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Computational Design of 3D Porous Aluminum Nitride
Assembled From AIN-Biphenylene Nanoribbons for

Reversible Hydrogen Storage

Ahmed H_ Ati, Jiewei Cheng, Peng-Hu Du, Mohammed M. Obeid, and Qiang Sun*

Hydragen fised with zerc £O, emission s of curnent interest for global carbon
neutraizatic. in this study, 3 30 porous aluminsm nitide jp-AIN] framework
assembie from Al _Hlun-luﬂﬂlﬁhhpﬁn-—
‘h-ﬂiw“ = presented. I.H-:Hrli-ﬂﬂdi!—q'
(DFT), itis showed that the p-AlN is dyramically and thermally stable, and

-_-_Ihn semicondwctor nature with @ bandgap of .87 eV, The adsorpbion

encrgy of H, s in the range of 8,104 to ~0.087 &¥H,. According 1o ab initic
mckecular dynamsics (AIMD) simulaticns, the H, molecules remain stable
 above Bquid nitrogen temperature (77 K}. The studied system offers

- gravimetric (volumetric) capacities of 495 wt% (67.86 g L) at T7 /35 bar,
and 141 wt% (181 g L~} at 298 K100 bar, as revealed by grand camanical

Hﬁnﬁﬂlq-hﬂ-.hd on force field parameters fited from

tergess of 5.5 Wi gravimetec and $0 g L
volusetsle capacies for bpdregen @oape
sysaeens by 05!

In Bhils regaed, susrape of bydpegen n
solid eule maieals offers o promisng so-
lutioss For exmmple, solid poseas maser-
ale of current reres’” asch a8 redlies ™
metalerganic frasewoeks IMOF"| and
atbon-baresl aructuees’®! sre efficien in
liydivisgen siorage due Lo thei nenible paop-
ertes nd lavge surfoce aress However,
tlueir perfrmnaree is often Wealbed by weak
physsorption inferaitiees resulting freem
th bowr pedarizatilny of Hy melecules ' Th
ehascd H, isdrraction, resesichers hove

DOFT results.

1. Introduction

Tl tesithios frem focsl] fwels to seanirdble energy sominces
is eesentlal foe reducmg global OO, emscions and outigalieg
climate chasge. Hydrogen, recogmized foe s bhagh enengy
derity apd 2eme @rbon embishine, 18 8 key candidsers a5 an
emerpy carier for B cdess energy spsiemin. | Hawever, the
bw pgroienetie aed selumseirl oy densites sbeng with
the slugpish eete diffusion of H, are the major huedies
in developing effscieat and safe hydropes storsge spitmms.™
Correrntions] sierege methods, sach & compresced gas under
high pressees {350 har) ar orysgenic Bgubd storage 5120 K, aee
linshted ty bow enengy density, bigh costs, and safery ossceres:
prcanplieg lhe need fo advaseed siorage mslerals tm cis
safely and effecively sore hydroges ai pracicsl wesnperaniers
peed peesmuren ' 44 The LS. Depanment of Exengy ([OE) b st
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The QB iserhboab=n norizer 8] [oe the aisbonie] =F thas artiche
can b foond under bse! | idoiongy WO 100 (adia (Tl
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exphyied doping theis malenals with allali,

alksling eariby or ansibion metls [T,

which Imsgeove ther chemdcal acrity snd

irpals (moee active sites thar screngthen
bepdregen adsorpion. Dopiesg with This cun improve the sbaaep-
chein, hor the lasge mscs of TM ames an reduce 1he gras met-
eic dencity Fusthernmorns, doplng cam lead o the duiteriag of
TM asoane " Therefore, curres pachaigoes e mgooving e
imieraciion betwesn H, and porsus muterlils oo en design-
ing porous maierials with inriesic opes metal sies A recenl
srady discovered the porsus TS, has & hpdeogen adsorprion
energy of <0355 eWiH;, remlting in & sorsge cpacty of 4.0
w1 % amid D060 L™ ar b bas /220 K. Soch o hegh perfimumsoe s
priribubed 1o the Kobas brersction meedhenisen " Additinnelly,
MULZEO0 (S H, T N reconded adsorption enengy of 20331 eV
anil & sorape capability of 104 g 17" ab 100 ber (233 £/ These
tendieggs highlighs the potenrial use ol new porous materists with
imiringle cpen metal siies for bpdrogen somge.

Amnong the snedeedl spniems, alimsdme (807 besed e
ks are ol pecial e AL s Knosm for beisg ligowe ight,
tnewpensier, and abussant, maling b an etractve optise in
lepd rosgpens storage spplications. Wang o al. have eoploend dhe po-
tential in thie AX-hased memestrociees in vaelos fomes, echd-
knf nandCages. nenocones. namstubes. omd nisswires 1o these
errsiciuns, the Al gite oo bieed oo bydrogen maslecole theough
churge polarization with en sdsarption reergy of <0 e¥/H - and
bcapecity of &7 %™ In meopoeous meeriabs, fee exmple,
AlPDHA IO CAC, HL 00, ). the sSturage epacey can reach o 38
w3 ar L6 MPaT7 L Additlenally, Bvans et sl evpetmensily
emidied shamdnuen lsrmate (Al [HODO) |, known as ALF_ which
oflers sdosrpiisen enengy of (U0ED 6% and can wptake 12 g H, iy
of the ALF ab F5 har) LB2 B! Moreowver, the alnupaias MOF
MU-ISM-AL designed usleg sinndstes-motivated  synhests,
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