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Abstract

This p a p e r  exp la ins  ihe used  o f  F ou r ie r  Tranks fo rm  In fra- R e d  Spec! ro sco p y  (FTIR) 

N ico le t MX-1 in  a n a ly s in g  the PMMA content o f  the g r a f t  c o p o ly m e r  cis-  

p o ly is o p r e n e / PMMA le ad ing  to its  suspected m echan ism . Both q u a lita t iv e  and 

Q u a n t i t a t i v e  app lic a tio n s  w ere used.

G r a f t  c o p o ly m e rs  w ere sy n th e s ize d  by  f r e e - ra d ic a l p o ly m e r is a t io n  u t il is in g  

b e n z o y l p e rox ide  as an in it ia to r  and toluene as the so lven t. Sam ples  w ere  a n a ly se d  

f o r  th ree  d if fe r e n t  p o ly m e r is a t io n  time. The p ropo sed  g r a f t in g  m echan ism  were  

c o n f irm e d  b y  the FTIR a n a ly s is  on the p roduc t ob ta ined  a f te r  the deg rada tio n  o f  the 

backbone  cha in .

C a lib ra t io n  o f  the FTIR was accom plished w ith  the used  o f  PMMA s tan d a rd  o f  num ber 

ave rage  m o le cu la r  w e ight, Mn 125,000.

K e yw ord :-

FTIR. - F o u r ie r  Trans fo rm  In f  ra-Red S pec troscopy

PMMA - P o ly m e th y l Metha c ry la te

PI - c is- P o ly iso p rene

MMA - M e thy l M e thacry la te

In t ro d u c t io n

In the charac te riza tion  of grafted and ungrafted copolym ers both q u a lita t iv e  and 

q u an tita t iv e  ana ly s is  were used. The q u a lita t iv e  app lic a tio n s  of infra-red 

spectroscopy  to polymer characteriza tion  in c lude  the fo llow ings^

.i)  structure determ ination , us ing  the group frequency region

ii )  structure determ ination in  copolymers, in form ation  about the sequence

d is tr ib u tio n  and ta c tic ity  in copolymers can be ob ta ined



The group frequency reg ion determ ine the d ifference between the grafted and 

ungrafted  c is-po ly isoprene  and the com pos ition  of the PMMA grafted on to c is-  

po ly isoprene . The fo llow ing  absorption  bands were used in  the determ ination ;

Absorption band an"^  Characteristic  Group

1,735 >c = 0 of PMMA

1,620-1,650 >c = c< c is-po ly isoprene

The q u an tita t iv e  ana ly s is  is  based on the app lic a tio n  of the BEER-LAMBERT LAW, 

w h ich  is  g iven  by:

A = lo g (IQ/ I )  = ac l = log 100/% T

where,

A = absorbance , d irec tly  determ ined from the spectrum

I Q = in tens ity  o f in c id en t rad ia tion

I = in tens ity  of transm itted  rad ia tion

O _ -1 1
a = the absorp tion  coe ffic ien t (dm g x cm )

_ O
c = concentra tion  fo solute (gdm )

1 = path  leng th  of sample (cm)

T = transm ittance  = I / 10

This m ethod is  e sp e c ia lly  conven ien t because i t  cou ld  be ca lib ra ted  w ith  polymer 

so lu tio n s  o f known concentra tion .

In  order to ana lyse  the g ra fting  m echanism , s tud ies  on the backbone polymer is  a 

use fu l m ethod. Grafted c is-po ly isoprene , in  so lu tio n , could be broken down by 

hydroperoxide in  the presence of osm ium  te trox ide . The PMMA graft cha in s , s ince 

they do no t con ta in  e thy le n ic  bonds (exc lud ing  the end groups) remain una ltered . 

The una ttacked  PMMA w as iso la te d  by p rec ip ita tio n  w ith  e thano l, whereas w ith 

sm all fragm ents of c is-po ly isoprene  are read ily  so lub le  (a ldehydes of low 

m o le cu la r w e igh t). Therefore separation o f the PMMA cons is t merely of 

p re c ip ita tin g  the hydroperoxide degradation m ixture in to  m ethanol and filte r ing  off 

the PMMA.



E q u ip m e n t

Fourier Transform Infra-Red Spectrophotometer (FTIR)

A N ico le t MX-1 Fourier Transform infra-red spectrophotom eter (Figure 1) w as used 

for the determ ination  of the w e ight percentage of MMA grafted on to the cis- 

po ly isoprene . This techn ique differs from conventional d ispe rs ive

spectrophotom eters in  u s in g  an interferometer, in s tead  of a monochrom ator eg: a 

M iche lson  interferometer. This interferometer cons is ted  of two p lane  mirrors at 

r igh t ang les to each other and a beam sp litte r at an angle of 45° to the mirrors. 

The beam  sp litte r  d iv ide s  the incom ing lig h t from the source -50% is  transm itted 

and 50% is re flected . A compensator is p laced  in one arm of the interferometer 

to e qua lise  the op tica l path lengths in both arms. From the com pensator the 

in com ing  rad ia tion  goes in to  the sample compartment and to the detector. The 

ou tpu t in form ation  from the detector is  d ig ita lis e d  in  a computer and transformed 

to  the FREQUENCY DOMAIN - each in d iv id ua l frequency is  filte red  out from the 

com plex interferogram  (FOURIER TRANSFORMS). Then the s igna ls  are converted in to 

a conven tiona l infra-red spectrum . An entire spectrum  can be recorded, 

com puterised and transform ed in  a few seconds.

E x p e r im e n ta l M ethods:

C a lib ra tion  of FTIR

C a lib ra tion  of the FTIR w as accom plished w ith  the use of polym ethy l m ethacrylate

standard of number average m o lecu lar w e igh t, M 125,000. Methyl m ethacry late

so lu tio n  were made from a known weight of the PMMA in 10 cm of dried to luene .

Various so lu tions  were ob ta ined  by d ilu tin g  the stock  so lu tion . Six so lu tions
— 3

w ith  concentra tion  rang ing  from 0.46 to 2.72 g /cm  were prepared and the six 

in fra-red measurem ents made. Two measurem ents were made on each so lu tion  

and the mean value of the absorption peak  was u t il is e d  in  construc ting  a 

c a lib ra tio n  curve, (Figure 2).

Sample Preparation

Graft copolym er c is-polyisoprene/PM M A w as syn thes ised  in  to luene u t i l is in g  

benzoy l peroxide as an in it ia to r  by a free rad ica l po lym erisa tion . Three sets of 

sam p les were prepared at 2 hr, 4 hr and 6 hr in te rva ls . Prior used , the sam ples 

were Soxh le t extracted to remove any unreacted PMMA homopolymers and dried 

under vacuum  to a cons tan t w e ight.

A graft copolymer so lu tio n  of 1.0% was made from the required w e igh t o f the 

copolym er fo llow ed by 10 cm of dried to luene . The m ixture was heated under 

reflux  u n til the graft copolym er appeared to have d is so lved  com p le te ly . The 

so lu tio n  was a llow ed to cool to room temperature before IR measurem ents were 

m ade. This was repeated tw ice and the average value of the absorbance taken.



The techn ique  employed was developed by Kolthoff e t .a l. p-D ich lorobenzene (40— 

50g) con ta ined  in  a 100 cm^ round bottom  fla sk  w as heated to 50° - 60°C. 

Graft copolym er sam ples (0 .5 g) were added and the so lu tio n  heated to

abou t 130°C. The temperature was m a in ta ined  u n til the graft copolym ers had 

d is so lv e d .

The so lu tio n  was cooled to 80° - 90°C and 10 cm^ of tert-butyl hydroxide added. 

1.0 cm o f 0.003M osm ium  tetroxide so lu tion  in  benzene was then added and the 

so lu tio n  heated to 110 - 150°C. The temperature w as m a in ta ined  for 20 m inutes 

and then coo led to 50° - 60°C.

3
After coo lin g , 20 cm of benzene was added to the so lu tion . F in a lly  the so lu tion

3w as s low ly  poured in to  250 cm of m ethano l con ta in ing  a few drops of 

concentra ted  su lphuric  a c id . The mixture was con tinuous ly  stirred during th is  

a d d it io n . A sm all portion of benzene was then used  to wash the f la sk  and the 

m ixture w as stired u n til the PMMA had coagu la ted . This so lu tio n  was le ft 

overn igh t for PMMA to p rec ip ita te  fu lly .

The p rec ip ita te  was then filte red , washed and dried before it  w as red isso lved  in 

a m in im um  amount of acetone and reprec ip ita ted in  m ethano l. This p rec ip ita te  

w as co lle c te d , w ashed and dried to constant w e igh t under reduced pressure in  a 

vacuum  oven at 45°C. The product was then ana ly sed  by the N ico let MX-1 

Fourier Transform IR Spectrophotometer.

R e su lts  a n d  D is c u ss io n

The spectrum  of syn thes is  c is-poly isoprene is  shown in  Figure 3, and tha t of a 

g ra ft copolym ers in  so lu tio n  in  Figure 4. An add it io n a l band a t 1,735 cm-'  due 

to  PMMA can be seen. The absorption band is  due to the carbony l absorption  [>c 

= 0] and so is  the charac te r is tic  of PMMA. From figure 4, the in te n s ity  of th is  

absorp tion  band increases as the weight percentage of PMMA grafted on the cis- 

po ly isoprene  increases . Increas ing  the w e igh t precentage of PMMA grafted on the 

c is- po ly isop rene , means increas ing  the number of carbonyl group in  the graft 

copo lym ers.

From e ither grafted or ungrafted c is-po ly isoprene the ch arac te r is tic  double bond 

s tre tch ing  band (>c = c<) in region 1620 - 1680 cm” '  ie . 1668 cm-' was 

observed. This absorption  band has the same in te n s ity  for a ll the three d ifferent 

g ra ft copolym ers.

The presence of the carbonyl absorption peak in  the spectra of the grafted 

copolym ers confirmed tha t c is-poly isoprene grafted w ith  d iffe ren t percentages of 

PMMA w as a c tu a lly  prepared by the free rad ica l po lym erisa tion . Table 1 shows 

the w e igh t percentage of PMMA presence in  the grafted copolym ers as ca lcu la te d  

from the FTIR ana ly s is  u s ing  the BEERS-LAMBERT LAW. H ence, the infra-red 

a n a ly s is , ana lysed  the w e igh t percentages of PMMA conten t of the copolym ers.



The unchanged in tens ity  of the double bond s tre tch ing  band observed for a ll the 

graft copolymers m eant tha t no de tec tib le  am ount of the unsa tu ra tion  of the cis- 

po ly isoprene  were u t il is e d  in the graft copo lym erisa tion  of MMA on the cis-  

po ly isoprene  w ith  tim e. Therefore, there is  l i t t le  or no copo lym erisa tion  of MMA 

w ith  c is-po ly isoprene  u n its . The grafting of PMMA u n its  on to c is-po ly isoprene  

cha in s  m ust come from transfer. The re su lts , therefore, give u se fu l in form ation 

in  e lu c id a t in g  the poss ib le  m echanism  of the graft copo lym erisa tion .

The re su lt from the ana ly ses , us ing  the degradation  techn ique , of the PMMA 

content o f the graft copolymers are presented in  Table 2. The w e igh t decreased 

lin e a r ly  w’ith  extent of po lym erisation  as shown in figure 5. This m eant more 

PMMA cha ins  of lower m o lecu lar w eight such as o ligom ers grafted on to the cis- 

po ly isoprene  w ith  in creas ing  extent of po lym er isa tion . Those w ould  not be 

recovered on degrading the c is-po ly isoprene backbone . Very low  m o lecu lar 

w e igh t o ligom ers would be particu lar ly  so lub le  in  the p re c ip ita tin g  agent. Further 

lo sse r of PMMA a lso  occur during pu r if ica tion .

On a n a ly s is  by FTIR spectroscopy the spectra ob ta ined , Figure 6, confirm  tha t a ll 

the polym ers co lle c ted  were PMMA on ly . This spectrum  was ob ta ined  on the 

PMMA iso la te d  from the degradation of the graft copolym er, G4. Hence 

degradative  techn ique support the results ob ta ined  by the FTIR th a t unsa tu ra tion  

of the c is-po ly isoperene  were not u t il is e  in  the graft copo lym erisa tion  of MMA 

onto c is-po ly isoprene  w ith  time.

C o n c lu s io n

A na lys ing  the products formed at d ifferent tim e of po lym er isa tion  in d ic a te  that 

graft copolymers of vary ing content have been syn thes ised . Therefore free 

rad ica l copo lym erisa tion  in  so lu tion  can be u t il is e d  in  the syn thes is  of graft 

copolym ers. FTIR conc ludes tha t the amount of PMMA grafted in creased  lin ea r ly  

w ith  the percentage of conversion  cons is tan t w ith  a cons tan t p roduc tion  of graft 

form ation w ith  po lym erisa tion  time.

M echanism  of graft copo lym erisation  is  cons idered  to be of ch a in  transfer to 

polym er w ith  abstraction  of H-atom from the polym er backbone e ither by an 

in it ia to r  rad ica l or a grow ing polymer rad ic a l. The gra fting  m echan ism  for MMA 

on to c is-po ly isoprene  can be represented by the fo llow ing  reaction  scheme;

AO



Benzoyl peroxide which w as used as an in it ia to r , undergoes decom pos ition , i.e .

0 0 

ii ii 
c - o - o - c

CO -

*  2 0 0 '
(a)

+ 2C0,

i .e , I- -> 2V

+ M ------ > P»

where I2 is  in it ia to r  and M the manomer.

Graft in it ia t io n

Transfer to the polymer backbone by in it ia to r  rad ica l occurs on the m ethylene
*3

group producing a s ta b ilis e d  a lly lic  rad ica l, i .e ,
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Transfer to the methyl group-would be equ iva len t.

i.e  RH + Ib» ------ > R* + IbH

The c is-po ly isoprene rad ica ls  w ill in it ia te  graft copo lym erisa tion  and a lso  be 

term inated by transfer to the polymer backbone produc ing  a new  polymer rad ica l 

i .e ,
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and so,

CH,
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COOCH,

r . + m ------- > RM

This graft rad ica l w i l l  propagate by add it io n  o f monomer u n til te rm ination  or 

transfer occurs.

Term ination step

d isproportiona tion  

RMn + RMmk ------------------- > RMn - l + RMm +l

com b ination

RMn° + RMn » •> RM n+m

Term ination by d isproportiona tion  is  considered to be more lik e ly , s ince 

term ination  by com b ination  is  considered to be le ss  lik e ly  in  MMA than 

d isproportiona tion  and term ination  by com b ination  produces a c ross linked  graft 

copolymers and the copolymers were so lub le .



(i)  To monomer

RM* + M ------------> RMH + M'

( i i)  To polymer,

v

-\5 / '
Ki.'t 4 c --------- ► hkh + h

/ \ 

r~T  CH2 CH2 V

( i i i )  To so lven t,

RM ‘ + SH ---------- > RMH + S-

Transfer to monomer, polymers and so lvent can occur bu t transfe r does not 

change the k in e t ic  cha in  length  and further g ra fting  or hom opo lym erisation  occurs. 

The re ac tion  proceeds by transfer of a hydrogen atom from the transfer m o lecu le 

to the grow ing polymer cha in . The transfer cons tan t o f MMA rad ic a ls  to PI is 

h igh  ( 8 - l lx lO ^ ) ^ -^ compared w ith  tha t to to luene  (0 .2x10^)^ , bu t concentration  

d iffe rences m akes th is  le s s .

The above m echan ism  is  deduced from the IR and chem ica l ana lyses  in  tha t the 

c is-po ly isop rene  double bonds do not appear to be invo lved  in  copo lym erisa tion  - 

w ith in  the experim ental accuracy of these m easurem ents. The s tud ies  of the 

graft copolym ers by degradative  techn iques in d ic a te d  tha t on ly  the e thy len ic  

doub le  bond were in ta c t after grafting s ince PMMA was the sole product of the 

degradation .

However, the p o s s ib il ity  of a small amount o f copo lym erisa tion  occuring , cannot 

be ru led  out, i .e ,

CH H
\ /
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TAILE I

Weight % o f PMMA content determined by FTIR analysis

Graft Copolymer 

type

Copolymerisation 

time / h

EKKA content 

determined by 

/ weight

PMMA content 

by FTIR analysis 

/ weight

G S 6 17.9 16.7 ±_ 1.5
G 4 4 12.5 11.6 + 2.0

G 2 2 6.7 6.3 + 1.0

TAILE 2

Determinations of PMMA content from the graft copolymers

Graft copolymer 

serial no.

Polymerisation 
time / h.

* PMMA. content 
/ wt.

PMMA recovered #•-* 
/ wt.

G 2 2 6.7 89.9 ± 0.5 °-

G 4 4 12.5 69.6 + 0.7 0/

G 6 6 17.9 51.9 ± 1.0

* Weight % of PMMA content = We- x 100
Wo+ Wfr

* * Determination by degradation technique
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