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CHE TAO HAT NANO KIM LOAI Ag, Au TREN THANH NANO Si
BANG PHUONG PHAP BOC BAY LASER (PLD) NHAM
NANG CAO HIEU SUAT QUANG XUC TAC CUA CHUNG

Ng6 Tuin Cuong', Nguyén Thi Minh Hué', Nguyén Cao Khang™’

Tém tit: Trong nghién ciru nay, chiing t6i trinh by quy trinh ché tao cdc cluster
Ag, cluster Au trén thanh nano Si theo phwong phdp boc bay laser. Bang cdch thay
d6i s6 lwong xung laser ban vao bia, cdc cluster Ag, Au cé kich thuée khdc nhau
dwoc hinh thanh va bam dinh trén thanh nano Si. Hinh thdi bé mdt, cdu triic tinh
thé, tinh chdt quang cua vit liéu dwoc khdo sat thong qua cdc phép do kinh hién vi
dién tir quét (SEM), gian d6 nhiéu xq tia X, pho hdp thy UV-Vis, va pho FT-IR. Két
qud nghién ciru chi ra rang cdc cluster Ag, Au khong nhitng bam dinh trén bé mat
thanh Si, ma chung con co kha nang hdp thu tot dnh sdang trong ving nhin thdy.
Tinh chdt quang xiic téc ciia mdau dwoc khdo sdt thong qua phan ung phdn hiy xanh
metylene (MB) dudi anh sang den soi dot. Ket qua cho thdy cdc mau ché tao déu cé
khd nang phdn hity tét MB, dung dich MB nong dé 10 ppm da gan nhw bi phdn hiy
hodn todn sau 8 gio chiéu sdng.

Tir khoa: Cluster Ag; Cluster Au; TiO,; Quang xuc tac.
1. PAT VAN BE

Vit liéu nano kim loai n6i chung va nano Ag, nano Au noéi riéng dang nhan duoc su
quan tim cta cac nha khoa hoc béi nhimg tinh chit quang, dién, tir dac biét cua chung.
Cac hat nano Ag, Au déa dugc tich hop vao da dang cac san pham tir cac loai pin quang
dién, cac san pham dién tir, cic chi tiét can d6 dan nhiét cao, téi cac san pham cam bién
sinh hoc va hoa hoc. Sy c6 mat ciia nano Ag, Au gitp cho cac san pham nay c6 do dan
dién, dan nhiét cao, én dinh va c6 do bén cao. Bén canh do, cac hat Ag va Au ¢ kich thudc
tir vai trim nm t&i vai pm da tré thanh mot trong nhing vat liéu xtic tic t6t, ¢ nhiéu tng
dung trong nghién ctru co ban va céng nghé boi hiéu tng plasmon bé mat manh cta ching
[1-3]. Khi chiéu mot chum sang 1én cac hat Ag, Au, dién truong cia song dién tir tac dong
1én céc electron tu do trén bé mat hat kim loai, lam electron bi phan cyc va dao dong theo
dién truong [4-6]. Sy dao dong nay duoc goi 1a “plasmon”. Khi tan s6 dao dong cia dam
may electron trung véi tan sd ciia mot birc xa dién tir nao do, né s& gay ra sy dao dong
manh cia hang loat cac electron ty do, tao nén hién tuwong goi 1a “cdng hudng plasmon bé
mit” (SPR) [7, 8]. Hién tugng nay 1a nguyén nhan dan t&i kha nang hap thy dnh sang cua
cac hat nano kim loai, tir 6 lam cho chung c6 kha nang quang xtc tac.

Muc dich ciia nghién ciru nay 1a ché tao cac cluster Ag, Au c6 kha nang cong huong
plasmon bé mit voi dnh sang trong ving nhin thiy bang phwong phéap boc bay laser, tir do,
mg dung tinh chat quang xuc tic cua ching dé xur 1i MB. Khong nhing vy, cac cluster
Ag, Au nay con dugc dinh trén bé mat cac thanh nano Si. Su dinh huong chuyén dong cua
cac dién tir boi cac thanh nano Si dugc cho 1a s& lam ting cuong dang ké tinh chit quang
xUc tac cua cac cluster Ag, Au.

2. THUC NGHIEM

PAu tién, cac thanh nano Si duoc ché tao béng cach an mon hoa hoc Si trong dung
dich gém 50ml H,O, 1 mIH,0, va 0,3g AgNO; trude khi dugce rua sach va séy kho ¢ 200
°C trong 2 gid. Tiép d6, tién hanh phi mot 16p mang Ag hodc Au 1én cic thanh Si bang hé
bdc bay laser ASX-750. Ning lugng cua tia laser chiéu vao cac bia Ag, Au s& lam ching
bay hoi, bam dinh trén dé 1a cac thanh nano Si. B& day 16p mang kim loai phu thudc vao
s6 luong xung laser ban vao bia. Trong nghién ctru ndy, chung tdi ché tao 3 miu Ag trén
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thanh Si va 3 miu Au trén thanh Si bang cach lan lugt bin 10000, 20000 va 30000 xung
laser 1én mdi bia Ag, Au. Tan sb ciia ngudn laser 1a 8Hz, dién ap cao tan 1a 29kV, ap suit
trong budng chan khong 1a 10 torr. Sau qué trinh boc bay laser, mot 16p mang kim loai
dong déu s& dwoc phu 1én bé mat Si. Cac miu mang s& duoc dem nung & nhiét do 400°C
trong 1 gio dé tao cac cluser Ag, Au bam trén thanh nano Si.

Phép do kinh hién vi dién tir quét (SEM) dugc thyc hién trén hé S-4800 Hitachi, gian
d6 nhidu xa tia X duoc do trén hé D5005 Siemens, phép do phd hap thu thyc hién trén hé
UV-Vis Jacco V670, phép do FT-IR dugc thuc hién trén h¢ Jacco FT-IR 4200.

Thi nghiém quang xtc tic duoc tién hanh bang cach cho cic mau phan hiy MB trong
diéu kién chiéu anh sang dén soi dot 220V-100W. 30ml dung dich MB ndng d6 10ppm s&
duogc nho giot 1én bé mit mau cé dién tich 1em x1em véi toe do 2 giot/gidy. Bang cach do
phd hap thu dung dich MB sau nhitng khoang thoi gian nhét dinh, ndng d6 MB sé& dugc
tinh thong qua viéc xac dinh cudng d6 cia dinh hap thy dic trung ciia MB tai budc song
665nm.

3. KET QUA VA THAO LUAN

Hinh la cho thdy cac thanh nano Si dwoc hinh thanh trén d@é Si. Kich thudc thanh
twrong d6i ddng déu duong kinh tir 100 dén 200nm, chiéu dai thanh khoang 30-40um. Céc
thanh nano gén nhu phat trién theo cung mot hudng. biéu nay tao diéu kién thuan loi cho
viéc trai mang Ag, Au 1én cac dé Si. Hinh 1b-c 1 anh SEM ctia mau cluster Ag trén thanh
nano Si dugc téng hop biang cich bin 20000 xung laser vao bia Ag. Két qua cho thay cac
cluster Ag da duoc phu trén bé mit cac thanh Si nhung khong phit déu trén toan bo bé mat
dé. Tuy nhién, anh chyp cét ngang ctia mau cho thiy cac cluster Ag khong nhiing phu trén
bé mit ma mot phan cac cluster Ag con di vao khe gitta cac thanh Si. Twong tu, anh SEM
clia mau Au trén thanh nano Si (hinh 1d) cho thiy céc cluster Au vira bAm dinh trén bé mat
mau, vira di vao khe giita cac thanh nano Si. Nhu vdy, bang phuong phap bdc bay laser va
xur li nhiét, cac cluster Ag, Au da duoc phu 1én cac thanh nano Si.

10 pm

Hinh 1. Anh SEM céc madu (a) thanh nano Si, (b, ¢) cdc cluster Ag, (d) cdc cluster Au
phu nén thanh nano Si.
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Hinh 2. Gian d6 nhiéu xa tia X ciia hé mdu (a) cluster Ag trén thanh nano Si,
(b) cluster Au trén thanh nano Si.

Gian d6 nhidu xa tia X dugc ding dé nghién ciru cdu triic ciia cac mau. Hinh 2 trinh
bay gian d6 nhiéu xa tia X tuong tng véi hé vat liéu ché tao Ag/Si, Au/Si véi s6 xung
laser ban 1a 10000; 20000 va 30000 xung. Trén gian dd nhiéu xa tia X cta cic hé mau xuét
hién cac dinh nhidu xa dic trung cta Si (twong tmg véi thé chuidn JCPDS sb 77-2109) tai
céc vi tri ing vé&i goc 26 1a 56,3°; 76,6°. Cac dinh nhidu xa nay tuwong (mg véi su phan xa
ciia chum tia X trén ho cac mit phang (311) va (331). Hinh 2a xuat hién cac dinh dic
trung ciia Ag (twong tng véi thé chuan JCPDS sé 01-1167) tai cac goc 28,5% 40,7° va
50,6° twong ung voi sy phan xa cua chum tia X trén cac ho mat ph'fmg (220), (400) va
(422). Hinh 2b xuat hién cac dinh dic trung cia Au (twong tmg voi thé chuan JCPDS sb
01-1174) tai cac goc 28,5°% 40,8°; 44,8° va 50,7° tuong (rng véi su phan xa ciia chum tia X
trén cac ho mat phang (220), (400), (331) va (422).
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Hinh 3. Phé hép thu cia hé mau (a) cluster Ag trén thanh nano Si,
(b) cluster Au trén thanh nano Si.

Phd hip thy UV-Vis dugc ding dé nghién ciru tinh chit quang cua vat liéu. Hinh 3a
trinh bay pho hép thy ciia cic cluster Ag trén thanh nano Si dugc ché tao véi sé xung laser
lan luot 1a 10000, 20000 va 30000 xung. Két qua cho thiy cac mau nay déu c6 thé hap thu
t6t 4nh sang c6 bude song tir 400 t6i 600nm. Kha ning hap thu anh sang nhin thiy cua cac
mAu ting khi s6 lwong xung laser ting, nghia la ting bé day mang Ag. Pong thoi, ciing cb
su dich chuyén bd hip thu sang ving anh sang d6 khi bé day ctia mang Ag ting nhu thiy
duoc trén hinh 3a. Tuong tu cac mau cluster Ag, céac mau cluster Au trén thanh nano Si
ciing thé hién kha ning hap thy t6t anh sang trong ving tir 400 dén 600nm. B hip thu cua
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cic miu ndy c6 xu hudng dich vé ving 4nh sang c6 budc song dai khi ting bé day 16p
mang Au.
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Hinh 4. Phé hdp thu hong ngoai FT-IR ciia (a) cluster Ag trén thanh nano Si,
(b) cluster Au trén thanh nano Si.

Pho6 hip thy hong ngoai FT-IR duoc ding dé nghién ciru vé lién két, tinh chit dao
dong ctuia mau. Hinh 4 1an luot 14 phd FT-IR cua cic mau nano Ag, Au trén thanh nano Si
ché tao véi s lugng xung laser khac nhau. Do Ag va Au la nhimg kim loai nang, ching
dao dong trong vung s6 song thip, nén khong quan sat dugc cac dao dong cua Ag, Au trén
ph6 FT-IR trong dai sd song tir 600 dén 4000cm™ nhu trén hinh 4. Tuy nhién, cac dao
dong ciing nhu céc lién két cua Si 14 kha rd rang. Su xudt hién ciia mot dinh phd & s song
1634cm™ dic trung cho lién két Si-H.,. Ngoai ra, sy xuét hién cua dinh phé & s6 song
1076cm™ véi ca cac mau chira Ag, Au déc trung cho lién két Si-O-Si trén bé mit cac thanh
nano Si, diéu chimg t6 trong cac mau, dé Si da bi oxy hoa mot phan [9].

1.0 . r ; —  10F . . . —
(a) —a— Ag/Si 30000 xung (b) —a— Au/Si 30000 xung
& s —e—Ag/Si 20000 xung | B o —e— AU/Si 20000 xung
E 13 L i
= —a—Ag/Si 10000 xung | 3= —a— Au/Si 10000 xung
_ =
= = | ]
'8 06} s '8 06
a8 )
= oal 1= oa} ]
g™ £
b4 bl
£ &
= 02t 1 =02r .
< " ~®
= =
R A~
. : . 0,0 ' L . .
00 2 4 6 8 0 2 4 6 8
Théi gian (gid) Théi gian (gid)

Hinh 5. Két qud xir li xanh metylene ciia cdc mau (a) cluster Ag trén thanh nano Si,
(b) cluster Au trén thanh nano Si.

Tinh chét quang xtc tac cua cc vat lidu duoc khao sat thong qua viée xu 1y MB.
Hinh 5 1a két qua xur li MB cuia cac mau Ag/Si, Au/Si. Tir két qua nay cho thay, tit ca cac
mau ché tao déu co kha nang xu li MB trong vung anh séng nhin thiy. Nong d6 MB giam
nhanh ngay sau 1 gi¢ chiéu sang dau tién, 1én 61 56% voi mau 10000 xung Ag trén thanh
nano Si. Tiép tuc tang thoi gian chiéu sang, nong d6 MB tiép tuc giam theo quy luat ham
s6 mii. Kha ning phan huy MB quan sat dugc bang thuc nghiém 1a khac nhau véi cac mau
khac nhau, né phu thudc vao ban chit vat liéu Ag, Au, cling nhu phu thude vao bé day
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mang trén thanh nano Si. Thoi gian ban phéan huy, thoi gian dé phan huy 50% nong do
dung dich, cta cac cluster Ag, va Au lan lugt trong khoang tir 2 gio dén 2,2 gio va tir 2,9
gid dén 3,2 gio, tuy thudc vao kich thudc cluster. Sau 8 gio chiéu sang, MB gan nhu da bi
phéan huy hoan toan véi cac cluster Ag trén thanh Si, va bi phan huy t&i hon 90% véi cac
cluster Au trén thanh Si.

4. KET LUAN

Chung t6i dd ché tao thanh cong thanh nano Si ¢6 chiéu dai 30-40pum, voi duong kinh
tir 100 dén 200 nm bang phuong phap an mon hoa hoc. Cac cluster Ag, Au véi kich thudc
khac nhau trén thanh nano Si di duoc ché tao bang phwong phap bdc bay laser. Két qua
nhiéu xa tia X cho théy cac dinh dac trung cua Si tai cac goc 56,3° va 76,6°; Ag tai cac goc
28,5% 40,7° va 50,6° va Au tai 28,5° 40,8 44,8° va 50,7°. Két qua UV-Vis chi ra ring vi
tri dinh hép thy, cuong do h?ip thu cta cac mau ché tao phu thudc vao ban chét vat liéu,
kich thudc cluster Ag, Au trén thanh nano Si, tuy nhién, tat ca cac mau ché tao déu c6 kha
ning hép thy t6t 4nh sang c6 budc song trong vung tir 400 dén 600nm. Cac miu cluster
Ag, Au trén thanh nano Si déu c6 'kha nang xur li t6t MB trong ving anh sang nhin thay.
Thoi gian ban phan huy cua cac mau trong khoang tir 2 dén 3 gio, va sau 8 gid chiéu sang,
MB gan nhu da bi phan huy hoan toan bdi mau cluster Ag va bi phan huy téi hon 90% bédi
mau cluster Au.

Loi cam on: Nghién ciru duwoc thwe hién dudi sy tai tro ciia dé tai cap B6 ma so B2015-17-68.
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ABSTRACT

SYNTHESIS OF Ag, Au CLUSTERS ON SI NANOROD WITH ENHANCED
PHOTOCATALYTIC EFFICIENCY BY PULSED LASER DEPOSITION

In this article, the clusters Ag, Au on the nanorod Si were prepared by pulsed
laser deposition (PLD). By controlling the number of laser pulses, the clusters of
Ag, Au with different sizes will be synthesis. The properties of the sample are
investigated by using scanning electron microscope, x-ray diffraction, FTIR
spectroscopy, and UV-Vis spectroscopy. The results show that the clusters Ag, Au
not only attach well to the nanorod Si but also high absorb of light in the visible
region. The photocatalytic performance was tested by photocatalytic degradation of
methylene blue (MB) under visible-light irradiation. The results suggest that the
clusters Ag, Au on nanorod Si catalysts exhibit high photocatalytic efficiency, all
most MB molecules were degraded after 8 hours.

Keywords: Cluster Ag; Cluster Au; TiO,; Photocatalytic.
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