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ZnSe FAH FAL A AEE Aok thest 2k

A E AeFe Zince acetate  (Zn(CHzC00)2,99.99%), Zinc nitrate
hexahydrate (Zn(INOs), ® 6H-0, 98%), Copper nitrate trihydrate (Cu(NOs),
® 3,0, 99%), Copper chloride dihydrate (CuCl;e 2H.O, 99.95%),
Manganese chloride tetrahydrate (MnCl; e 4H.O, 99.99%), Manganese
acetate tetrahydrate (Mn(CH3COO); e 4H,0, 99.99%), Se powder (Se,
99.99%), Sodium borohydride (NaBHj, 99.99%), Thiourea (CH4N.S, 99%),
Glutathione (CioH7N3O6S, 98%), 3-mercaptopropionic acid (C3HgO-S,
99%), Thioglycolic acid (CoH40.S, 99%), N-acetyl-Lcysteine (CsHgNOsS,
99%), Sodium hydroxide (NaOH, 97%) o|t}. B & Al ¢k Sigma-Aldrich
o A vl 8} At
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RE A¥ge F=2H urx Yo N, E97dA APgHu, Luj=

Deionized water (DIW) & A}-& 3%k}

1) ZnSe

Zn AFA+= 50 mL DIWl Zinc acetate 0.5 mmol#} Glutathione 0.6
mmolS §3AA FAsI Y. NaOHE AF&3e] pH 112 ZA A Se
AA A4S b2 2ok DIW 10 mLe pHE 122 243 &, 1 &
1 mLE vlo]do] &A &t E2 9 mLe E#3YT. 1 mL7F &0 1
o] ¢ro] NaBH; 0.835 mmols &3] 47131 Se 0.2 mmols 7kttt Se7t

2 F UAEE 2S9E o 58 st FA. fdo] Ty BAd

9 mL €HR3 &3 A AT ¢k 1000 RPM o2 w24 wHlts 1 ¢E Zn A
TAo] Se AFAE WM=ZA FIAAL 7tEd2EE= 90 T2 1A €5 7}

2) ZnSe/ZnS

ZnSe/ZnS+ 7FEo] £y F A2o] #H ZnSeol Zinc acetate 0.375 mmol,
Glutathione 0.45 mmol¥} Thiourea 0.375 mmol& &3] A At} NaOHE A}

43t pH 1052 ZAEATE 90 CollA 1A 7149 S sta o] 2 o
7HA I RE AT Z
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3) Cu:ZnSe

W =3 CuZnSet FAE ZnSeol Cu ATFAE F7iste] A=A
ZnSe®l @A WR L 2-1) ZnSe sdatA FAHHEAG. Cu A= 10
mL DIWel Copper nitrate hydrate 0.01 mmol ¥} Glutathione 0.1 mmol<
438l A1 712 pH 112 A3t whkstal 9= ZnSeo| Cu ATFAE +Y
A71aL 7R 50 T2 AAste]l 147 s 7t 71E ga &
x

[ex]

= T I
Jeow 2wt s kA wube &lh
(2) WH =3 CuZnSe

YH-E= CuZnSex Cu AT A Se ATAEZ HA ¥r&AA FAL}.

O

u A4 = 200 mL DIWel| Copper chloride dihydrate 0.012 mmol& & 3
A7l & g 7r== 3-mercaptopropionic acid 0.06 mmolS FYA At Cu

TA1¢] pHE 1142 25t Cu A4+ 308 &<F 2F 1000 RPM el A

=

WHk Al AFAE Se AFAE 1 mLe DIWE pH 11.88 23 % NaBH4
0.62 mmol¥} Se 0.15 mmolS ¥ 1 FAFAY. Ses &3iA717] dal 22
a3 A H7]E o] &ste] FHIE &odo] H w7t °F 3% Ft 2e9E Tt
 FA. wHketal 9le Cu AFAlol Se AFAE FYsaL 90 T= 10
w 7tEedth Zn AFAl= 35 mL DIWel zinc nitrate 0.35 mmol 2}

MPA 0.7 mmol ¥ uwtste] pH 1142 ZA3FAtE. CuSeo 1.5 mLe
/n ATAE FYetar 10 < 90 CT= 7FE ). ol % JF2 2 mLe Zn

A7AE ¥ 90 CTollA 1417 74§, &L27hA4 A skl
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3) Mn:ZnSe

¥ =3 MniZnSet @A E ZnSeol Mn AFAES F7hste] A = AL}
ZnSe® A WHL 2-1) ZnSe SAA FAEAHAT. Mn AAl= 10
mL DIWe| Manganese acetate 0.015 mmol ¥ Glutathione 0.1 mmol& &
Al 7132 pH 1252 ZASEH e kst )+ ZnSeo| Mn AT E T

A3 7FE 5= 90 TR AAS] 2417 Sk 714t
(2) W& =% MniZnSe

Mn:ZnSe® A AALE Mn AT AL Se AFAE WHEAIAH MnSegs 3
A F, Zn AFAG EFAAT Mo AgAl= 200 mL DIWe
Manganese chloride 0.015 mmol¥} 3-mercaptopropionic acid 0.06 mmolZ&
Hal wykAl 7 pH 128 248t Mn A A= ok 1000 RPMell A 30
T E g WA Se AAA A4S 1 mLe DIWE pH 1282 x=743stal
Bl NaBH4 0.62 mmolE &3|A 71tk Se 0.15 mmol& #H7Fstal F
gEk &S A7) e of 3% T 2&9%E Jteled wwk 2l Mn A
TAl Se AFAE FHAZIL 0% FeF 95 CelA 7t gt Zn AA
+ 35 mL¢ DIWel zinc nitrate 0.35 mmol ¥ MPA 0.7 mmolE &3} A] 7]
i pH 11.92 =48ttt MnSe &9 &%7F 90 T= #2315 mL
o] Zn ATFAE FYsta 90 T 108 &< 7td gk o]F 2 mLe] Zn A
FAE e T 243 Fek 90 CT=E 7t 7hde] EyW Jo

bl

rfo
i
N
oy
B
et
E=)
)
N
El

T
ftlo
off

RS
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AL, dE) ERVIE AREst] 46k &5 54 UV-vis
spectroscope (SPECORD PLUS, AnalytikjenatkAl, &) %} A -7}A] 344
23715 ol&sdt. ®3I dx B4 PSA  (Nano Plus HD,
MicromeriticsAF, 7l =)& AF&3ste] SA43Ah vAl 244 x5 XRD (D8
Focus, BrukerAl, %<)E Ab&ste]l FAs AT A 74 A4 A
2 A4 42 FE-SEM/EDS (JSM-7500F, JEOLA}, d&)S AF-&3F3t).
Ax Z7)ek Fx £4S 98l TEM (JEM-2100F, JEOLAN, d#)E o] &3}
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1. ZnSe

) =)
ERY

!

1) Ligand £F°| W& ZnSe9 FFEAHIF

7] #]7k=2 TGA, MPA, GSHE 54 & < 0.6 mmol & F¢ 3}

=
e FRO o G4 ZnSed B4 549

o
itk Wbl #t=7F H7twE ZnSes oF 400 nm oA 5 9
7 S AT TGASH GSH =< 49 v =gh e UV ~HEH
o] #EEAT GSH7I == ALEH ZnSew TGAS MPASL H] i3} o]
o] blue-shift ¥ 2& AT + Advh. v FFd= 370 nm & <

B
ko) g o)t =7 TGARl ZnSew 400 nm oA F57F dolyk
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Absorbance (a.u.)

No ligand

— TGA
— MPA
— GSH

300 400 500 600 700
Wavelength (nm)

a9 4 e el WE ZnSe® UV-Vis ~HEF]
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B2 ZnSe’t Y= A7]7F W oy =10l Yol 460 nmE T #H
3N E ZA Ao AR =TV 1= ZnSew 460 nm o] ol A T3
7b FElE A vEdER Y Ao JArt AAEHA g2 Aow

SEn L a2 g2 o9 oY At ey o 9 E
ol ofg vaz 1A Agto] A= s & 5 vk GSH7F H7hd

L
ZnSex= ¥ WRAEVE FEHAY EFIAUr HE &2 As

o
H

kA B2 ZnSeo| AFEF I FAFSAT 390 nm oA o] EFyAe] A
E7F Mg moke™ o= ZnSe Y AAE AQHAEE v gk st
460 nmolAe] WFyar FAHEZ W3 ZnSer FAE Aoz dAud
O 5 2@y A o9 9 broadstAl FAE vla= w2 Al o) e
Aoz, MPAE ZnSed %W AAdS FEA7A X Ae ddd -

o,
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No ligand
—TGA
— MPA
— GSH
5 No ligand
0 l1igant
g —_— TGAg
~ —— MPA
g
o )
= -
Z <
m
/ 300 4(I)0 5(I)0 6(I)0 700
Wavelength (nm)
T T T
300 400 500 600

Wavelength (nm)

a9 5 s Fiel wE ZnSeol PL ~FEF

— B

_21_
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S A4 @2 ZnSe? YA X+ 100 nm oS Z 10 nm °]3FY] ¢

A BARA e AS % S At U0se RAR $HE e E
¥ HA ZnSe7t ERol= &Y o Exstes dew
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ABSTRACT

A Study on Structural Control and Optical
Properties Improvementon optimization of
Water-Based Synthesis of ZnSe Quantum Dots

Back, Geum ]Ji
Department of Next—generation Applied Science
Graduate School of

Sungshin University

In this study, the microstructure and optical properties of high efficient
ZnSe quantum dot (QD) synthesized using an eco-friendly process were
investigated. Three types of quantum dots, single core ZnSe structure,
core/shell ZnSe/ZnS structure and metal ion-doped structure (Cu:ZnSe
and Mn:ZnSe) were successfully synthesized in an aqueous atmosphere.
The effects of the ligand such as MPA, GSH, and TGA were investigate
during the QD synthesis and it was confirmed that GSH was the
optimal ligand based on UV-vis and PL spectral analysis. With the
change in amounts of GSH, the optical properties of ZnSe were also
changed, and the optimal number of moles of GSH was found to be 0.6
mmol. Compared with single core ZnSe, core/shell ZnSe/ZnS showed

better long—term photo stability while maintaining high PL intensity for
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14 days. In addition, the ZnSe/ZnS QD maintained a particle size of 10
nm or less over time. The microstructure and optical properties of the
prepared ZnSe/ZnS were also investigated. The ZnS shell formation was
confirmed through XRD pattern and EDS analysis. By analyzing the
TEM particle image, it was confirmed that spherical ZnSe/ZnS quantum
dots with a size of 3-5 nm were formed. Through the comparison of the
surface doping and internal doping synthesis methods, it was confirmed
that the internal doping method is suitable for doping Cu and Mn in
ZnSe. The quantum dots synthesized by the internal doping method had
excellent luminescence intensity and high color purity. The ligand type
was changed to MPA, GSH, TGA, and NAC, and when MPA was used,
the optical properties showed the best performance. The optimization of
the synthesis parameters of ZnSe-based quantum dots showed the
possibility of environmentally friendly manufacturing of stable and

efficient quantum dots in aqueous solutions for display applications.

Keywords: Quantum dots, doping, surface defects, ligands, stability
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