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This paper presents the results on the synthesis and characterization of CuInSz nanocrystals synthesized in diesel. 
With increasing reaction-growth temperature and growth lime the synthesized nanocrystals become bigger. For the 
reaction-growth temperature of210-230°C and the growth time from 5 to 60 min, the obtained CuInS2 nanocrystals emit 
at 628 to 712 nm, correspondingly. The absortion and photoluminescence studies of the synthesized CulnS2 
nanoparticle show clearly the quantum confinement. 

I.GIOI THIEU 

Vgt lieu phit quang hieu suit cao tren ca sd 
chim lugng tii bin din hgp chit II-VI cd ciu true 
Idi/vd nhu CdSe/CdS(ZnS) va CdTe/CdS(ZnS) dugc 
nghien ciiu mgnh me trong khoang hai thap ky qua 
do triln vpng ling dyng trong cic ITnh vyc quang-
di?n tCr [1-3], dinh dau huynh quang y-sinh [4-6]. 
Cac ket qua nghien cim da gdp phin lim sing td cac 
qui trinh quang-dien tir trong cic he chim lugng tir 
bin dan neu tren, tgo co sd cho viec trien khai ling 
dyng. 

Vit li?u ban dan hgp chit 3 nguyen td CuInS2 cd 
cau true mang tinh thi lap phuong zinc-blende 
gidng nhu ZnSe, vdi sy thay the lan lugt Cu vi In 
vio vi tri ciia Zn. Tinh the CuInSe2 (CuInS2) cd 
vimg cam thing, dp rdng ning lugng vimg cam ~1,1 
(1,5) eV, dugc quan tim nghien ciiu che tao dgng 
ming mdng dl ling dyng lam pin mat trdi (do 
CuIn(S,Se)2 cd khi nang bin vCrng ddi vdi cic tia vu 
try, nen dugc irng dyng dgc bi?t trong cac hp thong 
thilt bi dgt trong vu try. Mpt so kit qui nghien cii-u 
rit gin day tren he vat lieu CuInS2 ciu true nano cho 
thiy ngoii irng dung da rd ring la lam vit lieu biln 
ddi quang-dien trong pin mit trdi, nd cdn cd triln 
vpng lim vat lieu phit quang trong vung phd ving 
cam-dd vdi hieu suit huynh quang cao. Nam 1999, 
Malik da bio cio nhiing kit qui dau tien vl vi^c 
nghien ciiu huynh quang cua tinh thi nano CuInSe2 
[7] che tgo trong dung mdi trioctylphosphine oxide 
(TOPO). Sau do, nhdm Castro da bio cio kit qua 
chl tgo CuInS2, CuInSe2 bing each phan huy tir don 
nguon tiln chit co kim [8]. Nakamura da thinh cdng 
trong vi?c pha tap Zn vio CuInS2. Gan diy, nhdm 

Peter Reiss di bio cio nhihig kit qui trong viec che 
tgo tinh the nano CuInS2/ZnS trong dung moi 
octadecane phit huynh quang hi?u suit cao den 
60%, dugc su dyng de thir nghi?m dinh dau huynh 
quang trong chupt song [9]. 

Trong bii bao nay chimg tdi trinh biy cac ket 
qui nghien ciiu chl tgo tinh the nano CuInS2 (CIS) 
trong dung mdi diesel, nghien cihi cau tnic tinh the 
vi tinh chit hip thy, huynh quang cua chiing. Vi^ 
sir dyng diesel lim dung mdi phin ling thay the 
octadecene, mpt dung mdi hiiu ca cd nhiet dp soi 
cao dugc diing phd biln trong tdng hgp cic cham 
lugng tir, cho phep che tgo cac tinh the nano CIS 
chit luiyng cao do nhi^t dp tdng hgp vat lipu gin voi 
nhi?t dg sdi cua diesel. Hon n&a, diesel thuong 
phim rit re, cho phep hg gii thanh che tgo tinh the 
nano CIS vdi khoi lugng Idn. Cic uu thi ve che t?o 
lugng ldn, gia re cic tinh the nano CIS dat chat 
lugng tdt cho phep trien khai ling dyng thyc te v?l 
li^u niy, vi dy trong linh ki^n phit quang va trong 
pin mgt trdi. 

2. THl/C NGHlgM 

2.LHdachSt 

Cic hda chat dugc sii dyng de che tao tinh 
thi nano CIS: Copper(I)iodide (Cul, 98%, Merck), 
Indlum(III)acetate (In(Ac)3, 99,99%, Sigma-
Aldrich); dodecanethiol (97%), Merck); diesel 
thuang pham. 

2.2. Quy trinh che tgio CIS 

Tinh the nano CIS dugc che tgo bing phucmg 
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phip phan ling hda hgc trong dung mdi cd nhi?t dp 
sdi cao. Diy thyc chit li phuong phap nang dan 
nhipt do (heating up), phuang phip cho chat lugng 
tdt, do ddng nhit cao. Trong bai bio niy, chung tdi 
lya chpn dung mdi diesel de thay thi octadecane. 

Qui trinh chl tgo dugc tdm tit nhu sau: 0,0876 g 
bpt Indium(III)axetat (0,3 mmol) vi 0,0573 g bgt 
ddng(I) iot (0,3 mmol) dugc them vao hdn hgp 3 ml 
dodecanethiol vi 24 ml dung dich diesel trong binh 
ciu. Hdn hgp tren dugc nang nhanh nhiet d^ tdi 
khoing 2I0-230°C vdi tdc dp ~150-200°C/phut. 
Theo tiidi gian phan irng, hdn hgp dung dich chuyin 
miu tir miu ving sang miu cam, mau dd, dd dgm vi 
cuoi cimg la niu den. Trong qui trinh thyc hi$n phin 
ling, cic miu dugc liy ra vdi nhitng thdi gian phan 
ling khic nhau, de ngugi ty nhien ve nhipt do phdng. 

Cac hgt tinh the nano da chl tgo dugc cd dgng 
dung dich keo (colloidal). Khi cin cd thi lam sgch 
(dung djch keo dugc them etanol bang cich nhd gigt 
tir tii cho den khi thiy cd ket tua dye thi dirng bd 
sung ethanol, sau dd li tim vi loai bd chat ldng) de 
liy cic hgt tinh the nano dgng bgt do nhieu xg tia X 
hoac phan tin lgi trong toluen. 

2.3. Phirong phap nghien ciru tinh chat 

De dinh gii inh hudng ciia cic thdng so cdng 
nghe den chit lugng cic hat tinh the che tgo dugc, 
chiing tdi da thyc hien mpt sd khio sit die trung. 
c iu true ciia cic hat CIS dugc kilm tra bing phucmg 
phip ghi giin dd nhieu xa tia X tren miy Siemens 
D5000 cua hang Siemens-Cpng hda Lien bang Diic. 

Nghien ciru huynh quang vi hip thy dugc thyc 
hi?n tren he do huynh quang phan giii cao thupc 
Phdng thi nghiem Trgng dilm vl Vit lieu vi Linh 
kien dien tii, Vien Khoa hgc Vat lieu: kich thich 
bing LED tii ngogi (bude sdng 370 nm); h? do cd dp 
phan giii tdt hon 0,02 nm nhd miy don sic iHR550 
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(tan sic bing cich tii 1800 GR/mm); diu thu CCD 
Synapse lim Ignh den -70''C. Phd hap thu ciia mau 
CIS dugc ghi vdi nguon kich thich bing den halogen 
cdng suit 100 W. 

3. KET QUA vA T H A O LUAN 

Kich thudc va tinh chat quang ciia cic tinh the 
nand CIS cd the dugc dilu chinh bing cic thdng sd 
cdng nghe nhu thdi gian phin ling vi nhiet dp phan 
irng. Khoing nhipt dp phii hgp de che tgo cic nano 
tinh thi CIS dugc xic djnh trong khoang 210-230°C 
vi cudng dp phit huynh quang tot hon nlu toe dg 
gia nhipt nhanh. Cf mpt nhipt dp phin irng xic djnh, 
thdi gian phit triln tinh thi cing dai cho ph6p hgt 
tinh thi cing Idn hem vi dinh huynh quang djch 
chuyin vl phia sdng dii. Vdi nhi?t dp phan img 
210"C, thdi gian phit trien tinh the 5-60 phiit pho 
huynh quang tuong irng 628-712 nm 

Vit lipu khoi CIS cd cau triic mgng tinh thi lip 
phuang zinc-blende giong nhu ZnSe, vdi sy thay 
the lin lugt Cu vi In vao vi tri ciia Zn. De xac djnh 
ciu true pha ciia tinh the nano CIS, phuang phap 
nhilu xa tia X da dugc sii dung. Hinh 1 li giin dd 
nhilu xg tia X cua miu CIS dugc che tgo d nhipt do 
230°C. Giin d6 nhilu xg tia X cho thiy CIS da dugc 
hinh thanh vdi cau true lip phuang. Cic dinh nhieu 
xa tgi cic mat (112), (204), (116), (312) tuong irng 
vdi cic gdc nhilu xg 20 = 27,8; 46,3; 54,6; 55,0. Do 
bin rdng cua cic vgch nhilu xa li khi Idn, dilu niy 
chiing td cac hgt CIS chl tgo dugc cd kich thudc 
nhd. Kich thudc hat tinh the cd thi dinh gii thdng 
qua dp rdng vgch phd nhi8u xg tia X nhd ap dung 
cdng thuc Scherrer. Kit qua tinh toin cho thiy, kich 
thudc trung binh ciia cic nand tinh the CIS khoang 
3,2 nm. Anh TEM ciia mau se dugc chiing tdi tien 
hanh do dgc trong thdi gian sip tdi de cd nhiing 
thdng tin ro ring hem vl kich thudc hgt. 

2lhcta(dO) 

Hinh I: Giin dd nhilu xa tia X ciia tinh thi nano CIS 
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Hinh 2: Pho hap thy ciia tinh the nano CIS chl tgo d 
nhiet dp 210°C theo thdi gian khic nhau 

5. 15, 30 vi 60 phiit 

Phd hap thy ciia tinh thi nand CIS chl tgo d 
nhiet dp 210°C dugc trinh bay tren hinh 2. Dinh hip 
thy ciia tinh thi nano CIS tgi 490, 508, 528 vi 556 
nm tuong irng vdi thdi gian liy miu 5, 15, 30 va 60 
phut. Khi thdi gian phin ling ngin (5, 15, 30 phut) 
phd hip thu cd dinh exciton khi rd rang. Khi thai 
gian phin img tang len, tuong ling vdi kich thudc 
hgt ldn hem,, dinh hip thy exciton bj md rpng, djch 
ve phia sdng dii vi trd nen khdng rd ring. Sy md 
rpng dinh hip thy exciton chu yeu do qui trinh 
Ostwald ripening (qui trinh bdi Id Ostwald), trong 
dd nhiing hgt mam nhd bi tan ra trong dung mdi, trd 
thinh ngudn cung cip nguyen lieu de phit trien cic 
hgt ldn han, ket qua li phan bd kich thudc bi md 
rpng, dgc biet la ve phia cac hgt kich thudc Idn. Hinh 
3 li phd huynh quang ciia tinh the nand CIS che tgo 
d 21OT vdi cic thdi gian phit trien tinh the khac 
nhau. Khi keo dii thdi gian phat trien tinh thi, dinh 
huynh quang dich ve phia sdng dii tuong ting vdi 
kich thudc hat tinh the nand CIS ting. Dinh huynh 
quang djch chuyin tir -628, 666, 682 nm din 712 
nm khi thdi gian phan img ting tir 5, 15, 30 phiit din 
60 phut. Dp bin rpng ciia phd huynh quang khi Idn, 
khoing 100 nm. Sy djch ciia phd huynh quang so 
vdi phd hip thy (Stokes shift) ldn khoing 140 nm, 
nen cd the doin nhin, dii phat xa quan sit dugc tren 
tinh the nano CIS cd khi nang xuit phit tir tii hgp 
dien ttr vi Id trdng d trang thai bay. Cho tdi nay, cic 
kSt qui cdng bd ve huynh quang ciia CIS diu cd ban 
chat tii hgp dien tCr - Id trong d cic trgng thii sai 
hdng mgng, chii yeu la dgng donor-acceptor [8-10]. 
Dii phd huynh quang tren cd dp bin rgng phd Idn, 
thudng li do sy chong chap mpt so thinh phan pho 

J inh tne nano L^uiriLti 

MSuCISchtflaotai 210"C 
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Hmh 3: Pho huynh quang ciia tinh the nano CulnSj 
chl tgo d nhipt dg 210°C trong thdi gian 

10, 15,20, 30 vi 60 phut 

cd nguon goc tai hgp dipn tii - Id trong khic nhau. 
Nghien cuu huynh quang phin giai thdi gian cho 
phep tich bipt nhiing thinh phin phd niy, hipn nay 
dang dugc chung tdi tiep tyc thyc hipn. Hon niia, 
inh hudng ciia cic trgng thii be mgt, vai tro ciia 
chiing trong cic tim tii hgp phat quang,.. cung can 
dugc lim rd trong cic nghien cim tiep tyc. 

Song song vdi viec nghien ciiu su phy thupc tinh 
chat quang vi kich thudc hat theo thdi gian phat 
trien tinh thi, chiing tdi cung tien hanh khao sat 
huynh quang vi kich thudc hgt theo nhiet dp phan 
ling. Hinh 4 li phd huynh quang cua tinh the nano 
CIS theo nhipt dg phin img (thdi gian phin irng gifl 
nguyen 30 phiit). BQ bin rpng ciia cic dinh pho Idn, 
khoing 100 nm. Khi nhipt dp phin ling tang thi cue 
dgi huynh quang djch chuyen ve phia sdng dii vadg 
bin rpng phd tang. Miu CIS che tgo d 2I0^C phat 
quang tgi 679 nm cd dg bin rdng pho 110 nm va 6 
230°C phat quang tgi 734 nm cd dp ban rpng pho la 
136 nm, phii hgp vdi ket qua kich thudc hgt tang 
theo nhipt dp phin ling. 

4. KET LUAN 

Tinh the nano CIS dugc chl tgo trong dung moi 
diesel tgi nhipt dg 210-230°C vdi thdi gian phan ung 
vi phat trien tinh thi khic nhau. Cy thi, tgi 210^, 
thdi gian phin irng vi phit trien tinh the 5-60 phut 
cho kit qua chl tao dugc tinh thi nano CIS phat 
huynh quang trong vung phd 628-712 nm. Ket qua 
nghien ciiu cau tnic vi tinh chit hap thy, bum 
quang cho thay vgt lipu che tao dugc chit lugng ŵ  
6 nhipt dg cao, thdi gian phin img v i phat tnen tinn 
the ngin hem, chit lugng tinh thi tdt hon. Nghien 
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ciru cdng nghe bpc vd ZnS cho c i c tinh the nano gii i thdi gian, . . . tren he v i t lieu che tgo dugc dang 

CIS, cQng nhu cac nghien ciru huynh quang phan dugc tiep tuc thyc hien. 
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Hmh 4. Phd huynh quang ciia tinh the nano CIS che tgo d nhiet dp 210, 220, 230°C 

trong thdi gian 30 phiit. C i u triic giao thoa tren viing phd sdng d i i do C C D silic 

Ldi cam on : Cdc ldc gid cdm an Phdng Thi nghiem 

trpng diim vi Vgt lieu vd Linh kien dien tir. Vien 

Khoa hpc Vdt lieu, vd Quy phdt trien khoa hoc vd 

cdng nghi qudc gia (NAFOSTED, md sd 

103.03.35.09) da ldi trg kinh phi nghien ciru. 
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