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ANALYSIS O F  POLYDISPERSITY OF OLIGOMERS 

AND POLYMERS BY ADSORPTION THIN-LAYER CHROMATOGRAPHY 

E.S. Gankina and B.G. B e l e n k i i  

I n s t i t u t e  o f  Macromolecular Compounds o f  t h e  Academy 

of S c i e n c e s  o f  t h e  USSR, Leningrad ,  /USSR/ 

Th in - l aye r  chromatography /TLC/ h a s  been wide ly  

used  f o r  t h e  a n a l y s i s  o f  v i r t u a l l y  a l l  classes o f  l o w  

mc lecu la r  we igh t  o r g a n i c  subs t ances .  

I n  1 9 6 8  I n a g a k i  / J a p a n /  /1/ and B e l e n k i i  and Gan- 

k i n a  / 2 /  demonst ra ted  t h a t  TLC c o u l d  be s u c c e s s f u l l y  

a p p l i e d  to t h e  s e p a r a t i o n  of h igh  molecu la r  we igh t  con- 

pounds, such as s y n t h e t i c  polymers. T h i s  method h a s  re- 

c e n t l y  become a powerfu l  a n a l y t i c a l  too l  f o r  t h e  i n -  

v e s t i g a t i o n  of v a r i o u s  t y p e s  of p o l y d i s p e r s i t y  of po- 

lymers  and o l igomess .  The p r i n c i p a l  mechanisms o f  t h e  

s e p a r a t i o n  of polymers  i n  TLC are t h e  a d s o r p t i o n  and 

* Presented at the First Symposium on Advances of TLC and HPLC, 
May 14-15, 1982, Szeged, Hungary. 
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1510 GANKINA AND BELENKII 

t h e  p r e c i p i t a t i o n  mechanisms. P r e c i p i t a t i o n  TLS h a s  

been wide ly  used by I n a g a k i  f o r  t h e  s e p a r a t i o n  o f  ho- 

mopolymers and copolymers acco rd ing  t o  t h e i r  mo lecu la r  

weight  !W7/ 13.41. The p r e s e n t  a u t h o r s  d e a l t  mainly w i t h  

t h e  development of t h e  a d s o r p t i o n  TLC /ATLC/  of polymers 

15, 61. The i n v e s t i g a t i o n  o f  expe r imen ta l  p o s s i b i l i t i e s  

of u s i n g  ATLC of h igh  polymers  and o l igomers  w a s  deve loped  

s imul t aneous ly  w i t h  the t h e o r y  o f  t h i s  method. T h i s  t h e o r y  

showed t h a t  t h e  a d s o r p t i o n  and t h e  e x c l u s i o n  /ge l -per -  

meat ion/  chromatography of polymers and o l igomers  e x h i b i t  

t h e  same mechanism and a l so  e l u c i d a t e d  t h e  mechanism o f  

polymer d i s t r i b u t i o n  a c c o r d i n g  t o  MW. composi t ion  and 

f u n c t i o n a l i t y  1 7 ,  8 1 .  T h i s  t h e o r y  made it p o s s i b l e  t o  

s e p a r a t e  polymers and o l igomers  by ATLC a c c o r d i n g  t o  one 

of t h e s e  t y p e s  of p o l y d i s p e r s i t y .  

Now one shou ld  c o n s i d e r  some p e c u l i a r i t i e s  of t h e  

TLC of macromolecular compounds and demons t r a t e  wide 

p o s s i b i l i t i e s  of u s i n g  i t  €or t h e  i n v e s t i g a t i o n  of  va- 

r i o u s  k i n d s  of p o l y d i s p e r s i t y  of o l igomers  and h i g h  po- 

lymers .  

ATLC a l lows  t h e  s e p a r a t i o n  of homopolymers o v e r  

a wide range  o f  MW from polymer homologues i n  o l igomers  

/MW 3001 up 50 polymers w i t h  MW o f  2 ' 1 0 6 .  F ig .  1 

shows t h e  ATLC of oligomers. One can  c l e a r l y  see t h e  

h igh  r e s o l u t i o n  of TLC p e r m i t t i n g  t h e  s e p a r a t i o n  of po- 

l y s t y r e n e  IPS/ w i t h  MW of 600 i n t o  i n d i v i d u a l  polymer 
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ANALYSIS OF POLYMERS BY TLC 1511 

ATLC of 

(4) 900 

xe thy1 

mer, 4, 

on RSK 

( a )  

i n  

s t p  

de c 

sili 

a 

Fi 

polystyrenes w i t k  

cyclohexane - benz 

hene) f r a c t i o n s  (1, 

aner) i n  carbon t e  

.ca gel .  

.@ 
L :€ 

:t 

homologues from 3 t o  13-mers 191. Fig.  1 a l s o  shoes t h e  

ATLC of o l i g o  1 -methyls tyrene/ .  I t  can be seen t h a t  

t h e  4 - m e r  con ta ins  a small admixture of t h e  3-mer but 

5-mer, 6 - m e r  and 7-mer  are a mixture of s e v e r a l  polymer 

homologues. For example, 5-mer i s  a mixture  of homologues 

from 4-mer  t o  8-mer. 

When polymers are s e p a r a t e d . a c c o r d i n g  t o  t h e i r  MW by 

ATLC, t h e  p o r o s i t y  of t h e  adsorbent  p l a y s  an important  
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1512 GANKINA AND BELENKII 

a b C 

P i ~ , 2 .  

Affec t  of pore s i z e  of s i l i c a  g e l s  / a) (a 

= 100 8 and c)  (a - 500 8/ on the XF o f  narrow-diugerse PS 

(hiiv /lLn 

(4) 44-10', (5) '111*103, (6) I 9 j * l O 3 ,  (7) 404-103, (8) 775. 

-1G', (9) 1.99*?06 i n  ~i'l.12 i n  cyclohexane - t o l u e n e  - 2- 

-butanone (17:2:106) (a ,b)  and (17:2:1.4) (c).  

= 60 I(, b) Pp = P 

P- 
1 .7 )  with a&: (I) 9.6-10', (2) 20*10', ( 3 )  36n1O3, 

p a r t  /lo/. The pore diameter of s i l i c a  ge ls  commonly 

used i n  TLC is 6 0  2 
Fig. 2 shows the  separat ion of PS with MW r a n g i n g  from 

10.10 up t o  lo6 on s i l i c a  gels  of d i f f e r e n t  po ros i t i e s .  

I t  i s  evident  t h a t  a s i l i c a  ge l  with the  pore diameter 

of 60 % permits t he  separat ion of PS o n l y  up t o  the MW 

/I 'Merck"/ o r  100 9 /"KSK", U S S R / .  

3 
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ANALYSIS OF POLYMERS BY TLC 1513 

of 50.103; when the  pore diameter  i s  100 8, e f f e c t i v e  

s e p a r a t i o n  up t o  t h e  MW o f  400.103 takes  p l a c e s ;  f o r  t h e  

s e p a r a t i o n  of  polymers up t o  t h e  MW of lo6 it is  neces- 

s a r y  t o  use s i l i c a  g e l s  w i t h  t h e  po re  diameter  of 500 8. 
I t  should be noted t h a t  t h e  exc lus ion  l i m i t s  of 

ATLC correspond t o  much h ighe r  MW t han  those  of  gel-  

permeation chromatography / s i l i c a  g e l s  with t h e  pore 

diameter  o f  60 ,  100 and 250 2 correspond to  MW of 10 I 

5.10 aild 2.10 1 .  This f a c t  can be  exp la ined  by t j e  theory 

i f  ATLC showing t h a t  a macromolecule adsorbed i n  po res  

undergoes g r e a t  conformational changes. When t h e  po re  

s i z e  dec reases  /up t o  exc lus ion  l i m i t / ,  t h e  adso rp t ion  

energy of macromolecules i n c r e a s e s .  P r e c i p i t a t i o n  TLC 

does n o t  a l low t h e  s e p a r a t i o n  of oligomers b u t  i s  very 

e f f e c t i v e  f o r  t he  s e p a r a t i o n  of high polymers with MW 

up t o  24.106 /ll/. 

4 

4 5 

Otoca has  demonstrated f o r  p r e c i p i t a t i o n  chro- 

matography, macromolecules never  p e n e t r a t e  t h e  po res  b u t  

i n t e r a c t  on ly  with t h e  o u t e r  s u r f a c e  of adso rben t  p a r t i c l e s .  

The n a t u r e  of  the adso rben t  does n o t  p l ay  an important  

p a r t  i n  t h i s  p rocess  1 1 2 1 .  

ATLC n o t  on ly  pe rmi t s  t h e  s e p a r a t i o n  of  polymers 

o v e r  a wide range of MW b u t  i s  also very s e n s i t i v e  t o  

adso rp t ion  a c t i v e  end groups i n  homopolymers. I t  is known 

t h a t  one suga r  r e s idue  p e r  PS molecule with MW 100.10 

g r e a t l y  i n c r e a s e s  i t s  adso rp t ion  a c t i v i t y  a s  compared to  

3 
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1514 GANKINA AND BELENKII 

t h a t  o t  common PS of t h e  s a m e  MW 1131. On t h e  basis of 

these  d a t a  TLC allowed t h e  e s t i m a t i o n  of t h e  t r u e  per-  

centage of g r a f t i n g  f o r  PS g r a f t e d  o n t o  c e l l u l o s e  a f t e r  

t h e  a c i d  h y d r o l y s i s  of t h e  copolymer 1111. The p o s s i b i -  

lity of t h e  s e p a r a t i o n  of PS of s i m i l a r  MW b u t  w i th  one 

o r  two carboxyl end groups or wi thou t  any carboxyl  groups 

was also shown my Min 114 1 .  

Fig. 3 .  

kTLC of  PS with Mn (1) 100-103 and narrow-disperse Y S  w i t h  

K : ( 2 )  404*103, ( 3 )  193*103 and (4) 111'10 3 in cyclohexane - 
n 

- benzene - acetone (12:4:0,7) on ICSK silica gel. 
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ANALYSIS OF POLYMERS BY TLC 1515 

ATLC w a s  widely used t o  e v a l u a t e  t h e  homogeneity 

of homopolymers. Fig. 3 shows t h e  ATLC of  PS which 

according t o  t h e  d a t a  of  exc lus ion  and p r e c i p i t a t i o n  

chromatography, i s  narrow-disperse and unimodal. How- 

e v e r ,  it can be seen t h a t  PS c o n s i s t s  of two components 

one of which con ta ins  an adso rp t ion  a c t i v e  ancl group 

and i s  more s t r o n g l y  adsorbed / i t s  RF value i s  lower/ .  

The a p p l i c a t i o n  o f  g r a d i e n t  ATLC t o  t h e  separa-  

t i o n  of random polymers and block copolymers according 

t o  t h e i r  composition r e v e a l s  i n t e r e s t i n g  p o s s i b i l i t i e s .  

Fig.  4 i l l u s t r a t e s  t h e  g r a d i e n t  ATLC of s ty rene -ac ry lo -  

n i t r i l e  /ST-AN/ random copolymers wi th  an AN c o n t e n t  

ranging from 1 2  up t o  4 4 . 7 %  / w t . /  AN /15/ and t h a t  of 

v i n y l c h l o r i d e  - v i n y l a c e t a t e  /VC-VA/ c o n t a i n i n g  6 t o  

2 8 %  / w t . /  of VA 1161. I t  i s  clear t h a t  by u s i n g  t h e  chro- 

matography of an unknown copolymer t o g e t h e r  w i th  marked 

copolymers of known composition one can r a p i d l y  e v a l u a t e  

the  composi t ional  he t e rogene i ty  of random copolymers. 

Thus, t h e  ST-AN copolymer i n v e s t i g a t e d  by u s  and lo- 

c a t e d  i n  t h e  m i d d l e  of t h e  chromatogram c o n t a i n s  about  

25-31% of AN. 

The most important  f a c t o r  he re  i s  t h a t  t h e  ad- 
.-. 

s o r b a b i l i t y  of copolymers with MF7 

c l o s e l y  r e l a t e d  t o  t h e i r  h e t e r o g e n e i t y  o f  composition 

than t o  MW. Th i s  r e s u l t s  from t h e  theo ry  and is proven 

experimental ly .  However, t h e  more s i m i l a r  i s  t h e  che- 

50.10’ i s  much more 
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1516 GANKINA AND BELENKII 

a b 

Fig. 4. 

Gra&cnt nTLC o f  (a) s t g r e n e - a c r y l o n i t r i l e  (ST-AN) random 

copolymers (1244% w t .  AN) i n  carbon t e t r a c h l o r i d e  - methy- 

l e n e  c h l o r i d e  (2:5) - a c e t o n i t r i l e  (3ml) (0.12 ml/min) 

and (b)  v i n y l  c h l o r i d e  - v i n y l  a c e t a t e  (VC-VA) random copoly- 

mem (6-28 3 w t .  VA) i n  1.2 d i c h l o r o e t h a n e  - carbon t e t r a -  

c h l o r i d e  (1:l) (6 m l )  L 1.2 d i c h l o r o e t h a n e  - 2-butanone 

( 5 : 2 )  (6 m l )  (0,24 ml/min) on KSK s i l i c a  gel  /15, 16/. 
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ANALYSIS OF POLYMERS BY TLC 1517 

m i c a 1  n a t u r e  and, t h e r e f o r e ,  t h e  a d s o r b a b i l i t y  of co- 

polymer u n i t s ,  t h e  h a r d e r  i t  i s  t o  c a r r y  o u t  t h e  f r a c -  

t i o n a t i o n  of copolymers a c c o r d i n g  t o  composi t ion  w i t h  

t h e  a i d  o f  ATLC r e g a r d l e s s  of t h e i r  MW. 

The impor t an t  problem of t h e  a n a l y t i c a l  chemis t ry  

of polymers h a s  been t h e  d e t e r m i n a t i o n  of t h e  admix tu res  

of homopolymers i n  b lock  and g r a f t  copolymers. To s o l v e  

t h i s  problem a number of TLC t e c h n i q u e s  w a s  used. Fig.5 

a b 

Fig, 5. 
Tco-aimensional ATLC of ~o lymet i lme thac ry la t e -po lys ty rene  

(AI.A-Ps) Graft- caspolymer. ( a )  ci?~~-o!n:;tc,li;ran i n  ace  tone- 

- cccb-i-c ac id  ( 2:2) i n  a i r e c t i o n  A and i n  chloroform - 
- 2-butanone (1 : 2 )  i n  d i r e c t i o n  B, (b) chromatogram i n  

cyclohexane - benzene - ace tone  (12:4:0.7) i n  d i r e c t i o n  

A and i n  ace tone  - a c e t i c  a c i d  (12:2) i n  u i r e c t i o n  B on 

KSK s i l i c a  gel. 
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1518 GANKINA AND BELENKII 

shows t h e  use  of two d imens iona l  TLC f o r  t h e  determi- 

n a t i o n  o f  homopolymers i n  t h e  po lymethy lme thac ry la t e -  

- p o l y s t y r e n e  /PMMA.PS] g r a f t  copolymer 1 5 1 .  I t  i s  e v i -  

d e n t  t h a t  by v a r y i n g  t h e  e l u e n t  one can e i t h e r  d i s -  

p l a c e  both  homopolymers and t h e  g r a f t  copolymer a r -  

r ang ing  them on  t h e  chromatogram i n  d i f f e r e n t  c o r n e r s  

of  t h e  p l a t e  o r  d i s p l a c e  o n l y  homopolymers i n t o  d i f f e r e n t  

p l a t e  c o r n e r s ,  t h e  g r a f t  copolymer remain ing  i n  t h e  c e n t -  

re o f  t h e  p l a t e .  

I w PS 

@ PAN 

Pig. 6. 

ATLC with m u l t i p l e  developnent  of polystyrene-polyacr,nlonit-  

rile (2S-PAN) block cogolymer in to luene  ( I  step)  and tolu- 

ene-dimethylformamide (1:l) (11 s t ep )  on XSK silica gel .  

( 0 - black c o l o u r  - 1.8 f u  13in04/H2SOq, ID - yel low colour 

- I 0  % NaOH). 
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ANALYSIS OF POLYMERS BY TLC 1519 

For  t h i s  purpose  m u l t i p l e  development  TLC can also 

be used.  F ig .  6 shows t h e  use  of t h i s  t echn ique  f o r  

t h e  i n v e s t i g a t i o n  o f  a p o l y s t y r e n e  - p o l y a c r y l o n i t r i l e  

/PS.OAN/ b lock  copolymer 1171. I t  can  be  seen  t h a t  t h e  

PS homopolymer moves a t  t h e  t o l u e n e  f r o n t .  A t  t h e  f o l l o w i n g  

e l u t i o n  s t e p  i n  t h e  t o l u e n e  - dimethylformamide sys tem 

t h e  PS-PAN b lock  copolymer moves t o g e t h e r  w i t h  t h e  f r o n t  

o f  t h e  e l u e n t ,  t h e  PAN homopolymer remain ing  a t  t h e  s t a r t .  

A d d i t i o n a l  i d e n t i f i c a t i o n  of t h e s e  compounds w a s  

based  on t h e  c o l o u r  t es t .  The chromatogram w a s  t r e a t e d  

w i t h  a 1 .8% KMn04/H2S04 

l u t i o n  w i t h  subsequent  h e a t i n g  € o r  10 minutes  a t  140- 

15OoC. /K14n04 d e t e c t s  o n l y  PS w i t h  t h e  appearance  o f  

b l a c k  c o l o u r  whereas  NaOH d e t e c t s  o n l y  PAN w i t h  ye l low 

c o l o u r .  The s p o t  o f  t h e  b lock  copolymer t u r n s  b l a c k  i t  

t h e  c e n t r e  and ye l low a t  t h e  p e r i p h e r y .  

s o l u t i o n  and  a 10% N a O H  so- 

I f  g r a d i e n t  ATLC i s  used ,  one  can s e p a r a t e  homo- 

polymers  from t h e  b lock  copolymer and  s i m u l t a n e o u s l v  

de te rmine  i t s  composi t ion and compos i t iona l  homogr 

F i g .  7 shows t h e  g r a d i e n t  ATLCX o f  t h e  p o l y s t y r e n r  

H e r e  and below TLC w a s  c a r r i e d  o u t  on p l a t e s  6 x 9 ci 

w i t h  a s i l i c a  g e l  l a y e r  w i t h  po re  diameter of 10 5 mm. 
The s e p a r a t e d  samples  w e r e  d e t e c t e d  my s p r a y i n g  t h e  chro-  

matograms w i t h  a 1 .8% s o l u t i o n  o f  KMn04/H2S04 w i t h  sub- 

s e q u e n t  h e a t i n g  a t  1 4 0  t o  15OoC f o r  10 min. Polymer zones 

w e r e  deve loped  as b l a c k  s p o t s  on w h i t e  background. 
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1520 ANALYSIS OF POLYMERS BY TLC 

PBD 

I PS . PBD 

1 2 3 

Grad ien t  ATLC of (2)~olys tyrene-polybutadiene  (PS-PBC) block 

copolymer and homopolymers: (1) YS and (3) PB13 i n  cyclohexane 

- t o l u e n e  (3.5:2.5) - t o l u e n e  (6 nil) (U.’l2 ml/min) on 

KSK s i l i c a  gel. 

- polybutadiene  IPS-PBD/ b lock  copolymer. I t  i s  clear 

t h a t  under  t h e s e  c o n d i t i o n s  t h e  b lock  co2olymer moves 

i n  t h e  c e n t r e  of t h e  p l a t e  whereas  t h e  less adsorbed  

homopolymer /PBD/  moves t o g e t h e r  w i t h  t h e  f r o n t  o f  

t h e  e l u e n t  and t h e  more adsorbed  homopolymer PS remains 

a t  t h e  s t a r t .  

ATLC p r o v i d e s  g r e a t  p o s s i b i l i t i e s  f o r  t h e  sepa- 

r a t i o n  o f  o l igomers  acco rd ing  t o  t h e i r  I4W and f u n c t i o -  

n a l i t y .  ,It was shown t h a t  t h e  ATLC of o l igomers  w i t h  

a c t i v e  end groups makes it p o s s i b l e  t o  obse rve  t h r e e  
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ANALYSIS OF POLYMERS BY TLC 1521  

t y p e s  of RF dependence on MW: when RF i n c r e a s e s  w i t h  

MW when it d e c r e a s e s  and when RF is independent  o f  MM. 

The l a t t e r  case p r o v i d e s  t h e  b e s t  c o n d i t i o n s  f o r  t h e  

s e p a r a t i o n  o f  o l igomers  a c c o r d i n g  t o  t h e i r  f u n c t i o -  

n a l i t y  191. 

F i g .  8 i l l u s t r a t e s  t h e  t h r e e  above mentioned t y p e s  

of t h e  RF dependence upon MW f o r  p o l y l e t h y l e n  o x i d e s /  

/PEO/. These dependences are r e l a t e d  t o  d i f f e r e n t  

adsorbabili t ies of end  and in-cha in  / o r  c e n t r a l 1  u n i t s  

a b C 

Pig. 8 . 
AYLC of pofg(ethy1ene oxides) with M,: 300, W O  and 600 on 

(a) KSE; s i l i c a  g e l  in pyridine - water ( O * I : l O ) ,  (b) A1 0 

in chloroform - ethanol (1O: l )  and ( c )  KSK s i l i c a  gel in 

chloroform - pyridine (5 :7 ) .  

2 3  
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1522 GANKINA AND BELENKII 

of o l iqomers .  When bo th  t y p e s  o f  u n i t s  are adsorbed ,  

a d s o r p t i o n  i n c r e a s e s  w i t h  MW / n e g a t i v e  RF dependence / .  

when t h e  a d s o r b a b i l i t y  o f  t h e  c e n t r a l  u n i t s  i s  z e r o  

/ z e r o  energy o f  a d s o r p t i o n / ,  t h e  a d s o r b a b i l i t y  o f  o l i -  

gomers mcllecules does  n o t  depend on MW and they  are 

s e p a r a t e d  o n l y  a c c o r d i n g  t o  t h e  number o f  adso rp t ion -  

a c t i v e  end groups  / a c c o r d i n g  t o  f u n c t i o n a l i t y / .  

W e  i n v e s t i g a t e d  non- func t iona l  , mono- and b i -  

f u n c t i o n a l  o l i g o i s o p r e n e s  /OI/ o f  d i f f e r e n t  MW s e n t  

t o  us  by D r .  Pokorny /P rague ,  CSSR Academy o f  S c i e n c e s / .  

F ig .  9 shows t h e  ATLC o f  t h e s e  samples .  It  i s  

c l e a r  t h a t  non- func t iona l  and monofunct iona l  o l igomers  

can be  s e p a r a t e d .  Moreover, t h e  m o b i l i t y  of non-funct io-  

n a l  o l igomers  d e c r e a s e s  and t h a t  of b i f u n c t i o n a l  o l i g o -  

m e r s  i n c r e a s e s  w i t h  i n c r e a s i n g  MW. A z  e l u e n t  w i t h  a 

h igh  d i s p l a c i n g  power i s  used  t o  s e p a r a t e  mono- and 

b i f u n c t i o n a l  o l igomers .  Non-funct iona l  01 move w i t h  t h e  

s o l v e n t  f r o n t  / i . e . ,  a c c o r d i n g  t o  t h e  mechanism of 

e x c l u s i o n  chromatography/  and mono- and b i f u n c t i o n a l  

01 a r e  a l s o  s e p a r a t e d  acco rd ing  t o  MW. The RF v a l u e  i n -  

creases w i t h  MW. I t  i s  e v i d e n t  t h a t  under  t h e s e  con- 

d i t i o n s  t h e  a n a l y s i s  o f  b i f u n c t i o n a l  and monofunct iona l  

o l igomer  admixtures  can  be c a r r i e d  o u t  and t h e  eva lua -  

t i o n  of t h e  MW of f u n c t i o n a l  01 can b e  made. 

The p o s s i b i l i t y  o f  t h e  s e p s r a t i o n  o f  1.2-poly- 

b u t a d i e n e s  acco rd ing  t o  t h e  t y p e  of f u n c t i o n a l i t y  by 
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ANALYSIS OF POLYMERS BY TLC 1523 

a b 

Fig. 9* 

C 

ATLC of o l i g o i s o p r e n e s  (01): (a) non-functional $ 01 w i t h  Eln: 

(?) 1600, (2)  3203 and ( 3 )  9300 and (b) monofunctional 01 

w i t h  Un: (4) 2600, (5) 5700 and ( 6 )  9600 i n  heptane - chlo- 

roform (10:6) and (c )  b i f u n c t i o n a l  01 with Idn: (7) 4300, 

(a) 8600 and ( 9 )  9200 i n  cyclohexane - t o l u e n e  - 2-butanone 

(10:1:0.5) on KSK s i l i c a  ge l .  oon-funct ional  and mono- 

f u n c t i o n a l  i m p u r i t y  compoaents are l o c a t e d  above samples 

4-9/. 
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1524 GANKINA AND BELENKII 

ATLC w i t h o u t  their  s e p a r a t i o n  a c c o r d i n g  to  MTi h a s  been  

demonst ra ted  / 1 8  I .  

Using t h e  e f f e c t i v e n e s s  of ATLC f o r  s e p a r a t i n g  o l i -  

gomers acco rd ing  t o  t h e i r  f u n c t i o n a l i t y  and  5Iw w e  ana- 

l yzed  a complex o l igomer  compound. I t  w a s  shown t h a t  

t h e  sample i n v e s t i g a t e d  was a m i x t u r e  o f  t w o  t r io l s  of 

po ly  /po lyp ropy lene  o x i d e /  /PPO/ w i t h  d i f f e r e n t  MW. One 

can  see i n  F ig .  10 t h a t  i n  two-dimensional  chromato- 

yraThy i n  water - p y r i d i n e  t h e  s e p a r a t i o n  o f  PPO o c c u r s  

A I 
Fig. 10. 

%vo-dimensional TLC o f  an oligorner coc.pound in water - nyri- 
dinc ('iS:.1.5) in di rec t ion  A a d  in v.ater-satlTrnted ethyl- 

a c e t o t e  i n  d i r e c t i o n  B on ILSK s i l i c a  gel. Poly(propy1ene 

oxides) (PPO) w i t h  Mn: (I) 425, (2) 1220, ( 3 )  500 (PPO-triol: 

and (4) 425 (PPO-diol). 
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ANALYSIS OF POLYMERS BY TLC 1525 

accord ing  t o  *WJ and t h e  compound i s  s e p a r a t e d  i n t o  two 

components / I  and 111 co r re spond ing  t o  PPO w i t h  MW 425 

/1/ and 1 2 2 G  1 2 1 .  When chromatography i s  c a r r i e d  o u t  

i n  w a t e r - s a t u r a t e d  e t h y l a c e t a t e ,  PPO are s e p a r a t e d  

a c c o r d i n g  t o  t h e i r  f u n c t i o n a l i t y  lPP0 - t r i o l  - 3 and 

PPO-diol - 4 1 ,  bo th  components of compound moving on 

t h e  t r i o l  l e v e l  w i t h  PIW of 500. 

I n  t h e  fo rego ing  d i s c u s s i o n  v a r i o u s  examples are 

g iven  of  t h e  s e p a r a t i o n  o f  o l igomers  w i t h  f u n c t i o n a l  

groups  e x h i b i t i n g  a h i g h e s  a d s o r p t i o n  a c t i v i t y  t h a n  

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

behav iour  o f  o l igomers  w i t h  end groups  o f  lower adsorp-  

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

%,A shows t h e  MW dependence o f  RF f o r  o l i g o -  

s t y r e n e s  w i t h  t h e  secondary  b u t i l  end  group and non- 

a l k y l  o l i g o s t y r e n e .  I t  i s  e v i d e n t  t h a t  when ATLC i s  

c a r r i e d  o u t  on s i l i c a  g e l ,  t h e  secondary  b u t i l  group 

h a s  a l o w e r  a d s o r p t i o n  a c t i v i t y  t h a n  s t y r e n e  u n i t s  and 

t h e r e f o r e  o l igomers  of t h i s  t y p e  have  a greater RF v a l u e  

t h a n  t h e i r  non-alkyl  ana logues  1191. 

Summarizing one  shou ld  c o n s i d e r  t h e  main advan- 

t a g e s  i n t r o d u c e d  by  t h e  ATLC of polymers  i n t o  t h e  f i e l d  

of chromatography and a n a l y t i c a l  chemis t ry  o f  polymers .  

I n  t h e  f i e l d  of  chromatography t h e  method of t h e  

ATLC o f  polymers made it p o s s i b l e  t o  i n c r e a s e  t h e  l i m i t s  

o f  u s i n g  TLC f o r  t h e  a n a l y s i s  o f  macromolecular  compounds 
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1526 "KINA AND BELENKII 

I I I I I 
2 5 8 11 N 

Fig. 11. 

Dependence o f  R o f  o l igos tyrenes  (1) with  secondary 'Uutil  

group n t  t h e  cha in  end and (11) norl-allql species  on JPJ ( o r  

de:;rce 01 Golynerizat ion,  N). 

(mc7 .5 ) ,  bwice on I.:% s i l i c a  gel /19/. 

F 

ATLC i n  cyclohexane - benzene 

/ w i t h  MW l o 6 / .  Moreover,  t a k i n g  as a n  example t h e  ana- 

l y s i s  of f u n c t i o n a l  o l igomers  it was p o s s i b l e  t o  demon- 

s t ra te  t h e  r o l e  of n e g a t i v e  a d s o r p t i o n  i n  a d s o r p t i o n  

chromatography. I t  m a n i f e s t s  i t s e l f ,  f o r  i n s t a n c e ,  i n  

t h e  p o s i t i v e  MW-dependence o f  KF € o r  mono- and b i f u n c t i o -  

n a l  01. 

J u s t  as t h e  h i g h l y  e f f e c t i v e  GPC, ATLC demons t r a t ed  

t h a t  polyiners are a con t inuous  series of polymer homo- 

logues  w i t h  monotonously r i s i n g  MW. 
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ANALYSIS OF POLYMERS BY TLC 1527 

I n  t h e  f i e l d  of t h e  a n a l y t i c a l  chemistry of macro- 

molecular compounds t h e  development o f  t h e  ATLC of po- 

lymers provided a s o l u t i o n  t o  a number of new problems 

t h a t  o t h e r  phys i ca l  and physico-chemical methods w e r e  

unable t o  s o l v e ,  such a s  t o  determine t h e  f u n c t i o n a l l y  

of oligomers a p a r t  from t h e i r  p o l y d i s p e r s i t y  according 

t o  IIIW, s e p a r a t e  macromolecules according t o  t h e i r  geo- 

metry, s tereoisomery,  f u n c t i o n a l i t y  and composi t ional  

he t e rogene i ty  r e g a r d l e s s  of t h e i r  MFi. 

A s  t o  t h e  f r a c t i o n a t i o n  of  polymers and o l i g o n e r s  

according t o  t h e i r  I", t h e  advantage of G P C ,  t h i s  quan- 

t i t a t i v e  method of  a n a l y s i s  of  t h e  molecular  weight 

d i s t r i b u t i o n  of homopolymers, oligomers and block co- 

polymers, are q u i t e  ev iden t .  However, one can success- 

f u l l y  u s e  ATLC f o r  t h e  expres s  de t e rmina t ion  of  t h e  -W 

of homopolymers and oligomers.  This  method a l s o  permit  

t h e  s imultaneous de t e rmina t ion  of t h e  homogeneity of 

polymers. 

Hence, TLC i s  a h i g h l y  e f f e c t i v e  and a t  t h e  same 

t i m e  a s imple,  cheap and r a p i d  method o f  i n v e s t i g a t i o n  

of va r ious  types  of p o l y d i s p e r s i t y  of  s y n t h e t i c  poly- 

m e r s  and oligomers.  
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