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PANH GIA KHA NANG XU Li PHAM MAU ,
CUA VAT LIEU NANO BAC TONG HOP TU' DICH CHIET LA BACHA

INVESTIGATION OF ABILITY TO DEGRADATION OF DYES USING SILVER NANOPARTICLES
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TOM TAT

T6ng hop xanh nano bac sit dung dich chiét xudt tir 1 bac ha la d6i tuong
nghién ctiu trong bai bao nay, qua trinh tng hop va san phdm thu duoc than thién
vdi moi trudng. Dung dich chiét tir 1 bac ha la chat khi trong qud trinh phan (ing
v6i dung dich AgNO; tao bac nano. Phugng phdp thuc hién don gian va than thién
da tao dugc cac hat bac cau tric hinh cau, cd kich thudc nano dugc phan bo dong
déu, c6 d6 dong nhét cao. Kha ndng xt li pham mau véi thuéc nhudm hoat tinh
Reactive Blue 19 (RB19) va Methylene Blue (MB) cho thdy, hat bac nano tong hop
dugc c6 kha nang quang xdc tac tuong déi tot. Sau 240 phit dui diéu kién dnh
sang mat troi, hiéu qua loai bo ddi véi chat mau RB19 va MB lan lugt |a khodng
50,2% va 91,3%.

Tirkhéa: Xtic tdc, thuéc nhudm hoat tinh RB19, thuéc nhuém MB, nano bac, ld
bac ha.

ABSTRACT

The "green" method of using plant extracts to synthesize silver nanoparticles
is currently receiving special attention from researchers due to the synthesis
process and product being environmentally-friendly and non-hazardous. In this
study, mint leaf extract was used as a reducing agent in AgNO; solution to prepare
nano silver solution. Through this inexpensive and simple method, silver
nanoparticles were synthesized. The photocatalytic activities of the synthesized
silver nanoparticles were investigated by degrading Reactive Blue 19 (RB19) and
methylene blue (MB) solutions under sunlight within 240 min irradiation. The
percentage degradation of RB19 and MB dye solutions was 50.2, and 91.3%,
respectively.

Keywords: Reactive blue 19, methylene blue, silver nanoparticles, mint leaf.
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1.DAT VAN DE

Cong nghé nano da va dang tac dong tich cuc dén doi
s6ng con ngudi, dugc phat trién ti thé ki trudc [1]. Vat liéu
nano giup cho bé mat vat liéu ti€p xdc nhiéu hon véi moi
trudng bén ngoai lam tinh chat ca vat liéu rat khac so véi
tinh chat cda vat liéu théng thuang [2].

Vol. 60 - No. 6 (June 2024)

Lai Thi Hoan"", Tran Thay Nga',
Hé Phuong Hién?, Lu Seo Di?

Hat nano bac kim loai (AgNPs) cé: hoat tinh xuc tac, kha
nang khang khuén, hoat tinh quang dién, téng hop khéng
qua phuc tap, gid thanh khong cao, dugc st dung rong rai
trong nhiéu linh vuc nhu y hoc, néng nghiép, dugc pham,
my phadm, dé chiia thiic &n, dung cu y khoa, xtr ly nudc. .. [3].
Hat nano bac dugc téng hop bang nhiéu cach khac nhau
nhu: phuong phap vat ly va héa hoc [4, 5], phan hdy nhiét
[6], sol-gel hay kh(r héa hoc [7]. Cac phuong phap dé néu c6
nhugc diém: tiéu tén nang lugng, chi phi cao, doc hai va
khong than thién véi moi truong. Viéc st dung cac phuong
phap téng hap xanh, phuang phéap téng hop sinh hoc (1a
phucong phép téng hgp trén co s& cac nguyén liéu cé sin
trong tu nhién, than thién véi con ngudi va moi trudng) ngay
cang dugc quan tam, nghién clru va phat trién [8-13]. Chat
khir dugc dung trong téng hap xanh 1a dich chiét tur 14 bac
ha, c6 vai tro khr ion kim loai thanh cac hat nano kim loai.
Cac polyphenol, flavonoid... cé trong dich chiét vira la tac
nhan khtt vira giip én dinh ion bac vé dang bac nano.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Héa chit (déu c6 dé tinh khiét 99,0%)

Héa chat (6ng thiic phan ti Xuat xu
Silver nitrate 0,1M AgNO; Germany
Ethanol CHsOH Trung Quéc
Reactive Blue 19 (RB19) (3,H16041N,5;3Na; Trung Quéc
Methylene Blue (MB) CygHigNsSCl Germany
Sodium hydroxide NaOH Trung Quéc
Nitric acid HNO, Trung Quéc

Dé tién hanh nghién cuu, 1a bac ha dugc thu hoach &
Hoai Duc, Ha Noi vao dau nam 2023. La dugc chon cé mau
xanh, tuoi, khéng bi sau bénh, dugc rira sach bang nudc cat
va sdy khé & 60°C trong 12 gid. La kho dugc nghién min va
bao quan trong lo thuy tinh kin trudc khi chiét.

2.2. Phuong phap nghién ctiu

Phé hap thu phan ti UV-Vis cda dung dich bac nano
dugc xac dinh bang méy quang phd Biochrom S60 (Anh).
Ph& FT-IR clia cdc mau dugc ghi lai bdng may quang phd FT-
IR Prestige-21 (Shimadzu, Nhat Ban) trong dai s6 séng 4000
- 400cm™". Bac nano dugc phan tich hinh thai bé mat bang
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phuang phap kinh hién vi dién ti quét (SEM) va phan tich
cdu truc bang phuong phéap nhiéu xa tia X (XRD).
2.3. Dich chiét tir1a bac ha

Dich chiét 14 bac ha dugc chuén bi theo quy trinh nhu mé
ta trong hinh 1. La bac ha dugc rlra sach va sdy khé 6 60°C
trong 12 gi®. Nghién min 5 g la khé, dun va khudy lién tuc
trong 30 mL ethanol, nhiét &6 khoang 50 - 60°C trong thai
gian 2 gid. Loc thu dugc dich chiét 1a bac ha va dugc bao
quan trong td lanh & khoang 10°C. Dung dich 1d bac ha loang
dugc chuan bi ti dich chiét 14 bac ha dic, bang cach pha
loang 20 1an vai nudc cat [14].
2.4.Téng hgp bac nano véi dich chiét tir1a bac ha

Dung dich bac nitrate AgNO; n6ng dé6 TmM dugc thém
vao c6c dung tich 100mL da chita san dich chiét la bac ha
loang réi ti€n hanh phan (ng & nhiét dd phong va trong
béng téi. Sau 30 phut phan tng, mau dugc loc ria ly tam
(6.000 vong/phut, trong thoi gian 30 phat) dé loai bd cac
chat phéan tng con du dugc dung dich nano bac (AgNPs)

(hinh 1).
~ loc rira

Hinh 1. S d6 quy trinh tao nano bac véi dich chiét Ia bac ha
2.5. Khao sat hoat tinh xtic tac quang ctia bac nano véi
thuéc thirRB19 va MB

San phdm bac nano dugc tao ra tir quy trinh téng hop véi
ti I& t6i uu gitra dung dich AgNOs va dich 14 bac ha sé dugc
st dung dé budc dau khao sat kha nang xa Ii thuéc nhuém
RB19 va MB. Dung dich thu dugc dem li tam véi t6c d6 6000
vong/phut trong 30 phut réi do dé hap thu quang tai budc
s6ng A = 590nm déi véi RB19 va tai budc séng A = 663nm
doi véi MB.
3. KET QUA VA THAO LUAN
3.1. Anh huéng cua ti Ié thé tich giiia dich chiét I bac ha
va dung dich AgNO; dén su hinh thanh nano bac AgNPs

Dich chiét 14 bac ha lam thay d6i mau cla dung dich
AgNO; T mM tir trong sudt sang mau nau den chiing té nano
bac da dugc hinh thanh. Tl phé UV-Vis cia dung dich nano
bac cho thay da co sy xuat hién pic ing vdi budc song cuc
dai tai 417nm dac trung cta Ag (hinh 2).

117 417,1.0801
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Hinh 2. Phé hap thu phan tir UV-Vis ciia dung dich bac nano (a) va (b) véi cac
ti 1& phan (ing gilta dich chiét/dung dich bac khac nhau

Ti lé thé tich gitia dich chiét 14 bac ha va dung dich AgNO;
1 mM thay d8i tu 5/1; 3/1; 2/1; 1/1; 1/2; 1/3; 1/4; 1/5 [15, 16].
Két qua khéo sat anh hudng cuda tilé thé tich gidia dich chiét 14
bac ha va dung dich AgNO; dén phé hap thu UV-Vis cla
AgNPs tao thanh (hinh 2b) cho thay, khi thay déi ti [é thé tich
dich chiét va dung dich bac nitrate tu ti 1& 5/1 dén 1/4 thi cuc
dai hap thu khong thay d6i nhung dé hap thu quang ting
nhanh va tdng cham dan tai ti [& thé tich 13 1/5. Vi vay, ti 1é thé
tich dich chiét Ia bac ha va dung dich AgNO; la 1/5 dugc lua
chon cho cac nghién cuu tiép theo.
3.2. Anh huéng clia pH dung dich dén su hinh thanh
nano bac AgNPs

Anh huéng ctia pH ctia dung dich dén su hinh thanh bac
nano dugc khao sét véi cac gia tri pH lan luot la 3,0; 3,5; 4,2;
4,8;5,5; 6,2; 6,7;7,3; 8,5. pH clia dung dich dugc diéu chinh
téi gia tri mong muén bang dung dich NaOH va HNOs.

o T,

14 - A
1.2 |
1.0 |
08 |
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02 |
0.0

pH

2.0 4.0 6.0 8.0 10.0

Hinh 3. Anh hugng ctia pH dung dich dén suhinh thanh nano bac AGNPs

K&t qua cho thdy, khi tang gia tri pH clia dung dich, cuc
dai hap cudng do6 hap thu tai budc séng 417nm ting va dat
cuc dai trong khodng pH tir 4,2 dén 6,2. Ti€p tuc tang gia tri
pH thi cudng dé hap thu lai c6 xu hudng giam dan. Do vay,
pH dung dich trong khoang tir 4,2 dén 6,2 dugc lua chon cho
cac nghién ctu tiép theo.
3.3. Anh huéng ciia thai gian dén sy hinh thanh nano bac
AgNPs

Anh hudng cla thai gian clia dung dich dén sy hinh
thanh bac nano dugc khao sat lan lugt la 10; 30; 60; 120; 210;
240; 270 phut.
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Tu bang 1 cho thay thoi gian cta phan (ng tao thanh
nano bac dién ra nhanh.
Bang 1. Anh hudng thai gian phan ting dén suhinh thanh nano bac AGNPs

Thdi gian
phan ting 10 30 60 120 210 240 270
(phut)
D0 hap thu
tai 417nm

1,0386 | 1,0461 | 1,0433 | 1,0499 | 1,0304 | 1,0237 | 1,0138

Sau thai gian phan ting 10 phut, dé hap thu quang cua
dung dich nano bac tai buéc séng 417nm la 1,0386; sau 30
phat 1a 1,0461 va gia tri nay khong thay déi nhiéu sau 270
phut phan tng la 1,0138. Do vay, 30 phut la thai gian dugc
Iua chon dé thuc hién phan ting téng hop bac nano.

3.4. Phé hong ngoai bién déi Fourier (FT-IR)

Phé FT-IR dugc st dung dé xac dinh cac nhém chiic hda
hoc c6 mat trong san pham.
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Hinh 4. Phé FT-IR cGa vat liéu bac nano tong hgp theo ti 1é thé tich dich 14 bac
ha lodng/AgN0; =1/5

PhS FT-IR cla vat liéu bac nano téng hgp theo ti 1é thé
tich dich 14 bac ha loang/AgNOs; = 1/5 dugc thé hién trong
hinh 4. Dai hap thu manh & 3448cm™" la dao dong héa tri cua
lién két O—H. Dinh hdp thu & 1638cm™ la déc trung cua lién
két C=0. Cac dai hap phu lan lugt 6 1384cm™", 1047cm™" cho
thay su xuat hién ctia cac lién két C-H, C-N cé trong phenol
va amin béo. Cac nhém chiic dac trung cua lién két O—H,
C=0, C-H, C-N trén phé FT-IR chiing td rang cac hgp chat
polyphenol, axit hitu ca va cac amin béo trong dich chiét la
bac ha Ia cac chat 6n dinh trong qué trinh téng hop. Dai hap
phu & 684cm™ lién quan dén dao déng cda lién két Ag vai
cac nhém chic trong cac hop chat hitu ca. Nhu vay, c6 thé
kh&ng dinh rdng cac thanh phan hoa hoc clia 14 bac ha trong
do6 cac chat phytochemical (polyphenol, flavonoid) [17]
trong dich chiét la dong vai trd la tac nhan khr, 6n dinh ion
bac thanh céc hat nano.

3.5. Két qua phan tich hién vi dién t& quét (SEM)

Hinh thai vat liéu bac nano tao thanh dugc nghién ctu
phucng phuong phap hién vi dién ti quét. Két qua trén hinh
5 cho thdy cac hat bac c6 kich thudc nano, dang hinh cau,
phan bé déu, c6 dé dong nhat cao.
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Hinh 5. Anh SEM cia vét liéu bac nano téng hop theo ti 1& thé tich dich 14 bac
ha loang/AgN0; =1/5

3.6. Két qua gian dé nhiéu xa tia X

Cau trdc cha vat liéu bac nano dugc nghién ciu bang
gian dé nhiéu xa tia X (XRD) thé hién trén hinh 6.
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Hinh 6. Gian d6 XRD cta vat liéu bac nano tdng hop theo ti |é thé tich dich la
bac ha loang/AgN0; =1/5

Nhiéu xa tia X xac dinh cdu truc tinh thé cia miu AgNPs
cb 4 pic vGi cac gia tri 20 1an lugt la 38,2°; 44,2°% 64,6° va 76,8°
[18], tuong ting véi cac hang sé mang lan lugt la (110); (200);
(220); (311) va la hang s6 mang cla tinh thé Ag. Diéu dé
chiing t trong mau téng hgp tir dung dich AgNOs va dich
chiét 1a bac ha da hinh thanh tinh thé Ag v6i mang tinh thé
lap phuong tam mat (FCQ).
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3.7.Thé Zeta

Dién thé zeta la thé xuat hién gitta bé mat cia AgNPs va
pha Idng xung quanh va la mét thudc do quan trong cho su
6n dinh cda hé.Céc gia tri vugt qua thé zeta = +30mV
thudng dugc coi la dat yéu cau vé dé bén cta hé [19]. Dién
thé zeta cta hé phan tan AgNPs tai pH khoang 5,0 c6 gia tri
cao nhat & -43,51mV chiing t6 rdng AgNPs t6ng hgp dugc
¢6 tinh 8n dinh & muc tét (hinh 7).

Frequeny 1)
0

-150 -100 0 o 100 150 20 =

000 [ 1] 2000 -400.0
Ieta Patertial (V)

Hinh 7. Két qua do mau zeta clia bac nano tong hap xanh bang dich chiét |a
bacha

3.8. Kha nang xtr ly thuéc nhuém RB19 va MB

Dung dich RB19: lay 0,050g chat mau RB19, dinh mtic
trong binh dung tich 1000mL, thu dugc dung dich RB 19 véi
noéng dé 50mg/L.

Dung dich MB: lay 0,050g chat mau MB, dinh mic trong
binh dung tich 1000mL, thu dugc dung dich MB véi nbng dé
50mg/L. Tt dung dich MB 50mg/L, pha lodng thanh dung
dich MB c6 néng dé 10mg/L.

Trén 5ml dung dich bac nano AgNPs (dugc téng hgp tu
dich chiét 14 bac ha vdi ti 1é dich chiét/dung dich bac nitrate
1mM la 5/1, diéu chinh dén pH = 5,0 sau 30 phut phan (ng)
vGi 10mL dung dich thuéc nhuém hoat tinh RB19 néng dé
50mg/L (tuong ty véi MB néng do 10mg/L). Thuc hién phan
ung dugi diéu kién chi€u anh sang mat trai, cac dung dich
RB19 (tuong tu vGi MB) sau 120; 150; 180; 240 phut dugc ti€n
hanh do d6 hap thu quang cta dung dich tai buéc séng dac
trung clia thuéc nhuém RB19 la 590nm (bang 2) va MB la
663nm (bang 3).

Bang 2. Nong do RB19 con lai va hiéu suat xtr Ii RB19 bang bac nano sau
khoang thai gian xi li khac nhau

t(phut) | Abs tai 590nm Crero (mg/L) H (%)
0 0,4345 30,8 -
120 0,2649 18,8 39,0
150 0,2545 18,0 41,3
180 0,2493 17,7 42,6
240 0,2163 153 50,2

Két qua cho thay, dung dich bac nano thu dugc c6 kha
nang xuc tac quang kha tét. Sau 240 phat xu ly dudi diéu
kién c6 chiéu sang mat trdi, hiéu suat x{r li RB19 bang dung
dich bac nano la 50,2%.
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Bang 3. Nong d MB con lai va hiéu suat xt li MB bang bac nano sau khodng
thdi gian xt li khac nhau

t (phut) Abs tai 663nm Cus (mg/L) H (%)
0 1,419 6,81 -
120 0,221 1,06 84,4
150 0,191 0,92 86,5
180 0,129 0,62 90,9
240 0,122 0,59 91,3

Khi tang dan thai gian x{ i thi d6 hap thu quang MB tai
budc séng 663nm giam dan. Khi thai gian xt lila 120 phat dé
hap thu gidm tur 1,419 xudng con 0,221. Khi ti€p tuc tang thoi
gian thai gian xt li dén 4 gid thi d6 hap thu tiép tuc giam
manh con 0,122, tuong tng vdéi hiéu suat xa li la 91,3%. Két
qua cho thay rang hiéu qua x li clia bac nano d6i vai thudc
nhudm MB cao hon so véi thuéc nhuém RB19. Diéu nay c6
thé giai thich bai thé zeta clia bac nano c6 gia tri am trong
khoang khoang pH trung tinh sé dé dang hap phu cac géc
cation ctia thuéc nhudm, tir d6 gitip vat liéu nay dé dang xur
li t6t cac thuéc nhudém cation nhu methylene blue (MB).

4, KET LUAN

Da téng hgp thanh cong vat liéu bac nano bang phuong
phap téng hgp xanh vai dich chiét 14 bac ha. Bac nano hinh
thanh c6 dang hinh cau, kich thudc nano. Gia tri pH dung
dich c6 nhiéu dnh hudng dén su hinh thanh bac nano tir dich
chiét 14 bac ha va nghién ctu cho thay khoang pH téi uu cho
qua trinh téng hop nay la tur 4,2 dén 6,2.

Cac hat bac nano tao thanh ti qué trinh téng hgp xanh
V@i dich chiét 14 bac ha c6 kha nang xt |i kha t6t cac pham
mau trong nudc. Sau 4 gid x li dudi diéu kién danh sang mat
troi, hiéu qua loai bé déi véi chat mau RB19 va MB lan lugt 1a
khoang 50,2% va 91,3%. Vat liéu nano bac xt li cac chat mau
thudéc nhom thuéc nhuém cation nhu MB t6t hon so véi chat
mau thuéc nhém anion nhu RB19. Hiéu qua loai béd mau
tang dat gia tri cao nhat véi ti 1é thé tich dich chiét/dung dich
bac nitrate TmM la 1/5.

TAI LIEU THAM KHAO

[1]. P.N. Sudha, et al, “Nanomaterials history, classification, unique
properties, production and market,” Emerging Applications of Nanoparticles and
Architecture Nanostructures, 341-384, 2018. DOI: 10.1016/B978-0-323-51254-
1.00012-9.

[2]. Murty BS, et al., “Unique properties of nanomaterials,” Textb. Nanosci.
Nanotechnol., vol. d, 29-65, 2013.

[3]. Nelson JK, “Overview of nanodielectrics: insylating materials of the
future,” in Proceedings of Electrical Insulation Conference and Electrical
Manufacturing Expo, Nashville EEIC, 2007.

[4]. Vo Thi Quy Vinh, et al., A mini review on silver nanoparticles: From
synthesis to applications,” DTU Journal of Science & Technology, 01 (32), 30-39,
2009.

[5]. Huber D. L., “Synthesis, properties, applications of iron nanoparticles,”
Small, 482-501, 2005.

Tap 60 - S0 6 (6/2024)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

[6]. Hufschmid R., “Synthesis of phase-pure and monodisperse iron oxide
nano particles by thermal decomposition,” Nanoscale, 11142-11154, 2015.

[7]. Parashar M., Shukla V. K, Singh R. M, “Metal oxides nanoparticles via sol-
gel method: a review on synthesis, characterization and applications,” Journal of
Material Science: materials in Electronics, 3729-3749, 2020.

[8]. Thi N. H. P., et al., “Green synthesis of an Ag nanoparticle-decorated
graphene nanoplatelet nanocomposite by using Cleistocalyx operculatus leaf
extract for antibacterial applications,” Nano-structures & Nano-Objects, 100810,
2022.

[9]. Hoang Duc Thuan, Ngo Van Cuong, Le Thi Thu Hong, Tran Thach Thao,
Nguyen Thi Nhu Quynh, Cao Van Du, “Green synthesis of silver nanoparticles using
herbal extract (piper betle, muntingia calabura)”, Journal of Science of Lac Hong
University, 12, 079-084, 2021.

[10]. Khieu Thi Tam, Nguyen Thi Kim Ngan, “Green synthesis of silver
nanoparticles using citrus maximapeel extract for photocatalytic degradation of
methylene blue, and rhodamine B under sunlight,” TNU Journal of Science and
Technology, 227, 08, 410-416, 2022.

[11]. Dang Tan Hiep, et al., “Synthesized silver nanoparticles using peel
extract of purple passion fruit and application in the detection of Pb?*, Zn?* ions
in aqueous medium,” Journal of Science technology and Food Processing, 20 (1), p.
96-106, 2020.

[12]. Ping Y, Jun Z,, Tieling X., Guogiang C., Ran T., Kwang-Ho C., “Green
synthesis of silver nanoparticles using grape seed extract and their application for
reductive catalysis of Direct Orange 26” Journal of Industrial and Engineering
Chemistry, 58,74-79, 2018.

[13]. Rautela A., Rani J., Debnath M., “Green synthesis of silver nanoparticles
from Tectona grandis seeds extract: characterization and mechanism of
antimicrobial action on different micro-organisms,” Journal of Analytical Science
and Technology, 10, 5,2019.

[14]. Tran Thuy Nga, “Synthesis of nano silver green from mint leaf extract
and initial investigation into photocatalytic ability,” Transport Journal, 736, 108-
111, 2023.

[15]. Tran Bao Tram, et al., “Evaluation of the chemical components and some
bioactive compounds of the peppermint essential il (Mentha arvensis L.) cultivated
in Vietnam,” Vietnam Journal of Science and Technology, 63(7), 26-30, 2001.

Vol. 60 - No. 6 (June 2024)

[16]. Fahmy H. M., et al., “Coated silver nanoparticles: Synthesis, cytotoxicity,
and optical properties,” RSC advances, 9, 35, 20118-20136, 2019.

[17]. Schmidt E., et al., “Chemical composition, olfactory evaluation and
antioxidant effects of essential oil from Mentha x piperita,” Natural Product
Communications, 4 (8): 1107-1112, 2009.

[18]. Abou El-Nour K. M., et al., “Synthesis and applications of silver
nanoparticles,” Arabian journal of chemistry, 3, 3, 135-140, 2010.

[19]. Badri Bhattarai, et al., “Chemistry and Structure of Silver Molecular
Nanoparticles,” American Chemical Society, 51(12), 3104-3113, 2018.

AUTHORS INFORMATION

Lai Thi Hoan', Tran Thuy Nga', Ho Phuong Hien?, Lu Seo Di
"University of Transport and Communications, Vietnam

2Hanoi National University of Education, Vietnam

HaUl Journal of Science and Technology | 143



