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Abstract—Copolymers with an epoxy group content of up to 1.4% and a number-average molccular mass
M, = 11000 have been obtained through the copolymerization of a trichloroacetic acid—modified epoxy oligo-
mer with methyl methacrylate in the presence of molybdenum carbonyl.

DOI: 10.1134/50965545X0707005X

The initiation of radical polymerization of vinyl
monomers with transition metal carbonyl-organohalo-
gen compound systems opens up a possibility for
regulating the rate of the process and the molecular-
mass characteristics of resultant polymers over wide
ranges [1]. The use of chlorinated polymers, in particu-
lar, oligo(chloromethylsiloxanes), as components of
initiating systems resulted in the synthesis of high-
molecular-mass polyblock and grafted copolymers [2—
5]. Earlier [6, 7], it was shown that polymerization of
styrene, methyl methacrylate (MMA), and vinyl acetate
can be initiated with Mn, Cr, and Mo carbonyls in
combination with trichloromethyl-substituted com-
pounds containing hydroxyl and epoxide groups. The
presence of these functional groups does not substan-
tially affect the process parameters and makes it possi-
ble to incorporate these groups into resultant polymers.
For example, MMA polymerization in the presence of
the Mn carbonyl-1,2-epoxy-4.4,4-trichlorobutane sys-
tem resulted in the synthesis of high-molecular-mass
PMMA containing epoxy groups both at the ends of
macromolecules and as side substituents. However,
1,2-epoxy-4,4,4-trichlorobutane is an expensive com-
pound that is not easy to obtain; therefore, it would be
reasonable to replace it with another trichlorosubsti-
tuted oxirane derivatives, in particular, the product of

the reaction of an epoxy oligomer with trichloroacetic
acid (TCAA): :

~CH-CH; +H00CCCl3
o
— ~CH-CH,—0COCCl3
OH

(D

Changing the oligomer/TCAA ratio, we may widely
vary the amount of trichloromethyl groups in the mod-
ified oligomer, thus controlling the number of potential
sites of polymer chain growth and the amount of
epoxide groups in the copolymers obtained.

Molybdenum carbonyl-initiated copolymerization
of MMA with an epoxy oligomer containing trichlo-
romethyl groups was studied in this work.

EXPERIMENTAL

Experiments were performed with MMA purified of
stabilizers, dried over sodium sulfate, and freshly dis-
tilled. Its parameters corresponded to published data
[8]. The monomer purity was monitored by gas—liquid
chromatography.
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Solvents were dried according to standard procedures and used freshly distilled. Their parameters corresponded

to the data reported in [9].

Molybdenum carbonyl was sublimated in vacuum.

Trichloromethyl-group-containing epoxy oligomer was synthesized via the reaction of oligomer ED-20 (epoxy
~ equivalent weight of 187 g/equiv) with trichloroacetic acid (Merck, used as received) according to the following
scheme (the scheme is presented for diphenylolpropane diglycidyl ether as an example, its content in the oligomer

ED-20 is above 90%).

CH; Jo)
HgC—CH—CH:—O‘Q—C—@—()—CHQ—CH—CHz + ClLe—C
\/ I N/ M
0 CHj; ¢} OH
cH
— HgC\—/CH—CHg—()Og@—o—cm—(‘m—CHZ—()—ICI‘,—CC13
0 CH; OH 0

The reaction was carried out at different
ED-20/TCAA ratios (by mass) according to preset con-
versions of epoxy groups (10, 20, 25, 30, 40, 50, and
100%) in a 50% toluene solution at 70°C under nitro-
gen for 10 h in a glass reactor equipped with a water
jacket, a reflux condenser, and a magnetic stirrer. Then,
the reaction mixture was washed with a 5% Na,(CO),
solution and dried over CaCl, and the solvent was dis-
tilled off in a rotary evaporator.

Trichloroacetic acid—modified epoxy oligomers
(MED) thus obtained at a yield of ~96% (on the basis
of total ED-20 and TCAA) were characterized by
means of gel-permeation chromatography (GPC) and

(2)

'H and "“C NMR spectroscopy as well as by measuring
the epoxide-group and chlorine contents.

MED-MMA copolymerization was performed in a
30% (relative to MMA mass) toluene solution in a glass
reactor equipped with a water jacket, a reflux, and a
magnetic stirrer.

A specified amount of MMA, Mo(CO), (2.5% of
MMA mass), and toluene (in an amount required to
bring the MMA concentration to 30 wt %) were added
to the reaction mixture resulting from the MED synthe-
sis. The mixture was thoroughly stirred, and the reac-
tion was carried out at 80°C for 10 h under an inert gas.

Table 1. Chlorine and epoxy-group content in the products of TCAA reaction with ED-20 (70°C, 10 h)

. Content, %*
Mo ogomer | St S0 gy comvero ,
€poXy groups chlorine
MED-10 10 20.7/18.4 5.23/2.32
MED-20 20 18.4/12.6 9.68/4.72
MED-25 25 17.3/10.7 11.67/6.19
MED-30 30 16.1/8.3 13.52/8.80
MED-40 40 13.8/5.4 16.86/-
MED-50 50 11.5/3.2 19.79/15.29
MED-100 100 0 30.36/25.80

* The tigures in the numerator and denominator are the calculated and measured values, respectively.
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Fig. 1. The (a) 'H and (b) *C NMR spectra of modified epoxy oligomer MED-50.

Obtained copolymers were precipitated into isopro-
panol (tenfold excess) and reprecipitated from toluene
into petroleum ether. The copolymers were washed
with the precipitant and dried in vacuum at 70°C and at
a residual pressure of 1.3 kPa.

GPC analysis was performed with a Waters 1500
instrument, a 30 cm column, Ultrastyragel with pore
sizes of 107, 10%, and 10° A as a solid phase, a UV spec-

trophotometer (A = 264 nm) and a refractometer as
detectors, and THF as an eluent. The elution rate was
1 ml/min.

Molecular masses were measured by osmometry
with a Knauer K-7000 vapor-pressure osmometer.

The '*C and '"H NMR spectra were measured with a
Bruker CXP-200 spectrometer operating at frequencies
of 50.3 and 200 MHz, respectively.

POLYMER SCIENCE  Series A Vol. 49 No.7 2007
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Table 2. The yicld and some characteristics of MMA-MED copolymers (80°C, 10 h, 2.5 wt % of Mo(CO), relative to MMA,
MMA : MED = 1 : 1, mass/mass)

Content, %

Initial MED | Yield, %, on total The average number

(according | MED and MMA MFS 5 107 M x 107 | M /M, | of MMA units per one

to Table 1) basis* epoxy R MED {ragment

| chlorine®*®* <
groups
MED-10 66 1.4 0.484 8.6 25.8 3.0 14
MED-20 61 1.3 - 7.7 29.1 3.8 9
MED-30 65 04 0.750 11.9 37.0 3.1 9
MED-40 82 0.6 - 15.2 37.0 2.4 15
MED-50 77 0.3 - 7.4 (4.2) 923 12.5 5
49 6.045 " "
- — - . P e 3

MED-100 33 0200 8.0(9.7) 22.1 7 1

*The numerator and denominator refer to the yield of the soluble traction whose molecular mass values are presented and the total copol-
ymer yield. respectively

The numerator and denominator refer to the chlorine contents in the soluble and gel fractions, respectively.

Parenthesized values refer to M, measured by osmometry

Table 3. The yield and some characteristics of MMA-MED-30 copolymers (2.5 wt % Mo(CO) relative to MMA, 80°C, 10 h)

S 733 § Epoxy group content, % E’ - g‘
s |8,z : o 10 10 =52
2 = ?:; < g 2 i M X107 (M, < 1073 M /M, 2 < g
5 <2ﬂ I g0 . £5 calculated® | observed** gé s
=% 2 D7 == 5
= SE 552 | 58 <z 2
1 1:05 78 - - % 294 (11.0) 51.3 1.75 54
2 1:1.0 65 0.750 0.5 (3—3 11.9(5.8) 37.0 3.10 9
3 1:1.5 34 2.830 1.7 2—3 10.2 26.4 2.60 4
4 1:2.0 31 2.250 1.4 % 7.3 (3.6) 21.1 2.89 7

*“As calculated under the condition that one epoxy group corresponds to two chlorine atoms.
The numerator and denominator refer to the values obtained after and before the copolymer precipitation.
“*Parenthesized values refer to M, measured by osmometry
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Fig. 2. Gel-permeation chromatograms of epoxy oli-
gomer—-MMA copolymers. The curve numbers corre-
spond to the numbering of copolymers in Table 3.

The epoxy-group and chlorine contents were deter-
mined by mercurimetric [10] and X-ray fluorescence
analyses, respectively.

RESULTS AND DISCUSSION

The reaction between ED-20 and TCAA affords
oligomers with different contents of epoxy and trichlo-

N>, ¢St
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/
M |
100 300 500 700
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Fig. 3. Time variations in the viscosity of an MMA—
MED-30 reaction mixture (Table 3, experiment 2).
MMA contents in the toluene solutions are (/) 20,
(2) 25, and (3) 30%.

romethy! groups (Table 1). In the presence of molybde-
num carbonyl, the trichloromethyl groups form radi-
cals, which initiate MMA polymerization. As the
amount of TCAA taken for the esterification is
increased, the average molecular mass of the oligomers
rises and the relative amount of epoxy groups decreases
(Table 1).

The '*C and 'H NMR spectra of the product of the
epoxy oligomer reaction with TCAA (Fig. 1) exhibit
signals at 8 = 90.05 and 163 ppm due to carbon atoms
of CCl; and C=0 groups, respectively, and signals at oy
=2.0-2.5 ppm assigned to protons of epoxy groups that
were not involved in the reaction with TCAA.

Presumably, the copolymerization of MMA with
trichloromethyl-group-modified epoxy oligomers may
be schematically represented as follows.

R
CHy
ch\—pH—CHZ—OOQO()—CH;—gH—CHZ—o—g— CCl,
0 CH; OH 0
(3)
Cl chzifg‘é; i CH;
Mo(CO)q | 3 _ _
~Mo(CO)sCl R_(E' R ?(CHQ ?%
~C0 Cl Cl COOCH;
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Fig. 4. The '"H NMR spectra of MED-MMA copolymers.

copolymers in Table 3.

The copolymerization of MMA with trichloro-
methyl-group-containing epoxy oligomers in the pres-
ence of molybdenum carbonyl gives rise to the forma-
tion of copolymers with a yield of 30-80% relative to
the sum of MMA and MED (Tables 2, 3). The
decreased yield of the copolymers is due to both an
incomplete incorporation of MED into them and the
presence of residual molecules of intact oligomer ED-
20 free of trichloromethyl groups in the product. These
oligomers are removed when the copolymerization
product is precipitated into isopropanol.

The polymerization proceeds neither in the MED-
MMA system free of molybdenum carbonyl nor in the
MMA-—carbonyl system free of trichloromethyl com-
pounds; hence, the homopolymer PMMA is not formed
in the MED-MMA-Mo(CO), system under examina-
tion. In addition, the absence of the homopolymer from
the reaction mixture is confirmed by the unimodal pat-
tern of GPC curves (Fig. 2), whereas a control
PMMA + MED mixture is characterized by a bimodal
GPC curve.

The weight-average molecular mass M, of the
formed copolymers rises with an increase in the amount
of trichloromethyl groups in MED. According to the
above polymer formation scheme, a rise in the amount
of trichloromethyl groups in MED increases the num-
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The numbering of the spectra correspond to that of the

ber of radicals that initiate MMA polymerization,
thereby supposedly leading to a reduction in the molec-
ular mass; however, this is not the case, as shown by the
data in Table 2. In our opinion, as the amount of termi-
nal trichloromethyl groups rises, the molecular mass
increases as a result of the reinitiation reaction involv-
ing molybdenum carbonyl and chlorine atoms of any
macromolecule present in the reaction mixture. The
reinitiation by the action of a transition metal carbonyl—
halogenated organic compound system was repeatedly
shown earlier for MMA polymerization [3, 6, 7].

Block copolymers with different contents of epoxy
groups were obtained by copolymerizing the modified
oligomers at different MED/MMA mass ratios
(Table 3).

As was shown by the example of MED-30, when its
relative amount in the reactant mixtures with the mono-
mer increases, the molecular mass of the resultant
copolymers decreases somewhat (Table 3). Seemingly,
the effect of dilution of the reaction mixture with
increasing amounts of the inert MED-30 fraction free
of trichloromethyl groups prevails over the reinitiation
effect in this case. In addition, a reduction in the copol-
ymer yield is caused by a rise in the relative amount of
the epoxy oligomer that is not involved in the copoly-
merization and is removed by the reprecipitation.
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The optimal molybdenum content ranges from 2 to
5% of the monomer mass; the copolymer yield is low
below 2% and insoluble products are formed above 5%.

Variations in the viscosity of the reaction mixture
during copolymerization (Fig. 3) demonstrate that the
" optimal duration of the process is 10 h. Its further
increase leads to the formation of a crosslinked poly-
mer.

The '"H NMR spectra of the obtained copolymers
(Fig. 4) comprise groups of signals at 6.5-7.3 and 3.3—
3.8 ppm due to aryl protons of epoxy oligomers and
protons of OCH; groups in PMMA chains, respec-
tively. As the relative amount of MMA is increased, the
intensity of the signals assigned to aryl group protons
declines (Fig. 4). From the integral intensities of the
signals in the 'H NMR spectra, the ratio between MMA
and aromatic fragments in copolymer molecules was
calculated, and the average number of MMA groups
per one MED fragment was determined (Tables 2, 3).

The low average numbers of MMA units per one
MED fragment, as compared to the molecular masses
of the resultant copolymers, suggest that MED is pre-
dominantly incorporated into polymer chains as side
branches resulting from the reiitiation reactions.

The copolymers obtained with different epoxy-
group contents are of interest as compatibilizing agents
for epoxy oligomers regulating the properties of epoxy
composites. On the other hand, the application of
trichloromethyl-substituted epoxy oligomers as coiniti-
ators of vinyl monomer polymerization allows incorpo-
rate oxiranion of cycles into resultant polymers with the

POLYMER SCIENCE
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purpose of subsequent immobilization of dye mole-
cules or molecules of biologically active substances.
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