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SUMMARY

THE ANTIBACTERIAL ACTIVITY OF NANO SILICON DIOXIDE
SYNTHESIZED FROM RICE HUSK

Bacterial contamination and growth in the environment are potential health hazards demanding
disinfection. The rapid growth of nanotechnology is a possible approach to reduce the microbial
contamination on food surfaces and in food preparation environments. In this paper, the antibacterial
potential of silicon dioxide (SiO, NPs) nanoparticles synthesized from a renewable resource rice husk was
investigated. The morphology, crystallinity, and bonding in the synthesized nanoparticles were analyzed by
scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and Fourier transform
infrared spectroscopy (FTIR), respectively. Nitrogen adsorption-desorption was used to determine the
surface area (Brunauer-Emmett-Teller (BET)), porosity, and capillary distribution of the materials. In vitro
assays quantified the growth inhibition of various target bacterial strains upon exposure to different
concentrations of the SiO, nanoparticles. The findings demonstrated that SiO, nanoparticles exhibited
notable antibacterial properties, suggesting potential applications in diverse fields such as medicine, food
preservation, and water purification, while simultaneously contributing to the valorization of agricultural
waste.
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phap phd ‘bié'n (jé chéng lai vi khuan 12 sir
dung nhi€u chat khu trung hiru co khac
Nhiém khuan dang 13 nguyén nhan hang nhau (polyme, 16p phu hiru co, tinh dau,

1. MO PAU

dau gdy nhiém trung va lay truyen qua peroxyacetic acid, lactic acid). Tuy nhién,
méu. Do kha ning khang thudc cua cac nhuoc diém cua phuong phap nay la 0
chiing tac nhan gy nhiém trung (khang nhim tht cip va xuat hién tinh trang
khang sinh) lién tuc gia tang, nén mot khang thubc ctia mam bénh dbi véi chat
trong nhitng nhiém vu chinh hién nay khir tring [2]. Do d6, can phai phat trién
trong y sinh hoc 13 tim kiém céc phuong cac phuong phap va cong nghé¢ moi dé
phap moi dé chong lai vi sinh vat gay khir tring bé mat ma khong dan dén tinh

nhiém trung [1]. Mot trong nhitng phuong trang khang thudc. VA phai tuan tha cac
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yéu ciu an toan co ban l1a khdng gay tac
dong tiéu cyc dén moi trudong.

Trong nhing thap ky gin day, vat liéu
nano da ching to tiém nang to 16n trong
viéc cung cdp cac giai phap bén vimg va
hiéu qua cho nhiéu van dé trén toan ciu.
NG phat trién nhanh chéng va c6 tac dong
dang ké dén xa hoi, nén kinh t& va moi
truong voi nhiéu nganh khac nhau nhu
khoa hoc su séng, san xudt cong nghiép,
dién tu, img dung y sinh, ndng nghi¢p va
nang luong tai tao [3]. Dién tich bé mat
riéng 1on 12 mdt dac trung quan trong cua
vat liéu nano, xuét phat tir kich thudc hat
siu nho cua chung (duong kinh tir 1 -
100 nm). béc diém nay mang lai nhiéu loi
ich va cai tién dang ké trong cac tng dung
thyc té [4]. Nano silicon dioxide (NPs
Si0,) ¢6 cac tinh chat hoa hoc va vat 1y
dién hinh nhu dién tich bé mdt 16n, cach
dién tot, kha ning twong thich sinh hoc
manh va ddc tinh thép, khién chung tré
nén hip dan trong nhiéu tng dung [5].
Bén canh d6, NPs SiO; la chit mang nano
manh voi kha niang phan phdi thube da
dugc ching minh. Do cdc nhom silanol
(Si-OH) tu do cua ching, cho phép bién
d6i va ban chat xdp cho phép tai thude
cao hon, nén NPs SiO, cung cip mot giai
phap thay thé kha thi cho viéc diéu tri
nhiém trung [6]. Ngoai ra, d nham cua
cac hat nano nay c6 thé anh huong dang
ké dén cac dic tinh khang khuan cua
ching, khi @ nham 1én hon thi tuong
quan véi hidu qua khang khuan ting 1én
[7]. Mit khac, trau (RH) 1a mot chat thai
chinh trong néng nghiép ma cé thé dugc
st dung lam nhién li¢u. Cac dac tinh cua
dat hay bién s6 nong nghiép khi sir dung
lam anh huéng dén thanh phan hoéa hoc
cia RH, bao gém lignin, hemicellulose,
cellulose va khoang chat [8]. Tro tru
(RHA), mot phu phiam giau silicon
dioxide (> 60% SiO), carbon (10-40%)
va khoang chat, 1a nguon tai nguyén doi
dao, chi phi thap va bén vimg nén thu hit
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su quan tdm nghién ctou [9]. Vi vay,
trong bai bdo nay ching tdi dé cap dén
cac két qua nghién ctru kha ning khang
mot sd vi khuan cua nano silicon dioxide
dugc tong hop tir vo triu.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chit va thiét bj

Céc hoa chat sir dung trong nghién ctru 1a
cac hoa chat tinh khiét dwgc mua tir Hing
Merck, Duc gém: Nitric acid (HNOs3),
zinc nitrate hexahydrate
(Zn(NOs)2:6H,0), dimethyl sulfoxide
((CH3),SO (DMSQ)). Con hydrochloric
acid (HCD), ethylene diamine
(C2H4(NH2)2) ethanol (CszOH) duoc
mua tor Hang Guangzhou, Trung Qudc.
Nudc cit hai 1an (cit trén thiét bi cat nudc
Fistream Cyclon, England) dugc sir dung
dé pha ché hoa chat va trang, ria cac
dung cu thiy tinh. Céc thiy tinh chiu
nhi¢t 100 mL, 200 mL, 500 mL,
micropipet cac loai, cbc niken ¢ nép, can
phén tich, may khudy tir gia nhiét, may
lic, cbi chay mé nio, 10 nung, tii sdy, binh
thuy nhiét (b0 Autoclave).

Nghién ctru vat liéu tong hop dugc bang
cac phuong phap vat ly hién dai nhu:
Hinh thai san phdm quan sat bang quét
kinh hién vi dién tir (SEM) va thanh phan
nguyén t6 duoc thyc hién trén SEM-
JEOL-JSM 5410 LV (Nhat) ¢ 10 kV. Vat
liéu dugc nhan dang boéi phd hong ngoai
va ghi trén may IR-Prestige-
21(Shimadzu) trong khoang 400 dén 4500
cm ' Bén canh d6, dién tich bé mit riéng
dugc xac dinh bang dudong dang nhiét hip
phu-giai hap nito st dung Micromeritics
Tristar 3000, noi cac mau trudec d6 da
duoc khir khi ¢ 120 °C trong 12 gio.

2.2. Tong hop nano silicon dioxide tir
v6 trau bang phuong phap thuy nhiét

Budc 1: Vo trau (RH) sau khi d duoc ria
sach, say kho dem ngam vdi dung dich


https://hoachatthinghiem.org/product/hoa-chat-dimethyl-sulfoxide-99-9-dmso/
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HNO3 1M trong 24 gio dé loai bo cac kim
loai nang. Vo trau sau khi ngdm HNO;
duoc rira sach nhiéu lan béng nude cat,
sdy kho khd hoan toan & nhiét d6 70 °C va
bao quan trong binh hut m.

Budc 2: Cho v triu sau khi xir 1y ¢ bude
mot vao cde st chiu nhiét, rdi dua vao 10
nung va duy tri nhiét 46 ¢ 700 °C trong 3
gi0, sau d6 dé ngudi ty nhién thi thu duoc
tro trau (RHA). Ldy RHA nghién min
thanh bot, can 2 g roi tron déu véi 10 g
Zn(NO3)»-6H,0, tiép tuc nghién ky sau do
dem nung & 400 °C trong 4 gio dé thu
duoc hon hop bot (RHA/ZnO).

Bude 3: Cho 4 g b6t RHA/ZnO vao binh
teflon 250 mL rdi thém 65 mL nudc cét
hai lan va 105 mL dung dich ethylene
diamine. Thity phan hdn hop trén bang
cach cho by Autoclave c6 chtra dung dich
trén vao tu say. Tién hanh gia nhiét &
nhiét d6 12 170 °C v&i thoi gian 8 gio, roi
dé ngudi tu nhién & nhiét do phong.

Budc 4: Dung dich thu dugc dem ly tam
Vva rira sach bang nudc cit nhiéu lan roi
cho vao coc thuy tinh chira 200 mL dung
dich HCI1 4M, va khudy trén may mAy tur
trong 2 gio. Tiép theo gan lay ket tua r01
rira qua bang ethanol 99,5 %, rdi nudc cit
nhiéu 1dn dén pH ~ 7. Cudi cung san
pham duoc sdy kho & 70 °C trong vong 12
gio, nghién min ta dugc cac hat nano SiO,
mau trang sita [10], [11].

2.3. Thi nghi¢m khang khuin

Nudi cdy va hoat hoa vi khuan: Vi khuan
Gram am la Escherichia coli ATCC
25922 (E. coli), Enterobater va
Pseudomonas aeruginosa (Ps aeruginosa)
Xuat xir tir bo suu tap chung giong Hoa Ki
va duoc cung cdp tir phong thi nghiém
Vién Cong ngh¢ Sinh hoc va Méi truong,
Truong Pai hoc Tay Nguyén. Vi khuan
dugc nubi cdy hoat hoa trong moi trudng
long Brain Heart Infusion (BHI), u ¢ 37
°C (ti 4m) trong vong 24 gid dé dung dich
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trong 6ng nghiém c6 do duc b?mg do duc
Mc Farland 0,5 (gia tri OD tai budc song
600 nm trong khoang 0,08-0,1), twong
duong voi ndng 46 1-1,5x10° wvi
khudn/mL. Pha loing 100 lan dé duoc
mau c6 néng do 1-1,5x10° vi khuén/mL
cho céc thir nghiém. Mau vi khuan phai
dugc st dung ngay trong vong 15 phut
sau khi pha loéng.

Xac dinh hoat tinh khang khuan trong moi
truong dic: Hoat tinh khang khuan trong
moi truong dic duoc thuc hién bing
phuong phap khuéch tan trén dia thach -
Kirby-Bauer cai tién [12]. Vi khuédn thur
nghi¢m dugc trai trén thach MHA. Puc 4
giéng, cho vao mdi giéng 50 pL dung
dich: giéng a 1a chimg duong (khang
sinh), giéng d: chirng 4m (khéng nhé dich
nano) con giéng b va ¢ thi nho dung dich
nano ¢ cac néng do khac nhau (mau nano
duoc pha lodng trong DMSO). U miu &
37 °C, quan sat duong kinh vong vo
khuan (khong co6 vi khuan moc) sau 24
gid. Po bang thude dién tir va ghi lai D:
duong kinh vong khang khuan ngoai. Sau
thoi gian u duong kinh khang khuan (L, =
D, - d, (mm)) dugc xac dinh bang hiéu
duong kinh vong khéng ngoai (D, mn) va
duong kinh dia gidy (d = 6 mm) khi L, =
Dy - d > 0 thi vat liéu duge xem 1a cé tinh
khang khuan. Két qua ghi nhan D 14 trung
binh ciia 3 1an do lap lai (n=3) trén cung
mot don vi thi nghiém.

3. KET QUA VA THAO LUAN

3.1. Pic trung cac vt liéu bing anh SEM
va EDX

bé quan sat dugc hinh thai hoc bé mit caa
vat lidu, chung toi tién hanh khao sat vat
liéu nano silica qua anh hién vi dién tir quét
SEM véi d6 phong dai 10.0k & duoc thé
hién trén Hinh la. Bén canh d6, phuong
phap EDX duoc sir dung dé phan tich
nguyén to va do tinh khiét cia mau NPs
Si0,, cac dinh thu dugc di thé hién trong
Hinh 1b.
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Hinh 1. Anh SEM (a) va EDX (b) ciia vt liéu NPs SiO,

Tu Hinh 1a cho thiy céc hat nano silicon
dioxide dugc hinh thanh boi sy hién dién
clia céc khoi két tu lai nhw bong, mdi hat
¢6 chiéu dai, chiéu rong va chiéu cao khac
nhau, phan b trong cau truc x6p. Hiéu
ung két tu 6 thé 1a do su thong tri cua cac
lyc lién két manh trong phan tir thay vi
luc hap dan. Do d6, trong qué trinh tong
hop thoi gian ciing c6 thé 1am anh hudng
dén kich thude, hinh dang va cau tric cia
vat liéu [13]. Mat khac, khong tim théy
dinh nao khéac trong nghién ctu EDX ¢
Hinh 1b diéu nay biéu thi miu NPs SiO,
tong hop dugc khong c6 14n tap chat, ma
chi co6 silicon (30,31%) va oxygen
(69,69%). Thong thuong, silicon dioxide
c6 nguén goc tu sinh hoc co thé chira
nhiéu tap chat nhu CaO, K, MgO, MnO,
Fe,O3, Na, v.v. Va cac loai carbon. Cac
tap chat nhu mudi du, hay cac nguyén tb
c6 d6 hoa tan thap va cac loai carbon co
thé duoc loai b bang cac quy trinh xir 1y
trudc va sau nhu rira qua acid loang [14].
Trong nghién ctu nay, ching té1 xu ly
trau truéc bang dung dich HNO; 1M va
sau do6 xir 1y lai tro trau bang HC1 4M nén
¢ thé cung cép cac hat NPs SiO, c6 do
tinh khiét cao va c6 mau trang hoan toan.

3.2. Pic trung vat liéu bang phuwong
phap FT-IR

Phuong phap phd hong ngoai (Fourier
Transform Infrared Spectroscopy, FT-IR)
a3 mot ky thuat thuong duge dung dé
phan tich dinh tinh sy c6 mat cua céc lién
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két hitu co va vo co trong miu vt lidu.
Phén tich phd hong ngoai cho ta xac dinh
dugc vi tri cta cac van phd, cuong do va
hinh dang ctia van phd. Két qua phén tich
nano silicon dioxide bang FT-IR dugc thé
hién trén Hinh 2.
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Hinh 2. Phé FT-IR ciia vét liéu NPs SiO,

Hinh 2 cho théy, cac dinh chi ra cac nhém
chtic ddc trung cho céc lién két hoa hoc
khac nhau c6 trong hat NPs SiO; tong hop
duge. Cu thé c6 bay dinh hap thy chinh
trong pham vi 3468 cm™, 2962 cm™, 2850

m™, 2380 cm™, 2017 cm™, 1637 cm™,
1095 cm™, 798 cm™ va 468 cm™ twong
mg voi cac cac ché do dao dong sau:
Dinh rong ¢ 3448 cm ' va dinh & 1637
cm' duoc gan cho dao dong udn cong va
kéo dai ctia nhoém hydroxyl lién két véi
phan tr nuéc (H-O-H ...-OH), day la su
hép phu nudc trén bé mit cua cac hat
nano silicon dioxide [15] (O-Si-O....H-O-
H). Va dinh hép thu ¢ 2380 cm™ va 2017
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cm™ 1a do ¢co su kéo gian céc lién két (Si-
C-Si) [16]. Con cac dinh tai 2962 va 2850
cm ', chi ra ring c6 sy bién dbi hitu co
ctia bé mat hat nano va hat NPs SiO, thu
dugc ¢ trang thai vo dinh hinh. Hon nira,
céc dinh tai 1095 va 798 lan luot 1a do céc
lién két giao dong kéo dai khong ddi xung
va dbi ximg cua Si-O-Si. Con lai dinh hap
phu ¢ 468 cm ' 1a do su bién dang lién két
Si-O ra khoi mat phang [17]. Nhu vay, co
thé noi rang viéc tong hop nano NPs SiO,
tir vo trAu c6 san pham hoan toan tuong
ddng vai cac nghién ciru da duoc cong bd
trudc day. Do do, phép do nay cling phu
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hop dé xac nhan cAu trac voi sy hinh
thanh vat liéu nano silicon dioxide.

3.3. Pic trung bing phuong phap dang
nhiét hap phu - giai hap phu BET

Dién tich bé mit Brunauer — Emmett —
Teller (BET), d6 x6p cua cac hat NPs
SiO; dugc nghién ciru bang céach sir dung
duong dang nhiét hip phu / giai hap N
va duong cong phan bb kich thuée 15
rong mao quan theo Barrett-Joyner-
Halenda (BJH) ciing duoc thé hién lan
lugt trong Hinh 3a va 3b.
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Hinh 3. Gidn dé hap phu - gidi hap N, (a) va phan bé mao qudn (b) ciia NPs SiO,

Tu duong dang nhiét hap phu/giai hip
nitrogen cua nano silicon dioxide ¢ Hinh
3a, c6 thé thdy day la duong cong dang
nhi¢t thude loai IV (a) va vong tré thudc
loai H2 theo phan loai [UPAC [18]. Trong
ving 4p suat trong dbi duéi 0,5 thi lwong
hap phu NPs SiO, ting cham khi ap suét
tuong dbi ting. Mat khac, khi ap suat
trong doi tir 0,5 dén 0,95 thi cac duong
dang nhiét hip phu-giai hap cO cac vong
tré 1o rang. Dya trén moi quan h¢ gilta
vong tré va hinh dang 13, c6 thé suy ra
rang NPs SiO, chtra day cac 16 xdp hinh
try [19]. Ngoai ra, dién tich bé mat BET
va thé tich 16 rdng ctia NPs SiO, dugc do
1an luot 12 93,97 m%/g va 0,063 cm3/g cao
hon so véi nano SiO, c6 nguon goc tur
rom ra 1a 84,45 m?/g [20] hay tir tro 14 tre
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la 20,98 m%g [21]. Bén canh do, tir Hinh
3b cho thiy vit liéu c6 cdu trac mao quan
trung binh, phan bd hep, chu yéu trong
pham vi tir 2,1 dén 27,6 nm va c6 duong
kinh trung binh 1a 13,12 nm, hon nita xuat
hién vung mao quan lon ¢6 dinh pic ¢ 3,8
nm. Két qua nay co thé goly rang cac hat
NPs SiO, c6 dién tich bé mat va do xop
riéng biét nén c6 ché do hoat dong khang
khuan khac nhau.

3.4. Kha ning khang khuin mét sb vi
khuan cua nano silicon dioxide

Tac dung khang khuan cua nano silicon
dioxide sau khi téng hop dugc tir vo trdu
da duoc thtr nghiém d6i v6i cac vi khudn
Gram am la Escherichia coli ATCC
25922 (E. coli), Enterobater va
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Pseudomonas aeruginosa (Ps
aeruginosa). Chung t6i da thuc hién theo
cac budce thi nghiém nhu & muc 2.3. & céc
néng d0 khac nhau 1a 10, 20, 30, 40 va 50
mg/mL. Két qua anh huong ciia ndng do
NPs SiO, qua duong kinh vong khang
khuan trung binh (TB) dugc thé hién &

Hinh 4.
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Hinh 4. Duong kinh trung binh vong khang khudn
cuia NPs SiO, ¢ cdc nong dé khdc nhau

T Hinh 4 cho thiy, khi ndng do nano
SiO; tang 1én, duong kinh trung binh cta
vong khang khuan ddi véi ca ba loai vi
khuan cung tang 1én. Didu nay cho thay
NPs SiO, c6 kha nang uc ché su phat trién
ctia vi khuan va hiéu qua tc ché nay phu
thudc vao nong do. Xu hudng rd rang la
khi ndng d6 NPs SiO; cang cao (tir 10 dén
50 mg/mL), thi ving Gc ché vi khuan
cang 16n, nén kha ning khang khuan
manh mé hon. Bén canh d6, khi cac néng
dd NPs SiO, khac nhau thi khuan Ps
aeruginosa c6 xu hudng tao ra vong
khang khuan 16n hon so véi E. coli va
Enterobacter. Diéu nay cho thy, trong
diéu kién thi nghiém nay thi khuin Ps
aeruginosa nhay cam hon véi tac dong
cia NPs SiO;. Ching t6i cho réng, Vi
khuan Ps aeruginosa c6 16p bé day mang
té bao mong hon so véi vi khuan E. coli
va Enterobacter, do vay hat NPs SiO; tin
cdng vao 16p thanh té bao cia vi khuén E.
coli va Enterobacter chdm hon so véi vi
khuin Ps aeruginosa [22]. Mit khac,
duong kinh vong khang khuan cua E. coli
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va Enterobacter kha gin nhau & cac nong
d6 NPs SiO; khac nhau, cho thdy mirc do
nhay cam vdi NPs SiO; trong thi nghiém
nay la tuong duong nhau. Do d6, hoat
tinh khang khuin cua hat NPs SiO, dbi
v6i vi khuan E. coli va Enterobacte la
thdp hon so véi vi khuan Ps aeruginosa.
Nhin chung mét co ché diét khuan dugc
chdp nhan rong rii db6i véi E. coli
Enterobacter, va Ps aeruginosa la su
tuong tac truc tiép ctia hat NPs SiO, voi
mang té bao vi khuan, dan dén pha v& cdu
tric va gay chét té bao. Theo do, cac hat
nano cé kich thudc nhé hon sé co ty 1€
dién tich bé mit trén thé tich 16n hon, tao
diéu kién thuan lgi cho sy bam dinh va
tuong tac v6i mang té bao vi khuén, tir d6
gia ting hiéu qua trc ché [23]. Nén céc hat
NPs SiO, s& tuong tac véi mang té bao vi
sinh vat, lam gian doan qua trinh sao chép
DNA va phén chia té bao, khién dién tich
bé mat t& bao vi khuan duge mé rong va
bi tiéu diét, diéu nay ciing phii hop voi A.
Alhadhrami va cong sy da cong bo trude
day vé kha nang khang khuan cta NPs
SiO; nhung tong hop bing phuong phap
sol-gel [24]. Nong do wc ché tdi thicu
(Minimum Inhibitory  Concentration-
MIC) dugc xac dinh theo phuong phap
pha loang trong 6ng nghiém [25]. bo 14,
cho vao cac 6ng nghiém (glong nhau vé
leh thudce, thé tich) miu thir (méu nano),
mau d6i chleu (Gentamicin) voi noéng do
giam dan tir 6ng 1 dén 6ng 5 tuéng tng
la: 150, 125, 100, 75 va 50 mg/L. Roi
thém tiép 200 uL vi khuan thir nghiém
trén vao mdi ong. U ¢ 37 °C. Sau 24 gio
quan sat do duc cua cac 6ng. Gia tr1 MIC
duoc xac dinh 1a néng do thép nhét tre ché
su phat trién cia vi khuan (dung dich bén
trong 6ng khong bi duc), két qua duoc thé
hién ¢ Bang 1.

Tt Bang 1 cho thiy, nong do6 MIC sy
khac biét vé do nhay cadm cua tung loai vi
khuan dbi véi NPs SiO,. Ps aeruginosa,
day la loai vi khuén nhay cam nhét véi
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NPs SiO, trong s6 ba loai dugc thi
nghiém, boi gia tri MIC cia khuan nay
100 mg/L 1 thap nhat. Piu nay c6 nghia
1a chi can nong d6 100 mg/L NPs SiO; la
du dé trc ché su phat trién co thé nhin thay
cua P. aeruginosa. Trong khi d6 ca hai
loai vi khuén E. coli va Enterobacter thi
c6 do nhay cam voéi NPs SiO; la tuong
duong nhau, boi cung voi gia tri MIC 1a
125 mg/L. Do d6, ndng d6 NPs SiO, can
thiét dé wc ché su phat trién cua chung
cao hon so véi vi khuan Ps aeruginosa.
Bén canh d6, Gentamicin cho thay rd rang
la mot khéng sinh rdt manh voi gia tri
MIC thép 4n tuong (3,13-12,50 mg/L) d6i
v6i ca ba chung vi khuan. Trong khi do,
NPs SiO, ciing thé hién kha ning khang
khuan voi gia tri MIC xac dinh trr 100-
125 mg/L, tuy nhién can nong d6 cao hon
dang ké dé dat duoc hiéu qua uc che
tuong duong. Diéu ndy c6 thé mé ra tiém
nang ung dung cua NPs SiO, trong cac
linh virc ma khang sinh truyén théng gip
phai van dé khang thudc, hodc trong cac
ung dung can vat liéu c6 hoat tinh khang
khuan nhung khong phai 1 khang sinh.

Bang 1: Gia tri MIC ciuia NPs S|02 va gentamicin

doi véi cac vi khudn

i NPs Gentamicin
TT Vi khuan Sio, (mg/L)
(mg/L)
1 | E.coli 125 6,25
2 | Enterobater 125 12,50
3 | Ps aeruginosa 100 3,133

4. KET LUAN

Pa tong hop thanh cong cac hat nano
silicon dioxide (NPs SiO,) tir vo trau, mot
phu pham néng nghiép sin c6. Céc cong
cu ly hoa hién dai khac nhau duogc su
dung dé dic tinh hoa nhitng hat nano NPs
SiO, nay. Hinh théi, phan bd va do két
tinh ctia NPs SiO, duoc d4nh gia bang anh
SEM va EDX, cho thdy c6 sy hién dién
ctia cac khoéi két ty lai nhu bong, khong
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ddng déu nhung c6 do tinh khiét cao. Cac
lien két cua hat nano nhu Si-O-Si hay Si-
O va cac nhom chic khac da duge quan
sat thay tir két qua FT-IR. Tu két qua
BET cho thay, dién tich bé mit twong dbi
16n (93,97 m2/g) Kha ning trc ché dbi véi
sy phét trién cta ba ching vi khuan Gram
am la E. coli, Enterobater va Ps
aeruginosa da duogc dinh lugng. Va cho
thdy nano SiO; c6 hoat tinh khang khuan
khac nhau doi véi céc loai vi khuan khac
nhau, voi Ps aeruginosa la loai nhay cam
nhat trong sd ba loai dwoc thir nghiém.
Nhimg két qua nay cho thdy NPs SiO, c6
ngudn gbc tir vo trdu 1a mot tic nhan
khang khuén day hua hen, mo ra cac ung
dung tiém nang trong y té, bao quan thyce
pham hay xur Iy nudc, dong thoi cung cip
mot giai phap bén viing va kinh té dé tan
dung chét thai nong nghiép.

Loi cam on: NhOm tdc gia xin chdn
thanh cam on su tai tro cua So Khoa hoc
va Cong Nghé tinh Quang Binh, theo hop
d&ng Thuc hién Nhiem vu Khoa hoc va
Cong nghé, sé 34-24/HP-KHCN ngay 02
thang 10 nam 2024.
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