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NGHIEN CUU TONG HQP HAT NANO
~ MOLYBDENUM DISULFIDE (MoS,) CAU TRUC LOP
BANG PHUONG PHAP HOA HQC VOI SU CO MAT CUA HCI
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TOM TAT

Hat MoS; kich thiréc nano, cau tric Iép duoc tong hop bang phuong phdap héa hoc
“mém hon” véi s hién dién cia axit clohydric (HCI) va nhiét phan trong 10 ngung e hoi héa
hoc (CVD). Hinh thai hoc, cdu tric va tinh chdt cia hat nano MoS, duot xdc dinh bang kinh
hién vi dién tir quét (SEM) va kinh hién vi dién tir truyén qua (TEM), phé nhiéu xg tia X (XRD)
va UV-Vis. San phdm thu dwoc c6 cdu tric luc gidc xép chat (2H-MoSy); kich thiéc hat
khodng 55nm va dé réng viing cam |a 1,86eV.

Tirkhoa: nano MoS,, ciu trdc 1op, do rong viing cam.

ABSTRACT

Synthesizing Thin Films Nano Structure Molybdenum Disulfide (MoS,)
By Chemical Method With Hydrochloric Acid

Nano-MoS, powder was synthesized by a chemical method with hydrochloric acid
(HCI) and crystallization was performed in thermal chemical deposition furnace. The
morphologies, nanostructures and properites of product are characterized by X-ray powder
diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy
(SEM) and UV-vis absorption spectroscopy in detail. The results show that the prepared
nanocrystalline MoS; crystals have a hexagonal layered structure (2H-MoS); around 55 nm
particles size and 1.86 eV optical bandgap.

Keywords: nano MoS;, nanolayer structure, bandgap.

1.  Giéithiéu

Ngay nay, nhiéu hé théng luu trir nang lwong duoc tap trung nghién cuu va cai
tién nham muc tiéu nang cao hiéu qua sir dung cac nguon nang luong tal tao va gop
phan giai quyét bai toén ning lugng ciing nhu méi truong séng. Trong so do, hé thong
pln ion — lithium dugc coi la mot trong nhiing giai phap t6i wu: pin c6 ciu tao don gian
gom céc phan: dién cuc dwong, dién cuc am va chat dién giai. Vat liéu lam dién cuc la
yéu tb t6i quan trong va ¢ anh huong rat 16n dén hiéu nang caa pin lithium. Hién nay,
dién cuc thuong mai thuong duoc ché tao tir graphite ¢ dung lwong thap (372 mAh/g)
[6,12], va cac vat liéu co cau tric khdi nén tudi tho, kha nang tich dién, kha ning
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nap/xa va mat do dong dién tao ra chua cao. Vit liéu cau tric nano néi chung va vat
liéu nano MoS, két hop vai dng nano carbon (MoS,/CNTS) néi riéng la dugc xem 1
mot trong nhiing giai phap tiém nang gdp phan giai quyét cac ton tai néu trén. [12]

MoS, 12 mét loai vat liéu c6 cau tric 16p tuong tu graphene (Hinh 1), thudc ho
dichalcogenides kim loai chuyén tiép MX, (M = Mo, W ; X = S, Se, Te), c6 dung
lwong If thuyét twong d6i cao: 669 mAh/g [11] va co su thay di thé tich rat nho trong
qua trinh dan cai va giai phong ion Li*. Cau tric I6p cia MoS, gilip cac ion Li* dan xen
dé dang hon vi ching c6 khoang cach 16n giira cac 16p. Hon nita, lién két giira cac 16p
MoS; la lién két Van-der-Waal yéu, giup linh dong trong viéc thay do6i thé tich ma
khong gay pha hay cau trdc vat liéu dién cuc. Khuyét diém chinh caa vat liéu MoS, khi
lam dién cuc 1a d6 dan dién, d6 on dinh sau nhiéu chu ki nap/xa va tc do phéng/nap
chwa cao, do d6 hién nay rét nhiéu nghién ctru dang duogc thuc hién nham tap trung giai
quyét van dé nay. [7]

Trong ba cau dang cua tinh thé MoS, la 1T (Tetragonal), 2H (Hexagonal), 3R
(Rhombohedral) (Hinh 1) [8], cac nha khoa hoc dic biét quan tdm toi cdu dang 2H -
MoS,, dang ton tai bén vitng nhat va mang tinh chit dic trung cua vat liéu ban dan voi
d6 rong vang cim vao khoang 1,8 eV. [4]

Hinh 1. Ba dang cdu tric cua tinh thé MoS,.

Nhimg phuong phap tong hop nano MoS, mét 16p hay nhiéu I6p da cong bb hau
nhu déu kha phuc tap (tach béc héa hoc biang cach chén ion — lithium, ngung tu hoi hoa
hoc, thuy nhiét trong binh thép khong gi.. .) va kho ap dung véi quy mo Ion. Vi vay
hién nay, hudng nghlen ctu tong hop bang phuong phéap hoa hoc dugc quan tam dya
trén kha nang trién khai véi quy md Ion va san pham dat duoc do tinh khiét cao dé dam
bao cht luong cho nhiéu ung dung trong linh vyc nhu quang dién, dién tir... Cac tién
chat nguén dé tong hop nano MoS, thuong la (NH,),Mo00, Na,Mo0,.2H,0,
(NH4)sM0;0,4.4H,0, M00Os...va Na,S, H,S... [3,10]. Lianxia Chang va cac déng
nghiép ding phuong phap hoa hoc dé tong hop MoS, véi tac chat (NH,)sM0;0,,4.4H,0,
Na,S.9H,0, NH,OH.HCI va HCI va nung & nhiét do tir 400°C dén 1200°C [3]. Hat tinh
thé MoS, duoc tao thanh tir nhiét do 600°C dén 900°C. Tuy nhién, hau hét hat tinh thé
thu dugc ¢ dang cAu VéGi duong kinh 20 — 70nm, muc d6 tinh thé khdng cao va nhiém
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kha nhiéu tap chat. Nhom nghién ctru chiing t6i ciing da tong hop thanh cong hat nano
MoS, bang phuong phap hoa véi sy c6 mat cia HNO; két hop véi giai doan nung ¢
nhiét @6 600°C [1]. Tuy vay, hat MoS, thu duoc c0 cau tric tinh thé chaa nhieu khuyét
tat va tap chat vi giai doan loai bo tién chat trudc khi tinh thé hda gap nhiéu kho khan.
Do d6, bai bao tap trung nghién ciru mot quy trinh tong hop don gian hon véi
viéc sir dung HCI nham 1am cho phan ng héa hoc dién ra thuan loi va san pham dé
dang loc rira. Quy trinh nay c6 kha niang ap dung dé tao san pham hat nano Mo$S, véi
khéi lwong 16n va tinh chat 6n dinh.
2. Thuc nghiém
2.1. Nguyén ligu
Céc hoa chat sir dung trong nghién cau: Mudi Amonium Molybdate Tetrahydrate
(AMT) = (NH,;)¢Mo0;0,4.4H,0 — Fisher (99,95 %), muoi Natri Sulfua Nanohydrate
(Na,S.9H,0) - Sigma Aldrich (98 %) va dung dich axit clohydric (HCI) — Prolabo
(ndng d6 37%, d=1,179kg/1).
2.2. Phwong phap thuc nghiégm
Quy trinh téng hop hat nano MoS, dugc thuc hién nhu sau:

2,8 gram Na,S.9H,0 0,5 gram AMT < 3ml HCI 37%
1 ‘ v 2
»  100mI DI H,0 (90°C - 100°C)
A4
30ml DI H,0 (30°C)

\ 4
Li tdm: 30 phat 5000 vong/phat

\ 4
Rira DI H,0, ethanol, acetone

v
Séy chan khéng: 60°C 2 gio
\ 4
Nhiét phan 700°C 120 phit (N,)

Hinh 2. Qu4 trinh téng hop hat nano MoS,

Trong giai doan dau, phan ung héa hoc dugc thuc hién dé tao nén tién chat
(NHg4);MoS, vai diéu kién nhiét do va tha ty nhu phuong trinh 1 — 4. Viéc thém 30ml
nuéce da loai bo ion (deionized water - DI) ¢ nhiét d6 phong (~30°C) nham muc tiéu
lam giam nhiét d6 dung dich cho phan ung cua phuong trinh 2 xay ra.
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(NH,)sM070,4.4H,0 — 6NH," + M0;0,,%” + 4H,0 (90 °C — 100 °C) (1)

Mo0;0,, + 4H,0 — 7M00,* + 8H" (50 °C — 80 °C) (2)

Na,S + 2HCI — H,S + 2NaCl (3)

(NH,);Mo00, + 4H,S — (NH,),Mo0S, + 4H,0 (4)

Sau phan (ing 4, san pham thu dugc bao gom chat lang 1a (NH,),MoS, va phan
dung dich long (H,O, HCI du, NaCl, H,S...). Tién chat (NH,;),MoS, duogc loc rira nhiéu
lan béng nudc DI, ethanol va acetone nham loai bé hoan toan tap chat. S6 1an rira mau
duogc xac dinh bang cach so sénh pH cua dung méi trude va sau khi rira cho dén khi dat
duoc gia tri pH can bang (thiét bi do pH - Mettler Toledo — S40 cua Thuy Si).

San pham ran sau khi rira dugc say khd ¢ 60°C trong vong 2 gio. Mau bot mau
den kho dugc tinh thé hoa tao tinh thé MoS, trong 16 CVD ¢6 b sung thém luu huynh
dé hoan thién cau truc tinh thé véi moi treong khi Nito ¢ nhiét do trung binh 700°C
trong thoi gian 120 phuat (phuong trinh 5).

(NH4);M0S; — MoS,| + H,ST + 2NHz1 + St (5)

2.3. Cdc phwong phap danh gia

Thiét bi kinh hién vi dién tr quét (FE — SEM JEOL S4800) duoc sir dung dé xac
dinh hinh thai hoc cia mau sau khi nung. Bé danh gia cau triic mang tinh thé va kich
thudc hat cia san pham, phuong phap kinh hién vi dién tar truyén qua (TEM-JEOL
JEM 1400) dugc st dung véi nguon phat 100kV. Bén canh do, xac dinh cac thdng so
chi tiét hon cua pha tinh thé hinh thanh trong mau, thiét bi do XRD dugc sir dung véi
goc quét 260 tr 10 dén 80 do, toc do quét cham véi bude quét (step) 0,017 va dung
ngudn phéat tia Cu K. Vung hip thu va do rong viing cdm cua san pham hat nano
MoS, dugc x4c dinh bang phwong phap UV — Vis (UV — 2450 cua hing Shimadzu)
quét trong dai budc séng 350 nm dén 700nm.

3. Kétqua va thao luan

Hinh 3. 4nh FE — SEM mdu sau nhiét phan
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Hinh anh nhu nhitng “b6ng hoa” ciia mau khi quan séat bang kinh hién vi dién tir
quét chinh 1a mot trong cac dau hiéu dic trung nhat cho thdy d4 tong hop thanh cong
vt liéu tinh thé 2H — MoS, kich thudc nano [2,5]. Quan sét hinh thai hoc cho thay: c6
su Xuét hién céac hat c6 hinh dang vay nhu canh hoa véi bé day do duoc cua céc canh
hoa tir 3-15nm, chiéu ngang dao dong tir 20 — 60nm (Hinh 3). Bén canh d6, két qua chi
tiét con cho thay canh hoa ¢ bé mat hinh luc gi4c sau canh (Hinh 3b): day 1a dic trung
rat riéng cua hat MoS, dang 2H.

Dé xé4c dinh cau trdc tinh thé caa san pham thu duoc, trong nghién ctu ndy ching
t6i sir dung phuong phap danh gia bang anh TEM két hop véi phan tich tin hiéu nhiéu
xa dién tir thdng qua thuat todn chuyén ddi ham Fourier (FFT). Két qua phan tich TEM
d6 phan giai cao dugc trinh bay tai Hinh 4. Trong d6: Hinh 4a mo ta cac hat kha dong
déu vé mat kich thudc voi duong kinh trung binh vao khoang 55nm. Trén cac hat xuit
hién céc ciu tric vach song song cho thay cau tric tinh thé da dwoc tao thanh caa mau
sau nhiét phan (Hinh 4b). Hinh 4c va 4d thé hién cac két qua chuyén d6i ham Fourier
(FFT) bang phan mém ImageJ 1.47v (Wayre Rasband), c4c vach song song cho thdng
tin truc d6i xang cua tinh thé: cau trac tinh thé thu dugc trong mau cé truc di xing
bac 2 (2 diém sang) va truc dbi xiang bac 6 (6 diém sang). Pay chinh 14 truc ddi xting
dic trung cua hé mang luc giac (cau tric 2H).

Hinh 4. Anh TEM mdu sau nhiét phan
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Tinh toan khoang cach giira cac 16p vat liéu qua dit liéu nhiéu xa dién tir cua cu
trdc 16p thu duoc tr anh TEM con cho phép xac dinh dugc khoang cach gitra cac 16p
cua tinh thé MoS, 1a 0,63 nm. Day 1a dic trung ndi troi cua tinh thé MoS, da duoc cac
nha nghién ciu ching minh va c6 y nghia rat Ion trong viéc ng dung vao céc linh vuc
quang dién ti hay pin ion — lithium. [3,9]

Pé khing dinh két qua vé cau trdc vat liéu da thu duoc tir anh TEM, trong nghién
ctu ndy ching toi st dung phuong phap nhidu xa tia X danh gia mot cach chi tiét. Gian
d6 phd nhidu xa tia X (XRD) duoc trinh bay ¢ Hinh 5. Phé nhiéu xa thu duoc cho thay
san pham xuét hién cac dinh nhiéu xa dic trung cua thé 2H — MoS, (phd chuan mang
méa sb 96— 900- 9145): tai cac mat (002), (100), (101), (103), (106), (105), (110), (008)
tuong tng va4i cac goc 26 la 14,380, 32,760, 33,380, 39,460, 49,810, 44,030, 58,340,
60,290 .
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Hinh 5. Gidn do nhiéu xa tia X mdu sau nhiét phan ¢ 700°C trong 120 phut

Céc miii nhidu xa rat hep va gia tri cuong d6 cua cac dinh dat duoc 12 rét cao cho
thdy san pham thu dugc ¢é cau trac tinh thé kha hoan chinh va trong mau ton tai rat it
C4c tap chét. Pic biét dinh dic trung (002) nhon va hep cho thiy tinh thé tao thanh cé
chat lwong tt gan nhu khong co khuyét tat trong mang tinh thé. Tuy nhién, gian db
thdy ¢ xuat hién dinh nhidu xa tai goc 26 1a 26°. Binh nay khéng tring véi goc nhiéu
Xa ndo cua pha MoS,. Pay co thé 1a pha tap chat con s6t lai do qué trinh rira hoac do
qua trinh tao mau phan tich.
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Nhu vay, nhém nghién ciru dé tong hop thanh cong hat tinh thé kich thudc
nanomeét cd cau truc dang lop, mang luc giac xép chat 2H — MoS,.
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Hinh 6. Phé hap thu UV — Vis mdu sau nhiét phan

Do rong ving cim va tinh chat quang caa vt liéu nano MoS, dugc xac dinh bang
phuong phap phd hip thu hong ngoai UV — Vis véi budc song tir 300 — 700nm (Hinh
6). Két qua cho thay c6 2 viing hap thu kha manh 12 350 — 450nm va 600 — 700nm. Pay
la vung hép thu dac trung ctua vat liéu 2H — MoS; ¢6 kich thudce hat nano mét. Vat liéu
dang khdi MoS, (kich thudc 1on) khéng xuat hién 2 vang héap thu nay. Trong d6, ving
hap thu (ng vaéi budc séng 600 — 700nm 1a ving dai dién cho mirc niang lwong ving
cam cua tinh thé nano MoS, khi chuyén tir mién dan sang mién héa tri & muc ning
lugng K. Nang luong tinh duoc tai dinh A (665,5nm) 1a 1,86 eV tng véi mirc nang
lwong viing cam tryc tiép (direct bandgap): dic trung cua vat liéu mang tinh ban dan
chi xuat hién khi MoS, ¢ kich thuéc nanomét. Két qua nghién ctu tinh chat ban dan
cua vt liéu thu dwgc trong nghién ciu ndy 1a hoan toan tring khép véi két qua thu
duoc bang mot phuong phap tong hop khéc caa chinh nhém tac gia. [1]

4.  Kétluan

Két qua nghién cau cho thay vat liéu MoS, c6 kich thudc nano mét da duoc tdng
hop thanh cong bang phuong phap kha don gian va c6 kha ning tng dung & quy mo
I6n. Véi viéc st dung HCI 1am téc chat phan (ng, cac san pham trung gian c6 tinh chat
d& tan trong nuéc (NaCl...) ¢4 dugc hinh thanh tao diéu kién thuan loi cho viéc loc rira
duogc dé dang hon. Cac két qua danh gia san pham thu duoc tir cAc phuong phap phan
tich hién dai da khiang dinh sy ton tai cua pha tinh thé MoS, dang vay véi kich thudc
céc hat khoang tir 20 — 60nm c6 mang luc giac xép chat 2H vai khoang cach cac 16p 1a
0,63nm. Véi niang luong ving cim khoang 1,86eV, duoc xac dinh théng qua phd hap
thu hong ngoai UV — Vis, cho thy hat nano MoS, ciu tric 16p mang dac tinh coa vat
liéu ban dan. San pham nay c6 tiém ning (ng dung rat 1on trong c4c linh vuc dién tir
nhu 1am transitor, dién cyuc dién phan, cam bién...
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