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Abstract: Surface enhanced Raman spectroscopy (SERS) is a kind of molecular spectrum, which has the
characteristics of rapidity, high sensitivity and fingerprint recognition, and has important applications in analytical
chemistry, biomedicine and other fields. However, some detection molecules in the solution sample are difficult to
be adsorbed by the SERS substrate, resulting in difficulty in enhancing the Raman signal of molecular. To this end,
this paper proposes a core-shell structure (AUNRs@ZIF-8) of ZIF-8 material coated gold nanorods (AuNRs) to
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achieve Raman signal enhancement. Both the surface plasmon enhancement characteristics of the gold

nanoparticles and the adsorption properties of ZIF-8, a porous MOFs material, can be used to realize highly

sensitive Raman detection of the solution samples. We first prepare the well-homogeneous AuNRs by seed

crystallization method, then modify them with polyvinylpyrrolidone (PVP), and finally add the metal-organic

framework ZIF-8 precursor to obtain the AuNRs@ZIF-8 Core-shell nanostructures. The structure has high

sensitivity to the SERS detection of rhodamine (R6G), the detection limit can be as low as 10™° M, and the linear

relationship and homogeneity are good. In addition, we further confirm the formation of the core-shell

nanostructures and effective adsorption of the target molecules by testing the UV-Vis absorption spectra of the

structure before and after R6G absorption.

Keywords: SERS; AuNRs@ZIF-8; Core-shell nanostructure; light absorption; adsorption

1 35l

LGSR P EHE (SERS) ME—Fh It . Bk
RS R TR AR FB, B AT
s WS BRGSO AR
SERS Y45 HLEIA WiFp, —J2fb2#ALH], B4 E A
HL RS o IR BHALE],  RIJR S T A R A
PR (LSPR)™, Y A GHOE LA — @ BE Wi K 5 4 i 4
JK (Au. Ag. Cu%¥) Z [ ILIRFE 58 B 5 1l i i
Y, 2SR T &R R A/ MNEEIN . XFEE
PR A Jr 3 2 10 45 8 AR (LSPR)™, 1B 4w]
IR R b s g A 40 b 2455, R, HAE
i A2 E B R FH A 43 -0 5 4 S A A R
i, ABERA RIFH SERS {55 . ik, it EA
PRGN 43T SR [ F7 % SERS ARSI Ry d B

LB A HIHESE (MOFs) 24 & 55 T ol e b i,
HHLFAVE MBI, A e o7 B [ 225 i Al i) — o
I ZALAEZEA R, T MOFs ELAT Sl i R 45 44
LB BRI RG TR  S 2 R, JEHR
AR TR E S, TR TRFE S MR . 5388 DL K i
AR 2" KA B A VHEAR S & At
MEHESS G, FIFH MOFs & #4751 #3542 J8 1 SERS
BN, BT LA ARG 40103 T 5% 4 S e, R AT
DI SO I EIR A T I hL 255

ZIF-8 S — P i £ WK 5 15 2R 4548 MOFs #4 %6},
BAZA45, R, LRGSR . T4E
K, WFFEAGIEET ZIF-8 #2117 £/ SERS Kl Jy 4%,
L MOFs 5 5% 4 J& AR B0R 25 & LIS BRG] 58
[)5rF SERS 4B B SkimE . Hedn, [ PN 2R 614 AT A
TE R R T AE K TARIERE (3~50 nm) 1) ZIF-
8 I Au@ZIF-8 AR EEH, IR RER, %2
JEFEEN 3 nm B9 Au@ZIF-8 9Kk, AT ARt M F)
JHIAE SERS JGiExt A | ZRELRIERYER LA

T

PRAGEESPERIN A [ N 14 8 P A a4
YKL (AgNWs) 1Y & i, il 45 T A R 8 19
ZIF-8 4k T 0 s AARAR 9 KR 1 58, S5 R R,
FEARZE ) “IH 4% 1) AgNWs@ZIF-8 Ji& 31 i & 1 5+
() SERS it , ] Xof 7K SR 2 T8 A AR 24 8% B 2F AT S B
Rt

[= 4M1) Jorge Pérez-Juste M BN Al T ZIF-8 13 5}
1ERIR B A 5t SR AR U, %A U R R 2
T ZIF-8 5 MG 750 8 35 1) 4 40 K s 26 Tl =2 (1)
(M EAE R o 3 it 5% 428 SERS SN A58 o T 1
ZIF-8 fLoc ifL i, 45K, s Fi#id ZIF-8 1Y
REFEEREEY 8, BRI THAMA ZIF-8 FLI, 3t
25 ik e B 451, Pastoriza-Santos 41 AN 45 55 1
ARG K KT (Au@Ag) B 7E £ V) g ZIF-8 Ji 4,
il 1 EL AT 1 5 A% B AR 1 i B SERS FR%E . ZIF-8
AIHARPL GRS, EEEME, @ Zn” 524
R ARiCHE A G Al SpyCatcher )45 S P A H.AE H
fiEfF SERS pric et i) sl i, % TAE N HAL 4 )8
K NRERMESH T, ki, g4 R4a)E
FARIAT MOF's A4k A8 A 545 ¥ S AT S P BB A mT LA
KAYHE5E SERS A GE S AN G . ANid, BUA 7
1% SRES SR AAR e M o 3530 LA B AS- FR 45 7 T
HIAR TG E—2 it

BT, ASCHH ZIF-8 MORML A 1 4 gl ok i
(AuNRs) 1 72 45 1 (AuNRs@ZIF-8) 1 25 SERS %L JiE
RSP S AF SR . A AR A G AE ORI
MRHEIK . LSPR ZUN 38 . fbapbE ke S50 8, il &
SERLAY AUNRS@ZIF-8 A Xt H br o> F 175 Mg i
opT, BAREREE . WA R et

2 XWwiEdsy

WSk TWKEHE £ (HAuCL-4H,0), +

230029-2



SR, 4. S TR, 2023, 50(6): 230029

https://doi.org/10.12086/0ee.2023.230029

FNBEL = RS (CTAB). FiIRIER (AA). B
5 Nk B K B ((PVP, Mw=55000) . 7 7K & fild BR 4F

(Zn(NOs), 6H,0) £ 2-H FEBK I (2-MIM) 14 [ Sigma-

Aldrich, #4li/K (18.2 MQ-cm) B 3 5256 48 4l /K HL .
H . Mk ERAR (HCD). MR (AgNO,). Bl & 1k M
(NaBH,) W FI [ 241205

A AR RHI A H e 0.6 mL B A vk
NaBH, (0.01 mol/L) i # it A 10 mL ) CTAB (0.1
mol/L) 1 250 uL HAuCl, (0.01 mol/L) i /K ¥ &
FERIZUBEFE N 8 AW, PR R A 30°C
T OREF 2 he il B A0KAE 7E 50 mL Y CTAB ¥ i
(0.1 mol/L) KA 2 mL Y HAuCL, (0.01 mol/L),
0.1 mL ) AgNO,(0.01 mol/L), 0.32 mL ¥ AA (0.1
mol/L) A1 0.8 mL AYELAR (1.0 mol/L) ¥ A K. &
JETEAE KW TP 120 pL D 73, 76 30 C i
B12/0EE, SERVERK . B, BRI L0 A AR
TE 7K H S0 PR (9000 rpm, 10 min), 43 BUAE 40
mL 7kt

ZIF-8 BI145: 30 °C F, # 10 mL 77K il iR
B (6.5 mmol/L) H FE I WA 3] 10 mL %9 — FF BBk
M (13 mmol/L), #RJGIRGIRFEIERE 1 /NAT, &
J K 25 G 7 ZIF-8 E HY B 250 PR IR (6000 rpm, 5
min), FFSMHE0FE 2 mL HEEH

AuNRs@ZIF-8 [#iil&: PVP-AuNRs Ail#, 30°C
T, B S YOREEEE S mL iNAF] 2 wt% 10 mL
1) PVP KWW R 4 /N, SR 5 B W4 &
2 mL AR Z H . AuNRs@ZIF-8 fUfil &, w56k
WAL 3R PVP-AuNRs F A RO 2 mL B9 — 1 3%
KM (13 mmol/L) Al 2 mL A 7S /K AR EE (6.5 mmol/L)

30T ,4h

RV, WS TR AV RE SR M 3EHE L /N, )
B A1) AUNRS@ZIF-8 78 H RS LYK (6000 rpm,
5 min), FRMEE 2 mL B,

X Z$FIFEAF . ZEISS-SIGMA 300 44 B3 . 1%
5% (SEM) XFGK KL F 1L SR UEAT T R AE . 2R4MAT UL
(UV - vis) JEiC A UV-2700 40T WA 66 1
(BHE, HA), f= ol F 2 R A4 & O3k X
(Renishaw, THJE4]) R4, BOGCARIEKIES: 633 nm,
SR 0.5 mW, BRUCREERITE 10 B, SEl2K 600
AR, SIS BUEFLEE=0.55).

P FATE SR ARIETA T Sk,
SRIGXTHAEAT PVP M, HEETEMRUINA ZIF-8 AT
ORRVA IR (. FF SR ISR AR ), FHOR A K TS
FER SRR HAR TIPSR A, B, KIRAM
VWO AERE B R S e SR B RS i A T 2
Wi, BPATRAERIRLEO0E, WA 1 R, frgihik
SR R FKELE 107 mol/L~10"° mol/L
W) R6G IS, Fi#F 100 uL Ay AuNRs@ZIF-8 H!
B U5 200 uL BN [R) R B2 1Y) ROG ¥ 75 15 50 1R
G, HEPNT . B B RE RV R
AT, TR0 HHERRSCI A RAA T, A1
[ TR AV WO e A i B Bkt ik, AL A
il i BRI T 15 K.

3 XLWHERSSH
3.1 HBHRIE

W 2 s, E AR AT SEM A& U RE B 3
PEATRAE T o 151 2(a) FIr FE AR 2 1 4 ) G P K

2-MIM, Zn?*

30C,1h

' Laser

‘ Raman

B1 IHFRARTEHR

Fig. 1 Schematic diagram of the work study process
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Fig. 2 SEM images of (a) AuNRs, (b) ZIF -8, (c, d) AuNRs@?ZIF-8 of different magnifications
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Fig. 3 UV-Vis absorption spectra of the as-synthesized
AuNRs and AuNRs@ZIF-8
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Fig. 4 Sample performance diagram. (a) SERS spectra of 107 mol/L R6G for AUNRs@ZIF-8 and AuNRs substrates; (b) SERS spectra of R6G

with the concentration ranging from 107 to 10™ mol/L for AUNRs@ZIF-8 substrates; (c) The Raman intensities at 612 cm™ versus logarithmic
values of R6G concentrations; (d) Series of SERS spectra of random 10 sites of the substrates absorbing 10™ mol/L R6G
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Fig. 5 Raman spectrum of the R6G powder on silicon wafer
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The preparation and surface enhanced Raman
Scattering spectroscopy of AuUNRs@ZIF-8
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Schematic diagram of the work study process

Overview: As a non-destructive, rapid and highly sensitive molecular detection technology, surface enhanced Raman
spectroscopy (SERS) has been widely used in analytical chemistry, biomedicine, food detection and other fields.
Currently, it is generally believed that there are two kinds of SERS enhanced mechanism. One is the chemical
mechanism of charge transfer between molecules. The second is the physical mechanism, namely local surface plasmon
resonance (LSPR). When the incident laser is resonantly coupled with the metal substrate (Au, Ag, Cu, etc.) at a certain
excitation wavelength, a strong local electromagnetic field is formed, which is confined to a small range on the metal
surface. This phenomenon, known as local surface plasmon resonance (LSPR), can greatly enhance the Raman signals of
the detected molecules. Generally, only when the detected molecules are close to the surface of the precious metal
structure through chemical or physical action could there be a good SERS signal. Therefore, it has become particularly
important to design SERS bases with strong adsorption capacity for detected molecules.

Metal-organic framework (MOFs) is a new type of porous framework material which is self-assembled by metal ions
or clusters as nodes and organic molecules as ligands through coordination bonds. Due to its unique network structure,
large porosity, flexible structure, and multiple molecular adsorption sites, MOFs are very conducive to sample
enrichment, and are widely used in adsorption, separation, and storage of solution samples. Combining metal organic
framework with metal substrate material, using MOFs enrichment and SERS effect of precious metals, the detection
molecules could be close to the surface of precious metals, thus effectively collecting Raman signals of the test molecules.

This paper proposes a core-shell structure (AuNRs@ZIF-8) of ZIF-8 material coated gold nanorods (AuNRs) to
achieve Raman signal enhancement. Both the surface plasmon enhancement characteristics of the gold nanoparticles
and the adsorption properties of ZIF-8, a porous MOFs material, can be used to realize highly sensitive Raman detection
of the solution samples. We first prepare well-homogeneous AuNRs by seed crystallization method, then modify them
with polyvinylpyrrolidone (PVP), and finally add the metal-organic framework ZIF-8 precursor to obtain the
AuNRs@ZIF-8 Core-shell nanostructures. The structure has high sensitivity to the SERS detection of rhodamine (R6G),
the detection limit can be as low as 10~ M, and the linear relationship and homogeneity are good. In addition, we
further confirm the formation of the core-shell nanostructures and effective adsorption of the target molecules by testing
the UV-Vis absorption spectra of the structure before and after R6G absorption.

Yuan Y T, Mi J J, Wang M, et al. The preparation and surface enhanced Raman Scattering spectroscopy of AUNRs@ZIF-
8[J]. Opto-Electron Eng, 2023, 50(6): 230029; DOI: 10.12086/0ee.2023.230029
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