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2nd, 2025
Inorganic Chemistry I 1/2

Answer the following questions about ionization energy.

Describe the definition of the first ionization energy for a neutral gaseous atom.
Between Li and Be, which has a larger first ionization energy? Explain the reason.
Between Be and B, which has a larger first ionization energy? Explain the reason.

The first ionization energy of H is 13.6 eV. Using this value, calculate the second ionization

energy of He to three significant figures.

Is the first ionization energy of He larger or smaller than the second ionization energy
obtained in (4)? Explain the reason.

Answer the following questions about Lewis acids and bases.

BF; reacts with NH3 to form a Lewis adduct. In this reaction, does BF; act as a Lewis acid

or a Lewis base? Explain the answer based on the definition of Lewis acids and bases.

Draw the molecular geometry of BF; and the molecular geometry of the Lewis adduct
formed by the reaction between BF3; and NH3. Follow the example below.

H
I
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H
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Between NH3 and NF3, which is more reactive toward the formation of a Lewis adduct with
BFs? Explain the reason.

(Continued on the next page)
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Answer the following questions about crystal structures of oxides.

Figure 1 shows a unit cell of cubic perovskite-type oxides. Perovskite-type oxides have a
chemical composition ABOs, consisting of two cations, A”" and B™". Given the ionic radii of

each ion as ra, 78 and ro, answer the following questions. Use v2 = 1.41 and v/3 = 1.73.

Q ~
:

Figure 1: Unit cell of the cubic perovskite-type oxides (ABO3). The planes perpendicular to

the c-axis are shaded for clarity.

Answer the coordination numbers of O° that are located nearest to A" and B™", respectively.

Assuming an ideal cubic crystal structure where cations and anions are in contact as rigid
spheres, calculate the following value f'to two significant figures.

f =

ra+tro
rstro

Calculate the values of ffor SrTiOs and YMnOs, respectively, to two significant figures, using
the ionic radii given in Table 1.

Table 1: Ionic radii of each ion.
Tonic species ‘ Sr** Y3 T Mn*t O*
Tonic radius (A) ‘ 1.44 1.02 0.60 0.65 1.40

For actual SrTiO; and YMnOs, only one has the perovskite crystal structure. Identify the

substance and explain the reason.

(The end)
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Answer the following questions about metal complexes. Note that Co is the group 9 element
of the 4th period, and Cu is the group 11 element of the 4th period.

For six-coordinated octahedral-coordinated transition metal

complexes in the 4th period, state the all possible numbers of 3d s
electrons that can occupy both high-spin and low-spin configurations. N N
Also describe their electronic configurations as shown in the figure Iv v

on the right.

While [Co(CN)s]* is known to be nonmagnetic, [CoF¢]*~ is known to be paramagnetic.
Draw the electron configurations of the 3d orbitals for each and explain the reason.

The complex [Cu(H20)s]*" shows a lower symmetry, which is known as the Jahn-Teller
effect. Answer the following questions.

(a) Draw the structure of the complex [Cu(H20)s]*" so that the differences in the Cu—O
bond lengths are visible.

(b) Draw the electron configuration of the 3d orbitals for the complex [Cu(H20)s]*" and
explain why the Jahn-Teller effect occurs.

(c) Inthe UV-visible absorption spectrum of the complex [Cu(H20)s]*", two absorption
peaks attributed to d-d transitions are observed. Explain the reason.

(Continued on the next page)



Inorganic Chemistry II 2/2

IT-b Answer the following questions about metal complexes. Note that Fe is the group 8 element

of the 4th period.
©> -
Fe Fe ? H -O. H
@ CI_@ eqg. G,
A B

(1)  Answer the point groups of complexes A and B using Schonflies notation following the
example.

(2) Inthe '"H NMR spectrum measured at room temperature, how are the signals corresponding
to the five hydrogen atoms a—e of the cyclopentadienyl ligand in complex B observed?

Explain the reason.
II-c Answer the following questions regarding reactions using Collman's reagent. (Ph=phenyl)
Ph” > Br Ph| ph|
Fe(©O) - —— |copFe— | —> |(Copre—
-Br- (0]
. D .
(M) (i)
Ph
Ph* > Br Ph
—> (CO)sFe —>» Fe(CO); + G
- Br- O
(iii) E (iv) F

(1) For complexes C, D, E, and F, answer the formal oxidation number of each transition metal
and the number of valence electrons based on the 18-electron rule.

(2)  Choose the suitable names for each reaction (i), (ii), (iii), and (iv) from the following list.
Each name can be used more than once.

List:  transmetalation oxidative addition insertion cycloaddition

Shydride elimination  reductive elimination
(3)  Draw the structure of organic compound G obtained as the product of this reaction.

(The end)
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e O b F 1 1/2

The energy required to remove one electron from a neutral atom in the gas phase in its ground

state to form a cation.

In both Li and Be, the electron removed is a 2s electron. Because the 2s electron in Be
experiences a larger effective nuclear charge than in Li, the first ionization energy of Be is
larger than that of Li.

In Be, the removed electron is a 2s electron, whereas in B it is a 2p electron. Because the 2p
orbital lies at higher energy than the 2s orbital, the first ionization energy of Be is larger than
that of B.

544 eV

In He, the effective nuclear charge is reduced due to the shielding effect caused by electron—
electron repulsion, whereas in He* the electron is susceptible to the full nuclear charge.

Therefore, the first ionization energy is smaller than the second ionization energy.

According to the Lewis definition, a Lewis acid is an electron-pair acceptor, and a Lewis
base is an electron-pair donor. In the reaction between BF3 and NHs, the empty p orbital on
the B atom accepts the lone pair from the N atom. Therefore, BF3 acts as a Lewis acid.

F F .H

| AN <

B F,——B—N\
F/ \F F/ H

In NF3, the high electronegativity of the F atoms lowers the electron density of the lone pair
on the N atom, reducing its electron-pair donating ability (Lewis basicity). Therefore, NH3 is

more reactive.
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Assuming the lattice constant is a :
20ra+7r0)=V2a + + -+ @
2(rstro)=a JEIREE)

From equations (D and (@), we obtain the following relationship:
(ra+ro)= V2(rs + ro)

Therefore, f= V2 ~14.

SITiOs: f= (1.44+1.40)/(0.60+1.40) = 2.84/2.00 = 1.42 ~ 1.4
YMnOs: £= (1.02+1.40)/(0.65+1.40) = 2.42/2.05=1.18 = 1.2

SI‘TiO3

(Reason) From Question (2), the ideal value of ffor the perovskite structure is v2 (=1.41).
As the deviation from this ideal value increases, the structural strain in the crystal becomes
larger. fymno3 (=1.2) deviates significantly from the ideal value, whereas fsitio3 (=1.4) is close
to it. Therefore, SrTiO; has the perovskite-type structure.
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The crystal field splitting energy is [Co(CN)s]*~ > [CoFs]*~ according to the spectrochemical
series. As shown in the figure below, a high splitting energy results in a low-spin
configuration, and a low splitting energy results in a high-spin configuration.
_T_ _T_
41 4 A
v | |
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[CoFel* [Co(CN)e]*
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As the two ligands on the z-axis move apart, dz2 becomes relatively more stable, while dx>-y>
becomes less stable. The state with two electrons in the stable orbital and one electron in the
unstable orbital is more stable overall than the state where d-2 and dx>-y? are degenerate and
three electrons are present.

(c)
As the two ligands on the z-axis move apart, dy, and d.x become relatively more stable, while
dxy becomes less stable. Because the transition energies for dxy — dx’-y? and dy/dx — dx>-
y? are different, two peaks are observed.

A: Dsg B: Cs

Peaks a—e are all observed as an equivalent singlet signal. This is because the
cyclopentadienyl ring rotates rapidly at room temperature.

C: -2, 18 electrons D: 0, 18 electrons E: 2, 16 electrons  F: 0, 14 electrons

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

Ph/\n/\ Ph
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