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Abgract: We investigated the temperature-dependent photoluminescence spectroscopy of colloidal InZnP/ZnSe/ZnS (core/
shell/shell) quantum dots with varying ZnSe and ZnS shell thickness in the 278~363 K temperature range. Temperature-
dependent photoluminescence of the InZnP-based quantum dot samples reved red-shifting of the photoluminescence peaks,
thermal quenching of photoluminescence, and broadening of bandwidth with increasing temperature. The degree of band-
gap shifting and line broadening as a function of temperature is affected little by shell composition and thickness.
However, the thermal quenching of the photoluminescence is strongly dependent on the shell components. The irreversible
photoluminescence quenching behavior is dominant for thin-shell-deposited InZnP quantum dots, whereas thick-shelled
InZnP quantum dots exhibit superior thermal stability of the photoluminescence intensity.

Keywords: InP, Quantum dots, Photoluminescence, Temperature

1.MB HEHS Boln, FaerA oA U Y7ol Hold

£S5 7L ok 29k ofYe}t SRS mHS o

TRO|E REeA] FAPE2 ARt R/t AAte] 3 oft BAAR AR oRN gl U HEY mX
71 285t &4 H g BUge ARl & 3t golgt Aol ot [1-3]. oA FHoidt Py
A 2 Qlen, frlda vsl W b FAdld  EAS JIRE ZRolt YAMES gAZYo] [4], I
L2 54010] band edgedAl FiL TIAQ! & & HE7] [5], fYAA] [6] 59 FAA A W vio] o
1 [ il

|
3Hars = X] 71 Ol
a. Corresponding author; jwbang@kicet.re.kr T7F ] ofFofAIAL 9l
=

Min Ji Son and Hyunsung Jung equally contributed to this work. TSt AP ARE Fo4 CdAl € PbA SR
O SFMALAOAIC] TF7] RAL EF JIAITA A
Copyright ©2018 KIEEME. All rights reserved. = S oAl I 225 Sl 7t dad
This is an OpenrAccess atide distributed under the terms of the Creetive Commons al OXQIA o] EAXA nlAMJAoA] =O uvhitg-8
Attribution  Non-Commercid  License  (http:/creativecommons org/licensesby-nc/3.0) X A G99 58 UM w2 das
which permits unrestricted non-commercid use, distribution, and reproduction in any 3 UH O X O dly} [plAbz o 7]_;;]5 "It E A O EO]
T 8w 2 o o= . =S o102

medium, provided the origind work is properly cited.



444 J Korean Ing. Electr. Electron. Mater. Eng., Vol. 31, No. 7, pp. 443-449, November 2018 M.-J. Son & al.

o, Flolh wakets e ZpAlL glo] AAIh B 2. M Wy
RA axte] SAlARR ZBEIER It} [2,4,10] 517
o Cd} Pbo] EAZAR Qlste] ojzigt muss 2.1 Al
o] CdAl ¥ PbAl AXE HAIY vl5d FAPEl O
5t :alo] =gl 9t MI-VE InP 7]9to] QkxpA = Ao AMEE AloF2 oSt 2ot
o Cd T Pbel Zre Z3zo| ;x| oto} AlsH Indium(Ill) acetate (In(Ac)s, 99.99%, Alfa Aesar), Zinc
ARo|n] BB |27t 1o A0 2712 xAste] 714 acetate (Zn(Ac),, =>99.99%, Sigma-aldrich), Myristic
I A ojolt)2 mjO uhm oy Mar e ukpet A acid (99%, Sigma-aldrich), 1-Octadecene (1-ODE,
9lo] Cd7Zl U Pb7 9AHA AZf2 CHAIE 2 9l b technic:al grade, 90%, Sigma—aldr.ich), .Tri—n—o?tyl
=24 ulaxle wo mmo wq or} [11-14] A2 phosphine (TOP, 97%, Strem), Tris (trimethylsilyl)
@ W7t InP OFARElo] sHAW JRA [14.15], Zn T phosphine ((TMS)sP, >98%, Lake materials), Selenium
P RIS 4 (e} a H od = ) ) T
Gai} 7te 2z =m [16.17] @ C}ELE (18] T pellet (99.99%, Sigma-aldrich), Sufur (99.98%, tracemetals
ET @ [e] , S o T au . . .
st2ax [19]9) 7% T8 So] ATES E3) 80% basis, Sigma-aldrich).
olgel WHaEH 50 nm olafe] MEEE FAE T oo n e ey sy
F729] InP 7|8t gApPdo] HaEn [18], o]2igh AX|
= Q5 T15FA10] oA A al gkt
=l 00101;‘2} E}\_]H e q]_eaﬂol : E]° ol 50 mL9] three-neck round bottle flask Q1o 0.4
= S 7 S 7 ©O . 8FX]ut o}RlJEXR
| High A7h sl Sl SHAIRE opg7bA] InP mmol®] In(Ac)s, 1.67 mmol® Zn(Ac)., 3.7 mmol°]
718 FAPEel FEA - 22]A 5/ st 2R . . _ .
I e o = === Myristic acid2 7 mL2] 1-ODE?Q} g4 &35t W
57800 tsliAe B2 A37F 8R4 ot -
E T orer ur HAZIck o] 110°ColA 2412F §¢t ABEE &
L Wglo]| oJst ¥ile x| =2A9] 3y ATHEZO]
A S L IR R Z S R LR VS
242 5ol wEA BN GAE Mo, N E-Z e AR AR 2 =2
- o AFHA go1S 180°CHHA] w2 £-2A]71c} P Al
= JERE, 29 AAPE 52 HAY 4 Yoo o o
o - o TA 22, No 7tA2 AYA F2BEEA Rl
M/ PR Lpeasfeh 2o WA 7A0) Ve S voEE e T
B 1 mLe] TOPo]| 0.317 mmol?] (TMS)sP& =of U=
2N GNE ASS BUT 4 Ut (2022 o e :
BN Inp lvre) ulEA A/ ogAe] o) mp o OOAE flask o] WA UG, 2 2
2 g AdEZ BAS EF| o] YAMA fjst o] 3007 S2AI . &2 2=l 1023t 7RI
T Oo —1—uou &= o =2 o a 4 — . _
B2 WY 4 ork T aeolxel mp s gry T o= [00CE HE SRR GRS s
o] ¥ 54 =& E Y HdE s AY fAEY o . )
sH ZIHXI) O d SkA
o] MM axjob 2o ©.80] BaE 2 ot} (23] 2.3 InZnP/ZnSe/ZnS (H/CI=AE) AXHH &M
P 7]9te] QfxlAo e ChEMOR AFLE: InZnP/

ZnSe ¥ 7ZnS ZA =2 successive ionic layer ad-
sorption and reaction (SILAR) ¥}¥1& 7|¥tog A
dotich InZoP WA 8L 200CE 2247
AloIA] giot lattice strain Zn MAA| 2 zinc oleate ¥ Se M LA|Z TOP-SeZE

= @rtstol i ol w87l 2Eg 300CE

| o w SRAIA 207 0 vESAIRIGE o] wZ F 33yt

AFM= ZnSe X ZnS ZEASO02 WSH InZnP Y5to] 359] ZnSe ZAAIE S AMAIX]F| T, 0|5 ZnS 7
P

N

Y.

i)
O
- |
Da)

-

ZnSe/7ZnS (34 /74
Ao ZnSe Y Zn
2 gael Ant

FolA InZnP Y FA

a
32 295t 3 AR
1

P

ol

H&Zoa&a2 OO0
BS54 drPde st vlsd InP 7]ete] S/ S A&ksE7] 98l 300°Ce] ¥HS-87]ofA Zn AL
e BES zinc oleate ¥ S HPA|Z TOP-SE wAks}o]

St 9, 59 2504 20% 59 ¥H3AI7|H, o] I}
% 28] 8fstod 259 ZnS ZAASS A3t
REAIT] GHAL AALZ O] ZEEIMS AA| ST 7nSe 2 7ZnS ZAAE A A] &l 7Zn, Se ¥ S

1o
opt
=il
g
n
)
=2
1o
E
rfo
H1
rE
fo
2,
od P 2w

tlo o Hu oy

N



A7 1A & ote]=wAl, AI3LH A|7< pp. 443-449, 2018 11:

o =2
ethanolg #4gt H A4lEe]

2.4 gst §Y Eit

SCINCO UV —visible
¥y AmEge

d2olAe &4 AFEHD
spectrophotometer (model S-3100),
Ocean Optics spectrophotometer (model QE65000)%
ARRSH] £Ast9ict &5 Yo e &3 AHEY =
Ao #HE]o] AXPF AREE SCINCO spectrophotometer
(model No.FS-2)2 o]&35to] &A 35t ct.

a2 18 heat-up 94
jl

A dl [nZnP & OFx}x S ARES A
AR RS F4 U B AMERE mAsh
In, Zn @ P A3A7} ngdE Z22A3 5 300C2 2

S 29 InZnP YRS . o] A2
of 482 nmoflA Uf-¢- ofgt band edge ggo] wWHH
th. InZnP FAPEC] FStA WHie &5t AP
2 nm olsle] 37|12 7}AlS stolstAdct [15]. InZnP
AP mHol= T2 o] EXstH ol2{st mH
Ao Foj71d Hdshs0] AR AAYE A
5171 WOl InZnP 3 JAPHL ml% ofst ¥ A=
Holt} [24]. InZnP YA g 89lof 3 monolayer
(ML)2] ZnSe ¥ 2 MLY 7ZnS ZAAZE H£XAHo=Z
A7 IOl aliquotZ A 3

_'.‘

mlo

b
LN
2
ol
4>
»a

—
Q
-
—_
o
-

InZnP N InZnP

InZnP/1ZnSe
InZnPI3ZnSe
InZnP/3ZnSel2Zn$|

InZnP/1ZnSe 1.0
InZnP/3ZnSe 0.8
InZnP/3ZnSe/2ZnS
0.6

PL Intensity

0.4

Absorbance (a.u.)

0.2

\

350 400 450 500 550
wavelength (nm)

0.0+

a0

0 450 500 550 600 650 700
wavelength (nm)

Fig. 1. Opticd (a) absorption and (b) photoluminescence spectra of
the InZnP core (black), InZnP/1ZnSe coreg/shell (red), InZnPI3ZnSe
corg/shell (blue), and INZnP/3ZnSe/2ZnS core/shell/shell (green) QDs.
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Fig. 2. Photoluminescence spectra of (a) InZnP/1ZnSe (core/shell)
QDs, (b) INZnP/3ZnSe (corelshell) QDs, and () InZnP/3ZnSel2ZnS
(core/shell/shell) QDs as function of temperature.
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