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TOM TAT

Trong bai bao nay, ching t6i trinh bay mot phuong phap dé€ tong hgp hat nano
vang (AuNPs) phan nhénh tir mam bac, cetyl-trimethylamoni bromide (CTAB),
HAuCls va Pluronic F-127. Hinh thai va kich thudc ctia hat nano vang phu thudc
rat nhiéu vao cac thong s6 thwc nghiém nhuw nong do cta Au®, néng do cua
Pluronic F-127. San pham duoc déc trung boi phd hip thu phan ti UV-Vis, kinh
hién vi dién t&t truyén qua (TEM). Ngoai ra, AuNPs phan nhanh la chat xtc tac
hiéu qua ddi véi phan Gng khit 4-nitrophenol (4-NP) thanh 4-aminophenol (4-
AP) bdi NaBHs. Céc s6 liéu dong hoc thu dwoc béng cach theo doéi nong dd cha 4-
NP va BHs boi quang phd hédp thu phan t UV - Vis.

Tt khoa: hoat tinh xtic tac, nano vang phan nhanh, Pluronic F-127.

1. MO PAU

Vang la mot kim loai quy, duoc ting dung trong su6t lich st nhan loai do tinh
chat cua no. Trén thuec té, vang o kich thudc nano la linh vuc nghién cttu quan trong do
ddc tinh quang ctua nd. AuNPs kich thich sy quan tdm 16n trong nhiéu linh viec nhu:
xuc tac [1-3], cam bién sinh hoc va héa hoc [4-6], khang khuan [7-8], dién hoa [9-10],
tang cwong bé mat pho Raman [11-13], diéu tri ung thu va truyén thudc [4,14].

Trong nhitng ndm gan day, viéc nghién cttu hat nano vang hinh cau, cling nhu
su phat trién cta cac hat nano vang tao ra nhiéu hinh dang khac nhau 1a mét linh vue
thu hat sy quan tam cua cac nha nghién cttu. AuNPs da duoc cong bd véi nhiéu hinh
thai khac nhau, gom hinh nhanh cay [12], thanh [6, 13], cau [10, 15]. Su hinh thanh cac
tinh thé nano vang nay c6 thé kiém tra cac ddc tinh quang hoc méi lién quan dén cac
hinh thai khac nhau. Chen va cong sy da tong hop tinh thé vang c6 mét, hai, ba va bon
nhénh, st dung mot luong 16n chét hoat dong bé mat CTAB, HAuCls, axit ascorbic, va
NaOH [16]. Hao va cong sy da tong hop tinh thé nano vang ba nhanh tir bis- (p-
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sulfonatophenyl) phenylphosphine dihydrate dipotassium, H20: natri citrate, va
HAuCli [17]. Sau va cong su da tong hop AuNPs dang nhanh t&r mam vang trong
dung dich nuwdc, CTAB, HAuCls, va axit ascorbic [18]. AuNPs phan nhanh c6 thé mo ra
cai nhin méi vé nhitng méi quan hé gitta cac hinh thai khac nhau va dac tinh cong
huong plasmon bé mét twong ting, va ching c6 nhiéu lgi thé vé xuc tac.

Trong bai bao nay, ching toi trinh bay mét phuong phap tong hop tinh thé
nano vang phan nhanh bang cach két hop hai chat hoat dong bé mgt CTAB va Pluronic
F-127 d€ san pham cudi cung la AuNPs phan nhanh véi hiéu suat cao. Quan sat do
phan giai nguyén ti ¢ cac vi tri khuyét ciia bé mat tai dau cdc nhanh ctia AuNPs qua
anh duoc dic trung bang kinh hién vi dién ti truyén qua (TEM) dwoc trinh bay, cho
thdy ¢ dé co su tai tao bé mat va chitng minh d¢ bén ctia cdc mét xac dinh trong tinh
thé. Ngoai ra, phan tng xuc tac khit 4 -nitrophenol (4-N P) thanh 4-aminophenol
(4-AP) boi natri bohidrua (NaBHs4) 1a mdt phan tng xuc tac dién hinh phu hop dé
nghién cttu vi chi xay ra khi c6 kim loai cau trtic nano lam xuc tac. Do d6, hoat tinh xtic
téc ctia AuNPs phan nhanh duoc danh gia bang cach nghién ctru tinh xtc tac trong
phan tng khtr 4- NP.

2. THUC NGHIEM
2.1. Héa chat va thiét bi

Cetyltrimethylammonium bromua (CTAB, CHs(CH:2)1sN(Br)(CHs)s, 99%), Natri
bohidrua (NaBHs, 99%), axit tetrachloroauric (HAuCls.3H50, 99,9%), axit L-ascorbic
(CeHsOs, 99%), trinatri citrate dihydrate (Nas(CsHs07).2H20, 99%) dwoc mua tir Sigma-
Aldrich, 4-nitrophenol (CsHsNO:s) va bac nitrat (AgNOs, 99%) tir Merck. T4t ca cac thay
tinh dwoc 1am sach bang xa phong va nudc cuong toan (ti 1é thé tich HCl: HNOs = 3: 1),
va rtra sach b?mg nudc cdt truwde khi tién hanh thi nghiém. T4t ca cac hda chat duoc

hoa tan riéng biét trong nudc cat hai lan.

Chung t6i theo doi tién trinh ctia phan Gng dwa vao duong pho UV-Vis. Pho hap
thu UV-Visible dwgc thuc hién boi may quang phd UV-Vis, V-630 (Jasco, Nhat Ban) va
cac vi cdu truc cua AuNPs duoc quan sat boi hién vi dién ti truyén qua (TEM) (JEOLE-
3432, Nhat Ban).

2.2. Quy trinh thi nghiém
AuNPs da nhanh duoc tong hop bang cach thay ddi nhe phuong phap phét

trién mam trung gian trén y tudng cua tai liéu khoa hoc [19].

2.2.1. Tong hgp mam bac
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Hat mam bac (= 4 nm) duoc tong hop nhu sau: cho 4,5 mL dung dich bac nitrat 0,5
mM vao 5 mL dung dich trinatri citrat 0,5 mM. Dong thoi, cho nhanh 0,3 ml dung dich
natri borohydrua 10 mM duoc giit lanh bang nuéc da vao. Hon hop dung dich phan
tng duoc khudy manh 6 nhiét dd phong sau 2 phut. Sau d6 thém nudc dé thu duoc 10
mL dung dich.

Dung dich mam bac dwgc gitt yén ¢ nhiét do phong, it nhat la 2h d€ luong
natri bohidrua du phan huy hét trude khi duoc st dung, va bao quan trong bong t6i dé
tranh sy pha hiy mam bac boi anh sang. Dung dich mam nay dwoc st dung trong

vong tit 2 - 5 gio sau khi tong hop.
2.2.2. Tong hop cac hat nano vang phan nhanh

Dung dich phat trién gom 10 ml dung dich CTAB 1,25 mM va 5 mL dung dich
HAuCl: 0,25 mM, khudy nhe ¢ nhiét d6 phong, thu dwoc mot hon hop ¢6 mau cam.
AuNPs da nhénh dugc tdng hop bang cach thém 10 mL Pluronic F-127 0,125 mM vao
dung dich phat trién va khudy manh trong 5 phut. Sau d6, thém 0,7 mL dung dich axit
ascorbic 1 M vao, hon hop dung dich trd thanh khong mau vi Au bi khtr thanh Au.
Cubi cung thém, thém 12,5 pl dung dich mam bac vao, dung dich hon hop ttr khong
mau dan dan chuyén sang mau xanh lam, ti€p tuc khudy trong 30 phut ¢ nhiét do
phong. Sau d¢, ly tam dung dich trong 20 phut ¢ 2000 rpm.1ay cdn, phan tan lai trong
nudc cat hai lan trede khi kiém tra cac ddc trung.

3. KET QUA VA THAO LUAN
3.1. Anh huéng ctia nong dé Pluronic F-127

Pluronic F-127 duoc hinh thanh boi 2 chudi bén cta poly (ethylene oxide) (PEO)
va mot chudi trung tdm ctia poly (propylene oxide) (PPO) (hinh 1b). Sw phét trién bat
dang hudng la vi ton tai chudi PPO ky nuwdc. Bén canh d6, chudi PEO khtr ion Au®
lam tang hiéu qua cta qua trinh tong hop [20].
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Hinh 1. Cdu tric cua CTAB (a) va cau truc co ban cua copolyme Pluronic (b) [20]

Trong thi nghiém nay, chung t6i dung 12,5 mL dung dich mam bac va gitt khong
ddi trong khi nong d¢ cta Pluronic F-127 tang dan 0,025; 0,05; 0,1; 0,15 va 0,2 mM.
Theo hinh 2a, nhitng mau duoc téng hop tit néng dd Pluronic F-127 cao hon, cho céac
dinh cong hudng plasmon bé mat (SPR) lién tiép dich chuyén do, tir 638 nm dén 820
nm, 980nm va cao hon 1000 nm (khong thé xac dinh chinh xac Amax vi qua gidi han ctua
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may do tai phong thi nghiém). Anh TEM biéu dién san pham c6 Amax ting, kich thudc
trung binh ctia cac tinh thé nano Au ting, cac nhanh dai hon (hinh 2b). Diéu nay da
chttng minh rang Pluronic F-127 déng mot vai trd quan trong, vira la chét bao vé, vira
la chat khit d€ hinh thanh cidc nhanh dai trong cau truc nano vang (hinh 3) [19]. Cac
dau PPO ky nudc duoc hdp thu vu tién 1én cac bé mat ctia Au, tao thanh 16p mang kép

CTAB Pluronic dac sit.
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Hinh 2. Pho UV-Vis (a) va anh TEM ctia cau triic nano Au da nhanh dwgc tong hop ¢ nong do
Pluronic F-127 khac nhau: 0,05; 0,1; 0,15 va 0,2 mM (b).
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Hinh 3. So d6 md phong vat liéu nano. (a) AuNPs duoc bao vé boi 16p mang kép CTAB; (b)
AuNPs phan nhanh dwgc 6n dinh boi CTAB va F127 [19].
Theo Igbal va cdng su [20], su két hop gitta CTAB va Pluronic F-127 sé tao ra
AuNPs da nhanh véi ti 1¢ cac nhanh tang. Mayoral va cadc dong tac tac gia [21] st dung
su két hgp cua cac chat hoat dong bé mat dé cd duoc cac cdu tric nano vang c¢6 nhanh
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dai. Diéu nay duoc giai thich 1a do nhitng dudi ky nudc ctia CTAB lién két véi chudi
trung tam PPO tuong d6i ky nudc cua Pluronic F-127, dan dén su két hop ctia CTAB
véi Pluronic F-127. Do d6, tao thanh cac phtic chat hoat ddng bé mat bén virng. Viéc st
dung phtec chat hoat dong bé mat bén vitng hon bang cach thém Pluronic F-127 lam
tang hiéu suat, s6 lwong va kich thwdc ctia nhanh vang. Do d6, ching toi chon nong do

cta Pluronic F-127 1a 0,1 mM lam nong d6 t6i wu dé tién hanh cac thi nghiém ti€p theo.
3.2. Anh huéng ctia néng d6 Au®

Trong phan nay, chiing t6i tong hop cdc mau khéac nhau vé nong d6 Au: 0,5; 1,0;
2,0 mM. Céc thong s6 khac duoc gitt 6 dinh: nong d6 mam, nong d6 CTAB va nong
dd Pluronic F-127. Khi néng d6 Au®*1a 1,0 mM, cuong d6 caa pic SPR tai cac budce song
527 va 879 nm hau nhuw gap doi va tréd nén hep hon (hinh 4a). Diéu nay cho thay co sy
tang vé s6 AuNPs trong dung dich keo va cac tinh thé Au c6 sy dong nhat vé hinh
dang va kich thudc so véi cdc mau duoc tién hanh ¢ nong do 0,5 va 2,0 mM. That vay,
anh TEM (hinh 4b) cho thdy, kich thudc trung binh ctia cadc AuNPs phan nhanh lan
luot 1a 77, 84 va 120 nm twong tng néng do Au®* da dung la 0,5; 1,0 va 2,0 mM. Két qua
cho thdy rang, khi ting nong d6 Au® thi s8 luong AuNPs ting nhung & nong do 2,0
mM thi hau nhu dung dich thu duwoc khong tang vé sO lwong ma wu tién hinh thanh
cac tinh thé€ nano Au da nhanh va kich thudc trung binh cua nhanh 16n hon. Vi

vay, chung t6i chon nong d¢ t6i wu ctia Au*1a 1,0 mM.
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Hinh 4. Pho UV-Vis (a) va hinh anh TEM ctia cac cdu triic nano Au phan nhanh dwoc tong hop
¢ nhitng nong d6 Au®* khac nhau: 0,5; 1,0 va 2,0 mM (b).

5



Hoat tinh xiic tdc ctia nano vang phan nhinh
3.3. Ung dung AuNPs phan nhanh xic tic cho phan ttng khtt 4-Nitrophenol
Trong bai bao nay, chung toi da chon phan tng khtr 4-NP thanh 4-AP la phan tGng

dién hinh d€ danh gia hoat tinh xac tdc cia AuNPs da nhanh. Qud trinh khtr 4-NP
Eprs_np/a-am = —0.76V boi NaBHs4 Egiy. g0, /557) = —1,33 V tuy kha thi vé mat nhiét dong

hoc nhung bi han ché vé médt ddong hoc néu khong c6 chat xuc tac [22, 23, 24].
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Hinh 5. (a) Phd UV-Vis ctia dung dich 4-NP va hon hop dung dich 4-NP va NaBHs, (b) Khi
chua c6 AuNPs, d hap thu cta ion 4-nitrphenolat hau nhu khong thay d6i sau 90 phut, (c) anh
phong dai cua (b).

Khi thém NaBH:vao dung dich 4-NP, mau ctua dung dich bi thay doi tir mau phét
vang sang mau vang chanh, dam. Diéu nay duoc giai thich 1a do pH ctia dung dich bj
thay déi tir mdi truong axit yéu dén moi treong bazo manh vi tao ra ion nitrophenolat
[22]. Do d6, dung dich 4-NP tinh khiét ¢ pic hdp thu cuc dai tai 318 nm da chuyén
sang 400 nm khi dwoc thém NaBHsvao (Hinh 5a). Qua trinh xtc tac ctia phan ting nay
duoc theo ddi bang phd UV-Vis. trude khi st dung chat xtc tac, chung toi theo ddi
phan ting trong dung dich gom 4-NP va NaBHa.
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Hinh 6. Hoat tinh xtic tac cia AuNPs da nhanh duoc theo doi boi ph6 UV-Vis ¢ cac khoang
thoi gian khac nhau.

Qua trinh khit da khong xay ra, mdc du NaBH: la chdt khtt manh, cuong
do. Cuong do hap thu ¢ 400 nm cua ion nitrophenolat da khong thay do6i sau 90 phut
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(hinh 5b va 5c). Khi thém AuNPs da nhanh vao hon hop dung dich, 4-NP nhan
electron tir bohidrua cung cap va qud trinh khtr xtic tac cta 4-NP dén 4-AP dién ra
nhanh choéng tai cac bé mat AuNPs [25]. Hinh 6 minh hoa phan tng khtr 4-NP, theo
doéi ¢ nhitng khoang thoi gian khac nhau khi ¢6 AuNPs lam chét xtc tac. Trong sy ton
tai ctia tinh thé nano Au va NaBH4 thi  4-NP da bi khtt, cwong do cta cac pic hap thu
tai 400 nm giam dan theo thoi gian va sau ~ 20 phut, da hoan toan bién mat. Trong khi
d6, moét dinh méi hap thu xuédt hién ¢ 298 nm, cd cuong do ting dan dan (Hinh
6). Binh méi nay dwoc cho la su hap thu dién hinh cta 4-AP. Pho UV-Vis trong Hinh 6
cho hai diém can d6i ¢ 280 va 314 nm. Két qua nay chiing minh duoc qua trinh kht
xuc tac cua 4-NP chi tao ra duy nhat 4-AP va khong c6 bat ky san pham phu nao [25].

3.4. Co ché ctia phan tng khit 4-NP thanh 4-AP béi NaBH:

Co ché ctia phan tng khtt 4-NP thanh 4-AP boi NaBHs ¢6 AuNPs lam xtc tac
c6 thé dwgc giai thich nhu sau: Cac ion borohydrua EH; hap phu trén bé mat cua
AuNPs da nhanh va chuyén cac hydro tir bé mat cua ion BH; sang bé mdt cta

AuNPs. Dong thoi, cac phan te 4-NP dwgc hap phu trén bé mét cua cac hat nano.

Hinh 7. M6 hinh dé xudt cho co ché khtr 4-NP thanh 4-AP béi NaBH4, c6 AuNPs da nhanh la
chat xtc tac [26].
Hon nita, nhitng can bang ctia qué trinh hdp phu cling nhw giai hap va qua
trinh khuéch tan cua cac chat phan tng 1én cac hat nano duoc cho la nhanh [18] nén
dugc xem 1a budc quyét dinh t6c dd ctia qua trinh khtr 4-NP, xay ra do phan tng hap

phu 4-NP boi cac nano c¢6 bé mat lién két voi cac nguyén tix hydro (Hinh 7). Khi san
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pham, 4-AP bi giai hap sé roi khoi bé mat kim loai tu do, chu ky xtc tac c6 thé bat dau
lai.

4. KET LUAN

Noi tom lai, s két hop gitta CTAB va Pluronic F-127 tao ra nhitng phtic hoat
dong bé mat, cing dinh huéng va wu tién cho sy phat trién bat dang hudéng ctia Au
nano phan nhanh ¢6 duong kinh trong khoang 80-120 nm. Tam quan trong cta 16p
polyme 13 bao vé bé mit AuNPs va cic bé mat ma chung twong tac véi nhau nham
nhén chdn su két tu. Cac chat dong hoat dong bé mat duoc trinh bay trong nghién ctu
nay on dinh AuNPs trong ba thang. Kich thuéc AuNPs phan nhénh cé thé diéu chinh
bdi néng d6 Au?* va Pluronic F-127. Nhitng hat nano Au rat hitu ich trong cac tng
dung xuc tac, va hon thé nira, khi AuNPs duoc bao vé boi chat dong hoat ddong bé mat
co thé duoc khao sat vao cac ting dung cam bién sinh hoc khac nhau va nén duoc
nghién cttu trong twong lai.
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ABSTRACT

In this article, a simple method for the preparation of multi-branched gold
nanoparticles from an aqueous solution of silver seeds, cetyl-trimethylammonium
bromide (CTAB), HAuCls, and Pluronic F-127 was described. It was found that
morphologies and sizes of gold nanostructures (AuNPs) to dependstrongly on
such experimental parameters including the concentrations of Pluronic F-127 and
Au?. The products were characterized by transmission electron microscopy (TEM).
In addition, the multi — branched AuNPs were found to serve as an effective
catalyst for the reduction of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) in the
presence of NaBHs Kinetic data have been obtained from monitoring the

concentrations of 4-NP and BH4+~ by UV—-vis spectroscopy.

Keywords: catalytic activity, multi — branched gold nano, Pluronic F-127.
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