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Chapter 2

riment te ~ .

2.1 Purity Reguirements : Genewral htruductiﬂgﬁ |

The purpose of this purifica.t.j.nn section is to
describe, by clazs, the wvarious mﬁterials uged in typieal palymelr
synﬁhaaea a.ud their va-riuus roles in tha mautians. Par‘i:'i&ular
'empha.sis is placed on the requ:.rementa for tha:l.r purity and the
means by which these requirements are met, since chemical purity
and.- freadom fraLm interfering contaminants is of apeé.ial impor—
tence ij;.‘ one is to ylm&uce pol:g:ﬁaru of high mnl.eeuia.r waight in

good yisld.

‘The purity of commercially available monomers is
usually nr:ﬂ.: high encugh for their use, without trestment, in well=
controlled polymerization reéwtion.s, Aven 113_2 ---11:1"t % .impu:d.t:,r
can have a significant effect .nn pul:ma:lr'izg'l:_i_on ﬁnetics. Aﬁiunic
polyme;c-isationa are especially auscepti’bia to .impu:'i‘l:ies at even
1owér concentrations: than these. Consequently, monomers must be
stnirlae-:i_ with care ,. usually in sealed tubes under a:n- inert atmos—
phere., ‘and kept at low temperatures in the dark. ZEven the olo=
gutod for flasks or containers should be selented- for their inert-

ness 3 aluminium foil and polytetraflunoroethylene being good




exanples of inert materials.

A Common - impurities in monomers may ariginate (a)
duiing thelr produ#tion {for exemple, ethyl benzene or divinyl
benzene in styreme), (b) as a result of oxidation (pemﬁ&aa in
dienes, 'benzalﬂehyﬂe in stxmna}, (c) -frnm handling and storege
.(ﬂapanﬂing on the matarials frﬁm which the containers are made}

(d) or from partial pnlymarization %o nlignmam.

In stepwise pnlymurizaticn, the presence of
monofunctional reactions, which can use up functional groups and
daa'l::mry the stnichiomat.ric equivalent, must be avoided. In addi-
tiom p;;-lymerimatian, however, it is especially important o avoid
water and compounds containing hydroxyl or carbonyl groups j
thezse can be tolerated only in amounfs of less than about 0.05%

by weight in most ocszses.

_ Although each monomer and pulymeriz%tinn method
has its own special mqui‘ram_ents,- some éen’erally useful riuzdfica- '
tion procedures include simple distillstion or distillation under
an enexrt ﬂtéﬂﬂphﬁlﬁ, re;ryatallizatinn, end ﬂhrhmatagraphy. A
typical lahnr&‘f:ur:,r distillation set up should have &a -::ulum.u with
height equive&l.ant of 20=-30 theoritical plates, a cold trap tu

pmtect the vacuum pump, a moncstat to meintain the pressure E
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desired (usually 100 torr or less), and a means for introducing
inert gas though a thin capillary into the distillamd ; this

prevenis bump-boiling and puges cut oXygen.

Some more specific purification routines include
the following : for example, water is removed from hyﬂm-car'hun
monome rs. by treatment with sctivated alumine, metel h;rdrj.d;as or
oxidés, or alkalin metalg,such as sodium. Tables 2.7 to 2.4
g-i?a.uaa_f‘ull proparties a-i' these and other commomly used drying
agents, Olifin impurities, on the other hand, are eliminated by
washing the monomer with 36N mlﬁu*ic acid whilst a.romafdic
impurities are removed by use of a nitrating mixture. To elﬁin'-'
nate impurities containing carbonyl or hydroxyl groups, the mono-
mer can ;be passed through columns containing activated alumina,
.molecular sieves, or silica gel. 'qu olefin monﬂﬁers, the recom=
mended purifica.tinﬁ mathod is distillaetion from reducing agente

such ss metel hydrides or aluminium alkyls.

lonomers, such a.a styr&m,.wﬁi{;h undergo spon-
teneous, if slow, free radical polyme rization on storage at room
tampéramre, usually conbain small amounts of s.nhzlul:nitara {radical
scarengers) when supplied. These can be removed by washing the
monome ¥ with dilute ascid or base, depending on the type of inhi=

bitor. Por example, phenclic inhibltors such as hydroquinone are
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ueuslly vemoved with dilute sodium hydroxide., Drying prior to

-diétillétiun is then carried out with the use of amhydrous salts

(Tﬂ.hl'a 2-21 .

Finally, monomer of high purity cen often be

obtained by distilling monomer which has been partially polymeri~

zed, say to about 10 % conversion ;

vinyl
-

ascetate is a typieal

exsmple, The mejority of thé unwanted impurities are consumed in.

reactions leading to the polymer and so are, therefore, not car-

ad over into the monomer distillate.

. Drying agent

Suitaeble for drying .

Unsuiteble for drying

Thosphorus pen-—|

toxide

Sulfuric acid

Caleium chlo=

ride

Alkyl halides, hydro car
bonsz, halogenated hydro-
carbons, carbon disul-

ﬂd‘ﬂi

Alkyl halides, saturated

Basea,'ketnnea, sldehydes
or other materials where
polymerization may bé

coused,

Bases, ketones, alecohols,

hydrocarbons, halogenated aldehydes, phenols,

hydro carboneg.

Ether, esters, alkyl
halides, aryl halides,

Btﬂl

eto.

Aleohols, amines, phenols,

aldehydes, amides, Tatty

acids,




Table 2.1
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{ Continued)

Drying agent

Suitable for drying

Unouitable for drying

Totassium hydroxide
FPotassium carbunaté

Sodium sulfate

magnisium sulfate

Ainhydrous coppar

eulfate

Sodium

Caleium sulfate

Bases

Bases, some halides,

ketones

Most materials

most material

Bthers, alecohols, etc.

Ethers, saturated

hydrocarbons

Most matérials

Ketones, aldehydes,

esters, acids.

Fatty mcids, esters.

Amines

Aleohols, amines,

esters.

Table 2.1 BSuitable drying sgents for anme.commun classes of

u:ganic liquids.




Hydrate |Vapor Fressure, toor Hydrate |Vapor Pressure, torr|
-16 _ . '
€280, JHH,0 | 0.004 | 2aC1,. 4,0 2.3
NaOH,H,,0 0.7 Hgﬂﬂ4.E2ﬂ \ | 1
Ca0,.H,0 0.8 Hy80,, 95 % 0.001
K005 4,0 141 New,80, + 10H,0| _ 22,3

TPable 2.2 TVapor pressures of hydrated of some common drying agents

at 25°¢C
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Drying agent : Gases
Ca0 | Hﬁg', emines
Cacl, H,, HOL, 00, CO, soz,' N,, CH,, Oy, Paraf-

finz, ethers, -:;l'afina, alkyl chlorides.
P,0z . H,, 0,y C0,, CO, 80,, Ty CH,, CpH,, parafe
' fins,

.st{]4 HE' 1'1'2, DDE, GIE’ co, CI'I4, paraffins.
Fused KOH Ms, amines. ‘

Table 2.3 Suitable drying agents for gases.

 Reagent ._ m'gfli'her'gas % b;l.r'vulume
2505 5 x 107" -
Ma( €10, ) (anhyd) 5 x 1077 -
Hg[ﬂlﬂ4)2.3HEﬂ{30 %. water) 0,002 :::..m::-:a,a
Mg0 - ' | b.ﬁoa ~ 0,0007
Bao - 0.00065 -
Ba(C10, ), ( enhyd) 8 | 0.82 0,094




Table 2.4 (Continued)

Rea.ga.n-b mg/liter gas % by volume

Hgﬂﬂ4(95 %) 0.003. 0.0003
Mlumina 0.003 0.0003
silica gei.{dzyl 0.003 0.0003
ﬂaﬂ. 0.003 0.0003
c§c12(granﬁ1ataj 0414=0.245 0.0149-0,0264 |
@ﬂﬁmmﬂ 0436 | 0.0395
cﬁu“ma} 0.005 o.ﬁc-ﬁ |
CaBr, 0.20 0.021
ZnBr, | 1.1 0.124
onﬂlE(étqua} 0.8 0.092
GuSD4‘ 1.4 0.165
KOH (fused) 0,014 0.0015:

| N=OH (fused) 0.16 0.0170

Table - 2.4 Eguilibrium water-vapor content of gases dried over

c.ommon reagents at 25°¢.
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2o2 Purification of Materials used.e

Tha varicus polymerization materials which are
actually used during the cesuse of this thlﬂ.;j" are categorised in

Eaﬁla 2.5 below:

-H-ﬂ' .
Monoms rs Initiators/Catalyst systems Solvents
styrene . | Benzoyl peroxide : Benzene
Kethyl metha~ | sluminium trichloride n-heptana

crylate
Acrylonitrile | Lithium metal n-butyl Lithium Hitrobenzene
n=buthyl chloride l Bodium=-potassium
allo¥e {so].-_vani:-

drying agent). '

Table 2.5 Materials used,

2e2e1 Purification of MoNomers.

2:2.1 {a) u::d.fica:bl;i. of styrene and meth 1 1a'heE

Styrene =nd methyl methacrylate were each purified

ks

as follows :
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1) Washing to remove inh:i.hii;;ar : the inmhibitor,
usually, an aeromatic .::-nmpoui;.ﬁ._ such as hyﬁroquinuﬁe or t-butyl
pyrnpafechol, was removed by washing the moncmer witﬁ a 10 %
aqueous. Isud.iwn hydroxide solution, Roughly Equ&l.pa.rts of the
basic solution and the monomer WeXe plﬁcad in a separatory funnel
and thoroughly mixed by tumbling, The heavier aqueous phase was
then dralned off., The procedure wasg _rapeu.terl once or ‘bwic.e‘. until
the.liquidé.ramained clear, The monomer was then washed with
ﬁ:_i.stilled water until l:i_:ﬁus papetr show fhﬂt a.ll of the base had
been renoved. - | ]

2) Drying the monomar :.I_fﬂ.r this purpose, ﬂa.ﬂ12
(Eehydratad—gra;nular puré) was é.ﬂ.dat-i to the moncmer {100 g/1)
witﬁ suhseqpenf cccational tumbling ; drying was complete in
about 1% hours. N\ | .

3) Distillatiqn + ahout 1 g/l. Cucl stabitizer
was added to the moncmer and the munc.rm;rl vacuum digtilled (60
tory) I.under nitrogen at 3’?-395(}. The apparatus was &s éhuwﬁ in
Pig. 241, i H |

4} Store the monomer : using parafilm ﬂaai stop—

- goeck and stores at L‘J--'IIDDE until required.
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53 -Ehack bhafovre use : test for the presence of _
polymer in redistilled monomer just before use by adding to
eXeoss methanol. Turbility dndicates the prosence of polymer.

In our experiment, there was no polymer.

4
A . 'F—Tha:i:mumater
| .
.0 out leed ;
B | i
Gl ;
/ . l\"—"/ &
cold trap -
- monomer
l : + CucCl
vacuum pump,redistillcd monomer _ T

Fig. 2.1 Vacuum distillation of monomer.
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S 2.2.1 (B) purifipatihn of herylonitrila.

forylonitrile was purified by a simple distilla=
tion technigue, The boiling point fracticn distilling over at
78°0 was collected end stored, using o parafilm secal stopeock

clogsure, in a cool dark place until required for use.

2.2.2 Purification of diluents and golvents.

The cri‘l:aria. for the purity of monomers also
apply to any @iluents and solvents used in a polymerizatinn;
The materlals aslso necd to be purified by ﬁistiliatiun,_ugrstalﬁ
lization, or the other methods previcusly desariﬁed for monomers.
Diluents fol anionic polymerization are usually dietilled from
an excess of the initiator ;.for gxample, itetrahydrofuran from
sodium/naphthalene or benzene from butyl Lithium, Peroxides are

removed’ from these solvents by treatment with sodium sterate.

EJE.E {(a) Burification of benzene

250 ml benzene were shiken with NaOH, filtered
inte & flask and & sodium-potassium allcf added for drying
{preparation of the sodium—ﬁotassium alloy is described later
in Beoction E.E.é {d})._ The flask and its contents were then

left overnight as ghown in Fig, Z.2.




39

E&Clz drying tube

benzene
Ha/K alloy

-

Fig, 2.2 Drying of benzene using Na/K alloy.

After overnight ﬂrying, the benzens was then
distilled into a flamedried flask after the addition of more of
the sodiut~potassium alley (See Fig. 2.3 below) .

fhermameter

benzehe with
¥a/K alloy

Fig, 2.3 Diagrem of simple distillsation.

b mm——— =
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2.2.2 (b) Purification of n-heptane

_ N~nheptane was dried using the sodium-potassium
alloy and left ovornight as in Fig. 2.2 previcusly. Then after
sdding more of the sodium—potassium alloy, it was distilled into

a fleme=-dried flask as shown in Fig, Zale

2.2.2 {c) Purification of nitrobenzens.

Nitrobenzene was purified by a simple distilla-

tion procedure.

2.2.2 (4) Preperation of sodium-potassium alloy.

The eo%}um—putassium alloy was prepared hy taking
sodium motal (1 part) and potassium metal (5 parts), heatlng
under xylene until molten and using a gtirring rod to mix care-—
fully. After allowlng to cool, the alloy, s¥ill in liquid fomm,
was transferred by means of e pipette. Finally, affar uéﬁ, the
alloy was destruyed by pouring inte butanol, in a well-ventilated

open area, followed by trostment with water,

prification of Initistors/Cat 51 HReoacents.

2,243 (a) Purification of benzoyl peroxide, 3

Benzoyl perexide was purified by dissolving in

cold chlorcform followed by re=precipitation from excees methanol. .
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24243 (b) Purificstion of n-butyl chloride.

H=butyl echloride, for later use in preparing the
n-butyl Lithium anionic initiator, was purified according to the

procadurs l_:iutlinaﬁ for benzene aﬁd n=heptane previocusly.

2.3 Copolymerization technigues.

'2.3.1 Free radlcsl anoljmarizatinn-

24 3.1 (a) E%Muww
free radicsl copolymerisation. .

From the nnpqiymer conposition equation:

B m B[ Bl R
d M m P |z B+ RG]

whare mi = cnncentr&tlnn of mathyl matha-“ylate
in copolymer
s = concentration of styrene in copoly-

nar

1]

concentration of methyl methacrylate

L]

- in monomer mixture

[, ]
mixture.

Hence, for, for example, a copolymer af}campnsit'ior'i:

concentration of styrene in monomer )
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. Hence for 1= .

Kethyl methacrylate : 0,00938 moles are contained in o1 ml.
y ) ' . 1.00 x 1
Nethyl methacrylate : 1.00 mole ds mn_-ha:.nqd in _h—U.UGBBB
= 106,61 ml.
Similarly, for :=
Styrene : 0.00871 moles are contained in - ' 1 mla

6.32  moles are contained in gfg§5$T1= 725.60 1wl

L1

Styrens

Totle volume of the moncmer mixture is 832.21 ml,
if monomer mixture = 832,21 ml, and methyl methacrylate used
= 106,61 ml,

then, for a monomer mixture = 50 ml., methyl methacrylate used

106,61 x 50
832,21

6o41 ml.

Bimilarly, for styrene :=-

if monomer mixture = 832,21 ml, and styrene used = T25.60 ml.
725.60 % 50

thérn for Ao mononer mixture = 50 wl,, styrens used = ——————"—
’ : i 832.21

43,59 ml.

el




a4

Thus, in this way, the relative wvolumes of methyl methacrylabe

and styrene required in the initial monomer feed in order to

produce & range of copolymer compositions can be easily calcu-

lated (See Table 2.7)a

5

) Gﬁﬁclymar ppmpusitinn Volume of IMMA| Volume of ST Gopqumariza#iuﬁT
| MHA @ ST. used, ml. used, .ml. time, hr.
o ADD - _ 50 . 4

20 ¢ B8O Bed1 43,59 4_

40 : BO ~17.533 3E.5§ 4

50 50 24.85 25.15 4

60 ¢ 40 32,27 1773 4

75 25 41,14 B.86 4

80 : 20 43.45 - 6.55 4

100 = o 50 - 4 |

Table 2.7 The calculabted monomer volumes required for a range

of MMA : 8T free raﬂical-uopdlymerfcompnsitiaﬁ.

2e3s1 (b) Free radical céﬁlmerizm:ion ErﬂceﬂuraT

In a 50 ml. tube was placed 50 mg, of benzoyl

percxide, After demeration the tube using & suitable adaptor
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{Seea Fig;-E.ﬂ,} for evacuation md subsequant charging with nitr:ugan,
50 ml, of the appropriate ﬁnnnmer mixture (eccording to Table 2,7).
was added withk a pipette. E!ndslr_a. slight excese pressure of nitro-
gen the adaptor was then replaced .with g.gmund-g;lasa S'L'upper. and
the tube placed in a thermostat at 60°C, AfHer 4 hﬂi:r's,-tﬁﬂ ccir;.ten‘bs
of the tube were added dropwise to EDD. ml, of meothancl with cénstunt
magnetic stirving. .After filtration using & sintered glases filter,

the resultant copolymer was washed with methanol, reprecipitated

twice from benzene and finally dried in vacuo at 60°¢.

—t i monome r miXxture.

N

Fige 2.4 Dilatomater‘ ueged for copolymerization. B

. 4
2,37 Anionic Gopolymerization

2:3¢2 (&) Preparation of initiator (n—b_ut:fl Tithium),.

Into a 250 ml. conical flask, squipped with seal

and magnebic stirrer bar mnd initislly cherged with nitrogen, was
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.

added :‘EEG ml, n-heptane and 20 ml. n~butyl chloride untii the
flask was Tull (See Fig. 2.5)s Small pleces of freaﬁiy ﬁut
.1:|.tha.um metal (3.5 g.) were then added to the solution mixture
and the .ﬂask __éea.lad. and laft stirring overnight. On allowing
t; settle, The solution mixture was black and cloudy in appear-

arce, indicating formation of the n-butyl lithium.

ﬁﬁr Seal

parr

—n=hutyl chloride

n=heptane

1@ r_‘:-!c : maghetic bar

[T T

Fige 2.5 Preparation of n=butyl lithium,

MIA used, ml, ST usea,'ml.
1.0 § ' -9.0
3‘.0 -T-ﬂ
5.{} : ’ ‘510 i
7.0 ' 3.0

Table 2.8 Monomer volumes of #MA and ST uzgd for anionie copoly-
merization. ' .
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' 2edad {b} ﬂnionic'copnljmgrizatiﬂn procedure.

In.a 50 ml. ﬂasi:, flamed dry and charged with
nitrogen, was placed 10 ml, of the monomer mixture prepared
according to Table 2.8 above, The flask was stopped with a
gelf-sealing cep (See .Fig. 2.6) and, after c-:ml:l.r;g to -5000.

5 ml, of the freshly prepared n=butyl lithium solution were im-
3a¥:ted with & hypodermic syringe. The reaction mixture was
maintained at -50°C with stirring for 90 _minutes' before being
diluted with 25 ml. of b:a;nzéné. The copolymer ﬁras then preci=
pitated by adding the solution dropwise to ‘3013 ml., of metﬁanol.
The copolymer obitained was finally treated a= rlesc_.ﬁ'bed. previ=

ously under free radical copolymerization,

injector (needle) pump {vacuum pump)

7

ary
=

b=

TT’T 1 ame
Fige 2.6 Ground-neck flask equipped with self-sealing stopper.

~
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2,3.3 Gatianie'ﬂqgolymerizgtiang

A

CA 1ﬁb ml, flask equipped with a septum adaptor
(See Fig. 2.6) was flame-dried under vacuum and subscquently
charged with nitrogen. Then, 5 ml, of a previnuslf preﬁa:ﬂd ¢
monomer mixture (Bee Table 2.9) together with 40 ml. of initia-
.tor ;clution were added, the latter ha{ing been preparcd from 50
ml, of pufa, dry nitrobenzene amnd 300 mg, (E.éE millimoles) of
anhydrous aluminium trichloride. The aﬂﬁptar was removed from

the flask while mpplying a slight sxcass pragsﬁre of nitrogen

and the flask immediately stopped and left to stand at 25°¢0 for

1 hour., The reaction mixture was then added dropwise to 200 ml.

of methanol and the copolymer precipitate treated as describe

previously,

Under the =sbove conditlons, the catlonic copoly-

merization is so rapid thet even with much lower initistor con- -

l:

centrations neerly haff of the monomer mixture is consumed
within one hour, At 50 % conversion, however, the reaction
effectively stops since, with cationic initiators, practically

only styrene is incorporated into the polymer chains.

R
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WA used, ml. ST used, ml, |
' |
1.5 3.5 |
2.5 ' 2.5 : S !
3.5 | 1.5 |
4,0 1,0

Table 2,9 . Honomer volumes ofllﬂﬂi and ST used for _ca,tiﬂ::nic

copolyme rization,.

2.4 Ingtrumental techniques.

| Amongst 'I:im techniques which ate commonly used l
to snelyse polymers are infrared spact:_:-oscopy'(l&}. nuelear :
magnatic regonance spalatmscapyl(mm and differentisl scanning
GEJ.'IDI":'LIIE'!FIF (DS s Twao of thaa;e tgchniques which have been
utilized in this sﬁudy-uamelar, infrared spesctroscopy and miclear

magnetic resonmnece apectroscopy are now described,

2.4.1 Infrevod snslysis of polymers. 10) |

2,441 (a) Intmﬂu.ctinn1'0

. .
The sbeorption of radiation between wave numbers

4000 to 660 cm-1 cause stratchihg and vibrations of bonds in

dninvasae . v aaebus
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polymer molecules, The moticns for any specific functional group
are essentially independent of the rest of tﬁa molecule and
comparable o these cbserved :For low molecular welght -compounds
with similar structures {(model compounds). The ﬁﬁarﬂotgfistio

band fregquencies are releted to degrees of freecdom which ‘are

distributed as rotational, translational, and vibrational motions.

These motions are in related to the number of atoms in simple
molecules or to the number of atoms in the mer or repest unit in

e polymer molecule,

Thue, a polymer such as p-mly'st:,rmna may be consi-

dered to be similar to = molecule with 18 atoms

i
Lo,
Lts.HE

.Binee it has no symmetry, all vibrations are active, i.e., 3

?
-
|
H

degrees of rotailonal freedom, 3 degrees .uf transistional freedom,
and 42 degrees of vibrational feedom {3n-f). As in the case of
simple molecules, these moticons are characteristic of the grnupﬂ
prasan‘[:,, gnd a sufficient nuwber of band frequencies may he

readily observed io assure proper dIdentification of this polymer.
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The infré.r.ed spectrum of pelrstjrréne shown in
Pige 2.7 .18 used as s standerd for the calibration of infrgﬁ‘ad
spectrophotometere, This spectrum shows typical C;H Btretching
vibrations at 3.3, 3.4., and 3.5 g 3 C-C stretching vibrations
are shown at 6.2 énﬂ 6.7 M 3 and out=of-plane banﬂiﬁé of the C-H
bonds in the benzeme rings may be obaerved at 11.0 and 14.3 U,

The bands at 8.7 and 9.7 4 are said to be in the "fingey print”

region, These ore characteristic of pol:,rstyrehe but thelr origin

A

is not readily determined. . -

-
=

i z | [l [l L i I
1 2 3 4 5 ‘EE?39101L112131415’|5
 Fig. 2.7 Infrared spectrum of polystyrene film.

Absorption bands for typical functional groups
are showvn in Table 2.10 The ahsc:rp*tinﬁ bands for earbon-chlorine,

nitrile, hydroxyl, =nd carbonyl may be used to identify polymers

a




pontaining these functicnal agroups. The'intensity of the ecarbo=
nyl absorpition band at about 5.9 ¢ may be used to ascertain the

extent of deterioration of polymers by oxidative degradation.

_ The extent of branching %n polyethylene may be
ascerbained by measuring the relative absorbance of the methylene
and methyl groups, The miative:— intensity of absorption fﬂr.
.charactariﬂtic bands for cis-1, 4-dienes, trans—1, 4-dienes, emd
1, 2=dienes has been useﬂ. to determine the relative amounts of

these structures in synthetic polydienes.

_ The degree of isotacticity of samples of poly
(methyl methacrylate), polypropylene, pulystymm,-and poly{vinyl
methyl cther) has been estimated from the ratios of charactexdis-

+ic absorbance bands related to tacticity. Anton

Group Type of vibration Wavelangth | Wave number, g Cl

CH,, Stretch 3.38=3.51 2850-2960
Bend _ 6.82 - 1465
Rock . 13,00-13,80 725-=890

CH, I Stretch 3y I0= 048 2860-2870

 Bend _ 5.9 1450
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Table 2,10 {(Continued)

Group | Type of Vibration |Wavelongth ﬁa&e_number, , om

H T C-H stretch 3.25-3,30 3030-3085

+=f O-H bond dn-pleme  |7.10-7.68 |  1300-1410

HH C-H bend out of plane|10,10=11.00{  910-990
C-C stretch .08 - 1643
C-H strebch . 3.24 ) - 3080

H T C-H bend in plane 7410 -~ 1a310

L; O-H bend out of plane| 11,27 . | = 888

1{ i c-¢ stretch | 6.06 1650

" Benzene |C-E bend out of pleme| 1450 690

o . |stretan | 2a-3.2 | 3150-3700

SH stretch 349 2550

Aliphatic|C=0 stra'bo:h : ~ 5.85 1710

acid o | '

Aromatic |C=0 stretoch . 5.2 I 1690

acid - '

ool stretch 12-16 . 620-830

cn stretch " 4.8 2200

| pable 2,10 Absorpbion bands for typical groups in polymers.
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&etar:;:ined themmal transition -l:emparature;s of polyasmides, poly-.
esters, polystyrene and roly {vinyl acetate) by momitoring
thermal-sensitive éhsnrption bands iﬁ the 900 to 1100 cm‘q
- region,

| The random copolymers of methyl methacrylate
and st-;,ra:-ane” tond te ha,;na rathar'simila.z.' epectrs to that of
polystyrene alone and are themselves rather similar to each
other. In this case, the presence of i_.;he mono~-substituted
banze-lna ring is ov:l.dént from the bands at 13.3 M m and a further
~weak but shaz-p aromatic band sppears at 6.25 4 m. The presence .
of ester ie evident from ti_lq- 5.8 u m carbenyl band whilet the _
0=0 structure .ha.s the characteristic methacrylate paitern {1:.9
pm, 8.1 um, 8,4 4 m and 8,7 4 om), I.{mrever.. in copolymers,
these (=0 bands are broeder end less well defined than in poly-
methyl ma‘hl_‘:a.:sryla.ta.':'rhe .m.a.jrgir differences in the spectra of

these copolymers lie haﬂree;n 9rumand 10 mm and beyond 12 A m,

Block copolyners s::lf methyl. methé.f:r:,{ln:ﬁe and |

- gtyrene and mixtures of these two resins may also 'bad distin-
guished from the equivalent random copolymers.When the amnuﬁi
of polystyrene is in 1:]:.13 range 0 to 20 %, there is a signifiéant
difference in the positin.ﬁ of the styrene absorpiion band near
1443 M m, Tn black copelymers and blends, this ccours at '14..33

M, while in random copolymers it moves to 14.25 u me However,
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$his difference is not apparent at high styrene contents, but
here the broadening of the C~0 structure of the methyl methacry-
late, which is evident in random copolymers, does not oceur in

blends uvr block copolymers,

Tn the spectrum of styrene/acrylonitrile copoly-
mexy. 'I;h-a.ma.,jor features arise fx'om styrens, but acrylonitrile is
evident at 4.4 4 m, HKeasurement of the sbsorbance ratio of the
‘bands at 4.4 4 m.end G.25 M ni, due to aprjflon.itrile end st:,rréna_
respectively, appears to be a ﬁat:l.sfé.ctpr:jr mgthod of estimating
the composition of this copolymer, using ,re_fe'ranna' sam_:ple's of

mown composition for calibration..

2.4,2 (b)) Quantitative determinsation of éhg 'fﬂgth;'IL acrylate

nt of met crylate/mé methacrylate -

copolymers by infrared spectro acg_]g;‘;j

This method is sultable for copolymers containing

2 % to 20 % lﬁathyl scrylate ; standard hamples of lmown compn.ai-
tion ‘béing mquimri for calibration purposes,
All standards and test samples are prepared as

. #lme of 0,002 in (0.05 wm,) thiclmess by pressing betwsen poly-

tetrﬂiluamathylene coated ;pla,tas. The spectra of all samples

are then recc:rded over the range 11 u m to 13 pm along with tha‘b
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uf a semple of methy‘l matha.cr:rlﬂ:te homopolymers The spectrum of

a glven cnpalymer will be aim:l.lar to that shown in Fig., 2.8 below:

12.33 Mm

Aﬁﬂnrhance

. o
12,01 M m

wavolength—————

" Pige 2.8 Infrared spectrum of methyl methacrylate/methyl

acrylate (90:10) copolymer

The backpground sbsorbance is drawn tangentially
as shown in tho figure. and the absorbance at the Iﬁqatharl serylate
wavelenght (12.01 )-Lm}' and at the r'ue_sthyl methaerylate wavelength

(12,33 s m) measured,
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The absorbance ratilie

' Abso¥bance at 12.01 um
Absorbunce at 12,23 4 m

is then plotted againat the cnrresponding'cuncantration ratio

Mathyl acrylate
Hﬁ¥h31 methacrylate

Cfor all ﬂtandarﬁa, including the ﬁethyl methacrylate homopolymer.

;‘hé plot should be linear with an interxcept on the absorbance
axis at the value for the methyl methacr:,rlé.te homopolymer, This
graph is tﬂan usged to determine the composltion of unknown samples

from their asppropriate absorbance ratios,

Yor semi-quantitative work, absorbances measured
from Fizure 2,8 may be used, together with the corresponding data
on methyl methecrylete homopolymer to construct a ealibration.

graphs

1 .
2ofe? Huclear megnetic resonance analysis of polymers 3 .

2ehe2 (a) Introduction.

The major application of NNMR spsctroscopy in
polymers is in the study of chain confighraticns and mierostruc—

ture., Here HMR is probably the most powerful tool available,
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with the possibls exception of X=ray diffra.nticr_a in the case of
polymer in which crystellinity is highly developed. This
raﬁen‘l: expansion of the utility of IMR has resulted from the
development of techniques for cbeerving so-called narrow-line
spectra observed a fa‘r.-r years ago. In broad-line work, NMR provides
a useful method for studying molecular motion in .snlid- polymers,
equalling the utility of the clder metheds of dynamie mechanieal
testing and dielectric studies. HII.IIRl, however, has the added
adventage in that it allows study of the motion and positions which

are not readily détac‘baﬂ- by most other means. _

2eke2 {b) Huclear magnetic resonance anal;.rﬂls of polymers,

B High resolution HMR has proved to be a particularly
useful tool in thoe study of the microstructure of pelymers in solu-
tion where the extensive molecular motion reduced the effect of
long range interactions and allows the short range effects to domi-~
nate. Intorpretation of chain tactieclty, basaa. cn the work of
Bovey and Tiers, cen be illustra‘héd using poly (methyl mathacrgla.ﬁe}

as en examples. The three possible steric configurations are ﬂhm'm

in Mgure 2.91-.11&:1@ R is the acetate gruup—mﬁmj-
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™

ig. 2.9 Stereoregular triade for poly {(methyl methanryléxe), where
R = ~COOCH .
For the purposes of NHR ﬁeasurementa, thrﬁa congecu=
ive monomer units in & chain arc considered to define a configura-
ion and l.'l:"a called = Wiyiad®, The term ‘.'hatert.:tactic“ iz used now
a.defina g triad which is neither isotactic nor syndictactic. In
he structurss shown, whilst the three equivalent protons of .‘bha
c=~zethyl group absorb ra.di.;_Ltion at .a. single frequency, this fro-
uency, this frequency is different for each of the three kinds of
éiad, due to the enviromment of thacxiﬂmethyl groups in each being
ifferent. For poly (methyl methackylate) samples whiui: wars
repared under different conditions to give the three forms, reso-
ance at ¥ = 8.78, 8,95 and 9,09 were observed, which were E.ssﬁ.g-
ed to the isotactic, heterotactic, =nd syndiotactic triads respec—

ively, Thus, in & sample with a mixture of configurations a

H
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triple peak will be obeserved snd the area under each of these
peak% will cnrwﬁapun& to the smount of each triasd@ present in the
polymer chain _Thia is illustrata& in Figure 2,10 mhﬁre.ﬂna
sample is praﬂnminantlj isotactic but-alsu contains smeller

percentagés of the heterotactic and syndictactic configurations,

Eater methyl
groups

fa& -CH

Pig., 2.10 NMR spectra for (2) an isotactic sample and (ﬁ) a
pr&ﬂuminmﬁtl;;. syndictactic sample of poly (methyl

methacrylate).
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The emalysis can be carried further. The fraction
of each mnf:l._é;u:catinn, I’i,Ph_and L measured from the respective
peak areas, can be related to p_ » the probability that a monomer
adding on to the snd of a growing chain will have the same confie=

guration as the unit it is joining. This leads to the relations.

- 2 2 |
Py = Py B o= (1-p, )", end Py = 2p,(1=p )a

Curves plotted acdﬁrdixag to this simple analysis are shown in
Pig. 2.11 where they are compared with experimental data obtained
for various tactic forms of poly (< -methyl s-l:yréne).'
Differences in the microstructure of polydienes
a_:mi copolymers can =lsc be made using NMR, In the polydienes,

+the difference between 1, 2~and 1,
on exsmination of the resonance peaks corresponding to feyminal

olefinic protons, found at T’ = 4.9 to 5.0, and non-terminal ola=

finic protons, observed at T = 4.6 to 4.7,

4-addition can be distinguished /
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0.6

0.4

Q.2

Fig, 2.11 Theoritical curves for P as a function of p, for each

=

of the three configurations. Points represent experi-
mental dets for poly (2-methyl styrene) and illustrate

the wvalidity of ths-malarsis]4

2.4.2 (e) Quantitative analysis of adg{_lic copolymers from

the HUERE spse t:*.:rmr;;.i 3

‘The WER spectrum of a methyl methacrylate/styrene
copolymer 1is aﬂ_shmlm in Figure 2.12.| The resonsnces of the aryl
protons are seen e 37T. The methoxy resonance is of particular
interest as it appears within the rather wide :ﬁmge of 6.5 -T'l:ﬂ

7.6 T depending uponthe environment of the group. It is ‘possible
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to caloulate from the meactivity ratio of the two monomers the
relative proportions of the triad sequeﬁcaa MINT,  MMS, and SMS
in a copolymer =amd to rela-l:a ’ahasa to the relative areas of
resonances in this region of the spectrum From 'l:hia it may be
deduced that the rescnance mear 6.5 J arises from the methoxyl
protons of the central H anit in the sequence MWM, that near
T.E#Tfrum MMS end finally that a resonance near TW.6 'J"(whin;:h is
very weak in Figu;“e 2,12) arises from the M unit in the triad
S_gﬂ_. This assignment appears resomable, as one would expect the
resonance to move to higher field with decreasing polarvity of
the anﬂilﬁnment. Additional E'l:mc-bure. appears on each of these
regonances because isotactic syndiotactic end hetemtautic
arrangements are paﬂs:.hla in sach case and these have a small

but observable effect on the positions of the resc:-nances.

The qua.ﬁtitat:l.v& anﬂl:,rsis of such a copelymer is
relatively straightforwawd., . The low field resnnmc;e.na'ar 37T
ie due to the 5 protons of the benzene r:Lng of styrens., For
_egach 5 aromatic protons there are 3 protons in the a.lipha'tic

proton of the styrene molecules

Hence, if the area of the aromatic resonance a¥ about 37 dis 4,
mmd the avea of the remaining resonances due o the copolymer as

a whole he B, Then, of the latter area 34/5 is due %o styrene.
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He.man, (5B-34)/5 is due to the resonance of the protons of
methyl methacrylate., For each 'Afﬁ molecules of styrene combined
in the copolymer there are (5B-34)/(5x%8) molecules of methyl

me thacrylate (bEGﬂI-'I.IE.E there are B aliphatie pﬁﬂns in the methyl

methacrylate repeat unit in the copolymer).

Hence,
Molar concentration of styrens _ A _5x8
Holar concentration of methyl metha-:_:rgla'i:a 5 5B=-3A
(=15
5B-34

from which the w/w ratic may be caleulated.
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