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DOI: In-situ EC-NMR technique can be used to monitor the electrochemical reaction process in real-time

bomipeupladn the reaction mechanism at the molecular level, which is a promising and non-destructive

online detection technology. This article for the first time reports the design and production of in-situEC-

SMPthtge@itrode single-chamber electrolytic cell using silicon-based boron-doped diamond (Si/BDD)

as Seb aud i idesitron suSc Researol Sngwreenitg 6 greem étniv &igidyoX BiTBDIB6IEY defi@ing 12.5 mm 1.2

shwohgicar@xthe. 8iMR detection zone is small and the thickness of the electrode material is thin, which

accounts for the less hindrance to the radio frequency field, and correspondingly the less damage to the

%Tgfﬁﬂﬂ/ SHthe magnetic field. The developed EC-NMR electrolytic cell was tested, and a classic
dietlirarriiCharistiymad GherioH ERUReRERIN BRI L e man 86 LN E YA WaE/08ed as

sgsun@xmu.edu.cn P
a model system to study the entire dynamic process in-situ. After electrolysis of 0.1 mol-L"" QH2 ata

constant potential of 1.2 V for 64 min, it is detected that the characteristic peak intensity of QH2 at 6.58
ppm was gradually decreased, and the characteristic Q peak at 6.83 ppm was gradually generated. The
NMR spectrum peak did not split or broaden significantly during the reaction. The results demonstrate
that the in-situ EC-NMR electrolytic cell designed and prepared in this paper can be effectively used for
the qualitative and quantitative analyses of the reactants and products in electrochemical reactions,
which thus will play an important role in the subsequent researches on electrochemical in-situ NMR
spectroscopy.

Available at: https://jelectrochem.xmu.edu.cn/journal/vol27/iss3/10

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol27
https://jelectrochem.xmu.edu.cn/journal/vol27/iss3
https://jelectrochem.xmu.edu.cn/journal/vol27/iss3
https://jelectrochem.xmu.edu.cn/journal/vol27/iss3
https://jelectrochem.xmu.edu.cn/journal/vol27/iss3/10

527 % i 34 W, 4L 5 Vol. 27 No. 3
2021 4F 6 H JOURNAL OF ELECTROCHEMISTRY Jun. 2021
[ Article] DOI: 10.13208/j.electrochem.200722 Http://electrochem.xmu.edu.cn

BT RS & N7 F AR A AL 2T (e ARt
AR AR BRI S TR 5

*

¥ IR EL A E

Lk ikl S %, & HRIEY SR

(L. E R T 2B AR 1) 361005, 2. JH [ ] R PRI SRS %, MR JE1] 361005;
3. BHREIRHRIT, =/ B 650106)

W wifh ¥ 5 W 4R W 35 B 3 A (EC-NMR) T DL SZ it W51l o (b 22 R R 3t A2 ) Mo F AT 18 8 R R AL, 2
—MAEF A EN LR ZRM A A CH kI UEE L35 4 N F (SI/BDD) 1E & TAE B 4% #h & £ EC-NMR
=R E A R A AR BT R R B TR T 125 mm x 1.2 mm x 0.5 mm &7 Si/BDD . 4% 78 A% sk AR X HY

EARB N B R R LR, [ M e AR A 0 LA BN, a3 3 AT MR R A BB

ViR

EC-NMR . # 3 3f L2 3189 3t 2K Z By (QH,) W At 4 R K Z B (Q) 1 AR AR 2, R ALHTF 5 T % v b 22 ROBL Y
BAFHAR, £ 1.2V IEE AT A 0.1 mol-LQH, 64 440, Wil Z 41 T4 F 6.83 ppm 4ty Q FRAE 1435 #f 4
A, BRI A IR R R R B R AR R, N A ST T I ] & 89 R L EC-NMR W 3, 77
R Al S R Al e PR A AT E M R BT KT R S R SRR T R R B EEEA
KR = 54 N R G0 b A w1 B BR EC-NMR Aot 5 o b 34 % — By

15 §

ik AR T R R A A 2R A R S50k
WEAE R, AT AL ROV ALEE S RN ]
i YRRt EE TR vk, Bl B LR
T —FRONEZERDCIE R AL RIERAR, b
J A LA AT UL B SRS | AR IR A 2D AT
AL 2E SR PO TR | b A BT A WA
HREALIR P (NMR)AVE Sy —Fh TCH R £ AR | 2
AN TS h R T HEEER, b5
T LR I B B AR (EC-NMR) ] LA Ry F Ak |
7 S AR AT KR N HLEIF S F AL 50T KA B,
SR SR I F b S g AR S B A3 A

LSS, B, k25 NMR EH
FAREARATEN 12 W, T A 5 P k2 H
MR SR AR T w50, NMR 1
RGP MR EEREAR, TR R PR ] T
JEA7 EC-NMR [HE FIR P, B 2468 i TR
FI RIS R, 2 i bk} 5t 4@ Au 5% Pt
ST L AR A AR 0 3 TP 1 ) A o 5
iy, I 4 NI (SIIBDD)/E A il HA
Yy BRAL SRR M TR R S R A AR
PE, BT T ARSI, KR R R
(QHJ/Q) H A I iy it — A~ 22 LA 5 L 1~ SR LA
JFR BB QH, A Q #BJE FHURETEY B, B4 I L

trochem., 2021, 27(3): 332-338.

5| F#&3: Peng H, Sun H J, Zhou Z Y, Shen L F, Huang L, Cao S H, Sun S G. Design and fabrication of the electrolytic cell with
silicon-based boron-doped diamond electrode and its feasibility for in-situ nuclear magnetic resonance study. J. Elec-

Wk H . 2020-07-22 53T HIH . 2020-08-24. * i INAEZE , Tel: (86-592)2181081, E-mail: shuohuicao@xmu.edu.cn; sgsun@

xmu.edu.cn

[ 5% 8 S A& R H (No. 2017 YFA0206500) Fil [ 52 [ AARl: 3430 H (No. 21974117) %K Bl



5 3 1] IS AT REIERAE G WA AR A R Ay R AR R e P At 0 S AT RIS -333-

WA S AR R A S I, R
SN 28 B8 56 UE ORH SR EC-NIMR H Ha figt it
A AT AP RERY,

A SCH B Si/BDD HL B 51 A R R f
EC-NMR #5¢ , & it il 5 i —Fh 3T Si/BDD H
W B W A D47 EC-NMR HAL i ot o 32 PR i Tt
Si/BDD T A H MR B T AZRERS U X, X6 b Pt 2211
S H Ag 2243 BT TAE AR B , A T2 HG
il X /) Si/BDD H A BRI Y 3R TR AR A 10 mm?,
JEEE 0.5 mm, X — RUSF AT DAy /N S 447 1) B
fiF, WF5E 20, SiIBDD H #3734 A M LA
JEE/IN a2 g AR A i 0 3 A ) YA A
EC-NMR Wi, 5k T 32 F Uil 4 19 532 EC-NMR
P AFft AT LAAT R T B o PR R 50T o
2 X If
2.1 RFE5E

o R B (LICIO,) X 2K 1 (QH,) (Fr i R
(CeHgO; - H,0) FITE /K £ (C,H:OH) #4 [ T [ 24
LA BR A A PR 2l ; A F 3 AR
(d®-DMS0,99.9% ) Il [ T &% S 30 Bkl 524 BR
Nl

WL E A 2 L 6 A = E W B B R A b
17, AR AT el , DU AT H SR LAl (SCE) i
Fer A%, J57 EC-NMR SZ36 7 [ il 5 WA i iz
EC-NMR Hifits FP 17, 500 MHz g AR Y
(75 Bruker A ] B & (GRIOCHRHE S
FARGBRA T ) ;S-4800 37 & AT B b i s
(HASH L)) 3 B A2 T 4G CHIS60D (=
TEUBEAAN T . EHAZ 5 mm Fl 10 mm GRS 45
5 A T Sigma-Aldrich ( i ) 51 5 A7 BR 2~ w175
By 3L TR R SR A BR S | 3R HL Al (GC) I A T

Cut thin

50 mm X 25 mm X 2 mm

1 il g #rh Si/BDD HIAR MLk (P28 R 4] )

125 mm X 3 mm X 2 mm

RESGRE R K JA FRAA A 5 21 2 R DA
4 F HAS TORAY kRSt ARRAC_ IR 4 4R
Si/BDD HLR A [ F s ER LB B A BR A A,
HRFH 50 mm x 25 mm, Hoe g Si 258 2 mm,
BDD JZ)E 2.5 um, BT Si WEE AT BDD 2
(RJEERE , IR SIBDD HLME KR 2678l 2 mm,
2.2 Si/BDD EBARHHN T R E T AL IR

Si/BDD LR BN T. . 3 i HW1601 %Y [ gl b
R AL R SE 2 50 mm x 25 mm x 2 mm )
Si/BDD HAZYIE| B 125 mm x 3 mm x 2 mm A
/NHe Si/BDD HiA, Pz FD-150 f[n) 55 AL HI
U8 Si/BDD HL B 24, Si T, BT 1.5 mm, H
Y1), 20 TR (9 Si/BDD HL M e & R ~F
125mmx 1.2mmx 0.5 mm, WKl 1 fos, Hr,
(a).(c).(d)FI(g)MH -}y BDD T, (e) k2 Si i,
(b)F(f) 7~ Si/BDD HLM R 74k

Si/BDD Hi by i HAb 3 . & 2 fifoR ¥ 4 ~
5 Bt Si/BDD J A TG/K L EEHRIZ i — K Br L U1E
FBTHEOIN T st B R A B, ARG 7 ~ 8 /Nt i
o — K TSR I, SR e T IGH B 5% ~ 10%
) HCI K 75 5% 5% ~ 1096 1445 162 2 7K 1 W 15 16
— Kk Si/BDD HiK, BEF% 12 /Nt Si/BDD
LR, RRURIBCHS A LA P B 4l K R gk 4 Yk LA
I BE HARB A
2.3 Si/BDD EREI B F RN

Si/BDD HL % 5 B ik L A% 1) HiL b 2 1 B R A
JETE 0.1 mol-L* 1Y H,SO, Il h A7 hy, PR
ZHAIHIEE N 06V ~ 125V, SHIH
Ag 2 A3 5 100 mV-st, SEEET % GE 30
AN ZEATI N, DUBR LW A AR, S g Ty
SRIRFETE N, BOIREE AT,

@ (9

® (6]
1 cut |
—

125 mmX 1.2 mmX 0.5 mm

Figure 1 Photographs showing the changes of Si/BDD electrode during fabrication (color on line)



.334. N SR 2021 4
Si/BDD 50 mm X 25 mm X 0.0025 mm
C ~1). Cut thin
Cut ' to S00 pm
E—
2). Cut 1). Soak in absolute

12.5m X 3 mm X 2 mm

Si 50 mm X 25 mmX 2 mm

Dry and set

/ aside
C—

ethanol for one day;
2). Replace every 7~8
hours

125 mm X 1.2 mm X 0.5 mm

1). Soak in citric acid
for one day;
2). Take out every 12
hours;

==
3). Rinse with ultrapure | ©
water for more than 4
times

2 ] Si/BDD R AN TR A BRI AR 1] (M2 RO 1)

Figure 2 Flow chart of micro machining and cleaning of commercial Si/BDD electrode (color on line)
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Figure 3 (A, B) SEM images of Si/BDD electrode surface after micromachining and cleaning treatments; cyclic voltammograms
of Si/BDD electrode (C) and GC electrode (D) in 0.1 mol-L* H,SO, solution, at a scan rate of 100 mV-s™.
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Figure 4 H NMR spectra of 0.1 mol -L* QH, with different
electrode materials located in the NMR detection region,
where the chemical shift of QH, is 6.58 ppm. The FWHM val-
ues of QH, are: without electrode, 0.76 Hz; Si/BDD electrode,
1.15 Hz; carbon fiber electrode, 1.83 Hz. (color on line)

PR B A T R R F B A KT8, BEHRU T
QH, F Ak L A7 IX Al 9 1.2 V JE7EIZ 7 T Ha fig
QH. % 64 734, € 6(B) 43 i1 QH, fEfERHL(L 1.2V
T H AL B 5 'H NMR 3518, B RO Y
HEAT, 57 F 6.58 ppm &b ) QH, H ik g R & 2445y
o B 8 ik, I B RE S Ak 2= i R R A R 8l
FER AR R N R], 2 6 3% ~ 12 4340, 13T 6.83
ppm Y Q A% REAFAF W20 7 H B0 HLAZ A 5 4 T 184
9 % L AR TR TH NMIR S 194035 0] LI QH,
I Q WIS e A4 B, AR T X AT AR R
A2 HEATHT
4 & it

AR SC A A5 LT Si/BDD HL AR 1 SR 7
EC-NMR Hi i, i i S g ik 7 H AT i
M, BT 2R R iz TG EC-NMR
iy, AT LA QH, Ak A S R N Y B A AR AL
o, UEBIEET Si/lBDD HLAK 1Y R EC-NMR H
fiff b TT A S5OGT H Ak 2 S A R R A A S A TS
R M BT, T SI/BDD HUK (1) J5 7

Constant potential rectifier

A ===
10 mm NMR tube ——] ::7’ Cu wire

SNy

Immobilization belt
Pt wire (CE) |

Sample soulation —}-

NMR

detection

region
e
<>
Smm OD

Conducting resin

\ Ag wire (RE)

"~~~ SUBDD (WE)

NMR detection
region

5 (A)ELT Si/BDD HiH AR EAL EC-NMR Hfig it BRI (B) SEH B T (4RO 1] )
Figure 5 (A) Schematic diagram of a liquid-phase in-situ EC-NMR electrolytic cell based on Si/BDD electrode as a working

electrode and (B) the picture of the electrolytic cell device (color on line)
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Figure 6 (A) CV curve of Si/BDD electrode in 0.1 mol -L* QH, containing H,0 and d®-DMSO mixed solution (V4:V,=1:9), ata
scanning rate of 50 mV-s*. (B) The in-situ *H NMR spectra recorded during the electrolysis of 0.1 mol-L* QH, at a constant poten-

tial of 1.2 V. (color on line)
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Design and Fabrication of the Electrolytic Cell with
Silicon-Based Boron-Doped Diamond Electrode and
Its Feasibility for in-Situ Nuclear Magnetic Resonance Study
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Long Huang?®, Shuo-Hui Cao®, Shi-Gang Sun**
(1. College of Chemistry and Chemical Engineering, Xiamen University Xiamen 361005 Fujian, China;
2. School of Electronic Science and Engineering, Xiamen University Xiamen 361005, Fujian;
3. Kunming Institute of Precious Metals, Kunming 650106, Yunan, China)

Abstract: /n-si. EC-NMR technique can be used to monitor the electrochemical reaction process in real-time and to explain
the reaction mechanism at the molecular level, which is a promising and non-destructive online detection technology. This article
for the first time reports the design and production of in-situ EC-NMR three-electrode single-chamber electrolytic cell using sili-
con-based boron-doped diamond (Si/BDD) as the working electrode. Research shows that the geometric size of Si/BDD electrode
being 12.5 mm 1.2 mm 0.5 mm in the NMR detection zone is small and the thickness of the electrode material is thin, which ac-
counts for the less hindrance to the radio frequency field, and correspondingly the less damage to the uniformity of the magnetic
field. The developed EC-NMR electrolytic cell was tested, and a classic electrochemical reaction of electrooxidation from hydro-
quinone (QH,) to benzoquinone (Q) was used as a model system to study the entire dynamic process in-situ. After electrolysis of 0.1
mol - L* QH, at a constant potential of 1.2 V for 64 min, it is detected that the characteristic peak intensity of QH, at 6.58 ppm was
gradually decreased, and the characteristic Q peak at 6.83 ppm was gradually generated. The NMR spectrum peak did not split or
broaden significantly during the reaction. The results demonstrate that the in-situ EC-NMR electrolytic cell designed and prepared
in this paper can be effectively used for the qualitative and quantitative analyses of the reactants and products in electrochemical re-
actions, which thus will play an important role in the subsequent researches on electrochemical in-situ NMR spectroscopy.

Key words: Bi/BDD electrode;in-situ EC-NMR; EC-NMR electrolytic cell; electrooxidation ; hydroquinone
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