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Abstract
Carbon Dots (CDs) were prepared using locust powder as carbon source through the exothermic
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reaction between nitric acid and ethylenediamine. The optimal excitation wavelength and emis-
sion peak of CDs prepared were 390 nm and 470 nm respectively. Due to the characteristic ab-
sorption of p-Nitrophenol (p-NP) at 400 nm, which has a good spectral overlap with the fluores-
cence excitation peak of CDs, then P-NP has an obvious Inner Filter Effect (IFE) on the fluorescence
emission of CDs. Moreover, the absorption peak of other nitrobenzene compounds hardly overlaps
with the fluorescence excitation and emission peak of CDs, so no IFE is generated. A new analytical
method for p-NP was established based on IFE with high sensitivity and selectivity. The detection
limit (30) of the method for p-NP was 0.13 pM, and Relative Standard Deviation (RSD) was 4.09%
(c=10 pM, n = 11), and the linear range was 0.5~80 uM. The method has been successfully applied
to the determination of trace p-NP in environmental water samples.
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1. 518§

X A FE IR (p-NP) & — Rl 32 N F4ekl . A28, MEZG. R BE 245540 ) =5 2 A Al 35 95 &1L
AW[1] [2]. BT p-NP AEVIBRfPEZE . Reoe bl BAAEMERNE, IS YK AR 139 22 Bk p-NP
S ARH RAER) . p-NP 1 R S 80™ 5 (10 (R 8, — BLEN M nT DO 408 (U o sk 2i & (1,
M-S L PR, A FARAE DO IR A sk i« ERERTR X4 R0 (3] [4], BE™E 1)
2 FEIE R R MEGE[S]. 3 EABLRY B (EPAYK p-NP 518 “MRIAi5 5 ”  BREI T HAEK PR
W AT 10 ng-L 7 [6].

BT, WIEASEH p-NP M7 vE £ 2, BHE BIKiE[7], B8], Ao k9],
BRI A —2eh R, LA e, FE S SRR, TEINGA RZARAE AN R LR
FARMHT AR E S FREE[10]. 5 IR EAR L, B A BT B T A Sk R A R A HT I
P VR RS L 0 AR A AT 4% 52 9 E[11] [12] [13]. YF 2 9 gk A4 k), in CDs [14] [15] [16] [17]+
ZnOQDs [18]F1 CdTeQDs [19] [20], ##H TH% p-NP [z etk it 75k

CDs & — BT e g kARl 5 R0 E T 5 (QDs) A WLIOL YRR EL, T HAR J b Fa 2 ik,
AR, AREE VAN AT PGSR IR RT 52 21 )2 G [21] [22], TEZR AL A H A AP it o b o
PAFT T IZ N H[23] [24] [25]. BT CDs [ p-NP Z AL & Hrfiis, SR I LeiE -h CDs K% K H
RIFERE 2 PRI KA A, HAar B Ao S Ak

AL LA E R AR AR, R SR 5 £ — e R B S S AR i % CDs, H1T- CDs I i
(390 nm)-5 p-NP 7£ 400 nm AW IR RIS E S, 1Xf#43 p-NP XF CDs [)5¢ 6 B A w211 A jE
RNL(IFE). 5T IFE #2577 p-NP 2 B 735, %58 T /K AR p-NP A o

2. SKEETERSY
2.1, WFIFLE
BT 2 (CDS) R ST FB T S P (TEM) B (501t JEM-2011 3B 5T T M 3643, S 9t X
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(RF-6000, i, HA)ERM KR AR SHEE, 4 FL-TCSPC %)t i1 (Horiba JobinYvon, ¥ )l &
CDs 1%, £ WQF-510 i B A8 B 7 S (FT-1R) Y 3 AX (AL 5 b 20 F A 20 AR 2% (5 1) A5 PR A ]
HE AL 50 Eidsk T CDs 24N IOGHRE, CDs ) UV-Vis gt fii il UV-28 40 A WL A (UV2600, 553,
H )3k 45 .

T3R8 (p-NP)E B H g R hr T AR R A BR A Rl . 7S/K A E Ak (FeCly-6H,0) 0 T R EE T R 25
BRAL SR A E PR AT« - F(EDA), %)@ £h(%: FeCls-6H,0), H4#(D-Fru), H & HE(D-Man), #i%i B (Glu),
RN R IR (Phe), F AL Z MR (Met), HZ IR (His), FLARWE(Lac)GHLEY, 2,4- 5 KM (DCP), X & KM
(p-CP), FHEEZE(NB), XTHHIEF 2K (p-NT), 2,4- “HH5E 2K (DNP)RE 5L J5 & G4 &40 B E 2545 14 530
FUA PR A 7 (i) o e A B St 5 A R AL Ak BEE A5 P e (T i T K 2R AR T A o S B B 1) 15
B B4 1 Milli-Q 4k 4% (Millipore, 25 [H)(18 MQ cm )4t , #4556 5 5 o Phosphate Buffer (P-B)
SRR T A SIS R P . e R R i all, 8 AT R AT AT AT A A AL BE

2.2. CDs RUHI&

FIH HNO; 5 £ ik 2 1] BRSO ML, SEDLBIIR I # LA,  ATTIA 24 CDs M H . BAkTs
PANR: FREL 0.5 g FHRAMSER K T6eAR (100 mL)H, SRJGHEH NN 5 mL 2 & B %R a5,
LR VR OB T IR BIRER (B, RRREYIAE, FREMR RS IR IR (5 mL), HIRGER. b
BRI, AL WBCE KRR, W A 0 2% 7242 (T 3 min WK HNOs i In e ). ¥43k 15
0 S S [ AR VA 0 2 S0, NN R 4 7K BB 25 50 mL, 76 T A3 S SRR I NS PR (5 9)» B /3452 30 min
Je . B0 B IR RIAT, AR TR Bk CDs My K. TS CDs My K T — & &g aik e,
. CDs 7KVW(16.0 mg-mL Y FH T J5 425255 .

2.3. LIk

¥ 0.8 mL CDs ¥¥K(16.0 mg-mL ™) 5 — 5 &) p-NP bRy i (SR S A ) 73 BN NE] 10 mL L (o
i, SRJEH PB ZZiP i (pH 10)E & Z AT TR AR, TREIIA], 18 390 nm R I Tl A 7E (1) FIAAETE
(lo)p-NP B} [R5 5t B (R 5506 470 nm),  THEFIE 14 1g(10/1).

3. &R5iT1ie
3.1. CDs BYFRAE

1(a)#2 CDs ¥ TEM &, M L RJ %1 CDs #F B A WA I ERTZ 2544, ~F35Ri45 7 2.25 nm. FIH FT-IR
e HIN T CDs R E A, WA 1(0)FiR, 7F 769.49 cm ' abf — R IIE, "B C=C ML fRzh
I, 7F 1384.64 cm'. 1766.48 cm ' Ak icig sy HIVA AT C-N, C=0 %5 h#Rzh 512, 3016.49 cm™*
13431.83 et AL IR TE IS N-H Al O-H 4HRsE 5%, LU 45 R R O 434 Bk CDs.

B 1(c) 2R T TEA A UK K (300~450 nm) 26 T CDs (56 R 41 il T LA H CDs (A 5 i
F I BA SBOR K AR, R BRI K 300~450 nm [ISE R N, BB R ST, B RO DK 3
IIMZLHS o 5 A I 5 FE (Ex 300~390 nm) il & UL e N3G in,  7£ 390 nm AL ik 3 KR S5,
2 Ja BB KB T IRES . CDs MIwe it BoR, BRI KN 390 nm, KR SR T
470 nm.

L) AR, BT T pH X CDs Bt EISLI . CDs I3 e E RN p, BA MR,
HBE pH KR RUAK; CDs B GHRBEEIEN i, R FEAE, TESRBIE 2 F(pH > 11) T,
CDs 7 8 & 4k S K ) A1
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Figure 1. (a) Typical TEM of the prepared CDs. (b) FT-IR spectra of the prepared CDs. (c) Emission spectra of CDs at ex-
citation wavelengths from 300~450 nm. (d) Effects of pH on fluorescence intensity of the CDs

L (@) CDs i) TEM B, (b) FT-IR %3, () CDs ZERFIME R (300-450 nm) R M FEOLSIHHE, (o) £7TF
pH &4 T CDs B HIBE

3.2. p-NP HZEAR RS H

3.2.1. CDs 3 p-NP B R4t bk

HF p-NP 7EGRPESSHE R, 7E 400 nm AbA B 2 WIS, 5 CDs [RGB K HL S . IR R I,
7E pH10 Z42F ', p-NP X CDs RHHA M KIEH .

WE 2 foR, EAFEIREER p-NP 461, CDs HIZ TR M A FIFE B 0 K . i p-NP ¥R (¥4
T, CDs [5% 6 3 5 32 i F#A% . p-NP 35 (0.5 uM~80 uM)5 Ig(lo/1) 2 1] 2 RIFIILL R R, Lk e
lg(lo/l) = 0.0106C + 0.0082, i< R %k R? 4 0.9994, AHXHhrE i 2 (RSD) N 4.09% (c = 10 uM), R4 IUPAC
15E X (36), 1ZATIEMIRHER Y 0.13 pMe 55 1 F1H T SCERHRE AN R G ERET R I p-NP (1) 73 BT 14 e
A LLE AT R B 5 H A W 7 iEAR M e S RIS tHBR . NI, 5 FAth SRR 1) 2 e 5 4%
L. FERT I REAR L, A5V BTH CDs il 4 7, P, 4% 5 40 S A A R 2 40 min.
3.2.2. p-NP 5 R HTHDIE R

N T VEAk CDs XF p-NP [FEREPE, WL TR FIRUEY . AL B 1% CDs %tk
PR WA 3(a) AT 3(b) AR, HREEA 10 uM (RS IE 75 &L & ¥(NB, DCP, p-NT, p-CP, DNP),
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Figure 2. Fluorescence quenching of CDs by p-NP (0.5~80 uM)
2. p-NP (0.5~80 uM)¥t CDs BYZ S AIiEAEF (IFE)
Table 1. Comparative data from some studies on fluorescent probes for p-NP
= 1. TEIPARTSLIRET N p-NP BYT57 35 R 1 RE
PRTOREE LioRlllpiIREH LNMEVEFE (UM) o HHBR (uM) ZHE R
Polymer carbon dots IFE 0.5~60 0.26 [14]
N-doped carbon dots Static quenching 0.1~39 0.05 [15]
N-doped carbon dots Dynamic quenching 0.72~79 0.16 [16]
Dual-emissive GNCs IFE 0.05~5 0.0138 [17]
Carbon dot grafted YVO,:Eu®* ET 0~12 0.15 [26]
ZnO quantum dots ET 1~40 0.34 [18]
MIP-capped CdTeQDs ET 1~30 0.04 [19]
CdTeQDs Dynamic quenching 20~100 0.05 [20]
CDs IFE 0.5~80 0.13 This work
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Figure 3. Interferences of (a) other nitroaromatics, organic compoundsand (b) metal ions in PB buffer

E 3. (a) HEFFRILEY, BILEYE() €RBBEFX CDs SiFRAIFNT
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3.3. p-NP HyfE B4 I

N T HEWT p-NP Xt CDs RIRERIZE A RMLER, WIE T CDs M5 &S LAl p-NP {1584 - m] LK
W (] 4(a)). ME 4(@)FTLAE H, p-NP [IRISOETE(400 nm Ak HIWL I Ié) 5 CDs 175 % & 51 61 2 [H]
FAEBCRIDEIEE S, XA M IFE 80 FRET SIE MR KL . A Tt — P e 2 KL,
A Stern-Volmer J5 FER R PE K BZ: FolF = Ksv[Q] + 1 = Kqro[Q] + 1, it F Al Fo 43 B2 A FIVE A 1 K
FUNF G, [QIRM KFIMKE, Ksv /2 Stern-Volmer K HH (M), Ksv = Kqro, i Kq 241
PERFHL, o RBABW KA TG dr. kF CDs-p-NP A F, Ksv = 0.04962 uM * Fl 1 = 2.90 ns, iH57%
Kg=171x10° M s, & TRy Bzl (A KE (2.0 x 10° M ™ s7) [27] [28].  HLIFIR CDs 1134
PN FFAAEAEAE p-NP (2.93 ns) MIALELE ] p-NP (2.90 ns)itf To i 2 22 5 (4] 4(b)). Bk, ZEPERKHLIA
7& FRET, AIfE IFE [29]. A T A\ CDs [ IFE ZKHLEE, RHE IFE (BUAREAUN 56 AT T RE
[30] [31] [32]. ididh i AN A S I IMROGBE TH 5 H CDs MRS IEZG g, THE SRR, W&
p-NP IR FEISE N, CDs MRS IEZ R FE J U RFEAAL . BRI, R LAIERH p-NP Xf CDs 758 e K 3
HT IFE, WA RERFAHK[33]. N T —DHERRE S KINAFAAE, %8 [ CDs, p-NP Al CDs-p-NP
RIS . 24 p-NP 5 CDs VR &), CDs-p-NP 1B &I ILE i 5 CDs A1 p-NP 561 g i An
EHEA REET(E 4c), SRRMWEATRLE Y, KILIESE T CDs 7 ek KL IFE.
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Figure 4. (a) UV-Vis absorption spectra of p-NP, the fluorescence emission spectra and the fluorescence
excitation spectra of CDs. (b) Fluorescence decay profiles of CDs. (c) UV-vis absorption spectra of CDs,
p-NP, CDs-p-NPmixtures and the sum value of absorbance of CDs and p-NP
4. (a) p-NP 55 - AT UIRUSL % (H54k), CDs & LIk (BB k) ML STEE (L L) E, (b) e,
(c) &5 - AR AIE(CDs, p-NP, CDs-p-NP E&¥)FNR A E R NFN{E(CDs 5 p-NP)
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3.4. p-NP Hyf& B4 HE

N T VA I ESL o M AR AT, R T SL R T 5B N T, T RS2 3 TR A e fe it

A RIS KFE IR & p-NP 1l , [FIRSBEAThnbs U st . 45 Rk 2 fos, InbsEISCRLE 90.2% %
97.8%2 [H] .

Table 2. Determination of p-NP in real samples (n = 3, mean (SD, uM)
5= 2. EFR7K#E A p-NP ASIE (n = 3, mean £ SD, pM)

PEd kgt Ho s 5 (%)
0
MIRURILYI 10 8.3+0.2 95.2
20 17.1+0.2 92.0
0
5 T B 10 88402 925
20 17.7+0.6 90.8
0 - -
WIEK 10 94+0.3 97.8
20 176+0.4 90.2

4, g5ig

JRT ARSIy AR OB, I B TSGR SN R I T CDs, BLHONSOGIRET @A 1 36 CDs

(K1 p-NP M 515 FTEESLINTOAL R AR A T, P, e, RIBERIIR S %7
LRI TP p-NP JIII5E, XFRAEEKEE S p-NP ] L, PR W A 3 2 9

EemE
TR DAk KSR S T E
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