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PHARMACY.

BY JOHN JOSEPH GRIFFIN, F.C.S.

[From the PHARMACEUTICAL JOURNAL for JANUARY, 1851.]

THE objects of this paper are, to show the use of Centigrade Testing
in the examination of the solutions of the acids and alcalies that are
employed in Pharmacy ; to point out easy and accurate methods of
greparing such solutions of any required strength; to urge reasons
or a greater simplicity and uniformity in the standards for acids and
alcalies prescribed in the three British Pharmacopeias.

The Chemical Strength of Acids and Alcalies a more important
character than their Specific Gravity.—The chemical strength, quoted
in the last column of the following Table, expresses the saturating
power of equal measures of the respective solutions. Thus, diluted
nitric acid of sp. gr. 1.092, the chemical strength of which is 150, will
saturate twice its bulk of caustic potash of sp. gr. 1.072, the chemical
strength of which is 75. I propose to indicate the comparative
chemical strength of solutions by the term DecrEg, or by the sym-
bol °, Thus, Nitric acid of 150° will indicate the acid of sp. gr. 1.092,
and Potash of 75° will indicate that solution, the sp. gr. of which is
1.072. Acids and alealies of the same DEGREE, are of equal chemical
strength, measure for measure.

The fact, that the Specific Gravity of a chemical solution is a
character of inferior importance to its Chemical Degree, will be best
demonstrated by a few examples:—

a. The specific gravity of the diluted ammonia of the London and
Edhburgh Pharmacopeeias is .96, while that of the Dublin Phar-
macopeeia is .95. There does not appear to be much difference
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Comparative Strength of the Solutions of Acids and Alcalies prescribed in the

three existing British Pharmacopeias.
L Loxpow, 1836. E Epixsurcw, 1841. D Dupriw, 1850.
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ON THE USE OF CENTIGRADE TESTING IN PHARMACY, 3

between these numbers. The ezpressions differ only about one per
cent. But sp. gr. .96 indicates a solution of ammonia, the chemical
strength (or degree) of which is 320, whereas sp. gr. .95 indicates a
solution the strength of which is 400. While, therefore, the densities
differ as 96 to 93, the degrees differ as 4 to 5.
b. Ireceived recently an estimate from a manufacturing Chemist in
London, of which the following is a copy :—
“ Qur Price for Nitric Acid,
1360 is 5d. per Ib.
1425 is 10d. per ID.
Intermediate strengths in proportion.”

Now the degree of nitric acid of sp. gr. 1.360 is 700, and that of
acid of sp. gr. 1.425 is 900, and since 5: 10 =7 : 14, the price de-
manded for the stronger acid was one-third too high.

¢. The glacial acetic acid of the Dublin Pharmacopeeia has a sp. gr.
of 1.065, and the acid of the next strength is directed to be made by
mixing six measures of the glacial acid with four measures of water.
The sp. gr. of the resulting solution is 1.066. This difference of sp. gr.
15 less than one in a thousand, a difference absolutely inappreciable by
the h{drumeter——and, indeed, by all the means of determining densities
usually at the command of the Pharmaceutist. The specific gravity is
consequently useless as a discriminating character. At the same time,
the chemical degree of this acid changes during the dilution from 915
to 540, a difference so remarkable, in comparison with the slight
change of density, that I will add a few words to show the progress
of the change that occurs.

The strongest acetic acid that can be prepared at the temperature
of 62° F. has a specific gravity of 1.058286. Its degreeis 955. When
this acid is diluted with a little water its density increases, while its
strength decreases. When more water is added, the density as well
as the strength decreases.

At specific gravity 1.058286 its degree is 955
(11

5 1.065 Gy 915
B & 1.074428 = 800
o Fy 1.066 i 540
2 i 1.044043 5 300
- “* LO16343 = 100

It is consequently impossible to determine the strength of a sample
of this acid by taking its sp. gr., whereas the Chemical Degree is
always to be depended upon, provided it be accurately determined.*
Proposed Simplification of the Degree of the Acids and Alcalies pre-
seribed in the three Pharmacopeias.—If we look down the column of
pEGREES that characterise the solutions enumerated in the above
Table, we perceive, that, with many divergencies, there are symptoms
exhibited of an occasional tendency to uniformity in the prescribed

* The strength of Acetic acid cannot be accurately determined by any alcaline
G“bon‘_'t'e: becanse the ﬂiﬂﬂ'_ﬂg&g&d carbonic acid s:utuml;:s the solution J:md ::rnakea it
act on litmns. The carbonic acid can only be expelled by heat at nearly the boiling
point of water, at which temperature acetic acid is liable to be driven off with the
earbonic acid. The proper test for acetic acid is ammonia.

F!-“' an account of the caunses of the remarkable effeets that attend the dilntion of
acetic acid, consult Memoirs of the Chemical Society, vol. iii., p. 175.
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strength of the solutions. Thus the nine diluted mineral acids flutter
about, and in two cases touch, the point of 150°. It may be said of
these acids that all are about 150 degrees of strength. But why are
they only aeout it? Why are they not precisery 150°? The reply
to that question I apprehend may be, that hitherto Pharmacy has
afforded no sufficiently ready process for preparing and testing diluted
acids, so as to ensure the uniformity that is desirable. If this is really
the case—if the necessity of uniformity is felt—and if the Genii who

reside over the Pharmacopaeias and regulate the movements of the

’harmaceutical world, are disposed to adopt uniformity of strength
when methods of ensuring that uniformity are produced, I trust that
the processes to be deseribed in this paper will receive their con-
currence,

But, returning to our examination of the Table, and passing, in the
meantime, over the concentrated acids, let us examine the degree of
acetic acid. A comparison of the acids cited in the Pharmacopeeias
with the processes in which acetie aeid is used, leads me to fix upon
300° as the strength that appears to be most useful. This is twice the
strength of the diluted mineral acids.

The alcalies show a similar tendency towards such a uniformity in
chemical degrees as can be expressed by round numbers. Thus,
diluted ammonia may evidently be made of 300°, caustic potash of
757, caustic soda of 75° the carbonate of potash of 300°, and the car-
bonate of soda of 25° (perhaps of 75%).

Returning to the consideration of the eoncentrated acids, I may
preface my observations by a table which shows the chemieal strength
of the strongest solutions, not only of the acids, but of the alealies,
which it is possible to prepare, at the temperature of 62° Fah.

Sulphuri acid v.ovesvovinw GHAE. 1D 2108
Muriatic Weill - .ciaiisiesiinsn bR 19 OFOPR
R T T,TT; RPN A - SO S [ 1L
A1t AT .t oesendh s as siF aorpane s ral bl
b o171 i el S bt L T
Potash, earbonmata . aeasa, 0D
1 1 g el B el Sl o
Sada'carbondte .. JMULEIYOL O 3001859
Ammoniall.. 104, 5000, WUl D 0E, 71006

The question, at what degrees of strength concentrated acids and
alcalies should be kept by {fie Pharmaceutist is; T think, a much less
important question than that regarding the strength of the officinal
preparations to be employed in medicine. The question indeed is
more commercial than medical, and might be safely left to the decision
of individual judgment. The thing to be demanded, on the score of
medical certainty, is, that the diluted solutions should be of fired and
invariable strengths, so that Physicians and Pharmaceutists may equally
count upon their efficacy. The strength of the stock liquors, from
which the diluted solutions are to be prepared, is of no importance.
The preparation of the strongest possible solutions of any of the liguors
is, in general, difficult and wasteful, and presents no corresponding
advantages, since they have all to be acain greatly diluted for
medical purposes. At present, the Pharmacopeeias make the strong
acids their standards. They were adopted for standards when no
better were known. They are rctained, not because they are good,
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but because they are established. It will be an improvement to adopt
the dilute acids as standards, leaving the Pharmaceutist to keep his
strong acids of any degree he finds convenient. He will be guided in
that particular by the chemical manufacturer, whose prices will be
regulated by the facility of manufacture and the cost of transport of
acids of particular strengths. Thus, muriatic acid can be made pure
by a single distillation at the strength of 500° (Gregory), while acid of
a little above 300° can be repeatedly distilled without alteration of
strength. These pure acids can be made cheaper than impure acids,
prepared first of greater density, and then diluted. The nitric acid
manufacturers produce liquors of the following strengths (Pereira) :—

Single aquafortis sp. gr. 1.22 — 382°

Double aquafortis sp. gr. 1.36 = 700°
It would be easy to have these prepared of 300° and 600°, numbers
that bear a simple relation to the Officinal acid of 150°. Acetic acid
is made for commercial purposes of the strength of 300° and also at
about 800°. Ammonia is very inconvenient and wasteful if made

stronger than 800°, or sp. gr. .9, the degree now recommended in the
Dublin Pharmacopceia.

TABLE OF THE PROPOSED STRENGTH OF OFFICINAL AcCIDS AND ALCALIES.
Approximate

BSolutions. Sp. Grav. Degree.
Sulphurie Aol (..o s smasrrnminees 1082 o 150
Muriatic acid .........ceetivievirenns; 1045 coiiiaen. 150
1o g T T o [ RO et 2 [« | (SO 171
S ORTIe BPAA . s v auniaasesrsanbicnss LR sviviins S0
ENTIOTIIR & . 2e s smmamansssiranns s res JLTOD oo nsanns s sbli
Canstic potaeh ™ . 3 e LAl 75
Caustic' goda’ 2 A0l onl de v Re L T TE
Carbonate of potash ............... 128 i 300

Carbonate of 20da .....cceevunns Lo0B7 5uiasaidvn 75

When I apply the term * proposed” to the above strengths, it is
not to specify strengths that I prefer above others; but simply to
point out the round numbers which seem best to suit the average
strengths of the solutions now preseribed in the Pharmacopeeias. ﬂ%f
the I:Tegrees were open to revision, I should prefer 100° to 150°
for the mineral acids, and 100° to 75° for the alcalies. Among the
advantages that would result from such an alteration, would be the
simplification of the processes of testing and adjusting the strength of
the various liquors.

On Centigrade Testing by means of Equivalent Test Liguors.— All who
have mastered the elements of theoretical chemistry know, that the
power of a chemical solution depends upon the number of atoms or
equivalents it contains, and not upon the absolute weight of those
atoms. Diluted nitric acid of 300° is twice as strong as diluted
sulphuric acid of 150° because there are twice as many chemical
atoms present in it, not because the atoms of the nitric acid weigh
twice as much as those of the sulphuric acid. Chemical solutions of
Equivalent strength, or, what is the same thing, of the same Degree,
must eontain the same number of chemical atoms. The art of Centi-
grade Testiug depends upon the preparation and use of chemical
solutions of given degrees of strength, which subject I now proceed
to explain.
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Sysrem or DecimaL Measures.—As the operations of Centigrade
Testing are much facilitated when the calculations they require are
made decima%y, I begin with an explanation of a system, by which

n

the imperial English gallon is divided into decimal measures.

Temperature, 62° F. ; Barometer, 30 inches ; Weight, avoirdupois.

;. Imperial grains. l Decimal
'Water at 62° Fah., Measures.”
70000 | Gallon
7000 Decigallon
700 Centigallon
70 Milligallon
7 | Septem
l { Grﬂiﬂ
|
ViQuibet. il = 2500 Septems
¥ —_— & (1}
Gumpa'ra.t.ive : i:in‘td '+f'+++"-1!!!-': lﬂ‘ﬁ}gr ‘I
Meisnies: uid ounce ......= .5
1 Cubie inch......... —  36.06543 s
1 Centimeter Cube — 2.9 £k

Test Atoms.—The atemic weights of chemical substances, taken
according to the scale where oxygen is 100, and weighed in English
grains, constitute what T ealled test atoms. The following Table
containg the test atoms of the substances referred to in this paper:—

Sulphuric a’ciﬁ EXEEAERE NS ENERNE R 5“;-155 grains

Muriatic acid b ilig. b auiasn 455.18 i
Nitric acid ...ecvveeienunenns s 677.036 s
Acotic ageid il i i in b B30 Ll
BTN b - oy b - e emerapirn ] Bl et &
Potagh .o ettt el R e by =
Potash, carbonate ............... 866.35¢4 *
e 18 | TR e e b, pp L T T -
Soda, carbonate . .......... 667.335 i

Nitrate of SIVEr.......coeseeeens, 2128.643
OXYZen .luvinsoiriiibi it ti oDI0DD! T8

* It forms no part of my present proposal to introduce Decimal WEIGHTS as
well as Measures ; but I may point out that this plan of dividing our Measures is

capable of affording also a system of Deciinal Weights. I shall sketch the plan in a
Table, but without attaching any importance to the names given to the weights.
Grains of Water, | Decimal Measures. | Decimal Weights.

7000000 ¥ Ton
700000 7 Hundred weight

70000 Gallon Stone
7000 Decigallon Pound (Avoirdupois)
700 Centigallon Ounee, or Decipound
70 Milligallon Dram, or Centipound

7 Septem Septem
1 Grain Grain

If the grain were abolished, and the weight of seven grains made unity, the system
would be strictly decimal.
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Stasparp Test Sorurions.—When o¥e TEST ATOM oOf any sub-
stance is dissolved in water, and the solution is diluted at the tem-
perature of 62° Fahr,, till it occupies the bulk of a pEcIGALLON, it
constitutes a solution of oxE HUNDRED DEGREES (100°). The absolute
weight of the anhydrous substance is of no consequence, but there
must be as much of it as is represented by the atomic weight weighed
in English grains, the series of atomic weights being on the scale where
oxygen is fixed at 100.

‘e have here the means of procuring a full explanation of the
precise strengths of the officinal acids and alealies recommended for
the adoption of the Colleges :—

Sulphuric acid of 150° will contain 1} X 501.165 = 751.747 grains
of anhydrous sulphuric acid in a decigallon of solution.

Ammonia of 300° will contain 3x212.5=637.5 grains of anhydrous
ammonia 1n a decigallon.

The degree of every liquor, divided by 100, and multiplied by
the test atom, will give the number of grains of the anhydrous
substance present in a decigallon of the solution. That number,
multiplied by 10, will give the number of grains contained in a gallon,
and this, divided by 7000, will give the weight of the anhydrous
substance in avoirdupois pounds.

Thus, the degree of the strongest ammonia is 1000.

1000
Now - x 212.5—= 2125 grains in a decigallon.
0
212510 =21250 grains in a gallon,
21250

- =3 lbs. 250 grains of anhydrous ammonia in a gallon.
7000

Processes or Testing.—I shall now briefly describe the Processes
by which the jformation of liquors of the strengths above described,
and the Zesting of such liquors, are to be regulated. In doing this, I
shall confine myself as closely as possible to what relates to the
principles of the method, leaving the defails of manipulation for treat-
ment elsewhere.

The number of liquors that are required to test all the acids, is only
one—Ammoxta of 50°. The number of liguors required to test the
alcalies, is also one—a MingrarL Acip of 100°. But as we cannot
weigh out a test atom of an anhydrous acid,or half a test atom of anhy-
drous ammonia, to be dissolved in water to form these test-liquors, we
are forced to prepare them by indirect methods, which require several
additional test liquors.

Preparation of Silver Test of 10°.—Dissolve 212.864 grains of pure
erystallized nitrate of silver in six or eight ounces of distilled water,
in a bottle graduated to hold a decigallon when filled up to a mark in
the neck. hen the salt is dissolved, nearly fill the measure with
water, bring the solution to the temperature of 62 Fah., and then add
water to complete the decigallon. The strength of this solution is
10°. 150 measures of it precipitate all the chlorine in 10 measures of
muriatic acid of 150. It is therefore a test for the accuracy of the
Degree of that acid. t

“Preparation of Soda Test of 100°.—Prepare a decigallon of solution
containing 667.335 grains of pure anhydrous carbonate of soda. This
liquor will have the strength of 100°,
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As a solution of 100 has two-thirds of the chemical strength of a
solution of 150°, it follows that 150 measures of this soda test will be
exactly neutralised by 100 measures of any of the acids of 150°.

Preparation of Acids of given strength.— Ten measures of the silver
test and one measure of the soda test, have exactly the same action
on an equivalent quantity of pure muriatic acid,

a. Consequently, if you dilute muriatic acid till it is equal,
measure for measure, to the soda test, and until one measure of it
precipitates all the silver contained in ten measures of the silver
test, 1t will be muriatic acid of 100°,

b.  But if you dilute it only till 100 measures of it are equal in
chemical strength to 150 measures of the soda test, and if you then
find that one measure of it will precipitate all the silver contained in
fifteen measures of the silver test, the strength of that muriatic acid
will be 150°,

c. Ifon the contrary, you dilute the muriatic acid to a still greater
degree, and stop at the point where 100 measures of it will saturate
only 50 measures of the soda test, and one measure of it will precipi-
tate all the silver from only five measures of the silver test, the strength
of that acid will be 50°,

These examples prove that with these tests, we can bring the acids
to any degree of strength we desire. I have instanced muriatic acid
because we have a double test for it ; but with the soda test alone all
the mineral acids can be tested and adjusted to any required Degree.

I have said, that if you dilute muriatic acid to such and such an
extent, certain results are produced. 1 proceed now to unswer a
question that will very naturally be asked,—In what manner can these
respective stages of dilution be readily and certainly reached ?

a. The first step in the process is to ascertain approximately the
degree of your concentrated acid, - ‘What I haye to say on this head
applies equally to the three mineral acids. A Mix one septem of the
acid with 100 septems of water and a few drops of litmus. Heat the
mixture nearly to the boiling point.  Fill your alcalimeter, which
must be graduated into septems, with soda test of 100°, and ascer-
tain how many septems are required to neutralise the one septem of
the concentrated acid. . That number of septems, expresses the num-
ber of Test Atoms of anhydrous acid contained in a decigallon of the
concentrated acid.,  Multiplied by 100, it expresses the Degree of the
acid. The following Table represents what must occur in an experi-
ment of this kind ;—

P — T

l Quantity of Acid submitted to trial, Beptems of Degree of the
oue septem of each of the following. Boda Test used.| Strong Acid.

| Sulphuric acid of about sp. gr. 1.845 20 to 21 2000 to 2100
Muriatic acid of sp. gr. 1.16 to 1.18,.. 6to 7 600 to 700
Nitric acid of about 1,5......0000neenee| 121013 1200 to 1300

o= =i e e el DS SPa L SUMICH | SR R

An important source of error in this experiment is the extreme
difficulty of measuring and transversing one septem of strong acid
with correctness. A septem delivers from five to ten drops, according
to the fluidity of the liguor under operation, and the difference of
half a drop may influence the analysis from 10 to 20 per cent.
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b. That dlﬂicul?' 18 in part overcome by using five septems of the
strong acid instead of one septem. The number of septems of soda
test requlrecl to neutralise the acid will then be five times as much as
before, and the result must be divided by five to give the Degree of
the acid.

Third method. Mix 100 septems of the strong acid with some
dlst.ﬂlf"d water in a decigallon bottle, and dilute the mixture, at the
temperature of 62° Fah., to the bulk of a decigallon. Fill your alcali-
meter (which must be graduated into seFtunw) with soda test of 100°,
Put into a mixing-jar 100 septems of the diluted acid, add a little lit-
mus, and neutralise the acid with the soda. (I pass over the descrip-
tion of the precautions necessary to be taken to ensure perfect
aceuracy in thxs experiment.) I‘ge number of septems of soda test
of 100° required to saturate 100 septems of the diluted aeid, multiplied
by 10, gives the degree of the concentrated acid.

When the precise degree of the strong acid is ascertained, the next
step is to reduce that acid by dilution to the exact strength at which
it is requlred This is to be done by means of a Test-Mixer, a tall
glass jar or bottle, graduated into 100 equal parts.  Thus, a gallon jar
may be divided into 100 centigallons; or a decigallon jar into 100 milli-
gallons. A certain quantity of' the strong acid, ascertained in the
manner to be presently deseribed, is aceurately measured and mixed
in a separate vessel with about three-fourths of the quantity of water
known to be requisite for its ultimate dilution.  When the heat pro-
duced by the mixture has abated, the aecid is to be transferred info the
test mixer, being carefully washed - out “of ‘the separate  vessel.
It is to be diluted in the test mixer nearly to the required measure,
allowed to cool to 62° Fah., znd is then to be adjusted to the
exact measure, with water at the same temperature. By this method
a given measure of a strone aeid is diluted by a single operation pre-
cisely to a given measure of another acid.

It only remains to show in what manner the respective quantities of
the strong acid and the required diluted acid are to be ascertained.

Equivalent Volumes of  Solutions—The Equivalent Volume of a
solution is the number of septems of it that contain 100 Degrees or
one Test atom of its chemical constituent, considered in an anhydrous
state. Thus; the Equivalent Volume of muriatie acid of 100° is 1000 ;
that of acid of 200°is 500; and that of acid of 50° is 2000. Conse-
quently, to convert acid of 2007 into aeid of 100%, 50 measures must be
diluted to 100 measures, and to convert acid of 200° into acid of 50°, 25
measures of it must be diluted to 100. When the equivalent volume
of a strong acid has been determined, and that also of a required weak
acid, we have the exact measures from which the one is to be diluted
to the other.

A good many years ago, I caleulated an extensive series of Tables
of acids and alcalies, in which the equivalent volumes of many thousand
solutions are given ; but those Tables have not been published. I

ive, therefore, the fnllmﬂng methods for finding the Equivalent

olume from the Degree of a solution.

a. To those aceustomed to the use of Logarithmie Tables, I may
state the method as follows : —

The Reciprocal of the Degree, multiplied by 100000, is the
Equivalent Volume of the solution.
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b. For those not accustomed to such Tables, I may state the following
method :
The Equivalent Volume is the product of 1000 divided by the
Degree.
The following examples selected from a table of muriatic acid, will
render the use of the Equivalent Volumes evident.

Specific gravity. Degree. | Equivalent Volume.
1.2 752.59 132.87
1.1891 T00. 142.86
1.1662 600, 166.67
| 1.1408 S500. 200.00
| 11148 400. 250.00
1.0878 200. 433.33
1.0599 200, 500.00
1.0450 150. G66.67
1.0310 100, 1000.0

For the same Degree the Equivalent Volume is the same for all sub-
stances.

Preparation of Muriatic Acid Test of 100°.—1I have now shown in
what manner the Degree of any given sample of muriatic acid can be
determined ; how, from the degree, is it possible to determine the
Equivalent Volume; and with the equivalent volume and a Test-mixer,
to prepare any required weak acid from a strong acid.

Thus, to prepare a decigallon of muriatic acid of 100°, you require
1664 septems of acid of 600°, 333} septems of acid of 300° or 6663
septems of acid of 150°. These quantities diluted to 1000 septems
give the acid required.

Preparation of Acids of 150°. The equivalent volume of any aeid
stronger than 150° produces acid of this strength when diluted to the
volume of 6663 ; or the equivalent volume of the strong acid, multi-
plied by 14, diluted to 1000, produces acid of 150°.

Preparation of Ammonia Test of 50°. —a. Ascertain approxi-
mately the strength of'a pure solution of ammonia, by testing five sep-
tems of it in the manner described for the approximate testing of
acids, using muriatic acid of 100° in the graduated alcalimeter, to
neutralise the ammonia. The mixture of acids and ammonia is best
made in a glass bottle of four ounces capacity, provided with a flat
headed glass stopper. A few drops of litmus are used, no test paper
is required, nor 1s the liquor to be heated.

b. Dilute the ammonia till it is of about 55° or 60°. Fill the
centigrade alcalimeter with it. Put into the mixing bottle 50 septems
of muriatic acid of 1007 and neutralise it with the diluted ammonia, of
which 80 to 90 septems will be required.

¢. Repeat experiment b with all possible eare, and ascertain pre-
cisely the number of septems of ammonia required to saturate 50
septems of muriatic acid of 100°. That number of volumes diluted
in_the test-mixer to 100 volumes, constitutes the ammonia test of 50°.
Ammonia test of this strength, if kept in a dark cool situation, in a
well stoppered bottle, remains constant for a long time.

This completes the series of Test Liquors. Those required for
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ordinary use are the ammonia test of 50° and muriatic acid test of
100°. From time to time, the accuracy of the ammonia test is to be
examined by means of the muriatic acid test, and the accuracy of
the latter by means of the silver test and soda test.

Orprxary Processes oF Testing.  Problem 1. To test the strength
of a mineral acid presumed to be 150°. Put 25 septems into a mixing-
bottle, and test with ammonia of 50°. 75 septems should be required
to neutralise the acid.

Problem 2. To test the strength of ammonia presumed to be 300°,
Act on 25 septems of the ammonia with the muriatic acid test of
100%, of which 75 septems should be required.

Problem 3. To test the strength of acetic acid presumed to be 300°,
Put 10 septems into a mixing bottle, and test with ammonia of 50°, of
which 60 septems should be required to neutralise the acid.

Preparation of Acids and Alcalies of officinal strength.—The degrees
of the stock acids having been tested by ammonia, and those of the
alcaline liquors by muriatic acid, the officinal solutions are prepared
by dilution in the test-mixer. After the solutions are diluted, they
should be again tested, to ensure their accuracy.







