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B 1 (a)—(c) JilH h-BN 49K F, h-BN/Ag/Ag,0, h-BN/Ag/Ag,0 320 °C i k=) 1) TEM & (1 18] R X5F B 48 K b4 49 710 5
(d), (e) M ZR7E h-BN L1 Ag/Ag,O 4K BURLAE 320 °C 3B K i AR K 1 RLAR 431 &

Fig. 1. (a)—(c) TEM images of the original h-BN nanosheets, h-BN/Ag/Ag,0, and h-BN/Ag/Ag,0 annealing products at 320 C (II-
lustration is the solution of the corresponding nanomaterial); (d), (e) particle size distributions of Ag/Ag,0O nanoparticles loaded on

h-BN before and after annealing at 320 C.
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[ 3(b)  h-BN/Ag/Ag,0 320 C iB kE AR
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O ME I/ H) 0.4%. TESE TR LUE Ag/Ag,O
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200 nm - e ’ 200 nm
N
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& 2 (a) HAADF-STEM [E{%; (b)—(e) h-BN/Ag/Ag,0 320 C i kK E &k B Ag, O, BFI N T E 415 & ; (f) BEJEHT

EN

Fig. 2. (a) HAADF-STEM image; (b)—(e) distribution of Ag, O, B and N elements in h-BN/Ag/Ag,0O annealed composite at 320 C;

(f) mixed element map.
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h-BN/Ag/Ag,0 320 °C iE X7 HRTEM &4 (a) Al SAED K% (b); 18 kT (c) FE X5 (d) A EDS

Fig. 3. HRTEM image (a) and SAED image (b) of h-BN/Ag/Ag,0 after annealed in 320 °C; EDS image before (c) and after (d) an-

nealed of h-BN/Ag/Ag,0.

BT A ZEA AT, IR 4(a) Bos. Hi, 20 47
T 26.9°, 41.8°, 50.2°, 55.1°, 75.9°H)— R F A7 ks
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Al (JCPDS, No. 73-2095). X} T il # & h-BN/
Ag/Ag,0, ik h-BN #AKAYAT S IE 5N, f7 T
38.2°4L AR IR Ag,O 1Y (200) fF41E (JCPDS,
No. 75-1532), {1 F 44.3°4b {4 17 53 W Xt i Ag 1Y
(200) fhTE (JCPDS, No. 65-2871). XfF h-BN/Ag/
Agy0 320 C IRKEEI KL, LITE 32.9°F1 64.8°4b
LT R AgyO Y (111) §4 1 (JCPDS, No. 75-
1532) 1 Ag 1 (200) &h i (JCPDS, No. 65-2871)
(R 3T (AT S 0, 5 L A 6T IO 194 437 S5 68 B o 3 b
I, X AAESE TRk Z J5 h-BN/Ag/Ag,0& &
MR Ag BT E s, i — % W] h-BN/Ag/
Ag,0 320 C iR k&G M B4 D). FIFHUV-
vis-NIR WG E S h-BN 440k A, h-BN/Ag/
Ag,O 1 h-BN/Ag/Ag,O FEA Al T iR K Y
A PR IR EA T T, AL 3(b) s,
h-BN/Ag/Ag,0 7E 423 nm 4b H B T — N85 1Y
W U | 3 X BT Ag/Ag,0 40K Uk 9 LSPR
PR i, Bl IR SR B T, 423 nm AR

UAE PRI LSBT, S JCIRLEE Sy 320 °C Bl
kB, RTEZR JOR BNl h-BN/Ag/
Ag,O EAMEHEARIR KA h-BN/Ag/Ag,0 B A
TSR GI ISR T, A R T RE A I R. ThY
1B KRS 400 °C B, 423 nm b AT 2%
A& W T4 LSPR LR Ag/Ag,0 4K
WO AE L B LT A B R A Y. 3 e IS
Wi 7 MR B AEIR JORLEE R 320 C. SR JE AT
Tauc J%4} h-BN, h-BN/Ag/Ag,0 1 h-BN/Ag/
Ag,0 320 C B AE G MR T, 4558
WE 4(c) Frox, @545 2546 h-BN 147 R
5.3 eV, M7E h-BN _EA K Ag/Ag,O J5, i Bl
WK 5 eV, X F 54 R 9K A RS o SR
I HEA B . 7E h-BN/Ag/Ag,0 320 C B &,
BAMEIRYHBR (4.59 eV) AHELRIB K (5 eV)
FEMR T 0.41 eV, UESE VIR KA AP MEE h-BN/
Ag/Ag,0 B G MBI BRE5H , Pt &5k
RA AT AR YRR TR kb B
1Y) h-BN/Ag/Ag,0 &G A Y XRD FIRIOETE
MR, 153 7E BB B 320 °C X h-BN/Ag/
Ag,O B A M EHIEFTIR K, AT LA AT LR AT B3R 11
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Fig. 4. (a) XRD spectrum of original h-BN nanosheets, h-BN/Ag/Ag,0 and h-BN/Ag/Ag,0 annealed 320 °C; (b) ultraviolet-visible-
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Fig. 6. (a) SERS spectrum of CV (10 ¢ M) molecules was obtained by Raman test on h-BN/Ag/Ag,O composites at different an-
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concentration of 10 M mixed with yogurt, sparkling water and colored cake extract; (d) change in Raman peak intensity at 1619 cm ™t
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Optimization of h-BN/Ag/Ag,0 heterostructure by high
temperature annealing and its surface-enhanced Raman
scattering performance’

Zheng Lin-Qi  Shi Shu-Hua  Li Jin-Ze  Wang Zi-Yu  Li Shuang!
(School of Science, Shandong Jianzhu University, Jinan 250101, China)

( Received 7 July 2023; revised manuscript received 4 August 2023 )

Abstract

As a commonly used food additive, synthetic dyes are widely used in foods such as beverages, sweets and
dairy products, and in the food processing process. Excessive use of synthetic dyes may induce cell mutations,
children’s hyperactivity, genetic diseases and even cancer, which greatly threatens human health. As a fast,
cheap, stable, ultra-sensitive and accurate detection method, SERS detection can reflect rich information about
molecular fingerprint through the vibration of the analyte, and accurately determine the trace quantity of
synthetic dyes in the actual environment. The metal/semiconductor heterostructure formed by the combination
of plasmon metal and semiconductor is advantageous for the enhancement of photoinduced charge transfer
(PICT) efficiency, and has obvious advantages in the study of surface-enhanced Raman scattering. In this work,
the prepared hybrid substrate is annealed to further improve the surface-enhanced Raman scattering activity.
Initially, high-density and monodisperse silver/silver oxide (Ag/Ag,0O) nanoparticles are loaded onto two-
dimensional hexagonal boron nitride (h-BN) nanosheets. On this basis, by annealing the system at high
temperature, an efficient charge transfer channel is constructed, which greatly improves the PICT efficiency and
chemical enhancement (CM). It is confirmed experimentally that the SERS signal intensity of h-BN/Ag/Ag,0
material annealed at 320 °C with crystal violet (CV) as probe molecule is significantly increased 18 times
compared with that of unannealed material, enhancement factor (EF) reaches 16.3145 x107. Finally, based on
the excellent SERS property of h-BN/Ag/Ag,0 annealed at 320 °C, the SERS detection of food additive Patent
Blue V (PBV) is conducted in this work. The results show that the lowest detection concentration can reach
102 M, and the trace detection of synthetic dye PBV is realized. It has excellent spatial uniformity and anti-
interference capability, which is of great significance in implementing the actual scene detection of PBV. The h-
BN/Ag/Ag,0 annealed at 320 °C, the composite which is constructed in this paper, has both physical
enhancement and chemical enhancement, and possess significant advantages in ultra-low sensitive SERS

detection of food additives.
Keywords: surface-enhanced Raman scattering, 2D materials, chemical enhancement, food additives
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