Synthesis of blue-emitting polyvinylpyrrolidone coated copper nanoclusters for sensitive detection of sodium dichloroisocyanurate and rosmarinic acid
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[bookmark: _Hlk139612921]Materials and Instruments:
[bookmark: OLE_LINK16][bookmark: OLE_LINK20]Unless otherwise stated, all reagents are analytical grade and can be used without further purification. H3PO4, acetic acid (HAc), KCl, MgCl2·6H2O, MnSO4·H2O, FeCl3·6H2O, glucose, glycine(Gly), sodium benzoate (SB), cinnamaldehyde (CA), methyleugenol (ME), sodium dichloroisocyanurate (DCCNa) and quinine sulfate (QS) was purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). NaOH, H3BO3, Ca(NO3)2·4H2O, sucrose, uric acid (UA), nicotinamide (Nam), L-Cysteine (L-Cys), L-Histidine (L-His), kaolin, talc, acesulfame potassium (AP), potassium sorbate (PS), sunset yellow (SY), citral, polyvinylpyrrolidone (PVP, Mr = 8000, 24000, 58000, 220000, 1300000), ascorbic acid, rosmarinic acid and tartrazine were purchased from Shanghai Macklin Biochemical Co., Ltd. (Shanghai, China). ZnCl2 was purchased from Shanghai Experiment Reagent Co., Ltd. (Shanghai, China). Na2CO3 was purchased from Chongqing Maoye Chemical Technology Co., Ltd. (Chongqing, China). HCl, NaCl, CuSO4·5H2O and Al(NO3)3·9H2O was purchased from Chengdu Kelong Chemical Co., Ltd. (Chengdu, China). L-Phenylalanine (L-Phe), L-Leucine (L-Leu) and L-Valine (L-Val) were obtained from Shanghai Civi Chemical Technology Co., Ltd. (Shanghai, China). All glass instruments were cleaned with aqua regia and ultrapure water thoroughly. The experimental solution was composed of ultrapure water.
The sizes, morphologies and surface functional property of PVP-CuNCs were characterized and analyzed by transmission electron microscopy (TEM) with a JEM-2100F (JEOL, Japan) and ESCALAB 250Xi X-ray photoelectron spectroscopy (XPS) (Thermo Fisher Scientific, USA). Fourier transform infrared (FTIR) spectra were recorded by Nicolet-6700 FT-IR spectrometer (Thermo Fisher Scientific, USA) with KBr pellet technique. Zeta potential measurement were recorded at a Zetasizer Nano ZS (Malvern Instruments, UK). Fluorescence and UV-vis absorption spectra were obtained at an F-4700 fluorescence spectrophotometer (Hitachi, Japan) and UV-2550 spectrophotometer (Shimadzu, Japan), respectively.
Quantum Yield Calculation
[bookmark: OLE_LINK18]Quantum yield of the PVP-CuNCs was measured using quinine sulfate as a reference standard[1], and the value was calculated by eq. (1).

                                                      (1)
where  represents quantum yields; I and A are the integral area under fluorescent spectra and the UV–vis absorbance, respectively; η refers to the refractive index of solvent; s stands for the reference standard (quinine sulfate).
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[bookmark: _Hlk140502864]Fig. S1 The influence of pH (A) and dosage of PVP (B) for synthesis
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Fig. S2 XPS spectra of C (A), N (B) and O (C) in CuNCs
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Fig. S3 FT-IR spectra PVP and PVP-CuNCs
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Fig. S4 UV–vis absorption spectra of PVP and CuNCs
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Fig. S5 The stability of CuNCs in different pH (A), storage time (B) and salt concentration (C)
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[bookmark: OLE_LINK1]Fig. S6 The influence of pH (A), reaction time (B) and temperature (C) on DCCNa detection; The influence of reaction time (D) on RA detection




Table S1 The comparison between this work and other reported methods for the detection of RA
	Analytical method
	Linear range (μM)
	LOD (μM)
	Ref.

	Cyclic voltammetry
	0.10-3.20
	0.097
	[2]

	DPV
	1.00-55.00
	0.500
	[3]

	Y:Yb/Er-Cit-CD/oxTMB/colorimetric
	0.10-6.00
	0.036
	[4]

	Y:Yb/Er-Cit-CD/oxTMB/fluorescence
	0.01-5.00
	0.004
	[4]

	UFLC
	0.28-27.75
	0.110
	[5]

	Electrochemical sensor
	0.20-400.00
	0.182
	[6]

	PVP-CuNCs
	0.03-0.90
	0.009
	This work



Table S2 The intra-day and inter-day precision of detection DCCNa and RA, respectively (n=3)
	[bookmark: _Hlk140607391]DCCNa
	
	RA

	C (μM)
	Intra-day (μM)
	RSD (%)
	Inter-day (μM)
	RSD (%)
	
	C (μM)
	Intra-day (μM)
	RSD (%)
	Inter-day (μM)
	RSD (%)

	0.30
	0.3103
	0.58
	0.3099
	2.22
	
	0.15
	0.1556
	1.63
	0.1517
	1.95

	
	0.3068
	
	0.3028
	
	
	
	0.1526
	
	0.1483
	

	
	0.3076
	
	0.2964
	
	
	
	0.1576
	
	0.1541
	

	0.60
	0.6043
	1.85
	0.5833
	1.02
	
	0.30
	0.3121
	2.69
	0.3139
	2.63

	
	0.6271
	
	0.5901
	
	
	
	0.3036
	
	0.3120
	

	
	0.6164
	
	0.5953
	
	
	
	0.2957
	
	0.2990
	

	0.90
	0.9237
	1.45
	0.8860
	1.57
	
	0.60
	0.6117
	1.72
	0.5889
	1.61

	
	0.9021
	
	0.9129
	
	
	
	0.6121
	
	0.6065
	

	
	0.8998
	
	0.8922
	
	
	
	0.5938
	
	0.6045
	



References
1. Wang XS, Zhang S (2022) A highly selective fluorescent sensor for chlortetracycline based on histidine-templated copper nanoclusters. Spectrochim Actat A 281:121588. https://doi.org/10.1016/j.saa.2022.121588
2. Munteanu IG, Grădinaru VR, Apetrei C (2022) Sensitive Detection of Rosmarinic Acid Using Peptide-Modified Graphene Oxide Screen-Printed Carbon Electrode. Nanomaterials-Basel 12(19):3292. https://doi.org/10.3390/nano12193292 
3. Özdokur KV, Koçak ÇC (2019) Simultaneous Determination of Rosmarinic Acid and Protocatechuic Acid at Poly(o-Phenylenediamine)/Pt Nanoparticles Modified Glassy Carbon Electrode. Electroanal 31(12):2359-2367. https://doi.org/10.1002/elan.201900144
4. Chen Y, Yang X, Lu C, Yang Z, Wu W, Wang X (2023) Novel colorimetric, photothermal and up-conversion fluorescence triple-signal sensor for rosmarinic acid detection. Chinese Chem Lett 34(8):108099. https://doi.org/10.1016/j.cclet.2022.108099
5. Fachel FNS, Nemitz MC, Medeiros-Neves B, Veras KS, Bassani VL, Koester LS, Henriques AT, Teixeira HF (2018) A novel, simplified and stability-indicating high-throughput ultra-fast liquid chromatography method for the determination of rosmarinic acid in nanoemulsions, porcine skin and nasal mucosa. J Chromatogr B 1083:233-241. https://doi.org/10.1016/j.jchromb.2018.03.020
6. Wang Z, Wang Y, Yang S, Xue L, Feng W, Liu X, Li B, Yin M, Jiao J, Chen Q (2021) Electrochemical sensor based on magnetic nanohybrids of multiple phthalocyanine doped ferrites/CMWCNTs for detection of rosmarinic acid. Talanta 226:122165. https://doi.org/10.1016/j.talanta.2021.122165
image2.tif
FL Intensity (a.u.)

10000 ~

8000 -

=2
S
S
—]
|

4000 -

2000 -

10000 -

®
(=3
(=3
=}

6000 -

4000 -

FL Intensity (a.u.)

2000 -

400

450 500 550
Wavelength (nm)





image3.tif
10000 - 2 w000 B
i e
£ 6000
~ 8000 -+ 5_3 4000+
3 = 2000
= 6000 -
;‘ 0.1724 0.2586 0.3448 0.4310 0.5172
g Cpyp (MM)
— 0.2586 mM
é —(0.3448 mM
2000 + —0.4310 mM
0.5172 mM
0 -

400 450 500 550
Wavelength (nm)




image4.tif
Raw
— Fit

Backround
[ cc
C-N
c=0

Intensity (a.u.)

290 288 286 284 282 280
Banding energy (eV)




image5.tif
Raw
, — Fit
/ \ Backround
[ CN
=3 [
: .
b !
= _
= [
g \
=
T
\
.SV, i - gx,mvﬁv_:.a'\'i%Av_'Mq
404 402 400 398 396

Binding energy (eV)

394




image6.tif
Raw
— Fit
Backround

Intensity (a.u.)

536 534 532 530 528 526
Binding energy (eV)




image7.tiff
PVP

S

~ PVP-CuNCs
g

=

£

£

w

=

=

i
-

4000 3000 2000 1000

Wavenumber (cm™)




image8.tiff
1.5
CuNCs
—PVP

1.0 1
W
(2]
=
=
=
1
o
I
<« 0.5+

0.0 4 A
200 300 400 500 600

Wavelength (nm)




image9.tif
10000 -

s
S
S
e )
A.

6000 -
4000 -

n'e) Aysunuy T4

2000 -




image10.tif
10000 -+

o
S
—
—
1

6000 -

4000

FL Intensity (a.u.)

2000





image11.tif
10000 -

8000 ~

6000 -+

4000 -

FL Intensity (a.u.)

2000 +

H

10

20 50
CNaCl (mM)

100

200





image12.tif
12000 —=— Without DCCNa
—e— With 2.4 uM DCCNa
——F,-F
10000 - . )
=
< 8000 -
>
-
‘2 6000 -
2
=
~ 4000 -
-
=
2000 -
0 -
2 3 4 5 6 71 8




image13.tif
FL Intensity (a.u.)

12000 -+

10000 ~

o)
—
S
=
1

6000 -

4000 -+

2000 -+

—=— Without DCCNa
—o— With 2.4 uyM DCCNa

—h— FO-F
—— — —
e o —kc
=0 O— -
3 4 5




image14.tif
FL Intensity (a.u.)

12000 -+

10000 -+

L
S
S
=
1

6000 -

4000 -+

2000 -

—=— Without DCCNa

—e— With 2.4 uM DCCNa
elr— FO-F

——

—

T (°C)




image15.tif
FL Intensity (a.u.)

—=—With 0.9 uM RA

12000 - —e—Without RA
——F-F,

10000 -

8000 - / —— - -
6000 -

o — - o ==

4000 / e — —
2000 -
0 -

1 2 3 4 5




image1.wmf
2

2

s

s

ss

A

I

IA

h

h

=´´´

φ

φ


oleObject1.bin

