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SUMMARY

CATALYTIC CONVERSION OF TOXIC ORGANIC COMPOUNDS USING
GOLD NANOPARTICLES SYNTHESIZED VIA A GREEN APPROACH

Organic dyes such as methylene blue (MB) and bromocresol green (BCG), are significant contributors to
water pollution if discharged untreated. This study explores the catalytic efficiency of gold nanoparticles
(AUNPs) in the reduction reaction of these dyes with NaBH,. AuNPs were synthesized using a green, one-
step method employing extracts from Helicteres hirsute Lour containing saponins, tannins, and flavonoids
as both reducing and stabilizing agents. Transmission electron microscopy (TEM) and scanning electron
microscopy (SEM) analyses revealed that the AuNPs are spherical with an average particle size of 12.4 nm
and are uniformly dispersed. The nanoparticles demonstrated high stability, as indicated by a zeta potential
of -29.8 mV, attributed to electrostatic repulsion. Kinetic studies on the catalytic reduction of MB and BCG
showed reaction rate constants of k = 0.4107 min ~* and k = 0.3286 min ~ %, respectively. Additionally, the
activation energies for these reactions were calculated as -8.42 kJ/mol for MB and -35.21 kJ/mol for BCG,
indicating effective catalysis and potential application in wastewater treatment.

Keywords: Green approach synthesis, gold nanoparticle, organic reduction, methylene blue (MB),
bromocresol green (BCG).

1. GIOI THIEU thudng duge xir 1y bang cc phuong phép
truyén théng nhu: trao d6i ion, hap phy,
phuong phap loc mang, sinh hoc.... Tuy
nhién, cac phuong phap nay thuong phai
thuc hién trong thoi gian dai, chi phi cao.
Mot s6 phuong phép xir Iy con sinh ra cac
chat thai thtr cap [4-6]. Trong nhitng niam
gan day, nhiéu nha khoa hoc d cong bd
phuong phap chuyén hoa cac hop chat
hitu co gay hai nhu 4-nitrophenol, MB,
BCG, methylene orange... trong nudc
thai bang cac phan tung khir voi su hd tro
cia chit xtc tac la cac nano kim loai.
Phuong phap nay da dugc chirng minh
tinh don gian, it tdn kém va than thién véi
moi truong [7-11].

Trong nhing thap ky gan day, tinh trang 6
nhiém nguén nuéc ngdy cang nghiém
trong do su phat trién manh mé cua cac
nganh dai cong nghiép dé phat thai ra mot
khéi lugng rat 16n cac chat thai mau hiru
co [1]. Cac chit thai nay néu khong duoc
xtr Iy kip thoi, triét dé ching s& gay hai rat
16n dén hé sinh thai thong qua chudi thirc
an va anh hudng truc tiép dén moi truong
sdng ciing nhu stc khoé con ngudi [2, 3].

Viéc loai bo céac thuée nhom hiru co trong
nuée trude khi thai ra moi truong 1a rat
can thiét. Trong nhitng ndm gan day, cac
thubc nhom hiru co trong nudc thai



Cay an xoa (Helicteres hirsuta Lour) la
mot loai dugc liéu thudc ho Parasolaceae,
chi Helicteres, ching duoc tim thdy nhiéu
& cac ving ddi nai thap thudc cac tinh
vung trung bd va tdy nguyén cua Viét
Nam. Than va 14 cay c6 chira cac hop chit
ty nhién  nhu: Flavonnoid, Saponin,
Tannins... ddy la nhimg hop chat c6 kha
nang khu kha cao. O Viét Nam, loai cay
nay dugc st dung nhu mot phuong thude
trong y hoc ¢b truyén diéu tri cac bénh lién
quan dén gan, mat, cai thién cac tri€u
ching bénh nhur soi, ly, cim ctim, hd trg
tiéu doc hiéu qua. Ngoai ra, Cay an xoa con
duoc dung dé tri cac bénh vé xuong khop
nhu dau lung, nhirc moi, mat ngu, da xanh
xao0...[12, 13]. Trong nghién ctru nay, dich
chiét tir cay an xoa duoc sir dung lam chat
khir dé tong hop hat AuNPs tir dung dich
HAUCI,.3H,0, vat liéu AuNPs dugc tong
hop & cac diéu kién thich hop s& dugc st
dung 1am chat xuc tac cho hai phan tng
khir nham loai bo hai hop chit MB va
BCG trong méi truong nudc.

2. VAT LIEU, PHUONG PHAP
2.1. Vit li¢u

Cay an xoa dugc thu hai tor vung nii
thuoc huyén Son Tinh tinh Quing Ngai,
Viét Nam. Céac hoa chit st dung trong
nghién ciru nay dugc mua tur cong ty
Sigma Aldrich Co. Ltd., Hoa Ky, gom:
Tetrachloroauric(lll)  acid  trihydrate
(HAuCl4.3H,0, >99%) Sodium
borohydride (NaBHj), >99%), Methylene
Blue (MB), Bromocresol Green (BCG).

2.2. Phuwong phap
2.2.1 Chuan bi dich chiét

Théan va |4 cay an xoa sau khi dugc phoi
kho s& dugc cit nho, tron déu va xay
thanh bot min. Can chinh xac khoang 5
gam bot an xoa vao binh cau sau d6 thém
400 mL nudc cat, tién hanh dun hoan luu
& nhiét d6 100 °C trong 60 phat, dich
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chi’ét sau kpi }Qc bo can dugc s dung [am
chat khir dé tong hop AuNPs.

2.2.2 Qud trinh tong hop AuNPs

Vit liéu AuNPs dugc tong hop thdng qua
phan g gitra dich chiét an xoa da duoc
chudn bi ¢ muc 2.2.1 va dung dich
HAUCIs.3H,0. Tién hanh khio sit lan
luoc cac yéu td: thoi gian phan tng: 30,
40, 50, 60 phat; ndng d6 Au®": 0,1; 0,2;
0,5; 1,0 va 2,0 mM; ti 1¢ giita dich chiét va
Au* §cac tile sau: 1: 1, 1: 2, 1: 5, 1: 10,
1: 20; cac khoang nhiét dg: 50, 60, 70, 80,
90 va 100 °C dé tim cac diéu kién phu hop
cho qua trinh tong hop. Cac phan {ng
dugc thuc hién trong 6ng nghiém chiu
nhiét thuy tinh trong suét, thé tich 15 mL,
¢6 nip day. Ong nghiém duoc dit trong bé
siéu &m (€ Ima, 100 H), dam bao cho hon
hop phan tmg dugc khudy tron lién tuc va
nhiét do tong hop duogc kiém soat chinh
x4c theo cac diéu kién khao sat.

2.2.3. Phan tich tinh chdt hod 1y cua
AuNPs

Céc tinh chét hoa 1y déc trung cia vat liéu
nano vang duoc xac dinh bang cac phuong
phép: phuong phap pho hong ngoai (FT-
IR) dugc do trén may Thermo-Nicolet
ISO50 FT-IR trong ving so song tir 4000-
400 cm™, chu triic tinh thé dugc x4c dinh
bang thiét bi nhifu xa tia X (XRD)
Shimadza 6100 véi goc quét 20 tir 10 dén
80°, tc do quét 0,6°/phlt va cuong do
dong 6ng phat 30 mA tai Trung tim Dich
vu Phan tich Thi nghiém TP.H Chi Minh
(CASE); phép do tan xa anh sanh (DLS)
va dién thé zeta cua vat liéu dugc do trén
thiét bi Horiba SZ-100 (Nhét Ban); thanh
phén hoa hoc va su phan bd cac nguyén to
trén vat liéu duoc phan tich bang phuong
phip phd tan xa ning lugng tia X
Horiba EMAX ENERGY EX-400 (Nhat
Ban); thiét bi hién vi dién tir quét (SEM)
S-4800, Hitachi (Nhat Ban) va ky thuat
hién vi dién tir truyén qua (TEM) trén may
JEM 2100, hing san xuat: JEOL, Nhat Ban



duoc s dung dé xac dinh hinh dang va
kich thuéc cia vat liu.

2.2.4 Khao sat kha nang xuc tac cua vdt
lieu

Phan tmg khir hop chét hitu co duge thuc
hién khi st dung 0,5 mL NaBHy,, né)ng do
1,0 M va 2,5 mL MB hoic BCG ndng do
1,0 mM trong diéu kién khéng c6 AuNPs
va khi ¢6 30 uL AuNPs 1am chit xic tac.
Do hip thu dugc ghi nhan théng qua thiét
bi UV-Vis (UH5300, Hitachi, Japan) &
céc thoi gian phan ung khac nhau dé thay
d6 hap thu giam dan va mat di & budc
s6ng 620 nm ddi véi thude nhom BCG va
662 nm ddi v6i thudc nhom MB.

2.2.5 Xac dinh nang luong hoat hoa

Céc phan tmg dugc thyc hién lan luot &
cac nhiét do: 30 °C, 40 °C, 50 °C, 60 °C, 70
°C @ danh gia kha nang hoat héa ciia phan
tmg khit MB, BCG bang NaBH,4 khi c6
mat xtc tic AuNPs. Thong qua viéc khao
st thoi gian phan (mg dé xac dinh hing sd
tbc do phan tmg k. Ning luong hoat héa
(Ea) duoc xac dinh dua trén phuong trinh
Arrhenius. Thiét 1ap duong hoi qui tuyén
tinh LnK véi 1/T, hé s goc ciia duong hdi
qui thu dugc 1a -E4/R tir d6 tinh duoc nang
luong hoat hod E,.

3. KET QUA, THAO LUAN

3.1. C4c yéu td anh hwéng dén qua
trinh tong hop vat liéu

Két qua khao sat lan luot sy anh huong
clia cac yéu t6 nhu: thoi gian phan ung,
ndng d6 Au®', ti 16 dich chiévAu®* va
nhiét do phan ung phu hgp cho qua trinh
tong hop vat liéu dugc biéu thi ¢ hinh 1.

Két qua phé UV-Vis ¢ hinh 1a cho théy,
cuong d6 dinh hép thu cua dung dich cao
nhit & khoang thoi gian tir 30 dén 40 phut,
& thoi gian 50 va 60 phat, do hap thu c6 xu
huéng giam. Tir d6, thoi gian tong hop phu
hop nhét 12 30 phdt. Chung t6i da ¢d dinh
thoi gian nay cho cac khao sat tiép theo.
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Hinh 1. Ph6 UV-Vis ctua AuNPs: (a) thoi gian
tdng hop; (b) ndng do AU>"; (c) ti 1¢ dich chiét/
AU*; (d) nhiét do.

Két qua & hinh 1b thé hién su anh hudong
ctia ndng d6 dung dich Au®*. Theo do, khi
tang néng do tr 0,1 mM dén 1,0 mM thi
gia tri mat d§ quang do dugc cling tang
dan. Tuy nhién, & néng d6 2,0 mM mat do
quang ¢6 xu hudng giam so véi do hap
thu & ndong d6 1,0 mM nghia 1a ¢ ndng do
nay toc do phan ung va hat AuNPs dugc
tao ra khong con tot nita. Ngoai ra, trong
qua trinh bao quan AuNPs ¢ nong do 2,0
mM da thay xuat hién keo tu sau 4 gio.
Nghia 1a hat AuNPs ¢ nong do 2,0 mM
tao thanh khong bén, dé bi keo tu. Nhur
vy, nong do dung dich Au®* thich hop
nhat 1a C = 1,0 mM. Két qua khao sat ti 18
gitra dich chiét an xoa va Au®* thé hién &
hinh 1c, cac dinh hap phu déu nam & budc
song khoang 546 nm, diéu nay cho thay
dung dich c6 chira nano vang. Do hap thu
ctia dung dich mau c6 xu huéng ting theo
ti 1 dich chiét, trti 16 1: 1, 1: 2, 1: 5, 1:
10. Tuy nhién, ¢ ti 1& 1: 20 ta thiy d6 hap
phu giam xudng rat nhidu so voi o ti 18
dich chiét 1: 10 boi vi lac nay hé nano ¢
trang thai khong bén, co hién tugng keo
tu. Do do, ti 1é dich chiét so véi dung dich
Au®* thich hop trong phan tng tong hop
AuNPs la 1:10.

St dung cac diéu kién phu hop nhu: thoi
gian phan tng 1a 30 phut, ndng d6 dung
dich Au® phu hop 14 1,0 mM va ti 1¢ dich
chiét an xoa/Au®" Ia 1: 10, dé tién hanh



khao sat sy anh hudng cua yéu t nhiét do
dén qua trinh tong hop AuNPs. Két qua
ph6 UV-Vis ¢ hinh 1d cho thiy: tai budc
s6ng A=546 nm do hap thu c6 xu hudng
tang khi thay d6i nhiét do tir 50 dén 60
°C. Tuy nhién, khi khdo sat & nhiét do 70
°C thi 6 hap thu khong ting nita, tiép tuc
khdo sat & ba nhiét do 80 °C, 90 °C va
100 °C thi d6 hip thu ting so voi 70 °C
nhung luc nay d6 hap thu cuc dai & bude
song 552 nm, két qua nay cho thiy ring ¢
cac nhiét do tir 80 dén 100 °C hat AuNPs
tao thanh c6 kich thudc hat 16n hon. Do
d6, nhiét do thich hop duoc lua chon dé
tong hop AuNPs 1a 60 °C.

Nhu vay dé qua trinh téng hop vat liéu
AuNPs dat duoc hiéu qua nhét thi thoi
gian phan tmg 1a 30 phut tng v&i ndng do
dung cua dich Au® 1,0 mM, va ti 1¢ giita
dich chiét an xoa so voi dung dich Au®* 1a
1:10, & nhiét d6 tong hop 1a 60 °C.

3.2. Pac trung hoa ly cia vit liéu

Tir gian @6 XRD & hinh 2a cho thiy cac
dinh nhiu xa cua cac hat AuNPs xuét
hién cac peak c6 cac géc 26 la 38,18°
(111); 44,35° (200); 64,66° (220), 77,57°
(311) cua cau trac 1ap phuong tim dién
(FCC) [15, 16]. O gbc 26 = 38,18 quan
sat duoc cuong do nhiéu xa cao nhat, diéu
nay cho thay cac tinh thé nano vang cé
mat (111) la huéng phat trién chinh. Nhu
vay, dya vao chiéu rong & mat (111) va
thong qua phuong trinh Debye — Scherrer
(cong thire: d = 0,90/BcosO) co thé xac dinh
duoc kich thudc hat trung binh cua AUNPS
la 12,4 nm. Két qua phan tich dic trung
bang phuong phap FT-IR cho thdy, cac
phén tir hitu co trong dich chiét an xoa xuat
hién cac dao dong tai khoang 3450 cm™,
chimg minh sy c6 mat cua polyphenol,
glucid va mot s6 phan tr nude. Lién két -
C=0 cua keton duoc biéu thi bang dinh phd
1665 cm™. Cac lién két C = C trong céc
hop chét thom duoc lién két véi cuc dai &
1400 cm™. Lién két C-O ciia ete va nhom
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chuc COO- axit cacboxylic tuong ung dugc
dge trng boi céc cye dai tai 1114 cm™ va
1135 cm™, tuong tmg. Nhom C-H cing
xut hién ta1 peak 2948 cm™ [14]. Su xuét
hién cua cac dinh pho & khoang sb Song
1500 cm chu'ng t6 rang trong dich chiét co
chtra nhém chirc mang vong benzene. Nhu
vay, cac nhom chure hitu co trong dich chiét
an xoa c6 kha nang cho dién tir -O-H, -C=0
v6i vai tro 1a chat khir tham gia vao qué
trinh tao nén cac hat AUNPS va 16p hiru co
bao vé bén ngoai hat nano Au dé giam thiéu
xac sudt cac hat bi keo tu sau phan tmg.
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Hinh 2. Cac két qua xac dinh dic trung hod 1y ciia
vat liéu



Két qua phan tich SEM (hinh 2A(c)) va
TEM (hinh 2A(d)) thé hién, cac hat nano
c6 dang hinh cau, v6i cac hat duoc phan
bb kha ddéng déu voéi kich thude tir 19,7
nm dén 28,6 nm, tdn tai doc 1ap, khong
xuét hién keo tu.

Ngoai ra, két qua do EDX trong hinh
2B(a) da chimg minh vét liéu tong hop
duogc khong 14n cac tap chat tinh thé khac,
Au chiém ti 1& kha 16n (28,22 %) trong
vat liéu. Bén canh d6, két qua do DLS va
thé zeta trong cac hinh 2B(b,c) cho thiy
cac hat AuNPs co thudc tir 20 dén 130
nm, thé zeta c6 gia tri tir -14,6 mV dén -
44,9 mV ching to rang AuNPs tong hop
dugc ¢6 tinh 6n dinh nhd sy tao thanh céac
micelle tir cac phan tir hop chat hitu co
bao boc quanh cac hat AUNPs.

3.3. Két qua khio sat hoat tinh x(c tac

3.3.1. Hoat tinh xUc tac trong phan ung
khir gitta NaBH,va MB.

Két qua khao sat cho biét, khi thuc hién
phan tng khir & 30 °C - hinh 3A(a), dung
dich mau xanh dam cua dung dich MB c0
budc song hap thu cuc dai 1a A = 662 nm,
sau khi thém vat liéu AuNPs vao phan
mg thi mau cua dung dich giam dan va
bién mat sau thoi gian 6 phit. Nhu vay,
AUNPs c6 kha niang lam chat xdc tac cho
phan tng khir mau thuéc nhém MB. Phan
g khtr gitta NaBHy4 va cac hop chat hitu
co véi su hién dién cua AuNPs lam chét
xUc tac co thé xay ra qua ba giai doan.
Trong giai doan thir nhat, phan tir cac hop
chét hitu co s& hap phu 1én bé mit cua cac
hat AuNPs. Trong giai doan thur 2, ion
BH,4 s& chuyén electron cho cac hop chat
hitu co théng qua bé mit cua hat AuNPs,
khir cac hop chat hiru co nay thanh cac
san pham tuong ung. Trong giai doan thir
ba, cac san pham khur s& roi khoi bé mit
hat AuNPs, phan tan vao trong dung dich
va lap lai chu trinh khor méi. Trong qua
trinh nay, luong NaBH; dugc st dung
v6i ndng d6 1M 16n hon nhiéu lan so voi
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nong do 0,001 M cua cac hop chit hiru
co, do d6 toc do phan trng dugc coi la phu
thudc bac 1 doi voi nong dé cac hop chat
hitu co dugce khao sat. Thong qua phuong
trinh dong hoc gia kién bac 1 In (%%) =

—kt, tinh dugc hing sb toc d6 k = 0,4107
min™ - hinh 3A(a").
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Két qua khao sat sy suy giam ham luong
MB khi phan phan tng v6i NaBHy ¢ cac
nhiét d6 khac nhau (tir 30 dén 70 °C) cling
véi su tham gia cua xtc tdc AuNPs dugc
thé hién ¢ cac hinh 3A(a,b,c,d,e). Tir cac
két qua trén cho thdy phan tmg xay ra
chdm hon khi nhiét d¢ phan tng tang 1€n,
cu thé tir 6 phlt ting 1én 12 phat. Bén
canh d6, hang s toc do co gia tri giam
dan & mdi nhiét do - hinh 3A(a ). Thong
qua phuong trinh Arrhenius xac dinh
dugc nang lugng hoat hoa tuong Ung la



E, = —8,42 (%) Nang luong hoat hoa
am chung t0 la hing sb téc do phan ung
16n nhat ¢ nhiét do khao sat la 30 °C.
3.3.2. Hoat tinh xuc tdac trong phan ung
khir gitta NaBH4va va BCG

Nghién ctru dugc thuc hién twong tu nhu
khi tién hanh khao sat véi MB (muc
3.3.1). Két qua UV-Vis & hinh 3B chi ra
rang, tai nhiét d6 30 °C phan tng khu
mau BCG khi sir dung dung dich NaBH,
lam chat khtr voi xac tac 12 AuNPs, phd
UV-Vis ¢6 dinh hap thu cuc dai & A = 620
nm, phan ung da hoan hoan thanh trong
khoang 14 phit. Nhu vay, AuNPs c6 kha
nang lam chat xuc tic cho phan tng khir
mau thuéc nhém BCG. Khi nhiét do phan
tmg 1a 40 °C, 50 °C, 60 °C, 70 °C phan
mg xay ra véi toc 46 cham hon. Thong
qua phuong trinh dong hoc gia kién bac 1

In (2£) = —kt, tinh duoc hing s6 te do k

= 0,3286 min™ - hinh 3B(a’). Tir phuong
trinh Arrhenius cia BCG phan ung vdi
NaBH; c¢6 mat x0c td&c AuNPs, nang
lwong hoat hoa xac dinh tuwong ung la

E, = —35,21 (%) Nang luong hoat hoa
am chung to 1a hang sé toc d6 phan ung
16n nhat & nhiét do khao sat 1a 30 °C.

3.4. Co ché xiic tac ctia vat liéu

Ph6 UV-Vis ghi nhan két qua phan ung
gilta cac chat mau BCG, MB voi NaBH,
khi khéng co6 va c6 vat liéu AuNPs duogc
trinh bay & hinh 4.

Dbi voi BCG, két qua phd UV-Vis - hinh
4(a) - cho thay khi khong st dung AuNPs
lam chét xtic tc phan ing giita NaBH, va
BCG khong xay ra sau 20 phut phan
ung. bén canh d6 phan tng gitta BCG va
AuNPs ciing khong xdy ra trong thoi
gian 20 phut phan ung (hinh 4b).

Khao sat twong tu cling dugc tién hanh
v6i chat mau MB. Két qua khao sat &
cac hinh 4(c,d) cho thiy, phan tng giira
NaBH; véi BCG khi khong st dung
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AuNPs lam chét xuc tac d6 hap thu cua
MB giam khoang 14 % - hinh 4(c) va
phan tng giira MB v&i AuNPs do hap
thu cia MB gidam khoang 12 % sau 20
phut. Pidu nay ching t6 co6 phan ung
xdy ra. Tuy nhién phan Ung nay xdy ra
rat chim so v6i phan ung khi st dung
AuNPs lam chét xuc tac (cac két qua
khao sat thé hién & hinh 4).
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Hinh 4. Phé UV-Vis khéo st phan (g gitta
BCG/MB va NaBHj, khi khéng cé AuNPs (a, ¢);
phén g gitta BCG/MB v&i AuNPs (b, d); NaBH,
voi AUNPs (e)
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Ngoai ra, két qua & hinh 4(e) ching
minh rang khéng c6 phan tng xay ra khi
cho vat licu AuNPs tdc dung véi dung
dich NaBH, trong thoi gian 20 phut.
Trong nghién ctru nay, vat liéu AuNPs
dugc st dung lam chit xuc tac cho phéan
tmg khtr cta cac hop chét hitu co MB,
BCG véi NaBH, thong qua co ché dé xuat
nhu sau. Trong giai doan dau tién NaBH,
va MB/BCG duoc hap phu 1én bé mit ciia
xuc tac. Giai doan thir hai, cac electron da
dugc chuyén tir BH; sang MB/BCG véi
su tro gitp cua chat xtc tic [17], tao
thanh san pham leuco MB/BCG khdng
mau. Cudi cing, leuco MB/BCG giai hap
khoi bé mit cua xtc tac va khuéceh tan vao
dung dich. Co ché nay phu hop vai cong
b6 ciia nhém tac gia Sijo Fransic [18].
Phuong trinh phan ung khtr gitta NaBH4
va MB/BCG c6 su tham gia cia AuNPs
lam xuc tac dugc thé hién theo phuong
trinh hinh 5:



»»»»»

Leuco MB khong mau

== B(OH),

-
-

Leuco BCG khéng mau

Hinh 5. Phuong trinh phan tng dugc dé xuat gitra
NaBH,; va MB/BCG khi sit dung AuNPs lam chat
xUc tac

4. KET LUAN

Vit liéu AuNPs c6 dang hinh cau, kich
hat trung binh khoang 12,4 nm da dugc
tong hop thanh cong bang phuong phap
tiép can xanh sir dung dich chiét tir cay an
xoa lam chit kho v6i hop chét
HAUCI4.3H,0. Két qua khao sat kha ning
x0c tac cua vat lidu AuNPs dbi véi phan
tmg khir gitta NaBH,; va cac hop chat
MB, BCG cho thdy AuNPs thé hién kha
nang xtc tac hiéu qua véi cac hang sb tdc
d6 phan tng lan luot 1a 0,4107 phat” va
0,3286 phut. AuNPs téng hop xanh tir
dich chiét cay an xoa c6 thé sir dung lam
vat liéu xuc tac dﬁy trién vong trong viéc
xtr Iy méi truong nude 6 nhiém bdi cac
hop chét hitu co.

Loi cam on: Nhom nghién cru Xin goi
cam on dén Ban chu nhiém Khoa Cong
nghé Hoa hoc, Truong Pai hoc Cong
nghiép TP.HCM (sé 12, dudng Nguyén
Vin Bao, P.4, Q. Go Vap, TP. Ho Chi
Minh) va Ban giam ddc Trung tam Dich
vu Phan tich Thi nghiém TP. H Chi
Minh (s6 2, Pudong Nguyén Vian Thu, P.
Pakao, Q. 1, TP. H6 Chi Minh) d3 hd trg
kinh phi va tao diéu kién co s& vat chat dé
thuc hién nghién ctru nay.
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