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Abstract

Nitrogen and phosphorus co-doped carbon dots (N, P-CDs) were successfully fabricated by a
one-step hydrothermal method using soybean phospholipids as the carbon source. The reduced N,
P-CDs (r-N, P-CDs) were obtained after the reduction by KBHs4. The r-N, P-CDs possess blue fluo-
rescence (Ex 340 nm, Em 425 nm) with a fluorescence quantum yield of 10%. It was found that the

fluorescence of r-N, P-CDs could be quantitatively quenched by permanganate (MnO; ) through
oxidation reaction under acidic media. Based on this fluorescence quenching effect, a new fluo-
rescence sensing method for MnO, was developed. The detection limit (30) of the developed

method is 10.0 ng-mL-1, the relative standard deviation (RSD) is 1.2% (c = 1.0 pg-mL-1, n = 15), and
the linear range is from 0.1 to 2 pg-mL-! and from 5 to 50 pg-mL-1, respectively. The method was

successfully applied to the determination of MnO, in environmental water samples with recove-
ries in the recoveries range of 94.0%~113%.
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1. 3]

FERIR 2R (MO, )& —Fi L AL )5 A B8 7, ) V2 N TR KRS K AR B v, FH T 2 B v i L 82K
BHS RS, HHRRY, MBRENEYIN, ERERERBOANAS, B E SRR, Xt
AICHPH A R R EEIER . 55—, 58 /KFH MnO, 7] 51 R AS RS20, AT & 5 Fh ™ 5500 ,
MEHEEE. FEH ., PICER S, S AAERAE2] [3]. BEINXLEHFE, JFRAFE., P
T A% A% R ST MnO, 7K F 2 B L B (4]

FEGE I MnO, Al 592, A HE IR T IR 7L (AAS) [5] [6] 0t efEik[7]. stk ik[8]. itk
VRO HRL RS A S5 B T4 A B G TR T 195 (ICP-AES/MS) [10] [11], X B8 7740 75 5 5 St A A A & 2
MR ER 77 [12] . BT TR RE PO i oA RBUZ & SRRt s M N AR s 2 8 T i s
FIVE[13] [14], ASFEIZERLSE6ERER, B 3B E T 4 (Carbon dots, CDs) [14] [15], )& HLHEZE(MOF)
[16], &JBECALRAPIL3], AL 1715, BIHRNHF/KEEH MnO; ¥ R B .

CDs [FHANMIFE AR AWAE R (B FDER e YEar . Bl VAR B RS rT I S i 52 3
[z (18] [19]. eSS 2R T 29815 [20]. ALEAHT[21] [22]. A5 [23]. JeiEA[24] R
HARF[25]. R T AR e CDs YRR 2RI 2 —. BT SEm, HHEEH
N, SHIPEERIET, iil&EA CDs HAFIKIA[26] [27].

ASCUAK G B IE mIE, 8Bk BGERI % T N, P 4342996 CDs (N, P-CDs), @it KBH, & JE/F
R3] T I8 A RS 24 8 1 5.(r-N, P-CDs). H:1 r-N, P-CDs [fefd: 59 6 K 5 i K~ 425 nm (kR 9%
1 340 nm), HAEMMEFAET, MO, EALIEH T LU B HE K r-N, P-CDs B9t . BT X Fh s

][l
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L

KAEA, 8L 7T IEREKEER MO, 73BT ik 125 R R . Rk Lr . RS R, BIhNH
T SEBRFE A BRI .

2 MR5S7E%E
2.1 ERSRF

r-N, P-CDs 3% 5 Hi 7 55 B (TEM) B33 JEM-2011 & 5 o 7 BB 3R A5, 1 1 28 e e i A%
(RF-6000, &, HA)WEEBA MK S, ] FL-TCSPC %)t {X (Horiba Jobin Yvon, i2: )il &
CDs Wt fr, £ WQF-510 18 B AR BT S FT-IR) MG IEAL (A6 5T Ab 20 Fi o M AX 2% (BE ) B IR A 7
rpEJER) Eids® T r-N, P-CDs ZEAMRUSOERE, r-N, P-CDs [ UV-Vis Yl UV-£ 4k a] WA
(UV2600, &, HA)RAG.

KT i F 00 3 ) 4% (T R K2, 2Bk T 2ERE), BNELER (KBH,), R BR B (KMnO,) LA &%
HreS(# B 4> 1 500 Da)iy [ Eilgp i T ARBHE A IR A 7 . B 4iK(18 MQ-cm ) H Milli-Q ¥+t
P (Millipore, 35 [E )44, #AS2IG i F2dh Britton-Robison (BR)ZE M A T 84S S2 b W B i) . 3
RN A i al, A8 AT AR BEAT AR Al A AL B

2.2.1r-N, P-CDs By#l&

FREX 6.50 g KEBEE TReprrh, MAZEMKA30 mL) G, ININEREWEMR. R ERA G
FREE (B 400 mL)H, BB S RN ZEAE 230°C 45 1E FINH RN, 8 he NEE HARA RS, FTid M
WAL PERR L BB G, N 10 mL BR 22 (pH1.0)1 KBH, (2.0 9), FRAEMAIRTE R R)G, 4k
SN b I S5 min BARR 2558 B 1 KBH,o 48 KBH, i SR AL B 5 B9V K FIE M 0 7 1k HEAT Ak (8%
Bi 4y 15 500 Da, i#EHT 24 h), 24k 5 R E - RUE B H EAUK R 10 fE1E s &, H T IR 2S5 i
AL

2.3. EWHE

# 0.5 mL 1) r-N, P-CDs fiff % ¥ 5 — i€ & 1) MO, br#EVA MR (B i 7)) 3 I 31 10 mL HL %,
SR )5 F BR &M (pHA) & 25 2 T AR 5 mL ARF, TRA 95T, 1E 340 nm MU B R I @ A E () FIAS
171 (lg) MOy B (%5 B (R 5516 425 nm), SBIEHHEL 1g(10/) it AT 52 &0 M-

3. %R 5118
3.1.r-N, P-CDs HIFR{E

it TEM E5EM, r-N, P-CDs £ NITERIE . ShA%IEEE A 0.209 nm, X 547 54 sp?(1120) 4T
ZH—5[28]. 7 r-N, P-CDs ff] FT-IR Jtif s, MIE 1(b)H LLA B 679, 1080 cm ™ MK i iéxt BT P-C.
P-O HIfi4E R, 1645 cm ' AL HIWRYCIERT BT C=0 HI2 RN . 3446 cm ' LWL IEXT BT O-H frIff
GEWREh. PLEZEREW, r-N, P-CDs EE i1 C. O. N. P JURPt R4,

It XPS Xf r-N, P-CDs )70 &R H AL F A& BE4T RAE, 45K 7 r-N, P-CDs % C. O. N.
P PURh G R4, HA & 1(c)Fas Cls A4 N 284.60. 285.34. 286.15. 286.36 eV Uik, FHIFEA
C-O. C-N. C-O f1C=0 [29]. [ 1(d)%7~ O1s [ 4-fifhy 530.17 531.39. 532.36 eV —/NHijltl, K
f71E O-C. O=C F O-P/O=P [30]. [ 1(e)% 7~ N1s [ 4rfi#y 397.82. 399.05. 399.97. 402.54. 406.74 eV
FA g, FEALELE N-C. BEE. AEP%. N-H. N-O [31]. & 1(f)FR P2s 40y 132.76. 133.57 eV
AN, REELE P-O. P=0 [32]. XPS /& RATEE B S FT-IR BBk Hrss R —2.
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Figure 1. (a) TEM images of r-N, P-CDs, (b) FT-IR spectra, (c) high-resolution XPS spectra of C1s, (d) high-resolution XPS
spectra of O1s, (e) high-resolution XPS spectra of N1s, (f) high-resolution XPS spectra of P2p

1. (@) r-N, P-CDs B TEM [Ef&, (b) FT-IR 3i%, (c) Cls &4 ¥R XPS SUEE], (d) Ols B5#EE XPS SilgE,
(e) N1s S 53 ##2 XPS 7 IEE, (f) P2p &5 #E XPS &

3.2.r-N, P-CDs Byt MR

K 2(a) 9 r-N, P-CDs 14 4h - o] WL UAOEHE, r-N, P-CDs 7 280 nm AbAg —AN B 8 (MR i, 3X—
WY = 55~ C=C 1) m-m*BRIE[33]. 14 2(b) NWAEA UK K 25 FF T r-N, P-CDs (786 K5 ti, MK
Ha] DU B B ORI AR, EBOR K 300~370 nm I, 5% R S K B IR R 18 K P A K
LTRS¢ ' 5 S i FEE ) I 4 Y o 3 K S AL S e 3 42t v e 5 TR AR M PR AR A B 5 . ORI
K 340 nm BF, BRI ARAIREEA BB ORAE, I RS 425 nm.

I SIS IEHE AL T ANE pH X r-N, P-CDs %6 B2, 25 w1l 2(c) Bz, r-N, P-CDs %46
SREETE pH1~11 YE N LA, CRAERIMEZALE T, r-N, P-CDs [ 3E HIL BAFefk. X%
B, r-N, P-CDs KA RIUFMERIfa e . #% TIEEX r-N, P-CDs % YaisZm(1 2(d)), MEH AT LA
H7E 30°C~80°CYEE N, BEEREZEETHE, r-N, P-CDs 175 I Bl A%, X 5% BOCikikiE g
5

3.3. WHAERES T MnO;

SRR I, MO, FERRPES BT, XF r-N, P-CDs 1% 6 BA B B KAE A, iX 42 T MnO; %t r-N,
P-CDs i 3 B2 AL E I 45 . WFFE T MnO, %t r-N, P-CDs IS¢ EHERKAEFH M . 18] 3(a)# W, 1
pH4 ZA1F T, MnO, X r-N, P-CDs Uz G KA H i, J5 8RSk ieide £ pH4 JitE pH.

Wi 3(b) iz, r-N, P-CDs R & i K Ak (425 nm) (2 65 B B T AN [FIFR B 1 P4 . H MinO);,
MR IES log(lo/l) 2B R AT A MG R (W& 3(b)d k), o 1o 80 1 0 BN AFELEFIAZLE MO, 1T L T
r-N, P-CDs (1175 Y58 /5 , 24 MnO, ¥R JE7E 0.1~5 pg-mbL i B I, 7 (464002 75 24 1g(1e/1) = 0.09561C
+ 0.0975, A% ARF RN 0.9983; 24 MnO, IKELE 5~50 pg-mL i, Xt HERLA TN 1g(l/1) =
0.01845C + 0.24089, HIJ: &% R* N 0.9988. Rl 30 MJFHE, TH50i% im0 R A 0.01 pgmL ™, #

DOI: 10.12677/0jns.2023.111006 49 Py


https://doi.org/10.12677/ojns.2023.111006
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Figure 2. (a) Ultraviolet visible absorption spectra of r-N, P-CDs, (b) r-N, P-CDs fluorescence spectra, (c) pH effect on r-N,
P-CDs fluorescence intensity, (d) temperature effect on r-N, P-CDs fluorescence intensity
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Figure 3. (a) Effect of pH on fluorescence intensity of r-N, P-CDs quenched by MnO,, (b) Different concentrations of
MnO, (from 0.1 pg'mL™ to 5 ug-mL ™" and 5 pg-mL™" to 50 pg-mL™) fluorescence response of r-N, P-CDs in the presence
of ug-mL* (illustration: calibration curve of log (Io/l) and MnO; concentration)

[ 3. (a) pH *F MnO, 2K -N, P-CDs S 38 B RIS, (b) AREREAI MnO, (M 0.1 pgmL 25 pgmL ™" & 5 pgmL™
F) 50 ugmL )FEET r-N, P-CDs SHMaRL(HEE : log(le/1)F0 MO, 3R E HIKOEILZE)
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3.4. MnO; BRI HTHYIERM

T EMIEHT r-N, P-CDs FiEFME, E8E WE RS FAM AR, % 17 &EE 175 r-N, P-CDs
PRI S5 T4 E 4 FToR, K258 @ B (Ni®, Pb®, Co*™, Cd™, Zn®*, Cu®, Mn*, Hg*, Mg®*, Na", K*,
Ag', 10 pg-mL )%t r-N, P-CDs %563 B2 (s ikt Cr,02 (5 pgmL ™% r-N, P-CDs % th
AR PERERM . £IBE, KEZHOAEIKEET Cr,02 SR AT 5 ugmL™. Hik, r-N, P-CDs Xt
MnO;, HJHAT ik £k
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Figure 4. Effect of different metal ions on fluorescence intensity of r-N, P-CDs
4. FEERBE TR r-N, P-CDs Zt3aEHIF M

3.5. HmEAIE

RN T BN IZ I IER T AT, B B 57 1 40 b 7 v S 7T b K 2 A5 AR 2= e dR At A [A)
B KFE F IR & MnO;, 1 , [ EAT Ibm RIS S 58 o W 5 (R 45 SR an e 1 B, Fedoinds [T R 78 94.0%
% 113%2 [H].

Table 1. Determination of MnO, in actual water samples (n = 3, mean + SD,
ng'mL™)
#F 1. SRRk MnO, BISUZE (n = 3, mean + SD, pgrmL™)

A ks Rl (ng-mL™) E1 5 (%)
0 - -
0.2 0.20 +0.01 100.0%
bR 0.4 0.39 £ 0.004 96.2%
0
0.2 0.19 +0.004 94.0%
TR RWIK 0.4 0.45 +0.02 113%
0
0.2 0.20 +0.007 99.0%
7K
0.4 0.430 +0.02 107.5%
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