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Figure 2.4 Schematic diagram showing how a hexagonal sheet of graphene is rolled to form a

CNTs with different chiralities (A: armchair:'B: zigzag C: chiral) [21].

2.3 Poly(diallydimethylammonium chloride) (PDDA)

Poly(diallydimethylammonium chloride) (PDDA) is a water soluble cationic

polyelectrolyte which has been widely used in industrial and various fields such as biology,

medicine, cosmetic-care, membrane technology and water treatment [24-25). The structure of

PDDA is shown in Figure 2.5.

Figure 2.5 Structure of PDDA (adopt from [26]).
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4.1.4 The apparent Michaelis-Menten constant (K."eD)

The amperometric measurements using the modified sulfite biosensor was

investigated by successively adding sulfite to a continuous stirring 20 mL of 0.1 M phosphate

buffer pH 8.0 under the optimized condition (The amperogram is shown in Figure A.5). Figure

4.8a is shown the dependency of current response on sulfite concentration. The current increases

when the concentration of sulfite increases. The K-'oo gave an indication of enzyme-substrate

kinetics, could be estimated from the electrochemical version of the Lineweaver-Burk equation

(4.1) t641.

I l .K',{
1," I^^ I ^*"

(4.1)

Where c is a substrate concentration in a bulk solution, 1o the steady-state current after

the addition of substrate and 1-- is the maximum current measured under saturated substrate

conditions. A low K-"po value indicates a strong substrate binding and demonstrates a higher

affinity of sulfite for the modified electrode. On the other hand, a high K-"p' value means a lot of

substrate must be present to saturate the enzyme, meaning the enzyme has low affinity for the

substrate. Figure 4.8b is shown the Lineweaver-Burk plot of SOx immobilized on the modified

electrode in the presence of different concentration of sulfite. The calculated K."'o is 0.49 mM,

indicating that the modified sulfite electrde obtained represents a strong substrate binding and

demonstrates a high affinity of sulfite for the modified electrode.
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Figure 4.8 a) Amperomeric response of modified sulfite biosensor toward sulfite in the

concentmtion range 0.025-0.25 mM and b) Linerweaver-Bulk plot of sulfite

immobilized on the sulfite biosensor.

4.1.5 Scan rate depetrdence study

Cyclic voltammograms of sulfite on the sulfite biosensor (GC/CNTs-PDDA-

AuNPs/SOx) were investigated at different scan rates, the results are shown in Figure 4.9. It can

be observed in Figure 4.9a that the oxidation peak potential shift to more positive potentials with

increasing scan rate. Because increasing the scan rate can decrease the effect of a coupled

chemical reaction, since the reaction has less time to occur. Also, a plot of peak current versus the

square root of scan rate was found to be linear in the range from 0.01 to 0.1 V .-'. Lin"u,

regression equation gave y=7 6g.5lx-48.68 Q'? = Q.9942). This indicated that the sulfite oxidation

is a diffusion controlled process [65].
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Effect ofgold nanoparticles (AuNPs) concentration in modified solution (raw data for Figure

4.3)
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Optimum flow rate (raw data for Figure 4.12)
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Figure A.8 FIA grams of the flow rate on the sulfite biosensor response 10 mg L'r sulfite
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Scanning Electron microscopy (SEM)

Figure C.l SEM images of a) CNT-COOH, b) CNTs-PDDA, c) CNTs-PDDA-AuNPs, d) CNTs-

PDDA-AuNPs-SOx-glu, e) CNTs-PDDA-AuNPs-SOx at 5000x
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Figure C.3 AFM images of a) CNT-COOH, b) CNTs-PDDA, c) CNTs-PDDA-AuNPs, d) CNTs-

PDDA-AuNPs-SOx using scan rate 0.3 Hz
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d)c)
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AMPEROMETRIC BIOSENSOR FOR SULFITE DETERMINATION USING
GLASSY CARBON IIIODtFIED WITH HYBRID NANO-]ITATERIALS

ELECTRODE IN SIMPLE FLOW INJECTION SYSTEM

Wonsduan Srovsee. Malis,an Amatatongchai

I tunt Rtk'lNtha i 3119t).llnilutl
'E-tlail ama[qan(i gmarl.con\ l.l. ,66.15.15 ].rol eil {576. fa\. .66,15 :8lll79

Abstrrcr: A inrple tlo$ iieclion slrlcm {(h
atnt**romdric dclcclion on a \ulfirc bio\rnior sa\
dc\elop€d fff r€flsiti\e and mpid Easurem.nr of sulfite'tle biostns$ sas dc!€loped bascd on the hltrjd

tatenals- c(xnposed of carboirlic functionalized carbo
mnotuh€s. polydiallyldimerhylamnroriumcbloride) and
gold nanopanicle (CNTS-PDDA-AuNPst coaEil on a
glassy carbon (() clecrrodc. s'hich conshded an
enkti\c immobilizadon nstrix and rnad( the imnDbrlired
conqbnans hold high srabiliry and bioactilily Sulfire
oxid.sc (SOx) r as inrnobiliz.d lo CNTS-PDDA-AuNPS
and cfochromr C composiles film bv usinS Xlutaraldehlde
(Glu). EleLtro(hemical oxidation of sulfit. $rs.tudicd al
rh€ der eloped bios€nsor (GC./CNT!-PDDA-AuNPe'SOx ) nr
0.1 M phosphare buffer pl{ 7.0 usinE cyclic lohamrsr}
TIl€ bior€Isor disphld gdi cltxtr(l!.lallrr acrr\rt\
torards rc oxidalion of sulfirc. Th. 6rimaicd apparenr
Michaclis-Mcnrcn coN.arr 1I5 O.,19 mM. fte dcvclop€d
bioscnsor Nas applicd in lhc flos'injcdion sysrcm for
amp.romcric dctcclion otsulfirc us,ng solution of0.l Nt
phosphate buffcr (pH 8.0) as a carricr and applyins a
polent,al of+0.1 V ar th. working elecrrode. The propos.d
sulfite bios€nsor .xhibits lincar calibmtion orcr the range
of2-:OO mg L-rofsulfire wirh slop€ of204-66 nA mg-r.L
and corrtlarior clrmcient ofo.999l. Tlrc dcreclio limil (l
SN ofblank) 

"as 
1.3 mg L r and the csrimarcd precision of

1.896

l- Inlmdmlion

Sulfiting sgenl in various forms (sulfitc,
sulfur dioxide, hydrogen sulfite, merabisulfite) are
commonlv used as preservatives in food. beverages
and several product such as dried fruits and vegetable
to prevent microbiological grolllh. lo conarol
broMing reactron and to assrsl rn prcserving vitamrn
C u-31. Howr\€r. th€ level of sulfite in food h.s
been the subject of legislation since it ',}'as discolered
dut ce(ain corcentration level causes allergic
reactions in sorne individuals [4. 5]. Tte United
States Food aod Drug Adminisraiioo (FDA) have
required lab€ling ofproducts containing more than l0
gg ml-r of sulfite in food o. beverages [6]-
Ther€fore, ii is essential to have accurate and precise
rnethods svailable to determinc d|e sulfite content in
these prcducts. Many analytical rnethods for the
sulfite arssys such as high-perfonuance liquid
chromatog!'aphy [7]. spect ophorometr] IEI and
electrochemicrl EEthods [9] ha\e been reported.
Armng these rlethods. elect ochemical detection is
more attmctive because of its simplicity, high
setrsitivity, fa5t response aod cheap equipment-

t07

ln this \lorli. asimple flos inicction s)stem-
$hich employs an ampcrorrtnc dellrlion on a novel
sull'ite biosensor. \r'as proposed lhe biosensor $'as
fahncated usrnu CNTs-PDDA-AuNPs compo)lles as
an eflective nratrix to inunobilized sultite oxidase
(SOx). The nanNomposite materials were formed by
coating ncgatively charged carboxylared CNTS \}irh
positively charged PDDA lbllol\'ed b,v capping with
negalively charged AuNPs via electrostalic
intemction. The CNTS-PDDA-AuNPS nano-
composite is us€d to construcl a sulfite biosensor by
drop coating on lhe surface ofthe glassy carbon (GC)
electrode. The developed bioscnsor (GC.CNTS-
PDDA-AuNPS/SOX) exhibirs many good
characteristics including higl activity, cxcellent
sensiuvity and s€lectivity in detection ofsulfile-

2. Iueteri.ls.nd IUethods

2.1 Appararus
Voharnmetric and ampcrometric

nEasuremenls were performed with an e-DAQ
polentiostat (mod€l EA 16l. Australia) equipped with
c-corder. Three clectrode syslerm \rerc employcd in
rhis strldy. Tle active surface area of the ff
electrode in voltammetry was approxiftlately 0.07
cm:. The Fl slstem for amperornetric detection al the
developed sullite biosenso, comprised of a Shirna&u
pump (modcl LC-10 AD. Japan). Rlcodl,rlc injc.cror
(rnodel 7725. USA) litted widr 20 gl- sarnple loop
and detection slstem. Thf electrode area of thrn
laver flow cell was utrlized at 0 O6 cm:

,.f Cfr.i.,
Multi*all carbon Mnotubes (CNTS,

diarneler l0il5 nm. lenglh: l-5 mrcro.L puriry: >
95olo) were purchased from Nanolab inc. (MA. USA).
Sodium sulfite (NarSOr) and poly
(diallyldimethylammonium chloride) (PDDA, MW:
100.000-200.000, 20olo w/w) were purchased fiom
Sigtia-Aldrich (St. Louis, USA). Hydrogen
refachloroauratc (ltl) trihydnte (HAuCL.3H:O. Au
> 48olo) and cytoctuonr C (C}1 C. 90.4/0 fiom hoEe
h€an) wE e purchased ftom Acros OBanic (Ceel,
Belgium). Sulfite oxidas€ (SOx.30-70 U mg'r; uas
purchased fmm ProNiqu€ Scien(ilic, Inc. (Castle
Rock, USA). All solutions were ptepared in
deionized{inilled water (Water Pro PS, USA).
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imrnobilized on thc m(xliied electr(xle in rhe
presence of diffr'rcnt concentration o[ sulfire and the
calculatcd K,,,'rr ot-0.19 mM. A lo$ K","rr value
(tlained represents a strong subsrrale binding and
demonstntes a hrgh aftinity of sulfire tbr the
modified eleclrqic

Figure .3. Linerweaver-Bulk plot of sulfite
imnrobilized on thc sulfite biosensor.

3..1 Pammcters affc'cting the sulfite biosensor
rcspollse

Parameters affacling amperometric detection
of sulfite al GC/CNTS-PDDA-AuNPS/SOX electrode
\r?s examined using the polential of 0.3 V. Thc
cff!'ct of CNT5-PDDA concentration on the current
signal w"s studied tiom 0 to 8 mg ml--r. Asshown in
Figure 4a the curent rcsponse increased with
increasing ('NTS-PDDA loadinS from 0 ro 4 bul
decreased from 4 to 8 mg mL r. Therefore.4 mg mL
' CNTs-PDDA was chosen for modified electrode
and for further experiments-

Figure 4b shows the effect of AuNPs
loading on tie oxidation current of sulfite- The
curenl increased with increasing amount of AuNPs
from 0 to 0.02 ard reached the [uximum when 0. 02
yo AUNPS was casted. Therefore. this condition was
selected for the biosensor fabrication.

As se€n in Figure ,k. thc current respoflses
increased with the increas€ of Cln c concentt'ation
ftom 0 to 4 and theo decreased liom 4 !o l6 mg ml-r.
Thus, to make a sensitive biosensor, 4 mg ml-r of
C),t c concentration \ "s selected for funher
investigations.

Th€ effect of SOx concentration on the
biosensor response was studied and the rcsults
illustrated in Figure 4d. lt was found that the currenl
responses increased with increasing the SOx
cooccntra(ion to rnaximum value at O.l UmLr. and
th€n tendei to decre{i€ with funher incaeas€ in tie
SOx concentralion. This behavior is typical of the
enzyme-based biosensors [I3]. Thus,0.| UmL I SOx
was chosen for subs€quent experinrenls.

3.4 Effecl the poreorial
In order to obtain the optimal potential for

amperometric detection in FIA, hydrodynamic
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vohamrnclric bchavior of sulfite u'as invesligated al
various potential from 0.0 to I 0 v As sho\t in
Figurc 5. thc pcak arca reachcd a marimum raluc al
0l v Thus. this polcntial \r'as selected for lbr
ampcromctric deteclion in FIA s)slem

*-*-*-t-*
0.0 0.2 0.4 0.6 0.t t.0

Porentirl (V, vs.Ag/Agcl)

Figure 5. lnfluence of the applied potential on the
biosensor response lbr l0 mg L I sulfite.

3.-5 Analytical l'eature
Representative signal profiles lbr muhipl€

injections aM calibralion plol are depicted in Figue
6. Calibralion cun'e is linear in the range of 2 to 20o
mg L''. The detection limir (l SrN) is -1.3 mg L-r.
The system provides an impressively good precision
(o"R S D 3.8t for 20 BL injeclions ln - 20) of 5 mg
Lrsultite. throughput of sample is 57 vmples hr.

4. Conclusioos

A simple flou' iojection s)Etem lvith
amp€rometric detectioo oD a novel sull'ite biosensor
was develop€d. The biosemor was fabricated using
CNTS-PDDA-AuNPS compositcs as an effe{aive
mat(ix to immobilized sull'ite oxidase (SOx). The
developed biosensor (GC/CNT5-PDDA-AuNPS;SOX)
exhibils good elecrocalalytic activity, high
sensitivity and selectivity in detection ofsulfite.
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