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SECTION A: MULTIPLE CHOICE QUESTIONS 

• There are 20 multiple choice questions in this section. Each question carries 2 marks. 

• Answer ALL questions by selecting the letter of the correct answer. 

• Choose the best possible answer for each question, even if you think there is another 

possible answer that is not given. 

1. What are oxidation states of metal ion in following complexes? 
A. PdCl2 
B. Pd(PPh3)4 
C. Pd(OAc)2 
D. ArPdBr where Ar is aryl 

2. Which of the following complex has a highest oxidation state of metal? 
A. (ri6-C&H&)2Cr 
B. Mn(CO)sC 
C. Na2[Fe(CO)4] 
D. K[Mn(CO)s] 

3. What is the oxidation state of molybdenum in [ri7-tropylium) Mo(CO)3]+? 
A. +2 
B. +1 
C. 0 
D. -1 

4. Which of the following is the neutral complex which follows the 18- electron rule? 
A. (ri5-CsHs)Fe(CO)2 
B. (ri5-CsHs)2Mo(CO) 
C. (ri5-CsHs)2Co 
D. (ri5-CsHs)2Re(ri6-C&H&) 

5. As pure molecular solids, which of the following exhibits dipole-dipole intermolecular 
forces: HBr, NBr3, SBr2, and CBr4? 
A. HBr only 
B. C8r4 and NBr3 
C. HBr and SBr2 
D. HBr, NBr3, and SBr2 
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6. Which of the following molecules is expected to form hydrogen bonds in the pure liquid 
or solid phase: ethanol (CH3CH20H}, acetic acid (CH3C02H}, acetaldehyde (CH3CHO), and 
dimethyl ether (CH30(H3}? 
A. ethanol only 
B. acetaldehyde only 
C. ethanol and acetic acid 
D. dimethyl ether and ethanol 

7. When a water molecule forms a hydrogen bond with another water molecule, which atoms 
are involved in the interaction? 
A. a hydrogen from one molecule and a hydrogen from the other molecule 
B. an oxygen from one molecule and an oxygen from the other molecule 
C. a hydrogen from one molecule and an oxygen from the other molecule 
D. an oxygen and a hydrogen from the same molecule 

8. Arrange H2S, H2Se, and H2Te in order from lowest to highest boiling point. 
A. HF<HCl<HBr 
B. HF<HBr<HCI 
C. HCI < HBr< HF 
D. HBr < HF< HCI 

9. In any cubic lattice an atom lying at the face of a unit cell is shared equally by how many 
unit cells? 
A. 2 
B. 1 
C. 4 
D. 8 

10. Arrange the three common unit cells in order from least dense to most dense packing. 
A. primitive cubic< body-centered cubic< face-centered cubic 
B. face-centered cubic< body-centered cubic< primitive cubic 
C. primitive cubic< face-centered cubic< body-centered cubic 
D. body-centered cubic< primitive cubic< face-centered cubic 

11. If a metal crystallizes in a body-centered cubic lattice, each metal atom has __ " 
nearest neighbors." 
A. 8 
B. 6 

C. 4 
D. 2 
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12. What is the distance, in atomic radii, along any edge of a body-centered cubic unit cell? 

A. (4x r) /V3 
B. 2 X r 
C. 4 X r 

D. (2 x r) / V3 

13. Nickel has a face-centered cubic cell, and its density is 8.90 g/cm 3• What is the radius (in pm) 
of a nickel atom? 
A. 62.3 pm 
B. 88.1 pm 
C. 125 pm 
D. 249 pm 

14. Rhodium crystallizes in a face-centered cubic lattice with an edge length of 380.1 pm. 
What is the density of rhodium? 
A. 0.777 g/cm 3 

B. 3.11 g/cm 3 

C. 12.4 g/cm 3 

D. 6.22 g/cm 3 

15. Iridium (atomic mass 192.2 g/mol), with an atomic radius of 135.5 pm, crystallizes in a 
face-centered cubic lattice. What is the density of iridium? 
A. 1.41 g/cm 3 

B. 2.83 g/cm 3 

C. 5.66 g/cm 3 

D. 11.3 g/cm 3 

16. Iron crystallizes in the body-centered cubic system. If the edge of the unit cell is 290 pm, 
what is the radius of a iron atom in picometers? 
A. 504 pm 

B. 402 pm 
C. 672 pm 
D. 126 pm 

17. Which of the following statements concerning valence bond (VB) theory is/are CORRECT? 
A. VB theory can describe molecular bonding in excited states 
B. VB theory assumes that electrons are localized between pairs of atoms 
C. VB theory predicts localized lone pairs of electrons 
D. A and B 

18. How many sigma (cr) bonds and pi (TI) bonds are in carbon monoxide? 
A. three a, zero TI 

B. two o, one TI 

C. two o, two TI 

D. one o, two TI 
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19. To form a molecule with a tetrahedral electron pair geometry, what set of pure atomic 
orbitals must be mixed? 
A. ones and two p 
B. ones and three p 
C. twos and one p 

D. ones and one p 

20. What is the hybridization of the central nitrogen atom in N2O? 
A. sp2 

B. sp3 

C. sp 
D. None of the above 

SECTION B: 

There are THREE (3) questions in this section. Answer all Questions. 

[60] 

Show clearly, where necessary, how you arrive at the answer as the working will carry marks to. 

Question 1 
1.1 Specify the oxidation number of the central metal atom in each of the following 

compounds: 
a) [Ru(NH3)s(H2O)]Cl2 
b) [Cr(NH3)5](NO3}3 
c) [Fe{CO)s] 
d) K4[Fe{CN)5] 
e) [PtCl5]2-

l.2 What are the systematic names for the following ion and compounds? 
a) [cis-Co(en)2C'2]+ 
b) [Pt(NH3)sCl]Cl3 
c) [Co(NH3)sCl]Cl2 
d) [Cr(en)3]Cl2 
e) NaAUF4 

1.3 Write the formulas for the following compounds: 
a) bis(ethylenediamine)dichlorochromium(III) 
b) pentacarbonyliron(0) 
c) potassium tetracyanocuprate(II) 
d) tetraammineaquachlorocobalt(l ll)chloride 
e) sodium hexanitrocobaltate(III) 
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Question 2 [20] 
2.1 What kind of intermolecular/attractive forces must be overcome to in order to: (3) 

a) melt ice 
b) boil molecular bromine 
c) melt solid iodine 

2.2 Calculate the number of spheres (atoms per unit cell) that would be found within a simple 
cubic, a body and a face-centered cubic cell? Assume the spheres are the same. (6) 

2.3 When silver crystallizes, it forms face-centered cub.ic cells. The unit cell edge length is 
409 pm. Calculate the density of silver. (8) 

2.4 What are the different types of crystalline structures (crystals)? (3) 

Question 3 [10] 
3.1 Do [lrBr2(CH3){CO)(PPh3)] and [Cr(ri.5-CsHs)(CGHG)] obey 18-electron rule? Show your working. (6) 

3.2 Give the formal names of ferrocene and [RhMe(PMe3)4] (4) 

END OF EXAMINATION 
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USEFUL CONSTANTS: 

Gas constant, R = 8.3145 J · mol-1 · K-1 = 0.083145 dm 3 · bar· mo1-1 · K-1 = 0.08206 L atm mol-1 · K-1 

1 Pa· m3 = 1 kPa.L = 1 N · m = 1 J 

1 atm = 101 325 Pa= 760 mm Hg= 760 torr 

Avogadro's Number, NA= 6.022 x 1023 mo1-1 

Planck's constant, h = 6.626 x 10-34 Js 

Rydberg constant, Rh= 2.18 x 10-18 J 

Speed of light, c = 2.998 x 108 ms-1 
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Lantbanides: 

Actinides: 

PERIODIC TABLE OF THE ELEMENTS 
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