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ABSTRACT 

Samples o f  p o l y s t y r e n e  and s t y r e n e  g l y c i d y l m e t h a -  
c r y l a t e  c o p o l y m e r  l a t e x e s  were c h a r a c t e r i z e d  b y  S e d i -  
m e n t a t i o n  F i e l d - F l o w  F r a c t i o n a t i o n  (SFFF) ,  e l e c t r o n  
m i c r o s c o p y  and b y  t h e  use  o f  q u a s i - e l a s t i c  l i g h t - s c a t -  
t e r i n g .  S F F F  makes p o s s i b l e  t h e  most c o m p l e t e  c h a r a c -  
t e r i z a t i o n  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  ana- 
l y z e d  samp les .  I t s  h i g h  s e l e c t i v i t y ,  speed and c a s u a l  
p o s s i b i l i t y  t o  use  t h e  o b t a i n e d  f r a c t i o n s  f o r  o t h e r  
a n a l y s i s  o r  f o r  p h y s i c o - c h e m i c a l  s t u d y  b e l o n g  t o  i t s  
a d v a n t a g e s .  A two-peak d i s t r i b u t i o n  c u r v e  was f o u n d  
f o r  one o f  t h e  s t u d i e d  samples b y  SFFF. The mechanism 
o f  p o l y m e r i z a t i o n  o f  t h i s  sample c o u l d  be deduced on 
t h e  b a s i s  o f  t h i s  c u r v e .  No o t h e r  o f  t h e  compared 
methods was a b l e  t o  r e v e a l  t h e  c o u r s e  o f  t h i s  d i s t r i -  
b u t i o n  c u r v e .  

Copyright 0 1986 by Marcel Dekker, lnc  
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INTRODUCTION 

JANCA ET AL 

S e d i m e n t a t i o n  F i e l d - F l o w  F r a c t i o n a t i o n  (SFFF) 

has  become a method o f  c h o i c e  f o r  t h e  c h a r a c t e r i z a t i o n  

of  p a r t i c l e s  o f  d i f f e r e n t  o r i g i n  w i t h i n  a w i d e  range  

o f  t h e i r  s i z e s .  I t s  a d v a n t a g e s  b e i n g  h i g h  e f f i c i e n c y  

and s e l e c t i v i t y  o f  s e p a r a t i o n s ,  speed o f  a n a l y s i s ,  

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

i t s  a b i l i t y  t o  p r o v i d e  t h e  a b s o l u t e  v a l u e s  o f  t h e  

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

I t  i s  a l s o  i m p o r t a n t  t h a t  t h e  o b t a i n e d  f r a c t i o n s  o f  

t h e  a n a l y z e d  samples can  be used f o r  f u r t h e r  c h a r a c -  

t e r i z a t i o n  and measurements and /o r  even  f o r  f u r t h e r  

p h y s i c o - c h e m i c a l  s t u d y .  

The r e t e n t i o n  r a t i o  R d e f i n e d  a s  

R = v / v  o r  

i . e . ,  t h e  r a t i o  o f  t h e  u n r e t a i n e d  s o l u t e  r e t e n t i o n  

vo lume V and  o f  t h e  r e t a i n e d  s o l u t e  r e t e n t i o n  vo lume 

V r ,  b e l o n g s  among t h e  b a s i c  p a r a m e t e r s  d e s c r i b i n g  

SFFF s e p a r a t i o n  p r o c e s s .  P r o v i d e d ,  t h e  r e t a i n e d  s o l u t e  

i s  p o l y d i s p e r s e ,  i t  holds f o r  t h e  r e t e n t i o n  r a t i o  o f  the 

i- t h  f r a c t i o n  

0 

R .  = V / V .  
1 0 1  

The r e t e n t i o n  r a t i o  R i s  dependent  on t h e  dimen- 

s i o n l e s s  p a r a m e t e r  c h a r a c t e r i z i n g  t h e  mean d i s t a n c e  

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

r i o n  zone f r o m  t h e  a c c u m u l a t i o n  w a l l  o f  t h e  c h a n n e l  f o r  

SFFF b y  t h e  e q u a t i o n  

R = 6 h  ( ~ 0 t h ( l / 2 h )  - 2h) (3) 
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COPOLYMER LATEXES CHARACTERIZED BY SFFF 206 1 

The d i m e n s i o n l e s s  p a r a m e t e r  A i s  d e t e r m i n e d  by geo- 

m e t r i c a l  d i m e n s i o n s  o f  t h e  f r a c t i o n a t i o n  c h a n n e l ,  i t s  

t h i c k n e s s , w , a n d  i t s  r a d i u s  o f  r o t a t i o n , r , a s  w e l l  a s  by 
t h e  c o n d i t i o n s  u n d e r  w h i c h  t h e  e x p e r i m e n t  i s  e f f e c t u -  

a t e d ,  i . e . ,  r o t a t i o n  a n g u l a r  v e l o c i t y , a ,  t h e  d i f f e r -  

ence o f  d e n s i t i e s  o f  t h e  c a r r i e r  f l u i d  and o f  t h e  

s e p a r a t e d  s o l u t e ,  A ?  , t h e  a b s o l u t e  temperature,T,  

and  b y  t h e  s o l u t e  p r o p e r t i e s ,  i . e . ,  e x p l i c i t l y  b y  t h e  

p a r t i c l e  d i a m e t e r j d  . 
P 

3 2  A = 6kT/(  n d p  w r w A q  ) ( 4 )  

- I< i n  E q u a t i o n  ( 4 )  i s  t h e  B o l t z m a n n  c o n s t a n t .  Thus t h e  

c u r v e  o f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  a n d ,  e v e n t u a l -  

l y ,  a l s o  t h e  mean v a l u e  o f  p a r t i c l e  d i a m e t e r  a can  

be c a l c u l a t e d  f rom t h e  e x p e r i m e n t a l  f r a c t o g r a m  

e m p l o y i n g  E q u a t i o n s  (1) - ( 4 ) .  

T h i s  p a p e r  d e a l s  w i t h  c h a r a c t e r i z a t i o n  o f  l a t e x  

samples o f  p o l y s t y r e n e  and  polyglycidylmethacrylates 
and  t h e i r  c o p o l y m e r s  t h a t  a r e  i m p o r t a n t  f o r  m e d i c a l  

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

b y  t h e  method o f  e l e c t r o n  m i c r o s c o p y  o r  a r e  measured 

by mcans o f  s i m p l e  q u a s i e l a s t i c  l i g h t  s c a t t e r i n g  

( Q E L S )  d e t e c t o r .  B o t h  t h e s e  me thods  g i v e ,  f i r s t  o f  

a l l ,  t h e  mean p a r t i c l e  s i z e  v a l u e s .  The e v a l u a t i o n  o f  

t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  r a t h e r  l a b o r i o u s .  

I t  c o n c e r n s  t h e  case  when t h e  e l e c t r o n  m i c r o s c o p y  i s  

used ,  o r  i t  g i v e s  o n l y  o r i e n t a t i o n  r e s u l t s ,  i . e . ,  i f  

OELS d e t e c t o r  i s  used .  If t h e  e l e c t r o n  m i c r o s c o p y  i s  

emp loyed ,  o n l y  a s m a l l  number o f  p a r t i c l e s  is measur- 

ed and  t h i s  number need n o t  t o  be r e p r e s e n t a t i v e .  We 

u t i l i z e d  t h e  m e n t i o n e d  methods  f o r  t h e  c h a r a c t e r i z a -  

t i o n  o f  o u r  l a t e x  samp les  i n  o r d e r  t o  compare c r i t i -  

c a l l y  b o t h  t h e i r  a d v a n t a g e s  and d rawbacks .  
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EXPERIMENTAL 

JANCA ET AL. 

A d e v i c e  m a n u f a c t u r e d  i n  o u r  l a b o r a t o r y  was used  

f o r  t h e  s e p a r a t i o n  and a n a l y s i s  by means o f  SFFF (1). 

S o l u t i o n  o f  0.1 % Tween 60 s u r f a c t a n t  ( F l u k a  AG, Buchs 

S G ,  S w i t z e r l a n d )  i n  d i s t i l l e d  w a t e r  was used  a s  t h e  

c a r r i e r  f l u i d .  P r i o r  t o  u s e ,  t h e  s o l u t i o n  was degassed 

by h e a t i n g  u p  t o  90 OC and b y  u l t r a s o u n d  a c t i o n .  L a t e x  

samp les  were p r e p a r e d  by m i x i n g  w i t h  t h i s  s o l u t i o n ,  

t h e  r e s u l t i n g  c o n c e n t r a t i o n  was a b o u t  0.1 %. We 

i n j e c t e d  3 0  u l  o f  e m u l s i o n  o f  t h e  l a t e x e s  t h a t  were ,  

b e f o r e  i n j e c t i o n ,  s t i r r e d  b y  u l t r a s o u n d  i n  o r d e r  t o  

d e s t r o y  e v e n t u a l  a g g r e g a t e s .  A l l  measurements were 

p e r f o r m e d  u n d e r  t h e  t e m p e r a t u r e  o f  21  C. The e x p e r i -  

m e n t a l  c o n d i t i o n s  were chosen  so  t h a t  t h e  u n d e s i r a b l e  

zone b r o a d e n i n g ,  caused  b y  b o t h  n o n e q u i l i b r i u m  and  

r e l a x a t i o n  p r o c e s s e s  w o u l d  be s u p p r e s s e d  ( 2 ) .  T h a t  i s  

why t h e  f l o w  r a t e  d u r i n g  i n j e c t i o n  was 50 / u l / m i n ,  

t h a n  it was s t o p p e d  f o r  t h e  t i m e  o f  r e l a x a t i o n  a n d  r e -  

s t a r t e d  a t  200 u l / m i n .  C o n s t a n t  r o t a t i o n  was main-  

t a i n e d  i n  t h e  w h c l e  c o u r s e  o f  t h e  f r a c t i o n a t i o n .  The 

r o t a t i o n  speed,  i n  r e v o l u t i o n s  p e r  m i n u t e  ( r p m ) ,  and 

r e l a x a t i o n  t i m e s  t ( m i n )  a r e  s p e c i f i e d  on f r a c t o g r a m s  

o f  i n d i v i d u a l  l a t e x  samples.  

/ 

0 

/ 

r 

E l e c t r o n  M i c r o s c o p y  

D i l u t e d  e m u l s i o n  o f  p o l y m e r  l a t e x e s  was l a y e r e d  

on a g l a s s  p l a t e  f a c e  u n d e r  t h e  n i t r o g e n  s t r e a m  and 

d r i e d  i n  t h e  open a i r .  The samples were c o a t e d  w i t h  a 

l a y e r  o f  g o l d  ( a b o u t  10 n m  t h i c k )  i n  a S p u t t e r i n g  

D e v i c e  ( B a l z e r s ) .  The l a t e x  samples were p h o t o g r a p h e d  

b y  means o f  a JSM - 35 s c a n n i n g  e l e c t r o n  m i c r o s c o p e  
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( J e o l ,  J a p a n )  u n d e r  25 1<V and 10,000 x e v e n t u a l l y  

20,000 x m a g n i f i c a t i o n .  The a v e r a g e  p a r t i c l e  s i z e  was 

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

20 t o  30 i n d i v i d u a l  l a t e x  p a r t i c l e s .  

Q u a s i - E l a s t i c  L i g h t  S c a t t e r i n g  

A c o m m e r c i a l  d e v i c e  N a n o s i z e r  ( C o u l t e r  E l e c t r o n i c s ,  

L t d . )  was u t i l i z e d  f o r  measurements.  

S t u d i e d  L a t e x  Samples 

V a r i o u s  t e c h n i q u e s  o f  e m u l s i o n  p o l y m e r i z a t i o n  

were a p p l i e d  f o r  t h e  p r e p a r a t i o n  o f  l a t e x e s .  L a t e x  

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

w i t h  a j a c k e t  and  a s t i r r e r .  Oxygen was removed f r o m  

t h e  r e a c t i o n  m i x t u r e  b e f o r e  t h e  p o l y m e r i z a t i o n  t h a t  

was p e r f o r m e d  i n  i n e r t  a tmosphere .  P o t a s s i u m  p e r s u l -  

p h s t e  was used  a s  t h e  i n i t i a t o r  ( 0 , 2  w / v  % r e l a t e d  t o  

aqueous p h a s e ) ,  s t y r e n e  (ST) o r  g l y c i d y l m e t h a c r y l a t e  

(GMA) e v e n t u a l l y  t h e i r  c o m b i n a t i o n s  were used  a s  mono- 

mers .  PGMA1, PS2 a n d  PGMA5 l a t e x e s  were p r e p a r e d  i n  

t h e  p r e s e n c e  o f  s u r f a c t a n t s ,  t h e  o t h e r s  were p o l y m e r -  

i z e d  w i t h o u t  e m u l s i f i e r  ( 3 ) .  The c o n d i t i o n s  o f  i n d i -  

. : idual  l a t e x e s  p o l y m e r i z a t i o n s  a r e  g i v e n  in T a b l e  1. 

Samples o f  p o l y s t y r e n e  s t a n d a r d  l a t e x e s  (PSS)  

(Duke S c i e n t i f i c ,  P a l o  A l t o ,  C a l i f o r n i a ,  U . S . A . )  were 

used  f o r  c a l i b r a t i o n .  T h e i r  p a r a m e t e r s  g i v e n  by t h e  

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

by means o f  SFFF and  n a n o s i z e r  a r e  summar ized i n  

T a b l e  2 .  
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P h y s i c o -  c hemica 1 c ha r a  c t e r i s  t i c s  o f  t h e  a n a l y z e d  

l a t e x  samples a r e  summar ized i n  T a b l e  2. The mean 

v a l u e s  o f  p a r t i c l e  d i a m e t e r  of t h e  i n d i v i d u a l  samples 

were o b t a i n e d  b y  SFFF a n d  QELS. The r e s u l t s  o f  t h e  

SFFF a n a l y s i s  were c a l c u l a t e d  u s i n g  t h e  above men- 

t i c i n e d  r e l a t i o n s h i p s .  However,  i t  f o l l o w s  f r o m  

E q u a t i o n  ( 4 ) ,  t h a t  t h e  p a r t i c l e  d i a m e t e r  d can  be 

c a l c u l a t e d  o n l y  i f  t h e  d i f f e r e n c e  i n  d e n s i t i e s  aQ 
be tween  t h e  c a r r i e r  f l u i d  and t h e  s e p a r a t e d  sample i s  

known o r ,  on t h e  c o n t r a r y ,  A p  can  be c a l c u l a t e d  if 

t h e  v a l u e  o f  d i s  known. If t h e  d e n s i t y  o f  t h e  

s t u d i e d  sample i s  n o t  known b e f o r e h a n d ,  i t  i s  p o s s i b l e  

t o  c a l c u l a t e  t h e  mean v a l u e s  o f  p a r t i c l e  masses,  i . e . ,  

p r o d u c t  of p d ( w h e r e  

d e n s i t y )  and ,  o f  c o u r s e ,  a l s o  t h e  d i s t r i b u t i o n  c u r v e  

o f  t h e  p a r t i c l e  masses. E m p l o y i n g  SFFF o n l y ,  t h e  

P 

P 

- -  - 
i s  t h e  mean p a r t i c l e  

QP P P  

- 
d e n s i t y  o f  p a r t i c l e s  0, and  a l s o  t h e i r  mean d i a m e t e r  

d can  be measured and c a l c u l a t e d  p r o v i d i n g  t h e  meas- 
- 

a 
ukement i s  p e r f o r m e d  i n  two o r  more l i q u i d s  d i f f e r i n g  

i n  t h e i r  d e n s i t i e s .  Hcwever ,  we d i d  n o t  use t h i s  

e x p e r i m e n t a l l y  c o m p l i c a t e d  p r o c e d u r e .  We o n l y  measured 

a number o f  r e f e r e n c e  p o l y s t y r e n e  s t a n d a r d  l a t e x e s  o f  

known v a l u e s  o f  d and 

mean v a l u e s  o f  d o b t a i n e d  f r o m  measurements p e r f o r m e d  

by b o t h  t h e s e  methods c o i n c i d e d , w h i c h  c o n f i r m e d  t h e  

r e l i a b i l i t y  of t h e  mean v a l u e s  o f  d o b t a i n e d  b y  meas- 

u remen t  e m p l o y i n g  QELS. The v a l u e s  of 2 
a n a l y z e d  samp les  measured b y  means o f  QELS were used 

f o r  c a l c u l a t i o n  o f  t h e  sample d e n s i t i e s  f r o m  SFFF d a t a  

and t h e  d e n s i t y  v a l u e s  were used  f o r  t h e  c a l c u l a t i o n  

o f  t h e  d v a l u e s  s c a l e  on o r i g i n a l  f r a c t o g r a m s .  

u s i n g  SFFF and  QELS. The 
?P - P  

P 
- 

P 
o f  o t h e r  

P 

P 
F i g u r e s  1 and 2 show t h e  f r a c t o g r a m s  o f  i n d i -  

v i d u a l  l a t e x  samp les  p r e p a r e d  i n  o u r  l a b o r a t o r y .  The 
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F i g u r e  1 F r a c t o g r a m s  o f  t h e  p r e p a r e d  l a t e x  samp les  
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F i g u r e  2 F r a c t o g r a m s  o f  t h e  p r e p a r e d  l a t e x  samples 
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COPOLYMER LATEXES CHARACTERIZED BY SFFF 2069 

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

a x i s  o f  e l u t i o n  vo lumes .  The f r a c t o g r a m s  i n  t h e s e  

c o o r d i n a t e s  a r e  u n n o r m a l i z e d  p a r t i c l e  s i z e  d i s t r i b u -  

t i o n  c u r v e s  o f  t h e  a n a l y z e d  samp les .  The d i s t r i b u t i o n  

w i d t h s  o f  a l l  t h e  samples were e v a l u a t e d  f r o m  t h e s e  

f r a c t o g r a m s  and  t h e y  were e x p r e s s e d  a s  r e l a t i v e  p e r -  

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

d i s t r i b u t i o n .  These v a l u e s  a r e  a l s o  summar ized i n  

T a b l e  2. 

P 

F i g u r e  3 shows p h o t o g r a p h s  o f  l a t e x  samples 

t a k e n  b y  t h e  e l e c t r o n  m i c r o s c o p e .  I t  can  be seen ,  by a 

mere c o m p a r i s o n  o f  t h e s e  p h o t o g r a p h s  w i t h  t h e  c a l c u -  

l a t e d  d i s t r i b u t i o n  w i d t h s  t h a t  t h e  c l e a r  d i f f e r e n c e s  

i n  s i z e s  o f  t h e  i l l u s t r a t e d  p a r t i c l e s  c a n n o t  be found  

f r o m  p h o t o g r a p h s  f o r  samples w i t h  n a r r o w  d i s t r i b u t i o n ,  

i . e . ,  f o r  samp les  h a v i n g  l o w  v a l u e s  o f  s t a n d a r d  

d e v i a t i o n s .  E v a l u a t i n g  q u a n t i t a t i v e l y  t h e  d i s t r i b u t i o n  

w i d t h  o f  p a r t i c l e  s i z e s  f r o m  e l e c t r o n  m i c r o s c o p y  

p h o t o g r a p h s  a d i s t o r t i o n  due t o  t h e  p r e s e n c e  o f  p a r -  

t i c l e  a g g r e g a t e s  ( s e e  F i g .  3 )  w o u l d  i n t e r f e r e .  The 

a g g r e g a t e s  may a p p e a r  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  

sample f o r  measurement b y  t h e  e l e c t r o n  m i c r o s c o p y .  

Such p r o b l e m s  do n o t  a p p e a r  w i t h  SFFF where samp les  

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

u remen t  and so  t h e  c a s u a l  a g g r e g a t e s  a r e  d e s t r o y e d ,  

I f  a p a r t  o f  a g g r e g a t e s  r e m a i n e d  i n  t h e  sample,  a 

c l e a r  i n d i v i d u a l  peak ,  c o r r e s p o n d i n g  t o  t h e s e  aggre -  

g a t e s ,  w o u l d  appear  i n  t h e  f r a c t o g r a m .  Such a separa -  

t i c n  o f  a g g r e g a t e s  is due t o  t h e  h i g h  s e l e c t i v i t y  o f  

SFFF. However,  t h e  peaks  o f  a g g r e g a t e s  d i d  n o t  a p p e a r  

i n  any  o f  t h e  f r a c t o g r a m s .  

P h o t o g r a p h s  o f  samp les  PGMA 1, PGMA 5 and  PGMA 6, 

see F i g u r e  3 ,  d e m o n s t r a t e  t h e  p r e s e n c e  o f  p a r t i c l e s  

o f  d i f f e r e n t  s i z e s .  T h i s  q u a l i t a t i v e  e v a l u a t i o n  co- 
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2070 JANCA ET AL. 

F i g u r e  3 Pho tographs  o f  t h e  p r e p a r e d  l a t e x  samples  
t a k e n  by t h e  e l e c t r o n  s c a n n i n g  mic roscope ,  
m a q n i f i c a c i o n  10 000 x.  
(for print ing  purposes these were reduced by 27%) 
a :  PGMA I, b :  PS 2 ,  c :  PGMA 3, d :  PGMA 4 ,  
e :  PGMA 5, f :  PGMA 6. 
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COPOLYMER LATEXES CHARACTERIZED BY SFFF 207 1 

i n c i d e s  w i t h  t h e  r e s u l t s  o f  SFFF measurement t h a t  

showed a s u b s t a n t i a l l y  w i d e r  p a r t i c l e  s i z e  d i s t r i b u -  

t i o n s ,  e x p r e s s e d  a s  s t a n d a r d  d e v i a t i o n s  i n  T a b l e  2 

and  a p p a r e n t  a l s o  f r o m  t h e  f r a c t o g r a m  c o u r s e s  o f  

samp les  PGMA 1, PGMA 5 and PGMA 6 ( s e e  F i g u r e s  1 and 

2 ) .  I t  i s  n o t  s i m p l e  t o  e v a l u a t e  q u a n t i t a t i v e l y  t h e  

d i s t r i b u t i o n  w i d t h  f r o m  t h e  e l e c t r o n  m i c r o s c o p y  

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

t o  f o r m  a g g r e g a t e s .  M o r e o v e r  t h e  f r a c t o g r a m  o f  t h e  

sample PGMA 5 ( s e e  F i g u r e  2 )  e x h i b i t s  c l e a r l y  two  

p e a k s  i n  t h e  p a r t i c l e  s t z e  d i s t r i b u t i o n .  I t  means 

t h a t  t h e  p o l y m e r i z a t i o n  r e a c t i o n  h a d  p r o b a b l y  a two- 

-phase c o u r s e  d u r i n g  t h e  p r e p a r a t i o n  o f  t h i s  sample.  

I t  i s  i m p o s s i b l e  t o  r e v e a l  t h i s  c o u r s e  of t h e  d i s t r i -  

b u t i o n  c u r v e  b y  QELS measurement o r  f r o m  a n  e l e c t r o n  

m i c r o s c o p y  p h o t o g r a p h .  The h i g h e r  peak of  t h e  f r a c t o -  

gram does n o t  c o r r e s p o n d  t o  a g g r e g a t e s  o f  p a r t i c l e s .  

The l a r g e s t  f r a c t i o n s  ( t h e  second, l o w e r  p e a k )  s h o u l d  

be a t  l e a s t  t w i c e  a s  l a r g e  a s  t h o s e  h a v i n g  t h e  m i n i -  

m a l  s i z e  ( t h e  f i r s t ,  h i g h e r  p e a k ) ,  t h a t  i s  n o t  t h e  

case .  

I t  f o l l o w s ,  f r o m  t h e  m e n t i o n e d  r e s u l t s ,  t h a t  

SFFF is a v e r y  s u i t a b l e  method f o r  t h e  h i g h - s p e e d  and 

h i g h l y  s e l e c t i v e  c h a r a c t e r i z a t i o n  o f  t h e  l a t e x e s  on 

t h e  b a s i s  o f  c o p o l y m e r s  o f  g l y c i d y l m e t h a c r y l a t e s .  The 

r e s u l t s  o f  SFFF p r o v i d e  more i n f o r m a t i o n  compared 

w i t h  QELS measurement and w i t h  e l e c t r o n  m i c r o s c o p y ,  

m o r e o v e r  t h e  i n f l u e n c e  o f  p o s s i b l e  a r t e f a c t s ,  such  a s  

t h e  a g g r e g a t i o n s  t h a t  appear  d u r i n g  t h e  sample p r e p a -  

r a t i o n  f o r  e l e c t r o n  m i c r o s c o p y  measurements i s  e l i m i -  

n a t e d .  SFFF is t h e  o n l y  among t h e  compared methods 

t h a t  makes i t  p o s s i b l e  t o  f i n d  even  v e r y  s m a l l  

i r r e g u l a r i t i e s  i n  p a r t i c l e s  s i z e  d i s t r i b u t i o n  of t h e  

a n a l y z e d  samp les .  
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