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Fall 2005

Craddock
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Chapter 9 and 10 AP Multiple Choice/Free Response Questions 

Part Two Answers
Use the following answers for questions 1 - 2
(A) A network solid with covalent bonding
(B) A molecular solid with zero dipole moment
(C) A molecular solid with hydrogen bonding
(D) An ionic solid
(E) A metallic solid 

1. Solid ethyl alcohol, C2H5OH C

2. Silicon dioxide, SiO2 A
3. Which of the following molecules has the shortest bond length?
(A) N2
(B) O2
(C) Cl2
(D) Br2
(E) I2 

4. Pi bonding occurs in each of the following species EXCEPT

(A) CO2
(B) C2H4
(C) CN¯
(D) C6H6
(E) CH4 

5. Which of the following has a zero dipole moment?

(A) HCN
(B) NH3
(C) SO2
(D) NO2
(E) PF5
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6. Which of the following compounds exhibits optical isomerism?

(A) 




(B)
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(C)




(D)
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7. The SbCl5 molecule has trigonal bipyramid structure. Therefore, the hybridization of Sb orbitals should be

(A) sp2
(B) sp3
(C) dsp2
(D) dsp3
(E) d2sp3 

8. Which of the following compounds is ionic and contains both sigma and pi covalent bonds?

(A) Fe(OH)3
(B) HClO
(C) H2S
(D) NO2
(E) NaCN 

Questions 9-11 refer to the following diatomic species.

(A) Li2
(B) B2
(C) N2
(D) O2
(E) F2 

9. Has the largest bond-dissociation energy C
10. Has a bond order of 2 D
11. Contains 1 sigma (s) and 2 pi (p) bonds C
12. In a molecule in which the central atom exhibits sp3d2 hybrid orbitals, the electron pairs are directed toward the corners of

(A) a tetrahedron
(B) a square-based pyramid
(C) a trigonal bipyramid
(D) a square
(E) an octahedron 

13. Which of the following molecules has a dipole moment of zero?

(A) C6H6 (benzene)
(B) NO
(C) SO2
(D) NH3
(E) H2S 

14. I2(g) + 3 Cl2(g) ---> 2 ICl3(g)

According to the data in the table below, what is the value of ΔH° for the reaction represented above?

	Bond 
	Average Bond Energy
(kilojoules / mole) 

	I---I 
	150 

	Cl---Cl 
	240 

	I---Cl 
	210 


A) - 870 kJ

(B) - 390 kJ

(C) + 180 kJ

(D) + 450 kJ

(E) + 1,260 kJ 

Questions 15-17 refer to the following types of energy. 

(A) Activation energy
(B) Free energy
(C) Ionization energy
(D) Kinetic energy
(E) Lattice energy 

15. The energy required to convert a ground-state atom in the gas phase to a gaseous positive ion  C
16. The energy change that occurs in the conversion of an ionic solid to widely separated gaseous ions  E
17. The energy required to form the transition state in a chemical reaction  A
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18. The organic compound represented above is an example of 

(A) an organic acid
(B) an alcohol
(C) an ether
(D) an aldehyde
(E) a ketone 
19. Types of hybridization exhibited by the C atoms in propene, CH3CHCH2, include which of the following? 

I. sp
II. sp2
III. sp3 

(A) I only
(B) III only
(C) I and II only
(D) II and III only
(E) I, II, and III 
20. Of the following molecules, which has the largest dipole moment? 
(A) CO
(B) CO2
(C) O2
(D) HF
(E) F2 
Short Answer Questions

1.) NF3 and PF5 are stable molecules. Write the electron-dot formulas for these molecules. On the basis of structural and bonding considerations, account for the facts that NF3 and PF5 are stable molecules but NF5 does not exist.
Answer:  1976 

NF3 and PF5 are stable molecules. Write the electron-dot formulas for these molecules. On the basis of structural and bonding considerations, account for the fact that NF3 and PF5 are stable molecules but NF5 does not exist.

Answer:
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Describe the sp3 bonding for NF3 and the sp3d for PF5.

Nonexistence of NF5 because of no low energy d orbital for N.

2.) State precisely what is meant by each of the following term. Then distinguish clearly between each of the two terms in part (a) using chemical equations or examples where helpful.

(a) Bond polarity and molecular polarity (dipole moment)

Answer:  1978 D

 (a)
Bond polarity - resulting from unequal sharing of electrons between bonding atoms; or from bonding of atoms with different electronegativities.


Molecular polarity - result of the separation of the centers of positive and negative charges in an entire molecule (The dipole moment is a measure).; or the result of the non-zero vector sum of bond dipoles and lone-pair electrons.


Distinction (normally included within the definitions).

3.) (a) Draw the Lewis electron-dot structures for CO32¯, CO2, and CO, including resonance structures where appropriate.

(b) Which of the three species has the shortest C-O bond length? Explain the reason for your answer.

(c) Predict the molecular shapes for the three species. Explain how you arrived at your predictions.

Answer:  1982 D

(a)
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(b)
CO has the shortest bond because there is a triple bond. OR because there is the greatest number of electrons between C and O in CO.

(c)
CO32- trigonal planar (planar and triangular). C bonding is sp2 hybrid - or - C has three bonding pairs and no lone pair.


CO2 linear. C bonding is sp hybrid - or - C has two bonding pairs and no lone pairs - or - CO2 is nonpolar and must be linear.


CO linear. Two atoms determine a straight line.


4.) Using principles of chemical bonding and/or intermolecular forces, explain each of the following. d) Molecules of NF3 are polar, but those of BF3 are not.
Answer 1988 

(d)
In NF3 a lone pair of electrons on the central atom results in a pyramidal shape. The dipoles don’t cancel, thus the molecule is polar.


While in BF3 there is no lone pair on the central atom so the molecule has a trigonal planar shape in which the dipoles cancel, thus the molecule is nonpolar.

5.) Use simple structure and bonding models to account for each of the following.

(a) The bond length between the two carbon atoms is shorter in C2H4 than in C2H6.

(b) The H - N - H bond angle is 107.5° in NH3.

(c) The bond lengths in SO3 are all identical and are shorter than a sulfur-oxygen single bond.

(d) The I3¯ ion is linear.

Answer:  1990
(a)
C2H4 has a multiple bond; C2H6 has a single bond. Multiple bonds are stronger and, therefore, shorter than single bonds.

(b)
NH3 has 3 bonding pairs of electrons and 1 lone pair. Bonding pairs are forced together because repulsion between lone pair and bonding pairs is greater than between bonding pairs.

(c)
The bonding in SO3 can be described as a combination of 3 resonance forms of 1 double and 2 single bonds.
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The actual structure is intermediate among the 3 resonance forms, having 3 bonds that are equal and stronger (therefore, shorter) than an S-O single bond.

(d)
The central I atom has 3 lone pairs and 2 bonding pairs around it.  [image: image7.wmf]I 
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To minimize repulsion, the 3 lone pairs on the central atom are arranged as a triangle in a plane are right angles to the I-I-I- axis.

6)
	NO2 
	NO2¯ 
	NO2+ 


Nitrogen is the central atom in each of the species given above.

(a) Draw the Lewis electron-dot structure for each of the three species.

(b) List the species in order of increasing bond angle. Justify your answer.

(c) Select one of the species and give the hybridization of the nitrogen atom in it.

(d) Identify the only one of the species that dimerizes and explain what causes it to do so.

Answer 1992

(a)
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(b)
NO2- < NO2 < NO2+


NO2- - 3 charge centers around N; lone pair of electrons on N


NO2 - 3 charge centers around N; single electron on N


NO2+ - 2 charge centers on N

(c)
NO2+ is linear, has sp hybridization - or - NO2/NO2- have sp2 hybridization

(d)
NO2 will dimerize, because it contains an odd electron that will pair readily with another, forming N2O4.

7) Explain the following in terms of the electronic structure and bonding of the compounds considered. (b) The SO2 molecule has a dipole moment, whereas the CO2 molecule has no dipole moment. Include the Lewis (electron-dot) structures in your explanation.
Answer:  1995
(b)
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There is a dipole moment between the oxygen and the sulfur in sulfur dioxide and a bond angle of 119º. This results in a net dipole in the molecule. While there is a dipole in the carbon-oxygen bond, the 180º bond angle cancels the dipole moment in the molecule.

8) Explain each of the following in terms of the electronic structure and/or bonding of the compounds involved.

(a) Molecules of AsF3 are polar, whereas molecules of AsF5 are nonpolar.

(b) The N-O bonds in the NO2¯ ion are equal in length, whereas they are unequal in HNO2.

(c) For sulfur, the fluorides SF2, SF4, and SF6 are known to exist, whereas for oxygen only OF2 is known to exist.

Answer:  1996
(b)
AsF3 forms a pyramidal shaped molecule with a lone pair of electrons creating an asymmetrical region opposite the three highly electron-affinitive fluorine in the base. The AsF5 molecule has a highly symmetrical trigonal bipyramidal shape with no lone electron pairs. 

(c)
The N-O bonds in the nitrite ion are stabilized by resonance and are of equal length, but in HNO2, with a hydrogen attached to an oxygen, resonance is no longer possible.
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(d)
There are only four orbitals in the valence shell of oxygen, one s and three p’s. As a result, oxygen can hold no more than eight valence electrons, which it gets when it forms OF2. The valence orbitals of sulfur are in the n = 3 shell and includes empty d orbitals that can be used to expand its valence shell. Sulfur has 10 valence electrons in forming SF4 and 12 valence electrons to form SF6 (sp3d2 hybrid orbitals).

9) Consider the molecules PF3 and PF5. 

a) Draw the Lewis electron-dot structures for PF3 and PF5 and predict the molecular geometry of each. 

b) Is the PF3 molecular polar, or is it nonpolar? Explain. 

c) On the basis of bonding principles, predict whether each of the following compounds exists. In each case, explain your prediction. 

(i) NF5
(ii) AsF5 

Answer:  1997
(a)
PF3 = tripod (pyramid); PF5 = trigonal bipyramid
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(b)
polar; net dipole moment toward the non-symmetrical position of the fluorines.

(c)
(i) NF5 - doesn’t exist, nitrogen can’t hybridize to form the dsp3 orbitals and is also too small to accommodate 5 fluorine atoms around it.


(ii) AsF5 - does exist, arsenic can hybridize to form the dsp3 orbitals and is large enough to accommodate 5 fluorine atoms around it.
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