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Abstract: An all-solid-state self-supported Ph**-selective miniaturized electrode (Ph* — ISWE) based
on disordered mesoporous carbon was fabricated by filling the disordered mesoporous carbon as the
self-supporting material into a capillary glass tube with a tip diameter about 150 wm, and adsorbing
the ion-selective polymeric membrane into the porous structure of disordered mesoporous carbon. The
electrochemical behaviors of the proposed electrode were characterized by using cyclic voltammetry
and electrochemical impedance spectroscopy, and the potentiometric performance of the Ph™ — ISWE
was also investigated. Experiments results indicated that the disordered mesoporous carbon-based
miniaturized electrode showed a typical "S" cyclic voltammogram and a large double-layer capaci-
tance because of the porous structure, and the proposed Pb* — ISWE exhibited a Nernstian potentio-
metric response in the linear range of 1.0 X 107" = 1. 0 X 10~* mol/L with a response slope of (28. 9 +
0.5) mV/dec and a detection limit of 4.0 X 10™* mol/L.. In addition, the proposed electrode showed
excellent selectivity, stability and reproducibility, and was successfully applied in the determination
of Pb* in pore water. This work provides a simple and convenient method for the preparation of the

miniaturized electrodes, and is promising for the determination of ions in micro-environments or with
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micro/small volumes.
Key words: polymeric membrane ion-selective electrode; miniaturized electrode; disordered

mesoporous carbon; all-solid-state; lead ion
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CHI 660K J2 CHI 1020C HLAb2: T AR, ( B RAAERA R 2 R]) 5 P — 1 000 B4HBEFGEHE sl by
(Sutter {X #s G PR AT, BAPEFEE (HES . 190890, 1.0 mm X 0.58 mm X 10 em, Warner {554 R
NP

BT ERRALHK(PVC) . ARTHIEFERL R (o-NPOE) | HYES T38RIV GRUT AR [4] 95 4- U
(N, N-"HREFRRZBEE)) . A8 (=99.999%) I B Sigma — Aldrich; 35 FH &5+ 28370104 (3,
5- T (ZHH I ZERL) MIER A1 (NaTFPB) . N, N-_HIZE=HIILREN . 28 R M5 (DOS) %I B Alfa
Aesar; FRERHEICIE H 3 MAAHE]; BFAFURE AR (S . XFPO5, HLRMEA: ~ 600 m’/g) I H MR EFE
YORBARAIRATE]; FF. VUEM . MR adrat, WA EZ5ERRFIARAE . HHE A 18.2
MQ-em B EE 7K H Pall Cascada SZE /K RG6H 65 o
1.2 HBBERNHE

SR RS s B A SR B 20 3 3 1 ) 2R 0 >4 150 o B WRFR ) o 1 B A0 B0 A7 S i =2 YA 97% N,
N- T HIE = L, JFCEAEE 2 TR, 150 °C FHEKE 3 h, dRfTREbefbsik b BE - B
EMPIEE THEA2 ~3 W&, G, fHTEA LS B I TEE (KEL 2 cm), FF
eSS PR, RIE S 4y se i HANTEE W S 25 Bt

KSR FR R 250 mg By 5% 1 B US40 43 (1. 57% HY 25 F#ifk . 0.48% NaTFPB. 32.65% PVC,
65.30% o-NPOE) , B H¥# T2 mLVUEMmEH, B 4i4E s h G s 1™ S EFTERFAFLERII T B
MR BT, A B AN W 405 B8 i B AU B 7 e 2 LR A fLik e s BlS,
F DOS X T F A FUBR RSB EA T, i Has 254, IR 22 5 2 AHETE i S %, 2 f5, FIH
IEPEIE, W55 2218 & T FEE A . 5T 25 00 e AR AR e e 1 A v R e e, IRIKE T
TR (107 mol/L KNO,. Ca(NO,),. MgSO,HI10° mol/L NaCl) "™ 5 F #9107, 107, 10°°
mol/L Ph{NO),H s ZnaliE a4 12 h a2
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L KCD) HLAR , X HLAR A 22 B Ak .

S CHI 1020C B AR T AR, WHIF] 500 P> — ISWE B AT BEATINR, ST bR B bl B T v 4
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FFREIE" SR A R0 % P e B M B kA e P R 5 3K
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R T HEGEPH — ISWE MYSEBRI I, RS T 2020 4E 9 H 16 H RS R 17 LR K b Ph*
I E , REME . JbLE37°26'1 7, K& 121°3427 7 . FESCREER, BB mE (HAEM 11 em)
AT, REHBEEIRYNRCREZEEG, HIFE T RIRAE T, bl L= Kk
BFES AT E 2 g, JEWLL 5 000 r/min &0 15 min, WA B W, M HNO, WG FE B2 1L 2 pH
4.0", HFFLER K H PO IR BEASAR, SRR E B X RE S EA T T IARAR I, KRR S o Ay, R
FAPRAEEMINGE, 203 H T Pb™ — ISWE FIFHARIAE B4R 21 (ASV, {8l Metrohm 797 VA Computrace )l E ,
PURRELAI R — 115V, JUBBE A 120 s,
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MR H AR WE IBFTR, MUY SIAFAE BN 2o, HAm SR, B, R R
BEORRREL, NS R EARY R 150 .
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Fig. 1  Schematic diagram of the preparation processes for the Ph** — ISWE based on disordered mesoporous carbon(A ) and the

microscopy profile image of the miniaturized electrode with a tip size of 150 wm(B)

1 0. 4 mmol/L K,[Fe(CN), ]/ K,[Fe(CN),1f#J0. 1 mol/L KCHZEW H, RMIEIMRZEHE(CV) X TL)F
A FUBRI AR AR B AL P B R AT A (IR 2) . 45 R BoR, SRR AR (IR BN T um, [E2
DAL, il & i 0P FLR G B AR 0 e AR B A R “S” RIPEIMR et 2, Hl T
TR A FLIAT RN Z LR R T AR I bR THAY, EAS AR R B B A  R W L 2 ST e
AR AR T 2 A PR AR R

2R S0 i T0 P A U FE ) B S WAl B T S T I B PR R b, R B4R RN
SRS LA £ Ph™ — ISpE ., PRI, BEEASEINH [B) 3 520 e AR 0 mal P RE . ZE5 0. 4 mmol/L K,[Fe(CN), ]/
K,[Fe(CN) Jf0. 1 mol/L KCIEWH, %8 7 ARIBERBIRS (0, 5. 10, 12, 15, 30 min) B PERRR 2K
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WEZEIE, ) Fe(CN) " EALIE ISR BT I8/, 15 min J5 8 AR JFIE B iR FE A 25 (] 3A) 5 Hifk
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1.0Xx 107, 1.0 x 1077 mol/L. Pb (NO,) , i & H i)
W, SRR R AR AL AR E . Mg R
FH, PR PhY — ISpE Al Witk B i, W EE
.

Current/pA
<)

0 0.1 0.2 0.3 0.4 0.5
Potential/V

(=} W
L
{=n &

|
W

(=}

)

<
Z <
: e
£-10 g 0
o 5
©-02
~15 4
0 0.2 0.4
Potential/V
-20 T .

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
Potential/V

K2 BT RFAFLRI IR (a) HEREFAERHAR (D)
1£0. 4 mmol/L K,[ Fe(CN), 1/ K,[ Fe(CN), Ji# ¥k
PR ERMR 2 &
Fig. 2  Cyclic voltammograms for the disordered mesoporous
carbon-based miniaturized electrode(a) and the car-
bon fiber-based microelectrode(b) in 0. 4 mmol/L
K,[Fe (CN),J/ K,[Fe (CN),]
scan rate: 100 mV/s, 0.1 mol/LL KCl; inset: CV curve for

the carbon fiber-based microelectrode
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Fig. 3 Cyclic voltammograms(A) and impedance spectra(B) for Pb** — ISWE prepared by different dipping times
in 0. 4 mmol/L K3[Fe (CN)J/ KA[Fe (CN)ﬁ]
scan rate: 100 mV/s; amplitude: 10 mV; frequency range: 0.8 Hz— 300 kHz; 0. 1 mol/L KCl; dipping time (a—f):
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Fig. 4 Time traces of the potential response for Ph* —

SRR HAEA R T R . R R ISk
S5 4 AR TR DR AT LI A o fusets, calibpation curyefos PR o SuE



5 8 i B AR JETIEP A LR 218 25 B STEER S R RO AR 1223

Ph i B BB S S5 o3 i F& 1 Ph¥ — ISWE A ASY BRI HE AR TRV DIATFLISK e
% H Ph* — ISWE Fl ASV 2063 bR FLER PL* Y2 ST (n = 3)
K Ph ke EEBEAT I GE , 21455 Table 1  Comparison for the detection results of Ph*" in coastal sediment
T TR VA 25 SR S ) AR spiked pore water by the Pb™" — ISWE and ASV methods (n = 3)
7N, RIEA RG4S
A o (e %ﬁn . :F Samole No Pb** — ISWE method ASV method
s HLpmiE i 2223 =) Y (mol/L) (pmol/L.)
&gt b — ISWE °] i T U P LER 1 0.54+0.04° 0.50 +0.01
K H PH> AR E 2 0.63+0.02 0.64+0.03
3 0.52+0.01 0.54 +0.01
A
3 _é_:nl: e 4 0.75+0.02 0.76 +£0.02

Zﬁj%ﬂ:%}?ﬁ}L%yg E i%?ﬁ‘ *: average value + SD

KH& & T P — ISRE. %R R AR A

DU B o0 B e REVERE , 6k Ph* BRI I A 1.0 X 1077 ~ 1. 0X10™* mol/L, Wi B AR5 (28. 9 =+
0.5) mV/dec, KihfRA4.0x 107" mol/L, #EAb, %I HEAR BA R IFRFEE AT @ik, o H TR
i UUEIF LS K Hh Ph? B 5E
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