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PHENOLIC RESINS MANUFACTURED BY POLYCONDENSATION IN THE 
SOL1 STATE FROM PURE PRECURSORS ; CRYSTALLOGRAPHIC 
AND q3C NMR INVESTIGATIONS. 

ROBERT PERRIN' , GYY BERTHOLON' , M. F~ 
GRENIER-LOUSTALOT , ROGER LAMARTINE , MONIQUE PERRIN' 
and ALAIN THOZET . 
1. Laboratoires de Chimie Industrielle et 
Cristallographie, UA 805, Cristallographie et Chimie 
des Materiaux, 4 3 ,  Bd du 11 Novembre 1918, 69622 
Villeurbanne Cedex, FRANCE. 
2 .  Laboratoire de Chimie Thkorique et Chimie 
Organique Physique, UA 895. Avenue Philippon. 64000 
Pau, FRANCE. 

Abstract Two important precursors of phenolic resins 
manufactured fr ptj phenol are studied. Crystal 
structures and C NMR spectra in solid state are 
determined for these pure compounds. The theryJ1 
polycondensation of one precursor is monitored by C 
NMR. 

INTRODUCTION 

A number of precursors of phenolic resins have been 
prepared by condensation of phenols and formaldehyde. 

Single crystals of some precursors have been obtained (1) 
and their crystal structures determined. A full and 
particular study have been performed for 1 and 2 
precursors which can be considered as important precursors 
of phenolic resins manufactured from phenol. The thermal 
polycondensation of precursor 1 is studied by I3C NMR. 
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CRYSTAL STRUCTURES 

PERRIN e t  al. 

Precursor 1 crystallizes in the monoclinic system with 4 

molecules in the unit cell. The oxygen of 
one hydroxymethl group in the ortho p o s i t i o n  lies 

in the benzene ring plane. The two other oxygen atoms 

the hydroxymethyl groups are out of the ring plane and 

the same side. 

of 

on 

FIGURE 1. Precursor 1 

FIGURE 2. Precursor 2 
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157 SOLID STATE POLYCONDENSATION OF PHENOLICS 

Precursor 2 crystallizes in the triclinic system with 
2 molecules in the unit cell. 

On one benzene ring the oxygen atom of one hydroxymethyl 
groups is in the ring plane, the other is out of it. On 

the other benzene ring the two oxygen atoms of the 
hydroxymethyl groups are out of the plane and on both 
sides. 

, ~ - - - - - - - . -  - - - __ - - - _ ~ _ _  

1 
160 110 60 10 - r a  -90 - 14C 

FIGURE 3 .  I3c NMR Spectrum of precursor 1 
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158 PERRIN et al. 

The study of the I 3 C  NMR spectra of compound 1, Figure 3 ,  

shows that the carbons of the three hydroxymethyl groups 
correspond to three d i s t i n c t  peaks in the solid state 

(58.83 ; 6 3 . 4 3  ; 6 6 . 4 9  ppm) and only two peaks in solution 
(59.82 ; 6 3 . 8 4  ppm). 

The first observed peak in solution corresponds to 

the two groups at ortho positions while the second 

correspondsto the group at 
the different orientations of hydroxymethyl groups given 
by X ray diffraction explain the three observed peaks 
without any assignment being possible. 

para position. Xn t h e  s o l i d  state 

126.77 
\ 

6 3 . 1 1  

I I. ima I# a -‘. -,.I -,I. -I.* 
rm 

FIGURE 4 .  I3c NMR spectrum f o r  precursor 2 
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SOLID STATE POLYCONDENSATION OF PHENOLICS 159 

For compound 2, Figure 4 ,  the four carbons of the 

hydroxymethyl groups correspond to only one peak in solution 

( 5 9 . 4  ppm). In the solid state two peaks are observed 

(60.30; 63.11 ppm) due to different spatial orientations of 
these four groups. 

The pure thermal polycondensation of 1 for 30 
minutes at 120°C gives a peak at 7 3 . 4  ppm, Figure 5, which 

corresponds to the carbons of an ether bridge 

-CH2-O-CH2- (2) ( 3 ) .  Indeed, the same peaks are 

~- 

1 2 9 . 6 6  

for 30 minutes at 120°C 
125.00 

73.47 
J 

65 - 00 

T U R B I N E  

153.82 

160 140 120 100 8 0  60 40 28 
PPn 

FIGURE 5. 13C NMR of the product of thermal 

polycondensation of 1 

observed on the spectrum of di(2-hydroxybenzyl) ether, 

Figure 6. This substance has been specially synthesized to 

obtain this information. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
47

 1
9 

Fe
br

ua
ry

 2
01

3 



1 60 PERRIN et al. 

- 1 2 9 .  SJS 

solution..-..72.9 

rrm 

I :I* S I  I -5e -,ma -1s. -1.. 
rrn 

FIGURE 6. I3C NMR spectrum of di( 2-hydroxybenzy1)ether. 

The same behaviour is observed during thermal 
polycondensation at 250°C and 30 minutes but,in this 

peaks begin to appear between 40 and 46 ppm,probably due 
to the formation of methylene bridges -CH -, Figure 7.  2 

case, 

Thus the pure thermal polycondensation of 1. f o r  a 

limited time leads to a polymer with a tridimensional 
structure essentially provided by ether bridges. In the 

solid state, 1 also leads to the formation of ether 

bridges. 
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161 SOLID STATE POLYCONDENSATION OF PHENOLICS 

I 129.6 

125 - 00 

153.82 

65 

f 

160 I s 0  120 180 80 60 48 2 8  
PPM 

w 

FIGURE 7. 13C NMR spectrum of product of thermal 
polycondensation of 1. 

The reactions, written s i m p l y ,  in the case of 

2-hydroxymethylphenol are as follows : 

,W$j * H,O 

H,O CH,O 
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162 PERRIN et al. 

These basic studies, now in progress, should allow 

better understanding of the structures of  phenolic resins and 
the ensuing properties. 
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