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. Review on Tuning the Dimensionality and Geometry of Metal
- Nitride and Boride Nanostructures for Enhanced Hydrogen Storage:

. Advances and Outlook
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1 ARSTRACT: Hydropen is an sbundant snd clean Casfrict,
oyt efficient and sele @omge nemaine 3 major ob i the
7 realisarion of & astinebls bypdrogen economy. Convesdions
o sborape lechoolegics based om kigh-pressure compresion and
w cryogenic liqouefsoion il souggle o ssisly the operational safety
io mnd econodne: wiability, Selid-suie bydoges aooge offen &
i prosssing  alleratie; however, achisving reversible hedngen
11 sdsargtion umber newambient conditices with sulficiendy high
i+ sborage capacity rersaing & agaificant challenge. In dis mindevica,
i+ we demonsraie thar minostruciusiag, pasiculsdy throasgh
i controlling the dinendionslty and geometry of m

in snid boride based ninosrectes, provides s effalie :l.r.iltpim
i7 taning bydrgen sdsorption energies inle the optimal rnge o

in Eppraimaedy -0 o —0& &/ H, reqoired e neversdle snossge. We spinsstically didows how demensssnality, corvstune, poe
vo gotmmitey, whd local conrdmation enviromseats nfuence bydeogen adsorption mechenisms, active-site stbility, snd storage
w performince by reguliting charge tranalier, calsital hybeidizstion, local eecns fieghls, snd hydrogen-banding srmgth. We ale analyae
i the critical roles of srin engineering, defea coginewing, and metula@e sabillston in optimicing sdsrption ) desrpion
u thermodynemics and seppreisag metal dustering. Thise naights estallish & compreliensive ibnucure—propety relationship

1 remewark for balencdng storage capacity, sdurption energeticn, reweaibility, sod binetics.

1. INTRODUCTION

o The woeld popalation Is expected 1o reach 37 hillion in 2050,
t leading 10 a significant incresse in encrgy desand | Carrenaly,
te Bl Besels suich s oil, coal, ansd natural gas supply over 80% of
+ the words cnergy.” As populitions prow and enengy e
b, transitwesng o dean and renmwable enengy sowrnces, like
jo slier, wimd, and bydropower, & urpently needed. This dhift s
w ofucial w0 medocing the evirnmental haren cansed by ol
ui Boels and schieving a seaainshle eneegy fime.”

n  Hpdiges s the highst graviesetsic enegy deasioy ol asy
n Guel E20 M) kg dheee times thet of gosobne Howerer, o
s tandend temperaiure (25 "C) and pressune {1 barl, hydrogen
e b 5 wery bow dengivy (00HZE hp'm') amd low volumetric
wocnergy demsty (D01 MIJL of H), mekieg storage and
17 rransportation challengeng.” Despite this drawhack, hydrogen
i cifiers 4 sigaificent environnental shvantsge a5 it produces only
w waler vapor and emits po grecshouse gases whaes el &6 dn
il enedgy carrier. This makes kpdrogen o promsag candddate for
41 wldressing globul energy demands and mitigating envinen-
ax miiial challenges

i The hydeogen cpde beging with sunlight bang convered
+ indn electricicy via soler panels. This deciricity s then el 10

O NS sy (el racsr
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split wider into hpdeogen and oavgen theough eladteolysis. The
caygen bs relemed inmo the atmosphere, while the bydnogen s =
sbired, iranspented, sod uiBsed for vericus applicstions. When
lydragen rescs with arapen during consdeetion o in Bsel =
cells, it neleases energy inthe forem of hear and wordk, producing 4
ondy willed or steans 38 o byprodact. This crestes @ dosie] and =
sustainable evle, as llumeated in Faguee L a
Hydroges storage is & crtics dullesge = the dendopment 2
off & hvdregen ecosomy. The UL Deparment of Emcrgy o
| DHOE | bk esishlished speciiic targets lor storage copacly, as &
vutband I Table | Teaditions storage nsethads, uch w5 sn
cosnpressing hpdemgen gas ai high pacsee or Byeelying it s
very low rosperatares, e costly and raise fety chooerm ©
However, these methods fece lhmfaise, Indeding bow
capacify, comples proccess or hydrogen sddition snd =

Beoored:  Fokormary 21, 3014

Accopbed: o= 5, M6
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