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SoME years ago Morrell® offered a suggestion by which small
quantities of potassium might be estimated. No experimental
evidence was presented accompanying this suggestion, and so
far as we are aware none has appeared elsewhere. Briefly, the
method suggested is to separate the potassium from other bases
in the form of the potassium platinic chloride, carefully free from
an excess of reagents, take up in water and then add an excess
of potassium iodide, when, on standing, a beautiful pink or rose
color develops, which gradually deepens to a maximum inten-
sity. By matching the intensity of the color against that which
would be developed in a standard solution of known concentra-
tion, a measure of the amount of potassium present could be ob-
tained. Qualitative tests indicated that the method could prob-
ably be so adapted as to have a great value for a class of work
upon which we have been engaged for some time past, and con-
sequently a quantitative examination of the method was under-
taken. The color of the solution is due probably to the forma-
tion of a double salt of potassium iodide and platinic iodide or
chloride, and is but indirectly a method for the detection or esti-
mation of potassium, the same reaction being well known as a
delicate one for the detection of small amounts of platinum in
solution.

To test the accuracy with which the colors may be compared,
a series of solutions of potassium platinic chloride was prepared
containing the amounts indicated in the table, expressed in parts
of potassium (K) in one million of solution.

TABLE I.
a. . c. d. e iz 2.
Calculated ++o v v vvnnn 0.16 0.31 0.62 0.94 1.40 2,03 2.87
Found...ovvvevnnnnnn 0.17 0.33 0.64 0.94 I1.40 2.01 2.81

A portion of (g) diluted four times was used as a standard
for comparison. An inspection of the figures indicates that the
method is capable of a high degree of accuracy, the greatest di-
vergence between the calculated and found amounts in this series

1 Published by permission of the Secretary of Agriculture,
2 This Journal, 2, 145 (1880).



1064 F. K. CAMERON AXND G. H. FAILYER.

being but one part in 50,000,000 parts of solution, although a
percentage error slightly greater than 6 per cent. is involved.
Nevertheless, considering the magnitude of the quantities in-
volved, the result must be considered quite satisfactory.

A second series of solutions was prepared, the results of which
are given in Table II in terms of potassium in 1,000.000 parts of
solution.

TABLE II.
a. 5. c. 4. e e g
Calculated .......... 0.175 0.35 0.70 1.05 1.57 2.28 3.15
Found.............. 0.15 0.295 0.65 1.05 1.55 2.28 3.12

In this series, rather larger amounts of potassium iodide and of
acid were used than in the first series, the results of which are
given in Table I. The agreement between calculated and found
results is not quite so happy in this case as in that recorded in
Table I. The comparisons were made with much more diffi-
culty, for the reason that the more dilute solutions showed a de-
cided yellow tinge as compared with those of higher concen-
tration. The cause for this will be discussed presently. Never-
theless it was decided to take solution d as the standard and
make the determinations under the verv adverse conditions ob-
taining. ‘The results, while not as satisfactory as those pre-
sented in Table I, vet showed that the method could be used to
give fairly satisfactory ideas as to the amounts of potassium
in very dilute solutions, providing the separation of the potas-
sium could be effected from other bases which form slightly
soluble double chlorides with platinum. A seaching trial was then
given the method, using solutions of potassium of known and of
unknown strength, solutions of pure salt, and those containing the
salts of other bases as well. Certain details of manipulation were
found advisable and in some cases even essential to the success-
ful use of the method, so that we feel justified in stating them
here at some length.

I the solution under examination contain ammonium salts or
organic matter, these must be removed, as the ammonia would
precipitate a slightly soluble double chloride with platinic chloride,
and the organic matter would color the solution and thus interfere
with the reading. Tc effect their removal, the solution is evapo-
rated with a few drops of sulphuric acid; enough to unite with
all the bases presented. When dry. the residue is heated over a
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naked flame, at first gently, then strongly. After cooling, a few
drops of hydrochloric acid and of platinic chloride solution are
added. The amount of these will depend upon the amount of
residue. The platinum must, of course, be added in excess.
This may be judged fairly well by observing whether the solution
is yellow after any precipitate has settled out. The platinic
chloride solution is run around over that portion of the dish con-
taining the residue, a few drops of water, free from ammonia,
being added if necessary. It is again evaporated to dryness on
a water- or steam-bath. All operations after the ignition with
sulphuric acid must be so conducted that no ammonia has access
to the solutions. In the absence of ammonium salts and organic
matter, the use of sulphuric acid may be dispensed with, the
platinic chloride and a very small amount of hydrochloric acid
being added to the original solution, one evaporation sufficing.
When dry, or in the condition of a very stiff paste (but in the
small quantities usually involved, the residue will be a thin layer
over the bottom of the dish and may be carried to dryness) the
dish is cooled, and the potassium platinic chloride washed, as
described below. An excess of platinic chloride must have been
used to throw down all the potassium, and as the color to be
finally read is a measure of the platinum then present, it is ob-
vious that all the forms of platinum other than potassium platinic
chloride must be removed. To effect this with the solution of
as little as possible of the precipitated potassium platinic chloride,
we have used in our earlier work alcohol nearly saturated with
this salt. Such a solution will only slowly dissolve the precipitate,
and should a little of the alcohol evaporate, there will be no
separation of potassium platinic chloride. We have washed and
filtered through asbestos, resting on Witt or Hirsch plates fitted
into carbon filters, using gentle suction. By this means the
washing is done rapidly and there is a minimum evaporation of
the alcohol containing potassium platinic chloride, if the suction
be shut off as soon as the alcohol has passed through. The final
washing is with ordinary strong alcohol, running through four
or five small portions to remove the alcohol saturated with po-
tassium platinic chlcride. There is apparently a balancing of
errors here, so that we have looked into this point very carefully.
and have found that, while potassium platinic chloride has an
easily measurable solubility in alcohol if the two are left in contact
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sufficiently long, vet this solubility is so small and takes place so
slowly that in repeated experiments the alcohol used in washing
the precipitate, as we have described above, would have no ap-
preciable effect on the potassium platinic chloride in the pre-
cipitate. e have, therefore, abandoned the alcoholic solution
of potassium platinic chloride, and wash the precipitate at once
with six or eight small portions of 95 per cent. alcohol, being
careful to remove each portion as completely as possible before
the next one is added.

Should the alcohol have crept up the sides of the dish or funnel,
carrying with it platinic chloride, any deposit of the latter must
be carefully removed. After the washing is completed, the potas-
sium platinic chloride is dissolved and washed through the asbes-
tos with hot water into a flask, allowed to cool, a drop of concen-
trated hydrochloric acid is added, and then a solution containing
potassium iodide until there is present a decided excess of this
reagent. To secure the desirable tint of red, the color should
be developed in a strong solution, and any necessary dilution. be
made some time (about four or more hours) later. It is, there-
fore, better not to dilute further than necessary in washing the
potassium platinic chloride out of the filter before adding the
hydrochloric acid and the potassium iodide.

In order to compare the test solutions with a standard, the
procedure adopted is to place the solution under examination in
a glass cvlinder with a bottom ground flat and polished, such as
the well-known apparatus used for determining ammonia by the
Nessler method. A second cylinder with precisely the same
dimensions as the first, but made with a side arm at the bottom,
contains the standard solution. Both cylinders are clamped into
position parallel with each other, within a box or camera® fitted
with mirrors, so that a beam of light can be thrown through the
cylinders from above and the images of their cross-sections be
seen on a lower mirror arranged at a convenient angle. The
bottoms of the cylinders rest upon a shelf with orifices so ar-
ranged that no light from the upper mirror falls upon the lower
mirror other than that which passes through the columns of
liquid contained in the cylinders. By means of the side arm
and rubber tubing, the cylinder containing the standard solution

1 A convenient form of instrument for this purpose is that described by Whitson, Bull,
No. 85, Wis, Agr. Expt. Station.
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is connected with a movable reservoir outside the camera which
can be raised or lowered at will, thus regulating the dep:h of the
standard solution within the cylinder. This depth of the standard
solution is adjusted until the intensity of color of the two images
is the same. The cylinder containing the standard solution is
fitted with a scale, for which purpose a strip of cross-section
paper pasted along the side answers very well, and is then
calibrated on the assumption that when the images given in the
camera by two solutions contained in identical cylinders are the
same, the concentrations of the two solutions are inversely pro-
portional to the height of the two columns of liquid. This as-
sumption is not free from objections on theoretical grounds, but
has been found entirely justifiable in the case here considered,
as the result of long and repeated series of experiments. It car-
ries with it as a necessary consequence the further assumption
that the color produced by the solution in a standard cylinder is
dependent only upon the amount of coloring-matter present and
not upon the amount of water, a point of importance, since it
enables one to avoid having always to dilute the test solution to
mark in the cylinder, which procedure might sometimes be un-
desirable, as the following pages will show.

The substance which causes the red color in these solutions
has not been determined. An inspection of the literature describ-
ing the double halides of platinum and potassium failed to give
any positive information, and we have not felt justified at the
present time in extending our investigation so as to definitely de-
cide this question. In order to obtain some idea as to the pro-
portions of the reagents necessary to the use of the method, a
series of experiments was made.

For this purpose ten solutions were prepared, each containing
the same amount of potassium platinic chloride, this salt being
used instead of platinic chloride, since it is possible to weigh the
desired amount of platinum more accurately with the former
than with the latter salt. And since there was no purpose of
studying the relation of the solution to solid phases, they were
in all cases, after the addition of potassium iodide, brought te a
volume of about 50 cc., enough to have no solid phase present
at the beginning of the experiments. In each solution there was
brought the amounts of potassium iodide indicated in the table.
The ratios are approximate only.
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TABLE III.
Ratio of KI
Weight of Weight of KI Weight used to that
KqPtClg required to of KI required
taken. form K,Ptl,. used. to forni
mg. mg. mg. KoPtl,. Remarks.
@...3.10§5 6.26 1.093 0.2 : 1 (Pink,soon darkened, the
b...3.103 6.26 2.395 0.33:1 | pink color disappeared
€++.3.10§ 6.26 3.975 0.66 : 1 | and a black residue sep-
arated out.
d...3.103 6.26 7.95 1.25 : 1 Pink; turned dark after
a time ; black residue.
€...3.105 6.26 15.9 2.5 :1 Pink; shining nietallic
film.
f--3.105 6.26 31.8 5 1 Pink.
g...3.105 6.26 47.7 7.5 1 t
h+..3.105 6.26 63.6 1o 1
Z..+3.105 6.26 79.5 12.5 :1
k+..3.105 6.26 95.4 15 I .

Solutions(e) to (k) inclusive, were of a satisfactory pink
or red color, which apparently remained permanent for seven
days. A very careful examination with starch paste at the end
of that time yielded a faint reaction for iodine in some of the
solutions, and the experiments were then abandoned. The results
showed that it would be desirable to use about five times the
amount of potassium iodide required by calculation to form the
salt of the formula K,Ptl;, but that no obvious advantage was
produced by having a larger excess present.

It early developed in the work that the color of the solution
did not reach a maximum until some hours after the reagents
were brought together, and that the speed of the reaction was
greatly augmented by the presence of a little free acid.* There-
fore, a series of solutions were prepared from one containing
about two parts per million of potassium to which the two drops
of the acids indicated were added, the acids being taken from the
ordinary reagent bottles of the laboratory shelf and marled “con-
centrated.” Readings were made in the times indicated, a solution
whose strength was known approximately (but not accurately),
and in which the rose color had been developed twenty-four hours
previously being used as the standard.

1 It is obvious that the amount of free acid permissible is very smali, otherwise iodine
would be liberated.
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TaBLE IV,
After After After After
Acid used. 1 hour, 1% hours. 41 hours. 22 hours.
, Trace Trace Lost cees
Noacid....ovvvvnvnnnn.
Trace Trace 0.20 0.33
. 1.33 1.53 1.93 1.93
Hydrochlorie. ... { 1.33 1.56 1.86 1.93
. 0.46 1.13 1.83 1.86
Acetic ..ovvvvvninnnnn, { 0.53 13 8o 186
s 1.33 1.53 1.73 1.86
NItriCe e vervnvnes vvnnss { 1.26 1.5 1.8 L.86
. 1.33 1.56 1.86 1.93
Sulphuric.svovee . vuens
{1 1.33 1.60 1.93 2,00

The results of these experiments, with many others which it is
not worth while recording here, have led us to the procedure of
adding one drop of strong hydrochloric acid to the solution before
adding potassium iodide and then waiting at least four hours
for a full development of the color before reading in the colorim-
eter. It has, moreover, been found desirable to make all dilutions,
even of strongly colored solutions, at least one hour before read-
ings are taken. The pink color can be brought to its maximum
intensity within a comparatively few minutes, by warming the
solution, and this procedure we occasionally follow rather than the
one just advised. But unless great care has been taken to elim-
inate all traces of alcohol before dissolving the precipitate from
the alcohol, warming the solution is apt to produce a yellowish or
brownish tinge in the pink color, rendering its comparison with
the standard much more difficult, if not impossible.

To test the efficiency of the method when other bases than
potassium are present, a series of experiments were made, the re-
sults of which are given in the following table. Since becoming
more expert in handling the method, we generally obtain more
satisfactory results than these, but we give them here as actually
obtained when working out the method, as indicating the probable
order of accuracy to be expected by one having no previous experi-
ence with the method. Except as otherwise indicated, all results
are expressed in this paper as parts per million of solution.

TABLE V.
Calculated. Found. Remarks.
50 52.7
42’2 &50 parts Na, 5o parts Mg, and so parts Ca per
23'5 1,000,000 parts solution, also present.
o)
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20 19.8 )
19.4 \
20.2 P
21.0 l
19.4 J

20 parts Na, 20 parts Mg, and 20 parts Ca per
1,000,000 parts solution, also present.

6.

’ 6.2 1 5 parts Na, 5 parts Mg, and 5 parts Ca per 1,000,000
6.9 parts solution, also present.
6.0 j

20 20,2
20.1
20.1
20.0
I22
I1.9 }
I11.2 1
11.5 J
0.6 o
wal o

20.3 . . P

24.3 }

9.7 “ W ww

9.3

12.7

13.8

8.0

zr.o } ! B o

13.0 " . o

14.5 }

To test the method still further, the three solutions cited abcve
and containing sodium, magnesium and calcium, as well as potas-
sium, were further examined, comparisons being made with solu-
tions containing 2 parts and 3 parts per million of potassium,
respectively, and the potassium being estimated gravimetrically as
well, according to the well-known method of weighing the pre-
cipitated potassium platinic chloride, large volumes of the solutions
being taken for this purpose. The results have been tabulated as
follows:

¢ No other base present.

Aqueous extract of a soil.

TABLE VI.
Standard 2 parts Standard 3 parts
Calculated. Gravimetrie, per million. per million.
N [ 4.7 5.2 5.3
1 4.2 5.2 53
20 .. 20.5 20.4
| 22.5 20.5 20.4
50 {50.7 49.0 48.8
o 48.5 48.8
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These results show that the method can be regarded as fairly
satisfactory, even when relatively large proportions of other bases
are present. ‘The method has been used successfully with solu-
tions containing originally as much as 400 parts per million of
potassium, by properly diluting. But we do not advise its applica-
tion to solutions containing more than 30 parts per million of this
base, at most, unless the volume at command is so small as to pre-
vent obtaining a sufficiently large precipitate to weigh satisfac-
torilv. The method seems to be most satisfactory when applied to
solutions containing from 1 to 10 parts per million of the base, and
on the whole the most satisfactory concentration for the standard
we have found to be 2 parts per million. For solutions containing
less than 2 parts per million, the method has been found quite
satisfactory, if care be exercised. The weak point of the method
is obviously the handling and washing of the precipitate of potas-
sium platinic chloride, and the smaller this is, the greater the diffi-
culty becomes, and in consequence the greater the care which must
be exercised.

Attention has been called above to the fact that the solutions to
which the potassium iodide had been added were sometimes
brownish or yellowish, thus rendering their comparison with
others impossible or at least unsatisfactory. The cause of this es-
caped us for some time. But the fact that the pink color is not
produced when potassium iodide is added to an alcoholic solution
of platinic chloride, led Mr. J. F. Breazeale, of this laboratory, to
suspect that small quantities of alcohol left in the filter, when
washing the potassium platinic chloride free from other salts, and
subsequently brought into the solution on the addition of hot
water, might be responsible for the trouble. Experiments have
amply verified this view. The addition of small amounts of alco-
hol to aqueous solutions in which the pink color had already been
developed, invariably turned them yellow. This change to vellow
was found to take place more rapidly in the sunlight. If the solu-
tion containing the platinum salt and to which the potassium
iodide has been added together with a little alcohol, be heated, the
pink color first appears, develops very rapidly, but always with a
vellowish or brownish tinge, and after a few minutes turns to a
clear yellow. The presence of a free acid retards the development
of the vellow color, znd if this color be desired in the first place,
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acid should preferably not be added. The vellow color is not
so intense as the pink we have been describing, but much
stronger than the yellow obtained from an equivalent amount of
platinum combined as platinic chloride. We have, therefore, ex-
amined it with a view to its application for the quantitative esti-
mation of platinum and indirectly of potassium.

A series of solutions containing known amounts of potassium
was prepared. Mr. Breazeale and Mr. J. G. Smith, of this labora-
tory, were requested to read them independently against standards
prepared by themselves, developing first the pink color and then
subsequently developing the yellow color in the identical solutions
which had just been read, and then re-reading. The results ob-
tained follow under the headings B and S.

TaBLE VII.

Found by B. Found by $.
b e e v ey e,
Calculated. Pink. Yellow. Piuk, Yellow.

0.75 0.80 0.84 0.70 0.80

.25 1.20 1.26 1.10 1.30

1.25 1.20 1.34 .30 1.30

2,50 2,48 2.62 2.40 2.40

2.50 2.48 2.52 2.40 2.40

3.75 4.44 3.40 4.00 3.80

5.00 5.30
5.00 e S. 1w
10.00 cee 10.00
10.00 . 10.00

A series of water extracts of soils was then prepared, in which
other bases than potassium would also be present, and they were
compared by means of both the pink and the yellow color methods.
The results follow :

TABLE VIII.

Pink, Yellow.
2.4 2.8
12.5 13.5
4.2 4.4
17.7 17.1
57 5.4
18.8 18.9
23.9 26.2
4.4 4.7

From the results it would appear that the yellowish color can be
used as well as the pink over the range of concentrations indicated
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in these tables. The yellow color is probably somewhat easier to
“match” than the pink, and its use is advised when the higher con-
centrations are concerned. It is also of considerable advantage
in that it affords a ready check upon the determination by the pink
color, a matter of importance when such small amounts of un-
known solutions are available as to preclude duplicate determina-
tions. The vellow color is not so deep or strong, however, as the
pink, and for this reason the latter is much more advantageous
than the former, when high dilutions are concerned.

From what has been presented in this paper, it is evident that we
have here a very sensitive method, susceptible of a high degree of
accuracy, for determining quantitatively minute quantities of potas-
sium. No unusual apparatus or skill is required for its manipu-
lation. But it will only yield satisfactory results when care is
exercised, and especially in the handling and washing of the small
precipitate of potassium platinic chloride. The limit of dilution to
which the method is applicable is probably much higher than the
figures given here would indicate, but we have not attempted to
determine this limit, and are not prepared to make a more definite
statement concerning it.

BUREAU OF SOILS,
U. S. DEPARTMENT OF AGRICULTURE,
WASHINGTON, D. C.
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OrF THE many elements which present themselves for determina-
tion to the metallurgical chemist of to-day, there are a select few
which have won for themselves a reputation based upon the
tediousness or the difficulty of the preliminary separation from
other constituents which may be present. In this class of un-
enviable reputation we may place the element titanium for,
although its determination presents no difficulties to the expe-
rienced chemist with time at his disposal, his less fortunate brother,
at the same task in the rush of a works laboratory, is apt to find
that either speed or accuracy must be sacrificed in answer to the
demands made on him.

For three-quarters of a century the estimation of this element



