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Metal Chelate Initiated Polymerization of Styrene

Shoichi lzawa
Akihiko Shimizu
Masahiro Kubo

Homogeneous polymerization of styrene(St) was investigated in the presence of various metal chelates as

initiator. From the results of these experiments,

it was found that; 1) Activity for the polymerization

depended on type of the chelate and that of metal acetylacetonate was in order of Mn (IID}) Co (IIH>Mn
(ID>Cr (11I), Cu (I1) > Fe (II), Ni (D), Zn (I1), Co (I1), MoO, (II) > TiO (II), Fe(1l), heat > VO (ID).

2) The polymerization proceeded via radical mechanism, in which radicals resulted from elimination of

ligands. 3) The rate of polymerization could be represented by the following equation;
Rp=4.9><10‘4[C]°-5[M]1~3(110°C., in n-heptane)
The activation energy was 19.2 keal/mol. It might be concluded therefore that the St monomer took part

in the initiation of the polymerization.

4) No effect of these metal chelates on micro-structure of the

resulting polymer was observed without TiO(acetylacetone) z.
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Table | Results of Polymerization of Styrene with Various Metal Chelates at 110°C.: Styrene 5ml., Benzene
5ml., Metal Chelate 0.5 wt-% (vs. Monomer), 1 hr,
. ) Polymn, Thermal weig- | Tonization pot- | Electronegativity
Catalyst Conversion activity® Mnx10=¢ | ht loss of Cat- | ential of central | of central metal
(%) (g/g hr) alystd (%) metal ion¢ (V) | ion
Heat 2.5 — —- — — —
AIBN 29.8 59.4 4.5 - — =
DTBP 10.0 19.1 15 — — —
Mn(III)acac, 24.5 48.9 14 20.2 (32) —
Co(Ill)acacg 8.7 17.3 20 0.2 33.8 —
Mn(II)acac, 7.0 13.9 - 10.8 15.7 1.4
Cr(Ill)acacg 5.9 11.5 — 0.0 (31) 1.6
Cu(II)acac, 5.1 10.2 36 0.3 20.2 2.0
Fe(Ill)acacs 4.2 8.8 -— 2.2 31.7 1.8
Ni(II)acacy 4.2 8.5 — 22.2 18.1 —
Zn(Il)acac, 3.7 7.5 30 21.4 17.9 1.5
Co(ID)acac, 3.6 7.1 24 19.6 17.3 —
MoOgacac, 3.4 6.4 - - — —
TiOacac, 2.7 4.7 170 6.8 - —
Fe(Il)acac, 2.4 4.8 — 3.8 16.5 1.7
VOacac, 1.2 2.4 23 0.1 - —
Mn(IDEDTA 3.8 7.4 36 — — —
Co(IIHEDTA 3.3 6.8 — - — —
Ni(Il)dmg 6.0 11.3 26 — — —
Co(Illl)dmg 1.4 2.7 — — — —

a) g polymer / g catalyst, hr

b) Determined by heating at 110°, 130°
C) M(n—1)+_)Mn+'

Table 11

Present result

Arnett et al.

Kastning et al.

Bamford et al.

€X.

» and 150°C respectively for 1 hr. under atmosphere.
Cril_Cpu

Effect of Central Metal Ions on Vinyl polymerization with Metal Acetylacetonates

(56 )

Monomer Solvent Tem(p(z';ture Order of polymerization activity
Mn(IT))Co(ILL) >Mn(IT)>Cr(IIT), Ca(Il)>Fe
St benzene 110 (1), Ni(II), Zn(II), Co(I), MoO, (1) >TiO
(I, Fe(IT), heat™>VO(II)
T R Mi(IIL) >Ce(IV) > Co(T11) >Fe (I >Cr (II1)>
o - L heat
R ___2)_ [ M) >Co(llty >Ni (0> Fe (1) SMn (1>
L - 126 Ce(IV) >heat™>Zn(I1) >Co(lI)
- _'Mn(HI)>1§1}6,;Enf)':_c_r(ﬁ[_)>co_(111)' TiO,
MMA — U e
a Mn(IID))Co(IIT), Mn(IL), Cu(Il), Cr(ll)>Al
MMA B % (II), Fe(III), Co(IL), TiO(IL), Zr(IV), Zn(II),
Ni(Il), heat™>VO(IL), Li(Iy, Ti(II), Na(I), Mg
(ID)>V(II1) , MO, (IT).
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Table Il Results of Polymerization of Styrene by
the Binary Catalyst System containing Mn~—
(IIT)acacs at 110°C: Styrene 5ml., Benzene
5ml, Mn(IlT)acacs 0.5 wt-% (vs. Monomer),
Secondary Component 0.5 wt-% (vs. Mono-

mer), 1 hr.
- —————]
Secondary | Conversion | Polymerization acti
componentl (%) vity (g/g cat., hr)
— 24.5 48.9
NiCle 22.3 44.0
ZnCly 15.1 33.0
CuCl, 5.2 9.7
Acetylacetone 26.3 50.7
Dichloromethane 23.2 45.5
Ethyl alcohol 23.0 46.9
Dimethyl aniline 22.2 46.3
Pyridine 22.2 43.1
Chloroform 0.8 1.5
Hydroquinone 1.1 2.1
DPPH trace —
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Table IV Results of Copolymerization of Styrene

(M;) with MMA (M,) at 110°C.:

St +MMA =10ml,, Mn(II1)acacy 0.5wt-% (vs.
Monomer), <10min..

- —

(M;] in Copolymer
J— Conversion |~ —
H (My]
mol. % \ (%) (%) (%) mol. %
18.9 6.7 68.16 | 7.97 24.6
38.3 3.2 72.73 | 7.83 38.4
48.2 5.0 76.20 | 7.92 49.3
58.3 4.2 77.73 | 7.80 52.5
78.9 4.0 83.80 | 7.92 73.1

__._-_-—-_______._-—————__...____._. —

1.0 ——— :
i

0.5+ .

(M,] in Copolymer

0 I

0 0.5 1.0
(M;] in Comonomer

Fig. 1 Monomer-copolymer composition curve for
copolymerization of styrene(My] with MMA
(M;) initiated by AIBN and Mn(1IT)acacs 5

(A) by AIBN at 60°C® ; (Q) by Mn(1I1)

acacy at 110°C.
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Fig. 2 Relation between [Mn(III)aacacaj% and Rp ;
[St]=3.90 mol/¢, 110°C., in n-heptane
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Fig. 4 The effect of temperature on the polymeriza—
tion of styrene in the presence of Mn(IIT)acacs;
styrene 5ml, catalyst 0.5 wt-% (vs. monormer ),
n-heptane 5 ml.
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Fig. 5 Relation between the reciprocal temperature
and Rp ; styrene 5 ml.,, Mn(IlT)acacs 0.5 wt-%,
n-heptane 5 ml.

Fig. 3 Relation between monomer concentration and
R, ; [M, (D acac;]1=6.43 x 10-3 mol/f, 110°C.,
in n-heptane,
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Fig. 6 Infrared spectra of polystyrene obtained under
various conditions (KBr disk) ; (I) polymer
obtained with 0.5 wt-% Mn(IIl)acacs, (1D
polymer obtained with 0.5 wt-% AIBN, (1I1)
polymer obtained with 40 wt-% Mn(Ill)acacs.
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Fig. 7 Infrared spectrum of MnTlI (acetylacetone) 3
(benzene soln.)
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