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Abstract

This study presents a semi-empirical kinetic model for the prediction of monomer conversion and average molecular weight during

pseudo-living radical polymerization of methyl methacrylate with tetraphenyl biphosphine as the initiator in bulk, using UV light as the

energy source. The model incorporates the chain-transfer to the initiator, which has been shown to be an important reaction for controlling the

molecular weight of formed polymers. To solve the set of proposed kinetic equations the method of statistical moments was employed. The

kinetic parameters estimated by ®tting the initiator conversion data and monomer conversion data were used for modeling the molecular

weight pro®les, which were in a fair agreement with the experimentally measured average molecular weights.

The pseudo-living radical polymerization scheme is characterized by having reversible termination steps. The proposed circular reaction

mechanism was lumped in the empirical power-law reaction rate expression, which seemed to be successfully employed in the model

development. The modeling results may be used for the characterization of the polymerization process studied as well as for the prediction of

the polymerization behavior at monomer conversions up to 30%. q 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Radical polymerization has generated considerable inter-

est and research in macromolecular chemistry and remark-

able progress has been made in this ®eld [1]. Goals in

macromolecular research are to increase functionality,

improve processing, generate less material waste and reduce

cost. These objectives can be achieved by the synthesis of

new polymers with well-de®ned chemical structures, mono-

dispersity of molecular weights, controlled stereochemistry

and cross-linking as well as many other structural features.

Living anionic and cationic polymerization provides a

maximum degree of control and is of considerable impor-

tance for the synthesis of polymers with predictable, well-

de®ned structures. Thus, it is not surprising that many efforts

in polymer synthesis continue to be directed towards the

development of new living polymerization systems. These

include a variety of mechanistic types such as anionic, catio-

nic, radical, coordinative, ring-opening and group-transfer

polymerization methods [2].

Living-radical polymerization has been dif®cult to

control at the level attained for living ionic polymerizations

[3], but the greater versatility of free-radical polymerization

and co-polymerization compared to ionic polymerizations

somewhat compensates for this de®ciency [4]. Free-radical

polymerization can be conducted over a wide temperature

range, using a variety of solvents, which can be applied to a

wide variety of monomers.

In the development of living-radical polymerization, two

approaches have been used. The ®rst involves physical

prevention of contact between radicals, which prevents the

termination. The other involves a repeated reinitiation of

polymer growth by thermolysis or photolysis of weak

linkages like S±S or P±P bonds, which are incorporated

into or at the end of the polymer chain. This method of

polymerization is sometimes called pseudo-living [5,6],

quasi-living [7], immortal [8], truly living [9], or living

polymerization enhancement [10]. Any process that limits

radical recombination reduces the rate of termination and as

such can result in living polymerization behavior. Another

criterion for living-radical polymerization is the ability of

the polymer, which has been isolated from the ®rst step of

polymerization, to be used as a macroinitiator for the second

step of polymerization in which block copolymers or grafted

polymers are ultimately formed [4]. Due to their ability to

undergo further polymerization, these types of polymers can

also be called `reactive polymers'. The possibility of
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designing optimal material properties by using the appro-

priate grafted block structures suggests a tremendous

commercial potential whereby both block and grafted copo-

lymers have achieved considerable industrial importance.

Nevertheless, in contrast to ionic technique, the synthesis

of block or grafted copolymers via radical mechanism has

several important advantages, e.g. wide choice of monomer

combinations and less sensitivity to impurities [11].

Employing iniferters with weak S±S or P±P bonds as

initiators may lead to the formation of macroinitiators,

which are capable of forming block or grafted copolymers.

The use of tetraphenyl biphosphine (TPhBP) as an iniferter

in the radical polymerization of methyl methacrylate

(MMA) has been studied extensively [12]. The exact

mechanism and causes for some discrepancies in the

expected molecular weight distribution and polydispersity

are still under investigation. Due to the complex reaction

scheme of the polymerization studied, the kinetic models

proposed in literature do not successfully predict the beha-

vior of the process [13±19].

Kinetic modeling provides an invaluable tool for a poly-

mer chemist and engineer. It allows the prediction of the

effects of experimental variables on polymerization, thus

limiting the number of time-consuming and expensive

experiments that need to be carried out in developing a

polymerization process [20]. Polymerization process

modeling can be relatively simple if only one deviation

from the ideal living system is considered. However, radical

polymerization involves several elementary reactions, and

therefore a pure analytical solution is not possible. On the

other hand, oversimpli®cation may lead to incorrect

conclusions.

The aim of this work was to study the kinetics of the

synthesis of functionalized MMA macroinitiators with

controlled polymerization in bulk, using a TPhBP iniferter.

The latter forms radicals that can both initiate the polymer-

ization and react reversibly by growing polymer chains to

produce polymers but without narrow polydispersity [21].

The analysis included the de®ciencies of the initiation and

termination steps studied and the in¯uence of the different

model variables on the monomer conversion and average

molecular weights. A kinetic model for the prediction of the

pseudo-living polymerization of MMA with TPhBP is

proposed in order to estimate the monomer conversion as

well as molecular weight averages at low conversion condi-

tions. The method of molecular weight moments was

employed [13±16,19,22,23]. To estimate the rate constants

of the proposed kinetic model the limited set of experimen-

tal data [12] was used.

2. Kinetic model

According to the analysis of the experimental data [12],

the reaction scheme was predicted as shown in Fig. 1. The

initial reaction mixture comprises TPhBP and monomer Ð

MMA. The initiator TPhBP (A) dissociates under the in¯u-

ence of UV light into two radicals Ph2P
z (B), and reacts with

MMA to form MMA free-radicals (C), which start the chain

growth. At the end of the polymerization the macroradical

(D) terminates in three possible ways to form polymethyl

methacrylate (PMMA) macroinitiator products: E, termina-

tion by primary radical, chain-transfer to initiator, F, termi-

nation by recombination and G 1 H, termination by

disproportionation. The end-group linkage formed is photo-

chemically unstable, and undergoes reversible homolysis to

regenerate the propagating radical. For this reason, a circu-

lar reaction mechanism, which is a reversible process and is

retarded by high concentrations of the initiator, was
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Nomenclature

C0
I initial concentration of initiator (mol l21)

Cmm concentration of macromolecules (mol l21)

f initiator ef®ciency

i index

[I] concentration of initiator (mol l21)

I±OCH3
proton intensity of ±OCH3 group

I±PPh2
proton intensity of ±PPh2 group

k index

kd apparent dissociation rate constant,

mol 0.5 l20.5 s21

ki initiation rate constant (l mol21 s21)

kp propagation rate constant (l mol21 s21)

kt termination rate constant (l2 mol22 s21)

ktc combination rate constant (l mol21 s21)

ktd disproportionation rate constant (l mol21 s21)

ktp primary radical termination rate constant

(l mol21 s21)

k2tp rate constant (s21)

ktr chain-transfer rate constant (l0.5 mol20.5 s21)

mp mass of polymer (g)

[M] monomer concentration (mol l21)

MI molecular weight of initiator

MM molecular weight of methyl methacrylate
�Mn number average molecular weight
�Mw weight average molecular weight

n reaction order
�Pn number average degree of polymerization

�RMz
i� macroradical concentration (mol l21)

[RMiR] concentration of dead polymers (mol l21)

2 rd dissociation rate of the initiator (mol l21 s21)

2 ri initiation rate (mol l21 s21)

2 rp rate of propagation (mol l21 s21)

2 rt termination reaction rate (mol l21 s21)

2 rtr chain-transfer reaction rate (mol l21 s21)

t reaction time (s)

V volume of reaction mixture (l)

l moment of live polymers

m moment of dead polymers



proposed [12]. The proposed kinetic scheme of polymeriza-

tion considered in this work is summarized in Table 1,

where I is the initiator, R z is the primary radical, RMz
i is

the live polymer radical with i repeating units and with

one active end-group, RMiR, RM(i 1 j)R are the dead poly-

mers with i or i 1 j repeating units and with two active end-

groups and RMi, RMj are the dead polymers with i or j

repeating units and with one active end-group.

Photochemical decomposition usually takes place at

lower temperatures and is therefore easier to control. The

mechanism of the initiator decomposition depends on the

bond length, bond energy, and bond order. UV light always

decomposes the weakest bonds of the activated initiator

depending on the wavelength of the light used. The poly-

merization reaction takes place under UV light. Conse-

quently, the rate of dissociation of the initiator is dif®cult

to determine as it depends on the intensity of UV light only.

However, it was observed that the dissociation of the TPhBP

is also concentration dependent. Moreover, although the

dissociation of the initiator is usually presented as a ®rst

order reaction, the structure of the initiator and analysis of

formed products point to a more complex mechanism. For

this reason the rate of dissociation of the initiator is

presented in an apparent n-power form

2rd � kd�I�n; �1�
where kd is an apparent rate constant that is assumed to

depend on UV intensity.

It is generally accepted that quasi-steady-state assump-

tion (QSSA) can be applied to the initiator radicals (R z)

formed by the decomposition of the initiator (a). Assuming

that the rate of initiator dissociation (Eq. (1)) is a rate limit-

ing step, the rate of initiation is simpli®ed as shown in the

following equation [14,17,18,24]

2ri � 2fkd�I�n: �2�
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Fig. 1. Reaction scheme of the MMA polymerization with TPhBP.



It has been found experimentally that not all primary

radicals, R z, lead to propagation due to waste side reactions.

Therefore, the initiator ef®ciency, f, represents the fraction

of primary radicals utilized in the chain growth. One of the

side reactions is the photo-dissociation±recombination

equilibrium of TPhBP, which has been proved to dissociate

into two diphenyl phosphine radicals. The diphenyl

phosphine radical can further react to undissociated form

as the semi-benzene structure (Fig. 2).

The polymerization of MMA with TPhBP was studied at

low conversions where no diffusion limitations occur

[18,25,26]. Consequently, the propagation rate constant

remains unchanged for the whole polymerization process

at the conditions under investigation, leading to the

propagation rate equation

2rp � kp�M��RMz
i�: �3�

The propagation is a repeating incorporation (decomposi-

tion of the weakest bond) of new monomers between the

chain and the terminated end-groups. The decomposition of

the end-groups depends on the bond length, bond energy

and bond order of the individually activated bonds and

takes place at the weaker bond. The polymer chain must

dissociate into a reactive propagating radical and a less

reactive radical in order to enable the successive insertion

of monomer molecules into the dissociated bond. The rate of

polymer chain decomposition is incorporated in the termi-

nation-rate expression (Eq. (5)).

One of the possible polymerization steps is also a transfer

to the active site from one macromolecule to another mole-

cule. The effect of transfer agent may be determined by

plotting the reciprocal value of the degree of polymerization

(1/DP) versus molar ratio of transfer agent to monomer.

Assuming that the concentration of initiator is constant at

low conversions, a plot in Fig. 3 indicates that transfer to

initiator is an important step in the polymerization kinetics.

Due to the complex mechanism of the initiator dissociation,

the rate of chain-transfer to the initiator is also assumed to

depend on the initiator concentration in n-power, and is

expressed in the following form

2rtr � ktr�I�n�RMz
i�: �4�

Pseudo-living radical polymerization schemes are char-

acterized by having thermally or photo-chemically reversi-

ble termination steps. Thus, formed macromolecule RMiR is

the polymer chain that has been reversibly terminated by

phosphine end-group, referred to as the `living polymer

chain' to distinguish it from the growing polymer chain,

RMz
i: Consequently, k2tp is the rate constant of homolytic

cleavage of the C±P bond, to give a growing chain-radical

and a diphenyl phosphine radical. The termination steps (e

and f) together with reversible reactions and primary radical

termination (g) were lumped to semi-empirical rate equation

giving the ®nal form

2rt � kt�I��RMz
i�2; �5�

where kt is an apparent rate constant that incorporates the

in¯uence of different reversible reaction steps to the termi-

nation rate. Preliminary calculations of experimental data

[12] also showed that the lumped rate of termination is a

linear function of the initiator concentration due to the

retarding effect of the initiator on the reversible reactions.

The most direct method to solve the set of the proposed

kinetic equations (Eqs. (1)±(5)) is to numerically integrate

the differential mass balance equations derived directly

from the kinetic equations. One has to postulate that the

polymer chain does not grow beyond a certain number of

monomer units in order to reduce the problem into a ®nite

set of differential equations [24]. The second method is to
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Fig. 2. Photo-dissociation±recombination equilibrium of TPhBP.

Table 1

Proposed kinetic scheme

(1) Initiation

I!kd
2Rz (a) homolytic scission

Rz 1 M!ki
RMz (b) radical initiation

(2) Propagation

RMz
i 1 M!kp

RMz
�i11� (c)

(3) Transfer to initiator

RMz
i 1 I!ktr

RMiR 1 Rz (d)

(4) Termination

RMz
i 1 RMz

j!ktc
RM�i1j�R Y

k2 tp

ktp

RMz
�i1j� 1 Rz (e) recombination

RMz
i 1 RMz

j!ktd
RMi 1 RMj Y

k2 tp

ktp

Rz 1 Mz
i

(f) disproportionation

RMz
i 1 Rz!ktp

RMiR Y
k2 tp

ktp

RMz
i 1 Rz (g) termination by

primary radical



construct a set of ordinary differential equations (ODEs)

based on statistical moments of molecular weights [6].

The method of moments gives some valuable and accurate

information from a reduced set of equations and much

simpli®ed mathematics. It is perhaps the most widely used

method in the modeling of polymerization reactions. The

idea is to combine the in®nite set of unknowns into a family

of polynomials called the moments of the generating func-

tion. For the calculation of molecular weight, the following

molecular weight moments are de®ned for live and dead

polymers

lk �
X1
i�1

ik�RMz
i�; �6�

mk �
X1
i�1

ik�RMiR�; �7�

where l k and m k denote the k-th moment of live and dead

polymers, respectively. It follows that l 0 is the total radical

concentration and m 0 is the total concentration of dead poly-

mers, while l1 1 m1 is the number of moles of monomer

which has reacted.

The number average and weight average polymer mole-

cular weights are de®ned as [16]

�Mn � MM

m1 1 l1

m0 1 l0

ù MM

m1

m0

; �8�

�Mw � MM

m2 1 l2

m1 1 l1

ù MM

m2

m1

: �9�

The complete set of ODEs derived from the kinetic

scheme is obtained using the material balance according

to the mass action law in terms of the moments of live

and dead polymer distributions

d�M�
dt

� 2kp�M�l0; �10�

dl0

dt
� 2fkd�I�n 2 ktl

2
0�I�; �11�

dl1

dt
� 2fkd�I�n 1 kp�M�l0 1 ktr�I�n�l0 2 l1�2 ktl0l1�I�;

�12�

dl2

dt
� 2fkd�I�n 1 kp�M��2l1 1 l0�1 ktr�I�n�l0 2 l2�

2 ktl0l2�I�; �13�

dm0

dt
� �ktd 1 0:5ktc�l2

0�I�1 ktr�I�nl0; �14�

dm1

dt
� ktl0l1�I�1 ktr�I�nl1; �15�

dm2

dt
� ktl0l2�I�1 ktcl

2
1�I�1 ktr�I�nl2; �16�

where l 0, l 1, l 2 and m 0, m 1, m 2 are the zero, ®rst and second

moment of the live and dead polymer molecular weight

distributions, respectively. Derivation of the above equa-

tions can be found in literature [6,13±19]. The kinetic

model was solved by simultaneously integrating mass

balance equation derived from Eqs. (1) and (10)±(16).
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Fig. 3. Determination of initiator chain-transfer.



3. Experimental

3.1. Materials

MMA, a product of Aldrich and Rohm and Haas was

washed with a 10% solution of sodium carbonate and

distilled water, dried over night with non-aqueous sodium

sulphate, distilled twice under reduced pressure, and then

purged with argon to remove oxygen. Monomer was used

immediately after the puri®cation. TPhBP (Aldrich) was

used as the initiator. All solvents used for the precipitation

were dried, puri®ed and distilled twice in dry argon to

remove all oxygen.

3.2. Synthesis of macroinitiators

The experimental setup and procedure are described in

detail in our previous work [12]. Bulk polymerizations of

MMA were carried out in a dry box purged with argon. The

content of oxygen and water in argon was below 1 ppm. At

the reaction temperature 258C the monomers were mixed in

a quartz reaction vessel with a selected quantity of TPhBP.

The initiator concentration varied between 0.0178 and

0.0893 mol dm23. Molar ratio of monomer to initiator

varied from 1:0.002 to 1:0.01. The polymerization time

was between 1 and 4 h. A UV lamp of 366 nm wavelength

with an intensity of 4.5 mW cm22 at 2.5 cm distance was

used as the energy source for polymerization. The samples

for determining the monomer conversion and molecular

weight of polymerization were withdrawn from the reaction

vessel at selected reaction-time intervals. All samples of the

PMMA were precipitated three times at room temperature in

a dry box with argon atmosphere from tetrahydrofuran solu-

tion into methanol to remove the unreacted initiator and

monomer, and were dried successively for 8 h in vacuum

at room temperature. Under the same reaction conditions

two control experiments were carried out. To evaluate the

degree of thermal and photo polymerization, the reaction

with TPhBP without UV irradiation for thermal and without

TPhBP with UV irradiation for photo polymerization were

carried out as well. In both cases the monomer conversion

did not exceed 1%.

3.3. Determination of structure and molecular weight

The 1H and 31P spectra were measured with Bruker DPX

300 MHz and Varian INOVA 600 MHz NMR spectro-

meters in one and two dimensional technique with homo

M. Krajnc et al. / Polymer 42 (2001) 4153±41624158

Fig. 4. HETCOR 1H± 31P NMR spectrum of the PMMA.



and hetero correlation. CDCl3 was used as the solvent. The

samples were sealed to NMR tubes in a dry box with argon

atmosphere to prevent oxidation of phosphine end-groups.

All 1H signals were quoted on tetramethylsilane as an inter-

nal standard. The molecular weights of PMMA

were determined from the ratio of end-group signals of

PMMA versus the signals of the chain in the 1H NMR

spectra. Molecular weights were also measured by GPC

on PL-gel columns with pore sizes 50, 100 and 1000 nm.

Tetrahydrofuran was used as an eluent. Narrow molecular

weight distribution PMMA standards were used for column

calibration. The purity of polymers was controlled by 31P

NMR measurements of the macromolecule end-groups and

of the unreacted initiator.

4. Results and discussion

For the determination of molecular weights, GPC and 1H

NMR were used as two independent methods. For the ®nal

products, the molecular weights for PMMA were calculated

from the ratio of integrals of aromatic proton signals of the

end-groups between 7.2 and 7.6 ppm versus signals of the

chain, with the assumption that each macromolecule

contained two non-oxidized phosphine end-groups with

two phenyl groups. This assumption was made on the

basis of the observed spectra and determined signal inten-

sities from 1H and 31P NMR spectra and two-dimensional

(2D) homo and hetero correlation spectra of PMMA (Fig. 4).

For the identi®cation of the end-group, phosphorus spectra

of PMMA were used. In the 31P proton decoupling

spectra of PMMA the phosphine head and tail end-groups

showed strong signals at 221.1 and 223.5 ppm,

respectively. The structure of the end-groups can also be

assigned by measuring the inserted phosphorus atom

between the end-group and the rest of the macromolecule.

In the case of the ±CH2P(Ph)2 group, the P atom prevented

space or bond coupling between ±CH2± and ±Ph protons,

while in the case of ±CH2Ph groups the proton long-range

coupling should be seen. Due to the inserted phosphorous

atom between the chain and the end-group, there was no

space or bond coupling between the end-groups and the rest

of the macromolecule, which would be expressed as out-of-

diagonal signals in the spectra, in COSY H±H and NOESY

H±H spectra [12].

The measurements of the relative intensity of ±P(Ph2)

end-group proton signal against the monomer unit ±OCH3

proton signal at 3.60 ppm, provides the �Mn [27]

�Mn �
IOCH3

IPPh2

£ 20

3
£ MM 1 MI; �17�

where the value 20/3 represents the proton ratio of the two

active end-groups ±P(Ph2) versus the ±OCH3 group. The

calculated molecular weights of ®nal products were

compared with those observed by GPC. In spite of the

different principle of measurements the agreement between

the results is satisfactory, within ^10% error.

In general terms, the QSSA states that the rate of radical

initiation is approximately equal to the rate of radical termi-

nation [14]. Consequently, the number of chains formed can

be estimated from the molecular weight of the polymer. It

was assumed that each macromolecule has two biphenyl

phosphine end-groups at the end of the chain. The average

concentration of macromolecules (Cmm) at individual reac-

tion times can therefore be approximated from the mass of

polymer (mp) and the average molecular weight � �Mn� by the

following relationship

Cmm �
mp

�Mn

1

V
: �18�

The rate of initiation was determined from the slope of

concentration-time data of the macromolecules formed.

Assuming that each macromolecule contains one mole-

cule of initiator, the initiator concentration may be esti-

mated from polymer concentration using the expression

�I� � C0
I 2 Cmm; �19�

where C0
I is initial concentration of initiator.

Knowing the rate of initiation and the initiator concentra-

tion pro®le the dissociation constant (kd), the reaction order

n of the initiator dissociation rate (Eq. (1)) and the ef®ciency

factor, f, may be determined using the QSSA. The kinetic

parameters for dissociation and initiation reaction rates were

optimized by ®tting the integrated mass balance equation

derived from Eq. (1) and initiation rate equation (Eq. (2)) to

experimental results employing a simplex method. The

results are presented in Table 2. The excellent agreement

between calculated and experimental data is shown in Fig.

5. It can be observed from the results that the rate of initiator

dissociation does not follow the ®rst order kinetic. The

apparent 0.5 reaction order may be ascribed to a complex

mechanism of initiator decomposition.

The value of the propagation constant, kp, 180 l mol21 s21

was adopted for the experimental conditions used in the

polymerization system studied [28]. To determine the termi-

nation constant, kt, the ratio ktd/ktc of 7/3 was used [26].

The determination of termination (kt), and transfer (ktr)

constant values was performed by ®tting the evaluated

kinetic model, using a limited set of monomer conversion

experimental data. A semi-implicit fourth-order Runge±

Kutta algorithm with stiffness was used for ODEs inte-

gration. Both constants were simultaneously estimated

by using the nonlinear regression technique based on

M. Krajnc et al. / Polymer 42 (2001) 4153±4162 4159

Table 2

Estimated kinetic parameters for the methyl methacrylate polymerization

n(/) 0.5

f (/) 0.50 ^ 0.05

kd (mol0.5 l20.5 s21) (2.42 ^ 0.29) £ 1026

ktr (l0.5 mol20.5 s21) 2.09 ^ 0.21

kt (l2 mol22 s21) (6.53 ^ 0.20) £ 108



Levenberg±Marquardt algorithm [29]. Table 2 shows the

results of the parameter estimation at 95% con®dence inter-

val. Since the experimentally measured conversions were

relatively low, the in¯uence of diffusion limitations on the

kinetic constants was neglected.

The average molecular weights, polydispersity, and

monomer conversions may be calculated from the kinetic

model by using optimized kinetic parameters. The compar-

ison of the calculated and experimental data representing

the monomer conversion is illustrated in Fig. 6. Similarly,

average molecular weight versus time is represented in

Fig. 7. The calculated �Mn was determined from the solution

of the model by using Eq. (8). In general, there is a fair

agreement between predicted and experimental values

of monomer conversion as well as average molecular

weight. At higher values, the discrepancies between

predicted and experimental values of conversion were

observed which may be due to the increasing effect of diffu-

sion limitations, which was not incorporated in the kinetic

model.

The calculated polydispersities at different initial concen-

trations of initiator varied between 1.96 and 1.98 in all runs,
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Fig. 6. Conversion of MMA at different initial concentrations of initiator.

Fig. 5. Initiator concentration pro®les.



which is in good agreement with experimental results

between 1.8 and 2.4 [12].

From the analysis of the kinetic model developed, it may

be concluded, that the reinitiation is rapid and changes in the

propagation rate are not observed. The same number of

monomer molecules is consumed per unit time with the

formation of a larger number of smaller-sized polymer

molecules. Consequently, the average molecular weight

strongly depends on the chain-transfer constant. On the

other hand, it is much less dependent on the changes of

termination constant values due to circular reaction

mechanism. It was also found that kt and ktr changes have

no effect on the polydispersity.

5. Conclusions

The semi-empirical kinetic model for the prediction of

monomer conversion and average molecular weight during

the pseudo-living radical polymerization of MMA was

developed. The model incorporates the chain-transfer to

initiator, which has been shown to be an important reaction

for controlling the molecular weight of formed polymers.

The increase in the initiator concentration decreases the

propagation rate due to the retarding effect of the initiator on

reversible reaction steps. The proposed circular reaction

mechanism was lumped in the empirical power-law

reaction rate expression, which seemed to be successfully

employed in the model development. The kinetic model

does not take into account diffusion limitations. The model-

ing results may be used for the characterization of the poly-

merization process studied as well as for the prediction of

the polymerization behavior at monomer conversions up to

30%.

By comparison of the model and experimental results it

can be assumed that the mechanism of pseudo-living

radical polymerization and the dissociation of TPhBP are

complex processes with several intermediary steps which

the suggested reaction scheme does not take into account.

Through the development of the kinetic model of

polymerization of MMA with TPhBP some insight into

the mechanism of speci®c radical polymerization has been

gained.
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