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(1) Oxygen Evolution Reaction (OER)
(v) Urea Oxidation Reaction (UOR)
(®) Yang C., et al.
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(v) Reversible Hydrogen Electrode (RHE)
(v) Cyclic voltammetry (CV)
(0) Field Emission Scanning Electron Microscope (FE-SEM)

(v) Linear sweep voltammetry (LSV)
(f) Electrochemical Impedance Spectroscopy (EIS)
(*) Transmission Electron Microscopy (TEM)
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(V) X-Ray Powder Diffraction (PXRD)

(v) Fourier-Transform Infrared Spectroscopy (FT-IR)

—



VF+¥ F D)Lows &¥F 8,92

)b 90 b dualie 5 Ll fcanl oad ol (63508 Jrusliy 5
Dl gyt Jpsly

o35) 51 03lil L 0ys) (ypmmiipnS] STy Sb IS ilas
Sloyordy w30 lis &5 WS plxl cg Sl Jolore
ol 5% 4 CuCo-PCP (5315 93 Jodstie  Jgnlins)ssS
L8l Cawd VROV 5ol goms il ;3 Ve mAcm™
Co-PCP (V001 V) 5 Cu-PCP (VASO V) RuO; (VY V) jl &5
S (Sgnolnd)gisS Sbyyerhy 3los S (o ooyl
Sy sl b dhsge CenBlSg 2SIl lgie 4 CuCo-PCP (316 5>
5 JStte dgiSIl 51 ooliol b aoygl olé 5 i oS
a8 aad o oyl Fo S ol b bl bys ol g KOH YM
03] OogamlienST GiSly (sl 65 0mb 98 Jeilty ol
S5 (VYYD V) oypenS] JolS5 STy by auglis 15 (V¥4 V)
S youly canJUlS g xSl a8 s o0y LS ¢ cpizmed Ll 031
4 ko lp CuCo-PCP (¢35 95 oo (Sgmolins)gss
D 3l ladigas o &y Cand (5508 il &2 VL b S
Co g Cu olils snimd jlis & cogllas  Sioliudgeys S 5
SloiSly sl die Cund b pgolinn] Clls iy
S (o it |y g8 Jisl g aisls (S (5590 (oo 5
A5 o angi |y 0yel gmilinns] (iiSly 5 Slas 1 04 oanliie 3900 9
Cu ljlé i 2l3lon ;36 4 Glgon 1y 2,Shos 290 eIl
WJb opmed 50 [AGYY ] b und B8 g oSl Jlis b 45 Co
SH 9> e Sgnalid)BsS slajeddy JlStie (g lors
T 9 3909 03,5 ke |y Ji%e gou JUil ¢ CuCo-PCP
(leordg Sl 5o 4 g 03y Rl ]y ey il slagys:
DSy s oy p s FA JSS ol p oMo S (0 S
56 doles 33 o s Siiams o515 511 0g) (ypmeshizass]
oyl i 5 4 Jo 9 T P &S cuwl II= P log(i/jo) yomo 4
puo BLBl Jeily 13 by JBe 5 ol JBe (BB cud
Ol BB caed 9 YU (D5 b yr S8 ol [FO] s
D9 dizge 0,Sdae b Jloss] cund B1S'9 S S & jxie Wl o
sl (gl odd glyuwl i 8 slacus Fe S
Jodsie Sgunlnd)gieS (sl poudy 9 RO, LCo-PCP LCu-PCP
NOd N+ mVdec! palie b cusys &) CuCo-PCP (o306 o
S el ioxie Lausgs a5 ysbo e am3 e 3 )55 1, (YA 4 VYT
ol 0445 031> Ol drdiged LSV (gla s 5lodds C])M]
oo (Sl g5 sl yoky (sl o L iy St
Ol 1y oyl pgmliensT iSly )3 CuCo-PCP (556 43
ogilly jobo 4 doxs ol [F59¥V] 58 b Sl BB s L
Aoy Comd bylyis 53 Co g Cu s o158 oo ol gl lawgs
LYV J0gd o0 a>g5

Ry a9 LIS,

Olr) (oo (ot digen § (somad) &) it

CuCo—PC
: === 2 { ¢

Yoo

Yoe

Yoo

VO

Yoo

Quantity Adsorbed (cm®lg STP)

b §

.Y ¥ o A 3
Relative Pressure (p/p°©)

Cu-PCP sadiges g1y N2 Cialy-0ds sbpybgi! - O JSUG
CuCo-PCP (538 9> Jodsin Fgmiliad 5955 5 youds s Co-PCP

BET ajaw o lows Oy LS‘)f N ub‘g—u» dLh[n)_g)J‘
2x8)S 18 eolatwl dy90 CuCo-PCP (5318 o0 Jodseis
)K.w] LD:AJ%J dod dl).g ]) H4 9 II 894 U ) il dlﬁ:% 9
5 o i ol 5ngie 53 o5 (B JS2) 05
iy A ).:JLo.a 4 e BET oy9 C.\a.u Coliwe dhbu.,b))l
& yeuls g Co-PCP «Cu-PCP (gly V¥ 4 AT &OY) m’.g!
Cawl 5§34y p3Y .5 CuCo-PCP (4318 9> Jodstio  Sgmolind ysieS
Slaosls g NAd i dlie L)i‘ » b Oﬁjﬁ‘ sly i gos O"..l
L oodd gl No Clalgole Glapignl @i 5l Jols
ol 01 )5S

O dugi S0 g I (oo g SSIN 403 5 (o 3 51
1 oy s CO-PCP «Cu-PCP o3l -y guuwlipunST STy 5 Slos
5 eolitwl b CuCo-PCP (38 o Jodouio  Jgmuliud)gisS
by ol b bgle) MKOH Jgloo 13 (639 ,:583) duo i S5
‘0)91 '/V\”M Lgsl> l{).) u] 9 Y\ M KOH J9l>w )9 uu&!.o&b 9
LS‘)" '/Y:Y‘ M 0)9‘ clle s u)b))] u]aa?w Ja)l).w Wt )
(+ XY M Lo,a) bl jhol 13 59350 0] Jgaze (glgiee (6 5lodond
oSl lanl o bdses LSV sla sove i bl
oy9l +MY M (gob> Ly Ol g Y M KOH Jgloxe 51 JSCiizo
Dides o S pod B8 s Sl slacullad il 0 00> i
by slp gyl ren > 550 )b RuO:
i SO gladiges (JSS ol s b (slanlie
309> ladiges (ppimen g odd i (Jomlnd) ¢S (slayed;
CHE S slrdiges 4 Cund (65189d digad Dgui o odnliie

—



VF+¥ F D)Lows &¥F 8,92

s Oy IS g o il 2 (5318 93 SIS Jgmld 9955 (Sl yordy

Olr) (oo (ot digen § (somad) &) it

a

( ]\“ (b) Y (c}‘n

i ©

E Al o E A

g & E

= 5 g 1,7 = Fed

z £ z

£ RuO = 5 o o 2

g ¥ e B oAMS o S g g .

= —— CuCo-PCP = 2 § s 5 =

g — Co-PCP g o © e 5

£ Ve SRR S 5oyl

= — Cu-PCP & =1

=} u 3

R4 \PFd i \A# Y.A )Y ) ¥ \PFd VA Y Y.y
Potential( V vs. RHE) Electrocatalyst Potential{ V vs. RHE)
(@ (). () vo
—Co-PCP — B Cu-PCP Cu= 1.5 mF cm2
= Y0 D 14 | A& Co-PCP Cu= 2.8 mF em™

— | =——cu-pcp ] £

= VA ! o S  CuCo-PCP Ca= 3.5 mF cm? +
: S g

£ 1,51 S E 1,0 A
- F . . E

T [=3

£ 1,81 // 2 8 & & 5 2 M hs

@ o 548 ] I 3 = Y

8 2 L 3 =] b 5

=y —RuO; Sy, © E 01 *

= CuCo-PCP ]
-0 . 0 ] 1,0 . Y £ Se
log [j(mA cm™2)] Electrocatalyst Scan rate (mv s™1)

e U183 S Jyuwiliy (D) d MVST (ol a8 paw 9 B3 SN LSV oo sitmio (2) 10,91 ygmusloipunST STy 3,Sbos — & JSub
CuCo-PCP (5518 9> Jodscio Gigmolind 5955 (0 youly (xSl JolSS (15iSTg 9 2 9] cogmmolipmuT STy 2,Sos (€) Y+ mACI™? (b > Je 2
Car o (F) g U 5SI J36 gbianss (€) deT LSV (sl siomio 5| o> Bcund 55 5 J56 b 3905 (d) d MV 3Kl a6 g 13

) s ool 09] + ¥ M+ 1,3 o KOHY M g 2SI Jaloo 5 8,51 ypmusliannST (S Ty el sl sl olod lacund 515y yiSUI

&g05 Cat ¢l 1, ¥/ mFem? )lade codelcomsds gulis .ol ol
3b yUis CuCo-PCP (5318 g5 Jodorio  Souwlisd)sieS (sla pouls
Cu-PCP (V& mFem?) alas | wlge plu jI gYL oS
Jbd aew ili8l (plply g Co-PCP (YA mFem?)
CU/CO dinger s 53 618 5280 3, Sae o loanig 351
30 il g BB ok 4
Sy SISy 3l el Jie S
Clg S L Jolss plSim o (daws )1 4 o5 el ol gyl
Sy S Jlone by 39,550 ol s 38y 25 ol
dyr90 lrerdy Sl (il ol S o5 Yol s 4l
LFA0V] b o dgst CanndBlS 95801 5 Sl o 13 9 b 0 I3
5 ol 3 Slas il ol 5,5 S, oS3 Sl o
Somolind)esS (b yeuls diges (g)lul Aa S il salgs
& siosmiliyginyS 5| oolitl b ], CuCo-PCP (g3 4> Jsclsize
Voo gAe &o e Yo mAem? b sl JBs o glals o s>
Soled)FsS lojery o5 WSe b g WS )y
Ik iz (b2 by J&s co5 CuCo-PCP (536 93 Jodseie
Somln2)5558 (gl youls ooty ()l (sla bl .l osle B
£+ mAem? by J&s ;5 50 CuCo-PCP (536 4> Jodscis

Colus il ot CundblS o 5S> Slas (vt yiohl oyl 2 09Me

and o Uis a5 > )3 15 I (ECSA) olbewiy yiSUl b oo
ECSA ol yisl58l 5 s Lo yo o b Lagiiuns Cat g ECSA
TFAFAND] ( Ff JS3) ol 03 U3y Ca gV yyolie 5o
il 4l > s (Sl slacas po b glas 2 (g el
oygl MY M+ L ys O IMKOH g Sl Jgloxo 5 g (0,6 e
S yelly Glaizio by el > 45 pLl ECSA (b)) sl
B e ol edgie )3 e sladiges lp s 2
o e s Sl g g o) ilisee g (Sl w5
(e (pl e 33,5 oo oy gy S g o (b (i
5553 ECSA oximd (L5 Car YU plie [FA] Cawl Car b ol
Gy ke aw (g (e yiwd ) odimd Ll &S Cuwl diges
D9y il o5 sl lo sl (plhondy Ul sl STy > S 5
2 Jl & amd oo 5 gy dllaie S5 53 958l g (g i
518 2801 5 Slos Lblato 9 S o Jutens |y 2o £y
o3> LS (a-c)V el IS pd oS &S e iy o dans Iy
sbee b ng;,.u,)blfg ,&H dod gl 5 CV slas,S, 03] el 05
6 e sl 4l ;30 o ¥ X ¥ Ve mVsT Sl
&yl Vd S js dbgye i-scan rate (glajldges a5 Gl plodl

(V) Specific Eectrochemically Active Surface Area (ECSA)

\M



\f»f‘\%)w‘f\‘o,,: d?&l:w:bbgd)bb‘bo) u‘ﬁ‘Wngwt\grw

(a) Y (b) 1,0
llf:-' y d 50 my s1 IE
= [=]
e <<
E B On
= 5
2 - (<%}
= o 10 mv s =
= = «,0-
E =
B -V =
5 <
o
-y . . -0 . .
), Y V¥ AR V4 AT )Y 1,0 F 1,05 1,90
Potential{ Vv vs. RHE) Potential{ V vs. RHE)
(c) (d) ro
i 50 mV -1 _— B Cu-PCP Ca= 1.5 mFem™@
'= = Y |& Co-PCP Cu= 2.8 mF cm™
(] (=] o -2 *
= - 4 CuCo-PCP Car= 3.5 mF cm
E ] E oA
= =
“@ @
= =
[<F) @ \ -
= =]
=t Bale =
= @
E SRS
S 3
_‘~ L T - T T
V)Y V¥ VN5 ARTA . Yo feo So
Potential{ V vs. RHE) Scan rate {(mv s™1)
w159 S Cat ylade (d) g Bliseo Sl GBCAE g 45 LU 4 wSIICV sla gisxie (a-C) -V S
(a) v.6 (b]y,30 (c)y
@60 mA cm™? -~ 6000 cycles
o PR RS = A
w \ASE m E
«“ g 2 J <
@ 100 mA cm? VA0 E s
= 19 —_— 4 E .
2 SR
5 — : VA g before Jf after
=R ° s c Fef
- e 2yl J
=t 20 mA cm2 T =
=} 5 @
By & gyl %_ [
=]
) T T T T ‘1;‘5 T T T T T T M ! T T T
N See Y¥eo YAee YFer Yeuu v e Ye Yo Fo Do Se Ve ) )y 1,0 B4 A5 T
Time (s) Time (h) Potential( V vs. RHE)

wilisre sl o (S ;5 CuCo-PCP (558 93 Jodbio  gigmulis3 ;5555 (S1 youdy Camnd il g ySUI glals yo N> (6 yiogummnilingig S () — A JSo
Celw FA Guse & 5+ mACI? o JEs 45 CuCo-PCP (5313 93 Jsdsiio  Sgmlisd 1555 51 yosls Coned B 's 51 (¢ yiogmundliygis,S ()
CV &b ya Frer 5l s CUCO-PCP (313 95 J5dcio Somwliud 5365 51 yosls o519 iU LSV (sl sizeis (€) 5

ol 0153 0313 L5 A K5 3 48 pgblon dpde 6l dpmte |y CondB1S S ()l Ab S5 15 plocl el A 0,55 S s
LSV (slasSojll ol ) g 9 25 Pl 55 OV gz Sove a3 oS o b (o 2SI STy Jobo o
CanalBS 5 S s (slo o)) (sl O VST Sl Gty b 23908 g ol oalcsddy (6 fraguaslingissS iovio > g B
Bged Eopd Joilly )3 (Si2 e oMU &5 0 pbdl  (Sglud)BsS sbayedd CuddUly Sl godosalia U3
e olul gonad s & Cwl CV gas o Fove o ylod pdaw o381 b 0gally jslods CuCo-PCP (318 o Jodcio
3,80as dulio sl 09l (pgnlipunst G5STg 3 Candilg iUl (glajardy J5dlotie (5 lane Lawsgs ol lagye Clg iU L
015 dunglia Lo yo Ol 52 b CUCOPCP a5l I 59 o Jutoud CUCO-PCP (g3l 55 Jsdsiia ggmarlinsgisS

sl ondonyg V Joar 3y a3 g Bl I e g Sl slagyg 2l jlisl el

—



YF+F ¥ D)Lows &¥F b)gb

s Oy IS g o il 2 (5318 93 SIS Jgmld 9955 (Sl yordy

Olr) (oo (ot digen § (somad) &) it

JAY-BY] ciliso ©lxidigs b 89l igluST LiiSTy (gl CUCO-PCP Cond51S'g SN 3 Sl drnlio — 1 Jgir

= [ Lt Ry P e

=t [ Pt | Rt PO I

Intensity (a.u.)

e B8 e D Y- Y Y. Yo ¥
20 degree

S yoss IFE-SEM ,5la5 (b) 3 PXRD (551 (a) - Y+ JSu
Wt Wiged ylgis 4 CUCO-PCP (5318 93 Jodsiio Sgmwliad 9095
G5 g 2SN S 1g 51 oy

Wl b e 0l e SluS 5 (Sajeb HRals 4 sl (Sas oS
(Bl ySU STy Sl w5 IS dige3 (l XRD Lo ol
o3lo 5o § Ceus PXRD (56501 )5 a5 LB posis oimd 5L
FE-SEM Ry Vb J&w ‘L)’l 2 09)4.0 L] 045 Lads Ty
Olpie 4CuCO-PCP (556 93 oo Jgmliad; 595 (sl yorky
a3 ee Ui 1) B Sl (1STy Sl e Ay L9
b oy (b)) 29 o0 oamliie JS5 (pl )3 &5k lon
UiSly 5 dx CuCo-PCP (g3l o5 oo _igmusld,ssS

(e g sl Jrily Bl g Sl )
[av] 1M KOH + 0.33M Urea 1.56@100 NH,—NiCoFe- MIL-101
[av] 1M KOH + 0.5M Urea 1.50 @100 Ni-BDC-10/NF
[aF] 1M KOH + 0.5M Urea 1.48@50 Fe,V-MOF
[00] IM KOH + 0.33M Urea 1.70@10 Ni-MOF@NiO/Ni
[a5] 1M KOH + 0.33M Urea 1.47@10 Fe-MOF/FFE-5
[av] IM KOH + 0.5M Urea 1.44@50 CoFeP/MOF
\_ rob adlas 1M KOH + 0.33M Urea 1.49@10 CuCo-PCP )
(a) Ladiges gl Jolae Yoo polie pdlie - Y Joua

(" Electrocatalyst Re(ohm) | Ry(ohm) Ca(uF) )
Cu-PCP Ys )\ WA
Co-PCP vy V¥ yay

. CuCo-PCP ) \F fv- )
V'Y

AV
— t:,,l
E
E al
<
N
Yo ¥fo O«
Z' (ohm)
il e Jao {BCand 1S g oSl Cannd oo b (b jldges — 4 S
859! CygamlinnS | WS Ty (gl DS

&l (BI8) ' plrosdig ySUl uiligal (2 il g |
o1y lp bages by sl o Sloe i o0y
byloge Lawg 4 sblen A edlinul oyl smlins]
oS Cooglio 0aimd il «Cuwl 0l diws p & S5 5 Cund oSO
Sl 0ygl GgelinST (iSly (Vb St 5 5k JEI Rl 5
> 4 CuCo-PCP (5318 93 st (Sgumlin) 958 sl porly
ool sl plo b dwglis 3 o ,SosS opbes kb
ol 035 03,91 ¥ Jgdn 33 Jolxe Jle polic yolie
S5 9 Joie (Sgnlnd; 508 (sl yerds (5l cpinen
buwg SYeb ad > S il s diuto dig03 ylgie 4 CuCo-PCP
Vea JSi j &S jgb et A5 _wwyp XRD 9 FE-SEM (¢la 3
OiSly 3l dm ond i OluSy le wal ol asuin
loald ol il 3 (03,55 wrguinn il 518 s ]

(V) Electrochemical Impedance Spectroscopy (EIS)

—


mailto:1.44@50
mailto:1.49@10

VF+¥ F D)Lows &¥F b)gb

Cuol RUOy (6)lo6 CandllS g Co-PCP Cu-PCP & o
Sl Slosed a5 B By 3Slec
o1 S5 alis b ol |, CuCo-PCP (gjlb o5 Jselsiio
Sorolady P55 Gl yerh (gamdnw Hloss (1) b ol 25
ohs g il b olan CuCo-PCP (g5l o5 Jselsiio
e ao JEl el & o8 Jlb (slacalo yide (i
g JB 3l (V) 2415 0 bS]y (i 3985 Jgbo § 438 o0 S8
@ply Sy il b candbl xS glul 5 0l
Cul (Senl lakaly g laorn Sy 4 ol (lp LAY
oo Gl a5 B 5 41y a5 5501 2l a5
Je (Gonlnd; oS slajeddy dyoo Sl 4 nlple
Sy gloaiSlgnel Jos slalay s CuCo-PCP (38 oo
dial (g My dex oyl b lasi e iliie (glas )8
b ore 3 9 de undilS g iUl dngi > (h2g JB jobo
oyl 3 e oMb g 5 Ll Lles o) 5y

A8l ansly A8 Sb ek 5l &

g i g9 (5,541 Lo,

Olr) (oo (ot digen § (somad) &) it

Al ey BB s Vo S L awslis )0 cdUlS g sl
Ao a2 (o IS S0 5,5 S5yl s 4 g5 on
A8l (B85S0 25Ty 5l s

S 5 A
Jb5e Ggplipss 555 Sy S il adlns
alayly 5l (653 Bres Sy 903, diwyy |y CuCo-PCP (438 oo
P ool 5l & ML yamolinsST (gl 5, Slae— ;s
35 Jb STy lon Il 3505 e |y issn 5
syl 53 5 Slos 390 9 pled 4 e Wl lybl iy g
L awlde » CuCo-PCP (gl 9o Jodoxio  JSguwld)sisS
(V¥ V) Jauasky oy yioS 295 0 CO-PCP 9 Cu-PCP (sl 3165
GpeS 9 Ve mAem? (b (IS 4 ey lp b 2590
Py B g S Slas oaimd lis (WA mMVdec) Job o
Capmd b CuCo-PCP (5318 95 Joedoto (Sgualind; 565 (sl oy
Ol iy g e plgd oo lis a5 cunl V2V Ll CuiCo

Fodly

[1] Sanati S., Morsali A., Garcia H., First-row Transition Metal-Based Materials Derived from

Bimetallic Metal-Organic Frameworks as Highly Efficient Electrocatalysts for Electrochemical
Water Splitting, Energy & Environmental Science, 15: 3119-3151 (2022).
[2] Zhang Y., Du J., Shan Y., Wang F., Liu J., Wang M., Liu Z., Yan Y., Xu G., He G., Shi X., Lian Z.,

YuY., Shan W., He H., Toward Synergetic Reduction of Pollutant and Greenhouse Gas Emissions
from Vehicles: A Catalysis Perspective, Chemical Society Reviews, 54: 1151-1215 (2025).
[3] Shi M.M., Bao D., Yan J.M., Zhong H.X., Zhang X.B., Coordination and Architecture Regulation

of Electrocatalysts for Sustainable Hydrogen Energy Conversion, Accounts of Materials

Research, 5: 160-172 (2024).

[4] Ren J.T., Chen L., Wang H.Y., Tian W.W., Yuan Z.Y., Water Electrolysis for Hydrogen

Production: From Hybrid Systems to self-Powered/Catalyzed Devices, Energy & Environmental

Science, 17: 49-113 (2024).

[5] Gayathri A., Ashok V., Jayabharathi J., Thiruvengadam D., Thanikachalam V., Multifunctional Iron—

Cobalt Heterostructure (FeCoHS) Electrocatalysts: Accelerating Sustainable Hydrogen Generation
Through Efficient Water Electrolysis and Urea Oxidation, Nanoscale, 17: 3958-3972 (2025).
[6] Ghanbarian M., Afzali D., Mostafavi A., Fathirad F., Displacement-Dispersive Liquid—Liquid

Microextraction Based on Solidification of Floating Organic Drop of Trace Amounts of

Palladium in Water and Road Dust Samples Prior to Graphite Furnace Atomic Absorption

Spectrometry Determination, Journal of AOAC INTERNATIONAL, 96: 880-886 (2013).

—


https://pubs.rsc.org/en/content/articlelanding/2022/ee/d1ee03614a
https://pubs.rsc.org/en/content/articlelanding/2022/ee/d1ee03614a
https://pubs.rsc.org/en/content/articlelanding/2022/ee/d1ee03614a
https://pubs.rsc.org/en/content/articlelanding/2025/cs/d4cs00140k
https://pubs.rsc.org/en/content/articlelanding/2025/cs/d4cs00140k
https://pubs.acs.org/doi/10.1021/accountsmr.3c00197
https://pubs.acs.org/doi/10.1021/accountsmr.3c00197
https://pubs.rsc.org/en/content/articlelanding/2024/ee/d3ee02467a
https://pubs.rsc.org/en/content/articlelanding/2024/ee/d3ee02467a
https://pubs.rsc.org/en/content/articlelanding/2025/nr/d4nr04382k
https://pubs.rsc.org/en/content/articlelanding/2025/nr/d4nr04382k
https://pubs.rsc.org/en/content/articlelanding/2025/nr/d4nr04382k
https://academic.oup.com/jaoac/article-abstract/96/4/880/5655085#no-access-message
https://academic.oup.com/jaoac/article-abstract/96/4/880/5655085#no-access-message
https://academic.oup.com/jaoac/article-abstract/96/4/880/5655085#no-access-message
https://academic.oup.com/jaoac/article-abstract/96/4/880/5655085#no-access-message

VEoF F o)lons FF 09 s Oy IS g o il 2 (5318 93 SIS Jgmld 9955 (Sl yordy B

[7] Yang C., Zhao M., Zhang C., Zhang S., Zhu D., Guo C., An Fe-Doped Ni-Based Oxalate
Framework with a Favorable Electronic Structure for Electrocatalytic Water and Urea Oxidation,
Chemical Communications, 61: 141-144 (2025).

[8] Zhou X., Du X., Zhang X., Controlled Synthesis of M Doped NiMoO4 (M = Co, Cu and Fe) for
Urea, Freshwater and Seawater Oxidation Reaction, Fuel, 371: 132050 (2024).

[9] George A., Rahul S, Raj A.D., Yang Q., Jayakumar G., Photocatalytic Degradation of Dyes Using
Cu3V,0g Nanorods, Inorganic Chemistry Communications, 168: 112890 (2024).

[10] Sanati S., Cordes D.B., Slawin A.M.Z., Qian J., Abazari R., Highly Conductive Non-Calcined
2D Cug3Coo7 Bimetallic-Organic Framework for Urea Electrolysis in Simulated Seawater,
Inorganic Chemistry, 64: 510-518 (2025).

[11] Wang J., Abazari R., Sanati S., Ejsmont A., Goscianska J., Zhou Y., Dubal D.P., Water-Stable
Flurea Oxidation Reactionous Metal-Organic Frameworks with Open Metal Sites and Amine
Groups for Efficient Urea Electrocatalytic Oxidation, Small, 19: 2300673 (2023).

[12] Ding H., Zhao Z., Zeng H., Li X., Cui K., Zhang Y., Chang X., Heterojunction-Induced Local
Charge Redistribution Boosting Energy-Saving Hydrogen Production Via Urea Electrolysis,
ACS Materials Letters, 6: 1029-1041 (2024).

[13] Li J,, Yin C., Wang S., Zhang B., Feng L., Built-in Electrophilic/Nucleophilic Domain of
Nitrogen-Doped Carbon Nanofiber-Confined Ni>P/NizN Nanoparticles for Efficient Urea-
Containing Water-Splitting Reactions, Chemical Science, 15: 13659-13667 (2024).

[14] Pérez-Sosa M.A., Ramirez-Meneses E., Manzo-Robledo A., Mateos-Santiago J., Hernandez-
Pérez M.A., Garibay-Febles V., Lartundo-Rojas L., Zacahua-Tlacuatl G., Enhanced
Performance of Urea Electro-Oxidation in Alkaline Media on PtPdNi/C, PtNi/C, and Ni/C
Catalysts Synthesized by One-Pot Reaction from Organometallic Precursors, International
Journal of Hydrogen Energy, 46:21419-21432 (2021).

[15] Ge J.,, Liu Z., Guan M., Kuang J., Xiao Y., Yang Y., Tsang C.H., Lu X., Yang C., Investigation
of the Electrocatalytic Mechanisms of Urea Oxidation Reaction on the Surface of Transition
Metal Oxides, Journal of Colloid and Interface Science, 620: 442-453 (2022).

[16] Tang S., Zhang Z., Lv Q., Pan X., Dong J., Liu L., Wan Y., Han J., Song F., Heteroatom
Engineering in Earth-Abundant Cobalt Electrocatalyst for Energy-Saving Hydrogen Evolution
Coupling with Urea Oxidation, ACS Applied Materials & Interfaces, 16: 66008-66017 (2024).

[17] Yu X., Zhang W., Ma L., Tang J., Lu W., Li J., Zhang J., Xu X., Interfacial Engineering of a
CoSe@NiFe Heterostructure Electrocatalyst for High-Efficiency Water and Urea Oxidation,
Green Chemistry, 27: 31-742 (2025).

[18] Abazari R., Sanati S., Stelmachowski P., Wang Q., Krawczuk A., Goscianska J., Liu M., Water-
Stable Pillared Three-Dimensional Zn—V Bimetal-Organic Framework for Promoted
Electrocatalytic Urea Oxidation, Inorganic Chemistry, 63: 5642-5651 (2024).

[19] Sun H., Luo Z., Chen M., Zhou T., Wang B., Xiao B., Lu Q., Manipulating Trimetal Catalytic
Activities for Efficient Urea Electrooxidation-coupled hydrogen production at Ampere-Level

Current Densities, ACS Nano, 18: 35654-35670 (2024).

—


https://pubs.rsc.org/en/content/articlelanding/2025/cc/d4cc05385k
https://pubs.rsc.org/en/content/articlelanding/2025/cc/d4cc05385k
https://www.sciencedirect.com/science/article/abs/pii/S0016236124011980
https://www.sciencedirect.com/science/article/abs/pii/S0016236124011980
https://www.sciencedirect.com/science/article/abs/pii/S1387700324008748#:~:text=The%20photocatalytic%20activity%20was%20demonstrated,%2C%20and%20BB%20dyes%2C%20respectively.
https://www.sciencedirect.com/science/article/abs/pii/S1387700324008748#:~:text=The%20photocatalytic%20activity%20was%20demonstrated,%2C%20and%20BB%20dyes%2C%20respectively.
https://www.sciencedirect.com/journal/inorganic-chemistry-communications
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c05162
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c05162
https://onlinelibrary.wiley.com/doi/full/10.1002%2Fsmll.202300673
https://onlinelibrary.wiley.com/doi/full/10.1002%2Fsmll.202300673
https://onlinelibrary.wiley.com/doi/full/10.1002%2Fsmll.202300673
https://pubs.acs.org/doi/10.1021/acsmaterialslett.3c01578
https://pubs.acs.org/doi/10.1021/acsmaterialslett.3c01578
https://pubs.rsc.org/en/content/articlelanding/2024/sc/d4sc01862a
https://pubs.rsc.org/en/content/articlelanding/2024/sc/d4sc01862a
https://pubs.rsc.org/en/content/articlelanding/2024/sc/d4sc01862a
https://www.sciencedirect.com/science/article/abs/pii/S0360319921012271
https://www.sciencedirect.com/science/article/abs/pii/S0360319921012271
https://www.sciencedirect.com/science/article/abs/pii/S0360319921012271
https://www.sciencedirect.com/science/article/abs/pii/S0021979722005471
https://www.sciencedirect.com/science/article/abs/pii/S0021979722005471
https://www.sciencedirect.com/science/article/abs/pii/S0021979722005471
https://pubs.acs.org/doi/10.1021/acsami.4c11228
https://pubs.acs.org/doi/10.1021/acsami.4c11228
https://pubs.acs.org/doi/10.1021/acsami.4c11228
https://pubs.rsc.org/en/content/articlelanding/2025/gc/d4gc05278a
https://pubs.rsc.org/en/content/articlelanding/2025/gc/d4gc05278a
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00053
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00053
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00053
https://pubs.acs.org/doi/10.1021/acsnano.4c14406
https://pubs.acs.org/doi/10.1021/acsnano.4c14406
https://pubs.acs.org/doi/10.1021/acsnano.4c14406

\f’f‘fﬁ)wcffb)sb w"ﬁi:wd:”bgd)bb‘bo) u‘ﬁ‘ww%gwﬁw

[20] Li Q., Lu L., Liu J., Shi W., Cheng P., Two-Dimensional Bimetallic Coordination Polymers as
Bifunctional Evolved Electrocatalysts for Enhanced Oxygen Evolution Reaction and Urea
Oxidation Reaction, Journal of Energy Chemistry, 63: 230-238 (2021).

[21] Lingappan N., Lakshmanan S., Lee W., Multifunctional Characteristics of a One-Dimensional
Bimetallic Oxyhydroxide Nanorod-Coupled Polyaniline Interface for Accelerated Water and
Urea Electrolysis, Journal of Materials Chemistry A, 12: 30743-30756 (2024).

[22] Rajaram Patil D., Patil S., Chavan H.S., Lee A.-Y ., Lee K., Layered Ammonium Metal Phosphate
Based Heterostructure with Phosphate—Sulfide Interfacial Synergy for Efficient Oxygen
Evolution and Urea Oxidation Reactions, Sustainable Energy Fuels, 9: 1588-1595 (2025).

[23] Sanati S., Abazari R., Kirillov A.M., Bimetallic NiCo Metal-Organic Frameworks with High
Stability and Performance Toward Electrocatalytic Oxidation of Urea in Seawater, Inorganic
Chemistry, 63: 15813-15820 (2024).

[24] Zhou Y., Abazari R., Chen J., Tahir M., Kumar A., Ikreedeegh R.R., Rani E., Singh H., Kirillov A.M.,
Bimetallic Metal-Organic Frameworks and MOF-Derived Composites: Recent Progress on Electro-
and Photoelectrocatalytic Applications, Coordination Chemistry Reviews, 451: 214264 (2022).

[25] Sanati S., Abazari R., Albero J., Morsali A., Garcia H., Liang Z., Zou R., Metal-Organic
Framework Derived Bimetallic Materials for Electrochemical Energy Storage, Angewandte
Chemie International Edition, 60: 11048-11067 (2021).

[26] Jiang Y., Chen T.-Y., Chen J.-L., Liu Y., Yuan X., Yan J., Sun Q., Heterostructured Bimetallic
MOF-on-MOF Architectures for Efficient Oxygen Evolution Reaction, Advanced materials, 36:
2306910 (2024).

5550 3513 by ] sl | (RIBS) D (S 551 5, b5 55, e ot sl sl o Y]

(FF) DR EYE AN PE o i .o s T8 (o gl A 4033 25l 505

[28] Luo J., Guo H., Zhou J.,, Guo F., Liu G., Hao G., Jiang W., Rational Construction of
Heterogeneous Interfaces for Bimetallic MOFs-Derived/rGO Composites Towards Optimizing
the Electromagnetic Wave Absorption, Chemical Engineering Journal, 429: 132238 (2022).

[29] LiJ.-M., Lin Q.-C., Li N., Li Z.-H., Tan G., Liu S.-J., Chung L.-H., Liao W.-M., Yu L., He J.,
Symbiotically Reinforced Bimetallic Photocatalysis in Conjugated Metal-Organic Framework
Nanosheets, Advanced Functional Materials, 33: 2210717 (2023).

[30] Lin H.W., Senthil Raja D., Chuah X.F., Hsiech C.T., Chen Y.A., Lu S.Y., Bi-Metallic MOFs
Possessing Hierarchical Synergistic Effects as High Performance Electrocatalysts for Overall Water
Splitting at High Current Densities, Applied Catalysis B: Environmental, 258: 118023 (2019).

[31] Razaq R., Ud Din M.M., Smabraten D.R., Eyupoglu V., Janakiram S., Olav Sunde T., Allahgoli
N., Rettenwander D., Deng L., Synergistic Effect of Bimetallic MOF Modified Separator for
Long Cycle Life Lithium-Sulfur Batteries, Advanced Energy Materials, 14: 2302897 (2024).

[32] Jahan I., Islam M.A., Rupam T.H., Palash M.L., Rocky K.A., Saha B.B., Enhanced Water
Sorption Onto Bimetallic Mof-801 for Energy Conversion Applications, Sustainable Materials
and Technologies, 32: 00442 (2022).

— 5


https://www.sciencedirect.com/science/article/abs/pii/S2095495621002175
https://www.sciencedirect.com/science/article/abs/pii/S2095495621002175
https://www.sciencedirect.com/science/article/abs/pii/S2095495621002175
https://pubs.rsc.org/en/content/articlelanding/2024/ta/d4ta05082g
https://pubs.rsc.org/en/content/articlelanding/2024/ta/d4ta05082g
https://pubs.rsc.org/en/content/articlelanding/2024/ta/d4ta05082g
https://pubs.rsc.org/en/content/articlelanding/2025/se/d4se01754d
https://pubs.rsc.org/en/content/articlelanding/2025/se/d4se01754d
https://pubs.rsc.org/en/content/articlelanding/2025/se/d4se01754d
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c01850
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c01850
https://www.sciencedirect.com/science/article/abs/pii/S0010854521005385
https://www.sciencedirect.com/science/article/abs/pii/S0010854521005385
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202010093
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202010093
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adma.202306910
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adma.202306910
https://www.nsmsi.ir/article_719033.html
https://www.nsmsi.ir/article_719033.html
https://www.sciencedirect.com/science/article/abs/pii/S1385894721038171
https://www.sciencedirect.com/science/article/abs/pii/S1385894721038171
https://www.sciencedirect.com/science/article/abs/pii/S1385894721038171
https://advanced.onlinelibrary.wiley.com/doi/10.1002/adfm.202210717
https://advanced.onlinelibrary.wiley.com/doi/10.1002/adfm.202210717
https://www.sciencedirect.com/science/article/abs/pii/S0926337319307696
https://www.sciencedirect.com/science/article/abs/pii/S0926337319307696
https://www.sciencedirect.com/science/article/abs/pii/S0926337319307696
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/aenm.202302897
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/aenm.202302897
https://www.sciencedirect.com/science/article/abs/pii/S2214993722000562
https://www.sciencedirect.com/science/article/abs/pii/S2214993722000562
https://www.sciencedirect.com/journal/sustainable-materials-and-technologies
https://www.sciencedirect.com/journal/sustainable-materials-and-technologies

VEoF F o)lons FF 09 s Oy IS g o il 2 (5318 93 SIS Jgmld 9955 (Sl yordy B

(i 3,509, b ol sloo )l g JI=3lE clacszle Slea ik (g el polS (s )l cabols ol o [YY]
(PS5 )P o i 5 s

[34]LiS., Gao Y.,LiN., Ge L., Bu X., Feng P., Transition Metal-Based Bimetallic MOFs and MOF-
Derived Catalysts for Electrochemical Oxygen Evolution Reaction, Energy & Environmental
Science, 14: 1897-1927 (2021).

[35] Luo X., Abazari R., Tahir M., Fan W.K., Kumar A., Kalhorizadeh T., Kirillov A.M., Amani-
Ghadim A.R., Chen J., Zhou Y., Trimetallic Metal-Organic Frameworks and Derived Materials
for Environmental Remediation and Electrochemical Energy Storage and Conversion,
Coordination Chemistry Reviews, 461: 214505 (2022).

[36] Shrestha N.K., Patil S.A., Salunke A.S., Inamdar A.IL., Im H., Unprecedented Urea Oxidation on
Zn@Ni-MOF with an Ultra-High Current Density: Understanding the Competition Between
Urea Oxidation Reaction and Oxygen Evolution Reaction, Catalytic Activity Limitation and
Reaction Selectivity, Journal of Materials Chemistry A, 11: 14870-14877 (2023).

[37] Vo P., Haranczyk M., Insights Into Thermal Conductivity at the MOF-Polymer Interface, ACS
Applied Materials & Interfaces, 16: 56221-56231 (2024).

[38] Zhang Z., Han L., Tao K., MnOy-Decorated MOF-Derived Nickel-Cobalt Bimetallic Phosphide
Nanosheet Arrays for Overall Water Splitting, Dalton Transactions, 53: 1757-1765 (2024).

[39] Qin C., Wang B., Wu N., Han C., Wang Y., General Strategy to Fabricate Porous Co-Based
Bimetallic Metal Oxide Nanosheets for High-Performance CO Sensing, ACS applied materials
& interfaces, 13: 26318-26329 (2021).

[40] Lim G.J.H., Liu X., Guan C., Wang J., Co/Zn Bimetallic Oxides Derived from Metal Organic
Frameworks for High Performance Electrochemical Energy Storage, Electrochimica Acta, 291:
177-187 (2018).

[41] Abazari R., Sanati S., Nadafan M., Cordes D. B., Slawin A.M.Z., Kirillov A.M., Elevating the Optical
Nonlinearity: Design, Synthesis, and Properties of a Mixed-Ligand Zinc (II) Metal-Organic
Framework, Elevating the Optical Nonlinearity: Design, Synthesis, and Properties of a Mixed-Ligand
Zinc (IT) Metal-Organic Framework, ACS applied materials & interfaces, 17: 17066-17074 (2025).

[42] Abazari R., Ahmadi Torkamani Z., Ejsmont A., Krawczuk A., Goscianska J., Varma R. S., Sanati S.,
Interfacial Engineering of Pillared Co (IT) Metal-Organic Framework@NiMn-Layered Double
Hydroxide Nanocomposite for Oxygen Evolution Reaction Electrocatalysis, Inorganic
Chemistry, 64: 361-370 (2025).

[43] Abazari R., Sanati S., Nadafan M., Cordes D.B., Slawin A.M.Z., Safin D.A., Liu M., Integration of
Open Metal Sites in an Amino-Functionalized Sm (III)-Organic Framework Toward Enhanced
Third-Order Nonlinear Optical Property, Inorganic Chemistry, 63:18173-18181 (2024).

[44] Ghafarifar F., Molaie S., Abazari R., Hasan Z.M., Foroutan M., Fe;O4@Bio-MOF Nanoparticles
Combined with Artemisinin, Glucantime®, or Shark Cartilage Extract on Iranian Strain of
Leishmania Major (MRHO/IR/75/ER): An In-Vitro and In-Vivo Study, Iranian Journal of
Parasitology, 15: 537-548 (2020).

—


https://www.nsmsi.ir/article_719391.html
https://pubs.rsc.org/en/content/articlelanding/2021/ee/d0ee03697h
https://pubs.rsc.org/en/content/articlelanding/2021/ee/d0ee03697h
https://www.sciencedirect.com/science/article/abs/pii/S001085452200100X
https://www.sciencedirect.com/science/article/abs/pii/S001085452200100X
https://pubs.rsc.org/en/content/articlelanding/2023/ta/d3ta01962d
https://pubs.rsc.org/en/content/articlelanding/2023/ta/d3ta01962d
https://pubs.rsc.org/en/content/articlelanding/2023/ta/d3ta01962d
https://pubs.rsc.org/en/content/articlelanding/2023/ta/d3ta01962d
https://pubs.acs.org/doi/10.1021/acsami.4c08522
https://pubs.rsc.org/en/content/articlelanding/2024/dt/d3dt03631f
https://pubs.rsc.org/en/content/articlelanding/2024/dt/d3dt03631f
https://pubs.acs.org/doi/10.1021/acsami.1c03508
https://pubs.acs.org/doi/10.1021/acsami.1c03508
https://www.sciencedirect.com/science/article/abs/pii/S0013468618318541
https://www.sciencedirect.com/science/article/abs/pii/S0013468618318541
https://pubs.acs.org/doi/10.1021/acsami.4c22681
https://pubs.acs.org/doi/10.1021/acsami.4c22681
https://pubs.acs.org/doi/10.1021/acsami.4c22681
https://pubs.acs.org/doi/10.1021/acsami.4c22681
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c04683
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c04683
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c03046
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c03046
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c03046
https://pubmed.ncbi.nlm.nih.gov/33884011/
https://pubmed.ncbi.nlm.nih.gov/33884011/
https://pubmed.ncbi.nlm.nih.gov/33884011/

\f’f‘fﬁ)wcffb)sb w"ﬁi:wd:”bgd)bb‘bo) u‘ﬁ‘ww%gwﬁw

[451HeQ., YeN.,Han L., Tao K., Sulfur Vacancy-Engineered Co3;S4/MoS;-Interfaced Nanosheet Array
for Enhanced Alkaline Overall Water Splitting, Inorganic Chemistry, 62: 21240-21246 (2023).

[46] Yun W.H., Das G., Kim B., Park B.J., Yoon H.H., Yoon Y.S., Ni—Fe Phosphide Deposited
Carbon Felt as Free-Standing Bifunctional Catalyst Electrode for Urea Electrolysis, Scientific
Reports, 11: 22003 (2021).

[471Zhu Z.,YinH.,He C.T., Al-Mamun M., Liu P, Jiang L., Zhao Y., Wang Y., Yang H G., Tang Z., Wang
D., Chen X M., Zhao H., Ultrathin Transition Metal Dichalcogenide/3d Metal Hydroxide Hybridized
Nanosheets to Enhance Hydrogen Evolution Activity, Advanced Materials, 30: 1801171 (2018).

[48] Andaveh R., Sabour Rouhaghdam A., Seif A., Wang K., Maleki M., Ai J., Barati Darband G., Li
J., In Situ Assembly of a Superaerophobic CoMn/CuNiP Heterostructure as a Trifunctional
Electrocatalyst for Ampere-Level Current Density Urea-Assisted Hydrogen Production, ACS
Applied Materials & Interfaces, 16: 8717-8732 (2024).

[49] Fathollahi A., Shahrabi T., Barati Darband G., Modulation of Active Surface Sites on Ni—Fe—S
by the Dynamic Hydrogen Bubble Template Method for Energy-Saving Hydrogen Production,
Journal of Materials Chemistry A, 12: 9038-9054 (2024).

[50]Han C., Zhu X., Ding J., Miao T., Huang S., Qian J., MOF-Derived Pt/ZrO, Carbon Electrocatalyst
for Efficient Hydrogen Evolution, Inorganic Chemistry, 61: 18350-18354 (2022).

[51] Yang J., Hiibner R., Zhang J., Wan H., Zheng Y., Wang H., Qi H., A Robust PtNi Nanoframe/N-
Doped Graphene Aerogel Electrocatalyst with Both High Activity and Stability, Angewandte
Chemie International Edition, 60: 9590-9597 (2021).

[52] Tran N.Q., Le Q.M., Tran T.T.N., Truong T.K., YuJ., Peng L., Le T.A., Doan T.L.H., Phan T.B.,
Boosting Urea-Assisted Natural Seawater Electrolysis in 3D Leaf-Like Metal-Organic
Framework Nanosheet Arrays Using Metal Node Engineering, ACS Applied Materials &
Interfaces, 16: 28625-28637 (2024).

[53] Huang L., Li N., Xiao J., Lou H., Xie C., Yang Y., Jiang H., Zhang W., Morphology-Controlled
Nickel-Organic Framework Nanosheet Arrays for Efficient Urea Electrolysis in Alkaline Media,
Journal of Electroanalytical Chemistry, 965:118363 (2024).

[54] Chai N., Kong Y., Jiang Q., Guo Q., Chen T., Ma X., Yi F.-Y., Vanadium-Doped Bimetallic
Nanoporous Metal-Organic Frameworks as Bifunctional Electrocatalysts for Urea-Assisted
Hydrogen Production, ACS Applied Nano Materials, 7: 14392-14405 (2024).

[55] Li Q., Zheng S., Du M., Pang H., Ultrathin Nanosheet Metal-Organic Framework@NiO/Ni
Nanorod Composites, Chemical Engineering Journal, 417: 129201 (2021).

[56] Xu Y., Wang R., Feng C., Zhang X., Wang N., Zhang Q., Xie M., Xu Y., Jiao Y., Chen J.,
Controlling the Electronic Structure of Fe-MOF Electrocatalyst for Enhanced Water Splitting
and Urea Oxidation: A Plasma-Assisted Approach, Journal of Colloid and Interface Science,
650: 1290-1300 (2023).

[57] Wang L.W., Tang S.F., Rational Phosphorization of Ferrocene-Based Metal Organic Framework
for Enhanced Oxygen Evolution and Urea Oxidation Performance, Applied Surface Science,

680: 161392 (2025).

—


https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c03285
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c03285
https://www.nature.com/articles/s41598-021-01383-3
https://www.nature.com/articles/s41598-021-01383-3
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adma.201801171
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adma.201801171
https://pubs.acs.org/doi/10.1021/acsami.3c16122
https://pubs.acs.org/doi/10.1021/acsami.3c16122
https://pubs.rsc.org/en/content/articlelanding/2024/ta/d3ta07379c
https://pubs.rsc.org/en/content/articlelanding/2024/ta/d3ta07379c
https://pubs.acs.org/doi/10.1021/acs.inorgchem.2c03651
https://pubs.acs.org/doi/10.1021/acs.inorgchem.2c03651
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202015679
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202015679
https://pubs.acs.org/doi/10.1021/acsami.4c04342
https://pubs.acs.org/doi/10.1021/acsami.4c04342
https://www.sciencedirect.com/science/article/abs/pii/S1572665724003412
https://www.sciencedirect.com/science/article/abs/pii/S1572665724003412
https://pubs.acs.org/doi/10.1021/acsanm.4c01898
https://pubs.acs.org/doi/10.1021/acsanm.4c01898
https://pubs.acs.org/doi/10.1021/acsanm.4c01898
https://www.sciencedirect.com/science/article/abs/pii/S1385894721007920
https://www.sciencedirect.com/science/article/abs/pii/S1385894721007920
https://www.sciencedirect.com/science/article/abs/pii/S002197972301281X
https://www.sciencedirect.com/science/article/abs/pii/S002197972301281X
https://www.sciencedirect.com/science/article/abs/pii/S016943322402107X
https://www.sciencedirect.com/science/article/abs/pii/S016943322402107X

