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THIOHYDROLYSIS IN SOLUTIONS IN LIQUID
HYDROGEN SULFIDE

Introduction

It is entirely conceivable and perhaps probable that
every inorganic solvent has coupled with it o sysbem of
chemigtry which is characteristic, and which cpntains some
aspects whien are uniquely its own. #Host of our pfeseﬁt
day knowledge of chemistry, particularly inorganic, is build
almost exclusively about the solvent water. In the study of
other inorganic liqulds as solvents lies a very broad and
interesting source of invegtigation. The studies on liquid
ammonia were probably pioneers in this field, which were fol-
lowed by work on such solvents as: liquid hydrogen chloride,
hydrogen cyanide, sulfur dioxide, vanadium oxychloride dnd
liguid hydrogen sulfide. Numerous other inorganic liguids
exist, the solvent action of which nas received as yet very
little attention, and a study of which will do much to further
our knowledge of inorganic chemistry.

The properties of liquid hydrogen sulfide in this respect
are of partiéular interest because of the closge similarity in

étructure which exists between this hydride and water. Recent




work (1)(2)(%2)(4) has shown that liquid hydrogen sulfide
dissolves numerous substances, and that many of these solutions
are conductors of the electric current; Many individual cases
have presented themselves in which compounds undergo reactlons
similar to hydrolysis in water and these reaotibns are now

kxnovn under the general name "reactions of thiohydrolysis™.

1. Steele, HeIntosh and Archibald, Phil, Trans. Royal Soc.
A, 205, 99, (1%908)

2. Quam, Jour. Am, Chem. 300, 47, 103, (1923) :

3. Quam with #ilkinson, Jour. im. Chem. Soc. 47, 989, (1925)

4, Biltz, 7. anorg. allgem. chem., 147, 171, (1925)




The purpose of this work has been to carry out a system-
atic study of certain classes of inorganic and organic com=-
vpounds using liquid hydrogen sulfide as the solvent medium
and to establish a comparison between the action of ?hese
compounds in this solvent and like compounds in water, more
especially as regards the phenomenon of hydrolysis in water
and thiohydrolysis in liquid hydrogen sulfidel .

Pure liquid hydrogen sulfide is a rather poor condﬁctor‘
of the electric current, but the fact that it does conduct is
significant since it shows that the liguid is in equilibrium
with its ions thus: |

HeS & H' + HS™
This being the case it is entirely reasonable to suppose that
,liquid hydrogen sulfide is potentially able to act as a hydro-
lyzing medium, and that compounds which are hydrolyzed by
water should show somewhat analogous reactions in this medium;

Certain'rathér fundamental differences betweén water and
liquid hydrogen sulfide must be recognized at the start, such
as: reactions proved much more slowly in liquid hydrogen sul-
fide than in &ater because of lower temperature and ionic con-
centration, thus necessitating a longer period of time before
Wequilibrium conditions are realized; liquid hydrogen sulfide is

a relatively strong reducing azent, and consequently many com-




(7)

pounds which hydrolyze in water react in an entirely differ-
ent manner in liquid hydrogen sulfide; These reactions of
reduction have no parallel in agqueous chemistry.

A survey of inorganic comnounds will show that probably
no single c¢lass is as versatile in its reactions with water
as the chlorides, some of which are insoluble, others dissolve
without appreciable hydrolysis while others are completely
hydrolyzed., O0f the organic types showing reactivity g;th
water the esters and nitrils are characteristic examples;
From these considerations, therefore, it was determined to
make a complete and systematic study of the reactions of the
inorganic chlprides with liquid hydrogen sulfide and also the
thiohydrolysis of nitrils and of thio estera; It is believed
that a study of these classes of compounds will do much towards
a comparison of liquid hydrogen sulfide and water as a hydro-

lyzing medium.




(8)

PART I.

COMPARISON OF THE ACTIONS OF CLORIDES

WITH LIQUID HYDROGEN SULFIDE AND WITI WATER




(9)

COMPARISON OF THp ACTIONS OF CILORIDES
WITH LIQUID NYDROGENW SULFIDE AND WITH WATER

Preparation of the Ligquid Hydrogen Sulfide

The liquid hydrogen sulfide used in the course of the
investigation was prepared in an apparatus similar to that
employed by Quam (5) with the exception that during several
of the runs the potassium sulfide solution used to wasﬁ-the
generated gas was replaced by distilled Wate:;' For stordge
thé liguid was placed in especially desizned, thick-walled
tubes of from 25 to 50 cubic centimeters capacity which were
then sealed while cold (low temperatures were maintained by
the use of so0lid carbon dioxide and ether), wrapped in a towel
and plaeced in s steel tube which wss then immersed in water;
Large galvanized iron containers were consitructed for this
purpose each having & capacity of eizsht steel bombs, and con-
taining approximately thirty gallons of water; For use these
tubes were removed from the steel containers, and the tempera-
ture reduced by means of the coolinz mixture, It is at this
point that the greatest danger in handling the liquid is ex-
perienced since the sudden change in the temperuture of the tube
is apt to cause it to erack. All tubes employed, however, were

tested several times by alternately raising and lowering their

5. Guam (loc. eit,)




(10)

temperature so as to reduce this danger to a minimun.

General Manipulstion -

The reaction tubes were much smeller in size and con-
tained from five to ten cubic centimeters of the liquid;

The reacting substence was elther introduced direétly into
the tube, as in the case of most stable solids, or sealed

in a glass capsﬁle which was broken in the liquid hydragen
sulfide after room temperature had been reached; After
various periods of time these tubes were cooled down, opened,
the liquid hydrogen sulfide bolled off and the reaction
products removed, These products were then purified and
analyzed.,

The conductivity measurements were made using a Fheat-
stone Bridge arrsngement, induction coil and telephone re-
celvers. Conductivity cells were constructed of soft glass
znd were similar in design to those employed by <uam (6);

The cell constants were obbtained by using 0.02 ¥ XC1 at 25°C.,
and employing the value 2.738 x 10™° reciprocal ohms for the
specific conduetance., The temperature was képt constant

with an ether carbon dioxide mixture. In all cases suf-
ficient time was allowed for solution to take place if the
substanee was soluble., When solubility was apparent excess

solute was employed and readings were taken until constant

6. GQuam with Wilkinson (loc. cit.)




(11)

values showed the solution to be saturated under the ex-

vperimental conditions,

Preparation of the Chlorides

The majority of the chlorides used in these experi-
ments were obtalned by purifying end dehydrating stock
samples. Since the anhydrous salts were desired it was.
necessary either to heat the chloride for a period of‘?.
several hours at 105°C., or if hydrolysis took place under
these conditions, as in the case of lithium chloride, the
double salt with ammonium chloride was prepared and the sm-
monium chloride removed by sublimation. Culite a number of
the chlorides were, however, made in this laboratory and
brief mention of the methods employed will be made, Anhy-
drous ferric chloride, stannic chloride, selenium tetrachlor-
lde and antimony pentachloride were ﬁrepared by direct chlor-
ination of the elements. Boron trichloride was prepared by
direct chlorination of amorphous boron which had been prepared
'by the reduction of boron trioxide with a mixture of powdered
aluminum and magnesium. The liquid boron trichloride was kept
over mercury for several days to remove the dissolved chlorine.

Pellurium tetrachloride was prepared according to Lenher (7)

| 7. Lemher, Jour. im. Chem. Soc., 24, 188 (1902).




(12)

by the action of sulfur monochloride and metallic tel-
lurium. It was washed repeatedly with carbon disulfide

| until the washings left no residue upon evaporation,

Data and Comparisons

ILithium Chloride

Action with Liquid Action with Water:.

Hydrogen 3ulfide? : o
~77°

Insoluble and non- Very soluble and

reactive, slightly hydroly=zed.

25°

Insoluble and non- Conductivity according

reactive. to Kohlrausch (8).

Conductivity -77° N/32 Eg. cond., 103.8

Nil N/64 Eq. cond. 106.5

Fobtagsium Chloride

| =770
Insoluble and nonw Very soluble and not
reactive appreciably hydrolyzed.
25°
Insolublé and non- Conduetivity Xohlrausch(9)

reactive,.

8. F. Kohlrausch, L. Holhom and H. Dusselhorst, Wied. Ann,
64, 417 (1898).
9. F. Xohlrausch, L. Holhom and 4. Dusselhorst (ibid).




10.
11.

| (1%)
Conductivity ~77°

Nil.,

¥/32 Bg. cond. 127.4

%¥/64 iu. cond. 130.3

Cuprous Chloride

-77°

Reacts to form cuprous
sulfide, thus:

CuyClg +H, S —>Cu, S+21CL

o

25

Reacts in a similar
manner, but more rapid-
ly.

Conduetivity -77°

Shows an appreciable
conductance due to HCL
formed during above re-
action.

Very sli:htly soluble.

According to Bodlander
{(10) it is partially
hydrolyzed and partial-
ly decomposed in contact
with water, thus:

CuyCl, +H, 0 2°Cug 0 +2HCOL
CuaCl,~ CuCl, +Cu

Cupric Chloride -

-77°

Insoluble and non-
reactive.

Conductivity -77°

ril.

G. RBodlander, Zeit. physik.
Evans, Proc, Roy. Soc., 57,

Very soluble and high-
ly ionized., Ionizes
in two stages: Evans
(11)

Cull,20u C1+C1
cu'crizcn vo1”

Chem., 27, 58, (1898).
131, (1894).




(14)

Silver Chloride

-77°
Reacts to form yel- Insoluble,
low colloidal silver :
sulfide.
25°

Forms black silver
sulfide.

Conductivity -77°,
Shows an appreciable
conductance due to
HC1 formed.
7. V. Von Hahn (12) found that silver sulfide

hydrosols pass through 2 range of golors from yellow

to green.
Strontium Chloride
-77°
Insoluble and non- Soluble and yields
reactive. a conducting solution.
25°

Insplubie and non-
reactive,

Conductivity -77°
Nil.

12, F. V. Von Hahn, Koll. Zeit., 27, 171 (1320).




(15)

Barium Chloride

(4]

=77

Insoluble and non- Soluble and yields
reactive. a condueting solution.

Insoluble and non-
reactive.

Conductivity -77°

Nil.
Zine Chloride
-77°
Slightly soluble Scluble and slizhtly
and nonreactive. hydrolyzed according
to the equation:
250 .
A ZnCl, +H,0& Zn(0OH), +2HC1.
Increaged solubility S
but nonreactive. , P. L. Perrot (13) said
. that the state of equi-
Conductivity -77 libriwmn is rapidly at-
tained.

0.643 X 10

~77°
Insoluble and non- Soluble, W. Bern (14)
reactive. states that C4Cl,; is
' hydrolyzed slizhtly at
Conducbivity -77° low temperature and that
the amount of hydrolysis
mil. increases as the tempera-

ture is railsed.

13. F. L. Perrot, Bull. scc. chim.{3)13, 975, (1895).
14. W%. Bern, Zeit. physik. Chem., 27, 51, (1898}).




15.
16.

(15)

¥ercurous Chloride

770
Reacts to form HgSH Very slightly soluble,
with the consequent According to Kohlrausech
formation of HCL. (15) a liter of water
dissolves 0,02 z, at 18,
25°

Reaction goes to com-
pletion forming olive
green igzSH or HaS.HaV.
Conductivity -77°
Shows conductivity due
to #Cl formed in the
reaction:
Hgg Cla +H3 5= 2H€;SII+2HC].
Since HgSH and Hg,SH,S both have the same percent-

age composition it was impossible to distinzuish between

them by chemieal analysis. It is-of intere:t to note in

this connection that Antony and Sestini (156) state that

hydrogen sulfide acting upon a mercurous salt below zero

“degrees C. gave mercurous sulfide, which above that

temperature decomposed into mercuric sulfide and mercury.
In the case of the liquid hydrogen sulfide the compound

obtained was very stuble at room btemperature.

Kohlrsuseh, -Zeit. physik. Chem., 50, 356, (1905).
Antony and Sestini, Gezz. chim. ital., 24, 1, 193




17.

Slightly soluble and
non-reactive.,

25°

Soluble and reactive
to g¢ive mercuric sul-
fide.

Conductivity -77°

[

031 X 10~

Vercuric Bromide

Soluble and very slight-
ly ionized.

Very slizhtly hydrolyzed.
Hydrolysis takes place
according to Lew (17)

as follows:

Zither,

SHs0L, +H, 02 (HaCl),0+2H " +201
or,

+ ' -
HgCly +Ha 0 =7 (HgClOMH ) +H +C1

-77°

Soluble and non-re-
active.

Solubility greater
than mercuric caloride.

o
25
Soluble, and reduced
according to the
equation:
2HgBry +H, S— 2HgBr+2HC1 +5

Conductivity -77°

5.160 X 10~

H. Lew, Zeit. physik. Chemn.,

50, 225,

Soluble but slightly
ionized,

S1lightly hydrolyzed.

(1899).




18.
19,

(18)

Mercuric Iodide

-77°
Appreciably soluble Soluble but slightly
and nonreactive. ionized.
Soluvility greater Hydrolized.

+than mercuric chloride
or bromide,

25°

Dissolved immediately,
and on cooling a large
amount of the yellow
modification separated
out.
Conduetivity -77°
9,985 x 10 °

Aceording to W. D. Bancroft (18) when mercuric
iodide is precipitated from orgsnic solutions the yel-~

low form is always first obtained which later changes

to the red.
Boron Trichloride
-77°
Reacts with extreme Completely hydrolyzed
violence to form the with water to give HC1
addition product and ,B0;.
BCls;.12H;S which de-
composes at ~46°C, in- S. B. Dumas ({19) says
to BCl; and HgS. De- that a solid hydrate is
termined by ratio. first found if a smaller
: quantity of water is em-
ployed.

Baneroft, Jour. Phys. Chem., 1, 137, (1897}
Dumas, Ann. chim. phys. (2) 31, 346, (1826}




(19)
25°
Clear solution which
on cocling down yilelds
the prouduct BClz.12H,S.
Conductivity -77°

0.596 x 10

Aluminum Trichloride

~77°

Appreciably soluble,
but nonreactive.

Biltz (20) also reports
AlCl,; as soluble,

F. WB8hler and E, Baud
(21) reported the for-
mation of 2A1CL;,.H;S
and AlCls.HgS.
Conductivivy -77° -

2.092 x 10 °

Hydrolyzed to give
A1(OH); and HCl. .

-77°
Completely miscible and
nonreactive,
25°

Very slow reaction took
place over an interval
of several weeks with
the formation of SiS;.

20. Biltz, (loec. cit.)

Completely hydrolyzed
aceording to the equation:

SiCl‘ 'FZHB O '—)Si (0H)4 +HCl

2l. F. W8hler and &, Baud, Ann. chim. phys. (8) 1, 28, (1904)




22.
25.

(20)

Conductivity -77°

Conc. Sp. Cond.
/x1e7?
0.094 5228
0.2184 5929
0.3709 «8778
0.5502 1.290
0.6556 1,290
0.7646 1.290
0.8464 1.290
1.2838 1,290
1.4632 1.290

Titanium Tetrachloride

-77°
Reacts with grest vio- XBnig and von der Pfordten
lence to form addition (23) nave found that TiCl,
products, which decompose forms a series of compounds:
explosively at room temper- :
ature. 71 (OH)CL 5,
Ti(0H)Clg,
Analysis showed the com- 7i (OH)4C1 and finally
pound to be 2TiCl,..H,S. 71 (0OH), stands between
silicon and tin in its ease
of hydrolysis with water,
25°

Partially reduced to
black TiCl, and partially
thiohydrolyzed according
to the equations:
TiCl, +2H,S —> TiHSC1l;+HC1
TiCl,+2H,S—Ti (HS),Cly +2HCL etc.
Biltz (23) has shown the existence of TiCl,.Z2H,S
ahd TiCl,.HgS by the reaction of titanium tetrachloride

Kbénig and von der Pfordten, Ber., 22, 1485, (1899)
Biltz, (loc. cit.)




24.

(21)
and liquid hydrogen sulfide at low temperatures. The
difference here is due to different experimental ocon-
ditions. Pfordten (24) has shown that gaseous hydrogen
gulfide forms a series of products corresponding to

those obtained with liquid hydrogen sulfide at room

temperature.
Tin Tetrachloride
-77°
Completely miscible and . First forms hydrates -
nonreactive. and with excess water
proceeds thus:
25°

SnCl,+2Ha0 3n{0H) +4HC1
Very slow reation with
the formaetion of minute Less hydrolyzed than
amounts of stannic sulfide. Sicl, or TiCl,.

Conductivity -n7°

Conc. Sp.Cond.
vXlo7
0,0040 0,965
0.1416 1.007
0.5134 1.062

-77°

Insoluble and nonre- Very sligshtly soluble
active. in cold water, rather

) o soluble in hot water,
Conductivity -77 :
Slightly hydrolyzed.
Nil.

Pfordten, Ann., 234, 257 (1885)




(22)

Phosphorus Trichloride

o

-77
Completsly miseible Hydrolyzed with cold
and nonreactive, water to give HCl and
HyP0,
25°

Reacted immediately
to zive PgS; and HCI,
thus:.
2PCL,+2H, S — Py 35 +HHCL

The equivalent conductivities of PCI§, As Cljg,
SbCls and BiCl; have been previously determined by Quam-
and Wilkinson {25) and have not been repeated in this

investigation.

Phosphorus Pentachloride

-]

~-77
Reaets slowly with the Reaets to form POCl,
formation of P3Cl; ac- which is further hydro-
cording to the equation: lyzed to glve meta and
ortho phosphoric scilds
PCls+Hy3 PSCl,;+2HCL and hydrogen chloride,
25°

Same reaction as at the
lower temperature. It
is,therefore, evident that
PSCl, is extremely stable
towards liquid hydrogen
gulfide.

25. Quam with Wilkinson, (loc, cit.)




26'0
27,

(23)

Arsenice Trichloride

4]

-77
Immediate reesction Hydrolyzed with water -
vyith the formation of to zive H;As05 and HCL.
arsenic trisulfide.
25°

Reacts the szme as at
the lower temperature.

It is evident that the thiohydrolysis of arsenic
trisulfide goes to completion; One would'expect,that
at the lower temperature some of the known arsenic, sul-
fur and chlorine compound mizht be formed such as: SC1

or 2As301As.S; (26), but such does not appear to be the

case,
Antimony Trichloride
-77°
Soluble and nonre- Forms first SbOCl which
active, is decomposed with warm
o water into antimorious acid
25 and hydrogen chloride,

Extremely soluble and
nonreactive.

Biltz (27) has also found that SbCl, is soluble
in liquid hydrogen sulfide. On boiling off the hydrogen
sulfide lemon yellow crystals of the composition
SbSClJSbCla were formed. This compound had been previ-

Ovard, Compt.rend. 1156, 1515, (1893)
Biltz, (loec. cit.)




28.
29.

(24)

ouzly isolated by Schneider (28).

Antimony rentachloride

-77°
Reacted slowly to Deéomposed by warm
form Sb3Cl,; and HCL. water into antimonie
and hydrochloric acids,
25°

Reacted in & similar
manner to give SbSClg

and ICl.
Bismuth Trichloride
-77°
rReacted to form the Forms BiOCl which
addition compound is stgble towards
2BiCls.HyS wnich is water.

stable in liquid hydrogen
sulfide, but is decom-
posed at atmospneric
conditions glving:
B1SC1,BiCl; and 2HC1.

25°
A duplication of the
reaction at the lower
temperature occurred.

The formation of this addition compound ex-
plains why Guam (29) obtained no conductance with
BiCl; and liquid hydrogen sulfide althoush a re-
action was observed to have tsken place,

Schueider, Togg., 108, 407, {1858)
Zuam, (loe. Cit.)




(25)

Selenium Tetrachloride

~77°
Reacts to form selen- Eydrolyzed first
ium monochloride and yieldinzg the oxy-
sulfur according to chloride and finally
the equation: neta selenous acid

and hydrogen chlor-

25eCl, +3H,S —»SeyCl, +38 ide,
+5HCL.

25°

Reduced to seslenium
according to the
equation:

SeCl, +2H,S—Se+S+4HC1

Tellurium Tetrachloride

o

~77
Reduced to form tel- First hydrolyzed to
lurium dichloride the oxychloride and
according to the then tellurous and
equation: hydrochloric acids.

TeCl, +H,S—TeCl, +S+2HC1
25°

Reduced to elemental tel-
lurium, thus:

TeCl, +2H, S— Te+2S+4HCL

Chromic Chloride

(green)
~77°

Inscluble and non- Digsolves to give

reactive, various ions .such zs
- CrCl,+Cl ete. Hy-

Conductivity -77° drolysis value between
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Nil.

aluminum ehloride
and ferric chloride.

Chromium Chloride

(violet)
~77°
Insoluble and non-
reactive,
25°

Completely inert.
Conductivity -77°.
Nil.

S1lightly soluble and
partially hydrolyzed.

Manganous Chloride

-77°

Insoluble and non-
reactive,

Conductivity -77°.
Wil.

Soluble and according
to Brunes (30) slight-
ly hydrolyzed.

Ferric Chloride

-77°
Very soluble and
slowly reduced at
this temperature.

25°

Immediately reduced
to ferrous chloride,

Soluble and hydrolyzed,
thus;:

FeCl,+3H,0& Fe (0H) 3 +3HC1

20, Brunes, Jour. physik. Chem., 32, 13%, (1900).
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thus:

2FeCl ;+H, 5 —2FeCl, +S
+21C1,

Conductivity -77°

8

209.890 ¥ 10~

‘Cobalftous Chloride

(]

-77

Insoluble and nonre-
active,

25°

Reacts to form the
sulfide, thus:

CoClg +tH,S—~CoS+2HCL
Conductivity -77°
Nil.

Soluble and slizhtly
hydrolyzed. :
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Summary

Liquid hydrogen sulfide is much more reactive with
these compounds than would first be supposed, This is
egpecially true at room temperature. It is seen that
reactivity with this solvent falls naturally into three
genersal classes: _

1. 4n addition product is formed which may or may

not be soluble in the liguid hydrogen sulfide. i

amples are: 3Clg.l2HgS, ZTiCl‘;H,S, 2BiCls;HzS, etc;

2. Reactions of thiohydrolysis take place such as

PCly to PSCls, HgeClas to HzSH, or As Cl, to_As,S,;

3. Reduction of the halide by the liguid hydrogen

sulfide, such as; SeCl, to Se or Fell, to FeCl,;

Of the chlorides studied those of the alkali and
alkaline earth grouﬁs showed decided inactivity, KC1,
BaCl,, SrClg etc; Silver, cuprous and mercurous chlorides
on the other hand are all reactive even at the low tempera-
ture., While ziné;chloride'is soluble and yields a conduct-
ing solution, cadmium chloride is markedly inert; The
halides of‘mercury are all soluble at the lower tempera-
ture yielding conductinzg solutions, the order of conductivity

beinz 1<Br<Cl. A%t room temperaturc¢ these halides show no
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regemblance in reaction, for while the chloride forms

the sulfide, the bromide is reduced and the iodide is
uareactive, 3Boron and sluminum tricehloride both yield
conducting solutions., V¥hile silicon and tin tetrachlor-
jides are very soluble at low temperatures titanium tetra-
chloride forms an addition compound, At higher tempera-~
tures titznium tetrachloride is both reduced and hydro-
lyzed while silicon and tin tetrachloride fd:m the'neépec-
tive sulfides, bubt only to a smell extent.

- With the chlorides of the fifth group one finds marked'
iastability towords the hydrogen sulfide, especially at the
hizgher temperature., In some cases intermediate products
of hydrolysis are found which are stable in the liquid.
Anbtimony trichloride prescnts, however, a marked exception
glince it is extremely soluble but unreactive with the liquid;
Selenium and tellurium tetrachlorides are both reduced;
Manganous and chromic chlorides are stable bubt cobalt forms
the sulfide at the hisher temperature, while ferric chloride
is reduced to ferrous chloride.

It is very noticeable that in cases where thiohydroly-
sis does taﬁe place the sulfide is usually formed znd not
the hydrosulfides or thiocacid. The only two instances of

the possible formation of hydrosulfides or thioacids were
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reactions with mercurous chloride and titanium tetrachlor-
ide, while numerous cases of the direct formation of sul-
fides were evidenced., In this respect thiohydrolysis in
liquid hydrogen sulfide differs very markedly from hydroly-
sis in water., Liquid hydrogen sulfide is not as strong a
hydrolyzing agent as water since many compounds which are
easily hydrolyzed with water are stable or are hydrolyzed
with difficulty in the hydrogen sulfide, and as further
evidenced by the stability of intermediate productsléf.hyf_
drolysis such as PSCl; and SbSCl, etc. in the liguid hydro-
gen sulfide; _

Perhaps the greatest dissimilarity in the two solvents
is the reducing power of the hydrogen sulfide, which is very
vigorous at room temperature. Liany compounds which are al-
most completely hydrolyzed by water are on the other hand |
reduced by the hydrogen sulfide such as: TiCl,, SeCl,, TeCl,,
FeCly, ete. This makes a true comparison ofAthe hydrolyzing
power of liquid hydrogen sulfide and water rather difficult
gince this reduction masks any power of hydrolysis which the

hydrogen sulfide may possess with these compounds,




PART IT.

ACTION OF LIQUID
HYDROGEW SULFIDE ON NITRILES
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ACTION OF LIGUID HYDROGEN SULFIDE OF HITRILES

Tneoretical Considerations

Since nitriles are hydrolyzed with water to carboxylie
acids in the presence of acids or bases, an investigation
of these reactions with liquid hydrogen sulfide under like
conditions is of extreme interest; o
In an acid or alkaline solution or with éuperhea;ed
gsteam nitriles react thus: B
RCK + HOH-—RCONH,
RCONH, + HOH—>RCOOIH,
flhen a nitrile is sealed up with ligquid hydrogen sulfide,
and the tube allowed to remein at rcom temperature, one
duplicates the conditions necessary for the cyanide hydroly--
sis with water since the nitrile is in contact with the hy-
drogen sulfide at a temperature some eighty-five degrees
above the boiling point of the latter. If any similarity with
aqueous chemistry manifests itself under these conditions one
would expect the dithio acid to be found according to the
equation: ]
RCW + H,S5-—->RCSNH,
RCSHH, + HQS~9RCSSHHf

2RCSSNH, + HeS—»2RCSSH + (WH, )sS




($3)

Bernthsen (1) showed that gaseous hydrogen sulfide
reacts with acetic nitrile in solution to givé thioacet-
amide and since one inereases the contact by dissolving
the nitrile directly in the hydrbgen sulfide thelprobabil-
ity of the above reaction taking place is quite strong;_

Reaetivity would be at once indicated by the appear-
asnce of the characteristic orange red solution of the di-
thio seid in the liquid hydrogen sulfide, and the'sgpa-
ration of insoluble ammonium sulfide; |

A study of these reactions is of extreme importance
since it not only offers furtner date for the comparison
of reactions in liquid hydrogen sulfide and in water, but
zlso, since it affords a possible method of preparation
of mumerous dithio acids which are at present very diffi.

cult to synthesize.

1. Bernthsen, Ann., 192, 45, (1878).
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Experimental Pard

Samples varying from five-tenths to one gram of the
nitrile were placed in dry pressure tubes and cooled down
in the ether-carbon dioxide bath. Liquid hydrogen sulflde
was then admitted and the tubes observed for six hours at
the lower tempeiature. The tubes were then séaled and
allowed to remain at room temperature for several days, fre-
quent observations being made. The tubes Were thén*éooled
down, openeld and dry gaseous hydrogen chloride intréduced
after which treatment the tubes were again sezled and kept
at room temperature until reaction had apparently ceased;
The tubes were again cooled and the excess hydrogen sulfide
removed at its boiling point. The products were then sepa-
rated from the ammonium sulfide with ether, and the free
acid extracted from the ether with sodium hydroxide solu-
tion., The acid was then obtained by acidifying the sodium
hydroxide solution with hydrochnloriec acid and extracting
with ethef. In two cases identification of the aclds was

made .by determination of the boiling point, and in one case

by analysis,
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Observations

The observations are best portrayed by the following

table.

A1l the nitriles studied were completely miscible and

unreactive with pure liquid hydrozen sulfide at 25°C. Ob-

servations were made for seveuty-two hours,

TABLE I.

Liguid Hydrozen 3ulfide Plus Hydrosen Chloride

Nitrile: <77% . 2d0

:Color of icid: Remarks

: :Reaetive,

+Miseible :yielding

rand non- :an orange :0range red
ireactive.:red solu- :
: -tion, :

ALeeto

:Reacetion conm-
:pleted after
: 24 hours.

:+ (NHy )2 S ‘sepa--
rated,

: :Reactive,
+¥iscible :yielding

Tropio :and non- :an orunge :0range red
ireactive.:red solu- :

.
3

.Reaction com-
:pleted after
+ 24 nours.

'+ (NH, )¢S sepa-

:rated.

- tion,
. :Slowly re-:
:iisclble :active

Valerio:and non- :ylelding :0Orange red
:reactive :an orange
s © «red solu- :

:tion.

:Reaction com-
tnleted after
+40 hours.

: (I1H, )23 sepa-
-rated.

: + Immediate :

: Slowly :reaction
sreactive :yielding a:Red
. :red solu- :
:tion. N

Benzo

+Reaction com-
:pleted after
:10 hours.

: {NH, })3S sepa-~
+rated.
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Proof ofvthe Formation of
Dithiocsrboxylic Acids.,

In order to show that the dithloecarboxylic acids
were actually formed the products ffom the reaction of
liquid hydrogen sulfide with propio and benzo nitrilss
were isolated by the method pfeviously described. The
product isolated from the action of propio nitrile boiled
at 490, at 20 mm. pressure. Only a very small amount of
the acid was obtained. In order to check this boiliﬁg
point a sample of dithiopropionic acid was prepared by
treating magnesium ethyl bromide with carbon disulfide,
hydrolyzinz and extracting the product by a method similar ’
to that employed by J. Houben and H. Pohl {2) for the prepa-
ration of dithioacetic acid; The acid prepared in this man-
ner had a boilinzg point of 59° at 30 mm; pressure;

A small amount of produet boiling at 290° at 25 mm;
pressure was obtained from the action of ligquid hydrozen
sulfide and benzo nitrile. On analysis of a sample by
means of Carius sulfur determination, the percentage of -
sulfur was found to be 4l.11,, which is rathcr close to the
theoretical percentage of 41.564 for sulfur in dithiqbenzoic
acld. 3Benzo nitrile was much more reactive than any of the

aliphatic nitriles studied. the small yields obtained were

P

2., J. Houben snd E. Tohl, Ber, 40, (2) 1303, (1907).
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due to two causes: first, some of the nitrile formed the
intermediate product, the thio amide, showing that the
opbtimum conditions for the reaction have not as yct been
realized; secondly, the ammonium sulfide formed reacted
with the acid after the removal of the hydrogen sulfide;

This reaction is reversed as follows:

¢S PR
2CH$C + (N’H4 )3 S -7 201{30\ +3HQS
‘SH " NHg

A study of more efficient means of separation of the acid v

will of course eliminate this difficulty.
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Conclusions

It has been shown that when nitriles are placed in
contact with liquid hydrogen sulfidé in the presence of
hydrogen chloride the nitrile is reactive, the products
of the recaction being: the corresponding dithiocarboxylic
acid, the thioamide and ammonium sulfide. The presence
of the thioamide shows that the optimun copditions for the
reaction are a matter of further investigation. Thgi
function of the hydrogen chloride is as yet unknown, save
thot it is known that the reaction does not take place in
its absence. The hypothesis that the thiohydrolysis in
this case is dependent unon the acidity ol the solution
seems most prdbable; To prove this other acid and also
basic catalysts should be employed;

The work done in this laboratory on this subject
gserves merely as an introduction into an important field,
and a further study of the reabtions from the standpoint of
determining the optimum condition as regards time, tempera-
ture and catalysts would yield very interesting and import-
lant results, 3ince this reactlon enables one to pass di-
rectly from the nitrile to the dithiocarboxylic acid its

contribution to sulfur chemistry cannot be over-estimated.




PART III.

CORDUCTIVITIES OF ORGARIC
THIQACIDS IN LIQUID HYDROGEN SULFIDE
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CONDUCTIVITIES OF ORGANIC
THIOACIDS IN LIQUID HYDROGEXN SULFIDE

Introduction

It has been found by GQuam and Wilkinson (1) that acetic
acid is a nomcoanductor in liquid hydrogen sulfide at low
temperatures wnile thioacetic acid solutions have a rather
appreciable conduetivity value, It is, theréfofe, evident
that the substitution of one sulfur for one. oxygen atom in
the acetic molecule markedly influences the degree of dissoci~.
ation of the acid in this solvent. Heasoning from this it
geems logical to assume that the replacement of the second
oxysen of the acetisc acid molecule to give a dithiocarboxylic
écid should be attended by a further increase of dissociation
in ligquid hydrogen sulfide;

Acetic acid and its homologues are classed as weak acids
in water solution, and further as one ascends the nomologeous
series the acidic properties become noticeably Iess; It is
thus of extreme interest and importance to determine if this

same relationship exists in the sulfur system.

| 1. Quem and Wilkinson, Jour. Am. Chem. Soc. 47, 989, (1925).
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Purpose of the Investigation

It is apparent that acids of the type RCSSH bear the
game relationship to ligquid H,S as acids of the type RCOOH
have to water., It is the purpose of this investigation to
determine the effect on conductivity of compounds of this
type in liquid hydrogen sulfide when oxygen'atoms in the
molecule are substituted by sulfur, and furthermore, to es-
tablish some definite zeneralization in regard to'inérease

in molecular weizht of the acids and tkheir conduetivities

in this solvent.

Preparation of the Acids

Thioacetic 4Lcid:

The thioacetic acid was prepared by a method similar
to tnat first employed by Seniff (2). Acetic acid was heat-
ed for several hours with phogphorus pentasulfide and the
resulting mixture distilled several times using a fraction-
ating column. The acid which was used had a boiling point
of 93°~ 95°C., which checks the boiling point of thiocacetie

seld, 93°C.

7

Dithioacetic Acid - GHSC\

SH

The dithioacetic acid was prepared according to

2. Schiff, Ber. 28, 1205, (1895).
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gJ. Houben and H. Pohl {3). One molecular weight of methyl

?magnesium iodide was treated with an excess of carbon disul-
:ifide and the resuliting compound hydrolyzed; The ether solu-
.vgtion was then extracted with twenty-five percent sodium hy-
gdroxide solution end the free acid was then obtained by
Eacidifying with nydrochloric acid and extracting with ether;
;The ether was then removed, and the acid distilled under a
QVacuum. The acid boiled at 40° at 19 mm. which ehecks the
-iboiling point of that obtained by Houben and Ponl 37° at 15
}mm. pressure. |

¢

\

SH

§ Dithiopropionic Acid -~ CHRCH,C

This acid was prepared by methods exactly similar to
; those used in the preparation of dithioacetic acid with the
; exception that ethyl magnesium bromide was substituted for
%:the methyl magnesium iodide used in the former case; The

; acid boiled at 59° under 30 mm, pressure,
,,,,,,,,,,, Q

\“ ' ’ T S
| Dithioisobutyric Aeid - (CHj;)gCHC|

D

SH

This acid was prepared by a similar method using iso-

; propyl magnesium bromide and carbon disulfide; It boiled at
'E 58° under 26 mm, pressure. J. Houben and H; Pohl (4) found
? that normal dithiobutyrie écid boiled at 59° under 13 mm;

| 5. J. Houben and H, Pohl, Ber. 40, 2, 1303, (1907).
1 4, J. Houben and H. Pohl, Ber, 40, 2, 1725, (1907).
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pressure.

| I
Dithiovaleric ieid - CH;CHnCHaCH30:
SH

A similar method of preparation was employed using
n butyl magnesium bromide and carbon disulfide. The acid
boiled at 80° under 10 mm. pressure, J. Hiouben and H. Tohl

(5) found that dithioisovaleriec acid boiled at 84° under

33 mm., pressure.

Dithioisocaproic Acid - (CHg)sCHCHGH,C,

SH
This acid was prepared using the same method. It
boiled at 85° under 14 mm. pressure, J. Houben and H.

Pohl (6) report its boiling point as 84° under 10 mam.

pressure.,
4 K
Dithiobenzoic Acid - C4HsC,
SH
. Prepared by the use of phenyl magnesium bromide and

carbon disulfide. Boiled at 290° under 10 mm. pressure.

5, J., Houben and H. Pohl, (ibid.).
6. J. Houben and H. Pohl, {(ibid.)}.
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General Manipulation

The liquid hydrogen sulfide was prepared as
previously described. Conductivity apparatus and
cells were similar to those employed in the previous
work. The acids were added by means of a weighing

pipette.




Cone,

0.0207
0.0365
0.0795
0.2653
0.2669
0.4833
0.5745
1.0331

Conc.

0.1405
0.2252
0.4005
0,4452
0,4826
0.6519

(

Conductivities

45)

Acetic Aecid -77°

Thioacetic Acid -77°

Hil

CHg

Dithioacetic Acid -77°

,0
¢l

SH

CH,C

28

~ SH

Eq. Cond.,

. 23
/%10
1.450
1.050
0.550
0.520
0.578
0.573
0.554

1.451
0,735
0.529




Conc.

0.0157
0.0544
0.07564
0.1376
0.2814
0,3300
0.3781

Conc.

0.0244
0.0982
0.1687
0,2326
0.3714
0.4464
0.5588
0.8289

Conec.

0.0348
0.0567
0.1082
0.15561
0.2012

(45)

-
CHaCHgC |

SH

Dithioisobutyric Acid -77°

~
)

(CHS)QCHGT

SH

25
SH

CHoCHa CHaCHa C7

0,431
0.381
0,250
0.188
0.175

0.539
0.492
0,397
0.385
0.339

0.541
0,489
0.412
0.332
0.302




Conc.

0.0288
0.0386
0.0897
0.1308
0.1605
0.2888

Conc.

0.0789
0.1854
0.2333
0.2800

(47)

Dithioisocaproic hcid =77°

S
(CH, ) CHCHCH,C |
i

3
CeHgC

s\

SH

0.458
0.375
0.311
04218

0,182
0,155
0,159
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Coneclusions

Trom the results obtained it is apparent that the
substitution of sulfur for oxygen atoms in the acetic
acid molecule greatly increases the‘conductivity in
liquid hydrogen sulfide; It is also shown ﬁﬁat as the
molecular weizht of the dithio acid is increéSed there
is a decrease in conduetivity; Dithiopropionic acid‘is .
an exception to this rule since its equivalépt coﬂducfance
is much less than would be expected; This 5eneralizétion
is the same as one meets in the conduetivity of acetic
acid and its homologues in water; It is of interest to
note that propionic acid is also lower in gonductivity in
the agqueous system; The conductances of acetic acid and
its homologues corresponding to the ones studied in this

investigation ere as follows:

Aeid N\ (32) A (1024 )
Acetic - 8.7 45
Tropionic 7.4 38.7
Isobutyric 7.9 43,6
Valeric 77 42,6 :
Isocapronic 745 N(27.8) 29,6/ (442.5)
Benzoic 22.2 N {64) 75.6 A(H12)

The conductivities of the thio acids in liquid hydro-
gen sulfide are of the order of one thousandth of the con-

ductivities of the above acids in water,




ey

Benzoie acid, which has the highest equivalent con-
ductivity in aqueous solution, aprears to differ in the
sulfur system, since dithiobenzoic acid has the lowest
conductivity in liquid hydrogen sulfide.

In zeneral it can be said that these acids appear to
have a similar relation to liguid hydrogen sulfide as the
oxygen acids display towards water. Reasoning from this
it would be expected that trichloracetic acid‘would have
an appreciable conducetivity in liquid hydrogen sulfiﬁé,
but Quam and Wilkinson (7) found its conduetivity to bve
"nil", and this result has been verified in this laboratory;
A possible explanation is that the introduction of the three
chlorines in place of the three hydrogens so modifies the

nature of the molecule as to render it insoluble in the

liquid hydrogen sulfide.,

7. GQuam and ¥ilkinson, (loc.cit.).
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THIOHYDROLYSIS OF ESTERS
IN LIGUID HYDROGEN SULFIDE

Theoretical Considerations

It is well known that esters are appreciably hydro-
lyzed in water, the degree of hydrolysis depending on the
temperature, the acldity of the solution and the concen-
tration of the products of hydrolysis. Sincé iiquid hydro-
gen sulfide has been shown in numerous instances to gct as
a hydrolyzing medium it is not unreasonable {o suppéée that
there may be some similarity in reactions of esteis with

wabter and with liquid hydrogen sulfide., 3Because reactions

in liquid hydrogen sulfide proceed more slowly than with
water a longer period of time will probably be required
for equilibrium to be attained.

One of the standard methods of determining the degree
of hydrolysis is by conductivity measurements. In the case
where one of the products of the hydrolysis is a nonconductor
in solution the method is much simplified. Thus if the con-
ductivity of the hydrolyzed ester is expressed by /\b and
the conductivity of the unhydrolyzed ester by A then the
increase iﬁ'conauctivity,/\b-/\ is due to hydrolysis of the
ester. If hydrol&sis were complete the conductivity due to

hydrolysis would be/\A+AB' when/\, and A_ are the equiva-

A B
lent conductivities of the acid and base respectively. The
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degree of hydrolysis can, therefore, be expressed by
the equation:
X = NAp=-N
Aa~A

One can obtain b directly by measuring conductivity
values of solutions of the esters, and 1is obtained by
measuring the conductivity values of the ester‘in a solu-
tion saturated with the weak base so that nydrolysis is
prevented, |
It has been shown by Cuam and Wilkinson that solutions
of mercaptans in liquid hydrogen sulfide are nonconductors;
It has further been shown that acetic acid is a nonconductor
at low temperatures while thioacetic aecid is a conductqr;
In considering, therefore, the hydrolysis of an ester such
as ethyl acetate in liquid hydrogen sulfide, thus:
_0 20
CH4C” +Hy S —> CH,C +C, H;5H,
N 0CgH, N OH
it 1s evident that since both acetic acid and ethyl mer-
captan are nonconductors a conductivity method cannot be
employed. iowever, if one studies the thioesters a con-
ductivity method is directly arplicable since in this case
one of the products is thioacetic acid which is a relatively

strong conductor in liquid hydrogen sulfide, In the case of
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ethyl thiolacetate the reaction proceeds thus:

o

-\

0
CH,C 7 + H,S —>CH,C + CyHzSH

N SC.H,

(€2}

_ H
and since the thioacetic acid is a conductor while the
ethyl mercaptan is not, one has direct recourse to the
method expressed by the formula:

’x =Ab-/\
Na-AN -
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Experimental Part

Preparation of the Esters:

The thiol esters were prepared by a method previouély
employed by Obermeyer (1) for the preparation of methyl
thiolacetate. An alconolic solution of lead acetate was
added to an alcoholic solution of the mercaptan uatil Lo
further precipitation of lead mercaptid took'place; The
lead mercaptid was then filtered off, washed with ether and
dried in a vacuum desiccator; The lead mercaptid wééAthenv
treated with ice-cooled acetyl chloride, the reaction flask
being immersed in an ice salt mixture; After the reaction
had subsided the resulting lead cnloride was filtered off
and the solution distilled. The ester was then placed in
contact with cealecium carbonate to remove any acetic acid
and redistilled, In the case of esters of higher molecular
weight, pg butyl and iso butyl, the mercapton was refluxed
with acetyl chloride for several hours, and the resulting |
solution distilled and purified as previously describeﬁ;

The esters employed had the following boiling points:

Wethyl 95°-85°C,
Ethyl 115°-116°
n Tropyl 135°.137°
iso Propyl 122°-.1.23°
n Bubtyl 154°-155°
iso Butyl 144°-145°
Phenyl 110°-111° at 8 mm.

1. Obermeyer, Ber. 20, 2921, (1887).
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Determination of Conductivities:

The conductivities were determined with an apparatus
?_ similar to that employed for the chlo:ides and thio acids;
| The.same type of cells were also employed; The temperaturse
was kept constant at -77°C. by means of an ether-carbon
4 dioxide mixture, Determinations of the equivalent con-
ductances of the hydrolyzed ester at various diiutions were
first made. Another run was then made usingvaé solvent for
the ester, a saturated solution of the oorrespondingﬂﬁercap-
tan in the liquid hydrogen sulfide. The conductivity of the .
thioacetic acid had been previously determined in Part III;
The data were then plotted, equivalent conductivity against
concentration, and from these values the degrees of thiohy-

drolysis were calculated.

L0
CH,c”
N 30H,
Conc. Eq. Cond.
vVx 10°
0.0188 : 0,116
0.0601 0.047
0.1207 0.029
0.1925 0,022
0.3187 : 0.022

0.5671 0.011




0.4568
0.5158
0.5222

0.0228
0.1028
0.2171
0.4832
0.5108

0.3132
0.5218
0.5800
0.7175

0.0149
0.2097
0.3026
0.3598
0.4047
0.5731
0.6637
0.7572
0.8458
0.9376
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ILster plus Mercaptan

Ethyl Thiolacetate

0
cnscf

0
CH4C %
SCsHy (1)

0,004
0,004
0.003

0.187
0.082
0.094
0,056
0.038
0.032

0.007
0,006
0.003
0.005

0.103
0.089
0.092
0.084
0.083
0.078
0.077
0,075
0.075




0.0770
0.,1833
0.2204
0.2439
0.2881
0.3442
0.3825

0.0058
0.0885
0.2534
0.3596
04300
0.533%4
0.5924
0.7465

0.0983
0.2616
0,.,3001
0.4542
0.8763

(57)

Ester plus Hercaptan

0

z

CH,C

I'd

SCaH, (iso)

Ester plus Mercaptan

0.021
0.0189
0.015
0.026
0,018
0.021

1,072
0.122
0.114
0.113

0.025
0.024
0.024
0.011
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n Butyl Thiolacetate

20

CH,C

0.0154
0.0455
0.0510
0.1291
0.1882
0.2179
0.2568
0.29562
0.4534

Ester plus Mercaptan

\ 56.H, (1)

0.0505
0.1142
0.1742
0.2329
0.3598
0.4598
0.5410
0.5353

Phenyl Thiolacetate

No Conduetivity.

0

z

N SC4Hs

1.185
0.984
0.81%9
0,416
0,349
0.245
0.341
0.333 -
0.273

0,034
0.022
0,015
0.012
0.011
0,009
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Degree lydrolysis:

Table I.

Ester

: Cone. : iethyl : Zthyl :n Propyl : iso '~ : n Buty} :
- mol/l. . . » Propyl :
+ D.,02 + 7.70 .« 13.72 : + 59,20 -« :
s+ 0,05 ¢ 5,00 : 10.54 : 73,20 + 55,92 : 75.61
.« 0.1 ¢ 3,91 ¢ 8,31 ¢+ 59.21 + 30,11 .: 75,10
: 0.2 + 2.48 : 6,84 : 20,83 : 22,42 . 51.00
: 0.9 c 2,40 : 5,40 . 12,60 + 19.51 : 5l.84 -
: 0.5 ¢ 1,53 : 5.63 : 11.25 .+ 21.18B .+ 45,20 -
+ 0.5 : + 4,34 ¢ 11,20 : 20.86 .
« 0.7 . : = 13,08 : 20.42 :
: 0.8 : : 11,06 ¢ ¢ ooripiirioi -
: 0.9 : : 10,35 : :
Conclusions:

I'rom these results it appears that thiohydrolysis of
esters of the type studled doés take place., It is also evi-
dent that as the "R" group iacreases the hydrolysis values
become greater., Phenyl thiolacetate, on tne other hand, ex-
hibits no éonductivity. The followins assumptions have been
made in attributing the observed conductivity to nydrolysis
and also in calculating the degree of hydrolysis by use of
the formula émpioyed.

1., That conduectivity is due to dissociation of the

ester in the liquid hydrogen sulfide, and not to any
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ionization of the hydrogen sulfide in the ester;

2. That the lowering of tne conductance of the ester
by addition of the correspondinz mercaptan is due to
a reversal of the hydrolysis and not to a change in
nature of the solvent. ‘

3. That the thioacetic acid is dissociated to the

same extent at all concentrations,




Sample Calculation

Methyl Thiolacetate

Conec.

0.02 i%ig??56204 = 0770
T

0.10 :0845-.004 - 0391

0.30 :0195-.002 = 0240

0.40 -?%gg::ggi = .0211

0.50 .01336-.004 = L0153

. 615- . 004




GENERAL CONCLUSIONS
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GENERAL CONCLUSIONS

Many substances have been found to undergo reactions
of thiohydrolysis in liquid hydrogeﬁ sulfide, and in nuner-
ous ilnstances reactions very similar to those taking place
in a water system have been observed, With inorganic com-
pounds liquid hydrogen sulfide has been found to be a much
weaker hydrolyzing medium thaa water, althouzh a trug com-
parison is very hard to draw. | |

Hany sudbstances have also been found to be soluble
in liquid hydrogen sulfide, and in the majority of cases
these solutions were found to be conductors of the electric
current, One must not, however, form the conclusions from
this work that liquid hydrogen sulfide is a zood ilonizinc
medium since the substances studied in this laboratory have
been very carefully selected from the standpoint of their
probablility of ylelding conducting sclutions in this solvent;
If these solutions had been made at random quite a different
conclusion would be drawa sinee Walker, lcIntosh and Archibald
(2) have shown that liquid hydrogen sulfide is a remarkably
poor ionizing medium for the majority of compoun&s; In fact,
the aﬁthors go so far as to say that combination with this

2. Walker, ¥cIntosh and Archibald, Jour. Chem. 3oc.
85, 1098, (1904).
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solvent is necessary before conducting solutions are ob-
tained., This conclusion, however, seems rather broad in

view of the work of Quam and Vilkinson (3) and that pre-

sented in this thesis.

3. Quam with Wilkinson, Jour. Am. Chem. Soc. 47, 989, (1925).
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