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The synthesis of silver nanoparticles (AgNPs) using plant extracts has
been extensively studied for the application of antimicrobial activity. In
this study, for the first time, silver nanoparticles are synthesized using
Allium tuberosum leaf extract, application for antimicrobial activity.
The optimal conditions for synthesis of AgNPs were investigated. The
structure and morphology of optimined AgNPs were determined by
FTIR spectra, XRD, and SEM. AgNPs were spherical in shape,
stabilized by organic compounds present in the Allium tuberosum
extract, with a crystalline size of approximately 10 nm. Allium
tuberosum mediated AgNPs exhibited good antimicrobial activity
against L. plantarum, P. aeruginosa, and A. flavus with inhibition zone
diameter to be 19, 18 and 17 mm, respectively. This result affirms the
potential use of Allium tuberosum extract for the synthesis of silver
nanoparticles and their application in antimicrobial activity.
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Viéc tong hop hat nano bac (AgNPs) bang dich chiét thuc vat da duoc
nghién ctru rong rai dé ung dung trong hoat tinh khang vi sinh vat.
Trong nghién ctru nay, 1in dau tién, hat nano bac duoc tong hop sir
dung dich chiét tir 1a he va ung dung trong hoat tinh khang vi sinh vat.
Céc diéu kién t6i wu dé tong hop AgNPs da dugc khao sat. Cau trac va
hinh thai cia AgNPs t6i vu duoc xac dinh bang phé FTIR, XRD va anh
SEM. AgNPs c6 dang hinh ciu, dugc 6n dinh bai cac hop chét hitu co
c6 trong dich chiét 14 he, véi kich thuéc tinh thé khoang 10 nm. AgNPs
tong hop tir 14 he thé hién hoat tinh khang vi sinh vat t6t déi véi L.
plantarum, P. aeruginosa va A. flavus, véi duong kinh vong wc ché lan
lwot 12 19, 18 va 17 mm. Két qua nay khing dinh tiém ning cua dich
chiét 14 he trong téng hop hat nano bac va tng dung cua ching trong
hoat tinh khang vi sinh vét.
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1. Gigi thigu

Ngay nay, nano kim loai dac biét nano bac (AgNPs) ngay cang thu hit sy quan tdm ctia cac
nha nghién ciu do chiing cé céac tinh chit dic trung nhu dac tinh quang hoc, di¢n tu, tu tinh va
héa hoc cling nhu hoat tinh sinh hoc. Ngoai ra, n6é con cé ddc tinh thép nén duoc wng dung trong
nhiéu linh vyc nhu y sinh, my pham va cong nghiép [1] — [3]. Nano bac dugc tong hop bang
phuong phap hod hoc, vat Iy va sinh hoc trong d6 phuong phép sinh hoc cho cac hat nano bac ¢6
nhiéu wu dlem nhu don gian, dé thuc hién, khong ddc, gia thanh ré va tan dung dugc nguon
nguyén liéu san c6 [4] — [6]. Nano bac dugc tong hop bang phuong phap sinh hoc thé hién hoat
tinh gy doc té bao, khang vi sinh vat va chéng oxy hoa manh [6], [7]. Cac hat nano bac dugc
tong hop st dung dich chiét 14 voi thé hién hoat tinh wc ché vi khuan S. aureus véi nong do tc
ché tdi thiéu (MIC) tir 2,39 -4,78 pug/mL [8]. Trong khi, cac hat nano bac c6 kich thuéc 64 nm sir
dung dich chiét nuéc cua loai Lycium shawii thé hién hoat tinh chéng oxy hoa va khang vi sinh
vat dang ké [9]. Pén nay, c6 nhiéu cong bd sir dung dich chiét ciia cac loai thudc chi Allium trong
t6ng hop nano bac tao ra cac hat nano bac thé hién hoat tinh khang vi sinh vat tét [10] — [13].
Shanmugam va cac cong su [10] da tdng hop thanh cong nano bac sir dung dich chiét Allium
cepa Vvéi kich thuéc hat khoang 27-43 nm va thé hién hoat tinh khang khuan tét vai chung vi
khuan E. coli va S. aureus v&i duong kinh khang khuan lan luot 1a 20 va 18 mm. Cac két qua nay
cho thy tiém ning trong viéc sir dung dich chiét cac loai thudc chi Allium trong tong hop nano
bac nham tng dung trong kiém so4t vi sinh vat gy hai.

Cay he (Allium tuberosum Rottl. ex Spreng.) duoc trong phd bién & khap noi va c6 rat nhiéu cong
dung. Theo kinh nghiém déan gian, cdy he thuong duge dung chira ho, hen suyén nang, dau cb hong,
sung yét hau, chita cac bénh kiét ly ra mau [14]. Phong Dong y thuc nghiém Vién v¢ sinh dich té
trung wong da xac dinh nudc ¢p 1a he tuoi va thanh phéan bay hoi ctia cay déu co tac dung khang
khuan manh d6i véi S. hemolyticus, S. typhi, S. flexneri, S. shiga, C. bethesda, B. subtilis [15]. Két qua
nghién ctru cua [16] cho thdy dich chiét phan trén mat dt cua he c6 chira flavonoid, alkaloid, saponin,
tannin va duong. Cao n-hexane va cao ethyl acetate lan luot thé hién hoat tinh khang vi khuan L.
fermentumi va B. subtilis trong khi cao dichloromethane thé hién kha niang khang ca 2 vi khuan nay.
Trén thé giéi, nhiéu cong bd V& thanh phan hoa hoc va hoat tinh sinh hoc ciia cdy he [16] —[18]. Tur
cay he Trung Qudc, nhém nghién ctru cua Quan Gao [19] da phan 1ap dugc 40 hop chét trong d6 hop
chit kaempferol-3-O- -(6-trans-feruloyl)--D-glucopyranosyl-(1—2)--D-glucopyranoside-7-O-3-D-
glucopyranoside, mot hop chét flavonoid 1a thanh phan chinh c6 trong ciy he. Cao chiét tir cac bd
phan khac nhau cia ciy he thé hién hoat tinh dang ké vai 4 chung vi sinh vat thir nghiém 1a P.
carotovorumum, P. syringae, F. proliferatum, A. brassicicola. Nhu vdy, cdy he chira cac thanh
phan dong vai trd nhu tac nhan khir hoa va bén hod, c6 thé sir dung trong quy trinh tong hop nano
bac. Hon nira, cay he cling thé hién hoat tinh khang khuan dan dén nano bac dugc tong hop xanh
sir dung dich chiét cay he c6 thé cho hiéu qua khang khuan cao hon so véi cac loai thuc vat khac.
Trong nghién ctru ndy, chung toi tong hop nano bac sir dung dich chiét ciy he nhim danh gia
hoat tinh khang vi sinh vat ctia nano bac hinh thanh.

2. Thwc nghiém
2.1. Vat ligu

Céc hoa chat gé)m AgNO;, NaOH, ethanol dugc mua tir hang Sigma Aldrich, cé d6 tinh khiét
cao. L4 he duogc thu thap & Thai Nguyén.

2.2. Piéu ché dich chiét ld he
L4 cy he dugc thu hai ¢ Thai Nguyén, dugc rira sach, siy kho & nhiét do 50 °C dén khoi
lugng khong doi, sau d6 dugc nghién thanh bot min va dugc sang qua mat ludi c¢6 kich thudc la

0,5 mm. 200 g bot 1a cay he dugc ch\ié”c siéu 4m trong 2000 mL nudc ct trong thoi gian 2 gid.
Sau @6, tién hanh loc l1ay dich chiét bang giay loc, 100 mL dich chiét dugc bao quan ¢ nhiét do 4
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°C @é dung cho ché tao vat liéu nano bac. Dich chiét nudc con lai dugc cit loai nudce thu duoc
cao chiét nudc dung dé thur hoat tinh khang khuan.

2.3. Téng hgp nano bac (AgNPs)

Nano bac duoc tong hop theo quy trinh chung: Nho tir tir dich chiét 14 cay he vao 10 mL dung
dich AgNO; va khudy ¢ 800 vong/phut. Sau d6, thém tir tir dung dich NaOH c6 ndng d6 1 M d&én
khi pH caa hdn hop phan tng bang 11. Hn hop dugc gia nhiét va khudy lién tuc trong thoi gian
phan tmg. Ban dau, hdn hop phan tng c6 mau vang nhat, sau mét thoi gian phan ung, mau cia
dung dich chuyén tir mau vang nhat sang mau vang dam va chuyén din thanh mau nau khi két
thac phan ¢ng. Dung dich sau phan tmg duoc pha lodng trong nudc cat véi ti 18 1: 10, sau d6 tién
hanh do phé hap thu quang (UV-Vis) trén thiét bi UV-Vis hai chum tia UH5300, Hitachi, Japan
dé xé4c dinh sy hinh thanh cia nano bac. Quy trinh tong hop nano bac dugc thé hién & Hinh 1. Bé
khao sat su anh huéng cua cac yéu té dén sy hinh thanh va tinh chit caa nano bac, chung t6i thay
d6i mot sb diéu kien phan g gom nong 6 AgNO; (0,1-1,5 mM), lugng dich chiét (1,0-3,0 mL),
thoi gian (20-50 phut) va nhiét 6 cua phan tng (25-80 °C).

AgNO, _
A Sy ¢50°C Siéu Am PH =11
Lahe Bot 14 he Dich chiét 14 he -\g\'Ps

Hinh 1. So d6 tong hop AgNPs sir dung dich chiét ld he
2.4. Phwong phdp déinh gid tinh chdt ciia nano bac

Céc tinh chat dic trung ciia cac hat nano duogc téng hop ¢ diéu kién téi uu dugce danh gia
nhiéu xa tia X (XRD), ph6 héng ngoai (FTIR) va kinh hién vi dién tir quét (SEM). Lién két trén
bé mat cua AgNPs duoc danh gia dua vao phan tich phd FTIR duoc do trén thiét bi Perkin Elmer
Spectrum Two v&i s6 song tir 4000 cm™ dén 450 cm™. Ciu tric tinh thé cua AgNPs duoc danh
gia dua vao gian dd XRD (Brucker, Japan) hoat dong & 30 kV véi birc xa Cu-Ka (budc song A =
0,154056 nm) véi goc quét 20 tir 20 dén 80°. Hinh thai cia AgNPs dugc tién hanh xac dinh bang
céch phan tich hinh anh SEM cua nano bac duoc do trén thiét bi Hitachi S-4800.

2.5. Danh gia hoat tinh khdng vi sinh vat

Hoat tinh khang vi sinh vat cia AgNPS va cao nudc 14 cay he duoc thir nghiém trén vi khuén
Pseudomonas aeruginosa (P. aeruginosa, ATCC 15442), Lactobaccillus plantarum (L.
plantarum, ATCC 14917) va nam Aspergillus flavus (A. flavus, ATCC 204304) bang phuong
phap khuéch tan dia thach [20]. Kha nang khang khuan va khang nim ciia AgNPs va cao nudc l4
he duoc xac dinh dua vao duong kinh vong khang khuan xung quanh giéng thach chira AgNPs va
cao chiét. AgNPs va cao nudc dugc pha trong dung dich DMSO 2% thanh cac nong do twong
g 1a 50, 100 pg/mL d6i véi AgNPs, 100 pg/mL ddi véi cao nude, 100 pg/mL ddi véi khang
sinh ampicillin, chat ddi chimg duong va DMSO nhu cét d6i ching am. 100 plL dich vi khuan véi
mat d6 10° dwoc trai déu trén dia moi truong thach Luria Bertani. Tién hanh duc 15 tao giéng
thach c6 duong kinh 6 mm va nho 50 pL cao chiét va AgNPs véi cac nong do khac nhau. Cac dia
thir nghiém dugc G & 37 + 2 °C trong 24 gid va sau d6 do duong kinh ving & ché.

3. Két qua va ban luin
3.1. Téi wu héa diéu kign tong hep nano bac

Ham luong dich chiét thuc vat, néng d6 AgNOs, thoi gian va nhiét dd phan Gng la nhitng yéu
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t6 anh huong dén su hinh thanh, d6 bén ciing nhu kich thudc cua cac hat nano. Do d6, viée ti wu
hoa diéu kién tong hop nano bac ¢ y nghia quan trong trong viéc (mg dung ciia ching. AgNPs
thé hién cuc dai hap thu manh & (400 - 450) nm dic trung cho dai cong hudng plasmon bé mit
(SPR) cua hat nano bac [21]. Trong nghién ctru nay, phuong phap UV-Vis dugc st dung dé xac
dinh diéu kién t6i wu hoa ctia phan (mg tong hgp AgNPs. Kich thudc, hinh dang va trang thai cua
hat gdy ra su chuyen dich d6 hay lam tang Ama.x hodc chuyen dich xanh Iam giam Apey. Do do,
chuyén dich d6 duoc quan sat thdy trong qué trinh tong hop AgNPs dugc cho 1a do kich thudc
cua hat nano tang dong thoi cac hat nano keo ty tao thanh dam hat 16n hon. Két qua khao sat anh
hudng cua cac yéu t6 gdbm ndng do AgNOs, ham lugng dich chiét, nhiét 6 va thoi gian phan tng
dén qua trinh tong hop AgNPs duoc thé hién & Hinh 2.

Nong d6 AgNO3 1a mot trong nhitng yéu té quan trong, anh hudng dén sy hinh thanh ciing nhu
d6 bén ciia cac hat nano bac hinh thanh. Hinh 2a trinh bay phd hip thu UV-Vis ciia AgNPs phu
thuoc vao nong dd AgNO;. Két qua khao sat t6i uu hoa ndng d6 AgNO; cho qua trinh tong hop
AgNPs cho thay khi ndng d6 AgNO; tang tir 0,1 dén 1,0 mM thi ham luong AgNPs ting tir tir ing
v6i cuc dai hdp thy tir 0,379 — 0,51 — 0,585, dong thoi cuc dai hip thu chuyén dich tir 376 dén
382 va 388 nm, AgNPs tao thanh ting manh cluing véi su chuyén dich cuc dai hép thu tr 388 dén
400 nm va peak c6 chin rong khi nong d6 AgNO; ting tir 1,0 dén 1,5 mM ching td AgNPs hinh
thanh ting dong thoi cac hat c6 xu hudng bi keo tu dan dén kich thude hat hinh thanh 16n. Diéu nay
c6 thé giai thich do khi ndng d6 AgNOs ting thi qua trinh khir hoa dién ra nhanh, thun loi va cac
hat nano bac tao ra nhiéu va nhanh dan dén bi keo tu. Vi thé, néng do AgNO; béng 1,25 mM duoc
Iya chon 13 ndng d6 t6i uu cho cac phan tmg tong hop AgNPs tiép theo.

1.0
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3) /~\ < 0,50 mM b) //'\ = 1,5mL
0.8 £\ 1,00 mM T 7a\! —20mL
~ / \ ~— 1,25 mM ~ H \3 ~—2,5mL
= / 1,50 mM = / t ~—3,0mL
5 | %
S 0.6 g ‘
= =
S S
o o
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0.24
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bo hép thu (d.v.t.y)
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Hinh 2. Ph6 UV-Vis ciia AGNPs & cdc diéu kién khac nhau:

a) AgNQs; b) ham lwong dich chiét; c) nhiét dg; d) thoi gian
Ham luong dich chiét thuc vat 12 mot trong nhiing yéu td anh hudng chinh dén su hinh thanh
cua nano bac. Cac thanh phan alkaloid, terpenoid, steroid, flavonoid va glycoside c6 trong dich
chiét dong vai tro vura la chat khir vira 1a chat lam bén. Céac hgp phan nay c6 kha nang cho dién ti
dé khir Ag" thanh Ag®. Hinh 2b thé hién phé UV-Vis ciia AgNPs ¢ ham lugng dich chiét khac
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nhau. Nhu c6 thé thdy trong Hinh 2b, cudng d6 héap thy ting 1én dang ké khi luong dich chiét
tang tir 1,0 dén 2,5 mL va khi ting dich chiét 1én 3,0 mL thi cudng do hép thu giam. Do do, 2,5
mL 1a thé tich duoc Iya chon cho cac tong hop tiép theo. Nhiét 6 va thoi gian cling anh huong
dang ké dén qua trinh tong 'hop nano bac. Anh hudng cia nhiét ¢ dén sy hinh thanh nano bac
dugc thé hién ¢ Hinh 2c. Két qua cho thiy khi nhiét do phan tng ting tir 25 dén 60 °C, cuong do
hép thu ting tng voi cic hat nano bac tao ra nhidu. Tuy nhién, khi nhiét d6 ting 1én 80 °C, cuong
d6 héap thu giam diéu nay c6 thé giai thich & nhiét do cao cac hat nano bac hinh thanh bi keo tu.
Hon nita, néu phan Gng téng hop nano bac dugc thuc hién trén 60°C, mot sb thanh phﬁn cua dich
chiét c6 thé bi oxy hoa dan dén qua trinh tong hop AgNPs voi do lap lai khong cao. Vi vay, nhiét
d6 60 °C 1a diéu kién thich hop dé tong hop nano bac. Trong khi, thoi gian phan tng kéo dai tir
20 phat dén 50 phut, cudng dd hap thu ting khi thoi gian phan tng ting tir 20 phut dén 30 phut,
sau do6 khi kéo dai thoi gian phan tng dén 50 phuat thi cuong d6 hap thu hau nhu khong thay doi
(Hinh 2d). Piéu nay c6 nghia 1a viéc hinh thanh AgNPs sir dung dich chiét 14 he chi mat 30 phat
dé hoan thanh, it thoi _gian hon dang ké so v6i bao cio trude do [[11]. Vi vay, thoi gian 30 phut la
thoi gian thich hop dé tong hop nano bac. Nhu vy, diéu kién téi wu cho qué trinh tong hop nano
bac st dung dich chiét 14 he 1a AgNO; nong d6 1,25 mM, 2,5 mL thé tich dich chiét trong thoi
gian 30 phut ¢ nhiét do 60 °C.

3.2. Tinh chit dic trung ciia AgNPs

Tinh chat dic trung ciia AgNPs dugc téng hop & diéu kién t6i wvu duge xac dinh bang cach
phan tich phd FTIR, XRD va SEM. Pho FTIR 1a cong cu quan trong duge sir dung dé xac dinh
céc lién két trén bé mit cta hat nano bac. Phd FTIR cua cao chiét 14 he (Hinh 3a) cho théy ¢6 mot
dinh hip thu rong & bude song 3403 cm™ dic trung cho dao dong hoa tri cua lién két O-H, dinh
hap thy sic nét tai bude song 1630 cm™ dic trung cho dao dong hoa tri ciia lién két C=0. Ngoai
ra, cac dinh hp thu ¢ 1381 cm™ va 1057 em™ ¢6 thé quy két cho cac dao dong hoa tri cua lién két
C-O. So sanh phd FTIR ciia AgNPs va cao chiét 14 he cho thiy phd AgNPs xuit hién cac dinh
hap thy dic trung trong cao chiét 14 he voi cudng d6 yéu hon. Hon nita, trén phd FTIR cia
AgNPs con xut hién 1 dinh hap thu ¢ 565 cm™ dic trung cho dao dong hoa tri cua lién két Ag-O.
Két qua nay cé thé két luan thanh phﬁn hoé hoc trong dich chiét 14 he tao lién két trén bé mat cua
cac hat nano bac, c6 tac dung bao boc cac hat bac.
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Hinh 3. a) Phé FTIR ciia AgNPs va cao ld he; b) gian do XRD cia AgNPs

Phan tich gian d6 nhleu xa tia X cua hat nano bac téng hop dugc (Hinh 3b) dé dénh gia mirc
do tinh thé hoa ciing nhu ciu tric pha ciia cac hat AgNPs cho thay vat liéu thu duoc & trén ¢ cAu
trac tinh thé 1ap phuong tim mat (fcc) phu hop voi thé PDF chuin (JCPDS, No.04-0783) cua
bac. Cac dinh ddc trung tai cac vi tri 20 = 38,08°, 43,660,,63,890 va 77,§2° twong ung véi mit
phang tinh thé (111), (200), (220) va (311) cua bac v6i cau tric tinh thé 18p phuong tam dién

[22]. Kich thudc tinh thé cia AgNPs dugc tinh toan bang bi€u thitc Debye-Scherrer:
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kA 1
"~ P.cosO )
Trong d6, D 14 kich thudc tinh thé (nm), k 13 hing s6 Scherrer (k = 0,9), A 1a budc séng cua
ngudn tia X (A = 0,15406), B 1a d6 ban rong, 0 1a goc nhifu xa twong tmg. Kich thudc trung binh
cua hat nano bac dugc tinh theo cong thirc Deyber-Scherrer khoang 10 nm.
Két qua phan tich anh SEM cua AgNPs tong hop duoc (Hinh 4) cho thiy cac hat nano bac c6
dang hinh cau.

Hinh 4. Anh SEM ciia AgNPs
Nhu vy, phan tich dit liéu ciia phd FT-IR, XRD, SEM va quan sat sy thay doi mau sic cua
dung dich tru6e va sau phan Gmg c6 thé két ludn AgNPs duoc hinh thanh, tinh thé bac c6 dang
hinh ciu véi céu tric lap phuong tdm mat, phan tan ¢ dang két dam, kich thudc tinh thé trung
binh khoang 10 nm. Két qua nay giéng véi cac két qua cong bd trude day [23] — [26].

3.3. Két qud thir hoat tinh khdng vi sinh vit

Hinh 5. Hinh anh khdng vi sinh vat cua AgNPs voi cac chung vi sinh vat: a) L. plantarum;
b) P. aeruginosa; c) A. flavus. (H: cao he, Ar: AGNPs nong do 100 pg/mL, Ro: AgNPs nong do 50 ug/mL,
DMSO: doi chirng am, KS: khang sinh-doi ching dwong)

Bang 1. Két qua khdng vi sinh vt ciia AgNPs véi cac chiing vi sinh vt thir nghiém

x Nong d Puong kinh vong khang khuin (mm)
Mau -
ug/mL L. plantarum P. aeruginosa A. flavus

Cao he 200 23 25 21
100 19 18 17

AgNPs 50 0 14 0
DMSO 0 0 0 0
Khang sinh 100 18 20 25

Két qua thir hoat tinh khang vi sinh vat cua AgNPs ¢ cac ndng d6 khac nhau (50, 100 pg/mL)
trén hai Chung vi khuan gay bénh gdm L. plantarum va P. aeruginosa va mot chung nam A.
flavus thé hién trén Hinh 5 va Bang 1. Két qua chi ra raing AgNPs thé hién kha ning trc ché su
phat trién cta 2 chung vi khuén va 1 ching nam thir nghiém, phuy thudc vao néng d6. AgNPs ¢
ndng d6 100 pg/mL c6 kha nang khang khuan t6t nhit voi duong kinh vong khang khuan trc ché
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su phat trién cta 2 chung vi khuan L. plantarum va P. aeruginosa lan luot 13 19 mm va 18 mm va
khang nim v&i dudng kinh vong khang nim A. flavus 1a 17 mm so v6i khang sinh ampicillin &
cung nong do 1an luot 1a 18 va 20 mm.

Nhu vay, AgNPs duogc tong hop tir dich chiét 1a cay he c6 kha nang khang khuan va khang
nam hiéu qua turong duong so v6i khang sinh ¢ cung nong d¢ [26], [27]. Két qua nay co thé giai
thich do cac yéu t6 sau: thir nhit, cac hat nano bac tong hop tur dich chiét 14 cay he co kich thude
nho nén kha ning khang khuan manh hon; thir hai cac chat lam bén co trong dich chiét 14 cay he
6 kha nang khang khuan, cac hop chit ndy lién két trén bé mit ctia cac hat nano bac ¢ tic dung
hiép dong lam tang kha nang khang khuan clia AgNPs. Cac két qua nay vo cing 1y tha, mo ra
kha nang tan dung dich chiét 1a cdy he dé tong hop AgNPs dinh hudng mg dung trong kiém soat
vi sinh vét gy hai.

4. Két luan

Tém lai, nghién ciru da tong hop thanh cong nano bac st dung dich chiét 1a he & diéu kién tdi
uu cho cac hat bac c6 dang hinh cau, kich thudc tinh thé trung binh khoang 10 nm, bé mat lién
két v6i cac nhom chitc co mit trong dich chiét 14 he. Nano bac c6 kha nang uc ché tot su phat
trién cua cac ching vi sinh vat L. plantarum, P. aeruginosa va A. flavus véi duong kinh vong trc
ché 1an luot 13 19, 18 va 17 mm & ndng d6 AgNPs 14100 pg/mL. Két qua nay khong chi tong hop
dugc nano bac than thién voi moi trudng ma con mo ra tiém ning tng dung trong bao quan thuc
phém y sinh va ndng nghiép. Viéc thir nghiém tng dung thuc té trong bao quan thuc phém va
kiém soat vi sinh vat gdy bénh s& gilip xdc dinh rd hon hi¢u qua cua nano bac trong diéu kién
thue tidn va mo rong tiém ning img dung cia nano bac trong cac linh vuc quan trong.
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