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TRANSLATOR’S NOTE.

Tuis translation has been made from the second German
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number of changes which he intends to make in the third edition.
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translation as to publish a book which will be useful to English-
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friends and colleagues for suggesting certain other changes. That
part of the proof relating to Gravimetric Analysis has been care-
fully read and criticised by Professor Henry Fay, that relating
to Volumetric Analysis by Professor F. Jewett Moore, and Pro-
fessor Augustus H. Gill has twice read the chapter on Gas Analysis.
I have also received valuable assistance in reading the proof from
Messrs. R. S. Williams, F. R. Kneeland and J. R. Odell, all of the
Massachusetts Institute of Technology. I am indebted to Mr.
A. R. Jackson, of Winthrop, for several drawings.

WiLLiam T, HaLL,

MassacHUSETTS INSTITUTE OoF TECHNOLOGY,
April, 1904.

The fifth edition of this book contains a number of methods
which have never been in the original German text. The methods
added have been tested in the laboratories of the Massachusetts
Institute of Technology, in nearly every case. I am indebted
to a former student, Arthur F. Kaupe, for valuable assistance in
finding misprints and errors in the text.

WirLiam T. HaLL.
June, 1919, iii
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QUANTITATIVE ANALYSIS.

INTRODUCTION.

Tae purpose of a quantitative analysis is to determine the
quantity of the constituents present in a compound or in a mix-
ture. The methods to be employed depend upon the nature of
the substances to be determined, so that tn every case a qualitative
analysts should precede the quantitative one. In quantitative analy-
sis we distinguish two essentially different methods of procedure:

I. GraviMETRIC ANALYsis (Analysis by Weight).
II. VoruMETRIC ANALYSIS (Analysis by Volume).

In the case of gravimetric analysis we separate the component
to be determined from a solution in the form of an insoluble com-
pound of known chemical composition, and then determine the
weight of this compound; from this we can calculate the amount
of the substance present.

Suppose, for example, that we have for analysis a sample
of barium chloride. The amount of barium present can be
determined by dissolving a weighed amount of the chloride in
water, precipitating the barium from the solution by the addi-
tion of sulphuric acid and weighing the insoluble barium sulphate
formed.

If we start with a grams of barium chloride and obtain p grams
of barium sulphate, the amount of barium present may be calcu-
lated as follows:

BaSO4:Ba=p:s.

Ba . . . . .
§= BaS0, -p =weight of barium in ¢ gm. of barium chloride.
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It is, however, customary to express the results in percentages;
therefore in this case we have

Ba
G.EE—S-(*):'p=1OO.IE

x=-————1}?gég?-g= per cent. barium,

In the case of wolumetric analysis the constituents are not
weighed, but they are determined by measuring the amounts of
reagents of known strength which react with them.

Suppose that we have a sample of caustic soda which contains
some sodium chloride as an impurity and that we desire to know how
much caustic soda there is in 100 gms. of the mixture. A portion
of the substance weighing a gms. is dissolved in water, some methyl
orange is added and hydrochloric acid of known strength is then
run into the solution from a burette until the alkali is just
neutralized, this point being reached when the yellow color of
the solution changes to pink. If ¢ c.c. of hydrochloric acid
were necessary, of which 1 c.c. contained exactly a gms. of
HCI, it is evident that to neutralize the caustic soda contained
in @ gms. of the mixture « -t gms. of HCl were used up, and it
follows:

HCl:NaOH=q-t:s

s=~N£I%H~ -a-t=gms. NaOH in a gms. of the mixture; in 100 gms.
NaOH
a.H—Cl--a-t=100.x
x=1—00—'—g%(1)f—“1'it— = per cent NaOH.

‘We will first consider

A. GrAvIMETRIC METHODS.
These are divided into
(a) Direct Analyses.
(b) Indirect Analyses.

In the case of a direct analysis the substance to be determined
is separated from the solution in the form of an insoluble coms
pound and weighed.
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The determination of barium in barium chloride was an example
of a direct analysis.

The indirect method depends upon the fact that when {wo or more
substances are made to undergo the sane chemical treatment they ex-
perience a relatively different change of weight.

Tor example, suppose that we have a mixture of the chlorides
of sodium and of potassium and desire to determine the relative
amounts of each of the two substances in the mixture. For this
purpose a portion of the mixture (e gms.) is weighed, dissolved
in water, the chlorine precipitated as silver chloride, and the
weight of the latter determined (p gms.). From these data it
is possible to calculate the amount of sodium chloride and of potas-
sium chloride that was present in the mixture.

If we let = represent the amount of the sodium chloride, ¥
the amount of the potassium chloride, @ the amount of silver
chloride formed from z gms. of sodium chloride, and j the
amount of silver chloride formed from y gms. of potassium
chloride, then

NaCl KCl

r + y=a
AgCl AgCl

a + f=np

We have, therefore, two equations with apparently four uh-
known quantities, but @ and B can be expressed in terms of z
and y:

NaCl: AgCl=z:a KCl: AgCl=y:8
oAl _Agll
~NaCl =%y
AgCl AgCl

NaCI and KT however, are known quantities; they are simply

the quotients of the molecular weights in question.

If we designate by m the fraction I%i—gi and by % the frao-
. AgCl
tion Ror Ve have

4+ y =a
mz+ny=p
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and from this we can calculate

= p__ ? and y=a-z

or

1 n
T=—p— -a.

m—n ‘' m—n
All indirect analyses may be calculated by means of this last
general equation. '
In the above example

_AgOl 14334 AgCl 14334
=NaCl_ 58.46 24620, n="prr =71 56 —1.9223
and :
m—n=0.5297.

If these values are substituted in the above equations we

obtain
r=1.888-p—3.628-a.

Consequently, in order to- determine the amount of sodium
chloride in the original mixture it is only necessary to determine
the values a and p, then multiply them by the coefficients 3.628
and 1.888 respectively, and subtract the first product from the
last.

Although this method appears so simple and attractive on paper,
impossible values are often obtained in practice, so that it is always
necessary to be very cautious about using an indirect method.

The experimental errors which are unavoidable in such an
analysis are multiplied by the value of the coefficients; thus in
the above case the actual error in the determination of the weight
a is multiplied by 3.63 ... and the error in determining the weight
of the silver chloride (p) is multiplied by 1.89...

It is clear, therefore, that an indirect analysis becomes more
accurate in proportion as the coefficients are small and when the
error in determining a and p is slight.

In the above example the coefficients are relatively small and
consequently good results are to be expected, and experiment
shows this to be the case.

Example: A mixture weighing 0.5480 gm. (a) and consisting of



GRAVIMETRIC METHODS. 5

0.4966 gm. sodium chloride (z) and 0.0514 gm. potassium chloride
(y) yielded 1.3161 gm. of silver chloride (p), but from the values
of a and p we can calculate those of x and y:

z=1.888-1.3161 —3.628-0.5480
=0.4963 gm. sodium chloride;
y=0.0517 gm. potassium chloride,

The calculated values, therefore, show

99.92 per cent. of the true value for the sodium chloride,
100.6 per cent. of the true value for the potassium chloride.

Although the above results are satisfactory, it must be borne
in mind that the analysis was carried out with chemically pure
substances. If this were not so, as is usually the case in prac-
tice, the results would be far less accurate.

The same analysis may be performed in a much more simple
manner than as above described, by weighing the mixture of the
chlorides in a platinum crucible, then changing them to sulphates
(by treatment with sulphuric acid and evaporating off the excess
of the latter) and again weighing. In this case the actual experi-
mental error is slight and excellent results might be expected.

We have

NaCl KCl
r + y=a
Na,80, K,S0,
« + B =0p
_Na,S0, K,S0O
oNaol © M P=gxor Y

Na,SO, _ K,30,
oNaCl =1.2150=m and SROL

m—n=0.0464

=1.1686=n

Now
D z+y=a
(2) mx+ny=p
and

1 n
&) e S

L
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Substituting the values for m and n in equation (3 we obtain
x=21.547-p—25.181a.

In this case the coefficients are very large, so that the analytical
error is multiplied enormously in the calculation, so much so that
it is impossible to obtain even approximate values except when
the mixture is composed of about equal parts of the two chlorides.

Example: In a mixture containing about equal parts of the
two salts there was found

99.64 per cent. of the sodium chloride present;
100.76 per cent. of the potassium chloride present.

In a mixture containing considerable sodium chloride and fittle
potassium chloride there was found

(@) 95.0 per cent. of the sodium chloride present;

v 148.0 per cent. of the potassium chloride present.

() 96.8 per cent. of the sodium chloride present;
129.9 per cent. of the potassium chloride present.

The values obtained are, therefore, worthless.

In the case of a direct analysis the small unavoidable errors
exert a much less influence upon the result, so that a direct deter-
mination should always be preferred.

Only in those cases where a direct method is unknown should one
resort to an indirect analysvs!

OPERATIONS.

The principal operations of quantitative analysis are those
of weighing, filtration, and the washing, drying, and ignition of
precipitates.

Weighing.

The balance, as used for purposes of quantitative chemical
analysis, is shown in Fig. 1.

It consists of a horizontal lever with two arms of equal
length, and in order to be serviceable it must be accurate and
sensttive.

It fulfils the first condition if

(1) The arms of the lever are equally long;
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(2) The point of support (the fulerum) lies above the centre
of gravity;

(3) The fulerum (a knife-edge) and the knife-edges from which
the pans are suspended lie in the same plane and are parallel
to one another.

The balance is more sensitive the greater the displacement
of the position of equilibrium brought about by the addition of
a small weight, e.g. one milligram.

L

Fre. 1.

The sensitiveness, or sensibility, may be expressed by the
equation:

in which p is the weight added, ! the length of the balance-arm,
g the weight of the beam, and d the distance between the centre
of gravity and the point of support.

The sensitiveness of the balance is greater, therefore, the
heavier the weight added, the longer the beam, the lighter the
beam, and the shorter the distance between the centre of gravity
and the point of support.

* o is the angle through which the pointer moves on the addition of the
small weight.
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For convenience in determining the position of the balance,
a pointer is fastened to the beam which, when the equilibrium is
established, rests at the zero of a scale on an ivory plate below.

The object to be weighed is placed upon the left scale-pan and
the weights upon the right pan; the beam is lowered and the
balance set in slight motion, by producing, with the hand, a

- gentle draft of air upon one of the pans. If the correct weiglt
has been added, the pointer will swing to the same number
of scale divisions to the right of the zero that it does to the left,
provided that it does so when there is nothing in either
scale-pan, which is usually not the case. It is to be noted that
when the zero-point of the balance (i.e., the point of the scale
at which the pointer rests when the balance is in equilibrium
with nothing in either scale-pan) coincides with the zero of the scale,
it may change during the course of the day, so that disregard of
this fact may lead to a considerable error.

 The cause of the displacement of the zero-point is that the
first condition for the accuracy of a balance is not fulfilled. On
account of unequal warming the arms become of unequal length.

In order that accurate weighings may be obtained, it is necessary
to make them independent of any inequality in the lengths of the
arms, which can readily be done, as the following consideration
will show. In the case of a lever, equilibrium takes place when
the statical moments are equal,

By statical moment is understood the product of the force
into the length of the lever-arm, and the length of the lever-arm
is the perpendicular distance from the axis of revolution (the
fulerum) to the line of action of the force.

If an object, whose weight @ (Fig. 2) is to be ascertained, is
placed upon the left balance-pan and equilibrium is established
(the pointer rests at zero) by putting weights amounting to F
gms. in the right balance-pan, then

1) Qi=P1,.
If now the object @ is placed on the right-hand balance-pan and

the balance again brought to the state of equilibrium by placing
weights upon the left-hand balance-pan, in this case the weights
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will not as a rule amount to P gms., but to P, gms. Since, how-
ever, equilibrium has been reached, we have

@ Q=P
2 v

Y W

bttt ™

Fia. 2.

If equation 1 is multiplied by equation 2, we obtain

Qll,=P,Pll,
Q*=P,P
Q=VP.P.

The true weight is obtained. therefore, by taking the geometrio
mean of the two values. For practical purposes, however, it is
sufficiently accurate to take the arithmetical mean, in which case
the true weight of the object would be: ’

P+P,

Q=—7

This method of obtaining the true weight independent of the
lengths of the balance-arms is known as that of double weighing.

The same end is obtained by Borda’s method of substitution.

According to this method the object to be weighed (Q) is coun-
terbalanced (tared) by means of shot, sand, weights, etc., the
object @ is then removed and equilibrium with the tare is again
established by placing weights upon the scale-pan. We have,
then, as a result of the first weighing,

QI=T1,
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and from the second weighing,

Pl=TI,

from which it follows:
Ql=P]
Q=P.

The latter method is used chiefly in weighing large objects.

For ordinary analytical work the weighing is made by the
method of swings.

First of all the zero-point of the balance is determined by setting
the balance in motion (without any load in either pan), observing

l U

Jai 7.
F1a. 3.

and recording the turning-points, or extreme positions, of the
pointer on the scale of an uneven number of swings (say five*)
and taking the mean of the readings. In order to give the same
algebraic sign to all the observed readings it is best to number
the divisions on thescale from left to right from 0to 20 so that the
zero-point in case both balance-arms were of equal length would
be numbered 10.

The next thing to be determined is the sensitiveness of the
balance for the object to be weighed. For this purpose the object
is placed in the left-hand balance-pan, and by placing weights in
the right-hand pan equilibrium is established as nearly as possible

* The first two swings are inaccurate on account of the jar in shutting
the balance-door, etc., so that they are disregarded.
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and the point of rest of the pointer on the scale is determined as
‘above. An additional weight of 1 mgm. is added, or removed if
the object was too light before, and the point of rest is again deter-
mined.

The difference (d) between this and the previous point of rest
gives the sensitiveness of the balance. Assuming the zero-point to
lie at 10.22, the first point of rest, obtained with a load of 19.723
gms., to be at 9.80, and the point of rest with a load of 1 mgm. less
(i.e., with a load of 19.722 gms.) to lie at 12.32, then the sensitive-
ness of the balance will amount to 12.32 —9.80=2.52 scale divisions.

As the zero-point of the balance was at 10.22 and the point
of rest with a load of 19.723 gms. was 9.80, it follows that the
object was lighter than the weights in the right-hand pan, and
in fact the excess of weights in the pan was sufficient to move
the point of rest 10.22—-9.80=0.42 divisions on the scale. This
amount can be calculated from the determination of the sensitive-
ness of the balance as follows:

Since 2.52 of the scale divisions correspond to 1 mgm., then 0.42
of the scale divisions correspond to the weight which must be sub-
tracted from 19.723 gms. in order to obtain the true weight; there-
fore

2.52:1=0.42:x

0.42

=55

Lo

=0.17 mgm., or about 0.2 mgm.

The true weight of the body in air is consequently
19.723 —0.0002 =19.7228 * gms.
In making a weighing one should always accustom himself o

note the observations methodically, as follows:
Assume that a platinum crucible is to be weighed.

* As most analytical balances will scarcely detect with certainty less
than {; mgm., the weight is expressed only to the fourth decimal. If the
fifth decimal place in a calculation amounts to six or more, the number in the
fourth decimal place is increased one.
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. I. Point of Rest with Load | II. Point of Rest with Load
Zero-point. of 12.052 gms. of 12.053 gms.
Left Right. Left Right. Left Right.
4.2 17.6 5.8 18.7 3.5 15.8
4.6 17.1 6.2 18.3 3.8 15.4
5.1 jeeeeennnn. 6.6 f........... 4.2
Suin=13.9 34.7 18.6 37.0 11.5 31.2
Mean =4.63 17.35 6.2 18.5 3.83 15.60
........... 4.63|........... 6.2 3.83
Sum of bothmeans=21.98(........... b S A 19.43
Mean =10.99|........... 12.35 [...ceeenne. 9.71

Sensitiveness=12.35—9.71=2.64 scale divisions.
12.35—10.99=1.36 scale divisions.

1.36 :2.64=0.5 mgm.

Weight of crucible=12.052+0.0005=12.0525 gms.

The sensitiveness of a balance varies slightly with the load.
It is simplest to determine once for all the sensitiveness for 50
gms., 20 gms., 10 gms., 5 gms., and 2 gms., place a card in the
balance with the results obtained and use the numbers as required.
In this way the sensitiveness of a balance

with a load of was found to equal

50 gms. 2.23 scale divisions
20 {3 2.28 143 113
10 {3 2'64 ({3 {4

5 111 2.66 11 13

2 [ 2‘66 (43 144

- The determination of the zero-point, however, must be made
with every weighing. If a number of weights are to be made
one after another it suffices to determine the zero-point at the
beginning and at the end and to use the mean of the two deter-
minations. In case of very heavy loads, however, the zero-point
should be determined before and after each weighing and the
mean value used.
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Reduction of Weighing to Vacuo.

Since most of our weighings are made in the air with brass
weights, we are constantly introducing an error due to the dis-
placement of air. This error is so small that it can be disregarded
in ordinary analyses; in the case of the most accurate work,
however, as in atomic weight determinations, calibrations of
measuring vessels, etc., it should never be neglected. In such
cases the apparent weight must be reduced to vacuo as follows:
1 c.c. of air at 15° C. and 760 mm. pressure weighs 0.0012 gm.= A.

The specific gravity of brass is 8.0=¢"%

The specific gravity of the substance weight=s.

The body that weighs po gms. in vacuo will be balanced by
p gms. in the air.

The loss in weight of the substance is ? A gms,
The loss in weight of the brass weights is ?,— Agms,
< s

The total loss therefore, = (—I;—O ,1—82, /1).

The weight of air was given to two significant figures,t and
hence the loss in weight due to displacement of air will be accurate
only to two significant figures when this value is used. The values
p and po will be the same as regards the first two significant

figures. We may substituve, the.erore, the fraction I—)sz\ for p_g)\ in

the above expression for the total loss in weight and the weight
of the substance in vacuo is:

A
PO—P[1+8——;,]-

* Brasgs has a density of 8.4, but the density of most analytical weights is
nearer 8.0.

t Significant figures are counted from the decimal point beginning with
the first digit other than zero. Thus the numbers 1030. and 0.00103 each
have three significant figures. It is never safe to assume that the next
figure would be a zero and when one value is multiplied or divided by
another the accuracy of the result cannot be greater than that of the least
accurate of the original numbers. In all scientific measurements care should
be taken to give as many and no more figures as are consistent with the
accuracy involved.
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Instead of making the computation, the following table of
Kohlrausch may be used:

REDUCTION OF A WEIGHING MADE WITH BRASS WEIGHTS TO VACUO.
METHOD OF F. KOHLRAUSCH.,

s k s k s k
0.7 +1.56 2.0 +0.45 8 —0.00
0.8 1.35 2.5 0.33 9 0.017
0.9 1.18 3.0 0.25 10 0.030
1.0 1.05 3.5 0.19 11 0.041
1.1 0.94 4.0 0.15 12 0.050
1.2 0.85 4.5 0.12 13 0.058
1.3 0.77 5.0 0.09 14 0.064
14 0.71 5.5 0.07 15 0.070
1.5 0.65 6.0 0.05 16 0.075
1.6 0.60 6.5 0.03 17 0.079
1.7 0.56 7.0 0.02 18 0.083
1.8 0.52 7.5 0.01 19 0.087
1.9 0.48 8.0 +0.00 20 0.090
20 | +0.45 21 —-0.093

k=1.20<%—8—10) mgm. If a substance of specific gravity s

weighs ¢ grams in the air, then g-% mgms. are to be added to the
weight in air in order to obtain the weight in vacuo.
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Testing of Weights.

Although it is now possible to buy nearly perfect weights, yet
their accuracy should always be tested.

For almost all analytical purposes it matters not whether the
50 gm. weight weighs exactly 50 gms., but it is essential that the
individual weights ‘represent the corresponding relations to one
another.

In most sets of weights the following are found: 50 gm., 20 gm.,
10 gm., 10’ gm., 5 gm., 2 gm., 1 gm., 1’ gm., 1’ gm., 0.5 gm., 0.2 gm.,
0.1 gm., 0.1’ gm., 0.05 gm., 0.02 gm., 0.01 gm., 0.01’ gm.; a rider
(weighing either 10 or 12 mgms. according as to whether the bal-
ance-arm is divided into 10 or 12 equal parts between the fulerum
and the point of suspension of the right-hand balance-pan); and
usually smaller weights weighing 5, 2, 1, 1, 1 mgms.

The we.ghts may be tested in the following manner: *

The assumption is first made that the sum of the larger weights
is equal to 100 gms.=100,000 mgms., and the weights of the single
pieces obtained by the method of double weighing are compared
with one another, e.g.:

50 gm. wt. against 20410+ 1045424 1+4+14 17

and it is found:

Left Right
(1) 50 gm —I-O 31 mgm. =(20410+10"+...)
Right

2) (20+ 10+ 10+. . .) =50 gm.-+0.61 mgm.
from which it follows:

0.31 mgm.+ 0.61 mgm.
2

=50 gm.+-0.46 mgm,
=(20+10+10"+...)

50 gm.+

or
50 gm. = (20+ 10+ 10’+. . . ) —0.46 mgm.

* Kohlrausch, Leitfaden der pra.kt. Phys., V. Auflage, p. 34. See also
T. W. Richards, Journ. Am. Chem. Soc. (1900) XXII, 144, where the method

used at Harvard is described.
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The other weights are compared in the same way, obtaining, for
example,

50 gm.=(20+10+10"+...) gm.+ A mgm,

20 “ = 10410 +B

107 ¢ = 10 40 « %
(+2+1+...)=10 +D «

in which A, B, C, and D may be either positive or negative.

The sum of the weights (50+204 104 10"+...) was assumed
to equal 100 gms., and with the help of the preceding equations
each weight is expressed in terms of the 10 gm. weight; then

10X10+A+2B+4C+2D=(504+20+10+. . .)=100 gms. and
the 10 gm. weight itself:

A+2B44C+2D

10=10—- 10

A+2B+4C 42D

If we let S= 10

, then we obtain

10=10 gm.—S
10'=10 gm.—S+C
54+2+4+14+1'41"=10 gm.—S+D
20=20 gm.—28+B+C
50=50 gm.—5S+A+B+2C+D
=50 gm.+34

The sum 34 - B42C+ D—58 should equal 0, which serves as
- a test for the accuracy of the observations.

The 5 gm. weight is now compared with the 24141417 in
exactly the same way, with the result that

5=24+1414+1"+a

2=1+1' +b
1’=1 +ec
17=1 +d.

- *Tt is well to mark the weights of the same denomination so that they
may be distinguished from one another.
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According to the preceding work
54+2+1414+1”=10,000—-S+4D

consequently
10X 14+ a+ 2b+ 4c+2d=10,000—S+D
and
1=1000— a+2b+4c—|—2d+S——D.
10
Ifwelet s= a+2b+4c+1?)d+S—D, we obtain
1=1000—s
1’=1000—s+4¢

1”7 =1000—s+4d
2=2000—2s+b+c
5=5000—5s+a+b+2c+d.

In the same way the smaller weights are tested until finally
the following eorrection table is obtained.

TABLE FOR CORRECTION OF WEIGHTS.

0.5+0.240.14+0.1"

50 =50 g.+%A 54+2+1+1"+1"= +4*=
20 —2og —284+B+C 10 1 0.1
10 =10g.—S ——— —_—— —
10/=10g.—S+C =10g.—S+D =1g.—S+a 4=0.1g.—s'+¢

5 =5g.—5s+a+b+ 0.5 =1g.—5s'+ 8+ [0.05=0.5g.— 55" +1+
5 +2c+d +r4+20+0 +m+2n+o
2 2=2g.—2s+b+c 0.2 =0.2g.—2s"+r+ 10.02=0.02 g. — 25" +
1 t=10g.—8+D +3 +m+n
1’ 1=1g.—s 0.1 =0.1g.—¢" 0.01=0.01 g.—s"”
17 I!=1g.—s+c 0.1'=0.1g.—s'+2 0.01’=0.01g.—s""+n

1”=1g.—s+d =0.1g./—s’+¢ |Rider=0.01g.—s” +o
Sum=100 g. 10g.—8+D 1g.—s+a | 0.1 g.—s'+¢

* 4=0.05+0.02+0.01+0.01’ +Rider, (Rider=0.01g.)

The milligram weights may be standardized in exactly the
same manner. It is much more convenient, however, and the
accuracy .attained is almost exactly the same, if instead of using
these very small weights the rider is hung upon the whole
divisions of the balance-arm in order to obtain the weight in
milligrams; for the estimation of the fractions of the milligram it
is better to calculate them from the sensitiveness of the balance,
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The weights should never be touched with the fingers, but should
always be lifted by means of the pincers provided with each set, and
nothing should be placed on or removed from the balance-pans with-
out arresting the balance, i.e., raising the mechanical supports so
that the beam no longer rests upon its knife-edges.

Filtration and Washing of Precipitates.

How large should the filter be and how many times should the
precipitate be washed?

With regard to the latter question it is evident that the pre-
cipitate should be washed until the soluble matter is completely
removed. It is clear, however, that this point will never be reacherl
because a part of the solution always remains on the filter, but it
is not difficult to make the amount of the dissolved substance
remaining so small as to be negligible. When the amount of
dissolved substance remaining on the filter is so small that it could
not be detected by our balance, we consider the precipitate to be
completely washed.

The aim should be not only to remove all of the soluble matter,
but to accomplish this with as little wash water as possible.

No precipitate is absolutely insoluble, so that it is clear that
every unnecessary excess of wash water causes harm by removing
a fraction of the precipitate, and the greater the excess of the wash
water the greater the amount of the precipitate dissolved..

The amount of wash water to be used depends largely upon
the nature of the precipitate itself. Amorphous, gelatinous pre-
cipitates always require more washing than crystalline, granular
ones.* As a rule, it may be said that the process of washing
must be continued until the substance which is being washed
out can be no longer detected in the last filtrate. In case the
filtrate must be used for another determination, it is obvious that
the filtrate should not be tested too soon. When should the
filtrate be tested?

Let us assume the filter to hold 10 c.c., the solution to drain

* The reason why some precipitates require more washing than others
is due to the fact that the degree of adsorption varies. (Cf. Ostwald, Die
wissenschaftl. Grundl. der analyt. Chem., p. 18.)
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to the last drop from the paper, the amount of the solution held
back by the precipitate and filter to be 1 c.c. and to contain
0.1 gm. of the solid substance which is to be removed by wash-
ing.
The filter is filled to the upper edge with wash water and
allowed to drain to the last drop n times, until not more than
5/100 mgm. of the substance to be removed by washing remains.

According to our assumption, 9 c.c. drain off and 1 e¢.c. remains
behind; we have consequently:

Removed by the There remains after the -
1st washing, 0.1-9/10 gm. 1st washing 0.1-1/10 gm.
od  “  0.1.9/10-1/10 gm. 2d  “  0.1-1/10-1/10 gm.

34 “  01-9/10-(1/10)*gm. 3d ¢  0.1.1/10-(1/10)? gm.

nth ¢ 0.1.9/10-(1/10)n—=1gm. nth 0.1.1/10-(1/10)n—1 gm,

After washing n times, therefore, the amount removed by
washing is the sum of the decreasing geometric series of which the
first term is 0.1-9/10 and the constant factor is 1/10.

In case n =4, the sum of the series is

9 1\*
o155 (%) -1 ]
= 1

Té—l

=0.09999 gm.

After washing the precipitate four times, therefore, 0.09999 gm.
of the impurity has been removed. According to the assumption
that there was originally 0.1 gm. of this substance, there remains
in the precipitate only 0.00001 gm., or in other words a negligible
amount.

Consequently, the filtrate should be tested qualitatively for
the substance to be removed only after the precipitate has been
washed four times. :

Often the washing will be found to have been complete after the
fourth washing, but as a rule this will not be the case, and in many
cases it will be found necessary to repeat tne operation for fram



20 INTRODUCTION.

ten to twenty times. In the processes which are described
it will usually be stated how far to carry the washing.

Now with regard to the second point, how should a precipitate
be washed with the least possible amount of wash water? Accord-
ing to the above consideration it is necessary to wash every pre-
cipitate at least four times, in which case the filter should be
entirely filled each time, and it is evident that the size of the
filter-paper will influence the amount of wash water used.

The filter, therefore, should be made as small as possible,
irrespective as to whether there is little or much liquid to filter.
The size of the filter used should be regulated entirely by the amount
of the precipitate and not at all by the amount of the liquid to be fil-
tered. The mistake should not be made, however, of using too
small a filter. The precipitate should never reach the upper
edge of the paper; about 5 mm. should remain free, and even in
this case the filter should not be so completely filled as in Fig. 4, a.

Fre. 4.

It is better to have the filter filled about as much as is shown in
Fig. 4, b, in order that sufficient room is left for the wash water.

The use of too large filters is one of the inexcusable anae
lytical errors.
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The Drying and Igniting of Precipitates.

Before a precipitate can be weighed it must be absolutely dry.
Those precipitates which do not undergo a change of weight on
ignition are treated as follows:

(a) THE PRECIPITATE IS IGNITED DRY.

This method, in which the precipitate is separated from the
filter, the filter burnt by itself, the ash added to the main part
of the precipitate and the mixture then ignited to constant
weight, is used in those cases when the ignited substance will be
reduced by the burning paper, e.g., in the case of precipitates of
silver chloride, lead sulphate, bismuth oxide, ete.

In order to perform this operation it isfirst necessary that the
filter and precipitate should be completely dried at 100° C. TFor
this purpose the funnel containing the filter is carefully covered
with a piece of filter-paper,* placed in a drying-closet (preferably
one that is heated by steam) and dried at 100°C. When per-
fectly dry, a weighed crucible is placed upon a piece of glazed
paper of about 20 sq. em. (I'ig. 6, left) and the dry precipitate is
carefully shaken into the crucible, removing it from the paper as
completely as possible by gentle rubbing with a platinum spatula.
Any small particles of the precipitate which may have fallen
upon the glazed paper are brushed into the crucible with the
aid of a feather (I'ig. 6). Small particles of the precipitate will
.still always adhere to the paper and these must be weighed.
In order to accomplish this, the filter is burnt and the ash obtained
is either weighed by itself or mixed with the main part of the pre-
cipitate and weighed with it.{

* Wet a common cut filter, stretch it over the ground top of the funnel,
and then gently tear off the superfluous paper. The cover thus formed
continues to adhere after drying. Fresenius, Quant. Chem. Analysis,

t By using filter-paper which has been carefully washed with hydro-
chloric and hydrofluoric acids, it is permissible to neglect the weight of
the ash from the filter itself. With an unknown paper it is necessary to
determine the weight of the ash by a separate experfment and then correct
the weight of the precipitate obtained.
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The combustion of the filter, to which small particles of the
precipitate still adhere, is best accomplished by the method pro-
posed by Bunsen as follows: The filter is folded together so that
the precipitate occupies the position indicated in the shaded part
of Fig. 5, a, and then it is further folded as indicated by g and y of
Fig. 5 to a narrow strip. The paper is then rolled between the

Fia. 5.

fingers as indicated by 4, beginning at b, so that the portion of
the filter which is free from the precipitate is on the outside. The
roll is now enveloped with a previously ignited heavy platinum
wire, the wire is supported (as indicated in Fig. 6) by means of a

g
P

Fia. 6.

cork in the opening of a porcelain plate and the filter is ignited by
means of the gas-flame. The flame is at once taken away and
the paper allowed to burn quietly. If carbonized particles still
remain, the gas-flame is applied repeatedly until it is no longer
possible to.make the particles glow any more. (Too strong ignition
ehould be avoided.) The ash is then added to the contents of the
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crucible by gentle shaking and the final use of the feather, The
cover is placed on the crucible, which is heated at first with a small
flame, the temperature being
gradually increased until the
prescribed temperature of &=
ignition for the given precip- |
itate is reached. The flame | l |
is finally removed, the cruci- B
ble allowed to cool some-
what, and while still warm,
but not ‘glowing, is placed
in a desiccator (Fig. 7).

After cooling (at least
three quarters of an hour for
porcelain crucibles and 20 minutes for platinum ones) the crucible
and its contents are weighed.

Many precipitates (silver chloride, lead sulphate, etc.) are some-
what reduced to metal by the above treatment. As, however,
these metals are difficultly volatile, there will be no loss of the
metal, only of the anion (chlorine in the case of silver chloride
and SO; in the case of lead sulphate). This loss may be readily
replaced. The metal in the crucible is moistened with a few drops
of nitric acid to dissolve it, a few drops of hydrochloric acid (in
the case of a silver chloride precipitate), or of sulphuric acid (in
the case of lead sulphate) are added, and after evaporating off the
excess of the acid the crucible is weighed. The only danger in this
method is that in burning the filter the ash is heated too hot, so
that some of the reduced metal melts and alloys with the platinum
wire. If, however, the filter-paper is rolled up as was directed,
there is always some paper free from precipitate between the precipi-
tate and the platinum wire, yielding an ash which, although its
weight is inappreciable, is still sufficient to protect the wire and
prevent the reduced metal from coming in contact with it, provided
it is not heated strongly enough to melt the metal.

Many precipitates (Mg(NH,)AsO,, K,PtCl,, etc.) are changed
so much by this treatment that it would be impossible to obtain
correct results. In such cases the filter cannot be burnt, but
it is previously dried at a definite temperature and weighed;
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afterwards the precipitate and filter are again dried at the same
temperature and weighed again.

In order to dry the filter, it is placed in a drying-closet *
(Fig. 8a) upon a watch-glass and near an open weighing beaker,
the temperature is brought to the desired point and kept there,
with the help of the thermo-regulator T, for § to 1 hour. By
means of tongs the filter is quickly placed in the weighing beaker,
and the latter in a desiccator filled with calcium chloride (Fig. 7),
where it is kept for exactly 1 hour. It is then covered, removed
from the desiceator, allowed to stand in the air near the balance for
20 minutes and then weighed. The heating and weighing is re-
peated once more in exactly the same way until two consecutive
weighings do not differ by more than 0.0002-3 gm.

The precipitate is now collected upon the filter and after drying
the filter in the funnel at 100° C. the filter and its conterts are
removed from the funnel and dried in exactly the same way as
before.

The same result is much more simply and accurately accom-
plished by the use of the Gooch Cructble.

This consists (as is shown in Fig. 9, page 25) of a cru-
cble with a perforated bottom. The crucible is provided
with an asbestos filter, weighed after drying at the pre-
scribed temperature, then the precipitate is filtered off
into the crucible, which is again dried and weighed. The

* The drying-closet shown in Fig. 8a is fitted with six removable porce-
lain plates which prevent any oxide falling from the metallic closet walls
upon the substance to be dried, rendering it impure. The upper plate has
two holes bored in it through which thermometer and thermo-regulator are
placed. This upper plate is fastened to the top of the closet as follows:
A glass rod provided with a broad rim rr and bulging out at aa is pushed up
through the opening P of the porcelain plate (Fig. 8b) and K of the upper
closet wall, and this is fastened by placing an asbestos ring A between aa
and K.

The bottom plate rests upon a heavy iron wire so that it does not
come directly in contact with the bottom of the closet.

As the plates can be easily taken out, it is possible to clean them without
difficulty. The only part of the apparatus that wears out is the bottom,
so that it is best to have the closet so that it may be renewed from time
to time without taking the apparatus to pieces.

- Several forms of electric ovens are also in use. These require little attene
tion and can be regulated to almost ary desired temperature.
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use of these crucibles permits such accurate and rapid work that it
is worth while to describe the method of using them more in detail.

Preparation of Asbestos Filters.

Some long-fibred, soft asbestos is cut into pieces } em. long,
and digested with concentrated hydrochloric acid upon the
water bath for an hour. A good sample of asbestos will then
be separated into very small fibres.
The mass is collected in a funnel with
a platinum cone, or upon a filter-plate,
and washed with water. After dry-
ing, the asbestos may be ignited, but
for most purposes this is not only un-
necessary but disadvantageous.

For the preparation of a Gooch
filter, a small flock of the material
is shaken with water in a flask, so
that a thin emulsion is formed. A
piece of thin rubber tubing* (Fig. 10)
is stretched over a funnel and the
crucible T is placed in the opening.
The funnel should be large enough so
that the crucible is suspended by the
rubber without touching the sides of
the funnel. Enough of the emulsion is
poured through the crucible to produce
a layer of 1 to 2 mm, thickness, a
small filter-plate (Fig. 9, P) is placed
upon this layer and some more of the
emulsion is poured into the crucible.
Water must now be passed through
the crucible until no asbestos fibres run through, and in order
to see them the liquid is poured into a small beaker. Usually
such a filter is prepared and used with a gentle suction,}

*In place of rubber tubing Bailey’s Gooch crucible holder or Walter’s
Gooch crucible holder may be used to advantage.

t Too great a suction should not be employed during the filtration, for
in that case the precipitate or even the asbestos itself will be so compressed
that the filtration will be prolonged and the washing made more difficult.
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but in many cases it filters more rapidly than paper with-
out it.

The crucible is now dried at the proper temperature and after-
wards weighed. The drying and weighing is repeated until a con-
stant weight is obtained, when about half a liter of water is once
more passed through the crucible (in order tobe sure that no asbestos
fibres run through) and the crucible is again dried and weighed,
after which, if the weight is constant, the crucible is ready for the
filtration.

The same crucible can be used for a large number of determina-
tions, When the amount of the precipitate in the crucible be-
comes too large, the upper part can be carefully removed and the
crucible again used.

If it is desired to ignite a precipitate contained in a Gooch
crucible, it is placed (as shown in Fig. 11) within a larger porce-
lain crucible and heated at first
gently and finally more strongly,
and when necessary it can even
be heated over the blast-lamp.

For many purposes it is prefer-
able to use instead of the Gooch Asggffgs
crucible a glass tube with an
asbestos filter. This is particu-
larly desirable when it is neces-
sary to heat the precipitate in a
gas-stream. )

The so-called Munroe crucible,* in which the filtering medium
consists of a porous felt of spongy platinum, is a modification of
the Gooch crucible which permits rapid and accurate work. The
felt is prepared by igniting a carefully-dried layer of ammonium
chloroplatinate, which has been poured over the bottom of a
platinum Gooch crucible in the form of an alcoholic sludge while

RO

Fra. 11.

By having the crucible suspended free by the rubber, tne possipility of em-
ploying too much suction is avoided, for, as soor as this has reached a certain
tension the air is forced between the rubber and the sides of the crucible, so
that we have the effect of a safety-valve to a certain extent.

* C. E. Munroe, J. Anal. Chem., 2, 241; Chem. News, 58, 101. See also
W. O. Snelling, J. Am. Chem. Soc., 31, 456, and O. D. Swett, tbid, 31, 928.
The last reference gives a table of suitable solvents for removing ignited pre-
cipitates from the Munroe crucible.
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the crucible is held against several layers of filter paper. The
felt can be shaped to the crucible during the ignition and subse-
quently burnished lightly with a glass rod of suitable form. In
case imperfections develop, the felt should be saturated again
with chloroplatinic acid, the crucible slowly lowered into a moder-
ately concentrated solution of ammonium chloride, washed with
alcohol, dried and ignited.

‘The use of an electric furnace, Fig. 12, is very convenient for
igniting the crucible and its contents, especially in the case of

—

Fia. 12,

those precipitates which are likely to undergo change on coming
in contact with a reducing flame.

(b) THE PRECIPITATE IS IGNITED WET.

Those precipitates which do not suffer any permanent change
by the action of the products of combustion of the filter may be
ignited wet. The precipitate is allowed to drain as much as
possible and while still moist the filter and precipitate are placed
in a platinum crucible, the paper being pressed down against the
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sides of the crucible. The crucible is placed in an inclined position
upon a triangle (Fig. 13),* with the cover inclined against the
upper edge of the crucible and resting on the triangle. The flame
of the burner is directed against the cover, which quickly dries

I'ig. 13,

the filter, then scorches, carbonizes, and finally burns it. The
flame is then slowly moved backwards under the crucible until
finally the crucible is subjected to the whole heat of the burner,
after which it can be heated over the blast-lamp if necessary.

* In Fig. 13, the inner triangle is platinum wire, the outer triangle is heavy
iron wire. Triangles of fused silica or of nickel-chromium alloy are suitable,
but platinum alloys with iron, so that a hot crucible should never be placed
in contact with iron wire.
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THE EVAPORATION OF LIQUIDS.

Liquids are usually evaporated upon the water-bath. In
order to prevent anything from falling into the evaporating-dish

it is well to cover it with an evaporation-funnel, as shown in
Fig. 14.

//Z' I\
/=l \

Fia. 14. Fra. 15.

The funnel is suspended above the dish by means of a porce-
lain fork fastened to the iron rod (covered with hard rubber) which
is attached to the water-bath. »

In case the laboratory is provided with a glass-covered hood
with a good draft the use of the funnel is unnecessary.

If, however, the hood is directly connected with the chimney
it often happens that on a windy day a considerable amount of
dust falls into the hood.
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In order to prevent this, the author has made use of the fol-
lowing contrivance which has worked very satisfactorily for some
years. The hood is provided with a glass roof, aa, Fig. 15, and about
15 em. below there is a second glass plate bb which does not quite
touch the inner wall of the hood but is about 3 em. away from it
throughout its whole length. Between the two plates there pro-
jects a clay pipe R, about 15 cm. in diameter and about 5 cm.
above the inner edge of the lower glass plate, leading directly
into the chimney K, in which there is a small gas-flame (not shown
in the illustration). Any dust, sand, ete., from the chimney falls
upon the plate bb; none can get into the hood.

In the evaporation of liquids on the water-bath in weighed
platinum crucibles or dishes, the platinum should not come in
contact with copper or glass rings.  As a rule, porcelain rings should
be used. In case the crucible is smaller than the ring, use is made

ANNSNM77/ANNY 5 NN\ A7 NN

Fia. 16. Fig. 16a.—Water-bath with porcelain ring,
platinum-brass cone, and crucible.

of a truncated brass cone turned back at the base (Fig. 16), and
lined with thin platinum foil. This is suspended in the ring and
the crucible placed within the cone (Fig. 16a). '

During evaporation many substances have the property
of “creeping” over the edge of the crucible or dish, often causing
a slight loss of the substance; furthermore there is often “bump-
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ing,” so that in some cases the entire contents are thrown out of
the crucible (cf. the determination of boric acid according to the
method of Gooch). DBoth of these phenomena can be readily
prevented as follows:

The crucible, at the most not more than two-thirds filled with
liquid, is placed in the cylindrical tin or brass spiral £k (Fig. 17).

Fre. 17,

The first two windings of the metallic spiral come into close con:
tact with the sides of the crucible above the liquid, while the re~
marning windings should not touch the crucible. When steam is
passed through the spiral the
upper part of the crucible is
warmed first, so that there is no __

spattering, and furthermore by =8 ____

keeping the upper edge hot during Tie. 18.

the whole of the evaporation all a=asbestos ring,
“creeping” of the substance is b =asbestos plate.
avoided. In this way it is possible to evaporate off alcohol rapidly
without boiling the liquid. -

In case it is desired to evaporate high-boiling liquids, such as
sulphuric acid, amyl alcohol, ete., the crucible is either heated
cautiously over the free flame (continually moving it back and
forth) or else the crucible is placed in an air-bath, which can be
prepared in some such way as is represented by Fig. 18.
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Drying Substances in Currents of Gases.

Substances may be dried at a high temperature in a current of
air or of carbonic acid in a number of different ways. An oil-bath
provided with a number of copper tubes (Fig. 19) may be used.
The substance contained in a small “boat” is placed in a glass
tube and the latter in one of the copper tubes. The gas is now
passed through one or more of the empty tubes (so as to warm it),
and then through the tube containing the substance.

Fie. 19.
R=tube with thermometer for measuring the temperature of the gas-stream.

In order to heat a crucible in a current of carbon dioxide,
use can be made of Paul’s drying oven (Fig. 20). The crucible
is placed in the glass pipe 2 and the pipe and copper cylinder K
are covered with watch-glasses. Dry carbon doxide is conducted
through the stem of the pipe, and the oven can be heated to any
desired temperature.

In case it is desired to evaporate off a liquid in a flask and ta
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ignite the residue at a given temperature it is necessary to proceed
somewhat as follows:

i T
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Fia, 20.

Fia. 21a. Fia. 21b.

The solution is placed in the open Erlenmeyer flask K and
evaporated as far as possible over the free flame. The flask is
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then placed in a metal beaker suspended in an oil-bath (Fig. 21a),
and dry air is sucked through the spiral copper tube kk as shown in
the illustration. Fig.21bshows the separate parts of the apparatus.

PREPARATION OF THE SUBSTANCE FOR ANALYSIS.

It is very difficult to give general rules for the preparation of
substances for analysis, for it is necessary to proceed differently
in different cases. Ior a scientific analysis (i.e., one in which it
is desired to determine the atomic composition of a substance)
it is necessary to choose pure material for the analysis. Although
this sounds so simple it is often one of the most difficult conditions
- to fulfil. Many substances are hygroscopic and absorb moisture
from the air, which can be removed by heating the substance or
by simply allowing it to stand in a desiccator over caleium chlo-
ride, provided the substance itself undergoes no change by this
treatment. Many substances containing water of erystallization
cannot even be dried in a desiccator, but must be analyzed air-dry.
In all cases it is necessary to determine whether the substance to
be analyzed possesses a constant weight.

For technical analyses, the purpose being to determine the cost
or selling price of an article or to control its manufacture, the sub-
stance must be analyzed as it 7s. In such a case the sample should
represent as far as possible the average composition of the product.

For our work we are concerned chiefly with scientific analyses
and the first substances to be analyzed are easily crystallized
from water.

Many commercial salts are prepared extremely pure and could
be analyzed directly; in most cases, however, we obtain them after
they have stood for some time in the air and after they have been
handled somewhat, so that they are not so pure as when freshly
prepared. Consequently in case it is desired to test the accuracy
of an analytical process, the purity of a commercial sample should
never be taken for granted. The substance should be purified by

Recrystallization.

Ten or fifteen grams of the commercial salt are dissolved in
the least possible amount of hot water (it is best to use not quite
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enough water to completely dissolve the substance) and the hot
solution is rapidly poured through a plaited filter contained in a
funnel the stem of which has been broken off (Fig. 22). This
serves to remove all dust or other insoluble impurity. The filtrate
is received with constant stirring in an evaporating-dish and is
rapidly cooled by placing the dish in a larger one containing cold
water.

Fia. 22.

By means of the rapid cooling and constant stirring, the
salt is obtained in the form of a crystalline powder,* which is.
filtered off by pouring through a funnel provided with a perforated
platinum cone. The mother-liquor is removed as much as possible
by means of suction. The purity of the substance is then tested
qualitatively by means of some suitable reaction. In case it is
still not quite pure, the same process of recrystallization must be
repeated until the presence of no impurity can be detected.

The pure but still moist substance is placed upon a layer of
several thicknesses of clean filter-paper, covered with another sheet
of the same and allowed to stand for twelve hours at the ordinary
temperature. One or two grams of the substance are then weighed
upon a tared watch-glass, placed upon a dry glass plate, covered
with another watch-glass and allowed to stand for several hours
more. If the substance shows no change in weight it is ready for

* Large crystals would be obtained by allowing the solution %o cool
slowly, but they are not desirable, as they usually contain more enclosed
mother-liquor than do the smaller crystals.
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analysis. Otherwise it must be dried in the air until it no longer
shows a change in weight. It is not permissible to dry the sub-
stance in a desiccator except in those cases in which the substance
will not lose water of crystallization. Deliquescent substances
of course should not be allowed to remain exposed to the air for
very long. Such substances must be quickly dried upon a porous
plate and transferred as soon as possible to a flask provided with a
closely fitting ground-glass stopper. Further rules for the prepara-
tion of the substance for analysis will be given under the special
cases.



PART 1.
GRAVIMETRIC ANALYSIS.

A. GRAVIMETRIC DETERMINATION OF THE METALS
(CATIONS).

METALS OF GROUP V.
POTASSIUM, SODIUM, LITHIUM, AMMONIUM, AND MAGNESIUM
POTASSIUM, K. At. Wt. 39.10.
Forms: * KCl, K,SO,, K,PtCl,, and KCl0,.
1. The Determination as Chloride.

Tais compound is chosen for the determination of potassium
when it is already present as such, or in case the salt to be analyzed
may be changed to the chloride by evaporation with hydrochlorie
acid. If the potassium is present in the form of its sulphate it
may be transformed to the chloride by precipitation with barium
chloride (see silicate analysis); if it is present as the phosphate,
the phosphoric acid may be precipitated as basic ferric phosphate
(Vol. I, p. 337, Ed. IV); or, finally, if it is present as chromate
the CrOf ions may be reduced to chromic ions by evaporation
with hydrochloric acid and alcohol and then precipitated by
ammonia and filtered off.

In almost all of these cases it is a question of separating the
potassium chloride from the aqueous solution and in most cases
of separating it from ammonium chloride as well.

First of all the solution is evaporated to dryness on the water-
bath in a platinum dish (or if necessary a thin porcelain dish may

* Under this heading will be given in every case the symbols of the com-
pounds suitable for the determination of the element in question,
38
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be substituted), taking the precaution of stirring the liquid fre-
quently with a heavy platinum wire, as soon as the salt begins
to separate out, in order to hasten the evaporation of the
enclosed water. In spite of long-continued heating and con-
tinual stirring, however, it is not possible to completely expel all
of the water enclosed within the crystals; this is effected by cover-
ing the dish with a watch-glass and drying in the hot closet for
an hour or two at 130°-150° C.  The covered dish is then placed
upon a platinum triangle and cautiously heated over a free
flame, holding the burner in the hand and imparting to it a fanning
motion. The dish is kept covered as long as a decrepitating sound
can be heard. The cover is then taken off, any ammonium chloride
on it is removed by careful heating, and it is then placed upon
another clean watch-glass. The dish is then heated again over the
constantly moving flame until the vapors of ammonium chloride
cease to be given off, care being taken not to heat the potassium
chloride too strongly on account of its volatility. Any potassium
chloride remaining on the cover is then washed into the dish by
means of a little water, the salt in the dish is brought into solution
by rotating this water in the dish and the almost ever-present
carbon particles (from the carbonization of pyridine bases usually
present to a slight extent in the ammonia and ammonium chloride)
are filtered off through a small filter into a weighed platinum cruci-
ble. A few drops of HCI are added, the contents of the crucible
evaporated to dryness on the water-bath, again covered and allowed
to remain in the drying-closet for one to two hours at 130°-150° C,
and once more heated over the free flame until all decrepitation
has ceased, when the crucible is allowed to cool in a desiceator and is
weighed. After this the crucible is again heated for a few moments
over the free flame so that the bottom of the crucible becomes a
dark red (the cover of the crucible must not be lifted during this
operation); it is allowed to cool, and is again weighed. The proe-
ess is repeated until a constant weight is obtained.

In the case of every analytical operation the heating and weigh-
ing must always be repeated until two consecutive weights are
the same. Therefore, whenever the terms ‘“heated’ (or “ignited )
and “weighed” are used in this book, it is to be always understood
that a constant weight is to be obtained.
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This method is capable of yielding exact results.

Ezxample: Determination of Potasstum in Potasstum Bichromate.
—Commercial potassium bichromate usually contains potassium
sulphate as impurity. The salt is therefore purified, as described
on p. 35, by recrystallizing three times from water, placing the
moist crystals in an evaporating-dish, heating on the water-
bath with constant stirring and finally drying to constant weight
in an oil-bath at 130° C. (cf. p. 33) in a current of dry air.

The dry substance is then weighed upon a tared watch-glass,
placed in a 300-c.c porcelain evaporating-dish, treated with 10 c.c.
of concentrated HCI and 5 c.c. of aleohol, covered with a watch-
glass and warmed upon the water-bath until the solution becomes
a pure emerald-green. Any solution which may have spattered up
on the cover-glass is washed into the dish by means of a stream
of water from the wash-bottle and the solution is then evaporated
to dryness. About 2 c.c. of concentrated HCI and 200 c.c. of water
are now added, the liquid is heated to boiling and precipitated
with the least possible excess of ammonia, filtered and washed
with hot water until 1 c.c. of the filtrate evaporated upon the cover
of a platinum crucible leaves no residue. If, however, on making
this test a residue remains, it must be redissolved in water and
added to the rest of the filtrate. After the washing is found to
be complete, the filtrate is evaporated to dryness as-previously
described,* the ammonium chioride expelled, and the residue of
potassium chloride is weighed.

If a is the amount of potassium bichromate taken, and p the
weight of potassium chloride obtained, the amount of potassium
present in the potassium bichromate may be calculated as follows:

KCI: X =p:s
74.56:39.10=p:s

s=3—9'1—0 =weight of potassium in e gm. of bichromate and i
(ZN T L
percentage
= 1————0071 352 10.3 =per cent. K.

* Frequently a little Cr(OH), separates out during the evaporation; it
must be filtered off and wasbed free from the solution.
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It is customary to carry out the analysis in duplicate and to be
satisfied only when two closely agreeing results are obtained, of
which the mean is taken as the true value. According to the above
method results are obtained which are slightly lower than the theo-
retical value, but this should not amount to more than 0.15 per
cent. and the two ‘“check” determinations should not differ by
more than 0.1 per cent. from one another.

2. Determination of Potassium as Potassium Sulphate.

This method is chosen when the potassium is already present
in solution as the sulphate, or when it is in such a form that it can
be readily changed to sulphate by evaporation with sulphuric
acid; it is most frequently used for determining the amount of
potassium in combination with organic acids.

Since the sulphate of potassium is much less volatile than the
chloride, it is advisible to choose this method in case no other metal
is'present. On the other hand, when it is necessary to separate
potassium from sodium, it is preferable to have the potassium in
the form of the chloride.

Example: Determination of Potassium in Potasstum Bichromate.
—About 0.5 gm. of the purified and dried salt is weighed, as deseribed
under 1, into a 300-c.c. porcelain evaporating-dish, treated with 20
c.c. of a freshly prepared, saturated, aqueous solution of sulphur
dioxide* and 5 c.c. of double-normal sulphuric acid. The dish is
covered with a watch-glass and warmed on the water-bath until
there is no further evolution of gas perceptible, when the cover-glass
is rinsed off, removed and the solution evaporated almost to dryness.
About 200 c.c. of water are now added and the chromium is preeipi-
tated from the boiling solution by means of the slightest possible
excess of ammonia. The precipitate is filtered off and washed

* The solution of sulphur dioxide may be prepared as follows: Into a
300-c.c. Erlenmeyer flask about 150 c.c. of a saturated sodium bisulphite
solution are placed, and concentrated sulphuric acid is slowly added from
a drop-funnel, causing a lively evolution of SO, gas. This gas is passed first
into a small wash-bottle containing water and then into another flask ot
distilled water, which is kept cool by placing it in a larger vessel filled with
cold water. When the evolution of the SO, begins to slacken, it can be
accelerated by gentle warming.
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until it can be shown by the test applied under 1 that it is coms-
pletely free from the solution. The filtrate, containing both potas-
sium and ammonium salts, is evaporated in a platinum dish to dry-
ness, the ammonium sulphate is removed by gentle ignition (the
salt melts and gases are evolved), the residue is dissolved in as little
water as possible and transferred to a weighed platinum ecrucible.
After being evaporated on the water-bath to dryness the bottom
of the crucible is heated by means of a free flame to dull redness
until SOz Vapors cease to come off. The crucible is allowed to cool
in a desiceator and then weighed. A piece of ammonium carbonate
the size of a pea is placed in the crucible (see helow), which is
again heated and weighed, the process being repeated until a con-
stant weight is obtained.

If o is the weight of substance taken and p the weight of the
K,SO, obtained, then the percentage of potassium in the potassium
bichromate may be calculated as follows:

KQSO4ZK2 =p:s
174.27:78.20=p:s
s 78.20
“1raai?
a: 11784'%)7—p= 100:z
_100X78.20 p

and xr= W '; =per cent. K.

In order to determine the amount of potassium in organic salts,

a weighed sample is placed in a large platinum crucible, moistened
with a little concentrated sulphuric acid, and heated over the
free flame exactly as in the case of igniting a moist precipitate
(p. 29), placing the crucible in an inclined position and directing
the flame against the cover of the crucible. Thick, white fumes of
sulphuric acid are soon evolved; as soon as these begin to diminish
in quantity the flame is gradually brought toward the base of
the crucible, finally heating it to a dull red until no more vapors
.are given off. The mass remaining in the crucible now consists
of K,80, and K,S,0,. The latter compound can be converted
by stronger ignition into K,SO, with loss of SO,, but as this proced-
ure involves a slight loss of potassium it is preferable to add a little
solid ammonium carbonate, by means of which the excess of sul
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phuric acid is converted into ammonium sulphate, which is readily
volatile and can be driven off at a much lower temperature.

3. Determination of Potassium as K,PtCl; and as KCl10,.

These determinations are only employed when it is necessary
to effect a separation of potassium from sodium. We will, there-
fore, first consider the determination of sodium itself and after-
wards the separation of the two metals.

SoDIUM, Na. At. Wt. 23.00.

Sodium, like potassium, is determined in the form of its chloride
and of its sulphate, and the same precautions which were discussed
under potassium hold in the case of sodium. It may be men-
tioned, however, that NaCl and Na,SO, are more difficultly fusible
and much less volatile than the corresponding potassium com-
pounds.

Separation of Potassium from Sodium.

The solution should contain salts of no other metals with the
exception of ammonium salts. In order to separate the sodium
and potassium they should both be present as chlorides, the com-
bined weight of which being first ascertained. The mixture is
then dissolved and the potassium precipitated out either as
chloroplatinate or as perchlorate. From the weight of the pre-
cipitate, the corresponding amount of potassium chloride can be
calculated, which value is deducted from the weight of the com-
bined chlorides; this gives the weight of sodium chloride origin-
ally present. The sodium, therefore, is determined by differ-
ence.

A, Separation of the Potassium as K,PtCl,.

Principle.—XK,PtCl is practically insoluble in absolute alecohol,
whereas the corresponding sodium salt is soluble. On the other
hand, sodium chloride is insoluble in absolute alcohol, so that it
is absolutely necessary to convert both the potassium and the
sodium to the form of their chloroplatinates, as otherwise the
K,PtCl, obtained will be contaminated with sodium chloride and
too high a value will be found for the amount of potassium present.

Procedure: 1. Transformation of the Chlorides into Chloroplati-
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nates.—The assumption made is that the weight of the two chlo-
rides p consisted entirely of sodium chloride, and from this the
amount of chloroplatinic acid necessary to convert the chlonde
into chloroplatinate can be calculated:

2NaCl:Pt=p:z

Pt
T=oNacl P =weight of Pt in H,PtCly required.

Since the reagent (cf. Vol. I) contains 10 per cent. Pt, we
may say that 10 c.c. contain 1 gram of platinum and p grams
of sodium chloride require

21)—1\1}—2}?1-1) c.c. of HaPtClg.

The solution of the two chlorides in water (contained in a
platinum or porcelain evaporating-dish) is treated with a few
tenths more than the calculated number of cubic centimeters of
H,PtClg and is then evaporated almost to dryness on the water-bath
at as low a temperature as possible (the water should not boil).
After cooling, the residue is treated with a few c.c. of absolute
alcohol (best methyl alcohol *), after which the solid mass is broken
up into a fine powder by means of a stirring-rod or a platinum
spatula. The liquid is then decanted through a filter moistened
with alcohol, and the treatment of the residue with alcohol together
with the breaking up into powder, ete., is repeated until the alcohol
runs through the filter completely colorless and the salt remaining
assumes a pure, gold-yellow color without any orange-colored parti-
cles being present (NagPtClg+6H;0). The precipitate is then
carefully transferred to the filter, the alcohol is allowed to coms-
pletely drain off, and the precipitate is dried in the hot closet at
80°-90° C. The greater part of the precipitate is then placed
upon a clean watch-glass, the filter is replaced in the funnel, and
the precipitate which still adheres to it (and likewise any pre-
cipitate adhering to the dish in which the original precipitation
took place) is dissolved off by means of a little hot water into a

weighed platinum dish or erucible. The precipitate is evaporated

* Dupré, Inaugural Dissertation, Halle, 1893.
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to dryness on the water-bath at as low a temperature as possible,
and to it is now added the precipitate from the watch-glass. It is
dried at 160° C. and weighed. The calculation of the amount of
potassium chloride corresponding to the weight of the precipitate
is performed as follows:

The weight p of the potassium chloroplatinate is multiplied by
0.3056 and this gives at once the weight of the potassium chloride.

Remark.—The coefficient 0.3056 is used instead of the true
factor (0.3068), because the potassium chloroplatinate precipitate
does not exactly correspond to the formula K,PtCl.* It con-
tains, in fact, a little more chlorine, besides oxygen and hydrogen,
which are not given off as water at a temperature of 160°C. We
must assume that the chloroplatinic acid is decomposed slightly
on evaporation, perhaps according to the following equation:

H,PtCl+ H,0==2HCl + H,PtC1,OH.

By this hydrolysis a mixture of the potassium salts (I,PtCl,
+KHPtCL,OH) is obtained, but fortunately if the work is always
done in the same way these compounds are always formed in the
same relative amounts. Innumerable determinations have shown
that correct results are obtained if the factor 0.3056 is used in the
calculations.

Modification of Chloroplatinate Method.

Instead of weighing the I,PtCly, the dry precipitate may be
heated in a stream of hydrogen, when HCl and H,0O will be given
off and a mixture of platinum and potassium chloride will remain
behind.

1. If the amount of hydrochloric acid evolved is determined
(p gm.) and from this the calculation of the potassium chloride
made according to the following equation,

K:oPtClg+2Hs =4HCl+ Pt+2KCl
4HCL: 2KCl=p:z

_ KCl

~SHC P,

* Cf. Tresenius, Z. anal. Chem., 1882, p. 234. Also F. Dupré, “Die
Bestimmung der Kaliums als Kaliumplatinchlorid,” Inaugural Dissert., Halle,
1893. Also W. Dittmar and McArthur, J. Soc. Chem., Ind. 6, 799, and Ber.,
1888, Ref. 412.

x
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the result will be too low because less HCI is evolved than corre-
sponds to the above equation.

2. If the mixture of platinum and potassium chloride remaining
in the dish is weighed (p gm.) and the amount of potassium
chloride is ealculated according to the equation

(Pt+2KC]):2KCl=p;x
. 2KCL
~Ptr2Kcl P

too low a result will be obtained.

3. Finally, if the mixture of platinum and potassium chloride
is treated with water'and, on the one hand, the weight of the plati-
num remaining undissolved and, on the other hand, the weight of
the potassium chloride which goes into solution (by evaporating
the solution and weighing the residue) is determined, then the
amount of potassium chloride calculated from-the weight p of the
platinum ‘

Pt:2KCl=p:z

_2KCl
TPt

again gives a result which is too low; while the amount of potas-
sium chloride found in the aqueous solution corresponds to the
amount of potassium chloride originally present.

Inasmuch as the precipitate of potassium chloroplatinate
possesses a constant composition it is possible to determine experi-
mentally by working with pure materials the exact ratio which
exists between (a) the amount of hydrochloric acid evolved, (b)
the mixture of potassium chloride and of platinum remaining
after the ignition, (c) the weight of platinum remaining undissolved
after treatment of the residue with water and the amount of
potassium chloride originally present. According to Dupré, if
the amount of platinum determined according to 3 is multiplied
by the factor 0.76142 the true amount of potassium chloride
will be obtained.
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As an example of the modified chloroplatinate method we
have the

Neubauer-Finkener Method. *

This method does not require that the sodium and potassium
shall be present as chlorides. It depends upon the precipitation
of potassium chloroplatinate in the presence of ether-alcohol,
igniting the precipitate (K,PtCl,, Na,SO, etc.) in hydrogen,
washing out the soluble salts, and weighing the residual plati-
num.

Procedure—The solution containing about 0.5 gm. of sub--
stance is poured into a large porcelain casserole and treated
with a few drops of hydrochloric acid. Somewhat more than
enough chloroplatinic acid to precipitate the potassium is added,
and the solution evaporated on the water-bath until its volume
does not appear to diminish perceptibly; an unnecessarily long
heating is to be avoided. After cooling the mass is moistened
with about 1 c.c. of water and carefully crushed with the end
.of a flattened stirring-rod; then at least 30 c.c. of alecohol (93-96
per cent. by volume) are added in portions of 10 c.c., each
time crushing the mass with the rod. If considerable sodium
or potassium is present, the mass toward the end assumes a soft,
cheesy consistency but eventually becomes hard and erystalline,
The covered casserole is next allowed to stand for half an hour,
rubbing the precipitate from time to time. Then the super-
natant liquid is poured through a platinum Gooch crucible and
the precipitate washed by decantation with alcohol. After
each addition of alcohol the crystals are forcibly crushed with
the rod. As soon as the filtrate passes colorless through the
filter the precipitate is transferred to the crucible with alcohol,
the alcohol is removed by washing six times with ether, and
the latter by sucking air rapidly through the crucible. The
crucible is covered, and through an opening in the cover hydro-
gen (or illuminating-gas)t is passed and the crucible is heated,
at first very gently, to avoid losses by decreptitation. After five

* Z. anal. Chem., 1900, 485.
1 As in the determination of copper as cuprous sulphide, cf. p. 183.
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minutes the flame of the burner is turned a little higher so that
the bottom of the crucible just shows a faint redness in the
center,* and this temperature is maintained for at least twenty
minutes. It is then allowed to cool. The contents are next
moistened with cold water, and hot water is sucked through
the crucible fifteen times to remove the soluble salts™ com-
pletely. To remove calcium sulphate, or other difficultly soluble
salts, the crucible is filled with 5 per cent. nitric acid (not HCI),
which is allowed to act for about half an hour, from time to time
replacing with a little fresh acid. Then wash with hot water,
~dry and weigh the platinum from which the corresponding
amount of IXCl is obtained by multiplying by 0.7612,1 or of I{,0
by using the factor 0.4811. ,
If hydrochloric acid were used instead of nitric acid in the
above treatment, the platinum would subsequently run through
the filter in a colloidal condition.}

*The crucible should be placed upon a piece of platinum foil so that
the flame does not come directly in contact with the perforation in the bottom
of the Gooch crucible.

t According to Neubauer the coefficient 0.7612 must be used in the
presence of sulphates, and Dupré found that the factor 0.7614 holds in the
case of chlorides. Similarly, Dittmar and MecArthur (Z. anal. Chem., 28,
767) state that the factor 0.7611 applies in the presence of much magne-
sium.

1 Kling and Engels, Z. anal. Chem., 45, 315 (1906).
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rd

Determination of Small Amounts of Potassium in the Pres-
"~ ence of Considerable Sodium.

The solution may contain sodium, potassium, calcium,and mag-
nesium in the form of their chlorides or sulphates, etc. Hydro-
chloric acid gas is conducted into the < HCL
solution, which has been concentrated as
much as possible, until it has become sat-
urated with the gas (the lower end of the
delivery-tube should be enlarged, as indi-
cated in Fig. 23, and should not dip into
the liquid). To every 100 c.c. of the solu-
tion 2 c.c. of water are now added, the
precipitated sodium chloride is allowed to
settle and the solution poured through a Fia. 23.
funnel provided with a platinum filter-
cone. The precipitated salt is washed three times by decantation
with 95 per cent alcohol, transferred to the funnel, dried by suction
and then washed three times more with alcohol.

In the solution there remains all of the potassium, some sodium,
and possibly calcium, magnesium, and sulphuric acid.

The solution is evaporated to dryness on the water-bath if possi-
ble (or if sulphuric acid is present the last traces of the free acid
are removed by means of the free flame), the residue is weighed,
for every decigram of the salt mixture 3 c.c. of double-normal
hydrochloric acid are added with more than enough chloroplatinic
acid to precipitate all of the potassium, and the liquid is evaporated
to a paste. It is then treated with 20 c.c. of absolute alcohol,
and well stirred. After standing five minutes 5 c.c. of ether are
added, the mixture is allowed to stand half an hour under a
bell-jar, and then filtered. As the residue often contains small
amounts of other chloroplatinates, it should be purified as
follows: The precipitate is allowed to dry in the air, it is dissolved
in a little hot water, a few drops of chloroplatinic acid are added,
and the above operation is repeated. The precipitate thus
obtained contains all of the potassium in the presence of some
sodium chloride and possibly sodium sulphate. It is washed

. with a mixture of ether and alcohol until the liquid runs through




50 ° GRAVIMETRIC ANALYSIS. -
the filter completely colorless, after which the precipitate is dried,
moistened with hot water, and digested on the water-bath with a
few drops of chemically pure mercury,* constantly stirring with a
glass rod, until the liquid appears perfectly colorless.

By means of this treatment the potassium chloroplatinate is
completely decomposed with separation of platinum:

K,PtCl, + 4Hg =2KCl+2Hg,Cl,+ Pt

The mixture is thoroughly dried on the water-bath and gently
ignited until the mercury is all volatilized; the platinum is changed
at the same time to a denser form, which can be readily washed by
decantation. After cooling, the mass is treated with water, the
aqueous solution is decanted through a filter, and the residual
metal is washed with hot water, dried, and cautiously ignited. The
filter is ignited in a platinum spiral, its ash is added to the main
portion of the platinum in the crucible which is now ignited, and
weighed. The weight obtained p multiplied by 0.7612, gives the
amount of potassium chloride, or multiplied by 0.3994, gives the
corresponding amount of potassium.

Separation of Potassium from Sodium by the Perchlorate
Method. §chli$ssing—Wense.]L

Principle.—This separation depends upon the insolubility of
potassium perchlorate and the solubility of sodium perchlorate
in 97 per cent alcohol. Ammonium salts and sulphates must
not be present on account of the difficult solubility of ammonium
salts and of sodium sulphate in alcohol, but a little phosphate
does no harm, as both sodium perchlorate and phosphoric acid
are soluble in alcohol.

Procedure.—If the solution to be analyzed contains sulphate,
it is acidified with 10 c.c. of 12N.HCI, heated to boiling and
treated drop by drop with boiling 0.5N.BaCl, solution until no
more precipitate is formed. The solution is boiled gently for

* Sonnstéidt, Z. anal. Chem., 36, 501.

t Z. angew. Chem., 4, 691; 5, 233; 6, 68; Landw. Ver. Sta., 59, 313;
67, 145; J. Am. Chem. Soc., 36, 2085. The reagent costs only about one-
hundredth as much as an equivalent quantity of chloroplatinic acid and the
results obtained are nearly as reliable,
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fifteen minutes and is then filtered. This treatment is unneces-
sary when only a trace of SO4~ is present, and in all cases an
excess of BaCl, should be avoided.

The solution is next evaporated to dryness in platinum and
any NH, salt is expelled by careful ignition.*

The residue is dissolved in 20 c.c. of hot water and a little
more than enough HCIO, to combine with all the bases present
isadded. One c.c. of 20 per cent HCIO, is enough for 90 mg. K.
The solution is evaporated to dryness, the residue dissolved in
10 c.c. of hot water, a little more HCIOy is added and the evapo-
ration to dryness is repeated. If white fumes of HClIO4 do not
appear, the addition of water and HClOy is repeated until finally
heavy fumes of HClO, are obtained on evaporation. After cool-
ing, the residue is treated with about 20 c.c. of 0.2 per cent HCIO,4
in 97 per cent alcohol. It is best to break up the crystals some-
what, but care should be taken not to reduce them to a fine
powder which will subsequently pass through the filter. The
solution is decanted through a Gooch crucible, which has been
washed with the 0.2 per cent solution of HCIOy in alcohol, dried
at 130°, and weighed. If there is an unusually large precipitate
‘of KClOy, it should be dissolved in a little hot water and the
solution again evaporated with a little HCIO4. Finally the pre-
cipitate is washed once by decantation with 0.2 per cent HCIO,
in"alcohol and then several times on the asbestos felt. The
small quantity of HCIO4 remaining will be volatilized during the
drying. Finally the crucible and its contents are dried at 130°
for an hour and weighed.

Care should be taken not to evaporate HClO4 and alcohol
together over a free flame, as a dangerous explosion is likely
to result. There is no danger in evaporating an aqueous solu-
tion of perchloric acid.

Preparation of Perchloric Acid According to Kreider.t—About
100-300 gms. of commercial NaClO3 are placed in a round-
bottomed flask and gradually heated until oxygen begins to
be evolved slowly. This temperature is maintained until the

* Cf. p. 498, foot-note.
1 Z. anorg. Chem. IX, 342.
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mass becomes solid (requiring 13-2 hours), whereby the chlorate is
almost completely changed to perchlorate and chloride.

After cooling, the melt is dissolved in water, sufficient hydro-
chloric acid is added to decompose any chlorate remaining, and the
solution is evaporated to dryness (the liquid being constantly ;
stirred from the time crystals begin to separate out.)

The dry mass is broken up with a stirring-rod and then treated
in a tall beaker with an excess of concentrated hydrochloric acid,
by means of which sodium chloride separates out after a few min-
utes. The solution (it now contains perchloric and hydrochloric
acids in the presence of small amounts of scd.um chlorice) is poured
through a Gooch crucible and the residue is washed once or twice
by decantation with concentrated hydrochloric acid. The filtrate
is evaporated on the water-bath until the hydrochloric acid i
completely expelled and heavy white fumes of perchloric acid are
evolved.

Inasmuch as commercial sodium chlorate is often impure,it is
necessary to test the perchloric acid, which has been prepared, for
potassium., For this purpose a small amount of the solution is
evaporated on the water-bath to dryness and the residue is treated
with 97 per cent.alcohol, which will dissolve it readily in the absence
of potassium perchlorate. If potassium is found to he present,
the melt obtained by heating the sodium chlorate as above de-
scribed is treated with HCI and evaporated to dryness in order to
decompose any sodium chlorate remaining. The residue is finely
powdered and treated with 97 per cent. aleohol (1 c.c. dissolves 0.2
gm. NaClO3) and filtered, and the process repeated until a little of
the alcoholic solution when evaporated to dryness leaves abso-
lutely no residue. :

The alcoholic solution, which is now free from potassium, is
distilled from a spacious flask until the perchlorate begins to erys-
tallize out, when it is poured rapidly into an evaporating-dish,
evaporated to dryness, and treated as previously described, with
hydrochloric acid, ete.

One c.c. of a perchloric acid solutlon prepared according to
the above directions gave a residue of 0.0369 gm. which was
completely soluble in 97 per cent. alcohol, as it should be.

In order to ascertain the approximate amount of perchloric
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acid contained in the solution, 1 c.c. should be treated with an
excess of IKCl, evaporated to dryness, treated with an excess of
97 per cent,. alcohol, filtered through a Gooch crucible, and washed
until the filtrate shows no turbidity on being treated with silver
nitrate solution. The precipitate is then dried and weighed.

LiTHIUM, Li. At. Wt. 6.94.
Forms: Li,SO, and LiCl.

The determination of lithium in the form of the above salts is
carried out in practically the same way as in the case of potassium.
It should be mentioned, however, that on evaporating a lithium
salt with concentrated sulphuric acid the acid salt, LiHSO,, is
formed, which on gentle ignition (even without the addition of
ammonium carbonate) is changed to difficultly volatile Li,SO,.

Since lithium chloride is a very hygroscopic salt, it is necessary
to weigh it out of contact with moist air. To. accomplish this,
the platinum crucible, after being gently ignited, is placed in a
desiccator which is provided with a calcium-chloride tube, and
beside the crucible is placed a weighing beaker with ground glass
stopper. After both crucible and beaker have assumed the tem-
perature of the room, the former is quickly placed within the
latter which is then stoppered. It is allowed to stand for 20 min-
utes in the balance case and then weighed. The salt is then placed
in the crucible and the above process repeated.

- Determination of Lithium, Potassium, and Sodium in the
Presence of One Another.

After determining the weight of the combined chlorides, the
potassium is determined in one portion as K,PtCl;, and in a second
portion the lithium is determined according to one of the following
methods:

(a) Gooch’s Method.*
Principle—Anhydrous LiCl is soluble in anhydrous amyl

alcohol (15 parts of amyl alcohol dissolve in the cold 1 part of
LiCl, or 10 c.c. dissolve 0.66 gm. LiCl) while KCl and NaCl are

¥ Proceedings of the Am. Acad. of Arts and Sciences. 22 [N. 8. 14), 177.
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difficultly soluble in this liquid (solubility of NaCl=1:30,000 of
KCl=1:24,000).

Procedure.—The solution, after having been concentrated as
far as possible, and which should not contain more than 0.2 gm.
LiCl), is placed in a 50 c.c. Erlenmeyer flask, 5-6 c.c. of amyl alecohol
(boiling point 132° C.) are added and the flask is placed upon an
asbestos plate and cautiously heated. The aqueous solution at
the bottom of the beaker soon begins to boil and the water vapor
escapes through the upper layer of amyl alecohol.* As soon as
all the water has been boiled off, the chlorides of sodium and
potassium separate out, while the greater part of the lithium
chloride is to be found in the alcoholic solution. During the
evaporation of the aquecus LiCl solution, however, some LiOH is
formed by hydrolysis, and the latter compound is insoluble in
_amyl alcohol. In order to bring this completely into solution,
the clear amyl alcohol solution is treated with 2-3 drops of concen-
trated hydrochloric acid. boiled two or three minutes and filtered
while still warm through a small asbestos filter. The erust which
remains is composed of sodium and potassium chlorides and is
washed with hot amyl alcohol, which has been boiled. The fil-
trate is evaporated to dryness, and the residue is dissolved in a
little water after the addition of some dilute sulphuric acid. The
solution is filtered from the carbonaceous residue into a weighed
platinum crucible, evaporated as far as possible on the water-
bath, the excess of sulphuric acid is removed by gentle heating
over a flame (the crucible being held in an inclined position) and
it is then weighed. The lithium sulphate thus obtained always
contains small amounts of potassium and sodium sulphates in
case these matals were present, so that from the weight obtained,
0.00041 gm. should be deducted for every 10 c.c. of the filtrate
(exclusive of the alcohol used in washing the residue) in case only
sodium chloride is present, or 0.00051 if only potassium chloride is
present, and 0.00092 if both sodium and potassium chlorides are
present

* To prevent loss by bumping at this point, the flask should be fitted
with a cork stopper through which two tubes pass. If air is drawn through
the liquid during the boiling, the water evaporates more quickly and without
bumping.
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If 10-20 mgm. of lithium chloride were present in the original
salt mixture, then the residue obtained after filtering and wash-
ing with amyl alcohol is dissolved in a little water and the above
treatment is repeated, the lithium being determined in the com-
bined filtrates.

This method is very accurate, and, in the author’s opinion it
is to be preferred to all other methods for the determination of
lithium.

() Rammelsberg’s Method.

Principle—Anhydrous lithium chloride is soluble in a mixture
of equal parts alcohol and ether which has been saturated with
hydrochloric acid gas, whereas the chlorides of sodium.and potas-
sium are practically insoluble therein.

Procedure.—The solution of the chlorides is evaporated to dry-
ness in a small flask made of Jena glass and provided with a
ground-glass, two-way stopper (p. 34, I'ig. 21a). During the evapo-
ration a current of dry air is passed into the flask through the long
tube @ and out through the short tube b. As soon as the resi-
due has become dry the flask is placed in an oil-bath and heated
for half an hour at 140-150° C., during which time dry hydro-
chloric acid gas is passed through the flask. The flask and its con-
tents are allowed to cool with the hydrochloric acid still passing
through the flask, after which the residue is treated with a few
cubic centimeters of absolute al cohol which has been saturated with
hydrochloric acid gas and thereupon diluted with an equal volume of
absolute ether. The flask is tightly stoppered and allowed to stand
with frequent shaking for 12 hours. The solution is then poured
through a filter, wet with the ether-alcohol mixture, and the residue
is washed thrce times by decantation with ether-alecohol. A few
more cubic centimeters of ether-alcohol are added to the contents
of the flask and it is again allowed to stand for 12 hours; the liquid
is then poured off and the residue is washed with ether-alcohol
until a trace of the residue tested in the spectroscope shows the
complete absence of lithium. The ether-alcohol extract is care-
fully evaporated to dryness in a water-bath containing lukewarm
water, the residue is dissolved (after the addition of a little dilute
sulphuric acid) in as little water as possible, transferred to a weighed
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platinum crucible and treated with sufficient sulphuric acid to
transform -the lithium chloride present completely into sulphate.*
The solution is evaporated as far as possible on the water-bath,
then cautiously over the free flame, after which it is gently ignited
and the residue of lithium sulphate is weighed.

Remark.—In the presence of considerable sodium and potas-
sium salts it is advisable to remove the greater part of these by
precipitation with hydrochloric acid gas (ef. p. 49), filtering
through asbestos and washing the precipitate with concentrated
hydrochloric acid until the residue no longer gives the lithium
spectrum. The results obtained by this method are satisfactory.

Besides the above methods for the separation of lithium from
sodium and potassium there are two other methods to be men-
tioned; that of W. Mayer t and that of A. Carnot.f According
to Mayer the lithiu'n is precipitated in the presence of NaOH as
Li,PO,, which, after being washed with ammonia water, is ignifed
and weighed. Rammelsberg, however, claims that the Li,P.),
always contains some sodium, so that ‘the method is inaccurate.
A great many cxperiments tried in the author’s laboratory have
led to the same conclusion.

According to Carnot the lithium is separated as the fluoride and
then transformed to the sulphate. Walter § claims that this
method is accurate but tedious.

Example for practice: Lepidolite analysis. (See Index.)

Indirect Determination of Lithium and Sodium.

The mixture of the two chlorides is weighed and the chlorine
determined either gravimetrically or volumetrically. (See p. 3.)

Indirect Determination of Lithium and Potassium.
The method is the same.

* The above-described method has been modified by the author. Ram-
melsberg evaporates the chlorides in the water-bath, heats the residue till
it melts and then after cooling extracts with ether-alcohol. By the evapora-
tion and fusion of the lithium chloride there is formed some lithium hy-
droxide which is changed by the carbonic acid of the air to carbonate.
Lithium carbonate is insoluble in ether-alcohol so that the extraction with
ether-alcohol is not complete.

t Ann. Chem. Pharm., 98, 193, and Merling, Z. anal. Chem., 18, 563.

».2. anal. Chem., 29, 332. § The Analyst, 16, 209.
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AMMONIUM, NH;. Mol. Wt. 18.04.
Forms: NH3, NH4C1, (NH4)2P1ZC16, Pt, N.

We have two cases to distinguish:

1. The ammonium is present as chloride in aqueous solution.

2. The ammonium is present in solution, together with other
cations and anions. »

1. The solution contains only NHF and Cl~ sons. In this case
the solution may be evaporated to dryness and the residue of ammo-
nium chloride weighed; or the ammonium can be precipitated as
(NH,),PtCl; and the precipitate weighed; or the ammonium
chloroplatinate can be ignited and the residue of platinum weighed.

(a) Determination as NH,CI.

The aqueous solution is treated with concentrated HCl and
evaporated to a small volume on the water-bath at as low a temper-
ature as possible, the solution is transferred to a platinum crucible
(or one of porcelain), evaporated on the water-bath to dryness, and
the covered crucible is dried to constant weight in a drying-oven.
Good results are obtained, but they are always too low. On
evaporating the aqueous solution some NH/CI is driven off, and
the amount lost increases in proportion to the amount of water
used and the temperature at which the evaporation takes place,
on account of the NH,CI being partly decomposed according to the
equation

NH,Cl=NH,+ HCl

into NH, and HCI, both of which are volatile.*

If, on the other hand, a little hydrochloric acid is added to the
solution the dissociation is for the most part prevented =o that
the loss is reduced to a minimum. The ammonium chloride must
be dried in a covered crucible as otherwise a small amount of the

* In cold, aqueous solution the NH,Cl undergoes electrolytic dissociation
to a considerable degree and no appreciable quantity of ammonia is formed by
hydrolysis: NH,Cl— NHi +Cl1—

H0—-OH-+H*

|
NH,OH — NH;+H.0
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salt will be lost, but this amount is small in comparison with the
amount which it is possible to lose during the evaporation.

(b) Determination as (NH,)2PtClg.

On heating (NH4)2PtClg to 130° C. the salt is unchanged. In

" aqueous solution it undergoes only electrolytic dissociation so that

the solution can be evaporated to dryness without appreciable
loss of NHs.

The aqueous solution of ammonium chloride, therefore, is
treated with an excess of chloroplatinic acid and a little hydro-
ohloric acid and evaporated at as low a temperature as possible
to dryness. The residue is taken up in absolute alcohol and
filtered through a Gooch crucible, dried at 130° C., and weighed.
From this weight, the amount of ammonium chloride originally
present can be correctly calculated by using the old atomic weight
of platinum: Pt=196.9. If the new value for the atomic weight
of platinum (Pt=195.2) is used, too high a value will be obtained
for the amount of ammonium present, as was explained in the
case of potassium.

If the weight of the (NH,),PtCl,=p, then

pX0.2400 =NH,I
PX0.03095=NH,
pX0.07643 = NHj.

(c) Determination as Platinum,

Instead of weighing the (NH,),PtCl, as such, it can be decoms
posed by ignition* and the weight of the platinum remaining
determined. If the old value for the atomic weight of platinum
(196.9) is used in this determination the results obtained will be

" % As ammonium chloroplatinate decrepitates strongly on being heated,
the ignition must take place in a large porcelain crucible which is provided
with a close-fitting cover. The precipitate must be heated gradually ai
- first to prevent loss. It is best ignited according to the directions of Rose.
The precipitate and filter are placed in the crucible with the filter-paper on
top, the crucible is covered and heated over a very small flame until the
paper is completely charred without allowing the vapor to escape visibly
from the crucible. The crucible is then strongly ignited with free access
of air until the charred filter is completely consumed.
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about 0.4 per cent too low, while if the new value (195.2)* is
used, the results will be about 0.8 per cent too high.

Correct results can be obtained by multiplying the weight of
platinum (p) by the following factors:

pX0.54527 = NH,Cl;
pX0.18391 =NHy;
pX0.17364=NHs.

2. The Ammonium is Present Together with Other Cations
and Anions in Solution or in Solid Form.

(@) The solution is distilled after the addition of a strong base
(NaOH—Ca(OH),T), the ammonia evolved is absorbed in hydro-
chloric acid and the resulting solution is analyzed according to 1.

Fra. 24.

Procedure.—About 1 gm. of the substance to be analyzed is placed
in the 400-500 c.c. Erlenmeyer flask K, it is dissolved in 200 c.c.
of water, a few drops of litmus solution are added, and in case the

—

*In analyzing chloroplatinates of organic bases (by weighing the plat-
inum) correct results may be obtained by using for the atomic weight of
platinum the value 196.9.

1 MgO is frequently recommended for expelling the ammonia. Accord-
ing to a private communication from Herrn Bormann, of Neunkirch, this
base is absolutely unsuited for this purpose.
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solution reacts acid, sodium hydroxide solution (which has been
previously boiled to expel traces of ammonia) is slowly added at T
with constant shaking until the solution changes to blue, after
which ten c.c. more of the caustic soda solution are added.* The
liquid is then heated to boiling and 100 c.c. of it is carefully distilled
into the receiver V, which already contains 20 ¢ ¢. of 2 N. hydro-
chloric acid. In order to make sure that no ammonia escapes
from the receiver it is well to connect it with a small Peligot tube
containing 5 c.c. of 2 N, hydrochloric acid and some distilled
water. ‘
After 100 c.c. of the liquid have distilled over, all the ammo-
nia will be found in the receiver and can be determined according
to 1 (a) or 1 (b); preferably the latter. The determination can
be carried out much more quickly, however, if the receiver contains
a measured amount of standardized acid and the excess is deter-
mined afterthe distillation by titrating with alkali (cf. Alkalimetry).
It is also possible to make an accurate determination of the
amount of ammonia present by measuring the volums of the gas.}

Colorimetric Determination of Ammonium.

For the determination of such small amounts of ammonia as
occur in drinking-water, the above methods are not suited. In this
case the procedure is the same as was deseribed in Vol. I, under
Ammonium  (In the case of mineral waters it is necessary to
add more than one drop of the soda solution; the amount neces-
sary is determined by adding litmus to a definite volume of the
water and then adding the soda solution until the litmus changes
to blue.) The distillate is received in 50 c.c. graduated Nessler
tubes (in the fourth one there is usually no ammonia to be detected)
and these are Nesslerized. The 50 c.c. of distillate is mixed with
2 c.c. of the Nessler solution and the yellow color produced is-
compared with the colors produced in the same way from a series
of tubes containing known amounts of ammonia. When a stand-

* The separatory funnel T should be roughly ecalibrated before setting
up the apparatus, by pouring water into it, one cubic centimeter at a time,
and marking with a pencil the level of the liquid on the glass.

t Cf. Part I1I, Gas Analysis,
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ard is found of the same shade as the solution tested, then the two
solutions contain the same amount of ammonia. ‘

The ammonium chloride solution necessary for preparing the
standards is prepared as follows:

3.141* gms. of ammonium chloride which has been dried at 100°
C. are dissolved in 1 liter of water free from ammonia (cf. Vol. I,-
under Ammonium. The solution now contains 1
mgm. of ammonia (NHs) per cubic centimeter;
this however, is too strong for most purposes, so
that 10 c.c. of it are taken and diluted to 1
liter. Of this solution 1 ec.c. contains 0.01 mgm.
NH,. If the water to be analyzed contains
considerable ammonia, a smaller portion should
be taken for the analysis than in ordinary cases
(500 c.c.) as otherwise the first distillate (50 c.c.)
would give too intense a color with the Nessler
solution. In such a case only 50 c.c. of the
wafer should be taken for the analysis and this
should be diluted to 500 c.c. with water free
from ammonia and then distilled.

In order to ascertain how much of the water
to take for the analysis, the following experiment should be made:

About 100 c.c. of the water to be tested are placed in a narrow
cylinder (which is provided with a ground-glass stopper), 2 c.c. of
a strongly alkaline sodium carbonate solution t are added to pre-
cipitate the calcium which may be present, the mixture is vio-
lently shaken and allowed to settle. From the clear supernatant
liqui¢ 50 c.c. are pipetted off into a Nessler tube, treated with
2 c.c. of Nessler solution and mixed.} If a strong yellow color, or

Fig. 25.

* NH,Cl+-NH;=53.50+17.03=3.141.

450 gms. NaOH and 50 gms. Na,CO, (calcined) are dissolved in 600 c.e,
cf pure distilled water and the solution beiled until the volume is only 500 c.c.

I In the case of mineral waters rich in magnesium sulphate, the addition
of ‘he 10 c.c. of sodium carbonate solution often fails to prevent a turbidity
on idding the Nessler reagent, which would render a eolorimetric determina-
tion impossible. In this case 10 c.c. of a boiled BaCl, solution (120 gms,
BaCl,+2H,0 in 500 c.c. H,0) should be added before treating the water
with the sodium carbonate solution. :
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even a precipitate, is obtained, then only 50 c.c. of the water should
be taken for analysis. If, on the other hand, there is not more than
a faint coloration apparent, then 500 c.c. must be taken for the
determination.

For the Nesslerization, the three cylinders each containing
50 -c.c. of the distillate are placed over a sheet of white paper,
treated with 2 c.c. of the Nessler reagent, and mixed. DBeside
them are placed a series of similar cylinders containing respectively
0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 c.c. of the standard ammonium
chloride solution diluted to 50 c.c. These are also treate! with
2 c.c. of the Nessler reagent and by matching the colors obtamed
in the test with those obtained from known amounts of ammonia
the amount present in the water can be easily estimated.

The Nessler reagent should give a distinct coloration with 500 c.c.
of water containing 0.005 mgm. NH,; if this is not the case, it must
be made more sensitive by the addition of mercuric chloride solu-
tion,

For mixing the liquid in the cylinders it is convenient to employ
a stirrer such as is shown in Fig. 25, the diameter of the bulb on
the end being only slightly less than that of the cylinder. By
moving this stirrer up and down twice the liquid becomes thor-
oughly mixed.

Kjeldahl's Method for Determining Nitrogen.

The methods which have been described thus far are suitable
only for the determination of nitrogen when it is in solution in
the form of NH{ ions. It is, however, of great importance to be
able to determine nitrogen when it is present other than as an
ammonium compound (in protein, coal, etc.). Inasmuch as it
is possible to determine the amount of ammonia present very
accurately, and by the employment of volumetric methods, very
quickly, methods were sought for the transformation into am-
- monia of the nitrogen originally present in some other form.
This is readily brought about by the method of Kjeldahl and its
modifications.

By the oxidation of nitrogenous organic substances with con-
centrated sulphuric acid, potassium permanganate, mercuric oxide,
etc., the organic matter is destroyed and the nitrogen is completely
changed to ammonium and held as ammonium sulphate, from
which the ammonia can be readily distilled off.
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Procedure for Kjeldahl’s Nitrogen Determination (Wilfarth’s
" Modification*).—From 1 to 2 gms. of the substance to be analyzed

are placed in a 500-600-c.c. flask, made of difficultly fusible potash
glass, and to it are added 20 c.c. of sulphuric acid (4 volumes of con-
centrated acid mixed with 2 volumes of fuming sulphuric acid) and
afew dropy of mercury.f The flask is then heatef in an iron dizh
covered with asbestos until its contents gently boil. It is impor-
tant, however, to be sure that the substance should be thoroughly
moistened by the sulphuric acid before the heating, especially in
the case of mealy substances. In order to avoid a loss of
nitrogenous matter, it is first heated for half a minute over a
very small flame and then over a larger one, but in no case
should the flame touch the flask above the part occupied by the
liquid. ‘

The heating is continued until the solution becomes clear snd
completely colorless. In the presence of iron compounds, how-
ever, the liquid is sometimes slightly yellow. The decomposition
is usually complete in two or three hours. The liquid is then allowed
to cool, the sides of the flask are washed down and the solution is
diluted with about 250 c.c. of water. After it is thoroughly cool,
80 c.c. of caustic soda solution, free from nitrate, are quickly added
and sufficient potassium sulphide solution (40 gms. commercial
potassium sulphide to the liter) to completely precipitate the mer-
cury and cause the liquid to appear black (25 c.c. of the potassium
sulphide solution are usually sufficient). A few grains of powdered
zinc are then added and the flask is quickly connected with the distil-
ling apparatus. The distilling-tube dips into a 250-300-c.c. Erlen-
meyer flask containing a known volume of normal sulphuric acid
(10-20 c.c.) and sufficient water to cover the lower end of the zon-
denser tube. As soon as a noticeable amount of water vapor
begins to come over, it is no longer necessary to have the condenser
tube dip into the sulphuric acid solution in the receiver. After
100 c.c. of the liquid have distilled over, the receiver is removed
and the excess of sulphuric acid is determined by titration with

* Chem. Ztg., 9, 502.
t Gladding uses a mixture of H,80, and KHSO,, which usually works

very well. Then, as no mercury is added, the subsequent addition of Na,S
is unnecessary.
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one-tenth normal sodium hydroxide solution, using methyl orange
as an indicator. *

From the amount of sulphuric acid used, the amount of
nitrogen present may be calculated as follows: Let ¢ be the
number of cubic centimeters of normal sulphuric acid neutralized
by the ammonia evolved from a gms. of the substance; then this
corresponds to

1X0.01401 gms. nifrogen ,

and the percentage of nitrogen in the substance is
a:tX0.01401=100:z,

1.401X1
x:_.

g per cent. nitrogen.

If the nitrogen is originally present to a considerable extent in
the form of nitrates, oxides, or eyanides, the above modification of
Kjeldahl’s method will not serve to change all of the nitrogen into
ammonia. In such cases it is best to use the modification proposed
by M. Jodlbauer:t

From 0.2-0.5 gm. of potassium nitrate (or the corresponding
amount of another nitrate) are treated with 20 c.c. of concentrated
sulphuric acid and 2.5 c.c. of phenolsulphonic acid (50 gms. of
phenol dissolved in enough concentrated sulr;huric acid of 66° Bé.
to make 100 c.c. of solution) 2-3 gms. of zine dust and 5 drops of
chloroplatinic acid are added and the mixture heated. After
heating the substance with this mixture for four hours, the liquid
becomes colorless and is ready to be distilled with the caustic soda
solution.,

* In the titration it is best to add the alkali until the solution turns
yellow, and then finish by adding enough acid to get a change to a pale pink.
In standardizing the acid and alkali, the volume of the solution and the
method of titrating must be the same as during the analysis proper. -

1 Z. anal. Chem., 27, 92.
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MAGNESIUM, Mg. At. Wt. 24.32.
Forms: MgSO,, MgO, Mg,P,0,.
(a) Determination as MgSO,.

This method for the determination of magnesium can always
be employed when the magnesium is combined with an acid which
can be volatilized by heating with sulphuric acid, and when no
other metal besides ammonium is present. A weighed amount
of the substance is placed in a platinum crucible and treated with
a slight excess of concentrated sulphuric acid,* the mixture is
evaporated on the water-bath as far as possible, and the excess of
free sulphuric acid is removed by cautiously heating the crucible,
held in an inclined position, over a free flame. Iinally the dry
mass is heated just to redness in a covered crucible, and after cool-
ing in a desiceator, is weighed as quickly as possible, as the
anhydrous magnesium sulphate is hygroscopic.

(b) Determination as MgO.

This method is seldom used in practice, and then only in case
the magnesium is present in a form that can be readily changed to
the oxide by ignitionn—i.e., as carbonate, nitrate or salt of an organic
acid.t The procedure consists simply of at first carefully heating
in a covered crucible, and finally with the full heat of the Teclu
burner in a half-covered crucible.

(c) Determination as Magnesium Pyrophosphate.

This, the most important of all the methods for the determina-
tion of magnesium, is always applicable and depends upon the
following principles: If the solution of a magnesium salt is treated
with an alkali orthophosphate solution in the presence of ammonium
chloride and ammonia, the magnesium is completely precipitated

* Substances which react violenfly with concentrated H,SO, should be
first treated with water, and dilute sulphuric acid added little by little.

1 Magnesium chloride can be changed to the oxide by ignition with mer-
curic oxide in a porcelain evaporating-dish. Mercuric chloride and the excess
of mercuric oxide are volatilized. In this way magnesium is often separated
from the alkalies, (Translator.)
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as magnesium amronium phosphate, which by ignition is changed
to magnesium pyrophosphate:

2MgNH,PO,—2NH,+ H,0+ Mg,P,0,.

Formerly it was a common practice to precipitate magne-
sium ammonium phosphate in the cold. Neubauer* showed,
however, that this sometimes leads to high results while at
other times the results are low. The latter is the case when the
precipitation takes place in strongly ammoniacal solutions con-
taining but little ammonium salts, particularly when the phos-
phate solution is added slowly. Tribasic magnesium phosphate,
Mg3(POy)2, contaminates the precipitate. On the other hand,
the results are too high if the precipitation takes place in neutral
or slightly ammoniacal solution in the presence of considerable
ammonium salts. In this case more or less monomagnesium
ammonium phosphate, Mg(NH,)4(PO4)s, is formed. This com-
pound is changed to magnesium metaphosphate on gentle
ignition.

2Mg(NH,)4(PO4)2=2Mg(PO3)2 +8NH3 +4H,0,

and the results are too high. When only a little of the meta-
phosphate is present, the temperature of the blast-lamp will
eventually lead to volatilization -of some phosphorus pentoxide,
80 that nearly correct results are then obtained.

2Mg(PO3)e=Mg2P207 4 P20s.

Neubauer recommends adding an excess of sodium phosphate to
the slightly acid solution of the magnesium salt, then stirring
in one-third of the solution volume of 10 per cent. ammonia,
filtering after four or five hours, washing with 2.5 per cent.
ammonia, dissolving the precipitate in a little dilute hydro-
chloric acid, adding a few drops of sodium phosphate solution,
and precipitating by the addition of one-third volume of 10 per
cent. ammonia. This method, however, gives too high results,

* Z. angew. Chem., 1896, 439. See also Gooch and Austin, Z. anorg.
Chem., 20, 121,
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e.g., 9.97, 9.95, and 9.98 per cent. Mg in MgSOy, 7H:0 instead
of 9.88 per cent. Mg.

Correct results can be obtained by the method of B. Schmitz,*
or of W. Gibbs.}

Method of B. Schmitz.

The acid solution, containing magnesium in the presence of
ammonium salts,] is heated to boiling and then treated with an ex-
cess of sodium or ammonium phosphate. One-third the solution’s
volume of 10 per cent. ammonia is at once added, the solution
allowed to ool and filtered through a Munroe crucible after
standing for several hours. The precipitate is washed with 2.5
per cent. ammonia, dried and ignited very slowly, gradually
increasing the heat until the precipitate is white. After cool-
ing, the MgoP507 is weighed:

2MgNH4PO4 = 2NH3 + H2O + Mg2P207.

From the weight of the latter, p, the amount of magnesium can be
calculated as follows:

2Mg

——= . p=weight of magnesium.
Mg2P207 p & &

The precipitate can be filtered upon an ordinary filter, but
in all cases the ignition must be gradual or it is almost impossible
to obtain perfectly white pyrophosphate.

* 7. anal. Chem. 1906, 512; cf. Jorgensen, wbid. 1906, 278.

1 Am. J. Sci. (3), 5, 114.

1 Ammonium salts do no harm when the precipitation takes place in hot
solution, but, on the contrary, cause the formation of a coarsely crystalline
precipitate which is easy to filter.
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Method of W. Gibbs,

The neutral, not too concentrated, solution of magnesium
salt containing ammonium salts is treated at the boiling tem-
perature with a normal solution of microcosmic salt, Na4HNH,PO,4
+H20, until no further precipitation takes place. Almost
90 per cent. of the magnesium present is at once thrown down
as amorphous magnesium hydrogen phosphate, MgHPO,:

NaHNH,PO, +MgCly = NaCl + NH,Cl + MgHPO,.

Then, while stirring the hot solution, about one-third volume of
10 per cent. ammonia is added whereby the amorphous pre-
cipitate is transformed into crystalline magnesium ammonium
phosphate:

MgHPO,+ NH3;=MgNH,PO,.

At the same time the magnesium remaining in solution is thrown
Jown almost completely.

After standing two or three hours, the supernatant liquid
is filtered off, and the precipitate washed three times by decan-
tation with 2.5 per cent. ammonia, finally transferred to the
filter, washed completely with 2.5 per cent. ammonia and dried
in the hot closet. The dried precipitate is transferred as com-
pletely as possible to a weighed platinum ecrucible, the filter-
paper burned in a platinum wire spiral, and the ash added to the
main portion of the precipitate. The covered crucible is heated
very gently at first until the ammonia is all dried off, then more
strongly until the mass is snow white. The crucible is cooled
in a desiccator and weighed.

Separation of Magnesium from the Alkalies.

The methods of Gibbs and of Schmitz serve to separate mag-
nesium from the alkalies in those cases where the determination
of magnesmm alone is desired.

If it is desired to determine magnesium and the alkahes in one
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and the same sample, it is best to use the Gooch and Eddy *
modification of the

Schaffgottsche Method {

The method is based upon the fact that magnesium can be
precipitated quantitatively, by means of an alcoholic solution of
ammonium carbonate, as crystalline magnesium ammonium car-
bonate, MgCO,- (NH,),CO,-6H,0.

Preparation of the Precipitant—A mixture of 180 c.c. con-
centrated ammonia, 800 c.c. water, and 900 c.c. absolute alcohol
is saturated with commercial ammonium carbonate. The liquid
is shaken with the powdered carbonate, and after several hours
the excess of the latter is removed by filtration.

Procedure—The neutral solution containing only magnesium
and the alkalies (lithium must not be present), preferably in the
form of chlorides, is treated with an equal volume of absolute
alcohol and then with an excess of the ammonium carbonate re-
agent. The liquid is vigorously stirred for a few minutes and
allowed to stand for at least half an hour, whereupon it is filtered
through a Gooch or Munroe crucible. The precipitate is washed
with the precipitant, dried, ignited and weighed as MgO.

If considerable alkali is present the precipitate always con-
tains a small quantity of it. In such cases the precipitate is dis-
solved in hydrochloric acid, the solution evaporated to dryness, the
residue taken up in a little water, and the precipitation repeated.

The combined filtrates are evaporated to dryness and the
alkali determined as described on page 43 et seq. '

If, however, it is desired to separate magnesium from the alka-
lies in order that the latter may be determined, the magnesium
may be precipitated as magnesium hydroxide, from a solution
_free from ammonium salts, by the addition of barium hydroxide
solution.f The barium is then removed by ammonium carbonate
and the alkalies determined in the filtrate. For the detailed
description of this method see Silicate Analysis. ILven in this
case, however, the use of the Schaffgottsche method of separating
magnesium from the alkalics is more satisfactory.

*7. anorg. Chem., 58, 427 (1908). 1 Pogg. Ann., 104, 482 (1858).
} Cf. footnote to page 65.
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. METALS OF GROUP 1V.
CALCIUM, STRONTIUM, BARIUM.
CALCIUM, Ca. At. Wt. 40.09.
Forms: Ca0, CaCOgz, CaSO,.
1. Determination as Calcium Oxide (Lime), CaO.

For the determination of calcium as CaQ, it is best precipi-
tated as the oxalate and converted to the oxide by strong ignition.

Procedure.—The neutral or slightly ammoniacal solution,
which besides magnesium and the alkalies should contain no other
metal,* is treated with ammonium chloride, heated to boiling, and
precipitated by the addition of a boiling solution of ammonium
oxalate. After standing some time, the precipitate becomes
coarsely crystalline and settles to the bottom of the beaker, when
a little more ammonium oxalate solution is added to malke sure that
the precipitation has been complete. It is allowed to stand four
hours, when the clear liquid is poured through a filter, the pre-
cipitate is covered with boiling water containing ammonium
oxalate,t allowed to settle, filtered, and the operation repeated
three times. Finally the whole precipitate is transferred to the
filter and washed with hot water containing ammonium oxalate
until free from chloride. The precipitate is warmed in the hot
closet until nearly dry, when it is placed together with the filter
in a platinum erucible and ignited wet. It should be heated
cautiously at first in order that the too rapid evolution of carbonic
oxide will not cause loss. After the filter is burnt the crucible is
covered and strongly heated at first over the Teclu burner and
finally over the blast-lamp for twenty minutes.

The crucible while still quite warm is placed, in the desiccator
shown in Fig. 7, near an open weighing-beaker and allowed to re-
main there for one hour. During the cooling, the air enters the
desiccator, through the U tube, whose outer half is filled with

* If magnesium is present, the precipitation should be carried out as
described on page 76.

+T. W. Richards found that the precipitate was appreciably soluble in

pure water but practically insoluble in a dilute solution of ammonium oxalate
(Z. anorg. Chem., 28, 85 (1901)). —_
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soda-lime and whose inner half contains calcium chloride, in a dry
condition and free from carbonic acid gas. The crucible is now
placed in the weighing-beaker, quickly covered and allowed to
stand for half an hour in the air near the balance, after which it
is weighed. The crucible is again heated over the blast-lamp for
ten minutes and is cooled in exactly the same way and weighed.
Should the weight not be found constant, the process must be
repeated. The above directions when carefully followed usually
enable one to obtain a constant weight on the second ignition.

Ezxample—Calcite: 0.5 gm. of the finely powdered material
which has been dried at 100° is placed in a 300-c.c. beaker and
moistened with 20 c.c. of water. The beaker is covered with a
watch-glass, concentrated hydrochloric acid is added drop by drop,
and the liquid is finally heated until all is dissolved. The solution -
is then boiled for fifteen minutes to expel all carbon dioxide, neutral-
ized carefully with ammonia, diluted with 150-200 c.c. of hot water,
and precipitated with ammonium oxalate as above described. .

Remark.—If both solutions are not boiling hot during the
precipitation, the calcium oxalate forms very fine crystals; it
then settles very slowly and passes readily through the filter.

Calcium oxalate is almost insoluble in water and acetic acid in
the presence of ammonium oxalate, but readily soluble in mineral
acids.

2. Determination of Calcium as Sulphate, CaSO,.

This method is chiefly used for the analysis of calcium salts
of organic acids. For this purpose the calcium salt is ignited in
a weighed platinum crucible, after which the crucible is covered
with a watch-glass, carefully treated with dilute sulphuric acid
and warmed upon the water-bath until there is no longer any
evelution of carbon dioxide. The under side of the watch-glass
is carefully washed and the liquid evaporated as far as possible
on the bath. The excess of sulphuric acid is then carefully driven
off by inclining the crucible and heating over the free flame (ox
in an air-bath) (cf. Fig. 11, p. 27). The residue is gently ignited
and weighed. DBy strong ignition, calecium sulphate loses SO,.*

*0.2052 gm. CaSO, remained unchanged in weight after heating for one
hour to dark redness; but on heating with the full flame of a Teclu burner,
it lost 0.0004 gm. in weight. On heating for one hour over the blast lamp
it lost 0.0051 gm. (J. Weber.)
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Calcium may also be precipitated as calcium sulphate. The
solution, which should contain as little free acid as possible, is
treated with an excess of dilute sulphuric acid, four volumes of
alcohol are added, and the mixture is allowed to stand 12 hours.
It is then filtered off, washed with 70 per cent. alcohol, dried,
separated from the filter as completely as possible, the filter burned
in a platinum spiral, and the ash added to the main part of the
precipitate in a platinum crucible, gently ignited and weighed.

3. Determination of Calcium as Carbonate, CaCOs.

Only in rare cases is calcium precipitated as carbonate by
ammonium carbonate in the presence of ammonia. The filtered
and washed precipitate is gently ignited and weighed as carbonate.
" After weighing it is necessary to moisten the residue with a
little ammonium carbonate solution, evaporate to dryness on
the water-bath, and again ignite gently. This is done in order to
change small amounts of calcium oxide, which may have been
formed during the burning of the filter-paper, back to carbonate.

In the presence of considerable ammonium chloride the pre-
cipitation of calcium by means of ammonium carbonate is not
quite complete, whereas the precipitation with ammonium oxalate
. always is. Consequently it is advisable in all cases to precipitate
the calcium as oxalate and weigh it as the oxide. 1f the oxalate
is ignited gently, however, it can be weighed as the carbonate.

STRONTIUM, Sr. At. Wt. 87.63.
Forms: SrSO,, SrCO,, SrO.

The determination as the sulphate is the most accurate,

Determination of Strontium as Sulphate, SrSO,.

Procedure.—To the neutral solution containing strontium, 2
slight excess of dilute sulphuric acid is added and as much alcohol
as there is volume of solution. After stirring well, the mixture
is allowed to stand twelve hours, filtered and washed, at first
with 50 per cent. alcohol, to which a little sulphuric acid has
been added, and finally with pure alcohol until the wash water
no longer gives the sulphuric acid reaction. The precipitate is
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. dried and ignited as described under the determination of cal-
cium as sulphate.

Solubility of Stronttum Sulphate according to Fresenius.

6895 parts of water at the ordinary temperature (17-20°) dis
solve 1 part of SrSO,. }

9638 parts of boiling water dissolve 1 part SrSO,.

The sulphate is less soluble in water containing sulphuric acid:

12,000 parts of water containing sulphuric acid dissolves 1 part
SrS04. The precipitate is soluble in concentrated sulphuric acid,
so that the water should not contain very much sulphuric acid.

In cold, dilute hydrochloric or nitric acid, strontium sulphate is
considerably more soluble, and also in solutions containing acetie
acid, magnesium chloride, or alkali chloride.

If, therefore, considerable free acid is present, it should be
removed by evaporating the solution to dryness and dissolving
the residue in water. The strontium is then precipitated as above
deseribed.

Determination of Strontium as Oxide, SrO, or as Carbonate, SrCO,.

The strontium is precipitated as carbonate, or in some cases
as oxalate, and changed by ignition to the oxide as described
under calcium.

Strontium carbonate is decomposed by heat more difficultly
than calcium carbonate and the determination as carbonate is
very satisfactory. It is advisable to treat the precipitate as
described under calcium, although it is usually unnecessary to
heat with gdditional ammonium carbonate.

Solubility of Strontium Carbonate in Water according to Fresenius.

18,045 parts of water dissolve at ordinary temperatures 1 part
of SrGO,.

In water containing ammonium carbonate the salt is much
less soluble; on the other hand, ammonium chloride and amme-
nium nitrate increase its solubility.

In case calcium, strontium, magnesium and alkali salts are
present together, as in minerals and in mineral waters, the caleium
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and strontium are both precipitated as oxalates and transformed .
by ignition into the oxides. Cf. pp. 78, 79.

Solubility of Stronttum Ozalate in Water.

12,000 parts of water at ordinary temperatures dissolve 1
part of SrC,0,+24H,0.
The solubility is very much less in water containing ammonium
oxalate.

BARIUM, Da. At. Wt. 137.37.
TForms: BaSO,, BaCrO,, BaCO,.

3

1. Determination as Barium Sulphate.

The solution, slightly acid with hydrochloric acid, is heated to
boiling and precipitated by the addition of an excess of hot, dilute
-sulphuric acid. It is allowed to stand on the water-bath until the
precipitate has settled, the solution is then poured through a filter,
and the precipitate is washed four times with 50 c.c. of water to
which a few drops of sulphuric acid have been added. The pre-
cipitate is transferred to the filter and washed with hot water
until the wash water ceases to give the sulphuric acid reaction.
It is then dried somewhat, ignited wet in a platinum crucible, and
weighed without previous heating over the blast-lamp.

Remark.—By the combustion of the filter-paper there is usually
a partial reduction of the barium sulphate to sulphide, but the
latter, on being gently ignited in an inclined ecrucible, is readily
changed back to sulphate, so that there is no loss to be feared.

The procedure for the determination of barium as carbonate is
the same as was described under calcium. .

Solubility of Bartum Sulphate in Water.— 344,000 parts of water
dissolve 1 part of BaSO,.

2. Determination of Barium as Chromate.

The neutral solution of the barium salt is diluted to about 200
c.c., treated with 4-6 drops of acetic acid (sp. gr. 1.065), heated to
boiling, precipitated with a slight excess of ammonium chromate
(prepared by adding ammonia to a solution of ammonium bichro-
mate free from sulphate, until the color becomes yellow). and
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- allowed to cool. The precipitate is filtered off through a Gooch
crucible and washed with hot water until 20 drops of the filtrate
give scarcely any reddish-brown coloration with a neutral solution
of silver nitrate. The precipitate is dried in the hot closet, after
which the crucible is fastened to a larger porcelain crucible by
means of an asbestos ring, so that there remains a space of about
% cm. between the two crucibles (cf. p. 27), and the open crucible
is ignited over the free flame until the precipitate becomes a bright
yellow.*

Solubility of Bartum Chromate.}

86,957 parts of water at ordinary temperatures dissolve 1 part BaCrO..

23,000 “ « boﬂmg water dissolve 1 part BaCrO,.

49,381} « a 0.75 per cent. ammonium acetate solution (at 15°) dissolve
1 part BaCrO,.

45,152 parts of a 0.5 per cent. ammonium nitrate solution (at 14°) dissolve
1 part BaCrO,.

23,555 parts of a 1.5 per cent, ammonium acetate solution (at 15°) dissolve
1 part BaCrO,.

22,988 parts of 0.5 per cent. ammonium nitrate solution dissolve 1 part

BaCroO,.
3,670 parts of 1 per cent. acetic acid solution dlssolve 1 part BaCr0Q,,
2 618 [ « 5 “ 13 [{3 [ « g 1 [ {3
1’986 {3 « 10 (43 13 “«© [ 113 €« 1 [ “«©

1,813 “ “10 “ “ chromic acid solution dissolve 1 part BaCrO,,

The solubility of barium chromate, therefore, increases con-
siderably with increasing concentrations of either acetic or chromie
acids; the solubility is affected to a much less degree by solutions
containing neutral ammonium salts. By the additions of small
amounts of neutral ammonium chromate the solubility becomes
lessened to nearly zero.

* Oftentimes small amounts of the precipitate are reduced to chromic
oxide by traces of organic matter, whereby it appears slightly greenish.
By long-continued ignition in an open crucible, the chromic oxide is changed
back to chromate, when the precipitate appears a homogeneous yellow
throughout.

t P. Schweizer, Z. anal. Chem., 1890, p. 414, and R. Fresenius, ibid., 1890,
p. 418.
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SEPARATION OF THE ALKALINE EARTHS FROM MAGNESIUM AND
FROM THE ALKALIES.

L. Separation of Calcium from Magnesium (and Alkalies).

The separation depends upon the different sclubilities of the
two oxalates. Calcium oxalate is practically Insoluble in hot
water, whereas magnesium oxalate is fairly soluble; 1500 parts
of cold water, or 1300 parts of boiling water, dissolve 1 part of
MgC,0,-2H,0. In an excess of the precipitant, however, mag-
nesium oxalate is much more soluble owing to the formation of
complex salts.

If calcium is precipitated as oxalate from a dilute solution in
the presence of magnesium, some magnesium oxalate is occluded
by the calcium oxalate precipitate even when the solution is by
no means saturated with magnesium oxalate, and high results
are obtained for calcium. In such cases the error is usually
compensated according to Fresenius, by dissolving the pre-
cipitate in hydrochloric acid and repeating the precipitation with
ammonia and ammonium oxalate.

The work of T. W. Richards * has shown, however, that the
quantity of magnesium oxalate occluded is dependent upon the
concentration of the undissociated magnesium oxalate in solution,
and upon the time in which the calcium oxalate is in contact
with the solution. Consequently anything that prevents the
dissociation of magnesium oxalate will tend to increase the
amount of occlusion and thereby increase the result of the calcium
determination. Anything that will cause the ionization of the
magnesium oxalate serves to reduce the amount of error.

Concentrating the solution and increasing the amount of
oxalate ions in solution by the addition of considerable ammo-
nium cxalate, both tend to repress the dissociation of the mag-
nesium oxalate. The dissociation of this compound is favored
by the presence of hydrogen ions and by dilution.

A considerable excess of ammonium oxalate is necessary in
the quantitative precipitation of calcium and, moreover, mag-

* Z. anorg. Chem,, 28, 71 (1901).
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nesium oxalate forms readily soluble complex salts with undisso-
ciated ammonium oxalate. It is desirable, therefore, to prevent
the dissociation of the ammonium oxalate as much as possible,
and this is accomplished by the addition of another ammonium
salt, preferably the chloride.

Procedure—Dilute the solution with hot water so that the
magnesium is present in a concentration of not over fiftieth
normal, and add a considerable quantity of ammonium chloride,
if it is not already present. To precipitate the calcium, add
a sufficient volume of boiling oxalic acid solution, containing
three or four equivalents of hydrochloric acid to lessen the
dissoziation of the oxalic acid. Introduce a little methyl orange
into the boiling solution, and add ammonia until a yellow colora-
tion is produced. The ammonia should not be added all at
once, but in small quantities from time to time so that about
half an hour is consumed in the operation.

After the neutralization add a considerable excess of hot
ammonium oxalate solution, allow to stand four hours but not
longer on account of the fact that the occlusion increases with
the length of time, filter, and wash with hot, one per cent. am-
monium oxalate until the filtrate gives no test for chloride after
acidifying a sample with nitric acid.

Although this precipitate contains a little magnesium (0.1-
0.2 per cent.) it is.also true that an almost equal amount of
magnesium passes into the filtrate, so that it is not advisable to
repeat the precipitation when made in this way.

Alternate Method.

‘W. C. Blasdale* has studied the separation of calcium from
different amounts of magnesium and succeeded in getting excellent
results by a somewhat simpler method. The acid solution con-
taining not more than 0.6 gm. of calcium and magnesium oxides is
brought to a volume of 300 c.c., and heated to boiling; 3.5 gms. of
ammonium chloride are added, if not already present, and 1 gm.
of oxalic acid. The complete precipitation of the calcium is
then accomplished by slowly neutralizing the hot solution

*J. Am. Chem. Soc., 31, 917 (1909).
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with 1 per cent. ammonia added during five minutes. The
precipitate is allowed to stand for an hour before filtering. If
considerably more magnesium than calcium is present, the
precipitation is effected in two stages. First only enough oxalic
acid is added to combine with all the calcium present. The
solution is slowly neutralized as before and allowed to stand ten
minutes. Then the balance of the oxalic acid is added, the solu-
tion made alkaline and allowed to stand for an hour. With more
than ten times as much magnesium as calcium, a double precita-
tion is desirable.

In the filtrate the magnesium can be precipitated by the
addition of ammonia and sodium phosphate. If, however, large
amounts of ammonium salts are present it is preferable to
evaporate to dryness in a platinum or porcelain dish, to dry
the residue at 110-130° for an hour or longer, and to expel the
ammonium salts by gentle ignition. The residue is taken up
in a little warm hydrochloric acid, diluted with water, a little
carbon residue filtered off and the magnesium determined as
pyrophosphate. (Pages 66-69.)

II. Separation of Strontium from Magnesium.

This separation finds practical application in the analysis of
almost all mineral waters and of minerals containing strontium.
In all of these cases, however, strontium occurs in relatively small
amounts in the presence of large amounts of calcium and varying
amounts of magnesium, so that it is a question, first, of separating
calcium and strontium from magnesium. This separation is
effected by the precipitation of the calcium and strontium as
oxalates as described on pp. 70 and 73.

The filtrate containing magnesium may also contain traces of
strontium; hence, after the removal of the ammonium salts by
ignition, the residue is dissolved in hydrochloric acid, sulphuric
acid and alcohol are added, and the solution is allowed to stand
for twelve hours. Any resulting precipitate, consisting of strontium
or barium sulphate, is filtered off and weighed. From this filtrate
the magnesium is precipitated as magnesium ammonium phosphate
as described on p. 66, and weighed as the pyrophosphate.
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III. Separation of Barium from Magnesium.

In case it is desired to separate only barium from magnesium,
the solution (which must be free from nitric acid) is acidified
with hydrochloric acid, heated to boiling, and the barium precipi-
tated by the additicn of boiling, dilute sulphuric acid (ef. p. 74).
The magnesium is precipitated from the filtrate as magnesium
ammonium phosphate in the usual way. In most cases, however,
a separation of barium, strontium, and calcium from the magnesium
is involved. For this purpose the three alkaline earths are pre-
cipitated as oxalates, and any barium or strontium remaining in
the filtrate is precipitated as described under II. The magnesium
is determined in the final filtrate.

- IV. Separation of the Alkaline Earths from One Another,

Principlee—The mixture of the dry nitrates is treated with
ether-alcohol, which dissolves calcium nitrate alone. The residue
is taken up in water, the barium is precipitated as chromate, and
the strontium is determined in the filtrate as sulphate.

PROCEDURE.

(a) Separation of Calcium from Strontium and Barium accord-
ing to Rose-Stromeyer-Fresenius.

The three metals are assumed to be present together in solution
in the form of their nitrates. The solution is evaporated in a
small Erlenmeyer flask, as described under lithium, p. 55, in an
oil-bath, meanwhile passing a stream of dry, warm air through the
flask. When all the water is evaporated, the temperature of the
bath is raised to 140° C. and maintained at this terhperature for
one to two hours, still passing the current of warm air through
the flask. After cooling, the dry residue is treated with ten times
its weight of absolute alcohol, corked up, and allowed to stand
with frequent shaking for one to two hours. An equal volume
of ether is now added, the flask closed, shaken, and again allowed
to stand twelve hours. It is then filtered through a filter moist-
ened with ether-alcohol and washed with ether-alcohol until a few
drops of the filtrate evaporated on platinum-foil leave no residue
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The filtrate is evaporated to dryness in a lukewarm water-bath,
the calcium nitrate is dissolved in wate, precipitated as the oxalate,
and after ignition is weighed as the oxide.

Remark.—In case only a small amount of calcium is present
(not more than about 0.5 gm.) the above separation is complete.
With large amounts of calcium, the residue of strontium and
barium nitrates almost always contains some calcium. In this
case the aqueous solution is again evaporated to dryness in the
same way as before and the treatment with alecohol and ether re-
peated. The calcium is then determined in the combined filtrates.

This separation finds application in the analysis of most min-
eral waters.

(b) Separation of Barium from Strontium according to
Fresenius. *

Requirements.—1. A solution of (NH,),CrO, (1 c.c. of the solu-
tion shouid contain 0.1 gm. of the salt). The solution is
prepared by adding ammonia to a solution of ammonium
bichromate (free from sulphate) until the color of the solution be-
comes yellow. The solution should beleft acid rather than alkaline,

2. A solution of ammonium acetate (1 c.c. containing 0.31 gm.
of the salt).

3. Acetic acid of sp. gr. 1.065.

4. Nitric acid of sp. gr. 1.20.

Procedure.—The residue, consisting of strontium and barium
nitrates, is dissolved in a little water and for each gram of salt
mixture the solution is diluted until the concentration corre-
sponds to 300 c.c., heated to boiling, treated with six drops of
acetic acid and about 10 c.c. of ammonium chromate solution
(this should be an excess over the theoretical amount necessary)
and allowed to stand one hour. The precipitate of barium chromate
is washed by decantaticn with water containing ammonium chro-
mate until the wash water pe longer gives a precipitate with ammo-
nia and ammonium carbonate; it is then washed with pure hot
water until the last washing gives only a slight reddish-brown

* Z. anal. Chem., 29, 427 (1890).
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coloration with neutral silver nitrate solution. The precipitate
on the filter still contains a little strontium. It is carefully washed
back into the vessel in which the precipitation took place, while
any precipitate remaining on the filter is dissolved in a little warm
dilute nitric acid and washed into the dish, finally adding enough
nitric acid to the precipitate so that it dissolves ccmpletely on
warming (about 2 c.c. of nitric acid being usually necessary). The
solution is then diluted to 200 c.c., heated to boiling, treated with
5 c.c. of ammonium acetate solution, added little by little, and
finally with enough ammonium chromate to cause the disappear-
ance of the odor of acetic acid from the soluticn (usually about
10 c.c. are necessary). After standing one hour the liquid is
poured through a Gooch crucible, the residue is treated in the dish
with hot water, allowed to cool, then filtered and washed with cold
water until the filtrate gives only a slight opalescence with neutral
silver nitrate. The precipitate is drled, ignited gently in an air-
bath (cf. p. 75), and weighed as BaCrO4. The filtrate is treated
with 1 c.c. nitric acid, concentrated somewhat, and the strontium
precipitated as carbonate by the addition of ammonia and am-
monium carbonate. The precipitate, which always contains some
chromate, is washed once with hot water, dissolved in hydrochloric
acid, and the strontium determined as sulphate, according to p. 72

The results obtained according to this method are very satis-
factory. Experiments performed in this laboratory * completely
confirm the results obtained by Fresenius.

Remark.—In the opinion of the author, all other methods for
the separation of the alkaline earths give incorrect results; for
that reason they will not be discussed in this book.

* The results of seven experiments gave (a) for the percentage of barium
chromate obtained: 99.9, 99.9, 100.3, 100.4, 100.7, 100.6; mean, 100.3 per
cent.; (b) for strontium sulphate, 100.9, 99.73, 99 £6, 99.84, 99.47, 9¢.77.
99.6; mean, 99.75 per cent. (H. Schmidt.)
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METALS OF GROUP III,

ALUMINIUM, CHROMIUM, TITANIUM, IRON, TRANIUM, NICKEL,
COBALT, ZINC, AND MANGANESE.

A. DIVISION OF THE SESQUIOXIDES.
ALUMINIUM, CHROMIUM, IRON, TITANIUM, AND URANIUM.
ALUMINIUM, AL At. Wt. 27.1.

Form: AlLOQ,.

In order to determine aluminium in this form, the metal is pre-
cipitated as its hydroxide and converted to its oxide by ignition
of the precipitate.

It must not be forgotten, however, that aluminium hydroxide
exists in a soluble form (hydrosol) and in an insoluble form (hydro-
gel); and further that the hydrosol is not completely changed by
boiling into insoluble hydrogel. To accomplish this the presence of
salts in solution (preferably ammonium salts) is also necessary.
Since, however, ammonium salts become acid on long boiling (due
to the escape of ammonia) there is danger of the aluminium hy-
droxide being redissolved. Furthermore, it is true that the hydrogel
gradually changes over into hydrosol by standing in a solution
containing only a small amount of dissolved salts, or by remaining
in a hot solution containing only a small amount of dissolved
salts.

From these facts the following procedure is derived;

The solution containing the aluminium (but no phosphoric -
acid, or anything but aluminium that is precipitated by ammonia)
is treated with considerable ammonium chloride, or ammonium
nitrate, heated to boiling in a platinum or porcelain vessel, and
a slight excess of ammonia * is added. The precipitate is allowed
to settle, after which the clear solution is poured through a filter
which rests on a platinum cone, but without applying suction.

* The ammonia should be freshly distilled. When it has been kept for
any length of time in glass bottles, the ammonia invariably contains silica,
and this leads to high results in the case of all precipitates formed by adding
ammonia to an acid solution.
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The precipitate is washed three times by decantation with hot
water to which a drop of ammonia and a little ammonium nitrate
has been added, and finally transferred to the filter. The pre-
cipitate is now washed as quickly as possible with the hot wash
liquid (so that the precipitate is thoroughly churned up each
time) until the filtrate ceases to give-a test for chlorine. The pre-
cipitate is then dried as completely as possible by the applica-
tion of suction and ignited wet in a platinum crudible. After the
precipitate and ash have become white, the covered crucible is
heated over the blast-lamp for about ten minutes, cooled in a
desiccator and weighed. The process is repeated until a constant
weight is obtained.

Determination of Aluminium by the Method of Chancel.*

In the determination of aluminium in a sample of alum by
precipitation with ammonia, there are a number of difficulties to
overcome. In the first place the precipitate always contains more
or.less basic aluminium sulphate, and it requires long ignition to
expel the last traces of sulphuric anhydride. It is, to be sure,
possible to wash out all the sulphate by means of a solution of
ammonia and ammonium nitrate; the operation, however, is
very tedious and a large quantity of the wash liquid is required.
Another disadvantage arises from the fact that the filtration takes
place very slowly, even when the precipitate contains basic sul-
phate, on account of the slimy nature of aluminium hydroxide.

By the method of Chancel and in the two following methods
these difficulties are overcome. ‘

The principle of this and the following methods consists in
neutralizing, by salts of weak acids, the mineral acid that is set
free In the hydrolysis of an aluminium salt; the weak acid is
finally removed by boiling or neutralization. In the Chancel
method the mineral acid is neutralized by sodium thiosulphate,

2AICl; +6H,0=22A1(0H), 4+ 6HCI,
6HCl +3N4a,S,0,=6NaCl +3H,0 +380,+38.
Procedure.—The dilute, neutral solution (about 0.1 gm, Al

* Compt. rend., 46, 987; Z. anal. Chem., 3, 391.
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in 200 c.c.) is treated with an excess of sodium thipsulphate and
boiled until all traces of SO, are expelled. Enough ammonia *
is then added so that the odor is barely perceptible after blowing
away the vapors, and the boiling is continued a little longer.
The precipitate of AI(OH); and S is filtered off, washed with hot
water, and ignited in a porcelain crucible. Such a precipitate
of AI(OH), is much denser than that produced by direct pre-
cipitation with ammonia and is very easy to filter and wash.

Remark.—This method is often employed for separating alu-
minjum from iron. Ferric iron is reduced to ferrous salt by the
sodium thiosulphate and is not precipitated. In this case, how-
ever, the final neutralization with ammonia, as prescribed in the
above directions, should not be carried out or a little iron will
come down.

Determination of Aluminium by the Method of Alfred Stock.}

The aqueous solution of the aluminium salt, which on account
of hydrolysis always shows an acid reaction,

AlCL+3HOH=AI(OH),+3HCI,

is treated in the cold with a mixture of potassium iodide and
potassium iodate. This mixture in the presence of acid is decom-
posed in accordance with the equation

KIO3+5KI+6HCl=3H,0 +6KCl+31,,

whereby the equilibrium which existed in the hydrolysis of the
aluminium salt -is disturbed and the first reaction continues to
- take place until all the aluminum is precipitated. If now the
iodine in the solution is made to react with sodium thiosulphate
and the mixture is heated on the water bath for half an hour, the
precipitate collects in such a condition that it can be quickly
filtered and washed.

Procedure.—The solution in which the aluminum is to be
determined should be very slightly acid; if more acid is
present sodium hydroxide is added until a slight permanent
precipitate is obtained which is redissolved by means of a

* If the addition of ammonia is omitted, the solution will retain traces of

aluminium.
+ Ber., 1900, 548.
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few drops of hydrochloric acid. Thereupon equal volumes of a
25 per cent. potassium iodide solution and a saturated potassium
iodate solution (about 7 per cent. KIO;) are added. After about
five minutes the solution is decolorized by the addition of a 20
per cent. sodium thiosulphate solution and a little of the potassium
iodide and iodate mixture is added in order to make sure that
enough was added in the first place. . One or two c.c. more of
sodium thiosulphate are added and the solution heated half an
hour on the water bath. The pure white precipitate settles out
well, and can be filtered through a filter with relatively wide pores,
washed with hot water, ignited and weighed as Al,O3.

Remark.—The presence of caleium, magnesium and boric acid
does not interfere with the above determination, but if phosphorie
acid is contained in the solution, the phosphate of aluminum is
precipitated. It is obvious that the method cannot be employed
in the presence of organic substances such as tartaric acid, citric
acid, sugar, ete., which prevent the precipitation of aluminium
hydroxide.

Determination of Aluminium by the Method of G. Wynkoop *
and of E. Schirm.}

Principle—If a neutral solution of aluminium (iron, chro-
mium, or titanium) is boiled with an excess of sodium or ammo-
nium nitrite until no more fumes are evolved, aluminium
hydroxide is precipitated in a form that can be as easily filtered
as that of the last methods.

2A101, + 6HOH=2A1(0OH), +6HCl;
6HC1+6NaNO, = 6NaCl+6HNO,;
6HINO,=31,0 +3NO +3NO,.

Procedure.~—If the solution is acid, enough ammonia is added
so that the precipitate first formed dissolves only slowly on

* J. Am. Chem. Soc., 19, 434 (1897).
1 Chem, Ztg., 1909, 877.
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stirring. An excess of a 6 per cent. solution of pure ammonium
nitrite* is then added, the solution diluted to 250 c.c. and
boiled until no more fumes of nitrous oxides are evolved
(about 20 minutes). 'The precipitate is filtered, washed with
hot water, ignited wet in a platinum crucible, and weighed as
AlLOQ,. :

Remark. —In the presence of more than 1 per cent. of
ammonium salts, these are hydrolyzed enough so that the solution
remains acid and the precipitation of the aluminium is incomplete
even after long boiling. In such a case, after the vapors of
nitrogen peroxide are no longer visible, ammonia is added drop
by drop until the odor is barely perceptible. The precipitate is
allowed to settle while the beaker is on the water-bath, and the
analysis is finished as above.

If the solution contains only aluminium in the form of its chlo-
ride, nitrate, or sulphate, it can be determined by evaporating the
solution in a platinum crucible on the water-bath with the addi-
tion of a little sulphuric acid, the excess of the latter being finally
removed by cautious heating over the free flame in an inclined
crucible. The residue of aluminium sulphate is then changed to
the oxide by strong ignicion over the blast-lamp.

In the case of organic salts of organic acids, the oxide is
readily obtained by careful ignition of the salt in a platinum
crucible.

* Sometimes the reagent contains a little barium which should be pre-
cipitated with ammonium sulphate before using it in an analysis.
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IrRoN, Fe. At. Wt. 55.84.
Forms: Ferric Oxide, Fe,0,, and Metallic Iron.
Determination as Fe,0,.
(a) By Precipitation with Ammonia.

This is the form chiefly used for the gravimetric determination
of iron. The solution containing the ferric salt in the presence of
ammonium chloride is heated to about 70° C.
in a porcelain dish or Jena beaker * and pre-
cipitated by means of a slight excess of am-
monia. The precipitate is washed by decan-
tation with hot water and finally with a
strong stream of hot water from the wash-
hottle.t It is ignited gradually in a plati-
num crucible and finally in the half-covered
crucible over the Bunsen burner.f The
ferric oxide obtained varies in its appear-
ance according to the temperature to which
it has been heated. Gently ignited ferric
oxide is reddish brown, whereas when
strongly ignited it has almost the appearance
of graphite. Both forms are difficultly
soluble in dilute hydrochloric acid, but can
be readily dissolved by digesting with con-
centrated hydrochloric acid on the water-bath.

(b) By Precipitation with Ammonium Nitrite.

The precipitation of Fe(OH), from neutral solutions of ferric

salts takes place as described for aluminium, p. 85,

* Too high results are invariably obtained in ordinary glass vessels. The
ammonia should be freshly distilled or the results will be high.

1 For this purpose a wash-bottle such as is shown in Fig. 26 is useful.
By blowing through the long arm of the U-tube (which is provided with a
Bunsen valve) and placing the thumb over the short arm a continuous
stream of water is maintained which can be stopped at any time by removing
the thumb.

1 1t is not advisable to heat the covered crucible over the blast on account
of t' e danger of forming some I'e,D,. Tie magnetism of such a precipitate
can be s own by placing a magnet outside the platinum crucible and moving
it slowly up and down.
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If the iron is in solution either as the ferrous or ferric salt of a
volatile acid, it can be readily converted into ferric oxide by evapo-
ration with sulphuric acid and ignition of the residue.

2, Determination as Metallic Iron.

Iron may be determined by electrolysis, but this method offers
no advantages over the gravimetric method just described or the
following volumetric process, so that it will not be discussed in this
book.

In the case of the analysis of oxide iron ores or of mixtures of
considerable iron oxide with comparatively little alumina, titanium
dioxide, or silica, the following method is accurate and rapid.

The finely powdered and weighed t substance contained in a
porcelain boat is introduced into a tube of difficultly fusible glass
and heated to redness in a stream of dry hydrogen until no more
drops of water condense on the cool front end of the tube and the
contents of the boat appear gray and not black. By this means
the ferric oxide is reduced to metallic iron:

Fegp03+4+3Hy=3H50 +2Fe.

After cooling in the stream of hydrogen, the boat and its contents
arc again weighed after remaining some time in a desiccator. The
loss in weight p represents the amount of oxygen originally com-
" bined with the iron, from which the amount cf iron can be calcu-
lated:

30:2Fe=p:z
g 2Fe
—30P

Remark.—In attempting to reduce ferric oxide to iron by
means of hydrogen, it is very important to heat the oxide to bright

* Rivot, Ann. Chem. Phys., 3. Serie, 30, 188 (1850); Liebig’s Ann., 78,
211 (185).

1 Ferric oxide after having been powdered and ignited is so hygroscopic
that the porcelain boat should be placed within a weighing-beaker with
ground-glass top immediately after removing it from the desiccator, and
then weighed.
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redness. At a dull red heat, the oxide is to be sure reduced to
metal, but in such cases black, pyrophoric iron is formed and the
latter cannot be exposed to the air and weighed without becoming
oxidized. By heating to a bright red heat, however, the iron
becomes gray, is no longer pyrophoric, and can, if allowed to cool
in the stream of hydrogen, which is subsequently replaced by
carbon dioxide, be safely weighed in the air without fear of
oxidation. .

Although this method is extremely simple, and the correspond-
ing oxides of aluminium, chromium, titanium and zircon, etc.,
are not reduced under the same conditions, it should be used with
caution and only when the ferric oxide greatly predominates in a
mixture of oxides. Otherwise the reduction of the iron is incom-
plete on account of some of the ferric oxide being enclosed within
the particles of foreign oxide. This has been proved by the work
of Daniel and Leberle * and by Treadwell and Wegelin.}

It is still more accurate to dissolve the metallic iron produced
in dilute sulphuric acid out of contact with the air and determining
the amount present volumetrically by titrating with potassium
permanganate solution.

3. Volumetric Determination of Iron, according to Margueritte.}

Although the volumetric methods are discussed in the second
part of this book, this determination is so important and is so
often used to test the purity of the iron oxide produced by a gravi-
metric analysis that it seems proper to discuss it at this place.

Principle of the Method.

Ferrous salts are oxidized by potassium permanganate in acid
solution to ferric salts:

2KMnO,+10FeS0,+8H,S0,=K,S0,+ 2MnS0,+8H,04-5F¢,(SO,),.

If, therefore, a potassium permanganate solution of known
strength is slowly added to the solution of a ferrous salt, it will

* Z. anorg. Chem., 34, 393 (1903).

1 A table is given, showing the results of twelve experiments, in the
German edition of this book.

{ Ann. de chim. et de phys. (3], 18 (1846), p. 244,



90 GRAVIMETRIC ANALYSIS.

be decolorized as long as there remains ferrous salt to react with
it. As soon as all of the ferrous salt has been oxidized, the next
drop of the permanganate will impart a permanent pink color to
the solution, whereby the end-point of the reaction is determined.

Preparation and Standardization of the Permanganate Solution.

In most cases a iy normal solution of potassium permanganate
is suitable, i.e. one which contains in one liter enough oxygen to
oxidize 1%y of a gram-atom of hydrogen (1.008 gm. of hydrogen).

Potassium permanganate in acid solution reacts according
to the equation

K,0, Mn,0,=K,0+2MnO+ 50,

e
2KMnO,

so that from two molecules of permanganate five atoms of oxygen
(=10 atoms of hydrogen) are available, thus:

2KMnO, KMnO, 158.03
0 5 5
oxygen=1 gm.-atom of hydrogen.

=31.61 gm. KMnO,=#% gm.-atom of

Consequently it is necessary to take % of a gram-molecule of
potassium permanganate (3.161 gms.) fo.' a liter of 4% normalsolu-
tion.

Although it is possible to purchase very pure potassium per-
manganate, it is not advisable to take the trouble of weighing
out just this amount of the substance and dissolving it in exactly
the right amount of water, for although we might in this way obtain
the correct strength of solution, yet on the following day its value
would be different, for the distilled water in which the perman-
ganate is dissolved almost always contains traces of organic matter
oxidizable by the permanganate. Consequently we weigh out
on a watch-glass approximately the right amount of permanganate
3.1-3.2 gms.), dissolve it in a liter of water, and allow it to stand
eight to fourteen days* before using it. After this time all of the
oxidizable matter in the water will have been completely destroyed.

The solution is filtered through an asbestos filter and then stanc-
ardized.

* Cf, Morse, Hopkins, and Walker, Am. Chem. Jour., 18 (1896), p. 401.




VOLUMETRIC DETERMINATION OF IRON. 9r

Standardization of the Potassium Permanganate Solution.

It is possible to standardize the solution by a number of differ-
ent methods, as will be discussed in detail under volumetric analysis.
In this case we are concerned with the determination of iron only,
g0 that the most natural way for us to standardize the solution will
be by means of chemically pure iron. An accurately weighed por-
tion of iron is dissolved in dilute sulphuric acid out of contact with
the air and permanganate solution is added from a glass-stoppered
burette until the solution remains pink for one-half minute after
thoroughly stirring or shaking.
If for the oxidation of a grams of iron ¢ cubic centimeters of the
permanganate solution were necessary, then

a .
1 e.c.=- gm. iron.

The value a? represents the titration value of the solution.

Remarks.—The chief difficulty lies in the procuring of a
suitable standard. It is difficult to prepare iron which is exactly
100 per cent. pure. Moreover, the purity of a sample of iron wire,
such as is ordinarily used for standardization, cannot be deter-
mined satisfactorily by means of a gravimetric analysis because
the analytical errors are greater than is usually supposed. The
ferric hydroxide precipitate is bulky so that it is customary to take
only about 0.2 gm. of wire for analysis which yields approximately.
0.283 gm. of FegO3 so that an error of 0.0003 gm. in the final
weight corresponds to 0.1 per cent. of iron in the sample. The
precipitate of ferric hydroxide, moreover, often contains silica
and alumina when the analysis is carried out in glass beakers, or
when the reagents used have been in contact with glass for some
time. This leads to high results and the error may amount to
0.003 gm. Again, in igniting a precipitate of hydrated ferric
oxide great care must be taken or some of it will be reduced to
magnetite as can be shown by a magnet held outside the crucible.*

*The carbon from the filter-paper causes the reduction when the pre~
cipitate and filter are heated together and too much heat is used at the start.
Heating the covered crucible over the blast lamp alsoconverts Fe,Oginto FegOu
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When magnetite is thus once formed it is practically impossible
to change it back to ferric oxide by further heating or by treating
the precipitate with concentrated nitric acid. This leads to low
results. When thrown down from hydrochloric acid solutions
by the addition of ammonia, the precipitate often contains some
chloride which it is hard to remove by washing, and on igniting
such a precipitate there is danger of losing a little ferric chloride
by volatilization. On account of these sources of error it is
difficult to carry out a perfect gravimetric estimation of iron
with an accuracy sufficient for standardization purposes. The
most satisfactory method is to determine the impurities present,
but even although this may give the correct percentage of iron,
if there is any carbon, phosphorus, silicon or sulphur present, as
is usually the case, compounds may be left in solution which are
oxidizable by potassium permanganate so that a sample of iron
wire may show against permanganate an apparent iron value
of from 100 to 101 per cent., in spite of the fact that it contains
only 99.7 per cent. of pure iron.

A. Classen * has proposed, therefore, to standardize potassium
permanganate against pure electrolytic iron and in the author’s
laboratory this has been found to be very satisfactory. There is
a possibility, however, of such electrolytic iron containing occluded
hydrogen, carbon, etc., which may exert some effect upon the
titration, although when the electrolysis is properly carried out,
these errors cannot be large. G. Lunge, in his report to the Sixth
International Congress of Applied Chemists f (Rome, 1907),
recommended that permanganate should be standardized against
one of four substances:

(1) Pure oxalic acid, the exact value of which has been deter-
mined by titration against standard barium hydroxide solution.
The barium hydroxide is standardized against hydrochloric acid,
which is" in turn titrated against sodium carbonate. (See
Acidimetry.)

* Mohr-Classen, Lehrbuch der chem.-analyt. Titriermethode (1896).
{ See also Z. Angew. Chem. 17, 195 (1904).
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(2) Pure iron wire, the exact value of which is known by a
comparison with oxalic acid (standardized as above).

(3) Sodium oxalate. (See Acidimetry.)

(4) Hydrogen peroxide by the Nitrometer Method.

Preparation of Electrolytic Iron.

Some commercial ferrous chloride is dissolved in water and a
little hydrochloric acid, the solution is saturated with hydrogen
sulphide, and filtered. After boiling off the excess of hydrogen
sulphide, the ferrous chloride is oxidized by means of potassium

Fia. 27.

chlorate and hydrochloric acid, the excess of chlorine boiled off,
and the solution neutralized by the careful addition of sodium
hydroxide. The iron is then precipitated by the barium carbonate
method (see p. 149). The well-washed precipitate is dissolved in
hot, dilute hydrochloric acid and freed from barium by a double
precipitation of the iron with ammonia. The hydrated ferric
oxide thus obtained is dried, ignited, and reduced to metal in a
stream of hydrogen as described on p. 88. The metallic iron is
dissolved in the calculated amount of dilute sulphuric acid out of
contact with the air (passing CO; through the solution*). The

* For the generation of carbon dioxide, an apparatus similar to that shown
in Fig. 30 is used, only the wash-bottle 4 is filled with permanganate solu-
tion, and the tower C contains pumice soaked with copper sulphate solution,

above which is a plug of cotton.-
The potassium permanganate and copper sulphate both serve to remove

H,S from the CO,.
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solution is then diluted with water until 20 c.c. contain about
0.35 gm. iron.

In addition it is also necessary to provide a solution of am-
monium oxalate, saturated at the room temperature.

For the electrolysis, two electrodes K (Fig. 27) are prepared
by taking two pieces of platinum-foil about 25 sq. cm. surface and

Fra. 28.

fastening a piece of fairly heavy platinum wire to each; they
are bent so that they will conveniently pass through the neck
of a liter-flask. .The electrodes are cleaned by boiling in con-
centrated hydrochloric acid and finally igniting them over the
free flame. To accomplish the latter purpose, it is convenient
to hang them upon a heavy platinum wire which is itself placed



PREPARATION CF ELECTROLYTIC IRON. 95

on an iron ring; they are then heated over the non-luminous
flame of the Teclu burner (Fig. 28).*

After the ignition the electrodes are allowed to cool in a desic-
cator and weighed accurately by the method of swings (cf. p.
10). Aboyt 350 c.c. of the ammonium oxalate solution are now
placed n a 400-c.c. beaker and 20 c.c. of the iron solution
(about 0.35 gm. Fe) are added. The beaker is covered with a
glass plate containing three holes (Fig. 29). At the ends of
the plate are fastened two corks which serve to support the
two heavy platinum wires ¢ and b. Through the two side
holes are passed from below the bent platinum wires of the

Fia. 29.

cathodes K, leaving them suspended from a; while through
the middle hole the end of the spiral anode passes and is
suspended from the cross-wirc . The wire a is now con-
nected with the negative, and wire b with the positive pole of a
battery, and the solution is electrolyzed for from one and one-half
to two hours at about 69° with a current of 0.5-0.7 ampere. ~ At
the end of this time there will be firmly attached to each of the
cathodes about 0.15-0.17 gm. of a bright, steel-gray deposit.
The circuit is broken, one of the electrodes is removed, and

* The electrodes must be above the inner flame mantle. They should never
be heated in this way when a deposit is upon them: The deposit is likely to
be oxidized and in many cases the platinum will be alloyed. It is safer in all
cases to dry the electrodes in a drying oven.
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the circuit again closed. The electrode which has been removed is
at once plunged into a beaker of distilled water, taken out, the
bottom edge touched with a piece of filter-paper to remove
the greater part of the adhering water, and then washed with a
liberal quantity of absolute alcohol that has been distilled over lime.
The lower edge is again touched with filter-paper, then washed
with ether which has been distilled over potash, after which it is
dried in the hot closet until the ether has evaporated (this takes
about half a minute). It is then placed in a desiccator. The sec-
ond electrode is now removed from the circuit and subjected to
precisely the same treatment. After the electrodes have been in
the desiccator for fifteen minutes they are weighed.

While the solution is being electrolyzed the solvent for the iron
should be prepared. In the liter-flask K (Fig. 30) are placed
500 c.c. of water and 50 c.c. of chemically pure concentrated sul-
phuric acid. The contents of the flask are heated to boiling,
meanwhile passing a stream of carbon dioxide through the liquid.
After the latter has boiled vigorously for ten minutes the flask
is closed at b, removed from the flame, placed in cold water, and
allowed to cool in an atmosphere of carbon dioxide.

In this manner a solution of sulphuric acid is obtained com-
pletely free from air, so that there is no danger of its oxidizing any
of the ferrous salt.

One of the weighed electrodes, on which the iron has been de-
posited, is thrown into the flask containing the sulphuric acid; the
flask is immediately closed and gently heated on the water-bath,
or better to boiling, still passing carbon dioxide through the
apparatus. The iron dissolves very quickly, leaving no residue.*
The flask is then closed at b, placed in cold water, and titrated
with permanganate solution added from a glass-stoppered burette.
After noting the burettg reading, the permanganate is added drop
by drop and the flask is constantly rotated to insure thorough mix-
ing of the permanganate with the ferrous solution. When the solu-
tion possesses a slight pink color, permanent for half a minute, the

* Sometimes a minute trace of carbon remains undissolved, but it is so -
small in amount that it can safely be disregarded.
t See under Volumetric Analysis.
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end-point is reached, and after the burette has drained a second
reading is taken. A blank test is made with another portion of

Fia. 30.

500 c.c. of water and 50 c.c. sulphuric acid solution (boiled free from
air in the same way and allowed to cool in a stream of carbon
dioxide), to see how much permanganate is necessary to impart
this pink color in the absence of iron. This amount should be
subtracted from the total number of cubic centimeters of the per-
manganate solution used in titrating the iron.

The results obtained by this procedure are excellent.

After the strength of the permanganate solution has been
accurately determined by the above method the apparent iron
value of a sample of iron wire may be determined. When thisis
known it is possible to determine accurately the strength of a new
permanganate solution, or of the same solution at a future date,
by titrating against a solution of the same wire.

{ Thus Dr. Schudl obtained the following values by using three methods:

1 c.c. KMnO,=0.005485 g. Fe with electrolytic iron;
lce. ¢ =0.005470 g. ““ ¢ iodine;
lce. ¢ =0.005468 g. ¢* ‘¢ oxalic acid.
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Determination of the Apparent Iron Value of Iron Wire.

The wire is cleaned by rubbing with a piece of emery paper until
it is perfectly bright. It is then passed through filter-paper until
it no longer leaves a gray mark on the paper. The wire is wound
round a dry glass rod, making a spiral, and a portion of 0.15-0.2 gm.
is weighed out. This is dissolved, as described on p. 601, in a
flask which is fitted with a Bunsen valve * and contains 55 c.c.
of dilute sulphuric acid (50 c.c. water+5 c.c. conc. HpSOy4); the
solution is boiled 1 a few minutes after the iron has all dissolved.
It is allowed to cool, and is then titrated with permanganate
which has been standardized against electrolytic iron or sodium
oxalate. The apparent iron value of the wire is then calculated.

Every time a new supply of iron wire is obtained its apparent
iron value should be determined.

"The following results of determinations made with great care
by W. A. K. Christie in the author’s laboratory illustrate the
process:

The permanganate solution was standardized against iron
wire and it was found that 1 ¢.c.=0.005600 gm. iron. The purity
of the sample of commercial iron wire was found in three titra-
tions to be 99.93, 100.0 and 99.92 per cent., the average of
which is 99.94 per cent. The actual purity of the wire was deter-
mined to be 99.7 per cent. The apparent purity, therefore, is
greater than the actual purity, and if the latter were to be used
in the computation the permanganate solution would be found a
little too strong.

The author recommends the standardization against elec-
trolytic iron and compares the value obtained with that found
with iron wire, the work all being done on the same day. Then
the apparent iron value of the wire will be known for future

* Still better is the use of the glass valve as recommended by Contat
(Chem. Ztg., 1898, 298) and improved by Gockel (Z. Angew. Chem., 1899,
620). When the boiling is stopped, sodium bicarbonate is sucked back
into the solution, and there is no overpressure on the outside. Cf. p. 601.

1 The boiling of the solution is necessary, as otherwise hydrocarbons or
other reducing substances remain in solution so that too much perman-
ganate is used
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standardizations and it will be necessary to standardize against
electrolytic iron only when a new supply of iron is purchased.
On the other hand, it must be admitted that the standardization
against sodium oxalate is full as accurate and is easier to carry
out. See Volumetric Analysis, p. 597.

Analysis of Ferric Compounds according to the Method of
Margueritte.

From what has already been said, it is evident that in order to
determine the amount of iron present in a solution by titration
_with potassium permanganate, it is necessary for the iron to be
present entirely in the ferrous condition. In order, therefore,
to apply this method to the analysis of ferric compounds, it is
first necessary to reduce them completely.

To effect the reduction of a ferric sulphate solution we can
proceed as follows: The solution is placed in a 200-c.c. flask, acidified
with one-tenth its volume of pure, concentrated sulphuric acid,
the flask is closed with a stopper provided with two tubes through
which.gas can enter and leave the flask, the contents of the flask
are heated to boiling and hydrogen sulphide is passed through the
solution until it is perfectly colorless. The boiling is continued
and carbon dioxide is now passed through the solution until the
excess of hydrogen sulphide is completely removed. The solu-
tion is then allowed to cool in an atmosphere of carbon dioxide
and titrated exactly as in the standardization of the solution of
permanganate.

If ¢ c.c. of permanganate were necessary to completely oxidize
the solution and 1 c.c. of the permanganate corresponds to a gm.
of iron, then the titrated solution evidently contains @ .?¢ gm. of
iron.

Besides hydrogen sulphide, a great many other substances
can be used to reduce the ferric salt, e.g., zine, sulphurous acid,
stannous chloride. The use of these substances will be discussed -
in the portion of this book devoted to Volumetric Analysis.

Remark.—The titration of a solution by means of potassium
permanganate takes place preferably in a sulphuric acid solution;
in the case of hydrochloric acid too high results will be obtained



100 GRAVIMETRIC ANALYSIS.

(due to the fact that the permanganate oxidizes some of the .acid),
unless the oxidation takes place in a dilute solution in the presence
of a large excess of manganous sulphate. See Volumetric Analysis.

TITANIUM, Ti. At. Wt. 48.1.

Titanium, when present in large amounts, is determined as its
dioxide, TiO,; but if only small amounts are to be determined,
as in the case of many rocks and iron ores, the colorimetric
method is preferable.

(a) Determination as Titanium Dioxide.

The titanium is precipitated from solution cither by means of
ammonia, or by boiling a solution strongly acid with acetic acid
and containing considerable ammonium acetate; or, finally, by
boiling the slightly acid solution of the sulphate. In all these
cases it is precipitated as titanic amd from which it is changed by
lgnition into TiO,.

The two former methods are preferable to the third. See
separation of titanium from aluminjum.

(b) Determination of Titanium Colorimetrically ; Method of
A, Weller.*
(Suitable for small amounts of titanium.)

This determination depends upon the fact that acid solutions
of titanium sulphate are colored intensely ycllow when treated
with hydrogen peroxide; the yellow color increases with the
amount of titanium present and is not altered by an excess of
hydrogen peroxide. On the other hand, inaccurate results are

obtained in the presence of hydrofluoric acid (Hillebrand); con-
~ sequently it is not permissible to use hydrogen peroxide for this
‘determination which has been prepared from barium peroxide by
means of hydrofluosilicic acid. Furthermore, chromie, vanadie,
and molybdic acids must not be present, since they also give
colorations with hydrogen peroxide. The presence of small amounts
of iron docs not affect the reaction, but large amounts of iron cause
trouble on account of the color of the iron solution. If, however,
phosphoric acid is added to the colored ferric solution it becomes

* Berichte, 15, p. 2593.
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decolorized, and from such a solution the determination of titanium
offers no difficulty. The solution in which the titanium is to be
determined must contain at least 5 per cent. of sulphuric acid;
an excess does not influence the reaction. The reaction is so
delicate that 0.00005 gm. of TiO, present as sulphate in 50 c.c.
of solution give a distinctly visible yellow coloration.

For this determination a standard solution of titanium sulphate
is required. This can be prepared by taking 0.6000 gm. of po-
tassium titanic fluoride which has becn several times recrystal-
lized and gently ignited (corresponding to 0.2 gm. of TiO,). This is
treated in a platinum crucible several times with a little water
and concentrated sulphuric acid, expelling the excess of acid by
gentle ignition, finally dissolving in a little concentrated sulphurie
acid and diluting with 5 per cent. sulphuric acid to 100 c.c. One
cubic centimeter of this solution corresponds to 0.002 gm. TiO,.

The determination proper is carricd out in the same way as
described on p. 60, under the colorimetric determination of am-
monium.

50 c.c. of the solution which has been brought to a definite
and agcurately measured volume is placed in a Nessler tube be-
side a series of other tubes, each containing a known amount
of the standard titantium solution, filled up to the mark with
water and each treated with 2 c.c. of 3 per cent. hydrogen per-
oxide * (free from hydrofluoric acid). The color of the solution
in question is compared with the standards. This method is
only suitable for the estimation of small amounts of titanium, as
the shades of strongly colored solutions cannot be compared
accurately.

According to J. H. Walton, Jr.,} titanium in the prasence of
iron may be determined after fusing the finely powdered sub-
stance with two or three times as much sodium peroxide. On
extracting with water, sodium pertitanate goes into solution and
ferric oxide is left behind. The filtered solution is acidified with
sulphuric acid, which is added until 5 per cent. of free acid is

*The hydrogen peroxide solution is prepared shortly before using by
dissolving commercial potassium percarbonate in dilute sulphuric acid.
1 J. Am. Chem. Soc., 29, 481 (1907).
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present. The color of the solution is then compared with that
obtained by fusing a known weight of TiO, with Na,0,, etc.

CHROMIUM, Cr. At. Wt. 52.1.
Forms: Chromic Oxide, Cr,0,; Barium Chromate, BaCrO,.

(@) Chromic Compounds.
_ Determination as Chromic Oxide.
1. By Precipitation with Ammonia or Ammonitum Sulphide.

If the chromium is present in solution as chromic compound
it can be precipitated exactly as described under aluminium, by
means of a slightest possible excess of ammonia* in the presence
of considerable ammonium salts (or better still, by the addition of
freshly prepared ammonium sulphide solution to the boiling solu-
tion). The precipitated Cr(OH); is washed with dilute ammonium
nitrate solution and ignited wet in a platinum crucible, being there-
by changed to the oxide, CrsO3. The results obtained are always
a few tenths of a per cent. too high on account of the formation
of small amounts of alkali chromate even though the entire opera-
tion takes place in platinum vessels. The alkali comes from the
reagents. It can be shown that the ignited product contains
a little chromate, as the aqueous extraction always possesses a
slight yellow color and gives with silver nitrate a red precipitate
of silver chromate.

If phosphoric acid is present, it will be found in the precipitate.
In this case the dried precipitate is fused in a platinum crucible
with sodium carbonate and potassium nitrate, whereby sodium
chromate and sodium phosphate are obtained. The melt is dis-
solved in water, acidified with nitric acid, and the phosphoric
acid precipitated by means of ammonia and magnesia mixture,
as described under Phosphoric Acid. From the filtrate the
chromium is determined as barium chromate in acetic acid solu-
tion as described below.

* An excess of ammonia prevents the complete precipitation of the
chromium hydroxide, the filtrate is then colored pink. In such cascs the
filtrate must be boiled until the excess of ammonia is expelled, and the
chromium is all precipitated.
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2. By Precipitation with Potassium Iodide—Iodate Solution.
Method of Stock and Massacin.*

The determination is carried out as in the case of aluminium
(cf. p. 83). The slightly acid t solution, contained in a porcelain
dish, is treated with a mixture of potassium iodide and iodate,
decolorized after a few minutes by means of sodium thiosulphate
solution, treated with a little more iodide and iodate and then again
with a few c.c. of sodium thiosulphate, and heated half an hour on
the water-bath. The flocculent precipitate of chromic hydrox-
ide settles quickly, and is filtered preferably through a hot water
filter under slight suction. The precipitate is ignited wet in a
platinum ecrucible.

3. By Precipitation with Ammonium Nitrite. ]

If the solution of the chromic salt is acid, it is neutralized
with ammonia until a slight permanent precipitate is obtained.
This precipitate is dissolved by the addition of a few drops of
hydrochloric acid and then an excess of 6 per cent. ammonium
nitrite solution is added and the liquid boiled until all nitrous
fumes have been expelled. By this means practically all of the
chromium will have been precipitated, but in order to throw down
the last traces, ammonia is added drop by drop until the odor
of free ammonia barely persists in the solution. The precipitate
is allowed to settle while the beaker remains on the water-bath,
and is finally filtered off, washed with hot water, ignited wet in
a platinum crucible, and weighed %s Cr,0,.

(b) Chromates.
If the chromium is present in solution in the form of an alkali

chromate, free from chloride and large amounts of sulphuric acid,

* Ber., 1901, 467.

+ If the solution is strongly acid, it is neutralized by the addition of pure
KOH solution drop by drop, until a faint permanent turbidity is obtained.

1 E. Schirm, Chem. Ztg., 1909, 877. Cf. p. 111. According to Scholler
and Schrauth (ibid., 1909, 1287) iron, chromium, aluminium, and zine can be
precipitated by means of aniline.
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it may be determined very accurately by precipitation with mer-
curous nitrate solution as mercurous chromate; on ignition the
latter is changed to Cr,0,. :

Procedure. — The neutral or weakly acid solution is treated
with a solution of pure mercurous nitrate whereby brown, basic
mercurous chromate, (4Hg,0-3Cr0O,), is formed. On heating to
boiling, the precipitate becomes a beautiful, fiery red, being con-
verted into the neutral salt Hg,CrO,. This red salt settles very
quickly, and if the precipitation is complete the solution above the
precipitate will be colorless. After cooling, the precipitate is filtered
off, washed thoroughly with water containing a little mercurous
nitrate, dried and separated from the filter as completely as possible.
The filter is burned in a platinum spiral and ignited with the main
portion of the precipitate, gently at first and finally strongly, in
a platinum crucible under a hood with a good draft, afterwards
weighing the residue as Cr,0,.

The purity of the mercurous nitrate must be tested before using
it. 5 gms. of the salt should leave no residue after being ignited.

This excellent method for the determination of chromium
unfortunately permits only a very limited application. If
the solution contains any considerable amount of chloride,
mercurous chloride will be precipitated with the mercurous chro-
mate, which, although volatile on ignition, renders the precipitate
too bulky and the method inaccurate.

If, therefore, it is necessary to determine chromium present
as chromate in a solution containing chloride, two other methods
are at our disposal. The chromate may be reduced by boiling
with sulphurous acid (or by evaporating with concentrated hydro-
chloric acid and aleohol) and analyzed according to (a), or it
may just as accurately, and much more conveniently, be deter-
mined by precipitating as

Barium Chromate, -

which is weighed after gentle ignition.

Procedure.—The neutral solution, or one weakly acid with acetic
acid, is treated at the boiling temperature with a solution of barium
acetate added drop by drop,* and after standing for some time,

* If the barium acetate solution is added too quickly some of it will be
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is filtered through a Gooch crucible (without using very strong
suction, as otherwise the filter will soon get stopped up and the
solution will filter extremely slowly). The precipitate is washed
with dilute alcohol and dried in the hot closet. The crucible is
suspended in a larger one of porcelain by means of an asbestos
ring (cf. page 27) and heated, at first gently, and finally over the
full flame of a good Bunsen burner. After five minutes the cover
is removed and the heating is continued until the precipitate
appears a uniform yellow throughout, when it is cooled in a desic-
cator and weighed.

Sometimes the precipitate appcars green on the sides of the
crucible owing to a slight reduction (by means of dust, traces
of aleohol, etc.) of chromic acid to chromic oxide. The latter
gradually takes on oxygen from the air during the long-continued
heating of the open crucible, so that the green color gradually
disappears. .

If a grams of chromate were taken for analysis, and th
barium chromate precipitate weighed p grams, then the amount
of chromium present may be calculated as follows:

BaCrO, : Cr=p :s
Cr
S=p-=a"P

aCrO,
and

T=5aCr0, @ per cent. Cr.

Example for practice: Potassium bichromate, KyCrz0O7,
purified and dried as described on pages 33 and 35.

Chromium originally present as chromate, or obtained as
such after suitable oxidizing treatment, may be determined
accurately by volumetric methods described in Part II.

carried down with the barium chromate, so that too high results will be
obtained. :
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URANIUM, U. At. Wt., 238.5.
Forms: U,0, and UO,.

(a) Determination as U,O,.

Uranium is almost always precipitated by means of ammonia
as ammonium uranate and changed to U;O4 by gentle ignition
in a platinum crucible with free access of air. According to
Zimmerman * this transformation is only complete when the
precipitate is ignited in a stream of oxygen; the error is, however,
so small that for ordinary purposes it can be neglected.

According to the temperature of ignition, the U0, appears
dirty green or black, and is difficultly soluble in dilute hydro-
chloric or sulphuric acids; in nitric acid it dissolves gradually.
By heating with dilute sulphuric acid (1 vol. cone. H,SO,+6 vol.
H,0) in a closed tube at 150°-175° C. for a long time (W. F.
Hillebrand),t the U,0y is completely dissolved with the formation
of uranous and uranyl sulphate:

U044 4H,80,=2U0,(S0,) +U (S04) 2 + 4H,0.

U,0; is also readily soluble in dilute sulphuric acid in the
presence of potassium bichromate. These two last facts are taken
advantage of in the volumetric determination of uranium (which
see).

(b) Determination as UO,.

The ignited precipitate, obtained in exactly the same way
as before, is heated over a good Teclu burner, or over the blast-
lamp, in a current of hydrogen, until a constant weight is obtained
whereby it is quantitatively changed to UO,. This is the most
accurate method for the determination of uranium.

The UO, thus obtained is a brown powder, insoluble in dilute
hydrochloric and sulphuric acids, but soluble in concentrated
sulphuric acid after long heating, best in a closed tube. This
oxide is also soluble in nitrie acid.

* Ann. d. Ch. und Ph., 232 (1886), p. 287.
1 Bull. U. 8. Geol. Survey, 78, p. 90.
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Separation of Iron, Aluminium, Chromium, Titanium, and
Uranium from Calcium, Strontium, Barium, and Magne-
sium.

The solution containing the above substances in the presence
of considerable ammonium chloride is placed in an Erlenmeyer
flask and treated with a slight excess of freshly prepared ammo-
nium sulphide free from sulphate and carbonate. After stand-
ing overnight the precipitate is filtered off and washed with
water containing ammonium sulphide. It contains the iron and
uranium as sulphides, the aluminium, chromium, and titanium
as hydroxides. In case large amounts of magnesium are present,
some of it is almost always present in the precipitate, so that it
is then nccessary to dissolve the precipitate, after filtration, in
hydrochloric acid and to reprecipitate with ammonium sulphide.

Instead of using ammonium sulphide, the separation can pe
accomplished satisfactorily with ammonia; the iron must then
be in the ferric condition.

Separation of Iron from Aluminium.

(1) The solution is treated in a porcelain dish with pure
potassium hydroxide solution until strongly alkaline, boiled,
diluted with hot water, and filtered. The precipitate contains
the iron as hydroxide, while the solution contains the aluminium
as aluminate.* For the iron determination the precipitate is
dissolved in hydrochloric acid, reprecipitated with ammonia,f -
dried, and weighed as Fe,O, (see page 83). The aluminium is
precipitated as hydroxide from the filtrate by acidifying with
nitric acid and then adding ammonia.

(2) The acid solution is treated with tartaric acid (three parts
of tartaric acid for each part of the mixed oxides (Fe,0,+ Al0,)),
hydrogen sulphide is passed into the solution until it is saturated,
as slight an excess as possible of ammonia is added, and the sulphide
of iron is allowed to settle in a closed Iirlenmeyer flask, It is then

*If the precipitate is large, it should be dissolved in hydrochloric acid
and again precipitated with KOH.

+ It is very hard to wash the KOH precipitate free from alkali so that the
first precipitate should not be weighed.
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filtered, washed with water containing ammonium sulphide, dis-
solved in hydrochloric acid oxidized with a little potassium chlorate
or nitric acid, and precipitated as ferric hydroxide by the addition
of ammonia. The aluminium is determined in the filtrate by
evaporating to dryness with the addition of a little sodium earbo-
nate and potassium nitrate. The residue is gently ignited in a
platinum dish in order to destroy the tartaric acid, after which
it is dissolved in dilute nitric acid, the carbon filtered off, and the
aluminium precipitated from the solution by the addition of
ammonia.

(3) The neutral solution of the chlorides or sulphates (not
the nitrates) is treated with sodium carbonate until a slight
permanent precipitate is formed, which is dissolved by the addi-
tion of a few drops of hydrochloric acid. The solution is diluted
to about 250 c.c. for each 0.1 or 0.2 gm. of the metals present, an
excess of sodium thiosulphate solution is added, and the solution
boiled until every trace of SO, has disappeared. By this opera-
tion the ferric salt is reduced to ferrous salt:

2Na,S,0, 4+ 2FeCl,=2NaCl 4 Na,S,0,+2FeCl,, *
and the aluminium is precipitated as the hydroxide:
2A1C], +3H,0 +3Na,8,0, = 6NaCl + 380, +3S + 2A1(OH),.

The precipitate of aluminium hydroxide and sulphur is filtered
off, washed with hot water, dried, transferred as completely as
possible to a porcelain crucible, the filter burned in a platinum
spiral and the ash added to the crucible, which is ignited gently
until all the sulphur has been expelled and then more strongly
over the blast or a Teclu burner until the weight is constant.

To determine the iron, the filtrate may be acidified with hydro-
chloric acid, the SO, boiled off, the sulphur filtered off, the solu-
tion oxidized with nitric acid and precipitated by ammonia as
described on page 87. It is still better to precipitate the
iron with ammonium sulphide, filter, dissolve in hydrochloric
acid, oxidize with nitric acid, and then precipitate with am-
monia,
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(4) Both of the metals are precipitated with ammonia, filtered,
washed, dried, ignited in a platinum crucible, and the weight of the
combined oxides determined. The mixture is then digested with
concentrated hydrochloric acid to which a little water has been
added (10HCL:1H,0) in a covered crucible until the iron is com-
pletely dissolved. If ferric oxide predominates, as is frequently
the case, the solution is effected in one or two hours. If, on the
other hand, a relatively large amount of alumina is present (as is
usually the case with silicates), and which can be detected by the
color of the precipitate produced by ammonia, the precipitate
then dissolves very slowly and in many cases only incom-
pletely.

In the latter case the ignited oxides are brought into solution
by fusing with 12-15 times as much potassium pyrosulphate,
K,S,07 (cf. Vol. I).* The decomposition of the oxides is usually
complete in 2—4 hours. The crucible together with its cover
is placed in a beaker, water and a little sulphuric acid are added,
and the melt is dissolved by warming gently, and passing a current «
of air through the solution in order to keep the liquid in motion.
A small amount of platinum is always dissolved by this treatment.
After removing the crucible and its cover, the solution is heated
to boiling and saturated with hydrogen sulphide. The solution
is then filtered into a flask and carbon dioxide is passed through
it until the excess of hydrogen sulphide is completely removed.
The contents of the flask are then cooled by placing the flask in
cold water, the carbon dioxide still passing through the flask.
The iron is then titrated with potassium permanganate solution
as described on page 99. The aluminium is determiaed by differ-
ence, from the weight of the combined oxides. For the determina-
tion of iron in silicates the above process is most suitable (Hille-
brand). The reduction of the ferric salt to ferrous salt by means of
hydrogen sulphide possesses great advantages over the reduction
by means of zine, for in the former case no foreign element is intro-
duced, and furthermore zinc serves to reducc the titanic acid

* E. Deussen finds that fusion with KF.HF works better. The platinum
is not attached and the solution is effected more readily.—Z. angew. Chem.,
1905, 815.
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that is almost always present in rocks, and this will be again oxidized
by the permanganate, so that too high an iron value will be ob-
tained. . .

If the iron is all dissolved by treating the oxides with hydro-
chloric acid, the solution is evaporated to dryness and the residue
is treated with a few cubic ccntimeters of dilute sulphuric acid,
evaporated on the water-bath as far as possible, and then heated
over the free flame until fumes of sulphuric acid are evolved.
After cooling, the product is dissolved in water and the ferric
sulphate reduced to ferrous sulphate by introducing a piece of
zine, free from iron, into the crucible and covering the latter with a
watch-glass.* The reduction is complete in 20-30 minutes. The
slight residue of platinumf is filtered off with the excess of zine
into a flask already filled with carbon’dioxide. The residue is
washed with water that has been boiled, and the solution is titrated
with potassium permanganate solution.

The latter method is to be recommended for the determination

.of small amounts of iron in the presence of still less aluminium, as
is the case in the analysis of mineral waters.

The following procedure leads to the same end, but the results
are not quite so reliable:

The solution from which.the iron and aluminium are to be
dete mined is diluted to a definite volume (e.g., 250 c.c.) and two
aliquot portions are taken by means of o pipette (usually 100
c.c.).

In one portion the weight of the combined oxides of iron and
aluminium is determined by precipitation with ammonia and ignition
of the precipitate, while in the other the iron is determined by
titration. If the solution contains hydrochloric acid, as is usually
the case, the iron is first precipitated with ammonia, filtered,

*If titanium is present, the solution is reduced by means of hydrogen
sulphide.

T Platinum is perceptibly attacked by long digestion with ferric chloride
solution: . : ‘

4FeCl, 4 Pt + 2HCl=H,PtCl; + 4FeCL,

The chloroplatinic acid is reduced to platinum by the action of zine.
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washed, and dissolved in dilute sulphuric acid. The solution is
then reduced and titrated as previously described.*

Separation of Iron, Aluminium, and Phosphoric Acid.

Although the determination of phosphoric acid has not yet
been considered, we will describe its determination in the presence
of iron and aluminium because this highly important separation is
necessary in the analysis of almost all minerals containing iron
and aluminium as well as in the analysis of many mineral waters.
Two cases are to be distinguished:

1. The solution contains only a small amount (a few centigrams
or less) of iron, aluminium, and phosphorie acid.

2. The solution contains large amounts of these substances.

1. In the first case the determination of all three constituents
must be undertaken in the same portion, as otherwise errors would
be introduced on account of the small amounts to be determined.
The solution is first treated with ammonia whereby the iron, alu-
minium and phosphoric acid are precipitated.t -

The precipitate is ignited in a platinum crucible and weighed:

Fe,0,+ ALO,+P,0,=A.

The product is then fused with six times its weight of a mixture
consisting of four parts anhydrous sodium carbonate and one part
pure silica. The mixture is heated over the blast-lamp, the melt
is extracted with water, to which a little ammonium carbonate
has been added, and filtered. The filtrate contains all of the phos-
phoric acid and a very little silicic acid, while the residue contains
all of the iron and aluminium and considerable silica.

For the determination of the phosphoric acid, the filtrate is
evaporated with hydrochloric acid on the water-bath to dryness,

* It is necessary to get rid of the hydrochloric acid on account of its action -
upon potassium permanganate (cf. Vol. Anal., under Iron).

T The phosphoric acid is usually present in such small amounts that the
iron and aluminium are more than sufficient to effect the precipitation of all
the phosphoric acid, on the addition of ammonia, as phosphates of these
metals.
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in order to remove the silica, the residue is mcistened with hydro<
chloric acid, taken up in a little water, filtered, and the phosphoric
acid precipitated in the filtrate by the addition of ammonia and
“magnesia mixture.” The precipitate of magnesium ammonium
phosphate is changed to magnesium pyrophosphate by ignition and
from its weight p the amount of phosphoric anhydride, P,0;, is
calculated (=B):

Mg,P,0,:P,0,=p:B,

__PO;
Mg,P,0, P

By subtracting B from A the combined weight of the iron and
aluminium oxides is obtained, in which the iron is determined
volumetrically and the aluminium by difference. For the deter-
mination of the iron, the insoluble residue, obtained after treating
the product of the fusion with water and ammonium carbonate,
is digested with hydrochloric acid in a small porcelain crucible
until the iron oxide is completely dissolved. The solution is treated
with dilute sulphuric acid, evaporated on the water-bath as far
as possible, and then over a free flame until fumes of sulphurie
anhydride are evolved. After cooling, water is added and after
digesting on the water-bath for a long time the silica is filtered
off, the solution reduced by means of hydrogen sulphide (cf. p.
109, sub. 4), and, after removing the excess of hydrogen sulphide,
the iron is titrated with permanganate solution.* From the
amount of permanganate used, the amount of ferric oxide (C) can
be calculated, and by deducting this amount from the weight
of the combined oxides, the weight of the AL, O, is ascertained:

A — (B+0)=AL0,.

2. In case the solution contains large amounts of iron, alu-
minium, and phosphoric acid, it is divided into three aliquot por-
tions and in one the value of “ A 7’ is determined by precipitation
with ammonia; in the second the phosphoric acid is determined
by the molybdate method; and in the third the iron is determined
by titration.

* Instead of reducing the iron, the ferric salt may be titrated directly
with titanous chloride (cf. p. 699), or iodometrically (cf. p. 681).
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Separation of Iron from Chromium.

1. The chromium is oxidized in alkaline solution by means of
chlorine, bromine or sodium peroxide to a soluble chromate, and
_ the insoluble ferric hydroxide is filtered off.

Procedure.—The solution of the chlorides, which should be
placed in an Erlenmeyer flask of Jena glass provided with a
- ground-glass stopper and tubes by which gas may enter and leave
the flask, is. treated with potassium hydroxide solution until
strongly alkaline, warmed on the water-bath and chlorine gas is
conducted through the liquid, or bromine water is added, until
it becomes distinctly yellow and the ferric hydroxide has as-
sumed its characteristic reddish-brown color. When the oxidation
is performed by chlorine gas, 0.5 gm. of the mixed oxides will be
completely oxidized in fifteen to twenty minutes. The solutionis
diluted with water and filtered. The filtrate is carefully acidified
with acetic acid, the chromium precipitated by the addition
of barium acetate, and the precipitate of barium chromate is
treated as described on p. 104. The ferric hydroxide is dissolved
in hydrochloric acid, reprecipitated with ammonia and weighed
as ferric oxide. .

Remark.—If the chromate is to be determined as barium chro-
mate, the solution must contain no sulphuric acid. If the latter is
present, the chromate is reduced by evaporating with hydrochlorie
acid and alcohol; the solution of chromic chloride thus obtained
is precipitated with ammonia and the chromium determined as
chromic oxide.

In the case of a precipitate containing iron and chromic oxides,
it is fused with sodium carbonate and a little potassium chlorate,
the melt is extracted with water, and the chromium is determined in
the solution by precipitating with barium acetate. The insoluble
residue from the aqueous extraction of the fusion is dissolved in
hydrochloric acid, precipitated with ammonia, and the iron deter-
mined as ferric oxide.

If it is desired to precipitate the chromium as mercurous
chromate, the precipitate containing the iron and chromic oxides
is fused with sodium carbonate and potassium nitrate, the melt
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extracted with water, the solution neutralized with nitric acid and
precipitated with mercurous nitrate solution, as described on p. 104.

2. It has been proposed to analyze the mixture of ferric and
chromic oxides by strongly igniting them in a stream of hydrogen
whereby the ferric oxide is reduced to metallic iron, while the
chromic oxide is unchanged. The iron could then be determincd
by the loss of weight. This method, although thcoretically very
simple, seems from experiments carried out in the "author’s
laboratory to be absolutely inadequate, for the ferric oxide is so
enveloped in chromic oxide that it is not even approximately re-
duced even when heated over the blast-lamp.

3. Iron may be separated from chromium by precipitating
the former with ammonium sulphide from a solution containing
sufficient ammonium tartrate to prevent the precipitation of the
chromium. The separation is the same as was described under
aluminium, p. 107, sub. 2,

Separation of Aluminium from Chromium.

If the chromium is present as chromic salt, it is oxidized by
means of chlorine or bromine in a solution made strongly alkaline
with potassium hydroxide. The solution is then acidified with
nitric acid, and the aluminium precipitated by ammonia as hydrox-
ide, being weighed as the oxide. In the absence of sulphuric acid
the chromium may be determined in the filtrate as barium chro-
mate (cf. p. 104). If sulphuric acid is present, the chromate is
reduced to chromic salt again by the action of concentrated hydro-
chloric acid and aleohol, precipitated with ammonia, and weighed
as the oxide )

If, however, the chromium is already present as chromate, the
aluminium is at once precipitated with ammonia as hydroxide.

Separation of Iron from Titanium.

It is frequently necessary to determine both iron and titanium
in a precipitate produced by ammonia consisting of a mixture of
these two oxides alone, but it is more often necessary to determine
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titanium in the presence of iron, aluminium, and phosphoric acid,
all of which are precipitated by ammonia in the analysis of
rocks.

For the separation of titanium from iron in the absence of
alumina, the following methods are suitable:

1. The precipitate produced by ammonia is ignited and then
fused with 15-20 times as much of previously dehydrated potas-
sium pyrosulphate over a small flame until completely attacked.
After cooling, the melt is dissolved in cold water -containing sul-
phuric acid, and the solution is hastened by keeping the liquid in
motion by means of a current of air passed through it.

The solution thus obtained is diluted to a definite volume, and
after being thoroughly mixed is divided into two portions, one being
used for the determination of titanium and the other for the deter-
mination of iron. For the iron determination, the acid solution is
saturated with hydrogen sulphide in the cold, heated to boiling, and
the precipitate of platinum sulphide, sulphur, and a little titanium
is filtered off into a flask filled with carbon dioxide, and washed
thoroughly with hot water. The filtrate is heated to boiling and
carbon dioxide is passed through the solution until the excess of
hydrogen sulphide is completely removed, when it is cooled in an
atmosphere of carbon dioxide and then titrated with perman-
ganate. For the titanium determination, the other part of the
solution is treated with sodium carbonate solution until a slight
precipitate is formed; this is dissolved in as little sulphuric acid as
possible, saturated with hydrogen sulphide in the cold, and 5 gms.
of sodium acetate which has been neutralized with acetic acid * are
added. Carbon dioxide is conducted through the solution, it is
neated to boiling, filtered hot, washed with water containing hydro-
gen sulphide, ignited wet in a platinum crucible, and weighed as
TiO,.

Remark.—1If considerable iron is present, the titanic oxide thus
obtained is likely to contain iron. It is brought into solution
again by fusing with potassium pyrosulphate and the precipitation
is repeated exactly as before. In this way a precipitate free from
irci is obtained. -

2. The Chancel-Stromayer method is also satisfactory. ‘The
solution from the pyrosulphate fusion, in this case after being

* Cf. footnote to page 130.
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neutralized with sodium carbonate, is treated with an excess of
sodium thiosulphate, diluted to about 400-500 c.c. and boiled for
some time. In this way metatitanic acid and sulphur are precipi-
tated, while iron remains in solution. During the filtration, how=
ever, the finely divided sulphur passes through the filter, so that
the first method is preferable. In the presence of considerable
iron the metatitanic acid obtained by this method is also contam=
inated with iron, so that the separation must be repeated.

Separation of Aluminium from Titanium,

It has been proposed to separate aluminium from titanium by
taking the slightly acid solution from the pyrosulphate fusion
(page 115) diluting to a large volume and boiling for some time
on the assumption that metatitanic acid will precipitate, leaving
aluminium sulphate in solution. This method, however, is useless,
for alumina is precipitated with the metatitanic acid unless the
solution contains enough acid to prevent this hydrolysis, in which
case a considerable amount of titanic acid remains in solution.

The best separation is that of Gooch;* it consists of boiling a
solution of the two elements containing considerable free acetic
acid and alkali acetate; by this means all of the titanium and none
of the aluminium is precipitated. If, however, the amount of
aluminium present is large (as is usual in rock analysis), the pre-
cipitate will contain some aluminium, so that the separation must
be repeated. In no case is there danger of the precipitation of the
titanium being incomplete.

In practice it is almost always necessary to separate the titanium
not from aluminium alone, but from iron and aluminium, so that
the method of Gooch will be described for this more general case.

The solution obtained by dissolving the pyrosulphate melt in
cold water is treated with three times as much tartaric acid as
the weight of the oxides, is saturated with hydrogen sulphide
gas, and then made slightly ammoniacal. By this means all of the
iron is precipitated as ferrous sulphide, while the aluminium and
titanium remain in solution. The sulphide of iron is filtered off, -
the filtrate is acidified with sulphuric acid, heated to boiling, and
the precipitate of sulphur and platinum sulphide (the latter from
the platinum crucible in which the fusion with pyrosulphate was

* Chemical News. 52, pp. 55 and 68.
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made) is filtered off. The filtrate is boiled to expel the last traces
of hydrogen sulphide and the tartaric acid is destroyed by adding
2} times as much potassium permanganate as the amount of tar-
taric acid present. Sulphurous acid is then added until the precipi-
tated manganese dioxide is redissolved, after which a slight excess
of ammonia is added and then 7-10 c.c. of glacial acetic acid for
each 100 c.c. of solution. The solution is boiled for one minute,
the precipitate is allowed to settle, and the filtrate is decanted
through a filter,* transferred to the filter, washed with 7 per cent.
acetic acid and finally with hot water. The dried precipitate is
ignited over a Bunser burner for from fifteen to twenty minutes
and then weighed.

The precipitate contains manganese and aluminium, so that it
is fused with three times as much sodium carbonate. The melt
(colored green by the manganese) is leached with cold water, leaving
sodium metatitanate T and some alumina undissolved. The precipi-
tate is filtered off by means of a small filter, is ignited in a platinum
crucible, and fused again with a litle sodium carbonate. After
cooling, the contents of the crucible are dissolved in 1.9 c.c. of
sulphurie acid (1 vol. cone. H,50,:1 vol. H,0) diluted to about
150-200 c.c. and treated with 5 gm. sodium acetate and one-tenth
of its volume of glacial acetic acid. After boiling one minute and
allowing to stand until settled, the precipitate is filtered off, washed
with 7 per cent. acetic acid, then with water, dried, ignited, and
weighed. This precipitate usually contains aluminium, so that
it is again fused with sodium carbonate and the melt again treated
with sulphuric acid, ete., exactly as described above. This time
the precipitate is usually free from aluminium, but the process
should be repeated until a constant weight is obtained.

This analysis does not require much time, for usually the
amount of titanium present is so small that the precipitates filter
and wash quickly. i

For the determination of very small amounts of titanium, it is
advisable to use the colorimetric method proposed by Weller
(cf. p. 100). Under the analysis of silicates will be discussed a
practical example of this determination.

* Schleicher & Schiill’s filter-paper No. 589 is satisfactory for this purpose.
t The sodium metatitanate undergoes hydrolysis and forms a precipitate
containing a much higher percentage of TiO,.
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Determination of Titanium in Rutile and Iron Ores.*

This method is based on the volatilization of the silica by hydro-
fluoric acid in the presence of sulphuric acid, evaporation to
dryness and fusion with sodium carbonate and a little potassium
nitrate (which converts the iron and titanium to insoluble ferric
oxide and sodium acid titanate) extraction with hot water to
remove the soluble phosphates, sulphates and aluminates, solu-
tion of the ferric oxide and sodium titanate in hydrochloric acid,
extraction of ferric chloride with ether, reduction of slight traces
of iron with sulphurous acid, precipitation of the titanic acid by
boiling in acetic acid solution, filtration and ignition to titanium
oxide (or the titanium may be determined colorimetrically).
The method is accurate and not long.

Procedure.—The sample is weighed into a platinum crucible,
treated with a little water, 5 to 10 drops of sulphuric acid,
and 1 c.c. of hydrofluoric acid, and the mixture heated care-
fully until finally no more sulphuric acid fumes are evolved.
Five or 10 grams of sodium carbonate and a litle potassium
nitrate T are added ana the mixture fused at least thirty minutes.
The crucible and cover are cooled, placed in a beaker, covered with
hot water, and heated until the melt is disintegrated. Ferric oxide

. and sodium titanate are left insoluble in hot water. The crucible
is removed, washed, and any adhering particles of ferric oxide
and hydrolyzed sodium titanate are dissolved in hot hydrochlorie
acid (sp. gr. 1.1). This solution is saved. The residue in the
beaker is filtered and washed with hot water.i The filter is per-
forated and the residue carefully washed into a clean beaker with
hydrochloric acid (sp. gr. 1.1). (No water is to be added from
this stage of the analysis until after the treatment with ether.)
The hydrochloric acid washings from the platinum crucible are
transferred to the beaker and the whole heated on the hot plate

* O. L. Barneby and R. M. Isham. J. Ani. Chem. Soc., 82, 957 (1910).

t The potassium nitrate is added to make sure that the crucible is not
injured by any sulfide or reducible metal which may be present. Too much
nitrate should not be added; it will injure the crucible and also cause the melt
to effervesce badly.

t The residue should not be washed with too much hot water; the hyd-
rolysis of the sodium titanate may go so far that the residue will not dis-
solve in hydrochloric acid. ,
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until solution is complete and the total volume reduced to 15 or
20 c.c. The solution is then cooled, 2 c.c. of concentrated hydro-
chloric acid are added and the solution is transferred to a separa-
tory funnel, the beaker being rinsed with hydrochloric acid
(sp. gr. 1.1). An equal volume ot ether, which has been saturated
with concentrated hydrochloric acid solution, is added to the
solution in the funnel, a rubber stopper is inserted in the top,
the funnel is inverted, the stop-cock opened, and the whole
thoroughly shaken. The stop-cock is then closed, the funnel
placed in an upright position and allowed to stand ten minutes,
when the aqueous layer is drawn off into a second separatory
funnel. The ether is rinsed twice by shaking well with 5 to 10
¢.c. portions of hydrochloric acid (sp. gr. 1.1) and the washings
are added to the aqueous solution. The:treatment with ether
is repeated two or three times until the last portion of ether
fails to show any greenish tinge due to the presence of dissolved
ferric chloride.

The aqueous solution containing all the titanium in the pres-
ence of little, if any, iron and aluminium, is heated to expel the
dissolved ether, 20 c.c. of sulphuric acid (1 : 1) are added, and
the solution evaporated until fumes of sulphuric anhydride are
evolved. The cooled solution is diluted to about 100 c.c. and
nearly neutralized with ammonia. One or two grams of ammo-
nium bisulphite are added and the solution heated on the hot
plate for half an hour. Ten to 15 grams of ammonium
acetate are now added with 5 to 10 c.c. of glacial acetic acid,
and the solution boiled for fifteen minutes. The precipitated
titanic acid is filtered off, washed with 7 per cent. acetic acid,
ignited and weighed as TiOs.

Separation of Uranium from Iron and Aluminium.

The slightly acid solution, containing considerable quantities
of ammonium salts, is treated with an excess of ammonium car-
bonate and then with ammonium sulphide, allowed to stand for
some time in a closed flask, finally filtered and washed with water
containing ammonium sulphide.

The precipitate contains the iron as sulphide and the aluminium
as hydroxide; in the filtrate is found all of the uranium as
(NH4)4UO2(CO3)3. The precipitate is dissolved in hydrochloric
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acid, its solution freed from hydrogen sulphide by boiling, the
ferrous salt oxidized to ferric salt by the addition of potassium
chlorate, and the iron and aluminium determined by one of the
methods described on pages 107-109.

The filtrate containing the uranium is evaporated almost to
dryness, acidified with hydrochloric acid, boiled, and the uranium
precipitated, by the addition of ammonia, as ammonium uranate.
The precipitate is filtered off, washed with 2 per cent. ammonium
nitrate solution to which a little ammonia has been added, dried,
ignited, and weighed as UzOs.

The result obtained may be verified by heating the residue
repeatedly in a current of hydrogen in a Rose crucible (see Copper
Determination) until a constant weight is obtained; weighing
as UO, The purity of the precipitate may also be tested volu-
metrically (see Volumetric Analysis).

B. DIVISION OF THE MONOXIDES.
MANGANESE, NICKEL, COBALT, ZINC.

MANGANESE, Mn. At. Wt. 54.93.
Forms: MnSO4, MnS, Mn;O4 Mn,P,0;.
1. Determination as Manganous Sulphate, MnSO,.

This method, first proposed by Volhard,* has recently been
tested by Gooch and Austin,{ and has been found strictly accurate.
Experiments performed by Schudel in the author’s laboratory
completely confirm Gooch’s results.

Procedure—The oxide obtained by the ignition of the car-
bonate, sulphide, or of manganous manganite, is dissolved in as
slight an excess of sulphuric acidi as possible in a porcelain
crucible, evaporated as far as possible on the water-bath, after
which the excess of acid is removed by heating in an air-bath.
A porcelain crucible provided with an asbestos ring (see Fig. 11,
p. 27) serves for the air-bath. The walls of the smaller crucible
should be separated from those of the larger one by about 1 em.

* Ann. d. Chem. u. Pharm., 198, p. 328.

t Z. anorg. Chem., 17, 264 (1898); cf. Blum, J. Am. Chem. Soc., 34,

1382 (1912). .
t The manganous manganite (Mn;O,) requires the presence of reducing

agent (best SO, or pure hydrogen peroxide).
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After the sulphuric acid has been removed, the two crucibles
are covered and heated to redness over a good Bunsen burner,
allowed to cool in a desiccator and weighed. From the weight
of the manganous sulphate, the amount of manganese present
may be calculated as follows:

MnSO,:Mn=p:z

- Mn
= 3mso, P

(a) Separation of Manganese as Carbonate,

This method for the separation of the manganese permits only
a limited application, because no other metal that is precipi-
tated by alkali carbonates can be simultaneously present. The
method, therefore, is only suitable for the determination of man-
ganese in solutions of pure manganese salts containing nothing
else except alkali and ammonium salts.

According to H. Tamm, * the precipitation is best accomplished
by means of ammonium carbonate. For this purpose the neutral
solution (which may contain other ammonium salts) is treated
with a slight excess of ammonium carbonate, warmed gently, and
the beaker containing the solution is allowed to remain in a luke-
warm water-bath until the precipitate has settled and the upper
liquid has become clear.

The precipitate is filtered off, washed with hot water, dried,
ignited, and weighed either as sulphate according to 1 or as Mn,0,
according to 2.

Remark.—If either sodium or potassium carbonate is used to
precipitate the manganese, the precipitate will always contain
alkali carbonate that cannot be removed by washing. After the
precipitate has been ignited, however, the alkali carbonate can be
easily extracted by water. TFurthermore, the precipitation is not
quite quantitative; the filtrate always contains small amounts of
manganese. In order to remove this, it is necessary to evapo-
rate the aqueous solution to dryness, whereby the manganous car-
bonate is completely decomposed hydrolytically into carbonic acid
and manganous hydroxide, and the latter in contact with the air

* Chem. News, 26 (1872), p. 37, and Z. anal. Chem. 11, p. 425 (1872).
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changes to brown manganic oxide, Mn2O3. The residue obtained
after the evaporation is treated with water, the small amount
of brown manganese compound filtered off, ignited, and added to
the main part of the precipitate.

(b) Separation of Manganese as Sulphide.

This method is employed when it is necessary to separate man-
ganese from caleium, strontium, barium, and magnesium.

We will distinguish between two different cases:

(a) The solution contains, besides manganese, large amounts
of the alkaline earths or magnesium.

(8) The solution contains only small amounts of the alkaline
earths or magnesium.

(@) In case large amounts of the alkaline earths or magnesium
are present, the manganese sulphide must be precipitated in the
cold in the presence of considerable ammonium salts.

The solution is placed in an Erlenmeyer flask of Jena glass and
about 5 gm. of ammonium chloride or ammonium nitrate are added.
In case the solution reacts acid, ammonia is added until it is slightly
alkaline, and a slight excess of freshly-prepared, colorless ammo-
nium sulphide solution is added. The flask is now nearly filled
with cold distilled water that has been boiled, corked, and allowed
to stand twenty-four hours, or, better, still longer. After this time
the flesh-colored precipitate will have settled. The clear upper liquid
is carefully decanted through a filter,* taking pains not to disturb
the precipitate and to keep the filter filled with liquid all the time.
If the precipitate is at all bulky, it is washed three times by decan-
tation with a 5 per cent. solution of ammonium nitrate to which has
been added 1 c.c. of ammonium sulphide. The precipitate is then
transferred to the filter and washed with dilute ammonium sul-
phide water until 20 drops of the filtrate evaporated to dryness on
a crucible-cover leave no residue. Now for the first time the filter
is allowed to drain completely and is dried. As much of the pre-
cipitate as possible is transferred to a small thin-walled porcelain
crucible, the filter-paper is burned in a platinum spiral, and the ash
added to the main portion of the precipitate in the crucible. The
uncovered crucible is heated over a small flame until the greater

* Schleicher & Schiill’s filter-paper No. 590 can be used to advantage.
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part of the sulphur has been burned off, when the flame is increased
and the crucible is finally heated over the flame of a Teclu burner,
cooled, and weighed as Mn,O, (cf. p. 125, sub. 3). The heating is
repeated until a constant weight is obtained. Manganous sulphide
is readily changed to Mn,O, if the amount of sulphide is compara-
tively small. In case more than 0.2 gm. is present there is danger
of getting a too high result on account of some manganous sulphate
not being decomposed. In this case it is advisable to dissolve the
washed precipitate of manganous sulphide in dilute hydrochloric
acid, to-evaporate the solution to dryness in order to remove all
hydrogen sulphide, to dissolve the residue in a little water and to
precipitate the manganese as carbonate according to 1; or the
manganous sulphide can be weighed as such. (See p. 125.)

() In case only small amounts of alkaline earths are present,
the following procedure can be used: The neutral solution is heated
to boiling, an excess of ammonia and some ammonium sulphide
is added and the boiling is continued until the manganous sulphide
has become a dirty green. The precipitate is allowed to settle for
some minutes and is then filtered and washed with water contain-
ing a little ammonium sulphide. I'rom this point the procedure
is the same as described under (). v

(c) Separation of Manganese as Manganese Dioxide.

If a dilute solution of a manganous salt is treated with
bromine water and boiled, the reaction

MnCl, ++ Br, +2H,02Mn0, +2HCl +2HBr

does not take place unless the halogen acids are neutralized as
fast as they are formed. This neutralization can be accom-
plished by means of the salt of a weak acid, such as sodium
acetate, even when the solution contains free acetic acid, which
is scarcely ionized at all in the presence of its alkali salt. Thus
in a solution such as is obtained after the removal of iron and
aluminium by a basic acetate separation (cf. p. 152), the man-
ganese can be precipitated quantitatively by boiling with an
excess of bromine water. The oxide does not correspond exactly
to MnO,, although most of the manganese is in the quadrivalent
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condition.* When the precipitate has collected together in large
flocks, the boiling is discontinued and the precipitate allowed to
settle; it is filtered and washed with hot water. Some chemists
ignite this precipitate and weigh as Mn,O, but it is more accurate
to dissolve the precipitate in a mixture of HCI and H,S0, and to
precipitate the manganese finally as manganese ammonium
phosphate. (See 4, p. 126.)

Chlorine, hydrogen peroxide, hypochlorites, etc., may be used
instead of bromine, but these reagents have no especial advan-
tages.

When the solution of the manganous salt contains ammonium
salts, the precipitation of the manganese does not take place by
the above procedure, because the sodium acetate serves rather
to neutralize the acid set free by the following reaction:

2NH,Cl+3Br, =N, +2HCl +GHBr.

Upon the addition of ammonia, however, the precipitation of the
manganese can be effected. In this case, it seems fair to assume
that the reaction goes through the following stages:

] R
MnCl, +2NH,0HeMn(OH), +2NH,Cl,

Mn(OI“I)z-[-BI'z +2NH4OH = MnO(OH)2+2NH4BI‘—I— HzO.

The precipitation with bromine and ammonia is not so satis-
factory as with bromine alone in the presence of acetic acid and
sodium acetate and in the absence of ammonia or ammonium
salt, because when ammonia is present much of the bromine is
used up in oxidizing the ammonia or ammonium salt. In that case
there is considerable solution of nitrogen, and, moreover, when,
an excess of bromine is added the solution may become acid
enough to dissolve the precipitated manganese:

9NH,+3Br,=6HBr+N,.

* The MnO, acts as the anhydride of metamanganous acid, H,MnO,, and
some manganous manganite, MnMnO; or Mn,O,, is contained in the pre-

civitate.
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It is necessary, therefore, when ammonium salts are present
to make sure that the solution is ammoniacal at the end of the
operation.,

This method of precipitating manganese from solutions pos-
sesses disadvantages which make it useless in many cases. If,
besides manganese, the solution contains calecium, zinc, etc., man-
ganites of these metals are precipitated with the manganese. In
this case the precipitate must be dissolved in hydrochloric acid
and the precipitation repeated several times, but even then it is
not possible to obtain a precipitate altogether free from these
metals. If the other metals are present only in small amounts, the
results obtained by this method are sufficiently accurate. The
precipitation of manganese as sulphide in the presence of other
metals is always satisfactory and should be used in almost all cases.

2. Determination of Manganese as Sulphide.

If the manganese has been precipitated, as described on p.
122 as sulphide, the precipitate is separated from the filter as
completely as possible, placed in a Rose crucible (of unglazed
porcelain), the filter is burned in a platinum spiral, and the ash
added to the main portion of the precipitate. Some pure sulphur
which has been crystallized from CS, is added, after which the
crucible and its contents are heated in a current of hydrogen by
means of a Bunsen burner exactly as described under the Deter-
mination of Copper as Sulphide. After the excess of sulphur has
distilled off and been burned, the crucible is cooled in a stream
of hydrogen and the precipitate is weighed as MnS.

3. Determination of Manganese as Mn,0,.

Inasmuch as all the oxides of manganese, as well as those
compounds which are converted into oxide on ignition (manga-
nous salts of volatile organic and inorganic acids, with the ex-
ception of the halogen salts), are converted into Mn,0,* on being
ignited in the air, at temperatures between 940° and 1100°, it

*Cf. R. J. Meyer and K. Retgers, Z. anorg. Chem., 57, 104 (1908), at
530° the oxides of manganese are slowly but quantitatively changed into
Mn,0,.



126 GRAVIMETRIC ANALYSIS.

follows that this method for the determination of manganese is
quite generally applicable. It is nearly as accurate as the
methods described under 1 and 2, if the ignition of the precipitate
takes place in an electric furnace at about 1000°, but very good
results are obtained if, as recommended by Gooch, * the porcelain
crucible (containing the carbonate, manganous manganite, or
sulphide) is entirely surrounded by the oxidation flame of a
Teclu burner, whereby a moderately high heat is obtained with-
out too much free access of air.t

After the ignition, the crucible and its contents are cooled in
a desiccator and then weighed. From the weight p of the
oxide, the amount of manganese can be calculated according to
the equation

Mn,O,:3Mn=p:2

. 3Mn )
M0, P

4. Determination of Manganese as Manganese Pyrophosphate,
Mn2P207.

This excellent method was recommended by W. Gibbs{ and
subsequently studied by Gooch and Austin.§

The slightly acid solution, containing an amount of manganese
corresponding to not over 0.5 gm. MnyP207 in 250 c.c., and no
other metals except alkalies, is treated with 20 gm. ammonium
chloride, 5 to 10 c.c. of a cold saturated solution of sodium phos-
phate, and ammonia, drop by drop, until a slight excess is present.
The solution is heated to boiling and kept at this temperature for

* Zeit. f. anorg. Chem., XVII (1898), p. 268.

1 To illustrate the accuracy of the three methods just described for the
determination of manganese, the following results obtained by H. Weitnauer
are given. He obtained after making six determinations by each method
the following mean values: 50 c.c. of a pure manganese sulphate solution
treated with ammonium carbonate and changing the precipitate to sulphate
gave 0.1025 gm. Mn; by precipitating as sulphide and weighing as such,
0.1027 gm. Mn; and by changing the sulphate to Mn,0,, 0.1029 gm. Mn.

1 Am. J. Science, 46, 216; Z. anal. Chem., 7, 101 (1868).

§ Z. anorg. Chem., 18, 339 (1898).
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three or four minutes, or until the precipitate assumes a silky,
crystulline appearance. After cooling, the precipitate is filtered
through a Gooch or Munroe crucible, washed with cold ammonium
nitrate solution, dried, and ignited within a larger crucible or in
an electric furnace.

The results are excellent.

Manganese can be determined very accurately by volumetric
methods (see Volumetric Analysis).

5. Colorimetric Determination of Manganese.

Small amounts of manganese may be accurately and quickly
determined by the colorimetric method. This is chiefly used for
the estimation of the manganese present in iron and steel. If
more than 1.5 per cent. of manganese is present, the results are
unreliable. The method depends upon the oxidation of the
manganese to permanganic acid, bringing the solution to a definite
volume and comparing its color with another solution containing
a known amount of manganese. H the solutions are colored
exactly the same shade, then the amounts of manganese which
they contain are the same.

Procedure.—A standard solution of potassium permanganate
is first prepared by dissolving 0.072 gm. of the crystallized salt in
500 c.c. of water; 1 c.c. of this solution contains 0.05 mgm. of
manganese.

Exactly 0.2 gm. of the iron or steel is dissolved in 15-20 c.c.
‘of nitric acid (sp. gr. 1.2) in a 100-c.c. measuring-flask. The acid
is heated to boiling to effect complete solution, after which the
solution is allowed to cool and diluted up to the mark with water.
After thoroughly mixing, 10 c.c. of the liquid are brought by means
of a pipette into a small beaker, 2 c.c. of nitric acid (sp. gr. 1.2)
are added, and the liquid is heated until it begins to boil, when the
flame is removed, 0.5 gm. of lead peroxide is added, the mixture
is shaken and then heated for two minutes to boiling. After
standing some time, the warm, violet-colored solution is filtered
through a small asbestos filter * into a glass-stoppered test-tube

* The asbestos must have been previously ignited, treated with KMnO,
solution, and finally washed with water.



128 GRAVIMETRIC ANALYSIS.

about 20 cm. high, and graduated in cubic centimeters. The
filter is washed with as little water as possible, the tube is stoppered
and shaken until the solution is thoroughly mixed. Into a
second tube of the same size, and also graduated in cubic centi-
meters, is placed 1-5 c.c. of the standard manganese solution,
and this is carefully diluted with water until the two. liquids have
exactly the same shade when viewed horizontally. The height
of the liquid in each tube is then carefully read.

Assuming that 1 c.c. of the standard solution were placed
in the cylinder and diluted to T c.c. in order to obtain the same
shade produced by ¢ c.c. of the other solution, then as the con-
centrations of the two liquids are directly proportional to their
heights,

T:t=0.05 mgm.:z
e t-0.05ngm..

This amount of manganese is contained in 0.02 gm. of the
iron, so that the percentage of manganese present is

0.02:M§=1001x
T

x—L— er cent. Mn

—4T—p . .

Rather more accurate results are obtained if, instead of using
a standard solution obtained from potassium permanganate, a
sample of steel is used containing a known amount of manganese
and trgated in exactly the same way as the sample to be analyzed
a fresh standard being prepared for each analysis.

An even better colorimetric method has been devised by M.
Marshall * and H. E. Walters.}

Although manganese is precipitated as manganous acid, from
solutions slightly acid with nitric or sulphuric acid, by the
addition of alkali persulphates, the oxidation goes farther and

?

* Chem. News, 83, 76 (1904).
t Ibid., 84, 239 (1904).
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permanganic acid is formed within a short time if a catalytic agent
is present, snch as silver nitrate.

2Mn(NO3)o-+5(NHy)2S:05+8H0=
) (NH4) 2504+ 5H,S80,4+ 4HNO3+ 2HMnOy,.

Procedure.—0.2 gm. of steel is placed in a 100-c.c. flask and
dissolved in 20 c.c. of cold nitric acid (sp. gr. 1.2). Thereupon
10 c.c. of silver nitrate solution (1.38 gm. AgNOj in a liter of
water), are added, the solution made up to exactly 100 c.c. and
mixed. Of this solution 10 c.c. are placed in glass-stoppered,
graduated test-tube. After adding 2.5 c.c. of ammonium per-
sulphate ‘solution (200 gm. in a liter of water) the test-tube is
placed in water at 80° to 90° and allowed to remain there until
the bubbles of gas arising become more numerous and remain at
the top for a few seconds. The solution is then cooled by placing
the tube in cold water, and the color is compared with a standard
solution containing a known amount of permanganic acid. *

NICKEL, Ni. At. Wt. 58.68.

Forms: Nickel Dimethyl Glyoxime, NiCgH,,N,04; Nickel,Ni; and
Nickel Oxide, NiO.

1. Determination as Nickel Glyoxime, Ni(C,H,N,0,),.

Dimethyl glyoxime, CH,-CNOH.CNOH.CH,, was recom-
mended by L. Tschugaeff t as a reagent for nickel and used by
K. Kraut I for detecting the presence of traces of nickel in ashes.
0. Brunck § and others have also studied the reaction and found
it to furnish a most rapid and accurate method for the quanti-
tative estimation of nickel either by itself or in the presence of
cobalt, zinc and mangangse. If the solution contains tartaric
acid enough to prevent the precipitation of iron by ammonia, the

% Or better a solution of a steel of known manganese content.
} Z. anorg. Chem., 46, 144 (1905); Ber., 38, 2520 (1905).

} Z. angew. Chem 19, 1793 (1906); zbzd 20, 1844 (1907)

} Ibid., 20, 834 (1907)
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nickel in a sample of nickel steel can be determined accurately
within two hours and without the removal of any other metal.

When a dilute, neutral solution of a nickel salt is treated with
an alcoholic solution of dimethyl glyoxime, a red, crystalline
precipitate of nickel dimethyl glyoxime is formed.

NiClz+2(CH3)2C2(NOH)2 =[(CH3)2CoNOH - NOJ2Ni+2HClL

Dimethy] glyoxime. Nickel dimethyl glyoxime.

The salt is soluble in mineral acids so that precipitation is
incomplete because of the acid set free in the reaction. It be-
comes quantitative, however, if the mineral acid is neutralized
by ammonia or if sodium acetate is added, whereby the mineral
acid is replaced by acetic acid in which the precipitate is prac-
tically insoluble. Large quantities of ammonium salts or of
alkali acetate do no harm, but an excess of ammonia tends to
prevent the formation of the precipitate. The precipitate is
distinctly soluble in absolute alcohol, but only traces dissolve
in 50 per cent. alcohol, and in more dilute alcohol it is even less
soluble. When thrown down in the cold or in the presence of
much free ammonia the precipitate is very voluminous and hard
to filter.

Précedure—The neutral or slightly acid* solution is diluted
so that not more than 0.1 gm. of cobalt is present in 100 c.c.,
heated nearly to boiling and treated with somewhat more than
the theoretical amount ‘of an alcoholic 1 per cent. solution of
dimethyl glyoxime.t Ammonia is then cautiously added until
the solution smells slightly. While still hot, the precipitate is
filtered into a Gooch or Munroe crucible, washed with hot water
and dried at 110° to 120° for 45 minutes. It contains 20.31 per
cent. Ni.

The nickel salt of dimethyl glyoxime is red and crystalline.
It contains no water of crystallization and sublimes at 250°
without decomposition. .

*If strongly acid, the solution is nearly neutralized with caustic potash,
then the reagent is added, etc.

1 The volume of the alcoholic solution should in no case be more than
half that of the nickel solution, as the precipitate is soluble in alcohol.
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2. Determination of Nickel as Metal by Electrolysis.

From strongly acid solutions nickel is not deposited upon
stationary electrodes by a current of 1-3 amperes. I'rom slightly
acid solutions the deposition is not quantitative.

From ammoniacal solutions nickel is readily deposited, and on
account of its simplicity and accuracy this method is to be
strongly recommended for the determination of nickel.

(a) Method of Gibbs. *

Nickel sulphate or chloride (but not the nitrate) is dissolved in
an ammoniacal solution of ammonium sulphate and electrolyzed.

The nickel is deposited upon a weighed cathode and, at the
end of the electrolysis, the gain in weight represents the quantity
of nickel.

Requirements and Procedure.—Tor this, as well as for all other
electrolytic determinations, the apparatus shown in Fig. 31 may
be used.

B represents a storage-battery, which is provided with the
binding posts MM. The current is led first through the variable
resistance W, then through the known resistance W’ (a resistance
of 1 ohm is most convenient to use 1), and from here to the
decomposition cell finally back to the battery.

If at any time it is desired to measure the voltage between the
electrodes of the cell, the voltmeter V is connected with the
binding posts of the decomposition cell, by throwing the switch
Q,I Tig. 32, so that cis connected with b and ¢’ with »’. The

*Z. anal. Chem., 3, 334 (1864). Cf. Fresenius and Bergmann, Z. anal.
Chem., 19, 320 (1880).

t The resistance w'=10 can be made from nickelin wire. The resistance
of the wire is measured with the aid of the Wheatstone bridge and a length
cut off corresponding to one ohm. This wire is wound round a wooden block
and the ends fastened to binding posts.

1 If a commutating switch is not available, one can be prepared by
taking the cover of a pasteboard box, about 2 em. deep, filling it with melted
paraffin, and then, after cooling, making little cavities at aa’bb’cc’ by
pressing a test-tube, which is filled with hot water, against the cold wax.

These cavities are filled with mercury and the switch finished with copper
wire. Cf. Fig. 36, p. 178,
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strength of the current, on the other hand, is obtained by placing
the switch in the opposite position with @ united to b and a’ to
b’, as shown in Figs. 31, 32.

Since, according to Ohm’s law, the =

Electromotive force
Resistance ’

Strength of current=

then if the strength of the current is expressed in amperes, the
electromotive force in volts, and the resistance in ohms, we have

E
A= 2

In case W’ =1 ohm, then
A=E,

and the voltmeter will show directly the strength of the current
(amperes)