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Revised: 01/8/2024  method combined with ultrasonic vibration. The structural morphology,
Published: 01/8/2024 atomic composition, and structure of the materials were determined
using scanning electron microscopy (SEM), X-ray energy dispersive
KEYWORDS spectroscopy (EDS), and X-ray diffraction (XRD). The results
indicated that the particle size achieved was within the nano scale with
Copper oxide a size of about 100 nm. The formation mechanism of CuO/Cu and
Copper Ag,0 nanoparticles products is also explained. The antibacterial
Silver oxide properties of the materials were investigated separately for CuO/Cu and
Ag,0 nanoparticles as well as their mixture. The antibacterial
Soluble anode performance of copper oxide/copper nanoparticles was found to be
Antimicrobial most effective against Sarcina lutea and least effective against

Staphylococcus aureus. In contrast, the antibacterial performance of
silver oxide nanoparticles was highest against Pseudomonas
aeruginosa and lowest against Sarcina lutea. The CuO/Cu:Ag,0O
mixture at a concentration of 50 pg/ml demonstrated good antibacterial
activity against both Sarcina lutea and Staphylococcus aureus.
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Vit liéu c6 cau tric nano CuO/Cu, Ag,0 da duoc ché tao thanh cong
bang phuong phap dién phan anot tan két hop véi rung siéu am. Hinh
thai cdu tric, thanh phan nguyén tir va ciu truc cua vat liu xac dinh
bang phuwong phap hién vi dién tir quét (SEM), tan xa nang luong tia X
(EDS) va nhiéu xa tia X (XRD). Két qua cho thay kich thudc cua cac
hat dat kich thudc nano véi kich thuéc khoang 100 nm. Nghién ctu kha
ning khang khuan cua cac vat liéu dugc thyc hién trén gdbm vat ligu
nano CuO/Cu va Ag,O riéng r& va hon hop cua chung. Két qua khang
khuan cua hat nano dong oxide/ddng tét nhét trén vi khuan Sarcina
lutea va thip nhat véi vi khuan Staphylococcus aureus. Trong khi do,
két qua khang khuan cua hat nano bac oxide tét nhat trén vi khuén
Pseudomonas aeruginosa va thap nhit vai vi khuan Sarcina lutea. H3n
hop CuO:Ag,0 50 pg/ml cho kha ning khang khuén tét véi ca vi khuan
Sarcina lutea va thap nhit véi vi khuin Staphylococcus aureus.
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1. Gioi thigu

Hién nay, mic du cac thudc khang sinh ra doi gilp con nguoi chéng lai dwoc nhiéu bénh tat
6 cac loai khuan gy ra, nhung tinh trang khang thudc dan dén con nguoi ngdy cang phai dbi
dién véi nhiéu bénh tat nguy hiém. Do d6, nhidu nghién ciru tép trung vao phat trién vat liéu nano
cac kim loai dong bac va hop chat cua chung trong tng dung diét khudn, nim va coéng nghé y
sinh, boi hi€u qua khang khuén cao, ngan chin duoc sy khang thude, c6 dd bén va tinh 6n dinh
cao, img dung da dang va san co [1] - [4]. Céc tmg dung y sinh cua bac (ion bac va bac keo) da
dugc biét dén tir thoi co dai. Cac nén van minh cd dai biét rang cac hop chat lam tir bac mang lai
hiéu qua ngan ngura va diéu tri bénh tat va nhiém trung & dong vat va con nguoi, diéu nay duoc
thuc hién bang cach kiém soat vi sinh vat [5]. Dong 1a mot nguyén t6 thiét yéu trong dong vat va
thue vat, va 1a mot nguyén t6 vi lugng c6 trong nhiéu sinh vat. Cé nhing bao cio vé viéc sir dung
cac hop chat 1am tir dong hon 9000 nam trudc, va hoat tinh khang khuan ciia dong duoc cong
nhan rong rai [6]. Cac dang phan tir nano cua bac va dong (AgNPs, CuNPs va CuONPs) cho
phép twong tac cao cua vat liéu nano vo6i cac nhom hoa hoc chirc nang dugc tim thay trong mang
té bao cia mam bénh. Néi chung, bac va dong & kich thudc nano c6 tac dung khang khuan manh
hon ¢ dang khéi [7]. Ngoai tac dung diét khuén, ca AgNPs va NPs dya trén Cu con dugc biét dén
vé kha nang khang virus [8].

CuO c6 nhidu tng dung, trong do, linh vyc y sinh lién quan dén khang khuan ciing duoc nhiéu
nha khoa hoc quan tam [9]. Chang han, M. Amiri va cong sy da nghién cuu hiéu qua khang
khuan cua cac hat nano ddng oxide & mot sb loai vi khuan & miéng va nim Candida [10]. M.
Khatamin [11] da tong hop céc hat nano ddng/dong oxide bang cach sir dung dich chiét thuc vat
Stachys lavandulifolia v thir hoat tinh khang khuan cta n6. Hay tuong ty, cung tac gia, da dung
phuong phép st dung xanh tur cay tra xanh dé tong hop céac hat dong oxide dé nghién ctiu hiéu
qua chéng nam trén chang Fusarium solani. Cling phuong phap tong hop tuong tu, tic gia M.
Shammout va cong su [12] da t6ng hop CuONPs c6 kich thuéc khoang 20 nm &ng dung trong
khang nam Aspergillus niger (FCBP-0198). Nhu vay c6 thé thay, ng dung tinh khang khuan cua
CuO dang rat cudn hut ddi véi nhidu nha nghién ctu trong thoi gian gan day.

Bac (Ag) bén canh vai tr6 1a kim loai quy dung trong trang suc va tién té trong trao doi
thwong mai, con duoc biét dén voi kha niang khang khuan. 'Khong chi ¢ dang ty do ma ¢ dang
hop chat nhu bac oxide (Ag20) déu co hoat tinh khang khuan tbt [4]. Ké tir khi phat hién ra kha
nang khang khuédn, khang ndm vuot troi cia bac ¢ kich thudc nano, linh vuc nay da thu hat sy
quan tim nghién ctru sdu rong cua nhidu nha khoa hoc trén thé gi¢i. Chang han, gan day, M
Mani va cong sy [13] dé dung phuong phap ché tao xanh dé ché tao cac hat bac oxide dang nano
va thir tinh khang khuan ctia mot s loai khuan nhu Escherichia coli va Staphylococcus aureus.
Tham chi, bac oxide khi duoc boc bang cac axit béo dugc dung la chét khang khuén, khang nam,
chéng ung thu dugc phat trién bdi Mohammad Azam Ansari va nhom nghién ctru [14].

C6 thé thay, tiém nang tng dung ciia cac hat nano c6 ngudn gdc tir dong, bac 1a rt 16n. Tuy nhién
van dé dat ra 1a phuong phap ché tao, kha ning tao khéi luong 16n. Cac phuong phép c6 dién nhur di
tir cac dung dich mudi tuong tg trong cac phan g hoa hoc thudng hay dugc st dung, tuy nhién do
tinh khiét thuong khong cao do cac dung dich muoi ddng, mudi bac thuong hay Ian tap chat. Hon thé
Nita, trong qua trinh phan mg, cac nguyén to & goc axit cling c6 thé duoc sinh ra tao thanh tap chat
trong vt liéu nhu S, N,... Do d6, phuong phéap ché tao c6 d tinh khiét cao 1a diéu can thiét, dac biét
khi dugc ing dung lién quan dén sirc khoe con nguoi nhu 1am cac d6 dung khang khuan, khéu trang
khang khuan. Do do, trong nghién ctiu ciia chiing toi lya chon phuorng phép dién hoa, cu thé qua trinh
dién phan ddng va bac tir kim loai c6 do tinh khiét cao trong méi truong kiém NaOH dudi tac dung
clia rung siéu 4m dé dugc cac san pham 1a ddng va bac oxide.

Trong nghién ctru nay, ddng oxide/ddng, bac oxide dugc ché tao bang cach dién phan hoa tan
anode tir cac thanh dong va bac, va trong méi truong dién li thich hop, dudi tac dung cua rung
siéu 4m dé thu dugc cac ché pham nano c6 tac dung khang khuin cao.
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2. Thuc nghiém
2.1. Dung cu, héa chiit

Hoba chat va dung cu bao gdm NaOH ran, gidy loc, glay pH mua tr hang Merck. Nudce cit 2
lan dugc sir dung de pha cic dung dich nghién ctru. Nguon dién mot chiéu co thé diéu chinh duoc
thé va dong. HE gom 2 dién cyc, trong do dién cyc phu trg lam bang Molipden hodc Platin dong
vai trd la cyc 4m trong qua trinh dién phan. Nguyén li¢u ché tao gém thanh bac dugc mua tir hiéu
vang, day dong quan chat duoc 1y tir 16i cta day dién s& cho do tinh khiét cao s& dong vai trod 1a
dién cuc duong trong qua trinh dién phan.

2.2. Ché tao vt ligu

Vat liéu bac oxide va déng (1) oxide/déng duoc ché tao déu dua trén phéan Gng dié€n phén anot
tan trong moi truong dién li NaOH 0,1 M. Sau khi dimg phan tng, cac hat nano oxide ctia dong
va bac thu dugc bang cach loc chan khong. Loc rira nhiéu lan bang nudc cat cho dén khi thir gidy
pH dat gia tri 1a 7. San pham sau d6 dugc dua vao ti sdy trong khoang 4 gi¢ trude khi duge dem
nghién min thanh bot rdi cho vao lo dung miu va dat trong ti hat am.

2.3. Xdc dinh hinh thdi, cdu triic ciia vit ligu

Hinh thai bé mit cua vt lidu dugc x4c dinh bang phuong phap hién vi dién tir quét (Scanning
Electron Microscope, SEM) thyc hién trén may Hitachi S4800 tai vién Vit li€u — Viét Han 1am
Khoa hoc va Coéng ngh¢ Viét Nam. Thanh phén nguyén td cua vat liéu duoc xac dinh béng
phuong phép phd tan sic nang luong tia X (EDS- Energy Dispersive X-ray Spectroscopy) duoc
xéac dinh cung v&i qua trinh do SEM trén may Hitachi S4800. Phuong phap nhiéu xa tia X (X-ray
diffraction, viét tit XRD) dé x4c dinh cau tric cua vét liéu duge tién hanh trén may Brucker D8
Advance tai DPai hoc Bach khoa Ha Noi.

2.4. Nghién ciru diic tinh khdng khudn

Phuong phap thir hoat tinh @rc ché vi khuan 13 phuong phap ciia Hadacek va cong su [15] co
diéu chinh phu hop véi diéu kién cua phong thi nghiém. Cac ching vi khuéan do khoa Sinh hoc,
truong Pai hoc Su pham, Dai hoc Thai Nguyén cung cAp bao gdm: Pseudomonas aeruginosa
(ATCC 9027)- PA: hay con goi la vi khuan mu xanh, thugc nhém vi khuan Gram (-), 1a mot vi
khudn phé bién giy bénh ¢ dong vat va con nguoi. Vi khudn nay gay nhiém tring bénh vién.
Staphylococcus aureus (ATCC 25923) (tu ciu vang)- SA: 1a vi khuan gram (+)- N6 la mot phan
ctia hé vi sinh vat séng thuong tra ¢ da duge tim thiy & ca mili va da. Tu cau c6 thé gly ra rat
nhiéu bénh nhiém tring khac nhau. Sarcina lutea - (SL): 1a vi khuan gram (+), ¢6 hinh cu, sinh
truong trong da va rudt gia cua nguoi.

2.4.1. Chudn bi dich vi khudn

+ Céy ria tao khuén lac trén moi truong thach LB dac, vi khuén dugc ton trix trong 6ng thach
nghiéng va bao quan lanh & 4°C. Tir éng ton trit, chon 1 khuén lac dua vao 6ng nghiém chira 2
mL mo6i truong LB long, nubi lic & 37°C trong thoi gian tir 14 dén 16 gio.

+ Mat d6 vi khudn sau khi nudi ciy trong méi trudng LB duoc xac dinh theo phuong phap do
mat d6 quang (OD) & budc song 625 nm.

Dia thir hoat tinh dugc chudn bi bang cach ciy trai 200 pL dich khuan, nong d6 twong duong
4- 5.10° CFU/ml 1én bé mit dia petri c6 chira méi truong LB dic, dé kho va duc 4 giéng, duong
kinh khoang 6 mm.

Céc budc nay duogc tién hanh trong box céy tai phong thi nghiém Vi sinh vat, khoa Sinh hoc,
truong Pai hoc Su pham — Pai hoc Thai Nguyén.

2.4.2. Chudn bi hat nano dong (II) oxide/dong, Ag,0 va hon hop cia ching

Hat nano dong oxide va nano bac oxide pha lodng v&i nude cit & ndng do 10 pg/ml, 25 pg/ml,
50 pg/ml, sau d6 dung dich s& duoc siéu 4m 60 phut & didu kién nhiét do thuong. Dung dich
dugce Iuu gitt va bdo quan & 4°C.
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Hdn hop hat nano ddng oxide va nano bac oxide pha lodng voi nudc cit & ndng do 10 pg/ml,
25 pg/ml, 50 pg/ml, sau d6 dung dich s& duoc siéu 4m 60 phut & diéu kién nhiét do thuong. Dung
dich duoc Iuu gift va bao quéan ¢ 4°C.

B6 sung 70 pL dung dich nano vao cac gleng thach trén dia petri va gitr cac dia thi nghlem
trong 4 tiéng & nhiét d6 10°C, toi kh1 dich chiét tir cac giéng khuéch tan ra méi trudng nudi cay
vi khuén; sau d6, dit cac dia vao ti 4m 37°C trong thoi gian tir 14 - 16h. Hoat tinh trc ché khuan
dugc danh gia bang cach do dudng kinh (DK) vong trc ché vi sinh vat bang cong thirc: H (mm) =
D-d; trong d6 D = dudng kinh vong v6 khudn va d = dudng kinh 15 khoan thach. Déi chimg am
1a nude cat. Pdi chimg duong 1a 30pL khang sinh Amoxicillin 50 mg/ml.

Quy udc: H > 25 mm: C6 hoat tinh khang khuan rat manh.

H > 20 mm: C6 hoat tinh khang khuan manh.
H > 15 mm: C6 hoat tinh khang khuan trung binh
H < 15 mm: C6 hoat tinh khang khuan yéu

3. Két qua va ban luan

3.1. Ché tao vit ligu

Hinh 1. Hinh danh thi nghiém ché tao vit liéu (a) CuO/Cu;, (b) AgZO

Vit liéu dugc ché tao bang phuong phap dién héa dua trén qua trinh dién phan anot tan trong
d6 c6 su két hop gitra ning luong dién va ning lugng cua song siéu am. D6i véi ca 2 truong hop
dién cuc la déng va dién cyc la bac, dung dich dan dan chuyén thanh mau den cia CuO hoac
AQ,0. Hinh 1 (a) m6 ta qua trinh tao thanh CuO, dung dich dan chuyén thanh mau den ctia CuO.
Hinh 1 (b) mé ta qua trinh tao thanh Ag,0, dung dich dan chuyén thanh mau den cia Ag,0.

3.2. Céu tritc, hinh thdi, thanh phan vt liéu
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Hinh 2. Gidn do nhiéu xa tia X cia vit liéu (a) Ag,0 va (b) CuO/Cu duwoc ché tao

Céu tric cua vat liéu dugc xac dinh bang phuong phap nhidu xa tia X (XRD). Hinh 2 1a gian
d6 nhiéu xa tia X cua vat liéu Ag,O ché tao duoc. Gian d6 nhiéu xa tia X cua vat liéu trén Hinh 2
(a) cho thiy cac dinh nhleu xa cua vat liéu Gmg vo6i cac mat (110), (111), (200), (211), (220),
(221), (013), (311) thude vé Ag,0 ciu tric nano theo thé JCPDS: 89-3722. Két qua nay cting phu
hop voi két qua nghién ciru & tai liéu [16]. Gian d6 nhidu xa tia X cta vat liéu CuO thé hién trén

http://jst.tnu.edu.vn 470 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(10): 467 - 474

Hinh 2 (b) cho théy cac dinh nhiéu xa dic trung ciia CuO va cua ca Cu. Nhu vay co thé théy,
ngoai CuO, trong mau con xuét hién Cu. Pidu nay co thé dugc giai thich & phén sau.

Hinh thai bé mat cua vat lidu duoc xac dinh bang phuong phap hién vi dién tir quét. Két qua
trén Hinh 3 (a) cho thay cac hat CuO phén b vai kich thuéce khac nhau, c6 nhitng phan tir & dang
que, c6 nhimng phan tir & dang hat. Kich thudc mét chiéu dao d@ng 0 khoang 100 nm.

Hinh 3. Anh SEM cia (a) CuO/Cu va (b) Ag,0 duoc che tao

Sy da dang vé hinh dang c6 thé 1a do sy xuét hién cua 2 pha dong va dong oxide. Hinh 3 (b)
cho thdy két qua anh SEM cua vat liéu Ag,0 dugc ché tao. Co thé thiy vé hinh dang so voi
truong hop cua vat liéu ché tao tir dong dong nhat hon thé hién rang vat liéu hau nhu chira Ag,0.
Diéu nay phu hop véi gian do nhiéu xa tia X voi 1 pha cta Ag,0.

Thanh phan nguyén té cua vt liéu duoc xac dinh bang phuwong phap tan xa ning luong tia X
(EDS) thé hién trén Hinh 4.

Weight%  Atomick%

[emen|
“ 15.45 55.20
e |

84.55 44.80

Weight%  Atomic%

“ 15.01 41.22

84.99 58.78
100.00

Intensity (a.u)
Intensity (a.u)

2 4 6 8 10 12 14 2I 4I é é 1I0 1I2 1I4
Energy (keV) Energy (keV)
Hinh 4. Phé EDS ciia vit liéu a) (Ag,0 va (b) CuO/Cu ché tao dwoc

Két qua phé EDS cua vat liéu ché tao tir nguyén li¢u la déng duoc thé hién trén Hinh 4 cho
thdy thanh phan nguyén t6 gdm Cu va O. Tuy nhién ti 1¢ v& nguyén tir cia Cu 16n hon Cu cho
thidy mot phan Cu dugc hinh thanh & cuc 4m va di vao dung dich duéi tic dung cua rung siéu am.
C6 thé cac phan mg xay ra nhu sau.

Tai anot: Cu — Cu®* + 2e

Mat khac, dung dich chuyén sang h€ phan tan mau den, ma khong co su xuét hién mau xanh
cua Cu(OH); theo phan ung: Cu?" + 20H — Cu(OH),

C6 thé CuO hinh thanh truc tiép bai tai anot vi thé cao O nguyén tir dwoc sinh ra: 20H — O
+ H,0 + 2e

Oxi nguyén tir r ngay 1ap tirc két hop v6i Cu®* thanh CuO: Cu* + O + 2¢ — CuO

Mot phan Cu®* khuéch tan sang cuc 4m va hinh thanh Cu: Cu®* + 2e — Cu

Duéi tac dung clia rung siéu 4m, ngay 14p tirc mot phin tach ra va phan tan vao hé phan tng.
Két qua 1a vat liéu chira 1 phan Cu bén canh CuO. Piéu nay phi hop véi gian db nhiéu xa tia X
cua vat liéu.

Giai thich sy hinh thanh Ag,O cling tuong tu nhu CuO.
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Tai anot: Ag— Ag’ +e

Trong méi truong kiém: Ag" + OH” — AgOH

AgOH kém bén nén: 2AgOH — Ag,0 + H,0

Hodc dudi tac dung cuia O nguyén tir sinh ra tai anot: Ag” + O +e — Ag,0

Quan sat cho théy tbe do phéan tng ddi véi dién cuc bﬁng bac cham hon rat nhiéu so véi dién
cuc bang dong. Piéu d6 giai thich bai bac 1a kim loai yéu hon dong nén qué trinh tan ra & anot 1a
kha cham. Ti 1& cao hon hin ciia O so v6i Ag c6 thé 1a do sy thuy phan chua hoan toan cia
AgOH hoic mét lwong nhé H,0O con 1an trong mau

3.3. Nghién citu tinh khéng khudn ciia vt ligu
3.3.1. Hoat tinh khang khudn véi hat nano dong (II) oxide/dong

(a)

Pseudomonas aeruginosa Staphylococcus aureus Sarcina lutea

(b)

Pseudomonas aeruginosa | Staphylococcus aureus Sarcina lutea

Pseudomonas aeruginosa Staphylococcus aureus Sarcina lutea
Hinh 5. Thir nghiém hoat tinh khdng khudn cia dong oxide véi cdc ching vi khuan Sarcina lutea,
Pseudomonas aeruginosa va Staphylococcus aureus

(Chu thich: 0: H,0; 3: dung dich nano 10pg/ml; 2: dung dich nano 25pug/ml; 1: dung dich nano

50pg/ml; KS: khang sinh Amoxicillin 50pg/ml)

Két qua thir nghiém hoat tinh khang khuan véi hat nano dong duoc trinh bay trong Hinh 5 (a)
va két qua do duong kinh khang khuan thé hién trong Bang 1. Theo Bang 1 khi danh gia so bo vé
kha ning khang khudn cua hat nano dong oxide trén ting chung vi khuén ching toi rt ra mot s6
nhan xét nhu sau: Trén cac ching vi khuan khi khao sat & cac ndng do chung t6i nhan thay tat ca
cac nong do déu c6 kha ning khang khuan, kha nang khang khuan phu thudc vao nong d¢ dung
dich, nong do 50 pg/ml c6 kha ning e ché vi khuan cao nhat. So véi khang sinh, nong do 25
ng/ml c¢6 kha nang wc ché vi khudn cao hon so voi khang sinh. Két qua nay cho thay hoat tinh
khang khuan ciia hat nano dong oxide/dong ddi véi cac chung Sarcina lutea, Pseudomonas
aeruginosa, Staphylococcus aureus 1a tuong d6i cao. Nhur vay, hat nano dong oxide c6 kha nang
{rc ché sy phat trién cta ca 3 ching vi khuan thir nghiém. Mrc d6 khang phu thue nong do hat
nano sir dung. Hiéu qua khang ctia hat nano dong oxide/dong tot nhét trén Sarcina lute va thap
nhit voi Pseudomonas aeruginosa.
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Bang 1. Kha nang khdng khuan ciia hat nano dong oxide/dong (don vi: mm)

Khuan — Nong do
Amoxillin (50mg/ml) 10 pg/ml 25 pg/ml 50 pg/ml
Sarcina lutea (SL) 283 +0,31 9,2+ 0,20 20,4+ 0,01 24,0 +£0,02
Pseudomonas aeruginosa (PA) 14,6 £ 0,21 11,2+0,02 14,3+0,02 22,3+0,01
Staphylococcus aureus (SA) 14,3+0,16 11,3+0,01 144+0,01 24,8 £ 0,01

3.3.2. Hoat tinh khang khudn ciia nano bac oxide
Két qua thtr nghiém hoat tinh khang khuén véi hat nano bac duge trinh bay trong Hinh 5(b) va
Béang 2. ]
Bang 2. Kha nang khang khuan cua hat nano dong oxide/dong (don vi: mm)

Khuin — Nong dg
Amoxillin (50mg/ml) 10 pg/ml 25 pg/ml 50 pg/ml
Sarcina lutea (SL) 16,6 £ 0,11 122+ 0,10 14,4+0,31 243 +0,42
Pseudomonas aeruginosa (PA) 14,3+ 0,61 17,1+£0,62 19,5+0,61 24,2 +0,28
Staphylococcus aureus (SA) 14,6 £ 025 122+0,31 17,2+0,21 19,6 £ 0,24

Theo Bang 2 khi danh gia so bo Vé kha ning khang khuan ciia hat nano bac oxide trén timg
chung vi khuén chung toi rat ra mot s6 nhan xét nhu sau: Trén cdc chung vi khudn (Hinh 5(b))
khi khao sat ¢ cac nong d6 ching toi nhan thiy tat ca cac nong d6 déu c6 kha niang khang khuan,
kha nang khang khuan phu thudc vao nong d6 dung dich, nong d6 50ug/ml ¢6 kha nang wc ché vi
khuén cao nhét. So v&i khang sinh, ndng d6 25ug/ml c¢6 kha ning e ché vi khudn cao hon so véi
khang sinh. Két qua nay cho thay hoat tinh khang khuan ctia hat nano dong oxide ddi voi cac
chung Sarcina lutea, Pseudomonas aeruginosa, Staphylococcus aureus 1a twong dbi cao. Nhu
vay, hat nano bac oxide c6 kha nang Gc ché su phat trién cua ca 3 ching vi khuén thir nghiém.
Mirc @ khang phu thudc ndng d6 cua cao str dung. Hiéu qua khang cia hat nano dong oxide t6t
nhat trén Pseudomonas aeruginosa va thip nhat voi Staphylococcus aureus.

3.3.3. Hoat tinh khdng khudn véi hon hop nano

Tiép theo ching t6i s& phdi tron hai loai hat nano bac 50 pg/ml va hat nano dong 50 pg/ml
theo 3 ty 1¢: CuO:Ag,0= 1:2; CuO:Ag,0= 1:1; CuO:Ag,0= 2:1 va tién hanh danh gia kha nang
khang khuan hdn hop hat nano ddi cac ching vi khuan Sarcina lutea, Pseudomonas aeruginosa
va Staphylococcus aureus.

Hinh 5(c) va Bang 3 cho thy su phéi hop giita nano dong va nano bac cho kha nang trc ché
cac chung vi khuan thir nghiém tot. Mrc d6 khang khuan phu thudc vao nong do sir dung cac
chat. Hiéu qua tot nhit cua hdn hgp CuO:Ag,0 1:1 dbi v6i vi khuan Sarcina lutea va thap nhit 1a
hdn hop CuO:Ag,0 1:2 véi vi khuan Staphylococcus aureus. Két qua nay hoan toan phu hop véi
két qua nghién ciru ciia Asamoah R. B. va cong su nim 2020. Theo Asamoah R. B. va cong su
[17], khi thir nghiém kha ning khang khuan két hop cia cac oxide dong véi bac (CuO/Ag) va
oxide k&m véi bac (ZnO/Ag) cho thiy cing gia tri ndng do wc ché tdi thiéu (MIC) dbi véi ca
CuO/Ag va ZnO/Ag d6i véi E. coli va S. aureus, 1a 0,25 mg/ml. Kha ning diét khuan trén cac vat
lidu str dung CuO/Ag c6 hidu suat xap xi 98,8% va 98,7% trén cac loai vi khuan Gram duong va
Gram 4m tuong tmg, trong khi ZnO/Ag dat hiéu sudt twong tng 13 91,7% va 89,3% so v&i Gram
duong va cac loai vi khuan Gram am.

Bang 3. Kha néng khdng khudn ciia hon hop nano (don vi: mm)

Khuin — Nong d9
Amoxillin (50mg/ml) 10 pg/ml 25 pg/ml 50 pg/ml
Sarcina lutea (SL) 19,8 £0,14 224+021 19,6+0,18 14,3 £0,42
Pseudomonas aeruginosa (PA) 9,3+0,21 19,8 £0,32 16,8 £0,24 9,8+0,16
Staphylococcus aureus (SA) 12,5+0,14 19,8+ 0,21  16,4+0,26 14,2+0,13
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4. Két luan

Vit liéu cdu trac nano CuO/Cu va Ag,0 ché tao thanh cong st dung phuong phap dién hoa
anot két hop véi rung si€éu am. Pic tinh khang khuén cta céc vat liéu nano nay da duogc danh gia,
cho thay cac hat nano oxide dong thé hién hiéu qua téi da d6i voi Sarcina lutea va téi thiéu doi
v6i Staphylococcus aureus. Nguoc lai, hat nano oxide bac cho thdy hoat tinh khang khuan cao
nhit d6i voi Pseudomonas aeruginosa va thip nhét dbi v6i Sarcina lutea. Hon nita, hon hgp CuO
& nong do 50 pg/ml cho thiy hoat tinh khang khuan dang ké chdng lai ca Sarcina lutea va
Staphylococcus aureus. Véi phuong phap ché tao doc dao, trong tuong lai ¢ thé cai thién cac
thong s6 ché tao, dé ning cao hon nira tinh ddng nhat vé kich thudc va hiéu qua khang khuén cua
vat lidu nano. Nghién ciru nay da gop phan phat trién cac linh vuc cong nghé nano, ky thuat y
sinh va khoa hoc méi truong dac biét 1a phuong phap ché tao cac kim loai, oxide kim loai khéng
khuén t6t véi khéi luong 16n.

Loi cam on

Nghién ctu nay la san phﬁm cia d& tai duoc tai tro boi Bo Gido duc va Pao tao, ma sd
B2022-TNA-44.
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