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Graft copolymerization of o-toluidine (OT) onto wool and nylon6 fibres were carried 
out by using Peroxy disulphate (PDS) as a lone initiator in aqueous acidic medium under 
nitrogen atmosphere. Various graft parameters like YO grafting, YO grafting efficiency 
and rate of grafting were determined. Grafting occurs with simultaneous homopolymer 
formation. Rate of homopolymerization was also followed. The content of poly(o- 
toluidine) (POT) in the backbone fibres were found to vary while changing the [Oq, 
[PDS], (amount of fibre). Chemical grafting was confirmed by FTIR spectroscopy, 
cyclicvoltammetry (CV ) and conductivity measurements. Probable mechanism has been 
proposed to explain the experimental results obtained. 

Keywords: Grafting; Poly(o-toluidine); Kinetics; FTIR; CV; Mechanism 

INTRODUCTION 

Nowadays natural and synthetic polymer backbones are modified 
suitably such that their inherent properties are improved and are thus 
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380 R. ANBARASAN et al. 

tailor made for certain end use applications. Various methods are 
available for such modification. Among those methods graft copoly- 
merization is one of the technique used by polymer chemists for 
modifying chemical [l] and mechanical [2] properties of the polymer 
backbones. A wide range of vinyl monomers have been graft copoly- 
merized onto various natural and synthetic polymer backbones by 
using a number of redox initiating systems [3-61. For the past few 
decades aniline and its derivatives were polymerized either chemical- 
ly or electrochemically [8] in aqueous acidic medium. Among them, 
chemical method is of particular importance because it provides the 
most feasible route for the production of polyaniline(PAN1) and its 
derivatives in large scale [7]. 

Aniline and its derivatives can be polymorized by using PDS [9], 
Peroxo monosulphate (PMS) [lo], hydrogen peroxide [ 1 I], dichromate 
[12], chromyl chloride [13], ferric chloride [14], Ce(IV) sulphate [15], 
KMn04 [16], AsF5 [17]. Unfortunately the processability of conduct- 
ing polymer was unknown for long time due to its insolubility in 
common organic and inorganic solvents. Several approaches have 
been made to improve the processability of the conducting polymers. 
Among those blending of conducting polymer with conventional 
polymer is an important and economic method due to its ease of 
preparation. Changjiang et al. [18] made a transparent and conducting 
PANI-PET composite films and it was characterized by UV-visible 
and SEM analysis. 

In order to improve the processability of the conducting polymer, 
several conventional polymer based blends have been synthesized 
by many researchers [19- 251. Recently Toppare and co-workers [26] 
prepared a conducting polymer composite and he reported that the 
composite showed good conductivity and air stability. In 1992, 
Gregory and colleagues [27] grafted PANI onto PET and nylon6 
fibres. For the first time they proposed some kinetic equations. The 
possibililty of grafting between conducting polymer and an insulat- 
ing polymer was studied via semi-empirical methods [28]. Hochfilzer 
and co-workers [29] grafted oligo( phenylene vinylene) onto polysty- 
rene backbone. Li et al. [30], grafted PANI onto poly(amino styrene) 
backbone by using PDS as an initiator. 

In the above mentioned literatures, there is no systematic kinetic 
approach available to study the graft copolymerization of conducting 
polymers onto textile fibres. For the first time our research team 
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COPOLYMERIZATION OF O-TOLUIDINE 381 

published comparative and systematic analysis of the kinetic results 
on the peroxosalts initiated graft copolymerization of aniline onto 
nylon6 [31] and wool fibres [32]. Anbarasan and co-workers [33] 
reported the PDS initiated graft copolymerization of aniline and a- 
toluidine onto PET fibre. Peroxosalts initiated graft copolymerization 
of aniline and a-toluidine onto poly(propy1ene) [34] and rayon [35, 
361 fibres were reported by Anbarasan and colleagues. And also we 
communicated the peroxomonosulphate initiated graft copolymeriza- 
tion of OT onto PET [37] and poly(propy1ene) [38] fibres. Currently 
we reported some PDS and PMS initiated graft copolymerization of 
aniline and OT onto nylon66 [39], nylon6 [40], wool [41] and PET [42] 
fibres. Such type of conducting polymer grafted textile fibres are used 
in EM1 shielding [43], electrochemical cells [44], secondary batteries 
[45] and sensors [46]. This research paper reports the analysis of 
the kinetic results on the graft copolymerization of OT onto nylon6 
and wool fibres. 

EXPERIMENTAL SECTION 

Materials and Methods 

OT (SRL AR) was used after distillation under vacuum. Potassium 
peroxydisulphate (PDS) (CDH AR), HCl (Fischer AR) and other 
chemicals were used as such. Nylon6 fibre (a gift sample from M/s. 
Madura coats, Madurai, India) and wool (a gift sample from M/s. 
J. K.  Synthetics, Kota, Rajasthan) were soxhlet extracted with ace- 
tone for 24 hours and dried at  room temperature before used. 

Procedure 

A typical graft copolymerization study was conducted as described. 
Nylon6 or wool fibre ( W ,  g) was immersed in definite concentration 

of HCI (to adjust acidity) in a polymer tube and thermostated for 
30min. The required amount of monomer (OT) was added and 
deaerated for another 15 min. Graft copolymerization was initiated 
by the addition of calculated volumes of PDS (using standard solu- 
tions). The time of adding PDS was taken as the starting time for 
the reaction (polymerization conditions were selected in such a way 
that no polymerization occurred in the absence of added oxidant). 
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382 R. ANBARASAN et al. 

This was ascertained by a separate experiment. At the end of the reac- 
tion time the reaction was arrested by blowing air into the polymer 
tube to stop further reactions. 

The reaction mixture was filtered using a G4 sintered crucible and 
washed with 1M HCl several times, dried (at 80°C for 4hrs) and 
weighed until get the constant weight. This gives the total weight of 
the grafted polymer along with the homopolymer ( W2 8). The grafted 
nylon6 or wool fibre was soxhlet extracted with NMP for several 
hours to remove the homopolymer (no colour changes were seen in 
the grafted fibre). The extraction was repeated until separation of the 
homopolymer from the grafted sample was completed. This was 
ascertained by drying the fibre in vacuum to constant weight (W3g). 
The difference in ( W3- W , )  gives the weight of the grafted polymer. 
The difference, in (W2- W3) gives the weight of the homopolymer, 
POT, formed. 

Rate Measurements 

The rate of grafting ( R J ,  rate of homopolymerization ( R h ) ,  YO grafting 
and Yo efficiency were calculated as follows: 

%grafting = w3 - w~ x 100 

R -  w3 - w1 x 1000 

R h  = w2 - w I  x 1000 

WI 

x 100 w3 - w1 
Weight of monomer used( W4) 

% efficiency = 

- V.t.M 

V.t.M 

where W3-W,  is weight of the grafted polymer, V is total volume 
of the reaction mixture, t is reaction time, W2- W3 is weight of the 
homopolymer formed and M is molecular weight of OT. 

Isolation of POT Grafted Nylon6 or Wool Fibre 
from POT, Homopolymer 

The mixture ( WI g) of the POT grafted Nylon6 or wool fibre and POT, 
the homopolymer was dedoped with 0.5 N aqu. ammonia solution 
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COPOLYMERIZATION OF O-TOLUIDINE 383 

and extracted with N-methyl pyrrolidone(NMP) solution for 12 
hours to separate the homopolymer from the reaction mixture. The 
extraction process was repeated until the separation of homopolymer 
from the grafted sample was completed and was ascertained by a 
colourless filtrate. The fibre was dried in vacuum to get the constant 
weight ( W ,  g). This gives the weight of the grafted polymer. The dif- 
ference between W 1  and W2 gives the weight of homopolymer formed. 
This can be quantified with UV-visible spectroscopy. Visible spectrum 
was recorded till the extract gives nil OD value. 

Cyclic Voltammetry 

The POT grafted Nylon6 or wool fibre (HCI doped, green coloured) 
was allowed to stand over night in 0.5N aqueous ammonia solution 
(the fibre turns into blue colour) then the fibre was washed well with 
acetone for 2- 3 times to remove any adhering materials which were 
absorbed on the surface of the fibre. The dried fibre was immersed 
in formic acid and made into a paste. The paste was dip coated onto 
a Pt micro working electrode (surface area 9.50 x 10-’cm2). Cyclic 
voltammograms (CV’s) were recorded (by using BAS 100 A Elec- 
trochemical Analyzer) for Nylon6-g-POT or Wool-g-POT films by 
cycling the potential in the range of 0.00 to 0.90 V using Ag/AgCl 
as a reference electrode at various sweep rates. 

FTIR Spectroscopy 

The FTIR spectrum was recorded for Nylon6-g-POT, Wool-g-POT 
samples by using Bruker FTIR Equinox 55 model instrument by KBr 
pelletisation met hod. 

Weight Loss Study 

Definite weight of the POT grafted Nylon6 or wool fibre was treated 
with acetone (30 min) and dried to constant weight. A change in 
weight was observed. Then treated with NMP for 4 hrs and removed 
from NMP, dried under vacuum and weighed. The POT grafted 
nylon6 or wool fibre was soaked with 0.5N aqu. ammonia solu- 
tion and isolated from the reaction condition and dried at room 
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384 R. ANBARASAN et al. 

temperature. Some weight loss was noticed due to the dedoping 
process. It was once again treated with NMP for 4 hrs, dried under 
vacuum condition and weighed. Change in weight was inferred. Thus 
the total % weight loss was determined. 

UV-visible Spectroscopy 

Visible spectrum was recorded by using UV 2401 PC model spectro- 
photometer for NMP extract at different extraction time intervals 
and the corresponding optical density (OD) values were noted. 

Conductivity Measurements 

Conductivity of both POT grafted and pure nylon6 and wool fibres 
were measured by using Keithly 61 7 Programmable Electrometer 
Instrument. l cm length of the fibre sample was taken and its two 
ends were connected with two poles of the electrometer instrument. 
Current was passed through the poles and the conductivity was dis- 
played and recorded. 

RESULTS AND DISCUSSION 

Effect of [OT] on Rh and Graft Parameters 

Experimental results obtained by changing the [OT] in the range from 
0.20 to 0.60 moll - '  using PDS as a lone initiator while keeping other 
experimental conditions constant. It is important to note that both Rh 
and R, increased with increase in [OT]. The Rh values are higher for 
Nylon6 system than wool system. The R, values of both systems are 
almost equal. The % grafting and % efficiency are shown in Table I .  

In order to find out the order dependences for Nylon6 system, the 
plots of IogRh vs. log[OT] (Fig. 1A) and IogR, vs. log[OT] (Fig. 1B) 
were drawn and it showed a first order dependence of both Rh and 
R, on [OT]. It was further confirmed by plotting Rh vs. [OT] (Fig. IC) 
and Rg vs. [OT] (Fig. 1 D). The linearity of these plots confirm the first 
order dependence of Rh and R, on [OT]. The intercept values of the 
plots Rh vs. [OT] (Fig. 1C) and R, vs. [OT] (Fig. ID) were noted. 
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COPOLYMERIZATION OF O-TOLUIDINE 385 

TABLE I Effect of [OT] and [PDS] on YO grafting and % efficiency 

[ O r ]  YO grafring YO eficiency [PDSJ % grajiing % eflciency 
moI I - '  a b a b mol I - '  c d c d 

0.20 5.30 5.30 0.99 1.00 0.005 3.75 6.08 0.47 0.76 
0.30 8.21 8.34 1.02 1.04 0.010 5.30 12.7 0.67 1.59 
0.40 10.8 10.8 1.01 1.02 0.015 8.70 18.4 1.09 2.29 
0.50 13.4 13.4 1.01 1.02 0.020 11.5 26.8 1.44 3.33 
0.60 17.0 16.9 1.07 1.06 0.025 14.1 33.7 1.76 4.20 

a,b: [PDS]=O.OI mol I-'; a,c: Wl. of nylon6=0.20g; b,d: Wl. ofwool 1ibre=0.20g; c,d: [OT]=0.30 
rnol I - ' ;  a,b,c,d: HCI= 1.00M, Temperature=45"C. 

0 
t 

1.5 

cr" 
m 
0 1-1 

rn 

+ 
h 
*. 

c 0.7 a 
01 0 

W 

d 

.. 
Q: 

I I I 

0 0.32 0 *64 0.96 -+ C, 0 

A,B: 1*log LOT] C,O: COT] mol I-' 

Effect of [OT] on R h  and R8. [PDS]=O.OImol1 ', Weight of Nylon6 FIGURE 1 
fibre = 0.20 g, [HCI] = 1 .OO M. 
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386 R. ANBARASAN et al. 

The increase in Rh and R, may be due to the formation of more 
and more monomer radical cations. The second effect is the auto 
acceleration caused by the homopolymer surface and POT grafted 
Nylon6 or wool fibre’s surface. 

Similar attempts were made for Wool system (Fig. 2). Here also 
the same first order dependence was noticed. The % grafting and % 
efficiency values reveal the same trend (Tab. I). 

Effect of [PDS] on Rh and Graft Parameters 

The [PDS] was varied from 0.005 to 0.025 moll-’ while keeping other 
experimental conditions as constant. The Rh and R, values increased 

“ I  
0.2 

0.2 0 4  0.6 0.8 - ’  
0 0.32 0.6L 0.96 *’ 
A,E: 2+log[OT] C,D:[OT] mol I-’ 

FIGURE 2 
0.20g, [HCI]= l .00M. 

Effect of [ O q  on Rh and Rg. [PDS]=O.Ol moll-‘, Weight of Wool fibre= 
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COPOLYMERIZATION OF O-TOLUIDINE 381 

with increase in [PDS]. Here also both Rh and Rg increased with 
increase in [PDS]. At lower concentration of PDS both systems are 
having almost same Rh values whereas at higher [PDS], the nylon6 
system showed higher values of Rh. Wool system showed greater 
values of Rg than nylon6 system. The % grafting and % efficiency 
values are given in Table I. 

The plots of logRh vs. log[PDS] (Fig. 3A), log% vs. log[PDS] (Fig. 
3B), Rh vs. [PDS] (Fig. 3C) and R, vs. [PDS] (Fig. 3D) were drawn for 
nylon6 system. Figures 3A and 3B indicates the first order dependence 
of Rh and Rg on [PDS]. The direct plots were found to be linear and 
passed through the origin. 

Formation of larger amount of active free radicals are responsible 
for the increase of Rh and Rg for both system. 

I I I 

0.9 1.1 1.7 --j 
0 0.01 0.02 0.03 4 ( 

A,B:3*log [BDS] C,D:[PDS] mol I-' 

FIGURE 3 Effect of [PDS] on Rh and Rg. [OT]=0.30moll~', Weight of Nylon6 
fibre=0.20g, [HCI]= 1.00M. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
8
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



3nn R. ANBARASAN et af. 

Similar plots were also drawn for wool system (Fig. 4). We found 
first order dependence of Rh and R, on [PDS]. The % grafting and YO 
efficiency values are given in Table I. 

Effect of (Amount of Nylon6 or Wool Fibre) 
on Rh and Graft Parameters 

The effect of amount of Nylon6 fibre on Rh and graft parameters 
were studied under the conditions mentioned in Table 11. The nylon6 
fibre weight was varied between 0.10 to 0.35g while keeping other 
experimental conditions as constant. Nylon6 showed higher Rh values 

I I I 
4 0.8 1.2 1-6 -L mi 0.02 0.03 - 

A,B:3*log LPDS] C ,  D : [PDSI mol I-' 

FIGURE 4 Effect of [PDS] on Rh and Rg. [OT] = 0.30moll-', Weight of Wool 
fibre = 0.20g, [HCl] = 1.00M. 
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COPOLYMERIZATION OF O-TOLUIDINE 389 

TABLE I1 Effect of (weight of fibre) on % grafting and % efficiency 

Wt. of jbre  YO grafting 

(d a h 

0.10 4.20 7.90 
0.15 4.28 8.10 
0.25 4.47 7.95 
0.30 4.44 7.90 
0.35 4.38 7.83 

YO eJJienc); 

a b 

0.26 0.49 
0.44 0.76 
0.70 1.24 
0.83 1.49 
0.95 1.70 

_____ ~~ 

a,b: [OT]=0.30molI-', [PDS]=O.O1rnoll-', HCI=I M; a: Nylon6 fibre; b: Wool fibre. 

where wool system showed higher Rg values. The % grafting and % 
efficiency values are also given in Table 11. 

In an attempt to quantify the order dependences for Nylon6 system, 
the plots of logRh vs. log(amount of nylon6 fibre) (Fig. 5A) and logR, 
vs. log(amount of nylon6 fibre) (Fig. 5B) were made and the slope 
values were found to be close to one indicating first order dependence 
of R,, and Rg on (amount of nylon6 fibre). Further it was checked 
through plotting Rh vs. (amount of nylon6 fibre) (Fig. 5C) and Rg vs. 
(amount of nylon6 fibre) (Fig. 5D). These plots were found to be lin- 
ear and passing through the origin. These linear plots support the first 
order dependence of Rh and Rg on backbone amount. 

Similar plots were made for wool system also (Fig. 6). Figures 6A 
and B showed the first order dependence of R h  and R, on (amount 
of wool fibre). The % grafting and % efficiency values are shown in 
Table 11. 

On increasing the amount of fibre, the amount of macroradicals 
also increased. These active sites enhance both homopolymerization 
and graft copolymerization through auto acceleration effect. 

Gregory [27] and co-workers studied the effect of added fibre on 
the chemical polymerization of aniline in the presence and absence 
of PET fibre. No correlation was found in that study to relate the 
changes in the rate of homopolymerization. In the electrochemical 
polymerization of anilines, Wei et al. [47] proposed an auto accelera- 
tion effect by the electrode surface in an attempt to explain the changes 
in the induction time during the polymerization. A kinetic equation 
was proposed consisting of two components: 

Rp = k[M]  + k'[M][P] 
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390 R. ANBARASAN et al. 

c P  

I I 1 
I 1.1 1.3 1.5 - P 

0 0.1 0.2 03 c 
A , E :  2.log (wt .ofnylon6)  C,O:wt .of  nylon 6 ( g )  

FIGURE 5 Effect of (amount of Nylon6 fibre) on Rh and RB. [OT]=0.30molI~ ', 
[PDS]=O.Ol moll--', [HCI]= 1.00M. 

where k is the rate constant for the formation of PAN1 on a bare Pt 
electrode surface, k' is rate constant on the PANI coated Pt surface, 
[MI is concentration of monomer and [PI-amount of polymer formed. 
Shim and Park [48] proposed a kinetic equation for the polymeriza- 
tion of aniline on bare Pt electrode including the auto acceleration 
effect and proposed a type of the following equation as, 

R,(ANI) = kl[ANI][PDS] + k2[ANI][TAS] 

where k ,  and k2 are the rate constants of formation of PAN1 on a 
bare Pt electrode surface and PANI coated Pt electrode surface respec- 
tively. TAS is total available surface. 

In the case of chemical polymerization of OT a similar considera- 
tion based on the above kinetic model may be considered including 
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I I I 
1.1 1.3 1.5 --A 

0 0.1 0.2 0-3 -+ C 

A,B:2*10g (wt.of wool) C,D:wt.of wool (g)  

FIGURE 6 Effect of (amount of Wool fibre) on Rh and Rg. [OT]=0.30mol1-', 
[PDS]=O.Ol moll-', [HCI]= 1.00M. 

the additional effect due to the added oxidizing agent as well as the 
heterogeneous phase. In the present case, the added fibre for grafting 
and the formed homopolymer may cause the auto acceleration effect 
due to the active surface effect. 

The plot of Rh(OT) vs. [OT] (Fig. 1C) was found to be a straight 
line with a definite intercept and Rh(0T) vs. [PDS] (Fig. 2C) is a 
straight line and passing through the origin and Rh(OT) vs. (amount 
of Nylon6 fibre) (Fig. 3C) is a straight line and passing through the 
origin. These three combined facts necessitate the modification of 
the above equations as, 

Rh(OT) = klh[OT][PDS](amount of Nylon6 fibre) +k2h[OT][TAS] + k3h 

(1)  
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392 R. ANBARASAN et al. 

where klh is the rate constant corresponding to homopolymer forma- 
tion, k2h and k3,, are rate constants for the homopolymer formation 
taking into account for the additional effects of available surface 
and probable change due to grafting. [TAS] - total available surface 
(include homopolymer (weight basis) and grafted one). The value 
of k3h can be taken from the intercept of the plot of Rh vs. [OT] 
(Fig. 1C). 

The rate of grafting also has same trend (first order dependences 
of R, on [OT], [PDS] and (amount of Nylon6 fibre)). Hence the fol- 
lowing equation is proposed for Rg as, 

R,(OT) = kl,[OT][PDS](amount of Nylon6 fibre) 
+ k2g [OT] [TAS] + k3g ( 2 )  

where k , ,  is the rate constant to the graft copolymer formation, k2g 
and k3g are the rate constants for the graft copolymer formation 
taking into account for the additional effects of available surface and 
probable change due to grafting. 

Gregory et al. [27] determined the k l h  value as 0.0008min-'. For 
the present case, PDS initiated graft copolymerization of OT onto 
nylon6 fibre in aqueous HCI medium, k l h  and k l g  values are deter- 
mined from the slope of the plots Rh vs. [OT] (Fig. 1C) and RR vs. 
[OT] (Fig. 1D) using Eqs. (1) and (2) as 6.03 x 10p3g-' m-' lsec-' and 
1.62 x lop3 g-I m-I 1 sec-' respectively. This value is far higher than 
that of the simple homopolymerization rate constant and augu- 
menting the auto acceleration effect in homopolymerization by TAS 
and grafting. The value of k3h was found to be 1.20 x lop6 mol I - '  sec-' 
whereas the value of k3g was found to be nil. The above rate constant 
values indicate that k l h  is greater than that of kl,. 

In the case of wool fibre, the rate constants were determined by 
modifying the Eqs. (1) and (2) as 

Rh(0T) = klh[OT][PDS](amount of Wool fibre) + k2h[OT][TAS] + k3h 

(3) 

Rg(OT) = ki,[OT][PDS](amount of Wool fibre) + kZg[OT][TAS] + ,kjg 

(4) 
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The k l h  and k l g  values are found to be 3.83 x 10-4g-1 m-' 1 sec-' 
and 1.73 x low3 g-' m-l 1 sec-' respectively. Here the k3h value was 
found to be 0.40 x lod6 moll-' sec-' where as the k3g value was found 
to be nil. 

The kinetic results indicated that homopolymerization was encour- 
aged by nylon6 system and grafting was encouraged by wool system. 

In order to study the effect of added reductant like Ferrous Am- 
monium Sulphate (FAS) and Ascorbic Acid (AH2) on Rh and R, a 
separate experiment was carriedout. 

Effect of [AH2] on Rh and Graft Parameters 

As mentioned in Figure 7 AH2 concentration was varied from 0.0050 
to 0.0250 moll-' while keeping other experimental conditions as 

I 

0 
0 0.005 0.010 DO15 0.020 0025 +A - D 

[A HJ mol I-' 

C D  
1 1  

-. 1.1 

-10 
- 0.9 

- 8  E - 0.7 p 
u 

- 6  $ 
- 0.5 o 

- 4  
- 0.3 

m 
- 2  5 
- 0.1 g 
-0 ? 

0 

FIGURE 7 Effect of [AH2] on Rh and graft parameters. [OT]=0.30molI-', 
[PDS] = 0.01 mol I-' ,  Wt. of Nylon6 fibre = 0.20 g. 
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constant (nylon6 system). I t  was found that both Rh and Rg decreased 
with increase in AH2 concentration (for both nylon6 and wool 
system). This is due to scavenging nature of ascorbate anion. This is 
in accordance with our earlier communications on the redox initiated 
polymerization of aniline and o-toluidine [lo]. Figure 7 indicated the 
effect of [AH2] on R h ,  Rg, YO grafting and YO efficiency. Similar plots 
were made for wool system also (Fig. 8). 

Effect of [FAS] on Rh and Graft Parameters 

Figures 9 and 10 showed the effect of added Fe2+ ion on Rh, Rg, ,  YO 
grafting and 9'0 efficiency. Here the Fe2+ ion concentration was varied 

't 

3 ;j 1 
I 1 I I I 1 
0 0.001 0.002 OGO3 0-OOL 0.005 + /  

[FA s] mol I-' 

FIGURE 8 Effec; of [FAS] on Rh and graft parameters. [OT]=0.30mo11 ' 
[PDS] = 0.01 mol I , Wt. of Nylon6 fibre= 0.02 g. 
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L - - 
OEO 

s: 

.LI 

0 

U 

I 1 I I I 
0.005 a.010 0.015 0.020 oms  - A -  D 

[A H2] mol I-' 

FIGURE 9 
[PDS]=OOl moll- ' ,  Wt. of wool fibre=0.20g. 

Etfect of [AH2] on Rh and graft parameters. [OT]=0.30moll~', 

between 0.0020 to 0.0046 moll-'. Both Rh and Rg showed decreasing 
trend with increase in [Fez+] for both nylon6 and wool system. This 
is in accordance with our earlier communication [ 101. 

Cyclic Voltammetry 

Cyclic voltammogram (CV) was recorded for Nylon6-g-POT film at 
various sweep rates and showed in Figure 11. At lower sweep rates 
the CV showed one anodic peak (at 445 mV) and one cathodic peak 
(at 620mV). At higher sweep rates the CV showed two anodic peaks 
(445 and 61 5 mV) and two cathodic peaks (380 and 620 mV). On in- 
creasing the sweep rates the anodic peak slightly shifted towards 
more anodic direction. The peak current was found to be increase 
with increase in sweep rates. The CV diagram indicates that the film 
was not degraded even at higher sweep rates. This was evident from 
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I I I I I L 
0.001 0.002 0403 0-004 0-005-A - D 

[FAS] moll' 

FIGURE 10 
[PDS]=0.01moll I ,  Wt. of wool fibre=0.20g. 

Effect of [FAS] on Rh and graft parameters. [ 0 T l = 0 0 . 3 0 m o l I ~ ' ,  

the unchanged redox peak at different sweep rates. This is similar to 
that of CV of POT film at  various sweep rates [ 101. On increasing the 
sweep rate both anodic and cathodic peak currents of NyIon6-g-POT 
film showed linear trend. The presence of POT electroactivity for graf- 
ted fibre points out the chemical grafting of POT onto nylon6 fibre. 

The linear trend of peak current with the sweep rates confirm the 
chemical grafting of POT onto Nylon6 fibre. This shift in the peak 
potential value also add further evidence for the chemical grafting 
of POT onto Nylon6 fibre. For the sake of comparison the CV of 
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-2 t w E (VOLT) vs Ag/AgCI 

-3 t 
FIGURE 1 1  
200mV/s, (b) 400mV/s, (c) 600mV/s, (d) 8OOmV/s, (e) 1000mV/s. 

Cyclic Voltammogram of Nylon6-g-POT film at various sweep rates. (a) 

ungrafted and pure nylon6 fibre was recorded, the CV did not show 
any peak even at lower sweep rates. 

CV was also recorded for wool-g-POT film at various sweep rates 
(Fig. 12). There are two anodic peaks (0.39 and 0.68V) and two 
cathodic peaks (0.30 and 0.68 V). On increasing the sweep rates from 
0.20 to 1.2mV/s, the peak current showed increasing trend. The film 
was found to be stable at higher sweep rate as identified by the charges 
associated with CV for various sweep rates. The charge was found 
to be the same. This indicates the stable nature of the polymeric film 
against the applied potentials. The existence of POT in the grafting 
fibre adds evidence for chemical grafting of POT onto wool fibre. 

Weight Loss Study 

Table 111 indicates the % weight loss of Nylon6-g-POT fibre under 
different chemical process. The % weight loss of Nylon6-g-POT and 
wool-g-POT under each process depends on many experimental fac- 
tors like nature of monomer, initiator and fibre used. The O/O weight 
loss is similar to that of our earlier communications [32 - 341. 
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FIGURE 12 Cyclic voltammogram of Wool-g-POT film at  various sweep rates. (a) 
200 mV/s, (b) 400 mV/s, (c) 600 mV/s, (d) 800 mV/s, (e) lOOOmV/s, (f) 1200 mV/s. 

TABLE I11 Weight loss study 

Process 
% wt. loss 

(Approximately) 
(Treatment with) A B 
1 .  Acetone 1 2 

2. NMP I 3 

3.  Ammonia 8-10 12 

4. NMP 10 14- 16 

Reason 
Solubility of physisorbed 
monomer or dimer in acetone 
Solubility of physisorbed 
HCI doped POT 
Removal of HCI from both 
physisorbed and grafted POT 
Solubility of all the 
dedoped physisorbed POT 

A Nylon6-g-POT fibre; B: Wool-g-POT fibre. 

Kang et al. [49] reported that during the chemical polymerization 
of aniline there will be a formation of 50% amino form and 50% imino 
form. And also they reported that the imino nitrogen atom present in 
the polyaniline chain is responsible for the doping - dedoping process. 
On increasing the quinoidal structure the amount of weight loss is 
also increased. Our earlier communications reported that PET-g-POT 
showed slightly higher % weight loss than PET-g-PAN1 system [33]. 
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This indicates that the substituted polyanilines give the quinoid 
structure rather than the benzenoid structure. 

(The complex formation between oxidant and fibre was confirmed 
through PDS or PMS analysis method [3 -61. Graft copolymerization 
was carried out in the absence of monomer for different concentration 
of oxidant at  45°C. After 30 min the unreacted oxidant was estimated 
by volumetric method. The results indicate that there is no unreacted 
oxidant. That means all the oxidant molecules are broken into active 
free radicals. Subsequently these free radicals activate the Nylon6 fibre 
backbone through the direct interaction with the reactive sites present 
on the Nylon6 fibre backbone). 

In the case of PDS, a mild oxidizing agent, leads to the formation 
of homopolymer through benzenoidal structure. Here the weight loss 
from physisorbed POT was observed rather than grafted POT on vari- 
ous treatments. Because PDS enhances the homopolymer formation 
than graft copolymer formation. 

Regarding the backbone used, wool contains many active functional 
groups and substituents that causes the physisorbtion of POT onto 
the surface of the backbone. The physisorbtion takesplace between 
fibre and monomer or polymer through the secondary forces. Here, 
the secondary bond formation is possible only between hetero atom 
of the backbone and benzenoid structure of the POT unit. In the case 
of nylon6 fibre the amount of physisorbed POT was found to be low 
due to the lesser number of hetero atom on the backbone. From our 
earlier communications, it was observed that the natural fibre showed 
higher YO weight loss than the synthetic backbone [35, 39, 431. 

lnfra Red Spectroscopy 

FTlR spectrum was recorded for both grafted and ungrafted nylon6 
and wool fibres. The POT grafted nylon6 fibre (Fig. 13) and wool 
(Fig. 14) fibre shows additional peaks other than corresponding to 
the backbones. The peaks at  810 and 1265 cm-' correspond to C-H 
bending vibration of the ortho substituted aromatic ring and C-N 
stretching of the aromatic secondary amines respectively. The peak for 
symmetric bending -CH3 group is appeared at 1373 cm-'. The peaks 
at 2959 and 3300cmp1 is attributed to C-H stretch of the -CH3 
group and N-H stretch of the aromatic amines respectively. 1635, 
1469 and 1373 cm-' peaks are corresponding to the C-N bond. The 
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FIGURE 13 (A) FTIR spectroscopy of Nylon6-g-POT fibre. (B) FTIR spectrum of 
pure nylon6 fibre. 
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peaks at 1470 and 800cm-' is attributed to C-C aromatic stretching 
and C-H out of plane bending vibration of the para substituted 
benzene ring. 1562 and 1488cm-' peaks are responsible for quinoid 
and benzenoid ring form. The other peaks are corresponding to the 
backbone polymer. The presence of POT structure in the grafted fibre 
as evident from spectral data confirms the incorporation of POT units 
onto backbone matrices. 

UV-visible Spectroscopy 

POT shows two absorption peak (Fig. 15) at 310nm and 580nm are 
similar to that of PANI. On the basis of assignments done for PAN1 it  
may be said that the 3 10 nm band is due to Pi -+ Pi* transition and i s  
related to the extend of conjugation between the adjacent phenyl rings 
in the polymer chains. The hypsochromic shifts of this peak here as 
compared to the PANI spectrum can arise from the decreased con- 
jugation because of the steric influence of the methyl groups in the 
POT backbone. This seems to well with the finding on the lowered 
electrical conductivity values as shown in our earlier communication 
[42]. The second broad band near 580 nm is a measure of the extended 

FIGURE 15 UV-visible spectrum of POT in NMP. 
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conjugation corresponding to the excitation transitions caused by 
inter-chain and intra-chain charge transfer. Here again it is note- 
worthy that 634nm band assigned for PAN1 is appearing here at a 
lower wavelength. This is also a measure of the decreased conjugation 
and the hypsochromic effect for this band has perhaps the same 
significance. Visible spectrum of extract a t  various time intervals are 
shown in Figure 16. This also shows the same peak in the visible re- 
gion similar to that of POT spectrum. 

Visible spectrum was recorded for the extract at various extraction 
time intervals. The spectrum showed that the OD was decreased with 
increase in extraction time intervals. After 12 hrs, the spectrum showed 
nil OD value. It indicates that after 12 hrs extraction with NMP all 
the physisorbed POT units were removed from the fibre surface. 

Conductivity Measurements 

Conductivity was measured for both POT grafted wool and nylon6 
fibres at different % grafting. For the sake of comparison the con- 
ductivity value of pure backbones are also given in Table 1V. The POT 

! 
0 

0 
f 

a 
n 

400 600 8C 
Wavelength (nm 1 

FIGURE 16 Visible spectrum of POT film at different extraction time intervals. (a) 
1 hr, (b) 3 hr, (c) 5 hr, (d) 9 hr, (e )  12 hr. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
8
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



COPOLYMERIZATION OF 0-TOLUIDINE 403 

TABLE 1V Conductivity measurements 

Conductivity 
Polymer YO grafting Ohm-' cm- ' 
Nylon6 1.03 G 
Nylon6-g-POT 

Wool-g-POT 

Wool 

5.30 1.64 G 
17.0 11.2 G 
5.30 
16.9 
- 

2.34 G 
6.27 G 
1.20 G 

grafted wool fibre shows higher conductivity value than nylon6 fibre 
at various % grafting. 

Mechanism 

A probable mechanism is proposed here to explain the experimental 
results obtained. The mechanism suggested for graft copolymerization 
of POT onto Nylon6 fibre in this paper is based on the mechanism 
proposed by two research teams. Wei and co-workers [47] explain the 
formation of homopolymer via radical cation and Bhadani et al. [50] 
proposed a mechanism for the graft copolymerization of PAN1 onto 
various natural backbones by electrochemical method. They also 
explained that the graft copolymerization proceeds through oligomer- 
ization. Taking the above two mechanisms as basis a probable mecha- 
nism is suggested here to explain the modification of Nylon6 fibre 
through chemical grafting of POT. {The experimental results indi- 
cated the first order dependence of both Rh and Rg on [OT], [PDS] 
and (amount of fibre). And also indicates one mole of oxidant is 
required to oxidize one mole of monomer and the unimolecular 
termination}. 

Probable mechanism for PDS initiated graft copolymerization of 
OT onto Nylon6 fibre is as follows: 

Primary reactions 

OT + PDS-OTt + Products 

PDS+2S04T (R' )  

R' + Nylon6--+Nylon6' + Products 

R' + OT---+OTt + Products 
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Homopolymerization 

O T t  + O T j d i m e r  + 2H' 

dimer + R' +dimert + Products 

dimer + PDS-dimert + Products 

dimert + dimerf +Oligomer + 2H' 

Oligomer + PDS+Oligomer+ + Products 
Oligomer + R' +Oligomert + Products 

Oligomert + Oligomert +POT (Homopolymer) 

POT + R' +POT+ + Products 

POT + PDS+POT+ + Products 

POT+ + OT-+OTt + POT (auto 
acceleration effect) 

POT* + dimer-dimert + POT 
POT+ + Oligomer+Oligomert + POT 

Graft copolymerization 

OT + Nylon6' -+Nylon6 - OT + 2H+ 

Nylon6 - OT + PDS+Nylon6 - O T t  + Products 

Nylon6 - OT + R' +Nylon6 - O T t  + Products 
Nylon6 - O T t  + O T t  -+Nylon6 - dimer + 2Hf 

Nylon6 - dimer + PDS-Nylon6 - dimert + Products 

Nylon6 - dimer + R' +Nylon6 - dimert + Products 
Nylon6 - dimert + O T t  +Nylon6 - Oligomer + 2H+ 

Nylon6 - Oligomer + PDS+Nylon6 - Oligomerf + Products 

Nylon6 - Oligomer + R' -Nylon6 - Oligomert + Products 

Nylon6 - Oligomert + Oligomert --+NylonB-g-POT 
(Graft copolymer) 

Nylon6 - POT + R' -+Nylon6 - POT+ + Products 

Nylon6 - POT + PDS+Nylon6 - POT+ + Products 

Nylon6 - POT+ + O T - i O T t  + Nylon6 - POT 
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Nylon6 - POT+ + d i m e r j d i m e r t  + Nylon6 - POT 

Nylon6 - POT+ + Oligomer~Ol igomer t  + Nylon6 - POT 

Nylon6' + OT+OTf + Products 

Nylon6 - OTf + OT-Nylon6 - dimer + 2Hf 

Nylon6 - OTt + OT-OTt + Nylon6 - OT 

(auto acceleration effect) 

O T t  + dimer-dimert + Product 

O T t  + Oligomer+Oligomert + Products 

O T t  + OT+dimer + 2H+ 

This mechanism explains the experimental results obtained. Prob- 
able mechanism for Wool system is similar to that of nylon6 system. 
This is in accordance with our earlier communications. [34,39,47,51]. 

CONCLUSION 

From the above kinetic study the following conclusions were made. 
(1) Graft copolymerization occurs with simultaneous homopolymer 
formation. (2) Both Rh and R, showed first order dependence on 
[OT], [PDS] and (amount of fibre). (3) Homopolymerization was 
encouraged by nylon6 system whereas graft copolymerization was en- 
couraged by wool system. (4) The mechanism explained the experi- 
mental results obtained. 
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