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TONG HQP VAT LIEU NANO THAP CHIEU LOI-VO MoS2/TiO>
UNG DUNG TRONG XUC TAC PIEN HOA SINH KHi H;

Nguyén Anh Buc va Nguyén Thi Xuan
Khoa Co so Co ban, Truong Pai hoc Hang hai Viét Nam

Tém tat. Trong nghién ctru nay, chung t6i trinh bay phuong phéap ché tao ciu tric
nano t6 hop di thé thap chiéu dang 18i vo (2D/1D), trong d6 I8i 1a thanh nano
TiOz (TNRs) duge phu bdi 16p vo 1a don 16p MoS: (1L-MoS;). CAu truc nano
1L-MoS2/TNRs duge moc tryc tiép trén tam than chi, do lugc bo dugc cac budc
chuyén mang truyén théng, nén di han ché tdi da tré khang trong su dich chuyén
dién tir tir dién cuc dén vi tri hoat dong ¢ mit phia ngoai cung. Trudc tién, cac
TNRs duoc tao mam bﬁng ki thuat phln xa trén dé than chi sau d6 dugc nudi dai
bang phuong phéap thay nhiét. Tiép dén, cic TNRs dugc bao phu boi 1L-MoS;
bang phuong phép ling dong pha hoi héa hoc st dung tién chét hitu co (metal organic
chemical vapor deposition - MOCVD), thu dugc 1L-Mo0S2/TNRs. Cac phép do dac
tinh cdu trac, dao dong mang tinh thé va hinh thai hoc ching t6 rang vat lidu két
tinh t&t. Tha vi rang, 1L-MoS,/TNRs thé hién hiéu qua xtc tac dién hoa cao hon
han c4c vat liéu don (1L-MoS; va TNRs), voi qua thé onset nho (140 mV vs RHE)
va d6 dbc Tafel nho, xép xi 80 mV/dec.

Tir khéa: vat liéu nano thap chiéu, ciu trac nano I8i-vo, don 16p MoS;, thanh nano
TiO,, ling dong pha hoi héa hoc sir dung tién chét hitu co.

1. Mé dau

Hién nay con nguoi dang phai d6i mit véi nguy co thiéu hut niang lugng, can kiét
cac dang nhién liéu hoa thach truyén thong nhu than da dau mo, khi d6t. Nhién liéu khi
Hz duoc coi 1a ngudn ning lugng sach Ii twéng cho tuong lai, bai khdng nhitng gan nhu
tuyét ddi than thién véi moi truong (boi khi thai 1a hoi nudc) ma né con co thé duoc ché
tao truc tiép tir phan Gng dién hoa tach nudc, mot ngudn nguyén liéu tir séng (bién) co
thé n6i 1a vo tan [1, 2]. Theo ki thuat dién hoa tach nuéc, phan tng sinh khi H>
(hydrogen evolution reaction-HER) Xuat hién trén bé mat ca-tdt, co thé duoc gia toc
bang viéc gan thém mot l6p xuc tac tién hoa trén dién cyc do [3]. Tuy nhién, vat li¢u
xUc tac hién nay van cha yéu dua trén nén tang bach kim (Pt), mot kim loai quy hiém rat
dit tién, do d6 han ché cho san xuat hang loat trong cong nghiép [4, 5]. Do d6, nghién
ctru ché tao cac vat liéu chi phi thap, s¢ hitu hiéu qua HER cao gan véi Pt dang 14 yéu cau
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cap thiét. Vat liéu nano hai chiéu (2D) MoS; dang duoc xem la mét trong nhing lya
chon thay thé Ii twong cho Pt béi nguyén liéu sin co trén vo trai dat, bén trong moi
trudng, va so hitu nhiéu vi tri hoat dong (active sites) trén bé mit [6-9]. Dé ting cuong
hiéu qua xdc tac cho 2D-MoS, cin ban ¢ hai hudng tiép can. Tha nhat 1a ting mat do
céc vi tri hoat dong bang viéc thiét 1ap céc vi tri khuyét luu huynh hoic tao céc vj tri
bién Mo (Mo-edges) [10], hodc xay dung cac cau tric dang xp [11], dang tim doc [12].
Hai 13, ta c6 thé cai thién chit lugng noi tai hoat dong HER cho ting vi tri hoat dong
bang viéc chuyén cau tric MoS; tir dang 2H (ban dan) thanh dang 1T (kim loai) [13],
hoic tao céc 16p vo dinh hinh MoS; [14]. Tuy nhién, MoS; ¢ dang v6 dinh hinh va ciu
trac 1T déu khong bén trong méi truong so véi dang 2H.

Gan déy, viéc thiét ké nhiing cdu trdc di thé, chiang han ciu trdc nano dang 16i-v6
dang ndi 1én nhu mot bién phap hiéu qua khong chi lam tang mat d6 cac vi tri hoat dong
boi dién tich bé mat 16n, ma con cai thién dugc do bén dién hoa [9, 15]. Trong sb céc
vat liéu tiém ning, c6 thé t6 hop tét véi 2D-MoS;, TiO2 duoc biét dén rong rai 1a mot
ban dan khong doc, s¢ hitu dic tinh quang xdc tac manh nham phan hay cac hop chat
hitu co doc hai ciing nhu dé tach nude [16-18]. Quan trong hon 1a TiOz bén trong moi
truong, dé tim trong vo trai dat [19, 20]. Gan ddy, nhom cua Aneela da ché tao ciu tric
nano dang 18i vo, trong d6 16i thanh nano TiO2 dugc phu boi mang nano MoS: dang ban
vo dinh hinh, qua hai lan lién tiép s dung phuwong phap thity nhiét [21]. Trong béo cao
do, vai tro cua 16i gilp ting cudng xuc tac HER chinh 1a cung cap thém dién tich bé mat
hoat dong dién hoa ciing nhu 1am ting t6¢ qua trinh dich chuyén dién tich. Mat khac,
mat do cao c4c vi tri hoat dong trén bé mit 16p vo duogc cho 1a do d6 két tinh kém cua
mang nano MoS; [21]. Tuy thé, chung tdi van nhan dinh rang MoS; can dugc két tinh
t6t & cau trac 2H méi duy tri duoc su bén bi tot nhat cho hoat dong dién hoa.

Vé thyc nghiém ché tao, quy trinh thuy nhiét véi dic diém dé thyc hién va c6 niang
suit cao thuong duoc &p dung dé tong hop cau trdc té hop di thé MoS2/TiOz [21-23].
Tuy nhién, rat kho dé kiém soat chinh xac sé 16p MoS; bang phuong phép nay, trong
khi s6 16p (d0 day) anh huéng rat manh dén dic tinh chung cua 2D-MoS,. Mic du
phuong phap lang dong pha hoi hoa hoc (CVD) truyén thong 1a phwong phap don gian,
dang tin cay dé kiém soat d6 day MoS; dén timg don 16p, nhung viéc ling dong truc
tlep don 16p MoS; Ién TiO; theo ki thuat CVD van con nhiéu nhiing han ché [24].
Chang han, nhém caa H. Liu da thanh c¢éng moc truc tiép don 16p MoS; lén dé siéu
phing cta mit tinh thé TiO2 (110) biang CVD truyén théng [25]. Tuy nhién, phuong
phap nay chu yéu str dung tién chat MoOs va bot Iuu huynh chi moc dugc 2D-MoS; véi
dién tich hep, do vay kém higu qua vé gia thanh san xuat. Hon nira, 2D-MoS; tong hop
bang CvD truyen théng hau hét phai trai qua cong doan chuyén mang sang dé khac (tur
dé moc sang dé dién cyc 1am vige), c6 thé lam suy thoai hoat dong HER. Theo nhu
chung t6i duoc biét, hién nay rat it c6 nhirng ki thuat co thé tong hop truc tiép 2D-MoS;
trén pham vi rong véi kha ning kiém soét tét do day dén ting 16p gén vao cac thanh
nano TiOz, ttng dung cho xuc tac dién hda HER. Trong b&o co nay, trudc hét ching toi
nghién cttu ché tao vat liéu nano té hop thip chiéu trong d6 mang mong hai chiéu 1L-
MoS: dugc phu [én bé mat cac thanh nano TiO; bang phwong phap CVD sir dung tién
chat 12 hop chat hiru co kim loai (MOCVD). Do day 16p Vo duoc klem soat bang viéc
thay doi thoi gian phan ung pha hoi giita cac tién chat chua nguyén té Mo va S. Cac dic
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tinh co ban nhu ciu tric tinh thé, tinh chat dao dong mang, phat xa huynh quang, hinh
thai hoc, cu tric va thanh phan héa hoc bé mat duoc khao sat dé xac dinh cau tric nano
thap chiéu 16i-v6 cua vat liéu. Tiép dén, nhitng két qua khao sét hiéu ning va do bén xtc
tac dién hoa HER cua hé vat liéu sé duoc thao luan.

2. Noi dung nghién ciru
2.1. Thuc nghiém
2.1.1. Thiy nhiét nuéi moc thanh nano 16i TiO2

So dd cac budc ché tao TNRs trén dé than chi duogc trinh bay trén Hinh 1. Trudc
hét, 16p mam TiO, dugc hinh thanh trén dé than chi bang ki thuat phin xa xoay chiéu,
dudi diéu kién nhiét do phong, ap suit hoat dong 1a 5.0 x 107 torr, minh hoa trén Hinh 1a.
Cong suat phin xa 1a 100 W va thoi gian tao mang 1a 20 phat. Mang dugc gia nhiét dén
450 °C trong 1h dé hinh thanh cac mam TiO2. Mam TiOz trén tam than chi tiép tuc duoc
moc dai bang thiy nhiét qua cac cong doan nhu sau. Dung dich thuy nhiét duoc chuan
bi bang viéc nho tir tir 0.6 mL titanium (1V) n-butoxide (TBO, Aldrich Chemicals, 97%)
vao dung méi gom hdn hop 25 ml HCI 38% va 25 ml nudc cat. Sau 2 gio khudy, ta thu
duoc mot dung dich thay nhiét trong subt. Bé than chi dugc dit trong binh Teflon
huéng mat chira mam TiOz chéch 45° xuong dudi (Hinh 1b). Tiép dén, dung dich thay
nhiét duoc rot tir tir vao binh Teflon rdi gan vao ndi thép. Qua trinh thuy nhiét dlen rao
160 °C trong 6 h. Sau do, TNRs trén dé than chi dugc rira bang con va nudc ct, siy nhe.
Cudi cing mau dugc gia nhiét téi 450 °C trong khong khi trong 1 h dé hoan thiét qua
trinh két tinh cua TNRSs.
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Hinh 1. (a-c) Quy trinh ché tgo vit liéu 2D-MoS2/TNRS; (d) So dé ciu hinh 3 di¢n
cuc khdo sat dac tinh hogt dong HER cuia vit ligu 2D-MoS,/TNRs
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2.1.2. Phii 16p vé 2D-MoS2

Chung t6i phu mang siéu mong hai chidéu MoS; Ién TNRs bang phuong phép ling
dong pha hoi héa hoc tién chét hitu co kim loai (MOCVD), minh hoa trén Hinh 1c. Chi
tiét quy trinh ling dong da dugc chling tdi trinh bay trong céng b trudc [26]. Véi cling
diéu kién nhiét do, mat do dong tién chat (diethyl sulfide-DES, molybdenym
hexacarbonyl-MHC), d6 day (sb 16p) vo duoc diéu chinh bang thoi gian phan ¢ng. Sau
15h phan ang, don 16p vé MoS; dau tién duoc hinh thanh, néu thoi gian ting dén 18h va
20h thi 16p v6 nhanh chong day 1én dén 3 va 5 16p.

2.1.3. Céc thong sb ciia cac thiét bi phan tich dic tinh

Tinh chat vé cdu tric tinh thé cua vat liéu trudc hét duoc phana tich qua phé nhiéu
xa tia X (XRD), hé thiét bi: Bruker D8 ADVANCE. Hinh thai hoc bé mit caa vat liéu
2D-MoS2/TNRs dugc quan sat bang kinh hién vi dién tir queét phat xa truong (FE-SEM,
JEOL JSM-6500F). Cau tric tinh thé bé mit cua cua cac mau duoc quan sat bang kinh
hién vi dién tu truyén qua quét (STEM, JEOL ARM 200F). Tinh chat dao dong mang
tinh thé va dic tinh phat quang cua vat liéu lan lugc duoc khao sat bang phd tan xa
Raman, pho phat xa huynh quang (photoluminescence, PL), nhan hiéu thiét bi:
Dongwoo Optron, Ramboss-Star, Microsope Raman Measurment. Ngudn sang kich
thich dé xay dung pho tan xa Raman va phd PL ¢ budc séng 473 nm, cac pho duoc do
& nhiét d6 phong.

2.1.4. Phan tich hoat dgng dién hoa

Tat ca cac phép do hoat dong xuc tac HER dugc dat trong chat dién phan HzSO4
0.5M, v&i hé thiét bi IviumStat-lvium Tech. Cau hinh ba dién cuc trinh bay trén Hinh
1d bao gom thanh than chi (dién cuc dém), Ag/AgCl (dién cuc tham khao), va vat liéu
2D-M0S2/TNRs trén tim than chi (dién cuc hoat dong) duoc sir dung dé xay dung biéu
d6 phan cuc J-V (linear sweep voltammetry - LSV), toc do quét 5 mV/giay.

2.2. Két qua va thao luin
2.2.1. Cac dac tinh co ban cia vt liéu

Pé khao sat ciu trdc caa vat liéu, truge hét ching tdi sir dung ki thuat nhiéu xa tia
X (XRD). Tur gian ¢6 XRD trén Hinh 2a, ta thay su xuat hién cac dinh nhiéu xa tai vj tri
goc 2 theta bang 36,2° va 41,3° chang to sy c6 mit cua TiO2 pha Rutile. Ngoai ra,
chung t6i khong tim thay du hiéu c6 mat caa MoS,. Diéu nay c6 thé giai thich 1a do 16p
vé MoS; rat mong, cac dinh nhidu xa tia X (néu co) sé rat yéu. Bé lam rd su c6 mat cua
I6p vé 2D-Mo0S;,, phd phat xa huynh quang PL (Hinh 2b) dwoc xay dung. Quan sat pho
PL ctua 2D-M0S2/TNRs, ta thay dinh phat xa manh tai vi tri buéc séng 668 nm, 1a két
qua cua sy tai hop cua cap dién tu 16 trong loai A (A-excitons) cua 16p vo MoS,. Khang
chi ching to sy c6 mat cua vat lieu MoSz, cudng do manh cua dinh phat xa PL con chi
ra mang 2D-MoS; la don 16p (1L-MoSy). biéu nay la do c6 su dich chuyén cau tric
vung nang lugng tir dang vung cam xién ti ving cAm thang khi mang 2D-MoS; dugc
lam mong dan tir vai 16p t6i mot 16p [27, 28]. Tuy nhién, két qua phan tich gian db
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XRD va phé PL trén day mai chi cho biét sy tn tai riéng Ié cua hai vat liéu don TiO;
va 2D-MoS..
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Hinh 2. (a) Gidn dé nhiéu xg tia X ciia 2D-MoSy/TNRs trén dé than chi;
(b) Phé phéat xa hupnh quang ciza 1L.-MoS2/TNRs; (c) 1a phé tan xg Raman ciia
cac mdu 2D-MoS2/TNRs va (d) hinh phoéng to tir viing déng khung trén hinh (c)

Su c6 mét dong thoi cua tinh thé TiO, va 2D-MoS; trong vat ligu to hop dugc khao
sat bang phd tan xa Raman (trinh bay trén Hinh 2c). Két qua cho thay dong thoi vm su
c6 mit cua hai dinh tan xa twong (ng véi sb séng lan luot tai 445 cm’ 1va 613 cm™ (biéu
dién hai mode dao dong dic trung Aig vVa Bzg ctia TiO2 & cau trdc rutile) 14 hai dinh tan
xa nhon tai vi tri s6 song lan luot tai ~381 cm™ va 402 cm™. Hai dinh nhon twong tng
véi hai mode dao dong E*2g (mode ngang - song song véi mat mang) va Alg (mode
vudng géc véi mat mang) trong tinh the MoS; ¢ cau tric luc giac dang 2H [29]. Thd vi
rang, khoang cach gi& tri sO séng gitra hai mode dao dong E12g va Alg nay co the gian
tlep Xac nhan so I6p ciia mang 2D-MoS,. Cu thé la khi khoang cach giira hai s6 song
xap xi 21 cm™ (dwong mau xanh lam), vat liéu tuong ng la don 16p. Cac mau cb véi
thoi gian moc 1au hon twong &ng véi do day 16n hon, s& biéu hién khoang cach giita hai
s6 song 16n hon [30]. Hinh 2d cho biét 16p vo 1a 3 16p tuong Gng vai khoang céch sé
song ~ 23 cm (dwdong mau hong), va 5 16p khi khoang cach sb song ~ 25 cm™ (dudng
mau vang dam). Ngoai ra, cac dinh phd déu rd nét, thé hién mau vat lieu két tinh tét,
don pha. Bé khang dinh rd cau trdc 16i vo thap chiéu caa vat liéu, cac phép do hién vi
dugc thyuc hién va trinh bay dudi day.

17



Nguyén Anh Duc va Nguyén Thi Xuén

2.2.2. Hinh thai hoc va cu tric bé mit caa vat liéu

Hinh 3. Phan tich hinh thai hec, cdu tric bé mat va thanh phan cia céc vt liéu
(a) anh FESEM cua 1L-M0S2/TNRs; (b) éanh HR-TEM c#ia 1L-MoS2/TNRs; (c-g)
14 phé phan tich thanh phan EDS, thé hién s c6 mdt ciia cac nguyén té S, O, Ti, Mo

trong 1L-MoS2/TNRs

Truéc hét, hinh thai hoc bé mat cua vat liéu duoc quan sat bang kinh hién vi dién ti
quét (FESEM), trinh bay trén Hinh 3a. Két qua cho thay, da phan cac thanh nano déu
moc theo hudng thang 1én trén. Chi c6 mot sé it cac thanh nano moc huéng 16n xon &
gan mot sb vaing tréng (viing bén trong duong nét dit mau vang). Tiép dén, dé xac minh
su hinh thanh ciu tric tinh thé cia don 16p MoS; trén TiO2 & thang vi md, ki thuat HR-
TEM dugc thuc hién. Hinh 3b trinh bay anh HR-TEM caa mét thanh nano TiO2 duoc
bao quanh boi don 16p MoS: (viing ria). O phan 16i bén trong, ta quan sét thiy khoang
cach giira cac van lién tiép 1 0,32 nm, twong Gng Voi cac mat phang (110) caa pha cau
tric TiOz rutile. O ving ria ngoai, khoang cach giira hai nguyén tir Mo (mau den) lién
tiép 12 2,75 A, tuwong tng véi huéng quan sét doc theo phuong zigzag ctia mang tinh thé
MoS; cau tric 2H [31, 32]. Nhu vay, nhitng két qua quan sat tir anh HR-TEM chi ra rat
rd cau tric nano 16i vo 2D-MoS2/TNRs, phi hop véi nhitng phan tich vé dic tinh phat
quang va tan xa Raman & phan truéc. Ngoai ra, phé EDS trén Hinh 3c-g thé hién sy
phan bb ddng déu cac nguyén té Mo, S trén cac thanh TiOy, tir d6 khang dinh rd rang
viéc hinh thanh 16p vo MoS; trén thanh nano TiOs..

2.2.3. Hiéu qua xuc tac dién hoa sinh khi hydro

Hoat ’d(f)ng xuc tac dién héa HER cua 2D-MQSz/TNRs trén dé than chi’du’qc danh
gia trén cau hinh ba dién cuc nhu chi tiet trong phan thuc nghiém, trong do tam than chi
tinh khiét cung vai dién cuc PtC duoc stir dung lam dién cuc tham khao. Hinh 4a, b trinh bay
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duong phan cuc (J - V tuyén tinh (LSV) va d thi Tafel twong wng cia don 16p MoS;
(mau xanh lyc), thanh nano TiO2 (mau do) va 1L-MoS2/TNRs (mau xanh lam), cung
Vvéi tAm than chi (mau den) va PtC (mau cam). Rd rang, 1L-MoS va TNRs boc 16 hiéu
qua xuc tac dién hoa kém, tng véi qua thé onset quan sat dwoc c6 gia tri 16n, lan luot a
-320 va -450 mV (so vdi thé dién cuc hydro chuan — RHE) va do déc Tafel twong ¢ng
16n, lan luot Xap xi 203 mV/dec va 125 mV/dec. Mt khac, ta thdy mot su ting cuong
dang ké hiéu suat xuc tac caa mau vat liéu t6 hop 1L-MoS2/TNRs véi qua thé onset nho
(Xap xi -140 mV vs RHE) va do dbc Tafel xap xi 80 mV/dec.
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Hinh 4. Céc hoat dgng xiic tic di¢gn hda HER ciia 2D-MoS2/TNRS; (a, b) lan lwot
la dwong cong phan cuc J —V (LSVs) va gidn do xdc dinh dé doc Tafel twong ing;
(c) LSVs so sanh higu qud HER ciia cac mdu vdi dg day 16p vé MoS; khac nhau;

(d) d6 thi qua thé - thei gian ddnh gid d¢ bén dién hoa

Chung t6i ciing so sanh hoat dong HER giira cac cau tric 18i-vo 2D-MoS2/TNRs s&
hitu céc d6 day I6p vo khac nhau. Cac dudng cong phan cuc tuyén tinh LSV trén Hinh
4c¢ chi rd cau trdc voi 16p vo don 16p MoS; ¢6 hiéu ning xuc tac manh nhat. Khi 16p vo
day Ién thi hiéu niang giam dan di. C6 thé giai thich két qua nay nhu sau. Céc vi tri hoat
dong dién hoa (vi tri tai hop gitra dién tir dén tir ngudn va cac ion H* dén tir dung méi,
noi ma cac ion H* bi hap thu tap thoi) chi nam & vi tri mat ngoai cling caa chat xuc téc,
cac 16p vat liéu bén trong khdng tham gia vao qué trinh xdc tac. Do d6, don 16p MoS:
s& hiéu qua hon da 16p 1a vi n6 han ché ti da sy can trg qué trinh dich chuyén dién tur tir
dién cuc ra dén mat ngoai cung, tir d6 thé hién hiéu ning xdc tic manh hon.

Cubi ciing, 6 on dinh hoat dong xuc tic HER cua 1L-MoS2/TNRs duoc xem xét
boi biéu do sy phu thudc qué thé vao thoi gian (chrono potentiometric), trong d6 mat do
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dong 1am viéc duoc giit ¢b dinh & -5 mA/cm?, két qua minh hoa trén Hinh 4d. Trong
suét khoang thoi gian 60h, khdng cd su thay doi dang ké caa qua thé, ching to do on
dinh tdt. Ngoai ra, ching tdi con nhan thiy cac thanh TNRs d& bi suy thoai tinh xuc tac
trong méi trudng dién hoa chira axit hon so véi 1L-MoSz. Nhu vay, chiing i cho ring
sy hoat dong dién hda 6n dinh lau dai cia 1L-MoS2/TNRs la do 16p vé 2D-MoS; con
dong thém vai trd 16p bao vé cho phan 161 TNRs bén trong. Day 1a mot trong nhing loi
ich dang chu y cua cau tric 18i-vo cho tng dung HER.

3. Kétluan

Chlng t6i di ché tao thanh céng vat liéu nano thap chiéu td hop dang 18i vo
2D-Mo0S2/TNRs, trong d6 16i la thanh nano TiO2 dugc pha boi mot (hoac mot vai) 16p
MoS,, tng dung cho xtc tac dién hoa tach nuéc sinh khi Ha. S6 16p MoS; (46 day 16p
Vo) dugc diéu chinh bang thoi gian lang dong MOCVD. Sau 15 h, don 16p MoS; dau
tién dwoc phi kin quanh céc thanh nano 18i TiO2, 3 dén 5 16p vo tiép theo s& hinh thanh
néu thoi gian ling dong tiép tuc ting dén 18 h va 20 h. Két qua phan tich cau tric va
hinh thai hoc cho thy vat lidu két tinh tét. Vat liéu thé hién hiéu qua HER 16n nhit khi
don 16p 1L-MoS; phu kin cac TNRs, vai qué thé onset va do doc Tafel lan luot dat
dugc 1a -140 mV vs RHE va 80 mV/dec, qua trinh x(c tac 6n dinh trong thoi gian dai
(60h). Viéc tang Sé I6p vo MoS; lam giam dang ké hiéu suat x(c tic HER. Nhu vay,
béo céo da chi ra rang mang 2D-MoS; cang mong cung véi dign tich hoat dong bé mat
cang lén 1a cac yéu té quan trong gop phan ting cuong hiéu ning xtc tac dién hoa sinh
khi Ho..

Lo cdm on. Nghién ctru nay dugc tai trg boi Truong Pai hoc Hang hai Viét Nam trong
dé tai ma s6: DT22-23.111,

TAI LIEU THAM KHAO

[1] Cortright, R.D.; R.R. Davda; and J.A. Dumesic, 2002. Hydrogen from Catalytic
Reforming of Biomass-derived Hydrocarbons in Liquid Water. Nature, VVol. 418,
6901, pp. 964-967.

[2] Schlapbach, L. and A. Zittel, 2001. Hydrogen-storage Materials for Mobile
Applications. Nature, Vol. 414, 6861, pp. 353-358.

[3] Benck, J.D.; T.R. Hellstern; J. Kibsgaard; P. Chakthranont; and T.F. Jaramillo,
2014. Catalyzing the Hydrogen Evolution Reaction (HER) with Molybdenum
Sulfide Nanomaterials. ACS Catal., Vol. 4, No. 11, pp. 3957-3971.

[4] Greeley, J.; T.F. Jaramillo; J. Bonde; 1.B. Chorkendorff; and J.K. Norskov, 2006.
Computational High-throughput Screening of Electrocatalytic Materials for
Hydrogen Evolution. Nat. Mater., Vol. 5, No. 11, pp. 909-13.

[5] Wang, X.; X. Gan; T. Hu; K. Fujisawa; Y. Lei; Z. Lin; B. Xu; Z.H. Huang; F
Kang; M. Terrones; and R. Lv, 2017. Noble-Metal-Free Hybrid Membranes for
Highly Efficient Hydrogen Evolution. Adv. Mater., VVol. 29, No. 4, 1603617 (1-8).

20



Téng hop vt liéu nano thdp chiéu 16i vé MoSaTiO2 vmg dung trong xiic tac dién héa...

[6] Jaramillo, T.F.; K.P. Jargensen; J. Bonde; J.H. Nielsen; S. Horch; and I.
Chorkendorff, 2007. Identification of Active Edge Sites for Electrochemical H>
Evolution from MoS, Nanocatalysts. Science, Vol. 137, 5834, pp. 100-102.

[7] Hinnemann, B.; P.G. Moses; J. Bonde; K.P. Jgrgensen; J.H. Nielsen; S. Horch; I.
Chorkendorff; and J.K. Ngrskov, 2005. Biomimetic Hydrogen Evolution: MoS:
Nanoparticles as Catalyst for Hydrogen Evolution. J. Am. Chem. Soc., Vol. 127,
pp. 5308-5309.

[8] Yang, L.; P. Liu; J. Li; and B. Xiang, 2017. Two-Dimensional Material
Molybdenum Disulfides as Electrocatalysts for Hydrogen Evolution. Catalysts,
Vol. 7, No. 10, pp. 1-18.

[9] Ding, Q.; B. Song; P. Xu; and S. Jin, 2016. Efficient Electrocatalytic and
Photoelectrochemical Hydrogen Generation Using MoS> and Related Compounds.
Chem, Vol. 1, No. 5, pp. 699-726.

[10]Ye, G.; Y. Gong; J. Lin; B. Li; Y. He; S.T. Pantelides; W. Zhou; R. Vajtai; and
P.M. Ajayan, 2016. Defects Engineered Monolayer MoS; for Improved Hydrogen
Evolution Reaction. Nano Lett., VVol. 16, No. 2, pp. 1097-1103.

[11] Kibsgaard, J.; Z. Chen; B.N. Reinecke; and T.F. Jaramillo, 2012. Engineering the
Surface Structure of MoS; to Preferentially Expose Active Edge Sites for
Electrocatalysis. Nat. Mater., VVol. 11, No. 11, pp. 963-969.

[12] Yang, J.; K. Wang; J. Zhu; C. Zhang; and T. Liu, 2016. Self-Templated Growth of
Vertically Aligned 2H-1T MoS; for Efficient Electrocatalytic Hydrogen Evolution.
ACS Appl. Mater. Interfaces, Vol. 8, No. 46, pp. 31702-31708.

[13]Liu, Q.; Q. Fang; W. Chu; Y. Wan; X. Li; W. Xu; M. Habib; S. Tao; Y. Zhou; D.
Liu; T. Xiang; A. Khalil; X. Wu; M. Chhowalla; P.M. Ajayan; and L. Song, 2017.
Electron-Doped 1T-MoS2 via Interface Engineering for Enhanced Electrocatalytic
Hydrogen Evolution. Chem. Mater., VVol. 29, No. 11, pp. 4738-4744.

[14]Morales-Guio, C.G. and X. Hu, 2014. Amorphous Molybdenum Sulfides as
Hydrogen Evolution Catalysts. Acc. Chem. Res., VVol. 47, No. 8, pp. 2671-81.

[15] Voiry, D.; J. Yang; and M. Chhowalla, 2016. Recent Strategies for Improving the
Catalytic Activity of 2D TMD Nanosheets Toward the Hydrogen Evolution
Reaction. Adv. Mater., VVol. 28, No. 29, pp. 6197-6206.

[16] Mehta, M.; A.P. Singh; S. Kumar; S. Krishnamurthy; B. Wickman; and S. Basu,
2018. Synthesis of Mo0S2-TiO2 nanocomposite for enhanced photocatalytic and
photoelectrochemical performance under visible light irradiation. Vacuum, Vol. 155,
pp. 675-681.

[17]Lin, Y.; P. Ren; and C. Wei, 2019. Fabrication of MoS2/TiO2 heterostructures with
enhanced photocatalytic activity. CrystEngComm, Vol. 21, No. 22, pp. 3439-3450.

[18] Thanh, D.M.; N.C. Khang; and N.T.T. Huong, 2014. Synthesis and
characterization of non-meltal (N, S)-doped TiO2 photocatalyst. HNUE Journal of
Science: Natural Science, Vol. 59, No. 1, pp. 16.

21



Nguyén Anh Duc va Nguyén Thi Xuén

[19] Lan, Y.; Y. Lu; and Z. Ren, 2013. Mini Review on Photocatalysis of Titanium
Dioxide Nanoparticles and Their Solar Applications. Nano Energy, Vol. 2, No. 5,
pp. 1031-1045.

[20] Kumar, S.G. and L.G. Devi, 2011. Review on Modified TiO2 Photocatalysis under
UV/Visible Light: Selected Results and Related Mechanisms on Interfacial Charge
Carrier Transfer Dynamics. J. Phys. Chem. A, Vol. 115, No. 46, pp. 13211-41.

[21] Tahira, A.; Z.H. Ibupoto; R. Mazzaro; S. You; V. Morandi; M.M. Natile; M. Vagin;
and A. Vomiero, 2019. Advanced Electrocatalysts for Hydrogen Evolution
Reaction Based on Core—Shell MoS2/TiO2 Nanostructures in Acidic and Alkaline
Media. ACS Appl. Energy Mater., Vol. 2, No. 3, pp. 2053-2062.

[22] Chen, B.; Y. Meng; J. Sha; C. Zhong; W. Hu; and N. Zhao, 2017. Preparation of
MoS,/TiO, Based Nanocomposites for Photocatalysis and Rechargeable Batteries:
Progress, Challenges, and Perspective. Nanoscale, Vol. 10, No. 1, pp. 34-68.

[23] Song, X.; G. Chen; L. Guan; H. Zhang; and J. Tao, 2016. Interfacial Engineering of
MoS,/TiO, Hybrids for Enhanced Electrocatalytic Hydrogen Evolution Reaction.
Appl. Phys. Express Vol. 9, No. 9, 095801.

[24] Lu, Q.; Y. Yu; Q. Ma; B. Chen; and H. Zhang, 2016. 2D Transition-Metal-
Dichalcogenide-Nanosheet-Based =~ Composites  for  Photocatalytic  and
Electrocatalytic Hydrogen Evolution Reactions. Adv. Mater., Vol. 28, No. 10,
pp. 1917-33.

[25] Liu, H.; Y. Li; M. Xiang; H. Zeng; and X. Shao, 2019. Single-Layered MoS>
Directly Grown on Rutile TiO2(110) for Enhanced Interfacial Charge Transfer.
ACS Nano, Vol. 13, No. 5, pp. 6083-6089.

[26] Do Le, Q. and D. Nguyen Anh, 2021. Controlled growth and characterization of
monolayer MoS2 by using metal-organic chemical vapor deposition. Journal of
Science Natural Science, Vol. 66, No. 1, pp. 49-56.

[27] Mak, K.F.; C. Lee; J. Hone; J. Shan; and T.F. Heinz, 2010. Atomically thin MoS::
a New Direct-gap Semiconductor. Phys. Rev. Lett., Vol. 105, No. 13, 136805.

[28] Splendiani, A.; L. Sun; Y. Zhang; T. Li; J. Kim; C.Y. Chim; G. Galli; and F. Wang,
2010. Emerging photoluminescence in monolayer MoS,. Nano Lett., VVol. 10, No. 4,
pp. 1271-5.

[29] Lee, C.; H. Yan; L.E. Brus; T.F. Heinz; J. Hone; and S. Ryu, 2010. Anomalous
Lattice Vibrations of Single- and Few-Layer MoS,. ACS Nano, Vol. 4, No. 5,
pp. 2695-2700.

[30] Zeng, H.; B. Zhu; K. Liu; J. Fan; X. Cui; and Q.M. Zhang, 2012. Low-frequency
Raman Modes and Electronic Excitations in Atomically Thin MoS; Films. Phys. Rev.
B, Vol. 86, No. 24, 241301.

[31] Qi, Z.; P. Cao; and H.S. Park, 2013. Density functional theory calculation of edge
stresses in monolayer MoS.. J. Appl. Phys., Vol. 114, No. 16, 163508.

[32] He, Z. and W. Que, 2016. Molybdenum disulfide nanomaterials: Structures,
properties, synthesis and recent progress on hydrogen evolution reaction.
Appl. Mater. Today, Vol. 3, No. pp. 23-56.

22



Téng hop vt liéu nano thdp chiéu 16i vé MoSaTiO2 vmg dung trong xiic tac dién héa...

ABSTRACT

Controlled synthesis of low-dimensional MoS2/TiO2 based core-shell structure
for hydrogen evolution reaction

Nguyen Anh Duc and Nguyen Thi Xuan
Faculty of Basic-Fundamental Sciences, Vietnam Maritime University

In this report, we present the synthesis of low dimensional shell-core (2D/1D)
nanostructures, in which the TiO2 nanorods (TNRs) as the core are covered by a
continuous monolayer MoS; (1L-MoSy) as the shell. The obtain 1L-MoS2/TNRs was
directly grown on the conduct graphite foil without any transfer process, thus
minimizing the charge transfer resistance from the electrode to the outer most working
surface. For the first steps, the TiO> seed layer was designed by the AF sputtering
method, then the TNRs were grown by hydrothermal approach. Thereafter, the TNRs
were conformally coated by a continuous monolayer MoS; via a metal-organic chemical
vapor deposition technique, resulting in 1L-MoS2/TNRs nanomaterial. The structural,
vibrational, and morphological characteristics demonstrated that the samples are high
crystallinity. Interestingly, the 1L-Mo0S2/TNRs showed highly efficient in
electrochemical HER activity with the smallest onset overpotential of -140 mV vs RHE
and a corresponding Tafel slope of 80 mV per decade, which were much lower
compared to the pristine 1L-MoS; and TNRs.

Keywords: low dimensional, monolayer MoS,, TiO2 nanorods, sputtering, metal-
organic chemical vapor deposition, hydrogen evolution reaction.
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