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CHAPTER (III)

' A—BYNTHESIS AND POLYMERIZATION

OF THE MONOMERS

1- Synthesis ofIl—hydroxy-tri—nrbutyltin benzoate :

P-hydroxy-tri-n-butyltin benzoate was prepared through
the esterification of p—hydroxybenzoﬁic acid with bis (tri-
ﬁ-butyltin) oxide according to the method described in
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The product was recrystallized from petroleum ether as

a colourless needles, Mepe 68°C and the yield was 97.3 % .The
tin content of p-hydroxy—tri—n-butyltin benzoate was found to
be 27.74 % againsf a calculated value of 27.87 % «The struc -
ture of p-hydroxy-tri-n-butyltin benzoate was established from
its IR-spectrum (Fig. 1) which shows the following signals

A broad band at 3200 cm'l due to the 0-H stretching vibrations

of the -CH group; bands at 2980 — 2960 em~1 due to the C-H
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stresching vibrations of the -CH,- and -CHa‘groups; a strong
- ™~ / . . .

pand at 1565 cm L due to the /C: C. stretchning vibrations

of para—substituted benzene;. a strong band at 1620 cmfl

characteristic for the asymmetric stretching vibrations of
a

the carbonyl group of —%-O— conjugated with aromatic ring;
and a band at 850 cmfl characteristic for the C-H Qut-of-
plane.deformation yibrations of the two adjacent—hydrogenf
atoms of the para»substituted arcmatic compounds

The lH NMR spectrum of p—hydroxy-tri-nrbutyltin
ponzoate Fig.(2) shows signals centered at $1.0. corresponding
to. nine protons of §(CH3—), multiplet at §l.1 — 2.1 corres-
ponding to eighteen protons of BC'CHZTCHE‘CHE?) and two
doublets at $6.85 and 47.9 corrospaonding to four protons of

pfceag- group »

2 . Synthesis of p-acryloyloxybenzoie acid :

p~—Acryloylox3henznic acid was prepared by the reaction
of p-hydroxybenzonic acid with acryloyl chloride in alkaline

mediuné 65)éccording to the method described in page (42)

CHZ:CHCOCI + HO~<Z::>}—CGOH _— CH2=CH + HC1
f - |

C=0
|
0

COOH
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The product was recrystallized from water as a white crystals,

m.p. 170°C .and the yield was 79.52 % »

The structure of p-acryloyloxybenzoic acid was establi-

shed from the following :

The elemental analysis gave 62.50 % ¢.and 4.17 % B against

a calculated value of 62,34 % C and 4.02 % H for ClOHéou .

The IR spectrum of p-acryloyloxyb@nzoip_acid Fig. (3)

-l Jue to the carboxylic

-1

show broad bands between 3500-2500 cm
-Og'and C-4 stretching vibrations; a strong band at 1740 cm

characteristic for 0=0 stretching vibrations of the acrylic

-lj ™~ :
due to C=0 stretching

-1

ester group; a strong band at 1680 anm
vibrations oé‘aryl,c%rboxylic acids and-a band at 1600 cm
due to_)C:Q:stretching vibrations of aromati¢ compounds.
The 1H‘NMR spectrum of p-acryloyloxybenzoic acid Fig. (4)
shows a triplet.at $7.5 and a doubleteﬂ:g€.§ corresponding to
three prbfons of CH,=CH- and two multiplets at §7.9 and §6.93

corresponding to four protons of C6H4- ErOoup.

3-Synthesis of p—acryloyloxy-tri?nebutyltin benzoate

a-N, N-Dlcyclonexylcarbodllmlde (DCCI) method :

p-Acryloyloxy—trl—nebutyltln.benzoate was prepared by
the reaction of acrylic acid w1th_p-hyd:oxy-trl-nrbutyltln
benzoate in the presence of.N,N—dicyclohexylcarbodiimide
(DCCI) as a condensing agent according to the @etho@

described inm page (43 ) =



° prow oTozusqlxolhorhroe-d Jo umxyoeds ¥I :({) °*BTd

: b._mlEov JI2 QUNUDABM o
2oy 005 008 0001 007 0071 oSt 0081 000z 007z 008 00Tt 0090007
[ I I # _ [ I I _ _ _ R




* pTO® oaoammthOHhOﬂhnoalm Jo EShpowmm WN Hy

(%) Wdd

t(v) *FTd

- 0=0
'
HO=CHD

06l

0SL




VY

g coosn(C = ' peel
n( QH9)3 4 CHaf CH-COOH
CH.F CB=CCO €O0S
2, @ 05n(CHy) 5

The vroduct was recrystalliged from petroleum ether, m.pPs
30-32°C and its tin contant was found to be 24.63 % aginst
a calculated value 24.74 % for C22H5u048n ’

The structure of p—acryloyloxy-trl-nrbutyltin benzoate
was established from the following :

The. ir spectrum of p—acryloyloxy—tri-n—butyltin benzoate
Fig. (5) shows the follow1ng bands: atrong bands between
2950-2850. ¢cm -1 due to the C-H stretchlng vibrations- of CH2

-1 correspondlng to

and —C%S groups, a strong band at 1740 cm
the _C=0 stretching vibrations of the carboxylate ester group
and a strong band in the reglon 1970-1640 cm -1 due to the
carboxylate carbonyl groups of -CO0Sn= »

The 1H NMR spectrum of p-acryloyloxy-tri—n-butyltin
henzoate Fig. (6) shows signals at 0.80 corresponding to
nine protons of 3(8H3)’ a multiplet at.$1.15-2:.10 due to
eighieen protons of 5(—CH2-CH2-CH2-) groups and signals
between.{?.E to § 8.1 are probably to the seven,proths of

aromatic and vinyl protons .

b-Esterification method :

p—

p—Acryloyloxy-trl-n-butyltln benzoate was prepared by
esterification of p—acryloyloxyben201c’aCLd with blS:(trl—nr

butyltin) oxide in the presence of venzene acCording;to the
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metnod described in page (43) =

B - =CH
2 CﬂzzTH (0, g) 55, 2 CHy <|:
c=0 + /o —_— C‘1=0 +  H50
|
? (Cqﬁg)BSn ?
| o~
COOH COO.::n,(CLa_Hg)3

The product was recrystallized from petrolum ether, m.p.

and mixed m.p. with the product froum the DCCI method was

found to he 30-32°C and its tin content was found to be

24,32 % against a calculated value of 24.74 % for CZZHBQOqsn’
The IR and LH NMR spectra of the product was found to be

identical with that prepared by the DCCI metHod .

4 - Synthesis of N-hydroxytetrabromophthalimide :

N-Hydroxytetrabromophthalimide.was prepared by the
nhydride with nydroxylamine
(66 )

reaction of tetrabromophthalic a

nydrochloride in" the presence of pyridine according to

the method described in page (44)

0 0
0 [1]
°N pyridine
O + NH,OH.HCL > N-OH
¢/ ¢
Br 8 Br "
b i 0
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The product was recrystallized from ethanol as yellowlsh
crystals, m.psy300°C and the yield was 75 % .

The structure of N—hydroxytetrabromophthalimide.wag
investigated from bromine analysis which was found to be 67.3 %
aganist a calculated value of 66.81 % .Also, the structure of
N—hydroxy;etrabromophthalimida was established from its IR
spectrum (Fig. 7) which shows the following signals :=a broad

band at 3550-2400 cm™ ' due to the -OH and C-Br stretching

vibrations and two strong pands at 1780 cm~t and 1730 et

characteristic for coupling hands of cyclic imides ,

. band at 1630 el due to stretching vibrations of aromatie

-

o] amd. a strong band at 660 en~l for bending vibrations

of C-Br bonds '»

5 - Synthesis of N-methacryloyloxytetrabromophthalimide:
1(67)

a - Acid chloride metho

N-Methacryloyloxytetrabromophthalimide monomer wag
prepared by the reaction of methacryloyl chloride with
NA-hydroxytetrabromophthalimide in the presence of triethyl-

amine according to method described in page (45)

0
CH | CH
Br ! ?v-O
b 0 O
N
0=¢” ™g=0
Br
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The resulting N-methacryloyloxytetrabromophthalimide
was obtained as yéllowish—white crystals and was recrystali-
zed from:benzene/methanol (30 s ?Q) . The yield of recrystar
1ized product was 87 %, mePe 184=186°C. .

The structuré_of N—methacryloylothetrabromophthalimide
monomer was:investigated from bromine analysis which was
found to be 58.1 % against a calculated value of 58.5 % for
012H5HOHB§4 . r |
The IR spectrum of N—methacryloyloxytetrabromophthali-
mide Fig.(8) shows the following signals ¢
signals at 2950 cm'l due to the C-H stretching vibrations,
at 2870 cm~! due to the C-Br stretching vibrations, & strong
band at 1780 cm™t characterisfic for the C=0 streatching
vibrations of phthalimide group, & sirong bend &t 1720 et
due to the C=0 streatching vibrations of the carboxylate
group .The spectrum aléo shows a stromng band at 1640 e~
which is due to the C=C of ﬁinylidene group and a strong
rand at 660 cul characterstic for the C-Br bending vibrati-
ons of bromine compounds .

The structure of'Nnmeihacryloyloxytetrabrdmophthalimide
was established from its 1H NMR spectrumw which shows gignals
at $ 6.3 and$$5.8 due to the two protons of CHé=C group and -
a gignal at $ 2.0 corrosponding to three protons of -CH5 group
Fige (9) | '

b - N,N-Dicyclohexylcarbodiimide setnoal %)

Als0, N-methacryloyloxytetrabrOmophthalimide was
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prepared by the reaction of methacrylic acid with N-hydroxy-
tetrabromophthalimide in presence of NJW-dicyclohexylcarbodii—

mide (DCCI) according to method described in page (46 )

0
i
c, c Gl
CH.= C-COOH + Syoon —BCCT. cmsC + (C HoNH),CO
2 / - 2—-| 6 5 2
. ¢=0
]
Br, 0 0
I
N
/
0=¢” c=0

| Bry,

The resulting N—methacryloyloxytetrabromophthalimide
was obtained as yellowish-white crystals, recrystallized from
benzene/methanol (30 @ 70) . The yield of recrystalized
product was 72 %, m.p. 185 — 187°C . The yield of the porduct
was lower than that prepared by the acid chloride method
(87 %)

The structure of the product was established from mMep:
and mixed me.pe With an authentic samples prepared by the

acid chloride method and was found to he 185-187°C

6 — Polymerization of p—acryxoyloxywtri-nrhutyltin benzoate:

P-Acryloyloxy-tri—n—butyltin.henZOate was polymerized
in DMF solution at 70°C using AIBN as free radical initiator
according to the method deacribed in page (46) to give poly-

Nuacryloyloxy—tri—nybutyltin benzoate :



? H
{
_ AIBN s
?=O €=0
f
0 0
COOSn(CLFHg)3 COOSn(CLFHg)3

The poly-p—acrylcyloxy—tri-nrbutyltin henzoate was
,obtained a3 viscous material Dby reprecipitaticn from methanol.
The yield was 88 % »

The structure of the polymer was investigated from tin
analysis which was found to be 24452 % agalnst tne calculated
value of 24.74 % for 022H34045n .

The IR spectrum of poly—p-acryloylaxy—tri-nrbutyltin
benzoate (Fig. 10) was found to be similar with that of the
monomer (Fige 5) except that the intensity of tie band at
1740 cm~Y due to the stretching frequency of the C=0 of the
acrylate ester ig less than that of the monomer

The lH NMR spectrum of poly-p-acryloyloxy—tri—nrbutyltin
benzoate (Figs. 11) show signals at$ 7.9 and § 6.7 due to the

four aromatic protons~an@ signals between.sa.l-SO.S are due to

the -CHZ- and —CH3 protons =

- Polymerization of N—methacryloyloxytetrabromophtbalimide:

NnMethacryloyloxytetrabromophthalimide was,polymerized
in dioxan at 70°C, using azo-bis-isobutyronitrile (AIBM) as

a free radical initiator, to give poly-N-methacryloyloxy-

tetrabromophthalimide
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CH CH
| 2 |2
ALBH
n CH2=C a2 »m—é—-CHE-C PR PR
é'O 70 C | n
|- C=0
|
? 0
N N
~N
o=c// €=0 o=c’/ \\c=o
Bru qu

The poly-N-methacryloyloxytetrabromophthalimide was
obtained as a solid white substance by repricipitaticn in
methanol and were collected by filtration, washed, dried and
weighed . The yield was 9k % , The polymer Wwas solid, soluble
in D¥F, DMSO and dioxane, but insoluble in most organic
solvent »

The structure of the polymer was investigated from
vromine analysis which was found to be 58.8 % against
2 calculated value of 58.5 % for 012H5N0q8r“_.

The IR spectrum of po1y-N—methacryloyloxytetrabromo-
pathalimide (Fig. l2) shows a broad band centered at 3500 cm™ T

characteristic for the C~-H and C-Br stretching vibrations,

4 strong band at 1780 cmfl characteristic for C=0 stretching

sibrations of phthalimide Broup and a strong pand at 1720 cm ™t
due to the C=0 vibrations of the carboxylate group .
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B-BINARY COPOLYMERIZATICON REACTIONS

1- Copolymerization Reactions of p-Acryloyloxy-tri-n—

putyltin Benzoate (ABTB) with Methyl Acrylate (MA),

Rthyl Acrylate (EA), n-Butyl Acrylate (BA), Methyl

vethacrylate (MMA), Styrene (ST) and Acrylonitrile

(AN) -

The copolymerization reactions of ABTB with each of MA,

=4, BA, MMA, ST and AN were carried out by the solution

copolymerization technlque in DMF (1.5 mole/L) at 70 °C in

the presence of 1 mole % AIBN, according to the method

described in page (46) . The reaction can be represented as :

R R
CH2=?H . CHZ:Cl: - «{CHZ-(?H CH,- ]
(IZZO R' clzo Fi R T2
'e) ')
COOSn(C4H9)3 COOSn(CuH(})}
where @
Ml - M2 R R
ABTB- MA -H -COOCH5
ABTB - 22 -H —Coocaﬁ5
ABTB —BA -H -C00
0 CL*H9
BTB —MM -C -
A MMA H3 COOCH3
ABTB -ST -H -06H5
ABTB — AN -H -C=N
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The prepared copolymers were colourless solids soluble
in most organic solvents . The structure of the copolymer
systems studied, ABTB-MA, ABTR-EA, ABTB-BA, ABTB=MMA,
ABTB-ST and ABTE-AN, was investigated by IR spectroscopy

Thus, the IR spectra of the prepared.copoiymera;are
gquite similar and show signals vetween 3000-2300 cmfl
characteristie for the C-4 frequencies of —CHZ---an,d.-CH5
groups,a strong pand at 1735 cm"l due to the jp:O of the
acrylate esters, & strong band at 1640 cm_l characteristic
for tae (=0 stretching vibrations of the tributyltin carbox-

late group, and a signal at 1600 cm 1 4ue to the .C=C of the

aromatic ring. Also, the IR spectrﬁm,of ABTB=AN copolymer,
shows a signal at 2220 cm~ L due to the -C;N group of acrylo-—
nitrile. Figures (13~15) show-the IR spectra of ABTB-MMA,
ABTB=ST and ARTB=-AN.. copolymers as examples :

The experimental conditions and results of the copoly—
merization_reactions are illustrated in faples (1-6) , From
the experimental.data of the six systens studied (ABTB - MA,
ABTB-EA . ABTR~BA , ABTB~-MMA ABRTB-ST , and ABTB-AN
the monomer reactivity ratios for each system were calculated
by both Fineman-Ross ™" and celen-Tiudss > Jmethods described
in pages (19 &20 ) and the standérd deviation of the results
were calculated by regression analysis » Fig. (16) illustrate
the Kelen-Tidds plots of the six systems which give T and
- rs /x, both as intercepts . The results are summarized in

Table (7) which show that there is a good agreement between

the values of the reactivity ratios calculated by the two
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methods . Also, the range of experimental error in ry and
ry is quite small » Table (7) shows that the monomer reacti-
vity ratio values of ABTB (rl) for all systems studied are
nearly equal to zero, which indicates that the growing
radical ending with ABTB unit prefers M, monomers than Ml
monomer in the propagation.stage « Tne monomer reactivity
ratio values of vinyl monomers M2 copolymerized with ABTB
are greater than unity, which shows that the monomer segue-
nce in these gix copolymers consists of large blocks of the
comonomer units interrupted by single molecules of ABTB .
Fig., (17) illustrate the composition curves of the six
binary systems and indicates that all systems studied do
not give azeotropic compositions and also show that the
copolymers produced have a lower content of Fy than the
comonomer mixtures s

The Q and e values for ARTB were calculated from the
determined monomer reactivity ratios as well as Q and e

value of vinyl,monomers(?l>using the. Al frey=Price equaiion$72):

) ¥
e, + (-Ln.flra)

1

°1

Q]_ (Qa/'ra)e}(p “62(92 - el)

The @ and e values for ABTB were Q=0.450 and e=1.391
which are in good agroement with the values reported in the

literature(7l)for the esters of acrylic acid .



(63)

uoTyoBII STOK O

0T38d JETOH «

¢881°0
629¢°*0
169%°0
¢h96*0
6149°0
9124°0
%440
g718°0

GLEG e
¢hge e
XA A
LY
GO66" L=
Gegl -
L426° 0=
11690~

- —

Ly

poy3em
S0pPNL-U8ToH

ghco*0 09¢0° L=
LnEL°0 €0L0°1-
9502°0  6896°0-
6905 °0 1¢46°0-
gepht0 6S1LTL-
gz19°0 2ho0* 1=
1180 6146°0
6660°1 668870~
a/;e  a/eF
poyjeu

SS oy ~-wewau Ty

9¢h0*0 96h0°0
©490°0 9£60°0
1£1°0 ¢€161°0
66910 9hCe*0
_umw.o 10£2°0
10£2°0 8962°0
Gz92*0 86EE°0
800£°0 20£%*0
CHES
uoT3Tsodmod
Jawhtodo)d

The0°6
61¢9°8
Lohe il
g0z el
0g26°¢ !
ggin gl
669%°91
A TAIRIA

. ————

us

9g1h 4
61710°%4
C06£°8
ghos s
%486°9
\64°9
GoLe*d
912¢°8

GUOTS

~J9AUO0D

1260°0 6670°0
6101°0 HhglLt0
6601°0 €941°0
10020 ¢052°0
1062°0 G£¢¢°0
L662°0 642h°0
96hg 0 GLESGTO
goot*o  6899°0
0¥ W
uoT]TSOdWOD

Jowououw TBTITUI

o (qy) vm udTa (W) 61V

Jo0 qQﬂpdNﬁnmahHomoo H

(1) °14a%1



(64)

0Bl JBTON

UOT19BIF 2TOM o

Cogze0  ZEMEL- 9EWE0 €A9L°L- 2EROTO 2IE0°0 |L0976 L429°G  00GL*0 69410
0005°0 9210°1- 2hi¥*0o 29ohti- LLELT0 £29070 Qoeg 0L 921674 66610 66712°0
600% 0 666600~ 69M9°0 9909°L- /L9WLTC ZLLL°0 616LTLL 6312°9 00%2*'0 5£4¢%°0
96Nt 0 144270~ W942°0 2919°1- L4170 Lea1cn Gzihezl  1448°9 000¢£°0 932%7°0
CEHG 0 2694°0- QRLLTL 6649~ GL6LT0 L0G2O 9gontel  8WL6"s 0052 °0 98¢6°0
4919°0 £099*0- ¢GhéstL 4R99°TL- wozze0  oWhe0 Q6lEThL 426L°8 000%*0 8999°0
€909°0 $266+0- LpL0t2 LoW9Tl- L6W2T0 969970 glLoz*at wLozgtd 006%°0 £818°0
6500 699%T0- Qleltz Qlalti- 499270 0000°| 7264°61  L£21°9 00CG°0  0000°1
\M W a/° q/e-t ta a J3: ®
emen T T Tpomew | womarsodwos wots | uotaTsodmoo
sopuI-us el TS0 -UBUAUTT JemLTodon ~JI9AUON JBwWouou TeTITUL

« (Cm) vg uatm (W) ggav Jo motrmzrxemfrodop f ( 2) o148y



(65)

uoT3oeI] OTOW ©

0T3ed JETOH

060¢°0
9¢4¢°0
16¢4*0
16056°0
€995 0
¢929°*0
0669°0

— o

poul

08932 ° 0~
(el 0=
9649 ° 0~
gt1es 0~
6006 0~
¢leheo-
2h9¢ * 0~

W

- ——— =

ol

sgpnIL-uS TN

66640 £990°<2-
£9g0° L 6901°¢-
coghtl goiLter
¢e6Q° 1L Gllite-
ootz 4G11°e™
660  9hGCte
ypgLth 09417¢-
p\mm q/e~e
Toomen

550X ~UBuSUTI

71210 696170
10610 169170
11410 ¢202°0C
#9gL°0 6h¢e2 0
z112°0 6842°0
(g2 0 thlzeto
/h92°0 9655°0
la K
Troti1e0inos
Jow£L10odod

cointg  higetd
6096 82869
0904 ° 01 9¢Hh6° ¢
gL6ct Lt Lesh9
R A AN
96£9°¢1 82104
gotz*hl  9214°9
< ug mmdo.wm
-JIBAUOC)

66n2°0 £¢¢¢°0
0005*0 L8270
006£°0 68¢6°0
0007* 0 4999°0
006h*0 €818°0
0006*0 1000°1
£6hC*0 6122t
o3 JE
T ot4 190dmO0

Jowouom TETIITUL

S

. (%) ve wate (W) €14V

Jo uotgyezTIowlTodod

—

¢ (€) °19%



uoT1ovII STOH o

0T3Bd JEeTOl »

1o%e*o
L6620
g6t o
99¢¢°0
79960
oy
0 87040
65.G4°0

- — —

6960~
29900 L~
4806° L=
62GL " 1=
[£40% L=
hoQ*0-
20470~
7994°0-

poyasn

SoPNI-UaTa i

2961L°0 Mel9%1-
GLEE*0 h46ec L=
¢hot*0 W09 L-
99690 1196l L~
6Tt 0 62667 1=
1240°L €91
ghehit L Aeehti-
LR L gaghe -

a/,® q/e-e

poujeu

SSO-URTOUT

18600 4190°0
L060°0 9660°0
9gL1*0 9hgL*0
9410 G6GL°0
€10 9412°0
LE12°0 2142°0
96¢2*0 280¢°0
99920 929¢°0
‘a K
uoTytsoduoo
JoumAtodo)

8099°S
hhz0°Q
theld 6
AL A
Zh6s 2l
241071
ATAANA
6%l 6L

PALISS

0002°6 1660°0 00L1°0
0058°4 1GGL°0 4281°0
8z29°L 0002°0 00420
0091*6 = 0062°0 ££%5°0
G420%4 000£ "0 982H*0
9642°9 9064 °0 86240
geLL*L ®66£°0 0699°0
¢028°¢4 0060 £318°0
o3 .~

¢ 0TS uoT2TS0dWod

-J5AUCS Jsmouow TRTITUL

© (%) vy

U3 T™ Aaav gy Jo

uotlszrIemiTodo) ¢

(¥ ) °1qBy



(67)

uotgoeI)

OT3BI JeToj

T0K ©

*

1292°0 OLlg°L-
Lzhsc0  AlWLtLT
12 0 6600° 1=
LL6Mt0  £998°C~
66960 99l 0
¢€g29°'0 £909°0-
6499°C 2h6h* 0=
GL6lt0 flgeto-
2 L
pouyjeu

sopuL-ue T}

g192°0 260£°1-
17Qg 0 998271~
L9¢6°0 2dleti-
2Q2L*0 @69z° L~
6096*0 Hhaheti-
gehie®y 6102°1-
2hz9*1 8991°L-
§040°2 L0LO® L=
p\mm q/e-e
poygau

g5 0y -UewdUT]

2901°0 8811°0
665170 429170
G1A1°0 040270
¢roer0 12620
61¢2*0 610£°0
6292°0 894£°0
6162°0 22\i°0
L6260 628%°0

l
om q
uoTa Tsodwod

JoulTodon

0994°8
0519°01
6160°21
2912°¢1L
L9Oh "t}
996G L
761291
9180°4L

o’

gl

w

geghtl
g8012°9
0664
1264 L
7968°9
g296°4
17604
6012°8

9 u0TS

=I8AUOD

0061°0
0002 °0
1062°0
100¢ *0
106£°0
0Q0h*0
10g% "0
66610

U0

Jawouow

69410
0062°0
h¢ee 0
432%°0
98¢6*0
4999°0
2818°0
66660

1 Tsodmod

TeTaTUL

-]

(‘W) IS

mta () grgy yo wormzpaewhrodop : (6) 21Q8L



(68)

WoTy0BII BTO0N O

0T3BI JIBTOH  *

CC1E 0 6RC9c0- Q601 h6Ggtz- €411T0 COc1*0 666¢€°¢1 8499 66620 Hfgeh 0
mmnm.o. whoce0~ h1€Q° L 2198°e- L9410 %8410 2¢06*y 6610°9 00660 98260
go¢heQ AG2Ct0- 8R¢¢tz gohgte- 865170 L061°0 2969°GL W166°6 ooolr O 8999°0
£96h*0 WEitco- G220°¢ 4hgRte- 60910 6022°0 H205°9L 21104 66tir*0 6418°0
LoWG*0 206L°0- G666°¢ 0092~ Cliz 0 LLLET0 €904t4L WEZLTY 66670 866600
7919°0 A§SS 0~ 1996°h L1hgre- ClEZ0 Q00¢*0 1201°QL 14896 00660 &Geed’l
6799°0 22050~ §&699°9 @QOh6te- G26et0  6LLETC 9049°91 A A L0090 800G° |
Q W a/e  afe-e La a I e
::lmmmmewsllll aalnlnmmmwmmlaln ;immwwmmmmmmmul osus ¢ UOTS uotytsodwod
SOpPNL-UdTall SO =UBWIUT] JawLtodo) -JI5AU0N Jowouow T@T3ITUL
« (Zn) NV usts (W) gzavV Fo worpszremkrodop i ( §) °TASI



990*¢  610°0 =/0"0%¢6g8°2  £00°0%.00°0 Q6001082 620 0%600°0 NY-4IdY
AN A 161°0 £00*0F6¢% L L1O0*0F¢ L L0 LLo*0*ghe * L 600°0F22 170 I5—-g1dY
L6¢ 0 /62°0 900°0F0OLL"L ¢00*0F06 10 0G0*0F05 L1 060°0F091°0 THH-g1dV
228°1 6600 h20°0%9/0°¢ L00 0%610°0 | ohotoxiTLTe m_o.oa@#o.o vg-43dv
996*0  290°0 LR0"0FGRG" L 100 0F650°0 690°0FGA6" L gh0*0F6H0° 0 ya-g1dY
9¢z~0 YR0°0 %20°0F9N0* L  £00T0FCROTO 9¢0* 0%290" | 690*0%221°0 YH=-219V
o 2ly 2y Ly 21 L
poy3zol SQPNT -~ USTeM POY3IOH SSON-UEHmOUTY - '
. NV pUB IS Vi ‘v vy ‘YW
yr M 4rdyv Io coﬂmmﬁmmsa.ﬂogou J0I So0T11el £y TATIOEAd Jowouopw : ( L } 8TQelL




Jawktodoo YWA~EIEY Jo unxgoeds YT $(6T) 914

AHLEOV Lo qQUINUSABA .
co7 009 008 000, oozt 007 0091 008t 000¢ ooz 008z 00Tt 009¢ 0007
\r\u\\\_\ I I ) - I I I\._‘\\l\.rl\|r| I I —
|
| |
/ | ¢ (byTnymso0d
\ |
; o, _,
24 (%0000 talo= _
— L 2uo | xo,..mzu
mxw # e

— e —



Jawfrodoo JS-dIdY 30O wnagoads HT (NMT) =314

({-20) I8 QUMUDABM
oY @ow 008 000T 0021 oov¥T  009T 0081 000¢ oove 008¢ 002¢ 006¢ 0007

I ] | 1 | | ) 1 ] ] 1 | 1 1

mhm::oudwooo

0
|
2 @ Lilo=o
0= |
- 3-P110 3=CH0
| |
H i




- 007

JouwkTodoo NY-dLdV JO unIgoads ¥1 $(GT) “9Td

003 008 000 002l

AH
007 009}
1 1

wo) JI3qUNISABM

——

1

008l 0002 oovz 0087 00ZE 009E 0007
i I I T _ I i

| %:.7

b

¢

{ m::o Jugdo)




-3.0

-35

-4.0

~ 4.5+

rig{16)Kelen-Tudos plots for copolymerizations of ABTB with

@) MA, (&) Ea, (e) Ba, (0) MMA, (M) ST and. (&) AN,

a( b - 1)

k - and 7] =

okb+32 D(b+32
ehere a and b are the molar ratios (M]/Ma) of the cocmonomer

in the feed and copolymer, respectively, and

a . P=3
min ° “max

—
rfa

(b . . b
min max
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2—-Copolymerization Reactions of tri-n-Butyltin Acrylate

(TBTA) with Itaconic Acid (IA), Dimethyl Itacomate

(DMI), p-Acryloyloxyhenzou: Acid (ABA) and N-methac—

ryloyloxyte trabmmphthalmide ( NMTP) -«

The copolymerlzatlou.reactlons of ABTB witk each of
IA, DMI and ABA were carried out by the solution copoly
rerization techmique im toluene (3 mole/L) at 70 °C im the
presence of 1 mole % ATEN according to the method described
in page (46) « In case of the copolymer system TRTA-NMTP the:
coponmeriZatiom reaction was carried out in dioxane as

a solwent§. The reactions can be'illustrated as follows: ¢

H R - ]
i | 1

C‘Hazt;, + c}{a-_—(f — Sy ot CH2-{|: J— CHZ_C
£=0 ‘ R C=0

| ‘ i

0 | 0
| i
sn(C, H
n(CuHgy) 3 sn(C,Hq) 3
where ¢
My -M, R R
TBTA-IA -COOQH. «CH,—COOH
-D - -
FRTA-DMI ~COOCH4 CH,-COOCH 5
TBTA-ABA -H ~p~C00-CH, ~COOH
TBTA-NMTP -CH4 -C=0
0
i
N
0=C~ €=0
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The experimental conditions-and results of the copoly-
merization.reactions of the four systens studied are illus-
trated in Tables (8~11 )+~ The copolymer composition of each
sample was determined from tin analysis : From the experime-
ntal data the monomer reactivity ratios (rlrand,ra) for each
system were calculated by both Fineman-Ross and Kelen-Tudds
methods described in pages (19 %220 )and the standard devia-
tions of the results were calculated by regression analysis.
Fige (18) j1lustrates the Kelen-Tiudds plots for the four
systems studied, which give I3 and -ralbtboth as interceptse
The results are summarized in Table (12) . The data illustra-
ted in Table (12.) show that there is a good agreement between
the monomer reactivity ratios calculated by the two methods.
Also, the range of the standard deviations calculated for Iy
and T is quite small and can be considered as within the
experimental error . From rable (12), it is clear that the
nonomer reactivity ratio values of TBTA (ry) are greater than
r, values for IA, DMI,and ABA, while in case of TBTA=-NMTE-
system the Iy value is lower than the Iy value « .This
is clear from Fig. (19) which illustrate the composition
curves of the four systems studied and show that the copoly-
mers p;oduced have a high content of Fl than the comonomer
-mixture for the systém.TBTA;Iﬂg TBTA-DMI, and TBTA-ABA,
while.infcasa o£ TRTA~NMTP- system show a lower. content
of Fy than the comonomer mixture . From Table (12) and Fig.
(19) it is clear that the ry and rp value of the copolymer
gysteas TRTA-DMI and TRTA-NMTD. are less than unity and

_should have azeotropic compositions at Fl = fl at the mole
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fractions of 0.77 and 0.25 respeétively . However the copol-

mer systems TETA-IA and TETA-ABA 8&ave Io azeotropic

copolymers

The prepared copolymers are colourless solids solukble

in most organic solvenis and suitable for film formation «

The structure of the prepared copolymers was investigated

by IR spectroscopy - Thus, the 1R spectra of the copolymer

1

systems were similar and show & strong bands at BOOO-ZBOOcm-

characteristic for C-H vibrations of —CH3 groups, a strong
pand at 1720 cm'1 dque to the carboxylic carbonyl groups and
a strong band at 1640 em~% due to the C=0 of the tributyl-
tin carboxyl EBroup s Figures (20 & 21) show the IR spectra
of the azeotropic copolymers of TETA-le and TET =HNTE =
The sequence distribution of the monomer units along the

copolymer ~hains were calculated from tne monomer reactivity

. 5
ratios on the pasis of terminal copolymerizationmodel(IE’ ’

The variation in the sequence distribution of the triad

fractions (fyq17: fi120 f212) with feed composition are repre-

sented in Fig. (22) » It 1is clear that the triad fractions

f increase with increasing of fl while triad fractions

111

f212 decrease with increasing of fl . Triad fractions f122

nsve meyimum values at fi equal to G50y 030, 0.50 end 0.55

Ity

or TETA=-1A, TBTA-DMI, TBTA-AEBA snd TRTA-NMTP systems
respectively e

The Q and e values were calculated fronm the monomer
(72)

reactivity ratios Dby Alfrey-Price equatllions « The § and

e values which represent the extent of resonance stabiliza-

tion and the polarity of the double bond, respectively in



(73)

(71)

the monomer and jts extensively tabulated by Young

from earlier copolymerization.data. Thus. the Q and e

wvalues for ?BTA is obtained by using the monomer reactivity

ratios determined.for the system TBTA-DMI and using Q and

e yalues for the dimethyl taconatel 357, The @ and e

values for TBTA is,Q:O.}l} and e=0.774 which are in good
(71)

agreement,with;Values reported.in.the literature .
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_0,5 [_

ymerizatiom,reaction

for copol
(A) DMI, (@) ABA and (®)

Fige(18) * Kelen-Tiidbs plot

of TBTA with (&) Ih,

NMTP »



1.0

(a) {(b)

(c)
0.8 | "

0.6} __ !

0.0 555 0.5 0.6 08 555 0.6 0.8 1.0
) f
Fige(19) * Composition curves for copolymerization. reactions
of TBTA with (a) IA, (b) DMI, (c) ABA and (d)
NMTP »
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triad fraction

1.0
212 (a)

0.8}

0:.6 L
£112

Oeltt

111 £212 (b) 111

£112

£212  (¢)
0.8

0.6 -
£112

£
111 f
fala (a) 11

£112

0.0 0e2 0. 0.6
£1

68 0 0.2 Ok 0.6 0.8 1.0

£y

Fige (22) :Dependence of triad fractioms (fj;7 £112 and
f212) on comonomer composition. f, for TBTA

with (a) IA, (b) DMI, (c) ABA and (d) NMTP .
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}—Copolymerization_Reactions of tri—anutyltin_Methacry-

late (TBTMA) with Itaconic Acid (IA), Dimethyl Itaconate

(DMI) » p-Acryloyloxybenzoic Acid (ABA) and. N-Methacry-

onloxytetrahromoPhthalimide (NMTP) -«

The copolymerization.of TBTMA with each of IA, DMI and ABA
were carried out by the solution.copolymerization technique
in toluene (3 mole/L) at 70°C im the presence of 1 mol % AIBN,
according to the method described in page (46 ) » In case of
copolymer system TBEMA—NMTP} the copolymerization.reaction
jed out in dioxane as a solvent » The reaction cap

was carr

pe represented as :

CH, R
IHB; |
CHZ'-'(I: + CHa-_-C; g -
C=0 R
i
0
e d
n( 4H9)3 n(C,Hy) 3
where @
™
Ml'Ma R R
TBTMA - 1A . ~COOH - CH,=COOH
TRTMA -ABA -2 -p —COO-C6HL+—COOH
TRTMA =NMTP - 053 ~-C=0
i
N
O= C’ N =0
Bru



The experimenmal conditions and the results of the
c0polymerization,reactions of the four systems studied are
jliustrated in Tables (13-16) - The copolymer composition
of each sample was determined froz tin analysis. From the
experimental data tabulated in Tables (13-16) , the monomer
reactivity ratios (r1 and ra) for each system were calcula ~
ted by both Fineman-Ross. and Kelen-Tiid0s methods . The
standard deviations of the resulis were cslculated by regreée-
ssion analysis . Fig. (23) j1ilustrates the kelen-Tidbs plots
for the four systems studied, which give Ty and -raﬁx both
as intercepis « The results are summarized in Table (17)e
From Table (17), it clear that the monomer reactivity ratio
values of TBTMA (rl) are greater than (r,) values for IA,
DMI and ABA, while in case of TBTMA-NMTP. system £he (rl)
value is lower than (rz) value « This 18 clear from Fige
(24) which illustrate the composition curves of the four
systems studied and show that the copolymers produced have
a high content of Fl than the comonomer mixtures for the
systems TBIMA~IA , TBTMA~DMI and TETMA-ABA , waile in
case of TETMA= NMTP system show a 1ower content of Fy than
the comonomer mixture .VFrom Table (17) and Fige (24) the

results indicate that the copolymeriZation.reactions of TBTMA
with IA, DMI, ABA and NMIP gave 1o azeotropic.copolymers .

The prepared copolymers are colourless solids soluble
in most organic solvents and suitable for film formation .
The structure of the prepared copolymers wasb investigated

by IR spectroscOpy - Thus, the IR spectra of the copolymer
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gystems were similar and show bands at_}OQO-ZBOO cmf'l
characteristic for C-H vibrafions of --CH5 groups, a strong
pand at 1730 cn~ L due to the carboxylate carbonyl groups
.nd a strong band at 1640 on-l due to the =0 tributyltin

carboxyl group - Fig. (25) show the IR spectra of TRTMA-ABA
copolymer as example = = -

The sequence distribution‘of the monomer units along
the copolymer chains were calculated from the monomer
reactivity ratios according to IZU and O’Driscoll(?s). The
variation in the sequence distribution of the triad fraction
(flll’ f112’ fala) with the feed cémposition are represented
in Fig. (26) « It is clear that the triad fractiom fy44
jincreases with ipcreasing of fl’ while triad fraction f212
decreases with increasing of fl .. Triad fraction.f112 have
maximum values at fy equal to 0.30, 045, 0.30 and 0.60 of
TRTMA-TA » TRTMA=-DML » TRTMA-ABA and TBIMA-NMTP systems
respectively »

The Q and € values were calculated from the monomer
reactivity ratios by uéing the Alfrey-Price equation(72) .

The Q and e values which represent the extent of resonance
stabilization and. the polarity of the douhle'hond\réspectively,
in a monomer and its rédical are extensively tabulated by
Young(7l)from earlier copolymerization data . Thus, the Q

and e values for TBRTMA is obtained by using monomer reacti-
vity ratios determined for the system TBTMA-DMI  « The Q

and e values for TRTMA were Q@ = 0.575 and e = 1.300 which

are in good agreement with the values reported in the

1iterature(7l).
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(23) XKelen-Tldos plot
TBTMA with (o) IA,
(A) NMTP

for c.opolxmeriZation of

Fig,
(o) DMI, (») ABA, and
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Fige (24) : Composition curves for copolymerizatiom of TBTMA
with (a) IA, (b) DMI, (c) ABA and (d) NMTP »
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. C-TERNARY COPOLYMERIZATION. REACTIONS

1- Azeotropy inm Binary and Termary Copolymerization

Reactions of tri-n-Butyltin Acrylate or Methacrylate

with Itaconic Aeid or Dimethyl Itaconate and Acryla-

oitrile

The monomer reactivity ratio values determined for

binary system TBTA-DMI in the present work Tahle (12)

were found to be rl=0.942 and r2=0.805 ~ These results
indicate that the TBTA-DMI system should have a binary
azeotropic composition at Fl=?? mole ¥ .Thus, the comonomer
composition corresponding to the binary azeotropy was poly-
merized to severall degrees covering a wide range of conver—
sions. Table (18) show that the azeotropic feed. compasition
as a function of conversion remains constant up to high
degrees of conversion . Figs. (27) show Fl(mcle fraction

of TBTA ) against % conversion for TBTA-DMI system
indicates that the experimental points,calculated from tin
content of eash sample, are in good agreement with the lines
representing the azeotropic composition of the copolymer .
Phese .results indicate the correctness of the reactivity ratio
values determined for the studied binary copolymerization
reaction of TBTA with DMI .

Four terpolymer systems involving tri-p~butyltin
acrylate or methacrylate with itaconic acid, dimethyl
itaconate and acrylonitrile were prepared,ﬁy solution poly-
merization in DMF (1.5 mole/L) in presence of 1 mole % AIBN
as initiater at 70°C . |
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The structure of the prepared terpolymers can be

represented by the following general formula as:

- -

i X (EOOR ] [ -I
I L]

————— CHy— c|: CH5C {- CHy, (IIH J
c=0
CH.,— COOR CN

é L 2 “FE F3
|
Sn{ ¢, d,)

L

where x and R = H or -CH3

The terpolymer samples were polymerized to low conversion
(less tham 10 %) to allow us to use the terpolyme} composi-
tion equation , The terpolymer composition of each sample
was, calculated from tin and nitrogenm analysis . The theori-
tical terpolymer composition were obtained by the use of
Alfrey-Goldfinger terpolymerization.equation.tajgage (26 )
in the form proposed by Khafi and Horowitz(ae)page (26) .
The momomer reactivity ratios determimed for TBTA-IA ,
TBTA-DMI , TBTMA-IA and TBTMA-DMI systems determined

in the present studies Table (128l7) as well as the
literature values(71)for the Systems TA~-AN and DMI-AN
Table (19) were used for calculating the terpolymer compo-
sition.A computer pfogram.written.in.basic based on the
(2&)

equation propased by Kham and Horowitz was used. to
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facilitate the calculations of the termary monomer-polymer
composition relationship and to study the behaviour of each
monomer during polymerization . All possible composiltions
were screened and the different azeotropic curves of

binary and termary azeotroples cam be graphically plotted »
The relation between monomer composition.in.the feed and the
composition of the monomers in the resultimg terpolymer is
represented. in the form of triangular plots Figs. {28-320) »
Slocomhe(yg)proposed;the representation of experimental
points by meams of arrows, the head of arrows indicate the
instantaneous terpolymer composition and the tails the
composition of the monomer feed » Terpolymerization of both
TRBTA-IA-AN and TBTMA-IA-AN systems FigsSs. (28 & 29): produced
compositions represented: by arrows pointing towards a well
defined point corresponding to the ternary azeotropic
compositions at 39,00:26.10:10.90 and 51.70:10,50:37.80

mole % respectively. In both cases the-arrows were shorter
near the ternary azeotropic point. Also, compositions
obtained for TBTMA-DMI-AN system produced arrows pointing
toward a point representing the ternary azeotropic
composition at 00.30:66.30:33.40 mole % as shown in

Fig. (30). However, compositions obtained for TBTA-DMI-AN

system did not show any ternary azeolropye

The true or ternary compositionm is defined as the net
of monomer feed fractions Mi=m17(1= 1,243) where M; and

m; are the mole fractioms of monomer (i) ®n the feed and
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terpolymer, respectively, In unitary azeotropy the amount of
one of the three monomers was the same in the feed and ter-
po;mer(Mizmi),whereas in the hinary azeotropy the ratio of the
two monomers was the same im the monomerlfegd and terpolymer
=(Mi/Mj=mi/mj).The intersection of the unitary azeotropic lines,
if any, corresponding to the true or ternary azeotropy and
indicate the region of lower compositional drift . It is also
interesting to determine not only the azeotropic points, but
also domains in which the compositional drift is very low .
These areas might be termed "pesudo azeotropic domains"C?G)

and are hatched on the digrams. The unitary azeotropic curves
and the difference between the instantaneous terpolymer
composition (dotted lines) and the monomer feed composition
{(full lines) for the four systems studied are illustrated in
Figs. (3L-34). Thus in case of TBTA-IA-AN, TBTMA-IA-AN and ,
TBTMA-DMI-AN Figs. (31-33) The three unitary azeotropic lines
intersect at one point .These points of intersection corres-
pond to the ternary azeotropic composition yielding homoge-
neous terpolymer regardless of conversion. In case of
TBTA-DMI-AN system Fig.(34), the three unitary azeotropiec lines
do not intersect indicating that there is no ternary azeotropic
composition for such system., The behaviour of TBTMA-DMI-AN
system Fige (33) is even more complex, since the lines
corresponding to the unitary azeotropy for TBTMA is actually
constituted of two curves . Similar behaviour was reported

for the unitary azeotropic curves of AN in the acrylonitrile-

styrene-4-vinyl pyrrolidone system studied by Rios and
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cui11ot(?®) . Also, wittmer et al??) calculated the
different unitary azeotropiec curves for styrene-methyl
methacrylate-methacrylonitrile system and concluded

that the unitary azeotropic curve of methyl methacrylate
constituted of two arcs .'Our calculations shows that
"pseudo azeotropic domains'" may be situated along unitry
azeotropic lines or between arcs of these lines close enough
to one another Figs (31-33) . However, it is not all always
valid, that the compositional drift remains small along the
unitry azeotropic lines as in case of TBTA-DMI-AN system
illustrated in Fige. (34) which represent very different

shape .

The lines of binary azeotropy, which then corresponding
to copolymers for which the ratios of two monomers is the
same in the terpolymer mixture and in the monomer mixture
and carry the same information relative to true azeotrope
and "pseudo azeotropic domains". When a ternary azeotropy
exist the curves intersect at the same point as expected .
The binary azeotropic curves amd the difference between the
instantaneous terpolymer composition (dotted line) and the
monomer feed compositiom (full line)for the four systems'
studied are illustrated in Figs. (35«38) . Thus in case of
TBTA-TA-AN, TBTMA-IA-AN and TBTMA-DMI~AN systems Figs.
(35-37) the three binary lines intersect at one point which
correspond to the true terpolymer azeotropic composition .
In case of TBTA-DMI-AN only two binary azeotropic curves

appear for Ml/M2 and MZ/M3_.
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The points of intersection of both unltary and binary
curves for the terpolymer systems TBTA-IA-AHN and TBTMA-IA-AN
which correspond to the true ternary. azeotropic comgositions
of 39.,00:26.10:34,90 and 51,70:10.50:37.80 mole% respectively
were polymerized to several degrees of conversions covering
a wide range. The avarage compositions as a function of
conversion for the two terpolymer systems are illustrated in
Fig.(39). The results indicate that the azeotropic terpolymer
composition of both systems is constant over a wide range of
conversion which prove that the monomer reactivity ratio
values illustrated in Table(19) are reliable., Also, selective
feed compositions corresponding to unitary azeotropy for each ,
system were polymerized to low conversions, The results of
the terpolymer composition determined from tin and mnitrogen
analysis for each case are illustrated in Table(20). From
mable(20) it is clear that the experimental terpolymer compos-
ition are in good agreement with those obtained from
theoritical calculations. These results indicate the
correctness of the six monomer reactivity ratios illustrated

in Table (19) for each systen.

Also, selective comononmer compositions for each binary
azeotropy in the terpolymer systems studied were polymerized
to low converqions(less.than.10%). Table (21) show the

relationship between the experimental and the theoritical
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terpolymer composition, and indicate that for each system
the experimental values are in good agreement with values
obtained from theoretical calculations. from all results

it could be concluded that the free radical terpolymeriza-
tion reactions of the systems studied followed the classi-

cal copolymerization theory .

The structure of the prepared terpolymers was
investigated by IR spectroscopy (as Nujol mull). Fig (40)
show the IR spectra of TBTA-IA-AN and TBTMA~IA-AN systems .

Their infrared spectra showed a strong band at 2000 cmfl

due to C-H stretching vibrations, .a strong band at 2240 cmfl

due to =C=ZN of acrylonitrile and a broad band between

1750-1720 cm_1 characteristic for the carbonyl group of alkyl

ester.
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Taple (18) : Polymerization of the azeotropic composition

of TBTA-DMI system.

azeotropic reed copolymer
-, composition conversions 3n?%  composition
{ mole®) % nole’s
M1 M1
18.921 14.016 22.65
47.560 12,985 22.37

78.492 13.087 21.63
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Fig. (28): Instantaneous terpolymer composition as a function

of monomer composition for the system TBTA-TA-AN
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Fige. (29): Instantaneous terpolymer composition as a function

of monomer composition for the system TBTMA-TA-AN
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Fig. (30): Instantaneous terpolymer composition as a function

of monomer composition for the system TBTMA-DMI-AN
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Fige (31): The unitry azeotropic lines for the system

TRTA-TA-AN: (—-) monomer composition, (----- )

terpolymer composition and (hatched area)

npseudo-azeotropic' domains.
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Fige (32): The unitry azeotropic lines for the system
TBTMA~IA=AN: (——) monomer compositiom, (----- )
terpolymer composition and (hatched area)

“pseudoeazeotropic" domains
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Fige (34): The unitry azeotropic lines for the system
TBTA=-DMI-AN: (——) monomer composition, (----)

terpolymer composition
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Fig. (33): The binary azeotropic lines for the system

TRTA-IA-AN: (——) monomer composition and

(---) terpolymer composition.




80

TBTMA

Fig. (36): The binary azeotropic lines for the system
TBTMA-TA-AN: (—) monomer composition and

(-—-) terpolymer composition.
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Fige (37): The binary azeotropic lines for the system

TRTMA-DMI-AN: (- ) mohomer composition

and (---=) terpolymer composition .
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Fig. (38): The binary azeotropic lines for the system
TBTA-DMI-AN: (—) monomer composgition and

(-—-) terpolymer compositione
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2- Ternary Copolymerization Reactions of p-Acryloyloxy-tri-n

-butyltin Benzoate with Acrylonitrile and Alkyl acrylates,

Methyl Methacrylate or Styrene,

Five ternary copolymerization systems involving

p-acryloyloxy—tri-nrbutyltin benzoate with acrylonitrile and

alkyl acrylates, methyl methacrylate or styrene were prepared

by solution polymerization in DMF (1.5 mole/L) in presence of

1 mole % AIBN initiator at 70 °C.

The terpolymers prepared in the present study can be

represented by the following general formula:

CH

CHs

where :

O-Q-0-—-&
H
o

COOSn(Chﬂg)éF1

=
(1Y)

BB E

MMA

| L T |

|-C.I-I CH—l
[ &

-COOCH
—COOCEH5
-COOCqu
—COOCH3

~C6fls
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The five terpolymers studied were polymerized to low
conversions (less than 10%) and the terpolymers produced were
analyzed for tin and nitrogen. From the tin content and
nitrogen content of each sample, the terpolymer composition
of each system could be cslculated. The initially formed
terpolymer composition of each system could be calculated
by using the terpolymer composition equation in the form
proposed by Khan and Horowitz(as) page (28). The prediction
of the terpolymer composition requires the monomer reactivity
ratios of the individual two-component systemse. Thus, the
reactivity ratios used for calculating the terpolymer
composition of each system, determined in the present study
from the binary copolymerization reaction of ABRTB-MA, ABTB-EA,
ABTB-BA, ABTB-MMA, ABTB-ST and ABTB-AN systems Table (7) as
well as the literature Values(7l) for the binary sysiems
MA-AN, EA-AN, BA-AK, MMA-AN and ST-AN systems are illustrated
in Table (22} The relation between moncmer composition in
the feed and instantaneous terpolymer composition is determi-
ned for each case and compositions obtained for all systems
studied did not show any azeotropic composition. Fige (41)
shows the relation between monomer composition in the feed
and instantaneous terpolymer composition for ABTR-ST=AN
system as an example.

All posible compositions calculated by a computer
program as previously described screened and different
azeotropic curves of unitary, binary and ternary azeotropies

can be graphically plotteds The unitary azeotropic curves
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and the difference between the instantaneous terpolymer
composition for the five systems studied are illustrated in
Figs (42-46). The behaviour of ABTB-MA-AN, ABTB-EA-AN,
ABTEB~PA~AN and ABTB-MMA-AN terpolymer systems, Figs (42-45),
show only one unitry azeotropic lines corresponding tﬁ each
of MA, EA, BA and AN respectively. However, the behaviour of
ABTB-ST-AN system Fig. (46) show two unitary azeotropic

curves corresponding to ST and AN monomerses

The binary azeotropic curves for the five lerpolymer
systems were also investigated. Figs (47-49) show the curves
of binary azeotropic lines for ABTB-BA-AN, ABTB-MMA-AN and
ABTB-ST-AN systems and indicate that only one binary
azeotropic curves for BA/AN, MMA/AN and ST/AN respectively,
for each case. On the other hand, no binary azeotropic lines

appeared in case of ABTB~MA-AN and ABTB-EA-AN systems.

Selective feed compositions corresponding to unitary
azeotropy for each system were polymerized to low conversion
aqd the terpolymer composition of each sample was dete}mined
from tin and nitrogen anélysis and the results are illustrated
in Table (23). The results illustrated in Table (23) show
good agreement between the theoretical values and

experimental ones.

Also, selective comonomer compositions for each binary
azeotropy for ABTB-BA-AN, ABTB-MMA~AN and ABTB-ST-AN
terpolymer systems were polymerized to low conversions

(less than 10 %). Table (24) show the relationship between
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| the experimental and theltheoretiCal_terpolymer compositi-
ons, and indicate that for each system the experimental
values are in good agreement with values obtained from
thepretical calculations, These resulls indicate the
relibility of the monomer reactivity ratio values used for

each binary system.

The structure of the prepared terpolymers was also
investigated by IR spectroscopy {zs Nujol mull). Fig. (50)
shows the IR spectrum of ABTB-S5T-AN terpolymer system
(as an example). Its IR specirum shows a strong band =t
3000 cm_l due to C-H stretching vibrations and a strong
band et 2240 cm~! due to the nitrile group, Alzo, the IR

1 due to

spectrum shows a broad band between 1760-1710 cm™
the carbonyl group of alkyl ester and a strong band at
715 em™~t characteristic for the four adjacent hydrogen

atoms of benzene ring.
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Figa (l-{-l):

40 60 80
ABTB

Instantaneous terpolymer composition as
a function of monomer composition for the
system ABTB-ST-AN .
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Fig. (42): The unitary azeotropic lines for the system
ABTB-MA-AN: (——) monomer composition, (---)

terpolymer composition .
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rig. (43): The unitary azeotropic lines for the system

ABTB-FA-AN: (——) monomer composition, (-—-)

terpolymer composition
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Fige (4%): The unitary azeotropic lines for the system

ABTB-BA-AN: (——) monomer composition,

(--=) terpolymer composition
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Fig. (45): The unitary azeotropic lines for the system
ABTB-MMA~AN: (——) monomer composition,

(---~) terpolymer composition
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Fige (46): The unitary azeotropic lines for the system

ARTB-ST-AN: (——) monomer composition,

(——-—) terpolymer compo sition
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Fige (47 ): The binary azeotropic lines for the system

ARTB=-BA-AN: (——) monomer composition, and

(-—-) terpolymer composition .
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Fige (48): The binary azeotropic lines for the system

ABRTB=-MMA~AN: (——) monomer composition and

(—--1 terpolymer composition .
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Fige. (49): The binary azeotropic lines for the sysiem

ABTB-ST-AN: (——) monomer composition and

(--- ) terpolymer composition .




o growfrodId) NV=-IS-gigVv Jo umrjoeds ¥I UL ¥ (0S) *BTd

( a.quu I8 qunuassm
001 0091 008T 0002 000€¢ 000¥

049 008 000t 002t
| I I

i 1 1 1

NV-LS=-4L9V




