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ABSTRACT

Part 1. Simultaneous electrochemical determination of dopamine,
ascorbic acid and uric acid using poly(acid chrome blue K) modified

glassy carbon electrode

A novel polymerized film of acid chrome blue K (ACBK) was prepared on the
surface of a glassy carbon electrode (GCE) by electropolymerization, and then the
modified electrode was successfully used to simultaneously determine dopamine (DA),
ascorbic acid (AA) and uric acid (UA). The characterization of electrochemically
synthesized poly-ACBK film was investigated by atomic force microscopy (AFM),
attenuated total reflection (ATR-FTIR), electrochemical impedance spectroscopy (EIS)
and voltammetric methods. The poly-ACBK modified GCE exhibited excellent
electrocatalytic activity towards the oxidations of DA, AA and UA in 0.05mM
phosphate buffer solution (pH 4.0). The separations of anodic peak potentials of AA/DA,
DA/UA and AA/UA on this modified electrode are 193, 166 and 359mV in DPV,
respectively. Under the optimum conditions, the calibration curves for DA, AA and UA
were obtained in the range of 1.0-200.0, 50.0-1000.0 and 1.0-120.0 pmol-L™,
respectively. The detection limits (S/N = 3) were 0.5, 10.0 and 0.5 pmol-L™" for DA,
AA and UA, respectively. With good selectively and sensitivity, the present method was
applied to the determination of DA in dopamine hydrochloride injections, AA in

vitamin C tablets and UA in urine samples.
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Part 2. Sensitive determination of adenine on poly(amidosulfonic acid)

modified glassy carbon electrode

A novel and reliable direct electrochemical method was established for the detection
of adenine, based on the differential pulse anodic stripping response at a
poly(amidosulfonic acid) (poly-ASA)-modified glassy carbon electrode (GCE)
fabricated by electropolymerization. The characterization of electrochemically
synthesized poly-ASA film was investigated by atomic force microscopy and
electrochemical impedance spectroscopy.This poly-ASA-modified GCE could greatly
enhance the detection sensitivity of adenine. At optimum conditions, the anodic peak
exhibits a good linear concentration dependence in the range from 3.0x107% to 1.0x107%
mol-L™ (r=0.9994). The detection limit is 8.0x10° mol'L™ (S/N=3). The proposed
method could be used to determinate the adenine in tablets of vitamin B4 with

satisfactory results.

Part 3. Selective determination of dihydrogen phosphate using cobalt

membrane modified carbon fiber microelectrode

In this work, a highly selective and sensitive dihydrogen phosphate membrane
sensor based on cobalt membrane modified carbon fiber microelectrode is reported. On
optimal conditions, the sensor shows a linear dynamic range between 1.0x107° and
1.0x107> mol-L™", with a nice Nernstian behavior in pH of 4.0. The detection limit of
the electrode is 6.0x107” mol-L™". The sensor possesses the advantages of short response

time, good reproducibility, stability and selectivity.
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Part 4. The development and application of phosphate anion ion

sensitive electrode

Sol-gel containing cobalt phosphate membrane modified glassy carbon electrode
was prepared, which showed Nemstian response for PO,*"in the concentration range of
10% ~ 10 mol'L™" with a slope of 14.5 mV-dec™. Performance parameters of the
modified electrodes were studied. This modified electrode was characterized by its
simple preparation, high sensitivity, good stability and reproducibility, as well as fast
response. In the end, this proposed method was successfully applied to determine the

concentration of PO,”” in soil samples.
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1.1.1 BFiaFRiRpoh/RE

BT GERERRE —RARER, EHRAEEETH RN FRIE R
SR B ASHERLBURE, NIRR, BRBESHAR, R—%uik
FERRE. EREREITTREAN A BRI, B, FEEMBHNE
THRE GEE) FHRBARRS--RA, MHELSHERTAER FIEERN A
BREMER R EMEEM BB SRR B ST ER A B FEFE RS E.

BTG RR O TIERERLR (Nemst) AKX, AR FEEEBRTE
RRAE (B S 1 AR, THEEE, KMERABLERE. BN
EEMREENMEBTRERAAZ. BMRETEREHRR | BTHEEER
R, MEFMEFRARB AV | & T RSN R R A f A BB AR R
MABERT SE—CBERENTFEET, AERRANAEERTN, BTFHEA
SEFEEMAR, TTHIMKE TR LEERNREREEREROARERE
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2.303RT
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Ey

lge, (1-2)



8 M NFT 208 3

Hep: HETHEE =18, E X HBRMRAERS; 2303 RT/ZF {ER
AR IRAE, N—NEF 25 °C HIMEN 59.16 mV, JtHEFRH 29.58
mV. BAUETFEMEFHE S, HEFRHN—S. MRBETFHEFKER
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Em &, RZEX,
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2.303RT
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1.12 BFRRRRS A ENER

SREMTEML, BT EFARRE T Z RN,
(1) BTEFARE—FHERN. FPRENDINTE, ERZHFRNHE, F
H, BEVIHENEZW, HOERATTLISCIINE.
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F AR B R EERR AR SN ER, ERONAEEEANNT E. B
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AL ERMAPIEESE. DRLSEREDEWHERES TAFLIT kR
fiit, MIEFEREVWAFBHRTRENROR LW, BI15ET*E
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B 1.1 REVESIaR LR (BT BRBIE

EE 119, OB)5 Reg(B)Z 1A RE WS i B & B iE AR R
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REYNHERY, RUHESITFUEY () ShtEREMBHERE
RN RE . BRRE, REVEEHRRAEULTRA:
(1) REVBEBHERNHESES (THER. R, AR, SE7ES.
RAXESS), B LERERGHAAETES, U UHI& &ML E
KA kg,
(2) BEYBBrRIEER R, BHHE&. HFHENEPEEELHENE
Bl (4107~ 10°mol-em™?, HL4TF 1~10°4) AFEHPLE=H0%, A
RNFE = RAFAT AR fE, TARF TR, EfEnEgemhamam
KiEH—#.
3) RAYIEAS REFHOLERYEREN, 5EIRMERINEE T EHE
HfE AL, REVBESEARRETRNES ). BHRAYREHEHRR
HERMVIMGEE, A EREEUREN AR EEMTRYE R EERER
BEEMEH, UMMM ARKER T ERSBOREE. EBENREE,
EAYemak i R AMARBEERNAERN &, RA—IEE
IR B .

123 BEYRIEERRAEA

REYHEREAE R RS RIE, TREGFZRARANSS, EREE
K% 10-1000nm, HHTFTLEELANMEGTE, BEATHERENGEHEESE
EMEAERARNEERSE, R TREL. B—FE, ReYWEREHE
WE B AR R IR E AR, BF RS EnttR, o
TR I P AT BT T B Y R N

AR B & Yy MG e FO AR K N R U ECAE B AL E R T TR T £ BT - (1D
AR TF, WA PLLEE. NADH ZH 41 A R AR A,
40 D. Shan P EF 4L RAER (FHHHE-FHR) BB DR LR ERHLE
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BT IS K Qiao FPFIAE FHRZ M 4K R
Tt AR AL E A D. Gligor B R MEw T A Y18 ek ri AR S8
T %t NADH BRI, () MY/ TF, W)LRMRMEIEFTFR g
YERI 3 713K A FIE R4, 40 C. X. Chen HPIFHR (K- AEERH) §)
& TILRMERSE, HILRBEBHARESRENEBLELILER. 3) HHE
YR, WIEREE . FUOR BRI YR LR A%, I X, Huang
LR S A KR T RIR = B 0 (9 R S W18 1 B BEBK AR mT LAl 8 MU
HRARR KM AR E S WE MR LI R M7 LR S. A
Kumar 278 i R4 B 8 W 35 30 B B AR R I O M E HUR MER: M. A
Heras %CFIAR(G4-TLZ ZEEBW)-RCEZHHM) BB ZENE
[

1.3 HEERER B9 B 43 TR SRR
BTERRAMBEENEATRZ —, SETHEZERNEGLE. BRR
ENEFRNEBNEHE, EARNEMFIFEINTLERNEN. AMEPH
LHHBRREREFNERS SRR ENEANEGEFERE
RIMEH. BT REZENERRI=BIBRRE (ATP).
LYREE A EMET AR, B30 THEFERSS, KamTE
B HRUERAEB R R BRI EY ATP . SRR RS - TO T
HIBE LR A E BRI TE R . ATP EE i ADP BERRICBT AR, DEBLT,
AT B AMP BRI LR (W0 T AI7R).
ADP+Pi+f B —ATP
AMP+PPi+fg E—ATP
E A s A LB A sy TSR F OB SV A —ERWE. AWML,
SFEPFER AR RE. SERRENTRE ENAHEEZ . EadE,
KEAREE S, TovAr=, FEHEF SRR, TERFEIRE. B E KRB R,
ELTEFRENEN. BT, AEMXTHREWEOYE, SFETEHEN
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3, FaEPe N, SRR, Bk AL E P,

SRR E FERBRROAIVAR, BEHREXFEMRE. W: E.
Khaled %ISR IR 50 B F 8 S LB BB MR Eh 42 WEN R IR S MR, BERERH
FHELO x107° ~ 1.0 x107 mol-L™" ¥ FE 72 B P4 2 &b 347 4% i B, W [ 4 38 4 32.8
mV-dec”, 3#EREEMTKIZINH; HrEtHRTRELTEAE ERRE
B &4 & B BERE Ehm Y PR AR, 7E1.0 x107° ~ 1.0 102 mo-L ™ WK Y. B A 2 R i
HEI R R A4 %21.0 mV-dec!, Bl FRREA9 x 10° mol-L™'; R.Q. YuZl3RiE
TEFNEENG &S TREOBRE S FEFE K, £50x10°~1.0x107
mol-L™ ¥ FE 75 Bl 1 28 B A, W R 8 22 -30.1 mV-dec™'; W. Lin%™! #FX
IR AT R MPVCRE R B R &, 71.0 x 107 ~ 1.0 x 107
mol- L™ ¢ FEE ¥ ) Py 2 B 0455 1 B, eI 2 44 2 4729.8 mv-dec™'s D. XiaoZ R R 41k
KB RS B I R R PR, 761.0 x 10°~ 1.0 x 102 mol- L™ WKETEEA 25
ST O IR W S22 28 47550 mV-dec™’; F. Kivlehana% IRl R R R B AWM 512
(IR AR S T B E R BR 2, BATREERTES.0 x 107 ~ 1.0 x 107" mol- L™K
36 BB P 52 B S0 R I8 M 2221 2R 23 1) 9—33.00-28.0 mV-dec

1.4 ERE USRI RARIRK

g M EENIAREFUEY, Mg ARG R—RRNEE
WA, A5 I IRRIBKIE RS AT R, B W] EmilFischer fir 42 . W42 40
BURAARITER, EEEEAT, MIERAMERFAZE SRS ABKER
o U RBHEETEEMARFTHY, N5 TF3AFES. —BXM
FEREE, REIEBM. BHNEFRBTHRELFRER, FERHRAER
BFEE, REMBERERNNETIRIERE. Fit, HREREENDS SN
EEAN. E¥. PN EHITYPHAFREENILE L.

DNA B e 5 BRI ERGEHE, BEKRNEZLASRS, BRELYYH
RIRAEERE. BIES (G), EEMER (A), R (C) MBRMEE (T) N
WHZ DNA MEZARMS. B, EFFEHEATHEERRTHES, &
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FE BB 1), B kS, AR ALY, (R AEDT,

IO KA A W AL TR BB R Z HXRE. W: Z. H. WangZPYF| A
B- 460 45 5 Bt 9 K5 1 4 A I B 0 s R R AT MRS, LR U PR 233910 9 0.1
#10.2 mgmL™"; H. Y. Liu#%P51 & T REH/ SRR /2 BB AKE BB
%, FIF AR R E T DNAS EAEA FGER, HRRR S 5H1 x 10°
#18 x 10° mol-L™"; H.Y. Chen SOV Fi T8 4tk 3 B ik ri ARk ) B ) s 2 P 19 N
04, FCAHIPR 53.0 x 10° mol'L™'; P. A. M. Farias% U FI B Mk AR M LT,
KR R SRR BRI E TEEEY, HRMRIAS3.0x 10" mol-L™.

1.5 & BEhk. HUFMmEsFnRES BY B i R Ik

ZLERREFEENRRAMEER, CREENEEYR, EAEKNLM
GRASHORETE ZHRANER AR LREEFAGRRELFOELE,
R R N NEAS R BL Y. B, MEEEBik. ifng NRREET
SEENEN. BN FENEX=MYRMEXRECHTRE. FHIRKEE
95 P AR BT K4 186 T S R R A 16247,

RV BHRRE A EENLEEHRKZ — BRESHENATHEE
B E £ B, FURNBMARE. 6l L Zhang SR ARFR/REEE
TR & FELE M B BR PR IR O 52 T HUSR AR AR BR; L. Q. Lin V4 SO ilE
MBS TFHBAREE, FMAREHHRRRANNET 2 EK. FURLRNKR=
YR, BT RIFMER; A L Liu Z7%8 R ERBIERTE K BR,
RN 4B M E THF L. REHE ERE, S A Kumar ZVF AR -85
1-UBEE-3, 4- TR BB NNE T2 E: A H Lin 7R A
BRI/ L RRAKE E S ME B AARETIR BRAFAER &G T, RNAE
T2 ERFARE; P. R Roy ZPLEHE (N, N-ZHREEK) BIBHKARLI
TR B RNARN; H Yoo ZMEdmi¥REBIIREETHB
gk AR, FIARBHERRIN 2EHUE T EK. JUALRANKR.
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1.6 KX EERRASROES

—. RAMRENAEE SRR E K RTS8 HRREHERBRERE K
BB AR . BT BN BRI K B BART T RERH
R HBEMHRX SO, TR DRANRERE WS RELER, FTURATH
X =M K. BHETHTRUREFTHEER, VC APy
FREEFIRE

=, BUBAR R EEER LS R A BB AR R AR A LR
M. BT T EAENTE B AR EIREITh, BTSSR ME T
e AIETUMRMKNERLE B, F P EEEVHS &,

=, PR BAEHERA  rAR VR A B TR S R AR S T — R e R — UMY
W Tk, BR EURMWKIE M SUXT S fr 2 AR R, AR BRI E
M, RREHAEEY.

I, BIKEIE T BB OK R T BV - B L M BB PR . 3% PR
MR A B R RN, BT BRI e e T A NSNS R,
GRS EA, REEH. WALEER. REEMENMLT.
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Scheme 2.1. The molecular structure of ACBK.
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Figure 2.1. Cyclic voltammograms of polymerization of acid chrome blue K (0.5 m
mol-L™") in 0.05 mol-L™" phosphate buffer solution (pH 7.0) on the glassy carbon
electrode in the potential range from —0.4 to 1.5V at a scan rate 100 mV-s™'. The cycling

number is 10. Inset: the cyclic voltammograms of circle portion are zoomed in.
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B

Figure 2.2. AFM images of a bare GCE (A) and a poly-ACBK film modified GCE with
25 cyclic times surface (B).
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Figure 2.3. ATR-FTIR spectra of ACBK (curve a) and poly-ACBK (curve b) on the
surface of GCE.
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Figure 2.4. Nyquist plots in impedance measurements of electrodes: (a) a bare GCE; (b)

the poly-ACBK film modified GCEs with 25 electropolymerization cyclic times.
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Figure 2.5. (A) Cyclic voltammograms of a poly-ACBK modified glassy carbon
electrode in 0.05 mol-L ™! H,SO; at various scan rates. From a to 1, the scan rates are 10,
20, 40, 60, 80, 100, 120, 150, 180, 200, 250, 300mV-s™. Inset (B): Plot of the peak
current as a function of the scan rate. (C): The effect of pH on the electrochemical
behavior of the poly-ACBK modified GCE in 0.05 mol-L™" phosphate buffer solutions
with different pH.
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BB IR AR B A5 R IF R AL AL AA. B4b, BEEFREEEM, AA NS
IE AL 18, X S5AREE ALZES FRAREA — 3. 7E20~300 mV-s™' fTEH
W, AA MENEBRBABEREN 42— K FRIEL, REHREFER:
La (A)=0.014v"2 mV-s) 2+ 1.761. XFH AA EBHHRRESY 854,

Bl 2.6C 45t 7 7F pH 4.0 i) PBS /M B, UA 7ERBEBREAR (4 a) FIERE
R K BB BEKAR (5% b) KIEA Rk, HETR, ®BHAEHLL,
UA 7£ 0.512V HE— IR . RS E K BB MHBm ek £, UA &
WIEAR I RE, KA HBE 0481V, FHEMARBASKKME K. £ 20 ~ 300
mV-s FIEERN, UA REERRRAMERN—KFRIFL, HE&ERaYy
FEA: L (pA) = 0.027v (mV-s') + 1.943, HIXREKE 0.9993. XK UA B
Yt PR R T 2 TR PR 5
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Figure 2.6. Cyclic voltammograms of 30 pmol-L 'DA (A), 300 pmol-L™ AA (B) and
30 pmol-L™ UA (C) at a bare GCE (a) and a poly-ACBK modified GCE (b) in pH 4.0

PBS. Scan rate: 100 mV-s".

2.2.4 B2 ACBK &Ik IR E F 4 B DA AA #1 UA BB LT
l‘L

B 2.6 MERH G HAERRERE K BEMWEKEMRLE, DA, AA H
UA MRHFERNERFRMAALER, XREREX=MY I UECIIRRE
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W H RSN EIFR. B 2.7 41T pH 4.0 # PBS /A5, 30 pmol-L™' DA,

300 pmol'L™" AA F130 pmol-L'UA RS ¥R AR BB AR (H4 a). FILER
BRRAR (HIZ b) MRMMBE K BEHEmbaR (BL o Ermiemy
Mgk, FERBARAMR L, DA, AA Fl UA BB EEBANE — NSRBI RIE (Hhgk
a), RABRBKBRATERALBSHFRTRNE R —YR. EHLERNEK
PR B, IBAEET DAL AA F1 UA % BRENIETTUKES (& b), 8
PSR IRAEZE X = Fh )RR S R R e e, 8T, ERBRESIE K B
BB AR L, BAWRT DA, AA 1 UA WS (Lig B a] AR BRI 85 58,

HiE A FI7E 315 mV, 115 mV #1483 mV (2% o). & FARERKMR ZEXK
AR, =40 EAEH RIS HI7E 288 mV, 95 mV 1 454 mV, KX
ST DA, AA #1 UA (10 2.7B). R K BEMHEKABIRST DAL AA
1 UA PR IS REFIIAE, EHA RN EX =M RARE SR R E T,

15 DA UA 6
(A) AA 5| B AA DA UA
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Figure 2.7. (A) Cyclic voltammograms of 30 pmol-L™' DA, 300umol-'L™ AA and 30
umol-L™! UA at a bare GCE (a), a pretreated GCE (b) and a poly-ACBK modified GCE
(c) in pH 4.0 PBS. (B) The DPV of 30 pmol-L™! DA, 300 pmol-L™! AA and 30 pmol-L™
UA at the poly-ACBK modified GCE in pH 4.0 PBS.

2.2.5 JE#& pH {E*T AA. DA # UA I BRI 220
Bl 2.8 45 T UL PBS AJEH, AR pH E&MH T RAMREHRZENE
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Figure 2.8. Effect of pH on the peak current for the oxidation of DA, AA and UA.

Concentrations: DA: 30 pmol-L™"; AA: 400umol-L™'; UA: 20pmol-L™". Scan rate: 100

mV-s™.

2.2.6 FEIRZE DA AA #1 UA

7£ DA, AA fl UA =# YRR ER T, BEHPRARIKE, 385
— R RIS, IR B8 I K IR Bk AR AT W B (LI 2.9) . i B 2.9A
w4, BEE AA F UA FIWKEE, 3% DA HIWE, DA KRR SHKELE —E
EENERIFNEMEXR, HEREE DA KIIMART AA F1 UA ik f 3 Fig s 7
BEEEHZW. A, WE 298 f29C iR, ZEEELEHMYREKER,
AA I UA Mg 5 HKEE—SRENHERIFNEEX R, LREREN,
7£ pH 4.0 f) PBS /M, BERMERIE K BB AR AT LUSLEIXT DAL AA #
UA REFHAE, XFEEFTLEREHSTE—SFANRN DA. AA F1UA, ¥
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Figure 2.9. (A) Differential pulse voltammograms of DA at poly-ACBK modified
GCE in the presence of 300.0umol-L™" AA and 30.0pmol-L™" UA in pH 4.0 PBS. DA
concentrations (from a to j): 1.0, 3.0, 5.0, 7.0, 10.0, 30.0, 50.0, 70.0, 100.0 and
200.0pumol-L™". (B) Differential pulse voltammograms of AA at poly-ACBK modified
GCE in the presence of 30.0pumol-L™' DA and 30.0 pmol-L™! UA in pH 4.0 PBS. AA
concentrations (from a to g): 50.0, 80.0, 100.0, 200.0, 400.0, 700.0 and 1000.0
umol-L™". (C) Differential pulse voltammograms of UA at poly-ACBK modified GCE
in the presence of 30.0umol-L™" DA and 300.0pmol-L™! AA in pH 4.0 PBS. UA

concentrations (from a to j): 1.0, 3.0, 5.0, 7.0, 10.0, 30.0, 50.0, 70.0, 100.0 and 120.0
umol-L™,
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Table 2.1 Analytical parameters for simultaneous determination of DA, AA and UA

Analyte L(i::;irl.rf—llg)e Regres(j?’n Cc‘ebc)luation . De(t:rc:(i)cl)i {ill)nit
DA 1.0 -200.0 ip=0.1234C + 0.4528  0.9983 0.5
AA 50.0-1000.0 i,=0.0137C+0.2079  0.9995 10.0
UA 1.0-120.0 ip=0.1311C + 0.4642  0.9995 0.5

% ip (nA) is the peak current after background subtraction CL intensity.
b C (umol-L™") is the concentration of the analyte.

22.7 FHRK

5 & DA WK 4 20 pmol-L™', AA ¥ 4 100 pmol-L™!, UA ¥ 4 20 pmol- L™,
ERT AN TFIRYEN DA, AA F1 UA B E K. S%E 20 umol-L™' DA,
100 pmol-L™" AA 120 pmol- L™ UA HUIRAEW+S%IRER, AHFEENSTIRYH
BRE, GRFITR22. LRBERHEXBSYFHREHETH, 7HI%BEM
HIRE REFRITITHRE S .
Table 2.2 Interferences of some foreign substances for 20 pmol-L™' DA, 100 pmol-L™
AA, and 20 pmol-L™! UA

Foreign substances Tolerance level (umol-L™")
K', Na' 300
Ca®*, Mg?*, Zn** 200
citric acid 100
cysteine, lysine, glucose 50

2.2.8 EMMEEFIRREN

ARELREMT, HR—BMHHEST 30.0 pmol-L™ DA E4EMIE 20 K,
RIS 1) FIME R 4.34 pA, HXTEEHERERN 3.1%. WRESKNETHEFE
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WA R, EEME 10 K, BARWNIEIEY 446 pA , HEXNEHEREN
4.3%, WEBZBIRRAE R ENY.

£ 2 AWFIR T B MR pFa e . BRI 0.05 mol-L™' PBS F,
HE] 4°C BIsk5ETF. 2 BJE, FISKMIE 30.0 umol-L™ DA, FAHKIE AR LLHIEA(E T
B2y 4.9%, EB AR RARFHIREHE.

2.3 HMmAME

2.3.1 % BRzEHFIH DA B9ME

BRI K RSB FAR B T £h AR % R 4K (10 mgemL™,
2mL/30) PR B ER. JSuL REZERESEET 10mL NEERT, H0.05
mol L' PBS (pH 4.0 B EIZIE, #45. £ LRRAK LR EZHT, RARAEM
ANBH R E CRESR T ERNS BT THE, SHER0R 23 Fir.

Table 2.3 Determination result of DA in injections (#=6)

Sample Content Added Found RSD Recovery
(umol'L™")  (umolL™")  (umolL™) (%) (%)
1 32.71 0 33.21 3.6 101.5
10.0 43.08 2.9 98.7
20.0 53.98 3.1 103.8
2 32.71 0 32.57 2.8 99.6
10.0 42.96 33 103.9
20.0 52.94 3.5 101.8

232 MEHER CHFHHEAA

WA FE C H 20 B (1000 mg /R, ¥HMEIFMBERM K. BRE, HHHRK
I 200mg FFEEEFEOMY K, AU SOmL —IKZETE/K, #&¥% 20 48, TuER] 100 mL
MARMT, BEHZREMKEEZIR, RHREEHFE 100 mL HWERET,
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HZREMKHRBERZE.

(200 pL FRFERE T 10mL FIA BT, A 0.05 mol-L™' PBS (pH 4.0)
BRIZE, B8, ELRARUKLRENHET, RABEMAENELRC T
AARIEBHITTIE. ERWEK 2.4 7.

Table 2.4 Determination result of AA in vitamin C tablets (n=6)

Sample Content Added Found RSD Recovery

(umol-L™")  (umol'L™")  (umol-L™") (%) (%)

1 148.75 0 147.85 3.2 99.4
100.0 248.93 3.6 101.1

200.0 342.97 2.7 97.6

2 148.75 0 146.63 2.8 98.6
100.0 252.42 3.3 105.8

200.0 349.79 3.5 101.6

2.3.3 k¥ UA B E

£ ERRABI LR AHT, FIFRBIER KRS0 38k iR B X R
UABT THIE. WERT, RAEA0.05 mol'L™" PBS (pH 4.0)# 20045 . MEL R
F2.50, HIERERGEEHN97.9% ~ 102.2%, LRSS AHE.

Table 2.5 Determination result of UA in human urine samples (#=6)

Sample Detected Added Found RSD Recovery
(umol'L™)  (umolL™)  (umolL™) (%) (%)
1 14.26 20 33.84 - 37 97.9
2 14.32 20 34.75 34 102.2

3 14.19 20 34.56 4.1 101.8
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2.4 it

B R ARG ERIE T R ACBK BB BKBIR . X B RRX DA, AA
A UA BHERHBELENE. Bt DPV i&, M54k a] LU Bl 43 51 8 R B Xt
DA. AA #1 UA Wiz, FHERERIFMRENE, REE, &84, Bihik
N FLhRRER T DAL AA f UA KillE, RBTAABENE R,

2.5 & 3CHK

[1] H. R. Zare, N. Rajabzadeh, N. Nasirizadeh, M. M. Ardakani, Voltammetric studies
of an oracet blue modified glassy carbon electrode and its application for the
simultaneous determination of dopamine, ascorbic acid and uric acid, J. Electroanal.
Chem., 2006, 589,60.

21 J. Li, X. Q. Lin, Simultaneous determination of dopamine and serotonin on gold
nanocluster/overoxidized-polypyrrole composite modified glassy carbon electrode,
Sensor. Actuat. B, 2007, 124, 486.

[3] P. Shakkthivel, S. M. Chen, Simultaneous determination of ascorbic acid and
dopamine in the presence of uric acid on ruthenium oxide modified electrode,
Biosens. Bioelectron., 2007, 22, 1680.

[4] J. Kima, M. Jeona, K. J. Paengb, 1. R. Paenga, Competitive enzyme-linked
immunosorbent assay for the determination of catecholamine, dopamine in serum,
Anal. Chim. Acta, 2008, 619, 87.

[5] RM. Wightman, L.J. May, A.C. Michael, Detection of dopamine dynamics in the
brain, Anal. Chem., 1988, 60, 769A.

[6] O. Arrigoni, M. C. Tullio, Ascorbic acid: much more than just an antioxidant,
Biochim. Biophys. Acta, 2002, 1569, 1.

[7] V. S. E. Dutt, H. A. Mottola, Determination of uric acid at the microgram level by a

kinetic procedure based on a pseudo-induction period, Anal. Chem., 1974, 46, 1777.



sa: AT EERR Y BERN TR 41

[8] H. R. Zare, N. Nasirizadeh, M. M. Ardakani, Electrochemical properties of a
tetrabromo-p-benzoquinone modified carbon paste electrode. Application to the
simultaneous determination of ascorbic acid, dopamine and uric acid, J. Electroanal.
Chem., 2005, 577, 25.

[9] S. S. Kumar, J. Mathiyarasu, K. L. Phani, Exploration of synergism between a
polymer matrix and gold nanoparticles for selective determination of dopamine, J.
Electroanal. Chem., 2005, 578, 95.

[10] J. Premkumar, S. B. Khoo, Electrocatalytic oxidations of biological molecules
(ascorbic acid and uric acids) at highly oxidized electrodes, J. Electroanal. Chem.,
2005, 576, 105.

[11]JA. Balamurugan, S. M. Chen, Poly(3,4-ethylenedioxythiophene-co- (5-amino
-2-naphthalenesulfonic acid)) (PEDOT-PANS) film modified glassy carbon
electrode for selective detection of dopamine in the presence of ascorbic acid and
uric acid, Anal. Chim. Acta, 2007, 596, 92.

[12] Y. X. Li, X. Q. Lin, Simultaneous electroanalysis of dopamine, ascorbic acid and
uric acid by poly (vinyl alcohol) covalently modified glassy carbon electrode,
Sensor. Actuat. B, 2006, 115, 134.

[13] L. Q. Lin, J. H. Chen, H. Yao, Y. Z. Chen, Y. J. Zheng, X. H. Lin, Simultaneous
determination of dopamine, ascorbic acid and uric acid at poly (Evans Blue)
modified glassy carbon electrode, Bioelectrochemistry, 2008, 73, 11.

[14] Y. F. Zhao, Y. Q. Gao, D. P. Zhan, H. Liu, Q. Zhao, Y. Kou, Y. H. Shao, M. X. Li,
Q. K. Zhuang, Z. W. Zhu, Selective detection of dopamine in the presence of
ascorbic acid and uric acid by a carbon nanotubes-ionic liquid gel modified
electrode, Talanta, 2005, 66, 51.

[15] H. Yao, Y. Y. Sun, X. H. Lin, Y. H. Tang , L. Y. Huang, Electrochemical
characterization of poly(eriochrome black T) modified glassy carbon electrode and

its application to simultaneous determination of dopamine, ascorbic acid and uric



42 B NF AR 3

acid, Electrochim. Acta, 2007, 52, 6165.

[16] X. H. Lin, Q. Zhuang, J. H. Chen, S. B. Zhang, Y. J. Zheng, Electrocatalytic
property of poly-chromotrope 2B modified glassy carbon electrode on dopamine
and its application, Sensor. Actuat. B, 2007, 125, 240.

[17] L. Zhang, X. E. Jiang, Attachment of gold nanoparticles to glassy carbon electrode
and its application for the voltammetric resolution of ascorbic acid and dopamine, J.
Electroanal. Chem., 2005, 583, 292.

[18] C. R. Raj, K. Tokuda, T. Ohsaka, Electroanalytical applications of cationic
self-assembled monolayers: square-wave voltammetric determination of dopamine
and ascorbate, Bioelectrochemistry, 2001, 53, 183.

[191 Q. W. Li, Y. M. Wang, G. A. Luo,Voltammetric separation of dopamine and
ascorbic acid with graphite electrodes modified with ultrafine TiO,, Mater. Sci. Eng.
C,2000,11, 71.

[20] K. M. Manesh, P. Santhosh, A. Gopalan, K. P. Lee, Electrocatalytic oxidation of
NADH at gold nanoparticles loaded poly(3,4-ethylenedio
xythiophene)-poly(styrene sulfonic acid) film modified electrode and integration of
alcohol dehydrogenase for alcohol sensing, Talanta, 2008, 75, 1307.

[21] W. Y. Su, S. H. Cheng, Electrocatalysis and sensitive determination of cysteine at
poly(3,4-ethylenedioxythiophene)-modified screen-printed electrodes, Electro-
chem. Commun., 2008, 10, 899.

[22] W. Zheng, J. Li, Y. F. Zheng, An amperometric biosensor based on hemoglobin
immobilized in poly(e-caprolactone) film and its application, Biosensor.
Bioelectron., 2008, 23, 1562.

[23] A. L. Liu, S. B. Zhang, W. Chen, X. H. Lin, X. H. Xia, Simultaneous voltammetric
determination of norepinephrine, ascorbic acid and wuric acid on
polycalconcarboxylic acid modified glassy carbon electrode, Biosensor. Bioelectron.,

2008, 23, 1488.



kg AT B Y LR BT R 43

[24] S. A. Kumar, C. F. Tang, S. M. Chen, Poly(4-amino-1-1’-azobenzene-3,
4’-disulfonic acid) coated electrode for selective detection of dopamine from its
interferences, Talanta, 2008, 74, 860.

[25] P. F. Huang, L. Wang, J. Y. Bai, H. J. Wang, Y. Q. Zhao, S. D. Fan, Simultaneous
electrochemical detection of dopamine and ascorbic acid at a poly(p-toluene
sulfonic acid) modified electrode, Microchim Acta, 2007, 157, 41.

[26] P. R. Roy, T. Okajima, T. Ohsaka, Simultaneous electroanalysis of dopamine and
ascorbic acid using poly(N,N-dimethylaniline)-modified electrodes
Bioelectrochemistry, 2003, 59, 11.

[27]1 A. J. Bard, L. R. Faulkner, Electrochemical Methods, Fundamentals and
Applications, Wiley, New York, 1980.

[28] E. Sabatani, J. Cohen-Boulakia, M. Bruening, I. Rubinstein, Thioaromatic
monolayers on gold: a new family of self-assembling monolayers, Langmuir, 1993,
9,2974.

[29] C. Henke, C. Steinem, A. Janshoff, G. Steffan, H. Luftmann, M. Sieber, H. J. Galla,
Self-assembled monolayers of monofunctionalized cyclodextrins onto gold: a mass
spectrometric characterization and impedance analysis of host-guest interaction,
Anal. Chem., 1996, 68, 3158.

[30] A. P. Brown, F. C. Anson, Cyclic and differential pulse voltammetric behavior of
reactants confined to the electrode surface, Anal. Chem., 1977, 49, 1589.

[31] M. Sharp, M. Petersson, K. Edstrém, Preliminary determinations of electron
transfer kinetics involving ferrocene covalently attached to a platinum surface, J.
Electroanal.l Chem., 1979, 95, 123.

[32] M. A. Dayton, A. G. Ewing, R. M. Wightman, Response of microvoltammetric
electrodes to homogeneous catalytic and slow heterogeneous charge-transfer

reactions, Anal. Chem., 1980, 52, 2392.



44 M NIRRT

¥=% REEHEREIRERBRRNER SR

[

DNA RAVBFH—FHEEYR, MEAEFESE DNAK—PMEERD. §l
£ DNA FEEERHKENEHEEGERHKERETIEEN. BRECHFE
RiEBMBAFRMWAMAR T AET THEENAE. Khrl, AER%. 4
2. ARFHEBRA S SRR SRR, ASTEINERE KeEIRUR—
wEamrrE XM, Wik, ﬁ%ﬂ%ﬂé‘?ﬂu&%&%&g‘mﬁﬁ%wﬁﬁmﬁ@%ﬁ
BEEMER, CEMNTNEERESR—TEHEEEENTE. B, CS2AELHH
T ERREE MR OREES, SEENREaRESY, 24
B gkl ), B EiE, kel U EFESFEESLLR
ANRARGEE LR E L4, Bk, —HER. RMONEEERECHNTER T2
BEM, TR, DNA HEERALECEIRET M E RIS MEETULER
HEHk, A FEAERREE, SEsd, mNuYuE., FRRRERENE
B, XEHXFMEANE DNA FHEEES. B, XTEREERKBELER
WA RED 2, W, H.Y. Chen ZEMF FRALTR i BB FE AR 7] B I 52 AR A P4
FISNERS, P. A. M. Farias 2SI i 85 A R AR, SRR FH AR iR B 1Y
WFE T ARERS; Z. H. Wang V7RI - RS BB BR AR S B 15 AR RN U 52 AR
MEA A NES, SRT, BEEI— R, HERATRN E EEER TR 2
HUER. BE, FAREERREIEEKERER BN ERET R LMK

TP BTN EBREE. e, REMHE, REBREHHHRCERK
2 R TR R aS HOI& 22), (B R R FEEEM HllE. 30, FIA
T (324 poly-ASA-GCE) 8.7 —HM ¥ kR MM e EEZER. AT

HE A 7E R A A AR M BB AR B R ZEAT N B IE BRARYE A Bk AR
%%, FIF poly-ASA-GCE B T —HME #., W17, K&, REEIBNZETEN
ERENEEEY ., REEFHERBWHEREARE FOERENIRENE.
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3.1 LWEH

3.1.1 RF5{F

FHIEW (adenine) W Sigma A7, 1.0x 1072 molL” &M HERE
FEIESA T RARKP R, EEERWEEAEALERNERAR; HE
RF AT, BEREBEM®E (PBS) B 0.1 mol'lL'KCl A 0.1 molL™
KH,PO,~Na,HPO, B2 !, F 0.1 mol-'L™ H3PO, H# 0.1 mol-L™'NaOH %7 pH 14
S0 7K 38 g — IR K

BRREZ LW FECHL 660AFMZE TIEN (LRENERAR) LT, KA
SARAR: BB AR SR E SRR R TR, WAHRAR

(SCE) AZLLrithk, L AXTrk.

BF 5 BB HE multimode Nanoscope INI-HA#H K EME (Veeco
Company, £E)t, RABRHMERKE. HMEBHHME R 20-80 Nm™, FHRM
% 229-287 kHz, REEGHIEE 1.0 Hz.

AL R BE PTG ZE AutolabBLAL 2 T 4R34 (PGSTAT30, fif=) E#AT. B
2e7% I BELA I 58 45 8 B 0. 1Hz B 10°Hz,  HEHn 80 1F 3% 3% AL AT IR IE A4S mV,
W FEHRALH0.18 Vo FHFIRIABAEE 1 mmol L™ KsFe(CN)g +KsFe(CN)H10.1
mol- L™ KNO; & -

3.1.2 BR BB (5 IhIN B AR Ay & &1

EHEBREEBERBE AR, HAREEkE®& (E%2 3mm) A 0.05um
1 ALO, Jt M I B E . Mot/5 AR YK rE, AEHKIKA 1:1 HNOs,
1:1 ZEM R EBKBEE. BRET U MRS, BHET PBS (pH
7.0) 1, #E-1.2~+1.2V AL X B AFREARITH 20 &

K TRAC B AF IO BB AR B T82.0 mmol L E R 90.1 mol L™ BERR L2
P (pH =7.0) &, F-1.5 ~+2.5 VIEEMA, 100 mV-s~ B3 ERBHEH1LS
B, BrRERETIRRE ZXERKETEEEMA.
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3.13 AR HmRAHE

B E B H 20 4 (100 mg ), BHHREHRBERMK. KRG, HEHFRF
I 70.0mg FFEEFHIR A, SO SOmLO.01mol-L™ # HCl ¥3, =% 20 44, &
73] 100 mL AR, 52 0.01mol- L™ # HCL WL JLIK, LR A
# 100 mL FIAERS, A 0.01mol-L™ M HCl BB EIZE .

32 #ER511R
3.2.1 BEEBRESIGHEBRNHEERRIE

B3.142.0 mmol 'L S ZEEME LL0.01 mol- L BB ERE M (pH 7.0) At
i F-1.5~+2.5VARATEERA, £100 mV-s HHE &4 FTHRRE1ISE K@ R T
. £—B, E£-072VE—/HRi&l. BEERRBERAHEM, FHREMFERIES
HILFE+0.05 VAI+1.46V. 3 H, BAERMBRMALENK, ERAAKIEA, 10
BEEAXIRE, XXy, REEBERBEEORRAANEK, HRE
B, IEFLRPEEBEROEBREBBRBERE . BIHFEHRA
TR TR, BEIKBREEME (pH7.0) .

B 3.2 EBRIHARAREEFERESHERKBRNET HEMEE. WA
hE[UEH, BEREMNERREENEERE. SMARBEAEEEROEES
BB FRAR R .
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Figure 3.1. Cyclic voltammograms of polymerization of poly amidosulfonic acid (2.0 m
mol-L™") on a bare glassy carbon electrode in the potential range from ~1.5 V to 2.5 V
ina 0.1 mol'L™' PBS (pH 7.0) at a scan rate of 100mV-s™".

Figure 3.2. AFM images of a bare GCE (A) and a poly-ASA film modified GCE with
15 cyclic times surface (B).
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3.2.2 B RE IR BN REIRIE

E3.3A R BB AR AR R RIS R 3B r AR B AL 22 T B . ey
BN, ZTEEREBARKRE (i), [Fe(CN)s) /[Fe(CN)* E Lk BB
RS Q. YUBRBEEAREARFAEBEEHRRE, [Fe(CN)*/
[Fe(CN)e]* 843 53 P70 T 20 20 T T A6 1 80 Bk PR 9 TR A1 P67 44328 ol BEL R BT
WK, 10BEAEIRE (Hgdh). BRXEAFEE (0) £iFNHREEREMN
—ANEESY, BRAEBRETUARERRNREESE. RIEHRE,
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Figure 3.3. (A) Nyquist plots in impedance measurements of electrodes: (a) a bare GCE;
(b-h) the poly-ASA film modified GCEs with different electropolymerization cyclic
times. Cyclic times: (b) 3; (c) 5; (d) 10; (e) 20; (f) 30; (g) 40; (h) 60. (B) Plot of the

surface coverage (6) against the cyclic times. The data were obtained from (A).

323 REEWAREEEREIEBR EBLFETA
B3.445 1 TZEPBS (pH 4.0) A,  1.0x107 mol-L™ FE EEm 75 B35 B
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MR (Higke) MREEBMBESMRKER (HED) ENBEHRREHE. R
HEBEBRBESHERAR L, EEEREL2 VE—PBIELE, M2 T, &
BB AR EHEEERENEBRESRE. XKEEHTA0.1 mol-L™! PBS (pH
=4.0)IZMR T, REEHFERBUE LA, MEETHRHEIERY, XEREER
PR MG 1 BB Bk P AR R i L PG RS MR PR B I AR R T . BEIEM
RE AR S BBk i AR b 8 FB AL SE R rELAR LI AT L P AR, BIARS
HEANBRENEFE, HPRETEWERTERBR RS AR ENELE—
NGB by -
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Figure 3.4. Cyclic voltammograms of poly-ASA modified GCE in 0.1 mol-L™'PBS (pH
4.0): Adenine (a) 0.0 mol-L™", (b) 1.0x10™* mol'L™ and (c) bare GCE with 1.0x10™

mol-L™! adenine. Scan rate: 100 mV-s~.

3.2.4 HEFpHER M

Ki3.5A 4 THEPBS (pH 4.0) AT, 1x107 mol L' HWEREMEREE
ARG BB 1 3 Bk P AR R R MR SR R o B 452 I 384 e vl A B 386 1,
AL IE® . WE3.SBFT/R, E10 ~200 mV-s  JEER, EESW KBRS
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R — R RIEL, REUEHABEHN: L,=0267v+4.074 (r=0.9996) . LI
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Figure 3.5. (A) Cyclic voltammograms of 1.0x10™* mol-L™" adenine in 0.1 mol-L™' PBS
at various scan rates: (a) 10; (b) 20; (c) 40; (d) 60; (e) 80; (f) 100; (g) 150; (h) 200. (B)
Plot of Iy, vs. scan rate.
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FEEIRK, G, BEEPHIR N B RBHIEIK, HIEMEAE b f AL 5pHIE
HIX AW E3.6AM3.6CHT R, BALIEmAREEpHEN BN R L RB, FEEL
i A SpHEMEM R R, HEMHER: E,= 1427 - 0.061pH (r = 0.9994), i}
FRMEFTEOMECImV-pH, HBHRRRNEBPRENETHERTFHRZIL
Ale EEEREBXAHR ENEMRNEANT =L, BRRETAMETF (W
B35, FERTRANETRENRIRE R R KR 1161730,
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Figure 3.6. (A) Differential pulse voltammograms of 5.0x10”> mol-L™' adenine in 0.1

mol-L”! PBS at different pH values. (B) plot of peak current vs. pH. (C) E, as a

function of pH.
NH, ﬁl NH, H,
/Y Nz —2H+ ~2e2H: —2H+ I “2e-2HL NN
N ) +H,0 C_o +Hj T C_o Z N/C=0
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Scheme 3.1. The reaction mechanism for adenine

325 BEEBMMEERIEAEN

B 3TAAH T EEBAST 1.0 x 107 mol- L™ & FMEmd FAAR i F I 541,
LERBAEH0.4 2]+0.80 V HHARK, EEEWRHREHAIMEKR, THE
EHALFE RN, BWRRTE. S0EHE+0.80 V A4 & EHEW R4S S HRAL.

5HRIRt, £8RTAREENBEIRT 1.0 x 107 mol-L™ 5 HE"E 4 FH AR I AL 1
(W 3.7B), HEENEI/NTF 300s B, BEEEEMEKSN, EREEREK
VB HTE K M EER KT 300s i, EHRIEMSKIERREEFRERT, &
SR HPIEFE 300s 1E A B R B SR,
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Figure 3.7. Effect of accumulation potential (A) and accumulation time (B) on the

peak current of 1.0x10™" mol-L™" adenine in 0.1 mol-L"'PBS (pH 4.0).

3.2.6 REERHMNE

B 38 i TERELRFHET, ERAEEMBRBBHEIK AR EXEER
IR HIKE TR B R Z Rk PR 2 sk . EEMES MWK E S5 E IR R 0.03
~ 1.0 pmol L™ {2 RIFH&MX R, HEMFBEN: L.(uA) = 042 + 30.81C
(umol-L™"), HIXEREH 0.9994, 7EEMELLN 3 1, KM X 8.0x10° molL ™.
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Figure 3.8. Differential pulse voltammograms of adenine at poly-ASA modified GCE
in 0.1 mol'L™'PBS (pH 4.0). Adenine concentrations from curve a to curve i are 0.0,
0.030, 0.050, 0.080, 0.10, 0.30, 0.50, 0.80, and 1.0 pmol~L_', respectively. Inset:

Calibration plots for adenine. Accumulation potential: +0.8V; accumulation time: 300s.
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3.2.7 FHiLE

B R R EM HOUE 0.1 pmol L™, 5 T AT T IR FxT E AL E I =2 1
B, JE 0.1 pmol L™ HEIEW FUIRFES%IRER, AUFENETIRYHE
KE, GRIITERIL. KREFERPRBIVRYEEHETI, BHHLEHR
B BEFRIFITIREES .

Table 3.1 Interferences of some foreign substances for 0.1 pmol-L™" adenine

Foreign substances Tolerance level (pumol-L™")
Na®, glucose 1000
carbamide, ascorbic acid 800

Ca*", Mg™"* 300

Cu* 250

Cucitric acid, 200

dopamine 100

lysine, cysteine 50

328 ENMFBREY

ERELREAMT, AR—XBMERT1.0 x 107 mol L™ & HEEM %4
200K, FRIRMINHIFIIER2.38 pA, AEXTRHERZE H4.3% (NLE3.9). WRES
KMEWMEFEHERRE, EENE10K, BREMTETFEER232 pA, X
PR H4.6%, BTIZEIGARE REF I ERE.

£ 2 ARFFR T Mk a e, B aR A 0.1 molL™” PBS(pH
7.00F, BE 4°C Yk P. 2 AE, FRME 1.0 x 107" mol L™ EEEW, K
e P LT SR 1 T R84 5.1%, iE B L AR R A B IF AR e .
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HH

Figure 3.9. Repeatability at the identical surface of poly-ASA modified electrode in 0.1
mol-L™! PBS (pH 4.0). The numbers represent the times of successive measurement is
20. Adenine concentration: 1.0 x 107 mol-L™!. Accumulation time: 300 s, accumulation

potential: +0.80 V.

33 HRBNE

TR SRS T B B AR N P T 52 4 2k EB A P A EE S, ARIRE
BHSLREH, RBELEB A —EHWE, KAREMANEIEELEEBA
hEIE R, MESEHN1029 my K, SHBEBEROSE (100 my
B BA—3, R, FXEHETTHERRRE (LR3.2) , HMERERE%97.22

~104.00%, ZRSNHE.
Table 3.2 Recovery test of adenine in tablet (n=5)

Sample .ﬁdded . Fsound . Recovery RSD
(x10" mol'L™) (x10” mol-L™) (%) (%)

Adenine 0.00 3.81 / 3.8
3.00 6.93 104.00 4.2

10.00 13.79 99.80 4.1

30.00 34.48 102.23 3.9

50.00 52.42 97.22 4.5
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8.0 x 10 mol'L™e FHETH TR R D EUEIER (M . %15 e AL & 18]
B, ERMEE. SUFREENER. AOPUEEREY MG FEE— SRR TRS
Y REEAS i FRLAR 7R AL SR A
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FEME SEEEERAENBIRERMENE H,PO,

BRMEANERNERNETE, EALPHANENTEITSEENMER.
EEBRENTRET ENAEES. Ao, KKREY. Tilk4rs, FHER
PEguRl, Fik, —/MRE. BENRIBREKENTERTSVLEN. BT
B SRPHEEEA, £dEMLTEFE—ERAMIRNBED. B
B, EBR I T R EE R TFEIEED Y kS A TE TR ERY
R e %, EixEHES, HTEFEREAREAT R, HE. KaA.
BFHW. ASMAFME, BT MINENESXE. Hil, SEFREX
AEMHRIE, MW, LiuECHR T KA RELA K =B KIPVCRRERR thi% iRk
BF3: D. XiaoZ VORI FIAE1E J BRI FUBERR Eh 06 ¥ #i4%;  F. Kiviehana%!!)
FARESBRBENSBRBAEFIRE TEFEN SRR L. BRARBERINGE
BHARZSER/BBRMRRE, FHBERMEEE. Bett. ERESHHE
BERIFHIEGR, {BiLkK B XN E RS MM ABARRRE. EFERM AR
HF st s e R 28GR T AN ZER, ST Xk
RH2BREN—ERTALNFEEREZS, UREAR". ¢REFM. R
RSV g R o A ST B YRR B A A O Tt T 4 SRR E 1.0x 1078 ~ 1.0x 107> mol
mol-L ™' & i BRI T BEER — SR .

4.1 KW
4.1.1 (A& AR

CHI 660A i TfEs (LigREMBAT); PXD-2 BEFHE LI (ILH
TR ) XL-30E RPN (2, KFIHAF): Autolab Mt TH

¥ (PGSTAT30, fi725); WiERELY (AR). BB — S8 (AR). X _HEE4H (KHP,
AR) FEAFHWE LELZRAR AR, KRAKD ZIRE®EK.



A Edr i ERACH A ER BT R 61

4.12 BRAHMBIRAH &

WIRARKXAAR. 8. _KEBEKRE. ZN—BA%Z, H—RAR
FRBHL 2~3mm BB BT E, BWFE, HA—RE% 6 mm KBERES,
RIEEZRKTEABEREIKR, WEIRRAEMEHR (CFE).

4.13 SHERIEIRIRATHER BIRAIH &

el &L BRAT AR E T8 2107 mol'L™" 45 719 0.025 mol- L™ A5%
“HEREAW (pH=4.0) HHF, Bt BRELE-1.0V T 1000s, BUH/E
KM EBIHI B BB ik A S Ak (Co/CFE).

4.1.4 2iFBARAYEL
HATEZUOKFRBAER 2~3h, REHFB BB SRR SR ERKEN
HEB P REWMILK, ERBAERER TFHRIE.

4.1.5 H,PO, BRI E

F 0.025 mol- L™ 4B —HEES (pH=4.0) B H.POs FrMEA AL 5 — &
FIRRIPREE R HoPOS W, LARSRE B 10 4T 4 AR A 3 m bR, MR H R sk
RS R R R, P8 AR

TERET, BERELL HsPOsw HoPO, . HPOS I PO TUFM R R AFZE
T FR 246 5 B0 pH R E, 76 pH=4.0 i}, H,PO, HIZ A R BH
0.9864,

4.2 £R5itiE

4.2.1 PRI IFIR A UM BN R
B 4.1 AR E AR BB R T B R AR R B R At E 4.1a
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FE 4.1 FTUUEH, #BRCRIBMEHERTEM BRRE.

o

Figure 4.1. SEM images of the bare CFE(a) and Co/CFE(b)

725 °C, HEFEEN 105~10"Hz, HENIEZE B KRIEN SmV, WEH
R4 0.18V £ T, BARMBEAL BRI SMARNMEE PEELE
42, BAEMBRMEHEEEHE Rer (B4 ) TATHEBHBRIEHER
fy A5 R AR Rorn X EER B T[Fe(CN)sl /[Fe(CN)e] SULIE R BH B 1S
R AT B AR R T A0 AT A B R . (2R b), X FBIELIE B3 s ik
FE, FHABATRIFMTAN.

3.0

2.0; ) : .
S 15| .'
3 ;::— .'-:....,.. 7z b k!
&ﬂi , \ .
o 1 2 3 4 5 6 7 8

Figure 4.2. EIS in 0.1 mol-L™' KCI solution containing 1.0 x 10° mol-L™
Fe(CN)¢> /Fe(CN)¢*with (a) bare CFE, (b) Co/CFE.
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4.2.2 EBARAYM LY 4] 38

WY, 7E pH=4.0 MMM TP, SBREHHRIEYRRRIERRE
BT &R
2Co+0, =2Co0 (4-1)

E, 75 ERM SR MpH=4.0/0.025 mol- L 4% — FEE MW+,
Cos(POs) FEEMR R AL, RMNUT:
3Co0+2H,PO,” +2H" = Co,(PO,), +3H,0  (4-2)
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(I EALIE R FLXT Co™ /Co W BE (I FLAE R A ARk thi T AR AR B K/ s FRARR T A9
Co™ MUK BETRE, B ILBHR —EM MR K MugE T R RE OB AHRAK
e BR_EMBWKERENEREAFERIGTE TR, HKEHATH
S sk g AR Al R R R
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4.2.3.1 AR B L ANFTUER A 8] B4 52 M

AL T SIRITRA BB A 4 i tlk Lo, ARMTTRARAIN HPO, WM
W (0l 43A iR, KRERRB-1.0V ABEFRAL. R, E-1.0V
T, BT AFTIRE B3 HoPO, N B2 (LA 4.3B), S 45RE M 1000
s BLKT 1000s BYXF HoPOs BN AN RE AR, H HEAFEREIIF WAL, Ak
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Figure 4.3. Effect of deposition time and deposition potentials on electrode response
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Figure 4.4. Effect of pH on electrode response
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Figure 4.5. Potential-concentration response curve at pH 4.0

4.2.5 BALERMRE

AL R BK, R T 77 B T W S B i AR FE R, B8 /0 136 7 P AR
SIS T RGE BT . RIS H T HBB A SRR A ALEFE RN
WRAIFEILE S, SRS HRA SRR PO, BH BIFIsE R, Bk,
HRAS T BR A A SO R M AR LA R O TR B AU B i K R4

Table 4.1. Selectivity coefficients of the electrode, K Z‘::, o

Foreign species r SO Ac NOs~ Cr

K or, 1.0x107 1.0x10™* 5.0x10° 5.0x10™* 2.0x107°
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426 BIRMWENMSIEEM
EMRAEGT, BR—XHEBRBHRIEEERREMNE 1.0x10™ molL™
H,PO4~ 10 IR, B 3K EHHBAL A-138mV, HXrdREN 1.4% (IE 4.6 FiR),
KU ZHRE RIFHEDME.
=200
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40} o R . _
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figure 4.6. Potential responses to 10-time repeated injections of 1.0x107* mol-L™
H,PO4 to the same Co/CFE.

K4 BB BRI AR IR L.0x10™ mol- L™ ) HoPO, ARAESF, 483min
WX —IREE, EENEII. GREA: IPNABLKEREDTI0mV, #
B RARE RIF R E

4.2.7 WLz B8]

TEWE R 1.0x107°~ 1.0x107 mol' L' H,PO, K 4, LEIE Mk 414
¥R B ) 7 B5F (] 4 6mine ZEMKFE R 1.0x1074 ~ 1.0x107% mol-L™" B HoPO, BB+, %
FE AR ) W) 52 B 18] 24 3min.

4.2.8 EYER/YME
X bRHAE INANTERTHL PO, IR AT T IR, & R TE96.1%~103.7%
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208, WF4s2,

Table 4.2. Determination of recovery

Added (mol-L™) Found (mol-L™") Recovery (%)
2.0x10° 2.05x10° 102.5
8.0x10° 7.69x10°® 96.1
3.0x107 3.11x10°® 103.7
43 it

A5 F A AL TR A D U B RS M B BT A AR R, & —
ME R RERR A HUEEERR. XFERIR N ERE A, FE. BN, AN
H.PO, B R EF M, H &4 H N 1.0x107°~1.0x107 mol L™, #& 1 i 4
6.0x107 mol-L ™' MM AHE BIFHFREN ., EMNMNE RN, 54T
TR —EMBEFHLFEITE. XAX—PHRABEARIENANEAFTEE
ERMBRINE T, BRESEME.
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BTEREMBRERNEATEZ — S5THEEENEATR. EikE
AN A M TS TRUEYNAA—ERWE. £YML%E. 2749k
ZHANTERE. FRFTEHAASHLEY, CLIIEARENEM. B,
BEFRXTHRANENTE BB FalEbY, %uklY, BEEs
L), SR N A BE KR T B T R AR A i B v g,

EEFEERERRAOTFRS, FESUEMERFNHEBERNSIARE TR
WA — NI R, BRIEFER R X B RRAR B T A B i wa R e
TFRMEBRE FRRE—MIRRE. Bal, SHBZXTXHEMRE, WH
RO TS SHNBEBRE TR BRI, R Q YuZIWUKEYH&E
HTFEMBBE ST FERE RN, W. LuZMHETAXAEELEH %K
% PVC JERERM R F MRS, F. Kivlehana S F|H R RHMBRESH SR
FER AR B R S T I R B R £

BB HE (Sol-gel) MR — R R EL &R & BB K, AERGEE A
B2) R (BRI fF7E T RAEKBAMAGER RN .. HEHAL . THRE R =4 M
%, ZHERFERFMEEEIN. REM. BEE. BIBMALERE, DR
IR Wk a3 1B AR 2 Vil c A

F#5 R HOR BB S B IR B & T B MR B T Wl R AR, B L
Sol-gel MIE . BUEREMIE]. KA pH HHRKDELGRREBIHBRBETHER
HF MR FEAR, SR TAEZE 108~ 10" mol- L™ WK BEE B ) 2 2 MEMARE, MR A1
145 mV-dec™ , I HZ&HTHEN BT RFHEREREESE, BRKONE
FHhr. HEE. BFER. SO . AC. COP BL™EFH.

5.1 LI ERS

5.1.1 (e Fnik 5
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PXD-2 BBFEFit QAKX ); PHS-25 & PH it (LilEHEWM
2877); WMl (ZE NSATS B!, HM=ERFHEBAT); XL-30E BFiI#
0 (F2, KRBATD; IFS66/S BILLSM X (Bruker, #E[H).

BEERH (AR, BiMRES (AR), T BRI (AR), [ ZE K REHE(TEOS)

(AR), X _FEEHE (KHP, AR) ZiRAFHMWEF LEHERAFAT, LK
FAKIg R Z IR K.

5.1.2 RUKRBEREERY I &

FLHISBRERES (3.0 x 107 molL™), WM —EM (3.0 x 10 molL™), +=
B EBRRS (1.0 x 10 mol'L™), JRE (1.0 x 107 mol-L™") K¥E A 100 mL,
B 250 ml HEFEHEF, BB AS AR (45500 W) 585 3 min, FHREH
BB R RE KRS (41200 W) 385 2 min, NHEETAKPAEZER, WAL
50mL XKZEE, BERZ, BOSE BE#E3000rmn™) . ML EEER, B
FKZ BRI 2~3 K, FIBIET 100°C LFHT, B TFRsh&mR,

5.1.3 JBBE-EEBE(Sol-ge B& B I &%
600 L To/K Z.82, 50 uL TEOS, 60 pL — IR ZK 87K 10 uL 5 mmol-L™! NaOH
BB A FBAEREANPE, BTFKERNABEER.

5.1.4 BRI EHA R - R IR 216 R AR H &

R &Rl al, HARBHAER (B2 3mm) A 0.05 um i) ALO; it
KRB E . Pt BRI K YE, SREKIKA HNO; (1:1, V/V) |
PIEA XA AE S, AESKT. A 10 pL BETH BRNRSEHS
BRI T BV - B 10 uL FEBBRRARIRTE, BEIKEA A .
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5.2.1 IEEREARORAE

B 5.1 45 TR FT-IR 5B, MBS UE BB ERAEZE 3000 ~
3500 cm™' &b, BB P-O RIBEIHRINTE 984 cm™ &b,
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i 08+
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Figure 5.1. The infrared spectra of Cobalt phosphate powder

B 5.2 REIBRREH SEM ), MEF TR HBHREMRE R, T3
R4 3um, HEEYS.

Figure 5.2. SEM images of the Cobalt phosphate
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5.2.2 K EHRNAE

5.2.2.1 pH {EAY N

B 534 W T AR pHE(11.0,12.0, 13.0, 14.0) £ 0.025 mol- L' 48 K @A
BREBTIZE POs (1.0x1078~ 1.0x107° molL™") Wi Rz fm . Ew I,
RELAR ) FEAZ W SEE pH A 13.0 BN 2B B BERTIF IR . AR SC0E % pH=13.0 HIJE

.
-160f T
%
-180 | \

-200 r
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-log ¢/ (mol L)

Figure 5.3. Effect of pH on sensitive electrode response

5222 EIFEBRAER-ERENETMN

5.4 AAFH) Sol-gel & M5 FEAR XU & BERR AR W S OS2 00 . MBI ] 1A
Fi, £ 0.1mg FIBEBRE: B A 151 10 uL Sol-gel £, FEMRXTBEBEAR FOm R B 1 .
BRI R ERH 3mm, HHAH, BRENEEN 14X100gom ™, Ak
RIEFE 10 uL FEABHHRIRME.
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Figure 5.4. Effect of sol-gel quantity on sensitive electrode response

5.2.2.3 TR [RR 8] BYiEE

B RRENEZH, FASEEU-NENERGE, FUEEER
WoRHEIT— N EIMTERTE, BHERAERR. XLBRHR T ARKTE
B %4 PO WKW, W 5.5 PR, STUEER (A% 50 s B, AR B
WERIN B . B LB FUL R (8] K 50 s.

_260 1 1 I ~d | I
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Figure 5.5. Effect of preconditional time on sensitive electrode response
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5.2.2.4 KB EL 5B B AR AR EL I 69 220
ALBIFRT MK 4 HAFRSE (4%, 3%, 2%, 1%) Xf PO WY

R (LA 5.6), NEFTUEH, BOKBRENSEN 1%6, XBRRE

FHImMEE. BALRERNHOKBRE 5B AR 1:99.
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Figure 5.6. Effect of the different proportion on sensitive electrode response

5.2.3 BARBING 1R

IR, 7E pH=13 MRET, BREORBEREER-BBBE Bk
AR R T A AL B R B T

2Co + 0, =2Co0 (5-1)
K, fEEH BRI pH=130 KB P, Cos(PO)EERMREA KL, KNI T:
3Co0 +2P04> + 3H,0 = Co3(PO4), + 60H" (5-2)

BTS2, BHERMREALER- RS 1A ke, AR ML XY
Co™/CO° My bt R ARk Hh T AR AL K/ R o B AR R T £ Co™ IR P v s
K, BB ERWE R/ MudE T BRRE B AR AR BEIKD, BRRAKER
ERARRAR SR TR, X, RRENANEEILREHRALFNES
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ERELREMFT, BHl—FR5 PO HARHER B L1 7R 2 L fE,
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Figure 5.7. Potential-concentration response curve at pH 13.0

5.2.5 BALEFEM R

RR IS R BN B F R E M RN RN EE SR — A CRAR
SHEE, BEENETFKERETRETHKERE T %R RS K/ 4.
W 5.1 Fimm, BIRUOKBERR - B IRS M AR X PO RA RIFII%ESEME.

Table 5.1. Selectivity coefficient of the electrode, K7

POYj
Foreign species Glucose Urea Citric acid SO42_
Ko 1.5%107 1.0x107 3.0x107 1.6x107
Foreign species C032_ Ac NO;~ Br

Ko, 1.3x107* 5.0x107™ 4.0x10™ 2.8x107
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5.2.6 W[z R+t (8]
B 2K B R S5 VA I - B TR A S FRLAR Y 1.0 x 107 mol- L™ i PO,> Wi ¥ f [B)
/NF 2 min, FHHFARXT PO i B33 1 LL AR

5.2.7 BARAYE I AN E S

FEARR 14T AR — 3098 25 HOK B R B v RS- S B A7 ) AR #E 1.0 x 1077
mol-L™' PO #l R EMSE 10 R, BRIHTFIIHRALN-236 mV, HxHHRE
A 1.6% (W 5.8 Fian), REIZHRE BFHREILHE.

B AR B RR A VA - IR BB IR A FUAREE 1.0 x 107 mol-L™' PO, il Hi&E
SPE 2h, BAEB/DT 10mV, XRFBHKELE REFMIEENE.
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Figure 5.8. Potential responses to 10-time repeated injections of 1.0 x 10 "mol-L™!

PO43 " to the same electrode
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NES H3F POS IS BT TIE, MESEN2.89 x 10° mol-L™'s FE,
KA BRI R ERE PO R EN 273310 mol L™ s BE LKL R R
H—BUE R TSR AR R MR . RN, MR TRRRLR (X
52) , HEWEREEN 97.10%~ 102.89%, 4 R4 N#HR.

Table 5.2. Recovery data for PO~ obtained on soil sample by the proposed method

Added (mol'L™") Found (mol-L™") Recovery (%)
0 2.89x 1078 /
6.20x107 8.91x 1078 97.10
5.58x107" 6.03 x 107 102.89
8.24x107 8.09 x 107 97.94
5.4 &g

A% S0 ) P95 2 OK B R A A - ik S RS 1 B Bk P AR 1) 4% 1 — T L FO %
MR TRBN AR, BN ERER, FE. B, FEX POSHR
TR EME, 7E 1.0x1078~1.0x107* mol-L™ ¥ i B A RE SRR IR 7, M 22 28 04
~14.5mV-dec”, BHFRA 7.0x10° mol- L', AR AR BiFMREN. EMHERN
KoM NI (], FF B AT T IR B ERIR S 1 B SRR AT 2 .
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