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Green synthesis of silver nanoparticles (AgNPs) has been extensively
studied by using a variety of plant extracts for applications in
catalysis, biomedical and biosensors. In this paper, the AgNPs were
successfully synthesized via an easy and eco-friendly technique using
peel extract of Citrus maxima as reducing, capping, and stabilizing
agents for the first time. The formation, structure and morphology of
biosynthesized AgNPs were characterized using Ultraviolet-visible
spectroscopy (UV-Vis), X-ray diffraction (XRD), and Fourier
transform infrared (FTIR) spectroscopy. The photocatalytic activities
of the synthesized AgNPs were investigated by degrading the
methylene blue (MB), and Rhodamine B (RhB) dye solutions under
sunlight in the presence of 10 mg AgNPs photocatalyst within 120
min irradiation. The percentage degradation of MB, and RhB dye
solutions was found to be 84.68, and 77.84%, respectively. These
results confirmed that the Citrus maxima could be a lowcost, nontoxic
and eco-friendly natural resource for the synthesis of AgNPs, which
might be useful for efficient adaptable photodegradation of organic
dyes in industrial wastewater.
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Tong hop xanh cac hat nano bac (AgNPs) di dugc nghién ciru rong
rdi bang cach sir dung dich chiét thuc vat dé tng dung trong xuc téc,
y sinh va cam bién sinh hoc. Trong bai bao nay, lan dau tien AgNPs
duoc tong hop thanh cdng mot cach d& dang va than thién voi moi
truong bang cach st dung dich chiét tir vo buai lam chat khir, chat
lam bén. Sy hinh thanh, ciu trac va hinh thai caa AgNPs duoc dic
trung bang phd hap thu quang (UV-Vis), nhidu xa tia X (XRD) va
phd hong ngoai bién d6i Fourier (FTIR). Kha nang quang x(c tac cia
AgNPs duoc khao sat bang cach phan hiay thuéc nhuom xanh
methylene (MB) va Rhodamine B (RhB) duéi anh sdng mit troi vai 10
mg AgNPs trong vong 120 phdt. Hiéu qua phan huy thuéc nhuom MB
va RhB lan luot 1a 84,68 va 77,84%. Két qua nay khang dinh vo buoi
c6 thé la ngudn tai nguyén thién nhién than thién voi méi truong,
khong doc hai va ¢ chi phi thap dé tong hop AgNPs, hitu ich dé phan
hily quang xuc tac thudc nhugm hitu co trong nudc thai céng nghiép.
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1. Gigi thiéu

Ngay nay, cong nghé nano déng mot vai trd quan trong trong nhiéu linh vuc nhu y dugc,
quang hoda, dién hoa, hoa hoc do céac hat nano c6 kich thuéc nhé hon 100 nm, mang tinh chét vat
Iy va hoa hoc dac trung. Trong d6, hat nano bac (AgNPs) thu hut sg quan tdm cta cac nha nghién
ctru do cac dic tinh doc déo nhu tinh dan dién, dan nhiét t6t, tinh ning xuc tac hiéu qua va hoat
tinh sinh hoc cao [1], [2]. Cac hat AgNPs c6 thé tong hop bang cac phuong phap vat 1y va hoa
hoc, tuy nhién cac phuong phap nay chi phi cao, doc hai va khong than thién voi moéi truong [3],
[4] Dé khic phuc nhiing van dé nay, cac phuong phap tong hop AgNPs xanh duoc thuc hién
bang nhiéu ngudn khac nhau nhu vi sinh vat va dich chiét thuc vat. Viét Nam duoc danh gia 1a 1
trong 25 qudc gia c6 sy da dang sinh hoc cao véi 13.766 loai thuc vat. Thanh phan hoa hoc cua
cac loai thyc vat rat da dang va phong pha nhu alkaloid, flavonoid, terpenoid, steroid...Day la
nhom céc hop chat dong vai trd nhu chat khir va chét lam bén trong qua trinh tong hop cac hat
nano kim loai [2], [5]. Chinh vi vay, phuong phap tong hop xanh céc hat nano kim loai, déc biét
1a AgNPs tir dich chiét thuc vat duoc quan tam rat nhiéu trong thoi gian gan day

Nudc thai dét nhudm 1a mot trong nhitng tic nhan chinh giy 6 nhiém moi trudng, giy dnh
hudng dén strc khoé ciia con ngudi. Cac chat 6 nhidm chil yéu co trong nudc thai dét nhudm la
céc hop chit hiru co kho phan hily, cc chat hoat dong bé mat, cac hop chat halogen hiru co va
thudc nhuém. Nganh dét nhudm st dung rat nhiéu nhém thude nhuém nhu methylene blue (MB),
Rhodamine B, khong chi gdy mau cho nuéc thai, ma con la tic nhan 6 nhiém cho con ngudi va
moi truong [6]. Nhitng chat thai nguy hai ndy gay ra cac bénh ngoai da, bénh mét, bénh than cho
con ngudi. Do d6, nhiéu phuong phap xir Iy nude da duoc sir dung dé xir Iy nudc thai dét nhuom
nhu phuong phdp hoa hoc va vét ly. Tuy nhién, cac phuong phéap nay c6 kha nang hép phu, phan
huy sinh hoc thap, chi phi cao; do do can phat trién _mot phuong phap xu ly r¢ tién, than thién véi
moi trudng va tan dung dugc ngudn nguyén lidu san co. Gan day, viée sir dung cac hat nano dé
loai bo cac thubc nhudém nguy hai khoi nude thai di tré nén quan trong vi chiing c6 dién tich bé
mat 16n, tinh chat hap phu cao, it can trd sy khuéch tan va cho thay toc do can bang nhanh hon
[4], [7]. Déc biét, cac hat AgNPs c6 kich thudc va hinh dang thich hop, c6 ty 1€ dién tich bé mit
trén thé tich cao cho phép chung hoat dong nhu chat xuc tac tuyét voi trong qua trinh phan huy
thudc nhudm [8]. Ngoai ra, AgNPs c6 dic tinh khang khuéan va khang ndm tao diéu kién thun loi
cho cac uing dung cua chiing trong xt 1y nudc thai. Vi vay, vai tro cia AgNPs trong viéc loai bo
thudc nhudém da duoc mot sé nha khoa hoc nghién ctru.

Cay budi (Citrus maxima) 1a mét loai cdy an qua phd bién ¢ Chau A, véi nhiéu coéng dung
nhu chita cam lanh, h tro tiéu hoa, giai doc, chita diy bung [9]-[11]. Thanh phan hoa hoc cua vé
budi da dang véi nhidu 16p chit gdm flavonoid, coumarin va terpenoid, trong d6 naringin la mot
flavonoid glycoside c6 ham lugng cao nhat [12], [13]. Dich chiét cua vé budi thé hién nhiéu hoat
tinh nhu hoat tinh khang khuan, chdng oxy hoa, Chéng ung thu. Tir dich chiét vo budi, nano sat
[14], nano vang [15] va nano bac [16] d& duoc tong hop thanh cong; tuy nhién chua c6 nghién
clru nao ung dung cac vat liéu nay dé xur 1y thudc nhuom. Do do, viéc tan dung nguon nguyén
lidu nay trong tong hop AgNPs dé ung dung trong xir Iy thudc nhudém 14 viéc lam rat can thiét
nham tao ra vat liéu ré tién, than thién méi truong va hiéu qua. Trong nghién ctru nay, nano bac
dugc tong hop st dung dich chiét tir v budi va danh gia sy phan huy quang xtc tic MB va RhB
cia AgNPs trong dung dich nudc dudi birc xa anh sang mit troi. Bén canh do, cdu trac va hinh
thai cia AgNPs ciing da duoc nghién ciru.

2. Thuc nghiém
2.1. Vat ligu

Cac hoé chét dugc sir dung gom AgNOs, NaOH, MB, RhB va HCI cua hdng Merck véi do
tinh khiét phéan tich > 99%. Vo6 budi dugc thu thap tai Thai Nguyén vao thang 10 nam 2021.
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2.2. Pieu ché dich chiét vé buei

V6 budi duoc rira sach biang nude cit 2 lan, siy kho dén khdi luong khong doi ¢ nhiét do
50°C, sau d6 dem nghién nho. 10g bot vé budi cho vao trong 100 mL nudc cat 2 1an, siéu 4m
trong thoi gian 2 gid. Dich chiét dugc loc bang gidy loc Whatman s6 1 va duogc bao quan &
4°C dugc dung dé tong hop AgNPs.

2.3. Téng hgp nano bac (AgNPs)

AgNPs duoc tong hop theo so dd nhu hinh 1. Ldy 2 mL dich chiét nho tir tir vao 25 mL
AgNO; 1 mM, dung dich phan ng dugc khudy véi toc d6 800 rpm trong thoi gian 30 phut 0
nhiét d¢ 40°C. pH cua dung dich phan tmg duoc diéu chinh bang NaOH 0,1 M. Ag* dugc khir vé
AP dugc nhan biét bang sy thay d6i mau tir mau vang nhat sang mau nau. Sau 30 phiit phan v ing,
mau cua dung dich phan ng chuyen thanh mau nau dam. Hat nano bac sau d6 duoc tach bang
cach ly tAm véi toe d6 13000 vong/phut trong thoi gian 10 phat & nhiét d6 10°C. Tap chat duoc
loai bo bﬁng ethanol. AgNPs duoc séy & nhiét d6 60°C, sau do nghién min dé danh gia tinh chét
cua vat liéu va phan huy MB va RhB.

- > S .. >

Dichchiét
vo buoi

V6 buéi kho Bot v6 buéi

Hinh 1. So do téng hop AgNPs
2.4. Phwong phdp danh gid tinh chét ciia vit liéu

Pdc trung cua c&c hat nano bac dwege danh gia bang cac ky thugt gom phé UV-Vis (UH5300,
Hitachi, Japan) ¢ buéc song 300-800 nm, nhiéu xa tia X (D2-Phaser, Brucker, Japan) do & goc
20 tir 20-80 d6, phd FTIR (Perkin Elmer Spectrum Two) do & ving buéc song 4000-400 cm™?,
kinh hién vi dién tir quét (SEM) (Hitachi S-4800).

2.5. Danh gia hoat tinh quang xuc tdic

Kha ning quang xuc tac cia AgNPs dugc nghién ctru bang cach thuc hién sy phan huy MB,
RhB duéi anh sang mat troi. 10 mg AgNPs duge phan tan 1an luot trong 100 mL dung dich MB
va RhB tuong tng c6 ndong d6 10 mg/mL va siéu 4m hdn hop trong 15 phit. Hon hop dung dich
dugc khudy trong bong t6i trong 30 phut dé cn bang qua trinh giai hap thu. Hon hop dung dich
dugc chiéu xa bing anh sang mat troi trong thoi gian 120 phat va ly tam ¢ tbc do 13.000
vong/phut trong 10 phut. Téc d6 phan huy MB va RhB duoc xac dinh bang cach do do héap thy
bang may quang phd UV — Vis & budc song twong tng 14 664 va 554 nm. Hiéu suit phan hiy
quang xuc tac dugc danh gia bang cong thirc sau:

Ay -A
%H =

x100% (1)
A,

Trong d6, Ao 1a d6 hap thu ban dau cia MB, RhB khi khong c6 AgNPs va A 1a do hap thu cua
MB, RhB khi c6 AgNPs (phan huy quang).

3. Két qua va ban luan
3.1. Téng hop nano bac (AgNPs)
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Két qua tong hop AgNPs sir dung dich chiét vo budi cho thiy, khi nho dich chiét vao dung
dich AgNO; thi thiy hdn hop phan tmg chuyén tir mau vang nhat sang mau nau dam. Sy thay d6i
mau sic cia dung dich phan tng cho phép du doan AgNPs da duoc tao ra. Co ché hinh thanh
AgNPs tir dich chiét vo budi duge dé nghi ¢ hinh 2. Naringin 1a thanh phan hoa hoc chinh duoc
tim thay trong vo budi, do d6 naringin trong dich chiét chiu trach nhiém chinh khir Ag* vé Ag°.
Co ché hinh thanh AgNPs tir dich chiét vo budi nhu sau: dau tién, naringin chuyén tir dang enol
thanh dang keto dong thoi giai phong hydrogen nguyén tir, sau dé hydrogen nguyén tir khir Ag*
thanh AgP. Bong thoi, naringin ciing véi cac thanh phan hoé hoc khéc ¢6 trong dich chiét co tac
dung 1am bén cac hat nano bac va ngin chung két tu lai.

-
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Hinh 2. Co ché dé nghi tong hop AgNPs

Dé xac dinh sy hinh thanh ctia AgNPs, hon hop dung dich sau phan ng duoc tién hanh do
phd UV- Vis. Hinh 3 1a ph6 UV-Vis clia AgNPs tf)ng hop duoc. Két qua phan tich phé UV-Vis
cho thay xut hién 1 dinh cong hudng plasmon bé mit (SPR) dic trung cho nguyén t6 Ag, vi tri
SPR cua hat nano bac tai budc song 404 nm. Vi tri va hinh dang cua pho hép thy plasmon cua
cAu trac nano bac phu thudc rat nhiéu vao kich thudc va hinh dang hat. Két qua do pho UV-Vis
cho thiy chi c6 mét vi tri SPR duy nhat trong quang phd hép thu, ching to hat nano bac thu duoc
¢6 dang hinh clu; trong khi cac hat di huéng c6 thé tao ra hai hodc nhiéu dinh SPR phu thude vao
hinh dang cta cac hat [17].
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Hinh 3. Phé UV-Vis ciia AgNPs Hinh 4. Phé FTIR ciia AgNPs

Su ¢6 mit ctia cac lién két c6 trong thanh phan cua AgNPs dugc danh gia bang phd FTIR. Phd
FTIR ctia AgNPs (hinh 4) cho thdy c6 mét dinh hip thu rong & budc song 3261 cmt dic trung
cho dao dong hoa tri cua lién két O-H. Ngoai ra, trén phd FTIR con xuét hién dinh hap thu &
budc song 1479 cm™ dic trung cho cac dao dong cua lién két C=C vong thom, dinh hap thy &
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budc song 1370 cm™? dic trung cho dao dong bién dang cua lién két C-O va dinh hip thy & 575
cm® dic trung cho dao dong hoa tri cua lién két Ag voi cac nhom chire cia hop chit hitu co. Két
qua nay pht hop v6i cong bd vé thanh phan hod hoc ciia vo budi, trong d6 flavonoid 1a thanh
phan chil yéu dong vai tro 14 tic nhan 1am bén trong tong hop nano bac.

Phén tich gian d6 nhifu xa tia X ctia hat nano Ag ché tao duoc (hinh 5) dé danh gia muc do
tinh thé hoa ciing nhu ciu tric pha cua cac hat AgNPs cho thay, miu vét liéu tong hop dic trung
cho tinh thé Ag hinh cau véi cau tric 1ap phuong tdm mit (fec) nhu trong bac khéi gdom cac peak
dién hinh tai cac vi tri 20 = 38,14°% 44,20° va 64,29° tuong tng véi mat phang tinh thé (111),
(200) va (220).

18-
16+
14

8

6

N 44.20 (200) 64.29 (220)
2

1]

r T T T T T

20 30 40 50 60 70
2 theta (do)

38.14 (111)

Cuwéng do (d.v.t.y)

IMS-NKL 5.0KV 5.5mm x50.0k SEM)
Hinh 5. Gidn d6 XRD ciia AgNPs Hinh 6. Anh SEM ciia AgNPs

Hinh thdi cia AgNPs duoc dic trung bang k¥ thuat SEM. Hinh 6 cho thdy cac hat nano bac
thu duoc da phan c6 dang hinh cau, tap hop thanh cac ddm nano va c6 do dong nhit cao.

Nhu vay, phan tich dit liéu cua phé FTIR, XRD, UV-VIS, SEM va quan sat su thay ddi mau
sdc cua dung dich trude va sau phan tng c6 thé két luan AgNPs duoc hinh thanh, tinh thé Ag c6
dang hinh cau véi ciu tric 1ap phuong tim mit va c6 do dong nhat cao. Két qua gidng vai cac két
qué cong bd trude day [2], [14].

3.2. Danh gia hoat tinh quang xuc tic cia AgNPs

Kha nang quang xuc tac ciia AgNPs duoc danh gia qua phan tmg quang phan huy MB va RhB
dudi 4nh sang mit troi duge thé hién ¢ hinh 7a va hinh 7b. Két qua cho thdy mau sic cia dung
dich MB va RhB thay dbi truéc va sau khi phan huy. Mau cua dung dich MB thay ddi tir mau
xanh dam sang mau xanh nhat tuong g véi cuong d6 hap thu MB giam manh sau thoi gian 120
phut & budc song 664 nm va mau sic cia dung dich RhB trude va sau khi phan huy thay doi tir
mau hong ddm sang mau hong, tmg v6i cuong d6 hip thu MB giam manh sau thoi gian 120 phut
& budc song 554 nm. Kha ning phan huy MB va RhB bing xtc tic quang AgNPs dat hiéu suat
tuong ung 1a 84,68% va 77,84% véi khdi lugng AgNPs 1a 10 mg, 100 mL dung dich thude
nhudém 10 ppm trong thoi gian 120 phut. Nhu vay, kha nang phan huy quang xtc tac ctia AgNPs
tong hop dugc dbi v6i MB cao hon RhB. Hon nita, khi so sanh sy phan huy MB va RhB cua
AgNPs tong hop dugc véi cac két qua cong bd trude day cho thdy AgNPs tong hop tir dich chiét
v6 budi thé hién hiéu qua quang xuc tac phan huy MB cao hon so v6i cac chat xuc tac twong tu
dugc cong bd [18], [19]. Piéu nay ¢ thé do thanh phan hoa hoc cua dich chiét vo budi khong
nhimg c6 tac dung ngan chén sy két tu ctia cac hat nano ‘trong qua trinh phan huy thubc nhudom
ma con cai thién su hap thu anh sang UV va tic ché su to hop clia cac cip 16 trong dién tr duoc
tao ra trong qué trinh quang xuc tic. Két qua nay cho thiy AgNPs dugc téng hop tir dich chiét vo
budi c6 thé st dung 1a xuc tac quang cho qué trinh phan huy MB va RhB. Pay 1a vt liéu ré tién,
than thién voi moi truong cho hidu qua phan huy thuée nhudm déng ké.
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Hinh 7. Ph6 UV-Vis va mau sdc ciia dung dich thuoée nhugm triede va sau phan huy a) MB; b) RhB
4. Két luan

T6m lai, cac hat nano bac (AgNPs) duoc tong hop thanh cong sir dung dich chiét vo buoi lam
chat khtr, chat 1am bén mot cach don gian va than thién véi méi truong. Cac hat bac Ag c6 dang
hinh cau véi cdu tric 14p phuong tim mit va c6 do dong nhat cao. Hiéu qua quang xuc tac caa
AgNPs phan huy thuéc nhuém MB va RhB dudi 4nh sang mat troi voi 10 mg AgNPs trong vong
120 phat lan luot 12 84,68 va 77,84%. Két qua mo ra tiém wng dung AgNPs tong hop tir dich
chiét vo buai dé xir ly thuc nhudm hiru co trong nudc thai céng nghiép.
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