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Theoretical study of hydrazine (N,H,) adsorption on metal surfaccs is conducted by using first-principles
calculation method based on density functional theory. The study is motivated by unavailability of the
theoretical model to deseribe hydrazine adsorption on metal surfaces despite its increasing importance in
various applications especially in non—platinum based fuel-cell technology.

Fundamental concept of adsorption of hydrazine on metal surfaces is presented in this dissertation. The
aim is to establish a molecular level of understanding on the adsorption process of hvdrazine on metal surface:
its strueture, reactivity and the underlying mechanism. It [s expected to provide physical insights and a
conceptual framework to rationalize and interpret the data obtained from experiment or to contribute to the
development of the related technologies.

Some background of the problems and motivations of the research are described in Chapter 1. An overview
of atom and molecule bonding with metal surface is presented.

The basis of calculations in this work is the density functional theory. It is used in accurate self-consistent
calculation of the adsorption properties. By combining it with techniques of perturbation theory, fundamental
mechanisms can be elucidated and models can be proposed. Therefore, Chapter 2 is dedicated to give a short
introduction to density functional theory and perturbational molecular orbital theory.

Hydrazine molecular structure is discussed in Chapter 3. Illydrazine molecule can be viewed as two N, groups
connected via ¢ N - N bond. It possesses several structural conformations due to internal rotation around
its N - N axis and attentions are given to the three critical conformations of anti, gauche and cis.

The relative stability among the conformations is ruled by the minimization of the lone-pair repulsion between

two NH, groups. The lone-pair repulsion in hydrazine is a manifestation of the occupancy of highest occupied
molecular orbital (HOMO) which is an anti-bonding = —-type of orbital. In the gas-phase, the minimization of
lone-pair repulsion can be achieved by twisting the molecular structure into a gauche type of conformation,
allowing an effective overlap (charge—transfer) between the lone—pair and the orbital belong to N - H bonds.
Such overlap is found to lower the energy level of HOMO and improve the stability of the molecular structure.
Thus, gauche—conformation is the most stable conformation for hydrazinc in the gas—phase while anti and cis
conformation is transition states for the internal rotation around N - N axis.

Adsorption on surface is expected to perturb the electronic structurc and modifies structural stability
of the adsorbed molecule. Chapter 4 discusses the effcct of the interaction with the surface on relative
stability of conformations by using hydrazine adsorption on Ni(111) and Ni(100) surfaces as models. In the
adsorbed state, the stable conformation is changed into anti-conformation. Origin of the stabilization is
the charge transfer between hydrazine anti-bonding IOMO and Ni < band, which is mainly responsible in
stabilizing bonding between hydrazine and Ni surface. In perturbation scheme, the charge transfer corresponds
to the first—order mixing between HIOMO and surface ¢ orbital enabling hydrazine molecule to stabilize without
changing the conformation to gauche. Investigation on optimized adsorption geometries and Potential Energy
Curve (PEC) reveals that hydrazine prefers adsorption on surface top-site with its N - N axis tilted from
the surface. The nature of the stability of adsorption structures In cach conformation is confirmed by
vibrational calculations and compared with the relevant experimental data based on HREELS measurements. The
calculated vibration frequencies are found to be in agreement with experimental data.

In Chapter 5, the study is extended to the adsorption on various melal surfaces (Cu(111), Ni(111), Co(0001),
Pd(111) and Pt(111)), focusing on the relationship between the binding energy and eleetronic-structurc
properties to explain the trends of the adsorption stability. The adsorption is strongest on Pt(111) and weakest
on Cu(111). A model to predict the chemisorption strength in term of interaction between lone—pair and surlace
d and sp-band is proposed. It is found that for the adsorption on the surface atoms to the left and right
in a row of the periodic table, the trend of the binding cnergy can be explained by the d~band center concept
where the binding strength is determined by the occupation of the derived adsorbate—substrate anti-bonding
states. However, for the adsorption on the surface atoms to up and down in a group of the periodic table,
it is necessary to consider the trend on the value of the adsorbate-substrate coupling element. The model
reveals that the interaclion between the adsorbate and the dstates is dominated by repulsion. Interaction
with suface sp states plays important role in overcoming the repulsion and stabilizing the bonding. The model
could capture the trend of the binding strength and could explain the stronger chemisorption with longer bond.
It contributes to the understanding of physics and chemistry of molecular chemisorption with lone—pair

characteristic.
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SRRELETOE KTV NH) ORIGE, T/ BRT OEREOETEN SR F X —BEENE Thx 22
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1) KABTOE FI Vv ORERLEEERUFORFIZOVTHREL TV NN FEEE Y ONHEERIZ LY,
b RO s R REEE - TRY, FChI—a, ToF, VAO - OOSEREENEETH L. KHIC
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2) EBRERELETOE RIPUVOEEREREL FORFICSVWTHEL TS, 2BRELICE FIUVBREEL
A, EREAHETHAE KT VU ORE EFHUEHM0) L &BERED d Av FEO L REFERICLY, TUF
BN R LEERMBIC /25 2 L EBRLTWS, 7UFREBEOREOREEMSIL, b RV -BREMICER SN
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IRAUZ LY, HOMO-1 B OEBF AR AEERIEREL, L RV ¢BREMIEMESVERSNIZ EEHLY
WWLTWs., i, S—RBEFREFVFELER L CREBEET 2T > T 5. FOFEEIX High Resolution
Electron Energy Loss Spectroscopy (HREELS) I L 2EBROBEREL-H L TEKY, EBRETIVARELRY, Zh
NEEETOE FTVUSMIIRT 2RBERETHD LIEHL TS

3) ERIVCORER/REORALBREEFELZOBBIIOVWTHEL TS, ERMIZE, B4R 4R
(Co(0001), Ni{11D), Cu(111), Pd(111), Pt{(III)RELTOL K7 P RERELZHE - T LT3 Zhbo
ERFEIKT NN S, AUROBHEECATIEMZREL TV 5. ZORE, Bfcsd @™ d v
K7 —EFVCHATEDLZ L 2EHL TS, iz, RUNTHEMPEMRT -0, £ KTV LEERA
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