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ABSTRACT

A system of elementgl analysis for pedagogical use has been devel-
oped. Non-metallic solide are fused with sodium hydroxide, sodium car-
bonate and sodium nitrate and the melt is trested with water to give a
residue of the basic element oxides, hydroxides and carbonates, and a
solution containing the amphoteric and acidic elements. Metallic solids
are dissolved in nitric acid and the hot solution is treated with sodium
chlorate. The solution is mede alkeline with sodium hydroxide and the
separation into groups is the same as is obtained by the fusion treatment.
The procedures are capsble of yielding semi-quantitative results and thus
they permit approximate estimation of the elements.

The standard potential of the iodine-iodine monocyanide half cell has
teen determined. Measurements were made thfough the concentration ranges
0.2 to 4 F HC10y end 0.06 to 0.3 F total cysnide and the value -0.62ug *
0.0026 v wae obtained for the potential. The constant for the dispropor-
tionation of iodine in hydrocyaric amcid solutions wage deterﬁined by solu-
bility measurements to be 0.870 £ 0.009.

The hydrolysis of thicacetamide to acetamide and hydrogen sulfide in
dilute aclid sclutions was found to be first ordgr with respect to both
thioacetamide and hydrogen ion concentrations; under the conditions of the
experiments in this study only & small fraction of the acetamide formed
was hydrolyzed to acetic acid and ammonia. The second order rate constant
for the hydrolyeis reaction was found to be 0.21 T 0.02 liter/mole min-
ute at 90° C. The energy of activiation was determined and is 19.1 keal/
mole through the tempersture range from 60° to 90° C.

The precipitation of lead sulfide by thioacetamide was found to pro-
ceed through two distinct mechanisms depending upon the pH of the solubion.

At low pH the precipitation involves the hydrolysis of thioécetamida to



give hydrogen sulfide which then reacts with the lead. At higher pH the
rate of precipitation shows first order dependence upon both thiocacetamide
and lead ion concentrations and inverse half order dependence upon hydro-
gen ion concentration. The rate constant and energy of activation have
been caloulated o be 1.15 * 0.12 x 103 1iter® mole~® mimute : and 15.5
kcsl/mole respectively. A discussion of the anslytical use of thiocacet-

anide is presented.
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PART I. A SYSTEM OF ELEMENTAL ANALYSIS
Introduction

A system of elemental analysis for pedamgogicel use has been de-
veloped. The iniﬁial gseparation is made in an alkaline solution and
is based on the a&cidic or basic properties of the elements. This
work represents an adaptetion of the principles used in & system of
elementary analysis for chemical warfare egents (1,2) in which the
initial separation is effected by fusion ¢f the sample with sodium
peroxide end sucrose followed by treatment of the melt with water.
The elements arec thereby separated into two broad subdivisions;

(a) those slements which form oxides and hydroxides insoluble in al=-
kaline soluticn (the basic elément group) and (b) those elements which
are soluble in such a solution (the acidic and amphoteric element
groups).

The purposes and aim® underlying the development of the present
system of msnalysie are:

1. To provide much closer correlation with the

acidic end basic properties of the elements than is

possible by the usual hydrogen snlfide separations.

2. To use procedures which are capable of giving
semi-guantitetive resulte, thus providing the student

with the opportunity to make epproximate estimations

end an acquaintence with proceduree of practical use~

fulness.

3. To use samples of such size thet good ma-
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nipulative techniquese can be learned and such that equi-
librium principles will have meaning to the student.
4. To include elements which are of anslytical

interest and yet to keep the total number of elements

small enough that the entire system can be covered

adequately in a one semester course.

A congiderable mmount of experimental work was done in the de~
velopment of procedures for the eystem of analysis; a tabulation of
results of this work is presented in the following sections. The
reference at the beginning of each section ie to the Procedure being
considered and to the Tabular Outline in which more detail is pre-
sented concerning the procedure. The numbering of Procedures and
Tabuler Qutlines is that which is used in the March 1955 mimeographed

edition of “Systematic Elemental Anslysis® (3).
A, THE FUSION OF THE SAMPLE

1. CRUCIBLE MATERIAL., Tabular Outline II; Procedures 2 ~ 3,

In experiments mede to determine the types of crucible which
would serve satiefactorily for the fusion the foilowing procedure
was followed:

The crucible was cleaned thoroughly, scoured with cleansing pow-
der and flamed in an oxidizing flame. 1I% wae then cooled and weighed.
The fusion reagente were put into the crucible, heated until melted
end maintained es & melt for just fifteen seconds. The melt wae cooled
end washed from the crucible which was then dried and weighed. The
change in weight, AWl, gave e measure of the quantity of fusion

material introduced into the ssmple. In certain casee the crucible
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was then scoured with cleansing powder and reweighed. The change in

weight A'Wz, from the inltial value indicated the extent of attack upon

the crucible.

In some cases the melt was analyzed for crucible materisl.

The fusion reagents used were: 1 g Na-C0Oz; 1 g NeOH, and 0.5 g
2vvz,

Kag0so.
Crucible .JQH} AVW>
Vycor 0.15 g
.13
Nickel .0001 0.0007 g
.001
.0001 .0013
.0002 .0007
.0011 .0031
.001L .0030
Average of 30 fusions .002*
Iron .0191 .019g*»
.0100 .0103%*
.0077 L0085
Porcelain L168% %
Silver .0008
.0009.

* The quantity of Ni(II) in the melt varied from a trace

to 2 mg.

A meximum of 1 mg Ni(II) was found in the melt

after fusions in which the Nap0Op had been replaced by

NaNOB.

** A red-brown mixture was obtained when the melt was
treated with water.

#** The porcelain crucible crumbled when it was being
scoured after the fusion.
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Nickel crucibles were found to be satisfactory except in the case
that anslysie was to be made for less than 2 mg of nickel. 1In this
case silver crucibles can be used. Crucidles of porcelain, Vycor gless
and iron were found t¢ be unsatisfactory.

2. FUSION HEAGENTS. Tabular Outline II; Procedures 2 - 3.

Sodium hydroxide end sodium carbonate were used in all fusion ex~
periments. In early experiments sodium peroxide was added to make an
oxidizing melt. This resgent wae found to be satisfactory for the pur-
poses of the fusion, but unsuited tc use in student laboratories beceamse
of the rapidity of its decomposition when in contact with air and be-
cense of the fire hazard involved in its use.

Sodium nitrete was substituted for the sodium peroxide and fills
the requirement that at the conclusion of the fusion of the sample
the elements be in known oxidation states. Sodium nitrate has the dis-
advantage of introducing nitrite into the sample due to thermal decom-
position as well a® through reaction with reducing agents iﬁ the orig-
inal unknown. B
3.  SEPARATIONS BY FUSION. Tabular Outline II; Procedures 2 - 3.

Comparison was made of the separations which could be obtained
by (a) fusion with hydroxide, carbonate and peroxide or nitrate follow-
ed by treatment with water to give a residue of the basic elements and
a solution of the acidic and emphoteric elements, and by (1) trestment
with a hot solution which had the same composition as had the aquecus
solution of the fusion melt. Thus, the final agueous solutions were
identical, but the histories of these were different, one having come
from a fusion. The fusion reagents were 1 g NelH, 1 g Na2003 and 0.5 g

Neg0p or NaNO3. The melt was treated with water and diluted to 10 ml.



Aqueous Treatment.

Tsken (mg) Zn found in solution
after removal of precipitate.
Zn Wi Mn
1 100 Trace
2 100 0.5 mg
1 100 0
2 100 0
8 100 0
g 100 0
32 100 Trace
6L 100 1 mg
olx 100 1

* In these experiments 1 ml of 15 F NH),0H was edded to
the solution before the precipitate waes removed.

Fusion Followed by Aqueous Treatment.

Taken (mg) Zn found in solution
after reméval of precipitats.

Zn Ni Mn

1 100 0.5 mg

1 100 1

Taken (mg) Elements in

solution.

Al Zn Cr Mn Ti Ag

1 1 100 1l mg AL, 1 mg Cr

1 1 1 4o 1 mg A1, 1 mg Cr,
1l mg Zn

1 1 1 100 1l mg A1, 1 mg Cr,

1l mg Zn, Trace Ag

The following sslts were nsed in these experiments: Zﬁcla,
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MnS0y-Hp0, NiClp'6Hg0, Cr(NO3)3:9Hz0, Al(NO3)3-9Hp0, KpTiO(Ca0y)p-
2H»0.
From these experiments it is apparent that the fusion greatly re-
duces the extent of the coprecipitation of amphoteric elements.with

basic oxides.

The effect of the fuslon upon certsin other elements was investi-
gated:
Copper (cusou-sxao).
Cnly e small fraction of the copper taken was found
to be present in the fusion soclution after fusion with
Nep0s. This, however, necessitates the analysis for
copper in the amphoteric element group.

In fusions with NaN03 the following resulte were obtained:

Cu Tgken Cu found in fusion
solution
50 mg 1 mg
25 0.5%

* Larger quantities of copper have frequently been
found in the smphoteric group in student analyeces:
this is probably camsed by fusion for an extended
period of time. '

Tin (SnClpy-2H0, II; or Snly, IV)

Sn taken Oxidstion Sn in fusion
state solution
ng ng
100 11 80
100* II 1)
50 II 5

L0 Iv 30



20 1v 15
20+ Iv 16
30 11 25
20m#n i3 16

* The fusion mass was kept melted for 30 seconds.

** The amount of NalH in the fusion was doubled
in this case.

**%  The fusion mass wae kept melted for 2 minutes.

With lerge quantities of tin, the estimation tends to be 10 - 20%
low. The tin which is carried into the residue is taken into the ti-
tanium group and does not interfere with the analysis for that group.

Lead (Pb(N03)z,(a); or Pb(003)z,(b).)

Fb taken Pb in residue Pb(IV) in
(PbO2) fusion solution

100 (a) 3=-5 10

20 (b) 1 *

* A total of 19 mg of lead were found in the fusion solution.
The oxidation state was not determined.

The lead which is carried into the basic element group does not

interfere with the analysis of that group.

Vanadium (NHMVD3).
V taken V in fusion residue

100 mg 0

Alkaline Earth Elements (BaCly°2H 0, Cally, Mg(NOB)E'BHEO).

Taken Found in fusion
solution

100 mg Ba 0



100 mg Ca 0
100 mg Mg 0
Nitrete
In connection with studies of the acidic element
group it was of interest to determine the extent of
thermel decomposition of sodium nitraste in the fusion

process. The nitrite was estimated iodometricelly.

Nitrate taken Fusion period Nitrite found

6 millimoles 60 seconds 0.6 millimoles

The fusion was extended to four times the usuel period in order

to determine an upper limit of the nitrite to be expected.

Perchlorate (Naﬂlou).
Experiments were made to determine whether per-

chlorate is decomposed by the fusion.

Cl taken Fusion period 61~ found
29 mg (as NallOy) 15 sec 2 mg
29 " 300 29

The rate of decomposition of NallOy by the fusion is low and the

fusion period must be extended if perchlorate is present.

4,  SEPARATIONS BY AQUEOUS TREATMENT. Tabular Qutline II a; Procedure U.
The poasibility of effecting separations by vigorous treatment in

aqueous solution was investigated. ©Such a treatment would be of value

in the analysis of samplee already in solution, or in the analysis of

metals which would first require solution in acid.
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make

fuge.

9

The procedure was as follows: Treat the sample with 3 ml of hot
HNO3, add excess NaClOB, evaporate to 1 ml, cool and add NalH to

the final ®solution 3 N in NaOH. Boil 3 - Y4 minutes and centri-

Teken (mg) Zn remaining in
solution
Zn(II) Mn( II) Ni(II)
a 2 100 O*
b 2 50 0.5 - 1 mg¥*
c 1l 50 1w kx
a 2 50 2
e 1 50 1

* Black MnO, changed to voluminous, hydrous appear-
ing brown precipitate when the NaCH was added.

“*  After eveporation of the HNO, solution, three
additional 1 ml portions of 16 NJHNO3 were added
and evaporated similarly.

**%  The procedure was amended as in experiment (D)
and additional Naﬂlo3 wae added with each portion
of HN03 -

Silver Chloride.

Since resistant alloys may require treatment with aque regia, the

action of silver in such conditions was investigated.

The indicated quantity of silver as AgNOB was treated with U ml

of boiling agua regia which was then fumed to drive off the hydrochloric

acid.

The procedure was contimued as in experiment (c) above.

Ag taken Ag found in Ag a3 AgCl
solution
50 mg 14 mg 36 mg
50 16 34

50% 0 50
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¥ No NaClO; was added in this case. This indicates
that the chlorate is effective in dissolving part of

the AgCl.

These experimente show the necessity of specisl treatment in the
case that the solution of an alloy containing silver is prepered by the
use of hydrochloric acid. The precipitate of silver chloride will be
carried into the titanium group, can be removed by centrifugstion from
the solution of the titanium group and then be dissolved in NH)(H and

treated by Procedure 31, Tabuler Cutline III.
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B. THE BASIC ELEMERNT GROUP

1.  SUB-GROUP SEPARATIONS.

Nitric Acid-—-Chlorate Treatment. Tabular Outline IlI; Procedure 11.

Experiments were made on the separation of manganese from silver
by treatment of 2 ml of a hot concentrated nitric acid solution with

K0103. The silver and manganese were added as nitrates.

Teken (mg) Observations
Ag(1) Mn(II)
1l Mn completely precipitated
100 1-2mg Ag as AgCl
100* l - 2 mg Ag as AgBr
1* Mn completely precipitated
50 h0 About 5 mg Ag with MnQp
5 50 1 mg Ag as AgCl
1 50 1/3 ng Ag as AgC)
50 1 mg Ag a8 AgCl
ol 2 ~ 3 mg Ag as AgCl did

not dissolve -
* K0103 replaced with KBI‘OB

** Added as freshly precipitated 3gCl.

Only a small fraction of the silver present is precipitated as AgCl
by the nitric acid ~ sodium chlorate treatment. However, even smsll

emounts of AgCl are not completely dissolved by this treatment.

Bosic Acetate Separation. Tabular Qutline III; Procedure 11.

(a) Experiments were made to determine the effect of total con-
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centration of scetate and acetic acid, and the effect of the ratio of
acetate to acstic acid upon the precipitation of iron. The effect of
added nickel and copper was glsc considered. The solution volume wee
15 ml in each case. The ratio of acetate to acetic acid was & except
where indicated otherwise.
Taken (mg) Total formal acetate Results

moles/liter
Fe(III)  Ni(II)  OCu(II)

a 7 12 ) 0.6 Iron colloidal,
did not coagulate

b 7 12 b 0.2 The precipitate
coagulated well

c 10 0.6 As in Db

d 7 12 0.6 The precipitate

ccagulated slowly
but completely in

2 minutes
o 7 6 0.6 Ae in b
£ 7 18 0.6 As in b
e T 18 0.6 As in b
h 7 5 10 0.6 As in b
i 7 12 6 0.3% The precipitate

coagulated rapidly.
12 mg Ki and 6 mg
Cu found in solu-
tion

* The ratio of acetate to acetic acid was 1.5 in this case.

Rapid coegulation of the basic acetate precipitate of iron is fa-
vored by decreased totsl formal concentration of acetate and decreased
ratio of acetete to acetic acid. ZIKxperiments (a) and (h) indicate that
the ratio of iron to nickel to copper strongly affectes the coagulation

of the precipitate.
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(b), The extent of coprecipitation of copper with titanium and iron
was investigated. The totel formel acetate concentration was 0.3 moles/
liter and the ratio of acetabte to acetic acid was 1.5. The fourth col-
umn shows the quantity of copper found in the solution, after removal

of the basic acetate precipitate.

Taken (mg) Cu(Il) in solution
Ti(IV) Fe(I1I) Cu(Il)

25 1 0.7
25 10 g -9
25 25 23 - 24
25 1 0.7
25 10 g
e5 25 23
10 10 10 g - 10

These experiments show that copper is only slightly coprecipitated

with titanium and iron in the basic scetate precipitaxibn.

Basic Benzoaté Separation. Tabular Outline III; Procedure 11.

The substitution of benzoate for acetate fér the separation of the
titanium group from the other basic group elements was considered. How-
ever, it was found that the precipitation of copper is essentially com—
plete from g benzoic acid ~ benzoate buffer even in the sbsence of iron,

80 the system was not investigabted further.

Precipitation of Alkaline Earth and Metal Ammine Groups. Tabular Out-

line III; Procedures 21, 31.
The separation of the slkaline earth group elements from the metal

anmine group was studied. The quantities of the elesments indicated
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ware take_n in 12 ml of a blavk solution which was 0.8 F in M-IHNOB,
0.06 M in HOgH30,, and 0.09 M in MHCH;0p. To this were added 2 ml of
15 N NHy0OH, 2ml 6 N NaOH and 2 m1 3 X Na2003. The soclution was agi-
tated freguently over a pericd of 5 minutes and then filtered. The pre-
cipitate was washed with a solution consisting of 2 ml of 6 N NH}OH,
0.2ml of 6 N NaOH and 0.2 ml1 of 3 N NapC03. To the filtrate were added
2 ml of 6 N NeOH and the solution was boiled for three minutes after mo
more I\IH3 could' be detected, in order to precipitate the metal ammine

group oxides.

Teken (mg) Observations

Ba Mg Ag Cu Ni

25 1 Bal0-, colorless. 1 mg Ag
found in filtrate.
25 1 Ag above; Cu not coprecipitated.
25 1 As above; Ni not coprecipitated.
25 1 Mg(CH), white but difficult to

filter. No coprecipitation.

25 1 Mg(CH), pale blue after the wash-
ing. The color faded sppreciably
during the washing. 0.1 mg co-

preclpitated.
25 1 Mg(CH), white. No coprecipitation.
10 10 No coprecipitation.
10% 10 0.2 - 0.5 mg Cu coprecipitated.
10% 10 No coprecipitation.

# In these two experiments 2 ml extra of 15 N NH)OH were sdded

before the precipitetion of the alkaline earth group.

These experiments indicate that the only significant coprecipite-
tion ie of copper with magnesium. This ie diminished by gai-eﬁzl wash-

ing of the precipitate. Milligram quantities of any of the metal ammin
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elements are precipitated satisfactorily when the ammonia is removed

from the alksline solution.
2. TITANIUM GROUP.

Solution of Titanium Group Precipitate. Tabular Outlive IV; Procedure 12.

The solﬁtion of the basic acetate precipitate of titanium end iron
wap found to be accomplished satisfactorily in concentrated sulfuric acid
to which hed been added solid sodium sulfate. The mole ratio of HoS0),
to NaQSOM-IOHEQ was four. In the absence of sodium sulfate, Ti0, was
not consistently dissolved by the treatment; moreover, asnhydrous Feg(SOu)3
formed when sulfuric acid was fumed. This latter difficulty was not en-

countersd when the additional sulfate was present.

Oxidation of Manganese (II) with (a) Lead Dioxide; (b) Sodium Bismuthate.

Pabular Outline IV: Procedure 1h.

(a) Attempts were made to oxidize Mn(II) to MnOy~ in hot sulfuric
acid by the addition of solid PbOp. The concentration of sulfuric acid
affected the results; the optimum concentration appeared to be from 0.5
to 3 N. However, even in this concentration range the oxidation was
not quantitative.

(v) Oxidation of mengenese (II) was accomplished by treatment of
ite 2 N HpB0y solution with & slight excess of solid sodium bismuthate

at room temperature:

Mn (II) taken Mn (as MnOy~) obtained
0.1 mg 0.1 mg
0.5 0.5
2 2

10 8
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The oxidation is matisfactory when 2 mg or lees of Mn (II) are
present. An aliquot of the solution must be taken when larger quan-

tities are present.

Préparation of Titanium Known Solution.

The following procedure wae used for the preparation of chloride
free known solutions of titanium from KpTiQ(CpOy)p-2Hg0:
To TUO mg KoT10(Cp0y) o 2050 (100 mg Ti (IV)) add 5 ml
18 ¥ HpS0y* and hemt until no more COp is evolved. Then
add 3 g Na280u'10520 and dilute to 10 ml.

* More concentrated acid csuses charring of the mix-
ture.

These solutions were found to be stable for periods of meversl

monthe.

3. ALKALINE BARTH GROUP. Tabular Outline V; Procedures 22 -~ 27.

Interference of Metal Ammine Group Hlements.

Experiments were made to indicate the effects caused by 5 mg quan-
tities of the metal ammine group elemente in the analysis for the alka-

line earth group elements:

Taken Observations

5 mg Ou(II) Some Cu precipitated as chromate.
The confirmatory test for Ba dis-
tinguishes Ba from Cu. No other
interference.

5 mg Ag(I) Precipitated as chromate. Ba con-
firmatory test distinguishes this.
No other interference.

5 mg Ni(II) No interference.

4,  METAL AMMINE GROUP.
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Oopper Confirmatory Test. Tabular Outline VI; Procedure 35.

Bxperiments were made to determine if K3Fe(GN)6 or KyFe(CN)g could
be used to give confirmation of the presence of copper in the cuprous
ioéide precipitate obtained in the estimation of copper. The Cul pre-
cipitate was dissolved in 2 ml of 6 N NH),OH, and the solution was diluted

to & ml and halved. The portione were treated by reagents 1 and 2 be-

low:
Taken 1) 1 ml 1 N KyPe(CN)g 2) 1 ml 1 N KyPe(CN)g
1 al 6 N HC1 1ml6 XNEHC
1 mg Cu Red-brown precipitete 4s in 1, but no Ip color.
when HC1 added. Ip
color in solution.
5 mg Cu As gbove. As above.

25 mg Cu Green~-brown precipitate As in 1, but no Io.
with KzFe(CN)g; became
red-brown with HClL. Ip
in solution.

The experiments show that Knre(cﬂ)6 is pfefsrable for the confirm-
atory test for Cu since there is not formation of iodine as there is

when ferricyanide is used.
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C. TEE AMPHCTERIC ELEMENT GROUP

1. SULFIDE GROUP FRECIPITATION.

Use of Hydrogen Sulfide. Tabuler Qutline VIII; Procedure Hl.

Experiments were made to determine suitable conditions for the sepe-
ration of leéd., copper, arsenic and tin from sluminum, zinc, vanadium and
chromium by the use of hydrogen sulfide.

Arsenic, which is i:; the pentapositive “state following the fusion,
was found to be preciﬁitated quantitatively as the sulfide from dilute
acid only bir the use of hydrogen sulfide under pressura. ﬁeduction of
As(V) to As(III) with iodide was tried; however the iodide interfered
subsequently in the procedure when chromium and vanadium were reoxidized.
The pressure treatment which was used was the following: The acid solu-
tion of the arsenic was saturated with hydrogen sulfide. If a precipi-
tate formed the solution was heated to near boiling and again saturated
with hydrogen sulfide. The flask containing the solution wéa then stop-
pered and heated in boiling water for 15 minutes. A tabula.tion of re-
sults follows. In each ceee the solution was 1 F in the sodium salt of
the mcid used. This selt concentration resulted from the neutralization

of the alkaline fusion solution.

Taken (mg) Acid Results
a 25 As(V) 0.37 M HNO3 1 mg not precipitated.
b 50 As(V) C.5 M HNOB 5 mg precipitated.
¢ 50 As(V) 0.25 M ENOz Precipitation complete after

second pressure treatment.
Odor after first treatment
indicated reduction of nitrate.

d 0.5 As(V) 0.25 M HNO; Precipitate easily detected.
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50 As(V) 0.26 M HCL Most of As precipitated be-
fore pressure treatment.
0.5 As(V)  0.25 M HCL As in e.
0.5 2n(II) 0.25 M HNOj No precipitate.
0.5 Zn(1II)
50 As(V) 0.25 M HN03 As i..n ¢. 2Zn not copre-
cipitated.
0.5 Zn(II)
50 Sn(IV) 0.25 M HNO; Separation was satiefactory.
0.5 2n(1I)
50. PB(II) 0.25 M HNO3 Separation was satisfactory.
50 As(V) 0.5 M HC10y 0.5 - 1 mg As not precipi-
tated.
50 As(V) 1 M HCLOy As in k.
50 As(V) 2 M HC1Oy As in k.
0.5 As(V) 0.75 M HC10y Trace unprecipitated.
0.5 Pb(II) 1 M HC1Op* No PbS precipitateé.
0.5 Po(II) 0.5 M HC10,,* As in o.
0.5 Pu(II) 0.4 M HC1Oy* Complete precipitation of Fb.
0.5 Sa(IV) O.4 M HC1LOy* Complete precipitation of Sn.
0.5 Cu(II) 0.4 M HC1Oy* Complete and very rapid pre-

cipitation of Cu.

* No preesure treatment was used in these experiments.

From these experiments it appears that nitrate has an inhibiting ef-
fect upon the precipitation of ersenic sulfide by hydrogen sulfide and
that chloride is not essential to prevent coprecipitation of zinc with

the elements of the sulfide group under the conditione used.

Use of Thioacetamide. Tabular Outline VIII; Procedure 51.
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(a) The use of thioacetamide (hereafter referred to as TAA) for

preciplitetion of the sulfide group was investigated. The constituents

were taken in 10 ml of solution of the composition shown and maintained

just below boiling tempsrature for 2 minutes, or for the periocd of time

indicated.

Taken (mg) [raal [HC1)
mnoles moles
liter liter

a 0.5 As(V) 0.07 6

v 5  As(V) .07 b

c 50 As(V) .2 )

d 5 As(V) .07 3

e 5 As(V) .07 1.5

f 5 As(V) .07 .b

g 0.5 As(V) .07 .6

h 50 As(V) .25 .6

110 Pb(II) .15 .6

j 10 Pu(I1I) .15 .3

k 10 Pb(II) .15 .15
1 .5 As(V) .2 .3

m 10  As(V) .2 .3

n 5 As(V) A .3

0 10 sn(IV) .25 .3

p 10 Sn(IV) .25 .15

Resultse

Repid and complete precipitation.
Ae in a.
As in a.
As in a.

Precipitation complete; slightly
elower than a - d.

3 minutes heating reguired to get
complete precipitation.

As in f.

Precipitation complete in U4 mimutes.
No precipitate after Y4 mimutes.

No precipitate after 3 minutes.
Diluted to .15 N HCl, obtained
rapid and complete precipitation.
Fine granular precipitate formed
slowly; about 1 mg Pb not precipi-
tated after U4 minutes.

Precipitation complete in 1 mimte.

Precipitation complete in 2 -~ 3
mimites.

Precipitation complete in 3 nimutes.

Rapid and complete precipitation,

Precipitation was incomplete after
3 minutes.
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g 2 Cu(iI) .25 .3 The solution beceme cloudy; when
it was diluted to 0.15 N HCl there
was rapid formation of black pre-

cipitate.
r .5 Cu(1l) .25 .3 As in q.
‘s .5 8a(IV) .25 .3 Precipitate formed rapidly when
the solution was heated.
t 50 So(Iv) .25 3 As in s. Precipitation complete.
u 50  Pu(II) .25 .3 The solution was heated 1 mimte,

then diluted to .15 N HC1l. Rapid
precipitation, but not complete.

v 50  Pu(II) U .3 Preated as in u. About 1 mg Pb
not precipitated.
w 50  Pb(II) .5 .3 Treated as in u. 1 mg Fb not pre-
cipitated.
x 50 Pb(II)
.5 Zn(II) .5 .3 Trested ae in u. 1 mg Fb not pre-
' cipitated; Zn not coprecipitated.
y 50 As(V)
.5 Zn(I1I) 5 .3 Treated ag in u. Ae completely
precipitated; Zn not coprecipitated.
z 50  Zn(II) .5 .3 The solution was heated 1 mimute,

then diluted to 0.1 ¥ HC1L. Yo
precipitate efter U mimites.

a' 25 Pb(II)
1 Zn(II) 5 .3 Treated as in z. Pb precipitated
completely; Zn not coprecipitated.

These experiments show that As(V) can be precipitated much more quickly
with thicacetemide than with HoS. The precipitation of ell members of the
sulfide group can be effected by the use of thiocacetamide. As(V) precip-
itates more rapidly from high acid concentrations; Pb(II) and Cu(II)
precipitate satisfactorily from & solution 0.3 N in HCl which is heated

and then diluted rapidly to 0.15 N HCI1.
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In student work the procedure followed in experiment (v) above diad
not give conslstent results in the precipitation of lead sulfide. Be-
cause of this difficulty the procedure was amended in the following wey:
the eolution, 12 ml in volume, 0.25 M in BY, 0.5 M in C1- and O.% F in
thicacetamide, and which contalns the amphoteric group elements is heated
elmost to boiling end then placed in boiling water for 3 minutes. To this
hot solution is mdded 1 ml of 3 F (NHM)2S°h‘ This procedure reduces the
possibility of HoS being swept from the molution by accidental boiling of
the solution, and alsé provides better control of the acid concentration
for the precipitation of lead. The results of experiments in which this

procedure was used are presented below.

Taken (mg) Observations
Pb(1I) Zn(1I)
a 1 The precipitate formed rapidly
when (NH))2S0Yy wae added.  The
precipitation was complete.

b 25 No precipitate was observed.

c 10 10 The lead precipitated completely.
Zn was not coprecipitated.

4 25 1 As in c.

(b) Precipitation of zinc from elkaline solution with thiocacetamide
was investigated. The procedure followed was to treat the indiceted a-
mount of zinc (II) as in the precipitation of the sulfide group, experi-
ment (v) above, and then edd excese NaOH. Any precipitate obtained was

removed and the solution wag treated with NeHS.

Zn teken Effect QObserved
(mg) Alkalire TAA NeHS

1 No precipitate l mg Zn as ZnS.
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10 8 - 10 mg Zn as ZnS 0.5 - 1 mg Zn as ZnS.
50 Large white precipi- 1 - 2 mg %Zn as ZnS.
tate

These experiments indicate that ZnS can be precipitated in alkaline
solution by mesns of thioacetamide if an acid solution of TAA and zinc is
first heated and then made elksline. It is probable that the precipita-
tion is accomplimhed by the hydrogen sulfide produced in acid solution by

hydrolysie of the thicacetamide.
2. ALUMINUM-CHROMIUM GROUP

Basic Benzoate Precipitation. Tabuler Qutline XII; Procedure 71.

Destruction of thiocacetemide by oxidation subsequent tc the precipi-
tation of the sulfide group wae attempted by use of NepOp, Brp, Br03",
and 0107, In no case was the procedure satisfactory, so a procedure for
the removal of the gluminum-chromium group from the thiocacetamide solution
was developed.

The practicability of precipitating slumimum, zine, chromium (III)
and venadium (IV), following the thiocacetamide treatment, by tuffering the
solution with benzoic acid - sodium benzoate was investigated.

The indicated constituent in 12 ml of a solution 0.25 ¥ in HC1, 1 F
in NaCl and O.4 F in thioacetamide was heated almost to boiling for 3 min-.
utes, then diluted to 20 ml and heated for 1 mimte. Four milliliters of

1.5 F gmmonium benzoate were added and the solution was swirled for 2 - 3

minotes.

Teken (mg) Observations

e 1 2n(II) No precipitate.* (2nS precipitated
readily with NeHS in alkaline solution).
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b 10 2zn(II) Zn completely precipitated.

¢ 50 Zn(lI) 1 - 2 mg of 2n not precipitated.
Large precipitate of benzoic acid.

a 1 v(v) 0.7 - 1 mg V in precipitete.**

e 10 V(IV) § - 10 mg V in precipitate.

f 1 AL(III) Completely precipitated. Voluminous
white precipitate.

g 10 AL(III) As in f.

h 25 AL(III) As in f.

i 1 ¢or(111) Completely precipitated. Voluminous
blue-gray precipitate.

J 10 Cr(I1I) Ae in 1.

k 25 Cr(III) As in i.

* Bxperiments made in the subsequent study of thioscetamids
make it appear probable that in experiment (a) the HyS pro-
duced by hydrolysis of thiocaceteamide in acid solution was
swept from the solution, thus preventing the precipitation
of ZnS when the solution was made alksaline.

** This small amount of venadium did not precipitate from

the warm solution, but wes carrled down by the large amount

of benzolic acid which precipitated as the solution cooled.

When the benzoic mcid wes redissolved, the vanadium remained

precipitated.

Thus, the basic benzoate precipitation is satisfabtory for the pre-
cipitation of the sluminum - chromium group, if some sulfide ifs added

(as NoHS) to insure the precipitation of zinc as sulfide.

Separation of Chromium and Vanadium. Tabular (utline XIV; Procedure &1.

The separation of chromium from vanadium by precipitation of leed
chromate from dilute strong aecid solution followed by precipitation of
lead vanadete from acetic acid -~ sodium scetate buffer was investigsted.

The indicated quantities of Cr(VI) and V(V) were taken in 6 ml of

nitric acid of the concentration shown. Two milliliters of 1 N Pb(N03)g
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were pdded; any preciplitate was removed, and

sufficient 3 N I:IHMCEH}OQ was

added to give a ratio of acetic acid to acetate of unity. The final volume

was about 10 ml.

cr(vi) v(V) (u*) Observaetions
ng - mg (initial)
a 50 o 0.3 M 0.1 mg not precipitated from
strong acid. '
b 0.5 0 0.3 Precipitaetion complete.
¢ O /0 0.3 2~ 3nmg precipitated from

ptrong acid. BRemginder pre-
cipitated completely from

buffer.

d O 25 0.3 No precipitate from strong
acid. Quantitative precip-
itation from buffer.

e O 0.5 0.3 As in d.

f K0 0 0.6 0.1 mg not precipitated from
strong acid.

g 50 0 1.0 Ag in d

h 0.5 0 1.0 As in d.

i O 50 1.0 As in 4

J o 25 0.6 As in @

k O 5 1.0 As in d.

Chromium can be separated from vanadium

&8 lead chromate from 'solutions

0.3 t0 1.0 M in HNOB; however, a emall quantity of chromium remains unpre-

cipitated in 0.6 to 1.0 M HNOS. Only with 50 mg of venedium (two times the

maximum provided for in the pystem) is some lead venadsate precipitated

from O.3 M Hm)},. The latter concentration was chosen as the most suitable

for the separation.

Estimation of Vanadium. Tebular Outline XIV; Procedure 8Y.
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Ixperiments were made to develop a sultable colorimetric estimation
for venadium by making use of the intense color of peroxyvensdate.
(a) Bffect of initial oxidation state.
To the indicated amount of vansdium (IV) in 2 ml of 3 N HpS0Y was
added 1 ml 3% Hs0p. The color wae compared with that obtained by identi-

cal treatment of the same quantity of vanadium (V).

v(Iv) Color intensity, relative
to same quantity of V(V)
ng
a 1 Very slightly darker than
with V(V).
b 10 ldentical.
c &5 Just detectably lighter

than with V(V).

It appears that the excess of hydrogen peroxide is largs enough %o
obscure any effect of initial oxidation state of the venadium.

(b) Bffect of concentration of sulfuric acid.

Two sets of solutions were prepared: (1) Vanadium (V) in sclution
of 2 ml 6 ¥ HoS0) and 1 nl 3% HoOp, and (2) Vanedium (V) in solution of

2 ml 3 N HoSOy and 1 ml 3% HpOp. The intensitiee of colors were compared.

V(V) teken The color corresponded to
this quantity of V(V) in set 2
(set 1)
1 ng 1l ng
10 15
22 30

The intensity of color of the peroxyvanadate increases with the con-
centration of sulfuric acid: therefore control of the acid concentration

is essential for satisfactory estimation of vansdium.
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(c) Effect of concentration of hydrogen percxide.

Three identical 3 ml portions (1, 2, 3) of 4 N HpSOy were prepared
and to each was sdded just 1.0 ml of 3% Hp0p. To (1) was added 1/3 ng
V(V), to (2) was added 2/3 mg V(V) and to (3) wae added one mg of V(V).
To & fourth 3 ml portion of Y N HoSOy was added 1.0 ml water, 1 mg V(V)
and 1/30 ml of 3% Ho0p. The color corresponded to that of solution (3)
and showed no change when up to 1 ml of Hplp was added. It is concluded
that the intensity of the peroxyvanasdate color is not critically depend-
ent upon the concentraticn of hydrogen peroxide, so long ag the peroxide

is in excess of the vansadete.
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D. THE ACIDIC ELEMENT GROUP

1. REMOVAL COF AMFHCOTERIC ELEMENTS. Tabular Qutline XV: Procedure 101.
Bxperimente were made to determine a suitsble procedure for removal
of certain amphoteric elements from the portion of the fusion solution

which is to be analyzed for the acidic elements.

The Use of Jon Exchange Resin.

Solutions, 10 ml in volume, 0.6 ¥ in HN03 and containing the con-
stituents indicated were swirled 2 mimtes with successive 2 g (moist
weight) portions of acid charged Dowex 50 cation exchange resin, particle
size 0.5 - 1.0 mm. The number of such treatments necessary to effect com-

plete removal of the element in question is shown.

Taeken (mg) Treatments with resin
for complete removal

25 AL(III) 2

25 v(1v) 4 (1 mg remained after

3 treatments.)

25 Cr(III) 5 -8

It was concluded that removal of the amphoteric elements with this

ion exchange resin was impracticel for the system of analysis.

The Use of Monohydrogen Carbonate ~ Carbonic Acid Buffer.

Carbon dioxide was bubbled through a 10 ml portion of the fusion
solution, which is mbout 2.5 F in NalH and 1 F in N32003, until a pH of

8 was obtalned. The precipitate was removed by centrifugation.

Teken (mg) Observations

a 1 8i(1v) Precipitate formed in 10 mimmtes;
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*

1 Si(IV)*
10 si(1V)

10 Si(IT)*

25 Si(1IV)

10 A1(11I)

10 zn(II1)

25 A1(III)
4 ®(V)

25 AL(III)
4 As(V)
25 P(V)
25 Pb(1I)

Plus 20 mg 2Zn(II).

a9

precipitation essentially com-—
plete,

Precipitetion complete in L min-
utes.

Precipitation complete in & min-
utes.

Precipitation complete in 6 minutes.
Precipitation started in 5 mimutes;
complete in & - 10. Less than 1 mg
not precipitated.

Frecipitation complete in 5 minutes.

Precipitation complete in 5 minutes.

Only a trace of phosphate not co-
precipitated.

Arpenic not coprecipitated.

Precipitate formed, but almost all
of thie dissolved upon being washed
with water. Most of Pb(II) in solu-
tion.

Added Zn(II) speeded the precipitation of S$i(IV), particularly when

the latter was present in small gquantity.

zinc and silicon is satisfactory with these conditions.

2. INTRODUCTION OF SILICA INTO THE SAMPLE FROM GLASSWARE.

The precipitation of aluminum,

In the separation of the elements into groups, the fusion melt ie

treated with water and boiled for meveral mimtes in a Pyrex beaker.

The

portion of the alkaline sclution to be anaslyzed for the acidic group is
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stored in a Pyrex test tubs until the time of ite ansglysis. The rela-
tive amounts of silicon introduced into the sample by the bolling and by
the extended period of contact with glass at room temperature wers deter-
mined. The solution used in each case consisted of 1 g Na0H, 1 g Na2003
and 0.5 g NaN03 in 10 ml HpO0. The silicon wee detected by treatment of

the solution with fuming HpSO).

(i) Comperison solution. The solution was prepared in
a nickel cruclble and stored in a carefully paraffined test
tube. No silicon found in this case.

(i1) Contact with glass at room temperature. The
solution was prepared and stored in a 15 x 125 mm Pyrex
test tube. After 9 days the solution was tested for S5i(IV).
0.2 mg Si(1V) in the solution.

(iii) Contact of boiling solution with glasa.. The
solution was bolled 10 mimutes in a 50 ml Pyrex flask.

As a result of this treatment, 2 — Y mg Si(IV) were in the

solution.

These experimenta show that the short treatment at boiling tempera-
ture cemses much more silicon to be introduced into the sample than does

contact with glass for an extended period at room temperature.

3.  ESTIMATION OF IODINE AND BROMINE. Tabular Outline XVI; Procedures
106, 108.

Experiments chowed that satiefactory estimation of iodine could be
made by extraction into 2 - 5 ml of CCLy, followed by addition of 2 ml of
water and 0.5 mmole of HN03 and titration with AgNOS. With similar con-

ditions the estimation of bromine was unsatisfactory. If the dromine was
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first reduced, the estimation by titration with AgN03 gave good results.

Taken Estinetion
ng ng
RO I Lg
0.5 1 <l
10 Br 6 - 12 ZEndpoint very
uncertain. '
20 Br 12 (?) Endpoint very
uncertain
20 Br¥* 18
30 Br** 28

* Before the titration, 1 ml Hp0, 0.5 ml Calis0H
end 0.5 mmole HNOz were added to the CCly soli-
tion of the bromins.
** The bromine wae reduced to bromide with KNO, -
HNO}. The bromide was then titrated with AgNO3.
k., INTERFERENCE OF LEAD IN ANALYSIS OF PHOSFHORUS GROUP. fTabular Out-

line XVII; Proceduvrss 113, 115.

It was observed that lead is only partially precipitated by the car-
bon dioxide treatment of the fusion solution. Pherefore, experiments were
made to determine if lead interferes with the analysis of the phosphorus
group. The constlituents shown were treated with excess AgNOB in an ace-
tic acid-acetate tuffer, the precipitate was separated, washed and treated
with 6 N HC1. The filtrate from this treatment was made ammoniacal and
treated with magnesium nitrate reagent which was 0.5 F in Mg(N03)2. 3 F
in NHuNO3 and 0.2 ¥ in NMHYOH. The precipitate was dissolved in HN03 and

treated with ammonium molybdate solution.
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Taken Observations
ng Magnesium Nitrate Ammonium Molybdste
Treatment Treatment
a 2 P(V) White crystalline Inﬁense yellow pre-
precipitate. cipitate.
b 2 P(Y)
25 Pb(II) 4s in a. As in a.
¢ 25 P(V) Large white crys- Heavy yellow precip-
talline precipitate. itate.
a 25 B(V)
25 Pb(II) 4As in c. As in c.

No effect of the lead was detected, either upon the size or sppear-

ence of the precipitates of phosphorus.

5.  SEPARATION OF ARSENIC FROM PHOSFHORUS. Tabular Qutline XVII; Pro-

cedure 11k,

Thicacetamide was found to be satisfactory for use in effscting the
separation of arsenic from phosphorus in 0.6 F HC1. Nolsulfur wes ob-
served to precipitate during subsequent treatment of the filtrate, and
there wae no interference with the precipitation of the phosphorus as

smnonium molybdophosphate.
6. CONFIRMATORY TEST FOR SULFUR. Tabular Outline XVIII; Procedure 121.

Experiments were made in an effort to devise.a confirmatory test for
sulfur which would also permit its estimation. Sulfur Ls detected as
BaS0y, so the following experimente were made upon freshly precipitated
BaSOy: (i) Fusion with NapC03 (or NalH) end peper pulp.-

One milligrem of BaSOy was mixed with about ten times its volume of
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paper pulp and fused as indicated; the melt was cooled, treated with water

and tested for the presence of sulfide.

Fasion reegent Results

0.5 ¢ Na2003 Mass did not fuse; no sul~
fide detected.

0.5 g NaQHE Mass fused well; no sulfide
detected.

No further experiments were made with this procedurs.
(11) Reduction of sulfur (VI) with HI and H3P02.

The indicated quantity of sulfur as BeSOy was treated with a boiling
solution which coneisted of 0.2 ml of 50% HzPO2 and the quanity of 7 F
HI shown. Alr was drawn through the reaction solution and into &n am-

moniacel cadmium solution.

8(VI) (es HI Observations
BsSO),) (1 )
2 ng 1 mlw™ <0.5 mg B as Cds.
0.5% 1 CdS corresponded to 0.5 mg 8.
2 1 CdS corresponded to 2 mg S.
10%* 1.5 CdS corresponded ﬁo 5 mg 8.
20% 2 C4S corresponded to & - 10
mg 8.

* A bath concisting of CaCl in water was used for hest-
ing the reaction mixture to 130° C. About 2 mimutes were
required to get the first CdS. The remainder precipitated
in 5 - 10 minutes.

** 1 nl of 15 F H3POy added in this experinent.

This procedurs wes found to be satisfactory only for small quantities
of sulfur, end even for such quantities the procedure required en exces-

sive amount of timse.
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TABULAR CUTLINES

The following section showe in tebular form an outline of the pro-
cedures for detection and estimation of the elements included in the
system of anelysis. These Tebular Outlines are taken from "Systematic
Elemental Anélysis“ and are designed to indicate as concisely ae pos-
Bible the steps involved in the making of anslyses and the chemistry in-
volved in each procedurs. The designations P. 1, P. 2 etc. refer to the

detailed procedures in the text, while the underlined portione indicate

the treatment of the memple. (3)
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Tabular Qutline II
Behavior of the Blements after Treatment of the
Pusion Product with Water.

Separation of the Basic Elements

P. 2 Fuse the sample with NeCH, NalNO3, and Naecoz

P. 3 Treat the melt with hot water.

Residue ' Solution
Basic Elements Amphoteric Elements ‘Acidic Elements
Fex03, MnOp, Ti0p PO(OR))Y, Cu(oH);™,3| 17, Br7, C1°
BaCO3, Cal03, Mg(OH)z | AsOLE,Y sn(OH)g™ POIE, ASOIE, SOF, I
Ago0, bg,. Cu0, Wil AL(OH)), Zn(CH) 3~
[PbOs, Sa0pt 0roy”, VO3” No3”, C05%,0

One half of the solution is used for the anal-

Beparate Sample yeis of the emphoteric elements and the other
Alkali Metsls? half for the acidic elements.-
Néf, x*

1 ZHlements in brackets sppear where indicated only when present in
large quantities or as the result of imperfect separations.

2 A seperate sample ies analyzed for sodium and potassium becamse their
hydroxides and cerbonates are soluble, and because sodium salts are
used in the fusion. '

3 Only & small amount of copper is dissolved.

4 Arsenic will appear with both the Amphoteric and Acidic Elements and
may be detected in either group.

5 Separate samples are enalyzed for these elements.
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Tabuler Qutline Ila

Treetment of Alloys

P. 4 Trest sample with ENO;.

Solution: Mot™, mict™, Fet™, Mg*t, Agt, outt, mitt
P, mttt, za™, ottt ot
Precipitate: Sn0Op*xip0

(1;’ necessary add HCl, then more HN03. Bvaporate.

_égg% Evg.Eoraf,e o2~ 3 ml.
Solution: Ti0™t, Pt ug™t, Agt, cu™, witt
oY, mttt, orp047, vogt
Precipitate: MnOp, SnOp°xHg0
Separation of the Basic Element Group
Neutralize with 6 N NaOH; add excess. Add 30% HoOp.

Add water. Heat (Treat by last part of P. 3)

Residue Solution

Basic Elements
MnOp, Ti0p, Fepl3z
Mg(OH)»

Ag20, Ag(g), Cul,
Ni(OH)2

To P. 11

.Amphoteric Elements

Fo(OH) ), Cu(CH)3~
Sn(0H)y™
AL(CH) T Zn(CH) 3"

Croy~, VO3~

To P. 51 .

Acidic Elements

Siof, AsQ)=

PO}F—, ' SO)f

Usually present in
emell quantities gnd
not included in this
syetem of gnalysis for

slloys.



38

*PIGOS T dnoxsn sutuwuy T230W 8UL
luctynyos 2(Ho)IN ‘Onp ‘0S3y :ejmirdrosag

dncxn yjaem
QUTTENTY eul

€(H0 )3

.mmzl 3no Tyog “HOBR PPY T¢ °d
- £00 ‘HoMmt ‘_mo ‘_20fieo

RN TR  ¢ 2(fm)y  tuotantos

i
{

£00e0

‘Cooeg | dnory WNTURYLE OUT
|

”oawpﬂﬂﬂuohmm

i
-Zon2ey PU® HOPN ‘HONEN DOV 12 .,L

"_208m0 ‘SofREOH ‘NN !, TN ‘.m0 .B¥ ‘L SW ‘80 PG iUOTINTOS

Soug ‘Soqa
2013 *Coun

‘20t ooeg ‘tofed

teyeiidiveag

.mowmmozmz POy -eztTeIineu £134ed ‘8inlid

2010 ‘210 iwep

L]

2oug ‘©0qg

E I R0 Y G N, B0 T Pe Yy, e T 01T fuoTinTog

HRCER Jo b l-B iy

{010y PTe LONH U3TA 380I% 1T 'd

[Cous :20qd] ‘dnoxy eutwmy TeISN 8UL “OIN ‘Onp *Sy ‘0%FY

-dnozp yideg SuiTSATY oul -2(HO)FH ‘fooen ‘foosa

*dnoxy umMIUEITY oYL

‘2075 ‘20un ‘%0204

gdnoadqung ojut dnoap juswey OIseg 8U3 JO uorieavdey

III SUTTINO JIB8TNGRY

tenpTasy woIsng



39

Tabular Outline IV
Anglysis of the Titanium Group
(See Pabular Qutline III for the separation of the Titanium Group)

Precipitate: FGZOB'FeOCQEBOE, Ti0p, MnO,.

P. 12 Treat with'HESOH, NepSOy, and KNOp. Boil out NO and KOo.

(Tis0,™", Fesoyt, ')

Dilute to 10 ml. and analyze separate portions.

1 ml portion 1 ml portion 5 ml portion

Dilute. Dilute. Add H3PO) and HpOp.
Add KSCN Add NaBiOs (HgT40)y; orange color)

(FeSCN™™, red color) (Mncuf, parple color) Match color with known

Match color with knowni Match color with titanium solution.
ferric iron solution. known permanganate P. 15
P. 13 solution.

P. 14
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Tabular Qutiine V

Anglysis of the Alkaline Earth Group

Group Precipitate: BaCO3, CaCO3, Mg(OH)2 (See Pabuler Outline III)

P, 22 Dissolve with HNOZ. Add EoCrQy.

Neutralize with KOH.

Add HN03 and excess KaCrOy.

Precipitate: Solution: Ca'*, MgMt, Cra207~.

BaCroy P. 24, Add KpCpOl, then add excess NHYOH.

P. 23 Dissolve in

hot 12 N HC1. Ppt: CaCp0y

(Ba**, orcit™, clp) iP. 25. Add HpsOy.

Dilute, add Nap80y. |(C&™, H050))

Ppt.: Bal0y Add KMnQ)

Add CoHZOH.

Ppt. CaSOy

——— e i o bt i e s

Solution:
Mg(C20y) ™, C20y~, CxO)F
NHuOH.

P. 26- _A_d.g. mzPOh.

Ppt. MghH) POy | Solution:

P. 27 Dissolve { Discard

Ad NeDH end CypHoNz0y

Mg(OH)z - Gy gHgN3OY lake (blue)
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Tabular Qutline VI
Analysis of the Metal Ammine Group
Group Precipitate: Agp0, CuQ, Ni(OH), (See Tabular Outline III)
P. 32 Dissolveg%
(agh, cutt, witt, m¥, §o,).

A WL
Precipitate: Solution: outt, mit*, mmt, o1, mt.
AgCl P. 34 Neutralize with NHjOH; add HpSOy .
P. 33 Dissolve Add XI
in NH4OH. (Cul, Ip and I37)
(Ag(HHz) 5", C17) | Add NapSOs.
Add X1
Precipitate: Agl| Precipitates Cul Bolution: Ni'H'; 1, Hsou', H2303
(yellow) P. 35 Add BHyOH P. 36 Add excess miuon
(Cu(¥E;)o%, 17) (Fi(NHZ)"F, 17, 5047, 8057)
Add HpOp Add (CHz)2C2(NOH) 2
Cu(NHB)h"'+ Precipitate;
(Blue) Wit (CH3)202N0H'NO]2
4dd KyFe(CN)g (red)
and HOg#0p
Precipitate:
EpCuFe(CN)
(red~brown)
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Tabular OQutline VII

Analyeies for Sodium and Potassium

Preliminary Flame Tests

P. 41 Treat separate sample with 12 N HCl.

Moisten platinum wire. Heat wire in flame.

Yellow flame: presence of Na

Violet flame: presence of K

Detection and Estimation of Sodium and Potassium

P. 42 Treat separate sample with CaQ and (min)acoz.

Boil until _@3 expelled.

Solution: N&©, ¥*: 1™, Br~, €17, NO3"| Residue: MnyOs, Ti0p, FeO, Fop0s,

Dilute to 5 ml. Tske portions.

BaGOB, 0&603, Mg003, Agp0, Cul,

P. 43 Take 1 ml} P. 44 Take 2 ml
portion portion.

Add HCpH40p and | Add HOpH30p and

§10, PbCO3, Ca(asOy)z, Su(CH)y,
Al503, Zn0-Zn03, Cr(CH)s,
Ca(VOB)g, CaB(POu)g, CaFp,

CaS103, CaSOy -

Ra-0o(NO»)s. Mg(CL0y) 5.
——1————2—§ —--——9—2- GaCOjand excess Ga(OH)g
Precipitate:
Discard
KoNaCo(N02)6 .
(yellow)
Precipitate: Solution: Add Mg(CpH30p)p----U0p(CoH302)2
KC10y reagent
Discard Precipitate: NaMg(UOa)B(CZHB‘Oe)g()HZO
(pale yellow crystals).
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Tabular Outline IX
Apelysis of the Sulfide Group
Separation of the Lead Group from the Arsenic Group
Precipitate: FbS, CuS, AspS;, 4SSy, SnSp (S, HpSi0;)

P. 52 Trest with NeHS and NaQH.

Residue: CuS, PbS Solution: As§)F, sﬁsj‘} So"
(Hp8105) P. 61 Acidify with EGl.
The Lead Group (Asgs5, SnS,, HoS, 8)
The Arsenic Group

Tabular Outline X
Anglyeis of the Lesd Group
Lead Group Precipitate: PbS, CuS.

P. 53 Trest with HNO

Residuse: Soluticn:

(S, HpSi0s) cutt, ot

P. 54 Add (NHy)o850y

Precipitate: Solution:
bSOy, cutt, HS0,”, 50,7
F. 55 Add NH)CoH,O,. P. 56 Add NH),OoH 10, and
(FoeoH;0z") KyFe(CN)g.
Add KoCr0y,. (CupFe(CN)g - brown)
(Pbcroh - yellow)




Tabular Cutline XI

Anaglysis of the Arsenic Group

Sulfide Solution of the Arsenic Group from P. 52:

AsS®, Snsy”, S5, 5, CH

P. 61 Acidify wi_th HC1.

Precipitate: Asess. Sn85, 8

P. 62 Mske solution 6 ¥ in HCl. Heat. (H,S)

Residue: ASQS5 , 8.

P. 63 Treat with NeOH

and HQOE. Heat.

(As0y~, S0y)

Feutrelize with HNOE. Add

NH\OH, NHNO;, and Mg(NOz)g.
Precipitate: MgNHuASOM

Treat with AgN Zgn__d

HOgH 505,
(AgzA80y - Ted)

Solution: 8nCl,~, ¢1”, K

P. 61 Neutralize with NH),OH; heat

Precipitate: Sn0Op Hp0,

P. 65 Dissolve in HCl

(8n0lg")

Add Pb metal; heet.

(8nCly~, PBO157)

4dd HeClp

Precipitate: HgoClp, Hg.
(Sn0lg, FbOls )
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Tabular Qutline XIII
Anelysis of the Alumirmum Group
Precipitste from the COp Trestment (P. 73): AL(CH)3, ZnC0y

P. T4. Dissolve in HCl. Add solid NHyCl, then NH)OCH.

Precipitate: Solution: Zn(NHy)y™
AL(CH) 3 NH,OH, ME,%, c17.
P. 75. Dissolve in HCI1. P. 76. Add NeHS.
Neutralize with NaOH and HC1.
Ppt. 2nS. | Solution: NH)OH, NEy*

Add HCoH 0o, WH)CZH;0p, and .

C1™, HS™
"aluminon."

Discard
A4 (VE,,)oC05

(u(on)s. Red Leke)

P. 77. Dissolve in ECL. (Zn™, HyS)
Add X Fe(CN).

(KpZnz(Fe(CN)g) o)
White Precipitate.




Tabular

Lg

Qutline XIV

Analysis of the Chromium Group

Solution from the CO, treatment (P. 73): OCr0y~, VO, , HCO, , H,0,.
2 L 3 3 2v2

P. 81. Ad4d KMnOj. 3Boil (0p).

Solution: Cr0y~, VO3 , GOz .

Add HNOs

Precipitate: Mn02

Discard.

(Cr,0,~, orange color; V(OH),Y, greenish-yellow color)
277 L

4dd Po(NO5)a.

Precipitate:

PbCrOh

P. 82, Add HpSOy

Solution: V(OH)A*, et H+, NO

3

P. 83%. _ﬁiﬁ. NH)#CZHZOE and Pb(CgHBOE)z.

Sclution:
Gr207=,
orange
Add NeOH

Cr0ﬁ=, yellow.

Precipitate: Ppt. Pb(vo3)2 Solution:
PBSOY, P. 84  4dd HpSOy Discard.
Discard and NaaSOz
Precipitate: Solution: V(OH)
PbS0y, Boil 231.592.

Add H,0,. (HVO - orange).

————
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Tabular Outline XVI
Aneglysis of the Halogen Group
Precipitate from P. 103. Agl, AgBr, AgCl.

P. 104. Add NH\OH (Ag(NHz)g", €17, Br™). Add 2n.

Residue: Ag, excess Zn | Solution: I, Br-, C17, Zn(ms)n""", NH), OH

Discard P. 105. Add excess HNOE.

(zat, mF, 2, W03).
Add KNOp. Sheke with CCly. Separate Fhases.

COly Phase: I, Weter Phase: Br-, €17, zi*", N0, MOy,
P. 106. Add H0 end AgNOy ;T :
. 107. : :
(Ael( oy 46105(y) P. 107. 3Boil out XO. GCool

Add KMnQy. Sheke with CCly. Separste Phases.

. v - .H' X - -
CClu Phase: 3Br, Water Phase: €l , Zn™", H03 » MnOy ,
P. 108. Add HyO, HNOy and wa, Y, Ht
KNO,. Seperate water phase. | P. 109. Add KNO, (C17, zu'', N0,
(Br~, N057) watt, mEyt, ®V)
Add hglO5. Hest. Add AglOs.

(AgBr(s)) (Precipitate: Agcl)
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Tabular Qutline XVII
Analysis of the FPhosphorus Group
Precipitate from P, 111: Ag3P0u, Ag;.&sch. (AgoCroy, Agvoj).

P. 112. Trest with HNOE and NH,C1.

Precipitate: Solution: H3POy, H3AsOy, CrpOy , V(CH)y

A0l Add NHNOR. (HPO)®, HAsO)T, Croy”, V037

P. 113. Add Mg(N03)p and NE)NOs.

Precipitate: Solution: GrOy~, V037, €17, ¥os~, g™, may*, mmyoH

MglH),PO), " 6H20 Discard or treat by P. 8l.

MgNH1,A50, " 6H0
P. 114, Dissolve in 9 N HCL. (H;POy, H;As0), Mg, mEt)

| Hest. Add CHyCSMHp

Precipitate: Solution: HyPOy, Mg', NE,Y, CH;CSMEp, HY, C1

Ases5, ABQSB, ] P. 115. ZEvaporste. Add HNO:. Evaporate.

Discard or Add (NHy) 2MoOy.

treat by P. 63.

Precipitate: (NHH)BPMolaOhO (yellow). | Solution:

P. 116. Dissolve in NaCH. Discard

NHy', HPOy™, MoOy®
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Tebular Qutline XVIII
Analysis for Sulfur and Fluorine
Solution: 807, EF, , A€', W05 , ChH;0,7, HOH;0,

P. 121. Add HNO; end Ba(N0s)j.

Precipitate: Solution: HFy”, A%, HY, 0™, Be*, HCH;0,
Bas0), P. 122. Neutralize vith NapCOs.
Add HOH,0p and Ga(NOZ)a.

Precipitate: GaF2 Solution:
P. 123. Dissolve in HNOE Discard
(cet, BF,T)

Add KSCN. Titrate with Fe(NO.)
33

(FeF™; with excese Fe(NO3) 3

FesSCN™, red.)
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PART 1I1I. THE STANDARD POTENTIAL OF THE IODINE-IODINE MONOCYANIDE HALF (ELL
Introduction

Titrations are in use which involve the oxidation of iodine to iodine
monocyanide in acid cyanide solutions. (1). These titrations do not re-
quire such high acid concentratione as do the corresponding iodine mono-
chloride titrations (2). The study of the iodine-iodine monoéyanide half
cell potentisl wae made because of the use that thie potential would have
in the calculation of equilibria end end point conditions during iodine
monocyenide titrastions. |

Barlier measurements have been made of the iodine-iodine monocyanide
helf cell potential, but the lack of consistency of the results leaves the
data in question. 1In 1912 Kovech (3) studied the iodine-iodine monocyenide
system and from her data the value -0.60 v is calculated for the re;ction

I (IM) + HCN = 2ICN + 26" + 2~ | h (1)
However, from Kovach's data the iodine-iodide half cell potential is calcu-
lated, with corrections for complex ion formation (4), to be -0.520 v;
0.016 v different from the velue given by Latimer (5). More recently Gemgin
(6) reported an average value of -0.640 v for reaction (1}. In his study,
deviations from the mean were large, becoming 0.180 v at H 6.

In the present investigation potential measurements were made through
the concentration ranges 0.2 to U F HC10y and 0.06 to 0.3 F total cyanide,
end the value -0.625 * 0.003 v was obtained for equation (1). In the course
of the potential measurements & re-evaluation of the equilibrium constant for
the expression

Ip + HON = ICN + I~ + HF 2

was mede by & etudy of the solubility of iodine in HCN solutions, and the
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value 0. 870 £ 0.009 moleg/liter was obtained.

EXPERIMENT AL

Reggents.

Resgent grade chemicals were used in all preparations. Volumetric ap-
paratus was calibrated prior to ite use.

A 6 VF perchloric acid solution was prepered from the 60% acid and was
standardized against sodium hydroxide solution which had been standardized
against potassium hydrogen phthalate.

Standafd golutione of potassium iocdate, approximately 0.1 and 0.002
VF, and of silver nitrste, 0.1 VF, were prepared by weight from the salts.

Sodium cyanide solutions, 0.6VF, were standardized by a modified Lie-
big titration just before each experiment. A 10.00 ml portion of the cy-
anide solution was mixed with 2 ml of 6 VF sodium hydroxide solution, 2 ml
6 VF aomonium hydroxide and 1 ml of 1.0 VF potassium iodide solution.

This solution was diluted to 50 ml and titrated with silver nitrate solu-
tion to the appesrance of the eilver icdide precipitate;

The required quantity of resublimed iodine was ground in an agate
mortar immediately before each experiment.

Commercial tank hydrogen wes passed through a washing éhain similar
to that described by Kolthoff and Laitinen (7). In early experiments the
potassium permanganate solution specified by these workers was trouble-
some because of the formation of large quemntities of manganese dioxide, and
was replaced by a solution 0.5 VF in chromic trioxide, 4 VF in phosphoric
acid and 9 V¥ in sulfuric acid.

Apparatus.
The cell assembly, shown in Figure I, consisted of three 200 ml lip-
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less beakers connected by glass tubing bridges to a single intermediste
vessel. The bridges were prepared from 6 mm 0D glass tubing and were fit-
ted with ground glass stopcocks. One of the 200 ml begkers contained the
iodine-iodine monocyanide half cell solution, and the other two contained
hydrogen electrode assemblies. The temperature of the half cell solutiocns
was maintainea at 25.0 t 0.5° C by means of water baths.

The besgker which contained the iocdine-iodine monocyznide half cell
solution had a tightly fitting stopper through which passed tﬁe bridge,

& bright platinum wire electrode, mounted in 6 mm glass tubing, and an in-
let tube which was flared and ground to fit the tip of the pipets used for
adding the half cell solution components, thus permitting their addition
without loss of hydrocyanic acid. A magnetic stirrer provided constant
stirring throughout the measurements.

Two different types of hydrogen electrodes were prepared as shown in
Figure I (8, 9). No significant advantage wee found in §ne type over the
other for the purposes of this study. The electrodes were platinized by
the procédure of Lorch (10).

The potential measurements were made with a Gray Instrument Company
Model E potentiometer with a Leeds and Northrup enclosed lamp and scale
galvanometer.

Procedure.

In experiments made to determine the equilibrium constant for the dis-
proportionation of iodine in the presence of hydrocyanic acid, two sets of
solutions were prepared in glass stoppered flasks. One set was prepered
by the addition of weighed portions of sodium perchlorate to standard per-
chloric acid; the other was prepared by mixing standard solutions of sod-

ium cyanide and perchloric acid. The final perchloric acid concentration,

sodium perchlorate concentrstion and ionic strength were the same in both
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set§ of solutions. PFinely ground iodine was added in excess to all solu-
tions and the mlxtures were maintained at 25 * 0.2° ¢ for periodse of time
up to seven deys. BSamples were transferred by a 25 ml pipet to 300 ml
iodine flasks which contained 5 ml of carbon tetrachloride and sufficient
hydrochloric acid to mgke ite finel concentration 4 VF. The solutions were
then titrated with 0.002 VF potassium iodate by the procedure descridbed by
Swift (2). Titrations were repeated on successive daye until the reproduc-
ibility of the results indiceted that equilibrium hed been achieved.

In the potential measurements, calculated volumes of water, potas-
sium iodate.solution, and perchloric acid were added to an excess of fresh-
1y ground iodine in the iodine-iodine monocyanide helf cell besker. The
besker was stoppered and standard sodium cyanide solution was added from
a pipet through the inlet tube. The bridges, intermediate vessel and hy-
drogen electrode chambers were filled with perchloric acid of the same con-
centration as the final molsl concentration of perchloric acid in the iodine-
iodiné nmonocyanide half cell. Potential measurements were made et five %o
ten minute intervals until the readings remained constant within 0.1 nv
for at least thirty mimutes. In preliminary experiments it was found that

the cell potential remained constant to 0.1 mv for twehty four hours.
DISCUSSION

Digproportionation of iodine in hydrocyanic acid solutions.

The equilibrium constant for the disproportionation reaction must be
known if the concentrations of the species present in the iodine monocy-
anide half cell sre to be calculated. Earlier calculations of the equi-
librium constent for equation (2) by Kovach (3) and by Lewis and Keyes

(11) depended upon conductivity and vapor pressure measurements, respec-
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tively. In each case the mcid concentrations at which the measurements
were made were appreciably lower than those which were used in the present
potential measurements. Therefore, it was concluded that e determination
of the equilibrium constant should be made by an independent method with
corditione comparable to those used in the potentisl measurements.

. The solubility of iodine at 25° C in solutione 1.00 VF in perchloric
acid end 0.089 VF in sodium perchlorate wae found from a series of eight
experiments to be 11.95 * 0.12 x 107t F. 3By the use of this value for the
solubility of iodine, the dissociation constant for the tri-iodide ion,
K=1.3x 10~3 at 25° C {(12), and the titer of the solutions which con-
tained hydrocyanic acid, the equilibrium constant for equation (2) can be
caiculated. The concentrations of iodide and tri-iodide ions are calcu-
lated directly end the iodine monocysnide concentration is equal to their
sum. The hydrocyanic acid concentration is the difference betwsen the ini-
tiel formel sodium cyanide concentration and the iodine monocyani@e con-
centration. In Teble I eare shown the experimental datas, the calenlated
concentrations of the various species, and the calculated disproportiona-
tion constant; the average value of the latter is 0.870 ¥ 0.009.

The values obtained for the constant by other methods are negr this
value. Calculations from the date of Lewis and Keyes (11) give values
ranging from 0.91 to 1.67, with a "weighted mean" of 1.4, Kévach's val-
uee for the constant range from 1.17 to 1.50, with 1.38 as the average.
Yost and Stone {4) have applied their formstion constants for the iodine
dicyanide and di-iodocyanide complexes to XKovach's data and obtalned &
corrected average value of 1.50. |

In the present calculations of the standsrd iodine-iodine monocysnide

half cell potential the value 0.87 was used for the disproportionation
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Table I

Determination of the Disproportionation Constant,

Lo(Iem (1) &™) 0
K (12) o) at 25° C.

Solutions were 1.00 VF in perchloric acid, 0.089 VF in hydrocysnic acid,

and 0.089 VF in sodium perchlorgte.

-

Exp KIO3 required. I I IcN HCN
(mmoles) () () _(m) () K
1 0.02105 0.00700  0.00643 0.0134%  0.0756 0.854
2 0.02100 0.00698  0.00641 ©0.013%  0.0756. 0.853
3 0.02136 0.00711  0.00653 0.0136  0.0754 0.884
L 0.02112 0.00703 0.0064  0.0135 0.0755 0.866
5 0.02141 0.00713  0.0065% 0.0137 0.0753. 0.894

Ave. 0.870 % 0.009
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constant. It was Tound that the uss of 1.50 for the constant would change
the calculated standerd potential by only approximately 1 mv.

Complexes of iodine monccyanide.

Yost and Stone (4) obtained the values 1.17 and 2.50 for the assoc-
iation constents of the iodine dicyanide and di-iodocyanide complexes,
K, = (I(CN)p™)/(ICN) (ON) and Kp = (I5CN")/(ICK) (I7), respectively.
Hence, since the solutions used in the present investigation were acid and
the iodide concentrations were low, these complexes were present only in
small concentrations. For exenmple, in & solution gpproximately 0.5 VF in
perchloric acid, 0.05 VF in hydrocyenic acid, 0.05 VF in iodine monocyanide,
and which ie saturated with iodine, the calculated molal concentrations of

L

di-iodocyanide and iodine dicysnide are 2 x 107 and 1 x 10_11 respective-
ly. Less than 0.5% of the iodine monocyanide is complexed even to di-
iodocyanide.

Reference Electrodes.

Hydroggn electrodes had the major advantage over other common refer-
ence electrodes of permitting virtuel elimination of iiQuid Junctions from
the cell. The electrodes were found to cause no difficulty either in their
construction or operation. The special precamtion was made of providing
an intermediste vessel between half cells and ungreased stopcocks in the
bridges. These stopcocks were opened briefly at the time of potential meas-
urements. These steps were taken to minimize diffusion of components of
the iodine-iodine monocyanide half cell into the hydrogen electrodes.

In_general, about twenty potential measurements could be made with
the two hydrogen electrodes before the potentisl readinge obtained began
to differ by more than 0.1 mv. When this occurred, the electrodes were

replatinized.
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Perchloric ecid was chosen for use in this study since data for its
activity are available (13) and since it evidently haw only very slight
tendency to form complexes with the half cell constituents.

The Jodine-locdine Monocyenide Half Cell.

The concentrations of species in the iodine-icdine monocyanide half
cell were calculated with the aid of the disproportionation constant of
iodine as determined above and the assumption that the reduction of iodate
by icdine was quentitative. Moreover, since over a twenty-four hour peri-
od there was no evidence of significant hydrolysis of hydrocyanic scid at
25° G at the acid concentrations used, the half cell reaction shown in
equation (1) may be assumed to be the potential controlling reaction.

Calculations and Results.

In Table II are shown the cell concentrations, measured cell poten-
tials <Ece11)' and caloulated standerd half cell potentialse (E°) for
equation (1). The calculations of the standard half cell potential were
made with the assumption that the volume molel concentretions of iodine
monocysanide and hydrocyanic acid sre equal to their acfiﬁitiea at the con-
centrations involved. The reference state for icdine is teken as 1.0 moleal
in the calculation of E° in order to simplify calculations based on the use

of the standard potential. The stendard potential was calculated from the

expreseion
E® = Bper ¥ Boe11 * %E in (H+2(10N24 (3)
N (Iz)’Z’(HGN)
: - Br, (PH,)Z,
or, since = Zln 2
Eref T —"H‘.].“( )
B =B + BT 4y (ICN)
cell T ?}é)%fﬁcn)

1
The addition of %£ in (EIE)E} where 312 is the solubility of ilodine, to the

value of E° gives the half cell potential for squation (5)
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Table II

Standard Potential of the Iodine~Iodine Monocyanide Half Cell

HC10y, (VF) ICN (VM) HCN (VM) ~EBoe11 (V) -£° (v)
Y 0.050 0.150 0.6871 0.6288
| .6840 62857

2 .053 .2u7 .6695 .6225
.6707 6237

.0515 148 .6838 .6223

.6838 .6223

.050 .050 L7114 .62ug

.7126 .6261

.0501 .0099 .7609 .6327%

7565 - .6293"

L7567 .6eg5t

.7651, 6368+

1 .0539 .252 .6730 6263
.6710 6243

.0540 .156 .6820 .6227

.b8u2 .6249

.0513 0487 .7119 6240

L7111 .6232

.olg1 .0Yugs .7103 .6232

.oligh .0126 .71 61961

.7502 .62g7t
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Table II (Cont.)

HC10y (VE) - ICN (VM) HCN (VM) -Ege11 (V) -2° (v)
0.5 0.062 0.254 0.6625 0.6124t
.062 .259 6740 6247
.061 .239 .6769 .6255
.6762 .6248
.058 .152 .6895 6278
.6870 .6253
.0526 .ou7Y .7125 | .6235
L7124 6234
.0506 .00gk L7475 O e1yst
7556 6259"
0.2 .0725 .2275 .6840 6259
.6833 .bak2
.06k .135 6945 .6268
.6925 ‘ 6248
.6950 .6273
. 7000 ' 6323
.0558 .okl .7195 . 6371
L7167 .62u3
.0513 .0087 .761L 6293
.7610 .b2ggt
.7627 .6306%
.7600 6279
Ave. = -0.6248 * 0026 v |

1 Not included in celculation of the average.
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Io(s) + 2HCN = 2ICN + 2" + 26~ (5)
in which solid iodine is taken as the reference state.

The calculated values of E° are reproducible with a standard devia-
tion of % 0.0026 v through the range of concentrations studied, except at
epproximately 0.01 VM hydrocyanic acid, the lowest concentration of this
species considered. A probable camse for the relatively large random
“errors at 0.0) VM hydrocyanic amcid is that E° ie dependent upon the ratio
(ICN)/(HOW). The iodine monocyanide concentration is fixed by the quantity
of iocdate added, is spproximately constant and is subject to errors of the
same relatife magnitude in every experiment. The concentration of hydro-
cyanic acid, however, depends upon the difference betwesn the sodium cyanide
added and the iodine monncyanidé produced. Therefore, the sbsolute errors
in the concentration of hydrocyanic acid remain about constant, but be-
come much larger relatively as the concentration of hydrocyanic acid de-
creases. The effect of this is seen by the coneideration of two cases:

(A) HCN = 0.15VM; ICN = 0.05WM

(B) HCN = 0.01VM; ICN = 0.05"M
If the concentration of hydrocysnic acid is changed by 0.003 mole/liter,
the change in the calculated E° for case (4) is 0.0005'v while that for
case (B) is 0.0068 v. Thus, the same absolute error in the concentration
of hydrocyanic amcid causes negligible error in the potential of case (A)
end camses serious error in cese (B). Becamse of the large random devia-
tione of the potential values in solutions 0.01 WM in hydrocysnic acid,
these potentiel values were not used in calculation of the average value.

A check upon the consistency of the data obtained can be made by the
cglculation of the iodine~iodide potential from the iodine-icdine momno-

cyanide potential and the disproportionation constant for iodine in hydro-
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cyanic acid. The fcllowing tabulastion of equations indicgtes the cal-

culation:
+ - AF
Io(1M) + 2HCN = 2ICN + 28 + 2e 288L6
2Io(1M) + Z2HCN = 2ICN + 2N + 21~ 165
I(s) = Ip(1M) 3918
21" = Ip(s) + 2 24763

or B° = -0.5366 v

This value for the iodine-iocdide potentiel differs by Jjuet 0.0011 v from
the value given by Latimer (5). Thus, the results of this study are found
to be coneistent with independent potential determinations of related

gystems.
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PART II1l1. THE USE OF THIOACETAMIDE FCR THE HOMOGENWEQUS PHASE

PRECIPITATION OF INORGANIC SULFIDES

A. The Acid Cataglyzed Hydrolysis of Thicacetamids.

Introduction

Thioacetamide was used as early as 1935 (1, 2) for the detection
of certain elements, has found recent use in systems of qualitative
analysis for the precipitation of the conventional hydrogen sulfide group
elements (3, Y, 5, 6) and aleo hae been proposed as a precipitant for the
quantitative determination of certain metals (7). However, there does not
appear to have been any critical investigation of the mechanism of the pre-
cipitation of sulfides by thiocscetamide, of the conditions under which
quantitative precipitations can be obtelned, or of the relative advantages
which might result from the use of thioacetamide for the homogeneous phase
precipitation of sulfides. |

In the course of experimente being made in this laboratory to deter-
mine the applicability of thioacetamide to a system of qualitative ansl-
ysis it was noted that the precipitates so formed were better coagulsted
and more easily handled than were the corresponding precipitates obtained
by the use of hydrogen sulfide. In certain cases the sulfide precipitate
appeared to form much more rapidly with thiogcetamide than with hydrogen
sulfide, and in other cases the rates of precipitation of sulfides were
appreciably faster than seemed compatible with the spperent rate of hy-
drolysis of thicacetamide. As g result of these observations an investi-
gation was initiated of the mechanisms and rates of precipitation of sul-

fides by thioacetemide, and of the analytical use of the resgent as a
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means for the homogeneous phate precipltation of sulfides.
The results obtained from measurements of the rates of hydrolysis

of thioacetamide in acid solutions are presented and discussed below.

EXPERIMENTAL

Reagents.

Thicacetemide solutions, 1.0 VF (volume formal, formula weights
per liter), were prepered from Bastmen White Label Reagent. The solid
material was white and was found 4o have a melting point range of 109.5
to 110.6° C. The trace of white, insoluble matter was filtered from the
solutions. The solutions were colorless and gave no indication of change
over a perlod of two to three weeks. At no time was the odor of hydrogen
sulfide detected above the solutions.

Hydrochloric acid solutions, 0.2 and 4 VF, were prepared from re-
agent grade concentrated acld and standardized ageinst standard sodium
hydroxide. These hydrochloric acid eclutions were diluted a@propriately
to give the desired concentrations for specifiq experiments.

Collecting solutions for hydrogen sulfide were prepared by dissolv-
ing reagent grade cadmium chloride in 6 VF aumonium hydroxide to give
solutions which were 0.4 VF in cadmium chloride.

Standard 0.01 VF potaeseium iodate and potassium dichromate sclutions
were preparsd from analytical resgent salts.

A 0.1 VI sodiun thiosulfate solution was prepared from resgent grade
salt and standardized against the potassium iodate solution.

Reagent grade 90% formic acid end 6 VF sodium hydroxide solution
were used for preparation of buffered soclutions.

A 0.5 VI lesd nitrate solution wase prepared from reagent grade salt.
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A 2 VF sodium hydrogen sulfide solution was prepared by saturating
4 VF sodium hydroxide with hydrogen sulfide and then diluting thie with an
equal volume of water.

Apparatus.

The apperatus is shown in Figure I. The reaction tube coneisted of
a stoppered 38 x 200 mm lipless test tube. Leading into and reachihg to
the bottom of the reaction tube was a sintered glass gas bubbling tube,
through which nitrogen was passed. Attached vertically above the reaction
tube was a 60 cm Liebig condenser. Tubing led from the condenser through
a two-way stopcock to collecting tubes. The two-way stopcock permitted the
changing of collecting tubes at will. The gas was led into the collecting
tubes (22 x 175 mm test tubes) through drawn capillary tubing. A two-way
stopcock on the nitrogen inlet tube permitted the reaction solution to Dbe
sampled by being forced back through the sintered glass budbler.

The reaction tube was surrounded by a constant temperature bath which
maintained the temperature of the reaction solution at 90 % 0.5° C. Tests
of the effluent gas showed that the collecting solutioné effectively re-
tained the hydrogen sulfide.

Procedure.

Forty milliliters of solution were prepared in the reaction tube from
the standard stock solutione of hydrochloric acid and thioacetamide. The
pH of the solution wae determined before and after the hydrolysis with a
Beckman Model G pH Meter in those casee in which the pH was 2 or greater.
The reaction solution was heated to 90o C and the flow of nitrogen was
started. Timed portions of the effluent gas were passed through succeseive
collecting solutions.

Each collecting solution was added to a 200 ml flask containing a
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solution which consisted of approximately 0.5 g of potassium iodide die-
solved in the appropriate volume of standard potassium icdste solution.
An amount of 12 VF hydrochloric acid sufficient to neutralize the solu-
tion and make it 3 VF in excess hydrochloric acld was used t0 rinse the
collecting tube and was then added to the solution in the flask. This
relatively high acid coﬁcentration was used to insure the soclution of all
cadmium sulfide. The hydrogen sulfide is oxidized to sulfur. The sxcess
of iodine in the resulting solutlon was titrated with standerd sodium thio-
sulfate solution.

The velocity constent and order of the hydrolysis reaction of thio-
acetemide were calculated from dats from series of such experiments.

Experiments to determine the effect of lead ion and lead sulfide upon
the rate of hydrolysis of thioacetmmide were conducted in the same manner
as were the hydrolysis expsrimente with the modification that lead nitrate
wae added to the reaction solution. The precipitation of lead sulfide was
prevented, in the cases in which the effect of lead ion was being studied,
by the use of acid concentrations of 0.1 to 0.3 VF anﬁ lead nitrate con-
centrationg of 0.001 to 0.01 VF¥. Higher lead nitrate concentrations or
lower acid concentrations would have resulted in partiél precipitation
of the lead as sulfide.

When the effect of lead sulfide was under consideration the concen-
tration of hydrogen ion wae of the order of 10™3 VM. The thioacetamide
concentration was 0.0l VF while the initial conceﬁtration of lead nitrate
was only 10"‘4 V¥. Thus, the concentration of thicacetamide was virtually

unaffected by precipitation of all the lead as sulfide.

DISCUSSION AND RESULTS

The reactions were carried out &t 90° ¢ in order that the hydrolysis
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would proceed at a rate which could be followed readily. Initially, ex-

perimente were conducted in which the hydrolysis was contimued until about
50% of the thicacetamide had reacted. It was found, however, that with an
acid concentration of lO"u to 10"1 VM the hydrolysie of thiocacetamide re-
quired several hours and that the subsequent hydrolysis of acetamide took
place to an appreciable extent in this time. Moreover, despite the use of
a condenser, some loss of water by evaporation resulted. Because of these
two factors there was an appreciable net change in the acid concentration.
Since the rate of the thioacetamide hydrolysis is depen&ant upon hydrogen
ion concentration, the decision was mede to determine initial rates of hy-
drolysis from solutions of known concentration by continding the reaction
for a periocd of time sufficiently short that changes in concentrations of
species present would be smell with respect to experimental errors. In
each experiment, with the exception indicated in Table II, the differ-
ences in the initial and finsl thicacetamide end hydrogen ion concentra-
tions were lese than five percent.

Velocity constant and order of reaction.

The data from series of experiments conducted at 90° C in 0.10 and
0.05 VF hydrochloric acid solutions with concentrationé of thioacetamide
ranging from 0.0063 to 0.20 VF are shown in Table I, togethér with the cal-
culated first order velocity constents for the hydrolyeis reaction of thio-
acetamide. Standard deviations are shown for the hydrdgen sulfide analyses
for each series and for the velocity constants.

The calculated velocity constant, k, for the first order expression

- _d_m_H_L___dzsmal = k[CH30SNHZ]

ies seen to be constant. This is borne out by Figure II, in which
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—d[GH3CSNH21/dt is plotted against the thicacetamide concentration.

From the data of Table I it can be seen that, for the two hydrochloric
acld concentrations considered, the ratio kﬁﬁ*]is essentially gonstant,
which implies that the hydrolysis 1s also first order with respect to hy-
drogen lon concentration. Thle seffect was investigated with solutione rang-
ing in hydfogen ion from 10'“ to 0.08 molal, and with the thiocacetamide
concentration kept constant at 0.100 VP. The data are assembled in Table
II, where average values from a series of experiments are shown in each
case.

As is seen in Teble II the amount of hydrogen sulfide evolved in the
experiments of Series 1 and 2 was small; as a result the reproducibility
of the analyses is not better than 15-20%. In Series 5 and 6 the hydrogen
ion activities were calculated from the formal hydrochloric acid concentra-
tions by the use of the data of Randall and Young (8). In the other series
a pH meter was used.

The ratio k/[H'] remaine constant through the range of hydrogen ion
activities considered, and the kinetic equation for the hydrolysis to acet-

amide mgy be expressed as

- @%"Eﬂﬁ] = k' [H*)[ CH3CSNHR]

where k' = k/[HY]. Figure III shows the rate of hydrolysis of thioacet-
amide as a function of the pH.

Temperature dependence of the hydrolysis of thioacetamide.

The retes of hydrolyeis of solutions 0.100 VF in thioacetamide and
0.100 VF in hydrochloric acid were determined through the temperature
range from 60° G to 90° C. In Table III are values of k' for the various

temperatures as calculated from the measurements. The activation energy
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is calculated from the slope of Figure 1V, which is a plot of log k! a-

gainst 1/T. The velue obtained is 19.1 keal/mole.

TABLE 111
Variation of Second Order Hydrolyeis Constent with Tempersature
© 0.100 VF thicacetemide.
0.100 VP hydrochloric acid.
Temperature ( °C) 90 80 70 60

k' (liter/mole min) 0.21 0.098 0.039 0.019

Hydrolysis of acetamide.

Analytical separations depending upon the use of thioacetamide would
be considerebly restricted in thelr applicastion if, as has been assumed
{4, 5, 6) the hydrolysis of acetamide were apprecieble under the condi-
tions and during the periods of time required for sulfide precipitations,
since the ammonia produced by the acetamide hydrolysis would make uncer—
tain the finaml acid concentration of the solution. ZExperiments were con-
ducted in order to determine the extent of the acetamidé hydrolysis.

In one such experiment, a solution 40 ml in volume and 0.10 VP in
thicoacetamide was maintained at 90° C for 180 minutes. The initial and
final hydrogen ion activities were 2.0 x 1072 and 1.7 x 1073 respectively.
The total hydrogen sulfide evolved was 0.24 millimole.

Phe change in total hydrogen ion is calculated %o be 0.012 millimole.
Thus, the results indicate that of the 0.24% millimole of acetamide formed
only 0.012 millimole or 5% was hydrolyzed.

These results are in approximate agreement with thg data given_by
Crocker (9). Extrapolation from Crocker's data gives a second order ve-

locity conetant of 0.2 liter/mole mimte for the hydrolyeis of acetamide
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at 90° ¢. If the asverags concentrations of acetamide and hydrogen ion in
the above experiment are used, the velue 0.3 liter/mole minute for the ve-
locity constant is obtained. The difference from Crocker's value is of the
magnitude to be expected from the approximations involved.

From the rate constants for the hydrolysis of thicacetamide and of
scetamide 1t is pbsaiblé to make approximate calculations of concentra-
tions of various species after reaction for specified periode of time.

If a solution 0.1 F in thioacetamide and 0.1 M in hydrogen ion is main-
tained at 90° for 30 minutes, the spproximate concentrations of species
will become 0.05 F thioacetemids, 0.0% F gcetemide, 0.01 F acetic acid,
0.01 ¥ ammonium chloride and 0.09 M hydrogen ion. With these initial con-
centrations and with 50% hydrolysie of the thiocacetamide, the change in
hydrogen ion concentration is just 10%.

If, however, a solution 0.5 T in thioascetamide and 0.1 M in hydro-
gen ion is maintained at 90° C for 60 minutes the approximate concentra-
tiong become 0.2 ¥ thicacetamide, 0.2 ¥ acetamide, 0.1 F acetic acid,

0.1 F ammonium chloride and 0.01 M hydrogen icn. 1In this case the hydro-
gen ion concentrastion has been reduced to one-tenth.

It is seen that the hydrolysis of acetamide does not canse serious
varistion of the hydrogen ion concentration if the initial concentrations
of scid and thioscetamide are selected properly; however, if thioacetamide.
ig in excess of hydrogen ion and if a large fraction of the thiocsascetamide
is to be hydrolyzed, the reduction in the hydrogen ion concentration may
become very sppreciable. It should also be recognized that in work in-
volving successive operatione after the use of thiocacetamide, there will
ve acetic acid and acetamide, ae well as excess thioacetamide, in the

gsolution.
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Effect of lead sulfide on the rate of hydrolysis of thiocacetamide.

Flaschka (7) has suggested that, in certain cases at least, the newly
precipitated inorganic sulfide may catalyze the hydrolysis of thioacetamide.
This possibility was investigated for the case of lead sulfide. In each
experiment, a solution of 10 ml volume, 0.10 VF in thioacetamide, 1".)""L VF
in lead nitrate and with a hydrogen ion activity of 2 x 10-3 wat main-
tained at 90° C ard the rate of evolution of hydrogen sulfide was deter-
mined. In these experiments the lead precipitated repidly sg the sulfide
as the reaction temperature was reached. The avergge rate of evolution
of hydrogen.sulfide from five experiments was 0.0015 t 0,0002 millimole/
mimte. Comperison with Table II shows that the rate found here is the
seme as that calculated for the case in which no lead sulfide was present.

Effect of leamd ion on the rate of hydrolysis of thicacetamide.

The effect of lead lon upon the hydrolysis of thioacetamide was also
investigated in order to determine if it acte cataelytically. Two similar
experiments were made with solutions 0.05 VF in thicacetsmide and .3 VF
in hydrochloric acid. One solution wes alsc 0.0 VF inllead nitrate.

The data obtained are shown in Tgble IV. No lead sulfide precipitated in
the solution containing lead nitrate. The close agreecment of the data of
the last three.time periods indicstes the absence of lead ion catelysis.
The discrepancy in the first peried is probably due to a slight differ-
ence in the rates at which the two sclutione were hegted.

Other experiments were made in which lead ion was in excess of the
thicacetamide. Two solutions were maintained et 90° C and swept with
nitrogen a8 in the hydrolysis experiments. IZach was 40 ml in volume,
0.60 VF in hydrochloric acid end 0.05 VF in thicacetamide, and one wae

elso 0.06 VF in lead nitrate. The rate of evolution of hydrogen sulfide
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TABLE IV. Effect of pott upon the Rate of hydrolysis of Thiocacetamide.

Experiment HyS evolved in successive 3 min periods. @%ﬁ%ﬁ)
1 2 3 4
A 0.089  0.070 0.063 0.051
B 0.075 0.071 0.063 0.04g

Solution A: 0.05 V¥ thioacetamide, 0.3 VP HCl.

Soluticn B: 0.05 VF thioacetamide, 0.3 VP HCL, 0.0l VF Pb(N03)2'
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as & function of the thicacetamide concentration is shown in Figure V.
It is seen that there is no indication of a decrease in the rate of evo-
lution of hydrogen sulfide from the solution which contains the lead ni-
trate such ss would be expected if = stable complex of lead end thicacet-
anide were formed..

In a solution 0.0S.VF in thioacetamide, 0.1 VF in hydrochloriec acid
and 0.001 VF in lead nitrate, the average reste of evolution of hydrogen
sulfide was found to be 0.030 £ 0.002 millimole/mimute from five deter-
minations. This rate agrees within experimental_error with the data
shown in Table I for a similar solution with no legd ion.

It was concluded that under the conditions of thesc'experiments
neither lead sulfide nor lead lon catelyzes the hydrolysis of thioacet-
amide. The possibility of catalyeis by other metal ions is not precluded
by these experiments.

Analytical Congiderations.

From the measurements which have been made it is.posaible to make cal-
culations of conditlions necessary for the use of thioacétamide a8 a source
of hydrogen sulfide.

Published statements have inferrsd that thicacetamide can be used
directly as a replacement for hydrogen sulfide. The following quotations
are illustrative:

"This compound (thiocacetemide) hydrolyzes in water, par-
ticularly et higher temperatures, to give Hp3 ... It there-
fore serves as a convenient source of HpS. The hydrolysis
is so slight at room temperasture that an 8% solution of the
compound ... undergoes very little deterioration. At tem-
peratures of sbout 80° C the hydrolysis is sufficient so
that an 8% thicacetamide solution yielde a solution satu-
rated with HoS." (5).

"The use of thicacetemide introduces no fundamental
changes in the usual theoretical treatment of the precip-
itation of the sulfides becsuse the thicacetamide is es-
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sentially a source of HpS." (M).

%... techniques based on the empirical use of hydro-

gen sulfide as a precipitant are in no way disturbed.

Techniques for detection of metallic unknowns are carried

out with no deviations whatever in theory .... The only

point of departure is in the introduction of Sulfi-Down

(thioacetamide) in place of free H,S.... Upon heating,

exactly the same result is achieved as would be achieved

with hydrogen sulfide gas." (10).

"In the use of thioacetemide as a substitute for hy-

drogen sulfide in precipitating Group II and Group III

sulfides, no basic change in analytical procedure is re-

quired." (11).

From such statements one would suppose thet a solution which is
treated with thiocacetamids at above g0° ¢ would become saturated with
hydrocen sulfide, that is, reach a concentration of 0.1 M, in the time
of the treatment. Consideration of the second order rate constent for
the hydrolysis of thiocacetamide makes it evident that the concentration
of thiocacetemide must be epprecisbly greater than 0.1 F if the splution
is to become saturated with HES in a reasonable period of ftime. A solu—
tion 0.1 P in hydrochloric acid and 0.2 F in ﬁhioacetgmide would become
saturated with HpS only after sbout 25 minutes at 90° G, provided that
no hydrogen sulfide was lost from the solution. The time could be re-
duced to 5 minutes by the use of a 1 F thioacetamide sclution; however,
the coet of the reagent precludes this for student leboratory use, in
general.

Precipitations at lower hydrogen ion concentrations require speclal
consideration. To precipitate 6 mg of copper from 100 ml of solution
0.1 F in thioacetsmide and buffered at pH 3 would require gpproximately
g hours if mll the hydrogen sulfide produced by hydrolysis reacts rap-
idly with the copper, and if copper is precipitated only by hydrogen sul-

fide from hydrolysis.
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Thus, the substitution of thioacetamide for hydrogen sulfide must

be maede with considerable caution. On the other hand, the use of thio-

acetanide makes possible the production of hydrogen sulfide in solution

et o controllied rate, which offers particular advantagee in studies of

precipitation and coprecipitation phenomena.
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B. Precipitation of Lead Sulfide by Thiocacetamids.

Introduction

In the preceding section the results of a study of the acid cafar
lyzed hydrolysis of thioacetamide are presented. The work rep§rted here
is a continmuetion of the investigation of the reactions of thicacetamide
and its applications to chemicel analysis. In the earlier stﬁdy it was
shown that neither lead ion nor lead sulfide catalyzes the hydrolysis of
thioacetamide in acid solutions. This section presents the resulis of a
study of the precipitation of lead sulfide by thioasetamide.in acid solu-

tions.

EXPERIMENT AL

Reggents.

Standard sclutions of potassium dichromate were prepared by weight
and sodium thiosulfate solutions were standardized against these.

A standard solution of sodium perchlorate for control of the ionic
strength of solutions was prepared by the neutralization of a measured
solume of standard perchloric acid with sodium hydroxide_to ™ 7.0,
measured with e pH meter. The neutral solution was then diluted to &
known volume.

Solutions of thioacetamide, lead nitrate and sodium hydrogen sulfide
were prepared se is described in the preceding section. Hastman White
Label thiocacetamide, lot #3h, and Matheson, Coleman & Bell thioacetamide,
lot #209518, were used in the experiments an@ were found to give identi-
cal results.

Sodiun formate -- formic acid buffer solutions with constant sodium
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formate concentration were prepared from sodium hydroxide solution and
90% formic acid. Solutions of formic acid of various concentrations were
prepared and to each of these was added the same amount of sodiunm hydrox-
ide solution. The solutions were adjusted by sddition of water to the
same final wvolume.
Apperatus.

The reaction apparatus and sempling device were the same ag were used
in the hydrolysis study.
Procedure.

The reaction solutions were prepared by mixing measured volumes of
stock solutions of thicacetamide, buffer, sodium perchlofate and lead ni-
trate end diluting to 100 ml. The reaction solution was placed in the
constant temperature bath, and when measurements of the direct reaction
were being made, a slow stream (one to two bubbles a second) of nitrogen
was passed through the solution. The nitrogen served to keep the reaction
solution stirred, and to force solution from the sampling outlet tube
after a sample had been taken.

At timed intervels about ten ml of sclution were forced through the
sintered glass bubbler from the reaction tube into a sample tube sur-
rounded by a cooling bath which served to quench the reaction.

The sample was left in the cooling basth for one to two minutes, by
which time it had reached room temperature, then was centrifuged to remove
the small amount of lead sulfide which passed through the sintered glass.
4 5.00 ml portion of the sample was taken from the centrifugate by pipet
and transferred to a 15 x 125 mm test tube which contained 1.5 millimoles
of sodium hydroxide. The lead in solution was rapidly and quantitatively

precipitated in the alkaline eolution by the thioacetamide. In experi-
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ments in which equivalent amounts of lead and thioacetamide were present,
0.2 millimole of sodium hydrogen sulfide was added to insure that the lead
was completely precipitated. The precipitate of lead sulfide was removed
by centrifugation and washed twice with 2 ml portions of hot water which
contained 0.1 millimole of scdium hydrogen sulfide.

The lead sulfide was then treated with 1.5 ml of 2 F nitric acid and
the mixture was heated in boiling water. If, after five mimites, any
black residue remained, the mixture was heated cover a direct f2ame until
the residue dissolved. Dilute nitric acid end moderate hesting in a water
bath were used in order to lessen danger of oxidation of sulfide to sulfate,
which takes place in hot concentrated nitric acid. There was occasion-
ally evidence of some sulfur formation.

The nitric acid solution of the lead was treated with 6 milliequiv-
alente of ammonium acetate, heated in boiling water for one to two min-
utes to dissolve any lead sulfate which mgy have formed, and then was
transferred to a 125 nml conical flask. Standard potassium dichromate in
slight excess was added by pipet and the mixture was hested to boiling %o
coagulate the lead chromate. The mixture then was cooled, filtered, and
the filtrate was titrated with standard sodium thiosulfete from & micro-
buret.

Experiments to determine the extent of complex formastion by lesd and
formate were made by adding excess solid lead chloride to solutions which
had constant pH and ionic strenght values, Wut had various sodium formate
concentrations. The mixtures were rotated in & constant temperature bath
until equilibrium was reached (equilibrium was approached from both above
and below saturation); then the lead concentration was determined by pre-

cipitation of the lead with excess standard potassium dichromate and iodo-
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metric titration of the excess with sodium thiosulfate.

DISCUSSION AND RESULTS

a. Precipitation of Lead by Hydrolysis of Thioacetamide.

Semiquantitative experiments indicated that in acid concentrations
of the order.of 0.01 M ﬁhe rate of precipitation of leed by thiocaceta-
mide corresponded %o the rate of hydrolysis of thicacetamide, but that
at a PE of 4 the precipitation proceeded much faster than does the hy-
drolysis.

Quantitative measurements supported these observations. It was
found to be possible t¢ follow the rate of hydrolysis of thiocacetamide
in 0.01 F hydrochleric acid by observing the change in concentrstion of
lesd (II). In & solution 0.10 F in thicamcetamide, 0.01 ¥ in hydrochloric
acid and C.0L F in lead nitrate masintained at 90° C the results shown in
Table I were obtained. No nitrogen was bubbled through the -solution in
thie cass. The values in the last row in the table were calculated, by
use of the second order hydrolysis constant for thioacefamide, from the
concentration of Pb(II) found at time = O upon the assumption that all
hydrogen sulfide would react repidly with Pb(II). The rate of precip-
itation of lead sulfide is seen to agree, within the limits of experi-

mental accuracy, with the rate of hydrolysis of thioacetamide.

TABLE I
Precipitation of PbS by HpS from Hydrolysis of Thiocacetamide
~ 0.10 ¥ CH;0SMHp; 0.01 F HO1; 90° C.
Time (min) 0 3 6 18
[PbI11] found, moles/liter 0.0088 0.0083 0.0077 0.0051

[PblI} calculated, " .0082 .0076 .0051
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These data support the results obtained in the study of the hydrol-

yeis of thioacetamide that neither lead ion nor lead sulfide catalyzes
the hydrolysis and that lead ion does not inhibit the hydrolysis. Thus,
there is no evidence for the formation of & stable intermediste between

lead and thicacetamide.

© b. Precipitation of Lead by Direct Reaction with Thiocacetamide.

Subsequent experiments were made in solutions of lower hydrogen icn
concentration, where the rate of precipitation of lead is much greater
than is the rate of hydrolysis of thioacetemide.

Effect of Formate Concentration.

In prelininsry experiments made tc determine g suitable analytical
procedure, it was noted that the rate of precipitation of lead sulfide by
thicacetamide was dependent upon the total concentration of the formie
acid - sodium formate buffer used. When the sodium formate concentration
wag doubled and the pH kept constant, the rate of precipitaﬁion wes re-
duced by about 50%. Experiments on the solubility of ‘lead chloride in
solutions tuffered with formic scid -sodium formate indicated that lesd
and formate ions complex significantly end that the effects noted in the
precipitation rate experiments were of the order of magnitude to be ex-
pected from the strength of the complex. Throughout the experiments re-
ported, the sodium formate concentration was kept constant at 0.081 M.

Effect of Surface.

Increase of the glass surface by sgbout 500% by the addition of 0.275
grem of dry Pyrex glass wool did not have a measuratle effect upon the
rate of precipitation. The surface aree of the reaction veseel, bubbling

2

tube and thermometer in contact with the solution was about 125 cm”.

The surface area of the glass wool was estimated from the dismeter of the
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fivers (8 x lO’hcm) and the density of glass (2.2 g/cms) to be 630 cma.
Figure I shows the egreement of experimental determinations of the rate
of precipitation of lead sulfide with and without the presence of the
glass wool. The concentrations of all species were ldentical in ths two
experiments., It is concluded thet the precipitation reaction is not sur-
face catalyzéd.

Effect of Thioacetamide Concentration.

Experiments demonstrated that the precipitation reaction is first
order with respect to the concentrations of both thicacetamide and lead
(I1). BExperiments were made at constent initial concentrations of lead
nitrate and formic acid - sodium formate buffer, but with various ini-
tial thiocacetemide concentrations. The experiments were so designed that
in no case heod more than 8% of the thicacetamide reacted by the end of
the run. At the pi which obtained the hydrolysis of thiocacetanide pro-
ceeded to the extent of only 0.2% an hour, so changes in concentration
due to this effect may be disregarded. ‘

In Figure II are shown plots of log LPbII] Vs time.for various thio-
acetamide concentrations. The plots are seen to be linear which indicates
that the reasctlion ig first order with respect to the concentration of
lead (II). 1In Table II are calculations, from the slopes, of the second

order veloclty constant for the expression

a [ = II
~alml ieg [P 1] cB50sME,) .

The consistency of the calculated rate constants indicates that the effect
of thioacetamide is firset order.

Experiments at constant ionic strength in which the initial lead con-
centration was varied showed, as does the linearity of the curves in Fig-

ure II, the first order dependence upon lesad.
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TABLE 1I

Iffect of Concentration of Thioacetamide Upon the Rate of Precipitation

of Pbs
Calculated constant for the expression _ d[ilaul _ kl[PbII][CH3CSIEH2]
Initial [Pb1L]= 0.010 F; [B = 1.6 x 10ty 7= 90° ¢.
[cH 3CSNHp] [pby 117/ [Pos 0 " Totel time K
moles/liter min 1iter
mole min
0.10 3.50 150 .0.083
0.05 1.69 150 0.070
0.02 1.18 120 0.069
0.01 1.14 180 0.073

Average 0.07T4 + 0.006

* PHubscripte i and f refer to initial and final, respectively.
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Effect of Hydrogen Ion Concentration.

The effect of the concentretion of hydrogen ion was studied in solu-
tione of constant initial concentrations of lead ion, thioacetamide, sod-
ium perchlorate and sodium formate. Hydrogen ion was found to‘heye a half
order inhibition effect upon the rate of precipitation of lesgd sulfide.

In Flgure IIi sre shown the results of experiments in which the hydrogen

-6 L3

ion concentration was maintained at from 8 x 107 to 3.1 x 10 At
the lower limit the ratio of lead ion to lead monohydroxide ion is ap-
proximately 10. (1). The concentrations of such proposed polynuclear

species as ]?baOH'H and Pbu(GE)h"" (2) are such that less than 0.1%
of the total lead is in such formg. At the upper hydrogen ion concen-

tration the ratio of the rate of hydrolysis of thioacetamide to the rate
of precipitstion of lead sulfide by the direct interaction is 0.05.
Thug, through the range of hydrogen ion concentrations studied these ex-
tranecus effects were of minor importance. In Table I1II are calculated
velocity conetants for the expression
_amt g}:l =k [PbII][CH3ismH2]
[e+]%

The agreement of the values of the celculated constant over the

forty fold change in hydrogen lon concentration is seen to be within the
limits of the expsrimental accuracy.

Temperature Effect.

Knowledge of the effect of temperature upon the rate of precipita-
tion of lead sulfide is of value in the calculation of suitable conditiouns
for obtaining complete precipitation of leaﬁ end for effecting quantita-—
tive seperations from other elements. The rate of précipitation was

found to vary by a factor of approximately two for a ten degree change in
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TABLE III

Effect of Concentration of gt Upon the Rate of Precipitation of PbS

Calculated constant for the expression _ d|PbII|

=2l = x [poldq cEzosmp)

[BH]=

Initiar [Fv1Y] = 0.010 [cH,CSMEG]= 0.20 5 T = 90° ¢,

[rh) [Fo; 13 / [Poe1d]  Total time K x 10°
moles/ liter min liter mole” min =+
3.1 x 107 2.15 120 1.12
1.6 x 10""’ 3.50 150 1.05
4.0 x 1077 6.25 105 1.10
g x10°° .06 30% 1.32

Average 1.15 * 0.12

* The point at 30 minutes was used dbecause of the uncertainties in-
volved in the determinstion of the very low concentration of lead
after 60 mimutes. -
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temperature through the range from 60° to 90° C. Figure IV is a plot of
log k vs 1/T and the plot is seen t0 show an Arrhenius temperature de-
pendence. The activation energy is calculeted from the slope to be 15.5
kcal/mole.

It was noted that the lead sulfide precipitate obtained at the very
slow rate at 60° C was finely gremular in appearance. Microscoplc exam-
instion of the precipitates obtained at 60° C and at 90° C showed that
discrete and regular shape@ particles could be detected in the formsr
cese but not in the latter. This emphasizes a potential anslytical ad-
vantage in the use of thicacetamide; nemely, the.possibility of control
of the rate of formetion, end hence of the physical charsecteristics of
the sulfide belng precipitated.

Ionic Strength Effect.

The Bronsted-Bjerrum-Christiansen equation (3)
Ink=1nk, + 2 22,V

predicts that the effect of ionlc strength upon the rates of hydrolysis
of thicacebamide and of direct reaction of lesd and thioacetemide will
be smali except at high ionic strengths, since presumably one of the re-
actants in each of the reasctions is a neutral molecule.

No measuregble effect upon the rate of direct reaction resulted from
decreasing the ionic strength from 0.14 %0 0.11; however, the effect of
larger variations in icnic strength was not investigated.

Anglytical Consideraticns.

Figure V shows the rates of precipitation of lead sulfide by thio-
scetemide by hydrolysis of the latter and by direct reaction as calcu-
lated from the rate constants. It should be noted that only the rate of

the direct reaction depends upon the concentration of lead; a change in
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lead concentration results in vertical displascement of this curve.

The following observatione are significant concerning a 0.01 F
lsed (II) solution;

(4) By=R, at gl 2.8

where Rg is the rate of direct reaction and Ry
is the rate of precipitation of lead sulfide by
hydrogen sulfide from hydrolysis.

(B) Ry = B,/600 at pH 1

(C) Ry = 1000R, at pH 5.

Thue, in solutions of pH 2 and lower the precipitation of lead by thiocacet-
gnide tekes place glmost exclusively through hydrolysis of the latter.

As the pH 1s raised the direct reaction becomes increasingly important un-
til at pH U and above (for 0.0L F Pb(II)) the hydrolysis reaction is ob-
scured by the much faster direct reaction. Barber and Tsylor (4) stats
thet "the hydrolysis (of thiocacetamide) is more rapid in an alkeline solu-
tion then in an acid sclution of the same strength®. Preliminary exper—
iments ¢n the hydrolysis of thioacetamide in alkaline #oiutions, suggest
that what wes actually observed was more rapid precipitation of metel
sulfides becsuse of g change of mechanism from hydrolysis to direct re-
action such as has besen observed for the case of lead.

This investigation has illustrated that the indiscriminate use of
thiocacetamnide as a substitute for hydrogen sulfide is not justified
since, in certain cases the reactions invelved in its use are complicated
by mechaniams which change with the pHl of the solution. New uses for thio-
acetanide are indicated. The controlied rate of precipitation which can
be achieved by ite use should be of value in studies of precipitatioﬁ and

coprecipitstion mechanisme. Moreover, separations may be possible which
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depend upon variations in the rates of the direct reaction between thio-
acetanide and metal ione. However, there must first be a thorough inves—

tigation of the precipitation of other sulfides by thicacetamide.
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PROPOSITIONS

1. It hes been suggested (1) that the hydrolyeis of thiocacetamide
propeeds through the thioenol form.

a. Measurements of the rate of hydrolyeis of N, N—dimethylthio-
acet amide will show whether or not the thioenol form is necessary.

b. The necessity of the existence of the thioenol form in the case

of direct reaction of lesd and thioacetemide should also be investigated.

2. Heidt and Berestecki (2) claim, on the basis of a spectro-
photometric study, to have demonstrated the existence of & cerium (III)
perchlorate complex. The evidence is insufficient, since an earlier
investigation (3) indicated that the ionic strength and not the per-
chlorate concentration affected the absorption coefficients at the wave-

length which was used.

3. It is proposed that the method of enion exchange equilibria
which hes been used in the case of lead(II) chloride éomplexes (4) ve
applied to the ferric thiocyanate system in order to determine the con-
ditions under which negstively charged complexes become predominant.
This information, together with spectraphotometric and distribution data

should permit the classification of the system.

Y, A coulometric titration of nmicrogram quentities of sulfide

with hypochlorite is proposed.

5. It is proposed that Flaschka's (5) failure to get formation
of sulfo-sslte of arsenic and molybdenum with thioacetamide in ammonium

hydroxide solutions could be overcome by a slight increase in the alkalin-
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ity of the solutions.

&, Gordon, Teicher and Burtt (6) commenced a study of coprecipita-
tion of mangsnese during the precipitation of basic stannic sulfate by
homogeneous phase precipitation invelving the hydrolysis of urea. However,
the resulte are in gquestion because during the course of thé experiments
there was apprecisgble increase in the pH, and thus increase in the tend-
ency for the mangenese to coprecipitate. It is proposed tﬁat a nore mesn—
ingful study of coprecipitation could be made by the use of thicacetamide
end ascetamide in such concentrations that their hydrolysis would result in

ne net change in the pH.

7. It has been reported {7) that the color intensity of the titanium
(IV) thiocyanate complex in acetone-agueous solutions ie a function of time
when either sulfuric or hydrochloric acid is present. These effects are
attridbuted to strong complexing of titanium(IV) with sulfate and only
slight complexing with hydrochloric gcid. However, the data upon which
this zssumption is made can also be interpreted to meaﬁ fhax the relative
strengths of the complexes are reversed. A determination of the effect

of perchloric acid should be made to resolve this question.

g. A method for the standardization of vanadate solutiongs sgainst
godium oxalate as the primary standard has been published by Weet and
Skoog (8). In this procedure sodium oxalate is not a true primery stand-
ard; moreover, the procedure would be improved by the omission of the

i

sodium oxalate.

g. It is proposed that the practicability of a coulometric deter-

mination of eldehydes by electrolytically generated silver(I) in asmmonium
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hydroxide solution be investigated.

16. It is proposed that the study of weask complexes be carried out
in non-aqueous solvents. This should prove to be particularly useful in

the case of complexes whose existence ie in question.

11. It is proposed that the evidence presented by Barton (9) in the
second color plate, page 69, is atypical. A statisticel study of the situ-
ation would reveal the misleading nature of the results presented in the

vhotograph.
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