R RS EREBRRREERIREES AL ERINA

=2

AR AFERH L
-8By X#Esd

WG MRS AR LA B ET RS, ERRT Bik/ SRR T EmN
—FFHS, FMUEEHNE¥ERARLEEERY, MEEH RONARR. £#H5
HER BB T FEHERNEXFRESME, RENE T HEE 0B R H &R
KR RRIEFE, BEEGZE T DR R S WE ARk i 5 & i R AT
HWEFHRA.
EBHY WHREkE

K%ﬁiEE%Tﬁﬁ@HﬁW%o — 7, B BT ] I M A R A T B
BIEAR(TSIE)EATRIE, HHAT TSIE MAB FHRB#BREELER. 55, 7 TSiE L
ET—HRIE Co0)EFHEAR LT E. H—HHE, LT HEEREPAN)ER pH
AR T —FME R EAETTE, FNAEAEN Pt ERREAEA K EREHAT
THE. AAARATSTRIT:
1. £ET Fe(CN)s*Fe(CN)s* 1 = /R Bk 7E TSIE MEERL & Mm# FE AR (SiE) L R AT H
it i it B B ik Fe(CN)6> 7 TSiE M SiE LR EERE S 5% 1.00 x 10" mol £
2.98 x 10" mol, 6 min PIBY ¥ THRMEERSF)H 2 x 10"? mol'min™ M 5 x 107
molmin”. Z&RRPEBMRHUELMT, TSIE M FW Fe(CN)s*. Fe(CN)s 4B &
BEREH, BERBRMEENE FHRARNMMNTEM, KTMEERN ZREEHRF
fEH .
2. BUMES CuDE FHEEEAUR KS:0s EILERL AR, BFRTELA
K;8:08 A HFELEMEELEHT, CllDBEF#E TSEE LHHEMAZEITH. Z£ pH 91 #
NH;3-H,O-NH,Cl B, Cu(IDE FLE TSIE LA WA LT R, I Rk B A f4
{h i BT 4351 4-0.05 V 1 0.05 V (Vs. SCE). 5H7E SiE FRRZMNAHEL, Cu(ll)
BT EAX B ERENEREEBRARERL, EHTFHMES ClIDBETFHESE
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A, Cu(MBFEF7E TSIE LT RigEE TR EAE SIE LR [REEHERE 2 . 3RS
M KiS:08 &, FlSIEHAIRE, EREEETHA, AR, MR
KIMA K820 i i B s 710 3 4% o ZEMLIERE I T —FllE CulE TRIALE
vk, SHVEEN 1.0x107~1.0x 10 molL?, #HEA 5x 108 molL?,

3. DUS R PAN)IE Y pH WIS % B 22 ST — e i 75 5 B BB ALK, 4§ PAN 51
8144 BHAERZ NS AR R T AR s R IR B bR, SRS PAN BB
S HEAREAER pH WR, ZETES RS EME B By 2% LE #%k.
ZERF pH ¥R, SBMESEREREELOEW, LE HEnE EWBs, BR
LE #i% FEIER I I = 0 (BRI — B BL B,y 1E AT BB 5, B BAL B, 5% pH
EREE TR, 7E pH1.81~6.80 TEW, TRABAL e, B8 pH LA ER-56mV / pH.
SHEGTEBAEME, TN By EESRE, ERMERE, REFE.

4. BEREAEAT Pt RE LA KT BNRE. RS A RREER
7=tk ptFRRREULIE, W T BRABALERIE Pt BT R E A KRN EAE
5, IRIELL Pt HHRELIE A KN BT IR E. KRR, BRAL Exps Pt B
FALBUE ST 0 IR log 0 E— R WEAREB KR, Euxrlog 0 XRETRE=4£4
RARFINE L%V PP AL KRR B T 5 = B R RITe A o PR LB A R
FR L3 AT AR Pt PEAR BT % 0 ¥E/T MM, ST IR e, B .

X4gia. DIMERESEER, XK, Bihak, FadEhk
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Application of Tetrazole-bonded Silica and Polyaniline Modified

Electrodes in Electroanalytical Chemistry

Abstract

This thesis involves two parts:
Part one Documents review

Chemically modified electrodes (CMEs) are currently under intense investigation, owing to
that it represents a new concept in electrode/electrolyte interface, with important significance
in theoretics and application studies of electrochemistry. In this part of thesis, the definiens,
origin and development of CMEs are mentioned, and the preparations, types and
characterization techniques of CME:s are introduced subsequently. In addition, the preparation
methods and applications in electrochemical analysis of functional silica and polymer
modified electrodes are detailedly reviewed.
. Part two Research report

The second part of thesis is experiment part, including two aspects mainly. On the one hand,
tetrazole-bonded silica modified carbon paste electrode (TSiE) was characterized by
electrochemical manners, and its electrostatic accumulation for .electroactive anions was
studied. Furthermore, a catalytic voltammetric method for the determination of Cu(Il) ion was
proposed at TSiE. On the other hand, a novel electrochemical method, zero current
potentiometry, was proposed taking pH response of conductiving polyaniline (PAN) film as
an example, and the process of anodic Pt oxide film growth was further characterized by
above novel method. Specific research results are described as follows:
1. Voltammetric behaviors of Fe(CN)s>, Fe(CN)s* and ferrocene at TSiE and silica modified
carbon paste electrode (SiE) were examined, and the accumulation capacity and dynamics of

TSiE and SiE for Fe(CN)s© and Fe(CN)s* were studied by chronocoulometry. The

11



accumulation capability of TSiE and SiE for Fe(CN)s> were 1.00 x 10" mol and 2.98 x 102
mol respectively, and their average adsorption rate were 1.68 x 1072 mol'min™ and 4.97 x
10" mol'min™ respectively. The results demonstrated that the electroactive anions such as
Fe(CN)s>, Fe(CN)¢" were attracted at TSiE, and the accumulation was enhanced with the ’
increase of negative charge numbers of anions. Contrarily, the accumulation of ferrocene with
positive charge decreased.

2. Voltammetric behaviors of Cu(Il) ion at TSiE were investigated in the absence and the
presence of K,S,0s. The reduction and oxidation peak potential of Cu(Il) ion at TSiE
appeared —0.05 V and 0.05 V (vs. SCE) respectively in pH 9.1 NH;-H,O-NH,Cl1 buffer
solution. Comparing with the voltammetric response of Cu(Il) ion at SiE, the enhancement
action was characterized by the increase of peak current, which resulted from the chemical
chelation between tetrazole and Cu(ll) ion. Catalytic reduction peak current generated in the
presence of K,S,0z was enhanced significantly three times compared with that in the absence
of K,S,05. A catalytic voltammetric method for the determination of Cu(II) ion was proposed,
a linear range of 1.0 x 107~ 1.0 x 10® mol-L™! was obtained along with a detection limit of 5
x 10¥ mol-L™.

3. A novel potential-induced zero current potentiometry was established, taking pH response
of PAN film as an example. PAN film modified platinum was in series between the terminal
joints of working electrode and counter electrode, I-E curves were obtained when linear
sweep potential was applied. Owing to effect of interface potential between PAN film and the
solution, I-E curves shifted along F-axis with variations of pH. Zero current potential E,p, of
I-E curves at the resulting zero current was measured, a Nernstian response was obtained
between zero current potential £, and pH of solution with a slope of -56 mV/pH in range of
pH 1.81 ~ 6.80. Comparing to classical potentiometry (measured open circuit potential Eqpc),
the proposed method exhibited a vast improvement over stability and precision of potential
response.

4. Zero current potentiometry was used to characterize the growth of anodic Pt oxide films.
The theoretical and experimental points of zero current potentiometry characterizing the

growth of anodic Pt oxide films were studied simply. The experimental results illustrated that
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the logarithm of Pt anodic oxide film coverage log 8 was linearly proportional to zero current
potential E; in three different extensions, indicating there were three layers Pt anodic oxide
films in different forms extended on Pt surface. Moreover, Pt anodic oxide film coverage was

characterized by the linearity relationship.

Key words: Tetrazole-bonded silica, polyaniline, modified electrode, novel electrochemical

method
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2B EEAR(CMES) B 1975 SRR, LB ML ESIRT M TIEE
Br-E kE, ANEEERAENGR. BLURM. BEExR. R FEES T,
B 4iiais. e EHNERNTRAE. hEemRRTAMAFEEZ BN
BAT. BN, THY. REVAEDYWRE. EERRELTEASHNEMHER
i, BEET. $B. A0 BEASET, BT BREMSELERBAELR,
DAME ik R AT TR AR B, ZER A R A R B 7 T B s R st . B
i, FFFALEEERAH S RENA, MTFRSLE. BUZURESBNEAR
HEZEMERE MM MME.

1 LFBIHRRRENX

1989 £F [H FR B i A1 L 2 Bk & R (UAPC)R L B IR AR K dr B AE SR T 2
W B R(CMES) R B S SRR Bk, ERREREEERGUT RS
EEMUEERNESTF. 4T, ETHURREYNLEYEE, & Fardaya(BHH
) R R B S R RO 22 0 SRS A R/ B e R,

LB AR T LA ERAR G AR R 24 FRE . R A TR0 M EfT Bk,
XA MRS T X BRRFAE X LFECE, BEi 2R RS BRa e A S RETE
JEARR. SHEM SRR, WRRNERER RS SER., FEFENHIES
HWOHATH, FARREAEWELRE L EMELNME. BRREE R E LA AR
/ BRI T T B B A T R R R A 1,

2 LFEInBRARESHE

B E R RBERGE S HARY, FARREREROKBERHEAK
B1. NERLE, LFEHaRnmRRER A ERRE LRSI RN M5
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Bt AR R E AT R MR TTERTFTRT LB B R 19 KM 20 tHLY], AHHE
BEFARBRI T REBRELFAEBRBF RN FEER. BEERIEERRER BRI S
M, EHRE 0 ~50ER, CELREZNNEETRENYREEBRRERM. £
FAF LT RRBBHERET 60 400 70 £/, 1973 £, RERERKEN
R. F. Lnae B3 5/ A. T. Hubbdar PRI, & BRI K EH G TRRENEER
e EWTINE R BRRT, KRBT RMESRRE LA 3-5EKGRITELE
74, REELREHERNTEE. 1975 5 Miller ™ Murrya P12 5B IRE T AR
Bt xR R E AT EEHHOTR, HEELZEHERMER M. Mlie F7ERK
BERE LR EAEELERESTFO)—EXRNERTE, RIGEET “FHEHER” HFRR
XHEMRRE— MR RN TRS —F. XHARYE, BdBRREOER, o
¥R R NS SRS RNRR. FRFAN Muray RE/DARAHANREHTSE
BERFEHHTE, BRRET “UEBHER” OHE, WX —SURKEHfR~E
TIRFIAIEM. Murray ZH— RFIBFAUA, BERREATETET AN, RTS8
RENR RIS EMThEE, AT EAERE TRAERXHHR.

2 R AR IRSERE T LU 2 K TR AR TaRE, & bR Al 2R m Rt
EHEROER, CEFKTEEBRNEBIGRAE. FHRI 20 L 80 FR, &FL¥
BAR, WX SHEEETRIES. BB T, KR TAHEEURRETFRIER
EEKEHI, BN BRRACEREOFTELTA. BHNGEE, EXTH
MREHARKE S, 26 BERIT% B AX SR AT BRI MG MR, L%
BHRBEEA— A FHNE. TOERARRER, P& R XBHERARB#T B FER
BB HTTEE, BRI AR M I IE R 2T T 42, FRS s BBl
IR E KR .

3 EgifRRmE 5 LR

BRI & RET R RN XE, BhFENR. #EPR. &
B 5T URMNSBELAE M ARNEE. ERtRREtTERNEH, BT
B AR AN A R . AL F BRI BN T E— R AR AR, R
B, BRAYEAAEE%, BEMNZRBETENRR. fim, RE%aT bl sk
BEE, EMBESRSYERBRRE BT USRS YR EMHER.
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& EPIR K R RART U A BB, REEEAF USRI
ZoEETHEREE, LTAEERRRALEH —ERSGYREGRES T, REHEEL
M@EFRE L —BAFLSHRIT, B—SRERRAMTLE, USINGEEFE P
BT REGNAR, BlgaRNIEREDAEEAREREY. &N ASaK
S HBEERGEL B R ANES A BE) (£ B Pt Au. Si.Ge B EBEMYI(Sn0,.
TiO2« RuO;. PbO, Z)Hitk. Bk L TH%ZEHEERNERE LR EELE.
HPERBRRERESIASMREENERE N, BEE. B2, IGEHSIANUREK
REHEL. i, FHECOSAMBEREERBBERKERRE, ZEMHHER
7E 0.1 mol-L""NaNO;( pH 2.60)E#& F X NO, H RIF MR MEMEFEE, EHES NOy
HREERFNENEXR. MEBRANSEENYRRMTLERELRE L=ER%E,
RESEREEAARND, BdEBEEDEE. IRTEOFLER. dEERM
fnf, HHBRARESERRRAMNTEIRBNRESER. RIERTESS, Bifkik
AEENA. BLE, IMBEERAUUSRTEREREBT, WEATREHEE
RE R,

3.2 IRMiEY

BREFER LS TFEEMHEE, BHBEARESTREEMER. K& YRR
e b T L R BT |

a. 2R B —FE AR R N B R, ST S 7E SRR TS B 1 R
f. BRMHEYR, WEAREE. BB, AYRSHTURMESRKRET, B—HE
RERATENASTE. mbEgse. Biv. FREMRRERNL CATB(HAHEE=H
BRI F R TR B, RERASHERHRLTEEENER®, £ pH =
8.0 9 0.1 mol-L™ BERRELBEMPIAMF, HEMTEH0.63 V HBL— N RBAE I, Higm R
SRBWREL 4.0 x 107~ 5.0 x 10° mol L' Z Rl 2R R WERMHER— MK
02, SRE. EERBAR. BRBAEHEXR. ZHEEE. ME, B8mYE
fR, BHE—REED, ENAHAEE—ERRE.

b. # R —E BRR TR T EB BRI N ERRREER, BRESTFE, —
BEBEIEREKE 107~ 10 mol L HEMH#AT . &4 FIUVERE T UIB B RIER B &
(RS- B BRI Y BB FE AR I 5E % RE(DA), DA 7E B stk L Aer= A R R BN E
thg i, BIEHRRS DA REERIFEMEXR.
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c. LB(Langmuir-Bldogett) MR bt B—% A F AE I B AR A K R B MXCE S FET
ERENEIAERNS, BRETFHAK-KREL, FENERBE KON —E
MREE, XHEERSFEKE LR EEHFTINEFASTH. REBL) FEES
BE R RE, B3 LB BEHEE. BERERARFRZENRT L ESHE
BEAEES Y R LB BAEBRR AR L b ATy, SRRV MAF LB X AR+ HR
FRBLEEER RFOELER, HECERIRAARTE B eSS, LB B
EER ER—FATEGIMRRRE A E, o UESFARF LR e Et, Tl
—EZAKRFESTHE, TEEBENL. ShEHR, AUEEREURMTHERE
I KRR,

d. SA(Self Assembling) BT f{ B—5 LB BRI &I & AR, SA EEPIRE T4 FHE
HRMEH, EEFERRELBRBERIEFFHESTE, NTES SA EEME
ST MR . sagivi® VST QI AT T A B/MA T LR AR
#“B4A” REERFRESTENTE. BiTH SA BERENES) TERRBE. K
WHRGHYESRE, RIRESBEMDRE, BIE_SHERE I L
RESCEBRERED L%, RALER LRNAAES TENHE—ST R, Bt
THMOKE, THERN B FEBERSERESNKBXER. R, SA BERTUE
R FE. Bkt SA BESFRT B AFER EURERN BRERBEBTRR
HMAEDREE, RANEFTEFES ST RIIhEMEEEwN HRetts. FHika
TEAEYRE BT 4 FiRS). Biin, fELEREEH RN A, HiE
WEERREZERRE, BERRYAEREN SA B, ZBERENATED S THHR
FAEEYLHRT 7P, B SE M A Nafion B A4 52 B AR B 58 M ZE[Cu(IDL]C1o(L=1,8-
T ZEEHA1,3,6,8,10,13- N R F¢-14-7E-4) KT, Bid 4 FRIVEA S, A& WA Nafion
P, JERL Nafion-[Cu(ll) L | AR MHAR, ZBEMBEESAFEASMK, T
REE NO Hd #f, LR —ENBAEXNFEEAYEmRR LA afra izt 5
R SABRBAMER, BRENZ—FHE, EXERKER—FTELESH (BEHE) E
KiRE, FRFRRAT TR, A8, XRARTEINHENETERSE.
3.3.BAaME

MRS YER S RV BIRREE RIS IR BRI BT R AR S WHEIRE.
—BREVEBRA S & EREROREREERAHZ. BHHNREYERNRRTR
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BRI FHRA, EEEIEMCER M E RS AR EIREREMEEES
WERE L REVEEASGTRESFLFNHBEEENE, IEFTEELE_SIRN
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SETHEULERESE.
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34 RARRMLLE |

BEEEBILEBHR A B G RRES U S A S BmBRn—frE. &%
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BRSSP ER L EER . B, MilanZP%IB 18-S B stk 3036
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RiE, HEHWE, BIEBERMEEE. AERNETHREHE; BFEBMHEPfE
BEEHRBRERE, XX TFHEEHERONAREMBRNARTRTLEE
f.

WEBHHRRERNIEAFBEMESHRILQUEEER. K. #E, FE,
BibE. EMFESHE), HERERNMGE SRR UEHEAETE, ik, B
HE. REITREIEE. HIHX-RayfTiiE. ARSBBHRTFQCM),. HHEMESS
MTERMENFEEHER. dTHRAZETEREIHELERNAERYBRER). &
B, SRR MEENEES I B REKRRREITHRN, ARLMNER
#ERERBE RN BRIEIAZOSH, Fl, BhEFENNARY Z. FHN
BUETEFERREZE, bRk, ik, R ESE. TREAE kR
WAETT B IVEEIS) R e R B R &) Rk % .

BRI BT R E RS B E A B R B AR
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T A 0 EERE L — . EEREE MR 2 0 R B, B S FEA R R,
SR R B A L TR LTI . B BT AR R T B LA R 5
e 4 U5 B T AL 2 AR A BT A e el B . TSR PO 2 bR
s A B LA 2 ST OB AT I 2 B A A

5 THEELELRL R AL RS AR MR

5.1 REREMRE

RERHO LS A B = FULRE, 24T RN mSIO;  nH,0, B—HEHLE. s
5 ENURMAR, BTFESGYR. FETAREMAR, TREk, LEHREE,
BT ER. SRRATEEMYREERN. BROLEAGRWELEN, hET SR
BVEE AR RO LRI A R . MR . AEHRRE. AR
R HIBURIR A,

R TR B HA T4 A RN RENHR SRR T O NE AR, HELRE
FEFLEERREilano )R E TRER Si-0-Si 8. HEREERMA A, T Si-0-Si
MR FARL, Si-0-Si_Ef 6 @it dupn AR TTEI. LET EHBANMAT
BANT HER, WIS Si0-Si BARM=ELRT SR THEER. REGE
s, ERPHEGEIRESANEE, BEEARAKI NS, KRRRTL
TR A REE R,

A BATRER LR & U R R, TR SHBERIAR, R
HEEKEEARE. 8% BRXOVEREFENFERAWA 1), HEMIEH
A, REREESE., XURA., HARMEERABORZEE,

Isolated H H H Gonial
silanols

Fig.1 The forms of silanol on surface of silica.
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pmol'm?, ANFEFH Si-OH AFRFEMRM I AENE, HIAKH L ES IR H
Hio
5.2 ERMEXMESEAE
BRIhBENEFMEE, —RASRER, PRARKNRWHERESHFESTIR
EAMNERFE I HERAN, WEERRRE, XMTER&NSEER, INES
BRI ER D, —&H 10%molg”. B—EAUFEREER, BEEENLER
MR REALEE R, TR ENER SRS ENREEERRE. EREEN
7, B SrRENE RN EERET S, HANRERENE NERES RN
O, BB AAMELES, RRENRRS N, ERUANBRAREY. thielr
Jie bl & Ty i R
a. RERER(SI-0-C &)
FIRER AR, FRERRANERE SRRHETRILRN, BROKRIILS
YIRETRER b BRERBESME—EXGTHRKBNERN TN, SREHIE
FIERME.

—li——on + H—O0—R—> —-——li—on + H,0

Fig. 2 Synthesis diagram of Si-O-C silica.
b. BERKAI(SI-C &)
BHERANEREET RN RNEA Si-Cl £EA, FERRKRAN. kE
BERAVIATEY R NEFE] 1§ Si-C #&4H.

—'—li—'—OH + SOCl, —> —li—m + HO-SO,Cl

e e

Fig. 3 Synthesis diagram of Si-C silica.
c. EEHRE(Si-0-Si-C &)
UAN SRR AV S SRR R IR R, £ Si-0-Si-C @&,
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KRG &EHEREEEHNREET X,

-—L——OH + XSiR, -—»———li———osm,+ HX

Fig. 4 Synthesis diagram of Si-O-C silica.
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BITHUERSNEEE: S28%. RENEENSTLEY, 7. BATEKE
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B, ERMG, ERAEFEEFEREEE, HEPWERE, ABHRREECY)
BT RHETRRERE SR EBER, URBHARFNREYHEE, SETHER
SR ERLEFEST. BFRENREYHEE.

6.3 BAMEinaRERSHEEPHEA

’ BAYEHERELENEANG SR, SHEARER, BEH. BHEEFFIN
B, BRUEEMHBL, B, EEEARBANATRAYEHERKHERLUSE, £

HEN/SE N AT R SARS. SUERRENENTH. BRITUER, RS

e T & A I E S EHXRE, M—EEIE FHRAHE TR

.

VEER, AT EME. BR, SERE. HIRGSEFEMRT R E RS
FARE, EYERENHASNAGBRRRIIENS KR, wPanZ " e H4HE
FHBGOX) AR & WM IE R X R (POAP)E g £ % & L (PB)R MMM A
B b, HEESE AN B B A R B, AR IS B1.0 x 10°° mol-L™'. Brajter-Tpth& A
Y9 T Behk d ik b EAL R I A B Tk BB, A LR B 1 TR
B FEHFER, BETTLEZEABRK ERERMTR. MBI XBEEHERK
e A _E ATRY LR 1 MR (AAVE TR T % ERE(DA). Hulthe P UHCY B4 HiNafion
i B AR X A AASR P KIDAREATRYR, R I BEXT DA I W S A8 T 4 A Nafion 2 £ff
. R SCURFI T 2-ntnE PR B BR d AR L L ER S TR 54 R B s R A BA
2EctE, RIXBHREMNDANE LREEPMHRILLENT SENBRIIER, X
AAZHBETFRAWN. ZREAERAERREEEREkR™. DRES S5
FHBRERERE, & HMILRBEENGYAR BELERANRSBEEMmER. Mo
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Table 1 Applications of polymer modified electrodes in electrochemical fields

W EY R H kR B R Wik Ref

Bi** GC RUE=B PR HiRZE 86
Iy MR FRVE EMMRREE 87
ca R R T % HEBAE 88
cd** GC Nafion PHIRFHRZE 89
Hg™ b L2 PVC PAtRAEHRREE 90
H,0; GC = EAAIRA% 3 CV 91
Ru** GC Nafion+1,10 Z8&Z&FE WK REE 92
BHERR Hia Ak RO RE-+ B H AR (Y 93
Fe(CN)¢* GC R L+ K4Fe(CN)s Ccv 94
(0]} Au Nafion CcvV 95
- Zn®* FHHEEAMEE R 24 8 8+PVC HEHE 96
e Nl GC B N N-— 3 RR L AZBER 97
PEEER GC Nafion W B AR 22k 98
po . GC R S-BE AR Cv 99
R GC i AT g Ccv 100
ZEBMTE GC RE e (POAP) Ccv 101
BYiE L% GC REFEME (POAP) Ccv 102
NADH GC R ER CV 103
HIER GC ZnYuE (POAO) EHEHAREE 104

7o Temk i GC Nafion Ptk HRZE 105

LR ERE GC R L-BER HREHREE 106
AR EEE B4 RUEFRZ (PMG) EL:RUA 107
8- R GHERR A RHKER RFEY Ccv 108

I HETE GC Ty gLl - CV 109

PR i R BRI AR RAR+SDS cv 110

AR S P BR GC REHEE+SWNTs Ccv 111
H,0;, GC RERERE CV+EAHE 112
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ST B R B 1 23 T RS R AT 4R R R SEDAFIAA, KX R 42,0 x 107
mol L™, B4t BSOS A R BB AR E, T RN
W RIRUARAA, BETLARENLER.

%A%%%%&ﬁ%ﬁ%%%ﬁiﬁ%*%iﬁﬁ%?m”m&%@m\E%&ﬁ
BYRITHIAA, BRFESRNTINET, HIERRE. UHRBRIRET M
FAFRANERNME, BIETREHFARE.
7 BRI LEIKE

BE L2 T ERNER BRGNS KR, (EEMHaREREERRBEENE
R, A &R R R T T2 B AR, 7E LR SR, B,
AR TEREEEENMAG, FRKNEET BEINEE. DR
BAYE AR YEA SR, RSP B E AR . ST M
3 FLA TR B B T R DL R B BRI L BLAT 0 pH MARE, A4 BB UM RS
FE A R BR M F MR (TSIE) P B R KRR I MR AR AR, DAL T DU rE MBS T 0
FUEMEBEFHESER, B USaERRKN pH WA ABIRH—RELERT
A, ASCAIE AT |
1 ST UM RO TR, KIS & BIRECR T, BI/8 DML & RERR S 1
BIAR(TSIE). AR T PUMEER s B I T O/, RIX Fe(CN)& Fe(CN)6" %
HETHSREERA, 3*AMENET RSN m, T ESNE%E
HRAEH. B5h, BIUMES Cu)E TRIZEA (ERI LU K,S:05 BRI 4 &K,
TR T EENF KoS,0s FESAFER, Cu(DfE TSIE FRBWETH. FLULRUE
— I Cu(D)B FRRAAR R I
2. LIS IR RREA pH WIRE b IR S — R B B R RS . B R L
B3R 7E pH 1.81 ~ 6.80 75 B A 1 pH L, 181418 TR R B . 2 B DA R 7k
MR, LR ITERT PR EFARE B A KRR E.
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E_Es MRS

F—E MUERSERERRMERMAETEEERAR

1318

HEREAREMERERERS, WRAHELRER, KRHEYHEE. RIEFH
FURIRE . BAEEERAEEHURE—WRELZ RS, BdEEHLER
RE¥ 4% N e R R Ut 8 B TREIR R T AFRERR I REAk, LA R Lhra ki,
RS TTERF, DRMEREFENATHENTE: —REEa%SEYS FEHET
HERREE N BARE R, XFHMERA RIFHEAELERE, Wk R EERRER E
e A R kTR, X Ho0, RBUH RIF R EIERAP. —RUAN. S, O EFIE
YL SE B B RERRVE A AR S AR, AT EREASIRERETESER, AT
£BETFHEHRENE. W Cavalheiro OV 2-38 3 WEMET R Th s (L BER S M5 HI H
%, BT EERASL CAINEFRAREY, HE-1.1 VERESE 60s, HWHRZERNE
CA(IN)E F. Walcarius A AN EHZIERET, AAEES CWDBEFHEEE
FII78 Cu(Il)B 16538 . Regina ZP 2- S HEHEM D) AEALRER S 1o s AR T & Z BB R KL
1 Ni(I)B5 T Yantasee 200 S P BLBARR B 40 35 BIRERCR 15 0 15 16 v AR A R
WE Cu(). CAID. PINEET. BEESREZ AR IR B, #H—
SERD MR ERITE PN+ BE.

MWEUEMRAERF LRFIXMNETF, BRIFVUETZHE. HP, UMERTAR
FUAUEYHRTFZEE L, EETURM TS T4 NMAERRIEBRS I
BFRREE, TENEFEASEHEER; ERERSRERT, URETHER
BAETHEAETF, H5ERRESR. nnoffA%. HENMEEHERRREES
AR, XEME S RFTMTNA. AT, &4k, WHERSHERAT
B ARSI b R B R AROE

KF U PO BRI R, A% KsFe(CN)sw KyFe(CN)s F1 Xk E 7 B
FRVEREE, BRI T EAIENMERE SR RIB RN R (TSIE) MR BB B
HR(SIE) LR AT 0, Hit T WM P EF R EEER, WERMLRT FeCN)™
7£ TSiE M1 SiE EWERA R, HAR T HRMBIH%.
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2 KHRES
2.1 A 5% ‘

BRI LEL, RNFERF); (i, RETRRATRR ) ZR%RG
ek, JEEWERF); KsFe(CN)o(5H 14, BRUERFI); KiFe(CN)o(ZHHT8E, K
BWERAT): BER(H4 U Silysia A8): y-40 H BRI E-= R EERKET
ARFT); 3-BEABEE 97 %, Alfa A7), BEBALSLERFAR). HR{H
PRI N BT, SERATKEI N R . |

CHI660 BifL % T e (36 E CHI Ad)); =HtkHR%4: TSIiE X SiE A TEHK, M
FMERSCE) S thaatk, HLBBAMR. ACPFEEAIHEMNTF SCEmE, Fif
KRMEZRTERE.

22 EOMERSERE

TUmb R A R S RS IO b & PRI 28 SR E I TRER T 100 mL =5
R, MATEER, £ 110 CTRINEE v-SH MBS ERE=REEELR, KN 12h,
RNSEE, KRAFRRE, NEtER, EETR. ETROFEEERS, 30mL
ZEAW, 15mL3-BERE, 0.5mL ZHRUMZERER, ZRTHARN 14h. RN
SebE, RIRFWE. Kk, EETR. €84 -RERBNERS, MAK. NaN;
M ZnBr,, 80CHH R 30 h. RNSEE, FKBEHRZETHE, EETH, BEWE 16
AR MR SRR .

N\N
‘_:—.\\(;/Si—(CHZ),OCHZ— H~CH20(CH2)r—C\\\q\/\NH

2Hs OH

Fig. 1 The structure of tetrazole-bonded silica.

2.3 BHRMFIE5EL S

BARAEIE: TSIE M%]&: HBIIMEREER 003 g, KN 0.97g MEM 02
WP RMEEHY, BEABHEGmmid)d EE, AFLSH. SEKE&: Kt
Ji 0.03 g« B#p 0.97 g MiEEM 0.2 g, ZEAEP R SR ES, FARERITIESIE SiE.
¥R B RO ROERER LEFIE SEAE.

BARIEN: BT RBRBBENWN B, £-1.0~ 1.0V HEEA, $HE
i TSiE 1 SiE £ HIYE TAEEAE, 7E 0.05 mol-LTH,SO, B L 0.1 Vs FHE R /B
PR REEERE.
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2.4 RWFHE

REAT R LR - 435I LA TSIE A SiE A THESB R, 4 BIZES 1.0 x 10 mol-L™ Fe(CN)6™>'+
Fe(CN)s" 1 =782k 0.05 mol- L H,SO, B, BL 0.1 Vs 9 ERE-02~1.0V BBfL
TEEAMBETRR LR, CREARZHE.

B EERE B LW R 25°C PR AL T, 4 5% TSiE. SiE EF& 1.0 x 10*
mol-L? Fe(CN)s* 7 0.05 mol-L HoSO, ¥, SRE—Er 1 ¢ LA 0.1 VsTHEAE-02 ~
1.0 V B E A MBI R 2, EREHMMREEEK. FF Fe(CN)s" BT F i B i
RE A, ¥ BRI 0.05 mol-L™ HySO4 M FBEITHLAE, SR —E it1a] £ LL 0.1 Vs
FEE-02~ 1.0V BAEEABMBEHRRELAHE, ERBHRImE.

THEEEEER: 45U SiE f TSiE A TIEHEE, 5B A 0.05 mol-L" H,SO, #
WA 1.0 x 10* mol-L™ Fe(CN)¢* 1 0.05 mol-L™ H,SO, &, 6 min /5, {1 M8k
B EEEME, BL0.SV AEEHEAL, 0V hZIEdAr, HrERFFLERTR 0.25s, LR O
k.

3 #BR5iHe
3.1 TSIiE 3% Fe(CN)s* B0 E &£1£H

BHAEET Fe(CN) ZEAFMHE/LAEME SiE M TSEE ERBEHRREITH.
Fe(CN)s> 7E SiE _E 0.05 mol-L” H,SO, ¥ F 0.48 V HHBI—/NME4LiE, 7£0.36 V B
—NEIREAL, FREERAIZE AE, = 0.12 V, FACIEIEHET i, 5ERIEIEHETT i, 2
indlipe~ 0.9 (B 2 #i%k a ). 7E TSiE b, Fe(CN)e HISULIE B B A1 SH7E SiE LY
EAMER, FHEERRZH i~ 1, EEEREERMEREHZRAE, Fe(CN)
£ TSiE A 40 F g o B 72 HL7E SiE L/ 1.6 £5(5 2 #4% b). 14, 7 0.05 mol-L™!
HoSO, £ E THMER v MG EMME R i 95 R, S35 v M 0.025 V- 3800
3/ 0.5 Vs' if, Fe(CN)6*7E SIE LB RIS i 5 v° BEMX R, KMERFES
ipc/ PA = 0.484 +0.339(v /V-s) 12 (r=0.999, n=19). £ TSiE t, %433& v A 0.025 Vs
B 0.1 V-s' B, Fe(CN)g & BB i 5 v BRIEXR, KHEBEIEHER i/ A
=1.175+0.012 v/ Vs' (#=0.997, n=6); L& v M 0.12 V-s' 8% 0.5 Vs 1, iE
RIS i 5 v BEMWRER, KIEEIRFFER i/ pA = 1.645+0.067(v/ V-s')2 (r =
0.996, n=13). MEA_ESZB T M, Fe(CN)s* 7E SiE. TSIE LR ZHMNISTRHEER.
BREANT, RENMEARRK HE&ERIKEHN 0.0068 mmol-m?)!'Y), {H Fe(CN)s>
£ TSiE _EREAIE [Ridie i i B B K FHAE SiE EEWERiggs i, # BEEE
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i, Fe(CN)e HIELAR e A REHEEl. XEER R A TERBRELH T, TSIEE LRTH
BREAAREX Fe(CN)e BRI EE/ERS, BRRARE K EMERF I B FRHER
FEHESTHRRETF, %S T 55 7 Bl Fe(CN)e B # B8R 31, 1 Fe(CN)s 7 TSiE
LEE, |

14 < >
<o \
= R

N V
24

02 00 02 04 06 08 10
E/V(vs. SCE)

'
(]

Fig. 2 Cyclic voltammograms of 1.0 x 10 mol'L" Fe(CN)s” at TSiE (a), SiE (b) in 0.05 mol-L™ H,S0,
solution,

S — B VM R F A% Fe(CN)s 75 TSiE itk L EHEMEA . £ pH 1.8~9.9
¥y Britton-Robinson (BRYZ i, %8 T pH Xt Fe(CN)s  7E TSIE ik Lif Bk i
Rw, ERILE 3. BE%E pH K, EHEFTRSR/ . % pH T 5.3 Bf, Fe(CN)s™

14

0.4 .\-
02 \'\.
—a
0.0 , — r
2 4 6 8 10
pH

Fig. 3 Effect of pH on the reduction peak current iy, for 1.0 x 10 mol'L” Fe(CN)s™ at TSiE in BR buffer.
MEAE BT R AF, MR BEH pH AIMK, Fe(CN) TR R,
B IREHTR/N: pH KT 5.3 B, Fe(CN)s™ (3% [ Wik e 0 T [ 21 F 75 BB AR 74 w7 ARl
H R K N ¢ ipe-pH X F B H 2245 45 4L pH 204 5.2, 530V OHRAE A DT M1 pKa=
5 AB%F .
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32 TSiE L Fe(CN)S HEERERRARE

Fe(CN)s> 7 SiE I TSiE L EEA BB i EE AR . Fe(CN)s 7 SiE 1 TSiE
EF 0.05 mol'L H,SO, A4S 1.0 x 10 mol-L™ Fe(CN)s> 7 0.05 mol-L™ H,SO,4 ¥
{9 Q-r gLk 4 Frs, & Q 5t XRFETMFEATRIERR

Q =2nFACD"*t"*g ™V + Q, +nFAT

R, Qy HXTEMNEFRBNEE; T A Fe(CN) ERRLHNRERE, HbFEs
MHERBEN . WEHB O+ HEHAH o HL WA 5. f LRTTHm, 7 02
KMEXRD, LFBFBA Fe(CN) B, WELNEEN Qu: BHWHFE Fe(CN)s 8,
Fe(CN) ZE Btk LR b, HESHEEERSABBH KR, FBNEEZ Z0RHRNYE
BT RBEQ,, =nFAl .

B 5 b & sk fAEE T Fe(CN)e> 78 TSiE MISiE_E B A B 5124 1.00 x 10
mol 1298 x 10 mol. ZE& 1.0x10*mol-L” Fe(CN)s> 1 0.05 mol-L'H,SO, ¥+, Fi
SR R igig R R 5 AREEZ X R, WY Randles-Sevcik 72 1HH ) SiE A TSiE
B9 R AR 4 0.0338 cm’. #—2518 2 Fe(CN)s> 7E TSiE 1 SiE_ERIRERE 4 2.96x107"°
mol-em?, ZIRHETE SiE _LHREKE 8.82x10™" mol-em? #9 3 48
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Fig. 4 The O-f curves in the absence (b, d) and the presence (a, c) of 1.0 x 10* mol-L™" Fe(CN)s™ at SiE (a,
b) and TSiE (c, d) in 0.05 mol-L” H,SO; solution.
3.3 TSIiE L Fe(CN)s* IR Bt 51 1y %

FEZER 25CTF, SRR T Fe(CN) 7E TSiE M SiE L HIRME) 1%, Fe(CN)>7E
SiE b F AT [ e Fi i i B U] () JE M3 K, 6 min R IA B B K{E (] 6 HZK b).
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Fig. 5 The O-1" curves in the absence (b, d) and the presence (a, ¢) of 1.0 x 10” mol-L" Fe(CN)s> at SiE (a,
b) and TSiE (¢, d) in 0.05 mol-L™" H,SO, solution.

Fe(CN)s* 7€ TSiE FEME g BB R ER LA SiE LMK, EEXTFRREHIA
EX. B L Fe(CN) HIELIE F g S B i 7E TSIE A SiE _ENARSE, RMAHEE
AA% £ B F TSiE BREERA S X Fe(CN)s™ (TR B 15 B SMEH SLTUMEEERT Fe(CN)s™ (I8
BEEERH. BEEENANEK, SHTRERREIIEK. 6 min i, Fe(CN)s %
HAREE K, 6min FEBREKXEATE, 40min 5, ERIFFEIHEEIRKEE
6 %k a). LLEME 6 #iLk a MLk b, WLLE W, Fe(CN)s 7€ TSIE MR EEEE
MEEAEEREXTHESEE LM ELREENELEE.
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Fig. 6 The iyt curve of Fe(CN)s> accumulation at TSiE(a) and SiE (b).

BT Fe(CN)s> 7E SiE kIR LA g d i R H o B FRIR B BB 2 0, 48 TR B
EERELR BRI RERTEHRESTE. A LHRHEEVHANEEERITETY
. B E M =0 B, Fe(CN)s* 4 I7E TSIE M SiE EMESEE =0, Bk
& Fe(CN) BB RIS F2A 41, =6 min B, Fe(CN)¢>7E TSiE Al SiE LM E &
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B I 45013 1.00 x 10 mol #12.98 x 10 mol, FFAR k=T/¢7BH 6 min K TSiE k
(PR MEE K 1.68x1072 mol'min?, 7E SiE EHIFHRMEERN 497 x 107
mol'min!.

FE4 1.0 x 10 mol-L™! Fe(CN)s™ 11 0.05 mol-L” H,SO4 ¥ #H, Fe(CN)s> 7E TSiE F
SiE b4 5 £ 20 min /5, AR5 7E 0.05 mol-L™! H,SO, ¥ P 1T LK - 2 SiE |, Fe(CN)g™
A JBR e i, U7 e G ) (Y S8 I T TR T R . ¥ERE 5 miin J& 5 Fe(CN)e™ ELIE
Bk BT R/MEGKESR 100 A), i F R0 i 24 2 R T of U it e 5 [ e i
il 8%, 9 min J5E AT F M B G/ BIRE LA VE BT B BT E K 3%. S0, 7 TSiE
E¥ERE 5 min J5, Fe(CN)e™ HIELIE i % f vk Bl dh P Bt i i BB 1 29%, 12
min J5 LT RS B F R H S T B/ MEGE S 107 A), R4 R RIAVEBN i B
() 15%. X LT 5 7 B DU M L4 A RE AR I 1 AR B 4R Fe(CN)6” I B ST BN R38R i
8, BRI RS,
3.4 TSiE 3t Fe(CN)"BIESEER

HTH—FRAE TSIE MHARBETHEEERM, XERTH AN Fe(CN)s
TSiE 1 SiE _k§4k 2247 4 . B 7 & Fe(CN)s* 4> B 75 SiE A TSIE _EHIFEFRMR L . Fe(CN)s™
B AT 7R 038 V, SR 048 V, WIS 2 AE,~ 0.1V, FHikiE
R ipipe ® 1 (B 7 BI%E b). Fe(CN)6*7E TSIE LM IE R 14 B3 5 HAE SiE
FEEAHR, ERRHRHEAE SIE LA 2 58 7 #1£ a). 5 Fe(CN)s 7 TSiE _EHI{R
AT AL, B4R TSIE W B HE BT Fe(CN)s I B EEFAR TR SRR
/) Fe(CN)s™, iX K B TSIE Xt FA S T 00 & Sk A RIS B B 1 i S E 1 iR 51 7 358
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Fig. 7 Cyclic voltammograms of 1.0 x 10 mol-L"! Fe(CN)s" at TSiE (a) and SiE (b) in 0.05 mol-L™ H,SO,
solution.
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3.5 TSiE M ZRE&KHNELEA

H_ERFRE %, 8T HIEBN R SiE M TSiE LHRZITH. Z/REKE
X E R L R i AT 0.3 V, SULIEERTINTE 04 V, WIBERAIZE AE~
0.1V, iplipe™ 11, SHifiBEFHERAIR, Z/XKTE TSIE _bHE R R RS A
SiE _LESE RN, T gtk 7E SiE _ LB B 8). B2, TSEE X%
ST REEEER RURAEGHFER. XREN XGARRBRTUHETE
R, T TSiE LM P E TAE, ATIXH ERN ZREAHFER, EX
£ TSiE L HMR IR/ . X LT 50 35 B B IR 5 | 7647 IE FE DU MRS B 8 7 B SR 72
PREZEA.
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Fig. 8 Cyclic voltammograms of 1.0 x 10 mol-L" ferrocene at TSiE (a) and SiE (b) in 0.05 mol-L™ H,SO,
solution.
4 it

FFLRM TSIE L NUMSEZEIRME &4 FRBIEF Fe(CN)s M Fe(CN) AR B 4
e/, BMEPETAHABHMEENMNTGNE SEARNTE fLERARHIER
i) SiE. R, WSHIERKN ZESEEH A FER, M R%E TSEE EHRE®A
P55 -
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FoE MHERSERES I ERECRKRZENER

1315

e EEIR B LRI K EWHAEIF SRS, AN RAEHERNLEER,
HETARKEFEEEN, EBfZMh e ZRERREmHE. AL
HREZHIHATELE SRS THMEM MM ERRHPIR), i hEERE
ks, CREATUEEBETHEHEAREETEBRD., 2-Fmylcs,
2-FE MBS, EEFEP, 3-0-PPyCI?Y, 1-¢4-BFBEREE)I-G-BREER)-=
FEPL 1-@-BERERER)I-RE- SR HME, MALHHNRASBRE FHESERAUR
HROEMEAEEEEFEERELESE, RER—SRARBRLEFTHEANELE
BFHEE. B, Walcarius SPVHIBEERNERARR(APS) BN B, FIHE
E5 CuDEFESEREFBBEMTEE Co)EF RN AEE, ZEREN T T T-05
V THf#60s, REETFARENFRRZEH#ITUE, EEHE Coll)BE TIRE 5.0 x
103~ 2.0 x 107 mol-L" {E A WA RIFHILIERFR. Hsb, Yantasee Z e E I F B
BARFIRRRIAEANEHERAR FENRE Cu(l). CdID). PbINFET, RERL
PR UMERLES NETFHER BARKNETHR TE54RETES, RN
MR S RERCAE 4 AR M 3t 2 JB B F RO I RE B R ARIE

2 3CTE D e B A RE R 1B 1B B AR (TSIE)_E BT T ZE R AFUK, S, O fF E NI FEZE
HRT, Cu(lDE FETSIE LK BAETH . FAFKS,080FF ZEX Cu(ID & T HIIE R i
WA HEALIER, RS RIRAREEAMG. BT, BlET —MillECuIDETF
MENRRZE, ZHERARFNEEEAREE, FTNATCuIDEFHRE.
2 RBES
2.1 IRFIFNILRE

(LS, JEFIERER)); (gl BB H AR TIRA ) KaS:0s(ft
24, HMNRMZ=):  NH;-H0- NHCI (pH 9.)ZE M EH; TIMER AR LA
¥R DITREERARA), HEMNE—FEEL Cu()B FHruEEiIg M7 iE A RIE
RAVACH, HRPARNEG A S, TRAKSN ZIRZEEK. '

CHI 660%! (B k% TYESE(CHUX B A ), EE)FRFITREHA, CHI 6605144,
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ZEWindows xpHiE T8I TYEMWIEAT. JP-303BURIEARILIN(RER(NEE ), =BRES
¥%: BHEITSIERSIEA TIEBAR, MWAHREIRSCE) NS HLhAR, #4 Bik sk,
BRIESFAIBEEA, ASCPETA AR FSCEM S, Pl LRuaESE Tk,

22 BRMRESEL

HREIE] & : TSIE K &: # 0.03 g MUMERARERF 0.97 g MBS, A 0.2
g ik, RGP RSVE, BEWSE, EAEHEGmmid)F, EE, ARZEH.
RS MR H BB AR (SIE)MHl &« 45 0.03 g BERSRIBRM 0.97 g 1B S, ARENHEHE
SiE. #FHEIBERNRAOERER LEFHE, ZRERE.

HARRIE: AT KB R EN W B, £-0.6~08V BAITEEN, #HITHE
) TSiE #0 SiE 4> BIYE TYEsE4R, 7€ pH 9.1NH;-H,0- NH,Cl £/ h Ll 0.1 Vs 3
BEERAARS RERELEIE.

2.3 LEAHZE

BE 10 mL &% 1.0 x 10° mol-L? Cu()ZEF# 1.0 x 10> mol'L”! K,S,05 K
NH;-H,O-NH,Cl (pH 9.1) 3BT R &rhd, £ JP-303 Bkt b, FAETH
TSiE by TYErtk, TRk sBA FHALEE 180s /5, LL 0.1 Vs HH#ERE-03V~03V
BALTEE AL AR T, £F Cu)BE FE-0.05 V LR —B 5 Hoid i e 714,
Fxt Cu)BEFIRE BB L. 75 CHI 660 R itb2 TIEss £, BLloa Vs'3&
7£-0.3 ~0.3 V AL YE A AR H, ERIEIF R,

BRI, HHERET NH;HO0-NHLCI (pH 9.DZEr#EHT, LL0.1 Vs'335&
£-0.6~ 1.0V BRAEHE A AL BHA R E ZBRELIEE, AR BiRREHN
Cu(lDE THE, AEKNEE, ZEETHT T —RAlE. LEFFHHEKRETN, AE
WETRGTH 2 ~ 3 mm DML S RERON, JOEIEIL, FIKrhee/EEIaT (A
3 ER51%iE
3.1 Cu()EF#& TSiE ERNKRRITH

#EpH 9.1 H9NH;-H,O-NH(CIZE HF K+, Cu(ID B FLESIEMTSIE_E¥H R L m v (E
1) 7£-0.30 ~ 0.3 VAJHEALEE W MPAF R 2, Cu()E FAER X HER EHE-0.05V
IR, 0.05 VAR BL—E 4L, 5H%F R F Cu(Il) B F& & 5 Cu (0)FCu(0)E ik
ACu(IDE FHRIERITE. Fg5ERERIEEHEMNE AL~ 0.10 V, EEIEHRE
ipa 530 JR WU B i Z W ipalipe = 1. AT Cu(ll) & F#ETSIE L & Ay S A 24 R EAFSIE |
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Fig. 1 Cyclic voltammograms at SiE (a) and TSiE (b,c) in NHs-H,O-NH,CI (pH = 9.1) buffer containing:
(a,b) 1.0 x 10° mol-L™ Cu(II) ion and (c) 1.0 x 10 mol'L™! Cu(II) ion and 1.0 x 10 mol'L! K,S,0s.
F2f%. A ESRERE, TSIELPIMEEERT Cu()E FHRRZWN, XIAEFH8ES
Cu(IDZ FH A Cu(l)-Tetrazole L &Y ECu(l) B F E LA B RE, N1 FHCu(IDEF
BIR 22w K.

L3957 vM0.05 V-5 180 210.5 V-s i, Cu(Il)BE FLETSIE_LiF B ks i i S5vE L
HRER, HEEIRFERL/ pA= 0411 +3.76 v/ V-s'(r=0.994, n = 10). FEEFEvE
K e A ETIE K, WAL LFRE M, FALEE B iy, 5 T SR I B fipe L Elipa/
ipe™ 1, TLBARAR R R R MHE IR AT d 2.

001 002 003 004 005 006 007
-1\ 12
(c/ molL™")

Fig. 2 The relationship of the ration iy '/i,c' between catalytic peak current iy’ and reduction peak current
ipe’ With square root of K,S,03 concentration.

L KoS:0s A ZMAZE SR, CulDBETFHRRZMNHE—FEK. BEE KoS:0s RE
fIin, Cu(IDE FHIEAE RIS B REFE KR, Cu(DBEFHEREBEHFMIGERTH
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2 5, FALSIERREK | FAG, MREEEMNLFRERL. XHEH,  Ki$0s
FETHIRARBIL RN, KS:0s R I MEALIEIE BT o FIT KoS,0s FFER HIIE
JEE U B ' 2 H et Vipe' 5 KoS208 WRBEHIFEHTARTE 10™ ~ 4 x 10° mol L™ Y Py 2 £kt
FAE2), SHEEEFRH: ipwi/i =2.34+175(C/ mol' L) (r=0.996, n=6). %
RrEAFEEM 0.05 Vs #H0E) 0.5 V-s™ B, LIRS A TR B IR fesv BER BALET
FEEE RN B, B v 7E 0.05 ~ 0.5 Vs Z [AARALET, FAFRE v B
F 2SR 3, HiZk a). TOAIRLHZIE BRI B 3 0 BRI BB 3 i 7E 0.05 ~ 0.5 V-s™ L
PHEE v EEA, ARREEEAAE 3, #itkd). XLLRERRY, ZELER
— AN PAT AL

a

b
5] M

0.0 0.1 0.2 03 04 0.5
-1
v/iVs

Fig. 3 Current function ipc1'v" of 2.0 x 10" mol-L” Cu(ll) ion in NH3-H,0-NH,C1 (pH = 9.1) buffer in the
presence ( curve a) and the absence ( curve b) of 1.0 x 10> mol'L™! K,S,0s.

FALFHI S,06° HIIE IR REL T LB TR RS2, HHEEHRMRMR A A& SO, /K,
T A % SO, AAEH S0 FRIEMEEHPY. ERLEMHT, H Cu(ll)-Tetrazole AL
A9 Cu(E FRAET RN, HERWLIH S;04F SO, ik, MTifEEEE
B B G K . I A R AT AR R T

Cu(ID)so1+ (Tetrazole)ut ——» [Cu(ll)-Tetrazole]sus

[Cu(ll)-Tetrazolelsut —— 25— » [Cu(0)-TetrazoleJsus

$,05"and SO;" ]
[Cu(0)-Tetrazole)sust <+ [Cu(Il)-Tetrazole]sus

TEEALH KoS,0s FEMER T, EHBERBHEEEK REMAEE.
3.2 LW EHRIEL
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321 MMERESEKIENTMW

NAEEETIRERSEREEN%. 2% 3%. 4%. S%HITSIE#ITER. £
SREH, Cu()E FRAEEREETSIEFNRERAERSEAEMmEMN. B2
PR AR & B Bid3%, KERER, FHASGERNMERSER S B A3%NTSE
YE A TR,
3.2.2 EkAERE

4y S{ERIHCL. BERS—BELR4h. Britton-Robinson. B8 FINH; H,O-NH/CIBZE M
BAE DX ERMAT, PR T HICu(l)-KoS:0s8 R P IGIE BT EE. SREA,
Cu(ID)-K,S,0s 1% 7 48 1k B3, 37 ZENH3- H,O-NH,CLHI BS B2 - BE BR 9 2 v S v P ) R U R
B, ERERR-ERNETERPERANERER. IRBUEHAORBE, Hit,
% FANH;3-H,O-NH,CIE MR A o 2 FE AR . %552 T pH 8.0 ~ 1178 B A pHAEL X fiE {L i i
RFHIZW (& 4). ZEpH 8.0 ~ 9.1FEE M, f{vikidpREEpHENEMIEK; &
pH 9.1 ~ 1IFEEMA, A1k g% i i BEpHE Y KT PR, Bk, ASTEMpH 9.16)
NH;-HoO-NH, CIZ A RAE SR AR
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Fig. 4 Effect of pH values on catalytic peak currents of 1.0 x 10°mol-L™ Cu(II) jon in NH;-H,0-NH,CI
buffer containing 1.0 x 10> mol-L" K;S,0s.
3.2.3 K;S, 0K B R 2200

#EpH 9.1HINH; H,O-NHLCIEZHEB T, TKS:0F R, EREGEHRTERD, 3
MAK:S:0s)5, {EIEBARRETN, BRGEEFER, FETHELER. ZK.S;04
WETELO x 10™ ~ 1.0 x 103 mol- L' Y [ 2R AL B, i Ak i iée et i B K S, O ¥R BE (038 0
TR K805 EZE1.0 x 10° ~ 4.0 x 10° mol- L' VEE A, MHBREZIHEKRMAE, B
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W B JLEARREZW . A IEFEKS;00KF H1.0 x 107 mol-L .

2 FRTR, BENFREMR: pH 9.189 NH;-H,O-NH,CIZ A #H1.0 x 10° mol-L™
K,S,0s fE A X FErafE A
4 WA ETMR
4.1 &MEE

FEREENBELREGT, FMALERFRZELZECUIDE FE-0.05 VA LiE
H—Hr FHIEEER . Cu(DETE-0.05 VLKA K —F S H0E B L. SHIRETE
10 x 107~ 1.0 x 10° mol L' AN 2&MERFR, KHEEEFEY &'/ 107As" =092 +
2.2x 10’C/mol-L™ (r=0.999, n=10), He#E ik 2EE HIFRUER 25, 40.38 x 107As. &
PE3si/mit H(mARAEME R ), RFEMRBBEAS x 10 mol- L.
42 B

FAR—X TSiEX2.0 x 10°mol- L™ Cu(I)B FARMERBOELL W E 100K, HIRHATFHERZE
H2.8%. RE, AAXEFHEDRATSIEN ZFRETHE, HEREREN3.9%.
U ESERRH, TSIERFREFMERLEMEELE.
4.3 FIRHAR

ERT — L LATRY 1.0 x 10 mol- L™ Cu(I) B FAL B AR W, fEiks
REERKFL5%MEER, BT 1004&8F . Mo> X EH E WL, 3005 HPb>,
Ni**, Co®, 500f%HiCa™, Cd*. Zn™HURKENO;. F. SO7", ClOy. PO~ COs*
AT E .
4.4 HENHA

AT RAE %I BB E R, SIVERE LB AR : B EU10 mL B 3R/KE50 mLEE RS,
MA—EEBRCu(IDE FHER, RBEZZIE, FALRE. &SR 7dm e Eal gk KK
FRCUIDE FE&E, TS RWMRIFR. B brEMAEMEETR, BIE798.2
~101.6 %2 [a].
5 &g

2 30 U MR 5 Cu(ID B 25 & VE A AR K S, Os L FE I & &R R, Cu(IDB T4
TSIELHE B i s il B 1R, AMBE T —#MAlECu(DBE FRURLZ T E. &F
ERARFMEREE, THTFCuDEFHEENE.
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Table 1: Determination and recovery test of Cu(II) ion in sample

FE RSD MAE e 2 CIiE: RSD
(107 mol'L™") (%) (107 mol'L™) (107 mol- LY (%) (%)
5.12 3.4 2.00 1.985 99.3 32
5.09 3.3 4.00 4.062 101.6 2.1
5.18 3.8 6.00 5.891 98.2 2.6
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Fig. 2 Schematic diagram of the reconstructed three-electrode system.

Cell: Electrochemical cell; Twg: Terminal joint of working electrode; Tcg: Terminal joint of counter
electrode; RE: Reference electrode; PAN: PAN ﬁlm modified platinum wire
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Fig. 4 The relationship of zero current potential E,, with pH.
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Fig. 5 Time ¢ dependence of the open circuit potential E,, on in various pH buffer.
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Fig. 7 Time ¢ dependence of zero current potential E,, on in various pH buffer.
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Fig. 1 Schematic diagram of proposed setup.

Twe: Terminal joint of working electrode; Tcgo: Terminal joint of Platinum wire; Tcg;: Terminal joint of
auxiliary Platinum electrode; M: Platinum wire; R: Reference electrode; Cell: Electrochemical cell; k:
Switch
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Fig. 2 The relationship of zero current potential E,, ¢ with the logarithm of PtO film coverage log 6.
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Table 1 The relationship of zero current potential E,, ¢ and its corresponding pt anodic oxide films

coverage 4

E,p/V_—0.0424 0.0728 0.0827 0.0945 0.1029 0.1096 0.1146 0.1213 0.1263

8 0.06 0.40 047 0.58 0.67 0.75 0.82  0.92 1.0
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