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PREPARATION OF ARYLSULFONE DERl VAT1 VE OF POLYSTYRENE 

with P-TOLUENE SULFONYL CHLORIDE 

A. CANSIZ, M. CO$KUN and E, OZDEMIR 

Faculty of Ar ts  and Science, Department of Chemistry, Firat University, 

Elazig, Turkey. 

ABSTRACT 

The arylsulfone derivative of polystyrene was prepared by 

p-toluem sulfonyl chloride in the presence of anhydrous aluminum 

chloride in  methylene chloride at three dtfferent temperatures. The 

sulfonated polystyrenes were characterized by IR spectrophotometer, 

'H-NMR spectrometer and sulfur analyzer. Activation energy of the 

sulfonatlon reaction was found t o  be 38,O k j  mol-' and 36,s k j  mol-' 

from the results of HCI and sulfur determinations, respectively. 

Solubil ity parameters and densities of some sulfonated polystyrenes 

were also determinated. 

INTRODUCTION 

I t  i s  known that polystyrene can react readily w i t h  electrophil ic 

reagent. I t  can be easily nitrated( 11, chlorinated(2), brominated(3), 

acylated(4), chloromethylated(5), phosphorylated(6) and sulfonated(7). 

Such electrophil ic substitutions on polystyrene often occur almost 

quantitatively w i t h  a high preference for the p-position. No more 
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144 C A N S I Z ,  C O S K U N ,  AND O Z D E M I R  

studies on the reaction of polystyrene with arylsulfonyl chlorides 

which i s  an electrophilic reagent, in  the presence of Friedel-Crafts 

catalysts, have been reported(8). However, the aryl Sulfone derivatives 

of polykityrenesulfonyl chlortde)(9) or homopolymerization of the 

correspondlng styrene derlvatlves are wel l  known. 

In the present study the arylsulfone derivative of polystyrene was 

prepared by p-toluen sulfonyl chloride in the presence of anhydrous 

aluminum chloride. The purposes of this study are to present how the 

conversion changes w i th  time and temperature and to  calculate 

actlvatlon energy of the reaction and to  report the some structure 

characteristlcs and some of the properties of the product. 

MPERlflENThL 

Ckrlcals 
Polystyrene aupplial by YARPET (Turkish, Patrochem~cal Id. Inc.) vaa mod. Its 

vlxosity werage mlscu\ar vdgM +a about 200000. It vm purlfled before me by 

dlwolvlrrg in  CH$12 and by pmipltation by ethanol tollwed by vacuum drdrrg for tw daw 

et 50 OC. Pkthylene chlbrlde (Pkrck product) vaa wed m aolwnt vlthout addltloml 
purification. P-toluem sulfonyl chlorlde (p rodud by Flukd va$ tscrystallimd from 

petrollumrther. Anhydnua A1Cl3 ybs d m  frlsdsl-Craftscatalyst. 

Srlhn8ti.r P r u d m  

The sulfionation reaction was arrfsd out w dmrtbed by Dssgupta et. 01. (6). 

Methylene chlorlde (SOml), anhydrous A1C13 (0,024 mol), end p-toluene wlfonly ch!aride 

(0,022 moll wre introduced under dry n i t rmn ln to  a carefully dried 250 ml flab. The 
mfxture va stlrred for 30 min at the desired tempretun. r4 wlution of pal@tyrene 
(0,0144 mol repading units) i n  methylem chloride (25 ml) vm then ahbd alovlyto the 
stlrrd r e d o n  mixture owr 20 min. The mixture vm colored 1mrnedistsly. The reaction 
mtxture v# 8tIrrsd st desired temperdurn (+ 18 t, 0 t and -20 OC) under nitrogen 

stream for 28 h snd v8s then poured into a mixture of ice and 10 W HCI. After the ia hd 
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PREPARATION OF DERIVATIVE OF POLYSTYRENE 14 5 

melted, the orwnic layr wm separated and slowly added to ~xct33 ethsml to prdp i ta te  the 

sulfoonaed polymer. T h n  the prdwl vo filtered, wohd Mth water, drlsd, end 
reprsclpltated from methylone chlorlde solution into ethanol. Tb product va than dried 
under vacuum at about 50 @€ for a fev days. During the sulfonation reaction, liberated HCl 

was trapped i n  0,l N Nd)H Mlution. After the reaction, excm NadH solution wm titrated 

with 0,l N Hcl wlution, and then percentage of sulfonatlon w calculated. 

lnstraocnts and HetW 

‘H-NMR spectra o f  the sulfonated polymers i n  CDCIJ wolution yere recorded st room 

temperature usinp a Perkin-Elmer EM 360 L model 60 MHz NMR spectrometer. I R  spectra 
of the polymers were recorded using a f i l m  deposited on a salt plate from methylene chloride 
solution on a Pye Unicam SP3-100 IR spectrophotometer. Leybold-krau8 CSA 2003 

carbon-sulfur analyser ws used for sulfur determinations i n  the sulfonated polymers. 

The density of the sulfonated polymer was measured by the flotation method with the 

use ofa mixture ofetheml and formic acid as the noting 8gent.The wlubi l i ty  parameter of  

the sulfonated polymer was estimated from solubility test by using chloroform, nitromethan 
arid n-heptane, according to the mthode adapted from McCaffer( 10). 

RESULTS and DlSCUSSlOl 

Table f shows % conversion w i th  t ime at three different 

temperatures (+ 18 OC, 0 OC and -20 OC) for production of sulfonated 

po I ymer, which i s  a styrene-p-(p- toluenesul f only) styrene copolymer, 

as estimated by removed hydrogen chloride during the reaction. 

At  the end of the 28 h of reaction time, sulfur content of the 

product and % conversions were calculated and presented in Table I I .  

Conversion % values (by mo l l  found from removed HCI have been 

approximately agreed w i t h  those of sulfur determination. 

The estimations of solubi l i ty parameter ( 6 )  and density (qd of the 

highly and poorly sulfonated PS are  summerized in  Table I I I .  
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146 CANSIZ, COSKUN, AND OZDEMlR 

TABLE I. Changing of % conversion with time. Solvent: CH$12, 

catalyst: anhydrow A1CI3 

time (h) $5 conversion (by moll 

4 2.8 15.0 13.2 
8 3.2 26.3 30.6 

12 3.6 36.9 47.7 
20 5.2 55.6 59.1 
24 5.4 55.9 59.7 
28 6.3 56.2 59.8 

TABLE II. 

1% S% % Conversion( by moll 

- 20 1.980 7.1 
0 9.25 1 54.2 

t 1 8  9.959 62.1 

TABLE 111. 

7.1 9.6 0.961 2 
62.1 9.8 0.9205 

a :Calculated by sulfur determination 
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Solubil ity parameter and density for  PS had been reported i n  

literature as 8,s-9,5 ( c a l / ~ r n ~ ) " ~  and 1,OS- 1,15 g/cm3( 1 11, respectively. 

These results show that the solubfl i ty characteristics do not almost 

change but the density decreases during the sulfonation of PS. 

The activation energy of the sulfonation reaction on aromatic ring of  

polystyrene was found to  be 38,O k j  mol-'and 36,s k j  mol'' from Figure 1 ,  

by HCl and sulfur determinations, respectively. 

R conversion given in Table I shows that the reaction did not occur 

quantitatively under these conditions. Specially, % conversion at 0 O C  

and + 18OC did not almost change after the the period of time of 20 h. 

Fig 2 a, b and c show the 60-MHz 'H-NMR spectra o f  the original 

polystyrene (a), poorly (b) and highly (c> sulfonated polystyrene 
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148 CANSIZ, COSKUN, AND OZDEMIR 

a 

b - 

r 1 0 9 8 7 6 5 4 3 2 1  

prepared in this study. The broad signal a t  S 1,0-1,8 ppm is  due t o  

methine and methylene protons i n  the polymer backbone. 

The signals of protons on -CH, groups in reacted styrene units are seen 

at S 2,3 Ppm. It i s  d i f f i cu l t  t o  say which signals are belong t o  which 

arc?matic protons a t  between S 6-8 ppm. However, signals a t  low field 

area (at S 7,2-8,O ppm) may be assigned t o  ortho protons to  the sulfone 

group which i s  an electron acceptor, 

The infrared spectra of the highly sulfonated polymer and the 

original polystyrene are shown in f i g  3. In the case of the sulfonated 

polymer i t  contains strong absorptions characteristics of O=S=O 
stretching which is not present in that of original po\ystyrene. These 
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Fig 3. IR Spectra of (a) PS and (b)  highly sulfonated PS 

bands are due t o  antisymmetric (1295 crn-’ and 1310 cm-’) and 

symmetric ( 1 150 cm-’) stretching absorptlons of the -SO2- group. The 

strong absorption at  805 cm-’ and the weak absorption a t  1890 cm” 

which are not present in that of  polystyrene are characteristics of the 

p-disubstituted ring. Although these evidences are not enough for ful ly 

para-substitution, it may be noted that the reaction carried out in para 

position because of the steric effect of ortho t o  polymer backbone and 

also the electrophile is  a large group. 

The electrophilic substitution 1s as follows: 
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