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I DHTRODUCTION

Since the development of uylomn, the first high polyumer
to bo synthesised commercially, the field of high polymers
has expanded rapidly, The use of high polymers for fibers
has doveloped t0 a point where the synthetic fibers are
excelling the natural ones in texture appeal as well as
durability,

ligh polymers are of many typess polyauides such as
nylon, polyesters such ac dacron, and polyvinyl types such
as chemstrand, The preceding are all used for the
production of fiber, lMany ¢f the polymerc for the
production of rubdber-like material employ the use of none
organic monomers, A noted example of a copolyumer of organic
and inorganic eowﬂi is eilicone,

Sulfide compounds can bde used as copolymra.y Ethylene
dichloride is reacted with sodium tetrasulfide to produce a
polymer known commercially ac thiokol, The disadvantage of
polysulfide polymers ie their mercatane-like odor,

The purpose of this investigation waes to determine if
adipic acid and l,2-ethanedithiol could at atmospheric
pressure and using an acid eatalyst be polymerised, and {if
the polymer formed has propertiec that might indicate ite
suitability for fibver,
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II, LITERATURE REVIEW

The following 1s a review of the literature on the
synthesis of polythioesters,

History

The realization that the physical structure of high
polymer compounds has & oogtrolling effect on their physical
porperties lead to the development of the synthetic fidbers
of today., The first synthetic fiber produced from simple
chemical units was nylon, There are several types of
nylon 3 the ordinary type is synthesized from adipic acid
and hexamethylene diamine,

There are high polymers of many types: polyamidee
such as nylon, polyesters such as dacron, and polyvinyl
types such as chemstrand, All of the preceding polymers
are used for fibcr&l )

Sulfide compounds can be used as copolymers, Lthylene
dichloride it reacted with sodium tetrasulfide to produce
a polymer known commercially as thiokol, Thiokol {s not
suited for fiber but 1s a rubber-like compound especi21ly

inert to organic solvcntt!le)



3

Polythioesters have been invesztigated for use as fiber
and two methods of synthesis have been patented, One
1l
process reacts a dimercaptan with dicarboxylic acid and

6
the other reacts a dimercaptan with diacyl chloride,

Rolythioesters

Mercaptans, form which polythioesters are made, and
the preparation, properties, and uses of palythioouters.aro
revieved in the following paragraphs:

Mercaptans, Mercaptans or thiocalcohols are analogus
to alcohols, there being a sulfur atom in the mercaptan
where oxygen is in alcohols, They have a pungent and
disagreeable odor, especially the low molecular weight ones,
The odor decreases with increased molecular -.1¢h£; |

Mercaptans are more acidic than alcohols and will
form insoluble salts with hoiwy métals, Where as alcohols
are not readily oxidised, mercaptans are, and can be
oxidized to dloul{tgol by such oxidizing agents as
hydrogen peroxide,

The mercaptans are easily prepared from alkalil
hydrogen sulfides and alkylating agents, Usable alkylating
agents are alkyl halides, alkyl hydrogen sulfates, and
dialkyl sulfatu?g) The reaction is usually performed {n

a solvent such as alcohol and under an inert atmosphere,
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Rolythioester Preparation, There are several methods
for the preparation of thioesters all of which are analogus
to the methods of preparation with the corresponding
alcobols, To prepare thioesters mercatans can be reacted
with carboxylle uolds.z acyl halidns 4 )nltrileasn)
ketene, and anhvdridoc.‘

All of tho'proeoding methods are not applicable to
the preparation of polythioesters, but only the methods
which employ reagents that can have at least two of the
reactive gf:??l will polymerise,

Flory has patented a process wheredby polythioe
esters are lynthosiicd from dimercaptans and the acyl
chlorides of didacic acide, The method ie sald to be
more satisfactory than the reaction between the corres-
ponding acid and mercaptan, The reactlion is also faster
than the reaction between the acid and mercaptan, it
going to completion in about ten minutes,

A process for the esterification of dimercaptans
and dibasic acide has been patented by Patriek(la) and
Ferguson, The specific claim of the patent is the
synthesis of a polythicester from dimercapto ethane and
maleic acid mixed in a mol ratio of one to one and dis-

solved in bon:cnb.
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The reaction is catalysed by hydrochloric acid, Other
catalyst are strong acids or acid salts and Lewis aclds
such as sulfuric acid, phosphoric acid, chlorsulfonic
aclidy AlClzy 802012. and 82012.

Eroperties of Polythioesters, A basic investigation
of the equilibrium compositions of syetems of bensoic acid,
water; various mercaptams, and the corresponding ecters
was conducted by ruttm and Reld, It was found that the
limits of esterification of mercaptans are similar to those
of alcohols, but much lower, The thioesters tested exhib-
ited a marked resistance to hydrolyeris; the hydrolysis of
ethyl thio bengoate was negligivle at 193°C, However, at
220°C the expected equilibrium was obtained, The stability
of thioesters decreases as the molecular weight of the
mercaptan increasec,

Polythioesters of dimercaptans ucually melt sharply
and at most over a range of a few degrees, The melting
point of some polythioesters exceeds 200°C, GCenerally
polythioesters melt at temperatures from 25 to 100°°C
higher than the corresponding polyesters 8)

The polythioester polymers are opanue and can vary in

color from white through yellow to a dark brown.
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The viscosity can be as low as 1,57 poises and can exceed
19,000 poises, °) A polythioester of maleic acid and
dimercapto ethane synthesised by Patrick . and Ferguson
is described as waxelike and resemdbling paraffin in

appearance,
Use of Polythioesters, The polymers of simple acids

and mercaptans have typical fiber molecular patterns as
evidenced by x-ray studies and can be extruded into fiber,
The fibers upon cold drawing increase in tensile strengthj
thue the polymers are suited for textile fidbers, 1lMore
complicated polythioesters are more suited to molding and

(10)
sheet formation,
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111, EXPERIMENTAL

The following sections give the purpose, plan of
investigation, material and apparatus, method of pro-

cedure, and data and results for this investigation,
e nves tion

The purpose of this investigation was to determine
if adipic acid and l,2-ethanedithiol can be polymerized
using methanesulfonic acid as catalyst and if the
polymer formed has properties that indicate its suite-
ability for fiber,
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Three series of tests, five test per series, will bde
performed in an effort to find the optimum conditions for
synthesis to gcive a polythioester,

. The general procedure for all the tect will dbe the
same, Adipic acid, 1,2-ethanedithiol, and wethanesulfonic
acld catalyst will be mised in a round bottomed triple
necked flask equipped with a distillation column and
thermometers and containing 250 grams of ne~butyl ether
as a solvent, The mixture will be doiled at a rate such
that the teuperature of the distillation c¢column outlet will
be 100°C, The water formed during the reaction will be
distilled off, collected and weighed, The water will give
a measure of the rate and extent of the reaction, The
test will be continued until equilidrium ic reached as
indicated by no water distilling off,

Alr will bde excluded from the reaction by nitrogen,

Series One. The firet series is decigned to determine
the effect of concentration on the reaction, The adipio
acld and l,2-ethanedithiol will be mixed in a mol ratio of
one and test performed at concentratione of 2,0y 1.0y 0.5,
0,25, and 0,1 molal, One gram of methanersulfonic acid
catalyst will be uszed {n each test,
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eries « Series two will use the eptimum

concentration from series one and the samc ratio fo adipic
acid to l,2-ethanedithiol, Test will be performed using
2.0, 1,5, 1,0, 0,5, and 0,2 grams of methanesulfonic acid
catalyst.

geries Three., Series three will be performed at the
optimum conditions from series one and two, Test will be
performed using mol ratios of adipic acid to l,2-ethanedi-
thiol of 1,5, 1,25, 1,0, 0,75, and 0.5,

lecula . The molecular weight of the poly-

thioester will be determined by the viscosity method as
described by Sohmidtag )and Marlies,
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ethod of Proccdure

The procedure used in the investigation was the
preparatlon of sodium hydrosulfide, the preparation of
ly2-ethanedithiol from the sodium hydrosulfide, and the
synthesie of a polythioecter from the l,2-ethanedithiol,

Sodium liydrosulfide Preparation, Sodium hydrosulfide

was prepéred from codium sulfide and hydrogen sulfide in
isopropyl alcohol, Sodium sulfide was broken into pieces
no larger than 1/4 inch and put into a 500 milliliter
flask 1/3 full of isopropyl alcohol, Enough sodium sule
fide wac added to the flask to make a layer 1/4 inch thick
on the bottom, Iydrogen sulfied was added until all of
the sodium sulfide had dissolved, The flask was shaken

as the hydrogen sulfide was added,

lp2-kthanedithiol Preparation, Two method were
used to prepare l,2-ethanedithiol; both of which were
unsuccessful,

The first method was to mix 81 grams of codium
hydrosulfide and 200 milliliters of isopropyl alcohol,
used in producing the sodium sulfide, with 60 gramc of
ethylene chloride, The mixture was refluxed for two
hours and allowed to sit at room temperature for four

days before distillation,
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The second method of preparing l,2-ethanedithiol
was the same as the first except that absolute alcohol
was used and the sodium hydrosulfide wac dried, The
sodium hydrosulfide was dried at 30°C by pascing a

current of alr over it for five hours,
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Materials

The following is a list of materials used in the
investigation of the synthesis of a polythloester,

Acid, Adipic. Reagent grade, Obtained from Fisher
Chemical Co,, 7722 Woodbury Drive, Silver Spring, id,
Used fof synthesis of polythioecter,

Acid, Methanesulfonic, Practical, Obtained from
Fisher Chemical Co,, 7722 Woodbury Drive, Silver Spring,
lid, Used as catalyst in esterification.

Alcohol, Absolute, Reagent grade, Obtalned from
Filsher Chemical Co,, 7722 Woodbury Drive, Silver Spring,
Md, Used as solvent,

Alcohol, Isopropyl, Purified, lot No, €252,
Obtained from the J, J, Baker Chemical Co., Phillipsburg,
Ne Joeo Used for solvent,

1,2« € ol, Water free, distillation range
144 to 147 C., Prepared from sodium hydrosulfide and
ethylene chloride, Used as reagent in synthesis of
polythioester,

ther, neButyl, Practical, Obtained from Fisher
Chemical Co,, 7722 Woodbury Drive, Silver Spring, Md,
Used as solvent for adiplc acid and 1l,2-ethanedithiol,
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Ethylene Cloride. Purified, Obtained from Fisher
Chenical Co,, 7722 Woodbury Drive, Silver Spring, ud,
Used for the preparation of l,2-ethanedithiol,

Sodium Hydrosulfide, Unpurified, Prepared from
sodium sulfide and hydrogen sulfide, Used for the
preparation of l,2-ethanedithiol,

Sodium Sulfide., Fused chips, 60 per cent, code
2299, lot lo, C1l36, Obtained from General Chemical Co,,
40 Rector Street, New York 6, N, Y, Used to prepare
sodium hydrosulfide,



The following apparatus was used to perform the
1nveatiga€tn§;

Balance, dnalytieal. Xotched-beam, chain type,
subdivisions 0.0001 gram, Manufactured by Seederer-
Kohlbusbh Inc,, Jerey City, #. J. Used to weigh reactants,

Qondenser, Ilebig, glass, sealed, jaeket‘;ength 360»
millimeters, catalog Yo 7-715, Obtained from Flsher
Scientlific Co,., Silver Spring, Hd, Used to condense water
vapor distilled from the reaction,

pitilng ¢ m. Glaes, bulb form, one bulb,
catalog Ho 9-160, Obtained from Fisher Sclentific Co,,
8ilver Springs Hd, Uszed to effect a separation of water

from the yreaction,

3 1 i Three necke, 1000 =milliliter,
kpyrax brand glass, catalog No 10-163, Obtalned from
Fleher Solentific Co,., Silver Spring, Hd, Used as=

vreaction vesszel,

ia res Ascorted, Beakers and flasks, pyrex
brand glass, Obtained from Fisher Scientific Co.y Silver
Spring, ¥d., Used to contain reapgents,



Graduated Cylinder. Glass, pyrex brand, 50 milliliter,
subdivisions 5 milliliters, Obtained from Fisher

Seientific Co,y Silver Spring, Md, Used to measure
reagento,

Heater, Electric. Serial No 4254, 465 watts, 110
volt maximum, ' Hanufactured by Glaes-Col Apparatus Co.,
Terre Haute, Ind, Used to Heat the reaction,

Thermometer, Mercury filled, range =5 to 360°C,
subdivieions 1°C, catalog o 15-006, Obtained from
Fisher Sclentific Co,, Silver Spring, Md, Used to leasure
the temperature of reaction and distillation,

Yiscosimeter, Ostwald. Yo 300, Obtained from Fisher
Scientific Co,, Silver Spring, id, Used to determine the
wolecular weight of the polythioenter,
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Data and Results

The data and recults of the experiment are given
in the following tables, |
\ ) fid The data for the
preparation of sodiunm hydrosulfide are given in table I,
page 17,

pryins of Sodium Hydrosulfide., The data for the

drying of sodium hydroesulfide with air are given in
table II, page 18,

e 22=Et e « The data and
results for the attempted preparation of l,2-ethanedithiol
are given in tables III and IV, pages 19 and 20 .

Table III gives the results obtained when the alcohol
used as solvent was that used to prepare the sodium hydro-
sulfide, Table IV give the results obtained when absolute

alcohol was used as solvent,
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TABLE I

Ereparation of Sodium Hyrosulfide

Isopropyl alcoholy, ml , , ., .
Sodium sulfide, gm ., + . . «
Hydrogen sulfide , , « + .+ &
Pressure in flask, inches Hy0
Teuperature, C o« « « o « o o

Sodium hydrosulfide formed, gn

L

»

« o« « « 1000
¢« o ¢« o 203
.saturated

* s o 12
« v e s 20
o« s o o 128
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TABLE II

Evaporation of Isopropyl Alcohol from Alcohole
Hydrosulfide Hixture

Pemperature of mixture, C . o v « o o o o » o o ¢ 28 = 32
AMr tmmtﬂra:c ® @ 8 4 8 8 ¥ 5 % B Y s e s 8 8 8 25
Time of dw‘.ngt BY ¢ 0o ¢ 06 06 0 0 ¢ 0 ¢ v 060 08 o @ 5

wWeilght of Bolid recovered, €1 « ¢« « s « s « o ¢« s o « 45



Sodium hydrosulfide, gm

Eiret preparation of 1,2-Ethanedithiol

Ethylene chloride, gm .

Isopropyl alcohol, ml ,

Reflux ti”. br v o« « &

Reflux temperature, C .

Contact time at 25°C,

Yield

e * » & & 9 & & o & & & B s

.

.

days

TaBLE IIX

L]

.

*

.

*

*

.

.

*

-

]

L]

.

-

L . - v L4 . L . . - L . .

81

200
2
70
4

« s #» & s » » HONE



TABLE IV

Second Preparation of l,2-Ethanedithiol

Sodium hydrosulfide,; €m o « « o o o o « s ¢ ¢ o« o o o 45
Ethylene chloride, €M . 4 « « o o « ¢ » o ¢« - o o o o 30
Absolute alcohol, ml , . . ¢ ¢ ¢« . o ¢ o ¢ o = o « « 200
Reflux times DX 4 o ¢ o o o o o 6 o o ¢ ¢ o o o ; ; . 2
Reflux temperatuio;°c e s o o o s s s e s s o s o 68 =173
ly2-Ethanedithiol yield . . . « ¢« ¢« ¢« ¢« ¢« « « « » DONE
Unknown producty €@ « « o o« o o ¢ o o s o s o+ ¢ o o o 35
Ph&alcal state . . . . + ¢« + ¢ « o .amorphous solid
Solubility at 25°C

Water . v o ¢ o o ¢ ¢ o ¢ s o o o o @ insoluble
Bengene , .« « ¢« o o « o ¢ ¢ o ¢ s o o insoluble
Absolute alcohol e o % o & o o s e @ inegoluble
Dilute NH,0H @ & ® 8 & o & o & o o ¢ insoluble
n-Butyl ether , . + « ¢« o + o« + s « « insoluble
Ethylene chloride . « « « « o« + + « o insoluble



IV, DISCUSSION

In the following paragraphs the results obtalned
from the experiment are discussed and recommendations

made concerning future investizations,

The paragraphs which follow are a discussion of the
technique used and results obtained from the experiment,
There is alho a discussion of the possible reaction
mechanienm of mercaptan formation from sodium hydroe-
culfide,

2acts W es, The sodium hydrosulfide that
was produced was not analyged and therefore the exact
composition was not known, The sodium sulfide used for
preparing the hydrosulfide when melted was completely
fluld except for a few small lumps that did not melt,
The lumps that did not melt were probibly sodium poly-
sulfide impurity, another indication that sodium poly-
sulfide was present as an impurity was the appearence, in
the cecond attempt to prepare l,2-ethanedithiol, of a
dark gray rubber-like polymeric substance, The first
attempt to prepare l,2.ethanedithiol did not result in

the formation of the rubber-like substance,



Comparing the polymeric substance that was formed
in the second test with the properties of thiokol it is
seen that they are quite similar, Neither the polymeric
substance formed in the experiment nor thiokol dissolve
in water or hydrocarbon solvents, It is reasonable to
assune that the polymeric substance formed was thiokol
since the required reactants were present; sodium poly-
sulfide was present as an impurity and ethylene chloride
was present as one of the primary reactants,

Method of Preparing Sodium Hydrosulfide., Diffi-
culty was encountered in producing sodium hydrosulfide
from sodium sulfide and hydrogen sulfide. The sodium
sulfide was melted and attempts made to saturate it with
hydrogen sulfide, The rate of absorption of the hydr-
gen sulfide in the molten sodium sulfide was very low,
g0 low that there was no visible evidence that the
hydrogen sulfide was being absorbed, It was also diffi-
cult to keep the molten salt from backin up the gas
delivery tube and there solidifying, This, of course,
would plug the tube, The flask of molten sodium sulfide
was shaken, but the action had little effect on the
absorption rate of the hydrogen sulfide, The shaking
caused the gas delivery tube to become plugged more
rapidly, Due to these difficulties the method was aban-

doned,



The method finally used was to saturate alcohol with
hydrogen sulfide and mix it with sodium sulfide, This
method presented the problem of drying the sodium hydro-
sulfide, The sodium hydrosulfide was §ifficult to dry
because as it dried the original color of the sodium
sulfide returned, This was probibly due to the evo-
Jution of hydrogen culfide, A sample of pure sodium
hydrosulfide was therefore not prepared, It i{s evident
that there must be an equilibrium between sodium sulfide,
sodium hydrosulfide, and hydrogen sulfide, The evolution
of hydrogen sulfide is probibly favored by high temp-
eratures, Any sodium sulfide that was present in the
reaction mixture should have been converted to the
hydrosulfide when the reaction mixture was saturated
with hydrogen sulfide,

Reaction iechanism, The method used to attempt to
prepare l,2-c¢thanedithiol used sodium hydrosulfide in its
ionic state, gSodium hydrosulfide was added to the
alcohol and then the mixture saturated with hydrogen
sulfide to insure that no sodium sulfide was present and
to eliminate oxygen from the reaction, However, as can
be seen from the results the sodium hydrosulfide present
in the ionic form did not result in the production of
any mercaptan,

It is possible that for the hydrosulfide to be

reactive it muet be in a form other than iConic,
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The method of preparing mercaptan with sodium hydrosul-
fide(ggg a chloro hydrocarb?n as described by Hall and
Reid is an exauple where so-called sodium hydroe-
sulfide was used, They reacted metallic sodium with
absolute alcohol then saturated the solution with hydro-
gen sulfide, To the alcohol mixture was added the chloro
hydrocarbon dissolved in absolute alcohol, In saying
that the reaction that occurred was between sodium hydro-
sulfide and the chloro hydrocarbon it must have been '
ascumed that the hydrogen sulfide rcacted with the sodiun
ethoxide, formed by the solution of sodium, reacted to
give ethanol and sodium hydrosulfide in solution as ioms,
Itiis thought that there is a difference in the so-
called sodium hydrqoeulfide produced by the method
described by Hall and ionic sodium hydrosulfide, There
is a possibllity that the reaction between sodium ethoxide
and hydrogen sulfide does not produce ionic sodium hydro-
sulfide, but instead a complex is formed between the
sodium ethoxide and hydrogen sulfide, It would then be
the complex molecule that reacts with the chlor hydro-
carbon to produce mercaptans, It is poseible that the

mechanism of 2 complex molecule is a plausible assumption,



The correctness of this assumption is not known, If the
reaction proceeded by means of sodium hydrogensulfide as
ions then it would make little difference what the origin
of the hydrosulfide ion was, It would even seem possible
%o produce it in the reaction vessel by such a process as
dissolving a sodium aslt in the alcohol and then saturate
it with hydrogen sulfide,

There is also the question that if a complex is
assumed then why won't the same complex be formed by the
reaction between alcohol and sodium hydrosulfide as veli
ae sodium ethoxide and hydrogen sulfide, The result of
the experiment can be interpreted as showing that a
complex ic not formed between alcohol and sodium hydroe
sulfide,
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Recommendations

The recommendations for futher study are presented

in the following paragraphs,

| Sulfide Eguilibria., It is recommended, in veiw of
the difficulty encountered in drying the sodium hydro-
sulfide, that an investigation be made of the equilib-
rium between sodium sulfide, sodium hydrosulfide, and
hydrogen sulfide by determining the partial pressure of
hydrogen sulfide over sodium hydrosulfide at temper-
atures varying from 0°C to 80°C,

Concentration of Hydrosulfide., It is recommended
that futher tests be performed to perpare l,2-ethane-
dithiol using varying concentrations of sodium hydro-
sulfide, A test should be performed using only
hydrogen sulfide saturated alcohol and ethylene
chloride, Tests should also be performed using sodium
hydrosulfide concentrations ranging from 0,01 molar to
saturation, In future test it is recommended that
the reaction mixture be refluxed for at least ten

hours instead of the two hours used in this experiment,
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The experiments which were an attempt to prepare
l,2«ethanedithiol were performed at the following
conditions,

Concentration. In each test the ethyleme chloride
and sodium hydrosulfide were used in stoichiometric
amounts, The quanity of sodium hydrosulfide, 81 and
45 grams in the first and second test respectively, was
such that it did not all dissolve in the 200 milliliters
of alcolol,

Temperature, The reactants were mixed and refluxed
at a temperature varying from 68 to 73°C,

Tiwe, The reactants were mixed and reflured for
two hours,

Pressure. The experiment was performed at atwos-

pheric pressure,
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V. CONCLUSIONS

The attempt to prepare l,2-ethanedithiol from
stoichiometric amounts of sodium hydrosulfide and
ethylene chloride, where 81 and 45 grams of sodium
hydrosulfide were used in the first and second test
respectively in 200 milliliters of alcohol and the
mixture refluxed for two houre at 68 to 73°C, let to
the conclucsion that l,2-ethanedithiol cannot be

prepared under such conditions,
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VI, SULKARY

The purpose of this investigation wac to synthesize
a polythioester from adipic acid and 1,2-ethanedithiol,
Due to the commercial unavalibility of l,2-ethanedi-
thiol it was decided to synthesize it from sodium hLydro-
sulfide and ethylene chloride,

Sodium hydrocsulfide was prepared by reacting
hydrogen sulfide with sodium sulfide in alcohol, 1In
the first test 81 grams of sodium hydrosulfide were
mixed with a stoichiometric amount of ethylene chloride
and 200 milliliters of isopropyl alcohol, and for the
second test 45 grams of sodium hydrosulfide were mixed
with a stoichiometric amount of ethyleme chloride in
200 milliliters of absolute alcohol, Xkach test was
performed at atmospheric pressure in a three-necked,
round bottomed, liter flask, The reaction mixture was
refluxed for two hours,

The result of the experiment was that no l,2-cthane-
dithiol was formed,
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