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Abstract 

The photopolymetization of I-allyloxa-3-( carhazol-9-yl I-2-propaaol glycidyl ether (ACPGE) and I-(carbazobg-yl)-4-oxa-2-pemaa'N 
glycidyl ether (COPGE) with cyclopropyldiphenylsulphonium tetrafluorOborate and tropylium hexatluorophosphaxe is repoaed. C~igtra~rs 
with a degree of polymerization of 9-19 were obtained in the photopolymerization of ACPGE v,,ith the:,.:e salts. The photopolymerization of 
COPGE yielded oligomers with a degree of polymerization of 4-5. The behaviour of tropylium and sulphonium salts is discussed. Tropylium 
hexafluorophosphate initiates both the photopolymerization of carbazolyloxir, tnes and the cathmic polymerizatitm of unsaturated imn~m¢,~:. 
Cyclopropyldiphenylsulphonium tetrafluomborate acts exclusively as a photoinitiator. ~3 1997 Elsevier Science S.A. 

K*~vwt,rds; Carbazolyloxiranes: Photopolymerization; Sulphonium salts: Ttopylium ~alts 

1. Introduction 

Reactive oligomers are widely used in different technolo- 
gies. Most photoconductive oligomers, e.g. poly (9-vinylcar- 
bazoleL have high glass transition temperatures and poor 
film-forming properties. However, carbazolyloxirane oligo- 
mers, a type of photoconductive oligomer, show good pho- 
toconductive and film-forming properties I I  I. For this 
reason, they are indispensable in the production of electro- 
photographic microfilms and photothermoplastic layers. 
These oligomers are obtained by the ionic polymerization 
of the carbazolyloxiranes 9-(2.3-epoxypropyl)carbazolc. 
3,6-dibromo-9-carbazolyl) oxirane and (9-carbazolyl)- 
ethoxymethyloxirane 12--4 I. 

Recently, we have investigated the cationic photopoly- 
merization of carbazolyloxiranes [ 5 I- Photopolymerization 
(photocrosslinking) of low-molecular-weight photoconduc- 
tors containing functional groups is a powerful tool in the 
preparation of electrophotographic layers with good mechan- 
ical properties. Photopolymerizution is especially useful in 
the case of liquid monomers. In such cases, the synthesis of 
photoconductive oligomers can be carried out without the use 
of organic solvents. In this paper, we report the photo- 

* Corresponding author. Fax: + 370 7 202640. 

1010-6030/97/$17.00 © 1997 Elsevier Science S.A. All rights reserved 
PII  S I O I O - f O 3 0 1 9  7 ) O a 1 6 4 - U  

0olymerization of two new liquid carbazolyloxiranes, 
I-allyloxa-3-(carbazol-9-yll-2-propanol glycidyl ether 
(ACPGE) and I- (carbazol-9-yl) -4-oxa-2-pentaool g[ycidy[ 
ether (COPGE). initiated by .~ulphonium and tropylium s',~,;. 

2. Experimental details 

2 . 1 .  M a t e r k t ~  

9-(2.3-Epoxypropyl)c',u'bazole (EPC) (Biolar, Latvia) 
was recrystallized from ethyl alcohol (m.p., 110-[ 11 °C). 
1.2-Epoxy-6-(9-c',.ubazolyl)-4-oxahexane (ECOH) was 
synthesized by condensation of 9-(2-oxyethyl)c',u'bazok ~, 
with Lchloro-2,3-epoxypropane in the presence of KOH 
[61. It was purified by recrystallizatioo from ethyl alcohol 
( m.p., 57.5-58 °C). 3-Methyl-9-(2,3-epoxypropyl) catbazole 
( MEPC I was synthesized by reaction of 3-methylcarbazole 
with 1 -chloro-2.3-epoxypropane in the presence of KOH and 
dry K,CO, 171.9-Vinylearbazole from Aldfch was used as 
received. 

Z I . I .  l - ( C a r b a z o l - 9 - y l ) - 4 - r z r a - 2 - p e n t a r u d ( C O P )  

A mixture of 44.6 g (0.2 tool) of EPC, l0 g (0.25 mol) 
of NaOH and 13.8 g (0.1 mol) of dry K_,CO~ was boiled in 
250 ml of methyl alcohol for 2 h; the product was extracted 
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with ether. Alter distillation, the resulting monomer was iso- 
lated by column chromatography (eluent, acetone--hexane 
I : 4):  44.7 g (87.6%) of monomer was obtained. COP was 
reerystallized from ethyl alcohol ( m.p., 56.5-57.5 °C). 

IR (KBr):  3420, 3048, 3017. 2976. 2928. 2888, 2816. 
]132, 1122. l l 0 7 c m  t. 

Z H nuclear magnetic resonance (NMR) (CDCI~) tS: 2.57 
i s ) ,  2.83-3.24 (m) ,  3.78-4.22 {m), 6.82-7.42 (m),  7.87 
(d) ppm. 

Elemental analysis for CI.HI7NtO2 1255.32): calculated: 
C. 75.3%; H. 6.7%: N, 5.5%; lbund: C, 75.2%; H. 7.1%; N, 
6.0%. 

2.1.2. I-(Carbazol-9-yl)-4-o.ra-2-penmnolglycidylether 
(COPGE) 

l-Chloro-2,3-epoxypropane (47.3 mL 0.6 m o l l  6.9 g 
10.0,5 tool) of dry K~CO~ and 19.8 g 10.3 m o I) of 85% KOH 
were added to 25.5 g (0.1 tool) of COP dissolved in ethyl 
methyl ketone. The reaction mixture was stirred for 40 h at 
room temperature. Afterextraetion with toluene, COPGE was 
isolated by column chromatography (eluent, acetone-hexane 
I : 4 ); 20.3 g (65.2%) of COPGE was obtained. 

IR (film): 3048, 3018, 2983, 2928, 2878, 2828, 2808, 
1252,906,854, 1135, 1120, 1105cm '. 

~H NMR (CDCIo iS: 1.98-2.44 (m) .  2.51-2.78 ( m L  
2.96-3.33 ( m L  3.56-3.87 (m),  4.1 I-4.33 (m) ,  6.91-7.44 
(m) ,  7.86 (d) ppm. 

Elemental analysis for C,,H_,~N~O3 (311.38): calculated: 
C, 73.3%: H, 6.8%; N, 4.5%: found: C, 73.0%: H, 6.5%; N. 
4.7%. 

2.1.3. I-Allyh, xa-3-(carbazol-9-yl)-2-propanol(ACP) 
A mixture of 44.6 g (0.2 tool) of EPC, 10g (0.25 mol) 

of NaOH and 13.8 g (0.1 tool) of dry K~CO3 was boiled in 
200 ml of allyl alcohol for I h. After extraction with toluene, 
the resulting resin was isolated by column chromatQgraphy 
(eluent, acetone-hexane I : 4 ). ACP was recrystallized from 
ethyl alcohol (m.p., 52.5-54.0 °C). 

IR (KBr):  3440, 3095, 3060. 3025, 3020. 2925, 2915, 
2910, 2880, 2810, 1130, I 115 em-  i. 

'H  NMR (CDCI3) & 2.61 is ) ,  3.05-3.38 (m),  3.63-4.60 
(m) ,  4.98-5.40 (m) .  5.50-6.10 (m) .  6.68-7.83 (m).  7.95 
(d) ppm. 

Elemental analysis for C~sH~,,N,O~ ( 281.25): calculated: 
C. 76.9%: H, 6.8%" N, 5.0%; found: C, 76.7%; H. 6.9%; N, 
5.1%. 

2.1.4. I-AIlyloxa-3-(carbazol-9-yl)-2-propanolglycidyl 
ether (ACPGE) 

l-Chloro-2,3-epoxypropane (47.3 ml, 0.6 tool), 6.9 g 
10.05 tool) of dry K,CO3 and 19.8 g 10.3 mol) of 85% KOH 
were added to 28. I g (0.1 tool) of ACP dissolved in 200 ml 
of  ethyl methyl ketone. The reaction mixture was stirred for 
60 h at room temperature. The product was extracted with 
toluene and isolated by column chromatography (eluent, ace- 
tone-hexane I : 4); 24.4g (72.4%) of ACPGEwas obtained. 

IR ( film ): 3052, 3002, 2923. 2868, 1252.928, 854, 1154. 
1124. 1104cm- L 

IH NMR (CDCI.O 8:2.03-2.58 (m),  2.58-2.85 (m),  
2.93-3.73 (m),  3.73-4.13 (m) ,  4.13-4.48 (m),  5.03-5.48 
(m),  5.60-6.15 (m) ,  7.00-7.83 (m),  7.96 (d) ppm. 

Elemental analysis lbr Ca~H_,3N103 (337.42): calculated: 
C, 74.8%; H, 6.9%; N. 4.2%; found: C, 74.3%; H, 6.6%; N, 
4.4%. 

2.1.5. Other mawrials 
The solvents 1,2-dichloroethane and 1,4-dioxane were 

purified by standard procedures [ 81. Cyclopropyldiphenyl- 
sulphonium tetrafluoroborate and tropylium hexafluorophos- 
phate were used as received from Aldrich. 

2.2. Polymerization 

The polymerization of carbazolyloxiranes was carded out 
in the lbrm of thin (20-30 p,m) films in the presence of air. 
Solutions of monomer, photoinitiator and solvent were 
poured onto a glass plate and irradiated. The conversion of 
monomers was measured after irradiation of the coatings for 
various periods of time by gel permeation chromatography 
(GPC). The UV light source was a 240 W medium pressure 
mercury arc lamp (model DRT-240) set at a distance of 6 
cm. Racemic mixtures of both ACPGE and COPGE were 
used for polymerization. 

2.3. Measurements 

GPC was carded out using a modified liquid chromato- 
gmph "Milichmm'" (Chernngolovka, Russia ) with a special 
column packed with Silasorb 191. 1,4-Dioxane was used as 
eluent. ~H NMR spectra were recorded on a Hitachi R-22 (90 
MHz) or Tesla BS-487C (80 MHz) spectrometer. IR data 
were obtained on a Specord M 80 spectrophotometer. Col- 
umn chromatography was carded out on silica gel L 100/ 
160 (Chemapol). 

3 .  R e s u l t s  a n d  d i s c u s s i o n  

3.1. SynthesisqfcarbazolyhJxiranes 

COPGE was prepared by the reaction of EPC with methyl 
alcohol, followed by the reaction of the product obtained 
(COP) with I-chloro-2,3-epoxypropane tScheme I) .  
ACPGE was synthesized by the reaction of EPC with allyl 
alcohol, followed by the reaction of the product obtained 
(ACP) with l-chloro-2,3-epoxypropane ( Scheme 2). 

3.2. Photopolymerization 

Conversion vs. time curves for the photopolymerizafion of 
COPGE with tropyfium and sulphonium salts are presented 
in Fig. 1. Polymerization photoinitiated by tropylium hexa- 
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Fig. I. Photopolyraerization of COPGE with initiators 13(~/monomer): I, 
sulphonium salt: 2. t~pylium salt. [nilial concentration of raonomer. 25c~. 
Solvent. 1.2-dichloroethane. 

fluorophosphate is considerably slower initially than 
that photoinitiated by cyclopropyldiphenylsulpbonium tetm- 
fluoroborate. The initial phase of this reaction shows an inhi- 
bition period. This is followed by a period in which rapid 
conversion to monomer occurs and. finally, a very similar 
degree of conversion is achieved as in the photopolymeriza- 
tion with cyclopropyldiphenylsulphonium tetrafluoroborate. 
t h e  limiting conversion is approximately 55%-57%. 

Fig. 2 (curves I and 2 ) illustrates the photopolymerization 
of ACPGE with tropylium and sulpbonium salts. A rapid, 
nearly explosive rote is observed initially for the photoinitia- 
tion with tropylium hexafluorophosphate. However, after a 
certain time, the photopolymerization slows down and a lim- 
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Fig. 2. Conversion vs. tin~: curves for the phtaop~flymctiza~km of ACFGE 
with sulphonium suit ( i ) and tropylium sail (2) and the dark polymcfizalion 
uf ACPGE with tcopylium :,air (3). Concentration of inhiai~', 3c.~-/r~nc- 
filer. Initial concentration of mom)r~r. 25g¢. SolvenL 1,2~fichkr~lh~m~. 

iting degree of conversion of approximately 64~ is achieved. 
A much lower initial rate is observed for the pbo~opolymer- 
ization of ACPGE with cyclopropyldiphenylsulpbonium 
tetrafluorobomte. 

A comparison of the data obtained with the results repo~od 
recent.ly shows that the efficiencies of tropylium hexa- 
fluorophosphate and cyclopropyldiphenylsulphonium tetra- 
fluoroborate in the cationic pholopolymefization of  carba- 
zolyloxiranes are very similar to that of diaryliodonium salts. 
However, polymerization with tropylium and sulphoninm 
salts as photoinitiators gives ACPGE oligomers with a higher 
degree of polymerization (DP).  The DP of ACPGE oligo- 
mers obtained with tropylium salt is approximately 9 and that 
of oligomers obtained with sulpbonium salt is approximately 
19. The photopolymedzation of  ACPGE with di-(tert-butyl- 
phenyl)iodonium tetmflaoroborate yields an oligomer 
with D P = 6 .  The DP of COPGE uligomers obtainod with 
tropylium salt as photoinifiator is approximately 4, with 
sulphonium salt approximately 5 and with di-(tert-butyl- 
phenyl) iodonium tetrafluoroborate approximately 4. 

It is evident from the data presented above that tropyliam 
hexafluorophosphate is an effective catalyst for the cation~: 
photopolymerization of the monomers studied. For compar- 
i.~,on, data on the dark polymerization of ACPGE induced by 
tropylium hexafluoropbosphate are presented in Fig. 2 ( curve 
3 ). The initial polymerization rate in the dark is much lower 
than that on irradiation: however, after 2 h, a fairly high 
conversion of approximately 58% is achieved. The p~to-  
polymerization of ACPGE yields oligomers of much higher 
molecular weight than dark polymerization under the same 
conditions ( Table 1 ). 

It should be noted that only ACPGE, with both epoxy and 
allyl groups, is polymerized in the dark by tropylium hexa- 
fluompbosphate, COPGE shows no dark polymerization with 
tropyfium hexafluorophosphate. It is of interest to establish 
whether tropylium hexafluorophosphate initiates the photo- 
polymerization of other epoxy monomers. Thedata in Table 1 
show that the photopolymerization of MEPC and ECOH 
occur in the presence of  this salt. and a fairly high conversion 
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Table I 

Polymerization of carbazolyluxiranes with tropylium hexaflumt+phosphate 

Monomer plmtopolymerizalion + 6 0  rain ) Dark polymerization 16(J min ) 

M. M~ M., / M Conversion ( c~ ) M,, M~ M~ / M., Conversion (~  ; 

COPGE 11163 1330 1r25 5 I./6 - -- U 
ACPGE 3268 I 128 3A5 62.05 971 1215 1.25 52.83 
ECOH 1392 2245 1.61 7n.7(I -- O 
MEPC 820 987 1.2(1 4{J,(M - n 

Initial concentration of phominiliator. 3 wl.?;/monomer. Solvem. 1.2-dichhm~ethane. I ACPGE [ , -  [COPGE], = I ECOH I. + I MEPC Io = 25~L 

[ 
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c ~  1%1 
Fig. 3. M, vs. ctm~ersion cur~es Ibr Ihe pholopolymerizatlnn of ACPGE 
( I ) and dark pl)b,'merizatitm of ACPGE 2 with Iropylium hcxallm)ro- 
ph~phale (3',,. ~/inllnOlngr). Inilial ¢,nct'ntration of moiioml:r. 25r,~. Sol 
vent. 1.2-dichhln~:th;me. 
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Fig. 4. M. w. cnn~ersion curves flit the photopol)merization or ACPGE 
( I ) and COPGE t 21 "¢¢ilh ¢yclopropyldiphenylsulphonim~ tet ratluorul~)rate 
(35.:/munomer). Initial c.ncentr.ltion of rmmomcr. 25q. S.lvcnt, l+2- 
dichloa-,ethane 

i s  observed within a short period of  time. Fig. 3 shows that 
the photopolymerization o f  ACPGE with tropylium salt 
exhibits an increase in M.  when approximately 40% conver- 
sion is reached. In contrast, a sudden increase in M.  is not 
observed in the dark polymerization o f  ACPGE.  It is evident 

that the mechanism of  ACPGE polymerization on irradiation 
differs from that in the dark. It can be assumed that only the 
allyl group takes part in the dark polymerization o f  ACPGE 
with the tropylium salt. It was established that the absorption 
band of  the allyl gn>up al 1664 cm + ' disappears as a function 
of  the time of  dark polymerization o f  ACPGE.  The  resulls 
lor the dark polymerization of  9-vinylcarbazole also confirm 
indirectly this assumption. In the same conditions, rapid. 
nearly explosive polymerization of  9-vinylcarbazole is 
observed. Alter  20  s, 9 0 %  c<mversion of  the monomer is 
obtained. 

It is evident from the data presented above that both cati- 
onic photopolymerization of  epoxides and polymerization o f  

unsaturated monomers can occur in the presence 0ftropylium 
salt. The  polymerizatiou o f  unsaturated monomers with tro- 
pylium hexafluorophosphate in the dark occurs by a cationic 
mechanism. 

The data presented in Figs. I and 2 reveal differem reac- 
tivities of  ACPGE and COPGE. The initial rate of  ACPGE 

photopolymerization wilh tropylium and sulphonium salts is 
much higher than that observed for C O P G E  photopolymeri- 
zation. The dependence of  the molecular weight o r  the prod- 
ucts of  ACPGE and C O P G E  photopolymerization in the 
presence of  cyclopropyldiphenylsulphonium tetrafluorobor- 
ate on the conversion is shown in Fig. 4. Much higher  values 
of  M.  are achieved tot  the photopolymerization of  ACPGE. 
After  reaching approximately 60% conversion of  the 
monomer, a sudden increase in the molecular weight o f  
polyi ACPGE)  is observed. This  observation, as well  as the 
decrease in the absorption band of  the allyl group during 
phutopolymerization, suggests that, at a certain degree o f  
conversion, the allyl groups start to play a dominant role in 
the photolxdymerization of  ACPGE. 
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