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SUNIARY

Hydrogen polysulfide, a yellow oily liquid at room temperature,

consists of a variable mixture of the compounds HpS), HpSy, HpS4, and

higher pclysulfides, probably including HoSg. The object of this

investigation was to determine whether hydrogen pelysulfide cculd be

produced by &amp; gas phase reaction involving sulfur and hydrogen sulfide

cas and to find the empiricel formule of the product HoSy, if it is

formed.

The experimental apparatus consisted of a stainless steel reactor

constructed so as to conform with the upper limits of temperzture and

pressure to be used. The rezcter,heated by being place in a furn:ce,

nas attached to a high pressure system interconnected by copper tubing.

ixperimental technigue consisted of two parts. The first set of runs

was an attempt to form the polisulfide, while the second set was an

attempt to decompose the polysvlfide.

in the first method, hydrogen sulfide gas, under pressure, was

sassed into the air-water free. stainless str«1 reactor, containing a

weighed amount of solid sulfur. The procedure was a batch oneration.

'he two chemicals were allowed to remzin in contact with each cther for

oeriods of time ranging from thirty to forty minutes, under pressures
; } 0 AAO :

from 210 to 2L5 psig and at terperatures from 23° to 380°C. The

reactor, containing about fifteen cubic inches in volume, remained

connected to the high pressure system during heating in a furnace

until it was removed from the furnace and quencned in water in order to

condense any product. The product, if it had formed, would have Leen

analyzed by using a technicue which utilizes the fact thet the polysulfide

decomposes completely into hydrogen sulfide snd sulfur when brought

into contoct with rowdered aguasrt:

In order to investigate the decomposition of hydrogen polysulfide,

3 weighed amount was allowed to remain in contact with aul Pur and



and hydrogen sulfide using a procedure similar to the one used in

attempting formation. For safety purposes, as much work as possible

was done from behind a sheet of boiler plate steel, on which the

high pressure system was mounted.

The results of the experimental work were:

(a) In attempting the formation of peolysulfide, under no conditicn

investigated did hydrogen sulfide and sulfur rezct so as to produce a

detecteble amcunt of polysulfide. By using the limited amcunt of

thermodynamic data on the given system, preliminary calculations had

indicated, assuming a product of HoS» alone, that a yield of a fraction

of one percent conversion could be obtained at high temperatures.

Since there were no data on the higher polyesulfides however, there was

no evidence that these pclysulfides would not form in greater amounts.

(b) In attempting the decompositicn of polysulfide, it completely

decomposed at a pressure of 135 psig end a temperature of 500°C. and

also decomposed at a pressure of 290 psig and a temperature of 230090.

Under less severe conditicns the polvsnlTide apneered to deccmaose but

slightly,ortoremain apparently stable. Dispersion of solid sulfur

indicated the degree of decomnositicn.

Since the polysulfide could not be formed under the conditions

investigated, it was concluded, considering only these results, that

either the free energy for the formation of the pelysulfide was not.

favorable so that the equilibrium yield was too low, or that the rate of

reaction was too small. Hesults based on the decompeositicn exseriments

alone, indicated that the licuid could not be stabilized at the high

remneratures and pressures ond that therefore. the Formation and cone

lensetion of the polvsulfide under the same conditions was imossible.

It could not be concluded thet the polysulfide could have formed under

sonditicns where it was annarentlv stable because the rate of decon-



position might have been too slow to show that it was thermodynemically

stable. Based on the knowledge thet the equilibrium constant for

the formation of HpSp increases with temperature, the same general

trend might be concluded for the higher polysulfides. It is on this

hasis and on the basis that increased pressure would help condense

sny polysulfides, that it is recommended that experimentation be con-

tinued employing higher temperatures and pressures in attempting

fcrmatione It is possible thet althouzh, as chown here, the polysuvlfides

vere unstable at the conditions investigated, they could be formed end

condensed under even more severe conditions.

It is recommended thet:

(1) Tne influence of catalysts on the formation be studied.

(2) Since no corrosion problem was encountered in the investigation,

although anticipated due to the corrosive mixture of the chemicals and

he hien temperatures employed, that the author's materisl of con-

struction, type 316 stainless steel, be used in any construction of a

rew resctor

(3) Since some deformation in parts .. ' the recetor tock place in stb-

tempting to obtain a complaste seal during this investigation, the parts

2f env new reacter designed for more severe conditions should be de

signed ccnsidering this fact in addition to the fact that steel loses

nuch of its strength at hich temperatures and thus leading to the

necessity of thicker wzlls, flinges., heads, and bolts.



ITI INTRODUCTIOXH

Hydrogen polysulfide is a yellow viscous cil which consists of a

mixture of the compounds, FS), H,Sy, through HoSg ( and even higher

nolysulfides) in various amounts, mostly below HoSg4, mest of which have

heen prepared es pure compounds in leboratory reactions in solution.

Hydrogen polysulfide hes usually been prepared by reacting sn alkali

polysulfide with hydrochloric acid. Recently, some attempts have been

made to prepare it in varicus organic solvents and also electrolyti-

cally. The product must usually be separated into its constitutents by

Practicnel distillation. As far as is known, no one had attempted to

produce the hydrogen polysulfide in a gas phase reaction. Since

hydrogen polysulfide is reactive towards unscturated compounds and is

thus a potentially useful chemical, the possibility of ~reparing it

py the reaction

Tow -  5S = HoSyx.] A )

wvog investicated,

Tn te, th In i ] ] 0 hn Vv ado \ ) nr &lt; 5

the most accurate data on the thermodynamic chemistry of sulfur. Data

on the system consisting of the substances, So, 54, 58, FS and HoSo,

are fairly eccompletes; however, there are no accurate deta on the higher

solysulfides. By utilizing the thermodynamic data, the equilibrium

yield of Hp8p, assuming it is the onlv product, accordin. to the reaction

"HnS + 1/8 Sg -

can thus be predicted at various conditions. Although the ecuilibrium

scnversion to H»282 was calculated to be only a freeticn of a percent

sven at a temperature of 1000°C, the gas phase reaction, zs provosed,

was attempted because there wes no evidence that the mixture of

rolysulfides would not form

It was the purnese of this investigation to attermt the vropcsed

reacticn by ellowing HoS to remain in contact with sulfur in an sire



moisture free, batch reactor. It was planned that the rezcticn be

carried out under pressures varying from one to fifty atmospheres

end over a temperature rane of 20° to 500YC. for varicus seriocds

»f time. It was planned to anelyze the product, should it form, at

cach set of conditions, by a simple decomposition technique, thus ob-

serving whether different polysulfides wcuid form under different

conditicns.

The results of such a trooosed investigation would pe valueble

for seversl reasons. They should give some indication ts to whether

it is thermodynamically possible to produce the polysulfide under the

conditions proposed. The experience gained in the investigation

should also increase the knowledge on the subject of corrosion in such

a rezction. The reactants and products attack meny substances and thus

a satisfactory material of construction micht be propcecsed. The results

might also indicate whether the industrial vroducticn of polysulfide,

if possible bv this method. would be feasible considerins: the hirh

cressures and temveratures which might be involved. By observing

Lhe time of reaction, some indication as to vhether the vrocess shculd

3 a bateh or flow operation could be advanced.



III PROCEDURE

Briefly, tiie apparatus consists of a short length of stainless

steel pipe with &amp; piece of similar stainless steel welded on to the

oottom. A flange is screwed on the opposite end of the pipe and to

this flange, the head is bolted on my means of six, quarter inch bolts.

Leading into the reactor, through the head, are the thermocouple well

and the tube for the reaction gases:

In attempting the fermeticn of hydrogen polysulfide by reacting

hydrogen sulfide with sulfur, a weighed amount of dry sulfur, in a

smell crucible, was placed in the reactor cylinder. The flange was

screwed on the cylinder, so that with the gasket in place, the head

could be tightened sufficiently to compress the gasket, by means of

“he bolts. The reactor was attached to the high pressure system

(see schematic diagram) by the inlet pipe in the head, and with the

105 and Np valves closed, the vacuum valve wes opened znd the air

withdrawn from the system by the pump, The vacuum valve was then

closed and nitrogen was let into the system and then withdrawn by

vacuum to make sure that the air in the reactor had been completely

removed. The dry, air-free reactor, placed in this conditicn sc as

to prevent sulfur oxidstion and limit corrosion, was filled with

nydrogen sulfide and placed in the furnsce and heated. From this point

mntil the reactor was disconnected from the system, the work was done

from behind a steel panel for sefety purposes. Static pressure was

measured with the paurdan gauge in the system and the tempersture was

rezsured with a thermocouple inside the reactor. The hydrogen sulfide

tank valve was closed ond readings of pressure and temversture were

taken at short time intervals. After the steady state conditions were

reached, i.e., constant temperature and pressure in the reactor, and

supposed equilibrium for the reaction, the valve leading to the reactor

ves closed and the bomb disconnected from the svstem. The bemb was



then carefully quenched in cocl water in order to condense any products

of reaction. The bomb was then exhausted of the hydrogen sulfide gas,

opened, and the contents were examined.

[n attempting the decomposition of hydrogen polysulfide, the same

orocedure was used with the excepticn that the starting materials were

sulfur, hydrogen sulfide gas, and the polysulfide.



Ty HESULTS

The formation of hydrogen polysulfide with sulfur at its vapor pressure?

reactants: HoS and S.

Data on
Table 1

Attempted Formation

(XB w. a Tr Pressure Final Temp. Reaction ‘ime Result
— mT TOE yellov3

J yellow S
J black
) black

The decomposition of hydrogen polyvsulfides Reactents: H»S, S, and HoSy.

Table 11
Data on Uecomposition Reaction

wun Wt oo

—

The

££ M4 ~agsure Final T ent
T

- Time Result

=F deccmpcsed
decornposed
partly ®
slightly %
slichtly ®

ack solid which was left after runs 3 and LL was dry and

hard. No evidence of liquid was present. The materizl burned with a

blue fleme, characteristic of sulfur. The sulfur was placed in alumi-

num foil for these runs, and it was discolored. After every run, the

sulfur wes found condensed on the walls of the reszctor and wes always

dark brovn or gray. No explenation is offered for this color, except

bhat sulfur could have formed a compound with some of the impurities

found in the aluminum foil or in the stainless steel wails.

The degrze of decomposition of the polysulfide could be observed

hy noticing the amount of sulfur dispersed in the liquid polvsulfide.

In the case of complete decompcstition, only the solid sulfur remained.

Vo serious corrosion of the reactor resulted from anv run. The

inside surface of the rezector became darker with each run as it became

more difficult to clean away the condensed film of sulfur. No peeling

&gt;r other evidence of corrosion of the stainless steel was noticed.



DISCUSSICN OF RESULTS

The results besed cnly on the sttempts to form the polysulfide

indicste several situations:

(1) that the equilibrium ccnstants for the reactions to form the

various polysulfides were so small that practically no polysulfide

could form under the experimental ccnditions. This means thermody-

namnically that the free energies of the reactions were undoubtedly

large =nd nositive.

(2) that a small amount of polysulfide vapor formed and that it could

not be condensed and therefore measured. This means that the partial

pressure of the polysulfide was so low that it did not separzte as

2 liquid phase.

(3) that polysulfide formation was possible, i.e., that the constants

vere reasonably large but that the rate of reaction was slow so that the

reaction did not reach equilibrium and that therefore nc product was

neasurec

lhe results based only on the attempts to decompcse the rolysul-

fide indicate:

(1)that since at the temperature of 501°C. and pressures of 135 psig

(as in run 5 for example), the polvsulfide com letelv decommosed. the

Cormation and condensation of volysulfide under these same conditions

is irnosgsible,

(2) that although the polysulfide appeared stable (in runs 8 and 9 for

example), the rate of decomposition mizht be very slow and the poly-

sulfide might have decomucsed completely if encugh time were allowed,

thus again leading to the conclusion that formstion under these condi-

sions might be Possible.
Feher and Bney (1) give the equilibrium constants eas a function

of temperature for the reaction: HpS + 352 w HpSo (2)
elley gives the free enerev of the reaction: 1

28h = 1/8 Sn 2) (2)
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Thus, by manipulation of these equations together with the formula for

the vapor pressure of sulfur as a function of temperature, we may

calculate the percent conversion, defined as :

6 conversion: = Pups,

Soo X 100
PH&gt;S + PH5S, ’

for the reaction H2S + 1/8 S8 = H2S2, as a function of temperature. The

result is shown in Fig.4 pagel2. This calculated value of percentage

rcnversion assumes the product HpSo alone. Sirce there is no such

data cn systems of the higher polysulfides, percentage conversions must

oe guessed by approximation methods. No attempt was made to predict

the conversions of these higher polysulfides. Since no yield of poly-

sulfide of any kind was c¢btained, no correlation with these prelimin-

ary calculations can be made.

In attempting to analyze the system of compounds present the fact

thet hydrogen polysulfide, HpSy, consists of variable amounts of the

compounds, HpS), HpS5, etc., must be remembered. Thus in attempting

to stabilize HpSy one is attempting to stabilize, under one set of

cenditions, all of the polysulfides at once. The maximum one can hope

he do is to reduce the dosumposiiicn of the polysulfide as much as

possible under a definite temperature and vressure. It is knovm that

wydrogen volysulfide is thermodynamically unstzble at room temperature

although the rate of decompesiticn is slow. The placing of the poly-

sulfide in a system of hydrogen sulfide gas and sulfur vapor at room

semperature would no Godt cause the decomposition to be even slower.

The experimental results besed on the two methods of attack gave

no indication as to whether there are conditions where a given poly-

sulfide might be stable. The results do indicate, however, that a

polysulfide of given comnositicn cannot be condensed in a gas nhase

reaction at the conditions specified for the run. It is possible

that the reaction to form the nolvsulfide 4« nossible under conditions
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less severe than those of the run, but thet the rate of reacticn is

too slow. Since, however, the equilibrium constant for the reaction (2.

increases with temperature, it could be possible that although hydrogen

colysulfide is thermodynsmically unstsble at room tenperatures, its

rate of deccmpositicn is slow, and thet at moderate temperatures and

pressures, its deccmpcsition is rapid and at high temperatures and

cressures, it could form with eas:

+ is recommended, cn this basis. that hydrogen polysuifide forma-

tion be tried at higher temperatures and pressurss.than investigated

here. Singe it is possible that although the e.uwdilibrium conditions
be

could be favorable at these conditions, but that the rete would slow,

the effect of catalysts on the reaction involved shculd be investigated.

The attempt of more severe conditions for the reccticn would lead

to several difficulties. (7° Although the authors' choice of type 2316

stainless steel for recctor construction rroved satisf:cteory for the2 i

conditions investigated, the inerease in corrosion with temper: ture

right possibly cause difficulties. An alternate material for use at

these conditions could be chromium, which cculd be plated on the reactor

walls. (2) Much difficulty with lezks of hydrogen sulfide gas, which is

very toxic, was encountered during the experiments. The gasket material

nsed here, aluminum foil, renlaced with each run, was not completely

satisfactory is this respect. The possibility of using some other

inert material shculd be investigated. Of course, if the seal was

effected without a gasket, as in scme high pressure ecuipment., this

yroblem could be avoided,
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TT SCORLENDATIONS
[t is recommended:

1) that the rezction proposed be investigeted further, especially

minder conditicns of higner temperature and pressure.

(2) that the influence of catalysts be studied.

3) that type 316 stainless steel or chromium be considered as

reactor materisl in construction of any new reactor.

(l}) that due to the poisonous chemicals involved in the rerction,

either a new gasket meterial be found, or a reactor be designed which

does not need a gas

(5) that in the design of a new reactor, the parts be larger

end therefore stronger. The size of the reactor should not be limited

ov the size of the available furnace as the authors! was, but if need

oe, should be electrically wound, but in any case, it should be larger.

(6) that stainless stecl bolts not be used in fastening the head

vecause they are relatively weak. 4 better arrengement wculd be to

nave detatchzble nuts and bolts for ease of replacement.
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DETAILS CF PROCEDURE

The High Pressure T

The high pressure network ( see schmatic diagram p.25) was con-

nected by 1/8 " copper high pressure tubing. #Although HoS would

hzve corroded the copper tubing at temperatures above rocm tempera-

Lures, copper tubing was satisfactory beceuse the entire system with

the excepticn of the reactor and the inlet stainless steel pipe of the

reactor was at rocm temperature. High pressure unions énd valves were

ased throughout. The system was constructed so as to be operated from

nehind a steel boiler-plate panel for safely purposes. A tank cone

taining liquid end gaseous hydrogen sulfide was used as a source of

this gzs under pressure. nitrogen served as the supply of inert gas.

I'he pressures were measured with a calibrated bourdon tube and the

v X ms

Lemperatures by a chomel-alumel thermocouple connected to a milli-

roltmeter.

The Pretesting of the ieactor

In order to test the recctor for leaks and defects in constructicn,

it wes hydraulically test ~é It was desired to have a safety fector

of about three, but since the metal of the reector is rcughlyv one-

third es strong at the upper temperature limits as at room temperature,

"he rezctor should bes hydraulically tested at nine times the pressure

Yo be used in the reaction. The resctor was leskprocf until 3000 psig

was reached and thus an overating pressure of at least 300psig was

permissible. However, it wes fond that gases would lesk much more

than the water used in the hydraulic tester. Thus the pretesting of

the reactor is only an indication of its strength end not of its leck-

nrcof cualities during the reaction.

The Experimentation With Gaskets

It was found that a new. thin zluminum foil gasket had to be



placed on the head for each run. ILvidently the gasket deformed enough

luring a run so that ges would leak out if it was used a second time.

Severzl gaskets were considered. Copper would have been a possibility

if it could resist sulfur at the high temperatures. Teflon was used

for a hydraulic test but it deformed very bedly and leaked greatly.

bn asbestos gasket was tried but it also lesked. Both thin annealed

cluminum foil and thick sluminum foil were tried but were unsatisfactory.

Assembling o® the Reactor

The flance was screwed on the cylinder as indicated in Procedure,

rope © Th Lain &amp;luminum foil was then placed in the head, the head

placed on the cylinder, and the bolts tightened to the flange by the

nethod of cross tightening to insure uniform distribution of the

stress.  Lven with these precautions, the reactor sometires leaked

radly when filled with ges. The stainless steel »nipe was connected

to the system znd the thermocouple was inserted into the thermoccuple

vollPY
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[HE CONSTRUCTION OF THE RZACTOR

Jorrosion Consideraticns

since mild steel is attacked by the chemicals of this investigation

the possibility of its use as a material of construction wzs eliminated.

In general the cxides of most metals will also react with these chem

icals, especially the polysulfide. The possibility of using an alumi-

nun coating, applied by metal spray, on a mild steel was also consid-
} becavse i . ]

ared but was rejected aluminum oxidizes ezslly and mignt attack the

pclysulfide, besides the aluminum coating would proucbly be siightly

rorous if arplied as sbove. Nickel plating on steel was considered,

rut rejected because of the difficulties of electroplating. The sane

ronsiderations apply to chromium. (Ff the various stainless steels,

ype 315, of good machining pronerties and suoposedly resistent

sulfur, wes sued. The entire reactor, including belts, was constucted

&gt;f this metericl, the screws being chosen of the s:me steel so that

sxpension of the head upon heating would be as uniform cs possible.

The ccmposition of steel 2°15 is:

Strength Consid-

\T . formulas =nd theory from Perry's Handbock _,. The prelimin-

ary calculations were based on a maximwn operating oressure of 750psig.

Che maximum diameter dimentions were fixed by furncce size.

Symbols:

»ssure {pounds per square inch)
stress (pounds per scuare inch)

«ciency of welded joint
Jn of outside diameter to inside diameter

sonsidering the reactor of a tr De om LJST0M, TJD. =m 1.600%, and 5%

long, of the three stresses on the reactor walls, hoop, longitudinal,

and compressive, the compressive stress is not controlling, and the



longitudinal stress is one-half of the hoop stress. The formula:

PP B(Ry-1)
5 = + ol

which is correct as long as Ry does not greatly exceed 1.2 (thet is for

thin welled cylinders), is applied with P = 750 psig, &amp; = 1 ( by

assumption), Rg = 1.900/1.608 = 1.19, thus:

750 1(1.19-1) or S = L160 pounds ver square inch
 = » O ol + oll

which gives the controlling stress set up by the pressure of the gas.

3lone.

Since the upper limit of temperature is approximately 10C0°F,

the corresponding creep stress ( 17 elcngation in 10020 hours) is

ised at this temperature, namely, 25,000 pounds per square inch. Thus

ve are well within safety limits. However, when the reactor is quench-

ed, the stress on the outside wall will be much zreater than the LLHO

psi caused by the pressure because of the temperature gradient across

the walls. It is possible that the stress could be so grest as to

crack the reactor. Although this stress can be calculeted, the value

of AT across the wall, must be knovm. This is less than the overall

AT between the water and the hot gas due to the AT drcps across the

cg8 films. Rather than calculate the AT across the well, a scrap

olece of type 316 stainless steel pipe, left over from the reactor

construction, was hected by a torch until red and then water quenched.

The results of this experiment, it was felt, would give a more accurzte

indication of the possibility of cracking of the wall of the reactor

uring quenching then would a celculation. Lven after repeated flexing

the quenched steel shoved no signs of crackine. In sdditicn. the

vieece had been cuenched from a temperature vrebably much hicher then

the upper operating limits.
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In calculating the strength of the six 1/l" x 28 bolts in the

head of the reactor, with increased temperature taken into considera-

tion of course, a safety factor of four was calculated simply by know-

ing the cross sectional area of the six bolts and the pressure on the

head. However, the fact which was ccmpletely overlooked in this respect,

was that the bolts were prestressed when in the head, to an unknown

value. Several bolts were stripped in the course of the investigation

while tightening the head. This shows that this calculation wes mis-

leading for it gave no indication of the sctu:zl stress on each bolt

during the experiment. Fortunately the bolts never broke during the

experiment, although they were considerably prestressed, evidenced

by the severely necked bolts.

The flange was made in the manner indiceted end screwed on the

avlinder rather than welded so that the head could be more easily

removed. The six taped holes for the bolts were located in the flange.

The gas feed pipe was finally welded in the head because the pipe

blug connection originally planned leaked. The thermoccuple well,

holding the chromel-zlumel wires and insulators, was clso welded in

bhe head and extended halfwey into the cylinder. The base of the

reactor was welded was shown on pace 2.
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SALCULATICNS

The reacticns to be considered in the hydrogen-sulfur system are:

1/2 Sp = 1/7 =

Hy + 1/2 Sp = HoS

HoS + 1/8 Sg = HpS2

HoS + 1/L Sg = H2S3

HS + 3/8 Sg = Hops),

HoS + 1/2 Sg = HpSg

HoS 4+ 5/8 S8 = HpS4

-

oo

2)

(0)

(7)
/ 3)

and so on for the higher polysulfides.

*eher and Heuer (i, give equilibrium constants at various temp-

aratures for the reaction: HS $ + 8p = HoS2 2) hese are given in

Table II.

', Cx

Tabl.. i.

258... 600.C 800.0 1000.0 1200.C 1500.0

16.8 1.09 0788 .0223 .0l09 LOOT08  ,OQL6R

Kelley (2) reports AFC for reaction 3 as a function of temperature:

A FO w= ~11900 4 1.73 T log T # 8.535 T, and since 4° = - RT 1n K,

we know Kp, equal to K3/K3. For example, at LOOCK:

4 FO w -119C00 4 1.73xh00x1og LOO + 8.535%L00

= -1.99 x LOO 1n K3

Solving: K3, )nco= L5C0.

Aso at LOG®K., Feher znd Heuer (1) give K3'= 1.09

ft. Ko = K3/K3 = 1.09/580 = 23.9 x 1072

Thus. K2 can be caleculcted et all the temperatures for which

here are dotaes Log Ko is nlotted as a function of temperature an pld.g AD )

Assuming the verfect ges laws, since K is a function of tempera=—

Lure 2lone, pressure merely serves to help condense the nroducts and

nes no effect on the percentezge cecrnversicn if sulfur is at its vavor..

aressiire.
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The percentage conversion may be plotted as a function of temp-

erzture based on the following sample calculation:

Jsing the equations: 1/8 Sg = 1/6 =

1/2 So = 1/8

Fsg + Fsg + Psp = tetal

9)
 §

sulfur pressure

= vapor pressure of.S

since all of these constituents go to make up the total sulfur

sressure. The vapor pressure of sulfur moey be given by the fol-

lowing equation over the range, 373 to 873%K.:

Log P = -L9L0 = 4.08 x 103 T ¢ 9.0”
 TT

Kelley (2) gives FO for reaction(9)as a function of temperature:

FO = 29250 = Le6 T log T = 27.81 T
oI 2 2h

Thus, at LCOCK. for example, Kg = 2.2 and K3 = L580. Using the

vapor pressure equation at LH0O0%K., we find:

Log P = =L9LO = L408 x 10™3x LOO 4 9.81 = L.17
“00

&amp; Pom 67.6 x 10-5 atmosvheres.

Since the percentage yield was based on S§ in the equation(2) the

value of Pgy is needed. The simultaineous solution of the above
1/8 J

three equations gives (Psp) / = .295 atmosvheres, and since

HS? :
. (p y1/8 = 23.9 x 107 and Py,g equals one atmosphere,
Hos * gg

arbitrarily, Pgogo = 7.08 x 10-5 atmospheres.

From such calculations, the percentage conversion, as defined in

the following, may be vlotted as a function of temperature.

Assuming the perfect gzs laws, the percz=ntage conversicn of HoS to

{050 may be defined as :
2s? x 100

Pos + Puss,



This is seen to be dependent upon the terperature, and the preg-

sure of sulfur since our reaction ( assuming the only product is HoSp)

ist HoS + 1/6 Sg = H2S2

and K = (Posy)
 TT
a Bos)

These percentage conversions of HoS ta HpSo may be plotted as a

function of temperature with sulfur at its vapor pressure for example.

This has been done (see pagell).

Since no thermodynamic deta are available on the higher poly-

sulfides, the percentage conversion to HpS3, HoS), etc., can be guessed

ot only by approximation methods alone and will not be attempted here.
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LETHOD OF ANALYSIS

Although n o product was obtained during the experimental work,

the following method of analysis is included as an indication of what

would have been done. The method of analysis, performed in order to

determine the empirical formula of the polysulfice, takes advantage of

the fact that HoSy or any of the higher polysulfides, are catelytically

lecomposed quantitatively and rapidly into HpS and sulfur when brought

into contact with pulverized glass or quartz.

The analysis vessel consists of a smell weighing bottle fitted with

a cover containing glass wocle The cover fits tightly on the bottle.

The bottom of the vessel is covered with a layer of the ground quartz

end a small crucible is placed on this layer. The apparatus is weighed.

The liquid product is carefully introduced into the crucible and the

whole weighed again. Upon slight shaking the smell crucible will fall

and the ground quartz will immediately decompose the product. The HoS

vapors will rise and leave the apparatus, passing thrcugh the glass

wool, while the sulfur remains. The glass wool deccmpeses any product

which might be carried upward bv the reaction. The apparatus is again

veished, and the empirical formula of the product is determined es in

the following examples

weight of sample

relight of sample after decommositicneeee.

therefore, weight of HoS lost.

total mols Seeess  Co0CHLE

total mols Hoe---

C2000 gm.

0.1500

ee 0.0500

Therefore: empirical formula is Ho.»
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