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ANH HUONG CUA THOI GIAN CHIEU LED XANH LEN SU'PHAT TRIEN
CUA HAT NANO BAC BANG PHUONG PHAP PHO HAP THU PLASMON
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Trong nghién clru ndy trinh bay vé két qua cua sy chuyén doi hinh «dang hat nano bac (AgNPs) tir
dang cau sang cdu truc det dang tam giac bang phuong phap bién ddi pho hép thy plasmon dudi sy
kich thich cta 4nh sang LED xanh 14 (532 + 10 nm) & mét do cong sut 0,51 mW/cm? thay ddi
theo thoi gian. Kich thudc, hinh dang va tinh chit quang ciia AgNPs dugc khao sat bang pho hap
thu plasmon UV-Vis, kinh hién vi dién tir truyén qua (TEM). Két qué chi ra rang, cac hat AgNPs
mam c6 kich thudc trung binh 14 nm. Cac hat AgNPs det dang tam giac ¢ kich thudc canh phu
thuoc vao thoi gian chiéu LED va ty 1¢ n(‘)ng do [NaBH,])/[AgNO;]. Thém vao do, khi thoi gian
chiéu LED ting thi hinh dang cdc AgNPs bién dbi tir dang tam gidc sang dang tam giac cut cac
goc tuong Ung. Diéu nay cing nhan dugc thong qua pho hép thu plasmon UV-Vis khi dinh phd
dich vé& phia song dai. Cac két qua nay cho thiy c6 nhidu htra hen tng dung trong linh vuc y sinh,
nhu: tang tredng tan xa Raman bé mit, cam bién sinh hoc.

Tir kKhéa: Hdp thu plasmon; nano bac dang cau; nano bac dang tam gidc; TEM, LED

GIOI THIEU

Céc cdu truc nano bac dé c6 stirc hat manh mé
do céc tinh chit quang plasmon [1], quang
hoc [2], va tinh chét nhiét 1y thu cua né. Dic
biét hon la kha ning st dung nhu xuc tac, vi
dién tu, thiét bi quang tlr, tang trudng tan xa
Raman bé mit (SERS) [3-5]. Kich thudc va
hinh dang cta cac hat nano quyét dinh tinh
chét vat 1y, quang hoc va hoa hoc ctia chung
[6, 7], ddn dén su tong hop cau tric nano bac
duge kiém soat hinh dang da duogc khao sat
mot cach toan dién trong vai nam qua [8-10].
Mot sb thi nghiém truée day da ché tao cac
ciu triic nano bac dang dia [11], hat nano
[12], day nano [13], chudng nano [14], nano
dang lap phuong [15], bipyramids nano [16],
chudi nano [17], va nano dang ttr dién [18].
Tir cac ciu trac hinh dang cua cac AgNPs da
cho nhiéu tmg dung trong y sinh, nhu kha
ning khang khuan [19], nho vao SERS c6 thé
phat hién cac chét doc t6 con ton du trong cac
thyc pham, rau qua. Hién nay, cong nghé ché
tao AgNPs kha phong phu: phuong phép khu
hoa hoc [19], vat Iy va sinh hoc tong hop
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[20]. Viéc ché tao cac AgNPs c6 hinh dang va
kich thudc khac nhau phu thudc vao rat nhiéu
vao cac yéu t6 cong nghé thyc nghiém. Gan
day da c6 mot sb nghién ctru vé anh hudng
cia tham sb nhiét do 1én sy hinh thanh
AgNPs [19]. Tuy nhién, nhiéu tham sé khac
anh huong truc tiép 1én sy hinh thanh AgNPs
van chua duge nghién ctru chi tiét va giai
thich thiu dao. Khi cdu tric ciia AgNPs thay
d6i thi kéo theo phd hip thu plasmon thay dbi
theo. Pbi voi hat dang ciu thi phd hap thuy
plasmon chi ¢c6 mdt dinh. Khi hat & cac dang
khac, sé dinh phd plasmon phu thudc vao tinh
dbi xtg cua hat.

Trong bai bao nay, ching toi thuc hién nghién
ctru cht yéu sy bién d6i phd hip thy plasmon
clia cac AgNPs khi cu tric ctia chung thay
d6i dudi sy kich thich ciia 4nh sang LED
xanh 14. Nghién ctru ctia ching t6i cling da
chira réng, 0 cung mot mat do cong sudt LED
khi thoi gian chiéu thay ddi thi no anh hudng
tryc tiép 1én sy hinh thanh hat AgNPs. Thém
vao d6, ndong do cua cac chat ciing 1a yéu t6
quan trong anh huéng manh 1én AgNPs. Didu
nay thé hién rd khi quan sat bing TEM va phd
hap thy plasmon UV-Vis.
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PHUONG PHAP THUC NGHIEM

DPé ché tao cac AgNPs, phuwong phap phat
trién tir mam hat nhé dang cau duoc lua chon.
Tém tat phuong ché tao gdm 2 budc [21]: dau
tién mam AgNPs dang ciu nho dugce tao bang
phuong phap hoa khir voi tac nhan 1a NaBH,
vdi sy co mat cua citrate. Trong giai doan tao
mam, chuan bi 200 ml H,O, thém 2 ml dung
dich mudi AgNO; (2,5 mM), tiép dén thém 4
ml dung dich citrate (2,5 ml) khudy tir manh
trong thoi gian 3h dé dam bao phan mg xay
ra hoan toan va cac hat AgNPs c6 do dong
déu cao. Giai doan phat trién mam, dén LED
xanh duoc sir dung chiéu truc tiép vao dung
dich mam sau khi ché tao. So dd thi nghiém
dugc trinh bay trong Hinh 1. Hinh 1a thé hién
qua trinh tao thanh AgNPs dang dia qua 2 giai
doan. Hinh 1b la anh chup thi nghiém khi
dung LED xanh dé phat trién mam.
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Hinh 1. Thi nghiém ché tao AgNPs. a) So do mé
ta 2 giai doan ché tao AgNPs. b) Anh chup cac f’tgt
mam nano dwoc chieu LED ¢ mdt do cong suat
0,51 mwW/cm?

Thi nghiém khao sat sy thay déi thoi gian
chiéu LED tuong tmg 12 0,5 h; 1 h; 1,5 h; 2 h;
2,5h;3h;35h;4h;5h; 36 h; 76 h v4i cung
mot mat d§ cong suét chiéu 1a 0,51 mW/cm?
Anh huéng cua ty 186 néng d6 chat khu
[NaBH,)/[AgNOs]= 5:1; 5:2; 5:3; 5:4; 55
theo thoi gian chiéu sang ciing dugc khao sat.
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KET QUA VA THAO LUAN

Anh hwéng ciia thoi gian chiéu 1én phé hap
thu plasmon

Pé khao sat tinh chit quang cta cac hat
AgNPs sau khi ché tao, phuong phap pho hap
thu plasmon UV-Vis duoc lya chon. Tt Kkét
qua do phd hép thy cia AgNPs trong Hinh 2
cho thdy, ddi v6i cic mam nano chi co duy
nhat mot dinh plasmon ¢ budc séng 401 nm.
Diéu nay chimg to dung dich hat mam co
dang cau va kich thudc nho (khoang 8-10 nm)
va dung dich chita mam AgNPs c6 miu vang
nhat (nhu anh TEM va anh chup duoc dinh
kém trong hinh). Cac dudong mau dé va mau
xanh duong 1a phd hap thy plasmon cua cac
AgNPs sau khi chiéu LED 2h va 5h twong
mg. Quan sat trén hinh thiy rang, ca hai phd
nay déu xuat hién thém hai dinh héap thu tai
332 nm (d6i véi mau LED 2h va LED 5h),
dinh 401 nm (d6i v6i mdu LED 2h), dinh hap
thu 661 nm (d6i véi mau LED 5h), dinh 645
nm (d6i v6i mau LED 2h) va dinh 817 nm
(d6i v6i mau LED 5h).
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Hinh 2. Phé hdp thu plasmon ciia cac hat ANPs
sau khi duwoc ché tao bang phuong phdp cam
quang dudi sy Kich thich cua LED (mau co
pH=9,4) gom: mam, hat AgNPs sau khi chieu
LED 2 hva5h.

Két qua phd hap thu nay ching to, sau khi
chiéu LED dugc 2 h va 5 h thi hinh dang cua
cac hat AgNPs bi thay ddi so véi mam ban
dau (dang cau). Cac mau nay sau khi dugc do
boi kinh hién vi dién ta truyén qua (TEM)
thiy rang c6 cac hat dia nano bac dang tam
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gi&c va dang tam giac cut ¢ goc. Hién tugng
quan sat dwoc phi hop voi mot sé di cong bd
trong vai nim gan day [22, 23]. Dung dich
chtra hai mau nay ¢6 mau xanh 14 va xanh luc
dam tuong tng (anh dinh kém trong hinh).
Két qua cua su xuat hién pho hap thy nay chi
ra rang: & cing mot cong suat LED chiéu cac
hat AgNPs ¢6 $6 bac doi xang giam khi s
dinh phd hap thu tang [24]. Piéu nay duoc
giai thich rang: trong qua trinh ché tao mam,
citrate dong vai tro rat quan trong trong Su
phét trién va on dinh cua nano bac. Khi chiéu
sang bang LED, cac hat mam AgNPs hap thu
anh sang tao ra dao dong plasmon bé mit kich
thich phan ung hda hoc cua citrate. Tir d6 dan
dén céc phan tir citrate trén bé mat hat nano
bac bi oxi héa nay thanh acetonedicarboxylate
va nhuong lai 2 dién tr trén bé mat hat
AgNPs mam. Cac ion Ag"* s& bi khur trén bé
mit cua cac hat AGNPs mam. Do d6, hat mam
s& duoc phaét trién c6 kich thuéc 16n hon. Khi
¢6 nang luong photon chiéu dén, phan ung
bat dau dién ra, c4c hat mam hinh cau hap thu
anh sang ding huéng tao nén cac dao dong
plasmon ludng cuc. Néu tiép tuc chiéu sang,
khi d6 anh sang kich thich s€ uu tién kich
thich plasmon dao dong ludng cuc doc. Dao
dong ludng cuc doc uu tién phat trién theo
nhitng goc. Do dé, cac hat hinh cau phat trién
di huéng dan dén sy hinh thanh céc dang
nano dia tam giac.
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Hinh 3. Anh hurong cua thoi gian chiéu LED (mdt do
cong sudt 0,51 mW/cm?) 1én sir phét trién cia mdu
AgNPs c6 pH=8,5. (a)- Phé hap thy ciia mam va cia
11 mdu khi ting dan thoi gian chiéu LED (0,5 h; 1 h;
15h;2h;25h;3h;3,5h;4h;5h;36hva76h)

Khi d6 trén phd hap thu s& xuat hién nhiéu
hon 1 dinh hip thu plasmon. Pinh phd c6
cuong do thiap ¢ budc song 332 nm la dic
trung cho hap thy bé day cua dia. Bang céach
diéu khién thoi gian chiéu c6 thé tao ra dugc
cac hat nano bac c6 phd hap thu nhu mong
mudn. Cac két qua nay ciing nhan dwoc quan
sat twong tu khi chiéu sang dai hon. Trén hinh
3 cho thay phé hap thu plasmon cia cac mau
khi thay déi thoi gian chiéu: 0,5 h; 1 h: 1,5 h;
2h;25h;3h; 35h 4 h; 5h 36h 76h
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Hinh 4. Hinh thai kich thude hat AgNPs duwoc ché
tao bang phwong phdp cam quang dudi chiéu
sang dén LED trong 2h. (a), (b) - Anh TEM cua
cac hat AGNPs mam ¢ cdac do phong dai khac
nhau. (d) — la phdn bo mdt do kich thudc hat cia
hinh (b). (¢)- Anh TEM ciia cac hat dia AgNPs
dang tam giac. (f)- Anh TEM phong to cua 2 dia
AgNPs dang tam gidac

Hinh thai va kich thwéc hat AgQNPs

Dé xac dinh hinh thai va kich thudc cta cac
AgNPs sau ché tao, mot s mau dugce do boi
TEM. Hinh 3 1a anh TEM cua céc AgNPs voi
ty 1& ndng do [NaBH,]/[AgNO5;]=5:1, va 100
ul citrate (2,5 mM). 1301 v6i cac miu mam
cho két qua dang tua cu, don phan tan va c6
kich thuéc kha dong déu (Hinh 4a, b). Phén
bb kich thuéc trung binh cic AgNPs mam
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khoang tir 10-15 nm (Hinh 4d). Piéu nay
chirg t6 sau phan ung tao khir Ag” thanh
Ago, cac hat nano dugc boc boi mot 16p
citrate. Lop nay dong vai tro rat tot lam tac
nhan 6n dinh. Hinh 3c, 3e va 3f biéu dién
hinh thai AgNPs dang tam gidc chyup bdi
TEM véi d6 phong dai khac nhau. Mot s6 dia
AgNPs ¢6 canh dai nhét 41 nm. Quan sat trén
Hinh 4e thay rang, xudt hién mot sb dia
AgNPs tam gidc mat goc, diéu nay phu hop
v6i giai thich trong phan phd hép thy plasmon
G trén.

Anh hwéng caa ty 18 nong dé
[NaBH,)/[AgNO;] 1én phd hép thu plasmon
cia AgNPs

Cac ty 1é [NaBH,]/[AgNO;] duoc chon
nghién cuu la: 5:1; 5:2; :5:3; 5:4 va 5:5.

Cac mam sau ché tao duogc chiéu sang theo
thoi gian khac nhau va két qua duoc khao sat
bang phd hap thu plasmon trén Hinh 5. Hinh
5 thé hign pho hap thu plasmon cua cac mau
voi cac ty 1€ nong d6 khac nhau voi céc thoi
gian chiéu sang cé cuing cong suat LED Ia 1h;
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2 h 3 hva4h. Quan sat phd hap thu plasmon
cho thay, d6i véi mau duoc chiéu LED trong
thoi gian 1 h hau hét vi tri dinh phé & budc
s6ng 401 nm khong c6 su thay doi. Cuong do
phd giam dan khi ting nong d6 Ag’. Riéng
déi  voi mau co ty & néng do
[NaBH,]J/[AgNO;]=5:5 trong thoi gian nay da
bat dau c6 sy hinh thanh dinh phé tha 2 ¢
budc song 550 nm, ching té ¢ su hinh thanh
cau tric nano bac di huéng trong khi cac mau
con lai van c6 dang tya cau. Néu tiép tuc
chiéu sang, cac mau nay nhan dugc ning
luong photon chiéu téi cang ting thi sy hinh
thanh céc hat nano di hudng tang theo va dinh
phd & phia séng dai dan xuét hién (quan sat
trén Hinh 5b) va mau sac dung dich bién ddi
tuong tng. Quan sat phd hap thy trén Hinh 5c¢
va 5d cho thay két qua nhan duoc twong tu.
Riéng midu c¢6 ty & nong do
[NaBH,]J/[AgNO;]=5:5 theo thoi gian chiéu
sang ludn c6 téc do hinh hanh cau trac di
huéng 16n nhat so véi cac mau con lai. Do do,
& ty 18 ndng d6 nay nén dugc dung dé ché tao
cac hat nano bac cé hinh dang khac nhau.
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Hinh 5. Anh hwong cia nong dé chat khi 18n pho hdp thu plasmon cia cac AgNPs ¢ céc thei gian chiéu LED
khac nhau. (a)- 1 h; (b)- 2 h; (c)- 3hva (d)-4 h.
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KET LUAN

Céac nghién ciu cta sy anh huong cua thoi
gian chiéu LED xanh Ién bién ddi ciu truc
AgNPs di duoc thé hién qua phd hap thu
plasmon. Két qua cho thay, khi cac hat
AgNPs c6 dang hinh cau phé hip thu plasmon
c6 mot cuc dai duy nhat va & 401 nm, khi
tang thoi gian chiéu sang LED thi cuong do
giam dan va s6 dinh pho tang dong thoi dich
vé phia séng dai. Piéu nay la do cac mam
AgNPs di phat trién duéi kich thich cua
photon dé tro thanh cac AgNPs det dang tam
giac. Két qua ciing chi ra rang, cac hat AgNPs
mam c6 kich thugc trung binh 14 nm va khi
phét trién thanh dang tam gi4c c6 canh dai
nhat 41 nm. Khi ting thoi gian chiéu sang
LED dén 5h tro 1én thi cac AgNPs dang tam
gic nay bi cut cac goc va xuét hién thém dinh
phd plasmon & bude séng 817 nm. Day 1a mot
diém méi trong cdng nghé ché tao céc ciu
trdc nano bac di huéng bang phwong phap
cam quang. Vi cing mot cong suat chiéu
LED, bang cach diéu khién thoi gian chiéu co
thé tao ra cac hat AgNPs cd dang tam gi4c voi
kich thuéc mong mudn. Vi cac hat nano bac
dang nay c6 nhiéu hira hen trong @ng dung
SERS bai dang géc nhon cua no.
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OF SILVER NANOPARTICLES USING PLASMON-MEDIATED METHOD
UNDER THE IRRADIATION OF GREEN LED

Vu Xuan Hoa'", Pham Minh Tan? Pham Thi Thu Ha', Nguyen Van Dong*, Lo Thi Hue’,

Do Manh Quyen', Hoang Cao Nguyen®, Phan Thanh Phuong

1

YUniversity of Science — TNU, 2University of Technology - TNU

In this paper, we present the results of the growth of silver nanoparticles (AgNPs) from spherical
shape to triangular structure by the plasmon-mediated under the irradiation of green LED (532 +
10 nm of wavelength) at the same power density of 0.51 mW/cm? via time. The size, shape and
optical properties of AgNPs were investigated by TEM and UV-Vis plasmon absorption spectrum.
The results indicate that the size of AgNPs seed was average 14 nm in diameter. The size of egde
triangular of AgNPs plate depends on time of irradiation of green LED and the ratio of
concentration of [NaBH,]J/[AgNO;]. Additionnally, when the time of ligth irradiation inscreases
then the corner of the triangular nanoparticles became more truncated corresponding to surface
plasmon band blue-shifted. These results show that there are many promising applications in the

biomedical field, such as: SERS, biological sensors.

Keywords: plasmon absorption; spherical silver nanoparticles; triangle silver nanoparticles;

TEM; LED
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