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The activity of Ph3 CZXn in the initiation of polymerization of l-chloro-2,3-epoxypropane 
decreases independence on ZXn in the following series AsF~-) ~ SbF~-) ~ SbCJ~-) > AICI~-) > 
> SnCI~-) > TiCI~-). The polymerization initiated by Ph3CSbF6 is a first-order reaction both 
with respect to the monomer and to the catalyst. The following values were determined for the 
rate constants of initiation, propagation, and termination, respectively: k j = 3.10- 6 mol-II . 
. S-I; kp = 9.10- 2 mol- l Is-I; k, = 2.10- 4 mol-II S-I. The initiation occurs via a hydri­
de-ion transfer from l-chloro-2,3-epoxypropane to the triphenylmethyl cation. The oxonium 
ion formed by Ph3C(+) addition on l-chloro-2,3-epoxypropane presumably does not take part 
in the initiation; the equilibrium constant of formation of this adduct Ke is 3·0. 10- 1 mol-II. 
Oligomers are n-multiples of monomeric epichlorohydrine, and products ofPn 4-7 have mostly 
cyclic structure. 

l-Chloro-2,3-epoxypropane (further on epichlorohydrine) can be subjected to cationic polymeri­
zation by the action of both Lewis and protonic acids! . The initiator used in most studies of poly­
merization and co-polymerization was BF3 and BF3.OEt2 (ref.2 ,3). In studies of elementary 
steps of the mechanism of cationic polymerization stable triphenylmethyl salts have been used 
as initiators4

-
7

• Their advantage, besides a considerable inertness towards air and humidity, 
lies mainly in an easy and accurate spectroscopic determination of the triphenylmethyl cation 
concentration during the polymerization process. However, the mechanism of the triphenyl­
methyl cation initiation is not simple and depends on the nature of the monomer. While with 
vinyl monomers an addition of Ph3C(+) on the monomer takes placeB, with oxygen-containing 

. heterocycles the main initiation step is a hydride-ion transfer from the monomer to the cation 
and the formation of triphenylmethane4 ,s. An important finding concerning the mechanism 
of epichlorohydrine polymerization initiation was made by Kuntz9 ,l 0: the rate of polymerization 
of tetrahydrofurane (THF) initiated by triphenylmethylhexafluoroantimonate(V) increases 
strongly, if a co-catalytic amount of epichlorohydrine or epoxypropane is added. Kuntz explained 
the influence of these co-catalysts by a change of the initiation mechanism: in the presence of these 
compounds in the initiation no hydride-ion abstraction from THF occurs, but an addition 
of THF on the oxonium ion, formed by the addition of Ph3C: on the corresponding oxirane. 

This contribution aims at elucidating the polymerization mechanism of epichloro­
hydrine by triphenylmethyl cations. In the detailed study of the initiation mechanism 
of the epichlorohydrine polymerization Ph3CSbF 6 was used, because it contains 
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a stable anion - similarly as Ph3CAsF 6 

during the polymerization reaction 5 • 

EXPERIMENTAL 

Chemicals 

Antropiusova, PolaCek: 

which does not undergo a reduction 

Epichlorohydrine (produced by Spolek pro chemickou a hutni vyrobu, Usti niL) was carefully 
distilled in the nitrogen atmosphere and then dried by calcium hydride for 10 days; then it was 
distilled under vacuum into an ampule containing CaH2 and from there it was distributed after 
two days by distillation under vacuum into sample ampules equipped with a breakable seal. 
The ampules were protected against light exposure. Dichloromethane was shaken for three 
days with sulphuric acid, rinsed by water, dried, and after distillation it was reBuxed with CaH2; 
after 10 days, it was distilled into a sample ampule containing CaH2; the ampule was connected 
to a vacuum line by means of a high-vacuum stopcock. Ph 3CSbF6 and Ph 3 CAsF6 (Ozark-Maho­
nig) were purified by a multiple precipitation of the salts from a dichloromethane solution into 
hexane, and after drying they were kept in vacuv: Ph3CSbCl 6 was prepared undeivacuum from 
triphenylmethyl chloride ~nd antimonium(V) chloride in a CCl4 solution; after a multiple preci­
pitation from a CH2Cl2 solution into hexane ~nd drying the substance was kept under vacuum. 
Ph3 CAlCl4 was prepared by mixing a nitrobenzene solution of AlCI3 with Ph3 CCI,thesubstance 
was then precipitated several times by hexane from a CH2Cl2 solution. Ph3CSnCIs and 
Ph3CTiCls were prepared, in view of their low stability, in catalytic amounts in the reaction 
vessel by mixing equimolar amounts of Ph 3CCI with SnCI4 or TiCI4 in dichloromelhane im­
mediately before being used. 

Polymerization 

Polymerization of epichlorohydrine in CH2CI2 was carried out in a high-vacuum thermostated 
apparatus. The solution of the triphenylmethyl salt in CH2CI2 and epichlorohydrine we~.added 

in this sequence to the distilled amount of CH2Cl2 by breaking the breakable seals of the amp·ules. 
The reaction mixture was vigorously agitated by a magnetic stirrer during the mixing. The poly­
merization kinetics was followed by measuring changes of the equilibrium pressure over the 
polymerization mixture at a constant temperature. An increase of temperature during mixing 
the monomer with the catalytic solution at higher catalyst concentrations levelled off during 
3-4 minutes and the first measurements were carried out after 5 minutes from the reaction starf. 

Measurements 

The measurements of the specific electric conductivity of the reaction system were carried out 
in the same vacuum apparatus as the polymerizations. The all-glass conductivity cell with plati­
num electrodesll served as the reaction vessel. A semiautomatic bridge Tesla BM 484 was used 
in the measurements. 

Concentration of the triphenylmethyl saIt and its decrease during the polymerization was 
determined by optical density measurements at 430 nm at 20°C (e = 3·95 . 104 mol -) I cm -)). 
The all-glass cuvette was attached to the mixing cell on the high-vacuum apparatus and after 
sampling the reaction mixture it was sealed off. A double·beam spectrometer Optica Milano 
CF 4 DR was used in the measurements. 

' Fractionation of poly(epichlorohydrine) was carried out by the elution column method. In order 
to' separate oligomers of a mean polymerization degree 2-5, first elution by pentane at 12·SoC 
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Cationic Polymerization of l-Chloro-2,3-epoxypropane 1749 

was carried out, then elution by hexane at the same temperature, and finally elution by heptane 
at 1 a°e. Thereafter, elution at 25°C by the elution gradient heptane- acetone was carried out; 
the i~itial mixture contained 100 vol.% and the final 51 vol.% of heptane. The fractionation 
yield Was 92%. Molecular weights of poly(epichlorohydrine) were measured by the VPO method 
on a *nauer instrument. 

Infrhred spectra were measured using a UR 10 spectrometer (Zeiss, Jena) and 1 H-NMR 
spectra were determined on a Tesla 487 instrument at 80 MHz. Mass spectra were measured 
with the help of a JEOL JMS-D 100 spectrometer. 

RESULTS AND DISCUSSION 

Polymerization Activity of Triphenylmethyl Salts 

Polymerization of epichlorohydrine in CH 2 CI 2 at 20°C was initiated by a series 
of triphenylmethyl salts under the same concentration conditions. After adding 
the .monomer into the solution of Ph3C<+) salts an increase of temperature was 
always observed, if the salt concentration was equal or higher than 10- 2 moll-I . 
Orange colour of triphenylmethyl salts did not visibly change during the polymeriza­
tion. The influence of salt anions on the initiation activity of the triphenylmethyl 
cation is demonstrated by conversion curves for various salts in Fig. 1. Molecular 
weights of poly(epichlorohydrine) obtained with the most active catalysts are sum­
marized in Table 1. 

The polymerization activity of the Ph 3C+ salts decreases in the series AsF~) ~ 
~ SbF~-) ~ SbCI~-) > AICI~- ) > SnCI~-) > TiCl~-). While Ph3CTiCl5 exhibited 
under the given conditions but a negligible initiation activity, Ph3CSnCl5 induced 
a fast polymerization whose rate, however, decreased during a few minutes practicaly 
to zero. Placing the activity of Ph3CAICl4 into the series was carried out by com­
paring yields of block polymerizations after 24 hours of reaction time. 

TABLE I 

Molecular Weights of Polymers Obtained in Epichlorohydrine (M) Polymerization in CH2 CI 2 

([M]o = 3'2 moll-I) Initiated by Triphenylmethyl Salts 

Anion 

SbF~-) 
SbF~-} 
SbF~-) 

[Ph 3 CZXn ]O 

10- 2 mol I-I 

0·018 
1'3 
1·8 

t 
h 

100 1 260 
3 1 180 

1200 

Anion 

SbF~-) 
AsF~-) 
SbCI~-) 

[Ph3 CZXn]O 

10- 2 mol I-I 

1'80 

1·8 
1·8 

a Polymerization with addition of water, [H2 0]/[Ph3 C<+}] = 13. 
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1750 Antropiusova, PolaCek: 

Triphenylmethyl salts are dissociated in solutions 

The value of the dissociation constant Kd , 2'5.10- 4 mol 1-1 (CH 2CI 2 , 20°C), 
is practically independent of the type of the anion12, values of Kl differ for various 
anions considerably (benzoyl chloride, 20°C): for SbCl~-) - 104

, SnCl~-) - 300, 
TiCl~-) - 58, AlCl~-) - 1·5 (refY). The activity of Ph3CAlCl4 is given evidently, 
when considering the low value of K 1 , by the activity of free aluminium chloride . 
Similarly, in the initiation scheme for Ph3CSbCl6 a partial dissociation of the anion 
to CI<-) and SbCls is considered, where SbCls is easily reduced to Sb(III) (ref.6

•
7
). 

The catalytic activity of the Ph3C< +) saIts is not given only by the rate of initiation 
by the Ph3C<+) cation, but also by the electron-acceptor 'strength of the Lewis acid 
and by the stability of the anion. A dependence of the activity on ' the type of the tri­
phenylmethyl saIt anion was found in the polymerization of THF (ref. 1), 1,3-dioxo­
lanes, and vinyl monomers14

, too. Therefore, the mechanism of the initiation effect 
of the Ph3C<+) cation in the polymerization has been studied on the Ph3CSbF6 salt; 
it can be assumed about the anion of this salt that it will not take part in reactions 
with the monomer. 

08 

60 120 min 180 

FIG. 1 

Polymerization of Epichlorohydrine ([Mlo = 

= 3·2 moll-I, CH2CI 2 , 20°C) Initiated 
by Ph3CZXn ([Ph3CZXnlo in moll-I) 

1 [Ph3CAsF61o = 1'82.10- 2 ; 2 [Ph3. 
.CSbF61o = 1,82 . 10- 2

; 3 [Ph3CSbCI61o = 
= 1'82.10- 2 ; 4 [Ph3CSnCIs]o = 3-4.10- 2 

5 [Ph3CTiClslo = 3'4.10- 2
• 

FIG. 2 

Semilogarithmic Plot of Conversion Curves 
during Epichlorohydrine Polymerization 
([Mlo = 3·2 moll-I, CH2 CI2 , 20°C) Ini­
tiated by Ph 3 CSbF6 ([Ph 3 CSbF6 1o in 10- 3 

moll-I) 
148; 227; 318; 463; 51-08. 
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Cationic Polymerization of l-Chloro-2,3-epoxypropane 1751 

Polymerization of Epichlorohydrine Initiated by Ph3 CSbF6 

Semilogarithmic plots of the polymerization curves for various concentrations 
of Ph 3CSbF 6 are given in Fig. 2. With catalyst concentrations of the order of 10- 3 

moll- I and smaller, induction periods were observed whose length increased with the 
decreasing concentration of the catalyst. The polymerization rate decreases with 
decreasing catalyst concentration. With the initial Ph 3CSbF 6 concentrations of the 
order of 10- 4 moll-I, suitable for measuring the Ph3C(+) concentration diminuition 
by visible spectroscopy, the polymerization rate was so small that it could not be 
continuously followed in a quantitative way. With these catalyst concentrations 
the triphenylmethyl salt was completely consumed and the polymerization stopped 
before reaching the 100% conversion . 

A typical time dependence of the triphenylmethyl salt concentration, the specific 
electric conductivity (x) and the conversion in the polymerization system at [Ph3 . 

. CSbF6]o ~ 2.3.10- 4 moll- I are summarized in Fig. 3. After the monomer 
was added to the catalyst solution, an immediate decrease of the electric conductivity 
(mainly because of the dilution) and of the Ph 3C(+) ion concentration occurred. The 
concentration loss of Ph3C( +) observed was larger than that one corresponding to the 
mere dilution by epichlorohydrine. This loss is due to the addition of Ph 3C(+) on the 
monomer leading to the formation of the colourless oxonium cation. The polymer­
ization proceeds after a long induction period, during which both the Ph 3C(+) concen­
tration and the value of x do not change. The constant value of Ph3C(+) concentration 
during the induction period shows that there occurs no process in the system of an ap­
preciable rate in which either Ph3C(+) ions or oxonium ions would take part. There­
fore, from the known values of the initial concentration of Ph3C(+) and its stationary 
concentration after the monomer (M) addition as measured during the induction 
period it was possible to calculate the equilibrium constant of the oxonium ion 

FIG. 3 

Time Dependence of Ph 3CSbF6 Concentra­
tion (1 O.D. - Optical Density), Specific 
Electric Conductivity (2 x in 0- 1 cm- I ) 

and Conversion (3 %) during Epichloro­
hydrine Polymerization ([Mlo = 3·2 mol. 
.1- 1

, CH2 CI2 , 20°C, [Ph3CSbF61o= 1·7 . 

1-0 

5 
~ 
lit 
~ 
0'6 

. 10-4 moll-I) 0·2 
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1752 Antropiusova, Polacek: 

formation (Ke). The value of Ke 3·0 . 10- I ± 0·02 I mol- 1 was found for [MJo ;;;; 
;;;; 1·2 moll - I, [Ph3SbF 6]0 ;;;; 2·8 . 10- 4 moll-I, CH2Clz and 20°C. The equilibrium 
constants of the oxonium ion formation for a series of cyclic ethers and acetals were 
determined by Slomkowski and Penczek12

• A comparatively lower value of Ke for 
epichlorohydrine corresponds well to its lower basicity with respect to the measured 
oxygen-containing compounds. 

The polymerization reaction of epichlorohydrine, starting after the induction 
period, is accompanied by a decrease of the triphenylmethyl salt concentration 
and a decrease of the specific conductivity of the system (Fig. 3). Therefore, it may be 
assumed that in the reaction leading to the disappearance of the triphenylmethyl 
cation a particle is formed which initiates the polymerization of epichlorohydrine, 
and that the rate of Ph3 C<+) disappearance may be regarded as the initiation rate 
of the polymerization. The rate constant of the initiation k;, obtained by measuring 
spectroscopically the decrease of the Ph3C(+) concentration has a value of appro­
ximately 3.10- 6 mol-II S-I. 

If the catalyst concentration was increased to 10- 2 moll-I, a suitable value for 
following the polymerization kinetics, an observable temperature effect takes place 
upon the monomer addition and the induction period disappears . .In the region 
of lower conversions the polymerizations proceed as reactions of the first order 
with respect both to the monomer (Fig. 2) and to the catalyst (Fig. 4). The course 
of the polymerization can be formally described by the relation 

(1) 

The value found for the rate constant k was 2,1 . 10- 3 mol- 1 I S-I. In the..,f~ion 
of higher conversions the polymerization rate decreases faster than expected from 

6 

O~------~------~------~ 
210'Iomol/l 

FIG. 4 

Dependence of Reaction Rate (v = In . 
. ([Md/[MzD/I l - I z)) on Catalyst Con­
centration ([M1o = 3'2 moll-I, CH2 CI 2 , 

20°C) 
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Cationic Polymerization of l-Chloro-2,3-epoxypropane 1753 

the decrease of the monomer concentration; a deviation from the linear dependence 
of In [M], vs time takes place. A heating of the system during mixing of the mono­
mer with the catalyst solution resulted in a higher consumption of the monomer 
in the first minutes of the reaction (Fig. 2, curve 1 and 2). After reaching the 100% 
conversion, there is still a high concentration of the triphenylmethyl salt in the poly­
merization system. Repeated addition of the monomer leads to further polymerization 
which proceeds with almost the same rate as at the start of the first polymerization. 

The time dependence of the specific conductivity (x) of the polymerization systems 
parallels the course of the polymerization (Fig. Sa). In the systems exhibiting an in­
duction period the specific conductivity is , after an initial decrease due mainly to the 
dilution, almost constant (Fig. 5b). After the induction period the conductivity 
decreases proportionally to the increasing conversion. An attempt was made to esti­
mate the value of the dissociation constant of the oxonium salt Ph3CSbF 6-monomer 
from the values of the specific conductivity measured in the polymerization system 
with [M]o = 3·2 moll-I, [Ph 3CSbF6]o Kd = 2,5.10- 4 moll-I, CHlCil , 20°C. Be­
fore the monomer addition x = 1·08 . 10 - 5 Q - 1 cm - 1, and this value is given by the 
number of free ions Ph3 C<+) and SbF~-). If we use the published1l value of the 
dissociation constant of Ph3CSbF6 , Kd = 2,5.10- 4 moll- 1 (CHlCil , 20°C), and 
then calculate the number of free ions in the solution, the value of the equivalent 
conductivity is 80, in good agreement with the published 15 value 84. After the mono-

g 
~I-~'-~~~-+--~~-
$! 

60 120 min 180 
~I 
o 60 120 min 180 

a b 

FlO. 5' 

Time Dependence of Specific Electric Conductivity (x. n -1 cm -1) during Epichlorohydrine 
Polymerization ([M1o = 3·2 mol 1- 1• CHlClz• 20°C) Catalyzed by Ph3·CSbFdPh3CSbF61o 
in 10- 3 moll- 1 

a) 127'1.218'0; b) 12'08.20'17. 
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1754 Antropiusova, PolaCek: 

mer addition the specific conductivity is 0·95 . 10- 5 0- 1 cm -1 and this value inclu­
des the contribution of the corresponding oxonium ion. The equivalent conductivity 
of the solution calculated with the use of the value of the dissociation constant Kd for 
Ph3CSbF 6 (corrected for the change of the dielectric constant of the system after 
the monomer addition) is 79. This result shows that the dissociation constant of the 
oxonium salt is approximately equal to the value of Kd of the triphenylmethyl salt. 

After addition of the monomer into the triphenylmethyl salt solutions of [Ph3 . 

. CSbF6] ~ 10- 2 moll- 1 a sharp decrease of the specific conductivity takes place 
due mainly to the dilution effect. Thereafter, proportionally to the monomer con­
version, the specific conductivity slowly and monotonously decreases. After the 100% 
conversion is reached the conductivity is still quite high and further on it does not 
change with time (Table II). As the values of the dissociation constants of both the 
triphenylmethyl salt and the oxonium salt are approximately equal, the decrease 
of conductivity accompanying the polymerization reaction is caused by an increase 
of the diameter of conducting particles, by a decrease of the mobility of particles 
due to an increased viscosity of the medium, and - mainly - by a decrease of the 
ion concentration due to the termination reaction. 

Though it was not possible to measure quantitatively by means of the spectro­
scopic techniques the decrease of the Ph3C<+) concentration in the reaction mixture 
at the catalyst concentration 10- 2 moll-I, measurements in diluted solutions 
after completing the polymerization showed a very small consumption of Ph3C<+) 
during the polymerization. Therefore, it may be assumed that in the region of higher 
catalyst concentrations the initiation rate constant is of the same order of magnitude 
as kl measured at [Ph3CSbF6]o = 10- 4 moll- 1

• The polymerization kinetics shows 
that the increase of the number of active centers with time must be compensated 
by the termination reaction. The most likely termination reaction in the case of a sta­
ble anion as SbF~ -) and cyclic ethers is a degrading transfer to the polymer16. 

TABLE II 

Time Dependence of Specific Electric Conductivity x and Conversion during Epichlorohydrine 
(M) Polymerization 

Conditions: [Ph3 CSbF6 ]o =1'8.10- 2 mol )-1; [M1o= 3·2 mol )-1; CH2 CI 2 , 20°C. 

t,min 
106 x, 0- 1 cm- 1 

Conversion, % 

o 
497 

50 
360 
20 

100 
312 

35 

200 
281 

48 

300 
260 

55 

1440 
210 
100 

6000 
197 
100 
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Cationic Polymerization of l-Chloro-2,3-epoxypropane 1755 

A simple kinetic scheme of the epichlorohydrine polymerization initiated by tri­
phenylmethylhexafluoroantimonate (initiator I) includes initiation, propagation, 
and termination 

initiation + M ~ 1M (P1) 

propagation PI + M ~ P2 

Pn - 1 + M ~ Pm 

termination P j + Pj ~ PjPj • 

A mathematical solution of this problem, assuming a negligible consumption of the 
monomer (M) during the initiation stage in comparison with its consumption during 
the propagation step, leads t0 16 

-dIn [M],/dt = kp[l]o{l- exp(-kj [M]dt)}-f
[Mlt 

[Mlo 

- k ,{[M]o In [M]o/[M], - ([M]o - [M],)} 

Average values of kp and k t obtained by solving this equation for the particular 
time intervals using k j = 3.10- 6 mol- 1 1 S-l are 9.10- 2 ± 0·02 mol- I I S-I and 
2.10- 4 ± 0·0001 mol-II S-I, respectively. 

Characterization of Products 

Molecular weights of polymers are independent of the triphenylmethyl salt con­
centration (Table I). The mean polymerization degree lies between 12-14, while 
the theoretical maximum ought to have much higher values. From the experiments 
in which a complete consumption of Ph 3CSbF 6 during the polymerization took place 
one obtains for the propagation reaction rate a value 14times larger than for the 
monomer transfer (assuming that each catalyst molecule initiates a growth of one 
chain). For example, following data were obtained for concentrations [Ph3CSbF6]o 
= 1·8 . 10- 4 moll-I, [MJo = 3'2moll- l : conversion 35%, kinetic chain length 
v = vp/v j = 5740, measured mean numerical polymerization degree 14. 

The value 3·4 of the index Mw/Mm calculated from the fractionation data shows 
a considerable polydispersity of the sample, mainly because of the low-molecular­
weight region of the distribution curve. This value is only informative, as it gives 
a lower limit for the value of the real polydispersity index 17. The distribution curve 
shown in Fig. 6 exhibits two maxima; the first one in the region of Pn = 4 corres­
ponds to a large extent to cyclic products. Similarly as in this study, Entelis3 found 
a bimodal distribution by the GPC analysis of products of the cationic oligome,rization 
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of epichlorohydrine catalyzed by BF 3' On the ground of a quantitative determina­
tion of OH groups and C= O bonds he assumed the formation of cyclic products 
(mainly of the tetramer) in the region of the first maximum. The polydispersity 
index, assuming that no cyclization process takes place, would be Mw/Mm ~ 1·6. 

Infrared spectra of ail oligomers, regardless of the polymerization degree, show the 
presence of small amounts of OH groups (3400cm- I

), C=C (1640cm- I
), and 

of a negligible amount of C= O (1740 cm- I
). Neither in infrared nor in NMR 

spectra triphenylmethyl groups bound to the polymer could be detected. Mass 
spectrometric analysis showed that the oligomers of P n = 4-7 are pure n-multiples 
of monomer units. Their structure is cyclic and the cyclization occurs with a proton 
release: 

CH,Ci CH,Ci 

tH~o--H CH '-~H-
tHz ~o{ 
'io-CH-C~) " 

tH 2Ci 

(B) 

+ 

(C) 

A pure substance confirming the presence of products of this type was isolated: 
the cyclic dimer 2,5-dichloromethyldioxane. Its formation in the cationic polymeriza­
tion of epichlorohydrine was observed as early as in 1950 by MeerweinI8

•
I9

• The 
detection of terminal groups OH and C=C by means of PMR spectroscopy-was not 
successful ( < 3%), as well as an attempt of the H-D exchange in the OH groups 
and the mass spectrometric detection. Nontheless, the detection of OH and C=C 
groups by infrared spectroscopy confirms that a certain small amount of linear 
oligomers is formed (according to (D)), namely of those of a higher molecular 
weight: 

Collection Czechoslov. Ch"m. Commun. [Vol. 441 [19791 



Cationic Polymerization of l-Chloro-2,3-epoxypropane 

CH 2Ci 

R-(vvvv) ,,-o--t = CH 2 

o r 

CH1Ci 

R-(JVVV\.) ,,-o--CH=tH 

Initiation Mechanism 

1757 

(0) 

In the initiation of polymerization of cyclic ethers and acetals two mechanisms are 
considered which may play a role5

: a reversible formation of the oxonium ion 
according to (B) followed by the monomer addition (see (E)), or the hydride ion 
transfer from the monomer to the triphenylmethyl cation with the formation of tri­
phenylmethane (see (F)). The presence of Ph3C-groups in the products is character­
istic of the former initiation mechanism, while the presence of triphenylmethane 
in the reaction mixture confirms the latter mechanism. 

From the polymerization mixtures terminated by undried methyl alcohol triphenyl­
methane, triphenylmethyl ether, and triphenylcarbinol was successfully isolated 
and the compounds were identified by means of infrared, NMR, and mass spectro­
metry. The latter two products are formed in reactions of non-consumed Ph3CSbF 6 

as shown by a blank experiment in the absence of epichlorohydrine. As triphenyl-

FIG. 6 

Integral Distribution Curve of Molecular 
Weights of Poly(Epichlorohydrine) 

Polymerization conditions: [M1o = 3'2 
moll-I, [Ph3CSbF61o = 1'7.10- 2 mol . 
. 1-1, CH2 CI2 • 20°C, reaction time 5 h, 
~onversion 60 % .. 
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1758 Antropiusova, PolaCek: 

methane was extracted by sublimation from a non-terminated reaction mixture, the 
abstraction of hydride by the triphenylmethyl cation can be regarded as the main ini­
tiation mechanism of epichlorohydrine polymerization. The absence (within the frame­
work of detection limits of infrared and NMR spectroscopy) of Ph3C-groups in the 
oligomers of epichlorohydrine is not, however, a proof that the initiation by the oxo­
nium ion does not take place at all: a very slow initiation coupled with a very fast 
transfer of the polymerization chain by the monomer may result in a very low con­
centration of the fraction of oligomers containing Ph3C-groups, not detectable by the 
methods employed. The oxonium ion formed from Ph3C(+) and epichlorohydrine, 
stabilized by charge delocalization, is able - as shown by Kuntz9

•
10 

'- to initiate the 
polymerization of THF or l,3-dioxolane; however, the initiation rate of the epichloro­
hydrine polymerization by this particle is evidently much smaller than the initiation 

/ CH- CHzCI 
rate by the ion +0"" I 

"'CHz 
The question of the co-catalytic effect of trace amounts of water in the initiation 

of epichlorohydrine polymerization by triphenylmethylsdlts was elucidated in a special 

80 

Flo. 7 

Influence of Water on Polymerization of Epi­
chlorohydrine (M) Initiated by Ph3CSbF6 

Conditions: [MJo = 3'2 moll-I, [Ph3 . 

.CSbF6Jo = 1·82.IO- z moll- 1 , CHzClz, 
20°C; [HzOJo/[Ph3C(+)]o: 1 0, 22, 313. 

6 7(. 

60 120 ",in 160 

Flo. 8 

Time Dependence of Specific Electric Con­
ductivity (x, n -1 cm -1) during Polymeriza­
tion of Epichlorohydrine (M) with Additions 
of Water in CHzClz at 20°C 

[Ph3CSbF6J = 1·82 .1O- z moll-I; 
[HzOJo/[Ph 3CP+)]0: 10, 22, 313; 1(0 speci­
fic conductivity before water addition, Xo 
specific conductivity after water addition. 
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set of experiments. Additions of co-catalytic amounts of water to the polymerization 
system increased several times the initial polymerization rate (Fig. 7) and decreased 
the specific electric conductivity (Fig. 8). With the ratio [H20]o![Ph3CSbF6]o = 13 
a fast drop of " occurs even before the addition of the monomer; this is because 
of the formation of hydrolytic products whose built-up can be visually observed. 
Upon the monomer addition dissolving of the hydrolytic products takes place and 
the value of" increases (Fig. 8, curve 3). Water reacts with Ph3C<+) to form the cor­
responding protonated alcohol and hydroxonium ions according to (G); the value 
of Ke is high: Ke = 621 mol-I, CH2CI2 , 25°C (ref.12

) . 

. CH2C1+/CH-CH2Cl 

(C6Hs)i:-,o.-CH2-tH-O"" I (E) 

CH2 

(F) 

(G) 

The oxonium ion formed by epichlorohydrine protonization is very reactive. 
As a result, a larger amount of active centers is formed than in the triphenylmethyl 
cation initiation; low molecular weights of products correspond to this situation 
(Table I). However, it follows from the measured induction periods in thoroughly 
dried polymerization systems that water does not take part as a co-catalyst in the 
initiation and that the conclusions obtained on the mechanism of epichlorohydrine 
polymerization are in this respect entirely correct. 
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