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Fig. 1 Fluorescence and UV-Vis absorption spectra (a) and

transmission electron microscopy characterization of

ZnSe quantum dots (b)
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Fig. 2 Steady-state fluorescence spectra of ZnSe

quantum dots at different pH values
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Table 1 Fluorescence lifetimes and amplitudes of
each component at different pH values
pH ai 71/ns az 72/ns (r)/ns
5 0.65 31. 8 0. 35 4.3 29. 8
6 0. 64 30.5 0. 36 4.4 28. 6
6.5 0.62 28.5 0. 38 4.4 26.5
7 0.61 26.9 0. 39 4.3 24.9
7.5 0. 60 26.0 0. 40 4.4 23.9
8 0. 60 25.3 0. 40 4.5 23.2
9 0. 60 24.9 0. 40 4.8 22.6
10 0.59 24.1 0.41 4.8 21.8
11 0. 59 23.9 0.41 4.9 21.5
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Fig. 5 Steady-state fluorescence spectra and fluorescence life-
times of ZnSe quantum dots vs. emission wavelength

when pH value is 6, 7 and 8

7.5 L.ki(:Zl,R2=0.97l .
7.04

6.5
2 k=-0.63, R*=0.993
& 6.0
5.54
£=-0.29, R*=0.973
- \.\.\‘\-\.
4.5 T T T T T )
5 6 7 8 9 10 11

pH
E6 ZnSeEFHRKNXEM© 5. WILEM pH BHER
Fig. 6 The ratio 7, /7, of ZnSe quantum dots vs. pH value

2.4 ZnSe EF &1EXH pH EFRS

T ZnSe 7 T 96 6 F5 v dF pH (8 89 28 1k B A i B
FEATTXH LA 45 2 0 WA OR [ 19 A 41 4 AT HE o /e 3
B, RRHWEEARR N pH EEFE MR pH WAL EA
—EM R CE, S5 ER TE 6, NEHRATLLE W, 1
A pHEEEN, o 5 o MILERTZENEERRANE, 4
pH 2y 6~8 MG HI P9, HBE pH (A28 b i 2k PE Ao K (=
—0.63, R*=0.993). i 7E M58 Fl N ZnSe T &1 % fiy
i pH {EH M AR i R A%, ATAE b pH (B EE B T4 9 14
ELL

A, BB RPHTFHAAEZHEREE 7. TEEEX
AR T RGN E TR EFar A, IR AT
KT EVWERRPFAERZNEE M T Na™ X ZnSe & T &
PECHF MM, T AR pHH—MRAE 7THE, BT
SHEYERMEE, ROEpH BN 7 WHET. WETH
T NaCl i}, ZnSe & F WM H68h J12%, BAHRETY
BRI 24. 7 Fl 24. 9ns, ME B MENARK, £H Na'
XF ZnSe 4 I 2 HF i R W LN . TS A SCHRRGE . A
%)@ B Xt ZnSe T & a7 AR R SN . B HFER I KN



3182 S 5 i 41 %

FRASPE R R U] 48 B T X ZnSe Bt F R HE G o Ml SRR ALS A5 A BE pH EAE LA, R BLK
WA K . 25 EHT . ZnSe it T i 9OCAF Xt pH EIY N A a4 e % pH 9 A2 Ao i i 820K, 5 8 R K A7 iy 4 20 ok I
BLAE N —Rf pHAEEISIN 7 i B RTEE MR R B — &M TR AREA L, YW ZnSe i 1 5906 7% fir X pH {H

W, B4 i o7 2 DN LR RS A AR . AN, o A WY ELIEE A
[f pH BT F N HA — @& LM e, HAEANR pH ETE
34 Bl R RN, £ pH{E N 6~8 WL HE N A A ik KK

LRMEREAC . RWILE IS [ N O 75 dy X pH(E 922 1K i

il ZnSe T AATEAN ) pH AR T 099 ' 5 06l i 28 RE T IO G AL T AR A 900 BE TR 32 1 vk B M i

FATRBILALA W pH i BN pH J FKIEJE’\J WA N R BESERZME . BT LA ZnSe bt R 50 AR i 6 pH E B4 1 N TR
e WA HaIOts e g, BREPA -2 EEA TEAEWIRR pH (BRI EAT RN T RTSR .

References

[ 1] Tu-Sekine B, Goldschmidt H, Petro E. et al. Adv. Biol. Regul., 2013, 53(1); 11

[ 2] Moktan S, Ryppa C, Kratz F, et al. Investigational New Drugs, 2012, 30; 236.

[3] Shi XL, Mao G J, Zhang X B, et al. Talanta, 2014, 130 356.

[ 4] WU Pei-qi, LIANG Chang-hong (R {3, K #T). International Journal of Medical Radiology ( [ P 5 2% it 4 2% 2% &), 2016, 39(4)
410.

[ 5] Halperin W. Reviews of Modern Physics, 1986, 58: 533.

[ 6] Ball P, Garwin L. Nature, 1992, 355; 761.

[ 7] Hines D, Kamat P. The Journal of Physical Chemistry C, 2013, 117 14418.

[ 8] Tomasulo M, Yildiz I, Kaanumalle L., et al. Langmuir: the ACS Journal of Surfaces and Colloids, 2006, 22; 10284,

[9] CaiX, LuoY, Zhang W, et al. ACS Applied Materials & Interfaces, 2016, 8: 22442,

[10] Deng Z, Zhang Y, Yue J, et al. The Journal of Physical Chemistry. B, 2007, 111. 12024.

[11] LiD, Xu H, Li D, et al. Talanta, 2017, 166 54.

[12] Moura I, Filho P, Seabra M, et al. Journal of Luminescence, 2018, 201. 284.

[13] Becker W, Hickl H, Zander C, et al. Review of Scientific Instruments, 1999, 70 1835.

[14] Zhang ], LiJ, Zhang J, et al. The Journal of Physical Chemistry C, 2010, 114(25): 11087.

[15] Debayle M, Marchandier T, Xu X, et al. ACS Applied Materials & Interfaces, 2019, 11; 25008.

[16] Shu G, Lee W Z, Shu I, et al. IEEE Transactions on Nanotechnology, 2005, 4;: 632.

[17] Zhao L, Pang Q. Yang S, et al. Applied Physics A-Materials Science & Processing, 2011, 103: 279.

[18] Hu L, Wu H. Journal of Luminescence, 2016, 177 306.

[19] Wu D, Chen Z, Huang G, et al. Sensors and Actuators A: Physical, 2014, 205: 72.

[20] LIU Bing-jie, WANG Rui, SHU Juan, et al(X|yKi&, ¥ Fif, 4 #8). Journal of Analytical Science (43 #1 BF ¥ 2% 4) . 2014, 30(3);
309.



% 10 ) AL E PN 3183

pH Dependent Time-Resolved Fluorescence Spectra of ZnSe Quantum Dots
Based on Glutathione Ligands
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Abstract At present, the research on the pH response of quantum dots mainly focuses on quantum dots containing Cd, and
study only the response of steady-state fluorescence spectrum to pH value. However, quantum dots containing Cd have certain
toxicity to the biological system, and the steady-state fluorescence spectrometry has certain instability due to the influence of
concentration and other factors, so the application of quantum dots containing Cd as pH probes in biological systems has obvious
disadvantages. Based on the above analysis, water-soluble ZnSe quantum dots based on glutathione ligand were made by the
water phase synthesis method, showing the characteristics of low toxicity and good biological compatibility, which is suitable for
application in biological systems. The fluorescence dynamics of ZnSe quantum dots under different pH values from 5 to 11 have
been systematically studied by using time-correlated single-photon counting technique, UV-VIS absorption and steady-state
fluorescence spectroscopy. Two fluorescence decay lifetime components of ZnSe quantum dots were found around 4 and 24 ns.
By collecting fluorescence decay curves of ZnSe quantum dots at different detection wavelengths, it was found that the long-
lifetime components increased with the increment of detection wavelength, while the short-life components did not change with
the change of detection wavelength. It is concluded that the short life and long-life components were derived from non-local
carrier recombination in the nucleus and local carrier recombination in the surface state, respectively. In addition, it was found
that ZnSe quantum dots under different pH values showed different fluorescence lifetimes, and the fluorescence lifetime was
negatively correlated with pH change, which was mainly derived from the surface state lifetime components. The sensitivity
responding to the pH values was different, which maximized in the pH value range of 6 ~8, showing a large decay with the
increase of pH value for the surface state lifetime components. It was further found that the ratio of two-lifetime components of
ZnSe had a good linear correlation with all the pH values, but the slope was different in different pH ranges. The maximum
value was within the range of 6~8. The interaction experiments with metal sodium ions and related reports show that metal ions
have little influence on the fluorescence lifetime of ZnSe quantum dots. The above studies show that ZnSe quantum dots have a

good application prospect in the pH detection of biological systems.
Keywords ZnSe quantum dots; Fluorescence lifetime; pH value; Time-resolved fluorescence spectroscopy
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