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Suppose, for instance, that it is desirable to know the quantity of
pure silver contained in a shilling. The coin is first dissolved in
nitric acid, by which means a bluish solution, containing silver,
copper, and probably other metals, is obtained. Tt is a known faet
that chlorine combines with silver in the presence of other metals
to form silver chloride, whick is insoluble in nitrie acid. The pro-
portions in which the combination takes place are 35-37 of chlorine
to every 107°66 of silver ; consequently, if a standard solution of pure
sodic chloride is prepared by dissolving in water such a weight of
the salt as will be equivalent to 35°37 grains of chlorine (= 5837
grains NaCl) and diluting to the measure of 1000 grains; every
single grain measure of this solution will combine with 0-10766 grain
of pure silver to form silver chloride, which is precipitated to the
bottom of the vessel in which the mixture is made. In the process
of adding the salt solution to the silver, drop by drop, a point is at
last reached when the precipitate ceases to form. Here the process
must stop. On looking carefully at the graduated vessel from
which the standard solution has been used, the operator sees at
once the number of grain measures which has been necessary to
produce the complete decomposition. For example, suppose the
quantity used was 520 grain measures; all that is necessary to be
done is to multiply 520 by the coefficient for each grain measure,
viz. 0-10766, which shows the amount of pure silver present to be
5508 grains, j

This method of determining the quantity of silver in any given
solution occupies searcely a quarter of an hour, whereas the estimation
by weighing could not be done in half a day, and even then not so
accurately as by the volumetric method. It must be understood
that there are certain necessary precautions in conducting the above
process which have not been deseribed ; those will be found in their
proper place ; but from this example it will at onee be seen that the
saving of time and trouble, as compared with the older methods of
analysis, is immense ; besides which, in the majority of instances
in which it can be applied, it is equally aceurate, and in many cases
much more so.

The only conditions on which the volumetric system of analysis
are to be carried on successfully arve, that the greatest care is
exereised with respect to the graduation of the measuring instru-
ments, the strength and purity of the standard solutions, and the
absence of other matters which would interfere with the accurate
estimation of the particular substance sought.

The fundamental distinction between gravimetric and volumetrie
analysis is, that in the former method, the substance to he
estimated must be completely isolated in the purest possible state
or combination, necessitating in many instances very patient and
diseriminating labour ; whereas, in volumetric processes, sunl} com-
plete separation is very seldom required, the processes being so
contrivedd as to admit of the presence of half a dozen or more
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other substances which have no effect upon the particular chemical F
reaction required.

The process just described for instance, the estimation of silver
in coin, is a case in point. The alloy consists of silver and copper
with small proportions of lead, antimony, tin, gold, etc. None of
these things affect the amount of salt solution which is chemically
required to precipitate the silver, whereas, if the metal had to be
determined by weight it would be necessary to first filter the nitric
acid solution to free it from insoluble tin, gold, ete.; then
precipitate with a slight excess of sodic chloride ; then to bring the
precipitate upon a filter, and wash repeatedly with pure water until
every trace of copper, sodic chloride, ete., is removed. The pure
gilver chloride is then carefully dried, ignited separately from the
filter, and weighed ; the filter burnt, residue as reduced metallic silver
and filter ash allowed for, and thus finally the amount of silver is
found by the balance with ordinary weights.

On the other hand, the volumetric process has been purely
chemieal, the burette or measuring instrument has taken the place
of the balance, and theoretical or atomic weichts have supplanted
ordinary weights.

The end of the operation in this method of analysis is in all
cases. made apparent to the eye. In alkalimetry it is the change
of eolour produced in litmus, turmerie, or other sensitive colouring
matter, The formation of a permanent precipitate, as in the
estimation of cyanogen. A precipitate ceasing to form, as in
chlorine and silver determination. The appearance of a distinet
colour, as in iron analysis by permanganate solution, and so on.

I have adopted the classification of methods used by Mohr and
others, namely :—

1. Where the determination of the substance is effected by
saturation with another substance of opposite properties—
gene}:-n,]l}r understood to include acids and alkalies, or alkaline ]
earths,

2. Where the determination of a substance is effected by a
reducing or oxidizing agent of known power, including most
metals, with their oxides and salts; the principal oxidizing agents
heing potassic permanganate, potassic bichromate, and iodine ; and
the corresponding reducing agents, ferrous and stannous compounds,
and sodic hyposulphite,

3. Where the determinafion of a substance is effected hy
precipitating it in some insoluble and definite combination, an
example of which oceurs in the estimation of silver described
above.

This classification does not rigidly include all the wvolumetric
processes that may be used, but it divides them into convenient
sections for describing the peculiarity of the reagents used, and
their preparation. If strictly followed out, it would in some cases
necessitate the registration of the body to be analyzed under two
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or three heads. Copper, for instance, can be determined residually

by potassic permanganate ; it can also be determined by precipitation

with sodic sulphide. The estimation of the same metal by potassic

flyagide,_ on the other hand, would not come under any of the
eads.

It will be found, therefore, that liberties have be taken with the
arrangement ; and for convenient reference all analytical processes
applicable to a given body are included under its name.

It may be a matter of surprise to some that several distinet
volumetric methods for one and the same substance are given ;
but a little consideration will show that in many instances
greater convenience, and also accuracy, may be gained in this
way.

The operator may not have one particular reagent at command,
or he may have to deal with such a mixture of substance as to
preclude the use of some one method; whereas, another may be
quite free from such objection : the choice in such cases of course
requires judgment, and it is of the greatest importance that the
operator shall be acquainted with the qualitative composition of the
matters with which he is dealing, and that he should ask himself
at every step why such and such a thing is done.

It will be apparent- from the foregoing description of the
volumetric system, that it may be successfully used in many
instances by those who have never been thoroughly trained as
analytical chemists; but we can never look for the scientific
development of the system in such hands as these.

Fleischer, in the last edition of his book (Die Tifrir-
methode* ), claims to have materially advanced the scientific basis
of the system by his methods of separation of bases or acids;
and both he and his translator appear to look upon the hitherto-
published treatises on volumetry as mere collections of receipts or
preseriptions, the details of which must be carried out literally, and
with the strictest obedience, in order to estimate any given substance.

If T were asked to state the first necessity of any analytical
process, I would answer, accuracy; if 1 were asked to state
the second or even third mnecessity, I would again answer,
accuracy.

It is of course an easy matter to sacrifice this aceuracy in some
degree, in favour of that which looks like a comprehensive system,
but the true interests of practical science cannot be advanced on
such a prineiple.

When the volumetric system was first fairly announced, it
naturally gave rise to hosts of theoretical applications, which time
and experience have proved in many instances to be practically
untrustworthy. :

The sketches of separation methods given by Fleischer are,

* An abridged translation by Pattinson Muir was issued in 1877 (Macmillan).
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§ . VOLUMETRIC ANALYSIS, ]

the bulk of the fluid by the heat of the body, and thus leading to
incorrect measurement, as is the case with Binks’ or Gay
Lussac’s form of instrument.  The principal  disadvantage,
however, of these two latter forms of burette is, that a correct
reading can only be obtained by placing them in an upright
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position, and allowing the fluid to find its perfect level. The
preference should, therefore, unhesitatingly be given to Mohi's
burette, wherever it can be used ; the greatest drawback to its
original form is, that it cannot be llh['Ll for permanganate in con-
sequence of its india-rubber tube, which decomposes the solution.
This, however, can be entirely obviated by the use of the same

kind of burette fitted with a delicate glass stop-cock, as shown in
fig. 4. This tap burette is very serviceable, as it can be used
not only for permanganate but for all other solutions, and may also
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be arranged so as to deliver the solution in drops, leaving both
the hands of the operator disengaged. The tap should be ground
very accurately, and the end of the plug should have a collar of
india-rubber or buckskin fastened on it, so as to prevent the plug
from slipping out of its place. Owing to the action of caustic
alkalies upon glass, such a burette does not answer well for strong
solutions of potash or soda, unless emptied and washed immediately
after use. Two convenient forms of stand for Mohr's hurettes
are shown in fige, 3 and 4; in the latter, the arms carrying the
burettes revolve.

We are indebted to Mohr for another form of instrument to
avoid the contact of permanganate and india-rubber, viz., the food
burette, with elastic ball, shown in fig. 5.

The flow of liguid from the
exit tube can be regulated to
a great nicety by pressure
upon the ball, which should
be large, and have two open-
ings,—one cemented to the
tube with marine glue, and
the other at the side, over
which the thumb is placed
when pressed, and on the
removal of which it refills
itself’ with air.

Gay Lussac’s buretie,
supported in a wooden foot,
may be used instead of the
above form, by inserting a
good fitting cork into the
open end, through which a
small tube bent at mnght
angles is passed. If the
burette is held in the right
hand, slightly inclined to-
wards the beaker or flask
into which the fluid is to be
measured, and the mouth
; : applied to the tube, any
Fig. &. Fig. 6. portion of the solution may
be emptied out by the pressure
of the breath, and the disadvantage of holding the instrument in
a horizontal position, to the great danger of spilling the contents,
. is avoided; at the same time, the beaker or flask can be held
in the left hand and shaken so as to mix the fluids, and by
this means the end of the operation be more accurately determined
see fig, ).

( There is an arrangement of Mohr’s burette which is extremely
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§ .9 VOLUMETRIC ANALYSIS, 11
serviceable, when a series of analyses of the same character have
to be made, such as in alkali works, assay offices, &e. It consists
in having a T piece of glass tube inserted between the lower
end of the burette and the spring clip, which communicates with
a reservoir of the standard solution, placed above, so that the
burette may be filled as often as emptied, by a syphon, and in so

Fig. 7

gradual a manner that no air bubbles oceur, as in the case of filling
it with a funnel, or pouring in liquid from a bottle ; beside w 1111:]1
this plan 'pmvents evaporation or dust in the atandunl solution
either in the burette or reservoir,

Figs, 7 and 8 show this arrangement in detail.
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midway ; no heat can then reach the body of fluid in the
burette, since there can be no conduction past the
pinch-cock. If this plan is not adopted, a Gay Lussac
or ball burette should be used.

Gay Lussac's burette, shown in fig. 9, should have
a wooden support or foot into which it may be inserted,
so as to be read correctly. By using it in the following
manner, its natural disadvantages may be overcome to
a great extent. Having fixed the burette into the foot
securely, and filled it, take it up by the foot with the
left hand, and resting the upper end upon the edge of
the beaker in which the solution to be tested is placed,
drop the test fluid from the burette, meanwhile stirring
the contents of the beaker with a glass rod held in the
right hand; by a slight elevation or depression of
the left hand, the flow of test liquid is regulated until
the end of the operation is secured, thus avoiding the
annoyances which arise from alternately placing the
instrument in an upright and horizontal position.

Geissler’s burette differs from Gay Lussac's in
having the fine tube enclosed within the large one, but
as it is a difficult instrument to make, it has not found
much favour,

Binks’, or, as it is sometimes called, the English

Fig. 10,

burette, is well known, and need not be described ; it is the least
recommendable of all forms, except for very rough estimations.
It 1s most convenient to have burettes graduated to contain 925
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or 30 c.c. in { e.c,, 50 or 60 c.c.in } e, and 100 or 110 c.c, in

T Ce.

+ or

The kind of pinch-cock generally
used in Mohr’s burette is shown in
fig. 1. These are made of brass and
soldered, which is objectionable, as
they frequently come to pieces under
the action of the solutions, I have
for some time used pinch-cocks made
of one piece of stecl wire, as devised
by Hart; the wire is softened by
heating and coiling round, as shown
in fig. 10,

When the proper shape has been
attained, the clip is hardened and
tempered so as to convert it into a
spring.

Another useful pinch-cock is shown
in fig. 10. It may be made of hard
wood, horn, or, preferably, of flat
glassrod. "The levers should be long.
A small piece of cork, of the same
thickness as the elastic tube of the
burette when pressed close, should be
fastened at the angles of the levers
as shown in the engraving. .

The use of any kind of pinch-cock
can be avoided, and a very delicate
action obtained, by simply inserting a
not too tightly fitting piece of solid
glass rod into the elastic tube, between
the end of the burette and the spit, a
firm squeeze being given by the finger
and thumb to the elastic tube sur-
rounding the rod, a small canal is
opened, and thus the liquid escapes,
and of course can be confrolled by
Fig. 11. the operator at his will,
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THE FPIPETTE.

§ 6. Tug pipettes used in volumetric analysis are of two kinds,
viz., those which deliver one certain quantity only, and those which
are graduated on the stem, so as to deliver various quantities at the
discretion of the analyst. In the former kind, or whole pipette,
the graduation may be either that in which the fluid is suffered to
run out by its own momentum, or in which it is blown out by the
breath. The best form is that in which the liquid flows out by its
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own momentum, but in this case the last few drops empty them-
selves very slowly ; but if the lower end of the pipette be touched
against the moistened edge of the beaker or the surface of the fluid
into which it is emptied, the flow is hastened considerably, and in
araduating the pipette, it is preferable to adopt this plan.

In both the whole and graduated pipettes, the upper end is
narrowed to about § ineh, so that the pressure of the finger is
sufficient to arrest the flow at any point.

Pipettes are invariably filled by-sucking the upper end with the
mouth, unless the liquid contain volatile or other highly poisonous
matter, in which case the instrument may be dipped completely
into the fluid, but in this case the outside liquid must be wiped off
before measuring. Beginners invariably find a difficulty in quickly
filling the pipette above the mark, and stopping the fluid at the
exact point. Practice with pure water is the only method of getfing
over this difficulty.

Fig, 11 shows two whole pipettes, one of small and the other of
large capacity, and also a graduated pipette of medium size. If
must be borne in mind that the pipette graduated throughout the
stem is not a reliable instrument for actual analysis, owing to the
difficnlty of stopping the flow of liquid at any given point, and
veading off the exact measurement, TIts chief use is in the
approximate estimation of the strength of any standard solution
in the ecourse of preparation, .

THE MEASURING FLASES.

§ 7. Tuese indispensable instru-
ments are made of various capacities ;
they serve fo mix up standard solu-
tions to a given volume, and also
for the subdivision of the substance
to be tested by means of the pipettes,
and are in many ways most con-
venient, They should be tolerably
wide at the mouth, and have a well-
ground glass stopper, and the gradua-
tion line should fall just below the
middle of the neck, so as to allow
room for shaking up the fuid.
Convenient sizes are 100 c.c. (to
deliver), 100, 200, 250, 300, 500,
and 1000 e.e,, the latter all graduated
to contain the respective quantities,
A liter flask is shown in fig. 12,
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ON THE CORRECT READING OF GRADUATED
INSTRUMENTS.

§ 8. Tue surface of liquids contained in narrow tubes i always
curved, in consequence of the capillary attraction exerted by the
sides of the tube, and consequently there is a difficulty in obtaining
a distinet level in the fluid
to be measured. If, how-
ever, the lowest point of the
curve is made to coincide
with the graduation mark,
a correct proportional read-
ing is always obtained, hence
this method of reading is the
mostsatisfactory (see fig. 13).

The eye may be assisted
materially in reading the
divisions on a graduated

- tube by using a small ecard,
Fig. 13. the lower half of which is
blackened, the upper re-
maining white. If the line of division between the black and
white be held about an eighth of an inch below the surface of the
liquid, and the eye brought on a level with it, the meniscus then
can be seen by transmitted light, bounded below by a sharply
defined black line. A card of this kind, sliding up and down a
support, is of great use in verifying the graduation of the burettes
or pipettes with a cathetometer. The burette or pipette
is filled with water at the proper temperature, and the
contents of each division of 10 c.c. orso carefully read
off with the telescope and weighed. In order to do
this with pipettes they must be fixed in a burette
support, and have over their upper end a tightly fitting
elastic tube closed with a pinch-cock. The operator
may here consult with advantage the details of gradu-
ating and verifying measuring instruments for the
analysis of gases as described in Part 7. It is hardly
necessary to say, that in taking the readings of burettes,
pipettes, and flasks, the graduation mark should
coingide as nearly as possible with the level of the
operator’s eye.

Erdmanw’s Floud, This useful little instrument to

! accompany Mohr's burette, gives the most accurate
Fig. 14. reading that can be obtained ; its form is shown in
fiz. 14, It consists of an elongated glass bulb, rather
smaller in diameter than the burette itself, and weighted at the
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lower end with a globule of mereury, like an hydrometer. It is
drawn to a point at the upper end, and the point is bent round so
as to form a small hook, by means of which it can be lifted in and
out of the burette with a bent wire ; a line is made with a dimnongl
yound its middle by means of a lathe, and the coincidence of this
line with the graduation mark of the burette is accepted as tho
true reading.  The actual height of the lilll:li(l in thp burette is not
regarded, because if the operator hegins with the line on the float,
opposite the 0 graduation mark on the 'hur{:tyu,_ j.‘-]m same pro-
portional division is always
maintained.

It is essential that the float
should move up and down in
the burette without wavering,
and the eircle upon it should
always be parallel to the
craduations of the burette.
One great value of this float
is found in testing the aceuracy
of the burette itself ; it enables
a strict comparison to be made
between say each 10 c.c., with
very slight differences in weigh-
ing, supposing the instrument
to be correct. It is always
well, however, to bear in mind
that absolute accuracy cannot
be obtained in graduating in-
struments ; 5 or 10 milligrams
of water either way in 10 c.c.
may safely be disregarded.

To prevent evaporation and
the entrance of dustin Mohr’s
burette, while in use, a small
beaker or wide test tube should
be dropped over its orifice. In
burettes containing caustic al-
kaline solutions, a cork with
carbonic acid tube should be
usedif the solution is allowed
to remain in them for any

Fig. 13, length of time.

Besides the measuring flasks
it is necessary to have graduated vessels of eylindrical form, for the
purpose of preparing standard solutions, &c.

Fig. 15 shows a stoppered cylinder for this purpese, generally
called a test mixer. ¢

7
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ON THE SYSTEM OF WEIGHTS AND MEASURES
TO BE ADOPTED IN VOLUMETRIC ANALYSIS.

§9. Ir is much to be regretted that the decimal system of .
weights and measures used on the Continent is not universally
adopted, for scientific and medicinal purposes, in England. Its
great advantage is its uniformity throughout. The unit of weight
is the gram (=15-43235 grains froy), and a gram of distilled
water at 4° C., or 39° Fahr., measures exactly a cubic centimeter.
The kilogram contains 1000 grame, the liter 1000 cubic centi-
meters. . :

It may not be out of place here to give a shork deseription of the
origin of the French decimal system, now used exclusively for
scientific purposes in that country, and alse in Prussia, Austria,
Holland, Sweden, Denmark, Belgium, and Spain.

The commission appointed in France for the purpose of instituting
a decimal system of weights and measures, founded their standard
on the length of the meridian are between the pole and equator,
the ten-millionth part of which was ealled the métre (= 30-3710
English inches), although the accuracy of this measurement has
been disputed. It would have been preferable, as since proposed,
that the length of a pendulum vibrating exactly 86,400 times in
twenty-four hours, or one second for each vibration, equivalent to
39:1372 English inches, should have been taken as the standard
metre, in which case it would have been much easier to verify the
standard in case it should be damaged or destroyed. However, the
actual métre in use is equal to 39371 inches, and from this standard
its multiples and subdivisions all proceed decimally ; its one-tenth
part being the decimifre, one-hundredth the centimeétre, and one-
thousandth the millimétre.

In accordance with this, a cube of distilled water at its greatest
density, viz.,, 4° C., or 39° Fahr., whose side measures one decimeter,
has exactly the weight of one kilogram, or 1000 grams, and occupies
the volume of 1 liter, or 1000 eubic centimeters,

This simple relationship between liquids and solids is of great
value in a system of volumetric analysis, and oven for ordinary
analysis by weight ; for technical purposes it is equally as applicable
as the grain system, the vesults being invariably tabulated in
percentages. :

With these hrief explanations, therefore, I have only to state
that the French decimal system will be mainly used throughout
this treatise ; but at the same time, those who may desire to adhere
to the ordinary grain weights, can do so without interfering with
the accuracy of the processes deseribed. . ‘ '

As has been before stated, the true cubi¢ centimeter contains
one gram of distilled water at its greatest density, viz, 4* C,
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or 39° Fahr, ; but as this is a degree of temperature at which it
is impossible to work for more than a month or two in the year, if
is better to take the temperature of 16° C., or about 60" Fahr., as
the standard ; because in winter most laboratories or rooms have
furnaces or other means of warmth, and in summer the same
localities ought not, under ordinary circumstances, to have a much
higher degree of heat than 16° C. In order, therefore, that the
graduation of instruments on the metrical system may be as
uniform as possible with our own fluid measures, the cubic
centimeter should contain one gram of distilled water at 16° C.
The tme c.c. (i.e. =1 gm. at 4° C., or 39° Fahr,) contains only
0:999 gm. (strictly .0-998981) at that temperature; but for con-
venience of working, and for uniformity with our own standards
of volume, it is better to make the c.c. contain one gram at 16° C.
The real difference is one-thousandth part. The operator, there-
fore, supposing he desires to graduate his own measuring flasks,
must weigh into them 250, 500, or 1000 grams of distilled water
at 16° C., or 60° Fahr.

Fresenius and others have advocated the use of the strict liter
by the graduation of instruments, so that they shall contain
999 gm. at 16° C. Mohr, on the contrary, uses a 1000 gm., at
the temperature of 17:5% the real difference being 1°2 c.c. in the
liter, or about one eight-hundredth part.

Tt will be seen above that I have advocated a middle course on
two grounds: (1) That in testing instruments it is much easier
to verify them by means of round numbers, such as 4 or 10 gm. ;
(2) That there are many thousands of instruments already in use
varying between the two extremes; and as these cannot well be
annihilated, the adoption of a mean will give a less probable amount
of error between the respective instruments; and, moreover, the
difference between the liter at 4° and 16° being one-thousandth
part, it is easy to correct the measurement for the exact liter.

It matters not which plan is followed, if all the instruments in
a particular set coincide with each other; but it would be
manifestly wrong to use one of Mohr's burettes with one of
Fresenius' measuring flasks. Operators can, however, without
much diffieulty, re-mark their measuring flasks to agree with their
smaller graduated instruments, if they are found to differ to any
material extent.

Variations of Temperature.—In the preparation of standard
solutions, one thing must especially be borne ir mind ; namely,
that saline substances on being dissolved in water have a consider-
able effect upon the volume of the resulting liquid. The same is
also the case in mixing solutions of various salts or acids with each
other (see Gerlach, “Specifische Gewichte der Salzlgsungen ;”

Gerlach, also “Sp, Gewichte von wiisserigen Losungen,” Z. a. C.
V. viil, p. 245),

¢ 2
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In the case of strong solutions, the condensation in volume is as
a rule considerable : and, therefore, in preparing such solutions for
volumetric analysis, or in diluting such solutions to a given volume
for the purpose of removing aliquot portions subsequently for
examination, sufficient time must be given for liguids to assume
their constant volume at the standard temperature.  If the strength
of a standard solution is known for one temperature, the strength
corresponding to another temperature ean only be caleulated if the
rate of expansion by heat of the liquid is known. The variation
cannot be estimated by the known rule of expansion in distilled
water ; for Gerlach has shown that even weak solutions of acids
and salts expand far more than water for certain increments of
temperature. The rate of expansion for pure water is known,
and may be used for the purpose of wverifying the graduation of
instruments, where extreme accuracy is required. The following
short table furnishes the data for correction (Watts' Diel. of
Chem. v. 1. p. 256).

The weight of 1000 c.c. of water of t° C., when determined by
means of brass weights in air of t° C., and at 0-76 m.m. pressure,
is equal to 1000 — x gm.

Slight variations of atmospheric pressure may be entirely
disregarded.

| |
te (10|11 12|13 |14 (15|16 |17 |18 |19
x |1'34]1°43|1'52|1'63 1"?6! 189 2:04 22 | 2:37| 2'55
|

te |20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 28 | 29 | 80
x 2'?4-I 2:95 3'1'?1 389 363 388 413 4-39| 4'ﬁ?i 4:94| 524

l

Bearing the foregoing remarks in mind, therefore, the safest plan
in the operations of volumetric analysis, so far as measurement is
concerned, is to use solutions as dilute as possible. Absolute
accuracy in estimating the strength of standard solutions can only
be secured by weight, the ratio of the weight of the solution to the
weight of active substance in it being independent of temperature.

Casamajor (C. N. v. xxxv. p. 160) has made use of the
data given by Matthiessen in his researches on the expansion
of glass, water, and mercury, to construet a table of corrections to
be used in ease of using any weak standard solution at a different
temperature to that at which it was originally standardized.

The expansion of water is different at different temperatures ;

[P

- the expansion of glass is known to be constant for all temperatures

up to 100°. The correction of volume, therefore, in glass burettes,
must be the known expansion of each c.c. of water for every 1° C.,,
less the known expansion of glass for the same temperature.
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It is not necessary here to reproduce the entire paper of
Casamajor, but the results are shortly given in the following
fable. ;

The normal temperature is 156° C. ; and the figures given are the
relative contractions below, and expansions above, 15° C.

Deg. C. ' Deg. C.

T — 000613 24 -+ 001686

8 — 000590 256 <= 001919

0 —- 0005630 26 -+ -D02169
10 — 000492 ar 4+ 002405
11 — 000420 28 + 0028657
12 — 000334 29 + 002913
18 — 000236 30 -+ 0031579
14 — DOO1E4 81 <+ 003453
15 Wormal 22 4 003739
16 4+ 000147 88 -+ (04035
17 - 000306 34 - 004342
18 + -DDO4T3 ' 35 4+ 004680
19 4 000652 3G -+ 004987
20 + 000541 a7 4+ 005323
21 4 001039 28 -+ 005667
22 4. 001246 [ 39 & 006040
93 + 001462 ! 40 + 006382

By means of these numbers it is easy to caleulate the volume of
liquﬂl at 15° C. corresponding to any volume observed at any
temperature. If 35 c.c. of solution has been used at 37° C., the
table shows that 1 c.c. of water in passing from 15° te 37° is
increased to 1:005323 c.c. ; therefore, by dividing 35 c.c. by 1-005323
is obtained the quotient 34-819 e.c., which represents the volume
at 15° corresponding to 35 e.c. at 37°; or the operation can be

simplified by obtaining the factor, thus:

1 e

R

A table can thus be easily constructed which would show the
factor for each degree of temperature.

These corrections are useless for concentrated solutions, such as
normal alkalies or acids; with great variations of temperature
these solutions shounld be used by weight.

The accurate graduation of burettes and pipettes can only be
done by catefully constructed machines, and is, therefore, generally
speaking, beyond the compass of the analyst himself ; nevertheless,
they should be carefully tested by him before being used, as,
unfortunately, they do not always possess the accuracy to which
they pretend. In the verification of both burettes and pipettes, it
15 only necessary to allow ten cubic centimeters of distilled water
to flow from the instrument to be tested into a dry and aceurately
tared flask or beaker. If the weight at 16° C., or 60° Fahr.,, is 10
grams, it is sufficient; the next 10 c.c. may be tried in like
manner, and so on until the entire capacity is proved ; differences
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of 5 or 10 milligrams may be disregarded. Thorpe (Quantit.
Chem, Anal, p. 119) attaches the burette or pipette with elastic
tube and pinch-cock to a balance, and thus weighs the respective
volumes of fluid delivered. '
Beside the liter flask, it is advisable to have flasks graduated for
100, 200, 250, 300, and 500 c.c., as they are extremely serviceable in
dividing small quantities of substance into still smaller proportional
parts. Suppose, for instance, it is desired to take the tenth part
of a solution for the purpose of separating any single constituent,
let it be put into a 200 c.c. flask, which is then filled to the mark
with water or other appropriate liquid, and well shaken ; 20 c.c.
taken out with a pipette will at once give the quantity required.

Instruments graduated on the Grain System.—Burettes, pipettes,
and flasks may also be graduated in grains, in which case it is best
to take 10,000 grains as the standard of measurement. In order
to lessen the number of figures nsed in the grain system, so far
as liquid measures are concerned, I propose that ten fluid grains be
called a decem, or for shortness dm. ; this term corresponds fo the
cubic centimeter bearing the same proportion to the 10,000 grain
measure as the cubic centimeter does to the liter, namely, the
one-thousandth part. The use of a term like this will serve to
prevent the number of figures, which are unavoidably introduced
by the use of a small unit like the grain,

Its utility is principally apparent in the analysis for percentages,
particulars of which will be found hereafter.

The 1000 grain burette or pipette will, therefore, contain 100
decems, the 10,000 gr. measure, 1000 dm., and so on.

The capacities of the various instruments graduated on the grain
system may be as follows :— ;

Flasks : 10000, 5000, 2500, and 1000 grs. = 1000, 500, 250, and
100 dm, Burettes: 300 grs. in 1-gr. divisions, for very delicate
purposes=30 dm. in ,% ; 600 grs.in Z-gr. divisions, or 1 dm. ;
1100 grs. in 5-gr. divisions, or 1 dm., ; 1100 grs. in 10-gr. divisions,
or 1 dm. The burettes are graduated above the 500 or 1000 grs.
in order to allow of analysis for percentages by the residual method.
Whole pipettes to deliver 10, 20, 50, 100, 200, 500, and 1000 grs.,
graduated ditto, 100 gr. in %5 dm, ; 500 grs. in § dm. ; 1000 grs,
in 1 dm,

Those who may desire to use the decimal systems constructed on
the gallon measure= 70,000 grains, will bear in mind that the
“gseptem ” of Griffin, or the “decimillen” of Acland, are each
equal to 7 grs., and therefore bear the same relation to the
pound = 7000 grs., as the cubic centimeter does to the liter, or the
decem to the 10,000 grs, An entirely different set of tables for
caleulations, &e., is required for these systems ; but the analyst may
readily construct them when once the principles contained in this
treatise are understood,

7
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VOLUMETRIC ANALYSIS BASED ON THE SYSTEM OF
CHEMICAL EQUIVALENCE AND THE FREFARATION
OF NORMAL TITRATED SOLUTIONS.

§ 10. When analysis by measure first came into use, the test
solutions were generally prepared so that each substance to be tested
had its own special re-agent; and the strength of the standard
solution was so caleulated as to give the result in percentages.
Consequently, in alkalimetry, a distinet standard acid was used tor
soda, another for potash, a third for ammonia, and so on, necessl-
tating a great variety of standard solutions.

Griffin and Ure appear to have been the first to suggest the use
of standard test solutions based on the atomie system ; and, following
in their steps, Mohr has worked out and verified many methods of
analysis, which are of great value to all who concern themselves
with scientific and especially technical chemistry. Not only has
Mohr done this, but in addition to it, he has enriched his
processes with so many original investigations, and improved the
necessary apparatus to such an extent, that he may with justice
be ealled the father of the volumetric system.

Normal Solutions,—It is of great importance that no misconcep-
tion should exist as to what is meant by a normal solution ; but it
does unfortunately cccur, as may be seen by reference to the
chemical journals, also to Muir’s translation of Fleischer's
book (see Allen, C. I. v. xl. p. 239). Normal solutions are
prepared so that one liter at 16° C. shall contain the hydrogen
equivalent of the active re-agent weighed in grams (H=1). Semi-
normal, quintinormal, decinormal, and centinormal solutions are
also required, and may be shortly designated as § ¥ 5§ and 1§35
solutions.

In the case of univalent substances, such as silver, iodine,
hydrochloric acid, sodium, &e., the equivalent and the atomic
(or in the case of salts, molecular) weights are identical ; thus, a
normal solution of hydrochloric acid must contain 3637 grams of
the acid in a liter of fluid, and sodic hydrate 40 grams. In the
case of bivalent substances, such as lead, caleiumn, oxalic aeid,
sulphurous acid, carbonates, &e., the equivalent is one-half of the
atomic (or in the case of salts, molecular) weight ; thus,a normal
solution of oxalic acid would be made by dissolving 63 grams of
the erystallized acid in distilled water, and diluting the liquid to
the measure of one liter.

Further, in the case of trivalent substances, such as phosphoric
acid, a normal solution of sodie phosphate would be made by
weighing 388 = 119-3 grams of the salt, dissolving in distilled water,
and diluting to the measure of one liter.
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Dl.'!ll! important point, however, must not be lost sight of, namely,
that in preparing solutions for volumetric analysis the value of a
reagent as expressed by its equivalent h ydrogen-weight must not
ulwa:,*ﬁ be regarded, but rather its parbicular reaction in any given
analysis ; for instance, tin is a quadrivalent metal, but when
using stannous chloride as a reducing agent in the analysis of
iron, the half, and not the fourth of its molecular weight is
required, as is shown by the equation Fe? (164 8n Cl2=2 Fe Cle
+5Sn CI*,

In the same manner with a solution of potassic permanganate
Mn KO* when used as an oxidizing agent, it is the available oxygen
which has to be taken into account, and hence in construeting a
normal solution one-fifth of its molecular weight 128 = 31'6
grams must be contained in the liter,

Uf.her instances of a like kind oceur, the details of which will
be given in the proper place.

A further illustration may be given in order to show the
method of calculating the results of this kind of analysis.

Each c.e. of % silver solution will contain swsps of the
atomic weight of silver= 0010766 gm., and will exactly precipitate
1ohgg ©of the atomic weight of chlorine = 0:003537 gm, from any
solution of a chloride.

In the case of normal oxalic acid each c.c. will contain 545 of
the molecular weight of the acid=0:063 gm., and will nentralize
agss Of the molecular weight of sodic monocarbonate = 0:053
gm., or will combine with 5.z of the atomic weight of a
dyad metal such as lead=0-1032 gm., or will exactly saturate
vo'sa of the molecular weight of sodic hydrate = 0040 gm., and
80 on.

‘Where the 1000 grain measure is used as the standard in place of
the liter, 63 grains of oxalie acid would be used for the normal
solution ; but as 1000 grains is too small a quantity to make, it is
better to weigh 630 grains, and make up the solution to 10,000
grain measures = 1000 dm. The solution would then have exactly
the same strength as if prepared on the liter system, as it is pro-
portionally the same in chemical power; and either solution may
be used indiscriminately for instruments graduated on either scale,
bearing in mind that the substance to be tested with a c.c.
burette must be weighed on the gram system, and wice wersd,
unless it be desired to calculate one system of weights into the
other.

The great convenience of this equivalent system is, that the
numbers used as coefficients for caleulation in any analysis are
familiar, and the solutions agree with each other, volume for
volume., We have hitherto, however, looked only at one side of its
advantages. For technical purposes, the plan allows the use of
all solutions of systematic strength, and simply varies the amount
of substance tested according to its equivalent weight,
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Thus, the normal solutions say, are—

Crystallized oxalic acid = @3 gm. per liter.
Sulphuric acid © =49 gm, 7
Hydrochloric acid =38:87 gm. ,,
Nitric acid =63 gm. .
Anhydrous sodic carbonate =53 gm. 5
Sodic hydrate =40 gm, i
Ammonia =17 gm. o

100 c.c. of any one of these normal acids should exactly neutralize
100 c.c. of any of the normal alkalies, or the corresponding amount
of pure substance which the 100 c.c. contain. In commerce we
continually meet with substances used in manufactures which are
not pure, and it is necessary to know how much pure substance
they contain.

Let us take, for instance, refined soda ash (sodic carbonate). If
it were absolutely pure, 53 gm. of it should require exactly 100 c.c.
of any normal acid to saturate it. If we therefore weigh that
quantity, bring it into solution with water, add litmus, and deliver
into the mixture the normal acid from a 100 c.c. burette, the number
of c.c. required to saturate it will show the percentage of pure sodic
carbonate in the sample, Suppose 90 c.c. are required = 90°/,

Again—a manufacturer buys commeon il of vitriol, and requires
to know the exact percentage of pure hydrated acid in it; 49 grams
are weighed, diluted with water, litmus added, and normal alkali
delivered in from a 100 c.c. burette till saturated ; the number of
c.c. used will be the percentage of real acid. Suppose 583 c.c. are
required = 5857/,

On the grain system, in the same way, 53 grains of the sample
of soda ash would require 90 dm. of normal acid, also equal to
90°/..

Or, suppose the analyst desires to know the equivalent percenfage
of dry caustic soda, tree and combined, contained in the above
sample of soda ash, without caleulating it from the carbonate found
as above, 3'1 gm. is treated as before, and the number of c.c.
required is the percentage of sodiec oxide. In the same sample
526 c.c. would be required=52'6 per cent. of sodic oxide, or 90
per cent. of sodic carbonate.

Method for percentage of Purily in Commercial Substances.—
The rules, therefore, for obtaining the percentage of pure substance
m any commercial article, such as alkalies, acids, and various
salts, by means of systematic normal solutions such as have been
described, are these—

1. With normal solutions ,'; or 54 (according to its atomicity)

of the 1“01?'1'-1131‘ weight in grams of the substance to be analyzed
15 to be weighed for titration, and the number of c.c. required to
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must be titrated on every occasion before being used, Stannous
chloride and sulphurous acids are examples of such solutions
Special vessels have been devised for keeping solutions liable to
alter in strength by access of air, as shown in figs. 16 and 17.

Fig. 16 is especially applicable to caustic alkaline solutions, the
tube passing through the caoutchoue stopper being filled with dry
soda-lime, resting on cotton wool.

Fig. 17, designed by Mohr, is a considerable improvement
upon this, since it allows of the burette being filled with the

Fig. 18, Fig. 17.

solution from the store hottle quietly, and without any access of
air whatever. The vessel can be used for caustic alkalies, baryta,
stannous chloride, permanganate, and sulphurous acid, or any other
liquid liable to undergo change by absorbing oxygen. The corks
are dried and soaked in melted paraffine; or still better, may be
substituted by caoutchouc stoppers ; and a thin layer of petroleum
oil, such as is uged for burning, is poured on the top of the solution
where, of course, owing to its low specific gravity, it always ﬂunts:
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placing an impermeable division between the air and the solution 3
and as this body (which should always be as pure as possible) is
not affected by these reagents in their diluted state, this form offers
great advantages. Solutions not affected chemieally by contact
with air should nevertheless be kept in bottles, the corks or stoppers
of which are perfectly closed, and tied over with india-rubber or
bladder to prevent evaporation, and should further he always shaken
before use, in case they are not quite full. The influence of bright
light upon some solutions is very detrimental to their chemical
stability ; hence it is advisable to preserve all solutions mot in
immediate use in the dark, and at a temperature not exceeding

" 15 or 16° C.

ON THE DIRECT AND INDIRECT PROCESSES OF
ANALYSIS AND THEIR TERMINATION.

§ 11. Tue direct method includes all those analyses where the
substance under examination is decomposed by simple contact with
a known quantity or equivalent proportion of some other body
capable of combining with it, and where the end of the decomposition
is manifested in the solution itself.

It also properly includes those analyses in which the substance
reacts upon another body to the expulsion of a representative
equivalent of the latter, which is then estimated as a substitute for
the thing required.

Examples of this method are readily found in the process for the
determination of iron by potassic permanganate, where the beautiful
rose colour of the permanganate asserts itself as the end of the
reaction.

The testing of acids and alkalies comes, also, under this class, the
great sensitiveness of litmus, turmerie, or other indicators, allowing
the most trifling excess of aeid or alkali to alter their colour.

The indirect method is exemplified in the analysis of manganese
ores, and also other peroxides and oxygen acids, by boiling with
hydrochloric acid. The chlorine evolved is estimated as the
equivalent of the quantity of oxygen which has displaced it. We
are indebted to Bunsen for a most accurate and valuable series of
processes based on this principle.

The residual method is such that the substance to be analyzed is
not estimated itself, but the excess of some other body added for
the purpose of combining with it or of decomposing it; and the
quantity or strength of the body added being known, and the con-
ditions under which it enters into combination being also known,
by deducting the remainder or excess (which exists free) from the
original yuantity, it gives at once the proportional quantity of the
substance sought.

An example will make the principle obvious :—Suppose that a
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sample of native caleic or baric carbonate is Lo be tested. It is not
possible to estimate it with standard nitrie or hydrochlorie acid in
the exact quantity it requires for decomposition. There must be
an excess of acid and heat applied also to get it info solution ; if]
therefore, a known excessive quantity of standard acid be first
added, and solution obtained, and the liquid then titrated backward
with litmus and standard alkali, the guantity of free acid can be
exactly determined, and consequently that which is combined also,

In some analyses it is necessary to add a substanee which shall
be an indicator of the end of the process; such, for instance, is
litmus or-the azo colours in alkalimetry, potassie chromate in silver
and chlorine, and starch in iodine estimations.

There are other processes, the end of which can only be determinead
by an indicator separate from the solution ; such is the case in the
estimation of iron by potassic bichromate, where a drop of the liquid
is brought into contact with another tlmp of solution of red potassic
prussiate on a white slab or plate ; when a blue eolour ceases to form
by contact of the two liquids, the end of the process is reached.
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PART IIL

ANALYSIS BY SATURATION,

ALKEALIMETRY.

12. Gay Lussac based his system of alkalimetry upon a
titrated solution of sodic carbonate, with a corresponding solution
of sulphuric acid; and, as this was devised mainly for the use of soda
manufacturers, it was doubtless the best system for that purpose, It
possesses the recommendation, that a pure standard solution of sodie
carbonate can be more readily obtained than any other form of
alkali, Mohr has introduced the use of caustic alkali instead of a
carbonate, the strength of which is established by a standard
golution of oxalic or sulphuric acid. The advantage in the latter
system 1is, that in titrating acids with a caustic alkali, the well-
known interference produced in litmus by carbonic acid is avoided ;
this difficulty is now overcome with carbonates by the azo indicators.

INDICATORS USED IN
ALEATLIMETRY.

§ 13. 1. Litmus Solution. (z) In test-
ing both acids and alkalies it is customary
to employ a solution of litmus as indica-
tor, which may be prepared by taking
about 10 grams of the solid material,
and digesting it with half a liter of
distilled water for a few hours in a
warm place, decanting the clear liguid
from the sediment, adding a few drops
of dilute nitric acid so as to produce a
violet colour, and preserving it in an
open bhottle with narrow neck and bulb
tube for removing drops as may be
required (fig. 18).

If at any time the colour of the liquid
should partially disappear, it may be
restored again by exposing it to the air

Fig. 18, in an open dish. :

(1) A purer solution of litmus may be
prepared as follows :—DBoil the litmus, previously reduced to coarse
powder, two or three times with aleohol or methylated spirit of
about 80 per cent., and throw the liquid so obtained away (this
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treatment removes some colouring matter which is a hindrance to
the proper reaction); then digest the litmus repeatedly with cold
distilled water till all soluble colour is extracted ; let the mixed
washings settle until clear, decant and add to them a few drops of
concentrated sulphuric acid until quite red, then heat to boiling (this
will decompose the alkaline carbonates and convert them into
sulphates), now eautionsly add baryta water until the colour is
restored to blue or violet, pass a few bubbles of carbonic aeid
through the liquid, let the baric sulphate and carbonate settle
perfectly, and decant into a proper vessel for use.

(¢) A still purer blue colour may be obtained as follows :—Extract
all soluble matters from the solid litmus by repeated quantities of
hot water ; evaporate the mixed extracts to a moderate bulk, and
add acetic acid in slight excess to decompose earbonates; evaporate
to a thick extract, transfer this to a beaker, and add a large pro-
portion of Y0-per-cent. aleohol or methylated spirit: by this -
treatment the blue colour is precipitated and the alkaline acetates,
together with some red colouring matfer, remain dissolved ; the
fluid with precipitate is thrown on a filter, washed with spirit, and
the pure colouring matter finally dissolved in warm distilled water,
through the filter, for use.

Free carbonic acid interferes considerably with the production of
the blue colour, and its interference in titrating acid solutions with
alkaline carbonates ean only be got rid of by boiling the liguid
during the operation, in order to displace the gas from the solution.
If this is not done, it is easy to overstep the exact point of neutrality
in endeavouring to produce the blue colour; the same difficulty is
also found in obtaining the pink-red when acids are used for
titrating alkaline carbonates, hence the great value of the caustic
allkaline solutions free from carbonic acid in acidimetry,

It sometimes occurs that titration by litmus is required at night,
Ordinary gas ov lamp light is not adapted for showing the reaction
in a satisfactory manner ; but a very sharp line of demarcation
between red and blue may be found by using a monochromatic
light ; with the yellow sodium flame the red colour appears
perfectly colourless, while the blue or violet appears like a mixture
of black ink and water; the transition is very sndden and even
sharper than the change by daylight.

The operation should be condueted in a perfectly dark room :
and the flame may be best obtained by heating a piece of platinum
coil sprinkled with salt, or a piece of pumice saturated with a
coneentrated solufion of salt in the Bunsen flame.

2. Litmus Paper.—Is simply made by dipping strips of filtering
paper in the solution and drying them ; if required red, the liquid
is slightly acidified.

9. Cochineal Solution.—This indicator possesses the advantage
over litmus, that it is not so much modified in colour by the presence
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of carbonic acid, and can be used by gas-light. It can also be used
with the best effect with solutions of the alkaline earths, such as
lime and baryta water ; the colour with pure alkalies and earths is
especially sharp and brilliant. The solution is made by digesting
about 3 gm. of powdered cochineal in a quarter of a liter of
a muxture of 4 parts water and 1 part aleohol. Tts nabural
colour is yellowish red, which is turned to %iolet by alkalies:
mineral acids restore the original colour ; it is not so easily affected
by weak organic acids as litmus, and therefore for these acids the
latter is preferable. It cannot be used in the presence of iron or
alumina compounds or acetates.

4. Turmeric Paper.—Pettenkofer, in his estimation of car-
bonie acid by baryta water, prefers turmeric paper as an indicator.
It is best prepared by digesting pieces of the root, first in repeated

.small quantities of water to remove a portion of objectionable

colouring matter, then in aleohol, and dipping strips of filter paper
into the alcoholic solution, drying and preserving them in the darlk.
The excess of baryta is estimated by % oxalic or hydrochloric acid;
and the ending of the process is indicated, when a drop of the
mixture brought in contact with the paper produces no brown
tinge at the outer edge of the circle,

Indicators derived from the Azo Colours, é&c.

The preparation of some of these colours is not publiely known ;
but as they may readily be purchased in a sufiiciently pure state,
there is no need to discuss their composition. They are exceedingly
delicate ag indicators, but it is doubtful whether the changes pro-
dueed can*be equally distinguished by the eyes of all operators.

5. Porrier's Orange 3.—Greville Williams speaks very
highly of this material, and has made comparative tests between it
and litmus in carbonate of soda estimation. The indicator is made
by dissolving 0-10 gm. in 100 c.c. of water, and 0-1 or 0:2 c.c. is
used in each operation. So long as the liquid is alkaline there is
no perceptible colour, but the faintest excess of acid gives a pale
but distinet pink, which is easily seen by placing white paper below
the beaker or flask in which the test is made.

The best way of applying the test is, after cach addition of acid
and stirring well, to allow a drop of the indicator to fall on the
surface of the liquid, thus limiting the space over which the colour
is spread.

The great advantage of this indicator is, that it is entirely
unaffected by carbonie acid or sulphuretted hydrogen ; the titration
of carbonated liquids can therefore take place without heat, and
much time can be saved. For ammonia estimations it is admirable.
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6, Tropmolin 00.—This material is very similar to Orange 3,
but somewhat less sensitive ; it may be used in the same way as
the foregoing, and is equally applicable to acid reactions with the
alkalies,’or the free acid in alumina and other acid metallic com-
pounds,  Crystallized sodic sulphide may, by its aid, be titrated
with standard sulphurie acid in the cold.

7. Tropmolin 000.—This indicator is used in agueous solun-
tion, and gives exactly the reverse effect of Tropmolin 0O, its
natural faint yellow colour being changed to magenta-red by the
slightest excess of alkali.

8. Phenolphthalein.—1his substance is prepared by digesting
10 pavts of carbolic acid, 5 parts phthalic anhydride, and 4 parls
concentrated sulphuric acid for several hours at 120—130° C., then
boiling the residunm with water to remove soluble matter. The
resinous substance so left is boiled in benzol ; and by this means a
yellowish powder is obtained, of which 1 part is dissolved in 30 parts
of 90-per-cent. aleohol to be used as an indicator.

One or two drops is sufficient for each titration of aeids, in which
no colour oceurs until alkali predominates, when an intense purple-
red -is produced ; it is not available for ammonia estimations, nor
in the presence of carbonic acid.

9. Eosin.—This colour is similar in its reactions to Tropzeolin
000, being colourless with acids, and pink-red with alkalies.

10. Rosolic Acid or Corallin.—A sufficiently pure solution
of this substance is’ prepared by digesting equal quantities of car-
bolie, oxalie, and sulphuric acids at a temperature of 150° C. for
some time ; the mixture is then diluted with water, the free acids
saturated with chalk, and the whole evaporated to dryness; the
colour is then extracted with aleohol, and the liquid rendered
sensitive by adding a slight trace of acid or alkali as may be
required. - This indicator is used precisely as litmus, and possesses
no advantage over if, except that it does not decompose or lose
colour from keeping. The colour is brilliant violet-red with alkalies,
turning to slightly yellow or colourless with acids.

PREPARATION OF THE NORMAL ACID AND .&LK.;‘H.LINE
SOLUTIONS.

§ 14. It is quite possible to carry out the titvation of acids and
alkalies with only one standard liquid of each kind; but it fre-
quently happens that standard acids or alkalies are required in
other processes of titration beside mere saturation, and it is
therefore advisable to have a variety.

Above all things it is absolutely necessary to have, at least, one
standard acid and alkali prepared with the most serupulous accuracy
to use as foundations for all others, J

D
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I prefer sulphuric acid for the normal acid solution, inasmuch as
there is no difficulty in getting the purest acid in commerce. The
normal acid made with it is totally unaffected by boiling, even
when of full strength, which cannot be said of either nitrie or
hydrochloric acids; and the exact strength of the solution ean
always readily he checked by precipitation as barie sulphate, using
the modern precautions to insure purity of precipitate. If
pure acid is used, however, these precautions are reduced to a
minimum,

Sodic carbonate, on the other hand, is fo be preferred for the
standard alkali, because it can readily be obtained in a perfectly
pure state, or can be easily obtained by igniting pure sodic
bicarbonate.

The chief difficulty hitherto with sodic carbonate has been, that
with litmus as indicator, the titration must be carried on at a
boiling heat in order to get rid of carbonic acid, which hinders the
pure blue colour of the indicator, notwithstanding the alkali may
be in great excess. This difficulty is now set aside by the use of
tropeolin O0. In ‘case the operator has not these indieators
at hand, litmus gives perfectly accurate results, if the saturation
is conducted by rapidly boeiling the liquid in a thin flask for a
minute after each addition of acid until the point is reached,
when one drop of aeid in excess gives a pink-red colour, which is
not altered by further boiling.

As has been previously said, these two standards must be pre-
pared with the utmost care, since upon their correct preparation
and preservation depends fthe wverification of other standard
solutions.

It may, however, be remarked, that in place of a standard solu-
tion of sodic carbonate, which is of very limited use for general
purposes, the pure salt may be used for the rigid adjustment of
normal acid. In this case, about 2 or 3 grams of the pure salt
are freshly heated to dull redness for a few minutes in a weighed
platinum erneible, cooled under an exsiccator, the exact weight
taken, then transferred to a flask by means of a funnel, through
which it is washed and dissolved with warm distilled water, litmus
added, and the operation completed by rumning the acid of
unknown strength from a burette in } c.c. into the soda solution
in small quantities, and boiling after each addition until exact
saturation oceurs.  When tropweolin OO is used instead of litmus,
the boiling may be avoided.

A second portion of sodie carbonate should now be weighed as
hefore, but not of necessity exactly the same quantity. Its exact
weight must be noted ; the saturation is carried out precisely as at
first. The data for ascertaining the exact strength of the acid solu-
tion by caleulation are now in hand. .

A strietly normal acid should at 16° C. exactly saturate sodic
carbonate in the proportion of 100 e.c. to 53 gm.
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Suppose that 246 gm. sodic carbonate required 413 c.c, of the

acid in the first experiment, then
94 ¢ 53 :: 41'5 12 = 894 c.c.

Again: 2153 gm. sodic carbonate required 36-32 c.c. of acid,

then
9:153 : 53 :: 3632 : 2 = 894 c.c,

The acid may now be adjusted by measuring 890 c.c. into the
graduated liter cylinder, adding 4 c.c. from the burette, or with a
small pipette, and filling to the liter mark with distilled water,

Finally, the strength of the acid so prepared must be proved by
taking a fresh quantity of sodic carbonate, or by titration with a
normal sodic carbonate solution previously made by direct weighing
of 53 gm. to the liter, and using not less than 50 c.c. for the
titration, so as to avoid as much as possible the personal errors of
measurement in small quantities. If the measuring instruments
all agree, and the operations are all condueted with due care, a
drop or two in excess of either acid or alkali in 50 c.c. should
suffice to reverse the colour of the indicator.

1. Normal Sodic Carbonate.
= 53 gm. Na’CO® per liter.

This solution is made by dissolving 53 gm. of pure freshly
ignited sodic monocarhonate in distilled water, and diluting to 1 liter
at 16°C. If the pure salt is not at hand, the solution may be made
as follows :—

About 85 gm. of pure sodie bicarbonate are heated to dull redness
(not to fusion) in a platinum crucible, for fully ten minutes, to expel
one-half of the carbonie acid, then placed under an exsiceator to cool ;
when placed upon the balance it will be found that very little more
than 53 gm, remain, The excess is removed as quickly as possible,
and the contents of the crucible washed into a beaker, and
as soon as the salt is dissolved the solution is decanted into a
liter flask and filled up to the mark with distilled water at 16° C.

2. Normal Potassic Carbonate.
= 69 gm. K*CO® per liter.

This solulion is sometimes, though rarely, preferable fo the soda
zalt, and is of service for the estimation of combined acids in certain
cases, where, by boiling the compound with this agent, an inter-
change of acid and base occurs.

It cannot be prepared by direct weighing of the potassic carbonate,
and is, therefore, best established by titrating a solution of unknown
strength with strictly normal acid,
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have the constant composition of 20-2°/, or a specific gravity of 1-10.
About 181 gm. of -acid of this gravity, diluted to one liter, serves
very well to form an approximate normal acid.

The actual strength may be determined by precipitation with
silver nitrate, or by titration with an exactly weighed quantity of
pure sodic monocarbonate. Hydrochlorie aeid is useful on account
of its forming soluble compounds with the alkaline earths, but it has
the disadvantage of volatilizing at a boiling heat. Dittmar says
that this may be prevented by adding a few grams of sodie sulphate.
In many cases this would be inadmissible, for the same reason that
sulphurie acid cannot be used. The hydrechlorie acid from which
standard solutions are made must be free from chlorine gas or
metallic chlorides, and should leave no residue when evaporated in
a platinum vessel.

6. Normal Nitric Acid.
=63 gm, HNO?* per liter.

A rigidly exact normal acid may be established hy sodic
carbonate, but for the sake of checking the other solutions it is
advisable to graduate it by pure caleie carbonate, either in the form
of the purest Iceland spar, or by artificial carbonate, prepared with
great care by precipitating pure caleic chlorvide with ammonic
carbonate, and boiling the resulting precipitate until it becomes
dense ; it is then washed theroughly with hot water, dried, ignited
aently, and preserved in a well-closed hottle,

By means of either of these forms of calcic carbonate, it is
possible at any time to titrate a dilute nitric or hydrochlorie acid,
50 as o bring it to the normal state; but as more acid must be used
for the decomposition than is actually required to saturate the lime
and expel the carbonic acid, the excess must be estimated by the
help of normal alkali or semi-normal ammonia.

_ rThe nitric acid used should be colourless, free from chlorine and

nitrous acid, sp. gr. from 1-35 to 14 If coloured from the
presence of nitrous or hyponitrous acids, it should be mixed with
two volumes of water, and boiled until white. When cold it may
be diluted and titrated as above. 1 gm. of pure Iceland spar in
small pieces should require exactly 20 c.c. of acid,

7. Normal Caustic Soda or Potash.
=40 gm. NaHO or 56 gm. KHO per liter.

Pure caustic soda made from metallic sodium may now be readily
r:ni:nltm_ned in commerce, and hence it is easy to prepare a standard
solution of exceeding purity, by simply dissolving the substance in
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distilled water till of about 105 sp. gr., or about 50 gm. to the
liter, roughly estimating its strength by normal acid and litmus ;
then finally adjusting the exact strength by titrating 50 c.c. with
normal acid, using orange 3 or tropaolin Q0 as indiecator, to avoid
any exror from the presence of carbonic acid,

However pure caustic soda or potash may otherwise be, they are
both in danger of absorbing carbonic acid, and hence in using
litmus the titration must be conducted with boiling. The azo
indicator permits the use of these solutions at ordinary temperature
notwithstanding the presence of CO?

Soda and potash may both be obtained in commerce sufficiently
pure for all ordinary titration purposes, but in case they are not at
hand the requisite solutions may be prepared as follows :—

Two parts of pure sodic or potassic carbonate are to be dissolved
in twenty parts of distilled water, and boiled in a clean iron pot ;
during the boiling one part of fresh quick-lime, made into a eream
with water, is to be added little by little, and the whole boiled until
all the earbonie acid is removed, which may be known by the clear
solution producing no effervescence on the addition of dilute acid ;
the vessel is covered closely, and set aside to cool and settle; when
eold, the clear supernatant liquid should be poured or drawn off and
titrated by normal acid, and made of the proper strength as directed
for sulphuric acid.

Soda solutions may be freed from traces of chlorine, sulphuric,
silicie, and carbonic acids, by shaking with Millon’s base
trimercur-ammonium (C. N, v. xlii. p. 8).

In preparing these alkaline solutions, they should be exposed as
little as possible to the air, and when the strength is finally seftled,
should be preserved in one of the bottles shown in fig. 16 or 17.

8, Semi-normal Ammonia.
85 gm. NH? per liter.

Tor some years past I have used this strength of standard
ammonia for saturation analyses, and have been fully satisfied with
its behaviour ; it is cleanly, does not readily absorb carbonic acid,
hold its strength well for two or three months when kept in a cool
place and well stoppered ; and can at any time be prepared in a few
minutes, by simply diluting strong solution of ammonia with fresh
distilled water. ‘

A normal solution cannot be used with safety, owing to evapora-
tion of the gas at ordinary temperatures.

It is hard%:,r NEecessary tg add, that even in the case of —gﬁ strength,
the solution should be titrated from time to time against correct
normal acid,
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9, Standard Caustic Baryta (Pettenlkofer).

Especially serviceable for free carbonic acid and coloured acid
liguids, such as commercial vinegars, &e.

The solution of caustic baryta is best made from the crystallized
hydrate. It is not advisable to have the solution too concentrated,
gince, when it is near complete saturation it is apt to deposit the
hydrate at low temperature. The corresponding acid may be either
2 oxalic, nitrie, or hydrochloric. Oxalic acid is recommended by
Pettenkofer for carbonie acid estimation, because it has no effect
upon the barie carbonate suspended in weak solutions ; bub there is
the serious drawback in oxalic acid, that in dilute solution it is
liable to rapid decomposition ; and as in my experience % hydro-
chloric acid in dilute mixtures has no effect upon the suspended
baric carbonate, it is preferable to use this acid,

The baryta solution is subject to constant change by absorption
of earbonic acid, but this may be prevented to a great extent by
preserving it in the bottle shown in fig. 17. A thin layer of
petroleum oil on the surface of the liguid preserves the baryta at
one strength for a long period.

The reaction between baryta and turmeric is very delicate, so
that the merest trace of baryta in excess gives a decided brown
tinge to the edge of the spot made by a glass rod on the turmeric
paper. If the substance to be titrated is not too highly coloured,
litmus may be used as an approximate indicator in the mixture:
this enables the operator to find the exact point of saturation more
conveniently.

10. Normal Ammonio-Cupric Solution for Acetic Acid and free
Acids and Bases in Earthy and Metallic Solutions.

This acidimetric solution is prepared by dissolving pure cupric
sulphate in warm water, and adding to the clear solution liquid
ammonia, until the bluish-green precipitate which first appears is
nearly dissolved ; the solution is then filtered into the graduated
cylinder, and titrated by allowing it to flow from a pipette graduated
in 2 or ' c.c, into 10 or 20 c.c. of normal sulphuric or nitrie acid
(not oxalic); while the acid remains in excess, the bluish-green
precipifate which occurs as the drop falls into the acid rapidly
disappears ; but so soon as the exact point of saturation cceurs, the
previously clear solution is rendered turbid by the precipitate
remaining insoluble in the neutral liquid.

‘The process is especially serviceable for the estimation of the free
acid existing in certain metallic solutions, 7.e. mother-liquers, cte.,
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where the neutral compounds of such metals have an acid reaction
on litmus—such as the oxides of zine, copper, and magnesia, and
the protoxides of iron, manganese, cobalt, and nickel ; it is also
applicable to acetic and the mineral acids,

If cupric nitrate be used for preparing the solution instead of
sulphate, the presence of barium, or strontium, or metals precipitable
by sulphuric acid, is of no consequence. The solution is stand-
ardized by normal nitric or sulphuric acid ; and as it slightly alters
by keeping, a coefficient must be found from time to time by
titrating with mormal acid, by which to calculate the results
systematically. Oxides or carbonates of magnesia, zine, or other
admissible metals, are dissolved in excess of normal nitric aecid,
and titrated residnally with the copper solution.

Ezample : 1 gm, pure zinc oxide was dissolved in 27 e.c. normal acid,
and 23 c.c. normal copper solution required to produce the precipitate
=247 c.c. acid ; this multiplied by 0°0405, the coeflicient for zine oxide
=1001 gm. g

3'0 gm. Howard’s calcined magnesia were dissolved in 220 c.c. normal
sulphuric acid and 30 c.c. copper solution were required, whose factor for
normal strength was 00909=2727 c.c. normal ; this deducted from 220 c.c.
leaves 19273 c.c.=3'86 gm. purve magnesia, or 99°/,. Mother-liquors, mixed
acids of the galvanic battery containing metals, etc., can be examined for the
amount of free acid by this means; so also may acefic acid or vinegar, the
only necessary condition being that the acid shall be very dilute, as the
copper precipitate is soluble in concentrated cupric acetate ; if the first drop
of copper solution produces a turbidity which disappears only on shaking or
stirring the liguid, the dilution is sufficient. In order that the first traces of
a permanent precipitate may be recognized, it is as well to place a piece of
dark-coloured paper under the beaker,

For the vinegars of commerce this process seems peculiarly
applicable, as a large amount of dilution is of no consequence,

ESTIMATION OF THE CORRECT STRENGTH OF STANDARD
SOLUTIONS NOT STRICTLY NORMAY OERE SYSTEMATIC.

§ 15. Ix discussing the preparation of the foregoing standard
solutions, it has been assumed that they shall be strictly and
absolutely correct,—that is to say, if the same measure be filled
first with any alkaline solution, then with an acid solution, and the
two mixed together, a perfectly nentral solution shall result, so that
a drop or two either way will upset the equilibrium.

‘Where it is possible to weigh divectly a pure dry substance, this
approximation may be very closely reached. Sodic monocarbonate,
for instance, admils of being thus aceurately weighed, and so also
does oxalic acid. On the other hand, the caustic alkalies cannot be
so weighed, nor can the liquid acids. An approximate quantity,
therefore, of these substances must be taken, and the exact power
of the solution found by experiment,
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In titrating such sclutions it is exceedingly difficult to make them
so exact in strength, that the preeise quantity, to a drop or two,
shall neutralize each other. In technical matters a near approxima-
tion may be sufficient, but in scientific investigations it is of the
areatest importance that the utmost aceuracy should be obtained ; it
is, therefore, advisable to ascertain the actual difference, and to mark
it upon the vessels in which the solutions are kept, so that a slight
calenlation will give the exact result.

Suppose, for instance, that a standard sulphurie aeid is prepared,
which does not rigidly agree with the normal sodic carbonate (not
at all an uncommon oceurrence, as it is exceedingly difficult to hit
the precise point) ; in order to find out the exaet difference it must
be carefully titrated as in § 14. Suppose the weight of sodic
carbonate to be 1:9 gm,, it is then dissolved and fitrated with the
standard acid, of which 361 c.c. are required to reach the exact
neuatral point.

If the acid were rigidly exact it should require 3585 ec.c.; in
order, therefore, to find the factor necessary to bring the quantity of
acid used in the analysis to an equivalent quantity of normal
strength, the number of c.c. actually used must be taken as the
denominator, and the number which should have been used, had the
acid been strictly normal, as the numerator, thus :—

3985 _ g.993;

36-1

0:093 is therefore the factor by which it is necessary to multiply
the number of c.e. of that particular acid used in any analysis in
order to reduce it to normal strength, and should be marked upon
the bottle in which it is kept.

On the other hand, suppose that the acid is too strong, and that
J9°2 e.e, were required instead of 35-83,

3585

Tr- = 10184 ;

1'0184 is therefore the factor by which it is necessary to multiply
the number of ¢.c. of that particular acid in order to bring it to the
normal strength. This plan is much better than dodging about
with additions of water or acid.

Under all circumstances, it is safer to prove the strength of any
standard solution by experiment, even though its constituent has
been aceurately weighed in the dry and pure state.

Further, let us suppose that a solution of caustic soda is to be
made by means of lime, as described previously—after pouring eff
the clear liquid, water is added to the sediment to extract more
alkaline solution; by this means we may obtain two solutions, one
of which is stronger than necessary, and the other weaker, Instead
of mixing them in various proportions and repeatedly trying the
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strength, we may find, by two experiments and a calenlation, the
proporfions of each necessary to give a normal solution, thus ;—

The exact actual strength of each solution is first found, by
separately runming into 10 e.c. of normal acid as much of each
alkaline solution as will exactly neutralize it. We have, then, in
the case of the stronger solution, & number of c.c. required less than
10. Let us call this number V. .

In the weaker solution the number of c.c. is greater than 10,
represented by ». A volume of the stronger solution = @ will
satuvate 10 c.c. of normal acid as often as V is contained in .

A volume of the weaker solution = y will, in like manner, saturate
;-%E c.c. of normal acid; both together saturate 30 % -+ 12:3"
and the volume of the saturated acid is precisely that of the two
liquids, thus—

!

_IEF'L o5 %‘E’i:&; + .
Whence
WWoae+10Vy=VoadVoy
v (10=V)=V y (v—10).
And lastly,
a_ V(v—10)
7y u(I0—Y)

An example will render this clear. A solution of caustic soda
was taken, of which 5-8 c.c. were reguired to saturate 10 c.c. normal
acid ; of another solution, 127 c.c. were required. The volumes of
each necessary to form a normal solution were found as follows :(—

58 (127 —10) = 15:66
12-7 (10 —5'8)=53'34

Therefore, if the solutions are mixed in the proportion of 15:G6
¢.c. of the stronger with 53-34 c.c. of the weaker, a correct solution
ought to result. The same principle of adjustment is, of course,
applicable to standard solutions of every class,

Again : suppose that a standard solution of sulphuric acid has
been made, approximating as nearly as possible to the normal
strength, and its exact value found by precipitation with barie
chloride, or a standard hydrochloric acid with silver nifrate, and
such a solution has been ecalculated to require the coefficient 0:995
to convert it to normal strength,-—by the help of this solution,
though not strictly normal, we may titrate an approximately normal
alkaline solution thus:—7Two trials of the acid and alkaline solu-
tions show that 50 c.c. alkali=48-5 c.c. acid, having a coefficient
of 0:995=48'25 c.c. normal; then, according to the equation,
x 50 = 4825 is the required coefficient for the alkali.

4825

ol
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And here, in the case of the alkaline solution being sodic carbonate,
we can bring it to exact normal strength by a calculation based on
the equivalent weight of the salf, thus—

1:0:965 :: 53 : 51:145.

The difference between the two latter numbers is 1'855 gm., and
this weight of pure sodic carbonate, added fo 1 liter of the solution,
will bring it to normal strength.

THE TITRATION OF ALEALINE SALTS.
1. Caustic Soda or Potash, and their Neutral or Acid Carbonates.

§ 16. Tue necessary quantity of substance being weighed or
measured, as the case may be, and mixed with distilled water to a
proper state of dilution, a sufficient quantity of litmus to produce
a distinet blue or red colour is added, and the solution is ready for
the burette. Let us suppose that sodic carbonate is to be titrated :
the acid from the burette is allowed to flow in until a claret tinge
begins to appear. This takes place some time before the complete
quantity of acid is added, owing to the liberation of carbonic acid.
In order to dissipate the carbonic acid, the liquid must be heated to
boiling over a spirit or gas lamp, when the blue colour will again
appear. Continue to add the acid a few drops at a time, and repeat
the heating until all the carbonic acid is expelled, and a distinct
pink-red colour is produced in the liquid by the final drop of acid.
By using tropzmolin the boiling may be avoided. It is always
advisable to make a second and conclusive test of the alkali;
and, therefore, the first supplies a guide to the quantity of acid
required, and allows a more exact method of procedure towards the
end of the process. .

In the examination of samples of ordinary soda or pearl ash, it 1s
advisable to proceed as follows :—

Powder and mix the sample thoroughly, weigh 10 gm. in a platinum or
porcelain crucible, and ignite gently over a spirit or gas lamp, and allow the
crucible to cool under the exsiccator. Weigh again, the loss of weight gives
the moisture; wash the contents of the crucible into a beaker, dissolve and
filter if necessary, and dilute to the exact measure of 500 c.c. with distilled
water in a half-liter flask, after mixing it thoroughly take out 50 c.c.=1 gm.
of alkali with a pipette, and empty it into a small flask, bring the flask under
a burette containing normal acid and graduated to § or % c.c., allow the acid
to flow cautiously as before directed, until the neutral point is reached : the
process may then be repeated several times if necessary, in order to be certain
of the correctness of the analysis.

As the presence of carbonic acid with litmus always tends to confuse the
exact end of the process, the difficulty may be overcome by allowing more
acid than is needed to flow into the alkali, boiling to expel the carbonie acid,
and then cautiously adding normal caustic alkali, drop by drop, until the
liguid suddenly changes to violet-blue; by deducting the gquantity of caustic
alkali from the quantity of acid originally used, the exact volume of acid
necessary to saturate the 1 gm. of alkali is ascertained. 1
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This residual or backward method of titration gives a very sharp
and sure result, as there is no carbonic acid present to interfere with
the colour of the liguid. An example will make the plan elear :—

Lzxample : 50 c.o. of the solution of alkali prepared as directed, and which is
equal to 1 gm. of the original sample, is put into a flask, and exactly 20 e.c. of
normal acid allowed to flow into 1t; it 18 then boiled and shaken till all ear-
bouie acid is expelled, and normal caustic alkali added till the neutral point
is reached ; the quantity required is 3'4 c.c., which deducted from 20 c.c. of
avid leaves 166 c.c. The following calculation, therefore; gives the per-
centage of real alkali, supposing it to be soda:—321 is the half molecular
weight of dry soda, NaO*, and 1 c.c. of the acid is equal to 0081 gm.,
therefore, 16°6 c.c. is multiplied by 0:081, which gives 05146 ; and as 1 gm.
was taken, the decimal point is moved two places to the right, which gives
51'46 per cent. of real alkali; if caleulated as carbonate, the 16'6 would be
multiplied by 0:058, which gives 0'8798 gm.=8798 per cent.

2. Mixed Caustic and Carbonated Alkaline Salts.

The alkaline salts of commerce, and also alkaline lyes used in
soap, paper, starch, and other manufactories, consist generally of a
mixture of caustic and carbonated alkali. If it he desired to
ascertain the proportion in which these mixtures oceur, the total
alkaline power of a weighed or measured quantity of substance (not
exceeding 3 or 4 gm.) is ascertained by normal acid and noted ; a
like quantity is then dissolved in about 150 c.c. of water, in a
300 c.c. flask, and enough solution of baric chloride added to
remove all the carbonic acid from the soda or potash. There must
be an excess of barie chloride, but as it does not interfere with the
accuracy of the result the exact quantity is of no ennsequence.

The flask is now filled up to the 300 c.c. mark with distilled
water, securely stoppered, and put aside to settle. When the
supernatant liquid is clear, take out 100 e.c. with a pipette, and
titrate with normal nitric acid to the neutral point. The number
of c.c. multiplied by 3 will be the guantity of acid required for the
caustic alkali in the original weight of substance, because only 4
was taken for analysis. The difference is calculated as carbonate ;
or the precipitated baric carbonate may be thrown upon a dry filter,
washed well and quickly with beiling water, and titrated with
normal nitric acid, instead of the original analysis for the total
alkalinity : or both plans may be adopted as a check upon each
other.

The principle of this method is, that when baric chloride is added
to a mixture of caustic and carbonated alkali, the carbonie acid of
the latter is precipitated as an equivalent of baric carbonate, while
the equivalent proportion of caustic alkali remains in !?.ﬂlut-l!][l: as
baric hydrate. By multiplying the number of c.c. of acid required

* The commercinl stondard often used is 32 (being based on the old erroneons
equivalent of Na).




§ 16. VOLUMETRIC ANALYSIS. 45

to saturate this free alkali with the % atomic weight of caustic
potash or soda, according to the alkali present, the jluantity of
substance originally present in this state will be ascertained.

As caustic baryta absorbs carbonic acid very readily when exposed
to the atmosphere, it is preferable to allow the precipitate of
bavic carbonate to settle in the flask as here described, rather
than to filter the solution as recommended by some operators,
especially also that the filter obstinately retains some baric hydrate.

A very slight grror, however, always occurs in all such cases, in
consequence of the volume of the precipitate being included in the
measured liquid,

8. Estimation of Potash in Neutral Salts free from Soda.

Stolba precipitates the potash from a tolerably concentrated solution of
the substances with hydrofluosilicic acid and strong aleohol. The method is
also applicable to the estimation of potash in potassic platinum chloride. To
ensure complete decomposition, if i1s well to warm the mixture for a litile
time before adding the alcohol, which must be of about the same volume as
the liguid itself. After some hours, when the precipitate has settled, the
solution is filtered off, the beaker and precipitate well washed with equal
mixtures of alcohol and water, the whole transferred to a white porcelain
basin, water rather freely added, and heated to boiling, a few drops of
litmus added, and normal or semi-normal alkali run in until exact
saturation oceurs; or & known excess of alkali may be added, and the amount
found by residual titration with normal acid. The results are generally
about 1°/, too low, owing to the difficulty of fully decomposing the pre-
cipitate.

2 eq. alkali=1 eq. potash.

The process is very limited in its use, and is not applicable when
sulphates ave present, nor in the presence of any great amount of free
acid. Sulphuric acid may be previously removed by calcic acetateand
aleohol ; other acids by moderate ignition previous to precipitation.
Large proportions of ammonia salts must also be removed ; and, of
course, all other matters precipitable by hydrofluosilicic acid,
especially soda.

4. Direct Estimation of Potash in the presence of Soda.

Fleischer recommends the following method; and my own
experiments confirm his statements, so far af least as the pure salts
are concerned.

The solution must contain no other bases except the alkalies, nor any acids
except mitric, hydrochlorie, or acetic. This can almost invariably be easily
accomplished. Earthy alkalies are removed by ammonic carbonate or
phosphate ; sulphurie, chromie, phosphoric, and arsenic acids by baric
chloride, followed by ammonic carbonate,
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The solution should be tolerably concentrated, and the volume about 26 or
80 c.c.; 10—15 c.c. of neutral solution of ammonic acetate of sp. gr.
1°035 are added ; followed by finely powdered pure tartaric acid in sufficient
quantity to convert the potash into acid tartrate, with an excess to form some
ammonic tartrate, but not enough to decompose the whole. This is the weak
part of the method ; however, s a guide, it is not advisable to add more than
& gm,. tartaric acid for 10 c.0, of ammonicacetate, If the quantity of potash
18 approximately known, it is best to add about one-third more than is
suflicient to convert the whole into acid tartrate.

After adding the tartaric acid the mixture must be well stirred for five or
ten minutes, without rubbing the sides of the beaker; a like volume of 95-
per-cent. aleohol is added, and again well stirred. The precipitate contains the
whole of the potash as tartrate, and a portion of ammonium tartrate, After
standing half an hour with occasional stirring, the precipitate is collected on
a porous filter, and repeatedly washed with aleohol and water in equal parts
until clean. 3

When the washing is finished the precipitate will be entirely free from
soda; filter and precipitate are transferred to a porcelain basin, treated with
suflicient hot water to dissolve the tartrates, then exactly neutralized with
normal alkali and litmus, and the volume so used noted. A like volume, or
preferably, a larger known volume of normal alkali is now added, and the
mixture boiled to expel all ammonia; the end may be known by holding
litmus paper in the steam. The excess of normal alkali is now found by
titration with normal acid ; the amount so found must be deducted from that
which was added in excess after the exaet titration of the tartrate; the
difference equals the ammonia volatilized. By deducting this difference from
the volume of normal alkali originally required, the volume corresponding to
potash is found.

Erample : 294 c.c. of normal alkali were required in the first instance
to neutralize a given precipitate ; 40 c.c. of the same alkali were then added,
the boiling aceomplished, and 22'5 ¢.c. normal acid used for the excess; then
40—22'56=175 c.c., and again 294—175=11'9, which multiplied by the
factor for KITO=0056 gives 0°G664 gm,

The soda in filtrate may be obtained by evaporation with hydro-
chloric acid as sodie chloride, and estimated as in § 38.

5. Mixed Caustic Soda and Potash.

This process depends upon the fact, that potassic bitartrate is
almost insoluble in a solution of sodic bitartrate,

Add to the solution containing the mixed salts, o standard solution of
tartaric acid till neutral or faintly acid—this produces neufral tartrates
of the alkalies—nowadd the same volume of standard tartaric acid as before—
they are now acid tartrates, and the potassic bitartrate separates almost com-
pletely, filter off the sodic bitartrate and titrate the filtrate with normal
paustic soda; the quantity required equals the soda, originally in the
mixture—the quantity of tartaric acid required to form bitartrate with the
soda subtmctag. from the total guantity added to the mixture of the two
alkalies, gives the quantity required to form potassic bitartrate, and thus
the quantity of potash is found. :

This process is only applicable for technical purposes.
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TECHNICAL EXAMINATION OF COMMERCIAL ALKALINE
COMFPOUNDS.

6. Soda Ash, Black Ash, Mother-liquors, &ec.

Tn refined alkali, moisture is determined by heating 5 or 10 gm. to dull
redness for ten minutes, in a small crucible of platinum fsilver, iron, or porce-
lain, and allowing it to cool under a bell glass in the presence of sulphuric
aeid or caleic chloride: the difference between the first and second weighings
is the accidental moisture in the sample.

The contents of the crucible are then dissolved in about 150 c.c. of warm
distilled water, and any insoluble matter filtered off by a small filter, washed
on the latter a few times with hot water, then, if necessary, dried, ignited,
and weighed as insoluble matter. It is important that this insoluble matter
be removed before titration, otherwise the lime and other constituents in it
will consume a portion of the normal acid, and so register a higher percentage
of alkali than is really present. : )

The total quantity of alkali is defermined in a measured portion of the
filtrate and washings, previously diluted to & or 1 liter, by normal sulphurie,
nitrie, or oxalic acid, as in § 16. 1.% ‘ _ ‘

The quantity of caustic alkali present in any sample is determined as
in § 16. 2.

A custom prevails in the soda trade of ealculating the atomie
weight of sodium as 24 instead of 23, thus representing more real
soda present in a sample of alkali than actually exists ; this practi-
cally leads to an error of from 1 to 2 per cent. in a 50-per-cent.
ash, according to the method of calculation, This anomaly ought
to be got rid of, and one uniform standard adopted.

The presence of sulphides is ascertained by the smell of sulphuretted
hydrogen when the alkali is saturated with an acid, or by dipping paper
gteeped in sodie nitro-prusside imto the solution; 1if the paper turns blue or
violet, sulphide is present.

The quantity of sulphide and hyposulphite may be determined by saturat-
ing a dilute solution of the alkali with a slight excess of acetic acid, adding
gtarch liquor, and titrating with decinormal iodine solution till the blue
colour appears. The quantity of lodine required is the measure of the
sulphuretted hydrogen and hyposulphurous acid present. The quantity of
each may be known by adding a solution of sulphate of zinc to a like quantity
of the alkali, and filtering so as to remove the free carbonated and sulphur-
etted alkali, by which means the hyposulphurous acid alone remains, which
may he estimated with iodine and starch as before; the gquantity of iodine
solution so required is to be deducted from the total, and the calculation for
both sulphide and hyposulphite of sodium may then be made, 1 c.e. 5
iodine is equal to 00248 gm. hyposulphite, or 6:0039 gm. sodic sulphide ;
good English alkali is seldom contaminated with these substances to any
cxtent.

Sodic chloride (common salt) may be determined by neutralizing 0:585 gm.
or 585 grn. of the alkali with nitrie acid, and titrating with decinormal

* This gives a slight error, owing to traces of aluminate of soda and lime, which
conanme acid.
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tolerably speedily. Most of the modes of determination are like-
wise applicable to samples of dry vat waste (Wright, €. N. xvi,
p. 191) :—

(a) A known weight is dissolved in hydrochloric acid, the insoluble coke
and sand collected on a weighed filter, and the carbon subsequently burnt off.

(4) In the filtrate from (a) the HSO' is estimated by normal baric
ghloride. ]

() A known weight is dissolved in nitric zu:ir]._ and the Cl determined
volumetrically by standard silver solution, or neutralized and titrated by the
chromate method.

(d) A known weight is titrated in Mohr's CO® apparatus (§ 27.2), the
ammonic carbonate boiled with caleium chloride; the precipitate washed
till the washings are neutral, dissolved in a slight excess of standard hydro-
chloric acid, and the excess determined by a standard alkaline solution ; thus
the CO” can be caleulated.

{e) A known weight is fused with four times its weight of a mixture of
three parts dry sodic carbonate and one of potassic nitrate (both free
from sulphate). From the total sulphate thus formed, and estimated
volumetrically by barium, that existing as Na"SO! is subtracted, and the
remainder caleulated as 5. .

(f) A known weight is treated with hydrochloric acid, the filtrale
oxidized by nitric acid, and the mixed Fe*O? AlFO?* and P 0" preciptated by
amimonia. _

() The filtrate from (f) is treated with ammonic oxalate, the precipitate
estimated volumetrically by permanganate, or gravimetrically as CaCO¥;
hence the Ca 1s known.

() A known weight is lixiviated with warm water, and in the filtrate
from the insoluble matter the SiO? estimated by evaporation to dryness with
hydrochlorie acid ; in the filtrate from this the Al*O* combined as aluminate
is determined by precipitating the alumina by ammonia,

(#) A known weight is cautiously treated with sulphuric acid in a
capacious platinum crucible, and heated till gases cease to be evolved ; the
residue is treated with water, filtlered and well washed, ammonia and
ammonic oxalate added to the filtrate; and ultimately the tfotal Na
contained weighed as Na*S0'.

In caleulating results {from the foregoing data, the Cl found 15
caleulated as NaCl, the S0® as Na*S0%, the Si0* as Na*510% and
the AFQO? (soluble in water) as Na®AlFO*; the remaining sodium
is then calenlated as Na*CO? and the remaining CO* as CaCO?
The sulphur is calculated as CaS, and the remaining calcium as-
Ca0O. From the total AIFF0?.4 Fe'(® + P0° the alumina present
as aluminate is subtracted ; the coke and sand, etc., are directly
determined (a). The difference from 100 in a carefully conducted
analysis will not ainount to more than a few tenths per cent, and
represents cyanogen, fraces of moisture, ete., and loss.

In an over-roasted ash the alkaline sulphide can only be safely
estimated by digestion with nearly absolute aleohol, oxidation to
sulphate by chlorine, and precipitation by barium. The Na con-
tained as poly- or mono-sulphide, may be determined volumetrically
by % acid in the alcoholic solution, and must be subtracted from
that to be caleulated as Ma*’CO?® as above: the S existing as poly-
or mono-sulphide of sodium must be subtracted from the total

[+
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sulphur found, the difference being calenlated as CaS.  (For further
information see Wright, J. €. S xx, p. 407.)

7. Balt Cake

Is the impure sodic sulphate used in alkali manufacture or left in
the retorts in preparing hydrochlorie acid from sulphurie acid and
salt, or nitric acid from sodie nitrate. It generally contains free
sulphuric acid existing as sodic bisulphate, the quantity of which
may be ascertained by direct titration with normal alkali.

The common salt present is estimated by decinormal silver solution and
chromate ; having first saturated the free acid with pure sodic carbonate,
1 c.c. or 1 dm. silver solution is equal to 0005837 gm. or 005837 grn. of salt,

Sulphurie acid, combined with soda, is estimated either directly or
indireetly asin § 73; 1 c.c. or 1 dm. of normal baryta solution is equal to
0071 gm., or 071 grn. of dry sodic sulphate.

Irom is precipitated from a filtered solution of the salt cake with ammonia
in excess, the precipifate of ferric oxide re-dissolved in sulphuric acid,
reduced to the ferrous state with zine and titrated with permanganate.

Grossmann adopts a method suggested by Bohlig (see § 29),
and has worked out the process in the case of salt cake in careful
detail (€. N. xIi. p. 114) as follows :—- .

The neutral solution of salt cake (3:65 gm.) is put into a 500 c.o. flask,
a measured quantity of baric hydrate in solution (250 c.c. of a cold saturated
solution) is added in excess, the flask filled up with water, and shaken up.
Of the filtered clear liquid 250 c.c. are put in an ordinary flask, carbonic acid
passed through for about ten minutes, and then the contents of the flask
boiled so as to decompose any baric bicarbonate which may be in solution.
After cooling, the contents of the flask are again transferred to the 500 c.c.
flask, the latter filled up with water to the mark, shaken up, and filtered.
250 c.c. of the filtrate—i.e. one-fourth of the original quantity used—are
then titrated with one-fourth normal sulphurie acid. The number of c.c. of
one-fourth normal acid nsed multiplied by two will give the percentage of
sodic sulphate.

There are, however, sources of error in the experimental working of this
method which make certain corrections necessary. They arise—

(1) TFrom the impurities of the caustic baryta.
(2) TFrom the precipitate formed in the measured liguid.
(3) From certain constant losses.

The commercial caustic baryta always contains baric nitrate, and sometimes
baric chloride. It is evident that on adding a solution of baric hydrate
which contains baric nitrate to a solution of sodic sulphate, a quantity of the
latter, equivalent to the quantity of the baric nitrate present, will be con-
verted into sodic nitrate, and thus eseape the alkalimetric test, as will be seen
by the following equations :—

Ba(N0%)? + Na*80! = BaS0' + 2NaN 0.
Ba(NOY? -+ 2NaOH + C0°=BaC0?+ 2NaN 0%+ H0.

1t is, therefore, necessary to measure approximately the quantity of baryta
solution used, so as to know the amount u}) barie nitrate introduced into the
process. The latter can be easily ascertained by passing carbonic acid in
excess throngh the cold saturated solution of baric hydrate, boiling, filtering,
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and precipitating the baryta left in solution by Eu]Hhuric acid as usual,
250 e.c. of a baryta solution used for experiment yielded 00280 gm. BaS04,
which corresponds to 0°0171 gm. Na*SOY, or (96 c.c. of one-fourth normal
acid ; and it follows that for every 250 c.c. of this baryta solution was found
00171 gm. Na*S80! too little ; or, that there must be added 024 c.c. of one-
fourth normal acid to the result of the final titration (of one-fourth of the
original quantity). If the baryta contain caustic alkali a corresponding
quantity of baric nitrate will be found less by the test; but it is easily
understood, that the calculations will not be influenced as long as the baric
nitrate is in excess of the caustic alkali, which is always the case in good
commercial baryta.

The second error arises from the precipitates of baric sulphate and car-
bonate taking up some space in the 500 c.c. flask, the final results thus being
found too high. If it is assumed that a cold saturated solution of baryta
contains about 23 gm. BaO per liter, it will be near enough for all practical
purpeses if in the experiment, working with 3'55 gm.of Na*S0O* and 250 c.c. of
baryta solution, 04 per cent. is subtracted from the final results for this error.

Three experiments made with 8'565 gm. of pure ignited sodic sulphate gave
the following results :—

1.
Used one-fourtk normal acid ... 4937 c.c.
Add for Ba(NO%® .., .. .. 5 024 cc.
49'61 c.c.
=99'22 per cent. Na*804.
115
Used ene-fourth normal acid ... 4921 c.c.
Add for Ba(NO®)* ... .. .. 0E24cc.
4945 c.e.
=98'90 per cent. Na*S0*,
IIT.
Used one-fourth normal acid ... 4987 c.c.
Add for Ba(NO%»?® .. .. .. 024cec
4961 c.o.

= 09'22 per cent. Na*S04,

The average of these three experiments gives 99°1 per cent. : and if 04 per
cent. be subtracted for the precipitate, the result is 957 per cent. instead of 1][]3].

Grossmann states that this loss of 13 per cent. in working with 366 gm.
of sulphate in the given dilution is a constant, and by dividing all results by
0-387 carrect results are obtained.

It now remains to show the applicability of this method to the assay of
salt cake and like substances. The following is a complete analysis of a
sample of salt cake made in the usual way :—

LT R e e SR Sl 1 L
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Free sulphuric hydrate ... ... .. 038
Aluminium sulphate ... ... .. 023
Ferric sulphate R T e S R 7
e anlphates 0 7 S st e T
Sodic chloride ... .. G e 00

Sodic sulphate (by difference) ... 9502
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In order to make a good test of salt cake it is now necessary to estimate
seven constituents, to find by difference the quantity of actual sodic sulphate,
which is the only constituent wanted,

When barie hydrate is added to a solution of salt cake the free acid is
precipitated, so are alumina and iron, and the sulphuric acid combined with
them and with lime. The lime is partly thrown down as such, and what is
left as lime in solution is precipitated as ecarbonate in the second operation.
Thus, whatever other sulphates be present, only the sodic sulphate is given
and by one simple test we are thus able to get a result which formerly could
only be attained by a tedious complete analysis.

The salt cake, of which a complete analysis is given above, was tested by
the alkalimetric method. 855 gm. required—

One-fourth normal acid .., ... 4693 c.o.
Add for Ba (NO2)E 0 .. 0 024c.0.
4717 ce

= 0434 per cent. Na*SO4,
(94:34—040)=9894.,
03:04 : 0°'987=95'2 per cent. Na®S0",

Thus, by the alkalimetric test, 95-2 per cent. Na’SO* oceur,
whereas the analysis gives 9502 per cent. If it be considered how
difficult 1t is to wash soda salts completely from precipitates, it is
not surprising to find the result too low in the complete analysis,
as in five precipitates a very minute quantity will make up
(-2 per cent.

It is hardly necessary to point out that mone of the figures for
the correction of the errors enumerated above can be used by any-
one else working by this method, but that they must be ascertained
in every individual case. It is absolutely necessary to ascertain
after the first operation that there is no sulphate, and after the
second (before titrating) that there is no baryta in selution.

8. ERaw Salt, Brine, &ec.

Lime may be estimated by precipitation with ammonic oxalate, and the
precipitate titrated with permanganate, as in § 48,

Sulphuriec acid as in § 73.

Magnesia is precipitated as ammoniacal phosphate, by a solution of sodie
phosphate containing ammonia, first removing the lime by ammoniec oxalate,
the precipitate of double phosphate of magnesia and ammonia is brought on
a filter, washed with cold water containing ammonia, then dissolved in acetic
acid, and titrated with standard uranium solution, or by the process for
P08 (§ 25.2).

The quantity of real salt in the sample may be ascertained by treating a
waighe& quantity in solution with caustic baryta, boiling, selting aside that
the excess of baryta may precipitate itself as carbonate, or more quickly by
adding ammonic carbonate, filtering, evaporating the solution to dryness, and
gently igniting—the residue is pure salt. The loss of weight between this
and the original specimen taken for analysis, will show the percentage of
impurities.

8. Boap.
The only volumetric method that appears worth anything in the
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examination of commercial soaps, is based upon the principle of
(lark’s soap test for estimaling the hardness of water. A standard
soap is first chosen by means of which the relative saponifying
power of any other soap may be ascertained.

Mottled Marseilles soap, generally known as Castile soap, may be taken as
such a standard. This soap contains 30 per cent, of water, and iz free from
all mineral adulteration ; its composition is, in round numbers :
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1 gm. of this soap will be exaetly neutralized by 01074 gm. pure caleic
chloride, or 10 grains by 1:074 grn.

Therefore a solution of 1074 gm, CaCl® in a liter of water, or 10°74 grn.
in 1000 dm., will suflice to neutralize respectively 10 gm. or 100 grn. of
standard soap dissolved in the same volume of water, or rather aleohol and
water,

The smallest excess of soap solution will give a persistent froth, as in
Clark’s test.

Pons (Journ. de Ph. of Chem. Ap. 1865, p. 290) applies the
process as follows :—

10 c.c. of the standard calcic solution are placed in a stoppered bottle
holding 70—100 ¢.c. with about 20 c.c. distilled water ; 10 gm. of soap are then
dissolved in 100 e.c. alcohol (0825 sp. gr.), by means of rubbing or shaking
with gentle heat—the real soap dissolves and leaves all mineral or foreign
matters, which may be filtered off, and afterwards examined if necessary ; the
filtered soap solution is now diluted to one liter with distilled water, and a
burette filled with it ready to add to the lime solution in the shaking bottles.
It is then cautiously run into the lime with frequent shaking until a lather
is obtained ; the 10 c.e. of lime solution divided by the number of c.c. of
soap solution required, will show the richness of the soap as compared with
the standard—if 10 c.e. only are used, the soap under examination is of the
same quality as the standard ; if 15 or 20 c.c. are required, the percentage
will be 1§=166°/, or +§=>50°, and =0 on.

The total alkalinity of the sample may be estimated by dissolving 50 gm.
in water and diluting to 1 liter ; 50 c.c. are then titrated with normal acid and
eosin or corallin.

The alkali uncombined with fatty acids may be estimated by adding 50 c.c.
of the above solution to about 300 c.c. of a saturated solution of neutral sodic
chloride ; the mixture is diluted to 400c.c. When the fats have separated an
aliquot portion of the fluid is filtered and titrated with acid, and the quantity
of alkali so found is the amount in excess of that which is necessary to form
true soap.

The alkali may also be determined by igniting a weighed quantity of the dry
soap, and titrating with normal acid—if salt is present it may be estimated
in the ash by % silver and chromate.

10. Raw Caustic Potash, Pearlash, Eainite, &ec.

The examination of raw potash salts and motherliquors, where
the alkali exists free or as carbonate, is conducted precisely in the
same way as has already been deseribed in the case of soda,
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In cases, however, where potash exists in combination as a neutral
salt, such as kainite or kieserite, etc., or as a constituent of minerals,
it has to be first separated as double chloride of potassium and
platinum, The method usually adopted is that of collecting the
double salt upon a tared filter, when the weight of the dry double
salt is obtained, the weight of potash is ascertained by calculation.

It may, however, be arrived at by volumetric means as follows :—

The potash having been converted into double chloride in the usual way is
dried, collected, and mixed with about double its weight of pure sodie
oxalate, and gently smelted in a platinum erucible ; this operation resulis in
the production of metallic platinum, chlorides of sodium and potassium,
with some carbonate of soda. The quantity of potash present is, however,
solely measured by the chlorine; in order to arrive at this, the fused mass is
lixiviated with water, filtered, nearly meutralized with acetic acid, and the
chlorine estimated with % silver and chromate, the number of c.c. of silver
required is multiplied by the factor 0°00157, which gives at once the weight
of potash. This factor is used because 1 molecule of double ehloride contains
3 atoms chlorine, hence the quantity of % silver used is three times as much
as in the case of sodic or potassie chloride.

11. Separation of the Potash as Bitartrate.

The mixed salts being rendered as nearly meutral as possible, a saturated
solution of sodic bitartrate is added in excess, and the whole evaporated to
dryness in the water bath. The dry mass is then deprived of the excess of
sodic bitartrate by washing it on a filter with a saturated solution of potassic
bitartrate; when all the soda =alt has been removed, the potash s=alt is
dissolved in hot water, and ftitrated with normal alkali, of which 1 c.c.
represents 00039 gm. K. In cases where potash is to be separated as bitar-
trate, the operator should consult §26. 2 and 3.

ALEALINE EARTHS.

§17. NonrwmarL nitrie or hydrochlorie acids are the best agents for
the titration of the caustic and carbonated alkaline earths, inasmuch
as the resulting compounds are all soluble. Nitrie aeid is prefer-
able on account of its mnon-volatile character when heated.
All the insoluble forms of these bodies must be estimated by the
residual method ; that is to say, dissolved first in an excess of normal
acid, heated to dispel carbonic acid in the case of carbonates, and
the amount of excess found by normal alkali. It will be at once
seen that the volume of normal acid used is, at the same time, the
measure of the carbonic acid whose place it has taken,

Soluble Salts of the Alkaline Earths.

Daryta, strontia, and lime may be estimated in their soluble salts
by weighing a definite quantity of the solid compound, or measuring
a volume of its solution, adding excess of ammonic carbonate and
ammonia, and warming to 50° or 60° C. for a few minutes, The
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precipitated carbonate is then to be filtered, well washed with Lot
water till all soluble matters are removed, and the precipitate with
filter titrated with normal acid, as already described.

Magnesia salts require eaustic soda or potash instead of ammonie
carbonate ; but the process gives results slightly too low, owing to
the solubility of magnesic hydrate.

Lime, magnesia, baryta, and strontia, in the caustic state, or
combined with carbonic acid, are dissolved by the aid of heat in
an excess of normal acid, and then titrated with normal alkali.
(hlorides and nitrates of the same bases are precipitated hot with
ammonie carbonate containing caustic ammonia, thoroughly washed
with hot water on a filter, and both filter and precipitate, while still
moist, pushed through the funnel into a flask, and titrated as above ;
by deduecting the number of c.c. of alkali from the original quantity
of acid used, the proportion of pure base, or its compounds, may be
obtained.

Earthy Carbonates in Waters.—The amount of ecaleie, or caleie
and magnesic, carbonates dissolved in ordinary waters may be very
readily, and with tolerable accuracy, found by taking 200 or 300
¢.c, of the water, adding about 1 ec.c. of cochineal indicator, and
titrating cautiously with [ mnitric or sulphuric acid, until the
original violet colour gives place to yellow.

FErample: A check trial was made by digesting pure caleic carbonate in
water charged with carbonic acid gas—by titration 105 gm. per liter was
found, by evaporation 1'09 gm. ; with mixtures of calcic and magnesic car-
bonates, there will, of course, be no distinetion between the two—the whole
:ﬁiﬁl be expressed as caleic carbonate, in the same way as by Clark’s soap
pst, ;

AMMONIA.,
="t

§ 18. Ix estimating the strength of solutions of ammonia by the
alkalimetric method, it is better to avoid the tedious process of
weighing any exact quantity, and to substituie for it the following
plan, which is applicable to most liquids for the purpose of ascertain-
ing both their absolute and specific weights.

Let a small and accurately tared flask, beaker, or other convenient vessel
be placed upon the balance, and into it 10 c.e. of the ammoniacal solution
delivered from a very accurately graduated 10-c.c. pipette.  The weight
found is, of course, the absclute weight of the liguid in grams ; suppose it to
be 9656 gm., move the decimal point one place to the left, and the specific
weight or gravity 18 ab once given (water being 1), which in this case is 0965,

Lt must be borne in mind that this system can only be used properly with
‘iulcr:_nhlglr delicate balances and very accurate pipettes. The latter should
invariably be tested by weighing distilled water at 16° C,

The 10 c.c., w-u_'m% ing 966 gm., is now titrated with normal acid, of which
49 c.c. are required, therefore 49%0017=0833 gm. NI'=8'64 per cent, of
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real ammonia; according to Otto’s table, 965 sp. gr. is equal to 850 per
cent. Ammonie carbonate, and a mixture of the same with bicarbonate, as
it most commonly occurs in commerce, may be titrated direct with normal
acid for the percentage of real ammonia. The carbonie acid can be deter-
mined by precipitating the solution while hot with barie chloride, and when
the precipitate is well washed, dissolving it with an excess of normal acid and
titrating backward with normal alkali ; the number of c.c. of acid used mulfi-

plied by 00022 (the % mol. wt. of CO?) will give the weight of carbonie acid
present in the sample,

1. Estimation of Combined Ammonia by distillation with Alkalies
or Alkaline Earths.

This methed allows of the expulsion of ammonia from all its
salts. Caustic soda, potash, or lime, may any of them be used
where mo organie nitrogenous compound exists in the substanee ;
but should such be the case, it is preferable to use freshly ignited
magnesia.

The distilling apparatus may conveniently be arranged by con-
necting an ordinary well-stoppered small retort to a small Liebig
condenser, and leading the distilled gas into a vessel containing an
excess of normal acid.  After the operation is ended, the excess of
acid 1s ascertained by residual tifration with normal alkali or
¥ ammonia, and thus the amount of displaced ammonia is found.

The retort must be so supported that its neck inclines well
upwards, in order that any alkali mechanieally carried into it by
the spray which occurs during ebullition shall not reach the con-
denser. An angle of about 30° suffices ; and in order that a conve-
nient connection may be made with the condenser, the end of the
retort is bent downward, and the connection securely made with
india-rubber tubing. In like manner, the end of the condenser is
elongated by a glass tube and india-rubber joint, so that the tube
dips into a two-necked bottle or bulb, containing the measured
normal acid ; the end of this tube should be cut obliquely, and
reach nearly, but not quite, to the surface of the acid. The ountlet
of the receiver is fitted with a tube containing glass wool, broken
alass, or fibrous asbestos, wetted with a portion of the nermal acid,
so that any traces of ammonia which may possibly escape conden-
sation in the bulk of the acid may be retained.

The retort containing the ammoniacal compound in solution
being securely fixed, and all the apparatus tightly connected, the
stopper of the retort is removed, and a strong solution of caustie
alkali, or,in case of compounds in which ammonia is quickly
released, pieces of sclid alkali are rapidly introduced, the stopper
inserted, and the distillation forthwith commenced. Lime or mag-
nesia, suspended in water, must be added through a small funnel ;
the distillation is continued until the steam has washed all traces
of ammonia out of the condenser tube into the normal acid. Cold
water is of course run continnously through the condenser as nsual.
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Finally, the tubes connected with the receiver are well washed out
into the bulk of normal acid, litmus added, and the titration com-
pleted with normal alkali or § ammeonia.

Each c.c. of normal acid neutralized by the displaced ammonia
represents (017 gm. NH3,

The apparatus shown in fig. 19 is of great value in determining
accurately all the forms of ammonia which can be displaced by
soda, potash, or lime, and the gas so evolved colleeted in a known
volume in excess of mormal acid, the excess of acid being after-
wards found by residual titration with normal alkali, Ur?j ammonia,

A (AL

T e e

Fig. 1.

—

The little flask, holding about 200 c.e. and placed upon the wire ganze
contains the ammoniacal substance. The tube 4 is filled with strong snlﬁutimr
of caustic potash or soda. The large flask holds about a pint, and contains g
measured quantity of normal acid, part being contained in the tube e which
18 filled with glass wool or broken glass, and through which the rﬂ[:l'l:']'l'[-ﬂ[
acid has been poured. The stoppers of the flasks should be caoutchouo
failing which, good corks soaked in melted paraffine may be used. ' :
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The substance to be examined is weighed or measured, and put into the
distilling flask with a little water, the apparatus then being made tight at
every part; some of the caustic alkali 15 allowed to flow in by opening the
clip, and the spirit lamp is lighted under it.

The contents are brought to gentle hoiling, taking care that the froth, if
any, does not enter the distilling tube. It is well to use a movable gas
burner or common spirit lamp held under the flask in the hand ; in case there
is any tendency to boil over, the heat can be removed immediately, and the
flask blown upon by the breath, which reduces the pressure in a moment.
In examining guano and other substances containing ammoniacal =alts and
organic matter by this means, the tendency to frothing is considerable; and
unless the above precautions are taken, the accuracy of the results will be
interfered with.

The distilling tube has both ends cut obliquely ; and the lower end nearly,
but not quite, reaches to the surface of the acid, to which a little litmus may
be added. The quantity of normal acid used must, of course, be more than
suflicient to combine with the ammonia produced; the excess is afterwards
ascertained by titration with normal alkali or ¥ ammonia.

It is advisable to continue the boiling for say ten or fifteen minutes, then
wait a minute or two to allow all the ammonia to be absorbed ; then opening
the clip, blow through the pipette so as to force all the remaining gas into
the acid flask. The tube ¢ must be thoroughly washed out into the flask
with distilled water, s0 as to carry dewn the acid with any eombined gas
which may have reached it ; the distilling tube must also be washed through
into the acid flask. The titration then proceeds as usual. This proeess is
particularly serviceable for testing commercial ammoniagal salts, gas liquor,
&e. (see below). The results are extremely aceurate.

2., Indirect Method.

In the case of tolerably pure ammoniacal salts, free from acid,
a simple indireet method can be used, which is as follows:—

If the ammoniacal salt be boiled in an open vessel with normal caustic
alkali, the ammonia is entirely set free, leaving its acid combined with the
fixed alkali. If, therefore, the quantity of alkaline solution is known, the
excess beyond that, necessary to supplant the ammonia, can be found by the
ordinary system of titration. 'The boiling of the mixture must be continued
till a piece of red litmus paper, held in the steam from the flask, is no longer
turned blue.

Ezample: 1'5 gm, of purest sublimed ammonic chloride was placed in a
wide-mouthed flask with 40 c.c. of normal soda, and boiled till all ammonia
was expelled, then titrated back with normal sulphuric acid, of which
11°9 o.c. were required ; 28°1 c.c. of normal alkali had therefore been neutral-
ized, which multiplied by 005337, the factor for ammonic chloride, gave
1:499 gm., instead of 1'5 gm. originally taken.

3. Technical Analysis of Gas Liquor, Sulphate of Ammonia, Sal
Ammoniac, &c., arranged for the use of Manufacturers.

This process depends upon the fact, that when ammoniacal salts
are heated with caustic soda, potash, or lime, the whole of the
ammonia is expelled in a free state, and can by a suitable apparatus
(fig. 20) be estimated with extreme accuracy (see § 18,1),
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The set of apparatus here described consists of a distilling flask
B, and condensing flask F, fitted together in such a manner, that no
loss of free ammonia can occur; the whole of the ammonia being
liberated from the distilling flask into a muﬂsurl_:tl quantity of free
acid contained in the condensing flask, where its amount is after-
wards found by the method hereinafter described.

Analysis of Gas Liguor.—This liquid consists of a solution of
carbonates, sulphates, hyposulphites, sulphides, cyanides, and other
salts of ammonia. The object of the ammonia manufacturer is to
get all these out of his liquor into the form of sulphate or chloride
as economically as possible. The whole of the ammonia existing
as free or carbonate in the liquor, can be distilled off at a steam
heat ; the fixed salts, however, require to be heated with soda,
potash, or lime (the latter is generally used on a large scale as most
economical), in order to liberate the ammonia contained in them.

The valuation of gas liquor is almost universally made by
Twaddle's hydrometer, every degree of which is taken to represent
what is technically called ¢ two-ounce strength ;” that is to say, a
gallon of such liquor should neuntralize exactly two ounces by weight
of concentrated oil of vitriol—thus 5 degrees, Twaddle, is called
“ ten-ounce” liquor—but experiment has clearly proved, that
althongh the hydrometer may be generally a very convenient
indicator of the commercial value of gas liquor, it 1s not accurate
enough for the manufacturer who desires to work with the utmost
economy. Sometimes the liquor contains a good deal of free
ammonia, and in such case the hydrometer would show it to be
weaker than it really is; on the other hand, somefimes, from
accidental causes, other solid matters than ammonia salts oceur in
the liguor, and the hydrometer shows it to be stronger than it really
is. The method of saturation, by mixing standard acid with the
liquor, is perhaps more correct than the hydrometer; but this
system is entirely at fault in the presence of much fixed ammonia,
and 1s, moreover, a very offensive and poisonous operation.

The apparatus here described is exactly the same on a small
geale as 1s necessary in the actual manufacture of sulphate of ammo-
nia in quantities: and its use enables any manufacturer to tell to a
fraction how much sulphate of ammomnia he ought to obtain from
any given quantity of gas liquor. It also enables him to tell exactly
how much ammonia can be distilled off with heat alone, and how
much exists in a fixed condition requiring lime.

The measures used in this process are on the metrical system ;
“the use of these may, perhaps, at first sight appear strange to English
manufacturers ; but as the only object of the process is to obtain
the percentage of ammonia in any given substance, it is a matter of
no importance which system of measures or weights are used, as
when once the percentage is obtained, the tables will at once show
the result in English terms of weight or measure,
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a is a small pipette, holding 10 cubic centimeters to the mark in neck :
this is the invariable quantity of liquor used for the analysis, whatever the
strength may be. This measure is filled to the mark by suction and
transferred, without spilling a drop, to flask B—the fittings being previously
removed—the tube C is then filled in the same manner, with strong
caustic soda =olution from a clean ecup or other wvessel, in order to do
which, the clip at the top must be opened; the cork is then replaced, and
the flask B is then securely imbedded in perfectly dry sand, in the sand-
bath . The graduated pipette E is then filled in the same manner to the
O mark, with standard acid, and 20, 30, 40, or 50 cubic centimeters (accord-
ing to the estimated strength of the liguor) allowed to flow into the flask I,
through the cup G, which is filled with glass wool, or fibrous asbestos. The
wool should be completely wetted with the acid, so that any vapours of
ammonia which may escape the acid in the flask shall become absorbed
by the acid. The quantity of standard acid to be used is regulated by the
approximately known strength of the liquor, which of course can be
told by Twaddle’s hydrometer : thus, for a liquor of 3° Twaddle=6-cz.
liquor, 20 c.c.—8-0z., 25 ¢.c.—10-0z., 30 c.c. of acid will be suflicient—but
there must always be an excess. The required quantity can always be
approximately known, since every 10 c.c. of acid represents 1 per cent. of
ammonia, The standard acid having been carefully measured through the
glass wool, the apparatus is fitted together at H by the elastic tube, and the
india-rubber stoppers securely inserted in both flasks; this being done, the
lamp is lighted under the sand-bath, and at the same time the spring chip on
C is pressed, so as to allow about two-thirds of the caustic soda to flow into
B ; the rest will gradually empty itself during the boiling. The heat is con-
tinued to boiling, and allowed to go on till the greater bulk of the liguid in
B is boiled away into F. A quarter of an hour iz generally sufficient for
this purpose, but if the boiling is continued till the liquid in B just covers
the bottom of the flask, all the ammonia will have gone over to F ; during
the whole operation the distilling tube must never dip into the acid in F.
In order to get rid of the last traces of ammonia vapour out of B, the lamp
is removed, and the mouth being applied to the tube over the spring clip,
the latter is opened, and a good blast of air immediately blown through with
the mouth. The apparatus may then be detached at H ; distilled or good
boiled drinking water is then poured repeatedly through G in small quanti-
ties, till all traces of acid are removed ; and some water is also poured down
the distilling tube, so as to wash all traces of ammonia which may be hanging
about into flask F. This latter now containg all the ammonia out of the
sample of liguor, with an excess of acid, and it is necessary now to find out
the quantity of acid in excess. 'This is done by means of the burette I,
and the standard solution of ammonia. The standard solution of ammonia
is of exactly the same strength as the standard acid. In order to find out
how much of the standard acid has been neutralized by the ammonia in the
liguor distilled, the burette I is filled to O with standard ammonia, and two or
three drops of tincture of litmus being added to the contents of flask F, the
ammonia is slowly dropped into it from the burette, with constant shaking,
until the litmus just turns from red to a blue colour. The number of c.c. of
ammonia so used, deducted from the number of c.c. of standard acid dsed, will
show the number neutralized by the ammonia in the liquor distilled ; therefore,
if the number of c.c. of ammonia used to produce the blue colour be deducted
from the number of ¢.c. of standard acid originally used, it will show the num-
ber of ¢.c.of standard acid neutralized by the ammonia, which has been distilled
out of the liquor, and the strength of the solutions is so arranged that this is
shown without any caleulation. The following examples will suflice to show
this :—Supposethat aliquor is to be examined which marks 5° Twaddle, equal
to 10-ounce liquor; 10 c.c. of it is distilled into 30 c.c. of the standard acid,
and it has afterwards required 6 c.c, of standard ammonia to neuntralize it

I
|
|
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this leaves 24 ¢.c. us the volume of acid safurated by the distilled ammonia,
aud this represents 2-4 per cent.; and on referring to the table it is found
that this number corresponds to a trifle more than 11 ounces, the actual
figures being 2:884 per cent. for 11-ounce strength.

The strength of the standard ammonia and acid solutions is so
arranged, that when 10 c.c. of liquor is distilled, every 10 c.c. of
acid solution represents 1 per cent. of ammonia in the liquor. In
like manner 13 c.c. of acid will represent 1'3 per cent. of ammonia
corresponding to G-ounce liquor. Instead of litmus, rosolic acid,
h@matine, tropmolin, or any other indicator used in alkalimetry
may be substituted.

The burette is divided into tefiths of a cubie centimeter, and
those who are familiar with decimal caleulations ean work out the
results to the utmost point of aceuracy ; the calculation being, that
every 1 per cent. of ammonia requires 4:61 ounces of concentrated
oil of vitriol (sp. gr. 1:845) per gallon, to convert it into sulphate :
thus, suppose that 10 c.c. of any given liquor have heen distilled,
and the quantity of acid required amounts to 186 c.c., this is
186 per cent., and the ounce strength is shown in ounces and
decimal parts as follows :—

4-61
156

2766
3638
461

807406 ounces of o1l of vitriol.

The liguor is therefore a trifle over 8}-ounce strength.

Spent Liguors.—It is frequently necessary to ascertain the
percentage of ammonia in spent liquors, to see if the workmen
have extracted all the available ammonia. In this case the
same measure, 10 c.c. of the spent liquor, is taken, and the opera-
tion conducted precisely as in the case of a gas liquor,

Example : 10 e.c. of a spent liquor were distilled, and found to neutralize
3 ¢.c. of acid ; this represents three-tenths of a per-cent. equal to 1 oz., and
four-tenths of an ounce, or nearly 1% oz. Such a liquor is too valuable to
throw away, and should be worked longer to extract more ammonia.

Analysis of Sulphate of Ammonia or Sal Ammoniae: An average
sample of the salt being drawn, it is well powdered and mixed in a mortar,
and ten grams weighed, then transferred without loss to a beaker or flask
having a 100 c.c. mark upon it, distilled or beiled drinking water poured
on it, and well stirred till dissolved, and finally water added exactly to the
mark. The 10 c.c, measure is then filled with the solution, and emptied
into the distilling flask B; 80 c.c. of standard acid are put into flask U
and the distillation earried on precisely as in the case of a gas liquor.
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The number of c.c. of standard acid required shows directly the percentage
of ammonis ; thus, if 24'6 c.c. are used in the case of sulphate, it contains
24°6 per cent. of ammonia,

The liquors when tested must be measured at ordinary tempera-
tures, say as near to 60° I, as possible, The standard solutions must
be kept closely stoppered and in a cool place.

The following table is given to avoid caleulations : of course, it
will be understood that the fizures given are on the assumption
that the whole of the ammonia contained in the liquor is extracted
in the manufacture as closely as it is in the experiment. With the
most perfect arrangement of plant, however, this does not as a rule
take place; but it ought to be very near the mark with proper
apparatus, and care on the part of workmen.

By these experiments a manufacturer can easily tell the character
of the work he is doing, and this is at least a matter of great
importance.

% = Weight of Sulphurie Acid in pounds | :
Pproxis | {and decimal parts required for ench | Yield of
mate P Erriiars Canoe gallon of Liquor. | Eul]-.-'lmtuf |
mensure of lcf .ﬂmmmﬁﬂ.' gtrength . _ (pergallon in
S!:m_:’lm-:ll NH# per Chamber | 1bs.and |
|Anid in e.c.| | gallom, | C.O.V. | B.0.V. Acid decimal
nmlfr:uths.; l | 168 Tw. | 1440 Tw. | a5 o | paris.
2 I careg 1 0625 0781 0893 | 0841 |
43 | 4836 | 2 1250/ | <1562 | ‘1786 | -1682 |
G5 '6BOL | 3 ‘1875 | 2343 | 2679 | '2bEF |
87 8672 | 4 2500 | 3124 | 3572 | 38364
10l 10840 | & ‘3125 3905 4465 4205
130 | 13000 | 6 8750 | 4686 5358 | ‘5046
152 | 1-5176 i 7 375 5467 "G2b1 | 5887 |
178 | 17844 | 8 ‘5000 G248 | 7144 G728
185 1:9512 9 HG25 | 7029 8037 7569
L . 21680 10 6250 | 7810 8930 8410 |
238 | 23840 | 11 *GBTO ‘8591 | 0823 ‘09251
260 | 26016 | 12 7500 | 9872 | 10716 | 10092 |
282 | 2'8184 | 13 ‘B125 1'0153 1-1609 10933 |
304 | 30350 | 14 *B750 10934 1:25602 11774
a82'5 | 32520 | 15 0375 11715 | 1:3395 12615
347 34688 | 16 1'0000 12496 1°4288 1-3456
360 | B'6856 | 17 10626 | 1:8277 | 1'5181 | 14297
300 | 59024 18 1:1250 1'4058 16074 1'5138
412 4:1192 19 1'18756 | 1-4839 1'6967 | 1-5979
488 | 43360 | 20 12500 | 1'5620 | 17860 | 16820

The weight of sulphuric acid being given in decimals renders it
very easy to arrive ab the weight necessary for every thousand
gallons of liquor, by simply moving the decimal point ; thus, 8-oz.
liquor would require 500 1bs. of concentrated oil of vitriol, 625 lh,
of brown oil of vitriol, or 714} Ibs. chamber acid for every 1000

gallons, and should yield in all cases G728 (say 673) lbs, of
stulphate.










- 4 .
T 1l [11] [ MU0 T - ! o
1



















72 HANDBOOK OF § 20.

Without entering into the copious defails and explanations given
by these authorities, the methods may be summarized as follows :—

1. Commercial Tartrates.

In the case of good clean tartars, even though they may contain sulphates
and carbonates, very accurate results may be obtained by indirect methods.

(@) The wery finely powdered sample is first titrated with mnormal alkali,
and thus the amount of tartaric acid existing as bitartrate is found; another
portion of the sample is then calcined at a moderate heat, and the ash
titrated. By deducting from the volume of acid so used the volume used
for bitartrate, the amount of base corresponding to neutral tartrates is
obtained.

(6) The whole of the tartaric acid is exactly neutralized with caustic
soda, evaporated to dryness, caleined, and the ash titrated with normal acid ;
the total tartaric acid is then calculated from the volume of standard acid
used ; any other organic acid present will naturally be included in this
amount. In the case of fairly pure tartars, &c., this probable error may be
disregarded.

Warington’s description of the first process is as follows :—

5 . of the finely powdered tartar are heated with a little water to
dissolve any carbonates that may be present. If it is wished to guard against
crystalline carbonates, 5 c.c. of standard hydrochloric acid are added in the
first instance, and the heating is conducted 1n a covered beaker. Standard
alkali is next added to the extent of about three-fourths of the amount
required by a good tartar of the kind examined, plus that equivalent to the
hydrochloric acid used, and the whole is brought to boiling ; when nearly
cold, the titration is finished. From the amount of alkali consumed, minus
that required by the hydrochloric acid, the tartaric acid present as acid
tartrate is calculated.

2 gm, of the powdered tartar are next weighed into a platinum crucible
with a well-fitting lid ; the crucible is placed over an argand burner ; heat is
first applied very gently to dry the tartar, and then more strongly till inflam-
mable gas ceases to be evolved. The heat should not rise above very low
redness. The black ash is next removed with water to a beaker. If the
tartar is known to be a good one, 20 c.c. of standard sulphuric acid are now
run from a pipeite into the beaker, a portion of the acid being used to rinse
the crucible. The contents of the beaker are now brought to boiling, filtered,
and the unneutralized acid determined with standard alkali. As the charcoal
on the filter under some circumstances retains a little acid, even when well
washed, it is advisable when the titration is completed to transfer the filter
and its contents to the nentralized fluid, and add a further amount of alkali
if necessary. From the neutralizing power of a gram of burnt tartar is
subtracted the acidity of a gram of unburnt tartar, both expressed in cubie
centimeters of standard alkali, the difference in the nentralizing power of the
bases existing as neutral tartrates, and iz then caleulated into tartaric acid
on this assumption.®

If the tartar is of low quality, 5 c.c. of solution of hydrogen peroxide
(1 volume=10 volumes of oxygen) are added to the black ash and water, and

* It is obvions that the nentralizi wer of the ash of an ncid tartrate is exactly
the snme ps the acidity of the same ntgr ate before burning, In making the ealeuln-
tions, it must be remembered that the value of the alkali in tartaric acid is twice ns
lg‘armt in the ealeulation made from the acidity of the unburnt fartor, ns in the calou-

tion of the acid existing as neutral tartrates,
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immediately afterwards the standard sulphuric acid ; the rest of the analysis
proceeds as already described; the small acidity usually belonging to the
peroxide solution must, however, be known and allowed for in the caleula-
tion. By the use of hydrogen peroxide the sulphides formed during 1gmition
are reconverted into sulphates, and the error of excess which their presence
would occasion is avoided.

The above method does not give the separate amounts of acid and
neutral tartrates in the presence of carbonates, but it gives the
correct amount of tartaric acid ; it is also correct in cases where
free tartaric acid exists, so long as the final results show that some
acid existed as neutral salt. Whenever this method shows that
the acidity of the original substance is greater than the neutralizing
power of the ash, it will be necessary to use the method b, which
is the only one capable of giving good results when the sample
contains much free tartaric aecid.

Instead of the alkalimetric estimation in both the above methods,
equally good results may be got by a carbonic acid determination
in the ash with Scheibler’s apparatus (§ 27:6), orany of the usual
methods.

2. Tartaric Acid Liguors.

0ld factory liguors contain a great variety of substances gradually
accumulated, from which the actual tartaric acid can only be sepa-
rated as bitartrate by the following process :—

{¢) A quantity of liquor containing 2—4 grams of tartaric acid, and of
30—40 c.c. volume, is treated with a saturated solution of neutral potassic
citrate, added drop by drop with constant stirring. If free sulphuric acid 18
present no precipitate is at first produced ; but as soon as the sulphurie acid
15 satisfied, the bitartrate begins to appear in streaks on the sides of the
vessel, When this is seen, the remainder of the citrate is measured in to
avoid an undue excess: 4 c.c. of o saturated solution of potassie citrate will
be found sufficient to precipitate the maximum of 4 grams of tartaric acid
supposed to be present. If the liquor contain a great deal of sulphurie
acid, a fine precipitate of potassic sulphate will precede the formation of
bitartrate, but is easily distinguished fromit. With liquors rich in sulphuric
acid, it is advisable to stir the mixture vigorously at intervals for half an
hour, then proceed as in 3 d.

Grosjean modifies this process by precipitating the liquor with an excess
of caleie carbonate, then boiling the mixture with excess of potassic oxalate.
By this means the alumina, iron, phosphoric and sulphuric acids are thrown
down with the caleic oxalate, and the precipitate allows of ready filtration.
The separation as bitartrate then follows, as in d.

3., Wery impure Lees and Argols.

Grosjean (J. €. 8. 1879, p. 341) gives a succinet method for
the treatment of these substances, based on Warington's original
oxalate process, the principle of which is as follows : —

The finely ground sample (= about 2 gm. tartaric acid) is first moistened
with a little water, heated to 100° C., then digested for 15 minutes or so with
an excess of neutral potassic oxalate (the excess must not be less than
















78 HANDBOOK OF § 27.

4. Carbonic Acid in Aerated Beverages, &c,

For ascertaining the quantity of carbonic acid in bottled aérated
waters, such as soda, seltzer, potass, and others, the following
apparatus is useful.

Fig. 22 is a brass tube made like a cork-horer about five inches long, having
four small holes, two on each side, and about two inches from its eutting end;
the upper end is securely connected with the bent tube from the absorption
flask (fig. 23) by means of a vuleanized tube ; the flask contains a tolerable
quantity of pure ammonia, into which the delivery tube dips; the tube
contains broken glass moistened with ammonia.

Everything being ready the brass tube is greased with tallow or paraffine,
and the bottle being held in the right hand, the tube is screwed a little aslant
through the cork by turning the bottle round, until the holes appear below
the cork and the gas escapes into the flask., When all visible action has
ceased, after the bottle has been well shaken two or three times to evolve all
the gas that can be possibly eliminated, the vessels are quietly disconnected,
the tube @ washed out into the flask, and the contents of the bottle added
also; the whole is then precipitated with calcic chloride and boiled, and the
Pl‘Elgpihﬂdie titrated as usual, This gives the total carbonic acid free and
combined.

Fig. 22, Fig. 23.

I'o find the quantity of the latter, another bottle of the same manufacture
must be eva ni'iated tuydrjrneas, and the residue gently ignited, then titrated
with normal acid and alkali ; the amount of carbonic acid in the monocar-
bonate deducted from the total, will give the weight of free gns originally
L bonic acid at 0°, and

The volume may be found as follows :—1000 c.c. of carbonic acid at 0°,

76 n;.m., weigh 1}"96663 em. Suppose, therefore, that the !-ﬂtﬂl weight of
carbonie aeid found in o bottle of ordinary soda water was 2'8 gm., and the
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alluded to, and, on the other hand, inside of B, with &’ very thin
india-rubber bladder, K (similar, as regards thinness, to the very light
and well-known inflated india-rubber balloons sold as toys). The
neck (g) of the vessel B is shut off during the experiment by means
of a piece of india-rubber tubing, kept firmly closed with a spring

Fig. 24,

clamp. The only use of this opening of the bottle B, arranged as
described, is to give access of atmospheric air to the interior of the
bottle, if required. The other“opening is in communication with
the measuring apparatus C, a very accurate cylindrical glass tube
of 150 e.c. capacity, divided into 0:5 c.c.; the lower portion of this

(:
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tube C is in communication with the tube D, serving the purpose
of controlling the pressure of the gas. The lower part of this tube D
ends in a glass tube of smaller diameter, to which is fastened the
india-rubber tube p, leading to B, but the communication between
these parts of the apparatus is closed, as seen at p, by means of a
spring clamp. I is a water reservoir, and on removal of the clamp
at p, the water contained in C and D runs off towards E; when it is
desired to force the water contained in E into € and D, this can be
readily done by blowing with the mouth into V, and opening the
clamp at p.

The main portion of the apparatus above described, with the
exception, however, of the vessel A, is properly fixed by means of
brass fittings to a wooden board, as represented in the woodent; a
thermometer is also attached. The filling of the apparatus with
water is very readily effected by pouring it through a suitable funnel
placed in the open end of the tube I, care being taken to remove, or
at least to unfasten, the spring clamp at p; in this manner the
water runs into E, which should be almost entirely filled. - Distilled
water is preferable for this purpose, especially as the filling only
requires to be done once, because the water always remains in K as
long as the apparatus is intended to be kept ready for use. When
it is required to fill the tubes C and D with water, so as to reach the
zero of the scale of the instrument, it is best to remove the glass
stopper from A. The spring clamp at p is next unfastened, and air
is then blown by means of the mouth into the tube V, which
communicates with ¥ ; by this operation the water rises up into the
tubes C and D, which thus become filled with that liquid to the
~same height. Care should be taken not to force the water up above
the zero of the seale at C, and especial care should be taken against
forcing so much of the fluid up that it would run over into the tube
u, and thence find its way to B, whereby a total disconnection of
all the parts of the apparatus would become necessary. If by any
accident the water should have been forced up above the zero at C,
before the operator had closed the spring clamp at p, this is easily
remedied by gently opening that elamp, wherehy room is given for
the water to run off to E in such quantity as may be required to
adjust the level of that fluid in C precisely with the zero of the scale.
The filling of the tube C with water has the effect of forcing the air
previously contained in that tube into B, where it causes the compres-
sion of the,very thin india-rubber ball placed within B. If if should
happen that this india-tubber ball has not become sufficiently com-
pressed and flattened, it is necessary to unfasten the spring clamp at
¢, and to cautiously blow air into B, through the tube g, by which
operation the complete exhaustion of the india-rubber bladder placed
within B is readily ‘performed. This operation is also required only
once, becanse during the subsequent experiments the india-rubber
bladder K is emptied spontaneously. It may happen, however,
that while the filling of the tubes I and O with water is being
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it, 139 parts of the purest erystals of ferrous sulphate, and 66 parts of pure
crystallized ammonic sulphate are saEaratanf dissolved in the least possible
quantity of distilled water of about 40° C. (if the solutions are not perfectly
clear they must be filtered) ; mix them at the same temperature in a porcelain
dish, adding a few drops of pure sulphuric acid, and stir till cold. During the
stirring the double salt will fall in a finely granulated form. Set aside for a
few hours, then pour off the supernatant liquor, and empty the salt into a
clean funnel with a little cotton wool stuffed into the neck, so that the mother-
liquor may drain away ; the salt may then be quickly and repeatedly pressed
between fresh sheets of clean filtering paper. Tastly, place in a current of
air to dry thoroughly, so that the small grains adhere no longer to each other,
or to the paper in which they are contained, then preserve in a stoppered
bottle for use.

The formula of the salt is—Fe (NH*)* (S0%?, 6H*0=392,

Consequently it contains exactly one-seventh of its weight of
iron ; therefore, 07 gm. represent 01 gm. of iron, and this is a
convenient quantity to weigh for the purpose of titrating the
permanganate.

07 gm. being brought into dilute solution in a flask or beaker, and 5 or
6 c.c. of dilute sulphuric acid (1 to 5) added (the titration of permanganate,
or any other substance by it, should always take place in the presence of free
acid, and preferably sulphuric), the permanganate is delivered from a burette
with glass tap divided in } or 4y c.c.; until a point occurs when the rose
colour no longer disappears on shaking. A drop or two of the permanganate
in excess suflices to produce this effect. The titration is now ended, and
should the quantity not be strictly correct, the number of c.c. used may be
marked upon the bottle as the guantity for 0'1 gm. Fe, or the factor found,
which is necessary to reduce it to decinormal strength, or if too strong, it
may be diluted to that strength af once.

(b) With Metallic Iron.—The purest iron to be obtained is
thin annealed binding-wire free from rust.

About 0°1 gm. of this is to be dissolved in dilute sulphuric acid, by the aid
of heat, in & small flask closed with a cork, through which a fine glass tube
is passed, €o that the hydrogen which is evolved escapes under pressure, thus
preventing the access of air; or the apparatus shown in § 59 may be used.
When the iron is all dissolved the flask may be two-thirds filled with cold
distilled water, and the titration with permanganate commenced and concluded
as in the case of the double sulphate.

The decomposition which ensues from {itrating ferrous oxide by
permanganic acid may be represented as follows :—

10Fe0 and Mn*07= 2MnO and 5Fe’0%

(¢) With Ozalic Acid.—0'63 gm. of the pure acid is to be weighed, or
10 c.c. of normal solution measured with a pipette, brought into a_flask with
dilute sulphuric acid, as in the case of the iron salt, and mnmdamh'lg diluted
with water, then warmed to about 58° C., and the permanganate added from
the burette. The colour disappears slowly at first, but afterwards more
rapidly, becoming first brown, then yellow, and so on to colourless. More
care must be exercised in this case than in the titration with iron, as the
action is less decisive and rapid.

(d) With Lead Oxalate.—Stolba prefers this salf to oxalie
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The solution so obtained is diluted to about a liter with pure fresh
distilled water, and preserved in the bottle (fig. 17) to which the
air can only gain access through a strongly alkaline solution of
pyrogallic acid. When kept in this manner, the strength will not
alter materially in a month. If not so preserved, the solution varies

considerably from day to day, and therefore should always be
titrated before use as deseribed in § 60.1.

Eramples of Iron Titration: 07 gm. of pure and dry ammonio-ferrous
sulphate=0'1 gm. iron, was dissolved in about 2 oz, of water, and titrated with
decinormal bichromate, of which 17:85 c.e. were required ; this multiplied by
0:0392 gave 00699 gm. instead of 0°7 gm.

056 gm. of iron wire required 99'8 c.c.=0'5588 gm.; as it is impossible
to obtain iron wire perfectly pure, the loss is undoubtedly owing to the
impurities.

f the bichromate solution should from any accidental canse be found not
strictly of decinormal strength, the factor necessary for converting it must
be found as previously described.

As it is not at all an uncommon occurrence, in an analysis where
no sign of the end of the reaction is visible in the solution itself,
to overstep the exact point, it is advisable to have some method of
bringing it into order again; this may be accomplished in the
present case by adding a definite quantity of the double iron salt to
the mixture, titrating afresh, and dedueting the proportional amount
of bichromate from the total quantity required.

IODINE AND SODIC HYFOSULPHITE (THIOSULPHATE).
Introduction.

§ 35. THE pnneiple of this now beautiful and exact method of
analysis was first discovered by Dupasquier, who used a solution
of sulphurous acid instead of sodic hyposulphite. Bunsen im-
proved his method considerably by ascertaining the sources of
failure to which it was liable, which consisted in the use of a too
concentrated solution of sulphurous acid; the reaction hetween
iodine and very dilute sulphurous acid may be represented by the
formula :(—

S0* 41 4+ 2H*0 = 2HI 4 H*S0O",

If the sulphurous acid is more concentrated, 7.e. above 0:04 per
cent., in a short time the action is reversed, the irregularity of de-
composition varying with the quantity of water present, and the
rapidity with which the iodine is added.® Under proper regulation,

* This irregularity is now obviated by the use of ammonic sesquicarbonate, or the
Licarbomntes of no:la.rm' potash, Mohr finds that these salts added in moderate quantity
to the liguid sulpburons acid, or in the case of sulphites dissolving them in the
alknling solution previous to Htration with iodine, entirely overcomes the difficulty
Litherto found in concentrated solutions. Fleischer recommends borax for the
BOING PUTPOSE,
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therefore, we see that free iodine converts sulphurous into sul-
phurie acid by decomposing water, the oxygen of which goes to
the sulphurous, and produces sulphuric acid ; the hydrogen being
taken- by the iodine, forming hydriodic acid.

Sulphurous acid, however, very rapidly changes by keeping even
in the most careful munner, and as it must be exceedingly dilute, it
necessitates the use of special vessels and burettes. Taking these
things into account, therefore, the substitution of sodie hyposulphite
is a great advantage, inasmuch as the salt is easily obtained in a
pure stale, and may be directly weighed for the standard solution.
The reaction in the case of sodic hyposulphite is as follows :(—

2Na?30 + 21 = 2Nal + Na's'0f,

the result being that hyposulphurous acid takes oxygen from the
water, with the production of tetrathionic and hydriodie acids in
combination with soda.

In order to ascertain the end of the reaction in analysis by this
method an indicator is necessary, and the most delicate and sensitive
for the purpose is starch, which produces with the slightest trace of
free jodine in cold solution the well-known blue iodide of starch,
Hydriodic or mineral acids and iodides have no influence upon the
colour, Caustic alkalies destroy it. .

The principle of this method, namely, the usze of iodine as an
indirect oxidizing body by its action upon the elements of water,
forming hydriodic acid with the hydrogen, and liberating the oxygen
in an active state, can be applied to the determination of a great
variety of substances with extreme accuraey.

Bodies which take up oxygen, and decolorize the iodine solution,
such as sulphurous acid, sulphites, sulphuretted hydrogen, alkaline
hyposulphites and arsenites, stannous chloride, &e., are brought
into dilute solution, starch added, and the iodine delivered in
with constant shaking or stirring until a point oceurs at which
a final drop of iodine colours the whole blue—a sign that the
substance can take up no more iodine, and that the drop in excess
has shown its characteristic effect upon the starch.

Free chlorine, or its active compounds, cannot, however, be
titrated with hyposulphite directly, owing to the fact that, instead
of tetrathionie acid being produced as with iodine, sulphuric acid
occurs, as may be readily seen by testing with baric chloride. In
such cases, therefore, the chlorine must be evolved from its com-
pound and passed into an excess of solution of pure potassic iodide,
where it at once liberates its equivalent of iodine, which can then,
of course, be estimated with hyposulphite.

All bodies which contain available oxygen, and which evolve
chlorine when boiled with strong hydrochlorie acid, such as the
chromates, manganates, and all metallic peroxides, can be readily
and most acenrately estimated by this method.

I 2
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ANALYSIS OF SUBSTANCES BY DISTILLATION WITH
HYDROCHLORIC ACID.

§ 39a. THERE are a great variety of substances containing oxygen,
which when hoiled with hydrochloric acid yield chlorine, equivalent
to the whole or a part only of the oxygen they contain according
to circumstances. Upon this fact are based the variety of analyses
which may be accomplished by means of iodine and sodie hypo-
sulphite ; the chlorine so evolved, however, is not itself estimated,
but is conveyed by means of a suifable apparatus into a solution of
potassic iodide, thereby liberating an equivalent quantity of iodine.
This latter body is then estimated by hyposulphite ; the quantity
so found is, therefore, a measure of the oxygen existing in the

Fig, 25.

original substance, and consequently a measure of the substance
itself, It seems a very roundabout method, and one would imagine
it could scarcely lead to accurate results; nevertheless, without
exaggeration, it may be said to be the most exact in the-whole
range of volumetric analysis, far outstripping any process of analysis
by weight. g

The apparatus used for distilling the substances, and conveying
the liberated chlorine into the alkaline iodide, may possess a variety
of forms—the most serviceable, however, being the three kinds
devised respectively by Bunsen, Fresenius, and Mohr.
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eye and the dish, The effect of this is to neutralize the yellow
tint of the water; or, in other words, if the concentration of the
solution in the cell is even moderately fairly adjusted to the depth
of tint imparted to the water, the appearance of the latter, looked
at through the cell, is the same as if the dish were filled with pure
water. If now the standard silver solution is run in, still looking
through the cell, the first faint appearance of a red colouration
becomes strikingly manifest ; and what is more, when once the
correct point has been reached the eye is never left in doubt, how-
ever long we may be looking at the water, A check experiment
in which the water, with just a slicht deficiency of silver, or excess
of chloride, is used for comparison is therefore unnecessary. The
plan is useful chiefly with very dilute solutions, say in waters con-
taining one or two grains of chlorine per gallon, and obviates the
concentration of the water prior to titration.

A similar plan will be found useful in other fitrations. Thus,
in the case of turmeric, the change from yellow to brown is per-
ceived more sharply and with greater certainty when looking
through a flat cell containing tineture of turmeric of suitable
concentration than with the naked eye. The liquid to be tfitrated
should, as in the former case, be placed into a white porcelain dish.
Again, in estimating the amount of carbonate of lime in a water
by means of decinormal sulphuric acid and cochineal, the exact
point of neutrality can be more sharply fixed by looking through
the cell filled with a cochineal solution. In this case the following
plan is found to answer best. The water to be tested—about
250 c.c.—is placed inte a flat porcelain evaporating dish, part of
which is covered over with a white porcelain plate.- The water is
now tinted with cochineal as usual, and the sulphurie aeid run in,
the operator looking at the dish through the cell containing the
neutral cochineal solution. At first the tint of the water and the
tint in which the porcelain plate is seen are widely different ; as,
however, the carbonate becomes gradually neutralized, the two
tints approach each other more and more, and when neutrality is
reached they appear identical ; assuming that the strength of the
cochineal solution in the cell, and the amount of this solution
added to the water, have been fairly well matched. Working in
this manner it is not difficult (taking } liter of water) to come
within 0°1 c.c. of decinormal acid in fwo successive experiments,
and the difference need never exceed 0°2 c.c. In the cell employed
the two glass plates are a little less than half an inch apart.

A somewhat similar plan may be found useful in other titrations,
or, in fact, in many operations depending on the perceptions of
colour change.
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THE COLORIMETER.

§ 41. Severan methods of analysis by colour fitration are given
in the following pages,ind therefore it is only appropriate that any
gonvenient instrument which may facilitate these methods should
be described.

Several varieties of form have been devised by operators, but
the principle is the same ; and as Dr, Mills has given some con-
siderable attention to the subject, and his instrument has found
acceptance with chemists generally, the following details are given.

Mills's detached colorimeter is made in two pieces, alike in
every respect ; one of these is represented in the subjoined figure.
It consists of a stout glass tube having a broad flat foot, and
graduated into 100 equal parts; its capacity 1s about 120 c.c.
On the top of this is a loosely fitting brass cap,
prolonged downwards so as to cover and shade
the surface of the liguid, thereby preventing
the appearance of a dark meniscus. The surface
of the liquid is only visible sideways through
the little aperture cut out for that purpose.
The cap is perforated centrally: and a short
tube rises from the perforation. This tube is
soldered laterally to a narrower one, and this
again to a small block, from which rises a spring
carrying another small block, The narrower
tube has, cemented into it, a glass tube,
which passes straight downwards, and reappears
below the flat surface of the cap, its end amply
clearing that surface. This tube is coned out-
wards at its upper extremity, but is left plain
below. Through it there passes, with just
sufficient room to move, a rod, bent below
twice at right angles, so as to carry a flat circular
opal glass disk, to which it is attached by
fusion. These disks are turned in the lathe :
their surfaces should be polished free from
seratches, and their edges show no bevel. The
rod is prevented from falling by the easy
pressure of a little half-tube, carried by the small
block. When the thumb and forefinger are
lightly pressed on each side of the cap, the rod
can be readily moved up and down, and will
then stay in any position in which it may have
been left. Tt is convenient to cone outwards the half-tube at both
its ends ; but only traces of liquid ever reach this spot.

The instrument has two accessories which are of considerable
service. These consist (1) of a pair of glass disks, lying at the
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bottom of the tube, one having a suitable red, the other a green
colour ; there is thus obtained a black ground, on which the opal disk
1s always seen through the upper opening, Amn annulus of deeper tint
than a given observed colour would otherwise surround the opal disk,
and tend to confuse the determination. Itis anadvantage at times to
use other colours, and even to cover the opal disk with a plate of
coloured glass. The other accessory is (2) a black hemispherical
button. This lies loosely on the opal disk, as shown in the
figure. Tt is used in the estimation of turbidities (i.e. precipitates)
by lowering it until its point just disappears.

In taking readings, the position of the flat surface with regard
to the scale is always the object to be ascertained ; and this ean be
done, as is the case with Erdmann’s float, so as entirely to avoid
parallax, The level of the liquid's surface is afterwards taken ;
and the difference between the two readings is the depth required ;
but if the button be used, the height of the button must be sub-
tracted from that difference.

It is, of course, obvious that any upward or downward movement
of the rod must alter somewhat the level of the surface of the
liquid. For small variations thus produced (as, for example, by a
depression of two or three divisions) no correction need be made.
For larger variations a factor is easily found by experiment ; it is
probably the same in every specimen of the instrument, viz., nearly
(0:015 division for every division the rod is moved. This correction
is perhaps rather better than direct reading.

The colorimeter has been of late years more extensively used
than formerly ; but it would probably be much more widely em-
ployed if its service were better understood. Thus, for example, a
red liquid like a solution of magenta is admirably suited for colori-
metric measurement, it having a tint to which the eye readily
adapts itself. On the other hand, it is rare to find any one who
can accurately estimate yellow. Something thus depends on the
eye, and on the employment of the same eye. It must also be
borne in mind that very few liquids will stand a dilution of over
20 per cent. without undergoing chemical change. Thus, a very
weak solution of magenta differs in actual colour from a strong one.
Henee it is obvionsly necessary to use the first determination as a
mere approximation ; and, on that as a basis, to alter the strengths
of the standard and trial liquid to equalify. A second determina-
tion is now made, and a still closer approximation obtained by its
means. This process being repeated until there 1s only a difference
of a division or two between the two liquids.

The second approximation will in general be found sufiiciently
exact. All dilutions should, as far as possible, have the same age.
With regard to the standard tint selected, the operator has in this
colorimeter the means of varying his standard to any extent by
shifting one opal disk ; he can thus work at the particular depth of
tint which he finds most suitable to his own eye. Steady aceuracy
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in any particular measurement can generally be obtained by at most
a few days’ practice.

Turbidities.—A black or coloured disk, lowered through a turbid
liquid, eventually vanishes, and the depth at which disappearance
takes place is a measure of the amount of turbidity present.
In this way, for example, it is easy to estimate the amount of water
added to milk. It is obvious, however, that this method admits of
quantitative extension to all sorts of precipitates, provided we can
find a suitable medium to ensure their suspension as a turbidity,
and not in the aggregated state, during a suitable time.

The suspensory liquid consists of 100 gm. of gelatine, 100 gm.
at most of glacial acetic acid, and 1 gm. of salicylic acid, dissolved
in a liter of distilled water; this is clavified with a little white of
egg, and filtered hot, It remains permanently liguid in the cold,
and does not putrefy. It may, if desired, be charged with any
special re-agent (baric chloride for instance); a volume of the
mixture can then be added to a volume of a very weak standard
sulphate, and also to a volume of sulphate of unknown strength ;
by depressing the black buttons, the colorimeters determine the
relation between the two. The reacting bodies should in such
cases be the same ; thus, hydric sulphate should not be compared
against potassic sulphate, The key fo success in colorimetry is, in
fact, equality of condition.

If the precipitant should be alkaline, or an alkaline carbonate,
the gelatine solution should first be neutralized, and then mixed
with more alkali or carbonate. Such solutions as aqueous magnesic
chloride and zine sulphate can then be added, the whole instantly
well shaken, and the result compared with a standard effect in the
other tube,

Lime can be determined by adding ammonia and ammonic oxalate
to the suspensory liquid, and then a weak solution of ealecic salt.

There is probably no substance incapable of suspension for more
than half an hour—a period sufficient for thirty comparisons ; and
most precipitates will refuse to fall for hours, sometimes for days,
together. Traces of argentic chloride will remain unprecipitated in
this liquid for months. The operator has therefore only to select
such a strength of standard precipitate as shall give him not too
great an amount to suspend, and an opacity equal to about fifty
scale-divisions, If the substance precipitated should be soluble in
the solution of gelatine, that solution should be saturated, before
use, with the precipitate in question.

The colorimeter is an instrument admirably adapted for use in
comparatively unskilled hands, and especially in those industrial
analyses where one class of product is constantly tested by a single
person.
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PART V.

APPLICATION OF THE FOREGOING PRINCIPLES OF
ANALYSIS TO SPECIAL SUBSTANCES,

ANTINMONY.
Sh=122.

1. Clonwversion of Antimonicuns Acid in Alkaline Solution inte
Antimonic Acid by Iodine (Mohzr).

§ 42. Anmmoxnious oxide, or any of its compounds, is brought
into solution as tartrate by tartaric acid and water; the excess of
acid neutralized by sodic carbonate ; then a cold saturated solution
of sodie bicarbonate added, in the proportion of 20 ec.e. to ahout
0:1 gm. SH*0"; to the clear solution starch liquor and % iodine
are added until the blue colour occurs. The colour disappears after
a little time, therefore the first appearance of a permanent blue is
accepted as the true measure of iodine required.

1 c.e. % iodine=0°0061 gm, Sh,

2. Oxidation by Potassic Bichromate or Permanganate (Kessler).

Bichromate or permanganate added to a solution of antimonions
chloride, containing not less than & of its volume of hydrochlorie
acid (sp. gr. 1:12) converts it into antimonic chloride.

he reaction is uniform only when the minimum guantity of acid
indicated above is present, but it ought not to exceed ! the volume,
and the precautions before given as to the action of hydrochloric
acid on permanganate must be taken into account, hence it is
preferable to use bichromate.

Kessler (Poggend. Annal. exviii. p. 17) has carefully experimented
upon this method and adopts the following processes.

A standard solution of arsenious acid is prepared containing 5 gm.
of the pure acid, dissolved by the aid of sodic hydrate, neutralized
with hydrochloric acid, 100 c.c. concentrated hydrochloric acid
added, then diluted with water to 1 liter ; each c.e, of this solution
%{E}Elsina 0:0056 gm. As*0P and represents exactly 0-007374 gm.

Solutions of potassic bichromate and ferrous sulphate of known
strength in relation to each other, are prepared in the usual way ;

and a freshly prepared solution of potassic ferricyanide used as
indicator.
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some bicarbonate added, and the titration for excess of arsenious acid
performed with % iodine and starch, as directed in § 36. The separation of
antimony may generally be insured by precipitation as sulphide. If arsenic
is precipitated at the same time, it may be removed by treatment with
ammonic carbonate. :

ARSENIC.
As=T75. As0*=198,
1. Oxidation by Iodine (Mohr).

§ 43. THE principle upon which the determination of arsenious
acid by iodine is based is explained in § 36.

Experience has shown, that in the estimation of arsenious
compounds by the method there described, it is necessary to use
sodic bicarbonate for rendering the solution alkaline in preference
to the neutral carbonate, as there is less chance of the iodine being
affected by the bicarbonate than by the neutral salt.

To a neutral or watery solution, therefore, it is best to add about 20 or
25 c.c. of saturated solution of pure bicarbonate to every 0'1 gm. or so of
As"0% and then titrate with % iodine and starch. When the solution is
acid, the excess may be removed by neutral sodic carbonate, then the necessary
quantity of bicarbonate added, and the titration completed as before.

1 ce. 5 1odine=0'00495 gm. As*0?

Titration of Commercial Arsenafes,—The valuation of alkaline
arsenates used in cotton printing and dyeing may be very readily
and accurately made by the following method devised by J. Barnes,
late student at Owens College.

About 1'5 to 2 gm. of the arsenate are dissolved in about 100 e.c. of water,
and a stream of well-washed S0° passed into the liquid to complete saturation.
Some pieces of broken ignited pumice or glass are then placed in the liguid to
prevent bumping, and the contents of the flask or beaker are boiled until
the smell of sulphurous gas has entirely disappeared; the liquid is then
cooled and diluted to 500 e.c.

50 c.c. are then removed, mixed with 25 c.c. of saturated sodic bicarbonate
and starch, then titrated with 5 iodine, each c.c. of which represents
0'00575 gm. A0S,

Commercial bin-arsenate of soda sometimes contains from 1 to 5
per cent. of As*0®: this may of course be estimated with iodine
previous to reduction with SO7,

2. Oxidation by Potassic Bichromate (Kessler).

This method is exactly the same as is fully described in § 42 for antimony,

The arsenious compound is mixed with ; bichromate in excess in presence
of hydrochloric acid and water, in such proportion that at least § of the total
volume consists of hydrochlorie acid (sp. gr. 1:12),
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The excess of bichromate is found by standard solution of i
: i : by ‘ pure iron, or of
double iron salt, with potassic ferricyanide as indicator; the guantity of
bichromate reduced is, of course, the measure of the quantity of arsenious con-
verted into arsenic acid,

1 e.c. % bichromate=000495 gm, As’0%

In cases where the direct titration of the hydrochlorie acid solution cannot
be accomplished, the arsenious acid is precipitated with HS (with arsenates
ab 70°C.), the precipitate well washed, the filter and the precipitate placed in
a stoppered flask, together with a saturated solution of mercuric chloride in
hydrochloric acid of 1112 sp. gr., and digested at a gentle heat until the
precipitate is white, then water added in such proportion that not less than
& of the volume of liguid consists of concentrated hydrochloric acid;
+p bichromate is then added, and the titration with standard ferrous solution
completed as usual.

3. Indirect Estimation by Distilling with Chromic and Hydra-
chloric Acids (Bunsen).

The prineiple of this very exact method depends upon the fact,
that when potassic bichromate is boiled with concentrated hydro-
chlorie acid, chlorine is liberated in the proportion of 3 eq. to 1 eq.
chromie acid (see § 52.2).

If, however, arsenious acid is present, but not in excess, the
chlorine evolved is not in the proportion mentioned above, but so
much less as is negessary to convert the arsenious into arsenie acid.

As'0% 4 4C1 + 2H*0 = As*O® + 4HCL.

Therefore every 4 eq. of chlorine, short of the quantity yielded
when bichromate and hydrochlorie acid ave distilled alone, represent
1 eq. arsenious acid. The operation is condueted in the apparatus
fig. 25 or 26. :

4, By Precipitation as Uranic Arsenate (Bodekex).

The arsenic must exist in the state of arsenic acid (As*0?), and the'process
is in all respects the same as for the estimation of phosphoric acid, devised
by Neubauer, Pincus, and myself (§ 69). The strength of the uranium
golution may be ascertained and fixed by pure sodic or potassic arsenate, or
by means of a weighed gquantity of pure arsenious acid converted into arsenic
acid by boiling with strong nitric acid. The method of testing is precisely
the same as with phosphoric acid ; that is to say, the solution of uranium
used for P*O® will suffice, and if its exact strength as regards that body be
known, a slight caleulation will show the quantity to be used for arsenic
acid ; but it 1s, nevertheless, preferable to titrate it upon a weighed amount
of arsenical compound, bearing in mind here, as in the case of P?0% that
the titration must take place under precisely similar conditions as to quantity
of liquid, the amount of sodic acetate and acetic acid added, and the depth
of colour obtained by contact of the fluid under titration with the yellow
prussiate solution (see § 69). s

The precipitate of uranic arsenate possesses the composition—

2Ur0%, As*05 =566,
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The solution of arsenic acid must of course be free from metals
liable to give a colour with the indicator. Alkalies, alkaline earths,
and zine are of no consequence, but it is advisable to add nearly
the required volume of uranium to the liguid before heating,

The arsenic acid must be separated from all bases which wonld
yield compounds insoluble in weak acetic acid.

In poisoning cases the arsenetted hydrogen evolved from
Marsh’s apparatus may be passed into fuming HNO? evaporated
to dryness, the arsenic acid dissolved in water (antimony if present
is insoluble), then titrated cautiously with uranium in presence of
free acetic acid and sodic acetate as above described.

5. As Trihydride with Silver Nitrate.

Houzean (Compt. rend. lxxv, 1823) makes use of the reaction
between arsenic or antimony (existing in eombination with hydro-
gen) and silver nitrate, and applies it especially to the estimation
of small quantities of these metals in cases of poisoning, &ec.

The gas generated in Marsh’s apparatus, and consisting of
arsenie, or antimony, or both, in combination with hydrogen, is
passed into a weak standard solution of silver nitrate; and when
the precipitation is complete the excess of silver is found by
standard sodic chloride,

Ag=011574 Asor 0:1867 Sh.

Of course it is necessary to insure the conversion of all the metal
into the form of trihydride, and to eliminate the whole of the gas
from the apparatus, a matter of some difficulty. Arsenic may
generally be separated as sulphide, which may be dissolved in
ammonic carbonate ; the sulphur removed by slight excess of silver
nitrate, and the silver by hydrochloric acid. The arsenic will then
exist in the arsenious form ready for titration with iodine and
bicarbonate of alkali.

BARITURM.

Ba = 1368,

~ § 44, Iy a great number of instances the estimation of barium
is simply the converse of the process for sulphuric acid (§ 73),
using either a standard solution of sulphuric acid or a neutral
sulphate, in a known excess, and finding the amount by residual
titration.

When barinm can be separated as carbonate, the estimation is
made as in § 17,
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supernatant liquid ceases to show an acid reaction, the transformation is
complete. It is well to employ a solution of permanganate so dilute, that at
least 50 e.c. are required for the titration (5% at_reugth suflices). The hagic
oxalate may be dissolved in dilute sulphuric acid in place of hydrochloric;
it is more soluble, however, in the latter acid; if the solufion contains but
little hydrochloric acid, there is no danger of chlorine being evolved during
the process of titration. by : : : -

In applying this process to the estimation of bismuth in solution contain-
ing other metals, it is necessary, if the solution confain substances capable
of acting upon, or of being acted on by permanganate, to separate the
bismuth from the ether metals present. This is easily done by precipitating
in a partially neutralized solution with much warm water and a little
ammonic chloride. The precipitate must be dissolved in nitric acid, and the
liguid boiled down once or twice with addition of the same acid in order to
expel all hydrochloric acid, before precipitating as oxalate. The liguid
should contain just sufficient nitric acid to prevent precipitation of the basic
nitrate before oxalic acid is added. 1 molecule oxalic acid corresponds to
1 atom bismuth, or 126=210.

2, Precipitation as Phosphate.

The necessary standard solutions are ;

(¢) Standard sodic phosphate containing 55°8 gm. per liter,
1 e.e.=0-0071 gm. P*0°

(b) Standard uranic acetate, corresponding volume for volume
with the above, when titrated with an approximately equal amount
of sodic acetate and free acetic acid.

Success depends very much upon identity of conditions, as is
explained in § 69.

The bismuth to be estimated must be dissolved in nitric acid ; bases other
than the alkalies and alkaline earths must be absent. The absence of those
acids which interfere with the determination of phosphoric acid by the
uranium process (non-volatile, and reducing organic acids, sulphuretted
hydrogen, hydriodic acid, &c.) must be assured. As bismuth 15 readily
separated from other métals, with the exception of antimony and tin, by
addition of much warm water and a little ammonic chloride to feebly acid
solutions, a separation of the bismuth from those other metals which are
present should precede the process of estimation. If alkalies or alkaline
earths be alone present, the separation may be dispensed with. The pre-
cipitated bismuth salt is to be washed, dissolved in a little strong nitric acid,
and the solution boiled down twice with addition of a little more nitric acid,
in order to remove the whole of the hydrochloric acid present.

Such a quantity of a tolerably concentrated solution of sodic acetate is
added as shall insure the neutralization of the nitric acid, and therefore the
presence in the liquid of free acetic acid. If a precipitate form, a further
addition of sodic acetate must be made. The liquid is heated to boiling ; a
measured volume of the sodic phosphate solution is run in; the boiling is
continued for a few minutes; the liquid 18 passed through a ribbed filter,
the precipitate being washed repeatedly with hot water ; and excess of phos-
phorie acid is determined in the filtrate by titration with uranium, If the
filtered liquid be received in a measuring flask, which is subsequently filled
to the mark with water, and if the inverted uranium method be then
employed, the results are exceedingly accurate. This method is especially to
be recommended in the estimation of somewhat large quantities of bismuth,




ol L i 5 - ]




§ 47. VOLUMETRIC ANALYSIS, 127

In examining motherliquors containing organic matter, they
must be evaporated to dryness in presence of free alkali, ignited,
extracted- with water; then neutralized with hydrochloric acid
before titrating as above.

CADMIUM.
Cd=111-6.

§ 47. Tais metal may be estimated, as is the case with many
others, by precipitation as sulphide, and decomposing the sulphide
with a ferric salt, the iron being reduced to the ferrous state in
proportion to the amount of sulphide present.

In the case of cadminm Follenius has found, that when pre-
cipitated as sulphide in acid liquids, the precipitate is apt to be
contaminated with salts of cadmium other than sulphide to a
small extent. The separation as sulphide is best made by passing
H*S into the hot liguid which contains the cadmium, and which
should be acidified with 10 per cent. of concentrated sulphurie acid
by volume. From hydrochloric acid solutions the metal is only
completely separated by H*S when the hot solution contains not
more than 5 per cent. of acid of sp. gr. 1'11, or 14 per cent. if the
liquid is cold.

Ferrie chloride is to be preferred for the decomposition of the
cadmium sulphide, and the titration is carried out precisely as in
the case of zine (§ 78.2).

Cadmiom may also be estimated, when existing as sulphate or
nitrate, by precipitation as oxalate, and titration of the washed
precipitate by permanganate. The details are carried out precisely
as in the case of estimating zinc as oxalate (§ 78).

CALCIUM.
Ca=40.
1 c.c. | permanganate =0:0028 gm. CaO
13 L) =0-0050 g CaCO?

T " =0-0086 gm. CaSO* + 2H*0
»  normal oxalic acid =0+0280 gm, CaO

Cryst. oxalic acid x 0-444 =Ca0O

Double iron salt = 0:07143=Ca0

§ 48. Tue estimation of lime alkalimetrically has already been
given (§ 17), but that method is of limited application, unless caleic
oxalate, in which form lime is generally separated from other bases,
be converted into carbonate or caustic lime by ignition, and thus
determined with normal nitric acid and alkali. This and the
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then cooled, diluted to a measured volume, filtered through a dry
filter, and an aliquot portion titrated with permanganate after
acidifying with sulphuric acid as usual. A great variety of caleium
salts may be converted in the form of oxalate by short or long
treatment with oxalic acid or ammonic oxalate, including caleic
sulphate, phosphate tartrate and citrate, ete.

CERITUM.
CG =141-2.

§ 40. Tur most exact method of estimating this metal is by
precipitation as cerous oxalate, then drying the precipitate, and
strongly igniting in an open crucible, so as to convert 1t wto ceric
oxide. A, 1

Stolba (Z. e C. xix. p. 194) states that the moist oxalate may
be titrated precisely as in the case of calcic oxalate with permanganate,
and with accurate results, No examples or details, however, are
given.

CHLORINE.
Cl1=35:37.

1 ce. or 1 dm. 5 silver solution=0003537 gm. or (-03537 grn.
of Chlorine. '
=0005837 gm. or 0-05837 grn.

of Sodic chloride.

§ 50. Tue powerful affinity existing between chlorine and silver
in sulution, and the ready precipitation of the resulting chloride,
seem to have led to the earliest important volumefric process in
existence, viz., the assay of silver by the wet method of Gay
Lussac. The details of the process are more particularly deseribed
under the article relating to the assay of silver (§ 70); the deter-
mination of chlorine is just the converse of the process there
described, and the same precautions, and to a certain extent the
same apparatus, are required.

The solutions required, however, are systematie, and for exactness
and convenient dilution are of decinormal strength, as deseribed in
§ 37. In many cases it is advisable to possess also centinormal
solutions, made by diluting 100 c.c. of 5 solution to 1 liter.

1. Direct Precipitation with f; Bilver.

Very weak solutions of chlorides, such as drinking waters, are not easily
examined for chlorine by direct preecipitation, unless they are considerably
concentrated by evaporation previous to treatment, owing to the fact that,
unless a tolerable quantity of chloride can be formed, it will not collect
together and separate o as to leave the liguid clear enough to tell on the

IX
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colour produced by a fresh drop goes off al once on agitation, and the liguid
appears of u pure milk white, the silver will be in excess. The titration is then
completed as above. The volume of sulphocyanate used, including the
amount used during the addition of the silver, deducted from the 5 silver,
will show the volume of the latter necessary for precipitating the chlorine
present,

4, By Distillation and subseguent Titration with Hyposulphite.

In cases where chlorine iz evolved direet in the gaseouns form or
as the representative of some other body (see § 35a), a very admirable
absorption apparatus is shown in fig. 20. The little flask « 1s used

as the distilling vessel, connected with the bulb tubes by an india-
rubber joint ; the stoppers for the tubes are also of the same
material, the whole of which should be cleansed from sulphur by
boiling in weak alkali. A fragment of solid magnesite may with
advantage be added to the acid liquid in the distilling flask ; in
all other respects the process 13 conducted exactly as is described
in § 35a.

This apparatus is equally well adapted to the absorption of
ammonia or other gases, and possesses the great recommendation
that there is scarcely a possibility of regurgitation,







§ 50a. VOLUMETRIC ANALYSIS, 133

milky liqnid taken out with a pipette, emptied into a beaker, and
the % arsenious solution delivered in from a burette until a drop
of the mixture taken out with a glass rod, and brought in contact
with the prepared starch-paper (§ 306) gives no blue stain.

The starch paper may be dispensed with by adding arsenious
solution in excess, then starech liquor, and titrating residually with
15 iodine till the blue colour appears. The number of ¢ ¢. of arsenic
used, multiplied by the factor 0-003537 will give the per-centage of
chlorine,

FExample : 100 c.c. of chloride of lime liquid prepared as above directed
were put into a beaker, and 86 c.c. of arsenious solution added, then starch
liquor and 1'6 c.e. of % iodine to produce the blue colour=845 c.c. of
arsenious solution, which multiplied by 01003537 gave 0:2999; and as 1 gm.
of the sample was contained in the 100 c.c., 2999 per cent. of chlorine.

Another 100 e.c. were carefully titrated with arsenious solution by the aid
of iodized starch-paper. 84'5 c.c. were required, also equal to 2999 per cent.
Some operators recommend that the mixture of chloride of lime and water
should be allowed to stand till clear, and the clear liguid only used for
titration ; but this invariably gives lower results than when the milky
mixture is used. ;

By weighing 3:556 gm. of the sample, and diluting to 1 liter,
then taking 100 c.c. for titration, the number of c.c. of arsenious
solution required will be the per-centage of chlorine direct.

A more rapid method can be adopted in cases where a series of
samples has to be tested, as follows :—4:95 gm. of pure arsenious
acid are finely powdered and dissolved by the aid of a gentle heat in
about 15 ec.c. of glycerine, then diluted with water to 1 liter; 25 c.c.
are measured into a flask and 1 e.c. of indigo solution added. The
turbid solution of bleaching powder is poured into a suitdble
burette, and before it has time to settle is delivered with constant
shaking into the blue arsenious solution until the colour is just
discharged ; the per-centage of chlorine is then found by a slight
calculation,

2. Bunsen's Method.

10 or 20 c.c. of the chloride of lime solution, prepared as above,
are measured into a beaker, and an excess of solution of potassic
iodide added ; the mixture is then diluted somewhat, acidified with
hydrochloric acid, and the liberated iodine titrated with  hypo-
sulphite and starch : 1 eq. iodine so found represents 1 eq. chlorine,

This is an exceedingly ready method of estimating chlorine, but
in cases were caleic chlorate is present, it records the chlorine in
it, as well as that existing as hypochlorite ; but as the chlorate is
of no value in bleaching, it is always preferable to analyze bleaching
powder by means of arsenious solution, The amount of chlorate can
always be found by taking the difference between the two methods.
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The best plan of procedure is as follows :(—

A very small beaker or other convenient vessel is partly or wholly filled, as
may be requisite, with perfectly dry and granular double sulphate of iron and
ammonia ; the exact weight then taken and noted. The chromium com-
pound is brought into solution, not too dilute, acidified with sulphuric acid,
and small quantities of the iron salt added from time to time with a dry spoon
taking care that none is spilled, until the mixture becomes green, and the
iron is in excess, best known by a small drop being brought in contact with a
drop of red prussiate of potash on a white plate’; if a blue eolour appears at
the point of contact, the iron is in excess. It is necessary to estimate this
excess, which is most conveniently done by ¥ bichromate being added until the
blue colour produced by contact with the red prussiate disappears, The vessel
containing the iron =alt is again weighed, the loss noted; the quantity of
the salt represented by the % bichromate deducted from it, and the remain-
der multiplied by the factor required by the substance sought. A standard
solution of iron salt may be used in place of the dry salt.

: Erample: 05 gm. pure potassic bichromate was taken for analysis, and to
its acid solution 4'15 gm. double iron salt added. 83 c.c. of X bichromate

were required to oxidize the excess of iron salt; it was found that 07 gm. of
the salt=17'85 c.c. bichromate solution, consequently 3'3 c.c. of the latter
were equal to 0°12985 gm. iron salt; this deducted from the quantity
originally used left 402015 gm., which multiplied by the factor 0°1255 gave
0504 gm. instead of 05 gm.

In the case of lead chromate being estimated in this way, it is
best to mix both the chromate and the iron salt together in a
mortar, rubbing them to powder, adding hydroehloric acid, stirring
well together, then diluting with water and titrating as before,
Where pure double iron salt is not at hand, a solution of iron wire
in sulphuric acid, freshly made and of ascertained strength, can of
course be used.

2. Estimation of Chromates by Distillation with Hydrochlorie
Acid (Bunsen, results very accurate).

‘When chromates are boiled with an excess of strong hydrochloric
acid in Fresenius’, Bunsen’s, or Mohr's distilling apparatus
(fig. 25 or 26), every 1 eq. of chromic acid liberates 3 eq. chlorine.

For instance, with potassic bichromate the reaction may be expressed
as follows—

K*Cr*07 + 14HC1=2KCl + Cr*Cl® 4 TH?0 + 6Cl.

If the liberated chlorine is conducted into a solution of potassic
iodide, 3 eq. of iodine are set free, and can be estimated by -¥:
hyposulphite, as in § 35. 3 eq. of iodine so obtained=379'5
represent 1 eq. chromic acid=100'40. The same decomposition
takes place by mere digestion, as described in § 35a,
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add cautiously 1 gm. of metallic iron of known purity, or an equivalent
quantity of double iron salf, previously dissolved in dilute sulphuric acid, and
further dilute with cold water to about 5 oz., to make up the volume in the
dish to about 8 oz., then fitrate with {5 permanganate the amount of ferrous
oxide remaining. The difference between the amount of iren found and of
the iron weighed will be the amount oxidized to sesquioxide by the chromie
acid. Every one part so oxidized will represent 0320 of metallic chrominm,
or 0°4663 of sesquioxide, Cr*0O% in which last condition the substance usually
exists in the ore.

If the amount of iron only in the ore is to be determined, the process is
still shorter. After the fluxed mineral has been igmited and reduced to
powder, as already directed, dissolve it by adding first, 10 c.c. of hot water
and applying a gentle heat, and then 15 e.c. of hydrochloric acid, continuing
the heat to incipient boiling till complete decomposition has been effected ;
cool by immersing the tube in a bath of cold water, add pieces of pure
metallic zine sufficient to bring the iron to the condition of protoxide and
the chromium to sesquioxide, and apply heat till small bubbles of hydrogen
cease, and the zine has become quite dissolved ; then nearly fill the tube with
cold water, acidulated with one-tenth of sulphuric acid, and pour the contents
into the porcelain dish, add cold water to make up the volume to about 8 oz.,
and complete the operation with standard permanganate solution. My expe-
rience is that it is far better to use bichromate for titration in place of
permanganate.

i) Sell's Process.—Lhis method is described in J, ' S. 1879,
(p. 292), and is carried out by first fusing the finely ground ore with
a mixture of sedic bisulphate and fluoride in the proportion of
1 mol. bisulphate, and 2 mol. of fluoride, and subsequent titration
?['H the chromic acid by standard hyposulphite and iodine as
ollows :—

From 01 to 0°5 gm. of the ore is placed on the top of ten times its weight
of the above-mentioned mixture in a large platinum crucible, and ignited for
fifteen minutes ; an equal weight of sodic bisulphate is then added and well
imeorporated by fusion, and stirring with a platinum wire; then a further
like quantity of bisulphate added in the same way. When complete decom-
position has occurred, the mass is boiled with water acidulated with sulphurie
acid, and the solution diluted to a definite volume according to the quantity of
ore origimally taken.

To insure the oxidation of all the chromium and iron previous to titratjon,
4 portion, or the whole, of the solution is heated to boiling, and permanganate
added until a permanent red colour occurs. Sodic carbonate is then added in
slight excess, and sufficient aleohol to destroy the excess of permanganate;
the manganese precipitate is then filtered off, and the clear solution titrated
with 5 hyposulphite and iodine in the usual way.

The author states that the amalysis of an ore by this method
may be accomplished in one hour and a half.

For the preliminary fusion and oxidation of chrome iron orve,
Dittmar recommends a mixture of two parts borax glass, and one
and a half part each of sodic and potassic carbonate. These are
fused together in a platinum crucible until all effervescence ceases,
then poured.out into a large platinum basin or upon a clean iron
pl.*}t‘e to cool, broken up, and preserved for use,

Len parts of this mixture is used for one part of chrome ore,







§ 4. VOLUMETRIC ANALYSIS, 139

This precipitate when Dboiled with weak ammonia will contain
the whole of the cobalt as CO*0® with some NiO. The cobalt may
now be estimated by addition of standard ferrous solution, and
titration with permanganate. In a separate portion of the original
solution, the two oxides may be precipitated as before and without
treatment by warm ammonia ; both are titrated with ferrous solution
and permanganate. In this way the nickel is estimated by diffevence
(Fleischer).

COPEPER.
Ell =03.

Factors for converting the guantity of Iron- represented by
Permanganate, Bichromate, or Hyposulphite into Copper.

1 e.e. % solution=00063 gm. Copper
Iron x 11256 =Copper
Double Iron Salt x 0-1607=Copper

§ 54. So many methods have been proposed for the volumetrie
estimation of copper, that the analyst is bewildered by their number,
and hardly knows upon which to depend.

My own opinion is, that in many cases it is safer and less
troublesome to estimate the metal by weight ; there are, however,
instances where volumetric methods can be applied with advantage,
and the following processes are chosen as the hest.

1. Method of separating Copper from any of its Ores for Residues
in a pure Metallic state, so that it may be weighed direct
or estimated by Volumetric methods.

The substance must be brought into very fine powder, particularly
if it eontain sulphur, and about 5 gm. of it weighed, placed in a
deep porcelain crucible or capsule about 4 in. in diameter, and
covered with a concentrated mixture of nitric and sulphurie acids,
and water added cautiously. A larger quantity of nitric acid is
necessary when sulphur is present (as in pyrites) than in other
cases. A watch-glass or another capsule is placed npon the top of
that containing the mixture so as to prevent loss by spirting—
preferably a large watch-glass with a hole drilled in the middle.
ITeat is then applied to boiling and continued till the mass is nearly
dry, the cover is then removed, and if not washed clean by the
steam produced in the operation itself, is washed with a small
quantity of water into the mass, which s again evaporated to dry-
ness ; the heat is then increased until all acid vapours are expelled,
and the capsule set aside to cool. In the ease of pyrites the heat
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i

and even if it should do so, the precipitate holds the copper tenaciously; the
collection of fluid, therefore, by these repeated precipitations'and washings,
is so considerable, that the process cannot be applied, except after evaporation
to » small bulk. The sodic acetate is far preferable to the ammonia ; 1t must,
however, be used in large quantity, and the precipitate washed with hot
water containing sodic acetate. In certain cases (i.e, where metals may be

resent which would interfere with the titration of the entire liquid by

arkes’ process (§ 54.5), it may be advisable to precipitate the iron by
ammonia, glightly wash the precipitate, and then break the filter and wash 1t
through the funnel into a white capsule, and titrate with potassic cyanide at
once for the slight amount of copper present, adding the weight sulfnund to
that obtained in the filtrate by some other method.

2. Reduction by Grape Sugar and subsequent titration with Ferric
Chloride and Permanganate (Schwarz].

This process is based upon the fact that grape sugar precipitates
cuprous oxide from an alkaline solution of the metal containing
tartaric acid ; the oxide so obtained is collected and mixed with
ferrie chloride and hydrochloric acid. The result is the following
decomposition :—-

Cu*0 + Fe'Cl° 4+ 2HCl=2CuCl* 4 2FeCL* 4+ H*0.

Each equivalent of copper reduces one equivalent of ferric to ferrous
chloride, which is estimated by permanganate with due precaution.
The iron so obtained is caleulated into copper by the requisite factor.

The Analytical Process : The weighed substance is brought into solution
by nitric or sulphuric acid or water, in a porcelain dish or flask, and most of
the acid in excess saturated with sodic carbonate ; neutral potassic tartrate is
then added in not too large quantity, and the precipitate so produced dis-
solved to a clear blue fluid by adding caustic potash or soda in excess; the
vessel is next heated cautiously to about 50° C., in the water bath, and
suflicient grape sugar added to precipitate the copper present; the heating
is continued until the precipitate is of a bright red colour, and the upper
lignid is brownish at the edges from the action of the alkali on the
sugar; the heat must never exceed 90° C. When the mixture has somewhat
cleared, the upper fluid is poured through a moistened filter, and afterwards
the precipitate brought on the same, and washed with hot water till thoroughly
clean ; the precipitate which may adhere to the dish or flask is well washed,
and the filter containing the bulk of the protoxide put with it, and an excess
of solution of ferric chloride (free from nitric acid or free chlorine) added,
together with a little sulphuric acid ; the whole is then warmed and stirred
until the cuprous chloride is all dissolved. It is then filtered into a good-
sized flask, the old and new filters being both well washed with hot water, to
which at first 'a little free sulphuric acid should be added, in order to be
certain of dissolving all the oxide in the folds of the paper. The entire
solution is then titrated with permanganate in the usual way, Bichromate
may also be used, but the end of the reaction is not so distinet as usual, from
the turbidity produced by the presence of copper.
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And though iron if present would, without special precaul'riun.
being taken, prevent the determination of copper by means of
potassic ferrocyanide; yet, by the method as described below, the
amounts of these metals contained together in a solution can be
estimated by this re-agent. _

Ammonic nitrate renders the reaction much more delicate ; other
salts, as ammonic chloride and potassic nitrate, have likewise the
same effect. }

The method of analysis consists in the comparison of the purple-
brown colours produced by adding to a solution of potassic ferro-
eyanide—first, a solution of copper of known strength, and secondly
the solution in which the copper is to be determined.

The solutions and materials required are as follows :— :

(1) Standardcopper solution.—Prepared by dissolving 0-595 gm.
of pure CuSO%, 5H?0 in one liter of water. 1 c.c. is then equivalent
to 0:1 m.gm. Cu. _ .

(2) Solution of ammonic nitrate.—Made by dissolving 100 gm.
of the salt in one liter of water, _

(3) Potassic ferrocyanide solution.—Containing 1 part of the
salt in 25 parts of water.

(4) Two glass cylinders holding rather more than 150 c.c. each,
the point equivalent to that volume being marked on the glass.
They must, of course, both be of the same tint, and as nearly
colourless as possible. Instead of these the colorimeter (§ 41) may
of course be used.

A burette, graduated to . c.c. for the copper solution; a 5 c.c.
pipette for the ammonic nitrate, and a small tube to deliver the
potassic ferrocyanide in drops.

The Analytical Process : Five drops of the potassic ferrocyanide are placed
in each eylinder, and then a measured gquantity of the neutral solution in which
the copper is to be determined is placed into one of them,and both filled up
to the mark with distilled water, 5 c.c. of the ammonic nitrate solution added
to each, and then the standard copper solution ran gmduu.l]iy to the other,
till the colours in both cylinders are of the same depth, the liquid being well
stirred after each addition. The number of c.c. used are then read off.
Each c.c. corresponds to 0°1 m.gm. of copper, from which the amount of
copper in the solution in question can be calculated.

The solution in which the copper is to be estimated must be
neutral ; for if it contain free acid the latter lessens the depth of
colour, and changes it from a purple-brown to an earthy brown. If
it should be acid it is rendered slightly alkaline with ammonia,
and the excess of the latter got rid of by beiling. The solution
must not be alkaline, as the brown coloration is soluble in ammonia
and decomposed by potash or soda ; if it be alkaline from ammonia
this is remedied as before by boiling it off; while free potash or
soda, should they be present, are neutralized by an acid, and the
latter by ammonia,




152 HANDBOOK OF § 54

Within moderate limits the amount of potassic ferrocyanide does
not affect the accuracy of the method, as was proved by several
experiments ; for instance, when J c.c. and 2 e.c. of the ferrocyanide
were added to the two cylinders respectively, water up to the mark,
and 5 c.c. of ammonic nitrate, 7 c.c. of the standard copper solution
produced in each an equal depth of colour.

The same may be said of the ammonic nitrate, for in one of
several trials, all leading to the same resulf, there were five drops
of ferroeyanide in each cylinder, with water up to the mark, 5 c.c.
of ammonic nitrate in one and 15 c.c. in the other, when an equal
depth of colour was obtained on running into each 7 c.c. of the
standard copper solution.

The results obtained are fairly uniform, and will compare with
any other process which can he used for the estimation of minute
quantities of copper.

Experiment proved that colourless salts of the alkaline and earthy
metals, as also organic matter like sugar, had no effect on the colour.

Lead, when present in not too large quantity, has little or no
effect on the accuracy of the method. The precipitate obtained on
adding potassic ferrocyanide to a lead salt is white ; and this, except
when present in comparatively large quantity with respect to the
copper, does not interfere with the comparison of the colours.

When copper is to be estimated in a solution containing iron, the
following is the method of procedure to be adopted : —

A few drops of nitric acid are added to the solution in order to oxidize the
iron, the liguid evaporated to a small bulk, and the iron precipitated by
ammonia. Even when very small quantities of iron are present, this can be
done easily and completely if there be only a very small quantity of fluid.
The precipitate of ferric oxide is then filtered off, washed once, dissolved in
nitric acid, and re-precipitated by ammonia, filtered and washed. The iron
precipitate is now free from copper, and in it the iron can be estimated by
dissolving in nitric acid, making the solution nearly neuntral with ammonia,
and determining the iron by the method in § 60.4. The filtrate from the
iron precipitate is boiled till all the ammonia is completely driven off, and
the copper estimated in the solution so obtained as already described.

When the solution containing copper is too dilute to give any
coloration directly with potassie ferrocyanide, a measured quantity
of it must be evaporated to a small bulk, and filtered if necessary ;
and if it contain iron, also treated as already described.

In the determination of copper and iron in water, for which the
method is specially applicable, a measured quantity is evaporated
to dryness with a few drops of nitric acid, ignited to get rid of any
organic matter that might colour the liquid, and dissolved in a little
hoiling water and a drop or two of nitric acid ; if it is not all
soluble it does not matter, Ammonia is next added to precipitate
the iron, the latter filtered off, washed, re-dissolved in nitric acid,
and again precipitated by ammonia, filtered off, and washed. The
filtrate is added to the one previously obtained, the iron estimated
in the precipitate, and the eopper in the united filtrates,
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Lrample: A lﬁgmin tube of the chloride of gold of commerce was dis-
solved in water, and the solution made up to 800 decems. 20 dm. of normal
oxalic acid were then added, and the flask set aside for twenty-four hours in
a warm, dark place ; atthe end of that time the gold had settled, and the super-
natant liquid was clear and colourless, 100 dm. were taken out with a pipette,
:3.11_11 ltrated with ; permanganate, of which 25 dm. were required ; this multi-
plied by 8 gives 76 dm.=7'5 dm. normal oxalic acid, which deducted from the
20 dm. originally added, left 12'5 dm. ; this multiplied by § the equivalent of
gold (L eq. of gold chloride decomposing 8 eq. oxalic acid)=0655 gave
8195 grn. metallic gold, or multiplied by 101 (=% eq. Au. CI*) gave
12625 grn.; either way the result was 84 per cent. of chloride of gold
instead of 100.

INDIGO.

§ 57. Tmis substance, as met with commercially, is of very
variable composition, and a great many processes have been from
time to time proposed for estimating the amount of pure indigotin
or blue matter present. These processes have for the most part
been based upon experiments made with the pure material, and
their accuracy has totally disappeared when used upon material
containing other vegetable or earthy matters, such as are constantly
to be found in marketable indigo.

These impurities are mainly indigo-gluten, indigo-brown, indigo=
rei, and ferric oxide, which latter would be found of course in the
ash.

The volumetric processes here given are such as have been found
to give the most accurate results, and may be depended upon for
technical purposes. In both processes the sample is to be dissolved
in fuming sulphuric acid previous to being tifrated, which is best
done as follows :(— -

1 gm. or 10 grn. respectively of the very finely powdered indigo is put
into a closely stoppered small flask, or bottle, with 8 gm. or 80 grn. of acid
(the relation being in each case 1 to 8), together with about a teaspoonful of
small garnets, or if these are not at hand, flint pebbles or broken hard glass,
the flask closely stoppered and kept for eight or ten hours in a warm place
not exceeding 50° C. with frequent shaking ; the sample is then ready for
examination by either of the following processes .—

1. By Potassic Bichromate (M'EKinlay].

10 grs. of the indigo dissolved as described above are placed in
a white porcelain basin capable of holding about two pints, and
diluted with one pint of water, the bottle being repeatedly washed
out with water so as to remove all colour from the garnets or glass ;
50-60 grs. of oxalic acid are then added, previously dissolved in a
few ounces of water ; the whole may now be diluted to about 30
fluid ounces, and is ready for titration.

Standard Potassic Bichromate, containing 60 grs. of bichromate in
1000 dm, of water, Each dm. of this solution equals 1 per cent. of pure
indigotin.
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The same solution can of course be made on the gram system by dissolving
6 gm. of bichromate in 1 liter of water, so that when 1 gm. of indigo is taken
fﬁir analysis, 1 ¢.c. of bichromate will also equal 1 per cent. of pure indigo-
blue.

The titration is now performed by running the bichromate into the slightly
warm indigo mixture with frequent stirring, until no blue or green colour can
be seen on placing a drop of the mixture on white filtering-paper.

In adding the bichromate sclution to the blue liquor, and particularly
towards the end of the process, time must be given for each addition to
produce its effect before a further quantity is poured in. When the cperation
15 finished, the mixture will present an olive-green appearance, which, on
standing a few minutes, will change to a golden brown. The last traces of
the blue colour are best seen by drying the paper and examining it by
transmitted light, but a little experience will enable an unpractised eye to
judge by the appearance of the liquid; or if any uncertainty prevails, a small
quantity of the mixture may be taken out into a test-glass, and a drop of the
re-agent added, when, by comparing it with another portion in a similar glass,

‘it will be seen whether any of the blue colour remains.

‘When the brown colouring matter of the indigo interferes with the
purposes to which it is to be applied, 10 grains should be dissolved in
sulphuric acid in the usual manner, and the solution being made up to 1 pint,
glips of stout blotting-paper are introduced into the blue liguid, and kept
therein for ten minutes, and then dried. By subjecting indigo of known
strength and purity to the same treatment, and comparing the results, it will
be seen that those indigoes which contain a large proportion of brown matter
give a tgr&eu tint to the paper, varying in intensity according to the amount
present.

From experiments made with pure indigo, the amount of
bichromate required to decolorize the blue solution is less when
ﬂmrllm acid is employed, than when hydrochloric acid with heat is
nsed.

2. By Potassic Ferricyanide (Ullgren).

This method is based upon the fact that red potassic prussiate
destroys the blue colour of indigo in the presence of free alkali, hy
converting 1t into isatin, the reaction being formulated as follows :—

CUHNO? + 2K*Fe*(ly® + 2K O = CVHPNO* + 4K*FeCy®,

The use of caunstic soda or potash, however, is liable to cause a
different reaction if used in varying quantity, and at higher tem-
perature ; it is therefore advisable to use sodic carbonate as the

alkali.
Ullgren’s description is as follows (J. €. 8. 1865, p. 223) :—

(1) The quantity of sulphuric acid added to the solution of indigo, should
not be too great, and the temperature must not exceed 50° C., because
especially with impurer sorts of indigo, sulphurous acid in cunsiderahié
quantity is then generated, and combinations with sulphurie acid are obtained
part of which are not dissolved in the acid liquid when diluted with water
]ikr% :ulphﬂpurpuric avid. :

e quantity of sulphuric acid found most suitabls, is ten ti i
of the indigotin and Iﬁ}ight times that of the indigo, the unidmiﬁgaﬁl?h;;:?l:;
the strength which is obtained when fuming sulphurie acid is mixed with
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distilled water until the mixture is only faintly fuming. With this strength
of acid the formation of a certain portion of sulphopurpuric acid is of less
cﬁiﬂﬂ“ﬁﬂ%; only, in measuring for titration the diluted liguid must be well
shaken.

(2) The indigo solution should be very much diluted, and a sample
preserved in order to serve as a guide as to the degree of dilution. To pre-
pare the standard solution, 1 gm. of pure indigotin is dissolved in 10 gm. of
sulphurie acid, mixed with water to 1 liter of liquid, and 10 c.c. of the
solution thus obtained are also diluted to 1 liter of liquid; in this there are,
consequently, 10 milligrams of indigotin dissolved. The solution of indigotin
to be tested should be so much diluted that it may be lighter than this sample-
coloured solution.

(3) The solution of sodie carbonate should be saturated in the cold. 20 c.c.
of this solution are mixed with the quantity of indigo solution which has been
measured and afterwards diluted to be titrated ; it is so proportioned that its
value of indigotin is about 10 milligrams, but rather below than above this
quantity.

(4) The solution of potassic ferrieyanide should also be very dilute. If
5023 gm. of this salt be dissolved in 1 liter of water, then with a certain
quantity of sodic hydrate, 1 c.c. of this solution destroys 1 milligram of
indigotin. But if sodie carbonate is used in corresponding quantity, another
reaction takes place, in consequence of which nearly a double quantity of
ferricyanide is required. 'This, however, iz of no consequence in practice,
provided it is known how much of a solution of ferricyanide of given strength
is required to destroy 1 milligram of indigotin in solution, rendered alkaline
by sodic carbonate. The solution of ferricyanide used in the test experiments
contained 2'5115 gm. of that salt in a liter, consequently 2 c.c. of it wounld
just have changed 1 milligram of indigotin into isatin.

(5) When sodic carbonate is used, and the liguid is diluted to the degree
above mentioned, the change of colour is shown in such a way that the blue
colour gradually disappears, without distinetly changing into green, as is the
case when the dilution is less, "When the liquid has assumed a greay-yellow
appearance, or generally when every tint of blue has disappeared, the opera-
tion may be regarded as complete.

The titration should be done slowly and with frequent stirring by a glass
rod, and this is most easily done if the liquid is poured into a large porcelain
basin, where also the change of colour can be most distinetly observed.

Eramples : 1 gm. of pure indigotin was dissolved in 10 gm. of sulphuric
acid, and the solution was diluted to 1 liter; 10 c.c. of this mixed in a
porcelain vessel, with 1 liter of water and 20 c.c. of cold saturated solution of
sodic carbonate, required, of the solution of ferricyanide at a temperature of
18° C. in three experiments : 345, 35°35, 355 c.c.: mean 35 c.o.

1 gm. Bengal indigo, No. 1, which in the reduction, partly with grape
sugar, partly with ferrous sulphate and soda, was found to yield in even
numbers 62 per cent. of indigotin, was dissolved in 8 gm. of sulphuric acid,
and diluted with water to 1 liter ; 10 c.c. of this mixed with § of a liter of
water and 20 c.c. of a solution of sodic carbonate saturated in the ecold,
required at a temperature of 18° C. in four experiments, 23, 22, 225 and
23 c.c. of the solution of ferricyanide: mean 226 c.c. But 35: 22:6=100:
x=6B4'4 per cent. indigotin, consequently 24 per cent. more than was shown
by reduction.

Similar approximate results, with 2 to 4 per cent. excess over
those from the method of reduction, were obtained in experiments
with several other kinds of indigo,




§ 58. VOLUMETRIC ANALYSIS, 161
IODINE,
I=126-5.
1 ec. ,% hyposulphite=001265 gm. lodine.
S opLn —0-01655 gm. Potassic iodide,

1. By Distillation.

§ 58. TFrer iodine is of course very readily estimated by solution
in potassic iodide, and titration with starch and ;% hyposulphite,
as described in § 35.*

Combined iodine in haloid salts, such as the alkaline iodides,
must be subjected to distillation with hydrochloric acid, and some
other substance capable of assisting in the liberation of free iodine,
which is received into a solution of potassie iedide, and then
titrated with ¥, hyposulphite in the ordinary way. Such a sub-
stance presents itself best in the form of ferric oxide, or some of
_ its combinations ; if, therefore, hydriodic aeid, or what amounts to
the same thing, an alkaline iodide, be mixed with an excess of
ferric oxide, and distilled in the apparatus shown in fig. 25 or
26, the following reaction oceurs :—

Fe?0? 4- 2IH = 2Fe( + H*O + I,

The best form in which to use the ferric oxide is the double
sulphate of ferric oxide and ammonia or potash (iron alum),

The iodide and iron alum being brought into the little flask,
fig. 26, sulphuric acid, of about 1'3 sp. gr. or so0, is added, and the
cork carrying the still tube inserted. This tube is not carried into
the solution of potassic iodide in this special case, but within a
short distance of it ; and the end must not be drawn out to a fine
point, as there represented, but cut off straight. The reason for
this arrangement is, that it is not a chlorine distillation for the
purpose of setting iodine free from the iodide solution, as is usually
the case, but an actual distillation of iodine, which would speedily
choke up the narrow point of the fube, and so prevent the further
progress of the operation.

As the distillation goes on, the steam washes the condensed
iodine out of the tube into the solution of iodide, which must be

* I wonld here apain impress wpon the operntor’s notice that it is of great importance
to ascertain the exact strength of the standord solutions of iodine an hg.rpqauﬁ?]:me 08
compared with each other. Both solutions constantly undergo an amount of change
depending upon the temperature at which they are kept, their exposure to light, ete.,
and therefore it is u.buu]uto‘{r necegsary, to ensure exactness in the multifarious analyses
which con be made hg the aid of these twore-ngents, to verify their agreement by weigh-

ing o small portion of pure dry iodine at intervals, and titrating it witl :
iy GO 1 ¥ 1 i itrating it with the standard
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IRON.
Fe = b6,
Factors.

1 c.c. 1 permanganate, bichromate,

or hyposulphite = (0056 Fe
1 13 1 —_ ﬂ"ﬂﬂ?ﬂ Fe(
T 2 0 = 00080 Fe*0?
I 2 2 = 00392 Double iron salt.

1. Estimation in the Ferrous State.

§ 59. Tup estimation of iron in the ferrous state has already
been incidentally described in §§ 31, 32, and 34. The present
section is an amplification of the methods there given, as applied
more distinetly fo ores and products of iron manufacture; but
before applying the permanganate or bichromate process to these
substances, and since many operators prefer, with reason, to stan-
dardize such solutions upon metallic iron, especially for use in
ron analysis, the following method is given as the best :—

A piece of soft iron wire is well cleaned with scouring paper, and about
1 gram accurately weighed ; this is placed into a 250-c.c. boiling flask a, and
100 c.c. of dilute pure sulphuric acid (1 part concentrated acid to 5 of water)
poured over it ; about a gram of sodic bicarbonate is then added, and the
apparatus fixed together as in fig. 29, the pinch-cock remaining open. The
flask a« is closed by a tight-fitting india-rubber stopper, through which is
passed the bent tube. The flask ¢ contains 20 or 30 c.c. of pure distilled
water ; the flask @ being supported over a lamp is gently heated to boiling,
and kept at this temperature until all the iron is dissolved ; meanwhile about
300 c.c. of distilled water are boiled in a separate vessel to remove all air, and
allowed to cool. As soon as the iron is dissolved, the lamp is removed, and
the pinch-cock closed ; when cooled somewhat, the pinch-cock is opened, and
the wash water suffered to flow back together with the boiled water, which is
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added : if this does not approach the colour of the first mixture, other
quantities of iron are tried until an exact similarity of colour occurs. The
exact strength of the iron solution being known, it 1s easy to arrive at the

nantity of pure iron present in the substance examined, and to convert it ,
into its state of combination by caleulation. The colorimeter may of course
be here used with advantage.

IRON ORES.

§ 61. Ix the analysis of iron ores it is very often necessary to
determine not only the total amount of iron, but also the state in
which it exists; for instance, magnetic iron ore consists of a
mixture of the two oxides in tolerably definite proportions, and it is
sometimes advisable to know the quantities of each.

In order to prevent, therefore, in such cases, the further oxidation
of the ferrous oxide, the little flask apparatus (fig. 32) adopted by
Mohr is highly recommended, or fig. 31 is equally serviceable.

Fig. 32.

The left-hand flask contains the weighed ore in a finely powdered sta
which tolerably strong hydrochlorie acid is added ; t.lmyag:her flask mnt!rffiﬁg
distilled water only, the tfube from the first flask entering to the bottom of the
second. When the ore is ready in the flask and the tubes fitted, hydrochlorie
acid 18 poured in, and a few grains of sodic bicarbonate added to produce a
flow of carbonic acid. The air of the flask is thus dispelled, and as the acid
dissolves the ore, the gases evolved drive out in turn the carbonic acid
which is partly absorbed by the water in the second flask. When the ore is
all dissolved and the lamp removed, the water immediately rushes out of the
gecond flask into the first, diluting and cooling the solution of ore, so that, in
the majority of cases, it is ready for immediate titration. If not auﬂ‘mieﬂtt:,r
:?I?ILJM dilute, a suflicient quantity of boiled and cooled distilled water is
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The very finely powdered silicate is mixed with rather more than its own
weight of powdered fluor-spar or cryolite (free from iron) in a platinum
crucible, coveraed with hydrochloric acid, and heated on the water bath until
the silicate is all dissolved. During the digestion either carbonic acid gas or
cosl gas free from H*S is supplied over the surface of the liguid, so as to
prevent access of air. When decomposition is complete (the tine varying
with the nature of the material), the mixture is diluted and titrated with
permanganate in the usual way for ferrous oxide; the ferric oxide can then

be reduced by zinc and its proportion found.

By Hydrofluoric Aeid (Early’s process): Two grams of the finely
powdered silicate are placed in a deep platinum crucible, and 40 c.c. of
hydrofluoric acid (containing about 20 per cent. HF) added. The mixtute
is heated to mear the boiling point and cccasionally stirred with a platinum
wire until the decomposition of the silicate is complete, which occupies
usually about ten minutes. 10 c.o. of pure H®SO* diluted with an equal
quantity of water are then added, and the heat continued for a few minutes.
The crucible and its contents are then guickly cooled, diluted with fresh
boiled water, and the ferrous salt estimated with permanganate or bichromate

as nsual,

Leeds (Z. a. C. xvi. p. 323) recommends that the finely
powdered silicate be mixed with a suitable quantity of dilute
sulphuric acid, and air excluded by CO® during the action of the
hydrofluorie acid. "The titration may then at once be proceeded
with when the decomposition is complete.

If the hydrofluoric acid has been prepared in leaden vessels it
invariably contains S0*; in such cases it is necessary to add to it,
previous to use, some concentrated solution of permanganate, so as
to oxidize the 502 y

The process is a rapid and satisfactory one, yielding much more
accurate results than the method of fusion with alkaline carbunates

or acid potassic sulphate,

5. Estimation of Iron by Cuprous Chloride (Winkler).

Cuprous chloride is capable of reducing ferric to ferrous com-
pounds completely at ordinary temperatures. The loss of yellow
colour may, to a certain extent, be taken as the ending of the
process; but as the operation is, owing to many reasons, best
conducted in dilute solution, it is better to use potassic sulphocyanide
as an indicator. There is one very serious drawback to the process,
arising from the instability of the copper solution. It is so sensitive
to the presence of oxygen, as scarcely to bear pouring into a burette
without losing its colourless condition, and becoming blue from the
presence of cupric chloride. By a careful arrangement of apparatus
this defect may be greatly remedied, and it is convenient in the
technical examination of iron ores to be able to ascertain quickly
and in the cold, the approximate amount of iron existing in the
ferric state in any given solution.

Cobalt, nickel, copper, or arsenic are of no consequence in

N
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readily, some drops of a neutral solution of silver nitrate are deposited on a
porcelain plate, and the bichromate solution only added by two or three drops
at a time to the liquid under examination; after each addition the whole is
well stirred, allowed to subside, and a drop of the clear liquor added to one
of the drops of the silver solution. As soon as the bichromate is in excess
the two drops form a red colour, while the precipitated chromate of lead has
no effect on the silver test, but simply floats on the top as a yellow preecipi-
tate. Should the solution assume a yellow colour before the silver reaction
has commenced, it would indicate that not suflicient acetate of soda had been
added in the first instance, and it would be necessary to add this now, and
also a cubic centimeter of a normal lead solution, containing 0°02064 of lead
as nitrate. The slight turbidity which first takes place soon goes off, and
the operation may be proceeded with as before. One cubie centimeter must
naturally, in such instance, be deducted from the amount of chrome solution,
on account of the extra addition of lead.

Eramples : Experiments made with 006975 gm, of the purest lead of
Tarnowitz gave the following results:—It required 837 c.c. of bichromate
solution, and as it is always necessary to have a slight excess of bichromate,
it may be assumed that 33'6 cubic centimeters_only were requisite for the
precipitation of the lead. 33'6 multiplied by 0-02064=0'6935 gm. or =998
per cent., showing that it was nearly pure lead.

. 00399 gm. of well-dried lead nitrate required also 12 c.c. of bichromate,
indicating 0°2474 gm. of lead, or 62-28 per cent. According to calculation,
lead nitrate should contain 6254 per cent.

0885 gm, of crystallized lead acetate required 102 c.c. of bichromate=
0211 gm., or 5484 per cent. of lead, while according to the formula
PbA2+ H?0O, it should have been 54'61 per cent.

Neutral potassic chromate may be used instead of bichromate if desired.

Diehl (Z. a. C. 1880, p. 306} modifies this method successfully
by precipitating the lead with standard bichromate in excess, and
titrating the amount of excess with sodic hyposulphite.

The necessary solutions are— :

Standard potassic bichromate containing 7-37 gm. per liter.

Standard sodic hyposulphife containing about 5 gm. per liter.

The relation of these solutions to each other is first found by
blank experiment.

20 or 30 c.c. of the bichromate are placed in a boiling flask,
with about 300 c.c. of water, and 20 or 30 c.c. of dilute H*SO*
(1 to 2). The liquid is then heated to boiling, and the hyposul-
phite cautiously dropped in uniil a point occeurs at which the
yellow colour just disappears, and which may be known by holding
the flask over white paper or porcelain.

T.ead ores and residues are treated with ague regie and dilute sulphuric
acid, concentrated by evaporation until the sulphuric acid fumes begin to
appear, then transferred to a flask with water, and boiled in order to bring
the ferric sulphate, &ec., into solution; the solution is then cooled, and the
talerably clear liguid passed through a thin close filter previously moistened
with dilute sulphuric acid, and leaving the bulk of lead sulphate in the flask.

This latter is now boiled with some strong solution of neutral ammonic
acetate (about 15 c.c. for 1 gm. of sulphate) and wnter,ktrn bring it into
golution, and passed through the same filter, the filtrate being received into
a clean flask.  The operation is repeated with a smaller guantity of acetate
and water, and the filter finally washed with hot water containing some
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acetate. Do make sure of dissolving all the lead out of the filter, it is well
to make a final washing with hot dilute hydrochloric acid. The solution of
lead is then acidified with a few drops of acetic acid, and precipitated in the
cold with the bichromate in moderate excess (not less than 8—5 c.c.), which
may be known by the colour. The mixture is well shaken, and set aside for
half an hour to settle. The clear liquid is then passed through a double
filter, the precipitate washed three or four times WIM} cold water, and the
mixed filtrate and washings titrated with hyposulphite for the excess of
bichromate, as described in the blank experiment.

1 c.c. bichromate represents 001032 gm. of lead. The results
obtained with known weights of pure lead salts were very exact.

Copper, cadminm, zine, ferric salts, and cobalt, do not interfere
with the reaction, but all metals precipitable by chromic acid
should of course be removed. -

3., Alkalimetric Method (M ohux).

The lead is precipitated as carbonate by means of a slight excess of am-
monic carbonate, together with free ammonia, the precipitate well washed,
and dissolved in a measured excess of normal nifrie acid ; neutral solution of
sodic sulphate is then added to precipitate the lead as sulphate. Without
filtering, the excess of nitric acid is then estimated by normal alkali, each
c.c. combined being equal to 0-1032 gm. of lead.

4. Assay of Refined Metallic Lead.

Fresenius has published an extensive memoir (£, a. C. viii. p. 148) on
the estimation of the small quantities of other metals occurring in refined
lead, and which have undoubtedly a considerable effect upon its value for
many purposes. The refining process is now generally carried on so well,
that refined soft lead can commonly be obtained containing from 99:94 to
even 93895 per cent. of pure lead. The metals usually found as impurities
are silver, copper, antimony, bismuth, cadmium, zine, iron, and nickel, with
traces of cobalt, manganese, and arsenic. Of these the most commonly
found are silver, iron, antimony, copper, and zine, all of which, according to
Fresenius®' experiments, may he estimated volumetrically with greater
exactness than by weight. The process of separation is fully described in
the memoir alluded to, but as it is too lengthy for insertion here, those who
desire to carry out the process are rcferref to the original paper.

MAGNESIA AND ALUMINA.

§ 63. Tne magnesia existing in the commercial Stassfurt salts
used for manures, &c., and other soluble magnesia salts, may very
readily be determined with accuracy by Stolba’s method, as given
for P*0° in §§ 25.2 and 69, or in all cases where separation can be
made as ammonio-magnesic phosphate, The precipitation may be
hastened considerably by precipitating with microcosmie salt, in the
presence of a tolerably large proportion of ammonic chloride, accom-
panied with vigorous stirring.  Half an hour quite suffices to bring
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water is then added, and the titration completed with bichromate
in the nsual way. _ .

As some ﬁltgring paper has a slight reducing action upon the
bhichromate, it is well in standardizing the ferrous solution to add
about the same amount of the paper as would be used in the
actual analysis.

: Ie (Pattinson): The standard solution of ferrous sulphate was of
suﬁ;T:t.’:éFnEtE] that 100 dn}:ln.zlﬂl*l dm. of bichromate. The 100 dm. of iron
solution, after addition of the precipitated MnO?® (from 10 grn. of ore),
required 57 dm. of bichromate. 101'1—57=44"1 dm.=441 grn. Fe; this
multiplied by the factor for manganese in relation to iron (0'491) gave
2165 grn. The per-centage of manganese was therefore 21°65.

Should the ore or alloy be richer in manganese than iron, it is
advisable to add zinc sulphate or chloride to make up the necessary
quantity. The ferrous solution alters slightly from day to day,
and therefore must be carefully standardized from time to time.

Kessler’s process is more cumbrous than Pattinson’s, and
consists in reducing the MnO® by antimonious chloride, then
titrating the manganous oxide with permanganate standardized
upon manganous pyrophosphate.

Ores and Alloys of Manganese.

The following ave practical examples, taken mainly from
Pattinson’s experience.

Spiegeleisen.—This alloy usually contains from 10 to 25 per cent.
of manganese and, of course, a sufficient amount of iron for the
dioxide precipitation. 10 grn. are taken for analysis. This amount
is dissolved in about 12 dm. of hydrochloric acid with the aid of
heat. About 5 dm. of nitric acid are then added for the purpose
of converting the ferrous into ferric chloride (om the gram system
the quantities would be 1 gm. of alloy, 12 ec.c. of HCIl, and
5 c.c. of HNO? respectively). After washing the cover and sides
of the beaker with cold water, the excess of acid is neutralized
by the addition of caleic carbonate until the solution has a
reddish colour. 100 dm. of the bleaching-powder solution or
about 50 dm. of bromine water are added, without previous
addition of hydrochloric acid as in the case of ores. Hot water is
then added to heat the solution to 140 —160° I*,, and then about
25 grn. of caleic carbonate, and the solution well stirred. The rest
of the process is conducted as before described.

Ferro-Manganese.—For the quantitative analysis of this alloy an
amount which contains from two to four grains of manganese may
be taken. The solution is made as in the case of spiegeleisen. If the
alloy contains less iron than manganese, zine chloride is added so as
to make the amount of the iron and zne fully equal to that of the
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This method has been applied to the determination of manganese in steel,
treating not less than 4 gm. of steel, and measuring over mercury. The dry
product requires a rather stronger heat, best obtained by heating over a
small Bunsen’s burner in an open platinum capsule, It is best to take
10 gm. of steel, evaporate to dryness in a porcelain dish, and heat a weighed
portion of the dry residue as above, reserving part for a second trial.

'

Fig. 33.

® & By 3 ’ "
. % Ly an oversight the graduation of the 0
in this figure, - 2 tubes was omitted
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7. Technical Examination of Manganese Ores used for Bleaching
Purposes, &c,

One of the most important things connected with the analysis of
manganese ores is the determination of moisture ; and as disputes
arise sometimes between analysts and those who buy and sell,
simply because the sample examined by one analyst contained more
or less moisture than one from the same bulk examined by another,
it is always best to mention the amount of moisture found in the
sample upon the certificate of analysis. Fresenius has found by a
most careful series of experiments that the temperature at which all
hygroscopic moisture is expelled, without disturbing that which is
chemically combined, is 120° C., and this temperature is now used
by most English and continental chemists, The drying apparatus
devised by Fresenius consists of a round ecast-iron air chamber,
about ten inches in diameter, and two inches deep, having six
openings at the top, into which little brass pans, two and a half
inches in diameter, are dropped, containing the very finely powdered
ore ; into one of the pans the bulb of a thermometer is placed,
imbedded in iron filings, and the instrument kept upright by an
iron rod and ring attached to the upper surface of the air chamber.
The whole is supported by a tripod, and heated by a gas-flame to
the required temperature. The ore, when powdered and dried at
this temperature, rapidly absorbs moisture on exposing it to the
air, and consequently, if a definite quantity has to be weighed, it
must be done quickly ; therefore, it is better to keep the powdered
and dried sample in a small light stoppered bottle, the weight of
which, with its contents and stopper, is aceurately known. About
1 or 2 gm., or any other quantity within a trifle, can be emptied
into the proper vessel for analysis, and the exact quantity found
by re-weighing the bottle after the stopper is inserted.

A hardened steel or agate mortar must be used to reduce the
mineral to the finest possible powder, so as to insure its complete
and rapid decomposition by the hydrochloric acid.

(onsiderable diseussion has arisen of late as to the best processes
for estimating the available oxygen in manganese ores, arising from
the fact that many of the ores now occurring in the market contain
iron in the ferrous state; and if such ores be analyzed by the usual
iron method with hydrochloric acid, a portion of the chlorine pro-
duced is employed in oxidizing the iron contained in the original
ore. Such ores, if examined by Fresenius and Wills’ method,
show therefore a higher per-centage than by the iron method, since
no such consumption of chlorine oceurs in the former process.
Manufacturers have therefore refused to accept certificates of analysis
of such ores when based on Fresenius and Wills’ method.
This renders the volumetric processes of more importance, and
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hence vavious experiments have been made to aseertain their
possible sources of error. ‘

The results show that the three following methods give very
satisfactory results (see Scherer and Rumpf, C. N. xx. p. 302;
also Pattinson, ibid. xxi. p. 266 ; and Paul, xxi. p. 16).

8. Direct Analysis by Distillation with Hydrochloric Acid, and
Titrating with Sodic Hyposulphite (Bunsen).

This is the quickest and most accurate method of finding the
quantity of available oxygen present in any of the ores of manganese
or mixtures of them, when the operation is performed with due
eare and practice. It also possesses the recommendation that the
quantity of chlorine which they liberate is directly expressed in the
analysis itself ; and, further, gives an estimate of the quantity of
hydrochlorie acid required for the decompesition of any particular
sample of ore, which is a matter of some moment to the manu-
facturer of bleaching powder.

The best form of apparatus for the operation is shown in fiz. 25.
For precantions in condueting the distillation see § 35a.

In order that the per-centage of dioxide shall be directly expressed by the
number of c.c. of ¥, hyposulphite solution used, 0°436 gm. of the properly
dried and powdered sample is weighed and put into the little flask ; solution
of potassic iedide in suflicient quantity to absorb all the iodine set free is
put into the large tube (if the solution containing 2 eq. or 332 gm. in
the liter be used, about 70 or 80 c.c. will in ordinary cases be sufficient) ;
very strong hydrochloric acid is then poured into the distilling flask, and the
operation conducted as in § 35a. Each equivalent of 1odine liberated repre-
sents 1 eq. Cl, also 1 eq. MnO=,

Instead of using a definite weight, it 1s well to do as before
proposed, namely, to pour about the quantity required out of the
weighed sample-bottle into the flask, and find the exact weight
afterwards.

Pickering (J. €. S. 1880, p. 128) has pointed out that pure
manganese oxides, freshly prepared, or the dry oxides in very
fine powder, may be rapidly estimated without distillation by
merely adding them to a large excess of potassic iodide solution
in a beaker, running in 2 or 3 c.c. of hydrochlorie acid, when
the oxides are immediately attacked and decomposed ; the liberated
lodine is then at once titrated with hyposulphite. Impure oxides,
containing espeeially ferrie oxide, ecannot, however, be estimated®in
this way, since the iron would have the same effect as manganic
oxide ; hence, distillation must be resorted to in the case of all
such oreg, and it is imperative that the strongest hydrochloric acid
should be used. '

Pickering’'s modified process is well adapted to the examination
of the Weldon mud, for its available amount of nianganese dioxide,

0
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iron salt be at hand, its use saves time. 1 molecule of this salt=
392, representing 43'D of manganic dioxide, consequently, 1 gm.
of the latter requires 9 gm. of the double salt; or in order
that the per-centage shall be obtained without caleulation, 1111 gm.
of ore may be weighed and digested in the presence of free sulphuric
acid, with 10 gm. of double iron salf, the whole of which would he
required supposing the sample were pure dioxide. The undecom-
posed iron salt remaining at the end of the reaction is estimated by
potassic permanganate or bichromate; the quantity so found is
deducted from the original 10 gm., and if the remainder be multi-
plied by 10 the per-centage of dioxide is gained.

Instead of this plan, which necessitates exact weighing, any
convenient quantity may be taken from the tared bottle, as before
described, and digested with an excess of double salt, the weight
of which is known. After the undecomposed quantity is found by
permanganate or bichromate, the remainder is multiplied by the
factor 0:111, which gives the proportion of dioxide present,
whence the per-centage may be calculated,

The decomposition of the ore may very conveniently be made in
the flask apparatus, fiz. 31. The ore is first put into the decom-
posing flask, then the iron salt and water, so as to dissolve the salt
to some extent before the sulphuric acid is added. Sulphuric acid
should be used in considerable excess, and the flask heated by the
spirit lamp till all the ore is decomposed; the solution is then
cooled, diluted, and the whole or part titrated with permanganate
or bichromate. Instead of this apparatus, a single flask, with bent
tube dipping under water, will be equally eonvenient.

Ezample: 1 gm. of double iron salt was titrated with permanganate
solution, of which 214 c.c. were required,

A portion of the prepared ore was shaken out of the sample bottle, and
found to weigh 1'24 gm. 10 gm. of double ealt, with a little water, were
added (where many manganese analyses are made, it is convenient to keep
the required quantity weighed in small tubes well corked), and sulphuric
acid poured in. After the decomposition was complete, 326 c.c. of perman-
ganate were required to titrate the undecomposed iron salt; consequently

214 : 1 : : 32'6 : 1'61.
151 gm., therefore, being deducted from 10 gm., left 849 gm., which mul-
:cip!ie;l I::r;lr (r11l gave 0942 pm, of pure dioxide, whence the per-centage
15 as follows :—

1'24 : 00942 : 100 : 2 = 769 per cent.

1"111 gm. of the same sample was accurately weighed and digested with
8 gm. of iron salt, and sulphuric acid as before. After the decomposition
88 c.c. of permanganate were required to peroxidize the undecomposed iron
salt (= 042 gm.), which deducted from the 8 gm. originally used, left 7:58 gm. ;
E}' Pl?'“g the decimal point one place to the right, 75'8 per cent. of pure

ioxide.

In the last example 8 gm. of iron salt were used, becanse from the former
experiment the per-centage of dioxide was known, and therefore it was not
necessary to exceed the required quantity to any great extent. As most
samples do not contain more than 80 per cent., 8 gm. is quite sufficient,

o 2
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In the case of using M; bichromate for the titration, the following
plan is eonvenient :—100 c.c. of ¥ bichromate=392 gm. of double
iron salt (supposing it to be perfectly pure), therefore if (:436 gm.
of the sample of ore be boiled with 3:92 gm. of the double salt
and excess of acid, the number of c.e. of bichromate required
deducted from 100 will leave the number corresponding to the
per-centage.

Erample : 00436 gm. of the same sample as examined before, was boiled
with 3'92 gm. of double salt, and afterwards required 24 c.c. of % bichro-
mate, which deducted from 100 leaves 76 per cent. of dioxide, agreeing very
closely with the previous examinations.

‘When using metallic iron for the titration (which in most cases is preferred),
Pattinson proceeds as follows:—30 grn. of clean iron wire are placed
in the apparatus fig. 31, with 8 oz. of dilute sulphuric acid, made by adding
3 parts of water to 1 of concentrated acid. When the ironis quite dissolved,
30 grn. of the finely powdered and dried sample of manganese ore to be
tested are put into the flask, the cork replaced, and the contents again made
to boil gently over a gas-flame until it is seen that the whole of the black
part of the manganese is dissolved. The water in the small flask is then
allowed to recede through the bent tube into the larger flask, more distilled
water is added to rinse out the small flask or beaker and bent tube, the cork
well rinsed, and the contents of the flask made up to about 8 or 10 oz. with
distilled water. The amount of iron remaining unoxidized in the solution
is then ascertained by means of a standard solution of potassic bichromate.
The amount indicated by the bichromate deducted from the total amount of
iron used, gives the amount of iron which has been oxidized by the manga-
nese ore, and from which the per-centage of manganic dioxide contained in
the ore can be caleulated. 'Thus, supposing it were found that 4 grn. of
iron remained unoxidized, then 30—4=26 grn. of iron which have been
oxidized by the 30 grn. of ore. Then, as

Fe Mn0O* Fe MnO*

66 : 436 : : 26 : 202
the amount of dioxide in the 30 grn.'of ore. The per-centage is, therefore,
67:33. Thus—

B0 - 2002 - - 100 : 67:33.

(Grain weights arve given in this example, but those who use the
gram system will have no diffieculty in arranging the defails

accordingly.

MERCURY.
Hg = 200.

1 c.c. % solution = 0:0200 gm. Hg
= ﬂ‘jﬂfj gm, Hg'O
= 00271 gm. HgOl*

Double iron salt x 0 DIIEH = Hg
5 o x 006914 = Hﬂ{.-l'

1. Precipitation as Mercurous Chloride.

§ 65. Tre solution to be titrated must not 'hp warmed, and
contain the metal only in the form of protosalt. % sodie chloride






198 HANDEOOK OF § 60,

(to 1 gm. of calomel about 2'5 gm. of iodide, and 100 c.c. of 4%
iodine), the flask closed, and shaken till the precipitate has dis-
solved—

Hg*Cl + 6KI + 21 = 2HgK*T* + 2K (L
The brown solution is then titrated with % hyposulphite till

colourless, diluted to a definite volume, anr.lla. measured portion
titrated with ,% iodine and starch for the excess of hyposulphite.
1 ce. % ilodine=002 gm. Hg.

‘Where the mercurial solution eontains nitrie acid, or the metal
exists as peroxide, it may be converted into protochloride by the
reducing action of ferrous sulphate, as in Mohr's method. The
solution must contain hydrochloric acid or common salt in sufficient
quantity to transform all the mercury into calomel. At least three
times the weight of mercury present of ferrous sulphate in solution
15 to be added, then caustic soda in excess, the muddy liquid well
shaken for a few minutes, then dilute sulphuric acid added in
excess, and the mixture stirred till the dark-coloured precipitate
has become perfectly white. The calomel so obtained is collected
on a filter, well washed, and titrated with % ilodine and hypo-
sulphite as above.

4, Direct Titration with Sodic Hyposulphite (Scherer).

The solution of hyposulphite is in all cases made by dissolving
Js eq. =124 gm. of the salt in 1 liter of water, or by mixing
equal volumes of ;% hyposulphite and distilled water.

The reaction which takes place with hyposulphite in the case of

‘mercurous nitrate is

Hg (N0 4+ Na*S*0% = Hg’S + Na*S0* 4 N20%
With mercurie nitrate— 3
SHg(NO?%? +- 2Na’$°0° = 2HgS. H g(NO%? 4. 2Na'80* + 2N*0%,

With mereuric chloride—
3HgCl? + 2Na’S*0° + 9H?0=2HgS.HgCl* + 2Na*S0%+ 4HCI.

(a) Mercurous Salfs: The solution containing the metal only as a proto-
salt is diluted, gently heated, and the hyposulphite delivered in from the
burette at intervals, meanwhile well shaking until the last drop produces no
brown colour. The sulphide settles freely, and allows the end of the reaction
to be easily seen. 1 c.c. of hyposulphite solution is equal to 0°020 gm. Hg.,
or 000208 gm. Hg=0.

(§) Mercuric Nitrate: The solution is considerably diluted, put into a
stoppered flask, nitric acid added, and the hyposulphite cautiously delivered
from the burette, vigorously shaken meanwhile until the last drop produces
no further yellow precipitate. Scherer recommends that when the greater
part of the metal is precipitated, the mixture should be diluted to a definite
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and as a preliminary trial take 20 cc. or so of potassic iodide
solution, and titrate it with the mereuric solution approximately

with a graduated pipette ; the exact strength may then be found by
using a burette of sufficient size.

G. By Potassic Cyanide (Hannay).

This process is exceedingly valuable for the estimation of almost
all the salts of mercury when they occur, or can be separated, in a
tolerably pure state. Organic compounds are of no consequence
unless they affect the colour of the solution.

The method depends on the fact that free ammonia produces a
precipitate, or (when the quantity of mercury is very small) an
opalescence in mercurial solutions, which is removed by a definite
amount of potassic eyanide. The operation is performed in a flask
or beaker standing upon a dull black ground, such as unglazed
black paper or black velvet.

The delicacy of the reaction is interfered with by excessive
quantities of ammoniacal salts, or by caustic soda or potash ; but
this difficulty is set aside by the modifications suggested by Tuson
and Neison (J. C. 8. 1877, p. 679).

Mereury compounds, insoluble in water, must be dissolved in
nitrie, sulphurie, or hydrochloric acid, or in some cases it may he
necessary to use agua regia, The solution so obtained is then
mixed with a certain proportion of ammonie chloride and potassic
carbonate, when the characteristic precipitate is at once formed, and
may be removed by standard cyanide.

The standard solutions are :—

Decinormal Mercurie Chloride—13-537 gm. per liter.

Solution of Potassic Cyanide of corresponding strength, made by
dissolving about 17 gm. of pure crystals of potassic cyanide in a
liter of water.

It is also desirable to have—
Solution of Ammonic Cllvride—5"30 gm. per liter,
Solution of Potassic Carbonute.—69 gm. per liter.

Ammonic Hydrate.—One part of strong solution to nine parts
of water,

These latter solutions ave used according to the judgment of the
operator as may be necessary, bearing in mind that in no case
should there be present during titration an amount of ammoniacal
salt more than ten or fifteen times that of the mercury to be
estimated. It is best to have the conditions as nearly as possible
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means; the methods here given arve sufficient for most purposes.
Very few of them can be said to be simple, but it is to be feared
that no simple process can ever be obtained for the determination
of nitric acid in many of its combinations,

l. Gay Lussac's Method modified by Abel (applicable only
to Alkaline Nitrates).

This process depends upon the conversion of potassic or sodic
nitrates into carbonates by ignition with carbon, and the titration
of the carbonate so obtained, by normal aeid, as deseribed in alka-
limetry. The number of ¢.c. of normal acid required multiplied by
0-101 will give the weight of pure potassic nitrate in grams;
by 0-085, the weight of sodic nitrate in grams,

The best method of procedure is as follows :—

The sample is finely powdered and dried in an air bath, and 1 gram, or an
equivalent quantity in grains, weighed, introduced into a platinum cruecible,
and mixed with a fourth of its weight of pure graphite (prepared by
Brodie’s process), and four times its weight of pure ignited sodic chloride.
The crucible is then covered and heated moderately for twenty minutes over
a Bunsen’s burner, or for eight or ten minutes in a mufile (the heat must
not be so great as to volatilize the chloride of sodium to any extent), If
sulphates are present they will be reduced to sulphides; and as these would
consume the normal acid, and so lead to false results, it is necessary to
sprinkle the fused mass with a little powdered potassic chlorate, and heat
again moderately till all effervescence has ceased. The crucible is then set
aside to cool, warm water added, the contents brought upon a filter, and
washed with hot water till the washings are no longer alkaline. The filtrate
is then titrated with litmus and normal acid in the ordinary way.

2. Estimation of Nitrates by Distillation with Sulphurie Acid.

This method is of very general application, but particularly so-
with the impure alkaline nitrates of commerce. The process needs
careful manipulation, but yields accurate results.

There are two methods of procedure.

() To bring the weighed nitrate into a small tubulated retort with a
cooled mixture of water and strong sulphuric acid, in the proportion of 10 c.c.
of water and 5 c.c. of sulphuric acid for 1 gm. of nitrate. The neck of the
retort is drawn out to a point and bent downward, entering a potash or other
convenient bulb apparatus containing normal caustic alkali. The retort is
then buried to its neck in the sandbath, and heated to 170° C. (338" Fahr.)
so long as any liquid distils over; the heat must never exceed 175° C.
(347° Fahr.), otherwise traces of sulphuric acid will come over with the
nitric acid, The quantity of acid distilled over is found by titrating the
fluid in the receiver with normal acid as usual.

(b) Distillation in a Partial Vacuum (Finkener).—DBy this
arrangement there is no danger of contaminating the distillate with
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The distilling flask holds about 200 c.c., and is closely connected by a bent
tube with another smaller flask, in such a manner that both may be placed
obliquely upon a sandbath, the bulb of the smaller flask coming just under
the neck of the larger, The oblique direction prevents the spirting of the
boiling liquids from entering the exit tubes, but as a further precaution,
these latter are in both flasks turned into the form of a hook ; from the second
flask, which must be somewhat wide in the mouth, a long tube passes through
a Liebig’s condenser (which may be made of wide glass tube) into an
ordinary tubulated receiver, containing normal sulphuric acid coloured with
litmus. The end of the distilling tube reaches to about the middle of the
receiver, through the tubulure of which Harcourt passes a bulb apparatus
of peculiar form, containing also coloured normal acid; instead of this latter,
however, a chloride of ealeium tube, filled with broken glass, and moistened
with acid, will answer the purpose. The distilling tube should be cut at
about two inches from the cork of the second flask, and connected by means
of a well-fitting vulcanized tube; by this means water may be passed through
the tube when the distillation is over. so as to remove any traces of ammonia
which may be retained on its sides. All the corks of the apparatus should
be soaked in hot paraffine, so as to fill up the pores.

All being ready, about 50 gm. of finely granulated zine (best made hy
pouring molten zine into a warm iron mortar while the pestle is rapidly being
rubbed round) are put into the larger flask with about half the quantity of
clean iron filings which have been ignited in a covered crucible (fresh iron
and zine should be used for each analysis) ; the weighed nitrate is then
introduced, either in solution, or with water in suflicient quantity to
dissolve it, strong solution of caustic potash added, and the flask immediately
connected with the apparatus, and placed on a small sandbath, which can
be heated by a gas-burner, a little water being previously put into the
second flask. Convenient proportions of material are ¢ gm. nitre, and
about 25 c.c. each of water, and solution of potash of spec. grav. 1'3.
The mixture should be allowed to remain at ordinary temperature for about
an hour (Eder). . :

Heat iz now applied to that part of the sandbath immediately beneath
the larger flask, and the mixture is gradually raised to the boiling point.
When distillation has actually commenced, the water in the second flask is
made to boil gently ; by this arrangement the fluid is twice distilled, and any
traces of fixed alkali which may escape the first are sure to be retained in the
second flask, The distillation with the quantities above named will ocecupy
about an hour and a half, and is completed when hydrogen is pretty freely
liberated as the potash becomes concentrated. The ]|1'L'|1]]-1 is then remq\'ed,
and the whole allowed to cool, the distilling tube rinsed into the receiver,
also the tube containing broken glass ; the contents of the receiver are then
titrated with % caustic potash or soda as usual.

Eder recommends that an ordinary retort, with its beak set upwards,
should be used instead of the flask for holding the nitrate, and that an
aspirator should be attached to the exit tube, so that a current of air may be

drawn through during and after the distillation.

Chlorides and sulphates do not interfere with the accuracy ot
{he results. Harcourt, Bder, and many others, including myself,
have obtained very satisfactory results by this method. .

Siewert has suggested a modification of this process ;—the dis-
tilling apparatus is a 300—350 c.c. flask with tube leading to two
emall flasks connected together as wash 'bc:tt!es, and containing
standard acid. For 1 gm. of nitre, 4 gm. of iron, and 10 gm. of
zine filings, with 16 gm, of caustic potash, and 100 c.c. of aleohol of
sp. gr. 0°825 arc necessary. After digesting for half an hour in the
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cartied on, This modification has been adopted by Fresenius
with very satisfactory results. The hoiling vessel may consist of a
small tubulated retort, supported in such a manner that its neck
inclines upward ; a cork is fitted into the tubulure, and through it
is passed a small tube connected with a vessel for generating either
carbonie acid or hydrogen. If a weighed quantity of pure metallic
. 1ron 18 used for preparing the solution, the washed carbonie acid or
hydrogen should be passed through the apparatus while it is being
dissolved ; the solution so obtained, or one of double sulphate of
iron and ammonia of known strength, being already in the retort,
the nitrate is carefully introduced, and the mixture heated gently
by a small lamp, or by the water bath, for ten minutes or so, then
boiled until the dark-red colour of the liquid disappears, and gives
place to the brownish-yellow of ferric compounds. The retort is then
suffered to cool, the eurrent of carbonie acid or hydrogen still being
kept up, then the liquid diluted freely, and titrated with % per-
manganate. Owing to the irregularities attending the use of
permanganate with hydrochlorie acid, it is preferable, in case this
acid has been used, to dilute the solution less, and titrate with
bichromate. Two grams of pure iron, or its equivalent in double
iron salt, 0-5 gm. of saltpetre, and about GO c.c. of strong hydro-
chloric acid, are convenient proportions for the analysis.

Eder (Z a. C. xvi p. 267) has modified Fresenius' improve-
ments as follows :—1'5 gm. of very thin iron wire is dissolved in
30 to 40 c.c. of pure fuming hydrochlorie acid, placed in a retort
of about 200 c.c. capacity ; the beak of the retort points upwards,
at a moderately acute angle, and is connected with a U-tube, which
contains water. Solution of the iron is hastened by applying a
small flame to the retort. Throughout the entire process a stream
of CO®is passed through the apparatus. When the iron is all
dissolved the solution is allowed to eool, the stream of CO? being
maintained ; the weighed quantity of nitrate contained in a small
glass tube (equal to about 0°2 gram HNO?) is then quickly passed
into the retort through the neck ; the heating is continued under
the same conditions as before, until the liquid assumes the eolour
of ferric chloride. The whole is allowed to cool in a stream of
CO*; water is added in quantity, and the unoxidized iron is deter-
mined by titration with permanganate. The results are exceedingly
good. If the CO* be generated in a flask, with a tube passing
downwards for the reception of the acid, air always finds its way
into the retort, and the results are unsatisfactory. Ider recom-
mends the use of Kipp’s CO* apparatus. By emrying out the
operation exactly as is mow to be described, he has uhtatr:ed very
good results with ferrous sulphate in place of chloride, The same
apparatus is employed ; the tube through which CO® enters the
retort passes to the bottom of the liquid therein, and the lower
extremity of this tube is drawn out to a fine point. The bubbles
of CO? are thus reduced in size, and the whole of the nitric oxide
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§ 60.1. The liquid must, however, be suffered to cool before
titrating with iodine for the excess of stannous chloride. While
cooling, the stream of carbonic acid should still be continued. The
quantity of iron changed into peroxide, multiplied by the factor
0-375, will give the amount of nitric acid.

Erample : (a) A solution of stannous chloride was used for titrating
10 c.c. of solution of pure ferric chloride, containing 0°215075 gm. of iron.
25°65 c.e. of tin solution were required, therefore that quantity was equal to
0r0807 gm. of HNO or 00069131 gm. of N20?%,

(4) 50 e.c. of acid ferrous sulphate were titrated with tin solution for
ferric oxide, and 0'24 c.c. were required.

(¢} 1 c.e. tin solution=23:3 c.c. iodine solution,

(d) 02177 gm. of pure nitre was boiled, as described, with 50 c.c. of the
acid ferrous sulphate, and required 45:03 c.c. tin solution, and 47 c.c. iodine—
47 e.e. iodine solution = 1'42 g.c. Sn. CI2.

The peroxide in the protosulphate solution = 024 c.c.

1'66
45'083—1'66=4337, therefore 25656 : 0°069131=43'37 : x, =01169 N20?
instead of 0°1163, or 53'69 per cent. instead of 53'41. A mean of this, with
three other estimations, using variable proportions of tin and iron solutions,
gave exactly 53'41 per cent. The process is therefore entirely satisfactory
in the case of pure materials.

The above process is slightly modified by Eder. About 10 gm.
of ammonio-ferrous sulphate are dissolved in a flask, in about 50 e.c.
of hydrochloric acid (sp. gr. 1'07) in a stream of CO®. The tube
through which the CO® enters is drawn to a point; an exit-tube,
somewhat trumpet-shaped, to admit of any liquid that may spirt
finding its way back into the flask passes downwards into water.
After solution of the double salt, the nitrate is dropped in”with
the precantions already detailed, and the liquid is boiled until the
nitric oxide is all expelled. The hot liquid is diloted with twice
its own volume of water, excess of standard stannous chloride
solution is run in, the whole is allowed to eool in a stream of CO?,
and the excess of tin is determined by means of a standard iodine

solution.

(¢) Direct Titration of the vesulling Ferric Chloride by Todine
and Hiyposulphite—Mohr proceeds as follows :—The dry nitrate,
with twelve times its weight of double iron salt, is placed in
a 100—150 c.c. flask, with about 50 c.c. of hydrochloric acid and
a little water. The flask is closed with a cork through which
is passed a glass tube cut obliquely below the cork ; about 1} inch
of stout vuleanized tube is then fixed over the upper end of the
glass tube and closed with a piece of solid glass rod. A slit is cut
vertically in the elastic tube, so that when the contents of the flask
boil the steam may escape from the valve so formed ; the atmospherie
pressure closes this valve when boiling ceases. The contents are
boiled till all the nitric oxide is driven off and the solution is the
colour of ferric chloride, then cooled, and a sufficiency ‘uf potassic
iodide added to decompose the ferric chloride ; when this is complete,
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the clamp, the screw of which is worked with the right hand. Provided
b the clamp is a good one, ¥ will remain full of water during the subsequent
digestion of the flask.

After heating in a water bath at 100° for half an hour, the flask is removed
from the water bath and cautiously heated with a small flame, the fingers at
the same time resting on the elastic connector at the point nearest the
shoulder ; as soon as the tube is felt to expand, owing to the pressure from
within, the lamp is removed and the screw clamp released, the fingers main-
taining a secure hold of the tube, the gas-flame is again replaced, and when
the pressure on the tube is again felt, this latter is released altogether, thus
admitting of the escape of the nitric oxide through ¥, which should be
below the surface of water in the beaker whilst these manipulations are
performed. The contents of the flask are now boiled until the nitric oxide
iz entirely expelled, and the solution of iron shows only the brown colour of
the perchloride. At the completion of the operation the beaker is first
removed, and then the lamp. '

It now only remains to transfer the ferric solution to a suitable vessel, and
determine the perchloride with stannous chloride as in &,

A mean of six experiments for the per-centage determination of
N*0® in pure nitre gave 53:53 per cent. instead of 53:41. The .
process is easy of execution, and gives satisfactory results. The
point chiefly requiring attention is that the apparatus should be
air-tight, which is secured by the use of good elastic tubes and
clamp.

5. Schlosing's Method (available in the presence of Organic
Matter).

The solution of nitrate is boiled in a flask #ill all air is expelled,
then an acid solution of ferrous chloride drawn in, the mixture
Loiled, and the nitrie oxide gas collected over mercury in a balloon
filled with mercury and milk of lime; the gas is then brought,
without loss, in contact with oxygen and water, so as to convert it
again into nitric acid, then titrated with ;% alkali as usual,

This method was devised by Schlésing for the estimation of
nitric acid in tobacco, and is especially suitable for that and similar
purposes, where the presence of organic matter would interfere with
the direct titration of the iron solution. Where the quantity of
nitrie acid is not below 015 gm. the process is fairly accurate, but
needs a speeial and rather complicated arrangement of apparatus,
the deseription of which may be found either in the author’s original
paper in Annal. de Chim. [3] xL. p. 479, or Journ. fiir pract.
Chem. 1xii. p. 142, also abridged in Fresenius’ Quanf. Anal.
sixth German, or second English edition. :

Warington (J. €. 8. 1880, p. 468) has made a series of
experiments on this process, for the purpose of testing its accuracy,
when small quantities of nitric acid have to be determined in the
presence of organic substances, such for instance as in soils, the sap
of beet-root, &ec. ; but instead of converting the nitric oxide back
into nitrie acid as in Schlésing’s original method, he collected
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tube attached to the receiver is of small bore, and is easily filled by
a & c.c. of liquid. The short tube to the right is also of small bore,
and 1is connected by a caoutchoue tube and clamp with an apparatus
for the continuous production of earbonic acid.

In using this apparatus the supply tube is first filled with strong
hydrochloric acid, and carbonic acid is passed through the apparatus
till a portion of the gas collected in a jar over mercury is found to
be entirely absorbed by caustic potash. The eurrent of earbonie
acid is then stopped by closing the clamp to the right. A chloride
of caleium bath at 140° is next brought under the receiver, which
is immersed one-half or more in the hot fluid ; the temperature of
the bath is maintained throughout the operation by a gas-burner
placed beneath it. By allowing a few drops of hydrochloric acid to
enter the hot receiver, the carbonic acid it contains is almost entirely
expelled. A jar filled with mercury is then placed over the end of
the delivery tube, and all is ready for the commencement of a
determination.

The nitrate, which should be in the form of a dry residue in a
small beaker or basin, is dissolved in about 2 c.c.* of strong ferrous
chloride solution, 1 c.e. of strong hydrochloric acid is added, and
the whole is then introduced into the receiver through the supply
tube, being followed by successive rinsings with hydrochloric acid,
each rinsing not exceeding a } c.e., as the object is to introduce
as small a bulk of lignid as possible. The contents of the
receiver is in a few minutes boiled to dryness; a little carbonic
acid is admitted before dryness is reached, and again afterwards to
drive over all remains of nitric oxide. If the gas will not be
analyzed till next day it is advisable to use more carbonic acid, so
as to leave the nitric oxide diluted with several times its volume of
that gas. As soon as one operation is concluded the apparatus is
ready for another charge.

This mode of working presents the following advantages :—

(1) The volume of liquid introduced into the apparatus is much
diminished, and with this of course the amount of dissolved air
contributed from this source,

(2) By evaporation to dryness a complete reaction of the nifrate
and ferrous chlorvide, and a perfect expulsion of the mitric oxide
formed, is as far as possible attained.

(3) The nitric oxide in the collecting jar is left in contact with
a much smaller volume of acid distillate, and its liability to
absorption is greatly diminished by its dilution with carbonic acid.

The results obtained with this apparatus by Warington on
small quantities of nitre alone, and mixed with variable quantities
of ammonic salts and organic substances including sugar, showed a
marked improvement upon the method as usually carried out.

* Supposing the ferrous chloride to contain @ gm. of iren per 10 e.c., then 1 c.e. of
the solution will be nearly equivalent to 0112 gm, of nitre, or 00166 gm. of nitrogen,
A congiderpble excess of iron should, however, alwnys be used.
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tin solution; namely, potassic bichromate, potassic iodide, and
starch. Experience has shown, however, that the estimation of tin
by this method is far from satisfactory, owing to the variable
amount of oxidation which the tin solution undergoes when
different quantities of water or acid are present during the titration.

In my experiments on the process I have therefore adopted the
method of Lenssen (§ 76) for estimating the strength of the tin
solution, with the most satisfactory results, using in all cases an
accurately weighed quantity of pure potassic nitrate for the analysis.

Lzample: (a) A solution of pure nitre was prepared so that 1 c.e.=
0.1 ng NGHI‘

(8) A s=olution of pure tin in hydrochloric acid, as in § 34.2,

(e) A piece of stout combustion tube, about half an inch in diameter and
fifteen inches long, was closed at one end, then heated before the blowpipe at
about nine inches from the closed end, and drawn out for the space of an
inch to a narrow neck; the tube was then cut off just above this neck, so as
to leave a kind of funnel mouth.

(@) 1 c.c. of the tin solution was measured with a very accurate pipette
into a 500 or 600 c.c. flask ; about 3 or 4 c.c. of saturated solution of Rochelle
salt added ; then a solution of pure sodic carbonate, till all effervescence was
over, and the liquid clear and slightly alkaline. The sides of the flask were
then washed down with cold distilled water, and about 20 c.c. of saturated
solution of sodic bicarbonate delivered in ; then starch liquor, and ¥ iodine
solution from a 4% c.c. burette, till the blue eolour appeared. 17'9 c.c. were
required, and as 1 c.c. of % iodine corresponds to 0°005% gm. tin, 1 c.c. of the
tin solution contained 0°10561 gm. of tin.

(¢) 2 c.c. of the solution @ were then measured into the tube e. 14 c.c.
of tin solution added, the funnel neck washed down with a few drops of
water, a fragment of pure marble dropped in to evolve carbonic anhydride,
and thus dispel all air from the tube. en the evolution of gas had ceased,
the neck was heated and well closed ; about two inches of space were thus
left filled with carbonic anhydride. When the closed end was cold, the tube
was shaken so as to mix the liquids well, put into a copper air bath, and
heated to 160° C. for about fifteen minutes; then allowed to cool, and when
perfectly cold the end of the tube broken off, the contents transferred
to a large flask, and titrated with the alkaline tartrate and carbonate, as in
d; the tube wasthen washed through with cold distilled water into the flask,
godic bicarbonate in solution or in powder added, and the unchanged tin
solution titrated with % iodine, as described in d; the quantity required was
88'6 c.c. The calculation was therefore as follows:—

1 c.c. tin solution=0'10561 gm. tin, consequently 14 c.c.=147854 gm.,
from this must be deducted the weight of tin corresponding to 886 c.c.
iodine=052274 gm., showing that 09558 gm. of tin had been oxidized by the
nitric acid present; this in turn being multiplied by the factor 0-1144
(obtained by dividing the eq. weight of nitric acid by four times the eq. of .
tin) gave 0°10984 gm. N*0%; theory requires that 02 gm. KNO* should
contain 0°10693 gm. In this case, therefore, the &mr-centagﬁ of nitric acid in
the salt was found to be 5467, whereas it should be 53'41 ; but the mean of
fifteen experiments made with variable quantities both of tin solution and
nitrate (always taking eare that at least 10 eq. of tin were present for every
one eq. of mitric acid) gave 54°1 per cent, instead of 53'41.

The titration with iodine may be entirely dispensed with by
distilling the ammonia from the tin solution, after digestion, in the
apparatus shown in fig. 19. In this case the liquid is simply
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_Standard Potassic Nitrate.—1:011 gm, of the pure salt in a
liter of distilled water. This is in reality a centinormal solution of

nitre, and is of the strength originally adopted by myself for
working the process,

Weal Standard Nitre.—One part of the centinormal solution
to three parts of water.

_ A series of weaker solutions of nitre are also requisite for standard-
1zing the indigo, which are made of 1, -1 -1 and 4 the original
strength by simple dilution with distilled water.

Strong Standard Solution of Imdigo.—This should be made
from pure sublimed indigotin, 2 gm. of whick, digested with about
10 gm. of fuming sulphuric acid for some hours, diluted to about a
liter and filtered, will give a solution of approximate strength.
When actually adjusted so as to agree with the centinormal nitre
solution, 4 per cent. hy volume of oil of vitriol, or about that propor-
tion, should be contained in it; this prevents alteration by keeping.

Weak Standard Indigo—This is made to agree with the }
standard mitre solution by actual experiment, as deseribed further
on, and should also contain 4 per cent. of its volume of H*S0".

In making these solutions of indigo the so-called indigo-carmine
has often been used (sodic sulphindylate), but this eompound
generally gives more red colour when oxidized by nitric acid than
pure indigotin ; nevertheless, there are some specimens of indigo-
carmine which are quite available for the purpose.

A burette divided into ;% c.c. should be used for the indigo, but
owing to the deep colour of the solution the reading is difficult.
This may be considerably lessened by rubbing with the finger some
white lead or chall, mixed with oil or varnish, over the outside of
the burette, then wiping the outside of the instrument clean, so as
to leave the graduations and figures filled with white. In the case
of using an Erdmann’s float, if the ring is deeply cut, and filled
with white material, as also the graduations of the burette, a
remarkably sharp reading may be obtained in the case of all opaque
or highly coloured ligunids.

In water analysis it is most convenient to work with 20 c.c. of
the water ; when this is done it is mecessary to standardize the
indigo with 20 c.c. of the 1, \%, 47, and 3. nitre solutions. If
10 c.c. of water are to be employed, the indigo must be also
standardized with 10 c.c. of the } and } nitre solutions. It is
most useful to standardize both for 10 c.c. and 20 c.c. of water, as
waters of a greater range of strength can then be analyzed without
dilution. It is unnecessary to standardize with 10 c.c. of the

weaker nitre solutions ; if the amount of nitrate in a water is no .

greater than that in the } nitre solution, 20 c.c. of the water may
be at once taken for analysis,

P






218 HANDBOOK OF § 67.

larger amount of indigo must be taken for the next experiment. If some of
the indigo remains unoxidized, a little experience will enable the operator to
Judge its probable amount, and so decide on the quantity of indigo suitable
for the next experiment.

The amount of indigo which corresponds to the solution of nitrate is found
by a series of approximating experiments made as just described with varying
quantities of indigo, the oil of vitriol used being always equal in volume to
the united volumes of the nitrate solution and indigo. The determination
18 finished when a quantity of indigb is left unoxidized not exceeding 01 e.c.
of the indigo sclution used; thiz amount can be readily estim by the
eye. It is well, until considerable experience has been gained, to check the
result by making a further experiment with 01 c.c. less indigo, when the
colour should be entirely discharged. The fint produced by a small excess
of indigo is best seen by filling up the flask with water. The estimated
excess of indigo is of course deducted from the reading of the burette.

To reduce the number of experiments required to obtain the
result it is well to proceed with some boldness, and ascertain as
soon as possible what are the limits between which the quantity of
indigo must fall. Seven experiments will be a maximum rarely
exceeded ; four experiments is about the average required where
the history of the waters examined is already known.

When the indigo solution has been standardized with the series
of nitre solutions already mentioned, it will be found that the
quantity of indigo consumed is not strictly in proportion to the
nitric acid present, but diminishes as the nitrate solution becomes
more dilute. In round numbers, a diminution of the amount of
nitre present to 1 is accompanied by diminution of the indigo
oxidized to 7 ; or, in other words, if 20 c.c. of the } standard
solution of nitre require 10 c.c. of indigo, 20 c.c. of the 31; nitre
solution will require only 1 c.c. of indigo. Thisis a very important
fact, and necessitates the standardizing of the indigo with solutions
of graduated strength, so that the value of the indigo may be
known for all parts of its scale.

In consequence it becomes necessary to form a table of the value
in nitrogen corresponding to each part of the indigo scale, and by
the help of this table every analysis subsequently made is caleu-
lated. Below is given an ideal table of this deseription. It is
assumed, which is wery near the truth, that a diminution to one-
eighth in the strength of the nitrate solution is accompanied by a
diminution to one-tenth in the indigo consumed. It is further
assumed, which is also mear the truth, that the alteration in the
relation of the indigo to the nitrate proceeds at a uniform rate
between the limits actually determined. The following will be the
results arrived at when using 20 c.c. of the nitrate solution for
each experiment :—
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Finkener has already recommended the addition of chlorides to
the standard nitre solutions,

Nitrites are unfortunately not capable of being determined by
indigo ; the amount of indigo oxidized is much less than in the
case of nitrates, and the reaction is far from being sharp. When a
dilute solution of a nitrite is mixed with an appropriate quantity
of indigo solution, and oil of vitriol added, an immediate reaction
takes place; whereas, with a corresponding solution of a nitrate,
an appreeiable time is occupied before the indigo is decolorized.
When we next endeavour to find the quantity of indigo equivalent
to the nitrite, it is found that several different quantities of indigo
yield almost the same final tint, and this tint is not discharged by
heating in the chloride of ealcium bath.

Nitrites may be easily converted into nitrates by treatment with
permanganate, and may then be determined by indigo. A solution
of commercial potassic nitrite, which contained by the Crum-
Frankland method 31'5 parts of nitrogen per million, gave only
23-1 parts of nitrogen when tested by indigo previously siandardized
with a nitrate. The same quantity of nitrite, in a more concen-
trated form, was treated with permanganate, acidified with sulphurie
acid, and permanganate slowly added till decplorization no longer
ocenrred. The solution was finally brought to the same volume as
in the first experiment, and tested with indigo; it now yielded
324 parts of nitrogen per million,

If chlorides are present as well as nitrites, free chlorine may be
produced during treatment with permanganate, and the determina-
tion with indigo consequently come out too high ; in this case it
may be well to make the liguid slightly ammoniacal after the
treatment with permanganate, and raise the temperature for an
instant to boiling. This mode of proceeding, according to Bous-
singault, completely removes free chlorine.

The weakest point in the indigo method is its behaviour in the
presence of organic matter. Warington found that a small
quantity of cane-sugar greatly reduced the quantity of indigo
oxidized by a nitrate, the effect of the sugar being greater in dilute
solutions, in which the reaction was naturally more prolonged.
The use of a large proportion of oil of vitriol also increased the
effect of the sugar. Carbolic acid and urea also act as reducing
agents, while tartaric acid has been proved by many experiments
to be withount effect. _

The indigo method cannot be employed with safety for the
analysis of waters distinctly contaminated with organic matter.
There appears to be no method of determining small quantities of
nitrie acid, save that of Schloesing, that is free from suspicion
under these circumstances,

In the case of ordinary drainage waters the agreement between
the indigo method and that of Crum-Frankland is very good.
The following analyses of drainage waters refer to waters collected
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more than 4 c.c. of stronger indigo, the solution must be diluted
twice, thrice, or more as the case may be, so as to bring it to about
the strength of the weaker standard nitre solution, when it may be
ﬁ]‘EEIiHj." titrated with the stronger indigo and the correct amount of
acid,

8. Estimation as Nitrie O=xide.

This method of estimating nitrogen existing as nitric and nitrous
acids, either separately or together, is an exceedingly delicate one,
and capable of great accuracy nnder proper manipulation.

It is now best known as the Crum-Frankland method. The
original idea emanating from Crum, and afterwards improved in
detail of manipulation by Frankland and Armstrong, in their
well-known method of water analysis.

S0 far as the use of the method for water analysis is coneerned,
the process is given in Part VI. where the shaking tube which is
used for the decomposition of the nitrogen compounds by mercury
and sulphuric acid is figured, and the details of the process as
applied to waters fully deseribed.

The method there given, however, requires the use of a gas
apparatus. The method now to be described obviates that necessity,
and though the results cannot be said to be absolutely as exact,
they are very satisfactory for some purposes, such as the examination
of nitrous vitriol, raw commercial nitrates, manures, &ec.

The apparatus, fig. 37, is designed by Lunge, and is called a
nitrometer., The application of the instrument to the estimation of
nitrous and nitric acids in vitriol is explained by him as follows :—

Tts principal portion is a glass tube, a, of a little over 50 c.c. capacity,
divided into } c.c., and, for the sake of suspending it in the stand, a little
narrowed in its lower half. At the bottom it tapers to fit into an elastic joint ;
at the top it ends in a funnel communicating with the inner part of the tube
by a tap of the same kind as that employed in Winkler’s gas burette.
Tts plug has one bore at right angles to its length, through which the
measuring-tube communicates with the funnel, and another curved bore
through which the contents of the funnel can be run off in the direction of
the axis of the plug. To this a short elastic tube with a screw-clamp and a
short bit of glass-tubing are attached. The division of the measuring-tube,
a, begins from the tap itself, and goes from the top downwards. The tube @
hangs in a clamp, which can be instantaneously opened by a spring, so that
the tube can be taken out. Another clamp, sliding on the same stand, carries
a plain eylindrical glass tube, b, tapering below, of the same contents and
about the same diameter as the measuring-tube. The lower ends of the two
tubes are connected by a thick elastic tube. & slides up and down in its
clamp with friction. In order to use the apparatus, b is placed so that its
lower end is rather higher than the tap of «, and the latter being opened,
mercury is poured in through & till it has just entered the funnel of a. As
it flows into « from below, it will not allow any air bubbles to remain in the
tube. The tap is now closed ; the mercury standing in the funnel is run off
by the lateral bore of the tap; & is lowered ; and the vitriol to be tested is run
into the funnel by means of a fine pipette. Of course it is necessary to have
an iden of the maximum quantity of NO which may be given o without
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nitric acid, after a minute or so. The reaction is ended by one or twe
minutes’ violent shaking, Sometimes it takes a good while before the acid
clears and the froth subsides; but mostly this is the case in a very short time;
and anyhow it is necessary to wait a little, so that the apparatus may take the
temperature of the air. Now by sliding & up or down, the level of the
mercury in this tube is so placed that it is as much higher than that of « as
corresponds to the vitriol ; say, for each 7 mm. of acid 1 m.m. of mercury ;
or else the level of the mercury is made the same in both tubes, and the
height of mercury corresponding to the layer of vitriol in the tube is deducted
from the barometrical pressure. The volume of the nitric oxide can be read
off to J5 c.c.; it is reduced by Bunsen’s fables to 0° and 760 m.m.
mercurial pressure, and the per-centage of the acid ecaleulated from it.
Each c.c. of NO, measured at 0° and 760 m.m. corresponds to 1°343 m.gm.
NO, or 1'701 m.gm. N*0% or 2417 m.gm. N?0% or 4521 m.gm. KNO*, or
38056 NaNO® By this process, of course, nitric and nitrous acids cannot
be distinguished, but are always estimated together.

After reading off, & is again placed higher, the tap of @ is opened, and thus
first the nitric oxide and then the vitriol, muddy with mercuric sulphate, are
driven into the funnel. When the mercury begins to enter the same as well,
the tap is closed, the acid is run away through the lateral bore, and everything
is ready again for a fresh testing. First, the screw-clamp on the end of the
glass tap is closed again, lest any fresh vitriol should run into the side tube:
but it is easy to turn the plug so that the funnel during the running-in of
fresh vitriol does not communicate either with the tube « or the lateral bore
of the tap. If any sensible quantity of sulphurous acid be present, it is
best to add a little powdered potassic permanganate to the vitriol.

The prineiple of the reaction is explained in the section on Water
Analysis (Estimation of Nitrates and Nitrites), and the satisfactory
nature of the method for vitriol-festing has been amply demonstrated
by Watts, by Davis (€. N. xxxvii. p. 45), and many others. The
instrument itself has been made in several modified ways, but the
principle of its construction is the same.

Allen (Analyst v. p. 181) recommends the use of this instru-
ment for the estimation of nitrates and nitrites in water residues ;
and to obviate the difficulty in reading the volume which sometimes
arises from the mercuvial froth, he uses two nitrometers side by
side, in one of which is worked a pure standard nitrate solution, and
in the other the material for analysis under precisely the same
conditions of temperature, pressure, &c. If the apparatus contain-
ing the comparative test is free from leakage, it may be retained for
a long period for the purpose of comparison.

9. Estimation of Ammonia and Nitrates by Conversion into
Nitrogen Gas, with Bromized Sodic Hypochlorite.

Krocker and Dietrieh have experimented upon this method
originally devised by Knop, but instead of measuring the volume
of nitrogen gas produced, which does not always give exact results,
they use an excess of the oxidizing agent, and after the action is
complete, estimate the excess residually with [ arsenious solution
and iodized starch-paper, asin § 36. In the case of pure ammoniacal

Ny g il






e S

——— =

228 IANDEOOK OF § G7.

or iron in alkaline solution; this, however, ocenpies some con-
siderable time. If, however, the action takes place in an acid
instead of an alkaline solution, the effect is considerably hastened.
To this end the authors use a flask fitted with a double bulb funnel,
into which some dilute sulphuric acid is placed to absorb any traces

of ammonia which might otherwise be carried away with the
hydrogen.

The weighed or measured nitrate, or substance containing it, is placed in
the flask with some zine and diluted sulphuricacid, then closed with the safety
funnel and allowed to stand for an hour ; the contents are then transferred to a
beaker, the washings of the funnel and flask added and neutralized with sodie
carbonate, then a measured excess of hromochlorous solution of known
strength added, and titrated residually with arsenious solution as before
described. A series of experiments by the authors gave very exact numbers,
with ammonic nitrate averaging 999 per cent. instead of 100,

NITRITES.

Very dilute solutions of nitrous acid in combination with alkaline
or earthy bases, such as naturally occur in drinking waters, can be
titrated with wvery fair results, according to Fresenius, as
follows :—

250 c.c. of the water is acidified with acetic acid, placed in a
retort, and about 100 c.c. distilled into a 250 c.c. flask, the measure
being afterwards made up with pure distilled water; this fluid is
then acidified with pure sulphuric acid, and titrated with a very
weak standard solution of permanganate.

Nitrous acid may be thus separated without any danger of
oxidation; the presence of nitrates or other ordinary constituents of
water do not in the slightest interfere with the accuracy of results;
the greater part of the acid distils over in the first 20 or 30 c.c.

It is necessary that the solution should be very dilute, not
exceeding about 6 m.gm. of nitrous acid per liter ; if much stronger
than this irregularities oceur which interfere with accuracy.

The usual qualitative test for mitrites is, to acidify the water
moderately with pure sulphuric acid, then adding potassic iodide
and starch liquor ; the ocecurrence of the dark blue colour of starch
iodide reveals the presence of nitrites immediately. This test may be
conveniently applied before distilling any sample of water, so as to
form a judgment of the amount of nitrites present.

FExample : Some solution of potassic nitrite was added tu‘pura water, and
on testing in the above manner a deep blue solution was obtained.

250 ¢.c. of the same liquid were then acidified with sulphuric acid, and
titrated with a permanganate solution of which 35 c.c. represented 0°02 gm. of
iron or 00068 gm. of nitrous acid. The quantity required was 82 e,
250 c.c. were then acidified with acatio acid, and about half the liquid distilled
and diluted to 250 c.c., then acidified with sulphurie acid and titrated with
the permanganate; the quantity required wae 75 c.c.

o 2
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Both Mohyr's and Schiitzenberger’s processes® have been

repeatedly criticized with the same results, the latter especially by
Hutchinson (€. N, xxxviii. p. 184).

Peroxide of Hydvogen.—This substance is now largely used
commercially for bleaching and other purposes, and it is frequently
necessary to ascerfain its oxygenating power which fortunately can
be done volumetrically with accuracy and dispateh.

Schine (Z. a. C. xviil. p. 133) gives a résumé of the various
methods in use for this purpose, comprising the permanganate
estimation originally proposed by Brodie, the estimation by iodine
and hyposulphite, Thenard’s gasometric method, and the indigo
and colorimetric methods. He gives the preference to the per-
manganate and colorimetric methods ; but Kingszett (J. C. S
1880, p.' 792) has clearly shown that the best and most rapid
estimation is made by iodine and hyposulphite in the presence of a
tolerably large excess of sulphuric acid, the reaction being

ZHI + H*O*=2H0 + I*

The function performed by the sulphuriec acid is difficult of
explanation, but the want of uniformity in the reaction experienced
by many operators no doubt has arisen from the use of insufficient acid.

Kingzett's method consists in mixing 10 c.c. of the peroxide
solution to be examined with about 30 c.c. of dilute sulphuric
acid (1 : 3) in a beaker, adding crystals of potassic iodide in
sufficient quantity, and after standing five minutes the liberated
iodine is titrated with %; hyposulphite and starch. The peroxide
solution should not exceed the strength of 2 volumes, if stronger
it must be diluted proportionately before the analysis.

In the case of very weak solution it will be advisable to titrate
with | §3 hyposulphite,

1 c.e. % hyposulphite=0-0017 gm. H*O"

The estimation of this substance may also be readily made in the
absence of organic or other reducing matters by weak standard per-
manganate in the presence of free sulphuric acid, the permanganate
being added until a faint rose colour occurs : the reaction is—

2K MnO* 4 SH20® 4 3H38 0 =180+ 2MnSO'4-8H* 0 4-50%

The same reaction may be used for the estimation by measuring the
oxygen gas evolved in a suitable apparatus ; but Kingzett states,
that to ensure concordant results in this method no sulphuric acid
should be used; that when acid is used the resulls are liable to
uncertainty from unknown causes, so that occasionally oxygen will
be given off in much larger proportion than the quantity of peroxide
warrants, showing that the permanganate itself furnishes this

* Two elaborate eritical papers have been published on this subject, viz.,, Prensse
and Tiemann {Bsrinhtupmuhch. Chem, Gesellsch, 1879, p. _17‘3&1- and Konig and
Kraunch (% a O, xix, p. 250), but unfortunntely the conclusions appear to be almost
dinmetrically opposite.
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titrate back with standard phosphate solution till the eolour
disappears ; this avoids all the trouble of preparing and cleaning a
burette for the solution to be analyzed, and if a standard phosphate
1s made to correspond volume for volume with the uranium, an
analysis may always be brought into order at any stage.

Standard Caleie Phosphate.—It is not safe to depend upon the
usual preparations of tricaleic phosphate by weighing any given
quantity direct, owing to uncertainty as to the state in which the
phosphoric acid may exist; therefore, in order to titrate the
uranium solution with ecaleic phosphate, it is only necessary to
take rather more than 5 gm, of precipitated pure tricaleic phosphate
such as oceurs in commerce, and dissolve it in a slight excess of dilute
hydrochloric acid, then dilute to a liter; by this means is obtained a
golution of acid monocalcic phosphate. In order to ascertain the
exact amount of tribasic phosphoric acid present in a given measure
of this solution, two portions of 50 c.c. each are placed in two beakers,
each holding about half a liter ; ammonia is then added until a
distinet frecipitate is produced, and which does not disappear on
stirring : this is again dissolved by acetic acid to a perfectly clear
fluid. A slight excess of solution of uranic acetate or nitrate 1s then
added to each, together with about 10 c.c. of the acetic solution of
sodic acetate, heated to boiling on a hot plate or sandbath, and the
beakers filled up with boiling distilled water, then set aside to settle,
which occurs very speedily. The supernatant floid should be
faintly yellow from excess of uranium. When perfectly settled,
the clear liquid is withdrawn by a syphon or poured off as closely
as possible without disturbing the precipitate, and the beakers
again filled up with boiling water. The same should be done a
third time, when the precipitates may be brought on two filters, and
need very little further washing.

When the filtration is complete, the filters are dried and ignited
in the usual way, taking care to burn off all carbon. DBefore being
weighed, however, they must be moistened with strong nitric acid
to re-oxidize any phosphate reduced by the filter, dried perfectly iu
the water bath or oven, and again ignited ; at fivst, very gently,
then strongly, so as to leave a residue when cold of a pure light
lemon colour; this is uranic phosphate 2(Ur*0%), P°0° the per-
centage composition of which is 8009 of uranic oxide, and 19°91
of phosphoric acid.

The two precipitates are accurately weighed and should agree to
within a trifle. If they differ, the mean is taken to represent the
amount of P?0° in the given quantity of tricaleic phosphate, from
which may be calculated the strength of the solution to be used as
a standard. Sy

The actual standard required is 5 gm. of pure tricaleic phosphate
per liter ; and it should be adjusted to this strcnﬁhﬁy_dﬂuh:_au,
after the aetual strength has been found by precipitation with






238 HIANDBOOK OF § 09,

iron and alumina is described by Flight (J. €. S. [2] xiii. p. 592),
but as this is adapted more to minerals containing phosphoric acid

mainly in combination with iron and alumina it need not further
be described here,

a. Separation by Molybdie Solution.

Molybdic Solution: Prepared by dissolving 150 gm. of ammonie molyb-
date in 1 liter of water, and pouring it into 1 liter of commercially pure
nitric acid of sp. gr. 1'20 or thereabout (the mixture must not be reversed).
About 100 c.c. of this solution suffice fo precipitate 0'L gm. of phosphoric
acid, and it is not advisable to take a much greater quantity for separation.
The mineral is best brought into solution by nitric acid ; sulphuric acid may
be used, but in cases where lime is the base, it is ﬂhviuusllj'jr inadmissibla,
Hydrochloric acid or chlorides must not be present in any large quantity,
nor arsenie, silicic, or organic acids.

The somewhat concentrated clear solution of the substance being prepared,
molybdic solution is added in the proportion mentioned, and the mixture
allowed to stand at a temperature of about 50° C. for three hours (special
experiments have proved conclusively that in all ordinary cases this is suffi-
cient) ; it is then cooled, the yellow precipitate brought upon a small filter,
and washed with a mixture of molybdic solution and water in equal propor-
tions. If the washing is carefully done, it will not require more than double
the volume of the original liguid.

The precipitate is then dissolved in the least possible quantity of warm
diluted ammonia (1 part of strong liquid ammonia and 3 parts of water), and
the excess of ammonia nearly nentralized with hydrochlorie acid; the liquid
is then cooled, and the phosphoric acid precipitated with “ magnesia mixture”
in the proportion of about 10 c.c. to 01 gm. of P*0".

Maguesia Mixture: Made by dissolving 110 gm. of magnesic chloride
and 140 gm. of ammonic chloride in 1300 c.c. of water, and diluting the
mixture to 2 liters with strong liquid ammonia. 10e.c. of this clear mixture
is nearly twice as much as is nnuu&snrjl; to precipitate 0'1 gm, P*0°%, but the
excess is advisable, since it prevents the solubility of the double phosphate.
After adding the precipitant, strong ammonia is poured into the mixture to
about one-third of the volume ; the total volume for 0'1 gm. P05 should be
about 100 or 120 c.c. After standing in the cold for three hours (special
experiments have proved this to be quite sufficient), the precipitate is collected
on a small filter, washed moderately with ammoniacal water, then dissolved
with a few drops of etrong hydrochloric acid and hot water, the filter washed
with repeated small portions of hot water, the excess of acid cautiously
neutralized with dilute ammonia, so that a faint but decided precipitate s
formed, then 5 c.c. of sodic acetate solution added, which should again
render the liquid clear ; and the solution titrated with standard uranic acetate
as before described.

The nsual eourse adopted when the molybdic method of separa-
tion is employed is to ignite and weigh the precipitate as magnesic
pyrophosphate, and this is, when all precautions (such as removal
of silica, &e.) are taken, undoubtedly the most corvect way ; but
nevertheless it is possible to obtain very good results volumetri-
cally ; in fact, quicker and better results may be obtained in the
case of manures as a rule, because the removal of silica or other
impurities is not necessary.
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Titration of the Uranium Solution.—20 c.e. of the standard
ammonic phosphate and 5 c.c. of sodie acetate are measured into a
beaker, holding about 150 c.c., and marked at 75 ec.c., then diluted
to 7H c.c,, and heated to near boiling ; the uranium solution is then
cautiously delivered into the mixture until a test taken in the usual
way with ferrocyanide shows the brown ecoloar.

Joulie makes a correction for the excess of uranium necessary
to give this colour; but as all the titrations are supposed to take
place under the same conditions as to volume of liquid and
quantities of re-agents, it is not a matter of great importance.

The Analytical Process: "The working power of the uranium solution
having been proved by the fitration just described, and which is of course
repeatedly done till the exact point is ascertained, the operator is in a position
to titrate any given specimen of phosphate. To resume, therefore, the
operation of preparing t.Ez raw material, and obtaining the precipitate from
the citro-magnesic solution, a volume of the phosphate solution correspond-
ing to 30 or 40 m.gm. of phosphoric acid, or as near thereto as is possible, are
precipitated, the precipitate dissolved, 5 c.c. of sodic acetate added, diluted
to 75 c.c,, then heated to boiling, and the approximate amount of uranium
ascertained. A second trial is then made, adding at once before heating
nearly the necessary quantity of uranium, and finally drop by drop till the
exact point is known: thus, to give one of Joulie’s examples, suppose
5 gm. of material has been weighed and dissolved in 20 e.c. of nitric or
hydrochlorie acid, and the solution made up to 100 c.c. 20 c.c. of this solu-
tion, representing 1 gm. of material, is precipitated as described, and requires
162 c.c. of uranium, of which each c.c.=000476 gm. P*0°, then 16'2x
0:00476= 0077112 gm. or 1542 per cent. P?0%,

The quantities operated upon by Joulie are very small, and
liable in the hands of carveless operators to give rise to serious
errors ; nevertheless, experiments made by myself upon phosphates
containing iron and alumina, as well as pure calecic phosphates,
have given very concordant results, the precipitates being entirely
free from both iron and alumina. ;

The chief value of the process is the method of separating the
phosphoric acid in such a clean form as to be available for titration.
Other portions of Joulie’s method relating to reduced and
assimilable phosphates, and their estimation by means of alkaline
ammonie citrate or oxalate, are of questionable value, and hence are
not given here,

Racovery of Uranium Residues.

Uranie phosphate, or ammonio-phosphate, as they occur in the
estimation of phosphoric acid volumetrically or by weight, should
be collected in a suitable vessel until a suflicient amount to recover
has accumulated. A little excess of sodic or caleic phosphate
should always be present to insuve the precipitation of all the
uranium,

The recovery is best done as follows :—

Wash the precipitate two or thyep times with warm water by
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The titration is made by cooling the liquid to crdinary temperature, and
nd@mg i drqp or two of cochineal indicator or corallin (§ %3}, tﬁﬁn titrﬂting
residually with ¥ ammonia or other alkali,

The volume of 4% acid neutralized by the alkaline double phos-
phate, when multiplied by 0:00355, will give the weight of P07,
or 3}; 0:00775, the weight of 3CaP*0®in the 1 gm. of material
used,

The process is one of delicacy, and cannot be used except by
experienced manipulators,

SUPERPHOSPHATES,

Probably there exists no substance which admits of maore
discrepancy in analytical results than the so-called superphosphate
of lime. It is evident that this diserepancy is mainly due to the
various methods of extraction of the soluble phosphoric acid
adopted by different analysts.

Raw phosphatic materials consisting mainly of insoluble tricalcic
phosphate (Ca’P*0f) when treated with sulphuric acid by the
manufacturer give rise to the production of soluble monocaleic
phosphate (Call*P*0®), together with caleic sulphate and small
quantities of magnesia, iron, alumina, organic matter, &e.

A long series of experiments have proved that the soluble
phosphoric acid existing in such a mixture is immediately removed
by cold water.

It would tend very much to uniformity of results among
analysts if the method of extraction adopted by the Magdeburg
Association of Agrieultural Chemists were in general use, and
which simply consists in weighing 20 gm. of the sample, transfer-
ring to a mortar, adding cold water, and gently breaking down any
lumps with the pestle without grinding the residue, and so with
repeated small quantities of water transferring the whole to a liter
flask. The exact measure is then made up with water, the mixture
occasionally shaken for two hours, and the required portion filtered
through a dry filter for fitration with uranium, or for analysis by
any other chosen method.

50 c.c. of the solution so prepared represents 1 gm. of super-
phosphate, and with ordinary manufactures this is a convenient
quantity for titration, In the case of very rich preparations, such
as dissolved guanos or concentrated manures, 10 gm. should be
weighed instead of 20 gm, or if 20 be used, 25 c.c. only of the
solution with 25 c.c. of water should be taken instead of 50 e.c.
for titration.

The Uranium Solution—For the analysis of manures it is
exceedingly convenient to have this solution of such strength that
each c.c. represents one per cent, of tribasic ecaleic phosphate
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be approximately known) is weighed so that about 1 gm. of pure
silver is present ; it is then dissolved in pure nitric acid by the aid
of a gentle heat, and 100 c.c. of standard solution of salt added
from a pipette in order to precipitate exactly 1 gm. of silver; the
bottle containing the mixture is then well shaken until the chloride
of silver has curdled, leaving the liquid clear.

The question is now : Which isin excess, salt or silver? A drop
of decimal salt solution is added, and if a precipitate be produced
l c.c. is delivered in, and after clearing, another, and so on as long
as a precipitate is produced. If on the other hand the one drop of
salt produced no precipitate, showing that the pure silver present
was less than 1 gm., a decimal solution of silver is used, prepared
by dissolving 1 gm. pure silver in pure nitric acid and diluting to
1 liter. This solution is added after the same manner as the salt
solution just described, until no further precipitate occurs ; in either
case the quantity of decimal solution used is noted, and the results
calculated in thousandths for 1 gm. of the alloy.

The process thus shortly deseribed is that originally devised by
Gay Lussac, and it was taken for granted that when equivalent
chemical proportions of silver and sodic chloride were brought thus
in contact that every trace of the metal was precipitated from the
solution, leaving sodic nitrate and free nitric acid only in solution.
The researches of Mulder, however, go to prove that this is not
strictly the case, but that when the most exact chemieal proportions
of silver and salt are made to react on each other, and the chloride
has subsided, a few drops more of either salt or silver solution will
produce a further precipitate, indicating the presence of both silver
nitrate and sodic chloride in a state of equilibrium, which is upset
on the addition of either salt or silver. Mulder decides, and no
doubt rightly, that this peculiarity is owing to the presence of sodic
nitrate, and varies somewhat with the temperature and state of
dilution of the liguid.

It therefore follows that when a silver solution is carefully pre-
cipitated, first by concentrated and then by dilute salt solution,
until no further precipitate appears, the clear liquid will at this
point give a precipitate with dilute silver solution; and if it be
added till no further cloudiness is produced, it will again be
precipitable by dilute salt solution,

FErample : Sup{:ma that in a given silver analysis the decimal salt solution
has been added so long as a precipitate is produced, and that 1 c.c. (=20 drops
of Mulder’s dropping apparatus) of decimal silver is in turn required to

recipitate the apparent excess, it would be found that when this had been
one, 1 ¢.c. more of salt solution would be wanted to reach the p_mnt at which
no further cloudiness is produced by it, and so the changes might be rung
time after time; if, however, instead of the last 1 c.c. (=20 drops) of snl*l;,
half the quantity be added, that is to say 10 drops (=14 c.0.), Mulder’s
so-called neutral point is reached; namely, that in which, if the liguid be
divided in half, both salt and silver will produce the same amount of
precipitate. At this stage the solution contains silver chloride dissolved
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distilled water, dried, removed from the filter, and heated to dull redness,
and when cold preserved in a well-closed bottle for use. The mother-liquor
15 thrown away, or used for other purposes, OF the salt so prepared, or of
chemically pure rock-salt (Steinsalz, a substance to be obtained freely in
Germany), 54145 gm. are to be weighed and dissolved in 1 liter of distilled
water at 16° C. (=60" Fahr.) 100 c.c. of this solution will precipitate exactly
]l;afgm. of silver. It is preserved in a well-stoppered hottle, and shaken
ore use.

(#)  Decimal Salf Selution: 100 c.c. of the above solution are diluted to
exactly 1 liter with distilled water at 16° C. ( =60° Fahr.) 1 c.c. will precipi-
tate 00001 gm. of silver.

(c) Decimal Silver Solution: Pure metallic silver is best prepared by
galvanic action from pure chloride; and as clean - and secure a method as
any is to wrap a lump of clean zine, into which a silver wire is melted, with
a piece of wetted bladder or calico, so as to keep any particles of impurity
contained in the zinc from the silver. The chloride is placed at the bottom
of a porcelain dish, covered with dilute sulphuric acid, and the zinc laid in
the middle; the silver wire is bent over so as 1o be immersed in the chloride.
As soon as the acid begins to act upon the zine the reduction commeneces in
the chloride; and grows gradually all over the mass; the resulting finely-
divided silver iz well washed, first with dilute acid, then with hot water, till
all acid and soluble zine are removed.

The moist metal is then mixed with a little sodie carbonate, saltpetre, and
borax, say about an eighth part of each, and dried perfectly.

The metallic silver obtained as above is never free altogether from organic
matter and undecomposed chloride, and, therefore, it must invariably be
melted. Mulder recommends that the melting should be done in a porce-
lain crucible immersed in sand contained in a common earthen crucible;
borax is sprinkled over the surface of the sand so that it may be somewhat
vitrified, that in pouring out the silver when melted no particles of dirt or
sand may fall into 1t, 1f the quantity of metal be small it may be melted in
a porcelain crucible over a gas blowpipe.

The molten metal obtained in either case can be poured into cold water
and so granulated, or upon a slab of pipe-clay, into which a glass plate has
been pressed when =oft so as to form a shallow mould. The metal is then
washed well with boiling water to remove accidental surface impurities, and
rolled into thin strips by a goldsmith’s, mill, in order that it may be readily
eut for weighing. The granulated metal is, of course, ready for use at once
without any rolling.

1 gm. of this silver is dissolved in pure dilute nitric acid, and
diluted to 1 liter ; each c.c. contains 0°001 gm. of silver. It should

be kept from the light.

(d) Dropping Apparatus for Concluding the Assay.—Mulder
constrncts a special affair for this purpose, consisting of a pear-
shaped vessel fixed in a stand, with special arrangements for
preventing any continued flow of liquid. The delivery tube has an
opening of such size that 20 drops measure exactly 1 c.c. The
vessel itself is not graduated. As this arrangement is of more
service to assay than to general laboratories, it need not be further
described here. A small burette divided in 4 e.c., with a conve-
nient dropping tube, will answer every purpose, and possesses the
further advantage of recording the actual yolume of fluid delivered.

The 100-c.c. pipette, for delivering the concentrated salt solution,
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by varying concentration of the solutions, duration of the experiment,
and the character of the sugar.

The eritical experiments of Soxhlet® were both volumetrie
and gravimetrie, and may be summarized as follows ;—

The reducing power of a sugar was volumetrically determined in
the following manner :—Varying quantities of the copper solution
were heated to beiling in a dish, equal volumes of the alkaline
tartrate solution being previously added. Then 50 c.e. or 100 c.c.
of the 1 per-cent. or } per-cent. sugar solutions respectively were
added, and the whole was boiled for two, four, or six minutes,
according to the variety of the sugar. The contents of the dish
are then thrown on a filter, the filtrate is acidified with acetic acid,
and potassic ferrocyanide at once added to ascertain the presence of
copper, This process is repeated until two quantities of the copper
solution, differing from each other by ,&; c.c., give, the one a filtrate
eontaining eopper, the other a filtrate free from copper. The mean
of these two readings is taken as the result.

The gravimetric method of determining the copper reduced by
the sugars acting on Fehling's or Lowe's solution (hydrated
cupric oxide dissolved in an alkaline solution of glycerine) is to
boil a measured quantity of the sugar solution with an excess of the
Fehling’s or Liwe’s solution, and then to filter by means of
gentle suection, through a weighed tube filled with asbestos ; wash
with hot water, then with absolute aleohol, and finally ether. On
passing hydrogen through the heated tube, the cuprous oxide is
reduced to the metallic state in two or three minutes, and then
weighed. The following are the chief results i —

Dextrose.—0'5 gram in 1 per-cent. solution reduces 1052 c.c.
Fehling (undiluted), or 101'1 c.c. Fehling (diluted with 4
volumes of water).

Ratio of reduction, 1 : 10:52—1 ; 10°11.

Invert Sugar (ie. equal molecules of dextrose and levulose
obtained by the action of acids on cane-sugar),—0'5 gram in 1 per-
cent. solution reduces 101°2 ¢.e, Fehling (undiluted), or 970 c.c,
Fehling (diluted with 4 volumes of water).

Ratio of reduetion, 1 ; 10012—1 : 97,

In the case of dextrose and invert sugar, dilution of the solution
lowers, excess of copper raises, the reducing power,

Mille Sugar.—0'6 gram in 1 per-cent, solution reduces 74 c.c,
Fehling.

Ratio of reduetion, 1 ; 7'4. ;

Dilution has no noteworthy influence on the reducing power.

" A admirnble and complete résumd of Soxhlet's rosults is given ina r
road bu:g:g the School of P]J[I.‘I'If‘:lﬂ.ﬂ}' Students’ Aszocintion by C, H, Hutchingon, }J"'OI:UB.
{ Pharm, Journ, Feb, 1881, p. 720).
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The remarks which Soxhlet appends to these experiments are
thus classified :—

(1) The reducing power of inverted sugar, for alkaline copper
solution, is importantly influenced by the concentration of the
solutions : a smaller quantity of sugar being required to decompose
Fehling's solution in the undiluted state than when it is diluted
with 1, 2, 3, or 4 volumes of water. It is immaterial whether the
sugar solution be added to the cold or boiling copper re-agent.

(2) If inverted sugar acts on a larger quantity of copper solution
than it is just able to reduce, its reducing power will be increased,
the increment varying according to the amount of copper in excess
and the concentration of the cupric liquid ; in the previous experi-
ments the equivalents varied from 1 : 9°7 to 1 : 126, these numbers
being by no means the limit of possible variation.

(3) In a volumetric estimation of inverted sugar by means of
Fehling's solution, the amount of copper reduced by each
successive addition of sugar solution is a decreasing quantity ; the
results obtained are therefore perfectly empirical, and are only true
of that particular set of conditions.

(4) The statement that 1 equivalent of inverted sugar reduces
10 equivalents of cupric oxide is not true, the hypothesis that 0-5 gm.
inverted sugar reduces 100 c.c. of Fehling’s solution being shown
to be incorrect ; the real amount under the conditions laid down by
Fehling (1 volume of alkaline copper solution, 4 volumes of water,
sugar solution 3—1 per-cent.) being 97 c.c., the results obtained
under this hypothesis are, therefore, 3 per cent. too low. Where,
however, the above conditions have been fulfilled, the results
although not absolutely, are relatively correct; mnot so, however,
. those obtained by gravimetric processes, since the interference of
concentration and excess has not been previously recognized.

The behaviour of the sugars with alkaline mercury zolutions was
tested both with Knapp’s solution (alkaline mercuric cyanide)
and Sachsse’'s solution (alkaline mercuric iodide in potassic
iodide).

It was found that different results are obtained from Knapp’'s
solutions, according as the sugar solution is added gradually, or all
at once; when gradually added more sugar being required ; with
Sachsse’s, however, the reverse is the case,

To get comparable results the sugar must be added all at once,
the solution boiled for two or three minutes, and the liquid tested
for mercury, always using the same indicator ; in using the alkaline
tin solution as indicator, 0:200—0-202 gram of grape sugar were
always required for 100 c.e. Knapp, in a large number of experi-
ments. It is remarkable that these two solutions, although
containing almost exactly the same amount of mercury, require
very different quantities of sugar to reduce equal volumes of them,
This is shown to be due, to a great extent, to the different amounts

of alkali present in them,
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It pure sodic carbonate is not at hand, the ordinary commercial
article will answer the purpose, but the quantity of normal acid
necessary to saturate it must of course be previously found. An
iron spoon or ladle may also be used instead of the platinum
crucible,

If roasted pyrites are to be examined by this method, it is
unnecessary to add the salt, and equal quantities of the substance,
sodic carbonate and potassic chlorate, may be taken for the com-
bustion, :

Kolb (Journ. de Pharm. et Chim. [4] x. p. 401) has experimented
very fully upon Pelouze’s process, as deseribed above, and found
the sources of error to be various—formation of ferric sulphate,
loss of chlorine, sulphur chloride, &c. The process recommended
in its place, and which is not open to the objection existing in the
Pelouze method, consists in mixing sodic carbonate and cupric
oxide with the finely powdered ore and igniting the mixture in an
iron, copper, or platinum vessel to a low red heat for about fifteen
minutes ; the whole of the sulphur is oxidized to sulphuric acid,
and combines quietly with the soda ; the remaining unchanged sodic
carbonate is then estimated by tifration as usual. The method
seems particularly applicable to roasted pyrites, the details being as
follows :—

From 5 to 10 gm. of the ore, according to its richness in sulphur
(if more than 10 per cent. 5 gm., less than 10 per cent. 10 gm.), are
weighed and intimately mixed with 5 gm. of sodie carbonate, and
about 50 gm. of dry cuprie oxide, placed in the crucible, and heated
over a small gas-flame with frequent stirring for twelve or fifteen
minutes, the heat never exceeding a low red; the crucible is then
cooled, the contents treated with hot water, filtered, and the filtrate
and washings titrated with normal acid as usual.

2. By Oxidation and subsequent Titration with Standard
Barie Chloride.

The estimation of sulphur by barinm, more especially in the case
of iron pyrites, has repeatedly been investigated by Fresenius,
Lunge, Teschemacher, Smith, Holland, &c, the results
of which show that owing to the tendency which baric sulphate
has to contaminate itself with other matters when precipitated
from mixed golutions, and the varying solubility of the precipitate
in acid solutions, when the gravimetric method is adopted, leads to
very discordant effects, so that no two operators are able to agree
exactly as to the per-centage of sulphur in any given sample of
pyrites. _

The experiments carried out by Teschemacher and Smith
(C. N. xxiv. p. 61—066) especially show, that the composition of the
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1s well mixed, and brought to a definite volume ; a portion repre-
senting a known number of cubic feet of gas is then poured into a
glass, poreelain, or platinum basin, acidified slightly with HCI,
heated to boiling, and a measured excess of standard baric chloride
added ; the excess of acid is then cautiously neutralized with
ammonia (free from carbonate), and the excess of barium ascer-
tained by standard potassic chromate exactly as deseribed in
§ 73.2.

The usual method of stating results is in grains of sulphur per
100 cubic feet of gas. This may be done very readily by using
semi-normal solutions of baric chloride and potassic chromate on
the metric system, and multiplying the number of c.c. of barie
solution required with the factor 0:1234, which at once gives the
amount of sulphur in English grains.

Standard solutions can of course be made in the same manner on
the grain system.

4., Estimation of Alkaline Sulphides by Standard Zinc Solution.

This method, which is simply a counterpart of § 783, is
especially applicable for the technical determination of alkaline
sulphides in impure alkalies, mother-liquors, &e,

If the zinc solution be made by dissolving 3-253 gm. of pure
metallic zine in hydrochlorie acid, supersaturating with ammonia,
and diluting to 1 liter, or 32:53 grn. to 1000 dm., 1 c.c. or dm, will
respectively indicate—

0:0016 gm. or 0-016 grn. Sulphur

0:003% ,, 0039 ,, Sodic sulphide
0-00551 ,, 00551 ,, Potassic sulphide
0-0034 ,, 0034 ,, Ammonic sulphide.

The zine solution is added from a burette until a drop, brought
in contact with the lead solution on filtering paper, no longer
gives a black stain at the edge.

5. Sulphurous Acid and Sulphites.

Solutions of sulphurous acid are very readily titrated by iodine,
as described in § 35, but it is necessary to remember that in order
to secure the proper reaction as defined by Bunsen, the solution
must not contain more than 0-05 per cent. of sulphur dioxide.
Mohr, however, has found that the difficulty as to concentration
is overcome by the use of ammonic, potassic, or sodic bicarbonate
(see § 33, note), which have no effect on starch iodide.

1 cie. Y iodine = 0-0032 gm. S02
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supernatant liquid of a light yellow colour; if there is any uncertainty in
the first titration, the analysis may be checked by a second. = The process has
ielded me very satisfactory resulis in comparison with the barium method
by me:t; 1t 1s peculiarly adapted for estimating sulphur in gas when burnt
in the Letheby sulphur apparatus, details of which will be found on page 267.

The presence of alkaline and earthy salts is of no consequence—
zine and cadmium do not interfere—nickel, cobalt, and copper give
coloured ammoniacal solutions which prevent the yellow chromate
being seen, but this difficulty can he overcome by the use of an
external indicator for the excess of chromate. This indicator is an
ammoniacal lead sclution, made by mixing together, at the time
required, one volume of pure ammonia and four volumes of lead
acetate solution (1 :20); the liqmid has an opalescent appearance.
To use the indicator, a large drop is spread upon a white porcelain
plate, and one or two drops of the liquid under titration added ;
if the reddish-yellow colour of lead chromate is produced, there is
an excess of chromate, which can be cautiously reduced by adding
more barium until the exact balance ocenrs.

Precht (Z. «. €. 1879, p. 521) modifies this process by pre-
cipitating the S0* with excess of standard barie chloride, which
excess is removed by standard potassic chromate also in excess,
which latter is in turn estimated by weak standard ferrous sulphate,
the end of the reaction being found by spotting the liquid on a
white plate with potassic ferricyanide.

I can see no advantage in this modification, and in many cases it
would be totally inadmissible, owing to the presence of substances
affecting the ferrous re-agent.

3. Direct Precipitation with Normal Baric Chloride.

Very good results may be obtained by this method when care-
fully performed. The substance in solution is to be acidified with
hydrochloric acid, heated to boiling, and the baric solution allowed
to flow cautiously in from the burette until no further precipitation

oceurs, The end of the process can only be determined
7 by filtering a portion of the liquid, and testing with a
drop of the baric solution. Beale’s filtering tube
(shown in fig. 38) is a good aid in this case. A piece of
Swedish filter paper is tied over the lower end, then
some fine muslin to protect the paper, the tube is dipped
about half an inch into the liquid, which rises through
the filter perfectly clear ; a little is to be poured into a
test tube and a drop of barie solution added from the
burette ; if a cloudiness occurs, the contents of the tubes
must be emptied back again, washed out into the liquid,
and more baric solution added until all the sulphuric
Fig. 38,  acid is precipitated. It is advisable to use a decinormal

solution towards the end of the process,
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30 c.e. of N permanganate will therefore represent 0-063 gm,
of oxalic acid or the weights of tannin above mentioned.

Solution of Indigo-carmine.—This should be a clear filtered
solution of such strength that not less than 20 c.c. are required for
10 c.c. of the permanganate.

Solution of Gelatine.—This solution is used to precipitate the
available tannin in any given solution after its total oxidizable
matters have been determined by the indigo and permanganate. It
is made by steeping 25 gm. of good clear glue in cold water for
some hours, and pouring off the superfluous water. The swollen
glue is then melted on the water bath, the liquid saturated with clean
table-salt (sodic chloride), transferred to a liter flask, and made up
to the required measure with a cold saturated solution of the same
salt in water, then preserved in a well-closed hottle for use,

It must be filtered perfectly clear on each occasion before using.
Procter states that a gelatine solution of half this strength
suffices for all practical purposes.

Dilute Sulphuric Aecid.—One volume of concentrated pure acid
to five of water.

Acid Solution of Salf.—This is merely a saturated solution of
common salt, containing about 25 e.c. of sulphuric or 50 c.c. of
hydrochloric acid per liter.

Processes of Titration: The first thing to be done is to ascertain the
relationship between the permanganate and indigo solutions (it is assumed
that the permanganate is correct as regards ‘its relation to oxalic acid), and
therefore 10 or 20 c.c. of the indigo are measured into a white porcelain
basin, and diluted to about a liter with distilled water, or ordinary water free
from organic matter or other substances capable of reducing perma te.
10 ¢.c. of the dilute acid are measured in, and the permanganate delivered
in with a hand-pipette in drops, with constant stirring, until the colour is
Just discharged, leaving a clear faint yellow %int, with just a shade of pink.

This experiment will act as a guide to the final adjustment of the indigo,
which should be of such dilution that about 20 c.c. correspond to about
10 c.c. of permanganate measured accurately with the burette.

Titration of the Tanning Material : It is very important, in order to
avoid uncertainty in the end-point of the reaction, that only so much
material shall be used as shall consume about 7 or 8 ¢.c. of permanganate of
+5 Strength above that which ia required for the indigo.

Kathreiner insists upon these proportions, and the general method
adopted by him is to add 20 c.c. of indigo with 10 c.c. of dilute acid to
about a liter of water, in a porcelain dish, followed by the requisite amount
of tanning solution. The nganate is then delivered in very slowly, with
constant stirring, until a faint rose colour ap round the edges of the
liguid. The time allowed for the titration is also very important, and with
the simple tanning solution should occupy not less than four minutes.

The second titration, after addition of the gelatine, will, owing to the
viscosity of the liguid, require about six minutes.

Precipitation of the Tannin, and subsequent Titration of Substances
other than Tannin: 100 ce. of the clear tanning solution are mixed with

|
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100 o.0. of the gelatine, and after being well stirred a mixture of 10 c.c. of
the dilute acid with 40 c.c. of saturated salt solution is added, which will
cause the precipitate to coagulate raadi!%',sn that after standing for half an hour,
with mmiann? vigorous stirring, a tolerably clear supernatant fluid may be
obtained, which may be easily filtered. 50 c.c. of this filtrate (=20 cc. of
tunning solution) are taken for titration, together with 10 c.c. of dilute acid,
20 c.c. of indigo, and made up to about a liter with pure water, and the
titration carried out precisely as in the case of the original solution, except
that about six minutes are occupied instead of four.

The operator has now in hand the data for caleulating the value
of the actual tannin expressed in terms of permanganate. An
example is given below in the case of tea analysis.

Experience has proved that any wide departure from the propor-
tions here given leads to confusion in the reaction, owing to the
colour of the oxidation products. Procter, who has evidently
considerable practical experience in all the methods hitherto pro-
posed for estimating tannin, writes as follows :—

“Employing these precautions Kathreiner obtained always constant
results, and found that, even for two or three successive days, tannin solu-
tions gave results practically identical, if protected by the addition of 0°5 c.c.
glacial acetic acid. He found, as the writer had previously done, that the
titrations could be carried out as well by nrtiﬁciulpl; by day light, without
any difference in the final result, though the quantity of permanganate
employed by gas-light was slightly higher. He gives it as his opinion that
if the light of a petroleum lamp with opal shade were employed, the end-
reaction would be identical ; but as any variation, so long as it is constant, has
no effect on the final result, the matter iz of little moment.

“A }:-ciut of more importance is how far the result is affected by oxidation of
the gelatine, or of some oxidizable body contained in it. Kathreiner found
that 50 c.c. of his gelatine solution increased the consumption of permanga-
nate by 1'5 c.c. beyond that needed for the indigo alone. Now the 50 c.c. of
filtrate usually employed in estimating the *non-tannin® contains 20 e.c. of
the gelatine solution, equalling 0°6 c.c. of permanganate, but in all probability
part at least of the oxidizable matter is carried down by the tannin ; probably,
therefore, the nearest approach to truth may be obtained by deducting kalf
the correction for gelatine from the axidiznhﬁ matter other than tannin,”

It is advisable that each operator should practically ascertain the effect of his
gelatine solution upon the permanganate, previous touse in the actual analysis.

As a basis of caloulation Kathreiner agrees with Procter in preferring
the numbers given by Neubauer and Oser (viz., 0'068 gm. oxalic acid=
0'04157 gallo-tannic or 0:062355 querci-tannic acids) to any attempt at com-
parison with so-called *pure™ tannin, which often contains 20 per cent. of
mmypurities.

Kathreiner quotes Gauhe, Hewett, and Procter as agreeing
with him in considering Liwenthal’s a rapid and easy method of
analysis, and well adapted for practical use. It may be added that
the method is employed by Eitner for the numerous analyses of
the Vienna Government Leather Research Laboratory, and he also

adopts Neubauer’s and Oser’s numbers for caleulation,

Tannin in Tea.—The above-described process may readily be
made available for the estimation of tannin in tea as has heen
shown by Hill (dnalyst, vi. p. 95), who proceeds as follows :—
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56 iron=>59 tin. If decinormal permanganate, or the factor neces-
sary to convert it to that strength, be used, the calculation by
means of iron is not necessary.

The solution of stannous chloride, or other protosalt of tin in
hydrochloric acid, or the granulated metal, is mixed with pure
ferric chloride, which, if tolerably concentrated, dissolves metallic
tin readily, and without evolution of hydrogen, then diluted with
distilled water, and titrated with permanganateas usual. To obtain
the most exact results, it is necessary to make an experiment with
the same permanganate upon a like quantity of water, to which
ferric chloride is added ; the quantity required to produce the same
rose colour is deducted from the total permanganate, and the re-
mainder calculated as tin.

Stannic salts, also tin compounds containing iron, are dissolved
in water, hydrochloric acid added, and a plate of clean zine intro-
duced for ten or twelve hours ; the tin so precipitated is carefully
collected and washed, then dissolved in hydrochloric acid, and
titrated as above; or the finely divided metal may aé once be
mixed with an excess of ferric chloride, a little hydrochloric acid
added, and when solution is complete, titrated with permanganate,
4 eq. of iron (=224) occurring in the form of ferrous chloride
represent 1 eq. (=118) of tin,

Tin may also be precipitated from slightly acid peroxide solution
as sulphide, by sulphuretfed hydrogen gas or water, the sulphide
awell washed, and mixed with ferric chlorde, the mixture gently
warmed, the sulphur filtered off, and the filtrate then titrated with
permanganate as above. 4 eq. of iron=1 eq. of tin.

Tin Orve.— In the case of analysis of cassiterite, Arnold (C, NV.
xxxvi p. 238) recommends that 1 gm. of the very finely powdered
mineral be heated to low redness for two hours in a porcelain boat
in a glass tube with a brisk current of dry and pure hydrogen gas,
by which means the metal is reduced to the metallic state. It is
then dissolved in acid ferric chloride, and titrated with perman-
ganate or bichromate in the usual way.

URANIUM.
Ur=118-8.

§ 77. Tuw estimation of uranium may be conducted with great
accuracy by permanganate, in precisely the same way as ferrous
salts (§ 59). The metal must be in solution either as acetate,
sulphate, or chloride, but not nitrate. 1In the latter case 1t 1s
necessary to evaporate to dryness with excess of sulphuric or
hydrochloric acid, or to precipitate with alkali, wash and redissolve

in acetic acid. , WY g
The reduction to the uranous state is made with zine, but as the
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The Analytical Process: 05 to 1 gm, of the zine ore is dissolved in
nitric acid. Heavy metals removed by H*S iron and alumina by double
precipitation with ammonia. The united filtrates are acidified with acetic
acid, and sulphuretted hydrogen passed into the liquid until all zine is pre-
vipitated as sulphide. Excess of H®S is removed by rapid boiling, so that a
drop or two of the filtered liquid gives no further stain on lead paper. The
precipitate is then allowed to settle, decanted while hot, the precipitate
brought in a filter with a little hot water, and without further washing, the
filter with its contents is transferred to a small beaker,| 30—50 c.c. of hot

1

water added, well stirred, and so much moist silver chloride added as is judged
necessary to decompose the sulphide, leaving an excess of silver. ‘%ﬁu
mixture 1= now boiled till it shows signs of settling clear; & or 6 drops of
dilute sulphuric acid (1 :5) are added to the hot mixture, and in a few
minutes the whole of the zine sulphide will be converted into zine chloride.
The free sulphur and excess of silver chloride are now filtered off, washed,
and the chloride in the mixed filtrate and washings estimated as follows :—

To the cool liquid, measuring 200 or 300 c.c., are added 5 c.c. of ferric
indicator, and so much pure nitric acid as is necessary to remove the yellow
colour of the iron. A measured excess of the standard silver solution is
then delivered in with the pipette, and without filtering off the silver chloride,
or much agitation, so as to clot the precipitate, the sulphocyanats is cautiously
added, with a gentle movement after each addition, until a permanent light
brown colour appears (see § 50.3).

The volume of silver solution represented by the sulphocyanate
being deducted from that originally used, will give the volume to
be calculated to zine, each c.c. being equal to 0:01 gm. Zn.

2. Precipitation as SBulphide-and subseguent titration with Ferric
Salts and Permanganate (Schwarz).

The principle of this method is based on the fact, that when zine
sulphide 1s mixed with ferric chloride and hydrochloric acid, or
better still, with ferric sulphate and sulphuric acid, ferrous or zinc
chloride, or sulphates respectively, and free sulphur are produced.
If the ferrous salt so produced is estimated with permanganate or
bichromate, the proportional quantity of zinc present is ascertained.
2 eq. Fe represent 1 eq. Zn.

Preparation of the Ammoniacal Zine Solution.—In the case of
rich ores 1 gm., and poorer gqualities 2 gm., of the finely powdered
materiul are placed into a small wide-mouthed flask, and treated
with hydrochloric acid, to which a little nitric acid is added, the
mixture is warmed to promote solution, and when this has occurred
the excess of acid is evaporated by continued heat. If lead is
present, a few drops of concentrated sulphuric acid are added
previous to complete dryness, in order to render the lead insoluble;
the residue is then extracted with water and filtered. Should
metals of the fifth or sixth group be present, they must be removed
by sulphuretted hydrogen previous to the following treatment.
The solution will contain iron, and in some cases manganese. If
the iron is not already fully oxidized, the solution must be boiled
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with nitric aeid ; if only traces of mangamese are present, a few
drops of bromized hydrochloric acid should be added. When
cold, the solution may be further diluted if necessary, and then
supersaturated with ammonia to precipitate the iron; if the pro-
portion of this metal is small, it will suffice to filter off and wash
the oxide with ammoniacal warm water, till the washings give no
precipitate of zine on adding ammonic sulphide. Owing to the
fact that this iron precipitate tenaciously holds about a fifth of its
weight of zine, it will be necessary when the proportion is large to
redissolve the partly washed precipitate in hydrochloric acid, and
reprecipitate (best as basic acetate) ; the filtrate from this second
precipitate is added to the original zine filirate, and the whole made

up to a liter.

The Analytical Process: The ammoniacal zine solution (prepared as
described above) is heated, and the zine precipitated in a tall beaker, with a
slight excess of sodic or ammonie sulphide, then covered elosely with a glass
plate, and set uside in a warm place for a few hours. The clear liguid is
removed by a syphon, and hot water containing some ammonia again poured
over the precipitate, allowed to settle, and again removed, and the washing
by decantation repeated three or four times; finally, the precipitate is
brought upon a tolerably large and porous filter, and well washed with warm
water containing ammonia, till the washings no longer discolour an alkaline
lead solution. The filter pump may be used here with great advantage.

The filter with its contents 1s then pushed through the funnel into a large
flask containing a sufficient quantity of ferric sulphate mixed with sulphuric
acid, immediately well stopped or corked, gently shaken, and put into a warm
place ; after some time it should be again well shaken, and set aside quietly
for about ten minutes. After the action is all over the mixture should
possess a yellow colour from the presence of undecomposed ferric salt; when
the cork or stopper is lifted there should be no odour of sulphuretted hydrogen.
The flask is then nearly filled with cold distilled water, if necessary some
dilute sulphuric acid added, and the contents of the flask titrated with
permanganate or bichromate as usual.

The free sulphur and filter will have no reducing effect upon
the permanganate if the solution be cool and very dilute,

Frample: 1 gm of pure zine oxide was dissolved in hydrochlorie acid,
supersaturated with ammonic sulphide, the precipitate well washed and
digested with acid ferric sulphate, the whole diluted to 500 c.c. in a stoppered
flask, and 100 c.. titrated with permanganate of such strength that
120 c.e.=1 gm. iron. 334 c.c, were required(=0278 gm. of iron): this
multiplied by 5, as } only was taken, gave 1890 gm. of iron, which multi-
plied by 0724, the factor for zinc oxide, gave 1-0063 gm. instead of 1 gm.

3. Precipitation by Standard Scdic Sulphide, with Alkaline Lead
Solution as Indicator (applicable to most Zinc Ores and Products).

The ammoniacal solution of zino is prepared just as previously
deseribed in Schwarz’'s method.
The standard sodic sulphide is best made by saturating a portion
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of caustic soda solution with sulphuretted hydrogen, then adding
sufficient soda solution to remove the odour of the free gas, and
diluting the whole to a convenient strength for titrating,

The standard zinc solution is best made by dissolving 4412 gm.
of pure zinc sulphate to the liter ; 1 c.c. will then contain 0:010 gm.
of metallic zine, and upon this solution, or one prepared from pure
metallic zine of the same strength, the sulphide solution must be
titrated. '

The alkaline lead solution nsed as indicator is made by heating
together acetate of lead, tartaric acid, and caustic soda solution in
excess, until a clear solution is produced. It is preferable to mix
the tartaric acid and soda solution first, so as to produce sodic tar-
trate ; or if the latter salt is at hand, it may be used instead of

tartaric acid. Some operators use sodic nitroprusside instead of
lead,

The Analyfical Process: 50 c.c. of zine solution (=05 gm. Zn) are put
into a beaker, a mixture of solutions of ammonia and ammonic carbonate (3
of the former to about 1 of the latter) added in sufficient quantity to redis-
golve the precipitate which first forms. A few drops of the lead sclution are
then, by means of a glass rod, placed at some distance from each other, on
filtering paper, laid upon a slab or plate.

The solution of sedic sulphide contained in an ordinary Mohr’s burette
is then suffered to flow into the zine solution until, on bringing a drop from
the mixture and placing it upon the filtering paper, so that it may expand and
run into the drop of lead solution, a black line occurs at the point of contact ;
the reaction is very delicate. At first it will be difficult, probably, to hit the
exact point, but & second trial with 25 or 50 c.c. of zinc solution will enable
the operator to be certain of the corresponding sirength of the sulphide
solution. As this latter is always undergoing a slight change, it is necessary
to titrate occasionally. !

Direct titration with pure zine solution gave 99'6 and 1002, instead of 100,

Groll recommends the use of protochloride of nickel as indicator,
instead of sodic nitroprusside or lead. The drops are allowed to
flow together on a porcelain plate ; while the point of contact shows
a blue or green colour the zine is not all precipitated by the sodic
sulphide, therefore the latter must be added until a grayish black
colour appears at contact,

Another indicator is paper soaked in a mearly neutral dilute
solution of cobaltous chloride, which when dry and cold is colour-
less. When touched with a drop of liquid containing sodie sulphide
it turns to a green tint, rapidly becoming brown when warmed.

4. Precipitation as Sulphide with Ferric Indicator (Schaffner).

Schaffner’s modification of this process, and which is used
constantly at the laboratory of the Vieille Montagne Zinc Works,
is conducted as follows :—For ores containing over 35 per cent.
zine, 0'5 gm. is taken ; for poorer ones, 1 gm. to 2 gm. Silicates,
carbonates, or oxides, are treated with hydrochloric acid, adding a
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small proportion of nitric acid at boiling heat to peroxidize the
iron. Sulphur ores are treated with agua regia, evaporated to
dryness, and the zinc afterwards extracted by hydrochloric acid ;
the ammoniacal solution is then prepared as described on page 284,

The Analytical Process: The titration is carried out with a normal
solution of sodic sulphide. The Vieille Montagne laboratory uses ferric
chloride as an indicator, according to Schaffner’s method, For this
purpose a single drop or some few drops of this chloride are let fall into the
ammoniacal solution of zine, The perchloride which has been added is at
once converted into red flakes of hydrated ferric oxide, which float at the
bottom of the flask. If sodic sulphide be dropped from a Mohr's burette
into these solutions of zine, a white precipitate of zinc sulphide is at once
thrown down, and the change in the colour of the flakes of iron from red to
black shows the moment when all the zine is sulphuretted, and the titration
is ended. It is advisable to keep the solution for titration at from 40 to
60° C. Titration carried out under exactly equal conditions, with a known
and carefully weighed proportion of zine, gives comparative data for calenla-
tion, and thus for the determination of the contents of any zinec solution by
means of a simple equation. If, for example, 30045 c.c. of sodie sulphide
have been used to precipitate 0°25 gm. of zine (subtracting the necessary
correction), the solution of the sodic sulphide has a composition such that
1 c.c. of it will precipitate 821 m.gm. of zinc (3045 : 0'26=1 : x, and
therefore # = 0°00821),

Practice has pointed out the following concentrations and pro-
portions as best suited for the successful exeeution of these titrations,

The sodic sulphide solution which is used for titration must be
such, that 1 c.e. precipitates 8 to 9 m.gm. of zine. The solution
which contains the zine which has to be estimated will comply
with the required conditions, if its volume varies between the
limits of 175 and 225 c.c. only. It is advisable that all solutions
of zine should be pretty equally saturated with ammonia, so that
the ferric chloride added as an indicator may be precipitated in the
same manner in all samples, and so that the flakes of iron may be
always clean and clear.

When the method employed by Schaffner was first brought into
use, it was soon found that the entire number of cubic centimeters
of sodic sulphide used in an assay should not be considered as
exclusively devoted to the sulphuretting of the zine, since a certain
part goes to cause the blackening, i.e. the sulphuretting of the iron.
The amount of the titrating re-agent required for sulphuretting the
iron can be determined by an experiment with a few drops of forric
chloride, added to a simple solution of ammonia which contains no
other substance. Since the sulphurization of these flakes of iron
is merely superficial, the amount of re-agent used is altogether
unimportant, Close investigation has shown that the amount of
sodic sulphide used does not, perhaps, stand in any proportion to
the number of drops of perchloride of iron, but in direct ratio with
the total volume of the fluid used in the estimation,

_ The value which has to be subtracted from the quantities of the
titrating fluid used is, therefore, proportionate to the volume of the
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The apparatus devised by Russell and West is shown in
fig. 40, and may be verbally described as follows :—

The tube for decomposing the urine
is about 9 inches long, and about half
an inch inside diameter. At 2 inches
from its closed end an elongated bulb is
blown, leaving an orifice at its neck of
4 of an inch in diameter; the bulb
should hold about 12 e.e. The mouth
of this tube is fixed into the bottom of
a tin tray about 1§ ineh deep, which
acts as a pneumatic trough ; the tray is
supported on legs long enough to allow
of a small spirit lamp being held under
the bulb tube. The measuring tube
for collecting the mnitrogen is graduated
into cubic centimeters, and of such size
. as to fit over the mounth of the decom-
posing tube; one holding about 40 c.c.
is a convenient size. Russel and West
have fixed by experiment the propor-
tions, so as to obviate the necessity for
correction of pressure and temperaturs,
namely, 371 e.c.=0'1 gm. of urea, since they found that b c.c.
of a 2 percent. solution of urea constantly gave 37-1 c.c. of nitro-
gen at ordinary temperatures and pressures, The entire apparatus
can be purchased of most operative chemists for a moderate sum.

Fig. 40,

Hypobromite Solution.—This is best prepared by dissolving
100 gm. of common caustic soda in 250 c.c. of water and adding
25 ec.c. of bromine; this mixture gives a rapid and complete
decomposition of the urea. It is always best prepared in small

quantities as required.

The Analytical Process: 5 c.c.of the urine are measured into the bulb-
tube, fixed in its proper position, and the sides of the tube washed down
with distilled water so that the bulb is filled up to its constriction. A glass
rod, having a thin band of india-rubber on its end, is then down into
the tube so as to plug up the narrow opening of the bulb. - The hypobromite
solution is then poured into the upper part of the tube until it is full, and
the trough is afterwards half filled with water.

The graduated tube is filled with water, the thumb placed on the open end,
and the tube is inverted in the trough. The glass rod is then pulled ouf,
and the graduated tube slipped over the mouth of the bulb-tube,

The reaction commences immediately, and a forrent of gas rises into the
measuring tube. To prevent any of the gas being forced out by the reaction,
the upper part of the bulb-tube is slightly narrowed, so that the gas is
directed to the centre of the tube. With the strength of hypobromite
solution above described, the reaction is complete in the uplr.l in about ten or
fifteen minutes; but in order to expedite it, the bulb is slightly warmed.
This causes the mixing to take place more rapidly, and the reaction is then
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b cc. of this diluted urine, and multiply the volume of gas
obtained by two. :

If the urine contains much albumen, this interferes with the
process so far that it takes a long time for the bubbles of gas to
subside, before the volume of gas obtained can be accurately read
off. It is therefore better in such cases to remove as much as
possible of the albumen by heating the urine with two or three
drops of acetic acid, filtering, and then using the filtrate in the
usual manner.

5. Estimation of Phosphoric Acid (see also § 69),

The principle of this methogl is fully deseribed at p. 232,
The following solutions are required ;—

(1) Standard Uranic Acelate (see p. 233).
(2) Standard Phosphoric Aeid (see p. 233).
(3) Solution of Sodic Acetate (see p. 233 [¢]).

(4) A Selution of Potassic Ferroeyanide.—About 1 part to 20
of water, freshly prepaved, or some of the finely powdered salt.

The Analytical Process: 50 c.c. of the clear urine are measured into a
small beaker, together with 5 c.c. of the solution of sodic acetate. The
mixture is then warmed in the water bath, or otherwise,sand the uraninm
solution delivered in from the burette, with constant stirring, as long as a
precipitate is seen to occur. A small portion of the mixture is then removed
with a glass rod and tested as described (p. 234); so long as no brown colour
is produced, the addition of uranium may be continued ; when the faintest
indication of this reaction is seen, the process must be stopped, and the
amount of colour observed. If it coincides with the original testing of the
uranium solution with a similar quantity of fluid, the result is satisfactory,
and the quantity of solution used may be caleulated for the total phosphoric
apid contained in the 50 e.c. of urine; if the uranium has been u acei-
dentally in too great quantity, 10 or 20 c.c. of the same urine may be added,
and the testing concluded more cantiously. Suppose, for example, that the
solution has been added in the right proportion, and 19'2 ¢.c. used, the 50 c.c.
will have contained 0°096 gm. phosphorie acid (=192 per 1000). With care
and some little practice the results are very satisfactory.

Earthy Phosphates : 'The above determination gives the total amount of
hosphorie acid, but it may sometimes be of interest to know how much of
1t is combined with lime and magnesia. To this end 100 or 200 c.c. of the
urine are measured into a beaker, and rendered freely alkaline with ammo-
nia ; the vessel is then set aside for ten or twelve hours, for the precipitate
of earthy phosphates to settle: the elear fluid is then decanted through a
filter, the precipitate brought upon it and washed with ammoniacal water ; a
hole is then made in the filter and the precipitate washed through ; the paper
moistened with a little acetic acid, and washed into the vessel containing the
precipitate, which latter is dissolved in acetic acid, some sodic acetate added,
and the mixture diluted to about 50 c.c. and titrated as before described ; the
quantity of phosphoric acid so found is deducted from the total previously
estimated, and the remainder gives the quantity existing in combination with
alkalios.
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8. Estimation of the Sulphuric Acid.

Standard Barie Chlovide—A quantity of crystallized barie
chloride is to be powdered, and dried between folds of blotting-
paper. OFf this, 305 gm. are dissolved in distilled water, and the
liquid made up to a liter. 1 c.c.=001 gm. of S50%

Solution of Sodic Sulphate.—1 part to 10 of water.

The Analytical Process: 100 c.c. of the urine are poured into a beaker,
a little hydrochloric acid added, and the whole placed on a small sandbath,
to which heat is applied. When the solution boils, the baric chloride is
allowed to flow in very gradually as long as the precipitate is seen distinetly
to increase. The heat 15 removed, and the vessel allowed to stand still, so
that the precipitate may subside. Another drop or two is then added, and so
on, until the whole of the SO? is precipitated. Much time, however, is saved
by using Beale’s filter, represented in fig. 38. A little of the fluid is thus
filtered clear, poured into a test-tube, and tested with a drop from the burette;
this is afterwards returned to the beaker, and more of the test solution added,
iIf necessary. 'The operation is repeated until the precipitation iz complete.
In order to be sure that too much of the baryta solution has not been added,
a drop of the clear fluid is added to the solution of sodic sulphate placed in a
test-tube or upon a small mirror (see § 73.3). If no precipitate oceurs, more
baryta must be added; if a slight cloudiness takes place, the analysis is
finished ; but if much precipitate is produced, too large a quantity of the
test has been used, and the analysis must be repeated.

For instance, suppose that 185 c.c. have been added, and there
is still a slight cloudiness produced which no longer increases after
the addition of another } c.c., we know that between 181 and
19 c.c. of solution have been requived to precipitate the whole of
the sulphurie acid present, and that accordingly the 100 c.c. of
urine contain between 0:183 and 0°19 gm. of SO

Y. Estimation of Sugar.
Fehling's method is precisely the same as deseribed in § 71.

The Analytical Process: 10 c.c. of the clear urine are diluted by means
of a measuring flask to 200 c.c. with water, and a large burette filled with
_ the fluid; 10 c.c. of the copper solution (=005 gm. of sugar) are then
measured into a white porcelain calﬁula, 40 c.c. of distilled water added, the
vessel arranged over a spirit or gas lamp under the burette, and brought to
boiling ; the diluted urine is then delivered in cautiously from the burette
until the bluish colour has nearly disappeared. The addition of the urine
must then be continued more carefully, allowing the red precipitate to subside
after each addition by removing the heat, when by glentlj.r sloping the capsule,
the clear liguid allows the white sides of the capsule to be seen, so that the
faintest shade of blue would be at once perceptible. When the colour is all
removed, the burette is read off, and the quantity of sugar in the urine
calculated as follows :—
Suppose that 40 c.c. of the diluted urine have been required to reduce the
10 e.c. of copper solution, that quantity will have contained 005 gm. of
sugar; buf, the urine being diluted 20 times, the 40 c.c. represent only 2 c.c.
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Standard Solution of Ferroeyanide.—Made by dissolving 1:300
gm. of the pure salt in a liter of distilled water, 1 e.e. of the
solution precipitates 0:01 gm. of albumen. It must be freshly
prepared,

The Analytical Process: 50 c.c. of the clear filtered urine are mixed
with 50 c.c. of ordinary commercial acetic acid, and the fluid put into a
burette. Five or six small filters are then chosen, of close texture, and put
into as many funnels, then moistened with a few drops of acetic acid, and
filled up with boiling water ; by this means the subsequent clear filtration of
the mixture is considerably facilitated. 10 ¢.c. of the ferrocyanide solution
are then measured into a beaker, and 10 c.c. of the urinary fluid from the
burette added, well shaken, and poured upon filter No, 1. If the fluid which
passes through is bright and elear with yellowish colour, the ferrocyanide
will be in excess, and a drop of the urine added to it will produce a clondiness,
On the other hand, if not enough ferrocyanide has been added, the filirate
will be turbid, and through very slowly; in this case, frequently both
the ferrocyanide anmla uring will produce a turbidity when added. In
testing the filtrate for excess of ferrocyanide, care must be taken not to add
too much of the urine, lest the precipitate of hydroferrocyanide of albumen
should dissolve in the excess of albumen.

According to the results obtained from the first filter, a second frial is made,
increasing the quantity of urine or ferrocyanide half or as much again, and
=0 on until it is found that the solution first shown to be in excess is reversed,
A trial of the mean between this quantity and the previous one will bring
the estimation closer, so that a final test may be decisive,

Erample: 50 c.c. of urine passed by a patient suffering from Bright’s
disease were mixed with the like guantity of acetic acid, and tested as
follows :—

In filtrate
= Urine, Ferrocyanide, Urine Ferrocyanido
gave

1. 10 e.p. 10 e.c. 0 prec.
2. 10 20 ,, prec. 0
8 IO 15 5 0 prec.
o 100 176 ,, 0 faint prec,
6. 10 . 18 0 0

Therefore, the 10 c.c. of diluted urine (=3 ec.c. of the original
secretion) contained 0°18 gm, albumen, or 36 parts per 1000,

13. Estimation of Soda and Potash.

50 c.c. of urine are mixed with the same quantity of baryta solution,
allowed to stand a short time, and filtered; then 80 c.c. (=40 o.c. urine)
measured into a platinum dish, and evaporated to dryness in the water bath ;
the residue is then ignited to destroy all organic matter, and when cold
dissolved in a small quantity of hot water, ammonic carbonate added so lon
as a precipitate oceurs, filtered through a small filter, the precipitate washed,
the filtrate acidified with h{ldmﬂhlnrie acid and evaporated to dryness, then
cautiously heated to expel all ammoniacal salts, The residue is then treated
with a little water and a few drops each of ammonia and ammonic carbonate,
filtered, the filter thoroughly washed, the filtrate and washings received into a
tared platinum dish, then evaporated to dryness, ignited, cooled, and weighed,

By this means the total amount of mixed sodic and potassic
chlorides is obtained. The proporfion of each is found by titrating
for the chlorine as in § 38, and calculating as directed on p. 111.
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destroyed ; the residue is then suffered to cool, moistened with
solution of carbonate of ammonia (to re-carbonate any lime), then
dried in the air-bath at about 150° C., or 300° Fahr. The loss
indicates the amount of organic matter in the perfectly dry soil,
which is then calculated for 100 parts of air-dried soil.

(3) Carbonic Acid.—50 grn. of the air-dried soil are introduced
into the apparatus, fiz. 20, and the carbonie acid estimated as in
8 2T,

(4) Chlorine.—250 grm. of the air-dried soil are burnt in a
platinum erucible, then cooled and moistened with a solution of
potassic nitrate, again heated gently to dryness, then ignited again.
The cold residue is then lixiviated with boiling water, filtered, the
filtrate neutralized with acetic acid, and a measured portion of it
titrated with ;% silver and chromate, as in § 38.

(8)  Ozide of Iron.—The insoluble residue of 4 (=250 grn. soil)
iz heated in the water bath with pure hydrochloric acid to extract
all soluble matter, the solution filtered off, the residue washed with
boiling water on a filter (residue preserved for future examination),
and the filtrate and washings collected and diluted to 500 dm.
200 dm. (=100 grn. soil) are then taken, heated with a little nitric
acid to peroxidize all the iron, and ammonia added in excess, so as
to precipitate all oxide of iron and alumina. If the latter be
required to be estimated, the precipitate must be collected on a
filter, well washed, putting the filtrate and washings aside, then
dried, ignited, and weighed. The residue, consisting of oxide of iron
and alumina, with whatever traces of phosphoric acid there may be,
is redissolved in a little hydrochloric acid, the solution treated with
zine or stannous chloride, diluted considerably, and titrated with %
bichromate (§ 34) for ferric oxide. The quantity so found deducted
from the total weight of the precipitate gives the alumina and
phosphoric acid.  Should the estimation of alumina not be required,
the precipitate need not be ignited, but simply redissolved with
hydrochloric acid on the filter and titrated at once for iron. Should
any portion of the iron in the original soil exist as protoxide, a
weighed quantity, say 100 grn., of the fresh, sifted, and non-ignited
soil, is exhausted with pure hydrochloric acid, the solution filtered
and titrated direct with bichromate.

(6) Lime.—The filtrate and washings from 5 (=100 grn. soil)
are mixed with ammonic oxalate in excess, the solution set aside
in a warm place for an hour or so, the precipitate then collected on
a filter, well washed, dried, and, together with the filter, ignited.
The mixture of carbonate and caustic lime thus obtained is dissolved
in an excess of normal nitric acid, and titrated as in § 17.

(7) Magnesia.—The filtrate and washings from 6 (=100 grn.
soil), which, if bulky, must be evaporated somewhat in the water
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(12) Nitrogen.—~100 grains of the soil are dried at 150° C.,,
and when cold mixed with soda lime in a combustion tube, and
ignited as usual. The ammonia evolved may be received into
normal sulphuric acid, and the mixture afterwards titrated with
normal alkali in the usual manner ; or dilute hydrochlorie acid may
be used in the bulb apparatug, the fluid evaporated to dryness on
the water bath, then heated in the air-bath to 120° C, and the
residual ammonie chloride titrated as in § 38,

(13) Residue insoluble in Hydrochloric Aecid.—The insoluble
matter which has already been collected, as in 5 (=250 gm. soil),
and consisting mainly of insoluble silicate of alumina and sand, 1s
transferred to a platinum or porcelain dish, or large crucible, dried,
and mixed with sulphuric acid of about 1'6 sp. gr. in excess. The
mixture is left to digest somewhat, then heated slowly under a
hood, to drive off all the free acid; the residue is then cooled,
lixiviated with water, filtered, and the filtrate precipitated with
ammonia. The precipitate may be washed, dried, ignited, and
weighed as “ Alumina insoluble in hydrochloric acid.” The
insoluble residue will consist of pure quartz sand.

ANALYSIS OF MANURES.
1. Guano.

§82. (1) Moisture.~100 grn., weighed in a platinum or
porcelain crucible, are dried in the water bath till the weight is
constant ; the loss gives the per-centage of moisture. It must,
however, be borne in mind that in drying guano very often a loss
of ammonia takes place ; this can only be avoided by drying the
sample in a current of warm air by means of an aspirator, and
passing the air so flowing over the surface of the guano through
normal acid in a bulb tube. :

(2) Total Fived Constituents.—Residue of 1 (=100 gm. of
guano) is ignited at a low red heat till all organic matter is
destroyed, and the residue is of a white or greyish colour; the
weight so found gives the per-centage of fixed constituents, which
will act as a control over the subsequent analysis.

(3) Sand, Clay, or other Insoluble Matter—Residue of 2 is
boiled with dilute hydrochloric acid (which should not cause any
amount of effervescence) till all soluble matter is extracted j the
regidue brought on a filter, washed, dried, ignited, and weighed,
gives the per-centage of insoluble matter. The filtrate and washings
containing all the soluble matters are diluted up to a definite
measure, say 500 dm,
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(4) Phosphoric Acid as Insoluble Phosphates*—200 dm. of
the solution prepared as in 3 (=40 grn. of guano) are precipitated
with ammonia in excess, the precipitate of phosphate of lime and
magnesia redissolved in acetic acid, and the solution divided in
half, one portion being titrated with uranium for total phosphoric
acid, as in § 60, the remainder set aside for

(5) Lime.—~To half of the acetic acid solution prepared as in 4,
sufficient ammonic oxalate is added to precipitate all the lime:
after standing an hour or so, the supernatant liquid is filtered off,
and the precipitate washed (veserving the filtrate and washings),
then dissolved and titrated as in § 48.

(6) Magnesia.—The filtrate and washings from 5 are rendered
alkaline with ammonia, set aside for twelve hours, the precipitate
of double phosphate of magnesia and ammonia collected, dissolved,
and titrated as in § 69,

(7) Alkalies,—The filtrate and washings from 6 are mixed with
sufficient baryta water to remove all the phosphoric and sulphuric
acids ; the precipitate removed by filtration ; the filtrate evaporated
to a small bulk, and treated with ammonie hydrate and carbonate
to remove excess of baryta; the filtrate and washings from this
precipitate acidified with hydrochloric acid, evaporated to dryness,
ignited, then redissolved in a small quantity of water, a few drops
each of ammonia and ammonic carbonate added, filtered into a
weighed platinum or porcelain crucible, the small filter thoroughly
washed, and the filtrate and washings evaporated to dryness, ignited,
and weighed as chlorides.

For the estimation of potash and soda contained in the mixture
see § 38, which also contains rather more minute directions for the
careful separation of the alkaline salts by the above method.

(8) Ammonia.—10 grn. of the guano, or more, if it be poor
in ammonia, are boiled with caustic magnesia in the distilling
apparatus (fig. 19), and the estimation of ammonia conducted as
described in § 18. This gives the ready formed ammonia only.

(9) Nitrogen and Ammonia.—From 5 to 10 grn. of the guano,
according to its quality, are moistened with strong solution of
oxalie acid (to fix ammonia), then dried on the water bath, mixed
with soda lime, and a combustion made in the usual way.

* The nmount of phosphorie neid existing as alkaline phosphates in o saluble form
may be estimated separately in 1 gm. of gnano simply usted with water, and
titrated with nwranium. Gilbert has pointed out (Z, a. C. xii. 1) that in some kinds
of roek guano there exist nodules of bicaleic phosphate ; when sneh guano i8 fgnited
the phosphoric acid becomes converted into pyro-phosphorie acid, which would not he
determined by the usual methods of annlysis, en this is the case it is necessary to
chiorats, Do dstolve the rasidus |5 THE Beld derlbeuliss Wi sado. ong Of potassie
ch , then dissolve the residue in nitric neid, nen ze with soda, add i
anil sodic acetate, nnd tikrate with nraninm ag usual, : apec L
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conveniently) have a lining of canvas between two layers of caout-
choue, as it will be exposed to considerable pressure. In its course
it passes through the.double screw steel pinch-cock r, the lower bar
of which is fixed to the side of the clamp p. It is essential that
the screws of the pinch-cock should have smooth collars like that
shown in fig. 45 A, and that the upper surface of the upper bar
of the pinch-cock should be quite flat, the surfaces between which
the tube is passed being cylindrical.

Frankland has introduced a form of joint by which the steel
caps and clamp are dispensed with. The capillary tube at the
upper end of a@ ¢ d is expanded into a small cup or funmel, and
the capillary tube of the laboratory vessel bent fwice at right
angles, the end being drawn out in a conical form to fit into the
neck of the above-named cup. The opposed surfaces are fitted
by grinding or by covering the conical end of the laboratory
vessel with thin sheet caoufchoue.” The joint is kept tight by
an elastiec band attached at one end to the stand, and at the other
to a hook on the horizontal tube of the laboratory wessel, and
the cup is filled with mercury.

In the base A is fixed a stout iron rod, 14 meter long, with a

D
i

Fig. 46. Fig. 47.

short horizontal arm at its upper end, containing two grooved
pulleys. The reservoir ¢ is suspended by a cord passing over these
pulleys, and attached to an eye « in the iron rod, the length of the
cord being such that, when at full stretch, the bottom of the
reservoir is level with the bottom of the clamp p. A loop is made
on the cord, which can be secured by a hook v on the rod, so that
when thus suspended, the bottom of £ is about 100 m.m. above the
stop-cock £ A stout elastic band fitted round # at its largest
diameter acts usefully as a fender to protect it from an accidental
blow against the iron rod. A thermometer e, suspended by a wire
hook from the edge of the eylinder u n, gives the temperatureé of
the contained water, the uniformity of which may be insured
"(though it is scarcely necessary) by passing a slow succession of
bubbles of air through it, or by moving up and down in it a wire
with its end bent into the form of a ring. The jar % is called the
laboratory vessel, and is 100 m.m. high, and 38 m.m. in internal
diameter, having a capillary tube, glass stop-cock, and steel cap g* &
exactly like £ g. The mercury trough I is shown in figs. 46 and
47, It is of solid mahogany, 265 m.m. long, 80 m.m. broad, and
90 m.m. deep, outside measurement, The rim a ¢ a a is 8 m.m.
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TABLE 5.

Loss of Nitrogen by Evaporation of NH4,
With Sulphurous Acid,

Parts per 100,000.
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TABLE 6.
Loss of Nitrogen by Evaporation of NH3,
With Hydric Metaphosphate.
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up to the stop-cock with mereury, (If the nitrometer
of Lunge [fig. 37] is used in place of Crum’s tube, the
use of the laboratory tube and gas apparatus is avoided.)
The tube is 210 m.m. in total length, and 15 m.m. in
internal diameter. By pouring the liquid into the cup at
the top, and then cautiously opening the stop-cock, it may
be run into the tube without admitting any air. The beaker
18 rinsed once with a very little hot distilled water, and
then two or three times with strong sulphuric acid (0. «),
the volume of acid being to that of the aqueous solution
about as 3:2. The total volume of acid and water should
be about 6 c.c. Should any air by chance be admitted at
this stage, it may readily be removed by suction, the lips
being applied to the cup. With care there is but little
danger of getting acid into the mouth.

In a few cases carbonic anhydride is given off on
addition of sulphuric acid, and must be sucked out before
proceeding.

Now grasp the tube firmly in the hand, closing the open

, end by the thumb, which should be first moistened ;

withdraw it from the trough, incline it at an angle of about
45°, the cup pointing from you, and shake it briskly with a rapid
motion in the direction of its length, so as to throw the mercury
up towards the stop-cock. After a very little practice thers is no
danger of the acid finding its way down to the thumb, the mixture
of acid and mercury being confined to a comparatively small portion
of the tube. In a few seconds some of the mercury becomes very
finely divided ; and if nifrates be present, in about a minute or less
nitric oxide is evolved, exerting a strong pressure on the thumb.
Mercury is allowed to escape as the reaction proceeds, by partially,
but not wholly, relaxing the pressure of the thumb. A slight
excess of pressure should be maintained within the tube to prevent
entrance of air during the agitation, which must be continued
until no more gas is evolved.

When the quantity of nitrate is very large, the mercury; on
shaking, breaks up into irregular masses, which adhere to one
another as if alloyed with lead or tin, and the whole forms a stiff
dark-coloured paste, which it is sometimes very difficult to shake,
but nitric oxide is not evolved for a considerable time, then comes
off slowly, and afterwards with very great rapidity. To have room
for the gas evolved, the operator should endeavour to shake the
tube so as to employ as little as possible of the contained mercury
in the reaction. At the close of the operation the finely-divided
mercury will consist for the most part of minute spheres, the alloyed
appearance heing entirely gone. An experiment with a Iayge
quantity of nitrate may often be saved from loss by firmly resisting

~ the escape of mercury, shaking until it is judged by the appearance

in fig. 49, standing in the porcelain mereury trough, filled
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7. Esf.!.ma.tinn of Nitrogen as Nitrates and Nitrites in Waters
containing a wvery large guantity of Soluble Matter, with
but little Ammonia or Organic Nitrogen.

~ When the quantity of soluble matter is excessive, as, for example,
1 sea-water, the preceding method is inapplicable, as the solution
to be employed cannot be reduced to a sufficiently small bulk to go
into the shaking tube. If the quantity of organic nitrogen be less
than 01 part in 100,000, the nitrogen as nitrates and nitrites may
generally be determined by the following modification of Schulze’s
method, devised by E. T. Chapman. To 200 c.c. of the water
add 10 c.c. of sodic hydrate solution (€. g), and boil briskly in an
open porcelain dish until it is reduced to about 70 c.c. When
cold pour the residue into a-tall glass cylinder of about 120 e.c.
capacity, and rinse the dish with water free from ammonia. Add a
piece of alumininm foil of about 15 sq. centim. area, loading it with
a piece of clean glass rod to keep it from floating. Close the mouth
of the eylinder with a cork, bearing a small tube filled with pumice
(€. Z) moistened with hydrie ehloride free from ammonia (c. 7).

Hydrogen will speedily be given off from the surface of the
aluminium, and in five or six hours the whole of the nitrogen as
nitrates and nitrites will be converted into ammonia. Transfer to
a small retort the contents of the cylinder, together with the
pumice, washing the whole apparatus with a little water free from
ammonia. Distil, and estimate ammonia in the usual way with
Nessler solution. It appears impossible wholly to exclude
ammonia from the re-agents and apparatus, and therefore some
blank experiments should be made to ascertain the correction to be
applied for this. This correction is very small, and appears to be
nearly constant.

8. Estimation of Witrogen as Nitrates and Nitrites by the Indigo
Process.

This method has been fully deseribed in § 67.7.

0. Estimation of Nitrates as Ammonia by the Copper-zinge Couple.

It is well known that when zine is immersed in copper sulphate
solution it becomes covered with a spongy deposit of precipitated
copper. If the solution of copper sulphate be sufficiently dilute,
this deposit of copper is black in colour, and firmly adherent to the
zine, It is, however, not so generally known that the zine upon
which copper has thus been deposited possesses the power of de-
composing pure distilled water at the ordinary<temperature, and
that it is capable of eflecting many other decompositions which zinc
alone cannot. Among these is the decomposition of nitrates, and
the transformation of the nitric acid into ammonia. Gladstone
and Tribe have shown that the action of the * copper-zine
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this, the water may have carbonic acid passed through it for a few
minutes before it is poured upon the couple. In the case of calea-
reous waters, the same hastening effect may be obtained, and the
lime may at the same time be removed by adding a very little pure
oxalic acid to the water before digesting it upon the couple.
Williams has shown that nitrous acid always remained in the
solution until the reaction was finished. By testing for nitrous
acid the completeness of the reaction may be ascertained with
certainty, and perhaps the most delicate test that can be
applied for this purpose is that of Griess, in which metapheny-
lene-diamine is the re-agent employed. When a solution of this
substance is added to a portion of the fluid, and acidified with
sulphuric acid, a yellow colouration is produced in about half an
Lour if the least trace of a nitrite be present. The reaction easily
detects one part of nitrous acid in ten millions of water. When
no nitrous acid is found, the water is poured off the couple into a
stoppered bottle, and, if turbid, allowed to subside. A portion of
the clear fluid, more or less according to the concentration of the
nitrates in the water, is put into a Neszsler glass, diluted if neces-
sary, and titrated with Nessler’s re-agent in the ordinary way.

This process may be used for the majority of ordinary waters—
for those that are coloured, and those that contain magnesium or
other substances sufficient to interfere with the Nessler re-agent,
a portion of the fluid poured off the couple should be put info a
small retort, and distilled with a little pure lime or sodic carbonate,
and the titration of the ammonia performed upon the distillates.

About one square decimeter of zine should be used for every
200 c.c. of a water containing five parts or less of nitric acid in
100,000. A larger proportion should be used with waters richer
in nitrates. The couple, after washing, may be used for two or
three waters more. When either carbonic or oxalic or any other
acid has been added to the water, a larger proportion of Nessler
re-agent should be employed in titrating it than if is usual to add.
3 c.c. to 100 of the water are sufficient in almost all cases.

Blunt (dnalyst, vi. p. 202) points out that the above process
may be used without distillation, and with accuracy, in the case of
any water, by adding oxalic acid to a double quantity of the
sample, dividing, and using one portion (clarified completely by
subsidence in a closely stoppered bottle), as a comparison liquid for
testing against the other, which has been treated with the copper-zine
couple. Where dilution is used it must be done in both portions
equally. This plan possesses the advantages that an equal turbidity is
produced by Nessler in both portions, and any traces of ammonia
contained in the oxalie acid will have the errror due to it corrected,

In caleulating the amount of nitric acid contained in a water
from the amount of ammonia obtained in this process, deductions
must of course be made for any ammonia pre-existing in the water,
as well as for that derived from any nitrous aeid present,
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twelve hours when one part in a hundred millions ; and in forty-
eight hours when one in a thousand millions,

Ekin used acetic acid for acidifying the water to be tested, and
blank experiments with pure water were simultaneously carried on.
Sulpl_mric or hydrochloric acid will, no doubt, give a sharper
reaction, but both these acids are more liable to contain impurities
affecting the reaction than is the case with pure acetic acid. Owing
to the instability of alkaline iodides, this method of testing can
hardly be considered so satisfactory as the methods of Griess.

13. Estimation of Suspended Matter.

Filters of Swedish paper, about 110 m.m, in diameter, are
packed one inside another, about 15 or 20 together, so that water
will pass through the whole group, moistened with dilute hydro-
chloric acid, washed with hot distilled water until the washings
cease to contain chlorine, and dried. The ash of the paper is thus
reduced by about 60 per cent., and must be determined for each
parcel of filter paper by incinerating 10 filters, and weighing the
ash. For use in estimating suspended matter, these washed filters
must be dried for several hours at 120-130° C., and each one then
weighed at intervals of an hour until the weight ceases to diminish,
or ab least until the loss of weight between two consecutive weigh-
ings does not exceed 00003 gm. It is most convenient to enclose
the filter during weighing in two short tubes fitting closely one
into the other. The closed ends of test tubes, 50 m.m. long, cut
off by leading a erack round with the aid of a pastille or very
small gas jet, the sharp edges being afterwards fused at the blow-
pipe, answer perfectly. Each pair of tubes should have a distine-
tive number, which is marked with a diamond on both tubes. In
the air-bath they should rest in grooves formed hy a folded sheet
of paper, the tubes heing drawn apart, and the filter almost, but
not quite, out of the smaller tube. They can then be shub up
whilst hot by gently pushing the tubes together, being guided by
the grooved paper. They require to remain about twenty minutes
in a desiceator to cool before weighing. Filtration will be much
accelerated if the filters be ribbed before drying. As a general
rule, it will he sufficient to filter a quarter of a liter of a sewage,
half a liter of a highly polluted river, and a liter of a less polluted
water ; but this must be frequently varied to suit individual cases.
Filtration is hastened, and trouble diminished, by putting the
liquid to be filtered into a narrow-necked flask, which is inverted
into the filter, being supported by a funnel-stand, the ring of which
has a slot cut through it to allow the neck of the flask to pass.
With practice the inversion may be accomplished without loss, and
without previously closing the mouth of theflask. Whenall has passed
through, the flask should be rinsed out with distilled water, and the
rinsings added to the filter. Thus any particles of solid matter left in
the flask are secured, and the liquid adhering to the suspended
matter and filter is displaced, The filtrate from the washings should
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Measure 50 c.c. of the water into a well-stoppered bottle of
about 250 c.c. capacity, shake briskly for a few seconds, and suck
the air from the bottle by means of a glass tube, in order to remove
any carbonic anhydride which may have been liberated from the
water. Add standard soap solution (. 8) from a burette, one c.c.
at a time at first, and smaller quantities towards the end of the
operation, shaking well after each addition, until a soft lather is
obtained, which, if the bottle is placed at rest on its side, remains
continuous over the whole surface for five minutes. The soap
should not be added in larger quantities at a time, even when the
volume required is approximately known.

When more than 16 c.e. of soap solution are required by 50 e.c.
of the water, a less quantity (as 25 or 10 c.c.) of the latter should
be taken, and made up to 50 ce. with recently boiled distilled
water, so that less than 16 e.c. of soap solution will suffice, and the
number expressing the hardness of the diluted water multiplied by
2 or 5, as the case may be.

When the water contains much magnesium, which may be known
by the lather having a peculiar curdy appearance, it should be
diluted, if necessary, with distilled water, until less than 7 c.c. are
required by 50 c.c.

The volume of standard soap solution required for 50 e.c. of
the water being known, the weight of calcic carbonate (Ca COY)
corresponding to this may be ascertained from the following
table® :—

* The table is calenlated from that originally constructed by Dr. Clark, which is
as follows ;—

Measuras of Differences for the
Degree of Hardness. Soap Solution. next 1° of hardness,
o (Distilled water)... 14 18
1 a:2 2:3
] 54 20
g i 20
4 96 210
a5 114G 240
1] 136 a0
7 1505 10
g8 175 L 149
H] 104 140
10 203 18
11 2371 18
12 240 18
13 26°7 18
14 o8 18
15 a0°3 17
1a 20 -

Ench “mensare ™ being 10 gm.-iﬁg, the 'p"'q:th!l.gmnfl of water employed 1000 grains, and each
“ Jopree " 1 grain of ealeie carbonate in o o1,

I{Et.hn old weights and mensures, geaing and gallons, ba {}refarre-é_l, this table may ba
nged, the process boing exactly as above described, but 1000 grains of water taken
instend of 50 ¢.c., and 151& gonp solution measured in 10-grain measures instead of cubic
centimeters. If thevolume of soap solution used be found exnctly in the second column
of the table, the harduess will, of course, be that shown on the sama line in the first
column. But if it be not, deduct from it the next lower number in the second gﬁlumni
when the corresponding degree of hardness in the first column will give the integra
part of the regult; divide gﬁe romainder by the difference on the same line in the third

column, and the quotient will give the fractional part. For example, if 1000 grains af
water require 16 * measures " of soap, the ealenlation will be as follows :—
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~ When water containing caleic and magnesic carbonates, ‘held
in solution by carbonic acid, is boiled, carbonic anhydride is
expelled, and the carbonates precipitated. The hardness due to
these is said to be femporary, whilst that due to sulphates,
chlorides, efc., and to the amount of carbonates soluble in pure
water (the last-named being abont three parts per 100,000) is
called permanent.

To estimate permanent havdness, a known quantity of the water
is boiled gently for half an hour in a flask, the mouth of which
is freely open. At the end of the boiling, the water should be
allowed to cool, and the original weight made up by adding
recently boiled distilled water.

Much trouble may be avoided by using flasks of about the same
weight, and taking so much water in each as will make up the
same uniform weight. Thus if all the flasks employed weigh
less than 50 gm. each, let each flask with its contents be made
to weigh 200 gm.

After boiling and making up to the original weight, filter the
water, and determine the hardness in the usual way. The hardness
thus found, deducted from that of the unboiled water, will give
the fempoiary hardness,

16. DMineral Constituents and DMetals.

The quantities of the following substances which may be present
in a sample of water are subject to such great variations, that no
definite directions can be given as to the volume of water to be
used. The analyst must judge in each case from a preliminary
experiment what will be a convenient quantity to take.

Sulphuric Acid.—Acidify a liter or less of the water with
hydrochlorie acid, concentrated on the water bath to about 100 e.c.,
and while still hot add a slight excess of baric chloride. [Filter,
wash, ignite, and weigh as baric sulphate, or estimate volumetrically,
as in § 73.

Sulpluretted Hydrogen.—Titrate with a standard solution of
iodine, as in § T4.3.

Plosphorie Aeid.—This substance is best determined in the
solid residue obtained by evaporation, by moistening 1t with nitric
acid, and again drying to render silica insoluble; the residue is
again treated with dilute nitric acid, filtered, molybdic solution
(p. 238) added, and set aside for twelve hours in a warm place ;
filter, dissolve the precipitate in ammonia, precipitate with magnesia
mixture, and weigh as magnesic pyrophosphate, or estimate volu-
metrically as in § 69.5q.

Silicic Acid.—Acidify a liter or more of the water with
hydrochloric acid, evaporate, and dry the residue thoroughly.
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add 45 of its bulk of saturated aqueous solution of sulphuretted
hydrogen. Compare the colour thus produced in the colorimeter
or a convenient cylinder, with that obtained with a known guantity
of a standard solution of a lead salt, in a manner similar to
that deseribed for the estimation of iron (§ 60.4). The lead
solution should contain 0:1831 gm. of normal erystallized plumbic
acetate in a liter of distilled water, and therefore each c.c.
containg 00001 gm. of metallic lead.

It is obvious that in the presence of copper or other heavy metals
the colour produced by the above method will all be aseribed to
lead ; it is preferable, therefore, to adopt the method of Harvey
(Analyst, vi, p. 146), in which the lead is precipitated as chromate.
The results, however, are not absolute as to quantity, except so
far as the eye may be able to measure the amount of precipitate.

The standard lead solution is the same as in the previons
method. The precipitating agent is pure potassic bichromate, in
fine erystals or powder.

250 c.c. or so of the water is placed in a Phillips’ jar with
a drop or two of acetic acid, and a few grains of the re-agent
added, and agitated by shaking. One part of lead in a million
parts of water will show a distinet turbidity in five minutes or
less. In six or eight hours the precipitate will have completely
settled, and the yellow clear liquid may be poured off without
disturbing the sediment, which may then be shaken up with a
little distilled water, and its quantity judged by comparison with
a similar experiment made with the standard lead solution,

ﬂ'ﬂjlg]ﬂl'.—E.Stinlﬂtﬂ by colour titration, as in § 54.9.

Arsenic.—Add to half a liter or more of the water enough
sodic hydrate, free from arsenic, to render it slightly alkaline,
evaporate to dryness, and extract with a little concentrated
hydrochloric acid. Introduce this solution into the generating
flask of a small Marsh’s apparatus, and pass_ the evolved
hydrogen, first through a U-tube filled with pumice, moistened
with plumbic acetate, and then through a piece of hard glass
tube about 150 m.m. in length, and 3 m.m. in diameter (made
by drawing out combustion tube). At about its middle, this
tube is heated to redness for a length of about 20 m.m. by the
flame of a small Bunsen burner, and here the arsenetted
hydrogen is decomposed, arsenic being deposited as a mirror on
the cold part of the tube. The mirror obtained after the gas has
passed slowly for an hour is compared with a series of standard
mirrors obtained in a similar way from known quantities of
arsenie, Care must be taken to ascertain in each experiment
that the hydrochloric acid, zine, and whole apparatus are free from
arsenie, by passing the hydrogen slowly through the heated tube
before introducing the solution to be tested.
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TABLE 8. Resulte of Analysie expressed
Numbar

of DESCRIFTION. REEMARKS,
Sompla,

Upland Surface Waters,

I. The Dee above Balmoral, March 9th, 1872 ... Clear ...
I1. Glasgow Water supply from Loch Katrine—average of | 0l

monthly analyses during five years, 1876—81 e

I1T. Liverpool Watersupply from Rivington Pike,June 4th,1869 | Clear

; very pale brown

IV. Manchester Water supply, May 9th, 1874 Turbid ...
V. Cardiff Water supply, Oct. 18th, 1872 .o | Clear
Burface Water from Cultivated Land.
VI Dundee Water supply, March 12th, 1872 woo | Turbid ; brownish yellow -
VII. Norwich Water supply, June 18th, 1872 i .os | Slightly turbid.., 5
Shallow Wells.
| VIII. Cirencester, Market Place, Nov. 4th, 1870 ... | Slightly turbid...
i IX. Marlborough, College Yard, Aug. 22nd, 1873 ... oo | Clear ..,
X Birmingham, Hurst Street, Sept. 18th, 1873 ... ... | Clear; strong saline taste
ver} turbid & offen-
XI. Sheffield, Well near, Sept. 27th, 1870 { sive. Ewarming}
with bacteria, &e
AL, London, Aldgate Pump, June 5th, 1872 v | UloAT ...
XIII. London, Wellclose Square, June 5th, 1872 ... ... | Slightly turbid; salmﬁtaata
XIV. Leigh, Hssex, Churchgggd Well, Nov. 28th, 1871 ... | Slightly turbid .. .
Deep Wells, |
XY. Birmingham, Short Healh Well, May 16th, 1873 oo | Clear ... o |
XVI. Caterham, Water Works Well, Feb, 14th, 1873 o L) |7 B
Ditto, Softened (Water Euppl_v} : =
XVII. L:)udun Albert Hall, May, 1872 e i s Shght-l_} turbid .. el
XVIIT, Gr:wﬂsand, Railway St.ati:m, Jan. 17th, 1873 ... voo | Clear 5
Springs.
XIX, Dartmouth Water supply, Jan. 8th, 1873 .+» | Turbid ...
XX, Grantham Water supply, July 11th, 1873 ... | Clear
London Water supply—average monthly analyses during 12 years, 1869—80.
XXI. From the Thames .
XXII. From the Lea
XXIII. From Deep Chalk Wells {Kcnt Ccrmpu.n}'} 6
XXIV. Ditto (Colne Valley Co.) softened—four years, 1877— 80| ...
XXV. | Ditto {Tott{:nhnm}—fuur years, 1877—80 .., L

XXVI. | Birmingham Water supply—average monthly anu.lr-!sea, 1875—1880.

Average Composition of Unpolluted Water.

XXVII. Rain Water 39 samples | ... v
XXVIIL. Upland Surface Water - 195 = " et
XXIX. Deep Well Water ... LOT
XXX. Spring Water 198 o
XXXL Sea Water 23
| Sewage.

XXXITI. Average from 15 * Midden *’ Towns, 37 analyses
XXXIIL | Average from 16 “ Water Closet ” Towns, 50 analyses ... | ... vas
XXXIV. Salford, Wooden Street Sewer, March lunt]!I 18659 i il

XXXYV. | 1I-[l::t'lJl_]rl Tydfil, average 10 a.m. to 5 pm., Oct, 20th, 13?1}
(after treatment with lime)

iKﬁ.X?I. | Ditto, EfMluent Water

|

T
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appears to obscure the significance of the results of analysis of very
pure waters to deduct from all the same fixed amount. As, too,
the average amount of total inorganic nitrogen in unpolluted surface
waters 1s only 0°011 part (XXVIIL), it cannot be desirable to
apply a correction amounting to nearly three times that average,
and so place a water which contains 0032 parb of total inorganic
nitrogen on the same level as one which contains no trace of any
previous pollution.

Chlovine,

This 1s usually present as sodic chloride, but oceasionally, as has
been mentioned before, it is most likely as a caleic salt. It is
derived, in some cases, from the soil, but more usually from animal
excreta (human urine contains about 500 parts per 100,000), and
15 therefore of considerable importance in forming a judgment as to
the character of a water. Unpolluted river and spring waters
usually contain less than one part; average town sewage about
eleven parts. Shallow well water may contain any quantity from
a mere trace up to fifty parts, or even more. Its amount is scarcely
affected by any degree of filtration through soil ; thus, the effluent
water from land irrigated with sewage contains the same proportion
of chlorine as the sewage, unless it has been diluted by subsoil
water or concentrated by evaporation. Of course, attention should
be given to the geological nature of the district from which the
water comes, the distance from the sea or other source of chlorine,
&c., in order to decide on the origin of the chlorine. Under ordinary
circumstances, a water containing more than three or four parts of
chlorine should be regarded with suspicion.

Hardness.

This is chiefly of importance as regards the use of the water for
cleansing and manufacturing purposes, and for steam boilers. It is
still & moot point as to whether hard or soft water is better as an
article of food. The temporary hardness is often said to be that
due to carbonates held in solution by carbonic acid, but this is not
quite correct; for even after prolonged boiling, water will still
retain about three parts of carbonate in solution, and therefore when
the total hardness exceeds three parts, that amount should be
deducted from the permanent hardness and added to the temporary,
in order to get the quantity of carbonate in solution. But the
term “temporary” hardness properly applies to the amount of
hardness which may be removed by boiling, and hence, if the total
hardness be less than three parts, there is usually no temporary.
As the hardness depends chiefly on the nature of the soil through
and over which the water passes, the variations in it are very great ;
that from igneous strata has least hardness, followed in approximate
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domestic supply to isolated houses or of existing town supplies.
Water which would be fairly well snited for the former might be
very objectionable for the latter, where it would be required to a
certaln extent for manufacturing purposes. Water which would
be dangerous for drinking or cooking may be used for certain kinds
of cleansing operations ; but it must not be forgotten, that unless
great care and watchfulness are exercised there is considerable
danger of this restriction being neglected, and especially if the
objectionable water is nearer at hand than the purer supply. There
would for this reason, probably, be some danger attending a double
supply on a large scale in a town, even if the cost of a double
service of mains, &e., were not prohibitive.

It is often required to decide between several proposed sources of
supply, and here great care is necessary, especially if the differences
between the samples are not great. If possible, samples should be
examined at varions seasons of the year; and care should be taken
that the samples of the several waters are collected as nearly as
possible simultaneously and in a normal condition. The general
character of a water is most satisfactorily shown by the average of
a systematic series of analyses; and for this reason the average
analysis of the water supplies of London, taken from the Reports
of Dr. Frankland to the Registrar General, of Glasgow by
Dr. Mills, and of Birmingham by Dr. Hill, are included in the
table. River waters should, as a rule, not be examined immediately
after a heavy rain when they are in flood. A sudden rainfall after
a dry season will often foul a river more than a much heavier and
more prolonged downfall after average weather. Similarly the sewage
discharged from a town at the beginning of a heavy rainstorm is
usnally extremely foul, the solid matter which has been aceumulating
on the sides of the sewers and in corners and recesses, being rapidly
washed out by the increased stream.

The possibility of émprovement in quality must also be considered.
A turbid water may generally be rendered clear by filtration, and
this will often also effect some slight reduction in the quantity of
organic matter ; but while somewhat rapid filtration through sand
or similar material will usually remove all solid suspended matter, it
is generally necessary to pass the water very slowly through a more
efficient material to destroy any large proportion of the organic
matter in solution. Very fine sand, animal charcoal, and spongy
iron arve all in use for this purpose. The quantity of available
oxygen must not be neglected in considering the question of filtra-
tion. If the water contains only a small quantity of organic
matter and is well aérated, the quantity of oxygen in solution may
he sufficient, and the filtration may then be continuous; but in
many instances this is not the case, and it is then necessary that
the filtration should be intermittent, the water being allowed at
intervals to drain off from the filtering material in order that the
latter may be well aérated, after which it is again fit for work,







384 HANDBOOK OF § 85.

its hardness to calcic or magnesic sulphate (permanent hardness)
cannot be thus softened ; but any water which softens on boiling
for half an hour will be softened to an equal extent by Clark’s
process. The hard water derived from chalk, limestone, or oolite
districts, is generally well adapted for this operation.

To soften 700 gallons of water, about one ounce of quicklime is
required for each part of temporary hardness in 100,000 parts of
water. The quantity of quicklime required is thoroughly slaked
in a pailful of water. Stir up the milk of lime thus obtained, and
pour it inmediately into the cistern containing at least 50 gallons
of the water to be softened, taking .care to leave in the pail any
heavy sediment that may have settled to the bottom in the few
seconds that intervened between the stirring and pouring, Fill
the pail again with water, and stiv and pour as before. The
remainder of the 700 gallons of water must then be added, or
allowed to run into the cistern from the supply pipe. If the
rush of the water does not thoronghly mix the contents of the
cistern, this must be accomplished by stirring with a suitable
wooden paddle. The water will now appear very milky, owing to
the precipitation of the chalk which it previously contained in
golution, together with an equal quantity of chalk which is formed
from the quicklime added.

After standing for three hours the water will be sufficiently clear
to use for washing ; but to render it clear enough for drinking, at
least twelve hours’ settlement is required. This process not only
softens water, but it removes to a great extent objectionable organic
matter present.

The proportion of lime to water may be more accurately adjusted
during the running in of the hard water, by taking a little water
from the cistern at intervals in a small white cup, and adding to it
a drop or two of solution of nitrate of silver, which will produce a
yellow or brownish colouration as long as there is lime present in
excess. As soon as this becomes very faint, and just about to
disappear, the flow of water must be stopped. The carbonate may
be removed by filtration in a very short time after the addition of
lime, and on the large scale this may be done with great rapidity
by means of a filter press, as in Porter’s process. This latter
method of rapidly softening and purifying water is the invention
of J. Henderson Porter, C.E, 1 Tudor Streety Blackfriars,
London, whose apparatus is largely coming into use for public
water supplies, and for softening waters used in manufacturing
processes, and the prevention of boiler incrustations, &e. The
chief objections to the original Clark process are, the large space
required for mixing and settling tanks, and the time required for
subsidence of the precipitate. On the contrary, in Porter’s pro-
cess, the space occupied is small, and the clarification immediate.
The results are admirable, and are achieved at a very moderate
cost.
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Other methods of estimating the organie constituents in Drinking
Waters—The best of these are the processes of Dittmar and
Robinson, and of Dupré and Hake; but as the results are
mainly obtained by the balance, and not by volumetric means,
the reader is veferred to the original papers confributed to the
Journal of the Chemical Society.

PREPARATION OF THE RE-AGENTS FOR THE SANITARY
ANALYSIS OF WATERS WITHOUT GAS APPARATUS.

The Water Committee of the Society of Public Analysts of
(Great DBritain and Treland have drawn up some very concise
directions for the practice of water analysis for sanitary purposes,
based upon well-known processes, the essential parts of which
are given below. There are some slight modifications, such as the
use of the decem or 10-grain measure instead of the grain, &c.
The insertion here of these directions in full, or nearly so, neees-
sarily repeats some processes which have been already described in
§ § 83 and 54, but 1t avoids crossreferences and at the same time
gives some slight practical modifieations which, to some operators,
may seem desirable. The Committee recommend the results to be
recorded in grains per imperial gallon; but whatever system of
weights and measures the individual analyst may use, a slight calcu-
lation will enable him to state the results in any required way.

Re-agents for the Estimation of Chlorine.

Standard Solution of Silver Nitrate—Dissolve 47887 parts of
pure reerystallized silver nitrate in distilled water, and make the
solution up to 1000 parts. The solution is to be standardized
against the standard solution of sodic chloride, and adjusted if
necessary. 1 e.c. = 0:001 gm. of chlorine, or 1 dm. = 001 grn,
of chlorine.

Standard Solution of Sodie Chloride—Dissolve 1:648 part of
pure dry sodic chloride in distilled water, and make the solution
up to 1000 parts. 1 c.c. eontains 0°001 gm. chlorine, or 1 dm. =
0:01 grn. of chlorine.

Potassic Monoclhromate—50 parts of putassic monochromate
are dissolved in 1000 parts of distilled water. A solution of
silver nitrate is added, until a permanent red precipitate is
produced, which is allowed to settle, This removes any accidental
chlorine in the salt.

Re-agent for the Estimation of Phosphoric Acid.
Molybdie Solution—One part pure molybdic acid is dissolved
in 4 parts of ammonia, sp, gr. 0960. This solution, after
filtration, is poured with constant stirving into 15 parts of
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Remove the bottle from the water bath, rinse it outside with good
water perfectly free from odour, and shake it rapidly for a few
seconds ; remove the stopper, and immediately ohserve if the water
has any smell. Insert the stopper again, and repeat this test.

When the water has a distinct odour of any known or recognized
polluting matter, such as peat or sewage, it should be so described ;
when this is not the case, the smell must be reported simply as
none, very slight, slight, or marked, as the case may be.

Chlorine.—Titrate at least 100 c.c. or dm. of the water with
the standard silver mitrate solution, either in a white porcelain
basin or in a glass vessel standing on a porcelain slab, using potassie
chromate as an indicator, The tifration is conducted as follows :—
The sample of water is measured into the basin or beaker, and 1 c.c.
or 1 dm. of potassic chromate solution added. The standard silver
nitrate solution is then run in cautiously from a burette, until the
red colour of the precipitated silver chromate, which is always
observed at the point where the silver solution drops in, is no
longer entirely discharged on stirring. The burette is then read off.
It is best to repeat the experiment, as follows :—Add a few drops
of dilute sodic chloride solution te the water last titrated, which
will discharge the red colour. Measure out a fresh portion of
the water to be titrated into another basin, and repeat the titration,
keeping the first sample, the colour of which has been discharged,
gide by side with the second, so as to observe the first
permanent indication of difference of colour. If the quantity of
chlorine be so small that still greater accuracy is necessary, the
titration may be conducted in the same way as last described,
but instead of the operator looking directly at the water
containing the chromate solution, he may place between the
basin containing the water and his eye, a flat glass cell containing
some water tinted with the chromate solution to the same tint as
the water which is being tested, or may look through a glass coated
with a gelatine film coloured with the same salt (see § 40). Care
must always be taken that the water is as nearly neutral as possible
before titration. If originally acid, it should be neutralized with
precipitated carbonate of lime. If the proportion of chlorine be
less than 05 grain per gallon, it is desirable to take a larger
quantity of the water, say 250 c.e. or 350 dm,, for the estimation,
and to concentrate this quantity on the water bath before titrating
it, so as to bring it to about 100 e.c. or 150 dm. This titration may
be performed by gas-light.

Phosphorie Acid.—The ignited total residue, obtained as hereafter
directed, is to be treated with a few drops of nitric acid, and the
silica rendered insoluble by evaporation to dryness. The residue
is then taken up with a few drops of dilute nitric acid, some water
is added, and the solution is filtered through a filter previously
washed with dilute nitric acid. The filtrate, which should measure
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under examination, for the distillation of the albumineid ammonia.
The volume of the alkaline permanganate solution to be taken
must be at least one-tenth of that of the water which is being
distilled ; and should not exceed that proportion unless the water
is of very bad quality, and the solution must be made in accordance
with the directions contained in these instructions. This solution
must be diluted with four times its own volume of water, and
must be placed in a flask and boiled during the whole time
that the distillation of the sample for free ammonia is being
carried on, care being taken that the concentration does not proceed
to too great an extent. There must be enough of this boiled and
diluted alkaline permanganate solution to make up the residue in
the retort to about 500 c.c. or 700 dm. When the distillation
of the sample of water for free and saline ammonia is completed,
the alkaline permanganate solution, which has been thus diluted
and boiled, will be ready for use, and the distillation for albumineid
ammonia may be proceeded with, as follows :—

To the vesidue left in the retort from which the free ammonia
has been distilled, add the alkaline permanganate solution to make
it up again to a volume of at least 500 ec.c., or say 700 dm., and
the lamp being replaced, the distillation must be continued, and
successive portions of the distillate again collected in precisely the
same way as during the process of distillation for free ammonia.

After 200 c.e. or 300 dm., say two-fifths of the volume contained
in the retort, have been distilled over, the receiver should be
changed, and further portions of 50 c.c. or 70 dm,, collected
separately, until the distillate is practically free from ammonia.
The distillates must then be mixed, and nesslerized in the same -
way as previously directed for free ammonia. The result so
obtained must be calculated to ammonia in grams per liter or
grains per gallon, and returned as albwminoid ammonia.

Special care must be taken that the atmosphere of the room

in which these distillations are performed is kept free from'

ammoniacal vapours, and that the receivers fit close, but nof
air-tight, to the end of the Liebig's condenser. It is also
specially necessary to observe that the colour of the distillate
deepens gradually after the addition of the Nessler re-agent,
and that it is not possible to read off the amount of colour
correctly until the nesslerized liquor has stood for at least three
minutes, and been intimately mixed with the Nessler solution.

Special care must be taken that the retort, condensers, receivers,
funnels, Nessler glasses, &c.,, used are all rendered perfectly
free from ammonia before use. Where the water in use in the
laboratory is good, this may be used to thoroughly rinse the
apparatus two or three times, draining out the adhering water ;
otherwise pure distilled water must be used. These ammonia and
albuminoid ammonia determinations should be made as soon as
possible after the water has been received for analysis,
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through which a piece of the moderately thin platinum wire, reaching
about two-thirds across the tube, is passed. The fine blowpipe flame
1s now brought to play on the wire at the point where it enters the
tube ; the glass rapidly fuses round the wire, making a perfectly
gas-tight joint. If it shounld be observed that the tube
has any tendency to collapse during the heating, it will
be necessary to blow gently into the open end of the tube.
This may be conveniently done by means of a long piece
of caoutchouc conmector, attached to the eudiometer,
which enables the operator to watch the effect of the
blowing more easily than if the mouth were applied
direetly to the tube. When a perfect fusion of the glass
round the wire has heen effected, the point on the opposite
side is cut off, and a second wire sealed in in the same
manner (fiz. 54). The end of the tube must be allowed
to cool very slowly; if proper attention is not paid to
this, fracture is very liable to ensue. When perfectly
cold, a piece of wood with a rounded end is passed
up the cudiometer, and the two wires carefully pressed
against the end of the tube, so as to lie in contact with
the glass, with a space of 1 or 2 m.m. between their
points (fig. 65). It is for this purpose that the wires,
when sealed in, are made to reach so far across the tube.
The ends of the wires projecting outside the tube are
then bent into loops. These loops must be carefully
treated, for if frequently bent they are very apt to break
off close to the glass; besides this, the bending of the
wire sometimes causes a minute crack in the glass, which
may spread and endanger the safety of the tube. These
difficulties may be overcome by cutting off the wire close
to the glass, and carvefully smoothing the ends by rubbing
them with a piece of ground glass until they are level
with the surface of the tube (fiz. 56). In order to make
contact with the induction coil, a wooden American paper-
elip, lined with platinum foil, is made to grasp the tube;
the foil is conmected with two strong loops of platinum
wire, and to these the wires from the coil are attached
(fig. 57). In this way no strain is put on the endiometer
wires by the weight of the wires from the coil, and
perfect contact is ensured between the foil and platinum
wires. It is also easy to clean the outside of the
eudiometer without fear of injuring the instrument.

It will now be necessary to examine if the glass is per-
fectly fused to the wires. For this purpose the endiometer — Fig-51.
is filled with mercury, and inverted in the trough. If the
tube has 800 m.m. divisions, a vacuous space will be formed in the
upper end. Note the height of the mercury, and if this remains
constant for a while the wires are properly sealed. Should the
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render it less brittle, but this is not always necessary. If, on
cooling it should be found that
the layer of wax is not uniform,
the tube may be placed in a
perpendicniar position before a
fire and slowly rotated so as to
heat it evenly, The wax will
then be evenly distributed on
the surface of the glass, the
excess flowing off. The tube
must not be raised to too high
a temperature, or the wax may
become too thin ; but all thick
masses should be avoided, as
they may prove troublesome in
the subsequent operation.

The best and most accurate
mode of marking the millimeter
divisions on the wax is by a
araduating machine ; but the
more usual process is to copy
the graduations from another
tube in the following manner.
A hard glass tube, on which
millimeter divisions have al.
ready been deeply etched, is
fixed in a groove in the gra-
duating table, a straight-edge
of brass being screwed down
on the tube and covering the
ends of the lines, The standard
tube is shown in the figure at
the right-hand end of the
apparatus  (fig. 58). The
waxed tube is secured at the
other end of the same groove,
and above it are fixed two
brass plates, one with a straight-
edge, and the other with
| | notches at intervals of 5 m.m.,

5 the alternate notches being
longer than the intermediate
ones (fig. 659). A stout rod of
wood, provided with a sharp
steel point near one end,fand a
penknife blade at the) other
(fig. 60), is held =o that the
steel point rests in one of the

Fig. 59,
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divisions of the graduated tube, being gently pressed at the same
time against the edge of the brass plate; the point of the knife-
hlade is then moved by the operator's right hand across the portion
of the waxed tube which lies exposed between the two brass plates.
When the line has been scratched on the wax, the point is moved
along the tube until it falls into the next division ; another line is
now seratched on the wax, and so on. At every fifth division the
knife-blade will enter the motches in the brass plate, making a
longer line on the tube. After a little practice it will be found
easy to do fifty or sixty divisions in a minute, and with perfect
regularity. Before the tube is removed from the apparatus, it must
be carefully examined to see if any mistake has been made. It
may have happened that during the graduation the steel point
slipped out of one of the divisions in the standard tube; if
this has taken place, it will be found that the distance between
the line made at that time and those on each side of it will
not be equal, or a erooked or double line may have been produced.
This is easily obliterated by touching the wax with a piece of heated
platinum wire, after which another line is marked. The tube is
now taken out of the table, and once more examined. If any
portions of wax have been seraped off by the edges of the apparatus,
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or by the screws, the coating must be repaired with the hot
platinum wire. Numbers have next to be marked opposite each
tenth division, beginning from the closed end of the tube, the
first division, which should be about 10 m.m. from the end, being
marked 10 (see fig. 55). = The figures may be well made with a
steel pen. This has the advantage of producing a double line
when the nib is pressed against the tube in making a down-stroke.
The date, the name of the maker of the tube, or its number,
may now be written on the tube.

The etching by gaseous hydrofluoric acid is performed by
supporting the tube by two pieces of wire over a long narrow
leaden trough containing sulphwric acid and powdered flnor-spar
(fig. 61), and the whole covered with a cloth or sheet of paper.
Of course it is necessary to leave the cork in the end of the tube
to prevent the access of hydrofluoric acid to the interior, which
might cause the tube to lose its transparency to a considerable
extent. The time required for the action of the gas varies with
the kind of glass employed. With ordinary flint glass from ten
minutes to half an hour is quite sufficient ; if the leaden trough is
heated, the action may take place even still more rapidly. The
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avoid heating its contents during the manipulation. The measure
may be filled with mercury from a vessel closed with a stop-cock
terminating in a narrow vertical tube, which is passed to the
bottom of the measure (fig. 63), On carefully opening the stop-
cock the mercury flows into the measure without leaving any air-
bubbles adhering to the sides. A glass plate is now pressed on the
ground edges of the tube, which expels the excess of mercury and
leaves the measure entirely filled. The mercury may be introduced
into the measure in a manner which is simpler and as effectual,
though perhaps not quite so convenient, by first closing it with a
glass plate, and depressing it in the mereurial trough, removing the
plate from the tube, and again replacing it before raising the
measure above the surface of the mercury. After pouring each
measured quantity of mercury into the endiometer, the air-bubhbles
are carefully detached from the sides by means of a thin wooden
rod or piece of whalebone, and the level of the mercury at the
highest part of the curved surface carefully observed.

In all measurements
in gas analysis it is, of
course, essential that the
eye should be exactly on
a level with the suiface
of the mercury, for the
parallax ensuing if this
were not the case would
produce grave errors
in the readings. The
placing of the eye in the
proper position may be
ensured in two ways. A
small piece of looking-
glass (the back of which
is painted, or coveved
with paper to prevent the
accidental soiling of the
mereury in the trough) is
placed behind, and in contact with the eudiometer. The head is now
placed in such a position that the reflection of the pupil of the eye
is precisely on a level with the surface of the mercury in the tube
and the measurement made. As this process necessitates the hand
of the operator being placed near the eudiometer, which might
cause the warming of the tube, it is preferable to read off with a
telescope placed at a distance of from two to six feet from the
cud‘lqmetm: The telescope is fixed on a stand in a horizontal
position, and the support is made to slide on a vertical rod. The
i‘nmgu of the surface of the mercury is brought to the centre of the
field of the telescope, indicatFJ by the eross wires in the eye-piece,
and the reading taken. The telescope has the advantage of

r b »
Fig, G4,
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magnifying the graduations, and thus facilitating the estimation
by the eye of tenths of the divisions. Fig. 64 represente the
appearance of the tube and mercury as seen by an inverting
telescope.

By this method the capacity of the tube at different parts of its
length is determined. If the tube were of uniform bore, each
measure of mercury would occupy the same length in the tube; but
as this is never the case, the value of the divisions at all parts of
the tube will not be found to be the same.

From the data obtained by measuring the space in the tube which
is occupied by equal volumes of mercury, a table is constructed by
which the comparative values of each millimeter of the tube can
be found, The following results were obtained in the calibration
of a short absorption eudiometer :—

On the introduetion of the 3rd volume of mercury, the reading was 12'8 m.m.

; g 4th 184
; 5 R i i 240
r tL] as Eth L1 K Eﬁ-ﬂ
LE] ar ¥ ?th i L1 35-2
ar an i Bth 1] 1] 410

Thus, the sgtandard volames pccupied 56 m.m., between 128 and 184

(1] EE ] 1] AL (¥ ] 18'1' (1] P""‘ﬁ
1] 1 1] s 58 "y 24.0 an EIS
e LE ] ik 5'l Fi Eﬂ'ﬂ 1R 35'2
i ] ] [ y 52 T 410

If we assume the measure of mercury to contain 5-8 volumes
(the greatest difference between two consecutive ¥eadings on the
tube), the volume at the six points above given will be as follows :—

At 12:8 it will be 174 or 58 x 3
184 E: 932 , b 8x 4
940 , 200 , 5:8xb
998 , 848, 58x6
3652 A 406 ,, BB u ¥
410 , 464, 58x8

Between the first and second readings these 58 volumes are con-
tained in 56 divisions, consequently each millimeter corresponds to
;g —1:0357 vol. This is also the value of the divisions between the
second and third readings. Between the third and fourth 1 m.m.
contains 1 vol. ; between the fourth and fifth, 1 m.m. contains
h8
54

From these data the value of each millimeter on the tube can
readily be calculated. Thus 13 will contain the value of IE'8+
the value of 0:2 of a division at this part of the tube, or 174 +
(1:0357 » 02) =17:60714.  There is, however, no need to go
beyond the second place of decimals, and, for all practical purposes,
the first place is sufficient. Thus, by adding or subtracting the
necessary volumes from the experimental numbers, we find the

—1:0741 vol. ; and between the fifth and sixth m.m.=1 vol.
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measurement of a gas the convexity will be in the opposite direction
(fig. 66). It is obvious that the quantity of mercury measured
during the calibration, while the eudiometer is inverted, will Jbe
less than a volume of gas contained in the tube when the mercury
stands at the same division, while the endiometer is erect. The
necessary amount of correction is determined by observing the
position of the top of the meniscus, and then introducing a few
drops of a solution of corrosive sublimate, which will immediatel
cause the surface of the mercury to become horizontal (fig. 67), and
agaln measurimg, :
It will be observed that in fiz. 66 the top of the meniscus was
at the division 39, whereas in fig. 67, after the addition of corrosive
sublimate, the horizontal surface of the mercury stands at 38°7,
giving a depression of 03 m.m. If the tube were now placed
erect, and gas introduced so that the top of the menisecus was at

|II|'.III|'III!|!|.
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* Fig. 65. * Fiyg. 66. Fig. 67.

39, and if it were now possible to overcome the capillarity, the
horizontal surface would stand at 39:3. The small cylinder of gas
between 387 and 393, or 06 division, would thus escape
measurement, This number 0:6 is therefore called the error of
meniscus, and must be added to all readings of gas in the eudio-
meter. The difference, therefore, between the two readings is
multiplied by two, and the volume represented by the product
obtained—the error of meniscus—is added to the measurements
before finding the corresponding capacities by the table. In the
case of the tube, of which the calibration is given above, the
difference between the two readings was 0-¢ m.m., making the
error of meniscus 0°8. .

All experiments on gas analysis, with the apparatus deseribed,

* In these the mercury should just touch 39,
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cliected in several ways: the eudiometer may be held in an inverted or
inclined position, and the mercury introduced through a narrow glass
tube which passes to the end of the eudiometer and communicates,
with the intervention of a stop-cock, with a reservoir of mercury
(fig. 69). On carefully opening the stop-cock, the mercury slowly
flows into the eudiometer, entirely displacing theair. The same result
may be obtained by placing the eudiometer nearly in a horizontal
position, and carefully introducing the mercury from a test-tube
without a rim (fig. 70). Any minute bubbles adhering to the side
may generally be removed by closing the mouth of the tube with
the thumb, and allowing a small air-bubble to rise in the tube,
and thus to wash it out. After filling the eudiometer entirely
with mercury, and inverting it over the trough, it will generally be
found that the air-bubbles have been removed.

For the introduction of the gases, the eudiometer should be
placed in a slightly inclined position, being held by a support
attached to the mercurial trough (fig. 71), and the gas transferred

from the tube in which it has been collected. The endiometer is
now put in an absolutely wvertical position, determined by a
plumb-line placed near it, and a thermometer suspended in close
proximity. It must then be left for at least half an hour, no one
being allowed to enter the room in the meantime. After the
expiration of this peried, the operator enters the room, and, by
means of the telescope placed several feet from the mercury table,
carefully observes the height of the mercury in the tube, estimating
the tenths of a division with the eye, which can readily be domne
after a little practice. He next reads the thermometer with the
telescope, and finally the height of the mercury in the trough is
read off on the tube, for which purpose the trough must have
glass sides. The difference between these two numbers is the
length of the column of mercury in the eudiometer, and has to
be subtracted from the reading of the barometer. It only remains
to take the height of the barometer. The most convenient form
of instrument for gas analysis is the syphon barometer, with the































424 ITANDBOOK OF § 90.

Nitric oxide cannot he readily absorbed in an ordinary
absorption tube; it may, however, be converted into nitrous
anhydride and nitric peroxide by addition of excess of oxygen,
absorbing the oxygen compounds with potassic hydrate, and the
excess of oxygen by potassic pyrogallate. The diminution of the
volume will give the quantity of nitric oxide. This process is
quite successful when the nitric oxide is mixed with olefiant gas
and ethylic hydride, but it is possible that other hydrocarbons
might be acted on by the nitrous compounds.

Carbonic oxide may be absorbed by two re-agents. If carbonic
anhydride and oxygen be present they must be absorbed in the
usual manner, and afterwards a papier-maché ball saturated with
a concentrated solution of euprous chloride in dilute hydrochloric
acid introduced. A ball of caustic potash is subsequently employed
to remove the hydrochloric acid given off by the previous re-agent,
and to dry the gas. Carbonic oxide may also be absorbed by
introducing a ball of potassic hydrate, placing the absorption tube
in a beaker of mercury, and heating the whole in a water bath to
100° for 60 hours. The carbonic oxide is thus coaverted into
potassic formate and entirely ahsorbed.

Olefiant Gas and other Hydrocarbons of the formula
CnH?*n are absorbed by Nordhaunsen sulphuric acid, to which an
additional quantity of sulphuric anhydride has been added. Such
an acid may be obtained by heating some Nordhausen acid in a
retort connected with a receiver containing a small quantity of the
same acid. This liquid is introduced into the gas by means of a
dry coke bullet. These bullets are made by filling the mould, into
which the usual platinum wire has been placed, with a mixture of
equal weights of finely powdered coke and bituminous coal. The
mould is then Leated as rapidly as possible to a bright red heat, and
opened after cooling ; a hard porous ball will have been produced,
which may be employed for many different re-agents. It is some-
times difficult to obtain the proper mixture of coal and coke, but
when once prepared, the bullets may be made with the greatest
ease and rapidity. The olefiant gas will be absorbed by the sulphuric
acid in about an hour, though they may be left in contact for about
two hours with advantage. If, on removing the bullet, it still
fumes strongly in the air, it may be assumed that the absorption is
complete. The gas now contains sulphurous, sulphuric, and perhaps
carhonic anhydrides ; these may be removed by a manganic peroxide
ball, followed by one of potassic hydrate, or the former may be
omitted, the caustic potash alone being used. The various members
of the CnH*n group cannot be separated divectly, but by the
indirect method of analysis their relative quantities in a mixture
may be determined.

The hydrocarbons (CnH®n+)* and CnH®n+* may be absorbed
by absolute alcohol, some of which is introduced into the
absorption tube, and agitated for a short time with the gas.
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gas admitted, When it is desired to prepare the oxygen beforehand,
it may be collected divectly from the bulb ; or, another method to
obtain the gas free from air may be adopted by those who are
provided with the necessary appliances. This is, to conneet a bulb
containing potassic chlorate with a Sprengel’s mercurial air-pump,
and, after heating the chlorate to fusion, to produce a vacuum in
the apparatus. The chlorate may be again heated until oxygen
begins to pass through the mercury at the end of the Sprengel, the
heat then withdrawn, and a vacuum again obtained. The chlorate
is once more heated, and the oxygen collected at the bottom of
the Sprengel. Of course the usual precautions for obiaining an
air-tight joint between the bulb and the Sprengel must be taken,
such as surrounding the caoutchouc connector with a tube filled
with mercury. :
The hydrogen for these
experiments must be pre-
pared by electrolysis, since
that from other sources is
liable to contamination with
impurities which would
vitiate the analysis, The
apparatus  employed Ty
Bunsen for this purpose
(fig. 75) consists of a glass
tube, closed at the lower
end, and with a funnel af
the other, into which a de-
livery tube is ground, the
funnel acting as a water-
joint. A platinum wire is
sealed into the lower part of
the tube; and near the
upper end another wire,
with a platinum plate at-
tached, is fused into the
glass, Some amalgam of
zine is placed into the tube B
so as to cover the lower Fig. 75.
platinum wire, and the ap- . . ;
paratus filled nearly to the neck with water, acidulated with
sulphuric acid. On connecting the platinum wires with a battery
of two or three cells, the upper wire being made the negative

electrode, pure hydrogen is evolved from the platinum plate, and, -

after the expulsion of the air, may be at once passed into the
endiometer, or, if preferred, collected in tubes for future use.
Unfortunately, in this form of apparatus, the zine amalgam soon
hecomes covered with a saturated solution of zine sulphate, which
puts a stop to the electrolysis. In order to remove this layer,

S T — .
R e Rl e e o v i







428 HANDBOOK OF § 91,

plate, as in Bunsen's apparatus, travels from the rod of amalga-
mated zine to the platinum, consequently the current continues to
pass until nearly the whole of the liguid in the bottle has become
saturated with zinc sulphate. As soon as the hydrogen is evolved,
of course a column of acid is raised in the funnel until the pressure
is sufficient to force the gas through the mercury in which the
delivery tube is placed. Care must be taken that the quantity of
acid in the bottle is sufficient to prevent escape of gas through the
funnel tube, and also that the delivery tube does not pass too deeply
into the mercury so as to cause the overflow of the acid,. When
the acid is exhausted, the compression cock on the bent tube is
opened and fresh acid poured into the funnel; the dense zine
sulphate solution is thus replaced by the lighter liquid, and the
apparatus 1s again ready for use.

A very convenient apparatus for transferring oxygen and
hydrogen into eudiometers is a gas pipette, figured and described
(fig. 48, p. 350).

It is necessary in all cases to add an excess of the oxygen or
hydrogen before exploding, and it is well to be able to measure
approximately the amount added without going through the whole
of the calculations. This may be conveniently done by making a
rough calibration of the eudiometer in the following manner :—
The tube is filled with mercury, a volume of air introduced into
it from a small tube, and the amount of the depression of the
mercury noted ; a second volume is mow passed up, a further
depression will be produced, but less in extent than the previous
one, in consequence of the shorter column of mercury in the tube.
This is repeated until the eudiometer is filled, and by means of a
table constructed from these observations, but without taking any
notice of the variations of thermometer or barometer, the operator
can introduce the requisite quantity of gas, It may be convenient
to make this calibration when the eudiometer is inclined in the
support, and also when placed perpendicularly, so that the gas
may be introduced when the tube is in either position. A table
like the following is thus obtained :—

Divisions.
Bsasured 1&2‘3&. Perpaq;:ibi:u]nr,
1 27 45
b 45 69
3 G1 | 87
4 i3] 102
h 88 116
G 100 128
T 109 138
i &e, | &o. dee.

In explosions of hydrocarbons with oxygen, it is necessary to have
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causes the metal to wet the caoutchouc and removes all air from
its surface, When the caoutchouc is not fixed in the trough, the
treatment with the corrosive sublimate has to be repeated hbefore
every experiment, and this soils the surface of the mercury to an
inconvenient extent. The cushion is next depressed to the bottom
of the trough, and the eudiometer placed on it and firmly held
down (fig. 78). If this is done with the hands, the {ube must
be held by that portion containing the mercury, for it is found
that when eudiometers burst (which, however, only happens when
some precaution has been neglected)
they invariably give way just at the
level of the mercury within the tube,
and serious accidents might oceur if
the hands were at this point. The
cause of the fracture at this point is
the following :—Though the gas is at
a pressure below that of the atmosphere
before the explosion, yet at the instant
of the passage of the spark, the ex-
pansion of the gas at the top of the
tube condenses the layer just below it ;
this on exploding increases the density
of the gas further down the tube, and
by the time the ignition is communicated
to the lowest quantity of gas, it may
be at a pressure far above that of the
atmosphere. 1t may be thought that the
explosion is so instantaneous that this
explanation is merely theoretical, hut
~on exploding a long column of gas, the
time required for the complete ignition
is quite perceptible, and sometimes the
flash may be observed to be more
brilliant at the surface of the mercury.
Some experimenters prefer to fix the
eudiometer by means of an arm from
a vertical stand, the arm being hollowed
out on the under side, and the cavity
lined with cork.

If a large quantity of incombustible
gas is present, the inflammability of :
the mixture may be so much reduced that either the explosion
does not take place at all, or, what may be worse, only a partial
combustion ensues. To obviate this, some explosive mixture
of oxygen and hydrogen, obtained by the) electrolysis of water,
must be introduced. The apparatus used by Bunsen for t.h!s
purpose is shown in figure 79. The tube in which the electrolysis
takes place is surrounded by a cylinder containing aleohol, in order
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done, the eudiometer, the mercury, the original gas, and the oxygen
must all be carefully dried. After the explosion the eundiometer
is transferred to a circular glass vessel containing mercury, and
attached to an iron-wire support, by which the entire arrangement
can be suspended in a glass tube adapted to the top of an iron boiler,
from which a rapid current of steam may be passed through the
glass tube, so as to heat the endiometer and mercury to an uniform
temperature of 100°. From the measurements obtained at this
temperature the amount of water produced may be caleulated. If
three combustible gases are present, the only data required for
caleulation are, the original volume of the gas, the contraction on
explosion, and the amount of carbonic anhydride generated. When
the original gas contains nitrogen, the residue after explosion with
excess of oxygen consiste of a mixture of oxygen and nitrogen. To
this an excess of hydrogen is added, and the mixture exploded ; the
contraction thus produced divided by 3 gives the amount of oxygen
in the residual gas, and the nitrogen is found by difference.

It is obvious that, by subtracting the quantity of residual oxygen,
thus determined by explosion with hydrogen, from the amount
added, in the first instance, to the combustible gas, the volume of
oxygen consumed in the explosion may be obtained. Some chemists
prefer to employ this number instead of the contraction as one of
the data for the calculation.

‘We must now glance at the mode of calenlation to be employed
for obtaining the per-centage composition of a gas from the numbers
arrived at by the experimental observations.

The following table shows the relations existing between the
volume of the move important combustible gases and the products
of the explosion :—

l

e e = : w @

SE. | o8 | 2.5 | Y

Name of Gas. g%g gEE E;E?:t g.g‘%%

= 58 | & m | PP<LA
Hydrogen, H : 1 05 15 0
Carbonie Oxide, CO 1 0:5 05 1
Methylic Hydride, CH*H 1 2 2 1
Acetylene, C*H* ; 1 25 15 2
Olefiant Gas, C*H". 1 3 2 2
Methyl, CH?, CH?. : 1 356 | 2% 2
Ethylic Hydride, C*H*H 1 L ] 2
Propylene, C*H® . : 1 45 | 25 3
Propylic Hydride, C*H'H 1 ] 3 3
Butylene, C*H® . ; 1 6 3 4
Ethyl, C*H, C*H". : 1 G5 3D 4
Butylic Hydride, C*I1"H 1 63 R 4
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hydride (or methyl) has the same composition as four volumes of
marsh gas—
CH*+H=2CH* ;

and, consequently, would give rise to the same products on combus-
tion with oxygen as pure marsh gas—

CH +H*+0°=2C0°4-40H* ;

2CH*+ 0*=2C0*+40H>

In this case it is necessary to estimate by direct determination the
ethylic hydride (or methyl) in a separate portion of the gas by
absorption with alcohol, another quantity of the mixture being
exploded with oxygen, and the amount of carbonic anhydride pro-
duced and measured. If the quantity absorbed by alecohol=E, then

r=A-D+E,
y=D—2E ,
=1L ,

13. Hydrogen, Carbonic Oxide, Propylic Hydride.
H=z; CO=y; CH*=z
m__BA-]-i_Q_—E-D

ﬂ. 1
3A-2C4+D
i
 2C-3A+2D
.= 9 ®

14. Carbonic Oxide, Marsh Gas, and Propylic Hydride.
CO=u = o NG =

3A- 204D

G e
3A4-4C - 5D

y: ﬁ.—j

_D-4

2

15. Carbonie Oxide, Ethylic Hydride (or Methyl),
and Propylic Hydride.
CO=x; C'H'=y; C*H’==.

3A-2C+D
=
3A4-4C-5D
= 3 ?
__4D—~ JA-32C

2 3
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hasten the absorption. Ten minutes was found to be a sufficient
time for the absorption of carbonic anhydride when mixed with air.,

To remove the liquid re-agent, a ball of moistened cotton wool is
employed. The ball is made in the following manner :— A piece of
steel wire is bent into a luop at one end, and some cotton wool
tightly wrapped round it. Tt is then dipped in water and squeezed
with the hand under the liquid until the air is removed. The end
of the steel wire is next passed through a piece of glass tube curved
near one end, and the cotton ball drawn against the curved extremity
of the tube. The ball, saturated with water, is now depressed in
the mercury trough, and, after as much of the water as possible has
been squeezed out of it, it is passed below the eudiometer, and,
by pushing the wire, the ball is brought to the surface of the
mercury in the eudiometer and rapidly absorbs all the liguid
re-agent, leaving the meniscus clean. The ball is removed with a
slight jerk, and gas is thus prevented from adhering to it. It is
found that this mode of removing the liquid can be used withount
fear of altering the volume of the gas in the eudiometer.

Carbonic anhydride may be absorbed by a solution of potassic
hydrate, and oxygen by means of potassic hydrate and pyrogallie acid.
The determination of ethylene is best effected by means of fuming
sulphuric acid on a coke hall, water and dilute potassic hydrate being
subsequently introduced and removed by the ball of cotton wool

Doubtless this mode of using the liquid re-agents might be
employed with advantage in the ordinary process of analysis to
diminish the time necessary for the absorption of the gases, By
this process of Russell’s the calculations are much shortened
and facilitated, the volumes read off being comparable among
themselves; this will be seen by an example taken from the

original memoir of the determination of oxygen in air—
Volume in Table

corresponding
to reading.

Volume of air taken - = . , 130-3 132'15
Volume after absorption of oxygen
by potassic hydrate and pyro- 1035 104-46
aallic acid . : : :
132-15
104-46
2769 volumes of oxygen in 132°15 of ain

132:15 : 2769 : : 100 : 20'053 per-centage of oxygen in air.

Russell has also employed his apparatus for the analysis of
carbonates (J. C°8. [~. s.] p. vi. 310). For this purpose he adapted
a graduated tube, open at both ends, to a glass flask by means of a
thick piece of caoutchoue tube. Into the flask a weighed quantity
of a carhonate was placed, together with a vessel containing dilute
acid. The position of the mercury in the graduated tube was
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the reservoir to a short distance below the top of the barometer, and
gently opening the stop-cock d, while a small pipette, from which
water is dropping, is held against the orifice, the stop-cock being
closed when a sufficient amount of water has penetrated into the
tube. In the same manner, a small quantity of water is passed into
the measuring tube. In order to get rid of any bubbles of air which
may still linger in the tubes, the reservoir is lowered to the ground
50 as to produce a vacnum in the apparatus; in this manner the
interior surfaces of the tubes become moistened. The reservoir is
now gently raised, thus refilling the tubes with mercury. Great
care must be taken that the mereury does not rush suddenly against
the tops of the measuring and barometer tubes, which might cause
their destruction ; this may be avoided by regulating the flow of
mercury by means of the stop-cock ¢, which may be conveniently
turned by a long key of wood, resting against the upper table of
the sliding stand of the mercurial trough. When the reservoir
has again been elevated above the top of the barometer, the stop-
cocks of the measuring and barometer tubes are opened, and the
air and water which have collected allowed to escape.

The heights of the mercurial columns in the barometer, corre-
sponding to the different divisions of the measuring tube, have now
to be determined. This is done by running out all the mercury
from the tubes, and slowly readmitting it until the meniscus of the
mercury just touches the lowest division in the measuring tube.
This may be very conveniently managed by observing the division
through a small telescope of short foeus, and sufficiently close to the
apparatus to permit of the key of the stop-cock ¢ being turned, while
the eye is still at the telescope. When a reading is taken, the
black sereen O behind the apparatus must be moved by means of
the wineh I, until its lower edge is about a millimeter above the
division. The telescope is now directed to the barometer tube, and
the position of the mercury carefully noted. As the tubes only
contain agueous vapour, and are both of the same temperature, the
columns in the two tubes are those which exactly counterbalance
one another, and any difference of level that may be noficed is
due to capillarity.

The same operation is now repeated at each division of the tube.
The measuring tube next requires calibration, an operation performed
in a manner perfectly similar to that deseribed in § 84 (p. 347),
namely, by filling the measuring tube with water, and weighing the
quantities contained between every two divisions. The eudiometer
being filled with water, and the stop-cock b closed, the reservoir is
raised and the mercury allowed to rise to the top of the barometer.
The capillary stop-cock a having been opened, the cock b is gently
turned, and the water allowed to flow out until the mercury reaches
the lowest division of the tube. A carefully weighed flask is now
supported just below the steel cap, the stop-cock & again opened,
until the next division is reached, and the quantity of water is
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the socket with fine levigated rouge and solution of sodic or
potassic hydrate. By this means the plug and socket may be
polished so that a very small quantity of resin cerate and a drop of
oil renders it perfectly gas-tight. In grinding, eare must be taken
that the operation is not earried on too long, otherwise the hole in
the plug may not coincide with the tubes. If this stop-eock is in
sufficiently good order, it is unnecessary to close the stop-cock a
during an analysis.

The mercury is allowed to flow out of the apparatus until its
surface is a short distance below the division at which the measure-
ments are to be made. The selection of the division depends on
the quantity of gas and the kind of experiment to be performed
with it. A saving of caleulation is effected if all the measurements
in one analysis are carried on at the same division. When the
mereury has descended below the division, the eock ¢ is closed, the
reservoir raised, and the black screen moved until its lower edge is
about a millimeter above the division, and the telescope placed so
that the image of the division ecoineides with the cross-wires in the
eye-piece. The stop-cock ¢ is now gently opened until the meniseus
just touches the division ; the cock is closed and the height of the
mercury in the barometer is measured by means of the telescope.
The difference between the reading of the barometer, and the
number in the table corresponding to the division at which the
measurement is taken, gives in millimeters the tension of the gas.
The volume of the gas is found in the same table, and with the
temperature, which is read off at the same time as the pressure, all
the data required for the calculation of the volume of the gas at 0°
and 760 m.m. are obtained. No correction is required for tension
of aqueous vapour ; the measuring tube and barometer tube being
both moist, the tensions in the tubes are counterbalanced. Absorp-
tions are performed with liquid re-agents by introducing a few drops
of the liquid into the laboratory tube, transferring the gas into it
and allowing the mercury to drop slowly through the gas for about
five minutes. The gas is then passed over into the measuring tube,
and the difference of tension observed corresponds to the amount of
gas absorbed. It is scarcely necessary to add, that the greatest
care must be taken to prevent any trace of the re-agent passing the
stop-cock. If such an accident shouid occur, the measuring tube
must be washed out several times with distilled water at the
conclusion of the analysis. If the re-agent is a solution of potassic
hydrate it may be got rid of by introducing into the tube some dis-
tilled water, to which a drop of sulphuric acid has been added. If
this liguid is found to be acid on removing it from the tube, it may
be presumed that all the alkali has been neutralized. :

When explosions are to be performed in the apparatus, the gas is
first measured and then returned to the laboratory '_l-ubl.t. _A (uan-
tity of oxygen or hydrogen, as the case may be, which is judged to
be the proper volume, is transferred into the laboratory tube, and
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reservoir for the purpose of bringing the gas into position, so as to
take a reading ; then the handle is drawn a little further to cut off

the reservoir supply, whilst there is a way still left between the
endiometer and barometer tubes, and if the handle be drawn
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