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A MODIFICATION OF THE GENERAL ANALYTICAL 
PROCEDURE AS APPLIED TO THE 

DETECTION OF ARSENIC

Introduction

The separation and detection of the element 
arsenic in qualitative chemical analysis has always 
"been more or less of a stumbling block to the beginn
er in this branch of chemistry* This is due to the 
fact that there is at present no very simple method 
available which is both sufficiently practical and 
accurate to be of real assistance in the analysis. 
Present methods either require too much equipment and 
apparatus to be practical or else are only accurate 
when large quantities of the element in question are 
present. They are either dangerous in procedure and 
require much skill in manipulation or else interfere 
with the separation of other elements of the Tin Group 
or of the other Groups.

The Problem

It is the purpose therefore in this thesis to 
propose a more satisfactory method than is at present 
available for the easy separation and detection of ar
senic in the systematic analysis of the metal ions of
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the Tin Group*
Some of the main tests which have been used 

for arsenic and a few of the most notable defects are 
given as follows:

One of the most sensitive methods for the de
tection of arsenic is that known as the Marsh test1 
which was first used in about 1836. However* this 
test is by no means as practical as it is sensitive.
In the first place it requires special apparatus which 
is hardly feasible for a large class of qualitative 
students and in the second place, it is highly danger
ous and requires very careful and skillful manipulation 
to avoid explosion.

2The Gutzeit test is a modification of the 
Marsh test and is considered just as sensitive without 
having the danger of explosion present, nor does it re
quire special apparatus. However, its impracticability 
lies in the fact that both phosphine and antimony inter
fere with the test and as a result make the procedure
very tedious and too cautious for general use.

3The Pleitmann test is a modification of the 
Marsh and Gutzeit tests and is a specific test for ar
senic. However, it is not nearly as sensitive as the 
previous two tests and it may not function at all in 
the presence of pentavalent arsenic. It also includes
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the use of arsine gas which is extremely poisonous.
There are many other tests offered as a means

of detecting the presence of arsenic, such as the
4 5Bettendorff test , Hoffmann test , and the Reinsch 

6
test , but like those previously mentioned they cannot 
be considered as elementary or practical tests.

In considering the defects of the present meth
ods that are in general use for the separation of ar
senic from the other elements of the Copper and Tin 
Groups, the discussion cannot be limited to arsenic 
alone, but must necessarily pertain to the separation 
of any element that is included in the scheme of the 
systematic analysis. It is from this standpoint that 
some of the more important defects in the separations 
as found in the present methods in general use are dis
cussed here.
Curtman's Method

Louis J* Curtman in his procedure as outlined
7in his Qualitative Analysis text , separates the Copper 

Group from the Tin Group by means of ammonium polysulphide 
reagent. This leaves copper, cadmium, lead, mercury and 
bismuth as a residue and as the Copper Group. The filtrate 
which is the Tin Group containing arsenic, antimony and 
tin, is treated with 2 cc. excess of dilute hydrochloric
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acid and filtered. The residue, in a test tube, is treat
ed with 10 cc. of concentrated hydrochloric acid and 
kept near the boiling point for 5 minutes. After filter
ing the residue is tested for arsenic and the filtrate 
divided into two portions and tested for antimony «nd 
tin. In testing for arsenic the residue is washed with 
5 cc. of hydrochloric acid (1:1) and then with water.
The washings are rejected and the residue is treated with 
5 cc. of dilute ammonium hydroxide solution and allowed 
to filter. The filtrate is treated with 10 cc. excess of 
concentrated nitric acid and boiled for 1 minute. Then 
5 cc. of water are added and the solution again filtered. 
The filtrate is boiled down to 2 cc., and 5 cc. of water 
again added and the solution made alkaline with a 2 cc. 
excess of ammonium hydroxide solution. The solution is 
boiled down to 5 cc. and treated with 5 cc. of silver 
nitrate solution. A reddish brown precipitate confirms 
the presence of arsenic.

This method for detecting arsenic is extremely 
long and requires greater care than is necessary. If the 
solution is boiled too much it will become acid and pre
vent complete precipitation of the silver arsenate, and 
if the solution is not boiled enough the chloride ion 
will be present which will cause a white precipitation of
silver chloride and thus prevent the test desired«

I
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The separation of the Copper Group from the Tin 
G roup by means of ammonium polysulphide is defective 
in that copper sulphide, and to a lesser extent mercuric 
sulphide, is soluble in the reagent# Consequently, if 
present in somewhat small amounts in the original solu
tion, these metals will be much harder to detect in the 
final analysis. Also# if they are present in large 
amounts, so much dissolves along with the Tin Group that 
they mask the color of the sulphides of the Tin Group. 
Curtman does not separate antimony from tin but treats 
part of the solution with a special test for tin and the 
other part with a special test for antimony. (The relative 
value of these tests as compared with other methods will 
be discussed below).
Noyes’ Method

Arthur A. Noyes in his procedure as outlined in
8his text of Qualitative Chemical Analysis , separates the 

Copper Group containing copper, lead, bismuth and cadmium 
from the Tin Group containing mercury, arsenic, antimony 
and tin by means of sodium polysulphide hydroxide redgent. 
There is some advantage to this method as compared to 
Curtman1s in that the mercuric sulphide is completely 
put into the Tin Group and at the same time the tendency 
for copper sulphide to dissolve in the sodium polysulphide- 
hydroxide reagent is negligible. The filtrate containing
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the Tin Group is acidified with an excess of 1 cc. of 
dilute hydrochloric acid, and then filtered. The resi
due containing mercuric sulphide, arsenic sulphide, 
antimonic sulphide, and stannic sulphide is transferred 
to a test tube and treated with 10 cc. of concentrated 
hydrochloric acid, and heated in a water bath for 10 
minutes in order to separate the mercury and arsenic 
from the antimony and tin. Hydrogen sulphide is passed 
through the solution for 1 minute, 3 cc. of water added 
and the solution filtered. The residue consisting of 
mercuric sulphide and arsenic penta-sulphide is treated 
with 5-15 cc. of ammonium hydroxide solution, warmed 
for 2-3 minutes and filtered. The filtrate consisting 
of arsenic is evaporated nearly to dryness and then 
treated with 2-5 cc. of nitric acid. This solution is 
heated nearly to boiling until the residue dissolves or 
only sulphur remains and again evaporated nearly to dry
ness. Then 1—3 cc* of water and 1-3 cc. of ammonium hy
droxide solution are added and the solution filtered in 
case of a residue. To the filtrate in a test tube 3-10 cc. 
of magnesium nitrate solution reagent are added and the 
solution allowed to stand for 10-15 minutes. A white 
crystalline precipitate proves the presence of arsenic. 
After filtering, the residue is washed with 2-3 cc. of 
water and then treated with 1 cc. of silver nitrate



solution to which 6-8 drops of acetic acid have been 
added* A dark red residue confirms the presence of ar
senic* (An important difficulty here is that the precip
itate must be free from chloride ion, otherwise the sil
ver arsenate free* will be covered by white silver chloride).

Again this is an extremely long method of detect
ing the presence of arsenic in the solution* The separ
ation of the Copper Group from the Tin Group by means of 
sodium sulphide-hydroxide reagent causes no appreciable 
disadvantage in the subsequent detection of the metal 
ions of either Group* Consequently, the principal disad
vantage found in this method is the length of the pro
cedure*
Hammett’s Method

The procedure made use of by L. P. Hammett in his
9Qualitative Chemical Analysis text , is exactly the same 

as that used by Noyes except for one major variation* In 
the analysis by this method ammonium chloride solution 
instead of dilute hydrochloric acid is added to the sodium 
sulphide filtrate containing the complex ions of mercury, 
arsenic, antimony and tin* In this case mercury alone 
precipitates as black mercuric sulphide leaving the arsen
ic in solution* The filtrate is then acidified with 1 cc. 
excess of dilute hydrochloric acid and treated for arsenic, 
antimony and tin exactly as previously described in the 
method used by A. A. Noyes.
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This method of analysis besides following a long 
procedure in the detection of arsenic also has a disad
vantage in the fact that a great deal of the tin present 
is liable to precipitate with the mercury when ammonium 
chloride solution is added. This necessitates a special 
test for tin in the mercury precipitate, a procedure 
which is somewhat difficult and requires great care.

On account of these difficulties it was de
cided to make a systematic study of the situation based 
upon the high insolubility of arsenic penta-sulphide in 
acid solution, the object being to find a method which 
would be sufficiently practical and sensitive to be used 
in a college course in Qualitative Analysis.

The Analytical Procedure

Materials
These consisted of the standard qualitative appar

atus with an individual hydrogen sulphide generator. 
Reagents

All reagents used were of reagent grade as used 
by an ordinary class in Qualitative Chemical Analysis and 
consist of the following:

Hydrochloric acid-------- 3,6,15 N solutions.
Nitric Acid---------------3,15 N solutions*
Ammonium hydroxide--------3,15 N solutions.
Silver nitrate------------0.25 N solution.
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Antimonous chloride-- -— — -N (Sb) solution*
Stannic chloride--- --------N (Sn) solution.
Mercuric chloride----------- N (Hg) solution.
Copper nitrate-------------- N (Cu) solution.
Arsenic acid-- -------------N (As) solution.
0.6 N Ammonium nitrate solution saturated 
with hydrogen sulphide.
6 N Sodium sulphide hydroxide reagent with 
equal amount of water.

AProcedure
The hydrogen sulphide precipitate (containing all 

the metals of the Tin Group as well as members of the 
Copper Group) was washed twice with 20 cc. portions of 

ammonium nitrate solution that had been saturated with 
hydrogen sulphide. To the precipitate in a 50 cc. beaker# 
10 cc. of sodium sulphide reagent were added and the mix
ture stirred for 5 minutes at about 80 degrees. After 
filtering, the precipitate was washed twice with 10 cc. 
portions of a mixture of 5 cc. of sodium sulphide reagent 
with 5 cc. of water. The precipitate contained the metal 
sulphides of the Copper Group. To the filtrate, containing 
the metal thio-salts of the Tin Group, dilute hydrochloric 
acid was added until the solution became distinctly acid 
and then 3 cc. of the same acid were added in excess.
This mixture was stirred vigorously for several minutes 
and then filtered. The residue was washed twice with warter 
and the washings rejected. The residue, which consisted

A— For the greater part the procedure followed was
taken from Louis J. Curtman1 and Arthur A.Noyes. 
Parts of each procedure were taken and combined as I saw fit*



of mercuric sulphide, arsenic sulphide, antimonic sul
phide and stannic sulphide, was collected in a test tube 
and 10 cc. of concentrated hydrochloric acid added. By 
means of a water bath the solution was heated for nearly 
10 minutes, then treated for 1 minute with a slow current 
of hydrogen sulphide (the test tube being maintained in 
the water bath during this treatment). Slowly 3 cc. of 
water were added to the solution (too much water will cause 
the antimony sulphide to precipitate) and then the solu
tion was filtered through filter paper that had been wet 
with 6 N hydrochloric acid. The residue was washed once 
with 6 N hydrpchloric acid and. then once with hot water.
The filtrate contained the ions of antimony and tin. The 
residue,containing the sulphide of arsenic and of mercury 
along with free sulphur, was transferred to a casserole and 
warmed with 5-15 cc. of ammonium hydroxide solution for
2-5 minutes with occasional stirring. The solution was 
then filtered, the residue consisting of the mercury ion 
and sulphur. The filtrate contained the thio arsenic com
plex ion As|. To the filtrate was added dilute hydrochloric 

B
acid until just acid and then 5 cc. of concentrated hyd
rochloric acid were added in excess. In most cases a

B It. is with this step and the following that the 
procedure of this thesis differs from the stan
dard procedure for the detection of arsenic.
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precipitate of arsenic penta-sulphide {AsqS5) came down 
with this step. If no precipitate was visible the solu
tion was saturated with a fast current of hydrogen sul
phide, and on standing, a yellow precipitate, consisting 
of a mixture of arsenous sulphide and arsenic sulphide 
precipitated out.

Since this test depends on the insolubility of 
arsenic sulphide, it will be referred to in this thesis 
as the "sulphide test".
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An Outline
for the analysis of the Tin Group using the hydrogen

sulphide test for arsenic, __________
To the Tin Group filtrate add dilute hydrochloric acid 

until just acid, add 1 cc. in excess, filter, wash residue 
by suction, sucking it as dry as possible* Reject washings. 
Transfer residue to a test tube, add exactly 10 cc* of con. 
hydrochloric acid and heat in water bath (90-100 degrees) 
for 10 minutes, stirring occasionally. Keep tube in bath 
and treat with slow current of EUS for 1 minute. Add grad
ually 3 cc. of water to solution and filter while hot 
through a filter wet with 6 N hydrochloric acid.

Residue may be Eg~S, AsoS,. and S. 
Wash with 6 N HCl^and then with 
hot water. Transfer residue to 
casserole and warm with 5-15 cc. of NE OH for 2-3 minutes with 
frequent stirring. Filter

Residue may be Eg"'“'; 
Wash with water. 
Transfer residue to a casserole, 
add 3-8 cc. of HC1, 
heat the mixture nearly to boiling 
and add powdered 
KC103 a little at 
a time, till the 
black residue dis
appears. Boil to 
expel chlorine, 
replacing the acid 
which evaporates. Add 5-10 cc. of 
water and filter.
To filtrate add 
from a dropper
1- 2 drops of SnClg 
solution, then
2- 5 cc. more. A 
white ppt. which 
may turn gray to 
black proves the presence of Eg-1'1'.

Filtrate, may contain 
SbfèÌi,ShCfend excess of 
EC1 and EgS. Dilute sol
ution with water to vol
ume of 55 cc. Transfer 
it to a flask placed in 
a 400 cc. beaker of boil
ing water, and after sol
ution becomes hot, pass 
into it a moderate stream 
of EgS for 8-10 minutes. 
An orange red precipitate 
proves the presence of 
Sb ++. Filter while hot.
To filtrate add just 4 cc. of 15 N NH^OE, cool and 
saturate with EgS. Co£k 
the flask and let it 
stand for 10 minutes. 
Yellow turbidity proves the presence of Snf+++.
In case the EgS has pro
duced a precipitate 
other than yellow, evap
orate the mixture (with
out filtering) in a 
casserole to 15-20 cc., 
or further if the pre
cipitate has not dissolv
ed. Add | cc. of powder
ed antimony, boil the 
mixture. Filter and to 
the filtrate add at once 
2-3 cc. of ECL and 10 cc. 
of 0.2 N EGCLg solution.
A white or gray precipi
tate proves the presence of Snw + .

Filtrate may be As-*-tw Acidify 
the NE40B sol
ution with con. 
EC1 then add 
5 cc. in excess. A yellow pre
cipitate at this point assures 
the presence of 
As • If no 
ppt.,saturate 
with a fast 
current of EgS.
On standing k 
yellow ppt.
f AspS, and 
AsgSc will settle 
out If As ’*"*"*' or 
As+Wt'is present,
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The Experimental Results

In order to study the relative precision of the 
hydrogen sulphide test for arsenic as well as the effect
iveness of the method# the following experiments were 
carried out*

In table I is shown the nature of the final ar
senic precipitate obtained by using varying amounts of 
arsenic in the original test solution and by following 
the procedure as already outlined. The results of confirm
atory tests are also shown*

TABLE IC
EXPERI
MENT NO. m 1 As 

present Nature of final ar
senic sulphide ppt. Arsenic check 

(with AgN03)
1. 0.33 Heavy rusty-yellow Heavy chocolate-

b r o w n  m v h .
2. 0.165 Heavy rusty-yellow Heavy choc date - brown nntT
3. 0.110 Heavy rusty-yellow Heavy chocolate-

b r o w n  n n t :.
4. 0.083 Heavy rusty-yellow Heavy chocolate-
5 . 0.042 Heavy rusty-yellow Heavy chocolate- brown nnt.
6. 0.020 Light rusty-yellow Medium chocolate-

"hr* rtwn -rvrvH

7. 0.010 Light rusty-yellow Light choc date-
b r o w n  nn -h.

8 . 0.006 No ppt. visible No ppt.D

C— Test solutions were made by diluting 10 cc. of the 
N stock reagent to 100 cc., then using the requir
ed number of cc. and expressing the metal present in terms of molar concentration*

D— By allowing the solution to stand overnight and
filtering a very light yellow precipitate was seem. 
By treating with nitric acid, boiling down, making 
alkaline with ammonium hydroxide and then adding 
silver nitrate solution a very light chocolate 
precipitate of silver arsenate was seen as a check.
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In table II Is shown the nature of the arsenic 
precipitate obtained from a test solution containing 
other metal ions of Group 2 along with arsenic. The re
sults of confirmatory tests are also shown. The amounts 
of each metal are expressed in terms of molar concen
trations.

TABLE II
Ex p e r i
ment n o . m

As
m
Sb

m
Sn

m
Hfi

m
Cu

Nature of 
As ppt. Arsenic check 

(with AgNOs)
l. .01 .165 0 0 0 light yellow Med.choc.brown
2. .01 0 .062 0 0 light yellow Med.choc.brown
3. .01 0 0 .125 0 light yellow Med.choc.brown
4. .01- - -! - -0 0 0 .25 light yellow Med.choc.brown
5. .01 .165.062.125.25 light yellow Med. choc .brown
6. .01 .33 .125.25 .5 light yellow Med.choc.brown
7. ,006 .165 ,062 .125 .25 light yellow Med.choc.brown

In table III are shown the results obtained by fol
lowing the procedure with arsenic being absent in the test 
solutions. The amounts of each metal being expressed in 
terms of molar concentrations.

TABLE III
EXPERIMENT NO. m

As
m
Sb

m
Sn

m
.Hg „

m
Cu

Nature of the H2S 
precipitate.

1. 0 .33 0 0 0 No ppt.
2. 0 0 .125 0 0 No ppt.
3. 0 0 0 .25 0 No ppt.
4. 0 0 0 0 .5 No ppt.
5. 0 .33 .125 .25 .5 No ppt.
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Discussion

An inspection of tables I and II shows the nature 
and accuracy of the detection of arsenic by hydrogen sul
phide when present in amounts varying from a .01 mol sir to 
a .33 molar solution. A positive test for arsenic when 
present in as low as a .006 molar shlution was also ob
tained, but only after allowing the solution to stand over 
night. Table II clearly shows that the presence of com
paratively large amounts of some of the other metal ele
ments of Group 2 does not interfere with the detection of 
sirsenic to any great extent.

Most authors in separating arsenic from mercury 
and sulphur first add ammonium hydroxide to take the ar
senic into solution and leave the mercury and sulphur as 
a residue. This solution, consisting of ammonium thio- 
salts of arsenic is then treated with concentrated nitric 
acid and prepared for a final test with silver nitrate 
solution. However, if instead of treating the ammonium 
thio-salt solution with nitric acid, there is added con
centrated hydrochloric acid until the solution is just 
acid, a precipitate of arsenic sulphide will come down which 
will be a certain test for the presence of arsenic in the 
solution.

2 (NH4)3AsS4 -h 6 HC1----- >As2S5 -f 6 NH4C 1 +  3 HgS
The precipitate,as is shown by table I, can be the sulphide
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of no other metal for arsenic is the only metal present 
in the ammonium solution. If a precipitate is doubtful, 
treatment with hydrogen sulphide will serve as a confirm
atory test. By detecting the presence of arsenic in this 
manner the difficulties that would be encountered by 
using magnesium nitrate and silver nitrate solutions are 
avoided; namely, the long procedure, the proper adjust
ment of the acidity and the assurance that the chloride 
is absent.

The method of this study offers a very short and 
accurate procedure for the final detection of arsenic.
A procedure(which is much shorter and at least as accur
ate as the methods made use of by Curtman, Hammett or 
Noyes should be regarded as desirable. Since it is a 
shorter method it is to be considered as being far more 
practical for general qualitative work than is true of 
the methods at present in use.

This method also offers a better procedure for the 
separation of the Copper Group from the Tin Group than is 
outlined by Curtman since it avoids the loss of the copper 
from the Copper Group, and furthermore since it offers a 
more satisfactory method of separating the arsenic, anti
mony and tin. It offers a better procedure for the separ
ation of the metals of the Tin Group than is outlined by 
Hammett since it avoids the possible loss of tin during



17

the separation of mercury from the rest of the group.
It also offers a better procedure for the detection of 
arsenic than is used by Noyes for it is much shorter 
and avoids the use of silver nitrate reagents.

The separation and detection of arsenic from its 
Group members, mercury, antimony and tin, by means of the 
relative solubility of the sulphide, depends mostly upon 
the regulation of the acidity throughout the various 
steps as outlined in the procedure. This gives rise to 
a disadvantage in the fact that great care must be 
taken to insure the exact strength of the acid solutions,9 
especially so in the separation of mercury and arsenic 
from antimony and tin. If the acidity is too low, anti
mony will also precipitate with mercury and arsenic and 
It will appear later in the arsenic detection, thus de
manding the use of a special test for the final detection 
of arsenic, a test which can be and should be avoided.

Summary

A method for the separation and detection of ar
senic, by means of hydrogen sulphide, and without the use 
of silver nitrate or "magnesium mixture" has been studied.

The following advantages of this "hydrogen sulphide" 
method over ordinary standard methods have been pointed 
out.
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1. It is sensitive in dilute solutions of arsen
ic (0.006 molar)

2. It gives a clear cut separation.
3. It avoids the use of special detection methods

and long procedures, especially the silver 
nitrate and "magnesium mixture" test.

4. It is extremely practical for a course in
General Qualitative Analysis.

r
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