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ABSTRACT

ZnS nanocrystallites have been successfully prepared by using sodium
thiosulfate (Na»S->03) and zinc chloride as starting materials. Hierarchical
nanospheres of ZnS were formed when ZnS nanocrystallites were
irradiated by microwave in 15 or 60 minutes, at 100°C. The obtained ZnS
nanopowder was characterized by X-ray diffraction (XRD), Energy-
dispersive X-ray spectrometry (EDS) and field emission scanning electron
microscope (FESEM) to determine the crystal lattice structure, lattice
composition and average crystal size. Optical properties of ZnS powder
were studied by means of photoluminescence excitation (PLE) and
photoluminescence (PL) spectra. PLE spectra of those samples showed
emitted band in the range of about 280-350 nm which was about 65 nm
blue-shift from the absorption of bulk ZnS at 344 nm, that indicated the
quantum confinement effects. PL spectra of the samples centered at 350-
650 nm. PL spectrum of hiearachical nanospheres had an emission peak at
453 nm, which was about 15 nm red-shift from the emission peaks at 438
nm of the formed ZnS nanoparticles.

TOM TAT

Cac hat nano tinh thé ZnS duoc ché tao voi vat liéu ban dau la sodium
thiosulfate (Na»>S>03) va ZnCl,. Hinh cau nano hierarchical ZnS dwoc tao
thanh khi cac hat nano tinh thé ZnS duoc chiéu xa vi song (Microwave -
MW) trong thoi gian 15 va 60 phut, ¢ nhiét do 100 °C. San phdm bét nano
ZnS dwoe do nhiéu xa tia X (XRD), tan sdc nang luong (EDS), anh hién vi
dién tu quét (FESEM) xdc dinh cu tric mang, kich thudc, hinh thai hoc
cua tinh thé. Tinh chdt quang cia mau bot ZnS ciing duwoc nghién ciru
bang phé kich thich huynh quang va phé huynh quang. Phé kich thich
huynh quang cua cac mau ndy c6 dai phé  ~280-350 nm, c¢é mét dich
chuyén xanh (blue shift) ~65 nm vé phia nang hrong cao so véi dinh phé
kich thich ciia vt liéu ZnS khoi la ~344 nm, thé hién s giam gitr lwong
tir. Phé huynh quang cia cdc mdu nay cé ving phé réng ~350-650 nm.
Pinh huynh quang ciia hinh cau nano hierarchical & tai dinh 453 nm dich
chuyén do (red shift) ~15 nm so véi dinh hupnh quang cia cac hat nano
ZnS ché tao duwoc.
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1 GIOI THIEU

Ché tao vat liéu cAu trac nano va meso 1a linh
vuye duoc vu tién nhat cia nganh héa vat lidu vi
nhitng tinh chit dic biét ma loai vat liéu nay co
duoc. N6 c6 kha nang ing dung trong linh vyc xtic
tac, dién t, quang hoc, bd chuyén doi nang luong
miat trdi, vat liéu tir,... va nhidu tng dung khac
trong linh vuc vat liéu. Viéc téng hop cac hat va
mang ban dan II-VI ¢ duoc nghién ciru rong rai la
do n6é c6 nhitng tinh chit quan trong dugc tng
dung trong cong nghé dién tr, quang hoc, lade va
cam bién. Gan ddy, viéc ché tao hat ban dan thanh
cAu trac hierarchical dugc quan tam nhiéu hon, vi
ciu trac ndy 13 nguyén nhan 1am thay d6i nhiéu
tinh chit hoa hoc, dién tu, quang hoc... va do do
md rong pham vi rng dung cua vat li€u co cAu
truc nay.

Hién nay, c6 nhiéu phuong phap khac nhau
dé ché tao céu truc hierarchical nhu viéc su
dung nhiing loai héa chét dé tao khuon mau nhu 1a
cac loai chat hoat dong bé mat, tinh thé long... va
sau d6 chit tao khuon mau duoc loai bo di va
chit chinh con lai s& tao thanh ciu trac nano
hierarchical. Phwong phéap phd bién nhat dé loai bo
chét tao khuon mau 1a ly trich, loc rira béng cach
¢0 can, quay ly tdm hodc nung ¢ nhiét d6 cao. Tuy
nhién, d6i véi sulfides, chi co ly trich dung méi 1a
dé dang thuc hién vi tinh chat khong 6n dinh cua
sulfides khi dugc nung ¢ nhiét d§ cao. Vi vay, dé
c6 thé phét trién phuong phap méi nay va khac
phuc dugc nhuge diém ciia phuong phap sir dung
chat tao khudén miu va lam gia ting su twong tac
hau hét gilta cac hat nano dé thyc hién Viée tu tao
ra phoi mau hat nano. Phuong phap tong hop vi
song la phuong phap hiéu qua de tong hop
cac vat liéu chirc ning c6 nhiéu dang cau triic nano
khac nhau nhu day va que nano [1,2], dai nano
hierarchical [3], hoa nano (nanoflowers) [4], hinh
ciu va qua béng nano [5,6]. Phuong phap nay dé
thuc hi¢n, nhanh, hiéu qua va than thi¢én véi moi
truong, nén dugce sir dung nhiéu dé ché tao cac hop
chat ban dan.

Trong bai bao nay, chung toi trinh bay phuong
phap don gian dé tao thanh cac hat nano ZnS trudc,
sau do tao ra hé cAu tric nano hinh cau hierarchical
ZnS dudi sy hd tro vi song ma khong can sir dung
ho4 cht tao khudn mau.

2 THUC NGHIEM

2.1 Téng hgp cac hat nano tinh thé ZnS

50 ml dung dich ZnCl, 0,5 M va 50 ml Na,S,0;
0,5 M dugc cho vao binh phan rng. Dung dich nay
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duogc khudy tir trong 20 gid & nhiét d6 70°C dé tao
thanh sol mau tring. St dung may quay li tim
(6000 vong/phut) dé tach chiét mau ra khoi dung
dich, sau d6 rtra mau thu duogc bé'mg nude khir ion
nhiéu 1n va ethanol 2 1an. Bot w6t thu duoc sau do
dugc say kho ¢ 70°C trong mdi trudng chan khong
(102+ 107 Torr), san phdm nhén dugc cudi cung 1a
bot kho. Mau bot kho thu dugc 1a céc hat nano tinh
thé ZnS (mau 1).
2.2 Téng hop nano hinh cu hierarchical

ZnS bing phuong phép hd tro vi song

Qué trinh thi nghiém nay giéng nhur thi nghiém
trén, nhung sau khi ché tao duoc sol mau tre“ing thi
sol nay chia lam 2 phan, mdi phan 50 ml dugc d6
vao binh thiy tinh c¢6 dung tich 80 ml, roi dit binh
nay vao may chiéu xa vi song (CEM DISCOVER,
f = 2455 MHZ Ppay = 300 W), 14n luot cho chiéu
xa trong thoi gian 15 va 60 phut, & 100°C va cong
suét chiéu xa 1a 150 W. Sau khi chiéu xa xong, san
phim thu dwoc 14 moét hdn hop dung dich mau
trang duc (dang huyén phu). Dung dich nay ciing
dugc tach, rira va sdy kho gidng nhu phan ché tao
ra cac hat nano tinh thé ZnS. San phém nhan duoc
cubi cung 1a bot khd. Mau bot kho thu duge 1a cac
hinh cau nano hierarchical ZnS sau khi duogc chiéu
xa vi song trong thoi gian 15 phiit (miu 2) va 60
phut (mau 3).

2.3 Cac phuong phap khao sat thwe nghiém

Céu tric pha va thanh phan pha cta san phdm
ché tao dugc do XRD bang may do nhidu xa tia X,
Bruker D8 Advance (Cu Ka A =0,15418 nm), hoat
dong 6 40 kV/40 mA. Tbc d6 quét 0,02° s, tai
Khoa Hoéa Hoc, Truong DPai hoc Khoa hoc Ty
nhién, Pai hoc Quéc gia Ha No6i. Hinh thai hoc cua
mau bot khong chiéu xa va chiéu xa vi song duogc
x4c dinh bé’lng anh hién vi dién tir quét phat xa
truong (FESEM-Hitachi-S-4800, 15 kV-Japan).
Tinh chét quang cua vat liéu dugc khao sat béng
pho kich thich huynh quang (PLE) va huynh quang
(PL) qua may do quang phd huynh quang FL3-22
(JOBIN YVON SPEX FL-3-22) cua Khoa Vét Ly -
Pai hoc Khoa hoc Tu nhién - Ha Noi.

3 KET QUA
3.1 Tinh chét cAu tric

Hinh 1 13 gian dd nhidu xa tia X ciia mau bot
nhan dugc sau qua trinh téng hop & nhiét do 70°C
(dudng 1) va mau bot duoge ché tao bang phuong
phap hd trg vi song trong thoi gian 15 phit (duong
2) va 60 phut (duong 3). Hinh 1 cho thdy gian do
nhiéu xa tia X duoc dic trung boi 3 dinh nhiéu xa
¢6 cuong do yéu va do rong ban phd 16n, chimg to
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cac hat co kich thudc nhé. Vi tri cac dinh nay la
hoan toan tuong Gng véi nhléu xa trén 3 mat (111),
(220) va (311) cua ZnS co cau tric 1dp phuong tam
mit sphalerite voi hiang sb mang a = 5,406 A va
nhom khong gian F-43m (216) (JCPDS 05-0566).
Do rong ban phd cua cac dinh nhidu xa (duong 1)
16n hon do rong ban phd cia cac dinh nhidu xa
(duong 2) va (duong 3) khong nhidu lim, cho thay
ring cac tinh thé nhan duoc (duong 1) co kich
thudc gin giéng voi cac tinh thé ZnS ché tao dwoc
(dudng 2) va (duodng 3).

Cudng do (dvty)

30 40 50

20 (dg)
Hinh 1: Gidn df) nhiéu xa tia X ciia miu nano
tinh thé ZnS tong hop bang phuong phap dong
két tiia (1) va dong két tia két hop véi chiéu xa
vi song trong 15 phiit (2) va 60 phut (3)

Duya vao gian d6 nhidu xa tia X va cong thirc
Debye-Sherrer D = 0,94/ cosb, voi A 1a bude song
nhidu xa tia X, f 1a d6 ban rong cuc dai ciia vach
nhiéu xa cao nhat, 6 1a goc nhidu xa, chung t6i tinh
duoc kich thude tinh thé ctua nano ZnS cua mau 1,
2 va 3 duoc biéu dién ¢ Bang 1. Tir két qua nay
(Bang 1) cho thiy kich thudc tinh thé cua nano
ZnS clia nhitng mau nay thay doi khong nhiéu.
Diéu nay chung t6 kich thudc hat tinh thé khong
phu thugc vao thoi gian chiéu xa vi song. Két qua
nay phu hgp vai tai liéu tham khao [6].

Bang 1: Kich thwéc trung binh cia hat nano
tinh thé ZnS dwgc tong hop bang
phuong phap ho trg vi séng

MAiu 1 2 3
T (phut) 0 15 60
p (radian) 2,003 1,870 1,616
20 (do) 29,2 29,1 29,1
D (nm) ~4 ~4 ~5

Mau 1 duoc do phd tan sic ning luong (EDS).
Két qua dugc biéu dién trén Hinh 2. Tir day cho
thay cac nguyén to thanh phan xuat hién trong mau
gdm cac nguyén t& nhu k&m (Zn), luu huynh (S) 1a
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cac thanh phe‘m chinh cua cac hat nano ZnS. Thanh
phan nguyén tb oxy (O) va clo (Cl) chiém khong
dang ké trong mau. Céc nguyén t6 co trong phd
EDS dung nhu céc thanh phan di dua vao trong
qua trinh tong hop.

Spectum 2
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Full Scale 15275 cts Cursor: -0.012 ke (2633 cts) ke'|

Hinh 2: Gian d6 phd tan sic ning lweng caa
cac hat nano tinh the ZnS

Anh FESEM cua miu bdt nano tinh thé ZnS
dugc biéu dién ¢ Hinh 3. Kich thudc trung binh
ctia cac hat nano tinh thé ZnS nay khoang 20-40
nm, 16n hon kich thuge tinh thé duge tinh bﬁng
cong thirc Debye — Sherrer 14 ~25 nm. Két qua nay
la khong phu hop véi kich thudce hat dugc tinh toan
dua trén gian d6 nhidu xa tia X nhu dé trinh bay &
trén, 1a do kich thudce tinh trén anh FESEM 1a kich
thudce hat, con kich thudce dua trén gian dd nhidu xa
tia X 1a kich thudc tinh thé. Hinh 4 1a anh FESEM
ciia mau bot nano tinh thé ZnS dugc ché tao béng
phuong phap dong két tia két hop phuong phap hd
trg vi song, trong thoi gian chiéu xa vi song la 15
phut, ¢ nhiét @6 100°C. Hinh thai hoc cta cac hat
nano tinh thé ZnS nay c6 dang gan gidng nhu hinh
cau, kich thuée trung binh khoang 100-150 nm, ¢
chira cac hat nano nho hon, kich thudc ~5 nm.

IMS-NKL x100k SE(M)

Hinh 3: Anh FESEM ciia byt nano tinh thé
ZnS che tao bang phwong phap dong ket tia
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500nm

Hinh 4: Anh FESEM ciia bdt nano tinh thé ZnS
dwoc chiéu xa vi séng trong thoi gian 15 phit

IMS-NKL x100k SE(M)

Hinh 5, 12 anh FESEM ctia mau bdt nano tinh
thé ZnS dugc ché tao bang phwong phap hd tro vi
song, trong thoi gian chiéu xa vi song 1a 60 phut, &
nhiét d6 100°C. Hinh thai hoc cua tinh thé ZnS nay
¢6 dang hinh ciu nano hierarchical gdm nhiéu que
nano tao thanh.

N,

IMS-NKL x100k SE(M)

Hinh 5: Anh FESEM ciia bdt nano tinh thé ZnS
dugc chiéu xa vi séng trong thai gian 60 phut

Hinh 6, 13 anh FESEM cua hinh ciu nano
hierarchical ZnS dugc phong dai 16n hon. Kich
thuéc trung binh cia cac hinh ciu nano
hierarchical ZnS 14 ~300-500 nm va cic que nano
~ 30-100 nm. Nhu vy, viéc tién hanh chiéu xa vi
song trong mau nhan duoc sau phan tmg két tia da
din dén su hinh thanh hinh ciu nano hierachical
ZnS, kich thudc trung binh 16n hon so véi cac hat
nano tinh thé ZnS dugc ché tao ra lac dau. Su thay
dbi hinh thai hoc va gia tang kich thudc cua hat
nano tinh thé ZnS ciing dugc thé hién 15 qua phd
kich thich huynh quang va huynh quang ¢ Hinh 8
va Hinh 9.
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IMS-NKL x150k SE(M)
Hinh 6: Anh FESEM (d¢ phéng dai 16n hon) ciia
bot nano tinh thé ZnS dwgc chiéu xa vi song
trong thoi gian 60 phut

Dua vao két qua thi nghiém, phan tng hoéa hoc
duoc mo ta nhu sau [6]:

$0: 7+ H,0 My o+ st v (1)
S*+7Zn* _—» ZnS )

Pau tién, dung dich Na;S$,0; tach thanh SO4*
va S* duéi anh sang tu nhién va nhiét do 70°C, sau
d6 Zn*" két hop v6i S tao thanh chét keo ZnS. Khi
chiéu xa vi song, chét keo ZnS tao thanh hinh ciu
nano hierarchical. Qu4 trinh 1dp rap cac hat nano
ZnS tao thanh hinh ciu nano hierarchical [6] dugc
mo ta theo so do sau:

Hinh cau nano
hierarchical ZnS

Chét keo ZnS

Hinh 7: So' d6 mé ta co ché tao thanh hinh ciu
nano hierarchical ZnS

Trudc hét ZnCl, 1a ngudn tao ra Zn va Na;S$,0;
la nguf‘)n tao ra S, két hop véi nhau tao thanh chét
keo ZnS dudi anh sang ty nhién va nhiét d9, sau do
duéi su chiéu xa vi song dan téi hat don phan tan
lip ghép tao thanh qua bong nano ZnS, gan gidng
nhu nhitng quéa cau may hon. Vi séng dong vai tro
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quyét dinh trong viéc diéu khién su tao thanh qua
bong nano hierarchical ZnS. Khi vat rn ¢ hép thu
vi song, nhitng diém néng cuc bo dugc tao ra o
gilta phan giGi chét ran va chét 1ong. Su tao thanh
nhitng diém noéng cuc bo cb thé lam gia ting sy
tuong tac giira cic hat ran véi nhau. Dic trung cua
ZnS 1a hap thu yéu buc xa vi séng. Do d6, khi
chiéu birc xa vi song vao mau lam gia ting su
tuong tac cua cac hat nano ZnS véi nhau, cho nén
chét keo ZnS ban dau két tu thanh hinh cu c6 ciu
tric nano 16n hon [6].

3.2 Tinh chit quang

Hinh 8 14 pho kich thich huynh quang (PLE)
ctia hat nano ZnS khong chiéu xa vi song (mau 1)
va chiéu xa vi song trong thoi gian 15 phit (mau 2)
va 60 phut (miu 3) & nhiét d6 100°C. Ving pho
PLE rong tur 250-400 nm, hai dinh chinh nhan
duoc bao gém hai ving phé déc trung vai cuc dai
twong Ung ¢ 280 va 345 nm.
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i
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Budc séng(nm)
Hinh 8: Phé PLE ciia miu bt nano tinh thé ZnS
khong chiéu xa vi song (1), chiéu xa trong 15
phiit (2) va 60 phit, buéc séng do tai 440 nm

Phé kich thich huynh quang quan sat dugc &
viing ~280 nm, so v&i phd kich thich huynh quang
cta ZnS khéi & tai dinh ~344 nm [7], d& c6 mot
dich chuyén xanh (blue shift) rit manh ~65 nm vé
phia budc song ngin. Nhung dinh nay rong va co
cuong do yéu didu nay thé hién hiéu tmg giam giit
luong tir yeu va chung to cac hat nano ZnS c6
khong nhiéu trong mau. Ddi véi phd kich thich
huynh quang quan sat dugc ¢ tai dinh ~345 nm,
dinh phd nay giong vdi phd kich thich huynh
quang cua ZnS khdi. Qua 2 dinh phd PLE quan sat
duoc & trén, ching t6 trong mau 1 c6 chira 1an céc
hat nano ZnS va céc hat ZnS c¢6 kich thudc 16n gﬁn
v6i vat liéu khéi. Dbi v6i miu 2, dinh phd ¢ ~280
¢6 cuong d6 huynh quang yéu hon hon mau 1 va
dinh phd huynh quang thtr 2 so véi dinh phd huynh
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quang cta mau 1 (~345 nm) dich chuyén d6 mot
chut vé phia budc song dai ~5 nm (~350) nm. Diéu
nay chimg to trong mau 2, khi chiéu xa vi séng
trong thoi gian 15 phut, lam gia tang hat ZnS co
kich thudc lon va lam giam di cac hat nano ZnS.
D6i v6i mau 3, khi chiéu xa vi séng trong thoi gian
60 phut, cuong d6 huynh quang ¢ tai dinh ~280 nm
bi mat di va chi con lai dinh phé 0 tai ~350 nm,
ching t6 rang trong mau 3 chtra cac hat tinh thé
ZnS co kich thuéc gan véi vat liéu khdi rat nhiéu
50 v6i cac hat nano hinh cau hierarchical ZnS.

Hinh 9 1a phd huynh quang twong Umg cua cac
mau ZnS chua chiéu xa (mau 1), mau chiéu xa vi
song trong thoi gian 15 phat (miu 2) va 60 phut
(mau 3) & nhiét @6 100°C. Cac phép do duogc thuc
hién & nhiét d6 phong va mau duoc kich thich véi
budc song 1a Aex ~345 nm.

438
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Hinh 9: Phé PL ciia mAu bt nano tinh thé
ZnS khong chiéu xa vi séng (1), chiéu xa trong
15 phiit (2) va 60 phiit (3), buéc séng kich
thich tai 345 nm

Tir Hinh 9, c6 thé nhén thiy, ving phd huynh
quang rong ~400-550 nm. Cuong do huynh quang
cuia mau 1 ¢6 Vung phd & ~438 nm. Khi chiéu xa vi
song trong thoi gian 15 phut (mau 2) cho thay dinh
phd mdi xudt hién & ~443 nm, dich chuyén mot
chut vé phia budc song do ~5 nm va cuong do
huynh quang giam di so vdi mau 1. Khi tang thoi
gian chiéu xa vi song cua mau Ién 60 phut (mau 3),
mot ving phd méi xudt hién ¢ ~453 nm, dich
chuyén vé phia budc song d6 ~15 nm va cuong do
huynh quang ciia miu nay giam di 1,5 lan so véi
mau 1. Sy dich chuyén d6 nay cho thdy c6 lién
quan dén sy gia ting kich thu6c hat. Theo cac cong
bb gan ddy, dinh huynh quang mau xanh dwong
(blue), thudng quan sat thay ¢ tinh thé ZnS c6 cdu
tric nano v6i dai phd khoang 420-460 nm la do sai
hong hodc trang thai bé mit ctia mang nén ZnS [8-
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10]. Cac dinh phé huynh quang nay ciing dugc cho
la do nat khuyét S gy ra [11-13].

4 KET LUAN

Chuing t6i da ché tao duoc céc hat nano tinh thé
ZnS (mau 1) két tia & nhiét d6 70°C va nano hinh
cau hierarchical ZnS (mau 2 va 3) bang phuong
phap hd trg vi séng, trong thoi gian 15 va 60 pht,
& nhiét do 100°C véi cong suét chiéu xa 150 W.
Céc két qua phan tich gian d6 nhidu xa tia X cho
thdy cac hat nano tinh thé ZnS va cac hinh ciu
nano hierarchical duoc ché tao bang ca hai phuong
phap déu co cau triic pha lap phuong gia kém. Cac
hat trong nano tinh thé ZnS c6 kich thuéc trung
binh ~ 20-40 nm. Nhimng hinh cau nano cé kich
thudc trung binh khoang 100-150 nm va c6 chira
céc hat nano nho hon kich thude ~5 nm. Hinh ciu
nano hierarchical ZnS c6 kich thudc trung binh la
~300-500 nm, c6 chtra cac que nano ~ 30-100 nm.
Cic nano tinh thé ZnS va hinh ciu nano
hierarchical c6 dai phd hap thy nim trong ving phd
250-450 nm va cac dinh hap thu chinh nim trong
ving 280-350 nm. Ving phd phat quang manh véi
phé rong tir 360-650 nm, c6 cac dinh phat xa chinh
nam trong ving phd 438-453 nm.

LOI CAM TA

Chiing t6i xin chan thanh cam on sy tai trg
va gép ¥ kién cho nghién ctru nay cia PGs.Ts.
Pham Thanh Huy, Vién AIST, Pai hoc Bach Khoa
Ha No6i. Bén canh d9, t6i cling xin cam on sy dong
gop ¥ kién ciia PGS.Ts. Bui Thi Biru Hué cho bai
bao nay.
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