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Introducing Noble Gas as 5pace Holder under High Pressure to
Design Porous Titanium Carbides with Open Metal 5Sites for
Hydrogen Storage at Near-Ambient Conditions

Jiewed Cheng, Ahmed H. A, Yoshiyuki Kawazoe, and Qang Sun*
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ABRSTRACT: It his beén o lang-sisniding challenge b5 dewelop high-
peiome wobd. drae Movage nisledel operated under medr-
srbicet condivions. In rhis work, we propose o mw srtegy of usng

by gases for spece holding o dedgn poroos Mansesn cartbides with

learning and graph theory- sshited enbvonad dructare searching nssthods,
iwe pbiiin 25 porous Lletiem carbide from thees precerce [ TiC dinser,
L oabeen, and Ks stom} ender 30 G of pressse. The siabiling and
hpdrogen saorage. performence of the resulling stroctenss are forther
watiied and velilaled threagh desssry fumaien theory and gramd
canpsishcal Monve Carlo simsalattors with 5 DFETirted force feld Finally,
P-Tily Is identified a5 & presising quasi-molecalar vdnspen aloeage
mulerial with capscity of 40 wi % sad 1060 gL ar 230 K and 16 bar.
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abundamt open metd sites dor hydrogen atorage. By using enackine 9
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Hydrogen energy has been i one ol the mnosl
promisng ned-genenilion energy ke for 28 high gravimetric
enengy Jdensity, remewability, and oo cmbon amssioen
Humiewrs, smong e many dhallenges 1o sedlise & dean and
clficient hydiogen ooy, et mal obaacks B @ haw 10
itere hypdeogen with both high gravémetric end volumetric
capacities” The L% Deparusent of Encrgy { DOE) wets a targei
of stodng 5.5 wi % and 40 g/L of hydrogen by 3005, along
with sn ultimsate teges pequiring 6.5 wi % end 50 g/L of
bl boger stomed.” The required opseriting tesnperalune i in dhe
range ‘of =40 o 60 SC Beoause of the trade-off. betmeen
cnergetics of storage and inetsos of melease at pear-ambicat
candilions, the optimal sdsorpiion enengy window ls within e
eange of 20 10 80 k| /mol.” Therefore, hydrogen's binding wiah
miferials noeds o h: betwien physisorpism and chemisorp-
Gai, wlich cen be y edibled by open metal gits (D0S]
throngh Kobes dfec’ md chirge polarisation oo The
feoteet o b based or irecation metals enlilled d odbiial
whach reveived eletirond donsted Eoem bydrogen modedule's o
iebriral sl dosentes e back o the &% orbital @ foem
stahle compleses, while the Luter akes sdvstsges of QNS
local ebecerical field v poleise Hy lor enhancieg the sdsanption
cnergy. Different from  metal-stom-lunctbonalised  porooes
mmalemals, sracnirey witl litressse OMSs o miwch o
itable snil woull not soffer from the detering problem of
ptal gtcems” Therclore, parcus famewseks with abuiden
ioi DMSL are effocive joe bydeopen slossge However, in
praciice, the (% i Famseworks e hard o comteal becsie
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of T nsain fectors: (1] higands vend o occupy the (MY in
thic sythetic process, and (1) the presence of @ lirge amaodiees
of DIM5e remdiers materials unctable Metal onganic Framesonks
(MOF), as widely explored pocvus paterials, ' nypicly
lwve wvery Ramge pore sies bur Bmired OMS 1o adsoch
hydrogen near soom temperature ' Therefoee, MOF can
stare plent@al hpdoospen ar o o comdtions, but thes
slargge capacty decreises rapidly when the wemperature is
imcreasid. For instance, BME-1501-ARY can afore wp 0o 14 wi %
snd 462 gL al lwdroges ar 77 K amd 100 bar, while 15
capudity & reduced 10 29 wi % snd B4 gL @ 290 B Many
o hive been made to mereeee the deniity of OMSS
MICFR o imguove hydeogen sbonspe cogucity al near-snbicm
conditiors. Jesmills o1 &' spndhecieed VOO0, (bedd ) thaa
bratmires enpoeed vosudiuis] (1) e el can sbore 184 wi %
and 1004 /L a1 298 K and 100 bar. Sevgupta o ol ' recently
reparted MLU-Z100 containiog robust Cull) sites with 32 k]
el Eaberic hoeat ol sbwspiion for H, thet achieves capscity of
[kg g/l ar 233 K end 10 bis Howsewer, how o disdgn
porous franseworks contiiming esoagh and propesly dedrib
uted Oi%s o spore hydregen ander near-embiont conditions
rentaing & granid challenge.
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