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TOM TAT

Vit liéu khung hiru co-kim loai (MOFs) dugc tao thanh tir cac cau ndi hiru co va cdc tim
kim loai (Iam diém két nél) MOFs c6 nhiing tinh chét doc ddo nhu cé cAu tric tinh thé, dlen tich
bé mit riéng 16n, khung ciu tric linh dong, c6 thé thay doi kich thudc, hinh dang 15 xdp va da
dang nhém chirc hoa hoc bén trong 16 x6p. Noi dung clia bdo cdo tong quan nay gioi thiéu
nhitng nét chinh vé cdc tiém nang ung dung cua MOFs trong hap phu, tach, Ivu trir khi, trong
phan tich héa hoc, y sinh va xiic tic. Ngoai ra ciu tric va tém tit mot sé phuong phép téng hop
MOFs ciing dugc trinh bay.

Tur khoa: khung hitu co - kim loai, hép phu, luu trit khi, y sinh, xtc tac

1. GIOI THIEU

K& tir khi kham ph ra vat liéu rdy phan tr aluminophosphate (ALPO) nam 1982 [1], sau 30
nam, vat liéu xop ‘ngay cang phat trién véi téc do dang kinh ngac, véi nh1eu phét minh va nghién
ctru dugc cong bb nhur vat liéu & ong nano cacbon [2], vat liéu silica 16 xop trung binh (c6 duong
kinh 16 xop 2 - 50 nm) [3], vat lidu cacbon 15 x5p trung binh [4] va vt liéu khung co kim vi x0p
va 16 x6p trung binh (MOFs — metal organic frameworks) [5]. So véi céc vat liéu xop khéc, vat
liéu MOFs ¢6 nhitng uu diém nhu: ket hop ca thanh phan hitu co va vo co, ¢6 céu tric dang tinh
thé trat tu ba chiéu xdc dinh, ¢6 d6 xop cao va c6 kha nang bién d6i céu tric (trude hoac sau khi
téng hop). Nho céc thuén lgi d6, s6 lwgng cac cong b6 nghién cuu vé MOFs tdng nhanh theo cép
s6 nhén, ting khoang gip d6i mdi nam (c6 khoang 6313 bai bio vé MOFs cong bb tir 1995 dén
05/2011) [6].

~Vay MOFs ¢6 that sy 1a mot phat minh mang tinh dot pha? Véi nhiing tinh chit cua vt liéu
vi xop nhu dién tich bé mit riéng 16n, kich thudc 16 xop phu hop va cé thé diéu chinh, ngay tur
khi méi dugc phét hién, MOFs da duogc tap trung nghién clru ng dung trong hap phy, luu trix
cic khi nhu H, [7, 8], CH,4 [9, 10] va CO, [11, 12]. MOFs ciing c¢6 kha nang su dung trong phan
tach héa hoc [13, 14]. Gan dy, mot huéng nghién clru non tré dang thu hit duge sy chid y cua
nhiéu nha khoa hoc 16n cua thé gidi 1a kha nang ung dung MOFs trong linh vyc xdc téc [15, 16].
Ngoai nhirng tiém ning Gng dung thuong thy trong cdc vat liéu vi xop truyen thdng nhu trén,
MOFs con ¢6 thé st dung lam cic cdm bién héa hoc [17] nh¢ vao nhitng tinh chét dac biét, trong
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mot s trudng hop 12 tinh chit doc nhit, nhu tinh phat quang, kha nang truyén tin hiéu, truyén
dién tich va c6 do bén nhiét nhét dinh (bén hon nhiéu loai polyme hitu co). Ng0a1 ra, bat dau tir
vai nam trude, MOFs bit dau dugc nghién ctru kha ning ung dung trong dan truyen thubc va y
sinh [18]. Hién nay, mdt sd loai MOFs (nhu MOF-5, HKUST-1, ZIF-8, AI(BDC)) da duoc tap
doan héa chit hang dau thé gisi 12 BASF thwong mai héa trén quy m6 cdng nghiép vdi céc san
pham c6 tén goi Basolite™. Tuy nhién, nhin chung, MOFs can duoc nghién ciru cai thién vé do
bén nhiét va hod hoc ciing nhu don gian hon nita quy trinh tong hop dé c6 thé thay thé cic loai
vt liéu xdp truyén thdng khic dang dugc sir dung trong cong nghiép.

O Viét Nam, huéng nghién ciru vé MOFs bét dau tir khoang cudi nam 2008, chu yéu 1a
nghién ctru kha nang ung dung cua vat liéu MOFs lam xuc téc di thé [19 - 24]. Trén co so phan
tich cac cong | b ndi bat vé MOFs tr 1997 — 2012, trong bai bdo nay, ching t6i tom tat tong quan
nghién ctru vé vét liéu MOFs, tir cdu triic, phuong phdp tong hop dén tiém ning tng dung trong
cac linh vuc hap phu, tach, luu trit khi, phén tdch héa hoc, y sinh va xtc tac.

2. CAU TRUC VA CAC PHUONG PHAP TONG HQP VAT LIEU MOFs

2.1. Céu triic vat liéu MOFs

Trong cAu trdc tinh thé cia vat lieu MOFs, céc nhém chite cho dién tir (chira céc nguyén tir
con cap dién tr chua lién két nhu O, N, S, P) tao céc lién két phéi tri va ¢ dinh cic cation kim
loai (hau hét 12 céc cation kim loai chuyén tlep) trong cdc cum nguyén tir tao thanh don vi chu
triic co ban nhét cua MOFs, goi 1a don vi cau tric thir cap (secondary building unit, SBU) [25].
Céc SBU lai duoc ndi véi nhau thong qua cic céc cau ndi hitu co dé hinh thanh ciu tric ba chidu
c6 trat ty nghiém ngit trong khong gian. Mot vi du cta loai cau tric nay 13 cu triic cia MOF-5
[26] duoc minh hoa ¢ hinh 1. MOF-5 duoc téng hop tu terephthalic acid (H,BDC) va kém
nitrate trong N,N-diethylformamide (DEF). Trong MOF-5, mdi SBU bat dién Zn4O(C02)(, chtra
bén tir dién ZnO, c6 chung dinh va sdu nguyén tir C carboxylate. Cac SBU bt dién dugc ndi voi
nhau boi cic cau nbi benzene. Nho cu tric khung suon mé rong va khong c¢6 vach ngan nén
MOF-5 ¢6 do xop va bé mit riéng 16n (khoang 3500 m*/g).

H,BDC + Zn(NO)peaH,0 == Zn,O(BDC)ye(DEF);

Zn40(0,C-CeH,-CO,)5: MOF-5

Hinh 1. Ciu tric tinh thé co ban cia MOF-5. Hinh cau trong céu trisc minh hoa cho khong gian 16n nhét
c6 trong 10 x0p ma khong bi anh hudng cua cic twong tidc van der Waals véi khung co kim

2.2. Cac phwong phap téng hop vat liéu MOFs
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MOFs thuong dugc tong hop biang phuong phdp nhiét dung mdi, dwa trén su thay doi do
phan cyc cta dung moi két hop voi nhiét do thich hgp. Hon hop cau ndi hiru co va mudi kim
loai hoa tan trong dung méi dwoc nung (dudi 300 °C) trong khoang 12 — 48 gid dé phat trién tinh
thé. Cdc dung mdi thudng sir dung 12 nhitng dung mdi phan cuc, c6 nhiét d6 sdi cao nhu dialkyl
formamide, DMSO, acetonitrile hay nudc. Uu diém cta phuong phap nay la c6 thé thu dugc tinh
thé MOFs c6 chit lugng cao dé phan tich cdu tric bang phuong phap nhleu xa tia X don tinh thé.
Tuy nhién, nhugc diém cua phuong phép 1a thoi gian phan ung lau, khé tong hop & quy m6 lon
hon vai gam, khé tim duoc hé dung moi phu hop véi ca do phan cuc cia mudi kim loai va cau
ndi hiru co (von rat khdc nhau) va viéc thu dugc tinh thé chu yéu dya trén phuong phép thur va
sai. Céac yeu t6 quan trong trong phuong phap nhiét dung mdi la nhiét d§ phan Gng, nong 4o cua
phéi tir hitu co va mudi kim loai ciing nhu d¢ tan ciia ching trong dung méi, va pH cua dung
dich.

Khic phuc mét sé nhuoc diém cta phuong phdp nhiét dung méi, mot sb phwong phdp tong
hop MOFs khéc cling duoc nghién ctru sir dung nhu: nhi¢t dung mdi hai pha (gitp tang do tan
cua mudi kim loai va cAu néi hiru co) [27], dién hoa [28], vi s6ng [29], siéu am [30], ngh1en truc
tiép tir trang thai ran [31] hay phuong phép tong hop cao nang (high-throughput) [32]. Tuy
nhién, céc cich tong hop nay thuong boc 10 mot s6 han ché nhu chi phi ning lwong 16n, nhiéu
san pham phu hay d¢ tinh thé cuia vat liéu thu dugc khong cao.

3. UNG DUNG CUA MOFs TRONG HAP PHU, TACH VA LUU TRU KHI

3.1. Giéi thi¢u

Nhu ciu hép phy, tich va luu trit khi xut phdt tir myc dich tiét kiém tai nguyén, ning
luong va bao vé moi truong. Cac qud trinh tach va tinh ché cic loai khi rét quan trong trong
cong nghiép san Xuét khi, vi du qua trinh tinh ché khi O, va N,. Hai khi nay nam trong danh sich
5 héa chat duoc san xuét nhiéu nhat thé gidi [33]. Ngoai ra, kh1 H, va CO, rét dugc quan tam
tim céch tach va luu triv. Li do 12 H, ¢6 kha nang tré thanh ngudn ning luong méi, sach va nhiét
Iwgng phu hop dé thich hop thay thé cho nguén nang lugng hoéa thach. Trong khi d6, CO,, phit
sinh tr qud trinh khai thac va sir dung nhién liéu héa thach, vén 1a nguyen nhan gy ra hién
tuong 4m 1én toan cau. Van dé phat thai CO, ludn la chu dé néng cia céc dién dan, hoi nghi vé
mdi trudng trén toan thé gidi; vi thé giai phap luu gilt, xir If khi CO, dang dugc thé giGi quan
tdm. Mot loai khi nita ciing dugce Iuu tdm la CH, vi day la nguon nang luong sach thay the t6t
cho nang lugng héa thach do trit lugng khi thi€n nhién (v6i hon 95 % thanh phan 1a CH,) rat doi
dao [34].

Céc quy trinh tinh ché khi ¢b dién trong cong nghiép chii yéu dya vao: i) viée sir dung céc
base hitu co (cac amine) hay v6 co (cac hydroxide va oxide) dé loai bo céc khi mang tinh acid
nhu H,S, CO,; ii) cdc chuyén héa oxi héa, chuyén héa ding nhiét hay xic tic dé loai khi tap va
iii) viéc sir dung cdc vat lidu riy phan tir d& hap phu hay sir dung cdc qua trinh tham thdu mang
[35]. Trong thoi gian gan ddy, cdc vat lidu x5p nhu zeolite, carbon hay alumina hoat tinh, carbon
ray phan tt, silica gel dén duoc st dung nhiéu hon [13, 36]. Tuy nhién, nhugc diém cua cdc loai
vat lidu trén 12 ¢6 khung cdu tric cing, khé bién doi va khé c6 thé dua vao cdc nhém chire héa
hoc. Thuan lgi hon cac vat li€u xép da c6, MOFs c6 nhiing tinh chét duy nhét nhu ciu tric ¢6
thé thay d6i linh hoat, tir d6 c¢6 thé diéu chinh kich thudc, hinh dang va tinh chat héa hoc ciia cdc
156 xp. Do d6, tir khi dwoc phét minh, MOFs da thé hién 1a mot vat liéu diy tiém ning trong viée
str dung 1am vat lidu hap phu, tich va luu giir khi. Trong phén tiép theo, phan tich vé nhiing tinh
chat duy nhét cia MOFs c6 thé khai thac sir dung trong téch va tinh ché khi s& dwoc trinh bay.

753



Lé Thanh Ding, Nguyén Thanh Tung, Phan Thanh Son Nam

3.2. Kha ning hip phu va tach khi ciia MOFs

Kh4 nang h?ip phu, tach khi ciia mot vat liéu xép phu thudc vao hinh dang, kich thude va
tinh chét héa Ii ctia chat dugc hip phy, thanh phan ciia hdn hop khi va ciia ban than vat liéu xdp.
Kha nang tach khi dugc xac dinh dya trén sy khac biét cua lyc twong tac gilta tirng khi thanh
phin véi vat liéu x6p. Su khic biét d6 quyét dinh boi cdc yéu t6 nhur 1ap thé, dong hoc hay cin
bang [37, 38]. Mot vat li¢u hép phu tdt can dép ung cic yéu t& nhu c6 kha ning hap phu cao,
nhanh dat dén can bang hap phu, d6 chon lgc cao, su hap phu la thuan nghich (c6 kha nang giai
hap) va c6 d6 bén nhiét chap nhan dugc. bé dap mg t6t cac yéu td trén, cic déac diém ciu tric
va tinh chét héa If cua vat liéu xop nhu dién tich bé mat riéng, tinh chét cua 15 xop (kich thudc,
thé tich, loai nhém chirc héa hoc) can c6 thé diéu chinh dugc. Tuy nhién viéc diéu chinh nay
khong dé thue hién duoc voi da so cdc loai vat heu xop Béang 1 [13, 36] trinh bay su so sdnh cac
dac diém céu tric va tinh chét héa 1i gilra mot s6 céc loai vat liéu x0p thong dung trong cong
nghiép va vat liéu MOFs.

Bdng 1. So sanh cic dac diém cu tric va tinh chét héa 1i gitra mot s6 cdc loai vat lidu Xép thong dung
trong cong nghi¢p va vat liéu MOFs

Vit liéu xop Dic diém ciu tric va 16 x6p Dién tich bé Kich thuéc 16 x6p
mat riéng
(m’/g)
Silica gel Vo din~h hinh; hinh dang, kich Buong kinh trung binh:
thudc 10 x0p khong dong déu; cac 20 -30 A.

nhém chirc bé mat chii yéu la nhém
hydroxyl gan nhu trung tinh.

Alumina Vo6 dinh hinh; hinh dang, kich Puong kinh trung binh:
hoat tinh thudc 16 x6p khong dong déu; cdc <1000 20-50 A.

nhém chirc bé mit chi yéu 13 nhém

hydroxyl tinh axit hay bazo.

Zeolite Tinh thé; hinh dang, kich thudc 15 Puong kinh ctra s6 mé:
xOp dong déu. 3_10A.
Carbon hoat V6 dinh hinh; hinh dang, kich Puong kinh trung binh:
tinh thudc 16 xdp khong dong déu; do 3-100 A.
phén cyc trén bé mit khong dong
déu.

Carbon rdy Vo dinh hinh; kich thudc 16 xp 16n Dén E/3é9i]ngém Puong kinh ctra s:

phén tir hon trong cacbon hoat tinh. 3_5A.

MOFs Tinh thé; hinh dang, lSl’Ch’ thuoc VE:i
nhom chirc bé mat 16 x0p c6 thé
diéu chinh linh hoat.

Viéc lua chon vat liéu hép phu con dugce xem xét dua trén kich thudc va mdt s6 tinh chat
héa Ii cua khi dugc hap phu. Céac tinh chat d6 1a kha nang phan cuc, d§ cam tir, momen ludng
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cuc thuong truc, momen tr cuc, tinh acid-base, tinh oxi héa - khir va tinh chét phéi tri. Cac
thong soO trén clia mét sO chat khi va hoi quan trong dugc tdm tat trong bang 2 [36, 40].

Bdng 2. Tinh chét héa I cua mot sé khi va hoi

Khi Piém Puong Kha nang Momen luong  Momen tr Tinh chat
hap  s0i (K)  kinh dgng phan cyuc x cuc ux 10" cuc x 10%°
phu hoc (A) 10 (cm?) (esu cm) (esu cm?)
H, 20,27  2,827-2,89 8,042 0 0,662
N, 77,35  3,64-3,80 17,403 0 1,52
0, 90,17 3,467 15,812 0 0,39
CO 81,66 3,690 19,5 0,1098 2,50 o—cho/m—nhan
CO, 216,55 3,3 29,11 0 4,30 axit
NO 121,38 3,492 17,0 0,15872 - Oxi héa—khtr,
6—cho
NO, 302,22 — 30,2 0,316 - Oxi héa—khi,
6—cho
N,O 184,67 3,828 30,3 0,16083 - Oxi héa—khir
SO, 263,13 4,112 37,2-42,8 1,63305 — Acid,
6—cho/mt—nhéan
, oxi h6a—khtr
H,S 212,84 3,623 37,82-39,5 0,97833 - Acid, oxi
héa—kht
H,O 373,15 2,641 14,5 1,8546 - 6—cho, lién két
hidro
CH, 111,66 3,758 25,93 0 0 -

Hydrogen c6 thé duoc luu giit trong vat liéu MOFs chi yéu boi hép phu vat 1i v6i ning
luong tuong tic khoang 4 - 8 kJ mol™'. Do d6, cic nghién ctru hién nay da sé duoc thuc hién &
77 K. Céc tinh todn 1{ thuyét cho théy can nang luong twong tic khoang 15 kJ.mol™ dé H, c6 thé
duoc Iuu gitt ¢ nhiét do phong va dp sut 1,5 - 20 bar [41]. Céc phuong phép phan tich héa li
hién dai nhu phuong phép nhiéu xa/tdn xa notron [42 - 46] hay cic tinh todn Ii thuyet [47] cho
thdy nhitng vi tri co thé ‘twong tdc voi phan tr hydrogen trong mot s6 vat liéu MOFs 1a tim kim
loai chua bdo hoa s6 phéi tri va cau ndi hiru co. Do do, dé ting nang lugng hap phu vat If luu giit
H,, ¢6 3 céch tiép can: i) diéu chinh kich thudc 16 xdp ctia MOFs gan véi kich thudc ctia phan tir
H, (duong kinh dong hoc 2,827 - 2,89 A) nhim tdng tuong tac gitta phan t H, vdi thanh vat
lidu; ii) dua vao khung MOFs céc tdm kim loai mé (chua bdo hoa sb lién két phdi trf) 1am tdm
twong tac voi Hy; iii) t6i rru héa céu triic cau ndi hiru co lam tdng tuong tac voi phan tir H.

Nghién ciru cho thdy mét sb loai MOFs c6 thé hap phu chon loc H, tir hdn hop véi N, &
77 K theo co ché chon loc kich thudce/hinh dang nhu Mn(HCOOQ), [48], Sm4Cos(pyta)s(H,O)«
(Hspyta = 2,4,6-pyridinetricarboxylic acid) [49], Cu(F-pymo), (F-Hpymo = S5-fluoro-2-
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hydroxypyrimidine) [50], [Fe"(Tp)(CN);],Co" (Tp = hydrotris(pyrazolyl)borate) [51],
Yby(TATB)s3(SOs), (PCN-17) (TATB - 4,4',4"-s-triazine-2,4,6-triyltribenzoate) [52], va
Mg(ndc); (ndc = 2,6-naphthalenedicarboxylate) [53]. Theo mét co ché khdc, trong cAu tric coa
Zn;(bdc);[Cu(Pyen)] (Hybde = benzene-1,4-dicarboxylic acid; PyenH, = 5-methyl-4-oxo0-1,4-
dihydropyridine-3- carbaldehyde) c6 chira cac tam kim loai m¢ Cu lam tang kha nang hap phu H,
[54]. Céc tinh toén 1i thuyet ab initio cho thay ning luong tuong tic giita hydrogen va dan xuat
benzene c6 thé tdng néu gan cidc nhém thé cho dién tir trén vong benzene [55]. Hiéu qua trong
lwu giit hydrogen cua viéc bién ddi céu tric cau ndi hiru co theo huéng nay van chua dugc
nghién ciru cu thé trén vat liéu MOFs.

CO, ¢6 kich thudc 16n hon H, (duong kinh dong hoc 3.3 A), kha nang phén cuc 16n va dac
biét 1a c6 momen tr cuc (bang 2). Vi cic tinh chét d6, CO, c6 thé dugc tach gitr chon Igc tir
hdn hop khi boi vat liéu MOFs theo co ché tich theo kich thudc/céu tric hay dua vao kha ning
twong tac manh cua CO, vdéi vat liéu. Nghién ctru cho théiy mot s6 loai MOFs ¢6 thé tach chon
loc CO, tir hon hop v6i CH, dua trén sy khic biét vé momen tir cuc (bang 2) nhu
Zny(ndc),(dpni) [56], Mn(ndc) [57] va Cus(btc), [58].

Mot loai vat liéu khac cling thudc ho khung hitu co - kim loai la vat liéu khung imidazole
kiéu zeolite (ZIFs - zeolitic imidazolate frameworks), trong d6 cac cation kim loai (vi du: Zn*
hay Co**) duogc phdi tri boi cic ligand thudc ho imidazolate (IM). Dbi voi CO,, ZIFs 1a vat lidu
hép phu chon loc CO, tot nhat hién nay do tuong tac ludng cuc/tir cuc manh cua CO, véi cac
nguyén tir N trong vat liéu [13]. Mot s0 nghién ctu If thuyét va thuc nghiém cho théiy kha nang
hép phu CO, chu yéu phu thudc vao céc hiéu tmg giy bdi cdc nhém chirc hon 1a kich thuéc 16
x6p trong vt liéu ZIFs [59, 60]. Céc nghién ctru nay cho thiy cdc nhém chirc trong vat liéu ZIFs
cang phan cuc, kha ning h?ip phu CO, cang cao: -NO, (ZIF-78) > -CN, -Br, -ClI (ZIF-82, -81, -
69) > -C¢Hg, -Me (ZIF-68, -79) > -H (ZIF-70) > carbon BPL [59]. Nhom tac gid Morris va nhém
nghién ctru ciia tic gia Yaghi da nghién ctru so sanh kha nang hap phu CO, trén 5 vat lidu ZIFs
clng cAu tric hinh hoc nhung mang cdc nhém chure khac nhau nhu -Cl, -CHO, -CN, -NH, va -
OH [60]. Cac vat liéu nay co dién tich bé mat rleng khong cach biét nhau nhiéu (dao dong trong
khoang 564 dén 1110 m* gh. Két qué cho thay ZIF-96 (c6 gan hai nhém chuc -CN va -NH,
clng gan trén phan tr 1m1dazole) c6 kha ning hap phu CO, tSt nhat (960 m”.g" & 800 torr va
298K). Céc tac gia cho rang, kha nang hap phu cao cua ZIF-96 ¢6 thé 1a do sy két hop cta hai
loai twong tdc: twong tic tinh dién va tuong tic van der Waals manh do kha néng phan cuc cia
céc nhém chire trong céu tric.

CH, ¢6 kich thude (duong kinh dong hoc 3.758 A, bang 2) 16n hon H, va CO,. Tuy CH,4
khong ¢6 momen tir cuc nhu CO, nhung cling c6 kha nang phin cuc khé 16n (bang 2). Mot vat
liéu hép phu t6t CH, can c6 dién tich bé mat riéng 16m, thé tich rong 16n, mat do khung thép va
nang luong tuong tac gitta khung vat liéu voi phan tir CHy lon [61]. Mot so nghién ctru cho thay
viéc gan cdc nhém thé Br trén vong thom cta cic cdu ndi hiru co dan xuét di carboxylate tao ra
cdc tdm tuong tac voi CH4 manh hon cho véat licu MOF [61]. Mot ) nghién curu khac cling cho
thdy phan tir CH, tuong tic manh véi vong thom hay vong boroxine [62].

4. UNG DUNG CUA MOFs TRONG PHAN TACH HOA HQC

Vi nhitng vu diém nhu dién tich bé mat riéng 16n, cic 16 xép 6 cAu tric trat ty va kich
thudc c6 thé thay ddi trong khoang rong, nhém chirc héa hoc da dang trén bé mit bén trong 15
xép va bén ngoai, c6 do bén nhiét cha”ip nhén dugc (cao hon nhiét d6 st dung trong sdc ki khi),
MOFs c6 nhiéu tiém ning tng dung lam vat liéu trong phén tich héa hoc va trong héa phan tich.
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Nam 2006, tir nghién ciru dau tién tng dung MOF-508, Zn-(BDC)(4,4’-Bipy)ys, 1am pha
tinh trong cot sic ki khi boi Chen va cong su [63], cdc vat liéu MOFs khic sau d6 ciing dugc
nghién ctru trong hudng tmg dung nay nhu MIL-47 [64], MOF-5 [65] va ZIF-8 [66]. Mot loai
MOF khic 1a MIL-101, dang mang mdng, da dugc phu bén trong cft mao quéan sac ki khi aé
tach céc dong phan xylene (o-xylene, m-xylene va p-xylene) va ethylbenzene trong thoi gian 1,6
phut khong can st dung chuong trinh nhiét (hinh 2) [67]. Céc ddng phan trén rat khé tach do
nhiét d9 so6i cua ching rét gan nhau. Tinh chon loc cao cua MIL-101 (cao hon ca cic cot sic ki
mao quan trude ddy) duoc cho la do sy khdc nhau trong tuong tdc gilra chat dugc hp phu voi
vat liéu hap phu, nhét 1a tuong tdc véi cac tdm kim loai mo va do d§ phan cuc phu hgp cua
MIL-101.

paylens
mexyleane
ethylbenzene
[ 1 my o-xylene
0.0 0.5 1.0 2.0

Time { min ——

Hinh 2. Sic ki db tach cdc ddng phan xylen va ethylbenzene

Céc vat liéu dong chu tric IRMOF-1 va IRMOF-3 phu trong cot sic ki mao quan c6 kha
nang tach céac hop chit da vong chtra clo va brom, von 1a nhitng chit 6 nhiém hitu co khé phéan
hay, rat doc cho sirc khoe con ngudi va ¢6 kha nang tich tu sinh hoc [68].

Nhém nghién ctru ciia Yan va cdc cong sy gan ddy cong bd kha ning tich day dong dang
cic alkanes (C8-C11) st dung ZIF-8 lam vét li€u phu trong cdt mao quan [69]. Vi nhitng tinh
chit doc ddo nhu duong kinh cta s6 nho (3.4 A), duong kinh 16 x6p 16n (11,4 A) va tinh ky
nuée cia bé mit 16 xdp bén trong (gidp tang twong tic van der Waals voi cdc alkanes mach
thang) ZIF-8 c6 kha nang tach t6t cac alkanes mach thang tir cdc alkanes mach nhanh. Két qua
nghién ctru nay cho thdy MOFs c6 tiém ning (mg dung trong cong nghiép tinh ché dau mo va
nang cao chi s6 octane cta xang dau.

Ngoai ra, mot s6 loai MOFs da duoc nghién ctru tng dung 1am vat liéu pha tinh trong sic
ki 16ng cao 4p hi¢u nang cao (HPLC) nhu [Zn,-(bdc)(L-lac)(dmf)]-DMF [70], MIL-47 [71],
MOF-5 [72,73], HKUST-1 [72], MIL-101(Cr) [74] va MIL-53(Al) [75, 76].

5. UNG DUNG CUA MOFs TRONG Ki THUAT Y SINH

Trong thoi gian gan day, s6 lwong nghién ctru tmg dung MOFs trong linh vyc y sinh, nhét
la trong dan truyen thude [18] ngay cang tang. Ngoai nhiing ddc diém nhu da dang vé thanh
phan héa hoc (c6 thé d& dang thay ddi kim loai hodc cau ndi hiru co) cling nhu vé céu tric (nhidu
dang hinh hoc khdc nhau, duong kinh 16 xép phéan b6 rong, tur vi xép dén 15 xép trung binh), mot
s0 MOFs con ¢6 nhiing tinh chat phu hop v01 y sinh nhu khong doc [77, 78], ¢6 kha nang phan
huy sinh hoc. Tuy thudc vao thanh phan va céu triic, thoi glan phén huy ciia MOFs c6 thé tir sau
vai gio nhu MIL-101(Fe) [79], Bio-MIL-1 [80] dén vai tudn nhu M-CPO- 27(M = Ni, Co) [81]
va MIL-53(Fe) [82]. Vi nhiing tinh chét nhu ua nudc/ki nude, ¢6 cac tim kim loai mé, kha
ning chira thude 16n (so voi cdc hé dan truyén khic nhu liposome, polymer, zeolite, ...) va ¢
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thé giai phéng thudc bang tic dong vat 1i, MOFs ciing 1a vat liéu tiém ning trong din truyén
thuoc.

Tién phong trong hudng nghién ctru nay 12 nhém nghién ciru cua gido su Férey va cong su
tai vién Lavoisier, Phap. Ibuprofen, 2-[4-(2-methylpropyl)phenyl]propanoic acid, mot loai thudc
giam dau va chong viém, da dugc nghién ciru mang trong cac loai MOFs 16 xp trung binh nhu
MIL-100(Cr), MIL-101(Cr) [83], MIL-53(Cr), MIL-53(Fe) [82]. Ca MIL-100(Cr) va MIL-
101(Cr) déu c6 kha ning nap thudc cao: 0,347 g ibuprofen/g MIL-100(Cr) va 1,376 g
ibuprofen/g MIL-101(Cr). MIL-101(Cr) ¢6 thé nap thudc nhiéu hon do ¢6 kich thuée 15 xp 16n
hon. V& kha ning nha thudc, dudi diéu kién 37 °C duoc gia dinh nhu diéu kién co thé nguoi,
MIL-100 bét du nha thudc tir sau 2 gio va két thic sau 3 ngay. Trong khi d6, MIL-101 bét déu
nha thudc tir sau 8 gio va két thiic sau 6 ngay. It doc tinh hon céc vat liéu MIL(Cr), nghién ciru
cho thay MIL-53(Fe) cting ¢6 kha nang nap dugc 0,210 g ibuprofen/g MIL-53(Fe) va thoi gian
nha thudc cham (két thiic trong 3 ngay). Voi kha nang nap thubc cao nhu vy va thoi gian nha
thudc chdm, MIL-53 12 vat liéu tiém ning trong dan truyen thube.

Dé khic phuc phan doc tinh ¢6 thé c¢6 cua céc cau ndi hitu co, trong mot hudng nghién ctru
khdc, cac phan tu c6 hoat tinh sinh hoc dugc st dung lam cau nbi hiru co tao MOFs vdi céc kim
loai khong doc tinh (goi 12 BioMOFs). Khi d6, thudc (cdc ciu ndi hitu co mang hoat tinh) duogc
giai phéng trong qué trinh phan huy cua MOFs. Cac vi du cho huong nghién ctru nay la Zn-
MOFs mang céc cau ndi amino acid [84] hay MOFs mang cau nbi 1a dan xuét adenine [85] va
peptide [86].

6. UNG DUNG CUA MOFs TRONG KI THUAT XUC TAC

Mot huéng nghién ctru khéc con kha non tré so voi huéng hap phu va luu trir khi 1a sur
dung MOFs lam chat mang xuc tac hodc bién tinh MOFs 1am xic tic cho céc phan trng héa hoc.
Mot trong nhitng vi tri duoc quan tAm trong ciu tric cia MOFs 1a cdc tim kim loai chuyén tiép,
duoc danh gla c6 kha nang déng Va1 trd nhu acid Lewis trong nhiéu phéan tng hitu co [15 - 16,
87]. Ba ¢6 rat nhidu nghién ctu vé kha nang st dung céc vi tri tdm Cu, Zn, Fe lam xtic tic cho
mot sb phan ng nhu chuyén hod o-pinene oxide [88], acetal hod benzaldehyde [89 - 901,
cyanosilyl hod [91 - 92], phan Ung Friedlander [93 - 94], epoxy hod alkene [95 - 96], cong md
vong epoxy [97 - 100]. Trong rat nhiéu két qua da duoc cong bd, céc loai vat liéu MOFs nhu
HKUST-1 (hay MOF- 199) hay Fe(BTC) da chung t6 wu thé vuot troi so voi nhiéu loai xic tac
dong thé hay zeolite truyen thong vé hi¢u suét ciing nhu d6 chon loc san pham mong mubn
[101]. Ngoai ra, mdt so loai MOFs dugc cAu tao tr cac cAu ndi hitu co chta nito (dang amine ty
do hodc di vong) ciing da duoc nghién ciru 1am xtc tic base Lewis cho mot sb phan ung dién
hinh nhu ngung tu Knoevenagel [20, 24, 102 - 104] hay phan tung Henry (hay nitroaldol ho4)
[105 - 106]. Tuy nhién, do tinh base ctia cdc vi tri trén cAu ndi hitu co con khd yéu nén can c6
nhitng phuong phép bién tinh bd sung dé tang tinh base cta cic loai vat liéu nay [101]. Gan day,
mot hudng nghién clru vé xiic tdc méi duogc tham do 1a kha nang stt dung MOFs lam xuc tac cho
cac phan tng ghép d6i hinh thanh cdc lién két C-C, C- O, hay C-N lién phan t [107 - 110].
Nhirng két qua trién vong cho thay c6 thé sur dung tryc tlep MOFs lam xic tdc cho nh1eu _phan
g ghép doi cb dién, von van thudng dugc khao sét trén co sd xic téc palladium truyén thong.

Tur nam 2010 tro lai day, huéng nghién ciru tmg dung céc vat lieu MOFs trong ki thuat xic
tdc ngay cang thu hut sy chd y cua nhiéu nhém nghién clru trén thé gidi, trong d6 ndi bat c6
nhitng nhém nghién clru cla gido su Garcia va cdng su, nhdm cia gido su Cejka va cong su hay
nhém cua gido su De Vos va cong su. Thuc té, sb Iwgng céc bai bdo chuyén nganh (ISI) vé ung
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dung cua vat licu MOFs trong linh vyc xic tdc xudt hién ngay cang nhiéu trén cdc trang web ciia
cac tap doan nbi tleng thé gi6i nhu Science, Nature, Amerlcan Chemical Soc1ety, Royal Society
of Chemistry, ScienceDirect, WileyInterscience. Tuy nhién, can phai nhin manh rang cic cong
trinh nghién ctru trng dung vat liéu MOFs lam xtc tac hodc chat mang xuc tdc néi trén chi dung
lai & mirc d6 tham do khao st hoat tinh ctia mot sé vat liéu MOFs trong cdc phan Uing téng hop
hiru co va héa dau thong dung. Do vt liéu MOFs la nhiing vat liéu mdi so vdi cdc loai vat liéu
zeolite hay silica truyen thong, nén c6 thé néi day Ia mot linh vuc dang can thém rat nhiéu
nghién ctru dé c6 thé xay dung dugc mot co so dit liéu v& hoat tinh xic téc cua loai vat liéu nay.

7. KET LUAN

Nhitng phan tich & trén cho thdy MOFs 1a vi du dién hinh cua vat liéu héa hoc thé ki 21 ma
nha héa hoc Sir Harry Kroto (dat giai Nobel nam 1996) da mo ta: “cdc hé phan tir ¢ kich thudc
nano dugc lap rdp canh nhau, ngay cang phirc tap hon va mang céc chtrc ning ngay cang cao
hon”. Téng quan cdc nghién ctu cho théy MOFs c¢6 nhiing tinh chat doc ddo, doi khi 1a duy
nhét, giip md ra mot pham vi rong cic ing dung quan trong tir hap phu, phan tich, xtic tac dén
ki thuat y sinh... Tuy nhién cdc nghién ctu trén van con trong giai doan so khai va van con
nhidu tiém nang Ung dung cia MOFs chua dugc nghién ciu dén. Trong twong lai, MOFs can
duoc phat trién hon nira cic phuong phép tong hop & quy mo 16n va céc nghién clru tng dung
can dugc tap trung tuong xtng véi s6 luong vét liéu MOFs méi ngay cang ting khong ngimg.
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ABSTRACT

METAL-ORGANIC FRAMEWORKS (MOFs): APPLICATIONS FROM GAS ADSORPTION

TO CATALYSIS
Le Thanh Dung, Nguyen Thanh Tung, Phan Thanh Son Nam'
"HCMC University of Technology, VNU- HoChiMinh City

"Email: ptsnam@hcmut.edu.vn

Metal-organic frameworks (MOFs) being constructed from metal ions or clusters and

bridging organic ligands (or linkers) have attracted significant attention during the past decades
as promising materials. Compared to conventionally used microporous and mesoporous
inorganic materials, these hybrid structures possess tremendously outstanding characteristics
such as high surface area, flexible rational design through control of the architecture and
functionalization of the pores. This perspective aims to introduce potential applications of MOFs
in gas adsorption, separation and storage, biomedical engineering, and catalysis. Moreover,
general introduction on MOFs structures and synthesis methods has also been mentioned.

Keywords: metal-organic frameworks, adsorption, gas storage, biomedical engineering,
catalysis.
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