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AT LIEU

Tém luge cac phuong phap xanh ché tao cac vat liéu hat nano Ag,0 NPs
va kha ning xdc tic quang, khang khuin cta vt liéu
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Céc hat nano oxit bac (Ag20 NPs) ché tao theo phwong phép xanh vé&i chiét xuét di ti thuc vat 6 vai trd
trong tdng hop vat liéu 1am chét khi va 6n dinh da dugc tém lvge theo cac tai liéu tham khao. Cac phép do
dic tinh vat liéu dwgc khao sat gdbm: phd hip thu UV-vis, XRD, SEM. Khao sat tinh chét xiic tic quang, khang
khuAn va khang mang sinh hoc ctia Ag20 NPs ciing dwgc trinh biy. Kich thiwée tinh thé Ag20 NPs dugce
tinh theo phwong trinh Debye-Scherrer c6 kich thwéc nho ¢& nano-mét trong khoang 6,2-39 nm. Ning lugng
viing cAm quang Eg clia hat nano Ag20 1 hep c& khoang 1,23-2,86 eV, dugc xac dinh sit dung phitong trinh
Tauc duva theo ph6 UV-vis. Vat liéu hat nano Ag20 NPs ché tao dugce dat d6 dn dinh cao, dic tinh xdc tic
quang phan hiy chdt mau hitu co, khang khuin, khiang mang sinh hoc t6t nbi bat. Cho thiy vat liéu nano
Ag20 NPs nay la vat liéu hoan toan c¢6 kha ning dwgce nghién citu sdu rong hon cho ché tao vét liéu nano

dé thay thé t6t duwoc cho vat liéu nano Ag NPs ciing trong nhitng linh vic tng dung twong tu.

ABSTRACT

Nano silver oxide
Ag,0O NPs

Good antibacterial
Photocatalytic
Green method

Plant extract

Silver oxide nanoparticles (Ag20 NPs) prepared by green method with plant extracts have a role in the
synthesis of materials as reducing and stabilizing agents which have been summarized according to the
references. Material characterization measurements investigated include: UV-vis absorption spectrum, XRD,
SEM. Investigation of photocatalytic, antibacterial and anti-biofilm properties of Ag20 NPs were also
presented. The crystal sizes of Ag20 NPs were calculated by the Debye-Scherrer equation with a nanometer
size in the range of 6.2-39 nm. The optical band gap energy Eg of Ag20 nanoparticles was narrow in the
range of 1.23-2.86 eV which determined using Tauc equation (based on UV-vis spectrum). The fabricated
Ag20 NPs nanoparticles material has high stability, good photocatalytic properties in decomposing organic
dyes and outstanding antibacterial and anti-biofilm properties. It shows that this Ag20 NPs nano material is
a material that is completely capable of being studied more extensively for nanomaterial fabrication to be a

good substitute for Ag NPs nano material in similar application fields.

1. Giéi thiéu

quy trinh xanh va than thién véi méi trudng dé ché tao cac vat lidu hat

nano kim loai, nano oxit kim loai quy da va dang tr& thanh mot nhanh

Vit liéu hat nano kim loai ciing nhw nano oxit kim loai d duwgc rit
nhidu cong trinh nghién citu quan tim do nhitng tinh chét 1y héa thi vi
clia vat liéu, ching han nhu: tinh chit xiic tic quang, quang hoc, dién,
dién héa, dién ti... [1-6]. Pa c6 nhidu phuong phap héa hoc va vt Iy
duge st dung dé tdng hop cac hat nano oxit kim loai. Tuy nhién, cic
phuong phap nay kha tén kém va ciing lién quan dén viéc st dung cic
héa chét ddc hai, nguy hiém 1am chit khit va chit 6n dinh, 1am anh héng
dén méi trwdng sinh thai. Do d6, nhu cAu vé viéc phét trién cdc quy trinh
ché tao vt liéu than thién véi méi trudng thong qua phuong phap ché
tao xanh va cdc phuwong phép sinh hoc khic ngay cang doi hoi cao [7-
12]. Pé dat dwogc tinh hiéu qua vé chi phi, ban chét vat liéu phai duoc
than thién v&i méi trudng va dé xit 1y, thi cac phuong phép xanh ché tao
vt liéu nano di duge xem xét 1a phwong phép thay thé an toan hon cho
céc phwong phéap vat 1y, héa hoc va vi sinh trieée day. Viée phat trién cac
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quan trong ctia céng nghé nano. Trong phwong phap xanh ché tao vat
liéu nano thi c6 ba yéu té chinh trong qua trinh diéu ché hat nano d6 la:
() lva chon moéi trudng dung moi, (ii) lva chon chét khit than thién v&i
moi trwong va (iii) lya chon vat liéu khong doc hai dé ché tao va én dinh
hat nano [13-22]. Do d6, phitong phép xanh ché tao vét liéu nano kim
loai, nano oxit kim loai 12 phit hop trong nhitng nghién cifu hién nay dé
ché tao dwgre cac san phim vat liéu nano than thién méi trudng, phat huy
t6i da nhitng tiém ning ng dung clia vat liéu. Trong bai viét nay trinh
bay v& “Tém luge cac phiong phap xanh ché tao cic vat liéu hat nano

Ag,0 NPs va kha ning xtc tic quang, khang khudn ctia vat liéu”.

2. Thuc nghiém
2.1. Cdc héa chdt stt dung
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+ Céc nguyén liéu dau sit dung cho ché tao oxit bac thudc loai
tinh khiét Sigma-Aldrich: AgNO; (99,9 %), NaOH (98 %), CH;COOH (98
%), nuidc cat 2 lan;

+ Céc chiét xuét thuc vt dugce st dung trong phwong phap xanh
ché tao céc hat nano Ag,0 NPs c6 vai trd 1am tac nhan khit va én dinh
nhu: chiét xudt tit cay H. hirsuta (thudc tinh Ouezzane phia Bic Maroc
(Béc Phi)), chiét xuit tir qua M. flexuosa (mét loai chiét xudt tir hat caa
ciy co Moriche & viing Amazon), st dung dich ndi nuéi cdy Bacillus
paramycoides (dwoc phan 1ap ti¥ miu trim tich ritng ngdp min &
Karankadu, Tamil Nadu, An Do; Hat giéng B. paramycoides (5 %) dugc
nudi cdy vao moéi tredng dinh dudng tuoi, 0 trong 36 givr & 35 °C. Dich
ndi khong chita té bao duge thu duge bing cach ly tam), chiét xudt tit v&
cay mit (Artocarpus heterophyllus), cdy 16i tho (qua G. arborea (Gmelina
arborea), ngudn gbc Nam A), ciy Piper auritum (tit cic cho dia phuong
& Guadalajara, Mexico), 14 cdy sdi Anh (viing ritng Mashrouha ctia Souk

Ahras), 14 cay cha 1 (ngudn gbc Pong Nam Algeria).

2.2. Cdc phitong phdp xanh ché tao nano Ag,0 NPs st dung chiét xudt
thite vt lam chdt khit va dn dinh theo tdi liéu tham khdo [16-22]

Céc phuong phap xanh ché tao cac hat nano oxit bac (Ag,0 NPs)
st dung chiét xuét thyc vt déng vai trd 1am chit khit va 6n dinh (theo
cac tai liéu tham khao [16-22]) sé theo 16 trinh co ban g?m nhv nhau
sau: Dung dich AgNO, (ndng dé theo tinh todn) da dugc chuén bi trude.
Sau dé thém lugng chét chiét xuét thyc vét va dung dich hdn hop dugc
khudy lién tuc & nhiét do phong theo thoi gian thuc nghiém (24 gio).
Tiép theo, dung dich sén sét thu duge cho ly tAm & tbc d6 3000-6000
vong/phiit & 25 °C trong 30 phit dé rita mAu va dua di siy khé & nhiét
@6 80 °C trong 8 gi¥, thu dwge miu bot nano oxit bac (Ag,O NPs) (Mau
sic cia mau hat nano Ag,0 NPs ché tao c6 thé dugce x4c nhan theo sy

thay dbi mau tit vang nhat sang nu dam) [18].

3. Céac két qua thuc nghiém va thao luin

3.1. Két qud phd hdp thu UV-vis

Phd hip thu UV-vis clia cic miu hat nano Ag,0 (Ag,0 NPs) ché tao
theo cac thuc nghiém [16-19] dugc thé hién & Hinh 1 (a,b,c,d). Cac hat
nano Ag,0 c6 phd hép thu dic trung nim trong khoang budc séng i
430-460 nm [5,8,13-22]. Bidu nay cho thiy 12 phép do phd UV-vis sé 1a
mot trong nhitng phép do dic tring dé xac dinh dinh phd xuit hién cic
hat nano oxit bac d6 12 nim trong khoang budc séng A= 430-460 nm.

3.2. Két qud nhiéu xa tia X (XRD)

Hinh 2 (a,b,c,d) 14 két qua nhiéu xa tia X (XRD)ctia cic mau hat
nano Ag,0 (Ag,0 NPs) theo cac tai liéu tham khao [5,8,13-22]. Cac dinh
nhidu xa ctia cidc miu dugce xult hién & cdc vi tri dinh nhiéu xa 20~
27,28, 33,2, 46,3, 55,4, 67,2, 76,7° ma tuong @ng v&i cic mat ho mang
(110), (111), (211), (220), (222) va (311) cta cic hat nano tinh thé

Ag,0 NPs v6i ciu tric tinh thé 14p phwong tdm miit [JCPDS, File No.
00-012-0793][5,8,13-22]. Céc sb liéu vé kich thuGe tinh thé D (nm)
dugc xac dinh theo Debye-Scherrer (D= (0,9%x1)/(Bxcosb)), va hf?mg sb
mang a (A) ctia cic mu hat nano Ag,0 (Ag,0 NPs) dugc tém tit trong
Bang 1. (trong d6, D 1a kich thwéc tinh thé (nm), B 13 téng chiéu rong
tai mot ntta dinh nhiéu xa cwc dai (FWHM) ctia dinh nhiu xa manh
nhét (111), % 13 budc séng tia X (d6i v&i Cu-Ka A= 1,5406 A), va 6 1a

g6c nhiéu xa Bragg).

Bang 1. Kich thugc tinh thé D (nm) dugc xac dinh theo Debye-Scherrer
va héng sb mang a (A) ctia cidc mau hat nano Ag,0 (Ag,0 NPs) [16-19].

Mau 20 (degree); (hkl) D (nm) a(A)
Miu (a) [16] 33,36°% (111) 15,51 -
Mau (b) [17] 33,2% (111) 25+87 -
Mau (c) [18] 32,22° (111) 20,5 -
Miu (d) [19] ~33,28° (111) 6,2 4,728

3.3. Két qud hién vi dién uk quét (SEM)

Hinh anh kinh hién vi dién t quét (SEM) clia cdc hat nano Ag,0
(Ag,0 NPs) theo cac tai liéu dugc thé hién & Hinh 3 (a,b,c,d). Phép do
dic tring SEM dugce st dung dé& nghién citu hinh thai cta hat nano
Ag,0 va kich thuéc hinh théi cta ching [16-19]. V§&i hinh ddng cac hat
nano Ag,0 NPs quan sat dugc trén Hinh 3 (a,b,c,d) theo cac tai liéu
tham khao thi déu cho hiu hét cac hat nano Ag,0 NPs nay déu c6 dang
hinh cAu, v6i dudong kinh trung binh ctia cic hat nano tinh thé trong
khoang ~25-70 nm [16-19], phut hgp véi tinh kich thuéce tinh thé nano
Ag,0 NPs theo phd XRD & trén.

3.4. Khd ndng xic tdc quang phdn hity chdt mau hitu co va khdng khudn
ctia cdc hat nano Ag,0 (Ag,O NPs)

Bang 2 1a liét ké tinh chét xic tic quang, khang khuén cta cac
mAu hat nano Ag,0 (Ag,0 NPs) theo céc tai liéu tham khao. Theo nhu
két qua dwa ra trong Bang 2 thi cic miu hat nano Ag,0 (Ag,0 NPs) dat
duwgce theo phitong phép téng hop sinh hoc (tdng hop xanh) di tir chiét
xudt thue vat (chiét xudt tir 14 ciy, vo cdy, qua, ré cay...) [16-22] dat
dugc kich thudce hat nhoé ¢& nano-mét 6,2-39 nm, nang lwgng viing cAm
quang xéac dinh theo phwong trinh Tauc, da theo phd Uv-vis, dat dugc
la hep c& khoang 1,23-2,86 eV. Cic tinh chét xtdc tic quang, khang
khudn va khéng mang sinh hoc cua Ag,0 NPs dat dugce la tuyét voi
(theo Bang 2) va cho thiy 12 c6 thé thay thé dwgce vat liéu hat nano Ag
NPs [16-22].
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Hinh 1 (a,b,c,d). Phd hép thu UV-vis ctia cdc miu hat nano Ag,0 (Ag,0 NPs) theo cac tai liéu [1-4].
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Hinh 2 (a,b,c,d). Gian dd nhiéu xa XRD ctia cic hat nano Ag,0 (Ag,0 NPs) theo cac ti liéu [16-19].

Hinh 3 (a,b ¢,d). Hinh anh kinh hién vi dién t¢ quét (SEM) cta céc hat nano Ag,0 (Ag,0 NPs) theo cac tai liéu [16-19].
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Bang 2. Liét ké tinh chét xiic tic quang, khang khudn ctia cic mau hat nano Ag,0 NPs theo céc tai liéu tham khao [16-22].

3 R o cx . Kich thwéc | Nang luong viing A
Té&c nhan khtt va on dinh | | R B . ) L 3 : Tai liéu
o . tinh thé Ag,0 | cam quang Eg (st | Tinh chat xtic tac quang, khang khuan cta
STT Tén mau trong phuong phap xanh L = tham
< theo Debye- dung phuong cac mau hat nano Ag,0 (Ag,0 NPs) ,
cheé tao hat nano Ag,0 . khao
Scherrer (nm) | trinh Tauc) (eV)
Chiét xudt tif cay H. . § o
x . ] Hiéu suat phan huy Metylen xanh (MB) dat
Mau a hirsuta dugc thu hoach & . } N M
1 ] L. 15,51 nm 1,23 eV 88,6% dudi chieu anh sang nhin thay, hang so| [16]
(Ag,0 NPs) tinh Ouezzane phia Bac e ;
. . toc d6 phan huy k= 0,020 phiit™
Maroc (Bac Phi)
Tac dung khang khudn manh mé d6i v&i ca cac
chung vi khuan khong khang thudc va da
o khéng thuodc, v#i nong do6 tc ché toi thiéu
Chiét xuat tif qua M. A P N
. (MIC) dao dong ttr 11,25 dén 45 ug/mL. Hiéu
. flexuosa (Mauritia i £ ) : al 1s ahs
Mau b R s qua khang nam ciling dang ke, dac biét 1a doi
2 flexuosa -mot loai chiét 25,7 +8,7 nm - . . . [17]
(Mf-Ag,0 NPs) . L v&i Candida glabrata, v&i MIC 1a 5,63 pg/mL.
xuat tif hat cta cay co ) o P oL
. o Cac hat nano nay ciing cho thay kha néng tc
Moriche ¢ ving Amazon) < <
ché mang sinh hoc manh mé, dac tinh chong
oxy héa dang ké, nhan manh tiém néng chong
lai stress oxy héa cua ching
St dung dich noéi nuéi cay 3 3 o . .
. . Hoat tinh khéng khuan va khang mang sinh
Bacillus paramycoides L . . A .
4 hoc tuyét voi chong lai sy hinh thanh mang
(dugc phan lap tit mau . 2 , | . N
N . N . sinh hoc bién cua cic vi khuian V.
tram tich rttng ngdp man .
, . parahaemolyticus, Salmonella sp.,
& Karankadu, Tamil Nadu, oo |
P . » Enterobacter sp. va Micrococcus sp. Céc
x An Do; Hat giong B. A VI
Mau ¢ . nghién ctu xéac nhan kha nang ctua hat nano
3 paramycoides (5%) duoc 20,5 nm - 2 3 . . N [18]
(Ag,0 NPs) VR . . Ag,0 trong viéc kiém soat sy hinh thanh mang
nudi cay vao moi truong . 3 . < PR
. . L sinh hoc. Ching ciing cho thay ddc tinh té bao
dinh dudng tuoi, u trong ; YR .. .
o, ) . 2. déng ké trén té bao ung thu phoi A549, va
36 gio & 35 °C. Dich noi , . < <
R VR dugce xt@ 1y trén té bao A549 cho thay nhan té
khoéng chita té bao duoc . ; . . . R
N ) bao chét theo chuong trinh va chromatin phan
thu duoc bang cach ly ) . R R
. tach tai ranh gi¢i mang nhan
tam)
Chiét xuat tit thue vat nhu N B L
P PN . Hiéu suat phan hay Metyl dacam (MO) dat
chiét xuat t¥ v&@ cdy mit . ) O
100% duéi chiéu dnh sdng nhin thay trong 160
. (Artocarpus heterophyllus); 3 L % R 3
Mau d 2o phit khi st dung chiét xuat tif v& ciy mit;
4 chiét xuat tif qua G. arborea 6,2 nm 1,43 eV L o [19]
(Ag,0 NPs) . . . phéan huy xdc tdc quang hoan toan ctia Methyl
(Gmelina arborea —con goi R <z
. Ny blue (MB) trong 10 phiit khi st dung chiét xuat
la cay 16i tho, nguodn goc ,
p qua G. arborea;
Nam A)
La tdc nhan khang khuan, nong d6 dudi 1
mg/mL cho kha niing e ché trén 90% dbi véi
Chiét xuat bd phan trén ca vi khuan Gram dvong va Gram 4m; ngén
mat dat ctia ciy Piper ngtta sy hinh thanh mang sinh hoc cua
5 Mau e auritum (“Hoja Santa”, 10 Pseudomonas aeruginosa. G néng dé thich [20]
N < nm - . ;
(Ag,0 NPs) nguon goc duoc lay tit cac hop, hat nano Ag,0 c6 thé st dung dé loai bo
chg dia phuong @& cac moi de doa tit mam bénh. Hoat tinh chong
Guadalajara, Mexico) oxy héa la vugt trdi so vGi cac hgp chat
thuong duge st dung trong cac san pham
thwong mai.
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3 R o . Kich thuéc | Nédng luong ving o
Téc nhan khtt va 6n dinh | | R M . ) L | . Tai liéu
o ) tinh thé Ag,0 | cam quang Eg (st | Tinh chat xdc tac quang, khéng khuan cua
STT Tén mau trong phuong phap xanh L . tham
) theo Debye- dung phuong cac mau hat nano Ag,0 (Ag,0 NPs) ]
ché tao hat nano Ag,0 . khao
Scherrer (nm) | trinh Tauc) (eV)
P Hiéu suat phan huy Metylen xanh (MB) dat
x Chiét xuat 14 cay so6i Anh e ) .
Mau f N N 87% du6i chieu dnh sdng dén LED SMD-IP66
6 (ving ritng Mashrouha - - N A am a1 [21]
(Ag,0 NPs) ) 50W, hang s6 toc dd phan huy k= 4,02.102
ctia Souk Ahras) 3
phit?
» PR = Tinh chat xtc tdc quang phan hay Congo d6
. Chiét xuat 14 cay cha 1a N B . .
Mau g N < (CR) dat hiéu suat 84,50% trong 50 phut dudi
7 (nguén goc DPoéng Nam| 28-39 nm 2,07-2,86 c . | s s 2 g an [22]
(Ag,0 NPs) Algeria) chiéu anh séng nhin thay, hang so toc d6 phan
eria
& hity k= 0,137 pht!

4. Kétluan

Phwong phép xanh ché tao hat nano Ag,O cho thiy day 1a mét
trong nhitng phwong phap méi va thich hop dé ché tao cAu triic nano
oxit bac (Ag,0 NPs) v&i hiéu suéit cao va cdc dic tinh xdc tac quang,
khéng khudn, khang mang sinh hoc tét ndi bat. Cac tic nhan khit én
dinh cho ché tao Ag,0 NPs di tit thuc vat dd duge trinh bay tit cac tai
liéu tham khao nhu [16-22]: chiét xuét tir cay H. hirsuta, chiét xuét tir
qua M. flexuosa, st dung dich ndi nudi céy Bacillus paramycoides, chiét
xudt tif v& ciy mit, ciy 16i tho, ciy Piper auritum, 14 cdy sdi Anh, 14 ciy
cha 14. Kich thwéc tinh thé Ag,0 NPs tinh theo Debye-Scherrer dat dugc
trong khoang 6,2-39 nm. Ning lwgng viing cAm quang Eg duge xdc dinh
st dung phiong trinh Tauc dwa theo phd UV-vis, dat dwgc hep c&
khoang 1,23-2,86 eV. Cac hat nano oxit bac Ag,0 NPs cho thiy 1a dat
dugc hiéu qua twong dvong véi hat nano bac Ag NPs [1-3,5,8,13-22],
va la lya chon thay thé Ag NPs (thudc loai vat liéu dt tién) cho nhitng
ng dung xic tic quang phan huy chit mau hitu co c6 hai, thubc
nhu6m, khang khuén tét, céc tic nhan khang mang sinh hoc héa hoc,
mo ra nhitng tién bd trong viéc bao ché cac chit chdng bam bén va tic

nhén chéng ung thu tiém ning.
Tai liéu tham khao
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