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1. (d)	<	(a)	<	(e)	<	(c)	<	(b)	=	(f)	

	
2. (a)	C8H10N4O2,		(b)	194.1902	u,		(c)	49.48%	C,	5.19%	H,	28.85%	N,	and	16.48%	O.	

	
3. X	is	phosphorus	

	
4. C6H12O6(s)	+	6	O2(g)	⟶	6	CO2(g)	+	6	H2O(l)	

	
5. (a)	arsenic	trioxide	

(b)	4	HCl(aq)	+	3	As2O3(s)	+	4	NO3–(aq)	+	7	H2O(l)	⟶	4	NO(g)	+	6	H3AsO4(aq)	+	4	Cl–(aq)	
(c)	Yes,	since	Na	and	K	are	in	the	same	family	
	

6. (a)	4.74	×	1014	Hz	
(b)	0.314	aJ	⟶	this	is	one	“photon”	of	energy	of	light	with	wavelength	of	633	nm.	
	

7. (a)	1.33	×	10–18	J,	3.69	×	10–25	kWh	
(b)	see	diagram	to	the	right	
(c)	3	valence	electrons;	2	core	electrons	
	

8. Li	>	Li+;	Cu+	>	Cu2+;	Cl–	>	Cl	;	O2–	>	O2+		
	

9. (a)	He	<	Ne	<	Ar	<	Kr,	 (b)	Li	<	Na	<	K	<	Rb,	 					(c)	Ne	<	F	<	N	<	Be	
	
10. 		
	
11. There	are	four	resonance	forms	for	oxalate.		One	of	them	is	to	the	right. 	
	
12. Lewis	structures	to	the	right.			

• ClO2–	has	two	resonance	forms,	is	bent	(AX2E2),	and	has	a	OClO	bond	angle	that	is	less	than	
109.5	degrees.		

• ClO3–	has	three	resonance	forms	(with	two	double	bonds	and	one	single	bond),	is	trigonal	
pyramidal	(AX3E),	and	has	a	OClO	bond	angle	that	is	less	than	109.5	degrees.		

• ClO4–	has	four	resonance	forms	(with	three	double	bonds	and	one	single	bond),	is	
tetrahedral	(AX4),	and	has	a	OClO	bond	angle	that	is	109.5	degrees.			

• The	longest	Cl–O	bond	is	ClO2–	and	the	shortest	is	ClO4–.		
• ClO2–	and	ClO3–	are	both	polar.		Perchlorate	is	non-polar.		

	
13. AsF3,	CH2Cl2,	and	IOF5	are	polar.	

	
14. (a)	Mercury(I)	chloride,	chromium(III)	nitrate,	cobalt(II)	bromide	

(b)	Cu(CH3CO2)2,	Co2(SO3)3,	K2Cr2O7	
(c)	zinc	sulfate	monohydrate,	barium	chloride	dihydrate,	sodium	sulfide	nonahydrate		

	
15. (a)	Ca	is	oxidized;	Cl2	is	reduced	(and	is	the	oxidizing	agent)	

(b)	Al	is	oxidized,	O2	is	reduced	(and	is	the	oxidizing	agent)	
(c)	Rb	is	oxidized,	Br2	is	reduced	

	
16. (a)	Fe3+(aq)	+	3	OH–(aq)	⟶	Fe(OH)3(s)	

(b)	Zn2+(aq)	+	S2–(aq)	⟶	ZnS(s)	
(c)	Pb2+(aq)	+	2	OH–(aq)	⟶	Pb(OH)2(s)	
(d)	Zn2+(aq)	+	CO32–(aq)	⟶	ZnCO3(s)	

	
17. (a)	0.500	mol	Cl2;	4.00	mol	H2;	0.33	mol	Ca	atoms;	8.8	×	10–12	mol	Ba	

(b)	Ba	is	smallest	collection	of	atoms,	H	is	largest	collection	
(c)	1.2	×	10–9	g	Ba	<	8.00	g	H	<	13.2	g	Ca	<	35.5	g	Cl		

	

4. [McQuarrie 4-7] Boron (Z= 5) has the following five successive ionization energies (all in aj): 1.33, 4.04, 6.08, 41.5, 54.5.

a. On the axes provided, plot the logarithm of the ionization energies
versus the number o f e lect rons removed. Make sure to labe l the

axes /^0, ‘ i i ) -o .xJTZ
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b. Based on your graph, how many valence electrons does aboron

atom have? How many core electrons?

M -

U 3 . 9 - 3
3 - !

2 . - -

3 2 -Va l e n c e = Core =

I U L
/c. [Check-in.] Draw the Lewis dot formula for aboron atom.
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5. The speed of sound in dry air at 20 °C is 350 m/s and the frequency of the sound from the middle-C note on agrand piano
is 250 Hz.

a. Calculate the wavelength (in m) of the middle Csound wave.
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b. How long (in s) does this sound wave take to travel 70. macross the concert hall to your seat?
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c. [Think. Share.] If alightbulb were to turn on at the same time as the note is played on the piano, which wave (the
middle Csound or the light wave) would reach you first? Explain your prediction (do not compute). Do you need to
know the color or frequency of the light to answer this question?
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d . Calculate the time (in s) it would take for the lightwave to reach you.
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The light is amonochromatic (one color) red light with frequency 4.50 xHz. What is the wavelength (in nm) of
this light?
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(c) We shall assume that the arsenic atom is central and that each bromine atom is attached to it.
The total number of valence electrons is (1 × 5) + (3 × 7) = 26. We use six of the valence
electrons to form the As–Br bonds. We place 18 of the valence electrons as lone pairs on the
three bromine atoms and the remaining two as a lone pair on the As atom. The Lewis
formula is

Br As

Br

Br

(d) The total number of valence electrons is (1 × 5) + (3 × 1) = 8. We use six of the valence
electrons to form the P–H bonds. We place the remaining two valence electrons as a lone pair
on the P atom. The Lewis formula is

H HP

H

7-5. (a) The eight valence electrons are used to form the four C–H bonds.

H C

H

H

H

(b) Six of the 14 valence electrons are used to form the C–H bonds, two to form the C–F bond,
and the six remaining valence electrons are placed as lone pairs on the F atom.

H C

H

H

F

(c) The hydrogen atoms must be terminal atoms, and so we write

H HC

H

H H

N

MULTIPLE BONDS

7-7. (a) The hydrogen atoms must be in terminal positions, and so we write

H HCC

There is a total of (2 × 1) + (2 × 4) = 10 valence electrons. If we add one bond between
each atom and then try to satisfy the octet rule about the two carbon atoms, we find that we
are four electrons short. Thus we add two more bonds between the carbon atoms and obtain

H HCC
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(b) Arrange the atoms as

H HNN

There is a total of (2 × 1) + (2 × 5) = 12 valence electrons. If we add one bond between each
H atom and each N atom and one bond between the two N atoms, we cannot satisfy the octet
rule around each N atom. Thus we add one more bond between the two N atoms. We place
the four remaining valence electrons as lone pairs on each N atom. The Lewis formula is

H HNN

(c) Arrange the atoms as

Cl C

Cl

O

There is a total of 24 valence electrons. If we add one bond between each Cl atom and the C
atom and one between the O atom and the C atom, we cannot satisfy the octet rule around
each atom. Thus we add one more bond between the C atom and the O atom. We place the
remaining 16 valence electrons as lone pairs to satisfy the octet rule about each atom. The
Lewis formula is

Cl C

Cl

O

Notice that each atom in this formula has a zero formal charge, which would not be the case
had we placed the double bond between the C atom and one of the Cl atoms in the formula.

(d) We arrange the atoms as suggested by the chemical formula with carbon as the central atom.
There is a total of 16 valence electrons. If we add one bond between each atom and then try
to satisfy the octet rule about each of the atoms, we find that we are four electrons short.
Thus we add two more bonds between the carbon and nitrogen atoms and obtain

F C N

Notice that each atom in this formula has a zero formal charge, which would not be the case
had we placed a double or triple bond between the F atom and the C atom in the formula.

7-9. The hydrogen atoms are terminal atoms. There are 18 valence electrons, or nine electron pairs.
In order to satisfy the octet rule about the carbon and chlorine atoms, we write

C

H

ClCH

H

7-11. There are 18 valence electrons, or nine electron pairs in a HCOOH molecule. The only way to
satisfy the octet rule for the carbon and oxygen atoms by using nine electron pairs is to write

O

O

CH H
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and their superposition is

C

S

SS 2–

(b) The Lewis formulas of the oxalate ion, C2O2−
4 , are

C

O

OO C

O
––

C

O

OC

O
–

–

OO C

O

OC

O
–

–

OC

O

O

O

C

––

Their superposition is

C

O

OO C

O 2–

(c) The Lewis formulas of the thiocyanate ion, NCS−, are

SCN SCNSCN
+–– 2–

Their superposition is

SCN –

7-63. Each sulfur atom is covalently bonded to two other sulfur atoms to form an eight-membered
ring. The Lewis formula for solid sulfur is

SS

S

S

S

S

SS

7-65.* P4 is a tetrahedral molecule, meaning that each phosphorous atom lies at the apex of a regular
tetrahedron. Its Lewis formula is

P

P

P

P
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lone-pairs are separated by only 90◦. Considering only nearest neighbors this configuration leads
to one lone-pair lone-pair repulsion, three lone-pair bond-pair repulsions, and three bond-pair
bond-pair repulsions. Thus, this is a less favorable configuration. Finally, if we place the two
lone-pairs equatorially, then we find that they are separated by about 120◦. Considering only
nearest neighbors, this configuration has two lone-pair bond-pair repulsions and two bond-pair
bond-pair repulsions, making it the most favorable of the three possible configurations.

8-53. Structural isomers are molecules that share the same chemical formula but have different
bonding or connectivity between the atoms. A stereoisomer is one in which it is possible to form
chemically distinct isomers by changing the spatial arrangement of the atoms without altering
the atom-to-atom connectivity in the molecule. Geometric isomers, molecules that can have a cis
or trans geometry, and optical isomers are both examples of stereoisomers. (See Section 8-10 for
examples of each of these three types of isomers.)

8-55. (a) BF3 (AX3)

(b) NH3 (AX3E)

(c) BrF3 (AX3E2)

(d) PF−
6 (AX6)

8-57. We have the following

(a) F P

O

F

F AX4 tetrahedral

(b) P OCl AX2E bent

(c) P HH
–

AX2E2 bent

(d) Cl P

Cl

Cl

Cl
+

AX4 tetrahedral

8-59. We have the following

(a) O Cl O
–

AX2E2 bent

(b) O O

O

Cl
–

AX3E trigonal pyramidal

(c) O O

O

O

Cl

–

AX4 tetrahedral

8-61. (a) The electronegativities of the halogens increase as F > Cl > Br > I, and so the dipole
moments of HX molecules go as

HF > HCl > HBr > HI



 
 
 

2	

18. (a)	HF	is	a	molecular	compound	which	dissolves	as	HF(aq).	The	dissolved	HF	can	then	react	with	the	water	according	
to	the	following	reaction:	HF(aq)	+	H2O(l)	⟶	H3O+(aq)	+	F–(aq)	
(b)	8.5	mM	=	8.5	×	10–3	M	
(c)	HF	is	a	weak	electrolyte.		The	initial	concentration	of	HF	was	0.4	M	but	only	0.0085	M	has	reacted	⟶	that	is	less	
than	100	%	reaction	but	more	than	0%.	
	

19. (a)		21.4	mL	
(b) 8.2	g	of	CaSO4(s)	forms;	final	concentrations	are	[Cl–]	=	0.17	M,	[Na+]	=	0.23	M,	[SO42–]	=	0.03	M		
	

20. 4.2	mL	
	

21. 	(a)	4.0	×	10–10	M,			(b)	0.4	nM		or	400	pM	
	

	
22. 6	×	1017	molecules		

	
23. (a)	4.76	mmol	NaOH(s),	because	it	took	4.76	mmol	HCl	to	titrate	(and	so	4.76	mmol	of	OH–	were	present)	

(b)	52.1	%	
	

24. 75	atm	=	5.7	×	104	torr	=	76	bar	=	7600	kPa	
	

25. (a)	2	NaN3(s)	⟶	2	Na(s)	+	3	N2(g)	
(b)	175.9	g	
	

26. (a)	Cp	=	5.1	J/K	
(b)	2.0	g	
(c)	118	J/(mol	K)	
	

27. It	takes	6580	L	of	O2	at	1	bar	273	K	to	fully	react	with	1	gallon	(23.2	moles)	of	octane.		This	means	that	it	requires	
31,333	L	of	air	(or	about	8,000	gallons	of	air).	

 
28. (a)	–3990	kJ	

(b)	–665	kJ	
(c)	2660	kJ/mol	
(d)	–665	kJ/mol		

29. ∆H1	+	2∆H3	–	(3/2)∆H2	–	(1/2)∆H4	
	
30. –154	kJ/mol	
	
31. (a)	–1470	kJ/mol	

(b)	qv	=	–4875	J	
	

32. (a)	138	kJ	
(b) 3.5	g	
(c) 290	L	

	


