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Tong hop vit lidu khung hitu co kim loai
Zr-AzBDC va khdo sit hoat tinh xac tac di€én hoa
cho phéan img khir CO, trong dung dich nuéc
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Tom tir:

Vit ligu khung hiru co kim loai Zr-AzBDC dwge tdng hep tir mudi kim loai Zr(IV) va ciu ndi hitu co 13 acid
azobenzene-4,4’-dicarboxylic (AzBDC) biing phuwong phap nhiét - dung méi. Cau triic va tinh chét quang cua vt
li€u Zr-AzBDC dwgc khéo sat hang phuong phap nhiéu xa tia X va UV-Vis. P§ xop ciia Zr-AzBDC dugc khao sat va
phin tich bing phu'omg phap do hap phy khi N, & 77K. Hoat tinh xtic tac di¢n hod cia vit li¢u duge khio sat bing
phwong phap quét thé vong tuin hoan trong dung dich K,CO, 0,5M (pH 11,5). Két qua nhan dwge cho thiy vit li¢u
Zr-AzBDC 6 hoat tinh xte tac tét dbi voi phin dng khir CO

Tir khda: khir CO,, viit lidu khung hiru co kim loai, vit li¢u xbp, xic tic dién hoa.

Chi 56 phiin logi: 2.5

Dit van dé

Carbon dioxide (CO,) 1a thu pham chinh gay bién ddi
khi hdu véi tong lurgng phit thai toan chu nam 2014 1a 36,2
ty thn [1] Ngdy nay, ciing vt céc nd lye cht giam phit thai
khi CO, théng qua thoa thuan va cam k&t ciia chc chinh phu
(cht gidm 50% vio nim 2050 va 100% vao nam 2100 theo
Hoi nghi COP22, Paris - Phap nam 2015) [2], viéc phit trién
cdc vét lidu co kha nang bit gi¥, c§ dinh va/hodc chuyén
hoi khi CO, thanh nguyén - nhién liéu ¢6 ich la gidi phap
héng déu thu hit sy quan tAm nghién ctru ciia céc nha khoa
hoc tren thé gi1 [3]. CO nhidu giai phap da dlroc a8 xudt
bao gbm bit glu/lu'u trit CO, trong céc vét lidu xbp, luu giir
duéi long dit, cé dinh lén cac hop chét hitu co hogic chuyén
hod thanh céc dang nhién liéu Trong d6, chuyén hoa Co,
thanh nhién liéu vira gll.lp cht giam phat thai, vira tao ra san
phém c6 gi4 tri kinh t dugc quan tAm hon ca. Hién nay, viée
chuyén hoa khi CO, c6 thé thyc hién bng phuong phap khir
hod hoc, quang xiic tic va xitc tac dién hoa [4-6] Trong do,
xuc tac dién hoa c6 nhiéu wu thé vuet trg1 nhur d& kidm sodt
va dé& ép dung & quy m cong nghiép, it phat thai va c6 thé
tan dung nang lugng ti tao tir mat trév, g16 nhim gidm thidu
phat thai CO, [4]. Tuy nhién, viéc ap dung phuong phap khir
dién hoa vin con nhiu thach thirc lién quan dén hoat tinh
khir ciia vat liéu va d¢ chon loc san phém tao thanh. Theo
d6, phan img khir CO, doi héi thé khir 1on va co ché khir
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phire tap [4, 6].

Sin phim phan img khir dién hoa CO, c6 thé dién ra
& cac qud thé khdc nhau tao ra céc san phdm khéc nhau,
chit yéu gém CO, HCOOH/HCOO, H,C,0,/C,0.2, CH,0,
CH,OH, CH,, CH,CH,, CH;CH,OH tuy thudc v4t ligu, méi
trudmg, thé ap dat va sé dién tir trao di. C6 nhidu vat lidu
da duge nghién ciru khao sat hoat tinh xuc tic dién hod cho
phén img kbir CO,, gbm kim loai chuyén tiép va oxit kim
loai chuyén tiép, kim loa1 quy, kim loai kidm va kném thé,
polymer din... [4, 6].

Gén day, MOFs (Metal-organic frameworks) - vat liéu
xbp trén co s¢ tam kim loai (cluster) va cdu ni hiru cor
(linker) vén dd x6p cao, linh hoat trong thiét ké va téng hop
di duge phét trién cho nhidu img dung khéc nhau nhw hép
phu, Iru trit va phén tach khi va xie tac. Nhidu nghién ciru
cho thdy, mét sé vat l1iéu MOFs céu tric tir cac mudi kim
loai Zr, Cr c6 d6 bén méi trudng cao va ¢6 hoat tinh xiic tic
tét d6i v6i phan (mg khir CO, trong méi trudmg nuée [7-10].

Trong nghién ciru nay, chiing t6i trinh bay két qua téng
hop/phan tich cdu tric vat lién MOF tir muér kim loai Zr
va clu nbi hitu co la azobenzene-4,4’-dicarboxylic acid
(AzBDC) va khio sat hoat tinh xiic t4c cia cia vat lidu déi
véi phan tmg khir CO, trong dung dich dién ly K,CO..
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Abstract:

Zr-AzBDC was synthesized from Zr(JV) 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.
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metal-

Hoa chét va phuong phap

Hod chit

4-nitrobenzoic acid, glucose monohydrate dugc cung clp
bé1 Céng 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 clp boi Cong ty Sigma Aldrich.

Phuong phip téng hep

Téng hop linker AzBDC linker AZBDC duoc thng hop
theo quy trinh nhu sau [ll]: hoa tan 10,0 g 4-nitrobenzoic
acid vao 200 m) nuée cht sir dung binh chu ba ¢b ¢6 gén he
théng hoan luu va gia nhigt khuay tir [am binh phan ing.
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Gia nhiét binh phan {ng lén 80°C va them dung dich 33,5
g NaOH hoa tan trong 20 ml nudc cAt 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 nuéc néng da chuin bi
trude d6 vao binh phan (mg trong diéu kién khudy tron &
nhiét do trén (80°C) va duy trl phan 1mg trong 3 glor Két
thiic phan (mg, dé hon h(yp phan ing nguon fir nhién vé nhiét
do phong va acid hoa bang HC1 dam dac dén pH 1, 1am lanh
bing nuée di va loc 1iy Két tua rén, lam sach san pham bang
céch rira nhidu 1An véi mrée, siy kh6 chén khéng & 60°C thu
dugc san phim mau vang, higu suft 75%. Két qud phén tich
'H-NMR va so sénh v6i két qua cong bé cho thiy da tong
hop thanh cong linker AzBDC (hinh 1).
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Hinh 1. Phd 'H NMR ciia linker AzBDC 8H (DMSO-d6, 500
MHz), 8,00 (d, 4H), 8,15 (d, 4H).

Téng hop vat liéu Zr-AzBDC: vit igu Zr-AzBDC duoc
téng hop bing phiong phép nhiét dung méi theo quy trinh
sau [11]: hoa tan 129 mg ~m\.lél ZrOCl, 8H,0 va 108 mg
linker AzBDC vao 4 m! hén hop DMF/acetic acid (v/v =
4,0/1,2), cho hén hop trén vao binh phan tmg bing thuy tinh
10 ml c6 nép day va gia nhigt & 120°C trong 36 gid trong
didu klen tinh. Két thic phan tmg, d& hén hop phan ung
nguft vé nhiét d6 phong, tién hanh rua/ngam san phim véi
dung méi DMF (ba ngay, ba 1in mdi ngay véi 10 ml dung
méi) va trao di véi dung mé1 DCM (ba ngdy, ba lin méi
ngay v61 10 ml dung méi). San phim rin thu dugc sau khi
trao @i dung méi dugc dé kho tyr nhién & nhiét d6 phong
va hoat ho & 120°C, 4p suét thip trong 12 gm thu dugc vat
ligu Zr-AzBDC. Sin phim dugc phén tich chu tric, 46 xop
va tinh cht quang trude khi kiém tra hoat tinh xic tic bing
phuong phap dién hoa.

Phiin tich céu triic vi hogt tinh xiic tdc dién hod

Phan tich cdu tric: vat liéu Zr-AzBDC duwoc phén tich
cu triic tinh thé bing phuong phap nhiéu xa tia X dang bét
(PXRD) sir dung thiét by Bruker D8 advance ngudn phat xa
Cu Ka (A = 1,54178 A), dac tinh hdp thu quang dugc phan
tich trén thiét bi JASCO V-670 UV-Vis spectrophotometer,
d6 xbp duge phan tich bing thiét bi Autosorb iQ
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(Quantachrome) sir dung khi N, c6 d4 tinh Kkhiét 99,999%.

Hoat tinh xiic téc dién hod: hoat tinh xic tic cua vét
lidu déi véi phan g khir CO, dugc phén tich béng phuong
phap quét thé vong tudn hean (Cyelic voltammetry - CV)
sit dung thiét bj AUTOLAB két ndi phin mém NOVA (Eco
Chemle Netherlands). Té bao dién hoa la hé ba dién cuc
gom dién cyc lam viée lam tir thuy tinh din dién FTO (day
2,2 mm dién tré 7 ohm/sq, Solaronix), dién cyc so sénh Ag/
AgCl, dién cuc dbi 1a lugi Pt. Vit liéu Zr-AzBDC duoc phit
18n dé thuy tinh d&n FTO theo quy trinh nhu sau: phan tin
5,0 mg Zr-AzBDC vio 2 ml 1sopropanol trong bé siéu am
(15 phuit), 14y 10 pl huyén pho trén nho 18n mat din cita tam
FTO (1 em x 5 ¢m) véi dién tich mang phi 1a 1,0 cm?, siy
miu & 120°C trong 1 g1 dé loai bo dung mdi trwde khi di
dién hod. Dung dich dién ly 13 K,CO, 0,5M (pH 11,5), phép
do duge thyc hién trong diéu kién bao hoa khi N, (99,999%)
hogc CO, (99,999%).

Két qua va ban fuan
Phiin tich ciu triic ciia viit ligu Zr-AzBDC

Két qua phan tich PXRD ctia vt liéu Zr-AzBDC duoc
trinh bay & hinh 2. Vit liéu téng hop duge ¢6 mau vang nhat
dic trung cho mau séc cua linker AzBDC, gian b PXRD
xudt hién miii & ving 20 du6i 10 véi cudng d6 manh dic
trung cho vét liéu MOFs. Két qua phan tich PXRD nhéan
duge ciing cho théy céac mili chinh & géc 20 5,1°; 8,5°va 9,8°
dgc trung cho vat liéu Zr-AzBDC (hinh 2) [11].

1200
10004 I
800 ‘
6004 \

4004, |

Cudng d§ (a.u.)

2004

ekt trte

25 30

5 10 15 20
20/° (Cu Ka)

Hinh 2. Gian do PXRD cha vit liéu Zr-AzBDC.

Ngoai ra, dé chimg minh sy hién dién ciia linker AzBDC
trong vét liéu Zr-AzBDC, ching t6i phan tich dic tinh
hép thu quang cita vét liéu Zr-AzBDC so sanh vdi linker
AzBDC. Két qui duoc trinh bay trén hinh 3. C6 thé thiy,
dic tnmg hép thu cda vat lidu Zr-AzBDC gibng cia linker
AzBDC vé1 miln hép thu & 350 nm va 450 nm dic trung cho

[HoRHC 1y N coma2ore

cac mitc chuyén 7-1* va n-n* cia linker AzBDC [12]. Didu
ndy cho phép khéng dinh c6 su hién dién cua linker AzBDC
trong thanh phan cia vt lidu Zr-AzBDC (hinh 3). Ngodira,
voi dic trung hip thu trong ving anh sang kha kién, vit ligu
Zr-AzBDC rét cé trién vong cho cac g dung lam vét ligu
quang Xic tac trong ving anh sang kha kién [13].
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Hinh 3. Phé hap thu UV-Vis ciia vét liéu Zr-AzBDC so sanh véi
linker AzBDC.

D6 xbp 1a tham 56 ddc trung quan trong clia vit liéu xép
va I3 uu diém cta vat liéu MOFs trong céc dinh hudng img
dung 1am chér xte tac di thé. Theo d6, bé mat néng l6n cia
vat liéu MOFs mang lai hiéu qua xuc tac cao hon nhu'ng Vit
liéu thong thuong (khong c6 d6 xbp, hozc dd xép thip).
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Hinh 4. Budng hip phu - gidi hip khi N, clia vat ligu Zr-AzBDC
do & 77K.

Ngodi ra, thanh phén linker va tdm kim loai ¢6 anh
huong quan trong dé1 vén hoat tinh xtc tac va do chon loc
cua vat liéu Pé1 vai vt lieu Zr-AzBDC, tim kim loai Zr cé
chu trie Zr,0,(OH),(CO,),, khd bén trong méi trudng nuée,



linker mang nhém azo ¢6 4i luc tht véi cac phan tw CO,, hira
hen khé nang X0c thc tét cho phan tmg khir CO,. Két qud
phan tich &6 x8p ciia vat iéu Zr-AzBDC duogc trmh bay trén
hinh 4. K&t qua phan tich theo m hinh hip phy BET cho két
qué d xbp 909 m¥/g.

Hoat tinh xiic tdc dign hod cho phdn ting khir CO,

Hoat tinh xtc tac dién hoa cia vét ligu Zr-AzBDC duge
khéo sat trén co s& so sanh dwdng cong CV cua vit lidu
trong méi truong dién ly K,CO, 0,5M béo hoa khi tro N, va
bio hao khi CO, (hinh 5) Trong mébi truomg bédo hoa khi N
duong CV dac trumg bai hai viing thé, viing I véi thé am horn
-1,2 V ddc tnmg cho phan ing khir H* thanh H, va ving [T
c6 mat d6 dong gin nhu bang 0 dac tnmg cho qua trinh tich
dién 16p kép. Trong mdi trirdmg bao hoa khi CO,, déc trung
CV trong ving T ¢6 xu huéng khong thay déi ngoal trir mat
do dong ki tang manh hon (tang gan 2,5 lin 6 thé -1,6 V),
¢6 thé nhan thiy trong ving II xuét hién miii khir rong trong
viing thé 0,5 V dén -1,2 V (dong khir cuc dai dat 5 mA/cm?)
déc trung cho phéan img khir cua CO, (hmh 5). So sanh véi
mé1 trirdmg bio hoa N, cho thiy qua the khir CO, 12 -0,5V
50 vé1 dién cuc so sanh Ag/AgCl (hay -0,3 V so vm én cuc
hydrogen tiéu chudn - SHE) cho phép dy dodn san phém la
HCOOH (phén tmg CO, + 2H" + 2¢ = HCOOH c6 lhe khir
-0,25 V/SHE theo tinh toan Iy thuyét tir c4c tham sb nhigt
dgng hoc [14]).

Zr-AzBDC
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Hinh 5. Buding CV ciia vat liéu Zr-AzBDC phil trén dé FTO trong
mdi truding K,CO, 0,5M (pH 11,5) bo hoa khi N, va CO,, toc d¢
quét the 100 'mV/s.

Nét luan

Vit liéu MOF Zr-AzBDC tdng hop tir mudi kim loai Zr
va linker azobenzene AzBDC c6 hoat tinh xuc tac tét cho
phan img khir CO, trong méi frudng kiém (pH 11,5) vén qud
thé khir -0,3 V/SHE frong img viing thé khir cia CO, thianh
HCOOH. Két qua nhén dugc cho thdy vét lidu Zr-AzBDC
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¢6 trién vong fmg dung 1am vat liéu xc tc dién hoa cho
phan tng khir CO,.
101 cAm ON
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