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SUMMARY

STUDY ON THE SYNTHESIS OF SILVER NANOPARTICLES USING A
MIXTURE OF BUTTERFLY PEA FLOWER (Clitoria ternatea) AND PURPLE
ROSE LEAF (Gynura aurantiaca) EXTRACTS USING THE GREEN METHOD

In this study, the green synthesis of silver nanoparticles (AgNP) using mixed aqueous extract of Clitoria
ternatea flowers and Peristrophe roxburghiana leaves as reducing, capping, and stabilizing agents was
implemented. The parameters such as the ratio of volume between the two extracts solution, reaction
temperature, and reaction time, influenced with the formation process and size of silver nanoparticles. The
ultraviolet-visible spectroscopy (UV-Vis) analysis showed a maximum absorption peak such as a
characteristic surface plasmon resonance (SPR) peak of AgNP in the 438 — 447 nm range and diameters
from 20 to 22 nm. X-ray diffraction (XRD) analysis confirmed the crystalline nature of the face-centered
cubic (FCC) structure of AgNPs. Fourier transforms infrared (FTIR) analysis revealed the functional
groups in the solution participated in the process of nanoparticles.

Keywords: Clitoria ternatea, green synthesis, Peristrophe roxburghiana, silver nanoparticles.

1. Giai thiéu

Do céc tinh chat vuot troi caa minh, hat
nano bac ngay cang duoc sur dung cho cac
muc dich khéac nhau bao gém khang
khuan [1], néng nghiép [2], quang xuc
tac[3], thuc pham [4] va y té [5]. Dé dap
ng nhu cau st dung, AgNP da duoc tong
hop bang nhiéu phuong phap khac nhau
nhu phuong phap vat ly, héa hoc, sinh
hoc. Nam 2015, M.Alva va cong su da
t6ng hop hat nano bac bang phuong phap
chiéu xa laser trong ethanol, kich thugc
trung binh cua AgNP xac dinh dugc
khoang 11,8 nm [6]. H.Wanga va cong su
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d3 nghién cau va tong hop thanh cong
AgNP bing céach khir bac nitrat tir glucose
véi su 6 mat caa PVP, duong kinh hat
nam trong khoang tir 20 dén 80 nm [7].
C4c hat nano bac duoc sinh tong hop boi
H.Gandhi va S.Khan vao nam 2016 [8].
Tong hop hat nano bac bang phwong phap
khir héa hoc vai su tham gia cua acid
citric va amoni hydroxit dugc nghién cuu
boi Kamali va cong su [9], v.v... Tuy
nhién, cac phuong phap vat ly, hda hoc
thudng c¢6 nhuoc diém 1a dat tién va su
dung nhiéu hdéa chat gay 6 nhiém moi
truong [10]. Gan day, phuong phap xanh
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dugc 4p dung dé tong hop AgNP vi ¢
nhiéu vu diém, dién hinh 14 tiét kiém chi
phi, than thién véi moi truong, dé tong
hop trén quy mé I6n va st dung cac hoa
chat than thién moi truong [11].

Cac chat chiét xuét tir thuc vat co thé
dong vai tro 1a chat khir, chat tao phic va
chat 6n dinh cho su hinh thanh céc hat
nano, thay thé viéc sur dung céc chat hoa
hoc khong than thién moi truong [11].
Nhom nghién ctru hudng dén muc tiéu lya
chon nhiing thuc vat thuong st dung &
Viét Nam dac biét nhom thuc vat s dung
trong thuc phdm. Nhom di nghién ciu
tong hop hat nano bac véi dich chiét 14
cam tim va tong hop hat nano dong st
dung dich chiét hoa dau biéc. Vi muc
tiéu hudng toi str dung cac chét sinh hoc
trong hai dich chiét dé tong hop hat nano
bac nén chung toi da sir dung hon hop hai
dich chiét dé khao sét sy hinh thanh cua
hat nano bac [21]. Nhiéu bai béo nghién
ctru di chi ra rang hat nano bac di dugc
t6ng hop thanh céng bang chiét xuat thuc
vat (ré, 14, hat, hoa), chang han nhu tong
hop AgNP bing chiét xuat ré cay Berberis
asiatica cua Subas Dangi vao nam 2020
[12]. Tong hop thanh cong hat nano bac
bang chiét xuat 14 dliu cua M.Khalil va
cong su [13]. Nam 2019, Akhil Rautela
va cong su da tong hop thanh cong AgNP
tr chiét xuat hat Tectona grandis [14].
Tong hop xanh cé&c hat nano bac sir dung
chiét xuat hoa Abelmoschus esculentus
duoc S.Devanesan nghién ciru vao nam
2021 [14] V.v...

Trong nghién ctru nay, chung t6i da tong
hop thanh cong hat nano bac bang hdn
hop chiét xuit hoa dau biéc (Clitoria
ternatea) va la& cam tim (Gynura
aurantiaca), dong thoi khao sét cac thong
s6 anh huong dén qué trinh hinh thanh hat
nano bac.

2. Thuc nghiém
2.1. Héa chdt si# dung
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Bot hoa ddu biéc va bot 14 cam tim 13 san
pham thwong mai caa Viét Nam (Cong Ty
Cb phan Cho Qué Viét Nam). Bac nitrat
(AgNO3) co do tinh khiét tsi 99,8% cua
hang Xilong, Trung Qudc. Nudc cat thu
dugc tor hé Aquatron A4000D sir dung
lam dung méi trong sudt qua trinh tong
hop.

2.2. Chiét xudt thgec vt

Cho tir tir 0,02 g bot hoa dau biéc vao cbe
thuy tinh c¢6 chta sin 20 mL nuéc cét,
khuay tir voi toe d6 khudy 700 vong/phut
trong khoang 5 phat ¢ nhiét d6 phong.
Sau khi két thuc qua trinh chiét dung gidy
loc dé loc bé phan cin, thu dugc chiét
XUét hoa dau biéc c6 mau xanh tim.

Twong ty, can 0,02 g bot 14 cAm tim cho
tir tir vao coc thay tinh ¢6 chaa sin 20 mL
nudc cat, khudy tir véi tée do khudy 700
vong/phat trong khoang 5 phat ¢ nhiét do
phong. Sau khi két thic qua trinh chiét
dung gidy loc dé loc bo phan can, thu
duoc chiét xuét 1a cAm tim c6 mau tim do.

2.3. Tong hgp AgNP

Cho tur tir 8 mL dung dich AQNO3; 5 mM
vao cbc thuy tinh ¢é chira 16 mL hdn hop
gom V1 mL dich chiét hoa dau biéc va V,
mL dich chiét 14 cam tim, dong thoi
khuay véi tbe do 700 vong/phit bang may
khudy tir. Sau dé gia nhiét t6i nhiét do
T°C va khudy lién tyc trong t phat. Két
thic qua trinh tong hop, dung dich chuyén
sang mau vang nau. Ly tam lay két tia va
say kho, cudi cting thu dugc hat nano bac.

2.4. Cac phép do dac va phan tich

Phé hap thu UV-Vis dugc do st dung hé
quang phé Carry 100 UV-Vis (VARIAN).
Cau tric tinh thé va pha thu dugc bang
phan tich nhiéu xa tia X mau bot st dung
hé¢ do X'pert Pro (PANalytical) MPD voi
CuK-al (= 1,54056 A) ¢ téc do quét
0,03°/2s trong khoang 26 tir 25° dén 80°.
Phé FTIR duoc do bang may FT/IR-



4600typeA (JASCO) véi sb song tir 500
cm™ @én 4000 cm™.

3. Két qua va thao luan
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Hinh 1. (a) Phé hap thu UV-vis ciia AgNP phu
thudc vao ti 1¢ giira hai loai dich chiét.

(b) Do thi biéu dién sy anh huong cia thoi gian
luu mau dén cuong d6 dinh hap thu cyc dai.
Hinh 1a 14 két qua do phd hap thu UV-
Vis ctiia cdc mau AgNP duoc hinh thanh
phu thudc vao ti & giira dich chiét hoa
dau biéc va 14 cam tim. Pho hap thy UV-
vis cho thiy ring c6 sy hinh thanh AgNP
véi dinh hap thu cuc dai nam trong
khoang budc song tir 438 dén 445 nm
[15] [16]. Khi cho lwong thé tich dich
chiét 14 cam tim nhiéu hon thé tich dich
chiét hoa dau biéc thi peak hap thu cuc
dai c6 xu hudng ting. Cu thé, cuong do

peak nay tang tr 1,16 dén 1,74.

Tur phd hap thu UV-vis, ta c6 thé tinh kich
thudc hat théng qua cong thirc sau.
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th

1)

Trong do, d la duong kinh cua hat nano
(nm), h 1a hang sé Planck, v¢ (1,39x10°
m/gidy) 1a van toc Fermi va AE1; 14 ning
luong cua d6 ban rong vach phé (FWHM)
cua dai hap thy [17].

Kich thuéc AgNP dugc tinh theo phuong
trinh (1) thé hién chi tiét trong bang 1.

Bang 1. Kich thuéc hat nano bac phu thudc vao ti
I¢ gitra hai loai dich chiét.

- TL'AEl/Z

Mau BPinh SPR FWHM AEq
(nm) (nm) (eVS (nm)
V1 440 141 0,088 20,8
V2 445 146 0,085 21,5
V3 443 145 0,086 21,3
V4 442 140 0,089 20,6
V5 438 136 0,091 20,1

Véi ting mau AgNP khéac nhau ta thu
dugce kich thuéc hat khac nhau, Kich
thudc hat trong khoang 20,1 nm dén 21,5
nm. Qua két qua phan tich va tinh toén,
mau V1 cho dinh hip thu cuc dai cao
nhat. Mac du vay, véi muc tiéu téng hop
AgNP tir hdn hop dich chiét hoa dau biéc
va 14 cam tim, vi vay chon ti 1¢ giira dich
chiét hoa dau biéc va dich chiét 1a cam
tim 12 4 mL: 12 mL dé khao sét cac thong
s6 tiép theo.

Pé kiém tra sy hinh thanh, phat trién va
6n dinh cia AgNP, anh hudng cua thoi
gian luu mau da duoc khao sat tuong g
0 ngay, 1 ngay, 3 ngay, 5 ngay, 7 ngay, 8
ngay, 10 ngay, 12 ngay, 20 ngay va 45
ngay. Tu hinh 1b, ta thdy dugc cuong do
dinh hap thu cuc dai cua AgNP tang
nhanh trong 12 ngay dau va ting cham
sau 20 ngay. Ngoai ra, vach phd co Xu
huéng mo rong theo thoi gian luu mau
Didu nay co nghia 1a thoi gian luu mau
cang lau thi s6 hat nano bac tao ra cang
nhiéu. Theo thoi gian, cac hat nano bac va
cham va két dinh lai voi nhau dan dn
kich thuéc AgNP 1én. Tuy nhién, dén mot



thoi gian luu mau nhat dinh, mau s& béo
hoa va cuong d6 dinh hap thu cuc dai
khong ting thém nira. Tir d6 thi hinh 1b,
chon thoi gian luu mau tdi wu 1 20 ngay.

Nhiét 6 phan tng cd anh huong 16n dén
su hinh thanh céc hat nano bac. Qua phan
tich pho hap thy UV-Vis trén hinh 2a, ta
thdy rang d6i v6i mau T1, nhiét d6 phan
tng 1a nhiét @6 phong (30+2°C), két qua
cho thiy khéng c6 su hinh thanh AgNP,
dong thoi dung dich khong chuyén mau.
Khi ting nhiét do tir 55°C dén 90°C,
twong tNg véi cac mau T2, T3 va T4, mau
sac cua dung dich chuyén dan sang vang
nau, ddng thoi xuat hién dinh hap thy cuc
dai, chiing t6 ¢6 sy hinh thanh AgNP.
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Hinh 2. (a) Pho hap thu UV-vis ciia AgNP phu
thudc vao nhiét do phan ang.

(b) Phé hip thu UV-vis cia AgNP phu thudc vao
thoi gian phan Gng.

Khi ting nhiét do, cudng do peak hap thu

cuc dai ciing tang 1én va c6 xu huéng mo
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rong hon va chuyén vé budc song dai.
Diéu nay dugc giai thich 1a do su gia ting
nhiét 1am dong ning ting, dan dén toc do
phan ung nhanh hon, lugng AgNP hinh
thanh cang nhiéu. O nhiét ¢ phong, phan
g tao thanh AgNP khong dién ra, c6 thé
quy cho nhiét d6 qua thip nén khong du
diéu kién dé xay ra phan ang chuyén Ag"
thanh Ag®. Sau 20 ngay luu miu, cuong
d6 dinh hap thu cuc dai & cac mau T2, T3,
T4 gan nhu bang nhau va khong ting
thém nita (hinh 2a). Cuong do dinh hép
thu cuc dai sau khi mau d3 bat dau én
dinh 12 1,96 nam ¢ budc séng khoang 447
nm. Kich thudc hat nano bac tinh theo
cong thac (1) 12 22 nm.

Thoi gian phan ung ciing 1a mét yéu t6
quan trong trong qua trinh téng hop hat
nano bac. Truéc IGc mau 6n dinh, khi
tang thoi gian phan tng, cuong d¢ dinh
hip thu cuc dai ting 1én, diéu nay cé
nghia la thoi gian phan tng cang lau thi
s6 luong hat nano bac tao ra cang nhiéu.
Két qua khao sat sy phu thuoc vao thoi
gian phan ung bang ph6 hap thu UV-vis
dugc mo ta nhu hinh 2b véi thoi gian luu
mau 1a 20 ngay. Phan tich phd hap thuy
UV-vis cho thiy, sau khi én dinh, cuong
d6 dinh cuc dai cta cac mau M1, M2, M3
va M4 gan nhu bang nhau va khong ting
thém nira. Binh hap thu cuc dai co cuong
d6 1,94 nam & bude song khoang 445 nm.
Kich thuéc hat nano bac tinh theo cong
thie (1) 1a 21,8 nm. Sau khi mau da dan
6n dinh va gan nhu dat dén do bdo hoa,
lwong Ag® khong sinh ra nita, tit ca cac
mau khao sat déu cho cuong do dinh hap
thu cuc dai gan nhu nhau, nén chon thoi
gian phan &ng 30 phut 1 thoi gian téi uu
cho qué trinh tong hop dé hinh thanh
AgNP.

Phan tich nhiéu xa tia X nham xéac dinh
cAu tric pha tinh thé cua céc hat nano bac
dugc tong hop bang phuong phap xanh sir
dung hdn hop dich chiét hoa dau biéc va
l4 cam tim 1am chat khir ciing nhu chét 6n



dinh. Ttr c&c mat tinh thé, tinh duoc kich
thudc hat nano bac tuong ung.

Hinh 3 la gian d6 nhidu xa tia X ciia mau
co ti 1& gitra dich chiét hoa dau biéc va
dich chiét 14 cam tim 1a 4 mL: 12 mL voi
nhiét d6 phan tng la 55°C va thoi gian
phan tmg 1a 30 phut, twong (tng Véi mau
M1,

Két qua nhidu xa tia X & hinh 3 cho thay
su XUt hién cua cac dinh cuc dai nhiéu xa
& cac goc 20 lan luot 1a 38,06°; 44,21°,
64,55° va 77,35°, twong tng Voi CAC cac
mat tinh thé (111), (200), (220) va (311),
la cau tric lap phuong tdm mat (FCC).
Cac dinh dugc hinh thanh phu hgp véi dix
liu chuan JCPDS 04-783. Cac dinh cuc
dai nhiéu xa con lai c6 thé 1a cac thanh
phan hitu co con du lai trong hdn hop.
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Hinh 3. Gian d6 nhiéu xa tia X cua AgNP.
T gian d6 nhidu xa tia X, kich thugc
trung binh cia AgNP theo tung mat tinh
thé dugc tinh boi phuong trinh Scherrer:
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Trong do6, d la kich thudc hat trung binh
theo mit tinh thé, K 1a hang s6 (0.9), A 1a
budc song tia X (0,154056 nm), B 1a do
ban m& rong vach va 6 1a goc nhiéu xa
Bragg [18]. Két qua tinh toan duoc md ta
chi tiét nhu trong bang 2.
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Bang 2. Két qua tinh kich thuéc AgNP theo mat

tinh thé.
20 (°) B (hm) (hkl) d (nm)
3806 0397  (111) 2172
44,21 0,385 (200) 21,8
64,55 0,428 (220) 19,6
7735 0483  (311) 184
Kich thugc tinh thé trung binh 20,25

T két qua tinh toan & bang trén, kich
thugc hat nano bac nam trong khoang tir
18,39 dén 21,82 nm. Két qua phan tich
nhidu xa tia X di chung minh riang hat
nano bac dugc tong hop thanh cong tir
tién chat mudi bac nitrat va hdn hop dich
chiét hoa dau biéc va 14 cAm tim nhu tac
nhan khir va tac nhan 6n dinh.

Phd hdng ngoai bién d6i Fourier - FTIR
cho biét cac nhém chac dic trung cod
trong dung dich, nham xac dinh cac lién
két va nhom chirc tham gia vao qua trinh
tong hop AgNP. Két qua phan tich pho
FTIR cta mau M1 (hinh 4) cho thay ring
sau phan tmg, cac dinh tai cac s6 song
3736 cm™, 1541 cm™ va 1508 cm™ bién
mat, ching to lién két O-H trong ancol va
lien két O-N-O trong hop chat nitro c6
tham gia vao qua trinh hinh thanh AgNP.
Dinh c6 s6 séng 3460 cm™ dich chuyén
thanh 3394 cm™ 13 lién két N-H trong
amin bac mat.

Mot sb lien két khong tham gia vao phan
tng gom lién két C=C trong anken, lién
két O-H trong acid cacboxylic, lién két O-
H trong phenol. Sau phan tng, dung dich
chia AgNPs xuat hién mot sé lién két
m&i cua nhém chic anken (2902 cm™ va
895 cm™), este (1162 cm™), ancol bac 2
(1113 cm™) va anhydrit (1032 cm™)[18-
20]. Cac két qua nay, mét lan nira khang
dinh thanh phan hitu co trong hdn hop
chiét xuat hoa dau biéc va Ia cam tim I
chat khir va chét 6n dinh.
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Hinh 4. Pho FTIR cua (a) bot hoa dau biéc; (b) bot

14 cim tim; (c) hdn hop chiét xuat hoa dau blec va

4 cam tim; (d) AgNP st dung hdn hop chiét xut.
4. Két luan

Hat nano bac sinh téng hop tir hdn hop
chiét xuét hoa dau biéc va 14 cdm tim than
thién véi moi truong va tiét kiem chi phi.
Han hop chiét xuat nay vira la chat khi
ion Ag” thanh nano bac Ag°, vira la chat
6n dinh, do do AgNP da dugc téng hop
thanh céng. Hat nano bac cé pha tinh thé
phuong tam mat, dinh plasmonic cyuc dai
duy nhét & khoang buéc séng 438-447 nm
va kich thugc tinh thé trung binh khoang
20,25 nm.
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