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Name:

Part 1. Multiple Choice:

1. Which of the following pairs of atoms/ions is isoelectronic?

_A.0%S7?
__B.Na,Na"
__C.Br'',Kr
__D.Cu,Zn

__ E. none of these

2. Which of the following quantum number sets describes a 4f orbital?

__A.
__B.
__C.
__D.
__E.

n=4,

0, m=0

1, m=-1
2, m=-1
2, m=+1
3, m=+2

1=
1=
1=
=
1=

s

3. Which element below has the largest atomic radius?

4.

Moz w

hich element below has the highest electronegativity?

6. Which of the following statements is true?

__ A.Electrons are never found in an antibonding MO.

__ B. All antibonding MOs are higher in energy than the atomic orbitals of which they are composed.
__ C. Antibonding MOs have electron density mainly outside the space between the two nuclei.
__D. None of the above is true.

__ E. Two of the above statements are true.
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Part I1. Short Answers and Calculations To get full credit you must show all your work!

7. Give the electron configuration for the following atoms and ions (condensed notation is OK).

Zr

V+3

8. Circle the correct answer for each of the following:

a) The lowest (least endothermic) 1st ionization energy: Li, Na, Mg

b) The greatest (most exothermic) electron affinity: As, Se, Br

9. Rank the following orbitals in an atom of hydrogen from lowest to highest energy (list them below in
order using the < symbol and the = symbol if any orbitals are the same energy): 1s, 2s, 2p, 3s

lowest energy highest energy

10. Rank the following orbitals in an atom of sodium from lowest to highest energy (list them below in
order using the < symbol and the = symbol if any orbitals are the same energy): 1s, 2s, 2p, 3s

lowest energy highest energy

11. How many electrons can be accommodated in the n = 4 quantum shell?

12. In one sentence, clearly explain why NO has a small bond dipole (polar compound) and the oxygen
has a partial negative charge. You can draw a picture to support your answer.
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13. In one sentence, clearly explain why CO has a small bond dipole (polar compound) and the oxygen
has a partial positive charge. You can draw a picture to support your answer.

14. In one sentence, clearly explain why MgO has a much higher lattice energy than NaF.

15. For laughing gas, N,O

a) Draw a valid Lewis structure below (connectivity N-N-O). Assign formal charges to all atoms.

b) Draw two additional resonance structures of the structure you drew in part (a). Assign formal charges
to all atoms.

¢) Circle the single structure above (from the three structures in parts (a) and (b)) that most closely
represents the true structure of N,O and briefly explain your choice.
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16. Phosgene (COCl,) was used as a chemical warfare agent in World War I. It can be synthesized by

reacting carbon monoxide with chlorine as shown below. Use the table of bond enthalpies to estimate
the heat of reaction (AH,,,) for the formation of phosgene.

cO + Cl, - COCl,

Bond type Bond Enthalpy
(kJ/mol)
C-0 360
C=0 750
C=0 1070
C-Cl 330
Cl-Cl 240
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16. Complete the following Table:

Chemical Formula: SiF, Chemical Formula: NO,"

Lewis Structure: Lewis Structure: (nitrogen is the central atom)

Molecular Geometry: (words only, you do not | Molecular Geometry: (words only, you do not

have to draw the molecule in three dimensions) have to draw the molecule in three dimensions)
Molecular Polarity (yes/no): Molecular Polarity (yes/no):
Hybridization of the Si atom: Hybridization of the N atom:

Bond Angle for F-Si-F Bond Angle for O-N-O

Number of o bonds for SiF, Number of ¢ bonds for NO,"

Number of x bonds for SiF, Number of & bonds for NO,"
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Extra Practice Problems (beyond the length of a 60-min exam)

11. Draw a valid Lewis dot structure for the following molecules:

a) NCO-

b) NF3

12. Indicate the shape and bond angles and polarity of each molecule given the following Lewis

structures:

P

Cl
cl o9 C

[ I ] R & W
. 0 5 O

13. Which of the following molecules are polar (SHOW WORK)?
CCly HO  CO2 O3
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14. Draw three possible resonance structures for OCS. Indicate and briefly explain which

structure is the most important.

15. Indicate the geometric shape and polarity of the following molecules. Use VSEPR theory;
you must draw diagrams for each molecule.

a) ClOsz-
b) ICly-
16. Using a MO diagram, determine the bond order and magnetic properties of the following

diatomic molecules: BN, BN*, and BN-. Which molecule is most stable?

17. Draw a molecular orbital diagram for the molecule NO, nitrogen oxide. Using the diagram
answer the following questions.

(1) What is the highest energy molecular orbital to which an electron or electrons have been
assigned?

(i1)) How many net sigma (o) bonds are there?

(i11)) How many net pi (;t) bonds?

(iv) What is the N-O bond order?

(v) Is the molecule diamagnetic or paramagnetic?

(vi) If the molecule is oxidized to the nitrosonium ion, NO¥, the N-O bond is
(longer )( shorter ) and it is ( stronger)(weaker ) than in NO.

15. Propose a hybridization and bonding scheme that will explain the geometry and bond
character of the NO™ anion given the following lewis structure.
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Equations and Constants
q = CAT =mcAT
AEuniverse - O AE system + AE surroundings = 0
AE system = _AE surroundings qsystem = _qsurroundings
1 2
E, =5 mv E, = mgh AE=q+w
w=Fd=FAx w =- PAV
AH =AE + PAV = q, qy = AE
AH,,, = En AH(products) - Em AH((reactants)
AH,,, = bonds broken — bonds formed
N, = 6.022x10* mol™ h=6.626x107"J s c=2.998x10°m s
e =1.602x10" C m, =9.109x10>' kg 1A=1x10"m
R, =1.0968x10" m" hcR,, =2.178x10" J
Ec =% mv’ AE = hv VA =c¢
he h ,_h h
AE_)» P=y T mv AxApz4n
1 11 R (S
X =Ry n12 n22 AE =2.178x10"°1J nfz niz
K
V= % K = 8.99x10° J-m/C? u=Qr 1 D =3.336x10" Cem



