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ABSTRACT 

2 A wide-pore s i l i c a  f o r  HPLC { SBET= 360 m g-l, 
3 D = 20 nm, V 

decyl d imethylch lomsi lane  i n  the  presence of  s eve ra l  
base a c t i v a t o r s .  It has  been found t h a t  the  dens i ty  of  
bonded oc tsdecyl  l igands  i s  not only 0 func t ion  of  re- 

= 2.1 cm g") was s i l a n i z e d  with n-octa- 
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2326 BUSZEWSKI ET AL 

a c t i o n  time and temperature, but a l s o  depends upon t h e  
s t r u c t u r e  of  the  organic  base used as  r e a c t i o n  ac t ive-  
t o r .  The reproducible  syn thes i s  of s i l i c a  bearing more 
than 4 /urn01 m-* of octadecyl l i gands  i s  descr ibed.  

INTRODUCTION 

Commercially ava i l ab le  organochlorosi lanes  a r e  most  

often used i n  synthes is  of elkyl-modified s i l i c a  f o r  re- 

versed phase l i q u i d  chromatography (RPLC) . Recently, we 

have found t h a t  t h i s  r eac r ion  i s  a r e v e r s i b l e  one i n  a 

c losed  reac t l o n  sys tem [ I ,  21 . 
R Si-C1 + rSI-OHr=-=Si-O-Si-R2 I + H C 1  (1 )  

R, 
2- I 

R-a 

does 

s a m  

2 2 

The presence of HC1 i n  r e a c t i o n  system the re fo re  

not  enable t o  achieve high l igand  d e n s i t i e s .  The 

s i t u a t i o n  was obsemed with alkoxysi lanes .  On the  

o t h e r  hand, the  r eac t ion  o r  s i l i c a  with aminosilanes 

y i e l d s  s i l i c a  sur faces  coverad densely with a l k y l  l igands  

f 4 /mu01 m- 11-61. 

To enhance the  s i l a n i z a t i o n  of s i l i c a  with chloro- 

s i l a n e s ,  hydrogen c h l o r i d e  evolved i n  the  course of re- 

a c t i o n  ( eq.( 1 ) )  i s  neu t r a l i zed  with a s u i t a b l e  organic 

base ( a c t i v a t o r  - A )  added t o  r e a c t i o n k t u r e ,  e.g. 

pyr id i ae  

discussed by severa l  authors  [1,8,9]. Unger e t  al.[ 91 

heve shown that the  base does not  only n e u t r a l i z e  f r e e  

7 1. The r o l e  of so lvent  and base a c t i v a t o r  was 
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REACTION MEDIUM EFFECT ON COVERAGE DENSITY 2321 

H C l ,  but a l s o  a c t s  a s  a c a t a l y s t  o f  t he  s i l a n i e a t i o n .  

The c a t a l y t i c  ac t ion  of base a c t i v a t o r s  i s  explained by 

complexa t i o n  between organic bases and ch loros i lanes .  

The l a t t e r  compounds are well  known to  form s t a b l e  com- 

p lexes  with e,g. pyr id ine ,  quinol ine,  fomami.de, dime- 

thylformamide, acetamide o r  t e r t i a r y  amines ( s e e  l i t e r a -  

t u r e  given i n  ref. [IoJI. 
The aim of the  present  work was t o  study i n  d e t a i l  

the r o l e  of  base ac t iva to r s .  Several  organic n i t rogen  

bases with varying s t r u c t u r e  and b a s i c i t y  was chosen f o r  

t h i s  purpose. 

EXPERIMENTAL 

Mate r i a l s  and reagents  

One batch of wide-pore s i l i c a  [ 11,121 was used 

through si 1 aniz 81 t i o n  exp erimen t 8 .  n-Oc tad ec yldime thyl-  

ch lo ros i l ane  ( OIXiICS) was used as obtained from Pe t r a rch  

Systems,( L e v i t t o m ,  Pa, USA) . Hexamethyldisilszane was 

purchased f r o m  Lachema (Brno ,  Czechoslovakia) a s  w e l l  a s  

a l l  the  so lven t s  used; toluene being a r eac t ion  medium 

i n  a i l a n i e a t i o n  experiments was dr ied  espec ia l ly  [ 131, 

The organic  bases obtained from var ious  aourccs were 

in-g lass  d i s t i l l e d  before uee. The content  of water i n  

so lven t s  and a c t i v a t o r  was checked by means of Karl F i s -  

c h e r  reac t ion .  
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2328 BUSZEWSKI ET AL. 

Surf ac e modif ica t ion  

I n  a g l a s s  ampoule, a constant  amount of bare s i l i c a  

( 5 grams) was dr ied  a t  10 Pa and 2OO0C f o r  b hours.  

ODMCS (12.5 - 25 mmol), 20 ml of dry toluene and 25 - 
37.5 mmol of a c t i v a t o r  were added t o  the  s i l i c a .  The 

ampoules were s e r l e d  and heated a t  100 - 13OoC f o r  6 hm. 

Afte r  t he  s i l a n i z s t i o n ,  the  reac t i o n  s o l u t i o n  W8S removed 

and r e s u l t i n g  s i l i c a  was washed with 50 m l  of dry toluene, 

methanol and dime thyle ther .  Before physicochemical 

measurements, the  samples were dr ied  under vacuum rat 

room temperature for 24  hrs. 

Phyaicochemica 1 measurements 

The s p e c i f i c  su r face  a rea  ( SBEr), mean pore diameter  

( D )  and p o r e  volume ( V ) of the s t a r t i n g  and a i l an ized  

s i l i c a  were determined with Sorptoma t i c  1800 ( Carlo Erba, 

Yilano, I t a l y )  . 
P 

The concent ra t ion  of  s i l a n o l s  before and a f t e r  s i l a -  

n i e a t i o n  was determined by means of t h e i r  r eac t ion  with 

a complex of dimethylzinc with te t rahydrofurane [ 14,151. 

!the su r face  dens i ty  of  oc tadecyl  l igande ( d R p )  was 

determfned accordingly Bereadeen e t  a1.f 161 ; t he  content  

of carbon wa8 determined with Elemental Anslyser 240 

( Perkin Elmer, Norwalk, U S A ) .  Secondary s i l a n i z a t i o n  of 

samples with HMDS was c a r r i e d  out  u s ing  procedure repor- 

ted e a r l i e r  [ 171. 
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'lrnple 
,nmnber 

RESULTS AMD DISCUSSION 

D:E Activator (A) 
tion 

I n  Tablo 1, the act ivators  used 8ro summarieod. 

We have found that  reat ion t i m e  longer than 8 hre 

doos not influence the yield of e i lan ize t ion  in the 

presence of activators.  In absence of m t i v a t o r ,  the 

s i l a n i m t i o n  m s  found t o  be evidently slower. 

In Fig. 1, two kinet ic  curves are compared t o  de- 

m n s t r 8 t e  the accelerating e f fec t  of activator.  On the 

o ther  hand, 8 var ia t ion  i n  OWCS concentr8tion has 

only 8 minor effect a t  8 suf f ic ien t  excess of ODblCS. 

4 

5 
6 
7 
8 

TABLE 1 

Org8nic b&Uea used a8 aCtfV8tors 

0 
A 

a 
0 

0 

quinoline 

p y ri d i  no 

morpho l ine 

TD lidone 
pipsr idine 

2-pyrrolidone 

l ? - n ~ t h ~ l p y ~ -  

none 
I 1 

x/ data from ref.  [ 181. 

~ 

Formula 
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r 
Sample 
number 

1 

4 
8 

BUSZEWSKI ET AL 

Suef ac e covrrage 7 

D 
d d I p T  vP S 

m t g  m l / g  m &C ,umR/d ,Sb97m2 
360 2.1 2000 - 5.21 

175 1.5 14.3 24.5 4.21 0.53 

226 1.75 16.7 15.6 2.28 2990 
J 

Fig  1. Percentage of carbon bonded versus  r e a c t i o n  
time / t /. Symbols denoted in T a b l e  1. 

TABLE 2 

Phyaicochemical ch8rac t e r i s t i c a  of the s tudied  
sorben t a 
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REACTION MEDIUM EFFECT ON COVERAGE DENSITY 2331 

Tho physicochemical c h a r a c t e r i s t i c s  of the r e s u l t i n g  

aorbents ( a8mplo 4 and 8 )  a r e  given i n  Table 2 

It has been found tha t  an optimal ratio of a l l ane  

t o  ac t iva to r  cxiat  for every baao. 

I n  Fig. 2, the ac t iva t ing  e f f e c t s  o f  morpholine and 

pyridino 810 compared under i don t i ca l  reac t ion  condi- 

tions. It muat be however emphasized t ha t  two d i s t i n c t  

group8 of activatore, h8Yo been used: 

a )  

b )  

secondary sminee which are c a w b l e  of i n  s l t u  
formation of row t i v e  aminosilanca, 

t e r t i a r y  aminoa o r  aaaaromatica forming addi t ion  
complexes with chlorosilanes.  

Fig 2 *  Effect of addition and basic proper t ies  of  
PIC t iva  t o r  on coverage densi t g  of support' B 
surface by C,8 chsrnically bonded ligands, 3 - 
pyridine, 4 - morpholine, 8 - without ac t iva tor .  
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2332 BUSZEWSKl ET AL 

We have found t h a t  t he  o p t b u n  concent ra t ion  of  

a c t i v a t o r  depende upon Its bas ic i ty .  The ex is tence  of  

such optima could be explained on t h e  base of fol lowing 

r e a c t i o n  scheme: 

S i l a n e  + Baee - I n t  emed ia  t e ( 2 )  

Si-OH + Btse 4 - Si-OH' 'Base (41 

Si-OH + Intermediate  z=z Si-0-ligand + Base*HflP( 31 

In  s t e p s (  2 )  - 141, the  equi l ibr ium depends upon the  

b a s i c i t y  of a c t i v a t o r  given as pK,. Activator  forms a n  

in te rmedla te  o r  complex with ch lo ros i l ane  but a l s o  blocks 

freo, unreacted s i l a n o l  groupa. The blocking e f f e c t  as 

well  as the  binding of  HC1 i nc reases  with inc reas ing  

b a s i c i t y  o f  ac t iva to r .  For  s t rong  bases the  i n t e r a c t i o n  

with s i l i c a  is  i r r e v e r s i b l e ,  e.g. f o r  2-pyrrolidone 

( pK, = 11.26)  2.13% of N was found i n  e i l an ized  s i l i c a  

a f t e r  s i l a n i e a t i o n  and aolvent  treatment.  

Thus, optimal r e a c t i o n  condi t ions  can  be found for 

every a c t i v a t o r  (Table  3 ) .  

'1211s enabled us t o  change the  dens i ty  of octadecyl  l i ga -  

nds i n  a reproducible  way. Comparing ou r  experimental 

d a t e  obtained for var ious  a c t i v a t o r s  o f  t h e  both groups, 

an optimal range of  pKa 1 7 - 9) i s  found ( Bee Fig.  3) 
t o  o b t a i n  8 high l igand dens i ty  ( dRp) 4~umol/m 2 ) Thus, 

2 6, = 4.21 & 0.1 /umol/m 

( pKa = 8.3)  This i s  i n  accord with recent  r e s u l t s  of 

IUnkel and Unger [ 9 1 who r6comended immidneole ( pK, = 

was achieved with morpholine 
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'umber 
Of 

ample 

1 
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Surface coverage 

em ~ R P  af- 
~ 0 1 ' m  capping 

2 . t e r  endr %C 

bare s i l i c a  g e l  

TABLE 3 

Surface  concent ra t ion  of the chemically bonded c18 groups 

2 

3 

4 

5 

6 

7 

a 

21.36 

22.51 

24.54 

20.77 

19.64 

17.80 

15-55 

3.41 

3.68 

4.21 

3.27 

3.04 

2 655 
2.28 

4.39 

4.32 

4.28 

4.59 

4.62 

4.79 

5-01 

:oncentrat ion SiOH 

5.21 

1.14 

0.72 

0.53 

1-78 

2.26 

2.42 

2 *94 

<CSiOH 
r f t e r  end- 
: apping 

0.77 

0.68 

0.39 

0.61 

1.04 

1 a27 

2.07 

A t  omc: 
Fa t i 0  

n~llnrol 

1-25: 1 

1.25: 1 

1.50: 1 

1.50: 1 

1.00: 1 

1 .oo: 1 

- 

6.97) as a substance I' c a t a l y s i n g  s i l a n i s a t i o n  of 

s i l i c a  with monochlorosilanes i n  an optimal way. It muet 

be however s t r e s s e d  t h a t  add i t iona l  s t e r i c  e f f e c t s  a r e  

supposed t o  inf luence  the  s i l a n i s a t i o n  r e a c t i o n  as i t  

h a s  been discussed earlier. 

The secondary s i l a n i z b  t i o n  o f  sorbents  [ endcapping) 

with HMDS causes  an add i t iona l  i nc rease  i n  the carbon 

content  (Tab le  3 ) .  A remarkable inc rease  i s  observed f o r  

samples with low dens i ty  o f  octadecgl  l igands.  I n  the  

case o f  extremely dense coverage obtained e.g. with 
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2334 BUSZEWSKI ET AL. 

k 3  0 

s 
W 25 

20 

15 

4 

l2 PKa 4 6 8 10 

Fig 3.  Effect  of the  pKa values  on the sur face  coverage. 
Symbols denoted i n  Table 1. 

morpholine ( Sample 41, only neg l ig ib l e  change i n  carbon 

conten t  was measured. Thus, the  l igand dens i ty  obtained 

a t  optimal condi t ions  i s  comparable with t h a t  observed 

previously i n  s i l a n i z a t i o n  of wide-pore ( Table 3 

w i t h  N, N-dime thylaminonc t adecy le i l ane  1 1-5 1. 
s i l i c a  

c OI?CLUSIONS 

We may conclude t h a t  the s i l a n i x a t i o n  of  bare s i l i c a  

with ch lo ros i l anes  i n  the  presence o f  base r eac t ion  a c t i -  

v a t o r s  enables t o  achieve high l igand  d e n s i t i e s  i f  a wide- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTlON MEDIUM EFFECT ON COVERAGE DENSITY 2335 

pore s i l i c a  with s u f f i c i e n t  concent ra t ion  of s i l a n o l s  

1 dSiOH) 5.0 ,umol/m 1 i s  used. The presenue of base 

a c t i v a t o r  i n  r e a c t i o n  mixture inc reases  the r a t e  of s i l a -  

n i e a t i o n  a s  well aa t he  f i n a l  dens i ty  o f  bonded Uganda. 

The l i gand  d e n s i t i e s  obtained a t  optimal condi t ions  a r e  

simili6r t o  t h a t  obtained with oc tadecyldirnethyl N,M- 

dimethylamino-silane with the  sane s i l i c a  gel .  However, 

t he  r e a c t i o n  r a t e  of  s i l a n i z z t i o n  was higher  i n  case  of 

the  s i l a n i z a  t i o n  ac t iva t ed  with organic bases. The method 

g ives  reproducible  l igand d e n s i t i e s  by changing of  t he  

concent ra t ion  of the  base a c t i v a t o r .  

2 
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