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ABSTRACT

Catalytic chain transfer polymerization via metal carbazone of Zn (II), Cd
(II), and Hg (II) is a very efficient and versatile free-radical polymerization
technique for the synthesis of poly (methyl methacrylate). The process is
based on the ability of the carbazone to motivate the chain transfer to
monomer molecules and as has been reported earlier producing reliable
feature of controlled polymerization with well-controlled process. Continu-
ing the efforts to reveal more insights into supplementary advantageous
concepts when using metal carbazones as initiators and chain transfer
agents, the curing role of such is meant to be investigated as a promising
perception for advanced applications.
 2013 Trade Science Inc. - INDIA
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INTRODUCTION

The molecular weight distribution of a polymer de-
termines basically the properties of the final product;
whereas high molecular weight polymer chains are re-
quired for imparting strength to the final product, low
molecular weight chains are required for easy flow in
polymer processing[1,2]. Free radical polymerization pro-
duces usually low molecular weight polymers which are
commonly prepared in presence of chain transfer agents
such as thiols or carbon halides[3,4].

In 1980s, Smirnov�s et al[5,6] revealed that certain
low-spin Co (II) complexes are able to catalyze the
chain transfer to monomer polymerization reactions,
hence providing a possible mean for molecular weight
control. Proceeded and continuous work exposed that
certain organometallic complexes presence during the

polymerization processes, most notably those of chro-
mium and molybdenum, are causing molecular weight
reductions and their further impact on the polymer physi-
cal characteristics[7,8]. In the present work, metal
carbazone complex compounds were used as an addi-
tive through the polymerization of methyl methacrylate
monomer where their rule as transferring and curing
agents are to be assessed.

EXPERIMENTAL

Materials

The stabilized methyl methacrylate monomer was
supplied by Aldrich. When activated (inhibitor free) re-
fractive index measurement was run to affirm purity prior
use[9].

Zinc, cadmium and mercury carbazone complexes
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were prepared as reported with affirmed structure[10].
Pure-grade toluene was used as a solvent for the poly-
mer.

Polymerization process and film formation

15 gram of inhibitor-free monomer was mixed with
the three metal complexes separately at various con-
centrations in a dry glass ampoules and sealed under
flow of purified and dry nitrogen gas, and then, placed
in an adjusted electric oven at 80 C for 24 hours. Af-
ter which the ampoules were left to cool to ambient
temperature and then broken to release its contents
under toluene. The polymer solution was cost onto glass
dishes to form transparent films with a thickness of 1
mm. The cast films were dried under ambient condition
for 24h and then placed in a vacuum oven at 70 C to
remove any residual solvent. The conversion yield%
was calculated as the ratio of polymer weight compared
to monomer weight used.

Polymer characterization

The molecular weights of the polymer samples and
their polydispersity values were determined using Gel
permeation chromatography (Agilent GPC 1100 se-
ries, Germany, PL gel 100, 1000, 100000 on series
and the porosity of 5 micrometers and refractive index
detector). The polymer structure was confirmed using
Nicolet 380 FT-IR spectrophotometer. The crystallin-
ity of polymethyl methacrylate samples were investi-
gated using x-ray diffractometer (JSX-60PA-TEOL
and Ni-filtered CuK


 radiation). The x-ray patterns of

the samples were recorded automatically with a scan-
ning speed of 2/min, and the scanning angular range
(2) from 5 to 50.

RESULTS AND DISCUSSION

Conversion yield, molecular weight and dispersity

The conversion yield of methyl methacrylate mono-
mers to polymer in the presence of Zn, Cd, and Hg
carbazone extended from 70 to 97% and as shown in
Figure 1 (fairly close to that of pure polymer of 86%).
The pattern of conversion % shows, in general, a vol-
cano-shaped profile which visualizes a critical concen-
tration for maximum activity of the carbazone complex
compound as a catalyst for such polymerization pro-

cess. It is also noticed that a gradual increase of the
complex concentration is accompanied by gradual in-
crease of the polymer conversion % till that peak of
maximum activity at a concentration of 4.4×10-5,
1.18×10-4 and 1.86×10-4 g mol/L for Zn, Cd and Hg
carbazone complexes, then deactivates at higher con-
centrations due may be to an apparent crowding of its
higher population and the subsequent steric hindrance
of the bulky complex.

Figure 1 : Effect of metal carbazone complexes concentra-
tion on the conversion %

Molecular weight measured values of PMMA pre-
pared in the presence of different metal complexes suf-
fered preferential reduction and as shown in Figures 2-

Figure 2 : Effect of metal carbazone complexes concentra-
tion on the number average molecular weight
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3. The molecular weight parameters of weight and num-
bers were found to increase as the complex concentra-
tions was increased[11,12]. The polydispersity profile was
also recorded where it is included to be influenced by
the complex type and concentration and as evidenced
from Figure 4. The polydispersity profile illustrates that
an improvement in the polydispersity, preferentially ac-
cording to metal type and its concentration, which could
be attributed to the ability of different metal carbazone
complexes to cap the free radicals, produced prob-
ably, due to the monomer ð bond rupturing during the

polymerization process, via its azo group producing a
hydrazo form which is accompanied by a color change.
In this case, the hydrazo form is used as a new active
center for the polymerization process that yields a poly-
mer with lower dispersity values[13,14].

Polymer structure and crystallinity

The FT-IR spectral chart of carbazone complexes
are exhibiting their characteristic absorption bands at
3448, 1642, 1515, and 677 cm-1that are arising from
NH stretching vibration, C=N stretching, N=N
stretching, and NH out of plane bending vibration,
respectively and as shown from Figure 5. This is in ad-
dition to the doublet band at 2353-2312 cm-1 which
arising from N=CN=N moiety[15]. Poly (metyl meth-
acrylate) spectral is also characterized though its the
main characteristic FT-IR peaks at 3011, 2949 and
1745 cm-1 for isotactic structure which are assigned to


a
(CH), 

s
(CH) and (C=O) respectively and at

1456 and 1286 cm-1 for syndiotactic structure which
are assigned to 

a
(CH), and 

s
(CH

3
) respectively

and at 1199 cm-1 for the skeletal, Figure 6[16]. When
PMMA samples prepared in the presence of carbazone
complex are subjected to FT-IR spectroscopy studies,
Figure 6 (a-c) was produced. Figure 6 confirms once
again the specific structural features of PMMA, in ad-
dition to the peaks referred to the complex compound
employed such as NH stretching vibration band at
3448 cm-1, N=N stretching vibration band at 1515 cm-

1, NH out of plane bending vibration band at 677 cm-

1, noticing that the disappearance of the doublet band

Figure 3 : Effect of metal carbazone complexes concentra-
tion on the weight average molecular weight

Figure 4 : Effect of metal carbazone complexes concentra-
tion on the polydispersity of PMMA

Figure 5 : FT-IR spectra of carbazone complex, pure poly
(methyl methacrylate) and poly (methyl methacrylate) in pres-
ence of carbazone complex
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at 2353-2312 cm-1 for N=CN=N in addition to the
appearance of two new week bands at 1000 and 820
cm-1 which are arising from CH

2
N stretching vibra-

tion. Such structural observation could be attributed the
homolytic rapture to N=N and NH bonds of the com-
plex compound by the radical formed in the medium
that might lead to the formation of many active centers
on the complex compound explaining its ability to work
as a cross linking agent.

pure polymer, such reflexes were completely absent
when compared to pure poly (methyl methacrylate)
which is nearly amorphous[17], Figure 7. Calculated rela-
tive degrees of crystallinity[18] of all samples are pre-
sented in Figure 8. The results reveal that cadmium and
mercury carbazone complexes are of high relative de-
gree of crystallinity at low complex concentrations that
decrease as the concentrations increased. On the con-
trary, in case of zinc carbazone complex the behavior
inversed, whereas, the best improvement in the relative
degree of crystallinity occur at high concentration.
Therefore, it seems reasonable to conclude that there is
a direct relationship between metal complex stability
and polymer characterization. Whereas, at a high com-
plex concentration, a higher number new active centers
are produced during the polymerization process, which
will lead definitely to randomness increase and subse-
quently decreasing the order of the polymeric chain
packing[19].

Figure 6 : FT-IR spectra profile of poly (methyl methacry-
late) in the absence and presence of different metal carbazone
complexes

X-ray examination for all the polymer samples pre-
pared in absence and presence of zinc, cadmium and
mercury carbazone complexes at different concentra-
tions is illustrated in Figure 7. The X-ray pattern con-
firms an improvement of the polymer chains order due
to the presence of these complexes whereas three re-
flexes appear at 2 = 14, 30 and 42. While, in case of

Figure 7 : X-ray diffraction patterns for poly (methyl meth-
acrylate) in the absence and presence of different metal
carbazone complexes
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Pathway of MMA polymerization in presence of
carbazones

Polymers molecular weight parameters, FT-IR and
x-ray diffraction data usually support reaction mecha-
nism elucidation[20,22]. Accordingly, a suggested mecha-
nism was thought for the polymerization of methyl meth-
acrylate in the presence of metal carbazone relevant to
the reaction conditions employed and as illustrated in
Figure 9. The proposed MMA polymerization mecha-
nism in presence of carbazone complexes was based
on the following observations and facts:
1) The change of color during polymerization process

is noticed and is mainly due to changing of the azo
form to the hydrazo indicating that these complexes
can be used as reliable indicators for the free-radi-
cal polymerization.

2) The production of MMA polymers with low mo-
lecular weights can be argued as due to the role of
the carbazone complexes as a chain transfer agent
whereas the growing polymer chain abstracting the
H-radical forming a dead polymer.

3) The improvement in the crystallinity for all samples
is interpreted on the basis of the formation of ex-
cessive active center during the polymerization pro-
cess due to the presence of the complex com-
pounds. Such conclusion could also lead to the
ability of employing such technique complex com-
pounds as across linking agent during highly crys-
talline (ordered) PMMA.
The above conclusions should encourage more

elaborate work in relative fields to add more value to
the role of carbazone and dithizone in improving not
only the thermal behavior of vinyl polymers but also
their direct impact and effect on the stage�s order dur-

ing polymerization.
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