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CHE TAO CHAM LUQNG TU CdSe BANG
PHUYONG PHAP HOA SACH

(NG THI DIEU THUY, NGUYEN QUANG LIEM

1. MO DAU

Gian day, cac chém lugng tir (QD) ban din hqp chét II-VI nhu CdSe {1}, CdZnSe [2],
CdSSe [3] duoc quan tam nghlen clru nhidu do ¢6 thé phat quang hiéu suét cao trong ving pho
kha kién song ngin dén hong ngoai gan, tuy thudc vao kich thuéc vat ligu. Da c6 nhiéu cong bé
quan trong lién quan dén cong nghé ché tao vét liéu [1] ciing nhu tmg dung clia chung trong
dénh d4u sinh hoc [4 - 6], pin mat troi [7] va tmg dung lam vét liéu phat quang trong chiéu séng
rén,..[8 - 9].

Tién bd dic biét trong cong nghé ché tao cic QD CdE (E = §, Se, Te) vdi kich thudc
1,2 — 11,5 nm déd duge Murray va cdng sy thyc hién tir hgp chit co knn cia Cd (dién hinh 13
Cd(CH;);) & nhiét d§ cao (> 300°C) [1]. Cong nghe; ché tao CdSe tir Cd(CH;), cho phép ché tao
dugce vat lidu co 49 dong nhét cao (vdl d6 sai khac kich thuéc ~5% sau khi thye hlen két tia
chon loc) c6 tinh chét phat quang tot Tuy nhlen nhiéu nha nghién ciru d4 nhan thay vige sir
dung tién chit co kim Cd(CH;)z 1a rat dbc, rét dat, khong bén & nhiét d§ phong, dé chay né &
nhiét dd cao (khi phan tmg dé tao CdSe) do giai phéng mot hreng khi 16m [10). Vi véy, khéng
M san xuét dugc hegng 1on QD CdSe tir nguyén liéu co kim cia Cd. Thanh cdng cé tinh daot
pha dé khic phuc nhlmg han ché trén d3 duoc Peng va cdng sy thyc hién: ché tao QD CdSe chit
luqng cao tir cac hqp chit vé co it doc hai nhu CdO, CdCly, CdCO;..., véi lqch thude tir 1,5 nm
dén 25 nm co d$ sai léch phéin bé kich thudc khoang 5% - 10% (khong can phal két tiia chon
loc) va hiéu sudt luo‘ng tr huynh quang dat 20% - 30% [11]. Phén tich qué trinh phan @mg hoa
hoc cho thdy du xuét phat tir cac hgp chét vé co cia Cd, nhung trong trioctylphosphine oxide
(TOPO) & nhiét 4§ cao Cd s& tao phirc véi céc phm tir manh nhu hexyl-, tetradecyl- ho#c
dodecyl-phosphonic axit (DDPA), tré thinh phirc chit twong ty nhu mét hgp ¢hit co kim. Phirc
chét ndy s& phan img v6i Se da duge hoa tan trong cdc dung moi trioctylphbsphinc (TOP) hodc
tributylphosphine (TBP) .0 nhiét d¢ khoang 240-300 °C, tao thanh cac tinh thé nand CdSe.
Khao sat mét s tién chit v6 co khac nhau ciia Cd cho thiy CdO da dugc st dung thanh cong dé
ché tao cic QD CdSe chit lugng cao bing phuong phap phan (g ho hgc mét lan trong binh
phan img (one-pot) [10]. Hon nira, phuomg phép phan (ng hod hoc mét lan cbn cé wu didm la
dugc thye hlf;n trong hé kin va khong cén tach cac phirc chét trung gian cia Cd trudce khi phan
{mg; trong nhiéu céng b, né duge xem li phurong phap héa sach (green chenfistry) dé ché tao
Iwgng 16n QD béan dan chit lugng cao [10]. (Luu y ring gia QD CdSe rat dét, va chi c6 mot s6
hing trén thé gidi ban: ~1700 USD/mg nim 2004 va hon 30 USD/mg hién nay).

Hiéu suét lugng tir ciia cic chim lugng tir phy thude rit 15 rét vao trang thai bé mat ciing
nhu cac phéi tir bao boc (ligand). TOPO 13 phéi tir hiru co cho phép chidm lugng tir CdSe phat
quang hiéu suét cao. Tuy nhién, 16p vo vé co 4n dinh va phi hop hon trong rat nhidu (mg dung
thyc t&. Trén co s& phi hgp mang va kha ning giam ham hat tai (dién tir va 16 tréng), ZnS va
ZnSe va CdS da dugce sir dung dé tao vo chio chdm lugng tir CdSe. Reiss va cong sy da rét thanh
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cong trong cong nghé boc vé chim lugng tr CdSe bing mdt 16p ZnSe va ZnS hodc hai 16p
CdS/ZnS, cho phép huynh quang dat hidu suét lugng tir 60 - 85% [12-13].

Trong bai bao nay, ching t8i trinh bay két qua nghlen ctru ché tao cac QD CdSe c6 kich
thwde 2,8 - 5,0 nm sir dung nguyén li¢u CdO va h¢ thong phan ung kin. Vit liéu che tao duqc co
hinh dang tya chu véi 35 phin tén kich thudc khoang 10%. Chét lugng vit lidu tét duoc khing
dinh bing phirong phap do huynh quang va hidu suit lugng tir huynh quang.

2. THYU'C NGHIEM
2.1, Ché tao chiim lugng tir CdSe

2.1.1. Héa chdt’

Cac hoa ct,lét dugc s\t dung dé ché tao cdc chdm lugng tir CdSe va CdSe/ZnSe: cadmium
oxide (CdO) d% sach 99,5%; tri-n-octylphosphine oxide (TOPO, Cy4H; PO, Merck) 98%; tri-n-
octylphosphine (TOP, C,yH; P, Fluka) 90%; hexadecylamine {(HDA, C;sH;sN, Merck) 92%;
dodecylphosphonic acid {DDPA, C;;H;,0:P, polycarbon Inc.); selenium (Poole England) 99%;
toluen va methanol (Merck) zine stearate (C;gH700,Zn, A]drnch)

2.2.2. Quy trinh tong hop CdSe

Hbén hep cua 0,4 mmol CdO, 0,8 mmol DDPA, 1,75 ml TOPO va 3,25 ml HDA duoc nap
vao binh cdu 3 ob (dung tich 50 hogc 100 ml). Dun néng chay hbn-hgp & 60°C va hit chén
khong khoang 45:phut dé loai bo oxy va cac tap chit d& bay hoi. Sau d6, dién khi N, dé tao méi
truong bao vé va néng nhiét d6 1én 300°C. 3 nhiét d6 nay, dung dich néng chay cia TOPO va
HDA hea tan CdQ, tao phitc Cd v&i DDPA tao thanh dung dich trong sudt mau vang nhat. Dun
dich dugc giit & 300°C khoéng 15 phat, sau d6 ha va on dinh & nhiét d mong muén phan u’ﬂg
xay ra (240 - 300°C, tuy thude vao kich thude QD muén ché tao) Phun nhanh 2,5 ml dung dich
TOPSe 0,4 M va khudy manh. Sau mét thoi gian khoang vai gidy, dung dich trong binh phan
{mg d6i miu vang nhat, cam nhat hodc ddm tuy theo nhiét d§ phan vmg va thdi gian liy miu.
Dung dich TOPSe 0,4 M dugc ché tao bing cach hoa tan 1mmol Se trong TOP trong méi truong
khi tro (nito). San pham QD CdSe dugc két tha va 1am sach (ligand hitu co) bing toluen va
methanol. Sau d6, ching du‘qc phén tan lai va bao quan trong cac dung moéi khac nhau nhyu

n-hexan, toluene, chloroform,..

2.2. Phuong phéip nghién cirn thyc nghiém

Cac miu ché tao vdi cac didu kién cong nghé khac nhau dugc khao sat leh thuée, phan bé
kich thudc va hinh dang hat bing phuong phap ghi anh hién vi dlr;;n tir truyén qua (TEM, hé do
HRTEM JEOL 4000EX, tai CEA, Cdng hoa Phap).

Tinh chét hip thy cia CdSe duqc khao sét trén hé do quang phé UV-Vis-NIR (Cary 5000).
Phé huynh quang va phép do higu suat lugng tr huynh quang dugc thyc hién trén hé do huynh
F- 4500 FL. €6 thé sir dung c4c ngudn kich thich c¢6 bude séng khac nhau trong viing hip thy céa
QD dé kich thich huynh quang. Trong thi nghiém hién tai, laser ban din phat budc séng 400 nm
dugc sir dung dé kich thich huynh quang. Tin hiéu huynh quang dugc ghl nhéin bang ong nhén
quang di¢n (Hamamatsu R928). Hi¢u suat hugng tir huynh quang durge xdc dinh béng cach so
sanh dién tich phd huynh quang nhén dugce trong cing didu kién kich thich, cing do hép thy cia
QD CdSe va cia Rh 6G (c6 hidu sudt lrgng tir dugce cong bd 12 95%).
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3. KET QUA VA THAO LUAN

Kich thudc va tinh chét  quang (hép thy, huynh quang) ctia chim lugng tir CdSe c6 thé duqc 8
diéu chinh biing cac thong s6 cong nghé nhu ty 1¢ cia TOPO/HDA, Cd/Se, thti gian va nhiét 46
phan tng. Trong bai bdo nay, ching t6i sir dung mét sb théng sb cong nghé ti vu da dugc cong
b6 vé lugng sir dung cia TOPO/HDA, Cd/Se {13] danh sy quan t4m nghién ctru v& anh hudng
cua nhiét d§ va thoi gian dén kich thudc va chit hrong cia cac QD CdSe. Tuy thuge vao kich
thude QD mong muon chung t6i d& didu chinh nhiét d¢ phéan img cia phirc chat Cd véi TOPSe
va thoi gian phat trién tinh thé. Khoang nhiét do phu hgp dé ché tao cac QD CdSe dugc xac dinh
trong khoang 240 - 300°C. G mét nhiét 4§ phan img x4c dinh, thdi gian phéat trién tinh thé cang
dai cho phép hat tinh thé lén hon. Thuc nghiém cho thiy thoi gian phat trién tinh thd khoang
1 - 3 phit 14 t6i wu. Giir nguyén thdi gian nudi tinh thé, nhiét 45 phan img dugc sir dung lam yéu
t6 didu khién mot cach hiéu qua kich thudc va tinh chét quang ciia cac QD CdSe. Vi dy, khi thuc
hién phan ing & nhiét 86 ~250°C, QD CdSe ché tao dugc cé kich thuéc ~3,4 nm trong thoi gian
phét trién tinh thé 1 phiit, ¢6 dd ban rong phd huynh quang rat hep hon so vai khi thyc hién phan
img & cung nhiét d6, nhung kéo dai thi gian phat trién tinh thé nhim tao QD c6 kich thuéc
trung binh 1én. Trong khi d6, dé ché tao QD CdSe c6 kich thudc 16n hon (4 - 5 nm), v6i phéin bd
kich thude dong déu hon, cin diéu chinh nhiét d6 phan ing cao ~270°C va giix nguyen thoi gian
nudi tinh thé ngan (mot vai phut tuy leh thuoc yéu cau).

CdSeQDs -« -

0 T
26283032 3436 3840 42 44
Kich thutge hat (nm)

. Hink Iq. Anh TEM cua céc QD CdSe ché tao & Hinh 1b. Phin bd kich thuéc hat CdSe ché tao &
250°C, 1 phut , 250 °C, 1 phyi

Phuorng phap ché tao QD CdSe tir tién chit vd co CdO cho phép de dleu chinh kich thudc
hat hon phuong phap di tir Cd(CH;),: do CdO tgo phirc kha bén vimg véi céc chét hiru co nhu
dodecylphosphonic axit 1am cho téc 8 phan ung hinh thanh CdSe chim hon nhiéu so voi sir
dung Cd(CHg)g, tao ra cac didu thuan lgi: c6 thé giam nhiét d§ phan 0 ung, thdi gian phan img tao
mam tinh thé kha dai (~10 gidy [10]) cho phep thao tac thye nghi¢m dé& dang hon, dé 13p lai hon.
Toc d% phun TOPSe ¢6 anh hU‘O‘ng tryc tiép dén sir hinh thinh méam tinh thé ciing nhu sy phat
trién ddng déu vé klch thudc cua cac QD CdSe. Trong nghién ciru nay, chang t6i da sir dung chu
truc ddc bi¢t cia éng phun gdm nhiéu 15 nho cé dudng kinh khoéng val trdm pm d8 co thé phun
déng thoi nhleu tia TOPSe véo binh phan ing chira phirc Cd. Thue té, c6 thé phun thanh nhiéu
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tia nhé lugng 5 ml TOPSe trong khoang 1 gidy, tao diéu kién hinh thanh mim CdSe ddng déu,
- tir @6 phét trién thanh cac QD c6 kich thudc kha dong nhat.

"Hinh 12’13 4nh vi hinh thai TEM cia mét vi du miu QD CdSe ché tao & nhiét db 250 °C.
Céc hat CdSe c6 kich thudc kha ddng ddu va hinh dang tya cdu. Chiing ti d4 x4c dinh phan bo
klch thudce hat bing cach do kich thuéc ciia cac cham luqmg tir CdSe theo truc dai va truc ngan
lﬁy trung binh trong tong s6 50 hat lya chon ngau nhién. Két qua phan b6 kich thuée hat duge
biéu dién trén hinh 1b, cho gia trj chinh ciia chim luqmg tir CdSe ché tao duge c6 kich thude
trung binh 12 3,4 nm + 0,2 nm va ¢4 40 sai léch phan bb khoang 10%. V& nguyén tic, khi tinh
v0'1 s6 lrgng hat cang nhiéu hon, thng ké cac gla tri kich thudc trung binh s& cho thdy phan b
gan dang Gauss hon. Gia tr] nhén dugc trigc tlcp tir anh TEM thuc té da duoc xé4c dinh trén cac
hat c¢6 ca lop vo phﬁn tir hitu co (TOPO/ HDA) bén ngoai, nén ¢6 the Iém hon kich thude that
(trong da s6 comg bd, kich thuéc chm luong tir duge x4c dinh gian tiép tir vi tri exciton trong
pho hép thy, thdng qua tinh todn véi niing lugng do hi€u ung giam ham lugng tir céc hat tai va -
tuong tac Couldmb).
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Hinh 2:Phé hép thu va huynh quang cia CdSe Hink 3. Phé huynh quang ctia Rh.6G (a) va CdSe (b)
ché tgo & 250 °C, 1 phit sir dung dé tinh hidu suft lugng tir

Hinh 2 trinh bay phé hap thy va phd huynh quang cua QDs CdSe ché tao & 250°C, phan tan
trong dung méi toluen. Phé hép thy c6 dang phd dam véi mét s6 cwc dai trong Ung véi céc
chuyén doi giita cac trang thai lugng tir khac nhau [14]. Pinh hp thy exciton & ~520 nm (2,39
eV, tuong ung vGi chuyen doi 1837-158.) rit 1o rét chtmg té kich thuée QD khi dong nhit va
chét leong tinh thé 6t (hmh 1b). Tir phd hép thy, c6 thé chon céc bude séng khac nhau trong
ving ngfin hon 520 nm dé kich thich hiéu qua huynh quang. Trong trudng hgp nay, phd huynh
quang nhan dugc véi kich thich. bing laser diode phat & budc séng 400 nm. Céc chdm lugng tir
CdSe ché tao dugc cé cyc dai hujnh quang & budc séng 537 nm (2,31 eV, tuong {ng voi
chuyén di 18, S3p), c6 49 ban rong phd hep (~30 nm) va higu suft luqng tir huynh quang ~
60%. N6i chung, cic QD chung t6i ché tao duge phat huynh quang véi d6 ban rong phé trong
khoang 25— 32 nm, ¢ hiéu suat lugng tir trén 50%, ndm trong khoang nhitng s6 lidu da cong bd
trén thé gidi vé QD CdSe chit lrong cao [15, 16].

Khl nhiét 46 nudi tinh thé tﬁng, cye dai hp thu va huynh quang ctia QD CdSe ché tao dugc
dich vé phia séng dai, twong g véi kich thudce hat ting. Cin nhin manh ring c6 thé dleu khién
kich thuéc hat Iém bing cach kéo dai thoi gian nu01 tinh thé. Tuy nhién, do sy phét trién ciia tinh
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thé ¢o canh tranh nhau theo qua trinh Ostwald [17], nén sau m{t th&i gian, cac tinh thé mam nho
phit trién chdm hon, tham chi bj tan dan thanh kich thuéc nhé hon, trong khi 86 céc mim 16n
hon dugc vu tién phat trién, 1am cho phan b6 kich thudc hat bj mé rong & vung kich thude nho.
Nhiét d6 nuéi tinh thé cao la giai phap thay thé ¢ didu khién higu qua viing klch thude cia céc
QD, cho phép tée dd phan irng tao mam xay ra nhanh, ddng thi toc 4 phat trién tinh thé ciing
Ién hon. Vi viy, c6 thé tao duge c4c QD c6 kich thurde 16n hon véi phan bé kich thlmc khong b;
qué phan tén do thiri gian nudi tinh thé kéo dai.

Hinh 3 trinh bay phd huynh quang cta Rh 6G va cia QD ché tao duge vcn ciing 86 hip thy
(khoang 0,1), kich thich bang laser diode phat & budc song 400 nm. Higu suét hrgng tir huynh
quang duge xac dinh bing cich so sanh tich phén toan dién tich phd huynh quang trong ving
bude song twong img. 0 day, chang t6i d& cong nhén Rh 6G c6'higu suat hugng tir 95% nhr
nhiéu céng bd [13] da sir dyng, d8& 1am chuén so sanh. Ket qua 1a cac QD CdSe véi kich thude
khac nhau co hleu suét luong tir kha cao, vi dy nhu mau trinh bay trong hinh 3 dat dugc gia tri
~60%. Thuc t&, mau nay ¢6 huynh quang kha rd rang ngay dudi anh sing ban ngay trong phong
thi nghiém. .

4. KET LUAN

Chiing t5i di ché tao cac chim lugrng tur CdSe va CdSe/ZnSe ¢ kich thude trong ving
2,8 — 5,0 nm, sir dyng nguyén li¢u CdO va hé thong phan ting kin. San phim tao duge co chit
lugng tot ¢4 hinh dang tya cau, sai I¢ch phan bé kich thude kha nho (~10%), c6 tinh chit huynh
quang t6t (huynh quang voi 46 ban rong phd ~25 — 32 nm, phd hip thu véi dinh hip thu exciton
rd rét, higu suat huynh quang cao ~60%). Chung 161 da khao sit anh huong cia mdt s6 didu kién
cong nghé ché tao, dic biét 1A nhiét do phan (mg (tao mém nand tinh thé, trong khoang 240 -
#00°C) va thoi gian nudi (phat trién tinh thé, tir 30 gidy dén hang chyc phut) tGi chét lugng va
phan bé kich thuéc cta cac chidm lugng tir CdSe va CdSe/ZnSe. Trong diéu kién phong thi
nghlem hign c6, ching tm di xdy dung va chu dong duo'c cdng ngh¢ dé ché tao c4c cham luqng
tir v&i nhimg thay dbi cu trac/ kich thude theo yéu chu, phuc vy tét cho cc“mg.tac nghlen clru va
ing dung. Khi can ing dung lugng san phdm Ién (vi du trong céng nghé chiéu séng trang théi
ran — solid state Ilghtmg, trong ki thut dénh déu huynh quang ~ fluorescence labeling), quy mé
ché tao san phdm c6 thé dugc ning cao tdi hang gam m&i mé.

Cac tac gia cam on Dr Reiss d& c6 nhirng théo luan quy bau vé cdng nghé ché ta‘o vat liéu, giup ghi
anh TEM va do hiéu suét huynh quang. Churong trinh Nghién clru co ban trong Khoa hoc Ty nhién
va Vén Khoa hoc va Céng nghé Viét Nam @4 tai trer kinh phi thic hién nghlén clru nay.
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SUMMARY

PREPARATION OF CdSe QUANTUM DOTS USING A GREEN CHEMICAL
REACTION METHOD

In this paper we present the study of the CdSe quantum dots preparation using a closed
chemical reactlon‘system and inorganic CdO compound as a starting material. Several advantage
features of the meritioned method are as follows: safely chemical reaction, quantum dots made
have quasi-spherical shape with mean sizes in the range 2.8 - 5.0 nm (determined from the TEM
images). The size dispersion of 10% has been achieved for as-prepared quantum dots without

. any selective precipitation that was controlled by the temperature for crystallite seeding and 1
time for growing as well. High quality of the CdSe quantum dots has been confirmed by
photoluminescence measurement which gives the spectra with full width at half maximum of
25 — 32 nm and the quantum yield of 60%.
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