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1% B Stk = B TR M0 AR R &2

"o OBRE 2N B’ mEFE RO
(WIFER2E fh b T2RRE, FRBERMAIF ST A, KR 030006)

W OE DIXIRTMORFTAETR N TR, R A — 2 K Bk G R T BB 2= A (.9 6k a5 (N-CDs ) 383335 47 HL
TR LTRSS aT DL IO K GG R HIE S AR R CAF T AT RAE . 45 R, A ALY
N-CDs HAM/NARSE((1.62 £ 0.35) nm) , PR RAFR/KEERE S ket WRsEREE (NO, ) AT fiff N-
CDs MZECHETR . FEF 00, JES T — Rkl NO, MBS ik . AT kst NO, BA R e B A
1 R MSE NO, BIZRPEIEREIN 8 ~ 100 wmol/L, K HiFR A7 0. 65 pumol/L(S/N=3) , XFATREAYZEIEHETR Y
MU T THED , Filt— AR M TG R R SRR T R A2 BN SRk RE & b NO, AOASI 2%
AN
KB WA BERIOE; WIRBIOLIRE; W

1 51 &

VA R kA PN TS im0, LA 10 o) PR 2 IR 2T AT BT e PR A € LA B 4 i XU ) 4
FAUT SR sk 2 A SV R T 5 e B SN I A o A B A N A , 31X AT RE S ORI R E
BEA SV R R T 5 N IS A I 2T 1 285 A T B v A I 20 26 1, 3k A A 90 4 AR i YR 199 43 i e
J1, N5 R4 EA S . BAT, TR SRR A 7 sk G et B bRk D ek kot
O R gk A T iR N LA R | RS N A2 e P TOCIRER, fL RNy
THES R TEY SEACKED O TR RS ER L, SR, X LA A H fl F T B
IR A B AR TR 22 B SALTR T | sIRET A SRS 125 B0 R R s oz s ) 4 | AN [R) R B ) T A
IS AR 2 A SR A 1 T PRI, & JR T o R A A A A PR I SR b B2

i A5, ( CDs ) VE R —Flopi B B SE T AEAOR M), i FHAR R o2E MR 5 TR m D e ik 4K
BEME | R A DA AR T I N A AR B AR R R ARSI R S
F CDs ST A RALBRIA RO TR mE 70 g ey a7 JHil, X F
P CDs Xt NO, (IR FE B AL TR B BE . Zhang %6 & B T — Fh il (526 N-CNDs, & T 296 KL
X NO; BEATREIN e, SCRRARARHRIE T — L6 n] F T e PRk 5 BRI S A R L im0 L AR
M7, X LR o R S B s 4 (00 | BRI T e (T — 45 0 FH e ) e 2 0 B 2 45U, TR Ol A W 0 o B AT
Wt [ kDO, AR LUE RIME LT 52 605, Xiang 55 23000 46 00 S0 Al BR 36 A9 9% 1
FEAHR KPR X, A PR B R 1 B St [a] e 2 3 — SRR A Kok T b M T — AT AR A RO
DX 000 STV P s ) U B LA PR S YR, (AR TR B AR, A9 S 3 T 9 S K Dt FRAG: I0 SIE i 7R
Eh o AR BIRED R RV DO IR BA T 20 0, i TR A K BRAR XA | REIR/ M FH E:
SRR A IR T B TR R, SCHRRE T — R B RE NO, B 5 Bk R RR A1 R it
A, HPELTAE RS2, RGBT T — A L £ 20 6 BURRE 19 1 JER AR 2R, 366 1 0 6 A 348 s sk oy A O, 24 4R
10, 21 B R R Lk, 5 T 5 0 G S N A U S AR R 2k A F I iR e HiGE . PR, TR A B KRk
ST I A A 2 1 i [T EEAS: 0) SV i 7R 6 1 B R S 2 — R kR

AT R 2 e AR R A TR A, — 25 K A R824 O A7 (656 6k 45 (N-CDs ) . Tl 4
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bt

) N-CDs HA /NGRS | SR eRa e v Rk st H NOS I 23858 N-CDs AU i
FT IR T ORI NOS B e, AR I E NO, B TEVE BN 8 ~ 100 wmol/L, 5 i BR A
0.65 pmol/L, Wi Fr & it N-CDs T kSR AR A SRk R NO, BRI, B0 H KA S

2 XIgERS

2.1 {XFEHiKH

JEM-2100 #4355 8 B, 7 2 3385 ( H A JEOL /A ] ) 5 Bruker Tensor I1 8 HL 21 4G4 (15 [E Bremen
/vH]) ; AXIS ULTRA DLD AU X-SF£0% M 1 AB 1L ( 95 E Kratos 24 H]) ;3 UV-2910 2400t T,
F-4500%% 3653 Y6 ( HA H LA F]) 5 vario E CUBE JTE ML (% Elementar A 7)) ; FE20 pH 1
(it Mettler Toledo /A ]) ; Zetasizer Nano ZS90 1Y #% ( #:[E elementar 23 ) )

X IR i (BERE =97 % ) W A BT T 50 A BRS 7) 5 AR (4l =99. 8% ) FNEAH TR A (21 =
99.0% ) M HIL 2T BAL T B P B( 4L =99.0% ) R FALER (213 =99.0% ) (L TRFE (4l
=99. 8% ) MY (4EE =99. 0% ) Wy F REEALRE i Ab T A3 BRA R el 3 4 J = o044l S0
KR 2B TFK,

2.2 N-CDs HI&HE

DIXI R e FPBER R JFRk SR FH K BRI A UG 28 k. HF 0. 42 ¢ AP R M1 0. 16 ¢ X 7R %
IRTE 5 mL £ BTk T RIE  BHEREER ) 25 mL &4 BV 240 N R RK N 289 78 180°C F
KW 4 hy AR N-CDs ¥ LA 10000 r/min 2.0 10 min, FUCIE , @ @ L0E N QNS B S 75
500 Da)24 h #—2lifk N-CDs /KIS, AR LB /NF . BT/ 1 N-CDs /KR VR T8, 3R158
AR N-CDs,

2.3 WHREFFFRHNE
N-CDs M5 F = ok O EET P P B(QY =0.89) E A S IR #e I N =0T
D=D (n/ny) (Ay/A) (9/0;)° (1)
Hrr ) @ Fi 7% n S8BT IOREE A FORWOGEE, » BEFMITHRE, T R RSP FH B,
R 7 1 RSN, 7E 520 nm USRI K (A ) R N-CDs FIZ FHIH B IR AW EE I 7E 0. 10 AR,
2.4 N-CDs #R§13 NO, BYIE MR % 4l

76 1 mL % N-CDs J&#(0.30 mg/mL) HFILA 10 wL A [EHEE Y NO, , 765 36 FIR2A) . BUE 3 min
J& IR EERE . L 10 wL HE IR (10 mmol/L) fE#: NO, , BF5E N-CDs X NO, (3£
2.5 EERERSH

IR A AR 2R JRl SR AR ) T A R 1T, KR S S G % F R K, UK RS 20 ¢, 208, T 500 mL bE
FRr A 12,5 mL A AEIENEE A 300 mL 70°C /K, KHE G TEb KN 15 min, B AR EHE,
IRGHIMA S mL WRRFALH A 5 mL CRRERHAR, DTVE R AT, fe)a, K E 2528 500 mL, HuE4tE
U8 WCHE R, T 4CHtAE , RR A AR A AT S il AT, BRI 20 ¢ 593K F 500 mL Bedft, R
5513 KRR R R A R A T A BRESERE A . A SR KR f 7R 2 1T 6 30 min, FH 0. 22 wm O3FLUE
PEEAT g, R

3 ZER5iTie

3.1 N-CDs HIR1E

K L WA (TEM) R N-CDs TS AR SE 204, Ani&l 1A Bi7s , N-CDs 2 BUESHE ) 5k
o ORAR AT 5, SRRSO (1. 62 = 0.35) nm, JCRIPHTEEREY], N-CDs £ 2 iy fi i 1L
48.03%C ., 4.89%H, 7.79% N F139.29% O (i15HA86) i, LLAMEIEUNEI 1B Fi7R ,3449 em™ &b BRI
EEFNT O—H 8 N—H B9M459R30,2980 12932 em™ A1 55 B I B C—H HI4ERsh5]
HEHY,1712 em™ ARG R BEAE C=0, 1516 cm™ BOMISCIEXS N N—H, 1400 cm™ YW 04 9
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HF C—N BAMZEIRD), 1209 em™ A WIIERIFAE C—0 #, N-CDs iy X JIZEH T hgig &l
(I 1C) 75 283.7.398.2 F1530. 1 eV &by, 73 5% T Cls N1s A1 O1s, N-CDs Cls [ 43I0 1%
(I 1D) R C=C (284.7 eV), C—N (285.9 eV) Fll C=0 (288.5 eV), WK IE fis,0ls
R[4k 531. 8 1532, 8eV YN, 3 BIXF I T =0 Ml C—OH/C—0—C , Nis % ([ 1F) BR
TLL400.0 Fi1401.2 eV AHO BB, HHF C—N—C fl 0=C—N , XPS %) N-CDs F 4
35 FTIR 85530 —30, 45 b, & N-CDs K1 & A RIE I B M,

Transmittance
Intensity (cps)

3449
1

L Il 1 Il
4000 35003000 25002000 15001000 500 700 600 500 400 300 200

Wavenumber (cm™") Binding energy (eV)
E
% ,:; C—OH/C—0—C ’i;
= = =
= = )
£ z ‘g
2 £ g
= L L
= E =
L L 1 L L 1 1 I 1 L 1 I 1 1 1 1
280 282 284 286 288 290 292 528 530 532 534 536 538 394 396 398 400 402 404 406 408
Binding energy (eV) Binding energy (eV) Binding energy (eV)

Bl 1 N-CDs £ ( A) 5T i 7 B CIR R B2 G405 ) L (B) ZEAMIGHERI(C) X B2t TREE
FIMHER C 1s(D) [0 1s(E) RN 1s(F) X S0 Fhgi
Fig.1 (A) Transmission electron microscopy ( TEM) image, (B) Fourier transform infrared ( FTIR)
spectroscopy and (C) X-ray photoelectron spectroscopy ( XPS) of the synthesized nitrogen doped carbon dots
(N-CDs). (D) Cls, (E) Ols and (F) Nls high-resolution XPS patterns of N-CDs. Inset in A is size
distribution histogram

3.2 N-CDs it MEaE

FH N-CDs [ 584011 WL SO 3 il R KA I R i Fl & 96 635 (&l 2A) 1T I, N-CDs #£520 nmAk
A B X AT BEJT R T N-CDs E B REFA Y n—m ™ BRI, N-CDs A K IU& A& 506 54 F
520 11600 nm, N-CDs #ERAE 365 nm EHME T Bt (a7t

TN ZE X N-CDs 26 B BRI, AnE 2B iR, 76 pH 3 ~ 12 (IS FIN , N-CDs R 12¢
SR L ANAE . NaCl ¥k BEXT N-CDs 28630 B 1952 i 5256 2 B, BRI 76 &35 1 mol/L MBS FIR T,
N-CDsZGo B AR & Az B i i AR (1 2C) o A, 500 W R iE LIRSS 120 min, N-CDs R I
oEREE (B 2D) , LI FHH B SRy I H RS R TG ) N-CDs 7F 520 nm #U& WK T 1= 7~
F(QY)H4.8%,

3.3 ETF N-CDs #illl NO,

I 3A 18 FAR[RIBI B X iirfs N-CDs 25 BE 2, 455 3R 8, BR T NO, AI LIS, N-CDs (1)
DA, T BB F IR N-CDs 975t & Az B 8 09 202, Ui BT & 0% N-CDs X NO, H AT 388 i i
Pk, E—2HF55 T N-CDs X+ NO; W (], 1] N-CDs $3# (0. 30 mg/mL) F LA 10 wL 10 mmol/L
NO, , b 95 5 B ] (9 E 4K, N-CDs 2G50 B B WG 58, JF7E 3 min J5 ik 2152 (& 3B) . anf&l 3C R,
B NO, AUHEEE M 0 pumol/L 6K % 100 pmol/L, N-CDs ¥4 ¥k B 5 C0m B B . K 3C i R T
£ 365 nm HEEHMT T NO, HiJ5 N-CDs /KR B ZE 58, NO, B A5 N-CDs 7 €4 & St B
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B2 (A)N-CDs {9850 mT WLIRIBOYTE 3R G AE S0 (B)pH (A . (C) B FIREM (D) AT IR
SFXT N-CDs 2 56T B2 1Y 52 1
Fig.2 (A) Absorption, excitation and emission spectra of N-CDs; Effects of (B) pH value, (C) ionic

strength and (D) irradiation time with xenon arc light on fluorescence intensity of N-CDs

WIGSR A 3D FR  HRCR (F-F,) /F, 5 NO, ¥JEAE 8 ~ 100 pmol/L Ju N B A R UFL MK FR
(R*=0.997) K BRM 0. 65 wmol/L(S/N=3) , A J5ikxt NO; BUREGEXS FL WL 1, & BUHN-CDs
Xt NO, F i g st 1), A6 BRAEG , dak 28 (0% T 23 10 A= 1 4URL 5 AR K R NO; 9 i 8 BR 1265 pumol /1L,
AR FHES TR 1 LR R B GRS, N-CDs S 28 SE1G 5 BT, BRI/ FHE (S 5 10 7™ A2 I R AIK

B S R T, JFH N-CDs AJ7EKIEKIX (A, =600 nm) & NO, | 1 H B 98GR EH N R T 70 4 m K
(R 5 20 R XHEA TR
1 RIFIDT X AR R A R A P

Table 1 ~ Comparison of performance of different methods for dection of nitrite

HEr g K i s A
" § N > U 5 SRIUE 4 . .
ek Kl 7y ik Detection Reiuj ’(?L;Sj Itbiﬂm(-: Llnle{fii(inl—f]e ﬁ%DBE ERp L
Materials Detection method wavelength pon & Ref.
(nm) (min) ( pmol/L) ( pmol/L)
Jhi g 2.89x10° ~
- Chromatography - 3 2.89x%10° 6.25 (7]
2Ly
Carbon nanofibers Ele%ri%hir(nitry - - 5 ~300 3 [2]
Paper-based ERURZS
analytical devices Colorimetry - 15 0 ~100 1.3 (25]
PO N
Carbon dots Cheﬁﬁﬁﬁim - - 0.1~10 0.053 (6]
Ly I
Copper nanoclusters Fluoré:n}el%fé Zél'l‘f{l’f(‘)hinﬂ) 422 3 10 ~225 3.4 [10]
7 g =]
CNDs Ik (K 390 - 15~ 1110 13.5 [26]
Fluorometry ( quenching)
PG (HE5R) ATAE
N-CDs Fluorometry ( enhancement) 600 3 8 ~100 0.65 This work

- JCTR AR, ORI I B A R B 13z ]

—: No material required, No detection wavelength or not mentioned response time.
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B 4800 ,,,.p =
/;} 5000+ 5 min E 4600 3 min
s = 4000} z MG 4
E = 0 min g t(min)
z = 5000
& £ 3000f = 48001
= g = 4600
5 2000F 44001
[ 42001
1000 40005557600 620 640
A(nm)
-0.1 2 e D S 35S e S — S it > S 0 L L L
g:%%szzg;ggauzégﬁg 550 600 650 700 750 800
8 A(nm)
5000 0.5
C D
__ 4000} 0.4+
= 100 pmol/L
< - R*=0.997
< 3000 = 03fF %
= NO, =
;
'é 2000 0 pwmol/L 5 0.2r
| .
&~ 1000 0.1F
0 1 1 1 0.0 1 | 1 |
550 600 650 700 750 800 0 20 40 60 80 100
A (nm) Concentration of NO,™ ( umol/L)

K13 (A)N-CDs X NO; MYEFEPE; (B) N-CDs X NO, (W i ] 5 (C) ZEA[A]MR BE (19 NO; FE7E T
N-CDsI R PTG IEE s (D) (F-F, ) /F FNO; R BE 22 [ A2 DG R i 2%
Fig.3 (A) Selectivity of N-CDs towards NO; ; (B) Response time of N-CDs towards NO; ; (C) Fluorescence
spectra of N-CDs solution in the presence of different concentrations of NO, ; (D) Linear relationship between
(F-F,)/F, and NO, concentration
3.4 WHIEEVIZAEN
N-CDs NO, F1 N-CDs+NO, FJnFIBEiE il 28 5 52 56 il e i W6 3% ILIET 4A, N-CDs+NO, 1952
B R A FE I RSO GIE AR TS B N-CDs 5 NO; Z I8 &4 T 4625 O, AT REJE R T 397 (0 e
B, RIS zeta HAT SR GRAR I BRI —HE0 . 4nf&l 4B BF7R A NO, J& ,N-CDs [T
ANETETE 1633 em ™ Ab HER—N . BR NO, 78 1633 em ™ A UM IRIL , 1 N-CDs+NO; fEIAL )
W WU AR S 348 X W] B BT NO, 5 N-CDs SR & AUE Re AT T 456 . EMA NO; J&5,zeta
HEM(5.6920.09) mV 25K (—1.1720.06) mV,FH] NO,; 5 N-CDs F 1 B9 FL45 4, S 1Y 1F F A o 5t
e A A AR, BEAh , #E— 2B BE5E T I NO; i N-CDs /K& kA2 A8 4k, anl&l 4D fr7R , N-CDs+
NO; FEIg KA HiA2 N (446 + 35) nm, I T N-CDs( (3327) nm) FERIAE (8 4C) , 2 WATE N-CDs
FNO, ZIa kA T RE IS Tk,
3.5 EEREFMP NO, R
TRUAS Hl v B 1 KRR A AR SR S S 2 L R i, 486 2.5 1 TR I D AL B S T A ST A S B
D5 EPEAT NOS K, 45 54036 2 FoR . [BISCRTE 97. 2% ~ 104. 3% 2 [6) , M AR ifE R 22 (RSD) 7E 1. 1%
~3.5% Z [8] , T N-CDs MGy 0] T I 52 BRAe b () NO; |, ik sy &g,

4 Fit

PR A B G G AOG TR A, 115 N-CDs BAT /NI RST | R GF /K M AE S3 1 D'G
TN, FET NO; XF N-CDs ZE6 HATRESRAE I s 1AL NO; BUFERGHT 7 ik . A7 iidd NO; Bk
I SR BERE Vo PR R R T R AR R 1 R R NO, BRI, 255 N L
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g NO; )
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'1633
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4+
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0 0
0 20 40 60 80 100 0 300 600 900 1200
Diameter ( nm) Diameter (nm)
K14 (A)N-CDs(0.30 mg/mL) NO;(100 wmol/L) N-CDs + NO; FH & Fl1 525 fry £ 4h-1] WL O 5

(B)N-CDs \NO, 1l N-CDs +NO; Y FT-IR )% ; (C)N-CDs,(D)N-CDs + NO, /K& kitz &l
Fig.4 (A) UV-vis absorption spectra of N-CDs (0.30 mg/mL), NO, (100 pwmol/L), N-CDs+NO, ( the
theoretical curve) and N-CDs+ NO,( the experimental curve) ; (B) FT-IR spectra of N-CDs, NO, and N-CDs

+NO,. Dynamic light scattering (DLS) measurements of (C) N-CDs and (D) N-CDs+ NO,

2 KB SRR R ACRE i R AR Eh RO A 45 R

Table 2 Detection results of nitrite in sausage, pickle and tap water samples

e - AR W e P 2
Sample Found Added Total found Recovtiry RSD_
(mg/kg) (mg/kg) (%, n=6) (%, n=6)
i 34.9 52.6 103.7 3.2
Sﬁ;&agge 16.4 (mg/kg) 69.7 87.0 101.3 3.3
104.6 118.9 98.0 2.8
34.9 100. 6 97.1 2.8
li?ic%e 66.7(mg/kg) 69.7 135.0 98.0 1.4
104.6 172.7 101.3 3.5
20.0" 20.9" 104.5 1.1
60.0 " 61.7" 102.8 2.0
#; (pmol/L).
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Orange Luminescent Carbon Dots as Fluorescent
Probe for Detection of Nitrite

JIA Jing' , LU Wen-Jing', LI Lin', JIAO Yuan®, GAO Yi-Fang’, SHUANG Shao-Min "'
('School of Chemistry and Chemical Engineering, *Institute of Environmental Science

Shanxi University, Taiyuan 030006, China)

Abstract Orange luminescent nitrogen doped carbon dots ( N-CDs) were prepared via one-step hydrothermal
treatment by using p-phenylenediamine and citric acid as precursors. The morphology and optical properties of
the N-CDs were characterized by transmission electron microscopy, fourier transform infrared spectra,
ultraviolet-visible absorption spectroscopy and fluorescence spectroscopy. The results showed that the
synthesized N-CDs had an extreme small size ((1.62+0.35) nm), good water solubility and excellent
fluorescent stability. The addition of nitrite (NO,) caused a fluorescence increase of N-CDs. Based on this
phenomenon, a new fluorescence analysis method for detecting NO, was established. The linear range for
detection of nitrite was 8—100 wmol/L, and the detection limit was 0. 65 pwmol/L. The possible fluorescence
enhancement mechanism was presented. Furthermore, the constructed fluorescence sensing system was applied
to the detection of NO; in sausage, pickle and tap water samples with satisfactory results.

Keywords Carbon dots; Orange fluorescence; Enhanced fluorescent probe; Nitrite
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