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E’PFECTI\ rE  MEABS OF S I G N I i ‘ I C A K l ’ L Y  ETHAKCIXG 
BSSOLUl’IOlLT OF IiAULTICOLEm:M SiTS TO BE USED 

FOIL AfiALYZITU’G 3PECIPIC PCLIKGk SYSTB-S 

R.Tyrnczyfiski and E.Turska 
Institute of Polymer Chemistry 
Polieh Acsdemy of Sciences 

Zabree, Poland 

ABSTiiACT 

their elimination were discussed,reference being also 
made to particular requirements to be met in the case 
of copolymer studies. GPC analysis optimization expa- 
riments were performed in order to minimize instrumen- 
tal spreading for a multicolm set operated in carbon 
tatrzchloride. Results of experiments carried o t at 

f o r  narrow L.’vi?) solutes uere used to compute the values 
of the degree of polydispersity and other ILvO obtain- 
able perameters determining the extent of spreading 
miniaization httainsd. The CPC data generated for runs 
conducted at the lowest f lov,  rate employed were shown 
to have been rendered sufficiently accurate for the 
raw chromatograms to represent the polymers being ana- 
lyzed without the need of performing mathematical cor- 
rections for imperfect GPC: resolution. 

------- 
Problems concerning GPC band spretiding effects and 

mobile phase flow rates of 1.0 , 0.3 and 0.1 cm ’4 /min 

INTRODUCTIOrJ 
--------I 

Gel permeation chromstography (GPC) is today a widely 
recognizad method of determining the molecular weight 
distribution(1LW) of  polymers. In this technique 
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1492 TYMCZYNSKI AND TURSKA 

of instrumental anslysis,the solvent flowing inside 
the GPC coluian set used constitutes the mobile phase 
to vhich is introduced a polymer solution forming a 
narrow rectangular band at the beginning of analysis. 
In the course of its migration in the column that bmd 
is gradually broadened as a result of processes taking 
place both inside the columns themselves and in the 
remaining elements of the chromatographic system( 1,2). 

Consequently, the I:VID curves obtained for polydis- 
perse polymer samples are generally t o o  broad and so- 
mewhat skewed because the experimental chromntogram 
constitutes a composite picture of not only the M V I D ,  
but a l s o  of the superimposed instrumental spreading 
effects occurring in the chromatogrfiphic columns. 

Distortion of experimental chromztograms due to 
the fact that the band broadening process interferes 
with the integrity of NIWD information reflected by 
the GPC elution profile,is known to be highly detri- 
mental to chromatographic resolution. Column disper- 
sion effects are thus clezrly the main source of er- 
rors in the quantitative interpretation of GPC ana- 
lysis results leading t o  the determination of polymer 
molecular weights and WVDs(1-3). 

To ensure accuracy and precision of experimental 
LND informetion,the spreading effects resulting from 
specific features of individual experiments should be 
removed from the chromatograms,so as to be able to 
extract f r o m  them the desired intrinsic MLD characte- 
ristics of the analyzed polymer. 

Since the magnitude of GPC peak dispersion effects 
depends on the rate of the ma88 transfer process occur- 
ring between the mobile phase solvent) and the statio- 
nary phase (solvent trapped inside the pores of column 
packing),these phenomena are hence determined by such 
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OPTIMIZATION OF GPC EXPERIMENTS 1493 

difficult to measure and control factors as pore stru- 
cture and pore size distribution,microscopic flow ir- 
regularities in the packed chromatographic C O ~ U ~ ~ S ,  

as well as by solvent viscosity and flow rate,polymer 
sample concentration,and other extracolumn effects(4d). 

As a result,mathemstical methods of correcting 
chromatograms for imperfect resolution require the 
application of suitable experimental calibration pro- 
cedures that are by no means trivial to perform,as 
discussed briefly la.ter on. 

And that is the reason why the question of running 
GPC experiments in conditions making possible a signi- 
ficant minimization of instrumental spreading is o f  
great importance a8 far as obtaining more accurate an6 
correct W/D information from GPC analyses is concerned. 

This trend is reflected by pertinent studies car- 
ried out to date on that problem(7-9). As a matter of 
fact,even though the findings relating to,for instance, 
resolution enhancement by decreasing solvent flow rate 
m a  admittedly not new(10), the problem of improving 
GPC separstion efficiency by optimizing the chromato- 
graphic system operating variables continues to rece- 
ive constant attention,as exemplified b3- a recent pa- 
p e r  of Cooper(I1). 

The foregoing considerations had induced ua to 
undertzke an experimental study aimed at minimizing 
peak dispersion effects for a column set to be used in 
o w  investigations of random copolymers by multiple 
detector GPC technique. The importance of correcting 
f o r  imperfect resolution a lso  the chromatograms of 
polymers for which there is no unique relationship 
between their size in solution a n d  molecular weight 
has been indicated in a recant review article(l2). 

ride,selected 20 the mobile phase on the basis of its 
The experiments were performed in csrbon tetrachlo- 
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1494 TYMCZYNSKI AND TURSKA 

c o m p a t i b i l i t y  wi th  one of t h e  s o l u t e  d e t e c t o r s , t h e  use 
of t h e  IH flow-through d e t e c t o r  employed being l i m i t e d  
t o  s o l v e n t s  t r a n s p a r e n t  a t  t h e  a b s o r p t i o n  wavelengths 
monitored i n  o r d e r  t o  determine copolymer composition 
v a r i a t i o n 6  

In view of t h e  r e l a t i v e l y  h igh  v i s c o s i t y  o f  carbon 
t e t r a c h l o r i d e  (1 .O Cp a t  2OoC) , i ts  choice  as  GPC solvent  
c o n s t i t u t e d  i n  o u r  c a s e  an evident  compromise between 
t h e  a t t a i n a b l e  l e v e l  of r e s o l u t i o n  and t h e  amount of 
in format ion  t o  ba obta ined  from t h e  chromatograms, 
s i n c e  s o l v e n t  v i s c o s i t y  is a f a c t o r  i n f l u e n c i n g  d i r e c t -  
l y  the r a t e  of s o l u t e  permeation i n t o  t he  p o r e s  and 
hence c o n t r o l l i n g  column dispers ion(4-6)  

Another z s p e c t  o f  t h e  p r e s e n t  work is concerned 
with t h e  f a c t  of i t s  h a v h g  been c a r r i e d  o u t  using 
convent iona l  GPC columns and packings( p a r t i c l e  diame- 
t e r  35 )rrr)known t o  y i e l d  s i g n i f i c a n t l y  g r e a t e r  column 
d i s p e r s i o n  e f f e c t s  than those  produced by s h o r t  co- 
lumns with m i c r o p a r t i c u l a t e  packinga(l6) .  

In t h e s e  c o n d i t i o n s  i t  seemed a l l  t h e  more worth- 
while t o  parform the  p r e s e n t  GPC r e s o l u t i o n  enhancement 
s t u d y , a s  t h e  expensive modern m i c r o p a r t i c u l a t e  pack- 
inga r e q u i r i n g  the use  of c o s t l y  h igh-pressure  pumping 
equipment are n o t  w i t h i n  everybody's reach.  

with r e s p e c t  t o  molecular  weight (113-1 5) 

Q p a r a t u s  and Opera t ing  V a r i a b l e s  
The chromatographic ana lysee  were performed u s i n g  

a k o d e l  200 g e l  permeation chromatograph ( maker:Waters 
A s s o c i a t e s  Inc.)equipped with a s e t  o f  f i v e  convent io-  
na l - type  GPC colunms(122 mm 1 o n g ; i n t e r n a l  dia.0.95 mm) 
packed wi th  S t y r a g e l  and Poragei gels with pa r t i c l e  
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OPTIMIZATION OF GPC EXPERIMENTS 1495 

diameter of 35 )xm arid pore nizes or:  ?om, IO~,, 
10 nm, 3x10 nrn and 10 nm. The Waters Associates R-400 
series deflection-type differential refractometer and 
the Giilks Instruments M I R A G  l h  infrared spectrometer 
were the solute detectors used. 

rene standards supplied by fiaters Associates Incowere 
used in the present work. Freshly diatilled carbon 
tetrachloride( supp1ier:Poliuh Chemical Reagents POCh, 
Gliwice) wa8 the GPC solvent employed. 
The GYC experiments were conducted in 8n air-conditio- 
ned laboratory inaide which a constant temperature of 
~ I O C  ,+ IOC was maintained. 

As a considerable increase of chromatographic 
resolution may be attained by reducing solvent f l o w  
rate( 7,9) ,it was decided to investigate thoroughly 
the effect of mobile phase flow rate on separation 
efficiency for a chromatographic system set up for 
a copolymer study,as already indicated in the intro- 
ductory section, The experiments were therefore run 

3 4 5 

Narrow mo 1 e c ular weight di 3 t ri b ut i on (IJNTjJD) p o 1 y s t y- 

at the following flow ratet3:l.O , 0.3 and 0.1 cm 3 / m i n  

The multicolumn set was selected in such a way as 
to ensure the linearity of the GPC calibration curve 
in the molecular weight range of interest,which is in 
turn known to improve both resolution and accuracy of 
molecular weights calculated f rom experimental chro- 
matograms ( 9,17,18). In order to improve the accuracy 
of GPC measurements at the low solvent flow rates 
app1ied.a suitably modified siphon was used t o  mini- 
mize solvent loases by evaporation (19). The retention 
volume of chromatographic peaks was determined by cal- 
culating the position of the first moment of the peak, 
known from theory to be independent of flow rate(2,6). 
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1496 TYMCZYNSKI AND TURSKA 

retention volume (counts 1 
28 ' '30 ' '32 ' '34 ' '36 ' 

FIGURE' 1 The linear calibration dependence obtsined 
for the set of five conventional GPC columns us2d in 
th present4uork - co lynn  pore s i z e s :  10nm , 10 nm , 
solvent f low rate: 0.1 cm /min . 3 I 0  9 nm, 3x10 nm, and 10 nm GPC solvent:CC14 at 25%; 

O&imization of GPC Anzlysaa 

persity of IWUD polystyrene standards,determined ex- 
perimentally from uncorrected chroma tograms('w'%) , 
from the lltrue" polydispersity value  quoted f o r  those 
atandards by their supplier was selected as 

The percentage deviation of the degree of polydb- 

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



OPTIMIZATION OF GPC EXPERIMENTS 1497 

a convenient  c r i t e r i o n  f o r  e s t i m a t i n g  t h e  e f f e c t  o f  
GPC s o l v e n t  (CC14) flow r a t e  on t h e  s e p a r a t i o n  e f f i -  
c i e n c y  of tht3 multicolunm s e t  employed. 

T h i s  d e v i a t i o n ,  expressed o v e r l e a f  ad(%Dr$ % , 
makes i t  p o s s i b l e  t o  determine r e a d i l y  t h e  a t t a i n e d  
r e s o l u t i o n  enhancement o f  the  chromatographic system 
i n v e s t i g a t e d , a s  t h e  v a l u e s  o f (  w n), o b t a i n e d  from 
experimental  chromstograms should be equal  t o  t h e i r  
t r u e  values(Mw'%.)t when t h e  s t a t e  of i n f i n i t e  raso- 
l u t i o n  hes  been reached(  20) ,, 

hl /lYi 

] ('1 (%Pin) U - (Mw'%) A (KW/Mn)$ = IOO x ------I- [ ( MJXn) t 
A d d i t i o n a l  c r i t e r i a  of  a s s e s s i n g  t h e  a t t a i n e d  

e x t e n t  of system r e s o l u t i o n  i n c r e a s e  inc luded  t h e  de- 
t e r m i n a t i o n  o f  t h e  symmetrical  spreading  c o r r e c t i o n  
f a c t o r / \  (21) from uncorrec ted  chromatograms recorded 
a t  t h e  t h r e e  s o l v e n t  f l o w  r a t e s  s tudied ,and  a l s o  t h e  
corresponding v a l u e s  o f  t h e  s p e c i f i c  r e s o l u t i o n  f a c t c r  
R , , c o n s t i t u t i n g  a g e n e r a l  measure of system e f f i c i e n -  
cy(2.2). The s y m n e t r i c a l  c o r r e c t i o n  f a c t o r  
by t h e  fo l lowing  r e l a t i o n  ( when/\< 1.05 s p r e a d i n g  

i s  g iven  

Idn( t ) ,  M,( t) - t r u e  v a l u e s  o f  the number a n d  weight 
average molecular  weights of t h e  
NMWD p o 14 s t y r e n e  s t a n d a r d s  

r a g e  molecular  weights  o f  t h a  NUliJD 
p o l y s t y r e n e  s t a n d a r d s  computed from 
uncorrec tad  chromatograms. 

Mn(u), Mw(u) - v a l u e s  of  t h e  number and  h e i g h t  ave- 
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1498 TYMCZYNSKI ANTI TURSKA 

The specific resolution factor R, was determined 
for the solvent flow rates studied using the relation 
given by Bly (22). 

where : 

V,, V2 

G1,G, - standard deviation of Gaussian peaks deter- 

- retention volumes for standards with mole- 
culer weights Mland Ni2 , 

mined from experimental chromatograms of 
the NMWD samples  znd expressed in counts , 

dl,, d2 - polydispersities of the WiWD smples "1" 
and 1t21t, i.e,(Mw'un) 

USULTS AUD DISCUSSION 
Chromatographic analyses of a series of lW-WD stan- 

dards were carried out in conditions specified in the 
experimental section. The linear GPC calibration re- 
lationshipa found for the individual carbon tetrachb 
ride f l o w  ratea studied w e r e  then used to determine 
the values of the optimization parameterh (Mw/MJ % 
and the molecular weights of the NMVD polystyrene 
standards analyzed. Computations were performed accop 
ding to B program similar to that of Pickett at a1 23 

and of the optimization perameter'A(M,hi,n) % calculated 
f rom r 6 w  chromatograms obtained for the NMWD polysty- 
rene samples at the different f low rates studied,are 
listed in table 1. 

The values of the optimization paramaterA~,/Bn) % 
computed for the three different floh rates investi- 
gated were plotted as a function of molecular weight 
of the WWD polystyrene smiplea (Figure 2 ) .  

The values of the degree of polydispersity(Md $ 1  k, 
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1500 TYMCZYNSKI AND TURSKA 

FIGURE 2 The exp 
za t ion  parameter 
f o r  t h e  d i f f e r e n t  
CC1 a 2 5 O C  ; so  
0,34cn4/min - 0 , 

er imental  dependence o f  the  optimi- 
K /nl, % on molecular weight,found 

solvent  flow r a t e s  inve t i g e t e d  - 
l ven t  fl w r a t e s :  1.0 cm 3 /min - 0 , 

0.1 cm 3 /min - 0 . 

The d a t a  l i s t e d  i n  t a b l e  1 and depicted i n  f igu-  
r e  2 shocv c l e a r l y  t h a t  f o r  the lowest f l o w  rate s tu -  

reduct ion o f  t he  percentage devia t ion  of the  values  
o f  the  degree  of po lyd i spe r s i ty  determined from raw 
chromatogranis (k~h$.,)u from t h e  t r u e  d e g r e e  of poly- 

d i e d  (0.1 cm 3 /min) t he ra  has occurred a cons iderable  

d i s p e r s i t d  N / M  w n ) t  of t he  QMWD polystyrene s tandards 

chromatographed. The s i g n i f i c a n t  augmentation of GPC 
band broadening e f f e c t s  wi th  molecular weight t o  be 
observed f o r  t h e  ind iv idua l  flow r a t e s  s tud ied  is i n  
agreement with pe r t inen t  t h e o r e t i c a l  gredict ions(4-6,  
25,26). Resul t s  of MWD analyses obtained f o r  the  NMWD 
samples s tudied  were then u t i l i z e d  t o  determine the  
va lues  of the GPC symmetrical spreading co r rec t ion  
f a c t o r A  (eqn.2) r e f l e c t i n g  the  band broadening e f f e c t s  
present  a t  the so lvent  flow r a t e s  investigated(21) . 
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OPTIMIZATION OF GPC EXPERIMENTS 1501 

Valuea o f  t h e  s p e c i f i c  r e s o l u t i o n  f a c t o r  Rs(22) ,con- 
s t i t u t i n g  a q u a l i t a t i v e  i n d i c a t i o n  o f  t h e  o v e r a l l  
e e p a r a t i o n  e f f i c i e n c y  o f  t h a  chromatographic  system, 
were a l s o  determined f o r  t h e  xiolecular  weight range 
o f  i n t e r e s t .  The ob ta ined  v a l u e s  ofA and H, were 
l i s t e d  i n  t a b l e s  2 M d  3. 

t a l  v a l u e s  of  t h e  c o r r e c t i o n  f a c t o r  A , c a l c u l a t e d  
f o r  t h e  NMWD polymer samples s t u d i e d  a t  t h e  GPC eol- 

3 v e n t  f low r a t e  of  0.1 cm /min ta re  less t han  1.05 i n  
t h e  molecular  weight range of i n t e r e s t .  

This means t h a t  i n s t r u r n e n t s l  s p r e a d i n g  e f f e c t s  
have been minimized t o  such an e x t e n t  t h a t  t h e y  may be 
n e g l e c t e d  when i n t e r p r e t i n g  GPC a n a l y s i s  r e su l t s (8 ,21 ) .  
That f i n d i n g  t h u s  confirmed t h e  conc lus ion  drawn from 
t h e  d a t e  l i s t e d  i n  t a b l e  1 and f i g u r e  2 , t h e  r e s u l t s  of 
Rs d e t e r m i n a t i o n s  i n d i c a t i n g  unequivoccilly t h e  enhan- 
cement o f  o v e r a l l  s e p a r a t i o n  e f f i c i e n c y .  

IJun;erical v a l u e s  o f  t h e  number( N A  and weight(bIw) 
ave rage  molecu la r  weights  c a l c u l a t e d  f o r  s e v e r a l  hi1Vi1) 
p o l y s t y r e n e  s t a n d a r d s  from chromatograrns uncor rec t ed  
f o r  i n s t ru rnen tz l  s g r e a d i n g  e f f e c t s  a r e  compared i n  
t a b l e  4 v. i th  t h e  co r re spond ing  ELn and 111, v a l u e s  quoted 
f o r  t hose  s t a n d a r d s  by t h e i r  s u p p l i e r .  

The r e s u l t s  l i s t o d  i n  t z b l e  4 confirm t h e  v a l i -  
d i t y  o f  o b s e r v z t i o n s  a l r e c d g  rnade,the improvement i n  
t h e  v z l u e s  o f  t h e  nurnber average molecu la r  we igh t s  o f  
t h e  IUWD samples i n v e s t i g z t e d  becoming e v i d e n t  with 
t h e  r e d u c t i o n  o f  s o l v e n t  flow r a t e .  
The z t t a i n a d  improvement o f  t h e  accu racy  of t h e  nume- 
r i c a l  v a l u e s  of t h e  number and weight ave rage  molecu- 
l a r  weights  is t o  be r ega rded  as most s a t i s f z c t o r y  i n  
t h e  expe r imen ta l  c o n d i t i o n s  employed. It should be 
remembered t h a t , i n  a d d i t i o n  t o  GPC band broadening 

It c a n  be s e e n  from t a b l e  2 that  t h e  experimen- 
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TABLE 2 

TYMCZYNSKI AND TURSKA 

a lues  of t h e  Symmetrical Spreading Correct ion Fac tor  x Calculated f o r  GPC Data Generated f o  the  NMWD Sam- 
p l e s  at the  Solvent Flow Rates  Studie{CC14 a t  25°C) 

..................................................... 
Sample Spreading Correct ion Fac tor  

o . 1 cm3/min 0.3 cm3/min I *O c m  3 /min 
........................................ *W 

390,000 1 *033 1 e 0 5 8  
200,000 1.036 1.061 1.158 
117,000 1.05 1.164 
20,800 1 *027 1 SO45 1 . I0  
10,000 1.04 1 .O5 1.09 
2,100 1 a049 1.09 1.19 

TABLE 3 

Values of the Spec i f ic  Resolution Fact r R, Determind 
a t  the Solvent Flow Rates  InvestigatedlCC14 a t  25OC) D
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OPTIMIZATION OF GPC EXPERIMENTS 

TABLE 4 

1503 

Values of limber and Weight Average Kolecular Weights 
of the WiWD Standards Computed from Raw Experimental 
Chromato rams Recorded at the GPC Solvent Plow Rats8 
Studied fW14 st 25OC). 

viol. wt s . of 
S tandads 0.1 0.3  1 .o 

GPC Solvent Ii'low Rate (cm 3 /min) 

.................................................... 
773,000 668,000 671,000 478,000 
867,000 877,000 944,000 995 , 000 

355 , 000 353,000 330,000 
390 9 000 413,500 405,500 

11 1,000 108,500 
111,000 119,700 

9 3 700' 
127,000 

20 , 200 18,100 20,400 17,700 
20,800 19,700 23,100 22,500 

1 , 950 1,870 1,850 1,530 
2,100 2,200 2,370 2,320 

affects,othar sources of error are also to be recko- 
ned with,e.g.errors involved with the choice of cor- 
rect chromatogram baseline,or those committed hhen 
taking readings of chromatogram heights in the chro- 
matographic de.ta treatment stage (3,27) . 

The practical value of the experimental approach 
to GPC resolution optimization carried out to obtain 
nore accurate LWD information msy be best appreciated 
by considering briefly the main problems involved in 
the general mathematical approach t o  the elimination 
of band broadening effects. 

The mathematical correction of GPC chromatograms 
for imperfect resolution requires the determination 
of the relation betaeen the experimental chromatogram 
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1504 TYMCZYNSKI AND TURSKA 

P(v) of the investigated polymer sample and the mole- 
cular weight distribution function Yv(Ivi) that would be 
obtained in the absence of column dispersion proces- 
ses described by the instrumental spreading function 
G (v,M) . It is to be emphasized that the relation 
between these three functions,given by Tung in t h e  
form of the below quoted ,familiar convolution Fnteg- 
ral equation( 4) for GPC band broadening, implies that 
the spraading of a component is not affected by its 
own concentration and concentrations of other compo- 
nsnts in solution. r- 

F(V) = J W(M) G(~,M> d~ ( 4 )  
where: lipl - molecular weight, v - retention volume, 
G(v,M) - normalized instrumental spreading function, 
F(v), W(M) - experimental and spreading corrected 
chromatogras, respectively. 

Extraction of t h e  function W(M) representing the 
corrected chrometogram requires the selection of the 
correct spreading function and the determination of 
numerical values o f  its parameters. 

Numerous methods of solving the equation( 4)with 
respect to W(h1)for a known spreading function have 
been presented in the literature (29,30) ,most of them 
tacitly relying on the assumption that the chromato- 
gram of a polymer sample is a linear superposition of 
individual chromatograms corresponding to all compo- 
nents of the polymer investigated. Since the elution 
of erch species is known to depend somevihat on the 
concentration of all other species present,the above 
assumption may not ba explicitly correct over certain 
concentration and molecular weight ranges (32 ,33 ) .  

IU;oreover, the spreading function G(v ,U) parameters 
6r6 known to depend on the columns used 8nd on the 
sizes of polymer molecules. They are also determined 
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OPTIMIZATION OF GPC EXPERIMENTS 1505 

by opere t i n g  c o n d i t i o n s ,  e x h i b i t i n g  a c e r t a i n  dependen- 
ce on flovr r a t e  and p o l p e r  c o n c o n t r ~ ~ t i o n ( 3 3 ) .  
The concen t rL t ion  dependence has n o t  been y e t  e l u c i -  
d a t e d  adequa te ly , end  t h e r e f o r e  s p r e a d i n g  f u n c t i o n  
t r e a t m e n t s  have been g a n e r s l l y  conf ined  t o  the  r e g i o n  
of  l o w  c o n c e n t r r t i o n s  i n  nh ich  c o n c e n t m t i o n  e f f e c t s ,  
and s p e c i f i c a l l y  s p e c i e s  i n t e r n c t i o n s , E r e  s u f f i c i e n t l y  
s m l l  t o  be n e g l e c t e d .  

I n  t h e  c a s e  o f  copolymers i t  i s  obviousl:, necessa -  
r y  t o  e x e r c i s e  c a u t i o n  as f a r  as t h e  q u e s t i o n  of  t h e  
absence of  s p e c i f i c  i n t e r a c t i o n s  i e  concerned (34) . 
dhould such i n t e r e c t i o n s  prove s i g n i f i c m t , i t  Aould 
be indeed  d i f f i c u l t  t o  a e i n t a i n  that  t h e  r e b o l u t i o n  
f u c t o r ( h )  i s  r e a l l y  independent  o f  p o l p e r  t j p e ,  ss 

a s s s r t e d  by Tung and liunyon i n  t h e i r  t r e a t m e n t  of  t h e  
i n s t r u m e n t a l  sp read ing  problem(35) . 

It t h e r e f o r e  becomes a l l  t he  more i n p o r t e n t  i n  
t h e  c a s e  o f  copolymers t o  ensu re  t h e  a t t a i n m e n t  of an 
optimum o v e r a l l  r e s o l u t i o n  e f f i c i e n c y  of  t h e  chromn- 
t o g r a p h i c  system b) a p p r o p r i a t e l y  op t imiz ing  e x p e r i -  
mental  c o n d i t i o n s .  

m i z a t i o n  of  GPC band broadening e f f e c t s  i s  f u r t h e r  
suppor t ed  by t h e  f a c t  that  t h e  problem o f  choosing 
t h e  c o r r e c t  sp read ing  f u n c t i o n  has n o t  y e t  been s o l -  
ved. I n  a d d i t i o n  t o  t h e  most o f t e n  employed Gaussisn 
model of t h e  sp read ing  f u n c t i o n  G(v,lv!) proposed by 
T u g  e t  a1.(36) ,numerous a t t e m p t s  have been made  t o  
app ly  more genera1,asymmetr ical  s p r e a d i n g  f u n c t i o n s  
with a l a r g e r  number 
The main d i f f i c u l t y  encountered i n  t h i s  connec t ion  i s  
due t o  t h e  f e c t  t h a t  t h e  accuracy o€ b o t h  s b s o l u t e  
Eind GPC t echn iques  of  measuring average molecu la r  
h e i g h t s  o f  p o l y n e r s  i s  i n s u f f i c i e n t  t o  determine ECCU- 

The importance o f  such an approach t o  t h e  rnini- 

o f  p ~ i r e s e t e r s ( 3 7 - 4 2 ) .  

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



1506 TYMCZYNSKI AND TURSKA 

rately the parameters of the more complex GPC sprea- 
ding functions (1,42). 

It should be pointed out that the application of 
calibration stmdards whose molecular keights are 
known with an accuracy of 2 5 $ has been thought 
until recently to be sufficient for determining the 
parameters of the spreading function characteristic 
for a given chromatographic system. That belief has 
been nevertheless contradicted by numerous literature 
data(l,37,43) . The practical determination of the 
spreading function suffers chi.efly from the lack of 
good experimental methods of obtaining the values of 
the number average molecular weight (Mn) over a wide 
range of molecular weights, so that the commercially 
available polymer standards have insufficiently accu- 
rate 

Significance of the above fact should be realized 
fully when attempting to determine the spreading cor- 
rection factor(h) either by the extremely tedioue 
reverae-flow experiment (1,35,36) or by computational 
methods,such as those of Hamielec and Ray (44) or 
Balke and Hamielec(45). 

Mn values assigned to them (43). 

CONCLUDING RXUAiXS 
In genera1,it has become widely accepted that the 

quantitative interpretation of GPC data f o r  the pur- 
pose of obtaining correct polymer molecular weight 
averages requires the application of rather elaborate 
data treatment procedures in order to deconvolute 
band broadening effects from experimental chromato- 
grams. Such an attitude among GPC users does tend to 
limit the number of those who venture beyond the scope 
of routine GPC data interpretation,even though the 
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OPTIMIZATION OF GPC EXPERIMENTS 1507 

c o r r e c t i o n  of raw chromatograms f o r  t h o s e  e f fec ts  is 
well known t o  be i n d i s p e n s a b l e  for BMffD samples( 36) 
a n d , a s  i n d i c a t e d  by Kotaka and Donkai (46), the  omiss ion  
o f  band broadening c o r r e c t i o n  may sometimes l e a d  to 
s e r i o u s  e r r o r s  also i n  the case o f  broad XWD polymer 
samples.In t h i s  s i t u a t i o n , t h e  p r e s e n t  band b roaden ing  
min imiza t ion  s t u d y  i n d i c a t e s  c l e a r l y  the imnense prao- 
t i c a l  v a l u e  of GYC L n s l y s i s  optimizcit ion as an e f f e c -  
t i v e  means of o b t a i n i n g  more c o r r e c t  and accurslte ;Ci,CE 

i n fo rma t ion .  
I n  o u r  c a s e  t h e  c h o i c e  o f  column l e n g t h  and pack- 

i n g  p o r o s i t y  combination t o g e t h e r  v d i t h  t h e  a p p l i c a t i o n  

r e s u l t  i n  a s i g n i f i c a n t  n i n i n i z a t i o n  o f  GPC s p r e a d i n g  
e f f e c t s .  The r e s u l t a n t  i n c r e z s e  of  chrometographic 
system r e s o l u t i o n  was s h o w  t o  produce such $3 impro- 
vement o f  t h e  accuracy o f  GPC a n s l j s e s  t h a t , i n  compa- 
r i s o n  w i t h  t h e i r  t r u e  v a l u e s , t h e  v a l u e s  o f  sve rage  mo- 
l e c u l a r  weights  of  1”rllD polymer samples computed frorn 
rzw expe r imen ta l  ch rom~togrems  Rere found t o  be w e l l  
t;,ithin l i m i t o  o f  expe r imen ta l  e r r o r  (3,27) 

s t u d y  n a s  e f f e c t e d  f o r  a chromatographic s y s t e m  ope- 
r a t i n g  i n  c o n d i t i o n s  g e n e r a l l y  cons ide red  as  u n f a v o w  
a b l e  t o  maximum r e s o l u t i o n  requiremants,i.e.conventio- 
n c l  t j p e  GYC packings u i t l i  p a r t i c l e  d i m e t e r o  of 35 r]l 
and t h e  v i s c o u s  carbon t e t r a c h l o r i d e  as GPC e o l v e n t  
h e r e  employed. 

A t  t h e  si-me t i m e , t h e  i n c r e a s e  of  a n r l y s i s  t ime 
r e s u l t i n g  from t h e  a p p l i c a t i o n  of l o w  CEC s o l v e n t  flovr 
r a t e  i n  t h e  c c s e  o f  c o n v e n t i o n a l  c o l u m  pack ings  is 
thought  t o  be o f f s e t  e n t i r e 1 1  by t h e  f a c t  t h a t  lcore 
a c c u r a t e  GTC d a t a  are  o b t a i n e d  s i t h o u t  t h e  n e c e s s i t y  
o f  r e s o r t i n g  t o  t h e  complex mathemeticel  methods of 
e l i m i n a t i n g  GPC i n s t r u m e n t a l  s p r e a d i n g  e f f e c t s .  

of a lob s o l v e n t  f low r a t e  (0.1 CEi 3 /min)wEs found t o  

It i s  t o  be f u r t h e r  emphasized t h a t  t h e  p r e s e n t  D
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1508 TYMCZYNSKI AND TURSKA 

Under these circumstances,the effectiveness of  
the optimization study reported herein is therefore 
all the more gratifying,cnd its results should prove 
particulerly encouraging to those who wish to extract 
the maximum .mount of informution from their GPC ex- 
periments,but do not have access to modern microparti- 
culete packings o r  special computer systems. 
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