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The following 1• a r•Tiew of 'he llterature on the 
ayntbeale of pol7th1oe•ter•. 

Ht•son 

Th• realisation that 'h• p)qlltoal •truo,ure ot l:llgh 
pol:JDl•r compound• ha• a oontrolllac efteot on their »h;releal 

porpertlea lead to the d•••lo;paent ot the •JDthe,lo tib•r• 
of todq. The flr•t •111thetlo fl-•r produoed fro• alapl• 
ohemlcal unit• waa 117lon. There are ••••ral t7P•• ot 
1171oa a th• ordlaa17 t7P9 l• •JDth••la•4 troa a41plo actd 
and he~ametbylene diamb1•. 

Th•r• are high ·polymer• of maDJ' tn••• polyamldes 

euoh u nylon, polJ'••t•r• a11oh a• daaroa. and poJ.7TlD7l 
tTP•• euoh as cbema,rand. 411 ot the preoedlng po17aer• 
are used tor fiber! 1 ) 

Sulfide compounds oaa be ueed am copolymer•. ¥thylen• 
dichloride le reacted wtth aodlua tetraaultlde t• produce 
a pol.per known oommerciall.7 as 'Ullokol. Thiokol le not 

au1ted for fiber but l• a rubb•r•llk• ooapound eapect•ll.7 
inert to organic •ol•euta{1e) 



Pol7thloeetera )I.aye 'been lll'T••,tgated tor u•• ae tlber 
and two .. ,bode et aptheata )Jaye 'been »at•'•4. On• 

( 14) 
proc••• r•aote a dl .. roaptan wl\h 4loar'box7ll• aoid and 

( ') 
th• other reaote a 41 .. roaJtaa wt.th 41a07l ohlorl4•. 

Po1Uhlo •1\•t! 

K•rcaptana. ton wht.c po~hloeatera are mad•• and 
the preparation, propertl••• &ll4 usea of polythioeatera are 
renewed in the to llowlag taracra»ha • 

••1uptap1. K•reap-.aa·or Woaloohol• are aaalopa 
to &loobola, there b•lnc a nltu atoa ta th• Mrcaptan 

•h•r• ox71en 1• ln alooh.91•• Th•7 ban a pmg•n' aa4 
4laagreeabl• odor, ••»e•lallF th• low 110letular ••1~ht on••• 

... I 

the odor deor•a••• with lncreaae4 •lecular ••liht~ 

Keroaptana are •r• ·a•l•l• thaa &loohela ant will 
. -

fora lnaolubl• aalta wlUl hea~ .. '8.l•. Wh•n •• aleohola 

are not ~ead.117 oxldlae4, aereap\&n• are, an4 oaa ~· 
oxldla•4 to 41eultt4 .. 'b7 eueh ox141alng agent• aa . 

( a ) 
~4rogtm pero~ld•. 

Th• aercaptana are eaell7 prepared f'ro• alkall 

~drogen nlfld•• aad alk;Jlattna agent•. U•altl• a1JQrlatlnc 

agent• are alk71 halld•• • alql !lJ'boga sulfate•, and 
(12) 

dlallql eultat••· Th• reaetton la uaualq pertoraecl ta 
a •olyent euoh aa alcohol and UDder an inert atmoBpher•. 



iol:f\h1oes\1r Pt!J)§taiton. There are aeyeral aetho4• 

for the preparation of th!oeatera all of whieh are analogua 

to the method• •f preparation with the corresponding 
aloobel•• To prepare thioeatere mercatana can be reacted 

. . ( 2 ) ( ' ) (11) 
with oarboxyllo aol4e, acyl hall4••• nltrllee, 

(') 
ketene, an4 anh;rdr14••• 

All of the ~eoedlng methods are not applloable to 

the preparation of J011"bloestera, but only the methods 

which emplo7 Jl'e&gent• that can baye at leaat two of the 

reaotl•• '""f• w!ll pelJmerlse. 
(5 

M'loey baa :pa"eated a proaeaa whereby poqthio• 

eaters are •J1lthes1ae4 froa dlmeroaptana and the acyl 

ohlorld•• of dlbacic ac14a. The method la said \o be 
more aat1atao\ol'7 than Ule reaction between the correa-
pondlng acid and ••roa)tan. The reaction ta alao taster 

than \he reaction between the acid and meroaptan, lt 

going w oo•pl.etion in about ten mln\ltee. 
4 prooeae tor the eaterlticat1on ot dtmercaptane 

(lS) 
and dlbaalc actda baa been patented by Patrick and 
hrgueoa. The •P•oiflo olalm of t.he patent 1• t.he 

a)'D'&h••1• ot a Polfth1eoeter fro• dlmercapto ethane and 

mal•lo aoid mixed in a mol ratio of one to one and di•• 

eo1Y•4 tn benaene. 



Th• reaction la ca\al¥ze4 b7 hydroohloric actd. Other 

ca.t&lyet are •trong acldo or acid salts and Lewie acids 
such as aulfu.rio ao1dt phoapboric acid, obloraultonio 

acid; Al.Ql3t so2c12, and s2c12• 

EEIP•til•I pf l2'7t~&oeateE~• A baste lnTeetlgatlon 
et the equlllbrlwa coapoattlons •f aye\ema of bensolo acldt 
wat•rt T&rlous meroaptan•t and the correapond1Di enters 

(l?J . 
was oonduotecl by iratt and Reld. It was found that the 

llmi ta of eeterification of mercaptans are a1mtlar to those 
of alcohols, but much loYer. The thtoesters tested u.hib· 

ited a marked resieta.nce to hydroly~ts1 the hydrolyeis of 

ethyl thlo benaoate was negligible at 193°c. Howeyer, at 

220°C the ~pe•t•d equilibrium was obtained. Th• stablllt7 

ot \h1oeatera decreases as the molecular weight of the 

meroapt&n increases. 

Po~ioestera of d1mercaptana usually melt sharply 

and at most oTer a range of a few degrees. Th• melting 

poin.\ ot some })Ol7th1oestera ucee'1a 200°c. Generall.7 

polythioeatere melt at tftll)eraturee from 25 to ioor-c 
( 8) 

higher t~ the corresponding polyester. 

The poly'thioeeter polymer• are Op&f'\Ue and can vary in 

oolor from white through yellow to a dark brown. 



.... 

th• Tl•oo•l\7 can b• as loll aa 1.&T pol••• and can exceed 
( t) ~· 

19,000 pol•••· A po~loeater •t malelo acid and 
( 1~ 

dl .. roapto ethane •JD\h••l••4 b7Jatrlok aa4 Jerauaoa 
le deeortbed aa wax-11Jce and reemllng tu&tfln in 
appearanoe. 

U•• of Pollthit••t•r!. !he pol.Ja•r• ot staple acid• 
and aercap'\ua haT• tnlcal tlb•r •leov.lar pattern• aa 
e-Tldenced \7 X•r.7 a\udl•• an4 ean.~• ~truded into fiber. 
Th• fibera upon 0014 drawing laoreaae la tea•ll• atrencthl 
tlm• th• pol)'mere are eulted tor tu.tile tibere. Kore 
oompltoat.ecl poqUlloeat•r• are more autte4 to molding and 

(10) 
abeet tormatlon. . 



_,_ 

TM toU..1111 •MtllU 11•• tll• JU"Je••• pl.all et 

ta•••'laaU.••• •'erial •• •»JU&••• ae\md et pro-

••4V•• aa4 uta ... nnlt• tor W• ln••tlp.\l••· 

""''' •( Igg\llUl•• 

!lie Pll'JO•• et Ud• l••••\lgatl•• waa \e det•l'llla• 
it adlpl• a•lt aat 111••\Jlla•dlthl•l oaa be pe~rtae4 
Ula& •tMlae•lfoal• aett U •kl.J'e\ aad lf t,be 

,.llaU ,...,. llall ,...J!J'tl•• \la&\ ladleat• t. te nit-
utU Q' ftr tiller. 
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Pla,g gt tnye•Slsat19q 

Three ••rl•• of \eat•t fl•• test per aerlos 1 •111 be 
»ertorae4 la an effort to find th• optlt11111 condltloaa tor 
•JB'1l••l• to glye a J017thloeeter • 

. Th• g••nl prooedue tor all the teet will be the 

aaaae. Adlplc a~l4t 1,a-e\hanedlthtol, and methaneeultonlc 
acld oa."'1711\ •111 ~· al~•d la a round bottomed trlple 
oeoked flask equlpped wlth a distlllatlon oolwim and 
thermoMt•r• and oon\alatng 250 gr&ll8 et n-'butyl ether 
&e a aolY•'· Th• mtsture will be 'bolled at a rate auch 
\hat the t..-~peratUJ"e ot the d1attllattoa eolunn outlet wtll 
be 100 ·c. Th• water formed during tl1e reaotlon will be 
41•\llle4 off, oollected and weighed. Th• water •111 glve 
a aeaaure of \he rate and utent of the reaetton. The 
teat wlll \le coatlnued Wltll equlllbrlwa ls reached as 

ln41cate4 'b7 uo •t•r dl•tlllln« oft. 
Air wlU be uolu4ect h'o• the react1on b7 nl trosen. 

11rt11 oae. th• flret ••ries 1• denlgned to detendne 
\he etfee\ et ooneentratlon on the reaction. Th• adlplo 
actd an4 1 1 2••\han•dlthiol will be mlxed tn a mol ratlo of 

oue and teat »•rtormed at concentra\lons of 2.0, l.O, o.s, 
o.2a, and 0.1 molal. one gram ot metbanef!ultonto actc 
catalyat will be u11e4 ln ea.oh teet. 



§.Ui 4iUB tu. Seri es two wt ll use the IJ·pthmm 

concentration from series one arut the same ra.tio fo a.dipic 

acid to l,2-ethane41th1ol. Teet will be performed using 

2.0, 1.5, l.o, O.f>, a.ad. 0.2 grams of methanesulf'onic acid 

catalyst. 

~1rie1 ~s••• Seriea three will be performed at the 

optimum conditions from series one and two. Test will be 

performed using mol ratio1 of adipic acid to l,2-etl1.&nedi-

IW,ltt9Jj.ar l!i£hi. The molecular weight ot the poly-

thioester will b& determined by the viscosity method as 

described. by Sobm14t(l9 >and lia.rlies. 



The procedure used in the investigation wa~ tbe 

preparation ot sodium hy4rosult1de, the preparation or 
11 2-etbanedithiol from the sodium hydrosultide, and the 

synthesis of a polythioester from the 1 1 2-ethanedi tbiol. 

~odium lizdrosul:ttde i:;reuril.t1oq. Sodium. hydroaulfide 

vas prepared from e:odtum. eulti.de and hydrogen DUlfide tn 

lsopropyl alcohol. Sodium sulfide was broken tnto pieces 

no larger tbs.n 1/4. inch and put into a 500 milliliter 

tlask 1/3 tull of isopropyl alcohol. Enough sodium sul-

fide WliU'.i added to the fla~k to make a layer l/4 inch thick 

on the bottcun. l'.!ydrogen sulfled was added until all of 

t.he &odium sulfide had dius<>lved. The tlafltk wa?J shaken 

as the hydrogen sulfide wae added. 

1•2•1'\hw!edi\hiol J!tenn.t\o,n,. T'll'fo method were 

u1n~d to prepare 1,2-et.hanedi. tbi.ol; both of which were 

WlSUC(Hi~t~erul. 

The firBt metl:lOd was to milt 81 grams of ~odium 

bydroeulfide and 200 milliliters of isopropyl alcohol, 

used. in producing the sodium sulfide, with 60 gramr: of 

ethylene chloride. The mixture wa.u refl\U'.ed for two 

houre and allowed to a it at room tempera, ture for f1;n1r 

days before distillation. 



fhe aeeond method of preparing lt2•ethaned1thlol 

was tile same as Ule tll'•t except \hat &baolute aloobol 

•• uecl aad ~h• •tdla !0"4roauJ.tt•• •a• c.tl'lecl. Th• 
aocllua lq4roau.lt1d• waa 4rt ed at 60 °e b;v paau.ilq a 

I ' 



Ka.terials 

TJ:;e following il" a. list of materials ueed in tl1e 

1nve!oiitig&t1on of the eyntl:uudo of a polyth1oester. 

AC\sh A41Id!• Reagent grade. Obtained from Jfisher 

Chemical Co., '1'122 'foodbu17 Drive, S1lver Spring, :Ud. 

Used tof syntliesta of polJ"thio&eter. 

4ais11 H•!rwrn.r!!lt2n!~· Practical. Obtained from 

JfitJher Chemical Co., '1722 Woodbury Drive, Silver Spring, 

:tild, Used a.a cat&lyet in efllterifloation. 

Alcoh9la A\solutq, Rea.gent grad<!, Obta.tned from 

lf1111her Chemical Co,, ?722 Woodbury Drive, Silvf!tr Spring, 

Md. Used an eolvent. 

AJ.,cohol, Isopfom:;. l?Urified, lot ?:fo. 6252. 

Obtained from the J., J, Baker Chemical Co., Philltpaburg, 

l:~. J.. Uae4 for solvent. 

l12":"ittlayed.it;hiol. Water free, d1st1ll&t1on range 

144 to 14"1 C. R:repa.red from sodium tqdrosulfide and 

ethylene ohloride. Uaed as re~~eut ln synthesi~ of 

polythioestflr. 

lthe;1 n•iU~l~• PractiC'lll. Obtained !rom :!!"1.sber 

Cbemi.ca.l Co., 1722 ltoodbury Drive, Silver Sprl , lld. 

Used as solvent t·or adipic acid and l,2 ... etr_.a1uuU tbiol. 



ESh?lme c;a2.J:id:E!• Pur1tied. Obtained from 71sher 

Chem.teal Co., 7722 Woodbu17 Drive• Silver Spring, Kd. 

Used t•r the preparation of 11 2-ethanedithlol. 

§odiD HYdtpsulflSI•• Unpurlfhui. Prepared from 

rsodlum eultide and hJ'droaen ault14e. used tor the 

preparation of i,2 ... etbanedithtol. 

§gdtwa su.lt1g!• JUaed ohipa, 60 per cent, code 
2299, lot Bo. Cl36. Obta.1ned from General Chemical Co., 

40 Rector Street, ~es York 6 1 N. Y. Used to prepare 

nod1wa bydrosulf1de. 



Th• following a.ppantus was •~•4 to perform the 

lnveatlptlng. 
INUS!1 4QJ\ktitt6• llotohed.-beam, obs.in type, 

eub41v1aione f .0001 iraa. !ifanufactured by seederer-
Kohl'bulilh Inc., Jerey Cltt1 :u. J. Uee4 to welsh reactants. 

/, \ ' 

g1al!M•t• Ueblg, 1J.a••• eealedt Ja.oket leq;th 300 . . 

millluten; catalog lio '·'1th O'btatned trom ft•her 
~ \ J 

Solentifio Co., S1lvtr 8prlng 1 Kd. Used to condense nter 

'fapor 41st1llfJ\t fnm the reaetlon. 
i!J.1\116111 ggly.a. Glass, bulb form, one bulb• 

cat&lOg Bo t-160. Obtalned tro11 iieher Sclentific Co., 
atlY•r Spring, a. 1Jse4 to effect a separation of water 
troa the re&c~1on. 

13:&•~· D11t&ll\D1• Three necks, 1000 ld.lllllter, 
P7J'•S brand glass. catalog No 10-163. Obtained from 
Ft.sher set.ent1flc co., SllT•r Sprtq, 1'4. used aa 

reactloa T••••l. 

ik•fl!l••· 41n1tDld• Bea.ken and flaakft, pyrex 
brand aws, Ola\aine4 troll F1eher Se1ent1tlo Co., Sllver 

Spring, lid. Ueed to ooatabt :reagenttt. 
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Gta4Ml!SI CzAin41Z• Glass, pyrex brand, 60 mill111 ter, 

aubdl.taioaa & m111111tera. Obtained from l'isher 
Sclent1tlc Co., SllT•r Sprlng1 lid. Used to measure 
reagents. 

1.HS1r.1110\£ll• Serlal lio 42541 465 watts, 110 

wlt maxlmwa, · Kanut'aowred b7 Qlae-Col Apparatus co., 

Terre B&u\e, tu. U•e4 to~ Ileat th• reactlon. 
IJiHM•'\!1:• ltercuey tilled, range ·5 to 860 ·c, 

eubd1vie1on• i·c, catalog No 15-005. Obtained from 
Fiaher solati:tlc Co., Silver Spring, Kd. Used to Kea.sure 

'h• temperatue of reaotton and dtetlllatlon. 

IJ.!HtiUt!l• Op\DJ:sl• No 300. Obtained from Ftoher 
Sctentifie co., Sllyer Spring, l:ld. Ueed to determine the 

molecular weight or the poly-tbioeeter. 



!he d.at& and rewlts ot the espertment are given 
in the tollowbag u'bles. 

ir•»tn•itD gt §ttiu itdr9•1At1U,. The data tor the 
prepara\lon. of sodt.wa tq'droaulttde are gtyen tn table I, 
page 17. 

DU1RS .If liP4iM ixjgeu1ttt•. The da" tor the 
dr)'l.ng ot eo41WI lqdroaulftd• wltb a.tr a.re g1"9'ett tn 
table II, page ia. 

IE•»Hltlu 2C.l•*•liMR•a&iht21. The data. and 
result& tor the attempted preparatlon et 11 2-etb&nedlthiol 
are given in table• III and IV1 pa.gee 19 and 20 • 
Table III g1Yee the reeulte ob\alned when \he alcohol 

used as solvent wae that used to prepare the eocUum hydro• 

sulfide. !able IV ~1ve the results obtained wben a\n~olute 

alcohol wa.a uaed as solvent. 



• • • • • • • • • • • • • • • •• 1000 

Sodium su.lt1de, sa • • • . • • • • • • • • • • • • • • 203 

• • • • • • • • • • • • • • • .saturated 
Pressure 111 flask, btohea 820 • • • • • • • • • • • • • 12 

• • • • • • • • • • • • • • • • • • • • 20 

Sodl.ua qdroeulfide formed, gm • • • • • • • • • • • • 126 



TAJlLE II 

b!t»tnii21 t! 1so11ou:l A*w.:tMl mm :tWtoobol· 
JJ.t4£0!lll:[td4\ ill"tv:• 

• • • • • • • • • • • 28 - 32 

Air t.empen'\u:re;c • 

!lme of dr:-lng, hr 
• • • 
• • • 

• • • • 

• • • • 
• • • • • • • • • • 

• • • • • • • • • • 

25 

5 

45 



!OJ.I III 

SodlWI hJ'dro8lllf14et ga • • • • • • • • • • • • • • e 81 

K~l .. e ohlort.4e, 118 • • • • • • • • • • • • • • • • 80 
I•OPl'9P7l alcoi.1. 1111 • • • • • • • • • • • • • • • • 200 
aetlu. u... br • • • • • • • • • • • • • • • • • • • 2 
Beflua teaperature.°C • • • • • • • • • • • • • • • • 'Q 
Conta.o• tlme at 25°C, 4aJ'e • • • • • • • • • • • • • ' 

Y1elcl • • • • • • • • • • • • • • • • • • •• • • qae 



... 

TABLB IV 

§eooed it•a11tto1 1' l13•rl'\lJ!r!•4A»f1o1:: 

• • • • • • • • • • • • • • • 

• • • • • • • • • • ~ . . . . Sod.\um b7dro£n.alf'1de, gm 

Ethylene chl,u·ide • gm • 

Absolute alcohol, ml . . . . . . ~ . . . . . . . . 
45 

30 

Reflux time, hr • • • • • • • • • • • • • • • 

• 200 

2 .. . .- . 
uetlw:. temperature, 0 0 • • • • • • • • . .. . • • • 68 - ,3 

1 1 2-Btll&lledithiol yield • • • • • • • • • • • • • none 

Unlmcnm product, gm •• • • • • • • • • • • • •••• s.is 
il;qa1oal state • • • • • • • • • • .amorphous aolld 

Solub111 ty at 25 °C 
Water • • • • • • • • • • • • • • • • insoluble 
Benzene • • • • • • • • • • • • • • • 1naoluble 
Absolute alcohol • • • • • • • • • • lneoluble 
Dilute NH40H • • •••• • • • • • • insoluble 
n-Butyl ether • • • • • • • • • • • • b:u:oluble 
Ethylene chloride • • • • • • • • • • insoluble 



... 21-

IV. aJSCUSSl.9J! 

In the follcnd.as parqrapbs the resul'e obtained 

fro• the uperi•mt are 41aoussed and reaommendatlons 
mad.e coaoern1ne: f\\ture 1n.nat1Bat1cn:18. 

R'!fill!ill 1( i1•»1!1 

The ps.ra.graphs whleh follow are a dl1uJutn111oa of the 

teolmlque \UUtd a.act results e'Dtalned fro• the esperimel'.lt. 

fllel"e ls also a d111cu1nilo11 et th• possible J"eactlon 

meohutaa of aoroaph.n f~ttoa from eo41wa )O"dro• 

eulf14e. 

lf!•ctnu 1m1:iti•1.· Th• aodtwa r,yd:rosulttde that 

was produced wae not &n&lyaed and thoretore tho exact 
oompoel t1on wu not kat.nm. The sodla sulfide ueed for 

prepa.rlug the b1"dro1rultlde when melted was completely 

fluid •~••»\ for a tn -.11 lumps th••t did not melt. 

ne l'WIP• tha:t did not melt w•r• problbly soctt.um poly• 

sult14e lmp.trl.Q". Allot.her 1ncUcat1on that ~odium pol.7• 

zulft.d.e ne p:re1umt a• an t.mpurit.y wa.s the appea.rence, 1n 

the second. attupt to ;prepare l,2-ethane4lth1ol1 of a 

dark grq rubber-like polpeyto aubetance. Th• first 

atteapt to prepare 1,2.ethanedtthiol did not result in 

the formation of the rubber·ltk~ sub•tance. 



Comparing the PG11'ta•rle subatance that wae formed. 
j 

in \he second ieat 111\h the propert.lea of thf.okol it te 
seen that they are qu1 te almlar. lie.I. ther the polymeric 

substance formed 111 the experiment aer th1okol cU.esolve 

la watel' or b7drooarlto11 solvent•. It ta reasonable to 

assume that the pol.JatrS.c substance formed was thiokol 

since the required reactut~ were present; sodiwn poly• 

sulfide vu present ar; a impurity and ethJ'lae chloride 

wae present as one ot t.l1e prima17 rea.ctante. 

i•Qli o{. IE•R!EIM §o~tip_~drost,!ll:&s10,. Diffl• 

oulty waa encountered ln produclrig eodium 1\Ydl"OBUlfide 

trom eodtum sult14• and h7drogen wlfide. The sodium 

eulfide was melted and attempte aa4e to saturate lt w1th 

~d:roge.n e\lltide. The nte of' absorption ot the b;rdl'• 

gen. sulfide in the molten. eodlwa sulft.4• wau TflrJ' low, 

so low that there was no visible ertdeoce that the 

eydroga eulf1de was beS.iig absorbed. It wae also d1ffi-

cult to keep the molten ealt from backln up tbe gas 

deliV•l'7 tube and \bore sol1d1ty1ng. Thia, of course, 
would plug the tube. The flask of ml ten &odiwa culflde 

waa eh&ken1 but the action l'lad little effeet on. the 

absorption ra.te of the b7dngen sulfide. , Th• shald.ng 

ca.u1utd the gae tleli ver.r tube t. become plugged mo rs 

rap141y, DU• to these dlffiou.lttee the method was a.ban• 

doruui. 



The method finall.7 used was to 8Aturate alcohol w1th 

b1'4rogen eultid• uut ais l t with ao41.wa sul1'14e. This 

aethod prcuumte4 the pnbl• of 417tng the eodiwa bydro-

eult14e. Tbe aodJ:wn bydroaulf1de was 11tf1oult. to dry 

because as 1 t dried the original 'eolor ot the sodium 

e'lllflde returned. Thl• was probtbly due to the ew-
lut1on of ~droga oultide. A sample of pure sodium 

b;VdHsult1de n& '\herefo:re not prepared. It te nident 

that there DlBt be an equtlibrium between ao'dium sultlde, 

aodlwa b1'4rosult1cte, ud b7drogen sulfide. The evolution 
of b:7d:roga aulfl.de ls probibly favored b;r high temp. 

era.tures. ,.fiJJ.Y •o41wa aulf1de that was pre~ent in tlui 

reaction .S.J:.tur• ahou.ld have been converted to the 

eydroeulfide wluim: '1le r~etlon mixture was saturated 
with lq'ctrogen aultide. 

ia1ii1P MtRltM&m• Tb• method used to attempt to 
prepare 1,2.ethanedtthtol uued sodium bydrooulfide in its 

ionic state. #B'od1wn )JJ'4ratmlf1de was added to the 

alcohol and then the alxtu.re saturated wi tb 1'4'<1rogen 

aulfido to insure that no sodium f!!Ulfide was present and 

to elillina~e ox7gen troa the reaction. However, a.s can 
be seen troa t.he results the sodium bydrosultide preeent 

ln the tonS.o ton dt.4 not reoult in the production of 

Wl1' merdaptan. 
l't 1• poseU>le that for the hydrol'lult"'ide to be 

reactl ve 1 t muet be in a torm. other t'.hs.n 1~onic. 
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Tho aetbod of preparing ••rcaptan wt th sodt.wa bydrosul-

fl.de and a obloro ey-droout.•n as deacrtbed by Ball and 
( 18) l 

Beld 1s aa ~Pl• where $O•ealled sodium hydro• 

nlfide·waa used. They re&etod metallic eod1ma with 

absolute alcohol then aatut-ated the solution wi tl1 '.bydro• 

e• aultlde. To the alcohol alxwr• waa added the cbloro 

b,J'd.rocubon 41••o11'ed f.n a\>solute alcohol. In eaying 

that the reaction tb&t o<Jourred waa 'between sodlwa b1'dro-
aulflde and the chlore hydrooe.rboA :t t a.ust h&T• betm 

assumed that the lq'drogen •ulfide reacted'wlth the sod1wa 

etboxt.de, fon1H~4 by the eolu\lon ot sodium, reacted to 

~tve •tbimol e.n4 r;.odlum b.7drosult14e ln solution as ions. 

It'.~1• t.hought tiat there 1:. a dltfermce in the ao-

eal.led eocli'WI by4;rqplt'$.t1de produced b7 the method 
A: 

deaoribed. by Ball and'1on1o aod1um ~drosultlde. There 

1• a poaa1b111t.Y that the reaction between sodium etbo~lde 

aatl ~gen sulfide doee not produce ionlo sodium 1l7dro-
tinllftde, 'but. tostea.4 a 0011plu ls formed between the 

eodium ethox14e and b1'4rogcm sulfide. It would then be 

th• comple.1 molecule that reaeta wtih the ohlor b7dro-
cubon t. produce mtt1rcaptans. It ta pose1ble tlmt the 

mechaa1n of a. oomplu •leeule is a plausible a.11:sum,ption. 



!be eonectneaa of W• ua--.tlea l• a•' Jmon. If tbe 

reaeUos proeeeded 'bJ ..... of aodlua 1"'clrogenaulflde ae 
lone thn. lt wvu14 make Ut\le dttt•r••• what the origin 

of the l>1'4roav.ltl4• loa ..... I\ n\1.14 nen ••• poael'ble 

h produce 1 t la the reao\loa T••••l ltJ' auoh a prooe•• as 

dtaaol'flag a aocliwa aelt lD the &leohol ad \hen aatun.\e 

l \ wl •h l'G'droge nlt14e. 

D•r• la a1ao th• ca11eatloa tu\ tt a eoaplu 1• 
aeauaed then -- won't tti. ...... .,1u be fo&'Md "7 the' 
reaction 1>•'1r•n aloohol ad eodta hJ'cb'oaalfld• •• well 

aa eod1ua •'1lolL1de and bJ'dro1• aultlcle. Th• renlt of 

the upenaea.\ oan be liiterpre\ed. aa •laowlww ~\,,;a 

ooaplu la ao\ toned l>eneea aloehel U4 eocltua hJ'dro-
ellltl4•. 



The recomendatione tor f\lther study are presented 

ln the following paragraphs. 

SBlf\de Eg91itb~i!• It is recommended, 1n veiw of 

the ditticult7 encountered in dl'J"lng the aodium eydro-

sulfide, that an inveatigation be made ot the equilib• 

rium between sodium 1nalf'ide, sodiwa bydroaul!ide, and 

hydrogen sulfide b7 determining the partial pressure of 

hydrogen sulfide over sodium hydrosulfide at temper-

a tu.res varying from 0 ·o to ao 0 0. 

goncenir1tipn of §'Zdrosul!id~. It is recommended 

that futher tests be performed to perpare 1,2-etbane• 

dithiol uaing varying concentrations of sodium hydro-

sul!ide. A test should be performed using onl7 

hydrogen sulfide saturated alcohol and ethylene 

chloride. Tests should alao be performed using •odium 

qdroaulf'ide concentrations ranging fro• 0.01 molar to 

saturation. In tuture test it is recol'!lllended that 

the reaction mixture be retluxed for at lea.st ten 

hours instead of the two hours used in this experiment. 



Th• G,J;Jen.-\s which were u attapt to prepare 

l12••tha.lted1 thiol were performed at the following 

eonditlone. 
G21~!1'1r1t&9n. In each teat tbe etlJ71ene cblorlde 

aad sod1ua bJd:rosulft4e were ueed f.n ato1chloaetr1c 
amounte. The qua.nlt7 of sodium bydroeulfS.de, 81 and 
46 grams iu the flre' and second test :respectlvel7, was 
iiiUCb that t.t 414 not all dissolve 1n tho 200 millilitere 

of 'alcohol. 

tgperA/\\!l:t• !he react.ants were mll!.ed and refluxed 

at a temperature var7ing from 68 to 1:s·c. 
f.ll.!• The rea.otets were mixed and reflu.>HHi for 

two hours. 

l.J:•11uJUl!• The up~rl•ent Y1aa perfor11ed at atm.os-

pherlo pres&ure. 



The attempt to prepare lt2••tbaned1thiol from. 

etolcbiometrtc amounts of sodium bydronltide and 

eteylene chloride, where 81 and 45 £I'Q.W:l ot sodl'Wll 

lvdrosulfid• were uoed ln tbe t!rst and eecond test 

roepecti.vel.1 in 200 milliliter• of alcohol md the 

m11'ture re:t"lw;ed tor two houre at 68 to 13 °0, let to 

the conclueion that l,2-etr.anedlthtol cannot be 
prepared under such condltlonu. 



,.. 

VI • S!J:JJ'AL\i:1.X 

The purpose of thle investtgatton was to nyntheslae 

a polyth1oester from adlpic aoid and l,2 .. etbaned1 thiol. 

DUe to t.he eommero1al unavallbili ty of l,2 .. etbanedt ... 

t.htol it wae decided to syntheet1e 1 t from sodium hydro-

eulfld.e and ethylene ohlor14e. 
Sodium hJ'drosulflde wae prepared by reacting 

hydrogen e11lflde w1 th sodium eulttde t.n alcohol. In 

~- f1rmt teat 61 gl"&ll18 of eodlum h:>'drosul!ide were 

mt~ed w1th a sto1ch1ometr1c amount of et~lene chloride 

and 200 millllitera ot taopropyl alcohol, and for the 

second teet 45 gr~ of sodium }Ordrosulf'ide were mixed 

wlth a etoichiom.etrlc amount of ethylene chloride tn 
200 millili tera of absolute alcohol. Each test wae 

pe:rfo:naed at atmoapberle prcu.:u.aire 1n a. tbree-necked, 

round bottomed, liter tl&sk. Tho reaction mixture was 

r•fl\Ui.ed for two hours. 
fbe reeult of the experiment was that no 1,2-ethane-

dl thiol was formed. 
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