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Abstract: Cr( VI) is a significant target in the control of water pollution because of its high toxicity
and severe carcinogenicity, which makes the development of inexpensive, quick, and simple detec-
tion techniques extremely pertinent. In this work, red-fluorescent BSA—gold nanoclusters (BSA-
AuNCs) were synthesized using bovine serum albumin (BSA) as a template and L-ascorbic acid as a
reducing agent. A new analytical technique for identifying Cr( VI ) in water was developed using these
BSA-AuNCs as a fluorescent probe. The resulting assay showed high selectivity, a linear range of
9.00x107 to 1. 0010 mol/L., and a limit of detection(S/N=3) of 4. 90 nmol/L.. Mechanistic investi-
gations revealed that static quenching and inner filter effect work together to quench the fluorescence
of BSA—AuNCs by Cr( VI). Method validation using real water samples (tap water, the water of Yan-
he River, and chromium-containing laboratory wastewater) yielded spike recoveries of 95. 8%—-101%,
demonstrating high accuracy and reliability. Furthermore, a portable test strip based on BSA-
AuNCs was fabricated, which enabled the rapid and visual detection of Cr( VI ). Collectively, this
study provides a practical and effective strategy for on-site screening and monitoring of Cr( VI ) pollu-
tion in water environments.
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Fig. 1  Morphological characterization, spectroscopic properties, and fluorescence response to Cr( VI) of BSA-AuNCs

A.TEM image; B. UV-Vis spectrum and fluorescence spectra; C. fluorescence spectra for the detection of Cr( VI) using BSA~AuNCs
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Fig.2 The influence of experimental conditions on the sensing performance of the BSA—AuNCs system

A. pH value, B. buffer solution type, C. reaction temperature, D. reaction time
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Fig. 3 Fluorescence spectra of BSA—AuNCs upon addition of different concentrations of Cr( VI)(A), corresponding linear cali-
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bration curve(B) and selectivity evaluation(C)
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Table 1 ~ Comparison of this method with other Cr( VI) detection methods

Detection type Linear range/(mg-L™") LOD/(pg-L™") Reference
TR (833 — L BRI B 5 B TR B T R 0~0. 50 0.20 [7]
TORBRTE oy e 0.016~1.0 4.00 (6]
S BEAB MR 52 A5 P AR 22 1 0. 02~2. 00 4.40 [23]
(AR EIYARES 0. 04~1.20 4.70 [24]
AR AT A (Indi-CDs) TEOEIREN % 0~4. 68 40. 04 [25]
R T 5 (A-CDs) 2 IRENE 0~4.16 18.72 [26]
GSH-AuNCs 2 VEHR T 0. 005~0. 50 0. 50 [27]
BSA-AuNCs 2 CHRET 0.047~0. 52 0.25 This work
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M5E, M 4A TR, BSA-AuNCs(HZE 1)7E 360 nm [ 0T ToHH 20, N Cr( VD) J5 (1 £62) TEiZ X

BT — A 2 SR

A Cr( VD) (H1 2K 3) 7 350~375 nm FRAERFEMR I, HLERAE Cr( VDI
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Fig. 4 UV-Vis absorption spectra of BSA—AuNCs+Cr( VI ) system (A), their fluorescence lifetime(B), and TEM image (C)
#2 SO INAL R

Table 2 Fluorescence lifetime measurement results

Sample w, 7, @, T/ns X
BSA-AuNCs 0. 12 ns/(30. 26%) 1. 37 ns/(20. 95%) 5. 05 ns/(48. 79%) 2.78 1.27
BSA-AuNCs+Cr( VI) 0. 01 ns/(29. 25%) 1. 24 ns/(19. 03%) 4.76 ns/(51.72%) 2.71 1.16

7 is the fluorescence lifetime value, x? is the chi—square test(z HFICHRE, A RITHE)

ZE FFR, Cr( VD)X BSA-AuNCs M2 IR KA PSRN A S0 K L A E 255 . X nTRE A&
h Cr( VD) 25838 BSA 5 AuNCs 9456, fdi AuNCs M\ BSA FMETE , TR0 B BT i )RR B AR
REFN
2.4 BSA-AuNCsitZR AT+ Cr( VI) B BE M

BRI PR AC o MR NI K R BSA-AuNCs I H 1 min, BUE BT BSA-AuNCs {48, 7E
365 nm =AM H AL ZE A 2 BETHL App IREXRGBH (& 5), XFHRIEAR R #5A (FK ), R/BIH
0.26 /i), BSA-AuNCs R4UNREHEM L A5, R/BIEA T 1.25~1. 42, FH BSA-AuNCs i)
BT URLC, HuTHERRZ ST,

PRl BSA-AuNCs IR 48 H LA Cr (VD) B PERE , K537 6 BSA-AuNCs IR4E 23 5112 N A 7] ok J
(1. 00x10™"°~1. 0010~ mol/L) Cr ( VI ) bR %5 ¥ S 7% 1R 7K (Blank) ", XU JG7E L AMT T S, BSA-
AuNCs IRARAY 258 60E Cr( V) i BEFH SN2 55 , il KA ANAS I Cr( VD UG 0%
NerEEfS, BN Ce(VD) H SIS T, £ BSA-AuNCs iRZEn] SEHUIHR E Cr( VD) 5 H WA

ARG R T, BHRARIR N 1. 00107 mol/L Cr( VI i EE 0~5 min PIRARHIZE 648 b
THOL, 45 R, BSA-AuNCs RAREAT (47 5 FEFE I [8) ZE K72 #0855 , 3 min J5 2S4S i €0 Ht
T2 (R/BIEE 1. 42 FFEE0.70, GBI —¥), RIHLESR H ORISR, 754 il iCas a) LA
PRIUEARS I A FEE 1

AR IRARA R, HERR SR AR IR e WA R B I T, B BSA-AuNCs it miliR N
£ 1.00x10°° mol/L Cr( VI) & 1. 00x10™ mol/L 4 J& 5 F-(Na", Ca™, Zn™, Mg”, Ni*, A", Fe, Cu™)H)
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%&mm&ﬁ%fg%ﬂ?m%!%$%mmL@ﬁ,%MEhmAMﬁ L2 £0(R) 50 (B) il
SREEZ G (R/B), Z5HDLIE 5, BSA-AuNCs iRZEH R/BEFE K (1.25~1.42), BEEIRN Cr( V) B i1
bmf%mmELmTh,ﬁ%mmm%,hm J& B TR 5142 BSA-AuNCs 348 R/B B i &84k,

X5 HUWM R TEEASE AR 5, B, FEFERETFHLAHBIAY RCB HUAEE: 5 H LRI 45 S 00 g 35 1
Z5, (HEREFHUEBIAE A Cr( VD) B PRs A 2 A6 5k B A
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26:0.01  R/B:1.10£0.02 R/B: 1.100.05
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Fig. 5 Performance evaluation of BSA—AuNCs test strips for Cr( VI) detection
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JEEEE B AT I, S5 R INFE 3R, R BSA-AuNCs |75 E’J;&l‘Tﬂq‘fEP Cr( VD) & & HinifE ik sy
I . X FIEREKFECHSRAK), PIFh 3 oRE H Cr( VD), JIAREICER AT 97%~105% JEHE N, 1H
BSA-AuNCs AR PRIE R 22 (RSD)BEAR TFRIE T 75, IR 7 AR ARS8 B o i) e ] /K FI S B

R K S LTRSS IR INFRENSCER (95. 8%~99. 5%) A RSD (1. 7%~2. 6%) WAL FFrife J7
1£, LH B T A FOh T RE R RN S L TR AR R PR 55X BSA-AuNCs 5 Cr (VD)
FRRPEZE A AR, M RMNTTRE S B BIL S A 54 . RAaFBN ST, Hik, &R
WEFERTHA B2 BSA—AuNCs 4 &7 7L REBS I L SEBR /KR Cr( VD) & S ARG, BA R0 3 F P
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3 AL SRR E SEFRAKAE R Cr( VD) B IIFR DS 2 AR PR (i 2 (n=3 )
Table 3 Recoveries and relative standard deviations(RSDs) of Cr( VI) in real water samples determined by this method and the

standard method (n=3)

Measured value/

‘ (10" mol/L.) Spiked/ Found/( 107 mol/L) Recovery/% RSD/%
Sample Standard (10 mol/L.) Standard Standard Standard
This method This method This method This method

method method method method

Tap water n. d. n. d. 0.20 0.20+0. 01 0. 19+0. 01 101 103 2.1 5.3

n. d. n. d. 2.00 1.99+0.02 1.95+0.06 99.5 97.5 1.0 3.1

n. d. n. d. 20.0 20.0+0. 30 19.9+0. 60 100 99.5 1.5 3.0

The water of Yanhe n. d. n. d. 0.20 0.19+£0.01 0. 18+0.01 96. 1 92.0 2.4 4.9

River n.d. n.d. 2.00 1.94+0.05 1.91+0.07 96. 8 95.5 2.5 3.7

n. d. n. d. 20.0 19.7+0.35 19.4+0.78 98.5 97.2 1.8 4.0

Chromium—containing 0.205 0.211 0.20 0.397+0. 01 0.395+0. 03 95.8 92.4 2.6 7.7

laboratory wastewater 0.210 0. 207 2.00 2.17+0.04 2.15+0. 11 97.9 95.2 1.7 5.1

0.211 0.208 20.0 20. 1+0.25 20.0+0. 94 99.5 97.0 1.8 4.7

*n. d. : no detection

TS ]I PEAE T BSA—AuNCs IRATESE PR AKRE (B 2RoK | Tl 7K SE 50 5 5 4% 27K ) vt Ce (VI Y
ALK IR RE , AR 6 . TENINSERRAKFE G, AN SE0 = S B /K 5 e BSA-AuNCs JR4RHY 21
(B8 Nk AR B R, R/BEN 1. 38 JB/NE 0. 62, [ SR/AKFIIE ] /K $2fih ) BSA-AuNCs iR4%H) R/BAE TG
HH AR AR, 1) SERRAKEES 43 N 107, 107, 107 mol/L 3 AMFRiEI BERY Cr( VD)W, H R/BE B BIA
[ FE B A, AR S WA, SEBR s S K Cr( VD IR EEZ) 4 10 mol/L, £5 |, BSA-AuNCs JR4R
VR —Fh R4 FESEAY THLRAS I T H, 7ESERRK IR IR & Cr( VD) ¥5 Gl i o 5L R I8 3 FH Al 5

@ Tap water

R: 229+4 R: 24345 R: 218+16 R: 15911 R: 65+3
G: 100+2 G: 1142 G: 1747 G: 179+6 G: 150+3
B: 158+3 B: 171+3 B: 232+5 B: 238+4 4

B: .
R/B: 1.45+0.05 R/B: 1.42+0.02 R/B: 0.94+0.06 R/B: 0.6620.0: R/B: 0.26+0.01

@ The water of Yanhe River

R: 225+7 : 5 119711 R: 14710 R: 9243

G: 116+4 I 5 EX G: 167+4 G: 163+4

B: 16419 : : ) B: 24643 B: 255+3

R/B: 1.38+0.06 R/B: 1.31+0.04 : 0.93+0. : 0.60+0.04 R/B: 0.36+0.01

@ Chromium—containing laboratory wastewater

R: 2196 R: 14421 R: 148+5 R: 169+6
G: 82+6 G: 15747 G: 160+4 G: 1715
B: 159+7 B: 236+2 B: 236+3 B: 245+2
R/B: 1.38+0.08 R/B: 0.62+0.07 R/B: 0.63+0.02 R/B: 0.63+0.02

BSA-AuNCs test strip + BSA—-AuNCs test strip SA-AuNCs test strip +
actual w nple ac : actual water sample

BSA-AuNCs test strip+ o
+1.00x10~* mol/L Cr(VI) +1.00x10"7 mol/L Cr(VI) +1.00x10-5 mol/L Cr(VI)

BSA-AuNCs test strip actual water sample

El 6 BSA-AuNCsIRZET ML & SEFRKAEH ) Cr( V)

Fig. 6  Visual determination of Cr( VI) in actual water samples using BSA—AuNCs test strips
+ A
3 2|:| TE
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