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MO DAU

Vit liéu khung hitu co kim loai (MOFs) 12 loai vat liéu két tinh cau
tao tir cac ion kim loai va cac cau ndi hiru co dé tao thanh ciu tric khéng
gian mot, hai hay ba chiéu. Vat liéu MOFs c¢6 do x6p cao (1én dén 90% thé
tich tu do), dién tich bé mat riéng Ién, kich thudc 15 réng cé thé diéu chinh
duoc nho 46 MOFs duoc ang dung trong nhiéu linh vuc nhu lwu trit, hip phu
khi, xtic tac, phat quang, luu trit va phan phéi thude. ..

Mot trong nhitng tinh chat ndi bat cua vat liéu MOFs 13 sy da dang
vé ciu tric dua trén sy da dang cac cau ndi cua céc linker hitu co va ion hoic
cluster kim loai. Viéc thiét ké va nghién ctru cAu trdc méi cua vat lieu MOFs
la mét trong nhirng véan dé rit duoc quan tam.

Trong nghién ciru ndy ching tdi miéu ta phuong phap tong hop céc
vat lieu MOFs c6 ciu triic méi tir polytopic linker. Hai linker duoc chon 1a
tetratopic benzoimidephenanthroline tetracarboxylic acid va hexatopic
1'2',3',4' 5',6'-hexa(4-carboxyphenyl)benzene. Céc linker carboxylate nay cé
d6 bén nhiét va hoa hoc cao, ciu tao dbi xang, véi sb phéi tri cao tao diéu
kién thuan loi cho kha niang hinh thanh vat liéu MOFs ciu tric méi co do
bén va do x6p cao.

Tt nhitng vat liéu méi thu dugc ching t6i tién hanh phan tich cau
trdc va nghién ctru tng dung cua cac loai vat liéu maéi nay trong linh vuc
phan tach khi CO, va xdc tac di thé.



PONG GOP MOI CUA LUAN AN
- Tong hop thanh cdng bay vat lieu khung hitu co kim loai mai, trong d6 co
bén vat lieu MOFs mai hinh thanh tir linker tetratopic HsBIPA-TC va ion
kim loai La, Ce, Nd, Eu, Tb (dat ttn MOF-588, -589, -590, -591, va -592) va
hai vat ligu MOFs méi tir linker hexatopic HsCPB két hop véi cac ion kim
loai Cu va In (dat tén MOF-891 va MOF-894).
- Phan tich nhiéu xa tia X don tinh thé cho thay trong bay vat liéu MOFs mai
c6 bon vat lieu (MOF-590, -591, 592 va -891) c6 cau trdc hoan toan méi
chua ting dwoc cong bd.
- MOF-591 va 592 thé hién kha niang hap phu chon loc khi CO, trong hén
hop CO2va N trong diéu kién khd. Két qua khao sat nghién ctru dong hoc
phan tach khi CO, cho thay vat liéu MOF-592 c6 kha nang luu trit 1.2 wt%,
sau qué trinh giai hap bang dong khi N tai nhiét do phong, vat liéu c6 kha
nang tai str dung sau ba lan lién tiép.
- Ngoai ra, MOF-590, MOF-591 va MOF-592 con thé hién hoat tinh xdc tac
di thé trong phan tng oxi héa carboxyl hda CO; trong diéu kién ém diju (1
atm CO, 80 °C, va khong sir dung dung mdi). Nbi bat trong dé 1a vat liéu
MOF-590 c6 hoat tinh xtc tac vuot troi véi do chuyén hda 96%, hiéu suat
91% va dd chon loc 95%.
- MOF-891 thé hién hoat tinh x(c tac di thé vuot tri trong phan ung tong
hop bis(indolyl)methanes véi hiéu suit (> 96%) trong diéu kién séng siéu
am, tai nhiét d6 phong. Ngoai ra, x(c tac con tai st dung sau sau lan lién tiép
ma van gitr nguyén hoat tinh.



BO CUC CUA LUAN AN
Luan an téng cong 129 trang trong d6 tong quan 28 trang, thuc nghiém 15
trang, két qua va danh gia ban luan 53 trang, két luan 3 trang, tai liéu tham
khao 12 trang.
NOQI DUNG LUAN AN

1. Téng quan
1.1 Giei thiéu vat liéu khung hiru co kim loai (MOFs)
1.2 C4c vit ligu MOFs tir linker da nhém chirc carboxylate
1.3 Ung dung vat ligu MOFs trong phan tach chen lgc khi CO;
1.4 Ung dung vat ligu MOFs trong xUc tac
1.5 Muc dich ctiia nghién cau
2. Thuc nghiém
2.1 Hoa chat, vat ligu, va thiét bi sir dung trong nghién ciru
2.2 Quy trinh téng hgp MOFs: MOF-588, MOF-589, MOF-590, MOF-
591, MOF-592, MOF-891 va MOF-894
2.3 Quy trinh phan tich ciu tric MOF-588,-589,-590,-591,-592,-891,-894
2.4 Phan tich tinh chit hip phu khi
2.5 Quy trinh nghién cau phan @ng oxi hda carboxyl héa styrene va CO,
2.6 Quy trinh nghién ceu phan ng akyl hoa Friedel-Crafts trong téng
hop Bis(indolyl)methanes
3. Két qua va danh gia ban luin
3.1 Phan tich cau tric MOF-588, -589, -590, -591, -592, -891 va -894
3.1.1 Céu tric vat liéu MOF-588

MOF-588 két tinh thuoc hé tam ta, nhém khong gian P-1, vai cac
thong sé mang a = 8.1401(11) A, b = 11.1959(15) A, va ¢ = 17.511(2) A.
Trong cau tric cia MOF-588, ba nhém carboxylic cia 1 linker HBIPA-TC



lién két v6i ba ion La®* theo kiéu lién két monodentate (chi mot O trong nhém
—COO lién két vai kim loai) va mot nhém carboxylic két néi téi ion La®*
khéc theo kiéu bidentate (2 O ciia nhém —COO cuing lién két vai kim loai)

(Hinh 17). Nhu minh hoa Hinh 17A, binuclear ¢d thé xem nhu nut lién két
) (8)
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Hinh 17. Cdu triic tinh thé ciia MOF-588. (A) S két hop cua linker BIPA-TC va SBU [La(-
CO0)s(-COOH)2(H20)s] teo thanh (B) MOF-588. (C) Cau tric cia MOF-888 c6 topology
sqc495. Mau nguyén tir: C, den; O, do; N, luc, La, xanh dirong.

c6 s6 phéi tri tdm bai vi chiing két ndi véi tdm linker xung quanh. Bén canh
d6 linker HBIPA-TC c6 thé duoc xem nhu nut diém c6 sb phdi tri bon két
ndi khi mai linker lién két véi bon binulcear. Két qua thu dwoc vat lidu c6
c4u trac khung 3D véi kiéu topology la sqc495 (Hinh 17B,C).

3.1.2 Céu tric vat liéu MOF-589



Két qua phan tich SCXRD cho thdy MOF-589 két tinh thugc hé tam ta, nhom
khong gian P-1, véi cac thong sb a = 8.4259(4) A, b = 11.4299(6) A, vac =
17.9923(9) A. Vit liéu ciing déng cau tric véi MOF-588 véi topology la
sqc495 (Hinh 17).

3.1.3 Céu trdc vt liéu MOF-590

BIPA-TC

A
A--5.

[Nd(-COO),(H,0).]-

- G-

Hinh 21. Cdu trdc tinh thé ciia MOF-590. (A) Su két hop ciia linker BIPA-TC va SBU [Nd(-
COO0)4(H20)3] va [Nd2(-COO0)a(H20)10]?* tao thanh (B) MOF-590. (C) Cau trlc cia MOF-
590 c¢6 topology nkp. Mau nguyén tii: C, den, O, do; N, luc, Nda, xanh dirong va cam.

Két qua phan tich SCXRD cho thay MOF-590 két tinh thudc hé tam
ta, nhém khéng gian P-1, vai c&c théng s mang a = 10.222, b = 12.708, va
¢ = 19.864 A. Trong c4u tric MOF-590, nguyén tir Nd thir nhat (Nd,) lién
két véi sau nguyén tir O thuoc nhém —COO caa bén linker BIPA-TC va ba
O con lai tir phan tir nuée. Phan tich dang hinh hoc cia SBU thtr nhat twong
ung la mot tir dién (tetragonal). Trong SBU thir hai, Nd. tao thanh dimeric
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Hinh 24. Cdu tric tinh thé ciia MOF-592. (A) Sur két hop cuia linker BIPA-TC va SBU [Tha(-
COO0)s(DMF)4(H20)2]? tao thanh (B) MOF-592. (C) Cau tric ciia MOF-592 c6 topology
ndh. Mau nguyén tiz: C, den; O, dé; N, luc; H, héng,' Th, xanh duong.

SBU gom hai cau néi va hai phéi tir tir nhém carbboxylate. Dang hinh hoc
ciia SBU thur hai twong tng 1a hinh binh hanh (parallelogram) véi s6 nhém
diém ma rong 1a bén (Hinh 21A). Biém dic biét khi phan tich topology cua
MOF-590 cho thdy MOF-590 c6 topology hoan toan méi va duoc dit tén 1a
nkp véi ki hicu nhom didm 13 (4.10),(4.6.8%)(4.6%):(4%.6.82)(6%.8), dugc
hinh thanh tir su lién két cia hai SBU kim loai ¢é phdi tri bon va ba loai nit
c6 phdi tri 3 tir linker hitu co (Hinh 21B,C)
3.1.4 CAu tric vat lisu MOF-591 va MOF-592

Két qua phan tich nhiéu xa tia X don tinh thé (SCXRD) cho thay
MOF-591 va MOF-592 ddng ciu triic, do d6 MOF-592 dugc chon 1am mau
dai dién dé phan tich toplogy chi tiét hon. MOF-592 két tinh thudc hé tam ta,
nhém khong gian P-1, véi céc thong sé mang a = 10.657, b = 18.130, va ¢ =
19.501 A. Céu trdc cuia MOF-592 gom céac dinuclear SBUs
[Th2(COO)s(DMF)4(H20),]% vai hai nhom carboxylate phdi tri dang cau néi,
hai nhom phéi tri dang dimonodentate va bén nhém phéi tri dang

monodentate. Dung mdi DMF va H.0 lién két dé hoan thanh sb phi tri cua
6



tam kim loai. Ton d6i DMA* trong 15 xdp gitip c&n bang dién tich cua ciu
trac. Diém ndi bat trong MOF-591 va MOF-592 14 lién két hydrogen giira

£ -

Cu,(CO,)5(H,0),

?
_
P
©

[Cu3(CO,)s(H,0),)

Hinh 25. Cdu triic tinh thé ciia MOF-891. (A) Sukét hop ciia CPB va SBU Cus(CO2)s(H20)2
va [Cu3(CO2)6(H20)2]» tao thanh (B) MOF-891. (C) Cau tric cia MOF-891 co topology
hhp. Mau nguyén tiz: C, den; O, do; N, luc, Cu, xanh dwong, hong.

cic nhom carboxylate da proton hoa cua linker tap thanh chudi zigzag
(H2BIPA-TC)? ', m¢ rong theo hudng [100]. Phan tich topology ciing cho
thdy MOF-592 c6 cau tric hoan toan méi, duoc dat tén ndh, voi ki hiéu
nhom diém (4.62)2(42.612.814)(62.8), do su lién két gitta SBU kim loai 8-c va
ba loai 3-c cua linker. (Hinh 24B,C).

3.1.5 Cu tric vat ligu MOF-891



|n(7c00)3\(H20) (DMF)
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A

Hinh 28. Cdu tric tinh thé cia MOF-894. (A) Sw két hop cua CPB va SBU [In(-
C02)3(CH3CO2)]" va In(-COz2)3(H20)(DMF) tao thanh (B) MOF-894. (C) Cau tric cia MOF-
894 c6 topology kgd

Tir két qua SCXRD cho thiy MOF-891 két tinh duéi dang triclinic
thugc nhdm P-1 véi 6 mang co so a =12.633, b = 17.473,va ¢ = 27.967 A.
C4u trdc gdm hai loai Cus SBUs, mét loai la dang rod (chudi cluster) va mot
loai cluster ¢ cong thirc Cus(CO2)s(H20). duoc tao thanh thdng qua lién két
hydrogen gitra hai cluster nho hon 1a [Cux(CO,)3(H20)]* va
[Cu(CO,)s(H20)]" (Hinh 25A). Két qua phan tich topology ciing chung to
day 1a vat liéu c6 cau tric hoan toan méi va dugc dit tén topology la hhp
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(Hinh 25B, C). Pay ciing 1a vat liéu dau tién trong cau tric ton tai dong thoi
cluster dang cum va dang rod.

3.1.6 Céu tric vt liéu MOF-894

Két qua phan tich SCXRD cho thay MOF-894 két tinh thudc hé tam
ta, nhom khdng gian P-1, véi cac théng s6 mang a = 10.222, b = 12.708, va
¢ =19.864 A. Trog MOF-894 t6n tai dong thoi hai loai SBUs c6 cong thirc
In(-CO2)3(H20)(DMF) va [In(-CO,)3(CHsCO,)]". Két qua phan tich topology
cho thdy MOF-894 c6 topolygy la kgd (Hinh 28).

3.2. Phan tich tinh chat MOF-588, -589, -590, -591, -592, -891 va -894
3.2.1 Phan tich nhiéu xa tix X (PXRD)

Sy ddng nhit pha trong tong hop vat liéu duoc chimg minh bang
phan tich PXRD, trong d6 gian do thuc nghiém trude va sau khi hoat hoa thi
hoan toan phul hop vai gian &6 mo phong tir cdu triic don tinh thé.

3.2.2 Phén tich nhiét trong lwgng (TGA)

Do bén nhiét cia cac vat liéu duoc danh gia qua phuong phap phan
tich nhiét trong luong (TGA). Két qua cho thay cac MOFs déu c6 do bén
nhiét cao 400-500 °C, lugng oxit con lai sau khi dét tring khép voi két qua
tinh toén tir cong thirc phan tir va két qua phan tich nguyén té.

3.3. Tinh chit hap phu khi
3.3.1 Pj xop cia MOF-588, -589, -590, -591, -592, -891 va -894

Tir dudng ding nhiét hip phu khi N, tai 77K (Hinh 46), dién tich bé
mat riéng theo BET/Langmuir cuia MOF-588, MOF-589, MOF-591, MOF-
592, MOF-891 lan luot 14 40/70, 70/90, 960/1100, 900/990, 100/170. Riéng
MOF-590 va MOF-894 kich thudc 16 xbp twong ddi nho, cau tric cac I6p
lien két xen k& va chat khit nén dién tich bé mat riéng xac dinh tir duong
déng nhiét hip phu khi N2 rat thap 0-5 m2 g,

9
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Hinh 46. Buong hap phu dang nhiét N2 cia MOF-592 (dd), MOF-591(xanh), MOF-'?
590(hong), MOF-589(luc), MOF-588(cam)(trai) va MOF-894 (ds), MOF-891(xanh)
(phdi) ¢ 77 K.

3.3.2 Dung lweng hap phu nhiét déng
Bdng 8. Dién tich bé mét riéng, dung lirong hdp phu CO2, N2, va CHa tai 298 K cua
MOF-591 va MOF-592

Dung luong hap Dung lugng hap  Dung lugng hap

MOF [ nﬁB;_Tl]a phu CO; phu N phu CH,
[cm® g']° [cm® g']° [cm® g']°
MOF-591 960 36 2.3 7.4
MOF-592 900 42 2.1 7.0

aTinh toan theo md hinh BET. 0800 Torr va 298 K

MOF-591 va -592 ¢6 dién tich bé mit cao nhét trong cac MOFs con
lai. Bong thoi cac tam kim loai mé c6 mat do cao, kich thudc 15 x6p phu hop
dugc tién hanh nghién ctru sau hon vé kha nang hap phu va phan tach chon
loc khi. Bang 8 cho thdy MOF-592 c¢6 dung lugng hap phu khi CO, cao nhat
42 cm3 g tai 800 Torr va 298 K. Nguoc lai dung dung lwong hap phu khi N,
va CHq lan luot la 2.1 va 7.0 cm® gt (Hinh 48). Tinh chit nay thé hién tiém
nang cao cho nhirng irng dung trong luu trir va phan tach chon loc khi CO..
3.3.3 Hiéu ng nhiét cia quéa trinh hip phu va d hip phu chon loc
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Bdng 9. Nhiét hap phu CO, (Ost) va ds chon loc CO2/N; & CO/CH, ciia MOF-592

a1 D6 chon loc Do chon loc
MOF QulkImol"T o5 N, COW/CH
MOF-591 23 21 5.6
MOF-592 22 27 6.8

Enthalpy ctia qué trinh hap phu dang nhiét (Qs) duoc tinh cho MOF-
591 va -592 twong (ring la 23 va 22 kJ mol™ (Bang 9). Bo chon loc so vai N,
va CH, ctia MOF-592 ciing c6 gié tri cao nhat (27 va 6.8). Do d6 MOF-592
duoc chon danh gia kha ning phan tich dong hoc CO, trong hon hop véi No.

50 T T T T

= CO,

2
40 |- A CH, B
o N,

30 | / 4

20 |

Uptake / cm® g

0-00—9-C0—0-C0—0-0p—8-C0—6-0-9

200 400 600 800

Pressure / Torr

Hinh 48. Puwong hdp phu ddng nhiét CO2 (d6), CHa (xanh diwong) va N2 (xanh 14 cay) cua
MOF-592 ¢ 298 K

3.3.4 Hap phu déng hoc

Két qua thuc nghiém “breakthough” cho thay dung luong hip phu
CO2 trong hdn hop CO2/N2 12 6.2 (1.2) cm® gt (Wt%). Vat lieu MOF-592 con
dugc tai sir dung sau 3 lan lién tiép thdng qua qua trinh giai hap bang dong
khi N tai nhiét d6 phong.
3.4 MOFs xuc tac cho phan &ng oxy héa carboxyl hoa caa olefin
3.4.1 Giéi thiéu
3.4.2 Phan w&ng oxy hoa carboxyl héa cia Styrene va CO;
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MOF-590 dugc chon dé khao sat diéu kién téi wu cua phan ang, st
dung styrene (3.9 mmol), ddng xuc tdc nBusNBr (8 mol%), anhydrous TBHP
(1.9 equiv), khong str dung dung méi tai nhiét do 80 ‘C dudi dong CO; tir
bong béng khi trong 12 h. Theo két qua bang 10, diéu kién téi wu dugc chon
14 0.18 mol% cua MOF-590, v6i d6 chuyén hda cia styrene 13 96%, d6 chon
loc 95% va hiéu suat tao thanh caa san pham styrene carbonate 1a 91%.
Bdng 10. Khao sat dnh hweng cia nong dé MOF-590 1én phan izng oxy hda carboxyl

héa Styrene va CO; o
@A MOF-590, TBHP OJ<O
+ CO, ——m
nBuyNBr
- H 0/-b
# MOF-590 / Con. / %® Sel. / %P Yield/%
mol % sc SO
1 0.09 88 97 86 3
2 0.18 96 95 91 0
3 0.27 90 70 63 0
4 None 92 41 38 7

apjéu kién phan ing: styrene (3.9 mmol), TBHP in decane (7.4 mmol), nBu4NBr (8 mol %),
CO:2 (&p sudt trong bong béng), 80 °C, 12 h. bBg chuyén héa (Con.), dg chon loc(Sel.), va
hiéu sudt phan itng duwoc xde dinh bang GC-FID va si dung biphenyl 1am chdt ngi chudn.
SC = styrene carbonate; SO = styrene oxide.
3.4.3 Thi nghiém chitrng minh tinh di thé va nghién citu kha tai sir dung
caa xuc tac

Tinh di thé dugc chang minh qua céc thi nghiém loai bo xuc tac sau
2 h va 6 h. Tir két qua hinh 50 cho thdy khong c6 su thay dbi dang ké hiéu
suit sau khi xdc tac bi loai bo. Ngoai ra dung dich sau loc duoc phan tich
ICP-MS cho thiy ndng d¢o Nd** cd trong dung dich < 3ppm, chiing té khong
c6 ion Nd®* bi thoat vao trong dung dich.
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Hinh 50. MOF-590 xtc tac phdn ing trong diéu kién téi wu (d6), loc xtc tac sau 2 h (xanh

duong), sau 6 h (luc).

V774 Conversion

Yield

Wz

1 #22 Selectivity

% / U8dlad
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Recycle

Hinh 51. Pé th; thé hién dé chuyén héa, dé chon loc va hidu suat ciia phan ing hi si dung

xuc tac MOF-590

Do bén kha ning thu hdi va tai sir dung cua vat liéu ciing dugce danh

-590 thé hién do bén va kha niang thu hoi tai st dung sau

gia. Trong d6 MOF

hoat tinh xtc tac (Hinh 51). Céc két qua

1an lién tiép ma va

nguyén

n gitr

nam

phan tich PXRD, IR va SEM (Hinh 52-54) ching minh ciu tric khung van

4 hoat hoa va téng hop, cac nhém chirc chinh va

duoc gitr so véi mau MOF d

duy tri sau phan rng xUc tac.

hinh théi tinh thé van duoc
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Hinh 52. Gidn dé PXRD ciia MOF-590 tinh todn (den), vira tong hop (d6), hoat héa (xanh

dirong), sau ndm lan xic tac (luc).
—
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Hinh 53. FT-IR ciia MOF-590 (d6) and sau ndam lan xUc tac (xanh diong).

.

Hinh 54. 4Anh SEM ciia MOF-590 sau phan sng xuc tac.
14



3.4.4 So s&nh hoat tinh xuc tac cia MOF-590 véi cac loai xdc tac khéac
Bdng 12. Bang so sanh cac xuc tac khac nhau cho phan i#ng mét giai doan oxi hda
carboxyl héa Styrene

: s Con. Yield/%*
# Loai XUc tac 1%¢ Sel. /%° sc o
1 Nd(NO3);-6H.0 88 55 48 15
2 Eu(NOz)s-5H20 92 30 27 13
3 Hom.  Tb(NOs)3-xH:0 90 52 47 15
4 H4sBIPA-TC 66 57 38 10
: NiNOjeo % 8 4 1
6 MOF-590 93 94 87 3
7 MOF-591 95 85 81 3
8 MOF-592 98 82 80 5
9 AI-MIL-53 77 49 38 15
10° Uio-67 62 63 39 20
MOF
11 ZIF-8 67 33 22 12
12 HKUST-1 99d 0 0 0
13 MOF-177 97 54 53 12
140 Mg-MOF-74 82 61 50 14
15° Nd-BDC 98 52 51 0

apjéu kien phan img: styrene (3.9 mmol), MOF(0.18 mol%), TBHP in decane (7.4 mmol),
nBu4NBr (8 mol %), CO2 (ap sudt trong bong béng), 80 °C, 10 h. g chuyén héa (Con.), dé
chon loc(Sel.), va hiéu sudt phan itng diroe xdc dinh bang GC-FID va si dung biphenyl 1am
chat ngi chuan. Hom = xiic tde dong thé; SC= styrene carbonate; SO = styrene oxide.
Vit ligu MOF-590, -591, -592 con thé hién hoat tinh xdc tac dj thé
httu hiéu trong phan tng oxi hda carboxyl hoa styrene thanh styrene
15



carbonate. Ca ba MOFs déu ¢ hoat tinh xuc tac vuot trdi hon so vai cac xic
tac di va dong thé khac véi hiéu suat tao thanh san pham styrene carbonate
trén 80%.

Trong d6 ndi bat nhat 14 MOF-590 véi d6 chuyén hoa, chon loc va
hiéu suit thu duoc cao nhat (93%, 94% va 87% twong tng). Nhin chung cac
xuc tac dong thé cung kim loai v6i cac MOF nhu Nd(NOsz)s-6H-0,
Eu(NO3)3-5H,0, va Th(NOs)s-xH:0 thé hién hoat tinh thip (Bang 12, 1-3).
Mic du d6 chuyén hoéa (88, 92, 90%) nhung cac xuc tac dong thé tm kim
loai Nd, Eu va Tb thu duoc do chon loc (55, 30, 52%) va hiéu suat thu san
pham styrene carbonate thap (48, 27, 47%).

Tuong tu véi cac MOF Al-MIL-53, UiO-67-bpydc, and ZIF-8 ciing
dat hiéu suat thap 38, 39, va 22% tuong ttng (Bang 12, 9-11) trong cuing diéu
kién. Dac biét 1a vat lieu HKUST-1 khong c6 hoat tinh chuyén héa thu san
pham sytrene carbonate mac du d chuyén hoa phan tng 1én dén 99% (Bang
12, 12), c4c san pham phu thu duoc cha yéu 1a benzaldehyde va 2-hydroxy-
2-phenylethyl benzoate.

3.4.5 Co ché dé nghi cho phan ng oxy hda carboxyl héa styrene va CO;

Co ché gom 2 giai doan (i) oxi héa styrene thanh styrene oxide va
(if) phan ttng cong dong vong styrene oxide vai CO, thanh styrene carbonate.
Trong giai doan (i): cluster Nd** hoat héa TPHP tao thanh Nd**-peroxy. Sau
do6 giai phong gdc tu do t-butoxy két hop véi styrene tao thanh styrene oxide.
Trong giai doan (ii): O trén styrene oxide dugc hoat hda boi cluster Nd**, va
mé vong do tac nhan than hach Br tac kich vao. CO, phan ing vao ndi Nd-
O tao san pham trung la kim loai — carbonate. Cubi cung 1a budc dong vong
tao styrene carbonate va giai phéng xtc tac MOF-590 va dong xdc tac
nBu;NBr (So db 6).
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H-o_o_é %\
o—"\’
Nd(III) ?Qv
Br

nBu4N Br

So dé 6. Co ché dé nghi cho phan ing téng hop styrene carbonate xiic tac béi MOF-590
3.5 MOF-891 xuic tac di thé tong hop bis(indolyl)methanes
3.5.1 Giéi thiéu
3.5.2 Phan wng alkyl héa Friedel-Crafts tong hep bis(indolyl)methanes
trong diéu ki¢n siéu am
Bang 14. Anh huwéng cua dung moi trong téng hop 3,3-
(phenylmethylene)bis(1H-indole)

C

MOF-891 (1 mol %)
Y+ A )
N solvent, sonication, 1.5 h i 0
H HN NH

A A b
STT®  Loai dung moi Dung méi (Pcl,z)u suat
1 Phén cuc proton ethanol 82
2 t-butanol 80
3 n-butanol 78
4 Phén cyc phi proton ethyl acetate 80
5 THF 80
6 DMF 68
7 Khoéng phéan cuc 1,4-dioxane 75
8 toluene 85
9 m-xylene 92
10 p-xylene 70

17



Bdng 15. Phan ing tong hop dan xudt bis(indolyl)methane diedi xuc tac MOF-891

R R
N MOF-891 (1 mol%) = R =
ReE TS - 4 /
5 +  R,-CHO — y N
e N m-xylene, sonication, 15-25h ; I |
CHs F
i L i L H L
1, 92% (15 h) 2, 86% (2 h) 3, 87% (2 h) 4,92% (2 h)
Br

Segey

5. 83% (2 h) 6, 84% (2 h) 7. 90% (1.5h)

17", 85% (1.5 h) 18", 89% (1.5 h) 19°,90% {1.5 h)
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Két qua khao sat anh huong dung mdi (Bang 14) cho thay tat ca dung
mdi phan cuc hiru proton va hau hét dung méi phan cuc phi proton cho hiéu
suit co lap tir 68-82% san pham. Ddi voi dung mdi khdng phan cuc 1,4-
dioxane va toluen cho két qua tuong ty nhu dung méi phan cuc (twong ng
hiéu suit 1a 75 va 85% ), ngoai trir m-xylene dat duoc két qua ndi bat khi
hiéu suét tao ra 1 1a 92% chi sau 1.5 h.

Tinh linh hoat cua xuc tac duoc wng dung trong tong hop pham vi
rong cac chat nén khac nhau da duoc khao sat (Bang 15). Két qua cho thay
khi thay cac nhém thé rut dién tir va nha dién tir trén vong thom cua chat
nén benzaldehyde hiéu suit san pham cd lap dwoc déu trén 70%. Céc
aldehyde di vong nhu 1H-imidazole-4-carbaldehyde chuyén thanh san pham
11 véi hiéu suat 12 70%. Hiéu suat thap c6 thé do co sy twong tac nho giira
amine va xdc tac MOF. Chat nén giau dién tir 3,4-dihydroxybenzaldehyde
tao ra san pham 12 (hiéu suat 85%), day 1a mot hop chat bis(indolyl)methane
hoan toan mai duoc tong hop. Cudi cing, phan ung ddi véi 5-methyl-1H-
indole va 5-bromo-1H-indole dugc quan sat, khi sir dung MOF-891 tao ra
san pham tuong tng 1a bis(indolyl)methane véi hiéu suat cao va thoi gian
phan tng giam. Vi vay, c6 thé ndi rang hoat tinh dic biét cia MOF-891 da
duoc xac nhan cho mot pham vi rong cac chat nén.

3.5.3 Thi nghiém chitrng minh tinh di thé va nghién ciru kha tai sir dung
cia xuc tac

Dé chitng minh hoa tinh xuc tac di thé cia MOF-891 khong do bat
ctr ion Cu?* ndo tan trong dung dich tao ra. Thi nghiém duoc tién hanh va
loai bo xtc tac sau 0.5 h, 1.0 h va tiép tuc phan tmg cho dén 1.5 h (Bang 16).
Két qua cho thay tai khi loai bé xGc tac sau 0.5 h hozc 1.0 h thi phan ing thu
dugch hiéu suat thip, dong thoi két qua ICP-MS ciing ching minh khang c6
bat cir ion Cu? nao bi ro ri vao trong dung dich.

Bdang 16. Thi nghi¢m “leaching”
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Thoi gian 0.5h 1.0 h 1.5h
Hiéu suat (%) 52 78 92
Nong do Cu?* (ppm) 1.78 0.12 0.09

Kha nang tai sir dung cta vat ligu MOF-891 ciing dugc ching minh

sau hon sau vong 1ap voi hiéu suét van trén 90%.

3.5.4 So sénh hoat tinh xuc tac ciia MOF-590 véi céc loai xuc tac khac
Tinh quan trong cua xdc tac MOF-891 dwgc nghién ctru bang viéc thyc
hién c&c phan tng so sanh hoat tinh xdc tac véi cac MOFs khac ciing nhu 1a

xuc tac di thé va dong thé duoc trinh bay trong bang 17. Nhin chung, mudi

kim loai dong thé va céc oxit kim loai di thé hiéu suat thip hon so véi MOF-
891 trong phan tng tong hop 3,3’-(phenylmethylene)bis(1H-idole). Két qua

Bdng 17. So sanh hogt tinh xtic tac MOF-891 Vdi cdc xiic tdc dong va dj thé khéac

Loai xiic tac Xuc tac Hiéu suit (%)

MOFs MOF-891 92
MOF-890 83
HKUST-1 85
Cu-MOF-2 55
ZIF-8 60
MOF-177 80

Xiic tac di thé oxide CuO 60
ZnO 55
Al,O3 56
MgO 57
Fe,O3 52
Tio, 38
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Xiic tac dong thé CuSOs4 75

Cu(NO3).-3H.0 80
CuClz-2H0 81
Cu(CH3COO0): 63
AlICl3-6H.0 73
FeCls 76
HfCl4 72
Khong xtc tac 0

so sanh hoat tinh xdc tac vaoi cac MOF cé tinh acid Lewis, MOF-890,
HKUST-1, Cu-MOF-2, ZIF-8, v& MOF-177 cho thdy MOF-891 hiéu suit
cao nhat so véi cac MOF trén. Hoat tinh xc tac caa Cu-MOF-2 va ZIF-8 dat
hiéu suat thip nhit trong tit ca cac MOFs khi khao sét & cung diéu kién phan
ung.

3.5.5 Co ché dé nghi

R
O Y O [Cuy(CO)(H,0),]
HN

o
\ Jy

NH
[CuLH,0] R H
#_\ H [OHCu,L]™
L=(COpH,0 .

/
R (O
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1
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[OHCu,L]~ H
\3 @g
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H
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h H [OHCu,LT"
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b HCOH, [CuLH,0]
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S0 d6 7. Co ché dé nghi

21



Trong MOF-891, hoat tinh xic tdc nam trén céc cluster Cu(ll),
[Cu3(CO2)s(H20)2] va [Cus(CO2)s(H20)2]. Cac cluster nay cé tinh acid
manh gilp hoat h6a nhém carbonyl cua benzaldehyde. Nhém carbonyl dugc
hoat hda tham gia phan tmg ngung tu. Indole tiép tuc tac kich vao nhom
carbonyl da hoat h6a, va tiép tuc boi phan ng khir nudc tao chat trung gian.
Chat trung gian phan Gng voi indole tha hai tao san pham
bis(indolyl)methane (So db 7).

3.5.6 Phan tich MOF-891 sau khi xUc tac phan ang

Gian d6 PXRD va phd FT-IR ching to do két tinh va nhém chirc

chl’n trong cau trdc vat lidu van duoc duy tri sau 6 1an sit dung. (Hinh 56).

Intensity / a.u.

(b)
n )
Activated Activated
l I' |” " Calculated
N 1 L 1 . 1 s 1 . | | | | | |
10 20 30 40 50 4000 3500 3000 2500 2000 1500 1000 500
26 /° (CuKa) Wavenumber / cm’!

Hinh 56. Gidn dé PXRD va phé FT-IR ciia MOF-891 hoat hda (d6) va sau sau lan xic tac
(xanh).

Bén canh d6 phan tich SEM ctia MOF-891 ciing cho thay hinh thai
hoc dang I6p cua tinh thé MOF-891 khong thay d6i dang ké (Hinh 57).
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Hinh 57. 4Anh SEM ciia MOF-891 sau hogt héa (a) va sau sau lan xtc tac (b).

4. Két luan
4.1 Tong hep va phan tich vat liéu

Trong nghién ciru ndy chung toi da tong hop thanh cong bay vat lidu
khung hitu co kim loai maéi, trong d6 ¢ ndm MOFs mai hinh thanh tir linker
tetratopic H4BIPA-TC va ion kim loai La, Ce, Nd, Eu, Tb (dat tén MOF-588,
-589, -590, -591, va -592) va hai MOFs mdi tir linker hexatopic HsCPB Kkét
hop vai cac ion kim loai Cu va In (dat tén MOF-891 va MOF-894).

Phén tich nhidu xa tia X don tinh thé cho thiy trong bay vat liéu
MOFs méi c¢6 bdn vat lidu (MOE-590, -591, 592 va -891) ¢ ciu trac hoan
toan méi chua timg dugc cong bd. Topology cua cac MOFs duoc dit tén 1a
nkp, 3,3,8-conected, hhp tuong (g véi MOF-590, MOF-591 va MOF-592
ddng topology, MOF-891.
4.2 Ung dung ciia MOF-590, -591 va -592

MOF-591 va 592 thé hién kha nang hap phu chon loc khi CO,, véi
tong lugng hiap phu CO; lan lugt 1a 36 cm® g va 42 cm?® g tai 800 Torr,
298 K. Hon nita, két qua nghién ctru dong hoc phan tach khi CO2 cho thay
vat liéu MOF-592 c6 kha nang luu trit CO21a 1.2 wt% trong hon hop CO
IN2 & diéu kién kho. Sau qué trinh giai hap bang dong khi N> tai nhiét do
phong, vat liéu c6 kha ning tai str dung sau ba lan lién tiép.
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MOF-590, MOF-591 va -592 con thé hién hoat tinh xtc tc di thé
vugt trdi trong phan tng mdt budce oxi hoa carboxyl hoa cua styrene va CO»
thu san ph'ﬁlm styrene carbonate tai diéu kién ém diu (1 atm CO,, 80 °C, 10 h
va khong sir dung dung méi) ma khong can phan tach styrene oxide. Noi bat
nhit 1a MOF-590 xtic tac phan tmg thu dugc san pham styrene carbonate v6i
d6 chuyén hoa 96%, hi¢u suat 91% va d¢ chon loc 95%. Sau khi xir 1i, Xtc
tac MOF-590 con tai sir dung sau nam lan lién tiép ma van giit nguyén hoat
tinh.

4.3 Ung dung vat liéu MOF-891

MOF-891 thé hién hoat tinh xtc tac di thé vuot trdi trong phan tng
tong hop 19 dan xut cua bis(indolyl)methanes véi hiéu sudt (70-96%) trong
diéu kién song si€u am, tai nhiét 6 phong. Ngoai ra, xtic tac con tai st dung
sau sau lan lién tiép.

4.4 Kién nghi

Két qua nghién ctru chirng minh vai tré quan trong ctia viéc chon lya
linker va kim loai anh hudng dén céu triic va tinh chat cia vat liéu MOFs.
Trong d6 sy két hop ctia cac kim loai va linker ¢6 phdi tri cao, twong tac pi-
pi gitra cac vong thom dinh huéng thu duge cac vat lidu ¢ cau trac hoan
toan moi voi do bén va hoat tinh cao tng dung tiém nang trong linh vuc phan
tach khi CO> va xdc tac.
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