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Tém tit - Vat lidu khung hiru co kim loai phén tén trén nén bot
nickel Ni-MOF/NF dugc téng hop bang phuong phap nhiét dung
moi su dung ph01 tur hitu co' 2-methylimidazole. Anh huéng cia
pH va ndng do chét dién ly nén dén dong hoc phan img dién phén
nude tao thanh hydrogen trén dién cyc Ni-MOF/NF trong moi
truong kiém da dugc khao sat. Két qua khao sat cho thiy, ca pH
va ndng do cation Na* déu dnh hudng manh t6i dong hoc cia quéa
trinh cathode giai phong hydrogen. Tang pH va nong do cation
Na* qué thé glal phong hydrogen glam dang ké. Cac phan tich chi
ra ting d6 kiém lam giam hé sb chuyén dién tich (o) va 1am ting
mat d6 dong trao dbi (io). Cation Na* trong méi trudng kiém co
vai trd nhu 13 chit mang nu6c hoat tinh giup 1am ting tdc do phan
Umg dién phén nudc giai phong hydrogen. Vat liéu Ni- MOF/NF
xuc tac tot nhét cho phan ung giai phong hydrogen trong mdi
truong kiém manh (pH 14), tng ndng do cation Na* bang 1,7 M.

Tir khoa - Ni-MOF/NF; phéi tu 2-methylimidazole; dién phén
nudc giai phong hydrogen (HER); dung dich chat dién ly; cation
kim loai kiém; pH

1. Pat vin dé

Hydrogen 14 mét trong cac ngudn ning luong tai tao ¢6
kha nang thay thé ngudn nhién liéu hoa thach trong tuong lai
[1]. Do vay thoi gian gan ddy, cac nghién ciru vé phuong phap
tong hop hydrogen, dic biét 1a phwong phap dién phan nuée
(HER) thu hut sy quan tdm cta nhiéu nha khoa hoc trén toan
thé gioi. Bén canh viéc tim kiém cac vat lidu xtic tac ré tién,
hiéu qua dé thay thé cac chat xuc tac dua trén kim loai quy
(nhu platinum, iridium, ruthenium...) nhim 1am ting toc do
clia qua trinh dién phan nudc von co nhuge diém 1a xay ra
cham va hiéu suét khong cao [2], [3]. Cac nghién ctru trude
day ciing di chi ra thanh phan cta dung dich chét dién ly nhu
ban chét va ndng do cation, anion hay pH mdi truong anh
huéng rét 16n t6i hoat tinh ctia cac chét xuc tac [4] - [7].

Hoat tinh xtic tac cho phan ung HER cua cac kim loai
nhom bach kim giam manh khi thay déi tir méi truong acid
sang modi truong kidm [6]. Trong khi d6, cac chat xuc tac
khac nhu hop kim cta Pt-Ru, Ir va hydroxide cua kim loai
chuyén tiép hay cac dién cyc bién tinh ciia chalcogenide va
phosphide lai thé hién kha ning xuc tac tt trong moi
truong kiém [8]. Tham chi trong méi truong kiém manh
(pH 13 — 14) anh huong cua pH dén téc do phan tng HER
cling phu thudc vao ban chat cua vat liéu dién cuc [9].

Anh huéng cia ban chit va nong d¢ cation kim loai
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kiém trong dung dich chat dién ly dén tdc d6 phan ung
HER ciing phu thudc vao ban chét dién cuec. Tang ban kinh
cation kim loai kiém trong méi truong base 1am giam tdc
do6 phan tng HER trén dién cyc Ir, Pd, Pt nhung lai lam
tang toc do trén dién cuc Cu, Ag, Au [4]. Anh hudng cia
ndng do cation kim loai dén tdc d6 phan img HER khong
nhitng phu thudc vao ban chét dién cuc ma con phu thudc
vao pH moi truong [7]. Do vay, song song vdi viéc nghién
ctru tong hop vat liéu méi, cAc nghién ctru x4c dinh thanh
phan dung dich chat dién ly phu hop dé lam tang hiéu qua
hoat dong ctia cac chat xtc tac 1a vo cung can thiét.

Trong nghién cuu trude day, nhom tac gia da trinh bay
két qua tong hop vt liéu Ni-MOF/NF c¢6 kha nang xiic tac
t6t cho phan tmg dién phan nudc tao thanh khi hydrogen
trong dung dich NaOH 1 M [10]. DBé lam ting tinh tng
dung cua vét liéu Ni-MOF/NF, trong nghién ctru nay nhdm
tac gia tiép tuc trinh bay anh huéng cua pH dung dich va
ndng do chit dién ly nén dén téc do phan img HER trén
dién cuc Ni-MOF/NF trong méi truong kiém.

2. Thuc nghiém
2.1. Hoa chit

Céc ho4 cht sr (dung trong nghién ctru ¢4 46 tinh khiét
phan tich va c6 ngudn gdc Trung Qudc bao gdm: bot nickel
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(NF) (99 %), Ni(NO3)2.6H20 (98 %), 2-methylimidazole
(98 %), methanol (99,5 %), ethanol (99 %), HCI (37 %),
NaOH (99 %), Na>SO4 (99 %).

2.2. Tong hop vit li¢u

Vit lidu Ni-MOF/NF dugc tong hop theo phuong phép
duoc trinh bay trong nghién ctru trude day cua nhom tac
gia [10]:

Cho 0,4 mmol Ni(NO3)..6H.0 va 3,2 mmol
2-methylimidazole vao cdc chira 25 mL methanol. Khuay
déu hdn hop trong 50 phit thu dung dich dong nhat c6 mau
xanh 14 nhat. Cho dung dich hdn hgp vao Teflon — lined
autoclave. Ngam miéng bot nickel (NF) kich thudc
2 cmx1,5 cm trong dung dich HC1 2 M trong vong 15 phat
dé loai bo oxide trén bé mat. Rira sach miéng bot nickel
bang nudc cat, sau d6 cho vao dung dich hdn hop trong
Teflon va gia nhiét & 180 °C trong 8 h. San phim thu duoc,
viét tit 1a Ni-MOF/NF, duoc ria béng ethanol va nudc tinh
khiét sau d6 say khé ¢ 60 °C trong 1 h.

2.3. Phwong phdp dién hoa

Céc phép do dién hoa dugce thyc hién trén thiét bi do
dién hoa da nang Autolab (PGSTAT302N +FRA2) véi hé
3 dién cuc: Pién cyc so sanh (Ag/AgCl), dién cuc dbi (Pt)
va dién cuc lam viéc (Ni-MOF/NF). Nghién ctru sir dung
phuong phap quét thé tuyén tinh voltammetry (linear
sweep voltammetry-LSV) véi toc do quét 5 mV/s.

Thé dién cuc duge chuyén ddi qua thé dién cuc so voi
dién cuc hydrogen (RHE) ¢ 25 °C theo cong thuc:

E = Evs. AgCl/Ag + EzgcuAg + O, 0592 pH
= Es agcirag 0,197 40,0592 pH

vs. RHE

1)

Anh huong cta pH méi truong duge danh gia bang
phuong phap quét ph6 LSV trong dung dich NaOH ¢ nong
do thay doi tir 10° M dén 1 M (pH = 9 — 14), nong do
NazSO, thay doi tir 0,25 M dén 0,75 M sao cho tong nong
do cation Na* trong cac dung dich bang 1,5 M.

Anh hudng ctia ndong d6 chat dién ly nén duoc tién hanh
trong dung dich c6 pH = 13, ndng d6 Na,SO; thay ddi tir
0 M dén 1,0 M.

Thanh phan cac dung dich chét dién ly sir dung trong
nghién ctru nay dugc trinh bay trong Bang 1.

Bing 1. Thanh phan cé&c dung dich chat dién ly

Anh hwéng cia pH
Cuon(M) | 10% | 10* | 10% | 102 | 101 | 1

neso, (M) | 0,75 | 0,75 | 0,75 | 0,745 | 0,70 | 0,25
pH 9 10 11 12 13 14
Anh huéng cia n(“)ng do chit dién ly nén
CwonM) | 0101|0101 |01|01]|01
Cua0,(M) | 0 | 01 ] 02|04 ]| 0608/ 10

>C.M)l 0103|0509 13]17]21

D¢ doc Tafel dugc xac dinh tir phuong trinh hdi quy
tuyen tinh = a + b logi|. Trong d6, n (MV) la qua the ¢ mat
d6 dong dién i (mA/cm?) va b 1a 6 doc Tafel (mV dec™?).

Heé s6 chuyén dién tich dugc tinh theo cong thirc:

a=2T 2303 @)
Fb

Trong do, R 1a hang s6 khi (R = 8,314 J mol* K?); T la
nhi¢t do (T = 298 K); F 1a hang s6 Faraday (F = 96500 C);
b la 3o doc Tafel.

3. Két qua va thao luin
3.1. Anh hwong ciia pH méi truong

Dé danh gia anh huong ciia pH moi trudng kiém dén
hiéu qua xuc tac dién hoa cua vat licu Ni-MOF/NF, quét
thé tuyén tinh LSV trong cac dung dich hon hop NaOH +
Na;SO; c6 tong nong d cation Na*bang 1,5 M va pH dung
dich thay doi tr pH 9 dén pH 14.

Duong cong LSV cua dién cyc Ni-MOF/NF trong dung
dich c6 pH tir 9 dén 14, dugc thé hién trén Hinh 1.
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/
/
-200 ' : :
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E(vs RHE, V)
Hinh 1. Duong cong LSV cua dién cuc Ni-MOF/NF trong dung
dich NaOH x M + NazSO4 (1,5-X)/2 M (v6i X = 105 — 1 M)

Két qua thuc nghiém cho thdy, tai moi gié trj thé dién
cuc toc do tao thanh khi l}ydrogen (HER) trén dién cuc biép
tinh Ni-MOF/NE tang dén khi tang pH cua dung dich chat
dién ly tr pH 9 dén pH 14 (Hinh 1). Trong méi trudng kiém
manh (pH 14) vat liéu Ni-MOF/NF thé hién hoat tinh xuc
tac tot nhat.

D4 thi biéu dién anh huong cua pH dung dich dén
qua thé giai phéng hydrogen (HER) ¢ cic mat do dong
li| = 10 mA/cm?; |i| = 50 mA/cm? va |i| = 100 mA/cm?, dugc
thé hién trén Hinh 2.

-800

1 (10 mA/em2)
N (50 mA/cm?2)
-600 n (100 mA/em2)
E -400 -
=
=200 -
0 T T T . .
9 10 11 12 13 14
pH

Hinh 2. Qud thé tai cic mdt dé dong |i| = 10 mA/cm2;
li] =50 mA/ecm? va |i| = 100 mA/ecm? phu thudc vao pH dung dich
Hinh 2 cho thiy, ting d6 kiém cua dung dich chét
dién ly tr pH 9 dén pH 14 qua thé cia qua trinh HER tai
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cac mat do dong |ijf = 10 mA/cm?; |i| = 50 mA/cm? va
lii= 100 mA/cm? giam manh. O méat d6 dong thap
li| = 10 mA/cm?, tang pH tir 9 dén 14, gi tri qua thé giai
phong hydrogen trén dién cuc Ni-MOF/NF giam 6,5 lan
(giam tir -352 mV xuéng -54 mV). Trong khi & mat do
dong dién cao (|i| = 50 mA/cm? va |i| = 100 mA/cm?) gid tri
qua thé giai phong hydrogen giam chdm hon, lan luot 1a
3,5 va 2,5 lan khi tang pH tir 9 dén 14.

Nhur da biét, qua trinh dién phan nuéc giai phong khi
hydrogen trong méi truong kiém trén bé mat dién cuc (ki
hiéu dién cuc 1la M) duoc dé xuét xay ra theo co ché g@)m 3
giai doan co ban [11]:

Giai doan Volmer:

HO+e+M = M-H+ OH" (3)
Giai doan Heyrovsky:

M-H +H0 +e = Hz+ OH" 4)
Giai doan Tafel:

2M-H = H;+2M (5)

Theo tai liéu [11], néu giai doan Volmer, giai doan
Heyrovsky hay Tafel 14 giai doan chdm quyét dinh toc do
cua toan b qua trinh thi biéu thirc xac dinh téc d6 cua phan
tng lan luot la:

H 0 —a3Fn/RT
i = Fkya, .e ™" (6)
kO KOaZ e—a4Fr7/RT
I=F - SFU;_'R’Z'I? 0 (7)
a,, e +Kza,0
2
) Kla
1= Fkg Fq/3RT — 0 (8)
a,, € +Ksay, 0

Trong do, i la mét d6 dong dién; F 1a hang 75(‘) Faraday;
R 14 hang so khi; T 1a nhiét d9; o 14 hé so chuyén dién tich;
n 1a qua thé; 81,0181 8y o 1an luot 1a hoat d6 cua nuéc,
ion OH" va Hy0%; kJ;k?;k) lan lugt 1a hing sb toc do
chuén cta phan tng (3), (4), (5); K§ 1a hing sb can bang
ctia phan tmg (3).

Vé mit toan hoc a,, khong c6 mit trong phuong

trinh (6), trong phuong trinh (7), (8) mat d6 dong dién i
cung ti 1€ nghich v6i @, trai nguoc voi quan hé ddng

bién giira mat d6 dong dién i va pH (hoat d6 aOH,) quan

sat dugc tur thuc nghiém trén dién cuc Ni-MOF/NF.
Diéu nay chig té viéc ting ndong do ion OH" trong dung
dich chat dién ly da lam thay d6i hang sé tbc do chuan
ciing nhu hé sé chuyén dién tich, tir 46 1am ting mat do
dong trao ddi ctia phan tmg. Theo tai liéu [8], khi ting
pH dung dich qué trinh giai hap nguyén tir hydrogen hép
phu trén bé mit dién cuc (M-Haq) dién ra d& dang hon nén
téc d6 phan ung tang 1én. Ngoai ra, viéc tang toc do phan
tmg HER trong méi truong kiém khi ting pH cling ¢o thé
giai thich 1a do ion OH" trong dung dich c6 thé bi hap phu
trén bé mat xép r5ng cua dién cuc Ni-MOF/NF tao thanh
céc tam hap phu méi Ni(OH),. Cac tdm hép phu nay cé
kha nang hap phu nudc nén qua trinh dién phan nudc xay

ra nhanh hon [8], [12]. Thyc nghiém ciling quan sat
thiy dién cuc Ni- MOF/NF trong méi trudong kiém co
kha nang thAm w6t tét hon dién cuc NF chuwa bién tinh.
Téang pH, nong d6 ion OH" trong dung dich ting theo ham
mii (a,, =10™"), do vay téc do phan {mg dién phan
nudc tang.

Do doc Tafel ciia qua trinh giai phong hydrogen trén
dién cuc Ni-MOF/NF trong cac dung dich c¢6 pH khac nhau
duoc the hién trén Hinh 3 va Bang 2.

0.1
pH9
02 _ —pH 10
N\
—pH 11
0.3
& \ \ pH12
= \
0.4 —pH 13
pH 14
-0.5
-0.6 L L L L
0 0.5 1 1.5 2 2.5 3

logli(mA/cm?)|
Hinh 3. Biéu do6 xdc dinh dé déc Tafel trong
cdac dung dich c6 pH khac nhau
Biing 2. Gid tri dj doc Tafel (mV dec?) va
hé so chuyén dién tich phu thuéc vao pH

O ving qua thé thap O ving qua thé cao
PH |D¢ dbc Tafel |He sé chuyén |D déc Tafel|Hé s6 chuyén
(mV dec?) | dién tich (a) | (MV dec?) | dién tich (o)
9 267 0,22 385 0,15
10 322 0,18 523 0,11
11 303 0,20 564 0,10
12 261 0,23 629 0,09
13 311 0,19 712 0,08
14 278 0,21 802 0,07

Két qua phén tich Hinh 3 cho thdy, quéa thé 1 khong
phu thudc tuyén tinh vao log|i| trén toan bo khoang qua
thé khao sat (| = 0 — 0,8 V). Tai ving qua thé thip
(Ml =0,1-0,25 V) h¢ s goc b ciia phurong trinh tuyén tinh
n = a + b log|i| nho hon dang ké so véi hé s6 goc xac dinh
dugc ¢ vung qua thé cao (n| = 0,3 — 0,6 V). Ting pH ciia
dung dich d¢ doc Tafel & vung qua thé cao ciing tang manh,
trong khi & ving qué thé thap sy thay d6i khong qué nhiéu
va duong nhu khong c6 quy luat.

Anh huéng ciia pH moi trudng kiém dén do doc Tafel
ching t6 ¢ sy thay ddi hé s6 chuyén dién tich trong phan
ung phong dién cua H2O tao nguyén tr H (giai doan
Volmer). Két qua xac dinh hé s6 chuyén dién tich « theo
cong thirc (2) dugc thé hién trong Bang 2. Két qua nay
phu hop v6i nghién ciru vé anh huéng cua pH va qua thé
dén hé ) chuyen dién tich cta nhom tac gia Shima
Haghighat [13].

Tai cac thé dién cuc tir -0,4 V dén -0,1 V (so véi RHE)
gia tri logli] cling phy thudc tuyén tinh vao pH cuia dung
dich (Hinh 4).
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Hinh 4. Su phu thuéc ciia logli| vao pH dung dich ¢
cac the dién cuc E =-0,4V —-0,1 V (so véi RHE)

Bing 3. Gid tri hé s6 goc ciia dwong hoi quy tuyén tinh log|i| theo pH

Hé s6 goc
E (vs. RHE, V)
pH9-10 pH10-14
-0,1 0,74 0,13
-0,2 0,69 0,14
-0,3 0,58 0,14
-0,4 0,50 0,13

Trong khoang pH tur 10‘dén 14 duong phu thude loglil
vao pH c6 hé s6 goc gan bang nhau va bang 0,13 — 0,14,
trong khi trong khoang pH =9 — 10 logli| phu thuéc manh
vao pH, hé s6 géc dao dong tir 0,50 dén 0,74 tiy thudc vao
gia tri cta thé dién cuc (Bang 3).

Su phu thudc tuyén tinh cua logi| vao pH goiy rang su
tang nong do ion OH" khong nhirng lam thay doi gia tri hé
s0 chuyén dién tich o ma con lam tang hang so toc 6 chuan
cua cac giai doan co ban ki0 , tr d6 lam tang gia tri mat do
dong trao ddi (i) cia phan tmg.

3.2. Anh hwéng ciia nong dp chit dign ly nén

Pé lam tang d6 din dién cia dung dich, tir 46 1am giam
do sut thé Ohm (AU = IXR) va giam hao phi dién nang,
trong dung dich dién phan nguoi ta thuong thém vao cac
chat dién ly nét}, la cdc muoi tan va tro vé mat dién hoa cia
cac kim loai kiém.

0

=50
§
Z-100 ¢
E

-150

_200 L L 1

-0.8 -0.6 -0.4 -0.2 0
E(vs RHE, V)

Hinh 5. Anh huéng ciia nong dg cht dién Iy nén Na2SOs dén
dwong cong LSV cua dién cuc Ni-MOF/NF trong dung dich
NaOH 0,1 M

Dé danh gia vai tro ciia ndng do chat dién ly nén ddi voi
dong hoc cua qua trinh dién phan nudc giai phong
hydrogen trén bé miat dién cuc Ni-MOF/NF trong moi
truong kiém, tién hanh quét thé tuyén tinh LSV trong dung
dich NaOH 0,1 M c6 mit chat dién ly nén Na;SO, v6i ndng
d6 thay doi tir 0 M dén 1,0 M.

Duodng cong LSV cua dién cuc Ni-MOF/NF trong céc
dung dich NaOH 0,1 M va Na,SO4 (ndng do tir 0 M dén
1 M) duoc thé hién trén Hinh 5.

Két qua thuc nghiém cho thay, trong méi truong kiém
(pH = 13) toc d6 qua trinh HER trén dién cuc Ni-MOF/NF
tang dang ké tai hau hét cac gia tri thé dién cuc khi ting
nong d¢ chat dién ly Na;SO4 tir 0 M dén 0,8 M. Tuy nhién
khi tiép tuc ting nong do Na,SO4 tir 0,8 M dén 1,0 M tdc
d6 qua trinh HER & viing qué thé thap | < 0,5 V lai giam.

D) thi biéu dién anh hudng cua ndng dd NaSO, dén
qua thé giai phéng hydrogen & cic mat d6 dong
li| = 10 mA/cm?; |i| = 50 mA/cm? va |i| = 100 mA/cm?, duoc
thé hién trén Hinh 6.

-800
B (10 mA/em2)
1 (50 mA/em2)
600 - n (100 mA/em2)
5
£
=-400 A
=200 4
O 4
0 0.1 0.2 04 0.6 0.8 1
Crazsos (M)

Hinh 6. Qud thé tai cic mdt dg dong |i| = 10 [nA/cmZ;
[i| = 50 mA/em? va |i| = 100 mA/em? phu thudc vao nong dé NaxSOa

Hinh 6 cho thdy, ting nong do6 Na,SOs tir 0 M dén
1,0 M qua thé giai phong hydrogen tai cac mat do dong
[i| = 10 mA/cm?; i = 50 mA/cm? va |i| = 100 mA/cm?
giam manh sau d6 thay d6i khong dang ké. Tang nong do
Na;SO, tir 0 M dén 0,8 M, & mat d6 dong dién thip
li| = 10 mA/cm?, gi tri qué thé giai phong hydrogen trén
dién cyc Ni-MOF/NF gidam An = 117 mV (gidm t
-247 mV xudng -130 mV), trong khi & mat d6 dong dién
cao |i| = 50 mA/ecm? gi4 tri qua thé giai phong hydrogen
giam manh hon An = 412 mV (giam tir -691 mV xudng
-279 mV). Trong dung dich NaOH 0,1 M quét thé tuyén
tinh tr 0 V dén — 0,8 V (so v6i RHE) mét do dong dién chi
dat gia tri toi da bang |i| = 60 mA/cm? (Hinh 5), diéu nay
c¢6 nghia qua thé tai mat do |i| = 100 mA/cm? trong dung
dich NaOH 0,1 M n| >> 800 mV. Tang ndng d6 Na SOy tir
0 M dén 0,8 M qua thé giai phong hydrogen tai mat o dong
il = 100 mA/cm? gidm An >> 400 mV.

Theo két qua nghién ciru cia Gaurav Ashish Kamat va
cong su, ban chit anion anh huong khéng dang ké dén tdc
d6 phan tmg HER do phan tmg cathode xay ra trén bé mat
dién cuc am [5]. Do vy, c6 thé khang dinh anh huong ciia
chat dién ly nén chu yéu 1a do cation giy ra. Anh hudng
cua cation kim loai kiém dén dong hoc cua qua trinh HER
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trong moi truong kiém dwoc giai thich 1a do cac cation véi
16p vo hydrat hoa, dudi tac dung cua dién truong s€ tap
trung & 16p dién tich kép tao thanh 16p phu cac phén tu
nude hoat dong trén bé mat dién cuc [8].

Theo cac phuong trinh (6) — (8) mét cach gan diing néu
b6 qua hoat d cua OH™ (a_, <<a, o) thi logli] s& phu

thugc tuyén tinh véi log a,, . V& do thi phu thudc cua

log|i| vao log[Na*] thu duogc phuong trinh hoi quy tuyén
tinh v&i hé sé goc dao dong tir 0,512 — 0,537 tai cac gid tri
thé dién cuc tir -0,6 V dén -0,4 V (so v6i RHE) (Hinh 7).
Diéu nay cho thay khing dinh vai tro cua cation Na* trong
phan tmg HER lién quan dén kha niang mang phan tir nuéc
hoat dong 13 hoan toan hop 1y.

5y | "E=-04V <E=-045V +E=05V o
: «E=-0,55V ‘E=-06V o
2 | P
NE]S . T
E o :
B | :
14 F °
1.2 L 1 L L 1 1 L
11 09 07 05 03 01 01 0.3
log[Na J(M)

Hinh 7. B thi bz:é:u dién quan hé tuyén tinh ciia logli| vo
log[Na*/ ¢ cdc thé dién cuc E =-0,6 V—-0,4 V (so véi RHE)
Tuy nhién khi ndng do chat dién ly nén du 1én
(Cya,s0, > 0,8 M) nong do cation Na* ¢ 16p dién tich kep dat

gié tri bdo hoa, do vay ting nong do Na,SO, tdc do giai phong
hydrogen khong tang, thAm chi giam do twong tac ion-ion lam
can tr& chuyén dong cua cac ion trong dién truong.

Ngoai ra nhom tac gia Akansha Goyal va cong su cling
giai thich vai tro cua céac cation trong vi¢c cai thién dong
hoc cua phan tng HER 1a lam gidm nang luong hoat hoa
cuia giai doan phan ly nudc, do d6 lam ting téc do phan img
dién phan nudc giai phong hydrogen [8]:

H,0+e+M +Na" —>M -H-OH ™’ -Na" +(1-)e
i 9)
M-H+OH™ +Na*

4. Két luan

Do kiém (pH) va ndng d6 cation nén trong dung dich
chat dién ly anh hudng manh téi dong hoc phan ting giai
phong hydrogen trén dién cuc Ni-MOF/NF trong moi
truong kiém.

Tang pH dung dich l;iém mat d6 dong trao dbi tang
dang k€, trong khi h¢ s6 chuyén dién tich c6 xu hudng
glam dan. Cation kim loai kiém véi 16p vo hydrat hoa c6
vai tro thiic ¢y phan tmg HER trong moi trudng kiém.

Tang ndng d6 cation Na* toi gia tri bio hoa téc do phan
ung HER tdang manh.

Vit liéu Ni-MOF/NF xuc tac tot nhét cho phan tmg dién
phan nudc tao thanh khi hydrogen trong méi truong kiém
manh (pH = 14) c6 mit chét dién ly nén Na,SO, sao cho
tong nong d6 Na* bang 1,7 M.

Loi cam on: Nhom tac gia xin cam on Truong Dai hoc Su
pham - Dai hoc Da Nang da tai trg cho nghién ctru nay voi
ma so de tai T2023-TN-03.
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