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I-a
（１） In a water molecule, the central oxygen atom possesses two lone pairs and

two bonding pairs of electrons, giving a tetrahedral structure when lone
pairs are considered. Because the repulsion between bonding pairs is
weaker than that between a lone pair and a bonding pair, the H–O–H bond
angle is less than 109.5°.

（２）

（３） (a)  Td (b) C2v (c)D4h 

I-b 
（１）  The binding energies are determined from the kinetic energies of the emitted photoelectrons.

Constituent elements are identified by their element-specific binding energies, and their
quantitative analysis is performed based on the photoelectron intensities.

（２）  The Si surface is covered with a native oxide layer and organic contaminants resulting from
reactions with atmospheric oxygen, hydrocarbons and carbon dioxide. Since XPS is a
surface-sensitive technique, these surface species are also detected.

（３）  LiH consists of the light elements hydrogen and lithium, with atomic numbers 1 and 3,
respectively. Since X-rays are sensitive to electron density, their scattering intensity from
these light elements is very weak, and sufficient sensitivity cannot be achieved.

I-c 
（１）  (a)：allotropes，(b)：sp2，(c)：honeycomb，(d)：covalent，(e)：van der Waals

(f)：sp3，(g)：tetrahedral，(h)：zinc-blende

（２） Graphite: the p electrons generated by sp² hybridization can move freely within the layers.
h-BN: The higher electronegativity of nitrogen relative to boron causes the two p electrons
to localize on the nitrogen atoms, resulting in the absence of free electrons.

(a) (b) (c) 
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II-a 
（１）

（２）

 （ａ）When the oxidation number increases by one, the d electron decreases by one, so the 
effective nuclear charge increases. 
（ｂ）The shielding effect of d electrons on another d electron in the same shell is smaller 
than one, so the effective nuclear charge increases as the atomic number increases by one. 

（３）

① N ② S ③ hard ④ electrostatic ⑤ small ⑥ soft
⑦ orbital ⑧ large

（４）

（５）

Ni(II) has 8 d-electrons and the electron configuration is as shown above. 
Based on the spectrochemical series, the crystal field splitting energy is [Ni(CN)4]2− > 
[NiCl4]2−. 
When the splitting is small, a tetrahedron structure is stable because the spatial distance 
between the ligands is maximized. 
When the splitting is large, a square planar structure with dx2-y2 as an unstable empty orbital 
is stable. 
Paramagnetic complexes have one or more unpaired electrons: [NiCl4]2−. 
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II-b 
（１）

Cp2Fe has 18 electrons, and Cp2Co has 19 electrons. According to the 18-electron rule, 
Cp2Co is a relatively unstable complex. 
Cp2Co is susceptible to one-electron oxidation reactions, forming a stable 18-electron 
complex: [Cp2Co]+. 

（２）

II-c 
（１）

(i) insertion  (ii)  insertion  (iii)  oxidative addition  (iv)  reductive elimination

（２）

A Co(I) 16-electrons 
B Co(III) 18-electrons 

（３）
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