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REA GT WITH LIGQUID HYDRCGAY SULFIDE

=
s

Introduciion

I% hag begen found thaet liguid hydrogen sulfide
is a rather poox solvent foxr lnorgenic subsiances altho
it 1s an execellent one for organic. In the work from
this laborstory Quam (1) determined the solubility and
reactivity of over one~hundred and fifty elements, salts
and organic materials, In the field of inorganic sub-
stances thig work has been extended by Ralston (2) to
cover a large number of chlorides which he found to fall
inte three general classes according to thelr reactiviiy,
those that form addition products which may or may nct be
soluble, those that undergo thiohydrolysis, and those in
which reduction of the halide ocours. Satwalekar (3)
carried out an extensive study of the reactlion of metals
and oxides. His results show that the majority of the
metallic elemente slowiy react at room temperature to form
a hydrosulfide ¢r a sulfide while the coxldes are more rew
sctive, some of them reacting Tapidly at =77°0 and most of
them at room temperature to form sulfides; altho neither
1. Quam, J. Am. Chem. Soec., 47, 103-8 (1925)

2. Ralston and #ilkinson, ibid, 50, 268-64 (1228)
3. Satwaleker, Dogctoral Thesis, Towa State College {(1828)
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the metals, oxides nor thelr sulfide products were
goluble in the solvent.

- In the field of organic shemistry Halston (1)
studied the thiohydrolysis of nitriles and esters,
HMeints {2) the preparation of thio acids and thic alde-
hydes in 1liquid hydrogen sulfide, while Borgeson (Z)
caxried out a more general study of the reactlions of the
various classes of organic compounds, The latvter found
that all ¢lasses of crgenic compounds, oxcept the sugars
and salts, were soluble in liguig hydrogen gulfide while
several classes, namely, the unsaturated hydrocarbons and
unsaturated groups in generzl, the aldehydes, ketones,
nitriles, esters, acyl halides, amines and the Grignard
reagent react with the solvent., A further study of the
reaction of the Gripgnazd reagent has been carried out by
King (4) who interpreted the results of his analysis in
the following manner: the thio basic magnesium halide is
first formed which immediately loses a uolecule of
hydrogen sulfide giving the condensed product which is
relatively unstable and steadiiy loses: hydrogen sulfide.
. Ralston, Doctoral Thesis, Iowa Biate CGollege (1927)
. Meints and Wilkinson, J. Am, Chem. Sog., 51, 803 (1929)

. Borgeson and Wllkinson, ibid, 51, 1453-8 (1926)
. ¥ing, Doctoral Thesis, Iowa dtate College (1930}
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If the thio magnesium halide is prepared from
concentrated reagents a material low im sulfur is

obtained,
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Purpose of the Investigation
The purpose of this investigation is the prepar-
ation of inorganic thio compounds with liguid hydrogen

sulfide.

The apparatus used in the preparation of liquid
hyarogen sulfide was a wmodification of that employed by
quan (1), The improved apparatus, shown in Fig. 1, the
process of liguifaction, the details of manipulation and
tﬁ%‘subsequent handling of storage and reactlion tubes has
beén,fully deseribed by Heints (2). Only = brief
fegeription of the apparatus will be glven here. It can
ve divided into three sections, the generator for the
preparation of gaseous hydrogen sulfide; the dyying train
to remove 21l moisture; and, the liguefaction coll and
reservolr with the arréngement for the drawing off the
liquid hydrogen sulfide. The drying train consists of
two Drechsel wash boitles, (Ki) and (Kj5), filled with
water, and six drying towers, (Ll) and (Lg) filled wish
caloiun chloride, (¥} and (Hy) with aluminiuw éulfide,
1. Quam, J. Az, Chem. Soc., 4%, 103-8 (1925)

2. %eint§, Uapublished lasters Thesis,lowa 3tate College
1928) ” '
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(o) and'(og} with phosphorue pentoxide.

Phosphoyue Pentoxide as 2 Dryine Acent

for Hydrozen Sulfide

Lilienfeld and White (3), after pexforming
the fellowing experiment, conclude that phosphorus

pentoxide is unfit o use as a dryer of hydrogen sulfids

a8 it oxidizes this gas to sulfur dloxide. They vassed

a stream of hydrogen sulfide thru 2z drying tube containe
iag phosgphorus nentoxide for ten minutes. The gag irom
the dzying tube was led into a sodium hydroxide solution.
The phosphorus pentozide was washed out with water and
extracted with carbon disulfide. hen the carbon
aisulfide was allowed to evaporate from an evaporaiing
digh, yellow crystals of sulfur appeared. The sodiuwn
hydroxide solution was trested with dilute hydrochloric
mcid until neutrel. The sulfids lons were precipitated
with an sxcses of cadmivm nitrate znd the ocadmium

sulfide removed by filtration. The filirate being test-

;e with esodium nitropiusside to see if all sulfide ions

were precipitated. The filtrate was found to decolorize

malachite grsen solution (0.025 g. in 300 co. of water),

3. Lilienfeld and White, J. au. Chem. Soc., 53, 887 {1730)
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and when barium nitrate was added a white precipliate
formed. The preciplitate dissolved in hydrochloric acid
and the resulting solution decolorized lodine solution,
They said that these tests indicated the presence of a
sulfite, |

Thig work was repeated in this laberatory along
with a check run on hydrogen sulfide that had not been
passed thru phosphorus pentoxide. The hydrogen sulfids
was generated by the action of hydrochloric acid on
iron sulfide in a Xipp geﬁerator and passed thru a
Drechsel wash bottle half full of water toc remove any
hydrochloric acid oarried over by the gas. The gas was
divided into Zpproximately equal parts, by means of a
¥T# 4ube and a pinch clamp, one part passed thru a dry-
ing tube containing phosphorus pentoxide into a sodium
hydroxide solution while the other part passed directly
into another sodium hydroxide solutlion., The phesphorus
pentoxide was washed oul with water and extracted with
carbon disulfide. A fresh portion of phosphorusvpentm
oxide, which had not been used, was dissolved in water
and extracted with carbon disulfide. When the carbon
disulfide was allowed to svaporate no difference could

be noticed in the amount of residue left.
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The two sodium hydroxide solutions were
divided into equal parts and neutralized with diluie
hydrochloric acid, The sulfide ions were preciplitated
from one of the parts of each golution with cadmium
nitrate and from the others with cadmiun chloride,

The filtrates gave no test for sulfide ions with

sodium nitroprusside and all decolorized malachite
green solution., But the filtratées were now acid due

to the formation of free nitric and hydroobloric zsid
in the respective solutions in the precipitation re-
action. The solutions were again neutralized, this
time with dilute sodium hydroxzide, and upon testing
with malachite green solution they did not decolorize
it. It was further found that malachite green solution
was decolorized by either dilute acid or vasme,

The above.soluﬁions were made alkaline with
sodium hydroxide and concentrated. After being neutrale
ized with hydrochloric acid, barium nitrate was added.
The white granular precipitate formed was soluble in
hydrochloric acid but would not decolorize a small drep
of 0.01 normal iodine solution.

From these Yesults it is apparent that the

tests emwployed by Lillenfeld and White do not indiocate

[



the presence of a sulfite and we may conclude that
phosphorus pentoxlde can be used as a drying agent for

hydraogen sulfide,
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II. REACTIQH OI' LIgUID HYDROGEW SULFIDE O
CALCIUE ORIDE AND CARBIDS

Experimental
Haterials:

Cal = preparsd by dissolving precipiitated
caleium carbonate in hydrochloric acid, made slightly
alkalgna with ammoniuw hydroxides, filtered, the caloium
pxecipitated.as the oxalate with ammonium oxalate, filter
26 @43 iznited to the oxide ot 900°¢ in platinum digh,

valq w-ﬁationél Carbide Sales Corporation. By
analysis 95 - 965 0aC,.

JExocedure and Obseyvations:

| The meaeti&ns were carried out in 20.5 x 2.5 om,
py%ex test tubes enclosed in heavy steel oylinders. Fach
cgiinder had a needle valve in the cap. Five to ten grams
gé.%havsolﬁd was pléeed in the test tube which was then
-cﬁpleﬁ to;~??°c'and about 20 co. of liquid hydrogen
aulfiﬁe added. The tube was transferred guickly to the
steeljcyliﬁder and the cap screwed down., A&fter twe
weekéfor more the needle valve was opened allewing the
' exoese hydrogen sulfide to escape, end the product re-

moved. !
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The produet from the hydrogen sulfide treat-
ment of thelgalcium oxide was a light pink or flech
colored, fluffy substance which was analyzed immediately
as it was rather unstable giving off hydrogen sulfide
and on longer standing liberating sulfur. On itreatment
with hydrochloric aecid a violent evolution of hydrogen
sulfide took place. |

The product from the calcium carbide was a
light yellow powder with a mercapian oder. Upau-exﬁrastm
ion with anhydrous ether'tﬁe odor was removed and a white
powder remalned. The powder dld not yield acetylene
with water and gave off hydrogen sulfide on treatment
with dilute acid., The ether extract was light yellow,
after distilling off the ether s smell quaniity of yellow
liquid remained which turned red on furbher heatinz. On
standing in a tightly stoppered bottle, the unextracted
produect turned a reddish brown while the extracted
material slowly changed from white to greenish yellow;

in both cases sulfur was libersted.

Analysig of Products
The caloium was determined by precipitating 1t
as the ¢zalate with zsrmioniuu oxalate from a slightly

amuoniacal solution, dissolving in dilute sulfuric aecid




Cren ] G
and titrating with gbandard potassimm permanganate
solution.

Saifur was determined either by the evolution
method o7 by oxidation t0 sulfate with liguild bhromine
in potassium hydroxide solutlon, precipitating and
weighing as barium sulfate.

In the evolution method the weighed ssmple
wvag placed in a 500 ce. conical flagk fitted with s
tgree hole rubber stopper Qarrying a. 135 ¢e, dropping
funnsl, 2 tube with a stop-cock and another tube bent
at rizht angles to the flagk., The tube with the stop~
cock extended almopt to the botlom of the flask and
was connected with s cylinder of nitrogen which was
uged to sweep the liberated hydrogen sulfide from the
flask, The exit tube was connegted to a tall 300 cc.
Drechsel wash bottle coptaining 100 co. of ammonizcal
cadnium ¢hloride solution, Dilute hydrochloric aeid
was addad f£rom the dropping funnel eausing a vigorous
svolution of hydrogen sulfide which was absorbed by
the cadmium chloride solution forming eaamium sulfideQ
The solution in the flask was boiled for a few minutes

and nitrogen was zllowed %o pass glowly thyu the

system to insure the removal of any residual hydrogen

e 1 s e i s s b
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gulfide that might remsaln in the flagk. The excess
ammonla in the Drechsel wash bottle was neuitraliszed
with hydrochloxric acid, an excess of standerd isdine
solutlon added, followed by additional hydrochloric
acid to decompose completely the sulfide. The excess
of iodine wag titrated with standard sodium thio-
sulfate solution.

Consistent results were not obitained in the
analysis of the produet from the reaction batween
liguid hydrogen sulfide and caleoium oxide, as is shown

by the following table:

% sulfur % ealeiun

Tubs 7. . 4p.48 46,62
48,01 43, 8%
Tube §3. 43,68 38,93
42,50 41,55
fi“dbe 'f%s» . 43. 30 ‘ 484 9?
Tabe 4, 148,76 40,90
Tabe #5. * 41,58 . 45,89
42,34 43, 20
£3, 85 47,80

Tube #6. »% 43,33
Theory for CaS 44, 44 55,55
Ce. (SH)4 60.35 57,73

® the analysis was mun on this tube after it had stoed

in = desiccator over sulfuric acid for two weeks.

et
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"% this result was obiained by the Carius method.

An attempt was wade to determine the ratio
between calclum and sulfux by placing an unwelghed
sample immediately inﬁo potassium hydrexide solubion
ané analyzing allquot parts, From the Yesulis obtain~
ed on three différeﬁﬁ samples the ratio of sulfur %o
calcium was ﬁalcglateé to be 1 to 1.142; 1 to 1.136; 1

to 1,123, The sulfur in the first ratio was determined

by the evolution method while the last two were by

oxldation with liguid bromine and weighing as barium

sulfate.

The resulis from the analysis of the product

from the calcium carbide are shown in the following

table!
% sulfur % valoiwm

Tube $1. * 47,73 53,77
50,83 50, 20

Tube §3. # 49, 4% BOL75
50. 63 51430

Tube #3, #ee 38,58 51,84
38. 83 B1. 70
8. 60

Tabe #§4, #ue 38,00 51,45
38,07 51, 43
IT.T3

Tube 5. 50,90




% sulfur % ealeium
Theory for CasS &4, 44 55,88
Ca (8H)y 80. 35 37,73

L% thig ig an analysis on the unex¥racted sample,

sulfur detemuined by the svolution method.

e this sample wag extracted once with edher, sulfur by
the svolutlion method.

wEY samnles extréctéd three or four times with éthe?,
sulfur determined by the pbtagsium hydroxide~~'1iquid

browmine method.

Discusgion

The product from ths reaction bebiwesn 1liguid
hydrogen sulfide ond caluluz ox ide was unstable giviug
nff hydrogen sulfide on standing and therefowe was not
dried. VWater was probably the other product from the
reaction and could easily have interfered with: the
analysis. It 13‘&1so'pessiblei%hat the water fommed in
the reaction slowly hydrolyzed the product, causing i
o give-off hydrogen sulfids. .In-order 0 tég% this
agsumpiion the worlk on ealeium carbide wEs t&kén up iun
which it was hoped that the other product of the ro-
aotion would not interfere wi%ﬁ the cogpound being

analyzed.




]

&

- Qoungidering the faet thab the calciuw carbide
used was not over 95 - 96% pure, (the purity was deter-
wined Tyrow the perceniags Qaiciuﬁvand.the awount of
residue insclubie in dilute acid) it is probeble thal
calciunm sulfidﬂ 15 the solid foimed in this reactlion.
Guen (1), who Gid not separate the reaction products,
statee that his observations indigate the possibility
of the formation of & thioacetaldghyde as acscr*had in
Richbtexis Orgonic Cnemistry I, 202. This wvulo.sygly
to the yellow liquid with the mercapian odor formed in

the reaction.

Quam, Doctoxal Theeis, Iowa State College (1924)

e e e 10 S e A
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111, PREPARATION OF THIO-CAWBONATES

Exnexinental

2
UJa3 - prepared in part II

Ni. -~ commercial cylinder

03, « 0P #allinckrodt Chemical Work

Progedurs and Obaasrvations

Thé reactvions were ¢arried out in large size
gtorage tubes. About 10 c¢. of Iiguid hydrogen suifids
were iransferred to the itubes, an soual amount of carbon
disulfide added and then three or four grams of the
solid sulfide. In the case of ammonium sulfide aboutb
10 ge. of liquid awmonia wewe added. The tubes were
sealed and observed ower & period of several months,

Potassiun and ealeium sulfides do not fomm
ﬁhio¢a§banates under these conditions.

Hydrated sodium sulfide formed two layers in
the tube, the top layer being clear while the small

bottom layer was orange red. Bolth layers were ligquids.




On cooling the bottom layer solidified and was found

%o be sedium thio~coxbonate dissolved in the waier of

}..

crysialization of the sodlum sulfide. The ton layexr
wWas the hydrogen sulfide and excess carbon disulfide,

In order to determine if either solid
potzssiwn hydroxide or hydrogen c¢hlorlde gas would
catalyze the reaction other tubes wers sealed gontaline
ing them in small amounte. The same results wer
obtaingd as above, |

This reaction was carried oul in abeolute
alcohol . solution. The hydrogea sulfide was dissolved
in slcobol, carbon disulfide in aloohol added, the
resulting solution was clegr., One tube of this

golution was sealed and was unchanged after standing

03 a month, VYhen liquid emsmouia was added & rather

vigorous reachion took place with the formation of =
vellow snlid., The fubes were sealed and placed in the
storage tank. In two days the solid and liquid hed
changed o an orange red color. On cooling to ~77°C
the golid became lighter in color and 2 yellow solid
segporated out ol the liquid. The tube waas opened and
wasied out with ether. The oxnange solld decomposed

fairly rapidly in aiy giving off hydrogen sulfide and

A e et e et
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@B
ammonia, It was soluble in water and gave the follow-
ing reactions! dilute silver nitrate - reddish brown
precipitateu turning dark on stsnding; dilute lead
acetate -~ red precipitate turning biack on standing;
dilute fezric hydroxide « an intense red color giving

,g:gc nish black precipitate on sianding; dilute

o

cupzic acetate ~ & red coloxr zand some reddish browmn
precinitate; dilule acetic acld « decomposed giving off
““”rqgeﬁ sulfide and the selution was yellow final l&
going to colorless. On standing for several days undew
a mixture of aloohol and sthey, in 2 bottle with a one
Lkole stopper caryying & drying tube containing anhy-
drous calcium chlovide, the orange solid gave off
nydrogen sulfide foraing a wmore stable crystalline body.
?his new product 4id not further decomose
when kaept under rzhvr. It was gcluble in water and

save the fallowanw zeactions: dilute lead acelaic -

vellow precipitate; dilute silver nitrate - yellow

4

pracivitate turning davk; dilute cupric acetate =

yellow ﬁrecin%%atc turning dark; dilute ferric hydr-

oxids ~ intense red color giving o greenish black prece
i

itete on stonding. It 18 soluble in alcohol and pan

be recmySﬁallizéd fzom 1t by ethew, giving o whits




e
filocoulent solid which gave the same reactlons as the
yellow solid. It gv¥aduslly decumposes in contact with

aiy giving off hydrogen sulfide; ammonia and carbon

.

2.

disulfide.

Analysis of Froduct

The cowpound gave the following analysies

% mitrogen % eulfur
25,21 58,19
25,48 57.85
25.41 ’ 58,15
25,73 55,88

which agrees very closely with amwmonium dithic carb-

amate, (NHy) 085 (Hi,), which has 25.47% nitrogen and

Nitrogenwas determined by the Kgmldanl nathod

and sulfur by that of Garius.

- piscusgion
Aiocording to Melloxw (1) Zeise (2) found that
armonium thicesrbonate when leit with aleohel in a
closed vessel decowposed acsording to The fOllowiﬁg
equation,
(UH, )08, = (5'34)353(3»332) + ELS

ganic and

?&)

1. Hellox, A Gomprelenswve Tre ige on Inorx
TQEG”eulﬁyl ghemistry VI, 1382 élozr Bd. )
2, Beise, Aum. chim. phys., (2) 28, 66 (182




From this 1t is apoarenv that the orange colored

compound formed 18 amwmonium thiogarbonate and the ze~

v

action baking place in ths sealed wibe is probably

, elcohol
SHHnde o 05, = T s’
Rilfzd Mg + Uug (Wi, ) 468,

breaks down into ammonium dithio carvamste and hydrogen
sulfide,

i e
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IV, REACTION OF LIQUID HYDROGEN SULFIDE WITH
LIQUID SULFUR DIOXIDE

Gxpeximental
Hoterials
205 - & cylinder of Jicuid frem Wilkenge

Anderson Company.

Progedure ond Obsexvationg
| The resotion was carried out in large storage

tubes, These tubes were cleaned with chromic zcid
solution, washed with distilled water and dried with
aleohol and ether. The ether fumes were driven out by
passing a stream of aixr, dried by phasphorus.pentoxide,
thre them. They were then placed in the cooling bvath of
ether and solid carbon dioxide,

The sulfur dioxide was dried by passing it thru
‘¢ a daying tower contalning phesphorus pentoxide and
liguified in a large test tube placed in a gooling bath
cf ether and solid carbon dioxide.

About 5 cc. of the liguid sulfur dioxide Weie
transferred from the test tube to gach of the two 2e-

action tubes in the cooling bath and about 10 ce. of
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Lquid hydrogen sulfide added. The sulifur diozide socon
golidified and two layers were formsd in the tube, Two
houzrs later bthe tubes were carefully sealed and annesle
ed. At this time there wag a little sulfur on the
surface of the solid sulfur dicxide whexre the hydrogen
sulfide ocsme in contact with it. The tubes were wpzp-
ped in towalé and placed in the storage‘taﬁk. A few
minates later the first tubs placed ian the fank was
shattered by the exeesslve pressure in the tube and
%hén the second. The interval between the explegions
vefy nearly corresponded to the tlme required to iake
the tube bfzgm the cooling 'dg,th_, wrap it in & fowel and
place it in the stovage bank,
In order o Wwahkch the reachion another tube
vz cleaned snd dried in the same mannsr exgept thai
it was placed in an electric oven fop two howrs at
1%G°ﬁ while the‘stra&m of dry air was passing thyu it
to ingure the removal of all the ether vapeors, It wa
then allowed %o cool to roowm temperature with the dry

adr 3111l vpassing threw and placged in the cocling veth.

iy
LS

About B ceo. of sulfu
the tube and twice =2 moach liquid hydrogen sulfide

added, The tube was ¢arefully sealed and amnnealed.

dioxide was liguified Givectly in

P e e e e i e
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Again thers was a slight denoszL of sulfur at the loter—
face of the solid suliur dioxlde and liguid hydrogen

. £ .2 R R “ E oo 3 ud L
pulfids which Gid neot epvear o increase on slandin

&

path for twelve hours.

In order that the tube could be observed from
thig polut 1t wae not pla aed,lr the plorege tank bul
in a tall liter teakey f£illed with keroaane.‘ This was
placed behind a heavy glass sCreen to nrotect the
obeerver frow flying glas The ourpose of the kerosens
was to prevent moisture Ifzom condsnesing and freezing on

o

the surface of the tube and thus make iV impossible

Lo
(1]

further ovserve the contents of the tube. About four
winutes afber the tube was placed in the bath wmore
vellow golid began to Lorm, then in the next Tive

= PUPRE NN 38 9% ¥ R . A
oLl with & larse smmound

o

seconds the contenis appeared wo
of vellow solid fowming in the body of the licuid and
the tube ezploded.

To arrive at an apnroximate value for the

temperature at which the resction took place, tubss of

fOEN

gther and alcohol weze cocled to the temperature of the
cooling bath (~77%). These were placed in a kerosene
tath at rocm'temnerature and the time noted foxr the

rise to 0°¢. The avvbage-determined by several rTuns
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wos three and one-hali minudes,

Eiscussion

Anhydrous lia id hydromen sulfide and liguid
gulfur dioxide zeact vigorously with the fo“m tion of
free sulfur in o Sealed tabe, which is in agreement
with the work of Quam (1). The exact temperaﬁure at
which the reaction took nlace was not ﬁéﬁerﬁined but by
a comiparative method it was found to be above 0°C.

Pressure, which depends wpon the termerature,
mast have a marked influenge on The reaction as

visthews (2) found that there was no reaction at the
teamperature of golid carbon dioxide and thai in an open
vessel the ligquids bolled away completely without
action when the itemperature was Taised,

-

antony and Hagri (3} state that there must be
an iondzing liquid present to bring aboub the reaction
between the liquids., Xathews (2) carried oul exe
periments with hydrogen sulfide and sulfur dioxide in
both the 1iquid and gesecus sitate in the presence of a

thizd substance. He found that subgtances that broughi

3,

aboutl the reaction of the gases at ordinary temperature,

e

- Guam, J. Am: Chem. Bog., 47, 103-8 (19?5}
. Yathews, J. Chew. Soc,, 15T, 22703 (1926
o Avtony and Magrl, Gazz. 'ﬁY

[CEEAVE o

Vi, ital., 25, %Oan& {1905)




a8 liquids, had no effect on the liguid mizture if they
were solids at the temperature of solid carbon dioxide.
Por example! ice, aniline, benzaldehyde, 21lyl zleohol
and glycerol “thQ are golidm at thile temperature

bring about no re 2action, altho at ordinazry temperatures,
when 1lquld, they cause lumediate reaction} while ethez,
alecohol, PGBBOHV and substances that are ligquids at
both tewperatures cause imedianie reaction.

Bildz and Zeuneche (1) &id

2
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dioxide and liguid hydrogen sulfide %o renct as stated
by ouam {Z) and say uhag bhis might be due to the
degree of dryness oF thal they worked at lower Lemp-

eratures or thelw observations were over a shorter

In their investigaticn Laug and Carvson (3)
Tound that a reaction toock olace Torming free culfur

~

and water, Their resction was carried oult in 2 sesled

c&

tube but they do not state the tempersiure and gay that

the dryiag of the gases »rovably was not therouzh encugh.

in this laboraitory precautlons were tnken to

§de

ngure the dryness of the gases and all alcohol and

ether vopors were driven out of the reaction tubes,

1. hiltéyand Keuneche, 2. 2norg. allvem. ehem., 127,

) R

2. Guam 450 "Ghem, Soo. 4 §198 %

e nang’and Ga%son, Proc. COwem, oc., 1 % 880 (1805),
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ed only iwo liguid layers were present. The clear
layer had disappezred while the bottom layer had
inereased and some Iree sulfur had been fommed. On
cooling to <77°C both layers solidified.

Using chc thionyl ch.arlde fronm Tastuen
Kodak Comnany there was no reaction at ~77°¢ and the
liquids were uiscible. On raising the temperature to
the boiling point of the liquld hydrogen sulfide and
shaeking the weaction siarted fomming a white SLbDﬁPSi i,
The tubes were cooled, gealed and placed in the storage
tank. Several tubes were shattered due to the high
pressure caused dy the heat of the resction and the
hydrogen chloride formed. OCn stending several months
more free sulfur separnted cut at the sxpense of the
yellow liquid layer.

The tubes were cooled and opened. The excess
pressure in the tubew was due to the pressnce of hydsf~
gen chloride gas. Afber allowing the excess hydrogen
sulfide 1o eveporate the two layers were separated.

The Top layer consisﬁed-of‘hy&rogen-ahloridﬁ in water
which on standing became c¢lear with 2 small amount of
sulfur settling out. The bottom layer consisted of

free swifur and & yellow oily liquid,  The wixture was

P b et 8 A et i 1



fildered thra o Gooeh o rewmove the crysials of sulifuz,
The liquid decompored on heating. An atteupd was made
o digbill 1t at 4 mum. pressure but 1t decomposed
£ hydrogen sulfide frow the outlet valve of
the oil puwp and leaving 2 residue of sulfyr in the
digtiliing fla%x, It was soluble in caroon Algulfide,
chloroform, and benzene and inscluble in alcoholi and
glher, Alecohol rapidly decomposed it while ether

nastened the decomposition. The specifle gravity of
the Impure procduct was found to be 1.80. Thé odor was
similar to that of hydrogen persuliide.

ﬁulfuryl chloride was miscible with 1liquis

hydrogen sulfide and the reaction did not stard while

o

standing in the ccoling vath for three hours with the

s

temperaturs veing raised

ct

o the boiling point of

¥

times and shaking, The

-t

1iquid hydrogen *ulfide several
tubes were sealed aund placed in the storage tank.

Avout siz hours later ong of the tubec was shattered by
the pressure generated in the reaction. Sowme of the
velilow 011 formed in the reagiion, which was similer

to that formed in the reactlon with thionyl chloride,

z

wags fTound on the towel that the tube was wrapped in

and on the surface of the water in the storage tank.
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The next day two layexs ha& formed in the other tubes,
the top béing a white sugpension and the botton being
a heavy vellow 0il. The vroducis were identified as

free sulfur, waber, hydrogen chloride and hydrogen

| persulfide.

Hitrosyl chloride reacts vigorously with
1iquid hydrogen sulfide at -77%C, giving off white
fumes of hydrogen chloride and forming a greenish
yellow solid. The iube was 3ealed and placed in the
storage tank. On stapding the solid changed to =2
yellow golor and a swmall amunt of yellow oily liquid
separated out. Aftex‘the tube was opened and the e¥=
coss hydxogen~su1fideﬂeﬁaparated, the yellow golid was
found to be sulfur while the yellow oil was similarz to
that formed in the precesding reactions.

With selenium oxychloride a very vigorous re-
action took place giﬁing off white fumes. A yellow
solid was Lormed &nd'%he.liquid was dark red. On stand-
ing the liguid became: cplorless and the solid a burnt

crange. The products of the reaction were similar o

' those above and in sddition fres selenium separated out,

Phosphorus, gxychloride ig miseible with

Tiquid hydrogen sulfide al room temperature but
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separates out as white orystals on cooling to -77°G.
The reaction was very slow with the formation of 2
1ivtle yellow so0lid. |

Tith vanadyl trichloride a vigorous reactlon
took plaog,faxming a wine colored solid. On standing
the solid changeﬁ to & brown color. Exeessive preasure
in the tube ﬁas,due to the pressure of hydrogen
chloride. Orxystale of sulfur could be sepaiatad.fxqm
the solid. On exposute to gir the solid tured dazk.
This reaction was also carried out by disselving the
vanadyl ﬁrighloride in anhydrous henzene.befoie'adding
it to the liquid hydrogen sulfide., The reaction was
not ag vigorous and free suliur was not dedeeted in
the product. The product was washed with benzensg,
dried for five minutes at 90 - 295°C and by analysis was

shown to contain vanadium, sulfur and chloerina. The

' analysis for these elements did not total 1004 and the

difference was ioo great to be due to o3ygen, The

following results wers obiained in the analysis:

4 vanadium % sulfur % chlozine
27,85 18,79 33,03
27.80 20,41 33.13
27.58 . 12.80

20,76

g o e At £ 7. AR VO B o



% wenadium % gulfur % chloxrine
average 27,78 20:14 33,08

total = €1.00%
The vanadium was determined by dissclving the sample
with nitric moid; taking it down %o white fumes with
sulfuric acid, oxidation with vermsnganate, reducition
with sulfur dioxide and titration with standszd pot=
agsiuvm permangznate:. The sulfur was determined by
oxidation with liguld bromine in potassium hydroxide
solution, precipitating and weighing as bariun sulfabe.
The chlorine was determined by dissolving in potassium
hydroxide solution, neutralizing with nitric acid, boile
ing 1o decompose any possible sulfide and precipitating

and weighing as silver ohlorids.

Discussion

The reactions beiween liquid hydrogen sulfide
and the oxychlorides of phosphors, sulfur and selenium
have been previously astudied by Guam (1). He siates
that the product of the reac¢tion with phosphorus 0ﬁym
chleoride is a sulfide of phosphoryus. 4s only a small
gmount of yellow s»lid was formed in the present work
it was not analyzed., With thionyl chloride he gives
1, Guam, Doctoral Thesis, lowa State College (1824)
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the products as hydrogen chloride and sulfur chloride.
#ith sulfuryl chloride, free sulfur, sulfur dicxide in
water, hydrogen chloride and sulfur mcnochloride. In
the present study, the yellow oll formed was not
soluble in alcohol or ether as is sulfur monochloride
but ie decomposed by them. I% had the solubility, odor,
color and specific gravity of hydrogen persulfide as
found by Xing (1) and was compared with some that he

prepared. In the case of sulfuryl chloride, sulfur

dloxide in water could not have been one of the products

if an exgess of liquid hydrogen sulfide was present as
it has been shown to react (2), forming free sulfur
and water, especially in the presence of water (3),
(4).

Selenium oxychloride and nitrosyl chloride
gave similar reactlons with the fcrmation of free
selenium and probablﬁ free nitrogen respectively in
addition to the above products. No test wag ran on the
gases formed in {the reaction with nitrosyl @hioride for

niltrogen.

¥ing, Doctoral Thesis, Iowa State College (1930)
Quam, J, Am, Chem. Soc,, 47, 103-8 (1925)

iP*Cﬂ.IZ\Jl—'

Mathews, J. Chem, ‘Soc., 128, 2370-3 (1826)

Antony and Magri, Gagzz, chim. ital., 35, 206-26 (1805)
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A possible mechanism for these reactions,
using thionyl chloride as an eXample, way be!

S00Ly 4 BH,S = Hy0 + 35 + BHOL
v

T o~ - u¥
hpi} + Zo - n.:ys‘)}p.
P gt

prsgsure deveioped may catalyze the second rsaction,
The only product identified frow the rezction

with vanadyl trichiloride was hydrogen chlorigde,

kb g e e e
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VI. GENZRAL SUMMARY AND CONCLUSIONS

The foregoing pages contain an.accounﬁ'cf the
results of the present invesbtigation. It has been
shown:

(a) that the tesis employeﬂ by Lilienw
feld and ¥hite (1) do not indicate the
presence of sulfur dioxide in hydrogen sul-
fide dried with phosphorus ventoxide,

{5) that calcium sulfide ‘ieg the product
formed in the reaction betweah ligui’ bvwdro-
zen sulfide and calcium carbide.

(c} that thiocerbonates ave moit fdrmed
in licuid hydrogen sulfide from the aulfige_
and cerbon cisulfide. In alcohol aﬁlutiqé
mmonium thiocarvonate is forned which dé»

[

tept under aloohnol gnd ethed

\

(@)
©
o
<
5
L]
<
{2
2
)
(&]
]
o

into ammonium dithio carbamate and hydroganm

d) that liguid hydrogen sulfide and
sulfur dicxide react vigorouely in thé licuid

state in 2 sealed tube gt about O°C o above

1. Lilienfeld and White, J. Am. Ghem. Soc., 53, B87 (1880)

PR
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with the formation of free sulfur and water,
The pressure exerted by the ligquids at this
temperature plays an imporitant part in the re-
action,

(e) that the oxychlorides of nitrogen,
sulfur and selenium yeact vigorously with
liguid hydrogen sulfide with the formation of
hydrogen persulfide, water, hydrogen chloride
and the free elamgnte. A wmechanisu lsg

-

suggesied foxr the reaction,

RO
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