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Tom tit:

Vit liéu composite Ag@Zr-CPEB dwoc tong hop trén co sé két hop kim loai Ag vao vat liéu khung hiru co kim loai
Zr-CPEB. Vit li¢u nén Zr-CPEB dugc t6ng hop tir mudi kim loai Zr(IV) va 1,4- bis(2 [4-carboxyphenyl]ethynyl)
benzene (H,CPEB) theo phlrong phap nhlet dung méi. Kim loai Ag dwoc du’a vao ciu triic ciia Zr-CPEB theo quy
trinh hai giai doan gom tAm ion Ag(I) 1én céu tric Zr-CPEB va khir Ag) vé Ag bang NaBH,. Céu tric cia Zr-CPEB
dwoc xac nhan bang phép do nhiéu xa tia X dang bét (PXRD), sw hién dién ciia Ag trong vat liéu composite dwgc
chirng minh biang phwong phap do UV-Vis, FESEM-EDS va TEM. Hoat tinh xiic tac dién hoa ciia vat li¢u dwoc
khao sat bang phu’o‘ng phap quét thé vong tuin hoan trong dung dich Na,SO, 0,5M (pH 7,2). Két qua nhén dwoc
cho thay, Ag chiém 2% khdi lwgng va cé tiac dong tang cwong hoat tinh xic tac cua vat liéu composite dbi vei phan
u’ng phan tach nu’(rc tao H,. Mt dj dong sinh khi H, ¢ qua thé 850 mV/RHE ciia vit liéu Ag@Zr-CPEB ting 2,5
14n so véi vat liéu nén Zr—CPEB

Tir khéa: phan ng sinh khi hydro, vat liéu composite khung hiru co’ kim loai, vat liéu khung hitu co kim loai, xte

tac dién hoa.

Chi sé phdn logi: 2.5

Hydro dugc xem la nguén nhién li¢u sach va tai tao do
phan tmg ddt chay hydro véi oxy tao ra nudc sach, khong co
san pham phu va khong gy phat thai khi nha kinh. Trong tu
nhién, hydro c6 trit lwvong rat 16n nhung chu yéu & dang lién
két véi oxy va carbon trong phan tir nue va cac hop chét
hydrocarbon. Trong cong nghiép, hi¢n nay hydro dugc san Xuat
chu yéu tr khi ty nhién. Tuy nhién, su can kiét ngudn ning
luong hod thach kém véi van dé bién d6i khi hau do st dung
nhién lidu hoa thach doi hoi phai nghién ciru san xuét hydro tir
cac ngudn nguyén liéu sach va tai tao. Trong do, san xuét hydro
tu nude la Iya chon dugc quan tdm nhét hién nay. Hydro co
thé dwoc san xuat tir nude thong qua phan img phén tach nudc
tao hydro va oxy. Phan tmg phan tich nudc c6 thé thuc hién
bang phuong phap dién ly nu6e, quang phan ly nude hodc két
hop quang - dién ly nudc trén co so st dung cac cht xiic tac
pht hop. Tuy nhién, thach thtc 16n nhét hién nay 1a phan tng
phén tach nudc doi hoi nang lugng 16n (AG =+ 237,2 kl/mol).
Qua trinh dién phan nuéc gdm phan Gng khir nude tao hydro &
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cathod (hydrogen evolution reaction - HER) va phdn tng oxy
hod nude tao oxy ¢ anod (oxygen evolution reaction - OER).
Do thé khir chuan cua cap H'/H, va O,/H,0 1an lugt 14 0 V va
1,23 V (so véi dién cuc hydrogen NHE) nang luong i thleu
cho phan tmg dién phén nude 1a 1,23 eV [1, 2]. Trong thuc té,
can st dung xuc tac dé gia tbe qua trinh dién phan nudc. bén
nay, kim loai Pt va oxit IrO, twong ing la chét xtc tac t6t nhat
cho phan tng HER va OER [1-3]. Tuy nhién cac xtc tac nay
khé dit tién, kho trién khai vao san xuat cong nghiép. Do viy
cac nghién ctru hién nay tép trung phat trién cac vat liéu c6 hoat
tinh xuc t6t thay thé Pt v6i gia thanh ré hon [1-4]. Trong nhiing
nam gan ddy, viéc nghién ctru ing dung vat liéu khung hitu co
kim loai (Metal organic frameworks - MOFs) lam vat li¢u xac
tac, ddc bi¢t 1a xuc tac cho phdn ung phan tich nudc thu hit
nhiéu sy quan tim nghién ctru trén thé gioi [5-7]. Do phan tmg
dién phan nudc xay ra trong moi truong nudc, vat licu MOFs
lam xtc tac cho phan tmg dién phan nudc phai 6 do bén cao
trong moi truong nudc ¢ cac pH khac nhau. Cac vat lieu MOFs
trén co s& mudi kim loai Zr, Cr, Ti dap ng duoc céc yéu cau
nay [8-10]. Ngoai ra, hoat tinh xtic tic cua vat liéu MOFs cling
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Abstract:

Ag@Zr-CPEB composite was synthesized by the
incorporation of Ag metal into the Zr-CPEB metal-
organic framework. The Zr-CPEB was synthesized from
Zr(IV) salt and 1,4-bis(2-[4-carboxyphenyl]ethynyl)
benzene (H,CPEB) linker by the solvent-thermal
method. Ag metal was incorporated in Zr-CPEB via a
two-step process, including (i) absorption of Ag(I) ions
into the Zr-CPEB and (ii) reduction of the Ag(I) ions to
Ag by NaBH,. The structure of Zr-CPEB was studied
by Powder X-Ray Diffraction (PXRD). The presence
of Ag in the composite was investigated by UV-Vis
spectroscopy, FESEM energy dispersive X-ray (EDX),
and TEM methods. Electro-catalytic properties of the
Zr-CPEB support and Ag@Zr-CPEB composite were
examined by the cyclic voltammetry (CV) method in 0.5
M Na,SO, (pH 7.2) aqueous solution. The results showed
that the amount of Ag in the as-prepared composite was
ca. 2% wt. Ag had increased the catalytic activity of the
composite for the hydrogen evolution reaction (HER).
The current density (at 850 mV/RHE) for HER of the
Ag@Zr-CPEB composite was increased by 2.5 times
compared to that of Zr-CPEB.

Keywords: electrocatalytic, hydrogen evolution reaction
(HER), metal-organic frameworks (MOFs), metal-
organic framework composite.
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dwoc nghién ctru céi thién thong qua viée két hop cac kim loai
chuyén tiép, kim loai quy, oxit kim loai vao cau truc cia MOFs
[11,12].

Trong nghién ctru nay, ching toi két hop kim loai Ag 1én vat
liéu MOF Zr-CPEB tao thanh composite Ag@ZrCPEB nhim
tang cuong hoat tinh xuc tac dién hoa ddi v6i phan tmg khur
nudce tao hydro.

Hoa chét va phuong phap
Hod chit

Methyl4-iodobenzoate, 1,4-diethynylbenzene, toluene, acetic
acid dugc cung cép boi Cong ty Acros. Bis(triphenylphosphine)
palladium (II) dichloride, triethylamine, zirconyl chloride
octahydrate, copper (I) iodide, N,N-dimethylformamide (DMF),
hydrochloric acid va tetrahydrofuran dugc cung cip boi Sigma
Aldrich. Sodium chloride, potassium hydroxide, n-hexane,
ammonium chloride, diethyl ether, methanol va chloroform dugc
cung cap boi Cong ty Fisher. Silver nitrate, sodium borohydride
dugc cung cip boi Cong ty Merck.

Phwong phdp tong hop

Téng hop linker H,CPEB: linker 14-bis(2-[4-
carboxyphenyl] ethynyl)benzene (H,CPEB) duoc tong hop
theo quy trinh 2 giai doan (hinh 1) [ 13
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Hinh 1. So dé tong hgp linker 1,4-bis(2-[4-carboxyphenyl]
ethynyl)benzene (H,CPEB).

Giai doan déu tién 1a phan tmg ghép cap Sonogashira giira
1,4-diethynylbenzene va hai phan tir methyl 4-iodobenzoate
thu dugc san pham 1,4-bis(4-carbomethoxyphenyl-ethynyl)
benzene (hidu suét 76,2%), két qua phan tich IR (cm™): 1720
(CO). 'H-NMR (CDCL,): 6 3,94 (s, 6H), 7,59 (d, 4H), 8,02 (m,
4H), 7,54 (s, 4H). Giai doan th{ hai 1a thuy giai san pham tu
phan tmg ghép cap cho ra san pham H,CPEB (hi¢u suat 78,7%,
két qua phan tich IR (cm™): 2804 (m br), 1681 (s). '"H-NMR
(DMSO-d°): 6 7,66 (s, 4H), 7,68 (d, 4H), 7,98 (d, 4H)). Két qua
phén tich cau tric linker H,CPEB bang céc phuong phap IR,
NMR 'H va '*C phu hop véi két qua da cong bo [13].

To ong hop vdt liéu Zr-CPEB: vat li¢u Zr-CPEB duogc téng
hop bang phuong phap nhiét dung méi theo quy trinh sau [13]:
hoa tan 10,9 mg mu6i ZrOCl,.8H,0 va 12,4 mg linker H,CPEB
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vao 4,0 ml hon hop DMF/acetic acid (v/v = 3,8:0,2), cho hon
hop trén vao binh phan tmg bang thuy tinh 10 ml ¢6 nap day
va gia nhiét & 120°C trong 36 gio trong diéu kién tinh. Két
thuc phan tng, dé hdn hop phan ung ngudi ty nhién vé nhiét
d6 phong, ly tim lay san pham ran va rira/ngam san pham voi
dung méi DMF (3 ngay, 3 1an mdi ngay voi 10 ml dung moéi) va
trao d0i v6i dung moéi chloroform (3 ngay, 3 1an mdi ngay véi
10 ml dung méi). San phdm rén thu duoc sau khi trao doi dung
moi duge lam kho ¢ nhiét 46 phong va hoat hoa ¢ 120°C duéi
ap suét thip trong 24 gio thu duoc vat liéu Zr-CPEB.

Tong hop vt liéu Ag@Zr-CPEB: vt liéu composite Ag@
Zr-CPEB dugc tong hop theo quy trinh hai giai doan [14]: cho
50 mg Zr-CPEB dang bot vao 3 ml nudc cét, phan tan trong
bé siéu am 5 phut tao huyén phu ddng nhat, thém 2 ml dung
dich AgNO, 0,2M da chudn bj trude do vao huyén phu trén.
Hon hop duge khudy tir 0 nhiét do phong trong 24 gio, sau
d6 ly tam, rira voi nude cat va sy kho ¢ 60°C trong 6 gio véi
ap suit thép thu dugc chét ran mau vang nhat (giai doan 1).
Ton Ag" tam vao vat liéu Zr-CPEB dugc khur voi NaBH, bang
cach phan tan san pham rdn thu dugc trong giai doan 1 vao 3
ml dung dich NaBH, 0,1M trong diéu kién khudy tron trong 2
2i0 ¢ nhict do phong (giai doan 2). Ket thiic giai doan 2, ly tam
tach va rira chat rin véi nu(yc cét, say kho o 80°C trong 8 gio
dwoc mot hdn hop chit rin mau ndu sdm 13 composite Ag@
Zr-CPEB.

Phdn tich cau triic va hoat tinh xuc tac dién hoa

Phan tich cdu triic: vt liéu Zr-CPEB duoc phan tich cdu
triic tinh thé bang phuong phap nhiéu xa tia X dang bot (PXRD)
str dung thiét bi Bruker D8 advance - ngudn phat xa Cu Kot (A
=1,54178 A), dic tinh hap thu quang dwoc phan tich trén thiét
bi JASCO V-670 UV-Vis spectrophotometer. Hinh thai vi cau
trac cua vat liéu dugc phan tich béng kinh hién vi dién tu quét
(FE-SEM) Hitachi S-4800 va kinh hién vi dién tir truyén qua
(TEM) JEOL JEM 1400.

Hoat tinh xiic tac dién hod: hoat tinh xuc tac cua vat liéu
d6i v6i phan tng khir H* dugc phan tich bang phuong phap
quét thé vong tudn hoan (Cyclic voltammetry-CV) st dung
thiét bi AUTOLAB két ndi phan mém NOVA (Eco Chemie,
Netherlands). Té bao dién hoa 1a hé ba dién cuc gdm dién cuc
lam viéc 1am tir thuy tinh dan dién FTO (day 2,2 mm dién tré
7 ohm/sq, Solaronix), dién cuc so sanh Ag/AgCl, dién cuc
ddi 1a lugi Pt. Vat liéu nén Zr-CPEB va composite Ag@Zr-
CPEB duoc phu 1én dé thuy tinh dan FTO theo quy trinh nhu
sau: phan tan 5,0 mg vat liéu vao 2 ml isopropanol trong bé
siéu am (15 phat), 1ay 10 pl huyén phu trén nhé 1én mat dan
cta tim FTO (1x5 cm) véi dién tich pha 1,0 cm?, siy mau ¢
120°C trong 1 gior dé loai bo dung méi trude khi do dién hoa.
Dung dich dién ly la Na SO, 0,5M (pH 7,2) dugc suc khi N,
30 phut trude moi phép do The dién cyc do theo dién cyc so
sanh Ag/AgCI/KCI 3,0M dugc quy doi vé thé RHE (Reversible
Hydrogen Electrode) theo biéu thirc (1).
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E =E

(RHE)

+ 0,059 pH + E° (1)

Trong do, E Ag/AgCl 14 thé dién cuc do bing dién cuc Ag/AgCl,
=+0,210V1a

pH cua dung dich Na SO, 0,5M bang 7,2 3 N
thé khir chuan cua dlen cuc Ag/AgCI/KCI 3,0M ¢ 25°C.

Ag/AgCl Ag/AgCl

Két qua va ban luan
Phan tich céu triic ciia vit ligu Zr-CPEB

Két qua phan tich nhidu xa tia X cta vat liéu Zr-CPEB (hinh
2) cho thay xudt hién miii nhiéu xa c6 cudng d6 manh & goc 20
3,8 ddc trung cho clu tric xép cta vat liéu MOFs. Ngoai ra, cac
miii nhiéu xa ddc trung khac trong viing 26 tir 5 dén 30 cia vat
liéu Zr-CPEB ciing dugc ghi nhan trén gian d6 PXRD cho thay
da tong hop thanh cong vat liéu Zr-CPEB [13].

Cudng dj (a.u.)

T T T T T T T T T T 1

20/° (Cu Ka)

Hinh 2. Gian d6 PXRD ctia vat liéu Zr-CPEB.
Phan tich cdu triic ciia vdt liéu composite Ag@wZr-CPEB

bé ching minh sy hién dién cua kim loai Ag trong chu triic
cta vat li¢u composite Ag@Zr-CPEB, chung t6i phan tich dac
tinh hap thu quang ciia vét liéu Ag@Zr-CPEB so sanh voi vat
liéu nén Zr-CPEB (hinh 3). Két qua do UV-Vis cho thiy, ngoai
ving hép thu ¢ s6 song dudi 400 nm cia vat liéu MOF nén,
phé hép thu ctia composite Ag@Zr-CPEB xuat hién miii hap
thu mai ¢ s6 song 436 nm dic trung cho dic tinh hip thu cua
kim loai Ag ¢ kich thudc nanomet [15] (hinh 3). Cudng do miii
hép thu khong manh cho phép du doan ham lugng Ag trong
composite nho. Két qua phan tich PXRD mau vat liéu Ag@
Zr-CPEB khong tim thay cac miii nhiéu xa dic trung cho Ag
do ham luong Ag trong mau thip. Cac két qua cong bd trén
thé gidi vé cac vét ligu composite ché tao tir vat liéu MOFs va
hat nano kim loai ciing cho két qua twong tu, theo d6 phuong
phép nhiéu xa tia X goc rong khong xac dinh duge cac mili dic
trung ctia cac hat nano kim loai khi ham lugng cta chiing thap
hon 4,9% khéi luong [16]. Bé chimg minh sy hién dién cua Ag
trong mau composite, ching toi sir dung céc k¥ thuat phan tich
UV-Vis, EDS va TEM.
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Hinh 3. Phd hap thu UV-Vis clia vat li¢u composite Ag@Zr-CPEB
so sanh véi vat lidu MOF nén Zr-CPEB.

Hinh 4. Phé EDX ctia Ag@Zr-CPEB, anh nhé chen vao chi vi tri
phan tich EDS trén mu vat ligu.

Bang 1. Thanh phan phan tram theo khéi lugng (% wt) va theo
nguyén td (% at) cla vat liéu Ag@Zr-CPEB

Nguyén t6 wt % at %
C 80,21 86,85
0 8,98 8,73
Zr 8,75 423
Ag 2,06 0,19
Téng 100,00 100,00

Két qua phan tich FESEM-EDS xic nhan sy hién di¢én cta
nguyén t6 Ag trong mau composite voi ham luong khoang 2%.
Két qua EDS kha phu hop véi két qua phan tich UV-Vis. Ngoai
ra, phan tich EDS ciing ghi nhan dwgc cac nguyén to chinh
C, O, Zr ¢6 trong thanh phén ctia vat liéu MOF nén Zr-CPEB
(hinh 4, bang 1). Cac két qua phan tich UV-Vis va EDS cho
phép khang dinh da két hop thanh cong kim loai Ag 1én céu
truc cua vat licu MOF Zr-CPEB theo quy trinh hai giai doan.
Theo d6, cac lién két alkyne (ndi 3) trong cau tric cua linker
14 cac tdm hdp phu manh dbi vé6i cac ion kim loai chuyén tiép
[14], trong giai doan 1, ion kim loai Ag” bi h?ip phu va giir lai
trén cac tim nay, sau d6 bi khir thanh kim loai Ag trong ciu
triic x0p ciia Zr-CPEB trong giai doan 2. Két qua phén tich
FE-SEM cho thdy vét liéu composite Ag@Zr-CPEB ¢6 cu
triuc déng nhét, don pha bao gém cac chum hat duoc két tu tir
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cc tinh thé Zr-CPEB (hinh 5A). Diéu nay cho thay qua trinh
két hop kim loai Ag khong lam pha huy cau trac cua vat liéu
MOF nén. Két qua phén tich TEM cho thy c4c hat nano kim
loai Ag (dwong kinh <10 nm) phan b bén trong cdu tric cla
vat liéu nén Zr-CPEB véi mét do thap (hinh 5B). Két qua phan
tich TEM kha tuong dong véi két qua nhan duoc tir phuong
phap PXRD, UV-Vis va EDS déu cho thiy ham luong Ag trong
mau composite thip.

100 nm

Zr-CPEB

mm x40.0k SE(M)

Hinh 5. Anh FE-SEM (A) va anh TEM (B) ciia composite Ag@
Zr-CPEB.

Hoagt tinh xiuic tac dién hod cho phdn ing HER

Hoat tinh xuc tac dién hoa cua vat li¢u Ag@Zr-CPEB d6i
v6i phan g sinh khi H, duoc khao sat trén co s¢ so sanh
duong cong CV cua vt liéu composite Ag@Zr-CPEB voi vat
liéu nén Zr-CPEB trong moi truong dién ly Na,SO, 0,5M (pH
7,2). Két qua phan tich CV vt liéu nén Zr-CPEB tren dé thuy
tinh dan dién FTO cho thay hoat tinh xuc tac cua vt liéu MOF
nén Zr-CPEB cao hon hin ban dan F: SnO, trén dién cuc thuy
tinh dan. Vi cung diéu kién do, mat do dong khu tai qua thé
850 mV/RHE cua vét liéu Zr-CPEB (2 mA/cm’) cao gap 4 lan
vat liéu F:SnO, (0,5 mA/cm?). Qua thé phan tmg khur H' trén
vat liu Zr—CPEB dich chuyén vé phia duong so véi thuy tinh
dan (hinh 6a,b). Két thiic qué trinh dién phan, 16p vét liéu van
con bam chic va cho dic trung CV khong thay doi khi quét
nhiéu chu ky cho thay 16p phu bam tét va c6 d6 bén cao trong
dung dich nudc.

(a) FTO
(b) Zr-CPEB/FTO

(c) Ag@Zr-CPEBIFTO }
04

(@)

(b)

Mat dé dong (mA/cm?)

-8 = T T T T T T 1

T
-10 -05 00 05 1,0 1,5 20 25
Dién thé (V theo RHE)

Hinh 6. Pudng CV ctia thuy tinh dan FTO (a) so véi vat liéu Zr-
CPEB (b) va Ag@Zr-CPEB (c) phd trén dé& FTO trong méi trudng
Na,SO, 0,5M (pH 7,2), téc d quét th&€ 100 mV/s.



Khi két hop kim loai Ag vao vét liéu MOF Zr-CPEB, hoat
tinh xuc tac cta vat liéu dugc cai thién dang ké. Theo d6, mat
d6 dong khur ctia composite Ag@Zr-CPEB (5 mA/cm?) tang
2,5 1an so voi vat liéu nén Zr-CPEB va 10 1an so véi FTO tai
cung qua thé 850 mV/RHE. Qua thé khir H* trén vét liéu Ag@
Zr-CPEB tiép tuc dich chuyén vé phia duong hon so véi vat
liéu nén Zr-CPEB (hinh 6b,c).

Su gia tang hoat tinh xuc tac khi c6 sy hién dién cta kim
loai Ag trong thanh phin ciia vét lidu composite ¢6 thé dugc
giai thich theo co ché bay dién tir ciia cac tam kim loai Ag [17],
theo d6 dién tir cung cAp tir mach ngoai qua ban dan FTO sau
khi bom vao Vflng dan (CB) cua vat liéu Zr-CPEB 14 ban dan
¢6 do rong ving cam 2,88 eV [13] dé dang chuyen qua cac tam
kim loai Ag von c6 mirc ndng lugng Fermi thap hon nang luong
ving dan cua MOFs. Tai day, cac dién tir ton tai lau dai hon va
phan b trén bé mit cua cac hat kim loai Ag trd thanh nguf”)n
cung cép dién tir cho phan Gng khir H' tao hydro (hinh 7).

20"
FTO(CB) e
CB H,
2,88 eV
VB
Zr-CPEB

Hinh 7. So dé minh hoa co ch& chuyén dién ti trén vat liéu
composite Ag/Zr-CPEB cho phan tng HER.

Keét luan

Viée két hop kim loai Ag vao vat licu MOF Zr-CPEB cai
thién dang ké hoat tinh xtic tac dién hoa cua vat liéu dbi voi
phan ung giai phéng hydro trong moéi trudong trung tinh (pH
7,2) véi mat do dong khir tang 2,5 1an so véi vat liéu nén
0 qua thé 850 mV/RHE. Vit liéu Zr-CPEB ¢ dd bén cao
trong mdi truong nudc va cé trién vong tmg dung lam vat
liéu nén trong ché tao cac hé composite lam xuc tac dién hoa
cho phan tmg dién phan nudc san xuat hydro.
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