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TOM TAT

Chém luong tir CdSe duwoc téng hop
béng phwong phép héa keo st dung chét
tac nhan bé mat hitru co c6 chira nhém thiol
(SH). Phé quang phét quang mé phdng sé
duoc lam khép véi phé quang phéat quang

clia chédm luwong t&r CdSe thuc nghiém. Tir
két qua nghién ctru cho thdy phé quang phat
quang cé thé xéc dinh duoc kich thudéc hat,
do phén bé kich thudc va cac mirc ndng
long bé méat chadm luong ti.

Ttr khéa: Luong tir CdSe, phé phéat quang, chdm lwong tir, nhém thiol.

MO PAU

Cham lugng tir (QD’s) da dugc nghién ciru
rong rii va co nhiéu wng dung trong quang tir hoc
(photonics) ciing nhu vat ligu chuyén tiép giira
phan tir va vat liéu khéi [5]. D6 rong ving cam
cua QD’s CdSe phu thuéc manh vao kich thudéc.
Tinh chit nay di dwoc ching minh trong Iy
thuyét va thyc nghiém, mat khac do phéan b kich
thudc hat ciing anh huéng dén tinh chat quang
cua QD’s CdSe. Do d6 viéc xac dinh d6 phan bd
kich thuéc hat trong qua trinh téng hop 1a cin
thiét. C6 nhidu phuwong phap dé xac dinh kich
thudc trung binh ctia hat nano nhu nhiéu xa tia X,
tr d6 ban rong cua dinh, su dung cong thirc
Scherrer [13][14]. Tuy nhién, phuong phap nay
khong cho biét thong tin vé& phan bd kich thugc
hat. Mot phuong phéap khac 1a sir dung anh hién
vi dién tir truyén qua (TEM), nhung phuong phéap
nay ciing doi hoi chuan bi miu kha phuc tap
ddng thoi pha hiy mau.

Phé quang phat quang (PL) 1a mdt phwong
phép thuong ding dé khao st cac mirc ning

lwong cua vat lidu, tuy nhién viéc ung dung phd
PL trong nghién ctru QD’s van chua dugc khai
thac nhu ¢ng dung phé PL trong viéc xac dinh
nhanh kich thuéc cua QD’s, d6 dong déu kich
thudc hat va cac khuyét tat trén bé mat QD’s.
Ravindran va cac cong su [9] di ung dung phd
PL nghién ctru tinh chét quang cia QD’s CdS két
qua cho thay su phu hop gitra 1y thuyét mo phong
phd PL cua QD’s CdS vai két qua phd PL thuc
nghiém. Vi vay trong nghién ctru nay ching toi
ap dung mo hinh Ravindran cho viéc phan tich
két qua phd PL thyc nghiém ciia QD’s CdSe.
VAT LIEU VA PHUONG PHAP
Tinh toan

Céc cong trinh nghién ctu trude day da cho
thiy, cac muc ning lugng cua QD’s dwoc mo
rong so véi vat lieu khéi. Theo phép gin dang sir
dung mo hinh khdi lugng hiéu dung, Brus [5, 8,
11, 12], da dwa ra biéu thic tinh ning lugng
exciton cua mot chim luwgng tir hinh cdu, ban
kinh R:
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Trong d6 me va my twong tng 1 khéi lugng
hiéu dung cua dién tir va 15 tréng, e 1a dién tich
dién tir, €212 hang s6 dién moi ciia moi trudng, Eo
nang lugng ving cam cua vat liu khdi.

Ham mat d6 trang thai ph6 PL tuong &ng véi
mai hat QD’s:

0 =P exp| -EE)
(E) \/EF ZFZ (2)

Trong d6 I 14 tham sb biéu dién d6 mo rong
tu nhién. D6 ban rong vach phdé PL (FWHM ) ¢6
dang ham Gauss bang 0,5101 [9], tham s& A
trong biéu thire (2) 1a hang s6 chuan hoa.

Phé PL cia hé chim lugng tir 1a sy chdng
chap cua cac phat xa riéng cua tung hat. Tuy
nhién trong thuc té kich thudc cac hat QD’s phan
bé khong dong déu, dan dén phd PL bi mé rong.
Ravindran va cac cong su [9] da dua ra hé thac
tong quat phd PL bang cach tich phan ham G,
theo biéu thuc (3)
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trong d6 ham ger) dwoc xac dinh tir biéu
thirc (2) va Py 1a ham phéan bd kich thudc hat.

Ham phan bd cua kich thudc hat Pr) c6 thé
xem nhu 13 ham phan bd Gauss véi ban kinh
trung binh Ro va d6 léch chuéan or [3]:

1 (R-R,)’
Pa = exp| —
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Phé PL mé phong hé nhiéu hat QD’s CdSe
v6i phan bd kich thude khac nhau, c6 thé duoc
thuc hién thong qua cac biéu thirc (2), (3) va (4)
V6i cac thong sé Eo=1,74 eV 1a d6 rong ving cam
cua vat liéu khéi CdSe, me = 0,13 mo, my = 0,4mp
va g2 = 10,6 [1, 3, 4, 11] 1a hiang sé dién moi,
tham s T c6 thé xac dinh tir phd PL thyc nghiém

cua vat lieu khdi CdSe, theo Robert W va cac
cong su [7] T bang 0,36 eV. Do phan tan cia
kich thudc hat cua hé duoc xac dinh tir biéu thirc:
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0
Thue nghiém

QD’s CdSe dugc tong hop bing phuong
phap boc hoéa hoc [2][6] vai thioglycol 1a chat
bao, véi 0.2 g Na,Se03.5H,0 dugc hoa tan trong
14 ml H.0. Sau khi khudy trong 10 phit, cho
0,31 ml chat bao HOCH,CH,SH vao dung dich
trén, thu dugc dung dich mau niu d6 (Dung dich
1). Bong thoi, Dung dich 2 dwgc chuan b tir 1,01
g (CHs3CO0),Cd.2H,O hoa tan trong 12 ml
CsH/NO. Cac hoa chit sa dung tir san pham
thuong mai cia hang Merck. QD’s CdSe dugc
hinh thanh bang cach tron hai Dung dich 1 va 2,
dung dich hon hop sé tao thanh dung dich mau
vang chanh [2]. Nhim ché tao dién cuc anode
quang trong pin mat troi, dung dich QD’s CdSe
dugc hap phu 1én mang dién cuc trong suét
FTO/TiO; bing phuong phéap ling dong héa hoc.
Mang FTO/TiO,/QD’s CdSe hinh thanh va duogc
say kho ¢ 100°C dé loai bo anh huong cia cac
hop chat hitu co [10]. Phé PL cia mang
FTOITiOz/ QD’s CdSe va dung dich QD’s CdSe
duge do bang cach sir dung ngudn kich thich
Laser He-Cd budc song kich thich 325 nm, tin
hiéu phd PL tan xa duoc thu nhan boi hé thau
kinh chuan truc va hi tu trén khe cia quang phd
ké iHR320 (Horiba). Phé hip thu duoc ghi bang
quang phé ké Hallo RB10. Anh TEM duoc chup
bang kinh hién vi dién tir JEM — 1400. Két qua
nhidu xa tia X thu duoc tir ngudn Cuka V&i budc
song A=1,5406 A°,

Str dung ngdn ngir lap trinh Matlab, véi kich
thudc va do phan b kich thude cho trude thi phd
PL mé phong tir biéu thue (3) duge so sanh voi
két qua thyc nghiém.
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KET QUA VA THAO LUAN

Hinh 1 cho thdy dinh phd hap thy cua dung
dich QD’s CdSe tai 2,58 eV (480 nm) bi dich vé
phia budc song xanh so vai dinh hap thu 1,7 eV
(712 nm) cua vat ligu khéi CdSe. Piéu nay cho
thiy co su giam ham luong tr lam cho do rong
viing cdm bi ma rong, va cho phép da cé sy hinh
thanh QD’s CdSe. Anh TEM (Hinh 3) va gian
dd nhiéu xa tia X (Hinh 4) khang dinh thém su
hinh thanh tinh thé QD’s CdSe.

Hinh 1 ciing cho thdy phd PL thyc nghiém
cta dung dich QD’s CdSe c6 dang phd kha rong,

4000 4

CdSe khoi,
E=1,7eV

Cuwéng d6 phat quang (au.)

c6 thé do su tai hop cua dién tir va 18 trong tai
cac muc khuyét tat gay ra hoac do cac hop chat
hitu co va sulfur ton tai trong cdu tric QD’s
CdSe. Pinh exciton tir phdé PL thuc nghiém co
cuong d6 rat nho o vi tri gan dinh phd hap thu
UV-Vis. Hinh 2 biéu dién phé hap thy, phd PL
md phong va phd PL thuc nghiém ciia mang andt
quang FTO/TiO2/QD’s CdSe sau khi nung trong
chan khéng tai 100°C. Tir Hinh 2 ta thiy dinh
exciton trong phé PL thuc nghiém cua QD’s
CdSe da xuat hién rd rang khi cac hop chat hitu
co bi loai bo.
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Hinh 1. Phé PL va phd hép thy UV-Viss thuc nghiém cta dung dich QD’s CdSe
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Hinh 2. Phé hép thy, PL mé phéng va thie nghiém cta mang FTO/TiO2/QD’s CdSe.

Hinh 2 ciing cho thdy dinh hap thu dich vé
phia budc song do tai 2,25 eV (550 nm) so vai
phd hap thy dung dich QD’s CdSe tai 2,58 eV
(480 nm) vi vay kich thudc hat QD’s CdSe trén
mang FTO/TiOy/ QD’s CdSe tang trong qua trinh
nung, mit khac dinh exciton phd PL thyc nghiém
¢6 su dich chuyén Stoke 0,07 eV so véi dinh phd
hip thy.

Trong Hinh 2 ta thiy phé PL mé phong (mau
d6) hoan toan khép vai phd PL thyuc nghiém. Két
qua cho kich thudc hat nano trung binh 1a 4,2 nm

va do phan bd kich thudc 1a 5%. Mot phuong
phéap khac ding dé xac dinh kich thudc 1a tir gian
dd nhidu xa tia X. Gian dd nhidu xa tia X cua
mau mang FTO/TiO2/ QD’s CdSe nung tai 100°C
trong Hinh 4 cho thiy xuat hién 3 dinh nhidu xa
trong tng (111), (220), (311). Pidu nay khing
dinh sy hinh thanh tinh thé QD’s CdSe cau trac
lap phuong [13, 14]. Tir biéu thuc Scherrer [14],
kich thuéc hat cua QD’s CdSe dugc xac dinh
khoang 4,2 nm. Két qua nay phu hop Véi
phuong phap phd PL va anh TEM (Hinh 3).
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Hinh 3. Anh TEM cta mang QD’s CdSe tai 100°C Hinh 4. Gian dd nhidu xa tia X cta cua mang QD’s CdSe tai
100°C

KET LUAN

Bing phuwong phip mdé phong va thuc
nghiém cuia phd PL, kich thuéc hat trung binh va
phan bd kich thuéc hat c6 thé dwoc xac dinh
nhanh va khong phai pha huy mau, dong thoi qua

cong trinh nghién ctru nay cho thdy phd PL c¢6
thé dwoc ung dung trong nghién ctru tinh chét
quang cua QD’s CdSe.
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ABSTRACT

CdSe quantum dots were prepared via a
colloidal route using an organic capping
agent consist thiol group (SH). We explicitly
calculated the exciton binding energy and
we incorporate the exciton contribution then
combined it with quantum confinement
model and surface states to see its effect on
photoluminescence. The results obtained by
using MATLAB programming. Calculations
took place at room temperature on small
quantum dots (1 - 5 nm). In conclusion, our
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