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Electrochemical-SERS Investigation on the Decarboxylated Reaction of
PMBA in Ionic Liquid and Influence of Interfacial Water

QIN Haijing, HE Qianjun, XU Minmin, YUAN Yaxian, YAO Jianlin"
(College of Chemistry, Chemical Engineering and Materials Science , Soochow University , Suzhou 215123, China)

Abstract Based on the gas-liquid interface self-assembly method and transfer technology, a glassy carbon electrode
loaded with Au nanoparticles monolayer (Au MLF@GC) was prepared, and it was employed to in situ study the
interfacial processes of ionic liquid electrochemical systems. The decarboxylation of p-mercaptobenzoic acid (PMBA )
catalyzed by surface plasmon resonance (SPR) to phenylthiophenol (TP) as the probe reaction, the electrochemical
surface-enhanced Raman spectroscopy (SERS) was developed to investigated the kinetic behaviours of the reaction of
PMBA in [BMIm]BF, systems via the potential-step method. The potential of zero charge (pzc) of the hydrophilic
ionic liquid [ BMIm ]BF,/Au MLF@GC was determined to be —=0.95 V by the differential capacitance and i-f measure-
ments for electrode immersion. The decarboxylation of PMBA occurred in the positive region of the pzc, and the
reaction rate constant was determined based on the second order kinetic reaction and change of the SERS intensities
of relevant peaks. The linear relationship between the logarithm of the reaction rate constant and the step potential
was resolved. With the addition of extra-water (X,,) from 0 to 0.001 and 0.003 (molar ratio) , the initial step potential
was shifted negatively, and the reaction rate constant increased with the addition of water at the same step potential.
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BTy —Fh e G RIS, FEAEAE | 0 B3Rl TN RL R 28 S Uz B bR .
SR, B FRIAEEE F R, Tl HE TR, BA SR, ks 9, 78
SRR LA B Ra e P g S s (e A A Sk i it o v (U AR L A i L AR | Rk
LY KPHBERETL | AR DL S b RO AR ) R AR

b TR o0 WA R A b 22 ON 3 i, BRI, AR OGBS B4R i fE BRI, . S IR
FUTET )RR TR | SIS AL K T S N B ) A . X TR RAAIA R, TR AR
IKIAETE , RV S /K M R 8 R A, 75 RN 3l R vt wfE L sl /D R B s SR gk,
SEA TR IS TR L, JK BYAATE B 3 M52 i R 3R B W 3L~ Pk ot (AN B2 R HL 232 ) | ARl [
TR PR FUTRISERE | o3 W . TR RO S Az 252 . K A5 AT B0AR B8 A B BH 255 =2 8] A A
AR B AR A A 2 A5, BB e g O L BT HLAL (Potential of zero charge, pzc)
ARG R A, B M AL 2= R S Bl 727 . DRI, S IR A S TR K S5 48 A AR
PR R TOK A S B AR /N, AR 54 R W R T AR B A 55 i S A AR
T K P A I XE DA SE L, SR BRI S S R, B VIR 2k e e Ay v S B A
IKIBFSE .

2% 1 3 58 F7 2 635 (Surface-enhanced Raman spectroscopy, SERS) Jg&— Fli ¢ 5L 1 57 72 A0 46 0 4
AR, BA P Tes A s AR EPE R AR — I S B L AT AR i B S P Y SERS
JUG, AN AT 3 ey 358 P R TET A0 ol 23 A AR T s I AW 0 P A2 . T R PR RN AT (S B, I8 W98 SERS BUARTE
HL A 2R A5 Fp g I AL Je e,

ASCHT AW AT A AR RBE AR, Wl & T 702 Aa 99 K R 5 B0 2 B8 A 3% Bk i 1
(Au MLF@GC) , 345 HH T ALK R BT . Au MLF@GC 15V M e HL i 9 500k | i1k,
MER R BIRMA R, G SEPRM R, AT AL 2%-SERS J5 2 Hi Ak TR SR I BRAR LA . DA
AT 7K T L A7 AR AU ) X} 3 36 2R Y R (PMIBA ) P14 3 1T 55 25 G AL 4R (Surface plasmon resonance, SPR)fE
AR A AR (TP) SO R EREL , 454 FIAR A Au 40K T2 2 e i, R k24 P13 SERS R
DA 7 AR B A K B LRI 2R, DAROGT ST S 0 () S )

1 SEISERSH

1.1 KK 55

S4B (HAuCIO,) | FPEERR =80 (cit) . ThERF M (NH,OH - HCD) FIJC/K 285, s34k, 254 k24
RAA R 5 2K e (PVP, M,=10000) , 43 #7 4l , Sigma-Aldrich 2 ) ; X} 5 3 7K H B2
(PMBA), Zr#rali, HALR Tol bRaUastt s 1-77 26-3 FHEEmK s U Sl iR 4k ([ BMIm |BF,) , 4652 99. 0%,
T BT RBH BB BRA A 5 4K (R BHAE 4 18. 2 MQ - em).

XploRA Plus I35 £ i fhr & 15 {X (Raman ), H 4% Horiba 23w 5 CHI631B -5 LAk 2% T A,
RN ZF-3 BME AL, FEIE TR AR A
1.2 KR
1.2.1 AuMLF 8944 RAZHAY Frens' "™ 045 15 nm Au QK AF-Fh 79 - #4100 mL 0. 01% (i
A0 9 HAuCL KIS AN BUE = VB, ZERIZISERE | BRI ARASTT , Ihia i 2= i i I I
F5 15 min, SRJFHE A 2 mL 1% (R0 1Y cit/ KIEIR, IR IR E O A N BAE, T q 2 %iAs
BRGSO LT . QREREEIE 15 min )5, ASRRENEERE.

KRR K145 30 nm Au KRR 8425 mL FIRBIZAY 15 nm Au G0 KRBT Fh W70 1R 0
BEFETR , R A 1 mL 1% [ cit KR . 1 mL 1% (554250 19 PVP K% % 1 20 mL 25 mmol/L [
NH,OH* HCI K& . LA 1 mL/min f33 255 10 20 mL 0. 1% (54350 A9 HAuCL K IR . 45 005 4k S di
FERNE 1 h, T LT a7 R Rt £, BIRIAS 30 nm 245 Y Au K .

SR FH AR T ] £ Aa MLF. K 3 mL_FaRHI759 30 nm Au 99K FUE I B 454 34 8

Chem. J. Chinese Universities, 2024, 45(1), 20230349 20230349(2/7)



J 5% s Kws g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

o, IR HICE T 45 CHER TR 16 W20 i, R T EIE S — )2 S B0 Y Au MLF.

122 AuMLF@GC ¥ # ey ] & SRASEPIZRE Eab il &80 Au MLF $682 21 i 380, Bfs 7 BIEFn e
TR AR I, FE TS, BONaE R, BIRIAS Au MLF@GC 1 SERS {5 P HLAK .

123 AuMLF@GC ¥ # k| 4 F 154 K 10 wL 0. 01 mol/L PMBA R INTE_ b & i v b 1,
FI TR 2940 minJ5, FITOK ZBEL UMk, N, SR TR,

124 B FRENATAE  [BMIm]BF, f HHTTE AT L2 AR K TR R, S 4A G536 5 o
Frfoinn g 350 CIHARFES hm , FE TREFH R A ==, BUEINA Z [ BMIm |BF, 12124 h, LBk £
Hrp R4k . i HTEDE [ BMIm | BF, 788 IR BE T, B8 5504 (107 Pa) | 80 "CIHVE T, Ik 8 h,
PIBR R B AR IR K 2,

2 FHR5iE

2.1 “F1”[BMIm]BF, & Z&
BB, PMBA 7£ SPRAEAL T A& AR i ¥R A= i TP 43127, SPR 2 UK sl Ak s vy 1) e = 1 1A
. HIZN R v, M s sh f 2 a2
ISICRS,‘]‘P — [1996”"*' ]r - kt(k oc akz) (1)

ISKRS,PMBA [11535 em™! ]r

K [ 1, ] RSN B ¢ B 2R, @ F TP 9 996 em™ Kb T PN 25 1 3R Shide i BE 5 k(s™) i 1)
FEMH R R, 5 PN R Rk, (Lomol ™) UIE HUBISE R 5 o MBI RS, LIS T =9 TP )
996 cm™ &b PR 1 N 25l 3R 3 5 00 & T 50 9 PMBA 4 1585 em™ &b C—C 41 45 41 511 16 11t AH XoF 5 J3F
(Lygg o 155 o) IS ) AS AR 1 2R HEA T L5 KA SO 3R 250 2502 PMBA R S vy W S 52 FELAG HL 67 1) 5
M, FEEOCIEST T, ZERCA A FELAS DX D38 H AN & A2 SN, FEARDRT R TE A LA DX ] PN AT R A S g . DRI
S AT R FH LAV B BR VA IS AR FEL A X PMBA JBEFR S L s, BRIV, MAAS & AR S A8 LA B BBR 28 AN (]
BN AL, I St SERS Y6 , 1035 R 28 Ak i 72 .

FE“ T4 [ BMIm  BE MR R (& FHEFALEE, TSN H, #E-1.0 V(ws. Pt, BRERIIGEEASN, IRy
FHED) AR 100 s J5, SEEPE AT ER 2 -0. 3 V, 153 PMBA B A1 28 fL 1 SERS 15 & [ B 1(A) F1(B) |
DL TP 55 PMBA 1504 (A T 5 2 B (1 28 Ak i i 26 [ &1 1(C) ], (EAFUERA IR 2, X F AR ¥ SERS 15 14 Fl
5T A4 BR B ] RN ) %oF LU (2K, A 78 5 5 AR 1 R 3R 190 S0 1T 8 2 s 0wy (A P 44
PERE WA S 35 BEIST).

TERIT(A)F(B)H, 7E-1. 0 VLREFR 100 s XA, FFARMEER T 996 em™ LbIHJ&E T 774 TP iY%E
TRV, BET I, PMBA oK & Az SPRAEACIER SO 5 AT ER 2 -0. 3 VJE, 996 em™ 20 FF 4 1 BB,
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Fig. 1 Time-dependent SERS spectra in different Raman shifts of 950—1050 cm™(A) and 800—1800

cm™'(B) at 0 s(a), 50 s(b), 100 s(c), 200 s(d), 300 s(e), 400 s(f), 500 s(g) and I,y .-1/1 545 -1 - time
profile(C) of decarboxylation process on PMBA modified Au MLF@GC surfaces with potential
step of —1. 0— -0. 3 V in “dry” [BMIm]BF,
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Cu

ULBABEE AR R N R A . R T I IR SE IR A5 1 SN TR, X ) 5 R N RS L s
BE AR AL A B VEA T BLA LR 1(C) 1. AT, ZE-1.0 VAREF 100 s BHE N, 1, s, BB L AR %
A7 Ak, BOE RN R E BN R, BIR A AEBUR N s A -1.0 VIR E-0.3 VBT, I, M .
{HL B RS} 8] A8 SE R AT A, 500 s PR R 2 0. 05, 3l ad i sl 12 AN A0, 15 80Z 5 T
N R E LM 0. 12 ms™.

B -1, 0 VAR ER 2 -0. 8, -0.6, —0.5, =0.4, —0. 3 F1-0.2 V, ZE5 40 & S2 (WAL HHE
EOFR.

Af oL, AL -1.0 VBYERZE-0. 8 VI, BRIV NS KA, VR FEECN 0. 015 ms™, FEE HLL
YL -0.6, -0.5, =0.4, =0.3 J%—0.2 ViR, F R 5 HK K A 0. 018, 0. 090, 0. 094, 0. 120 F
0.340 ms™, FHICULBAREE MTERFLALIERS , SO 85 B0 e K

R T 2RI N R RS R R DR, 0 ) LSO TR Rk A TR R X R
Ink XF B BRHL LA (E12). v 0L, k-5 st i i Fe Al Fe Az R B R LI 2(A) 1, Ink 55 it Jin A v A H
PRI R [ B 2(B) ] M AL2%-SERS 74 22 (19 £7 J3, H A ] LA e 2% Fi A 55 T 2 o7 1 vt Ak
fiE(AG), BN AG=—ZEF (H, Z MR T80 E e i s iy s FMIEPIEE w80, W14
EE , AG=—RTInK (i, KR e P850 TR s R SMREEREHD. K EIRMA ARG
K, 55 InK=ZFEIRT, Bl InK 5 E 226V R, HiX—458 1K IR R 58 FIRIARA R RG>, X
158 B2 S 1 3 23 0 Y- B [RAAAE — R B R 2R, (B S AT SO HLEE S A REAS )
AN E AR .
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Fig.2 Reaction rate constant k-potential profile(A) and logarithm of reaction rate constant Ink-potential

profile(B) during the decarboxylation process of PMBA

R T it — A E PMBA TE B T AR P & A AR R S N7 i H AR FLAZ , XS [ BMIm | BF, [ pze #4101
. A R TS0 v 25 128 RN B o 0 Gime R 920 BEA TN 8, BRSO LK R A .
E 3(A)~(C) 43 25 H T (o AR v 2800 A - B 2R A58 “ 48 [ BMIm | BF /Au MLF@GC 1) 2 Hi, fif
HLV
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Fig. 3 Measurements on the pzc of Au MLF@GC electrode in “dry”[BMIm]BF, solution through the

differential capacitance curve(A), i-f curves(B) and i-E curve(C)
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FRH Lockett 5527l Ohsaka 252 (1) AH 418 LA K Baldelli™ il Nanbu 25 () AR G5 5icH , 1ol
25 M2 1 JR i Fre AP aSXF 7 ) A FEL A7 AT A R 2 R f i L7, B T4 " [ BMIm ] BF /Au MLF@GC {4
A pze Z49°0-0.95 VI I 3(A) |, (EASUEBA RIS, BRI AL 3 A9 s 103 5 FRR IR AR ST S AT O, 5
Py d A JC o[ 3(B) ] B 3(C) MWk B i 5 W AL 6 &R, AT UL, 7E-0. 95 V I A A6 R 37 i
AN EELPRRRIR i, AIIACH Au MLF@GC B AE “ T4 [ BMIm | BF & R (1) pzc 7E-0. 95 V /47 .

FE“ T4 [ BMIm |BF,H', PMBATE-1. 0 VB R R AEBR N, TAE-0. 8 VEG 774 TP AR, itk
HEM, PMBA 7 pze DA HELASE X B AS & A LR SN, 38857 pae LA B HLASE DX [R] DR I oE 25 - R B 7 R A,
eI, 23 [ BHAR N A, KA F-XE LA B I8 H AR AR 2 55 RN 5 T AE pze AIE R HLA X [A], (RFRAS /N
RF S - W R B S 00, R 2R P AR R K o A ) T S B R A A s e R Y, B ECT
PMBA (AR S K A, DA S5 S50EH , B8 T-TR0A BH B 5 7 b S R R et s oy A 7= A 5

F AR T PMBA 7 55 /K B IR AR 3R R i IR B HLEE . 7 pze LLEHAI/ERTR,
e 1T 2 I E AT, VR AR I R B A FE AR R ET, HAR R P iR K s A A I H R R
1. SULREES, FEEOCERTT , Au MLF KA R4 AR, 74 SPRUV, PMBA H1)—COOH Jiit
JEF AL —CO0", FEITHAMRRE, Bk I 7 OE—COOTE TR BO5 JE A 3, i 7R UK
FIRFIE A A 3, i &85 6 A0 TP.

22 EIKEXTRE KRR

F£ [ BMIm JBE, HOIAAS [ EE IR 4380 (X ) B97K , WFFE T PMBA JBEER S5 1o 55 BT it il FEL A2 B BR 1 56 2R
Pl S3 1 S4 (A 2R3 5 B 4351 [ BMIm ] BF, H1 48 il X, =0. 001 F1 X,,=0. 003 {7k}, SR HLAZ B ER
By Logg o1 s BRI ZR AL B IR ZE . R 7 00 EDWMBIEA 74T L, FR48 T PMBA 7E“ T8 [ BMIm |BF, /A R
FURIE] B 7K it [ BMIm | BE 42 28 H A ) R H A7 I 1 S IS5 480, 45 R4 F3& 1.

Table 1 Reaction rate constants of decarboxylation process in [BMIm]BF, with different water contents

k/ms™
Xy of [BMIm]BF4

-09V -0.8V -0.7V -0.6V -0.5V -04V -03V -02V
0 0.015 — 0.018 0.090 0.094 0.120 0.340
0.001 0.190 0.220 0.310 0.280 0.790 1.120
0.003 0.160 0.260 0.400 — 0.700 1.090

I S3 AT S4 AT LAAE 2, B FAMIKIAEALE , KR pze 7088, BV 5 & AR R RNy, R 1E
PRGN ERH AL AR . St i H A rEL A7 R TE R, ZE A7 B BRIGEE] , S s & A J R B & T 774
TP 17996 cm™ B35 5t BN Bk 3, H B KDk B F TP AR E B AT B9 BB A K 7S F AR 1)
SERS UM TR, IEEAS 1] 51 s A7 5 Tl BB

HH R LRSS LE AT I, FE A —BYBRAAE S, BEE 25 AR R S K S, S )iy s 32 5 A5 k1
K, XA R H A KB INAG 56, IR PMBA F B84 2 0 5 SRS T /K B 477 5 TRIES, BlEIR &R 57K
SEHEIN, R RN e A B LA X R ABRZE R DR B VA R LAk 2R i 1T BEAAS R B K TR S i AR
7. E4(A)FI(B) 43325 T [ BMIm | BF A& R 4Mil X,,=0. 001 A1 X,,=0. 003 /K, ZEAR[RIBEREEAL T,
2 AR BPEATE PMBA AR B N I 0, X b T AN RIS BREL 57 B g iK 21 P isf (B TP 55 Sk i)
1) SERS i 4] .

I 4(A) AT LUE B, 457K X =0. 001, HLAZBTER 2 -0. 8 FI-0. 7 VI, W TE 200 s J5 ik 5]
5, (HILET 996 em™ 2 U & 774 TP 3 G (1) RF X 5 BE AT R 4555 , 108 BH AR S 0L I 8CR4AIG . Bl FL
ANF 1) TE B T B IR, 2 ik 39) P-4 Bt e sk ] 200 s 47 %65 22 100 s, H.996 em™ Abii I At AH %o 5 B2 5 i
W, UEHIRERS B ERAAL A TERS , R S B 75 5 e A HLRON A 7 I AR B K

I 4(B) T LIEE], MR IMINIK X,=0. 003 B, A BTERHL A IERS 2 -0. 4V, SOk 7 BT g
BF] 200 s 2 &40 %0 22 80 s, ULHABES AR RIMINK S s n, iR SO A A P2 A= . f AT I,
PMBA (12 S 1 3 R ASCR 5K YA G, Horh 82K iR S5 T OR SOV 5 I E A m%
TP [ S .
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Fig. 4 Potential - dependent SERS spectra obtained at reaction equilibrium in [BMIm]BF, solution
with different contents of water of X,=0. 001(A) and X,,=0. 003(B)
(A) The reaction reached equilibrium at 200 s at =0. 8 V, 200 s at =0.7 V, 200 s at -0.6 V, 180 s at 0.5 V,
120 s at =0. 4 V and 100 s at —0. 3 V, respectively; (B) the reaction reached equilibrium at 200 s at 0. 9 V, 200 s
at—0.8 V,200sat-0.7V, 100s at =0.5 V and 80 s at 0. 4 V, respectively.

K5 HEHE T X,=0. 001 A1 X, =0. 003 /& & 1 Ink 5 B BRI HL A2 0 RFR . Al LIE 3, 76 [ BMIm | BF,
(Xy=0. 00 R Z T, Ink 5 W RS LA IR ZE K R 3. 62, 78 [ BMIm ] BF, (X,,=0. 003) A& Z 1, Ink 5 ER
Ja A IRERE 3,65, —FH LR, IERIR R AN RS Bk BT, Ink 55 BR S B A 25 52 BUAR TR )
MR,

o [BMIm]|BF4(X,=0.001)
0F & [BMIm|BF.(X,~=0.003)

In(k/ms~")

1
-09 -08 -0.7 -0.6 -0.5 -04 03

|
g
=

Potential/V

Fig. 5 Logarithm of reaction rate constant Ink-potential profile during the decarboxylation process of
PMBA in [BMIm]BF,(X,,=0. 001, 0. 003)

3 & B

KA R, UL Au MLF@GC HL /0 SERS JEJEE , fIFSY T PMBA 76 A [A] &5 7K 5 () [ BMIm | BF,
RN B 12441 R . S5 R R, T A9 [ BMIm ] BF, 4 pze H-0.95 V, PMBA 7£ & TR 2 i
FR N B K A SR R I pac BUIFHOE, 7€ pae LA HLL X A LF- AN & AR OB, T pae LAIE DX [R]BEHR Iz N
R Az 5 BEE A R K Sk, OB R H FOE K, FLAMINRIR] Sk i, S s 6 B0 X 455 r
Jit O kL R 7 35 SR AR R R DG 3R . RS 205 SR Sl i TV A 4 H A R T i 10 2ok R 1 B ) 2R AR AT 4
BT RPN R, R, b SERS ik 4 G A7 5 G AR b T B JZ I H R, ]k Ji Bk i Ak 2 S o
FEM TSR S RS T HZ —.
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