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Abstract. Heterometal polymer complexes with b-dike-
tonate fragments have been obtained via styrene triple
copolymerization with polyfunctional components of
radical polymerization — vinyl-b-diketonates of 5-methyl-
5-hexene-2,4-ditionates Mn(l) and Zn(ll). The process
was carried out in a block and dimethylformamide solu-
tion in the presence and absence of additional initiator —
benzoyl peroxide. Varying the chelated metals concent-
ration, the presence of solvent and additional initiator one
may control the concentration and metal ratio in the
macromolecule, as well as products molecular weight.

Keywords: radical copolymerization, vinyl-b-diketonate,
inhibitor, heterometal complex.

1. Introduction

It is well-known that b-diketonates of 3d-metals are
active initiators of vinyl monomers polymerization [1, 2]
and catalysts of many organic reactions [3]. Previoudy we
demonstrated that vinyl-b-diketonates of 3d-metals are
heterofunctional components of radical polymerization
[4]. The presence of reactive double bond provides them
with monomer properties and the chelated metals cycle
makes them the initiators of radical polymerization [5].
Moreover, they have inhibiting properties at the
concentration higher than 1-10% mol/l [6]. Inhibition
considerably depends on the metal nature and may be
controlled by the temperature change and the presence of
donor solvents [7]. The regularities of styrene and
methylmethacrylate radical polymerization initiated by
vinyl-b-diketonates essentially differ from the classic
theory of radical polymerization. The obtained
copolymers contain fragments of b-diketonates of 3d-
metals providing them with properties of initiators and
bactericides [8, 9] and increases polymers thermal
stability [10].

Similarly, using triple copolymerization of styrene
with vinyl-b-diketonates of two metals we may obtain
copolymers with fragments of two b-diketonates, i.e.
bimetal polymer metal complexes which have not been
studied yet. Heterometal polymer complexes are of great
interest as catalysts of different reactions, macroinitiators
of radical polymerization, bactericide and fungicide
materials, etc.

The am of the present investigation is styrene
radical polymerization initiated by 5-methyl-5-hexene-
24-dionates Mn(ll) (MXD-Mn) and Zn(ll) (MHD-Zn),
that allows to obtain copolymer metal complexes with Mn
and Zn b-diketonates in the chain.

2. Experimental

5-Methyl-5-hexene-2,4-dion (MHD) was
synthesized via methylmethacrylate condensation with
acetone in the presence of sodium methylate [11]. The
reaction products are extracted by diethyl ether and
divided into two fractions by wvacuum distillation.
5-Methyl-5-hexene-2,4-dionate of copper is precipitated
from one of the fractions while adding copper acetate.
Then the copper complex is recrystallized from methanol
and decomposed by 10% H,SO, while codling. Via
vacuum distillation we obtain MHD with Ty = 343—
345 K/2.3 kPa and np® = 0.9562. MHD vyield is 5-10 %.
MHD-Mn and MHD-Zn metal complexes are synthesized
in the same way during interaction between MHD and Mn
or Zn acetates[12].

Polymerization kinetics was studied by dilatometric
and gravimetric methods. Molecular weight of polymers
was determined by viscosimetry using the Ubellohde
viscometer [13].

Metals content in the polymer was determined
using the atomic adsorption spectrometer “ Saturn”. The
source of primary radiation is a spectral lamp with a hollow
cathode L SP-1; cobalt analytic line— 240.7 nm; manganese
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anaytic line — 279.5 nm; dlit width of monochromator —
0.1 mm. The investigated solutions were sprayed into the
flame of dot burner acetylene-air a gas (CH,) con
sumption of 2.17 I/min and oxidizer (air) consumption of
11.33 I/min. The height of flame photometry zone over
burner dit — 1.5-2.0 mm. Under the mentioned conditions the
determined range of metal concentration is 0.25-10 mg/ml
a standard deviation (S) £ 0.075. The polymer sample
(0.05-0.10 g) was previoudy dissolved at heating on a sand
bath in 25-30 ml of nitric and chloric acids mixture (5: 3).
The obtained solution was diluted by distilled water till
10 ml volume. Standard solutions with 0.5; 1; 2; 5; 10; 25
and 50 ng/ml of metal were prepared by step-by-step dilu-
tion by 2-10 times of the initial standard sample with the
metal concentration of 1 ny/ml (provided by Physico-Che-
mica Inditute, Odessa, Ukraing). To avoid possible errors caur
sed by the mentioned minerd acids (nitric and chloric), their
contentsin analyzed and standard sol utions were equalized.

3. Results and Discussion

Before the estimation of kinetics of styrene triple
copolymerization with Mn(ll) and Zn(ll) vinyl-b-
diketonates we studied the initiating activity of these
chelates taken separately. Kinetic and molecular weight
characteristics of MHD-Mn initiation process are
represented in Table 1.

The polymerization initial rates (V,) insignificantly
vary within chelate concentrations of (0.5-3.0)-10 mol/I.
This fact indicates that the inhibiting property of MHD-
Mn is less than that of 5-methyl-5-hexene-2,4-ditionate of
Co(11) [5]. In the case of Co at its concentration of 3.0-10°
mol/l the styrene polymerization does not proceed.
Moreover, there is a dear maximum on the dependence

Vpa VS «/Cche. . For MHD-Mn such maximum is absent.

Molecular weights of obtained polymers also confirm
lesser inhibiting effect of MHD-Mn. Within the range of

chelate concentrations (0.5-3.0)-10% mol/l they vary
dightly. It should be noted that under investigated
conditions the molecular weight essentially depends on
introduction of chelate groups into polymer during side
chains grafting, as well as on break of growing chain on
the chelated metal cycle.

At MHD-Mn concentrations of (0.10-0.25)-
-10? mol/l a number of chelate groups introduced into
polymer is small. Quantity of metal introduced into
polymer points to this fact. Hence, grafting is actually
absent and chelate inhibiting effect is preserved. The total
effect of side chains grafting and the break of growing
chains is shifted to the break. Molecular weights at
mentioned concentrations of MHD-Mn sharply decrease.

The further decrease in chelate concentration
decreases Vi, to the rate of thermal polymerization. At the
same time the inhibiting effect is also minimal that is
confirmed by the agreement between Vi, and V,. The
latter fact leads to the sharp increase in the molecular
weight. Thus we may assert that MHD-Mn is the active
initiator of styrene polymerization but its V, is
considerably less than Vi, indicating the essential
inhibiting effect of this chelate.

Table 1 aso represents the kinetic parameters of
styrene polymerization initiated by MHD-Zn a the
concentration of 0.5:10 mol/l. The investigated chelateis
not an initiator and provides the rates close to thermal
polymerization but it has the inhibiting effect that is
confirmed by the disagreement between Vi, and Vy. Zn
content in polymer is smal under investigated
concentration of chelate. The increase in MHD-Zn
concentration is impossible due to its low solubility in
styrene. Since the main aim of this work is obtaining of
bimeta polymer complex, the further triple
copolymerization was carried out in the solvent. For this
purpose the donor solvent dimethylformamide (DMF) is
used which not only dissolves MHD-Zn but should
increase chelate initiating activity [1].

Tablel
Dependence of kinetic and molecular weight par ameters of styrene polymerization initiated
by MHD-Mn on chelate concentration at T = 358 K
2 5 5
Cal | waiis | meigs | Se% | Se% | weowte | plaly | M0°
3.00 16.9 9.7 9.9 8.0 0.42 0.98 2.63
2.00 204 10.1 105 8.2 0.46 0.95 2.52
1.00 18.8 8.0 10.2 9.7 0.20 1.10 3.07
0.50 195 8.0 10.3 6.4 0.15 0.97 2.58
0.25 9.5 53 9.9 8.7 0.04 0.55 117
0.10 6.1 45 105 9.0 0.01 0.73 1.76
0.05 34 33 9.9 9.6 0.01 231 8.65
0.50 4.3 3.0 9.6 74 0.14 0.95 2.50
thermal 2.2 2.2 10.2 10.0 - - -

Notes: * —MHD-Zn was used as an initiator; Vi, and V,, —initial and average polymerization rates, respectively; S and §; —
conversion determined by dilatometry and gravimetry, respectively; w — metal content; [#] — intrinsic viscosity of polymer solution;
M, — average viscous molecular weight
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Table 2
Kinetic and molecular weight parameter s of syrene polymerization initiated by MHD-Mn
on chelate concentration in DMF (1:1) at T =358 K
Cinic'10%, Vin-10°, Var10°, . 0 3 10°
mol/ mol/(1) mol/(1) S, % S % Wie, WO | [7], g M,-10
3.00 42.1 14.0 9.9 52 047 1.18 3.39
2.00 36.6 12.6 11.2 5.7 0.20 1.16 331
1.00 23.7 4.9 9.2 6.3 0.19 137 4.20
0.50 24.9 53 9.8 8.6 0.10 175 5.86
Table 3
Kinetic parameters of styrene polymerization initiated by MHD-Zn
on chelate concentration in DMF (1:1) at T =358 K
Cirit:10%, mol/l Vir-10° mol/(1-s) Vo 10°, mal/(l-s) Sin, % Sy, %
3.00 3.6 3.3 8.9 8.2
2.00 54 4.3 8.9 8.6
1.00 3.2 22 9.8 9.0
0.50 3.1 29 9.6 9.0
Table4

Kinetic and molecular weight parameter s of styrene polymerization initiated by MHD-Mn and MHD-Zn
on chelate concentration in DMF (1:1) at T =358 K

Cirir-107, mol/l vV, 10°, V,,10° Wiye, Wt %0 3 =
MADMn | MHD-Zzn | mol/(9 | molits | % | % Ty Zn | [l.om7g | M,10
3.00 3.00 165 67 118 | 84 | 044 | 058 | 141 43
200 200 571 70 118 | 69 | 042 | 068 | 131 39
100 100 9.0 47 98 68 | 032 | 052 | 140 45
100 050 142 26 106 | 66 | 009 | 011 - -
050 100 86 35 114 | 102 | 003 | 027 | 206 73

Kinetic parameters of styrene polymerization
initiated by Mn and Zn chelates in DMF are represented
inTables2and 3.

The comparison of Tables 2 and 3 with Table 1
show that Vi, and partially V,, increase for MHD-Mn in
the solvent. Moreover, during polymerization in DMF the
maximum polymerization rate is observed at Cyg =
=3.010” mol/l while maximum in the block is achieved
at Cene = 2.0-10% mol/l and metal content varies slightly.
Molecular weights considerably increase for all MHD-Mn
concentrations. It means that in the donor solvent the
initiation-inhibition ratio shifts to the initiation.

Concerning polymerization initiated by MHD-Zn in
the solvent (Table 3), the polymerization rates do not
practically depend on chelate concentrations and are close
to the thermal polymerization rate. Thus we confirmed the
sdlectivity of donor additives. K.Bemford [1]
demonstrated that styrene polymerization initiated by
Fe(lI1), Cu(ll), Pb(I1), Ni(ll) and Co(ll) acetylacetonates
is accelerated using CCl, as a solvent; phenanthroline
accelerates polymerization initiated by Mn(I1), Mn(ll1),
Fe(lll), Co(lll) and Cu(ll) acetylacetonates, does not

affect the rate for Ni(ll) acetylacetonate and inhibits
polymerization for Co(ll). Dipyridile accelerates the
process for Mn(ll) and Mn(lll) acetylacetonates,
pyridile—for Mn(l11) only.

Kinetic and molecular weight parameters of styrene
polymerization initiated by both MHD-Mn and MHD-Zn
arerepresented in Table 4.

The comparison of Table 4 and Tables 1-3 allows
to estimate the contribution of every initiator (MHD-Mn
and MHD-Zn) in the general polymerization process. At
equimolecular concentrations of both chelates (Cqg =
=3.010% mol/l) the initid polymerization rate is
considerably lower than that at initiation only by MHD-
Mn. At the decrease in equimolecular concentrations till
2.0-10% mol/l the rate sharply increases. The reason is that
total concentration of two chelates is 6.0-10% mol/l
resulting in strong growth of inhibition, the same as for
acetylacetonates [1]. In our previous investigations this
fact leads even to polymerization closing. The decrease in
chelates concentration till 1.0-10% mol/l reduces the
polymerization rate regularly.
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Being initiated by chelates of different concentrations
the polymerization rate is higher at MHD-Mn excess but in
al cases the combined initiation by two chelates has
considerably lower rate than that using only MHD-Mn.

Three factors should be taken into account during
proceeding polymerization process. initiating activity of
chelates, their inhibiting effect and selectivity of the donor
solvent. These factors complicate the process but we may
assert that the joint presence of both chelates decreases the
initiating activity. In the investigated pair of chelates
MHD-Mn serves as the initiator and MHD-Zn has the
inhibiting effect (Table 1). The metal content in polymers
is ~0.5 wt % at chelates equimolecular concentration. At
the sametimein all cases Zn content is higher than that of
Mn. The possible reasons are constants of monomer
copolymerization and high inhibiting activity of MHD-Zn,
on the chelate cycle of which the growth of polymer
radicals dops. It is interesting that at different
concentrations of chelates (0.5-1.0)-10% mol/l the content
of both metals in the polymer sharply decreases. This fact
requires additional investigations.

Molecular weights of polymers during combined
initiation by two chelates are always higher than those
during their individual application; usually they are above
3910° Thus we may assert that under mentioned
conditions the copolymers are formed containing
fragments of Mn and Zn b-diketonates with satisfactory
metal concentration and molecular weight. Varying
chelates concentration we may vary metal ratio and
concentration in the polymer.

The presence of inhibition at initiation by vinyl-b-
diketonates retards the process even at low conversion that
is obvious by values Vi, and V,,. Therefore, to optimize
the synthesis of bimetal polymer complexes via styrene
triple copolymerization with MHD-Mn and MHD-Zn we
used additional initiator — benzoyl peroxide (BP) with the
concentration of 2.0-10% mol/l. Polymerization was
carried out in DMF and without it.

Previoudy we demongrated that BP is not only
additional initiator. Using initiating system b-diketonate-BP
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it forms complex with chelated metals which provides
accelerated decomposition of both components [14].
Using Mn(lll) acetylacetonate-BP and  Fe(lll)
acetylacetonate-BP  systems the decomposition rate
increases by 5-10 times depending on components ratio.
For Fe(lll) trifluorine acetylacetonate-BP system the
decomposition rate is considerably higher. The same as
for thermal decomposition, the polymerization rate of
vinyl monomers initiated by the mentioned systemsis also
considerably higher than the rate at additive effect of the
components [15]. The systems efficiency depends on the
metal nature, the presence of substituents in the ligand and
monomer nature. But while using the initiating systems
and donor solvents the competition between the solvent
and BP occurs for the formation of complex with b-
diketonates. In our case it is possible that the process is
shifted toward the complex formation with the solvent due
to the higher concentration of DMF as compared with BP.
Therefore we can assume that BP has the only function of
additional initiator.

The results of triple copolymerization using BP are
represented in Table 5.

The comparison of obtained results demonstrates
the increase in polymerization rate by 5-6 times under
equimolecular concentrations. The maximum rate is
observed at component concentration of 2.0-10° mol/l that
corresponds to polymerization initiated by MHD-Mn
(Table 1) and mixture of MHD-Mn and MHD-Zn
(Table 4). Molecular weights of polymers considerably
decrease and metal content dightly increases while using
BP. At different concentrations of chelates the rates
remain high. It should be noted that using BP and without
its use the content of Zn in polymers are always higher
than MHD-Zn content in the monomer mixture. Using BP
it is possible to obtain polymers at styrene copo-
lymerization with MHD-Zn only. Herewith high-
molecular products with high content of Zn are formed.

Table 5
Kinetic and molecular weight parameter s of styrene polymerization initiated by MHD-Mn
and MHD-Zn on chelate concentration in DMF (1:1) at T =358 K
Ciri"107, mol/| Vin10°, Vo 10°, Whte, WE % [], 5
MHAD-Mn | MADzn | moli(ks) | moligs | 0% | S0 % =T 201 amig | Mi10T | DMFpresence

3.00 3.00 97.7 64.1 11.8 8.8 0.62 0.86 0.21 0.31
2.00 2.00 101.8 61.5 11.8 7.9 0.46 0.68 inDMF
1.00 1.00 74.7 534 11.8 105 0.28 0.48 0.50 1.03
1.00 0.50 44.3 39.8 10.6 9.3 0.09 0.16 without DMF
0.50 1.00 80.1 45.2 11.0 6.1 0.11 0.45 in DMF
2.00 0.50 33.2 32.8 10.2 8.9 042 0.22 0.23 0.36 without DMF
0.50 2.00 56.1 49.3 10.9 10.7 0.06 0.52 0.36 0.66 in DME

— 2.00 24.9 21.7 11.2 11.0 — 0.80 1.66 5.40

Note: BP concentration is 2-10° mol/l
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4. Conclusions

Initiation of styrene polymerization in DMF by
MHD-Mn and MHD-Zn vinyl-b-diketonates
simultaneously results in formation of polymers with
fragments of two b-diketonates in the macromolecule. In
this process the used chelates have a function of comono-
mers and initiators. The optimum equimolecular concent-
rations of MHD-Mn and MHD-Zn are 2.0-10° mol/l. At
the same time copolymerization average rates are low due
to the chelates inhibiting effect. Copolymer molecular
weight is ~4.010°. To increase the polymerization
average rate we used the additional initiator — benzoyl
peroxide. In its presence the initial and average rates of
the process are high, metal content in the polymer does
not change and molecular weights of products
considerably decrease. Thus the method of styrene triple
copolymerization with MHD-Mn and MHD-Zn vinyl-b-
diketonates in DMF may be used for producing
heterometal polymer complexes containing fragments of
Mn and Zn b-diketonates in the macromolecule. The
metal concentration is not less than 0.5 wt %. Varying
concentrations of vinyl-b-diketonates and the presence of
additional initiator — benzoyl peroxide — we can vary the
metal ratio in the polymer, polymerization rate and
molecular weights of products.

References

[1] Bemford K.: [in] Jenkins A. and Ledvice A. (Eds),
Reakcionnaya Sposobnost, Mechanismy Reakdy i Structura v
Khimii Polymerov. Mir, Moskwa 1977, 67-136.

[2] Pushkareva L., Belgorodskaya K. and Nikolaev A.: Vysokomal.
Soed., 1978, T20A, 511.

321

[3] Nizelsky Yu.: Katditicheskye Svoistva b-Diketonatov Metal ov.
Naukova dumka, Kyiv 1983.

[4] Shevchenko O., Voloshanovsky I., Berbat T. and Zakharia A.:
Vopr. Khimii i Khim. Techn., 2003, 6, 111.

[5] Vdoshanovsky I., Shevchenko O. and Berbat T.: Zh. Prykl.
Khimii, 2006, 79, 669.

[7] Shevchenko O., Berbat T., Burenkova E. and Zakharia A.:
Visnyk Odes. Nats. Univ., 2006, 11, 106.

[8] Valashanovsky I., Zinchenko O., Shevchenko O. and Burenkova
E.: Visnyk Odes. Nats. Univ., 2011, 16, 50.

[9] Shevchenko O., Zinchenko O., Volashanovsky I. and Burenkova
E.: Visnyk Odes. Nats. Univ., 2012, 17, 42.

[10] Vodoshanovsky 1., Shevchenko O. and Burenkova E.: Zh.
Obsh. Khimii, 2008, 78, 1163.

[11] Teyssie Ph. and Smet S.: Makromol. Chem., 1958, 26, 245.

[12] Vdoshanovsky I., Shevchenko O., Berezhnitskaya A. and
Krasnova E.: Ukr. Khim. Zh., 2001, 67, 5.

[13] Anismov Yu. et al.(Eds): Processy Polimerizadi i Physico-
Khimicheskie Metody Isdedovaniya. Vyscha shkola, Kyiv 1987.
[14] Volashanovsky I.: Ukr. Khim. Zh., 1998, 64, 92.

[15] Volashanovsky I.: Ukr. Khim. Zh., 2000, 66, 44.

CHUHTE3 TETEPOMETAJITYHUX
KOMNOJIIMEPHAX KOMILJIEKCIB, SIKI MICTSITh
®PATMEHTH g-TUKETOHATIB Mn (11) TA Zn(l1)

Anomauin. Memodom nompitinoi Kononimepusayii cmu-
PONY 3 NONIPYHKYIOHATLHUMU KOMNOHEHMAMU PAOUKANbHOT NOi-
Mepusayii — GiHin-f-Ouxemonamamu  S-memun-5-cexcen-2,4-0io-
namie Mn (II) ma Zn (II) — ompumani 2emepomemaniuni nonimepmi
Komniekcu 3 f-ouxemonamuumu @paemenmamu. IIpoyec nposo-
ounu ¢ Onoyi ma y po3duHi OUMemunpopmamioy npu 6i0CYmHoCcmi
ma 6 NPUCYMHOCHI 000amK08020 [Hiyiamopa — OeH30i1nepoKcudy.
Tloxazarno, wo 3MiHOW KOHYEHMpayili Memanioxenamia, Has8HICMIO
PO3UUHHUKA A OONOMINHCHO20 THIYIAMopa MOXCIUBO pe2yosamu
KOHYEeHmpayito ma cniéGiOHOULEHHs MeManie y MaKpoOMONeKyi ma
MONEKYNIAPHI MACU NPOOYKMIE.

Kniouosi cnoea. paduxanvhia rononimepuzayis, GiHin-f-
Oukemonam, iH2ioimop, 2emepomemaniuHuli MaKpOKOMNIEKC.



