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Abstract. Three types of new bead-shaped heterogeneous nanoparticle (NP) catalysts were synthesized by sim-
pliped procedures and studied for continuous reduction of crystal violet (CV) dye. The stabilizing agentiz,
2-acryloxyethyltrimethyl ammonium chloride (PAC) was functionalized efbciently onto the surface of insoluble
poly(styrene)-co-(vinyl benzyl chloride) beads (PSBPVBC) through surface-initiated atom transfer radical poly-
merization (SI-ATRP) to obtain insoluble bead matrix having intense surface functional groups labelled as PSb
PVBC-g-PAC. These PSDPVBCDPAC beads in turn were used as a common matrix for individual immobilization of
AgNPs, AuNPs and PdNPs by following the simple chemical reaction/reduction methods to yield the corresponding
bead-shaped heterogeneous NP catalystdz, PSBDPVBCg-PACPDAgNPs, PSDPVB@-PACDAuUNPs and PSBPVBC-
g-PACDPdNPs. These catalysts were characterized by UVBVis, FT-IR, SEM/EDAX and HRTEM techniques. The
catalytic activity of these three types of catalysts were examined through the reduction of CV using NaBjas a
reducing agent and it was observed that all these catalysts effectively accelerated the reaction. The superior catalyst,
viz., PSDPVBCg-PACDAUNPSs was again used for detail kinetic studies of the same reduction reaction.

Keywords. Heterogeneous nanocatalyst; atom radical polymerization reaction; reduction; crystal violet; polymer
beads.

1. Introduction polymer bead matrix was growing very fast from earlier to
till date.
It is well known that the metal nanoparticles (NPs) are of Today, NP immobilized/stabilized polymer-supported het-
great interest owing to its potential applications in the sizeesrogeneous catalyst has found a variety of applications due
dependent biomedical, electronic, optical, magnetic and cdt the combination of physical and chemical properties of
alytic materialst The eld of nanocatalysis has undergonethe NPs with the tunable solubility and surface reactivity of
an explosive growth during the past decade, both in homdthe polymer templates. The synthesis of heterogeneous cata-
geneous and heterogeneous catalyses. The rst report lgét involves immobilization of transition metal NPs on var-
polymer stabilized metal NPs appeared in 17088d sug- ious solid matrices. Many solid support inorganic materials
gesting an effective homogeneous catalyst. However, thesech as silic&, alumina® metal oxide$ and few organic
homogeneous catalysts were not obtained with high yiellipport materials such as cardopoly(styrene) matri%1°
during synthesis in aqueous medium. The recovery of sut¢tave been used for the immobilization of metal NPs. It is
type of homogeneous catalysts has normally been carriatso obvious that the inorganic supports/matrices have led
out by dialysis, magnetic separation, precipitation and ultrde reduce the catalytic performance due to their rigidity
centrifugation method$However, again these methods areand the greater distance between the surface and functional
practically tedious and possess several limitations. Momgroup. In contrast, organic matrix, templates or amphiphilic
importantly, applications of homogeneous NP catalyst ipolymer matrix have always gained signi cant attention as
organic reactions are not considered economical owing tbey are inert, non-toxic, non-volatile, stable, exible and
their constraint in reuse. With a view to avoid all the demerreusablé!-*?
its experienced in the homogeneous NPs catalyst, researcherBarticularly, substitutions of desired functional groups
have introduced an alternative catalyst,., ‘heterogeneous onto the surface of insoluble polymer beads are more neces-
nanoparticle catalysf. This catalyst was generally pre- sary for stabilization of metal NPS15 Even though many
pared by immobilization of metal NPs onto the insolubldunctional modi cations have been performed in the prepa-
polymer-supported matrices. Therefore, the research in station of cross-linked polymer-supported bead matrix but
bilization/immobilization of metal NPs onto the surface ofthese conventional type of insoluble beads are not popular
among the catalytic industries due to various practical rea-
sons. Especially, in terms of ef ciency, stability, easy recov-
Author for correspondence (dr.e.murugan@gmail.com) erability and handling are generally the expected criteria for
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the synthesis of heterogeneous NP catalysts. Alternativel, Materials and methods

in order to ful Il these requirements, initially scientists have

prepared insoluble polymer-supported beads by the surfael Materials

initiator atom transfer radical polymerization technidfié’

These are used as potential matrix for immobilization oftyrene (St) (Aldrich), vinyl benzyl chloride (VBC)
metal NPs with higher load and thus enabled to obtaingd\drich), divinylbenzene (DVB) (Lancaster), gelatin (SD
ef cient heterogeneous NP catalyst. This technique prone), boric acid (SRL), polyvinyl alcohol (SRL), sodium
vides controlled chain growth, well-de ned block, grafthydroxide (SRL), sodium nitrite (SRL), silver nitrate
copolymer and avoided the formation of homopolyifer. (SRL), auric acid (Sigma Aldrich), tetrachloropalladate
Hence, the surface initiated-atom transfer radical polymefSRL), ethanol (SRL), sodium borohydride (SD ne)
ization (SI-ATRP) technique is considered to be very ef-and crystal violet (SRL) were used as such without
cient for grafting of surface functional groups on solid surfurther puri cation. Azobisisobutyronitrile (AIBN), diox-
faces such as nanomaterial, bres, Ims, membranes ar@ne, 1,10-phenanthroline and CuBr were received from
so on. Among the known NPs, silver (Ag), gold (Au) andSigma Chemical. All other chemicals were of analytical
palladium (Pd) are widely studied because of their charagrade and were purchased from Merck AG (Darmstadt,
teristic optical, spectroscopic and catalytic properties. P&ermany). Double distilled water was used for preparation of
and coworker® reported that the immobilization of AuNPs solutions.

on an anion exchange matrix and it is used for the reduc-

tion of 4-nitrophenol. Among these, an interesting report i 5 Svnthesis of | d polvvinvl b |
the solid phase synthesis of AUNPs on polystyrene matr%'I ynthesis of new polymer-supported poly(vinyl benzy

through immobilization of protected gold NE&They have © r:o:ide) (T]SFPVBC). beadri gr_gfted with poly-2-acryloxy-
been extensively exploited in the area of photography, ph(‘i’-t ylrimethylammonium chloride (PAC)

tocatalyst, biological labelling and surface enhanced Ramarrhe insoluble cross-linked polv(styre olv(vinviben-
scattering. Further, it is also known that most of dyes d'sz'ylchloride) (PS—PVBC) mar'zrixy\(/vai prg)-zfl)re)(;(byya method
charged from dye industries are more stable and dif cult t?eported carlie?® The resulted PS—PVBC beads were
. 1 :

blogegraldé_. let (CV) has b dq7 . rafted with 2-acryloxyethyltrimethylammonium chloride
. rysta Vio et (CV) 1as been used for various purpose PAC) via the atom transfer radical polymerization method
it is extensively used in textile dying and paper colourmg(ATRP) Initially, PS—PVBC beads (5 g) were swelled in
Now the removal of the textile dyes in waste water dis'ethanol. for 24 h in 100 ml round bottom ask and then

charge from various industries such as the textile, paper, plqﬁ-e PAC monomer (20 ml, 0.15 mol), CuBr (0.432 g
tic, leather, ink, etc. is an active issue all over the worl e ' ' ’

d3.0 mmol), 1,10-phenanthroline (0.936 g, 6.0 mmol) and

There are many class_;es of dyes such as acidic, basig, NBibxane (10 ml) were added to the ask, then polymeriza-
tral, azo, direct, reactive, etc. These dyes can be toxic a n reaction was carried out at 65 for 18 h under inert

potentially cgrcinogeniéz.'23 Samji et_ ak* also studied.thel atmosphere. The resulted beads were ltered and then trans-
photocatalytic degradation of CV using nanoanatase titanium, .4 into a 100 ml RB ask. to which 10% (Wiv) of

and Ad -doped titanium. Therefore, removal of colour fromEDTA solution was added and stirred continuously for 24 h

waste water is a major environmental problem and threat I8 remove the excess copper ions from the beads. The
the society. Reactive dyes are hardly eliminated under a§Esulted beads were Itered and washed subsequently with

obic conditions and are probably decomposed into CarCinWater and ethanol and dried under vacuum atsfr 24 h

genic etrom?tlc atlrr;nlges un.(I:legl ar;aertobf_ cor:glt?inﬁhe The product,viz., poly(styrene)—polyvinyl benzyl chloride
conventional methods avaliable Tor realing the dyes Comg, grafted with 2-acryloxyethyltrimethylammonium chlo-
taining waste waters are coagulation, occulatf8noxi-

. . . ride (PS-PVBGCg-PAC) (scheme 1). The PS-PVB§zPAC
dation, ozonaﬂo%? and membrane s_eparaﬂ%Hovyever, beads were characterized by FT-IR and SEM, the observed
these technologies do not show signi cant ef ciency or

ectra and images are shown in gures 1 and 2, respectively.

. - S
economic advantage. Further, the existing catalyst cannf:&]e beads were also analysed with EDAX and the observed
be continuously packed into column, batch and Continur'esults are given in table 1

ous ow reactors for continuous operation of degradation of
dye pollutants. Therefore, in order to eliminate this prob-
lem, it is necessary to fabricate new bead-shaped heteroges preparation of three types of bead-shaped

neous NP catalysts with higher ef ciency, stability, economyheterogeneous NP catalysts

easy synthesis and reusability for potential degradation

of dyes available in waste water especially at continufhe immobilization of AgNPs, AuNPs and PdNPs was per-
ous operation mode. Hence, in this study, we report thrdermed individually onto the surface of PS—-VBfEPAC
types of new bead-shaped heterogeneous NP catalysts, polymer matrix by using the respective metal precursors,
PS—-PVBCg-PAC-AgNPs, PS-PVB@-PAC-AuUNPs and viz., AgNOs, HAuUCI, and KoPdCl, (scheme 1¥2-30That is,
PS—-PVBCg-PAC-PdNPs for the effective degradation of500 mg of PS—VBQ3-PAC matrix was taken individually in
CV dyes. three different single necked 100 ml round-bottomed ask
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1 2-Acryloxy ethyltrimethyl
." ammonium chloride
o
1,10-Phenanthroline
PS—PVBC beads CuBr, dioxane,
65°C,18h

7 \CL
PS-PVBC-g-PAC

Ethanol 1. AgNO;
80°C, 24 h 2. HAuCly
3. K,PdCly

~\CL
@ — Ag, Au and PANPs
PS—PVBC-g-PAC—-AgNPs, AuNPs and PdNPs

Scheme 1. Synthesis of PS—-PVB@-PAC-AgNPs, AuNPs and PdNPs.

and swelled in 50 ml of ethanol overnight. The respectivevhich in turn changed the yellow colour beads into dark
swelled polymer beads were purged with nitrogen for 1 fpurple. The beads were re uxed for 24 h and then ltered,
After 1 h, AgNG; (0.15x 10°* mol) was added to one ask, washed three times with ethanol and dried in vacuum oven at
then the solution was re uxed in an oil bath at 8 The 60 C for 12 h to yield AuNPs immobilized PS-VBG-PAC
reaction mixture has been protected from light to avoid theeterogeneous NPs catalysd., PS—PVBCg-PAC-AUNPs.
photochemical reduction of Ag After 10 min, the colour Similarly, heterogeneous palladium NP catalyst was syn-
of the beads changed to light yellow. Then, 2 equivalents dhesized by adding ¥#dCl, (0.15 x 10°* mol) solution
NaBH; were added to the solution. Subsequently, after 1 o the swelled PS—-VB@-PAC beads. The colour of the
the colour was changed from light yellow to dark yellow.solution changed from colourless to yellow, indicating the
After that the reaction mixture was re uxed for 24 h and thercomplexation of P& onto the poly(2-acryloxyethyltrime-
heterogeneous catalysts were Itered through Buchner futhylammonium chloride) (PAC). The resultant PS—PVBC-
nel, washed three times with ethanol and dried in vacuulAC—Pd* complex were treated for reduction reaction by
oven at 60C for 12 h to yield PS-PVB@-PAC-AgNPs adding 2 equivalents of NaBHThe yellow coloured beads
catalyst. § turned into intense brown and were re uxed for 24 h and |-

Similarly, HAUCl, (0.15x 10°* mol) solution was added tered, washed three times with ethanol and dried in vacuum
to the swelled PS-VB@-PAC beads, and it was observedoven at 60C for 12 h to yield PANPs immobilized PS-VBC-
that the colour of the solution changed from colourless tg-PAC heterogeneous NPs catalyst,., PS—PVBCg-PAC—
yellow. Then 2 equivalents of NaBHvas added to the ask PdNPs.
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e) whereAy is the initial absorbanceé\; the absorbance at time
‘t’, A the absorbance at reaction completion.
@
— )
B W 3. Results and discussion

5 © Three types of new bead-shaped heterogeneous NP catalysts,
£ viz, PS-PVBCg-PAC-AgNPs, PS—-PVB@-PAC-AuNPs
E_ (b) and PS—-PVBGQ3-PAC-PdNPs were prepared by adopting

the simplied experimental route and thus characterized
with FT-IR, UV-Vis, HRTEM, SEM and EDAX. The cat-
alytic performance of these catalysts was examined through
the reduction of CV as a model reaction performed under
pseudo- rst-order reaction conditions.

(a)

4000 35I00 30IOO 25I00 20I(]0 15l00 1(;00
Wavenumber (cm™") 3.1 Characterization of PS—-PVBC-g-PAC—-AgNPs,
PS—PVBC-g-PAC—AuUNPs and PS—PVBC-g-PAC-PdNPs
Figure 1. FT-IR spectra of§) PS-PVBC, ) PS-PVBCg-PAC,
(c) PS-PVBCg-PAC-AgNPs, () PS—PVBCg-PAC-AuNPs and The FT-IR spectra obtained from PS—-PVBC, PVBC-
(e) PS-PVBCg-PAC-PdNPs. PAC, PS—-PVBQ3-PAC-AgNPs, PS—PVB@-PAC—-AuUNPs
and PS—-PVBG@Q3-PAC-PdNPs are shown in gure la-e.
The newly deve|oped three catalystiz., PS-PVBCg- From the FT-IR spectrum of the PS-PVBC bead§, the
PAC-AgNPs, PS-PVB@-PAC-AUNPs and PS-PVBG- C—Cl stretching frequency was noticed at 698 °¢m
PAC—PdNPs were characterized by FT-IR and UV-Vis antigure 1a) which conrms the presence of GHCI group
the observed spectra are shown in gures 1 and 3, respé@ﬂtO the surface of polymer beatfsThe functionalization
tively. Similarly, the surface morphology and immobiliza-0of PAC onto PS-PVBC matrix was established from the
tion of AQNPs, AUNPs and PdNPs onto the respective matriPpearance of €0y and C-Ny, peaks at 1710 and
were studied with SEM, EDAX and HRTEM analyses. Thel121 cn¥! ( gure 1b), respectively. Similarly, the forma-
observed SEM and HRTEM images for all the three catalyst®n/immobilization of AgQNPs, AuNPs and PdNPs onto the
are shown in gures 2 and 4, and the observed EDAX resultespective matrices was also ascertained from FT-IR results.
are given in table 1. That is, after individual immobilization of AQNPs, AuNPs
and PdNPs, the characteristic peak for C-N stretching
_ (1121 cn??) was shifted to 1126, 1113 and 1117 Tmres-
2.4 Catalysis of PS—PVBC-g-PAC-AgNPs, PS-PVBC-g- pectively, and thus con rmed the formation/immobilization
PAC-AuUNPs and PS-PVBC-g-PAC-PdNPs catalystsin ot AgNPs, AuNPs and PdNPs onto the respective matrices.
reduction of CV The reduction/formation of Ag, Au and PdNPs immo-
bilized onto the respective PS—PVBEEPAC-AgNPs, PS—

The comparative catalytic ef ciency of PS—PVB§EPAC— PVBC

-9-PAC-AuNPs and PS—-PVBG-PAC-PdNPs cata-
AGNPs, PS-PVB@-PAC-AUNPs and PS-PVBGPAC— |\ ;s \yere inspected by UV-Vis analysis. The recorded spec-
PdNPs catalysts were examined using reduction of CV were shown in gure 3a—c. From the gure 3a—c, it is

a qu_el reactio.n k_e_eping pnd_e ' pseu_do- rst-order reaCtio(i‘oserved that, clear and sharp peak was noticed at 405, 536
condltlpns. The mdmdual kinetic experiment was performe nd 240 nm for Ag® Au3°:3435and PANPS? respectively.
by taking three different 25 mvl4two necked RB asks torpq appearance of these surface plasma resonance peaks
which 10 ml of CV (1.0x 10°* mol), 10 ml of aque- noticed in the respective Itrate derived from PS—-PVBE-

ous NaBH (1.0 x 10°2 mol) and 25 mg of the respec- prc_agNps, PS-PVB@-PAC—AUNPs and PS—PVBG-
tive catalystyviz, PS-PVBCg-PAC-AgNPs, PS-PVBG@- PAC—PdNPs strongly con rms the formation/immobilization

PAC-AUNPs and PS-PVBG-PAC-PdNPs were added to of AgNPs, AuNPs and PdNPs onto the respective catalyst.

the respective container. The corresponding reaction mediuffﬂrther the HRTEM images were showed the homogeneous
was agitated by stirring at ambient temperature. The progre&%tribultion of MNPs with nano in size ranging from 20 to

of th? reactions in e_ach conf[amer was monitored by W'“E nm and these observations were strongly evidenced for
drawing the respective reaction sample (3 ml) under equ e immobilization of AgNPs, AuNPs and PdNPs onto the

interval of times (5 min) and was analysed through UV_rFspective PS—PVB@-PAC matrices.

Vis spectrophotometer .( gure 5). The decreasipg trends o SEM analysis was performed for PS—PVBC, PS—PVBC-
absorbance at 586 nm indicates that the reduction efNC -PAC-AgNPs, PS—PVB@-PAC-AuNPs and PS—PVBC-
group in CV and Fhe rate (_:onstant was c_alculated using tIgQPAC—PdNPs ( gure 2a—h) catalysts with lower ( gure 2c,
following formulavlrrespectlvev of the reaction: e and g) and higher magni cation ( gure 2d, f and h). In
kobs = IN[(A S Ag)/(A S A)]/t, gure 2a, the SEM image of PS—-PVBC shows a smooth
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Figure 2. SEM images of § PS-PVBC, ) PS-PVBCg-PAC, () PS-PVBCg-PAC-
AgNPs (low magni cation), ) PS—PVBCg-PAC-AgNPs (high magni cation), € PS—
PVBC-g-PAC-AuUNPs (low magni cation),fj) PS—PVBCg-PAC—AuNPs (high magni cation),

(g) PS—-PVBCg-PAC-PdNPs (low magni cation) andhf PS—PVBCg-PAC—PdNPs (high
magni cation).

Table 1. Percentage of elements determined from EDAX analysis using polymer-supported AgNPs, AUNPs and PdNPs.

Name of the compound C% N% Cl% 0% AgNPs% AuNPs% PANPs%
PS—PVBCg-PAC 65.44 21.09 6.12 7.30 — — —
PS—PVBCg-PAC-AgNPs 76.53 14.3 5.52 3.28 0.37 — —
PS—PVBCg-PAC-AuUNPs 72.46 16.3 4.94 5.86 0.44 —
PS—-PVBCg-PAC-PdNPs 75.03 17.14 3.4 4.06 — — 0.30

PS—-PVBCg-PAC-AuUNPs (recycle catalyst) 73.45 16.81 511 4.24 — 0.40 —

and homogeneous surface. The grafting of PAC onto thgure 2c—h, there are numerous numbers of white dots were
surface of PS—-PVBC matrix was observed to be a littlaoticed on the surface of PS—-PVRBEPAC matrix which
heterogeneous in nature PS—-PVBC (gure 2b). Fromn turn shows the immobilization/stabilization of AgNPs,
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AuNPs and PdNPs onto the matrices. Particularly, the intel+ 0.95) and this in turn quickly attract/reduce more number
sity of white dots is more in AuNPs immobilized catalystof AUNPs and thus re ecting the presence of more number
than the rest of the catalysts. This observation indicates thaftwhite dots in SEM image of PS—PVBGPAC-AUNPs.

the PS—PVB@Q3-PAC matrix shows higher af nity for attrac-

The immobilization of AgNPs, AuNPs and PdNPs onto

tion/immobilization of AuNPs than with AgNPs and PdNPsthe PS—PVB(3-PAC matrices was studied extensively
This is due to the fact that the standard reduction potentilirough EDAX analysis. The characteristic elements such as

for gold (+ 1.52) is greater than silvet (0.68) and palladium

Figure 3. UV-Vis spectra of & PS—PVBCg-PAC-AgNPs,
(b) PS—PVBCg-PAC—AUNPs andd) PS—PVBCg-PAC—PdNPs.

C, N, O, CI, Ag, Au and Pd and their corresponding weight
percentage are given in table 1. The weight percentage of
AuNPs was higher than that of the AgNPs and PdNPs, and
this in turn con rms the formation/immobilization of more
amount AuNPs onto the PS—PVB{EPAC matrix than with
AgNPs and PdNPs. Further, the weight percentage of AUNPs
in superior catalyst/iz., PS—PVBCg-PAC—-AuUNPs obtained
from sixth cycle was characterized with EDAX analysis and
the weight percentage of the same was found to be 0.40.
Therefore, from the EDAX results, it is observed that there is
no loss in weight percentage of AUNPSs.

3.2 Comparative study on the catalytic activity of Ag, Au
and Pd immobilized PS—PVBC-g-PAC beads for the
reduction of CV

The activity of PS—PVBQy-PAC-AgNPs, PS-PVB@G-
PAC-AuNPs and PS—-PVBG-PAC-PdNPs catalysts were
examined through the reduction of CV under pseudo- rst-
order reaction condition. The reaction was monitored using

Figure 4. HRTEM images of §) PS—PVBCg-PAC-AgNPs, ) PS—PVBCg-PAC-

AuNPs and ¢) PS—PVBCg-PAC—PdNPs.
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UV-Vis spectrophotometer by observing the characteristicf more number of AUNPs stabilization onto the surface of
peak at 586 nm due to the reduction of 8" group in CV PS-PVBg-PAC. Further, the more number of AuNPs sta-
at particular intervals of time (5 min). From the observedilization/immobilization is possible because of grafting of
result, the characteristic peak at 586 nm was found tguaternary onium group achieved through the SI-ATRP tech-
gradually decrease after adding the respective cataligst, nique. Thorough kinetic studies was performed with supe-
PS-PVBCg-PAC-AgNPs, PS-PVB@-PAC-AuUNPs and rior catalyst,viz, PS—PVBCg-PAC-AuNPs by varying the
PS-PVBCg-PAC-PdNPs and the corresponding spectrurparameters such as [substrate], [catalyst] and [NABRder
is shown in gure 5. The pseudo- rst-order rate constantpseudo- rst-order condition. It was observed that, the rate
for the reaction catalysed by PS—PVBEPAC-AgNPs, constant was proportional to the amount of catalyigt, PS—
PS-PVBCg-PAC-AuNPs and PS-PVBG-PAC-PdNPs PVBC-g-PAC-AuUNPs. This may be attributed to the increase
were determined to be 16.34 10%, 25.46x 10* and 8.45 in the number and availability of catalyst NPs with higher
x 10* s°1, respectively. The observed rate constants shovestalyst loading. On increasing the [NagHthe rate con-
that PS—PVBQ3-PAC—AuUNPs catalyst shows better activitystant was also found to increase which should due to more
than PS-PVBG3-PAC-AgNPs and PS-PVBG-PAC- adsorption of NaBi onto the NP surfaces, which in turn
PdNPs catalysts. This is obviously due to the availabilitjncreases the relay of more electrons from3Bfdlonor) to
the CV (receptor). At higher [CV], the intensities of penetra-
tion of light inside the solutions were found to be decreased

Figure 5. UV-Vis spectra for the reduction of CV using

PS—PVBCg-PAC—-AUNPs. .
Figure 7. Effect of [NaBH].

Figure 6. Effect of [catalyst]. Figure 8. Effect of [substrate].



636 Eagambaram Murugan and Paramasivam Shanmugam

Table 2. Comparative catalytic study of PS—-PVR{ZPAC stabilized MNPs catalyst reduction of CV and recycling ef ciency PS-PVBC-
g-PAC-AuUNPs.

Kops X 107 s51 Recycling ef ciency of PS-PVBQ-PAC-AuNPs
S. no. Name of the catalyst Reduction of CV Cycle-2 Cycle-3 Cycle-4 Cycle-5 Cycle-6
1 PS—-PVBCg-PAC-AgNPs 16.74 — — — — —
2 PS—-PVBCg-PAC-AuNPs 25.46 25.39 25.35 25.41 25.27 25.19
3 PS-PVBCg-PAC-PdNPs 08.45 — — — — —

The appearance of new peak at 11215¢rin FT-IR was
con rmed the grafting of PAC in PS—PVBC matrix and SPR
peaks noticed at 405, 536 and 240 nm in UV-Vis spec-
tra were con rmed the formation/immobilization of AQNPs,
AuNPs and PdNPs onto the surface of PS—-PURBBAC
matrix, respectively. The catalytic activity was inspected
using the reduction of CV as a model reaction keeping under
pseudo- rst-order reaction conditions. From the calculated
Kobs (Kobs = 25.46 1) values, it is observed that the PS—
PVBCg-PAC-AuUNPs catalyst was more active than PS—
PVBC-g-PAC-AgNPS kovs = 16.74 s°1) and PS-PVBC-
g-PAC—PdNPs catalyskg,s = 8.45 $°1). Further, the thor-
ough kinetic study was conducted using the superior cata-
lyst, viz, PS—PVBCg-PAC-AuUNPs by varying the param-
eters such as [catalyst], [substrate] and [NaBknd it
was observed that the rate constant is dependent on each
parameter. The Itered PS—-PVBG-PAC—AUNPSs catalyst
was reused again the same reaction and it was noticed that
Figure 9. Recycling efciency of PS-PVB@-PAC-AuNPs the activity was maintained upto sixth cycle and thus proved
catalyst. the ef ciency/stability of the catalyst.

which in turn decreases the rate constant. The pseudo- rgdcknowledgements

order rate constants were evaluated and plotted against the

[catalyst], [NaBH] and [substrate] and the corresponding/Ve thank the University of Madras, for nancial support

plots are shown in gures 6-8. under the scheme URF and also to NCNSNT, University of
Madras, for providing instrumentation facilities.

3.3 Recycling ef ciency of PS—-PVBC-g-PAC-AuNPs
References

In order to examine the stability/reusability of the catalyst,

the PS—PVBQ3-PAC-AUNPs catalyst was ltered off and 1. Storhoff J J, Elghanian R, Mucic R C, Mirkin C A and
washed thoroughly with distilled water, dried at room tem-  -tsinger R L 1998). Am. Chem. S0¢201959

perature and employed upto 6 cycles for reduction of Cv2: Zhao M, Sun L and Crooks R M 1998 Am. Chem. Sod.20
under same reaction condition. The observed rate constants 4877

are given in table 2. It is seen that the observed rate constaft Liu Z, Lee JY, Chen W, Han M and Gan L M 2004ngmuir

remains constant and thus conrmed the stability of the 20181
catalyst (gure 9). 4. Ertl G, Kneozinger H and Weitkamp J 19%¥andbook of

heterogeneous catalygjg/einheim: VCH)

5. Yoo JW, Hathcock D J and El-Sayed M A 2003atal.2141
4. Conclusion 6. Mallick K and Scurrell M S 2002ppl. Catal. A: Gen253527

7. Suzuki K, Yumura T, Mizuguchi M, Tanaka Y, Chen C W and
Three types of new beads shaped heterogeneous nanopar-Akashi M J 2000J. Polym. Sci. A7 2678
ticle catalystsyiz, PS-PVBCg-PAC-AgNPs, PS-PVBC- 8. Boudjahem A G, Monteverdi S, Mercy M and Bettahar M M
g-PAC—-AuNPs and PS—PVB@G-PAC-PdNPs were synthe- 2004J. Catal.221325
sized by a simpli ed procedure. All the three catalysts were9. Chen C W, Chen M Q, Serizawa T and Akashi M 1€%8&m.
characterized by spectroscopy and microscopy techniques. CommunZ7 831



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

Ef cient functionalization of poly(styrene) beads immobilized metal NPs

Peng L, Yushan L and Zhixing S 2006&l. Eng. Chem. Red5
2255

Burguete M |, Fraile J M, Garcia-Verdugo E, Luis S V,24.

Martinez-M V and Mayoral J A 2005hd. Eng. Chem. Red4
8580

Amy S H King and Lance J Twyman 20QR Chem. Soc.,
Perkin Trans1 2209

Liu W, Yang X and Huang W J 20080lloids Interface Sci.
304160

Ger M D 2007Colloids Surf. A30536

Wu H, Liu Z, Wang X, Zhao B, Zhang J and Li C J 2006 29.

Colloid Interface Sci302142

Yavuz E, Bayramoglu G, Senkal B F and Yakup Arica M 200380.

J. Appl. Polym. Scil132661

Shipp D A, Wang J L and Matjaszewski K 1998acro-
molecules31 8005

Chem., Int. Ed. EngB6270

Praharaj S, Nath S, Ghosh S K, Kundu S and Pal T 20044,

Langmuir209889
Youk J H 2003Polymer44 5053
Seshadri S, Bishop P L and Agha A M 1984ste Managé4127

Chun H, Yuchao T, Jimmy C Y and Wonga P K 2088pl.
Catal. B—Environ40131

23.

25.

26.
27.
OuJL,ChangCP,SungY,OuKL, Tseng C C, Ling HW an®8.

31.

32.
Grubbs R B, Hawker C J, Dao J and Frechet J M 188Few. 33,

35.

36.

637

Hu C, Yu J C, Hao Z and Wong P K 20@®pl. Catal. B—
Environ.46 35

Samji S, Akash R, Mohan J M and Modak J 20t#zrmody-
nam. Catal35

Peterson D 1990 in: Colorants and auxiliaries: organic chem-
istry and application properties. J Shore (ed) (Manchester:
BTTG-Shirley) vol. 1, p 32

Panswad T and Wongchaisuwan S 1@&ger Sci. Technol8139
Malik P K and Saha S K 2008ep. Purif. TechnoB1241

Abid M F, Zablouk M A and Abid-Alameer A M 201Ranian
J. Environ. Health Sci. En@ 17

Murugan E and Jebaranjitham J N 201.2Mol. Catal. A:
Chem.365128

Murugan E and Rangasamy R 2010Polym. Sci., Part A:
Polym. Chem48 2525

Murugan E and Gopinath P 208ppl. Catal. A31972

Murugan E and Vimala G 2013 Colloid Interface Scid96101
Murugan E and Jebaranjitham J N 2@1Biomed. Nanotech-
nol.7 158

Murugan E, Rangasamy R and Nimita Jebaranjitham J 2012
Adv. Sci. Lett6 250

Murugan E, Rangasamy R and Pakrudheen | 28di2 Adv.
Mater.4 1103

Yong-M L, Hai-Z Z, Wei-G L, Bo H and Shu-H Y 2013.
Mater. Chem. AL 3783



