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TOM TAT

Trong nghién cttu nay, sw két hop gitta vat liéu nano CdSe véi cuong dd phat
quang cao va vat liéu khung htu co-kim loai ZIF-11 ¢ dién tich bé mdt riéng 16n
cho vt liéu lai CdSe/ZIF-11. Vat liéu lai duoc két hop tit "phuwong phap wét” trong
tong hop CdSe va phuong phép hd trg siéu am trong tdng hop ZIF-11. Két qua
XRD chiing to cac tinh thé nano CdSe da phan b vao trong mang lwdi ZIF-11, do
d6 lam bién dang ciu tric khung ban dau. Hinh anh SEM xéc nhan sy bién dang
hinh thai. D@ liéu EDX thé hién cac nguyén t6 hop thanh trong pham vi lién két
héa hoc. Phd UV-Vis cho thdy cdu trac vo 16i cua vat liéu thu duoc va sy ton tai cac
twong tac hda hoc thay vi sy pha tron vat ly. Pho PL phu hop véi kha nang phat xa
dnh sang quan sat duoc bang mat thuong. Tir két qua dé xudt mot quy trinh higu

qua vé thoi gian tao ra vat liéu lai CdSe/ZIF-11.

T khoa: Cham luwgng tir CdSe, vat liéu khung hitu co-kim loai ZIF-11, vat liéu lai
CdSe/ZIF-11.

1. MO PAU

Trong vai thap nién gan day, vat liéu nano ban dan ("chdm luong t'", quantum
dots, QDs) noéi chung va nano cadmium selenide (CdSe) ndi riéng dang nhan sy quan
tam trong nhiéu linh vuc nghién cttu va ting dung dwa vao tinh chat ddc dao chung co6
duoc [1, 2]. Hién nay, cac nha khoa hoc dang tap trung nghién cttu cac loai vat liéu ban
dan nhw chdm luwgng tir CdSe do c6 phd kich thich rong, phd phét xa hep va tinh chat
quang 6n dinh do hiéu ting giam git dién ti [3]. T nhiing tinh chat ddc trung nay, cac
cham lugng tr CdSe duoc tng dung trong cac linh kién chuyén ddi nang luong mat
troi, phat sang diot, gén thé quang hoc, c¢6 kha nang st dung trong hinh anh y sinh hoc
nhu hién anh phan tir va té bao cam bién sinh hoc nano [4]. Pa c6 nhiéu phuong phap
tong hop vat liéu dwoc nhiéu tac gia phat trién va cong bd, cd thé ké dén nhing
phuong phap phan ting thé ran, chuyén vi thé ran, tu sinh ¢ nhiét d6 cao, dién héa hoc
va quang hoa hoc. Day déu 1a nhitng phwong phap ¢ quy trinh phtic tap, yéu cau phai
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thuc hién 6 nhiét do cao va ap sudt cao, hodc trong mdi truong chan khong, tién chat
phai 1a cac chdt hitu co-kim gia thanh cao [5, 6]. Gan day, mot phuong phap méi véi
tén goi 1a "phuong phap uét" (' wet method") da duoc gi¢i thiéu dé tong hop vat liéu
nano CdSe trong mdi truong nudc véi nhitng yéu cau vé diéu kién phan tng va hda
chat don gian, gia thanh thap [7-9].

Vat liéu khung httu co-kim loai (MOFs, Metal-Organic Frameworks) thudc
nhdém vat liéu x0p lai hitu co — v co quan trong. Vat liéu MOFs dwgc chu y boi dién
tich bé mat riéng 16n iing dung trong nhiéu linh vyc nhw xtc tac, hdp phu, duoc pham,
quang hoc, tir tinh, quang hda [10-12]. Vat liéu MOFs hinh thanh do qud trinh tu sap
x€p va lién két gitra cac cau n6i htru co (linkers) voi cac ion kim loai hodc cac cum tiéu
phén kim loai (metal clusters). MOFs thuong duoc tong hop theo phuong phéap thuy
nhiét (hydrothermal) hoac dung moi nhiét (solvothermal). Trong nhém MOFs, vat liéu
khung zeolite imidazolate kim loai (ZIFs, Zeolite Imidazolate Frameworks) cling c6 cdu
truc tuong tu zeolite thu hut sy quan tam cua nhiéu nha khoa hoc do da dang vé bd
khung, uyén chuyén vé bién tinh, chiu nhiét tot, 46 x6p mao quan cao, dién tich bé mat
riéng 16n va on dinh hoéa hoc [13]. ZIF-11 dwoc biét dén la chat hap phu va luu triv khi
[13], tach khi [14, 15]. Hién nay, phuong phap pho bién nhat dé diéu ch€ tinh thé ZIF-
11 la phuong phdp st dung song siéu am trong cac dung moéi hitu co nhw
diethylformamide (DEF) [12].

Két hop nhitng tinh chat wu viét tir nhiing vat liéu riéng 1é tao ra vat liéu lai
CdSe/ZIF-11 c6 kha nang phat huy tiém ndng ting dung trong thuc tién. Vi vay, trong
nghién ctru nay, tién hanh tong hop vat liéu lai CdSe/ZIF-11 budc dau nghién ctru vé
loai vat liéu nay ndi riéng va tao nén tang cho cac hudng nghién ctru phat trién vat liéu
lai khac nhau phut hop voi ttng dung & moi treong trong nudc noi chung.

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chat va diéu kién phan tng

Selenium (Se), Sodium sulfite (Na250s), methanol (CHsOH), Benzimidazole
(C/HsN2), Thioglycolic acid (C2HsO:S), Cadmium chloride (CaCl:), Zinc nitrate
hexahydrate (Zn(NOs)2.6H20), Diethylformamide (DEF, CsHuNO) xudt x& ti Xilong
Chemicals. T4t ca cac hoa chat dugc st dung truc ti€p ma khong tién hanh tinh ché lai.
Trong tat ca thi nghiém, cic dung dich phan tng dugc khir oxy bang cach suc khi N2
(nitrogen) dé'loai khi Oz (oxygen) khoang 30 phut trudc khi st dung.

2.2. Toéng hgp vt liéu nano CdSe

Diau tién tong hop dung dich Na:SeSOs bang cch hoa tan hdn hop gom 0,25 g
Se va 6,93 g Na2SOs vao 100 mL nude cat da khir oxy. Duéi sy hd tro ctia khudy co hoc
lién tuc trong 2 gid & nhiét d6 80 °C dam bao hon hop tan hét tao dung dich trong sudt.
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Trong quy trinh tong hop CdSe: 0,16 g bot CdClz phan tan trong 80 mL nudc
cat. Hé phan ung khudy 30 phut trong diéu kién nhiét d¢ 5 °C. Sau d6, thém 10 mL
Na:SeSOs, cac dieu kién hd tro giit trong 1 gid nita. Thém tiép 20 mL dung dich
thioglycolic acid vao binh cau, gitt diéu kién phan ting va ti€p tuc khudy trong 30 phut
cho qua trinh gia héa va 6n dinh san phdm. Cu6i cung, cho vao hé 100 mL methanol,
thu dugc két tiia CdSe dang huyén phtt mau vang, rita vai lan bang methanol, sy qua
dém 6 80 °C.
2.3. Tong hop vt liéu ZIF-11

Tong hop vat liéu ZIF-11 theo ti 16 mol Zn(NOs).6H20, benzimidazole,
diethylformamide (DEF) nhu sau: 0,25:1,25:0,68. Dwdi su hd tro caa song siéu am, hon
hop phan ting lién tuc trong 9 gid ¢ nhiét d6 60 °C. Sau d6 ly tam hdon hop véi téc do
5000 vong/phtt, rira vai lan bang dung moi DEF, sdy két tiia qua dém trong tti sdy & 80
°C.

2.4. Tong hop vat liéu CdSe/ZIF-11

Tong hop vat liéu CdSe/ZIF-11 bang cach cho Zn(NOs):.6H:20 phén tan trong
DEF, benzimidazole phan tan trong DEF cung véi bot CdSe, sau d6 tron hon hop lai
v6i nhau. Dudi sy hd tro ctia song siéu am, hdn hop phan ting lién tuc trong 9 gio tai
nhiét d6 60 °C. Sau d6 ly tim hdn hop véi toc d6 5000 vong/phut, rita vai lan bang
dung moi DEF, sdy két tua qua dém trong ta sdy o 80 °C.

2.5. Cac phuwong phap xac dinh ddc trung vat liéu

Cau truc tinh thé ddc trung boi su nhiéu xa tia X (X-Rays Diffraction, XRD) do
trén thiét bi D8-ADVANCED-BRUKER (Germany). Thanh phan nguyén t6 phan tich
bang phurong phép tan sic ning luong tia X (Energy Dispersive X-Ray Spectroscopy,
EDX) do trén thiét bi JEOL-6490-JED-2000 (Japan). Hinh thai san pham quan sat bang
kinh hién vi dién t&r quét (Scanning Electron Microscope, SEM) do trén thiét bi JOEL-
5410-LV (Japan). Tinh chat hap thu quang phan tich bang phwong phap phd hap thu t
ngoai — kha kién (Ultraviolet-visible spectroscopy, UV-Vis) do trén thiét bi JASCO V-
630 (Japan). Tinh chat phat quang phan tich bang phuong phap phd phét xa huynh
quang (Photoluminescence Spectroscopy, PL) do trén thiét bi FL3C-22.

3.KET QUA VA THAO LUAN
3.1. Vat liéu CdSe

Gian d6 XRD trong Hinh 1 chting minh cau truc tinh thé vat liéu CdSe tong hop
duoc.
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Hinh 1. Gian d6 XRD mAu CdSe

Tir gian d6 XRD mau CdSe xuat hién 7 peak véi vi tri cac peak va ty 1& cuong
do dac trung cho vat liéu CdSe tai goc 2-theta 24,19°; 24,88°; 25,78° 35,71° 38,26°;
42,64°; 46,57° Tan luot twong tng voi cac mat mang tinh thé (100), (002), (101), (102),
(110), (103), (112) trong mang lwdi hexagonal so sanh véi s liéu tie JCPDS PDF No. 01-
077-2307 [16].

Phan tich mau CdSe bing phuwong phap phd tan xa nang luong tia X va két qua
hién thi trong Bang 1 va Hinh 2.

Bing 1. Bang phan trdm nguyén t6 tai cac diém cua vat liéu CdSe

Tén nguyén t& biém 1 biém 2 biém 3
(% nguyeén tir) (% nguyeén tir) (% nguyeén ttr)

C 24.85 25.66 25.88
O 34.47 3041 34.50
Na 8.95 8.81 10.96
S 11.79 12.64 10.27
Se 5.97 6.50 6.5

Cd 13.96 15.98 12.34

Hinh 2. Phé EDX (a) mau CdSe va (b) anh SEM tai vi tri do ctia diém 1
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Viéc ghi nhan phd tia X phat ra tir vat ran cho thong tin vé cac nguyén 3 hoa
hoc ¢6 trong mau va ti 1é cac nguyén t3 nay. Hinh 2 xuat hién day du cac peak cua Cd
va Se. Ngoai ra, c6 sy xuat hién peak C, S, O. C6 thé day la cac nguyén td ctia chat hoat
dong bé mat sit dung trong tong hop CdSe 1a thioglycolic acid thé hién trong Bang 1
Thanh phan cac nguyén td phan tich tai 3 vi tri khac nhau c6 gia tri gan gidng nhau,
diéu nay cho thay cac nguyén t6 phan b dong déu ¢ pham vi kich thuwdc micromet va
pham vi kich thudce cac lién két hoa hoc trong nguyén tir ctia vat liéu.
3.2.Vat liéu ZIF-11

Gian d6 XRD trong Hinh 3chting minh cdu trac tinh thé vat liéu ZIF-11 tong
hop duoc.

Cuomg di tia X (a.u)

2-theta (%)

Hinh 3. Gian d6 XRD mau ZIF-11

Gian d6 nhiéu xa mau ZIF-11 hoan toan giéng véi gian d6 do nhém tc Joaquin
Coronas va cdng su da cong bd [12] cho thay vat liéu tong hop duoc cb cau truc tinh
thé cua ZIF-11. Nhue vdy, quy trinh tong hop ZIF-11 theo ty 1é
Zn(NO:s)2.6H20:benzimidazole:DEF Ian luot 0,25:1,25:0,68 duy tri siéu am trong 9 gio &
nhiét d6 60 °C tao vat liéu c6 cau trac mang ludi tinh thé dac trung cua ZIF-11.

Thanh phan nguyén t& c6 trong mau ZIF-11 phan tich bang phuong phéap phd
tan xa tia X thé hién trong Bang 2 va Hinh 4.

Bdng 2. Bang phan tram nguyén t0 tai cac diém cta vat liéu ZIF-11

Tén nguyén t& biém 1 biém 2 biém 3
(% nguyén ttr) (% nguyeén ttr) (% nguyeén ttr)
C 93.84 94.33 94.50
Zn 6.16 5.67 5.50
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Hinh 4. Phé EDX (a) mau ZIF-11 va (b) anh SEM tai vi tri do ctia diém 1

Két qua phd EDX trong mau chi xuat hién peak cua C va Zn, ngoai ra khong
xuat hién peak cua nguyén t& khac thé hién trong Bang 2. Thanh phan cac nguyén to
tai 3 vi tri khac nhau c6 gia tri gan giong nhau cho thay cac nguyén t6 phan bé dong
déu trong pham vi kich thudc micromet.

Anh SEM trong Hinh 5 cho thdy hinh thai va phan bd kich thude cac hat tinh
thé ZIF-11.

Hinh 5. Anh SEM mau ZIF-11

Hinh 5a-b xuéat hién véi hinh théi xac dinh, phan b chu yéu 2 — 3 micromet véi
cdu truc khoi da dién 16i 12 mét hinh thoi dong dang. Kich thudc hat dong déu va cac
mat da dién quan sat ro rang.

3.3. Tong hop vat liéu CdSe/ZIF-11

Dua trén co so quy trinh da tong hop thanh cong cac loai vat liéu riéng 1é, trong
bao cdo nay tién hanh thiét k€ quy trinh tong hop vat liéu CdSe/ZIF-11 véi cac diéu
kién phan ting ¢ phan thyce nghiém.

Gian d6 XRD trong Hinh 6 chitng minh cdu trac tinh thé vat liéu CdSe/ZIF-11.
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Hinh 6. Gian d6 XRD mau CdSe/ZIF-11

Gian d6 khong thé hién cac peak dac trung da xuat hién trén gian d6 XRD cua
vat liéu ZIF-11. Mot gia thuyét c6 thé dua ra trong qua trinh cac khung htu co va kim
loai szflp x€p voi nhau, cac hat nano CdSe da len 16i vao trong mang luwdi cdu tric ctua
vat liéu ZIF-11. Diéu nay 1am cho mang ludi sap xép ctia khung bi bép méo va mat di
tinh tuan tu, dan dén gian d6 XRD co cac peak tu va trai dai giong cac loai vat liéu co
cau trac vo dinh hinh.

Thanh phan nguyén 3 c6 trong mau CdSe/ZIF-11 phan tich bang phuong phép
pho tan xa tia X thé hién trong Bang 3 va Hinh 7.

Bing 3. Bang phan trdm nguyén t6 tai cac di€ém cua vat liéu CdSe/ZIF-11

Tén nguyén t& biém 1 biém 2 biém 3
(% nguyén tir) (% nguyén tir) (% nguyén tir)
C 43.50 44.98 38.20
@) 33.26 32.67 38.86
S 9.03 8.72 8.36
Zn 6.29 5.37 6.80
Se 2.61 2.10 2.69
Cd 5.32 6.16 5.09
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Hinh 7. Phd EDX (a) mau CdSe/ ZIF-11 va (b) anh SEM tai vi tri do ctia diém 1

Két qua phd EDX cho thdy trong vat liéu CdSe/ZIF-11 xuéat hién day du va rod
rang peak ctia cac nguyén t6 Cd, Se, C, Zn day la nhitng nguyén t6 chinh phai c6 trong
vat liéu CdSe/ZIF-11. Ngoai ra, xuat hién peak cta nguyén t6 S va O, day la 2 nguyén
t0 cuia chat hoat dong bé mat thioglycolic acid trong qua trinh tong hop. Thanh phan
nguyén td tai 3 vi tri khac nhau c6 gia tri gan gidng nhau cho thay cac nguyén t6 phan
bd dong déu trong pham vi kich thudc lién két hoa hoc trong nguyén tix ctia vat liéu.
Diéu nay chting t6 trong qud trinh phan tan hon hop dudi ho tro cta séng siéu am, vat
liéu CdSe/ZIF-11 da duoc tao thanh.

Stt dung kinh hién vi dién t&r quét tao ra anh vdi do phan giai cao thé hién trong
hinh 8.

Hinh 8. Anh SEM mau CdSe/ZIF-11

Vit liéu CdSe/ZIF-11 tong hop véi qui trinh twong tw nhung hinh thai khac xa
so v0i vat liéu ZIF-11. So sanh hinh anh SEM va gian d6 XRD cta 2 mau vat liéu ZIF-11
va CdSe/ZIF-11 c6 thé dua ra gia thuyét cac hat nano CdSe da len 16i vao bd khung
mang lwdi ZIF-11 lam cho cdu trac cta ZIF-11 trong qud trinh tw sap x&p cac khung
httu co va kim loai thay d6i, do d6 cdu truc cua vat liéu cudi cung bi bop méo va bién
dang, khong con gitt hinh dang nguyén gdoc ban dau.
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3.4.Phén tich phd hip thu tit ngoai kha kién (UV-Vis)

Kha ning hap thu quang ctia ba vt liéu phan tich bang phuong phap do quang
pho hédp thu UV-Vis thé hién trong Hinh 9.

Cudng do6 tia X (a.u)

T T
200 300 400 500 600 700 800
Budc song (nm)

Hinh 9. Pho UV-VIS cua vat liéu (a) CdSe, (b) ZIF-11 va (c) CdSe/ZIF-11

Pho hdp thu vat liéu CdSe (Hinh 9a) bat dau hap thu quang tai budc séng 510
nm va ceong d6 hap thu cyc dai 272 nm. Dya theo mét s6 cong bd lién quan gitra kich
thudc hat va tinh chat hap thu quang [17] ¢ thé dua ra mét s6 nhan dinh so bd vé kich
thude hat nano cta vat liéu CdSe. D6 thi ¢6 hinh dang ddc cho thdy kich thudce hat nho
va phan bd kha dong déu.

Vat liéu ZIF-11 (Hinh 9b) bat dau hap thu quang tai budc séng 300 nm va
cuong d6 hap thu cuc dai 266 nm. D6 thi ¢ hinh dang ddc thang ding chiing to kich
thudc hat phan bd dong déu.

Vat liéu CdSe/ZIF-11 (Hinh 9c) bat dau hap thu quang & bude séng 500 nm va
c6 hinh dang thoai, dai hap thu dai. Hinh dang phd mau CdSe/ZIF-11 khac so véi mau
CdSe, diéu nay c6 thé dua ra nhan dinh cac hat nano CdSe da len 16i vao trong bd
khung mang ludi ZIF-11 hogc bam 1én thanh khung dan dén 16p vo ZIF-11 da boc cac
hat nano CdSe va chinh 16p vo nay lam anh hwong dén d6 hap thu quang cua CdSe.

So sanh phd UV-VIS cuaa 3 vat liéu CdSe, ZIF-11 va CdSe/ZIF-11, khi két hop
hai vat liéu CdSe va ZIF-11 thi ZIF-11 lam thay d6i kha nang hap thu quang ctia CdSe
nén vat liéu lai CdSe/ZIF-11 c6 budc song hap thu va hinh dang phd khac so véi CdSe.
Do d6, c6 thé dua ra nhan dinh ZIF-11 da boc hoan toan chdm luong tir CdSe nén anh
hudng dén d6 hap thu quang la hoan toan xay ra. Diéu nay can duoc nghién cttu sau
hon & cac cong trinh nghién cttu phia sau.
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3.5.Phan tich phd phat xa huynh quang (PL)

Sau khi tién hanh do ph6 hap thu xac dinh kich thudc hat, tiép tuc do pho phat
xa huynh quang PL cdc mau tdng hop duoc.

b)
a)

Cuong d huynh quang (a.u)

300 350 400 450
Buéc song (nm)

Hinh 10. Pho PL cua vat liéu (a) CdSe, (b) ZIF-11 va (c¢) CdSe/ZIF-11

Pho PL cua vat liéu nano CdSe (Hinh 10a) phat quang tai budc séng 394 nm
chiing to vat liéu ¢ tinh chat phat quang. Thuc t€, dudi anh den t&r ngoai tai budc song
254 nm hodc 365 nm khi quan sat bang mat thuong dung dich huyén phit nano CdSe
c6 mau tim. Két qua nay cho thay su twong thich trong tinh chat phéat quang.

Vat liéu ZIF-11 (Hinh 10b) phat quang tai budc song 393 nm ching té vat liéu
o tinh chat phat quang. Tuy nhién, dudi birc xa den ti ngoai tai budc song 254 nm
hodc 365 nm dung dich ZIF-11 khong phét quang khi quan sat bang mat thwong. Két
qua nay cho thay sy khong twong thich trong tinh chat phat quang cua vat liéu ZIF-11.
biéu nay chua cé nghién cttu nao giai thich nén can dwgc nghién cttu sau hon.

Vat liéu CdSe/ZIF-11 (Hinh 10c) phat quang tai budc séng 395 nm ching to vat
liéu nay c6 tinh chat phat quang. Dudi btrc xa den ti ngoai tai budc song 254 nm hodc
365 nm dung dich CdSe/ZIF-11 ¢6 mau tim. Diéu nay c6 thé giai thich mau tim cta
dung dich do su phat quang cta vat liéu nano CdSe. Dya trén hién tuong quan sat
dwgc khi nghién cttu so sanh véi két qua pho PL 1a khong tuong thich.

4. KET LUAN

Nghién ctru nay chiing minh sy thanh cong vé phuwong phap tong hop cham
luong tit nano CdSe va tinh thé ZIF-11. Nghién cttu da phan tich mdt s6 dac trung tinh
thé va tinh chat phat quang cta vat liéu tong hop duoc. Vé so bo, kich thuwde hat kha
dong déu va cd kha nang hdp thu quang. Vé mat kha thi da tong hop vat liéu lai
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CdSe/ZIF-11 nhung khi so sanh véi két qua phan tich pho phat xa huynh quang c6 sy

khong tuong thich. Sy khac thwong nay can duoc nghién ctu sau hon nham dé xuat ra

cau truc cua vat liéu lai x4c thuee hon.
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SYNTHESIS OF CdSe/ZIF-11 HYBRID MATERIALS

Tran Thi Bich Hoa", Dinh Quang Khieu, Bui Quang Thanh
Faculty of Chemistry, University of Sciences, Hue University
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ABSTRACT

This paper is to study the combination of CdSe nanomaterials with intensive
photoluminescence and ZIF-11 metal-organic framework materials with high
surface-area yields to CdSe/ZIF-11 hybrid materials. The hybrid materials were
prepared by a combinative procedure designed from "wet method" in the synthesis
of CdSe nanomaterials and ultrasound-assisted approach in the synthesis of ZIF-11
metal-organic framework materials. Changes observed from XRD patterns implied
that CdSe nanocrystallites were embedded by ZIF-11 matrix, thus distorting the
original framework structure. TEM images confirmed the morphological
distortion. EDX data provided the demonstration for high distribution of
constituent elements in chemical-bonding scales. UV-Vis spectra indicated both the
core-shell structure of the obtained materials and the existence of chemical
interactions instead of physical mixture. PL spectra were consistent with the light
emissions observed by naked eyes. The results proposed a time-effective procedure
to prepare CdSe/ZIF-11 hybrid materials based on the combination of the typical

synthetic procedure for synthesizing each constituent material.

Keywords: CdSe quantum dots, ZIF-11 metal-organic framework, CdSe/ZIF-11
hybrid materials.
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