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NGHIEN CUU MOT 56 YEU TO ANH HUONG
CUA QUATRINH TONG HOP HAT LAI NANO Ag/TiO,
VA THU HOAT TINH KHANG KHUAN CUA CHUNG

STUDY ON SOME FACTORS AFFECTING THE SYNTHESIS OF Ag/TiO, HYBRID NANOPATICALS

AND INVESTIGATE THEIR ANTIBACTERIAL ACTIVITY

TOM TAT

Trong nghién ciru ndy, chiing ti dd tong hop thanh ¢ong cac hat lai nano Ag
trén Ti0, bang phuong phép st dung tac nhan khir 14 dudng glucose va NaBH,.
Khao sat cac y&u to anh hudng dén kha nang téng hop hat lai nano Ag/Ti0, nhu:
ndng dd AgNO,, ndng d6 va lrong tac nhan khiv. Két qua la dé ché tao dugc nano
bac véi kich thuéc hat dao dong tlr 7 - 15 nanomet phan tan tyong d6i dong déu
trén b mét Ti0,. Kha ndng khang khuan Staphylococcus aureus, Escherichia coli,
Salmonella typhimurium clia hat lai nano Ag/Ti0, cling dwoc digu tra nghién ctu.

Tir khda: Hat lai nano Ag/TiO,, Glucose, NaBH,.

ABSTRACT

In this study, we have successfully synthesized silver nanoparticles on Ti0,
using reducing agents such as glucose and NaBH,. The effects of AgNO,
concentration, concentration and amount of reducing agent were investigated to
Ag/Ti0, hybrid nanoparticles synthesis. As a result, silver nanoparticles with
particle sizes ranging from 7 to 15 nanometers were uniformly dispersed on Ti0,
nanoparticles surface. Antibacterial ability of Staphylococcus aureus, Escherichia
coli, Salmonella typhimurium of Ag/TiO, nanoparticles was also investigated.

Key words: Ag/Ti0, hybrid nanopaticles, glucose, NaBH,.
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1. MG BAU

Tir [au, nguoi ta da biét dén tac dung khang khuan manh
cla bac. Hau nhu tét c& cac do dung sinh hoat hang ngay
nhuv thia, ddia, chén, bat, noi... déu duwoc lam tr bac hoac
trang bac. Diéu nay cho thdy kha ndng sat khuan ctia bac rat
tot. V6i tac dung tuyét voi trén nhung né khong duoc st
dung rong rai vi cac do dung sinh hoat nay déu duoc lam
bang bac nguyén khéi rat ton kém. Ngay nay véi si ra doi va
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phat trién ctia cong nghé nano, con ngudi da ché tao ra bac
& kich thuéc nano. biéu nay da lam tang kha nang (rng dung
clia bac trong doi séng. O kich thuéc nano nhung bac van
thé hién tét tinh khang khuan vén co clia né ma khéng gay
anh huéng toi con nguoi va moi treong [1,2].

C6 hai dang “chta” c&c hat nano bac la dung dich chira
nano bac va vat liéu mang nano bac. O dang dung dich
nano bac, cac hat nano bac dugc phan tan déu trong dung
dich. Véi vai tro la tac nhan khir khuan, trong mai trudng
chira vi khuén, cac hat nano bac c6 thé tiép xuc dé dang voi
vi khuan, vi vay céac dung dich chira nano bac thuong co
kha ndng khir khuan cao. Tuy nhién, dung dich chi*ta nano
bac cé nhuoc diém cac hat nano bac cé thé bj “dinh” vao
nhau do luc Van der Waals hoac do cac luc twong tac khac
dan dén lam giam kha ning khtr khuan.

Pé nang cao kha nang diét khuan cling nhuw kha nang
thu hoi tai sir dung va ca dé ngan can su két tu, thi nano
bac duoc dua Ién cac vat liéu mang. Yéu cau chung doi véi
cac vat liu mang nano bac la phai c6 dién tich bé mat Ién,
c6 kha nang tao lién két déi voi cac hat nano bac, gilp cho
cac hat nano bac duoc phan tan déu va bam chéc trén vat
liéu mang [3, 4].

Mot s6 loai vat liéu mang nano bac hién dang duwoc st
dung réng réi trong Iinh virc X ly nwéc cod thé ké dén nhw
than hoat tinh, SiO, x6p, Fe;0,-Ag... Cac hat nano bac duoc
mang trén céc vat lieu mang ké trén cd kich thuwdc rat nhd
va dugc gan chat trén bé mat va tham chi trong hé mao
quan, tao ra vat liéu chira nano bac c6 hoat tinh cao. D6i voi
cac hat lai Fe;0,-Ag nano & dang I8i - v, ngudi ta thdy rang
hoat tinh khang khuén ctia chiing 1a chéng lai cac vi khuén
Gram (-) (k& ca E-coli) la t6t hon so véi cac hat nano bac [6].
Tuong tv nhue vay, d6i véi nanocomposite ferrite bac [5],
cac tac gid da chi ra rang hoat tinh khang khuén cao hon so
V@i cac hat nano Ag riéng.

Viéc str dung hai loai chat khir glucose va NaBH, dé tong
hgp hat lai nano bac/nano-TiO, s€ tao ra hé vat liéu nano,
c6 kha nang khang khuan dbng thoi gidam ham lvong bac
tiéu ton.
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2. THUC NGHIEM
2.1. Héa chat, thiét bi
- Cac hoéa chat c6 ngudn goc Trung Qudc gom: AgNO,,
99%, C4H,,04 (dwing glucose); NaBH,, hdng Sigma-Aldrich;
nano TiO, anatase dang bt < 100nm, hang Sigma-Aldrich.
- Kich thudc hat dwoc chup trén may kinh hién vi dién ti
truyén qua (TEM, JEM1010-JEOL) tich hgp CCD camera tai
vién Vé sinh dich té Trung vong.
2.2. Phrong phap ché tao hat lai nano bac véi nano TiO,

Hat lai nano bac dwoc ché tao bang ky thuat khir hda
hoc voi chat khir glucose va NaBH,. Can 2g nano TiO, (kich
thuéc <100nm) cho vao c6c 1 lit chira 100ml nuéc, khudy
déu trong vong 1 gio. Can 0,02g AgNO; cho vao coc 250ml
chira 100ml nuwéc, khudy déu trén may khudy tir 1 gio. Tién
hanh cho dung dich AgNO; vao c6c 1 lit cé chira nano TiO,,
Dung dich dwgc dua vao may rung siéu am trong vong 2
gi0 (dung dich A).

Phuong phap khir bang glucose: LAy 0,5g dwdng glucose
hoa tan hoan toan vao 10ml nwéc cét sau dé cho tir tir vao
dung dich A dé thic hién phan ting khir (vira cho vira khudy
déu trén may khudy ti). Sau khi cho xong khudy tiép trong
6 gi0. Két thic, san pham duoc dwa vao may ly tdm, sau do
dua vao t sdy & 100°C dén khéi lvgng khéng dai.

Phrong phap khir bang NaBH,: LAy 0,02g NaBH, hoa tan
hoan toan vao 100ml nuwéc cat sau do cho tir tir vao dung
dich A dé thuc hién phan rng khi (vira cho vira khudy déu
trén may khudy tr). Sau khi cho xong khuéay ti€p trong 4
gi0. Két thic, san pham dwoc dwa vao may ly tam, sau do
dua vao t sdy & 100°C dén khéi lvgng khéng dai.

Phuong phap khir két hop glucose va NaBH,: lay 0,259
duwong glucose hoa tan hoan toan vao 10ml nwéc cat sau
do6 cho tlr tr vao dung dich A (vira cho vira khudy déu trén
may khudy tir). Can 0,01g NaBH, hoa tan hoan toan vao
50ml nuéc cét sau dé cho tir tir vao dung dich dé thuc hién
phan (rng kh. Sau khi cho xong khudy ti€p trong 5 gio. Két
thuc, san pham dwgc dua vao may ly tam, sau dé dua vao
tU sdy & 100°C dén khoi lwvgng khdng doi.

2.3. Phuvong phap xac dinh bé mat riéng cta hat lai
nano Ag/TiO,

Bé& maét riéng cla hat lai duvgc xac dinh theo phuong
phap BET (Brunauer - Emmett - Teller) trén thiét bi TriStar
3000 V6.07 A tai trwong Pai hoc Sw pham Ha Nbi.

2.4, Phuong phap thr hoat tinh sinh hoc cla hat lai
nano Ag/TiO,

Thir hoat tinh sinh hoc theo phrong phép duc 16 thach
dé danh gia anh hudng clia hat lai Ién si phat trién clia cac
chiing vi sinh vat nubi cdy in vitro. Nguyén tic clia phrong
phap nay la xac dinh kha nang khuéch tan cta thuéc vao
I6p thach, gay Grc ché sy phat trién cla vi khuan & xung
quanh khoanh 16 thach. Viing (¢ ché cang lén thi tac dung
clia thu6c cang manh.

Céac chlng vi sinh vat kiém dinh bao gém: vi khuan
Gr(+): Staphylococcus aureus (ATCC 25923), vi khuan Gr(-):
Escherichia coli (ATCC 25922), vi khuan Gr(-): Salmonella
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typhimurium (ATCC 14028). Qua trinh dugc tién hanh tai
Vién Kiém nghiém chat lugng san pham hang hoa.
3. KET QUA VA THAO LUAN
3.1. Nghién ctru cac yéu té anh huwdng dén qua trinh
tong hep hat lai nano bac

3.1.1. Anh hudng clia tac nhan khir dén qué trinh téng
hop hat lainano bac

Kh&o sat tac nhan khir lan lvgt la dudng glucose, NaBH,
va két hop gilta duwong glucose véi NaBH, nhw trong muc
2.2 két qua thu dugc & bang 1 phan anh sy anh huéng cla
tac nhan khr t¢i viéc tao thanh hat lai nano bac.

Bang 1. Anh huong clia téc nhan khir dén si phan bd Ag trén Tio,

Chat Glucose NaBH, Glucose két hop
Tinh chét NaBH,
Mau sic Vang sang Nau Nau vang
Sw phan bo hat | Nho, taothanh | Khato,cocum | Nho, phan bé dong
Ag trén Ti0, cac hat riéng déu

St dung chat kht la dwéng glucose tao ra cac hat nano
bac roi, khong bam trén bé mat TiO,. Trong qua trinh tién
hanh thdy rang thoi gian khudy tron dai khoang 4 gio thi
mau dung dich méi thay ddi sang vang sang. Khi str dung
duy nhat mot chat khir NaBH, c6 thoi gian chuyén sang
mau nau tong doi nhanh (sau khoang 0,5 gi®), kich thuéc
hat bam trén bé mat Ién, co cum. Do qué trinh khir dién ra
rat nhanh nén hat nano duoc sinh ra cé kich thuéc khong
doéng déu va Ién hon so véi san pham dung chat khi
glucose. Khi két hgp tao dwoc hiéu qua tét hon, thoi gian
dung dich chuyén sang mau nau vang khoang 1,5 gio. Két
qua hat nano bac trén bé mat hat TiO, nhé, phan b dong
déu. Hinh anh cia hat lai dugc thé hién & hinh 1. Tir két qua
khao sat lya chon tac nhan phu hop: két hgp duong
glucose va NaBH, dé tao ra hat lai nano bac c6 kich thuwéc
phu hgp trén nano TiO,.
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Hinh 1. Anh TEM cdu triic hat lai

a. Anh TEM hat nano TiO, ban dau; b. Anh TEM s& dung tac nhan khi
glucose; ¢. Anh TEM sir dung tac nhan khir NaBH,; d. Anh TEM siz dung téc nhan
kh( hon hop

3.1.2. Anh hwéng ctia ndng do bac nitrat dén qua trinh
téng hop hat lai nano bac

DPé khao sat anh hwang clia ndong do bac nitrat theo
phrong phéap dung tac nhan khir hdn hop. Ching toi tién
hanh thay doi lugng nwdc dé hoa tan 0,02g AgNO,; két qua
duwgec trinh bay trong bang 2.

Bang 2. Anh hudng clia ndng dd bac nitrat dén s phan bd Ag trén Tio,

Lwgng nuéc hoa
tan (ml) 75 100 125 150
Tinh chat
Mau sic dung dich tong|  NAu Nauvang |Nauvang |Vangsang
hop
Sw phén b6 hat Ag trén | Hattaora |Phan  tan|Phan  tan|Hat tao ra
Tio, ritit,cac [dong déu|dong dBu|it, co cum,
hatto |kich thudc|kich thudc|kich thwoc
bémtrén (khodng 7-|khodng 7-|khodng 30-
bé mat |15nm 15nm 40nm

hanh thay déi lvgng nuéc dé hoa tan 0,01g NaBH,; két qua
dugc trinh bay bang 3.

Bang 3. Anh hudng clia ndng do t&c nhan khir dén sir phan bé Ag trén Tio,

Lwgng nudéc hoa

tan (ml) 40 50 60 70
Tinh chat

Mau séc dung dich tong Néu
hop

Sw phan bo hat Ag trén| Hat taora t,
Ti0, cac hat tobam
trén bé mat

Tir két qua bang 3 cho thay: khi lugng nuéc pha it, dan
t¢i ndng dd tac nhan kh*r NaBH, cao, hat tao ra co cum, cac
hat c6 kich thuéc Ién, phan b6 khéng dong déu trén bé
mat TiO,. Khi lugng nuéc Ién, ndng do tac nhan khi*r NaBH,
thdp dan t6i cac hat nano bac tao thanh riéng, it bam trén
bé mat hat lai. Nén thuc té lya chon lwgng nwéc dé tac
nhan khr NaBH, 1a 100ml.

Pé khao sat lvgng tac nhan khir NaBH, ching t6i tién
hanh tang lwgng tac nhan khi. Két qua dwoc trinh bay
trong bang 4.

Bang 4. Anh huong clia lwong tac nhan khit dén sir phan bé Ag trén Tio,

Nau vang | Nauvang | Vang sang

Phan tan|Phan tan|Co cum, tao
dong déu | dong déu | hat riéng

Lwgng tac nhan
khir(9)| 0,005 0,010 0,015
Tinh chat
Mau séc dung dich tong hop | Vang séng Nau vang Nau
Swphanbdhat AgtrénTiO,  |Hat khong phan |Phan tan|Hat co cum
tantrénhatlai | dongdéu | trénbé mat

TUr két qua bang 4 cho thay: khi lvgng tac nhan kh it,
qua trinh khir dién ra cham dan t¢i nano bac hinh thanh
khong bam trén bé mat hat lai. Khi lwvgng tac nhan khtr 16n,
hat tao ra co cum, cac hat c6 kich thuéc Ién, phan bé khéng
dong déu trén bé mat TiO,. Nén thuc té lva chon lvgng tac
nhan khr NaBH, la 0,010g.

3.2. KEt qua BET hat lai nano bac

Mau TiO, ban dau va sau khi lai héa theo phrong phap
str dung tac nhan khir hdn hop dugc mang di chup BET vai
két qua dién tich bé mat riéng & bang 5 va s phan bé mao
quan & hinh 2,

Bang 5. Dién tich bé mét riéng theo phwong phép BET

Tir két qua bang 2 cho thay: khi lugng nudce pha it, dan
t¢i ndng do bac nitrat cao, hat tao ra co cum, cac hat cé
kich thuéc Ién, phan bd khéng dong déu trén bé mét TiO,,
Khi lugng nudc 1on, ndng dé bac nitrat thap dan ti cac hat
nano bac tao thanh riéng, it bam trén bé mat hat lai. Nén
thuc té€ lva chon lugng nwdc dé pha bac nitrat [a 200ml.

3.1.3. Anh huéng ctia ndng do va lueng tac nhan khir
dén qua trinh tong hop hat lai nano bac

Dé khao sat anh hrang clia néng doé tac nhan khir theo
phuong phéap ding tac nhan khir hdn hop. Chang toi tién
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T Ténmau Dién tich bé mat riéng (m?/g)
1 | Ti0,bandau 249
2 | Ti0,saukhilaihéa 26,4

Tl két qua bang 5 cho thay: sau lai héa dién tich bé
mat riéng c6 tang Ién, nhung mic do tang khdng nhiéu.
Nguyén nhan tdng do tao thanh cac hat bac nhd bam trén
bé mat hat TiO, nén lam tdng dién tich bé mat riéng,
nhwng do hat nhd, bam trén bé mat nén dién tich khéng
tang nhiéu.
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Hinh 2. St phan b mao quan clia cac mau Tio,

a. Hat nano Ti0, ban dau; b. Hat nano Ti0, lai hda véi bac

TU két qua cda hinh 2 cho thay: sau khi lai héa véi bac
mau TiO, xuét hién nhiéu hon cac pic mao quan nhd &
vung tir 2 dén 4nm. Pay la cdc mao quan ngoai, ban than
cac hat TiO, cling tao ra mao quan nay, nhung do hat Ién,
cac hat c6 kich thwéc nhd it nén lvgng mao quan nay
khong nhiéu. Sau khi lai héa, cac hat nano bac bam trén bé
mat hat TiO, véi kich thuéc nhé nén lwvgng mao quan ngoai
nay tang lén.

3.3. Khao sat kha nang diét khuan

Tir hat lai nano bac véi TiO, tong hop duoc, ching t6i da
ti€n hanh thir hoat tinh sinh hoc ctia cac hgp chat nay trén
cac chiing khuén vi sinh vat kiém dinh bao gbm: vi khuan
Gr(+): Staphylococcus aureus (ATCC 25923), vi khuan Gr(-):
Escherichia coli (ATCC 25922), vi khuan Gr(-): Salmonella
typhimurium (ATCC 14028).

Tién hanh nhv sau; dung pipet, hat 100ul dung dich vi
sinh vat da duoc hoat héa va trang déu trén bé mat thach.
Puc 16 trén bé mét thach, dudng kinh 16 thach d, = 8mm.
Hat 1an lvot 50ul dich mau o néng dé Omg/mL, 8mg/mL,
16mg/mL, 40mg/mL nhd vao giéng thach. Day nip dia
petri lai, cho vao ti &m 37°C dé vi khuén phat trién trong
18 - 24h. Lay céc dia thach ra khéi td &m. Do va ghi lai Dy
dwong kinh vong vo khuan

K&t qua thu duwogc thé hién trén bang 6 va hinh 3.

Website: https://tapchikhcn.haui.edu.vn

Bang 6. Hoat tinh sinh hoc clia mAu hat lai nano Ag/Tio,

Hiéus6 D, —d;, (mm)
Nongdohat | D, Budng kinh vong vo khuan (mm), d, = 8 Budng kinh
lai nano bac giéng (mm)
(mg/mL) | Staphylococcus Escherichia co Salnonella
aureus tyhimurium
0 0 0 0
8 2 6 6
16 4 8 8
40 7 8 8

Hinh 3. Anh thit hoat tinh clia hat lai nano Ag/Ti0, trén dia thach

a. Staphylococcus aureus; b. Escherichia coli; ¢. Salnonella tyhimurium

Tir bang 6 va hinh 3 cho thdy, mau hat lai c6 kha nang
khang khuén Staphylococcus aureus, Escherichia coli,
Salmonella typhimurium.
4. KET LUAN

Chuing téi da ti€én hanh nghién ctru téng hgp nano bac
trén TiO, st dung tac nhan kh 1a dwdng glucose va NaBH,.
Qua trinh khao sat cac yéu t6 anh hudng dén kha nang
téng hop nano bac cho thdy & ndong dé 0,02g AgNO,/100ml
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H,0, ndng doé va lugng tac nhan khir 1a 0,01g NaBH,/100ml
H,O la phu hop. Két qua thu dwoc kich thuwéc hat nano bac
khodng 7 - 15nm phan b6 déng déu trén bé mat hat nano
TiO,. Két qua nghién ctru do dién tich bé mat riéng cta hat
lai cho thay dién tich bé mat riéng cla hat tang Ién so véi
TiO, ban dau. Két qua thir kha ndng khang khuan cudia hat lai
nano Ag/TiO, cho thdy hat lai cd kha nang khang khuén
Staphylococcus  aureus, Escherichia coli, Salmonella
typhimurium.
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