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SIMULTANEOUS CALIBRATION OF 

MOLECULAR WEIGHT SEPARATION AND COLUMN 

DISPERSION OF GPC BY COUPLING WITH LALLIS* 

Zhi-Duan H e ,  Xian-Chi Zhang, Rong-Shi Cheng 

I n s t i t u t e  of  Applied Chemistry 

Chinese Academy of Sciences 

Changchun, Peop le ' s  Republic of  China 

ABSTRACT 

I t  i s  shown t h e o r e t i c a l l y  and experimental ly  t h a t  bo th  t h e  c a l i b r a -  
t i o n  of  t h e  molecular  weight s e p a r a t i o n  and column d i s p e r s i o n  can be 
eva lua ted  s imultaneously by coupl ing ge l  chromatograph with low ang le  
l i g h t  s c a t t e r i n g p h o t o m c t e r  . The expe r imen ta l ly  determined v a r i a t i o n  
of t h e  spreading f a c t o r  with r e t e n t i o n  volume is q u i t e  similar t o  t h a t  
ob ta ined  by Tung us ing  r e v e r s e  flow t echn ique .  
i s  given f o r  t h e  lowering of inhomogeneity index p r i n t e d  by t h e  d a t a  
p rocesso r  of t h e  on - l ine  GPC-LALLS. 

A c o r r e c t i o n  method 

INTRODUCTION 

Gel Permeation Chromatography (GPC) i s  a powerful t echn ique  f o r  

polymer c h a r a c t e r i z a t i o n ,  bu t  t h e  experimental  chromatogram ob ta ined  

i s  broadened by column d i s p e r s i o n  ( in s t rumen ta l  sp read ing) .  S t r i c t l y  

speaking, i t  i s  necessa ry  t o  c a r r y  ou t  a c a l i b r a t i o n  f o r  column d i s -  

pe r s ion  i n  a d d i t i o n  t o  t h e  c a l i b r a t i o n  €or molecular  weight s epa ra t ion .  

C a l i b r a t i o n  of column d i spe r s ion  i s  a troublesome task s i n c e  t r u l y  

monodispersed polymer s t anda rds  arc u n a v a i l a b l e .  The experimental  

eva lua t ion  of t h e  column d i s p e r s i o n  was only p o s s i b l e  by such soph i s -  

t i c a t e d  techniques as reverse-f low [1,2] o r  r e c y c l e  [3 ,4 ]  methods. 

*Presented at the Gpc Symposium, Chinese Chemical S o c i e t y ,  G u i l i n ,  
People's Republic of China,  June 2-6, 1981. 

1209 

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



1210 HE,  ZHANG, AND CHENG 

In t h e  p r e s e n t  work, i t  i s  shown t h c o r c t i c a l l y  and expe r imen ta l ly  

t h a t  both t h e  c a l i b r a t i o n  of t h c  molecular  weight s e p a r a t i o n  and 

column d i spe r s ion  can be eva lua ted  s imul taneous ly  by coup l ing  GFC wi th  

a low ang le  laser s c a t t e r i n g  photometer (LALLS) us ing  a nurnber of po ly -  

d i spe r sed  samples wi th  d i f f e r e n t  average  molecular  weights  wh i l e  t h e  

a b s o l u t e  va lues  of them a r c  unnccessa r i ly  known a p r i o r i .  The exper -  

imenta l  cletermined v a r i a t i o n  of t h e  spreading  f a c t o r  wi th  r e t e n t i o n  

volume i s  q u i t e  s i m i l a r  t o  t h a t  ob ta ined  by Tung [ 1 , 2 ]  u s i n g  r e v e r s e  

f l o w  t echn ique .  

GFC-LALLS i s  h i g h e r  t han  t h e  a c t u a l  one; and t h u s  t h e  inhomogeneity 

index i s  lower [ 5 , 6 ] .  In t h i s  work, a c o r r e c t i o n  method f o r  t h e s e  

c f f c c t s  i s  a l s o  p rc sen tcd .  

"he exper imenta l  nuiiiber ave rage  molecular  weight from 

TI IBORET ICAI. 

When l,Al,l,S i s  conncc tcd  wi th  G I X ,  t h e  polymer samplc i n  t h c  

1,ALI.S measuring c e l l  i s  s t i l l  po lyd i spe r sed  due t o  column d i s p e r -  

s i o n ,  t h e r e f o r e  t h e  v a r i a t i o n  o f  t h e  weight ave rage  molecular  weight 

of t h e  polymer i n  t h e  mcasuring c e l l  wi th  t h e  e l u t i o n  volume V i s  

d i r e c t l y  mcasurcd. 

The r c l a t j o n s h i p  bctwcen t h e  experi.mcnta1 chromatogram F(Vj and - 
t h e  t r u e  chroma tog ram^ (V,) can be  expressed  by T u n g ' s  i n t e g r a l  

cqu:it ion [ 71 

r 

where C(V,V,) is t h e  ins t rumenta l  spreading  f u n c t j o n ,  r e p r e s e n t i n g  

exper imenta l  chromatogram o f  a t r u e l y  monodispersed polymer wi th  

Vn a s  i t s  r e t e n t i o n  volume. Fresume G(V,V,j i h  Gau3sian and t h e  

monodisperse c a l i b r a t i o n  r e l a t i o n  M(VRj of t h e  ge l  chromatographic 

column i s  

Ln M = A, - BMVR (2 )  

Yau e t  a l .  [ 8 ]  had de r ived  t h e  r e l a t i o n s h i p  between wcight and numbcr 

average  molecular  wcight and e l u t i o n  volume a h  

( 3 )  F ( V  - B u') 
Mw(V)  = eXp(tB$U:)eXp(AM - BMV) 
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MOLECULAR WEIGHT SEPARATION AND COLUMN DISPERSION 1 2 1 1  

( 4 )  2 2  F(V)  
Mn(V)  = F(V + BMU:) exp(-&BMoo)exp(AM -BMV) 

Where & i s  t h e  spreading f a c t o r ,  i . e .  t h e  va r i ance  of  t h e  sp read ing  

func t ion .  

If F ( V )  i s  a l s o  Gaussian 

( V  - 5 ) 2 }  (5) 
F (V)  = 1 exp{- 1 

* T a n  T- 
i n  which 7 a n d 4 r e f e r  t o  t h e  mean e l u t i o n  volume and t h e  va r i ance  o f  

t h e  experimental  chromatogram F(V) r e s p e c t i v e l y .  S u b s t i t u t i n g  it i n t o  

Eqs. 3 and 4 and in t roduc ing  a p a r a m e t e r s  d e f i n e d  as [9] 

5 2  = (0 ;  - u;)/o; ( 6 )  

t h e  v a r i a t i o n  of  t h e  experimental ly  determined average molecular  weights  

of t h e  e l u t e d  polymer with e l u t i o n  volume.could be r e p r e s e n t e d  by [ l o ]  
L n  M W ( V )  = [AM- ( I - ~ ~ B ~ ( V - ~ B , ~ ~ U : )  ] - E . ~ B ~ v  ( 7 )  

Since t h e  logari thm of  t h e  average molecular  weight v a r i e s  l i n e a r l y  

with t h e  e l u t i o n  volume, then Eqs. 7 and 8 can be w r i t t e n  b r i e f l y  as 

L n  Mw(V)  = AW - BWV 

Ln Mn(V) = An - BnV 

Aw = AM - (1 -5')BM (t - ~ B M ~ 2 0 ~ )  
where 

An = AM - (1  -E2)BM (0 - fBMc2o;) 

Bw = Bn  = c z B M  

Determination of t h e  C a l i b r a t i o n  Re la t ion  M ( V R ) :  

In coupl ing GPC with LALLS t h e  f u n c t i o n  % ( V )  i s  d i r e c t l y  measured 

by experiments.  If t h e  d i s t r i b u t i o n  of  t h e  sample is  n e a r l y  Gaussian 

Eq.7 should be  complied.  From t h e  experimental  d a t a  c o e f f i c i e n t s  A\c, 

and B , o f  Eq. 7a can be  obtained.  

depends both upon t h e  spreading e f f e c t  of t h e  column and upon t h e  d i s -  

t r i b u t i o n  width of t h e  sample, and on t h e  o t h e r  hand from Eq .  11 and t h e  

d e f i n i t i o n  of 6 , i t  i s  obvious f o r  a po lyd i spe r sed  sample i n  a real 

GPC column o < 5 < 1 .  

Since t h e  magnitude o f  t h e  parameter  

Then t h e  s lope  Bwof t h e  experimental  f u n c t i o n  
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1212 HE, ZHANG, AND CHENG 

M&) must be  smaller than t h e  s lope  Bm of t h e  monodisperse c a l i b r a t i o n  

r e l a t i o n  M(VR). The 
coord ina te s  of  t h e  c r o s s  p o i n t  of M,(V) arid M(VR) can be  solved from 

E q s .  2 and 7. 

They must c r o s s  each o t h e r  a t  a c e r t a i n  p o i n t .  

The c o o r d i n a t e  of t h e  cross p o i n t  volume V,is - 
Vw = V - 1BwS2o: (12)  

applying Eq. 11 it can a l s o  be expressed as  

- 
V W  = V - ~Bwu: 

Since t h e  mean e l u t i o n  volume 5 and t h e  va r i ance  a20f a sample can b e  

obtained f rom F(V) and t h e  c o e f f i c i e n t s  A,,,, and Bw a r e  a v a i l a b l e  from 

GPC on- l ine  with I,AI,LS, t h e  c r o s s  p o i n t  volume Vwof t h a t  sample on 

M(VR) could be  eva lua ted  r e a d i l y .  Afterwards,  by E q .  7a, t h e  molecular  

weight of  t h i s  c r o s s  p o i n t  i s  c a l c u l a b l e  froiii 

M(Vw) = exp {Aw - BwVw} (14)  

A f t e r  a number of samples are measured, t h e  l i n e  connect ing a l l  t h e  

c r o s s  p o i n t s  (M(V,),Vw) i s  j u s t  t h e  c a l i b r a t i o n  r e l a t i o n  M ( V q )  of 

t h e  CPC column s tud ied .  

C a l i b r a t i o n  of Spreading Factor  u2 (VR) : 
'The i n s t rumen ta l  spreading e f f e c t  of a g e l  chromatographic column 

may be desc r ibed  by t h e  magnitude of t h e  spreading f a c t o r  o 'which, i n  

t u r n ,  i s  a func t ion  of t h e  r e t e n t i o n  volume V,. 

GPC p r e s e n t s  a simple and d i r e c t  experimental  method fo r  measuring 

cr2 ( V R ) .  A s  mentioned above, t h e  experimental  func t ion  M,(V) and 

Coupling LALLS with 

c a l i b r a t i o n  r e l a t i o n  M(VR) can be ob ta ined  from t h e  experimental  

r e s u l t s  of s e v e r a l  samples with d i f f e r e n t  molecular  weight by LALLS- 

GPC. 

M(VR) and M,,,(V), t h e  parameter  5 might be dctcrmined wi th  E q .  11 

With t h e  a i d  of t h e  r e l a t i o n s h i p  between t h e  c o e f f i c i e n t s  of 

c2  = Bw / Bin 

i s  r e a d i l y  c a l c u l a b l e  from t h e  s l o p e s  

From Eg. 8 
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MOLECULAR WEIGHT SEPARATION AND COLUMN DISPERSION 1213 

<' is  a l s o  solvable by i t e r a t i o n  from in te rcepts .  Af te r  s u b s t i t u t i n g  

V and a:obtained from F ( V )  i n t o  Eq.16, s ince  <'is evaluated,  from i t s  

d e f i n i t i o n  U i i s  a l s o  ca lcu lab le  by 

- 

Correction of Inhomogeneity Index: 

In coupling LALLS with GPC t h e  number of average molecular weight 

of t h e  whole sample pr in ted  by the  data  processor i s  always l a r g e r  than 

the  t r u e  value and, therefore ,  leads t o  a lower inhomogeneity index 

( M > w / < M ~ ~ ,  although the  cor rec t  weight average molecular weight can 

be obtained. I t  i s  because t h e  e lu ted  polymer i n  t h e  l i g h t  s c a t t e r i n g  

c e l l  i s  s t i l l  polydispersed, due t o  t h e  presence of instrumental spreading 

e f f e c t ,  even though the  c e l l  volume i s  r a t h e r  small. 

number average molecular weight of the  whole sample should be 

The t r u e  weight and 

and 

respec t ive ly ,  while the  pr in ted  number average molecular weight of the  

whole sample was ca lcu la ted  by the  data  processor according t o  
1 

<M}n,cal = 1 /  [ F ( V ) / M w ( V ) ] d V  (20) 

i n  which M,(V) was used instead of M,(V) f o r  ca lcu la t ion .  Thus, t h e  

inhomogeneity index pr in ted  out  by t h e  data  processor is  

i n  turn  it may be wri t ten as  

where ( < @ n , c a I m n , t r u e  

inhomogeneity index. Subs t i tu t ing  Cqs. 7 and 8 i n t o  Eqs. 19 and 20 ,  

and taking t h e  quot ient  we ge t  

) i s  the  cor rec t ion  f a c t o r  f o r  t h e  
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s u b s t i t u t i n g  E q .  1 5  i n t o  t h e  preceding 

m, ZHANG, AND CHENG 

(22)  
p e X P { B M ~ 2 U ~ )  2 

two equa t ions  we have 

GPC-LALLS 

= exp{BwBm(l - -)o+} Bw p) <M,n GPC-LALLS BM 

I t  could be  been t h a t  t h e  c o r r e c t i o n  f a c t o r  i s  a va lue  l a r g e r  than one. 

When t h e  sample i s  monodispersed, Bw=O; and whcn t h e  column i s  i d e a l ,  

Bw=Bn. The c o r r e c t i o n  f a c t o r  i s  equal t o  one a t  t h c s e  two extreme 

c a s e s .  

t h a t  i s  t o  say ,  it depends both upon t h c  in s t rumen ta l  spreading and 

t h e  molecular weight d i s t r i b u t i o n  of t h c  sample. The c o r r e c t i o n  

f a c t o r  i n c r e a s e s  with i n c r c a s i n g  b rcad th  of  t h e  molecular  weight 

d i s t r i b u t i o n .  In t h i s  r e s p e c t  i t  d i f f c r s  from t h e  c o r r e c t i o n  f a c t o r  

f o r  i n s t rumcn ta l  spreading of t h e  inhomogeneity index c a l c u l a t e d  

from t h c  cxpcrimcntal  chromatogram F ( V )  and t h e  c a l i b r a t i o n  r c l a t i o n  

M(VR).  kor t h e  lnttcr (101 

This  c o r r e c t i o n  f a c t o r  depends upon t h c  parameter  F,'and u t  ; 

t h c  correction f a c t o r  i s  indeperident of t h e  molecular  wcight J is-  

t r i b u t i o n  o f  t h e  sample. 

EXPERIMENTAL 

'Ikio groups of po lys ty rcnc  samples were used .  Samples of  group 

A arc f r a c t i o n s  prcparcd by f r a c t i o n a l  p r e c i p i t a t i o n  of a s c l f -  

polymcrizcd po lys ty rene  sample. Grvup B c o n t e n t s  AKI. po lys ty rene  

s t anda rds  with narrow molecular  weight d i s t r i b u t i o n s .  

The cxpcrimcntal  instrunients  used inc lude  an AKL 950 gcl  p e r -  

ment.ion chromatograph and a KMX-6 low ang le  l a s e r  l i g h t  s c a t t e r i n g  

photomctcr.  They a r e  connected t o g e t h e r  according t o  t h e  manual 

and r e f e r e n c e s  [ lo -131 .  The sample c e l l  of  t h e  l i g h t  s c a t t e r i n g  

photometer i s  s e t  between t h e  G P C  column and conccn t r a t ion  d e t e c t o r s .  
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MOLECULAR WEIGHT SEPARATION AND COLUMN DISPERSION 1215 

The GPC columns were packed with two k inds  of d e a c t i v a t e d  s i l i c a  

beads,  prepared i n  our  own l a b o r a t o r y .  The experiments were c a r r i e d  

ou t  a t  3 5 O C ,  u s i n g  t e t r ahydro fu ran  as e l u e n t  with a flow r a t e  of  

ca .  1 ml/min. The volume of  sample s o l u t i o n  i n j e c t e d  was 2 m l .  wi th  

concen t r a t ions  from 0.001 t o  0.002 g/ml. 

counted by a syphon tube  with a volume of 1.98 m l .  

of t h e  e l u t e d  polymer was d e t e c t e d  by an u l t r a v i o l e t  d e t e c t o r  a t  

245 nm. 

r e c o r d e r  and t h e  KMX-6/DP d a t a  p roccsso r  s imultaneously.  Program 

mode GP1 was adopted.  The fol lowing information was p r i n t e d  o u t  

i n  s i x  r e p o r t s  a t  t h e  end of run :  t a b l e  and chromatogram of o r i g i n a l  

d a t a ,  c a l c u l a t e d  concen t r a t ion  and molecular  weight ,  graphs of  

d i f f e r e n t i a l  and i n t e g r a l  molecular  weight d i s t r i b u t i o n  and 

molecular  weight averages of  t h e  whole sample, e t c .  

The e l u t i o n  volume was 

The concen t r a t ion  

S igna l s  from GPC and LALLS were f e d  i n t o  t h e  dual  pen 

The s t a r t  of t h e  run of t h e  da t a  p rocesso r  i s  c o n t r o l l e d  

by a switch.  The l eng th  of a run i s  s p e c i f i e d  beforehand.  I t  

i s  d iv ided  i n t o  150 d a t a  p o i n t s  w i th in  e n t i r e  l e n g t h  of  a run.  

For t h e  f u r t h e r  t r ea tmen t  of  t h e  experimental  d a t a ,  t h e  d a t a  

p o i n t  number m was transformed i n t o  e l u t i o n  volume count no.  V 

by fol lowing cqua t ion :  

F l o w  Rate(ml/mn) X Run Length (rnn)., 
150 x 1.98 ( m l )  v = v s +  

where V r e p r e s e n t s  t h e  count no. a t  t h e  beginning of a run .  

"GPC Delay" i s  one o f  t h e  parameters  i n p u t  i n t o  t h e  d a t a  

p rocesso r .  

l i g h t  s c a t t e r i n g  sample c e l l  t o  concen t r a t ion  d e t e c t o r .  I t  

should be measured p r e c i s e l y .  

column ou t  of  t h e  system and l e t  t h e  sample i n j e c t i o n  v a l v e  be  

d i r c c t l y  connected with t h e  d e t e c t o r s .  A s  a small amount of  

sample s o l u t i o n  was i n j e c t e d ,  "GPC Delay" could be  ob ta ined  

from t h c  d i s t a n c e  between t h e  two peaks of  the d e t e c t o r  r e sponses .  

I t  denotes  t h e  time needed f o r  t h e  e l u e n t  f low from 

For t h i s  purposc w e  took t h e  GPC 

RESULTS AND DISCUSSIONS 

The experimental  da t a  f o r  samples p r i n t e d  ou t  by t h e  d a t a  

p rocesso r  have been f u r t h e r  t r e a t e d  and analyzed as  fo l lows :  
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TABI,E 1 

HE, ZHANG, AND CHENG 

Thc Experimental  Data of Polys tyrene  Sample5 by GPC and GPC-LALLS 

A 1  108.4 37.0 21.78 0.060 107 .3  

A 2  108.2 27.4 19.45 0.039 107.6 

A 3  109.1 33.2 20.18 0.046 108 .3  

A 4  109.1 32.1 19.78 0.043 108.4 

A S  116.3 59.8 22.65 0.069 114.2 

B 1  130.2 19.0 13 .61  0.006 130.2 

B 2  140.8 19.6 14.42 0.019 140.6 

B 3  152.9 18 .1  13.63 0.024 152.7 

B 4  158.9 18 .2  14.57 0.033 158.6 

A 6  166.5 17.4 15.44 0.040 166. I 

448 

429 

410 

381 

246 

38 .1  

1 2  .0 

2 . 2 1  

1.70 

0.64 

The mean c l u t i o n  volumc and t h e  v a r i a n c e  u>rc c a l c u l a t e d  

from t h c  p r i n t e d  o r i g i n a l  d a t a  t a b l e  ( r e p o r t  1) o f  t h e  exper imenta l  

chromatogram F(V) accord ing  t o  t h c i r  d e f i n i t i o n s .  The r e s u l t s  ob- 

t a i n e d  a r e  l i s t e d  i n  Table  1, i n  which t h e  u n i t  

i n  e l u t i o n  volume coun t s .  The p l o t t e d  diagram o r  the loga r i thm 

of t h e  weight average  molecular  weights  from r e p o r t  3 v e r s u s  t h e  

e l u t i o n  volume posses ses  good l i n e a r i t y  except  a t  t h e  two extreme 

ends of t h e  chromatograni; an example i s  shown i n  F igu re  1. The 

d e p a r t u r e  from l i n e a r i t y  a t  t h e  t a i l  p a r t s  of t h e  chromatogram 

i s  mainly caused by t o o  low a c o n c e n t r a t i o n  of t h e  e l u t e d  polymer 

i n  t h a t  r eg ion .  

l i n e a r  r eg res s ion  method accord ing  t o  E q .  7a us ing  t h e  middle p o r t i o n  

o f  t h e  d a t a  p o i n t s ,  t h e  r e s u l t s  ob ta ined  are a l s o  l i s t e d  i n  Table  1. 

The experimental  f u n c t i o n s  M (V) for t h e  samples s t u d i e d  and t h u s  

ob ta ined  were drawn i n  F igu re  2 ,  where t h e  d o t t e d  l i n e  r e p r e s e n t s  

t h e  t a i l  r eg ions  where t h e  d a t a  p o i n t s  d e v i a t e  from l i n e a r i t y .  

In F igu re  2 ,  t h e  d a t a  l i n e s  of some h igh  molecular  weight samples 

a r e  omi t ted  so a s  t o  avo id  crowding. 

and u p r c  h o t h  

The c o e f f i c i e n t s  Aw and B were c a l c u l a t e d  by a 
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M 

FIGURE 1. Dependence of the experimentally determined 
molecular weight on the elution volume f o r  

sample A5.  

110 120 130 140 1 50 160 170 

V 

FIGURE 2 .  The experimental relation Mw(v) and t h e  

calibration relation M(vR) of the GPC column. 
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1218 HE, ZHANG, AND CHENG 

The volumc Vw and molecular  weight M ( V w )  a t  t h c  c r o s s  p o i n t  o f  

t h e  expcr imcnta l  f u n c t i o n  M ( V )  w i th  t h e  c a l i b r a t i o n  r c l a t i o n  M(V ) R 
wcrc c a l c u l a t e d  acco rd ing  t o  Eq.  13  and 14 from t h e  mcan e l u t i o n  

volumc V ,  var ianccu:as  well a s  t h e  c o e f f i c i e n t s  A 

func t ion  l i s t e d  i n  T a b l e  1 and  a l s o  drawn i n  F igu re  2 .  By p l o t t i n g  

t h e  lognritkm of M ( V  ) a g a i n s t  V w ,  we g e t  t h e  monodispcrsc molec.ular 

weight s epa ra t ion  c a l i b r a t i o n  r e l a t i o n s h i p  M(VR) f o r  p o l y s t y r e n e  of 

t h e  g c l  chroniatographic coluinn used .  

and H of t h e  

w 

In M = Alq - B,V 

with  t h e  c o e f f i c i e n t s  

A = 27.42 and 

B = 0.115. 

The paramctcrE;’was then  c a l c u l a t e d  from t h e  s l o p e  o r  t h e  i n t e r c e p t  

of t h e  experimental  func t ion  M (V) a n d  t h e  c a l i b r a t i o n  r e l a t i o n  

M(VR) accord ing  t o  Eqs. 15 o r  16 .  Af te rwards ,  t h e  sp read ing  f a c t o r  

‘lhc c a l c u l a t e d  a’ was c a l c u l a t e d  f romu’  and 5’ accord ing  t o  C q .  17.  

r e s u l t s  a r e  a l l  l i s t e d  i n  Table  2.  
0 7 

The pa ramc tc r s  5‘ and t h e  sp rcad ing  

TABLE 2 

The Sprcadirig Fac to r  f o r  t h e  Po lys ty rcnc  Samples - ._ ___ ___ ___.- --__ 

A 1  

A 2  

A 3  

A 4  

A 5  

B l  

B 2  

B 3  

B 4  

A 6  
-- 

107.3 

107.6 

108.3 

108.4 

114.2 

130.2 

140.6 

152.7 

158.6 

166.1 

0.536 

0.345 

0.407 

0.379 

0 . 6 1 7 

0.051 

0.172 

0.211 

0.295 

0.358 

0.533 

0.346 

0.407 

0.375 

0.633 

0.057 

0.177 

0.196 

0.282 

0.375 

17.2 

17 .9  

19 .7  

19 .9  

22.9 

18.0 

16.2 

14 .3  

12 .8  

1 1 . 2  

17.3 

17.9 

19 .7  

20.1 

22.0 

17.9 

10. I 

14.6 

13 .1  

10.9 
~ - -  
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2 
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100 110 120 130 140 150 160 170 

v 

F I G U R E  3 .  Dependence of t h e  spreading f a c t o r  on t h e  

r e t e n t i o n  volume. 

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

i d e n t i c a l .  This  f a c t  i n d i c a t e s  t h a t  t h e  r e s u l t s  of t h e  mathematical  

t r ea tmen t  given i n  t h e  p re sen t  a r t i c l e  are v a l i d .  

For a polydispersed sample t h e  spreading f a c t o r  ob ta ined  by t h e  

preceding method i s  an average va lue  i d e n t i f i e d  as  

Since t h e  molecular weight d i s t r i b u t i o n s o f a l l  t h e  samples used are 

r a t h e r  narrow, as  an approximation i t  may be  looked upon a s  t h e  

spreading f a c t o r  of monodispersed polymer. Taking V as t h e  r e t e n t i o n  

volume of monodispersed polymer, t h e  p l o t  o f a i  v e r s u s  V 

Figure 3 .  I t  may be regarded as t h e  (V ) func t ion  of  t h e  g e l  chroma- 

tog raph ic  column used i n  t h e  p r e s e n t  work. I t  can be  seen from 

Figure 3 t h a t  a maximum appea r s  a t  t h e  r e t e n t i o n  volume n o t  f a r  from 
t h e  i n t e r s t i t i a l  volume of  t h e  column. Th i s  phenomenon i s  i d e n t i c a l  

with t h a t  f i r s t  observed by Tung [ 1 , 2 ]  u s i n g  a r e v e r s e  f low technique.  

i s  shown i n  
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TABLE 3 

HE, ZHANG, AND CHENG 

Experimental Data & Corrected Values of Inhomogencity Indexes 

- 
From Gel Chromatogram From GFC-LALLS 

<M)w (M)n  
@'n (M)w /(M)n -4 s!!&!_i!Q!L Polymcr <M>w 

x w 4  xlO-' Expt. Cor.  x ~ O - ~  x10 Pxpt.  Cor. 

A 

A 2  

A 

A 

A 

B 

B 

B 

B 

A 
- 

1 

& 

3 

4 

5 

1. 

2 

3 

4 

6 
- 

509 

496 

460 

458 

24 1 

39.6 

1 2 . 1  

3.06 

1.57 

0.67 

322 1.58 1.27 

24 9 1.42 1.13 

301 1.53 1.19 

306 1.49 1.16 

113 2 . 1 2  1.59 

31.1 1 . 2 7  1.01 

9.46 1.28 1.114 

2.44 1.26 1.05 

1.24 1.27 1 . O X  

0.54 1.25 2 . 0 8  

46 1 

428 

4 13 

38 1 

246 

39.9 

11 .I 
2 .  OX 

1.07 

0.60 

404 1.14 1.28 

410 1.04 1.13 

383 1.08 1.19 

361 1.06 1.16 

181 1.36 1.62 

39.2 1.02 1.04 

11.6 1.01 1.05 

2.04 1.02 1.06 

1.06 1.02 1.07 

0.59 1 . 0 2  1 .08 

The wcight and number average molecular weights ,  a s  well as  t h e  

inhomogeneity index p r i n t e d  by t h e  d a t a  p rocesso r ,  a r e  l i s t e d  i n  

Table 3 .  The r e s u l t s  c a l c u l a t e d  from t h e  experimental  chromatogram 

F ( V )  and t h c  c a l i b r a t i o n  r e l a t i o n  M(VR) a r e  a l s o  l i s t e d  i n  t h e  same 

t a b l c .  I t  i s  obvious t h a t  t h e  inhomogeneity index(<M>,/<M> ) 

from GPC with LALLS on l i n e  i s  lower,  while  t h a t  from t h e  g c l  chroma- 

togram and t h e  c a l i b r a t i o n  r e l a t i o n s h i p  (<M>, /<M>,)GpC 

Na tu ra l ly ,  both of them are t h e  consequences o f  t h e  in s t rumen ta l  

spreading.  These two independent s e r i e s  of d a t a  were c o r r e c t e d  by 

Eqs. 23 and 24 r e s p e c t i v e l y .  The c o r r e c t e d  inhomogeneity indexes 

co inc ide  with each o t h e r  v e r y  well as shown by t h e  d a t a  i n  Table 3.  

I t  i n d i c a t e s  t h a t  t h e  c o r r e c t i o n  f a c t o r  proposed i n  t h i s  a r t i c l e  i s  

a l s o  v a l i d .  

n G P C  -LALLS 

i s  h ighe r .  

For t h e  commercial po lys ty rene  s t anda rds  we used (group B s a m p l d ,  

t h e  manufacturer (AKL) only gave t h c  weight-average molccular  weights ;  

no a c c u r a t e  inhomogeneity indexes had been given.  The manual and t h e  

expcrimcntal  va lucs  a r e  l i s t e d  t o g e t h e r  i n  Table  4 ;  i t  i n d i c a t e s  t h a t  
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TABLE 4 

Comparison Between Manual Values and Corrected Experimental  

Values of Polystyrene Standards 

C M ) ~  x C M h  /(M)n 
Polymer Manual LALLS GPC-LALLS Manual GPgnfiALLS 

B 1  39 38.5 39.9 (1.06 1.04 

B 2  11 11.7  11.7 (1.10 1 .05  

B 3  2.04 2.02 2.08 <1.06 1.06 

B 4  1.00 0.98 1.07 <l. 10 1 .07  

an a b s o l u t e  c h a r a c t e r i z a t i o n  of polymer could be  made by g e l  chromato- 

graphy by coupl ing with a molecular  weight d e t e c t o r  such as LALLS. 
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