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TOM TAT

Trong nghién ctru ndy, cac hat nano bac (AgNPs) dugc téng hop bang cach sir dung chiét
XUat vo chanh day tim nhu 14 tic nhan khtr. Sy hinh thanh cac hat nano bac (AgNPs) tir dung
dich AgNO3 va anthocyanin trong chiét xuat vo chanh day tim da duoc kiém soét bang phan
tich quang phd UV/Vis va ghi lai sy cong hudng plasmon bé mit & bude song 445 nm. Puong
kinh hat nano (61,7 nm) duoc do bang k¥ thuat tin xa anh sang v&i may phan tich kich thudc
hat nano. Hon nita, cac hat nano bac duoc tao thanh c6 thé (ng dung dé phat hién cac ion Zn?*
va Pb? trong moi truong nudc Véi gidi han phat hién (MDL), gidi han dinh lugng (LOQ) lan luot
1a: MDLs = 0,035 mM, LOQ = 0,10 mM d6i voi Zn?* va MDLs = 0,043 mM, LOQ = 0,137 mM
ddi véi Pb?,

Tir khéa: Nano bac, anthocyanin, ion Pb?*, ion Zn?*, chiét xuat vé chanh day tim.

1. MO DPAU

Theo cac bao cao da cong bd, cac hat nano bac (AgNPs) ¢ hoat tinh xtic tac va tac dung
diét khuan nén AgNPs c6 nhiéu tng dung trong y duoc [1, 2]. Bén canh dé, do hién twong
cong husng plasmon bé mat, kich thugc hat AGNPs nhé (~ 10 m), nén AgNPs c6 mot s6 tinh
chat quang, dién, nhiét doc dao nhur tinh chat tan xa va hap thu anh sang & ving UV/Vis. Do
cac didc tinh nay, nén AgNPs con dugc ung dung trong ché tao cac thiét bi quang hoc, cam
bién sinh hoc, cam bién quang, (ng dung trong xac dinh cac kim loai nhu Hg?*, Pb?*, Mn%,
Cu?*[1, 3-8].

Dé toéng hop nano bac, c6 nhiéu phuong phap khac nhau dugc nghién ciru nhu phuong
phap chiéu xa, phuong phap khir hoa hoc, khir sinh hoc, phuong phap dién hoa, phuong phap
quang hoa [1-2]. Tuy nhién, hau hét cac phuong phap nay déu sir dung cac dung méi hitu co
va cac tac nhan khir doc hai, gdy anh hudng ddi véi méi truong. Do do, cac nghién ciu méi
vé téng hop nano kim loai n6i chung va nano bac ndi ri€ng ¢ trong nude va ¢ cac nudc trén
thé gisi déu co xu huéng su dung chat khtr tir thién nhién. Ky thuat téng hop xanh (green
synthesis) st dung cac chlet XUét co nguon gdc tir thyc vat va thién nhién nhu vi sinh vat va
enzyme 1a chat phan ung tét trong tdng hop cac hat nano. Céac chét chuyén hoéa tir thuc vat,
bao gom terpenoid, polyphenol, duong, alkaloid, acid phenolic va protein déng vai tro quan
trong trong viéc khir cac ion kim loai dé hinh thanh cac hat nano. Trong d6, flavonoid 1a mot
nhom 16n cac hop chit polyphenolic, bao gém anthocyanin, isoflavonoid, flavonol, chalcone,
flavone va flavanone, c6 thé tao phurc chelate va khtr ion kim loai tao thanh cac hat nano bac.
Céc chiét xuat tir thyc vat nhu: 1a cay thién tué (Cycas) [9], ming tay (Hyacinthus orientalis),
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cdm chudng (Dianthus caryophyllus) [10], hwong nhu tim (Ocimum tenuiflorum), ca gai leo
(Solanum tricobatum), tram méc (Syzygium cumini), rau ma (Centella asiatica) [11], mang cut
(Garcinia mangostana) [12], co myc (Eclipta alba) [13], vo cay keo (Parkia speciosa Hassk)
[14], 14 cach (Premna integrifolia L.) [15], 14 dau [16], 14 tra [17], 1a dao (Prunus persica) [18],
14 diép ca (Houttuynia cordata) [19], 14 che trudi (Camellia sinenssis O.Ktze) [20] va cac phé
pham nhu v6 chudi [21], Vo xo0ai [22], vo chanh [23], vo thanh long [24] da va dang dugc
nghién ctru rong rdi trong tong hop nano bac. Cac hat nano bac tao thanh tir chat khir thién
nhién c¢6 kich thudc < 200 nm va c6 hoat tinh khang nhiéu loai vi khuan Gram duong
(B. subtilis, S. aureus) va Gram am (E. coli, P. aeruginosa).

Chanh day tim 1 ngudn cung cap vitamin C doi dao nén thuong duoc sir dung rong rii
trong ché bién nudc ép, la thurc udng duoc ua chudng & Viét Nam va trén thé gidi. Vo chanh
day thuong 1a phu pham dugc loai bo nén gdy ra ganh nang dang ké vé méi trudng. Do do,
trong thoi gian gan day & Viét Nam va trén thé glm cling da co nhiéu nghién ctu chiét xuat
pectin, anthocyanin tir vo chanh déy dugc cong bd nhu 1a hudéng nghién ctru nhiam tan dung
phu pham tir qué trinh san xuét thuc pham [25-28]. Theo cac nghién ctru da cong b, vo chanh
day rét giau cac chat c6 hoat tinh sinh hoc, 0 tinh khir nhu bioflavonoids, phenolic acids, va
anthocyanin [29]. Vi vay, nghién ctru nay tién hanh khao sat qua trinh tng hop AgNPs tir dich
chiét vo chanh day tim va @ng dung 1am cam bién quang trong xac dinh Pb (II) va Zn (11).

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Thiét bi

May quang phé 2 chum tia Jasco - double beam spectrophotometer model V530, véi cell
do c6 chiéu dai duong truyén 1 cm; thiét bi do kich thudc hat Horiba SZ-100 va céc thiét bi
thong dung khac.

2.2. Nguyén ligu va hoa chat
2.2.1. Nguyén liéu

V6 chanh day tim duoc tach ra tir qua chanh dy tim trong tai khu vic TP. H6 Chi Minh,
Viét Nam. Cac mau vo chanh day duoc rira sach, bo phan rudt tring phia trong, dé rio nudc,
cit nho va bao quan & 20 °C. o 4m vo chanh diy duoc xac dinh bang phuong phap khéi
lwong vai can say am hong ngoai.

2.2.2. Hba chdt

Hoa chét sir dung cho nghién ciru nay 14 loai tinh khiét hoa hoc va tinh khiét danh cho
phan tich: AgNO; (Meck, Buc, 99,9%):; NaCHs;COO.3H,0 (Xilong, Trung Qudc, 98%);
CHsCOOH (Xilong, Trung Quéc, 99,8%); 2,6-Dichlorophenolindophenol (Merck, buc, 99,8%),
ethyl acetat (Xilong, Trung Quéc, 99,8%); methanol (Fisher, My, 99,9%)

2.3. Phwong phap nghién ciru
2.3.1. Chuan b dich chiét tir vo chanh déy va khao sdt so' bo ham hegng tac nhan khir chinh
trong dich chiet

M3u vo chanh day sau khi dwoc dong nhat, can chinh x4c khoang 1 g mau cho vao cdc, thém
100 mL nudc cat siéu sach da loai ion, siéu &m 15 phut ¢ 40 °C. Loc qua giay loc, thu dich chiét.
Xac dinh ham luong céc chét khir trong vo chanh day nguyén lidu va trong dich chiét nhu vitamin C
(phwong phap quang phd UV/Vis véi thude thir 2,6-Dichlorophenolindophenol (2,6 DCPIP)
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theo TCVN 5246:1990), anthocyanin (phuong phap pH vi sai theo AOAC 2005.02, mau chiét
bang dung dich HCI 2,27M trong methanol 20% (vo chanh day nguyén li€u), do A trong moi
treong dém pH 1 va pH 4,5 trong nudc).
Ham luong anthocyanin trong dich chiét duoc xac dinh theo cong thic (1)
AXMXFx1073
a(mg/L) =———— (1)
Trong d6: A: mat do quang dugc tinh theo cong thuc (2)
H1 H 1 H 45 H 4,5
A= (Ap - AI7)00nm) (Ap - AgOOnm) )

kmax }\max

M: khéi luong phén tir anthocyanin (M = 449,2 g/mol); F: hé s6 pha lodng

2.3.2. Khdo st cdc yéu to anh huong dén quy trinh tong hop nano bac (AgNPS) tir AQNOs va
dich chiét voé chanh day

Céc yéu t6 dugc khao sat bang phuong phap don yéu td, cac thi nghiém duoc lap lai 3 1an,
Céc yéu t6 khao sat bao gdm: ty Ié dich chiét, thoi gian va didu kién thuc hién phan ung. Phd
hip thu UV/Vis, d6 hip thu va kich thudc hat (phan tich kich thuéc hat nano bac théng qua
thiét bi do Horiba SZ-100) dugc dung nhu 13 thong sb kiém soat qua trinh thuc nghiém.
2.3.3. Ung dung AgNPs trong xdc dinh Pb (II) va Zn (1)

Dé danh gia kha nang phat hién ion kim loai Pb (II) va Zn (11) caa dung dich nano bac
tong hop tir AGNOs va dich chiét vo chanh day, cac dung dich chira Ph?*, Zn?* véi nong do
khac nhau dugc thém vao dung dich AgNPs. Po phd UV/Vis cua dung dich AgNPs trudc va
sau khi thém Pb%, Zn?*, d6i sanh dé danh gi4 kha nang phan tng. Dong thoi, xac dinh MDLs,
LOQ va LOL cho ting trudng hop cu thé.

3. KET QUA VA THAO LUAN

3.1. Két qua phén tich thanh phin hoa hoc trong vé chanh diy va chiét xuit tir vé
chanh day

3.1.1. Xdc dinh d¢ am ciia nguyén liéu Vo chanh dady

V6 chanh déy sau khi xtr Iy dugc xac dinh dg am bang phuong phap sdy & 105 °C dén
khdi lwong khong ddi bang can siy am hong ngoai, két qua do am trong vo chanh day tuong
d6i 16n (80,58 + 0,54)%.

3.1.2. Xdc dinh ham hrong vitamin C trong nguyén li¢u Vo chanh ddy va trong chiét xudt Voi
thuoc thu 2,6 DCPIP

Vitamin C phan ng v6i lugng du thudc thir 2,6 DCPIP ¢ pH 2,5 (mo6i truong CHsCOOH
10%), chi¢t 2,6 DCPIP du bang ethyl acetat va do d6 hap thu ¢ bude séng 526 nm, ket qua duong
chuan vitamin C nhu ¢ Hinh 1.
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Hinh 1. Budng chuan vitamin C (thuéc thir 2,6 DCPIP)
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Két qua phan tich vitamin C trong mau nguyén liéu vé chanh day 1a 13,87 + 0,19 (mg/kg
nguyén liéu khd); trong dich chiét khong xac dinh duge ham lugng vitamin C.

3.1.3. Xdc dinh ham heong anthocyanin trong nguyén li¢u Vo chanh ddy va trong chiét xudt
bang phwong phap pH vi sai

Két qua cam quan mau cua dich chiét anthocyanin trong vo chanh day & pH 1 va pH 4,5 cho
thdy dung dich gan nhu khong mau ¢ pH 4,5 va mau héng ¢ pH 1, két qua nay phu hop véi quy
luat d6i mau ctia anthocyanin nhu AOAC 2005.02 da dé cap. Két qua phd hap thu cua dich chiét
anthocyanin trong vo qua chanh day & pH 1 va pH 4,5 (Hinh 2) cho thay dich chiét anthocyanin
trong vo qua chanh day & méi truong dém pH 1 co budc song hap thu cuc dai Amax = 518 nm,
phu hop véi bao cao cia AOAC 2005.02.
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Hinh 2. Két qua phd UV/Vis caa anthocyanin tir vo chanh day & pH 1 va pH 4,5

Két qua xac dinh ham luong anthocyanin trong mau nguyén liéu vo chanh diy bang
phuong phap pH vi sai theo AOAC 2005.02 1a 10,35 + 0,46 mg/g nguyén liéu kho. Két qua
xac dinh ham lwong anthocyanin trong dich chiét ban dau 1a 4,94 + 0,45 (mg/L) tuong ung
(0,0110 £ 0,0010) mM.

3.1.4. Nhdn xét chung

Két qua phan tich ham luong vitamin C va anthocyanin trong v6 chanh déy cho thiy ham
lugng anthocyanin cao gap 746 lan vitamin C (tinh trén nguyén ligu khd). Trong dich chiét vo
chanh day (1 g nguyén li¢u twoi/100 mL nuoc cat), chi xac dinh duoc anthocyanin. Do do, trong
cac khao sat tiép theo, chit khu Ag" thanh AgNPs s& dugc tinh theo anthocyanin Voi nong do
anthocyanin trong dich chiét ban dau 13 (0,0110 + 0,0010) mM.

3.2. Két qua khao sat cac yéu t6 anh hwéng dén quy trinh tong hep nano bac (AgNPs) tir
AgNO:3 va dich chiét vé chanh day

3.2.1. Khao sdt so bé kha nang tao nano bgc te dich chiét vé chanh day

Két qua khao sat cho thay, khi thém 3 mL AgNOs 1 mM vao 45 mL dich chiét vo chanh
day, dinh mirc 50 mL bang nudc cit da loai ion, dé ¢ dinh 1 gio & nhiét d6 phong, dung dich
c6 sur thay d6i mau, chuyén tir khong mau sang nau nhat (Hinh 3). Sy thay d6i mau 1a do sy khir
c4c ion Ag* dudi tac dung cua chit khir cua dich chiét vo chanh day tao ra Ag®. Sau do, cac
nguyén tir nay két hop voi nhau tao thanh cac Ag co kich thudc nano nén mau dung dich nano
bac ¢6 mau nau dam hon so v6i mau dich chiét [1]. Két qua dbi sanh pho hap thu UV/Vis giita
dich chiét va dung dich gom dich chiét va AgNOs ¢ Hinh 3 cho thay c6 xuat hién dinh hap thu
& budce song 445 nm véi cuong do cao, trong tng Vi hién tugng cong huong plasmon (SPR)
trén bé mat cua kim loai bac, qua d6 ching to sy hinh thanh cua cac hat keo nano. Két qua so
sanh vai phd hap thu cua dung dich AgNPs tao thanh so véi tai liéu tham khao 1a phu hop.
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Hinh 3. Két qua phd UV/Vis ciia dung dich AgNPs (tir dich chiét vo chanh day)
va pho hap thu cia AgNPs tir dich chiét 1a Malachra capitata L. [30]

3.2.2. Két qua khdo sdt dnh huong cia thé rich dich chiét vo chanh ddy hay nong d¢
anthocyanin den qud trinh tao AgNPS

Dé khao sat anh hudong cia thé tich dich chiét vo chanh day hay nong do anthocyanin dén
qua trinh tao AgNPs, giit ¢6 dinh thé tich AgNO3 1 mM 1a 45 mL, thém mét lugng khac nhau
cuia dich chiét vo chanh day, dinh mire thanh 50 mL bang nudc cit 2 lan da loai ion, dé ¢ dinh
& nhiét do phong trong 1 gio. Két qua khao sat anh huong cua thé tich dich chiét dén phd hap
thu UV/Vis ciia AgNPs tao thanh (Hinh 4) cho thiy, khi ting thé tich dich chiét, cuc dai hap
thu khong thay doi (dao déng trong khoang 420-446 nm), nhung d6 hap thu ting. Két qua thuc
nghiém thu dugc khi Vg > 6 mL, ¢6 hién turgng keo tu cac hat AgNPs.
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Hinh 4. Pho anh huong cia thé tich dich chiétdén  Hinh 5. Anh huéng cua nong do dich chiét
qua trinh tao nano bac (néng d6 anthocyanin) dén d¢ hap thu
va kich thudc hat AgNPs

Két qua khao sat & Hinh 5 cho thay do hap thu va kich thudc hat tang khi ting nong
d6 dich chiét. Néu tinh theo ndng do anthocyanin thi ndng d6 anthocyanin trong khoang
0,22-0,66 umol/L (twong ung 1-3 mL dich chiét, 45 mL AgNO; 1 mM trong tong thé tich
50 mL) la phu hop, cac hat AgNPs c6 kich thudc trung binh trong khoang 120-140 nm.

3.2.3. Khdo sdt diéu kién thuc hién phan i#ng tao nano bac

Céc diéu kién thyc hién phan (g tao nano bac bao gom: (1) dé on dinh ¢ nhiét do phong
(1 gio, 2 gio, 4 gio); (2) ngdm nong 60 °C (15 phut, 30 phut, 1 gio, 2 gio). Két qua khao sat
pho hap thu UV/Vis (Hinh 6) cho thay khi thay dbi diéu kién thuc hién phan tng, phd hap thu
trong truong hop co gia nhiét (6 60 °C) c¢6 dinh nhon va hep hon trong diéu kién nhiét do
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thuong. Cuc dai hap thu cua AgNPs & nhiét do thuong dao dong trong khoang 418-460 nm,
trong khi do, ¢ nhiét d6 60 °C, cuc dai hap thu dao dong trong khoang 438-445 nm
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Hinh 6. Phd UV/Vis khao sat diéu kién thyc hién phan &ng tao nano bac.

Két qua khao sat & Hinh 7 cho thay, diéu kién thuc hign phan ang dnh hudng dén do hap
thu va kich thudc trung binh cua hat ANPs. D6 hap thu va kich thudc hat trong tat ca cac
truong hop gia nhiét déu thap hon so vai ¢ nhiét do thuong ¢ cung thoi gian.

12 1

1 4

0,8 1

Abs

156 nm

.

>2pm

(1) 30°C - 1 giir  (4) 60°C -
(2) 30°C - 2 gitr  (5) 60°C -
(3)30°C - 4 giir  (6) 60°C -

(7) 60°C -

15 phat
30 phat
1 gior
2 gior

141,5nm
056 | AR 131,5nm
72,6 nm

04 A
khong
do dugc

1 ' 2 ' “3 ' 4 ' 5 ' 6’ ' 7
Hinh 7. Két qua khao sat anh huong cua diéu kién thyc hién phan ting dén do hap thu
va kich thudc trung binh cia hat nano bac.
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Céc két qua nay c6 thé giai thich do diéu kién gia nhiét 1am cac nguyén tir Ag maéi tao
thanh kho két hop voi nhau, anh huéng dén kich thudc va hiéu ang cong hudong plasmon (SPR)
trén bé mat nén kich thudc trung binh ciia hat AGNPs nho va do hap thu giam, phé hap thu
nhon va hep.

3.2.4. Khdo sdt d¢ bén ciia hat AQNPs

Dung dich keo AgNPs tao thanh dugc bao quan lanh & nhiét do 5 °C qua dém (12 gio) c6
kich thuéc hat trung binh ting khong dang ké tir 61,7 nm 1én 98,7 nm (Hinh 8) cho thiy su 6n
dinh cua hat nano bac tao thanh. Két qua thuc nghiém cho thiy c6 hién twong keo tu nhung
khong déng ké sau 3-7 ngay (diéu kién bao quan lanh) di véi tat ca cac mau khao sat ¢ kich
thu6c hat < 200 nm.
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Hinh 8. Két qua khao sat d6 bén caa hat AGNPs
3.3. Ung dung AgNPs trong xac dinh Pb% va Zn®* trong nuw6c

Dua vao két qua khao sat kich thudc va phd hap thu UV/Vis, AgNPs duoc tong hop &
60 °C, thoi gian 30 phut, vai 3 mL dich chiét va 45 mL AgNO3z 1 mM trong téng thé tich
50 mL duoc chon cho cac nghién ciru cam bién quang. Két qua thuc nghiém cho thay khi thém
dung dich Pb%, Zn?** & cic ndng d6 khac nhau vao dung dich AgNPs (200 uL kim loai vao
10 mL dung dich AgNPs), mau dung dich khong thay doi, tuy nhién, két qua dbi sanh phd
UV/Vis cta dung dich AgNPs trudc va sau khi thém Pb%, Zn?* cho thiy c6 sy thay ddi cuong
d6 hap thu, cudong do hap thu giam twong tng khi ting nong d6 Pb%, Zn?* (Hinh 9). Cac hop
chat nhom anthocyanin trong dich chiét vo chanh day co kha ning tao phirc phéi tri véi cac
ion Pb?* va Zn?*, chinh diéu nay lam giam cudng d6 hap thu cua dung dich AgNPs.
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Hinh 9. Két qua khao sat phd hip thu caa dung dich AgNPs
(trudce va sau khi thém Pb?*, Zn?*)

Két qua khao sat gi6i han phat hién (MDLs), gi¢i han dinh lugng (LOQ) theo US.EPA [31]
va khoang tuyén tinh (LOL) nhu & Bang 1 va Hinh 10. Két qua khao sét cho thdy nho vao hién
tuong hap thu plasmon caa nano Ag, dung dich AgNPs c6 thé (ing dung x4c dinh cac ion kim
loai nang (nhu Pb%, Zn2*). Tuy nhién, d6 nhay phuong phép thap (LOQ = 7,16 ppm cho Zn?;
14,69 ppm cho Pb?*) va khoang tuyén tinh hep.
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Bang 1. Két qua khao sat MDLs, LOQ

STT ) MDLs" LOQ™ SIN
Zn? 0,0110 | 0,035mM | 0,110 mM 3.2
Ph2+ 0,0137 | 0,043mM | 0,137 mM 36

* MDL dwoc tinh bang cong thitc: MDLg = tn-1,1- a=0,99) X SDs VOi n =7 v ta1,090 = 3,143 [31]
“LOQ duoc tinh theo cong thuc: LOQ = 10 x SD; [31]

8 3
0,024 1 < 0024 4 <
< % < ) %
0022 0,022 -
002 0,020 - {
- y =0,0288x+0,0061
% R2=0,9964
0,018 0,018 4
. y=0,0361x+0,0073 .
0,016 ; R?=0,9969 0,016 - 4
0,014 i 0,014 {
o024 0012
¢ ¥
C(mM) C (mM)
0,01 x T : \ 0,010 . : ; ; :
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(a) LOL cua Zn?*(0,12-0,45 (mM)) (b) LOL cua Pb?*(0,18-0,60 (mM))

Hinh 10. Két qua khao sat LOL caa Zn?* va Pb2*

4. KET LUAN

Két qua thuc nghiém thu duoc quy trinh véi cac diéu kién phu hop tdng hop AgNPs tir
tac nhan khir dich chiét vo chanh day (chtra anthocyanin) va AgNOs. Dung dich nano bac tong
hop dugc & diéu kién thich hop c6 kich thuéc 61,7 nm; hat AgNPs tao thanh 6n dinh trong
diéu kién bao quan lanh. Ngoai ra, do hiéu tng plasmon hép thu quang, dung dich AgNPs tao
thanh c6 thé tng dung xac dinh ion kim loai Pb% va Zn®* trong nudc.

Tuy nhién, nghién ctru van con nhidu han ché, can khao sat thém mot sb van dé sau: anh
huéng cua pH dén phan ung tong hop AgNPs, phan tmg AgNPs va kim loai, thoi gian thyc
hién phan @ng gitra AgNPs va kim loai; ph FT-IR, XRD, hinh dang hat (TEM) cua AgNPs
truc va sau phan ang véi kim loai nham téi uu hoa cac diéu kién, xac dinh co ché phan tng,
tang do nhay phuong phap.

Loi cém on: Nghién ctru nay do Truong Dai hoc Cong nghiép Thuc pham TP. Ho Chi Minh
bao trg va cap kinh phi theo Hop dong s6 78/HP-DCT ngay 07/11/2018.
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ABSTRACT

SYNTHESIZED SILVER NANOPARTICLES USING PEEL EXTRACT OF PURPLE
PASSION FRUIT AND APPLICATION IN THE DETECTION OF Pb?*, Zn* IONS
IN AQUEOUS MEDIUM

Dang Tan Hiep, Tran Nguyen An Sa*, Le Thi Chau Phi,
Nguyen Phuc Thuy, Mai Thi Thuy Trang

Ho Chi Minh City University of Food Industry

*Email: tnansacntp@gmail.com

In this study, silver nanoparticles (AgNPs) were bio-synthesized using peel extract of
purple passion fruit. Nanoparticles prepared with 1 mM AgNO; solution, using 3 mL of peel
extract of purple passion fruit and at 60 °C. The formation of silver nanoparticles (AgNPs)
was confirmed by UV-visible spectroscopic analysis and recorded the localized surface
plasmon resonance (SPR) at 445 nm. The hydrodynamic diameter (61.7 nm) was measured
using the dynamic light scattering technique, was performed with a nanoparticle analyzer.
Moreover, these green synthesized AgNPs were found to exhibit good sensing properties
towards Zn?* and Pb?* ions in aqueous medium with MDLs = 0.035 mM, LOQ = 0.110 mM
for Zn?* and MDLs = 0.043 mM, LOQ = 0.137 mM for Pb?".

Keywords: Silver nanoparticles, colorimetric sensors, ion Pb?*, ion Zn?, extract of purple
passion fruit.
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