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TOM TAT

Trong bai b4o nay trinh bay két qua phan tich cdu tric vt liéu khung hitu co kim logi kém
- terephthalate (Zn-TPA). Vat liéu Zn-TPA dwoc tong hop bang phicong phdp thity nhiét.
Zn-TPA dwoc dic trung bang cac phirong phdp phén tich héa Iy nhie nhiéu xa tia X bét
(PXRD) va nhiéu xg tia X don tinh thé (SXRD). Két qud cho thdy vat liéu téng hop dioc c6
cau trac trigonal, nhém khong gian R3m, cong thirc phan tir CpyH1,013Zn,. Vat lidu Zn-
TPA diéu ché duwoc trong nghién cizu nay c6 cdu tric khéng giong véi cac cdng bé vé cau
tric ciza nhém vat vt liéu khung hitu co kim logi kém - terephthalate (MOF-5) di cong bo
trudC day.

Tir khoa: Kém — terephthalate, trigonal, nhém khdng gian R3m, nhiéu xa don tinh.

1. MO PAU

Vit liéu khung hiru co kim loai (metal organic frameworks, MOFS) la loai vat liéu dugc
cac nha khoa hoc trén thé gisi quan tm nghién ctru vao thap nién 90 cua thé ky 20. Ké tir d6
dén nay, s cong trinh nghién ctru vé loai vat liéu nay ngay mdi ting 1én mot cach nhanh chong.
Vit ligu MOFs duoc cau tric tir céc ion hoac cac cum ion kim loai véi cac cau néi hitu co trong
khéng gian ba chiéu, 1a loai vat liéu xdp vira c6 mao quan trung binh vira ¢6 vi mao quan. Ty
thudc vao phuong phap tong hop, loai ion kim loai hoac loai cau ni hitu co c6 thé thu duogc cac
loai vat liéu MOFs khac nhau nhuy MOF-5, MOF-77, MIL-101,MIL-125, MIL-47, MIL-53... [1,
2]. Véi nhirng wu diém ndi bat nhu c6 d6 x6p khdng 16 (khoang trong cé thé 90%), dién tich bé
mit va thé tich mao quan rat Ién (2000 - 6000 m*/g; 1-2 cm®g), hé théng khung mang ba chiéu,
c4u trdic hinh hoc da dang, c6 cau tric tinh thé va tdm hoat dong xtc tac twong tu zeolite [3], vat
liéu MOFs d3 tao ra mot su phat trién dot pha trong sudt thap ki qua trong linh vuc hap phu va
xuc téc [4].

Trong s6 céc vat lieu MOFs, kém - terephthalate (Zn-TPA) 1a mot trong nhiing loai vat
liéu dugc nghién ctu tong hop tir rit som va hién dang dugc cac nha khoa hoc trén thé gioi va
trong nugc quan tm nghién ctiu (g dung trong hap phu va xtc tac. Tir cac mudi Zn** va acid
terephthalic, da c6 nhiéu cong bd tong hop dugc vat lisu MOF-5 [5, 6].
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Trong nghién ctiu ndy, vat liéu Zn-TPA da duoc tong hop theo céc quy trinh da cong bd
tong hop MOF-5 nhung cau tric thu dugc khdng giéng véi cau tric MOF-5 da cong bd trude
day. Cau tric vat lieu mai Zn-TPA s& duoc trinh bay trong nghién ctru nay bang phuong phap
nhiéu xa tia X don tinh thé.

2. THUC NGHIEM

Hoa chét sir dung: Zn(NO;),.4H,0 (Merck), acid terephthalic (H,TPA) (duoc diéu ché
tr nhy PET nhu cong bd trude day [7]), dimethylformamide (DMF) (Trung Qudc),
dichloromethane (CH,Cl,) (Trung Qudc).

Nhiéu xa tia X bot (PXRD) duge do trén may D8 Advance Bruker, tia phat xa CuK,, co
budc séng A=1,5406 A. Nhidu xa tia X don tinh thé (SXRD) duoc do trén may D8 Quest
Bruker, & nhiét ¢6 100 K, tia phat xa MoK, = 0,71 A. Qué trinh xir ly s6 liéu dugc thuc hién
trén phan mém Apex 2, cau trac duge xac dinh theo phwong phap truc tiép. Sir dung phian mém
XT tich hop trong Olex2 dé tinh va téi uru hoa cu tric.

Vit lieu Zn-TPA duoc tong hop theo phuong phap thuy nhiét. Hon hop 1,566 g
Zn(NOs),.4H,0, 0,249 g H,TPA, 150 ml DMF duoc khuiy tan trong 15 phit, sau d6 cho hdn
hop vao binh teflon va gia nhiét dén nhiét do t°C trong 24 gid & diéu kién tinh. San pham thu
duoc ¢6 dang tinh thé trong suét. San pham duoc ngdm trong 10 ml dung mdi DMF trong ba
ngay va mdi ngay thay dung méi hai lan, sau do ciing tién hanh ngdm tuong tu bing dung moi
CH.Cl,. Céc qué trinh ngam va rira san pham duoc thuc hién & nhiét d6 phong. San pham thu
dugc mang di hoat héa & nhiét d6 100°C trong 12 gio. Dbi véi mau Zn-TPA ¢ 100°C khi do
SXRD dugc lay tryc tiép tir dung dich, khoéng qua giai doan hoat héa.

3. KET QUA VA THAO LUAN
C6 nhiéu yéu t anh huong dén qua trinh hinh thanh vat liéu Zn-TPA. Trong nghién ciru
nay, ching toi tién hanh xem xét sy anh hudng cua nhiét do phan tng ¢ cac mic 90, 100 va
120°C dén su hinh thanh cau trdc vat liéu. Cac mau Zn-TPA tong hop & cé4c nhiét d6 90, 100 va
120°C dugc dic trung bang PXRD. Két qua duoc trinh bay & hinh 1.
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Hinh 2. Gian d6 PXRD cia MOF-5 [6]

Gian d6 cua cac miu déu cé cac peak nhidu xa dic trung rat rd rang, ching to ching
déu c6 cau trdc tinh thé. Tuy nhién vi tri ciia cac peak nhiéu xa (khoang céach khong gian d) cua
cac mau cd su khéc nhau, chung to ¢ cac nhiét do khac nhau, Zn-TPA két tinh véi cac cAu tric
khéc nhau. Theo c4c cong b trude day [5], Zn-TPA thudng két tinh & dang MOF-5 ¢6 ciu tric
khong gian Fm3m. Tuy nhién gian d6 PXRD cua cac mau Zn-TPA ma ching t6i tong hop duoc
& 3 nhiét do khac nhau khéng tring véi gian d6 PXRD cia MOF-5 [6]. Trong khudn khé cua
bai bao nay, ching t6i phan tich cAu tric caa mau Zn-TPA téng hop & 100°C bang phuwong phap
SXRD. Két qua phan tich dwgc trinh bay & hinh 3, hinh 4 va hinh 5.
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Hinh 5. C4u trac khong gian 3 chiéu cia Zn-TPA & 100°C
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Két qua SXRD cho thiy vat liéu thu dugc ¢d cong thirc hda hoc twong tw MOF-5 nhung
c6 cau trac trigonal thuéc nhém khong gian R3m, khac véi MOF-5 ¢6 cau tric cubic thudc
nhom khong gian Fm3m. Su so sanh chi tiét vé cac thdng sé vat ly gitta mau Zn-TPA tong hop
vGi MOF-5 duogc trinh bay ¢ bang 1.

Bdng 1. Céc thong sb vat ly caa mau Zn-TPA tong hop so séanh véi MOF-5

Mau Zn-TPA (ctia nghién cau nay) MOF-5[5]
Cﬁng thuc C24H120132n4 C24H12013Zn4
Cau tric Trigonal Cubic
Nhom khong gian R3m Fm3m
Théng s 6 mang a=b=18445A, c = 43,49 A a =b=c=25,67 A
a=p=90°y=120° a=p=y=90°

Dé khang dinh chi tiét hon cau trlc, chiing t6i phan tich gian d6 PXRD v&i nhém khéng
gian R3m, diéu kién nhidu xa la [8]:

hkI: -h+k+1=3n
hkO: -h+k=3n
hhl: I =3n

hhl: h+1=3n
0ol: I=3n

hhO: h=3n

Két qua phan tich chi sé Miller duogc trinh bay & bang 2.

Bdng 2. Két qua phan tich chi s6 Miller cua gian dd PXRD ciia mau Zn-TPA & 100°C ~

2 theta dn h k I o hinh
9,07 9,780 1 1 3 9,378
10,54 8,380 1 -1 5 8,053
11,98 7,379 0 0 6 7,249
12,28 7,181 3 -3 0 7,099
14,35 6,181 1 1 6 6,245
14,89 5,916 1 2 5 5,908
14,92 5,808 1 3 1 5,853
15,82 5,587 2 2 3 5,660
16,93 5,170 1 3 4 5,191
18,19 4,944 2 1 7 4919
18,22 4,860 2 2 6 4,689
18,76 4,710 2 3 4 4,767
19,42 4571 1 4 0 4,648
19,63 4514 3 2 4 4,457
20,44 4,341 1 4 3 4,426
20,77 4,266 2 3 5 4,260
21,88 4,066 4 2 2 3,958
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25,30 3,547 6 -6 0 3,550
25,57 3,473 4 3 1 3,490
26,41 3,369 2 4 7 3,378
26,92 3,307 5 2 3 3,320
28,18 3,183 1 6 4 3,112
28,84 3,094 5 2 6 3,086

* drn: khodng cach khéng gian thuc nghiém; dig ninn: khoang cach khéng gian tinh theo mé hinh;
h, k, | : c&c chi sé Miller.
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Hinh 6. Gian d6 PXRD ciia mau Zn-TPA & 100°C

Dé kiém tra tinh chinh xé4c ctua phép phan tich SXRD, ching tdi tién hanh tinh toan kich
thuéc té bao ciia mau Zn-TPA & 100°C.

Cong thirc dién ta méi quan hé giita cac chi sb Miller va khoang cach khong gian cua
cau tric trigonal [9]:
1 __3(h2+hk+k2)4_lz
dz 4a? c?
Trong d6:  d la khoang cach khong gian
h, k, 1 1 cac chi s6 Miller
a=Db, ¢ la cac tham sé cua té bao mang

Tbi uu hoa céac gia tri nay sao cho tdng cac gia tri (dry -Oms ninn)® 12 N6 Nhat, ching toi
¢6 dugc cc gid tri a = b = 18,512 va ¢ = 44,657. Két qua nay tuong dwong vai két qua phan tich
SXRD vé6ia=b=18,445va c = 43,496.
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Qua két qua phan tich ciu tric vat liéu Zn-TPA tong hop dugc va so sanh vai cau tric

MOF-5, cho thay vat liéu Zn-TPA tong hop duoc ¢ cau tric méi khac voi MOF-5 théng thuong.

4. KET LUAN
D tong hop vat liéu Zn-TPA ¢ cac diéu kién nhiét ¢ 90, 100 va 120 °C. Két qua PXRD

cho thdy cac mau nay c6 cau tric khong gidng nhau. Két qua phan tich SXRD va PDRD mau Zn-
TPA & 100°C cho thiy day 1a mot loai vat liéu Zn-TPA c¢6 cdu tric trigonal thuoc nhém khong
gian R3m, cac thdng s6 6 mang laa =b = 18,445 A, ¢ = 43,496 A; a = p = 90°, y = 120°. Vit liéu
nay co cau tric khdng tring véi cau tric cua vat lisu MOF-5 da cong b trudc day.
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ASTRACT

In the article, the analysis of metal organic framework prepared from zinc-terephthalate
(Zn-PTA) was demonstrated. The Zn-TPA was synthesized by hydrothermal process. The
obtained sample was characterized by powder X-ray diffraction (PXRD) and single crystal
X-ray diffraction (SXRD). The results show that the formation of crystal structure of Zn-
TPA depended on the synthesized temperature. In this paper, we focused on the analyses of
Zn-TPA synthesized at 100°C. The structure of Zn-TPA synthesized at 100°C is rather
different from known structure of MOF-5 which is also prepared from source of zinc and
terephathalic acid. The obtained Zn-TPA with the formula of C,4H;,013Zn, possesses
trigonal structure with space group of R3m.

Keywords: Zinc-terephthalate, trigonal, space group of R3m, single crystal X-ray
diffraction.
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