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JOURNAL OF LIQUID CHROMATOGRAPHY, 13( l ) ,  51-61 (1990) 

GEL PERMEATION CHROMATOGRAPHY 
OF POLYOXYMETHYLENE 

TOSHIO OGAWA 
Faculty of Engineering 

Kanazawa Institute of Technology 
7-1 ,  Ohgigaoka Nonoichi 

Ishikawa 921, Japan 

ABSTRACT 
The method of universal calibration was applied for polyoxymeth- 
ylene in gel permeation chromatography. Successful molecular 
weight di stri but ion curves were obtained for pol yoxymethyl ene from 
chromatograms. Further, the weight average molecular weights from 
gel permeation chromatography were in good agreement with those 
from light scattering, 

INTRODUCTION 

Determination of molecular weight distribution of polyoxymeth- 
ylene (POM) had been carried out by column elution method, 192) 

After appearance of gel permeation chromatography (GPC), this meth- 
od has been applied to almost all polymers. Practical use of this 
method in industries is becoming very popular. This method was 
also applied to POP.Io3) 
determining molecular weight and its distribution, because the 
calibration curve was not prepared for POM. 
styrene (PS) was conventionally used for POM. 

chosen, 

However, the study is not sufficient for 

The curve for poly- 

In advancing the study of GPC, an appropriate solvent must be 
This polymer is soluble in dimethylformamide (DMF), o-di- 
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52 OGAWA 

chlorbenzene, etc,  
of POM, judging from s o l u b i l i t y ,  t he  value o f  r e f r a c t i v e  index 
increment, and s t a b i l i t y  o f  the  polymer. 

as copol.wers, inc lud ing  a small amount o f  comonomers such as 
ethylene oxide and trioxocane. The comonomer content i s  usua l l y  
equal o r  l ess  than 211101% as oxyethylene u n i t ,  and furthermore oxy- 
ethylene u n i t  i s  very s i m i l a r  t o  oxymethylene u n i t  i n  chemical 

structure.  Most so lu t i on  proper t ies  o f  these copolymers can be 
regarded as the  same as those o f  homopolymers. 

When we want t o  determine molecular weight d i s t r i b u t i o n ,  t h e  
c a l i b r a t i o n  curve o f  polymer i n  question must be prepared under 
given condit ions. The most use fu l  and p r a c t i c a l  technique t o  ob- 
t a i n  the  c a l i b r a t i o n  curve would be the  app l i ca t i on  o f  method o f  
universal  ca l i b ra t i on ,  which was presented by Grubis ic,  Rempp and 
Benoi tO4) Namely, i f  the  fo l l ow ing  equation holds f o r  two polymers 
i n  any e l u t i o n  volume, we can ob ta in  the  c a l i b r a t i o n  curve o f  PDM 

from t h a t  o f  a standard polymer, e.g., PS. 

DMF i s  the  most appropr i te  among them f o r  GPC 

Most POM are s t a b i l i z e d  

[~]1M1 = [ I - I I ~ M ~  ...................................... (1 )  

where r1-11 means i n t r i n s i c  v i scos i t y ,  M molecular weight, and the  
subscr ipts 1 and 2 stand f o r  polymers 1 and 2, respect ively.  
On the  basis o f  t h i s  idea, t h e  c a l i b r a t i o n  curve o f  POM (polymer 1) 
was determined from t h a t  o f  PS (polymer 2), 

EXPERIMENTAL 

Mol ecu 1 a r  weight 

t o  eq.(2) a t  a very low angle scatter ing.  
The weight average molecular weight Rw was ca lcu la ted  according 

l i m  KC/R = l/flw .................................... .(2) 
C 4  

where K i s  constant, C concentrat ion o f  polymer i n  solut ion,  and R 
the di f ference between solvent and so lu t i on  i n  Rayleigh r a t i o .  K 
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GPC OF POLYOXYMETHYLENE 53 

i s  a f u n c t i o n  o f  d i f f e r e n t i a l  r e f r a c t i v e  index increment  dn/dc and 
of r e f r a c t i v e  index o f  so l ven t ,  POM f r c a t i o n s  were o b t a i n e d  by  
column e l u t i o n  m e t h ~ d , ~ )  and t h e  mo lecu la r  we igh ts  were determined 
by  a Model KMX-6 low  ang le  l i g h t  s c a t t e r i n g  photometer (Chromatix, 
CA, U.S,A,). Measurements were made u s i n g  DMF as s o l v e n t  a t  t h e  
wavelength o f  633nm under t h e  c o n d i t i o n s  o f  6 % 7 i n  apparent  dc- 

gree annulus and t h e  f i e l d  s t o p  of 0.2, The we igh t  average mole- 
c u l a r  we igh t  was ob ta ined  f rom t h e  s c a t t e r e d  i n t e n s i t y  o f  v a r i o u s  
c o n c e n t r a t i o n s  a t  135OC, 
t o  those  i n  t h e  o t h e r  s t u d y O 6 )  R e f r a c t i v e  i ndex  increment  o f  POM 

was determined i n  DMF a t  135OC by a Shimadzu Model DR-1, where t h e  

wavelength o f  633nm was adopted and t h e  o t h e r  c o n d i t i o n s  were t h e  
same as those f o r  l i g h t  s c a t t e r i n g ,  

Other  exper imenta l  procedures a r e  s i m i l a r  

I n t r i n s i c  v i s c o s i t y  

were determined i n  DMF w i t h  an Ubbelohde v i scomete r  a t  135OC. 

I n t r i n s i c  v i s c o s i t i e s  o f  PS s tandard samples and POM f r a c t i o n s  

GPC - 
A Waters Model 150C g e l  permeat ion chromatograph equipped w i t h  

a s e t  o f  two columns o f  Shodex A-80M and o f  a pre-column A-800P 
were used f o r  o b t a i n i n g  chromatograms and a c a l i b r a t i o n  curve. 

2 
The s e t  o f  columns has separa t i on  performance r a n g i n g  f r o m  10  t o  

1 0  i n  mo lecu la r  we igh t  o f  PS, The apparatus was opera ted  w i t h  a 

f l o w  r a t e  o f  l . h l / m i n  a t  135OC. The chromatograms were reco rded  

w i t h  a R I  d e t e c t o r .  

7 

RESULTS AND DISCUSSION 

Mo lecu la r  we igh ts  o f  POM and PS 

polymer c o n c e n t r a t i o n  i s  shown i n  FIGURE 1 f o r  POM and t h e  v a l u e  

o f  -0.0505ml/g was ob ta ined  f o r  dn/dc. 

we igh t  d e t e r m i n a t i o n  by  l i g h t  s c a t t e r i n g  i s  shown i n  FIGURE 2. 
Since t h e  v a l u e  o f  1,3745 was e x p e r i m e n t a l l y  ob ta ined  f o r  t h e  

The r e l a t i o n  between d i f f e r e n t i a l  r e f r a c t i v e  index An and 

An example o f  m o l e c u l a r  

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



54 OGAWA 

FIGURE 1 Differential refractive index An vs,  polymer concentration 
for POM in DMF at 135OC. 
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FIGURE 2 Example for light scattering of POM in DMF at 135OC. 
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GPC OF POLYOXYMETHYLENE 55  

TABLE 1 Molecular weights and i n t r i n s i c  v i s c o s i t i e s  o f  POM and PS 

Sample - 
POM R En1 / d l g - l  

POM- 1 14600 
POM-2 29500 
POM-3 441 00 
POM-4 69900 
POM-5 122000 
POM-6 172400 

0.175 
0.282 
0.421 
0.737 
0.914 
1.150 

PS m 
PS- 1 526 
PS-2 9000 
PS-3 50000 
PS-4 11 0000 
PS-5 600000 

~~~ 

0.01 4 
0.061 
0.181 
0.327 
0.933 

* : These samples were prepared by f r a c t i o n a t i o n  o f  
commercial POM. 

r e f r a c t i v e  index o f  DMF a t  135OC, we obtained the  value 1.965 
x 

122000 was given f o r  t h i s  example. TABLE 1 shows a l l  t h e  values 
f o r  POM f r a c t i o n s  together w i t h  those f o r  PS, which were found i n  
a catalogue (Toyosoda, Coo, Japan). 
these samples were determined under the  same cond i t ions  as i n  GPC, 
and the  r e s u l t s  a re  a l so  shown i n  TABLE 1. 

f o r  K i n  eq.(2), and the  weight average molecular weight o f  

I n t r i n s i c  v i s c o s i t i e s  o f  

Universal  c a l i b r a t i o n  curve 
Logarithmic [ V I M  were p l o t t e d  aga ins t  e l u t i o n  counts, as shown 

This f i g u r e  c l e a r l y  ind ica tes  t h a t  t he  experimental i n  FIGURE 3. 
po in ts  f a l l  on one curve; eq . ( l )  holds between these polymers. 
POM f r a c t i o n s  have the  values from 1.1 t o  1.5 i n  Rw/Rn when 

The 
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56 OGAWA 

Elution Volumelcount 

FIGURE 3 Universal c a l i b r a t i o n  curve w i t h  POM and PS, 

: POM 0: PS 

observed i n  GPC. 
w i t h  those o f  PS standard samples ( i n  PS usua l l y  l ess  than 1.1). 
The e f f e c t  o f  these broad molecular weight d i s t r i b u t i o n  on the  
molecular weight corresponding t o  the  peak o f  t he  chromatogram was 
reduced by adopting the  cor rec ted  values M which i s  expressed by 

These values a re  r e l a t i v e l y  l a rge  as compared 

P ¶  7 )  eq.(3). 

* . . D O  ....... 0 . . 0 . 0 . 0 ~ ~ . . 0  ........ ( 3 )  -112 
M P = f l w x D  9 

where 

.......... O D 0  ....... 0 .... ......... (4) Dg = 'w,&,g 
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GPC OF POLYOXYMETHYLENE 57 

l o g M  

FIGURE 4 Intrinsic viscosity vs. molecular weight for POM and PS 
in DMF at 135OC. 

: POM, 0 : PS 

and An indicate the weight and the number average molecular Rw,g 9 9  
weights, respectively, which are obtained conventionally by 
GPC, 

the conditions as in GPC, 
eq"(5) was obtained for POM. 

The Mark-Houwink equation for these polymers was confirmed under 
The results are shown in FIGURE 4, and 

0 .... .................( 5) 5 Mo.7a95 [o] = 9,082 x 10- 

POM fractions used for preparing the equation have relatively 
broad distribution, Therefore, the effect o f  the distribution on 
the Mark-Houwink equation must be corrected to obtain accurate 
universal calibration curve, 
is expressed by eq. (6) 

Generally, the Mark-Houwink equation 

[o] Kt x Ma U O I Y O . . D Y Y  ."..... OD..0 ..... ..........( 6) 
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58 OGAWA 

where Kt and a are constant. 

molecular weight d i s t r i b u t i o n  o f  samples. 
normal d i s t r i b u t i o n  func t i on  f o r  t he  molecular weight d i s t r i b u t i o n ,  

Th is  equation i s  in f luenced by the  

I f  we assume the  l o g  

the r e l a t i o n  between [n] and flw can be expressed by eq.(7), 8 )  

[n] . Kt x (flw/Rn)-0'5a(a-1) x f l i  ................ . (7)  

Accordingly, Kt i s  g iven as a func t i on  o f  the  observed value Kob 
by the  fo l l ow ing  equation. 

K t  = Kob x (flw/fln) 0.5a(a-1) ...................( 8 )  

By p u t t i n g  the  values Kob = 9.082 x 
0.7895 t o  eq.(8), we obtained 9.320 x 
the r e l a t i o n  between [n] and M i s  g iven by eq.(9) f o r  POM. 

flJfln = 1,366 and a = 

f o r  Kt of POM. F i n a l l y ,  

0.7895 [nll = 9,320 x x M1 ................ (9 )  

The r e l a t i o n  between [n] and M i s  given by the  f o l l o w i n g  equation 
f o r  PS and i s  shown i n  FIGURE 4. 

........o!lo) 0.6056 [nl2 = 2.795 x x M~ ....... 
I n  t h i s  case, no co r rec t i on  i s  required, because the  molecular 
weight d i s t r i b u t i o n  i s  very narrow. 
between M1 and M2 i s  g iven by e q - ( l l ) .  

Consequently, the  r e l a t i o n  

l o g  M1 = 0.2665 + 0.8972 x l o g  M2 ..........,..( 11) 

Namely, a POM f r a c t i o n  having M, and a PS sample having M2 should 
g i ve  the  same e l u t i o n  volume, i f  these molecular weights a re  
cor re la ted  by e q o ( l l ) .  The c a l i b r a t i o n  curve o f  POM i s  e a s i l y  
obtained using e q . ( l l )  from t h a t  o f  PS, i f  the  experiemental condi- 
t i o n s  such as solvent and temperature are  the  same as i n  t h i s  study. 
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C 
a 

l o g  M 

FIGURE 5 Mo lecu la r  we igh t  d i s t r i b u t i o n  c u r v e  o f  POM homopolymer. 

Example 

ob ta ined  u s i n g  e q . ( l l )  f rom chromatograms. 

FIGURE 5 i s  a homopolymer, and t h e  one i n  FIGURE 6 a copolymer 
c o n t a i n i n g  t h e  comonomer of 2mol% as oxye thy lene  u n i t .  

some d i f f e r e n c e  between t h e  two cu rves  i n  l ow  mo lecu la r  w e i g h t  
reg ion :  a smal l  peak i s  always p resen t  i n  t h e  chromatogram o f  POM 

copolymers, T h i s  f a c t  w i l l  be d i scussed  elsewhere, 

determined f rom a chromatogram, TABLE 2 shows t h e  r e s u l t s  o b t a i n e d  
by GPC and l i g h t  s c a t t e r i n g  f o r  t h e  we igh t  average m o l e c u l a r  we igh t  

o f  connnercial POM, where POM-7 % 10 a r e  copolymers and POW11 i s  a 
homopolymer. These r e s u l t s  r e v e a l  t h a t  t h e  c a l i b r a t i o n  c u r v e  
ob ta ined  i n  t h i s  s tudy  i s  v e r y  u s e f u l  f o r  d e t e r m i n i n g  t h e  m o l e c u l a r  
we igh t  and i t s  d i s t r i b u t i o n .  

The mo lecu la r  we igh t  d i s t r i b u t i o n  c u r v e  o f  commercial POM was 
The polymer sample i n  

There i s  

Wi thout  saying, t h e  a b s o l u t e  m o l e c u l a r  we igh t  can be e a s i l y  
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C 
a 

log M 

FIGURE 6 Mo lecu la r  we igh t  d i s t r i b u t i o n  c u r v e  o f  POM copolymer. 

TABLE 2 Weight average mo lecu la r  we igh t  o f  commercial POM 
ob ta ined  by GPC and l i g h t  s c a t t e r i n g  

Sample by GPC by l i g h t  

POM-7 104200 104000 

POM-8 87300 89800 

POM-9 82200 84700 

POM- 1 0 96000 94600 

POM-11 72000 65700 

s c a t t e r i n g  
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