Name:

CHEM 251 (Fall-2003)
Exam 1 (100 pts)

, SSN

LAST NAME, First

(Circle the alphabet segment of your LAST NAME): A-C D-H I-L M-S

T-Z

Please answer the following questions:

Part I: Multiple Choices (52 pts: 13 @ 4 pts each). Circle the ONVE best answer:

1.

Which of the following atoms has the lowest first ionization energy (IE;)?

a) P b) Se c) S d) Cl

When an element # 119 is discovered, most likely it will be classified as a(n)
a) halogen b) alkali metal
¢) transition metal d) noble gas
What is the electron configuration of Bi atom?
a) [Xe]4f'sd" gs” op’ b) [Xe]4f' 6d"” es” op’
¢) [Xe]af'"sd" ep’ d) [Xe]sd" 657 op’

What is the predicted shape of XeF,?

a) Tetrahedral b) distorted tetrahedral

c) octahedral d) square planar

Which of the following species is expected to be polar?
a) XeF4 b) BeF,
c) BF; d) SF,4
Which one of the following species has a Lewis structure similar to that of O3?
a) CO, b) N5
c) OCN d) SO,
Which of the following species has the shortest S-O bond?
a) SO, b) SO5™
¢) SO; d) SO4*

. Which of the following species is expected to be paramagnetic?

a) Bey b) Li,
C) B2 d) F2



9. Most noble gases do not readly combine with other elements. One exception to this is the
combination of Xe with F. This can be explained by considering the relatively:
(1) ionization energy of Xe along with (2) electron affinity of F

10.

(1) 2)
a) low high
b) low low
C) high high
d) high low

From the top to the bottom within a group of elements in the Periodic Table, the ionization energy
generally:

a) decreases, because the nuclear charge increases
b) decreases, because the atomic size increases
¢) increases, because the nuclear charge increases

d) increases, because the atomic size increases

11. Use the shapes of these third shell orbitals to arrange them in order of increasing energy (lowest to
highest) for a ground state silicon atom:

12.

13.

a)1=2=3=4=5 b)3<1=2=5<4
0)3<1<4<5<2 d)3<1=5<4=2

For a single electron in the 4d orbital, which of the following set of quantum numbers is NOT
considered as allowed values:

ayn=4,{=2, m=-2, my=+% b)n=4,=2, m=0,mg=-%

on=4£{=2,m=1,my=-% dn=41=3, m=+2, my=+"%

The first four ionization energies of an atom X are 403, 2633, 3900 and 5080 kJ/mol. To what
periodic group X belongs?

a) Group 4 b) Group 2 c¢) Group 14 d) Group 16



Part II (48 pts: 4 @ 12 pts) Show all work for full credit. Please express all answers with proper
units and correct number of significant figures.

1. (a) Construct an MO diagram for the formation of O,; show only the participation of the valence
orbitals of the oxygen atoms. (b) Use the diagram to rationalize the following trend in O-O bond
distances: O,, 121 pm; 05", 112 pm; O, 134 pm; O,%, 149 pm. (c) Which of these species are
paramagnetic?

2. Use te following data to estimate the bond dissociation enthalpy of HF: D(H-H) = 436 kJ/mol;
D(F-F) = 158 kJ/mol; " (H) =2.2; ¥ (F) = 4.0

D(HF) =




3. The bond angles 117°, 134°, and 180° belong to the species NO,", NO,", and NO,, but not in that
order. Match the species with their bond angles and explain your answer.

4. a) Explain why the laughing gas N,O exists in the arrangement NNO rather than NON?

b) Carbon monoxide, CO has a small dipole moment (0.12 D). Explain why this molecule binds
transition metals from the carbon end and not from the oxygen end?
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