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ABSTRACT:

The possibility of synthesizing two- or three-block copolymers between styrene

and isobutylene via a direct cationic polymerization has been investigated. Previous studies
had shown that the polymerization of these monomers with syncatalytic systems composed
of aluminium organic compounds and chlorine are affected by transfer reactions, whereas
terminations are almost absent. However, preliminary experiments have shown that the production
of two- and three-block copolymers can be achieved to some extent, provided that appropriate
experimental conditions leading to a substantial limitation of the importance of transfer reactions
are adopted. A mathematical model has been developed which describes satisfactorily the
polymerization pattern. This model is being used to determine, with the aid of a computer, the most
convenient conditions for the production of block copolymers.
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Previous studies carried out in these laboratories
had shown that the polymerization of isobutylene,
initiated by syncatalytic systems, for example the
Et,AlCl+chlorine system, is characterized by a
reaction with a relatively slow start and by the
absence of important termination reactions.!™®
Such polymerization presents kinetic characteristics
similar to those belonging to “living poly-
merizations’’: further additions of monomer, in fact
polymerize completely at a speed which decreases
only slightly along the series of subsequent mo-
nomer additions, transfer reaction with the mo-
nomer is also absent. It had been demonstrated,
however, that the molecular weight of the polymer
obtained through the subsequent additions of
monomer to the same system, increased only slightly
with each successive addition. This indicated that
the molecular weight of the polymer was regulated
by transfer reactions with substances the con-
centrations of which are proportional mainly to the
concentration of chlorine (or the Me,CCl).
However, it seemed interesting to study experimen-
tally the possibility of obtaining, even though with
limited yields, block polymers of the AB type,

introducing at the end of the polymerization of the
isobutylene, a monomer such as styrene, capable of
bringing about a plastomeric block. Moreover if
these catalytic systems should show the same
behaviours for the polymerization of styrene, we
could try to obtain new thermoplastic elastomers
styrene—isobutylene—styrene by the successive poly-
merizations of these two monomers. The results of
this research work, already described® were partially
successful in producing block copolymers.

During this work we discovered that in experi-
ments carried out in CH,Cl, a catalytic addition of
isobutylene to a quiescent solution of styrene and
AICI; causes a process of polymerization of styrene
with quantitative yield and with an acceleration
period. This polymerization seemed less dominated
by transfer than that initiated by Cl,+ AlEt,Cl
system and this catalytic system has been also used
to produce block copolymers between styrene and
isobutylene.!® Very recently we have investigated
the polymerization and copolymerization of styrene
and isobutylene in homogeneous system using a
mixture of two solvents, mainly heptane and
CH,Cl,, with halogens and aluminium organic
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compounds as catalyst. High yield of block co-
polymers has been obtained in this case and a
mathematical model has been very useful in order to
choose the appropriate experimental conditions.

SYNTHESIS OF TWO-BLOCK
COPOLYMERS BETWEEN STYRENE
AND ISOBUTYLENE

Several experiments have been carried out in

solution of a mixture of heptane and CH,Cl, mainly
in 50: 50 ratio, in a temperature range between — 30
to —70°C, in which two-block copolymers are
obtained both by adding isobutylene at the end
of a polymerization of styrene initiated by
Cl, + AlEt,Cl, and styrene at the end of a polymeri-
zation of isobutylene with the same catalytic system.

The relevant time-conversion and time—
conductivity curves for these experiments are shown
in Figure 1 and Figure 2, respectively. It is apparent
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Figure 1. Synthesis of two-block copolymers styrene-b-isobutylene: 7, —50°C; styrene, 0.1M;
isobutylene, 0.1 M; AlEt,Cl, 1.3x 1073 M; Cl,, 9x 107 M.
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Figure 2. Synthesis of two-block copolymers isobutylene-b-styrene. Experimental conditions as in Figure 1.
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Table I. Yield of two-block copolymers from styrene and isobutylene®
Exptl [Styrene] [Isobutylene] [Et,AICI] x 103 [CL,] x 10* T Yield
no. M M M M °C A
1® 0.10 0.10 1.30 9.00 -30 30
2° 0.10 0.10 1.30 9.00 —50 49
3® 0.10 0.10 1.30 9.00 —170 60
4° 0.10 0.10 1.30 9.00 -30 35
5¢ 0.10 0.10 1.30 9.00 —-50 53
6° 0.10 0.10 1.30 9.00 -70 65

2 Solvent, CH,Cl, +C;H;¢ (50: 50 mixture).

® Order of addition of monomers: styrene, isobutylene.
¢ Order of addition of monomers: isobutylene, styrene.

that isobutylene added at the end of the styrene
polymerization, polymerizes completely and with-
out acceleration, and that the polymerization is
accompanied by strong conductivity change. When
styrene is added at the end of the isobutylene
polymerization, it polymerizes completely without
acceleration and the polymerization is very fast,
while the conductivity, fairly high during the
isobutylene polymerization, decreases progressively
(Figure 2). Block copolymers are obtained also in
this case.

The product thus obtained has been fractionated
and characterized as already described,!® the yields
of two-block copolymers were always high in the

whole range of temperature investigated, as it is
shown in Table I.

SYNTHESIS OF THREE-BLOCK
COPOLYMERS BETWEEN ISOBUTYLENE
AND STYRENE (OR a,p-
DIMETHYLSTYRENE)

A further addition of styrene to the polymeri-
zation mixture obtained in the experiments carried
out for the synthesis of two-block styrene-isobutyl-
ene copolymers, gives rise to a fast polymerization
as it is shown in Figure 3.

The reaction product obtained with the direct
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Figure 3. Synthesis of three-block copolymes styrene-b-isobutylene-b-styrene. Experimental conditions
as in Figure 1.
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REACTION PRODUCT OBTAINED
Al -45°C
MEK

Sol. Ins.
2 | Pst + PSt-b-PIB 3 PIB + PSt-b-PIB
r\—CDle
Sol. Ins.
4 PSt -b-PIB 5 PSt + PSt-b-PIB
-C_H,
n-C,Hig
Sol. Ins.,
0 PSt -b-P1B 7 | PSt + PSt-b-PIB J

Figure 4. Extraction procedure to obtain pure two-(AB) and three-(ABA) block copolymers.

procedure just described was fractionated by
Kennedy’s method!! and is illustrated by Figure 4.

It is apparent that with this fractionation it is not
possible to separate three-block copolymer from
two-block copolymer. Fractions 4 and 6 should not
contain homopolymers, however.

The NMR analysis of fraction 7 shows that this
fraction does not consist solely of styrene homo-
polymer but contains also some copolymer which
might well be of the ABA type, since this copolymer
is richer in styrene than the corresponding AB one.

The IR and NMR spectra of the samples
obtained as fractions 4 and 6 in Figure 4 display all
the characteristic absorptions of polystyrene and
polyisobutylene and are very similar to that obtain-
ed from a blend of the two homopolymers, and do
not differ markedly from the spectrum of a random
copolymer of the same overall composition.

The fractionation procedure described in Figure
4, on the other hand, rules out the possibility that
these fractions may consist of a mixture of
homopolymers, whereas the kinetics of polymeri-
zation clearly indicates that the samples cannot be
random copolymers, since isobutylene was added to

558

the system just after the end of the complete
polymerization of styrene and the second styrene at
the end of the complete polymerization of
isobutylene.

We conclude therefore that fractions 4 and 6
consist mainly of AB and/or ABA block
copolymers.

The IR and NMR spectra cannot prove the
existence of three-block copolymer, but they are not
inconsistent with it.

The DSC trace of fraction 6 of Figure 4 is
qualitatively similar to those obtained with two-
block copolymers described previously.!® The only
difference consists in the fact that the T, associated
with the elastomeric blocks and the T, of the styrene
block practically coincides now with that of
isobutylene and styrene homopolymers. Although
these differences do not provide a proof, they
would be expected if fractions 4 and 6 should contain
a three-block copolymer.

Circumstantial evidence in favour of the for-
mation of some three-block copolymer by the
procedure described in this paragraph is furnished
also by molecular weight measurements and GPC

Polymer J., Vol. 12, No. 9, 1980
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analysis. The molecular weights of the products
obtained with the procedure described in Figure 3
are invariably and appreciably higher than those of
polymers obtained, under identical conditions of
temperature and concentrations, with the procedure
of Figures 1 and 2 which has been shown to produce

two-block AB copolymers.
/

—
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Figure 5. GPC traces of (I) polystyrene, (II) polyiso-
butylene, (III) mixture of (I) and (II). Samples obtained
at —50°C in a mixture of CH,Cl,+C,H,; (50:50)
with Cl,, 9.0x 10™* M and AIEt,Cl, 1.3x107* M.
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Figure 6. GPC traces of (I) ABA styrene (A)-
isobutylene (B) three-block copolymer, (II) fraction 2,
(III) fraction 7, and (IV) fraction 6. Experimental condi-
tions as in Table II.

Table II. Yield of three-blockyl copolymers (fractions 4+ 6 in Figure 4) from styrene and isobutylene®

Exptl [Styrene], [Isobutylene] [Styrene], [Et,AICI] x 10° [Cl,] x 10* T Yield
no- M M M M M °C %
1 0.10 0.10 0.10 1.30 9.00 -30 32
2 0.10 0.10 0.10 1.30 9.00 -50 47
3 0.10 0.10 0.10 1.30 9.00 -70 55
2 Solvent, CH,Cl, + C,H¢ (50: 50 mixture).
Table III.  Yield of three-block copolymers (fractions 4+ 6 in Figure 4) from styrene,
isobutylene, and o,p-dimethylstyrene®
Exptl [Styrene] [Isobutylene]  [a,p-Dimethylstyrene] [Et,AICI] x 103 [Cl,] x 10* T Yield
ne- M M M M M °C %
1 0.10 0.10 0.10 1.30 9.00 -30 25
2 0.10 0.10 0.10 1.30 9.00 -50 40
3 0.10 0.10 0.10 1.30 9.00 -70 49
2 Solvent, CH,Cl, +C,;H,¢ (50: 50 mixture).
Polymer J., Vol. 12, No. 9, 1980 559
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The GPC traces are reported in Figures 5 and 6.
The trace of fraction 6 shows only one symmetric
peak and is different from those of the two
homopolymers and of the mixture (Figure 5) as well
as from those of fractions 2 and 7 and from that of
the unfractionated copolymer. The GPC analysis of
the polymers is still in progress. This result has
been confirmed by the synthesis with the same
procedure of ABC three-block copolymers styrene,
isobutylene and o,p-dimethylstyrene. The yields of
three-block copolymers are fairly high in the whole
range of temperature investigated, as it is shown in
Tables II and III.

MATHEMATICAL MODEL

The possibility that three-block copolymers, con-
taining polyisobutylene as the central elastomeric
part, are obtained via a direct route requires that the
polymerization of isobutylene has a living or nearly
living character.

Since it is known that, with these syncatalytic
systems, the polymerization is affected by transfer
reactions, it is important to determine the con-
ditions by which the extent of these reactions can be
minimized.

To this end a mathematical model has been
developed which differs from the kinetic scheme
already proposed® only for the initiation reaction.

The initiation reaction formerly assumed, i.e.,

ELAICI + Cl, —Ki CLELAICL, (1)

could not explgin why the conductivity increases
with time following an S-shaped curve.

It is now assumed that the initiation consists of
the following series of reactions.

Et cl k
>Al< +C, —L
Et CH, =C(CH,;),

Et cl k,
N1l LN
SAIZz—ClCl

Et CH,=C(CH,),

. -
CICH,—C(CH,), + Et,AlCl, ¥))

Since the polymerization procedure consists of
the addition of chlorine to a quiescent mixture of
monomer and Et,AlICI in CH;Cl, it can be safely
assumed that the monomer-Et,AlC] complex in-
volved in the first step of eq2 has already reached
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the equilibrium concentration according to eq3
when the polymerization is started.

Et\ /Cl\ _Et

Et.~ \Cl- \Et

Isobutylene

Et_ _Cl

A
Et” "\CH,=C(CH,), 3)

Since isobutylene is present in a large excess it can
also be assumed that the concentration of the
complex equals the initial concentration of Et,AICl.
Let us indicate this complex as AIM; the complex
isobutylene—Et,AlCl—chlorine formed in the first
of eq2 as AIMCl,; the propagating species, inde-
pendent of the number of monomer units, as P*; the
dead polymer molecules as P.

The model is then described by the following
reactions,

Initiation:
k, ky, p+
AM + Cl, —bH AIMCl, —2- P @)
Propagation:
Pt + M e p+ )
Transfer:
P* + AIM Kurr_, p + Pt (6)
k
P* + Cl, —*2 , p 4+ pP* @)

For computer calculations the following symbols
have been used to indicate the concentrations of the
different species and the rate constants shown in
brackets: CL2 (chlorine), ALl (AIM), AL2
(AINCI,), M(isobutylene), P*(propagating species),
P (dead polymer molecules), KP (k,), K1 (k,), K2
(ky), KI (k;), KTRAL (k,.5), KTRCI (ky,,), and
KT (k).

The same symbolism is maintained in the
following.

The differential equations are:

dM
—=—-KP-M-P* )
dt

+
dPt =K2-AL2 )

dAL2

T:Ki'ALLCLZ—KZ:ALZ (10)

Polymer J., Vol. 12, No. 9, 1980
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RUN POLIMZ2

Table IV.

EXECUTIOM BEGINS ..

WRITE THE FOLLOWING COMSTAMTS :
KP, KI, K1, KTRAL, KTRCL, KT, K2 IN F14.5

«10000.
«0.
«100.
«100.
«1000.
0.
«0.005

WHITE THE IMNITIAL CONCEMTRATIOMS

AS FOLLOWS

.0.00012
.0.00018
«0o1

«0.

«0.

CL2, ALY, M, P+, P, IN F12.9

WRITE : IMITIAL TIME, FINAL TIME, DELTA T
ABS. EHROR SUCCESSIVELY IN F11.6

WRITE STORE STEP IN IZ2

= 100.000

FINAL COMVERSION = 99,989

DO YOU WISH ANY HISTOGRAMS ? IF YOU LIKE
THEM YOU MUST WRITE THE FOLLOWING MUMBERS

CONVERSIONM VERSUS TIME
COMCENTRATIOMS VERSUS COMVERSIONM

COMCENTRATIOMNS VERSUS TIME

DOUBLE CONVERSION VERSUS TINME
COMVEHRSIOM AND ACTIVE CENTERS MORM. CONCENTRATION

VERSUS TIME

«0e

«100.

«0.01

.0.00001

.01

$5$55$5588
IHLF = O
ICONT =10027
FINAL TIME
1 :
2
3 : NORM.
q
5

«5

«3

GIVE FIMAL TIME OF HISTOGRAM IN F7.1

«100.

Polymer J., Vol. 12, No. 9, 1980
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Table V.
MODE INITIAL FIMNAL
TIME 0.0 0.10000E+03

cL2 0.12000E-03 0.13895E-04

AL 0.18000E-03 0.94443E-04

M 0.10000E+00 0411235E-04
P+ 0.0 0.21867E~04
P 0.0 0.40056E-04
COMV. 0.0 0.99989E +02

IF YOU WANT TO PRINT CONMCENTRATION VALUES
GIVE MUMBER 1

.0
IF YOU LIKE TO COMTINUE THE POLYMERIZATION
GIVE MUMBER 1
-1
GIVE FINAL TIME IN F7.5
GIVE IMITIAL MONOMER COMCEMTRBATION IN F10.7
«100.
«0.1
VRITE STORE STEP IM IZ2
.01
S5STHTHEES
IHLF = O
ICONT =10027
FINAL TIME = 100.000
FINAL COMVERSIOM = 100.000
DO YOU WISH AMY HISTOGRAMS ? IF YOU LIKE
THEM YOU MUST WRITE THE FOLLOWING NUMBERS
1 : COMVERSIOM VERSUS TIME
2 : CONCENTBATIONS VERSUS COMVERSION
3 : MORM. COMCEMNTHATIONS VERSUS TIME
4 : DOUBLE COMVERSION VERSUS TIME
5 : CONVERSIOM AND ACTIVE CENTERS NORM. CONCEMTRATION
VERSUS TIME
-4

Polymer J., Vol. 12, No. 9, 1980
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Table VL

MODE INITIAL FINAL

TIME 0.0 0.10000E+03
cL2 0.13895E-04 0.21359E=-06
AL 0.94443E-04 0.64829E-04
M 0.10000E+00 0.21422E-15
P+ 0.21867E-04 0.43872E-04
P 0.40056E~-04 0.76576E-04

COMV. 0.0 0.10000E+03

IF YOU WANT TO PRINT CONCEMTRATION VALUES
GIVE NUMBER 1

.0
IF YOU LIKE TO CONTINUE THE POLYMERIZATION
GIVE MUMBER 1
o1
GIVE FIMAL TIME IN F?7.5
GIVE INITIAL MONOMER CONCEMTRATION IN F10.7
«100.
«0.1
WRITE STORE STEP IN I2
.01
SEETEEHEES
IHLF = O
ICONT =10027
FINAL TIME = 100.000
FINAL COMVERSIOM = 100.000
DO YOU WISH ANY HISTOGRAMS ? IF YQU LIKE
THEM YOU MUST WRITE THE FOLLOWING NUMBERS
1 : COMNVERSION VERSUS TIME
2 : COMCEMTRATIONS VERSUS COMVERSION
3 : NOBM, CONCENTRATIONS VERSUS TIME
4 : DOUBLE CONMVERSIOM VERSUS TIME
5 : COMVERSIOM AMD ACTIVE CENTERS MORM. CONCEMNTRATIONM
VERSUS TIME
.5
GIVE FINAL TIME OF HISTOGRAM IN F?2.1
I100.

Polymer J., Vol. 12, No. 9, 1980 563
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C

.0

MODE

TIME

cL2

AL 1

M

ONV .

IF YOU WANT TO PRINT COMCENMTRATION

INITIAL
0.0
0.21359%9E-06
0.64829E-04
0.10000E+00
0.43872E-04
0.76576E-04

0.0

GIVE NUMBER 1

P. GiusTi

Table VII.

FINAL
0.10000E+03
0.75340E-09
0.38697E-04
0.0
0.57347E-04
0.10260E-03

0.10000E+03

VALUES

IF YOU LIKE TO CONTINUE THE POLYMERIZATIOM
GIVE NMUMBER 1

IF YOU WANT TO CHAMGE CONCENTRATION
VALUES GIVE NUMBER 1

.FOR TIME CHANGING GIVE MUMBER 2

Polymer J., Vol. 12, No. 9, 1980
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CONMVERSIOM (*) - P+/CL20 (+) VERSUS TIME (SEC)
0.00 0.20 0.40 0.60 0.80 1.00
I I I I I 1
TSI R SIS SIS S S S SRSSSSSSSSR22R 2 22 X2 22
0. I* I
I* I
I* I
I* I
I* I
I* I
I+* I
I+ * I
I+ * I
20. I+ * I
I+ * I
I+ * I
I + * I
I + » I
I+ * I
I+ * I
I+ * 1
I+ * I
I o+ * I
40. I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * 1
I + * I
I + * I
I + * I
60. I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
B80. I + * I
I + * 7
I + L
I + * I
I + * I
I + * 7
I + * I
I + * I
I + * 1
I + LN
100. I + * 7
LR RS 2L RS E 2R R R R TR S RIS ES RS TR R R TR BRY
FINAL TIME OF HISTOGRAM = 100.000 SEC
D0 YOU WISH HEPEAT HISTOGRAM ?
IF YES VWRITE 1
o1

Figure 7.
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NMORM. COMCEMTRATIOMS VERSUS TIME

0.00 0.20 0.40 0.60 0.80 1.00
I I I I I I
R S T S R R R R SRS TS S ST SRSSS SIS S S S SRS R R 2 2 8 3
0. I+ * T
I+ * I
I+ *X 1
I+ *X I
I+ * X I
1.4 * X I
I.+ * X I
I. + * X 1
I. + * X I
20 I o + * X 1
I . + * X I
I .+ * X I
I .« + * X I
I . + * X I
I . + * X 1
I . + * X I
I . + * X I
I - + * X I
I . + * X I
40. T - + * X, I
I o + * X I
I - + * X. I
I . + * X I
I - + * X I
I - + * X I
I « + * X I
I « +* X I
I - * 4+ X I
I *. o+ X I
60. I * .+ X I
I * « + X I
I * . + X I
I * « + X I
I * « + X I
I * .« + I
I * oX o+ I
I * X e + I
I * X o+ I
I * X o+ I
80. I * X - + I
I * X ot I
I * X o+ I
1 * X + 1
I * X o+ I
I * X ot I
I * X + I
I * X + I
1 * x o+ I
I * X + I
100. I * X + I
IR T E R R R R R R RS S S S S S S SR RS E R R RIS RS SRS RS SRS R R S R 23
(*) cpra/ceao
(x) AL1/AL10
(+) P+/P+maXx, P+vAX. = 0.218B67E-04
() P /P MAX. P MAX. = 0.40056E-04
FINAL TIME = 100.00C SEC.
DO YOL WISH HAEPEAT HISTOGRAM ?
IF YES VRHITE 1
.0

Figure 8.
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COMVERSION (%) AND P+/CL20 (+) VERSUS TIME

0.00 0.20 0.40 0.60 0.80 1.00
I I I I I I
I 2222222222222 2222222 222222222222 2R X2 R 222222 L ]
0. I% I
I* I
I* I
T+* I
I+ * I
I+ » I
I + * I
I + * I
I + * I
I + * I
I + * I
50. I + * I
I + * I
I + * I
I + b I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * I
1 + * I
100. I + * I
0. I* + I
I + * I
I + * I
I + * I
I + * I
I + * I
I + * 7
I + * I
I + * 1
I + * T
I + * 1
50. I + * 7
I + * T
I + * I
I + * I
I + * I
I + * I
I + * T
I + * I
I + * I
I + * I
I + * T
I + * T
I + * I
100. I + * T
(A2 AR 2SR X2 R 2R XTSRS RIS IS Y L RN
FINAL TIME OF BOTH HISTOGRAMS = 100.00 SEC
DO YOU WISH REPEAT HISTOGRAM ?
IF YES WRITE 1
o0

Figure 9.
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COMVERSIOM (*) - P+/CL20 (+) VERSUS TIME (SEC)
0.00 0.20 0.40 0.60 0.80 1.00
I I I I I
Ql-liilI”lilill!lll"il.l’ilIQQIQOQ.IIQ’.’D‘I..!GIQ.”Q
0. I* + 1
I + * 1
I + * 1
I + hd 1
I + * I
I + .1
1 + * I
I + . T
I + .1
20. I + * I
I + *1I
1 + * I
I + * I
I + *1
I + *1
I + * I
I + *I
I + *1
I + *1I
40. I + * I
I + * I
I + * I
I + *1I
I + *+1I
I + * 1
I + * T
1 + * 1
I + * I
I + LA §
60. I + * 1
I + * I
I + * I
I + * I
I + * I
I + * T
I + * T
I + * I
I + * I
1 + * I
80. I + * T
I + L
I + * T
I + * T
I + * I
I + * I
I + * I
I + * I
I + * T
I + * T
100. I + * I
X2 222222 SIS SSSSSSZ RSS2SR R 2 R X X 2

FIMAL TIME OF HISTOGRAM = 100.000 SEC

DO YDU WISH REPEAT HISTOGRAM ?
IF YES WRITE 1

Figure 10.
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dpP
T (KTRAL-AL1+KTRCL-CL2)P* (11)

9?: —K1-AL1-CL2—KTRAL"-AL1-P*
t

12

diﬁ= —K1-AL1-CL2—KTRCL-CL2-P*
t

(13)

This set of differential equations has been solved
and the plots of the concentration versus time for the
different species involved in the polymerization have
been obtained. In the following, (Tables IV, V, VI,
VII, and Figures 7, 8, 9, 10) the results obtained in
the particular case of a set of experiments carried
out with initial monomer, Et,AlICl and Cl, con-
centrations, chosen in the range of values usually
employed in previous studies,’ are given as an
example.

The imput values of the propagation and transfer
rate constants (Table III) are those already esti-
mated independently in our previous work,® while
K1 and K2 are those resulting from the hypothesis
that the final concentration of active centers were
equal to that obtainable from eq 1 using the value of
KI determined experimentally.® Interestingly the
best value of K2 is quite low; this is not surprising
since the second step of eq2 is not very different
from the self-dissociation of the Et,AlCl, which has
been shown by us® to have a forward rate constant
even lower.

Figure 7 shows the plots of the conversion and the
active centers concentrations versus time elaborated
by the computer using the imput data reported in
Table III. The agreement between these plots and
those obtained experimentally® is excellent.

If a value of A equal to 100 (Scm ™! 17! mol ™) is
assumed for p* and the specific conductivity x
(Scm™?) is obtained as P* 4/1000 the plot P*
versus time of Figure 7 practically coincides with
that of y versus time of Figure 2 of reference 5.

Figures, 9, 10 and Tables V, VI indicate that the
adopted mathematical model also accounts for the
pattern of the conversion-time and conductivity—
time curves determined experimentally (Figure 13 of
reference 5) for successive monomer additions.

In Figure 8 are reported the concentration of
dead polymer molecules versus time as calculated on
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the basis of the model assumed. The comparison of
Figure 8 with Figure 7, shows that the increase of
the concentration of dead polymer molecules is
much slower than that of the conversion, as it would
be anticipated since the transfer reactions become
progressively more important as polymerization
proceeds.

The knowledge of the concentrations of dead
polymer molecules and of active centers is clearly
very useful for the choice of the most convenient
conditions for the production of block copolymers.

CONCLUDING REMARKS

The results described in this lecture demonstrate,
for the first time, that it is possible to synthesize
three-block copolymers, between styrene and iso-
butylene via a direct cationic route. This goal has
been achieved by means of an accurate kinetic anal-
ysis, although the polymerization system investi-
gated were living only kinetically owing to the pres-
ence of transfer processes with species the concentra-
tion of which is related to thé concentration of
the components of the catalytic system.

Further developments are expected by an appro-
priate use of the mathematical model proposed.
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