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SUMMARY

GREEN SYNTHESIS OF GOLD NANOPARTICLES AND THEIR ENHANCED
CATALYTIC APPLICATION IN ORGANIC REDUCTION

Water pollution stemming from various sources, including organic dyes, pesticides, and organic compounds,
remains a pressing global concern. In this study, a green one-step synthesis method using Paramignya
trimera’s extract as reducing and stabilizing agent was successfully applied to synthesizegold nanoparticles
(AUNPs) for the effective degradation of organic dyes. The AuNPs exhibit a spherical shape, ranging from
18 to 24 nm, and are uniformly distributed as observed through TEM and SEM measurements. The
exceptional stability of the AuNPs suspension is attributed to the electrostatic attraction mechanism, as
indicated by the high zeta potential of -23.8 mV, and the protective role played by the organic layer
surrounding the AuNPs. The research results regarding the catalytic capabilities of the material reveal that
AuNPs effectively serve as catalysts for the reduction of two organic dyes, methylene blue (MB) and
bromocresol green (BG), forming their respective complex compounds. The corresponding rate constants
for these reactions are determined as follows: k = 0.0152 s for MB and k = 0.0056 s™ for BG, while the
activation energies of these reactions are found to be -14.62 kJ/mol for BG, and -16.05 kJ/mol.

Keywords: Gold nanoparticle, green synthesis, organic reduction, methylene blue, bromocresol green.

1. PAT VAN PE khé xir Iy hon. Hién nay, nhiéu cong trinh khoa hoc
da chi ra viéc str dung cac vat liéu nano kim loai 1am
chit xuc tac cho phan mg loai bo hop chét hitu co
nhu  methylene blue [3,4,6,7,11], 4-nitrophenol
[5,12], methylene orange [6,8,10,11], bromocresol
green [9] ... trong mot s6 dang nude thai di mang
lai hiéu qua tich cuc cung voi chi phi thap va than
thién moi truong. Trong ) nay, vat liéu AuNPs
(AuNPs) dugc tong hgp bang phuong phép st dung
dich chiét tir thuc vat lam chat khir va dung dich
Céc chat hitu co thuong dugc loai bo khoi méi  Au®* duoc xem la tmg vién ndi bat bdi né mang lai
truong nudc bang cac phwong phap truyén thong nhiéu loi ich kinh té [13], than thién méi truong [13-
nhu: phuong phap loc mang, trao ddi ion, hip phy, 15] cling nhu bao dam strc khoe cho con ngudi [16-
sinh hoc.... Cac phuong phap nay thudng ton chi phi 17].

cao d6i khi con tao thanh cac chét thai thir cip cang

Trong nhitng ndm gan day, voi toc do phat trién cua
cac nganh dai cong nghiép, tinh trang 6 nhiém moi
trudng nudc boi cac chit thai mau hitu co ngay cang
nghiém trong. Cac chét nay c6 thdi gian ton tai rat
lau trong moi truong nudc va tich ty sinh hoc theo
cac chudi thirc an, diéu nay s& gay hai rat 16n dén hé
sinh thai va tryc tiép anh huong dén chét lugng cude
song, strc khoé con ngudi [1-2].

66



Cay X4ao tam phén c6 tén khoa hoc 1la Paramignya
trimera (Oliv.) Guillaum la cay dugc liéu, dugc
trdng kha nhidu ¢ cac tinh ving nam trung bé cia
Viét Nam. Ré, than va 14 cAy x4o tam phan chira
cac hop chit c6 tinh khir manh nhu: Tannins,
Saponin, Coumarin, Flavonnoid..., tir xa xua, loai
cay nay dugc sir dung nhu mot phuong thude diéu tri
cac bénh vé gan, duong tiéu hoa va cac bénh truyén
nhiém [18-19]. Trong nghién ctru ndy, hat AuUNPs
dugc tong hop tir mudi HAUCI,.3H,0 véi chit khir
1a dich chiét tir cdy Xé4o tam phan, vat liéu AuNPs
tong hop dugc & diéu kién tbi wu s& dong vai tro xic
tac cho phan tng loai bo hai hop chit hitu co
Bromocresol Green (BG) va Methylene Blue (MB).

2. THUC NGHIEM
2.1. Ho4 chit

Trong nghién ctru nay, cac hoa chit chinh duoc st
dung gdom: Tetrachloroauric(Ill) acid trihydrate,
Sodium borohydride, Methylene Blue, Bromocresol
Green.

2.2. Phuong phap nghién ctru
2.2.1 Chudn bi dich chiét

Cay X&o tam phan dugc thu mua tir ving trong &
tinh Khanh Hoa, Viét Nam. Sau do, than cay duoc
bam nhuyén thanh dim va xay thanh bot nhd thiét
bi xay nhuyén.

Can khoang 5(g) bot Xao tam phéan va dun hoan luu
v6i 400 mL nudc cat trong 60 phit ¢ nhiét do 100
°C, sau d6 loc bo can s& thu duge dich chiét.

2.2.2 Tong hop vt liéu AuNPs

Phan Gng gitta dung dich HAuCl,;.3H,0 voéi dich
chiét X4o tam phén (da dwoc chudn bi & muc 2.2.1)
phu thudc vao cac yéu td: ti 18 gitra dich chiét va
HAUCI4.3H,0, nhiét dg, thoi gian phan Gng va
nong do dung dich HAuCl,.3H,0. Khéo sat lan luot
timg yéu té dé tim diéu kién tdi wu, theo thu ty va
khoang khao sat nhu sau: ti 1¢ gitta dich chiét va
HAUCI,.3H,0 dugc khao sat lan lugt & cac ti 18
sau: 1:1, 1:2, 1.5, 1:10, 1:20, ndéng do
HAuCI4.3H,0 I&: 0,5, 1,0, 1,5 va 2,0 mM, thoi gian
phéan tng: 10, 15, 20, 25, 30, 40 phat, nhiét d6 phan
mg: 50, 60, 70, 80, 90°C. Cac phan tng tong hop
dugc thuc hién trong éng ly tim thuy tinh chiu
nhiét c6 nip day, thé tich dng 15 mL. Ong ly tim
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dugc dit trong bé on nhiét (Bandelin DT 156 BH)
dugc trang bi kém h¢ thong siéu am, giup kiém soat
nhiét d6 tong hop, dam bao cho hdn hop phan g
dugc khqu tron lién tuc.

Phuong phap phan tich pho UV—Vis (trén thiét bj
UV-VIS Shimadzu 1900i tai Trung tdm dich vu
phan tich thi nghiém Thanh phd HO Chi Minh)
dugc s dung dé kiém tra 6 hip thu quang tai
bude séng 554 nm cuia dung dich AuNPs tao thanh
nham t6i vu héa timg yéu t6 dwoc khao sat. Dung
dich nano vang tong hgp ¢ ca bon diédu kién tdi wu
dugc mang di ly tam, sdy kho, chuin bi cho cac
phép phén tich dat trung hoa 1y cua vat liéu.

2.2.3 Phuong phdp phan tich dac trung vdt liéu
AuNPs

Vit liéu sau khi téng hop ¢ cac diéu kién tdi wu
dugc xac dinh ddc trung bang cac phuong phap:
phuong phép nhiéu xa tia X (XRD) dugc ghi trén
thiét bi Shimadza 6100 vé6i cuong do dong 6ng phat
30 mA, goc quét 20 tir 10-80° va tbc do quét
0,6°/phut; phuong phap phd hdong ngoai (FT-IR)
dugc do trén may Thermo-Nicolet 1ISO50 FT-IR
trong ving sb song tir 400-4000 cm™; phwong phap
tan xa nang lugng: duogc ghi trén thiét bi EDX-8100
ROHS ASSY cua hiang SHIMADZU tai phong
Nghién ctru trién khai-Trung tdm Dich vu Phan tich
Thi nghiém Thanh phé HS Chi Minh, TP. H6 Chi
Minh; phuong phép hién vi dién tir quét (SEM) trén
méy S-4800, Hitachi (Nhat Ban) v6i hiéu thé gia
tdc = 10 kV, do phan giai tir 200 nm dén 1 um, WD
= 7,7 mm, tai Nanotechnology Lab, SHTP labs. L6
I3, duong N2, khu cong nghé cao, TP. Thu Dtrc,
TP.HO Chi Minh; ky thut hién vi dién tir truyén
qua (TEM) trén may JEM 2100, hing san xuét:
JEOL, Nhat Ban, v6i thé phat: 200 kV, soi dbt:
LaB6, d6 phan giai giita hai diém: 0,23 nm, hai
duong: 0,14 nm, kha ning nhiéu xa: nhidu xa lya
chon ving (SAED), nhiéu xa chim hoi tu (CBED)
v6i goc nhidu xa rong. Tai Vién Khoa Hoc Vit
Liéu - Vién Han Lam Khoa Hoc va Cong Nghé
Viét Nam, s 18 Hoang Qudc Viét, quan Cau Gidy,
Ha Noi.

2.2.4 Khao sat kha nang xuc tac cua AUNPS

Hoat tinh xiic tac ciia AUNPs duoc danh gia bang
cach: tién hanh khao sat phan tmg khir gitta MB
hodac BG va NaBH, véi sy c6 mat cua nano vang,



phan tng nay duoc coi nhu 13 phan tmg nén, va la
nén tang phan g dé khao sat ning luong hoat hoa.

Thyc hién phan tmg véi 2,5 mL MB hoic BG nong
d5 1 mM va 0,5 mL NaBH,, nong d6 1,0 M trong
diéu kién khi chua c6 xtc tac va khi c6 0,03 mL
xuc tac AuNPs. Két qua duoc theo ddi thong qua
may phan tich phé UV—Vis tai nhiing khoang thoi
gian khic nhau dé thdy sy giam dan bién mat do
hap thu & bude séng 662 nm.

2.2.5 Xdc dinh nang lwong hoat hoa ciua phan ng
phdn  huy gita NaBH, va methylene blue,
bromocresol green khi cé6 mat xuic taic AUNPS

Dé danh gia kha nang hoat hoa cua phan tmg, tién
hanh thuc hién & ting diéu kién nhiét 46 khac nhau:
30°C, 40°C, 50°C, 60°C, 70°C. Tir d6, hing s tdc
d6 phan tmg k dugc xac dinh tuong ung vai thoi
gian khao sat.

Nang lugng hoat héa (E) dugc xac dinh thong qua
phuong trinh Arrhenius, xac dinh hing sb goc cia
duong hdi qui tuyén tinh Lnk va 1/T.

3. KET QUA VA THAO LUAN
3.1. Két qua khao sat diéu kién téng hop tbi vu

Két qua khao sat cac yéu td anh huong dén qué
trinh téng hop vat liéu dugc thé hién ¢ hinh 1. Két
quéa & hinh 1a cho thiy, phd UV-Vis cua dich chiét
tir cdy X4o tam phan khong xuat hién peak dic
trung nao, do d6 peak ¢ 554 nm c6 thé duoc sur
dung dé khao sat cac diéu kién tong hop nano vang
thong qua hién twong plasmon bé mit. Theo khao
sat, @6 hap thu cia dung dich mau c6 xu hudng
tang theo ti 1¢ dich chiét, tir ti 1& 1:1, 1:2, 1:5. Tuy
nhién, bit dau ¢ ti 1& dich chiét tr¢ di 1:10, 1:20 ta
thiy do hap phu giam xudng so véi ¢ ti 1& dich chiét
1:5 boi vi lic nay hé nano & trang thai khong bén,
¢6 hién tugng keo ty, cac hat AUNPSs luc nay to hon
lam cho & ti 1¢ 1:10 tro di d6 hap thu giam xudng.
Dong thoi & gia tri 1:5 thi d6 hdp phu dat gia trj cao
nhét. Do dé, ta lya chon dugc ti 1€ dich chiét so véi
dung dich vang tdi uu trong tong hop AuNPs la 1:5
(i 1& dich chiét/ dung dich HAuCl,.3H,0).

Anh huéng cia ndng d6 dung dich HAuCl,.3H,0
dugc thé hién & hinh 1b: Khi ting ndng do
HAUCI,.3H,0 tir 0,5 mM dén 1,0 mM thi gi4 tri
mat d6 quang do dugc ciing ting dan nhung khong
nhiéu chimg t6 qua trinh tao AuNPs van dang dién
ra. Bén néng d6 1,5 mM mat do quang dat gia tri
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cao nhit nghia 14 tdc do phan tmg xay ra nhanh hon
va hat AuNPs dugc tao ra nhiéu hon, va dat gia tri
16n nhat & ndng d6 1,5 mM. Sau d6, & ndng d6 2,0
mM mat d6 quang giam manh nghia 13 & nong do
nay toc do phan tmg va hat AuNPs dugc tao ra
khong con t6t nita. Trong qua trinh bao quan
AUNPs & néng d6 2,0 mM di thdy xuét hién keo tu
sau 3—4 gio. Nghia 1a hat AuNPs & nong do 2,0
mM tao thanh khong bén & diéu kién khao sat, dé bi
keo ty. Nhu vay, néng d6 dung dich HAuCl,.3H,0
thich hop nhat 1a C = 1,5 mM va dung dich keo
AuNPs duoc tong hop bén, khong bi keo tu, nén
néng d6 tbi uu duoc chon 1a 1,5 mM.

Hinh 1c 14 két qua thé hién anh hudng cua nhiét do
dén qua trinh tong hop vat lidu: tir két qua UV-Vis
cho thdy tai budc séong A=554 nm d6 hip thu cia
AuNPs c6 xu hudng tang theo nhi¢t dd phan ng.
Tuy nhién, & nhiét d6 80°C va 90°C thi d hép bang
nhau béi vi & 80°C hé nano & trang thai t6i uu. Do
do, ta lya chon dugc nhiét d6 téi wu trong téng hop
AUNPs 1a 80°C.

Tir két qua phé UV—Vis ¢ hinh 1d cho thy ¢ thoi
gian khao sat tir 5 phat dén 40 phut, ta thdy cudng
do dinh hép thu cta dung dich tang dan va mat do
do quang cao nht ¢ 25 phat. Sau thoi gian 25 phit,
tir 30, 35, 40 phut, ta thdy do hép thu cuc dai cia
dung dich mdc du cé xu hudng ting nhung khong
¢ su chénh 1éch nhiéu véi gia tri o méc thoi gian
la 25 phat. Tu do, ta xac dinh duogc méc thoi gian
t6i wu 1a 25 phit cho viéc hinh thanh AuNPs sau
phan mg, dam bao duogc vé mit ning luong 1an
thoi gian tong hop.
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3.2. Két qua xac dinh dic trung vit li¢u

Dic trung vat ligu AuNPs dugc thé hién ¢ cac hinh
3, 4. Tir gian dd XRD cua céc hat AuNPs & hinh 2a
cho thay cac dinh nhidu xa & cac goc 26 la 38.2°
(111), 44.4° (200), 64.7° (220), 77.5° (311) trong
cAu trac FCC [20-21]. Pinh nhidu xa cao nhat quan
sat duoc & goc 20 = 38.2 cho thiy cac hat tinh thé
AUNPs c6 xu hudng phat trién chinh theo mait
(111). Nhu vay, kich thudc hat trung binh cua
AuNPs 12 9,4 nm duoc xéac dinh dua vao chiéu rong
0 mat (111) thong qua cong thirc: d = 0.94/BcosO
(phuong trinh Debye — Scherrer).

Két qua FT-IR (hinh 2b) thé hién sb séng dao dong
clia cua cac phan tir hiru co trong dich chiét Xéo
tam phén tai 1405.85, 1498.42, 1559.17, 2337.3,
2852.2, 2922.6, 3381.6 cm™. Céac dinh phd co su
dich chuyén sang cac vi tri khac nhau sau khi téng
hop AuNPs bang dich chiét Xao tam phéan, nhung
su thay d6i d6 khong 16n. O bude séng 3300-3500
cm™, cho théy su c6 mit cua nhom -OH, biéu hién
cho su ton tai cua glucides va polyphenol. Cac
nhém C-H ciing duoc tim thiy & dai phd & vi tri
2800-2960 cm™, bén canh do, lién két -C=0 ton tai
trong dich chiét cling duogc thé hién cu thé & cac
dinh khoang 1630-1780. C&&c nhoém mang vong
benzene dugc biéu hién cu thé & khoang budc song
1500 cm™. Nhu véy, dich chiét X4o tam phan c6
chura cac phan tir hitu co c6 cac nhom chtr cé kha
nang cho dién tr -O-H, -C=0 doéng vai tro chit khur
tham gia vao qua trinh hinh thanh AuNPs.
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Hinh 2. Cdc két qua do gian d6 XRD (a); phé FT-
IR (b); SEM (c); TEM (d) ciia AUNPS ¢ diéu kién
tong hop toi wu.
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Két qua phan tich SEM, TEM (hinh 2¢, d) cho biét
vat liéu AuNPs c6 dang hinh cau, kha déng déu,
kich thudc dao dong tir 18 dén 24 nm, céac hat ton
tai doc 1ap va tach roi nhau, khong quan sat thiy
hién tuong keo tu.

Tir két qua do trong hinh 3(a, b, ¢) cho thdy AuNPs
dugc phan bd kha dong déu voi kich thude nho hon
100 nm, dién thé Zeta co gia tri nho nhat ¢ -20.5
mV va c6 gia tri trung binh khoang -23.8 mV,
chimg t6 rang AuNPs tong hop dugc c6 tinh 6n
dinh do sy tao thanh cac micelle cua cac phan tir
hiru co bao boc AuNPs.
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Hinh 3. Cdc két qua EDX (a); phdn bé kich thwde
hat (b); thé zeta (c)cua vdt liéu o diéu kién t6i wu.

3.3. Két qua khao sat hiéu qua xiic tac cia vat liéu

3.3.1. Hiéu qua xuc tac cua AUNPS trong phan irng
giita NaBH,va MB

Ttr két qua duogc trinh bay & hinh 4a cho thdy: dung
dich MB mau xanh dam hép thu cuc dai & bude
song A=664 nm, sau khi cho MB phan tng véi
NaBH,, AuNPs vai tro 1a mot chit xtic tac, mau cia
dung dich dan bién mét. Két qua cho thdy su phan
huy MB véi su c6 mét cta xtc tdc AuNPs da dugc
hoan thanh trong khoang 4 phut (240 gidy). Mdi
quan hé tuyén tinh c6 thé duoc quan sat tir phuong
R A
trinh In (A—t)

o

—kt so véi thoi gian phan ung,

hang s toc do (hinh 4a’). Gia trj twong tng k =
0,0152 5.

Tir két qua UV—Vis vé su suy giam ham lugng MB
phéan ng véi NaBH, c6 mat AUNPS lam xuc tac tai
cac nhiét do: 30°C, 40°C, 50°C, 60°C, 70°C cho
théy phéan tng xay ra chdm hon ¢ nhiét d6 cao, cu
thé tir 240 s tang 1én 560 s.



Phuong trinh dong hoc bac nhét (hinh 4a”’) cho thay
hang s6 téc do 6 gia tri giam dan ¢ mdi nhiét do
(hinh (4a’, b’, ¢’, d’, €”)). Nhiét d6 cao lam ting
dong nang cua céc phan tir hitu co trong dung dich,
cac phan tir chuyén dong nhanh hon da c6 thé da can
trd qua trinh hip phu phan tir chét hitu co 1én bé mat
XUc tac, 1am giam tdc d6 qua trinh chuyén hoa.

Tu phuong trinh Arrhenius cuia MB phan ung voi
NaBH,; c¢6 mat AuNPs lam xuc tac, ta xac dinh
duoc nang luong hoat héa tuong ung la E, =
—14,62 (%). Ning lugng hoat héa am ching té
phan tng khong thuan lgi ¢ nhiét d cao va & nhiét
d6 khao sat 30°C hang sé toc do 1a 16n nhét.
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Hinh 4. Phé UV — Vis vé suy giam ham liong MB phan irng véi NaBH, ¢6 AUNPS lam xiic tac va phwong
trinh dong hoc bat nhét & cac nhiét dé khac nhau.

3.3.2. Hiéu qua xuc tdc cua AUNPS trong phan ung
giita NaBH,va BG

Tuong ty nhu nghién ctru & muc 3.3.1., dung dich
BCG mau xanh 14, két qua do trén phd UV-Vis cho
dinh hap thu cyc dai A = 616 nm (hinh 5). Két qua
cho thdy, sy phan huy mau MB khi tham gia phan
ung voi dung dich NaBH,; véi sy c6 mat cia
AUNPs hoan thanh trong khoang 12 phut. Mdi quan
hé tuyén tinh c6 thé duogc quan sat tir phwong trinh
In (j—t) = —kt so voi thoi gian phan tng, hang s6
téc do (hinh 5a’). Gi4 trj tuong tmg k = 0,0056 s™.

Tir két qua UV — Vis vé sy suy giam ham luong
BG phan tng vi NaBH, c6 mat AuNPs Iam xuc
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tac tai cac nhiét do: 30°C,40°C, 50°C, 60°C, 70 °C
cho thay viéc khir BG bang NaBH, c6 xlc tac
AuNPs di lam cho phan rng xay ra chdm hon, cu
thé tir 720 s ting 1én 880 s (ting tir 12 phit dén gin
khoang 15 phut, theo nhiét d¢). Két qua nay tuong
tu voi khao sat MB & muc 3.3.1.

Qua két qua cua phuong trinh ddng hoc bac nhat
cling cho thiy hing sb toc do co gia tri giam dan &
mdi nhiét d6 (hinh (5a°°, b’, ¢’, d, ¢”)). Tir phuwong
trinh Arrhenius ctia BG phan Gng véi NaBH, cé
mat AuNPs lam xuc tac, ning lugng hoat hda xac

dinh twong mg la E, = —16,05 ().
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Hinh 5. Phé UV — Vis vé suy giam ham liwong BG phan ieng véi NaBH, ¢6 AuNPs lam xiic tdc va phiong

trinh dong hoc bat nhét & cde nhiét d khac nhau.

4. KET LUAN

D3 tong hop thanh cong vat liéu AuNPs tir hop chit
HAUCI,.3H,0 v&i dich chiét tir cdy X4o tam phan
lam chét khir, cac thong s anh hudng dén qua trinh
tong hop di dugc khao sat dé tim diéu kién t6i wu:
ndng d6 HAUCI,.3H,0 sir dung 1a 1 mM, thoi gian
phéan tmg 25 phut, ti 1& dich chiét so voi vang la: 1:
5, nhiét d6 phan tng 1a 80 °C. AuNPs sau khi tong
hop duoc xac dinh dic trung hoa 1y bang cac
phuong phap: TEM, SEM, XRD, FT - IR, DLS,
thé Zeta, EDX. AuNPs tong hop duoc c6 dang hinh
ciu véi kich thudc trung binh khoang 18-24 nm.
Két qua nghién ctru kha ning xuc tac cua vat lidu
cho thiy: AuNPs thé hién tt vai tro lam chit xuc
tac cho phan tng kht hai chit mau hiru co:
methylene blue va bromocresol green véi hing sb
tbc do twong tng lan luot 1a k = 0,0152 s, k=
0,0056 s va nang luong hoat hoa ciia phan tmg 1in
luot 1a: -14,62 kJ/mol; -16,05 kJ/mol.

Lo&i cdm on: Nhom tac gia xin chan thanh cam on
Truong Dai Hoc Cong Nghiép TP.HCM va Trung
Tam Dich Vu Phan Tich Thi Nghiém TP. Hb Chi
Minh d4 hd trg co s¢ vat chit va kinh phi thuc hién
nghién ctru nay.
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