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Introduction. Photopolymeriztion science and tech-
nology have assumed an increasing relevance in many
applications.1=2 This technology is based on the use of
photoinitiator systems suited to absorb a light to pro-
duce primary radical species, which are able to initiate
polymerization. To get photoinitiator systems of high
performance, one of the most important ways is to
develop macrophotoinitiator,*~12 which have two kinds
of free radical photoiniaitors: photofragmentation (type
I photoinitiators) and hydrogen abstracting chromo-
phores (type Il photoinitiators). Among them, thioxan-
thone is one of the most widely used bimolecular
photoinitiators in vinyl polymerizations, and its photo-
initating activity can be promoted by the presence of
hydrogen donor amine.13-20

Low-molecular-weight amine, however, has its intrin-
sic disadvantages such as odor, toxicity, and migration
in UV-curing technology. Dendritic poly(propylene-
imine) (PPI) is a highly branched, well-defined macro-
molecule with a number of interesting characteristics
and can be used as a hydrogen donor because of its high
density of amino groups.21~2% The introduction of thio-
xanthone into PPI can lead to the novel dendritic
macrophotoinitiator, which has obvious advantages such
as intramolecular reactions responsible for the forma-
tion of more reactive species and protecting the active
species by macromolecular chain due to the macromo-
lecular effect.’

In this context, we synthesized dendritic macrophoto-
initiators through introducing thioxanthone moieties
into PPI (generations 1.0 and 5.0). Then we studied the
photopolymerization of acrylamide by these macropho-
toinitiators and low-molecular-weight model compounds
to evaluate the photoinitiation properties.

Experimental Section. (a) Materials. Thiosalicylic
acid (from Fluka); poly(propyleneimine) (DAB-4 and
DAB-64, from Aldrich); acrylamide (AM), diethylamine
(DEA), and triethylamine (TEA) (from Chinese Medicine
Group); 2-(2,3-epoxy)propoxylthioxanthone (synthesized
according to ref 23). Epichlorohydrin was purified by
refluxing with calcium hydroxide and redistilled. Other
chemicals are of analytical grade except as noted.

(b) Synthesis of DAB-4-TX and DAB-64-TX. A
mixture of 1.0 g (3.52 mmol) of 2-(2,3-epoxy)propoxyl-
thioxanthone, 0.284 g (0.9 mmol) of DAB-4 or 0.40 g
(0.058 mmol) of DAB-64, and 40 mL of ethanol was
stirred at 40 °C for 12 h and then filtered through a
thin layer of activated charcoal after cooling. The filtrate
was evaporated to remove ethanol, and the residue was
dissolved with diluted hydrochloric acid and washed
with benzene. Ammonia was used to adjust the pH
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value of the aqueous solution to 8—9, and the solution
was extracted with chloroform. The chloroform solution
was dried over anhydrous calcium chloride and partly
evaporated and then was poured into 10-fold benzinum.
The precipitate was filtered to give product, which was
dried in vacuo to obtain dendritic macrophotoinitiators.

DAB-4-TX: yield ratio: 91%; UV, Amax =399 nm; ¢ =
4196 L mol~! cm™1; melting point: 88 °C. Elemental
analysis CgoHggNgOgS4: Calced, C 66.11, H 6.06, N 5.78,
S 8.81. Found, C 65.65, H 6.24, N 5.68, S 8.65. 'H NMR
(CDCl3, 400 MHz): 6 = 8.55—7.11 (28H, aromatic),
4.20—3.98 (12H, —OCH,, —OCH), 2.82—2.25 (28H, NH—
CH,, N—CHy), 1.78—1.60 (10H, —CH,—). FT-IR (KBr):
3419 (O—H, N—H), 2933, (C—H), 1630 cm~ (C=0).

DAB-64-TX: yield ratio: 89%; UV, Amax = 403 nm;
€ = 3895 L mol~! cm~1. Elemental analysis: Calcd, C
68.21, H 6.64, N 7.65, S 8.75. Found, C 63.60, H 6.97,
N 7.25, S 7.13. 'TH NMR (CDCl3, 400 MHz): 6 = 8.31—
6.99 (7H, aromatic), 4.20—3.98 (3H, —OCH,, —OCH),
2.82—2.25 (11H, NH2—CHj, NH—CH,, N—CHy), 1.78—
1.50 (5H, —CH,—). FT-IR (KBr): 3419 (O—H, N—H),
2933, (C—H), 1630 cm™! (C=0).

(c) Photopolymerization. Photopolymerization ki-
netic studies were performed dilatometerically in a
recording dilatometer (according to ref 19) by irradiating
about 12 mL of 1.0 M AM dimethyl sulfoxide (DMSO)
solution at 30 °C. The concentration of photoinitiator is
0.001 M. The light source was a high-pressure Hg lamp
(400 W), set at a distance of 40 cm from the sample.
The polymerization rate (Rp) was determined below 10%
conversion where R, is almost independent of the
conversion. The produced polymer was precipitated with
methanol, filtered, and dried in vacuo.

(d) Analysis. The concentration of photoinitiator
system is in terms of TX moieties, and the molar ratio
of ETX/DEA/TEA in the low-molecular-weight photo-
initiator systems is always 1:1:1 in all following mea-
surements.

Molecular weights were determined by gel permeation
chromatography (GPC) on a Perkin-Elmer Series 200
apparatus on the basis of linear polyglycol standards
using water as eluent.

1H NMR spectra were recorded on a Mercury Plus 400
Hz spectrometer with CDCIj; as solvent.

FT-IR spectra were recorded on a Perkin-Elmer
Paragon1000 FTIR spectrometer. The samples were
prepared as KBr disk.

Elemental analysis was conducted on an Elementar
Varioel apparatus.

UV—vis spectra were recorded in ethanol solution by
a Perkin-Elmer Lambda 20 UV—vis spectrophotometer
(concentration =5 x 1072 mol L™ in terms of thioxan-
thone moieties)

Fluorescence spectra were recorded in ethanol solu-
tion by a Perkin-Elmer LS50B luminescence spectro-
photometer (concentration =2 x 107> mol L1 in terms
of thioxanthone moieties, lex = 400 nm).

Results and Discussion. DAB-4-TX and DAB-64-
TX were synthesized according to Scheme 1, and the
structures were confirmed by FT-IR, IH NMR spectra,
and elemental analysis. Compared with ETX, the disap-
pearance of the signals related to the epoxy group in
the FT-IR and 'H NMR spectra was considered as
evidence of completion of the addition reaction. The
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Scheme 1

component of DAB-64-TX was determined by the el-
emental analysis data (nitrogen content/sulfur content)
and 'H NMR spectrum (signal related to benzene ring/
signal related to —CHy). The analysis results showed
that about 90% —NH; group of DAB-64 reacted with
the epoxy group of ETX. Compared with DAB-4-TX, the
o values for the aromatic proton of DAB-64-TX upfield
shifted (Figure 1). The upfield shift for one of the
aromatic protons from 8.55 to 8.31 (A6 = 0.24) was
observed. This may be addressed to the dendritic effect?*
of DAB-64-TX. The peripherial TX moieties of DAB-64-
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DAB-64-TX

TX may enter into the interior of dendrimer because a
DAB-64-TX molecule have cavities inside, just like a
“dendritic box”, and may offer possibilities for host—
guest interaction 212526 (seen in Scheme 1). This may
lead to the surrounding of TX moieties by high intensity
for electric donor of amino groups, microenvironment
of the higher electronic intensity, and the upfield shift
of the aromatic proton with respect to DAB-4-TX.
UV—vis absorption spectra of DAB-64-TX, DAB-4-TX,
and ETX/TEA/DEA in ethanol are shown in Figure 2a.
They exhibit the usual characteristic absorption of
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Figure 1. 'H NMR spectra of DAB-4-TX and DAB-64-TX (using CDCl; as solvent).
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Figure 2. (a) UV—vis absorption spectra (concentration =
5 x 107> mol L' in terms of thioxanthone moieties). (b)
Fluorescence spectra (concentration = 2 x 107% mol L™ in
terms of thioxanthone moieties, Aex = 400 nm) for ETX/TEA/
DEA, DAB-4-TX, and DAB-64-TX in ethanol solution.

thioxanthone, and DAB-64-TX possesses an absorption
similar to DAB-4-TX and ETX/TEA/DEA, which shows
that the dendritic macromolecular structure has not
significant influence on UV—vis absorption of thioxan-
thone moieties of DAB-64-TX. The maximum of absorp-
tion (Amax) of ETX/TEA/DEA, DAB-4-TX, and DAB-64-
TX, however, is different and found to be 396, 399, and
403 nm, respectively. Compared with DAB-4-TX and
ETX/TEA/DEA, the intensity of fluorescence of DAB-
64-TX decreases obviously according to Figure 2b. This
indicates that the most effective energy transfer hap-
pens between the excited state of TX moieties and
coinitiator amine in DAB-64-TX. Because of the den-
dritic effect, TX moieties are surrounded by the amino
group of high intensity in DAB-64-TX, and the excited
state of TX chromohpores is quenched by the amine
most effectively and the microenvironment of TX moi-
eties more polar. Consequently, the absorption maxi-
mum of DAB-64-TX red-shifted and the fluorescent
emission is the weakest. This is in good agreement with
the 'H NMR measurements. The emission of DAB-4-

effect?’-2° in DAB-4-TX, which did not exist in ETX/
TEA/DEA.

The photolysis of thioxanthone, in the presence of
hydrogen donors such as amines and thiols, leads to the
formation of a radical produced from carbonyl compound
(ketyl-type radical) and another radical derived from the
hydrogen donor amine.®® The photopolymerization of
vinyl monomers is usually initiated by the amine
radicals, and the ketyl radicals are usually not reactive
toward vinyl monomers due to the steric hindrance and
the delocalization of unpaired electron. Thus, the num-
ber of and type of active amine radical determine the
photopolymerization rate. Figure 3 shows conversion of
AM vs time for three types of photoinitiator systems.
As can be seen, DAB-64-TX is the most efficient pho-
toinitiator and ETX/DEA/TEA is the least. Two factors
may be responsible for this result. Compared with low-
molecular-weight photoinitiator systems of ETX/TEA/
DEA and DAB-4-TX, the larger local concentration of
coinitiator amine in the DAB-64-TX accelerates the
energy transfer between the excited state of TX and
amine (can also be seen in Figure 2), resulting in a
larger amount of amine radical. The larger photopo-
lymerization rate of DAB-4-TX than that of ETX/DEA/
TEA may be due to quicker energy transfer.

In conclusion, DAB-64-TX is an efficient photoinitiator
for free radical polymerization. This dendritic macro-
photoinitiator containing in-chain thioxanthone and
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coinitiator amine initiates the polymerization much
more efficiently than the low-molecular-weight model
compound. Photophysical and photochemical properties
and conformation of DAB-64-TX in aqueous solution are
now under investigation.
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