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SEMIMICRO SIZE EXCLUSION CHROMATO- 
GRAPHY FOR OLIGOMERS. II. SEPARATION 

OF OLIGOMERS AND COMPARISON WITH 
CONVENTIONAL COLUMNS 

Sadao Mori 
Department of Industrial Chemistry 

Faculty of Engineering 
Mie University 

Tsu, Mie 51 4, Japan 

ABSTRACT 

Six teen  columns of 1.5 mm i . d .  x 25 c m  l e n g t h  packed with 
p o l y s t y r e n e g e l s  of a p a r t i c l e  diameter  10 f 2 
exc lus ion  limit of 8000 molecular  weight as polys tyrene  were 
connected i n  series and used f o r  t h e  s e p a r a t i o n  of  ol igomers  such 
as o l i g o s t y r e n e s ,  epoxy r e s i n s ,  methylated melamine-formaldehyde 
r e s i n s ,  and phenol-formaldehyde r e s i n s  of novolac and r e s o l  types.  
The observed o v e r a l l  va lue  of t h e  number of t h e o r e t i c a l  p l a t e s  w a s  
103000 p la tes14  m, Separa t ion  r e s u l t s  were compared w i t h  t h e  
convent iona l  SEC which used two SEC columns of 8 mm i , d .  x 30 c m  
l e n g t h  packed wi th  PS g e l s  of a p a r t i c l e  diameter  6 f 2 um and 
having the  same exc lus ion  limit of the  semimicro SEC, 
of N of t h i s  column was 17500 p la tes130 cm. 
n = 11 (undecamer) were s e p a r a t e d .  Methyl e t h e r  d e r i v a t i v e s  of  
polynuclear  methylol  melamines up t o  penta-nuclear  methylol  
melamine were separa ted .  The p o s s i b i l i t y  f o r  s e p a r a t i o n  of over- 
lapping  peaks by SEC having c l e a r l y  h i g h e r  e f f i c i e n c y  was d i s -  
cussed. 

p m  and having t h e  

The va lue  
Ol igos tyrenes  up t o  
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INTRODUCTION 

MORI 

In part I of this series [l], packing procedure of polystyrene 
(PS) gels of a particle diameter 10 f 2 pm into 1.5 mm i.d. x 25 cm 

length columns to obtain high-quality columns such as 8600 plates/ 
25 cm has been demonstrated. This value was comparable to the 
conventional size exclusion chromatography (SEC) columns, which 

contained PS gels of the same particle diameter (10 f 2 p) and 

were packed by a manufacturer. Sixteen columns which have the 

value of the number of theoretical plates (N) between 5800 and 
10000 were connected in series. The calculated overall value of 
N was 107000 plates14 m and the observed one was 103000 plates14 m. 

In this paper, the separation of several oligomers with this 

combined column assembly is  reported. The results are also 
compared with those for conventional SEC. 

EXPERIMENTAL 

The SEC measurements were performed on a Jasco TRIROTAR-V 
high-performance liquid chromatograph (Japan Spectroscopic Co., 

Hachioji, Tokyo 192, Japan), which can deliver solvent at a 10-UL 
interval in the semimicro mode and at a 0.1-mL interval in the 

normal LC mode. A detector was an ultraviolet (W) absorption 
detector Model UVIDEC-10011 in which a semimicro flow cell (0,5 mm 

i.d. x 5 mm length; cell volume, 1 a) or a normal flow cell (1 nun 

i.d. x 10 mm length; cell volume, 8 JL) can be installed. The 

sample-injection volume was regulated by time by using a loop 
injector Model VL-611. 

Sixteen columns of semimicro size (1.5 mm i.d. x 25 cm length 
each) were connected in series. 

10 
gels have the exclusion limit of 8000 molecular weight as PS (com- 
parable to the SEC column Shodex A802). 

KF802 (8 mm i.d. x 30 cm length each; a particle diameter 6 2 2 plm) 
were used for comparison purpose. 

PS gels of a particle diameter 

2 p were packed according to the previous report [l]. These 

Two Shodex SEC columns 

The value of N of this column 
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SEMIMICRO SEC FOR OLIGOMERS. I1 1331 

was 17500 plates130 cm (HETP = 17.1 pm) when a portion o f  20 pL of 
0.5% benzene solution was injected at flow rate of 1.0 mL/min THF. 

Sample oligomers were oligostyrenes, epoxy resins, prepolymers 
of methylated melamine-formaldehyde resins and phenol-formaldehyde 

resins (novolac and resol resins). Oligostyrenes and epoxy resins 
are commercially available. Prepolymers of melamine resins and 

phenol resins were prepared in our laboratory. 
was tetrahydrofuran (THF) at a flow rate of 40 pL/min, The UV 
detector was set to 254 nm, SEC was performed at room temperature. 

Sample solutions were each 0.5% and a 4-pL portion of the solutions 
was injected. 

and the injection volume of sample solutions was 30 pL, 

The mobile phase 

For conventional SEC, the flow rate was 1 mL/min 

RESULTS AND DISCUSSION 

SEC chromatograms of oligostyrenes (A-300 and 600) are shown 

in Figures 1 and 2. 

equivalent to n-hexylbenzene) to n = 8 (octamer) can be seen. 
However, separation on KF802 columns (Figure 1 (b)) was not enough 

to observe oligostyrenes of n = 7 (heptamer) and n = 8. In Figure 
2(a), ten peaks from n = 2 (dimer) to n = 11 (undecamer) can be 

counted, though only eight peaks can be seen in Figure 2(b). 

peak on Figure 1 (a) at retention time 96 minutes was a ghost peak. 

Figures 3 and 4 show the SEC chromatograms of commercial epoxy 

In Figure l(a), eight peaks from n = 1 ( 

A 

resins EPIKOTE 828 and EPIKOTE 1001. Similar results have been 

obtained between semimicro and conventional SEC in these cases. 
No special improvement in separation was 
semimicro SEC. The structure of epoxy resins in this work is 
illustrated as follows: 

observed even in 

CH2 - CH - CHZ -f- BPA - CH2 - CH 
I 

‘0’ OH 

where BPA is 

- CH2 -& BPA - CH2 - CH - CH2 
n ‘0’ 

CH3 
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FIGURE 1. 
la r  weight 300). 

SEC chromatograms of o l i g o s t y r e n e  A-300(average molecu- 

Sample: 0.5%, 4 pL; f low rate:  40 S / m i n ;  (a )  Semimicro SEC. 
pressure:  50 - 60 Kg/cm2; d e t e c t o r :  UV a t  254 nm, 0.16 AU 
FS; column: 1.5 mm i .d .  x 25 c m  x 16 

pressure:  30 Kg/cm2; d e t e c t o r :  W a t  254 nm, 0.32 AUFS; 
column: 8 mm i .d .  x 30 c m  x 2 

(b) Conventional SEC. Sample: 0.5%, 30 pL; flow rate: 1 rnL/miq 

Numerals i n  t h e  drawing r e p r e s e n t  t h e  degree of polymerizat ion.  
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FIGURE 2. SEC chromatograms of oligostyrene 600 (average molecu- 
lar weight 600). 

Conditions are same as those in FIGURE 1. 
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FIGURE 3. SEC chromatograms of epoxy resin EPIKOTE 828. 
Conditions are same as those in FIGURE 1. 
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FIGURE 4. SEC chromatograms of epoxy r e s i n  EPIKOTE 1001. 
Conditions a r e  same as those i n  FIGURE 1. 

Methyl e t h e r  de r iva t ives  of polynuclear methylol melamines 

obtained by the  r eac t ion  of t he  methylol group with methanol were 

separated and the  SEC chromatograms are shown i n  Figure 5. 

is mononuclear methylol melamine which contains one melamine and 

i s  separa ted  i n t o  th ree  f i n e  peaks. These peaks might be 

concerned wi th  some of s i x  mononuclear methylol melamines (mono-, 

di- ,  tri-, t e t r a - ,  penta-, and hexa-methylol melamines)[2]. 

Peak 2 i s  d inuc lear  one which contains 

methylene e t h e r  o r  methylene l inkages .  Peaks 3, 4 ,  and 5 are 

estimated t o  be tri-, t e t r a - ,  and penta-nuclear methylol melamines. 

Figure 6 is t h e  SEC chromatogram of phenol-formaldehyde 

Peak 1 

two melamines bridged by 

r e s ines  of novolac type which were prepared wi th  an ac id  c a t a l y s t .  
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FIGURE 5. 
resin prepolymer. 

SEC chromatograms of methylated melamine-formaldehyde 

Conditions are same as those in FIGURE 1. 
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132 (min) 
120 5.28 (ml) 

00 100 
3.2 4.0 4.0 

Retention Time 8, Volume 

FIGURE 6. 
mer (novolac type). 
4 .  2,2',6',4"-, 2,2',4',2"- and 2,2',6',2"-trimer, 5. 4,2',4',4"- 
and 4,2' ,6' ,4"-trimer. 

SEC chromatograms of phenol-formaldehyde resin prepoly- 
1. Phenol, 2. 2,2'-DPM, 3. 2,4'- & 4,4'-DPM, 

Other conditions are same as those in FIGURE 1. 
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Phenols are l inked  each o t h e r  w i t h  a methylene group t o  form t h e  

l i n e a r  polynuclear  novolac, Peak 2 i s  2,2'- 

DPM (dihydroxy diphenyl  methane) and peak 3 i s  a mixture  of 2,4'- 

and 4,4'-DPM [3,4] .  Peak 4 i s  a complex of 2,2',6',4"-, 2 , 2 ' , 4 ' ,  
2"- and 2,2' ,6' ,2"-trimer of phenol bound by t h e  methylene l inkage  

and peak 5 i s  t h a t  of 4 ,2 ' ,4 ' ,4"-  and 4,2 ' ,6 ' ,4"- t r imer  [ 3 ] ,  

peak between peaks 1 and 2 i s  probably 2-methyl01 phenol (MP), 

Peak 1 i s  phenol. 

A 

Figure 7 is  t h e  SEC chromatogram of  phenol-formaldehyde 

r e s o l s .  Peak 2 i s  2-MP. Peak 3 i s  a mixture  of 4-MF' and 2,6- 

dimethylol  phenol (DMP) [ 3 , 4 ] .  Peaks 4 and 5 are 2,4-DMP and 

2,4,6-TMP, respec t ive ly .  

In SEC, i t  is p o s s i b l e  t o  assume t h a t  peak width i s  cons tan t  

Then, t h e  r e s o l u t i o n  Rs of two a d j a c e n t  over  the  e l u t i o n  range. 

bands 1 and 2 i s  def ined  as 

w = w1 5 w2 

where 

and W2 are t h e  peak widths  of them, r e s p e c t i v e l y ,  The number of 

t h e o r e t i c a l  p l a t e s  N f o r  t h e  peak which has  t h e  h i g h e s t  r e t e n t i o n  

volume VR i s  expressed as 

V 1  and V2 are t h e  r e t e n t i o n  volumes of bands 1 and 2 and W 1  

V 

W 
N = 1 6 ( 2 1 2  

I n  o r d e r  f o r  two ad jacent  bands 3 and 4 t o  o b t a i n  t h e  same reso lu-  

t i o n  of t h e  ad jacent  bands 1 and 2, t h a t  i s ,  

v2 - v1 - v4 - v3 R =  
W W' S (3) 

the  value of N '  should be 

V 
N' = 1 6 ( 2 ) 2  (4) 

W' 
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Therefore, 

N' w 2  
( - )  - =  

N W' 

v2 - "1 ) 2 = (- 

v4 - v3 

(5) 

For example, if two adjacent peaks 7 and 8 in Figure 2 (a) 
should bave the same resolution of the adjacent peaks 4 and 5, two 
and a half times the value of  N, i.e., 250,000 plates, is required. 
In order to separate other two adjacent peaks more closely spaced, 
much more values o f  N is needed. Recent knowledge of separation 

tells us that these overlapping peaks for oligomers can be resolv- 
ed better by reversed-phase liquid chromatography than SEC. 
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