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Determination of ferulic acid based on
Au@Co—MOF/GCE sensor

LIU Bing
(College of Food Engineering, Shangqiu Polytechnic, Shanggiu 476100)

Abstract ; Cobalt metal organic skeleton (Co—MOF) nanomaterials were synthesized and Gold nanomaterials (Au)
were loaded on Co—MOF for preparing a new Au@Co—MOF nanocomposites. The Au@Co—MOF/GCE sensor was
prepared using glassy carbon electrode (GCE) as working electrode and Au@Co—MOF as the modified material. The
best working conditions of Au@Co—MOF/GCE was determined by optimizing phosphate buffer solution (PBS) and
Au@Co—MOF. The results showed that there was a good linear relationship between ferulic acid concentration and
oxidation peak current in the range of 0.05 ~ 4 umol/L and 4 ~ 450 umol/L, respectively. The detection limit (S/
N=3) was 0.0089 umol/L and much better than other electrochemical sensors. Au@Co—MOF/GCE had good anti—
interference ability, repeatability and stability. After 30 days, the detection result of ferulic acid could still reach the
initial 95.04%, and RSD of 8 consecutive detection results was 3.05%. Au@Co—MOF/GCE had advantages of simple
operation, low detection limit and high sensitivity, and could be used for rapid detecting of ferulic acid.
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HRI X TH#ERYENFETETEAS
MW M 1% ¥k (High—performance liquid
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1.3 REHE
1.3.1 Au@Co—MOF {4

Co—MOF il 45 : FHL 0.1086 g 11 2— ZLE X}
KZHER (NH,-BDC) T 25 mL B, [n]
HA A 5.0mL N, N— 5 H B, &
J& 1 A 170 uL = Z e BB 7S 43 B 10 min §E
B, FRCHER A, FREL0.2856 g NIKAR
ABALT 25 mL HEJE L, [ il A 10.0 mL Y
N, N— 3 HI i A 431 10 min R 51957,
PRIC AT B, TEREITRFEARAE T, FHAW B &
MBI A B A IR RE 30 min 1B 555,
W 5 B IR A RS 2 100 mL (1 7K A il R v 48
W, FERE IERES R T LIS CARFE20 h, R
VA AN 2 IR PR 4 0 R AR Al KR TG K S B U
3 WIET 60C HA KM T THEEI1E Co-MOF, #%
}EH [21]0

Au@Co—MOF [l 4% . B 20.0 mg & 4511
Co—MOF F 50 mL T 7, 4R J5 il A 10 mL
AR A0 KGR P 43I S min A0 AT, ARG A
B 10.0 mg 1) KAuCl, @ 746 5 h i H 52 4R
H5), TERIZURFEAAE T I 5.0 mL 3 i il
W B2 A 0.02 mol/L 1Y) NaBH, 5 ¥ I 43¢ £E 43 41 30
min, 58RO BB AR, ToK LB
PR E 60 C A T RIS Au@Co—MOF, #% A,
1.3.2  Au@Co—MOF/GCE [l %

GCE Z [ Uik [22-23] Wy kb, A
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WA TEREL 6.0 uL 1.0 mg/mL ff) Au@Co—MOF
4RO (6 F R 5 4380 5 min (HH 505 27)
AU GCE £1H, AEET 4 CHETIL
HEARTH, R Au@Co—MOF/GCE #% .
1.4 #HmitiE

PA/INZE Ry R SE B it A T A 0 A, B 2.0 ¢
/NZEH T 100 mL HEIE L, AR5 Ao 30
mL fii B2 (0.1 mol/L), HJ 30 mL Z& 1 7K #i % )5
IR B 45 min, B AD 2 =R A A K
JE, K IEMGEZZE 100 mL, SRF4MHIEL 50 mL

2 AT X

100 nm

##: A: Co—MOF (100000 x ) ;

AV IRCRC A 0.1 mol/L AR = BAAMIBERR — N
FHBREEVHRA £ pH 2 5.0, BUSRRRaRE, Kty
AT 4CHERRITE.

2 ZBR55H
2.1 Co—MOF F1 Au@Co—MOF R RAE

43 9 R F 4 B 7 R4 BE (scanning electron
microscope, SEM) IS ML 71255 (Transmission
Electron Microscope, TEM) X} il #4-1) Co—MOF FI
Au@Co—MOF FHTHAE, Z5RNE 1 R,

100 nm

B: Au@Co—MOF (100000 x )

1 Co—MOF {J SEM E#1 Au@Co—MOF §j TEM
Figure 1 SEM image of Co—MOF and TEM image of A u@Co—MOF

HE 1A BIAH, #4547 Co—MOF 2345
PR EHARARZ R 130—150 nm, 3% 7] DA 42 = H
K, AP Z R Y 5. HE 1A
A HIFE Co—MOF [y fLiE K H R ST I E Au
HERAZ/DNT 5nm, X 0] A 48 = Au@Co—
MOF {3, e G ERaEr ) REE .,

2.2 Co—MOF/GCE #1 Au@Co—MOF/GCE [fj
RLFERA

A 10 mmol/L () 4k # 1k B Ay FiL Ao ok 5 V0 40
w %f GCE. Co—MOF/GCE f Au@Co—MOF/
GCE # 47 %2 i BH 11 (electrochemical impedance
spectroscopy, EIS) FRAE, Z5RUWE 2 FiR,

M 2 ], GCE BTN 365.15 Q, Co—
MOF/GCE {4 fH $ii 24 239.36 Q, Au@Co—MOF/
GCE 1 FH 4 # 86.57 Q. 5 GCE 1 Co—MOF/
GCE #H F. Au@Co—MOF/GCE [y FHHT 4 B BA% T
76.29% F1 33.45%, % i B Au@Co—MOF [1] 5|
AT DA S AR F AR R TR AT, $2 i 12 IR 1)
REGUEE, SRR, [R] A A A A B
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Figure 2 EIS curve of different electrodes

2.3 [BMERAEAFBRRERIBRLETA

PA pH 5.0 1) PBS 2% i %5 i Ay HEL J08F o 2 T
KM GCE 7351 %} 0 pmol/L 1 1.0umol/L {1 Fi[ 242
WHATHEIRR %L (Cyclic Voltammetry, CV) 4,
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Figure 3 Electrochemical behavior of ferulic acid on

different electrodes
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I BT B 1) AL Ab I FL I R 0.3046 pA 5 GCE # Lt
AL IR E T 51.92% ; Au@Co—MOF/GCE
7 1.0 pmol/L ¥y Fif 25 & 11 4 1k U6 HL 3 A 0.6201
nA 5 GCE Fl1 Co-MOF/GCE #H b & fb. I HL 3 9~
BT T 209.27% 1 97.87%, X H A — H i
Co—MOF HA R 4T H W Bt A i FLBR R AT DAK
AT 280 7 PR 2 T ) P S I R B 22 1) S 1
B, 55— T Au 9RRF B RIFH S,
A DA ROHb A o AR R T L P I A R, X
H Au@Co—MOF FE % AR i b ¢ A% Fi Al 2% 18 7 BHL
PL, PEEBERAN RS,
2.4 pH 1 Au@Co—MOF/GCE 3% %58 2201
4% 51 DL pH 4.0, 4.5 5.0, 5.5, 6.0, 6.5l
7.0 ) PBS Z&oh il A FRITIA W, R Au@Co—
MOF/GCE % 1.0 pmol/L {yZEER 4T CV F13 %k
5% PBS 8 ifrif %) BT BRR AL 25 SN [ 56, 43
BIRF 3. 4. 5. 6, 7F18 puL #kFH 1.0 mg/mL
) Au@Co—MOF # % Au@Co—MOF/GCE, #k
J& R W il 4% 1) Au@Co—MOF/GCE 4} 5| %} 1.0
umol/L (¥ i 2 R 1 47 CV 45 K BF 5% Au@Co—
MOF XH& A2, 5 R 4 Fiw,

0.654

0.601 // {\\

0.50

HL/LA

0.45

0.40

3 4 s 6 7 8
B HiE/uL

4 pH FEMHEXT Au@Co—MOF/GCE By
Figure 4 Effect of pH and amount of modification on Au@Co—MOF/GCE

MIEL 4 S ARl L, 2ok i pH A1 Au@Co—
MOF Fy {2 i X PR AE Au@Co—MOF/GCE 3%
TET Y B 2 S 3 A ORI, R pH A1 Au@
Co—MOF 1 {ffi & i3 i35 2 B Ses K5 e N
¥, HAZolif pH 2 5.0 B 15 6 uL i &AL
e P B K, K2 PR 4P pH o 5.0 BiF, M.
TR A RS FL T RO RO 57, AR T A
SR HEAT, 50 PBS pH 2 5.0 i Bl 2 K Y 4R
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Xt 1.0 pmol/L {4 Fi[ 2R B2 #E47 CV 4 R i 58 9 4
XS P B R 7 Au@Co—MOF/GCE R TH & 4 1)
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Figure 5 Effect of different scanning rates on electrochemical reaction of ferulic acid
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R fI ARl 4, HA5RAE 6 Frr,
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Figure 6 Relation curve between ferulic acid concentration and peak current
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MIE 6 431 AT 1, BB R Tk FE 5 L A Ak I
L 43 31 AE 0.05 ~ 4 pumol/L 1 4 ~ 450 umol/L
JWENEW BRI EEXRR, KETRESHHN
Y=0.56X+0.054, R?>=0.9997 F1 Y=0.1287X+1.7254,
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R*=0.9922 (Y LR A -, X R PIELIR
W), KHFR (S/N=3) 4 0.0089umol/L, £
THIRTE, BRI T H e 2R A A A R e
(W#E 1),

F1 TARERSFHGHRINLEER

Table 1 Detection limit and linear range of different sensors

iR LRMEYER / (pumol/L) R/ (umol/L) Pl
Au@Cu,0 Core—shell nanomaterials and graphene modified glass
u@cy, erap glassy 2.5 ~ 150 1.2 [26]
carbon electrode (Au@Cu,O /Gr/GCE)
| le—multiwalled carb tub dified gl b
polypyrrole—multiwalled carbon nanotubes modified glassy carbon 332 ~ 259 117 [27]
(PPy—MWCNTs/GCE)
TiO, nanoparticles—decorated, chemically reduced graphene oxide o0l ~ 1
modified glassy carbon electrode : ' 300 0.01 [28]
(GO/Ti0,—GCE)
droplet—based electrochemical sensor (EC) 25.7-515 24 [29]
oly (diallyldimethylammoniumchloride) functionalized graphene—
poly. (diallyldimethy iumchloride) fu zec grap 0.0895-52.9 0.0442 (30]
modified glassy carbon electrode (PDDA—G/GCE)
0.05 ~ 4
Au@Co—MOF/GCE 4 ~ 450 0.0089 FiNg'Q

27 KRR

T f R IR 245 1 T A A B A FR A BRI P Y
Bl R RRVEA T A 237 -5 HPLC JAUEAT U,
SERINEK 2 PR,

®2 KIFERENER
Table 2 Sample test results

- R i / SFREE S RS ZE /
pumol/L umol/L RSD
2.3821
Au@Co—
2.2981 2.3442 1.82%
MOF/GCE
2.3524
2.3212
HPLC 2.3019 2.3252 1.10%
2.3524

MFZ 2 51, HPLC X 52 A i s I 245 5
2.3252 /umol/L, K Au@Co—MOF/GCE %L Pr
FEAS I 25 28 Ay 2.3442 /pumol/L. HAH X i #E fiw 22
RSD >}y 1.82%, 5 HPLC [ 45 5 AH b g 221X
4 0.82%, FI{ERERE.,

2.8 TFHFEFMEHAR
T 7 B 2R R A AE B ) AR R ik AT
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PLEE BT, AN DA R B R EY A, HI
TE 1.0 pmol/L 1) B BRI 43 73 il A 25 % ) Mg,
Ca*, CI', NO;y , HiZjHE. PUSRIER, MR
AR, SRIEMHHT CV HH#i% Au@Co—MOF/
GCE W¥t T ae J1iE T o, He5RmE 7A
s K4 1Y Au@Co—MOF/GCE & ¥ 4°C 3
B RAE, B 5 KX 1.0 umol/L Ay B ZRER #E1 T
CV 4, 105 A e FL 0 AR 8 PEEA T 9T
HERE 7B iR s R A #4471 Au@Co—
MOF/GCE % 1.0 pmol/L ) B £ R i& &2 CV 14
8K, XHEEMFHATHIG, HEERWE 3 Fin,

MIE TA TTHL, 20 TP 5T Akt B ZHAH
., Au@Co—MOF/GCE 3} 1.0 pmol/L ¥ i %% i il
TR B IE ETE 95.76% ~ 104.73% 2 |8], {2
PIFE +5% P 24, 3X 38 B Au@Co—MOF/GCE i
WL T A R THiae 71, MK 7B 1]
M1, %4 Au@Co—MOF/GCE #3747 30 d J5H X 1.0
umol/L (1) BT 25 i P Sk I 85 SR AT T 308 1) A RIS I R
1Y 95.04%, 40 d J5 KR ] i5 B WY 93.73%,
YA Au@Co—MOF/GCE fyfa @ PR AT, MR 3 7]
w1, Au@Co—MOF/GCE % % 8 Yk %t 1.0 pmol/L fy
AT 258 R 41 475 T 75 1) 4 TH Ug FELJAE 1) RSD Ay 3.05%,
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XUt E] Au@Co—MOF/GCE 15 BT

2 AT X

0.7-

064 11—
—F —E g I et o B
0.5
0.54
0.4 < 04
< 04
4435 0.3 1= 031
33?3 B
0'2_ 0.2'
0.14 0.1
TR T S & O S 1o 15 %0 35 30 35 40 ds
S v O LD % -
HEPT TS *&XZ@@@@@@» bt/
7 FHRYFNRTFEEIXS Au@Co—MOF/GCE BN
Figure 7 Effect of interferer and storage time on Au@Co—MOF/GCE
FTI EESXRIFBER
Table 3 The results of 8 consecutive scans
KE 1 2 3 4 5 6 7 8
LR /WA 0.628 0.6312 0.6018 0.6471 0.601 0.5899 0.612 0.619

X AR EmZ / (RSD)

3.05%

3 Z#BR5ITE

AT H B Au@Co—MOF 4k 55 &k kL,
Au (5| ATATA RS Co—MOF (1) B, il
1) Au@Co—MOF [A] b5} 3 5 Au 1 Co—MOF )1l
B4, Au@Co—MOF/GCE Xif ] £ fig 1 #6: ) A
BRI LT, BRI R B E e, &=
SEMPTTHERE ) BT, 5HEREA R B
AR L, Au@Co—MOF/GCE H A B .1 11t
P HLIHOO SE PR A I 45 5 5 HPLC —%g, &
PR, A 2R IR ) Pk i & TP it T —Fh
E P

SE k-
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