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Table 1. Major instruments and equipment
Sequence number  Instrument Model Manufacturer
1 Constant temperature shock incubator HZQ-F160A Shanghai Yiheng Technology Instrument Co., LTD
2 High speed bench centrifuge TG16-WS Hunan Xiangxin Instrument and Meter Co. LTD
3 Transmission electron microscopy JEM-2100 Japan Electronic Company
4 Vacuum drying oven DZF-6050 Shanghai Boxun Medical Bio-instrument Co., LTD
5 Super-clean worktable SW-CJ Suzhou Antai Air Technology Co. LTD
6 Electronic balance CPJ1003 Auhaus Instruments Co., LTD
7 Fluorescence spectrometer 970CRT Shanghai Jingke Instrument Co., LTD
8 Uv-vis spectrophotometer uv-vis8453 Agilent Corporation
9 High pressure steam sterilizer MLS-3781L-PC  Matsushita Health Medical Equipment Co. LTD
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FE AR A
1.5 AgNCs &R S5HRIE

1] 300 mL YPD ARKE 723 POMAGERRER , f
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ShAT L IOETE . SOEIETE FATRAE . BT Y
AgNCs AT K IRUEAE 4 °C VKA HAEAE R
1.6 Cr(VDAy&I

AgNCs ¥R FHZEB/KBCHI AL 0.2 mg/mL BY%
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A 500 pL A [A] 9 43 J8 25 - [Cr(VI) . Fe(I1I) , Hg(ID) .
Pb(I), Mg(I). Cu(Il), Cd(II), Ca(Il), Na(I).
K(I). Cr(1Il)], %)@ & FAUE R 500 umol/L, 7
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1. AgNCs HiESTHE T EHIEEKA) SHESHB)
Figure 1. TEM image (A) and the particle size
distribution of AgNCs (B). Inset figure shows AgNCs
distribution at 5 nm.
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Figure 2. UV-vis and fluorescence spectra of AgNCs.
a: UV-visible absorption spectrogram of AgNCs; b:
Fluorescence spectrum of AgNCs at excitation
wavelength of 372 nm. Inset figure shows AgNCs in

daylight (left) and uv light (right).
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Figure 3. Fluorescence spectra of AgNCs system

with different metal ions added.
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PG GRWMAE 5 Fos, 76 AgNCs BRI [F v
JER Cr(VDJE, KRB IOCIERFEE (Fo—F)/Fy 5
Cr(VI)He i (1-80 pmol/L) % R i Byt % & (R*=
0.9821) o Z 1 J5 Bt i (Fo—F)/Fo=0.0054x% Ceryiyt
0.1876, HH Cr(VDIJENN pmol/L, FilFR Ay
184 nmol/L (f5Me Lt 3)

24 ZRBEFHTIHEE

N T EE AL R B 5% AgNCs £l Cr(VI)
BT, [BE Cr(VDUEE R 100 umol/L, 43 77E
KR Z A 1 mmol/L W IEREEF. W
Kl 6 fis, BEHIENJITHeE i, AgNCs
TR ZRAE 474 nm (WEAE) DGR EEE , LLEOFIE N
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[FIEMA Co(VD T4 7B, AgNCs (KR 7E
474 nm (V)R DECTRBE(E . 45 R], Hofh 4
JBE 5 Cr(VDIEAERS, 52 AgNCs B %GR
N, BT Z W AT T, B T 3T AgNCs
P A SO CER BT BA B R A PR

Fluorescence intensity/AU

4. A Cr(VDEJ AgNCs R REVRAFIERE, Cr(VI)
RESEE A 0-100 pmol/L
Figure 4. The fluorescence spectra of AgNCs with

Cr(VI) were measured in the concentration range of
0-100 umol/L.

06 L »=0.0054x+0.1876
R*=0.9821

= 0.5
%
< 0.4
0.3
0.2 p
0 20 40 60 80
¢(Cr®)/(umol/L)

5. AgNCs (KRR (F-F)/F {ES Cr(VD)REH
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Figure 5. The linear relationship between
concentration of Cr(VI) and (F—F)/F).
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6. FHEF3T AgNCs &l Cr(VDHIFNT
Figure 6. The effect of other metal ions on the system
to check the Cr(VI).

2.5 pH X} AgNCs #:l Cr(VD)AI I

T 55 pH (E AT AgNCs #:0 Cr(VI)EI 540
i % AgNCs B E M 0.2 mg/mL,pH 7E 5-11
BN, a3l R Z A 100 pmol/L Cr(VI).
ZERANIE 7 BN, 7E 372 nm R K T, pH {4
Hg5-11 IF, PEIEHREE F/F 2RI K, KM pH A
AR XT AgNCs Kl Cr(VI) 45 FE 52 A K,
2.6 SEPRAKEEF Cr(VDRAE

PEAE T AgNCs /R Cr(VIK AL Bea$ 1 n] 47
Mo MRREE R 2 s, SRR AZ AT
SE TAMEYL . GBI PR AR FE Y Cr(VD Y [l
K, RBHEBMCR SR 97.73%-102.88%, Ui HISLRR
KFER ALY . Y RESREX Cr(VI)

0.0512

.02
0.0269 0.02795 0.026060/08;&(21274

7. pH ¥ AgNCs #&3 Cr(VI)BISZMT

Figure 7. The effect of pH on the system to check the

Cr(VI).

W 5E 25 AN K, BOZIRE REWE N FH T 32 Fr K
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2t AgNCs LAYl & 7 1A =7 1k i
RO R A2 kR SR
JREE R R R AR R A (ER X sy
VR T BA AT R 2 gy AR
FER R SR, ANE A IZ BN LAY AgNCs
AW U TR EER I DNA 8088 TR ke
FUAERI Y, HA B R Ag()Iid ATk

AL #IE B NaBHy. HHET, KM

2. WMSCRRAKAER Cr(VDEI R

Table 2. Detection of Cr(VI) in actual water samples
Sample Added of Cr(VI)/(umol/L) Detection of Cr(VI)/(umol/L) Recovery rate/% RSD/%
Songhua River 20 19.67 98.35 2.15
Songhua River 40 39.66 99.14 2.60
Songhua River 80 79.10 98.88 3.13
Majiagou river 20 20.58 102.88 3.52
Majiagou river 40 39.78 99.45 1.94
Majiagou river 80 78.19 97.73 2.90
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Synthesis of fluorescent silver nanoclusters for trace Cr (VI)
detection

Ye Tian', Hu Lou?, Yanfei Ji', Xinxin Dongl, Ximing Zhao', Jie Zhangl*

! Key Laboratory of Saline-alkali Vegetation Ecology Restoration, Ministry of Education, College of Life Sciences, Northeast
Forestry University, Harbin 150040, Heilongjiang Province, China
? School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang Province, China

Abstract: [Objective] Silver nanoclusters were prepared using Pichia guilliermondii ZJC-1 for the detection of
trace Cr(VI). [Methods] Fluorescent silver nanoclusters were synthesized using Pichia guilliermondii ZJC-1 that
was acclimated to silver. The structures and fluorescence properties of silver nanoclusters were characterized. Then
we explored the selective quenching effect of Cr(VI) on the silver nanoclusters fluorescence. We also established a
linear relationship between silver nanoclusters fluorescence intensity and the concentration of Cr(VI). The effect of
pH and other metal ions on the detection of Cr(VI) was also examined. [Results] There was a good linear
relationship between Cr(VI) and the fluorescence intensity of silver nanoclusters (R*=0.9821). The detection limit
was 184 pumol/L and the signal to noise ratio (SNR) was 3. Using this method to detect Cr(VI) in actual water
samples (Songhua River, Majiagou River) the recovery rate was between 97.73% and 102.88%. [Conclusion]

Silver nanoclusters with good fluorescence properties can detect trace concentrations of Cr(VI) simply and rapidly.

Keywords: silver nanoclusters, biosynthesis, fluorescence quenching, Cr(VI)
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