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SUMMARY

SYNTHESIS OF NANO TITANIUM DIOXIDE AND APPLICATION IN ANTI-
BACTERIA

Nano titanium dioxide (TiOy) is an important material that has been extensively investigated due to its
uniqueness. A large number of efforts have been made to synthesize nano titanium dioxide materials using
different methods. In this work, nano TiO, was successfully synthesized by the hydrothermal method under
acidic-base conditions using commercial TiO, powder. Morphological and size information about the
synthesized material was determined using EDX and SEM analysis. EDX analysis provides the elemental
composition of the synthesized product. Nitrogen adsorption-desorption was used to determine the surface
area (Brunauer-Emmett-Teller (BET)), porosity, and capillary distribution of the material. The TiO,
nanoparticles were tested for their antibacterial activity against human pathogens such as gram-negative
Escherichia coli (E. coli) and gram-positive Staphylococcus aureus (S. aureus) using the paper ring
diffusion method on agar medium, yielding excellent results.

Keywords: Nano TiO,, hydrothermal method, antimicrobial, E. coli and S.aureus.

1. MO PAU

Moi truong xung quanh con ngudi ngay
cang tré nén 6 nhiém va suy thoai hon boi
cac bénh truyén nhiém khac nhau ma hau
hét do vi khuén lay truyén. Vi khuén ngay
cang gy hai cho méi truong, y té, thuc
pham va nganh dét may. Escherichia coli
(E. coli) 1a mot loai vi khudn thuong séng
trong rudt cia nguoi va dong vat, nhung
ciing co thé dugc tim thay trong nudc, dat
va thyc vat. Pay 1a mam bénh hang dau
gy nhiém tring duong tiét niéu, 1a mot

236

trong nhitng mam bénh pho bién nhit gay
nhiém tring duong mau, vét thuong, viém
tai gitta va cac bién chimg khac ¢ ngudi
[1]. Bén canh d6, tu cdu vang
((Staphylococcus aureus, (S.aureus)) la
mot loai vi khuan gram dwong manh, gay
nhiém tring & ca ngudi va dong vat.
S.aureus vang la nguyén nhan gay bénh
truyén nhiém va tao ra mot loai protein co
ddc tinh cao, nén hau hét cac vu ngd doc
va rdi loan thuc pham 1a do S. aureus gay
ra [2]. Hién nay, phuwong phap phd bién
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dé giam tac hai cua cac vi khuan nay la
phat trién chat khang khuan tot hon nham
tiéu diét hodc we ché sy phat trién va phan
chia cua vi sinh vat. Ma dac tinh khang
khuén cua hat nano, dic biét 1a hat nano
oxit kim loai, c6 thé gitip loai bo nhimng
tac hai do vi khuan gy ra, va chling duoc
chia thanh hai loai la vat li€u hitu co va
vat liéu vO co. So v6i loai con lai, thi vat
li¢u v6 co c6 kha nang khang vi sinh vat
dic biét [3]. Ngay ca ¢ ndng do thap, hat
nano oxit kim loai c6 tac dung khéng
khuan manh. Nhiéu oxit v6 co c6 tac dung
khang khuén manh, bao gé)m TiO,, Al,O3,
ZnO, CuO, MgO, Ca0, Ag,0 va CeO,
[4]. V&i khoang cach dai 3,2 eV, titanium
dioxide (TiO,) 1a chét xfic tac quang uu
viét dugc sir dung trong cac ung dung
quang hoc, cam bién, chit xuc tac va
chuyén d6i ning lugng [5]. Do chung tao
ra cac loai phan ung oxy hoa (reactive
oxygen species, ROS) khi tiép xuc véi
btrc xa UV nén né c6 tac dung dang ké
trong viéc ngan chin sy phat trién cia vi
khuan [6]. Ching hoat dong tot nhu mot
chat khang khuan, vi tinh wu viét cta nd
kha nang tuong thich sinh hoc va quang
xuc tac nén TiO, da dugc st dung rong
rai hon. Sy tich tu cac san phém sinh hoc
trén bé miat TiO; co thé lam ting dang ké
viéc san xuit ra ROS, din dén ting cudng
hoat dong quang xuc tic va sinh hoc.
Chung ciing hoat dong t6t nhu cic tac
nhan chdng ung thu vi t& bao ung thu co
xu hudng tao ra qua nhiéu loai phan tng
oxy hoa khi tiép xtic véi chung [7]. Trong
bdi canh nay, cac hat nano TiO; c6 tiém
ning d4ng ké trong y sinh nén nhiéu cong
trinh da duoc tién hanh dé phat trién cac
hé théng phan phdi thude va khang khuan
méi dya trén hat nano nay [8]. Bén canh
do, TiO, da dugc phan loai la chét tro vé
mat sinh hoc & dong vat va con nguoi, nd
c6 kha ning tuong thich sinh hoc tdt,
khoéng c6 ddc tinh trong 6ng nghiém hoic
in vivo [9]. Mat khac, cac tinh chit nay
cua TiO, ¢6 thé duoc diéu chinh béng cac
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ddc tinh cdu tric va bé mat cua chung,
ching han nhu kich thudc, hinh thai, do
két tinh va nhém chirc ning bé mat [10].
Trong tu nhién, TiO, ton tai & dang tinh
thé va dang vo dinh hinh, v6i ba dang thu
hinh khac nhau la anatase (tr giac, c0 tinh
chat ludng kim), rutile (t& giac, co6 dang
lang tru) va brookite (hinh thoi). Trong s6
doé thi anatase TiO; la dang dugc uu tién
cho cac nghién ctiru boi nd c¢6 nhiéu tng
dung khac nhau so véi hai pha con lai
[11]. Do @6, TiO; cé kich thudc nano da
dugc cac nha khoa hoc qua tdm nghién
ctru va diéu ché bang mot sé phuong phap
khac nhau nhu: Sol-gel [12], dung moi
[13], phan tng lién tuc [14], ling dong
hoi héa hoc [15], chiéu xa siéu am [16],
oxy hoéa vi plasma [17] va phuong phap
thiy nhiét [18]. So vdi cac phuong phap
khac, thi phuong phap thity nhiét ¢ thé
tao ra cac hat nho hon nhiéu, thao tac
don gidn, san phém véi dd tinh khiét cao,
kich thudc 6n dinh, than thién voi moi
truong, tiét kiém chi phi, d& dang kiém
soat qua trinh va hon nita 1a c6 thé duogc
mo rong mdt cach thich hop dé téng hop
hat nano ¢ quy mé l6n [18]. Vi vay,
trong bai bao nay chung t61 dé cap dén
cac két qua nghién ciu tong hop nano
titanium dioxide bang phuong phap thuy
nhiét va img dung trong khang khuan.

2. PHUONG PHAP NGHIEN CUU
2.1. Ho6a chit va thiét bi

Céac hoa chit dugc sir dung 1a hoa chét
tinh khiét phan tich cia hing Merck
(CHLB Durc), gdm: Tién chit 1a bot TiO,
thuong mai, NaOH, HCI, H,0,; ethanol
(CoHsOH)  dugc mua tr Hang
Guangzhou, Trung Qudc. Nuédc cat hai lan
(cAt trén thiét bi cit nu6c Fistream
Cyclon, England) duoc st dung dé pha
ché héa chat va trang, rira cac dung cu
thuy tinh. Micropipet cac loai, can phan
tich, may khudy tir gia nhiét, coi chay ma
ndo, 1o nung, tu sdy, binh thuy nhiét (bo



Autoclave) 1a nhiing thiét bi chinh duoc
st dung dé tong hop nano titanium
dioxide.

Céac dic tinh cua vat lidu tong hop duoc
nghién cuu bang cac phuong phap vat ly
hién dai nhu: Ciu trac va d6 tinh thé cua
vat liéu nhan dang boi su nhiéu xa tia X
(XRD) do trén may D8-Advance, Brucker
v6i tia phat xa CuK, c6 budc song A =
1,5406 A, cong suit 40 KV, gdc quét 10°
dén 80°. Hinh thai ctia san pham quan sat
bang quét kinh hién vi dién tir (SEM) va
thanh phan nguyén t6. Puoc xac dinh
thong qua phé EDX véi thiét bi SEM-
JEOL-JSM 5410 LV (Nhat) ¢ 10 kV

2.2. Tong hop nano titanium dioxide

Nano titanium dioxide tan trong nudc
duoc tong hop bang phuong phap thay
nhiét. Cho 1,00 g bot TiO, thuong mai
vao 50 mL dung dich NaOH 20 M rdi
khudy déu trén may khudy tir trong
khoang 1 gio dé bot TiO, dé phan tan.
Sau d6, chuyén toan bd dung dich vao
binh teflon 250 mL day nap roi dua vao
bd Autoclave, vin chit. Thuy phan hon
hop trén bang cach cho by Autoclave vio
trong tu sdy roi U nhiét & 125 °C trong 15
gid, sau d6 dé ngudi 0 nhiét do phong,
dem ly tam. Hoén ‘hop ran dugc tach ra va
rua bang nude cit va dung dich HCI 0,1
M dén méi truong trung tinh, san pham
sau d6 duoc say kho ¢ 80 °C trong 2 gid.
Lic nay, thu dugc san phém cO0 mau
tring va dem hoa tan biang dung dich
H,0; 30 % & 90 °C, khudy tir trong 1
£10. Dung dich thu dugc c6 mau vang (co
thé 6n dinh dung dich & nhiét d6 dudi 10
°C) la phtic peroxo-hydroxo titanium co
mau vang cam, tan trong nudc. Tiép
theo, néu muc dich st dung ¢ dang bot
thi sdy khé trong tu sdy & 80 °C cho dén
khi khé hoan toan, san phém thu duoc la
nano titanium dioxide (TiO;) da coé
nhiing déc tinh can thiét dé nhan manh
pham vi, nhiém vu nghién ctru [19, 20].
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2.3. Thi nghiém khang khuin
Escherichia coli va Staphylococcus
aureus

Pé danh gia kha ning tng dung cua vat
liéu nano TiO, trong khang khuan chiing
t6i sit dung phuong phap khoanh gidy
khuéch tan trén méi truong thach. Gan
day, phuong phap nay hién dang dugc
nhiéu nhom nghién ctru & trén thé gidi sir
dung trong cac cong trinh nghién ctru dé
xac dinh kha nang khang khuan cia cac
vat liéu nano [21]. Tt vat liéu nano TiO,,
tong hop duoc, chung toi da tién hanh thi
kha ning khang khuan cta chit nay trén
chung khuén vi sinh vét dugc kiém dinh
1a: vi khuan Gr(-): Escherichia coli ching
ATCC 25922 viét tit la E. coli va vi
khuan Gr(+): Staphylococcus aureus véi
chung ATCC 25923 viét tat 1a S.aureus.

Tién hanh nhu sau: Dung tam bong v6
trung tham déu huyet dich vi khuan c6
chira mat d6 10" CFU da duoc hoat hoa
va trang déu trén bé mét kKhoanh glay Hut
lan luot 10 pL dich miu & cAc ndng do
nano TiO, kh&c nhau: 0 mg/mL, 5
mg/mL, 10 mg/mL, 25 mg/mL, 50
mg/mL, 75 mg/mL va 100 mg/mL nho lan
lugt 1€n cac dia gléy vo trung (duong kinh
glay, 6 mm), roi dat 1én cac mit khoanh
gidy thach da quét vi khuan. Mau ddi
chimg la dia gidy vo trung khong chua
nong do nano TiO,, Bay nap dia petri lai,
cho vao tu 4m 37 °C de vi khuan phat
trién trong 18 - 24h. Ly cac dia khoanh
gidy ra khoi ti 4m, quan sat va chup anh
dya trén vanh lan téa xung quanh khoanh
gidy tham vé kha ning moc cua vi khuan.
Po bang thudc dién tir va ghi lai D:
duong kinh vong khang khuan ngoai. Sau
thoi gian u duong kinh khang khuan (L, =
Dn - d, (mm)) duoc xac dinh bang hiéu
duong kinh vong khang ngoai (D, mn) va
duong kinh dia gidy (d = 6 mm) khi L, =
D, - d > 0 thi vat liéu dugc xem la c6 tinh
khang khuan. Két qua ghi nhan D 1a trung
binh cta 3 lan do lap lai (n=3) trén cling
mot don vi thi nghiém.



3. KET QUA VA THAO LUAN

3.1. Pic trung vat liéu biang két qua
XRD va dnh SEM

Phuong phéap nhiéu xa tia X la mot trong
nhimg phuong phap thuong duge str dung
dé mo ta dic diém, nhan dang cau trc, do
tinh thé cta vat liéu va nd con cho phép
tinh toan kich thudc ctia hat c6 trong vat
liéu. Két qua phan tich biang ky thuat
XRD cua cac hat nano titanium dioxide
duoc tong hop bing phuong phap thiy
nhiét, thay doi cuong do theo ham cua goc
hai theta (260) tir 10° dén 80° duoc thé hién
trén Hinh la. Bén canh d6, dé quan sat
duoc hinh thai hoc bé mat cua vat liéu,
chiing t6i tién hanh quét vat liéu nano TiO,
qua anh hién vi dién tr SEM & d6 phong
dai 200 nm, két qua hién trén Hinh 1b.

Théng thuong TiO, két tinh & ba dang 1a
anatase (tor gidc), brookite (hinh thoi) va
rutile (t&r gidc). Theo Antié Z va cong su
cho rang, khi tong hop TiO, theo phuong
phap sol-gel thi dang anatase va brookite
xudt hién & nhiét do thép, tuy nhién khi
nung noéng cac dang vat liéu tuong tu &
nhiét do trén 600 °C thi dang rutile xuét
hién [22]. Két qua & Hinh 1 cho thay, cac
dinh nhiéu xa & 26 1a 25,5°; 38,0°; 48,2°;
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54,1°; 55,2°; 62,9°; 68,9°; 70,4° va 75,2°
trong mau XRD c6 thé dugc nhin thdy dén
tir cAc mit phing tinh thé twong tng cua
mang anatase TiO, c6 do két tinh tot va 1an
luot1la (101);(004);(200);(211);(20
4);(220); (116); (215)va(312).Pidu
nay khép véi anatase ctiia nano TiO; voi thé
tiéu chuan JCPDS s 21-1272 [23]. Bén
canh do, theo Ba-abbad va cong su, dinh
séc nét & 20 = 25,5° x4c nhan cAu trac cua
anatase TiO, [24].

Dé nghién ciru sdu hon, chiing toi s& tinh
kich thuéc tinh thé, khoang cach mat
mang, cling nhu Ung suét bé mat dua vao
phuong phap Scherrer-Debye [25]:

D - 0,89 x 4 ).
P xc0s(0)

Trong d6: D 1a kich thudc tinh thé trung
binh, A 1a budc song tia X 14 1,5418 A, p la
d6 ban rong ban chiéu cao dinh (full-width
half-maximum -FWHM), 6 1 goc nhiéu xa
tuong tmg (Goc Bragg). Va cong thic nay
thuong duoc 4p dung tinh cho dinh nhiéu
xa c6 cudng d6 manh nhét 13 dinh (101).
Két qua cho thdy, kich thudc tinh thé trung
binh ctia nano TiO; sau khi tong hop duoc
lala 22,8 nm.

IMS-NKL 5.0kV 5.1mm x200k SE(M)

Hinh 1. Gian do XRD cua (a) va anh SEM (b) ciia vit liéu nano TiO,

Bén canh d6, két qua anh SEM & Hinh 1b
cho théy, hinh thai cua cac hat nano
titanium dioxide téng hop dugc nhin
thay ro rang, cu tr(c hat, ¢c6 sy hinh

thanh dang 6ng cua titanium va Kkich
thudc nam trong pham vi nanomet. Mit
khac, Kasuga va cong su da dé xuat mot
co ché hinh thanh don gian cia 6ng



nano titanium, didu nay cho thiy qua
trinh rira acids 1a budc quan trong dé
tong hop nano cé cau trac ong [26].
Viéc xtr 1y bang acids HCI hd tro loai bo
luc ddy tinh dién tao diéu kién thuan loi
cho sy hinh thanh cac éng nano tir céac
tam mong. D¢ giai thich rd hon vé co
ché nay, thi Chien-Cheng Tsai va
Hsisheng Teng da mé ta mot qua trinh,
trong d6 mot sb lién két Ti-O-Ti phan
tach thanh chat trung gian chtra Ti-O-Na
va Ti-OH trong qua trinh xu 1y TiO;
bang NaOH. Sau d6, cac chat trung gian
tao thanh cac tdm bang cach sip xép lai
Na* va H® gitta cac tdm. Sy thay doi
dién tich bé mait géy ra boi su trao d6i
ion cua Na® voi H* dan dén sy cudn cac
tdm thanh ong nano [27]. Dya trén
nhiing tuyén bd thiét yéu & trén, 6ng
nano titanium dioxide da dugc quan sat
rd rang. Tuy nhién, sy ton tai cac tan sd
xuwong tuong ung véi Ti-O-Ti va Ti-O
dugc xac dinh thong qua phan tich phd
EDX khang dinh san pham tong hop
duoc 1a dang tinh khiét ciia dng nano
titanium.

3.2. Pic trung vt liéu bang két qua EDX

Phan tich nguyén t6 va do tinh khiét cta
mau tinh thé nano titanium dioxide da duoc
xac nhan bang phuong phap EDX va cac
dinh thu duoc thé hién trong Hinh 2.

Quang phé EDX ¢ Hinh 2 cho thdy, c6
cac dinh Ti va O ndi bat, diéu nay khang
dinh rang qua trinh tong hop thuy nhiét da
tao ra cac nano titanium dioxide tinh khiét
v6i mot it tap chat. Su dong gop trong
luong cua titanium va oxygen lan luot 1a
35,71% va 61,08%. Ca hai nguyén tb
titanium va oxygen cung nhau dong gop
96,80% tong trong lugng. Ty 18 phan tram
con lai (3,20%) duogc cho 1a do sy hién
dién cua céc loai acids va bases, thadm chi
Sau nhleu lan ria, dugc su dung dé hinh
thanh céu triic dang 6ng trong qué trinh
tong hop va dugc phan anh trong quang
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phé dué6i dang cac dinh Na va CL. Theo
Zeng Y-Z va cong sy cho réng, su hién
dién ctia cic ion Na* va CI” du trong san
pham cho thdy luong ion H* duogc cung
cip tir acids c6 thé khong du dé thay thé
Na" va do d6 bot xtc tac dugc tao thanh
van ton tai trong cdu trac titanate nhung
khong ton tai trong cdu tric titanium
dioxide [28].
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3.3. Pic trung bing phuwong phap ding
nhiét hap phu - giai hap phu BET

Dién tich bé mat Brunauer - Emmett -
Teller (BET), d6 x6p cua cac hat nano
TiO, dugc nghién ctru bang cach sir dung
duong dang nhiét hap phu / giai hap N,
va duong cong phan bd kich thude 15
rong mao quan theo Barrett-Joyner-
Halenda (BJH) ciing dugc thé hién lan
luot trong Hinh 3a va 3b.

Tu duong dang nhiét hap phu/giai hap
nito ctia nano TiO, & Hinh 4a, ¢ thé thay
day 1a duong cong dang nhiét thudc loai
IV dién hinh v6i vong tré kiéu H2, pham
vi ap suét tuong ddi (p/po) trong khoang
0,4 dén 0,95 nén biéu thi sy c6 mit cia vat
liéu x6p trung binh theo phan loai [UPAC
[29]. Phan tich BET cho thdy dién tich bé
mat cua nano titanium dioxide la 35,27
mz.g_l. Bén canh d6, tir Hinh 4b cho théy,
vat liéu co ciu trac mao quan trung binh,
dudng kinh tap trung trong khoang 0,6 dén
30,5 nm phu hop véi nhan dinh khi quan
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sat anh SEM va xuét hién cic ving mao
quan 16n c6 dinh pic ¢ 23,9 nm.

3.4. Kha ning khang khuén ciia nano
TiO,

Kha nang khang ctua vat li€u nano TiO;
sau khi téng hop dugce, chung t61 da thuc
hién theo cac budc thi nghiém nhu ¢ muc
2.3. bia tht hoat tinh khang khuén duoc
chuin bi bang cach ciy trai dich khuan &
mat d6 vi khudn d6 1a 10’ CFU va két qua
duoc thé hién & Hinh 4. TUr Hinh 4a cho
thdy, hoat tinh khidng khuan ctia nano
TiO, dbi voi vi khuén E. coli, & néng do
khic nhau thi cho chimg khac nhau. Cu
thé & vi tri s 1 cho ching am (kha ning
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khang khuén thap) khi ndng d6 nano TiO,
la 5 mg/mL. Céc vi tri 2, 3 va 4 déu cho
chung duong v6i ndng d6 nano TiO,
tuong ung lan luot 1a 50, 100 va 75
mg/mL. Tuong tu qua Hinh 4b cho thay
hoat tinh khang khuin cta nano TiO, dbi
v6i vi khuan S. aureus, ¢ ndéng do khic
nhau thi cho ching khac nhau. Cu thé & vi
tri s6 2 cho chimg 4m khi ndng do nano
TiO, 12 5 mg/mL. Cac vi tri 1, 3 va 4 déu
cho chimg dwong v6i ndng do nano TiO,
tuong ung lan luot 1a 50, 75 va 100
mg/mL. Két qua thir nghiém hoat tinh
khang khuén cta vat liéu nano TiO; dugc
thé hién trén Bang 1.
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Hinh 3. Gidn do hdp phu - gidi hap N, (a) va phan bé mao quan (b) ciia nano TiO,

Hinh 4. Hoat tinh khéng khudn ciia nano TiO, doi véi vi khudn E. coli (a); S. aureus (b)
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Bang 1. Hoat tinh khang khuén ciia vat liéu nano TiO,

Puong kinh vong khang khuan (mm)

Nong do Escherichia coli Staphylococcus aureus
nano TiO, - binh T
G T T LLs i
() m) my M @my He@m o o
(mm)
0 0 0 0 0 0 0 0 0
5 1 1 1 1 1 1 1 1
10 7 7 7 7 6,5 6,5 6,5 6,5
25 11 11 11 11 10 10 10 10
50 14 14 14 14 13 13 13 13
75 22,5 23 23 22,8 21 21 21 21
100 30 30 30 30 28 28 28 28

LL,: Puong kinh vong khdang khudn do lan thir n (n = 1-3).

Tir Bang 1 chung t6i biéu dién duong
kinh trung binh (TB) vong khang khuan
cua vat liéu ctia nano TiO; thir nghiém ddi
v6i 2 chung vi khuan E. coli va S.
aureus.qua Hinh 5.
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Néng d nano TiO2 (mg/mL)

Hinh 5. Buong kinh trung binh vong khang khudn
cuia nano TiO, doi voi 2 chung vi khuan E. coli va
S. aureus.

Qua két qua ¢ Bang 1 va Hinh 5 cho thay,
vat liéu nano TiO, thé hién hoat tinh
khang khuan phu thudc vao nong do: voi
noéng do hat nano TiO, tir 5 - 25 mg/mL
thi kha ning tac dung khang khuan cho ca
hai ching vi khuan E. coli va S. aureus
tang déu. Khi ndong d6 nano TiO; ting tir
25 - 50 mg/mL thi duong kinh trung binh
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ciia vong khang khuan ting khong dang
ké, cu thé E. coli ting tir 11 - 14 mm va
d6i voi S. aureus tang tir 10 - 13 mm. Tuy
nhién, khi néng d6 nano TiO; ting tir 50-
100 mg/mL thi duong kinh trung binh cua
vong khang khudn cua ca 2 vi khuan déu
tang manh (14 - 30 mm d6i véi E. coli 13
- 28 mm ddi véi va S. aureus). Piéu nay
c6 thé duoc giai thich bang su ting sb
lugng cac tam hoat dong nén kha nang
khuéch tan ting. Bén canh d6, két qua con
cho thay kha ning tc ché vi khuén E. coli
cta nano TiO, manh hon S. aureus. Boi vi
khuan S. aureus cé 16p bé day mang té
bao 16n hon so véi vi khuan E. coli do vay
hat nano TiO, tin cong 16p thanh té bao
cta vi khuan E. coli nhanh hon so véi vi
khuan tu cdu vang S. aureus [30]. Piéu
nay mot lan nita khéng dinh cho hoat tinh
khang khuén cta hat nano TiO; dbi voi vi
khuan E. coli & tot hon so v&i vi khuan S.
aureus. Boi, mot trong nhitng co ché diét
khuén ctia nano TiO, d6i véi E. coli duoc
nhiéu nha khoa hoc chap nhéan 1a do cac
nano tiép xuc va gay hai truc tiép mang vi
khuan, tao thanh 15 thing va diét chdng,
chinh vi vay cac hat nano ¢6 kich thudc
cang nhé thi s€ c6 dién tich bé mat 16n



hon, nén bam vao thanh vi khuin nhiéu
hon. Bén canh do, theo Parham S va cong
sy, da nghién cuu cic dac tinh khang
khuan cta céac hat nano oxit kim loai khac
nhau, va cho ring dic tinh quang xuc tac
cua hat nano TiO; la yéu té giup chung c6
kha ning chdng lai cac chung vi khuan
[31].

Cho dén nay kha ning khang khuén cua
vat liéu nano dugc nhiéu tac gia giai thich
dua trén co ché lién két va bam dinh, xAm
nhap, Gmg suat oxy hoa (oxidative stress)
do sy tao thanh cac gbc ty do chira oxy
(ROS reactive oxygen species) dan toi
mat cin bing oxy hoa cua té bao vi
khuin, sy tao thanh cia ROS la mot
nguyén nhén chinh géy ra doc tinh té bao
dé pha Vo cdu trac mang té bao, lién két
va gy ton thuong DNA cua cac hat nano
TiO, [32]. Tir nhitng két qua trén, mot 1an
nita khang dinh nano titanium dioxide
tong hop co6 kha ning diét khuin vi
Escherichia coli va Staphylococcus
aureus. Véi pham vi hoat dong khang
khuan dugc thé hién boi cac hat nano
TiO, chéng lai vi khuian Gram duong
(S.aureus) va Gram am (E. coli) c6 thé l1a
do kich thudc nhé, dién tich bé mit 16n va
vi tri hoat dong manh.

4. KET LUAN

Pi tong hop thanh cong vat liéu nano
titanium dioxide tir tién chét TiO, thuong
mai bang phuwong phéap thuy nhiét. Két
qua phan thich, nghién ciu mau nano
TiO, bang mot s phuong phap hoa i
hién dai cho thdy, vat liéu dang hat co céu
trdc gidng nhu cac hinh ong va co do
tinh khiét cao. Phé XRD va anh SEM thé
hién cac dinh dugc gan cho pha tinh thé
anatase, voi kich thudc hat trung binh
khoang 22,8 nm. Nano titanium dioxide
tong hop dugc c6 kha ning diét khuan
Escherichia coli va Staphylococcus
aureus, khi néng d6 nano TiO, tiang thi
kha diét ca 2 loai khuan E. coli va S.
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aureus déu tang. Bén canh d6, ¢ cung
nong do vat liéu nano TiO; cho thay diét
vi khuan E. coli tot hon S. aureus.
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