UNIVERSITY OF KELANIYA - SRI LANKA
FACULTY OF SCIENCE

Bachelor of Science (General) Degree Examination — 2022
Academic Year 2020/2021-Semester

CHEMISTRY
CHEM 11612/CHEM 11612(R)- Atomic Structure, Periodic Table and
Chemical Bonding
Number of Questions: Four (04) Time: Two (02) hours
Number of pages: Four (04) Answer all Four (04) questions.

(1). Answer all parts.

(a)  Briefly explain the following observations;

(1) The melting point of MgClzis 714 °C and that of AICl3 is 192 °C.
(ii)  AlCl; exists as a dimer.

(iii) A solution of sodium in liquid ammonia at -37 °C conducts electricity.
i (3 x 20 Marks)

(b) @) Arrange the following ions in the increasing order of their enthalpy of
hydration.

Mg¥, Sr*, Be?", Ca?* and Ba®”

(i)  Give reasons for your choice.
(iii)  Among these ions, which one has the highest electrical conductivity in
aqueous solution? Explain your answer briefly.
(20 Marks)
() Answer all parts.

(i) With the aid of a suitable diagram show how the valence electrons and
orbitals of Xe involve in the formation of compound XeFa.

(i)  What is the electron-pair geometry of XeFs?

(iii)  What is the molecular geometry (shape) of XeF4?

(iv)  What is the hybridization of valence orbitals of Xe in XeFa4?

(20 Marks)
2) Answer all parts.
(a)  Beryllium hydride is covalent and polymeric.
(i) Draw the polymeric structure of beryllium hydride.
(i)  What type of bonding is present in it?
(10 Marks)

(b) A common example of cyclic silicates or ring silicates is Beryl, (Be3Al2SisO1s).
Draw the structure of the silicate ion of Beryl and clearly indicate the negatively
charged positions. (15 Marks)
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(c)

(d)

(e)

’
.

The important allotropic forms of phosphorus are white phosphorus, and red
phosphorus.

(i)  Draw the structures of white phosphorous and red phosphorus.

(ii%; Which one of these two types of phosphorus is more reactive and why?

(20 Marks)

Phosphorus pentachloride (PCls) is prepared by passing an excess of dry
chlorine into liquid trichloride (PCl3).

(1)  Explain why PCls is considered a Lewis acid.

(ii)  On hydrolysis, PCls forms phosphoric acid. Write the balanced chemical
equation for the hydrolysis reaction of PCls.

(i)  Draw the structure of pyrophosphorous acid (HsP20s) and indicate its
bacisity .

(iv)  Whal is the oxidation state of P in pyrophosphorous acid?

(25 Marks)

Clathrates provide a convenient means of storing radioactive isotopes of Kr and
Xe produced in nuclear reactors.

()y ~ What are clathrate compounds of noble gases?
(i),  Ar, Kr, and Xe can form clathrate compounds with
4 1,4- dihydroxybenzene, but He and Ne do.  not form clathrate

compounds. Explain.
(30 Marks)

3) Answer all parts.

(a)

(b)
()

(d)

For the 4p, and 5d,» hydrogen-like atomic orbitals, sketch the followings:
1. The radial Function, R
ii. The radial probability function, a,r’R?
iii.  Angular wave function, Y
(30 Marks)

Calculate the effective nuclear charge (Z*) experienced by the valence electrons
in the three isoelectronic species: fluorine anion (F°), neutral neon atom (Ne), and
sodium cation (Na*)?

(15 Marks)

Give the formula of an anion comprised of iodine and fluorine in which the iodine

atom is sp°d® hybridized.

(15 Marks)

The molecular orbitals depicted below are derived from n = 2 atomic orbitals.
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(1) Give the orbital designations.

(i) Rank the MOs in order of increasing energy for B.
(20 Marks)

A single bond is almost always a sigma bond, and a double bond is almost always
made up of a sigma bond and a pi bond. There are very few exceptions to this

rule. Show that the Cz molecule is an example for this exception.
(20 Marks)

(4)  Answerall parts.

(a)

(b)

(c)

Slater’s rules

1. Fornsa
a.

b.
c.

2. Fornda
a.

b.

Considering that there is a strong s-p mixing, sketch the molecular orbital energy
diagram for NF and calculate the bond order. (Use appropriate labels for

molecular orbitals and for starting atomic orbitals).
(30 Marks)

Barium (atomic mass = 137.33 u) metal crystallizes in a body-centered
cubic lattice. The unit cell edge length is 502 pm, and the density of the metal is
3.50 g/em’. Using this information, calculate
(1) Radius of the barium atom
(i)  Avogadro’s number
(40 Marks)

(1) Calcium sulfide adopts the sodium chlonde crystal structure. How many
S$ ions are in the Ca$ unit cell?
(ii) A face-centered cubic cell contains § X atoms at the comers of the cell and
6'Y atoms at the faces. What is the empirical formula of the solid?
(30 Marks)
Supporting Information

nd np valence electrons:

Each electron in the same group contributes 0.35 to the value of § for each other
electron in the group.

Exception: A 1s electron contributes 0.30to S for another 1 s electron.

Each electron in n =1 groups contributes 0.85 to S.

Each electron in n =2 or lower groups contributes 1.00 to S.

nd nf valence electrons:

Each electron in the same group contributes 0.35 to the value of S for each other
electron in the group

Each electron in groups to the left contributes 1.00to S.
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