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In this study, we presented the results of fabrication and optical
properties of CulnS, ternary quantum dots and CulnS,/ZnS core/shell
structures. CulnS, and CulnS,/ZnS quantum dots were fabricated by
heating in diesel solvent. Absorption, fluorescence and time-resolved
fluorescence spectra were used to study the optical properties of the
fabricated samples. The results showed that the fluorescence of
CulnS, semiconductor quantum dots was due to electron-hole
recombination in donor-acceptor pairs. For CulnS,/ZnS core/shell
quantum dots, the ZnS shell passivated the defects on the surface of
the CulnS, quantum dots, limiting the energy dissipation channels.
The CulnSy/ZnS core/shell quantum dots exhibited better
fluorescence than the CulnS, core, and the ZnS shell band was also
observed in the time-resolved fluorescence spectra.
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Gia nhiét

Tinh chét quang

Trong nghién ctru nay, ching toi trinh bay két qua ché tao va tinh chat
quang cua chdm lugng tr ba thanh phin CulnS, va cau trac 16i/vo
CulInS,/ZnS. Céc chim lugng tir CulnS, va CulnS,/ZnS dugc ché tao
bang phuong phép gia nhiét trong dung méi diesel. Phd hép thu, huynh
quang va huynh quang phén giai thoi gian da dugc su dung dé nghién
ctru tinh chét quang cua cac mau ché tao dwoc. Két qua nghién ctru cho
thdy huynh quang cua cac cham luong tir ban dan CulnS, co ban chit 1a
do tai hop dién tir - 18 tréng & cac cip do no - dc xép to. V4i cac chdm
luong tir ba thanh phan CulnS, dugc boc vo ZnS, 16p vo ZnS di c6 tac
dung thy dong hoa cac sai hong trén bé mit clia cic cham lugng tir
CulnS; giap han ché cac kénh tiéu tan ning lugng. Cac cham lugng tir
c6 cau trac 18i/vé CulnS,/ZnS phat huynh quang t6t hon so véi 15i
CulnS,, ngoai ra con quan sat thay xuat hién dai phd cua 16p vo ZnS
trén phd huynh quang phén giai thoi gian.
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1. Gioi thigu

Céc nano tinh thé ban dan hay con goi 1a cac chim lugng tir (QDs) ban dan CulnS: (CIS) la
mot loai vat li€u quan trong dugc quan tam rdng rai trong ca nghién ctru co ban va trng dung. Voi
chu trac ban dan ba thanh phan, CIS c¢6 kha niang diéu chinh d6 rong ving cdm mét cach linh
hoat khi thay d6i thanh phan cac chat, giup t6i uvu hoa cac tinh chéat quang hoc nhu hép thu (Abs)
va phat xa huynh quang (PL). Pic biét, CIS ndi bat nhd viéc khong chira cac nguyén té doc hai
nhu cadmium (Cd), 1am cho nd tr¢ thanh Iya chon an toan va than thién hon véi moéi trudng so
v6i cac chdm lugng tir truyén thong nhu CdSe, CdS hay CdTe. Cac QDs CIS di dugc ing dung
trong nhiéu linh vic nhu quang dién, cam bién sinh hoc, quang xtc tac va dic biét 1a pin mat trot,
nho vao kha nang chuyen d6i hiéu qua nang lugng anh sang. Hon nira, viéc ché tao va cal tién
cac QDs ban dan CIS, chang han nhu boc vd ZnS, gitip cai thién tinh 6 on dinh va hiéu suét (QY)
quang hoc, md ra nhiéu trién vong cho cic ing dung cong nghé tién tién.

C6 nhiéu phuong phap ché tao QDs ban dan CIS, nhim kiém soét kich thudc, hinh dang, va
tinh chét quang hoc ctia chiing dé dép g cic yéu cau khac nhau trong nghién ctru co ban va ting
dung. Cac phuong phap tong hop QDs CIS chat luong cao di duoc phat trién, bao gdm céc ky
thuat nhu phun néng, sol-gel, gia nhiét va thuy nhiét. Pang cha y, cac phuong phap gia nhiét va
phun néng thuong st dung dung moéi hitu co cé nhiét d6 séi cao nhu trioctylphosphine (TOP),
trioctylphosphine oxide (TOPO), va octadecane (ODE) [1] — [3]. Nhiéu nhém nghién ctru da ché
tao thanh céng QDs CIS bang cac phuong phap ndy. Chang han, nhém Peter Reiss [1] da tong
hop duoc tinh thé nano CIS/ZnS thong qua phuong phéap gia nhiét trong dung méi octadecane,
dat QY PL 1én dén 60%, va da thir nghiém lam chat danh dau PL trong co thé chudt song. Tuong
tu, nhom Yueqing Gu [2] ciing ché tao thanh cong QDs CIS/ZnS biang phuong phap gia nhiét, dat
QY PL cao cho cac ung dung trong sinh hoc. Nhom Yanyan Liu [3] da st dung ky thuat phun
néng dé tong hop cac QDs CulnS:, ing dung trong pin mit troi véi QY chuyén doi dién ning dat
18,8% va do 6n dinh cao. Ngoai ra, nhom Zhi-Kuang Ta [4] d3 téng hop QDs CIS/ZnS phat
quang trong vung cin hong ngoai, st dung su két hop cua hai tién chat luu huynh 1a 1-DDT va
HMDS, dat QY phat quang luong tir cao dén 65% & budc song phat xa 920 nm. Cac QDs
CIS/ZnS di duoc sir dung dé ché tao cac dibt phat quang, vo1 QY lugng tir dat 8,2%. Nhom
nghién ctru ciia M. Khan [5] dd dua ra mot cai nhin tong quan vé cac phuong phap téng hop va
tmg dung CIS & nhiéu giai doan khac nhau cho quang xuc tac, bao gom xu ly nudc thai cong
nghiép, phan tach nudc bang ning lugng mat troi, loc va khir tring nude. Bai bao da tong hop
cac phuong phép cai thién QY quang xuc tac ciia CIS, nhu viée pha tap chit, thy dong hoa bé mit
va tao di hop tir v6i cac chit ban dan khac [5].

Trong nghién ciru ndy, chiing toi da ché tao QDs ban din CIS bang phuong phap gia nhiét sir
dung dung mdi diesel. Viéc sir dung diesel thuwong mai gitip giam chi phi san xuat khi ché tao tinh
thé nano CIS véi quy md 1on. Kich thude va tinh chit quang hoc (Abs, PL) cia QDs CIS c6 thé
dugc didu chinh théng qua cac thong sé ky thuat nhu nhiét d6 hinh thanh mam vi tinh thé, thoi
gian phat trién tinh thé, cling nhu ty 1é cac tién chat Cu/In, Cu/S, Zn/Culn, v.v. Céc yéu t6 nay da
dugc chung toi nghién ctru chi tiét va cong bd trong cdc tai li¢u tham khao [6] — [8]. Trong bai
bao nay, chung t6i trinh bay ket qua nghién ctru ve su phat PL do qua trinh tai hop gitra electron
va 13 trong & cac cap do no - dc xép to, thong qua cac phep do PL phén giai thoi gian, cung voi
qué trinh thuy dong hoa bé mit ciia QDs CIS bang 16p v6 ZnS.

2. Vit liéu va Phwong phap nghién ciru
2.1. Héa chiit

Céac hoa chit st dung cho nghién ciru bao gébm: Cul, 98%:; In(Ac)s, 99,99%; axit oleic;
C36H7002Zn, 90%; toluene; methanol; dodecanethiol; chloroform; acetone va diesel thurong mai.
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2.2. Tong hop cic QDs CIS va CIS/ZnS

Dau tién, bom 508 pl axit oleic (1,6 mmol), 4 ml dodecanethiol va 32 ml diesel vao binh cu chira
0,1168 g bot Indium(IIT) acetate (0,4 mmol) va 0,0764 g bot Copper(T) iodide (0,4 mmol). Hon hop
nay dugc gia nhiét dén khoang 210-230 °C véi toe d6 nang nhiét khoang 20 °C/phit. Trong sudt qua
trinh phan tmg, cic mau (khoang 3 ml mdi lan) duoc ldy ra tai cac thoi diém khac nhau. Cac hat nano
CIS duoc hinh thanh trong dung dich keo, trong cac tai liéu khoa hoc hay goi 1a colloidal. Tuy theo
muc dich st dung, mau co thé duoc 1am sach va két tia béng cach nhé tur tir ethanol vao dung dich
keo cho dén khi xuét hién két tua duc, sau do dung thém ethanol. Tiép theo, mau duoc ly tim dé loai
b6 chét long va thu lai hat tinh thé nano dang bot hoac phan tan lai trong toluen.

Sau khi cac QDs CIS duoc hinh thanh ¢ nhiét d§ 210 °C — 230 °C va duy tri qua trinh phat
trién trong 15 phat, nhiét do s€ ha xudng khoang 200 °C — 220 °C. O nhiét do nay, dung dich
chtra tién chét Zn va S s& dugc nho tir tir vao binh phan tmg chira cac hat 16i CIS. Lép vo ZnS s&
hinh thanh va phat trién trong vai chuc phut, dam bao dat dugc do6 day lop vo mong mudn. Cudi
cung, cac QDs CIS/ZnS sau khi hinh thanh s€ dugc 1am ngudi vé nhiét d6 phong, lam sach, phan
tan lai trong toluen va bao quan.

2.3. Cic phwong phdp nghién citu tinh chit quang

Céc tinh chit Abs va PL ctia miu duoc nghién ctru str dung hé do PL phan giai cao, voi ngudn
kich thich ttr dén LED tir ngoai (budc song dinh 370 nm). HE do ¢6 d6 phan giai cao hon 0,02 nm nho
vao may don sdc iHR550, va tin hiéu duoc thu nhan qua dau thu CCD Synapse, lam lanh dén —70 °C.
Phé Abs ctia cac mau CIS dugc do sir dung ngudn kich thich tir dén halogen c6 cong suat 100 W.

3. Két qua va ban ludn

Véi cac nano tinh thé ba thanh phan CulnS., khi thay ddi ty 1& dong (Cu) lam xuét hién cua
céc trang thai ning lugng trong ving cAm, 1am cho tinh chat quang cua cac CIS khac biét so voi
cac QDs ban din nhu CuS; va InS,. Ty thudc vao chit lugng tinh thé va hi¢u ung giam giir
luong tir ciia cac hat tai dién trong cdc tinh thé nano, muc niang luong cua cac trang thai trong
ving cam c6 thé thay ddi dang ké. Cac trang thai ning luong trong ving cAm tham gia vao cac
qua trinh chuyén doi quang cling véi exciton, tao ra sy canh tranh va chuyén hoéa giira chung [9],
[10]. Vi vay, tir goc do thuc nghiém, viéc nghién ctru cac qué trinh quang hoc tinh két hop véi
cac nghién ctru dong hoc va nhiét dong hoc la can thiét dé hiéu rd hon céac qua trinh quang dién ra
theo thoi gian va nhiét 6. Do d6, PL phan giai thoi gian thudng dugc st dung dé nghién ctru
dong hoc cua cac hat tai dién sinh ra do kich thich quang.

Phd PL phan giai thoi gian 1a mot k¥ thudt quan trong trong viéc nghién ciru cac dic tinh dong
hoc cua qua trinh phat quang trong vat liéu, déc bi€t la trong cac nano tinh thé ban din nhu
CulnS.. Phuorng phap nay khong chi cung cap thong tin vé cuong d6 PL ma con cho phép do
luong thoi gian song cua cac hat tai dién (electron va 16 trong) sau khi chung duoc kich thich.
Phd PL phan giai thoi gian ctia cac QDs ban dan CIS, dugc ché tao trong dung méi diesel & 210
°C trong 15 phut, dugc trinh bay trong Hinh 1. Phd PL nay c6 do rong phd gan 124 meV va do
dich Stockes 16n (1én dén 140 nm) cho th?iy cac dac diém PL khong bét nguén tu su chuyén doi
clia exciton ma lién quan dén cac trang thai dudi bo ving. Phd PL phan giai thoi gian cho thiy
PL ciia QDs CIS 1a sy két hop ciia hai thanh phan: mot thanh phan pho tai ving nang lugng thap,
v6i dinh ~1,9 eV, va mot thanh phén tai ving nang luong cao, véi dinh ~2 eV. Khi thoi gian tré
sau xung kich thich ting 1én, thanh phan phé ning luong thip, c6 thoi gian phan rad PL dai hon,
dan chiém wu thé so voi thanh phén niang luong cao. Két qua tir Hinh 1 ciing cho thdy dinh phd
dich chuyén vé phia ning luong thap theo thoi gian tré sau khi kich thich. Day la déac diém cia
qua trinh tai hop electron va lo tréng tai cac cip d6 no - dc xép to, trong do6 tai hop tai cac cap
gan dién ra trudc (do xac sudt tai hop cao hon nho sy chdng chép cua ham song electron va 16
tréng), con tai hop tai cac cap xa dién ra sau. Tai hop electron-15 trong & cac cap d6 no - c xép
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to gan tao ra ning lugng PL cao hon, do c6 déng gop 16n hon tir twong tac Coulomb. Ngugc lai,
tai hop & cac cip do no - dc xép to xa tao ra ning luong PL thip hon. Két qua 13, dinh PL dich
chuyén vé phia ning luong thap theo thoi gian tré sau xung kich thich, ddc trung cho qué trinh tai
hop tai cac cap d6 no - dc xép to. Pho PL phan giai thoi gian ciia QDs ban dan CIS duoc phan
tich thanh hai thanh phan dang Gauss, v6i cac dinh phd thanh phan theo thoi gian tré khac nhau
sau xung kich thich dugc thé hién trén Hinh 2. Ca hai thanh phan phd c6 biéu hién rat 1 ciia qua
trinh tai hop dién tir-18 trong & trang thai d6 no - dc xép to. Co thé thay dai PL ¢ ning lugng cao
c0 2 eV co tuong tac cap manh hon, dich nhiéu hon, téi 40 meV sau gﬁn 300 ns tré tir thoi diém
xung kich thich. Trong khi d6 giai PL ¢ khoang1,9 eV chi dich x4p xi 14 meV.

T T T T T T

CIS/ Diesel
45 ns

M=532 nm /

Cuong d (dvty)

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
Nang luong (eV)

Hinh 1. Phé huynh quang phu thuge thoi gian ciia ODs CIS ché tao ¢ 210 °C trong thoi gian 15 phiit
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Hinh 2. Dinh hai thanh phan phé PL theo thoi gian tré ciia QDS ban dan CIS ché tao trong diesel
(a) ddi khodng 1,9 eV, va (b) dai khodng 2 eV

Céc QDs CIS c6 kich thudc vai nano mét nén co nhiéu trang thai bé mat. Trang thai bé mat 1a
cadc muc nang lugng nam trén hoac gﬁn bé mat cua mot vat liéu, dic biét phé bién trong céac vat
lidu c6 kich thudc nano nhu chdm lwong tir hodc cac hat nano. Nhiing trang thai nay phat sinh tir
su khong hoan hao hodc cac khuyét tat tai bé mat cua vét liéu do sy thiéu hut hodc du thira
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nguyén tir so véi ciu tric tinh thé hoan hao bén trong. Trong cic cham luwong tir, kich thudc nho
lam cho ty 1€ cac nguyén tir trén bé mat rat cao, dan dén sy xuét hién cua nhiéu khuyét tat bé mat
hogc cac lién két hoa hoc chua bao hoa. Nhiing khuyét tat nay tao ra cac mirc nang lugng moi
nam trong vung cam dong vai tro nhu cac bay nang luong cho céc hat tai dién tir va 15 tréng. Khi
electron va 15 tréng bi by tai cac trang thai bé mit nay, thay vi tai hop dé phat ra anh sang (qua
trinh phat PL), nang luong ctia chung c6 thé bi tiéu tin dudi dang nhiét hodc qua cac kénh khong
phat quang khac. Két qua 13, QY luong tir PL ciia chdm luong tir CIS bi giam déng ké do mot
phan 16n nang lwong bi mat di ma khong phat ra anh sang. Do d6, viéc thu dong hoa céc trang
thai bé mat 1a can thiét dé giam thiéu cac kénh tiéu tan ning lwong hodc sw mit mat cua cac hat
tai dién sinh ra tir qua trinh kich thich. Qua trinh thy dong hoa giup ngan chén cac trang thai bé
mat hoat dong nhu bay nang luong khong _phat quang, tr do tap trung cac hat tai dién vao qua
trmh chuyén doi va tai hop phat quang. Diéu nay cai thién dang ké QY phat PL cua chim lugng

i [11]. Mot phuong phap phé bién dé thu dong hoa bé mit 1 boc cac cham luong tir bang mot
lop v6 ban dan khac, chang han nhu Zn$, gitip bao vé bé mat va ning cao kha ning phat sang cua
cac chim luong tir ban dan CulnS: (CIS). Phd PL ciia QDs CIS 16i va CIS/ZnS céu trac 16i/vo
dugc trinh bay trong Hinh 3. Cudng do PL cua cac QDs CIS 15i/ZnS vo ting 1én nhiéu lan so véi
cac QDs 161 CIS khi chua dugc boc vo. Khi chua dugce thu dong hoa boi 16p vé ZnS, vi tri dinh PL
ctia QDs CIS 15i tai ~679 nm (1,85 eV). Sau khi boc vo, cudng do PL ting, dinh PL dich vé phia
song ngan (ning lugng cao) tai ~619 nm (~2 V).

Buéc song (nm)
800 700 600 500

CIS/Diesel
(@

CIs/znSs

Cuong do huynh quang (dvtd)

lj6 1..8 2f0 2j2 2..4 2.6
Nang luong (eV)
Hinh 3. Phé PL ciia QDs CIS, CIS/ZnS ché tao trong dung méi diesel

Su dich dinh PL vé phia song ngan (nang lugng cao) co thé 1y giai do mot phan ciia Zn da tham
gia trong thanh phan hop kim, giéng nhu da xay ra ddi v6i hé vat liéu CdZnSe, lam cho nang luong
vung cam cua Culn(Zn)S,/ZnS 16n hon so voi ving cam ctia CulnS; [1]. Hodc c6 thé ly giai theo
nhom tac gia Heesun Yang, nhom tc gia nay cho rang sau khi boc vo tai hop ving dan, murc dc
x¢ép to da thay thé cho tai hop d6 no - ac x¢ép to trong QDs ban dan 15i [12]. Vi kich thudc cua cac
QDs rét nho nén ti 16 sé nguyén tir trén bé mit 16n nghia 14 ton tai cac lién két hd ciia nguyén tir
trén bé mat, trong d6 nit khuyét cia luu huynh (V) thé hién trang thai d6 no. Thong qua viéc
boc 16p vo ZnS, hau hét cac lién két hé nay s& duoc 14p ddy (thu dong hoa bé mit), lam giam céac
tai hop dién tir-18 tréng & trang thai d6 no - dc xép to. Khi do, trong QDs CIS/ZnS s& ton tai hai
qué trinh tai hop d6 no - dc xép to va ving dan dc xép to. Khi 16p vo ZnS dugc hoan thién, mat
d6 clia céc trang thai bé mat d6 no Vs s& giam dan va tai hop ving dan 4c xép to s& chiém wu thé
hon, két qua 1a PL s& dich vé ving phé xanh nhiéu hon theo thdi gian boc vé [12].
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Hinh 4. Phé Abs (a) va dé rong vimg cam(b) ciia 16i CIS sau khi boc vé ZnS
voi thoi gian khac nhau 5, 15, 30 phut

Hinh 4a cho thiy phd Abs ctua QDs CIS sau khi dugc boc 16p vo ZnS va 6n dinh ¢ 200 °C
trong cac khoang thdi gian khac nhau. C6 thé thay, sau 5 phat (khi qua trinh boc vo ZnS hoan
tat), bd Abs dich chuyén vé phia ning lugng cao va su dich chuyén vé phia ning luong cao tré
nén rd rét hon sau thoi gian 30 phut. Sau khi boc vd, suon Abs tré nén dbc hon (nhu thé hién rd

trong Hinh 4b), diéu nay cho thay cau trac tinh thé ciia cac QDs di duoc cai thién [13], [14].

Cuong do (dvty)

s = SO W ¥.C,

CIS/ZnS
Diesel
2%t=370 nm

1.8

2.0

2.2 2.4 2.6
Nang luong (eV)

2.8 3.0 3.2

Hinh 5. Pho huynh quang phén gidi thoi gian ciia cham lwong tir CIS sau khi boc vo ZnS

Ngoai ra, ching t6i ciing nghién ctru phd PL phan giai thoi gian cua QDs CIS/ZnS. Hinh 5 trinh
bay két qua nay, cho thay bén canh cac dit liéu tir gian do nhidu xa tia X [6], phd PL phan giai thoi
gian ciing ching minh rang 16p vo ZnS da hinh thanh (voi dinh tai khoang 460 nm khi tré 80 ns).
Theo thoi gian tré, dai PL ctia vo ZnS suy giam nhanh hon so véi dai PL cua 16i CIS, do thoi gian
sOng clia cac hat tai trén trang thai kich thich cta ZnS rit ngan. Két qua cho thdy rang sau khoang
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80 ns ké tir khi xung kich thich xuét hién, hiu hét PL ciia ZnS tai 460 nm da phan rd, chi con lai PL
ctia 18i CIS tai 620 nm. Pho PL phan giai thoi gian cling cho thay su dich chuyen dinh phé vé phia
nang lugng thap theo thoi gian | tré sau xung kich thich. Dicu nay xac nhén rang sau khi boc vo, qua
trinh tai hop giita electron va 1 trong & trang thai ving dan- ac xép to da thay thé cho qua trinh tai
hop d6 no - dc xép to, pht hop v6i két qua ciia nhom Heesun Yang [12]. Tir d6, c6 thé suy ra ring
trong cac QDs CIS ma ching t6i da ché tao, mot phin Zn da tham gia vao thanh phan hop kim, lam
cho viing cAm ciia Culn(Zn)S»/ZnS rong hon so véi CulnS..

4. Két luan

Tinh chét quang hoc cia QDs CIS di duoc nghién ctru thong qua phé Abs, phd PL va phd PL
phan giai thoi gian. Két qua cho thdy cac QDs ché tao c6 kha ning phat PL tdt, c6 thé so sanh véi
cac mau chat lugng cao duoc tong hop trong moi truong dung mo1 hitu co c6 nhiét d6 soi cao. PL
chu yéu bit ngudn tir qua trinh tai hop electron-16 trong tai cac trang thai do no - dc xép to, twong
tu nhu trong tinh thé CulnS: khéi. Pdi v6i cac mau duge boc vo ZnS, qué trinh thy dong hoda cac
khuyét tat bé mat da giup han ché cac kénh tiéu tan ning lugng, cai thién dang ké kha ning phat
PL so v&i cac mau chua dugc boc vo. Ngoai ra, su xuét hién cua dai phé PL tr ZnS cling dugc
quan sat trén phd PL phan giai thoi gian.
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