 5 per cent. of Soda (Sodium
: Hydroxide).
Liguor Sodii Arsenatis : - - 1 {}m.énhydmuﬁ RBodium Arsenate in
100 Ce

2. Chemical Solutions. The active ingredient is formed in the
process of manufacture, as the result of chemical action.
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Offfcial Name.

Liguor Ammonii Acetatis (Spirit of
lindererus). Made from ammonium
carbonate and diluted acetic acid.

Liguor Ferri Acetatis. Made from fer-
ric hydroxide, glacial acetic acid, and
water.

Ligquor Ferri Chloridi. Made from iron
wire, hvdrochloric and nitric acids,
and water.

Liquor Ferri Citratis. Made from fer-
ric hydroxide, citrie acid, and water.
Ligquor Ferri et Ammonii Acetatis.

{ Basham’s Mixture). A mixture of
tincture of ferrie chloride, spirit of
Mindererns, diluted acetic acid, aro-

matie elixir, glyecerin, and water.

Liguor Ferri Nitratis. Made from fer-
ric hydroxide, nitric acid, and water.

Liquor Ferri Subsulphatis (Monsel's
Solution). Made from ferrous sul-
phate, nitriec and sulphuric acids, and
water.

Liqlunr Ferri Tersulphatis. Made like
the preceding, except that more sul-
phurie acid is used.

Liquor Hydrargyri Nitratis. Made

rom red mercuric oxide, nitric acid,
and water.

Liguor Magnesii Citratis. Made from
magnesium earbonate, citric acid,
syrup of ecitrie acid, potassium bicar-
bonate, and water.

Liquor Plumbi Subacetatis. Made from
lead acetate, lead oxide, and water.
Liquor Potasse. Made from potassium

biearbonate, lime, and water.

Liquor Dotassii Arsenitis ( Fowler's
Solution). Made from arsenous acid,
potassium carbonate, compound tine-
ture of lavender, and water.

Liquor Potassii Citratis | Mistura Po-
tassii Citratis). Made from potassium
bicarbonate, citrie acid, and water.

Liquor Sode.  Made from sodium car-
bonate, lime, and water.

Liquor Sode Chlorate (Labarraque's

lution). Made from zodium car-
bonate, chlorinated lime, and water.

Liguor Sodii Silicatis. Made from
quartz, sodium hydroxide, and water.

Liquor Zinei Chloridi. Made from
granulated zine, hydroehloric and
nitrie acids, zine carbonate, and water.

PRACTICAL PHARMACY.

Etrength.

About 7 per cent. of Ammoninm Ace-
tate.

About 3 per cent. of anhydrous Ferrie
Acetate.

About 37.8 per eent. of anhydrous
Ferrie Chloride.

About 7.5 per cent. of metallic Tron.

About 0.1 per cent. of metallie Iron.

Abont 6.2 per cent. of anhydrous Ferrie
Nitrate.
About 13.6 per eent. of metallie Tron.

About 23.7 per cent. of Ferric Sulphate.
About 60 per cent. of Mercurie Nitrate.

About 6.25 Gm. of Magnesia in 360 Ce.

About 25 per cent. of Lead Subacetate.

About 5 per cent. of Potassa (Potassinm
Hydroxide).
1 Gm. Arsenous Acid in 100 Ce.

About 9 per cent. of anhyvdrous Potas-
sium Citrate.

About 5 per cent. of Soda (Sodium
Hydroxide).

At least 2.6 per eent. of available Chlo-
rine.

About 33 per eent. of Sodium Silicate
(2 mixture of tri- and tetra-silicate).
About 50 per eent. of Zine Chloride.




CHAFTEERE X V.
DECOCTIONS AND INFUSIONS,

Decoctions.

DEecocrioss are aqueous solutions of the active principles of vege-
table drugs, prepared at a boiling temperature. This process is ob-
viously not adapted to drugs containing volatile principles, or those
whose activity depends upon resinous constituents. Drugs of a very
close texture, or the active virtues of which cannot be exhaunsted below
the temperature of boiling water, are best suited for the process of
decoction. In former years, decoctions were extensively empfm*eri and
frequently made by using a large quantity of water and boiling it down,
in open vessels, to one- Inalf' or even to a less amount. This method
offered no obvious admuhwe and, in fact, often proved decidedly
disadvantageous, on account “of the deleterious effect upon the con-
stituents of the drug by long exposure to air and heat. In this
country at least, decoctions have almost entirely disappeared from
the physician’s armamentarium, and the pharmacist 18 but rarely
called upon to prepare them; the U. 8. Pharmacopceia, since 1880,
has officially i i
decoetion of cetraria and compound decoction of sarsaparilla,

Decoctions as well as infusions must always be prepared extem-
porancously, since they will readily deteriorate, on account of the
perishable matter in solution and the absence of alcohol or other
preservative,

The Pharmacopeia gives the following general directions for pre-
paring decoctions whenever a special 5t1mwth is not indicated by the
physician : Put 50 Gm. of the substance, mm-u:z];r comminuted, into
a suitable vessel provided with a cover; pour upon it 1000 Ce. of
cold water, cover well, and boil for fifteen minutes; then let it cool
to about 40° C. {1(]4“ F.), strain the liquid, and pass through tlie
strainer enough cold water to make the product measure 1000 Ce.

The use of cold water, to begin with, insures the complete extrac-
tion from the drug of all its soluble prmuplu by the gradually
heated water, the albnminous matter being subsequently coagulated
as the heat is inereased to near the boiling-point.  If, on the
other hand, the drug be at once immersed in boiling water, the
albumen contained in cells would be coagulated, and thus seriously
interfere with the extraction of the other constituents. In preparing
compound decoctions, all the drugs may be added to the cold water,
with the exception of those which, like senna, are injured by lung-
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continued heat, or which contain aromatic or other volatile princi-
ples; such should be added when the decoction is ready to be
removed from the fire or steam-bath, and allowed to digest until it
is sufficiently cooled for straining. The material should in all cases
be cut or bruised, the degree of fineness depending upon the nature
of the tissue W’uud}f drugs may be reduced to a moderately fine
powder ; leaves, however, and other drugs consisting mainly of loose
]ﬂlenLln ma, are better used in the form of a moderately coarse or
very coarse pnw{ler

Unless the liquid is to be considerably boiled down, decoctions are
best prepared in a vessel provided with a cover, which may be
loosely put on until the boiling is completed, when the vessel should
be well closed, particularly if additions have been made at the close
of boiling. Poreelain is undoubtedly the best material for vessels
used for preparing decoctions, sinee it is not acted upon by the
various vegetable principles; for similar reasons, glass flasks will
answer a useful purpose in making small quantities of these prepa-
rations. As a rule, it is best to avoid metallic vessels, except when
made of block tin and used in connection with a steam bath. As
many drugs contain tannin, vessels made of iron are not adapted for
prqmrlng their decoctions, and the usunally imperfect covering of
galvanized or tinned sheet iron renders the vessels lined with such
material but little better suited for this purpose, and still inferior to
properly enamelled iron vessels.

Asa rule,decoctions should be allowed tocool to below 40° C. (104°
F.) before they are strained; principles which are soluble only in
hot water are then mostly precipitated, and removed without, in most
cases, weakening the medicinal effects of the prepamtmns but,
even with this precaution, the strained liquid may become unsightly
in appearance by the further deposition, on cooling, of apotheme or
matter soluble only in hot water. Insuch casesthe ]]]].d.l macist should
be guided by the directions of the Pharmacopereia or the inten-
tions of the physician, and not sacrifice effect to elegance.

Official Decoctions.

Decoction of Cetraria is made by first macerating the cetraria
with eold water, for half an hour, in order to remove a portion of the
bitter principle present ; this liquid is rejected, after which the drug
is boiled with fresh water, for half an hour. KEach Ce. represents
0.050 Gm, of cetraria.

In compound decoction of Sarsaparilla, the sarsaparilla and guaia-
eum wood are directed to be boiled with water, for half an hour,
after which the sassafras, liquorice root, and mezereum are added,
and the whole is macerated without further heat in a well- I::memd
vessel. IEach Ce. represents 0.10 Gm. of sarsaparilla, 0.020 Gm.
each of guaiacum wood, sassafras, and glyeyrrhiza, and 0.010 Gm.
of mezereum.
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In the British Pharmacopeia, thirteen decoctions are recognized,
all of which are directed to be made with distilled water, and, in the
majority of the formulas, boiling is continued for only ten minutes.

The German Pharmacopeia directs decoctions to be made of the
strength of ten per cent. when not otherwise specified, by keeping the
mixture of drug and cold water, for half an hour, in a bath of steam
arising from boiling water, and then expressing while warm, Two
preparations termed decoctions, of althea and of flaxseed, are pre-
pared cold by maceration for half an hour and subsequent gentle
expression ; they belong more properly under the head of mucilages.

Infusions.

Infusions are aqueous solutions of the soluble principles of vege-
table or animal drugs, obtained by maceration or digestion in hot
or cold water, and differ from decoctions only in the lower degree of
heat employed in their preparation. This process is particularly
suitable for substances containing volatile or other principles which
would be dissipated or injured by boiling. A convenient apparatus,
well adapted for making these preparations, is Sqnire’s infusion-pot,
Fig. 201. This consists of the jar, A, with a projecting ledge near

Fiez. 201.

Squire’s infusion-pot.

the top, which supports a strainer, B or D, containing the material
to be exhausted ; the jar is closed by a well-fitting cover, c. The
advantages of this contrivance are, that the material is exhausted by
circulatory displacement—the liguid, as it becomes charged with the
soluble ingredients, descending to the bottom, giving place to fresh
portions of less saturated menstruum—and that no further straining
is required if care has been taken not to use too fine a powder.
Drugs are best adapted for exhaustion with water when eut into
thin slices by a suitable kuife, so that they may be easily permeated
by the liquid; if eutting be inadmissible, they should be bruised
to a coarse powder. Ligneous drugs, however, should be in a fine
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or moderately fine powder, which is also best adapted for most of
those infusions which may be made by percolation.

Wherever possible, infusions should be made in poreelain or poree-
lain-lined vessels, to avoid contact with metal.

The U. S. Pharmacopeia has adopted the plan of ordering all
infusions, unless otherwise directed by the physician, with the execep-
tion of four specially enumerated, to be made of 1 part of mate-
rial to 20 parts of infusion, according to the following directions:
“ An ordinary infusion, the strength of which is not directed by the
physician nor specified by the Pharmacopeia, shall be prepared
by the following formula: Take of the substance, coarsely com-
minuted, 50 Gm.; boiling water, 1000 Ce.; water a sufficient quan-
tity to make 1000 Ce. Put the substance into a suitable vessel

rovided with a cover, pour upon it the boiling water, cover the
vessel tightly, and let it stand for one-half hour. Then strain, and
pass enough water through the strainer to make the infusion measure
1000 Ce.

The Pharmacopeeia omits to direct the expression of the drug after
infusion, but it is evident that bulky herbs and flowers, which are
best adapted to this process, would retain a considerable proportion
of the liguid, which cannot be washed out simply by passing water
through the strainer to make up the deficiency in volume.

Both in the cases of decoctions and infusions, the Pharmacopeeia
requires that, when made of energetic or powerful substances, the
physician shall specify the desired strength.

Four infusions are officially recognized in the Pharmacopaia, two
prepared cold, by percolation, and two by maceration with hot water;
the time directed for the latter method is not specified, maceration
being continued until the liquid is cold.

The strength of infusions of the German Pharmacopeia is double
that of our own, but the general directions given for their prepara-
tion are nearly identical with the above, from which they differ only
in this, that the mixture of drug and boiling water is heated for five
minutes in a vapor bath of boiling water, occasionally stirred,
allowed to eool, and strained.

Official Infusions.

MADE BY PERCOLATION.

Name, Sirength,
< 6.0 Gm. of Cinchona
Infusum Cinchone { 1.0 Ce. of Aromatic Sulphurie Acid }I“ 100 Ce.

Infusum Pruni Virginianse 4.0 Gm. of Wild Cherry in 100 Ce.

Both infusions, if carefully prepared, are efficient preparations of
the drugs from which they are made ; the former will contain all the
alkaloids of cinchona, in solution as sulphates, and the latter, any
hydrocyanic acid generated in the bark by the aid of water.
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MaipE By Hor MACERATION.

Kame Atrength.
Infusum Digitalis 1.5 Gm. of Digitalis in 100 Ce.
_ ST 6.0 gm. nlt: %;.nna 1
Infusom Senne Compositum | 12.0 Gm. of Manna .
(Black Draught) 12.0 Gm. of Magnesium Sulphate In 100 Ce.
2.0 Gm. of Fennel

Infusion of digitalis is pleasantly flavored with cinnamon water,
‘and contains 10 per cent. by volume of aleohol, hence it will keep
~ for a few days, particularly in a cool place.

P R
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SYRUPS,

[x pharmacy the term syrup is applied to concentrated solutions
of sugar, the solvent being either water or an aqueous, acetous, or
llydruvalmhuliu solution of some medicinal or aromatic principle.
The Pharmacopeia applies the name syrupus or syrup to a nearly
saturated solution of sugar in water; in practice this solution is
usually termed simple syrup as a mark of distinction. Syrups are an
old and favorite form of administering medicines, partly on account
of the sweet taste, and partly because sugar is tl:-:s-.,rll as a preservative
for otherwise unstable vegetable snlutmns in place of aleohol,
which is often contra-indicated in disease. The sugar used in mak-
ing syrups should be of the best quality obtainable, as upon it
dolmml the t"hﬂr'lt*t{tl and stability of the finished syrup. The
Pharmacopeeia deseribes sugar as oceurring in white, hard, erystalline
granules, of purely sweet tﬂste, which wrresimnds to the best come
merecial varieties known as granulated and cut loaf sugar; in order
to overcome the yellowish east of sugar, refiners freq uent]}r add ultra-
marine, Prussian blue, ete., which, to some extent, will pass even
thluuﬂ‘h paper filters and ﬂnall_}* (lE‘lJU‘:-lt in the syrup containers.

"'Ju:r.u is soluble in half its weight of water at 15° C. (59° F.),
and a saturated solution thus prepared has the specific gravity 1.345;
it is also soluble in 175 times its weight of official aleohol. Iﬁl‘g&
quantities of sugar dissolved in water very materially increase the
bulk of the liquid, a fact which must always be borne in mind in the
preparation of syrups ; praetically, two-thirds of the weight of sugar
will equal its bulk in fluid measure, or, in other words, 750 Gm. of
sugar when dissolved in water will increase its bulk about 500 Ce.
The proper proportion of sugar to menstruum is of great importance,
as upon it depends the stability of the syrup. Should the sugar
be deficient in quantity, it could not efficiently protect the other
organic principles in the syrup, and the latter would be liable to
ferment. On the other hand, if too much sugar be dissolved by the
aid of heat, the excess will erystallize after cooling and dispose an
additional quantltv to separate in like manner, thus leaving the
syrup weaker in sugar than it should be and subject to similar
alterations as if an insufficient quantity of sugar had been used.

PreparaTION. In the preparation of syrups, solution of the sugar
may be effected by one of the following methods : Agitation of sugar
and solvent without heat, cold percolation of the sugar with the
solvent, gentle heating of the sugar and solvent, or heating the mix-

“al
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ture of sugar and solvent to the boiling-point. The application of
heat in the manufacture of syrups should be avoided as far as pos-
sible, especially a boiling temperature, partly to prevent the loss of
volatile constituents and partly to guard against any change in the
character of the sugar, which, under the influence of heat and par-
ticularly with acid liquids, is converted into inverted sugar, resem-
ling glucose, and thereby predisposed to fermentation ; moreover,
the use of heat, in open vessels, causes evaporation of a part of the
solvent, which, if not restored, produces a supersaturated solution
with the attending evil of crystallization referred to above,

The preparation of syrups without heat is a feature of American
pharmaey, both the British and German Pharmacopeeias directing
the use of heat in every instance. By some authorities it is claimed
that syrups made with heat are more permanent than those made
cold ; this claim is not supported by experience in this country.
For all syrups containing volatile principles or such as may be
changed by heat, the cold process is positively advantageous, and if
pure sugar be used, such syrups keep admirably.

The process of cold percolation of sugar with the solvent was first
suggested by L. Orinsky in 1871, and is now largely recommended
in the Pharmacopeeia ; the process is of decided advantage whenever
the syrup is to be prepared without heat, although it requires a little
eare in its management so as to insure perfect solution and a clear
percolate. A cylindrical, slightly tapering percolator is best adapted
for the purpose. A clean soft piece of sponge is placed, with moderate
pressure, in the neck of the percolator (if too tightly compressed
the viscid liquid will not pass through, and if too loose the liquid
passes too rapidily and not clear), upon it is poured the sugar in
granular form and properly levelled and shaken down by tapping the
sides of the percolator, after which a diaphragm of filter paper is
laid on the surface and the solvent carefully poured on with the aid
of a guiding rod. If the sponge or a tuft of absorbent cotton has
been properly adjusted, the solution will be perfectly clear and trans-
parent and pass out in drops only, all the sugar being taken up be-
fore the end of the process; but if the liquid passes too rapidly, or if
it be turbid, it must be poured back into the percolator until the defect
is remedied. Some objections have been made to this process, such as
the time necessary for perfect solution of the sugar, and the fact that
albuminous prineiples liable to induce fermentation are best removed
by heat; but it must be borne in mind that cold percolation requires
very little attention after it has once been started, can be allowed to
go on during the night, and does away with the necessity of subse-
quent filtration ; the evil tendency of nitrogenized principles in the
solvent may be overcome by the use of weak alcohol and glyeerin, as
is directed in many of the official formulas,

In the case of some syrups, where the viscid character of the sol-
vent precludes rapid solution of the sugar, or when the syrup is
wanted in a hurry, a moderate heat may be employed to facilitate
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solution, by putting the sugar and solvent into a strong bottle one and a
half times as large as the required volume of syrup, and, after securel
corking, keeping it in a heated water-bath at about 50° (. (122° F.),
and frequently agitating until perfect solution is effected ; all loss of
volatile principles is avoided by keeping the bottle well corked,

Whenever the solvent contains latent ferments or a large proportion
of albuminous matter, heating to the boiling-point is necessary, in
order to render such pri u{:lples harmless, as in the case of syrups pre-
parved from fruit juices; but the heat should not be continued beyond
the boiling-point, to avoid a change in the sugar.

When large quantities of syrup are to be made with heat, the
mixture of sugar and solvent is placed in a porcelain-lined or well-
tinned kettle and heated over a direet fire or on a steam-bath, until
the sugar is dissolved ; it is then strained and water added to make
up the desired volume,

PrEsERVATION. Syrups are best preserved in completely filled
bottles, in a cool place, and will keep unaltered, if properly prepared,
for a long time; the addition of preaer*mtwes such as salicylic or
borie acid, calcium sulphite, ether, ete., is unnecessary, and in faet,
obj eetmna,ble and such syrops as oaniEhe kept with ordinary eare
slmuld be made in small quantity only. When syrups have under-
gone fermentation they arve no longer fit for use, and even if the
attempt be made to restore them hy boiling, they are Iike]i/
to spoil again, owing to the decreased proportion of sugar left in
solution ; the best and safest plan is to throw them away. Finished
syrups should always be put into perfeetly clean and dry bottles
(if made so by heat, after they have become cold), so as to avoid
dilution and possible contamination with fermentation germs, which
are likely to lurk in imperfectly cleaned bottles. DBottles from
which syrups have been dispensed should be thoroughly washed
with weak lye and afterward with water, and then dried before they
are refilled.

All syrups, whether made by cold or hot process (except cold per-
colation), require straining through flannel to remove particles of
dust an dlrt and, in the case of colorless or light-colored syrups,
their appearance will be greatly improved by filtering them, under
cover, throngh paper or a pledget of cotton.

The Official Syrups.

The U. S. Pharmacopeeia recognizes thirty-two syrups, which may
be conveniently divided into flavoring and medicated syrups; of
these, twenty-five are directed to be made without heat, three are
raised to boiling heat, and in the remaining four the sugar is to be
dissolved with a gentle heat. Of the twenty-five syrups made with-
out heat, ten are merely mixtures of simple syrup and medicating
liguids.
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A, FLAVORING SYRUPS,

1. Syrupus. Official simple syrup contains 64.54 per cent. by
weight of sugar, each Ce. representing 0.85 Gm.; it should be made
with distilled water so as to produce a solution nf erystalline clear-
ness, and if heat be employed, the syrup should be passed through a
small, dry strainer, which is thnn washed with sufficient distilled water
used for rinsing the vessel , to bring the volume up to the required

uantity. Simple syrup should be made and preserved with care.
C(l)ne pound measures very nearly twelve fluidounces,

2. Syrupus Aecidi Cilrici. Syrup of citrie acid is made by mixing
spirit of lemon and a solution of citric acid with simple syrup; it is
an excellent substitute for lemon syrup, being more stable and of
uniform acidity. It is of pleasant flavor and slightly opalescent,
each Ce. containing 0010 Gm. of citric acid. Unfortunately syrup
of citrie acid, when kept on hand for some time, acquires a terebin-
thinate odor; it should therefore be made in small quantities.

3. Syrupus Amygdale. Syrup of almond, or orgeat syrup, should
always be made from blanched almonds, so as to be as free from
color as possible ; blanching of almonds consists in macerating them
in hot water until the yellow episperm, or skin, loosens and can be
removed by pressing between the fingers, The blanched almonds
are beaten into a smooth paste with sugar and water, to which syrup
and orange-flower water are gradually added ; sugar is then dissolved
in the strained liquid. Syrup of almond (alﬂ-n known in Europe as
syrupus emulsivus) is w hitish and opaque, and, when added to water
vields a milk-like mixture ; it spoils readily unless kept in a cool
place, in well-stoppered, completely-filled bottles.

4, Syrupus Aurantii. Syrup of orange is made from a concen-
trated tincture of the fresh, outer orange peel, which is mixed with
caleium phosphate, sugar, and water, and then filtered ; the remainder
of the sugar is dissolved in the filtrate. The finished product con-
tains 10 per cent. of alcohol, and possesses an agreeable aroma.
Syrup of orange should never be made by mixing fluid extract of
orange peel with syrup, as practised by some phmmau-ata when
so made it is more or less bitter, is without the fine orange flavor,
and turns ]I[‘ll]ldﬁ containing iron preparations dark, on account of
the tannin in the peel, which is not the case with the official syrup.

8. Syrupus Awrantii Florum. Syrup of orange flowers contains
the same proportion of sugar as simple syrup; it is made without
the aid of heat, most conveniently by pmm]atmn

6. Syrupus Rubi Idei. Syrup of raspberry may be considered as
atype of the class of fruit syrups, the official process of manufacture
being equally applicable to strawberries, blackberries, currants,
cherries, ete. The object of setting the crushed fruit aside at a
moderate temperature, 20° to 25° C. (68° to 77° F.), for several
days, is to insure the complete destruction of certain undesirable
principles known as pectin, or wvegetable jelly, which, if allowed to
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remain in the fruit juice, would cause the syrup to gelatinize and
readily spoil.

The complete removal of pectin is shown by the test with aleohol,
as the filtered juice should mix clear with half its volume of the latter,
which will not oceur as long as pectin is present; a concentrated
solution of magnesium sulphate should also leave the filtered juice
unaffected.

The fermentation of fruit juices is unsually conducted in casks or
containers tightly closed but provided with a suitable means of
escape for the earbon dioxide gas generated during the process, as
shown in Fig. 202 ; the end of the fermentative process is indicated

when gas-bubbles cease to escape

Ble 2. through the water contained in

: the small bottle. XExperience has

shown that the addition of a small

quantity of sugar (2 per cent. of

the weight of the fruit) hastens

fermentation, preserves the color,

and facilitates subsequent filtra-
tion of the juice.

After removal of the pectin,
the pulp is expressed and the
juice allowed to subside in well-
closed vessels, in a cool place, for
two or three days until clear ; the
supernatant liquid must be cave-
fully decanted or withdrawn and
passed through a previously-
wetted paper filter. Sugar should
be added to the filtrate without
delay and dissolved by stirring
before the mixture is heated to
boiling ; any albuminous matter
remaining in the juice is coagu-
lated by heating and removed by
subsequent straining. The mix-
ture of filtered juice and sugar must not be boiled for any length of
time, but the heat should be withdrawn when the syrup begins to
boil quietly after the first frothing and rising of the liguid.

7. Syrupus Tolutanus  The official formula directs that a strong
aleoholic solution of balsam of toln be mixed with sugar and pre-
cipitated caleium phosphate, the aleohol being subsequently evapor-
ated spontaneously in a warm place; the residue is triturated with
cold water and filtered through paper, and to the filtrate, heated to
about 60° C. (140 F.), the remainder of the sugar is added and
dissolved by agitation. The short contact of cold water with the
finely-divided balsam of toln will scarcely dissolve much of the
odorons principles, and the heating to 60° C. appears more appro-
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priate before than after filtration of the mixture, as in the latter case

it simply facilitates solution of the sugar, which is equally well

accomplished in the cold. If all the alcohol be allowed to remain,

as in the case of syrup of orange, and the aqueous mixture be set

aside, with frequent agitation, for six or eight hours, before filtration,

a much finer flavored syrup will be obtained, since the presence of.
5 per cent. of aleohol increases the solubility of the balsamie prin-

ciples in the water. In case the alcohol is retained, the water and

sugar ordered in the official formula must be reduced correspondingly,

to 450 Ce. and 800 Gm., respectively,

8. Syrupus Zingiberis. According to the Pharmacopceia, syrup of
ginger should be prepared from fluid extract of ginger, by mixing
this with precipitated ealcium phosphate, evaporating the alcohol,
mixing the residue with water, filtering, and dissolving sugar in the
filtrate. This does not yield a syrup of decided ginger odor or
taste, for the reason that the cold water fails to take up sufficient of
the oleo- resinous prineiples remaining with the caleium phosphate. A
syrup of stronger aroma and pungency and better suited as a flavor-
ing agent to disguise the unpleasant taste of saline and other medi-
cines, may be obtained by the following modification of the official
formula: Mix 20 Ce. of aleohol with 30 Ce. of fluid extract of
ginger and incorporate 30 Gm. of precipitated calecium phosphate ;
gradually add 450 Ce. of water and set the mixture aside, with fre-.
quent agitation, for six or eight hours ; then filter and wash the filter
with water so as to obtain 500 Ce. of filtrate, in which dissolve
800 Gm. of sugar, by agitation without heat,

B. MEDICATED SYRUPS.

1. Syrupus Acacice. This syrup is prepared by mixing 1 volume
of mucilage of acacia with 3 volumes of simple syrup, and is pre-
ferably made extemporaneously, owing to its tendency to deteriorate
unless kept in a cold place ; mucilage of acacia spoils more readily
than a well-made syrup, and it is, therefore, of prime importance that
the mucilage be fresh. Each Ce. of the syrup represents 0.378 Gm.
of acacia.

2. Syrupus Aeidi Hydriodici. Syrup of hydriodic acid is officially
prepared by adding a freshly-made solution of hydriodic acid, con-
taining potassium hypophosphite, to simple syrup ; it contains 1 per
cent. by weight of absolute hydriodic acid, equal to about 0.013 Gm.
in each Ce. The syrup when freshly made is colorless, and keeps
well for some time if preserved in completely filled bottles, in a dark
place; gradually, iodine is liberated and the syrup becomes colored,
and if more than pale straw-colored, it should be rejected. (For further
remarks, see Iodine and its Compounds).

3. Syrupus Allii. Syrup of garlic owes its value to an essential
oil, present in the fresh bulbs in larger proportion than in the dry,
and readily extracted by maceration with diluted acetic acid, as
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directed by the Pharmacopeeia. The sugar must be dissolved without
]u}ut and contact with metals must be avoided.

4. Syrupus Altheeee. In the official process for this syrup the cut
althea is first washed with cold water to remove dust and forei
matter, and then macerated for one hour with cold water, to which
about 8 per cent. of alcohol has been added as a preservative; the
mixture is frequently stirred, and finally strained without expression.
Cold water is preferable to warm water, as the latter produces a thiek,
ropy mucilage. After the sugar has been dissolved in the infusion,
elycerin, to the amount of 10 per cent. by volume of the desired
finished product, is added to preserve the rather unstable syrup. It
must be preserved in completely filled bottles, in a cool place.

5. Syrupus Calein Lactophosphatis.  The first step in the prepara-
tion of this syrup is the solution of ealeium ecarbonate in lactic acid
diluted with water, producing calcium lactate ; the addition of phos-
phorie acid canses the precipitation of caleium phosphate, which
will be redissolved by the lactic acid and exeess of phosphorie acid
present, upon the further addition of water, If the phosphoric acid
be diluted with about twice its volume of water, before it is added
to the solution of calcium lactate, less trouble will be experienced,
and, instead of forming a dense magma, the ecalcinm phosphate will
redissolve as fast as formed. The acid liquid, after the addition of
water, is filtered, and to the filtrate, orange flower water and sugar are
added, and the whole then shaken until dissolved. Each Ce. of the
finished syrup represents 0.02584 Gm. of tri-caleium phosphate.

6. Syrupus Caleis. Advantage is taken, in the preparation of this
syrup, of the well-known fact that sugar largely increases the solu-
bility of lime in water, and this solubility varies with the proportion
of sugar to the water usec] according to Peligot, 100 parts of sugar
contained in 250 parts of :lqtltﬂufa solution, waH take up 26.5 parts of
lime, while the same quantity of sugar in 2000 parts of solution
takes up only 18 parts of lime. Choice lime should be used—as
fiee from carbonate and other impurities as possible. The official
syrup of lime is of uncertain strungth, the Pharmacopeia not having
fixed a definite proportion, but, when freshly made, it contains prob-
ably 0.032 Gm. of caleium oxide in every Ce. The direction to boil
the lime, sugar, and water together for five minutes, is not essential,
except to gain t!ml:*, for cold maceration with frequent agitation wﬂl

cause an equa]h arge amount of lime to be dissolved ; but longer
time is necessary—npossibly two or three days. Syrup of ]nne chan
very rapidly upon exposure to air, and shounld, therefore, be kept in
well-s’cnp]mred bottles.

7. Syrupus Ferri Iodidi. Syrup of ferrous iodide is made by
adding a hot, freshly-prepared solution of iodide of iron to simple
syrup. T he official syrup contains about 10 per cent. by weight of
ferrous iodide, or about 0.134 Gm. in each Ce. ; it should be preserved
in small, cﬁmplete]v-h]led bottles, in a place accessible to sunlight.
On exposure to air, the color of the syrup slowly changes to yellow

A2 T
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and afterward to brown, the change of color proceeding from the
exposed surface downward ; when such a change is noticed, exposure
of the syrup to direct sunlight will restore the original color. (For
further remarks, see the Official Preparations of Iron.)

8. Syrupus Ferri, Quinine el Strychnine Phosphatum. The prep-
aration of this syrup presents no difficulties if the official directions
be followed. An aqueous solution of soluble phosphate of iron is
mixed with phosphoric acid, and in this acid liquid the alkaloids,

uinine and strychnine, are dissolved ; the solution is filtered into
glycerin and then mixed with simple syrup. Each Ce. of the syrup
contains 0.030 Gm. of quinine, 0.020 Gm. of soluble phosphate of
iron, and 0.002 Gm. of strychnine; the presence of 10 per cent. of
glycerin favors the stability of the syrup, but a gradual darkening
of the color cannot be avoided, although it may be retarded by
keeping the syrup in completely-filled bottles, in a dark place.

9. Syrupus Hypophosphitum. By this name the Pharmacopewia
recognizes a syrup of the hypophosphites of caleium, potassium, and
sodium flavored with spirit of lemon ; it is prepared by making a
solution of the three salts in water, acidulating the same with hypo-

hosphorous acid, and in it dissolving the sugar by agitation. Fach
Ec. of the syrup containg 0.045 Gm. of caleinm hypophosphite, 0.015
Gm. each of potassium and sodium hypophosphites, and 0.002 Gm,
of dilute hypophosphorous aeid.

10. Syrupus Hypophosphitum cwm Ferro. This syrup is made by
dissolving 10 Gm. each of ferrous lactate and potassinm citrate in
1000 Ce. of the preceding syrup; it darkens considerably by age,
and should therefore be freshly made when wanted. Ferrous lactate
-in the form of crystalline crusts is the best of the commercial varie-
ties, and should alone be used in the preparation of this syrup.

11. Syrupus Ipecacuanhe. Syrup of ipecac is made from the
fluid extract of the drug, which is well shaken with a mixture of
acetic acid and water, for the purpose of bringing the active principle
(emetine) into aqueous solution and of rejecting those undesirable
epnstituents which are apt to cause floceuli in the syrup; after filtra-
tion, glycerin is added to the clear liquid, and then the sugar, after
which the mixture is well shaken, until dissolved. Formerly, syrup
of ipecac was likely to sour in warm weather, but this difficulty is
now obviated by the presence of 10 per cent. of glyeerin; each Ce.
represents 0.070 Gm. of ipecac,

12, Syrupus Kramerice, This syrup is prepared by mixing fluid
extract of krameria with simple syrup, in the proportion of 45
| volumes of the former to 55 volumes of the latter; each Ce. rep-
| resents 0.45 Gm, of krameria.
| 13. Syrupus Lactucarii. In the official process for this syrup,
| tincture of lactucarium is slowly incorporated with sugar and pre-
| cipitated calcium phosphate, after which water is added in small
portions at a time ; the mixture is then filtered, and in the filtrate
| sugar is dissolved without heat. The object of this treatment is to
15



996 PRACTICAL PHARMACY.

obtain a clear, transparent syrup, which can be attained if' the tine-
ture has been properly prepared and freed from the caoutchoue-like
constituent present in the drug. Each Ce. of the syrup represents
the active virtues of 0,050 Gm. of lactucarium,

14. Syrupus Pieis Liquide. Tar always contains certain impuri-
ties which are readily soluble in cold water, and these it is intended
to remove in the process officially directed for the syrup. Sand is
mixed with the tar, before the addition of ecold water, in order to
facilitate the washing, which is continued for twelve hours with
frequent stirring. After decanting and rejecting the first liquid,
boiling distilled water is added to the purified tar, and the mixture is
well stirred during fifteen minutes, after which glvcerin is added aund
maceration continued for twenty-four hours, during which time the
soluble constituents of the tar are extracted ; sugar is dissolved in the
clear liguid, which has been decanted and filtered, with the aid of a
gentle heat. Each Ce. represents the virtues of 0.075 Gm. of tar.

15. Syrupus Pruni Virginiane. Wild cherry is macerated for
twenty-four hours with a mixture of one volume of glycerin and
two volumes of water, during which time a peculiar reaction or fer-
mentation goes on between certain constituents of the bark, resultin
in the formation of hydrocyanic acid, and a volatile oil identica
with oil of bitter almond. After maceration the drug is slowly per-
colated to practical exhaustion, and in the percolate the sugar is dis-
solved without heat. Enough menstruum should be added to the
powdered drug to thoroughly moisten it, and the percolator ke%
tightly closed to prevent loss of the hydrocyanic acid; a No.
powder being rather eoarse, the mixture must be very firmly packed,
so that the drug may be slowly exhausted. The presence of 15 i
cent. by volume of glycerin will prevent the fermentative changes
frequently observed heretofore in the finished syrup, although at
the same time it inercases the extraction of tannin from the bark,
The amount of hydroeyanic acid present in the syrup is a very uncer-
tain quantity, nor does it remain constant, owing to exposure and its
volatile and unstable character. .

16. Syrupus Rhei. The official formula directs a solution of
potassinm carbonate to be added to fluid extract of rhubarb, prior
to its admixture with simple syrup ; a small quantity of spirit of ein-
namon is also added as a flavoring agent. The addition of an alkali
prevents the separation of resinous matter, by retaining the same in
solution, and thus a clear syrup is obtained, The use of water for
solution of the potassium carbonate and the addition of 5 per cent.
of glyeerin appear quite unnecessary, since the alkali can be dis-
solved in a part of the simple syrup, and syrup of rhubarb thus
prepared keeps admirably well. Iach Ce. represents 0.100 Gm. of
rhubarb.

17. Syrupus Rhei Aromaticus. Avomatic or spiced syrup of
rhubarb is made, according to the Pharmacopeeia, by mixing
15 volumes of the aromatic tincture of rhubarb with 85 volumes of




SYRUPS. 297
simple syrup ; the result is a eloudy syrup, owing to the suspension
of partially precipitated resinous matter. If a perfectly clear syrup
is desired, it may be obtained by adding a small proportion of
borax, about 3 per cent., or 5 Gm, for every 1000 Ce. of finished
syrup ; the borax should be dissolved in the tincture, before the
addition of the syrup.

18. Syrupus Rosee. This preparation is a simple mixture of 1
volume of Huid extract of rose with 7 volumes of syrup. It has a
beautiful red color and an agreeably astringent taste, and, although
reckoned among the medicated syrups, is more frequently employed
as a flavoring agent for saline and other mixtures,

19. Syrupus Rubi. The official syrup of blackberry is made by
mixing 1 volume of fluid extract of blackberry bark with 3 volumes
of syrup. It has a strongly astringent taste and is of a deep reddish-
brown color.

20. Syrupus Sarsaparille Compositus, In the preparation of this
syrup a mixture is first prepared of the fluid extracts of sarsaparilla,
senna, and liquorice root, and a very small quantity of the oils of
sassafras, anise, and gaultheria ; this mixture, after the addition of
water, is well shaken and set aside for an hour to allow separation
of inert, insoluble matter, after which it is filtered. Sugar is dis-
gsolved in the filtrate, with the aid of only a gentle heat, to avoid loss
of the volatile oils. The finished syrup contains very nearly 8 per
cent. of aleohol derived from the fluid extracts, and therefore a less

nantity of sugar than most other syrups. The present official
?urmu]a differs from those formerly employed, in omitting guaiacum
wood and pale rose petals. Each Ce. of the finished syrup represents
0.200 Gm. of sarsaparilla, 0.015 Gm, each of senna and liguorice root,
and a trace each of the oils of gaultheria, anise, and sassafras.

21. Syrupus Seille. Syrup of squill is prepared by dissolving
sugar in vinegar of squill ; the latter contains considerable albumin-
ous matter, which it is intended to remove by the official directions to
boil and filter the liquid before the addition of the sugar. On account
of the very acid character of the preparation, contact with metallie
vessels should be avoided. Each Ce. represents the active virtues of
0.045 Gm. of squill.

22. Syrupus Seille Compositus. Compound syrup of squill, also
sold under the name of hive syrup, is made from the fluid extracts
of squill and senega, as follows: The two fluid extracts are mixed,
evaporated on a water-bath to about half their bulk, and then
mixed with water ; when cold, the liquid is intimately mixed with
precipitated calcium phosphate and filtered, to remove pectin eom-
pounds and albuminous matter, which are otherwise likely to pass
through the filter, If necessary, the liquid should be I'Etlll‘lwill to
the filter until it passes through perfecily elear. 'To the clear filtrate
is added a definite quantity of tartar emetic, previously dissolved in
hot water, and then the preseribed guantity of sugar, which is dis-
solved without heat. Each Ce. of the syrup contains 0.002 Gm. of
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antimony and potassium tartrate and the active principles of 0.080
Gm. each of squill and senega.

23, Syrupus Senegee. Syrup of senega is made by dissolving
sugar in fluid extract of senega previously diluted with water.
Senega is rich in pectin compounds, the separation of which, in
li l?ﬁapml}aratinns of the drug, is avoided by the presence of alkalies.
Fluid extract of senega contains 5 per cent. of ammonia water, and
the Pharmacopeeia recommends a further addition of 21 per cent.,
before diluting the fluid extract with water. The mixture is filtered
after standing three or four hours, and in the clear filtrate the sugar
is dissolved without heat. Iach Ce. of the syrup represents 0.200
Gm. of senega.

There appears to be no objection to preparing the syrup as wanted,
by mixing one volume of fluid extract of senega with four volumes
of simple syrup, this mixture keeping equally as well as the former
more tedious preparation.

24. Syrupus Senne. The official process for making syrup of
senna consists in preparing a strong infusion of the leaves, mixing
this with aleohol and oil of coriander, removing the precipitate b
filtration, and in the filtrate dissolving the sugar without heat ; ea
Ce. represents the virtues of 0.250 Gm. of senna.

Long-continued digestion of senna leaves at 60° C. (140° F.), as
directed in the Pharmacopeia, is of no advantage, as the cathartie
principles can be extracted in less time, and long maceration brings
an undesirable amount of gum into solution ; digestion for six or
eight hours is no doubt sufficient when followed by expression and
a further treatment of the dregs on the strainer by percolation with
hot water. Solution of the sugar in the clear liquid is greatly facil-
itated by placing a well-corked hottle, containing both, in a moder-
erately warm water-bath and agitating frequently. The gummy
matter is precipitated upon the addition of aleohol, and some time
must be uhmved for complete separation of the precipitate, other-
wise subsequent filtration of the liquid will be difficult ; the clear
liquid is decanted and the vemainder filtered, the filter being washed
with water.




CHAPTER XVII.
MUCILAGES, HONEYS, AND GLYCERITES.

Mucilages.

THE preparations recognized in the Pharmacopeia under this
name are viscid adhesive liquids formed by solution of mucilaginous
principles in water ; with one exception they are unstable and readily
undergo putreﬁl.vtwe changes in warm weather, hence they should
be freshly prepm‘ed when wanted. The four official mucilages are
those of acacia, sassafras pith, tragacanth, and elm.

Mucilago Aecacice. The Pharmacopeia recommends that acacia
be washed with cold water before it is brought into solution, for
the purpose of removing foreign matter often adhering to the outer
surface. The official formula will produce quite a viseid liquid con-
taining 34 per cent. of acacia, each Ce. representing 0.378 Gm.
Owing to the fact that the solution of acacia becomes denser as it
progresses, stirring or agitation of the mixture will be found some-
what difficult toward the end of the process, and solution can be
more readily effected by what is known as circulatory displacement
(see page 114), that is, the suspension of the washed acacia in the
water, in a bag of loosely textured cloth, to be oceasionally moved
about in the liquid so that fresh portions 'of the water may continu-
ally displace the solution formed, and thus complete solution be
more rapidly effected. Pieces of clear, white acacia should be
selected for the mucilage, which, when made, should be preserved in
completely filled bottles, in @ cool place.

Mucilago Sassafras Medulle. Mucilage of sassafras pith is made
by macerating the pith in cold water for three hours and then strain-
ing ; the mixture should be kept in a covered vessel and occasionally
stirred with a glass rod. Each Ce, represents 0.02 Gm. of sassafras

ith.

; Mucilago Tragacanthce. The official directions for preparing mucilage
of tragacanth are, to add the tragacanth to a boiling mixture of glycerin
and water and then macerate for twenty-four hours, with frequent
stirring; after the addition of more water, the mass is beaten to a
uniform consistence and then forcibly expressed through muslin,
Mucilage of tragacanth forms a somewhat opaque semi-liquid jelly
m}ntammg 6 per cent. of tragacanth; the presence of 18 per cent. of
glycerin prevents decomposition. Tragacanth is only partially soluble
in water, but absorbs the latter and swells to a gelatinoid mass,
’Ifumfuya Ulmi,  Mucilage of elm, although still recognized in



230 PRACTICAL PHARMACY.

the Pharmacopeeia, is but very rarely prepared by pharmacists; the
official directions are to add 6 Gm. of bruised elm to 100 Ce. of
water and digest for one hour, in a covered vessel, on a water-bath.
Mucilage of elm, like that of sassafras pith, spoils very readily, and
should be freshly made when wanted.

Honeys.

Clarified honey, or Mel Despumatum of the Pharmacopeeia, is pre-
pared by mixing honey with 2 per cent. of its weight of paper-pulp
and heating the mixture on a water-bath as long as any seuam rises to
the surface; the scum is earefully removed with a skimmer and snf-
ficient distilled water added to restore loss by evaporation, after which
the mixture is strained and 5 per cent. of its weight of glycerin is
added to the strained liquid, for the purpose of better preservation.

Medicated honeys are simply mixtures of clarified honey with cer-
tain medicinal agents, and are, as a rule, prepared extemporaneously.

Only one medicated honey is recognized in the Pharmacopeeia,
namely, Mel Ros:we, or honey of rose, which is made by mixing fluid
extract of rose with clarified honey, in such proportion that the
finished product shall contain the astringent virtues of 12 Gm, of
rose [ZI'E‘:[B.}IE in every 100 Gm.; this is about equal to a mixture of 12
Ce. of fluid extract of rose with 64 Ce. of clarified honey.

Glycerites.

This valuable class of preparations consists of solutions of the
medicinal agents in glycerin; they are permanent and are readily
miscible with water or aleohol. Of the official glycerites, five are
liguid and one solid.

Glyceritum Acidi Carbolici. This glyeerite is conveniently pre-
pared by placing crystallized carbolic acid and glycerin together in a
porcelain dish and warming the mixture on a water-bath until per-
feet solution is effected ; each (Gm. of the finished glycerite represents
0.20 Gm. of carbolie acid, which is equal to about 110 grains in one
fluidounce.

G'lyceritum Aeidi Tannici.  Although tannin is perfectly soluble
in cold glycerin, the solution of so large a proportion as directed
in the official glycerite is best effected by the aid of heat; contact
with metallic vessels must be carefully avoided, and the tannin and
glycerin should be intimately mixed with a glass rod before heat is
applied. When solution is completed, a deep green, transparent
liquid results, which should be strained, while still warm, through
flannel or a pledget of cotton. Glycerite of tannin contains 20 per
cent. of tannin, or about 0.300 Gm. in each Ce., which is equal to
about 120 grains in one fluidounce.

Glyeeritum Amyli. The official directions for preparing glycerite
of starch are to stir 10 parts of starch with 10 parts of water and
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80 parts of glycerin, to a homogeneous mixture, and then apply a
gradually increased heat until a translucent jelly is formed. As
starch usually occurs in lumps, it is necessary to first rub it, in a
mortar, into a fine powder, which should be transferred to a porcelain
capsule, and then mixed with the water and glycerin, so as to avoid
loss, which is unavoidable if the mixture be made in the mor-
tar; heat must be applied cantiously and the mixture constantly
stirred with a thick glass rod or a wooden spatula, to avoid scorching
and consequent discoloration. The liquid gradually thickens as the
heat is increased, and the entire disappearance of white spots indi-
cates perfect solution. The high heat indicated in the official for-
mula is necessary to effect the rupture of the starch granules, without
which solution of the starch cannot take place; to insure uniform
heating, wire ganze should invariably be interposed between the
capsule and the flame. Glycerite of starch is hygroscopie, therefore
it must be preserved in tightly closed jars, so as to avoid contact
with air,

G lyceritum Boroglycerini. The preparation of this glycerite involves
first the production of boroglycerin, known also as boroglyeeride or
glyceryl borate, and secondly, the solution of this compound in glyeerin.
When borie acid and glyeerin are heated together to about 150° C.
(302° I.), chemical action sets in, water being given off, while a new
compound, glyceryl borate, is formed, which upon cooling is obtained
as a transparent, almost colorl