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Abstract--New polyfunctional thioalkylene acrylate monomers have been synthesized by the inter- 
action of fl-chloroethylacrylate or methacrylate with sodium mono- or polysulphide. Their physical 
and chemical properties were determined. It was found that the nucleophilic substitution power of 
the (S,Na)- anion increa~s with increa~ in the number of sulphur atoms in the anion. It has Been 
established that peroxides cannot initiate polymerization of the monomers. Oxidation-reduction 
initiators such as (Na)S20. + NaHSOa) lead to crosslinked polymers which possess relatively low 
glass temperatures, high degree of elasticity and stability towards solvents and heat. 

I N T R O D U C T I O N  

THE PRESENCE of  sulphur atoms in a polymer chain leads to increased flexibility of  
the molecule, so affecting elastic properties. 

The activation energies for rotation around C--S,  C - - O  and C - - C  bonds are 
2.0, 3-7 and 3--4 kcal/mole, respectively. H) Consequently, rotation around the C- -S  
bond occurs more readily than rotation around C m O  and C - - C  bonds. 

Sulphur-containing polymers possess elastic properties superior to those of  the 
corresponding carbon and oxygen-containing polymers. There is also a decrease in 
the glass temperature. 

Acrylic polymers with sulphur in the side chain have been synthesized, ~2'3) they are 
elastomers with low glass temperature, high stability towards solvents and low degree 
of  swelling. 

The increase in hardness due to the presence of  polar sulphide bonds is compensated 
by the decrease in the energy barrier for rotation around these bonds. 

In addition, the thioether group (C--S---C) possesses an inhibition effect on the 
peroxide radical formed by the action of  heat and light during fabrication and use of  
the polymer. Accordingly, the sulphur-containing polymers must be thermally stable 
than their corresponding carbon and oxygen analogues. This inhibition effect can be 
explained by the high electron density on the sulphur atom. 

Sulphur-containing polymers possess relatively high stability towards water and 
humidity. This was proved experimentally in the case of  thiomethylene polymer 
- - - ( - -CH2--S-- )n-- ,  which is stable towards water, while its oxygen-containing 
analogue polyoxymethylene-- - (CH2--O-- )n- -when n is small is soluble in water. 
This behaviour can be explained by the ease of  hydrogen bond t4) formation between 
water molecules and polyoxymethylene. For  polythiomethylene, such hydrogen 
bonding does not occur. 

Marvel, ~s'6) Reppe, (7.sJ Koton and Kiseliva ~9) have synthesized a number of  sulphur- 
containing polymers by different methods. The latter authors studied the influence of  
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the replacement  o f  oxygen in methacryl ic  acid esters by sulphur on  their  ability to 

polymerize.  

The aim o f  the present  invest igat ion is to synthesize some thermal ly  stable cross- 

l inked polymers  having e las tomer  propert ies .  

It  is p roposed  that  a sulphur  a t o m  in the acrylate ester chain will affect the physical, 

chemical  and mechanical  proper t ies  o f  the result ing crossl inked polymers.  

E X P E R I M E N T A L  

Infra-red spectra were measured on Carl Zeiss V.R-10 using KBr for the region 400-700 cm -~, 
NaCI for the region 800--1800 era-x and LiF for the region 2880-3400 cm-1. 

Synthesis of diacrylate or dimethacrylate diethylene sulphide 
The diacrylate diethylene sulphide (AES) and dirnethacrylate diethylene sulphide (MES) were 

prepared by the interaction of/~-chloroethylaerylate or methacrylate with Na~S in dimethyl forma- 
mide or a mixture of alcohol and water. 

In a 3-necked flask with stirrer and thermometer was placed 0.5 mole of 50~. solution Na2S in 
water at 50 °. Then dimethylformamide or water was addedwith/3-chloroethylaerylate or methacrylate 
(1" 1 mole) in equal amounts. Hydroquinone (1% by weight of ~g-chloroethylacrylate) was added to 
inhibit polymerization during synthesis. The reaction mixture was heated for 2 hours at 70 °, cooled 
to room temperature, and toluene was added as a solvent. The reaction mixture then washed with 
saturated aqueous NaCI solution, followed by 5% NazCOs solution, and finally with water. The 
toluene layer was separated, dried (Na2SO,0 and toluene was then distilled in vacuo, first at 11-15 
mm/Hg and then at 1-2 mm/Hg for complete removal of the unreacted ester. The monomers were 
purified by running their toluene solutions through AlsO3 (activated at 450* for 1 hr). The disadvantage 
of this process of purification is the loss of much monomer by absorption on AlzO3. Yields of the 
pure monomers were 32-45 per cent. 

Synthesis of diacrylate or dimethacrylate diethylene polysulphides 
Diacrylate- or dimethacrylate diethylene di- and tetrasulphides AEDS, MEDS, AETS and METS 

were similarly synthesized by the method used for the preparation of AES and MES, using NazSz 
and NazS4 instead of Na2S. 

Sodium di- or tetrasulphides tx°> were prepared as in the literature. The diacrylate- or dimeth- 
acrylate diethylene di-and tetra-sulphides were separated and purified as in the case of AES and MES 
monomers. 

These acrylic monomers cannot be distilled because of decomposition during distillation. 

Synthesis of ~-chloroethylacrylate or methacrylate 
In a 3.necked flask fitted with a stirrer, thermometer and reflux condenser and a trap for re- 

moval of separated water, a mixture of 1" 1 mole of acrylic or methacrylic acid and 1 mole of ethylene 
chlorohydrin dissolved in (100 % solution) toluene was placed, p-Toluene sulphonic acid was added as 
catalyst (4 per cent of the weight of the reacting components) and 1% hydroquinone (based on the 
weight of acrylic acid) was added as inhibitor of polymerization. The reaction mixture was heated at 
the b.p. of the solvent; the esterification was followed by the amount of water separated. When the 
reaction was complete (3--4 hr), the reaction mixture was cooled to room temperature, treated with 
aqueous 5% Na2CO3 solution and washed with water. The toluene layer was dried and distilled under 
vacuum; the yield was 70-75 per cent. Table 1 shows the physical properties and analyses of/3-chloro- 
ethyl methacrylate and dimethacrylate ethylene glycol. 

The fundamental physical and chemical properties of the synthesized monomers are shown in 
Table 2. Their i.r. spectra show bands in the regions 1680 era-1, 1730-1717 era-x, 3120 cm- ' ,  2890 
era-1,700-600 era-x, and 500--400 cm-1, characteristic for C-~-C, C==0, ~------CHz, C--H, C--S, S--S 
groups, respectively. 

Polymerization 
(a) Emulsion polymerization. The monomers were polymerized by heating in a sealed tube for 4 hr 

at 50 ° in the presence of oxidation-reduction initiator (Na,SzOs + NaHSO3) using the following 
system: 100 g monomer, 18 g HzO, 5 g emulsifier, 1 g. Na2SzO,, 1 g NaHSOs. 
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Polymer AES MES AEDS MEDS AETS METS 

Yield 33"4 31-8 25.3 22" 1 19"5 17.7 

The polymers were precipitated and washed several times with methanol, then dried under vacuum 
to constant weight. Polymers of AEDS, MEDS and METS are odourless, yellowish paste-like mat- 
erials; those obtained from AES and MES are odourless, yellowish fine powders, insoluble in acetone, 
chloroform, toluene, carbon tetrachloride but swelling in acetone. This indicates that these fine-grain 
polymers are erosslinked. 

Co) Polymerization in bulk. Trials for polymerization of these monomers in bulk using vacuum 
sealed tubes at 60 ° for 12 hr in the presence of 1.5 % azobisisobutyronitrile were successful only for 
monomers AES and MES, with yields 27 and 25 per cent, respectively. The other monomers did not 
polymerize under these conditions. The analytical data (cf. Table 4) confirm their structure. 

TABLE 4. ANALYS~S OF THE POLYM~ 

Polymeriz- C ~ H ~o S 
No. Polymer ation 

of process Calc. Found Calc. Found Calc. Found 

1 AES Bulk 52" 2 52" 60 6" 09 6" 03 13- 91 13" 50 
2 MES Bulk 55"8 55"90 6"58 6"87 11-78 11"32 
3 AEDS Emulsion 45.8 46-10 5" 34 5.12 24.42 24.35 
4 MEDS Emulsion 49" 65 50" 10 6" 21 6.08 22" 1 22.07 
5 AETS Emulsion 36" 8 36" 85 4.29 4.14 39.55 39" 00 
6 METS Emulsion 40.65 40" 90 5.09 4- 98 36" 15 35- 90 

D I S C U S S I O N  

The  in teract ion o f  sodium sulphides with f l-chloroethyl acrylate o r  methacryla te  

can be considered as a nucleophi l ic  subst i tut ion reac t ion:  

H 2 
C H 2 - - - C - - C O O C H 2 C H 2 C I  + Na2Sy ~[CH2~-----C--COOCHz---C . . . .  SyNa]Na + 

I J i 
x x C1 

x 

+ CH2~- - -C- -COOCH2CH 2C1 
~CH2~- - -C- -COOCH2CH2S,Na  + NaCI  ) 

I 
x 

C H 2 - - - C - - C O O C H 2 C H 2 S y C H 2 C H z O O C - - C - - - - C H 2  

I I 
x x 

where x = - - H ,  - - C H 3  and y = 1, 2, 4. 
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Data in Table 5 indicate that the yields of the monomers increase with increase of 
the number of sulphur atoms in the anion (S,Na)-, i.e. increase in the number of 
sulphur atoms favours the nucleophilic substitution reaction due to the high electron 
density on the (SyNa)- anion. 

TABLE 5 

Monomers AES MES AEDS MEDS AETS ME'IS 

Yield 34.8 32.3 39.5 37.3 45" 9 45.1 

The relatively poor yield of the monomers (30--45 %) (cf. Table 5) may be due to 
either the absorption on AJzOa as previously mentioned (p. 688) or to the low equili- 
brium constant for the reaction under consideration. If the reaction takes place in 
aqueous solution, hydrolysis leads to degradation for both the starting and the 
produced esters as follows: 

(a) CH2--C--COO---CHzCHzSyCH2CHzOOC--C----CH2 + 2 OH-  . 

I I 
x X 

2 CHz- -C- -COO-  + 2 HOCHzCHzSyCH2CHzOH 

I 
x 

(b) CH2---C---COOCH2CHzCI + O H -  " CH2------C--COO- + HOCH2CH2CI 

I I 
X x 

where x = - -H,  --CH3 
y =  1,2,4.  

The i.r. spectra of AES (I), MES (II) and dimethacrylate ethylene glycol (III) show 
that the absorption bands due to the double bond are weaker than those for the 
corresponding oxygen-containing monomers (see curves, I, II and II1 in Fig. 1). This 
effect may be due to the formation of intermolecular donor-acceptor associations 
between the sulphur atom of one molecule with the double bond of another molecule 
thus: 

CH~ 

I 
CH 2---C--COORS~ROOC--C----CH2 

I + 
i CH3 , ! 

CH3 CHa 

I I 
CH2~---C--COORS~ROOC--C-----CH2 

+ 

CH2~-----C--COORSxROOC~--CH2 CH3 CHa 
I I I I 

CH3 CH3 CHz~-----C--COORS~ROOC--~CH2 

It was found that peroxides do not initiate polymerization of these monomers; this 
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Fro. 1. Infra-red spectra (I) diacrylat¢ of diethylen¢ sulphide; (II) dimethacrylate of diethylene 
sulphide; (III) dimethacrylate of ethylene glycol. 

failure can be explained by the interaction of the sulphur atom in the monomer with 
peroxidic compounds: 

ROOH 
ROOH + R'--S--R'  ~ 1' '" ~' ROH -'k R'--S--R'  

R - - S - - R  II 
O 

The resulting complex has no tendency to break down with the formation of radicals 
and, therefore, cannot initiate polymerization. 

In the case of oxidation-reduction initiators (Na2S2Oa -t- NaHSO3), the resulting 
ion-radicals cannot approach close to the sulphur atoms because of  the negative 
charge. 

O O O 

FI II IJ 
Na + O - - - S - - O - - O - - S - - O -  Na + • 2 0 - - - S - - - O .  

II ]1 II 
O O O 

This suggestion was partially indicated by the i.r. spectra of  the resulting polymers. 
In these spectra, the absorption band characteristic for the ~ - O  group (1050 cm-1) 
is absent (see Fig. 2). 
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FIG. 2. Infra-red spectrum of polymer. 

50, 

45 

40 

3 

/ . /  
/ 

/ / 

/ 1// 

0 I 2 3 4 .5 6 ? 

35 

30 

25 

~ 20  

lO 

Time, hr 

FIo. 3. Studies on thermal stabilities of polymer. (1) and (2) sulphur-containing polymers; 
(3) polydimethacrylate diethylen¢ glycol. 
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The i.r. spectrum of  polydimethacrylate  diethylene sulphide confirms the suggested 
structure. The absorp t ion  bands  for the various groups are less sharp than  those for 

the corresponding monomers .  
Thermal  stability of  polymers derived f rom AES and  MES was examined using an 

automat ic  thermal  balance at 200 ° in oxygen. For  compar ison,  polydimethacrylate  
diethylene glycolwas also examined as an  oxygen-containing analogue under  the same 
condi t ions  (see Fig. 3). F r o m  these curves, it is obvious that  the oxygen-containing 
substance (curve 3) undergoes destruct ion more  vigorously (50 per cent loss in weight) 
than  the corresponding su lphur-conta in ing  polymers (25 and  30 per cent losses 
respectively) (curves 1, 2). The glass temperature  of  polymers derived from AES and  
MES were + 4 0  ° and  + 3  °, respectively (see curves 1 and  2 in Fig. 4). 
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R6sam6--On a effectu6 la synth6se de nouveaux monom6res polyfonctionnels acrylate de thioalkyl6ne, 
par l'interaction des f chloro6thylacrylate ou m6thacrylate avec le mono- ou le polysulfure de sodium. 
On a d6termin6 leur propri6t6s physiques et chimiques. On a trouv6 que le pouvoir de substitution 
nucl6ophile de l'anion (SxNa)- augmente avec le nombre d'atomes de soufre darts l'anion. On a 
6tabli que des peroxides ne pouvaient pas amorcer la polym6risation de ces monom6res. Des amor- 
ceurs d'oxido-r6duction tel que (Na2SeOs + NaHSOa) conduisent/l des polym6res r6ticul~s qui ont 
des temp6ratures de transition vitreuse relativement basses, un degr6 61ev~ d'61asticit6 et une bonne 
stabilit6 vis h vis des solvants et de la chaleur. 

Sommario--Mediante interazione di f-cloroetilacrilato oppure matacrilato con mono- o polisolfuro 
di sodio, si sono sintetizzati dei nuovi tioalchilene acrilati monomeri polifunzionali. Si sono deter- 
minate le loro caratteristiche fisiche e chimiche. Si 6 trovato chela forza di sostituzione nucleofilica 
delranione (S~,Na)- aumenta con l'aumentare del numero di atomi di zolfo nell'anione Si 6 potuto 
stabilire cite i perossidi non possono iniziare la potimerizzazione dei monomeri. Iniziatori ossidanti- 
riducenti come (Na2S2Oa q- NaHSOa) portano aUa formazione di polimeri a legami incrociati i 
quali posseggono temperatura di passaggio vetroso relativamente basse, un alto grado di elasticit/~ 
e stabilith nei confronti di solventi e calore. 

Zusammenfassang--Durch Reaktion von fl-Chloriithyl-acrylat oder -methacrylat mit Natriummono- 
oder polysulfid wirden neue Thioalkylenacrylat Monomere synthetisiert. Ihre physikalischen und 
chemischen Eigenschaften wurden bestimmt. Es wurde festgestellt, daft die Stirke der nucleophilen 
Substitution des (S,Na)- Anions mit steigender Zahl der Schwefelatome im Anion zunimmt. Es 
stellte sich heraus, dab die Polymerisation der Monomeren nicht dutch Peroxide initiiert werden kann. 
Oxidations-Reduktions Initiatoren wie (Na2S208 + NaHSO3) fQhren zu vernetzten Polymeren mit 
relativ niedrigen Glastemperaturen einem hohen Grad der Elastizitit und dex Stabilittit gegen L6sung- 
smittel und W~Tne. 


