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The polymerization of the vinyl monomer was carried out in water, using either dimethylbis(ethylthio)tin or

triethyl(p-tolylthio)tin as an initiator.
initiating species was concluded to be a thiyl radical.
than monomeric tin mercaptide.

The present authors®-% have reported that dibutyltin
dilaurate containing metal-oxygen bonds and tetra-
butyltin or dimethylmercury bearing metal-carbon
bonds are able to polymerize vinyl monomers in the
presence of various metal chlorides. The present paper
reports the polymerization in water, using either
dimethylbis(ethylthio)tin (METT) or triethyl(p-tolyl-
thio)tin (ETTT) as the organotin compound containing
the metal-sulfur bond. Furthermore, in order to study
the polymeric effects of organotin compounds, the
polymerization of the monomer with macromolecular tin
mercaptide has been conducted.

Tin mercaptides are used as stabilizers for poly-
(vinyl chloride) resins, and as catalysts for the ring-
opening polymerization of epoxides and the reaction of
isocyanate with alcohol. Ayrey et al.%) conducted the
radical polymerization of vinyl monomers initiated with
o,&’~azobisisobutyronitrile in the presence of dibutylbis-
(ethylthio)tin. However, the radical polymerization of
vinyl monomers initiated with tin mercaptide in the
absence of the usual initiator has not been reported.
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Experimental

Materials. METT, ETTT, and partially tin mercap-
tidated polystyrene (PMT-S) were prepared from dimethyltin
dichloride (MTC) and ethanethiol, from triethyltin chloride
(ETC) and p-toluenethiol, and from ETC and partial mercapto
polystyrene, respectively, according to Abel et al.9 Partially
mercaptidated polystyrene was prepared by Ogawara’s meth-
od” from polystyrene whose degree of polymerization was
about 30. PMT-S was assumed to be wholly composed of
units having para-substituted SSnEt,;, according to the IR
spectrum and elemental analysis; dg-g: 1290, 1165, 1115, 1025,
815 cm-!; Found: C, 49.51; H, 6.96%,. Calcd for (C,H,,
SSn),: C, 49.30; H, 6.50%. ETC and 1,3,5-triphenyl-
verdazyl (TPV) were synthesized by Grignard’s® and Kuhn’s
methods,? respectively. N,N’-diphenylpicrylhydrazil (DPPH),
metal chlorides and iron(I1T) compounds were of special grade,
and used without further purification. Methyl methacrylate

The polymerization required the coexistence of the iron(III) ion.

The

Macromolecular tin mercaptide was much more effective

(MMA), styrene (St) and acrylonitrile (AN) were purified by
the usual methods. The water was ion-exchanged and distil-
led.

Polymerization Procedure. The required amounts of
monomer, tin mercaptide, metal compound and water were
placed in a tube. The tube was cooled in a Dry Ice/methanol
bath, thawed three times with nitrogen, and sealed under
vacuum. The tube was shaken in a thermostat at 85 °C.
After a specific interval, the contents were poured into a large
amount of methanol to precipitate the polymer. The polymer
was dried under vacuum until constant weight and the conver-
sion determined from the polymer weight. In the case of
PMT-S, the conversion was calculated by the following equa-
tion.

( Weight of ) (Added weight
precipitate (g) |~ \of PMT-S (g)

Initial weight of monomer (g)

Conversion (%) = )x 100

The number-average molecular weight (M) of poly-MMA
was calculated by the GPC method (Toyo Soda Co., Ltd.,
Model HLC-801A).

Results and Discussion

Polymerization of Vinyl Monomer Initiated with METT.
Effect of Various Metal Chlorides: Table 1 shows the
results of the polymerization of MMA in the presence
of various metal chlorides. It was found that the
polymerization of MMA was accelerated particularly
with FeCl,. As METT was immediately decomposed
by the aqueous solution of SnCl,, HgCl,, CuCl,, or
CuCl, these chlorides were not applied to the polymeri-
zation system.

EFFECT OF VARIOUS METAL CHLORIDES ON THE
POLYMERIZATION OF MMA

(MMA 5 cm?, METT 0.5 cm?, H,O 3 cm?, metal

chloride 5.32 x 10-% mol; 85 °C, 6h.)

Metal chloride Conversion (%)

None 1.5
FeCl, 7
FeCl,

CdCl,

MnCl,

NiCl,

CoCl,

CeCl,

TABLE 1.
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Selectivity of Vinyl Monomer: In order to observe the
selectivity of METT for vinyl monomer, three kinds of
vinyl monomer were used and the observed data are
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TABLE 2. POLYMERIZATION OF VINYL MONOMER INITIATED
WITH METT IN THE PRESENCE OF IRON(III) GHLORIDE
(Monomer 5 cm3, FeCl; 5.32 x 10-% mol, H,O 3 cm3;
85 °C, 6h.)
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PoLyMERIZATION OF MMA wiITH
1rRoN(III) coMPOUND

(MMA 5 cm3, METT 0.5 cm?, Fe(III) ion
5.32x 10-4 mol, H,O 3 cm?; 85 °C, 6h.)

TABLE 3.

Conversion (%)

METT
(em?) MMA AN St
0 1.8 2.3 4.8
0.5 74.6 7.8 12.7

shown in Table 2. The polymerizations of the three
monomers were promoted by the chlorides.

Effect of Amount of Iron(I11I) Chloride on the Polymeriza-
tion: The effect of added iron(III) chloride on the
polymerization was studied, by keeping the amounts of
water, monomer and METT constant and varying the
amount of FeCl,. The conversion of MMA and the
molecular weight (M) of poly-MMA were remarkably
affected by the added amount of FeCls, as shown in
Fig. 1. After exceeding a certain limit, FeCl; inhibited
the polymerization of MMA through the following

mechanism ;10

s s
~~CH;~C- + FeCl, ——>> ~~CH,~C—Cl + FeCl
2 ) 3 2 2
COOCH3 COOCH3

The inhibition was supported by the rapid decrease
of M, with the increase of added FeCl,, as shown in
Fig. 1.
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Effect of the amount of iron(III) ion on the
MMA 5 cm?, METT 0.5 cm?, H,O

Fig. 1.
polymerization.
3 cm?: 85 °C, 6 h.

Effect of the Kind of Anionic Part of the Iron(III) Compound:
MMA 5 cm?® was polymerized with METT 0.5 cm? and
Fe(III) ion (5.32x10-*mol) in water 3 cm3 The
relationship between pK,!) of the protic acid (H,,X) of
the anionic part (X”~) and the conversion of MMA are
shown in Table 3 and Fig. 2. It was found that the
polymerization of MMA was promoted with iron(IIT)
compounds, having the anion whose protic acid has a
pK, value less than 2 and the conversion was directly
proportional to the pK,. Iron(III) compounds having
a pK, value less than 2 were soluble, but those more
than 2 were insoluble in water and ineffective in promot-
ing the polymerization.

Iron(III) Anion part pK, of Conversion
compound (X™) H,, X1 (%)
None — -— 1.5
FeBr, Br- —7.74 86.0
FeCl, Cl- —4.74 74.6
Fe(NO;), NO;- —1.34 45.1
Fe,(SO,)s SO,2- 2.00% 11.6
FePO, PO2- — 1.5
FeF, F- 3.16 1.0
Fe(OH), OH- 15.74 0.4
Fe, O, (0 — 0

a) First equivalent point.
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Fig. 2. Relationship between pK, of H,X and conver-
sion of MMA.

Subsequent experiments were carried out, using iron-
(IITI) chloride.

Effect of Amount of Water on the Polymerization: Since
it became clear that the dissociation of iron(III) ion was
playing an important role in the polymerization, it was
reasonable that the polymerization was required to be
carried out in water. Asshown in Fig. 3, the conversion
of MMA increased with increasing amounts of water,
and water was found to be indispensable for the poly-
merization.

Proof of Radical Mechanism: As shown in Table 1, the
conversion of MMA amounted to 74.69,. Alternatively,
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Fig. 3. Effect of the amount of water on the polymeri-
zation. MMA 5 cm3, METT 0.5 cm3, FeCl; 5.32 X
10-¢ mol; 85 °C, 4 h.
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0.1 g of DPPH or TPV, as radical scavenger, was added
to the polymerization mixture. The polymerization was
retarded with DPPH and inhibited with TPV, thus, it
was concluded that the polymerization proceeded
through a radical mechanism. Furthermore, the radical
mechanism was verified by the method of copolymeriza-
tion of MMA (M,) with St (M,) as shown in Fig. 4.
By the Fineman-Ross method, r; and r, were estimated
as 0.45 and 0.63, respectively (lit,'2 0.46 and 0.57).
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Fig. 4. Monomer-copolymer composition curve.
(MMA+St) 6 cm?, METT 0.5 cm3, H,O 3 cm?, FeCl,
5.32x 104 mol, 85 °C, 6 h.

Polymerization of Vinyl Monomer Initiated with ETTT.
In order to compare the activity of the aliphatic mercap-
tide with that of the aromatic one, the polymerization
was carried out with triethyl(p-tolylthio)tin (ETTT).

MMA 5 cm? was reacted with ETTT 0.1 cm3 and a
varied amount of iron(III) chloride in water 3 cm3 at
85 °C for 6 h (Fig. 5). ETTT gave similar results to
those obtained with METT. The molar quantity of
FeCl; which gave maximum conversion was equal to
the amount of ETTT applied and consequently, it was
concluded that the reaction of ETTT and FeCl, took
place by a 1: 1 molar ratio.

Maintaining the amounts of monomer, ETTT, FeCl,,
and water constant, the polymerizations of three kinds
of vinyl monomer were carried out at 85 °C for 6 h.
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Fig. 5. Effect of the amount of iron(III) chloride on
the polymerization of MMA. MMA 5 cm?, ETTT
0.1 cm?, H,O 3 cm?; 85 °C, 6 h. (The numbers in the
figure indicate mol wt of poly-MMA.)

Yoshiaki NAkaAMURA, Tatsuro OucHt, and Minoru ImMoTo

[Vol. 51, No. 12

TABLE 4. POLYMERIZATION OF VINYL MONOMER
INITIATED withH ETT'T
(Monomer 5 cm?, FeCl;-6H,O 0.06 g, H,O 3 cm?;
85 °C, 6h.)

Conversion (%)

ETTT
(em?) MMA AN St
0 0.6 0.7 0.6
0.1 13.2 43.5 7.2

By the present initiating system, all monomers could
be polymerized as shown in Table 4.

As shown in Table 4, the conversion of MMA
amounted to 13.29,. However, when 0.1 g of DPPH
or TPV was added as a radical scavenger to this system,
the polymerization did not proceed. Furthermore, the
copolymerization of MMA (M;) with St (M,) was
carried out. The composition curve obtained is shown
in Fig. 6. By the Fineman-Ross method, r; and r, were
estimated as 0.50 and 0.52, respectively (lit,!? 0.46 and
0.57). From these results, it was concluded that the
polymerization proceeded through a radical mechanism.

1.0

Molar fraction of MMA in copolmer
o
(i"

0 OI.S 1.0
Molar fraction of MMA in feed
Fig. 6. Monomer-copolymer composition curve. (MMA
+St) 6 cm?, ETTT 0.1 cm3, H,O 3 cm?, FeCl,.6H,0
0.06 g; 85 °C, 6 h.

Determination of the Initiating Radical Species. The
Reaction of METT with FeCly: In a tube, METT
(1.06 x 10-2 mol), iron(III) chloride (2.13x 10-2mol)
and water 8 cm? were placed. The tube was evacuated
and warmed at 85 °C for 8 h under shaking. The
reaction mixture was fractionated into three portions
by the procedure shown in Fig. 7.

Organic Layer I: The organic layer I gave a distillate
having a boiling point of 41.5 °C/10 mmHg and a yield

Reaction mixture

Separation

|
Organic layer I Water layer I

Extraction by ether

Organic layer I1 Water layer 11

Fig. 7. Separation of the reaction mixture of METT
with iron(III) chloride.



December, 1978]

0f0.838 g. The IR spectrum and the gas chromatogram
(GLC) of the distillate agreed completely with the
reference diethyl disulfide (EDS) (bp 40 °C/10
mmHg!®). Accordingly, the distillate was identified as
EDS.

Organic Layer II: The ether extract was evaporated
and a white solid residue was obtained. A white needle
crystalline compound was obtained by the recrystalliza-
tion from toluene (1.7 g). Mp and molar weight were
107—107.5 °C and 220.1 (by VPO-method in benzene
at 37 °C), respectively. In the literature,¥ mp of
dimethyltin dichloride (MTC) is 106 °C. The mixed
mp of the crystals with the reference MTC was 107—108
°C. The organic layer II was identified as MTC;
Found: C, 10.89; H, 2.74%,. Calcd for C,HSnCl,:
G, 10.93; H, 2.759%,; mol wt 219.7.

Water Layer II: 'The water layer II was evaporated
and the residue recrystallized from methanol to give
blue-green powder-like crystals (3.85 g). The aqueous
solution of the crystals gave a white precipitate of AgCl
by adding a drop of AgNOj solution and a deep blue
precipitate by potassium ferricyanide solution. Conse-
quently, the crystalline compound from water layer 11
were concluded to be iron(II) chloride.

The Reaction of ETTT with FeCly;: ETTT reacted with
iron(III) chloride in a manner similar to METT. The
reaction mixture was treated as shown in Fig. 8 and
separated into the residue, the organic layer and the
water layer.

Reaction mixture

Filtration

l

Residue Filtrate

Extraction by ether

Organic layer Water layer

Fig. 8. Separation of the reaction mixture of ETTT
with iron(III) chloride.

Residue: The residue was recrystallized from methanol
and gave white needle-like crystals. Mp, mol wt and
elemental analysis of the crystals were compared with
those of di-p-tolyl disulfide (TDS), as shown in Table 5.
Thus, the compound was identified as TDS.

TABLE 5. CRYSTALS FROM THE RESIDUE
Theor. values
Found of TDS15
Mp (°C) 46.5—47 47—48
Mol wt 245.7 246.4
Elcmental analysis (%) G, 68.72 C, 68.25
H, 5.69 H, 5.73

Organic Layer: The ether-extract was evaporated,
distilled under reduced presure, and the middle fraction
(bp 90—91 °C/10 mmHg) separated. From the IR
spectrum, the GLC and elemental analysis of the
distillate, the fraction was identified as triethyltin
chloride (ETC). Found: C, 29.81; H, 6.27%,. Calcd
for CgH;,SnCl: C, 29.86; H, 6.27%; bp of ETC
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was 91 °CG/10 mmHg.1%

Water Layer: The water layer was similarly treated
as in the case of METT and FeCl, identified.

From these results, the reactions were concluded to
proceed as follow: :

(CH 3)2

(METT)

Sn(SCZHB)Z + ZFeCIB-—%(CH:,‘)ZSnCl2 + 2[-'8CI2 + 2-SC2H5

(MIC)
2-SC2H5—> CszSSCZH5
(EDS)

(c2H5)35ns@ CH, + FeCly — (C,fi),nCl + FeCl, + 's—@-cu3

(ETTT) (ETC)

25~O)-cy—> cH,<O)- ss<O)-cH,

(TDS)

It was concluded that the initiating radical species
for the polymerization were thiyl radicals, i.e., -SC,Hj

or 'S~<O >-CHy, i.e., the initiation reaction took place

by a redox reaction; an electron transfered from tin to
iron(III) ion. Fe(II), Cd(II), Co(II), Mn(II), Ni(II),
and Ce(II) ions accept electrons with difficulty, so they
were inactive to polymerization, as shown in Table 1.

Polymerization of Vinyl Monomer Initiated with PMT-S.

In order to observe the polymer effect of the initiator,
PMT-S was used. MMA 5 cm® was polymerized in
water 3 cm3 in the presence of PMT-S 0.1 g and various
amounts of iron(II) chloride. The results are shown in
Fig. 9. The polymerization proceeded in a similar
fashion as in the cases of METT and ETTT.

80,

Conversion (%)
3 3
T 1

1)
=

oLé
0 10 10 10° 1

FeCl,-6H,0 (g)

Fig. 9. Effect of the amount of iron(III) chloride on
the polymerization of MMA. MMA 5 cm?®, PMT-S
0.1 g, H;O 3 cm?; 85 °C, 1 h.

POLYMERIZATION OF VINYL MONOMER
INITIATED witH PMT-S
(Monomer 5 cm?, FeCl;-6H,0 0.06 g, H,O 3 cm?;

TABLE 6.

85 °C, 1h.)
PMT-S Conversion (%)
® MMA AN St
0 0.3 0.3 0.5
0.1 56.3 30.7 13.7
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Table 6 shows the results of the polymerizations of
three kinds of vinyl monomers initiated with PMT-S
in the presence of water and FeCl;. The results were
the same as in the above cases. From Tables 2, 4, and 6
and Figs. 1, 5, and 9, it may be seen that the rate of
polymerization by PMT-S was larger than that by
METT and ETTT. Thus the polymer effect of the
initiator was clearly observed.

TABLE 7. EFFECT OF RADICAL SCAVENGER ON THE
POLYMERIZATION OF MMA

(MMA 5 cm?, PMT-S 0.1 g, FeCl;-6H,O 0.06 g,

H,0 3 cm?, radical scavenger 0.1 g; 85 °C, 1h.)

Conversion (%)

Radical scavenger

None 56.3
DPPH 4.7
TPV 0

In order to confirm the radical mechanism, DPPH
or TPV 0.1 g was added to the reaction system and the
results are shown in Table 7. The polymerization was
retarded with DPPH and inhibited with TPV. Thus,
it was concluded that the polymerization proceeded
through a radical mechanism.

It may be concluded that the polymerization with
PMT-S was initiated through the same initiation
mechanism as in the cases with METT and ETTT.

Yoshiaki NaAkamura, Tatsuro Ouchi, and Minoru ImoTo
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