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SUMMARY

STUDY ON THE CATALYTIC AND H,0O, SENSING CAPABILITY OF GOLD
NANOPARTICLES SYNTHESIZED FROM THE EXTRACT OF
PHLOGACANTHUS TURGIDUS

In this study, the AuNPs synthesized from the extract of Phlogacanthus turgidus exhibited absorption peaks
within the wavelength range of 500 nm to 600 nm. The results of TEM and SEM showed that the structure of
AuNPs exhibits various shapes, including cylindrical, spherical, and polygonal forms. Additionally, clusters
of AuNPs were observed with different sizes. Various factors affecting the redox reaction between hydrogen
peroxide (H,0,) and 3,3',5,5'-Tetramethylbenzidine (TMB) using AuNPs as a catalyst were investigated.
These factors included temperature, reaction time, pH, the amount of AuNPs, TMB concentration, and H,0,
concentration. UV-Vis spectrophotometry was utilized to determine the optimal conditions for H,0,
detection through the ox-TMB color reaction with the AuNPs catalyst, thereby evaluating their applicability

as H,0, sensors.
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1. GIOI THIEU

Nano vang gan day duoc quan tdm nhiéu
do tinh tng dung da dang trong cac linh
vuc y sinh, quang hoc, moi truong, Xuc
tac va dién hoa nhu cam bién sinh hoc [1-
6]. H,O, 1a chat oxy héa manh va cé
nhiéu ng dung khac nhau trong y hoc va
cong nghiép. H,0; thudng duoc biét dén
nhu mét chat tay trang va khu tring. Do
c6 tinh an mon manh, 1am bién déi té bao
gbc, doc cap tinh man tinh ddi voi moi
truong thuy sinh [7-9], nén viéc su dung
H,0, can phai dugc thuc hién ding cach
dé dam bao an toan va hiéu qua. Viéc
dinh tinh va dinh lugng H,O, duoc thuc
hién trong nhiéu nén mau khac nhau, bao
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gom cac miu mdi truong nhu nudc va
dét, chét dich cua con nguoi nhu md hoi,
mau, nudi cay té bao va mé. H,0, duoc
do bang nhiéu phuong phap khic nhau
nhu quang hoc bao gém do mau, phat
quang hoa hoc va huynh quang; va dién
hoa bao gém phép do dién thé, phép do
von ké va phép do cuong do dong dién.
Mot giai phap don gian di nhan duoc rat
nhiéu sy quan tam cua cac nha khoa hoc
trong linh vuc phén tich hoa sinh d6 la
cam bién so mau két hop xuc tac nano
kim loai [10]. Gan day da c6 nhiéu nghién
ciu vé tong hop xanh va @ng dung
AuNPs trén cam bién H,0,. Lin va cong
su (2018) da nghién ctiru cam bién do mau
dé phat hién H,0, bang cach str dung cac



AuNPs bién d6i DNA [11], Manman Lu
va cong su (2019) da nghién ctru qua trinh
khic hat nano vang duoc gay ra boi phan
g giéng enzyme dé phat hién H,0, va
glucose [12], Natchanok Talapphet va
cong su (2024) da t6i wu hoa qua trinh
peroxidase AuNPs-cu cali ngya nhu mo
phong peroxidase bang cach st dung mé
hinh thiét ké hdn hop trung tam dé phat
hién H,O, [13]. Nghién ctru trude day cua
nhém tac gia da s dung dich chiét cay
thuong son tia dé tong hop AuNPs [1].
Tuy nhién, viéc tng dung AuNPs duoc
tong hop theo cach trén dé lam dau do
H,O, dua trén phan ung oxy hoda khu
TMB va H,0, vagi xuc tac AuNPs chua
dugc cong bb. Co ché xuc tac caa AuNPs
¢6 ba budc, gdm (1) quéa trinh tao gbc tu
do hydroxyl (OH), (2) quéa trinh tao O,
(3) qua trinh chuyén electron (Hinh 1)
[14]. Muc dich cua nghién cau nay la
khao sat kha ning xuc tac va cam bién
H,0, cua AuNPs duoc tong hop tir dich
chiét cay thuong son tia Phlogacanthus
turgidus.
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H,C

CH,
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AuNPs ox-TMB

red-TMB

Hinh 1. Co ché oxy hda TMB bing H,0, véi
xuc tac AuNPs

2. THUC NGHIEM
2.1. Nguyén li¢u

Mau cay thuong son tia kho xay nho duoc
thu hai tai vuon Québc gia Bu Gia Map,
tinh Binh Phudc, Viét Nam. Cac héa chat
duoc s dung bao gdm Tetrachloroauric
(1) acid  trinydrate  (HAuCl4.3H,0),
3,3°,5,5’-Tetramethylbenzidine

(C16H2oNy), hydrogen peroxide (H20y),
acetic acid (CH3;COOH) va sodium
acetate (CH;COONa) dat tiéu chuan dung
trong hda phan tich, dugc mua tir cong ty
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Acros, Bi. Nudc cat hai lan duoc str dung
trong tat ca cac thi nghiém.

2.2. Phuong phap nghién ciu

2.2.1 Quy trinh tong hop AuNPs tir dich
chiet thuong son tia

AuNPs duoc tong hop tir chiét xuit 14
Phlogacanthus turgidus, theo phuong
phap duoc mé ta boi V. S. Dang va cong
su. (2022) [1].

2.2.2. Khao sat sy dnh hwong cua nhiét
do den qua trinh oxi héa TMB bang H,0,
voi xuc tac AuNPs

HUt lan luot bang pipet va micropipette: 2
mL dung dich dém acetate voi pH = 5,
400 pL TMB néng d6 5 mM. Kiém tra lai
gia tri pH cua dung dich dé dam bao mau
¢6 pH dung véi pH khao sat. Tiép tuc hit
600 pL H,O, 400 uM cung véi 120 pL
dung dich AuNPs dugc tong hop tir dich
chiét thuong son tia vao cac chai bi 10
mL d3 dugc che kin bang gidy bac. Sau
do, dat vao bé 6n nhiét phan ung tai lan
luwot cac gia tri nhiét do nhu sau: 30°C,
35°C, 40°C, 45°C, 50°C, 55 °C, 60 °C,
65°C trong 30 phut. Tién hanh do UV-VIs
cac dung dich trén dé khao sat sy anh
huong caa nhiét do phan ung oxi hda khir
TMB véi H,0, cd mat xuc tac AuNPs va
x4c dinh nhiét d6 t6i wu dé tién hanh cac
thi nghiém tiép theo.

2.2.3. Khao sat s anh huwong cua thoi
gian dén qua trinh oxi hoa TMB bang
H,0, vdi xuc tdc AuNPs

HUt 1an luot bang pipet va micropipette: 2
mL dung dich dém acetate cé pH =5, 400
UL TMB néng d6 5 mM, kiém tra lai gia
tri pH. Tiép tuc hat 600 pL H,0, néng do
400 pM cong voi 120 pL dung dich
AUNPs cho vao cac chai bi 10 mL da duoc
che kin bang gidy bac. Dat vao bé on nhiét
phan ung tai nhiét 6 da ti wu. Ct mdi
khoang thoi gian cach nhau 10 phdt thi tién



hanh iy 1 miu di do UV-VIs dé khao séat
su anh huong cua thoi gian dén phan Gng
tao mau cua hop chat ox-TMB.

2.2.4. Khao sét sy anh huong cua do pH
den phan #ng tao mau ox-TMB vai sy gop
mat H,O, ¢6 xUc tac AuNPs

HUt 1an luot bang pipet va micropipette: 2
mL dung dich dém acetate cO cac gia tri
pH khéc nhau, 400 uL TMB ndng d6 5
mM. Kiém tra lai gi tri pH cta dung dich
dé dam bao mau c6 pH dung v6i pH khao
sat. Tiép tuc hat 600 pL H,0, 400 pM
cong vai 150 pL dung dich AuNPs duoc
tong hop tur dich chiét thuong son tia cho
vao cac chai bi 10 mL d3 duoc che kin
bang gidy bac. Sau d6 dit vao bé on nhiét
phan @ng tai nhiét d6 va thoi gian da toi
wu. Tién hanh do UV-VIs cac dung dich
trén dé khao sat sy anh huong caa do pH
dén qua trinh oxi héa TMB bang H,0, c6
xuc tdc AuNPs tir 6 xac dinh duoc gia tri
pH téi wu nhat c6 cac phan tng ké tiép.

2.2.5. Khao sat s anh huong cua lwong
AUNPs deén phan izng tao mau ox-TMB

Hat 400 uL TMB 5 mM, 2 mL dung dich
dém acetate c6 gia tri pH t6i wu va 600 pL
H,0, néng do 400 UM cho vao céc chai bi
10 mL. Tiép tuc thém lan luot: 50 pL, 60
pL, 70 pL, 80 pL, 90 pL dung dich
AuNPs duoc tong hop tir dich chiét
thuong son tia cho vao céc chai bi trén va
che kin bang giay bac. Sau d6, dat vao bé
on nhiét phan @ng véi nhiét o da tdi uu.
Sau khi hét thoi gian phan ng, tién hanh
do UV-VIs cac dung dich trén dé xac dinh
lugng xUc tac nano vang tbi wu cho phan
tng oxi hoéa khir gitra hop chat TMB va
H,0, dé lam cac thi nghiém tiép theo.

2.2.6. Khdo séat sir anh hwong cia nong

dé TMB dén qua trinh oxi héa TMB vdi
chat oxi héa H,O, c6 xuc tac AuNPs

Ht 1an luot 2mL dung dich dém acetate
c6 gia tri pH t6i wu va 600 uL H,O, 400
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UM cong véi luong tdi wu dung dich
AuNPs dugc tong hop tur dich chiét
thuong son tia cho vao cac chai bi 10 mL
da dugc chuan bi trong d6 c6 400 pL
dung dich TMB lan luot véi cac néng do
khac nhau: 3 mM, 3.5 mM, 4 mM, 45
mM, 5 mM va dugc che kin bang gidy
bac. Sau d6, dat vao bé on nhiét phan ung
Vv6i nhiét do, thoi gian da téi wu. Tién
hanh do UV-VIs cac dung dich sau khi
phan tng két thic dé xac dinh nong do
dung dich TMB t6i wu.

2.2.7. Xdc dinh phgm vi tuyén tinh H,0,
va gia tri gici hgn phét hién (LOD) dén
quéa trinh oxi héa TMB véi chadt oxi hoa
H,0, c6 xuc tadc AuNPs

Tién hanh hat 400 pL TMB, 2 mL dung
dich dém acetate voi cac gia tri tdi wu va
600 pL H,0, ¢ cac nong do khac nhau
(10 pM, 50 UM, 100 pM, 150 pM, 200
UM, 250 puM, 300 puM, 350 uM va 400
UM) cong véi mot lugng dung dich
AUNPS ti vru. Sau d6 tién hanh do quang
phd UV-VIs dé thu duoc su thay doi do
hap thu tir ¢6 dua ra nhan xét vé khoang
tuyén tinh ciia nong do H,0,.

3. KET QUA VA THAO LUAN

3.1. Két qua phd UV-Vis ciia AuNPs
dwoc tong hop tir dich chiét thwong son
tia

AuNPs dugc tong hop tir dich chiét 14
thuong son tia cho két qua peak hap thu ¢
khoang budc séng 500 - 600 nm. Peak hip
thu cuc dai ¢ budc séng 547 nm dugc thé
hién & Hinh 2, diéu nay phu hop véi nghién
ctru trude day 13 AuNPs co peak hap thu
cuc dai trong khoang budc song 522 - 570
nm [15]. Két qua hinh TEM (Hinh 3A) cho
thdy cau tric cua cac hat AuNPs cO cac
hinh dang khéc nhau bao gém hinh try, hinh
cau, hinh da giac,... va hinh SEM (Hinh
3B) cO cac cum hat AuNPs c6 kich thudc
khac nhau.
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Hinh 3. Hinh TEM (A) va SEM (B) ctia AuNPs
duoc tong hop tir dich chiét cay thuong son tia

3.2. Két qua khao sat sy anh hwéng cia
nhiét d¢ dén qua trinh oxi héa TMB
cung sw gép mat caa H,O; va cé xuc tac
AUNPs

So sanh quang phd hap thu gitra cac mau
duoc thuc hién ¢ cac diéu kién nhiét do
khac nhau cho biét sy anh huong cua
nhiét do dén qua trinh oxi hoa hop chat
TMB. Két qua so sanh phé hap thu trong
khoang nhiét d6 30 - 65°C duoc thé hién
nhu Hinh 4b.

Qua viéc so sanh va danh gia d6 hap thu
dua trén két qua thu dugc & Hinh 4a, ta co
duoc gié tri nhiét do t6i wu cho qué trinh
phan @ng. Két qua nhan thiy duoc & budc
song 654 nm trong khoang gia tang nhiét
d6 khao sat thi gia tri do hap thu ciing
tang dan va dat cuc dai & 60°C, sau do
giam dan khi nhiét do tiép tuc duogc ting
1én. Do d6, nhiét d6 t6i wu, thich hop va
t6t nhat cho qué trinh oxi héa TMB boi
chat oxi héa H,0, c6 xlc tic AUNPs ciing
nhu nhiét do duoc lua chon cho cac khao
sat tiép theo 12 60°C.
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Hinh 4. Phé hap thu cua thi nghiém khao st nhiét do
(a) va su phu thudc do hap thu vao nhiét d6 phan ing
(v6i xtc tac AuNPs) (b); Phd hép thu cua thi
nghiém khao sat thoi gian (c) va su phu thudc dé
hap thu vao thoi gian phan ang (véi xdc tac
AUNPs) (d).



3.3. Két qua khéo sat sw anh hwong cia
thoi gian phan tng dén phéin Gng tao
mau ox-TMB ¢6 mit H,O, va xuc tac
AUNPs

Quy trinh thuc hién khao sat sy anh
huong cua thoi gian dugc thyc hién &
nhiét d6 t6i vu 60 C va céc khoang thoi
gian duoc thay d6i nham dua ra thoi gian
phan tng tot nhat cho qué trinh oxi hoa
TMB. Két qua qua viéc so sanh do hap
thu duoc do bang phuong phép quang pho
UV-Vis cho két qua ¢ Hinh 4c,d. Khi
chéng cac d6 thi phd hap thu cua céc
khoang thoi gian khao sat trén ta thay
duge dd thi hap thu cua phan ung ting
vuot bat khi dugc thuc hién trong 30 phut,
va cd sy giam nhe khi thuc hién phan (ng
trong 40 phat va 50 phat. Khoang thoi
gian dugc xem 1a phu hop va tt nhat cho
quéa trinh oxi héa hop chat TMB boi chat
oxi héa H,0O, cd xuc td&c AuNPs la 30
phut ké tir khi cho mau vao bé 6n nhiét.

3.4. Két qua khao sat sy anh huéng moi
truwong phan wng deén su oxi hoa TMB
va H,0, c6 xuc tac AuNPs

pH 12 mét trong nhitng thong sé hoa hoc
dugc do phd bién nhat cua cac dung dich.
Toc do va két qua ciia cac phan tmg hoa
hoc thuong phu thudc vao do pH cuia moi
truong phan Gng. Chinh vi thé viéc khao
sat pH 1a viéc khong thé thiéu. Qua qua
trinh khao sat thu dugc phd UV-Vis cua
cac mau co céc gia tri pH khac nhau dé so
sanh kha niang oxi héa hgp chit TMB ta
thu dugc két qua so sanh nhu Hinh 5a.
Duya vao tat ca cac két qua khao sét va su
so sanh do hap thu thé hién & Hinh 5b
giira C4C Mau vai cac moi trudong pH khéc
nhau ta nhan thiy duoc, dung dich mau c6
gia tri pH = 3 c6 cuong do hép thu tai
budc song 654 nm ting dot bién va sau do
giam dan moi trudng cta mau dung dich
c6 gié tri cao hon. P hap thu ti da dat
duoc & pH = 3 chi ra ring qua trinh oxi
hoa TMB xay ra trong moi truong acid
yéu phu hop véi diéu kién dugc bao cao

cho oxy héa TMB. Vi vay, moi truong
thuan loi va duoc chon dé tiép tuc céc
khao sat cac diéu kién anh hudng cho qué
trinh oxi héa TMB bang H,0, c6 xic tac
nano vang (AuNPs) khi cé gia tri pH = 3.
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Hinh 5. Ph6 hap thu cua thi nghiém khao sat pH

(a) va su phu thuge do hap thu vao gia tri pH (véi

AUNPs) (b); Pho hap thu cua thi nghiém khao sat

lugng xuc tac AuNPs (c) va su phu thude do hap
thu vao lugng xuc tdc AuNPs (d).



3.5. Két qua khao sat sy anh hwong cia
lwrgng AUNPs dén phan @ng tao mau
ox-TMB

Tur qua trinh khao sat sy anh hudéng cua
luong xdc tac AuNPs ta nhan duoc két
qua cua cudng do hap thu cua cac mau
dung dich c6 céc luong AuNPs khac
nhau. Phd hap thu cia mau dung dich
goém: dung dich TMB, dém acetate, H,0,
va lugng xdc tac AuNPs khac nhau cho
thiy c6 su thay d6i vé phd hap thu. Cu
thé, & budc séng 654 nm cac mau co cling
mot luong, cung nong do cac dung dich
TMB, dém acetate pH = 3, dung dich
H,0;, nhung khac nhau vé lugng AuNPs
dugc thay ddi tir 50 - 90 pL, cuong do
hap thu ting nhe & & mau c6 chira 60 pL
so véi mau khao sat 50 pL AuNPs. Va
sau d6 giam manh khi lugng AuNPs cé
trong mau khao sat ting 1én 70 pL AuNPs
va cuong do hap thu phé tiép tuc giam
xudng khi luong mau dugc ting 1én theo
Hinh 5c,d. Vay luong xdc tac phu hop
cho qué trinh phan tng 1a 60 pL va duoc
chon lam gi4 tri tdi uu cho cac phan ung
khao sét cac yéu t6 con lai.

3.6. Két qua khao sat sy anh hwéng cia
nong do6 TMB dén qua trinh oxi hoa
TMB véi chat oxi héa H,0; ¢ xUc tac
AUNPs

Dua vao két qua sé lidu da khao sat duoc,
lap d6 thi thé hién cudng do hip thu giira
c4c mau thu dugc nhu Hinh 6a,b. Theo
két qua Hinh 6a,b cho thdy mau dung dich
c6 néng d6 TMB 1a 4.5 mM c6 d¢ hap thu
I6n nhat va giam manh khi dung dich mau
c6 néng d6 TMB 12 5 mM. Vi vay, nong
d6 cua hop chit TMB duoc lya chon dé
t6i uu cho phan ung oxi hoa khir gitra hop
chat TMB va H,0, c6 xtc tdc AuNPs la
4.5 mM.

3.7. Két qua khao sat sy anh hwéng caa
nong do H,O, dén qua trinh oxi hoa
TMB bing chéit oxi hoa H,0, cd xtc tac
AUNPs

T ndng d6 H,0, khao sat ¢ Hinh 6¢,d ta
c6 do hap thu A twong ung Vi nong do
H,0, cua khoang ndng d6 H,O, tuyén
tinh duoc thé hién & Bang 1.
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Hinh 6. Ph6 hap thu cua thi nghiém khao sat nong
d6 TMB (a) va su phu thudc d hap thu vao nong
do TMB (v6i AuNPs) (b); Su phu thugc cua d
hip thu vao ndng d6 H,0,: viing khao sat 1-400
UM (c) va viing tuyén tinh 100-350 uM (d)



Bang 1. Do hp thu va ndng dé H,0, trong khoang
tuyén tinh cta nong d6 H,O, sir dung xUc tac
AUNPs.

dung lam cam bién H,0,. Gi6i han phat
hién H,O, bang phan ng tao mau cua
hgp chat ox-TMB c¢6 xuc téc

Do 1 2 3 4 5 6 .
hap AuNPs la 41.99 pM, giéi han
thu | 0.48033 | 0.49306 | 0.53761 | 056718 | 0.59964 | 0.63497 | dinh luwong 1a 127.25 UM.

A ! ;

Cm Loi cam on: Nghién cau nay
e | 10| 10| 0] 20 ) 300130 duoc tai tro boi Quy Phat trien

Tir bang két qua trén ta tinh duoc phuong
trinh hoi quy tuyén tinh:

y = 0.40781 + 6.41434x10™x

SD = 0.00816; %RSD = SD/Cy,x100 =
0.00816/225x%100 = 3.6266x10°

LOD = (SD/b)/3.3 =
(0.00816/6.41434x10%) x 3.3 = 41.99 uM

LOQ = (SD/b)/10 =
(0.00816/6.41434x10%) x 10 = 127.25
MM

Nhu vay, giéi han phat hién H,0O, béng
phan Gmg tao mau cta hop chat ox-TMB
cd xUc tac AuNPs la 41.99 pM, gidi han
dinh lugng la 127.25 pM.

4. KET LUAN

AuNPs dugc tong hop bang cach st dung
dich chiét l1a Phlogacanthus turgidu cho
két qua peak hap thu & khoang budc séng
500 nm - 600 nm, v&i cau tric cua cac hat
AUNPs c6 cac hinh dang khac nhau bao
gom hinh try, hinh cau, hinh da giéc,... va
cac cum hat AuNPs c6 kich thuéc khac
nhau. Viéc khio sat cac diéu kién anh
huong dén qua trinh oxi héa TMB Vi
chat oxi hda H,0; c6 xuc tacAuNPs nay
dua ra cac diéu kién téi wu nhat cho qua
trinh phat hién lugng H,O, thdng qua
phan ¢ng tao mau ox-TMB véi chét xdc
tac AuNPs. Biéu kién t6i wu cho qué trinh
oxi h6a TMB vai su c6 mat H,O, xuUc tac
la; nhiét 6 phan wng 60°C, thoi gian phan
ung 30 phuat, pH 3, lwong AuNPs 60 pL,
nong d6 TMB 4.5 mM, khoang ndng do
H,0, tuyén tinh100 - 350 uM. Nho d6 ma
ta c6 thé danh gia duoc kha ning tng
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khoa hoc va cong ngh¢ Quéc gia
(NAFOSTED) trong dé tai ma s6 104.99-
2021.56
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