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Trace Detection of Rhodamine B in Infant Candy by g-C,;N,/Ag Nanocompo-—
site as Surface—~Enhanced Raman Scattering Substrate

Ma, Chao Wu, Jiawei Zhu, Lin Han, Xiaoxia Ruan, Weidong Song, Wei*
Wang, Xu* Zhao, Bing
(State Key Laboratory of Supramolecular Structure and Materials, Institute of Theoretical Chemistry, Jilin University,
Changchun 130012, China)

Abstract In recent years, food safety problems caused by illegal additions in infant foods have received widespread atten-
tion. Surface-enhanced Raman scattering (SERS) technique is used to rapidly and non-destructively detect the banned RhB
that is usually added in food. In this study, we have prepared g-C3N4,/Ag composites via a simple method successfully, their
morphology and structure were characterized by transmission electron microscope (TEM), ultraviolet-visible (UV-Vis), X-ray
diffraction (XRD), fluorescence spectrophotometer and confocal micro-Raman spectrometer (Raman). The g-C3N4 nanosheet
possesses good adsorption performance due to its highly delocalized n-conjugated system, which acts as a carrier for Ag na-
noparticles. Therefore, Ag nanoparticles are more uniformly and stably distributed on the surface of g-C;N4 nanosheets to
form g-CsN,/Ag nanocomposite, which can be used for rapid adsorption and trace detection of RhB. In the experiment, the
pH of the test and the absorbed time between the substrate and RhB were optimized. The influence of pH on the SPR of the
substrate and the SERS intensity of the probe molecule were investigated in detail. As g-C;N,/Ag nanocomposite shows a
significant higher absorption in the visible region around 500 nm than Ag nanoparticles, g-CsN,/Ag nanocomposite is more
favorable for SPR absorption. A wide SPR absorption range is achieved due to the synergy between g-C;N,4 and Ag nanopar-
ticles, providing an improved SERS enhancement performance. Under the optimal experimental conditions by using RhB as
probe molecule, an enhancement factor of 7.6 X 10° is achieved. Due to the electrostatic interaction and 7-m interaction be-
tween the substrate and the probe molecules, the substrate can enrich in a large amount of cationic dyes, offering a detection
of RhB. The g-C;sN4/Ag SERS substrate can be used to detect RhB with a linear relationship from 1.0X10~° to 1.0X107°
mol/L and a detection limit as low as 0.39 nmol/L. In addition, the g-C3N,/Ag nanocomposite SERS substrate can also detect
trace amounts of RhB molecules in the commercially available rainbow lollipops with a high sensitivity, and the recovery
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were 93.6%~95.04%. In summary, the g-C;N4/Ag nanocomposite is not only a SERS substrate with high sensitivity, uni-
formity and stability, but also can be used as a rapid trace detection method of Rhodamine B in real food and environment.
Keywords surface enhanced Raman spectroscopy (SERS); g-C5N,/Ag nanocomposites; Rhodamine B; candy; trace detec-

tion
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Figure 1 Characterization of g-C;N4/Ag nanocomposites. (a), (b), (c)
TEM images of g-C;N4 nanosheets, Ag nanoparticles and g-C;Ni/Ag
nanocomposites; (d) XRD patterns of g-C;N4 nanosheets and g-C;Ni/Ag
nanocomposites; (e) Photoluminescence spectra of silver nanoparticles,
2-C3N, nanosheets and g-C;N4/Ag nanocomposites; (f) Raman spectra of
g-C;Ny4 nanosheets and g-C;N4/Ag nanocomposites
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Figure 2 (a) UV-visible absorption spectra of silver nanoparticles,
2-C;N, nanosheets, g-C;N4/Ag nanocomposites and UV-visible absorp-
tion differential spectra of g-CsN4/Ag nanocomposites and silver nanopar-
ticles; (b) SERS spectra of 5X 10 7 mol/L RhB adsorbed on g-C;N./Ag
nanocomposites, Ag nanoparticles, and Raman spectra of 0.01 mol/L RhB
solution
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Figure 3 (a) A series of SERS spectra of RhB (5X 10’ mol/L) mole-
cules from 25 different spots on the SERS active substrates and the rela-
tive standard deviation (RSD) of SERS characteristic peaks intensities of
RhB (b)1645 cm ', (c) 1355 cm ', (d) 1276 cm '; (e), (f) SERS spectra
of RhB solution with adsorption concentration of 1X 10 ¢ mol/L at dif-
ferent times
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Figure 4 (a) SERS spectra of RhB (1.0X 10 ° mol/L) in the different
pH (1.87, 2.26, 3.41, 4.15, 5.66, 6.67) with g-CsN4/Ag nanocomposites
substrate; (b) tendency of the SERS intensity at 1645 cm ' with a differ-
ent pH value; (c) UV-visible absorption spectra of g-C;N4/Ag nanocom-
posites at different pH; (d) SERS spectra of RhB, Sudan Red, Orange 2,
Acid Red (1.0X 10 ® mol/L) in pH 2.26 with g-C;N,/Ag nanocomposites
substrate
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Figure 6 (a) Surface-enhanced resonance Raman spectra of RhB with
2-C;N4/Ag nanocomposites substrate, pH=2.26, 25 min (concentrations
of RhB: 1.0X10°%, 5.0X 1077, 1.0X 1077, 5.0X10°% 1.0X10°% 5.0X
10°%, 1.0X 10"° mol/L); (b) the relationship between the intensity and the
concentration of RhB

2.7 EPrAESRTF RhB AN

N T RS ATTIFR RIS PR B RSE R, X
W' B (R ML FERE 4T 7 255200 JE RS INbRAE RhB
WS, FESJE SERS 155, ULEAFEM TG RhB. #
AT FRUER N GE A 1, AT REERE ) RhB [0
RN 93.6%~95.04%. FB T 3% il 5E 7732 Re Xt
B E IR R R RhB HEAT v R B0 DOEAS I, (A B
AN IR T, 5 A T 38 B K AR A Mo AT
HBEAT T PRSI WS RFE B (Table S1).
£ 1 RhB ZESERRRES bR LS

Table 1 Analytical results for the real samples
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FE Wi/ ugeg ) KPI/(ngeg")  EUE/%  RSD/%
o N 0.47 93.6 5.24
T M e b

1.0 0.954 954 4.57
3 Zhig

FH 8T B (0 72 i D i) 2% g-C3NW/Ag 90K 5 G408
F TG SR 2 U HE . Ag 4Kk 1R DA AT M 2H s A
g-CiN, UK F IR TH, SHaalif Ag WIRAELE &K
BAELH ., et R . B RhB R
O3 FH IR R A LUK B 7.6 X 10°, 38 i i i S 6 441,
Pl TG FE 1 pH 3K S RhB (45 &1 E, ¥
AHERFL T pH XF LK SPR IS AT R %L 737 SERS 5
FE sz, (R R AR IR &R, MAS RhB £ 1.0X
10 °~1.0X 107" mol/L ¥R JF i Bl A AT R UF Ik k5% &
(R*=0.993), & KK W BR AKX = 0.39 nmol/L. |
g-C3sNy/Ag 9K E A B SERS F JEE X 7 37548 65 11 R
FEFERE RIS NG RhB JHEAT T R S PR A I, L[]
RN 93.6%~95.04%. iXFh g-CsNJ/Ag 9k E S
MKl SERS HEAT T SLhaIA s B ZahMHE 75
B ek R A I R A Tz BN RS
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Figure 7 Schematic diagram of the preparation process

41 g-CiN KK HIERK

K i AGE A RN g-CaNy Ak A, B,
FH 5 g WREMMHIBIN S e, 75l R
2 C/min 2/ FIn#AE] 550 C, SRIF1EE 4 h, FHAH
ZER, BRI ERYRE A g-CiN, FRNG AT ok
K. B g-CyNy M AR I E 7 258 /KB A ik =ik, &5
O % .

4.2 SRIFEEHIHIE

KM Lee RIEPHIEARGKHKIT, ¥ 200 mL )
AgNO; (1 mmol/L)ZKIEMAETFEIRTS T I F 2 50 (s
FEZ19 90 °C), BEJE AN 4 mL IR =4N(1 wt%)/K
W, R T AR NS, A R A b
# OKGIEEAE 85 C N RFF 30 min, HafFEIKGEEH
T, A A IR RAT.

4.3 AR g-CiNJAg K E &#E

¥ 3 mg 1 g-C3Ny 784 3 mL X5 7K,
7 1h, B9 mL CLfil) & M ERA I ARERD 1 3 16 20 380
F) g-C3Ny IEIFIRH, B2 4 h, KEIFR L 8000
r/min #4338 25,0 10 min J5 0 500 pL 252 /K& H.
4.4 SERS £ #ttmeIsH&

LS FHE B E R 2R E o, 0 A
g-C;NyJ/Ag YK EAMEHEAT SERS HaeMIA. HERIFK
H20.0479 ¢ &' FHHH B [E 4k A T 100 mL £ & 1K, i@
PRI, 192010 mol/L FIBRAET LN 2588 T /K
BRARRREZ 1074, 107°, 1075, 1077, 1075, 107° mol/L).
BUAS A RhB A% 20 pL 5 20 pL (1) g-CsNy/Ag
A MBI HE 25 min )5, A E 20 pL IR A E R
THRHIA A, 7E 532 nm R 28R 3T 32 IR,

RhB 347 FRORE i A1 450 K = b T BB R R M A
B MR R BRSORY B i 2 IFREL 1 g, KA SN A B
HEATHE S, B BRERMA T 20 mL 255 1 /K A 5.
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U M AC AU 70 S TN AR TIN5 mL £ 1%k
PR, BOL EIEHET 80 CHATIEA. Al
SEPRAE L RB HOSESEH, 78 1 g 2 FARE S IAAE
IR [¥) RhB ¥, #EAT I
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