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A NEW METHOD OF THE PEAK SPREADING 
CORRECTION IN GPC BY MEANS OF 

WESSLAU'S AND TUNG'S MOLECULAR 
WEIGHT DISTRIBUTION FUNCTIONS 

Yi-Hong Chen, Mei-Ling Ye, 
Xuan Li, and Liang-He Shi 

Institute of Chemistry 
Academia Sinica 

Beijing, People's Republic of China 

ABSTRACT 

Peak spreading correction by means of model molecular 
w e i a t  d i s t r ibu t ion  functions, such as Wesslau's and "ungms, 
were described by usint. t h e  method of t he  dimensionless para- 
meters. The methods a r e  convenient and simple. Peak s h i f t  f o r  
the peak skew d i s t r ibu t ion  has a l s o  been found and a method of 
correct ing the peak s h i f t  has been proposed. Procedures of the  
c o r r e c t i m  method are described. 

Xh'TRODUCTI ON 
Like any other  type of chromatomphy, the resolut ion of 

CPC i s  not unlimited. Hence, one of the important problems 

associated with the  determination of the molecular weight dis-  

t r i bu t ion  ( NO ) of polymers by CPC i s  the correction of im 

perfect resolution due t o  peak spreading. 

the peak spreadin& correction in GPC have already been proposed, 

such as Fourier transform method ( 1-5 ), t h e  m d i e n t  method 

Numerous methods f o r  
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1164 CHEN ET AL. 

(6 ,  7 ) ,  t he  method of singular value decomposition (8) and the 

i t e r a t i o n  method (9-12). 
ht unfortunately tedious and complicated. 

Some of them are f eas ib l e  and e f f ec t ive ,  

In t h i s  paper, w e  propose t o  carry OUC the peak spreading 
correction in CPC by means of model MWD functions ( l3 ) ,  such as 

Wesslau's and !Fung's. The proposed methods a r e  simple and con- 

venient. Since the method of dimensionless parameters was used 

i n  t r ea t ing  the problem, the present method shouldhavebroader 
universal i ty ,  

The continuous experimental CPC chromatogram f ( x )  i s  re-  

lated t o  the peak spreading function C(x,y) and tne t r u e  WdD 

f a x t i o n  W(y) by the integral  equation after Tung (14): /3 ( X , Y )  W(Y) dy=f (x ) ,  X , Y E  (--,-I (1) 
where x and y are the elution volumes, but y is associated with 

t h e  integral .  Assume C(x,y) t o  be a Gaussian function, we have 

C(X,Y) = (h  / f i  1 expC-h2 I (2) 
where h is the resolution f ac to r  in  CPC column and f ( x )  and 

Wly) are normalized with respect t o  area under the chromatogram 

curve. 

1. The case of norm1 dis t r ibut ion:  

If the MWD of polymers can be represented by Wesslau's 

dis t r ibut ion (15) and the cal ibrat ion curve i s  l inea r ,  the CPC 

chromatogram w i l l  be of t he  normal dis t r ibut ion.  Wesslau's 

molecular weight d i s t r ibu t ion  can be shown as follows, 

ww(M> = ( M)'lex~ { ( - 1 / 2 ) o h  f? - I n  M l ) / a ; I 2 }  ( 3 )  
where Y is the molec,ilar weight, F' i s  the molecular weight at  
the peak posit ion and 6 is t he  peak width parameter, 

linear ca l ibmt ion  curve is, 

1 
The 

f? = D1 exp (-D2 y) (4)  
which can be obtained by cal ibrat ion with standards. From 

eq. ( 3 )  and eq. ( 4 ) ,  we can obtain Wesslau's 

respect t o  the elut ion volume as follows: 
2 2 

w w ( Y ) = (  h l  / f i  1 exp ('hl (Y-Y,) 1 
where hl = D2 / ( q 1, y1 = (1/ D2> In  
h i s  the peak width parameter and y1 is t he  1 

d i s t r ibu t ion  with 
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PEAK SPREADING CORRECTION IN GPC 1165 

the peak position. 

i n t eg ra t ing  and cornputin@ extreme value of f ( x )  with respect  

t o  X. t he  following formulae can be obtained, 

Subst i tut ing eq. (2) and (5) i n to  eq. ( l) ,  

where 

y = h l / h = c / c  , c = D 2 / ( f i  h)  (9) 

ul is  the  peak width r a t i o  between the width of the colunm 

spreading i n  CPC and the width of M. 

meter of the column spreading i n  CPC. 
of the chromatogram. 

fmx/ hl and u1 a r e  shown i n  Fig. 1. 
fmx/ h and fmX/ hl a r e  merely t h e  function of the so l e  para- 

meter ul. 

weight d i s t r ibu t ion  function. 

6 i s  the width para- 
fmax i s  the peak height 

The relat ionships  between f-/ h and 

It can be seen that 

Similar property e x i s t s  i n  Lansing-Kmemer molecular 

Now we make the  dimension analysis  on tx/ h, fmx/ hl 

and ul. Because f ( x )  i s  normalized with respect t o  area, then 

Cf] = (fPJ / ( I fP1 1 x 1  1 = 1 / [XI (10) 
of course [fmx] = 1 / [XI, and 

[ h l ] = 1 /  C x J  9 [ h J =  131 (11) 

where [ fp] 

the primitive chromatogram. c x] has the dimension of t h e  

elution volurne x. fmx / hl and u a r e  di-  

mensionless parameters. Therefore, even i f  various dimensions 

are used, the appl icat ion of eq. (7 )  and (8) w i l l  not be con- 

fined. 

2. 

has the  dimension of fp, and f p  is  the  height of 

Hence fmax / h , 1 

Their appl icat ion in CPC w i l l  be discussed later. 
The case of the peak skew dis t r ibut ion:  

Since it i s  known t h a t  Tung's d i s t r ibu t ion  (16) is very 

useful f o r  the f i t t i n g  in the peak skew WD o f  polymers, w e  
w i l l  expect that an analogous relat ionship,  such as eq. (7)  and 

(8), a l s o  ex i s t  f a r  t he  Tung's dist r ibut ion.  Tung's d i s t r ibu t ion  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1166 CHEN ET AL. 

0.0 2 4 6 10 

u1 

Pig.1 The r e l a t i o n s h i p  between fmax/h,  

fmax/hl and u f o r  the Wesslau's MbiDF. 1 
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PEAK SPREADING CORRECTION IN GPC 1167 

can be expressed as follows: 

wt ( F = ( w q ) - '  ( M / M~ 1% exp ( -?I / M ~ )  l/r 4 (12) 

'where M i s  the molecular weight a t  the peak posit ion and 
the peak width parameter. 
can be obtained from GPC. 
can obtain Tung's d i s t r ibu t ion  with respect t o  the e lu t ion  volume 

f r o m  eq. (12) as follows: 

is 
We w i l l  see t h a t  these two parameters 

By ueing l i n e a r  cal ibrat ion curve, we 

4 4 

W t C  Y 1 = p 4  e x P [ - F h 4  (Y-Y4)]exP(-exF[-Jihq(Y-Y4g} (13) 

h 4 = ~ 2 / ( F q ) ,  ~ 4 ~ ( 1 / ~ 2 ) h ( ~ 1 / ~ 4 )  (14) 

where 

h i s  the  peak width parameter f o r  Tung's W,iD function i n  CPC 

and y4 i s  the elution volume at the  peak posi t ion for Tung's dis- 

t r i bu t ion  eq. (13). 
transferinf:  independent var iables  x and y i n t o  X and Y and cal- 

culat ing the extreme value of f ( X ) with respect t o  X, t h e  fo l -  
lowing formulae can be obtained: 

4 

Subst i tut inz ep. (2) and (13) into eq. (l), 

fmx / h = u4 F ( xmx* u4 1 

fmx / h4 = F ( x-* u4 1 

u4 =: h4 / h = Q /r+ 
y = h4 ( Y - Y4 1, 

x- = h4 ( x4 - Y4 1, 

(15) 

(16) 

(17) 

(18) 

(19) 

and 

where 

x = h4 ( "Y4 1 
and 

xmax / u 4 =  h ( x4 - Y4 1 
u4 i s  the  peak width r a t i o ;  x and J' are t h e  elut ion volumes 4 4 
at 
function. we note that x i s  not  equal t o  y fo r  Tung's fun- 
ction. 
called the peak s h i f t .  

a0 

-00  

t h e  peak posi t ions of f ( x ) and Wt ( y ) for Tune's MWD 

4 4 
can be cal led the  peak s h i f t  f a c t o r  and x4 - y4 is 

xlnaX 

F(X, u 4 ) z . c ? T j j u ~ ~  e ~ p ( - u i ~ ( X - Y ) ~  -fi -exp(-fir)) dY (20) 

To ca l cu la t e  the extreme value of  F ( X, u 
= 0, we can f i n a l l y  obtain: 

), f r o m  dF(X,u )dX 4 4 
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1168 CHEN ET AL 

- 
xmx = F ( xmxt u4 1 / F ( x-, u4 1 (21) 

where 40 - P(Xmx,u4) =fiuif; d - u 4  -2 (Xmx-Y) 2 -@-exp(-pY))dY (22) 

F ( Xmx, u4 ) is  eGpressed as eq. (20). Xmx and Xmx / u4 can 

be determined by the  i t e r a t i o n  method for a given u through eq. 4 
(21). We note that Xmx and Xmx / u are a l s o  the functions of 4 
u4 only, Thus, fmx / h4 and fmx / h can a l s o  be determined by 

u only. It i s  an important property of Tung's MWD function. 

Such property does not exis t  i n  Schulz-Zimm MWD function (17). 
4 

The relat ionship between fmx / h4 9 fmx/ h 9 x-, x*x/ 
4 

and u for Tung's d i s t r ibu t ion  are shown in Fig. 2. These re- 4 
la t ionships  w i l l  be used t o  correct  the peak spreadlng i n  CPC 
l a t e r .  

P r o m  eq. (19) we can see that x - y i s  d i r e c t l y  propor- 4 4  
t i ona l  t o  Xmx for a given h 

monotonously decreases as h increases as shown i n  Fig. 2, thus 

x4 - y w i l l  monotonously decrease with h. 
t ion of eq. (19) and Fig. 2 for a given h, x4 - y monotonously 

increases as h increases when u < 1. 

monotonously decreases with h as shown in Fig. 3. Thus, t h e  
peak s h i f t  x - y w i l l  a r r i v e  at maximum when h ( o r  Q ) + 

the  pmak width parameter of MWD of the  polymer, is  the  same as 
that of GPC c o l m  h ( o r  Q ). 

and the first equation in eq. (19) as follows: 

However, for t h e  given h X 4' 4'  lnax 

Prom the second equa- 4 
4 

"4 - y4 When u4 > 1 , 
4 4 

4 
4 4  4 4 

We can a l s o  obtain the expression of M through eq. (14)  4 

M4 = Mi exp ( D2 Xmx/ h4> t Hi = D1 exp ( -D2 X4 (23) 

The parameters on the r i g h t  s ide  of eq. (23) can a l l  be deter- 

mined by CPC. Ki i s  the molecular weight at the  peak posi t ion 

of the  experimental chromagram f (x).  
is  the r a t i o  of t he  corrected MW a t  the  peak posit ion t o  the  un- 

corrected one. 

u4 is shown i n  Fig. 4. 
is  qu i t e  important. 

The f a c t o r  exp( D2Xmx/h,) 

The relat ionship between exp ( D2 Xmd h ) and 4 
We can see that the peak shift correct ion 
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Fig.? x4-y4 versus u4 f o r  Tung's MWDF 
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1. 

1. 

1. 

1. 

1171 

D2=0.230259 

h=0.4 

.o 

Fig.4 exp(D2X,,,/h4) versus UJ+ 

for Tung ' s MWDF 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1172 CHEN ET AL. 

I n  conclusion, t he  procedures of t h e  peak spreading cor- 

rec t ion  suggested i n  t h i s  paper a re :  

(1) The determination of h: Given D2 and t h e  polydis- 

pe r s i ty  r a t i o  of t h e  standard sample d, ( d s Kw / Kn)zeXpql 

for Wesslau's MWD function and d P rr4 / sin (ji c4 ) for Tune's 
F,dD function ) , rl ( or  c4 ) can be determined, and hence h, 

( o r  h4 ) f o r  t he  standard sample f r o m  eq. (6) o r  eq. (14) res- 
pectively. 

GPC, flnax / hl ( or fmx / h4 ) can be obtained. 

/ h4 and u r e l a t ionsh ip  fmx / hl and u1 ( or fmx 

( or Fig. 2 ), u1 ( o r  u 

t h e  first equation of eq. (9) ( or eq. (17) ). 
obtain f r o m  t h e  second equation of eq. (9). 

2 

Knowing the  value of fm, of t h e  standard sample from 
By u s i n e  t h e  

4 ) in Fig. 1 

) can be determined and hence h f r o m  

We can f i n a l l y  
4 

(2)  The determination of Cr, ( o r  ) and M1 ( or M4 ): 4 
Given h by (1) and fmx by GpC for an unknown sample and u s i n g  
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PEAK SPREADING CORRECTION IN GPC 1173 

4 ) *  
the re la t ionship between f,, / h and u1 ( or fmx / h and u 

we can then obtain u1 ( or u 

first equation of eq. (9) ( or from eq. (17) ). 
hl ( o r  h4 ), 

t ion of eq. (6 )  ( or eq. (14) ). 
Wesslau’s WdD function, then xl= yl. 

yl, f i n a l l y  M1 can be determined by the second equation of  eq.(6). 

Accordinc t o  the relat ionship between Xmx and u 4 
Fig. 2, we can obtain X f o r  the known value of u f o r  Tung’s 

x4 can be obtained too. Thus, M can be obtained W A I  function. 

through eq. (23) f o r  Tung’s MWD function as ahown in Fig. 4. 

), and hence hl ( or h 4 4 ) from the  

Finally,  knowing 

rl ( or r4 ) can be obtained by the first equa- 

We note that xmx= 0 f o r  

Knowing x from GPC, hence 1 

as shown in 

W X  4 
4 

(3)  Knowing rl ( or c4 ) and 3 ( or M4 ), we can ob- 
t a in  the various average molecular weight, MWD and the inteem31 

d i s t r ibu t ion  of molecular weight of polymer as shown i n  Table 1. 
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