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Abstract

Fluorescent carbon dots (CDs) were prepared from Zanthoxylum schinifolium Sieb. et Zucc. Under
the excitation and emission wavelengths of 315 nm and 425 nm respectively, the CDs can be used
for the analysis and detection of Cu2* in samples. At pH 7 and 25°C, the increase in 1g [Cu?*] is directly
proportional to the increase in the fluorescence intensity of CDs. The linear regression equation is
AF = 121.41 1gc + 205.10, with a linear range of 0.1 mmol/L to 500 mmol/L and a correlation
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coefficient r = 0.9971. This method was applied to the determination of Cu?* content in samples,
with a recovery rate of 99% to 101%.
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1. 5|18

HE T (Cu?)RME W E SRS T, Hid & RESRKIEFIAZS RG0E IR, ErfiEd &
Ve fa T NRMERE, RIS R B PRI Cu? Al 7 vk Ao B IR 5 AL AR . HATH
Bl 2 MO T R BN E VA 1] R IR TEE (2] BUBEE &5 S K - R S6IEE[3]. B
R EEE TR - A A[4] (5], A7 R R R, EAER BB BEEBIE R, 5%
BB T, HAAE—EMHREEFERE, ML Z N,

B 1 . (Carbon Dots, CDs) MR NBRINAK mi v BREK A AR K [6]-[9], 1N — W RGO LI EE 4K+
Bl HAAGEMER R BEPEAC ARV b R Ae e YRR SRR s [ 10]-[12], FEARMIIR 24 K 43 v dar il 4
R B RAI R /1[13]-[16]. H 58k i (Traditional Chinese Medicine-Carbon Dots, TCM-CDs) & LA
2 RIE ) 1~100 nm ROT FIBREAKIREERRL, AT 56 Bk s, I H BOARIC i . A
U file& LM RAEIF[17]-[20]0 AW LLE RO R IRBIE, K GG M L 2 %46 CDs, Jf4k
T Cu¥ XTHEML CDs RGN, B (g B Al Cu> i ik B BRAE I . A ER
ISR AE, y Co* e $2 B R R S8, Rt o 24 B s 4 82 FH B A i

2. SLRERSY
2.1. (XRS5

P EETH(H AL F-7000) F PE T 35 X1 AR (L5 S SEIR A AR PR A 1)) L0 b R P (1
FE) - $£812 ME204).

HACHOW T BTG4 TE B R BRI 2K 3R S AN N el 10T i dRa Rl
AR A w, S5 KN E B K.

2.2. SEWFE

2.2.1. CDs Hy#I&

HERRARE 0.1 g AFFBE J5 (75 A6 A0S (200~300 H) T 100 mL BeAFH, M 1 mol/L NaOH ¥&#, £ =i
NP RO IA IR, MG E 100mL B2, F/KEREZIE, B, EEEN CDs
fili 8 W o
2.2.2. CDs By e

USR] % U7 1) CDs W TEEN 1 em MGG, e BOR KRR S K I 48 58 1 5
nm, TERURIEAK 315 nm. KA K 425 nm AbdE 475 s ikl e .
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2.2.3. CDs % Cu*"B94&iN

B2 AN 10 mL A8, 2B HI &8 CDs 1 mL, o 1 AEEHAH A 2 mL —ERE R Cu?t
W IKFREZ 10 mL, 7ERREETEIE 5 nm, Jdex/dem = 315/425 nm HIZAF T, RIS, Wl
5E CDs MI5GHRIE Fo LA Cu> R R NHEE F, FFiH5H AF (AF = Fo— F)f..

3. &R 57
3.1. CDs BRI HE

Cu>*5 CDs fEH =B WIE 1, HIE 1 af %1, FHAEM CDs ££ 350~600 nm 5 A A 76 &4, I
HAE 425 nm kb7t EHE. CDs N Cu®', RRMIFOELIHTS, RIF Cu> X CDs R EAHKIEH .
HEMPE K R K& TCM-CDs RIH& & 1 R 2SRRI Cu RS RN, ¥ fE i TCM-
CDs-Cu*' L&), ZRAWABA IO GIENE, MIMRES T CDs M348, =3 11E A LHDyF S
PEK[21].
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Figure 1. Fluorescence spectrum of Cu?* interacting with CDs
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Figure 2. The influence of preparation temperature on the fluorescence intensity of CDs
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FREX 0.1 g FFAEHU 3 4, B TR, RRE 0 A HI7E 160°C. 180°C. 200°C, Jn#k 20 min, #
HGEH%E 2.2.1. 00774 % CDs, 1% 2.2.2.0)77EE CDs (I%EHE Fo HAREL 0.1 g HAEHUED 1 4, Ak
AT IR AAE B, B SR SR N 2.2 L1754 CDs, 1% 2.2.2. 17775 E CDs 2GR . AN H
TRALHEIR FEXT CDs e GHEE Isemi g anls 2 fon. B 2 740, WiRAE T H &M CDs %Ot iRE i
m, BEE TR E T &, TR BN Bk, EIROH &S LU CDs R

3.3. HEREF pH {EX CDs S¢3EE R

3.3.1. IEREAHL

NHE CDs I B ARTCE I ], FREL 0.1 g FAEHU 6 3, 1% 2.2.1.M0J7 %4 CDs. ¥l & 153
() CDs VW 7> I B 20, 25, 30, 35, 60 120 min, BEJG1% 2.2.2 K75 E005E Ho LR E(F), 45 R
3 BN

B 3 %0, JiCE R A4 60 min 5 120 min B}, CDs FI5 WG58 2 AR K, FIH CDs BRIEE 60
min J§ AL BIFRERSE, LGZEFHRAINREE LA, 1EHF 60 min 1EH CDs il % I A BUE B A o
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Figure 3. The influence of placement time on the fluorescence intensity of CDs
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Figure 4. The influence of pH on the fluorescence intensity of CDs

4. pH {EX} CDs R38R E RIS
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NFEL pH {EXT CDs HOGHEE M, FREL 0.1 g HAEMU S 0, 1% 2.2.1.1077 154 CDs. 1H#fiE
HU CDs W45 S mL, 20l E T 25 mL Eb@&d, H 2 mol/L HCl 5 2 mol/L Z/KEEHI & pH=1. 3. 7.
9. 11 MZMAR, ERZRE 25mL. 1% 222 MJ7ENE % pH 4 T CDs [ (F), 45 R uEl 4 fr
TN

H & 4 7T, CDs MG E R pH AHAAL I SE I K S5 /N5, 78 pH = 9 I ik ) 8 KA .

Ik, %4 pH =9 F4 CDs il % B & £ pH f&.
3.4. RNAEMR &R pH EHAL

3.4.1. REREEHE

NHfE Cu?ty CDs Mt MINAE], B2 AN 10 mL A&, &I 1 mL CDs ¥ . # 0.5 mol/L
CuSO4 M FE S 1 mmol/L, [ 1 AMF RPN 2mL MR, 5H—MAIMAERNT BXTIR), 3
FZ/KER A 10mL. % 2.2.2 J7ENE 2 BRSO G5R BE(Fo) FIIIN Cu? J5 iR I 98 Y6 BE (F), i
HAF=Fy—F. B, ERMNMFAA S5, 104 15, 20 25, 30 min K20 50002 0N Cu* BT ) 5 658
B, HHEAHNE AF, SRE 5 FiR.

F 5 AT, Cu?*Xf CDs H A BB e RKAEH o 78 5~30 min Y B P, SRS [R) X 28 Y6 e KA
(AF)IFEIAE /N, 3R Cu*'5 CDs IR BLEZE R, W ERK A ik BFe RS . BRtk, 276758
N5 M 80%, PR 20 min /A Cu?t5 CDs [ A S M (8] .
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Figure 5. Effect of reaction time on the fluorescence quenching of Cu?*-CDs system

B 5. R MAFE)XT Cu?'-CDs R R IERIZ E RIS

3.4.2. REkZ pH ERE

NHELRNARR pH EXT Cu? FMI s, B S A 10 mL F&EM, %A 1 mL CDs . ¥ 0.5
mol/L CuSOq4 W FiFE % 0.1 mmol/L, [A] &F N2 I 43 A 2 mL MBS - F 2 mol/L 2R 2 mol/L
ZUKBCH] pH=3. 5. 7. 9 11 MM, I050 i EIRGEMIEHUE A 2 10 mL. 4% 2.2.2 J7iENE %
TR PR (F), 2R 6 B,

mE 6 A%, 76 pH 3~7 G, Cu®-CDs 1 R M2 HamE R m,  HAZX IR 4 2 A fE AL 5~
%o /D pH X CDs Fa g PEITE FERZ A, [R]I He iV fi e 1, 1648 pH =7 (T PEAIPIE AR
M. pH {E
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Figure 6. Effect of pH on the fluorescence intensity of Cu?*-CDs system
Bl 6. pH 3t Cu?*-CDs & RICHIEE HIS2M

3.5. Cu™ F B AR E LA L

9 A 10mL &, &A1 mLCDs . ¥ 0.5 mol/L CuSOs EFFRER 0.1+ 0.5+ 1. 5. 10,
50+ 100 500 mmol/L FRFNWSE . MKIHL FIRAN A B2 (1) CuSO4 ¥ & 2 mL, 43 Al AR 8 M BN,
PR 1A EIAI CuSOL M (TE N XTI, WA ZAMKESR S 10 mL. %R N 20 min J5, %
2.2.2 J7RINGE 7 VR R D' 5 B (Fo) R &8 S SR 2R 1K) R G BE(F) o R EOGHE AN 1] 7 P

k7 ar50, BEE Cu*IREEH 0 % 500 mmol/L, CDs 5 G50 ZH AL, £ Cu> Xt CDs
M RS A TR P A A
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Figure 7. Fluorescence emission spectra of CDs after Cu?* solutions with different concentrations were added

7. FEIRE Cu* ARG CDs BT % B i E
DA lg [Cu> L AREAAAR, AF (AF = Fo— F) R AR hil bt 22, 45580 8 B, I 8 i, Cu?
WIETE 0.1~500 mmol/L JEFE NI, 1g [Cu> 15 CDs HIR5REBIE AF 2 M 2 RIFMLMERR, Hk
PERNA T FE A :
AF =121.41 Igc +205.10, = 0.9971
H, ¢ N Cu?RE(mmol/L), r NHRAE. Z4REKW, T CDs M2OGIRENETH THEHH Cu?
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Figure 8. CDs was used to detect the linear relationship curve of Cu?* concentration

[ 8. CDs &M Cu> IR R LM X Zhzk

3.6. CDs MHEEEP C IS ENE

N T IAEE LR CDs 2 GEREHN Cu IHERR I S 3&E H M, AW TR ERUKAE i Cu? & BT T
LRIl

43 HIEL Cu R A 2 mmol/L (R 1)F1 20 mmol/L (R b 2) FIRSHUKAE, $% 2.2.1 J5i%Hi1l % CDs ¥ -
3 32 10mL FEHH, &I 1 mL CDs i M H A 2 SCRE 2030 2 mmol/L. 20 mmol/L £
MRS 2 mL, HFHZABKER S 10 mL: 58 3 XA EMPARIMBERUKEEE R A ). Bra R
PIfE %R P ICE 20 min J5, %M 2.2.2 7700 IE PG IRE(F) . RHE 1g [Cu 1~AF FrfE i 27 HE,
THEHFE A Cu B9 E MR . 25538 1 s

B 1 Al FIHEH IR CDs 986 Kk Sl e /K Cu? & &, BAREFrERE. \ik
REHEDE,

Table 1. Results for the determination of Cu?" in the sample (n = 3)

% 1. CDs X# s Cu? BIRMIZER

RAES R P [Cu?)/mmol/L POGHRE F TN E[Cu>Ymmol/L  [FIYZ/%  RSD/%
CDs 0 629.8 0 — —
PR 1 2 388.7 1.981 99.05 1.54
Bl 2 20 266.3 20.18 100.9 1.66

3.7. BRMRMEEMESZE CDs RN

HACM T ZER BAE AR ZR . AR AWM 2 S [22]-[24] AR B CDs AOHLERHEN 2

Bl 75 UL FEPE MRS - ILHE07 7 v BO i L S kb - 3R B AL RO P R IS5 2R . AEUB IN AN NaOH

WG, BRGEE R RRL N B, SR SR IR S A gk B R E T, OH RIZ#EMUR G

R DHESEHSTIONRE ShEE, SCOLERENTEE S8 AURN, AR TRERIF R R J7 IR
TRAINFIGIIT A B N CDs BB R A i #5251, K905 & Fr Btk — D R B U A SO,

LKA AR KB I TR B 75 38D T R AT R0 SR I A% [26]- BlJa, TR AR PR se 4%
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AN SONAE RRAIR IR R AT AE S, Gl SR S i e B R OB AL AR, SEGR T BB
o ZILRRAE AN SE T, [FILDSEBL 1R 7M. WA B L3RI E Bk, T CDs R4 /KT
H5RIetERe, NRREVF Sx G R CDs 3248 1/ %) Al AT 1 %42

4. g

AHEFE AR IR E RO IR, B4 1 k&7 m(CDs), RSEMAIFAFE] 1 I & %A F %
7 pH {E A B (A% CDs Kl Cu BIFEIA, FiSE T B IR I SE 36 460, #2057 17 LL CDs N7tk
KOVE R Co¥ S m B k. EE RS EER, BAERE B AL . SLid R, £ 0.1
mmol/L~500 mmol/L Bl P, Cu? ¥ B I SUE (Ige) 5 98 i fE AR E (AR 2 I R IF IR R R, 26
PEEEJTFE N AF = 121.4 1gc + 205.1, MK REL r=0.9971. SZhREEFAGINGE BB IR, %0750 B WCRAE
99%~101% 8], X FRHEN ZE(RSDYE/ N AHEL T M0, AR D718 R T /KR Co* s ) B A
TR P s IR L RS I T P PR 35

Ak, ABFFIGUE T R 285K 5U(TCM-CDs)E Rtk Gt H s 24 B8 5 AR K H AR il B4 1 mT 471
RKAN T — P HRIT CDs 54 @ BT R IA BAR RIS, RARTE 2 g arh 255k, HnRHETE 2

AU N FH o
ELmEB

TR R R 2B AR 2 53 6 3 52 Bk e 0 AL S M T H (FH2024179)
SE K
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