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ZHY FE? AR FRE kg TR
MoRILY KT

V(R ERIR SRR, S HE 222000) (ST A RERISNEL, % £ H 222000)

i E DBEIREL ((NHy);PO,) FIBTIR IR 844 SR , 38 0 — 25 K A0 A B T AR 224 oK b T
(N/P-CNPs) , B TT= 5N 19%, FETIHERES(CF) X} N/P-CNPs HUHRGE | et ye X g TIlE CF ATy
o PRSI AT, 7E 0.2~108.5 wmol/L YEFEIN, CF I EE 5 N/P-CNPs HIZEIR RAREE ((Fo— F)IFy, Fo o
N/P-CNPs BIRIHEDETREE , F NN CF JG MHEGHRE ) & RIS R Kl BRH 0.05 pmol/L. Z85C40 5%
E, CF %} N/P-CNPs FZE AR IA LIy P I3 AR IR o KA i FFSE bt i CF S A, B
PR S R OB (T T D 25 SR AR — 30, RIAR D VR B AP SE I il CF 4246 T — R s

XEER AMBEHEI BRAVRRI T POt RS ; IERON; AR

VR4S ( Calcium folinate , CF)JEHTIFRI 259 O A AL TE 57, ol E 4R AR AE IR N TR ALE R, B
FT M R BE AL R . DNA . RNA KLU G . CF AT PR FH 208504 X0 TE 3 A i i 400 3 AR 2, O F
A 190 e FH MR M4 o) R 5 R Rt R S 7 I DR b 22 PR I R A B3R (A HH 2%y | 2 g sl FH AR
WS ) B 0, RE TSI FF Ay it B el R 3 7 U BT R A S VR A T P TP R B = i |
B B G 2040 M PE 2RI IR YT . CF 5 S-SR e & A, ol T30 7 a0 e B 2 L 45 A L
Y CFESHRIN BT m 3 . MR . REVE/N | 2 A LA B R A0S 58 A i e R
Tz o Bl I R 2 8 B R HE A0, %5 CF 7 i BT i SR AT 4 iy, X CF 5 12 D0 5 125 Y ok T 1A
W, SRR . PR, TR ERR E AN CF S Bk s 2. BT, A CF 0975 A W RO %
B, BRI R E S

FOUCKNTE BA AL ST HAR> TR0, OB T . PREEHE it 22 4 i ) 45dnk
PN 2 = RO = e S LD © 7 = el S Sl o o 0 B € o | P a1 7) R B I B QL) 2
o TERSHMBIESE D S RIBRAA IR DO G777 58U I HIOUHRSES o BRI R IB A B AR
JFF (TN, S HI P45 B4 B IC R, I LB ks HOB el R vt e 050 FHi, A R ML
BIIRAKAPRIIE T B E A IRAE ™ (H M AKE RIS 2 KR TS2RkEh H CF AOIIE

ARWFFELIRR D3 15 B BEIR B2 ((NH,) ;PO ) FIHTIR ML ER G M J5RL  3d 5 K #2451 1 X CF B et
DGR RN ) B AL 24 44 Kk ¥ (Nitrogen and phosphorus codoped carbon nanoparticles, N/P-CNPs) ,
BRI T HEA MO EHERE , T CF XF N/P-CNPs fI9E G KA, 87 T 58 Sl CF B ik o
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TKHL(EE B/ E] ) ; DHG-9070A HLHAE XU T1RA4H (L IRKS 28 050 & A F] ) ;. BioMate 3S 484h-1] JiL
EIEEETE . Nicolet iS50 f# B ASH LT M EHE{L . Heraeus Multifuge X1R 5202 VR B LL(GEEFERR |
HRBHE AT C-MAG HS7 #E 1 IN#ATE£4% (P2 IKA 23 H]) 5 HT7800 f 2 25 7035 B i 1 . e ( H
A HIAFE); FLS1000 FASBESTOOGIEL (e E& T8 w] ) ;. SHZ-DUIJEH /K H25 5 (P 748
A BRTTAE A ] ) 5 LC-10N-50C B2 VR VR THRAL (B IRIRPIALASFHEABRA R ) ; XH-C g &
ar (IR P EAES )

(NH,)3PO,4. Na,$,05. Na,CO;, MgSO,. KCl. MnCl,, CaCl,, NaNO,. Na,HPO,-12H,0. KH,PO,.
12-N . JO/KAENE (orbral, B 255 AL AR A BR AR ) s brRimmen . HEm . LHER. &
FREE KRG (Grhral, 52 R AR (i) A BRAT] ) 5 NaCL(orHral, st fb2eif i e A FRA R s H
TR (3 Hral, BB T AR R A BRA T ) 5 A e H IR (4042l b2 sopk e AR
FRAT]) s CF XSRS (55 87.9%, th [E & 5t 24 i K e 98B ) 5 CF VST (A% : 10 mL; 0.1 g,
it CooHy3N;0 T, VLIRE i B2 25 By A FRA W] ) 5 MR BER — /KBS )%t BB 5 (4% CsHoN,07P, 11, Bl
92.7%) . ZVPaMFERT B 5 (3% CyHssNO 31, 58 99.2%) . BV FEXT BE & (322 CsHuN,O,4PE I, B i
499.8% ) (M I 24 R E ISR B ) o S5 FH/K A 417K (18.2 MQ-em) .

1.2 ZWHE
1.2.1 N/P-CNPsEI& B

HEFAFREL 0.8 g PUYRIMLEREN AN 7.2 ¢ (NH,)sPO4, LA 48 mL &K  BEFHIA M . FHE BRI ER
PUFR 2 M A K R 28, T 160 °C R IERINEN 13 b, 20 58 Un AR R B TS 48 (A
P 12000 r/min &0 5 min 5, FIHFWRH 0.22 wm K RIEMIUE , 2R 5 HIEE 70780 3500 Da HYEHT4EE
BT 135 48 h, A3 BIIKEME N/P-CNPs ., SR FIER 25 R ANGE R IR MK , % VR T8 48 h 155104 (U
K, T 4 CTHlfr4 .

1.2.2 BRAIEH

CF 3 & S ik 09 B %) MERRARI CF X IR 10.81 mg, HIBAIKIEMIFEARZE 10 mL, 155 CF %}
HE SO BE AR (1579 wmol/L) , AR5 PR HOB M BN A1V FE Y CF X BRI, 4 C NIRRT L

CF X & ik 69 BLH) MERRTE B CF V51 250 wL T 100 mL &I, B 4K E 2, 158 krn
WIE A 52.9 wmol/L (1) CF S s .

N/P-CNPs %% 69 B4 YERMFREL N/P-CNPs 5 mg, fILA 5 mL 2K | IRHEIR S0 2 %k 15 2k
1 mg/mL Y] N/P-CNPs FIIFR -

10 mmol/L #4848 & 4% # 75 i& (PBS) 89 B 4] FXHL 8 g NaCl, 0.2 ¢ KCl, 1.44 ¢ Na,HPO,., 0.24 ¢ KH,PO,, F
800 mL H /K5 , H HC1 8¢ NaOH I H 15 2 pH 4.0~10.0, S5 IEBAIK EA 2 1 L
1.2.3 CFHI&

SR N/P-CNPs %F CF [5G, B 100 wL N/P-CNPs 3& K . 1500 L A[RIHEEE ) CF XF R S
WA 400 wL 10 mmol/L. PBS(pH=6.86) , F/HEA & A & T 26O R HIAE . L 308 nm
SR R R R R YRR RSO , 10 5% 438 nm AR SEEIRIEE . I E SZBRAE S FHAR AR
(1) CF (S o4 CF X RS, FE R RE I 251 SEA T ARG
1.2.4 N/P-CNPsHJZEHEF=ENE

K HEAES LA T, DL QE=54% MR ZE T bR Ed) , 43 N 6 iR 45 7 Fl N/P-CNPs &
P (2,=350 nm) S ZEH0-0] WSO RS SR A (D iR 7%,

_ Ix  nx*  Ast
Q= QB " i * s * Ax (D

o, o AREAER, st AUCRPRERIBRIRZE T, QE, Al QE, S35 0 M) 5N 2 HAR HEY) B 2 b
TIEER NI CR I IR SR, p R S R (RAS SE6 p R R R A S R TER) A e LA
%, AT 22 S A 2N, IR A — 2, 32970 1.33), A 4 350 nm ZRETOEE
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2.1 N/P-CNPsHyRAE

T 3 7 S HLAE (TEM ) WS N/P-CNPs BT S04SR HEFI
BARRSE, Bl 142 N/P-CNPs [ TEM FAE &, 18 Hokr
BRI, Al UL N/P-CNPs TESR T S BRR , I H Aotk 1
R4F PR 2 R 97 nm, %0 g0 90 . 100 110"

[ 2A J2& N/P-CNPs (UL AMGREE , Firh, 3421 F WA T

3247 em™ ALAY FEWE R I B T —OH FI—NH A4 iR 50
2927 em ™ HJE T C—H M4EIRN, 1629 cm™ ARy
I8 T CO MZEHRS, 1400 em™ AbRYWL NI IHJE T C—H
f TN 25 IR 3, ZEFE B0IX 1075 em ™' &k A IR Wi s ) )
F P—C—O0 M43, 945 cm ' AbMIW Y IE R IATELE 1 ERIBEIEHB RN KR T (N/P-CNPs) 035
P—O0—H, 523 em ™' ARG FBAAELE PO, 1202 SR | i A N/P-CNPs [RIRIAR I3 A

i ﬂ XPS %’zﬁE ﬁ'*ﬁ N/P-CNPs %7—5 ?*@ EJC , ﬁﬂré—] 7B Fig.l fTr{imsmissiond el}fl)ctrol? micmzcopz (T}iM)
B A2 R L BT 48 SPHIRRERE . T B oo oieden (VP-CNPY. Tt . paticle s
MAETCE A RES S M 133.3, 284.3, 399.3 il distribution of N/P-CNPs
531.3 eV, 454 R8N 284.3 eV 1 Cls W& (& 2C) A 430K
3N XN BISE A ek 284.4 . 285.0 F1287.5 eV, 2B N/P-CNPs #fiff C—C/C=C. C—N/C—P
il C=0 JHFLE. WK 2D FiR, 4G HE N 399.3 eV 1 N1s WEHEFT 0 Wi AT, 455 BB oM
398.7. 399.4 F1400.6 eV [ HIXT R C—N—C. C—N I N—H JEH . 455580 531.3 eV 19 O1s I
(& 2E) Al 43R 3 AN X7 45 A BE 40 530.6, 532.0 i1 535.5 eV, EH T 0=P/O—P, 0—C/O—P
FI—OH FERIAETE . K 2F i P2p 43 I8)5 , 132.9 Fil 133.5 eV BI45 S HES A A T P—C Fll P=0/P—O0
B, FIRFRIEGE RV, B R TR A R . A BRI SRR B AT () N/P-CNPs,,
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Fig.2  (A) Fourier transform infrared (FT-IR) spectrum of N/P-CNPs; X-ray photoelectron spectroscopy (XPS) patterns of
N/P-CNPs: (B) fully scanned spectrum, (C) C 1s spectrum, (D) N 1s spectrum, (E) O 1s spectrum and (F) P 2p spectrum



2 ARG RABEILB i AN KR SO R B AGHIN 7 - R 55 299

2.2 N/P-CNPsHy¢it 4
M5E T N/P-CNPs (548 1] WK ISOGIE RN E 60 . W& 3A Brs, N/P-CNPs ZEJ K 273 nm 4bA

— NI AT RESE I R C=0 JE47 A n-m* 4 . N/P-CNPs B9 I K& it K & 543 50407 F 308 Al
438 nm. N/P-CNPs WIZKIFMRAE A ARG N B AR B0, 72 25 78T (365 nm) R 52 5 (0 (151 3A
K)o &l 3B 2 N/P-CNPs 7EA A A& T By & S B, e RO I 308 nm , e KA ST &
438 nm. PIBRERZE T (I F 77 % 54%, 0.1 mol/L. H,S0,) MArifES: BB i1 545 %] N/P-CNPs 2 G+

PN 19%.
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K3 (A) N/P-CNPs (550l WIOGHE (a) . DECHURIETE (b) MR SIHEHE (o) B (R e B O
AT (Z2) A1 365 nm FAMT (£7) THIRSTED) 3 (B) AR T N/P-CNPs FYZOL A

Fig. 3 (A) Ultraviolet-visible absorption spectra (a), fluorescence excitation (b) and emission (c) spectra of
N/P-CNPs. Inset is the photographs of N/P-CNPs in aqueous solution under visible light (left) and UV light
(right, 365 nm); (B) Fluorescence emission spectra of N/P-CNPs under different excitation wavelengths

2.3 AREHMEL

T OB R PUR MR E 5 (NH, ) PO, M BURHEE /R L . 2R A )X A5 1 N/P-CNPs 26 638 B 1Y) 5%
Wi, 2 R LI 4 p ] 4A AR, SYPTIR MR B4 5 (NHy ) ;PO BYFCRHEE IR LUAE 1:1~1:12 I Bl LA A1
K, N/P-CNPs (D608 BB Wi ; 24 HAE A 1:12 B 586 B ok Ak n e s, BT & iy
N/P-CNPs H¢ 65 B i T . &1 4B AT 0L Bl O B B ZE G N/P-CINPs (%85 B 10 ik K, ) i
B K 13 h, N/P-CNPs 1972 50 3 ik 8 e K 4k 2 i K i g B[R], 28 0 B i FAa e . IR oLl &
N/P-CNPs [5cAE 4500 . P iRA 5 (NH, ) PO, IIHBHEE R ol 1:12, 160 “C RS 13 he
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Drw AL A

Fig.4 Optimization of synthesis conditions: (A) Effect of molar ratio of sodium ascorbate to (NH,);POy; (B)

Effect of reaction time on the fluorescence spectrum of N/P-CNPs
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2.4 CFHMMEEMRK

HL 100 WL 1 mg/mL N/P-CNPs i, JIA 1900 wL AS[A] pH (LA PBS 22 whia i , g Hood Jeom e . 7
pH 4~10 JE[FE N, N/P-CNPs 7 pH=6.86 BF HA i RAYZEGIRE . B 100 pL 1 mg/mL N/P-CNPs i, A
1500 wL 10 pmol/L  CF X} 1B 5L AN 400 wL AJA] pH (AR PBS 28 vy , 2 Ho eom e, 45 REW
pH 6.86 IFXTHA RIEGHR AR AFE IR K (] 5A) 4% pH 6.86 R IRAEI 1 pH fH .

MM CF J& , N/P-CNPs (195508 3 fifl 52 0 Bsf (8] 19 A8 Ak An 151 5B Fis , 2 68 K EHE)ZNF 1 min, CF
X N/P-CNPs (2SR IR A R, - LI 5 4% 3R 1 5 S (B BE AR AN BN s i ] 79 2 1 2 A R Ay 2
Ak, BRI 2000 5 B, 7 SR BB il 700 2 AR R 5 ELREEA TN o 1] 5C A N/P-CNPs 7E 438 nm A5 GiR
B NaCl ¥ B A2 AR AT AR BT, 7T L N/P-CNPs %58 FE Bl NaCl ¥k B2 122 b2/ 5] N/P-CNPs 7E i vk i
BRI B B R E M . K N/P-CNPs BT 365 nm LM FHRFEE MBS 1 h, Hoe 6 B 3R
PRFEAAE (K 5D) , U BA BB P
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PF A CF RS R ZRIOCH ARG ;s (B) WA I ()X 5 14 R A9 R0 ;- (C)NaCl ¥R BEXT N/P-CNPs
POCHRBERIEMR (D) G FI PSR 2s

Fig.5 (A) Influence of pH value on determination system: (a) fluorescence intensity of N/P-CNPs under
different pH values, (b) change value of the fluorescence intensity of the system before and after adding CF under
different pH values; (B) Influence of determination time on determination system; (C) Effect of concentration of

NaCl on fluorescence intensity of N/P-CNPs; (D) Photobleaching experimental results

2.5 EKRITCFARERFEH

52T N/P-CNPs X CF Kzl a8t . anl&l 6 Fs , ZEAR RIS SEB0 254 T, 29 CF IR BE R 316 wmol/L
iF, N/P-CNPs B KR AT LIK FIT 96%, 1M 10 5 EE () Ca® . Mg™. Zn™. Na*, K*. Fe**. NO, .
CO5™ . S,057 . 12-N B, EREaEmR . AMEH k. i . H&Rs A& 5 AR B Mn™ . PR 4
FRVA TR 2 AF v BE MR IR . 2 PUMFE . BV RIEA O A E] N/P-CNPs /R Z 1, Jf K%t N/P-CNPs (1
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WAE ST B AN . YRR R PRI CF R E Tt Hgh 3R 5 50 CF RS 41
W25, Dlgs Uil X g @& TR F . AW/ F AT CF R | o6k 248
CF AU rEHEE

1.2
[ N/P-CNPs + interfering substances
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Fig. 6 Selectivity of fluorescence system

2.6 N/P-CNPsHTF#ilCFRIS#T1ERE

FERALRYSELG 251, 558 T N/P-CNPs Y5O KRR 5 CF MREEZ M R . iR 7A PR,
B CF WREEHGAN, N/P-CNPs (2GR BB W55 . Gl 7B 7R, 7€ 0.2~108.5 pmol/L VK EESL N, CF
VR BE 59N R AR ((Fo—F)/Fo) IR AP ZPE R M BT FE R (Fo—F ) /F;=0.0059 C+0.1311
(R’=0.9990) , ¥ HiBR 47 0.05 wmol/L(36) o HHE SCHERIRIE AR CF AY 5 ILH L, Ay 4R M Rl o
FE(R 1)

A 2500 B 0.8
0.7¢ F,—F)/F,=0.0059C+0.1311
2000} o et &
) 0 pmol/L R*=0.9990
3 = 6
S 1500} =
Z = 05
38 217 pmol/L =
2 1000 S o4l
—
=
500 0.3f
0.2F
0
1 1 1 1 01 1 1 1 1 1
400 450 500 550 600 650 0 20 40 60 80 100 120
A/mm C/(umol/L)

K7 (A)ARRIJE CF A77E T N/P-CNPs FYZOEGHE s (B) N/P-CNPs ZOEHRIE S CF W AIZAMESC R A
Fig.7 (A) Fluorescence spectra of N/P-CNPs in the presence of different concentrations of CF; (B) Linear

relationship between fluorescence intensity of N/P-CNPs and concentration of CF
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Table 1 ~ Comparison of different methods for detection of CF
N LRI KPR .
bkt SalliEe3 . L L B
. . Linear range/  Limit of detection/
Materials Detection method Ref.
(mol/L) (pmol/L)
R G IR e B RE L BERR AR S W) 2
Poly-p-aminobenzene sulfonic acid/functionalized multi-walled %, 0.1~6.5 0.020 [11]
. Electrochemistry
carbon nanotubes composite
o Al 2%
E+=FERLIE i 0.1~10.0 0.0175 (2]
n-Dodecylpyridinium chloride Electrochemistry
— AL
IE B SUE i 0.1~100.0 0.024 [13]
n-Dodecylpyridinium chloride Electrochemistry
BRI BRI ENMT CuxO/C 2
RFEAT B ’L’Fﬁ uxO/Cu ALK Fﬂﬂﬁ%‘ 02-20.0 0.076 [14]
Carboxyl graphene modified CuxO/Cu electrode Electrochemistry
SRR T Pt 1085 005 AT
Nitrogen and phosphorus co-doped carbon nanoparticles Fluorescence ’ ’ ’ This work

2.7 WNHIEFR

Kl 8A N N/P-CNPs [ & Rk S 61E 5 CF 48 - 1T W00 bG35 &1, Hodh CF il W i i 7
T 283 nm, 5 N/P-CNPs Wi AOGiE A ES . N CF A RWIL T N/P-CNPs HULOCRY B, F 3L
N/P-CNPs [5E 6/ i 8B iz K CF U hnE] N/P-CNPs H | WAL 1E 200~400 nm 5 [ A 14 84
RIWCREBERE CF W RN M8 A, AR b, FFE28 i CF, N/P-CNPs B9 & S 652 6 im 2 B4 FL
(EIRAE (P TA ) | HE— 2B RE S T 2 K JEERE Y I A% (TFE) 25

WK 8C iz, BFFE T N/P-CNPs (1% a) Fil[i] N/P-CNPs FRILA CF GRS 1K R (4 b) PO HE
fir, “E WP R 5.21 F15.26 ns, FHINIA CF XF N/P-CNPs iYL H v AR B A R0, 1
B T5 R MO IR BE B B ALHI W LA R o T5 88  FEMA S FA & KR IES st A
fire PRI, N/P-CNPs BIFEEHE R B2 th S 805 K5 | i 2728

0.8 1200 1.0

g 1000 .

. 06l ] 5 .08

3 1800 < ;? 20 pmol/L
3 2 306
_§ 04t {600 % §

5 1400 = 504 0 umol/L
202} 2 2 V\/\
< 1200 <oz
0.0} ) - - : - 0 0.0 k e
200 300 400 500 600 700 800 200 300 400 500 600 05 10 20 30 40
A/nm Anm t/ns

I8 (A)CF HYEAh-T] LSO (a) . N/P-CNPs B2 GIEUAOGHE (b) FUE S G ()5 (B)MAKIF
VRIER CF(0., 4. 8. 12120 wmol/L)J5 N/P-CNPs [y 58 5h- ] WSO 3% s (C) PO it £k 4] -
(a)N/P-CNPs; (b)N/P-CNPs 57 MRS IR 1A &R

Fig.8 (A) Ultraviolet-visible absorption spectra of CF (a), fluorescence excitation (b) and emission (c) spectra of
N/P-CNPs; (B) Uliraviolet-visible absorption spectra of N/P-CNPs with different concentrations of CF (0, 4, 8,
12, and 20 pmol/L); (C) Fluorescence lifetime decay curves of (a) N/P-CNPs and (b) mixed system of N/P-CNPs

and calcium folinate

25 b AT AW CF X N/P-CNPs B2 IR KSR E NIRRIUN 5 0 A I A800; 2[RI I 245 51 .
2.8 SEBREESRET

R 1 i BIE N/P-CNPs 19 SEBR g 1 # T CF SR (B : 10 mL:0.1g) 1Y CF & &l
FE L E CF ISR P CF &4 21100 pmol/L, 3X5 CF VESHR AIFR S M (21142 wmol/L) FaA—3
I R AR D7 A SO (38 (HPLC ) E 2 K CF 7 S RE A FP B CF 5 BRSO A — 3k
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2

LR CF VSR HEA T INAR B 5256 | 5030F N/P-CNPs 7ES2BREE & rh &I CF AT 471k . FEHE(T CF
TSN bR SR S 1 e IR 1.2.2 TR SE e ik P ATH 3 4y 250 WL CF ISR E T 3 AN A Y
100 mL Z5 I, 43 BIA 10 mL ARIRIHEEE B CF X IR 5L, LA 10 mmol/L PBS(pH=6.86 ) i B 55 %1 &
AR50 0.5, 5 F1 50 wmol/L) , #5575 HEATAG

W% 2 FroR , B2 SA% B I 7 % 1t CF {3 5 Ve o) 1 g ) 483Kt 3 Y 1) T SR 7 98.0% ~
100.2% 2 [8] , AR AER 2235/ F 2.0% , Kl 4555 HPLC A 45 SR 36 AR — 30, UEBHAR D7 R HERf T 58
A BT PR CF R,

K2 CFESHRRESHH CFE I E 25

Table 2 Determination results of CF content in CF injection samples

T RN BB (R
o WA AL Fluorescent method HPLC
Initial ) N o . _— o .
o il o Addeds WAME R AR YT IR ARG
ample concentzjltlon (mol/L) Found/ Recovery/ RSD/ Found/ Recovery/ RSD/
(pmol/L) (wmol/L) % (%, n=3) (wmol/L) % (%, n=3)
. 0.5 534 98.0 1.6 534 102.0 1.9
CRER 559 50 57.9 99.0 1.6 58.0 101.6 1.6
CF injection 50 103.0 100.2 1.4 102 98.2 1.7

3 #it

AWFTER N HA RAFAOEYERER) N/P-CNPs N FOLIRET , 5 96 A IR A S K LB i T
— BRI CF 5 BB 15 . A BORE PR K 0.05 pumol/L, AT AR . R, dbvumve ., &
JE Tk . BRI AR H e R . SHETNEML, AR NI ARG R 58, 1t
Hb,  N/P-CNPs HI T CF FESFRORE AL CF S i ORI, A 45 2R 5 HPLC 0 WSS SRAEAR —2, AT5
VEAE 24 i o 2 4 M DM BTSSRI PR 24 22 4 A U B A R e ) I P 1) A TR 5%
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Selective Detection of Calcium Folinate by Fluorescence
Quenching of Nitrogen and Phosphorus Codoped
Carbon Nanoparticles

LI Li'*, LI Meng”, YANG Ming-Li', LI Hong-Lei', ZHANG Huan', MA Yue', LIN Le-Er',
ZHANG Ming"
'(Kangda College, Nanjing Medical University, Lianyungang 222000, China)
*(Department of Thoracic Surgery, The Second People's Hospital of Lianyungang, Lianyungang 222000, China)

Abstract Nitrogen and phosphorus codoped carbon nanoparticles (N/P-CNPs) were synthesized by one-step
hydrothermal method using ammonium phosphate and sodium ascorbate as raw materials, with a quantum yield of
19%. Based on the rapid and highly selective quenching of N/P-CNPs by calcium folinate (CF), a new method for
quantitative determination of CF in CF injection samples was established. Under the optimal experimental
conditions, the concentration of CF in the range of 0.2—108.5 pmol/L and the degree of fluorescence quenching of
N/P-CNPs ((F—F)/Fy, Fy is the initial fluorescence intensity, F is the fluorescence intensity after adding CF)
showed a good linear relationship. The detection limit was 0.05 wmol/L. Besides, it was verified that the
fluorescence quenching mechanism of CF on N/P-CNPs was inner filter effect and static quenching effect. The
established method was used to detect the content of CF in actual samples, and the obtained results were basically
consistent with the results of high performance liquid chromatography, indicating that the method had good
practicability and provided a new strategy for the detection of CF.
Keywords Nitrogen and phosphorus codoping; Carbon nanoparticles; Fluorescence; Calcium folinate; Inner filter
effect; Static quenching
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