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Tém tit

Khoa hoc va cong nghé nano c¢6 nhiéu anh hudng tich cuc dén doi sdng con nguoi. Trong s6 cac vat liéu, nano kim loai
Bac (Ag) duoc nghién ciru nhidu va c6 ing dung rong trong doi thuong tir may gidt, thiét bi loc khi, 40 qun, bit tat, dén
dung cu y té, thiét bi xir i nudc, xtc tac va cac thiét bi dién tir. Nano Ag c6 nhiéu ing dung 1a nho tinh khang khuan cao,
tinh dan dién, din nhiét tot va tinh ning xtic tac hidu qua. Ngoai nhitng wu diém, nano Ag ciing dit ra cic thach thire dén
mdi truong sdng. Trong nghién ciru nay, chiing t6i tom tit qua trinh phat trién ctia nano Ag tir tong hop cho dén img dung.
Céc quy trinh tong hop, k¥ thuat phan tich va nhitng ing dung quan trong ctia nano Ag, cac thach thirc va bo hudng nghién
ctru trong tuong lai s€ dugc tom lugt va thao luan.

Tuwr khoa: Nano Bac, tinh khang khuan cua nano Bac, téng hop nano Bac, rng dung ctia nano Bac.

Abstract

Nanoscience and nanotechnology have been brought about great impact on human life. Among the popular materials,
nanoparticle of silver has been studied a lot and widely applied in different fields such as washing machine, air filter,
clothes, medical devices, wastewater treatment devices, catalysis and electronics. These various implications result from
the antimicrobial, optical and catalytic characteristic of silver nanoparticles. Besides, silver nanoparticles also pose
some challenges regarding environmental issues. In this mini review, we summarize the pipeline from synthesis and
characterization to the applications of silver nanoparticles. Synthesis methods, characterization techniques, significant
applications, future research trends and potential challenges of silver nanoparticles are opened up for discussion.

Keywords: Silver nanoparticles, antimicrobial of silver nanoparticle, silver nanoparticle synthesis and applications

1. Giéi thi¢u

Lich str cua cong nghé nano co thé dugc tim
thdy tir nhitng ng dung trang tri hoa tiét trén
gdm swr, ly tach (Hinh 1) ¢ thé ky thir IX sau
cong nguyén [1]. Faraday 1a nguoi dau tién tong
hop hat nano Au vao nam 1857 va dng goi la hat
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vang hoat tinh. Nhirng ndm 1940, hat nano SiO,
duoc thuwong mai hoa & My va Ptrc. Vay khoa
hoc nano va cong nghé nano thyuc sy bit dau phat
trién cach day tam 60 nam [1, 2]. Vat liéu nano
¢6 kich thude cua it nhit mot trong ba chiéu nho
hon 100 nm [3]. Kich thudc nhé nay 1am cho bé
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mit cta hat ¢6 nhidu nguyén tr tiép xtic v6i moi
tredng bén ngoai lam tinh cht cua vat lidu nano
(hoa, quang, xtc tac) rat khac véi tinh chét cta
vat liéu khdi 16n [4]. Nhirng tinh chat dic trung
ctia vat liéu nano thu hat nhiéu nghién ctru co ban

va dé tao san pham thuong mai.

Hinh 1. Nhitng chiéc cdc Lycurgus thoi ¢6 dai La M (thé
ky ther 1V) dugc trung bay ¢ bao tang nudc Anh [1]
Trong sb céc vat liéu duoc quan tam c6 nano

Ag[5, 6]. Bac c6 nhiéu tinh chit dic trung va hitu

ich ma con nguoi da biét dén tir 1au [7] nhu tinh

khang khuén [8, 9], tinh xtc tac [10], tinh dan
dién va nhiét tot [11, 12]. Cac tinh chét ciia nano

Ag phu thudc vao kich thudc, hinh dang va hoa

bé mit [13]. Do d6, nhiéu phwong phép téng hop

duoc phat trién dé khai thac cac tinh nang cua hat
nano Ag. Vi c¢6 nhidu nghién ctru duoc cong bd,
va su timg dung rong rai cua nano Ag khién cho
viéc theo doi cdp nhat nhiing thong tin lién quan
tr& nén khé khin, va ton nhiéu thoi gian. Do d6
mot nghién ctru tong quan ngin thao luan vé cac
phuong phép tong hop hat nano Ag va mdi twong
quan dén tinh chat, cing cac hudng tmg dung 1a
can thiét. Trén co s& d6, mot sb xu hudng nghién
ctru va phat trién trong twong lai s& dwgc dé cép.

2. Cac phuong phap tong hop nano Ag
Tinh chét cua hat nano Ag phu thudc vao

nhiéu yéu tb: hinh dang, kich thudc va su phan

b6 kich thude hat [14]. Do d6, dé kiém soat tot
tinh chat ciia vét liéu, nhiéu phuong phap tong
hop dugc phat trién [15]. Hat nano Ag duoc tong
hop theo hai huéng (1) tir cac nguyén tir két hop

lai thanh hat nho, rdi két dinh lai v6i nhau tao
ra hat 16n hon (goi 1a bottom-up) va (2) di tu
vat liéu khoi 16m, phan chia nho ra thanh cac hat
c6 kich thudc nano (goi 1a top-down) [16 - 18].
Tuy theo phuong phap tién hanh, ta lai chia ra (i)
phuong phép hoa hoc, (ii) phuong phép vat Iy va
(ii1) phuong phép sinh hoc [19]. Sau day, chung
t6i s& trinh bay chi tiét hon vé cac phuwong phap
do.

2.1. Phwong phap héa hoc

Nguyén tic ctia phuong phap ndy 1a chuyén
electron 1én ion Ag* dé dwa ion vé nguyén tir
Ag’. Cac nguyén tir Ag’ nay két dinh v6i nhau
tao ra hat Ag co kich thudc 16n hon [20]. Theo
phuong phap nay, cac chat st dung gdm nguyén
liéu dau vao chira ion Ag" nhu Ag SO,, AgNO,
hay AgClO,, va chat khu nhu mudi citrate [21],
borohydride [21], ascorbic acid [22], glucose,
formaldehyde [23], ethylene glycol [24] hay
dung dich chiét tir cay [22].

Phuong trinh khir Ag® bang cac chit khur
NaBH,, ascorbic acid va citrate co thé duoc viét
gon nhu sau [22]:

AgNO, + NaBH, > Ag + % H, + % B,H_+ NaNO, (1)
2Ag +CHO, >2Ag"+CHO, +2H" (2)
4Ag"+Na,CHO,>4Ag +CHOH,+3Na"+0, (3)

Sy hinh thanh hat nano Ag dién ra theo trinh
tu tir ion Ag” dén nguyén tir Ag® va két dinh lai
tao ra hat Ag co kich thudc vai nm (Hinh 2) [25].
Néu trong dung dich khong c6 cac tac nhan lam
bén thi cac hat nho nay (goi 1a cluster) s& lién
két v6i nhau tao ra hat 16n hon va c6 thé tach ra
khoi dung dich. Bé duy tri dung dich nano Ag
ta phai sir dung cac chat lam bén. Thong thuong
1a cac chit hoat dong bé mat, ion citrate [21],
polyvinyl-pyrrolidone, polyvinyl alcohol [23],
hay la ion BH,". Cac nhom chat nay ngin can sy
két dinh cua cac hat Ag, duy tri kich thudc nho
cua hat Ag va nhu vay s€ lam cho dung dich nano
Ag bén trong thoi gian dai hon.
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Hinh 2. Qua trinh hinh thanh hat nano Ag: (1) khr, (2) két dinh, (3) bén tam thoi va (4) tu lai & trang thai bén [25]

Phuong phap khir héa hoc ¢6 wu diém dé thyc
hién, chi phi thap, hiéu suit tong hop cao, tuy
nhién nhitng phuong phdp nay str dung cac hoa
chit c6 thé gy 6 nhiém méi truong, doc hai nhu
NaBH,, hydrazine. DPé han ché su dung cac chét
doc hai, nhimg nim gan ddy cac chat khir nay
duogc thay thé bang cac hoa chit than thién moi
truong hon nhu ascorbic acid, glucose, amino
acids, dung dich chiét tir cay [26], tinh bot [14],
enzyme [27, 28], tao [29] hay dung dich chiét tir
con trung [30]. Tuy nhién, mic d§ cong nghiép
hoa cua cac phuong phap nay kho hon, do cac
chit nay thuong c6 tinh khir yéu nén hiéu suit
thp, va con chira nhiéu tap chat khong mang tinh
khtr do d6 dung dich Ag tao ra khong c6 do tinh
khiét cao.

2.2. Phuwong phap vit ly

Ngoai phuong phap hoa hoc ¢ trén, nano Ag
c6 thé duoc tong hop theo phuong phap bay hoi —
ngung tu (evaporation — condensation) [31, 32],
phuong phap an mon laser (laser ablation) [33,
34], dung am thanh (sono-decomposition), nhi¢t
phéan, in thach ban (lithography), khir quang hoa
(photochemical reduction) [15, 35], hay chiéu
xa tia gamma [36]. V&i phuong phap bay hoi —
ngung ty, kim loai Ag duoc dua dén nhiét do cao
(hon 2000°C) va bay hoi. Hoi nay s€ ngung tu
thanh hat kim loai nano Ag khi gdp moi truong
lanh (dong khi lanh tro hay dung dung méi) [32].
Hat Ag thu dugc theo phuong phap nay co6 kich
thudc tdm 10 - 20 nm. Trong khi d6 phwong phap
an mon laser cho hat Ag véi kich thudc rat nho,
2 - 5 nm [34]. biéu dic biét 1a dung dich nano

Ag tao ra theo phuong phap nay bén dén nhiéu
thang ma khong can sir dung chit lam bén. Dé
dat duogc két qua do, Pyatenko va dong nghiép da
su dung laser c6 nang lugng 16n (340 mJ/pulse)
va c6 kich thudc chum tia nho 0.5 mm [34].

Laser beam

Silver target

Hinh 3. M6 hinh cua phuong phap an mon laser tao hat
nano Ag trong moi truong dung dich 16ng

Phuong phéap vt 1y c6 wu diém 1a tao ra hat
nano Ag cé kich thudc nho, phan bé kich thudc
hep, va do tinh khiét cao do khong dung hoa chit.
Tuy nhién, chi phi dau tu thiét bi 1on (nhw ngudn
phong xa gamma, laser) va tén nhiéu ning luong
(nhu st dung nhiét).

2.3. Phwong phap sinh hoc

Phuong phap nay str dung cac vi khuan, nam,
tao, peptide dé tong hop tao hat Ag [28, 37 - 44].
Uu diém ctia nhoém phuong phap nay 1a thyc hién
don gian, chi phi thip, than thién méi truong. Vi
du mot sé loai vi khuan c6 thé tong hop nano
Ag ca bén trong 1an bén ngoai mit mang té bao
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vi khuan [40]. Nguyén 1y dua trén phuong phap
khir, cac protein ciia vi khuan c6 kha ning khur
dua ion Ag® vé dang nguyén tir tao tim két tinh,
phat trién va két ndi tao hat nano Ag. Va dé st
dung duoc phuong phap nay, ta can nudi cdy
vi khudn trong méi truong chtra nhiéu ion Ag®.
Dbi voi ndm, co ché tong hop nano Ag dién ra
dua trén kha ning khir cia enzyme do nim tao
ra. Enzyme khur cac ions Ag" va tao ra nano Ag.
Khi ¢ trong mdi truong chira nhiéu Ag*, cac ion
ndy s& bam 1én té bao nim nhd lyc hit tinh dién
gifta mang té bao tich dién am va ion Ag" tich
dién duong. Va cic enzyme trén mang té bao s&
khir ion Ag* dé tao nguyén tir, va dan dan tao ra
nano Ag. Cac nghién ctru cho thay niam tao ra
nano Ag c6 hinh cau, kha dong nhit. Khac véi
vi khuén - loai c6 thé tao ra nano Ag voi nhiéu

kich thudc va hinh dang khac nhau. Tao bién
ciing duoc sir dung dé tong hop nano Ag, dién
hinh nhu Sargassum wightii tao ra nano Ag trong
dung dich kha bén viing. Tuy nhién, v6i phuong
phap sinh hoc thi kho c6 thé dat dugc khéi luong
16n nano Ag. Vi vay kha ning ning cép dé san
xuit & quy mo cong nghiép 1a kho kha thi hon so
v6i phuong phap vat 1y va hoa hoc.
3. K§ thuit khio sat cac tinh chét dic trung
cia nano Ag

Tinh tmg dung ctia nano Ag phu thudc vao cac
tinh chit ctia nano Ag. Do d6, khao sat tinh chat
ctia nano Ag 1a quan trong, duoc tién hanh ngay
sau qua trinh tong hop. Mot sb thiét bi duoc sir
dung phd bién cho qué trinh khéo sat tinh chat
nano Ag duoc tom tit trong bang sau:

Bang 1. M6t sb thiét bi phan tich thuong dung cho khao sat tinh chat hat/soi nano Ag

Tén phuong phap Vit tat Muc dich khio sat
Scanning Electron Microscope SEM Kich thudc, hinh dang (gi6i han tim 100 - 200 nm)
Tunnelling Electron Microscope TEM Kich thudc, hinh dang, tinh thé (gi6i hat dén vai nm)
Atomic Force Microscope AFM Do hinh dang va kich thudc, thé tich hat 3D
Dynamic light scattering DLS Su phan bd kich thude, co thé do trong dung dich
}siglee;tgrzs]z(l);};erswe X-ray EDS Thanh phén hoéa hoc, sy phan b6 thanh phé“m trén don vi dién tich
X-ray photoelectron spectroscopy XPS Thanh phan hoa hoc, méi truong hoa hoc bé mat
X-ray difractometry XRD Céu tric tinh thé, loai tinh thé
UV-Vis spectroscopy UV-Vis | Do hiéu trng cong huong plasmon bé mit ciia hat nano Ag

4. Cac ung dung ctia nano Ag

Ung dung cia Bac da dugc biét dén tr thoi
xua khi nguoi ta dung binh bang Bac dung nuédc
hay dung ddng xu bang kim loai Bac dé khang
khuan [45]. T thé ky thit XVII, con ngudi ciing
ding kim loai Bac cho nhiéu tng dung khac nhau
trong chita bénh. Tir 1980 dén 2010, thé gi6i co
khoang 7500 bang phat minh, sang ché lién quan
dén nano Ag [46]. Diéu nay cho thiy tiém ning
{mg dung cta nano Ag 1 rat 1on. Nghién ctru nim
2011 cho thay c6 khoang trén 300 san pham tiéu
ding str dung nano Ag. Trong s6 cic ung dung
ctia nano Ag thi chu yéu la dén tir kha nang khang
khuan cua nano Ag, sau d6 1a dic tinh quang hoc

cho cam bién, va sd khac tmg dung tinh xtc tac.
Bac véi kich thude vai micrometre (5 - 10 pm)
duogc Gmg dung rong rii trong cac thiét bi dién tir
nho tinh dan dién cao.

4.1. Ung dung lam vit ligu khdng khudn

Ung dung nay ding Ag dudi dang hat nano
hay dung dich ion Ag®. Hat nano dugc tron vao
trong vat liéu polymer, ceramic dé loc nudc, hay
trang 1én bé mit thiét bi y té [5, 47, 48], gidy
[47], son khang khuan [49] hay dung cu gia dung
nhu may giat, thiét bi diéu m, loc khi, may diéu
hoa, quan 4o sir dung trong méi trudng y té, bit
tat, miéng 16t giay chong mui hoi. Nano Ag ciing
dugc tng dung trong bao quan thyc pham, dét
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may. Dang ion cua Bac (Ag") duoc st dung dé
tam thiét bi loc nudc trén nén dit sét dé khéng
khuan.

Tinh khang khuén cta Bac con c6 tac dung
quan trong trong chita bénh vi hién nay hién
turong khang thudc khang sinh cta vi khuan ngay
cang tram trong [50 - 52]. Cac t6 chirc qudc té
dang kéu goi cac nha khoa hoc tim kiém giai
phap dé han ché, thay thé mot sd loai thude
khang sinh hién nay [53, 54]. Cac nghién ctru cho
thdy su két hop cia Bac véi thude khang sinh
nhu gentamicin, ofloxacin va ampicilin lam tang
kha niang diét khuan 1én hai 1an so vé6i trudong hop
chi str dung thudc khang sinh [55 - 58]. Diéu nay
cho thdy Ag c6 tac dung tich cuc trong tmg dung
khang khuan gay bénh. Ngoai ra, nano Ag con
duogc khao sat cho cac ing dung khang ndm [48],
khang virus, chng sung tiy, chdng ung thu [59]
va han ché sy phat trién mat can bé“mg cia mo
(anti-angiogenic) [60].

4.2. Ung dung lam xiic tic va vt ligu dn dign

Bén canh cac tmg dung phd bién cho khang
khuén, Ag con duogc biét dén nhu chét xuc tac
cho cac phan tng hoa hoc dé diéu ché cac hoa
chat hitu co phan tir nho c6 gia tri cao [10, 61 -
66], hay dé pha huy cac chat 6 nhiém mau nhuém
[67, 68]. Ag ciing duge dung két hop véi TiO,
dé tang cuong hoat tinh xtc tac quang cua TiO,.
Trong hé ndy, Ag dong vai trd han ché hién tuong
két tu pha hity hat dién ty do va lam tang hidu qua
xUc tdc quang cua hé.

Bac dang micro dugc su dung phé bién 1am
keo dan dién ung dung trong cong nghiép san
xuét hang dién tir [69, 70] hay cac bo mach dién
tu co gian dugc [71]. Hién nay céac hinh dang
khac cua Ag nhu soi méng, aerogel st dung cho
cac ung dung khong nhiing trong nganh dién tir
ma con trong cac vat li¢u luu trit nang lugng [72,
73] do cau trac 15 t6t hon va nhe hon.

5. Cac han ché ciia nano Ag

Bén canh céc vu diém da va dang dugc nghién

ctru ing dung, nano Ag ciing c6 hai han ché chinh
(1) tiém nang doc hai ddi véi cac sinh vt trong
moi trudng nudc, khong khi va tham chi dbi
v&i con nguoi [5, 14, 38, 45, 74, 75] va (2) hién
tugng phan tan Bac xdy ra trong bo mach dién
tir dan dén chay, nd, hu mach dién [76, 77]. Tinh
nang doc hai cia nano Ag da dugc nghién ctru
trong moi truong nudce [78], trén té bao [79, 80],
dong vat [81]. Chen va cong sy cho théy nano
Ag gy v& mang té bao va pha v& hong cau [79]
va hat 10 nm c6 tinh pha hiy cao hon hat 50 va
100 nm. Nallanthighal cho thdy nano Ag gy dut
chudi DNA cua chudt hoang [82]. Nghién ciu
khac cho thiy nano Ag xdm nhap theo duong ho
hép va thuc quan, bam 1én trén thanh thuc quan,
va phan b & cac co quan ndi tang nhu phoi, gan,
than [82]. Antsiferova va cong su cho thay nano
Ag c6 xu hudng tu lai trong ndo chudt [83] va
c¢6 thé nguy hai dén ndo. Tuy nhién ban chat cta
Bac, 1a kim loai hay ion, tu trong nao van chua 1o
rang. Yang va dong nghiép ciing cho thay nano
Ag tu lai trong cac ndi tang cta chudt va giy roi
loan qué trinh biéu hién gene [84]. Co ché vé
tinh ddc hai ctia nano Ag, & muc do té bao va
phan tir, dén nay van chua duoc biét day du, co
thé lién quan dén gdc tu do co tinh oxy hoa cao.
Tinh doc hai cua nano Ag phu thudc vao nhiéu
yéu td nhu héa bé mit, kich thude, hinh dang.
Nghién ctru hién nay cho thay anh hudng cia
kich thudc hat, lidu luong nano Ag 1én tinh doc
hai la théy r0 [84]; hat nho co tiém nang doc hai
16n hon [79, 80] va liéu luong cao cling gy tac
hai nhiéu hon. Tuy nhién dé c6 cau tra 16i hoan
chinh, can thém nhiéu nghién ctru khac, dac biét
1a nghién ctru in-vivo s& cho két qua gan voi thuc
té. Tir do, viée khai thac st dung cac tinh nang
cta hat nano Ag s& trd nén bén vimg hon. Mot
trong nhing giai phap dé giam sy phan tan cta
Ag trong moi truong la dua Ag 1€n vat liéu khac
nhu TiO, [85] hay gidy [86]. Giai phap nay giup
giam ham lugng Ag can st dung, va d& kiém soét
su phan tan hon.
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Trong cac tng dung din dién, Ag khuéch tan
lam ty nhiét, gdy chay no [87]. Hién nay kim loai
Cu dang dugc nghién ciru dé thay thé mot phan
Ag [88 - 91]. Ngoai ra gid thanh cao cua Bac
cling gdy trd ngai mot phan cho cac ung dung
rong rai cua kim loai nay.

6. Nhirng xu huwéng dang nghién ciru rng dung
nano Ag hién nay

Nhimg nim gin diy, nhidu nghién ctru dang
phat trién theo hudéng kiém soat ciu trac cua hat
nano Ag sao cho tao ra cac hi¢u tng thich hop nhu
Jam cam bién [92 - 96] hay st dung cho thiét bi loc
anh sang [17]. Hién tuong cdng huong plasmon
& bé mat cia Ag trong vung sang nhin thdy lam
cho vét li¢u nay tr¢ nén quan trong cho cac tng
dung dé nhan biét cac hoa chat, dic biét 12 hat siéu
nho (< 2 nm). Vi céc hat siéu nho c6 mot sb tinh
chét dac trung, nhu hién tuong tich di¢n lugng ti,
tur tinh va phat quang, ma cac hat co6 kich thudc
16n hon khong c6 (hodc khong quan sat dugc).
Tinh dan dién cua Bac ciing hip din nhiéu nghién
ctru hién nay, chu yéu tao ra loai muc dan dién
dé ché tao cac thiét bi dién tr mém déo linh hoat
[11, 97, 98]. Bén canh cac hudng trng dung tinh
khiét, nano Ag trong hdn hop composite voi vét
lidu khac nhu TiO, c6 thé tao ra vat liéu nhay véi
anh sang (photochromism) va c6 thé mang lai (mg
dung 1am céc thiét bi nhu gidy c6 thé viét nhiéu
lan, gidy dién tir [99, 100]. Ngoai ra nano Ag ciing
duoc nghién ciru cho tng dung 1am ting d6 bén st
dung cuia pin ion lithium [101].

Ngoai cac nghién ctru theo hudng khai thac
{mg dung nano Ag, im hiéu co ché tac dong cua
nano Ag 1én té bao va sinh vat ciing dang thu hat
nhiéu sy quan tim [102 - 105]. Nhitng nghién ctru
nay gitp hiéu hon vé co ché tac dong ciia nano
Ag, dac bi¢t 1a & mirc 40 phan tur, qua do déra giai
phép kiém soat tt hon qua trinh st dung nano Ag.
7. Két luan

Nano Ag dugc st dung rong rdi cha yéu nho
vao dic tinh khang khuan. Hién nay nano Ag
dugc dung trong xur ly nudc, cam bién, dién tu, y

hoc, nong nghiép, dét may, cong nghé¢ sinh hoc va
xuc tac. Vi nhiéu tng dung nhu vdy, nano Ag c6
mit trong nhiéu mdi trudng sdng cua con ngudi
va cac loai sinh vat khac. Tinh khang khuan cua
Ag ciing c6 thé gay nhing rui ro dén con ngudi
va céac sinh vat. Do do, viéc khai thac st dung
vat liéu nay can duoc nghién ctru nhiéu hon dé
¢6 thé sir dung hiéu qua va bén viing hon. Han
ché sy phan tan ra moi trudng 1a cach 1am hiéu
qua dé ngan chan anh huodng tiéu cuc cua nano
Ag. Mot s6 cha dé can dugc quan tim nghién
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nay van chua duoc biét triét dé; nhu vai tro cia
gbc ty do c6 tinh oxy héa cao trong diét khuan,
tuong tac ctia hat nano Ag voi mang té bao & cap
d6 phan tir.
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