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A UNIVERSAL CALIBRATION FOR GEL PERMEATION 
CHROMATOGRAPHY 

Gel permeation chromatography is one of the most powerful techniques 
for characterizing the polydispersity of polymeric materials (1). A ver- 
sati le commercial apparatus (2) has been used successfully in numerous 
laboratories on various problems of molecular weight distributions. But 
one of the difficulties still  unsolved is the problem of calibration, i.e., 
the relation between elution volume and molecular weight. 

Some authors (2) have assumed that retention t i m e  depends on the 
contour length of the molecular chain. Others think that it is more rea- 
sonable to use  the radius of gyration or some average volume of the 
polymer molecule a s  the calibration parameter. 

ies of polystyrenes exhibiting different molecular structures: linear, 
star-shaped, and comb-like. All were of known molecular weight and 
of low polydispersity. Obviously the conventional calibration method, 
where the logarithm of molecular weight is plotted against elution vol- 
ume, does not yield a universal curve for all the samples. Retention 
t i m e s  for branched samples were always larger than those for the linear 
homologs of the same molecular weight. We therefore tried using the 
hydrodynamic volume a s  the calibration parameter. 

In a recent paper (3) w e  have reported GPC retention t i m e s  of a ser- 

According to the Einstein viscosity law one can write 

where [?I is the limiting viscosity index, V the hydrodynamic volume of 
the particles, M their molecular weight, and K a constant. This equa- 
tion shows that the product [q]M is a direct measure of the hydrodynamic 
volume of the particles and suggests the use of log [q]M, instead of log 
M, in the calibration of the chromatograms. With this type of plot, all 
our experimental points fall on the same curve. This  assertion is sup- 
ported by the following considerations. It is well known that for branch- 
ed polymers one can write 

or 

[VIM = 4’R3 g x  - 3’2 ( 3) 

where R is the actual radius of gyration, g is the parameter introduced 
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by Zimm and Stockmayer ( 4 ) ,  q5 is a universal  constant ,  and x is an 
exponent  ranging from 1/2 to 31’2 depending upon t h e  theory used .  

from viscometric data-which determines retention in  the  chromato- 
graphic columns. But if the  hydrodynamic volume i s  the  parameter re- 
sponsible  for G P C  retention, the  above cal ibrat ion should be  val id  for 
any polymer, regard less  of i t s  chemical nature  as  well a s  of its mor- 
phological structure: i t  should be  universal ,  and thus  b e  charac te r i s t ic  
for any given set of columns and elution solvent  at a given temperature. 
W e  have  measured G P C  elution volumes of a number of polymer samples  
chosen for their small polydispers i ty .  T h e  polymers ,  obtained in most 
cases through anionic reaction mechanisms,  were: polystyrene (PS),  
poly(methy1 methacrylate) (PMM), polybutadiene,  and poly(viny1 chlor- 
ide)  samples  which can be  considered as  having l inear  molecular struc- 
ture; block and graft copolymers of s tyrene and methyl methacrylate; 
s tar-shaped polystyrenes and poly(methy1 methacrylates); “heterograft” 
copolymers composed of a three-block sequence  PMM-PS-PMM, with 
P S  graf t s  on t h e  PMM blocks. 

Molecular weights  M were determined by light scat ter ing (Sofica ap- 
paratus)  in  sui table  solvents ;  control of polydispers i ty  rendered i t  
necessary ,  sometimes, to get number-average va lues  through osmometry 
(Mechrolab equipment). 

Intr insic  v i scos i t ies  were measured, for a l l  samples ,  on tetrahydro- 
furan solut ions in  a capillary viscometer a t  25OC. 

T h e  g e l  permeation chromatography experiments were carried out on 
a Waters machine equipped with 4 columns ( lo6 ,  l o s ,  lo4 ,  9 x 10’ A . ) ,  
at room temperature. T h e  solvent w a s  tetrahydrofuran. Injection time 
w a s  2 min. and pumping rate w a s  always 1 ml./min. All the chromato- 
grams were quite sharp and almost symmetric. T h e  maximum of the  
peak w a s  taken as  the  elution volume for each of the tes ted  polymers 
and t h e  log o f  the  product [TIM w a s  plotted a s  a function of t h i s  elution 
volume, which w a s  measured in 5-ml. increments (counts). 

T h e  resu l t s  a re  col lected in Table  I, and a plot i s  shown in Figure 
1. 

It can be  seen  that  a l l  of the  experimental points  l i e  on a s ing le  
curve. T h i s  confirms our hypothesis  according to  which t h e  viscometric 
hydrodynamic volume, characterized by [TIM, determines retention in t h e  
chromatographic column. It i s  interesting to note that  t h i s  universal  
calibration curve takes  into account interact ions of  a l l  types-those 
between polymer and solvent, and in the c a s e  of copolymers the  hetero- 
contact interactions-which a re  included in [TI. T h i s  expla ins  why 
molecular weight calibration curves, i .e . ,  log M vs .  elution volume, 
es tab l i shed  for each homologous ser ies  exhibit different  s l o p e s  (F ig .  2): 
in a given Solvent the viscosi ty  laws for different polymers have  differ- 
en t  exponents. 

I f  t h i s  i s  true, i t  means  that  it i s  t h e  hydrodynamic volume-obtained 
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A HETERO G R A F T  COPOL.  

)I POLYMETHYLMETHACRYLATE 

o WLYVINYLCHLORIDE 

V G R A F T  COPOL. P S / P M M A  

P O L Y P H E N Y L S I L O X A N E  

0 POLYBUTADIENE 

18 20 22 24 26 20  30 
Elution Volume 
( 5 6  counIs ,THF so lv in l )  

Figure 1. 

Recently it has  been shown (4) that the log [ q ] M  plot also furnishes 
a good fit for polystyrene and for poly( L-benzyl glutamate) in dimethyl- 
formamide. It is well known that the shape of these molecules is quite 
different: the f i r s t  is a coil, the other a rigid rodlike molecule. There- 
fore, this result suggests that our calibration is independent of the 
shape of the molecules and is valid for elongated particles a s  well. 

Recently, Meyerhoff (5) published his  own results in this field, and 
according to him the plots of log [q] 1/3M1/2 vs. elution volume should 
yield parallels for different polymeric series.  Although the theoretical 
basis  of this plot is not very convincing, we plotted our own experi- 
mental results according to Meyerhoff and obtained for each type of 
polymer a different straight line, but all the l ines were parallel. Thus 
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- Elution Volume 
Ismi counts ,THF solvinl)  

Fig.  2. GPC calibration: polystyrene/THF.  

i t  i s  demonstrated that the calibration proposed by Meyerhoff cannot 
be  considered universal, s ince  different polymeric s e r i e s  yield differ- 
ent  curves  for the  same s e t  of columns, the  same solvent, and t h e  same 
t emper at ure . 

T h e  quest ion now a r i s e s  if i t  would not be poss ib le  to obtain t h e  
same kind of resu l t s  using the  radius of gyration. From our d a t a  on 
graft polymers t h i s  seems not to  be the  case. T h e  va lue  of x in eq. (3) 
i s  often assumed to be  1/2 (Zimm and Kilb) ( 7 ) .  Since in  our samples  
g va lues  range from 1 to 0.2, there i s  for the  most highly branched poly- 
mers  a factor of five between hydrodynamic and geometrical volumes, 
which makes i t  impossible to have  a good f i t  in  both representat ions.  

It is somewhat surprising to obtain such a good fit with t h e  volume 
obtained viscometrically, and one could ask why another hydrodynamic 
volume, such a s  that  obtained from translat ional  brownian motion, could 
not be  used .  If one  looks  at the  molecules  moving in front of t h e  p o r e s  
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in a veloci ty  gradient ,  jus t  a s  in a v iscos i ty  experiment, one  could 
a s s u m e  tha t  i t  i s  the  volume perturbing t h e  flow that  a l s o  governs the  
entry of molecules  into the  pores .  But t h i s  i s  merely a hypothesis .  

s e e m s  promising. 
molecular weight and  v iscos i ty .  Owing to  the  ease of both G P C  and 
v iscos i ty  experiments ,  t h i s  method can  be  u s e d  for molecular weight 
determinat ions on unknown polymers, and i t  should be espec ia l ly  useful  
and eff ic ient  for polymers  so luble  only at e leva ted  temperatures. 

Even if t h i s  explanat ion i s  not val id ,  t h i s  new method of cal ibrat ion 
G P C  r e s u l t s  can b e  considered as  a combination of 

We thank Mrs. Decker ,  Messrs .  Curchod, Guyot, Gal lot ,  and Zi l l iox  
for some of t h e  samples  we h a v e  used .  
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