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Tom tSt Bai bao nay torn t5t nhung cong trinh nghien ciiu ung dyng vat lieu Wiung co 
kim uong luih vuc xiic tac, dac biet la xiic tac xii \^ moi truong. Cac ket qua nghien ciiu 
cho th^y vat lieu khung ca kim tren ca sa tam Cu co kha nang chuyen hoa hoan toan CO 
a 260 °C, my nhien do nhiet luong sinh ra trong phan ung oxy h6a CO jqua Idn khien cho 
cac vat heu bi phan hiiy. Xiic tac Uen co so tam Zn thi hien kha nang hap phu CO2 va chi 
giai hip a nhiet dp cao. Trong khi do, UiO-66 (tam kim loai Zr) dat duoc dp chuyen h6a 
CO din 51% 6 nhiet dp 320 °C. Khung co kim MIL-101(Cr) thi hien kha nang chuyin 
hoa CO cao 6 nhiet 280 °C voi dp chuyen hoa dat 53%. MIL-53(Fe) co kha nang hip phy 
CO2 6 nhiet dp cao, chi giai hip 0 nhiet dp > 275 °C. Cac xuc tdc tren ca so tam Fe 6k 
CO kha nang phan huy thuoc nhupm trong khi xiic tie tam Cr hau nhu khong co hoat tinh. 
Dp chuySn hoa thu6c nhupm tren co so cac khung co kim theo thii tu nhu sau: MIL-
88B(Fe) > MlL-lOl(Fe) > MlL-53(Fe) > MIL-100(Fe) > MIL-lOl(Cr) - MIL-53(Cr) ~ 
MIL-100(Cr)~l%. 

1 

I. DAT VAN DE 

Trong vai thap nien gin day, vat lieu khung co kim (MOFs) da dupe kham pha nhu 
mpt loai vat lieu mai tucmg ti; zeolit, du kien co the dupe thiet ke va tong hpp theo 
mong muon vai kich thuac 16 xop rpng va hinh dang cau triic da dang . Vi vay, v t̂ 
lieu khung huu ca kim loai (MOFs) da nhan dupe s\r quan tam dang ke trong nhihig 
nam g§n, day la vat lieu ran xop tuyet vai dupe thiet ke hop ly, c6 dien tich be m ît va 
the tich 16 xop vupt trpi hon nhieu zeolit, than boat tinh,... 

Vi?c tong hpp vat lieu xop co tinh nang mai tuyet vol nhu khung hiru ca kim loai 
(MOFs), con dupe gpi la polyme ph6i tri x6p (PCPs), mang luai ph6i tri xop (PCNs), 
hoac cac ten khac, da dupe phat triSn ri t nhanh trong linh vuc nghien ciiu hoa hpc 
va vat lieu. 

Cac polyme phoi tri (CPs) nay la nhiing vat lieu ran duac hinh thanh bai su phoi tri 
cua cac ion kim loai vai cac phan bi hiru ca thanh mpt mang luai ma rpng (hoac cym). 
Dinh nghia nay bao gom cac vat lieu co chiia tam kim loai va cac phan tii huu co . 
Vat lieu khimg co kim (MOF) la mpt loai vat lieu k^t tinh co dp x6p cao, cau thanh tii 
cac ion hoac cluster kim loai dong vai tro nhu tam ph6i tri dupe lien ket vai nhau bai 
cau n6i hihi ca da chiic. 

Truac day nhidu nha khoa hpc da tap trung vao tdng hop va nghien cuu dac tmh cau 
ttiic ciia MOF, \ i vay mot s6 luong MOF da ra dai va khong ngimg gia tang. Vcri cac 
dac trung doc dao, vat lieu khimg co kim da m a ra nhi^u ung dung tiem nang nhu xiic 
tac, trao d6i ion, luu trii khi, tach h6n hop khi hoac chat long, cam bien, chat mang 
thuoc.v.v.. Val lieu khung ca kim la loai vat lieu k^t tinh co the dupe bien dnh de phii 
hop vcri ling dung cu the thong qua viec thay ddi cac kim loai, cac phoi tit, va lien ket 

510 



• <ildn.tip Hoinahi Khra hnr, ity niem 40 nim Vipn Han lim KHCNVN - Ha Npi, ngiy 07/10/2015 

tf°h k h ^ '^OF. Chiing CO th6 dugc t6ng hpp vdd chi phi thip, tuon^ d6i de dang, dp 
tinh khiet cao, va thu dupe tmh thj kha cao. S6 luong cua cac MOF tijm ning hiu nhu 
vo hsn,nhu nhiing thay d6i trong cac ph6i tii (ligand), SBUs, hoac cac mdi hen 
ket se lam ra nhiing MOF nhiing dac tinh rieng biet. 

Hinh 2. Sa do tieu bieu khung ca kim a) tam kim loai (oxit); b) cau noi hihi ca c) 
khung hihi ca kim loai . 

Ben canh dac tinh be mat rieng Ion va the tich 16 xop cao, cac vat lieu khung co 
kim con the hien dac tinh ban din duoi tac dgng ciia anh sang, dieu nay da khien cho 
v t̂ Heu khung co kim tro nen mpt ung vien quang xiic tac day tiem nang. Tu nam 
2007, Ian dau tien Garcia va cpng sir da cong bo MOF-5 co boat tinh quang xiic tac 
trong phan buy phenol. Trai vdi cac xiic tac quang boa truyen thong, MOF-5 da thi 
hien sir chpn loc hinh dang trai ngupc, cac phan tu phenol khuech tan de dang vao ben 
trong 16 xop ciia MOF-5 thi bi phan buy cham ban so vai nhiing phSn tu khong the di 
vao ben trong MOF-5 ''. Natarajan va cpng su da su dung cac vat lieu khung cp kim 
khac nhau tren ca sa cac tam kim loai Co, Ni va Zn &i quang xiic tac phan buy cac 
pham nhupm huu co. Ket qua cho thay cac vat lieu khung ca kim nay co hoat tinh 
quang xiic tac phan hiiy doi vol bon loai pham nhuom dupe su dung thong dung hien 
nay trong cong nghiep det (orange G, rhodamine B, Remazol Brilhant Blue R, and 
methylene blue)*. Gascon va cgng su da su dung cac vat lieu khung co kim isoreticular 
MOFs (lRMOF-1, IRMOF-2, IRMOF-7, IRMOF-S, and IRMOF-9) ii thuc hien phan 
ung quang hoa oxi hoa propene trong pha khi. Ca biet, IRMOF-8 da thS hien boat tinh 
cao hem ZnO, mgt xiic tac quang boa th6ng dung '. Nbung nghien cuu nay da minh 
chiing vat lieu khung ca kim la mpt loai xuc tac quang boa mai trong ling dung lam 
s?ch moi truong. 
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Tieu ban: Khoa hpc Vat liiu 

Trong thoi gian vira qua, nh6m nghien ciiu chiing t6i da thanh c6ng trong linh vuc' 
t6ng hgp va iing dung vat lieu khung eg kim lam xiic tac, dac biet la xiic tac trong x-'"' 
ly khi va xuc tac quang hoa 

n . TONG HOP VA DAC TRU^G CAU TRUC CUA MQT SO V^T LI$U 
KHUNG CO KIM 

Tiiy theo yeu ciu cu ibi trong cac ling dung khac nhau ma cac vat heu khung co 
kim dugc lua chgn. Trong xu ly khi thai, ben canh yeu cau vat lieu phai eo be mat Idn 
dii dp bin nhiet cua vat lieu ciing dugc dac biet quan tam. Trong khi do, cac iing d\mg 
trong xit ly nuac thai doi hoi vat lieu khung co kim phai ben trong moi truong nude. 

Tam 
kim loai 

Cu 

Zn 

Zr 

Ti 

Cr 

Fe 

Bdng 1. Ddc tnmg ciia mot so vdt lieu 

MOF 

MOF-199 
Cu-1,3-BDC 
Cu-1,4-BDC 
MOF-5 

Zn-1,3,5-BTC 

UiO-66 
MlL-125 

MIL-lOO(Cr) 
MIL-53(Cr) 
MlL-lOl(Cr) 
MlL-53(Fe) 

MlL-88B(Fe) 

MlL-lOl(Fe) 
MIL-lOO(Fe) 

Nhiet do 
phan hiiy 

ro 332 

350 

300 

320 
400 

350 

320 
300 

Tinh ben 
trong 
nucrc 

•hung ca kim 

Be mat rieng 

(tn'/g) 

1507 
126 
98 

Khong 
ben ! 
Khong 
ben 

Khong 
ben 
Ben 

Ben 
Ben 

Ben 

Ben 
Ben 

1041 

2000 
1066 
2907 

Khong xac 
dinh dupe 
Khong xac 
dinh dupe 

1674 
1770 

^ 
Nang 

lupng viing 
c im (eV) a 

J 

1,91 

2,07 

1,65 
2,07 

Chti thich: 1,3-BDC la axit 1,3-benzendicacboxylic: 1,4-BDC la axit 1,4-
benzendicacboxylic: 1,3,5-BTCla axit 1,3,5-benzentricacboxylic 

Voi cac yeu cau nhu vay, nhom nghien cim da tdng hgp va khao sat nhiiu vat heu 
khung eg kim khac nhau. Dudi day la mpt s6 dac tinh cda cac vat li|u khung co kim 
da dupe khao sat. Nhiet do phan buy dupe xac dinh dua tren gian d6 pbSn tich nhiet 
trpng lugng, nhiet dp ma tai do cac lien kit giiia ligand va kim loai bi cit dut dugc 
xem la nhiet dp phan buy cua vat heu khung co kim. Tinh bin trong nude cua vat lieu 
khung CO kim dugc xac dinh dua tren cac gian d6 XRD cua vat lieu truac va sau khi 
ngam <̂ ua dem ttong moi ttuang nucrc. Vat Heu dupe xem la bin trong moi trudng 
nuac neu eo cac gian d6 XRD tuong hpp vdi nhau. Ngupc lai, niu gian dd XRD ciia 
v t̂ heu sau khi ngam trpng moi trudng nude khac vcri gian dd XRD ciia vat lieu ban 
dau thi dupe xem la khdng ben. BS mat rieng dugc xac dinh dua tr6n kha nang hip phu 
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I vat ly dang nhiet N, d 77 K, dien tich bi mat rieng duoc tinh toan theo mo hmh 
r Brunauer-Emmett-Teller (BET). 

1,' 1,^^ ' ^ nhan dang ciia vat lieu khimg co kim trong cdng trinh nay dua tren sir 
hinh thanh tinh thi dac trung ciia vat Heu. Cac tinh thi cua vat Heu dugc xac nhan 
bang sa tnmg khdp ciia gian dd XRD cua vat Ueu va gian dd tinh toan dua tren ciu 
true tmh the da cong bo cua vJt lieu. Ngoai ra, cac dac tirmg khac cua vat lieu nhu su 
hinh thanh Hen ket C-O-M, trong dd M la tam kim loai. Lien kit nay thi hien tren 
pho FTIR. Tinh chat iihi?t ciia vat lieu dugc khao sat bSng phuong phap nhiet trgng 
lugng (TGA). Tinh chat quang cua vat lieu dugc khao sat bSng phuang phap phd tan 
xa - phan xa UV-Vis (DRS). Mpt sd kit qua tieu biiu trpng khao sat dac trung cua vat 
Heu khung co kim dupe trinh bay dual day. 

a ^Vat Heu MIL-100(Fe) va MIL-1 OO(Cr) 
Ket qua phan tich nhieu xa tia X (XRD) cho thiy, cac vat Heu tdng hgp dupe cd ciu 

tnic ciia vat li|u MIL-100: Gian dd nhieu xa tia X ciia vat lieu MIL-ioO(Fe) (b) va 
MIL-lOO(Cr) (c) xuit hien eac pic dac mmg va hoan toan tucmg hgp vgi gian dd XRD 
cua vat lieu MIL-lOO md phdng (a) (Hinh 3). Ddng thdi kit qua phan tich pho bdng 
nggai cung cho thiy sir khac bijt giiia Hen kit C=0 ti-ong vat lipu MIL-100(Cr/Fe) 
tdng hpp dugc (1650 cm') so vpi Hen kit C=0 trong H3BTC (1720 cm') (Hinh 4). 

•l^rt^v>*^.;,^*W*>^V 

'* ' 'w^ ' l -*_iv. 

3200 2400 1600 
0 20 '" "" S6 song (cm"') 

Hinh 3. Phd XRD ciia vat lifu MIL-100 (a)- Hmh 4. Phd hSng ngoai FT-IR 
MlL-100 mo phong; (b)-MIL-IOO(Fe) vd (c)- (a)-HiBTC; (bj-MlL-lOO(Fe): 

MIL-100(Cr) (c)-MIL-l 00(Cr) 
Cac vat Heu MIL-lOO tdng hpp dupe cd dien tich be mat rieng kha Ian, vat lieu 

MIL-lOO(Cr) dat 2000 m /̂g (BET) va 2400 m /̂g (Langmuir), cdn vat Heu MIL-
100(Fe) dat 1770 m /̂g (BET) va 2240 m /̂g (Langmuir). Ben canh do, kit qua SEM 
cho diiy cac tinh MIL-lOO(Cr) tuong ddi ddng deu, kich thudc tinh the dao ddng trong 
khoang tit 0,1-lnm (Hinh 5). 

Ben canh dd, gian dd phan tich nhiet tipng lupng (TGA) cho thay vat lieu MIL-
lOO(Fe) (a) va MIL-lOO(Cr) (b) tdng hpp dupe cd dp ben nhiet tuong ddi cao, len den 
300 °C (Hinh 5). Dieu nay hoan toan phu hpp vdi cac nghien ciiu trudc do. 

Vat lieu MIL-lOO(Fe) tdng hpp cd huge sdng hap thu manh nam trong vimg 200 -
600 nm. Cac pic dac trung cho dich chuyen dien tich ligand - Icim loai (ligand-to-
metal charge ttansfer y LMCT) ciia 0(11) - • Fe(in) xuit hien d cac vi tri 240; 298; 
445 va 600 nm. Mili ket thiic qua tiinh hip diu cua vat Heu MIL-100(Fe) nim tai 600 
nm. Dua n-en quan he Eg = 1 lAOIX, nang lugng vung cim cua MlL-100(Fe) la 2,07 eV. 
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Hinh 5. Anh SEM cua vdt lieu MIL-100(Cr) (a) vaMIL-100(Fe) (b). 

0 200 400 600 800 

Nhiet dp (=C) 

Hmh 5. Gidn do TGA cua vdt lieu MIL-100(Fe) (a) vd MIL-lOO(Cr) (b). 
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Hinh 6. Pho phdn xa tdnxa UV-VIS vd gidn do vi phdn cap hai ciia vat lieu MIL-100(Fe) 

200 300 400 500 600 700 800 900 
Buac song (nm) 

b Vat lieu MIL-101 (Fe) va MIL-101 (Cr) 
Ket qua phan rich nhieu xa tia X (Hinh 7), cho thiy vat lieu MIL-lOl(Fe) va MIL-

lOl(Cr) tdng hgp dupe cd cau triic tinh thi eao vdi cac peak sic nhpn. Gian dd nhieu 
xj tia X cua vJt lieu MIL-lOl(Fe) (b) va MIL-1 Ol(Cr) (c) xuit hien cac pic dac tnmg 
va hpan toan tuang hgp vdi gian dd XRD md phdng dugc tinh toan tir du lieu cau tnie 
tinh the tiong cae cdng bd trudc day v i v^t lieu MIL-lOl(a). Khao sat kha nang hap 
phu N2 dang nhi | t d 77 K cho thay cae vat lieu MIL-101 tdng hgp dugc cd dien tich be 
mat rieng kha Idn, vat Heu MIL-lOl(Fe) dat 1674 mVg (BET), cdn vat Heu MIL-
lOl(Cr) dat 2907 m^/g (BET). Ben canh dd, ki t qua phan tich SEM cho thiy ring, 
vSt Heu MIL-lOl(Cr) cd hudl dang bat dien rd rang, kich diude tinh the dao ddng trong 
khoang tii 0,5 )im din d in 1 tim (Hinh 8). Kit qua nay cung rit phu hgp vdi nhiing 
cdng trinh da cdng bd trudc day. 

Hinh 7. Phd XRD cua vdt lieu MIL-IOl 
(a) MlL-101 mo phong : (b) M!L-101(Fe) tdng hap ; (c) MIL-101 (Cr) tdng hap 

Phan tich phan tich phan xa khuech tan UV-Vis cho thay, vat Heu MIL-1 Ol(Fe) 
tdng hgp co budc sdng hap thu manh nam tiong viing 200 - 750 nm. Cac pic dac trung 
cho dich chuyin dien tich ligand - kim loai (hgand-to-metal charge transfer - LMCT) 
cua 0(11) - * Fe(III) xuat hien d cac %-i tri 240; 298; 600 va 750 nm. Miii ket thiic qua 
trinh h ip thu cua vat lieu MIL-lOl(Fe) nam tai 750 nm (Hinh 9). Dua tien quan he Eg= 
1240/.. tir dd xac dinh nang lupng \-ung cim cua MIL-101 (Fe) la 1,65 eV. 
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T^eu ban. Khoa hoc Vit lieu 

Hinh S. Anh SEM cua MR-101(Cr) a dp phong dai ^10.000 (trdi) vd >'4a000 (phai) 

600 800 200 400 600 

?-(nm) /.(im) 

Hinh 9. Pho phdn xa khuech tdn Ul^-Vis vdPho viphdn bdc hai ciia MIL-101 (Fe) 
c. Vat Heu MIL-53(Fe) va MIL-53(Cr) 

Ket qua phan tich XRD cho thay (hinh 10), cac vat lieu MIL-53(Fe) vk v t̂ lieu 
MIL-53(Cr) tdng hgp dugc cd cau tnie tinh the tugng ling vdi vat lieu MIL-53. Gian 
dd nhieu xa tia X cua MIL-53(Fe) (b) va MIL-53(Cr) (c) xuit hien cac pic dac trung 
va tuong hgp vdi gian dd XRD ciia vat Heu MIL-53 md phdng (a). 

Do dac tmh "thd" cua vat lieu MIL-53(Fe), loai vat Heu nay dugc cho ring sau qua 
trinh dehydrate hda da tao cau tnic ddng dan den viec khdng the do dugc dien tich b̂  
mat. Vi vay, khdng thirc hien phan tich xac dinh dupe dien tich bi mat rieng vdi MIL-
53(Fe). Trong khi dd, vat Heu MIL-53(Cr) tdng hgp dugc cd dien tich bi mat dat 1066 
m- g. .\nh SEM cua tinh thi MIL-53{Fe) cho thiy, vat lieu MIL-53(Fe) la nhung rinh 
the da dien cd kich thudc tinh the dao ddng ttong khoang 5nm din lO^im (Hinh 11). 

Tuong tjr nhu MIL-lOl(Fe), kit qua phan tich phan tich phan xa khuich tan UV-
\ i s cho thay vat lieu MIL-53(Fe) tdng hpp thu dupe cd budc sdng hip thu manh nJm 
ttong vimg 200 - 650 nm. Cac pic dac tiimg cho dich chuyin dien tich ligand - kim 
loai (ligand-to-metal charge tiansfer - LMCT)eua 0(11) -> Fe(III) cung xuit hien cr 
eac vi tii 240; 298; 480 va 650 nm. Mili kit tiiuc qua tiinh hip thu ciia vat heu MIL-
53(Fe) nam tai 650 nm (Hmh 12). Dua tten quan he Ej= 1240/X, nang luong viing cim 
cua MIL-53(Fe) la 1,91 eV. 
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lu 
i j L L 

Hinh 12. PhOXKD cua vdt lieu MIL-53 
(a) MIL-53 mo phong; (b) MIL-53(Fe) tdng hap : (c) MIL-53 (Cr) tdng hap 

Hinh 13. Anh SEM ciia MIL-S3(Fe) a dp phdng dgi x2000vd xW.OOO 
1,0 0.0002 
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? 0,6-
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Buoc song (nm) Buoc s6ng(nm) 

Hinh 14. Pho phdn xa khuech tdn UV-VIS vd Phd viphdn bdc hai ciia MIL-53 (Fe) 
i. Vat lieu MIL-88B(Fe)_ 

Kit qua phan tich nhieu xa tia X cho thay, vat lieu MIL-88B(Fe) tdng hgp dugc 
c6 ciu OTic cua vjt lieu MIL-88B(Fe) (Hinh 15): Gian dd nhieu xa tia X cua MIL-
88B(Fe) tdng hpp dugc (b) xuat hien cac pic dac trung va tugng hgp vdi gian dd XRD 
cua vat Heu MIL-88B(Fe) (a) ciia cac cdng trinh trudc dd. 
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Tieu ban: Khoa hpc Vat lieu 

Hinh IS. Gidn do nhieu xa tia Xcua MIL-
88B(Fe) md phdng (a) vd MIL-888B(Fe) 

tdng hap (b). 

4000 3600 32002801024002000 1600 1200 800 400 
S6 song (cm-') 

Hinh 16. Phd FT-IR cua H2BDC vd MIL-

88B(Fe) 

i 
Ket qua phan tich FT-IR (Hinh 16) cua vat Heu MIL-88B(Fe) tdng hgp dugc ciingf 

phii hpp vdi kit qua nghien ciiu ciia nhdm tac gia Trpng-On Do ' v4 Mohammad 
Yazdanbakhsh'. Phd FT-IR cua vat Heu cho thiy cd sv hien dien ciia nhom 
carboxylate, HiO va FejO. Su hinh thanh nhdm FcsO dupe xem la diu hieu dac tmng 
cho vat Heu MIL-88B(Fe), dao ddng cua FesO dupe thi hien tai vi tii 621,5 cm"', vjtri 
dao dpng nay cung phii hpp vdi ket qua nghien cim eiia nhdm tac gia Trong-On Do. 
Ngoai ra, su hmh thanh Hen kit carboxylate ciing thi hien tai cic vi tri 1596 cm"' vi j 
1392 cm"' (tuong iing vdi dao ddng bien dang bat ddi xiing Vasyni(OCO) vEl dao dpngl 
bien d^ng doi xirng Vsy,n(OCO) ciia nhdm -COO", ket qua nay ciing phii hgp vdi Won | 
Cho .̂ Miii phd vdi cudng dp yiu tai vi tti 1694 cm"' cd the la dao dpng ciia nhom ^ 
C=0 ttong carboxylic cua axit tu do (1760-1690 cm"'), miii phi d vi tri 1651 cm"' co 
the la dao ddng cua nhdm C=0 trong amide (dung mdi DMF) phdi tri trong v$t li?u. 
Con vi tri mdi phd d 1505 cm"' cd the la dao ddng nhdm 0-H ciia nude cau tnic. 

Ngoai ra, ket qua SEM cho thiy vat lieu MIL-88B(Fe) ed cac tinh the tuang doi 
ddng nhat, cd kich thudc phan bd ttong khoang tir 100 îm den 150 pm (Hinh 17). 
Hinh thai tinh the nay ciing phu hpp vdi cac ket qua cdng bd cua nhdm tac gia 
Mingyan Ma "* 

Dir lieu phan tich nhiet cua vat lieu thu dupe (Hinh 18) cho thiy cd su suy giam 
khdi lupng d nhiet dp dudi 150 °C. Sir suy giam khdi lupng nay tuong irng vdi sir bay 
hcri cua cac dung mdi dugc dung ttong tdng hgp va xu ly vat lieu. Khdi lugng suy 
giam ttong khoang tir 150 den 400 °C tuong ling vdi qua tiinh thang hoa cua 1,4-
HiBDC chua phan ling. Nhiet do mat khdi lugng nay hoan toan tuong iing vdi nhiet 
dp diang hoa ciia 1,4-H2BDC. Vat lieu thu dupe bi phan huy hoan toan d nhiet dp 435 
°C, ket qua nay ciing tuong tu vdi cac nghien ciiu ciia nhdm tac gia Patricia Horcajada 
va cdng su. Tren 500 °C vat lieu da bi chuyin hda hoan toan thanh oxit sit va khong bi 
thay ddi khdi lupng din 800 °C. 
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Hinh 17. Anh Men vl dien tu quel cua vdt lieu MIL-83B(Fe) 
100|-

0 iOO 200 300 400 500 600 700 800 
Nhiet do C O 

Hinh IS. Gidn dd TGA ciia MIL-88B(Fe) 

Dien tich bi mat rieng ciia MIL-88B(Fe) tdng hpp dupe la 22,4 m'/gam phu hpp 
vdi kit qua cua Patticia Hprcajada ". Tuong tu nhu aMIL-53(Fe), do dac diim "thd" 
ciia vat lieu nen khi do dien tich bi mat dudi khi d 150 °C ttong 5 gid, ciu tnic tinh thi 
mat nude hap phu va dung mdi nen "ddng" lai lam cho dien tich be mat kha nhd. 

Tuong tit nhu MIL-101(Fe), kit qua phan tich phan tich phan xa khuech tan UV-
VIS cho thay vat lieu MIL-88B(Fe) tdng hpp thu dugc cd budc sdng hip diu manh 
nam ttong vimg 200 ~ 600 nm. Cac pic dac tnmg cho dich chuyen dien tich ligand -
kim loai (ligand-to-metal charge ttansfer - LMCT)cua 0(11) —* Fe(III) cung xuat hien 
cr cac vi tti 456 vii 600 nm. Miii ket thiic qua tiinh hip thu cua vat lieu MIL-53(Fe) 
nam tai 600 nm (Hinh 19). Dua tien quan he Eg= 1240/>., nang lugng viing cim ciia 
MIL-88B(Fe) la 2,07 eV. 
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Hinh 19. Pho phdn xa khuech tdn CV-VIS td Phd viphdn bpc hai ciia MIL-88B(Fe) 
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Tiiu ban: Khoa hoc Vat lieu 

m. \.\T LIEU KHUNG CO KIM TRONG iTNG DVNG XU' LY Nl/dC THAI 

Vat lieu khung ca kim co cau tnic 16 xop cao, tam kim loai mo dupe ky vpng co kha 
nang oxy hoa CO a nhiet dp di4p. Tuy nhien, nhiet lupng sinh trong cac phan iing oxy 
hoa CO CO th6 dan den viec phan huy khim§ ca kim. Hoat tinh chuyen hoa CO cua 
cac vat lieu khung ca kim duac khao sat bang phucmg phap phan ung be mat theo 
chucmg trinh nhiet dp" (TPSR). Cu the la, cac k h ^ sat hoat t i i i xiic tac oxy hda CO 
dupe thuc hien vai nhiet dp dupe tang tuyen tinh theo thai gian. Cac vat lieu khung co 
kim, sau khi dupe say trong dieu kien chan khong a nhiet dp thich hop dupe khao s^ 
hoat tinh chuyen hoa CO. Truac khi thuc hien phan ung oxi hoa CO vat lieu khung co 
kim dupe duoi khi a 150 °C trong dong nita. Sau do dupe de nguoi den nhiet dp phong 
trong dong N2 roi khao sat boat tinh xii ly khi CO, voi luu lupng dong khi la 250 
mL/phut, tir nhiet dp phong cho den khi co hien tupng vat Heu co hien tuong bi phan 
buy (nhiet dp phan ung bi tang dot bien). Cac khao sat chuyen boa CO dupe thuc hien 
tren cac nhom vat lieu khung ca kim nhu sau: 
Nhom khung co* kim co tam kim loai Cu 

Nhin chxmg. ket qua khao sat boat tinh xiic tac trong chuyen hoa CO ciia nhom vSt"* 
li?u naycho thay dp chuyen boa cua cac mau xiic tac tuang doi thap. Trong ca 3 mau i 
xiic tac MOF-199, Cu-1,3-BDC, Cu-I,4-BDC dp chuyin boa CO chi d t̂ t6i da 10%i?̂  
200 °C (hinh 20). Cac minh hpa U-en gian d6 TPSR cho thiy a 250 "C CO dugc 
chuyen hoa hoan loan, nhung cung thoi diem nay nhiet dp phan ung tang cao dot nggt 
Dieu nay cho thay da co mpt nhiet lupng Ion dupe thoat ra tu phan ung. Nhi$t dp tang 
cao da khien cho khung ca kim hoan toan bi phan buy. 

Hmh 20. Gidn dd TPSR cua xuc tac MOF-199 
Nhom khung cff kim c6 tam kim loai Zn 

CO 

•y 

\ y 
X\ 

\ 

^ 

Hinh 21. Gidn dd TPSR cua xdc tac MOF-S 
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Hinh 21 cho thiy miu xiic tac dat dugc dp chuySn boa cao nhit d 350 °C. Tuy 
nhien, lugng CO, sinh ra khong tuong iing vcri lugng CO tieu thu, co ve nhu mot phin 

• (:02 dugc sinh ra da bi giir lai 6 hinh thiic nao do. 6 400 °C, n5ng dp CO va CO2 iia 
ting len dgt nggt, diSu do co nghia la mau co diu hieu chay. Tuong tu vdi vat Heu Zn-

' 1,3,5-BTC, nhiet do khoang 360 °C thi lugng CO, tao ra ttong khi d6 lugng CO khong 
team, CO nghia la lugng CO2 sinh ra ciing da bi giS lai ttong vat lieu va nhiet do chay 
rem Zn-1,3,5-BTC khoang 390 ">C. 

F"" 16m kbung cor kim c6 tSm kim loai Fe 

Hinh 22. Gidn do TPSR cua xiic tac MIL-53(Fe) 
Voi ket qua khao sat TPSR chung ta khong chi de dang theo doi kha nang chuyen 

h6a cua xiic tac theo nhiet do ma con co the nhan thay kha nang hap phu va giai hap 
cua nguyen lieu ciing nhu san pham theo nhiet dp. Hinh 22 cho thay lugng CO bi hap 
phu tten be mat vat lieu, sir hap phu nay giam theo nhiet dp va cuoi ciing bi giai hap 
dudi dang CO2. 6 nhiet do 320 °C lugng CO, tao thanh dat dugc t6i da la 28%. 

Nhdm Idiung cut kim c6 tam 1dm loai Zr 

0112 02 24 03 36 

thoi gian 

Hmh 23. Gidn dd TPSR cua xuc tac UiO-66 
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Tiiu ban: Khoa hoc Vjt lipu _• 

Vat Heu khung eg kim UiO-66 dugc biet den nhu la mot khung eg kim c6 dp b ^ 
nhiet cao. Vat Heu nay dugc ky vgng c6 kha nang chuyen boa va bjn ttong xu ly Col 
Kit qua khao sat cho ta thay dugc dp chuyen hoa cua cae mau xuc tac UiO-66 hioM 
•V'\ c,-io. ngay g nhiet dp 220 °C thi xiic tac UiO-66 da the hien co boat tmh. Mac (^ 
lugng CO giam manh nhung lugng CO, sinh khong hicmg ling. Tuong tu nhu cic v|t '• 
Heu tten. CO co thi da dugc chuyen hda thanh C02 va dugc giir lai tten bi mat vat' 
••;-j vjo den khi bi giai hip g nhiet dgi tich hgp. (3 nhiet dp khoang 320 °C lugng0(4 
giam rit nhidu din khi duong CO can bing khong tang nira, ttong khi lugng CO2 tang j 
len, tai nhiet dp do mau xuc tac bat diu chay, nhiet dp tang dot nggt, khi do n5ng do) 
CO, CO2 cung tang len. 

Nhom khung ca kim c6 tam kim lo^i Cr 
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Hinh 24. Gidn dd TPSR cua xiic tac MlL-lOI(Cr) 

Qua gian do TPSR (hinh 24) ta thay dugc dp chuyen boa cua cac mau xuc tac MIL-
101 tuong doi cao hon cac vat lieu khao sat tten, ta thiy ring khi g nhiet dp khoang 
207 °C thi CO bat dau chuyen boa, g nhiet dp 280 °C Jugng CO2 sinh ra tugng img voi 
lugng CO Heu thu, chimg to la mau chuyen hoa rat tot, tiep tuc nung cho tcri nhiet dp 
gan 300 °C mau chay. 
IV. VAT LIEU KHUNG CO KIM TRONG U^G DUNG XlT LY NU'dC THAI 

Hoat tinh quang xuc tac cua eac vat Heu khung eg kim dugc khao sat dudi biic x̂  
anh sang kien. Biic xa dugc tao ra tir den hoi thuy ngan cao ap di qua lop dung dich 
UV cut-off CO kha naiig hip thu cac bite xa co buoc song nho hon 400 nm. Dp roi til 
nguon sang tai vi tti be mat chat long dugc khao sat bSng thiit bi may do quang Solar 
Light PMA2100 vcri cac diu do PMA2130 (Photopic defector), PMA2122 (UV 
Germicidal), PMA2110 (UV-A detector), PMA2101 (Erythema detector). Kit qua 
khao sat cho thiy khong co biic xa dudi 400 nm, dp roi ciia anh sang kha kiin tai cac 
\'j tri ngang vdi bi mat chit long dat gia ni tmng binh 20.000 Ix. Hoat tinh chuyen boa 
thuoc nhupm cua cac vat lieu khung co kim dugc khao sat tten methylene blue, orange 
G, Congo Red. Vat lieu MIL-lOO(Fe) dugc dimg nhu xiic tac chuin di khao sat kha 
nang chuyen hoa cac thuoc nhuom ttong cac diiu kien khac nhau. Diiu kien phan iing 
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f
ma t^i d6 do chuyin boa tit nhit duoc dung lam diiu kien chuin di khao sat cho cac 

t heu khung CO kim khac. 
»?t tinh xiic tac trong phin huy thuoc nhuom 
Hoat tinh^xiic tac cua MIL-lOO(Fe) ttong phan buy methylene blue dugc khao sat 

trong cac dieu ki$n khac nhau vi n6ng do H2O2, ham lugng xiic tac, ndng dp diuie 
^ugm. O dieu kien ma ndng dp H2O2, ham lugng xiic tac, ndng do fliudc nhudm 
phien cho boat tinh xiic tie dat hieu qua cao nhit dugc dung lam diiu kien khao sat 
cho cac vat lieu khac. 

Thoi gian (gi6) Thoi gian (gio) 

Hinh 25. Dp chuyen hda thudc nhupm theo thai gian cua cdc hon hap: 
-D-thudc nhupm + H2O2, -A-thudc nhupm -^ xiic tac, -o-thudc nhupm + H2O2+ xiic tac chieu 

den; -•- thuoc nhupm + H2O2, - • - thudc nhupm + xuc tac, -•-thudc nhupm + H202-^ xuc tac 
che toi hoan toan; (a)-MB, (b)-CR vd (c)-OG. 

Ket qua khao sat cho thay, sau 2 gio, dp chuyen hoa MB ciia cac hon hgp eo xiic tac 
nhung khong c6 H2O2 hoac co H2O2 nhung khong co xuc tac la khong dang ke. Doi 
vdi h6n hgp co xuc tac nhung khong co H2O, do chuyin hda MB khi co biic xa cua 
anh sang kha kiin la 3%, ehe tii hoan toan la 0%; con khi co H2O2 nhung khong cd 
xiic tac do chuyen hoa khi c6 biic xa cua anh sang kha kien va che toi hoan toan dat 
khoang 2%. Nhung khi co mat ddng Uioi xiic tac va H2O2 dp chuyen hoa MB tang 
ffing ki, CO buc xa cua anh sang kha kiin la 98% con che tii hoan toan la 87% (Hinh 
25a). D6i vcri CR (Hinh 25b) va OG (Hinh 25c). qua trinh phan buy khi co xiic tac 
lioac khong xiie tac; eo ho?e khong c6 H,02; co biic xa cua anh sang kha kiin hoac 
che tdi hoan loan diu xa\- ra tucmg tu nhu qua trinh phan hiiy MB. 
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Diiu nay dugc cho la do khi do xiic tac va H2O, tugng tac vdi nhau hinh than) 
gdc tu do hydroxyl (-OH) '•' co tinh oxy boa manh, giiip qua trinh phan buy thill 
nhupm xay ra nhanh hgn. Ben canh do, vat Heu MIL-lOO(Fe) co tinh chit nhu cM 
ban dan nen c6 kha nang hinh thanh electron quang sinh ( e ) va lo tting quangpij 
(h") khi dugc chieu sang. Cac 16 trong quang sinh c6 kha nang oxy hoa m^nh,\iv 
nhien n6 tucmg doi kem ben, c6 xu hucrng tai hgp lai voi cac electton quang sinh „ 
Ngoai ra, do co dien tich be mat kha Ion nen trong dieu kien che toi hoan toan, xiic 
tac h ip phu thuoc nhuom len be mat. Tuy nhien qua trinh hap phu thuoc nhuomi 
tren vat lieu MIL-IOO(Fe) xay ra tugng doi nhanh, sau 1 gig qua ttinh hipphiinij-
dat can bang. Vi vay, khi khong co H,02 dp chuyen boa thuoc nhom cua xuc tac H: 
tugng doi thap. Mat khac H2O2 ngoai viec co tinh oxy hoa, no con co kha nang hiiil 
thanh gdc hydroxyl khi dugc chiiu sang '•*. Tuy nhien ca 2 tinh chit n iy cua H2O1 
deu r i t yeu, vi va^ dp chuyen hoa thuoc nhupm khi co H2O, nhung khong co xuc tac 
ciing tucmg doi thap. 

600 650 700 750 = ' " * " '^O 700 
Budc song (nm) Birac song (nm) 

Hinh 26. Phd UV- Vis bieu dien qud trinh mat mdu ciia MB theo thai gian 
ciia hdn hap xiic tac vd H2O2 khi chieu den (a) che tdi hoan toan (b): t. 

-a-ban dau, -b-hdpphu I gia, -C-, -d-, -e-, -f-sau 30, 60, 90, 120 phiit 

Dua vao p h i UV-Vis bieu diin qua trinh mit mau cua MB, CR, OG theo thdi gian 
doi vdi hon hgp co xue tac v4 H,02 ttong diiu kien chiiu den va che t i i hoan toto, 
cuong dp pic gay mau cua fliudc nhupm giam din theo thoi gian (Hinh 26; 27 va 28). 
Dieu nay cho thiy trong qua trinh quang hoa thudc nhugm da bi phan buy. 

'^' • i . 2 r 

450 500 550 
Budc song (nm) 

450 500 

Budc song (nm) 

Hinh 2 7^ Phd UV- Vis biiu diin qud trinh mdt mau ciia CR theo thdi gian 
ciia hdn hpp xiic tac vd H2O2 khi chieu den ta) che tdi hoan toan (b): 

•a-ban ddu. -h-lidpphu I gid. -c-. -d-. -e-. -f- sau 60. 120, ISO. 240 phut 

524 



JisisJis±!°Lngi I Khoa hoc ky mem 40 nim Vien Hin lim KHCNVN-Ha Npi, ngiy 07/10/2015 

350 400 400 450 500 
Budc sdng (nm) r. • - / , 

Buoc song (nm) 
Hinh 28.^ Phd UV- Vis bieu diin qud trinh mat mdu cua OG thep thdi gian 

cda hon hap xuc tac va H2O2 khi chiiu tin (a) che toi hoan loan (b): 
-a-ban ddu, -b-hdpphu I gid, -c-, -d-, -e-sau 60, 120, 180phut 

lOOr 

2 3 4 
Tlidi gian (gio) 

Hinh 29. Dp chuyen hda -o-MB; -a-CR vd -A-OG theo thdi gian 
[ tinh theo phuang phdp ham luang cacbon tdng (TOCj 

Do ehuyin hda MB, CR va OG tinh theo phucmg phap mat dp quang Ian lugt la 
>8% (1,5 gio), 95% (4 gig), 98% (4 gid); theo phuong phap ting cacbon hiiu ccr 
[TOC) lin lugt la 39%; 47% va 87% (Hinh 29). 

Nhu vay, khi c6 mat ding thdi H2O2 va xiic tac dp chuyin hoa thuie nhupm tang 
ahiiu va qua ttinh phan huy xiiy ra nhanh hgn, thuoc nhupm da bi oxy hda din thanh 
CO2 va H2O. 
Dp bin cua xiic tdc: 

[ ] MB D CR 
Sd lin quang li6a 

• OG 

1 [; 

\:\\ :--^-
^V'\_^,^r^ i'.;-^ 

.^'-•''•".'-'Jv.v'.'-^-'-

, ' l . - - . -_ . -_ - . - . , - . - -

^•/yX-^.J^ ..'.j 

--'•''•"'^'^'^Y''-

^^.r^''^'^•'•^•-y-^ 

28 
20 

Hinh 30. Dp chuyen hda sau 7 idn tdi sti dung vd gidn do nhiiu xa 
ciia vdt lieu MIL-I00(Fe) md phdng (a) vd ciia cdc mau sau cdc Ian tdi 

b. c, d, e,fg,h Idn lupt la I. 2. 3, 4. 5. 6, ' Ian tdi sir dung. 
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TiSu ban: Khoa hoc V$t lieu 

Sau 7 ISn tai su dung, dp chuyen boa MB, CR va OG ciia v$t U$u MIL-lOO(Fe) thay 

d6i khong dang k l (tren 90%) (Hinh 28). Dieu nay co the giai thich rang trong qua 

trinh quang hoa, c iu tnic cua vat lieu MIL-lOO(Fe) it bi thay doi nen boat tinh quang 

boa cua \a t lieu ciing it bi thay doi. K6t qua gian do XRD ciia vat lieu MIL-lOO(Fe) 

sau 7 l4n quang hoa ben tiip cac pic dac trung cua vat lieu MIL-100(Fe) it bi thay d6i 

(Hinh 30). Nhu vay, vat lieu MIL-100(Fe) co th i tai sii dung lam xiic tac nhiiu ]kn. 

So sanh boat tinh quang xuc tac cua cac v^t lieu khung cir kim kh^c nhau 

Nhin chung cac vat lieu khimg co kim co tam kim loai la Fe deu co boat tinh 
chuyen hoa thuoc nhupm cao. Trong khi do cac khung co kim vai tam Cr the bi$n ho^t 
tinh xiic tac ri t thap. Dieu nay da dupe mot so tac gia cbo rang thuc chat cac vat lieu 
khimg CO kim co boat tinb phan buy thuoc nhupm nhu la mpt loai xiic tac Fenton-Uke. 
Anh huong cua biic xa anh sang kha kien khien cho xiic tac tren cac khung co kim nhu 
la xiic tac quang Fenton. Ngoai ra, can tnic khung co kim c6 anh huong Ian din ho?t 
tinh xiic tac. CS thai diem sau khi bat dau phan irng 1 gia khi phan huy cac thuoc 
nhupm thi boat tinh xuc tac cua cac vat lieu khung co kim theo tbii tu nhu sau: MIL-
88B(Fe) > MIL-lOl(Fe) > MIL-53(Fe) > MIL-100(Fe) > MIL-lOl(Cr) ~ MIL-53{Cr) 
~MIL-100(Cr )~ l%. 

1,0 1,5 
Then gian (gio) 

ion 

?80 

•260 
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S20 
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(c) 

n i 
-rhdi gian (gid) 

Thdi gian (gid) 
Hinh 31. Dp chuyen hda thudc nhupm cua mpt so vdt lieu MOFs: -»-MIL-100(Fe); 

-A-.MIL-SSiFel: -m-MlL-101(Fe): -o-MIL-lOO(Cr): -A-MIL-S3(Cr); -a-MIL-lOI(Cr) 
(a)-MB; (b)-CR vd (c)-OG. 
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K E T L U ^ 

Tom lai, mpt xuc tac tten co sd khung co kim co boat tinh ttong xir ly cbkt thai 6 
nhiem tir nguon khi hoac ngudn nuac. Cac khung eg kim tten eg sg tam Cu co kha 
nang chuyen boa CO cao nhung kem bdn 6 nhiet do chuyjn boa. Xuc tac tten ca so 
tam Zn the hien kha nang hip phu CO, va chi giai hip 6 nhiet do cao. Trong khi d6, 
UiO-66 (tam kim loai Zr) dat dugc dp chuySn hoa CO dSn 51% g nhiet do 320 "C. 
Khung CO kim MIL-lOl(Cr) thi hien kha nang chuyto hoa CO eao d nhiet 280 °C vdi 
dp chuySn hda dat 53%. MlL-53(Fe) eo kha nang hap phu CO2 d nhiet dp cao, chi giai 
hap 0 nhiet dg > 275 "C. Cac xiic tac tten eg sg tam Fe diu co kha nang phan buy 
thuoc nhupm ttong khi xiic tac tam Cr hiu nhu khong co boat tmh. Dp chuySn boa 
thuoc nhupm tten eg sd cac khung eg kim Uieo fliii tu nhu sau: MIL-88B(Fe) > MIL-
lOl(Fe) > MIL-53(Fe) > MIL-lOO(Fe) > MIL-lOl(Cr) - MIL-53(Cr) - MIL-lOO(Cr) 
~ 1%. 
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