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ANH HUONG CUA TRISODIUM CITRATE LEN PHO HAP THU
PLASMON CUA CAC HAT NANO BAC PUQC CHE TAO BANG
PHUONG PHAP CHIEU LED XANH

Pham Thj Thu Ha', Vi Xuan Hoa*'

Tém tit: Trong bai bdo nay trinh bay két qua khao st sw anh hwéng ciia lwong
trisodium citrate (TSC) lén phé hdp thu plasmon ciua cdc hat nano bac (AgNPs)
dudi kich thich ciia dén LED. Cdc AgNPs dwoc ché tao tir phat trién mam dang cdu
sang dang dia tam gidc khi co kich thich cua LED. Kich thudc, hinh dang va tinh
chdt quang ciia AgNPs dwoc khdo sdt bang phé hdp thu plasmon UV-Vis, kinh hién
vi dién tir truyén qua (TEM) va kinh hién vi dién tir quét (SEM). Két qua chi ra rang,
cdc hat AgNPs mam c6 kich thwde trung binh 11 nm, khi dwoc kich thich cia LED ¢
budc song 532 nm c6 mdt do cong sudt 0,6 mW/em’cdc hat nano bac bién doi tir
dang cau sang dang tam gidc va phu thugc vdo thoi gian chiéu va lwong TSC sir
dung. Phé hdp thu plasmon thay doi twong vmg tir 1 dinh cyee dai ¢ bude song 401
nm sang 2 dinh cuc dai. Két qud nhan dwoc co nhiéu hira hen wng dung trong cam
bién sinh hoc, tang truong tan xa Raman bé mdt (SERS).

T khéa: Nano bac; Hép thu plasmon; TEM; SEM.
1. GIOI THIEU

Céc hat nano kim loai phan tan t6t trong cic méi truong dién méi hdp thu manh anh
sang trong ving kha kién do cong hudng plasmon bé mit cuc bd (LSPR). Cac dic tinh
hap thu 4nh sdng cua cac hat nano kim loai bdi LSPR ¢6 y nghia quan trong ddi véi
nhiéu truong plasmonic, nhu pin mat troi [1], quang xuc tac [2], ting cudng tin xa
Raman bé mit (SERS) [3] va trong chin doan sinh hoc. Budc song ctia anh sang dung dé
kich thich LSPR khoéng chi phy thudc vao ban chét cua vat liéu kim loai ma con phu
thudc vao hinh dang va kich thuéc cua cac hat nano. Trong sb céac vat liéu nano kim loai,
cac hat nano bac 1a tng ctr vién tt nhat cho cac ung dung plasmonic vi dién tré suét
thip hon dan dén kich thich LSPR manh hon va do budc séng kich thich LSPR cua
AgNPs bao phil gan nhu toan bd trong ving nhin thiy bang cach diéu khién kich thudc
va hinh dang hat nano. Ngoai cac AgNPs hinh clu, con co céc loai AgNPs dang khac,
nhu cic tim nano [4], dang thanh [4, 5], dang decahedron [5, 6], dang 1ap phwong [3, 5],
dang day [7], va dang bipyramids [8] cling da dugc dd dugc nghién ctru trude do. Mot
trong nhitng nhom dau tién va tao ra cac dia phang nano 1a nhom Mirkin nam 2001 [9].
Phuong phap ché tao cua ho dugc tién hanh theo hai budc chinh: tao mam va phat trién
mam dudi sy chiéu sang trong ving nhin thay Sau nay, phuong phap ché tao cac hat
nano bac bat dang huéng dugc cai tién nhiéu bang cach dung dén LED va laser, nhu
nhom nghién ctru ciia PGS Tran Hong Nhung dung LED xanh 14 dé tao cac AgNPs da
hinh dang [10], nhom cua PGS Nguyén Thé Binh va PGS Pham Vian Hoi da bat dau
dung laser dé tao cic AgNPs bét dang hudéng. Tuy nhién, dé diéu khién dugc kich thudc
va hinh dang cua AgNPs theo mong muén con gip nhiéu khé khin trong quy trinh ché
tao. Mot sb cong bd trude da khao sat cac tham sé anh hudng truc tlep l1én cau trac va
hinh thai ctia chung nhu: nhiét do [11], thoi gian chiéu LED, cong suit chiéu LED,...
nhung chua day di. Nghién ctru ctia ching t6i tim thay cac tham sé anh huong truc tiép
trong giai doan tao mam, nhu ndng d6 chat khir va chit én dinh TSC. Tir d6 dan dén két
qué tao dia tam gidc AgNPs bi anh huéng. Cac nghién ctru vé hinh thai va kich thudc hat
dugc do bang TEM va SEM. Luong chat TSC thay d6i lam anh hudng truc tiép 1én phd
hép thu plasmon duoc nghién ciru chi tiét trong bai bao nay.
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2. THUC NGHIEM
Quy trinh ché tao
Céc hat AgNPs dang tam giac det dugc ché tao bang phuong phép phat trién trung gian
plasmon duéi kich thich ciia LED xanh théng qua 2 giai doan chinh [12]: Giai doan dau
mam AgNPs dang ciu nhé dugc tao bang phuong phap hoa khir véi tac nhan 1a NaBH,
vO1 s ¢ mat cua citrate. Léy 50ml H,O cho vao binh cau da duoc lam sach. Thém 2ml
AgNO; (2,5 mM) va 4 ml TSC (2,5 mM) khudy tir manh trong thoi gian 3h dé dam bao
phan tng xay ra hoan toan va cac hat AgNPs co do dong déu cao. Giai doan phat trién
mam, den LED xanh (budc song quang 520 nm va mét d6 cong suat 0,6 mW/cm®) duoc str
dung chiéu truc tlep vao dung dich mam sau khi ché tao. So dd thi nghiém duoc trinh bay
trong hinh 1. Hinh la thé hién qué trinh tao thanh AgNPs dang tam giac det. Hinh 1b la
anh chyp thi nghiém khi dung LED xanh dé phat trién mam. Thi nghiém khao sat anh
huong cua luong TSC 1én qua trinh tao mam duoc thyc hién nhu trong bang 1.
Bing 1. Thi nghiém véi lwong TSC thay doi.

Stt Miu Ty 1¢ ndng d$ mol TSC (2,5mM) (ul)
[NaBH4]/[AgNO3]

1 El 50

2 E2 100
3 E3 5:4 500
4 E4 1000
5 E5 2500
6 E6 4000

Photon Ting thém thoi

gian chiéu LED

-

Mim
AgNPs

Hinh 1. Thi nghi¢m ché tao AgNPs. a) So do mo ta 2 giai doan ché tao AgNPs dang tam
gidc dia det. b) Anh chup ky thudt so cac hqt mam AgNPs duoc chieu LED xanh la 6 mat
do cong suat 0,6 mW/em’.

3. KET QUA VA THAO LUAN
3.1. Hinh dang va kich thuéc hat AgNPs

Pé quan sat hinh dang va kich thudc cua cac hat nano sau khi ché tao, cac dung dich hat
keo nano nay dugc do dac béng TEM va SEM. Hinh 2 1a hinh anh cta cac hat nano bac
mam va nano bac dang tam giac det sau khi phat trién bang chiéu LED xanh duéi TEM. Két
qua hinh 2a cho thay cic hat AgNPs mam c6 dang twa cau, don phéan tan. Kich thudc tap
trung chil yéu khoang 11 nm nhu trong hinh 2b. Biéu nay cho théy citrate dong vai tro tot 1a
tac nhan 6n dinh céc hat nano bac. Khi cac hat mam AgNPs dugc chiéu sang, tuy theo thoi
gian chiéu, cong suat chiéu,... ma cac dang AgNPs duoc hinh thanh. Theo tai liéu tham khao
[13], cac hat nano bac dugc hinh thanh trong giai doan dau boi vi cde ion citrate cO thé gan
két wu tién voi cac mit (111), do d6 hat nhén bac c6 dang tam va c6 do 6n dinh tuong dbi
cao. Hinh 2c va d biéu dién cac hat nano dang dia (tim) tam giac voi cac d6 phong dai khac
nhau ctia mau E5 dugc chiéu LED ¢ cong suét 0,6 mW/cm® trong 2h.
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Hinh 2. Anh TEM ciia cdc hat nano bac sau khi ché tao. (a)-cdc mam nano bac. (b)- phin
bé kich thude hat twong vng véi anh a. (c) va (d) la dnh TEM & cdc dg phong dai khac
nhau ciia céc nano bac dang dia tam gidc det dwoc ché tao bang cdach chiéu LED.

Hi nh 3. Anh SEM clia cdc AgNPS Vi cdc do phong dai khdc nhau.

bé théy rd hon hinh dang cua cac AgNPs sau ché tao, hinh 3 thé hién hinh thai va kich
thudc ciia mau E5 & cac dd phong dai khac nhau sau khi li tim 12000 vong/phut. Két qua
cho thiy cac AgNPs kha dong déu va cho quan sat rd hon do day cua tim nano khoang 8
nm va chiéu dai canh 52 nm.
3.2. Pho hép thu ciia AgNPs

Két qua do phd hap thy plasmon cho thay, dbi véi cac mam AgNPs phd hap thy c6 mot
dinh duy nhét & bude song 412 nm (hinh 4 a), chiing té cac mam ché tao duoc co dang cau
[12]. Dung dich chtra cac hat nano mam c6 mau vang nhat c¢6 kich thudc khoang 11 nm.
Hinh 4 b chi ra rang, phd hip thu plasmon ting sé dinh hap thy theo thoi gian chiéu LED.
Diéu nay chimg to, ¢ cung mot cong suat LED chiéu cac hat AgNPs ¢ s0 bac doi xumng
giam khi s0 dinh pho hap thy tang [14]. Diéu nay duoc giai thich rang: trong qua trinh ché
tao mam, citrate dong vai tro rat quan trong trong sy phat trién va 6n dinh cua nano bac. Khi
chiéu sang bang LED, cac hat mam AgNPs hip thu anh sang tao ra dao dong plasmon bé
mit kich thich phan tmg héa hoc cua citrate. Tir @6 dan dén cac phan tir citrate trén bé mit
hat nano bac bi oxi hoa nay thanh acetonedicarboxylate va nhuong lai 2 dién tir trén bé mat
hat AgNPs mam. Cac ion Ag" s& bi khir trén bé mit cta cac hat AgNPs mam. Do d6, hat
mam sé& duoc phat trién c6 kich thudc 16n hon [15]. Khi c6 ning lugng photon chiéu dén,
céc hat mam hinh cau hap thu 4nh sang dang hudng tao nén cac dao dong plasmon ludng
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cuc. Néu tiép tuc chiéu sang, khi 6 anh sang kich thich s& wu tién kich thich plasmon dao
dong ludng cuc doc. Dao dong ludng cuc doc wu tién phat trién theo nhing goc. Do do, cac
hat hinh cau phat trién di huéng dan dén sy hinh thanh cac dia nano dang tam giac det [15].
Mait khac, so voi phé h?ip thu cua cac hat nano mam chi c6 mot dinh duy nhét thi d6i véi cac
hat nano dang dia det tam gidc xuét hién thém mot dinh hép thu c6 cudng do nhé & budc
song ngin hon (~329 nm). Pay chinh 1a dinh dic trung cho su hip thu cia bé diy cua dia
nano (Hinh 4 b). Trong Hinh 4b, cac ché d¢ kich thich plasmon twong tmg cho mdi dinh hép
thy ctia dung dich ciing dugc cung cdp. Ba dinh dic trung twong tng voi cac ché do kich
thich plasmon khac nhau ctia cac nano hinh tam giac [14].
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Hinh 4. Phé hdp thu ciia AGNPs mam (a) va AgNPs dang dia tam gidc det ciia mau ES véi
thoi gian chiéu 3h (b).

3.3. Anh hwéng ciia ndng do TSC

bé nghién ctru anh hudng cia lugng chat TSC 1én tinh chat quang cua AgNPs, phuong
phap do phé hip thy plasmon dugc lya chon. Cac mau duoc ché tao voi lwong TSC thay
d6i nhu trinh bay trong bang 1. Lugng TSC duoc thém vao ngay trong qua trinh tao mam,
Hinh 5 a biéu dién phd hap thy plasmon cua cac mam véi lugng chat TSC lan luot 50,
100, 500, 1000, 2500 va 4000 pl. Két qua cho thay, phd hip thu c6 mét dinh duy nhat &
cac budc song 1éln lugt 393, 383, 401, 401, 413, 419 nm tuwong g vdi cac mau c6 luong
TSC 50, 100, 500, 1000, 2500 va 4000 ul . Piéu nay chimg t6 cac hat mam tao thanh c6
dang cu, kich thudc tir vai nm dén 15 nm. Dung dich chira cac mam nay c6 méu sic bién
d6i nhe tir mau vang hoi dam (50 pl TSC) va nhat din (4 ml TSC) nhu Hinh 5b. Didu nay
phtt hop v6i 1y thuyét Mie khi hat ¢6 kich thude 16n thi mau cia dung dich chta hat nhat
hon hat ¢6 kich thudc nhé va dinh phd plasmon dich dan vé phia song dai.
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Hinh 5. (a)-Phé hdp thy plasmon ciia cdc mam AgNPs véi lwong chat IsC lan heot 50,
100, 500, 1000, 2500 va 4000 ul. (b)- Anh chup dung dich chira AgNPs mam tuong ing
voi cac mau Hinh a.

Hinh 6 biéu dién phé hip thu plasmon cua cac hat AgNPs phat triérl theo thoi gian
v6i cac luong TSC khac nhau. Tur ph6 hép thu nay cho thay: d6i voi mau chi thém 50,
100 va 500 pl TSC sau 1h chieéu LED thi pho gan nhu chua c6 su thay d6i nhieu, ching
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t6 chua co su bién ddi dang ké vé hinh dang hat. Tiép tuc chiéu LED sau 2 h thi bét dau
hoi nha 1én dinh hap thu plasmon thtr 2 (¢ 583 nm), ching to rang bat dau c6 sy hinh
thanh hat di huéng vé mit cdu tric. Tuy nhién, dang phd nay van tiép tuc giir nguyén
cho den khi chiéu LED dén 4h. Trén anh chyp dung dich chira cac hat nano nay cho thay
mau sdc c6 sy bién d6i nhe tir Hinh 5 e-g. Diéu nay c6 thé do luong TSC chua du dé
cung cap nhom citrate bao boc hat mam dé qua trinh oxi hoa dién ra khi c6 photon chiéu
t6i 1a thay doi cau trac cia hat.
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Hinh 6. Phé hap thu plasmon ciia cdc hat AgNPs phdt trién theo thoi gian véi cdc hrong

TSC khdc nhau: (a), (b), (c) va (d) dwoc chiéu LED véi thoi gian twong vmg 1, 2, 3 va 4h.

(e), (), () va (h) la anh chup ky thudt sé cdc dung dich chira cdc AgNPs twong img trong
hinha, b, cva d.

Dbi v6i cac mau dugc thém lugng TSC (1000, 2500, 4000 ul) nhidu hon, nhin chung
pho hap thu bién doi ngay sau khi chiéu LED 1h va xuét hién thém 2 dinh plasmon & 334
nm va 580 nm (mau 1000 ul TSC va chiéu 1h). Trong 3 miu nay, cang ting thém luong
TSC va thoi gian chiéu LED thi cac dinh ph phia song dai ¢6 xu huéng dich chuyén do
va cuong do phd hip thu ting. Didu nay chimg to cac hat nano 16n dan khi nhan duoc
nang luong kich thich. Thém vao d6, nd con dugc thé hién rd rang khi quan sat mau sic
ctia dung dich chira cac hat nano nay trén hinh 6 e-f. Vi du nhu d6i véi mau 4000 pl TSC
mau dung dich bién ddi tir mu anh tim (LED 1h) sang mau xanh luc dam (LED 4h). T
thi nghiém khao sat nay chung t6 rang, luong TSC c¢6 anh hudong rat 16n dén viéc hinh
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thanh mam va hinh dang cing nhu kich thugc cia AgNPs. Do do thong qua cac thi
nghiém nay c6 thé lya chgn dugc lugng TSC can dé co6 dugc cac hat AgNPs hinh dang va
kich thudc nhu mong mudn.

4. KET LUAN

Két qua nghién ctru dé chi ra anh huéng cua lugng TSC 1én sy tao thanh mam va ciu
trac cua cac AgNPs théng qua phd hip thu plasmon. Khi cac hat AgNPs mam dang ciu
v6i kich thudc trung binh 11 nm ¢ duy nhat mét cuc dai hap thy plasmon (¢ 401 nm) va
s6 cuc dai nay tang khi cac AgNPs c6 dang tam gidc det. Két qua ciing cho thay khi ting
dan lwong TSC va thoi gian chiéu LED thi cyc dai plasmon dich do, chung to kich thude
ctia hat 16n dén, chiéu dai canh cta hat AgNPs vao khoang 52 nm. Vi cing mét cong suét
chiéu LED, bang cach diéu khién thoi gian chiéu co thé tao ra cac hat AgNPs c6 dang tam
giac véi kich thuéc mong mudn. Cac hat nano bac dang tam giac nay c6 nhiéu hira hen
trong ing dung SERS boi dang géc nhon cua né.

L0’l cdm on: Nhom tdc gia cam on sy tdi tro vé kinh phi cua dé tai cd'p Dai hoc Thai nguyén,
ma so DH2018-TN06-02.
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ABSTRACT

EFFECTS OF TRISODIUM CITRATE ON SYNTHESIS OF TRIANGULAR SILVER
NANOPARTICLE BY GREEN LED IRRADIATION METHOD

In this paper, the results show that the investigation of the effect of trisodium
citrate (TSC) on plasmon absorption spectra of silver nanoparticles (AgNPs) under
green LED irradiation. The AgNPs were prepared by growing spherical into
triangular plate disc forms under green LED irradiation. The size, shape and
optical properties of AgNPs were investigated by UV-Vis plasmon absorption
spectrum, transmission electron microscope (TEM) and scanning electron
microscope (SEM). The results also show that the AgNPs seeds have an average
size of 11 nm and when they stimulated by a green LED at a wavelength of 532 nm
with a power density of 0.6 mW/cm’, AgNPs changed from the spherical form into a
triangle and depended on the irradiation time and the amount of TSC used. The
plasmon absorption spectrum changes from a maximum peak of 401 nm to two
peaks respectively. These results are promising to apply in biosensors, surface
enhances Raman scattering.

Keywords: Silver nanoparticles; Plasmon absorption; TEM; SEM.
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