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LONG - CHAIN ALKYL s ILANE-MOD IF I ED POROUS s IL ICA" 
BEADS AS GPC PACKINGS 

Qi-Jian IIe, Xiu-Zhen Li, Di-Ya Meng 
Wuhan CHemical Industry Research Institute 

Qian j ia j ie , Wuchang 
People's Republic of China 

SUMMARY 

A series of silica gels having various molecular weight 
exclusion limits has been modified by reaction with octade- 
cyltrichlorosilane. Toluene being used as moving phase and 
hydroxyl-end blocked polydimethylsiloxane as  solute, the 
chromatographic process on these modified silica packings 
is mainly controlled by size exclusion; an additional ab- 
sorptive retention can still be observed with the low 
molecular species. Thus, calibration in this case should be 
performed using standard samples of the specific polymer to 
be determined. 

INTRODUCTION 

Porous silica gels, used as GPC packings, usually need to be 
modified with trimethylchlorosilane o r  hexamethyldisilazane ( 1 - 3 )  

in order to suppress the adsorptive effect caused by surface silanol 
groups. I t  has been proven ( 4 y 5 )  that an appreciable number of 
unreacted silanol groups is still left on the surface of silica 
gels treated chemically with organochlorosilanes. The adsorptive 
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e f f e c t  due t o  rcrnaining s i l a n o l  

shor t -cha in  bonded phases"), s 

through t h e  phase t o  t h e  s u r f a c  

HE, L I ,  AND MENG 

groups can b e  very  s t r o n g  wi th  

nce s o l u t e  molecules  p e n e t r a t e d  

e a s i l y .  A v a r i e t y  of  packing 

rna tc r ia l s  f o r  r e v e r s c d  phase l i q u i d  chromatography, prepared by 

r c a c t i o n  of porous s i l i c a  g e l s  with long-chain a l k y l c h l o r o s i l a n e s ,  

has  commercially been a v a i l a b l e  f o r  a long t ime,  b u t  r e p o r t s  on 

t h e  a p p l i c a t i o n  of t h e s e  modif ied s i l i c a  g e l s  f o r  GPC have n o t  

y e t  been found. In t h e  casc o f  long-chain bonded phases ,  as 

noted by Kirk land(7) ,  u n r e a c t e d  s i l a n o l  groups a r e  s h i e l d e d  by 

an "umbrella" of t i g h t l y  packed organic  groups ,  and t h e  adsorp-  

t i v e  e f f e c t  may h e  reduced t o  a very  low l e v e l .  In t h i s  l a b o r -  

a t o r y ,  ;I series of porous s i l i ca  beads  was modif ied wi th  o c t a -  

d e c y l t r i c h l o r o s i l a n c .  

hydroxyl-end blocked polydimcthyls i loxane  a s  s o l u t e ,  t h e  g e l  

chromatographic behaviour  on t h e  modif ied s i l i c a  beads a n d  t h e  

r e s i d u a l  a d s o r p t i v e  c f f c c t  s were i n v e s t i g a t e d .  

'Toluene be ing  used a s  niovirig phase and 

EXPERIMENTAL 

M a t e r i a l s  

Octadecyltrichlorosilane was prepared  hy a d d i t i o n  of s i l i c o n  

t e t r a c h l o r i d e  t o  octadecyl  Grignard r e a g e n t ;  t h e  product  was d i s -  

t i l l e d  and c o l l e c t e d  a t  210-214"C/GmmHg. 

commercially a v a i l a b l e  m a t c r i a l s ,  Al l  and Cl' g rade ,  and were n o t  

t r e a t e d  h c f o r c  u s e .  

Other  chemica ls  were 

Cross- l inked  p o l y s t y r e n e  g c l s ,  JD-type,  were s u p p l i e d  by t h e  

Chem Dept . ,  J i l i n  Univers i ty .  S i l i c a  packings ,  NDC-L,which had 

been t r e a t e d  by hcxamethyld is i lazane ,  were commercially a v a i l a b l e  

(2nd Chem. Reagent P l a n t ,  T i a n j i n ) .  S i l i c a  packings  Nos.1-6 were 

prepared  by c a l c i n i n g  s p h e r i c a l  porous s i l i c a  bcads (Qingdao Sea 

Chem. P l a n t ) .  Two procedures  were employed f o r  t h e  s i l i c a  modi- 

f i c a t i o n  : 

Method I :  by r c a c t i o n  with hcxamethyld is i lazane ,  accord ing  t o  t h e  

procedure descr ihed  by Rci j ing  Chcm. Ind. I n s t i t u t e  . ( 8 3  
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POROUS SILICA BEADS AS GPC PACKINGS 1225 

(4.7.9.  ) Method 11: by r e a c t i o n  wi th  o c t a d e c y l t r i c h o r o s i l a n e  . A  

common procedure i s  as  f o l l o w s :  A given amount of s i l i c a  beads ,  

whose s u r f a c e  had been f u l l y  hydrolyzed w i t h  H C 1 ,  was p l a c e d  i n  

a round-bottom f l a s k ,  hea ted  a t  150-160°C f o r  2-4 h o u r s  and fol lowed 

by c o o l i n g ,  i n  vacuum; then  a n  excess  o f  octadecyltrichlorosilane 

d i s s o l v e d  a t  10-20% i n  dry t o l u e n e  was drawn i n .  I t  was assumed 

t h a t  t h e  amount o f  octadecyltrichlorosilane, Ws, r e q u i r e d  f o r  

monomolecular l a y e r  bonding can be  e s t i m a t e d  by t h e  f o l l o w i n g  

r e l a t i o n  : 

Wg x S x 4 x 10l8  x 388 
g 23 w =  

6.02 x 10 S 

2 where Wg and S a r e  t h e  weight  (9)  and s p e c i f i c  s u r f a c e  (M / g )  of  t h e  

s i l i ca  beads t o  be t r e a t e d ,  r e s p e c t i v e l y .  The mixture  was r e f l u x e d  

wi th  s u i t a b l e  s t i r r i n g  f o r  16-18 h o u r s ,  whi le  a small stream of  d r y  

n i t r o g e n  was passed  through t h e  s o l u t i o n .  After c o o l i n g ,  t h e  s i l i c a  

beads  were s e p a r a t e d  from t h e  s o l u t i o n  by d e c a n t a t i o n ,  then  washed 

by column-elut ion wi th  dry t o l u e n e ,  a c e t o n e ,  a mixture  c o n s i s t i n g  of  

10% H20 and 90% a c e t o n e ,  methanol s u c c e s s i v e l y  u n t i l  t h e  f i n a l  e l u a t e  

was f u l l y  n e u t r a l .  The s i l i ca  p a r t i c l e s  were a i r  d r i e d  and h e a t e d  

a t  1 2 O o C  f o r  4 hours .  For s i l i ca  packing No. 1, a f t e r  t r e a t i n g  as  

above, t h e  r e a c t i o n  wi th  octadecyltrichlorosilanewas c a r r i e d  o u t  

once more i n  much t h e  same way, except  u s i n g  dry  xylene  i n s t e a d  of  

t o l u e n e .  In o r d e r  t o  remove any r e s i d u a l  s i l a n o l  groups  which c o u l d  

have been formed by octadecyltrichlorosilane h y d r o l y s i s ,  u s u a l l y ,  

t h e  s i l i ca  beads ,  t r e a t e d  as above, were f u r t h e r  r e a c t e d  wi th  hexa-  

m e t h y l d i s i l a z a n e  accord ing  t o  Method I .  

Samples and Standards  

Anionica l ly  polymerized p o l y s t y r e n e  s t a n d a r d s  were s u p p l i e d  by t h e  

Chem. Dept. J i l i n  U n i v e r s i t y .  

Polydimethyls i loxane samples (blocked by hydroxyl-end)  were 

obta ined  from t h i s  i n s t i t u t e  and f r a c t i o n a t e d  a t  15+O.l0C by a d d i t i o n  

of methanol t o  t h e i r  d i l u t e  s o l u t i o n s  ( l g / d l ) .  Benzene'lO) o r  e t h y l  
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HE, L I ,  AND MENG 1226 

a c e t a t e  was chosen a5 t h e  good s o l v e n t .  Each f r a c t i o n  was re- 

d i s s o l v e d  and r e p r e c i p a t e d  u n t i l  a symmetrical peak 

width was obtaincvi by GPC. The i n t r i n s i c  v i s c o s i t i e s  o f  t h e  f r a c t i o n s  

were measured wi th  a Ubbelodhc-type semi-microviscometer i n  t o l u e n e  

o f  a p p r o p r i a t e  

a t  2 5 O C  and t h e  molecular  weights  were c a l c u l a t e d  by t h e  r e l a t i o n  ( 1 2 ) .  . 

/g  
d l  = 0.828 x Moe7' 25'C 

[ '1 t 01 uene 

and t h e  r e s u l t s  a r e  l i s t e d  i n  l 'ablc 11. 

Cel Chromatography Opera t i o n  

A ge l  chromatograph ( l ' i a n j i n  Anal. Instrum. P l a n t ,  Model SN-O1A) 

equipped w i t h  a d i f f e r e n t i a l  r e f r a c t o m e t e r  was used.  The e l u t i o n  

volume was measured by count ing  wi th  a syphon of 2.5ml. Provided 

t h a t  t h e r e  a r e  no s p e c i a l  n o t e s  made i n  t h i s  paper ,  t h c  chromatographic  

s e p a r a t i o n s  were performed wi th  a column o f  l m  l e n g t h  x 8 nun i . d .  

a t  room tempera ture  and f low r a t c  rangc of 0.6-0.8ml/min. us ing  t o l u e n e  

a s  moving phase.  

S o l u t e  recovery check was made a s  f o l l o w s :  A t  t h e  same sample 

s i z e  arid iristruinental s e n s i t i v i t y ,  a polydimethyls i loxane  was 

chromatographed wi th  modified s i l i c a  g e l  columns and a p o l y s t y r e n e  

ge l  column r e s p e c t i v e l y .  Suppose t h e  recovery  of t h i s  polymer on 

p o l y s t y r c n e  gel column i s  100%; then  t h e  r e c o v e r i e s  on modified 

s i l i c a  g e l  columns may b e  expressed  by S /S r a t i o ,  where S1 i s  

t h e  1)eak a r e a  v a l u e s  obta ined  wi th  modif ied s i l i c a  g e l s  and S2, 

with p o l y s t y r e n e  g e l .  

1 2  

RESULTS AND DlSCUSSlON 

Chromatographic P r o p e r t i e s  of Modif i e d  S i l i c a  Gels 

Molecular weight  exc lus ion  limit, r a t i o  of pore volume t o  

i n t e r s t i t i a l  volume, and packed-column e f f i c i e n c y  were measured; 

t h e s e  r e s u l t s  are l i s t e d  i n  Table  I .  A s  shown i n  t h e  las t  column 

o f  Table  I ,  t h e  p a r t i c l e  s i z e  e x e r t s  an obvious e f f e c t  on column 
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1228 HE, L I ,  AND MENG 

10 1 5  
ve 

FIGURE 1. 1’s c a l i b r a t i o n  curves  before  and a f t e r  packing m o d i f i c a t i o n .  

Column of l m m  x 8mm i . d . ;  t o l u e n e  a s  moving phase except 

curvcs  2,s. 

1) S i l i c a  No.2 
2 )  S i l i c a  No.2, i n  THF 
3) S i l i c a  2-1 
4 )  S i l i c a  2-11 
5) S i l i c a  No.1 i n  THF 
6) S i l i c a  1-11 
7)  S i l i c a  1-11 
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POROUS SILICA BEADS AS GPC PACKINGS 1229 

e f f i c i e n c y ,  b u t  n o t  much d i f f e r e n c e  i n  e f f i c i e n c y  can b e  found 

between t h e  two packings,  which were modif ied by Method I and 

Method I1 r e s p e c t i v e l y  ( e i t h e r  S i l i c a  1-1 and S i l i c a  1-11, o r  

S i l i c a  2 - 1  and S i l i c a  2-11). 

I t  i s  impor tan t (13)  t h a t  a monomolecular l a y e r  o f  o r g a n i c  

groups should be  chosen i n  s i l i ca  m o d i f i c a t i o n ,  s i n c e  t h e  p o r e  

openings of  g e l s ,  p a r t i c u l a r l y  t h o s e  wi th  small p o r e  s i z e s ,  may 

be blocked by polymer l a y e r ,  r e s u l t i n g  i n  a d r a s t i c  d e c r e a s e  i n  

observed p o r e  column. On t h i s  account ,  i n  our  l a b o r a t o r y ,  t h e  

r e a c t i o n  of  s i l i c a  beads wi th  octadecyltrichlorosilane c o n t a i n i n g  

t h r e e  a c t i v e  f u n c t i o n a l  groups have been wel l  p r o t e c t e d  from 

mois ture  i n  t h e  a i r .  

column of  Table  I ,  have only a s l i g h t  d i s p a r i t y  from a comparison 

wi th  S i l i c a  No. 2 and S i l i c a  2 - 1 1 ,  o r  S i l i c a  No. 3 and S i l i c a  3-11. 

A s  r e g a r d s  S i l i c a  1-11, however, t h e  v a l u e  o f  Vi/Vo i s  22% l e s s  than  

b e f o r e  i t s  m o d i f i c a t i o n ;  t h i s  might b e  a t t r i b u t e d  t o  t h e  l a r g e  

s p e c i f i c  s u r f a c e  of  S i l i c a  No. 1, i . e .  t h e  g r e a t  number of  s i l a n o l  

groups a v a i l a b l e  f o r  r e a c t i o n  wi th  t h e  o r g a n o s i l a n e .  Thus, t h i s  

modif ied m a t e r i a l  has  a h igh  l e v e l  of  o r g a n i c  c o n t e n t  which, of  

c o u r s e ,  can occupy an a p p r e c i a b l e  amount of pore  volume o f  t h e  g e l s .  

The v a l u e  o f  Vi/Vo, as  shown i n  t h e  6 t h  

E f f e c t s  of  s i l i c a  m o d i f i c a t i o n  on t h e  c a l i b r a t i o n  c u r v e s  are 

i l l u s t r a t e d  i n  F i g .  1 .  

Suppressing Adsorpt ive E f f e c t s  

Adsorpt ive r e t e n t i o n ,  which occurs  s imul taneous ly  wi th  t h e  

s i z e  e x c l u s i o n  p r o c e s s ,  i s  u s u a l l y  observed as  e x c e s s i v e  r e t e n t i o n  

as wel l  as  t a i l i n g  chromatographic peaks.  When t h e  a d s o r p t i v e  

e f f e c t  i s  s t r o n g ,  s o l u t e  molecules  may e i t h e r  b e  permanent ly  

r e t a i n e d  i n  t h e  column, o r  e l u t e  so s lowly t h a t  t h e  c o n c e n t r a t i o n  

of  s o l u t e  i n  e l u a t e  i s  below t h e  minimum d e t e c t a b l e  l i m i t .  

Accordingly,  s o l u t e  r e c o v e r i e s  c a l c u l a t e d  from chromatograms 

a r e  on t h e  low s i d e .  In o r d e r  t o  examine t h e  r e s i d u a l  adsorp-  

t i v e  e f f e c t ,  hydroxyl-end-blocked polydimethyls i loxane  (PDMS) 

samples o f  narrow o r  broad molecular  weight d i s t r i b u t i o n  were 

chromatographed u s i n g  v a r i o u s  s i l i c a  peaking which had been modif ied 
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by t h e  two methods descr ibed  above. For  convenicncc,  t h c  same 

code numbcrs a r e  employed f o r  s i l i c a  packing and t h e  cor responding  

column packcd wi th  i t .  

"he cxclus ion  l i m i t  v a l u e s  a r e  both approximately 1 x l o 5  For 

S i l i c a  2 - 1  and S i l i c a  2 - 1 1 ,  b u t  r e t e n t i o n  behaviour  of  PDMS f r a c t i o n s  

on column 2-11 i s  q u i t c  d i f f e r e n t  from t h a t  on coluiiui 2 - 1 .  F i g .  2-b 

shows a chromatogram of a mixed saiirple on column 2 - 1 1  where narrow 

d i s t r i b u t i o n  PDMS f r a c t i o n  V ,  PDMS f r a c t i o n  X and heptane  a r e  wel l  

s e p a r a t e d  from each o t h e r ;  t h e  v a l u e s  of V 

10.15, 14 .8  and 17.4 r e s p e c t i v e l y ,  i n  agreement wi th  t h e  o r d e r  of 
s izc  s e p a r a t i o n .  In t h e  c a s e  of  coluinn 2 - 1 ,  PDMS f r a c t i o n  X a c t u a l l y  

e l u t e s  l a t e r  than hcptanc and peak t a i l i n g  i s  very  pronounced (F ig .2-c) .  

A chromatogram of  1'I)MS sample No. A (with broad d i s t r i b u t i o n ]  l i e s  

b e f o r e  t h e  t o t a l  permeat ion volume, 17.4 ( F i g . Z - a - l ) ,  and t h e  polymer 

sample recovery amounts t o  100% on coluinri 2-11, whi le  a p a r t  of t h i s  

PDMS sample e l u t i n g  i s  beyond t h c  norinal volume range f o r  GPC 

(Fig. 2-a-2) and t h e  sample recovery  d e t e c t e d  i s  only about  80% on 

column 2-1 .  

a t  peak p o s i t i o n  a r e  e 

; IGUKE 2 .  E lu t ion  curves  011 coluiim 2 - 1  o r  column 2-11 .  
4 a .  PIIMS sample No.A of  broad d i s t r i b u t i o n ,  n q  1 . 3 ~ 1 0  

(1) column 2 - 1 1 ;  (2)  coluiiui 2 - 1  4 b l )  PDMS f r a c t i o n  V , M p . O 7 X l O  

2) PDMS f r a c t i o n  X ,  R + . 1 1 ~ 1 0 ~ ,  

c . 1 )  heptane ,  2) PDMS f r a c t i o n ;  column 2-1  

3 )  heptane ,  column 2 - 1 1  
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POROUS SILICA BEADS AS GPC PACKINGS 1231 

2 
1 

F I G U R E  3 .  E lu t ion  curves  on column 1-1 o r  column 1-11. 
4 a .  PDMS sample No.A o f  broad d i s t r i b u t i o n ,  F$1.3xlO , 

2) heptane ;  column 1-11 

(1)  column 1-11; (2)  column 1-1 b.1)  PDMS f r a c t i o n  X,fi98.llxlO 3 

4 S i l i c a  1-11 of  exc lus ion  l i m i t  1.2.xlO was t r e a t e d  twice wi th  

octadecyltrichlorosilane f o r  removing r e a c t i v e  s i l a n o l  groups.  

A s  u s u a l l y  expec ted  i n  C P C ,  PDMS sample No. A o r  PDMS f r a c t i o n  

X can e l u t e  w i t h i n  a f i x e d  volume, (Fig.3-a-1,  Fig.3-b)  and t h e  

recovery a l s o  amounts t o  100% on column 1-11. On column 1-1, 

however, t h e  e l u t i o n  curve  of PDMS sample No.A i s  s c a r c e l y  t o  be  

recognized because of t h e  s t r o n g  a d s o r p t i o n  by t h e  packing materials 

( t h e  dash l i n e  i n  Fig.  3-a).  

While t h e  e x c l u s i o n  l i m i t  v a l u e  i s  as  h igh  a s  1x106 f o r  S i l i c a  

NDG-4L, an obvious a d s o r p t i v e  r e t e n t i o n  can s t i l l  occur  on t h i s  

packing.  A s  shown i n  Fig.  4-b.  a skewed and t a i l i n g  peak i s  ob- 

served  f o r  PDMS f r a c t i o n  VII on column NDG-4L and about  a h a l f  

of t h e  polymer sample e l u t e s  beyond t h e  e l u t i o n  volume of  heptane .  

However, Fig.4-a  shows a good s e p a r a t i o n  based  on molecular  

s izes  on column 4-11, t h e  v a l u e s  of  'e be ing  11 .3 ,  15.5 and 17.75 

f o r  PDMS f r a c t i o n  11, PDMS f r a c t i o n  V I I  and heptane ,  r e s p e c t i v e l y .  

I t  i s  e v i d e n t  from t h e  above t h a t  t h e  a d s o r p t i v e  a c t i o n  by 

remaining s i l a n o l  groups ,  a s  might b e  expec ted ,  can b e  e f f e c t i v e l y  
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1 

FIGURE 4 .  E lu t ion  curves  on column 4 - 1 1  o r  column NDG-4L. 
5 - 

a.  1 )  PDMS f r a c t i o n  11, Mq2.87~10 , 2) PDMS f r a c t i o n  V I I ,  

Gq3.2hxlo4, 3)  heptane ;  column 4-11. b .1)  heptarie 

2) PDMS f r a c t i o n  VII; column NDG-4L. 

suppressed by a long cha in  a l k y l  p r o t e c t i v e  screen  bonded onto  t h e  

s i l i ca  s u r f a c e ,  In  c o n t r a s t  t o  s i l i ca  packings  modif ied only with 

hexamethyld is i lazane ,  on s i l i c a  modif ied wi th  o c t a d e c y l t r i c h l o r o -  

s i l a n e  t h e  chromatographic p r o c e s s  of hydroxyl-end-blockcd poly-  

d imethyls i loxane  i n  t o l u e n e  i s  mainly c o n t r o l l e d  by s ize  e x c l u s i o n .  

Examination o f  Universal  C a l i b r a t i o n  Procedure 

Gel chromatographic s e p a r a t i o n  i s  based on molecular  s izes .  

When t h e r e  i s  no s p e c i a l  i n t e r a c t i o n  betwcen s o l u t e  and packing 

m a t e r i a l s ,  hydrodynamic volume def ined  a s  [qbl may be  a u n i v e r s a l  

parameter  f o r  c a l i b r a t i o n .  

by Dawkins(14) t h a t  p o l y s t y r e n e  and polydimethyl  s i l o x a n c  fol lowed 

t h e  same M o r  [ q ] M  c a l i b r a t i o n  i n  a good s o l v e n t  such as chloroform.  

Andrianov e t  a l .  (") a lso  r e p o r t e d  t h a t  t h e  p l o t s  of log[n]M-V were 
i n  agreement wi th  each o t h e r  f o r  p o l y s t y r e n e  and polydirnethyls i loxane 

blocked by t r i m e t h y l c h l o r o s i l a n e  i n  a GPC system us ing  t o l u e n e  and 

porous g l a s s e s .  For hydroxyl-end-blocked polydimethyls i loxane ,  i t s  

I t  was proved wl th  p o l y s t y r e n c  g c l s  

e 
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1234  HE, LI, AND MENG 

FIGUIW 5.  M c a l i b r a t i o n  curves 

two columns of l m  x 81nm i , d ,  i n  s e r i e s ,  packed wi th  S i l i c a  5-11 

and S i l i c a  2 - 1 1  r e p s e c t i v e l y ;  t o l u e n e ;  25°C.  

@ PS, PUMS f r a c t i o n s .  
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POROUS SILICA BEADS AS GPC PACKINGS 1235 

chromatographic  behaviour  on modif ied s i l i ca  g e l s  would f o l l o w  t h e  

u n i v e r s a l  c a l i b r a t i o n  p r i n i c p l e  i f  t h e  a d s o r p t i v e  e f fec t  caused by 

remaining s i l a n o l  groups were suppressed  t o  a l e v e l  comparable 

wi th  experimental  e r r o r s .  Based on t h i s  thought ,  t h e  v a l u e s  of  

[n] M and e l u t i o n  volume from s i l i ca  columns 2-11  and 5-11 i n  

s e r i e s  a r e  l i s t e d  i n  Table I1  and p l o t t e d  i n  F igure  5 f o r  p o l y s t y r e h e  

s t a n d a r d s  and PDMS f r a c t i o n s .  7he f o l l o w i n g  r e l a t i o n s h i p  was em- 
ployed t o  c a l c u l a t e  the[n]M v a l u e s  f o r  p o l y s t y r e n e  ( 1 6 ) .  . 

= 0.977 x M 0 * 7 3  d u g  
25C 

"1 t o l u e n e  
13) 

F i g .  5 shows t h a t  t h e  same M c a l i b r a t i o n  c u r v e s  may be  o b t a i n e d  

f o r  p o l y s t y r e n e  and PDMS f r a c t i o n s  above a molecular  weight  of  
4 approximately 4 x 10 . 

PDMS f r a c t i o n s  e l u t e  l a t e r  than  p o l y s t y r e n e  of  t h e  same [n]M; 

t h e  lower t h e  molecular  wcights  of t h e  polymers ,  t h e  g r e a t e r  

i s  t h e  d i f f e r e n c e  i n  e l u t i o n  volume between them. In p r i n c i p l e ,  

t h i s  may be  i n t e r p r e t e d  as  a d d i t i o n a l  a d s o r p t i v e  r e t e n t i o n ;  then  

t h e  c a l i b r a t i o n  i n  such a c a s e  should b e  performed wi th  s t a n d a r d  

samples of t h e  s p e c i f i c  polymer t o  b e  determined i n  o r d e r  t o  avoid  

i n t r o d u c i n g  an e r r o r  i n t o  t h e  molecular  weight c a l c u l a t i o n .  

On t h e  low s i d e  o f  t h e  c u r v e s ,  however, 

Discussion Concerning "Adsorptive GPC" 

The above r e s i d u a l  a d s o r p t i v e  e f f e c t  i s  f u r t h e r  evidenced from 

a comparison of  molecular  weight c a l i b r a t i o n  on modi f ied  s i l i c a  g e l  

columns and p o l y s t y r e n e  g e l  columns. The log  M-Ve p l o t s  a r e  a lmost  

i n  co inc idence  f o r  p o l y s t y r e n e  and PDMS f r a c t i o n s  i n  t h e  system 

wi th  t o l u e n e  and p o l y s t y r e n e  g e l  JD-103 o f  e x c l u s i o n  l i m i t  1x10 

(F ig .  6 ) ;  however, a d i f f e r e n c e  i n  molecular  weight c a l i b r a t i o n  

betwccn t h e  two polymers ,  e s p e c i a l l y  t h o s e  of  molecular  weights  

below 4 x l o 4 ,  can be  found on s i l i c a  column 2 - 1 1  and column 

1-11 (Fig .  7 ) .  I t  i s  e v i d e n t  t h a t  t h e  chromatographic  behaviour  

d i s p l a y s  "adsorptive-GPC" c h a r a c t e r i s t i c s  f o r  hydroxyl-end- 

blocked polydimethyls i loxane  on s i l i c a  g e l s  modif ied wi th  o c t a -  

5 
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5 b  t j/ 4 - 
10 1 5  

Ve 

F I G U R E  6 .  Molecular weight c a l i b r a t i o n  on p o l y s t y r e n e  g e l  JD-103. 

0 PS, X PDMS f r a c t i o n s  

d e c y l t r i c h l o r o s i l a n e .  In t h i s  c a s e ,  t h e  e x c e s s i v e  r e t e n t i o n  i s  

due t o  t h e  r e s i d u a l  a d s o r p t i o n  added t o  t h e  s i z e  e x c l u s i o n ;  t h e  

a d s o r p t i v e  s t r e n g t h  d e c r e a s e s  wi th  i n c r e a s i n g  molecular  s i z e s ,  

since an i n c r e a s e  i n  s ize  e x c l u s i o n  i s  accompanied by a loss  of 

t h e  s u r f a c e  a v a i l a b l e  € o r  adsorp t ionC17) .  

polymer molecular  s p e c i e s  a r e  excluded from a l l  of  t h e  p o r e s ,  

F i n a l l y ,  when t h e  

t h e  a d s o r p t i v e  e f f e c t  a l s o  immediately d i s a p p e a r s .  

As n o t i c e d  by Gilpin''') and Majors (4) ,  i f  t h e  porous 

s t r u c t u r e  l e a d s  t o  molecular  e x c l u s i o n ,  t h e  s u r f a c e  a v a i l a b l e  

f o r  chemical m o d i f i c a t i o n  d e c r e a s e s .  

t h e r e  i s  a c t u a l l y  no long-chain a l k y l  bonded phase on t h e  

i n t e r n a l  s u r f a c e  of some pore openings from which o c t a d e c y l -  

t r i c h l o r o s i l a n e  molecules  a r e  a l l  excluded.  In  g e n e r a l ,  t h e  

polymer molecular  s i z e s  are l a r g e  so t h a t  they  a r e  a l so  excluded,  

I t  may b e  assumed t h a t  
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10 15 
Ve 

FIGURE 7 .  Molecular weight c a l i b r a t i o n  on modified s i l i c a  g e l s  

(a )  column 1-11, @ PS, X PDMS f r a c t i o n s  

(b) column 2-11 ,  @ PS, X PDMS f r a c t i o n s .  

FIGURE 8 .  Retent ion behaviour  of n-alkanes and n-a lcohols .  

column 2-11; to luene .  n-a lkanes ,  X n-a lcohols .  
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whereas t h e  smaller molecules  of  po la r  s o l u t e  

i n t o  such micropores ,  r e s u l t i n g  i n  s t r o n g  r e t e n t i o n  and i n  t h e  

a d s o r p t i v e  e f f e c t  becoming a c o n t r o l  1 ing  f a c t o r  i n  chromato- 

graphic  p r o c e s s .  For t h i s ,  an experimeiital examplc i s  g iven  i n  

Fig. 8 ,  which q u a l i t a t i v e l y  i n d i c a t e s  t h a t  t h e  d i f f e r e n c e s  

between V v a l u e s  f o r  n-a lkanes  and n - a l c o h o l s  of t h e  same 

carbon number i n c r e a s e  r a p i d l y  as molecular  weight d e c r e a s e s  on 

column 2-11 .  

may permeate  

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

9 .  
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