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[Inorganic and Analytical Chemistry: Standard]

Answer the following problems (1) and (2).

(1) Choose one term among (a)—(c) of Group A and choose one term among (d)—(f) of Group B, and
explain them briefly. If necessary, figures can be used in your explanation. .

2)

Group A Group B

(a) Reversed phase chromatography (d) Electron-deficient compound

(b) Polarography | | (e) Chelate effect

(c) Standard electrode potential (f) Tolman cone angle

Carbon monoxide is one of the ligands commonly used in coordination chemistry. Answer the

following questions (g) through (m). If necessary, figures can be used in your explanation.

(8)

(h)

()

)

()

O}

Figure 1 schematically shows energy levels of molecular orbital of carbon monoxide. The

- energy levels of inner-shell electrons are omitted. Copy Figure 1 on the answer sheet and

show the electron configurations of carbon, carbon mbnoxide, and oxygen in the ground
state by 1 and | representing different spin states.

Calculate the bond order between carbon and oxygen of carbon monoxide, and explain how
to derive the bond order from the electron configuration.

Carbon monoxide in the gaseous state shows absorption of C—O stretching vibration at 2143

1

cm™ in the infrared spectrum. Do the transition metal carbonyl complexes show C-O

stretching vibration in the high energy region or in the low energy region compared to the
carbon monoxide in the gaseous state? Explain briefly along with the reason.

Chromium reacts with carbon monoxide to form a stable mononuclear carbonyl complex
Cr(CO)x in accordance with cighteen electron rule. Estimate the number x of carbon

monoxide in the chromium complex and draw the three-dimensional structure of Cr(CO)y.
Cr(CO): of problem (j) reacts with benzene to produce a stable organic chromium compound
having a composition of Cr(C¢Hs)(CO),. Estimate the number y of carbon monoxide in the

chromium 6omp1ex and draw the three-dimensional structure of Cr(CsHg)(CO),.

Draw the three-dimensional structure of the Fischer chromium carbene complex obtained



when Cr(CO): of problem (j) reacts with an equivalent amount of phenyllithium (CsHsLi)
and subsequently reacts with an equivalent amount of iodomethane (CH3J).

(m) When the variable-temperature 'H NMR of the complex described in problem (]) is
measured, the proton signal of the methyl group is observed as one signal at room
temperature. It splits into two signals via a broad peak as the temperature is gradually
decreased. Next, when temperature is elevated from this state, they return to a single signal
at room temperature via a broad peak. Explain briefly the reason for the spectral change
based on the resonance structure of chromium carbene complex.
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Figure 1. Schematic diagram of energy levels of atomic orbital of carbon, atomic
.orbital of oxygen, and molecular orbitals of carbon monoxide. The energy levels of
inner-shell orbital electrons are omitted.



