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TOM TAT

Bai bao nay trinh bayék qua nghién ¢u cté tao tinh tté nand Culng(CIS) hing phrong
phap gia nfiit, tao phin ttng hinh thanh va phat &n tinh th & nhiét d6 cao trong dung moi
diesel.Anh hréng aia cac thongc’Scong ngk nhe nhiét d6 va thdi gian phat tién tinh tHe, ti 16
Cu:ln trong céc &n chit Ién tinh clit quang (Ap thu va hynh quang) ga tinh thé nand CISda
dugc nghién ¢u mot cach c6 B théng. Gi thé, dd khio séat cht luong tinh tié hinh thanh va
phét trén trong kh@ang 200°C + 230°C, thyi gian 15 phut vaitlé Cu:ln trong khang 0.5:1 =
1.5:1. Tr cac tinh cht phd hip thu va hunh quang, cé ththiy nhiét d6 ché tao mau trong
diesel 6t nhit |a 210°C. CHit lwong aia cac tinh th nand CIS dt hon khi b sung nét luong
nhé Zn (<10 %) trong thanh @h cia tién chit thé hién & b hap thy exciton rd rang én.

Tir khéa:nano tinh th, CulnS, tinh chit quang.

1. MODPAU

Vit liéu ban dn hop chit 3 nguyén d CIS cé éu trac mang tinh tk lap phrong zinc-
blende gbng nhr ZnS nhing c6 & thay thé an lugt Cu va In vao vtri caa Zn. Tinh ti CIS c6
viing dm thang, ring hrong viing ém ~1,5 eV,duoc quan tdm nghiénia ché tao dang mang
mong dé tng ding lam pin ngt troi (do CIS ten viing doi véi cac tia Vi try, nénduoc tng ding
dac biet trong cac B thong thiét bi dat trong \ii try). Mot s két qui nghién ¢u gin day trén i
vat ligu CIS du tric nand cho #ty, ngoaitrng ding lam it li¢u bién d6i quang -dién trong pin
mét troi, né con co tén vong lam it liéu phat quang trong ving dlvang cam 46 vai hiéu
suit huynh quang cao. Bt s nhém nghién eu trén ti gisi da rt thanh céng trong é¢ ché
tao chim lugng tr CIS trong cac dung mdiiln co c6 nhgt do séi cao (vi d nhu
trioctylphosphine oxide (TOPO) [1], Octadecane (QIE- 8],...) vada triécn khaiung ding
chung trongianh du huynh quang caditbao gay ung th[4, 5]. Nam 1999, Malikda céng b
nhitng két qua dau tién \é viéc nghién ¢u hwnh quang ¢a tinh tté nand CuInS@che tao trong
TOPO [1]. Sauio, nhom Castrda cong b két qua ché tao CIS va CulnSghing cach phanty
tir don ngwdn tién chit co kim [2]; Nakamurada thanh céng trong & pha 4p Zn vao CIS [3].
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Nim 2010, Reisga cong b nhitng két qua ché tao tinh tké nand CIS/ZnS trong dung méi ODE
bing phrong phap gia nkt, phat hgnh quang Hu Slﬁt caodén 60 %,duoc Sr dung dé thi
nghiém danh du huwnh quang trong cthé chwt sdng [4, 5]. Nim 2011, nhém Sang-Wook
Kim d& cl tao tinh tké nano CulngZnS trong dung mai ODEabg phrong phap phun ndng,
phéat hynh quang Hiu stit caodén 65 % vada gai thich chi tét hon ar dich W phia séng nin
sau khi loc v6 ZnS cho chm luong tr CIS 16i [6]. St dung phrong phép thy nhiét, nhém tac
gia Heesun Yang ct tao dugc cac cm lrong tir CIS/ZnSdat hiéu suit huynh quang 65 %
vao rim 2011[7], 90 % vaoam 2012[8] vaduoc ung ding dé ché tao dén LED. Nim 2012,
chdng t6ida trinh bay rat s két qua bandiu vé ché tao tinh thé nand CIS trong dung mdi diesel
[9]. Diesel |& dung méiiu co c6 nhit do s6i ~ 22F°C nén £t thuan tién cho véc ch tao cac
vat lidu & gan nhiét d6 d6, vi dong hoc phan tng manh né hon [10]. Hon nita, diesel throng
pham rat ré, cho phép fgia thanh khi chtao tinh thé nand CIS Wi khdi luong kon. Mot 5 két
qua bandiu cho thy ciu tric va tinh cft hdp thy, huynh quang # lieu CIS clé tao dugc c6
chat luong ©t, & nhiét &6 cao, thvi gian phin tng va phat tén tinh tké ngin hon, chit luong tinh
thé t6t hon.

Trong bai bao nay, ching tdi trinh bay cht tiac Kt qua nghién u cké tao tinh thé nand
CIS hing phrong phap gia nidt tao phan ang hinh thanh va phat én tinh thé ¢ nhiét d6 cao
trong dung méi dieselnh hrong aia cac théng&cong ngh nhr nhiét do va thvi gian phat
trién tinh th, ti 16 Cu : In trong céc &n chit 1&n tinh clt hip thy va hunh quang @a tinh tté
nand CIS. Chdng téiimg trinh bay kt qua nghién &u i thién tinh chit quang éa céc tinh th
nand CIS Bng viéc bd sung ndt luong nkd Zn trong thanh pin aia cac #n chit khi ché tao vat
liéu.

2. THUC NGHIEM

2.1. Hoa chHit

Cac hoa cit duoc sr dung dé ché tao tinh thé nand CIS: Copper(l)iodide (Cul, 98 %,
Merck), Indium(lil)acetate (In(Ag) 99,99 %, Sigma—Aldrich); dodecanethiol (97 %, &kgr
Oleic acid, diesel thong pram.

2.2. Quy trinh ché tao CIS

Tinh thé nano ClISduoc ché tao bing phrong phap gia nkét (heating up)ié tao phan ing
hinh thanh cac vi tinh éhchat luong ©t, c6 ¢ dong nhit cao. Chang téida chon dung moi
dieseldé thay tit TOPO héc ODE trong ch tao tinh tté nand CIS i uvu thé gia © va do
diesel c6 nhit do s6i ~ 220°C nén ft thuan tién cho véc ch tao cac it lidu nandd gan nhigt
d¢ do, do bi dungdugc dong hpc phan tng manh n€ hon [10].

Quy trinh ¢k tao dugc tém &t nhr sau: 0,0584 gd Indium(lll)acetate (0,2 mmol) va
0,0382 g bt Copper(l)iodide (0,2 mmoljugc thém vao bn hop 254 pl oleic acid (0,8 mmol),
2 ml dodecanethiol va 16 ml diesel trong biab.dHon hop tréndugc nang nhanh néti do t6i
khoang 210 — 230C wi tdc d6 nang nhit ~200°C/phit. Theo tbi gian phin tng, Bn hop
dung dch chuyn mau & mau vang sang mau cam, méiy do dam va cwi cung la nauten.
Trong qua trinh tic hién phan ung, cac ru (luong khaing 2 ml)duoc lay ra Wi nhiing thoi
gian ptin ung khac nhaujé ngwi tu nhién & nhiét d6 phong.

CA4c ht tinh thé nand CIS chtao dugc ¢ dang dung dch huyén phu (keo) (colloidal). Khi
can co th lam sich, Kt taa (dung dch keoduoc thém én hing cach nb giot tir tir chodén khi
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thdy c6 It tia duc thi dmg b sung én), li tam lai bo chit long dé Iay céc ft tinh the nand
dang ot hoac phéan tandi thanh dng huyn phu trong toluen.

2.3. Céac phrong phap nghién u ciu trac va tinh chit quang

Dé danh gidanh hrong aia cac théng&cong ngh dén chit luong cac ht tinh thé ché tao
duogc, chang tdida thre hien mot sb khao satdic trung. Pha tinh té cia cac bt CIS dugc nhin
dang king phrong phap nkiu xa tia X, trén may Siemens D500Gachang Siemens —8g hoa
Lién bangbuc. Kich thréc aia cac bt CIS duoc khio sat ing phrong phap chp anh hing
kinh hién vi dién tir truyén qua (TEM, k do JEOL-1010).

Nghién aru tinh cfat hap thu va hunh quangiugc thuc hién trén 1 do huynh quang phan
giai cao, kich thich ing di-6t phat quang (LED)ut ngaai (budc séngdinh pho 370 nm), & do
c6 do phan gii tét nhy maydon sic iHR550,dau thu CCD Synapse lamarh dén —=70°C. PKo
hp thu cua miu CISdugc ghi Wi ngudn kich thich Bngdén halogen céng §u100 W.

3. KET QUA VA THAO LUAN

CAc tinh tlé nand ClSdugc ché tao trong dung mdi diesel, trong kitay nhit ¢6 200 — 230
°C Vi cac thi gian phat tén tinh thié khac nhauit 5 — 45 phatO mét nhiét do phan ttng xac
dinh, thyi gian phat tén tinh thé cang dai cho phépahtinh thé cang én hon. Né6i chung, cac
vat liéu nand CIS chitao duoc ¢ du trdc tinh tié tét. Hinh 1 trinh bay @t gian dd nhidu xa tia
X dién hinh @a miu CIS cl¢ tao & nhiét do 210°C trong 15 phit. Gh d6 nhidu xa tia X cho
thiy CIS d& dugc hinh thanh &i ciu tric Bp phrong. Cacdinh nhBu xa tai cac miit tinh thé
(112), (204), (116), (312yrbng ttng Wi cac goéc nhiu xa 20 = 27,8; 46,3; 54,6; 55,00 ban
rong aia cac wch nhéu xa kha bn, trong tng Wi cac hit tinh thé CIS cké tao duoc c6 kich
thudc nh. S dung cdng tikc Scherrer, cé thdanh gia kich théc hat tinh thé CIS trung binh
khoang 3,2 nm.
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Hinh 1.Gian d6 nhidu xa tia X cia tinh tké nan6 Hinh 2.Anh TEM aia tinh tié nané CIS chtao
CIS clt tao tai 210°C trong 15 phdit. tai 210°C trong 15 phdit.

_ Hinh 2 trinh bayinh TEM dia céc tinh th nand CIS cltao ¢ 210°C trong 15 phut. C6 th
thay cac hat nho co kich tlwréc trong khédng 3-5 nm, phudp Vi két qua tinh toan i gian do
nhiéu xa tia X.

Kich throc va tinh ct quang éa céc tinh th nand CIS co thdwoc diéu chinh bing cong
nghé ché tao vat liéu, nhr nhiét do phan ung va thi gian phat tén tinh thé, ti 16 Cu : Invatlé
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Cu : S. Khang nhét d6 phu hop dé ché tao cac nand tinh thCIS duoc xacdinh trong khang

210 — 230°C. O nhiét d6 phan (tng va phat téin tinh thé 210°C, thyi gian phét tén tinh thé 5 —
45 phut,cho phép chtao céc tinh th nand CIS phat hih quang cdinh phb trongting 1a 650
— 699 nm. Hinh 3 trinh bay ptap thy va pid huynh quang ¢a chim lwong tir ban dn CIS ci¢

tao & 210°C, trong 15 phut. Rhhip thy cho thiy c6 mdt by hip thy kha ©ng, khong rédinh

hip thy exciton. By viing Hip thu cho tHy ning lrong (2,4 eV) &n hon d6 rong ving ém cia

CIS ban dn khbi (1,53 eV), ti hién ré hiéu ung giam gir lvong tr cac ht tai dién trong cac
tinh thé CIS. Do ban Hng phS huynh quang khasin, khaing 100 nm, cungdi sy dich dinh plo

huynh quang so & phd hap thy (Stokes shift)dn khaing 140 nm. Niing béu hién nay cho
thiy ban chit huynh quang 6a cHim luong tr ban dn CIS khéng phi la tai hop dién tr - 15

tréng ¢ trang thai exciton. Trong cac cdng,koai huynh quang quan sétroc c6 kin chit 1A tai

hop céacdién tir - 15 tréng trén cac ap sai lbng mang cang donor-acceptor [4, 5, 11, 15].
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Hinh 3.PHb hap thu va hynh quangga tinh tié nand
CIS clt tao & nhigt @6 210°C trong thyi gian 15 phdt.

Anh hwéng aia nhiét dé: Khoang nhit 46 duoc hra chon ché tao céc tinh th nand CIS |a
200°C dén 230°C (voi thoi gian phat tén tinh thé gibng nhau 1a 15 phutié khao sét tinh cht
huynh quang ph thupc nhist do. Két qua ché tao tinh thé nand CIS theo nbi d6 phan tng dugc
trinh bay trén hinh 4a. Bhp thu va ptd huynh quang cho tty khi nhiét d6 ting dinh hynh
quang va b hip thy dich chugn vé phia séng daiptngng wi kich thrdc hat vat ligu ting. O
nhiét d6 200°C, arong d6 huynh quang condu va by hip thy chra ré rang. Co6 ththiy nhiét
d6 chi ting 10°C da lam dch dinh phb khaang 24 - 26 nm. € thé tinh thé nand CIS cétao &
210°C, 220°C va 23(°C trong thdi gian 15 phat cho cac mhuynh quang cdinh trong ttng &
662 nm, 686 nm va 712 nm. Cdinh phS huynh quang nayleu & vung ring lrgng khé 6n so
vé6i nang lerong ving ém aia CIS tinh ti khoi (1,53 eV), cho thy sr déng gop @a ning lwong
giam hamkong tir trong cac chusn doi phat quang. T tinh chit phd hip thu va hynh quang,
cO tré thdy nhiét do ché tao mau tot nhit [a 210°C. Piéu nay cd lién quarvt viéc ar dung diesel
lam dung moi pin (g, cé nhét do s6i ~220C.

Anh huéng cdia thoi gian phat trién tinh thé: Vi thoi gian phét tén tinh the ngin hon
15 phdt, cac nand tinhdtCIS cle tao dugc co kich tirée nhd hon, trong tng Wi chuyen doi
guang tk hién trén iy pho hap thu vadinh pho huynh quangy buéc séng ngn hon (ning hrong
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cao fon). Hinh 4b trinh bay ghhap thy va hunh quang a tinh tté nané CIS cé tao ¢ nhigt
d6 210°C véi cac thyi gian phat tén tinh th khac nhau trong klioag 5 phatdén 45 phat. C6
thé thy, thoi gian phat tén tinh tH ngin tao thanh tinh th nané c6 kich tinéc nh va phan b
kich thrgc hep hon, thé hign by viing Hip thy exciton rd kon. Tuy nhién, p& huynh quang i
thoi gian 5’ va 15’ gn nhr tring nhau cho fty trong khang 15 phaidau thoi gian phat trén
tinh thé khénganh hréng nhéu lim dén kich thrge va chit lvong cac nand tinh thCIS da ch
tao duoc. Khi thoi gian phin ¢tng ting 1én, trong tthg Wi kich thréc hat 16n hon, by hip thu
exciton b mo rong va dch W phia song dai vadrnén khong rd rang.ySmé rong by hap thy
exciton ctii yéu do phan b kich thréc bi md rong, do qué trinh & |6 Ostwald (Ostwald
ripening), trongddé nhing hat mam nhd bj tan ra trong dung mai, drthanh ngt’in cung ép
nguyén Igu de phat trén cac lat I6n hon, két qu la co nhéu kich throc. Thyc t, cho ti nay
cac cong b vé ché tao va nghién u tinh chit quang éa cac tinh th nané CIS chtrinh bay
phd vé6i bd hip thy tuong tr nhue cac plé trén hinh 3 ma khéng &hhién ré dinh Hip thu do
chuyén dvi exciton nhr trong cac cm lugng tir ban dn CdSe, CdTe, InP [16, 17].8ho
huynh quang, ngoai Bii ing thiy rd 1a sr dich dinh po vé phia 1ing lrong tkﬁp khi ting thoi
gian phat tién tinh th, twong tng Wi kich thrdc hat ting, khéng thy s thaydo|/mor rong phS
dang K. Hon nira, sr dich dinh pt6 huynh quang @ng it bon so \bi su dich by hap thu. Co tté
giai thich tinh clﬁt huynh quang quan satiy 1a do kn chit dai huynh quang hinh thanl tai
hop dién tir-13 trbng & cac tang thai c6 Bing hrong kha sauit by vang ém.
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Hinh 4.Ph5 hip thy va hiynh quang ga tinh tié nand CIS chtao ¢ nhigt @6 200 — 230°C trong thi
gian 15 phat (a), étao ¢ nhiét do 210°C theo thi gian khac nhau 5, 15, 30 va 45 phut (b).

Anh hwéng cia ti 1&é Cu : In: CIS la lyp chit ba nguyénd nén s dich ptd hip thu va
huynh quang pt thuge vao t I¢ Cu @ In.Bay ding la not cachdé diédu chinh ring lugng aia
chuyén dvi quang, khong pii bang kich thréc hat ma king 1t 1¢ hop thic. Hinh 5 1a pb hap thy
va hunh quang ga chim lrong tr CIS cté tao theo t 1¢ Cu : In khac nhau. 8 diéu kien ché
tao giit nguyén khong thagtdi cac 1 1é Cu : Induoc khao sat 14 0,5; 0,8; 1; 1,2 va 1,5étqua
cho tHiy khi ti 16 Cu/In ting (giau Cu) b hp thu vadinh hynh quang ith ¥ phia séng dai. C6
thé giai thich sr thaydoi vi tri dinh pro theo xu lxéng hinh thanh ¢p kim nhr sau: khi nghéo
Cu (trc la i 1é Cu : In gam) trong tén chit phan tng € cho trong tng sin phim giau thanh
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phan In,S;, lam cho #ng lrong vung ém aia hop kim sin phim lon hon nang krgng ving ém
cia Culn$ néndinh phS dich & phia song nn. Ngroc lai, giau Cu (t 1¢ Cu : In bn) twong
rng Wi giau thanh pin CuS trong én phim (do Cd*rat dé két hop V6i s tao thanh CS),
lam cho rng lrong viing ém aia hyp kim tao thanh nb hon ning hrgng ving dm aia CIS
néndinh plb dich & phia séng dai. Kt li do c6 ti¢ nita lam cho p& huynh quang ¢a néu giau
Cu dch \ phia séng dai émg rong thip) la & tao cac nic acceptor sau, tham gia trong qua
trinh phat hginh quang theoccché tai hop donor-acceptor. Dody, két qua thiy duoc 1a i tri
dinh pro huynh quang tth é phia séng dai thedl¢ Cu ting.
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Hinh 5.Ph hap thy va hynh quang ga tinh the nand  yinh 6. phg hép thu caa tinh th nand CIS cé
CIS cfe tao tai 210°C trong 15 phdt thed B Cu:ln 1 Jvioq10°C troﬁg 15 phat i ti ¢ Cu - In =
k&c nhau (cac giaitdugc chi ra trén hinh). “1-1vab sung Zn theaitié Zn - Culn =

0,1/0,9.

Anh hwéng ciia ti 1§ Zn : Culn: vét ligu ban dn hop chit 3 nguyénd CulnS ¢ cu tric
mang tinh tté lap phrong zinc-blende @ing nhr ZnSe, i sy thay ti¢ lan luot Cu va In vao v
tri cua Zn vi vy, bing cach b sung thém @t lvong nho Zn trong thanh Fﬁn aia tién chit ché
tao CulnS, chit luong tinh tt cua CISdugc i thién rd ©t. Diéu nayduoc thé hién rd qua ph
hap thy caa khi CISdugc ché tao véi ti I¢ Zn : Culn = 0,1 : 0,%t nhiét d6 210°C trong 15 pht
(nhu chi ra trong hinh 6). T hinh 6 ta thy, phd hap thu caa CIS khi cé nit Zn $ dich v ving
pho xanh va b hip thu exciton t& nén ré rang én khi so sanh & CIS khéng c6 Zny cung
diéu kién thi nghém. Vai trd @ia Zn trong vic tao duoc by hip thy exciton rd rang én va nang
cao cht luong hunh quang ¢a chim lugng tir ban dn 16i CIZS c6 tl 1a do Zn tham gia trong
thanh pln cia chim luong tr CISda bu tru niing sai lbng mang do nat can king dién tich @a
Cu va In trong bp thic. Nhr vay, c6 tié ham lrong Zn khang 10 % éa Culn lam ing chit
lwong tinh tie, giam cac kénh tiéu taning krong aia ke dién tir - 16 trong khéng can dng sinh
ra do kich thich quang, laring xac st tai hop huynh quang.
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4. KET LUAN

Tinh thé nand CISda duoc ché tao trong dung méi diesehitnhiét do 200 — 230°C Vi
thoi gian phin tng va phat tén tinh th khac nhau trong kliag 5 — 45 phut, &i ti 1& Cu:ln
trong khang 0,5 : 1 + 1,5 : 10 nhiét d6 cao, dc do phan tng nhanh bn l1am cho thi gian
phan &ng va phat tdn tinh thé ngin hon, chit lugng tinh thé t6t hon. Két qua nghién @u tinh
chit quang cho thy chit luong tinh té nand ck tao trong dieseldt nhit 1a 210°C. G mét nhiét
d6 phan tng xacdinh, thyi gian phat tén tinh t cang dai cho phépahtinh thé cang én hon
va dinh hynh quang th chuyn vé phia séng dai. Khiiié¢ Cu : In &ing, by hip thu va hynh
quang dch & phia séng dai,&i nguyén nharduoc cho 1a do xu tsng hinh thanh ép kim giau
ddng aia CIS. Cht luong aia cAc tinh th nandé CISduoc cii thién ré wi mot lwong nhd Zn
(< 10 %)duoc bo sung trong thanh ph aia tién chit, cho thy by hip thy exciton rd rang ¢n
va hyynh quang ¥i hi¢u stit cao ton.

Loi cim on. CAc tac gi cim on Quy NAFOSTED (té tai ma $ 103.06-2011.53, 09 - &Y Ii) d3 tai toy
kinh phi nghién @¢u; Phong thi ngléim trong diém ve Vit liéu va Linh kén dién tir, Vién Khoa hyc vat
liéu da cho phépisdung trang thit bi.
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ABSTRACT

INFLUENCE OF THE SYNTHESIS CONDITIONS
ON THE OPTICAL PROPERTIES OF CulpSSANOCRYSTALS

Nguyen Thi Minh Thuy #”, Tran Thi Kim Cht, Nguyen Quang Liem

YInstitute of Materials Science, Vietnam Acadenaxnce and Technology,
18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietham
*Thai Nguyen University of Education, Luong Ngoc @uyThai Nguyen, Vietnam

"Email: thuy.dhsp@yahoo.com

This paper presents the results on the synthesilfS nanocrystals (CIS NCs) by using
heating-up method, in which NCs are nucleated bgnibal reaction and developed at high
temperature in diesel solvent. The influence of neal parameters such as the reaction
temperature, growth time, Cu:ln molar ratio frome tprecursors on the optical properties
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(absorption and photoluminescence) of CIS NCs wardied systematically. In particular, the
quality of CIS NCs formed and developed in the terajure range from 200 °C to 230 °C for
15 minutes and the Cu : In ratio of 0.5 : 1 + 115was investigated. Based on the absorption and
photoluminescence characteristics one could s¢¢htbabtained CIS NCs have the best quality
by synthesizing at 216C in diesel.lt is found that the optical property of CIS NCs is
significantly improved by adding Zn ions (the ambafi< 10 %) to precursors in the synthesis
that show the excitonic absorption clearer.

Keywords:nanocrystals, CulnSoptical properties.
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