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CHARACTERIZATION OF DEXTRANS BY SIZE EXCLUSION 
CHROMATOGRAPHY USING DRI/LALLSP DETECTOR SYSTEM 

C . J .  K i m ,  A.E. Hamielec and A .  Benedek 
Department of Chemical Engineer ing 

McMaster U n i v e r s i t y ,  Hamilton, Ontar io  
Canada L8S 4L7 

ABSTRACT 

Herein i s  r e p o r t e d  an experimental  i n v e s t i g a t i o n  of t h e  
molecular  weight c h a r a c t e r i z a t i o n  of d e x t r a n s  by aqueous SEC w i t h  

a DRI/LALLSP d e t e c t o r  system. Methodology for - t h e  de te rmina t ion  
of t h e  molecular weight c a l i b r a t i o n  curve  and peak broadening 

p a r a m e t e r  o2 ( v a r i a n c e  o f  a G a u s s i a n  i n s t r u m e n t a l  s p r e a d i n g  
f u n c t i o n )  a c r o s s  t h e  chromatogram have been developed. A blend of 

dext ran  s t a n d a r d s  permi ts ,  with one i n j e c t i o n ,  measurement of t h e  
molecular  weight c a l i b r a t i o n  curve  over a wide range o f  r e t e n t i o n  

volumes. Measurements with s a l t - f r e e  water as mobile phase have 

confirmed t h a t  some dextran c h a i n s  may have a n e g a t i v e  charge.  

INTRODUCTION 

The use of an LALLSP d e t e c t o r  with SEC i s  a r e l a t i v e l y  r e c e n t  
development’-8. In fact ,  t o  d a t e ,  use of aqueous SEC wi th  a 
LALLSP d e t e c t o r  wi th  d e x t r a n s  has  been repor ted  o n l y  once 8 . 
Dextran was chosen a s  a tes t  s o l u t e  t o  develop t h e  technique  a s  
prev ious  s t u d i e s  showed t h a t  aqueous SEC of t h e s e  polymers was 
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426 KIM, HAMIELEC, AND BENEDEK 

r e l a t i v e l y  s t r a i g h t f o r w a r d  w i t h  t h e  absence  of s i g n i f i c a n t  i o n  
e x c l u s i o n  a n d  a d s o r p t i o n  a n d  w i t h  a w i d e  r a n g e  o f  we l l  

c h a r a c t e r i z e d  b r o a d  M W D  s t a n d a r d s  a v a i l a b l e  c o m m e r c i a l l y  . 
G e n e r a l i z e d  e q u a t i o n s  which correct for d i s p e r s i o n  i n  t h e  d e t e c t o r  

c e l l  and which are a p p l i c a b l e  for t h e  c a s e  of a n o n l i n e a r  
m o l e c u l a r  we igh t  c a l i b r a t i o n  c u r v e  and peak b roaden ing  p a r a m e t e r s  

w h i c h  c h a n g e  w i t h  r e t e n t i o n  vo lume  and  m o l e c u l a r  s i z e  h a v e  

r e c e n t l y  been p u b l i s h e d f o p 1 ' .  These c o r r e c t i o n  e q u a t i o n s  form t h e  
b a s i s  f o r  t h e  me thod  o f  d e t e r m i n i n g  t h e  m o l e c u l a r  w e i g h t  

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

chromatogram of a broad MWD polymer deve loped  h e r e i n .  

9 

THEORY 

I t  i s  as sumed  t h a t  T u n g ' s  i n t e g r a l  e q u a t i o n  a d e q u a t e l y  

d e s c r i b e s  peak b roaden ing  i n  t h e  aqueous SEC o f  d e x t r a n s .  
m 

F ( v )  = I w(y) G(v ,y )  dy (1)  
0 

A d i s t r i b u t i o n  f u n c t i o n  w(v ,y )  which d e s c r i b e s  peak b roaden ing  i n  

t h e  d e t e c t o r  c e l l  is now d e f i n e d .  w(v,y)  dvdy is t h e  area unde r  
t h e  d e t e c t o r  r e s p o n s e  a t  r e t e n t i o n  volume, v-v+dv due t o  s p e c i e s  

w i t h  mean r e t e n t i o n  volume, y-y+dy. 

h a s  t h e  f o l l o w i n g  p r o p e r t i e s .  

w(v ,y )  = w(y) G(v,y)  

w(v ,y )dy  = F ( v )  
m 

0 

T h i s  d i s t r i b u t i o n  f u n c t i o n  

It is now assumed t h a t  t h e  i n s t r u m e n t a l  s p r e a d i n g  f u n c t i o n ,  G(v,y)  
2 i s  Gaussian w i t h  a v a r i a n c e ,  d ( v )  which depends on r e t e n t i o n  

volume. It is  f u r t h e r  assumed t h a t  w(v ,y )  is  Gauss i an  and of t h e  

form. 
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CHARACTERIZATION OF DEXTRANS 427 

w(v,y)  = F ( v )  e x p ( ( v  - 7(v)12/2  r ( v 1 2 j  ( 5  1 
~ 2 r  a(v12 

2 2 The mean f ( v )  and var iance  z ( v )  of w(v,y) can be r e l a t e d  t o  u ( v )  

t h e  v a r i a n c e  o f  t h e  ins t rumenta l  spreading  func t ion  and t o  D 2 ( V )  

t h e  l o c a l  s lope  of t h e  molecular weight c a l i b r a t i o n  curve  which is 

given  by 

M(y) = D,(v)  exp (- D2(v)y) (6) 
a s  fo l lows  

n 

It i s  c l e a r  t h a t  y ( v )  and should not  depend on D,(v) and 

indeed t h i s  
e q u a t i o n s  ( 7 )  

Once y ( v )  and 
c o n c e n t r a t i o n  

11 
L 

has been shown . For computat ional  convenience 

and ( 8 )  a r e  used with any convenient  va lue  o f  D2(v). 
- 2  U(v) a r e  known, t h e  c o r r e c t e d  response f o r  t h e  mass 
d e t e c t o r  i s  given by 

(2a 1 

The c o r r e c t i o n  equat ion f o r  t h e  weight-average molecular  weight i n  

t h e  d e t e c t o r  c e l l  fol lows.  

2 2 w(v) = F(v)(u(v) / ; ; (v))exp(-(v - y ( v ) )  /2;(v) ) 

T h i s  e q u a t i o n  i s  l a t e r  u s e d  t o  d e t e r m i n e  u ( v  ) a c r o s s  t h e  

chromatogram and then e q u a t i o n s  (71, ( 8 )  and ( 9 )  a r e  used t o  

determine t h e  c o r r e c t e d  d e t e c t o r  response ,  w(v). 

EXPERIMENTAL 

O p e r a t i o n a l  d e t a i l s  of t h e  aqueous SEC chromatograph employed 

fol low: 
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428 KIM,  HAMIELEC, AND BENEDEK 

Packing: 3/8 i n c h  I D  c o l u m n s  ( 4  f o o t  l o n g  a p p r o x . )  

dry-packed with C P G I O  200/400 and 120/200 mesh 

g l a s s  packings 

Mobile phase: 0.05 M K2HP04 (NaOH t o  pH = 7.0) i n  deionized 

d i s t i l l e d  water  

Flowrate: lml/min. 

Sample size: 0.4 r n l  a t  0.5-1.0 w t %  s o l u t i o n  

Temperature: ambient 

I n l i n e  f i l t e r :  0.22 micron Mi l l ipore  

Detec tors :  Waters R-403 D R I  and Chromatix KMX-6 w i t h  angle  

6-7' and f i e l d  s t o p  0.15. 

Polymer Samples: Phamacia  dext ran  s t a n d a r d s  and s p e c i a l  

b l e n d s  of  t h e s e  s t a n d a r d s  wi th  a d e s i r e d  molecular  

weight d i s t r  i b  u t  ion. 
A published s p e c i f i c  r e f r a c t i v e  index increment (dn/dc = 

0.1378) f o r  dext ran  i n  0.05 M K2HP04 (pH = 7.0) a t  a wavelength A 
= 632.8 nm was used  i n  t h i s  i n v e s t i g a t i o n  . A second v i r i a l  

c o e f f i c i e n t  (Ag  = 0.41 x ml/gmole) was determined for dext ran  

s tandard  T250. S e t t i n g  A2 = 0 i n  t h e  measurement o f  % ( V , L I C )  

in t roduced an e r r o r  o f  less t h a n  22,  however. This  c o r r e c t i o n  for 
polymer s o l u t e  c o n c e n t r a t i o n  was t h e r e f o r e  neglec ted  f o r  a l l  t h e  

dext ran  samples c h a r a c t e r i z e d .  

12 

RESULTS AND DISCUSSION 

To opt imize pore size for t h e  dext ran  s t a n d a r d s ,  s i n g l e  

columns conta in ing  one pore s i z e  were c a l i b r a t e d .  Molecular 

weight c a l i b r a t i o n  curves  f o r  t h e s e  s i n g l e  columns of d i f f e r e n t  

l e n g t h  a r e  shown i n  F ig ,  1. I n  agreement w i t h  a previous  
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CHARACTERIZATION OF DEXTRAHS 429 

I I I I I I I 
20 25 30 35 40 45 

RETENTION VOLUME ( ml) 

F i g u r e  1. M o l e c u l a r  w e i g h t  c a l i b r a t i o n  c u r v e s  o b t a i n e d  u s i n g  
Pharmacia dext ran  s t a n d a r d s  with CF’G10 packings,  mobile  
phase - 0.05% K2HP04(pH=7.0) a t  1.0 ml/min. 

i n ~ e s t i g a t i o n ’ ~  pore  s i z e s  of 700A, 500A, 240A and 75A gave 

s u i t a b l e  peak s e p a r a t i o n  and were used i n  t h i s  i n v e s t i g a t i o n .  
With a proper choice  of  column l e n g t h  f o r  each pore s i z e  a cOlmIn 

combination was s e l e c t e d  which gave an almost l inear  molecular  

weight c a l i b r a t i o n  curve over a wide molecular  weight range. To 
c o n s t r u c t  t h e  c a l i b r a t i o n  curve  t h e  root-mean-square (dM,*flw) or 

Rrms molecular  weight is ass igned  t o  the peak p o s i t i o n .  This 
procedure is i n  genera l  not  v a l i d  f o r  a l l  broad MWD s t a n d a r d s ,  
however it does provide a good first guess  of t h e  molecular  weight 
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430 KIM,  HAMIELEC, AND BENEDEK 

c a l i b r a t i o n  curve.  The molecular  weight c a l i b r a t i o n  curves  f o r  

t h e  chosen column combination using Grms a t  t h e  peak p o s i t i o n  and 
SEC/DRI/LALLSP a r e  shown i n  Fig.  2. The ffrms was c a l c u l a t e d  us ing  

R, and v a l u e s  suppl ied  by Pharmacia. The SEC/DRI/LALLSP 

c a l i b r a t i o n  curve was found by s e t t i n g  M(v) = f lw(v,uc)  a t  t h e  peak 

p o s i t i o n  of t h e  broad MWD s t a n d a r d s .  An examination of equat ion  

lo6 

I- 
S 

w 
(3 

3 
g lo5 
1 
3 
0 w 
-I 
0 
5 

lo4 

85 too 115 I30 145 160 
RETENTION VOLUME ( m l  

5 

Figure  2. M o l e c u l a r  w e i g h t  c a l i b r a t i o n  c u r v e s  f o r  o p t i m i z e d  
column combination of CPG10 packings  us ing  Pharmacia 
dext ran  s t a n d a r d s  (fl SEC/DRI/LALLSP) and dext ran  
standard-X (SEC/DRI/LmiP),  
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CHARACTERIZATION OF DEXTRANS 43 1 

(9) r e v e a l s  t h a t  t h e  c o r r e c t i o n  f o r  peak broadening is smal l  near  

t h e  peak p o s i t i o n  j u s t i f y i n g  t h e  assumption,  M(v) = M,(v,uc). 

Typical  responses  obtained from SEC/DRI/LALLSP a r e  shown i n  
F ig .  3. The n o i s e  i n  t h e  LALLSP response  c l e a r l y  shows t h a t  

p a r t i c u l a t e  m a t t e r  and deformable micelles pass  through t h e  i n l i n e  

0.22 U m  f i l t e r  and e n t e r  t h e  d e t e c t o r  ce l l .  To o b t a i n  a 

r e l a t i v e l y  smooth LALLSP response t h e  mobile phase is pumped 

cont inuous ly  a t  a low f lowra te  (0 .1  ml/min) when t h e  chromatograph 

- 

I l l l l l l l l l l l l l l l ~  
100 110 120 130 140 150 160 170 180 

RETENTION VOLUME ( m l )  

Figure  3. SEC/DRI/LALLSP chromatograms f o r  Pharmacia  d e x t r a n  
s t a n d a r d  T?O. 
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432 KIM, HAMIELEC, AND BENEDEK 

is not being used. To prepare  t h e  system f o r  use t h e  f l o w r a t e  i S  

increased  t o  t h e  d e s i r e d  l e v e l  ( 1  ml/min i n  t h i s  s tudy)  and run 
f o r  5-6 hours  before  a polymer sample i s  i n j e c t e d .  We have 
observed t h a t  wi th  t h e  i n i t i a l  s t a r t u p  of an SEWDRIAALLSP from 

zero  f l o w r a t e ,  it can take  up t o  a week o f  o p e r a t i o n , b e f o r e  an 
LALLSP response has an acceptab le  s ignal- to-noise  r a t i o .  

The c a l c u l a t i o n a l  procedure f o r  f i n d i n g  d v )  a c r o s s  t h e  
chromatogram of a s i n g l e  broad MWD s t a n d a r d  i s  now discussed .  The 

c a l i b r a t i o n  curve  M(v) and i ts  s l o p e  D2(v) have a l r e a d y  been 
determined (SEC/DRI/LALLSP i n  Fig. 2). fdw(v,uc) is measured by 
SEC/DRI/LALLSP leaving  one unknown d v ) .  a ( v )  was found using a 

s i n g l e - v a r i a b l e  s e a r c h  (F ibonnaci  s e a r c h  i n  t h i s  s t u d y )  a c r o s s  t h e  

chromatogram. Typica l  r e s u l t s  f o r  t h e  two d e t e c t o r  responses  and 
a ( v )  a r e  shown i n  Fig. 4. It is encouraging t h a t  t h e  magnitude o f  

o ( v )  per u n i t  column l e n g t h  and t h e  dependence o f  u ( v )  on 

12.0 1 

X - * . O t  

I d  6.01 

4'01 2 .O 

I 
O.O 80 

- 12 0 
- 
E 

- 8.0 ; 
b 
- 

- 40 

0.0 
100 I20 140 I60 180 

RETENTION VOLUME (m I) 

Figure  4. SEWDRIfLALLSP chromatograms f o r  a blend of Pharmacia 
dext ran  s t a n d a r d s  (71% T250 and 29% T40) and c a l c u l a t e d  
peak broadening parameter U ( v )  . 
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CHARACTERIZATION OF DEXTRANS 433 

r e t e n t i o n  volume is  i n  genera l  agreement with t h a t  observed by 
Basedow e t  a l .  13 

We now d i s c u s s  a technique o f  f i n d i n g  t h e  t r u e  molecular  

weight  c a l i b r a t i o n  curve us ing  one very broad MWD s tandard  having 
a designed chromatogram shape. The broad MWD s t a n d a r d  is obta ined  

by mixing a number of broad MWD Pharmacia s t a n d a r d s  t o  o b t a i n  t h e  

d e s i r e d  chromatogram shape. An observa t ion  o f  e q u a t i o n  ( 9 )  

r e v e a l s  t h e  r e q u i r e d  s h a p e .  One would l i k e  t h e  r a t i o  

f-!w(v,uc)/M(v) t o  be a s  c l o s e  t o  u n i t y  as  p o s s i b l e  over a wide 
range of r e t e n t i o n  volumes so t h a t  an flw(v,uc) measurement g i v e s  a 
p o i n t  on t h e  molecular  weight c a l i b r a t i o n  curve.  The exponent ia l  

f a c t o r  is  always g r e a t e r  than  u n i t y  and it is t h e r e f o r e  d e s i r a b l e  
t h a t  t h e  pre-exponent ia l  f a c t o r  be less than u n i t y  h o p e f u l l y  t o  
almost compensate and g i v e  a r a t i o  c l o s e  t o  one. A very  broad MWD 

s tandard  (STANDARD-X) was made by mixing T250(53wt . % I ,  T40(2%t .%) 

and TlO(18wt.b). The SEC/DRI/LALLSP responses  a r e  shown i n  F ig .  

5. Standard X i s  now used t o  determine t h e  molecular  weight 
c a l i b r a t i o n  curve.  The molecular  weight c a l i b r a t i o n  curve  is 

t aken  t o  be l i n e a r  over a narrow r e t e n t i o n  volume range (v, t o  

vi+,) .  Equation (9) is now rear ranged  t o  g i v e  

2 
F(vi - D2Ui 1 F(vi+,) 

I I 
F ( V ~ + ~  - D2cri+:)F(vi) 

Given a i  a c r o s s  t h e  chromatogram, one can s o l v e  equat ion  (9a)  for  

D2 and then equat ion  (9) f o r  D ,  a c r o s s  t h e  chromatogram. The 
molecular  weight c a l i b r a t i o n  curve  i s  t h u s  e s t a b l i s h e d .  The 
drawback of having t o  know ui i s  not  a s e r i o u s  one. In f a c t ,  t h e  

de te rmina t ion  of t h e  molecular  weight  c a l i b r a t i o n  curve  w i t h  

s p e c i a l l y  prepared Standard-X is very i n s e n s i t i v e  t o  ui a s  i s  

shown i n  Table  1. The first column of fiW(v,uc)/M(v) va lues  were 
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I I I I I I I I I I I I 

90 100 110 I20 130 140 150 160 170 180 190 200 
RETENTION VOLUME ( ml) 

Figure  5. SEC/DRI/LALLSP chromatograms for  a blend o f  Pharmacia 
dext ran  s t a n d a r d s  c a l l e d  standard-X (53% T250, 29% T 4 0  
and 18% T10). 

obtained using t h e  prev ious ly  measured (J(v)  va lues .  To i l l u s t r a t e  
t h e  l a c k  of  s e n s i t i v i t y  of t h i s  r a t i o  t o  a ( v ) ,  v a l u e s  o f  up t o  50% 

lower and 50% higher  were employed and Rw(v,uc)/M(v) c a l c u l a t e d .  
These c a l c u l a t i o n s  c l e a r l y  i n d i c a t e  t h a t  t h e  designed shape of t h e  

chromatogram f o r  Standard-X h a s  served t h e  purpose o f  g i v i n g  

Rw(V,uc)/M(v) r a t i o s  c l o s e  t o  u n i t y  over a wide range of r e t e n t i o n  
volumes. They a l s o  i n d i c a t e  t h a t  when Standard-X is used t o  
o b t a i n  the  molecular weight c a l i b r a t i o n  curve  a p r e c i s e  knowledge 

o f  U(v) i s  n o t  r e q u i r e d .  I n  o t h e r  words  peak b r o a d e n i n g  
parameters  a r e  not  requi red  when using Standard-X t o  o b t a i n  t h e  

molecular weight c a l i b r a t i o n  c u r v e  ( a ( v )  can be set e q u a l  t o  z e r o  
with small  e r r o r ) .  
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TABLE 1 

Standard-X - S e n s i t i v i t y  t o  Peak Broadening Parameter 

Rw(v,uc)/M(v) 
Retent ion 
volume 

( m l )  
u(v) 0.8 a ( v )  0.5 a ( v )  1.2 a ( v ) *  1.5 u ( v ) *  

a c t u a l  

110.6 0.922 0.951 0.981 - - 
115.6 0.915 0.952 0.983 - - 
120.6 0.972 0.983 0.994 0.961 - 
125.6 1.011 1.006 1.002 1.019 1.036 
130.6 1.036 1.024 1 * 010 1.052 1.076 

135.6 1.028 1.018 1.007 1.032 1.057 

140.6 1.032 1.021 1.008 1.045 1.067 
145.6 1.032 1.020 1.008 1.045 1.072 
150.6 1.026 1.016 1.006 1.038 1.060 

155.6 1.018 1.011 1.004 1.026 1.041 

160.6 1.017 1.011 1.004 1,024 1.038 

165.6 1.018 1.012 1.005 1.026 1.040 

170.6 1.019 J.012 1.005 1.027 1.042 

175.6 1.025 1.016 1.006 1.036 1.059 

180.6 1.015 1.010 1.004 1.021 1.031 

C a l c u l a t i o n s  a t  low r e t e n t i o n  volumes  were n o t  p o s s i b l e  
because of  excess ive ly  l a r g e  (J( v)  . 

The m o l e c u l a r  w e i g h t  c a l i b r a t i o n  c u r v e  o b t a i n e d  u s i n g  
S t a n d a r d 4  was f i t t e d  by equat ion  (10) 

I n  M(v) = 17.80 - 1.695~10-~ V - 2.158~10-~ V2 (10) 

and is shown p l o t t e d  in Fig. 2. 
The use o f  t h e  a n a l y t i c a l  s o l u t i o n  f o r  w(v) (given as 

As equat ion  (2a))  f o r  Pharmacia s tandard  T70 is shown i n  Fig.  6. 
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RETENTION VOLUME (m I) 

Figure  6. S E C / D R I  c h r o m a t o g r a m s  ( r a w  and c o r r e c t e d  f o r  peak 
broadening)  f o r  Pharmacia dext ran  s tandard  T70. 

expected a g r e a t e r  c o r r e c t i o n  f o r  peak broadening is r e q u i r e d  a t  

t h e  high molecular  weight end o f  t h e  chromatogram. The a ( v )  

v a l u e s  used f o r  t h e  c o r r e c t i o n  a r e  those  shown i n  Fig. 4. 
Molecular weight c h a r a c t e r i z a t i o n  d a t a  (flN and Rw) measured 

f o r  a number of Pharmacia dext ran  s t a n d a r d s  a r e  presented i n  Table  

2. Molecular weight averages  f o r  t h e  whole polymers c o r r e c t e d  f o r  
peak  b r o a d e n i n g  (MN(c) ,  n,(c))  were  c a l c u l a t e d  u s i n g  two 

c a l c u l a t i o n  pa ths .  
The first c a l c u l a t i o n  path employed equat ions  ( l l a )  and (lib) 

m - 
MN(c) = (I FN(v) /yN(v ,uc)dv)- l  ( 1  l a )  

0 
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CHARACTERIZATION OF DEXTRANS 437 

TABLE 2 

Molecular Weight C h a r a c t e r i z a t i o n  of Dextrans by SEC/DRI/LALLSP 
Using Two Calcula t ion  Pa ths  ( e q u a t i o n s  ( l l a , b )  and e q u a t i o n s  
( 13a, b )  ) . 

flN UN *W UN *” Sample 
Pharmacia (Equat ions  ( 1  1a.b) 1 (Equat ions (13a ,b)  1 

T250 112.5 231.0 100.3 226.0 90.0 256.0 

T150 86.0 154.0 76.9 141.0 69.6 139.1 

T110 76.0 106.0 79.2 100.5 72.3 100.3 

T70 42.5 70.0 43.0 70.4 40.1 69.4 
T40 28.9 44.4 25.6 42.7 25.7 42.2 

T 20 15.0 22.3 16.9 22.7 14.7 22.7 

where FN(v) i s  t h e  normalized D R I  d e t e c t o r  response and & ( v , u c )  

i s  t h e  weight average molecular  weight measured by SEC/DRI/LALLSP 

with no c o r r e c t i o n s  f o r  peak broadening. EN(v,uc)  was c a l c u l a t e d  

using equat ion  (12) .  

where D2(v) is obta ined  from t h e  molecular  weight c a l i b r a t i o n  

curve  and with t h e  peak broadening c a l i b r a t i o n  procedure 

descr ibed  e a r l i e r .  

The second c a l c u l a t i o n  path employed equat ions  (13a)  and 

(13b) .  

(1 3a) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



438 KIM, HAMIELEC, AND BENEDEK 

75 95 I15 135 155 
RETENTION VOLUME (ml) 

Figure  7.  SEC/DRI/LALLSP c h r o m a t o g r a m s  f o r  P h a r m a c i a  d e x t r a n  
s tandard  T150 with water free of  s a l t  a s  the  mobile 
phase showing the  so called "ghosttt peak. 

where w(v) i s  t h e  D R I  d e t e c t o r  response c o r r e c t e d  f o r  peak 
broadening v i a  equat ion  (2a)  and normalized. The v a l u e s  f o r  ff, 
and flw found using t h e  two c a l c u l a t i o n  p a t h s  a r e  i n  good agreement 
(probably wi th in  experimental  e r r o r ) .  The recomended procedure 
i s  t o  use S E C / D R I / L A L L S P  t o  d e t e r m i n e  t h e  m o l e c u l a r  w e i g h t  

c a l i b r a t i o n  curve  and the peak broadening parameter o ( v ) ~  a c r o s s  
the  r e t e n t i o n  volume range of i n t e r e s t  a s  described and then f o r  
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80 100 120 140 160 
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H w ( v , u c )  measured  by SEC/DRI/LALLSP for  Pharmacia  
d e x t r a n  s tandard T150 w i t h  water  f r e e  o f  s a l t  a s  t h e  
mobile phase showing t h e  e f f e c t  o f  t h e  flghost" peak. 

F i g u r e  8. 

f u r t h e r  dext ran  c h a r a c t e r i z a t i o n s  t o  use SEC/DRI and e q u a t i o n s  

( 1 3 a , b ) .  The use of LALLSP onl ine with SEC need only be  made f o r  

t h e  i n i t i a l  c a l i b r a t l o n .  

F i n a l l y ,  it was decided t o  i n v e s t i g a t e  t h e  so c a l l e d  "ghost" 

peaks found with d e x t r a n s  and SEC when pure water free o f  s a l t  i s  
used  a s  m o b i l e  phase  . T y p i c a l  d e t e c t o r  r e s p o n s e s  f o r  

SEC/DRI/LALLSP using water f r e e  o f  s a l t  a s  mobile phase a r e  shown 

i n  Fig. 7. The apparent  high molecular  weight  peak had \ ( v , u c )  

v a l u e s  which were smal le r  than  expected on t h e  b a s i s  of a 

molecular  s i z e  s e p a r a t i o n  ( s e e  Fig. 8). Apparent ly ,  some dext ran  
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440 KIM, HAMIELEC, AND BENEDEK 

c h a i n s  may have a nega t ive  charge and exper ience  ion exc lus ion  

from t h e  CPG10 packing.  

SUMMARY 

A methodology f o r  t h e  use of  aqueous SEC/DRI/LALLSP wi th  

dext rans  has  been developed. This  i n c l u d e s  procedures  f o r  t h e  

de te rmina t ion  of  t h e  molecular  weight c a l i b r a t i o n  curve  using a 

broad MWD s tandard  with a designed chromatogram shape. Also 

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

broadening parameter, U2 ( v a r i a n c e  o f  a Gaussian ins t rumenta l  

spreading func t ion)  over a w i d e  r e t e n t i o n  volume range using a 

s i n g l e  broad MWD s tandard .  

1. 

2. 

3. 

4. 

5. 

6.  
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