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Tong hop cau trac lai hat nano vang va
vat liéu khung co kim bang phuong phap

thuy nhiét

Nguyén Thi Thu Hién, Lé Thi Hai, Nguyén Thi Minh Trang,
Nguyén Minh Hién, Pham Tan Thi

Tom tit—CAu tric lai nano vang va vat liéu
khung co kim ZIF-8 (Au@ZIF-8) dwgc tong hop
theo phwong phap thuy nhiét véi chat dinh vi 1a
polyvinylpyrrolidone (PVP). Vi tri va ndng d¢ pha
tap cic hat nano Au duwgc diéu khién théng qua sw
thay di thé tich dung dich nano Au thém vao qua
trinh phan ng. Hinh dang, cAu tric va sy phan b
ciia vat liéu sau khi téng hop dwgc phan tich béi
kinh hién vi dién tir truyén qua TEM, gian do nhiéu
xa XRD, va phd hip thu UV-Vis. Ching téi tién
hanh danh gia buéc diu xiic tic cia Au@ZIF-8
bang phan ng xuc tic chuyén hoa hgp chét hiru co
4-nitrophenol va NaBH..

Tir khéa—V it liéu khung co kim, hat nano vang,
cAu tric lai, xic tic, Au@ZIF-8

1 GIOI THIEU

at liu khung hitu co kim loai (Metal

Organic Frameowork, MOF) la vat li€u
dugc tao thanh boi lién két ciia cum kim loai vo
co (metal cluster) véi cac cau ndi hitu co (organic
linker). Cac lién két nay tao ra céu truc khong
gian da chiéu (1, 2 hodc 3 chiéu) vi nhing 16 x6p
co kich thudc tir vai angstrom dén hang trim
angstrom [1]. Uu diém cua vat lidu MOF 1a c6
mat d6 16 xép cao, dién tich bé mat riéng 16n co
thé dat dén 10.000m?%g va mat 6 tam kim loai
cao [2]. Chinh vi vy vét litu MOF dugc Ung
dung rong rai trong cac linh vyuc lwu trit, hip phu
va tach cac khi doc hai [3-11].
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Mot wu diém vuot trdi nita cia vat liéu khung
co kim 1a sy sép xép trat ty ctia cac 16 xOp. Ngoai
ra cac 16 x6p nay co thé thay ddi kich thude cua
chiung khi cac tdim kim loai lién két voi nhau
théng qua cac cdu ndi hitu co dai hon. Do do, vét
liéu MOF dang tung budc duge st dung nhu vt
liéu khung dé tong hop nhitng vat liéu c6 céu tric
lai khi chtrc ning hoa chung bang cac thanh phan
v6 co nham ng dung trong quang hoc, quang tir
hodc vét liéu tir [12-17]. Cac vat liéu céu trac lai
bao gérn cac ion hoac nano kim loai gén trong vat
liéu MOF. Khi gén cac hat nano kim loai nhu Ag,
Cu, Fe, Al,... vao khung cua vat liéu MOF sé& lam
tang kha nang luu trir va hip phu khi; xuit hién
mdt s6 phan ing méi duge tng dung trong xic
tac; hodc tao nén nhiing tinh chét dién tu, tir va
phat quang thu vi.

Kim loai vang ¢ kich thudc nano c6 tinh cong
hudng bé mit, dién tich bé mat 16n khi két hop
voi vat liu MOF s& ¢ thé hudng dén tim thy vat
liéu c6 cong huong tr & vung quang hoc [18, 19]
hodc vat liéu quang xtic tac phan huy cac hop chat
hiru co [20] tuy thudc vao vi tri ciia hat nano vang
trong tinh thé vat liéu MOF. Trong nghién ctru
nay, chiing t6i bao cao quy trinh tong hop ciu tric
lai cia hat nano vang va vat li€éu khung co kim
ZIF-8 (ZIF: Zeolitic Imidazole Framework); va
thir nghiém kha ning phan tng phan huy hop chat
hitu co 4-nitrophenol trong diéu kién thuong.

2 VAT LIEU VA PHUONG PHAP
Téng hop nano vang

Hat nano vang boc PVP dugc tong hop bang
phuong phap nhiét thuy phan Frens-Turkevich.
Diu tién hoa tan chloroauric acid (HAuCls) vao
150 ml nuéc cat theo nong d6 0.01%. Pun sbi
dung dich HAuCl, trong binh hoan luu c6 khudy



96 SCIENCE AND TECHNOLOGY DEVELOPMENT JOURNAL-

ti. Sau khi s6i, nhd giot dung dich trisodium
citrate (0,1%, 4,5ml) vao, tiép tuc khudy tir trong
thoi gian 20 phut va dé ngudi dén nhiét do phong.
Sau d6, nho dung dich PVP (khéi lugng phén tir =
55.000) duoc pha theo ndng d6 0,5g trong 20ml
nude cat va khudy tir trong 24 tiéng. Dung dich
chira nano vang duoc ly tim & toc d6 14.000rpm.
Ly tdm 100ml dung dich nano vang thu duoc
15ml.

Tong hop céu tric lai Au@ZIF-8

Cau tric Au@ZIF-8 duoc tong hop sir dung
hat nano vang boc polyvinylpyrrolidine (PVP)
nhu hat mam dé moc tinh thé ZIF-8 trong moi
truong nude. Tién hanh tong hop hat nano vang
va boc chung bang PVP sau d6 cho vao dung dich
chita cac tién chit dé tong hop ZIF-8. Pau tién
hoa tan 50ml dung dich mudi k&m nitrate
(Zn(NO3)2.6H,0) 24mM vao dung dich nano
vang boc PVP véi nhimng thé tich khac nhau
(théng sb khao sat), duoc dung dich A. Sau d6
cho 50ml dung dich mudi 2-methylimidazole
(Hmin) 1,32mM vao hon hop dung dich trén cho
phan tng trong thoi gian 24 tiéng. Cudi cing ly
tam mau dé thu dugc mau bot Au@ZIF-8 va rira
sach chung bing ethanol. Khao sat cac ti 16 mudi
kdm nitrate va Hmin, Zn*":Hmin = 1:1; 1:20;
1:55. Két qua cho thay ti 1& Zn?*:Hmin = 1:55 cho
hiéu sudt phan tng cao va do két tinh tinh thé
ZIF-8 t6t. Do d6 sir dung ti 1€ trén va khao sat su
thay d6i thé tich nano vang (thay d6i ndng do pha
tap).

Cac phwong phap danh gia

Do két tinh cua tinh thé ZIF-8 va Au@ZIF-8
dugc danh gia bang phuong phap nhifu xa tia X
(XRD), phdé hong ngoai Fourier (FTIR) va
Raman. Hinh thai cta ZIF-8 va vi tri cia hat nano
vang duoc quan sat bang kinh hién vi dién tu
truyén qua (TEM). Tinh chit quang va khao sat
kha nang phan Gng xuc tac chuyén hoa chat hitu
co 4-nitrophenol va NaBH,; dugc xac dinh bang
phé hip thu ving tir ngoai dén kha kién (UV-Vis).
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3 KET QUA VA THAO LUAN

Gian d6 XRD ctia hat nano vang duoc tong
hop bang phuong phap Frens co cac dinh dic
trung & ~38,5°; ~44,6° va ~82,3° tuong Ung voi
cac mat mang (111), (200) va (222) (Hinh 1).
Kich thudc cia hat nano vang vao khoang 13nm,
duoc xac dinh thong qua bé rong cua dinh 38,5°
va vi tri cong hudng plasmon bé mit ciia hat nano
vang & budc song 520nm trong do thi phd UV-Vis
(Hinh 4).
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Hinh 1. Gian d0 nhiéu xa tia cta hat Au boc bdi PVP

Hinh 2 biéu dién hinh chyp ctia miu Au@ZIF-
8 va gian d6 nhifu xa tia X véi nhirng nong do thé
tich dung dich nano vang khac nhau. Hinh chuyp
cho thiy khi ting nong d¢ dung dich nano vang,
mau ciia ZIF-8 chuyén tir hdng nhat dén mau tim
dam. Pho nhiéu xa tia X thé hién céc dinh chinh
tuong tng véi cac mat mang (011), (002), (112),
(022), (013) va (222) tai cac goc tuong ung 7,3°,
10,3°, 12,6°, 14,6°, 16,3°, 17,9°. Cac dinh nay c6
cuong do cao, bé rong hep va ti 18 cudng do cac
dinh nay phu hop véi nhidu xa tia X ctua ZIF-8
[21]. Piéu nay chimg to ZIF-8 két tinh rat tot dudi
diéu kién tong hop trong mdi truong nudc véi ti 16
Zn*:Hmin = 1:55. Khi gén c4c hat nano vang vao
ZIF-8 (ting ndng d6 nano vang) cuong do cac
dinh khong thay dbi nhiéu.
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Hinh 2. Gian d4 nhidu xa tia X cia Au@ZIF-8 va hinh chup ciia cdc miu nay véi cac thé tich dung dich nano vang 0,05ml; 0, 1ml;
0,2ml; 0,4ml; 0,6ml; 0,8ml; 1,0ml; 1,5ml va 2,0ml. Ky hiéu danh diu vi tri ctia cac dinh nhiéu xa tuong ing v4i mat mang
(111) va (200)

Trén d6 thi nhidu xa tia X cua Au@ZIF-8,
cac dinh méi xuat hién tai goc nhidu xa ~38,2° va
~44.,6° dac trung cua cac mat (111) va (200) khi
thé tich cia dung dich nano vang nhiéu hon
0,2ml. Céc dinh nay ting vé cuong do khi thé tich
dung dich hat nano vang tang. Kich thudc va hinh
dang nano vang c6 thé dugc xac dinh théng qua
cac dinh nhiéu xa. Trong gian d6 nhidu xa Hinh 2,
chung t6i quan sat thay cac dinh nhiéu xa nay kha
rong. Dinh phd tré nén rong cho thiy ring vang
¢6 hinh dang cdu [22]. Kich thudc cua hat nano
vang c6 thé duoc du doan thong qua do rong cua
dinh nhiéu xa. Tuy nhién ddi véi truong hop
Au@ZIF-8 do khong danh gia kich thudc cia hat
nano vang théng qua do rong cua phd XRD do
dinh nhidu xa ndm giita 2 dinh ctia ZIF-8 nén viéc
xac dinh do rong khong cho két qua chinh xac.

Chung t6i chup anh Au@ZIF-8 bang TEM
dé quan sat hinh thai cua tinh thé ZIF-8 va vj tri
cta hat nano vang. Hinh 3 biéu dién anh TEM cua
miu Au@ZIF-8 véi nong do thé tich dung dich

nano vang V = 0,1ml; 0,4ml va 1,5ml. Pbi vai
mau & nong d¢ thip, hinh thai tinh thé ZIF-8 c6
hinh dang luc giac, phu hop véi déi xing cua ZIF-
8. Tuy nhién kich thuéc hat khong dong déu. Diéu
ndy c6 thé giai thich 1a sé lwong hat nano vang
phan b khong ddng déu va tir d6 kich thudce tinh
thé ciing khac nhau. Khi thé tich V = 1,5ml, tinh
thé ciia ZIF-8 bi bién dang so v6i dbi xtmg cua
chung. Tuy nhién ZIF-8 van két tinh twong dbi
t6t. PVP khong chi dong vai tro ngin cac hat nano
vang két dam lai véi nhau ma con dong vai tro rat
quan trong trong vi¢c hinh thanh ZIF-8 bao xung
quanh hat nano. Co ché hinh thanh c6 thé duoc
hiéu nhu sau. PVP 1a polymer c6 ca nhém phan
cuc (vong pyrrolidone, C=0) va khong phén cuc.
Nhom phan cuc nay s& lién két (hodc ¢ dinh) cac
ion Zn*" xung quanh hat nano vang va tir d6 Zn>*
lién két v6i 2-methylimidazole dé hinh thanh tinh
thé ZIF-8. Ngoai ra ciing khong thé loai trir lién
két ki nudc giita nhém khong phan cyc caa PVP
va cau ndi hitu co (2-methylimidazole).
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V=0, ml

V=04ml

V=1,5ml

Hinh 3. Anh TEM ciia miu Au@ZIF-8 tng hop v&i thé tich 0,1ml; 0,4ml va 1,5ml

Mac du hinh d&nh TEM khong rd nhung co
thé théy dugc vi tri cac hat nano vang bam chu
yéu & bién cua tinh thé ZIF-8 (V = 0,1ml va
0,4ml). DPdi véi mau co V = 1,5ml, ngoai cac hat
nano vang nam & bién cia tinh thé, con cd cac hat
nano nim ngoai tinh thé véi mot phan nim trong
va mot phan ndm ngoai (cAu trac Janus [20]). Két
qua nay cho thdy thé tich cia hat nano vang lam
anh huéng dén hinh thai va kich thudc tinh thé
cia ZIF-8. Trong mot nghién ctru khac cua nhom,
chiing t6i thir tong hop cdu trac lai Au@ZIF-8
trong moi truong methanol. Két qua TEM cho
thdy cac hat nano vang phan bd chu yéu bén trong
tinh thé cua ZIF-8 [23]. Su khéc biét giita hai moi
trudng tong hop dugc cho 13 sy phan cuc cia
dung méi anh huong dén vi tri phan bd cua hat
nano vang.

Hinh 4 biéu dién phd hip thy UV-Vis do
bang phuong phap phan xa khuéch tan. D6 thi
ctia ZIF-8 dugc vé trong dd thi ghép trong Hinh
4. ZIF-8 ¢6 bo hap thy tai ~400nm va khong co
dinh hép thy nao & budc song tir 400nm dén
1100nm. Khi ¢ cac hat nano vang gin vao, phd
hép thu xuét hién 2 peaks mai tai ~525nm  va
~650nm. Cuong do cua peak tai 650nm tang khi
thé tich ctia nano vang ting. Mau c6 V = 1,5ml
va 2,0ml rit kho dé thu dwoc dit liéu do tinh
phan xa rat manh. Dinh tai ~525nm c6 thé dugc
gan cho cong hudng plasmon bé mit cua hat
nano vang. Nguyén nhan xuat hién cta dinh tai
~650nm chua rd trong nguyén ctu hién tai.
Nhung né c6 thé duoc cho 1a cong hudong do
tuong tac cia hat nano vang véi moi truong dién
moi xung quanh chung hodc 1a gilta cac hat nano
vang v&i nhau [24].
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Hinh 4. Phé hip thu UV-Vis ciia Au@ZIF-8 (V = 0,1ml; 0,2ml va 0,6ml), nano ving boc PVP va ZIF-8

Gan day, mot nghién ctru cho thiy cau tric
Janus c6 kha nang phan ung xtc tac phan huy
hop chit hitu co tot [7]. Do d6, ching t6i tién
hanh thtt nghiém kha nang xtc tac cia Au@ZIF-
8 voi V = 1,5ml. Két qua ¢ hinh 5 cho thay kha
nang phan huy hop chat hitu co kha tot. Cau tric
Janus cua nhom tac gia [20], chi c6 1 lugng hat
nano vang rat it bam bén ngoai ZIF-8 nhung van
thé hién tinh xtc tic twong rat tot. Nhu trong
Hinh 3, c4c hat nano nim bén ngoai tinh thé ZIF-
8 v&i mat d6 kha 16n va nhu vy nd c6 thé co kha
nang phan tmg xuc tac chuyén hoa hop chat hitu
co.

Ching t6i danh gia budc dau kha ning
phan huy hop chit hitu co 2-nitrophenol (néng
d6 2,5mM) va NaBH4 (ndng do 500mM) theo
thoi gian. Két qua dugc biéu dién nhu trong
Hinh 5. Khao sat khoang thoi gian 0 phat, 2
phut, 4 phat va 6 phut. D4 thi cho thdy dinh dic
trung cia 2-nitrophenol & budc séng vao
khoang 400nm suy giam dan khi thdi gian phan
(mg tang tr 2 phut, 4 phat roi 6 phit. O dinh

khac ~230nm va ~320nm cuong d6 tang 1én khi
thoi gian phan Ung tang (twong ung suy giam
cuong d6 & dinh 400nm). Pidu nay dugc giai
thich 1a do Au@ZIF-8 dong vai trdo lam phén
huy 4-nitrophenol thanh 4-aminophenol c6 dinh
ddc trung & ~230nm va ~320nm trén phd hap
thu UV-Vis [25].

Hat nano vang duoc biét dén 1a c6 hoat tinh
manh & diéu kién anh sang binh thudng do hiéu
ung bé mit 16n. Khi cic hat nano bam trén bé
mat cua ZIF-8, ching s¢ c6 kha ning xlc tac
manh hon so v6i cac hat nano riéng 1é. Mot
trong s6 nhitng kha nang 1am cho ciu trac lai
Au@ZIF-8 co tinh xtc tic manh ¢6 thé 1a do
khi hat nano vang bam bén ngoai ZIF-8 thi tinh
chit dién tr caa hat nano vang bj thay déi do
moi truong dién modi xung quanh chung thay
d6i. Ching t6i s& dé& cap chi tiét trong nghién
ctu [23].
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4 KET LUAN

Cau tric lai hat nano vang va ZIF-8
(Au@ZIF-8) dugc téng hop bang phuong phap
nhiét thuy phéan. ZIF-8 c6 d6 két tinh tét khi cho
cac tién chat vao dung dich nano vang. Kich
thudc cia ZIF-8 va vi tri cia cac hat nano vang
phu thudc vao thé tich dung dich nano vang. Phd
hap thu UV-Vis cia Au@ZIF-8 thé hién dinh
hip thu dic trung ciia nano vang ~525nm va dinh
tai ~630nm lién quan dén tuong tac gitra nano
vang méi moi truong xung quanh hodc gilra cac
nano vang voi nhau. Khao sat xic tac phan ung
xuc tac chét hitu co 4-nitrophenol va NaBH4 cho
thiy Au@ZIF-8 c6 kha ning chuyén hoa thanh
4-aminophenol.

Loi cdm on: Nghién curu nay dwoc tai tro
boi Pai hoc Quoc gia Thanh phé Ho Chi Minh
(PHQG-HCM) trong khuén khé dé tai loai C,
ma s6 C-2015-50-1.
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Abstract—We report a hydrothermal synthesis
of a hybrid structure between gold nanoparticles
and a metal organic framework, ZIF-8
(abbreviated as Au@ZIF-8). Au nanoparticles
encapsulated in polyvinylpyrrolidone (PVP) was
employed as seeds to grow the framework of ZIF-8.
We controlled the position and concentrations of
Au nanoparticles on ZIF-8 crystal by adjusting the

volume of Au nanoparticles dissolved in DI water
during the growth of ZIF-8. Morphology,
structure, distribution of the hybrid structure were
investigated by transmission microscope, powder x-
ray diffraction, and diffuse reflectance UV-Vis
spectroscopy. We tested out catalytic properties of
Au@ZIF-8 through the reaction of 2-nitrophenol
and NaBHa.

Keywords—Metal organic framework, Au nanoparticles, hybrid structure, catalysis, Au@ZIF-8



