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Abstract  Carbon dots (CDs) emitting blue and yellow fluorescence were synthesized via a hydrothermal

method using citric acid, polyethyleneimine, and o-phenylenediamine as carbon sources. Two types of CDs were

ek FIT: 2024-09-11. %515 %% F 1: 2024-10-29.
BRIy BV, Lo, WL, 20, R R AR AL IRy TH I BESE . E-mail: dongjxue@163.com

SR, 4, oL, TR, F BB M T R AL . E-mail: 18931283309@163.com
FEG I « ALK S5 G0H A AT H (LS 1T2023A03), 1L B ARARM LG (HEE S B2024201050)FITEZK BRI 564 (ki
5132401191 %) .
Supported by the Research and Innovation Team of Hebei University, China(No.IT2023A03), the Natural Science Foundation of Hebei Province,
China(No. B2024201050) and the National Natural Science Foundation of China(No.32401191).

Chem. J. Chinese Universities, 2025, 46(4), 20240422 20240422(1/11)



Jd EF 2w g R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

self-assembled into dual-emission probes(B/Y-CDs) , which were utilized to construct visualized fluorescence sensors

for detecting Ag" and Cu®" in aqueous solutions. The B/Y-CDs were characterized using high-resolution transmission
electron microscopy, zeta potential analysis, X-ray diffraction spectroscopy and infrared spectroscopy. Results
indicated that the excitation wavelength of B/Y-CDs is 350 nm, with emission wavelengths at 465 nm and 555 nm.
Upon the introduction of Ag" into the system, the intensity of yellow fluorescence decreased significantly, while the
blue fluorescence exhibited only a slight decrease. When Cu* was introduced, the intensity of yellow fluorescence
increased significantly, while the blue fluorescence intensity decreased markedly. The effects of pH, time, and
temperature on sensor performance were further examined. Under optimal experimental conditions, the linear range
of B/Y-CDs for detecting Ag" was 0.05—250 pmol/L, the detection limit was 19.70 nmol/L; the linear range
of B/Y-CDs for detecting Cu® was 0.02—200 wmol/L, the detection limit is 8.87 nmol/L. The constructed sensor
demonstrated good selectivity and can be utilized for the detection of Ag"and Cu* in aquatic environments, achieving
sample recovery rates of 93.7%—105.7% and 95.3%—106.6%, respectively. Furthermore, the research integrated
the sensor with a color recognition application on smartphones, enabling the recording of color changes and
facilitating rapid and sensitive visual quantitative detection of Ag™ and Cu*" in an aqueous solution.
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55 B/Y-CDs DG Z [ (SR . 21 Cu™ FAAERT , BEEIEE A ST IR 5 B g 2 1, W5 €l S i
S B RIS, IR B T Cu™ 5RO F R AE R, 5 800K 5y F ROARSR S AR AR e, 4

Chem. J. Chinese Universities, 2025, 46(4), 20240422 20240422(2/11)



J 5% s Hws g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

BT 9IRS TSR], AR KB S& 9 AR I BB R . — @ JEEIN, B/Y-CDs £ 465 Fll
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Scheme 1 Design of a portable sensor for field visual colorimetry and fluorescence
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1.1 RXFI 5

B e (4l 98% ) FN & B AL AN (4l 96% ) A A 11 22 s MAE AL RHE e BRA Wl 5 #risiig (46
J£99.5%) . T 206 Wi (L6 99% ) FIa LR (461 999% ) W [ Bl hir T 545 FRZA 7 5 MDS5-5M B Hr4s
(B EA 4> 1M 1000) 5 FAE TR W i Eh, PR3 miath, W A Brhr T35 R A Hepik
RN R ohfr i, (i A ARGt — 4k, R A R B oK .

F-7000 FU 56 66T CH ABR X 254t H 32 A F]D 5 XGQ-3000 B B4 T4 (2R REHAR B 2%
ABRAFE]D ; FE-28 7 pH I (18 FOARUEGRAT FRZA ] ) 5 NicoletiS10 ZU i HL AR 21 SN [ #E 4
B R R () A R 15 TU-1901 B2 40- 1] WG (b 038 brid AR A BR 5342w ) 5 FLS1000
TR ZSIWE S PO (& [ 52 T AR /A 7] ) 3 FEI-Themis G2 300 % 543 935 5 1, 1 i (ol (i 22
FEIATR]) 3 7ZS90 B Zeta HLAL Y (JEE Malvern 23 #] ).

1.2 B-CDsHi#l#&

S 3CHR[29, 30107 W 4 W €0 K 53Rk 25 (B-CDs ). 145, FREL2 g F R 0. 6 g BB 24 I i hn A
30 mL LK IR A, B LS 2R . B2 5] 50 mL SRR N 2T, T 180 “CR 3 h. X
Ni5EEE , FEEEF A SRR EIFFAE 10000 r/min F5 3 T 5.0 10 min, KT FIF AL 1000 kDa EHT4S 15
Mr24 b, HE BT A, BeHl A 1 mg/mL B, T4 CTiE4E, &H.

1.3 Y-CDsHy#l%&

R SR o, (Y-CDs) 5 B 25 SCHik [ 31, 32 1 iR M08 2kl . #40. 2160 g4B7E i (OPD ) %
T30 mL 4K, B HEYA]; BEBIMARTA TR O NER ROV g, 7200 CRV 4 h. B4
S, L9000 r/min AFEH B0 10 min ABR ZUTHEY , K Urfs L2 W6E ST 0. 22 wm S8BT I8
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B 45 1) B-CDs 5 Y-CDs 43 ) DLEE JR e 125 1 1: 2 B9 Fe B3 i TR A1 I, B 5 W 15 min JE A
B/Y-CDs, BPA] T EE Ag Fl Cu” (& )84 . FLfil 1 mmol/L Ag Fll Cu™ it 59 , I FHZK M B A [l 2
#5150 wL PBS 2% ¥ (pH=9, 10 mmol/L) | 60 wL B/Y-CDs A& (B-CDs 5 Y-CDs BE /R H K 1:5) FIAS[H]
WY Ag S WAE 30 "CIZV 1 min #% 150 wL PBS 22 ihi%5 ¥ (pH=8, 10 mmol/L) . 60 L B/Y-CDs ¥
(B-CDs 15 Y-CDs BE/R LR 1:2) FIAS [RJHE BE A Cu® T WRZE 30 “CRUNE 10 min. SRS, (2 E00 R T
e SRS, BREETEREYI R 10 nm, HLE R 500 V, ORI R 350 nm, UK S A 465 F1
555 nm, SEESEATINGE 3. e, 09I LL Ag Rl CuP BRiEva i ik BE A MRS A AR, B/Y-CDs FYZE G HR BE
F (F o/ Fs ) VE AR BR , 22 hbRER 2R, & PR (LOD)d@ 1 A LOD=3s/0 #1715, Hirp e 5o 4341
RF FES BIPRHE 22 (n=11) FIFRHE S A RE A8 . S250 TP IR HIFE 25 LU A DL 3 em AL A 5E5P L 2
FHS5.0 W AYEAMEAT LRI B HL L 4 em AR AOARPLEE Sk, 3825 BE TP A9 B IR 125 app 23 16
TSR] Agt il Cu™ I S W AR 2R EA T8 AR LE L Fn o S A
1.5 fRRERAIEIEEMR

FIWFIE AL A B B, A3 BB 150 wmol/L Y Ba>, Pb*, Fe*, Fe**, Ni**, Cr*, Zn*, CrO,,
PO}, F, CI', COY, SO%, 8, Ca*, Mg, AI*, Co™ 110 wmol/L Auw*ZETCHLES T 15 150 pmol/L K7
WA (Phe) . T &R (Gly) . WA (Ala) \ 732 R (Thr) | S22 (Val) . KA (Asn) | A5 2R
(Arg) . 229418 (Ser) . BE2ATR (Tyr) | #iZ R (Lys) . 2R (Glu) . ST 2R (le) . FHLZER (Met) | 2[5t
SR (Cys) | JHEPR (Pro) . #5242 (Leu) X (0518 (Trp) & L SEFRVE T ; 150 wmol/L HYHEREFIFLIHA
W LAK 1 mg/mL A9 AE L35 2 1T (BSA) | BIE F1EE T (OVA) X AT ETETE VAR . S8 1. 43 ik %884k
JERER PR .
1.6  SEBREE MBI

R T VEAR bR AR AR AE S BRAE SRl A Rl A e RS R, SRR . A SRR ARl SRR AE R
SEBRFES . TG, MKREI T NE, PABREANIE TR 245, SRI5 06 15 min, AR 254008 A ELIH 55,
28 O SR B2, A0, 22 pum SRR L8 . ORE UE A M SEBRAE A, IR RIS IR MR B Y AgT (0.
50, 100 F1200 wmol/L) Fll Cu* FrUEZEIR (0, 50, 100 F1 150 wmol/L) , S8 1. 4 55258 53 40 BXT S bk
i TP Ag Rl Cu® SEA ARSI A [RS8 S5

2 #RGWIE

2.1 CDsHIRIE

SEMIDIKFIE TR . 3R L0 W R AR — e MR IR, 33 K S 48 T & i o Y RN v o e i
F(CDs), 304 FiRPIFP CDs il A 4B SOBUR FHREE . i THRITIRET B/Y-CDs IFRE T, WF9E T
Hoe e 1 BE S BlfE AR Rl AE Ak . S5 IRERI, T4 CRM T REAF, W Rk S DR 34 H AR EE
FEARTAE , WAL S R AR AT E , T ARG G R LA 5 h[ES1(A)~
(C), WASSCHFHFR ] Bk, fE—E BRI, P56 @ hk s T AERF R Ao nse s, 1R G
B 1 ) EE B B

K FH 1 20 15 B H 2 348 (HRTEM ) 1 Zeeta HEL A 23 B4 1 45 78 B-CDs, Y-CDs & B/Y-CDs (I
SRR AT T RAE . B 1(A)~(C)4r5 B-CDs, Y-CDs #1 B/Y-CDs i HRTEM FR H-, & 1(D)~(F)
AR 8 R ST 4 A ], AT LR P K B 4 184 B-CDs Fl Y-CDs 2 [BITE H 3574080, B B i S 4
T3 BRI, B-CDs BYAHAR St A E]HE 9 0. 30 nm, 4980424 2. 80 nm, Y-CDs AHAR & ifi 6] #E K
0.23 nm, “FHPRiAE R 2. 25 nm. FEEAY B/Y-CDs 5 R B HH FHER 4, FHABSHIRITE]IE A 0. 36 nm, -3
RiFE R 3.60 nm. {1 F B-CDs 32 [ Ai—COOH Fl—OH JE A HAT 45 Tl FfE 71, K CDs 28 17 91 B fr
W1 Zeta AL B X S AT T PR, B 2(A) R B-CDs F Zeta Fi. {3 H—22. 4 mV, i B/Y-CDs [f] Zeta
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Fig.1 HRTEM images of B-CDs, Y-CDs and B/Y-CDs(A—C), and relative size distribution diagrams(D—F)

5H(A) B (6))
> 0
£
g st
g
g -10 |
s
o
N -15
_20 —
1 1 1 1
B-CDs Y-CDs B/Y-CDs 20 40 60 80

20/(°)
Fig.2 Zeta potentials of B-CDs, Y-CDs, B/Y-CDs(A) and XRD pattern of B/Y-CDs(B)

LA AT BTSN, 22 B B-CDs 5 Y-CDs 22 [B]38 20 df i B o8 il A 4128, HOHAT RAFMIR e, 530k, XF
B/Y-CDs #£47 T X SHERAT T (XRD)RAE, B 2(B) Bon H PL20=21° K Hhu0 g SE0 , 35X IH PR 5 B 0P 119
s+
X T A RS b B P2 M SR A T T ZRAE . W 3(A) BTz, B-CDs AR K & A& % 14331 R 350
1445 nm (3 €18 B-CDs 78 HOGAT R AMT B R R B8 F-, 78 HOBKT ML 0, 76 365 nm 5N
B ) ; B 3(B) BN, Y-CDs B K3 & A& ST 43 311 A 400 #1555 nm (4 &4 Y-CDs 76 H
FEIT RSN B T BB A, 76 H BT N 2886, 76365 nm S4MT T 2R 6). (HAF RS,
9T A L EA B-CDs H1 Y-CDs Z5 & PERE ) B/Y-CDs, #1595 T B/Y-CDs 4551 19 22 SN e LA K 7R3 &
WK R 330~380 nm ¥ [l N A A AT . SIS IEI LK 3(C) JRT UL, B/Y-CDs 7E 417 nm A4 45 47 W
SBEEAMRI , )& T B/Y-CDs Z5F b (3R 5L 5% C=0 81 n— T LA K C=C 80 m—m*BRIT, 7¢
Sk % ] IR B/Y-CDs 7F 465 #1555 nm Ab 43 5 BE T 24~ & 6, I HAE 350 nm P IOE T 3615 5%
FER G, DL BG5S T B/Y-CDs IR A 21235 . e B AR 20 40 (FTIR) S 3% [ K 3(D) 1,
B-CDs 7£ 1352 cm ™' &b C—O0—C M FRAE IR, B-CDs, Y-CDs A B/Y-CDs 7£ 3428 cm ' Ab &R B H
N—H/O—H B FRAEM I, C=07F 1717 em ' WA 4 PR 305, C=C1£ 1673 em ' A i 45 IR Bl
N—H 7 1569 cm™ &b 45 4R sk . 164k, 5 Y-CDs 1 B-CDs #H L, 4125 % B/Y-CDs th N—H % il
O—H S A LT AP & 28 T IS , (A4 —COOH, —OH FI—NH, B eI 758 AR er e, #2100
B/Y-CDs ) 3 415 .
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Fig.3 Fluorescence excitation - emission spectra of B-CDs(A) and Y - CDs(B), UV -Vis absorption
spectra and fluorescence emission spectra of B/Y-CDs(C), and infrared spectra(D) of B-CDs,
Y-CDs and B/Y-CDs

Insets of (A) and (B) are photographs in natural and ultraviolet light, respctively.

22 fREEERME

e, AN BE IR He A R E T UEAT T AL (1 S2, AT H# (5 ) , 455 BoR, BEH ORI
B Y-CDs FHRERYSE N, BREFVE W2 B0 th v i (@ B B A o e B a8k . AR & B, BEE HERY
Cu™ A, BRET K S HEREAIL, BT REI, S T @SN ., S0 MR 3]
FIE AR AY, , ATk #E B-CDs 5 Y-CDs BE/R ey 12 2 A B LS4 T4 o s [, R H bR
Yr Ag BN, TREF I 5B IIEAIR, S T RS 2 I W iR 12O (28 fk, 4% B-CDs 55
Y-CDs FEJR Fb oM 105 A0 (4 U SRR T A Ag. Wi 4(A) iR, #4509 B/Y-CDs #8451 1E 465 F1 555
nm A0 HAT B 9K ST, 24 Ag i AR B/Y-CDs JREMA R, 5 (02 650 B 5 AR, Mk Rk e
DA Dl /b, R ERE S MG T 2B @ ARl B 4 (AR B ], T 3RAS S5 i 2 A 4
A, XHAGIN £ 14 (PBS 2% M TR Y pH MEL . F8%T 5 Ag BRI SOSIRBE « SORisHIR)) 04T T 44k, FeZX3dk 4 PBS
G P pHAEL 9, BN I EE S 30 °CAIR N IS ] 247 1 min A A4S A g Ay d5e 4 S5 7 214 [ BT S3(A) ~
(C), WASCZHHEE . AN, %55 T B/Y-CDs XF Ag MR AL, 45598 675 il 52 A Zeta HoL (7 30
TP TEAAT, R T Ag S 0OLEr Z M A EAEH . & 4(B) iR, MWK R F A Ag'Jq,
B/Y-CDs Y9677 A & A 5 BRAI, {1555 nm b BZ e B i 3 AKXl & i T B/Y-CDs 2k
A e & St i Agt R AE T HLFHES , SR EIOEIBIEK . 1LAh, A Ag' )5, Zeta LA H it
{EAR R IEAE, Xt eI i FHERS I FEAY 2 A (1S4, WA SCH F5{5 ). B/Y-CDs X Ag"iYAL IEAL 34 n]
L)L Stern-Volmer & P F T B -

F{(465/555)/F(465/555)=K,,C,+1=K t,c,+1 (1)

KHr: F,(465/555) F1 F (465/555) 435 R it = FIAEAE Ag B S AR 2R 7E 465 11555 nm Ak 9258 058 B 22
Ebs e, 0 AgHRIE s K (Lemol™-s™) B IGH A H B, 115455 K =4. 810" L/(mol+s) ; 7,4 B/Y-CDs [1)7¢
HF i 5 Ksy A F,(465/555)/F(465/555) 55 Ag e Bt &k AR K 4(C) ], 2525 0. 0012 L/pmol , i
Fon Tl AR KN R RAE 1. 010" T/ (mol +s) , X HH B/Y-CDs F 2 R I e FR A TR K BT,
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Fig. 4 Fluorescence emission spectra(A) of B/Y-CDs in the absence and presence of Ag* ions(inset: photograph
of B/Y-CDs illuminated by Ag* UV lamp, with or without), fluorescence lifetime(B) of B/Y-CDs before
and after Ag" addition, F (465/555)/F(465/555) as a function of Ag® concentration(C), fluorescence
emission spectra of B/Y -CDs in the absence and presence of Cu®* ions(inset: photograph of B/Y -CDs
illuminated by Cu** UV lamp, with or without) (D), fluorescence lifetime(E) of B/Y - CDs before and
after Cu’* addition, and relationship between temperature and F,(465/555)/F(465/555)(F)

WE4(D) R, 258 Cu® A B/Y-CDs #REHA R I, B-CDs B¢ E0R BB MFEAR , 1M1 Y-CDs BY%¢6

ﬁrr“ B [ 4(D) G IE LG T ZOEE ARk | /32548 T PBS 2B M Wi I pHAE . [
Yk B R 5 07 s )% B/Y -CDs 5 Cu S N 1R R 98 A BRI S2 I, e 24 BE A2 PBS 22 i 11 pH K 8, fir”

/mf;jy 30 “C LB ] A7 10 min VE RN Cu 4 fe FE N 25 14 [ S5(A)~(C), WA HEF R ] it
— BT Cu* REB/Y-CDs 2L AT, nE 4(E) PR, o il 7, 43 308 I Cu* i J5 B/Y-
CDs B9 EF51r , U Cu™ 5, B/Y-CDs 265 0m M 2. 71 ns BB FEIRZE 1. 27 ns, $#EI Cu® 20 B/Y-
CDs 2 e K A BE s AP KT EC™. Tl SR 5P HUE &, IR T HY B g e,
VoS VR T 2R B O ) i T RS, X S B BOR B R IR TR 5 F,(465/555)/F (465/555)
I Cu Wk BEZ [ JC 2R, W 4(F) P, BlAT I A T+ ?ﬂf%i_iz‘eﬁijt TELEE A 293, 303 F1313 Kt
FIRER SRR 6. 921073, 1. 06102112, 05x1072, B KRR HHE A . X RH T Cu> 5K 9Ly
FREFE IR TR F R AEE S AR LR, 400 T 9 R S I FRERIsR] , E— 25 3 BH T Sh A3 K 3K
O] 27 HGAE AR 1) = 2 g PR 7
23 ERSENREEM 5'&1%&

TERARSEI 2500, 20 B T A (7] 9 B8 8 Ag AT Cu® in AR AR 25 i 2 6t g A8 4k .
K5 (A) IR, A Ag vk B HY3E AN (0~250 pumol/L) , 465 F1555 nm WAL (142 5 B W), H. 465
55555 nm AbE G B B HAE S Ag HEBETE 0. 05~250 pumol/L 3 Bl PN 2 Bl R A AR R LB 5(B) ], 3
AL TTFEN F il F555=0. 0023c,,++0. 7666 (r=0. 9962) , 5 1 FR 4 19. 70 nmol/L. & 5(C) B, BEH Cu™
e B 3G T (0~200 pwmol/L) , 465 nm WEAELAL (9 726 638 B T 871N, 555 nm A5 S 06 (1) 56k 55 3% T 4 ot
H. 465 55 555 nm Ab % Y658 FBF B FUAE 5 Cu® ¥R BE7E 0. 02~200 pwmol/L 1 il P 5 PR KL 4 % £k 1 56 &R
[E5(D) ], HENETTFEN F oo/ Fss=—0. 0049¢,,2++1. 4589 (r=—0. 9972) , ¥ PR~ 8. 87 nmol/L.

PE— 22 8T AL AL AR A e BRI, 45 RN 6 (A) A(B) /R, 19 R JCHLES T (Ba®, Ph>,
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Fig. 5 Fluorescent spectra of B/Y-CDs probe incubation with different concentrations of Ag*(A),
relationship between fluorescent intensity and Ag*concentrations(B), fluorescent spectra of
B/Y - CDs probe incubation with different concentrations of Cu* (C), relationship between
fluorescent intensity and Cu** concentrations(D), photographs under fluorescent lamp and
ultraviolet lamp after adding Ag*(E) and photographs under fluorescent lamp and ultravio-
let lamp after adding Cu*(F)
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Glu s
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Fig. 6 Selectivity of B/Y-CDs fluorescent probe for detection of Ag*(A) and Cu** (B)
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Fe*, Fe**, Ni**, Cr™*, Zn*, CrO*, PO,", F, CI', CO., SO,.7, S, Ca™, Mg, AI*, Co™ I Au*), ZIEMR
(Phe, Gly, Ala, Thr, Val, Asn, Arg, Ser, Tyr, Lys, Glu, Ile, Met, Cys, Pro, Leu Fll Trp) , KA i
(BSA, OVA, RITEVETERS , FEMEAZLGE) A 225 DEIRET DGR L LU F o Fsss R 254K, (UFE H AR
Ag' 5K Cu fETE R, SRET YD G T 2 A 2 A i 3 ol Ay, R L R U e A% e B AT i
BRPE.
2.4 SEERESAKT

R T B IR IZ S CIRE AN SE PR K A Agt R Cu® BT AT, B kK | L SRR ZAAE R A K
FE, SRS B A AgtFN Cou® AH [R] A9 25 B8 , 38 2 b T i ok ol 5 2 St o 1o A el i %, 255191 F
F 1. B/Y-CDs % S EE X 52 bR K BE H Agh AT Cu® I 52 A4 [T 43 51 A 93. 7%~105. 7% Fil 95. 3%~
106. 6%, FIXF 5 i 22 (RSD) 43 BI7E 0. 39%~1. 25% F10. 20%~1. 17%. SLH45 RFKW, % L RIEAE
JEA AT TS BRoK AR Ag il Cu 2 43T

Table 1 Determined results of Ag* and Cu** using B/Y-CDs probe in real water samples(n=5)

Ag' Cu?
Sample Added/ Found/ RSD(%, Added/ Found/ RSD(%,
Recovery(%) Recovery(%)
(pmol-L™")  (wmol-L") n=5) (pmol L") (pmol - L") n=5)
Lake water 0 4.2 — 1.16 0 2.7 — 0.72
50 52.0 95.6 0.81 50 54.2 103.0 0.46
100 103.4 99.2 0.63 100 105.6 96.9 0.20
200 215.6 105.7 0.88 150 150.4 106.6 0.34
Tap-water 0 1.1 — 1.17 0 1.0 — 1.17
50 47.9 93.7 1.25 50 52.6 103.2 0.63
100 105.1 104.8 0.70 100 99.8 98.8 0.62
200 197.2 97.9 0.63 150 152.5 94.3 0.60
Spring water 0 11.7 — 1.00 0 11.7 — 1.01
50 56.6 89.8 1.17 50 59.3 95.3 0.76
100 1153 103.6 0.74 100 114.5 102.8 0.49
200 199.9 94.1 0.39 150 158.5 97.8 0.54

2.5 ETEREFIMEENAg M Cu ERBMHE

A BETHUALAR HE 32 H AL S HARPD A AT Lo iR S 56 2 R RUAAR 20 #r B BR ), i L.
TEAS I (AR A0 7 T EAT BB A OE 3. AT S0 i e B9 R AL BEAN G B U AR S B T R g
FHF- GBSO BT G i B e 5 5L (18 7).

Fig.7 Schematic diagram of Ag* and Cu** detection using smart equipment

FEF CIE B RS : CIE1931xy. V. 1. 6. 0. 2a) 20 HT T FiE Ag Fl Cu® VR JE I, ke e i 4% Jek
R RIS B AR, W 8(A) PR, M LA R th Ag Ve B N, 1R R 1B (o el (AR vk
B/Y-CDs 4 2148 | i st (REE | Bl Ml Gl ) A4k, AgVkETE 0. 05~250 pmol/L i
Bl 5 (R-B)/G M Z B AFAE AT e S R (KT 8(B) |, AnE £k 7 & k1 (R-B)/G=—0. 00279 [ Ag" |+
0. 9004 (r=—0. 9958) , ¥ H B4 19. 70 nmol/L. Ffi# Co® W EEXE N, Cu &A% A2 G EI € F v i (8
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Fig.8 CIE chromaticity coordinates(A) of B/Y -CDs in the presence of different concentrations of Ag*
and the relationship between color information and Ag* concentration(B), and CIE chromaticity
coordinates(C) of B/Y-CDs in the presence of different concentrations of Cu®** and the relationship

between color information and Cu** concentration(D)

Hh, H Cu® W EETE 0. 02~200 pmol/L 3t Fl N 5 RIGAE Z B AR BT IR X R LK 8(C) 1, A4 oy
£ R/G=0. 0032[ Cu* ]+0. 8487(r=0. 9973 ), ¥ HiFR 4 8. 87 nmol/L. [FIt, AT EEAY LR RIDE AL Ikt
AL &5 A 15 B RE FHLIZ BN Ag™ Fil Cu® (1 a] A4k E SEAG I, I B S2 B Ag' Al Cu® 1Y S IR I B 3%
sl

3 &

PSR T — Rl 45 7 B 1T 28 AR R 956 % B/Y-CDs 3841, il 98 6 e 8 s 52 B0 T Xk B vp
Ag il Cu™ 1Y R BRI RENERIN , — 35 AR IIYE L 53 31124 0. 05~250 pmol/L A1 0. 02~200 pmol/L, 5 i1 FR
43524 19. 70 M1 8. 87 nmol/L. X H AR SR ET Z [0 AR B AE FIMLEIZES T THRIT, AgFl Cu* AL AL
43 S B F B AR IR S K . 3 — 20 b 1 EL R A% e o FH S B K R v Ag Fl Cu®* 11
K, BSR4 51K 93. 7%~105. 7% F195. 3%~106. 6%. Ak, HFIEL5 G GETHLRIER 4 Brik i, 52
BT Ag i Cu A 485 X AT Ak S A . AR SO A SR P T 3 T AR TR PR3 v g skt ] LAk o
IR, A BRI EM A
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