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COLUMN LIQUID CHROMATOGRAPHY 
IN POLYMER DEGRADATION STUDIES 

OSCAR CHIANTORE 
Dipartimento di Chirnica Inorganica Chimica 

Fisica e Chirnica dei Materiali 
Universita' di Torino 

Via Giuria 7 
10125 Torino, Italy 

ABSTRACT 

Column l i q u i d  chromatography performed on polymer samples subjected 
t o  degradation react ions makes up an important source o f  
in fo rmat ion  f o r  determining the  polymer degradation mechanisms. I n  
the  present paper it i s  shown how molecular weight d i s t r i b u t i o n  
changes and format ion o f  new compounds due t o  degradation reac t ions  
can be conveniently analyzed by s i ze  exclusion and 
adso rp t i on /pa r t i t i on  chromatography. The s e n s i t i v i t y  and uniqueness 
o f  the  approach i s  demonstrated w i t h  proper examples. 
P a r t i c u l a r l y , i t  i s  reported how l i q u i d  chromatography has been 
h e l p f u l  i n  es tab l i sh ing  the  presence o f  weak l i n k s  i n  polystyrene 
samples, i n  model l ing t h e  thermal degradation mechanisms o f  
poly(a1pha-methyl styrene) and o f  poly(methy1 methacrylate),  i n  
showing the  occurrence o f  te rmina t ion  react ions by rad i ca l  coupl ing 
i n  poly(methy1 methacrylate) samples and the  in f luence o f  
a c r y l o n i t r i l e  content on the degradation o f  s t y r e n e - a c r y l o n i t r i l e  
copolymers. 
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-- INTRODUCTION 

CHI ANTORE 

I n  the  modern development o f  polymeric ma te r ia l s  the  con t ro l  
o f  s t ruc tu res  and proper t ies  i s  becoming more and more compell ing 
and t a i l o r e d  t o  the  d i f f e r e n t  app l i ca t i ons  i n  order t o  opt imize 
performances i n  the  desired f i e l d s .  It i s  there fore  c lea r  t h a t  when 
complete charac ter iza t ion  o f  polymer i s  dealed with, t h e  behaviour 
under cond i t ions  o f  degradation, which can be thermal. 
photochemical, mechanical o r  o f  some other k ind ,  must be 
considered. The chemical react ions t a k i n g  place when polymer 
molecules are i n  some degrading environment may be grouped under 
d i f f e r e n t  classes: homolyt ic chain scissions, depolymerizations v i a  
unzipping and backb i t ing ,  in te rmolecu la r  rad i ca l  t rans fe rs ,  s ide  
group react ions o r  e l im ina t ions ,  i n te rac t i ons  w i t h  small molecules, 
c ross l ink ing ,  e t c .  The mechanisms through which a l l  t he  above 
react ions can a f f e c t  t he  polymer s t ruc tu res  are o f  d i f f e r e n t  types, 
t h e i r  cha rac te r i s t i cs  depending on the  na ture  o f  the  macromolecules 
and the  k ind  o f  degradation involved; however, i n  a l l  cases the  ne t  
r e s u l t s  always are changes o f  average molecular weights i n  the  
polymers, and sometime changes o f  t h e i r  chemical s t ruc tu res  and 
format ion o f  medium and low molecular weight molecules, i . e .  chain 
fragments, oligomers, monomers. The t r a c k i n g  of  how these molecular 
and chemical changes occur i n  the  polymers i s  essent ia l  f o r  
understanding t h e  degradation mechanisms. A powerful t o o l  f o r  t h i s  
task  i s  Drovided by column l i q u i d  chromatography because t h i s  
technique al lows performing both d e t a i l e d  ana lys is  o f  molecular 
weight d i s t r i b u t i o n  (MWD) changes and separa t ion /quant i ta t ion  o f  
the  new molecules produced dur ing  degradation, with the  use of s i z e  
exclusion chromatography (SEC) and o f  adso rp t i on /pa r t i t i on  
chromatography . 

I n  t h i s  paper the  app l i ca t i ons  o f  l i q u i d  chromatographic 
ana lys is  t o  t h e  i nves t i ga t i on  o f  polymer degradation processes are 
described, w i t h  examples obtained i n  the  degradation, mainly 
thermal, o f  d i f f e r e n t  polymers having i n d u s t r i a l  i n t e r e s t .  

EXPERIMENTAL 

The degradation o f  many polystyrene, poly(a1pha-methyl styrene) 
and poly(methy1 methacrylate) samples was inves t iga ted  by measuring 
the  MWD changes dur ing  the  process. S ty rene-ac ry lon i t r i l e  
copolymers, with a c r y l o n i t r i l e  content ranging from 17 t o  39 weight 
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%, were also degraded and the chain fragment composition analysed. 
The degradation experiments were carr ied out a t  the desired 
temperatures e i the r  i n  dynamic vacuum on a Cahn RG thermobalance, 
or  under ni t rogen flow on a DuPont 951 thermobalance coupled w i th  a 
DuPont 1091 control  un i t .  A f te r  given weight losses, the degraded 
samples were dissolved i n  tetrahydrofuran (THF) f o r  MWD 
measurements. Analysis o f  oligomers and o f  chain fragments was 
performed on the fract ions evaporated a t  h igh temperatures from the 
degraded samples and condensed a t  the o u t l e t  o f  t he  degradation 
oven. 

SEC and HPLC separations were performed on modular 
chromatographic equipments, wi th  a Waters M45 and an Al tex l l O A  
pump. An Erma d i f f e ren t i a l  refractometer, model ERC 7510, and a 
Zeiss UV spectrophotometer, model PM 2 DLC, were used as detectors. 

High e f f i c i ency  SEC columns (300 x 7.5 mm i.d.) packed w i th  
cross1 inked semi-rigid polystyrene pa r t i c l es  from Waters 
(Ul t rastyragel )  and from Polymer Laboratories (PL gel 5 tun) were 
employed. For the molecular weight determinations polymer samples 
were generally eluted i n  THF a t  1 cm3/min f low r a t e  w i th  o- 
dichlorobenzene as in ternal  standard. The output from t h e .  detector 
was sent t o  a Linseis L8500 A/D converter interfaced w i th  an Apple 
personal computer f o r  acquis i t ion and treatment o f  data. A l l  
rout ines f o r  data reduction, f low ra te  normalization and molecular 
weight analysis were developed i n  the laboratory. 

Reversed phase l i q u i d  chromatography was performed on two 
Separon S i x  C18 50 A (150 x 3.2 mm i.d.) glass car t r idges connected 
i n  series. Normal phase separations were run on a Lichrosorb S I  60, 
5 pm (250 x 4 mm i.d.1 column. 

RESULTS DISCUSSION 

Molecular weight and molecular weight d i s t r i b u t i o n  changes i n  
polymer degradations 

Molecular weight (MW) i s  a property very sensi t ive t o  the 
changes induced by degradation. I n  f a c t ,  when i n  a polymer sample 
one main chain chemical bond per macromolecule i s  broken, so t h a t  
two shorter chain molecules are produced, the number o f  molecules 
doubles and the number average MW, Mn, halves independently o f  the 
width o f  the d i s t r i b u t i o n  o f  MWs and o f  the bond pos i t i on  i n t o  the  
o r i g i n a l  polymer. There i s  a simple straightforward r e l a t i o n  
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2960 CHIANTORE 

between the  polymer MW and the  number o f  chain scissions, s ,  per 
i n i t i a l  number o f  macromolecules: 

Mn,o 

Mn 

s =  - 1  

where Mn,o i s  t h e  i n i t i a l  number average MW. 
When changes i n  other MW averages o r ,  genera l l y  speaking, i n  

the  ove ra l l  MWDs are considered, they are not only re la ted  t o  t h e  
number o f  scissions bu t  a lso  t o  the  p o s i t i o n  o f  t he  broken bonds i n  
the  macromolecules. t o  t h e i r  p r o b a b i l i t y  o f  sc iss ion ,  t o  t h e i r  
molecular weight dependence, and t o  other fac to rs .  Therefore, f o r  a 
complete p i c t u r e  o f  t he  degradation mechanism tak ing  place i n  a 
given polymer, t he  determinat ion o f  d i f f e r e n t  MW averages i s  always 
necessary; furthermore the  analysis o f  t h e  MWD changes, i n  some 
cases, may reveal p e c u l i a r i t i e s  o f  t h e  degradation process 
otherwise undetectable. For these reasons SEC i s  such an important 
technique i n  polymer degradation studies:  w i t h  the  same experiment 
on a degraded sample any desired MW average can be obtained and t h e  
ove ra l l  MWD may be d i r e c t l y  observed. 

A t y p i c a l  separation system employed f o r  i nves t i ga t i on  o f  t h e  
MWD changes dur ing  degradation o f  polymers cons is ts  of 3 columns 
with nominal pore dimensions o f  lo5, lo4 and lo3 A ,  respec t ive ly ,  
connected i n  ser ies .  The f r a c t i o n a t i o n  c a p a b i l i t y  and t h e  
c a l i b r a t i o n  curve r e l a t i v e  t o  t h i s  column se t  are shown i n  Fig.  1. 
A separation system l i k e  t h a t  i s  s p e c i f i c a l l y  designed f o r  
degradation s tud ies  where, i n  general,  the  polymer molecular 
weights decrease o f ten  d r a s t i c a l l y :  we have i n  f a c t  h igh  o v e r a l l  
e f f i c i e n c y  w i th  p a r t i c u l a r  very good s p e c i f i c  reso lu t i on  a t  t h e  
intermediate and low molecular weights. 

Let us consider two polymer samples w i t h  the  same i n i t i a l  
number average MW, Mn,o = 200000, and d i f f e r e n t  MWD. The f i r s t  
sample has a narrow d i s t r i b u t i o n  w i t h  i n i t i a l  weight average 
molecular weight M,,, = 220000, whereas the  second has a broad 
d i s t r i b u t i o n  wi th  MwI0 = 400000. I f  both polymers undergo 
degradation so t h a t  only random chain sc iss ions  take place along 
the  polymer chains, the  MWD o f  t he  o r i g i n a l  polymers w i l l  change as 
a func t i on  o f  t he  increase o f  the  number o f  sc iss ions  i n  the  way 
shown i n  Fig. 2 ;  the  number and weight average MWs corresponding t o  
these d i s t r i b u t i o n s  are reported i n  Fig.  3. It can be seen t h a t  t h e  
Mn values o f  both samples are always equal between them i n  t h e  
course o f  t he  degradation, whereas the  Mw values, i n i t i a l l y  
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POLYMER DEGRADATION STUDIES 2961 

FIGURE 1. Calibration curve and chromatograms of poly(methy1 
methacrylate) narrow standards eluted in THF on 3 PL Gel columns. 
l o 5  t lo4 t lo3. Numbers on the peaks are molecular weights o f  the 
standards. Retention volumes are expressed as percent o f  total 
volume o f  liquid in the columns. 
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2962 CHI ANTORE 

M * IOE-4 

M * 1OE-4 

FIGURE 2 .  Molecular weight d i s t r i b u t i o n s  o f  polymers wi th  Mn,Q = 
200000 and i n i t i a l  d ispers i ty  index (Mw/Mnlo = 1 . 1  ( t o p )  and 
(Mw/Mn)o = 2 . 0  (bottom), and d i t r i b u t i o n s  obtained a f t e r  the  given 
number of random chain scissions per i n i t i a l  molecule. 
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I 
1 2 3 4 5 6 7 0 9  

SCISSIONS/MOLECULE 

FIGURE 3. Molecular weights as a funct ion o f  number o f  random 
chain scissions f o r  the two polymers o f  Fig. 2. The M, l i n e  i s  
r e l a t i v e  t o  both polymers; M w , l  i s  r e l a t i v e  t o  the narrow 
d i s t r i b u t i o n  sample, MWI2 t o  the broad d i s t r i b u t i o n  one. 

d i f f e ren t ,  become equal only a f t e r  ca. 6 scissions per molecule. 
The bigger changes, especial ly evident looking a t  the average MWs, 
occur a t  low values o f  chain scissions. 

When the MWD o f  a polymer i s  known the SEC chromatographic 
curve which would be obtained by e l u t i n g  the sample on a given 
column system can be eas i l y  calculated through the relat ionship:  

dlog M 

dV 
W(V) = - W(M) M 2.303 

W(V) i s  the chromatographic height a t  each retent ion volume V 
and W(M) i s  the corresponding polymer weight f rac t i on ,  M i s  
obtained from the  ca l i b ra t i on  funct ion l og  M = f ( V )  r e l a t i v e  t o  the  
SEC columns, and -dlog M/dV represents the loca l  slope o f  t he  
ca l  i brat  ion. 
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2964 CHI ANTORE 

The chromatograms corresponding t o  t h e  MWDs reported i n  Fig.  2 
and which would be obtained from the  system g i v i n g  t h e  Separation 
o f  Fig. 1 are shown i n  Fig. 4: it can be seen, a l so  from simple 
inspect ion o f  t h e  chromatograms, t h a t  even small amounts o f  chain 
sc iss ions  are very e f f i c i e n t l y  detected. 

Degradation by simple random chain sc i ss ion  i s  an important 
case which may occur dur ing polymer l i f e  under the  e f f e c t  o f  heat, 
rad ia t ion ,  chemical agents o r  u l t rason ic  waves. I n  some instances, 
however, depending on the  polymers and on the  energy l e v e l s  
involved, t he  breaking o f  the  chemical bonds i s  fo l lowed by 
depolymerization react ions which a f f e c t  t h e  MWs o f  t h e  residues i n  
d i f f e r e n t  ways, according t o  the  type and the  ex ten t  o f  these 
react ions which give r i s e  t o  low MW compounds such as monomers and 
oligomers. The ana lys is  w i t h  SEC gives i n  such cases t h e  MW changes 
as a func t i on  o f  t he  f r a c t i o n a l  conversion t o  non polymeric 
molecules, as it can be seen i n  Fig.  5 where the  weight and number 
average MWs exper imental ly determined w i t h  SEC a t  var ious 
degradation l e v e l s  are reported f o r  samples o f  poly(a1pha-methyl 
styrene) having d i f f e r e n t  i n i t i a l  polymerizat ion degrees ( 1 ) .  On 
the  basis o f  these resu l t s ,  and o f  t h e  knowledge o f  t he  low MW 
products formed dur ing  the  degradation ( i n  the  present case on ly  
monomer i s  formed) the  appropr iate degradation mechanism can be 
recovered by computer s imu la t ion  o f  the  process and comparison w i t h  
the  chromatographic resu l t s .  The s o l i d  l i n e s  o f  Fig.  5 represent 
the  MW changes obtained from the  computed model, and i t  can be seen 
t h a t  the  experimental r e s u l t s  are f a i r l y  we l l  reproduced. It i s  
important t o  note t h a t  f o r  a cor rec t  eva lua t ion  o f  t he  degradation 
mechanism, samples w i t h  wide spectrum o f  i n i t i a l  polymerizat ion 
degrees must be evaluated, and t h i s  i s  made easy by t h e  app l i ca t i on  
o f  t h e  chromatographic technique. 

Special cases where the  chromatographic i nves t i ga t i on  has shown 
h i s  unique c a p a b i l i t y  o f  de tec t ing  degradation react ions i n  polymer 
samples w i l l  be described now. 

The presence o f  weak l i n k s ,  i .e .  some k ind  o f  thermal ly  l a b i l e  
bonds, i n  polystyrene molecules has been postulated f o r  many years 
( 2 ,  3 )  but never d i r e c t l y  demonstrated, owing t o  t h e i r  very small  
number i n  the  polymer samples (<<l /molecule) undetectable w i t h  t h e  
ord inary  ana ly t i ca l  techniques. The des t ruc t ion  o f  even such small  
number of weak l i n k s ,  however, p lays a non n e g l i g i b l e  r o l e  on t h e  
sample MWs, and i t  has been possible,  by means o f  h igh  performance 
SEC, t o  ob ta in  d i r e c t  evidence o f  t he  presence o f  weak l i n k s  i n  
d i f fe ren t  types o f  polystyrenes and t o  measure t h e i r  r a t e  o f  
sc iss ion  by fo l l ow ing  the  changes o f  MWD t ak ing  place i n  t h e  
polymer samples (4 ) .  
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45 50 55 60 65 70 75 80 85 
R e t .  V o l .  (%) 

FIGURE 4 .  Simulated chromatograms corresponding t o  the  molecular 
weight d i s t r i b u t i o n s  o f  Fig. 2 and t o  the' c a l i b r a t i o n  curve o f  Fig.  
1. Polymer w i t h  i n i t i a l  narrow d i s t r i b u t i o n :  top; w i t h  i n i t i a l  
broad d i s t r i b u t i o n :  bottom. Values o f  random sc iss ions  per i n i t i a l  
molecule are ind ica ted  on t h e  chromatograms. 
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. 2  . 4  .6 . 0  
Conversion 

18500 > 

FIGURE 5. Experimental changes of number average (X,) and of 
weight average (X,) polymerization degrees with fractional 
conversion to volatile products during thermal degradation o f  
pol y (a1 pha-methyl styrene 1 s having different i ni t i a1 molecular 
weights. Solid lines are the results from computer simulation of 
degradation mechanism. 
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I n  another case, w i t h  a thorough study on t h e  changes o f  
degrees o f  polymerizat ion occur r ing  du r ing  thermal degradation o f  a 
se r ies  o f  poly(methy1 methacrylate) samples , again performed w i t h  
SEC, i t  has been possible t o  po in t  ou t  t h e  d i f f e r e n t  behaviour o f  
t h e  t e r t i a r y  and primary rad i ca l s  formed by polymer chain 
scissions, and consequently an accurate mechanism o f  t he  process 
could be establ ished ( 5 ) .  The most important chromatographic 
r e s u l t ,  however, was re la ted  t o  the  f i n d i n g  t h a t  i n  the  peaks o f  
some degraded samples t a i l s  a t  low e l u t i o n  volumes are  formed, due 
t o  higher molecular weight f r a c t i o n s  no t  present i n  the  o r i g i n a l  
samples. Obviously t h i s  i s  a c lea r  i n d i c a t i o n  t h a t  coup l ing  between 
rad i ca l s  takes place i n  te rmina t ion  rec t ions ;  i n  add i t i on  w i t h  
o ther  evidences o f  non complete randomness o f  t he  process (5), t he  
in f luence o f  d i f f u s i o n  phenomena could be demonstrated. A s i m i l a r  
f i n d i n g  would never have been poss ib le  with techniques g i v i n g  on ly  
average MWs, whereas it was on ly  obtainable w i t h  exc lus ion  
chromatography where the  o v e r a l l  MWD envelope i s  revealed. 

Analysis o f  low molecular weight compounds 

The use o f  SEC i n  the  ana lys is  o f  ol igomers and small molecules 
has been prev ious ly  described ( 6 )  and some app l i ca t i ons  t o  
degradation problems discussed. Column combinations w i t h  very h igh  
s p e c i f i c  reso lu t i on  values i n  the  low molecular weight range, up t o  
approximately 1000/2000, are ava i l ab le  f o r  these app l ica t ions .  The 
separat ion power o f  one such column system i s  shown i n  Fig.  6 where 
a mix tu re  o f  n-alkanes ranging from methane t o  dotr iacontane has 
been resolved i n t o  t h e  i nd i v idua l  components. Molecular 
charac ter iza t ions  on s i m i l a r  chromatographic columns have been 
reported f o r  many low molecular weight res ins  l i k e  polyesters,  
phenolics, u re ics ,  epoxies, and others. The problem o f  c a l i b r a t i o n  
may be overcome i f  the  polymer s t ruc tu re  i s  exac t l y  known, e.g. 
from the  polymer synthesis, o r  i f  i d e n t i f i c a t i o n  o f  t h e  i n d i v i d u a l  
peaks present i n  the  chromatogram can be done i n  some way, so t h a t  
t he  r e s u l t s  are extrapolated i n  a l l  t he  MW range o f  i n te res t .  

Separation power i n  the  region o f  molecular weights between ca. 
100 and a few thousands i s  a l so  use fu l  f o r  ana lys is  o f  t h e  
molecules formed dur ing  degradation o f  polymers. Unfortunately,  i n  
such cases, It i s  p r a c t i c a l l y  impossible t o  es tab l i sh  a proper 
c a l i b r a t i o n  func t i on  due t o  t h e  heterogenei ty o f  chemical 
s t ruc tu res  present i n  these samples: more than one c a l i b r a t i o n  
curve should be considered and, furthermore, as compounds d i f f e r i n g  
i n  s t ruc tu re  and molecular weights may have the  same hydrodynamic 
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FIGURE 6. SEC separation o f  n-alkanes, from methane t o  
dotr iacontane, i n  to luene w i t h  3 U l t ras ty rage l  columns, l o 3  t 500 t 
100. Detector:DRI. Flow ra te :  1 cm3/min. 

volume i n  the  so lu t i on  t o  be analyzed, they w i l l  have same 
re ten t i on  volumes i n  the  chromatograms so t h a t  complete separation 
o f  t h e  mixtures cannot be achieved. Even so, however, SEC gives 
important informat ions on the  degradation modes o f  t he  polymers. An 
example i s  given by the  ana lys is  o f  t he  ol igomers formed by thermal 
treatment o f  s t y rene-ac ry lon i t r i l e  copolymers having d i f f e r e n t  
i n i t i a l  compositions. I n  F ig .  7 t h e  chromatograms obtained from 
these degradation products are shown; a l l  t he  f r a c t i o n s  present i n  
the  chromatograms contain a c r y l o n i t r i l e  u n i t s  and i t  i s  c l e a r l y  
seen from the  f i g u r e  t h a t  by increasing t h e  a c r y l o n i t r i l e  content 
i n  the  copolymer the  r e l a t i v e  amount o f  t h e  f r a c t i o n s  w i t h  higher 
molecular weights, g i v i n g  t h e  unresolved broad peak a t  t he  lowest 
re ten t i on  volumes, increases i n  comparison with the  peaks o f  t h e  
dimers and t r imers .  This f i nd ing ,  together w i t h  other experimental 
cor re la t ions ,  suggests t h a t  t h e  depolymerization reac t ions  are, i n  
the  copolymers, t he  more i n h i b i t e d ,  t he  more a c r y l o n i t r i l e  u n i t s  
are present along the  chains ( 7 ) .  

When complete reso lu t i on  o f  components i n  mixtures of oligomers 
o r  o f  chain fragments formed dur ing  degradation processes i s  
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FIGURE 7 .  SEC chromatograms o f  oligomeric and chain fragment 
fractions from thermal degradation of different stirene- 
acrylonitrile copolymers. Initial copolymer acrylonitrile content 
(weight %I is given on each chromatogram. Molecular weights 
relative to polystyrene calibration are indicated on the retention 
volume axis. Solvent: T H F .  Detector: D R I .  Flow rate: 1 cm3/min. 

desired, adsorption and partition chromatography are also useful, 
The possibility of obtaining separations of such mixtures on the 
commercially available HPLC columns i s  of course greatly influenced 
by the eluent choice, where in addition to the classical concepts 
of eluent strength the variation of solubility with the molecular 
weight of compounds within homologous series has also to be taken 
into account. A low MW polystyrene standard containing oligomers 
with degrees o f  polymerization ranging from 2 to 10 can be 
fractionated on the same C18-silica column with different 
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CH30H/THF 83/17 

L CH30H/THF 90/10 

I 
I 1 I I I 1 

2 4 6 8 10 12 14 
t R  ( m i d  

FIGURE 8.  F rac t ionat ion  o f  low molecular weight polystyrene 
standard, Mw = 526, on two Separon S i x  C18 50 A g lass ca r t r i dges  
with d i f f e r e n t  eluents. Flow rate:  1 cm3/min. Numbers on the  Deaks 
i nd i ca te  polymerizat ion degrees. 

reso lu t ions  depending on the  eluents, as i t  can be seen i n  Fig. 8, 
where the  r e s u l t s  r e l a t i v e  t o  e l u t i o n s  i n  CH30H/THF mixtures and i n  
CH30H are compared. The search f o r  optimum cond i t ions  i n  t h e  cases 
here discussed i s  always done with i s o c r a t i c  e l u t i o n s  because f o r  
app l i ca t ions  t o  polymers and re la ted  compounds the  d i f f e r e n t i a l  
refractometer i s  general ly used as a detector and the re fo re  
e l u t i o n s  with solvent gradients are not feas ib le .  As a consequence 
o f  t h i s  r e s t r i c t i o n  the  r e s u l t s  are a l so  l i m i t e d  by the  peak 
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FIGURE 9. F rac t ionat ion  o f  polystyrene standard, Mw 2800, on a 
Lichrosorb SI 60-5 pm column. Eluent: n-heptane/THF, 85/15. Flow 
ra te :  1 cm3/min. Numbers on the peaks i nd i ca te  polymerizat ion 
degrees. 

broadening which increases w i t h  e l u t i o n  t ime. I n  Fig. 8 t he  
chromatogram obtained i n  CH30H, where reso lu t i on  i s  t he  h ighes t ,  
shows on ly  6 peaks, whereas a t  leas t  9 may be counted from the  
e l u t i o n  i n  t h e  mix tu re  CH30H/THF, 83/17 v/v, where separat ion i s  
f a i r l y  poor. S im i la r  r e s u l t s  were also obtained i n  mixtures 
CH$N/THF and H20/THF (8) .  The number o f  ol igomers which can be 
resolved with HPLC i s ,  when working i n  t h e  best cond i t ions ,  very 
much higher than t h a t  one possible with SEC, where f o r  degrees o f  
polymerizat ion higher than ca. 10 i n d i v i d u a l  peaks are genera l l y  no 
more obtained ( 6 ) .  For example, w i t h  polystyrene ol igomers o f  t h e  
same type described above, bu t  having degrees o f  polymerizat ions up 
t o  more than 30 very good separations can be obtained on s i l i c a  gel  
columns and e luent  mixtures n-heptane/THF. A t y p i c a l  chromatogram 
r e f e r r i n g  t o  a polymer sample w i t h  Mw = 2800 and d i s p e r s i t y  index 
Mw/Mn 1.05 i s  reported i n  Fig.  9: more than 20 peaks are v i s i b l e ,  
cover ing polymerizat ion degrees between 13 and 35. 

Another p o i n t  re levant f o r  t he  present discussion i s  t h a t ,  w i t h  
HPLC columns, separations on the  bas is  o f  s t r u c t u r a l  and isomeric 
d i f fe rences  can be e a s i l y  performed, and as it has already been 
mentioned t h i s  i s  important f o r  the  i nves t i ga t i on  o f  t he  great 
number o f  compounds o r ig ina ted  i n  the  degradation o f  polymers. 

CONCLUSIONS 

I n  the  app l i ca t i on  o f  column l i q u i d  chromatography t o  t h e  
i nves t i ga t i on  o f  polymer degradation reac t ions  both SEC and HPLC 
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are essent ia l  techniques: the  former shows t h e  range o f  molecular 
weights over which the  sample spans and how t h e  polymer MWDs change 
dur ing degradations, whereas from the  l a t t e r  a representat ion o f  
the  s t r u c t u r a l  complexity o f  t h e  mixtures o f  newly formed molecules 
may be obtained. A combination o f  t he  two techniques i n  ser ies,  
s i m i l a r  t o  t h a t  proposed by o ther  authors (9, 10) would c e r t a i n l y  
be h e l p f u l  i n  s i m p l i f y i n g  the  analyses. The most d i f f i c u l t  problems 
s t i l l  a r i se  from the  i d e n t i f i c a t i o n  of t he  revealed substances; 
detectors g i v ing  s t r u c t u r a l  informat ions are there fore  o f  paramount 
importance t o  gain a deeper i n s i g h t  on t h e  r e s u l t s  o f  t he  
separations. To t h i s  end the  most i n t e r e s t i n g  systems t o  be coupled 
w i t h  the  l i q u i d  chromatographic equipment are, f o r  t h e  problems 
involved i n  t h i s  f i e l d ,  t he  UV diode array spectrophotometer and 
the  mass spectrometer. 

REFERENCES 

1. 
2. 
3. 

4. 

5. 

6.  
7 .  
8. 
9. 

10. 

Guaita, M. and Chiantore, O., Poly. Deg. and Stab., 11, 167, 1985. 
J e l l i n e k ,  H.H.G., J. Polym. Sci . ,  3, 850, 1948. 
Grassie, N. and Kerr, W.W.,  Trans. Faraday Soc., 53, 234, 1957; 
Trans. Faraday Soc., 55, 1050, 1959. 
Chiantore, O., Camino, G., Costa, L. and Grassie, N., Poly. Deg. 
and Stab., 3, 209, 1981. 
Chiantore, O. ,  Luda d i  Cortemigl ia,  M.P. and Guaita, M . ,  Poly. 
Deg . and Stab., 24, 113, 1989 . 
Chiantore, 0. and Guaita, M., J. L iqu id  Chromatogr., 9, 1341, 1986. 
Chiantore, O., unpublished resu l ts .  
Chiantore, O., unpublished resu l t s .  
Balke, S.T. and Patel ,  R.D.in Size Exclusion Chromatography,(GPC), 
ed.T.Provder, ACS Symposium Series 138, Washington, 1980, pp.149-82 
Dawkins, J.V. and Montenegro, A.M.C., B r .  Polym. J., 21, 31, 1989. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


