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THE increasing use of potash salts for fertilizing purposes 
has made the determination of potash a question of prime 

importance to the agricultural chemist. 
The desire to devise a method at the same time rapid and 

accurate has been manifested in many ways in the past few years, 
especially in Germany, the seat of the great potash deposits. 

The German chemists believe they have solved the problem 
in the so-called Stassfurt method, which as all know permits of 
the separation of the potash by platinum chloride after previous 
precipitation of sulphuric acid by barium chloride in slight 
excess, and in a strongly acid solution. This method with 
practice is quite accurate and rapid, with a slight tendency, 
however, to high results in my hands. It possesses little ad
vantage over the !,indo-Gladding method, in so far as rapidity 
and accuracy are concerned. 

The following determinations were made by the Stassfurt 
method—potassium sulphate, C. P., and potassium chloride, 
C. P., were mixed with such impurities as to imitate the com
position of commercial sulphate of potash, sulphate of potash 
and magnesia, kainit, and muriate. 

TABLE I. 

K1SO4 K5SO4 Error on Error on 
used. found. K1SO4. K , 0 . 

Gram. Gram. Gram. Gram. 

Sulphate of potash 0.3,84 £ g g £ £ g £ £ g 

Sulphate of potash and magnesia 0.856 £ $ 3 +°;£°7 +0.0004 
„ . .. . 0.1003 - fo .0003 + 0 . 0 0 0 2 
K a i n i t 0.1000 0.1009 + 0 . 0 0 0 9 + 0 . 0 0 0 5 

KCl KCl Error on Error on 
used. found. KCl. KaO. 
Gram. Gram. Gram. Gram. 

Muriate 0.2506 0.2498 —0.0008 —0.0005 
0.2522 0.2514 —0.0008 —0.0005 

The factor used for converting potassium platinichloride into 
potassium sulphate was 0.35694 which is practically the same 
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as that recommended in the Stassfurt method; vis., 0.357. 
The factor used for converting potassium platinichloride into 
potassium chloride was 0.30557 which is practically the same as 
that recommended in the Stassfurt method ; vis., 0.3056. 
It will be seen from the above results that the method is quite 
accurate with a tendency, however, to slightly high results. 

In view of the increasing importance of the potash determina
tion, it is highly desirable that we should possess a check 
method, rapid and accurate, based on some other principle of 
separation than that with platinum chloride. 

AU of our present methods for the determination of potash, 
involve the use of platinum chloride as a means of final separa
tion, and hence the}' are all subject to the same general sources 
of error, such as solubility of the platinichloride in the eighty 
per cent, wash alcohol used, etc. 

Of all the salts which potassium forms with acids, none are as 
well adapted for furnishing the basis of another process as the 
perchlorate, which is nearly insoluble in strong alcohol. 

As all the compounds which perchloric acid forms with the 
bases other than potash and ammonia are soluble in alcohol, 
we may readily deduce the basis of another process. The 
determination of potash as perchlorate, is an old process due to 
Serullas who first noticed the insolubility of the salt in alcohol, 
and to Schloesing who made it the basis of a new process. 
Schloesing's process, improved later by Kraut has, however, not 
come generally into use since the same produces in accurate results. 

W. Weuse1 has made the process usefulsince he diminishes 
the solvent action of the alcohol on the perchlorate through the 
addition of slight quantities of perchloric acid. He describes 
the following course of procedure : 

The solution to be investigated is evaporated, after once free
ing it of sulphuric acid and non-volatile acids with perchloric 
acid in a porcelain dish. In order to wash the perchlorate 
easily it is desirable to produce the same in a granular condition. 
This is attained by warming the solution containing the potash 
on a water-bath before adding the perchloric acid, which must 
be run in drop by drop. In all cases there are used about one 
and a half to one and three-quarters times the amount of per
chloric acid necessary for the decomposition of the salt present. 

1 Ztschr. angew. Chem., i&gi, 691, and 1&92, 233. 
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After the addition of the perchloric acid the solution is 
evaporated, until all odor of hydrochloric acid or other volatile 
acids has disappeared. For washing the precipitate ninety-six 
per cent, alcohol is used, to which two-tenths per cent, of its 
weight in perchloric acid is added. 

The residue from the evaporation is treated with ten cc. of the 
alcoholic wash solution, which may take up only 2 0^0 0 0 of a part 
of potassium perchlorate, and the salt mass is then broken up 
with a stirrer. 

Decantation is performed through a weighed filter, which has 
been previously dried at i2O°-i3o0 C , when the breaking up of 
the salt mass is repeated, and the residue again treated with the 
alcohol wash solution. The precipitate is then brought on the 
filter, and freed of the adhering perchloric acid solution by 
washing with a few cc. of pure alcohol. The filter is then 
pressed between folds of filter-paper, dried for twenty-five min
utes at i20°-i30° C , and weighed. 

One part of potassium perchlorate corresponds to 0.5382 part 
of potassium chloride, and 0.6289 part of potassium sulphate. 

According to the author the whole washing with a good 
pump occupies only a short time, and requires fifty to sev
enty grams of alcohol. If the substance to be investigated 
contains sulphuric acid, the same is to be removed in the usual 
way by barium chloride previous to the determination of the pot
ash. The author who used the method in the investigation of po
tassium chloride, C. P., commercial muriate, kainit, and carnallite 
obtained, according to the analyses reported, very favorable 
results. 

R. Caspari1 recommends collecting the potassium perchlorate 
in tubes containing asbestos filters, and subsequent drying for 
twenty minutes at i3O0-i5O° C. The tubes are allowed to cool 
in a desiccator, or in the air, and then weighed. 

According to Caspari the method is applicable for fertilizers, 
ashes, and the like, in the presence of phosphoric acid, alkaline 
earths, iron, alumina and manganese, if the following method of 
procedure is adopted: 

After the removal of sulphuric acid, the hydrochloric acid 
solution is evaporated for the purpose of getting rid of the free 

^Ztsckr. angew. Chem.t 1893, 68. 
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acid, the residue stirred with twenty cc. of hot water after 
which perchloric acid is added in quanity not less than one and 
a half times that necessary for the decomposition of all salts 
present. 

The solution is now evaporated with frequent stirring to a 
sirupy consistency, some hot water is again added, and the solu
tion evaporated still again with occasional stirring until the 
disappearance of all odor of hydrochloric acid, and till the 
appearance of white fumes of perchloric acid. An evaporation 
of large quantities of perchloric acid is to be avoided. If this 
takes place, more perchloric acid is to be added. 

The cooled, more or less sirupy, contents of the dish are well 
stirred up with about twenty cc. of wash alcohol (ninety-six per 
cent, alcohol containing two-tenths per cent, perchloric acid ), 
taking care however not to reduce the potassium perchlorate to 
a fine powder. After the alcoholic solution has become clear, it 
is decanted through the asbestos filters, the washing repeated 
with the same quantity of wash alcohol, allowed to settle and 
decanted again. 

The residue remaining in the dish is freed of alcohol by gently 
warming, evaporating again with about three-tenths gram of 
perchloric acid and a little water, and washing the cooled mass 
with several cc. of alcohol, with which it is also brought into the 
filters and the perchlorate in the tubes finally covered with a 
little pure alcohol. The potassium perchlorate obtained in this 
way contains, according to Caspari, no phosphoric acid, or only 
slight quantities of the same ; on an average only 0.00057 gram 
phosphoric acid. 

In the separation of sulphuric acid, Caspari seeks to avoid, as 
much as possible, a loss of potash, since he precipitates in a 
strong hydrochloric acid solution at the boiling temperature 
with a concentrated solution of barium chloride, made acid with 
hydrochloric acid. Experiments of the author prove also the 
applicability of the method in the presence of other acids not 
volatile on the water-bath, as chromic acid, and also boric, 
tartaric, and oxalic acids. If ammonium salts are present they 
are to be removed either with soda-lye or milk of lime, by gentle 
heating or through careful ignition. 
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A. Kreider' has followed the method as described by Caspari, 
and has obtained very satisfactory results. Kreider found the 
Gooch crucible preferable in the filtering of the perchlorate and 
recommends the same instead of the tubes proposed by Caspari. 
In the presence of phosphoric acid, the previous separation of 
which is not necessary, it appeared advisable according to 
Kreider's experience to allow the perchlorate precipitate to 
stand with an excess of perchlorate acid before treating with 
alcohol. 

Six determinations made of potassium unmixed with other 
bases or non-volatile acids gave the following results : 

In two cases the theoretical amount of potash (K2O) was 
recovered as perchlorate ; in three cases there was a loss of 0.0002 
gram ; and in one case a loss of 0.0003 gram, one-tenth gram of 
potassium chloride was operated on in all cases. In order to 
repeat Kreider's work, and to ascertain the accuracy of the pro
cess, the following work was undertaken. A solution of chem
ically pure potassium chloride was prepared by dissolving 1.0005 
grams in 200 cc. water. One cc. of the solution was found to 
contain 0.005 gram potassium chloride, aliquot portions being 
measured from a burette, evaporated, dried, and weighed. 

In all the work here reported the method as proposed by 
Caspari with the use of the Gooch crucible, as suggested by 
Kreider, was employed. 

However in the first three experiments reported the per
chlorate was collected on paper filters as suggested by Wense, 
washed in the usual way, dried, and the perchlorate dissolved in 
hot water, and the solutions evaporated to dryness in platinum 
dishes and weighed. 

In all cases the weighed perchlorate was a little discolored, 
due to the fact that the paper filters had been acted on to a 
slight extent by the perchloric acid, causing them to char a little 
around the edges during the process of drying. In the subse
quent leaching with hot water, some of this carbonaceous 
material dissolved, and went in solution with the perchlorate. 

The results obtained by weighing in dishes as above described 
were as follows: 

1 Am. J. Set., 49, 443. 
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T A B L E I. 

KCl Equiva-
solutiou lent to KCl Error on Error on 

used. KCl. found. KCl. K2O. 
cc. Gram. Gram. Gram. Gram. 

I 6.2 O.03IO O.0310 +0.00OO +O.OOOO 

I I 8.1 0.0405 0.0411 +0.0006 +0.0004 

I I I 5.0 0.0250 O.0253 +0.0003 +0.0002 

Average 0.0322 0.0325 +0.0003 +0.0002 

It will thus be seen that the average error in these determina
tions is 0.0003 gram KCl ; it is possible that this slight plus 
error is due to the slight discoloration already noticed, and the 
weighing in dishes is not to be recommended though the results 
obtained are sufficiently accurate for all practical purposes. In 
the other experiments which follow the potassium chloride was 
weighed out direct!}' for analysis, and the perchlorate was 
collected always in a Gooch crucible. 

T A B L E I I . 

KCl used. KCl found. Error on KCl. Error on K2O. 
Gram. Gram. Gram. Gram. 

1 0.0848 0.0859 0.0011 + 0 . 0 0 0 7 

I I 0.0217 0.0217 0.0000 0.0000 

I I I 0.0419 0.0413 —0.0006 —0.0004 

I V 0.1007 0.1009 + 0 . 0 0 0 2 + 0 . 0 0 0 1 

V 0.1003 0.1015 + 0 . 0 0 1 2 + 0 . 0 0 0 8 

V I 0.1016 0.1015 —0.0001 —0.0000 

V I I 0.0217 0.0210 —0.0007 —0.0004 

A v e r a g e • • 0.0675 0.0677 + 0 . 0 0 0 2 + 0 . 0 0 0 1 

In the above determinations No. I was among the first made, 
and it is possible that the slightly high results obtained were due 
to lack of familiarity with the method. Excluding No. I, the 
average would be as follows : 

KCl u s e d . KCl found . E r r o r on KCl . E r r o r on K 2 O . 
G r a m . G r a m . G r a m . G r a m . 

O .0647 O . 0 6 4 7 O.OOOO O.OOOO 

It would thus appear that the determination of potash as per
chlorate in mixtures free from other bases and non-volatile acids, 
is quite accurate, equally as much as the determination by plat
inum salt. 

After nitrogen and phosphoric acid, potash is the compound 
one has mostly to determine in fertilizers, plants, and soils. 
The potash is usually combined with sulphuric, nitric, or 
carbonic acid, and more rarely with phosphoric acid. 
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These salts are almost always associated with alkaline salts 
and the alkaline earths. It is now therefore a question of the 
applicability of the perchloric acid method to the determination 
of potash when associated with these other bases, and non-volatile 
acids, such as sulphuric and phosphoric acid. In regard to the 
bases it has been contended by some that magnesia is a disturb
ing element in the determination of potash by perchloric acid. 

Schloesiug has shown, however, that in the following mixture, 
after the removal of sulphuric acid by barium chloride and 
conversion of bases into perchlorates, the magnesia did not have 
any disturbing effect. 

Gram. 
Potassium chloride 0.0835 
Magnesium sulphate 0.5740 
Sodium chloride 0.1298 
Calcium chloride 0.2330 

In this mixture, there was recovered, by proceeding as above 
stated, 0.0814 gram potassium chloride. Kreider has also shown 
that magnesia has no disturbing effect. He treated 0.1500 gram 
magnesium carbonate with perchloric acid, evaporated till fumes 
of perchloric acid appeared and cooled, when magnesium per-
chlorate crystallized ; on treating this with alcohol a perfectly 
clear solution was obtained. It was also thought that it was 
necessary to remove all non-volatile acids, previous to the separa
tion of the potash as perchlorate. Caspari and Kreider have, 
however, shown that it is only necessary to remove sulphuric 
acid. In order to secure a nearly complete separation 
of phosphoric acid from the potassium, Kreider has shown 
that a considerable excess of perchloric acid should be left upon 
the potassium perchlorate before it is treated with the alcohol. 

Kreider's results on a mixture containing 
Gram. 

Potassium chloride 0.1 
Magnesium sulphate 0.13 
Aluminum sulphate 0.05 
Sodium phosphate 0.4 
Calcium carbonate 0.13 
Ferr ic chloride 0.05 
Manganese dioxide 0.05 

were quite promising as will be seen from the results reported 
in the American Journal of Science, 49, 448. 
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The method as modified by Caspari and Kreider is quite 
promising, and I hope in the near future to do some further 
work on the determination of potassium associated with other 
bases and non-volatile acids. 

Preparation of Perchloric Acid. 

As perchloric acid is not a regular article of commerce it 
becomes necessary for each one desiring it to make his own 
supply. There may be mentioned briefly four methods for its 
preparation and the literature in which detailed directions may 
be found. 

The Method as Proposed by Schloesing.—Prepare first potassium 
perchlorate from potassium chlorate by heating in the usual way. 
The mass after the decomposition of the chlorate is treated with 
boiling water, and then rapidly cooled; the crystals of potassium 
perchlorate separate; the potassium chloride remains in solution 
with some of the perchlorate also. The perchlorate is then dissolved 
and treated with sufficient quantity of hydrofiuosilicic acid to 
obtain the potassium fiuosilicate, the perchloric acid being 
liberated. After standing a while the precipitate is filtered off, 
and the filtered solution containing the perchloric acid is concen
trated and treated with ammonia. The ammonia salt is next 
decomposed by hydrochloric and nitric acids, and the solution 
then evaporated on a water-bath to a sirupy consistency. 

The solution is left in this condition for a day or two, to 
separate further any crystals of potassium perchlorate it may 
contain. The supernatant liquid is then ready for use after a 
blank experiment has been conducted with the same. 

Process of Perrey.—Perrey has sought to avoid completely the 
presence of potash in the reagent. He makes use of the 
principle recognized first by Serullas that chloric acid, distilled, 
furnishes a third of its weight of perchloric acid. Barium 
chlorate, a salt easily prepared, is dissolved in water, and the 
solution precipitated with sulphuric acid, leaving the chlorate, 
however, in slight excess. After filtration the solutionis concen
trated and distilled, the distillate being collected for use as soon 
as white vapors show themselves in the body of the retort. 

The product which one receives is contaminated with a little 
chloric acid and chlorine which can be expelled on the water-
bath. The yield of perchloric acid is about the same as in the 



DETERMINATION OF POTASH AS PERCHLORATE. 41 

Schloesing process. For details of these two processes consult 
Grandeau: " Traite d' Analyse des Matieres agricoles,"i, 88-91. 

Caspar?s Method.—This method is quite similar in principle to 
the method descrided by Schloesing. Potassium chlorate is 
used as a basis, potassium perchlorate being prepared from it 
in the usual way. The potassium perchlorate dissolved in water 
is then treated with hydrofluosilicic acid at the boiling tempera
ture, the reaction being as follows : 

2KClO1 + H 2 SiF 6 = K5SiF6 + 2HClO4. 
The solution is then filtered on an asbestos filter under pressure, 
the clear filtrate evaporated on a steam-bath to small bulk, 
and allowed to stand for twenty-four hours, whereby is effected 
the separation of any remaining potassium fluosilicate or per
chlorate. It is again filtered and diluted with an equal quantity 
of water and barium chloride added in slight excess to remove 
last traces of sulphuric acid and hydrofluosilicic acid. The 
clear supernatant liquid is then poured off and evaporated on a 
water-bath till white fumes of perchloric acid appear. 

The solution is then, after allowing any potassium perchlorate 
that may be present to separate again, diluted with water and 
the excess of barium salt most carefully removed with sulphuric 
acid. The solution is allowed to stand for several days, then 
filtered through paper, and is ready for use. 

For details of the process consult Wiley's Agricultural 
Analysis, 2, 290, and Ztschr. angew. Chem., 1898, p. 68. 

Kreider's Method.—By far the most simple and rapid of all the 
methods proposed for the preparation of perchloric acid is that 
worked out by Kreider. The method depends upon the pro
duction of sodium perchlorate from sodium chlorate by heating, 
in the usual way, the subsequent decomposition of the sodium 
perchlorate byhydrochloric acid with the liberation of perchloric 
acid and the precipitation of sodium chloride which is separated 
by decantation or filtration. The filtered solution is con
centrated on a water-bath till white fumes of perchloric acid 
appear, then cooled and diluted with water when it is ready for 
use. 

It is manifest that the acid thus prepared is not chemically 
pure, since sodium chloride is not absolutely insoluble in hydro
chloric acid but if a portion of the acid prepared as above be 
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tested with silver nitrate it will be readily seen that any sodium 
chloride which may have remained in solution, has been con
verted into perchlorate. Furthermore, unless the sodium chlorate 
used contained some potassium or on evaporation the acid was 
exposed to fumes of ammonia, the residue from the evaporation 
of a portion of the acid prepared as above, will be entirely 
soluble in alcohol, and the presence of any sodium perchlorate 
is therefore entirely unobjectionable. 

I have in the course of my work oil this subject prepared the 
acid by this method several times, and have always found the 
process very satisfactory, requiring but little time and attention. 
In my work, however, I found, as the result of blank determina
tion on the acid thus prepared, a very small residue insoluble 
in alcohol for which in all cases corrections were made. This 
correction was very slight, and in no way condemns the process, 
since it is a very simple matter to determine it once for all on 
any lot of acid, and make the proper use of the same in the 
actual determination. 

For detail of the process consult Kreider's article in the 
American Journal of Science, 49, 445-446. 

[CONTRIBUTIONS FROM T H E C H E M I C A L LABORATORY OF T H E U N I V E R S I T Y 

OF I L L I N O I S . ] 

IfIPROVED APPARATUS. 
Bv J. L. SAMMIS. 

Received October 10, 1898. 

BURETTE. 

TH E frequent use of Mohr's burette with Geissler's glass 
stop-cock during the past summer called the writer's 

attention to two points which, it was thought, might be 
improved. 

The handle of the glass stop-cock, as usually made, is turned 
toward the right. Right-handed persons usually find it easier 
to operate the stop-cock with the left hand and stir or shake the 
titrated liquid with the right. In order to facilitate this, the 
stop-cock of a burette was cut off and sealed on again with its 
handle toward the left. See Fig. 1. 

In titrating, much care has to be exercised lest the mark 
upon the float should sink below the graduations on the 


