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SUMMARY

GREEN SYNTHESIS OF Ag-ZnO NANOPARTICLES BY NODUS RHIZOMATIS
LOTI EXTRACT FOR PHOTOCATALYTIC DEGRADATION OF CIPROFLOXACIN

In Vietnam, the form of aquaculture in ponds and lakes is very popular and developed in many
localities across the country. In this context, untreated antibiotic residues could lead to the risk of
water pollution, impacting indirectly on aquatic life and human health. In recent years, ZnO-based
materials synthesized by a green route using plant extracts have attracted a lot of attention from
scientists in the photocatalytic application for the treatment of wastewater pollution thanks to many
advantages such as low cost, high photocatalytic efficiency, chemical resistance and environmental
friendliness. In this work, we present a green simple method to synthesize Ag-ZnO nanocomposite with
a particle diameter in the range of 50-100 nm using the aqueous extract from Nodus Rhizomatis Loti
for Ciprofloxacin treatment under the irradiation of visible light. The morphology and structure of the
biosynthesized Ag-ZnO were analyzed by X-ray diffraction methods (XRD), scanning electron
microscopy (SEM), fourie transform infrared spectroscopy (FTIR), energy dispersive X-ray analysis
and differential thermal analysis. The results of evaluating the ability of Ag-ZnO in the degradation of
Ciprofloxacin using UV-Vis method showed that the biosynthesized Ag-ZnO works 23.7% more
efficiently when illuminated.

Keywords: green synthesis, Nodus Rhizomatis Loti extract, nano ZnO, photocatalysis, Ciprofloxacin.

1. TONG QUAN khuan va kha nang hap thu tia cuc tim [2].
ZnO 1a tinh thé duoc hinh thanh tir Zn thudc Trong linh vyc X Iy m6i truong, ZnO dugc
nhém nguyén té 11B va O thudc nhém nguyén biét dén nhu 1a mét chat ban dan c6 kha ning
t5 VIA (O) véi ba dang ciu tric lan luot 1a xUc tac quang, hap thu anh sang viing tir ngoai,
hexagonal wurtzite, zinc blende va rock salt. tao ra cac electron va 15 tréng, kich thich viéc
Trong do, cau luc gidc Wurtzite 1a cu tric bén tao thanh cac géc tu do trong méi trudng nudc,
vitng va phd bién nhit cua tinh thé ZnO [1]. 6 kha nang oxi hoa cac hop chit hiru co [3].
Hién nay, ZnO dugc ing dung trong nhiéu linh C6 nhiéu phuwong phap dé téng hop ZnO noi
vuc khac nhau, dién hinh nhu céng nghiép cao chung va nano ZnO ndi riéng, nhu phuong
su, linh vic y sinh va xir Iy bé mat kim loai vi phép hoa hoc, phuong phap vat Iy va phuong
c6 tinh kich hoat luu hoa, kha nang khang phép sinh hoc [4]. Trong nhimg nim gin day,
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phuong phap hoa hoc xanh sir dung dich chiét
thuc vat dé tong hop nano ZnO dang dugc cac
nha khoa hoc chl y, do nhitng lo ngai lién quan
dén bién doi khi hau, 6 nhiém nuéc, va sac
khoe con ngudi [5], [6]. Cho dén nay, di co
nhiéu céng trinh khoa hoc cong bd viéc su
dung thanh cong céc thanh phan thuc vat khac
nhau trong téng hop xanh nano ZnO, nhu 14 16
hoi (Aloe vera) [7], 1& trda xanh (Camelia
sinensis) [8], 14 budi (Citrus paradise), la se d6
(Costus woodsonii), vo qua soi, vo khoai tay,
vo ca chua [9]-[11]...Dién hinh nhu Bala va
cong su nam 2015 bao cao viéc su dung dich
chiét 1a bup giam (Hibiscus subdariffa) téng
hop nano ZnO hinh chuéng véi kich thudc
190-400 nm [5]. Nam 2017, Sutradhar and
Saha cong bé thanh cong sir dung dich chiét vo
ca chua trong téng hop nano ZnO hinh cau véi
kich thudc hat trong khoang 40-100 nm [11].
Nam 2019 Singh va cong sy ung dung dich
chiét 14 lyu (Punica granatum) tong hop nano
ZnO hinh cau véi kich thudc tir 10-30 nm [12].
Cay sen hdng (Nelumbo nucifera Gaertn) la
loai thuc vat thuy sinh cd cAu tao tir 5 bo phan
chinh 1a than sen, ré, 14, hoa, qua va hat. Trong
do6, ng6 sen la phan gdc caa cong 14 sen non,
nam sat gbc caa cay sen. Thanh phan hitu co
cha yéu cua ngé sen bao gém vitamin C, tinh
bot, duwong glucose, arginin, tyrosin, trigonelin,
polysaccharides va mucoprotein [13]. C6 nhiéu
cong trinh khoa hoc dua ra két luan rang, chinh
cac chat hitu co nay chiu trach nhiém chinh
trong qua trinh tdng hop xanh cac hat nano bac
va nano ZnO do ching c6 kha nang khir sinh
hoc hoic tao phirc vong cang véi ion Zn?* va
hoat dong nhu chat 6n dinh bao vé hat nano
duoc tao ra [14]. Theo hiéu biét cua ching tdi,
cho téi nay, chwa ¢6 cong trinh nao cong bd vé
viéc str dung dich chiét ngé sen cho qué trinh
téng hop nano Ag dinh trén nano ZnO. Ngé
sen c6 thanh phan héa hoc phu hop cho quéa
trinh tong hop nano Ag va ZnO, du doan rang
s& mang lai thanh céng trong viéc téng hop vat
lieu tich hgp Ag-ZnO Véi nhiéu tinh chat uu
Viét,

Ngay nay, nano ZnO dugc nghién cau ung
dung mot cach rong rédi nhu mot vat liéu ban
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dan c6 tinh chéat xic quang dé giai quyét van
dé 6 nhiém moéi trudng, dic biét 1a méi truong
nuéc 6 nhiém boi cac chat hiru co [15], [16].
Trong hoa hoc, thuat ngit xuc tac quang dugc
hiéu 1a qué trinh phan ung sir dung 4nh sang
nhu mot nhan té kich hoat chat xdc tac, gitp
cho phan ung xay ra. Cac vat liéu duoc diung
lam xUc tac quang chi yéu 1a nhiing vat ligu
ban dan. Theo ly thuyét viing, cau tric electron
caa kim loai dugc dic trung bgi ving héa tri -
vling gom nhiing obitan phan tir lién két duoc
xép dii electron va viing dan - viing gom nhiing
obitan phan tir phan lién két con tréng electron.
Déi voi vat lidu ban dan, nhiing electron cua
c4c obitan ¢ viing hoa tri néu bi mot kich thich
nao c6 thé vuot qua ving cim nhay sang viing
dan, tr thanh chét dan dién co diéu kién. Higu
g quang xuc tac trén bé mat ZnO phu thudc
vao budc song cua anh sang kich thich hay
nang lwong photon [17]. Nhiéu nghién ctu chi
ra rang, vat liéu ZnO hap thy tét 4nh sang UV,
nén ung dung quang xdc tac bang ZnO tinh
khiét dya trén sy chiéu xa tia UV. Nhiam nang
cao kha ning hap thu &nh sang vang kha kién,
can phai thay d6i bo hap thu cua ZnO nam
trong vung kha kién, bang cach tich hop lén
ZnO nhitng nguyén tb hay vat liéu khac [18]-
[20]. Do ciing 1a mét trong nhiing ly do giai
thich vi sao ching toi lua chon nano Ag tich
hop 1én nano ZnO trong cdng trinh nghién cuu
nay.

Ciprofloxacin ~ (tén  theo IUPAC: 1-
cyclopropyl-6—fluor—4—oxo—7—piperazin—1-
ylquinoline-3—carboxylic acid) la mot loai
thuéc khang sinh  manh, thuéc nhém
quinolone, ¢6 kha ning can thong tin tir nhiém
sic thé can thiét cho chuyén hoa binh thuong
cua vi khuéan. Viéc sir dung ciprofloxacin qua
liu s& anh huong dén su phat trién sun va
khép chiu luc, gay hai cho xuong khép thai nhi
va tré nho. Viéc lam dung ciprofloxacin ciing
dan dén sy tiéu diét hét cac vi khuan co loi,
gay mat can bang sinh thai vi khuan trong co
thé [21], [22]. Khang sinh ciprofloxacin 1a mot
trong nhiing loai khang sinh dwgc sir dung kha
phd bién trong nudi trong thay san. D6 do, viéc
nghién ctru tng dung vat liéu nano Ag tich hop



trén nano ZnO lam vat liéu xdc tac xi 1y du
lugng khang sinh trong moéi treong nudc la
mét nhiém vu cap thiét. Trong cong trinh khoa
hoc nay, chdng ti trinh bay phuong phap tong
hop xanh nano Ag-ZnO tir dich chiét ngd sen
ung dung xir Iy khang sinh ciprofloxacin dudi
tac dung cia ving anh sang kha kién.

2. VAT LIEU VA PHUONG PHAP

2.1. Hoa chat

Kém nitrat (Zn(NOa3)..6H.0, >98%) va bac
nitrat (AgNO3, >99%) la cac hda chat ding
cho phong thi nghiém, dwoc cung cip bai cong
ty Xilong, Trung Qudc. Ngé sen twoi duoc
mua tai cho dia phuong tai Quan GO Vap,
thanh phé H5 Chi Minh.

2.2. Téng hegp vat ligu nano ZnO

Ng6 sen sau khi mua vé& duoc ria nhidu lan
bang nudc voi, sau d6 duoc ngdm Va rira sach
lai bang nudc cat dé loai bo cac chat bam ban
trén bé mat. Ngo sen duoc cat lat, dé cho réo
nuéc réi mang sy kho trong 12 gio tai nhiét
d6 100 °C. Céc lat ngo sen sau khi sy xong
dugc mang di nghién nho thanh bot min. Can
1,0 g bot ngé sen cho vao erlen, thém 50 mL
nudc cat va tién hanh khudy hdn hop trong 3h.
Hon hop sau d6 dugc mang di dun cach thiy &
60°C trong 60 phat. Hop hop dwoc dé ngudi
dén nhiét do phong, loc lay dung dich va thu
dich chiét ngé sen. Can 2,0 g Zn(NOs),.6H,0
cho vao beacher 250 mL, thém vao 62,5 mL
dich chiét ngé sen va khudy hdn hop trén may
khudy tir voi téc @6 250 vong/phut trong 1h.
Sau d6, hdn hop duoc dun cach thuy & 60°C
cho dén khi dung dich trong beacher thanh
caramen thi mang di nung & 400°C trong 1h.
San pham thu dwoc 1a nano ZnO cé dang bot
min, mau vang nhat.

2.3. Téng hep nano Ag-ZnO

Nano Ag-ZnO duwoc téng hop tr 2g
Zn(NOs),.6H,0, 42,5 mL dich chiét, 20 mL
AgNO;30,IN theo qui trinh twong ty nano ZnO
(Hinh 1). San phim nano Ag-ZnO thu dugc
cling c6 dang bot min, mau x&m. Nano Ag
ciing dwoc tong hop tir 42,5 mL dich chiét va
20 mL AgNO; 0,IN theo qui trinh twong tu
nhung sir dung budc siy khd thay vi nung &
400 °C, sir dung dé 1am vat liéu so sénh.
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Hinh 1. Qui trinh téng hop nano Ag-ZnO
va irng dung cua vdt lidu

2.3. Phuong phap nghién ciu
Sy hién dién cua cac nhom chic ¢ trong mau
nano ZnO va mau cao dich chiét kho dugc
phan tich bang phuong phap phd hong ngoai
bién ddi Fourie (FTIR) trén may quang phé 27
Brucker Tensor (D{rc) trong pham vi s song
4000-500 cm™. Cau triic tinh thé cua cac mau
nano ZnO duoc phan tich bang phwong phap
nhiéu xa tia X trén may Shimadzu 6100
diffractometer (Nhat Ban), hoat dong & dién ap
40 kV, dong dién 30 mA vai biac xa CuKo ¢
bude séng 1,5406 nm véi toe do quét 0,05 °/s,
bude nhay 0,02° trong pham vi 20 tir 10° dén
80°. Hinh thai va kich thuéc cua cac hat nano
dugc xac dinh boi kinh hién vi dién tir quét
(FE-SEM) trén may FE-SEM S 4800. Céc tinh
chét nhiét cua hat nano ZnO dugc xéac dinh boi
phuong phap phén tich nhiét trong luong (TG)
két hop phan tich nhiét vi sai (DTA) st dung
may Evo LabSys S60/58988 (Phap). Cac mau
khé dwoc nung tir 30 d&én 800 °C véi tée do gia
nhiét 10 °C/phut trong diéu kién khi quyén.
2.4. Panh gia kha nang quang xuc tac phan
hay Ciprofloxacin
Trong bai bdo nay, kha nang quang xUc tac xu
ly khang sinh cua vat liéu dugc nghién cuu
duéi tc dung cua viing anh sang nhin thay, sir
dung bong dén Osram 250 W. Hon hop phan
tmg gdm 0,015 g vat liéu cho vao 200 mL
dung dich khéng sinh ciprofloxacin c6 ndng do
15 ppm. pH ban dau cua dung dich xap xi bang
7. Dung dich duoc didu nhiét & 25 oC, khudy
trén mot may khudy tr véi tée do 250
vong/phat. Hn hop dugc gitr trong bong tdi
trong 90 phit dau véi muyc dich dé dat duoc
can bang hap phu, sau dé chiéu sang trong 240
phat. Sau méi 30 pht, hat ra 5 mL hén hop,



loc tach chat rin va dem di do quang trén méay
quang phd UV-Vis ¢ budc song cuc dai dic
trung cua ciprofloxacin & 276 nm. Hiéu suét xir
Iy khang sinh cua vat liéu dugc tinh theo cong
thuc sau:
A,-
jiﬂ
Véi A, va A lan luot 1a mat d6 quang caa dung
dich khang sinh tai thoi diém ban dau va thoi
diém khao sét t.
3. KET QUA VA BAN LUAN
3.1. Mt sb dic trung cia vat liéu tong hop
dwgc
Cau trdc tinh thé coa vat liéu ZnO, Ag va Ag-
ZnO xac dinh bang phwong phap XRD duoc
thé hién & Hinh 2. Két qua phan tich gian dd
XRD cta miu nano ZnO thu dwoc sau khi
nung & diéu kién nhiét do 400°C trong 1 gio la
don pha ZnO véi cac dinh dac trung cua goc
tan xa 20 lan luot l1a 31,78; 34,44; 36,26;
47,55; 56,58; 62,86; 67,93 va 69,07°. Gian dd
XRD cua nano ZnO thu dugc cO sy tuong
ddng cao so voi két qua caa cac nghién ctu
trude day [23]. Nano Ag véi cac dinh nhiéu xa
& 38,21; 44,39 va 77,57° dic trung cho cau tric
lap phwong tam mit. Mau Ag-ZnO cho cac
dinh nhiéu xa twong tuy nhu nano ZnO tinh
khiét, nhung véi cudong do thip hon va khong
quan sat dugc cac dinh dac trung cua Ag. Nhu
vay, Viéc tich hop nano Ag Ién ZnO khong lam
thay ddi cdu trdc luc phuong Wurtzite cua
ZnO, tuy nhién nano Ag di che phu 1 phan bé
mat ciia ZnO lam cuodng do cac dinh nhiéu xa
cua ZnO giam xudng. Bén canh dé, trong cing
mét didu kién khao sat mau, gian d6 XRD cua
nano Ag cho cac dinh nhiéu xa c6 cuong do
thdp hon dang ké so v6i ZnO, va viéc tich mot
lvong kha nho Ag 1én ZnO c6 thé 1a nguyén
nhan cua viéc khéng xuat hién dinh nhidu xa
cua Ag trong gian ddo XRD cua mau Ag-ZnO.
Két qua phan tich gian d6 XRD cho thiy da
téng hop thanh cong vat liéu nano Ag , nano
ZnO va Ag-ZnO khi trén hé c6 day du cac
peak cua vat liéu thanh phan Ag va ZnO.
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Hinh 2. Gidn do XRD céc vat liéu da tong hop

Kich thudc trung binh cua tinh thé dugc tinh
toan theo phuong trinh Scherrer nhu sau:

_ ki
b= Beos8 @

Trong d6: D la kich thuéc tinh thé trung binh
(nm), 0 lagéc nhiéu xa, B 1a do ban rong cua
dinh phé (radian), A = 1,5406 A 1a buéc séng
cua tia téi, k 1a hang sb Scherrer phu thudc vao
hinh dang cua tinh thé, liy gi4 tri bang 0,9.

Dua theo dit liéu XRD thu duoc, kich thudc
trung binh cua tinh thé Ag, ZnO, va tinh thé
ZnO trong mau Ag-ZnO tinh theo phuong
trinh Scherrer lan luot 1a 12,5; 23,4 va 20,5
nm. C6 thé thay, cac vat liéu thanh phan déu
c6 kich thudc nano, trong dé6 nano Ag cé
kich thuéc trung binh nhé nhét, va viéc tich
hop nano Ag 1én ZnO da lam giam Kich
thuéc tinh thé cua ZnO. Diéu nay c6 thé giai
thich nhu sau, so v&i ZnO phan 1én dugc tao
thanh sau qua trinh nung & nhiét dé cao, thi
diéu kién tao thanh nano Ag dé dang hon.
Nano Ag c6 thé hinh thanh ngay trong pha
long khi cac ion Ag* tac dung vai cac phan
tir hitu co co trong dich chiét tai nhiét d6 nho
hon 100 °C [24]. Chinh nano Ag da dong vai
trd cua thanh phan tao mam, thuc diy qua
trinh phat trién cua tinh thé. S6 lwong mam
nhiéu, s6 luong tinh thé ZnO tao ra nhiéu
trong khi lwong Zn 1a khéong ddi, nén kich
thuéc hat nano ZnO thu dugc s& nho hon.
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Hinh 3. Phé FTIR céc hé vat lidu da tong hop

Phé FTIR cua cac mau nano Ag, ZnO, Ag-
ZnO va mau cao dich chiét khd duoc trinh bay
& Hinh 3, chi ra su hién dién cac nhém chtc
trén vat liéu. Dao dong cua cac lién két cong
héa tri trong nhém chirc cua hop chit hitu co
c6 trong dich chiét thé hién qua céc dai phé véi
dinh phd tai 3658, 3138, 2830, 1720, 1432,
1065, va 561 cm™. B6i véi mau Ag, ZnO va
Ag-Zn0, cac dinh phé cua cac nhém chirc hiru
co ¢6 sy thay d6i nhe sang cac vi tri khéc, do
anh huong cua cac vat lidu vo co. C6 thé thiy,
dac trung cho dao dong kéo dai cia nhém —OH
Xuit hién tai cac dinh phé 3000-4000 cm'
chang minh su ton tai caa hop chit ruou da
chuc [25]. Céc dai phd & vi tri dudi 3000- 2800
cm? dic trung cho lién két nhém C-H, céc
dinh & khoang 1400 - 1030 cm™* dic trung cho
dao dong cua lién két N-H va C-N cua protein
trong cao dich chiét [26]. Cac dinh phd 2500
dén 1600 cm™ dic trung cho dao dong cua lién
két C=0 va C=C [27]. C6 thé két luan rang,
chinh cac hop chét hitu co co trong dich chiét
da dong vai tro then chét trong viéc hinh thanh
nén cac vat liéu nano Ag, ZnO va Ag-ZnO. Cu
thé, nhém OH trong cac hop chit hitu co, da
dugc chang minh 1a chéat khu chu yéu trong
viéc chuyén héa cac ion Ag* thanh nano kim
loai Ag [28]. Cac nhdm OH- trong cac hop
chat polysaccharides ciing tao lién két phirc
cang cua véi ion Zn?*. C4c lién két nay bi pha
huy & nhiét d6 cao, tao thanh ZnO [2]. Céc hop
chat hiru co c6 trong dich chiét ciing dong vai
tro nhu 16p bao vé, bao boc xung quanh cac hat
nano vira tao thanh, giup cho cac hat trdnh
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duogc hién tuwong két tu, va gitr cho céac hat c6
kich thudc nano mong muén [27].

Hinh 4. Anh SEM cua cac mau: (a) nano Ag,
(b) Ag-ZnO va (c) ZnO.

Anh SEM cua cac mau Ag, Ag-ZnO va ZnO
lan luwot dwoc trinh bay & Hinh 4. Anh SEM
cho thay hat nano Ag tao ra (Hinh 4a) c6 dang
hinh ciu twong d6i dong déu, kich thuéc
khoang 50-100 nm va c6 sy két khéi lai véi
nhau. D4i véi hat nano Ag-ZnO (Hinh 4b), c6
thé quan sét tot cac hat nano Ag hinh cau dinh
va phan b twong ddi dong déu trén bé mat coa
Zn0. Quan sat k§ anh SEM cua vt liéu ZnO
(Hinh 4c), c6 thé thiy cac hat ZnO hinh luc
phuong véi kich thude xap xi 100 nm an trong
nhitng mang chit nén hiru co.

phan bé cac nguyén to trén bé mat mau Ag-ZnO
Phd EDX cua mau Ag-ZnO (Hinh 5a) cho thiy
tin hiéu cua nguyén t5 Ag tai 3 keV va 2,65
keV. Su hién dién nguyén té Zn duoc khing
dinh bai tin hiéu cac peaks tim thiy tai 1,0
keV; 8,65 keV va 9,6 keV. Tin hiéu cua
nguyén té Oxy quan sat dugc theo peak dic
trung & 0,55 keV. Trén bé mit cua mau nano
Ag-ZnO, ty I8 phan trim nguyén tir Ag chiém
3,29%; Zn chiém 39,22%; va O chiém 57,49%
lan luot twong Gng véGi 9,24; 66,79 va 23,97%
theo khdi luwong. Phé EDX cho thiy céc
nguyén t6 chinh trong mau la Ag, Zn va O,



gian tiép khang dinh sy thanh cong cia qua
trinh két hop nano Ag Ién nano ZnO. Mot yéu
t6 kha quan trong anh hudng dén tng dung caa
vat liéu trong viéc xir 1y du luong khang sinh
la sy phan bd cac nguyén té trén bé mat vat
liéu. Khi cac nguyén t phan bb déu trén bé
mat vat liéu, qua trinh tiép xc cua phan tir
khang sinh véi cac tdm hoat déng cua vat liéu
s& dién ra hiéu qua hon, din dén hiéu suat xir
ly chat hitu co s& duoc dam bao. Hinh 5b thé
hién sy phan bd kha dong déu cac nguyén té
Ag, Zn va O trén bé mat mau Ag-ZnO, tir dé
c6 thé du doan rang hiéu qua xu ly chat khang
sinh s& 6 trién vong.
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Hinh 6. Xdc dinh ndng hrong vang cam cia
mau Ag-ZnO

Nhu da biét, vat liéu ZnO c6 d6 rong ving cim
xap xi 3,2 eV [29]. Vi ning luong ving cim
kha lon, nén d6 nhay quang xdc tac caa ZnO
da phan nam trong ving 4nh sang tir ngoai véi
budc séng nhoé hon 380 nm. NOi cach khac,
ZnO chi tan dung duoc khoang 5% nang luong
mit troi trong viing tir ngoai dé kich hoat phan
ng quang xdc tac. Mat khac, cac nghién cuu
trude day da chi ra rang, nano Ag c6 do rong
viing c¢dm nho hon, gan 2,5 eV [30]. Viéc tich
hop nano Ag 1én nano ZnO c6 thé lam cho cho
electron/I5 tréng d& dang chuyén ving , ting
cuong tinh dan caa vat liéu, cai thién hiéu qua
xlc tac quang cua vat liéu. Hinh 6 cho thay
mau Ag-ZnO c6 ning lwong ving cim la 2,60
eV. Nhu vay, viéc két hop nano Ag 1én ZnO di
ma rong ving hap thu &nh sang nhin thay theo
huéng dich chuyén sang mau do trong dai
quang phd. Dya vao gia tri ning luong ving
cam cua Ag-ZnO, hoan toan c6 thé dinh huéng
tan dung nang lugng cta vung anh sang kha
kién (bao gom anh séang mat troi) trong viéc xir
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1y du lwong khang sinh bang vat liéu nano tich
hop Ag-ZnO.
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Hinh 7. Phé TG, DTA cua vt liéu Ag-ZnO
Ph6 TG-DTA ciia nano Ag-ZnO (Hinh 7) cho
thiy do giam khéi luong dién ra theo hai giai
doan chinh. Giai doan bat dau tir 180°C dén
320°C v6i khéi Iwong mau giam 0,7% tuong
ing Vai qua trinh nuéc bay hoi, vi mau sau khi
tong hop cd thé hut nuée trong khong khi. Giai
doan nay 1a giai doan thu nhiét, trén phé TGA
Xuit hién peak tai 269,68 °C hudng lén trén,
minh ching cho qua trinh thu nhiét. Giai doan
hai 14 giai doan xay ra tiép theo, khi nhiét do
dat gan 423,5 °C, chit hiru co con lai trong
mau bi d6t chay. Giai doan nay 1a giai doan toa
nhiét, trén phd TGA xuat hién peak tai 423,5
°C huéng xudng dudi, biéu thi cho qua trinh
toa nhiét. Tuy nhién, lugng chét hiru co con lai
khéng nhiéu, do6 giam khdi lwong rat nho,
khoang 0,5%. Véi tong do giam khdi luong
cho ca hai giai doan chiém 0,75%, do d6, co
thé két luan riang, mau nano Ag-ZnO thu duoc
kha tinh khiét, chi bao gom cac thanh phan
chinh 1a Ag va ZnO, phu hop Vvéi két qua phan
tich EDX.

3.2. Khao sat kha niing xic tac phan huy
hop chit hiru co Ciprofloxacin

Két qua khio sét kha nang xir Iy khang sinh
ciprofloxacin véi nong d6 15 ppm dugc thé
hign trén Hinh 8. Két qua khao st chi ra rang,
90 phl]t trong bong tqi la kljoéng thoi gian hqp
ly dé dat dugc can bang hap phuy, vi hiéu suat
xir 1y chénh lgch khong dang ke, xap xi 45%
tai thoi diém t =- 30 phut (sau 60 phut bong
t6i) va thoi diém t = 0 (sau 90 phdt bong toi).
Ké't’ qua khao sat cling chi ra ring, giai doan
chiéu sang ticp theo cling anh huong rat lon
dén hiéu suat phan huy khang sinh. Khi dugc
chiéu sang, kha ning phan huy Ciproflocaxin
boi vat liéu nano Ag-ZnO tang nhanh trong



240 phut dau, sau d6 giit can bang va dat bo
hoa. Két thic 300 phat chiéu sang, hiéu suat
phan tng xt ly Ciproflocaxin ting thém
23,7%. Tong hiéu suat xur 1y sau hai giai doan
dat 68,74%.
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Hinh 8. Hiéu sudt xi ly khang sinh cia mdu
Ag-Zn0 theo thoi gian

4. KET LUAN

Trong cong trinh khoa hoc nay, vat liéu nano
Ag tich hop trén nano ZnO da duoc téng hop
thanh cong bang phuong phap sol-gel tir kém
nitrat va bac nitrat vgi tdc nhan kha Ia dich
chiét ng6 sen. Pay 1a mot phuong phap tong
hop xanh, hiéu qua, cho hat nano Ag-ZnO vai
kich thudc trong khoang 50-100 nm. Viéc tich
hop nano Ag 1én nano ZnO da lam cho d¢ rong
nang luong viing cim giam xudng, ting cudng
kha nang quang xtc tac cua vat liéu trong vung
anh sang kha kién. Két qua danh gia kha ning
phan huay 200 mL dung dich khang sinh
Ciproflocaxin ndng 15 ppm bai 0,15 g vat liéu
nano Ag-ZnO cho thay hiéu suit phan Gng xur
ly Ciproflocaxin tdng thém 23,7% khi dung
dich dwoc chiéu sang. Vat liéu nano Ag-ZnO
thu duoc c6 trién vong phat trién cao, an toan
hon cho céc tng dung lién quan dén stc khoe
con nguoi va moi truong.
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