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Abstract

Molybdenum disulfide quantum dots (MoS: QDs) were successfully prepared by one-step hydro-
thermal reaction using sodium molybdate and L-cysteine as raw materials and poly (4-styrenesul-
fonate) as a modifier. The prepared MoS:QDs have a strong fluorescence emission at 390 nm (ex-
citation wavelength is 300 nm); p-NP is observed at 390 nm under alkaline conditions. Therefore,
p-NP has a strong inner filter effect (IFE) on the fluorescence of MoS: QD and a new analytical
method for p-NP is established based on this IFE. The detection limit (30) of this method was
0.13 pM, and the relative standard deviation RSD is 1.2% (c = 15 puM, n = 11). The linear range is
1 - 20 pM. This method is successfully applied to the determination of p-NP in environmental wa-
ter samples.
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BT H(MoS:z QDs). Fi&HIMoS, QDs7E390 nmibH BR Tt RS (B R K300 nm), BT AR
T, XFHEKEY(p-NP)FE390 nmib7s B Bk W&, [Hitp-NPXfMoS. QDsNEF Bk N ME/EH
(IFE), ZETiXFpNEEIERBSLT p-NPRITHT Hi%. Z AR H R (36)80.13 pM, FEXTFRAERZRSD
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1. 51§

X AHEE IR (p-NP)J& —Fies WL H B 2R 5 &G, T 2 TR, KEZ), JukbAnlzy Tolk[1]
[2]o #RTMT, p-NP 2 — MM IS A Fi5 4, BT Hm e vEATG gert, M5 4L m KR g b
ZB% p-NP AW IEMPEZE(3] DAL, TR AT, PR A R0 ik A I R H K AR B KRE o p-NP 7K
TR A B L

HAT, # TR p-NP K8 77 B A WA (i ——Buiik[4], BAL2(5] [6] [7], JGHALZE(8], &
ROBAR L TE[9], DAR T AL AR T A 10] [11]. (HRIX Sy vEE % 7 B K B & 5e s, E&0FE
A PRACEE B AR e, RERT ORI AR, T e iE N — R RBUE T BOR, BB,
HEEDL, ATSEBT AT SRR AL, AT IZ N T T EE[12] [13]. Sl A A TSI p-NP 758 b ff B ik
Z[14][15][16][17].

ASCIB IS KL & T % MoS, QDs &1 4%, 8 15T IFE HLEL p-NP 788 7732, %0712
DI THEKFEH p-NP € o

2. SCIOERSy
2.1. SCIE{YSE AR5

HL PR TR (L T A BT AR A IR A R], 101-0AS)

PR B O WL R DS 30 AR KA PR AR, H1650-W)

9653 66 1 (Shimadzu, F-6000), (&b 3 b [E 45 PR A )
B HN 66 T (Shimadzu, UV-2450), (KAl B rh [E G BR A 7))
A L AR SR AT ANFT-IR, b RTEG R 43 M 28 BT AT FRA )

W5 H6 6 FE 1H(FL-TCSPC, Horiba Jobin Yvon, ¥%[H)

i% 5} HEL 48 (Tecnai G2 F20 S-TWIN (200 KV), FEI, American)
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2.2. A B A&RECH

HAHFER Y (p-NP) . R (4-7K LI FREY)(PSS) JHEREN AN B ER 88 T L g BT b T RHE A A BR A 7]
(www.aladdin-e.com, HH). LML FeCly-6H,0 MW RETN R MR ZXFIAIRA A, Hihe)E
T Sinopharm (7 [E i 77). Britton-Robinson (B-R)ZE A H T4 Ml MR . s2ie etk
RGN M Ak, A PR R AT AL AL FE . HBAEK (18 MQ-em Y T T A 525
2.3. ZHCHEHEF R (MoS, QDs)RIHIE

S RRIRIE 77754 4 MoS, QDs [18], EARAVEun R F4HIREN(0.25 g). L-F M ER(0.5 g)F1 PSS
(0.25 @)% T 75 mL B4k, AYER pH N 6.5. ¥ LRERHBE R Teflon &k M EH (100 mL),
1E200°C 2614 N I8 30 ho S N5 R, 49 i TR 58 ARV 1 B =05, SO 38 HP BT A5V Vi 33 15 400(5000 rpm,
10 min)Bk 2 AEY) G132 E O, TR 2> FEUE 8 100 Da RIENT S FIENT 2 h, AT
T 4°C T ERAF DAL J5 2SR I A .
24. EWHE

£ 10 mL EL G RN 0.5 mL ) MoS, QDs ¥, 5.0 mL & (pH10) A1 — & &) p-NP Atk
V(R VAR, B, TEAIEIE BRI Ex 310 nm 244 T R 4516 (Em 390 nm)HI7E G50 (), [F
B 1 SESR (AN p-NP), 25 FNE VRGN L, WWHBHIEMEAI=1,-1 -
3. BREI®
3.1. MoS,QDs HIFR4E

] 1(a)#& MoS, QDs ) TEM &, MoS, QDs SIH L ERIE, HARAEZ N 10 nm.
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Figure 1. (a) Typical TEM; (b) FT-IR spectra; (c) UV-vis absorption spectra, the excitation and emission spectra; (d) Effects
of pH on fluorescence intensity of the prepared MoS, QDs

B 1. (a) MoS, QDs K TEM [&l; (b) MoS, QDs I FT-TR Ji&; (c) MoS, QDs BIRSM - RITLIRUK, Bk - LT AEE;
(d) pH XF MoS, QDs ZAEIS T
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K 1(b)/ MoS, QDs ffJ FT-IR Y. E 550 cm™" PRI A W42 Mo-S IIARZEHRS)IE . 920 em™ [T
A W ST T B AT R O-H T AMES iR ED. 1129 em ™'y 1557cm ' A1 1399 em ™' AL MW U4 4 )& T C-O,
C=0 F1 S=0 HIHZEIRFNIE . 2900 cm ' F1 3442 cm™' Ak ARSI /& C-H F1 O-H A 4R 514

1(c)¥&7~ T MoS, QDs 1484k - AI LIRS ZE Uk KA ailk I, 2 4h - T IR WOETE 7R MoS,
QDs B A 55 (RIS I « IR G AR S 6 1E R B MoS, QDs I fi HEBUR KA A B 4330l 9 310
nm A 390 nms,

Kl 1(d)# W] MoS, QDs &1 s 7Ot K5 BA REF 1) pH Fa€ 1, 7E pH 2~13 Ju [N, MoS, QDs ]
PR AR, R BAGRUFH) pH faE .

3.2. MoS, QDs Jll7E p-NP BYHLIE

JIr il 25 1) MoS, QDs XJ p-NP ) it £ 11 A iy R G5 w8 AT B8 o ] 2(a) iR, 1E p-NP f£7E
24T, MoS, QDs 7E& S KN 390 nm Ab (1) 5% H 58 5 v LA A S K . 1E p-NP KJEH 1~20 uM
FEE M (1 2(b)), MoS, QDs 2R FEFEARIIFE L (AD S p-NP IR AR R, MR TUPAC Go)MiE,
T IR PR 574 0.13 pM. bR, 48 Sterm-Volmer J5 20§19 e K [b]: Al = Ksv[P-NP] + 1.
o 1o R0 1 53 5 B I p-NP RIS N p-NP B (2 8, [p-NPI/E p-NP [MEE/RIKIE, Ksv &M
K H(M) . A 2R3 301 Ksv 159 14957.1 L-mol ' W1 3(b)flizr, AIFIl p-NP IKJZ(FF 5 C, HAL uM)
Z AR 7 R A AT = 14957.1C + 29933« ASHARHEM ZE(RSD) N 1.6 % (c = 15 uM).
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Figure 2. Fluorescence quenching of MoS, QDs by p-NP. (a) Fluorescence responses of the MoS, QDs in the presence of
different concentrations of p-NP (0, 1, 5, 10, 12, 15, 17, 20, and 50 uM); (b) Dependence of I-I on the concentration of p-NP
2. ZHASEET S p-NP BER () —HAL AR T SH pNP (0, 1, 5, 10, 12, 15, 17, 20 7 50 pMYER; E(b)
FNEIRER p-NP 5SS FRILRE AT FIIRE ¢ HEMEXHR

p-NP BEE K MoS, QDs 96 KHLFEE MoS, QDs Fl p-NP 2 [] ()58 N E RN (IFE) o ZEBRIE A
H1(pH 10)p-NP 7E 390 nm 4b(1%] 3(a)) BAT HRZ IR (A300mm = 0.41, £ = 4.1 x 10* cm™*mol -L), p-NP K
Wi 5 MoS, QDs %t K S I6 A % K E S . I MoS, QDs 5 p-NP 2 [A] 0] B/ 4E 2 e LR AL B #5 #4(FRET)
S IEVER . JEId % MoS, QDs Fl MoS, QDs+p-NP 14 £ i MoS, QDs %t i (il 52 (<] 3(b)), B MoS,
QDs 5 p-NP 1A a0 5 2 P98 e HE e A4S, TUERH MoS, QDs 5 p-NP 2 [A1% 5 R LRI F2

A FEAFE TR IE B T IE p-NP KPP b 7735 p-NP (it wlE 4(a) s, 1EHE 10
uMp-NP FIHABAG HIAI(REFE R (NB) X4 By(HQ) AHASFEE K (p-NT) K& AT (p-CT). 2.4.6-=F K
B3 (TCP). 2.4- KMy (DCP). 2.4- 3 ZE M (DNP). FL A PE(Lac). & FE(Glu). FH AR Met)FIH R
R (His))7E pH 10 Z51F TR AT MoS, QDs [z et e o 5 X BAAAH L, 7558 LA (10 uM, X-F DNP
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10 uMFFE N, MoS, QDs Xf p-NP [Z R KAT NIRFEFAL, X R B AL A AT I p-NP (=i Rt . &
J& BT T A p-NP Azl i #6440 1¥] 4(b) FT7R1E pH 10 B 7EAFTE p-NP FIAAELE p-NP [ 54T,
KZH 48 7(100 uM, Hg 1 Cu Jy 10uM, Fe Fl Ag N 1 pM)*F MoS, QDs 5 H & A B & 1 5%
Wi o A1 b F T 4 5 2 s DT 52 94 AT e R A U /KA p-NP ) A
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Figure 3. Detection mechanism of p-NP. (a) UV-vis absorption spectra of p-NP and emission Spectra of MoS, QDs. (b)
Fluorescence decay profiles of MoS, QDs in the absence and presence of p-NP
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Figure 4. Interferences of (a) other organic compound and (b) mental ions in BR buffer (pH 10). Concentrations of p-NP and
organic compound are 10 uM, metal ions are 100 pM (10 pM for substances indicated with*, 1 uM for substances indicated
with**)

4.(a) 7£ pH 10 B B-R ZEHARFEFRRTMABIU ST A (-NP. BHILEYTFHMIKER 10 uM).
(b) #£ pH 10 K BR EMFREAEFRTMAERET T MNP REH 10 M, ERBETH 100 M, HH*HA
10 uM, THH*RIA 1 uM)

3.3. HE@mME

M IKEE A K RECE 2808 K hhn N — 2 B 1K) p-NP W), SR 51— & B 1A K EEIN A MoS, QDs
5 B-R WM A RIR R AR F TG E . T R 1 fios, AR BEIBCR N 94%~105%.

Table 1. Determination of p-NP in real samples (n = 3, mean £ SD, 1 uM)
< 1. EFr¥G p-NP BYMIZE (n = 3, mean = SD,1 pM)

A ity For il [HU R (%)
0 1.0 +0.05
A RKEE 1 1 2.0 +0.08 100%
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Continued
4 49+02 98%
0 75+02 -
A RKEE 2 4 11.5+0.1 100%
8 159+0.6 105%
0 11.5+£02 -
ERUKEE 3 10 209 + 0.6 94%
12 23.5+03 100%
4. Zip

K — B K G I 1 4 PSS 1871 MoS, QDs, T p-NP X MoS, QDs R W IE/EA L T p-NP

WM Tk, ZITER RO 0.13 uM, ARXTFRAERR 20 1.2%, KVEVEHDY 1~20 uM, 127k B A T
A, PRI, REBAGHS Rl v PRER p-NP 26t T 5%,
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