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Preparation of hydroxyapatite fluorescent probe doped with CdTe

quantum dots and its application in copper ion detection
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(a.College of Life Science; b.College of Materials and Textiles,
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Abstract: In this study, a cadmium telluride (CdTe) quantum dot precursor was added during the
hydrothermal synthesis of hydroxyapatite (HAp) particles to synthesize hydroxyapatite/cadmium telluride
(HAp/CdTe) fluorescent probe which could excite red fluorescence. The morphology, size and
fluorescence characteristics of the obtained fluorescent probe were characterized, and the feasibility of its
application in the field of copper ion detection was explored. The results showed that the obtained HAp/
CdTe fluorescent probes were needle-shaped solid particles with a major diameter of about 350 nm and a
minor diameter of about 80 nm. The fluorescence intensity of HAp/CdTe was high, the emission spectrum
range was narrow, and the fluorescence intensity owned good pH and temperature stability. In terms of
copper ion detection, the fluorescence intensity change of the probe presented the favorable linear relation
with Cu®" concentration when coper content was 1.3~51.2 mg/L. The correlation coefficient was 0.9986
and the limit of detection was 0.4 mg/L. Besides, other ions (Na®, Mg?", Ca®", Li", NH*", K", Cd*")
had no obvious interference effect on the detection method. The prepared HAp/CdTe fluorescent probe has

the characteristics of simple preparation, low cost, stable fluorescence properties and long-term
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conservation, so it is an ideal material for detecting copper ion concentration.

Key words: hydroxyapatite; quantum dots; copper ion detection; fluorescent probe
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DENCERET RN 7 v R U & PR 4y B vk
A o PRI, S SGHRETAG I AAE Ay — o 28 1 2515
R AR T B, )12 6 T4 88 1 i A i vt
SCIESTHENT. 6 — TR T E TR B R
B T ETE M & O 12.00~170.00 pg/L JEFEIN
SR UFRRAIECER  HHIC R BN 0.9989 45 Hi FR
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1.2 CdTe EFRBIERHI&

skl 50 ml ¥k BE R 4 X 107° mol/L. Z, g4 (Cd
(AC) )W I 1 mol/L NaOH ¥ 15 pH {E
% 10.5~11.5 Z[a], 4564k 5 mins MA 18 pL HiAR B
R (TGA) 4k 5 pH HAAE AR Z2 45 FE 5 mins 23510
A 50 mL 8X10 * mol/L Y WHEIRAR (K, TeO ) ¥ K
F1 80 mg M Akl (NaBH,) , 4R pH AEAAE  fiif: 5
min; B AR R T 120 °C [\ S i 20 min J5 3645
CdTe fF miFTAEM IFIRAE 4 “CHR .

1.3 HAp/CdTe AR BIFI &
it 80 mL & H 5X107% mol/L CaCl; IFWK
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JH 1 mol/L NaOH ¥ 15 2 pH {H%°4 10.0,
70 “CARUMBIFHRFEERE ; BN A 80 mL kBN
3X 10 * mol/L Na, HPO, ¥ ¥, 45 52 )i ik FE A0
pH B 18 & I R 2 5+, 45 35, 4k 22 9 +F
30 mins ¥ iR A A CdTe 7 5 B4 A R
RF P e SN S5 ANAE B R 2 hs BEFESE RS
FHE 24 b YRU B0 R R TR 515 8] HAp/CdTe
1.4 HAp/CdTe #}#}R4E

HAp/CdTe SR EF 1Y A R HEA T X SR A7 5
SFA T (ARL-X TRA, ZEE Thermo 2],
R4 CuKa §128 (A=1.54 nm) N, 45 H JE Al
BHA AR 40 KV, 35 mA, 8 B AR 4T 48
P4 HT (Nicolet 5700, 2 F Thermo 2 H) #H1TE fe
il TR i = U A S T S Rl
(S4800, H A~ Hitachi 2\ &) Fl i3 5§ 1 45 (JEM-
2010, HAS JEOL A &D 43R,
1.5 HAp/CdTe %45 1ED#7
L5.1 5 5 ei ki

HAp/CdTe #¥6#R4%r . CdTe WIFIE & & 240K
2. 3200 wt, AR SO H 4y B HAp/CdTe % 6454 5
CdTe &t i A4l HAp (5001  BARSEE 5
AR FCH 1.0 mg/mL () HAp/CdTe 2 EHRE il
HAp (/KBRS e B 11 Cd Te 7508, F%¢
HA G EE T (F-4500, H A HITECH 2 &) #6:) =
TR IS BRI R 400 nm,
1.5.2 POCRRENER T

el 1.0 mg/mL #) HAp/CdTe Uk 7K B
G HA R 5 28R4, 1 mol/L NaOH #1 5%
HCL 835 £ 20 (%) pH {A, pH {E 435124 11.0.8.5,
7.0.6.5 1 5.0 @R 2 MEN B T4 e Sk A%
HAEZ IR F#E 0.15.45.120 min F1 240 min J5 1
BRI IR EI K A 400 nm, X T, TR
(RRZIA : FL i) 1.0 mg/mL ) HAp/CdTe Fkr i) /K
BRRITE AT B 5 AT 2 L K A% S IR AL 0 S
TEJREE N 0.4.20,30 ‘CHI50 CRUFBEH 24 h; R
TR DA TG BE TG I 45 21 28 5 3 i & D
K8 400 nm, Xf 4T,
1.6 Cu?* By
1.6.1  HAp/CdTe %EHRE ki il B e A3 A

Aot

5% HAp/CdTe % CHRE KI5 F pH )

SR O RR BE pH B (6.0.7.0,7.3.7.5.7.9.8.4,

9.0,9.5,10.0,10.5) ) HAp/CdTe it 2 » # 7k
UG 66 B TN 5 5 B 10 SR (Fo) 5 ¢ iR
Cu®" + HAp/CdTe=1 : 10(v/v) ¥ [1] 4% S5 5 21
I ABC IS4 64.0 mg/L Cu™" J5 , MR EOE5)
S BE TG I 2 63 B I i s (F) s iR A Cu®*
BT 5 A 5000 21 1 26 R AR AF X HL A AT 3
RIGWAHA 400 nm, B HAp/CdTe ZEHREN Y
oA ARG I ok BE . T A B BE VR B (0,50, 0,95, 1. 75,
2.25.2.75.3.25.3.75,4.00 mg/mL) f§ HAp/CdTe
SO B 5 R TR i 56 43 D6 G BE TR T 4% 40 1 5
RE(Fo) ;328 Cu*t « HAp/CdTe=1 : 10(v/v)
1) [ 4% S ERZH P 64.0 mg/L Cu®™ , B i o%
T3 B T A I A% 41 5 65 B (FD 5 TS A
Cu™ 1/ J5 £ SLIR A 5 G ARk AF SR 6%
KK 400 nm, X LA .
1.6.2 AR Cu®" i BE By hn i th £

il 45 3.0 mg/mL pH {H K 7.5 BT HAp/
CdTe Fikr 2 » 8 Ui 26 3 43 06 06 BE 1H I 28 St i
BEIFIC 5 il £ 1.3~51.2 mg/L W EERB ) Cu™™
W Cu®™ 2 HAp/CdTe=1 : 10(v/v) Y
A _F R P B R S0 4 BT
Bl I SR A TR F 5 LA 1g(Fo/F) X4
BT WRIE C i AT4 M Mt tBbn i th 28
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(0 LA 2 b
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HAp/CdTe JiUhr 2« 8 Wi 2 ' 43 60 B TH 2%
R EEIFIC SRR Fos il %5 64.0 mg/L 1 Cu™" W
K 6400.0 mg/L ¥ B (1) FHoAth JLFP# LB+ (Na™ |
Mg*" \Ca®" \Li" \NH/ K" 1 Cd*") B W - F 53
A LR E W AR SO 28 6 2 e G BE TR
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2 SEG A SR AR AL A\ F 6 FE AT » 38R 6D
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HAp/CdTe 9GHRET 5 pH 7.5, 88 i 28 64
SR I 5 DGR B (F o) s #I8 Cu®™ + HAp/
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- c
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2.3 HAp/CdTe T IR RN 38 B E

AT pH AEATEEE X HAp/CdTe 28 454+
(B ERa e R, 45 R an & 3 frn., fE 3l
AL ASCA B HAp/ CdTe 98GR EHTE pH A 76.5.
7.0.8.5 1 11.0 Aif , HA i i Bt s 1) A8 AR i BE 550N
FE pHAEN 5.0 B, HLAE s B AL H 98 0 B Bl s
B AR AR HE M PT B 5 HAp 7ERRPEFREE T 2 F%
firF G Bl 3(h) Sy HAp/CdTe 9 GHRE A HE R I
Bt AR AL AR A A B o 7E 0~50 CHiE
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P A5 R K 4 R, B 4(a) KW AE pHAE 6.0
~10.5 JLFI N, B E pH A AZ K, A Co* J5
HAp/CdTe 968 1 28 5t 18 B AR A A7 S6 3 K F
NS I pHAEN 7.5 247 I3k 31 e KAS
b, B HAp/CdTe 9 5GHR 57 pH {H 7.5 A 47 B
X Co® " S U MR RS pHE T » HAp/CdTe 7%
JEERE DR EE AR fb /N T fiE S Cu®' 5 OH™ 45
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B pH YRR

WG IR R 3.0
mg/mL 2247 BN B i K, A 2 HAp/CdTe 45t
PRET Wk B 4 3.0 mg/mLE}, # Cu*" :
=1:10(v/WIEIMAWE R 64.0 mg/L Cu*™ Hi
Jei WA ' ik A A 38 31 e K, R A S5 IR 1
ik e B Cu™™ W HT, 3.0 mg/mL ¥ B (1) HAp/
CdTe 5 CHREN DR E AR A 218 3 FRRMH . 5K
AR pH {8 7.5, HAp/CdTe % S 5 vk B
AT I 5200 5 o o 1 2% ) 512
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25 Cu*IREEHIBRAE B2 20007
HAp/CdTe CHEH RGN Cu® AR E th 2 an V=g =

5 itz (PR 4 7E % R AR FT R 3.0 mg/mlL, 2000}
pHT7.5 UGS Ry 400 nm Z5F AR . B S ol
AL B Co® W BE A3 . HAp/CdTe G HR 5 “
SO LIR BE B WTREAR 1g (F o /F) X Cu®' 1 7E 1.3 ~6.000
~51.2 mg/L{ERNA R &I Zeth ¢ R . Ltk 7 ~8000 | L
Hlg (Fo/F)=0.1555+0.04C, i % &% R? = P

0.9986 , KPR ARFEY 3 fEbnifEfi22) 4 0.4 mg/L,

25

00510 15 20 25 30 35 40 45 30 35
BT (mg - L)
5 HAp/CdTe ZGHREHM Cu®* ¥R B ARl 26

2.6 EHft—fERBEFizAERN C RER

FH1EA

FEFHEECVR I i PRSI 5 - R 5 14 7 vk FR AR
a7 B (H 5 A7 o B - 4T IR e T oA s
(At 2 B A A 5 Hh L Cu™ T AR
W LB 03 I AR T 5 o e B AR ik
17 HEA R I, FLAh B8 - X 9 B I 2 i BE 52 Ml
/0N U B A B8 B 5 BT O s B TS B B 0 A
R RS R LB (Na ™ \Mg? ™ [ Ca®" \Li"
NH; K" . Cd*" )% HAp/CdTe &6 #4H KM Cu™
BH4EEH. g5 R K 6 s, K B, 5inA
Cu™ A EL AT T 100 FF Cu® ™ e B 110 oA 15 7 it
HAp/CdTe ¢ J6 £ 19 2¢Ot o B A 4B il /. Wu
LIRS S B, Cot ' A2l CdTe QDs 2174
Brep, Cut 5 CdTe B SRS ST B 4L Cutt Hedfuk
Cu' IR CdTe BF AR O REEOLE AR,
AR BITNARE B2 CdTe 05, Cu® ' ] fifi
RIICHGE I TENCEEI T Na™ Mg fil Ca™" S5 F
XF HAp/CdTe ZeGHEF 2O CTCA R A THEAER .
2.7 FRAEREH CUT IR EKT

SR S TR AR T A D A 5 e B P MR e, AR S
i 86 LR o 10 R S AR R e A v A
B U TR AR A B T B T I LA L g SR 1 pr
IR FEH R ARIEA TR Co® T AR AT R

1
Na' Mg”* Ca* Li NH, K' Cd*© Cu™

B 6 #WEFX HAp/CdTe ORI HE G0 BE 1Y 52 )

A A AT AL H NSCRAE 96.9 %0 ~102.0% 2 [H]
Tz REA R TE,

® 1 KHPIREE CU T IREK LR
Cu" FRifERE/ (g« L) WUAHE/ (g L7 W/ %

3.2 3.1 96.9
5.1 5.2 102.0
6.4 6.5 101.5
19.2 19.0 99.0

32.0 315 98.4

3 &%

ARSCAE IR I B RSB I A i 2o R PR £k
T AR A B RS & —Fh BBk R 5wk
JRA UKL FFARGE AR R 4 15 2 SR BT 7R 50 25+
I T IO P 8 AT A T B A S R AR .

a) A A — TG A5 B AR AR Y R L
JRA D CHRET R RS0 R R A A%
2574 350 nm, FAEZ) R 80 nm,

b) ARSI ET 7 S AR T W] R AL
s, HA B S NZOGEE  7F pH KT 6.5 B
HA B9 i e v,

o &1 HAp/CdTe #4545t 1g(Fo /F) Xt
Cu” 7E 1.3~51.2 mg/L {uNA RIFILIELR,
LAEITFEN 1g(Fo/F)=0.155540.04C A0 R BN
0.9986 , Faril FR (ARFE Y 3 ApriEi22)0.4 mg/L,

ARSCHRE A — Ffn] (L PR 0 A T K P
Cu™" FEHER BT OB K HLHI I Cu®
VR T 53 0 1 B A
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