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Spectral Analysis on the Interaction between Magnetic Iron Oxide
Nanoparticles and CdTe Quantum Dots
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Abstract The interaction between magnetic iron oxide nanoparticles (MION) and CdTe quantum dots
(QDs) was studied by fluorescence and UV-visible absorption spectra. The results showed that the fluores-
cence of CdTe QDs was strongly quenched by MION. The quenching mechanism was discussed to be a
static quenching process, which was proved by the quenching rate constant (K;=7.68 X 10" moleL 'es 1)
and UV-vis absorption spectra. According to Lineweaver-Burk equations at different temperatures, the
thermodynamic parameters (AH°=21.6 kJsmol ', AS°=210.3 Jemol 'K ' and AG®=—41.1 kJemol ',
298 K) were obtained. It was found that the process of binding was a spontaneous process with an electro-
static interaction.
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g5 QU N R 2 ThRe g BT T T AR 77
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1 SLEES

1.1 {UE5RF

TR (oleic acid) W+ Rl Y6 & RS g4k LA 5L B
i (Acetone) I T R T 7K KA 2R FF A Dy, Brfy
TR AT TCE AR B30 2 2 B 2l 70, T [ 2 4 [ 4n 2
WA PR 27 RS (Nitrogen) I T 5040 480 A BR 94T
AT, SER KA Sk,

Evolution 300 28 4 —nJ W, 43 ot O FE v (3%
Thermo Electron A #l); LS55 HY%¢ Y6 b4 (32 [ Perkin
Elmer A #]); MP120 %Y pH 7} (%ii - Metter Toledo A /]).
1.2 MION BI#I &R T

KH TR & 725, B 0.0025 mol FeSOs.
0.005 mol FeCl; ¥ 1 pH 4y 3 ZE A &tk H, RS
T 30 “CHEHH/KH 30 min, A 25%2 K, W17 pH
10 Bega, THEA 70 °C, AR 0.010 mol, AN
PEFEIFIEI KT 30 min, A EIFE S, CUARE VL. FR
MR E MR 45 MION Ffi 0.005 ¢ 70#L T 0.003
mol/L [T = Fe B R IR #(SDBS, —F B & 1R MG
PEFDEE I, VRS RO A AL R R A i 2.

1.3 CdTe 2 FaMFI&REKAE

K SCHR[12] 00 A 775, mgi 2SR R, InA
0.127 g Te ¥}, 0.120 g /247 1) NaBH,, 1 mL 407K, 5 min
S AR, RIE R S UK TP N 8 h, B
H B RRTh NaHTe %K. FRIL 0.228 g CACl, %1 25
mL B4k, BELIEA 30 min J5INA 0.1 mL ik
ZIR(TGA), F NaOH AT pH {4 11 47, 5 min
Jof = HRIE T 100 COREH I, [Hlmee i, g
fEH I NaHTe ¥, SRR TRVECRE, P4 5
Ve HIEEEE T CdTe &1 s TR AL, MRS 41~
T DS P A A ok ),

1.4 RAXIEDH

£ 10.0 mL HEFKKIIA 5.0 mL 0.10 mol/L
Tris-HCl 220 (pH=7.4), 1.0 mL 1.0X10~° mol/L
MION %%, 1.0 mL 1.0X 10> mol/L [#] CdTe &1 & (*F-
BIRiAeh 2.2 nm) i, LOBAKE AR A, —E &
I E LT R I ALLE (B, o BB D 1K
MION i, HAmIR F, 43507 298, 305 #1313 K 45fF

e SO RE SN (as, K pH A 3~7
IR 20 W R pH Ay 7.4~10 ¥ Tris-Hel 229,
X IRATE DG K MION YR BE; SO A5, A
) B NaC LI, X BRA1TE D 1 K MION IR B 5 U
gL, 04 SDBS Wik &, Xt 4l U1K
MION 8, A4tk b, —m44F FileE Lo 6t
B E I E 1, Zex=380 nm).
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2.1 MION 5 CdTe EF = iES B FRME(TEM)FE
fE

T 3ok 375 5 LT SR ARCBE S AR T RN TR M
JGF. tHE 1 W RGEH, dhEREME MION 43415y,
AMESEARRERIE, PR N 9.2 nm (B 1A). /KT
CdTe &1 RHEE%E, “F¥RAEHR 2.2 nm (& 1B).
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B 1 MION (A)F1 CdTe w+ ri(B)IEH B+ BE B
Figure 1 TEM images of MION (A) and CdTe quantum dots
(B)

2.2 MION 5 CdTe E FAHEEEREHEML

R, RNVARRIOCHE 30 min 2 J5i& T
S, H.2h WIEHREARA K. BRIk, ARl e
P, 7823 N 30 min J5 FFREATOOGIE. 2%
MNAKZR pH{H K 5.0~10.0 i}, MION X} CdTe &1 A %
SRALMI TR KAER], HAE pH 8 e A 9Ot IRE R K. %
FER S A FEAAE T MION %) CdTe 1 (1)
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FHEAEH, Pt N i il pH {EIE 7.4.
2.3 MION 5 CdTe EF SHEEABRNEMR
2.3.1 MION JRE Ao B R % F AT AR £ %R

CdTe & 1 REARARGE . KIEEE. kot
ey REtELr. ARV R U, RS
AR 2~8 nm [0, UHLONGFY i CdTe &1
MEEE, BRI B 2 AARWRE
MION f£{E4 A N CdTe 51 s 96 R B, hEl 2
A H U CdTe &7 AR EE 1.0X10°° mol/L I,
Bl MION SR R34 0, CdTe &1 a5 1) 5 G W]
%55, Ui MION Xt CdTe &1 &S BRI KAEH,
HAG AR K, B CdTe &1 1 4E MION 1 F L
B R A AR,

AJ H Stern-Volmer 77 F2U 7 b 3 51256 K 4

FyF=1+Kw[Q]=1+K7[Q] (1)

Horp, Fy AR CdTe 1 S5 658E, F ol
MION {7 {EI} CdTe 1 s (158 65, [Q]h MION ik
BE, MBI R D IGHT, Ky JBh A5 K 4 4R Stern-
Volmer #KHEH, EAME T 960 75 R KA 571k
U BEORAR JEC G 3 A B 25 T I R R); Ky A
AN IR FEL, & T AR R 4T I e
BRI HL AR 6] € 9 43 1 9% 673 iy SE I8 R K 52 5 7
IR FUAAEALENS 5651 113 %5, CdTe ¥ i
(5N A5 6w 20l 21077 sHE),
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Figure 2 Fluorescence spectra of CdTe QDs in the presence of
9.2 nm MION at 0.05 mol/L 7.4 Tris-HCI buffer

¢(CdTe QDs)=1.0X10"® mol/L, ¢(MION)=1.0X10 " mol/L. MION con-
centrations were (a) 0, (b) 1.0, (¢) 2.0, (d) 4.0, (e) 6.0, (f) 8.0, (g) 10.0, (h)
12.0, (i) 15.0, (j) 20.0, (k) 30.0, (1) 40.0 (X 10"* mol/L).

J5E 305 K i MION & CdTe & 145(2.2 nm)AH H.AF
BIZE661E, H Stern-Volmer J7 FEACF S 56K s, 4N
K3 fion. WEFR TR Fy F~[QII#hZk A v &l s
)4 TE A 25, X Ui B MION % CdTe &1 55 [\ inF B AT

BIASMEAPFRER. WE 4 Fror, HIFEWER &4
T, MION F1 CdTe &1 s WV & IR MR ISOG 5 E 4d
L RIVET 4 PBAsE, R JG HE R 28 AR G ik g
RAT WA, Bk PHERT MION &5 CdTe &
T R RS DOCIE K.
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Figure 3 Unmodified Stern-Volmer curves of Fy/F vs. concen-
tration of 9.2 nm MION at 305 K at 0.05 mol/L pH 7.4 Tris-HCl
buffer
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Figure 4 UV-vis absorption spectrum of the sum of CdTe QDs
and MION (a), CdTe QDs (b), MION-CdTe QDs (c), MION (d)
¢(CdTe QDs)=1.0X10 ® mol/L, ¢(MION)=1.0X10 " mol/L. The size of
CdTe QDs was 2.2 nm
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LLA Y, B IER Stern-Volmer J7 AN 5 75 51 (1) H £k
N 0.812, FifF Ksy N 1.56X 107 moleL ", K, =Ksvy/1,
N 7.68 X 10" moleL s, K {E#E KT 2X 10" moleL '
s (BOREVAYERHEHO!T, Bk, MION %} CdTe 7%
IR A E B S HE R, M2 F SR KR, AN
MION 4 CdTe 1 mi2 B T Z 55 2R a s
KT,

ﬂr"‘( FEJ'F)

1ie(MION)/(10" L-mol")

Bl 5 305K ~ MION Xf CdTe #t¥ mifZ IE 1 Stern-Volmer
Figure 5 Modified Stern-Volmer curves of Fy/(Fo—F) vs. the
reciprocal of the concentration of 9.2 nm MION at 305 K at 0.05

mol/L pH 7.4 Tris-HCI buffer
¢(CdTe QDs)=1.0X10"° mol/L

AT KRGS W K™ (B0 Lineweaver-
Burk XS A 500 )BT HEE, R

(Fy—F)=1/Fy+ 1/(KFy[Q]) €)

Horb, K IR TAER SR IO R BRI 1 5 90
KA 5 IG5 IE BT I RO R

H V(Fo—F)*X [QIEE, HHBUF Mt RR, W
MITAE ith 2 FROAREE R R 22 23 A K

R 1 frow, BT K o, X RS
RS A R, RN R AR

#£ 1 A[FNEE T 1E Lineweaver-Burk 2574 75

Table 1 The Lineweaver-Burk plots on the different
temperature

T/K Lineweaver-Burk equation K/(10" Lemol™")  r

1/(Fo—F)=0.00114+0.0710 X

298 1.606 0.9785

10°[Q] ™"
1/(Fy—F)=0.00148+0.0745 X
305 10-°[Q] ! 1.987 0.9606
= X
313 VETH IOdQS[gFTO'Om 2.437 0.9902

232 MION 5 CdTe T 545 A 693 3 Ak
U FE AR AN K, MION 5 CdTe 5 1 .45 & SOV

S A LA A — A H L, SO iR I 2 R

In(K»/K ) =(AH®/R)(1/T,— 1/T5) 4)
AG®=—RTInK® (5)
AG®=AHP—TAS® (6)

SR RN AP, AG®, ASC. iXELHh ) S HE
L3 2.
F 2 MION 5 CdTe = F fAHEAEFH I3 S %55

Table 2 Thermodynamic parameters of the interaction between
MION and CdTe QDs

AG®/(KJs  AHP/(kJ»  AS®/(Jemol s

T/K K/(10” Lemol !

mol 1) mol 1) K™
298 1.606 —41.1
305 1.987 —42.6 21.6 210.3
313 2.437 —44.2

Wi 2 iR, AH°>0, AG°<<0, MION 4 CdTe &1
SR ELAR T Wi s PO FLA R O i S
Th, EHEMEAEMAGE o, BT & SN S
196, ASP>0, P T i R (T MION &5 CdTe &1
RS G R T REEY, Wik T 2441 SDBS,
H,O S5/ 7 M A4 R TR L E 36 n S B0, b ik F R
2.4 MION 5 CdTe 2 F 2tBE{ERHIBIRT

WK, 5 MION WREABIESL T, )Y ik
FRIGIN NaCl (R B DL N W es 13, AR MION
IR R DEERIE (Fo) 5 N MION [k 2R 565 5 (F)
IECAE Fo/F B2 %, X 4] MION Y5 CdTe #& 1 iAH
TR 2 8 R B R AR K, 3 (R AE AR F AR
H. AWk SDBS KX MION 5 CdTe 2 il 1)
MIEAEHREAT 554405, 1T MION %} CdTe &1 £ %¢
TR SREARAWANK, 7] W, SDBS X — 35 I 56 S 4l 1
FHAR/S, BEA 1 AR 55

3 #it

LA MION il CdTe -1 iU AEMIE T T AN R 242K
TR RIA EAEH, %L MION %} CdTe &1 A%t
PERAER, B4 MION ¥R EEMIHE N, SRy 55. 41
HAERMZOGGIRIE B AAK, CdTe &1 7E MION
YEF P RIBEA KA. Wil Stern-volmer JiFE. 15
1E17] Stern-volmer J7 2. Lineweaver-Burk J7 FEfl# 727
iR PO OIS BAR AT T 40 br, 38 Z AR IR R T
HATOCRRAE, W MION 5 CdTe 1 A2 B T
AN T RSO R, XN T 54K
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