


SUMMARY

In the present work three new vinyl monomers were
prepared. Thus, p-acryloyloxybenzoic acid (ABA) was prepared
by the reaction of p-hydroxybenzoie acid with acryloyl
chloride. p-Acryloyloxy~-tri-n-butyltin benzoate (ABTB) was
prepared either hy the reaction of acrylic acid with p-hydroxy-
tri-n-butyltin benzoate in presence of N,N-dicyclohexylcarbodii~
mide (DCCI) as a condensing agent or by esterification of
- p-acryloyloxybenzoic acid  with bis(tri-n-butyltin) oxide, Also,
N—Methacryloyloxytetrabromaphthﬂ;é?ide (NMTP) was prepared by
either the reaction of: ﬁbrhaqyylic acid*w1th,N—hydroxytetra—
bromophthalimide in preséhlg\qf ﬁahf or by the reaction of
methacryloyl chloride w1th.N-hydlexytetrabromophthallmlde. The
structure of these monomers was investigated by elemental
analysis, IR, and NMR spectroscopy. Also, tri-n-butyltin
acrylate or methacrylate monomers were prepared.,. The polymeri
zation, copolymerization and terpolymerization reactions of

these monomers with various vinyl monomers were investigated.

Binary copolymerization reactions of p—acrylﬁyloxy-tri—
n-butyltin benzoate (ABTB) with each of methyl acrylate (MA),
" ethyl acrylate (EA), n~butyl acrylate (BA), methyl methacrylate
(MMA), styrene (ST) and acrylonitrile (An) were studied, The
monomer reactivity ratios for these six systems were
calculated by both Fineman-Ross and Kelen~-Tudos methods and

were found to he :
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system’ ' Fineman-Ross method Kelen-Tudos method
My Mo Ty T2 | Ty )
ABTB-MA D.122 1.062 0.080 1.046
ABTB-EA 0.049 1.575 0.039 1.585
ABTB-BA 0.016 2.147 0.019 2.076
ABTB-MMA 0.160 17350 0.150 1.710
ABTB-ST © 0.123 1.348 0.113 1.339
ABTB-AN 0.009 2.801 0.007 2.853%

The resulis indicate that the monomer reactivity ratios of
ABTB (rl) for all sysiems studied are nearly equal to zero
which indicate that the growing-radical ending with ABTB
unit prefers M, monomers thaniMl monomer in the propagation
stage. The Q and e vaiues for ABTB were calculated and found

to be Q=0.45 and. e=1.3%91. The structure of these copolymers

. was established. by IR spectroscopy.

The binary copolymerization.reactions of tri-n=butyltin
acrylate (TBTA) with itaeonic acid (IA), dimethyl itaconate
(DMI), p—acryloyloxyhenzoic acid (ARA) or K-methacryloyloxy-
t etrabromophthalimide (NMTP) were studied. The monomer
reactivity ratios for these four systems were calculatpd by

FinemanyRossrand.Keleanudos methods and were found to be :

system Fineman-Ross method Kelen-Tuddés method

M}- M2 ry r, r, ré
TBTA-IA 1.088 0.011 1.086 0.070
TBTA-DMI ~ 0.932 0.767 0.942 0.805
TETA-ABA ' 1.000 0. 360 1,014 0.399

. TBTA-NMTP . 0.69] 0.902 0:689 0.896
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It is clear that the monomer reactivity ratio values of

TBTA (rl) are greater tham I, values for IA, DMI,and ABA,

while im case of TBTA-NMTP system the Ty value is lower
than the ry, value. Also, the ry and. r, value of the copolymer
systems TBTA-DMI and TBTA-NMIP are jess than unity and should
nave azeotropic compositions at Fl=£l,at the mole fractious
of 0.77 andko.aﬁ.respectively; The sequence distribution

of the monomer units along the copolymer chains were
calculated from the monomer reactivity ratios on the basis

of terminal copolymerization.model. The Q and e Values

for TBTA was found to be Q=0.313 and e=0.774 respectively.

The structure of these copolymers was established by IR

spectroscopy
The binary copolymerization;reactions of tri-n-butyltin
methacrylate (TBTMA) with itaconic acid (IAY, dimethyl
itaconate (DMI), p—acryloyloxyhenzoic.acid (ABA) or
N;methacryloyloxytetrabromophthalimide (NMTP) were studied
The monomer reactivity ratios for these four systems were

calculated by Fineman-Ross: and Kelen-Tldds methods and

were found to he :

system Fineman-Ross method Kelen-Tiudos method

My = M, ry r, r, r2'
TBTMA-IA 2.272 0.073 2.157 0.006
TBTMA-DMI 1.223 0.829 1.242 0.869
TRTMA~ABA 2.190 0.820 2.207 0.861

TBTMA-NMTP O.BOQ 1.343 0.851 1.355




-] Y-

It is clear that the monomer reactivity ratioc values of
TBTMA (rl) are greater than.(ra) values for IA, DMI and ABA,
while in case of TBTMA-NMTP system the (rl) value is lower
than (ra) value,. The sequence distribution.of the monomer
unit along the copolymer chainsAwere calculated from the
monomer reactivity ratios on the basis of terminal copoly-
merization model. The Q and e values were calculated

for TBTMA and were found. to be (=0.575 and e=1.300,
respectvely. The structure of these copolymers was

estahlished hy IR spectroscopys

Azeotropy in binary and ternary copolymerization
reactions of tri-m-butyltin acrylate or methacrylate with
itaconic acid or dimethyl itaconate§andaacrylonitrile was
investigated. The binary azeotropic_coﬁposifion‘of the system
TBTA-DMI (Fl=?7 mole #) was polymerized to several degrees
covering a wide range of conversions and the results
indicate that the experimental points are in good.égreement
with the theoretical cdmposition_. Four terpolymer systems
involving tri-n-butyltin acrylate or methacrylate with
itaconic acid, dimethyl itaconate and. acrylonitrile were
prepared. A computer program written in basic based om the
equation proposed by Khan and Horowitz was used to facilitate
the calculations of the ternary-polymer composition relatio-
ship. The results obtained indicate that terpolymerization
of both TBTA-IA-AN and TBTMA-IA-AN systems produced teranary
azeotropic compositions at 39.00:26.10:10.90 and .
51,70:10450:37.80 mole % respectively. Also, compositions
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obtained for TBTMA-DMI-AN system produced ternary azeotropic
composition at 0030:66+30:30440 mole %o Selective feed .
compositions corresponding to unitary azeotropy for each
system were polymerized to low conversions and the experime-
ntal terpolymer compositions are in good agreement with
those obtained from theoritical calculations. Also, Selective
comonomer compositions for each binary azeotropy in the
terpolymer systems studied were polymerized and the results
show that the experimental vzlue are in good agreement with
values obtained from theoritical calculations. The structure
of the prepared terpolymers was investigated by IR

spectroscopye.

Ternary copolymerization reactions of p-acryloyloxy-tri-
n-butyltin benzoate with acrylonitrile and alkyi acrylates,
methyl methacrylate or styrene'was studied. Thefrelation
between monomer composition in the feed‘aﬁd instantaneocus
terpolymer composition is determined for each case and
compositions obtained for all systems studied did mot show
any ternary azeotropic compositions. Selective feed composi=-
tions corresponding to unitary azeotropy for each system
were polymerized to low conversion and the results . ..
j1lustrated show good agreement between the theoretical
values and experimental ones. Also, selective comonomer
compositions for each binary azeotropy for ABTB—BA;AN,
ABRTB-MMA=AN and ABTB-ST-AN terpolymer systems were
polymerized to low conversions and the results indicate

that for each system the experimental values are in good
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agreement with values obtained from theoretical calculationss.
The structure of the prepared terpolymers was investigated

by IR spectroscopy .
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SUMMARY: .

p-Acryloy]oxy-tri-n-butyltin benzoate (ABTB) was prepared by the reaction of
p-hydroxy-tri-n-bu(yltin benzoate and acrylic acid in the presence of dicyclohexylcar-
bodiimide. The monomer reactivity ratios for the copolymerizations of ABTB (M,)
with methyl acrylate (M}, ethyl acrylate (M), n-butyl acrylate (M), methyl
methacrylate (M,), styrene (M;) and acrylonitrile (M,) have been found to ber, =
0.080, r, = 1.046;1, = 0.039, 1, = 1.585%r, = 0.019, 5, = 2.076;5, = 0.150, 1, =
1.710; ¢, = 0.113, 1, = 1.339 andr, = 0.007, 1, = 2.853, respectively. The Q and ¢
values for the prepared organotin monomer were calculated. Copolymerization
reactions were carried out in solution at 70°C wvsing 1 mol-"% azobisisobutyronitrile.
The structure of the ABTB monomer and the prepared copolymers was investigated
by IR and '"H-NMR spectroscopy.

ZUSAMMENFASSUNG:

p-Acryloyloxy—tri-n-butylzinnbenzoat (ABTB) wurde durch Reaktion von
p—Hydroxy-tri-n-butylzinnbenzoat und Acrylsiure in Gegenwart von Dicyclohexyl-
carbodiimid hergestellt. Die Monomerreaktivilatsverhiltnisse fiir die Copolymerisa-
tionen von ABTB (M,) mit Methylacrylat (M), Ethylacrylat (M), n-Butylacrylat
M), Methylmethacrylat (M,), Styrol (M;) und Acrylnitril (M;) wurden entsprechend
zr = 0,080, = 1,046; 1, = 0,039, 1, = 1,585;r, = 0,019, 1, = 2,076; 1, = 0,150,
=170 = 0,113, 1, = 1,339 undr, = 0,007, 5, = 2,853 bestimmt. Die Q- und
e-Werte fiir das zinnorganische Monomere wurden berechnet. Die Copolymerisatio-
nen wurden in Losung bei 70°C mit | mol-%o Azobisisobutyronitril als Initiator
durchgefithrt. Die Struktur von ABTB und der hergestellten Copolymeren wurde
durch IR-und 'H-NMR-Spektroskopie untersucht.

a part XI1I cf. Acta Polym. i1 (1988) 645.

© 1989 Hithig & Wepf Verlag, Basel 0003-3146/89/503.00 59
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1. Introduction

Acrylic polymers with pendent hydrolyzable organotin moieties have long
been recognized as antifouling agents', wood preservatives® and more re-
cently have demonstrated potential as mosquito larvicides®.

Since properties of these organotin polymers are related to the distribution
of monomer unites, it is of great interest to know the actual monomer
reactivity ratios which contro! the sequence distribution. In our previous
work*~" the copolymerizations of trialkyltin esters of acrylic, methacrylic,
maleic and itaconic acids with various filmforming cOmonomers have been
illustrated. The work is now extended to study copolymerizations of p-acry-
loyloxy-tri-n-butyltin benzoate with methyl acrylate, ethyl acrylate, n-butyl
acrylate, methyl methacrylate, styrene, and acrylonitrile, in order to obtain
suitable macromolecular chains, to which the organotin moieties could be
attached at some distance from the main backbone.

2. Experimental

2.1 Materials

Tri-n-butyltin oxide (TBTO) was provided by M & T Chemical Inc., Rahway, New
Jersey. Methyl acrylate (MA), ethyl acrylate (EA), n-butyl acrylate (BA), methyl
methacrylate (MMA), styrene {ST), and acrylonitrile (AN) (E. Merck, Darmstadt,
products) were purified by distillation under reduced pressure and the middle frac-

tions retained for use.

2.2 Synthesis

p-Hydroxy-tri-n-butyItin benzoate (HBTB) was prepared through the esterification
of p-hydroxybenzoic acid with TBTO. Thus, to a well stirred solution of 59.6 g (0.1
mol) of TBTQ in 100 ml acetone was added 27.6 g (0.2 mol) of p-hydroxybenzoic acid
for 30 min. at room temperature. The reaction mixture was left for 2 h and then
evaporated to dryness. The residue was then recrystallized from light petroleum to
yield 83.3 g (97.5%) of HBTB as colourless needles, melted at 68°C and its tin
content was found to be 27.74 %o (calculated 27.87%).

p—Acryloyloxy—tri-n-butyltin benzoate (ABTB) was prepared by the reaction of
acrylic acid with HBTB in presence of dicyclohcxyl—carbodiimidc (DCCl) as a
condensing agent. Thus, a cooled solution of 20.6 g (0.1 mol) of DCCl in 30 ml
methylene chloride was added dropwise to a cooled solution (5—10*C) of 7.2 g {0.1
mol) of acrylic acid and 42.7 g (0.1 mol of HBTB in 70 m] methylene chloride with

o
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stirring. Stirring was continued for 2 h at room temperature and the precipitated
dicyclohexyl urea was removed by filtration. The filtrate after washing with dilute
sodium bicarbonate solution was washed with water, dried over anhydrous sodium
sulphate and then filtered. The resulting solution was evaporated under reduced
pressure to give 42.2 g of ABTB monomer. The monomer produced was purified by
washing several times with light petroleum and decantation of the supernatant liquid
after cooling in the refrigerator. The excess of solvent was removed by distillation
under reduced pressure. The monomer was found to melt at 30—32°C and its tin
content was found to be 24.63% (calculated 24.747),

2.3 Polymerization Reaction

Polymerization of ABTB was carried out as foilows: To a solution of § g (0.0t mol)
ABTB monomer in 20 ml of dimethylformamide (DMF), 0.017 g (0.34 wt.-%) of
azobisisobutyronitrile (AIBN) was added. After purging with nitrogen the solution
was allowed to stand at 60°C for 24 h. The resulting viscous polymer was obtained by
reprecipitation from methanol, washed, dried, and weighed.

2.4 Copolymerization Reactions

Binary copolymers from ABTB with MA, EA, BA, MMA, ST, and AN were
obtained by solution polymerization in DMF (1.5 mol/%) at 70°C, in the presence of
| mol-% AIBN based on total monomer, according to the method previously
described®. Overall conversions were limited to less than 10% in every case. In all
cases, the obtained copolymers were soluble in the reaction medium, and were
recovered by precipitation in methanol. They were dissolved again, reprecipitated,
washed, dried, and weighed. _

Tin content of monomer, polymer and copolymers were determined by the method
of Gilman and Rosenberg'. '

The infrared spectra were recorded on a Beckman 4220 spectrophotometer in the
range of 4000 — 600 cm~'. The proton magnetic resonance spectra (in CDCY as a
solvent and using TMS as a zero reference) were obtained at room temperature with a
Varian EM-390 spectrometer operating at 90 MHz.

Y. Results and Discussion

Organotin monomer ABTB described in this work has been prepared by
the reaction of HBTB with acrylic acid in the presence of DCCI according to

Scheme !:

61



A. F.Shaaban, M. M. Azab, and N. N. Messiha

2 HO—©—COOH + (C Hy)1Sn—0--3a{C H,),

(TBTO) ~

2 HO—@—COOSn(CQH.,), + H,0

(HBTB)

CH,=CH-COOH
Dect

CH,=CH—COO—©— COOSn(C,Hy); + <:>' N H—CO—-—NHO

(ABTB)

The prepared organotin monomer (ABTB) was found to polymerize
slowly in presence of AIBN as radical initiator in DMF at 60°C. The yield of
polymer was 15% after 24 h. The structure of ABTB monomer and its
polymer was investigated by IR and '"H-NMR spectroscopy (Tab. 1 and 2,
respectively).

In the present investigation the copolymerization reactions for ABTB with
MA, EA, BA, MMA, ST, and AN were studied and the reactions can be re-

presented by Scheme 2:

CH,=CH

MA
EA
BA

62
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Tab. 3. Analytical data for copolymerization reaction of ABTB with MA,

Feed composition  Conversion Sn Copolymer
: . -composition
M,/M, (%) (%) M, /M,
0.6689 8.32 17.4765 0.4302
0.5375 7.52 16.4699 0.3561
0.4279 6.79 15.4786 0.2988
0.3335 6.99 13.5230 0.2301
0.2503 5.56 13,2033 0.2046
0.1763 8.39 11.3407 0.1513
0.1134 7.01 8.6319 0.0958
0.0495 7.42 5.0244 0.0456

plots for the six systems. I} is clear from Tab. 4 that there is good agreement
between the values of the reactivity ratios calculated by the two methods. The
composition curves of the six binary copolymerization reactions studied are
illustrated in Fig. 2. Itis clear from Fig. 2 that the copolymers of ABTB-MA,
ABTB-EA, ABTB-BA, ABTB-MMA, ABTB-ST, and ABTB-AN systems
show lower content of F, than the monomer mixture. Tab. 4 shows that the
monomer reactivity ratio values of ABTB (r,} for all copolymerization
reactions studied are nearly equal to zero, which indicates that the growing
radical ending with ABTB unit rather prefers M, monomer than M, monomer
in the propagation stage. The monomer reactivity ratio values of the vinyl
monomers copolymerized with ABTB are greater than unity, which shows
that the monomer sequence in these six copolymers consists of larger blocks
of the comonomer units interrupted by single molecules of ABTB. Fig. 2
indicates that all systems studied do not give azeotropic copolymers.

The Q and e values for ABTB were calculated from the determined
monomer reactivity ratios as well as the Q and e values of vinyl menomers*®
using the Alfrey-Price equations™ as follows:

e =gt {(-Ihnnp)? (1)
Q = (Q/n) exp[ -l — ¢)] 2

The average Q and e values for ABTB were Q = 0,450 and e = 1.391
which are in good agreement with the values reported in the literature" for
the esters of acrylic acid.
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Fig. 1.
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45k

Kelen-Tiidds plots for copolyﬁ'\erizations of ABTB with (1) MA, (&) EA,
() BA, (o) MMA, (B) ST, :md (A) AN.

a? - afb -
§= b + a? and N=p Ty a where aand b are the mo!ar ratios (M, /M;)
of the comonomer in the feed and copolymer, respectively, and
o = a’l’ll!’l %‘I‘lu

(bmin ‘ bma.t)“z

For a-values see Tab. 4.
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Fig. 2. Composition curves for copolymerizations of ABTB with (a) MA, (b} EA,

{¢) BA, (d) MMA, (e) ST, and (N AN. Line represents calculated values and
(O) represents experimental values; f, = molar fraction of M, in feed and

F, = molar fraction of M, in copolymer.
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i1, Binary copolymerization veaclions of lri-n-bhtytlin ocrylote and methocrylote with itoconic acid and dimethy! itoconote

_ A.T.SHAABax®, M. A. QaLEM®, M. M. Azan® and N. N, Messina®®

*} Benha University, Faculty of Science, Chemistry Department, BenbafEgypt
**) National Researel Centre, Laboratory of Pulymers and Piginents, Dokki, Caire/Egypt

The copo]_\'nwrizniion reactions of tri-n-hutyltin acrylate
respectivedy, in solution with AIDBN as inftiator were studied. The comyposilion of 1he copul
1in analysis. The (‘n]ml_\'m(-rimliun parameters were

investigated by infrared spectiroscopy.

Organozinn-Polymere. X111, Biuiire Copolymerisation voul
Dimethylitarount

Yie Copolymerisation von Tri-n-hut ylzinn-
conat in Lésung bei Initiierung mit AIBN wuorde unt

Zinngehalt ermittelt. Die Copn]ymrrisationspnmmﬂ(-r worden bereehnet und diskuticrt, Div

wurde infrarotspekt roskopisch bestimmt.

O.TUBOOP{’ENUNCC}-‘IM‘ Im.-’lu.ﬂt’pb?.
UJJIGHOHOGoﬁ xumomaﬁ u 6mm’mu.1uma:ronamo.«
1jcenenosanach conoanMepnaaula NNUUHPOBARN
nopell Kuca0Tol noan ANMETHINT
NapaneTpll CONmOANMeNN3AL onpeaeaalncL n o
cnel:'r]'locnonuon.

1. Intreduction Table 1. Analytical data fer copolymerization of BTALA

GHAABAK, SALEM ¢ al:
Organotin polymers. X1J)

and methacrylate with Haconic acid and dimethyl itaconate,
NIrs Wis dvtermined by
caleulated and discussed. The structure of 1he copalynicrs was

Tri-n-butylzinn-acrylat wnd -miothacrylat mit Maconsdure und

acrylat und -methacrylat mit Jaconsivre bezichungsweise Dimethylita-
ersucht, Die Zusammensetzung der Copolymere wurde aus dem
Styuktur der Copolymere

X J1J. Buiapuas cono.aumepusayus mpu-H-0AGeOCYNTILTAKpUAGIID U Memakpuaama ¢
i A AIBN Tpr-1i-0710B00Y THIBKPHIATA 3 MPTAKPHIATA € NTaKO-

aKOHATOM B pacTBOpC. CocTap COMOTUMEPOR ONPLAEIATIEA N3 cojeRanng o1oBa
fioyainannes. CTPYKTYpa COMOAUMEPOB  ONpeleaniach Hk

with DM

Orgauotin polymers have Jong been used as pesticidal agents . i
in antifouling formulations f1--3]. These c(.mtruﬂcd-rv]c;'-sc coml;_-,zes?ﬁ(m Conversion En C%l:]’:;:‘],“s;:lizl
formulations were prepared cither by addition ('.upn]_\'mc!-izn!i’tm (M, /M) ¢ e (M /Ma)
of organotin MOLUINELS with appropriate filn farniing comong- -
mers or by esterification of pendent carboxyl groups on various 1.4999 - 7.41 25,66 £.7800
linear polymers by is{tri-n-butyltin} oxide. 1n our previous 4.8571 6.96 26.80 2.2888
gtudies [4—8) the copolymerization parameicrs of tri-n-butyltin 2.3383 7.35 27.52 2.7521
esters of acrylie and methacrylig; acids with different vinyl 2.9992 ) 8'9!‘ 28.57 3.7992
monomers have been studied. These parameters are expecied to ggggg v 6.79 29.23 4.9556
be very useful in selecting a suitable copolymer with optimal ) 5.97 80.17 6.8034
physical. properiies. Much of these properties can be achieved 2ch '
by a knowledpe of 1he monomer reactivity ratios which can be - 1
determined at the early stages of building up the macromelecu- '[
Yes. The work is now extended 10 copolymerizations of tri-n- :
butyltin: acrylate and methacrylate with itacenic acid and 20r .
dimethy} itaconate. : ' ¥
i .

2. Experimental : B

Tri-n-lLutyltin acrylate (BTA)} and iri-n-Lutyltin methacry- "
late (BTMA) were prepaved according to the method of Cen- e ol
arxs and DUxx [9] by the yeaction of bis{lri-n-butylitin} oxide : "IJ : > ‘
with aerylic or methaerylic acids, respectivedy. Itaconie acid D . _© .
{J1A) and dimethyl nac.m‘:atu (D.\n} were obtained from (E. e . .-_./3"5 '
Merck, Darmstadi. Azobisisobutyronitrile [AIBX] was crysialliz- et » 0/‘//‘15/ b
«d from slcohol, m.p. 102°C. s ‘e 4‘5’/:' !

Qrganotin cupolymers were obtained lJr\' solution polvmerizi- - "$ !
tion in teluenc {3 molfl) a 70°C witd 1 mole-95 AIBX according / 1= t yE

04 6 (6 '

10 the method previeusly deseribed {6]. The copolymers wepe
purified by yeprecipitation from 90%5 methanul. waslied, dried
and weighed. Tin contents of the copulymers were deteruiaed
by the method of Giryax and ROSENBERG ti0].

Fig. 1. KELES-TEDGs plots Jor (-npui_\'lm-;i:'.:aliuns vf (e}

BTA-14, (&) BTA-DNI, (e ) BTMA-1A, and {a) LTMA DML

3. Resulfs and discussion
investigati P R
I the present mveshigalion the copolyvmerization pari- R VR

meters for the c‘U]1(»1}‘llli‘l'ilﬂ‘li(lll reaetions of BTA or BTMA where and b are the medor raties (MM of Al coanenema

with 1A and DM] were determined. Table 1 shows the
analytical  data for the copolvinerization Tesction ol Wi " @
14 g r _ 3 5 BX
BTMA with DM as wn exanmple. The maomer Teacivity YT T b ;
. Vi HESYA

in the feed ad rn]ml_\'mi‘r, h-.-']wr:i\'-‘]\', and



S1AABAN, SALEM et al.:
Organotin polymers. XIiIt

ratios {r, and ry} for each system were deduced from the
analytical data by both the Fineman-Ross {11} and
KeLEN-TEDSS [12] methods, and the standard deviations
of the results were calculated by regression analysis as
illustrated in Table 2, Figure 1 shows the WELEN-TUD6S
plots for the copolymerization reactions of BTA or BTMA
with A and DML

The monomer reactivity ratios in ‘Table 2 indicute that
the copolymerizations of BTA and BTMA with IA shows
a tendency towards the formation of a block copolymer,
while the copolymerizations of BTA or BTMA with DMI
should have random distribution of the monomer units in
the copolymer chain and the tendency towards alternation
increases in the BTA-DMI system.

The sequence distributions of the monomer units along
the copolymer chains were calculated from the monomer
reactivity ratios on the basis of terminal copolymerization
model [12]. The variation in the sequence disteibution of
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the triad [ractions (fy, fus and farz) with feed composition
arerepresented in Figure 2. It is clear that the triad fractions
fin inerease with increasing of f, while triad fractions fos
decrease with increasing of fi. Triad fractions fige have
maximum values at f; equal o 0.50, 0.50 0.30, and 0.45
for BTA-IA, BTA-DML, BTMA-1A, and BTMA-DMI,
respectively.

From Table 2, it is clear that the monomer reaclivily
ratios r, and ry for the BTA-DMI system are both less than
one, and the copulymerization reaction of this system should
have azeotropie character. "The composition curves (Figure
3) for the copolymerization of BTA with DM! cross the
line representing Fy = f at mole fraction 0.77. This point
of intersection corresponds to the azeotropic composition
yiclding a lwmnogeneuvus copolymer regardiess of conversion.
1lowever, the copolymerization of BTA-T1A, BTMA-LA,
and BTMA-DMI gave no azevlropic copolymers.

The prepared copolymers of BTA or BTMA with IA

Table 2. Monomer reactivity ratios Jor copolymerizations of BTA and BIMA with 1.4 and DM

Fineman-Ross Method KeLeN-T#D6s Method
M, —M, iy o«
[L5Y Fa 51 L]
BTA—IA 1.088 &+ 0.V44% 0.011 + 0.109 1.086 4+ 0.113 0.070 + 0.121 0.076 2.038
BTA—DMI 0,932 + 0.040 0.767 + 0.181 0.942  0.072 0.805 4+ 0.1646 1.7758 3.u61
BTMA—1A 2,272 4 0.080 0.073 + 0.090 2157 4 0.161 0.006 £+ 0.046 v.013 0.524
BTMA —DMI 1,223 + 0.036 (0,829 4+ 0,101 4.242 4- 0.06% ¢.869 4 0.099 1079 REY:
1og—— ~ R _
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Fig. 2. Dependence of triad fractions {fi,

fue and fras) on

comonomer composition fi for

(a) BTA-14, (b} BTA-DML

(¢) BTMAIA, and (4} BTMA-DMI
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Fig. 3. Compositio

presents calculated values and [} represent

solubl
format

e solid and clear products,
and sbitable for film
BTA-DM]1 copelyme

1 shows two ahsorption

f

BTA-IA, (b) BTA-DMI1, (c] BTMA-IA, and [d) BTM
molar fraction of M, in Teed; Fy

4.DM1. Line re-

— molar fraction

e-xperimenial values. fi
of M, in copolymer

dimethyl itaconate (15, 16]. The product nir; for BTMA-
DM1 was found to be > 1 and was thus set equal 1o 1 0
that equation (1) could be solved [17). The Qand ¢ values

e in most oI~
jon. The IR

i gpectrum ol the

Lands, fone characteristic of {he carboxylate grovp of the for BTA and BTMA were calculated (Table 3) and have
tetra-coordinated tin atom (9] at 1640 cm~? and the other heen found to be comparable with those reported in the
‘gt 1730 cm™? due 1o the C=0) of the ester group. Jiterature (18}, The values of the product 17y for the

nance st abilization an

The ¢ and e values were caleul

reactivity ratios by the ALFREY-PRICE €qU

- 4
—. P a1
o =ty + (— Innre) r

0= ((__)21"'2) exp [—egler — ey}

}
The § and ¢ values which represent the ex
d the polarity
in a molpmer and 1

YouxG |
Q and ¢ values for BTA and
ohtained by using the monomer reactivity
mined for the svstems BTA-DM!
9. and using the @ und ¢ values

respectively,
1abulated by
data. Thus, the

ated from the nonomer
ations [13]:

14] from earhier copolymerization

and BTMA-DMI

for the Haconl

A.and BTMA-1A were approximately zero,

systems BTA-]
and (Q}Jresulted in abnormal ¢/

and thus equations {1
and e values. : :

-

el
{2

tent of reso-

: "-
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