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TONG HQP THUY NHIET VA NGHIEN CUU TiNH CHAT
CUA CAC HAT VI CAU VA NANO HINH CAU XOP ZnS

Nguyén Tri Tudn', Nguyén Vian Pat’, Nguyén Thi Phuong Em® va Lé Vian Nhan®
ABSTRACT

ZnS nanoparticles were hydrothermally synthesized at 200 °C for 4 and 7 hours using
sodium thiosulfate (Na>S>03) and zinc chloride as initial materials. Scanning electron
microscopy (SEM) images showed the co-existance of individual ZnS nanoparticles and
microspheres formed by the nanoparticles. When acrylamide was added to the
hydrothermal synthesis process as a surfactant, ZnS porous nanospheres were obtained.
X-ray diffraction (XRD) revealed that the average size of ZnS nanocrystallites, estimated
by the Debye-Sherrer formula, was about 4 nm. Photoluminescence excited (PLE) spectra
of the material exhibited two blue shifts (~ 64 nm and ~ 24 nm) compared with the
Photoluminescence (PL) peak of bulk ZnS. It is known to arise due to quantum
confinement effect.

Keywords: Nanoparticles; porous nanospheres; microspheres; hydrothermally
synthesis

Title: Hydrothermal synthesis and study on properties of ZnS micropheres and porous
nanospheres

TOM TAT

Cdc hat nano tinh thé ZnS dwoc tong hop thity nhiét ¢ 200 °C trong 4 gio va 7 gio, bang
cdch sir dung chdt Na>S,0; (sodium thiosulfate) and ZnCl; lam vat liéu ban dau. Anh hién
vi dién tir quét cho thdy sw ton tai dong thoi cdc hat nano ZnS riéng ré va cdc hat vi hinh
cau dwoc tao thanh béi cdc hat nano. Khi chét acrylamide (chdt hoat dong bé mat) duoc
cho thém vao trong qua trinh tong hop thiyy nhiét, cic nano hinh cau xép ZnS dwoc tao
thanh. Sir dung phwong phdp nhiéu xa tia X (XRD) do kich thudc trung binh ciia nano
tinh thé ZnS bang céng thirc Debye-Sherrer, c6 gid tri khoang 4 nm. Phé kich thich huynh
quang (PLE: photoluminescence-excitation) ciia vt liéu cho thdy rang c6 2 dich chuyén
rdt manh (~64 va 24 nm) vé phia buéc song ngd'n (blue shift) so voi dinh huynh quang
(PL:Photoluminescence) ciia ZnS khéi. Sw dich chuyén nay do dnh hwong cia hiéu irng
giam gitr lwong tir.

Tir khéa: hat nano, nano hinh cau xop, vi hinh ciu, toxng hop thiiy nhiét

1 GIOI THIEU

ZnS 12 mot ban dan II-VI quan trong, co6 nang lugng vung cAm 16n, khoang 3.7 eV
& 300 K, n6 dwoc st dung lam vat liéu huynh quang cho 6ng tia cathode [1], bot
phosphor cho man hinh phing va trong linh kién dién huynh quang mang mong
[2]. Gan day, nhiéu nhom nghién ctru quan tam dén vat liu nano c6 hinh dang dac
biét vi cac tinh chat méi duoc mong doi cia nd. Vat liéu nano ZnS mot chiéu da
duogc ché tao nhu 1a que nano [3], ddy nano [4-7], dai nano [8], 6ng nano [9], hinh

"'Bo mén Vat 1y, Khoa Khoa hoc tu nhién, Truong Dai hoc Cin Tho
2 B6 moén Hoa hoc, Khoa Khoa hoc, Truong Dai hoc Cén Tho
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cau nano [10-12]. Hinh cu nano x&p c6 thé tng dung ding lam vat liéu nhu 1a
tinh thé quang tur, bo loc, xtic tac,... Vi cac kha nang ng dung cda vt liéu nay,
nén ching toi da ché tao hat nano hinh cau x6p ZnS bang phuong phap thiy nhiét
& 200 °C trong 4 gio va 7 gid, khi chét acrylamide (chat hoat dong bé mit) cho
thém vao trong qua trinh phan ung.

2 THUC NGHIEM
2.1 Tong hop nano tinh thé ZnS

Trong thi nghiém nay, 4.08 g ZnCl, khan va 7.44 g Na,S,0;.5H,0 duoc dd vao
Teflon cta binh thily nhiét ¢6 thé tich 150 ml ciing v6i nude khir ion, chiém tong
cong thé tich 120 ml (80%) cuia Teflon. Binh thuy nhiét dwoc dong kin & nhiét do
& 200 °C trong 4 va 7 gio. Sau khi thoi gian phan tng da hét, két qua thu duoc 1a
chat 1ong trang duc. Dung dich nay dugc dem quay ly tim, loc rira 2 1an bang nuéc
Kkhir ion va con tuyét ddi, sau d6 dem sdy kho trong chan khong (107%+ 10 Torr) &
nhiét do 70 °C trong 15 gio. Két qua, san phém thu dugce 1a bot nano tinh thé ZnS.

2.2 Tong hop nano hinh ciu xp ZnS

Téng hop nano hinh cau xdp ZnS, 3.6 g acrylamide sir dung nhu chét hoat dong bé
mat, dugc thém vao thi nghiém trén, ¢ nhiét d¢ 200 °C trong 4 git. Phuong phéap
tong hop nay twong tw nhu phuong phap ciia Changlong Jiang va cong su [10].

2.3 Cac phwong phap khao sat thwe nghiém

Cac mau thu duge sau khi tong hop dugc khao sat tinh chét cau triic bang gidn do
nhiéu xa tia X (D8 Advance — Bruker- Puc) tai Khoa Hoa hoc, Trudong Pai hoc
Khoa hoc Ty nhién, Pai hoc Qudc gia Ha Noi. Kich thudc va hinh thai cau trac
cia mau dugce khao sat bang anh hién vi dién tir quét (FESEM) va anh hién vi
truyén qua (TEM) tai Vién vé sinh Dich t& trung wong. Tinh chat quang cta vat
liéu dugc do bang may do phd huynh quang FL3-22 (Jobin Yvon-Spex, My) tai
Trung tdm Khoa hoc Vit li¢u- PHKH Ty nhién Ha Néi.

3 KET QUA
3.1 Tinh chit cAu tric

Hinh lq la gian d(f) nhiéu xa tia X cta ctia mau nano tinh thé ZnS nhén dugc sau qua
trinh tong hop bang phwong phap thuy nhiét, ¢ 200 °C trong 4 gio (4 h), 7 gio (7 h)
va 4 gid (4 h(a)) co6 chat hoat dong bé mat acrylamide (a).
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Hinh 1: Gién dd nhiu xa tia X ciia mAu nano tinh thé ZnS téng hop thiy nhiét

6200 °C trong 7h, 4 gidr va 4 gid c6 chat hoat déng bé miit acrylamide

C6 thé thiy trong hinh 1, gian d6 nhidu xa tia X dugc dic trung boi 3 dinh nhiéu
xa c6 cuong do yéu va do rong ban phd 16n. Vi tri cac dinh nay 1a hoan toan twong
g v6i nhiéu xa trén 3 mat (111), (220) va (311) ciia ZnS ¢6 ciu tric 1ap phuong
gia kém. Két qua nay khang dinh bot nhan duoc tir quy trinh tong hop cua ching
t6i 1a ZnS. Cuong do yéu va do rong ban phd 16n cua cac dinh nhiéu xa cho thiy
céc tinh thé nhan dugc co kich thudc nho va do két tinh thap. Dya vao gian do
nhidu xa tia X va cong thirc Debye-Sherrer, chung t6i tinh dugc kich thudc tinh thé
ctia nano ZnS cta mau 1, 2 va 3 dugc biéu dién & bang 1. Dya vao bang 1, chung
t6i thay kich thudc tinh thé ctia nano ZnS ctia mau 1 va 2 1a thay d6i khong nhiéu.
P6i v6i mau 3, kich thude tinh thé cua nano ZnS 13 ~3 nm, nho hon so véi hai
mau trén.

Bang 1: Kich thuéc trung binh ciia hat nano tinh thé ZnS duge tong hop thity nhiét ¢

200 °C trong 4 gio, 7 gio' va 4 gio’ c6 chat hoat djng bé mat acrylamide

Mau 1 2 3
Thot gian thuy nhiét 4 gio 7 gio 4 gio (a)
Kich thudc tinh thé ~9 nm ~12 nm ~3 nm

Anh FESEM ciia mau 1 va 2 duoc biéu dién & hinh 2. Hinh 2a 1a anh FESEM miu

1, cho théy anh cia moét hat vi cau ¢o duong kinh khoang 1pum, bé mat cua hat vi

cu nay nham, khong duoc nhén. Hinh 2b 1a Anh FESEM hat vi cau duogc phong

to 1én hai 1an, cho théy céc hat nano & bé mit cua hat vi cu co kich thudce khoang

15 nm, 16n hon kich thuéc dugc tinh toan dwa trén gian 6 nhiéu xa tia X
N / | S o g T

Hinh 2: Anh FESEM ciia hat nano tinh thé ZnS dwoc tong hop thity nhiét
& nhiét d9 200 °C trong 4 gio' va 7h



Tap chi Khoa hoc 2011:19a 1-6 Truong Dai hoc Can Tho

Diéu nay chiing té cac hat tinh thé nano ZnS tao thanh céac hat vi cdu ZnS. Hinh 2¢
1a anh FESEM mau 2, cho thdy ngoai cac hat vi cdu ZnS c¢6 dudng kinh khoang 1-
5 um, con c6 1an cac hat nano cé kich thude trung binh khoang 20 nm duogc biéu
dién ¢ hinh 2d. Nhu vay, khi tong hop thity nhiét mau 2 (200 °C, 7 gio), c6 thoi
gian 16n hon mau 1 (200 °C, 4 gio), thi kich thudc trung binh ctia cac hat nano tinh
thé ZnS 16n hon va kich thudc khoang 5 nm, diéu dé chimg té cac hat bi két dam
khi thoi gian tong hop thily nhiét 1au hon 4 gio.

Anh FESEM ciia mau 3 dwoc biéu dién & hinh 3. Hinh 3a cho thdy anh cac hat
nano Zn$ c6 dang hinh ciu xdp, dudng kinh cta cac hat nano hinh ciu xdp c6 kich
thude khoang 130-230 nm. Nguyén nhén tao ra hat nano hinh cau xdp, c6 thé 1a do
cac bot khi SO, tao ra trong qua trinh phan tng, bay 1é€n lam cho céc hat nano hinh
cau c6 nhing 15 nho tao nén hinh cau xdp. Hinh 3b cho thy cac hat nano ZnS ¢
kich thuéc khoang 10 nm cdu thanh cac hat nano hinh cau xp, khi tong hop thuy
nhiét mau 3 do c6 chét xuc tac bé mit acrylamide thém vao trong mau, ngin khong
cho hat két tu 16n 1én duoc.

IMS x100k SE(M) 3/23/2009 IMS x150k SE(V) 3/23/2009

Hinh 3: Anh FESEM ciia hat nano tinh thé, ZnS dwgc téng hop thiy nhiét & nhiét do
200 °C trong 4 gio co chat hoat djng bé mit acrylamide

Dé xac dinh kich thude va hinh thai hoc cia hat chinh xac hon, chung t6i chyup anh
TEM ctia mau. Hinh 4 13 anh TEM cua cac hat nano dugc thiy nhiét & 200 °C
khong c6 chit acrylamide, cac hat nay c6 kich thude ~10 nm va két dam lai véi
nhau. Kich thuéc hat nay kha phi hop véi kich thude tinh bang gian db tia X.

Mau so 7..005
Print Mag: 104000x @ 51 mm 100 nm

Hinh 4: Anh TEM ciia hat nano tinh thé ZnS dwgc tdng hop thity nhiét ¢ nhiét d 200 °C
trong 4 gio, khong c6 acrylamide
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Hinh 5 la anh TEM cua l}at nano tinh thé ZnS duoc téng hop thuy nhiét & nhiét do
200°C trong 4 gid, co chét»hogtvqgrlg_ bé mat acrylamide.

- %y 30n
Mau so 6..006 —
Print Mag: 80400x @ 51 mm 100 nm

Print Maq: 208000x @ 51 mm 20 nm

Hinh 5: Anh TEM ciia hat nano tinh thé ZnS dwgc tong hop thity nhiét & nhiét d 200 °C -
4 gio, c6 chat hoat dgng bé mat acrylamide

Dua vao hinh 5a, cho thiy cac hat nano nay c6 kich thuéc kha nhé ~2-3 nm, do
chét hoat dong bé mat di bAm vao bé mit cua cac hat nano khong cho cac hat Kkét
tu lai v&1 nhau. Hinh 5b, cho théy cac hat nano ciu thanh cac nano hinh ciu xép
ZnS, co kich thudc trung binh ~30-80 nm. Kich thudc cua cac hat nano Zns nay
tuong ddi pht hop véi kich thudc tinh bang gian do nhiéu xa tia X va anh FESEM.

3.2 Tinh chit huynh quang

Hinh 6, 1a phd kich thich huynh quang cta hat nano va hat nano hinh cau x6p ZnS
duogc tong hop thuy nhiét & 200 °C trong 4 gid va 7 gio khong co chat acrylamide
va 4 gid co chét acrylamide. Ving phd PLE rong tir 250-350 nm, hai dinh chinh
nhan duge bao gdm hai ving phd dic trung véi cuc dai twong tmg & ~280 va ~320
nm, so voi phé kich thich huynh quang cta ZnS khéi & 344 nm [13], da c6 sy dich
chuyén vé phia budc séng ngin, co ning lugng cao (blue shift) rat manh ~64 nm
va 24 nm tuong ung. Hién tuong dich chuyen nay lién quan dén hién hiéu ing
giam gifr lugng tir manh, khi kich thudc hat giam xudéng 2-3 nm. Tir hinh 6, phd
huynh quang cua cac mau ZnS khong c6 va ¢ chit hoat dong bé acrylamide duoc
tong hop thuy nhiét, chung t6i quan sat thdy ving phét xa rong ~400-500 nm, ¢
dinh huynh quang cuc dai 6 436 nm. Dinh phat xa nay thuong la do cac sai hong
va trang thai bé mit cua nano ZnS gay nén.
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Hinh 6: Phd PLE va PL ciia nano tinh thé ZnS dwoc téng hop thiy nhiét, v&i dem: 440 nm
Va Aexs 280 nm
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Theo cac cong bb gan day, dinh huynh quang mau xanh duong (blue) thudong duoc
quan sat thdy ¢ cac mau nano tinh thé ZnS véi dai phd khoang 430-464 nm [6,14].
Pay dugc xem nhu 1a dinh phét xa lién quan dén sai hong cia ZnS. Mot so cong
trinh giai thich nguyén nhan cua phat xa xanh dwong cta ZnS 1a do cac nit khuyét
S[15].

4 KET LUAN

Trong bai bao nay, ching t6i da trinh bay qui trinh thiy nhiét dé ché tao cac hat
nano va vi cau ZnS 6200 °C trong 4 gio va 7 gio. Dong thoi trinh bay ky thuét ché
tao hat nano hinh cau xp ZnS & 200 °C trong 4 gio khi thém vao chat hoat dong
bé mat acrylamide, nano hinh cau xép ZnS dugc hinh thanh khi c6 bong bong khi
SO, trong sudt qua trinh phan Gng. Tinh chit quang cta nano hinh cau x6p ZnS
dugc nghién ctru bang phdé PLE va PL. Dinh phd kich thich huynh quang dich
chuyén vé phia budc song ngan (blue shift) rit manh ~64 va 24 nm so véi dinh cua
ZnS khéi. Phuong phap nay dang duoc ap dung dé ché tao cac hat nano hinh cau
x6p vo co khac.
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