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Temperature-dependent Photoluminescence of ZnCulnS Quantum Dots
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Abstract: The photoluminescence (PL) spectra of ZnCulnS quantum dots ((QDs) were measured in
the temperature range from 100 to 300 K. The temperature dependences of the PL energy,
linewidth, and intensity of the ZnCulnS (QDs were investigated in detail. An anomalous increase in
band gap of ZnCulnS QDs with temperature was observed. The full width at half maximum of the PL
and thermal activation energy E, of ZnCulnS QDs were 300 and 100 meV, respectively. These

results suggested that the PL in the ZnCulnS QDs originated from the recombination of many kinds of

defect-related emission centers in the interior and on the surface of the QDs.

Key words: ZnCulnS; quantum dots; nanocrystals; temperature-dependent photoluminescence

7 - (LED) """ SBAR AL Kok 5 Sepric ™ 240

= GEATU, (R X e T AR K2 A Cd A PD
Befko kI T (QDs) T FEA RS A S W4 mITE, W IR0 4 17 505 B T
SR TR R, B R T RO RS ISR R A e, R R 11T, o

Fm B 2012-06-06; fEiTHHA: 2012-06-24

E£WMA . HEARPEIE4S(51102227) % EhTH

TEHERN: EHE1964 - ), &, ILTRHEA, EEMNFGRAR BRI,
Email; hxc_006@ 163. com, Tel: (024 )83687658



924 K ot

¥R

533 4%

SRS YIHRTRE CulnS, B BURN & M R BT 5
RN TR, CulnS, WA TEE K 1.5
eV, FE3E K PH fi o 1t A1 R ) S AR 25 A W BE (1. 45
eV) I RZECK (10° em ™) | B GIE(E I K R S
AL, AT #) K BH AE AR v sk R B R R e
Ha (10 CulnS, B A A9 & 6D A AT LA E /)
B M 950 nm FHFFE] 500 nm' " {HE KR TN
() i E R A I R 1R 22, TR I S 2574 1) ZnS
(AP SEE R 3.7 eV) B 5| AR CulnS, &+ 5 H,
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TS TR AT DAIE o el e 0 RGT Fnd ay
PIFR 5 ORI e T RS/ & F s A AE Y
ANFE MR SRR HY AL, f# ZnCulnS 2 F 55
1) 5 G AE T DL IX R 2T 1 Bl AT 8, 538 T
R B R S Rl Xu 26 B 22l
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Ot LED 5 (38850 AT 53k 92, (A A bRy (0. 336,
0.339)
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FEZH 100 ~ 150 nm, 3 H K FC e i i 5
CdSe - F R AHHE KRR LM K] ZnCulnS &=
1 K6 T RE SR IR T it FE-32 3 TR Y &
A (HHFTE T ZnCulnS BT 55 &R IR K
HWIEIRIR D R IA A IRA . HA X} ZnCulnS &
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g RS  JCHR b B R ST - A
AR AR S R T R G R R
it 25 TR ) T e T S B BT B, X — AR fb T 3%
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PRI R A1) 75 30 o L3 A S R R B 6 Sl F
¥ ZnCulnS ¥ &S &G B 2] B #ih 1k iE
WA A RS

ARSCHGE T ZnCulnS = F 5 AE AR E T HY
NeE ROEEIE . 1E 100 ~300 K BITEHEN, 45 T
ZnCulnS 5T 35 1) 6 BUE G 6 (5 5B & | 28 98 A
3560 o 8 ) A A i 4, %o LR AT T A k)
O3HT, I HE T ZnCulnS &7 5 0 R OGR IR

2 % %

2.1 HmHE

SEES T I P 24 i FEEEA B (Cu(OAc),) |
BEIREH (In(OAc),) BEFREF(Zn(OAc),) | ik,
+ ZHiEE(DDT) FEERR (SA) | iZ (OAm) .+
J\ (ODE) %,

FREL0.399 g Cu( OAc), F11.137 g SA ¥ H:
WA A 9 mL ODE B9 =Ff ¥tk = FUH &
NS, IR TR B W AE 160 °C Rk 10
min 53] Cu BYHTIKAE W, F4 95 AR FFTE 50 <C
TR,

FREL0.584 g In(OAc), F12.274 g SA ¥ H:
A/ 8 mL ODE [ = Ui, K ik = 20U &
ANTAHE, IR G5 WAE 200 CF ik 10
min 155 In BRTIRIAE R, FHA IR FFAE 50 C
TR,

FREC1.756 ¢ Zn( OAc),, 56 mL ) OAm,
BHGEA S A 14 mL ODE (19 =FUfi , 4)t = %
B AT UR L IR R A IAE 160 °C T ik
10 min 133 Zn BYRTIKIAAIR . AR EFTE 50
C TR,

ZnCulnS & T 552 BESCHR[ 18 119G 1Ly 5
%o BU1 mL Cu FURTERIA 1 mL In AYRT 9K 44
0.25 mL Znf9RTIKA 1 mL 19 DDT, ¥ Hik A &
£ 3 mL ODE /) =30, b = UM & A m S
L IPRR SO g 230 €, 25,4 0.8
mL () ODE-S ¥ (7£ 120 C F, % 4.0 mmol ¥
FAHATE 10 mL () ODE ) 7 AR =Fif I
78230 °C FAR-EE 30 min, K550 IR EE T E 240
°C, 5 5 MK, B R EI R 15 min, K 3 mL 1Y Zn
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5 I W57 7 | ) AN = 9 N A - 4
B4, DOUE W) 5B v i e A 0 b, B AT B 5
O, T IR 2 GBI
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AT UL OGTE & H: UV-3101PC UV-
Vis-NIR 0 CEETHI &, FR 2otk o H
37 F-4500 SEREACIN AR, ORGSR 150 WRAT .
¥ ZnCulnS ¥ S0 i 78 ST R IR IR AE
fE R b AER AR IR S FH— R AR A
IR AR R AR S F 80 ~ 360 K 1 i A8 fk , i i 2
3 (10 x , NA =0.25) ¥ OUHERMEF] 100 pm, KO
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Fig. 1 ~ Absorption ( dashed lines) and photoluminescence
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(PL) spectra (solid lines) of ZnCulnS quantum
dots with emission peak position at 540 nm ( green
lines), 600 nm (red lines) and 640 nm ( black

lines) in chloroform.
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Fig.2 PL spectra of red emission (a) and deep red emis-
sion (b) ZnCulnS quantum dots at temperature from

100 to 300 K under excitation at 488 nm
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Fig.3 Temperature dependence of PL emission peak energy
of red emission ( squares) and deep red emission

(triangles) ZnCulnS quantum dots
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Fig. 4 FWHM of red emission (squares) and deep red
emission ( triangles) ZnCulnS quantum dots as a

function of temperature. The solid lines represent

fitting curves by an equation described in the text.
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Fig.5 Integrated PL intensities of red emission (squares) and

deep red emission (triangles) ZnCulnS quantum dots as
a function of inverse k7. The solid lines represent fit-

ting curves by an equation described in the text.
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Fig. 6 Schematic diagrams of PL mechanism of ZnCulnS
quantum dots. CB, VB, D1, D2, Al, and A2
represent the conduction band, the valence band, in-
ternal donor, surface donor, internal acceptor and
surface acceptor, respectively. Dashed arrowheads
show the nonradiative recombination processes, solid
arrowheads show the radiative recombination proces-

ses.
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