C. Y. Yeung (AL Chemistry)

Quiz on “Atomic Structure” and “Ionic Bonding”
~ Suggested Solution ~

1.
(a)
A hydrogen atom consists of a nucleus with a single positive charge and an electron revolving around the nucleus. (1/2M)



When an electron is in the orbit with lowest energy, the atom is in its ground state, (1/2M)



Upon absorption of energy, the electron will be promoted to orbits with higher energy (excited state). (1M)



When the electron moves from an orbit with higher energy to an orbit with lower energy, a photon with energy equals to the energy difference between the two orbits will be emitted and gives a line in the emission spectrum. (1M)



The energy difference between two orbits with successive principal quantum numbers decreases as n increases. (1M)



Therefore, in each series of the emission spectrum, the spectral lines converge (1/2M) at the high frequency end. (1/2M)


(b)
The convergent limit of the Lyman series represents the electron transition from electronic shell with n=( to that with n=1. (1M)



Ionization enthalpy of hydrogen = (h()L, where ( is the frequency of the convergence limit of the Lyman series. (1M)

2.
Li+ has a much smaller size than K+ since the former ion has less electron shells. (1M)


Li+ forms more stable compounds with anion than K+. (1M)

3.
(a)
The energy change when one mole (1/2M) of gaseous atoms of an element (1/2M) accepts electrons to form anions (1/2M) with a single negative charge (1/2M).





M(g) + e- ( M-(g)


H = 1st EA


(b)
F(g) + e- ( F-(g)

(2M)


(c)














(1M)



N has a half-filled electron subshell. The addition of extra electron is not favored. (1/2M)



The size of O is larger than that of F, O exerts a weaker attraction on the additional electron. (1/2M)



F has the smallest size, so it exerts the greatest attraction on the incoming electron. Therefore it has the most negative first electron affinity. (1M)



Ne has a full-filled electron shell. The additional electron will fill in an outer electron shell. (1/2M)



The shielding effect does not favor the formation of an anion and therefore the process is endothermic. (1/2M)


(d)
The removal of an electron (1/2M) from a gaseous atom (1/2M) to form a gaseous ion (1/2M) with one positive charge (1/2M).

4.
(a)
[Ar] 4s1.
(1M)


(b)


















(2M)


(c)
(i)
It means that the particles (atoms or ions) have the same number of electrons. (2M)



(ii)
K+ and Cl- have the same number of electronic shells (1/2M).  However, K+ has more protons than electrons, so the electron cloud of the cation experiences a greater nuclear attraction, resulting in a contraction in size (1/2M).
Cl- has more electrons than protons, the nuclear attraction for the electron cloud is weaker, resulting in an expansion in size (1/2M). Therefore, the size of K+ is smaller than that of Cl- (1/2M).

5.
(a)
Please refer to lecture notes p.11 or New Way Chemistry (2nd ed.) p.192 for details.


(b)
MgCl and MgCl2 are both energetically stable with respect to the elements but MgCl2 is more stable than MgCl. (1M)


(c)













(1/2M)

















(1/2M)

















(1M)

6.
(a)
AB3


(2M)


(b)
coordination no. of A = 6, coordination no. of B = 2  (2M)

7.
(a)
coordination no. of calcium ion = 8



(1M)



coordination no. of fluorine ion = 4



(1M)


(b)
no. of Ca2+ per unit cell = 8(1/8) + 6(1/2) = 4

(1M)



no. of F- per unit cell = 8(1) = 8




(1M)



( empirical formula is CaF2.




(1M)


(c)
volume of unit cell = (0.545 ( 10-7)3cm3 = 1.619 ( 10-22 cm3

(1M)



mass of contents in an unit cell
= [(40.1+19(2)(4 ( 6.023(1023]g









= 5.187(10-22 g



(1M)



( density = 5.187(10-22 ( 1.619 ( 10-22 = 3.205 g cm-3

(1M)
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2MgCl(s) ( 2Mg(s) + Cl2(g)			2 ( 107 kJ mol-1





Mg(s) + Cl2(g) ( MgCl2(s)			     -586 kJ mol-1
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2MgCl(s) ( MgCl2(s) + Mg(s)			H = -372 kJ mol-1
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