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CHAPTER 3

aults d Dij gaio

3.7 Copolymerization of methyl methacwylate and Btizﬂn -

3,1.17 Infrared results relating fo MHA-ST copolymelrs.

3.1.1 (&) MilA~817 copelymers from Free radical copolymerization.

- Bach of the eight various mmpositim;al MIA=3T
mpalyﬁe re were cast in the fomm of a Film from sclution in 1,2-
d‘.!.chlnma-t:h.ane and their IR spectra recorded, - The eight spectra
obtained are presénted. in Figures 3.1 to 3.8, Prom these spsctra,
the presence of ester groups (from IiKA) is evident from the carbo-
nyl peak at 5.8 4 m whilst a further sharp but much weaker aroma=-
tic band (from ST) eppears characteristically ab 6425 e m,

By now applying a background Wt angent -1ine™

technique to the semi=quantitative treatment of .the .Epaﬁ‘hia.'l.
absorbances, an "absorbance ratio" of the methyl methacrylate peak

(5.8) pom) end the styrene peak (6.25), can be computed, such that:

£

Abgorbancé at 5.8 uu . log %O
 Absorbence at 6.25 um log EB. 7

<
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! LY /
where I‘ﬂ, E, P, and P are the percent transmittances as shown in
Figure 3.2 for each wavelength, After calculation, the results

obtained for each copolymer composition were as shown in Table 3.1.

From the expariinant_al results obtained by the
method of free radiesl copolymerization (bulk polymerization),

each percentage yield obtained amounted to about 10 %. -

From the data in Table 3,1, by plotting the the

' absorbance ratio :

MMA Absorbence at 5,8 am
ST Absrobance at 6.25um
_ Tnitial
Copolymer compo=-
: monomex X [Hg m,
gition ratio of m, me Absorbance :
ratio . [0, + m, + m
MA-ST (m,:m,) [} +THg] | g +
(I}[-‘] L[_-“ﬂ }
20 @ BO - 100 = Etjg .25 2.53 G-EE GQ-BD
4{) H 60 1‘00 : 1-72 ﬂIE‘T 4-91 ﬂ'|53 G’-Eﬂ
50 : 50 1.00 : 0.94] 1.00| 7.95 0,48 | 0.50
60 : 40 Te00 1 Q.51 150 12«77 034 040
TE! 25 11{“} : 0,20 S.DG 22-45 ﬂ-i? Dtjﬂ
80 : 20 1.00 : 0.14| 4.00| 35.17 .12 0.20
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Table 3.7 .Hathyl methacrylate~-styrene copolymers from free
| reticsl copolymerization together with their infrared
absorbance ratios ; (r1 = 0.46, T, = 0.52, where &1
end ré'a:e the monomer reactivity ratios for MHA and

5T respsctively).

against the corresponding ccfnlymar composition ratio:s

Methyl methacrylate (m Yy in copolymer
Styrene Emzi in copolymer
for each copolymer composition, a straight line graph is obtained

as shown in Flgs 3.9

The linearity of this grsph suggests that the
peak absorbance of the NMA ester group at 5.8 4 m ean be taken
with some relisnce as being directly proportiomal to both the
concentration of MMA in the copolymer, The same cen also be sald
for styrene, Thus, this graph Tepresents alcalihratipn eurve for
uge in enalysing the IR spectra obtained by the other varlous types

of copolymerization,

3.,1,1 (b) MMA=ST copolymers from eniondic copolymerization,
The :Lnfi-a:md epectra of the Four anionic copolymar

products chtained from different monomer compositions (the ratios

of the volumes of MHA to those of ST used were 1.0 : 9.0, 3.0 : T.0,
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5.0 : 5.0 amd 7.0 : 3.@ ml/ml) were reccrded and are shown in

Iﬁgﬁres:3.11 to 3.4 respectively.
Conversion of these monomsr volumg raties of

MMA end ST to their corresponding molar ratios (mole/mole) gives:-

Prom Table 2.5 := 1 ml. MHA : 9 ml. ST.

MMae 1 ml. = 0.00938 mole.
ST 1 mwl. = 0,0087% mole.

ST 9 ml, = 91992152' mole.

= 0.0781  mole.

Thus,l,'th;a firat monomer ratio {[M.a : [lnI,.(;l} is
1,00 9,33 molefmole, The four monomer concentration ratios are
shown in Tsble 3.2 along with their corresponding copolymer
abéﬂrbmce yatios ag celeulated from Figures 3.10 to 3.13. Also
Ziven are the theoretical copolymer composition values and monomer

end polymer styrsne fractions.
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Table 3.2 MMA-ST copolymers from anionic copolymerization compae=
‘rigon of absorbmce ratios with copolymer and monomeI

composition data.

The experimental yields obteined from the MUA-ST
anionic copolymerizations were mach higher than in free radical

bulk copolymerization in being at around 50 % in each case.

The IR spectra again show the presence of a very
strong aster absorbance peak due to MMA but the arcmatic band due
Eu ST is mow noticeably weaker than before. This suggests that,
ﬁ the case of anionic copolymerization using butyl lithium in
benzene as initiator, the mioﬁic copolymer chain consists of pro-

portionately more M4 units. Since Duldl is an anionic initiator,

| Imitial -
Tolume ratiom
| monomer Abscrbarnice| Copolymer -
of NMA-ST ‘ . ’ . 2
. - ratio ratio composit ion m1+mEI_E£_'
(#1/0)) . ' (i) + M|
(ﬁﬂ.ﬁ.t [MQ ) ratie(mTIqu) ' .
1,0 + 9,0 [|1.00 : B.33 | 26.85 2.44  |0.29 | 0.89
3,0 :+ 7.0 [1.00 1 2,17 | 41,59 | 3.68 0.21 | 0.68
5.0 : 5.0 [1.00 : 0.93 | 55.33 5,20 0.16 | 0.48
TaO SI'D 1!00 H Gld'n - - - - O;EB
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its pxl-opart:.r is conglstent with the idea that the metal carbond
bhond iz an intermediate between being covalent, although highly.
polarized in the direction Lé—@—%Bé@, and being full:,r iﬂﬂiséd
i @_ + Bu E}. .Eﬁaua.uﬂe the anionic r«:—:a.ct:w:r.t;r of MMA towards Buli
is much grsa:ter than that of 8T, as & result of the slau'trun-with-
drawinz nature of its substituent ester group, the probability of
A a&ﬂ.ﬁ.tian to the end of the gmwi;l,g polymer chain is -I:h.er;afare
much greater than that for 8T. Thus, the experimental serve to
eonfiym that the monomer reaci:i*}ity ratio, T for MMA is greater
than x, for 3T for anionic copolymerization as shown iu Fig., 3.18.
Indeed, for a volume ratio of m-ST (ml/ml) of 7.0 : 3.0, as shown
in Table 3.2, the apparent absende of an aromatic band at 6.25 fMm
indicates that 5T units are either not inc:urpﬁrated intu the pl;.ﬂpo—
l:,rmer chain or, as is more 1ikel;r, ths.t they are but to such a

small cxtent as not to be sensed by the IR anal yeis,

3,7.1 () lm.i-ﬂ copolymers from cationic copolymerization.

The infrared Bpeatra of the four mpnlymar products
obtained from the variocus monomer mmpusitinua are shown in Fig,3.14
to 3.17e The monomer volume ratios of MHA to 5T were 1.5 @ 3.5,

245 1 2,5, 3¢5 &t 145 mnd 4,0 : 1.0 ml/ml respectively.,




T2

Similarly with the previous section 3.11 (b),

these volume Tatios of MMA and 3T are converted into the monomer

molar concentration ratios (moléfmnls}. Also az before, the

ahsorbance ra.tiaé from Figures 3.14 to 3,17 are calculated and

the peeyults shown in Table 3.3.

: Monomer ' .
Volume ratlos o 1 ibsorbance Copolymer ] n
of - composition 2 2]
MiAST(m1/m1)| CSYFAtIon | TEWLO | popio(m, /my)| TR ey ) + 0t |
ratio :
(g s [y )
1.5 ¢ 3.5 | 1.00 : 2.17] 0.107 0.10 | 0.80 0.68
2.5 :+ 2.5 | 1,00 : 0.93 ©.231 0.23 0681 0,48
3.5 ¢ 1.5 | 1,00 : 0.40 0.066 0.067 |0.93 | 0.28.
4,0 1 1.0 | 1.00 = u.zq' 0.057 0,06 0.94 | 0.18

Table 3.3 MMA-ST copolymers from cationie copolymerization j

absorbance ratio and monomer and copolymer composition

data.
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Since the MMA~ST copolymsrs obta’ned from catio= -

niec uupolyma:riz&'b:.on preparad at room tmpamtum were of only
low molecular weight, they were not able 1.::3 be :fi].m-uast from
soluticn, Consequently, thelr IH spectra wore recorded from I{Br

discH. HDwEvar, if the "ﬁampera.turu iz meintained a:l: very 1n:mr
tﬂmpara'ture, in this study at -507C, copolymers ﬂf high molecula,r

weight are obtained from v.fh.:mh films can easil:,r be rﬂade-
The l:hscha.nism of cationie pnlymeﬁ.za‘tinn may be

Enimma:iz;ad thmugh the following scheme :

- Initiation :

A+ BHF—-.R.-RH--

f=HH + K ——%'Hmﬂa-.—-ﬂl@

Propagation :

-2 4R © 4 xm——%ﬁm} ‘&}_--*__ﬂ@

Termination

-

M‘@iﬂ"ﬁﬁ_@_—) Myyq + A=HH

fheln transfer :

HM—@-—.i AR Sy ——:esrrwz+1 + -2 —-ar ®

S I D
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The relatively low molscular weights of the copo=
lymers obtained can be considered to due to a temperature effect,
gince Tha m&ctiﬂns_ﬁrﬂre c:un&;.mtad at ﬁam tempa rature be rather
than ot the much lower temperatures normally prescribed for catio-
nic pelymerization., The reason why low tampar&turés favour high
molecular, weightl c:npol:,rme:. formation is -l;ha,t the propagation step

is fevoured over competing reactions raaulting from anha.naed

sarbonium in resctiviiy.

However, the experimenfal results obtained from
cationiec mpnlyma‘rimatimn.mvealed 'I:hé.'l; high percentage yvields
(~ 50 %) =are ._nevarﬁheless 5%111 obtained as with enionic copoly-
merization previously.

In contrast to the anlonic GEI.HE., hoﬁsver, the IR
spectra for the cationic copolymers show that ester absorbance
peak in LA is now very weak whereas that of the etyrene aromatie
band is very strong. Thus, this 1nﬂica'hes- that, in. t:he case of
cationic mpnlymariza‘tmn using Alt}la in nitrobenzene as na.-l;aly'st,
a copolymer chaih cnnsis-tmg of madinly 8T units is pmﬂuced 1eGey
the radical chain showa & 't:enﬂ.anc:,r to a.dd_ more ST as opposed to
Mii. Because A1C1,_ “in nitrcbenzene, as the cationic.ini'tiéfmr,

3
prefers to attack a more electronrich C=C monomey double bond, in

this case, that of styrene as opposed Itn'ma‘thyl methacrylate, this

£ 4
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sxplains why the obeervad monomer cationicreactivity ra,tia, Tys

for IEA is much less than s for 8T as shown in Fig.3. 18,

The plut of percentage styrene in the monomer
feed, ([ ![I'Jl.‘] + @12—_[} against percentage styrene in the copo—

lymer, (m2!m1+m2)is as chown in Fig. 3,18,

: From the graph in Fige 318, the monomer rescti-
vi-l::r ratio can 'be determined for the systems using other :mi‘hia-
tors to these mentioned in the figure, such as Na in liquid ammo—

nia, lewis acid types, cots

The method invelved kmowlng the monomer concentra—
tiun feeda of both H:m and ST for various ratios, using Ha in

1iqu:l.:i WH. as the :.ni‘L-.r_ator at a g:n'ran temperature. The mpnly—

3
mers are made into filma and their IR speectra are then rocorded.

The peak absorbance ratios aTe then measured and used 1o calibrate
the copolymer composition from Fig. 3.9. From the copolymer compo-
sition equation (Eq. 4 in Chapter 1), it is possible to calibrate

the monomer remti.vity retios {r1 and rz) by computer.

1ate2 : RE on T ta ati to methyl

1ate-8t e copolymers.

3.1.2 (a) WHR spectra of copolymers from free radiczl copolymeri—

zation.
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The proton 1H-HHR spectra of the six methyl ne tha-
ézylataustyrene froe redicsl nnpolymers,'ﬁlus those of the poly-
styrene mand pal:,.r (methyl methacrylate) homopolymers, were cach
recorded snd are as shown in Figure 3.19 to 3.26. The Iﬁénnﬂncﬁﬁ
of tho aryl protons due to ST are seen near 7 ppm v._rhilsi'h the alip-
hatic r@sﬁn&nces from MEA methoXy, methlelanﬂ both MMA and ST
main chain protons appear within the relatively wider range below

about 3.7 ppm.

From section 2.3 in chapter 2, we have already

sgen that :

Mol ar concentration of MNMA _ 5B=34
Molar concentration of 8T y, Bh . -

where 4 is the total area of the arnmﬁtic proton resonance ab
about 7 ppm and B is the totzl area of all of tho romaining
aliphatic proton resonances in the cnpniymer. These areas A and
B were each detemnined from Figures 3.20 to 3.25, corrssponding
to copolymer compositions of MMA-ST 20 : 80, 40 : 60, 50 : 50,

60 : 40, 75 : 25 and B0 : 20 respectively, However, as can be
ééan frum-thﬂ WMR spectrum of poly (methyl maﬁhah:ylate} alone,
a8 ahdwn.iﬁ Figu:ﬁ 3.26, area ﬁ-in the copolymer spectra requlres
correction for the impurify rescnance which appears at around 7.4

ppr = arising from E!Hﬂl3 impurity in the 5614 solvent used.
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Thus, the corrvected WHR integration area for A

reduces slightly to AME=y)/x

-

wheve % — totsl resonmece area over range 6.3 to 7.3 ppm.

and ¥y = resonance area of impurity at 7.4 ppm.

The refore, the corvected molar concentration
: o H

ratios of the prepared MMA~ST copolymers can now be determined

 from the NMR integrations as shown in Table. 3.4,

From Table 3.4, each copolymer coposition of MMA~ _

.BT obbeined from NMR spectral cnalysis is seen to be less than
the theoretical value prediected by the copolymar cctupositign.
equation, The zalatian between these two sats. of values i1s as
shovm im Pigare 3.27, the graph obtained being substantially
line ar,- except porhaps for some slight deviafion at high MAMA/ST

molexr ratios,

— s ——
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Copolyme . %
composition mi'ran*u:ed 5B-34

of MIA-ST My | 4 * X ‘A Pl ea

{m.l t mE}

50 : 80 | 0.25 | 56 |9.84 | 0.73] 51.84 |43 | 0.14

40 : 60 | 0.67 [ 50 |B8.96 | 0.61 46.59 |69 | 0.55

50 &+ 50 1.55 58 4,80 a.éo 55,58 . 108 0483

60 : 40 | 1.50 | 28 | 2.87 0.45| 23.61 |62 | 1.26

75 25 3.00 | 26 2,33 | 0.47| 20.75 105 2.5T

g0 : 20 | 4.00 | 7 | 1.21 | 0.95] 6.13 (41 | 3.80

Table

. 'l
3e4 MMA=3T copolymers as obtained from WKE spectral

analysis.

Conaider now the NMR spectrum r:d;" polystyrens

glone in Figure 3.19, the resonance areas of the aliphat:l.e

protons at 1.5 ppm, and the aryl protons at 6.3-7.3 ppm., which

are acourately measurable, are found to be in the ratio of about

"33 5., This resuli is therfore, in agrecment with the theoreti-

" cal value celewlable for one siyrene vnit which has thres alip-

hatic protons snd five aryl protons. The represcntation of a
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4

styrene unit is as shown below :

WGH-GHE*M
H H /
. .
H

 When the various molar concentrations of styrene

are copolymerizad with

meriza.ti::m, yielding ﬂcpnlymer's of MHA-ST with composition ratios

of 20 : 80, 40 : 60, 50 : 50, 60 : 40, 75 : 25 and 80 : 20, theso

resonance areas at 1.5 ppm. end 6.3-7.3 ppm., as vaken from  the

NME integrations for each composition, are Tound o be in the

ratics given in Table 3.5.

me thyl methacrylate by free radical uopbl:,r-'
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E&nﬁ Table 3,5, it can be aéan that the resonance
ares ratic increases as the percontage of ML in the copolymer
increases, this effsot obvicusly being due to the innrﬂasiné alip~
hatie resonance contribution, in the the 1.5 ppm, region of the

spectrum, from MMA content of the copolymer chain, as represented’

below:

C ¥

Cli4 - LcHa

et St o
" Ec' n Q" m o x
The relationship between the MMA-ST copolymer
compositions and their respaﬂtivé 15 pﬁmﬁh./5=3-Tn3 ppm, resonance

aves ratios is alesc found to be linear as shown in Figure 3.28.

3,1.2 (b) HMR spectra of copolymers from anionic copolymeri-

zation,

The MMR spectra obtained from copolymers pr;pared
from initial UMA~ST monomer volume ratios {ﬁlfml) of T:3, 535, 3:7T,
and 1:9 are as shown in Figures 3.29, 3.30, 3431 and 3.32 respec-
tivelys The spectra show the cﬁmpamativsly wosk resonances of ﬁﬁe

aryl protons, seen near 7.5 ppm., alongside the much stronger
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methoxy proton resonances at around 3.7 Isl'pm. On Gomﬁaﬂng these
spectra with that of poly (methyl methacrylate) homopolymer see
Figure 3.26, it is clear that they are v;ary gimilar in sppearances
Gonsequently, it may be concluded that the anioniec copolymer chaings
conglet mainly of M!M rather than ST units - thie being consistent
with the known preference (i.e., higher reactiviiy ratio) of MMA |

over ST for snionic polymﬂrim.a.tiun-

3.17.2 (c) HMR spectra of copelymers from cationic copolymeri=-

The NMR sp&utr& ob+teined from various copolymers,
mosa snitial monomer volume ratios of MHA-ST (ml/ml) were 4.
3.5:.1.5. 2.5:2.5, d 125:3.5 are as shown in Figures 3.33, 3.34,
3.35 snd 3.36 respectively. The spe-::.tra again show the charac—
taﬁstia proton resonances die to the axyl protons (from ST) and
to the sliphatic protons (from MMA and/or ST) in the same relative

po sitions as before.

However, in sharp contrast to the mionic copoly-
‘mers previously, these catiomic MMA=-ST copolymers are seen to have
mich stronger aryl than aliphatic resonances, the specira being
similar in meny rospects to thet of polystyrene alone {see Figure
3.19), Henece, the copolymer chains clearly consist of pra&nminan-

tly styrene as opposed to MMA units, again as would be expected
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from theory in view of styrene's greater cationic reactivity.

Finally, the WMR spectrum of polystyrene using
(a) Eﬂl¢ as & sulvent, as shown in Figure 3,19, and (b) deuterochlc-
roform, as shown in Flgure 3.37, are sgen to be identical and so
it asn be as assumed that in this case the gspectra obtained are not

affected by the solvent used.

3,2 Copolymerization of gerylonitrile-styrenc.

3.2.1 Preparation by free radical copolymerization.

3.2.1 {a) Introduction.

The f\rga'mdicel cnpol;rmuriza-t.iun teqhniqﬁe
gmployed in the preparation of acrglnnitrila;styrena copolymers
was similar to that previously desecribed for the mathyl methacry=
late-styrene copolymers, Since ac:ylcnitrile can be axtramaiy
explosive when heated in air, particular ears was taken to ensure
that its copolymerizatlona with styrene were carried ocut under
very carefully contrelled temperature conditions under a nitrogen

atmosphore,

3.2.1 (b) Experimental details.

In a.clean, dry 50 ml, tuhe'werﬂ placed 50 mg..nf

benzoyl percxide initiator., After. deaerating the tube by evaaﬁap

hl
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tion and sul;sequen{: charging with ni-hrngaﬁ, uging = mitahla gdap-
tor (see flgure 2.4}, 50 ml, of the monomer mixture.r, prepared |
according to the various compositions given in Table 3.6, were
added with a pipetts. Then, under a slight eXcess p:::assura of
nitrogen, the adaptor was replaced with a ground=glass stopper and
the tube placed in a thermostat bath at 60°c, After 75 :ﬁinutea, ,
the cnrld:ents of the tube were added dropwise and with constant
stirring inte 500 ml. of methancl. After filtering the copolymer
rpracipita‘ca through a aintereti glass filter, the copolymer was then
washed with methanol, veprecipitated twice from dimethyl formamide

in methanol before being Tinally dried in vacuo at 60°C.

During copolymerization, the reaction needed to be
maintained at 60°C or less for resons of safety snd conducted in a
controlled inert atomesphere such as nitrogen. From the experimen=

tel results cbtained from free raddcal cupulyma.ﬁzation {bulk poly~

merization), percentage yields:

il
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Gupolymnf compo=| Volume of Tulﬁme'nf Time of eopolymeri-
sition of ACN-ST | ACN used ST used zation

(m, & my) @) | D ' (mina)

o : 100 - . 50 - T5

20 & a0 3. 60 46:40 ' 75

25 TS 5.20 44080 | 75

40 : 60 14.97 35.03 | 75

50 1 50 32.45 | 17455 75

60 : 40 44,55 5445 75

75 ¢ 25 48,32 - 1.68 75

BO : 20 48,89 j.11 75

100 : 0 50 | - 5
Table 3.6 Compositions of initial monomer mixtures of ACN=ST aﬁd

.

time of copolymerization j », = 0.04, 1, = 0.41 {where
r, ig the reactivity ratio of ACH =and T, 1z the rencti-

vity ratio of ST at 60°C)

of arcund 10 % wore obtained. Hoever, this figure tended to in-

erease slightly as the mole fraction of ACH in the initial monomer

feed increased.
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3,22 IR data relating to the aerylonitrile-styrene copolymers.

Films for IR snalysis of the firét'six ACH=S5T
zopolymer ;me0$itiﬂﬁ5 {0:100, 2ﬂ=é0, 25:75,-40166, 50:50 and 60:40)
vere cast from solution in 1, 2-dichloroethane whilst the three
remaining compositions (75:25, B0:20 and 1GQ:D] were film=cast from
limethyl formamides. The IR spectra which wore subsequently recorded
are ;hown in Flgures 3.38 to 3.#6. ¥rom these spectra, 1t cen be
sgen that whilst the major festures arise initially from styrané,
the presence of acrylonitrile becomes increagingly evident in the
later spectra through its characteristic (=N peaks (See Tigure 3.46).
Eﬁ addition, the absorbance ratioing of characteristic spectral peaks,
in this case those ab 4.4J¢Jmland 6.25 M m due to acfylonitrila and
styrene respectively, again appears to be a a&tiéfaﬂtnry-mathn&'nf
sémi-qu&ntitativnly estimatiﬁg the relative composition of the copo-

lymers ; that is 1

P
ACN sbsorbance at 4.4 .umzl"'g E'f’ « Iy
ST absorbance af 6,25 pu log %ﬂ n,

whe e ?c' r, F; and P are all percent transmittances as measured
at the sppropriocte of these two wavelengths. After calculatiom, the
raesults obtained for each copolymer cdm@oaition are as shown in-

Table 3aTs




Prom the data in Table 3.7, it is note that the
last two ACH=ST copolymer compositions of T5:25 amd 80:20 fail to
exhibit in their recpective IR spectra (Sce Figures 3.44 and 3.45)
any discermable ahgorhance.peﬁk gt 6,25 4 m for 8T. . Their hhﬁarq.

bance ratios are, therefore, not able to be determined for inclu-

sion into Table 3.7.

In posaiﬁlg pxplanation of this, it ig perhaps
worth noting that, commercially, ACN=ST copolymers generally ~con-
tain no more then 20-30 % ACN, There is a possibility that, in
the cage of the last two copolymers prepered hera,-fh& questiunaw
ble compatibility of such a small volume of styrene in such a rele-
tively large oxcess of the more polar ACH co-monomer could have
resulted in the ST failing to become incroporated to a spectrosco-
piéa,lly measurnble extent in the copolymer. Additionally, if the
8T were to have preoferred to hﬂmnpalym;riza with iteelf in such
small amounts, the polystyrene monomer 80 proeduced would doubtlessly
have been of such low molecular weight as %o have removed during the

precipitation and/or washing procese.




a8

Copolymer A.'bs;w rbslmca
MoTiome e . .
composition ratio 1, ' m,
of Acgsr | "/ <‘_°‘_&§_N_) My + My | By 8y
{m1 : ma} (M,‘ 3 Illg} Agn - .
20 & 80 1,00:7.27 | 0.25 |  0.55 " o.88 0.80
25 : 75 1.00:4.94 | 0,33 0.84 " 0.83 0,75 .
40 ; 60 | 1.00:1.34 | 0.67 1439 0.57 |  0.60
50 : 50 1.00:0.31 | 1,00 | 2.24 0.24 | 0.50
60 : 40 | 1.00:0,07 | 1,50 | 3.27 0.06 0.40 |
75 s 25 1,00:0.02 | 3.00 -0 C0.02 | 0,03 | | |
80 : 20 | 1.00:04013 4,00 - 0.01 | 0,20 |

Table 3.7 Acrylonitrile-styrens copolymers from ffee radical '
copolymerization ; sbsorbance ratios bogether with

monomer =nd copolymer composition data,.

On plotting the ratio

ACT absorbance at 4.4 Hm
ST absorbence at 6,25 Mm ) L V-

against the corresponding copolymex composition ratio

I I
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Aerylonitrile (m,l}
' Styrene (mﬂj

for sll copolymer {-mmp:rsitionﬁ cxospt the last twoe given in Table
3.7, an apparent straight line relationship of the form shown in

Figure 3.47 is found.

This absorbance ratic graph thus mns‘bitu'-taﬁ 8"
caiihrution curve which caﬁ ba uséfull;r employed in ea'l:imatixllg
uﬂpuly1nar conposition from IR absorbance data for those nnpulymuri-
za‘tlnn ty'pes for which the indindual monomer reactivity ratice

may not be lmown so accurately.

ilso from the data in Table 3.7, on plotting the

mole fraction of styreme in the monomer feed

[t ]

&gainsf the styrene fra,u'l:io:a' contained in the copolymer (m23m1+m2),

the curve shown in Figurse 3.48 is o:nta,ined.

A final note worth mentioning here 1s that whilst

ACH undergoes free radical polymerization, its electron deficlent
C=C double bond, arising from the strong electron-withdrawing nature

of the —-C2N group, lends itself much more to anionic polymerization.
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Conversely, ACN does not undergo cationic palymeriﬁatinn to any

worthwhile extent,

3.2.3 NMR rosulte relat to acryl rile=styren

The NMR speoctra of the seven prepared free radical -

copolymers of ACH-ST, corresponding to calculated copolymer compo—
sition equation ratiocs of 20:80, 25:'?.5, 4&:55,;5{):5&, 60:40, T5:25
end E!D:EG, together with that of polya.nrylunitﬁle homopolymer;
 were raaﬁrdad and are as shown in Figurss 3.49, 3.50, 3.51, 3;52.l
3.53, 3.5, 3.55 ad 3,56 respectivalys

The firet four of these copolymer spectra each
oxhibit resonances in the region of 1.6 ppms 8nd 6.5=7.6 pDms,
whilst the remaining three, plus that of polyaerylonitrile, show
1:;i.ttla' or no NMR responaa-:i-étensibby due to their epparent inso-
1ub:i.1:i.1;:r in the deuterachloroform solvent. However, the 1.6 ppm.
/6.5~T.6 ppm, resonance ares ratios, wherover possible, were cale

culated and are givén {in Table 3.8 for their respective copolymer

c::m:lpuéi tions.
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From Table 3.8, 1t can be seen that the resonance
area ratics for.the 20:80, 25:75, 40:60 and 50:50 ACH=ST -::opol;m;arsﬂ

which, incidentally dissolved satisfactorily in the CDC1l, solvent,

3
ineressse from 0.55 to 1.41 mg the propertion of ACN in the copoly-
mer increases. This change undoubtacily -mflects .tha increasing
appearance in thé unpal:méaf of aiipha*t:iu methylene protons due to
AcN units—the initial ratio of 0.58 confirming the expected alip=
_l'xa.tinja.r:,rl proton retio of 0.6 corresponding to a cnpuly‘mer_laz;h-

gely consisting of 8T blocks,

Regrettobly, however, the solubility aifficulties
annﬂunterad_ with the mﬂre-iﬂlﬂ'— rich copolymers prac]fudes.thsi_r.
Purther study. However, for those cnpéllymara which could bs dis-
sclved, thelr resonance area ratios, plotted as a :ﬁ.mc.t-inn of
somposlition, are Bhﬁwn in Figure 3.57. Tha_nmi—ligeu.ri‘ty of 'l:hé
greph, contrasting as it does witﬁ that fn,uhq";l for the MMA-ST copo=-
lymers, previously, probably reflects the mlure complicated "copo~
l';vmex.-' composition with respeect to solubility‘i' si'bua'h:i.cﬁ which wa.

have hore.






