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( ) ; pHS3C pH ) o

MWCNT( >95% ) TiO,( >99% Digussa ) (

75% ~ 85% Sigma ); oPDA CaCl, H,PO, NaOH ( )
Na, HPO,-NaH, PO, ( PBS) ; o
2.2

HAP: H,PO, NaOH pH9 ~13 CaCl,
; 200 C
10 h N N o MWCNT . GCE(®=3
mm) 0.3 0.05um  AlLO, VHNO,(1: 1 V/V)
o MWCNT HAP TiO, 2 mg 20 mL 0.2%

30 min 5 uL GCE TiO,/HAP/MWC-
NT/GCE. TiO, HAP  MWCNT TiO, /
GCE.HAP/GCE  MWCNT/GCE o PBS 1.0 ~-1.0V

CV oPDA o
2.3
( SCE)
( EIS) . (CV) ( DPV)

: N, 15 min N, : 0 C o
3
3.1

o 1 a~d MWCNT HAP
TiO, TiO,/HAP/MWCNT 10 o 1 MWCNT HAP
TiO, i TiO,/HAP/MWCNT MWCNT  HAP
TiO,
K 30 min 2
o 20 ~60 nm :

100 nm . 100 nm

1 MWCNT(a) HAP(b) TiO,(c) TiO,/HAP/MWCNT( d) SEM  ( x100000)
Fig.1 SEM images of MWCNT( a) hydroxylapatite ( HAP) (b) TiO,( ¢) and TiO, /HAP/MWCNT
(d) films( x 100000)

3.2
EIS EIS
(R,) .2 2.5 mmol/L K, Fe( CN), 0.1 mol/L
KCl EIS . 2 GCE(a)  TiO,/GCE(b)
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TiO,
o HAP/GCE(¢) MWCNT/GCE(d)  TiO,/HAP/
MWCNT/GCE( e) ;
o TiO, /HAP/MWCNT/GCE R, HAP/GCE
R, MWCNT/GCE R, HAP MWCNT
TiO, MWCNT
. HAP HAP  MWCNT
( 3). 3
TiO, /HAP/MWCNT/GCE( e) GCE(a) TiO,/GCE(b) HAP/GCE
(¢) MWCNT/GCE( d) ;
o TiO, /HAP/MWCNT/GCE
o Randles-Sevcik =
1,,=(2.69 x10°) n’?AD, ' Coo'"? (1)
1, n A Dy C,
v . K, Fe(CN), n=1 Dy;=7.6x10"°cm’/s TiO, /HAP/MWCNT/
GCE 0.0813 cm’; HAP/GCE(0.0395 ¢cm®) TiO,/GCE(0.0441 ¢cm®)  MWCNT/
GCE(0.0561 c¢m®) 106% 84% 45% 3
500
400}
g 20T e =
.N | ‘: o 'u;" E
| 200_ @ '- =
¥ rn:: i Uh_,—_l: B :l._ l‘ -
100 - T L TR
L TN
0 f‘:‘ i % 1 = __.0 L 'l L L L 't 'l
0 50 100 150 200 250 300 08 07 06 035 04 03 02 01 00
zZ'Q ENN
) 3 GCE(a) TiO,/GCE(b) HAP/GCE( c)
2 GCE(a) TiO,/GCE(b) HAP/GCE(c) MWCNT/
MWCNT/GCE(d)  TiO,/HAP/MWCNT/GCE( e)
GCE(d)  TiO,/HAP/MWCNT/GCE ()

Fig.2 Alternating current impedance ( EIS) of bare GCE

Fig.3 CVs of bare GCE( a)

Ti0, /GCE(b) HAP/GCE

(a) TiO,/GCE(b) HAP/GCE(c) MWCNT/ GCE
) (¢) MWCNT/GCE(d) and TiO,/HAP/MWCNT/GCE( e)
(d) and TiO, /HAP/MWCNT/GCE( e)
( Scan rate) : 0.05 V/so
( Frequency range) : 0.1 ~ 10° Hz; ( Applied
potential) : 0.2 V.
3.3
4 1.0 mmol /L. o-PDA  PBS (pH 6.8) 0.2V
100s  0.05 V/s . 4 o-PDA GCE(a) TiO,/GCE
(b)  HAP/GCE( c) 3 oPDA
: MWCNT/GCE(d)  TiO, /HAP/MWCNT/GCE( e)
0.482 0.538V o-PDA o MWCNT/GCE o-PDA
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56 mV 6
TiO, /HAP/MWCNT o-PDA
X AG = —nFE <
= _RTWK  In(K,/K,) =(nF/RT)AE  n=2 =
0-PDA ( )
K, MWCNT ( ) K,
108
o-PDA o
MWCNT  TiO,/HAP/MWCNT
»-PDA 4 oPDA GCE(a) TiO,/GCE(b) HAP/GCE
(¢) MWCNT/GCE(d) TiO,/HAP/MWCNT/GCE( e)
= (i —ipa’.) 10— 00) (2) - pPDA(f) mPDA(g)  TiO,/HAP/MWCNT/
e Tt Fig.4 CVs of o-phenylenediamine ( 0-PDA) at bare
MWCENT GCE (a) TiO,/GCE (b) HAP/GCE (¢) MWCNT/
On Uy GCE (d) TiO,/HAP/MWCNT/GCE (e) and p-PDA
° (f) mPDA( g) at TiO, /HAP/MWCNT/GCE
MWCNT Ti0, /HAP/MWCNT oPDA ( Accumulation potential and time) : 0.2 V
12 100 s; ( Scan rate) : 0.05 V/s.
o 4d de o-PDA
. PBS TiO, /HAP/MWCNT/GCE . PBS
0-PDA : 0-PDA o-PDA
4f 4g ( pPDA) ( mPDA)
; pPDA (0~0.2V) 2 mPDA
pH (1.0~3.5) ",
3.4 oPDA
3.4.1 pH TiO, /HAP/MWCNT/GCE
1.0 mmol/LoPDA  NH,-NH,Cl KCl KNO, H,SO, NaH,PO, NaAC-HAC  PBS
. PBS 0o-PDA
. pH PBS 0PDA
. pH3.8~7.8 PBS 0-PDA
; pH o
pH ( 3) E, =0.9978 -0.0695 pH
( —=0.0592 V/pH) " 0o-PDA
o pH>7.3 o-PDA ; pH o
pH6.8  PBS .
3.4.2 6  TiO,/HAP/MWCNT/GCE 1.0 mmol/L 0oPDA  PBS
(pH =6.8) . .
0.02 ~0.30 V/s 0-PDA
i(107*A) =3.0798»'* —0.2315 R’ =0.9929; e

. 16 .
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40 2.303RT, RTE 2.303RT, 0.75r
E =E +( iF ) log( anF) +( iF ) logy ool
. ( 3) 0.65F
« k " - 060}
v EO -\L:_:D' -
0.55 -
o an E, .
logy (E, =0.6039 + 0. 0481 logo 0‘45 i
R’ =0.9871) T=273 K R=8.314 J/mol *« K h E
F =96480 C/mol. 0495 4.0 5.0 . 6.0 7.0 8.0
p
a=0.5" oPDA n=2.25
0PDA 3 E, pH
) 2 . Fig.5 Relationship between peak potentials E and pH
E° K E,  logv R 201550
0.25
Ep v 18 ; 1.5 020
E’ =0.5292 V; ° 1701 s~ e
3.4.3 < T |om
-0.5~0.5V o-PDA =
(0.2 V) ok
) 08 07 06 05 04 03 02
100 s ; EV &
100 s.
35 6 o-PDA
) ( ) Fig.6 CVs of o-PDAat different scan rates (0.02 ~0. 30
DpPV o—
V/s)
PDA ° pH 6.8 PBS ( Accumulation potential and time) : 0.2 V 100 s.
0.2V 100 s 0.01V
0.05 V 0.2s 0.5s oPDA 5.0x107° ~1.0x107°
mol /L. (7
ip( 107" A) =0.02451C ( 107° mol /L) - 0.
10465; 0.9976. DL =KSb/r
1.0x107° mol /L( DL ; Sbh
20 P K
K=3;r
) o 0720 a0 &0 80100
3. 6 _2 5 I l I I C{1o moll-'I.I
0.8 0.7 0.6 0.5 0.4 0.3 0.2
EV
1.0 mmol/Lo-PDA o
£5% 500 7 oFDA
K' Nat Me2® Ca®* N* Co't Gt Het Fig.7 DPVs of o-PDA at different concentrations
a J v ! © 8 ( Accumulation potential and time) : 0.2 V 100 s.
NH,; Zn’* Fe’* F~ Br~ ClI- NO; SO;~
; 10 N N o
6 1.0 mmol/L o-PDA
. 4% ; .0 mmo 0
( RSD) 2.4% 6 1.0 1/L o-PDA
RSD 1.4% . TiO, /HAP/MWCNT/GCE o
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3.7
0oPDA 1.OL pH 6.8 PBS
10 mL o DPV oPDA
3.71 x 10 *mol/L( 5 ) o
98.6% ~104.6% ( 1) o
1
Table 1  Determination results of ophenylenediamine in industrial wastewater
Sample Found Added Total found Recovery Sample Found Total found Recovery
No.  (10™* mol/L) (10 ~* mol/L) ( 10 =* mol /L) (%) No. (10 ~* mol/L) (10 ~* mol/L) ( 10 =* mol /L) (%)
1 2.81 3.0 5.77 98.6 3 3.35 6.40 101.5
2 3.45 3.0 6.42 99.1 4 5.22 8.46 104.6
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Voltammetric Determination of o-Phenylenediamine in Industrial
Wastewater by An Electrode Modified with Nanocomposite Film
of TiO, /Hydroxyapatite/ MWCNT

LI Jun-Hua''> KUANG DaiZhi' > FENG Yongdan'® LIU Meng-Qin'’
"( Department of Chemistry and Material Science Hengyang Normal University ~Hengyang 421008)
*( Key Laboratory of Functional Organometallic Materials of Hunan Province College
Hengyang Normal University Hengyang 421008)

Abstract A nanocomposite film modified electrode was successfully prepared by dispersing titanium dioxide
nanoparticles ( TiO,) hydroxyapatite nanofibers ( HAP) and multi-wall carbon nanotube ( MWCNT) into chi-
tosan solution. Based on this modified electrode a mercury-ree and highly sensitive method for the determina—
tion of o-phenylenediamine ( 0-PDA) was established. The prepared electrode was characterized by scanning
electron microscope ( SEM)  cyclic voltammetry ( CV) and alternating current impedance ( EIS) and the
electrochemical behaviors and kinetic properties of 0-PDA on the modified electrode were investigated. The ex—
perimental results showed that a sensitive oxidation peak of o-PDA appeared at TiO,/HAP/MWCNT modified
electrode( £, =0.538 V)  which illuminated the nanocomposite film had a good synergistic catalytic effect on
the oxidation of 0-PDA. Further experiments showed that the oxidation process was an irreversible process con—
taining a two-electron and two-proton reaction. This electrode process was controlled by the diffusion step and
the standard rate constant was 1701 /s. Trace level of 0o-PDA can be determined with this oxidation peak. The
peak currents were linearly dependent on the 0o-PDA concentrations in the range of 5.0 x 107> =1.0 x 10 ~°
mol /L with correlation coefficient of 0. 9976 and detection limit of 1.0 x 10~ mol/L. This nanocomposite
modified electrode had favorable stability and had been applied to the quick determination of o-PDAin industri-
al wastewater and the recovery was from 98.6% to 104.6% .
Keywords Titanium dioxide nanoparticles; Hydroxyapatite nanofibers; Multi-wall carbon nanotubes; o-Phe—
nylenediamine
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