
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Comments on the Numerical Treatment of CPC Data
Iászlć Füzesa

a Research Institute for the Plastics Industry, Budapest, Hungary

To cite this Article Füzes, Iászlć(1980) 'Comments on the Numerical Treatment of CPC Data', Journal of Liquid
Chromatography & Related Technologies, 3: 5, 615 — 621
To link to this Article: DOI: 10.1080/01483918008060177
URL: http://dx.doi.org/10.1080/01483918008060177

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918008060177
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPIFl, 3(5), 615-621 (1980) 

T d s z l c  Fuzes 

Pesearc!? I n s t i t u t e  for t h e  P l a s t i c  I n d u s t r y  

1 1 4  u i i n q a r  i a  k r t . ,  Pr idapest ,  1 9 5 C  P u n q a r y  

The m a a n i t u c l e  of t h e  e r r o r s  i n t r o d u c e d  i n  t b e  
c a l c u l a t e d  mcleculFr mass a v e r a o e s  is d i s c u s s e d  in t h e  
case o f  qe l  p e r m e a t i o n  c h r c n ? t w r z p h y  (CPC). T t  was 
shown,  t h a t  n e q l c c t i n a  t h e  u n d e t e c t a h l e  n a r t s  a t  ba th  
t a i l s  of a c h r c m a t c q r a c ,  where  t h e  i n t e n s i t y  of t h e  
c u r v e  is v e r y  s m a l l  , r e s u l t s  in s e r i o u s  e r r o r s .  For 
c h r o m a t o g r a m s  w j t h  G a n r s i a n  shapes  it w a s  f o u n d ,  t h a t  
i f  t h e  m o l e c u l a r  mass  l i m i t s  of t h e  c a l c u l a t i o n s  were 
s e t  a t  23s (.C is t h e  s t a n d a r d  d e v i a t i o n  of t h e  c u r v e )  
t h e  n u n c r i c a l l y  c a l c u l a t e ?  M n  and Km v a l u e :  f l e v i a t e +  
by 3 t o  1 0  9 frun t h e  t h e o r e t i c a l  ones . T h e  e r r c r s  
i n c r e a s e d  w i t h  i n c r e a s i n a  p o l y d i s p e r s i t y  ar?d d e c r e s e e d  
a s  the  number  of d a t a  p o i n t s  i n c r e r s e f i .  Vowever, t h e r e  
was n o  s i q n i f i c s n t  d i f f e r o n c e  i n  t h e  r e s u l t s  i f  t h e  
number of d a t a  p o i n t s  w % b  T r e a t e r  t h a n  2 0 .  

F e c e n t l y  Cooncr and  Y a t z i n q e r  (1) D t h l i s h e d  t h e i r  

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

7unnber of d a t a  p o i n t s  for t h e  c a l c u l a t e d  m o l e c u l a r  
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616 E'UZES 

mass a v e r a q e s  o b t a i n e d  frcm GPC c h r m a t o i r a m e .  T h e v  

used c u r v e s  of  Geuss i an  shape  g e n e r a t e d  b y  a computer. 

?he m o l e c u l a r  mass  1 h i t s  f c r  t h e  c a l c u l a t i o n s  were 

s e t  a t  f 3 C  (S i s  t h e  s t a r r l a r d  d e v i a t i o n  o f  t h e  c u r v e )  

and t h e y  used t h e  g e n e r a l l y  acceote t i  m e t h o d s  an? as- 

s u n p t i o n s  t o  c a l c u l a t e  t h e  ave rage  m c l e c u l a r  masses .  

They found t h a t  t h e  d i f f e r e n c e s  i n  t h e  n u - e r i c a l l y  

c a l c u l a t e d  and the t h e c r e t i c a l  v a l u e s  of t h e  number- 

and mass-averagc  m o l e c u l a r  m E s s e s  (Pn and Mm) was in-  

c r e a s i n g  as t h e  number cf t h e  d a t a  n o i n t s  i n c r e a s e d .  

For c u r v e s  of h i a h  c c l @ i s p e r r i t y ,  t h i s  d e v i a t i o n  wcs 

always s i a n i f i c a n t  i f  t h e  number of d a t a  D c i n t e  w t s  

l a r g e .  B o t h  o f  t h e s e  fencmena can  be e x p l a i n e d  t-v t h e  

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

c a l c u l a t i o n  of t h e  Mn and M, v a l u e s .  

COhlPC'T4T 1OM S 

The c a l c u l 2 t i o n s  were p e r f o m e d  c n  a H e w 1 e t . t  Pa- 

ksrd 9 9 3 0  n d e s k t o p  c a l c u l a t c r , t h e  ~ r o q r a a  was w r i t t e r  

i n  BPSIC l anquaqe .  FOK t h e  s a k e  cf c o n v e n i e n c e ,  c u r v e s  

of Causs i an  s h a n e  were used  as ' t h e n r e t i c a l '  GPC c h r o -  

matograms and a l i n e a r  c a l i b r a t i o n  c u r v e  ( l o a a r  i t m  ic 

molecu la r  mass v e r s u s  e l u t i c n  volume) was chosen .  I n  

this case t h e  r e c u l  t i n q  molccu la r  l a s s  r ' i s t r  i b u t i o n  

( X E D )  w i l l  be loc  normal.: 
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GPC DATA 617 

where Po is  the a c l e c u l a r  mass a t  t h e  maxjFiim of t h e  

lcq n o r m a l  YMD, and 

S is t h e  star,?crrl d e v i a t i c n  o f  t h e  c u r v e .  

The t h e o r e t i c a l  r o l e c u l c r  m a s s  a v e r a q e e  cer: b.e 

r e a d i l y  c a l c u l a t e ?  ( a n a l y t i c a l l y )  from t h e  Dermeters  

of t h e  l o g  n @ r n a l  PMl7 (1) .Tn t h e  nmsr i ca l  c a l c u l a t i c n  

of t h e  ' c a l c u l a t e d '  Y, and PI, t h e  g e n e r a l l y  a c c e p t e c l  

m e t h o d s  and s p p r c x i m a t i o n s  were used ( t h e  Cane a ?  i n  

t h e  p a c e r  of Cooper and K a t z i n a e r ) .  I n  order  t c  c a l c l r  

l a t e  t h e  W a n d  Y v a l u e s ,  t h e  mirvcc; were l i v i e e d  i n t c  

e q u a l  e l u t i o n  vc lume  i n t e r v a l s  ( a c c o r d i n ?  t o  t h e  n w -  

ber of d a t a  p o i n t s ) .  T h i s  i m p l i c i t l v  i n v c l v e s  twc.  ac- 

s m p t i o n s  a s  f o l l o w s . 5 a c h  f r a c t i o r ,  of t h e  c h r n c t c a r a m  

is r e p r e s e n t e d  b y  a s i n a l e  m o l e c u l a r  mass ( P i )  and i t s  

a r e a  is a o p r o x i m a t e d  b y  a r e c t a n q l e .  me h e i q h t  of a 

r e c t a n g l e  ( H i )  i s  t h e  h e i a h t  of t h e  c h r m a t n q r a m  e t  V i  

and t h e  c e n t e r  of i t  i s  l o c a t e ?  e t  P i .  This a l s o  m e c n s  

t h a t , o n  b o t h  s ides  of a CPC c u r v e , t h e  r e a l  m c l e c u l a r  

m a s  l i m i t s  o f  t h e  c a l c u l z t i o n 9  e x c e e d  t h e  f i r s t  and 

t h e  l a s t  H i  v a l u e s  b y  t h e  h a l f  o f  t h e  i n t e r v a l  b e t w e e n  

n 

t h e  d a t a  p o i n t s .  N e q l e c t i n g  t h i s  f a c t  m i s h t  c a u s e  se- 

r i o u s  e r r o r s  i n  t h e  d e t e r m i n a t i o n  of t h e  m o l e c u l a r  
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618 FUZES 

mass l i m i t s ,  e s p e c i a l l y  i f  t h e  number of d a t a  p c i n t s  

is small. 

I n  t h i s  wcrk t h e  t hec re t i ca l  GPC c u r v e s  were an- 

proximated  b y  5 - 5 0  n o i n t s  and t h e  r p a 1  rrrclecullar ~ P S S  

l i m i t s  were g e t  a t  +_X, 23s and 24s r e s o e c t i v e l y .  T h e  

t? v a l u e s  were c h o s e n  t o  be 10 and 100 t h o u s a n d  res- 

p e c t i v o l y  . 
0 

RESULTS AND 0 ISCU CSTf” 

The e f f e c t  of t h e  m c l e c u l a r  mass l i n i t s  o n  t h e  

d i f f e r e n c e  i n  t h e  c a l c u l a t e c !  and t h e  t h e o r e t i c a l  rrcle- 

c u l a r  mass averacres  Is s h c w n  i n  F j a r l r e  1.For a G a u c s i -  

a n  chrcmatoqran  the h e i q h t  of t h e  c u r v e  a t  f7c  i s  1 3 . 5  

A of t h e  m a x i m r i m ,  b u t  a t  53s i t  is o n l y  1.1 P; ard a t  

t 4 S  C . 0 3  % c f  t b a t . S i n c e  t h e  1.1 % v a l u e  is aporcxima-  

t e l y  equal t o  t h e  d e t e c t i o n  l imi t s  i n  t h e  p r a c t i c e  cf 

GPC q e a s u r e m e n t s ,  for  r e a l  c h r a n a t o a r a m s  t h e r e  i-= n c  

p r a c t i c a l  way t o  e x t e n ?  t h e  c s l c u l a t i o n s  t o  t h e  t a i l 5  

of t h e  c u r v e s  w h e r e  t h i s  r a t i o  Is s t i l l  s m a l l e r .  T h i s  

a l s o  means t h a t  t h e  tJ and Y, v a l u e s  o b t a i n e ?  frcm rPC 

measurements  a r e  subjec ts  of e r r o r s ,  an3 t h e s e  error:: 

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

s i g n a l -  t o - n o i s e  r a t i o .  N a t u r a l l y ,  t h e  s h e n e  of  r e a l  

B C  c h r m a t o g r a m s  is u s u a l l y  n o t  G a u s s i a n ,  and i n  rea-  

n 
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NUMERICAL TREATMENT OF GPC DATA 6 19 

Number of d a t a  p o i n t s  - 50 , 
/ '  SZ 

-ze . 

-30 " 

FICUFE 1 C c m o a r i s c n  c f  t h e  T h e o r e t i c a l  and t h e  f a l -  
c u l a t e d  C o l e c u l a r  Macs n v e r a g e s . D i  f f e r e n c e F  
(AM, a n d  AMm ) v e r s u s  P o l v d i s n e r s i t v  ( D l  
f o r  D i f f e r e n t  w o l e c u l a r  Pass I i m i t s  

l f t y ,  t h e  P V D  c u r v e s  d o  n c t  e x t e n d  t o  D!US a n d  v i r u s  

i n f i n i t y ;  h o w e v e r ,  c s  t h e  n o l y n e r i t a t i o n  r e a c t i o n ?  a r e  

s t a t i s t i c a l  o n e s ,  we c a n  aPsLme t h a t  I n  fncst s y n t h e t i c  

p o l y m e r  s a m p l e s  t h e r e  is a s i g n i f i c a n t  a m c u n t  of mcle- 

cules w h i c h  r e m a i n s  u n d e t e c t e d  a t  t h e  t a i l s  cf C?C 

c h r c n a t o q r a m s .  T h e  e f f e c t  of t h e s e  p a r t s  of t h e  c u r v e s  

on t h e  c a l c u l a t e 2  m c l e c u l e r  masE averages  m i o h t  b e  

g r e a t e r  t h a n  t h e  i n f l u e n c e  of t h e  number of t h e  d a t a  

p o i n t s .  I n  t h e i r  w o r k ,  Cooper anr! P a t z i n q e r  a l w a y s  J e t  

t h e  f i r s t  a d  t h e  l a s t  F c i  v a l u e s  t o  +_3E a n 3  b y  i r c i n c  
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620 FUZES 

so t h e y  i m p l i c i t e l y  extenileA t h e  r e a l  m o l e c u l a r  ~ E C C  

l i m i t s  (by t h e  h a l f  of t h e  i n t e r v a l  be tween t h e  d a t 3  

D o i n t s l  as the number of p o h t s  d e c r e a s e d .  

lhe  ‘pure’  e f f e c t  of t h e  number o €  d a t a  o c i n t s  

on t h e  c a l c u l a t e d  !4, an8 Mm v a l u e s  is shown in F i q u r e  

2.These r e s u l t s  a r e  i n  good aareement  w i t h  t h e  w c r k  cf 

Lmber  t (2) whc a l s o  €ound no f u r t h e r  improvement i n  

t h e  a c c u r a c y  of  t h e  mo lecu la r  mass a v e r a q e s  i f  t h e  

number cf d a t a  p o i n t s  exceeded 2 0 .  D i f f e r e n c e s  i n  t h e  

F I C U R E  2 Comparison of t h e  T h e o r e t i c a l  and  t h e  Cal -  
c u l a t e d  Molecular  Mass Averages .@i  f fe rences  
(AM, and AMm ) v e r s u s  P o l y d i s p e r s i t y  (P) 
f o r  D i f f e r e n t  Numbers o f  Cata  P a i n t s  
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NUMERICAL TREATMENT OF GPC DATA 621 

Y o  v a l u e s  - as emected - had n o  i n f l u e n c e  on t h e  r e -  

l a t i v e  e r r o r s  i n  the c a l c u l a t e d  m o l e c u l a r  mass ave ra -  

ges. 

CONCLUSIONS 

U n d e t e c t a b l e  p a r t s  a t  t h e  t a i l s  of CPC c b r m a t c  

c r a m s ,  e v e n  where t h e  h e i o h t  of t h e  c u r v e  i s  s m a l l e r  

t h a n  1 % of t h e  maximum, m i c d ' l t  s i a n i f i c a n t l v  a f f e c t  

t h e  v a l u e s  of t h e  c a l c u l a t e d  m o l e c u l a r  mass a v e r a a e s .  

The n a q n i t u d e  of t h e s e  e r r c r s  E h a r n l v  i n c r e a s e s  w.ith 

d e c r e a s i n g  s i a n a l - t c - n c i s e  r a t i c .  The Vn v a l u e s  c h t a i -  

n?d :ton n o d e l  c a l c u l a t i o n s  were fo i ind  t o  ':o h i o h e r  

a n 3  t h e  P v a l u e s  1 w e r  t h a n  t h e  t h e o r e t i c a l  c n e s . T h i s  

e f f e c t  i n c r e a F e c !  w j t h  i n c r e a s i n a  oolvdisnc-rs i tv .  ?'a- 

t u r a L l y ,  t h e  m w n i t u d e  of e r r o r s  a l s o  d e n e n d s  on t h e  

sha3e of t h e  m c l e c u l a r  mass d i s t r i b u t i o n  . 

m 
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