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TONG HQP CAC HAT NANO BAC VOI CAC HINH DANG
VA CAU TRUC KHAC NHAU

D6 Thi Hué", Nguyén Thi Phwong Thio, Tran Khic Khoi
Truong Pai hoc Su pham — DH Thai Nguyén

TOM TAT

Bai b&o nay trinh bay viéc tong hop cac hat nano bac véi cac hinh dang va cau tric khac nhau theo
phuong phéap khtr héa hoc. Cac hat nano bac dang cau, dang thanh va cac cau triic meso véi cac
hinh dang di huéng khac nhau duoc tong hop theo mét quy trinh cu thé. Hinh thai va cau tric cua
cac hat nano bac di duoc nghién ciu bang kinh hién vi dién tir truyén qua TEM va kinh hién vi
dién tir quét SEM. Két qua cho thiy, cac hat nano bac hinh phong cau, cac thanh nano bac va céc
hat nano bac ciu tric di hudéng c6 d6 phan tan tét trong dung dich, kich thuéc va cau tric cua
ching c6 thé diéu khién dugc bang cach thay d6i lwong hat mam hay lugng ion Ag*. Cac thanh
nano bac c6 thé c6 chiéu dai Ién téi vai trim nanomet con cac ciu tric meso bac cé nhiéu diém
“néng” vai ciu tric phan nhanh cao. Cac dic tinh quang cua cac hat nano bac da tong hop dugc
khao sat bang phd hap thu UV-VIS. Két qua cho thiy, cac tinh chat quang cua cac hat nano bac
phu thudc rat manh vao hinh dang, céu trac ciing nhu kich thudc caa ching.
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ABSTRACT

This paper presented the synthesis of silver nanoparticles with different shapes and structures by
chemical reduction method. Silver nano spheres, silver nano rods and silver meso structures with
different anisotropic shapes were synthesized according to a specific process. Morphology and
structure of silver nano particles were studied by transmission electron microscopy TEM and
scanning electron microscope SEM. The results showed that spherical silver nano particles, silver
nano rods and anisotropic structure silver nano particles have good dispersion in the solution, the
size and structure of them can be controlled by changing the amount of seed or amount of Ag *
ions. Silver nano rods can be up to several hundred nanometers long and silver meso structures can
also be formed with multiple hot - spots with a highly branched structure. The optical properties of
the silver nano particles synthesized were investigated by UV-VIS absorption spectroscopy. The
results showed that the optical properties of silver nano particles strongly depend on their shape,
structure as well as size.
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1. Téng quan

Cac hat kim loai c6 kich thu6ce tir vai nanomet
dén vai trim nanomet (hat nano kim loai) da
nhan dugc sy chu y rat 16m vi cac dic tinh doc
d4o cua ching khac vé6i kim loai khéi. Cac
tinh chat cta cac hat nano kim loai phu thudc
manh vao céu tric, kich thudc hinh dang cling
nhu kich thudc va sy phan tan cua chung. Vi
vdy, dé da dang héa cac ung dung, ching
dugc tong hop bang nhidu phuwong phap khac
nhau nhu phuong phap vat ly, sinh hoc va hoa
hoc [1]. Trong phuong phép vat ly, cac hat
nano kim loai c6 thé duoc hinh thanh béng
cach an mon bang laser [2], va chiéu xa boi
tia cuyc tim [3]. Phuong phap hoa hoc la
phuong phap dugc st dung rong rdi dé tong
hop cac hat nano kim loai va on dinh céac hat
keo trong dung dich [4]-[6]. Trong phuong
phap nay, cac ion kim loai trong cac tién chat
duoc khtr thanh céc nguyén tur kim loai. Céac
nguyén tir nay két hop lai v6i nhau theo cac
co ché nhit dinh dé hinh thanh nén cac ciu
truc nano khac nhau. Phuong phap nay duogc
sir dung phd bién nhat, do tinh don gian cua
nd, déng thoi phwong phap nay cho phép
kiém soat cdu trac hat, hinh dang, kich thudc
va sy phan bd cac hat bing cach thay dbi
ndng do cua chit phan ung, va toc do phan
mg. Trong sb cac hat nano kim loai thi cic
hat nano vang, bac c6 budc song cong hudng
plasmon nam trong ving kha kién nén chung
gy ra dugc cac hiéu ung mau sic. Do do,
ching mang lai nhiéu ung dung dac biét la
g dung trong y sinh. Cac tng dung nay bt
ngudn tir hién tugng dién hinh cua cac hat
nano bac khi tuong tac voi anh sang, do la
hién twong cong hudng plasmon bé mit
(SPR) [7]. Pay 1a hién tuong tap thé cac dién
tr trén bé mat hat nano kim loai dao dong
ddng pha voi cung tan sd véi dién truong
ngoai. Tan s6 SPR phy thuéc manh vao kich
thudc, hinh dang cac hat nano kim loai, chiét
sudt ciia moi truong xung quanh va khoang
cach giita cac hat nano [7]. Vi vay, viéc kiém
soat hinh dang cua hat nano kim loai la bi¢n

phap hiéu qua dé c6 duogc hat nano véi budc
song cong huéng SPR mong mubn. Cac hat
nano bac co kha ning hdp thu anh sang co
budc song tir 300 nm dén 1200 nm [7]. Ching
ta co thé kiém soat cac dic tinh quang hoc cua
céc hat bang cach lya chon cic phuong phap
khéc nhau va kiém sodt cac yéu to tham gia
vao qua trinh tong hop hat. Cach tiép can phd
bién nhét dé téng hop cac hat nano bac la khir
hoa hoc bang cac chit khir hitu co va vo co.
Trong cac phuong phap nay, tién chét duoc sir
dung phd bién nhat 1a mubi bac AgNOs, ion
Ag* duoc khir bang cac chét khir khac nhau va
v6i sy hién dién cua cac chét 6n dinh dang keo
trong diéu kién thich hop, ching ta c6 thé tong
hop céc céu triic nano bac vdi cac kich thudc
va hinh dang khac nhau. Cén ctr vao chit khr,
c6 thé chia cac phuong phap khir héa hoc
thanh cac dang chinh sau: Khu citrate [8],
phan tng trang guong bac [9], [10], phuong
phap nudi mam [11]-[13], qua trinh polyol
[14], khir bang anh sang [15]. Cac hat nano
bac véi cac hinh dang khac nhau nhu clu,
thanh, ddy, tam giac, va cdu triic phan nhanh
cao da duoc tong hop [16].

So v6i nano vang thi cac hat nano bac c¢6 tinh
khang khuén cao va kha ning ting cuong do
tan xa Raman bé mat rit tdt. Quang phd
Raman ting cudng bé mit hodc tan xa Raman
tang cuong bé mit (SERS) 1a mot ky thuat rat
nhay v&i bé mit cac hat nano kim loai giup
tang cuong sy tan xa Raman bdi cac phan t
bi hip phu trén bé mit kim loai tho hodc boi
cAu trac nano. SERS chi yéu 1 do dao dong
tap thé cua cac dién tir dan thong qua hiéu
ung SPR [17]. Hiéu tng SERS 1a mét cong cu
phan tich hiéu qua, cung cp thong tin dinh
tinh va dinh luong cua cic chit mau ¢ muc
vét ctia cac phan tir [18]. Vi d6 nhay cao va
tiét kiém thoi gian, SERS duoc sir dung trong
cac truong hop nhur an toan thuc pham va vé
sinh moi truong, hay san xuat hoa chét va cac
chét xuc tac [19].

Bé mat cua cac cAu tric nano bac ¢6 anh
hudng quan trong dén cac dic tinh quang hoc
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va SERS. Céc ciu triic nano bac c6 hinh dang
va kich thudc khac nhau nhu hat nano, thanh
nano, ddy nano, nanoprisms va ong nano d
duoc nghién ctu [20]. Trong bai bao nay, cac
cAu trac nano bac khac nhau nhu dang cau,
dang thanh va dang phan nhanh cao da dugc
tong hop bang phuong phap khir héa hoc véi
cac chéat khir khac nhau. Trén co s d6, CAC
dac tinh quang cta ching ciling da duogc khao
sat théng qua phd héap thu UV-VIS.

2. Thuc nghiém

2.1. Nguyén ligu héa chit: Bac nitrate
(AgNOs—99%), L- Axit ascorbic (L-AA, 99%),
Cetyltrimethylammonium  bromide (CTAB,
99%), Natri borohydride (NaBHs, 99%),
trisodium Citrate (CsHsO7Nas). Tét ca hoa chat
déu duoc cung cip béi Merck, nuéc khir ion
duoc str dung trong tat ca cac thi nghiém.

2.2. Tong hop cdc céiu triic nano bac

2.2.1. Cac hat nano bac dang cau

80 ml dung dich AgNO3z dugc gia nhiét téi
60 °C va dugc khudy tir cung véi 20 ml
dung dich Cs¢HsO7Nas da dugc gia nhiét toi
60 °C tir trudc. Hon hop da dugc khudy tir
gia nhiét khoang 20 phut. Sau d6 qué trinh
lam nong duoc két thuc va dung dich duogc
lam ngudi xubng nhiét d6 phong trong khi
tiép tuc khudy tur.

2.2.2. Cac thanh nano bac

Cac thanh nano bac duoc téng hop theo
phwong phap nudéi mam. Dung dich hat mam
dugc chuin bi bang cach tron dung dich
AgNO; 0,01M v6i 80 ul dung dich CTAB
0,01M sao cho thé tich dung dich thu duogc la
20 ml. Sau do6, thém 0,6 mL NaBH4 0,01 M
khudy tir 2 phut tai nhiét do phong. Dung dich
mam duge giit yén khoang 1h trude khi sir
dung dé phat trién. Cac thanh nano bac dugc
tobng hop bang cach chuén bj 10 mL dung
dich nuéi gdm CTAB 0,01M, 0,25 mL dung
dich AgNO3 0,02 M va 0,5 mL dung dich axit

ascorbic (AA) 0,02 M. Sau d6, mét sb luong
khac nhau cta dung dich mam duogc thém
vao. Cudi ciing 0,10 mL dung dich NaOH 1M
dugc thém vao trong mdi binh phan tmg. Mau
sic cua dung dich thay doi xanh 14, tim hay
hdng 1a tiy theo lugng mam dua vao.

2.2.3. Cdc céu triic nano bac di huong

Tron hdn hop dung dich AgNOstrong H,O dé
duoc cac néng dd mong mudn. Sau do, thém
chat khir 1a axit L-AA vao dung dich trén,
khudy tir & nhiét d6 phong khoang 30 phut dé
phan g xay ra hoan toan. Dung dich thu
duoc chira cac cu tric nano bac di hudng.

2.3. Cac ki thudt do

Piéc trung quang cua cac dung dich nano bac
duoc khao sat thong qua phd hap thu UV-VIS
duoc do trén may UV-2600 cua héng
Shimadzu; hinh thai va kich thuéc cia hat nano
duoc quan sat qua anh bang kinh hién vi dién tir
truyén qua Model. Jem 1010 hang JEOL — Nhit
Ban bang céch trai hat trén luéi dong phu
cacbon va duoc gia toc véi hidu dién thé 80 kV.
3. Két qua va thao luin

3.1. Hinh thdi, kich thwée va céu tric hat
nano bac

3.1.1. Nano bac dang cau

Cac hat nano bac di duoc téng hop bing
phuong phap hoéa, trong do, CsHsO7Nas khir
truc tiép cac ion Ag* trong dung dich dé hinh
thanh nén cac nguyén tor Ag. Cac nguyén tir
bac dugc sinh ra ban dau, sau d6 dong vai tro
nhu trung tim hat nhan dé cac nguyén tir sinh
ra sau két tu lai hinh thanh nén cac hat nano
bac dang phong cau. Trén Hinh 1 14 anh TEM
clia cac hat nano bac dang phong cau. C6 thé
thiy cac hat phan tan tot trong dung dich,
tuong d6i dong déu vé mit kich thudc. Theo
phuong phép nay, kich thudc ctia cac hat
nano bac hoan toan cé thé dugc diéu chinh
bang cach thay d6i nong do Ag* hodc nong
d6 chat khir Citrate.
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Mag: 39800x @ 51 mm 100 nm

A

Hinh 1. Anh TEM ciia cdc hat nano bac dang cau véi do thang do 100 nm (hinh A), thang 20 nm (hinh B)

3.1.2. Nano bac dang thanh

Céc thanh nano bac duoc tong hop bang phuwong phap nudéi mam. Hinh 2A 1a anh TEM cua cac
hat mam bac, Hinh 2B 1a anh TEM cia céc thanh nano bac khi sit dung 125 pl dung dich hat

mam.
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Qe
&

Ag seed.002
Print Mag: $0400x @ 51 mm 100 nm

2 318 on

Hinh 2. Anh TEM ciia hat mam bac (hinh A) va thanh nano bac (hinh B)

Cac hat mam bac khi duoc dua vao trong
dung dich nudi voi sy c6 mat cla chat hoat
dong bé mat CTAB, cac ion bac trong dung
dich “nudi” 16n cac hat mam theo cac huéng
wu tién khac nhau, hinh thanh nén ciu tric
dang thanh. Pé hinh thanh dugc cac thanh
nano bac thi vai tro cia CTAB la rat quan
trong. Giai thich cu thé vé vai tro dinh huéng
cua CTAB cho qué trinh tao thanh bac cling
tuong ty nhu trong qua trinh téng hop thanh
nano vang ma ching t6i da trinh bay trong
béo céo trude ddy [21]. Tuy nhién c6 thé thay,
cac thanh nano bac tao ra thuong co kich
thude 16n hon nhidu so véi cac thanh nano
vang. Pay 1a sy khac biét 1on trong qua trinh
nudi cac hat madm bac va cac hat mam vang.
Diéu nay l1a do trong khi phat trién cac hat
mam vang trong dung dich kich thuéc cua
chiéu dai thanh bi giéi han boi ndng do ion

Ag* 1am han ché su két tu cua cac ion Au*
trong dung dich 1&n hat mam. Con ddi véi su
hinh thanh cac thanh nano bac thi khong c6
hién tuong do, vi vay, cac thanh bac co thé
dat duoc kich thude rat 16m.

3.1.3. Nano bac céu tric da di huong

Trén hinh la anh TEM cuaa cac hat nano bac
v6i cdu trac da phan nhanh. Hién tuong phan
nhanh cia cdc ciu tric meso bac phu thudc
manh vao cac yéu t6 tham gia phan tng nhu
noéng d6 Ag*, nong do chat khir AA, téc do
khudy tir va thoi gian xdy ra phan Gng. Tat ca
cac yéu to trén déu anh huong dén tc do xay
ra phan tmg. Puong cong Lamer cho phép ly
giai dugc su anh huong cua toc do phan tng
hay anh hudng cua ndng do cic nguyén tir
bac trong dung dich dén sy hinh thanh cac
cAu trac khac nhau cta cac hat nano bac.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

109


http://jst.tnu.edu.vn/

DJ Thi Hué va Prg

Tap chi KHOA HQC & CONG NGHE PHTN

225(14): 106 - 112

""'1' doum

IMS-NKL 5.0kV & UTI'N:I'I :<C;U.Elk SE(M)
Hinh 3. Anh TEM ciia cdc hat nano bac céu tric da di huong
Vdi cdc d9 phdng dai khdc nhau 30x1000 (hinh A) va 100x1000 (hinh B)
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Hinh 4. Cdc phé hap thu UV-VIS ciia dung dich nano bac dang cau (hinh A),
dang thanh (hinh B) va cau tric meso bac (hinh C)

3.2. Dic tinh quang ciia cdc cdu triic nano bac
Trén Hinh 4 13 cac dic trung quang hoc dién
hinh cua cac hat nano bac voi hinh dang, cAu
trac khac nhau. C6 thé thy, dang ctia phd hap
thu UV-VIS phuy thugc manh vao hinh dang
va kich thudc hat. Véi cac hat nano bac dang
cdu c6 mot dinh hip thu cuc dai tai 430 nm,
cac thanh nano bac c6 phd hép thu dic trung
v6i hai dinh cong huong plasmon tuong Gng
voi cac dao dong cua dién tir theo hai chiéu
ctia thanh, con cac hat nano bac cdu trac di

hudng thi phd hap thy kéo dai ca mot dai tir
380-900, c6 mét s dinh hap thy song khong
quan sat 3. Hinh 4B 1a phd hap thu cia cac
thanh nano bac véi cac thé tich mam thay doi
tir 20 ul dén 140 pl. Co thé nhan thay khi
luong mam cang ting thi cac dinh cong
huong plasmon theo ca chiéu doc va chiéu
ngang ctia thanh déu dich vé phia song ngan
va cudng do héap thy tang 1én. Sy thay d6i nay
quan sat rd hon dbi véi dinh cong hudng theo
chiéu doc cia thanh (¢ phia song dai). Pidu
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nay duoc 1y giai nhu sau: lwong mam trong
dung dich nuéi tang 1én trong khi lugng ion
Ag* trong dung dich khong ddi thi cac thanh
nano bac duoc hinh thanh s€ ¢ cac canh ngén
hon (nho hon) ctia cac thanh nano bac khi
luong mam it.

biéu nay dan dén sy dich cua dinh héip thu
plasmon vé phia séng ngin, dong thoi sb
lugng hat mam tang tc la néng do thanh bac
tang 1én, diéu d6 doéng nghia voi cudng do
ctia dinh hap thy ting khi lugng mam ting.
Hinh 4C 1a ph6 hap thu cta cac ciu trac meso
bac da nhanh voi cac lugng khéac nhau cua
AgNOs. Khi nong do Ag* cang tang thi do
hap thy cta dung dich cang cao. Vi co ciu
trac di hudng nén trong pho ton tai nhiéu cac
mode dao dong twong Ung vdi cac dao dong
cua ludng cuc, tir cuc va cdc mode dao dong
bac cao hon, tuy thudc vao sy phan nhanh cua
hat nano bac. Phd hép thu plasmon thu dugc
1a sy chdong chap ciia cac mode dao dong nén
cac dinh cong hudng khong quan sat rd ma
chi thidy mot dai hip thu kéo dai tir ving tur
ngoai gan cho dén hong ngoai gin. Pé la
dang pho dic trung ctia cac cu tric nano bac
di huéng.

4. Két luan

Cac hat nano bac vdi cac hinh dang va cau
trac khac nhau nhu dang ciu, dang thanh va
da di hudng da duoc tong hop bang phuwong
phép khtr hda hoc. Cac hat nano don phén tan
va tuong d6i déng déu vé kich thuéc. Céc
thanh nano bac duoc diéu chinh kich thuéc
giita cac canh bang cach thay déi lwong mam
dua vao trong dung dich nuoi, kich thuéc cua
thanh 16n c6 chiéu dai vai trim nanomet. Céc
dinh cong huong plasmon dich vé phia séng
ngén va cuong do ting khi lwong mam ting
Ién. CAc cu tric meso bac ton tai nhiéu diém
“hot-spot”, voi Cau tric phan nhanh cao da
dugc tdng hop. Day 1a vat lidu c6 tiém ning
I6n trong viéc ung dung dé phét hién néng do
cac chat mau hiru co dua trén hiéu (ng tan xa
Raman ting cudng bé mit.
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