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1. INTRODUCTION

Dopamine(3, 4dihydroxyphenylethylamineDA) is belongs to a group of catecholamines
which plays a significant role in the functioning of the mammalian central neargépvasculamenal
and hormonal systems as well ascessity to monitor HIVhfectionand diagnose Parkinson's disease
[1]. DA can also be usedlidely as a medicine, however in high doses and drug addiction it can lead to
increasedeart rate and bloogaressurg?2]. Tyrosine (4HydroxyphenylalaningTyr) is a noressential
aminoacid synthesized from phenylalanjmehichc an b e a mai n attaeklagasetioxidano r r
and indispensable for human to establish and maintain nutritional balarelesdtsce could may lead
to albinism, atherosclerosialkaptonuria, depression, hypochondria aftiter psychological diseases
while a high level of Tyr could cause the increassister chromatid exchangf]. In the humarbody,
Tyr playsa major role irthe synthesis of the neurotransmitter serotenich as norepinephrine and DA
Moreover,Tyr is a precursor of thepinephrine and catecholamine neurotransmigalgnce mood and
cognitive function especially under situatiomsolving stress or when DAevels require additional
support[4]. Acetaminophen (Macetytp-aminophenol, ACpr paracetamol is a widely usadalgesic
and antipyretic drugyhichis commonly used for the reduction of fever and as a pain killer for the relief
of headachegain, otheminor aches and pairfpackache, arthritisand postoperative pginand is a
major componenn numerous cold and flu druffs]. AC is clinically important, though overdosing and
chronic use in AC levelmay lead to toxienetabolites accumulation in kidpand liver, causg fatal
hepatoxicity and nephrotoxicif$]. Theoverdose of AC in vivanodels has been found to AC protects
dopaminergic neurons from the oxidative stress damagsed by acute exposure to higher levels of
DA [7]. MoreoverH.K a r iMma il leave confirmed that nitrated tyrosine residuesA@dadducts can
be found in necrotic cells after beiagbjected toverdosage of A€8]. Ontheother hand, DA, AGnd
Tyr have associated with each aththerefore,it is importance simultaeous determination of the
mentioned analytes in biologic fluids and pharmaceutical is indisperiZz®jle

DA, Tyr andAC contain phenolic hydroxyl group, which is electrochemically active and can be
oxidized. However it is welkknown that their oxidatin potentials on the conventional electrodes
usually overlappingvoltammetric responsesevenno peak appears at lower concentrati¢ph@].
Fortunately various electrochemical mddkd electrodes were fabricated and apphed effective
analysis of amixture ofthesebiomoleculesn recent yeardecause of their good sensitivity, simplicity,
good stability and low cost are the better choicesiimultaneously determination tiiese compounds
[10].For i nkitehalfc & Is rsia ceadtiee eleabchemical sensor basedon c k e | and
oxi-desorated gr gpWih@ wm ®/ G EhHi@ Smsuitanedus determination of DA, AC
and tryptophan using square wave voltamméfry]. F T a d a gtoah have been reported the
simultaneousvoltammetricdetermination of AA, AC and Ty usingu-Pd/reduced graphene oxide
composite as a new sensing lay@rM.  Tewakdonstructe@novel Aunanoparticles/pol2-amino
2-hydroxymethylpropanel, 3-diol) film modified glassy carbon electrode
(AuNPs/polyfrisamine)/GCE) for the concurrent electrochemical detectiowEpinephrine, AC and
Tyr [12]. Thus it can be seethata mul t idcfudn ebbelst r o d,e gnapgolgmesss | s
transition metaloxides g r a p lamdnneble metal nanoparticleve rient r ca@mada @pabl e ¢
el ectrocat alDAtTyranddC i dati on of
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For the abové¢hec opnesrifdoenodddetectmosgé rnreai nl y depenc
t hper operti ecsatafl geslt esc harnoodreat er i al s actf aacsi Ididtreadtuic
transfer of electrons andi mpbwotghdee sgerheeaie pievai gt ayl
t h e soitgaxiatihganolecules r o m e alo durpeviosstudy,we havefoundthaB-d o pi n g
graphenqd B G) n oanh nodify they electronic band structure of grapgeuning the mechanical
properties and electrocatalyctivity, butboron can acts as an electron accejpy@roving adsorption
properties anelectron transport ratén particular,B-d o p e d gwarheegnaeebg dr ot her n
apprwiat h dspemnsee carboxylunitse pe edabgdr ot her mah i cardggomm o a ¢ |
hydrogen bonding with th@ henol i ¢ hydrDé&xTyrl andiA€,0 u ma kmimoritgar get
b imoleculese n r easilyon modified eletrodes u r fa a dairectly monitorthem.

For electrochemical signal amplifying, anot
metnahomataemlieadtsr on medi at or Gold hamorodse(AueNiéyithomell- s y s t
defined and contrtdble shapes and aspect ratieeye used agleal candidatesfae | ect r ode ma
in electrochemical sensorand provided multiple electrorpathways because of theiattractive
advantages such as facileandrapidpreparatiortechnique, excellent electronic properties
biocompatibility and tunablengitudinal plasmon wavelengtfs3]. Ad d i t i th eeledtrdcatalytic
activityof AuNRsi s hi ghly dependent on té&errowsmaien @nm
T h ucentrolled coating of one metgthell) over Au NRs (core) is an efficient strateg by which
properties oAu NRs can be tuneld4]. Mo r e agheshellcan be preparedith high monodispersity,
yield and precise control of thespect ratiogresuling ins o negtraordinaryc at al yt i f5l.ef f i
For instances Au NRs@Pt nanodots core/shell nanostructira@ge been demonstrated to possess
peroxidase ooxidaselike activities and pose promising potentials in varibisdchemcal assay§l16].

The enhanced activity can be attributed to shell nanoparticles are outstanding catatyste
cooperativepromoting effects A typical procedure fothe growth of Pd shellsn Au NRs with
remarkably tunable optical responsemking Au NRs@Pt nanodots suitable for sensing applications
[17]. But most importantly, the core/shell nanorods could knit a tightly network omsutiaceof
electrode which can not onlgrovide abundant active sites to load anali®]. Inspired by the
descrption above,we design AuPd corshellh y br i d (Aa@Rad HNRH) sising Au NRs as
nucleating centers, and Rdating was achieved in the growth solutiom r caccgrdie control of the
reductionrate. The Au@Pd HNRs can facilitate theansmission of thelectrons between the electrode
surface anghossessore electrocatalytic siteg theimmobilizedDA, Tyr andAC, and act as catalysts

for electrochemical reactiof$9].F ofur t her i mpr oarldngrtbrmo e iye b e i y y e
BG wiast rob daxecel | eaftf ecatrirvelry prevented tAb@Pdagagr
HNRs whi ch has sufficient Auu@PddNRsbndy i hcre&fedt: t
sur f a dA@BAdHNRIB Ghy bmaaomp g[d49].t eParltwhethhas e oimapmes i t e
weraeppl i ed Bbeconsthemi b awbditestoascamuster! to @Al Yyr and

AC andgenerateobservableslectrochemicasignalsp r eisehgitgh sel ecti vity an
precision,stabcépt gblaensde nasdhiiewveddettlee mi nati on
simultaneously with satisfactory results.
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2. EXPERIMENTAL

2.1 Reagents

Dopaming acetaminophen, tyrosine, graphifgowder, N a BsH cetyltrimethylammonium
bromide(CTAB),L-as cor b(i AABaoaciodh tr i oxx0de 9pewwdeer €Bfrom
without any further treatments. #dCkandg o | d (| It r)i hcyhd roasti 2083 9HPA U9l %,
wt %ere used for synthesized of Au@Pd HNRs. A 0.1 M phosphate buffer solution (PBS) consisting
of KH.POQw and NaHPQs was employed as the supporting electrolyte. Moreover, -Higty water
(18. 25 MY-Q)Ywaswused M alllexperiment.

22l nstramdmdarsact eri zati ons

UWi s absorption spect-Edamever eamedsupP60 &SA
mor phol BGQwieerse ocfharacteri zed by scanning el ectr
FEI, USA). The char adAu@PdHNRsiwe c 8 dE tl & lemieAld BNoResr sae
X-ray spectmr@ns(nBDS)i on el ectmnotli ghiecsrod sic o maer (¢ T E
el ectron microscope (HRTEM) I ma gTeWlwNa s ®Raot( &FiEr e
Company, USA). mpbsei ¢ libearomdrowmaldlionmgioi gur aBGwass ciam r
out wherhmal SAl phai XiPS Kpectrometer. Al el ec
Cyclic voltammetry(CV) and differential pulse voltammetry (DPWe r e per f or me&0 @ s i
el ectrochemical analyzer (CHI, Shanghac)rodbes
wi t h glasdy aarberelectrode( GE,3. ®m i n di ameter) or modi fi e
wor ki ng elleadtirnaudre wiad ecas oa ec @anmmt & gr/ eAfgeCle red ee cetlr

2.3 Preparation of Au NRandAu @Pd HNRSs

The Au NRs wagpreparedising modified seedhediated surfactasdirected method published
by K. P a f2K] and EtSayed[21]. Briefly, the seed solution wawepared as by addingfeeshly
prepared, iceold NaBH; solution (0.6 mL, 0.01 M) into vialith a mixed solution composed of
HA u £ I136I(5.0mL, 05mM) and CTAB 6.0mL, 0.2 M) under vigorous magnetic stirring. For the
growth of Au NRs, a growtholution was prepared containing CTABR{ mL, 0.20 N, H A u £ 136l
(5.0 mL, 1.0 mM) andAgNOs (0.2 mL, 4.0 mN at room temperature. Next, €0L.788 mM A Awas
added to the growth solution amixed thoroughly. Finally,2¢ L o f t h e asnédéreée ascotl iuar
fl aag&r wnstfoeelrer elbdat Bwhviasch coat ed by t hea mtohvedire ftto
undi s 8 ufhobred ongi tudi nal overgrowt h.

By controlling the growth environmemtnd he thickness othe Pd shell is tailored through
controlled addition of PdGY. In this paper, thAu@PdHNRSs was prepared &sllows: two milliliters
of Au NRs previously preparedasplaced ina beaker equipped with magnetic stirring bawkjch
contairing 75.0 uLof 20.0 mMK2PdCL and3.0 niL of wate, respectively. The mixtures were stirred
thoroughly for at leastO min in an ice batl{4.0 °C), thenaf r e s h| y 1.0mrLe OMAAWas
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added dropwise into the solution under vigorous stirtimgnthe final solutions were stirred for another

40.0 min, the colorof the solution changed fropurple to dark gray, suggestitige formation of Pd
shell.Finally,t he mi c Au@PHOHNRsweelr e i sol ated YOG emgminf emse
to r emdmveci pi t,dthe@PdENRsBa svas herdl @aentri fugeam at
redispersed in.B mL of ul t-p tawater.

2.4 Preparation oBG and Au@Pd HNR$&G hybrid nanaccomposits

BG was preparetly one-pot hydrothermal synthesis as follows: Firs8%,0mL 0.5 mg/mLGO
was sonicated facilitahg uniform dispersion, followed by the addition@® powderasthe source of
boronwasmixed with GO in a mass ratio 80:1. Secondly, the resulting mixture was transfetoced
Teflon vessel which was held in a stainlsg=el autoclave, meanwhile thertperature was increased to
160 € and remained fo8 h. Subsequently, the black floccus products were colletiedugh
centrifugation (8000 rpm) and washed three times waitdohol and ul t-p tawater, respectively
Finally, the BG was redispersed ih0.0mL of ul t-pr tawager

In a typical synthesis chu@PdHNRSBG hybrid nanocomposites, the abdieecusBG (0.5
mL) wldaspensedrmly by wusing uflarr als.8@Ggmbdu@RdiddBse r s i
wa s aadshthkenwith a vortex mixeffor 2.0 h at room temperature.lDe Btdapng effectc r e at e
| arge number of defect sigeraphasbdmrdoas alf fpina
Au@PdHNRse mb e d dB&d a n 0 s, h dteftuss-dw esl pl Au@PdHNRsc an be succe
decorated oBGntame s b leweotranNU@RPHNRY eB G hybri d nanocon

2 5 Fabrication of the electrochemical sensor

For the fabrication of a electrochemical senboth BG and Au@PdHNRSs with highspecific
surfa@ area enough catalytically active sites can immobdizeéelectrecatalytic moreDAPr i or t
mo d i f i aG&E wase polished withl 0z to obtaina mirrorlike surface and driednder N. 7.0 uL
oft hAa@PdHNRY BG hybr i d nvasinserednpuhe &CEtamdshe solvent has been
evaporatechaturally at room temperature to obtén@PdHNRY B/GG C E

3. RESULTS AND DISCUSSION

3.1 Physicochemicatharacterization

The gr owtdnopastitlesomn t he Au OC&8| mobEeEboceedi shy
spectroplrotyaihee riyVs spectra of the Au NRs sho\
resonance (LSPR) band at-ma@xidmum ovfi t h33 rhrmlanadvi
SPRand at[2%p2btAeAmaadded, Pd ions were graduall
deposited on t he ptheei nLtSrPoRd ubcaendd -sAputo &xthGmenlar Incydiesb, | u e
severely damped (broadening in peakith and reducing in intensity) due fou  NHawe been
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encgpsulatedby the PdlayeranBd have no c¢har ac Oe theasdatherbandathes or p
electromagnetic field fronthe Au core is not completely shielded by tlterPa n o0 p a Ibetause bfe s

the unique structure of coshell hybrid nanorods.

The morphology and microstructure of thesgathesized\ u  NARreinvestigated by TEM n

Fi . homegeneoudu NRsare smooth in appearance and have roundederid® aver age o0
andngytalboiud mmB4 Am, resf@Fedhb) HRITEM charadrewagat
conducftuerdt teor i nvestigate the <crysA alaltotg rcaep hdiic:
O.248ncorres$ @goOhbdascoeft ac e ntceu BidcAa) NRsereas a | atti
of DHmm3corre@pbadsest s0

Absorbance

0.0 . . . . 100 nm .
400 500 600 700 800 T

Wavelenth / nm

/ 12000, 2024 o 8

/7
/

Fi g u.r(a@ UV-vis spectral sequences of Au NRs (I) and Au@Pd HNRs (B)). TEM images
corresponding to agrepared Au NR{C)HRTEM i ma gweNRe.f t he

I n order to clarify the origin of the -dptic
shows the change in morphology as Pd was <coat e
100% with highlbptdi opentdhe,j rasmhape and si ze ar
with the cylindrical shapes of the AwnNRectahdb
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with sharp edHRTEM charactérizagon wad &gnducted ftother investigate the
crystallographic properties of t the-sgntheticA u @PHNRs,asshownin Fi g . 2c, d, whi

direct evidence of the crystal steibemur enoFi @
Au @PHNRss howed &Bhgeadullivact sre uniform memh@alpeldo
structure at the periphery. I n addition, tens
t wo AWHEHRsdre connected together. I nterestingly,
NRand is t-bugstabkisgtecture, a |l attf{ldd aciestsamd
Pdn Fi g. 2d, which shows the contrast in the

HNRs adopt a core/ shiedéd smuucipmplt @ waedct man y abp
enl|l aglgeedt roacti ve sur f acaenalreeca rfoacha MabdnepaGii mmaolfi |

PRI
st hs

Fi g @rTgpical TEM image of Au@Pd HNRs at differemtagnifications(ap,c). H R T E ikhage
displaying the lattice fringes of the Au@Pd HN{@3.

The repr $EsMVenitnaatgi ed eosfp | BBG-@ id mean stiwdniad e sdteredc t u
por quwlist rfag ahtiinr e s a n & Morrienohd éetaled (nforimgtioron 3he neasurface
elemental compositiors f V@& u r tevealedby XPSi Rig.3bee As shown XRSt he
S p e c {(Fig.u3i), the BG nanosheets have &1 TeiVndahedg te
predomi nanlto cCalt i/ ,60dlk s peak laW hea.himher bindi
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BGt he bindohgpener byge Yinndisc alt8H=a t0t®mat atrlee bondec
at oms FPomartbhen $2PpA dwbirtkiiotnailsl yrreveal ed that the a
BG i s 2br3mtu% Hign3c,fouiobvi ous spectral peaks shown
for BGahte4d 28 Xr epr theedstpbr i di zed) ,c a2r8dd. mMeOp @ @ kCE@,n c e
CiO anB) ,C 28 ¥YCiQ moietiessuch as epoxy arfuydroxyl groups on the basal plahasn d

289 .e3\CTOIBan@C=0i0O0OH, espectively

b Cls

5

8

= Ols

[7)]

[

(]

E

Bls
A
600 500 400 300 200
Binding Energy/eV
¢ d
5 284.62 eV 5
] @
= 285.10 eV" } 192.38 eV
2 286.22 eV 2
c 22e
£ 2 189.63 e\
C —
- 289.35 eV .
] 192.91 eV ~
e — O\ | i — -vl
195 194 193 192 191 190 189

204 292 200 288 286 284 282
Binding Energy/eV Binding Energy/eV

F i g G.6EM images oB-dopedgraphenat differentmagnificationga). (b) XPSs u r spextyum of
BG. DeconvolutedC1s(c), Bls(d) andO1s(e) of XPS spectrum dBG.

Fig.3dex hi bits the normalized high ra&8Gotani bea
deconvoluted i nt o 8tHBh3r, e ela9p2e823kBs\h a = BitCeB CGedd r a-B € U
BIfO bonds, .refpplpeeceBCOd BfCbonds 6thtglpeesB at om dop

defect sitdgbofiogy@a@ambone commesunds farened when
coordinated substitutionalsite al ong]|[2f.fFaphdrhe
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Ols pheraskg b pteakfsocma S5dbte HBRd 3588\M,. repH@E@E€=A=IOng
an@OHo CIOICbondkigad® .( The O/ C at omi cl 8r%,t isou g goers ttihn
B Qwith excellent hydrophilicityill beneficial tadform hydrogen bonding with phenolic hydroxyl group

of DA, Tyr andAC, which not onlyh i g ¢ffergd the capability of targetirfg oDA, Tyr andAC but
alsoenhance effectivelthe sensitivity of an electrochemical sensor

N S
BOON AR
0. 340 nm

500 nm

Element Weight% Atomic%
CuK 35.23 60.63
Pd L 7.20
AulL 57.57

Totals  100.00

Fi g y.rSEM image of Au@Pd HNR#G (a). TEM (b) and HREM (c) images of the Au@Pd
HNRYBGn a a o mp sa difterent magnificationgd) HRTEM image displaying the lattice
fringes of theAu@Pd HNRS8BG n a o 0 mp @ ¢e) Diffeaction patterns of Au@Pd HNRs for
different directions(f) ED X a n a IAy@Pd BINRH@U r o nc d thgee  d)

Fi 4. s hoBEManhT®&EMi magfehe AMNRPIBG hybri d namdeon
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wrinkled natdeeo raaid @MNRgefonbrad BeGlFi 4a) has been
by SAskheTEM images shovin Fi 4 bt hAeu @MNRswer e enciapsbhbkaB&dst
withdwsepkrsion and keptmaan trdpdpelikenl tsri azteh iam,d tsrh
and wrBGnkinedwernd e poppeedn f ur t hHNRs FromHRTEM Pniage (Fig.
4¢), themorphology and microstructure of theagthesized u @PHNRY BG hybri d nanoc
waso bs edc iveda hley Au @Pwli tHINRIse s s d e g r wee arclioredhoi@fbldedne r a t
surface, representing the elongated black spote b s e afv @Ridhanoparticle®n BG are smaller
thanAu @P d HtN& e assumed again the formation mechanistieothreedimensionalAu @
H N Ris thattens of smalPd nanopatrticles deposit & NRssurfaceln order to observe more clearly,
viewing from the enlarged HRTEM image in Fiy, i the lattice spacing values Afucore andshell
a rPed.229and 0.225 nm, corresponding to thean value of the (111) planes of faxmntered cubic
(fcc) Au and Pd26], around whichig h e 2( cr yst 8IG fvlatiicd spaciogfof @40 nm.
Moreover,the interface between graphene ahdi @P d H&hFe clearlyobserved.To further
confirmed the growth direction &fd nanoparticles oAu NRssurface thecorresponding fast Fourier
transform (FFT) patterat t h e |noacraktefdohnb yaero ef nr adndlegs.acquiredFig. 4e),
t he spontde xa&rde cor ree X80 nd2101eRL) 3, X 0t) h 4 d ¢ &f lAauct i 0
with zone @&HY,eswiiZeA)i omhe d Ot hat t dwa gralwdrhg d[i I Q]
on both &urdoggg]l. of t he

Mo r e oBEvDeS , r éFs uglfclesrly indicatehatther e ¢ t a-shagpadhaaastructurevas
composed of Auand R€ us t e m cforpqme)i addthe Pddoes indeed continue grow more at
the ends of thé urods In conclusionit is obvious thatheAu @P d  kithRicertain aspect ratio
are homedispersed on theurface oBG areproppedopen furtherbA u @P d HvNiéhgan increase
the surfaceo-volume ratio ofB Gand providea broader platform for efficiently capturing moré\D
Tyr andAC.

3.2 Electrochemical behavior of DA, Tyr and AC in a ternary mixture

It is well known that the electrochemical detection &,0'yr andAC on ordinary electrodes is
hard due to their oxidation potentialie so close that resultingam overlapped voltammetric response
and hard to distinguish their signals pef&.Henc e, HARQP& hybr i d nwasroc ol
usedhagddysiti ve accamgi gbabnianmmpthh if o emehipve the wh
increasedotential difference makiévempossible to discriminatdhe CV and DPVrecorded for A
(0. Omvp, AC (O . OndVv) and Tyr(0 . 1navH from Au@Pd HNRSBG/GCE areshown inFig. 5.
From Fig. 5A, voltammogram a shows two irreversible redox peaks for ivever the reduction
peals for AC and Tyrareindistinguishable. The oxidation peak©A, AC and Tyr appeared at about
0.38V, 0.60V and0.82V, respectively. Theeduction peak oDA appeared at the potential @20V,
which consistent with former literaturg¢29,30] DPV of DA, AC and Tyris shownin Fig. 5B, three
separated peaks withell-defined shapes and large oxidation peakentswereobserved at Au@Pd
HNRYBG/GCE The oxidation peaksof DA, AC and Tyrappearedat 0.30 0.58 and 0.80 V, the
separation of the oxidation peak potentialsDé-AC, DA-Tyr andAC-Tyr are280, 500and220mV,
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r e s p e.clttcanvbe tlaarly observed that simultaneous determination of thesthpee @an s
possible which was free from mutual interferencéthese synergistic amplification effectan be
effectually enhanced ib or on a fAU@ARdHNRge mMbmedded | nt owiBtGh ghlalnyo ¢
di s pedGCGH g a atbdgr aoperativgpromoting effects.

2.6
8{ A Tyr B
AC 2.4- oA AC Tyr

DA 2.2

2.0

Current /mA

1.8

Current /mA

4] 1.6+

-6 T T T T T T T T T T T
-0.2-0.10.00.1 0203040506 0.7080910

1.4 T T T T T T T T T
00 01 02 03 04 05 06 0.7 0.8 09 10

Potential / V Potential / V

Fi g 6.1C¥ (A) and DPV (B)of Au@Pd HNR&8BG/GCE in the mixturecontainingd . OniV2DA,
0. On8VMOACandO . 1nvBTyri n 0. 1LPWB X 0O( pratthe’scad rate &0 mV/s.

3.3. Effect of pH on the oxidation DA, AC and Tyr

SinceDA, AC and Tyrcontainphenolicgroupontheir structure, the protorsantook part in the
electrode reaction procegberefore the most desirable pH is very importantdetection of these
speciesFig. 6A-C illustratesthe effect ofsolutionpH onthe peakcurrentresponsesf DA, AC and Tyr,
respectivelyThe resultsndicaie that proton influenced peaks current @atgential andthe anodic peak
potentialshifted negativelwith the increased pH valukie toproton takes part ithe electrode reaction
processes of the analyt&goreover the corresponding anodic peak potentialDA, AC and Tyr vary
linearly withpH andthelinearregressiorequations are presented in below:

Epa—=0.5950.050 pH R?=0.986

Ex=0.9730.056 pH R?=0.994

Ep+=1.4930.065 pH R?=0.986

In additian, the cathodic peak potential for AC and the pH valkerasted linear relationships
linearregression equations betwegg &nd pH valuevasEp=0.9710.057 pHR?>=0.995.Al he ts| op e
were cl Neentestihae valuevhifch5%umgepki datiton hee
invol ved two el ect r on 931,32hkig. aDwmweg thai the oxidatiom peakh a n
currents forDA, AC and Tyr increased gradually with an increase in pH, and maximum peak current
occur at pH7.4. Therefore, pH 7.4 was chosen as the most desirable pH for subsexpemtinents.
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Fi g 6.C¥s obtained at thAu@Pd HNR8BG/GCE in PBS with different pH valuesg 4, 66, 6.8,
7.0,7.2, 7.4, 7.6 and7.8) containingd . OMMVBDA (A), 0 . 3n@VDAC (B) andwith different
pH values .8, 7.0, 7.2, 7.4, 7.6 and7.8) containingd . 3nfMOTyr (C) at scan rate &0 mV/s.
Inset: the plots of peak potentialpjEof these compounds versus pH values. Influence of pH
values orthecurrent response of three species ath@Pd HNR$BG/GCE (D).

3.4. Effect of scan rate

In order to investigate the mechanisms fordleetrochemicabxidation ofDA, AC and Tyrat
Au@Pd HNR#BG/GCE, the relationship between the peak currentssaah rat€30~190 mV &) of
potential sweepvere recordedh Fig. 7A-C. It is noticeable that by increasing scanrbtet h t he p
pot entpieaalk anud r e rthe redox geakaurréng @AtardAC as well aghe anodic peak
currentof Tyr increased gentjyand the anodic peglotentials(Eps) shifted to more positive potentials
while the cathodic peagotentials(Epc) shifted negativelyT h@ex i dat i on pRAaACandur r e
Tyrvary llyi wedrm scan rates, whi OAACaendEmined htehs uo
o0 Au@Pd HNRSBG/GCEw e rm@ s o r-cpot nitorno | process.



