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RAPID COMMUNICATION

S u m m a r y  —  Therm oplastic poly(ester-bZock-amide) elastom ers (P E A s) c o m ­
prising hard blocks o f oligoester [oligofbutylene terephthalate), PBT] and oli­
g o a m id e  soft segm en ts [reaction product o f 1 ,4-cycloh exan ediam in e (C H D A )  
w ith d im erized  fatty acid (D FA)] w ere synth esized  and an alyzed  b y  differen­
tial scanning calorim etry (D SC ). The influence of segm en ts content (ivs:u>h) 
and o lig oa m id e  block length (D P S) on the glass transition tem perature (Ts), 
m eltin g  tem perature (T,„) and  crystallization tem perature (Tc) w ere exam in ed. 
Increasing the soft segm en t m olecular w eigh t by reacting D F A  w ith  d iam in e  
resulted in a decreasing ability o f form in g a h o m o g en o u s m ixture w ith  the 
am orp h ou s PBT phase, thus, affecting elastom er properties. P E A  containing  
cyclic grou p  (from  C H D A ) in o ligoam id e soft segm en t exhibits h igher tem ­
perature transitions contrary to P E A  based on 1 ,6 -h exam eth ylen ediam in e. 
K e y w o r d s : poly(ester-bZock-am ide), therm oplastic elastom ers, soft o lig oa m id e  
segm en ts, phase transition tem peratures, o lig oa m id e  cyclic grou ps.

Poly(ester-b/ock-am ide)s (P EAs) belon g  to a grou p  of 
m u ltib lock  cop olym ers, so  called therm oplastic elasto­
m ers, w h ich  consist o f b locks w ith different properties 
(soft and hard segm en ts). O ligoureth ane and oligourea  
resid u es, arom atic  o ligoesters and  o lig o a m id es w ere  
u sed  as hard segm en ts, w hereas soft segm en ts consisted  
of oligoethers, o ligosiloxan es or d im erized  fatty acids 
[1— 7]. To obtain the m aterial described above, soft and  
hard phases h ave to be im m iscible [8, 9].

Poly(ester-b/oc/c-am ide)s investigated in the present 
w ork consisted o f crystallized sequences o f p o ly (b u ty - 
lene therephthalate) (PBT) as the hard segm en ts and ali­
ph atic, m o stly  a m o rp h o u s, o lig o a m id e  sequ en ces ob ­
tained from  diam in es and dim erized  fatty acids (D F A) as 
the soft segm en ts.

Pure D F A  has been w id e ly  applied as soft segm ents in 
b lock  co p o ly m e rs  [10, 11]. T h e relatively sm all D F A -  
m olecu le  caused significant m u tu al m iscibility o f the soft 
and hard blocks, w h at considerably changes elastom er  
properties. T h e m ain  idea o f this w ork  w as to reduce  
m u tu al m iscibility o f soft and hard segm en ts through in­
creasing the soft segm en t m olecular w eigh t b y  reacting 
D F A  w ith  d iam in e. A s  expected, this reaction leads to a 
d ecrease in the g lass-tran sition  tem perature and im ­

provem en t o f m echanical properties. The soft phase also 
contains non-crystalline PBT sequences [1 2 ,1 3 ].

This paper describes the therm al properties o f P E A  in 
relation to the contents and m olecu lar w eigh ts o f the soft 
segm ents.

EXPERIMENTAL

M a teria ls

Synth esis o f poly(ester-b /ocA :-am ide)s w ere carried  
out usin g the com m ercially  available substrates, n am ely: 
d im eth yl terephthalate (D M T , Elana S A ); 1 ,4-bu tan ediol 
(1 ,4-B D , B ASF); m a g n esiu m  titanate catalyst; d im erized  
fatty acid (D F A) Pripol 1009 —  p roduct o f dim erization  
o f linoleic C is  acid —  m olecular w e ig h t -5 7 0  g  m o le '1 
(U n iq e m ia  C h e m ie , BV, N e th e r la n d s ) ; 1 ,4 -c y c lo h e -  
xan ediam in e (C H D A ) (A ldrich  C h em ie, Steinhein).

S y n th esis

Synthesis o f poly(ester-bZock-am ide)s w a s a three-step  
process: o lig oa m id e  preparation, transesterification and  
p olycon den sation  in the m elt.
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Transesterification o f D M T  and 1 ,4-B D  in m olar ratio 
1:2 w as the first step. The reaction w as carried out in 
presence o f m a g n e siu m  titanate organom etalic com plex  
as catalyst. O lig o a m id e  preparation  from  C H D A  and  
D F A  w a s the secon d step. P olycon den sation  reaction of 
these tw o  p rev io u sly  prepared interm ediate co m p ou n d s  
com p rised  the third step [1 2 ,1 3 ].

M e a su r e m e n ts

D S C  m easu rem en ts (h eatin g-cooling-h eatin g  cycle) 
w ere con du cted  in a Perkin-Elm er (D SC -2) instrum ent, 
at h eating and  coolin g  rate o f 1 0 °C /m in . T h e D S C  cali­
bration (base line) w a s p erform ed w ith  in d iu m  (156°C )  
and и-h eptan e (-9 0 .5 °C ).

RESULTS A N D  DISCU SSION

C o m p o sitio n  o f syn th esized  P E A  (form ula I) is pre­
sented in Table 1.

m e n t DPS =  1 (con stan t o lig o a m id e  len g th , sa m p les  
1— 5). The secon d grou p  (sam ples 6— 9) w a s prepared in 
1:1 w eigh t ratio o f hard and soft segm en ts w ith  variable  
soft segm en t length (DPS = 1-7). The third grou p  (sam ­
ples 10— 13) w as also prepared w ith variable degree o f  
p olym erization  o f o lig o a m id e  and  w ith  variable concen­
tration o f hard and soft segm en ts in the copolym er.

R esu lts  o f D S C  e x a m in a tio n s  o f p o ly (e s te r -block- 
-a m id e)s are presented in Figs. 1— 6.

D S C  heating and coolin g  scans for first g ro u p  consist­
ing o f 20— 80 w t. %  soft segm en ts w ere com p ared  w ith  
pure o ligoam id e (dash curve —  C H D A -1 , Figs. 1 and  2). 
Reported results clearly sh o w  that syn th esized  P E A  w ith  
constant o lig oa m id e  segm en t length  exhibits on ly  one  
low -tem perature glass transition (Tsi) attributed to the 
soft segm en ts and w e ll-d efin ed  m eltin g  poin t o f hard  
segm en ts (Tm2), thus, pointing to existence o f tw o-p h ase  
system s in the products. G enerally, g lass transition tem ­
perature decreased w ith increasing soft segm en ts con­
cen tration . D ecrea se  o f o lig o a m id e  co n cen tration  to

o -  ( C H 2)4-  0 -  c -

o 4 7  о ,
О -  ( С Н А , - O - C - D F A - СII II

о о
o r .

н н
N - R - N - C - D F A -  С- 

м и
О О

он

hard seg m en t o f  Р В Т o lig o a m id e  s o ft  segm en t

(1)

R = — < V -

T a b l e  1. Composition of PEA (calculated from feed ratio)

N o

So ft
se g m e n t 

content 
Ws, %

H ard
seg m en t
content

W,„ %

D eg ree  of 
p o lym erizatio n  

o f the soft 
seg m en t, D P S

D egree  o f 
p o lym erizatio n  

o f the hard  
segm en t, D P i,

1 20 80 1 2 1.6

2 40 60 1 7.9

з ' 1 50 50 1 5 .1

4 60 40 1 3 .3

5 80 20 1 1 .0

6*> 50 50 1 5 .1
7 50 50 3 1 1 . 1

8 50 50 5 17 .0
9 50 50 7 22.9

10*’ 50 50 1 5 .1
1 1 67 3 3 3 5 .1
1 2 76 24 5 5 .1
1 3 8 1 19 7 5 .1

* S a m p le s  3 , 6 an d  10  are  the sam e co p o lym ers .

Three grou p s o f poly(ester-W oc/c-am ide)s w ere sy n ­
thesized . In the first g ro u p , the degree o f polym erization  
o f o lig o a m id e  (DPS) w as ch an ged 1— 7 range. C on cen ­
tration o f soft o lig oa m id e  segm en ts varied from  20 to 80  
w t. %  at constant degree o f polym erization  o f soft seg -

20 w t. %  results in the m eltin g  poin t o f soft segm ents  
(Tml) becom e undetectable in D S C  (Fig. 1). This grou p  of

T, °c
Fig. 1. Second heating DSC thermograms of samples 1— 5; 
numbered curves refer to sample numbers in Table 1
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T,°C

Fig. 2. Cooling DSC thermograms of samples 1— 5; numbered 
curves refer to sample numbers in Table 1

T, °C
Fig. 4. Cooling DSC thermograms of samples 6 — 9; numbered 
curves refer to sample numbers in Table 1

T ,°C  T , °C
Fig. 3. Second heating DSC thermograms of samples 6 — 9; Fig. 5. Second heating DSC thermograms of samples 10— 13; 
numbered curves refer to sample numbers in Table 1 numbered curves refer to sample numbers in Table 1

P E A  exh ibits o n e  crystallization  tem peratu re o f PBT  
blocks {Тег) (Fig. 2).

A n  interesting behavior can be observed  for sam ples  
w ith  different so ft b lo ck  len gth s, n am ely  C H D A -1  to 
C H D A -7  (d a sh  c u r v e s ), a n d  th eir c o p o ly m e r s  (fu ll

curves) (Figures 3— 6). It can be co n clu d ed  that pure oli- 
g o a m id e  exhibits distinct en doth erm s ascribed to soft 
seg m en t's  m eltin g  (Tmi) an d  exotherm s ascribed to crys­
tallization tem peratures (Tci). O lig o a m id e  m eltin g  and  
crystallization tem perature increases w ith  increasing de-
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gree o f p o ly m erization  o f the soft segm en ts. H ig h  tem ­

perature transitions (Tm2 and Tc2 ) are attributed to the 
m eltin g  and  crystallization o f PBT crystals.

Sam ples w ith  1:1 w eig h t ratio exhibit tw o  m eltin g  
transition tem peratures (Fig. 3), bu t on ly  one crystal­
lization  transition is detectable (Fig. 4). C on siderin g  the 
very  n arrow  sp acin g o f the Tm 1 and  Tm 2 m eltin g  en- 
doth erm s, o verlap p in g  o f both  crystallization processes  
is the m o st probable explanation.

T w o m eltin g  poin t m axim a are visible for the group  
w ith  variable segm en ts content (sam ples 10— 13), first —  
distinct for the o lig oa m id e  and  secon d —  sm all for the 
PBT (Fig. 5). This effect is connected w ith relatively sm all 
hard seg m en t concentration in co p o lym er (Table 1). C o n ­
trary to resu lts for tw o  p rev io u s series, tw o  crystal­
lization tem peratures w ere fo u n d  (Fig. 6) w h ich , b y  anal­
ogy, can be attributed to the soft (Tci) and hard segm en t 
(Tc2) transitions, respectively.

T, °C
Fig. 6 . Cooling DSC thermograms of samples 10— 13; num­
bered curves refer to sample numbers in Table 1

T h is b eh a v io r  su g g ests  existence o f differences in 
m u tu al m iscib ility  o f segm en ts an d  indicates that in­
creasing o lig o a m id e  segm en t length  leads to m icrophase  
separation.

R elationship b etw een  the observed glass transition  
tem perature and the m olecular w eigh t o f soft segm ents  
is sh o w n  in Figs. 3  and  5. Tgi valu es increasing w ith  
o lig oa m id e  length  cou ld  be d u e  to the existence o f h y ­
d r o g e n  b o n d s  fr o m  - N H -  g ro u p  b e tw e e n  a d jacen t  
chains.

C O N C L U S IO N S

Poly(ester-W ocfc-am ide) m u lt ib lo c k  c o p o ly m e r s  
(P E A s) o f definite com p osition  sh o w  tw o  m eltin g  and  
tw o crystallization transition tem peratures, i.e. that o f  
o ligoam id e in a low er-tem perature region  (the soft seg ­
m ent) and  o f the PBT sequ en ces in the hard phase. Tem ­
perature transitions, especially  Tm 1 and  Tm2 , o f the soft 
olig oa m id e  segm en t in P E A  based  on  1 ,4-cycloh exan e- 
diam in e exhibit higher valu es as com p ared  w ith  those  
for P E A  based on 1 ,6 -h exam etylen ed iam in e  [1 2 ,1 3 ]  (Ta­
ble 2).

T a b l e  2. Transition temperatures of pure oligoamides based on 
1,6-hexametylene diamine and 1,4-cyclohexanediamine

DPs
1,6 -h e x a m e ty le n e  d ia m in e 1,4 -c y c lo h e x a n e d ia m in e

T„ ь ° С Tm 1, °C Tc i, °C T„ ь ° С T,„ ь  °C Тл , °C

1 -36 48 15 -36 121 109

3 -25 66 23 -26 165 149

5 -23 71 31 -20 181 163

7 -13 81 43 -12 192 175

Increasing o lig oa m id e  segm en t len gth  decreases the 
ability to form  a h o m o g en eo u s m ixture w ith  the am or­

ph ou s PBT phase. D escribed effects d isad van tageou sly  
affect elasticity o f copolym ers.

This work was supported by the Polish State Committee for 
Scientific Research, grant No 7 T09B 004 21.
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Rate coefficients as a function of time during the after-effect 
of a photoinduced crosslinking polymerization

RAPID COMMUNICATION

S u m m a r y  —  The p olym erization  o f a dim ethacrylate m o n om er occurring in 
the dark after the initiating light has been  sw itched o ff (so-called  after-effect) 
w as m o d eled  b y  assu m in g  o f tw o different term ination m ech an ism s: m o n o -  
m o lecu la r  (M o d e l 1) and  b im olecu lar (M o d e l 2). T im e d ep en d en t m o n o -  
m olecular term ination {кГ) and bim olecular term ination {kh  rate coefficients 
and a tim e indep en den t propagation  rate coefficient kp are u sed  in the m od els. 
Both к "1 and ktb are p o ly n om ia l functions o f tim e. A  very  im portant feature o f  
the n ew ly  d ev elop ed  m o d els  is that free term s o f p o lyn om ials correspond to 
valu es o f ktm (M o d e l 1) or kp[P ]o (M od el 2) at the m o m e n t o f stop p in g  the 
irradiation (t d a r k  = 0; [P ]o constitute m acroradical concentrations at t d a r k  = 0). 
Th ose valu es can be considered as describing the process d u rin g  continuous  
irradiation. Calculations w ere perform ed for eight p h otoin d u ced  p o ly m eriza ­
tion processes, in w h ich  initiation had been interrupted at variou s degrees o f  
d ou b le  bon d  conversions (denoted as starting conversions). It w as fo u n d  that 
the conversion  depen den ce o f k(b[Plo and k™ param eters extrapolated to t d a r k  

= 0 appearing in tw o various term ination m o d els w as similar.
K e y  w o r d s :  p h o to p o ly m e riza tio n , after-effect, (tetraethylen e g ly co l) d i­
m ethacrylate, m o d elin g , term ination m ech an ism , tim e-d ep en d en t rate coeffi­
cients.

P h oto p oly m eriza tio n  o f m u ltifu nctional m on om ers  
occurs w ith  a m ark ed  postcuring effect. W h e n  light is cut 
off, the p h otoin d u ced  reaction continues to proceed up  
to a significant conversion. This p h en om en on , n am ed  
the after-effect (or p o stp oly m eriza tio n  —  post-effect), 
has fo u n d  application  in m a n y  industrial processes (e.g. 
in production  o f protective coatings for optical fibers). 
T h e after-effect is u sed also for determ ination  o f p ropa­
gation and  term ination  rate coefficients [1].

T erm ination  reaction during the p olym erization  of 
m u ltifu nctional m o n om ers can occur according to tw o  
possible m ech an ism s:

—  m on om o lecu la r  (radical trapping)

Pi^ L ^ (Pi)tm№ed ( !)

'  T o  w h o m  a l l  c o r r e s p o n d e n c e  s h o u ld  b e  a d d r e s s e d ,  e - m a i l :  
E w a .A n d rz e je w s k a @ p u t.p o z n a n .p l

w here: P —  macroradical, ktm —  monomolecular termina­
tion rate coefficient; 

a n d /o r
—  bim olecular (reaction betw een  tw o  m acroradicals)

P- +  P — - — » P olym er (2)

w here: kt —  bimolecular termination rate coefficient.
It is generally accepted that d u rin g  con tin u ou s initia­

tion  the b im o le cu la r  term in ation  rate coefficien t d e ­
creases as the p olym erization  proceeds, p assin g  through  
a plateau [1]. H o w e v e r , radical trap p in g , and  con se­
qu en tly  m o n om olecu lar rate coefficient, sh ou ld  increase 
w ith  d ou b le  b o n d  conversion  [1— 4].

Term ination rate (Rt) d u rin g  the after-effect, occur­
ring in the absence o f initiation, can be described b y  tw o  
m athem atical m o d els , assum in g:

—  m on om olecu lar term ination (M o d e l I)
d [F ]

F”‘ = — —— = к "  [P 1 (3)at
w here: [P ] —  radical concentration,

mailto:Ewa.Andrzejewska@put.poznan.pl
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—  b im olecu lar term ination (M o d el II)

— dtP] = 2 ,, [p.]2 (4)
dt

T hese m o d e ls  together w ith  the expression for the 
polym erization  rate (Rp):

d[M] [ M ] . [ p ;

d( ' (5)

w here: [M ] —  concentration of double bonds, kp —  propaga­
tion rate coefficient
can be so lv e d  analytically g iv in g  expressions linking to­
gether the degree o f d o u b le  b o n d  conversion  in the dark  
w ith the tim e o f dark reaction [5].

Th ese obtained m o d els  are characterized b y  tim e-in ­

d ep en d en t param eters: ktm, k(b[P ]o a n d  fcp[P’]o, w h ere  
subscript refers to m acroradical concentration at begin ­
n in g o f the dark period  [5]. In our p reviou s papers, 
w h ere m o d elin g  w as based on  fitting these kinetic m o ­
dels to su cceedin g or increasingly longer tim e intervals 
o f the dark reaction, w e  sh ow ed  that valu es o f the d is­
cussed param eters change as the reaction in the dark  
proceeds [2, 3].

In this w ork  w e  attem pted to describe kinetics o f the 
after-effect b y  m o d e ls  assu m in g  the first and  second or­
der term in ation  m e c h a n ism s, bu t exp ressin g  the p a ­
ram eters ktm and k b[P ]o as function  of tim e.

M O D E L L IN G

A ssu m in g  that term ination can proceed b y  the m o n o -  
m olecu lar or bim olecu lar m ech an ism , tw o n ew  m o d els  
describing p olym erization  d u rin g  the after-effect w ere  
d ev elop ed :

—  M o d e l 1

R i m = k , m ( t ) - [ F ]  (6 )

* ; " ( o = 5 > ,r  (?)i=0
—  M o d e l 2

R b = 2 ■ k,b (t) ■ [ P f  (8)

*7W = 5 > /  (9)
F 0

w here: t —  time of the dark reaction ( t d a r k ) .

It w a s a ssu m ed  in these m o d els  that propagation  rate 
coefficients kp d o  not change w ith  the reaction tim e, thus 
the p olym erization  rate in the both  m o d els  is expressed  
b y  equ ation  (5). Term ination rate coefficients ktm and ktb 
are p o ly n om ia l functions o f tim e. O rder o f the p o ly n o ­
m ials describing dep en d en ce o f term ination rate coeffi­
cients on  tim e o f the dark reaction w as fou n d  from  the 
best fitting o f the m o d e ls  to experim ental data. Param e­
ters ao and  bo, w h ich  correspond to the rate coefficients 
ktm and ktb[P ]0, resp., at the m o m e n t o f stop p in g o f irra­
diation (at tdark =  0) are o f special interest in the p o ly n o - 
m in al m o d e ls  prop osed .

By so lv in g  the differential equation  system s: (5)— (7) 
and (5), (8), (9) one obtains the fo llo w in g  expressions for

the degree o f d o u b le  bon d  con version  as a function of 
tim e:

—  M o d e l 1

—  M o d e l 2

- ln(1^ ) = l r ^ — T° bn — b.t-\— bft +...H— b̂ t f + 1
" 2 1 3 2 10

jf df (10)

-df d i )

w here: p —  double bond conversion in the dark.
Param eters o f the m o d els : kp[P’]o; ai = k ”1, i = 0— 3 and  

by[P"]o =  ktb[F'h, j =  0— 9 w ere calculated u sin g  the n on ­
linear least square m eth od .

EX P E R IM E N T A L

(Tetraethylene glycol) d im ethacrylate [T E T G D M , for­
m u la  (I), A ldrich ] w as u sed as a m o d e l m on om er.

CH3 CH3
CH2=  С - С- О -  (CH2-  CH2-  0 )4 -  С - C =  CH2 (I)

Ó 6

Experim ental conditions w ere the sa m e as described  
elsew h ere [5]. R eaction  rate profiles an d  con versions  
w ere determ ined at 4 0 °C  w ith  differential scan n in g p h o ­
tocalorim etry. P olym erization  w a s initiated w ith  366  nm  
light from  a m e d iu m  pressure H g  la m p  (incident light 
intensity 1.3 m W /  cm 2) in the presence o f 2 ,2 -d im eth o x y -
2-ph en ylacetoph en on e u sed at a concentration o f 0 .03  M . 
Irradiation w as carried ou t in argon atm osphere.

The initiation in eight p h otoin d u ced  p olym erization  
processes w as interrupted at variou s degrees o f d ou b le  
b on d  conversion: 0 .026, 0 .052, 0 .072 , 0 .106 , 0 .187 , 0 .287,
0 .305 or 0 .513. Th ese con versions w ere d en oted  as the 
starting conversions.

R ESU LT S A N D  D IS C U S S IO N

F igu res 1— 5 presen t resu lts o f ca lcu lation s. Both  
m o d els sh ow  that term ination rate coefficients increase 
w ith tim e o f dark the reaction t d a r k  (Figs. 1 and 2), w h ich  
is a sim p le  consequence o f the rapid decrease in p o ly m e­
rization rate du rin g the after-effect. In the absence o f ini­
tiation, term ination b y  radical trapping becom es increas­
ingly  im portant at deep  p olym erization  stages [6], and  
our m o d els  properly  reflect this situation (M o d el 2 de­
scribes the increasing term ination  rate coefficient during  
the dark reaction b y  a secon d order expression). This is 
consistent w ith  our previous results [2, 3].

A s  can be seen  in Fig. 3 , the calculated  valu es of 
kP[P ]o products are practically the sa m e for M o d e l 1 and  
2. Their d epen den ce on starting con version  reflects their 
behavior d u rin g con tin u ou s illu m in ation . P ropagation  
rate coefficient kp sh ou ld  be constant in the conversion  
range stu died  [1], so  changes in kp[P ]o va lu e  correspond  
to changes in active radical concentration during p o ly -
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m erization  (m a x im u m  in  /c^[P']o valu e corresponds to the 
starting con version  w h ere the m a x im u m  polym erization  
rate is observed).

Fig. 1. Monomolecular termination rate coefficient kt™ calcu­
lated from Model las a function of time of the dark reaction for 
various starting conversions: О  —  0.026; A —  0.052; 0  —  
0.072, • —  0.106, x  —  0.187, □  —  0.287, *  —  0.305, ■  —  
0.513

bFig. 2. Product of bimolecular termination rate coefficient kt 
and macroradical concentration at the point of stopping irra­
diation [P'h calculated from Model 2 as a function of tome of 
the dark reaction for various starting conversions. For sym­
bols, see Fig. 1

Figure 4  sh o w s the valu es o f term ination rate coeffi­
cients obtained as free term s o f p o lyn om ials (7) and  (9),
i.e. after extrapolation  to tim e o f the dark reaction t =  0, 
as a function o f starting conversion. Sam e, as in the case

---------------------------------- ►

Fig. 5. The kt /kp ratio as a function of starting conversion; □  
—  from ktb [P'h values obtained by extrapolation to tdark = 0; 
A  —  from ktb[P h  values obtained after 100 s of the dark 
reaction

0.0 0.1 0.2 0.3 0.4 0.5
Starting conversion

Fig. 3. Product of propagation rate coefficient kp and 
macroradical concentration at the point of stopping irradiation 
[P Jo calculated from Model 1 ( □ )  and Model 2 (•) as a func­
tion of starting conversion

0.0 0.1 0.2 0.3 0.4 0.5
Starting conversion

Fig. 4. Termination rate coefficients extrapolated to tdark = 0: 
к™ calculated from Model 1 ( □ )  and k b[P'h calculated from 
Model 2 (•) as a function of starting conversion.
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o f fy[P ]0, they correspond to the valu es o f term ination  
rate coefficients d u rin g  con tin u ou s illum ination . The k ” \  

w h ich  is in d ep en d en t o f radical concentration, initially  
decreases w ith  starting con version , su ggestin g  that ter­
m in ation  u p  to the m a x im u m  p o ly m erization  rate is 
d o m in a te d  b y  the b im o le c u la r  m e c h a n ism , becau se  
M o d e l 1, w h ich  is described b y  on ly  one term ination rate 
coefficient, has to represent all the term ination processes  
taking place d u rin g the p olym erization  and k b  decreases 
w ith increasing conversion  [1]. M o n om olecu la r  term ina­
tion becom es increasingly im portant w h en  the reaction  
rate begin s to decrease (after its m a x im u m ) [2 ,4 ]  and к  

in creases. C o n v e r s io n  d e p e n d e n ce  o f k b [ P ]o is v e r y  
sim ilar to that o f к bu t one m u st rem em ber that radical 
concentration ch an ges d u rin g  the reaction and the k b / k p  

ratio g ives a better v ie w  on k t  behavior (Fig. 5). C on ver­
sion d ep en d en ce o f this ratio is typical for the b im olecu ­
lar term ination: a rapid  decrease at the very  begin n in g  of 
the reaction and  then a plateau [1]. N o te  that valu es of 
the k f b / k f i ratio h ig h ly  d ep en d  on  tim e o f the dark reac­
tion taken for calculations. H ow ever, sim ilarity in /сЛ р Ъ  
and к Г  valu es obtained for t d a r k  =  0 indicates that during  
the con tin u ou s initiation the param eters k b \ P " \ o  and к ™  

are not determ in ed  b y  the reaction order, and the differ­

ence in k b and ktm results on ly  from  radical concentra­

tion.
C on clu d in g  w e  can say that term ination  rate coeffi­

cients can be expressed as a function  o f tim e d u rin g the 
after-effect. C on version  d ep en d en ce o f extrapolated to 
t d a r k  = 0 k,b[P ]o and  ktm param eters appearin g in tw o  
various term ination m o d els  is sim ilar.
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Rapid Communications

Przypom inam y P.T. A utorom , że prow adzim y w  naszym  czasopiśmie dział typu R apid  C om m u n ication s. 
Publikujemy w  nim , w yłączn ie w  język u  angielsk im , krótkie (3— 4 strony m aszynopisu i ewentualnie
2— 3 rysunki lub tabele) prace oryginalne, którym gwarantujemy szybką ścieżkę druku, co oznacza, że 
pojawią się one w  czasopiśm ie w  okresie nieprzekraczającym 5 miesięcy od chwili ich otrzymania przez  
redakcję.


