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P R A C T I C E ,  MECHANISM AND THEORY OF REVERSED PHASE 
TLC POLYMER FRACTIONATION 

Danie l  W. Armstrong*, Khanh H. Bui and Richard E. Roehm 
Department o f  Chemistry, Georgetown l l n i v e r s i  t y  

Washington, DC 20057 

ABSTRACT 

The use o f  reversed phase TLC t o  determine t h e  mo lecu la r  
we igh t  and mo lecu la r  weight d i s t r i b u t i o n  of poly(methy1 
me thac ry la te )  , poly(ethy1ene g l y c o l )  , poly(ethy1ene ox ide )  , 
p o l y ( t e t r a h y d r 0 f u r a n  , po ly (bu tad iene )  , p o l y (  i sop rene)  , 
poly(a-methy l  s t y r e n e  1 and p o l y ( s t y r e n e )  i s  demonstrated. The 
mechanism by which f r a c t i o n a t i o n  occurs and a t h e o r e t i c a l  d e s c r i p -  
t i o n  o f  t h e  process a re  g i ven  and discussed. 

INTRODUCTION 

Among t h e  more bas i c  and impor tan t  a n a l y t i c a l  problems i n  

polymer chemis t r y  i s  t h e  de te rm ina t ion  o f  mo lecu la r  weights. 

There are a v a r i e t y  o f  p r imary  techniques (i.e., t hose  which 

t h e o r e t i c a l l y  do no t  r e q u i r e  mo lecu la r  weight  s tandards;  such as 

1 i g h t  s c a t t e r i n g ,  osmometry, e b u l l i o m e t r y ,  cryoscopy, sedimen- 

t a t i o n ,  small angle X-ray s c a t t e r i n g ,  etc.) and secondary tech -  

n iques (i.e., t hose  which r e q u i r e  mo lecu la r  weight  s tandards,  such 

as v i s c o s i t y  and gel permeation chromatography) a v a i l a b l e  f o r  

t hese  measurements. Because o f  i t s  f l e x i b i l i t y  and e f f i c i e n c y ,  

ge l  permeation chromatography (GPC) has become one o f  t h e  more 
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2 ARMSTRONG, BUI, AND BOEHM 

w i d e l y  used t e c h n i q u e s  i n  po lymer a n a l y s i s ,  R e c e n t l y  i t  was 

r e p o r t e d  t h a t  p o l y ( s t y r e n e )  c o u l d  be f r a c t i o n a t e d  more e f f i c i e n t l y  

( t h a n  w i t h  GPC) u s i n g  c o n v e n t i o n a l  r e v e r s e d  phase TLC and /o r  LC 

(1). 

o r  d i s s o l u t i o n  o f  t hese  polymers.  I n  r e v e r s e d  phase TLC a b i n a r y  

s o l v e n t  m o b i l e  phase was found  t o  change n a t u r a l l y  i n  c o m p o s i t i o n  

d u r i n g  development because o f  s e l e c t i v e  a d s o r p t i o n  o f  t h e  more 

n o n p o l a r  s o l v e n t  by t h e  s t a t i o n a r y  phase. The chang ing  composi- 

t i o n  o f  t h e  m o b i l e  phase, d u r i n g  development,  c o u l d  cause polymer 

f r a c t i o n a t i o n  i f  t h e  more adsorbed component o f  t h e  m o b i l e  phase 

was a thermodynamical  l y  "good" s o l  v e n t  whi 1 e t h e  l e s s  adsorbed 

component was a the rmodynamica l l y  "poo r "  s o l  ven t .  

T h l s  f r a c t i o n a t i o n  was t h e  r e s u l t  o f  s e l e c t i v e  p r e c i p i t a t i o n  

I n  t h e  p r e s e n t  work, t h i s  t e c h n i q u e  i s  extended t o  seve ra l  

more polymers.  F u r t h e r  ev idence  i s  g i v e n  f o r  t h e  p r e c i p i t a t i o n  

mechanism o f  s e p a r a t i o n .  F i n a l l y ,  a r e c e n t l y  developed t h e o r y  f o r  

t h e  observed ch romatog raph ic  b e h a v i o r  o f  p o l y ( s t y r e n e )  ( 2 )  i s  

e x p l a i n e d  i n  genera l  terms as i t  a p p l i e s  t o  t h e  r e v e r s e d  phase TLC 

f r a c t i o n a t i o n  o f  homopolymers. 

MATERIALS 

Whatman KClFlF reve rsed  phase TLC p l a t e s  ( 5  x 10 cm, 5 x 20 cm 

and 20 x 20 cm) were used i n  t h e  TLC f r a c t i o n a t i o n  o f  

p o l y ( s t y r e n e )  , p o l y ( a - m e t h y l s t y r e n e )  , p o l y (  i s o p r e n e ) ,  

p o l  y (  b u t a d i  ene) , pol  y (methy l  met h a c r y l  a t e )  , pol  y (  e t  h y l  ene 

g l y c o l )  , po ly (e thy1ene  o x i d e )  and p o l y ( t e t r a h y d r 0 f u r a n ) .  HPLC 

g rade  methanol ,  me thy lene  c h l o r l d e ,  t e t r a h y d r o f u r a n ,  d i o x a n  ( f r o m  
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REVERSE PHASE TLC POLYMER FRACTIONATION 3 

Baker Chemical Co.) and e thy lene  g l y c o l  ( f r o m  Sigma) were used as 

received.  The f o l l o w i n g  polymer standards were used: (1) p o l y  

( s t y r e n e )  from Waters Associates,  mol w t  = 2350, mol wt = 

17 500 (Mw/Mn = 1.04), mol w t  = 35 000 (Ftw/Mn = 1.04), mol wt = 

110 000 (Mw/Mn = 1.10), mol wt = 390 000 (Mw/Mn = 1.04), mol wt = 

3 700 000 (Mw/Mn = 1.20) , mol w t  = 10 000 000 (Mw/Mn = 1.30). 

po l y (a -me thy l s t y rene)  from Polymer Labora to r ies ,  mol wt = 19 500 

(Mw/Mn = 1.15) , mol w t  = 87 000 (Mw/Mn = 1.10) , mol wt = 760 000 

(Mw/Mn = 1.10). (3) p o l y ( i s o p r e n e )  from Polymer L a b o r a t o r i e s ,  mol 

w t  = 1360 (Mw/Mn = l.ll), mol w t  = 3080 (Mw/Mn = 1.08), mol wt = 

12 900 (Mw/Mn = 1.08), mol w t  = 33 300 (Mw/Mn = 1.05), mol wt = 

113 800 (Mw/Mn = 1.05), mol w t  = 260 000 (Mw/Mn = 1.07). 

po ly (bu tad iene )  from Polysc iences,  mol wt = 500 (Mw/Mn = 1.15), 

mol wt = 1000 (Mw/Mn = 1.2), mol w t  = 3000 (Mw/Mn = 1.2), from 

P h i l l i p s  Petroleum Company, mol w t  = 90 000 (Mw/Mn = 2.7). (5 )  

poly(methy1 me thac ry la te )  from Polymer Labora to r ies ,  mol w t  = 

12 000 (Mw/Mn = l.l), mol wt  = 45 200 (Mw/Mn = 1.09), mol w t  = 72 000 

(Mw/Mn = 1.08) , mol w t  = 280 000 (Mw/Mn = 1.15) , mol wt = 480 000 

(Mw/Mn = 1.16), mol wt = 640 000 (Mw/Mn = 1.16). (6) poly(ethy1ene 

g l y c o l )  from Polymer Labora to r ies ,  mol w t  = 306, mol wt = 200 

(Mw/Mn = 1.09, mol w t  = 415 (Mw/Mn = l.lO), mol wt = 630 (Mw/Mn = 

1.06) , mol w t  = 998 (Mw/Mn = 1/06, mol w t  = 1580 (Mw/Mn = 1.06) , 
mol wt = 4820 (Mw/Mn = 1.04) , mol w t  = 9200 (Mw/Mn = 1.08, mol w t  

= 11 250 (Mw/Mn = 1.07), m l  w t  = 19 100 (Mw/Mn = 1.09). (7) p o l y  

( e t h y l e n e  ox ide )  from Polymer Labora to r ies ,  mol w t  = 25 000 (Mw/Mn 

= 1.14) , mol wt = 40 000 (Mw/Mn = 1.03) , mol wt = 73 000 (Mw/Mn = 

(2) 

(4) 
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4 ARMSTRONG, B U I ,  AND BOEHM 

1 - 0 2 ) ,  mol wt = 150 00n (Mw/Mn = 1.04), mol wt = 280 000 (Mw/Mn = 

1 - 0 5 ) ,  mol w t  = 660 000 (Mw/Mn = l . l 0 ) ,  mol w t  1 200 000 (Mw/Mn = 

1.12). (8)  p o l y  ( t e t r a h y d r o f u r a n )  f rom P o l y s c i e n c e s ,  mol wt  = 

2250 (Mw/Mn = l . lf l) ,  mol w t  = 76flfl (Mw/Mn = 1.07), mol wt  = 500 000 

(Mw/Mn = 1.18). 

METHODS 

TLC s e p a r a t i o n s  were done i n  an 11 3/4 i n  l o n g ,  4 i n .  w ide  and 

10 3 /4  i n .  h i g h  Chromaf lex  d e v e l o p i n g  chamber. The r e v e r s e d  phase 

p l a t e s  were n o t  p r e v i o u s l y  equ i  1 i b r a t e d  w i t h  t h e  s o l  v e n t  vapor  o r  

s p e c i a l l y  t r e a t e d  i n  any way. Me thy lene  c h l o r i d e - m e t h a n o l  was t h e  

opt imum s o l v e n t  p a i r  i n  t h e  TLC f r a c t i o n a t i o n  o f  p o l y ( s t y r e n e ) ,  

p o l y ( a - m e t h y l s t y r e n e ) ,  p o l y ( i s o p r e n e )  and p o l y ( b u t a d i e n e ) .  

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

p o l y ( e t h y 1 e n e  g l y c o l )  and p o l y ( e t h y 1 e n e  o x i d e )  a1 t h o u g h  methano l -  

e t h y l e n e  g l y c o l  c o u l d  be used f o r  l o w e r  m o l e c u l a r  w e i g h t  po l ymers  

(<25000) as w e l l .  T e t r a h y d r o f u r a n - e t h y l e n e  g l y c o l  was t h e  opt imum 

s o l v e n t  p a i r  f o r  po l y (me thy1  m e t h a c r y l a t e )  and 

p o l  y ( t e t  r a  h y d r o f  u r a n )  . 
Tab le  I g i v e s  t h e  e x p e r i m e n t a l  pa ramete rs  f o r  f r a c t i o n a t i o n  o f  

a l l  po lymers .  It shou ld  be n o t e d  t h a t  t h e  f r a c t i o n a t i o n  b e h a v i o r  

o f  a l l  po lymers  i s  v e r y  s e n s i t i v e  t o  t h e  c o m p o s i t i o n  o f  t h e  m o b i l e  

phase i n  t h e  r e s e r v o i r  (1). The s o l v e n t  r a t i o s  g i v e n  i n  Tab le  I 

a r e  f o r  t h e  f r a c t i o n a t i o n  o f  t h e  g r e a t e s t  range o f  po l ymer  molecu-  

l a r  we igh ts .  

range,  one s i m p l y  a l t e r s  t h e  volume r a t i o  o f  t h e  m o b i l e  phase ( i n  

To examine a s p e c i f i c  m o l e c u l a r  w e i g h t  
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6 ARMSTRONG, H U I ,  AND BOEHM 

t h e  d e v e l o p i n g  chamber) by a few p e r c e n t .  F o r  example, i f  one i s  

i n t e r e s t e d  i n  f r a c t i o n a t i n g  p o l y ( s t y r e n e )  o n l y  i n  t h e  m o l e c u l a r  

w e i g h t  range o f  102 t o  lo4 one wou ld  use  a m o b i l e  phase of  70:30 

( v : v )  me thy lene  c h l o r i d e  t o  me thano l .  T h i s  t e c h n i q u e  a l s o  r e s u l t s  

i n  i n c r e a s e d  r e s o l u t i o n  s i n c e  one has s e p a r a t e d  a s m a l l e r  range of  

po l ymers  o v e r  t h e  same l e n g t h  p l a t e .  

A l l  po lymer  s t a n d a r d s  were d i s s o l v e d  i n  t h e  "good s o l v e n t "  (-5 

The mg/me) and l p e  o f  t h i s  s o l u t i o n  was s p o t t e d  on t h e  TLC p l a t e .  

"good" s o l v e n t  i s  t h e  f i r s t  l i s t e d  o f  any g i v e n  s o l v e n t  p a i r  (e.g., 

met hy  

o x i d e  

1 oped 

sp ray  

ene c h l o r i d e  f o r  p o l y ( i s o p r e n e ) ,  d i o x a n  f o r  p o l y ( e t h y 1 e n e  

o r  t e t r a h y d r o f u r a n  f o r  po l y (me thy1  m e t h a c r y l a t e ) ) .  Deve- 

s p o t s  were d e t e c t e d  by  f l u o r e s c e n c e  quench ing ,  I 2  vapor  o r  

ng a s o l u t i o n  o f  I 2  i n  methano l  ( see  Tab le  I ) .  I n  a few 

cases  t a i l i n g  o f  s p o t s  o c c u r r e d  near  t h e  o r i g i n  ( i n  c l o s e d  

sys tems) .  T h i s  p rob lem was e l i m i n a t e d  by f r a c t i o n a t i n g  t h e  p o l y -  

mers i n  a p a r t i a l l y  open system (1). I f  one s p o t s  t o o  h i g h  a con- 

c e n t r a t i o n  o f  t h e  s tandard ,  s t r e a k i n g  can o c c u r  upon deve lopment  

(e.g., f o r  p o l y ( i s o p r e n e ) ) .  

f u r t h e r  d i  u t i o n  o f  t h e  s tandards .  

T h i s  p rob lem i s  e a s i l y  a v o i d e d  by 

RESULTS AND DISCUSSION 

F o r  any g i v e n  po lymer  t h e r e  i s  g e n e r a l l y  an a p p r e c i a b l e  number 

o f  "good-poor ' '  sol v e n t  p a i r s .  

p a i r s  a r e  n o t  e f f e c t i v e  i n  t h e  r e v e r s e d  phase TLC f r a c t i o n a t i o n  o f  

t h e  po lymers .  O f  c r i t i c a l  i m p o r t a n c e  a r e  t h e  r e l a t i v e  i n t e r a c -  

t i o n s  o f  t h e  s o l v e n t s  w i t h  t h e  s t a t i o n a r y  phase and t h e  n a t u r a l  

U n f o r t u n a t e l y ,  most o f  t h e  s o l v e n t  
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REVERSE PHASE TLC POLYMER FRACTIONATION 

g r a d i e n t  t h a t  i s  produced. For TLC f r a c t i o n a t i o n  t o  occur ,  t h e  

s t a t i o n a r y  phase must p r e f e r e n t i a l l y  i n t e r a c t  w i t h  t h e  good 

s o l v e n t  thereby e n r i c h i n g  t h e  mob i l e  phase i n  t h e  poor s o l v e n t  

d u r i n g  development. I d e a l l y ,  t h e  polymer does n o t  substan- 

t i a l l y  i n t e r a c t  w i t h  t h e  s t a t i o n a r y  phase u n t i l  t h e  mob i l e  phase 

reaches a composi t ion wh 

F i g u r e  1 ill u s t r a t e s  

po l  y (methyl met hac r y l  a t e  

po l y (bu tad iene )  . Tab1 e 

ch causes p r e c i p i t a t i o n .  

t y p i c a l  f r a c t i o n a t i o n s  o f  p o l y ( i s o p r e n e )  , 

, po ly (e thy1ene  g l y c o l / o x i d e )  and 

l i s t s  a l l  polymers t h a t  can be f r a c -  

t i o n a t e d  us ing  t h i s  techn ique  a t  t h e  p resen t  t ime.  A f t e r  t e s t i n g  

hundreds o f  p o s s i b l e  mob i l e  phases a few t rends  have become 

apparent. Methylene ch lor ide-methanol  appears t o  be t h e  optimum 

s o l v e n t  p a i r  f o r  t he  TLC f r a c t i o n a t i o n  o f  l i n e a r  unsa tu ra ted  

hydrocarbon polymers (i .e. , p o l y (  s t y rene) ,  p o l y (  a-methyl s t y rene)  , 

p o l y (  i sop rene)  and p o l y ( b u t a d i e n e ) ) .  For polymers which methanol 

i s  a good so l ven t  (po l y (e thy1ene  ox ide )  f o r  example) e t h y l e n e  g l y -  

c o l  seems t o  be t h e  p r e f e r r e d  poor so l ven t .  Whi le  e thy lene  

g l y c o l - c o n t a i n i n g  mob i l e  phases g e n e r a l l y  g i v e  good separa t i ons  

and spot shapes, development i s  somewhat s lower  due t o  t h e  

i nc reased  mob i l e  phase v i s c o s i t y .  Increased r e s o l u t i o n  o f t e n  can 

be ob ta ined  by us ing  vapor unsa tu ra ted  deve lop ing  chambers 

p rov ided  t h e  good so l ven t  ( i n  t h e  b i n a r y  mob i l e  phase) i s  more 

v o l a t i l e  than t h e  poor so l ven t  (1). The inc rease  i n  r e s o l u t i o n  i s  

due t o  fo rma t ion  o f  sma l le r  spots  and t h e  e l i m i n a t i o n  o f  t a i l i n g  

near t h e  o r i g i n .  A p o s s i b l e  mechanism by which t h i s  i s  

accomplished can be env is ioned.  The b i n a r y  mob i l e  phase ( i n  t h e  
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i 

F i g u r e  1: Schematic i l l u s t r a t i n g  t y p i c a l  reversed phase TLC 
f r a c t i o n a t i o n s  o f :  

( A )  po ly ( i sop rene)  w i t h  81:19 (v :v)  methylene 
ch1oride:methanol. 

1 = 1 . 3 6 ~  103; 2 = 3 . 0 8 ~ 1 0 3 ;  3 = 1.29xin4;  
4 = 3 . 3 3 ~ 1 0 ~ ;  5 = 1 . 1 4 ~ 1 0 ~ ;  6 = 2 . 6 0 ~ 1 0 ~  

( B )  poly(methylmethacry1ate) w i t h  74:26 (v :v)  

1 = 1 . 2 ~ 1 0 4 ;  2 = 4 . 5 ~ 1 0 4 ;  3 = 7 . 2 ~ 1 0 4 ;  
4 = 7 . 6 ~ 1 0 ~ ;  5 = 2 . 8 ~ 1 0 ~ ;  6 = 4 . 8 ~ 1 0 5 ;  7 = 6 . 4 ~ 1 0 5 .  

( C )  poly(ethy1ene g l y c o l / o x i d e )  w i t h  57:43 (v :v)  

1 = 4 . 1 5 ~ 1 0 2 ;  2 = 9 . 9 8 ~ 1 0 2 ;  3 = 4 . 8 ~ 1 0 3 ;  
4 = 9 . 2 0 ~ 1 0 ~ ;  5 = 2 . 5 ~ 1 0 ~ ;  6 = 2 . 8 ~ 1 0 ~ .  

( 0 )  po l y (bu tad iene )  w i t h  79:21 (v:v) methylene 
ch1oride:methanol. 

1 = 5x102; 2 = l x l n 3 ;  3 = 3x103; 4 = 9 . 0 ~ 1 0 4 .  

t e t  rahydrof  uran :e thy lene  g l y c o l  . 

d ioxyan :e thy lene  g l y c o l .  
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REVERSE PHASE TLC POLYMER FRACTIONATION 9 

r e s e r v o i r  o f  t h e  d e v e l o p i n g  t a n k )  a c t s  as a good s o l v e n t .  

However, as i t  t r a v e l s  up t h e  r e v e r s e d  phase p l a t e  i t  becomes 

p r o g r e s s i v e l y  p o o r e r  (due t o  t h e  s e l e c t i v e  a d s o r p t i o n  o f  t h e  good 

s o l v e n t ) .  C o n c u r r e n t l y ,  t h e  good s o l v e n t  e v a p o r a t e s  a t  a g r e a t e r  

r a t e  t h a n  t h e  poor  s o l v e n t .  As a r e s u l t  t h e  g r a d i e n t  t e n d s  t o  be 

accen tua ted ,  p r e c i p i t a t i o n  o c c u r s  sooner  and R f  v a l u e s  a r e  l o w e r .  

Because o f  t h e  g r a d i e n t ,  t h e  l e a d i n g  edge o f  a p r e c i p i t a t e d  

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

t r a i l i n g  edge. When deve lopment  c o n t i n u e s  a f t e r  p r e c i p i t a t i o n ,  

t h e  m o b i l e  phase mov ing  p a s t  t h e  spo t  becomes a somewhat b e t t e r  

s o l v e n t .  T h i s  r e s u l t s  i n  a r e l a t i v e l y  s l o w  movement o f  t h e  s p o t  

w i t h  t h e  t r a i l i n g  edge b e i n g  a f f e c t e d  more t h a n  t h e  l e a d i n g  edge. 

T h i s  mechanism a l s o  e x p l a i n s  t h e  somewhat unusua l  ( s q u a r e  o r  r e c -  

t a n g u l a r )  spo t  shapes t h a t  o f t e n  accompany t h i s  s e p a r a t i o n  t e c h -  

n i q u e .  

The R f  o f  a l l  r e p o r t e d  po lymers  t e n d s  t o  v a r y  w i t h  t h e  l o g  o f  

t h e i r  m o l e c u l a r  w e i g h t  (see  F i g u r e s  2 and 3). 

m o l e c u l a r  w e i g h t  po lymers ,  t h e  r e l a t i o n s h i p  becomes n o n l i n e a r  and 

t h e  r e s o l u t i o n  i s  n o t  as good ( F i g u r e  2 ) .  The R f - l o g  m o l e c u l a r  

w e i g h t  r e l a t i o n s h i p  h o l d s  f o r  vapor  u n s a t u r a t e d  deve lopment  as 

w e l l  ( F i g u r e  3) .  

t h e  degree  o f  e v a p o r a t i o n  a1 lowed. S ince  s t a n d a r d s  and unknowns 

a r e  g e n e r a l l y  r u n  on t h e  same p l a t e  t h i s  poses no i nconven ience .  

I n  a l l  cases  t h e  s e p a r a t i o n  o f  po l ymers  i s  assumed t o  be due 

Fo r  t h e  h i g h e s t  

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

t o  a p r e c i p i t a t i o n  mechanism. T h i s  i s  somewhat unusua l  as most 

ch romatog raph ic  s e p a r a t i o n s  r e s u l t  f rom a d s o r p t i o n  o r  p a r t i t i o n  
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10 ARMSTRONG, B U I ,  AND BOEHM 

R f 

0.8 

0.6 

0.4 

0.25 
R t  

0.2 

2.0 3.0 4.0 5.0 

LOG MOLECULAR WEIGHT 

61:39 ( v : v )  Dioxan: Ethylene Glycol 

5.0 6.0 
LOG MOLECULAR WEIGHT 

F i g u r e  2 :  P l o t  o f  R f  ve rsus  l o g  m o l e c u l a r  w e i g h t  f o r  
p o l y ( e t h y 1 e n e  g l y c o l l o x i d e ) .  No te  t h a t  t h e  r e l a -  
t i o n s h i p  i s  l i n e a r  up t o  a m o l e c u l a r  w e i g h t  o f  -105. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



REVERSE PHASE TLC POLYMER FRACTIONATION 11 

0.8 

0.6 

R f 

0.4 

0.2 

0 

2 4 6 8 

LOG MOLECULAR WEIGHT 

F i g u r e  3: L i n e a r  c a l i b r a t i o n  curves f o r  p o l y ( s t y r e n e )  s tandards 
developed i n  vapor unsa tu ra ted  Chromaflex chamber. 

c] = 1k i n ,  open l i d ,  m o b i l e  phase = 80:2O ( v : v )  

0 = 1 i n ,  open l i d ,  mob i l e  phase = 80:2O (v : v )  

MeCl2 :OH 

MeCl2 :MeOH 

= no l i d ,  mob i l e  phase = 80:20 ( v : ~ )  MeC12:MeOH 
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12 ARMSTRONG, BUI, AND BOEHM 

SOLVENT FRONT i---1 

ADSORPTIOi i  MECHANISM 

SOLVENT FRONT 

P R E C I P I T 4 T I O N  MECHANISM 

F i g u r e  4 :  Schematic i l l u s t r a t i n g  t h e  d i f f e r e n t  TLC development 
p a t t e r n s  expected when a compound's m i g r a t i o n  beha- 
v i o r  i s  c o n t r o l l e d  by ( A )  a d s o r p t i o n  processes o r  ( B )  
p r e c i p i t a t i o n .  I n  b o t h  examples a compound i s  
s p o t t e d  a long a l i n e  drawn a t  an angle t o  t h e  bottom 
o f  t h e  p l a t e .  The compound i n  chromatogram A has an 
R f  o f  0.33. The compound i n  chromatogram B tends 
t o  t r a v e l  w i t h  t h e  s o l v e n t  f r o n t  u n t i l  some process 
(e.g., change i n  m o b i l e  phase composi t ion,  phase 
r a t i o ,  etc.) causes p r e c i p i t a t i o n .  

processes. I n  i d e a l  s i t u a t i o n s ,  t h e  mechanism o f  separa t i on  can 

be i d e n t i f i e d  w i t h  a s imple chromatographic t e s t .  By s p o t t i n g  a 

compound d i a g o n a l l y  on a TLC p l a t e  i n s t e a d  o f  a long a l i n e  

p a r a l l e l  t o  t h e  bot tom edge, one produces a c h a r a c t e r i s t i c  deve- 

lopment p a t t e r n  (see F i g u r e  4) .  F i g u r e  4A i l l u s t r a t e s  t h e  

expected a d s o r p t i v e  chromatographic behav io r  o f  a compound ( R f  = 

0.33) under i d e a l  cond i t i ons .  I n  t h e  unusual case where separa- 

t i o n  i s  c o n t r o l l e d  complete ly  by p r e c i p i t a t i o n ,  one would expect a 

development p a t t e r n  as i l l u s t r a t e d  i n  F i g u r e  48 ( i . e . ,  a l l  spots 

p a r a l l e l  t o  t h e  so l ven t  f r o n t  rega rd less  o f  " s p o t t i n g "  angle) .  I n  
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REVERSE PHASE TLC POLYMER FRACTIONATION 13 

r e a l i t y ,  one r a r e l y  f i n d s  p e r f e c t  examples o f  e i t h e r  behavior. I n  

t h e  more common case o f  a d s o r p t i o n  TLC, changes i n  s o l v e n t  com- 

p o s i t i o n  ( o f  b i n a r y  and h ighe r  o rde r  mob i l e  phases) and phase 

r a t i o  d u r i n g  development can cause d e v i a t i o n s  from t h e  t h e o r e t i c a l  

behav io r  i l l u s t r a t e d  i n  F i g u r e  4A. Prev ious r e s u l t s  (1) i n d i c a t e d  

t h a t  t h e  reversed phase TLC f r a c t i o n a t i o n  of polymers might  e x h i -  

b i t  r a r e l y  seen behavior  c h a r a c t e r i s t i c  o f  t h e  p r e c i p i t a t i o n  

mechanism ( F i g u r e  48). F i g u r e  5 i l l u s t r a t e s  these r e s u l t s  f o r  

p o l y (  s t y r e n e ) ,  p o l y (  i sop rene) ,  poly(methy1 methacry l  a t e )  and 

po ly (e thy1ene  g l y c o l / o x i d e ) .  A t  l e a s t  two mo lecu la r  weight  s tan-  

dards are shown i n  each case ( t h r e e  i n  t h e  p o l y ( s t y r e n e )  example). 

It i s  apparent t h a t  a polymer o f  a g i ven  mo lecu la r  weight  t r a v e l s  

a long  t h e  develop ing p l a t e  u n t i l  t h e  mob i l e  phase reaches t h e  c r i -  

t i c a l  composi t ion where p r e c i p i t a t i o n  occurs. I f  a polymer i s  

s p o t t e d  on a TLC p l a t e  a t  a p o i n t  h ighe r  than where t h e  c r i -  

t i c a l  composi t ion occurs, i t  w i l l  no t  move from t h e  o r i g i n  (no te  

t h e  h ighe r  mo lecu la r  weight polymers i n  F i g u r e  5 ) .  

By p l o t t i n g  t h e  i n i t i a l  volume pe rcen t  o f  good and poor 

s o l v e n t s  i n  t h e  mob i l e  phase versus polymer Rf  value, one can 

v i s u a l i z e  t h e  e f f e c t  o f  s o l v e n t  composi t ion on polymers o f  d i f -  

f e r e n t  mo lecu la r  weights  (see F i g u r e  6). Each polymer has a 

c h a r a c t e r i s t i c  s lgmoidal  curve. The cu rve  l i e s  c l o s e r  t o  t h e  

o r d i n a t e  f o r  h i g h e r  mo lecu la r  weight polymers and t h e  v a r i a t i o n  i n  

s o l v e n t  composi t ion needed t o  change t h e  Rf  from 1.0 t o  0 becomes 

more narrow w i t h  i n c r e a s i n g  mo lecu la r  weight. The separa t i on  be t -  

ween any two mo lecu la r  weight  curves f o r  t h e  same polymer i s  i n d i -  
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14 ARMSTRONG, BUI, AND BOEHM 

C 

P O L Y t f l E T H Y L  l l E T h A C R Y L A T E 1  

F i g u r e  5: TLC development p a t t e r n s  i n d i c a t i n g  a p r e c i p i t a t i o n  
mechanism i n  t h e  reversed phase f r a c t i o n a t i o n  o f :  

( A )  p o l y ( s t y r e n e )  w i t h  79:21 ( v : v )  MeC12:MeOH 
( t o p )  MW = 2 . 3 5 ~ 1 0 ~  
(bot tom) MW 2 . 7 ~ 1 0 ~  

( B )  po l y ( i sop rene)  w i t h  77:23 (v :v)  MeC12:MeOH 
( t o p )  MW = 1.36~103 

(C) poly(methylmethacry1ate) w i t h  76:24 ( v : v )  
THF : e t h y l  ene g l  y c o l  . 
( t o p )  MW = 4 .5~105  

( D )  po ly(ethy1ene g l y c o l l o x i d e )  w i t h  59:41 ( v : v )  
d ioxan :e thy lene  g l  c o l .  
( t o p )  MW = 9.93~103 (bot tom) MW = 2 . 5 ~ 1 0 ~  

(m idd le )  MW = 3 . 5 ~ 1 0 ~  

(bot tom) MW = 3 .33~104 

(bot tom) MW = 6 .4~105  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



REVERSE PHASE TLC POLYMER FRACTIONATION 15 

B 

100 30 METl lYLENE CHLORIDE 20 0 100 80 METHYLENE C H L O R I D E  20 0 

0 20 METHANOL 80 100 0 20 METHANOL 80 1% 

1.0 C 

0 . 5  

I 1 ‘ 0  
100 30 TETRAHYDROFURAN 20 100 80 TETRANYDRnFURAN 20 d 
0 20 ETHYLENE GLYCOL 80 100 0 20 E T H Y L E N E  6 L Y C O L  80 100 

Figure 6: Plots o f  Rf versus mobile phase composition (volume 
X ) .  Molecular weights a re :  

( A )  1 = 9.3~10~; 2 = 3.0~103; 3 = 5 . 0 ~ 1 0 ~  
poly( butadi ene) 

poly( isoprene) 

methacryl a te)  

poly(ethy1ene glycol/oxide) 

(8) 1 = 2.6~10~; 2 = 3.3~10~; 3= 1.3~10~ 

(C) 1 = 6.4~10~; 2 = 1 . 2 ~ 1 0 ~  poly(methy1 

( D )  1 = 7.3~104; 2 = 9.2~10~; 3 = 6 . 3 ~ 1 0 ~  
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16 ARMSTRONG, B U I ,  AND BOEHM 

c a t i v e  o f  t h e  r e s o l v i n g  power o f  t h e  t e c h n i q u e  ( i .e. ,  t h e  g r e a t e r  

t h e  d i s t a n c e  between two  cu rves ,  t h e  b e t t e r  TLC r e s o l u t i o n s  a r e  

o b t a i n e d ) ,  There i s  an apparen t  d e v i a t i o n  i n  t h e  b e h a v i o r  o f  t h e  

h i g h e r  m o l e c u l a r  w e i g h t  p o l y ( e t h y 1 e n e  g l y c o l / o x i d e )  po l ymers  when 

t h e  m o b i l e  phase c o n t a i n s  an excess  o f  t h e  good s o l v e n t  ( F i g u r e  

60). 

a s l i g h t  a d s o r p t i o n  o f  t h e  po lymer  t o  t h e  s t a t i o n a r y  phase. 

a d s o r p t i o n  may be due t o  t h e  p resence  o f  a sma l l  number o f  r e s i -  

d u a l  s i l a n o l  g roups  o r  p o s s i b l y  t o  t h e  b i n d e r  p r e s e n t  i n  t h e  TLC 

p l a t e .  

s m a l l  amount o f  t h e  poor  s o l v e n t ,  p r e f e r e n t i a l l y  i n t e r a c t i n g  w i t h  

t h e s e  a d s o r p t i o n  s i t e s ,  r e l e a s e s  t h e  po lymer .  A f t e r  r e l e a s e ,  t h e  

b e h a v i o r  o f  t h e  p o l y ( e t h y 1 e n e  g l y c o l / o x i d e )  i s  ana logous  t o  t h a t  

o f  t h e  o t h e r  po lymers  ( F i g u r e s  6A, B and C ) .  

The l o w e r  Rf  v a l u e s  i n  t h i s  r e g i o n  a r e  t h o u g h t  t o  be due t o  

T h i s  

Regard less  o f  t h e  sou rce  o f  t h e  b i n d i n g ,  t h e  p resence  o f  a 

THEORY 

A t h e o r y  has been deve loped  f o r  a ch romatog raph ic  model system 

w h i c h  accounts  f o r  many o f  t h e  phenomena observed  i n  t h i s  work 

( 2 ) .  The model system assumes an e q u i l i b r i u m  d i s t r i b u t i o n  o f  i s o -  

l a t e d  f l e x i b l e  po l ymer  m o l e c u l e s  between a b i n a r y  s o l v e n t  m o b i l e  

phase and a p l a n a r  s t a t i o n a r y  phase. I n  t h e  m o b i l e  phase t h e  

po lymer  i s  assumed t o  be a s p h e r i c a l  ge l  h a v i n g  a u n i f o r m  

segment d e n s i t y .  

f l a t ,  t h i n  c y l i n d r i c a l  c o n f o r m a t i o n .  Fo r  po l ymers  o f  s u f f i c i e n t l y  

h i g h  m o l e c u l a r  we igh ts ,  t h e r e  i s  a c r i t i c a l  m o b i l e  phase mole  

f r a c t i o n ,  Xlmc, o f  t h e  more f a v o r a b l e ,  l e s s  p o l a r  s o l v e n t  1 such 

On t h e  s t a t i o n a r y  phase t h e  po lymer  assumes a 
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17 

POOR MOBILE PHASE 

F i g u r e  7: I l l u s t r a t i o n  of t h e  two t h e o r e t i c a l l y  p o s s i b l e  con- 
f i g u r a t i o n s  f o r  a h igh  mo lecu la r  weight  polymer i n  
reve rsed  phase TLC o r  LC g r a d i e n t  f r a c t i o n a t i o n .  

t h a t  when X l m  > X I m c  t h e  polymer w i l l  move a t  t h e  same r a t e  as 

t h e  mob i l e  phase w h i l e  when X l m  < Xlmc t h e  polymer i s  comp le te l y  

r e t a i n e d  by t h e  s t a t i o n a r y  phase (see F i g u r e  7).  The c r i t i c a l  

compos i t i on  i s  dependent on mo lecu la r  weight. Th i s  dependence 

r e s u l t s  from t h e  f l e x i b i l i t y  o f  t h e  polymer which enables i t  t o  

change c o n f i g u r a t i o n  i n  response t o  i t s  environment. As a r e s u l t  

o f  t h e  Xlmc-mol e c u l a r  weight dependence, one can chromatographi -  

c a l  l y  f r a c t i o n a t e  homopolymers w i t h  g r a d i e n t  e l u t i o n  techniques 

( 2 ) .  I n  t h e  TLC f r a c t i o n a t i o n  desc r ibed  i n  t h i s  work, f o r  

example, t h e  mob i l e  phase changes composi t ion c o n t i n u o u s l y  d u r i n g  

development as a r e s u l t  o f  s e l e c t i v e  a d s o r p t i o n  o f  t h e  b e t t e r  

s o l v e n t  by t h e  s t a t i o n a r y  phase. To achieve f r a c t i o n a t i o n  v i a  

t h i s  method one must c a r e f u l l y  choose a good-poor s o l v e n t  p a i r  

t h a t  w i l l  i n t e r a c t  d i f f e r e n t l y  w i t h  t h e  s t a t i o n a r y  phase and pro-  

duce t h e  optimum g rad ien t .  

One can o b t a i n  t h e  t h e o r e t i c a l  express ion f o r  t h e  c a p a c i t y  

f a c t o r  of a polymer us ing  t h e  F lory-Huggins l a t t i c e  model f o r  i s o -  
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18 ARMSTRONG, B U I ,  AND BOEHM 

l a t e d  p o l y m e r - s o l v e n t  systems i n  b o t h  t h e  m o b i l e  and s t a t i o n a r y  

phases, as w e l l  as t h e  B ragg-Wi l l i ams  a p p r o x i m a t i o n  f o r  t h e  

n e a r e s t  ne ighbor  i n t e r a c t i o n s  (2 -4) .  From t h e  e x p r e s s i o n  f o r  t h e  

c a p a c i t y  f a c t o r  one can o b t a i n  e q u a t i o n s  r e l a t i n g  r e t e n t i o n  t i m e  

( i n  L C )  and R f  ( i n  T L C )  t o  po l ymer  m o l e c u l a r  w e i g h t  ( v i d e  i n f r a ) .  

where t r  = r e t e n t i o n  t i m e  o f  po lymer ,  t m  = r e t e n t i o n  t i m e  of an 

u n r e t a i n e d  s o l u t e ,  X l m c  = c r i t i c a l  s o l v e n t  c o m p o s i t i o n  f o r  a 

po lymer ,  Xlm(o,o) = i n i t i a l  m o b i l e  phase c o m p o s i t i o n ,  B r a t e  a t  

wh ich  t h e  m o b i l e  phase c o m p o s i t i o n  v a r i e s ,  A = a c o n s t a n t  depen- 

d e n t  on s o l v e n t - s o l  v e n t  and s o l  ven t -po l ymer  i n t e r c h a n g e  e n e r g i e s ,  

and M = degree o f  p o l y m e r i z a t i o n .  

where:  k = r a t e  c o n s t a n t  i n d i c a t i v e  o f  t h e  change i n  m o b i l e  phase 

c o m p o s i t i o n .  

i ndependen t  o f  t h e  c o m p o s i t i o n  o f  t h e  b e t t e r  po lymer  s o l v e n t .  

X l m ( 0 )  = c o m p o s i t i o n  o f  t h e  m o b i l e  phase i n  t h e  r e s e r v o i r  of t h e  

deve lopment  tank ,  L = d i s t a n c e  advanced by t h e  s o l v e n t  f r o n t  and 

u = average r a t e  o f  m i g r a t i o n  of t h e  s o l v e n t  f r o n t .  

I n  t h e  above case t h e  r a t e  l a w  i s  c o n s i d e r e d  t o  be 

Equa t ions  1 and 2 d e s c r i b e  ana logous processes .  The main  d i f -  

f e r e n c e  i s  t h a t  i n  LC s e p a r a t i o n s ,  ( e q u a t i o n  1 )  f r a c t i o n a t i o n  

o c c u r s  by go ing  f rom a poor  t o  a good m o b i l e  phase, w h i l e  i n  T L C  

( e q u a t i o n  2)  f r a c t i o n a t i o n  o c c u r s  by g o i n g  f rom a good t o  a poo r  
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REVERSE PHASE TLC POLYMER FRACTIONATION 19 

m o b i l e  phase as t h e  chromatogram develops. I n  bo th  cases t h e  

r e l a t i o n s h i p  between t h e  mob i l e  phase composi t ion and t h e  c r i t i c a l  

composi t ion c o n t r o l s  t h e  e l u t i o n  o f  a polymer. 

Both equat ions 1 and 2 can be used t o  p r e d i c t  q u a l i t a t i v e  

chromatographic t rends.  The c l o s e s t  c o r r e l a t i o n  between t h e o r e t i -  

c a l  and exper imenta l  values ( o f  tr and Rf) i s  f o r  t h e  h ighe r  mole- 

c u l a r  weight polymers ( 2 ) .  As one can see i n  F i g u r e  6, t h e  con- 

c e p t  o f  a c r i t i c a l  c o n c e n t r a t i o n  i s  most accu ra te  f o r  t h e  h ighe r  

mo lecu la r  weight polymers. For  lower  mo lecu la r  weight  polymers 

t h e r e  can be an apprec iab le  t r a n s i t i o n  range i n  which t h e  polymer 

e l u t i o n  behavior  v a r i e s  over a wide range o f  s o l v e n t  composi t ions 

( F i g u r e  6) .  

s i t i o n s  from t h e  desorbed t o  adsorbed s t a t e  ( F i g u r e  8) .  P red ic -  

t i o n  of r e t e n t i o n  t imes from equat ion (1) tends t o  be more 

accu ra te  than  t h e  p r e d i c t i o n  of R f  va lues from equa t ion  2 ( 2 ) .  

I n  these cases one can e n v i s i o n  more gradual  t r a n -  

GOOD MOBILE PHASE TRANSITION REGION POOR MOBILE PHASE 

F i g u r e  8: I l l u s t r a t i o n  o f  t h e  change o f  c o n f i g u r a t i o n  o f  a 
polymer which occurs i n  t h e  t r a n s i t i o n  r e g i o n  (i.e., 
t h a t  r e g i o n  where polymers are n o t  comp le te l y  
adsorbed o r  desorbed). The range o f  t h e  t r a n s i t i o n  
r e g i o n  i nc reases  as a po l ymer ' s  mo lecu la r  we igh t  
decreases. 
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20 ARMSTRONG, B U I ,  AND BOEHM 

The major  reason i s  b e l i e v e d  t o  be t h a t  t h e  s o l v e n t  g r a d i e n t  i s  

known and e x a c t l y  c o n t r o l l e d  i n  LC b u t  n o t  i n  TLC. I n  a d d i t i o n ,  

TLC i s  sub jec t  t o  changing phase r a t i o s ,  w e t t i n g  phenomena, e t c .  

Desp i te  these d e f i c i e n c i e s ,  t h e  m a j o r  t h e o r e t i c a l  t r e n d s  a re  con- 

s i s t a n t  w i t h  exper imenta l  obse rva t i on .  

Equat ion 2 can be so ved d i r e c t l y  ( 2 ) ;  however, i t  i s  somewhat 

cumbersome and d i f f i c u l t  t o  v i s u a l i z e  i n  terms o f  exper imenta l  

r e s u l t s  presented here. F o r t u n a t e l y ,  one can s i m p l i f y  t h e  

express ion t o  a more understandable form when a n a l y z i n g  c e r t a i n  

spec ia l  cases. For a l l  b u t  lower  mo lecu la r  weight polymers (where 

Xlm(0) - Xlmc > 0 ) s  

( 1  A11 Mk)exP( I  A11 M(Xlm(0) - X l m c ) ) ( l  - R f )  >> 1 

and equat ion 2 s i m p l i f i e s  t o :  

For moderate t o  h i g h  mo lecu la r  we g h t  polymers t h e  second and 

t h i r d  terms o f  equa t ion  3 become n c r e a s i n g l y  small  r e l a t i v e  t o  

t h e  f i r s t  term. Therefore, f o r  " h i g h  polymers" :  

When X l m  - Xlmc i s  g r e a t e r  t han  zero (i.e., t h e  mob i l e  phase i n  t h e  

deve lop ing  chamber i s  a good s o l v e n t ) ,  polymer m i g r a t i o n  w i l l  
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REVERSE PHASE TLC POLYMER FRACTIONATION 2 1  

occur. 

t h e  g r a d i e n t  ( k )  and t h e  c r i t i c a l  mob i l e  phase composi t ion (Xlmc) 

a r e  known. Xlmc increases m o n o t o n i c a l l y  w i t h  M and a s y m p t o t i c a l l y  

approaches a l i m i t i n g  va lue Xlmc as M + m. 

chromatographic r e s o l u t i o n  should decrease as t h e  mo lecu la r  weight  

increases.  

The e x t e n t  o f  t h i s  m i g r a t i o n  can be c a l c u l a t e d  p r o v i d i n g  

m 

Th is  i n d i c a t e s  t h a t  

When Xlm(o)  - Xlmc i s  l e s s  than  zero (i.e., t h e  m o b i l e  phase i n  

so l ven t  m i x t u r e )  t hen  

f o r  h ighe r  mo lecu la r  weight polymers and Rf  = 0. 

It i s  apparent t h a t  t h e  t h e o r e t i c a l  d e s c r i p t i o n  i s  c o n s i s t e n t  

w i t h  exper imenta l  obse rva t i on .  The r e s u l t s  of t h i s  un ion  a r e  

t h r e e f o l d  : 

1. 

2. A use fu l  polymer f r a c t i o n a t i o n  techn ique  can now be u t i -  

The f r a c t i o n a t i o n  mechanism i s  l a r g e l y  understood. 

l i z e d  and improved s y s t e m a t i c a l l y .  

3. The use o f  TLC and LC can now be used as a p o t e n t i a l l y  

powerfu l  t o o l  i n  t h e  t h e o r e t i c a l  and physico-chemico 

s tudy  o f  polymers and t h e i r  behav io r  i n  v a r i o u s  env i ron -  

ments. 
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