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TONG HOP VAT LIEU NANO LUONG OXIT NiO-ZnO
THONG QUA PHAN HUY NHIET Ni-ZIF-8
VA HOAT TINH XUC TAC QUANG HOA
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Tém tat: Bai bao nay trinh bay nghién ctru tong hop vét liéu ban dan p—n NiO-ZnO tir vat liéu khung hitu
co kim loai (Ni-ZIF-8). Vat liéu Ni-ZIF-8 duoc téng hop tit 2-methyl imidazole va dung dich chita Ni?* va
Zn?* véi ti 1€ mol Ni%t/ Zn?* béng 8:2 ¢6 cau trac ctia ZIF-8 thudc hé khong gian 7 43m . Nhiét phan Ni-ZIF-
8 6 500 °C trong 4 gio thu duoc ludng oxit kim loai ban dan loai p—n NiO-ZnO. Ludng oxit kim loai thu
duoc ¢6 hoat tinh quang héa trong vung kha kién, c6 kha nang xuc tac phan huy pham nhuém Remadazol
Deep Black dudi anh sang mat troi.

Tt khoa: Ni-ZIF-8, NiO-ZnO, phan hity phdm nhudém, dnh sang mat troi
1 Mo dau

Cac van dé vé moi treong nhu 6 nhiém hitu co va nuwdc thai ciia mot s8 khu cong nghiép
6 hai cho sttc khée con nguoi. Phan ting xtc tadc quang, nhu mot cong nghé "xanh", tao ra mot
tiém nang lon dé€ loai bo hoan toan chat doc trong moi truong nén dwoc st dung rat hiéu qua va
rong rai [1]. Pa c6 nhidu cong bd vé cac nano oxit kim loai ban dan cé thé lam suy gidm cac chat
6 nhiém hitu co khac nhau khi chiéu xa tia UV [1, 2, 3]. Trong nhiing ndm gan day, nhiéu loai
nano oxit kim loai ban dan quang xuc tac nhu Bi20s, Fe20s, TiOz, ZnO... da duwgc phat trién dé
tao ra mot mdi trueong trong sach cho con nguoi [1]. Trong s8 cac oxit kim loai ban dan quang
xtic tac, ban dan loai n (do céc dién twr dan chinh) da dwgc nghién cttu va tng dung nhu ZnO
xuc tac quang cho phan tng phan huy phdm nhudém C. L. acid yellow 23 khi chiéu tia UV [2],
methyl xanh (MB), methyl da cam (MO) dwdi dnh sdng mat troi [4], TiOz xtc tac cho phan tng
phan huy naphthol blue black (NBB) khi chiéu tia UV [3]...

Trong khi d6, vat liéu ban dan loai p (do cac 15 trong dan chinh) nhw NiO, CuO... chuwa
duoc nghién cttu nhigu. Gan day cac nghién ctru tap trung vao su két hop ban dan loai p—n lam
xtc tac nhu p-NiO/n-TiO:2 xtic tac cho phan ttng phan hay Cr2072-[5], vat liéu Ni(OH)2 nano—
ZnO nano xuc tac cho phan tng phan huy cac loai pham nhudm azo nhu rhodamine (RB),
congo do (CR), MB va MO dudi tac dung anh sang kha kién [6]... Cac vat liéu nay dugc tong
hop bang phuong phép sol-gel hodc két tua.
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Vat liéu ZIF-8 duoc tao thanh tir nguyén t Zn lién két v6i 2-methylimidazole (MeIM),
c6 cong thirec Zn(MelM)2. Gan day c6 mot s6 nghién cttu tong hop nano ZnO tir vat liéu ZIF-8
[7, 8]. Theo su hiéu biét cua ching tdi, chuwa c6 nhiéu nghién ctru tdng hop nano ludng oxit ti
tién chét (Ni-Zn)-ZIF-8. Bai bao nay trinh bay két qua nghién ctru tong hop ludng oxit loai p—n
ZnO/NiO twr tién chat vat liéu khung hitu co kim loai ZIF-8 va hoat tinh quang héa dwdi anh
sang mdt troi cta vat liéu diéu ché duoc.

2 Thuc nghiém

2.1 Hoa chat

Cac hda chdt duoc dung trong nghién ctu nay bao gom kém nitrat hexahidrat
(Zn(NOs)2:6H20, Korea, =2 99 %); niken nitrat hexahidrat (Ni(NOs)2.6.H20, Merck, > 99 %);
methanol (CHsOH, Merck); 2-methylimidazole (CsHeN2, Aldrich, 99 %); phdm nhuém Remazol
Deep Black RGB (RDB) (C2sH21N5Na4O19S¢, DyStar — Korea).

2.2 Tong hop ZIF-8

ZIF-8 duoc tong hop theo Zhu va Eslava [9, 10]: Cho dung dich gom 2,8 mmol kém nitrat
hexahidrat trong 1,4 mol methanol vao dung dich gom 64,4 mmol 2-methylimidazol trong 1,4
mol methanol, khudy manh hon hgp trong 24 gio, sau d6 li tim trén may Hettich EBA 8S véi
t8c d6 3000 rpm trong 10 phtt, thu phan ran rtra 3 lan véi metanol. San pham duoc sdy qua
dém & 120 °C.

2.3  Tong hop Ni-ZIF-8

Ni-ZIF-8 ciing duoc tong hop tuwong tw nhu ZIF-8 nhung mot phan kém nitrat
hexahidrat duwoc thay thé bang niken nitrat hexahidrat véi ti 1é mol Ni2/Zn?* 1a 8:2.

24  Tong hop vit liéu nano ludng oxit NiO-ZnO

Nano ludng oxit NiO-ZnO duoc tong hop theo phwong phép cua Du va cs [8]: Cho 2
gam Ni—ZIF-8 vao chén s, ddt trong 10 nung CARBOLITE (Anh), gia nhiét dén 500 °C va duy
tri nhiét d6 500 °C trong 4 gio, lam nguoi san phdm dén nhiét dd phong.

C&u trdc tinh thé ctia vat liéu téng hop duwoc xac dinh bang phuong phép nhidu xa tia X
ghi trén mdy D8-Avance-Bruker voi tia phat xa CuK & cong sudt 40 kV, goc quét tir 1° dén 30°.
Thanh phan nguyén t& duoc xac dinh bang phuong phép quang phd hap thu nguyén tir (AAS)
trén mdy PinAAcle 900F va phan tich ham luong nguyén t6 C, H, N trén mdy Elemental
Analyser EA3000. Hinh thai ctia vat liéu dwoc ghi trén may SEM JMS-5300LV (Nhat) ¢ 10 kV.
Ph6 UV-Vis-DR dugc do trén may JASCO-V670 véi bude song tir 200 nm dén 800 nm.
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2.5  Khao sat kha ning hap phu va hoat tinh xtic tic quang héa ctia NiO-ZnO

Qua trinh hdp phu phdm nhuém RDB duoc tién hanh trong bong t6i ¢ 28 °C: cho 0,01
gam vat liéu ZIF-8, Ni-ZIF-8 hodc NiO-ZnO vao binh dung tich 100 mL chia 50 mL dung dich
RDB trong nudc véi nong d6 30 mg-L-, khudy hén hop biang méy khudy tir &€ vat liéu phan bg
déu trong hon hop. Sau 2 gio (bao dam cho sy hdp phu dat can bang), dung dich duoc 14y ra, li
tam d€ loai bo chat hdp phy; nong d6 dung dich phdm nhuém duoc xac dinh bang phuong
phép so mau trén mdy Perkin—-Elmer Spectrophotometer & A max cia pham nhudém (600 nm).

Qua trinh xtc tac quang phan ting phan huy pham nhuém RDB: tién hanh nhw qua trinh
hdp phu nhung chi€u dnh sang mat troi 6 nhiét d6 28 °C va chi s6 UV = 2. Sau 2 gio, dung dich
duoc 1dy ra, li tam d€ loai bo chat xtc tac va xac dinh nong d6 dung dich phdm nhudém con lai
sau phan tng.

3 K&t qua va thao luan

Hinh 1 trinh bay gian d6 XRD cua cac mau ZIF-8 duoc tong hop béng Zn2*, hdn hop Zn?
—Ni?* va nano ludng oxit NiO-ZnO. Két qua cho thdy trén gian d6 XRD cta mau ZIF-8 tong
hop tlr Zn?* xuat hién pic tai gid tri 20 = 7,31° twong tng v6i mat (011) ¢6 cuong dd manh, do
rong chan pic khé 16n, chiing to tinh thé ¢6 kich thudc nho. Ngoai ra, con mot s6 mat ddc trung
nhw (002) twong tng véi 20 =~ 10,3°; mat (112) voi gia tri 20 = 12,7°; mat (022) trong ting voi 20 =
14,6°; mat (013) teong ting vdi 20 = 16,3°; mat (222) tuwong tng voi 20 = 18°... Cac pic nay dac
trung cho cau trac khung httu co kim loai ZIF-8 / 43m [11]. Khi bién tinh ZIF-8 bang Ni% véi ti
1é mol Ni?*/Zn? = 8:2, cac cdu tric van giit nguyén. Diéu nay ching to Ni2* c6 thé thay thé dong
hinh v6i Zn?* hay phéan tan ¢ dang v6 dinh hinh trong cdu truc ctia ZIF-8. Két qua cling cho
thay trén gian d6 XRD ctua mau NiO-ZnO t&ng hop thdng qua phan huy nhiét vat liéu Ni-ZIF-
8 khong xudt hién pic déc trung nao, gan nhu thu duoc vat liéu vo dinh hinh.
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Hinh 1. Gian &6 XRD ctia cic mau ZIF-8, Ni-ZIF-8 va nano NiO-ZnO
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Hinh 2 trinh bay anh SEM cta vat liéu Ni—-ZIF-8 va nano luwdng oxit NiO-ZnO. Cac hat
Ni-ZIF-8 c6 kich thudc hat khoang 40-50 nm va cac hat nano lwdng oxit thu dugc sau khi nung
van giit nguyén kich thuéc va hinh dang cua tién chat.
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Hinh 2. Anh SEM ctia Ni-ZIF-8 va nano lwong oxit NiO — ZnO véi d6 phan giai 50.000 va 100.000

Ph6 UV-Vis- DR cuia Ni-ZIF-8 va nano ludng oxit NiO-ZnO duoc thé hién trén Hinh 3.
Trén phd cua ZIF-8 xuat hién mot dai hap thu lén & vung 200-250 nm lién quan dén budc nhay
(m—7t*) trong cdu trac ctia vong imidazole. Trén pho cua Ni—ZIF-8 xudt hién hai dai hap thu ¢
dinh pic & 380 nm va 570 nm c6 thé do sy dich chuyén dién tir cua vong lién hop imidazol va Ni
(n—p). San pham sau khi nung NiO-ZnO c6 dang pho twong tw ZnO, nhung cuong do hdp thu
cao hon nhiéu; diéu nay c6 thé do su dich chuyén cac budc séng hap thu vé phia anh sang c6
budc song dai. Két qua nay cho thdy NiO-ZnO c6 kha nang lam xtc tac quang hda trong vung
kha kién.
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Hinh 3. Gian d6 UV-Vis-DR cta ZIF-8, Ni-ZIF-8 va nano ludng oxit NiO-ZnO

Hinh 4 so sanh két qua lam m4t mau pham nhudém RDB trong t6i va khi chiéu 4nh sang
mét troi caa ZIF-8, Ni-ZIF-8 va NiO-ZnO. Truc tung biéu dién ti 1&é C/Co trong d6 C: 1a nong
d6 phadm nhudm tai thoi diém t va Co 1a ndng d) ban dau ctia dung dich phdm nhudém. Két qua
cho thdy khi ¢6 mat ZIF-8 va Ni-ZIF-8, sy mat mau pham nhudm trong t6i ( ky hiéu trong d6
thi hap phu) va chiéu anh sang mat troi (ky hiéu trong d6 thi xtc tdc quang) khong khac nhau
nhiéu, phdm nhudém bi m&t mau khoang 40 % d6i véi ZIF-8 va 86 % d6i voi Ni-ZIF-8. Pham
nhudém RDB bi médt mau trong t6i la do xay ra qua trinh hap phu trén vat liéu ZIF-8 va Ni-ZIF-
8. Khi chiéu anh sang mat troi, su mat mau phadm nhudm cé thé do qua trinh hdp phu hodc
phan ting phéan hity xtc tac quang nhung phan trém phdm nhudm bi mat mau bang phéan tram
mat mau trong tdi, chiing t6 nong dd phdm nhudém RDB giam khi chiéu sang la do sy hdp phu
RBD cua vat liéu ZIF-8, Ni-ZIF-8 va c6 thé néi ZIF-8, Ni-ZIF-8 khong c6 hoat tinh quang xtic
tac cho phan tng phan huy pham nhuém RDB dudi anh sang mat troi. Nguoc lai, khi c6 mat
nano ludng oxit NiO-ZnO thi sy mat mau phdm nhudm trong t6i va chi€u anh sang mat troi
thay doi rat 1on: trong t6i gan nhw khong bi mat mau nghia la khong xay ra qud trinh hdp phu
trén NiO-ZnO, nhung khi chi€éu anh sang mat troi thi phdm nhuém bi mat mau khoang 95 %.
Diéu d6 cho thdy rang nano ludng oxit NiO-ZnO cé hoat tinh quang xtc tac rat cao cho phan
tng phan hay pham nhuém RDB dwéi anh sang mat troi.
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Hinh 4. Qua trinh mat mau phdm nhuém RDB khi chiéu anh sang mét troi va trong t8i cia ZIF-8
va Ni-ZIF-8 va nano ludng oxit NiO-ZnO

Theo ly thuyét, kha ndng xtc tac ctia cac chat ban dan 1a do su tao ra cdp dién tir va 15
trong quang sinh e-/h* khi bi anh sang kich thich cdp e-/h* sé oxi héa/khtr nudc tao ra gdc tu do;

cac goc tw do nay c6 kha nang quang phan cac chat hitu co trong dung dich nuwdc [12, 13]. NiO-
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ZnO c6 hoat tinh xtc tac quang héa trong vung kha kién la do sy ¢6 mét ctia NiO. Vung cam
ctia NiO 1a khoang 3,5 eV con viing cdm ctia ZnO khoang 3,2 eV. Ton tai su xen 1an gifta viing
dan va vung hoéa tri cua NiO va cua ZnO, do d6 su chuyén dich dién tix va 15 trong gitta hai
chat ban dan nay thuan loi vé mat nhiét dong, lam thu hep ning luwong viing cdm cta nano
ludng oxit NiO-ZnO. Hon nita, sy phan tach cac cip dién tir va 16 tréng trong ban dan NiO-
ZnO c6 tac dung ngdn chan qua trinh tai két hop cta cdp e/h*; khi bi kich thich béi anh sang
mat troi thi dién t hda tri ctia ZnO c6 thé sinh ra nhitng dién t& va nhitng 15 trong, nhitng dién
tt kich thich di chuyén dén viing dan (CB) ctia ZnO va nhiing 16 tréng di chuyén dén vung héa
tri (VB) caa NiO [12]. NiO hoat ddng nhw bay 16 tréng; 16 tréng dwoc gitt lai trong ving héa tri

ctia NiO va twong tac véi H20 sinh ra cc goc tw do OH'. ZnO hoat ddng nhu bay dién t&, dién
ti duoc gitr lai trong ving dan ctia ZnO va twong tac véi Oz, H20 sinh ra cc gdc tw do O; nhu
trinh bay ¢ hinh 5 [12, 13, 14]. Cac phan tng xtc tac oxi hoa bdi anh sdng mat troi quang phan
pham nhudém xay ra theo co ché sau [12. 13. 141:

Anh sang mat troi

. _— > .
p-NiO/n-ZnO + hv e (ZnO) + h*(NiO)

Khi c6 mgt H20 va Oz, cac dién tir e- va cac 16 tréng quang sinh h* tao ra cac gdc tw do:

hy, + HHO — OH" + H*

(VB)

e(C‘B) + O - O,

20, + HHO — H:0: + 20H- + O,

Co6 thé: HO2 + e — OH + OH

(CB)

Céc gc tw do phan huy phan tir phdm nhudém:

OH" + (CH21NsNadiO19Se — CO2 + H0 + NO; + Na+ + 5024_

Hinh 5. So @6 phan huy quang hoéa trén xtc tdc NiO-ZnO duédi anh sang mat troi [12, 13, 14]
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4

Két luan

Vat liéu Ni-ZIF-8 dugc tong hop tir 2-methyl imidazole va hdn hop Ni* va Zn? véi ti 1€

mol Ni?/Zn2 bang 8:2 c6 cau tric ctia ZIF-8 thudc hé khong gian 143m. Ludng oxit kim loai
NiO-ZnO thu dugc théng qua nhiét phan Ni-ZIF-8 ton tai ¢ dang v6 dinh hinh va ¢6 hoat tinh
quang hoda trong vung anh sang kha kién, ¢6 kha nang phan huy phdm nhuém Remazol Deep
Black dwdi anh sang mat troi.
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SYNTHESIS OF NiO-ZnO NANOPARTICLES BY PYROLYSIS
OF Ni-ZIF-8 AND PHOTOCATALYTIC ACTIVITY
UNDER SUNLIGHT

Mai Thi Thanh'?, Bui Thi Minh Chau3, Ho Van Thanh?, Dinh Quang Khieu!
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Abstract. This paper presents the study on the synthesis of NiO-ZnO semiconductor nanoparticles from
Ni-ZIF-8. The Ni-ZIF-8 material prepared from 2-methyl imidazole and a solution containing Ni** and
Zn* with an Ni?*/Zn? molar ratio of 8:2 has the crystallinity of ZIF-8 with the / 43m space. The p—n NiO-
ZnO nanoparticles were prepared by the thermal treatment of Ni-ZIF-8 at 500 °C for 4 hours. The ob-
tained semiconductors exhibit photocatalytic activity for the degradation of Remadazol Deep Black dye
under sunlight with high efficiency.

Keywords: Ni-ZIF-8, NiO-ZnO, photocatalytic activity, sunlight
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