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We investigate the structural and optical properties of CdSe QDs synthesized
by the hot-injection technique. High-resolution transmission electron
microscopy (HRTEM) analysis reveal the size-dependent of the CdSe QDs. The
first through fourth excited states determined from absorption measurements
are compared with calculated quantum size levels in s- and p-symmetry. In
particular, featureless absorption peaks of the second and third excited states
from the first exciton appear in the differential absorption (DA) spectra. These
measurements with quantitative analysis enable the estimate error to be

derived from anisotropic properties caused by the crystal field.

Introduction

Céc chdm lugng t&r (QDs) vdi cac tinh chat dac biét
nhu déap Ung quang phi tuyén Ién, chuyén ddi tin hiéu
siéu nhanh, hiéu suét lugng tir va do én dinh nhiét dé
cao rét quan trong trong cac thiét bi quang tu, va
quang dién toén. Tiém nang Ung dung clia QDs nhanh
chéng thu hit sy chd y cla cac cdng déng cong nghé
va doanh nghiép, bdi cac bang ching Ung dung cla
ching trong céng nghé y sinh hiéu suat cao, QD-LED,
laze lugng tU va bd tap trung nang lugng mat trai phat
quang (LSCs) [1-5]. Su hiéu biét quéa trinh déng hoc hat
tai trong cac QDs khéng chi gop phan tim hiéu cac
tinh chat hda-ly, ma con gitip cho viéc kiém soéat chinh

xac hinh dang, kich thudc cda chidng trong céc thiét b
Ung dung. Dac biét, cac khai niém néng cao vé qué
trinh déng hoc hat tai d& vugt ra ngoai hiéu Ung kich
thudc truyén thdng trong cdu tric di thé, nhu ky thuét
giao dién dé ngan chan su tai hgp Auger trong Ung
dung QD-LEDs va lase; k§ thuat Stokes-shift trong cac
bd tap trung nang lugng mat tréi phat quang dién tich
I6n; va kiém soat sy hoi phuc cho viéc tang cudng su
nhan hat tai trong cac hé quang dién QDs tién tién.

Nhiéu kj thuat t6ng hop QDs nham tidng cudng cac
tinh chat quang hoc, héa ly da dugc dé xuét thong
qua viéc diéu khién mdi tuong quan gilta hiéu suét va
hinh thai cla cac cham lugng ti. Cac chédm lugng tu
QDs chiia Cd chét lugng cao vdi su phan bd kich
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thudc hep cé thé cho hiéu sudt luong tir phat quang
cao, phu thudéc manh chat hoat dong bé mat, phat xa
6n dinh, do tinh khiét mau sac cao va huynh quang
phan rad hau nhu don sac tai nhiét dé phong. Nhin
chung, cac phuong phép téng hop QDs CdSe c6 thé
diéu khién kich thudc mét cach tét nhat hién nay déu
st dung k¥ thuadt bam nong tién chat. K§ thuat nay doi
hoi diéu kién chat ché nhu nhiét d6 ché tao cao, thai
gian phan Ung nhanh, khé kiém soét kich thudc cla
QDs. Bén canh dd, cac yéu cau nghiém ngat rat kho
thuc hién do s6 lugng mam két tinh, ligand, moi
trudng xung quanh. NO thudng dugc kiém soat bdi
dong hoc phan Ung, co thé bi thay déi dang ké trong
céc diéu kién phan Uing khac nhau [6-8].

Trong bé&o céo nay, ching t6i da khdo sat dac trung
cdu truc va tinh chat quang cla cac chadm lugng tur
CdSe QDs dugc téng hop bang ky thuat bom néng.
Phan tich kinh hién vi dién t& truyén qua c6 dé phan
giai cao (HRTEM) cho thdy di hudng hinh dang phu
thudc vao kich thudc hat cia CdSe QDs. Cac trang thai
kich thich th& nhat dén thi sdu dugc xac dinh thong
qua phép do phé hdp thu va so sanh véi cac muc
giam gilf lugng tU dugc tinh toan theo cac quy dao s
va p. Mdi tuong quan gilta chat lugng chdm luong tr
va tinh chét quang clia chiing cling dugc thao lun.

Experimental
Hda chdt

Selenium (Se), Tellurium (Te), Tri-n-octylphosphine
(TOP), Tri-n-octylphosphine oxide (TOPO),
dymethylcadmium (Me2Cd), bis(trimethylsilyl)selenium
[(TMS)2Se].

Ché tao

Se dugc hoa tan trong TOP tao thanh dung dich
TOPSe. TOPO dugc sdy khé va dudi khi trong mét
binh phan Ung bdi su nung ndng dén 200 °C trong 20
phut dudi ép sudt 1 Torr cla khi argon mét cach dinh
ky. Sau dé nhiét d6 dugc nang lén va gitt 6n dinh &
300 °C dudi &p suét 1 atm cla khi argon. Cac dung
dich tién chat Cd** va Se®” dudc tao thanh bang cach
dua Me2Cd va TOPSe vao TOP, ca hai dung dich dugc
tron 1an vao nhau va dua vao mot xy lanh. Dung dich
phan Ung trong xylanh dugc bom nhanh vao binh
phan Ung (chira TOPO) dang dugc khudy manh. Su
bom nhanh cla hdn hgp phan Ung lam nhiét do giam
tlc thai nhung sau do phuc hoi va dugc gitt 6n dinh
trong khodng 230-260 °C.  Cac san phdm tao thanh

dugc lam sach va chon loc kich thudc bang céach ly tam
trong methanol va butanol.

Khdo sat cac dac trung cdu trac: Hién vi dién tlr truyén
qua TEM (JEM-ARMZ200F,JEOL- Korea). Phd nhiéu xa
tia X (XRD) dugc thuc hién trén hé do Siemen D5005
st dung buc xa Cu-Kal véi budc song 0.15406 nm.
Phan tich UV-Vis va phé huynh quang (PL) dugc thuc
hién trén may quang phé FLAME-S spectrometer
(Ocean Optics Inc., Largo, FL, USA). T4t ca cac phép do
déu dugc thuc hién & nhiét dé phong.

Results and discussion
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Hinh 1: Anh ky thuat s6 clia cc cham lugng tu dudi su
chiéu sang bai bi anh séng kich thich den UV36 nm
Hinh 1 1a anh k§ thuat sé mau phét quang dudi dén tur
ngoai UV 365 clia cac chdm lugng tir chira Cd & cac
thdi gian t6ng hop khac nhau. Nhan thdy rang mau
sac phat quang dudi dén chiéu sang UV thay déi tur
mau blue sang mau dé. Mau séc huynh quang nhu
ham phu thudc vao thai gian bom mau va kich thudc

hat cla cac chdm lugng tu.

Hinh thai cau tric cla cac chdm lugng t& dugc khéo
sat bdi HRTEM nhu dugc trinh bay trén hinh 2 cho céc
mau S3 va S4 (cac mau S1 va S2 khéng bao gom).
Nhén thdy rang CdSe QDs hinh thanh vé&i d6 két tinh
cao va gan nhu daon phan tan. Kich thudc trung binh
udc tinh cho cac mau CdSe-1, CdSe-2, CdSe-3 va
CdSe-41a 2,7 + 0,5nm (o = 20%), 3,5 + 0,6 nm (0 =
19%), 3,7 £+ 0,9 nm (o = 26%), va 5.4 + 0,5 nm (o =
11%), tuong Ung vdi thai gian tang trudng clda chidng
(tuong Ung la 30 giay, 45 giady, 170 gidy phut va 30
phut). Hon nifa, cac van mang cla anh HRTEM chi ra
rang khoang cach mat mang trung binh dugc udc tinh
la 0,25 + 0,02 nm cho tat c& cac chdm lugng tir dugc
khédo sat (xem hinh bén phai hinh 2). Su sai léch vé gia
tri mat mang (d-spacing) dugc gay ra bdi hiéu Ung
kich thudc [9, 10].
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= Interplanar spacing (0.24 nm)

Hinh 2: Anh HRTEM clia cac chdm luong tif CdSe QDs
(@) S3 & (b) S4
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Hinh 3: Phé hép thu (a) phd phén tich vi phén DA-
spectra clia mau CdSe-3 (b)

Hinh 3a cho thdy phé hép thu cla cac chdm lugng tir
CdSe QDs co gidi han OA va TOP tucng Ung vdi cac
mau S1, S2, S3 va S4. Vdi kich thudc ngay cang tang
clia CdSe QDs, nang lugng chuyén ddi quang hoc
excitonic dau tién cla cac dinh hap thu (2,54, 2,41, 2,31
va 2,18 eV) va nang lugng cla cac dinh huynh quang
(2,44, 2,30, 2,18 va 2,06 eV) gidm vi giam hiéu Ung

giam gilt lugng t. Hinh 3b cho thay céc cuc dai Gauss
clia chuyén doi quang hoc trang thai excitonic thi nhét
dén thur tu (4") d&i vdi mau CdSe-3 (S3). Cac két qua
nay thu dugc bdi ky thuat phan tich phé vi phan bac 4
tr phé hap thu ban dau va dugc vé dudi dang ham
nang lugng. Su thay déi vi tri cac dinh quang phé thé
hién su chuyén dich mau doé do hiéu Ung kich thudc
gay ra vdi kich thudc hat ngay cang tang. Mdi phé hap
thu ban dau co thé dugc téi tao tU téng cac dinh
Gauss.

Cac cap electron-16 tréng clia qué trinh chuyén ddi
quang hoc xac dinh théng qua phé hép thu clia CdSe
QDs. Su chuyén déi tif trang théi 16 tréng sang trang
thai electron phaithda man cac quy tac lya chon doi
vdi su chuyén déi quy dao. Trong trudng hgp giam gilt
lugng t& manh, ndng lugng lugng tir hda cda qué trinh
chuyén déi dién tit phu thudc vao bac clia a ~? (trong
do ala ban kinh ctia CdSe QDs) [11-14].

-
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Hinh 4: MUic nang lugng dién ti va 16 tréng nhu ham
phu thudc vao ducng kinh chdm lugng tur

Bang ky thuat phan tich phd vi phan DA- scpetra phép
giai thich su phu thudc vao hiéu Ung kich thudc hat
clia cac chuyén ddi quang hoc théng qua viéc xem xét
bdi cac kénh tai hop sau day: (1) sy tai hop rdi rac gitta
cac dién tr va 16 tréng trong quy dao s va p, tuong
Ung vdi cac chuyén doi quang hoc 1S[1S32(h)-1Se],
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25[2S3/2(h)-1Se], va 1P[1Ps3/2(h)-1Pe]; (2) khi cac trang
thai chuyén tiép bat dau dugc tao ra, cac qué trinh tai
hop khdng phat xa trd nén chiém uu thé bai qua trinh
thoat nhiét clia cac hat tdi do tan xa cla cac hat tai -
phonon quang [15]. M&i tuong quan gilfa cac muc
nang luong clia cac cap dién tir 16 tréng (Eix) va hiéu
Ung kich thudc hat cla cac chdm lugng tir dugc biéu
dién trén hinh 4.

Vdi su tang kich thudc cac chdm lugng t CdSe QDs,
nang lugng exciton quan sat dugc cla trang thai kich
thich thi nhat dén thu tu lién quan dén muic electron
1Se, 1Pe, gidm. Bang chu y, nang lugng exciton quan
sat dugc cho chuyén tiép dién tir thi nhat dén thi tu
dugc xac dinh la 2,1-2,9 eV. Tu hinh 3b va hinh 4,
ching ta co thé xac dinh dugc trang thai qui dao cla
cac chuyén ddi gitta cac phan ving nang lugng. Cac
chuyén muc nang lugng gitta cac phan ving cé thé
xac dinh dugc bang ky thudt phan tich phd vi phan
(DA spectra) [15, 16]. Két qua cho thdy mau phét xa
clia cac NC ¢6 su thay déi tir vung mau cam sang do
khi tdng thai gian phan Ung. Két quéa nay cling phu
hop vaéi két qué thu dugc tir phép do phd PL.

Conclusion

Céc chédm lugng tir CdSe da dugc ché tao thanh cong
béng ky thuat bom néng. Anh hudng cla thsi gian
phan Ung dén hinh théi Cac két qua cho thdy nang
lugng ving cdm clia QDs CdSe tang 1én khi kich thudc
giam, su phu thudc chi yéu theo quy ludt. Cac két qua
tinh toan doé rong khe nang luong phé quang hoc va
anh HRTEM c6 su phu hgp déng ké co thé chdp nhan
dugc. Khi kich thudc cla CdSe QDs tang 1én, muc
nang luong clia cac chuyén doi quang hoc thit nhat
dén th( tu gilta céc trang théi electron (1Se va 1Pe) va
trang thai 16 tréng (s- va p-ddi xding) gidm manh. Cac
chédm lugng tu nay cho nhiéu Ung dung vdi cac tinh
chat quang can dugc duy tri 6n dinh, chdng han nhu
LED, Pin mét tr&i hodc nhan sinh hoc.
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