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TOM TAT

Vat liéu nano hop kim vang—bac dugc ché tao
bang phwong phdp khir héa hoc két hop véi polyol,
trong do trisodium citrate (TSC) va polyvinyl
pyrollidone (PVP, M=1,000,000 dvc) dong vai tro
la chdt bdo vé, véi chiéu xa vi séng. Qud trinh ché
tao di qua 2 bwde: (i) ddu tién, cdc hat nano vang
duge tong hop trude, (i) sau dé cdc hat nano bac
duge tong hop tiép tuc trén nén cdc hat vang, tao
thanh cdc hat hop kim. Cdc két qua phdn tich UV-
Vis, XRD, SEM, TEM cho thdy vdt liéu nano hop

kim vang —bac da phan cé cdu tric 16i—vé ¢6 kich
thudc dao dong tir 30-35 nm, trong do vang duwoc
dé nghi déng vai tro la 16i, kich thude cia I6p vé
sé day hon khi tang ham lwong bac. Phé UV-Vis
cho thdy cdc dung dich nay ngodi miii hap thu cyc
dai con co miii khac o vang vai (shoulder peak).
Trisodium citrate dong vai tro quan trong trong
viéc hinh thanh vt liéu hop kim vang —bac trong
dung méi ethylen glycol.

Tir khoa: hat nano hop kim vang — bac, 16i — vo, phwong phap polyol

MO PAU

Trong thé gi¢i cua cong nghé nano, cac nha
khoa hoc thuong chi nghién ciu tinh chat cua cac
kim loai riéng ré (Au, Ag, Cu hoac cac oxide ZnO,
TiO, v.v.) [1-4]. Trong khi d6 su két hop ciia cac
kim loai trén tao thanh hop kim ¢ kich thudc nano
c6 thé s& mang dén nhitng dac tinh két hop méi la
ma mdi kim loai riéng ré khong thé cé. Bac c6 do
dan dién rat tét, vang c6 kha ning tuong thich sinh
hoc; néu su két hop cua 2 kim loai nay tao thanh
hop kim & kich thugc nano vira twong thich sinh
hoc, vira dan dién tét thi rat phu hop cho céc tng
dung ddi v6i con ngudi nhu ché tao cam bién
glucose sinh hoc [5]. Céc hat hop kim Au-Ag trén
nén aluminosilicate, wng dung lam xuc tac cho
phan tng chuyén déi CO thanh CO, & nhiét do
thip va thu duoc mot sé két qua kha quan. Xdc tac

tr hop kim Au-Ag c6 hoat tinh tét hon déi véi
ting kim loai riéng ré, thé hién & nhiét do chuyén
héa CO thanh CO,. Bé dat dugc do chuyén héa
trén 100 %, xuc tac tir nano bac thuc hién & nhiét
d6 160 °C, tir nano vang 320 °C trong khi déi véi
nano Au-Ag ( Au:Ag = 3:1) thi chi can thuc hién
& nhiét do phong. Didu d6 chung té c6 sy hd tro
cho nhau gitra 2 kim loai trong nano hop kim [6,7].
Vit liéu nano hop kim thudng duge didu ché bang
phwong phap khtr hda hoc. Qué trinh khir cac mudi
kim loai c6 thé dién ra lan luot qua 2 budc [9-11]
hoic 1a ddng thoi [6-8]. Nano hop kim cé thé diéu
ché trong nhiéu dung méi khac nhau nhu nudc,
ethylene glycol, glycerol v.v.. Tuy vao dung mdi
c6 thé chon chit khir va chat bao vé thich hop.
Trong nghién ciru nay, vat liéu hop kim vang — bac
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dugc tong hop biang cach khu lan luot trong
ethylene glycol vai chiéu vi song, khao sat anh
huong cua ti 1¢ cua tAc chat tham gia va thay doi
chit khi, chit bao vé.

VAT LIEU VA PHUONG PHAP

Ché tao dung dich keo vang, keo bac

Dung dich keo chira hat nano vang dugc téng
hop bang phuong phap polyol véi sy hd trg cua
thiét bi vi song (Sharp R-209VN). Cho 0,1 g
polyvinyl  pyrollidone (PVP, Mn=1,000,000,
BASF-Germany, 99,9 %) vao 49,50 mL Ethylen
glycol (EG, Trung Quéc, 99 %) khuay déu trong
15 phdat. Tiép tuc cho 0,50 mL HAuCI, 10% M
(Merck, 99,5 %) khudy déu trong 15 phut. Pat vi
séng ché do LOW MED trong 4 phdt, dung dich
chuyén mau tir vang nhat sang do dam. Tiép tuc
khudy manh dung dich sau phan tng dén nhiét do
phong dé tranh su két tu ciia cac hat nano.

Qui trinh tuong ty d6i véi ché tao dung dich
keo chira hat nano bac véi tién chéat 1a AgNO; 107
M (Merck, 99 %), dung dich chuyén tir trong sudt
sang mau vang nhat.

Ché tao hat nano hep kim vang-bac

Dung dich keo chira hat nano hop kim vang —
bac duoc téng hop bang cach khir Ag* trong moi
truong ¢ san cac hat nano vang. Cho PVP hoic
trisodium citrate 1 % (Normapur, 99 %) vao EG
chira sin mot lugng nano vang da tong hop & trén,
khudy tir gia nhiét & 80 °C trong 2 phut. Sir dung
micro pipet cho vao hé dang khuay trong 16 vi séng
mot lugng dung dich AGNO310™ M (Merck, 99 %)
sa0 cho tong thé tich cua hé 1a 20 mL, tong thé tich
cua dung dich nano vang va dung dich AgNO;
thém vao la 2 mL. Pt vi song ché do LOW MED
trong 4 phdt, dung dich s& chuyén tir hong nhat
sang mau cam hoac vang tly thé tich dung dich
AgNO; thém vao. Tiép tuc khudy manh dung dich
sau phan mg dén nhiét 6 phong dé tranh su két tu
cua cac hat nano.

Céc thi nghiém ché tao dung dich keo chira cac
hat nano hop kim vang-bac dwoc trinh bay trong
Bang 1.

Bing 1. Ché tao dung dich hop kim trong EG bang cach khir Ian lugt AgNO4 Ién nano Au

Tenmie | Tieawag | GERNEATO | GeSmy | ™e@ | 1scTse my
E1-3-1 3:1 0,50 1,50 0 0
E1-1-1 1:1 1,00 1,00 0 0
E1-1-3 1:3 1,50 0,50 0 0
E2-3-1 3:1 0,50 1,50 0,0012 0
E2-1-1 1:1 1,00 1,00 0,0014 0
E2-1-3 1:3 1,50 0,50 0,0020 0
E3-3-1 3:1 0,50 1,50 0 0,10
E3-1-1 1:1 1,00 1,00 0 0,10
E3-1-3 1:3 1,50 0,50 0 0,10
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Phwong phap phéan tich

Dung dich keo nano vang va nano hgp kim
vang-bac dugc phan tich bang cac phuong phap:
UV-Vis (Jacco V-670), XRD (D8 Advance,
Bruker— Germany) va TEM (JEM-1400, Japan).

KET QUA VA THAO LUAN
Téng hop keo nano vang

Dung dich EG cd chaa cac hat nano vang,
nano bac dugc diéu ché bang cach khir dung dich
HAUCL,, AgNO; bang phuong phéap polyol véi su
hd tro cua nhiét vi song va chat bao vé PVP, su tao
thanh hat nano vang, hat nano bac c6 thé duogc
nhan biét bang cach:

Phuong phap cam quan: thong qua su thay ddi

mau sic cua dung dich tir vang nhat (mau cua dung
dich HAuCI,) chuyén sang mau do6 hodc do dam,tir
khéng mau (dung dich AgNOs) chuyén sang mau
vang. Diéu nay ching té trong qua trinh phan tng
da xay ra phan ang khir ion vang (Au®") ban dau
thanh nguyén tir vang tu do (Au®), trong tu ddi vai
Ad’.

Phuong phap UV-Vis: Gian d6 UV-Vis cua hé
keo vang va keo bac voi dung méi EG dugc thé
hién & Hinh 1, dung dich keo vang c6 mii hip thu
tai vi tri 529 nm, chiing to c6 su ton tai cua
Au’,dung dich keo vang c6 miii hip thu tai vi tri
418 nm, chang t6 c6 sy ton tai cua Ag’. Két qua
nay phu hop vai cac nghién ciru di c6 trén thé gioi
[3-4,11-14].
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Hinh 1. Gian d UV-Vis ciia keo vang (trén, trai), keo bac (trén, phai) va hinh anh cua
keo vang (dudi, trai) va bac (dudi, phai) trong EG
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Téng hop hat nano hop kim vang—bac
Két qua UV-Vis
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Hinh 2. Gian d UV-Vis (theo ti 16 Au:Ag) va hinh anh cia cic miu Au/EG (1:0), Ag/EG (0:1),
E1-3-1, E1-1-1, E1-1-3
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Hinh 3. Gian d4 UV-Vis (theo ti 1& Au:Ag) va hinh anh cta cac mau
AU/EG (1:0), Ag/EG (0:1), E2-3-1, E2-1-1 va E2-1-3
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Hinh 4. Gian &6 UV-Vis (theo ti 1¢ Au:Ag) va hinh anh ctia cac mau
AU/EG (1:0), Ag/EG (0:1), E3-3-1, E3-1-1 va E3-1-3 (thu ty tir trai sang phai)
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Phé UV-Vis va hinh anh cia cac mau & Bang
1 duoc trinh bay & Hinh 2, 3 va 4. Két qua UV-Vis
& Hinh 3.12 cho thdy hau nhu khong c¢6 su thay doi
vé Vi tri miii hap thu khi so véi dung dich nano
vang ban dau (529 nM).

Hinh 2 cho thiy, véi diéu kién thi nghiém nhu
trén thi cac hat nano bac khong thé duoc tao thanh
ngay ca khi ham luong mudi AgNO; cao (mau E1-
1-3, ti 1¢ Au:Ag 1a 1:3). Duong nhu nano bac
khong thé duoc tao thanh chi dudi tc dung cua vi
soéng trong modi trudng di chira cac hat nano vang
dugc bao vé bang PVP. Cuong d6 hap thu giam
dan chinh 1a do ham lwong nano vang trong h¢
giam dan. Mau sic cua cac mau chuyén tir hdng
sang nhat dan &ng vai thé tich dung dich keo nano
vang giam.

Hinh 3 ciing cho két qua tuong tu. Gian do
UV-Vis cho thay rang, voi cdc mau E2-3-1, E2-1-
1 va E2-1-3, hau nhu khong c6 su thay doi vé vi tri
mili hdp thu ciing nhu cuong d6 hip thu khi so
sanh véi mau E1-3-1, E1-1-1 va E1-1-3, nhu vay
trong truong hop ndy cac mau trén ciing khong ¢
su ton tai cua cac hat Ag’. Mau sic cua cac mau
chuyén tir hdng sang nhat dan ung voi thé tich
dung dich keo nano vang giam.

Két qua UV-Vis & Hinh 4 cho thay cac mau
déy xuat hién 1 mii hp thu ré rang tai cac vi tri
Két qua phan tich XRD

Lin (Cps)

Ledad e bebadt g dbed g ba b e bad g b bactat s fgpl

E3-3-1 (517 nm), E3-1-1 (501 nm) va E3-1-3 (428
nm). Vi tri miii hap thu giam khi ham luong bac
trong h¢ tang dan, diéu nay hoan toan phu hop voi
két qua cua cac nghién ciru khac trén thé gigi [7—
12,14]. Khi ham lugng AgNO; tiang, cac hat nano
bac dwoc tao thanh nhiéu hon do d6 tinh chat
quang caa hdn hop dung dich nano vang va nano
bac mang tinh cua dung dich nano bac rd rét hon.
Mau sic caa dung dich chuyén tir hong, sang cam
réi dén vang ung voi ti 1¢ AgNO; ting dan. Nhu
vay, c6 thé xac dinh TSC hoan toan ¢ kha ning
khir Ag® thanh bac nguyén tir trong moi truong
EG di c6 san c4c hat nano vang.

Mat khac, khi ham lugng bac trong hé tang,
hinh dang céc cac duong hap thu UV-Vis c6 ving
vai xuat hién ngay cang 13, diéu d6 chung to cac
hat hop kim trong dung dich c6 cau tric 18i-vo
cang nhiéu khi ham lugng bac trong hé tang [9-11,
15-16].

Viéc hinh thanh cac hat 18i—vo trong hé duoc
giai thich do trong moi truong da c6 sin cac hat
nano vang, nén cac hat nano bac méi hinh thanh sé
bao bén ngoai cac hat nano vang ngay nhiéu va
lam tang hat c6 c4u truc 18i—vo. Chlng toi cho rang
cac hat nano vang dugc tao thanh trudc dong vai
tro la 16i va cac hat nano bac méi tao thanh s& bam
bén ngoai tao thanh vo.

W i

" Hinh 5. Gian dd XRD ciia miu E3-1-1
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Két qua XRD cho thdy su xuét hién cac miii nhidu xa tai goc 38,20 (ng véi mat 111) va mot phan & 44,30 (img véi
mat 200), déc trung cho cac hat vang va bac c6 cau truc lap phuong tdm mat.

Két qua anh TEM
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Hinh 6. Anh TEM va biéu d6 phan bé kich thuéc ciia mau E3-3-1 va E3-1-3

Két qua TEM cho thiy cac hat nano hop kim
déu c6 hinh cau va kich thuéc & mau E3-3-1
(Au:Ag = 3:1) 1a 30,15 + 5,7 nM, va mau E3-1-3
(Au:Ag = 1:3) 12 30,12 + 7,15 nM. Céc hat cd kich
thudc khong dong déu dan dén do phan bd kich
thude ¢ khoang rong.

V& cau trdc cua hat nano hop kim, nhan thiy
rang mot sb hat thé hién cau trc 18i-vo tuy khéng

rd rang, 16p phu bén ngoai twong ddi mong. Khi ti
16 mudi bac trong hé ting, mau dudong nhu khong
c6 su thay ddi vé kich thuéc hat trung binh. C6 1&
1a do cac thi nghiém duoc thuc hién & ndng do thap
(10°M) nén kha ning cac hat bac duoc tao thanh
bam tiép tuc 1&n cAc hat vang it xay ra hon.

Ngoai ra, khi quan sat anh TEM caa mau E3-
1-3, nhan thay c6 su xuat hién cua cac hat nho véi
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kich thudc chi khoang < 5 M. Trong khi cac hat
nay hau nhu khong xuét hién d6i voi mau E3-3-1.
Diéu nay c6 thé 1a cac hat nho d6 chinh 1a nano bac
dugc hinh thanh sau nhung khong thé bam Ién céc
hat nano vang do cac nguyén nhan;

C4c hat nano vang dugc bao boc va bao vé boi
PVP, nén cac hat nano bac chi cé thé phét trién bén
ngoai hon 14 bam vao bé& mt hat nano vang.

Khi cac hat nano bac vira dugc hinh thanh,
chdng lién bi boc lai boi TSC hodc PVP c6 trong
hé, tao thanh cac hat doc 1ap ¢ kich thudc nano,
khong lién két vai cac hat vang c6 san.

Bén canh d6, theo nghién curu cua Masaharu
Tsuji va céc cong su [9], tac gia cd két luan ring
ion CI" dong vai tro quan trong trong qud trinh hinh
thanh hat nano hop kim véi phuong phap khir 2
giai doan vang trugc, bac sau. Cu thé néu khong co
su ton tai cua ion CI, cac hat nano bac s& hinh
thanh mot céch riéng ré ma khéng bam 1én dugc
hat nano vang c6 sin dé tao thanh hop kim, can
phai ¢c6 ham lugng CI thich hop dé tao thanh hat
nano hop kim c¢6 cau tric vang (Ii) va bac (vo).
Trong nghién cau nay, mau E3-3-1 c¢6 ham lugng
ion CI" ton tai trong dung dich HAuCI, ban dau la
phu hop dé tao hat hop kim vang-bac nén khéng
tao thanh hat nano bac riéng r&. Véi mau E3-1-3,
tuong Gmg ham lugng ion CI" nho hon 12 1an so Vi
mau E3-3-1, trong khi ham lwong bac nhidu hon
gap 3 lan, din dén hinh thanh hat nano bac riéng
ré. Chung t6i ciing dé nghi loai trir kha ning tao
thanh AgCl trong mau E3-1-3 vi ciing theo nghién
ctru cua Masaharu Tsuji, AgCl néu c6 tao thanh s&
& dang vo6 dinh hinh, tao thanh mang khi quan sat
trén anh TEM, khdng c6 dang hinh cau nhu trong
anh TEM cta mau E3-1-3 tai Hinh 6.

Nhu vay vat liéu nano hgp kim Au-Ag da
dugc ché tao bang cac khir lan lugt AgNO; 1én cac
hat nano Au bang chit khir TSC trong dung mdi
EG. Cac hat nano hgp kim dugc hinh thanh co
dang hinh cau, duoc dé& nghi c6 cau trac 18i —vo,
tuy nhién khi ham luong AgNO; trong hé tang,
ngoai cac hat c6 cau truc 18i-vo thi hé c6 sy hinh
thanh cua cac hat nano bac ¢o6 kich thuéc < 5 nM
ton tai doc lap.

KET LUAN

Ché tao thanh cong cé4c hat nano vang va nano
bac trong dung mdi EG véi chéat bao vé 1a PVP.
Cac mau dung dich nano kim loai dugc xac dinh
qua phuong phap cam quang va phén tich UV-Vis.
Két qua cho thay dung dich keo vang véi dung moi
nuéc ¢ hap thu cuc dai tai vi tri 523 nM, trong khi
keo vang va keo bac trong dung méi EG c¢6 vi tri
hap thu cuc dai lan luot 12 530 nM va 418 nM. Ché
tao thanh cdng cac hat nano hop kim trong dung
mdi EG bang cach khia Ag* 1én cac hat nano Au
v6i su hd tro cua vi séng va dac viét 1a chat khir
TSC. Qua céc phan tich UV-Vis, XRD, TEM cho
thay vat liéu nano hop kim vang — bac da phan Vi
cau trlc 18i-vo, trong d6 vang dwoc dé nghi dong
vai tro 1a 161, kich thudc caa 16p vo s€ day hon khi
ham luong bac trong hé ting, kich tir 30 nM dén 35
nM.

Loi cam on: Nghién ciru nay duoc tai tro boi
Uy ban nhdn dan Thanh phé Ho Chi Minh, thuc
hién voi sy ung hé cua Ban Quan Iy Khu Cong
nghé cao (SHTP) va Trung tam Nghién ciru trién
khai Khu Cong nghé cao (SHTPLAB:s).
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Synthesis and characterization of gold —
silver alloy nanoparticles
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ABSTRACT

Gold-Silver alloy nanoparticles  were
synthesized by microwave assisted redution and
polyol reactions, where trisodium citrate (TSC)
and poly vinyl pyrollidone (PVP, Mn=1,000,000)
played as protective agents, process includes two
steps: (i) first, gold nanoparticles were
synthesized, (ii) then silver nanoparticles were
developed on gold nanoparticles surfaces to form
alloy nanoscale. The results of the analysis from
UV-Vis, XRD, TEM spectrums showed that gold —

silver alloy nanoparticles mostly had core-shell
structure and gold was proposed as the core. The
particle size of alloy nanoparticles was 30-35 nm,
and developed if the amount of silver has
increased. UV-Vis spectrum showed this solution
has a shoulder peak beside maximum absorbent
peak. Trisodium citrate kept an important role to
form gold-silver alloy nanoparticles in ethylene
glycol.

Keywords: gold-silver alloy nanoparticles, core — shell, polyol method
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