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Abstract of Thesis

This thesis strives to improve the photoluminescence (PL) properties of cadmium-free multi-component
quantum dots (QDs) employing surface engineering techniques and a new synthetic approach. The key
technology involves surface modification of these nanoparticles, aiming to minimize the surface defects and
increase PL efficiency via heteroatom doping (chapter 1), application of a protective coating (chapter 2), and
chloride treatment (chapter 3). The dissertation consists of a general introduction, chapter 1, chapter 2, and
chapter 3, and a summary as follows.

The general introduction describes the background and purpose of this work. QDs have drawn much
attention owing to the quantum size effect, which is the variation in an energy band structure of the small size
particles leading to unique optical and electronic properties, Among QDs types, carbon dots (CDs) and group 11—
13-16 ternary or quaternary QDs have attracted extensive research interest as alternative choices for QDs
applications due to their low toxicity and environmentally friendliness. In terms of materials, the CDs mostly
consist of sp? and sp? carbons and small amounts of heteroatoms. These heteroatoms provide variations in the
energy structure to change the emission properties. Basically, photon absorption and emission occur in the
sp2-conjugated portions of the carbon centers, and the PL properties depend on the size. Doping heteroatoms
alter the electron orbitals of both the sp? moieties and the surface functional groups of CDs, which also alters the
PL properties. In the case of silver indium sulfide (AgInSz) and silver gallium sulfide (AgGaSz) QDs, they exhibit
a characteristic broad PL spectrum due to defects in the crystal and/or on their surface. To overcome the issue,
coating these QDs with a gallium sulfide (GaS;y) shell can effectively remove the defects on the AgInSs cores, and
exhibit a narrow-band emission with a high PL efficiency. However, the GaSy shell is amorphous and easily
damaged by oxidation, heat, and hydration. These results indicated the importance of the surface of
semiconductor QDs, and it became a motivation to begin a series of investigations focusing on surface
modification to understand and improve their optical properties.

Chapter 1 describes the photoelectrochemical studies of multicolor-emitting nitrogen—sulfur co-doped CDs
which were synthesized by a solvothermal approach using citric acid and thiourea. The key factor to control their
PL properties and sensing behavior towards metal ions is the surface functional groups, which can be altered by
a heteroatom doping.

Chapter 2 describes a surface modification of AgInS2/GaSy core/shell QDs, which are susceptible to damage
due to the amorphous nature of the GaSy shell. By encapsulating the QDs in a nanostructure of indium-fumarate
metal organic frameworks (InMOFSs), the damage to the shell during the encapsulation reaction can be avoided
by optimizing the pH of the synthesis solution. As a result, the encapsulated QDs retained their original spectral
shape, and the PL quantum yield did not change at all at least after 7 days.

Chapter 3 describes a new method for the synthesis of AglniGai«S2 (AIGS) quaternary QDs with high
product yield. The key concept is to optimize the reactivity between the precursors by rapid injection of the Ag
source into the reaction solution. Due to the well-controlled reaction steps, the product yield based on Ag was
increased to 60%, which is higher than the method of heating of all-mixed precursors (5-15%). Band-edge
emission of green luminescence can be obtained after GaSy shell coating, and further chloride treatment reduced
defect band emission and produced strong PL.

The summary gives the main results and conclusions of each chapter of the dissertation.
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AL, W RIv A7) —&T Ky b (QDs) OBFEZBEMIC, I—FR BT Ky hBLXOGERtH DL LR E
T Ry MZOWT, REUCEHIRIC IS < KRB & FLReEm BICBT 5 —EOMRERRE EL Db TH D, #
1ETIEI—ARVET Ry haDOA~TrETF R—Er 7 28 TE, MbiRA UL (AghS) /FALT Y 7 A
(GaSy) a7 /v =T Ry bEINEN DX 2 HREE OB, 5 3 B TIIREMGEZFI LI2Rifbiia oo LY
7 2 (Ag(InkGai—+)S2) /GaSy 2 7/ = )V ET Ry MERA OREAEIZONWTRREN TS, I—RyETF Ry h&
AginS: B Ry MI, —RUTRRDIMETH LM, 80 MEH T2 a7y L REGHER Z Bk Lod W, i
& B WERECHET 28T /ML LT 2 0dls 235 2 LA E TS, BUFIC, &7 Ky b
Fi OB R & SR ORI A B Ll —E O RIC OV TOFEM A =T,

(1) I—ARrET Ry ME, spP BLOspP [RF L, BHR, MHREDVBONT R TNOHERENDIET Ry NOH

RRETH D, ZNDDONT REF IR F—MEICHEL G A, AR bV aBb S5, RIFTEIE, EIRES
EHALEZY VR —~ B> T 72V BB L OFARBOBSMER L, h—R BT Ry FE2ERLTWY
Do ONTRAEME N T LA~ NI T 74—l Lo TRNHADRRDEIMHEEL, TN Z OB AL T
Do R aHED DT, BIOMWER I —AR BT Ry MREDOERIEICRKFE L TELT D52 EBH LIk -T
W<, BPZAERE L TOMREAHAT X/ ViR ZM L, Bl S osesmE A (37 = F5%8) 75,
REEREROMWE 2 HE T HRAL, BRI TH L Z L2 L2 =— s RRATH DL LI TE S, D
ERE L LI, Hx DOEJBA T2 2T LB 7 = o FEBIC T DAL ED R, FEORLE FFED
KEERER) 2875 —R BT Ny M8, BEOERA A 2 Mg L, FEFICEWVIREZIELZRT 2 L8 5
SNz, I—Rr&EF Ry BBy ZICHAT 283582 < @E STV D0, ZTORIEA T =X AT
WT, SBREBICIA BT LieBilidd e < . ERMEEBA B2 B/ T 2 Th D LRl 25,

(2) AT MIUIBEDORN AN RIS ERTH FI VAT —BF Ky b 1 DTHD AgInSy/GaSy 27/ = /L&
F Ky MEIERE GaSy ¥ = VOTHAMEDIR SIZET 5L TV D, I —R &' By MEk, £ DT GaSy
VUL TR Y . v = ABRIICBIT B3R AR < RO HIL TV o, AIFFEIL, AgInS2/GaSy 2 7/3 = /L& 1
Fy baA P LT7<vb— haRAKT7 L— LU —2 (InMOFs) OF / #iEIZ L > T 7/ ubd 52 LT, 4Mil
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(3) Ag(InxGai—~)S2/GaSy 2 7/> = /L1 K M, A2l Eq T A2 FIv A7) —EF Ky v & LTH
FRHED LTS DO, EHOLFEDORINEEN R D720 RY—ICKG L THRNERDI R Z <G oD L)
(ZEHE LT e, AP, /R RE TR 22 O6EFIH L, 2 OME 21 S8, BIRIIBUSIZ L 0 oo R
B Ry FEDRENICART 2L 0 IR LVRALTH D, H O UM L& In, Ga, S IR & & LIRS
KL, Tho EHFERIRIET D AgIREZIEAT D, T5 8. RED/NSR AgS T/ KPS ICAER T 228, £ b
IEFARE & BT In,Ga, S PR & £l TS L, Ag(InxGai«)S2 ~& B SN D, ZOHEOHRMIT, Ag & In,Ga DREICTE
BT D, SICKTHRIGHEDZERE | 2 SORISE RIS T 2 Z LI Lo TRIRL TV D RICH Y . LInHEMAR
FIRIADBRRICBNTCa=— I RIFETHDH L 2D, TOMR, Ag UL U2 AERRINERIT, SERD 10%52 5 60%
~NERBERAEEZRL TS, HONTZEF Ry MZGaSy v = vEa—TF 4 7 LTHE LN/ R, 499nm
235 543nm O TORERATHETH Y . TOREIFIZ 3 nm &, FEAOHI FITVLATI—BFFy & LTIRDHE
ENEENTEEZ R L, LR TFINED 10% 582, SealanEme 357 4 A7 A H~OBEMRBHFIND,
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