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TOM TAT

Trong bai bao nay, dich chiét 14 che twoi Camellia sinensis trong ¢ thanh phd Hué st
dung lam chat khtr va chat bao vé d€ tong hop nano Ag (AgNPs). Ba yéu t6 nong do
AgNO;, pH va thé tich dich chiét duoc khao sat theo phuong phap don yéu td dé
xéac dinh mién lam viéc ban dau, sau d6 duoc tdi wu héa bang phuong phap bé mat
dap tng theo thiét ké€ Box-Behnken. Diéu kién tong hop tdi uu dwoc lua chon dua
trén phd UV-Vis v6i cuong dd hdp thu cuc dai 16n va d6 rong nira chiéu cao dinh
(FWHM) nho, twong ting véi ndong d6 AgNO; 2,25 mM, thé tich dich chiét 5,5 mL va
pH 9. AgNPs tdng hop tai diéu kién nay dwoc déc trung bang TEM c6 kich thudc
8,14 + 3,47 nm, XRD khéng dinh c6 cau tric lap phwong tam mat va FTIR nhim danh

gia vai tro bao vé cua cac nhém chirc trong dich chiét che.

T khéa. Nano Ag, tong hop xanh, dich chiét 14 che, t6i wu hoéa.

1. MO PAU

Nano bac (AgNPs) la mot trong nhitng vat liéu nano kim loai dwoc quan tam
nhiéu do cac tng dung quang hoc, khang khuan, y sinh va xt ly moi treong [1, 2] ...
Hién nay, diéu ché nano bac c6 thé sit dung nhiéu phwong phap khac nhau nhu phuong
phép vat ly, hda hoc hay hda ly. .. Tuy nhién, cadc phuong phép nay kha ton kém va st
dung cac chat khtt nhu hydrazin, natri borohydride... gdy anh huong khong tot toi moi
treong [2]. Vi thé hudng tong hgp xanh dang duoc cac nha khoa hoc quan tam nghién
ctu. Trong sO cac phwong phap hoa hoc xanh, phuong phap diéu ché nano bac tir phan
tng gitta AgNO:s voi dich chiét thue vat dang ngay cang cho thdy nhiéu tiém nang va
vu thé vi gid thanh thap, hoat tinh sinh hoc cao, quy trinh tong hop don gian va than
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thién véi moi truong [3, 4]. Phuong phap tong hop xanh gitp giam st dung hoa chat
ddc hai va tan dung dugc cac hop chat tw nhién sdn cd bang cach két hop cac phan ti
sinh hoc nhu protein, acid amin, polysaccharide, tannin, phenolic, ... dong vai tro la tac
nhan khtr va chdt on dinh, 1am bén, ngan can sy két tu ctia cac AgNPs tao thanh [5].

Trén thé gidi, nhiéu nghién ctru da st dung dich chiét la che cd tén khoa hoc
Camellia sinensis, thu¢c ho Che (Theaceace) d€ tong hop AgNPs [1, 6-11] trong d6 ¢d 1
cong bd cua tac gia Muharrem TURKKAN [11] da thong qua t6i wu héa théng ké bang
thiét ké Plackett-Burman va Box-Behnken dé danh gia twong tac cac yéu td anh hudng
dén su hinh thanh AgNPs. O trong nudc, c6 cac cong bd st dung cac dich chiét thue vat
dé tong hop AgNPs, do 1a dich chiét xuat hoa cay ngau Aglaia duperreana [12], dich chiét
14 trau khong Piper betle L. [13], dich chiét ndm linh chi Ganoderma lucidum [14], dich
chiét cdy mang cut Garcinia mangostana L. [15] va dich chiét14 che Camellia sinensis [16],...
Tuy nhién, theo sy hiéu biét cia nhdm nghién cttu thi chwra ¢6 cong bd nao ¢ trong nuwde
vé quy hoach hda thuc nghiém dé€ dwa ra diéu kién t6i vu tong hop xanh AgNPs.

Vi thé, bai bao nay da khao sat tdi wu hoa tdng hop AgNPs st dung dich chiét la
che. Dich chiét 1a che la mdt ngudn giau polyphenol va cac hop chat sinh hoc, c6 thé
tham gia dong thoi vao qua trinh khtr bac va bao vé bé mat hat nano. Mat khac, sy hinh
thanh AgNPs phu thuoc manh vao diéu kién phan ting, dic biét la ndéng d6 AgNOs, pH
va luong dich chiét duoc khao sat don bién dé tim mién gia trj thich hop. Trén co s nay,
nghién ctru da st dung thiét k€ Box-Behnken d€ danh gia anh hudng twong tac gitra ba
yéu td, duya vao phd UV-Vis d€ theo ddi su hinh thanh hat nano théng qua cueong do
peak hap thu cuc dai va gia tri FWHM cuec tiéu [11].

2. PHUONG PHAP NGHIEN CUU
2.1. Phwong phap thuc nghiém

Tong hop dich chiét ld ché: L4 che twoi duoc trong & phuong Kim Long, thanh
ph6 Hué dugc thu hai thang 2/2026, riva sach d€'loai bo bui ban va tap chdt bam trén bé
madt, sau d6 sdy kho trong ti sdy ¢ 70 "C dén khoi luong on dinh. Cho 10 g 14 che sau khi
say kho va nghién nho vao 500 mL nude cdt dwa vao qua trinh chiét ¢ 100 °C trong 3 gio
dé thu dich chiét. Va dich chiét dwgc loc d€ loai bo phan ba khong tan thu duoc dich 1a
che ¢6 mau vang nhat, dwa vao bao quan lanh 4 °C va st dung cho cac thi nghiém tong
hop AgNPs.

Tong hop AgNPs: Dung dich AgNO:s véi cdc nong do khao sat duoc pha loang tir
dung dich gdc 10 mM bang nudc cat. pH dugc diéu chinh bang dung dich NHs (25%)
hodc HNO:s (0,01 M) dwoc dung dich 1. Tiép theo, dich chiét 1a che duoc thém vao dung
dich 1 trong diéu kién khudy ttr lién tuc dén khi phan ting xay ra nhan biét thong qua su
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ddi mau dung dich tir vang nhat sang vang nau dam va dwoc theo ddi bang phd UV-Vis.
Tong thé tich ctia mdi mau thi nghiém dugc gitt 8 dinh 1a 20 mL.

2.2. Khao sat don bién cac yéu t6 anh huong

Khao sat don bién cac yéu to anh hudng la chi thay d6i mot yéu td anh huong va
hai yéu t6 con lai gitt khong doi nhu sau:

- Khao sat nong d6 AgNOs: 0,5; 1,0; 2,0 va 3,0 mM véi pH =9, thé tich dich chiét
3 mL.

- Khao sat pH: 3, 5, 7, 9 va 11 v6i néng do Ag* 1,0 mM, thé tich dich chiét 3 mL.
- Khao sat thé tich dich chiét: tir 1 dén 10 mL v6i nong do Ag* 1,0 mM va pH =9.
2.3. Thiét ké thi nghiém Box-Behnken

Thiét ké Box-Behnken gom: nong do AgNO; (A), pH (B) va thé tich dich chiét (C).
Mobi yéu t6 duoc khao sat & ba mic ma hoa (-1, 0, +1). V6i 3 yéu t6, Box—Behnken tao thi
nghiém bang cach: mdi lan chon 2 yé&u t3 bién thién & mikc +1; +1 va yéu t& con lai gitt o
mutc 0. Vi thé, ma tran Box-Behnken gom 15 thi nghiém dugc thiét 1ap d€ danh tuong
tac gitra cac yéu t6 doi voi sy hinh thanh AgNPs [11]. Diéu kién t6i vu duoc lya chon la
(i) cuong d6 hdp thu cuc dai 16n: phan anh mirc d6 hinh thanh AgNPs nhiéu va (ii)
FWHM nho dé€ biéu thi kich thude bé va it phan tan cua hé hat.

Tt diéu kién t6i wu nay, tién hanh thi nghiém 13p lai ndm mau trong vung diéu
kién t6i wu nham kiém chting d¢ lap lai va do tin cdy cua quy trinh. Mau t8i vu duoc
chon dé€ do cac ddc trung vat liéu.

2.4. Phuong phap dac trung vat liéu

Bai bao da sit dung cac phuwong phap phan tich ddc trung vat liéu: Phwong phap
pho hap thu UV-Vis dé& danh gid sy hinh thanh AgNPs; Phuong phép nhiéu xa tia X d&
danh gia do6 tinh thé va kich thwdc tinh thé ctia nano Ag; Phuwong phap hién vi truyén
qua TEM d€ danh gia hinh thai cta vat liéu AgNPs tong hop; Phuong phap hong ngoai
IR dé danh gia cac lién két va cac nhom chuec.

KA
S.cos6

V6i K =0,9; A =0,15406 nm, 3 = FWHM, 6 la gbc nhiéu xa cuc dai.

Kich thudc tinh thé dwoc tinh theo phwong trinh Scherer: D =

3.KET QUA VA THAO LUAN
3.1. Anh hwéng ctia néng do AgNO:s

Két qua khao sat nong do6 AgNO; ¢ Bang 3.1 va Hinh 3.1 cho thdy khi tang nong
dd AgNO; tir 0,5 mM 1én 3,0 mM: cuong do hap thu cuc dai chi c6 1 peak va c6 dich
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chuyén vé budc song 16n hon cho thay su tao thanh AgNPs tang, hat ¢ hinh thai cau va
kich thwdc hat tang. Tuy nhién, gia tri FWHM cling tdng, phan anh hat AgNPs tro nén
kém dong déu hon.

Mic du nong do 3,0 mM cho cuong d hap thu va gia tri FWHM 16n nhat. Vi vay,
vung néng do trung binh 1,0 mM ¢6 FWHM bé hon duoc chon d€ t6i wu hda tiép theo.

Bang 3.1. Anh huong ctia nong d6 AgNO; dén sy hinh thanh AgNPs

Nong do AgNOs Amax Cuong do cuc dai FWHM
STT
(mM) (nm) (nm)
1 0,5 - 0,005 34,940
2 1,0 419 1,151 83,805
3 2,0 424 1,630 100,963
4 3,0 426 1,867 106,437
3.0
—3mM
—2mM

2.5
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Hinh 3.1. Pho UV-Vis cua AgNPs 6 cac nong do AgNOs.
3.2. Anh huéng ctia pH
Két qua khao sat & Bang 3.2 va Hinh 3.2 cho thdy pH la yéu t6 ¢6 anh huong
quyét dinh dén qua trinh hinh thanh AgNPs. O cac gia tri pH = 3, 5 va 7, phd UV-Vis
khong xudt hién dinh hap thu chiing to khong c6 su tao thanh AgNPs. Khi pH =9, xuat

hién dinh hap thu rd véi cuong d6 16n nhat 1,15 va FWHM 83,805. O pH =11, tin hiéu
hap thu rat yéu, véi cuong do chi dat 0,037.
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K&t qua nay cho thdy pH =9 1a phtt hop cho qud trinh tong hop AgNPs bang dich
chiét che. Trong nghién cttu nay, mdi treong kiém nhe tao diéu kién thuan lgi cho cac
hop chét polyphenol trong dich chiét che tham gia qud trinh khit Ag* va dong thoi gop
phan on dinh bé madt AgNPs.

Bang 3.2. Anh huong ctia pH dén sy hinh thanh AgNPs

Amax . . . FWHM
STT pH Cuong do cuc dai
(nm) (nm)
1 3 - 0 0
2 5 - 0 0
3 7 - 0 0
4 9 419 1,151 83,805
5 11 - 0,037 73,334
2.0
—— pH3
— pH5
15 pH7
— pH9
- pH11
-
~N—
10
=
-
[am)
0.5 1
0.0 ——

250 300 350 400 450 500 550 600 650 700
Buwdc song (nm)
Hinh 3.2. Pho UV-Vis ctia AgNPs tong hop 6 cac gia tri pH.
3.3. Thé tich dich chiét

Khi thay d6i thé tich dich chiét tir 1 dén 10 mL, dinh hap thu cuwc dai tang ttr 0,542
1én 1,336 & 5 mL, sau d6 giam dan khi thé tich dich chiét tang. Diéu nay cé thé'la do &
thé tich dich chiét thap, luong hop chat sinh hoc chwa du dé khir ion Ag* nhung thé tich
dich chiét 16n cling khong tao diéu kién thuan 1¢i cho sy hinh thanh AgNPs. Khi xét

19



T6i wu héa téng hop xanh nano ag tiv dich chiét ld che bing thiét ké’Box-Behnken

dong thoi gid tri hap thu cuwce dai 16n nhat tai 5 mL va FWHM khong qua 16n, thé tich
dich chiét 5 mL duoc lya chon 1am gid tri trung tam cho thiét ké Box-Behnken.

Bang 3.3. Anh huong ctia thé tich dich chiét dén sy hinh thanh AgNPs

Theé tich dich chiét Amax FWHM
STT ¢ e ich chte Cuong do cuc dai
(mL) (nm) (nm)
1 1 373 0,542 101,698
2 2 378 0,978 99,756
3 3 375 1,151 83,805
4 4 376 1,120 103,402
5 5 379 1,336 96,861
6 6 379 1,139 82,813
7 7 381 0,366 76,511
8 8 379 0,360 75,325
9 9 385 0,276 70,741
10 10 388 0,274 65,605
—1
2.0 —2
1.5
=.
=
e
=y
\(“
= 1.0
(=1
o}
0.5
OO T T T T T T
300 400 500 600 700
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Hinh 3.3. Phd UV-Vis cua AgNPs tong hop & cac thé tich dich chiét.
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3.4. Qui hoach héa Box Behnkenn

Thiét ké Box-Behnken véi 15 thi nghiém duoc dwa ra & Bang 3.4 cho thdy su
twong tac gitra ba yéu td khao satla anh huwong dang ké dén qua trinh hinh thanh AgNPs.

Béang 3. 4. Ma tran thuc nghiém Box-Behnken vdi két qua cuong d6 va FWHM

Thé tich | o
STT | A B C ‘Azrgnliga pH f;f; do cuc FWHM
(mL) dai )
1 1 1 0 1 8 5 1299 | 92,955
2 1 + 0 1 10 5 0,062 | 61,771
3 1 1 0 2 8 5 1,968 | 87,041
4 a | o+ 0 2 10 5 0,062 | 51,118
5 1 0 1 1 9 45 | 0,028 | 63271
6 1 0 1 1 9 55 | 2073 | 95922
7 1 0 1 2 9 45 | 0035 | 55343
8 4 0 1 2 9 55 | 2133 | 82,694
9 0 1 1 1,5 8 45 | 0675 | 86995
10 0 1 + 1,5 8 55 | 2571 | 89,456
11 0 1 1 15 10 45 | 0,030 | 52207
12 0 a | o+ 15 10 55 | 0688 | 95764
13 0 0 0 15 9 5 1,313 | 90,559
14 0 0 0 15 9 5 1,840 | 84,490
15 0 0 0 15 9 5 1,880 | 83271

Két qua Bang 3.4 cho biét mau 10 cho cuong do hap thu cuc dai 16n nhat. Tuy
nhién, gia tri FWHM ctia mau 10 lai cao hon mau 8. Két hop hai tiéu chi cho thay mau 8
thé hién su can bang t6t hon gitta kha nang hinh thanh AgNPs va mic dd dong déu hat.
M6 hinh ho6i quy bac hai da duoc xay dung nham mo ta anh huong cta cac yéu
t6 dén ham dap ung la cuong do cuc dai:
Yint =1,678 + 0,092A - 0,709B + 0,837C - 0,167AB + 0,013AC - 0,310BC - 0,377A? — 0,453 B2
-0,234C>
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Mb hinh hdi quy bac hai da dwoc xay dung nham md ta anh hirdng ctia cac yéu
t6 dén ham dap ung la FWHM bé:

Yrwnm = 86,107 — 4,715A — 11,948B + 13,253C - 1,185AB — 1,325AC + 10,274BC — 9,842 A% -
3,044B% - 1,958

Két qua cho thay mo hinh cuong do cuc dai ¢6 do phu hop t6t véi di liéu thuc
nghiém, véi R%x = 0,950 va R%qj = 0,859 trong khi m6 hinh FWHM ciing cho d6 phu hop
cao voi R?whm = 0,936 va R%q = 0,819. Diéu nay cho thdy cac mo hinh hoi quy thu dwoc
6 thé str dung d€ mo ta va du doan dap ting trong mién khao sat.

Khi xem xét dong thoi hai dap tng, c6 thé thay pH va thé tich dich chiét 1a hai
yéu td anh hudng manh nhat nhung xu hudng tac dong khong hoan toan dong nhat. Cu
thé, tang thé tich dich chiét giap ting cuwong dd6 cuc dai nhung dong thoi lam ting
FWHM, trong khi tang pH lai lam giam ca cwong d6 cwc dai va FWHM. Do d6, diéu kién
t6i wu can duoc xac dinh theo hudéng bao dam su can bang gitta cuong dd hap thu cao
va FWHM thap.
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Hinh 3.4. Ph UV-Vis ctia nano Ag tdng hop 15 mau trong thiét ké Box-Behnken.

Ttr két qua mod hinh héa, nghién cttu kiém chiing duoc thuc hién 5 mau tai pH
cO dinh bf?mg 9, trong d6 nong dd AgNO:s va thé tich dich chiét duoc thay d6i trong vung
lan can diéu kién t6i vu du doan (Bang 3.5). Két qua pho UV-Vis cho cuong d6 hdp thu
rat 16n va bi nhiéu nén thi nghiém kiém chiing nay da pha loang hon hop 10 Ian. Bang
3.5 cho thdy céc gia tri cueong dd peak va gia tri FWHM thay d6i it gitta cAc mau, chiing
té qua trinh tong hop cé d6 1ap lai t&t va hat nano tao thanh bién dong it gifta cdc mau.
Trong s6 5 mau kiém chiing, mau 17 ¢ cudong d6 peak 16n nhat, dong thoi gia tri FWHM
nho hon mau 19 du hai mau c6 cwong d gan nhu twong dwong. Mau 20 c6 FWHM nho
nhat, nhung cuong dd hap thu thap hon so véi mau 17. Do d6, khi xét dong thoi hai tiéu
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chi cuong d¢ peak 16n va gia tri FWHM bé thi mau 17 duoc xac dinh 12 mAu t6i wu nhat
trong nhom kiém chiing. Vay diéu kién t&i wu d€ tong hop AgNPs tir dich chiét 1a che la
AgNO:s 2,25 mM, dich chiét che 5,5 mL va pH = 9 dwgc tién hanh phan tich dic trung.

Bang 3.5. Két qua kiém chiing diéu kién t6i wu ctia qud trinh tong hop AgNPs

ThA" t, h Amax
i AgNOs | oo Cudng do | FWHM
STT Mau dich chiét (nm) ]
(mM) cuc dai (nm)
(mL)
1 16 2 5,5 388 1,718 81,690
2 17 2,25 5,5 388 1,911 81,180
3 18 2,5 5,5 387 1,820 82,309
4 19 2 6,0 387 1,910 82,124
5 20 2,25 6,0 388 1,806 78,536
3.0
—16
254 . 17
—18
—19
- 2.0 20
=
o
R
=
Qe
=
0.0

T T T T T T T - —
300 400 500 600 700
Buwdc song (nm)

Hinh 3.5. Phd UV-Vis ctia 5 mau kiém chting tai viing diéu kién t&i wu.
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3.5. Pac trung vat liéu
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Hinh 3.6. Gian d6 XRD cuia AgNPs tong hop t6i wu.

Gian d6 XRD cua AgNPs ti vu (Hinh 3.6) xudt hién cac dinh nhiéu xa dic trung
tai 20 & 38,345, 44,009°, 64,140° va 77,123, lan luot twong tng voi cadc mat tinh thé (111),
(200), (220) va (311) ctia bac kim loai ciu trtc lap phwong tam mat (JCPDS 03-065-2871)
twong tu cac cong bo [1, 2, 14]. Binh ¢ mat (111) c6 cwong d6 manh nhat, ching to vat
liéu tong hop la chita nano bac [1]. Ngoai ra, nén nhiéu xa rong o vung goc bé hon cho
thdy trong mau van ton tai thanh phan vd dinh hinh, diéu nay la do hop chat hitu co tir
dich chiét 1a che bao phu trén bé mat hat nano. Tt dinh ctia mat (111) tai 26 = 38,345° voi
FWHM = 0,9278, kich thudc tinh thé trung binh tinh theo phwong trinh Debye—Scherrer
la 8,8 nm.

Két qua XRD phit hop 8t véi anh TEM va biéu d6 phan bé kich thude hat. Anh
TEM (Hinh 3.7a) ctia mau t8i wu cho thdy AgNPs hinh thanh chu yé&u cé dang gan cau
va phan tan tuwong d6i dong déu véi kich thudce trung binh 8,14 + 3,47 nm (SD, n =125).
Két qua nay la bé hon so véi cong bd cta tac gia khi st dung dich chiét 1a che nhung
khong t6i wu hda cho kich thudc la 52 nm [1], 1a 10 nm [16].

Phén bg kich thude hat (Hinh 3.7b) xdc dinh 125 hat do cho gia tri trung binh 7,15
+0,11 nm, trong d6 phan 16n hat tap trung trong khoang 4 — 10 nm. Tuy nhién, phan bd
van xuat hién kéo dai vé phia kich thudc 24 nm, cho thdy mau chua hoan toan don phan
tan ma con ton tai mot lwgng nho hat két tu thanh hat 16n hon.
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[77 7] Phan bé kich thudc hat
Ham Gauss
404 d=7,15281 +0,10954
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-
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0 7 FE v\ jIIIIV/ ﬁ I|7771‘rm:I .
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Kich thwéc hat (nm)
Hinh 3.7. Anh TEM (a) phan b8 kich thudc (b) cia AgNPs téng hop t5i uu.

Pho FTIR ctia mau t6i wu xudt hién cac dai rong quanh budc séng 3437 cm™, dédc
trung cho dao dong hda tri O-H ctia polyphenol va protein trong dich chiét 14 che; cac
dinh tai khoang 1611 va 1403 cm™ twong ting cac dao dong bién dang ctia nhém C=0O
ctia nhom chtee carbonyl, con vung 1204-1109 cm™ twong ting dao dong hoa tri ctia C-
O cuia nhém chiee alcohol [5, 17]. Diéu nay chiing to vat liéu AgNPs tong hop, c6 cac
nhom chiic chita oxy ctia dich chiét che dé€ bao vé va 6n dinh AgNPs [11]. Ngoai ra, dai
O vung so song thap 614 cm™ twong ting dao dong Ag-O, cho biét cac nhom chike chira
O va N trong dich chiét da phoi tri hodc tuwong tac voi bé mat bac kim loai.
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Hinh 3.8. Pho FT-IR ctia AgNPs tong hop tdi vu.
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4. KET LUAN

Trong nghién cttu nay, phuong phap bé mét dap ting theo mo hinh Box-Behnken
duoc st dung dé tdi vu hoa dong thoi ba yéu td anh hudng dén tong hop xanh AgNPs
tte dich chiét 14 che. Diéu kién t6i vu thu dwgc la: nong do6 AgNOs 2,25 mM, pH =9 va
thé tich dich chiét 1a 5,5 mL. AgNPs tong hop ¢ diéu kién nay cho gian &6 XRD xuat
hién c4c dinh nhiéu xa ctia mt (111), (200), (220) va (311) véi dinh & mat (111) ¢6 cuong
do 16n nhat dac trung cho cau trac 1ldp phwong tam mat (fcc) cua AgNPs. Kich thuwde
tinh thé tinh theo phwong trinh Scherrer la 8,8 nm kha twong dong voi két qua TEM 8,14
+ 3,47 nm, cho thdy sy tuong quan gitta hai phuong phap. Pho hong ngoai FTIR chiing
to cac nhom chire trong dich chiét 1a che vira dong vai tro tadc nhan khir ion Ag* vira la
chat bao phu bé mat, han ché sy két tu va gop phan 6n dinh hé cua cac hat AgNPs.
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OPTIMIZATION OF THE GREEN SYNTHESIS OF SILVER NANOPARTICLES
FROM TEA LEAF EXTRACT VIA BOX-BEHNKEN DESIGN
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* Email: lethihoa@husc.edu.vn
ABSTRACT

In this study, an aqueous extract of fresh Camellia sinensis leaves grown in Hue city
was employed as both a reducing and capping agent for the green synthesis of silver
nanoparticles (AgNPs). The effects of AgNOj3 concentration, pH, and extract volume
were first investigated using a one-factor-at-a-time approach to define the initial
working range, and then optimized simultaneously using response surface
methodology based on a Box-Behnken design. The optimal synthesis conditions
were selected based on UV-Vis spectra exhibiting a high surface plasmon resonance
peak intensity and a narrow full width at half maximum (FWHM), corresponding
to an AgNOs concentration of 2.25 mM, an extract volume of 5.5 mL, and a pH of 9.
AgNPs obtained under these conditions were characterized by TEM, revealing an
average particle size of 8.14 + 3.47 nm, by XRD, confirming a face-centered cubic
crystalline structure, and by FTIR to elucidate the protective role of functional

groups present in the tea leaf extract.

Key words: Nano Ag, green synthesis, tea leaf extract, optimization.
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