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Polystyrene Cross - Linked with Pure 
m - and Pure p - Divinylbenzene 
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Hunter College, 
C i t y  University of New York, 
New York,New York 

and 
LUTHER H. SMITHSON, Jr. 
Varian, 
Palo Alto,  California 

SUMMARY 

Mass spectral data for polystyrene and its copolymers with 8% 
pure m- and 8% pure p-divinylbenzene show characteristic differ- 
ences. Polystyrene is differentiated by the enhanced M/e 193 over 
194, 207, and 208 peaks; the reverse relative intensities being ob- 
served for the copolymers. The para  copolymer has characteristic 
peaks at 222,235, and 236 m/e which do not appear in the spectra of 
either the meta copolymer o r  polystyrene. The last is tentatively 
assigned to the [3,3]-paracyclophane structure formed in a yhydro  
gen rearrangement from adjacent p-DVB units fragmented from the 
copolymer network. 

INTRODUCTION 

We wish to record our observations of the characteristics of the 
mass spectra for polystyrene and its 8% copolymers with pure m- 
and pure p-divinylbenzene. Previous mass spectral studies of poly- 
styrene [l-31 and monomeric styrene [4] have established the charac- 
terist ics of the systems involved. These have been confirmed and 
extended using slightly different techniques. When adapted to studies 
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of cross-linked copolymers prepared according to techniques 
developed in our laboratories [5], i t  appears that the meta and para 
cross-linkages can be distinguished and perhaps characterized. In 
this report, we wish to state briefly our techniques, the characteris- 
t ics of the spectra, and the significance thereof. 

EXPERIMENTAL 

Materials 
Bead copolymers of styrene (PS) cross-linked with 8 mole% pure 

(99.8+ Yo by GLC) p-divinylbenzene (8% p-DVB) o r  pure (99.9+ Yo by 
GLC) m-divinyl benzene (8% m-DVB) were prepared by a previously 
described technique [5] with initiator (dibenzoyl peroxide) concentra- 
tion of 0.1% and carboxymethylcellulose (CMC) dispersant at  80°C. 
Beads of 20-30 mesh size, dried at  60°C for 48 hr  under high vacuum 
(1 mm Hg) to remove any possible traces of residual monomer, 
were used. The non-cross-linked polystyrene and the pure di- 
vinylbenzene polymers were obtained under similar conditions 
(0.1% benzoyl peroxide, 80"C, CMC). 

Mass Spectrometer 

ments. Mass spectrometric operating conditions were a s  follows: 
electron energy 70 eV, electron current 40 pA, analyzer tempera- 
ture lOO"C, ionization chamber temperature 200°C (and above) and 
at  7-13 x 10-7 torr .  

A Varian M-66 mass spectrometer was used in these experi- 

Procedure 

i.d. (1.4 mm 0.d.) melting-point capillary. The capillary was 
placed in the solid sample inlet probe and inserted into the ioni- 
zation chamber. The probe was heated rapidly to 150°C and con- 
tinued heating a t  200°C at a rate of 10"C/min. Increasing the tem- 
perature further resulted in large increases in analyzer pressure. 
The temperature was  increased further after the pressure stabili- 
zed. Spectra were recorded at 250,275,300,325, and 350°C tempera- 
tures after stabilization of both pressure and temperature were 
obtained. The temperature of the sample introduction probe was 
regulated to * 0.25"C and was resettable to *5T. Analyzer tempera- 
ture was  regulated to *5"C. At higher probe temperatures (up to 
450°C) fragments of m/e up to 815 have been observed from poly- 
styrene. The homo-divinylbenzene polymers give m/e patterns not 
distinguishable by techniques used thus far.  

Two to four mg of bead polymer was  loaded into a 35 mm X 1 mm 
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RESULTS 

The mass spectral data from our experiments show that peaks 
of low molecular weight, i.e., below a mass of about m/e 100, a r e  
probably unreliable a s  a means of distinguishing differences in the 
polymers, since some alternations were noted in peak intensities 
for the fragment ion peaks,m/e 39,51, 63, 77,78, and 91, that could 
not be readily correlated with pyrolysis temperature and/or poly- 
mer type. Although there a re  some notable differences in relative 
intensities for the groups of peaks at m/e 50-53; 77, 78,91,92; 
165-167: 178-181, for both polymers and copolymers, we feel the 
more significant differences a re  at masses greater than m/e 100 
and particularly in the m/e 190-250 region. In polystyrene, the 
m/e 193 peak is more intense than m/e 194,207, and 208 peaks, 
whereas in the DVB copolymers m/e 193 peak is less intense than 
the m/e 194,207, and 208 peaks. In the m/e 129-134 range the m/e 
129 is the most intense peak of this group for polystyrene and the 
m-DVB copolymer, while in the p-DVB copolymer the m/e 132 is 
the most intense. The relative intensities of m/e 119 peak and the 
pair of peaks m/e 235,236 a re  much greater in the p-DVB co- 
polymer than in the m-DVB copolymer or  homopolymer. These 
characteristic intensity differences were observed throughout the 
temperature ranges at which the spectra were collected. 

Figure 1 shows the actual 70-eV spectra of the above regions for 
the 300°C pyrolysis of the polymers. In this figure the higher gain 
portions of the spectra were run at  the same electrometer settings, 
whereas the lower traces were run at various settings dictated by 
the amplitude of the most intense peak in the spectrum. The data 
in Table 1 are relative peak heights obtained by ratioing the in- 
dividual peak intensities with the intensity of the dimer peak m/e 
208, M,, for the 300°C pyrolysis. These data represent the average 
of two separate pyrolyses. The gross average deviation was 0.03 
relative unit. 

DISCUSSION 

The fragmentation patterns in the m/e 51/77-78/91-92 ranges 
a re  typically those observed with aromatic systems. The m/e 
77/91/105/119/133 pattern is similar to that observed with phenyl- 
alkyl groupings. There are differences in these patterns for the 
three materials, as noted above, which it is believed may ultimately 
be related to structural characteristics. 

The presence of the m/e 104 peak a s  the most intense peak is 
presumably a result of the formation of the styrene monomer ion 
by depolymerization. It is recognized that the existence of an even- 
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mass fragment requires that such a fragment be derived by either 
a rearrangement, which is probably not involved here, o r  by a re -  
versal  of an addition reaction, such a s  a Diels-Alder reaction 161 o r  
the addition polymerization. It is obviously not the “parent” peak in 
the usual sense. 

The groups of peaks at m/e 235-236 is characteristic of the p- 
DVB copolymer. This suggests that there is a structural feature in 
this material which is not present in the homopolymer or m-DVB 
copolymer. This structural feature may be an isolated single p- 
DYB unit itself. It is not however, immediately apparent how the 
para, but not the meta or  monovinyl unit might be involved in the 
formation of a mass of this value (i.e., CIsHzo). There is also a 
possibility that adjacent para units, thought to be present in the para 
copolymer chain on the basis of copolymerization kinetic data [ 71, 
are the source of this 235-236 m/e fragment. A [3,3]-paracyclo- 
phane structure can conceivably be formed from such adjacent para 
units by rearrangement of (four) y-hydrogen atoms to the benzylic 
odd electron ions in a paracyclophane precursor. 

Table 1. Relative Peak Intensities from the Spectra of Fig. la 

8% p-DVB 8% m-DVB 
M M/e Polystyrene polystyrene polystyrene 

M, - 26 

M, - 25 

M, - 24 

M, - 23 

M, - 1 5  

M, - 14 

M, - 1 

M, 
M, + 11 
M, + 12 

M, + 13 

M, + 14 

M, + 27 

M, + 28 

182 
183 

184 

185 

193 

194 

207 

208 

219 

220 

221 

222 

23 5 
236 

0.31 
0.33 

0.29 

0.42 

1.92 

1.44 

1.42 

1.00 

0. 14 

0. 15 

0. 18 
- 
- 
- 

0.24 
0.19 

0. 13 

0. 08 

0. 76 

1. 50 

1. 32 

1.00 

0. 08 

0.12 

0. 26 

0. 22 

0. 23 

0. 15 

0. 24 
0.20 

0. 14 

0.07 

0. 72 

1.45 

1.22 

1.00 

0. 07 

0.08 

0.14 
- 

- 
- 

aActual average deviation *O. 03 unit. 
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M-66 300 C PYROLYSIS AT 7 0 e V  

POLYSTYRENE 

8% p-DVB 

x10 

0% A-DVB 

100 125 150 175 200 225 2 5 0  

M/e 

Fig. 1. Actual 70-eV mass spectrum of the 300°C pyrolysis of 
polystyrene and i t s  8% p-, and 8% m-divinylbenzene copolymers. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



594 Richard H .  Wiley arid Luther H .  Smi!lison, JY 

ACKNOWLEDGMENT 

This  r e s e a r c h  was  supported i n  part under AEC Contract 
AT(30-1)-3644 between the U.S. Atomic Energy Commission and 
Hunter College. One of the authors  (L.H.S.) wishes to acknowledge 
the experimental  ass i s tance  of Mr .  Russell  Ca r r .  

REFERENCES 

[l] P. Bradt,  U. H. Dibeler, and F. L. Mohler, J.  Res.  Nutl. Bur. Std., 
50, 201 (1953). 

[2] S. L. Madorsky and S. Straus,  J .  Res.  Nutl. Bur. Std., 40,417 
(1948). 

[3] L. A. Wall, i n  Analytical Chemistry of Polymers,  Part II  
(G. M. Kline, ed.), Wiley (Interscience), New York, 1962, 

[4 E. I .  Quinn and F. L. Mohler, J.  Res.  Natl. Bur. Std., 62 ,  39 (1959). 
[5 I R. pp- H. 258-267. Wiley, J. K. Allen, S. P. Chang, K. E .  Musselman, and 

T. K. Venkatachalam, J. Phys. Chem., 66, 1776 (1964). 
[6] K. Biemann, Mass  Spectrometry : Organic Chemical APfilicatiorzs, 

McGraw-Hill, New York, 1962. p. 102; H. Budzikiewicz, J. I. 
Brauman, and C. Djerass i ,  Tetrahedron, 21,1855 (1965). 

[7] Richard H. Wiley and Walter K. Matthews, J. Macromol. Sci., 
A l ,  503 (1967). 

Accepted by edilor January 12,1968 
Submitted for publication Junuary 23,1968 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


