NOTE

Studies on Active Center Concentration in Photopolymerization of
Cyclohexene Oxide Initiated with Iron—Arene Complex

XUDONG CHEN, YONGLIE CHEN

Institute of Polymer Science, Zhongshan University, Guangzhou, 510275 People’s Republic of China

INTRODUCTION

Organometallic compounds as photoinitiators for the
epoxy polymerization have been described in the past.
Strohmeier reported that magnanese decacarbonyl is a
photoinitiator for epichlorohydrin.’ Other organometal
carbonyl compounds are listed in the literature.®™*
Kaeriyama mentioned the use of zirconocene dichloride
as a photoinitiator for phenyl glycidyl ether.® Organo-
halogen compounds and organomental aluminium com-
plexes®” have also been reported as cationic photoinita-
tors. Iron—arene complexes have been described as a
class of highly efficient photoinitiators for the epoxy
polymerization.®~'® The major advantages of iron—ar-
ene complexes include their relatively high thermal sta-
bility and high sensitivity to ultraviolet (UV) radia-
tion.™ The photolysis of iron—arene complexes in the
presence of epoxides does not always lead to rapid poly-
merization at room temperature. Without prior irradia-
tion, iron—arene complexes are not active thermal initi-
ators of epoxide polymerization, even when heated up
to a higher temperature. Therefore, the iron—arene
complexes seem to be the most promising compounds
among all organometal initiators listed above.

In a previous work, we have studied the photolysis
process and photolysis kinetics of cyclopentadienyl—cu-
mene iron hexafluorophosphate (Irgacure 261) via flu-
orescence spectra.'? The initiation mechanism for epox-
ide polymerization initiated by iron—arene complex
was proposed by Lohse and Zweifel ' yet little work
has been done in this respect. The aim of this research
is to investigate the activity of iron—arene complex and
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the temperature effect on photopolymerization of cyclo-
hexene oxide which, we believe, might shed some light
on the initiation mechanism.

EXPERIMENTAL

Synthesis of Iron—Arene Complexes

Cyclopentadienyl—-iron—arene complexes were pre-
pared by a technique described in the literature.*
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Photopolymerization of Cyclohexene (CHO)

CHO (Fluka) was purified by distillation after stored
overnight in 5 A molecular sieves. Photopolymerization
was carried out in a quartz test, which was thermo-
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Table I Results of the Elemental Analysis of Synthesized Iron-Arene

Complexes
C (%) H (%) C:H
Measured Caled Measured Caled Measured Caled
II 38.20 38.42 3.53 3.74 1:1.11 1:1.17
111 38.36 38.54 3.87 3.94 1:1.21 1:1.23
v 35.03 35.18 3.68 3.77 1:1.26 1:1.28
A% 31.01 30.93 3.06 3.01 1:1.18 1:1.17

stated. A 250 W high-pressure mercury lamp was used
as the light source.

Determination of the Concentration of Cationic Active
Centers [ P*]

The determination was carried out by treating the poly-
merization system with sodium phenoxide solution in
1,2-dichloroethane for 1 h. The mixture was extracted
three times with 1 mol/L aqueous NaOH; the organic
layer was separated and dried over Na,SO,; and, fi-
nally, 1,2-dichloroethane was added up to a fixed vol-
ume. The absorbance of the solution at 272 nm was
measured on a Shimadzu UV-3400 spectrophotometer,
and an extinction coefficient of 1.93 x 103 was
adopted to calculate [P*].

RESULTS AND DISCUSSION

The results of elemental analysis of synthesized iron—
arene complexes are listed in Table I. Table I shows
that the purity of the synthesized complexes is satisfac-
tory. Complex (I) (Irgacure 261) was supplied by Ciba-
Geigy.

The data of absorption spectrum of (I) in the UV
and visible region are shown in Table II. The absorption
spectrum of complex (I) is similar to those all five iron—
arene complexes studied.

Table II The Data of Absorption Spectrum of
Complex (I) in UV and Visible Region

Amax v x 1074 Emax
Solvent (nm) (em™) (L moltem™)
Methanol 241 4.15 1.14 x 10*
Methanol 388 2.57 72.3
Methanol 453 2.21 57.8

Figure 1 shows the changes of the active center con-
centration [P*] during polymerization at 35°C. It is
found that the [P*] values in CHO photopolymeriza-
tion have a linear relationship with polymerization
time at a given initiator concentration. For these initia-
tors, the active center concentrations [P*] at the same
polymerization time increases in the following order:
III > II > I, i.e., the order of initiation activity is (III)
> (II) > (I). It is noted that this order is in accordance
with the the order of the electron-donating ability of
the arene group of these photoinitiators.

The initiation activity of iron—arene complex also
depends upon the nucleophilicity of the anion em-
ployed, as shown in Figure 2. The active center concen-
tration increases in the order of SbFs~ > PF47, i.e., the
nucleophilicity of the anion employed has markablely
influenced the initiation activity of the iron-arene com-
plex and polymerization rate.

Figure 3 shows the [P*] values in CHO photopoly-
merization in 1,2-dichloroethane at different tempera-
tures. The photoinitiator concentration was 4.05 X 1072
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Figure 1 The changes of the active center concentra-
tion [P*] during CHO polymerization. The concentra-
tion of the photoinitiator is 4.05 X 10~2 mol/L; the
polymerization temperature is 35°C. Initiator: O, I;
H II; e, III.



mol L. The [P*] value shows a pronounced maximum
value at a certain temperature and decreased rather
sharply at an elevated temperature. The temperature
at which the [P*] value is maximum decreases with
the increase of initiation activity of the photoinitiatior.
It is clear that the polymerization rate first increases
with the increase of temperature and then decreases.

Lohse and Zweifel'® and Roloff et al.’® proposed a
mechanism for the initiation in epoxide photopolymeri-
zation with the iron—arene complex as a photoinitiator,
as shown in Scheme 1.
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Photolysis of the iron—arene complex removes one
of the uncharged aromatic ligand and yields an unsatu-
rated iron cation'?; then a new iron complex, in which
the tridentate arene ligand can be replaced by three
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Figure 2 Comparision of the active center concentra-
tion [ P*] during CHO polymerization initiated by iron—
arene complexes with various anions. Initiator: @, II;
O, V. The concentration of the photoinitiator is 4.05
X 1072 mol/L; the polymerization temperature is 35°C.
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Figure 3 Effect of polymerization temperature on the
active center concentration in CHO polymerization.
The concentration of the photoinitiator is 4.05 X 1072
mol/L; the polymerization time is 20 min. Initiator: @,
I; &, II.
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epoxides during the photolytic step, is formed. Ring
opening and polymerization reaction could thus start
in the ligand sphere of the iron cation leading to cyclo-
polyethers.

To account for our results, we assume that low tem-
perature facilitates the complexation of epoxides, and
the ligand-exchanged iron complex having three coordi-
nated epoxide functions is stable (step 1); while high
temperature favors the ring-opening reaction (step 2)
and is unfavorable to the stability of ligand sphere of
the iron cation. The effect of temperature on step 1
turns out to be contrary to that on the step 2. In fact,
Gill'® reported that a [CpFe(CH;CN);]1" (Cp denotes
cyclopentadienyl) complex forms in low temperature
(—40°C) photolysis of [CpFe(arene)]* in acetonitrile,
and it decomposes at 20°C. Furthermore, Lohse and
Zweifel'® found in the course of his investigations that
the polymerization including iron—arene complex and
epoxides was irradiated at —88°C, and polymerization
took place after heating up the preirradiated samples
to a certain higher temperature.

Financial support of this work by the National Natural
Science Foundation the People’s Republic of China is
gratefully acknowledged.

REFERENCES

1. V. W. Strohmeier and C. Barbeau, Makromol.
Chem., 81, 86 (1965).

2. E. Irving, B. Johnson, and K. Meier, Eur. Pat.
009,491 (1984).

3. M. C. Palazzotto and W. A. Hendrickson, Eur. Pat.
109,851 (1983).



2554

. H. Curtis, E. Irving, and B. F. G. Johnson, Chem.
Br., 22, 327 (1986).

. K. Kaeriyama, Makromol. Chem., 153, 229 (1972).

. S. Hayase, Y. Onishi, S. Suzuki, and M. Wada,
Macromolecules, 18, 1799 (1985).

. K. K. Tokyo and S. Denki, Jpn. Pat. 59,043,018
(1982).

. F. Lohse, K. Meier, and H. Zweifel, in Proceedings
of the 11th International Conference in Organic
Coatings Science and Technology, Technomic Pub-
lishing Co., Athens, Greece. 1985, p. 132.

. M. Witting and T. Gohmann, Eur. Polym. Paint
Colour, 184, 34 (1994).

10.

11.

12.

13.

14.

15.

16.

JOURNAL OF APPLIED POLYMER SCIENCE, VOL. 66 (1997)

Y. L. Chen, X. D. Chen, and Z. X. Liang, Chem. Res.
Chin. Univ., 8, 450 (1992).

F. Lohse, Makromol. Chem., Macromol. Symp., 7,
1(1987).

X. D. Chen, K. Y. Li, and Y. L. Chen, Chin. Sci.
Bull., 40, 527 (1995).

F. Lohse and H. Zweifel, Adv. Polym. Sci., 78, 71
(1986).

T. Saegusa and S. I. Matsumoto, J. Polym. Sci., 6,
1559 (1968).

A. Roloff, K. Meier, and M. Riediker, Pure Appl.
Chem., 58, 1267 (1986).

T. P. Gill, Inorg. Chem., 22, 1986 (1983).



