Tém tat lugn &n Tién si

MO PAU

Vat liéu khung hiru co kim loai (Metal-Organic Frameworks, thuong duoc
goi tat 1a MOFs) 12 loai vat liéu lai c6 cau tric tinh thé va da s6 c6 do x6p 16n; vat
liu nay duoc cau tao bang su két hop giira cac cau néi hiru co véi cac cluster kim
loai. Cac cau ndi hiru co (linker) la cac hop chat mang it nhat 2 nhém chic ciing
hoac khac loai, nhiéu nhat la cac nhom carboxylic, imidazole, triazole,
hydroxyl,...; trong khi cac hop phan kim loai c6 thé mét hay to hop nhiéu nguyén
tar kim loai cting hay khac loai hinh thanh véi v sé kiéu cau tao khac nhau. Do do,
viéc thiét ké va nghién ctru cac cau tric MOFs mai van ludn 1a mot trong nhiing
van dé duoc quan tam, nham hudéng toi cac tng dung da dang ciia né nhu luu tri,
phan tach khi, hap phu hoi cac hop chat hitu co, xtc tic, phat quang, cam bién, dan
truyén proton/electron, luu trit va phan phdi thude.

Trong nghién cau nay, chdng ti miéu ta phuong phap tong hop cac vt liéu
MOFs méi tu hai linker méi  4,4'-[1,4-phenylenebis(carbonylimino)]bis(2-
hydroxybenzoic acid) (HsTDA) va 4,4'-[oxalylbis(imino)]bis(2-hydroxybenzoic
acid) (H:«ODA). Ca hai linker nay déu c6 cau tao d6i xtng, do bén nhiét va hda hoc
cao, d6 tan phi hop trong mot sé dung méi hitu co thuan loi cho viéc hinh thanh
vat lieu MOFs. Bén canh d6, viéc thiét ké hai linker mang 2 cip nhém chuc
salicylic (cap -COOH va -OH ¢ vi tri otho vai nhau) phu hop cho viéc hinh thanh
vat liéu cuing kiéu hinh hoc topo véi MOF-74 khi két hop véi mot s kim loai hoa
tri I nhu Mg, Ni, Co; khi két hop véi kim loai Zr, chi nhém -COOH déng vai tro
hinh thanh cau trdc khung, trong khi nhém -OH déng vai tro lam ting do phan cuc
cho linker; ngoai ra, cap nhom chirc amide trong khung suon cua linker dong vai
trd nhu cac tim base Lewis co kha ning hap phu ciing nhu tao phtc véi c4c ion

kim loai phu hop.
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Sau khi thu duoc céc vat liéu, ching téi tién hanh phan tich cau trdc, ciing
nhu cac dic trung hoa ly cua vat lieu phi hop vai cac tng dung nhu chat hap phy
cho thiét bi chuyén hoa nhiét, cam bién khi va luu trit khi methane.

PONG GOP MOI CUA LUAN AN
- Tong hop thanh cong hai linker hitu co méi HsTDA va H4ODA bing phuong
phap diéu ché don gian, hiéu suat cao.
- Tong hop thanh céng mudi vat liéu khung hiru co kim loai méi, bao gém hai
nhom vat liéu: nhém 1 gém sau vat liéu dugc tong hop tir hai linker HsTDA va
H4ODA lan luot vai 3 kim loai Mg, Co, Ni tao thanh 2 chudi vat liéu cé cling kiéu
CAu truc topo véi vat lisu MOF-74 (dat tén lan lugt M-VNU-74-1 va M-VNU-74-
I, M: Mg, Co, Ni), trong d6, vat liéu Mg-VNU-74-11 véi dién tich bé mat trén 3000
m?/g 1a mot trong nhitng vat liéu c6 do x6p cao nhat thuoc ho MOF-74; nhém 2
gom vt lieu MOF-700 duoc tong hop tir linker HiODA va kim loai Zr, ba dan xuat
MOF-701, MOF-702, MOF-703 dugc tong hop bang cach tam kim loai Cu vao
bén trong cau trdc cua vat lieu MOF-700 véi cac loai mudi khac nhau lan luot 1a
Cu(NOs3)2, Cu(OAC)2, CuCl..
- CAu tr(c cua tat ca vat liéu duoc xac dinh bang phuong phap Rietveld refinnement
théng qua sy phu hop gitra cau tric mé hinh héa vai dir liéu PXRD thuc nghiém.
Péi véi cac vat lieu 1a dan xuat cuaa MOF-700, cac phwong phap phan tich hoa 1y
hién dai (phd Raman, EPR, EDXS, EPX, EA) duoc két hop st dung nham ching
minh su thanh c6ng cua phuwong phap tam kim loai cling nhu cau trdc vat liéu thu
duoc.
- Céc vat lieu Mg-VNU-74-11 va Co-VNU-74-11 thé hién kha niang hap phu
methanol vuot trdi véi lugng hap phu theo thé tich (407 va 435 cm® cm®) cao nhat
trong cac vat liéu ran da tirng céng bd. Trong thi nghiém md phong chu trinh hap
phu/giai hap caa hé chuyén hoa nhiét, vat liéu Mg-VNU-74-1I dat luong hap phu
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methanol cao 0.62 g g* cho mdi chu trinh va khong d6i sau 42 chu trinh lién tiép,
thoi gian giai hap cua mdi chu trinh dic biét ngan (25 phdt, so véi 120-200 phat
d6i véi cac he MOF/nudc). Pac biét, nhiét do cta qua trinh giai hap 1a 80 °C (<
100 °C) phir hop yéu cau cia cac thiét bi van hanh bang nang lugng mat troi.

- Lan dau tién dién cuc cam bién khi duoc ché tao tir vat lieu MOF khong can 16i
ban dan oxide kim loai. Trong d6 cam bién tir Mg-VNU-74-11 cho tin hiéu chon
loc tot dbi vai khi NO2 so véi Oz, Hz, HzS va benzene véi nong do 50 ppm, & 200
°C.

- C4c vat lieu MOF-701, MOF-702, MOF-703 c6 kha niang hap phu methane cao,
véi dung tich 1am viéc lan luot 211, 200, and 191 cm3(STP) cm?, ¢ 298 K va 5.8-
80 bar thudc top cac vat liéu luu trir methane tot nhat ting cong bd; déng thoi cao
hon vat liu géc MOF-700 (137 cm3(STP) cm™), chung té su thanh céng cua
phuong phap tam kim loai trong viéc cai tién kha nang luu trit khi cua vat liéu.
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BO CUC CUA LUAN AN

Luan &n gém tong cong 100 trang, trong d6 tong quan 28 trang, thuc nghiém va
phuong phép 20 trang, két qua va bién luan 50 trang, két luan 2 trang, tai liéu tham
khao 17 trang.

NOQI DUNG TOM TAT LUAN AN
1. Tong quan
1.1 Giéi thigu vat liéu khung hitu co kim loai (MOFs)
1.2 Mt s wng dung caa vat liéu MOFs
1.2.1 Vat liégu MOFs wng dung trong thiét bi chuyén hoa nhiét ADHPs
1.2.2 Vit liégu MOFs wng dung ché tao cam bién khi
1.2.3 Vat liegu MOFs wng dung cho viéc luu trir khi methane
1.1 Giéi thiéu ve vat liéu MOFs
2. Thuc nghiém
2.1 Hoa chat va cac phwong phap phan tich sir dung trong luan an
2.2 Tong hop céc linker hiru co mang nhém chirc amide HsTDA va H4ODA
2.3 Téng hep chudi vat lidgu M-VNU-74-1 vd M-VNU-74-I|
2.4 Tong hop vt ligu MOF-700 va cac dan xuat tam kim loai cia n6 MOF-
701, MOF-702, MOF-703
2.5 Phan tich cau tric cac vat liéu MOFs
2.6 Phan tich kha niing hap phu khi cia vat liéu, @9 xop, kha niing hap phu
hoi methanol, tinh cam bién khi, kha niang hap phu methane & ap suat cao.
3. Két qua va bién luan
3.1 Muc tiéu
3.2 Pic diém cau tric cac vat lieu MOF dwoc tong hep tir hai amide linker
méi
3.2.2 Pic diém ciu tric céc linkers
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Hai linker 4,4'-[1,4-phenylenebis(carbonylimino)]bis(2-hydroxybenzoic
acid) (H4sTDA) va 4,4'-[oxalylbis(imino)]bis(2-hydroxybenzoic acid) (HsODA);
2) dugc tong hop véi hiéu suat cao véi 92% va 71% lan luot cho HaTDA va H,ODA
(Theo so d6 3.1, 3.2). Cau tao ciia mdi hop chat duge xac dinh bdi cac phuong
phap NMR, HRMS (ESIgHva FT-IR (Bang 3.1, 3.2).

Cl O HOOC NH (0] OH
NMP E ;\"
o} cl HO O HN COOH

H,TDA

So d0 3.1. Tong hop linker HsTDA bang phan tng N-acyl hoéa acid 4-

aminosalicylic bai terephthaloyl chloride
OH

Cl (0] HOOC NH O OH
Eth € >
H * 2H2N~GCOOH — . H
HO d  HN

o Cl COOH

H,ODA
So d6 3.2. Tong hop linker H4ODA bang phan ung N-acyl hoa acid 4-
aminosalicylic béi oxalyl chloride

Bang 3.1 Phan tich dac diém cau trac linker H: TDA

Phé Két qua

'H NMR 5 =11.36 (s, 2H), 10.61 (s, 2H), 8.08 (s, 4H), 7.77

(500 MHz, DMSO-ds, 25 °C) | (d, J = 8.5 Hz, 2H), 7.55 (d, J = 2 Hz, 2H), 7.34 ppm
(dd, J = 8.5, 2 Hz, 2H).

13C NMR 0=1715, 165.2, 161.9, 145.3, 137.3, 130.9, 127.9,
(125 MHz, DMSO-ds, 25 °C) | 111.2, 108.2, 107.1 ppm.
HR-ESI-MS ([M-H]) Calculated for Ci16H1208N2: m/z = 436.0823. Found

m/z = 435.0828.

FT-IR (KBr, 4000-400 cm™) | 3429 (br), 3100 (br), 1667 (s), 1637 (s), 1617 (s),
1593 (s), 1529 (s), 1455 (s), 1384 (m), 1308 (s), 1273
(m), 1241 (s), 1179 (w), 1165 (m), 1130 (w), 1112
(w), 1019 (w), 983 (w), 882 (w), 865 (w), 780 (w),
759 (w), 720 (w), 677 (w)
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Bang 3.2 Phan tich dac diém cau trac linker HJODA

Spectrum Result

'H NMR 0=11.36 (s, 2H), 11.06 (s, 2H), 7.76 (d, J = 8.5 Hz,

(500 MHz, DMSO-ds, 25 °C) | 2H), 7.57 (d, J = 2 Hz, 2H), and 7.42 ppm (dd, J =
8.5, 2 Hz, 2H)

BC NMR o =1715,161.7, 158.8, 143.8, 130.9, 111.5, 109.0,

(125 MHz, DMSO-ds, 25 °C) | 107.6 ppm

HR-ESI-MS ([M-H])

Calculated for C16H120sN2: m/z = 360.0515. Found
m/z = 359.0510.

FT-IR (KBr, 4000-400 cm™?)

3432 (br), 3103 (br), 1699 (s), 1648 (s), 1620 (s),
1586 (s), 1517 (s), 1452 (s), 1386 (w), 1301 (m),
1246 (s), 1204 (m), 1172 (m), 1098 (w), 981 (w), 875

(W), 784 (w), 733 (w), and 693 (w)

3.2.2 Pic diém ciu tric céc vat liéu thude chudi M-VNU-74
Hai chudi vat liéu M-VNU-74-1 va -II (M: Mg, Ni, Co) duoc téng hop tir 1an
luot hai linker HsTDA, HsODA két hop véi kim loai Mg, Ni, Co c6 dang tinh thé
hinh kim. Cau tric vat liéu duoc xac dinh théng qua phwong phap Rietveld
refinement tir cau trdc mé phong va dit liéu PXRD thuc nghiém (Hinh 3.4).

A) T T T T T T B) T T T T T T T
Mg-VNU-74-| Experimental Mg-VNU-74-l1 Experimental
Hexagonal R-3 o Refined Hexagonal R-3 o Refined
a=51.7731(3) A —— Calculated a=44.4044(4) A —— Calculated
<5 ¢=16.9180(6) A Difference 5 c=6.8782(9) A Difference
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Hinh 3.4 Phan tich gian dd PXRD caa Mg-VNU-74-1 (A), va Mg-VNU-74-11 (B)

Theo d6, ca sau vat liéu nay déu cd cau trac twong ty véi MOF-74 vé dang

hinh hoc topo, thudc kiéu mang etb; dang ng luc giac véi duong kinh lan luot 12
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26.4/22.5, 27.3/23.6, va 27.4/23.2 A dbi voi Mg-VNU-74-1/-11, Ni-VNU-74-1/-11,
va Co-VNU-74-1/-11 (Hinh 3.5).

COOr

{M;[(-O)5(-CO2)s]}-
(M = Mg, Ni, Co)

COOr

NH

OI
HN

O —_—

o ODA

C00 M,(ODA)(H;0),, M-VNU-74-l]

Hinh 3.5 Cau trdc tinh thé vat liéu M-VNU-74-1 va -1l véi cluster kim loai dang
chudi Ms[(-0)3(-CO2)3] (where M = Mg, Ni, or Co) két hop véi cac linker TDA*
va ODA* tuong trng, v&i nguyén tir kim loai (xanh lam), C (xam), O (d6), N (xanh
luc), H (hdng)

Do bén nhiét cua cac vat liéu twong d6i cao, trén 300 °C (Hinh 3.6). Ca 6 vat
liu déu c6 do xop 16n (> 1800 m? gt) trong d6, vat lieu Mg-VNU-74-11 c6 dién
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tich bé mit 1én dén 3030 m? g, 1a mot trong nhitng vt liéu c6 dd x6p cao nhat
trong ho MOF-74. Kha ning hap phu khi methane va CO; ciing duoc tham do doi
vai hai vat liéu Mg-VNU-74-11 va Co-VNU-74-11. Trong khi cac vat liéu M-VNU-
74-1 c6 d6 hap phu methanol thap, ciing nhu do bén kém trong méi truong hoi
methanol, thi c4c vat lieu M-VNU-74-11 thé hién kha ning hap phu methanol rat
cao (Hinh 3.10). Trong d6 hai vat lisu Mg-VNU-74-11 va Co-VNU-74-I1 ¢6 do hip
phu methanol hiéu dung cao nhat trong cac vat liéu ran ting cong b ca vé thé tich
1an khéi lugng (Bang 3.2). Do d6, c4c vat liéu nay rat c6 tiém nang st dung nhu
chat ran hap phu cho thiét bi chuyén hoa nhiét theo co ché hap phu sir dung dung

moi methanol.
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Hinh 3.6 Buong phén tich nhiét cuia Mg-VNU-74-1 (A) va -1l (B)
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Hinh 3.9 Puong dang nhiét hap phu hoi methanol & 25 °C cua M-VNU74-1 (A) va
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Bang 3.4 Pic diém cau trac, do xop va kha ning hap phu methanol cuia mot sé MOFs

Maximum | Maximum _
Crystal Pore Pore _ _ Deliverable
) AgeT . ] Capacity | Capacity
Material (m? gy Density Diameter | Volume ( ( ; Amount
me g ; : ; cm® cm’
77 gemyp | Ay eme gty | 0T (cm® cm)"
1)e S)e
Mg-VNU-74-1 | 2410 0.48 26.4 1.42 0.46 155 48
Ni-VNU-74-I 1820 0.59 27.3 0.84 0.77 316 87
Co-VNU-74-1 | 2110 0.57 27.6 1.10 0.65 257 82
Mg-VNU-74-11 | 3030 0.56 22.5 1.68 1.04 407 243
Ni-VNU-74-11 | 2180 0.70 23.6 1.08 0.75 367 196
Co-VNU-74-11 | 2480 0.69 23.2 1.27 0.90 435 256
MIL-101(Cr) 4230 0.48 29, 34 1.40 1.15 386 151
MIL-100(Cr) 1900 0.71 25, 29 0.85 0.67 333 159
UiO-67 2500 0.71 12,23 0.93 0.34 169 208
ZIF-8 1580 0.92 11.6 0.48 0.37 238 187

aTinh theo phuong phap BET. ®Tinh tir cau trdc tinh thé. “Puong kinh chéo. Tinh tir duong dang nhiét
hap phu N2 & 77 K. ¢Xac dinh tai 4p suat hoi bio hoa MeOH & 298 K. Tinh bang hiéu do hap phu
methanol & &p suat twong dbi cua qua trinh hap phu (P/Po = 0.3) va qua trinh giai hap (P/Po = 0.1).
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3.2.3 Pic diém cau trac vat liéu MOF-700 va cac dan xuat tam kim loai cia

A) - Z X

) .
\-__7r Post-Synthetic X——Cu\
g 0 0 M ; 0
i H etalation /C(\
Yo
-”/O-ND/ o} CuX, 7 -WU O——Cu

0 X=NO,, OAc, CI 7

Zr-ODA framework Zr-ODA-CUX framework

Post-Synthetic
Metalation

CuX,
=NO,, OAc, CI

\2

MOF-700 MOF-701, -702, -703

Hinh 3.10 (A) So db téng hop céc dan xuat MOF-700 bang phuong phap tao
phtic gitta linker ODA trong cau trdc MOF-700 véi ion kim loai Cu. (B) Su tao
phtrc véi cac mudi Cu(ll) khac nhau (CuXz; X = NOs, OAc, hoic Cl) tao ra 3 vat
liéu khac nhau tuong tng: MOF-701, -702, va -703; nguyén ti Zr (xanh lam), C
(xam), O (do), N (xanh luc dam), Cu (cam), X (xanh luc)

Vit lisu MOF-700 duoc tao thanh tir viéc két hop linker HsODA véi kim loai
Zr (Hinh 3.10). C4u tric vat liéu ciing duoc xac dinh bang phuong phap Rietveld
refinement giira ciu tric mé phong va dit liéu PXRD thuc nghiém (Hinh 3.12). Vat
liéu ¢ cau truc lap phuong vai kiéu mang fcu theo hinh hoc topo. Céc vat liu
MOF-701, MOF-702, MOF-703 ¢4 c4u tric tuong tu, V4i cac ion Cu?* tao phuc

véi cac nhém amide cua céc linker bén trong cau trlc. Sy tao phtic cua ion dong
10
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bén trong cau trdc vat liéu dugc xac dinh théng qua pho Raman, EPR, XPS, EMXS
va EA.

MOF-700 Refined

Cubic F23 o Experimental
a=33.1520(4) A Calculated

R =8.20% —— Difference
R,=6.18% 1 Bragg possition

Intensity / a.u.

[ [ I A B TRy R R NI TN TN T TN AT AT
1 1 1 1 1 1

1 l
5 10 15 20 25 30 35 40 45
20/° (Cu/ Ka)

Hinh 3.12 Phan tich giang d6 PXRD cua vat liéu MOF-700

Ca 4 vat lidu déu co d6 bén nhiét cao (trén 250 °C) (Hinh 3.15); d6 x6p I6n
(dién tich bé mat theo BET > 2000 m? g%). Kha ning hap phu khi methane cua céc
vat liéu ¢ ap suat thap cho thay viéc tao phtc voi kim loai bén trong 16 x6p l1am

giam maot phan luong hap phu, tuy nhién dong thoi lam ting nang luong hap phu
bé mat caa vat liéu ddi véi khi methane (Bang 3.6). Mat khac kich thuéc 16 x6p
qua Ién khong phai 1a mot dac tinh ¢d loi cho viée luu trir khi methane ¢ ap suat
cao. Do d6, cac dan xuat cia MOF-700 déu c6 trién vong ding trong ng dung luu

trir khi methane.
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Hinh 3.15 Buong phén tich nhiét cac vat liéu ho MOF-700
Bang 3.6 Do xdp, kich thudc 16 xdp va kha niang hap phu khi methane & ap suét
thap cua vat lieu MOF-700 va c4c dan xuat

Surface area (m? g %)
MOF BET | Langmuir D | Opycno® | CHa uptake? | Qs
(A) | (m®g™) | (gem™) | (cm*g?) (kJ mol)
MOF-700 | 2900 | 3150 23.01.13 0.59 10.3 13.4
MOF-701 | 2350 | 2700 16.5| 0.97 0.94 7.2 14.7
MOF-702 | 1950 | 2300 17.0 | 0.82 1.09 7.1 18.6
MOF-703 | 2300 | 2800 18.0 | 0.92 0.88 8.1 14.2

4. Mot s6 wng dung ciia cac vat ligu MOF dwoc tong hop tir hai linker amide
4.1 Nghién ciru kha niang hap phu methanol cia chudi vat liéu M-VNU-74 iing
dung cho hé chuyén hda nhiét co ché hap phu

Panh gia nhiét dong cho cac cap ran-long lam viéc M-VNU-74/methanol,
théng qua thé hap phu Polanyi, duong cong dic thu cua ting vat liéu duoc xay
dung & cac nhiét d6 khac nhau. Qua doé, thé tich 1am viéc (AW) va hé sb hiéu dung
(COPc) cua hé chuyén hoa duoc tinh toan ang véi qui trinh cua hé 1am méat (Hinh
4.2). Véi gia tri AW 0.41, 0.33, 0.45 cm® cm® lan luot cho Mg-, Ni-, Co-VNU-74-
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I, kha nang hap phu methanol caa cac MOF nay c6 thé so sanh véi cac vat liéu
thuong mai nhu carbon hoat tinh (G32-H), trong khi d6 hé s6 hiéu dung (COPc)
cta Mg-, Ni-, Co-VNU-74-11/methanol 1an luot dat 0.82, 0.80 va 0.79 cao hon
nhiéu so voi G32-H/methanol (0.6) va AGSOA/nuéc (0.7) & ciing nhiét do giai hap

—_— ]
Tq =80 °C.
A) 14 T T T T T T B) 1.0 T T T T T T T T T 0.6
12T
:“1&1 08 0
10 ; Mg- Ni- Co-VNU-74-1l 0.4
s %&g 283K A 56 | : g
w08 288K & ® 5 o
£ 298K * * * & f . @ O Mg-VNU-74I 103 §
§ 0.6 O o04f ‘ f((/ @ O Ni-VNU-74-Il §
B O Co-VNU-74-I 102 <
04+ é
T Wrx eay R : 0.1
0.2 ™ o, o * ,‘
0 . . A : . . 0 y e = 0
0 5 4 6 8 10 12 14 0 340 350 360 g K370 380 390
A/ kdJ mol” d

Hinh 4.2 (A) Puong cong dic thi caa chudi M-VNU-74-11 & céac nhiét ¢o khac
nhau. (B) The COPc (ky hiéu ho) va thé tich lam viéc (AW, ky hiéu kin) caa M-
VNU-74-11 cho irng dung lam mat (Tev = 283 K, Tcon = 303 K)

Vat liéu c6 cac thong s6 hap phu methanol cao, Mg-VNU-74-11 duoc lya
chon dé khao sat kha ning luan chuyén methanol cho mdi chu trinh hap phu/giai
hap (Hinh 4.4A). Két qua, mdi gam vat liéu c¢6 kha nang luan chuyén 0.62 g
methanol/chu trinh, lién tuc khéng doi trong 42 chu trinh. Nhiét 6 giai hap thap
hon 100 °C (80 °C), thoi gian hoat héa thap (25 phut); d6 xép va do tinh thé hoa
cua vat liéu gan nhu duoc bao toan sau toan bo cac chu trinh (Hinh 4.4C, D). Piéu
nay chang to vat liéu Mg-VNU-74-11 rét tiém ning trong viéc ung dung cho thiét
bi chuyén héa nhiét van hanh bang ning luong mat troi.
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Hinh 4.4 Khéi luong methanol luan chuyén boi Mg-VNU-74-11 theo thai gian va
nhiét do(A). Khéi lwgng methanol luan chuyén cua Mg-VNU-74-11 & cac ham
lwong hoi methanol khac nhau, caa BPL carbon va thi nghiém trang & 89% hoi
methanol dugc dung dé so sanh (B) trong 10 chu trinh dau. Gian db nhidu xa tia X
(C), dudng dang nhiét hap phu Nz, & 77 K (D), duoc do trudc va sau 42 chu trinh
dé kiém tra do bén cta vat ligu
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4.2 Tinh cam bién khi cia vat liéu Mg-VNU-74-1 va Mg-VNU-74-11 trién vong
cho wng dung ché tao cam bién chon loc khi NO-
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(a),._ & 1 Gas-off (b) g 1 Gas-off
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14k lJ T .I - ? i w—
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e \_J 200°c o . 200°C
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Hinh 4.7 Buong dong hoc tré khang caa (a) Mg-VNU-74-1 va (b) Mg-VNU-74-11
cam bién khi véi nong do 1, 10, and 50 ppm cuaa khi NO2, Oz, H2S, Hz, va CsHs &
200 °C. B¢ dap tng (sensor response) doi vai cac khi khac nhau ¢ 300 °C cua (c)

Mg-VNU-74-1 va (d) Mg-VNU-74-II
15
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Kha nang cam bién khi cua ca hai vat liéu cho phan (ing cao nhat & 200 °C,
ddng thoi ca hai déu thé hién kha niang cam bién chon loc cao d6i vai khi NO2 bén
canh cac khi oxi héa-khtr khac nhu O2, Hz, H2S, benzene (Hinh 4.8). Trong do6, vat
licu Mg-VNU-74-I1 thé hién kha ning cam bién tot hon véi do dap tng (sensor
response) cao hon va thoi gian phuc hoi (recovery time) ngan hon so véi Mg-VNU-
74-1 (Hinh 4.10).

(a) 1 ppm, 200°C (b) 1 ppm, 200°C
600 1000
[—IMg-VNU-74-| [ Mg-VNU-74-|
500+ . [ IMg-VNU-74-If = 800 { [—1Mg-VNU-74I] ]
m S
400 48]
.g — _g 600 —
; 300 ] —| =
(ag‘) g 400 +
§200- 8
1 H | I HTH |
0 [i] _| }
o)

NO, O, HS H, CeH NO, O, H,S H, CeH

Hinh 4.10 Thoi gian dap tng (a), va phuc hoi (b) caa vat lieu Mg-VNU-74-1 va
Mg-VNU-74-11

Co ché cam bién cua ca hai vat liéu déu theo kiéu ban dan loai p, diéu nay
duoc ly giai thong qua dudng dong hoc tro khang caa cam bién ddi vai ting loai
khi khac nhau. Trong d6, d6i vai khi c6 tinh oxi héa (NO2, Oy), electron trén bé
mat dién cuc caa cam bién s& bi lay di, lam ting mat d6 15 trong dan téi dién tro
ctia dién cuc giam. Nguoc lai, khi tiép xtc véi khi khi (Hz, H2S, benzene), electron
s& dugc dién thém vao 1am giam mat d 15 tréng cua bé mat dién cuc dan téi dién
tro tang (Hinh 4.8 a, b).
4.3 Kha niing lvu trir khi methane cao caa céc vat liéu din xuit cia MOF-
700

Céc vat lieu MOF-701, MOF-702, MOF-703 c6 kha ning hap phu methane
cao, véi dung tich 1am viéc lan luot 211, 200, and 191 cm3(STP) cm, ¢ 298 K va
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5.8-80 bar, cao hon vat liéu géc MOF-700 (137 cm3(STP) cm, chung to su thanh
cong cua phuong phap tam kim loai trong viéc cai tién kha nang luu trix khi cua vat
licu (Hinh 4.12). Pay dong thoi ciing 1a mot trong nhiing vat liéu luu trir khi
methane tot nhat ting cong bd (Bang 4.1).
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Hinh 4.12 Puong dang nhiét hap phu tong CH4 cuaa céc vat lieu MOF-700 (A), -
701 (B), -702 (C), -703 (D) do twong ung & 278, 288 va 298 K
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Bang 4.1 So sanh kha nang luu trit khi methane gitra cdc MOFs ¢ 298K va 35-80 bar

Total Uptake Total Uptake Working Capacity = Working Capacity

MOF at 35 bar at 80 bar at 35 bar at 80 bar
[cm3(STP)cm®]  [cm3(STP)cm3]  [cm3(STP) cm] [cm3(STP) cm®]

MOF-700 103 163 77? 1372
MOF-701 158 248 1202 2112
MOF-702 155 241 1152 2002
MOF-703 142 223 1102 1912
LIFM-82 196 271 143 218
LIFM-83 192 265 140 213
MOF-905 145 228 120 203
HKUST-1 225 271 153 200
Co(bdp) 161 203° 155 197"
UTSA-76a 211 257° 151 197°
UTSA-110a 175 240P 125 190°
MOF-177 122 205 102 188

ST-2 112 200 99 187

*Tinh ¢ 5.8-35 va 5.8-80 bar. °S6 liéu duoc do & 298 K va 65 bar.
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KET LUAN

1) Tong hop thanh céng hai linker hitu co méi HsTDA va HsODA bing phuong
phap diéu ché don gian, hiéu suat cao.

2) Tong hop thanh cong mudi vat liéu khung hitu co kim loai méi, bao gom hai
nhom vat liéu: nhdm 1 gdm sau vat liéu cd cing kiéu cau trdc topo véi vat ligu
MOF-74 (dat tén lan lugt M-VNU-74-1 vd M-VNU-74-11, M: Mg, Co, Ni), trong
do, vat lieu Mg-VNU-74-11 véi dién tich bé mat trén 3000 m?/g 14 mot trong nhing
vt liéu c6 d6 xop cao nhat thuoc ho MOF-74; nhém 2 gém bén vat lisu MOF-700,
MOF-701, MOF-702, MOF-703. Cau tric cua tat ca vat liéu duoc xac dinh bang
phuong phap Rietveld refinnement thong qua su phl hop giita cau tric mé hinh
hoa vai dir liéu PXRD thuc nghiém.

3) Vit lieu Mg-VNU-74-11 dat lwong hap phu methanol 0.62 g g™ cho mdi chu
trinh (duy tri sau 42 chu trinh, thoi gian giai hap 25 phat/chu trinh), nhiét ¢ caa
qué trinh giai hap 12 80 °C (< 100 °C) phil hop yéu cau ki thuat caa viéc ché tao
thiét bi van hanh bang ning lwong mat troi.

4) Lan dau tién dién cuc cam bién khi duoc ché tao tir vat lisu MOF khdng can 18i
ban dan oxide kim loai. Trong d6 cam bién tir Mg-VNU-74-11 cho tin hiéu chon
loc t6t d6i v&i khi NO2 so véi Oz, Ha, H2S va benzene véi nong d¢o 50 ppm, ¢ 200
°C.

5) Céc vat lieu MOF-701, MOF-702, MOF-703 c6 kha niang hap phu methane cao,
véi dung tich 1am viéc lan luot 211, 200, and 191 cm3(STP) cm™, ¢ 298 K and 5.8-
80 bar 14 nhitng vat liéu luu trit khi methane tt nhat tirng céng bé.
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