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ABSTRACT

Catalytic chain transfer polymerization via metal carbazone of Zn (1), Cd
(1), and Hg (11) isavery efficient and versatilefree-radical polymerization
technique for the synthesis of poly (methyl methacrylate). The processis
based on the ability of the carbazone to motivate the chain transfer to
monomer molecules and as has been reported earlier producing reliable
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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.
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INTRODUCTION

Themolecular weight distribution of apolymer de-
terminesbasically the properties of thefinal product;
whereas high molecular weight polymer chainsarere-
quired for imparting strength to thefinal product, low
molecular weight chainsarerequired for easy flowin
polymer processing3. Freeradicd polymerization pro-
ducesusudly low molecular weight polymerswhichare
commonly prepared in presenceof chaintransfer agents
such asthiolsor carbon halides34.

In 1980s, Smirnov’s et al>® reved ed that certain
low-spin Co (I1) complexes are able to catalyze the
chain transfer to monomer polymerization reactions,
hence providing apossible mean for molecular weight
control. Proceeded and continuouswork exposed that
certain organometal lic complexes presenceduring the

polymerization processes, most notably those of chro-
mium and molybdenum, are caus ng molecular weight
reductionsandtheir further impact onthe polymer phys-
ca characteristicd’®. In the present work, metal
carbazone complex compoundswere used asan addi-
tivethrough the polymerization of methyl methacrylate
monomer wheretheir ruleastransferring and curing
agents areto be assessed.

EXPERIMENTAL

Materials

The stabilized methyl methacrylate monomer was
supplied by Aldrich. When activated (inhibitor free) re-
fractiveindex measurement wasrunto &firm purity prior
use®.

Zinc, cadmium and mercury carbazone complexes
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were prepared asreported with affirmed structure?.
Pure-grade toluene was used as asolvent for the poly-
mer.

Polymerization processand film formation

15 gramof inhibitor-free monomer wasmixedwith
thethree metal complexes separately at various con-
centrationsin adry glassampoul esand sealed under
flow of purified and dry nitrogen gas, and then, placed
inan adjusted electric oven at 80 °C for 24 hours. Af-
ter which the ampouleswere | eft to cool to ambient
temperature and then broken to release its contents
under toluene. Thepolymer solutionwascost onto glass
dishesto formtransparent filmswith athicknessof ~1
mm. Thecast filmsweredried under ambient condition
for 24h and then placed inavacuum ovenat 70 °Cto
remove any residual solvent. Theconversionyield%
wascal culated astheratio of polymer weight compared
to monomer weight used.

Polymer characterization

Themolecular weightsof the polymer samplesand
their polydispersity vaueswere determined using Gel
permeation chromatography (Agilent GPC 1100 se-
ries, Germany, PL gel 100, 1000, 100000 on series
andtheporosity of 5 micrometersand refractiveindex
detector). The polymer structurewas confirmed using
Nicolet 380 FT-IR spectrophotometer. Thecrystallin-
ity of polymethyl methacrylate sampleswereinvesti-
gated using x-ray diffractometer (JSX-60PA-TEOL
and Ni-filtered CuK _ radiation). Thex-ray patterns of
the sampleswere recorded automatically with ascan-
ning speed of 2°/min, and the scanning angular range
(26) from5to 50°.

RESULTSAND DISCUSSION

Conversion yied, molecular weight and dispersity

Theconversonyiddof methyl methacrylatemono-
mers to polymer in the presence of Zn, Cd, and Hg
carbazone extended from 70 to 97% and asshownin
Figure 1 (fairly closeto that of pure polymer of 86%).
The pattern of conversion % shows, ingenerd, avol-
cano-shaped profilewhichvisuaizesacritica concen-
tration for maximum activity of thecarbazone complex
compound asacatalyst for such polymerization pro-

cess. It isaso noticed that agradual increase of the
complex concentration isaccompanied by gradual in-
crease of the polymer conversion % till that peak of
maximum activity at a concentration of 4.4x10,
1.18x10*and 1.86x10“gmol/L for Zn, Cd and Hg
carbazone compl exes, then deactivates at higher con-
centrations due may beto an apparent crowding of its
higher popul ation and the subsequent steric hindrance
of thebulky complex.
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Figurel: Effect of metal car bazone complexesconcentra-
tion onthe conversion %
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Figure2: Effect of metal car bazone complexesconcentra-
tion on thenumber average molecular weight

Molecular weight measured va uesof PMMA pre-
pared inthe presence of different meta complexessuf-
fered preferential reduction and asshownin Fgures2-
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3. Themolecular weight parametersof weight and num-
berswerefound to increase asthe complex concentra:
tionswasincreased2, Thepolydispersity profilewas
alsorecorded whereit isincluded to beinfluenced by
the complex type and concentration and as evidenced
from Figure4. Thepolydispersity profileillustratesthat
animprovement inthe polydispersity, preferentidly ac-
cordingto metal typeand itsconcentration, which could
beattributed to the ability of different metal carbazone
complexes to cap the free radicals, produced prob-
ably, dueto themonomer n bond rupturing during the
polymerization process, viaitsazo group producing a
hydrazo form whichisaccompanied by acolor change.
Inthiscase, the hydrazo formisused asanew active
center for the polymerization processthat yid dsapoly-
mer with lower dispersity values34,
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Figure3: Effect of metal car bazone complexesconcentra-
tion on theweight aver agemolecular weight
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Figure5: FT-IR spectraof carbazone complex, purepoly
(methyl methacrylate) and poly (methyl methacrylate) in pres-
enceof carbazone complex

Polymer structureand crystallinity

The FT-IR spectra chart of carbazone complexes
areexhibiting their characteristic absorption bands at
3448, 1642, 1515, and 677 cmrthat arearising from
N-H stretching vibration, C=N stretching, N=N
stretching, and N—H out of plane bending vibration,
respectively and asshown from Figure 5. Thisisin ad-
dition to the doublet band at 2353-2312 cm* which
arising from N=C—N=N moiety*™. Poly (metyl meth-
acrylate) spectral isalso characterized thoughitsthe
main characteristic FT-IR peaks at 3011, 2949 and
1745 cm for i sotactic structurewhich areassigned to
v_(C-H), v (C-H) and v(C=0) respectively and at
1456 and 1286 cmr* for syndiotactic structurewhich
areassigned to § (a—CH), and 8 (a—CH,) respectively
and at 1199 cm* for the skeletal, Figure 6%, When
PMMA samplespreparedinthe presenceof carbazone
complex are subjected to FT-IR spectroscopy studies,
Figure 6 (a-c) was produced. Figure 6 confirms once
againthespecific structura featuresof PMMA, inad-
dition tothe peaksreferred to the complex compound
employed such as N—H stretching vibration band at
3448 cnt, N=N stretching vibration band at 1515 cmr
1 N—H out of planebending vibration band at 677 cm
1, noticing that the disappearance of the doubl et band
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at 2353-2312 cm* for N=C-N=N in addition to the
appearance of two new week bandsat 1000 and 820
cm* which arearising from CH,~N stretching vibra-
tion. Such structura observation could beattributed the
homolytic raptureto N=N and N—H bondsof the com-
plex compound by theradical formed inthemedium
that might lead to theformation of many active centers
onthecomplex compound explainingitsability towork
asacrosslinking agent.
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Figure6: FT-IR spectraprofileof poly (methyl methacry-
late) in theabsenceand presenceof different metal car bazone
complexes

X-ray examinationfor al the polymer samplespre-
pared in absence and presence of zinc, cadmium and
mercury carbazone complexesat different concentra-
tionsisillustratedin Figure 7. The X -ray pattern con-
firmsanimprovement of the polymer chainsorder due
to the presence of these complexeswhereasthreere-
flexesappear at 20 = 14, 30 and 42°. While, in case of

pure polymer, such reflexeswere compl etely absent
when compared to pure poly (methyl methacrylate)
whichisnearly amorphous®’, Figure 7. Cdculated rdla
tivedegrees of crystallinity!® of all samplesare pre-
sentedin Fgure8. Theresultsreved that cadmiumand
mercury carbazone complexesareof highrdativede-
greeof crystdlinity at |ow complex concentrationsthat
decrease asthe concentrationsincreased. Onthe con-
trary, in case of zinc carbazone complex the behavior
inversed, wheress, thebest improvement intherdative
degree of crystallinity occur at high concentration.
Therefore, it seemsreasonableto concludethat thereis
adirect relationship between metal complex stability
and polymer characterization. Wheresas, at ahigh com-
plex concentration, ahigher number new active centers
are produced during the polymerization process, which
will lead definitely to randomnessincreaseand subse-
guently decreasing the order of the polymeric chain
packing9.
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Figure7: X-ray diffraction patternsfor poly (methyl meth-
acrylate) in the absence and presence of different metal
car bazone complexes
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Figure8: Effect of metal car bazone complexesconcentra-
tion on therelativedegreeof crystallinity
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Pathway of MM A polymerization in presence of
car bazones

Polymersmolecular weight parameters, FT-IR and
x-ray diffraction datausually support reaction mecha
nism e ucidation®21, Accordingly, asuggested mecha
nismwasthought for the polymerization of methyl meth-
acrylateinthe presence of metal carbazonerelevant to
thereaction conditionsemployed and asillustrated in
Figure 9. Theproposed MMA polymerization mecha
nism in presence of carbazone complexeswas based
onthefollowing observationsandfacts:

1) Thechangeof color during polymerization process
isnoticed andismainly dueto changing of theazo
formtothehydrazo indicating that these complexes
can beused asrdliableindicatorsfor thefree-radi-
ca polymerization.

2) Theproductionof MMA polymerswithlow mo-
lecular weights can be argued asdueto therole of
the carbazone complexesasachantransfer agent
whereasthe growing polymer chain abstractingthe
H-radical forming adead polymer.

3) Theimprovementinthecrystalinity foral samples
isinterpreted on the basis of theformation of ex-
cessiveactive 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-
poundsas acrosslinking agent during highly crys-
talline (ordered) PMMA.

The above conclusions should encourage more
elaboratework inrelativefieldsto add morevalueto
theroleof carbazone and dithizonein improving not
only thethermal behavior of vinyl polymershbut also
their direct impact and effect on the stage’s order dur-

ing polymerization.
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