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Preparation and Applications of Pomegranate Juice CQDs for Iron
lon Detection and Antibacterial
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Abstract: Carbon quantum dots(CQDs) are a type of nanomaterial with excellent luminescent prop-
erties and have promising applications in various fields. Green fluorescent carbon quantum dots (g—
CQDs) were synthesized by a solvothermal method using pomegranate juice as the carbon source and
absolute ethanol as the solvent. The structure and optical properties of g~CQDs were characterized by
UV-Vis absorption, fluorescence spectroscopy, FTIR and TEM. The results showed that g-CQDs
had an average particle size of approximately 2. 96 nm, with abundant surface functional groups such
as hydroxyl and carboxyl groups, exhibiting good water dispersibility and fluorescence stability. Un-
der excitation at 410 nm, g-CQDs emit green fluorescence at 500 nm with a quantum yield of
15. 24%. The fluorescence of g~CQDs was quenched by Fe* and Fe*, and the quenching mechanism
mainly involves photo-induced electron transfer resulting from surface coordination. The detection
limits of Fe** are 0. 155 umol/L(linear range 1.25-18 pmol/L) and 0. 221 Mmol/L(linear range 18—
50 pmol/L) , respectively. The detection limit of Fe™ within the linear range of 2. 5 to 72. 5 wmol/L
is 0. 211 pmol/L. Tt can be concluded that g~CQDs has sensitivity for Fe* and Fe*". The antibacterial
experiments indicated that g—~CQDs exhibited inhibitory effects on mold growth, with the antibacteri-
al activity increasing at higher concentrations . This study provides a reference for the green synthesis
of multifunctional CQDs and their applications in ion detection and antibacterial fields.
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MBI 5 A = e ) ™ EE . B R AR K TAEMERNLE , KK ESERS EASR -
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Mgk, HEBRNEmS R NE A, BRI R EI AR EEPRE . M2 T, 296017
VESEAEHCPRVERTAE . ma PR . REUE S . RAIRRE L. B R B SR S iR e i, PRk e ) 4
WA T TZ RN,

BRE T A (CQDs) & — P ROTFE 1~10 nm Z )RR, BRIk . Jefae M5t a2 1%
FE e T R TR . R B S T DL R R IR R S B, CQDs ZEZEHRE RS I S5,
JEBLR BRI R RV e Ak, BT m S IO E T R AR, R SUR A ]
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Wil 457 (0S) . 4 JE@h (HgCl,, Pb(NO,),. LiCl, MgCl,, CaCl,, MnCl,, FeCl,, FeCl,, NaCl,
ZnCl,. KCl, La(NO,),. BaCl,. AgNO)WH LifFZZ etk EMARAR ., LFE(EOH) . HE#E(MeOH) |
ZZPFE(EG) . WHi(AC) . ZTRZER(EAC) . HZK(TL) . IE T FE(n-BuOH) . N, N- H Bt B %
(DMF) I 3 s BB TR 2w o B 422034 A o i, A F s R 2 alifh . SE58 K A
AKJD-E-T-10A RGEIR ALK
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K H Jeol Y JEM-2100 PLUS &5 HUBS (TEM ) il 5 73 37 5 B (HTEM ) ML5% ¢-CQDs B RIARFIE
$i, FH Nicolet iS10{# B 2L /MG REAU A Thermo ESCALAB 250Xi x 528G HL F-RE RGN} ¢~CQDs 194k
S ATCEN SHATRAE, Je=PEFT H UV-PC1800 284h-1] WA BTN F-4500 97 Y e T
W 5E
1.3 g-CQDsHI#l#&

MY G T, S PEIRAGE RS, BU10 mL A48T 55 40 mL ZEEFHRR R, 1A
ASIEHALE 100 mL S ER NV EP, SEEIFERA T T 200 CFRM 12 h, RMVERE, ARBRHAZEE
Mo BUBRRZE, KGR =it ig, RERRMERI ., IBIRA R E O R 2~3 1k, 8 Bis, &
BURTHESAR e—CODs By K. )a, 4% ¢—CQDs By K EFT il T LI, BH ST R E 4 0. 5 mg/mL
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1) g-CQDs TAEH -
1.4 RWHREFFEER

KHZGENE ¢-CQDs BRI PN 7773, LI ZE T (QS) hZL, 437l %E QS(ZE0. 1 mol/L
H,S0,H, QY=54%) 5 g—CQDs 148 Sh—u] VLW il 558 e & S el =2 - LAWK BE Ry A b (WY
FEREHIAEO. 1LUF), XSk S B m BN bR, X QSFl g-CQDs AR T4 RS, 15
FIRER k. =PRI R AN

_ k[ mx
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Hr, XFREPEEAR, STERRSHEARQS, kR, n AFEARMITITE,
1.5 g-CQDsWaE M

h TR e-CQDs AR, B TS 7. APUER . pHAE . SRk IR AT U B
), 4JEFH B 755 %F g-CQDs 2N . FEHZE R I, LA DGR EE L/ E P debs, Hd 1,k
ARMEIMALBR A W5 EREE, TN R SRR S M5 B, i b /1, AR AV SRR AN [ 2R
BiR Z A} g-CQDs ZERa B ME 2 . IR T, 1 2 mL g-CQDs AR H M 20 wL 5. 0 mmol/L 1)
T QR B T EE 4 50 mol/L) , PAJIN 20 L 7K Ay g~COQDs TAEIEI AR, IR E T
PENATCEETHICT 410 nm BRI T IIZOGIE, il b ASON HRZH 5 SEI0 2H 0 9O P E HI i 55 - %t
g—CQDs HJ32 0

HL20 pL ) g-CQDs TAEREE T 5 mL g 0B, BHE A 2 mLAFNE USR], RG] ¥20
pL g—CQDs TAEEI S 2 mL LFHR S TE X I . PrAFE I T 410 nm LB FIE LM . >R
M ERGTE, @i AR SR SRR W D s o R FH TR Wi W2 T R YT pH B DL 22 H s, 4%

g—-CQDs TAEECE T AR RS v BEA 500 L% 20 B 1) 5200 .

JeksE PRl A, i H 300 WARAT, ﬁénnéLE’Jy'ﬁimH F?ﬁﬂﬂﬁﬂﬁfﬁiﬁﬂ” (100 mW/em?), %t
e—CQDs G TR B, Va2 n B R ) a) £ A
1.6 $RE TR

FETFERE T4 2-CQDs IIZEEIE RAEH, R g-CQDs W EHTRIZENCAL R, , TS FIRER
R o 1) g-CQDs TAEE 43 M Fe™ . Fe™, 1RAIG M EIFF iR HAE 500 nm AR ZEGRE, LLE
TR FE R REAA bR . 6 S 4G G um R LA A VAR bR, 22 Tk 5 - R B % ¢ Y6 it 3 L AL 1) b
AL

EEIR T, B20 pL Fe ¥ 5 2 mL g-CQDs TAEEI AR A, FRich g-CQDs+Fe™, MEIfFid
SEHAE 410 nm BRI TP LSS . 7E g-CQDs+Fe™ R R A MI20 L 1) HAh 42 J 35 T80, 1R
A)JEINEFEIESR 410 nm U K FRISIEIE, LU ¢-CQDs X Fe " UL FHEE 1. ¢-CQDs X} Fe™
FIPT TR BRI Lo ShBROR Fe Bl ) HERATE , Fe IR LA i R BLECBLH]
1.7 g-CQDsHI#IE1ER

EEMMMIE T, G 1138200 20 R /N ) ) 1hG B P 2 10 (i L e B 0B T IS . HoBE 43 5
fE & EREA S 2FHAL), G 7 S g2l 5 R, H oo B2 (A 4D USRS 71T,
AMEHAANH, SEIRATESHRAGE TS, 20| BRI 1065 . Foke SRR LU AT RN ¢—CQDs IR,
FRBRIK . FrA RS E TR R A T, IREE 25 'C. MIXRHEEE A 80%, FFukdu i, LIRAtE R
HEGE MM A K, MHEREEAAT, @RIt R S At REEA S0, DOy wm
g—CQDs X R A IR o

2 SRS

2.1 g-CQDsHIFRIE

F TEM 5 HRTEM RAE T ¢-CQDs ITESRAIRSF . WE 1A BFR, ¢-CQDs 2ERIE, HArfih
i’J’j HAPXPRIAE A 2. 96 nm. HE 1C T 5l g-CQDs BAT S L ik, HASRIEE A 0. 21 nm, Hfa5%
ZERI (100) b TEHAHML ™ o S Ak S s A T m‘é’{fﬂlﬂE’J?ﬁﬂlﬁﬁ%%ﬁ&@%iﬁ%ﬂ*%lﬁé}%\
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Fig. 1 Structural characterization of g~CQDs
A. TEM image; B. particle size distribution; C. HRTEM image; D. FTIR spectrum

g-CQDs ) XPS 4 i & 2A FIr 7k, 284. 80, 400. 02, 532. 58 eV ALY 34N, 435X C 1s, N 1s
MO 1s, JTEEHE, ¢-CQODsHC. NFIO =FhoC M S s34 73. 31%. 0. 51%F126. 19%. &5
PER C 1s 1P (18 2B) /R, 7E284.80., 286.30, 287.50, 288.70, 292.70 eV ALHI 5 AN, 5353
C—C. C—N., C=0, ¢—0, —COOH"™ . N 1s )t (& 2C)1E 400. 02 eV ALAFAEH —U, JJJET N—H
B 2D TR, O 1s GHELE 532. 58 eV ALY, KR C—0/0—H [,
2.2 g-CQDsHIHZF1ER

g-CQDs 7£ 225 nm 1266 nm A FRFEIS 737009 J& TR fufdk R 1) m-m BRI 5 20 24 B /e
B n—m*ERAE (B 3A) ™, BHIE 3B W0, 243 & 0 1K M 380 nm 3 NF 440 nm B, g—CQDs 97864 ik
460 nm ZLF5 % 525 nm, BEHH g-CQDs BAABUA AR, , 22 & i) g-CQDs KAz /3 A 7E
—EJuH (B 1B) . M6 EFRREEOY, AEROFRAZ R A A E ST SR, Mk KSR, 5
Hofg = VCAC A S — ROHEB M IR B UL e % . i e BOR S0 5 k88l , 20 Bk %
KAAME . MR A 410 nm B, g-CQDs BZEGHR B R, I X B 1 e & 314K 4 500 nm,
PITFREEX, TERIMTIRG T, HOOeg e @ (B 3A KD, HE5aBEEAFR0. 24, 0.39)Frkb
JEXAHAF (E3C) .

PLOQS RZtk¥y, VIWOGEE A X il 286k i) malh Y iz BOHUG R 2118 3D, e A
(1), AR g-CQDs XSSO R F 7= 4 15. 24%.
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Fig. 2 XPS spectra of g-CQDs

A. full spectrum; B. C 1s spectrum; C. N s spectrum; D. O 1s spectrum(A. MBI, B.C 1sfEi%; C.N1sfEi%; D.O 1s fEi)

2.3 g-CQDsHIFaEM

FPHl g-CODs TER R INESE TR, REFELE TIHEF . AOUER . pHAE . RIREE . TUTH
St 1) B B AR PR 52 . AN Hm%%ﬁf?g CQDs HIZENERE K HAE 500 nm A0H) 1/1, WLIE]
4A~B, HTLULEH, IMAE TG, 75500 nm A8 1/1 B{RF-AE0. O LL |, FEBIBHES 7%t g-CQDs 28 Gi0

BOSEIaARN, BTLAZBEAT . [ 4C~D AIE RN g-CQDs ZEGTERERI I, 52 BFME, g-CQDs
Tﬂ?@ﬂ\ CMROHE. N, N-THIRCHI BRI AN 2R b i 1/ B 3o, MK HIOEH —E MR, XE
B R F g—CQDs FEA [ 7 H A /0 HICIR S B S SR M X i e A AR S BR AR i FR A 47

Bl 5A @R, TE3.0~11.0 B pHAETEE N g-CQDs )58 650 B 541 4R 5 B 1) e AAE (R 4575 0. 8 L |,
EHA 55 19 A 55 B PR VS O ¢—COQDs PRI A B . Y pH<3. 0k pH>11. O, FL{E BEFEAR, Xl
AE A B T omBR BRI A S 3T ¢-CQDs KR I F B RERI M It b e B F4k, o028 7 3 i B fap Ik
DEHBETFEER . MESB~CHIR, ¢-CQDsTENaClIZE K (0~0. 50 mol/L) B AWAT HEST 120 min J5 98 G 0m B
TeHH B RE I, PG SR AARE R LI G RE 0. O VL |, B&RIFYLE T THRE 5 Rk
FE. W SD TR, e-CQDs (58 Yaom BE7E 5~15 CIN(RIFFaRE , SR Il 2 i B 1 T 25 B IS (15~
60 °C), )G fRFFAAEE (60~90 °C), XBIREAH FIETHEME T4 F#ugsh, et rIREStae 4t
B, ERE -, BRI E SN ARERER R T LR, 4RSI Ko g ss . e84
TEETEEIN, g-CQDs WY 1/1 SRR FAE (50. 8),, 8] ¢-CQDs BAT B IF P FaE T

DL EZHREN, ¢-CODs EE I P A R I R AFIPERRE M, AR AR I IR 5 s I 4
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Fig. 3 UV-Vis absorption spectra(photos of g~CQDs under sunlight(left) and 365 nm ultraviolet light (right) irradiation)(A);
fluorescence spectra of g—CQDs under different excitation wavelengths(B); CIE(C) and QY (D) of g~CQDs
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Fig. 4 Fluorescence spectra of g—=CQDs before and after the addition of anions (A) and their I /I, graph at 500 nm(B); fluores-
cence spectra before and after the addition of the solvents(C) and their //I; graph at 500 nm(D)
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Fig. 5 The influence of environmental factors on the fluorescence intensity of g—CQDs
A.pH; B. salt concentration; C.xenon lamp irradiation time; D. temperature (A, pHAE; B. Thif)¥; C. {WATHEESHSH); D, J6)

2.4 EBEFHKEN

KRG 42 B TR g-CQDs ZENETERE NI, 10] g—CQDs FHH MINTE WA R 3, AR 2¢
et 55 1/1, I 6A~B TR . BRI UL, 48 B i MRS o-CQDs HUZENHREE , A5 i ki
EAALE AL, KR &)@ 76 s B A /N, /L3 RFEFE 0. 85 LI L, 1 Fe™ il Fe™ X}
g-CQDs I KA 3, H /I 20,7510, 3, TIRER A B e-CQDs R M ER: . BIEFRKR
FLEFRENS S Fe Bk Fe" B ARG TERIE NI &Y, 580Uk W 708k 25 100 d B Il AR 20 i & A ¢
JEHEK

BT R ES TRENS M g-CODs ZORK AT KNG, 15 o-CQDs VEHZEHRE T Fe Fl Fe™ BOAZI .
M 6C~D BT/, g-CQDs 2¢ Y0 FERA Z Fe Y BB I FEAR, 78 1. 25~18 pmol/L A1 18~50 pmol/L Jii
BN, I/ (Y) R Fe W EE COFFTER IFI &M R, BIVHG R A0k Y=0. 017 4X+1. 025 5(°=0. 986 7)
1 Y=0.012 2X+1. 103 87 (°=0.9879) . #& HiFE (LOD) ##% LOD=3a/k HE1TiH5, Hb o Mbrifhfh
(0=0.0009), ke pE, 843 LoD 43 %14 0. 155 wmol/L 10. 221 pumol/L, Fe> 231
PR B 28 M % 2R A 5 D) 0T BB A2 IRV B Fe™ (1. 25~18 pmol/L) =5 2 5 3R T i S5 R 0 s 46 5, SEB e
M FHH; BIRE Fe (18~50 pmol/L) T, @R A AL i A, Fe HACEM NN R4 &, i
HL, 75 7% (PET) SR FEAR . AR B 8 6E~F vl %1, 1/1 Fl Fe i W B B IF LM R R, 1£2.5~
72.5 wmol/L i) £& 1% J5 2 f ¥=0. 012 8X+1. 1458 (+’=0.997 2) , LOD 4 0.211 pmol/L., & 6A 5K 6E
I 50 pmol/L Fe™ By %t B () 28 iR BE AR AE — E 2 5, X BB W TEFe " Z M2 MM fe
g-CQDs FE T M 45 & 07 AU T A LL K Fe™ 78 300~400 nm 78 Bl P 09 P9 UE R0, 4529 S o BE AR 55 i
W X B R ARESZE . DRI IE] 6A B — Gy BE T P KR S i B S i ek e A R e 25 5%
F1E5FE2015, —CODs FEM M Fe* 5 Fe* I, LOD AH % B8 & 08k 25 46 0 () CQDs b T 4% i
K
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Fig. 6 Fluorescence spectra of g=CQDs before and after the addition of different metal ions (A ) and their I/I, bar charts at 500 nm
(B); fluorescence spectra of g—~CQDs after adding different concentrations of Fe>*(C); linear calibration curve for Fe*’(D); fluo-
rescence spectra of g~CQDs after adding different concentrations of Fe**(E); linear calibration curve for Fe** (F)

R g-CQDs HHE CQDs TR Fe™ i AL
Table 1 Comparison of g=CQDs and other CQDs fluorescent probes for the detection of Fe’

Method Probe Range LOD/(wmol - L™") Ref.
BRI g-COQDs 2.5~72.5 pmol/L 0.211 ATAE
WAL NQCDs 0~70 wmol/L 0. 500 [1]

IR CQDs 0~0. 06 mmol/L 0.770 [4]

IR S-CQDs 10~500 pmol/L 0. 025 [7]

IR PPA@CQDs 0. 5~125 wmol/L 0.124 [38]

#2  g-CQDs HHE CQDs SEOHREMGMN Fe 1 AL
Table 2 Comparison of g~CQDs and other CQDs fluorescent probes for the detection of Fe*

Method Probe Range LOD/(pmol - L") Ref.
TG g-CQDs 0~18 wmol/L 0.155 AT AE
18~50 pwmol/L 0.221
IR CQDs 0~70 wmol/L 0.75 [39]
IR CNQDs 0~20 wmol/L 0.023 [40]
TR CQDs 0~30 wmol/L 0.018 [41]
KA CQDs-3 500~1 500 nmol/L 0.017 [42]

Rt VAL g-CODs BT THLRE 1, F 5% 7 Ar i g R i R 52 . 25 R 7 R,
Mn*BEHE i g-CQDs+Fe* fll g-CQDs+Fe M R DI AR , Fe™ NI g-CQDs+Fe™ A R 4K
LR, T Fe " N300 g-CQDs+Fe ™ R RIYZEONG . B AT REAR: , Mo W] FEME H AR AL EE ) B e
5O TE o-CQDs RHMERE F, WA KBRS WZA, (HMn™ 1) dPUEREHK S ¢-CODs JIA AT,
TEAG R TR R S -, BIRAEBUR S A RGBT 1 i 4558, it it kit s
PIRAL s 1hi Fe" NG RELAL 45 51 Fe™, A OB X ity (Fe™ ), AN 20 TF IR B A
B, MAb, KT g-CQDs+Fe™ R FR, Mg, Zn™, Cu™WEEM HIOEHMKE , (HEERAI M, HJRH
B REARIX 3 Fol2 - o] i a3 A 40w AR Sy S A R S SR e P A — e R AN, (H TR AL
T SRR e 5 Mn™ B A
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Fig. 7 Interference of different metal ions on Fe* detection(A) and their I/, bar charts at 500 nm(B) ; interference of different
metal ions on Fe™ detection(C) and their /I, bar charts at 500 nm(D)
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