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Fig. 1 Specific preparation of AuNPs-cysteamine composite SERS substrate

W28 1K JE B2 R SEM I, /] LLIE 2 WL E
H 2 I 2 AU 3 1 T CER 25 L TR 0 A A
¥i5), B 2(e) J AR R 2 B K Y 4 40 oK Uk
ez 52 4 SERS JLE 9 SEM &, ] WL, 2K ek 5 4
GUKBOR S SRR . B 2(D) RRIEELEE T
K S5 Y 4 98 K BORL -2 BE e 2 & SERS JEJIE Y SEM
Pl ] D, 4 G K UKL 5 2 DR R 45 5 15 R R % B
A, KRR EE FREMEZZHS B amA
B A 45 5 4 9 K U B AN 3R 1T 49 1 RS 4 TR
PRI B e 5 4 ORI 25 G 8 Wb . 2 BTk
BT 121 e e 5 30 LD X 0 1 26 S B IR 2 A L AT
DL SR A8 4 AN KSR, IR 2 50 VBB A A &)
KUK Bk e &2 A SERS B % .
3.2 AEAZEESNKBMAE F AL S SERS
2K

it FH 1] — 4t 2 B e 43 504 4 15.20.25 mL 4
V5 I ) 25 < AN R OB e e 5 45 SERS JE %, B2
) SEM £ AL E 3 (a) ~ () iR, A LLEH.

1111002-2



F£49% £ 11 H1/2022 £ 6 A/HEH

15 mL RS F MM AEE A, HECOAR 620 mLE RIS F M4 &8 2 A A

1111002-3



F£49% 5 11 81/2022 5 6 A/PEHA

500 nm

B 2 2 e B 4 0 K TR - BE e & 4 SERS LR TE S EY SEM #F . () KRB £ B TR MR (DL 5 KRG
B I i 5 (o) AR TR U 25 55 7 7K A4 4 490 K S0k 21 Dk i 52 & SERS LIS ; (D 3R £ B 7 /K 5 09 4 40 K BUR-2F e e &2 &
SERS #:Ji§

Fig. 2 SEM characterization of cysteamine and AuNPs-cysteamine composite SERS substrate. (a) Cysteamine without

soaking in deionized water; (b) cysteamine after soaking in deionized water; (¢) AuNPs-cysteamine composite SERS

substrate without soaking in deionized water; (d) AuNPs-cysteamine composite SERS substrate after soaking

in deionized water
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Fig. 3 SEM images of AuNPs with different densities after binding to cysteamine. (a) 15 mL gold sol; (b) 20 mL

gold sol; (¢) 25 mL gold sol

TFHELZPE 525 mL &R RS E RS A %
AT HE.
3.3 SERS E KRy 1E5E %48
3.3.1 ¥pisE AWM RBEAE S SERS A&
g e XN DR

e b i ) 7 B R I AE 646,721,937 cm ' Ak,
I A PR AR 5 F O 4 fF I 7E 1045 em ' Ab L [H L 3L
A B L2 AF 5 O 230 il R B A A I 7 A S e, A
ARG rp Al A 4K UKL - e e 2 A SERS R IR
o 00 A PR AR ) hor 2 RRAE WEAE 1037 em BT, 5 04
W RS BS . X T RE S AR BRI 4 ke AR L g ok R
B TR TR L% 3 A ) B A AR AL S RS AL T v
FER 1 mg/L BYRHER BRI WAL IR 2. 4 o rh BT iR 454

A OB TS R AT A L P 4 Ca) 2 AS ) 75 24 I e %o
5 TS 14 5 A5 L Y B2 ), AT DL YR 9 25 B R K Y A oK
OB e 52 A SERS K5 Xk A 2 40 1 A6 ) 5 i
R 130, 1M A= 25 B T K 0 4 90 oK 0k e e &
G SERS K& i % il /R #1 fd o I 5 B2 Ry 66, SRR
T8 TR 4 9 K WKL -2 e e 52 A SERS SE % 4
5 A2 557 1) it DAL s Il e M B, AN T K A 4 A oK
B A R A R R R S SR A 5 5 T
L LB TR A SERS KL, 21 B 5 4 94
KIGORL T 3 B8 5 G5 s PR AR T 2 G B R
SESHEER., X—ZREWH HHLE KR
T Y 4 90 K OB Bk i &2 & SERS KRS A 1 5
PERERE AT . & 4(b) 2 AN [H) 25 3 4 94 oK 00k e e

1111002-4



F£49% £ 11 H1/2022 £ 6 A/HEH

4% SERS HEJE X 1 mg/L A B2 AR B4 37 2 I 4L 245
AT RLE 1, 15.20.25 mL @0 5 2 e 45 A
(524 SERS K (1 $7 2 15 5 58 & 43 ) R 51,88,
48, o 20 mL 4 ¥ B i A 1 SR Y B 5 1 BB I

(@) 250
-------- not immersion in deionized water
~—— immersion in deionized water
200

n

=

=1

=

2 150 1037.58

8

Z

0

=

5}

g

<

S

Raman shift /cm™!

600 800 1000 1200 1400 1600 1800 2000

U o 3k BRI < ORI A
o L 48 8 1 BB R 58 5 < UKL 75 i K 2 2 il
UKL IR A L 2 [ A1 394 56 1 B s >4 < WORE & il
WL S 2 B 3 2] 4 4 S SR RE R AT .

®) 150

— ] 5 ],

100 1037.58

Intensity /arb.units

d o 3

i . X L Al .

600 800 1000 1200 1400 1600 1800 2000
Raman shift /cm™!

P4 2 BERE S 9K BURL & B4 SERS SRR ISR PERE AV Z I . () AN [R) & B2 DL 258 S 0K PO SERS £ i i) 75 g
X G 5 Ch) AN [v) % J3E < 49 K UKL &85 2 DB M 19 SERS 2 i 19 1 RE X LL

Fig. 4 Effect of cysteamine and gold nanoparticle contents on enhancement performance of SERS substrate. (a) Performance

comparison of SERS substrate with different contents of cysteamine combined with AuNPs; (b) performance

comparison of SERS substrate with different densities of AuNPs combined with cysteamine
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Fig. 7 Raman spectra of potassium nitrate on 8 different

AuNPs-cysteamine composite SERS substrates
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Nitrate Detection in Water Based on AuNPs-Cysteamine SERS Substrate
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Chongqing 400065, China ;

* School of Bioinformatics, Chongqing University of Posts and Telecommumnications, Chongging 400065, China

Abstract

Objective Nitrate is an ionic nutrient that can flow into rivers, lakes, and seas through agricultural fertilizers,
organic nitrogen-containing soils, industrial and domestic wastewater, as well as other sources, leading to the
eutrophication of water bodies. Therefore, the detection of nitrate content is an important indicator of water quality.
The main detection methods for nitrate include ion chromatography and spectrophotometry. Ion chromatography
requires professional instruments, resulting in a high cost, whereas spectrophotometry requires pretreatment of the
sample, resulting in a complicated and time-consuming process. Surface-enhanced Raman spectroscopy (SERS) has
high sensitivity, does not require pretreatment of the sample, and does not experience interference from water.
Thus, it is applicable to detect substances in aqueous solution. Presently, nitrate detection in water using SERS has
low detection limits, which cannot meet the national environmental quality standards for groundwater. In this study,
a composite SERS substrate is reported with positively charged cysteamine modified around negatively charged gold
nanoparticles. The reported substrate can directly detect nitrate while reaching the detection standards of Class-I

water.

1111002-7



F£49% £ 11 H1/2022 £ 6 A/HEH

Methods In this paper, Au-cysteamine composite SERS substrates were prepared using a combination of chemical
reduction and self-assembly methods. First, gold nanoparticles were prepared through the reduction of chloroauric
acid using trisodium citrate. Second, cysteamine, having strong coordination with metals and charged groups, was
used to functionally modify the surrounding negatively charged gold nanoparticles to increase the affinity of gold
nanoparticles to nitrate anions and improve the signal-detection sensitivity. Finally, the morphology of the
cysteamine and AuNPs-cysteamine composite SERS substrates were characterized by scanning electron microscopy
(SEM), and the effects of cysteamine stacking density and gold nanoparticle density on the performance of the
substrates were investigated to improve the signal sensitivity to nitrate anions.

Results and Discussions  The AuNPs-cysteamine composite SERS substrate prepared in this paper has high
sensitivity to nitrate anions in water and can meet the detection standard for Class-I water in the national
groundwater environmental quality standard. SEM showed a coral-like network formed by the cysteamine soaked in
deionized water, which had a uniform distribution and was tightly and uniformly bound to the gold nanoparticles
(Fig. 2). The self-assembled coverslip with cysteamine was immersed in 20 mL of gold sol, and the bound
cysteamine and gold nanoparticles were more uniformly distributed, which produced more hotspots (Fig. 3). The
AuNPs-cysteamine composite SERS substrate performed better in experiments when soaked in deionized water than
otherwise, owing to the uniform distribution of cysteamine. The AuNPs-cysteamine composite SERS substrate
prepared by the same batch of cysteamine modified with 20 mL of gold sol had moderate detection performance owing
to the content of gold nanoparticles, whereas the best performance was obtained after binding with cysteamine
(Fig. 4). The detection limit of the AuNPs-cysteamine composite SERS substrate prepared by self-assembly using
cysteamine soaked in deionized water and 20 mL of gold sol was 0.01 mg/L (Fig. 5) with an enhancement factor of
2.14 x 10° (Fig. 6), and the relative standard deviation (RSD) of the potassium nitrate signal on eight different
AuNPs-cysteamine composite SERS substrates was 10.36% (Fig. 7), which meets the detection standard of Class-I
water.

Conclusions In this paper, an AuNPs-cysteamine composite SERS substrate for the detection of nitrate in water is
prepared. To increase the affinity of gold nanoparticles toward nitrate anions, gold nanoparticles are prepared by
chemical reduction, and the signal-detection sensitivity is improved by functionalizing the surrounding negatively
charged gold nanoparticles with positively charged cysteamine. The experimental results show that the best
enhancement performance is obtained when AuNPs-cysteamine composite SERS substrate is prepared by soaking
coverslips with 10 * mol/L cysteamine for 3 h using deionized water and then modifying 20 mL of gold sol, with an
enhancement factor of 2.14 X 10°. The RSD of potassium nitrate SERS signal on eight different AuNPs-cysteamine
composite SERS substrates was 10.36 % ; moreover, the detection limit for standard nitrate solution is 0.01 mg/L.
Therefore, the development of AuNPs-cysteamine composite SERS substrate has laid the foundation for the detection
of nitrate nitrogen in water by Raman spectroscopy and has a great prospect of application.

Key words spectroscopy; AuNPs-cysteamine; SERS substrate; nitrate

1111002-8



