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ARYLSULPHONIC RESINS BASED ON ORGANIC/INORGANIC MACRO- 

MOLECULAR SYSTEMS 

A.J. AZNAR and E. RUIZ-HITZKY 
I n s t i t u t o  de Ciencia de Materiales, C.S.I.C. 
c/ Serranol 115 b i s .  28006-Madrid. Spain. 

Abstract 
ving ,’Si C H ~ C H ~ C G H ~  groups which can be sulphonated, 
have been synthesized. The -SO~H functions introduced 
give the s o l i d  markedly acid character  as shown by its 
a b i l i t y  t o  adsorb and protonate organic bases (pyri-  
dine),and i n  the c a t a l y t i c  dehydration of alcohols.  
The mater ia ls  obtained have been iden t i f i ed  by chemical 
ana lys i s ,  I R  and 3C-NMR/MAS-CP spectroscopies.  

Various organic der iva t ives  of sep io l i te ,ha-  

INTRODUCTION 

Various procedures have been described f o r  the synthesis  of 

cation-exchanger mater ia ls  based on organos i l ic ic  compounds 

containing covalently l inked aryl-sulphonic groups’-6. The 

bas ic  idea cons is t s  o f  making improvements i n  some of the 

inherent  proper t ies  of organic res ins  of poly-styrene sul-  

phonic type,such a s  t h e i r  thermal s t a b i l i t y .  I n  t h i s  way, 

s t a r t i n g  from amorphous s i l i c a ,  mater ia ls  have been prepa- 

red with -C6HqS03H groups capable of taking p a r t  i n  cata- 

l y t i c  procedures3I ’, chromatographic separation5 I 8 r  

i on ic  e ~ c h a n g e ~ ’ ~ .  The published r e s u l t s  on t h i s  theme are  

i n  some cases d i f f i c u l t  t o  reproduce and the  mater ia ls  

are  not always rigorously described. The main 

and 
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460 A . J .  AZNAR AND E. RUIZ-HITZKY 

d i f f i c u l t y  i n  the synthes is  of these products l i e s  pa r t ly  

i n  the process of g ra f t ing  of the aromatic groups on t o  the  

s i l i c a ,  p a r t l y  i n  the  control  of the  sulphonation of these 

groups. 

EXPERIMENTAL 

The s t a r t i n g  mater ia l  w a s  s e p i o l i t e  from Yuncl i l los ,  Toledo, 

Spain, which has been previously described” , provided by 

TOLSA, S .A .  The p a r t i c l e  s i z e  was <200 mesh. This s e p i o l i t e  

i s  a hydrated magnesium s i l i c a t e  with microfibrous morpho- 

logy, the ha l f - ce l l  formula being Si,2030Mgg(OH) 4 2 4’  
8 H 2 0 1  ’ .  St ruc tura l ly  ( f i g .  1)  it i s  formed of blocks and 

channels extending i n  the  f i b e r  d i r ec t ion  (c*-axis) . Each 

s t ruc tu ra l  block i s  made up of two te t rahedra l  s i l i c i c  

layers  and a cen t r a l  octahedral  l aye r  containing magnesium. 

(H 0) 

Tetrahedral 
layers - w O S i  0 0  

Octahedral - o on 
0 Mg 

layers 

FIGURE 1 .  Schematic representat ion of a cross-sect ion 
of a s e p i o l i t e  f i be r .  D
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ORGANIC/INORGANIC ARYLSULPHONIC RESINS 46 1 

The synthesis  of the a r y l s i l i c i c  der iva te  was ca r r i ed  

out  by co-hydrolysis12 of the s e p i o l i t e  (50.0 g) with 

2-phenylethyl-methyl-dichlorosilane (I) (23.9 m l )  i n  a 

mixture of HC1 (37%) and isopropanol (250 m1/250 m l )  . The 

e n t i r e  mixture w a s  kept s t i r r e d  continuously a t  65OC f o r  

9 h. The r e su l t i ng  so l id  was recovered by f i l t r a t i o n ,  washed 

i n  a methanol/water mixture u n t i l  no C 1  

and dr ied a t  llO°C fo r  24 h. (compound 11). 

- 
ion was present ,  

The sulphonation of compound I1 was car r ied  ou t  by 

t r ea t ing  the  s o l i d  (5.0 g) dispersed i n  10 m l  of CHC13, with 

slow addi t ion of 5 m l  of ClHSO keeping the mixture s t i r r e d  3 
a t  ambient temperature during 1 h. This mixture was poured 

on t o  a water/ice mixture (11) , and the so l id  recovered by 

f i l t r a t i o n  and d i a l y s i s  t o  constant pH ( %3 days with cons- 

t a n t  renewal of the  water).  The aryl-sulphonic der iva t ive  

(111) was f i n a l l y  removed by f i l t r a t i o n  and dr ied a t  8OoC 

fo r  24  h.  

A l l  the chemicals employed were Merck ( ana ly t i ca l  gra- 

de) .  The s i l ane  I was obtained from methyl-vinyl-dichloro- 

silane (Fluka, pract . )  by Friedel-Crafts react ion with C6H6 

i n  anhydrous A l C l  3' 
The macromolecular ion exchanger Amberlist 15 (Rohm & 

Haas Co.) i s  a sulpho-polystyrene res in ,  s t rongly acid,  .. 
with CEC = 480 meq/l00 g. Specif ic  surface area = 50 m'/g. 

Pa r t i c l e  s i z e  16-50 mesh. 
15 High resolut ion C-NMR/MAS-CP spec t ra  of the s o l i d s  

were recorded on the Bruker spectrometer CXP 400 MHz with 

a spinning frequency of 4-4.5 KHa. Accumulations: 1600 F id ' s ,  

Infrared spec t ra  w e r e  recorded i n  the 4000-400 cm region 

using a Perkin-Elmer 580 B double beam spectrophotometer 

coupled t o  an M-3500 data  s t a t ion ,  from se l f -cons is ten t  

-1 
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462 

fi lms. 

The adsoprtion of pyridine was car r ied  out  from solu- 

t ions  i n  n-heptane (5.10 N) and i n  the  vapor phase (5 Torr). 

The vapor phase adsorption was ca r r i ed  out  i n  an I R  spec- 

troscopic c e l l  w i t h  CaF2 windows, 

of the sample. 

-3 

allowing f o r  heating 

The c a t a l y t i c  t e s t s  were ca r r i ed  out  i n  a pulse  micro 

r e a c t o r  consis t ing of a Pyrex-modified gas-chromatography 

in jec tor  (Perkin-Elmer 8410; column 2 5  QC2 /CW 20M). Gas 

c a r r i e r :  ul t rapure dry N2. Weight of ca ta lys t :  10-20 mg. 

Range of temperature: 100-260-O.l0C. Ethanol pulses:  0.1- 

0.5 pl. 

+ 

RESULTS AND DISCUSSION 

The process of obtaining the aryl-sulphonic der iva t ive  of 

s ep io l i t e  (compound 111) occurs i n  two phases: i) synthe- 

sis of the a r y l s i l i c i c  der iva t ive  (11) by co-hydrolysis 

of s e p i o l i t e  with 2-phenylethyl-methyl-dichlorosilane 

(I) and ii) sulphonation of the I1 der iva t ive  by treat- 

ment with chlorosulfonic acid.  

12 

2+ I n  the f i r s t  phase (sheme 1 )  the  Mg ions i n  the 

SCHEME 1 .  Grafting react ion of 2-phenylethyl-methyl- 
s i loxyl  groups on s e p i o l i t e  (synthesis  of 
a r y l s i l i c i c  compound 11) D
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ORGANIC/INORGANIC ARYLSULPHONIC RESINS 463 

sep io l i t e  a r e  almost t o t a l l y  extracted (98%), with a re- 

covery of 100 moles of Si(CH3) (CH2-CH C H ) groups from 

the residual  s i l i c a ,  per  100 grams of s o l i d  (elemental 
analysis :  10.8 % c). XRD data  show tha t  the  o r ig ina l  o r -  

dered s e p i o l i t e  s t ruc ture  disappears,  although the micro- 

f ibrous s t ruc ture  i s  la rge ly  preserved, a s  i s  observed by 

2 6 5  

TEM. The spec i f i c  surface area (BET, N ) i s  138 mL/g; the 

diminution compared with the  o r ig ina l  s e p i o l i t e  (340 m /g) 

i s  a t t r i bu ted  t o  the blocking of micropores by the organo- 

s i l ane  coating. The IR spectrum of der iva t ive  I1 shows the  

cha rac t e r i s t i c  bands of t he  graf ted  groups: 3090, 3067 

2 
2 

and 3031 cm-' ( V  C H -) ; 2966 (Vasym .CH CH3) ; 2932 

( ' a s p  CH3); 1499, 1457 and 1412 cm-l (Vcc C6H5-) ; 1263 

(fiCH3 -SiCH ) 754 and 701 cm-l (ycH C6H5). The NMR spectrum 

CH 6 5 

3 
c lea r ly  confirms the nature of the graf ted  organic groups 

(peaks a t  0.41 ,  21.12, 31.18, 127.55, 130.10 and 

146.80 ppm), shown i n  f igure  2A. 

The treatment of der iva t ive  I1 with chlorosulphonic 

ac id  (second. stage:scheme 2) leads t o  the aryl-sulphonic 

compound 111, whose elemental analysis  (C: 13.0%; S:3.15%) 

ind ica tes  a 98 m o l e  content of -C H SO H groups per 

100 g. The spec i f i c  surface area i s  210 m /g, ind ica t ing  

t h a t  during the sulphonation some t ex tu ra l  modification 

of the so l id  occurs. The I R  spectrum is very similar t o  

t h a t  of compound 11, but  there  a re  fur ther  bands a t  1375 

6 4 32 

-1 
SO ) and 547 cm-I ( 6  , indicat ing the  

( ' asp  2 SO2 
c m  

presence of sulphonic groups. The disappearance of the 

band a t  754 an-' of the monosubstituted r ing,  and the  

appearance of a band a t  785 cm 

the subs t i tu t ion  of the  r ing  occurs i n  para posi t ion.  There 

a re  no v i s ib l e  bands corresponding t o  t r i s u b s t i t u t e d  r ings ,  

-1 (YcH -C6H4-) shows t h a t  D
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464 A.J. AZNAR AND E. RUIZ-HITZKY 

13 
FIGURE 2. Spectra of C-NMWMAS-CP: 

A) 2-phenylethyl derivative of sepiolite 

B) Aryl-sulphonic derivative (compound 111) 
(Compound 11) 

SCHEME 2. Sulphonation of the arylsilicic compound I1 
(synthesis of the aryl-sulphonic derivative 
111; n=2). 

which would correspond to disulphonic acids. This result 

is in agreement w i t h  the spectrum of I3C-NMR (fig. 2B) in 

which the 127.55 ppm signal disappears (using C-atoms in 
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ORGANIC/INORGANIC ARYLSULPHONIC RESINS 465 

para  pos i t i on ) ,  and the appearance of a new s igna l  139.0 

ppm which may be assigned t o  the C-atom supporting the 

-S03H group. 

The a c t i v i t y  conferred on the s i l i c i c  subs t ra te  by 

the  graf t ing  of aryl-sulphonic groups i s  shown up by the 

ion ic  exchange propert ies ,  and the s t rongly acid character  

of the preparations obtained. In  t h i s  sense,  the  adsorption 

of an organic base of t he  pyridine t y p e  (py) i n  an ine r t  an- 

hydrous solvent (n-heptane) i s  p rac t i ca l ly  quant i ta t ive  

with respect  t o  the -C H SO H group content (80 m o l e s  

of py/IOO g; 98 mmoles of -S03H/100 4 ) .  
6 4  3 

The adsorption of vapor phase py ( 5  Torr) was fo l lo-  

wed by I R  spectroscopy on samples of der ivat ive I11 pre- 

viously subjected t o  thermal treatment ( lh ,  10 Torr) i n  

the range 50-3OO0C. The bandsobserved a t  1640, 1623, 1549 

and 1493 cm-l ( f i g .  3) a re  cha rac t e r i s t i c  of the  v ibra t ions  

of the py-H 

compound 111 near t o  300°C according t o  the following sche  

me: 

-4 

+ ion14,which i s  formed with pretreatments of  

-k 
-CHSOH + C H N  - -CHSONHCH 

6 4  3 5 5  6 4  3 5 5  

(111) (PY 1 ( I I I - ~ ~ H + )  

-1 
The band a t  1450 cm i s  a t t r i bu tab le  t o  py adsorbed v i a  

hydrogen bonding15. Furthermore the band a t  1380 cm-’ 

S O  ) which i s  cha rac t e r i s t i c  of the  sulphonic group %Sym 2 
(and of pyridine sulphonate) is  displaced t o  lower f re -  

quencies a s  a r e s u l t  of thermal treatment (e l iminat ion of 

H 0 molecules associated with -S03H) bu t  i t s  in t ens i ty  

does not  diminish appreciably up t o  temperatures near 

3OO0C, which i s  an indicat ion of the good thermal s t a b i l i -  

t y  of these aryl-sulphonic products. 

2 
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466 A . J .  AZNAR AND E.  RUIZ-HITZKY 

I00 5111 1300 

FIGURE 3 .  I R  spec t ra  i n  the 1800-1300 cm-’ region of 
the aryl-sulphonic der iva t ive  (compound 111) 
t rea ted  thermally a t  various temperatures 
(--) and subsequently exposed t o  pyridine 
(---) . 

The highly ac id ic  character and the  thermal s t a b i l i t y  

of these substances can be useful  f o r  t h e i r  employment 

as ac t ive  ca t a lys t s  i n  proton-catalyzed react ions.  With 

t h i s  i n  mind we  car r ied  out  a s e r i e s  of t r i a l s  of the  

dehydration of ethano1,chosen as  a model molecule,using 

the aryl-sulphonic der iva t ive  I11 as  ca t a lys t .  The r a t e  
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ORGANIC/INORGANIC ARYLSULPHONIC RESINS 467 

of conversion with temperature ( i n  t h e  range o f  10O-26O0C) 

was compared with t h a t  given by a commercial sulpho-polys- 

tyrene r e s i n  (Amberlist 15),which i s  o f t e n  used a s  a high- 

ly a c i d  c a t a l y s t  i n  i n d u s t r i a l  p rocesses  

l y t i c  a c t i v i t y  normalised f o r  -SO H con ten t  p e r  u n i t  weight 

i s  shown g raph ica l ly  i n  f i g .  4. I t  can be seen t h a t  Amber- 

15-18 . The cata- 

3 

OLEFINE - - -  

FIGURE 4 .  C a t a l y t i c  a c t i v i t y  temperature f o r  e tha-  
n o l  dehydration t o  d i e t h y l  e t h e r  (-) and 
e thy lene  (----I. Aryl-sulphonic d e r i v a t i v e  
(compound 111) ; o Amberlist 15. 

l i s t  15 shows 

190°C, while t he  c a t a l y t i c  a c t i v i t y  of compound I11 in- 

creases g r e a t l y  above t h i s  temperature.  On t he  o t h e r  hand 

a maximum in t h e  conversion t o  e t h e r  around D
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468 A . J .  AZNAR AND E. RUIZ-HITZKY 

t h e  ethylene formation i s  less f avorab le  with compound I11 

t han  with Amberlist 15. The loss of a c t i v i t y  of t h e  Amber- 

l i s t  15 r e s i n  is  due t o  thermal decomposition which, 

according t o  va r ious  authors6 

200°C.In t h i s  range w e  found,by gas  chromatography,other 

u n i d e n t i f i a b l e  products  which may be due t o  fragmentat ion 

of t h e  organic  r e s i n  o r  t o  o the r  by-products o f  t h e  c a t a l y t i c  

r eac t ion .  This  does n o t  occur  with compound 111. 

, t a k e s  p l a c e  between 150- 

CONCLUDING REMARKS 

Our r e s u l t s  show t h a t  t h e  hybrid organo-mineral syn thes i zed  

products  posses  func t ions  due t o  SO H i n s e r t s  i n  aromatic  

r i n g s  which,in t h e i r  t u r n , a r e  cova len t ly  a t t a c h e d  t o  t h e  

mineral  substrate. The h igh ly  a c i d  c h a r a c t e r  of t h e s e  a t ta-  

ched func t iona l  groups, together  with t h e i r  r e l a t i v e l y  high 

thermal s t a b i l i t y ,  show p o t e n t i a l l y  i n t e r e s t i n g  u s e s  f o r  

t h i s  type of material because of i ts properties of absorp- 

t i o n  and i t s  s u r f a c e  r e a c t i v i t y .  

3 
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