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Tong hop vat liéu khung hiru co kim loai
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Tém tit:

Vit liéu khung hiru co kim loai Zr-AzBDC dwoc tong hop tir mudi kim loai Zr(IV) va ciu ndi hiru co 12 acid
azobenzene-4,4’-dicarboxylic (AzBDC) bang phuwong phép nhiét - dung méi. Ciu tric va tinh chit quang ciia vat
liéu Zr-AzBDC dwgc khao sat bﬁng phuong phép nhiéu xa tia X va UV-Vis. P9 xép cia Zr-AzBDC dugc khio sat va
phén tich bang phu’(mg phap do hap phu khi N, & 77K. Hoat tinh xtc tac di¢n hoa cua vit li¢u duwgc khao sat bang
phwong phap quét thé vong tuin hoan trong dung dich K,CO, 0,5M (pH 11,5). Két qua nhan dwgc cho thay vat liéu
Zr-AzBDC c6 hoat tinh xic tic tét ddi véi phan ing khiv CO

Tir khéa: khir CO,, vat li¢u khung hiru co kim loai, vét li¢u x0p, xuc tac dién hoa.

Chi sé phdn logi: 2.5

Pat van de

Carbon dioxide (CO,) la thi pham chinh gay bién doi
khi hau véi tong lugng phat thai toan cau nam 2014 1a 36,2
ty tan [1] Ngay nay, cing véi cac nd luc cit giam phat thai
khi CO, thong qua thoa thuén va cam két ctia cac chinh phu
(cat giam 50% vao nam 2050 va 100% vao nam 2100 theo
Hoi nghi COP22, Paris - Phap nam 2015) [2], viéc phat trién
cac vat li€u co6 kha nang bét git, ¢ dinh va/hodc chuyén
hoa khi CO, thanh nguyén - nhién li¢u c6 ich la giai phap
hang dau thu hut sy quan tam nghién ctru ctiia cac nha khoa
hoc trén thé gisi [3]. Co nhiéu giai phap da duwoc dé xuat
bao gém bt gitt/luu trit CO, trong cac vt ligu x6p, luu gt
dudi long dat, co dinh 1én cac hop chat hitu co hodc chuyén
ho thanh cac dang nhién liéu. Trong d6, chuyén hoa Co,
thanh nhién liéu vira giup cat gidm phat thai, vira tao ra san
phém ¢6 gia tri kinh té duoc quan tam hon ca. Hién nay, viéc
chuyén ho4 khi CO,co thé thuc hién bang phuong phap khir
hoé hoc, quang xtic tac va xtic tic dién hoa [4-6]. Trong do,
xuc tac dién hod c¢6 nhidu vu thé vuot tréi nhu dé kiém soat
va dé ap dung & quy mo cong nghiép, it phat thai va co thé
tan dung nang luong tai tao tir mat troi, gio nhim giam thiéu
phat thai CO, [4]. Tuy nhién, vi¢c dp dung phuong phap khur
dién hoa van con nhicu thach thuc lién quan dén hoat tinh
khtr cua vat li€u va do chon loc san phém tao thanh. Theo
d6, phan g khir CO, doi hoi thé khir 16n va co ché khir
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phurc tap [4, 6].

San phdm phan tmg khir dién hoa CO, co thé dién ra
& cic qua thé khac nhau tao ra cac san phdm khéac nhau,
chi yéu gdém CO, HCOOH/HCOO, H,C,0,/C,0,>, CH,O,
CH,OH, CH,, CH,CH,, CH,CH,OH tuy thuQc vat liéu, moi
truong, thé ap dit va sé dién tir trao ddi. C6 nhiéu vt lidu
da duoc nghién ctru khao sat hoat tinh xuc tac dién hoa cho
phan (g khir CO,, gdm kim loai chuyén tiép va oxit kim
loai chuyén tiép, kim loai quy, kim loai kiém va kiém tho,

polymer dan... [4, 6].

Gan day, MOFs (Metal-organic frameworks) - vét liéu
x6p trén co so tim kim loai (cluster) va ciu ndi hiru co
(linker) v&i d6 x0p cao, linh hoat trong thiét ké va tong hop
da dugc phat trién cho nhiéu tmg dung khac nhau nhu hap
phuy, Iuu trit va phan tach khi va xtc tac. Nhiéu nghién ctru
cho the”iy, mdt s6 vat litu MOFs céu tric tir cac mudi kim
loai Zr, Cr ¢6 d6 bén mdi truong cao va c6 hoat tinh xuc tac
tot dbi voi phan tmg khir CO, trong mdi trudng nude [7-10].

Trong nghién ctru nay, chung toi trinh bay két qua tong
hop/phan tich cAu trac vat lieu MOF tir mudi kim loai Zr
va cau ndi hitu co 1a azobenzene-4,4’-dicarboxylic acid
(AzBDC) va khao sat hoat tinh xuc tac cua cua vat licu ddi
voi phan tng khtr CO, trong dung dich dién ly K,CO,.
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Abstract:

Zr-AzBDC was synthesized from Zr(IV) salt and
azobenzene-4,4’-dicarboxylic acid (AzBDC) linker by
solvent-thermal method. The structure and optical
properties of Zr-AzBDC were studied by Powder
X-Ray Diffraction (PXRD) and UV-Vis spectroscopy
methods. The porosity of Zr-AzBDC was evaluated by
N, adsorption isotherm measurement/analysis at 77K.
Its electro-catalytic properties was examined by typical
electrochemical methods in 0.5 M K,CO, (pH 11.5)
aqueous solution. The results showed that the Zr-AzBDC
have a great potential to be applied in electrocatalytic
CO, reduction.

Keywords: CO, reduction, electrocatalytic,
organic frameworks, porous materials.

Classification number: 2.5

metal-

Hoa chat va phuong phap
Hod chit

4-nitrobenzoic acid, glucose monohydrate dugc cung cap
boi Cong ty Merck Chemical, zirconium(IV) oxychloride
octahydrate (ZrOCl,-8H,0), potassium carbonate, sodium
hydroxide, N,N-dimethylformamide (DMF), sodium
sulfate, acetic acid, hydrochloric acid va dichloromethane
(DCM) dugc cung cap boi Cong ty Sigma Aldrich.

Phwong phdp tong hop

Téng hop linker AzBDC: linker AzBDC duogc tong hop
theo quy trinh nhu sau [11]: hoa tan 10,0 g 4-nitrobenzoic
acid vao 200 ml nude cit sir dung binh ciu ba ¢b c6 gin hé
thong hoan luu va gia nhiét khudy tir 1am binh phan tmg.
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Gia nhiét binh phan ung lén 80°C va thém dung dich 33,5
g NaOH hoa tan trong 20 ml nudc cit da chuan bi trude
d6 vao hdn hop trén. Tiép theo, cho tir tir dung dich 61,5
g D-glucose hoa tan trong 120 ml nudc néng da chuan bi
truéc d6 vao binh phan tng trong diéu kién khudy tron &
nhi¢t d trén (80°C) va duy tri phan umg trong 3 gio. Két
thtic phan ung, dé hon horp phan ting nguo1 tu nhién vé nhiét
d6 phong va acid hoa bang HCI dam dic dén pH 1, 1am lanh
bang nudc da va loc lay két tua ran, lam sach san pham bang
cach rira nhiéu lan véi nudc, siy kho chan khong & 60°C thu
dugc san pham mau vang, hiéu suit 75%. Két qua phan tich
'H-NMR va so sanh véi két qua cong bd cho thdy da tong
hop thanh cong linker AzZBDC (hinh 1).

o

Hinh 1. Phd 'TH NMR ctia linker AzBDC 8H (DMSO-d6, 500
MHz), 8,00 (d, 4H), 8,15 (d, 4H).

T (fng hop vt liéu Zr-AzBDC: vat liéu Zr-AzBDC duoc
tong hop bang phuong phap nhiét dung méi theo quy trinh
sau [11]: hoa tan 129 mg Enuéi ZrOCl,8H,0 va 108 mg
linker AzZBDC vao 4 ml hon hgp DMF/acetic acid (v/v =
4,0/1,2), cho hdn hop trén vao binh phan tmg bang thuy tinh
10 ml ¢6 nip day va gia nhi¢t ¢ 120°C trong 36 gio trong
diéu kién tinh. Két thiic phan tng, dé hdn hop phan tmg
ngudi vé nhiét do phong, tién hanh rira/ngam san pham vai
dung moi DMF (ba ngay, ba lan mdi ngay v6i 10 ml dung
moi) va trao doi v6i dung moéi DCM (ba ngay, ba lan mdi
ngay v6i 10 ml dung méi). San pham rén thu duge sau khi
trao d6i dung moi duge dé kho ty nhién & nhiét do phong
va hoat hoa & 120°C, 4p suét thap trong 12 glo thu duoc vat
liéu Zr-AzBDC. San pham duoc phén tich ciu tric, do xop
va tinh chit quang trudc khi kiém tra hoat tinh xtic tac bang
phuong phap dién hoa.

Phin tich ciu tric va hoat tinh xuc tac dién hoad

Phén tich cau triic: vat liéu Zr-AzBDC duge phan tich
c4u trac tinh thé bang phuong phap nhidu xa tia X dang bot
(PXRD) sir dung thiét bi Bruker D8 advance ngudn phat xa
Cu Ko (L = 1,54178 A), dic tinh hap thu quang dugc phan
tich trén thiét bi JASCO V-670 UV-Vis spectrophotometer,
d6 xb6p dwoc phan tich bang thiét bi Autosorb iQ
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(Quantachrome) str dung khi N, ¢6 d9 tinh khiét 99,999%.

Hoat tinh xuc tac dién hod: hoat tinh x{c tac cua vat
lidu dbi véi phén ung k‘hfl’ CO, dugc phén tich bang phuong
phap quét thé vong tuan hoan (Cyclic voltammetry - CV)
str dung thiét bi AUTOLAB két nbi phan mém NOVA (Eco
Chemie, Netherlands). Té bao dién hoa 1a hé ba dién cuc
gdm dién cyuc lam viéc lam tir thuy tinh dan dién FTO (day
2,2 mm dién tr¢ 7 ohm/sq, Solaronix), dién cuc so sanh Ag/
AgCl, dién cuc di 1a ludi Pt. Vat lidu Zr-AzBDC duoc phu
1én dé thuy tinh dan FTO theo quy trinh nhu sau: phan tan
5,0 mg Zr-AzBDC vao 2 ml isopropanol trong bé siéu am
(15 phut), 1y 10 pl huyén phu trén nho 1én mat dan cua tim
FTO (1 cm x 5 cm) véi dién tich mang phii 1a 1,0 cm?, sdy
mau & 120°C trong 1 gio dé loai bo dung méi trudce khi di
dién hoa. Dung dich di¢n ly 1a K,CO, 0,5M (pH 11,5), phép
do dugc thyc hién trong di€u kién béo hoa khi N, (99,999%)
hodc CO, (99,999%).

Két qua va ban luan
Phin tich ciu triic ciia vdt ligu Zr-AzBDC

Két qua phan tich PXRD cua vat liéu Zr-AzBDC dugc
trinh bay ¢ hinh 2. Vat li¢u téng hop dugc c6 mau vang nhat
dic trung cho mau sic cua linker AzBDC, gian do PXRD
xuét hién miii ¢ ving 20 dudi 10 voi cuong d6 manh dic
trung cho vat liéu MOFs. Két qua phan tich PXRD nhan
dugc ciing cho théy cac miii chinh ¢ goc 20 5,1°; 8,5°va 9,8°
dac trung cho vat li¢u Zr-AzBDC (hinh 2) [11].
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Hinh 2. Gian dé PXRD ctia vat liéu Zr-AzBDC.

Ngoaira, dé ching minh sy hién dién cia linker AzZBDC
trong vat liéu Zr-AzBDC, chung t6i phan tich dédc tinh
hép thu quang cua vat liéu Zr-AzBDC so sanh véi linker
AzBDC. Két qua dugc trinh bay trén hinh 3. Co thé thay,
dic trung hap thu cua vat lidu Zr-AzBDC gidng cua linker
AzBDC v6i mili hip thu ¢ 350 nm va 450 nm dic trung cho
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cac mirc chuyén n-7* va n-r* ctia linker AzZBDC [12]. Diéu
nay cho phép khing dinh c¢6 sy hién dién ciia linker AZBDC
trong thanh phan ciia vat liéu Zr-AzBDC (hinh 3). Ngoai ra,
v6i dic trung hap thu trong viing dnh sang kha kién, vat liéu
Zr-AzBDC rat ¢6 trién vong cho cac ung dung lam vat liéu
quang x(ic tac trong ving anh sang kha kién [13].
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Hinh 3. Phd hap thu UV-Vis cta vat liéu Zr-AzBDC so sanh véi
linker AzBDC.

Do x6p 1a tham sb dic trung quan trong cia vat lidu xop
va la wu diém cua vat liéu MOFs trong cac dinh huéng tmg
dung lam chét xuc tac dj thé. Theo d6, bé mit riéng 16n cua
vat liéu MOFs mang lai hiéu qua xuc tac cao hon nhitng vt
lidu thong thuong (khong c6 do xbp, hodc do xp thap).
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Hinh 4. Pudng hap phu - giai hap khi N, ciia vat liéu Zr-AzBDC
do 6 77K.

Ngoai ra, thanh phan linker va tdm kim loai c6 anh
hudng quan trong dbi voi hoat tinh xuc tac va do chon loc
cua vat liéu. Dbi voi vat lidu Zr-AzBDC, tam kim loai Zr ¢6
cdu tric Zr,0,(OH),(CO,),, kha bén trong méi truong nude,
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linker mang nhom azo c6 4i luc tot voi cac phan tir C02 htra
hen kha nang xuc tac t6t cho phan tng khur CO,. Két qua
phan tich d6 x6p cua vat lidu Zr-AzBDC dugc trlnh bay trén
hinh 4. Két qua phan tich theo m hinh hip phu BET cho két
qua do xop 909 m¥g.

Hoat tinh xuc tac dién hod cho phan ieng khir CO,

Hoat tinh xtc tac dién hoa cua vat liéu Zr-AzBDC dugc
khao sat trén co s so sanh duong cong CV cua vat liéu
trong moi truong dién ly K,CO, 0,5M béo hoa khi tro N, va
bao hao khi CO, (hinh 5). Trong moi truong bao hoa khi N
duong CV dac trung boi hai ving thé, vang I v6i thé am hon
-1,2 V déc trung cho phan ung khir H' thanh H, va vung II
c6 mat do dong gan nhu bang 0 dic trung cho qua trinh tich
dién 16p kép. Trong moi truong bao hoa khi CO,, dac trung
CV trong vung I ¢6 xu hudng khong thay doi ngoai trir mat
d6 dong khir ting manh hon (ting gan 2,5 1an & thé -1,6 V),
c6 thé nhan thay trong ving I xuit hién mai khir rong trong
ving thé -0,5 V dén -1,2 V (dong khtr cuc dai dat 5 mA/cm?)
dac trung cho phan tmg khtr cua CO, (hlnh 5). So sanh voi
moi truong bao hoa N, cho thiy qua the khir CO,1a-0,5V
so vo1 dién cuc so sanh Ag/AgCl (hay -0,3 V so voi dién cuc
hydrogen tiéu chuan - SHE) cho phép du doan san phém la
HCOOH (phan tmg CO, + 2H" + 2¢ = HCOOH c¢6 the khu
-0,25 V/SHE theo tinh toan ly thuyét tir cac tham sb nhiét
dong hoc [14]).
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Hinh 5. Pudng CV clia vét liéu Zr-AzBDC phu trén dé FTO trong
mdi trudng K,CO, 0,5M (pH 11,5) bao hoa khi N, va CO,, toc do
quét theé 100 mV/s

Két luan

Vit liéu MOF Zr-AzBDC tong hop tir mudi kim loai Zr
va linker azobenzene AzBDC c6 hoat tinh xtic tac tot cho
phan g khur CO, trong moi trudong kiém (pH 11,5) v6i qua
thé khir -0,3 V/SHE tuong ing vung thé khir cua CO, thanh
HCOOH. Két qua nhan dugc cho thiy vat ligu Zr—AzBDC
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c6 trién vong Ung dung lam vat liéu xuc tac dién hoa cho
phan tng khu CO,.
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