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Fig 1 Coaxial three-electrode assembly inserted

in normal 10 mm NMR sample tube

a: RE capillary(emerging below WE) ; 6. Cylindrical Pt-mesh CE; c:
Pinholes( X 4) connecting CE/WE compartments; d: Teflon plugs;

e: Tubular WE (Au film on glass); f: Receiver coils'?
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Fig 2 500 MHz 'H NMR spel:tra(afg) obtained in the in situ
electrochemical-NMR cell during the electrochemical
reduction of 25 mmol « L™' 9-chloroanthracence in
CD;CN containing 0. 25 mol + L™' Bu, NPF, as the sup-
porting electrolyte

a: Prior to electrolysis; b: 7~12 min; ¢: 17~22 min; d: 25~ 30

min; e: 40~45 min; f: 47~52 min; g: 60~65 min; h: 25 mmol *

L~ ! anthracene in CD;CN obtained in a 5 mm-o. d. NMR tubel4]

BB HCAEN . AP EAHR L 05, L 4+/—0. 05 mm M L 5, 2 0
+/—0. 05 mm BBEEEE N, AgCl S LR W BIWRZH
(OE Yy 2T

ST TR A 0 P R AR 2 TRIAE LR TR Y H iR RN
J ), 43k TSR pH (B PR B L T R R H NMR 3 i
LAk, SIS R, pH (ERR . JRER A B AT %
P RS AR B TR, PR AL A b B
W, & TR AL NMR 4%, . fig xR 7] 76 2
15 ¥ .

2 3d Y A HE A A A R R iR B 3

i

W R, M B EC-NMR ¥ F 5 5 5 B 4¢ i F —
BeHE R,

(1) %5 B 2005 18 i 78 5 0 A9 BLACAE NMIR 3% {08 8 -
B, AT LR B NMR 48 3k | X 7% 22 0 B fgf ad 2 42
BE R 25 AL A

(2) = F B 1Y o A 2o R TT A — AN 43 3. T il A B e sl v
PEAT . IF HE KIS WO AR K W 0 FR VA AR BUN, T
AF ¥R Y 1B 9

(O TREERE AT I, AN 2 RE F 4 06 2500 Py J2 B 48 58
SN ARE A S, B LSRR IR 4 R R, Rl
THE e A0 2 A A O 2 8 BURE R SV ) T A LA, XA
B EEAER

A T 3 A 5 O 1) B S 3 A0 M 3 2 A PRI, 3
R X35 P9 8 3 A 8 50 e B TR R R AR AR AN 35 50, BT LU
T B I AT AN S A BE R . T R IR R R R A 2
4 TR B BB g U A R AR RS i 32 R S AT 3 R I S T U
JIN o RIS T FRL AR T R ARG I XS P, A7 B A B AR =
SYPERREUE  BhAh . SR P BORE ( He A 2 5 S 5 4
TR, KB AR,

(5) SR FAE 8 400 Bk 47 45 o TR Al S8 IR T 4 ) v IR
BRI AN ST, B EE R, bR v, mH
F R NMR R4, HAE XA [7] 06 8 347 43 #1554
FLOZBARED, NFBERE M NMR 53 £ 16— 5 i)
AT LUK AR BT 1 51 5 4 5 1 et FUR IS Rt T I

3 IR sl 2R AR R o £
1 i 1

3.1 HBEREEMSINSHEGHNAE S

il 3 14 359750 P BB ke 465 T X 55 9 T R L AL SR Y R4
NSO E I 7 e o = & A I N 7 = B e - N 2
I NMR %0 5. 45 B F 1 SnO, 3% Au (9% 4k % 43 51 Sk —
0.85, —1 9 M —2 75, Pti&2—59iREY L, wiAk2R A +22,
M7 R A R0 1) R A 30 B A AT T R b 20 152 - 5t K ) oL
e 2 A, LA R R g AR B [ AR R R RO
5 A b 2 R S B R B ST KR i R Xt S L T Y s A
RIRERE, W 500 R EE A 1E S TAE M), Prenzler



4 i E 5 g S

%3l %

SEUE LT PO AR AR TR B L O R DR B e A
R AR 5 2 s R SR T PR L A 35 0 2 15 9 M
80 Hz %] 0. 9 Hz, A, ST SISGM T . W E
B9 51 AR T 37 3 53 1 B4 i AR R S A IR0
3.2 FERRFRIR XL S R0

TETI A SCHk Hh EL 22 42 31 (R i B U B9 5 1A & S 3O G
FSE AT 1) AR 357, R TIAE 3% 4 114 43 % 5 R R IO T R o X
I, Holz " 5 o 25 i i b o9 04 WL U3 B TR R Ho 7T
1 3 AN I IE B2 2R B R TR kD R B AE R G S AN A0 (i
et 2o A B A PRION o 5 —Fh 7 IR A R R N AR
B X LB B RSP AT TR G Ho o SRR R 7 A 1Y
75 15 5 G T L e G T X 2 Y BE AT R I A 9N 1] A
EZ7 i F e e

4 AR HEE NMR FH AR

TE T8 3o 0 1 15 4 D WG A AN A P g TR e . AT e
SRR 45 Tl Ji infe 1 30 52 AR RVASCHE Adb 2 3 Sk AN 2 57 484 55 11
WK A B EER, IS % LR = H %5
AL I L 36T 0 B ok & s 53k . fe2m B g . 1R
EEB, A TFHNZEFHTMQO) ., T . /T AL
i F4r T MQC 45, 1950 4E Hahn 15 56 82t A1) bk o 5 51
{90°—t~180"— ¢} %I A JEFEA 51 8 1 ™ Ok E A7 R
G B BE Mk (SE) . 1 3R 5 DU RR R Rk 2 BT A E I
Peor R PR, AAMB AL & T A MR R Fifs
O, PR IAN NMR & 53 383 00 5 2220 LB 45
41 HFANSEFHRTEBRESS VR Z

43F N MQC e # [0 i i 43 98 07 i b 2 B F BRAE Be AR
T4 E W) R A AE S AR o B AR R SE A B R A AR
MQCH" =7 F= 1 MQC (4 [ B 7 1k 2% 12 DL AL 2 01 88 19 45
P SR HATHS, W T MQC ¥ E ., T A&
R 19 Ak 27 60 B 3E B 30 ORI 09 [l e ROt g 3 A 15
PEIE B AT R, MR X2 B AT R, B RE iR
ETPEER, S MQC &4 B 7 AL AR 4 A REAR TR Il
Pk MERE T AR iE RSB ES T RA
AL AL A U 4 A el T, ZEAR 5 3 ik — Bo it
[F]JG s FRF A R R F 58 MQC 3%, BT BROS 3 5 85 5 5%
SR, X BT I TR AR BIIN  BIER R i & . BR 0 B
REREA R TIEL AR, (BF S8R RS 17k
BN o A LAl BY B MQC, 2 & A0 % 3 1 50 1
VR I b g A L A BURR S8 BT A TS Y Bk e ) TR
P HE S A6 B T 0 g ] R R X TR G R Ak 2 6 B B AR
T AR AT A WERS & 17K 2 0 i 4 B
4.2 EF1Z Overhauser K H 7 7 iE

# Overhauser W (NOE) J& 48 51 55 ik b 1k £ M b X 44
Fo 2 [ AT U R B B A G e g A T BUR A AR A,
M5 2 77 RS A 0 A /R R 32 B4 3 . 7e i A B g
T A A A A 3 St TR LA B A ML IR B B T A A R
52 A 0 TR R RS IR AT B B ORI A
AR A R — R 0 B AR EAE A, A R B A /N T 0

YRS Ry a2 R, R A e JRR Az B 1 R F8 g 3 m A 2
YIS . 43 F 1A NOE %35 I T A X /N G AR ¥ 5k GE &
ANV 5 S Bh e /N T AR AR RS s 1 Ak E N B 25) . 5 3] NOESY
T Y Rg S /4 ff BE Y SR BUIRTE LR, e i B IR W AR 1R
TP . A R AR XU R e, A U B R
el S RA RS S R, T E S 50E 28 i
B, SO T TR A X TR S A
MW I 2 Z KRB B 80 4 /O8O 52 AR T, R
il 7 NOE Jr ¥ (¥ i v 8l

4.3 EHERESHWERIE

RO G TG vk B ARG R, SR A AT 2 B B34 (Single-
sided B, Unilateral) B (4G I 8% 4R 15 5, XU ARA R BES A
Yoy, B gl i v 4 9 05 A8 T R T b AR R A (ex si-
) ARE SR FR . 2001 4, Pines /N & 36 T 3k T 35 gl [0l 1
N 2R AE B ex situ-NMR 5 43 B 7 vk 2 i) 34003 =5
[B) 7345 5§ R AN 24 S0 MR M 50 3R, I 3% S B K e AR A6
A ER R TR ARG RS LUER, 456 MW
N7 R AR 1 v B 45 3K A8 — 4 = sh [l B o A . RS
Wimperis /INA$& 1 7 5 F 24530 0 A o BRSO
T G 3 A B 3 5 )R B A0 M A B O AT OG 6 BT
BRI A AE WAL BRI R A G BE, (A
AT A7 R G 3 N X8 50 e 1 B R A 56 O R 1 3 0 S IR OBR L,
GV R RN N B, HABN i 4. A& A BEZ 8 k2
PEFERENEVE 2B 43 Y . B L] L, 3% O ik I ok O oR FH 2B 3R R B
Jrk s AN A) R v HO e R I A . Ho O B
9 03 R AR AR A R A0 . TR S R 5 VLAY
WY, MBS A5 A R G A, Bt B ARt
PRI
44 ETFHFEASEFHT

EHHENGO T, A5 F 1 MQC 4+ [ B & F 4 +
(DQO) F 4y F 8] & F 4 T GZQO) P2 A4 s 5 i it . 543
F SRl 1ZQC A5 5 i —XF J7 [ A B A E = A,
JIT IR 2 W i 3 R X 50 BE AR BRI DT 6 A4 BE 85 R 3 14
JE 4 A0 P ol ) G T 4k I 15 S e RE 3 RN H A AN i
&, 1996 4F, Warren /NH S T 2T — 48 iZQC L1 Y
HOMOGENIZED J3 3170, Jii Fi F P4 i 5 H 2, B (9 18 4
H 28 5% M 85 Hz Jdi/0 % 4. 5 Hz, Ik & 1 £ 5 I #2443
(L& 3(a) ], JG 3k, Lin %3 it nl T B 4T 8 5 4 355 A
VIV 3% 1 3 AN ¥ 5 M % Wl s [ 52 A% 38 % 1) CPMIG-HO-
MOGENIZED R, 7] fifi 4k 55 M 3 kHz W 2> 3 30 Hz,
Chen % 2 H T % + 3% £ % ik # 9 HOMOGENIZED J¥
F 5 R 5 I i ZQC T 43 HE R B AR i 0 W AN LA Y
FGET . ERBLIRZT . P L5 H LR A w5k
WE 3(h) JFros . ¥4 1% W K 7 1 #5%, nl LA 31 & 40 BE
1D %[ & 3Ce) ], KA N 2 He, 5 HHIEELE 3(d) I
g ZEHRSHE .,

3 ) WU AR A b 2 o — 7 1 A R A i R R, R
BEX TR AR Y5 Ve i SR 2 L TR S AT
B FR T PR e A AR R B S P 08 a2 8 04 S R [ B Ry R 1
A1, I A2 iDQC — 4 3% v W 4k 1 R 3 5 18 58 B A M G



S 56 A A

ol

(a) =
0.6 - = (b)

1.0 = — = - -
w144 ————
T 1.8

- T —

2.2

- e -
2.6 =

2622 18 14 1.0 2622 1.8 14 1.0

L%a
__

A=

14 1.0 06
5

iZQC spectra of 10% MEK in cyclohexane in
an inhomogeneous field (excepting (¢))
(a) : Using HOMOGENIZED pulse sequence; (b): Using SEL-HO-

d
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Fig 3

MOGENIZED pulse sequence; (c¢): Normal 1D spectra in homogene-
ous field; (d): Normal 1D spectra in inhomogeneous field; (e): Ac-
cumulated projection spectra of (b) along F1 axis. The magnified

multi-peaks are shown in the insets
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Coupling Liquid Phase Electrochemistry with Nuclear Magnetic
Resonance Spectroscopy and Its Applications

NI Zurong' , CUI Xiao-hong', SUN Shi-gang®, CHEN Zhong'" **

1. Fujian Key Lab Plasma and Magnet Resonance, Department of Physics. Xiamen University, Xiamen 361005, China

2. State Key Laboratory for Physical Chemistry of Solid Surface, Department of Chemistry. Xiamen University, Xiamen
361005, China

Abstract The combination of liquid nuclear magnetic resonance spectroscopy (NMR) and electrochemistry (EC) is a new tech-
nique with promising prospect which provides novel, exciting. and crucial insights into the processes near or on the electrode sur-
face at a molecular or atomic level. The development of in situ EC-NMR spectroscopy with flow or static electrolysis was sum-
marized, the structures of the electrolysis cell and the characteristics of the NMR spectra were analyzed, and the feature of the in
situ EC-NMR spectroscopy in practice was described in detail. The electrolysis electrode located at radio-frequency detection area
of the NMR spectrometer reduced homogeneity of the magnetic field. Furthermore, the electrolysis current results in broadened
spectral lines and loss of resolution. The working electrode consisting of a thin metal film and the electrolysis current parallel to
the static magnetic field can overcome such shortcomings. Besides, several high-resolution methods in inhomogeneous fields were
discussed and compared, such as intramolecular multiple quantum coherences, nutation echos, intermolecular nuclear Overhauser

effects, and intermolecular multiple quantum coherences.
Keywords Electrochemistry; Nuclear magnetic resonance; Combination technique; In situ; High-resolution
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