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ABSTRACT

This study presents a green and sustainable route for synthesizing
silver nanoparticles (AgNPs) using mangosteen peel extract, which
served as both a reducing and a stabilizing agent. The synthesis
process was optimized by investigating key parameters, including
temperature, reaction time, AgNO; concentration, and the Ag*
solution-to-extract ratio. The formation of AgNPs was confirmed
by UV-Vis spectroscopy, while XRD (X-ray diffraction), HR-
TEM (High-resolution transmission electron microscopy), and
SAED (Selected area electron diffraction) analyses revealed that
the nanoparticles were spherical, well-dispersed, crystalline face-
centered cubic structures with an average size of 16.2 + 4.3 nm.
The AgNPs exhibited exceptional catalytic activity in the sodium
borohydride (NaBH,) reduction of p-nitrophenol (PNP), achieving
a conversion efficiency of > 95% within just 2 minutes. This catalytic
reaction followed pseudo-first-order kinetics with a reaction rate
constant (k = 0.815/min). Furthermore, the AgNPs demonstrated
strong antibacterial activity against Escherichia coli and Salmonella
typhi, evidenced by an inhibition zone of approximately 15 mm,
a minimum inhibitory concentration (MIC) of 3.04 mg/L, and a
minimum bactericidal concentration (MBC) of 6.08 mg/L. These
findings not only highlight the potential of plant extracts for the
green synthesis of AgNPs but also underscore the promising
application of this nanomaterial in environmental remediation
and biomedical fields.
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1. it Vin Dé

TPHCM, TP. H6 Chi Minh

TOM TAT

Nghién ctiu nay trinh bay mot quy trinh xanh va bén viing d€ téng
hgp nano bac (AgNPs) bang cach st dung dich chiét vo méing cut,
dong vai tro viia la tac nhan khu viia la tdc nhan 6n dinh. Qua trinh
téng hop dugc t6i uu hoa bang cach khao sat cac thong s6 chinh,
bao gom nhiét do, thoi gian phan ting, nong do AgNO; va ty 1é
dung dich Ag* trén dich chiét. Su hinh thanh cac hat AgNPs dugc
xac nhan bang quang phé UV-Vis, trong khi cac phan tich XRD
(gian d6 nhiéu xa tia X), HR-TEM (kinh hién vi dién td truyén
qua do phan gii cao) va SAED (nhiéu xa dién tt ving chon loc)
cho thay cac hat nano c6 dang hinh c4u, phén tan tét, cau tric tinh
thé 14p phuong tdm dién véi kich thudce trung binh 1a 16,2 + 4,3
nm. Cac hat AgNPs thé hién hoat tinh xtic tac ddc biét trong phan
ung khu p-nitrophenol (PNP) bang natri borohydride (NaBHy,),
dat hiéu sudt chuyén déi > 95% chi trong vong 2 phat. Phan ting
xuc tac nay tuan theo phuong trinh dong hoc bac moét véi hang
s6 toc do phan tng (k = 0,815/phut). Dong thoi, cac hat AgNPs
thé hién hoat tinh khang khuidn manh d6i vé6i Escherichia coli va
Salmonella typhi, dugc ching minh bing viing tic ché khoang 15
mm, ndéng do tc ché tdi thiéu (MIC) 1a 3,04 mg/L va nong do diét
khuén t6i thi€éu (MBC) la 6,08 mg/L. Nhiing phat hién nay khong
chi lam néi bat tiém nang cua dich chiét thuc vat trong tong hop
xanh AgNPs ma con nhdn manh ting dung ddy htia hen cta vét
liéu nano nay trong linh vuyc xti ly mdi trudng va y sinh.

cong nghiép khac (Qatan & ctv., 2024). Do ddc
tinh bén viing, khé phan huy sinh hoc va doc

O nhiém méi trudng do cdc hgp chit hitu co
doc hai tii hoat dong cong nghiép dang tré thanh
thach thiic nghiém trong d6i véi su phat trién
bén viing. Trong s6 dd, p-nitrophenol (PNP)
la mot hgp chat nitroaromatic doc hai, dugc
sti dung phd bién trong san xuét thudc tru sau,
thu6c nhudém, dugc phdm va nhiéu qué trinh

tinh cao d6i voi ca sinh vat thay sinh lan con
ngudi, PNP da dugc xép vao nhém cac chit 6
nhiém nguy hai cin kiém soat nghiém ngit.

Trong nhiing ndm qua, nhiéu phuong phap
xu ly PNP da dugc nghién ctiu va ap dung, tu
cac ky thuat truyén thong nhu hap phu, két tta
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héa hoc, xti ly sinh hoc cho dén cac cong nghé
tién tién hon nhu quang xuc tdc, oxi hoa nang
cao (AOPs) va dién hda (Kamal & ctv., 2022).
Mic du cac phuong phap nay c6 thé dat hiéu qua
nhdt dinh, song van ton tai nhiéu han ché vé chi
phi, diéu kién van hanh va kha nang loai bé hoan
toan chat 6 nhiém. Pac biét, phuong phap khu
héa hoc bang natri borohydride (NaBH,) dudi
su hd trg ctia cac hat xtic tdc nano kim loai da
ndi 1én nhu mot gidi phdp tiém nang. Trong co
ché nay, NaBH, dong vai tro 1a chat cho hydro
manh, khtt nhém nitro (-NO,) ctia PNP thanh
nhém amino (-NH,), tao ra p-aminophenol,
mot hgp chét trung gian quan trong trong cong
nghiép dugc phdm va nhuém (Din & ctv., 2020).
Phuong phép nay c6 uu diém vé téc d6 phan tng
nhanh, diéu kién phan ting & nhiét dong phong
va hiéu suét chuyén hoéa cao (Das & Das, 2022).
Mic du phéan ting khtt PNP bing NaBH, 1a qua
trinh thuén lgi vé mat nhiét dong hoc, nhung lai
bi han ché manh vé mat dong hoc, lam cho phan
tng gin nhu khong thé dién ra néu thiéu sy ho
trg ctia chat xuc tac. Trong bdi canh do, cac hat
nano kim loai, dac biét la nano bac (AgNPs), da
chiing minh vai tro xtc tac hiéu qua khi cé kha
ning lam gidm ndng lugng hoat hoa, thiac ddy
su chuyén héa nhanh chéng va duy tri d6 chon
loc cao (Hunge & ctv., 2025). Tuy nhién, AgNPs
thuong dugc tdng hgp bang phuong phap hoa
hoc truyén thdéng, sti dung nhiéu loai hoa chat
lam chat khtt va chat 6n dinh. Cac quy trinh nay
thudng kha phuc tap, ton kém va tiém &n nguy co
gy hai cho moi truong ciing nhu stic khde con
ngudi. Diéu nay da thuc ddy sy quan tdm dén
cac phuong phép téng hop xanh, trong d6 dich
chiét ti thuc vat, vi sinh vat hay phu phdm nong
nghiép dugc xem la giai phdp an toan va bén
viing. Cac hgp chat tu nhién nhu polyphenol,
flavonoid va tannin c6 trong dich chiét via
doéng vai tro chat khi viia giup 6n dinh hat nano

(Mohamad & ctv., 2014). Dac biét, vé qua méing
cut giau xanthone va polyphenol dugc xem la
nguon nguyén liéu day tiém nang cho viéc tong
hop AgNPs theo hudng xanh, viia tan dung phé
thai nong nghiép viia tao ra vat liéu cé gia tri cao
cho cac ting dung xuc tac va xt ly moéi truong.
Ngoai kha ndng xuc tac trong phan tng khu
p-nitrophenol, AgNPs con dugc biét dén rong
rai v6i hoat tinh khang khudn manh. Cac nghién
ctu da chling minh rang AgNPs c6 thé tic ché
su phat trién ctia nhiéu loai vi khuén giy bénh,
dac biét 1a Escherichia coli (E. coli) va Salmonella
typhi (Sondi & Salopek-Sondi, 2004). Co ché
khang khudn chu yéu lién quan dén su gin két
ctia cac hat nano vao mang té bao, tao ra cac goc
tu do va ion bac, ti d6 lam t6n thuong ciu tric
mang, tic ché enzyme va dan dén su chét té€ bao
(Tang & Zheng, 2018). Do do, viéc phat trién san
phdm AgNPs theo huéng tong hgp xanh khong
chi md ra trién vong trong linh vuc xdc tac xu ly
moi trudng ma con mang lai tiém néng ing dung
trong y sinh va kiém soat vi khuadn gy bénh.

Toém lai, trong nghién ctiu nay, AgNPs dugc
téng hop theo phuong phap héa hoc xanh su
dung dich chiét tii vo qua méang cut dong vai tro
la tdc nhan khti va 6n dinh, md ra trién vong ting
dung AgNPs trong xt ly nudce thai chiia hgp chat
nitroaromatic cing nhu trong linh vuc y sinh.

2. Vat Liéu va Phuong Phap Nghién Ciiu
2.1. Vat liéu

V& qua mang cut dugc thu thap tai cac chg
dia phuong thu¢c phuong An Phi Dong, Thanh
phé H6 Chi Minh. Mau dugc rta sach bang
nudc may, sau dé rua lai bing nudc cit nham
loai bo tap chit bam trén bé mat. Vo dugc cit
nho (kich thuéc khoéng 2 x 2 cm?) va sdy & 60°C
trong 48 gio (dat d60 dm < 5%), tiép d6 nghién
thanh bot min (kich thudc hat < 1 mm) béng
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may xay. Mau bt sau khi thu dugc dugc bao
quan trong diéu kién kho rao, kin khi cho dén
khi sti dung trong cac thi nghiém. Bac nitrate
(AgNO3), p-nitrophenol (d9 tinh khiét 98%) va
natri borohydride (NaBH,), aluminium chloride,
sodium carbonate anhydrous, sodium chloride,
thudc thu Folin-Ciocalteu’s phenol, chat chuin
acid galic, sodium acetate dugc mua tu hang
Sigma-Aldrich (St. Louis, MO, USA). Tét ca cac
héa chat sti dung déu thuoc loai tinh khiét phan
tich (analytical grade) va dugc dung truc tiép
ma khong qua tinh ché thém. Nudc cat siéu tinh
khiét dugc cung cép ti hé thong Milli-Q va dugc
sti dung trong toan bo cac thi nghiém.

2.2. Phuong phap

2.2.1. Khdo sdt cdc yéu to anh huéng dén quad
trinh trich ly dich chiét vé qua mang cut

Mot gam bot vo méng cut sau sdy dugc cho
vao 100 mL nudc cat. Qua trinh trich ly dugc
tién hanh bang cach khao sit luan phién tling
yéu t6 anh hudng bao gom nhiét do (65, 70, 75
va 80°C) va thoi gian (30, 60, 90 va 120 phut)
nhim xdc dinh diéu kién t6i vu. Sau mébi lan
trich ly, dung dich dugc loc va ldy 0,1 mL dich
chiét (Ext) pha loang 300 lan d€ xac dinh ham
lugng polyphenol téng biang phuong phép Folin-
Ciocalteu, dua trén két qua phé UV-Vis so sanh
v6i duong chuén acid gallic (Francisco & ctv,,
2024). Mdi thi nghiém dugc tién hanh ldp lai ba
lan va diéu kién cho ham lugng polyphenol cao
nhat dugc lua chon cho cac thi nghiém ti€p theo.
Dich chiét thu dugc & diéu kién t6i vu duge loc
va bao quan & 4°C cho dén khi st dung.

2.2.2. Khdo sdt qud trinh tong hgp nano bac sit
dung dich chiét vé mang cut

Dung dich AgNPs dugc téng hgp bing
cach khu dung dich AgNO; nho cac hgp chat

polyphenol c6 trong dich chiét vo mang cut,
duéi chiéu sang manh ctia den LED (dnh sang
trang, nhiét d6 45°C, nhan hiéu 135/12W PT04.
V2, Rang Dong) két hgp véi khudy tu & téc do
300 vong/phut. Trong qua trinh nay, ba yéu t6
anh hudéng chinh dugc khao sat theo phuong
phap luan phién tling bién gom: 1) thoi gian
phan tng, 2) néng d6 Ag* va 3) ti 1é thé tich
dung dich AgNO; so véi dich chiét (VAg/VExt).
Trong do, thoi gian phan ting dugc theo doi tai
cac mdc 0, 30, 60, 90, 120 va 150 phut. Cdc ndng
do AgNO; dugc lya chon lan lugt la 1.0; 1.5 va
2.0 mM. Cudi cung, céc ti 1é thé tich (VAg/VExt)
khao séat 1a 25:25, 30:20, 35:15 (mL). Sau méi thi
nghiém, dung dich AgNPs dugc ldy 1 mL, pha
loang 10 14n va do phé UV-Vis d€ theo doéi su
hinh thanh hat nano tai bu6c séng khoang 420
nm, la dinh hdp thu dic trung clia AgNPs. Két
qua thu dugc tu tiing diéu kién khao sat dugc so
sanh, va diéu kién cho cuong do hap thu cao va
pht hgp nhat dugc chon lam thong s6 t6i uu cho
cac thi nghiém tiép theo.

2.3. Phén tich tinh chat ly hoa cia AgNPs

Gidn d6 nhiéu xa tia X (XRD) dugc tién
hanh nhdm xic dinh ciu tric tinh thé ctia mau
béang thiét bi Bruker D8 Advance (Bruker, My),
st dung buic xa Cu-Ka dugc loc Ni (A = 1.5406
A). Két qua dugc ghi trong khoang 20 tii 10 dén
80°, v6i budec quét 0,02°, thai gian budc 38,4 giay
va dong phat xa 40 mA. Hinh thai va mang cau
tric tinh thé ctia hat AgNPs dugc quan sat bang
kinh hién vi dién ti truyén qua d¢ phén giai cao
(HR-TEM). Ngoai ra, phd hép thu UV-Vis dugc
do bang thiét bi UV-1800 (Shimadzu, Nhét Ban)
trong khoang budc séng 190 - 800 nm dé€ xac
dinh sy hinh thanh ctia AgNPs.

2.4. Panh gia hoat tinh ciia AgNPs trong qua
trinh khi p-nitrophenol trong nudc
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Phan ting khti PNP dugc tién hanh theo mé
v6i tong thé tich dung dich 250 mL. Trudc khi
phan ting, dung dich dugc suc khi N, trong 15
phut nham loai bd oxy hoa tan, tranh sy tc ché
qua trinh khti. Trén co s nghién ctiu da ¢ trudce
clia cac tac gia (Ho & ctv., 2023), nong do ban
dau ctia PNP dugc thiét lap & 0,144 mM, véi ty
1é mol NaBH,/PNP ¢4 dinh & mtic 200:1. Sau d6,
dung dich NaBH, dugc thém vao dudi diéu kién
khuay ti vé6i téc do 300 vong/phut, tiép theo la
bd sung xuc tic AgNPs. Trong qua trinh khao
sat, liéu lugng xuc tac dugc thay ddi & cac muc
tuong ung vai 50, 100, 150 va 200 pL dung dich
AgNPs sau khi téng hgp, trong khi cic thong s6
khac dugc giti ¢6 dinh. Tai nhiing khoang thoi
gian nhat dinh, 2 mL dung dich phan ting dugc
14y ra, loc d€ loai bé phan xuc tac con lai, sau do
pha lodng ndm lan va do ph6 UV-Vis (UV-1800,
Shimadzu) nham theo doéi su bién ddi nong do
PNP & budc song 400 nm. Do chuyén héa PNP
tai thoi diém t dugc tinh theo cong thic:

X= (1 — %) x 100% (1)

o
Trong d6: X (%) 1a d6 chuyén héa cia PNP,
C,va C la ndng do ctia PNP tai thoi diém 0 va t.

2.5. Panh gia hoat tinh khang khuidn cua
dung dich AgNPs

Hoat tinh khang khuin ctia AgNPs dugc
khao sat va danh gia bang ba phuong phap:
do duong kinh vong khang khudn (agar well
diffusion method), xac dinh nong d¢ tc ché toi
thiéu (MIC) va ndéng do diét khudn tdi thiéu
(MBC) béng phuong phéap pha loang trén dia
thach. Cac quy trinh thi nghiém dugc thuc
hién theo phuong phéap chuén da cong bo trong
nghién ctiu ctia (Parvekar & ctv., 2020).

2.6. X1t ly thong ké

Tat ca cac thi nghiém dugc lap lai 3 1an va két
qué dugc biéu dién dudi dang gia tri trung binh.
bong thoi, phan mém Excel 365 (Microsoft,
My) dugc st dung dé€ xay dung md hinh dong
hoc phan ting.

3. Két Qua va Thao Luéin

3.1. Su anh hudng cta cic yéu t6 dén qua trinh
trich ly dich chiét vo qua mang cut

Két qua khao sat sy anh hudng ctia cc yéu to
dén qua trinh trich ly vo mang cut theo phuong
phap luan phién tiing yéu t6 dugc trinh bay &
Hinh 1a va 1b. Két qua cho thay, nhiét do va thoi
gian trich ly c6 anh hudng r6 rét dén ham lugng
polyphenol thu dugc tii vé méang cut. Khi nhiét
do tang tu 65 dén 75°C, ham lugng polyphenol
tang manh va dat cuc dai khoang 1.066,12 + 3,16
mg/L tai 75°C. Diéu nay c6 thé dugc giai thich
la & mtic nhiét thap, su khuéch tan cdc hgp chit
phenolic tti ma tran té bao vao dung dich con han
ché (Osorio-Tobon, 2020). Khi nhiét d¢ ting, qua
trinh hoa tan va phd v& cdu truc té€ bao dugc thuic
ddy, giup giai phong polyphenol nhiéu hon. Tuy
nhién, khi nhiét d¢ vugt qua 75°C, ham lugng
polyphenol giam nhe do xay ra cac phan ting oxy
héa hoac phan huy nhiét, lam suy giam néng do
cac hop chat hoat tinh sinh hoc trong dung dich
(Ling & ctv., 2022). Trong khoang 30 - 60 phut,
ham lugng polyphenol ting nhanh va dat gia tri
cuc dai khoang 1.066,12 + 3,16 mg/L & 60 phut.
Day la giai doan ma to6c do khuéch tan va giai
phong polyphenol dién ra manh mé. Tuy nhén,
khi thoi gian kéo dai dén 90 phut, ham lugng
polyphenol giam xuéng con khoang 9.96,27 +
7,49 mg/L, cho thdy cac phan tng thoai héa va
oxy hoa da xay ra, lam suy giam chat lugng dich
chiét. Tt nhiing két qua nay, diéu kién phu hgp
nhat cho qua trinh chiét tach polyphenol ti vo
mang cut dugc xac dinh la 75°C trong 60 phut.
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Hinh 1. Anh hudng ctia nhiét d¢ (a) va thdi gian (b) trich ly d6i véi tdng ham lugng polyphenol
cta dich chiét vo mang cut thu dugc.

3.2. Su anh hudéng cua cac yéu t6 dén qua trinh
tong hgp AgNPs

Phé UV-Vis ¢ Hinh 2 cho thdy thoi gian
phén ting, ndng d6 AgNO; va ti 1¢ thé tich dung
dich Ag*/dich chiét déu anh hudng r6 rét dén su
hinh thanh AgNPs. Trong Hinh 2a, cuéng do hap
thu tai khoang 420 nm, ddc trung cho plasmon
bé mat cuc bo (SPR) ctia AgNPs (Alzoubi & ctv.,
2023), tang dan khi kéo dai thoi gian phan tng tu
0 dén 120 phat. Diéu nay chiing td s6 lugng hat
nano bac dugc tao ra ngay cang nhiéu va phan
tng khu dién ra hiéu qua. Tai 120 phut, phé héap
thu dat gia tri cuc dai (Abs = 0,65) va 6n dinh,
phan dnh trang thai bao hoa trong qua trinh tao
hat. Ngugc lai, khi kéo dai dén 150 phut, cuong
do tin hiéu gidm nhe, c6 thé do hat nano bat dau
két tu hoac thoai hoa. Vi véy, 120 phut dugc xac
dinh la thoi gian t6i wu. Hinh 2b cho thdy khi
tang nong do AgNO; tui 1.0 lén 1,5 mM, cuong
do héap thu tai 420 nm tdng manh, ching té so
lugng hat nano sinh ra nhiéu hon. Tuy nhién, &

2,0 mM, phé hdp thu khong cai thién dang ké.
Do d6, noéng do 1,5 mM dugc xem la phu hgp. 6]
Hinh 2c, khi khdo sat céc ti 1¢ thé tich dung dich
AgNO; /dich chiét (V, /V, ), mau 30Ag - 20Ext
cho tin hiéu plasmon tai 420 nm manh nhit,
chiing to su can bang phu hgp gitia lugng ion
Ag* va polyphenol trong dich chiét. Néu Ag*qua
it, phan ting khtt dién ra khong hoan toan, trong
khi néu thi€u polyphenol, hat nano dé két tu do
khong du chit 6n dinh. Ti 1¢ 30Ag - 20Ext da
dap ung tot ca hai diéu kién, tao ra hat AgNPs
dong déu va bén viing. Cu6i cung, Hinh 2d cho
thdy vai tro quan trong cua dich chiét vo mang
cut: chi khi c6 ca Ag* va dich chiét méi xudt hién
dinh plasmon tai 420 nm. Diéu nay chling minh
polyphenol trong dich chiét viia 1a tac nhan kh,
viia la chit 6n dinh trong qua trinh téng hop
xanh. TUu cac két qua trén, diéu kién phan ting
phu hgp nhét duge xac dinh 1a 120 phut, nong do
AgNO:; la 1,5 mM va ti 1é thé tich gitia dung dich
AgNO; va dich chiét la 30Ag - 20Ext.
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Hinh 2. Phé hép thu UV-Vis ctia dung dich nano bac (AgNPs): (a) theo thoi gian
phan ting, (b) theo nong do AgNO;, (c) theo ty 1é dung dich AgNOs, va dich chiét,
(d) so sanh déi chiing gitia dung dich AgNO3, chiét xudt vo mang cut va AgNPs.

3.3. Tinh chit ly héa ciia AgNPs dugc tong hgp
& diéu kién phu hgp

Gian d6 XRD (Hinh 3a) xuat hién cdc dinh
nhiéu xa manh tai 26 = 38.1; 44.3; 64.4 va 77.3%
tuong Gng voi cac mat tinh thé (111), (200),
(220) va (311) ctia c4u tric 14p phuong tam mét
(fcc) cua bac kim loai (JCPDS s6 04-0783) (Basu
& ctv,, 2016). Su hién dién r6 rang cta cac dinh
nay khing dinh AgNPs thu dugc c6 ciu truc tinh
thé hoan chinh va d6 két tinh cao. Ngoai ra, bén
canh cac dinh chinh déc trung cho bac, gian do
con xudt hién mot s6 tin hiéu nhiéu nén & viing
goc thap, cd thé bat nguon tii cac hgp chat hiu

co chua bi loai bo hoan toan trong dich chiét vo
mang cut. Cac hop chat polyphenol va flavonoid
nay khong chi dong vai tro chét khi va chét 6n
dinh trong qua trinh t6ng hgp ma con cé thé hap
phu 1én bé mit hat nano, tao ra tin hiéu nhiéu
dic trung trong gian d6 XRD. Anh HR-TEM
(Hinh 3b) cho thay cac hat AgNPs c6 dang hinh
cau, phan bo kha dong déu va it hién tugng két
tu. Phén tich thong ké kich thudc hat (Hinh 3c¢)
cho thay phan bé hep véi kich thude trung binh
16,2 £+ 4,3 nm, phu hgp véi vi tri dinh plasmon
quan sat dugc 6 phé UV-Vis (~420 nm). Phan
bé kich thudc ctia AgNPs tong hgp theo phuong
phap xanh tép trung chu yéu & 14 - 16 nm do su
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hoi tu ctia cdc diéu kién t6i uu cho qua trinh kht
va 6n dinh hat. Su phan tan cua céc kich thuée
khac xuat phat ti ban chét phtic tap va khong
dong nhét ctia chiét xudt sinh hoc, dan dén dong
hoc phan ting canh tranh, sy chong chéo gitia cac
giai doan tao mam - phat trién hat, va sy khong
dong déu cua diéu kién phan ting trong dung
dich. Diéu nay lam xudt hién cac hat nhé hon (<
14 nm) do thiéu chit 6n dinh va cic hat 16n hon

1 (111)

40 50 60 70
2 Theta, °

16,2 +4,3

6 8 10 12 14 16 18 20 22 24 26

Kich thudc hat, nm

(> 16 nm) do két tu ngau nhién. Hon thé niia,
anh SAED (Hinh 3d) hién thi cic vong nhiéu xa
rd nét, tuong Gng voi cac mat tinh thé (111) va
(200) ctia Ag, hoan toan nhit quan véi két qua
XRD. St déng bé gitta XRD, HR-TEM va SAED
cho thiy AgNPs dugc téng hgp bang dich chiét
vO méng cut c6 cdu tric tinh thé ro rang, kich
thudc nano dong déu va tinh bén viing tot.

Ag (111)

Ag (200)

Hinh 3. Cac tinh chét dac trung ctia nano bac (AgNPs): (a) gian d6 nhiéu xa tia X
(XRD), (b) anh HR-TEM (truyén qua kinh hién vi dién tt c6 d6 phén giai cao), (c)
phén bé kich thudce hat, (d) anh nhiéu xa dién tt viing chon loc (SAED).
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Hinh 4. Phé hép thy UV-Vis ctua phan tng kht PNP véi cdc ham lugng AgNPs khac nhau
(a); d6 chuyén héa PNP theo ham lugng AgNPs (b) va theo thoi gian phan ting (c); ddng hoc
phén ting bac nhét dugc biéu dién qua biéu do tuyén tinh In(A/A,) theo thdi gian (d).

3.4. Hoat tinh cia AgNPs trong phan ting khu
p-nitrophenol trong nuéc

Két qua ¢ Hinh 4 chling minh rang AgNPs
tong hgp xanh ti dich chiét véo mang cut thé hién
hoat tinh xtc tac vugt troi trong phan tng kht
PNP bang NaBH,. Phd UV-Vis (Hinh 4a) cho
thay cudng do dinh hép thu ddc trung ctia PNP
tai 400 nm suy giam nhanh choéng sau khi b6
sung AgNPs, dong thoi su xuat hién dinh mdi tai
~300 nm xac nhan sy hinh thanh p-aminophenol
(PAP), san phdm khti ctia PNP. Dic biét, khi tang
ham lugng AgNPs tii 50 dén 200 pL, qud trinh
khti dién ra nhanh hon va gin nhu hoan toan,

khang dinh vai trd ciia AgNPs trong viéc xuc tién
qué trinh van chuyén electron tii NaBH, sang
nhom nitro (-NO,). B¢ chuyén hoa PNP theo
ham lugng AgNPs (Hinh 4b) cho thdy hiéu suit
tang manh ttt 0% lén trén 90% khi thé tich AgNPs
tang ti 50 dén 100 pL, sau do dat trang thai bao
hoa 6 150 - 200 pL. Hién tugng nay phan anh
gi6i han bé mat xuc tac: khi s6 lugng hat nano da
du dé bao phti toan bo phan tit PNP, viéc bs sung
thém khong mang lai hiéu qua dang ké. Khao sat
anh huéng cua thoi gian phan ting (Hinh 4c) cho
thdy qud trinh khi dién ra cuc nhanh, véi hiéu
sudt dat trén 95% chi trong vong 2 phut. Diéu
nay khing dinh AgNPs ¢4 hoat tinh xuc tac cao,
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giup qua trinh khi PNP dién ra trong diéu kién
nhiét d6 phong, liéu lugng xuc tac thdp ma van
dat hiéu qua gan nhu hoan toan. Phén tich dong
hoc (Hinh 4d) dya trén mé hinh ddng hoc phan
tng bac mot cho thdy moi quan hé tuyén tinh tot
gitia In(A/A,) va thoi gian, véi hang s6 téc do
k = 0,815 phut™! va hé s6 tuong quan R* = 0,95.
Gid tri k cao cung v6i R? gdn 1 chting minh phan
ung tuan theo phuong trinh dong hoc bac mot
va AgNPs dong vai tro xuc tac hiéu qua, giup
gidm nang lugng hoat hoa va thac ddy téc do
phan ting. Téng thé, cac két qua nay khing dinh
AgNPs tdng hgp biang phuong phap xanh khong
chi dat hiéu sudt xtc tac cao ma con duy tri téc
do6 phan ting nhanh trong diéu kién don gian.

3.5. Hoat tinh khang khuan cia AgNPs

Hoat tinh khang khuin ctia AgNPs dugc
danh gia trén hai chang vi khuén gay bénh phd
bién 1a Escherichia coli (E. coli) va Salmonella
typhi (S. typhi) bang ba phuong phéap: khuéch tan
giéng thach, xdc dinh néng do tc ché t6i thiéu
(MIC) va noéng d6 diét khuén t6i thiéu (MBC).
Két qua khuéch tan giéng thach (Hinh 5) cho
thdy AgNPs tao ra vung tic ché ro rét xung quanh
giéng, v6i duong kinh vong khang khudn 1an lugt
14 15,33 + 0,57 mm d6i véi E. coli va 15,67 + 0,57
mm do6i vé6i S. typhi. Gia tri nay vugt ngudng 10
mm, dugc phan loai la mic khdng khudn manh,
chiing minh kha ning tic ché ddng ké cia AgNPs
d6i v6i ca hai chiing vi khudn Gram am.

Hinh 5. Vong khang khuén ctia AgNPs d6i v6i Escherichia coli (bén tréi) va
Salmonella typhi (bén phai).

Két qua Bang 1 cho thdy, ndng do t6i thiéu ctia
AgNPs c6 thé ngan can su phat trién ctia vi khuén
la N/32 (tuong duong 3,04 mg/L) d6i véi ca E. coli
va S. typhi. Diéu nay chiing to chi v6i ham lugng
rat thip, AgNPs da c6 thé tic ché sy nhén 1én cta
vi khudn. Dong thoi, két qua xac dinh MBC chira
rang néng do diét khudn t6i thiéu d6i véi ca hai
chting vi khudn la N/16 (tuong duong 6,08 mg/L),
cao hon mot bac so véi MIC. Su chénh 1éch hgp ly
gitta MIC va MBC phan anh co ché tac dong hai
giai doan dién hinh ctia AgNPs: & nong d¢ thap,
ching gay tc ché sy tang truéng thong qua viéc

lam ré6i loan chiic nang t€ bao; trong khi 6 nong
d6 cao hon, chung dan dén phd hiy hoan toan
mang t€ bao va tiéu diét vi khudn. Tom lai, AgNPs
téng hop biang phuong phap xanh ti dich chiét vo
mang cut thé hién hoat tinh khang khuin manh
va On dinh d6i véi ca E. coli va S. typhi, véi vong
khang khuan trén 15 mm, MIC dat 3,04 mg/L va
MBC dat 6,08 mg/L. Nhiing két qua nay khong
chi khéng dinh tiém niang ung dung cia AgNPs
trong linh vuc y sinh ma con m& ra trién vong
phat trién cac vét liéu khang khuén thé hé mdi,
than thién mai trudng va hiéu qua cao.
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Bang 1. Nong do tic ché t6i thiéu va nong do tiéu diét t6i thi€u clia mau nano bac (AgNPs) khang vi

khuén Escherichia coli va Salmonella typhi

Noéng d6 mau AgNPs

Vi khuan

N/2  N/4

N/8 N/16 N/32 N/64 N/128 N/256 N/512 N/1024

No6ng do tic ché t6i thiéu (MIC)

Escherichia coli - - - - - + + + + +

Salmonella typhi - - - - - + + + + n
Nong do tiéu diét t6i thiéu (MBC)

Escherichia coli - - - - + + + + + +

Salmonella typhi - - - - + + + + + ¥

Chii thich: N = 97,2 mg/L; (+): C6 su xudt hién vi khudn; (-): Khong cé sy xudt hién vi khudn.

4. Két Luan

Nghién ctiu nay da chiing minh kha nang t6ng
hop thanh cong AgNPs bing phuong phap xanh
sti dung dich chiét vé méang cut giau polyphenol,
dong vai tro kép viia la tac nhan kh viia la chat
6n dinh. Cac hat AgNPs thu dugc c6 ciu tric
tinh thé 1ap phuong tim dién véi kich thude hat
trung binh 16,2 + 4,3 nm, dugc xac nhén qua cac
phuong phap phan tich hién dai nhu XRD, HR-
TEM va SAED. Ngoai ra, AgNPs thé hién hoat
tinh xdc tac vugt troi trong phan ting khtt PNP
bang NaBH,, v6i hiéu sudt gdn nhu hoan toan
trong diéu kién nhiét do phong, liéu lugng xtc
tac thap, tuan theo mo hinh dong hoc phan ting
biac mot. Dong thoi, dung dich AgNPs c6 hoat
tinh khdng khudn manh d6i v6i Escherichia coli
va Salmonella typhi, v6i gia tri MIC va MBC thép.
Két qué nay khong chi khing dinh tiém ning ctia
dich chiét thuc vét trong viéc tong hgp nano bac
than thién moi trudng, ma con ma ra trién vong
ung dung AgNPs trong xu ly nudc thai chia
hgp chét nitroaromatic va trong linh vic y sinh
khéng khuén. Pay la mét hudng nghién ctiu c6
y nghia thuc tién, gép phan phat trién cac giai
phap bén viing va an toan hon trong cong nghé
vat liéu nano.

Loi Cam Poan

Chung t6i cam doan bai bao do nhém tac gia
thuc hién va khong c6 bat ky mau thuan nao gitia
cdc tic gid.
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Cong trinh nay dugc tai trg kinh phi tu
Truong Dai hoc Nong Lam TP. H6 Chi Minh, ma
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