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SUMMARY

GREEN SYNTHESIS OF SILVER NANOPARTICLES (AGNPS) USING EXTRACT
OF ANTHOCYANINS AND APPLICATION IN ANALYSIS OF PB(II), ZN(II)

In this study, silver nanoparticles (AgNPs) were bio-synthesized using extract of anthocyanin. The
formation of silver nanoparticles (AgNPs) was confirmed by UV-visible spectroscopic analysis and
recorded the localized surface plasmon resonance (SPR) at 420-446 nm. The hydrodynamic diameter
(98.4 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 = 0.036mM, LOQ = 0.111mM
for Zn?* and MDLs = 0.041mM, LOQ = 0.136 mM for Pb?*,

Keywords: Silver nanoparticles, colorimetric sensors, ion Pb?*, ion Zn?*, anthocyanins.

1. MO PAU

Nano bac (AgNPs) 1a mét trong nhitng vat liéu
kich thudc nano, cic hat nano bac thudng cé
kich thuéc tir 1 dén 100 nm. Trong thoi gian
gin déy, nano bac di va dang duoc s dung
rong rai trong mot loat cac ng dung y sinh,
bao gém chén doan, diéu tri, dan truyén thube,
phu thiét bi y té va chiam soc sirc khoe c4 nhan.
Céc nghién ctru cho thdy, khi kich thudc hat
giam, ti 1& dién tich bé mit trén thé tich cua
AgNPs ting 1én dang ké, dan dén nhiing thay
dbi v& tinh chét vat 1y, cac dic tinh hoa hoc va
sinh hoc, dac biét 1a hoat tinh khang khuén,
khang nam, khang vi rit va chéng viém cua
cac hat nano bac [1-3].

Bén canh ung dung trong y duoc, AgNPs ciing
¢6 tiém ning ng dung trong cac linh vyc khac
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nhau nhu vat ly, sinh hoc, khoa hoc vat li¢u,
hoa hoc... Dac biét 1a hién tuong cong hudng
plasmon bé mit, kich thuéc hat AgNPs nho (~
10° m), nén AgNPs c6 mét s6 tinh chat quang,
dién, nhiét doc dao nhu tinh chit tin xa va hip
thu &4nh sang ¢ vung UV/Vis. Do cac dac tinh
nay, nén AgNPs con dugc tmg dung trong ché
tao cac thiét bi quang hoc, cam bién sinh hoc,
cam bién quang mg dung trong xac dinh cac
kim loai nhu Hg?*, Pb?*, Cu?*, Mn?*, Co?* [4-
10].

Hién nay, c6 nhiéu phuong phap khac nhau
dugc nghién ciru dé tong hop nano bac nhu
chiéu xa, khtr hoa hoc, khtr sinh hoc, dién hoa,
quang hoa... Tuy theo phwong phap tong hop
ma kich thude, hinh dang, hinh thai va do on
dinh ctia hé nano bac tao thanh ciling s& khac



nhau. Cac phuong phap nay cé thé duoc phan
thanh ba loai 16n: téng hop vat 1y, hoa hoc va
sinh hoc (tong hop xanh). Trong d6, tong hop
xanh (green synthesis) st dung chat khur tir
thién nhién nhu cac chiét xuat c6 ngudn gdc tir
thuc vat da va dang duogc nghién ctu rong rai
trong tong hop nano bac. Céac chat chuyén hoa
tir thuc vt bao gdm terpenoid, polyphenol,
duong, alkaloid, acid phenolic va protein dong
vai tro quan trong trong viéc khur cac ion kim
loai dé hinh thanh cac hat nano. Trong do,
flavonoid 14 moét nhém 16n cic hop chét
polyphenolic, bao  gdm  anthocyanin,
isoflavonoid, flavonol, chalcone, flavone va
flavanone, c6 thé tao phirc chelate va khir ion
kim loai tao thanh cac hat nano bac [11-28].
Céac hop chat hitu co c6 trong dich chiét tir
thyc vat s& 1a chat khir dé khir ion Ag* thanh
nano Ag ddng thoi 1a chit on dinh tao moi
truong phan tan dé cac hat AgNPs khong bi
keo tu.

Tuy nhién, viéc st dung riéng anthocyanins
duoc chiét xuat tir thuc vat chua duoc dé cap
trong cac bao cao trude day. Vi vay, muc tiéu
nghién cuu cua bao cdo nay la hudng tdi st
dung chit khir than thién méi truong nhu
anthocyanins (chiét xuit tir bap cai tim) lam
chat khir tong hogp nano bac va dinh hudng tng
dung trong trong phan tich Pb(I) va Zn (II).

2. THUC NGHIEM

2.1. Nguyén liéu, hoa chit, thiét bi

2.1.1. Nguyén liéu

Bép cai tim dugc mua & cho Son Ki Tan Ph,
thanh phé HO Chi Minh. Miu nguyén liéu
dugc xir Iy so bo bang cach rira sach, cit nho
va bao quan trong diéu kién lanh, tranh 4nh
sang.

2.1.2. Héa chit

Hoéa chit st dung cho nghién ctru nay bao
gdbm: acid hydrochloric (Trung Qudc, 36-
38%); natri hydroxid (Trung Qudc, 96%); kali
hydroxid (Trung Qubc, 96%); acid citric
(Trung Qudc, 99,5%); acid ascorbic (Trung
Qudc, 98%); trinatri citrate (Trung Qudc,
98%); natri acetat (CH;COONa.3H.0) (Trung
Quéc, 99,5%), acid acetic (Trung Quéc,
99,5%), ethanol (C:HsOH) (Phap, 99,9%),
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methanol (CH3;OH) (Phép, 99,9%), diethyl
ether (Trung Qudc, 98%), ethyl acetate (Trung
Qubc, 98%).

bém pH = 1 (Kali chlorua 0,025 M): can 1,86
g KCI vao cdc thuy tinh va thém nudc cat vao
khoang 980 mL, do pH va chinh pH dén 1
(£0,05) bang HCI (khoang 6,3 mL), dinh mtrc
1 L bang nude cit [29].

bém pH = 4,5 (Natri acetat 0,4 M): can 54,43
g CHsCOONa vao cdc thiy tinh va thém nude
cat vao khoang 960 mL, do pH va chinh pH
dén 4,5 (+ 0,05) bang HCI (khoang 20 mL),
dinh mtrc 1 L bang nudc cat [29].

2.1.3. Thiét bi

M4y quang phd hai chum tia Jasco — double
beam spectrophotometer model V530, véi cell
do c6 chiéu dai dudng truyén 1 cm. May do pH
Handy Lab 100 (SI Analytics, Ptrc. Bé siéu 4m
Elmasonic S 100 H (Elma, Ptrc). Bé 6n nhiét
Menmert WNB22 (Menmert, Dtic). H¢ thdng
cb quay chan khdng, May phan tich kich thude
hat SZ-100Z (DLS) 0.3nm-8.0um.

2.2. Phwong phap nghién ciru

2.2.1. Phwong phap pH vi sai xdc dinh ham
lwong anthocyanin (AOAC 2005.02)

Theo AOAC 2005:02, anthocyanin c¢6 mau
thay d6i theo pH, tai pH = 1 c4c anthocyanidin
ton tai & dang oxonium hoic flavium c6 d6 hap
thu
pH = 4,5 anthocyanidin ton tai & dang carbinol

cuc dai, va tai
khong mau. Pho hip thu ciia anthocyanin ¢
cuc dai hép thu & 520 nm (dém pH = 1 trong
nuée), do hip thu ti 1& thuan véi néng do
anthocyanin c6 trong mau. Dé xac dinh ham
lugng anthocyanin cé trong dung dich chiét,
pha lodng dich chiét anthocyan bang dém pH =
1 va dém pH = 4,5 trong nude, do do hap thu A
& bude song hip thu cyc dai, so véi do hap thu
tai budc song 700 nm, ham luwgng anthocyanin
duoc tinh theo cong thuce (1) va (2) [29].

Ham luong anthocyanin trong nguyén liéu tho:

(mglg) = (%x 100 X M) X f x% )

Nong d6 anthocyanin trong dich chiét:

(mg/mL) =(== X 1000 X M) X f X — (2)
s>l Vin

Trong d6: A = (Aszonm — A7oonm) pH 1,0 — (As20nm



— Azoonm) pH 45; T2 hé sb pha loang, 1 = lcm; M:
KLPT ciia anthocyanin (449,2 g/mol); & (hé s6
hap thu phan tir mol) = 26 900 L.mol*cm™!
2.2.2. Trich ly va tinh sach anthocyanin
Anthocyanin dugc trich ly bang phuong phap
ngam két hop danh siéu 4m trong diéu kién gia
nhiét.

Do muyc tiéu trich ly 1a thu anthocyanin st
dung trong téng hop nano Ag tir dung dich
AgNO; nén khong thé st dung acid HCI nhu
céc nghién ctru da cong bd [31-32], qui trinh
trich ly anthocyanin nhu sau: nguyén liéu bap
cai tim dugce rira sach, sau d6 dé rao nudc, xay
nhuyén, thém dung méi methanol 20% va dénh
siéu 4m 30 phut & nhiét d6 60°C, ti I¢ nguyén
lidu/dung mdi mdi lan chiét 1a (1:5), loc qua
gidy loc, thu lay dich trong.

Dich chiét sau d6 dugc xur 1y bang phuong
phap chiét long- 1ong voi dung moéi ether dau
héa va ethyl acetate. Dich chiét chaa
anthocyanin sau khi loai keo s& dugc cd quay
loai dung moi, thu dugc cao tho chira
anthocyanin. Cao thd nay s& duoc sir dung dé
téng hop nano Ag vé6i dung dich AgNO3

2.2.3. Téng hop nano bac AgNPs

Qui trinh téng hop nhu sau: hoa tan cao thd
anthocyanin trong methanol, thém dich chira
anthocyanin vao 45 mL AgNOs; 1 mM, dinh
mirc 50 mL bang nudc cat da loai ion. Cac yéu
t6 khao sat bao gdm: ty 1& dich chiét, thoi gian
va diéu kién thuc hién phan tmg. Phé hip thu
UV/Vis, d6 hip thu va kich thudc hat (phan
tich kich thuéc hat nano bac thong qua thiét bi
do Horiba SZ-100) duoc dung nhu 1a thong sé
kiém soat qua trinh thyc nghiém. Cac yéu to
dugc khao sat bang phuong phap don yéu td,
cac thi nghiém duoc lap lai 3 1an.

2.2.4. Ung dung nano bac AgNPs trong xdic
dinh Pb (II) va Zn (1)

Dé danh gia kha niang phat hién ion kim loai
Pb (IT) va Zn (II) cua dung dich nano bac tong
hop tr AgNO; va dich chiét chua
anthyocyanin, cac dung dich chia Pb%*, Zn?*
Vo1 néng dd khéc nhau duoc thém vao dung
dich AgNPs. Po phé UV/Vis cua dung dich
AgNPs trudc va sau khi thém Pb?*, Zn?*, dbi
sanh dé danh gia kha nang phan tung. Pdng
thoi, xac dinh MDLs, LOQ va LOL cho tung
trudng hop cu thé theo US.EPA 2016 [30].

Céac yéu t6 khao sat va danh gid bao gdm:
MDL, LOQ, LOL, (%) RSD, hiéu suit thu hdi
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phuong phap, (%) do 1éch Bias. Trong do, gidi
han phat hi¢én phuong phép (MDLs) duoc
US.EPA dinh nghia 1a ndng d¢ ti thiéu cia
mot chét c¢6 thé duoc do va cho két qua véi do
tin cay 99%. Pé xac dinh gidi han phat hién
cua phuong phap (MDL), thuc hién cac budc
sau: (1) Pha diy dung dich chuan; (2) Pha dung
dich chudn c6 ndng d6 nam trong dudng
chuin, do do hap thu quang cia dung dich
chudn tir 7 lan tré 1én. (3) Thay A va dudng
chudn, tinh ndng d6 cia dung dich chuin va
SD.

MDL dugc tinh bang cong thirc: MDLs = tg.1,1-
n=099) X SDs (3). V&1 MDLs 1a gioi han phat
hién phuong phép dwa trén miu chudn; tg-11-

1=099) £y 11— o =0,99) 12 gid tri Student tuong

ung vdi xac sudt 99%; SDs: Do léch chuin cua
cac mau chuan dugc do lap lai nhiéu 1an.
MDLs tinh dugc phai théa didu kién S/N phai
nam trong khoang 3 — 5.

Gidi han dinh lugng (LOQ) cta thiét bi duoc
xac dinh theo cong thirc sau: LOD = 10 x SD;
23)

Khoang tuyén tinh (LOL) dugc tinh tir LOQ
dén ndng do 16n nhét sao cho phwong trinh hdi
qui tuyén tinh A = £ (C) ¢6 1> 0.99.

3. KET QUA VA THAO LUAN

3.1. Trich ly va tinh sach anthocyanin

Céc yéu t6 anh huong dén qui trinh trich ly
anthocyanin tir bap cai tim di duoc khao sat
bao gdm: diéu kién xir Iy mau ban dau, dung
moi chiét, ti 16 methanol: nude va didu kién
trich ly. Két qua thu dugc qui trinh trich ly c6
két hgp dénh siéu am véi cac thong sb ti uu
nhu sau: dung moéi methanol 20%, danh siéu
am 30 phat ¢ nhiét do 60°C, ti 1¢ nguyén
liéu/dung méi mdi 1an chiét 1a (1:5). Hiéu suét
trich ly & diéu kién t6i wu 1a (0,994 + 0,010)%.
Hiéu suit nay thdp hon so v&i cac bio cdo da
cong bd vé trich ly anthocyanin trong bép cai
tim. Diéu nay dugc giai thich do qui trinh dé
xuét khong sir dung HCI, vi HCI s& phan ting
tao tia AgCl, anh huong qui trinh tong hop
nano bac.

Dich chiét sau d6 dugc xtr Iy bang phuong
phap chiét long- long véi dung moi ether dau
hoa va ethyl acetate. Két qua phd hip thu &
Hinh 1 cho thdy qué trinh xir 1y da loai dugc
cac thanh phan keo khoéng phén cuc trong dich
chiét.



037 —Ban Diu pH=1

—Ban Diu pH=4.5

Abs

Xir Iy 3 pH=1
—Xit Iy 3 pH=4.5

\
021

01

o0- Py
240 340 440 540 640

Hinh 1. Két qud phé do dich chiét anthocyanin

trudc va sau xir ly
Dich chiét chira anthocyanin sau khi tinh sach
s€ dugc cd quay loai dung mdi, thu dugce cao
chiét anthocyanin tinh khiét. Két qua phd hip
thu cua cao anthocyanin pha lodng bang dém
pH = 1 va pH = 4,5 nhu Hinh 2. Két qua phan
tich ham luong anthocynin trong cao thd la
(1,905+ 0,012) mM. Cao thdé nay s€ dugc st
dung dé téng hop nano Ag vé6i dung dich
AgNO;.
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Hinh 2. Két qua phé do dich chiét anthocyanin
tinh sach ¢ pH = 1 va 4,5
3.2. Két qua khio sit cac yéu to anh hwéng
dén qui trinh tdng hop AgNPs tir AgNO; va

anthocyanin

Két qua khao sat khi thém 10 pL anthocyanin
vao 45 mL AgNO; 1 mM, dinh mac 50 mL
bang nudc cat di loai ion, dé yén 24 gid &
25°C, ddi sanh giira mau khong thém va mau
¢6 thém dung dich AgNO3 ImM nhén thay c6
sy thay d6i mau ¢ miu co thém dung dich
AgNO3;, dung dich chuyén tir mau hong nhat
sang nau nhat (Hinh 3). Sy thay d6i mau la do
sw khir cac ion Ag* dudi tac dung cia chat khur
anthocyanin tao ra Ag®. Sau do, cac nguyén tir
nay két hop véi nhau tao thanh cac hat keo Ag®
cd kich thudc nano nén mau dung dich nano
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bac ¢6 mau nau dam hon so v&i mau cua
anthocyanin (mau hong nhat). Két qua ddi sanh
phé hap thu UV/Vis giita mau blank (10 pL
anthocyanin pha loang trong 50 mL nudc),
dung dich AgNO3 ImM va dung dich gbm
anthocyanin va AgNOs ¢ Hinh 3 cho thiy ¢
xuét hién dinh hap thu & budc song 425 nm véi
cuong do cao, twong rng voi hién tugng cong
huéng plasmon (SPR) trén bé mit cta kim loai
bac, qua d6 chung t6 sy hinh thanh cta cac hat
keo nano. Két qua nghién ctru twong thich voi
c4c bao cao di cong bd vé téng hop nano Ag
bang phuong phap tong hop xanh [2,3,4].

1.2

—AgNPs —AgNPs
Blank_Ag nitrate 1 mM —Blank_Anthocyanin

0 300 400 500 600 700 nm 800
Hinh 3. Két qua phé UV/Vis ciia dung dich
AgNPs doi sanh cdc mau blank
Két qua khao sat anh huéng cua ndng do
anthocyanin dén phd hip thu UV/Vis cua
AgNPs tao thanh cho thdy khi ting ndng do
anthocyanin, cuc dai hép thu khong thay ddi
(dao dong trong khoang 420 — 446 nm), nhung
d6 hap thu thay ddi (Hinh 4).
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Hinh 4. Két qua phé UV/Vis ciia dung dich

AgNPs (thay doi néng do anthocyanin)
Két qua khao sat (Hinh 5) cho thiy d¢ hap thu
va kich thu6c hat ting khi ting ndng do
anthocyanin. Néu xét theo kich thudc hat thi
ndng d6 anthocyanin trong khoang 0,4 |3,8
pmol/L 1a phu hgp, cac hat AgNPs co kich



thudc trung binh trong khoang 130 |160 nm.
Néu xét theo do hap thu va kich thudc hat thi
anthocyanin c¢6 khoang ndng do tir 3,0 -3,8
pmol/L 1a phu hop vi ¢é kich thudc nho thi 4
hp thu cao hon so véi cac truong hop khac.
Kich thudc hat nano Ag ting tuong tmg d6 hip
thu Abs ting, diéu nay duoc giai thich do hién
tuong cong huong plasmon trén bé mat cua
kim loai bac, néu tiép tuc ting ndng do
anthocynin, c¢6 hién tuong ling cic hat Ag,
didu nay co thé giai thich 1a do hé phan tan bi
phé vo, céc hat két tu lai tao hat 1on va sa léng.
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Hinh 5. Anh huéng ciia nong dé anthocyanin
dén dg hap thu va kich thude hat AgNPs
Két qua khao sat anh huong cua ndng do
AgNO;3 cho thiy d6 hap thu va kich thudc hat
tang khi ting ndng d6 AgNOs ting, & ndong do

45 mM c6 hién twong sa ling ngay sau phan
tmg. O noéng d6 4,5mM va 9 mM, hién tuong
sa ling xuét hién sau 4 gio. Nong d6 AgNO3

0,9mM la phu hop, cac hat AgNPs co kich
thude trung binh 98,4 nm (Hinh 6-8).
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Hinh 6. Két qua phé UV/Vis cia dung dich
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hdp thu va kich thuéc hat AgNPs
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Hinh 8. Két qua khao sat kich thuéc hat AgNPs (phwong phép DLS)

3.3. Két qua phd FT-IR va X-ray

Két qua ddi sanh phd FT-IR giita anthocyanin
va AgNPs (Hinh 10) cho thdy phan tmg khir
xay ra chii yéu & nhom C-O-C (1060,56 cm'?).
Peak tai 1638,91 cm™ 1a dic trung dao dong
dan cua lién két C=0 trong, trong khi dao dong
tai 3451 cm-1 thudc vé cac nhém —OH c
trong phan tir. Cac két qua nay hoan toan phu
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hop v6i két qua cta cong trinh nghién ciru da
duoc cong bd trude do vé su hién dién cua
AgNPs dugc tong hop tir thuc vat [4]. Két qua
thu dugc tir gian d6 nhidu xa tia X (X-ray) cua
AgNPs (Hinh 11) cho thdy AgNPs thu duoc da
phﬁn c6 dang vo dinh hinh véi cac cum dam
trong vung 2theta trong khoang 20-50°



%T

10
2 T T v
4000 3500 3000 2500

2000 1500 1000 500400

cm-1

(a) Phé FT-IR ciia anthocyanin chiét xudt tir bap cdi tim

30 |I !

\ /
s\

Counts

3000 2500

j\ f//—‘\\\/_\ ||I \ -’f
/

206017 \II | ‘ J
| / o trem
\

2000 1500 1000 500400

cm-1
(b) Phé FT — IR ciia AgNPs
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Hinh 11. Két qua X — ray ciia hat AgNPs

3.4. Két qua khao sat kha ning phin tng
ciia nano bac véi kim loai va dinh huéng
tng dung trong phan tich

Két qua thuc nghiém cho thdy khi thém dung
dich Pb%, Zn?* & cac ndng d6 khac nhau vao
dung dich AgNPs, mau dung dich khong thay
d6i, tuy nhién, két qua déi sanh phd UV/Vis
cua dung dich AgNPs trudc va sau khi thém
Pb%*, Zn?* cho thdy c6 su thay ddi cuong do
hap thu, cuong do hap thu giam tuong tng khi
tang ndng do PbZ*, Zn* (Hinh 12).
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Hinh 12. Két qua khdo st phé hdp thu ciia dung
dich AgNPs (trudc va sau khi thém Pb*, Zn?*)



Két qua khiao sit MDL, LOQ theo US.EPA
[30] va khoang tuyén tinh (LOL) nhu ¢ Bang
1. Két qua khao sat cho thay nhd vao hién
tuong hap thu plasmon ctia nano Ag, dung dich
AgNPs co thé tmg dung xac dinh cac ion kim
loai ning (nhu Pb?*, Zn?*). Tuy nhién, 4 nhay
phuong phap thap (LOQ = 7,16 ppm cho Zn%*;
14,69 ppm cho Pb?*) va khoang tuyén tinh hep.
Hinh 10. Két qua khdo sat MDLs, LOQ

Stt SD MDLs" LOQ™
Zn* 00111  0,036mM 0,111 mM
Pb 00136 0,041mM 0,136 mM

4. KET LUAN

Két qua thyc nghiém thu dugc qui trinh véi cac
diéu kién phu hop téng hop AgNPs tir tac nhan
khir anthocyanin (chiét xuat tir bap cai tim) va
AgNOs. Qui trinh v6i cac théng sd phu hop
nhu sau ndng d6 AgNOs trong 50 mL dung
dich AgNPs 1a 0,9 mM, cua anthocyanin dao
dong trong khoang tir 3,0 - 3,8 umol/L. O ndng
do6 Ag* 0,9mM va ndng do anthocyanin 1a 3,8
uM, dé 6n dinh 24 gio ¢ nhiét do 25°C, hat
AgNPs c6 kich thudc trung binh 98,4 nm. Cac
thong s ciia hat AgNPs ciing da duoc khao sat
nhu kich thudc hat, phd FT-IR, phd X-Ray.
Két qua khao sat ciing cho thiy do hiéu tng
plasmon hip thu quang, dung dich AgNPs tao
thanh ¢ thé ung dung xac dinh ion kim loai
Pb?* va Zn?* trong nudc.
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