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W OE LUSEARIE S RO AR, R — K Ik i 45 7oK B E 048 Ak i 1 5 (N-CQDs) , FH T A
FKARIPOCRI. B 5EX N-CQDs FIEA A RZE IR R T T AL, ARG 5T T (5 2 At A R g 40 %F
N-CQDs A& Z i 3 B9 9ECHE KB, AL T 5250 25 AF B R R R R IB AT 1 2 R B - & W PE IR B0 1:1
i, #£ N-CQDs R I rlJE iR S A o I P A 508 i T Ok s i i AR 213 N-CQDs 19 5 0 pr K
1 Smin WK  FERERRER 22 0PI (pH = 7.5) BY ST 96 KA i, ELIA R i A8 R e AR 45
B[ Q17E 0—80 nmol - L™ YEREIN 5 N-CQDs 1A R B IR KL (IgF,/F) I R AF AR
lg F,/F =0.0047[ 0]-0.015,R*=0.994 % 1 FR 4y 8.20 nmol - L™ ; RS LT EE [ O 1 ££10—40 nmol - L' JEH N 5
N-CQDs K R M ZEHEKFLE (1g Fo/F) BRI REF LM R 1g Fo/F =0.0252[Q]-0.0052, R* =0.996,
BBRA 1.54 nmol - L™ AHFFE Ry fay (s PR | S5 ASIN 5 K o (8 0288 (0 3 Ay Aty 0 IB BR £ 3 A3E T 0 0 1.
KER BERKE TR, YOUEK, FriEdt, IIGLL.

Preparation of nitrogen-doped carbon quantum dots and
application to fluorescent detection of azo dyes

SONG Xingliang'™ HU Xueping' LIU Jie' LIU Li' YU Yue®
(1. School of Chemistry and Chemical Engineering, Linyi University, Linyi, 276005, China;
2. Linyi Academy of Technology Cooperation and Application, Linyi, 276000, China)

Abstract; New water-soluble nitrogen-doped carbon quantum dots ( N-CQDs ) were facilely
synthesized by one-step hydrothermal method using hybrid carbon and nitrogen sources of phenol and
ethylenediamine, and were applied to fluorescent detection of Azo dyes. The surface morphology,
composition and fluorescence properties of the as-prepared N-CQDs were characterized, and the
remarkable fluorescence quenching effects of tartrazine and ponceau 4R dyes on N-CQDs were
investigated along with experimental condition optimization. Experimental results showed that the
fluorescence efficiency of N-CQDs was effectively improved owing to the formation of large amount of
strong electron-donating groups on the N-CQDs surface when the molar ratio of phenol-
ethylenediamine approached 1: 1. Other two main parameters were optimized as the reaction
incubation time at 5 min and reaction medium in phosphate buffer (pH=7.5), and hence the

highest quenching efficiency was obtained. The quenching mechamism for the two dyes belonged to

2018 4F 4 A 22 HUH (Received: April 22, 2018).
* [H K F RBP4 (21275068 ) FILLZR A A AR 2% 4x (ZR2016BL25) ¥ H)).
Supported by the National Natural Science Foundation of China (21275068) and the Natural Science Foundation of Shandong Province of
China (ZR2016BL25).
w o« HINBR R A : Tel :0539-7258621 ; E-mail ; xlssong@ yeah.net.
Corresponding author, Tel:0539-7258621; E-mail: xlssong@ yeah.net.



Ny

34 R R B R T U 5 SO B S B R 2L 523

static quenching. Under the optimum conditions, excellent linear relationship between the ratio of
fluorescence intensities ( lgF,/F) and the dye concentration was attained in the range of 0—
80 nmol - L™ for tartrazine (lg F,/F=0.0047[ Q]-0.015, R*=0.994) and 0—40 nmol - L' for
ponceau 4R (lg F,/F =0.0252[ Q]-0.0052, R*=0.996). The detection limits were down to

8.20 nmol-L™" and 1.54 nmol:L™" for tartrazine and ponceau 4R, respectively. It was demonstrated
that such N-CQDs system can provide an effective fluorescence sensing platform for the simple, fast
and sensitive determination of azo dyes (such as tartrazine and ponceau 4R) in waste water samples.
Keywords : nitrogen-doped carbon quantum dots ( N-CQDs ), fluorescence quenching, tartrazine,

ponceau 4R.
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Fig.1 Chemical structures of tartrazine and ponceau 4R
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1 #8571 ( Materials and methods)

1.1 ARSI

KQ 2200B YR i vEas (R 1L B S AR A R A A ) 3 B2s T 48 ( DZF-6051, b —fE R AT
BT 5 B DUGR S M BB B e e W 48 (50 mL) 5 G AN i HUE IR KA 88 (b st i EE R &) 5
JEM-2100 & 5 B F R 58 ( H AR T ) 5 = I (ZF-1B B, b1 V) o S AR AT BR A A ) 5



524 I 53 1k 2% 38 &

FA2004N B~ KF (TSRS A FRA F] ) s RF-5301PC 506 EETH( H A S HE)

BEHTAE (1000 Da) s FrEme (/o Aral , REET AR L TABRAR]) 888 )y ( R hiCE R dife T
WFFEFT) 3 R (CREET KRR ) s IRZ (7ol REET LA AR ) s & e (orbradi, Kt
s A RR A A BRA T S BERR (L2l , R EET KU AL 22 R B A BR A R ) B R — U8 (43P 2k,
KA FHRE TARA R s BR A 0 (CRETOCE R R RA AR ) s #rG i (bR sl , 1B
AR A BRATD) s IR LE (bR, LI s RAVFRHEA RAF).

1.2 BABKE T S R Hl
1.2.1  N-2RP ik s i il &

B 25 mL % 0.1 mol « L™ K /KW AN 0.15 mL 19 & RS IR A 15 min, B AR DU 296 R et
JEE 4 R TR S i 28 T L 76 180 °C AYFE IR TR AR R RS 12 b, 4521 %5 3 (0 TR BV, SRS AL 20 mL 7K
Fi e, LA 12000 r-min”' AYFZ 3 B0 10 min, 285K LI R ER 43+ 1000 Da HBEHT4EET 5 h.
1.2.2 N-SF2R Wt i A il 55

B2 25 mL 19 0.1 mol - L' 484 — B /KW A1 0.15 mL (92 e IRA, SRJ5 7 A 50 ml L5 DU 4R
LTSRN N = ROV 28, T 180 °C HTE R T4 T RN 12 h A3 81 AR IR A T IA 20 mL (1)
FKHRE, ARG LA 12000 1+ min™ B0 10 min, B¢ LIE R 77 1000 Da (B TEEET 48 h.

1.3 Bl T R ERAE

K H JEM-2100 375 55 HL - S 3008% ( TEMD) X il £ 119 Nk 2t 7 50 08 AN RO 350 184 7 08 52 5 0
K KBr JE R 3 357 AR 421 S8 ( FT-IR200 ) I 5 A 38 2 ik b S5 B 204 GIE A
1.4 FIBLebk i S E.

£ 10.0 mL RNEIE PARIINA 0.6 mL B9 N-fk it ¥ 451.0 mL(pH =7.5) (@ ER £6 22 v i W, n
I R B A B IR BR 21, FH L R i IR AR 22 v W B 22500 mL, #2451 E i FE 5 min, 1 em
POGHLAIIL,7E A, =410 nm, F34# 350—650 nm BAEFICHE, T A, =515 nm A& HOOCIRE FakeE
JIT FH ) 1R 6 2 s MR 25 VIR, 5 B8N ) SR I A IR A IR 2000 B3 % Nl it A AR R R A .

2 L5 59718 (Results and discussion)

2.1 N-fii s e+

12 S TR FH ) S5 v B2 T JERRIT i 4 10 W Nl 2 1 0 B2 SIS O, 1 ol NR B i 7 451,

2 S N-SROR Btk i R N- 2R B Akt - 50FT N-&B 28 Z B £ i 1 e KR 3 I K39 7E 515 nm 247,

XTI ) e KA A AR 4100mm e A7 5 70 20T REUR T WS¢ NOR F ik i il R se 4k (0, N-ABOR 13
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Fig.2 Fluorescence spectra of two nitrogen-doped carbon quantum dots ( N-CQDs)
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W, CE AR R R R/ IS 2] SR BRI ORCIR 23, HLRAT R A9 20 B ; 2838 225K TEM 5l i1
T RN A RECE O, a8 3(b) Firs , i PRI RN 4.30m.

Fraction/%
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B3 (a) N-FEEREF NS BEEE,; (b) Rif2srmmE
Fig.3 (a) Transmission electron microscopy ( TEM )image of N-CQDs ( phenol-ethylenediamine) ;

(b) Diameter distribution histogram

2.2 BRI T S POLIR L R R

N T ARG B G B ) et 1, DIE T AN () JEE JIK IE G B4 1 ML e R R LA 9O
SREE SEHD RN AU 0.3 mL #Y & AR AR 2Ot T 8 IR B 2 5.0 mL, 5O mte R
THIE PO B il 2 A [R5 R po e 1 s R b R AN I i) B IR & R B 7 B (W)
LS 13 ¢ i B WL 1.

M1 FIE 3 AT LUK B, AR Ak i1 i ] LI A0 s i 1 A i PO I LR 2 — it
(ARG, 1 KOG SR BE BTN 5 24 £ e i 20 N-Bi 1 AR ORI T, X 2
DR R A it/ FE A B A D A AZ O B TS O T, R & i B T vk AT S8R AR it it i A
BABIITE VIS - & — B IR AT 1: IR DO T R8O B A

R IFEEIR WG A N-R W ik T s i 9l B

Table 1 Fluorescence intensity of N-CQDs synthesized using different mole ratio phenol and ethylenediamine

b = E—
PRE & —IHi L T SR SN (F)

NO. Mole number Mole number of Wr% - -

of phenol/mmol ethylenediamine/ mmol N uorescence Intensity
: 48 0 0 131
2 3.4 1.4 9.7 148
3 2.5 2.3 17.3 442
4 2.0 2.8 22.0 412
5 1.5 3.3 27.3 209

2.3 RBABE T LIRS

K4 ok N RS (W =17.3% ) RIB 2420k S0 7 AR 2D A GRS BN FT-IR SEiS T LUE
£ 3500—3200 cm™ 2R} 1 I—O0—H B ZEIR D), 1570 em™ ZEAAFFENIE N—H 19 55 204 2h M i
1201 em™ ZEATEAE C—N BIAEIR ShI ; 75 1400 —1600 cm ™' Ab7E AR A HRAF 2 U 14 ) 7F 1230 em™
b R IR C—O BIR4E R SIS , 76 600 em™ 2547 C—H N—H 78 TR 3 g ive
2.4 KSR
2.4.1 KI[F] pH {ERYFZ R

H 0.6 mL 1) N-Z& b it 2 3 AR 4 SLZ0BE48 2 B A — 2 i i i 2 sl IR g 210, AR B
YEF— BT, B 5 A pH (BN 4.6.7.5 10 (RERR 522 shS A B 22 3.0 mL, $25). AN I & A £
FIHRL NI T s WO S H, G/ O EE TN e HZO s B AF Bl pH (A 1Y AR TR L.
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MBS HRT LU Y B 4 9 N-CQDs BYZELR B (a) G768 (b) BURIREL (o) M EAE RS #87™
A T OB R RO CHE IO, He b LUK AR 2157 A B 5 6 A I 800 B, I HL pH.A{E R/ IR 5 B
BRAT — 2 R E B R A 55 FR IR A T 2 A A, L S5 B AT PP P T3 PR S I AR X 5D 3l e 5 A A
SORRARZL 0 B R SR AT A 56 228 G o0 bT , B4 pH =7.5 RYBERERZE thi#H i (PBS ) S S A1 o

10 C -
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Fig.4 Fourier transform infrared spectrogram X N-CQDs 2 S0 IR HY 5% Rl
of N-CQDs ( phenol-ethylenediamine ) (a) N-ZRERBiEF 6, (b) N-ZEB Bk AL A50R

FrE, (o) N-Z=B i i1~ s AR IR 41
Fig.5 Effect of pH of phosphate buffer solution ( PBS)

on fluorescence quenching of N-CQDs

2.4.2  N-f 7 S e R
R T B A 8 AT ORI IR B £ R BB RS AE 1 N it S R B 28 G T 22 R AN [+
TRF N-CQDs Jf-H pH=7.5 WBERREL 22 thiA AL B 2 5.0 mL, AR 586 B 5 N-fl i o VR FE 1Y)
KZME 6 i 58 &I, 5 Eom BERE A N -k s v B 038 i 34 58, (S A 600 pl. LS, N-fik
T AP R B RE TORR.
700
600 —
500 -
. 400_—
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Fig.6 Fluorescence spectra of different concentrations of N-CQDs

2.4.3 A TA] AR RS Y e 4

R 75 5% O B[R] N-ifke 2t~ a5 OB TN A 52, B8 B — 2 £ 1Y N 1 R T I it B A7 15
BORFARET AR5 pH =8 MBEIREL % vh iR W B 2 5.0 mL, AFSBEIG AN ZR 1) N-ik & T 55 A TR
25, I AN () 52 7 B[] e 2 A3 A5 )5 M. 22330 2 B, 7F 5 min B[R] 22 P 496 H% Nl 7 2
B EHE KN A T 10 PR ZLZE W AR 1 1 min 22 N HE KRN A8 A0 E AF 85K B G AF Y78
e/ 2 5 min B T PARLZRG 00T, OB T 45 HITE 5 min 2H L

T B A SN 1) P, DAY ) (R FIRBE 21 ) X5 N-B 1 9O KN NS % %881 25,
32,39 C FARIMAFINAE KT, N-2 Gk S 90 B AR AF. 45 R R DR AR L
B AF BEEEE BT i), B0US 22 SR 47E 25 C =i T 7.
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2.5 PPRKHLEE

AT HEIN 0 R AT T AR AR 20 % N-ik i 5 2 YE R K AL, 38 % >R Stern-Volmer 7 F2 2k
ik

Fo/F=1+K,[Q1=1+K, 7,[0Q] (1)

K (D)o Fy L F 535 AR AR AREIGH (£ TR A s s MR 21 ) i N-2GHk - i 9 O6aR
JE 5 K N B SO R AT B K R K 3k TR R 38 0 Ry TE AR IRV I 5 43 1 14 - 34 743 i (B
BT RPOEEA 7 — R Ins, B GRS F BN BRSO A L Jesgm ).

PRI FE AT B A A AR, RV K 5 9 ) B R & 24855+ Z R AR EAE T, AT e &
A RS R NGS5 96 B 28 1 Z IR BAE R OF 2R AN RGBS A0 & 1 6 T
AR IR IEHH K W25 5 B T v I 17 sh 28 BRI 450, UL I 0 8 v i 3 K0 AL 7
22 AT K B R TR T B 5 N-CQDs IS IR RIS HOK

1.6 -

FyF

1 2 3 4 5
10°[Q)/(mol-L™Y)
B 7 AR T AP B K Nk A HY Stern-Volmer [H4E

Fig.7 Stern-Volmer plots for the quenching of N-CQDs by Tartrazine at different temperature

(The concentrations of N-CQDs= 1.1x107.mol<L ™" ; Phosphate-buffered saline solutions at

pH=7.5 in 10 mmol-L™"}solution of sodium phosphate )

K2 AREE TFHETEYS N-CODs Al EHAERAY Stern-Volmer 2 K H 41

Table 2 Stern-Volmer constants of interaction between N-CQDs and Tartrazine at different temperatures

25 Fo/F'=1.42x10"[ 0]+0:936 1.42x10* 1.42x10" 0.994
32 Fo/F =1.18x10*[@1+0.938 1.18x10* 1.18x10™ 0.998
39 Fo/F =1.02x10*[ 0]+0.935 1.02x10* 1.02x10™ 0.995

WA RS LT N-filk i1 A PR KRN AN 8 iR R g SRR W, (F/F-1) SR R 1 22—
FEMIFEEOC R UL IR £1 X N- it s AR KA R R B P K, HELAT LAy A5 3 B iR ) 13 A8,
TR R 355 %R ot 5 ek T 5 A8 %) 16 T T 2 B R 8 OIS AR b . Y B S I K I BB R SN 24454 i,
GEAHBCS A A LSBT N SR AR

lg (Fo/F - 1) =1gK, + nlg[ Q] (2)
K (2)H,n HFRMEES K N REE G H L

WRIEA(2) , W 1g(Fo/ F-1) % lg[ QTFATERMEILE  FriE s MIMAR LI 1g(Fo/F-1) 5 1g[ Q] Z[H]
PIFETE R AP I 0C 3R AR BRAAE [ 0H J5 72 rh 0 RER AR R AT SR th & H (AR 5 N-CQDs AH B AR 45
B Ka MZSGALS B n( I3 3) S5 R R W] Ar B MIHAELL 5 N-CQDs Z MIERAAAERCRINES & 7,
HARAELr 5 N-CQDs Z I P54 1 m , I LT P IR K FAP G 3 s n (KT 1, BB BN
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5 L Fy/F=1+0.086[0]"" ’
I R>=0.993

FyfF—1

10°[Q)/(mol-L™Y)

B8 AT RITOCHE K GMARLL R 2 18] 15

Fig.8 Relationship between the quenching amounts of N-CQDs by Ponceau 4R and the concentrations of Ponceau 4R

&3 MR Stern-Volmer J5 G EIAINARLL S N-CQDs AHEAE ML & S8
Table 3 Binding parameters of N-CQDs by Tartrazine, Ponceau 4R/,
the number of binding site (n), and binding constants(K, )
Bx Bty

K,/ (L+mol™" 2
Azo dyes Linear regression equation o/ (Lemol ™) " R
Fri# 8 Tartrazine lg(Fo/F-1)=1.37lg [ Q]+5.720 5.25%10° 1.37 0.991
HHBEEL Ponceau 4R 1g(Fo/F~1)=1.46 1g [ 0]+6.492 3.10x10° 1.46 0.992

2.6 EHEZEWEXT N-CQDs B KU 501

FrA6E B0 25 TR MR B R 2.00% 107 mol - 17", IR AR £1 5 4 A M 4 1.00% 107> mol - L' . 2 i “2.47
BRI i, LA pH=7.5 BYBEIRER 28 0P A T ( PBS )Y IR Fe e A 55 0F T, % 58 T AN TR A6 R A i 21
PR P85 X Nl et~ A S AR AR 1) s Wi 245 SRE e I, i o 1 P 0 23 A 8RR i 200 Jin At ) 8 T 1
TN, DG R 55 , 46 IR B i, 4 IRE 21 A #2238 F1] 30 nmol - L' B, N-CQDs 2% J LI 76 2 HE K i
H PSS Q] (nmol+L™") 7F 0—80 nmol=L™ YL PN 5 N-fi i 1 Ak R DI K AR FE (1gF,/ F)
B RIFEMER R NgF /F=0.0047[ Q]=0.015 , HHXRE(R*) K 0.994 JHIGLLH [ Q] (nmol + L") 7
0—40 nmol - L™ Y B N5 Nk T s /K R IG5 RKFEE (Igk/F) TN 2 RGP R R gk /F =
0.0252[ Q]-0.0052, #H ZEL(R*) M 0.996 434 TUPAC #U5E , 4 I BR (DL) JH 30/k 8 (Hrh o il
FE 11 RAS R bR HEdR 22 , ko CAE T ZRn b)) A s AU IR 2L A0 A i BR DL 43512 8.20 Fi
1.54 nmol - L' H-E& ik R HFR L2 4.

R4 ARIFEANHALTT IR T R A HE A

Table 4 The comparison between the detection limit of this method and that reported by other methods

Frig s i) AN ik
A M7 Method Tartrazine/ Ponceau 4R/ Reforences
(nmol-L7") (nmol-L™") :
TiAFEBR B 8 W% [ (icELISA) - 1.32 [21]
e . 4.73 5.48 [22]
RO (.15 % (HPLC) 185 23]
2.0 0.8 [24]
L 43 #77% Electrochemical sensor 8.6 [25]
4966 B Spectrophotometry method 60 53 [26]
¢J61 Fluorescence analysis 8.20 1.54 AP

e HLE R B, AR i A P B R 20 (4 A 1 B 24 25 [ 1 sl I 38 4 Sk i3 vk,
BFIR S E AT 12 20 OB i ik Y RSS2 T S R e E FARE s i)
il FHBRIE GB2760—2014) FLE £ i v A A5 28 IR T 20 7 i35 I BR 2 4331 R 0.05—0.5 g+ kg™ 1 0.025—
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0.5 g-kg", BB KLE £ bt hAT G s FIR IR L A A in BR 2353004 0.1—0.5 g+ kg™ 1 0.1—0.25 g- kg™, #k
PIETT TR A BRI AR £ R S
2.7 R

W 1 I S0 B PORMRE i U, AR TR ER 26 €O, , BUGE & JH ZUOKR RIS 4% 1.4 BB A4k
R PO ERYINE ”  E BEA T, IF TSR OB R A B AR IR L e W, g B R
FEIFRIRSS , AbFE )52 5 PATRE S AR, AR D3 5. LA SE B St i i S BBV e i rh 6 R (9 R
i, MSCRTE 86.7%—105.0% Z 1], F W12 77 12 fa il etk ar , al 28 F T SEBt i Aar

RS BRI R B RN T A

Table 5 Analytical results of tartrazine and Ponceau 4R in drinks

B ET Tartrazine JHAGLT. Ponceau 4R

B I 8 1PN s 5 {H A
Drinks Detected/ Spiked/ IR/ % Detected/ Spiked/ IR/ %

5 4 Recovery o . Recovery

(mg-L7") (mg-L7") (mg-L7") (mg-L7)

W3Rk - 5.0 102.5 - 4.0 105.0
Mineral water 10.0 99.1 8.0 101.2
WH YR 6.58 5.0 86.7 0.8 4.0 89.3
Pineapple juice 10.0 89.4 8.0 87.9

3 258 ( Conclusion)

ARSCUAR AR AR £ A R, R — KBk il 35T DO 17 R B BB Rk 1 A
OIHT TR B RBRELN N-ZOta B s A IHILR] I e T %28 £ @ 300 N-fje i1~ sl M R R
DENHEINENE AR T — Bl g PR s A B8 /K o (H R (0 3R At s IR IR £ X 8 07 3%, T S Bk
s R 45 R4 il L
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