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Abstract of Thesis

Hydrogen boride (HB) sheets are a class of two-dimensional boron-based materials characterized by a unique
honeycomb-like structure and remarkable chemical properties. These sheets have shown potential for
applications in hydrogen storage, catalysis, and electronic devices. However, a fundamental question persists
regarding their chemical stability, particularly their reactivity with water—a critical factor for practical

applications.

Initial concerns about the chemical stability of HB sheets stemmed from their structural similarity to other boron
hydrides, which are known to undergo hydrolysis in aqueous environments. To address these concerns, I, in
partnership with external collaborators, conducted experimental studies that demonstrated that HB sheets are
generally stable in water, exhibiting only minimal hydrolysis. The exposed HB sheets retained their structural
integrity even after drying, suggesting a reversible interaction with water. To further explore the stability of HB
sheets at the atomic scale, I performed density functional theory calculations. My simulations revealed that the
stability of HB sheets in water is primarily due to the negatively charged boron atoms, which inhibit the
attraction of the oxygen atom in water, thereby preventing hydrolysis. This charge state is further protected by
the strong B-B bond network. Despite this stability, a minor hydrolysis reaction was still observed

experimentally, raising questions about the exact sites of reactivity.

I then shifted the focus to the edges of the HB sheets, where the boron-boron network is disrupted. Using
hydrogen boride nanoribbon models, I identified site-specific interactions with water, with armchair edges
showing strong chemical reactivity, while zigzag edges remained relatively inert. This finding provided insights

into the localized nature of the minimal hydrolysis observed experimentally.

In a separate investigation, I studied the vibrational characteristics of HB sheets, recognizing the need for a
comprehensive database of vibrational modes for experimental and theoretical reference. This detail is critical for
interpreting experimental results by clearly indicating the current stage of the HB sheets. The database covered
various structures, including pristine surfaces, defective edges, and bilayers, providing a detailed map of
vibrational signatures. Notably, I found that the introduction of defects and edge structures significantly altered
the vibrational spectra, with certain modes becoming IR-active due to structural modifications.

In bilayers, interlayer interactions were found to IR-activate modes that were inactive in monolayers.

Given the complexity of these structures, I developed an HPC-compatible computational workflow, significantly
enhancing the efficiency of vibrational analysis. This work provides a comprehensive understanding of the
chemical and vibrational properties of HB sheets, laying the groundwork for their application in hydrogen

storage, catalysis, and advanced materials research.
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RUAAKTFE (HB) ¥— MIKFER T ERTVERTFPOMRIN D, B> TSRS L koo kEto—o
ThD, KFERTEFRVRFETN 11 OFIG TR S, ZOBOKESZH R BAKRIRATEMEIE LT T <, fil
Mo Ly b=l ZAMEE LTORWART Uy VAL TWD I Eb, RERTEHEZED TS, LMLRRH
HB ¥ — b OFBRAREE L EME 2 & ERIICH LT > TORWERE KD 5, AL S0C s B IR BI SRR
(OFT) FHRICHESF—HEFHEREZ FT L, 2O L IRBEEZ B DT 572 DiFFE A2 FElti L, LLF 04
ABRELRTN 5,

(1) —HEWEIRE | KFAR T RIE—RINTKISK L TREETH Y, KEMZ D ENMKGREPE Z D FD3H
L5NTW5, £O—F T, HB ¥— MIKZMATHIEE A EMKDMIE Z 57202 ENERMICHE SN TN D,
Z 2 CAGRICTIL, T DFT 3R L YW HB v — MIBIT HKBIRFB IR VREFRBOREEZREL, bo kb
HEERKRGEREL TS, SHICKEEZEERVHB V— FBXOKIEET HB > — b LIk 2K 7O
il & ZENEE DFT 3HRLIC K W EHIE L TV 5, 2 OFRER, KEaOF DL & F7KG 71X HB v — bKksar1 L IEHIC
BWAHEAMEAL., SHICKDTREBOICHHEL 2N E2H LML TWD, sl B TIRERT 2175 Z & T,
HB v — FOREMEIFR U FRF THER SN A Yy FT—ZICHRLTWDL ZEBALNIILTWD,

(2) Wiz, ko esRESE, v— MOFRTXRBIZMZ, HB ¥ — RO TOKOALFER L EEEZRET D7
BIZ, FETHEA 2RIAEE & ER L CEN D ORISR EMEEZ TS, iV TEER HB > — Mt ic->uC DFT §HRIC
LV IKFEOWERBOFIEEIT > TN D, FHRORER, KFERBEEGTREOMKIE TOHKS TR FHEERATLH
DD, %L OEAEIET— ML FEICIERIZH < MAMERZ LTEH Y, HB v — i b AKIZxH 2 @ b2 E N
EARTZEPHLMNCENTWD, FZHB ¥— b k. BLOHB ¥ — MBI 2 K0+ OB OV CHFE L.
fREEIREED TN L WV LETHD Z L LW LN INT VDA, MEHET 5 720 OTEMEALEEEE I 128 < | ZKOfREENSE
BT Z DI W I ENRENTWVWD, 51T, ¥— b kE v— MRTIE. SO S NIEMELFEREDNME < | Ak iR
I — MmEFORONTZHIR TOAEZ > TND Z ERRBIN TN D,

(3) EBRMIZITHB v — hDOX ¥ T 7 X VB —2 a LV OTOIZIREID N L AN LTS, ERTHL AN
7 MVOIRNT X ET D2 & —DOHME LT, Mz B BORMEET HB o — MEEZ R L. = OIRENFRE
ERD, FNHET —HN—=ZLLTWD, FAGHOT I 2 b—a URERIE, FBRFER LS HB v — b O RFTHEES
(b5 BE DA RS DR IC TR T2 2 L S HIFRE ST B,

PLED X D ITARBUIF LD R TH B TH D HB v — b DR L B TIREE, HB > — h DOKICH T B bR 2e e
ERJEPEIZMZ T, HB v — FOIREIREZHL ML O THY . HB — hOMIEZ KEHESEL LD TH
Do Lo THRBwMIIIMLFRLE LTMEH DB D 58D 5,




