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SUPPLEMENT TO THE METHOD OF 
WEISS-COHN-GINSBERG IN 

G EL-PERMEATION CHROMATOGRAPHY 

G. Samay 
Research Institute for the Plastics Industry 

H-1950 Budapest, Hungary 

ABSTRACT 

Methods are proposed to traneformGPG chromatograms 
into molecular mass distributions /MMD/ using 
universal calibration and the intrinsic viscosity of 
the material measured at GPC circumstances, and in 
conditions, for which KMHS-constants are known. The 
results of the calculation are the MbUI and the inter- 
relation between the Kuhn-Mark-Houwink-Sakurada 
constans, K and a for GPC circumstances. It is also 
shown, that as a simplification a-values available for 
any condition can be used for the calculation using the 
experimentally measured intrinsic viscosities in GPC 
circumstances and within circumetancee, for wich KMHS- 
conetants are known. 

the 

INTRODUCTION 

Recently Deniz and GUven (1) have published a 
calculation which makes pOssible to determine the 
Kuhn-Mark-Houwink-Sakursda /KbGB/ constants for any 
conditions using the chromatograms of gel-permeation 
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1266 SAMAY 

chromatographic meamremente /GPC/ together  w i t h  the  
Benoit’s un iversa l  c a l i b r a t i o n  curve (2 )  and the  
i n t r i n s i c  visco si t i e s measured at circumstances 
per t inent  t o  the  GPC conditions and a l so  f o r  o ther  
conditions of i n t e r e s t .  Using the a lgebra ic  re- 
arrangements of the  fundamental equatione, a8 proposed 
by Weiss and Cohn-Ginsberg (31, t h e  unperturbed di-  
meneions o f  t he  dissolved molecules were determined and 
compared t o  l i t e r a t u r e  data and data measured by 
d i f f e r e n t  ex t rapola t ion  methods. 
The most common problem i n  the  rout ine  work with  GPC is 
however, t ha t  t he  KMHS constants  f o r  t h e  polymers t o  be 
t e s t e d  and adequate for the GPC condi t ions a r e  o f t en  
not avai lable .  From a p r a c t i c a l  po in t  of view, there- 
fore ,  it is  much more important t o  determine the  KNHS- 
constants  f o r  the polymer syetem i n  the GPC condition8 
ueing l i t e r a t u r e  data. A reversal of Deniz-Gilven’s 
procedure might give a so lu t ion  t o  t h i s  problem. The 
present work i s  aimed t o  i l l u e t r a t e  t h i s  poes ib i l i t y .  

THEORETICAL 

The Benodt urd Grubisic-Gallot’s un iversa l  
ca l ib ra t ion  gives  the  molecular-size parameter /Ji/ 
f o r  each point  of the  separa t ion  range as the product 
o f  Mi, t he  molecular ma88, and the  i n t r i n s i c  viscosi ty ,  
Q I i  : 

Having a GPC chromatogram, thus  we have a s e t  o f  
weight f r a c t i o n s  wi, pe r t inen t  t o  Ji. The molecular- 
mass-distribution funct ion /aoaD/ and a leo  the  para- 
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SUPPLEMENT TO WEISS-COHNGINSBERG METHOD 1267 

meters of the bMD can be computed using the WWS- 
constants. For the intrinsic viscosity it holds: 

1 a 
[I] = K m  s w .  J . a  + 

I l l  

1 

By using the algorithm of Deniz and Gilven we 
arrive at equation which gives an expression for 
the intrinsic viscosity of the tested polymer at any 
conditions different from that of the GPC ones: 

- a  ~ a 

i-91 = K KO- 3 wi Jiao+ 2 

where the subscript o denotes the conditions pertinent 
to the GPC measurements. 

Eq 1: 
can a l s o  be expressed replacing a by a. in 

1 80 

hl0= K W  3 wi JiaO+ 
3 

Since q1 can easily be measured for any solvent, 
having measured the intrinsic viscosities for the GPC- 
circumstances and for the circumstances for which KMHS 
data are available in the literature, the required 
conetants can be computed. For the calculation the 
following wqw CM be proposed: 
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1268 SAMAY 

From eq. 3, KO can be computed f o r  any no value: 

- -  
lid= I * ]  3a 

By a systematic variation o f  a. a s e t  o f  KO can be 
obtained, and thus [ql'a can be computed using Eq. 2. 
Having reached a value f o r  [ql close enough t o  the 
measured one the KO and a. constants can be accepted 
as an op t ima l  approximation. 

Another poss ib i l i ty  is  t o  express KO as a 
function of no v i a  Eq. 2: 

K O =  [ ['I1 a 
K 7 w i  J i F  

and calculate "910 on the basis of Eq. 3, u n t i l 1  a good 
enough agreement between the calculated and measured 
values of 191 is  reached. 

For  p rac t ica l  work some fur ther  aimplications can 
be used. It has been shown by several authore (4) t ha t  
a ce r t a in  r e l a t ion  ex i s t s  between the K and a values 
measured at d i f fe ren t  conditions. Moreover, l i t e r a t u r e  
data f o r  KMHS-constants, although meamred i n  the same 
conditions are ra ther  discordant ( 5 ) .  It waa also 
shown r5), tha t  the transformation o f  w(V) i n to  w(M) is 
not very seneitive t o  changes of the KNHS-constants, 
provided the constants obey the above-mentioned in te r -  
relation. Therefore, for prac t i ca l  uae - as 8 rough 
approximation - one can take ao-a. I n  t h i s  case &can 
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SUPPLEMENT TO WEISS-COHNGINSBERC METHOD 1269 

be expressed simply by: 

m m KO = K 4 

EXPERIMENTAL 

The mater ia ls  used here were homo and copolymers 
of styrene and n - a l e 1  methactrylates having relatively 
narrow molecular-mass d is t r ibu t ion .  The experimental 
conditions f o r  the  GPC  rune^ were given elsewhere (6) 
a l o n g  w i t h  t he  ca l ib ra t ion  procedures. Knowing the  
M[HS-constants f o r  the  GPC-conditions f o r  t he  samples 
t o  be t e s t ed  ( 6 )  the  moments o f  the U D  could be 
calculated.  The correct ion f o r  zone-spreading w a s  made 
by the simple Pierce-Armonaa method (7). 

The chromatograms were used t o  ca lcu la te  the  
MMD o f  the s.nrplee, using universa l  ca l ib ra t ion  and 
independently m e w e d  IIYEES-constants, Having t h e  
rYD’s of  the  samples, i n t r i n s i c  v i s c o s i t i e s  could 
be computed f o r  any p a i r  o f  KmS-constants usingEq. 1. 
The in t r inr ic -v iscos i ty  values f o r  t he  polymers 
per t inent  t o  some KMHS-constants avai lable  i n  the  
l i t e r a t u r e  (8) /see Appendid were calculated i n  t h i s  
way. The KMES-constants according t o  Eq. 4 were a l s o  
calculated using the i n t r i n s i c  v i s c o s i t i e s  obtained 
by theabovamentioned calculat ion.  Using t h i s  l a t t e r  
KYHS-constants YYD9e were a l so  computed. The main 
r e s u l t s  of these computatione a re  col lected i n  Table 1. 

CALCULUS 

Programs i n  BASIC were wr i t t en  for the  two possible  
procedures dercribed i n  the  theo re t i ca l  par t .  
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1270 SAMAY 

U s i n g  systematically varied values f o r  ao, KO's were 
computed by Eq. 3a, and [qi '8 were obtained using 
these K?dHS-conetans i n  Eq. 2. 
A n  objective-function, /OF/ was defined, as 

[Tlgxp - [%ah 

["exp 
OF = . 100 

/mbecr ip ts  "ernn and " c d c n  r e f e r  t o  experimental, 
and calculated values, respectively/,  and the m i n i m u m  
value o f  t h i s  objective-function, OFmin, waa accepted 
as best  estimation f o r  KO and ao. This method 
refvrred as " I t e ra t ion  In, l a t e r  i n  the  t ex t .  

i a  

I n  method **I te ra t ion  11" KO's were computed f o r  
d i f f e ren t  a. uaing Eq. 2a, and 
calculated f o r  these constants with the help o f  Eq. 3. 
The objective funct ion waa defined i n  t h i s  case as 

mlo,exp - Q'o , ca lc  

Q'o, exp 

191 ' 8  were 
0 

OF = . 100 

Values f o r  a. were changed i n  the region o f  
0,50-0,85 with an increment of 0,Ol i n  both cases. The 
r e s u l t s  of these calculat ions areshowii i n  Tables 1 and 
2. 

DISCUSSION 

A comparison o f  the  da t a  o f  the  same row i n  
Table 1 shows, that  the  two i t e r a t i v e  procedures 
and the use o f  the  estimated values o f  K and a 
on the basis o f  Eq. 4 give similar values. It means, 
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1272 SAMAY 

t ha t  using e i the r  the i t e r a t i v e  process o r  the 
estimation, we ar r ive  at  a good agreement w i t h  the 
data obtained using independently measured KMHS- 
constants. The o n l y  advantage o f  the i t e r a t i o n  might 
be the excess information, namely the KMHS-constants. 
The W1MS-constants obtained by d i f fe ren t  ways are shown 
i n  Table 2. These KMHS constants, however, a re  
remarkably d i f fe r ing  from the experimentally measured 
ones. The reseon fo r  t h i s  good agreement i n  
IIQdD's i s  i n  the error-structure o f  the calculations. 
A s  f a r  as the i n t r i n s i c  viscosity-data were computed 
on the basis o f  the chromatograms, these values were 
f r ee  of experimental error. The only source of the 
deviation between the input and calculated data w a s  
the e r ror  o f  t he  integrations,  therefore the con- 
vergency of the data should depend purely on the 
correctness o f  the integration method. I n  Fig. 1 
the dependence of the objective-function on qqalt i s  
shown f o r  two materials. I n  the case o f  *@Atq the 
minimum i s  i n  the range o f  the calculation, i n  the 
case o f  "Bs the minimum i s  out o f  t h i s  range. 
The curvature i e  very f l a t ,  and the  difference i n  the 
objective-function i s  l e s s  than 0.1 $J within the whole 
range. S i m i l a r  behavior o f  the objective-function w a s  
obtained i n  each case and t h i s  a l s o  proves the well- 
known f ac t ,  t ha t  auly pair of WQIS-constants obeying a 
cer ta in  in t e r r e l a t ion  gives r e l i ab le  r e s u l t s  i n  GPC 
calculations. Thus it is much more impor tan t  i n  GPC- 
practice t o  know t h i e  in t e r r e l a t ion  ra ther  than the 
KMHS-constants themselves. The excesa information of 
the i t e r a t i v e  method is  therefore t h i s  i n t e r r e l a t ion ,  
which OM be eaeily obtained a8 a re su l t  of the 
computation. If t h i s  r e l a t i o n  i s  unknown, gMHS- 
constants given by Eq. 4 can be r e l i ab ly  used fo r  a 
rap id ,  but rough estimation. 
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A 

poly(rtyrene octyl-met hacrylate)  

d 

5 '  

0 -  

B 

poly(buthyl-methacrylate) 

L 

1 1 . 
FIUURE 1 

The dependence of the objective function on the KMIS 
exponent in two cases: 

A/ the minimum ie in the range of interest 

B/ the minimum ia out of the range of interest 
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APPENDIX 

The WMS constants  for non-CPC condi t ions were taken 
from the  "Polymer Handbook" ( 8 )  as followa: 

-2 .M0.62 250c 
= 1.84.10 

P (buthyl  methacrylate) : Acetone 
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r: 8.6.10'3 M0*71 
35OC 

ethylacetate P (ethyl methacrylate) : [ T I  

co (styrene-ethylmet acrylate) : 
25OC 

0 1.2-10- 2 ,_yo. 70 
IT lbu t an0 ne 

co (styrene-octylmethacrylate) : 

= 7.8.10-3. ~O.71 
25OC 

but an0 ne [I] 

co (styrene-buthylmethacrylate) : 
25OC 

[I 'but anone 
4.9 +10-3.~0*77 
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