. Given: 5.2 cm

Unknown: length in
millime-
ters

. Given: 0.049 kg

Unknown: mass in
grams

. Given: 1.60 mL

Unknown: volume in
micro-
liters

. Given: 0.0025 g

Unknown: mass in
micro-
grams

. Given: 0.020 kg

Unknown: mass in
milli-
grams

. Given: 3 kL.

Unknown: volume in
liters

[ APPENDIX D |
Problem Bank

10 mm

5.2 cm X =52 mm

cm

0.049 kg x

1000g_ 40,
k

1000 uL
m

1.60 mL x =1600 uL

1000 000 pug

0.0025 g x = 2500 ug

0.020 kg x % =20 000 mg
g

1000 LL

3 kL x =3000 L

. Given: 150 mg

Unknown: mass in
grams

. Given: 2500 mL

Unknown: volume in
liters

. Given: 0.5 g

Unknown: mass in
kilograms

. Given: 55 LL

Unknown: volume in
kiloliters

=0.0005 kg
g

55 L x 1 kL =0.055 kL,
1000 L
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e. Given: 35 mm

Unknown: length in
cm

f. Given: 8740 m

Unknown: length in
kilome-
ters

g. Given: 209 nm

Unknown: length in
millime-
ters

h. Given: 500 000 ug

Unknown: mass in
kilograms

1 cm =3.5cm

35 mm X
10 mm

8740 m x =8.74 km

m

1 mm

209 nm X ———
1000 000 nm

=0.000 209 mm

1kg

500 000 pg x ———————
1000 000 000 ug

= 0.0005 kg

3. Given: 152 million km

Unknown: length in
megameters

1 Mm
km

152 000 000 km x =152 000 Mm

4. Given:1.87 Lin a
2.00 L bottle

Unknown: volume in
milliliters
needed to fill
the bottle

200L-1.87L=0.13L

1000 mL

0.13L x =130 mL

5. Given: a wire 150 cm
long

Unknown: length in
millimeters;
number of
50 mm
segments in
the wire

10 mm

150 cm x = 1500 mm

cm

1500 mm x LPiece

= 30 pieces
0 mm

6. Given: 8500 kg to fill
a ladle
646 metric tons
to make rails
1 metric ton =
1000 kg

Unknown: number of
ladlefuls to
make rails

1000 kg
metric ton

646 000 kg 1 ladleful
8500 kg

646 metric tons x =646 000 kg

= 76 ladlefuls

7. a. Given: 310 000 cm®

Unknown: volume in
cubic
meters

1m3

- -031lm®
1 000 000 cm®

310 000 cm? x
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b. Given: 6.5 m?

Unknown: area in
square
centime-
ters

c. Given: 0.035 m®

Unknown: volume in
cubic cen-
timeters

d. Given: 0.49 cm?

Unknown: area in
square
millime-
ters

e. Given 1200 dm®

Unknown: volume in
cubic
meters

f. Given: 87.5 mm3

Unknown: volume in
cubic cen-
timeters

g. Given: 250 000 cm?

Unknown: area in
square
meters

9 10 000 cm?
X e —

6.5m 5—— = 65 000 cm?
m

1 000 000 cm?®

md

0.035 m® x =35 000 cm?

2
100 mm* 1'112m = 49 mm?
cm

0.49 cm? x

3
1200 dm? x % =1.2md
1000 dm

3

Lem” 00875 cm®

87.5 mm> x ————
1000 mm

2
250 000 em2 x — ™ _ 95 m?

10 000 cm?

. Given: volume of a cell
=0.0147 mm?®

Unknown: number of
cells that
fit into a
volume of
1.0 cm?

3
1.0 em® x 1000 mm™ r;lm

cm

=1000.0 mm®

1 cell

1000.00 mm® x —=———
0.0147 mm

=68 027 cells

. a. Given: 12.75 Mm

Unknown: length in
kilometers

b. Given: 277 cm

Unknown: length in
meters

c. Given: 30 560 m?
lha=
10 000 m?

Unknown: area in
hectares

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL

1000 km
Mm

12.75 Mm x =12 750 km

1m

277 cm X =2.7Tm

cm

1 ha

30 560 m? x 5

=3.056 ha
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: . 2 2
- Given: 81.9 em 81.9 em®x — 2~ 0.00819 m?
Unknown: area in 10 000 cm
square
meters
. Given: 300 000 km 300 000 km x 1 Mm ~ 300 Mm
Unknown: length in 1000 km
megame-
ters
10. a. Given: 0.62 km 0.62 km x 1000 m —620m
Unknown: length in m

meters

. Given: 3857 g

Unknown: mass in
milli-
grams

. Given: 0.0036 mL

Unknown: volume in
micro-
liters

. Given: 0.342 metric

tons
1 metric ton
=1000 kg

Unknown: mass in
kilograms

. Given: 68.71 kL

Unknown: volume in
liters

3857 g x 2200 M _ 5057 000 mg
g

1000 pL
m

0.0036 mL x =3.6uL

1000 kg
metric ton

0.342 metric tons x =342 kg

1000 L

68.71 kL x =68710L

11.

. Given: 856 mg

Unknown: mass in
kilograms

. Given: 1210 000 pug

Unknown: mass in
kilograms

. Given: 6598 L.

1mL=1cm?

Unknown: volume
in cm?

. Given: 80 600 nm

Unknown: length in

1kg

856 mgx — 5
1000 000 mg

=0.000 856 kg

1kg

1210 000 pg x———————>
1000 000 000 pug

1 mL 3

1000 uL

1cm
mL

6598 L x = 6.598 cm®

1 mm

80 600 nm X ————
1000 000 nm

millimeters
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. . 3
e. Given: 10.74 cm 10.74 em? x 1 mL « 1L

Unknown: volume in em® © 1000 mL
liters

=0.010 74 L

o 3
12. a. Given: 7.93 L 7031, x 1000 mL « 1cm

Unknown: volume in L mL
cubic cen-
timeters

=7930 cm®

b. Given: 0.0059 km 0.0059 ki x 100000 em _ o

Unknown: length in km
centime-
ters

o 3
c. Given:4.19 L 4191 x 1 dm

=4.19 dm?
Unknown: volume in

cubic
decime-
ters

d. Given: 7.48 m?

Unknown: area in
square
centime-
ters

=74 800 cm?

2
7.48 m?2 x 10000 cm” 00020‘“

1000 dm® 1L

X ——==197L

. . 3
e. Given: 0.197 m 0.197 m® x ¢ .
dm

Unknown: volume in m
liters

13. Given: 0.05 mL oil used 90 000 km x 0.05 mL y 1L _
per kilometer km 1000 mL

Unknown: volume in
liters of oil

used for
20 000 km

: 3 3
. : 1000 uL
14. Given: 370 mm . 370 mm® x 1cm 3><1m?{_.>< u ~ 370 uL
Unknown: volume in 1000 mm cm mL

microliters

15. Given: 1.5 tsp vanilla 800 cakes x 1.5 tsp « 5 mL « 1L

per cake cake tsp 1000 mL
1tsp=5mL
Unknown: volume of
vanilla in
liters for
800 cakes
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16. Given: eight 300 mL
glasses of
water/day
1 yr = 365 days
Dwater =
1.00 kg/L

Unknown: volume in
liters of
water con-
sumed in
a year
mass in kilo-
grams of this
volume

8 glasses « 365 days y 300 mL « 1L
1000 mL

day yr glass

876L><1Tkg=876kg

17. a. Given: 465 m/s

Unknown: velocity in
kilome-
ters per
hour

b. Given: 465 m/s

Unknown: velocity in
kilome-
ters per
day

465m>< 1 km ><36008
S 1000 m h

= 1674 km/h

1674km 24h _ 46 176 km/day

h day

18. Given: 130 g/student
60 students

Unknown: total mass in
kilograms

130 g

x 60 students x 1 kg =78kg
student 1000 g

19. Given: 750 mm/student
60 students

Unknown: total length
in meters

750 mm

X 60 students x _1m =45 m

student 00 mm

20. a. Given: 550 pL/h

Unknown: rate in
milliliters
per day

b. Given: 9.00 metric
tons/h

Unknown: rate in
kilograms
per
minute

¢. Given: 3.72 L/h

Unknown: rate in
cubic
centime-
ters per
minute

550uL  1mL 24h

X =13.2 mL/day
h 1000 uL.  day

9.00 metric tons « 1000 kg « 1h

=150 kg/min
h metric ton 60 min

3
3.72LX1000mLX1cm « 1h — 62 em®/min

h L mL 60 min
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d. Given: 6.12 km/h 6.12 km y 1000 m « 1h

Unknown: rate in h km 3600 s
meters
per
second

=1.7m/s

21. a. Given: 2.97 kg/LL 2.97 kg y 1000 g « 1L 1 mL

X
Unknown: rate in L kg 1000 mL ~ em?
g/cm3

= 2.97 g/em?

b. Given: 4128 g/dm? 4128g 1kg 1 dm?

Unknown: mass per dm? " 1000g 100 cm
area in
kilograms
per
square
centime-
ters

5 = 0.04128 kg/cm®

c. Given: 5.27 g/em? 527g 1kg 1000 cm?

Unknown: density as em® 1000 g dm?
kilograms
per cubic
decimeter

= 5.27 kg/dm®

3

d. Given: 6.91 kg/m3 6.91 kg « 1000 000 mg 1m

Unknown: density m3 kg 8 1000 000 000 mm
as mil-
ligrams
per cubic
millime-
ter

5 = 0.00691 mg/mm?®

22. a. Given: density of 417 gx 1L « 1000 mL — 750 mL
5.56 g/L 5.56 g L
Unknown: volume in
milliliters
occupied
by 4.17 g

b. Given: density of 1 m 1000 dm?® (1L 556g 1kg _ ..o kg
5.56 g/L m°® dm® L ~1000g
Unknown: mass in
kilograms
of 1 m3

: . 2 2
23. Given: mass per area of 0.125 ha x 10 000 m « 10 00020m « 0.102g « 1kg
0.10 g/em ha m em? 1000 g
Unknown: mass in kilo-

meters per
0.125 ha

= 1250 kg
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24. a. Given: length of book

=250. mm
width of book
= 224 mm

1m?

1000 000 000 mm?

250. mm x 224 mm x 50.0 mm = 2800 000 mm® x

=0.0028 m?

thickness of
book =
50.0 mm

Unknown: volume in
cubic
meters

1m?

1000 000 cm?

b. Given: length of book
=250. mm
width of book
=224 mm
thickness of
book =
50.0 mm
mass of book
=294 kg

Unknown: density in
grams per
cubic cen-
timeter

2.94 kg 1000 g y

=1.05 g/em®
0.0028 m> . kg &

1 m?

1000 000 mm?

c. Given: length of book
=250. mm
width of book
= 224 mm
thickness of
book =
50.0 mm

Unknown: area of
front
cover in
square
meters

250 mm x 224 mm x =0.056 m?

25. a. Given: 25 drops =

1.00 mL

Unknown: volume of
one drop
in milli-
liters

1.00 mL
25 drops

=0.04 mL

b. Given: 25 drops =
1.00 mL
Unknown: volume in
milliliters
of 37
drops

0.04 mL
drop

37 drops x =1.48 mL

c. Given: 25 drops = 068 L x 1000 mL, « 1 drop

1.00 mL L 0.04 mL
Unknown: number of
drops in
0.68 L

=17 000 drops
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26. a. Given: 504 700 mg 504 700 mg x 1kg — 0.5047 kg
Unknown: mass in 1000 000 mg
kilograms 1g
and 504 700 mg x ——=——=504.7 g
grams 1000 mg
- Given: 9200000 kg 9900 g0g ugx— K8 _ 0092 kg
Unknown: mass in 1000 000 000 pg
kilograms 1
and 9200 000 ugx —~2  =92kg
grams 1000 000 pg
- Given:122mg 122 mgx— X8 _ (000 122 kg
Unknown: mass in 1000 000 mg
kilograms 1
and 122 mgx—52 — =0122¢g
grams 1000 mg
- Given: 7195 cg 7195 cg x — 58 _0.07195 kg
Unknown: mass in 100 000 cg
kilograms 1
and grams 7195 cgx —B5— =71.95¢
100 cg
27. a. Given: 582 cm ' 582 em® x 1 ng « 1L — 05821
Unknown: volume in cm 1000 mL
liters and
milliliters 582 cm? x 1 m;J =582 mL
cm
: . 3 3
. Given: 0.0025 m 0.0025 m° x 1000 ;im » 1 L3 —95L
Unknown: volume in m dm
liters and 3
milliliters ~ 0.0025 m? x 2000000 em®  1mL_ o550 oy,
m cm
N . 3
. Given: 1.18 dm . 1.18 dm3 x 17113 —118L
Unknown: volume in dm
liters and
milliliters ~ 1.18 dm® x % K 2000 mE _ 4150 mLL
- Given: 329001l g9 g0 x— X _ 00329 L
Unknown: volume in 1000 000 pL
liters and 1mL
milliliters 32 900 uL x ———— = 32.9 mLL
1000 uL
: . 3 3
28. a. Given: 1.37 g/cn.l ' 1.373g « 1cm y 1000 mL ~ 1370 g/L
Unknown: density in cm mL
grams per 3
liter and 1.373g X 1 kg X 1000 O%O 1370 kg/m?
kilograms cm 1000 g m
per cubic
meter
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. . 3 3
. Given: 0.692 kg{dm- 0.6923kg y 1000 g y 1dm _ 692 g/L
Unknown: density in dm kg
grams per 3
literand 2092k, 1000dm”_ 5q0 1 3
kilograms dm m
per cubic
meter
. Given: 5.2 kg/L. - 5.2 kg « 1000 g _ 5200 g/L
Unknown: density in L kg
gams per 3
liter and 52kg X 1—L3 X M = 5200 kg/m3
: L dm m
kilograms
per cubic
meter
3 . 3 3 3
.leen.38000g/.m' 380(;0{;>< 1m 3><ldm 38 gL
Unknown: density in m 1000 dm L
grams per
literand 200008, LEE _gg o
kilograms m 1000 g
per cubic
meter
: . 3 3 3
. Given: 5.79 mg/@@ 5.79 I;lg « 1lg « 1000 0003 mm” 1dm ~ 5790 g/L
Unknown: density in mm 1000 mg dm
grams per 1000 000 000 mm?
liter and 5.79 I;lg X 1 kg X 3 5790 kg/m?
kilograms mm 1000 000 mg m
per cubic
meter
. Given: 1. 1.1 1
Given: 1.1 pg/m.l . ug « g y 1000 mL = 0.0011 g/L,
Unknown: density in mL 1000 000 ug L
grams per 1.1 1 k 3
liter and HE g, 1mlL, 1000000 em”_ 5911 kg/m?
kilograms mL 1000 000 000 ug  cm m
per cubic
meter
29. a. Given: 648 kg/30.0h 648 kg y 1000 g « 1 h- _ 360 g/min
Unknown: rate in 30.0h kg 60 min
grams per
minute
. Given: 648 kg/39.0 h  648.0 kg « 24 h _ 518.4 ke/day
Unknown: rate in 30.0h day
kilograms
per day
. Given: 648 kg/30.0h  648.0kg 1000000mg _1h 1s
X X =6 mg/ms
Unknown: rate in 30.0 h kg 3600 s 1000 ms

milli-
grams per
milli-
second
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30.

Given: 100 km/h

Unknown: rate in
meters per
second

100. km « 1000 m « 1h
h km 3600 s

=27.8 m/s

31.

Given: 330 kJ/min
lcal=4.184J

Unknown: rate in kilo-
calories per
hour

1 kecal
4.184 kJ

330 kJ 60 min
X X
min h

=4732 kcal/h

32.

Given: 62 g/m?

1 ha = 10 000 m?

Unknown: mass in
kilograms
required for
1.0 ha

62gX10000m2X

lkg 10ha
2 X =
ha

1000 g~ 1000 g

620 kg

33.

Given: 3.9 mL/h
1 year =
365 days
Unknown: volume in
liters per
year

3.9mL>< 1L ><24h><365days
h 1000 mL.  day yr

=34 L/yr

34.

Given: 50 ul/dose
2.0 mL/bottle

Unknown: number of
doses in a
bottle

1 dose y 1000 uL
50 uL, mL

2.0 mL x =40 doses

35.

a. Given: 640 cm®

Unknown: number of

signicant
figures

b. Given: 200.0 mL

Unknown: number of

signifi-
cant
figures

¢. Given: 0.5200 g

Unknown: number of

signifi-
cant
figures

d. Given: 1.005 kg

Unknown: number of

signifi-
cant
figures

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
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. Given: 10 000 LL

Unknown: number of
signifi-
cant
figures

Given: 20.900 cm

Unknown: number of
signifi-
cant
figures

. Given: 0.000 000 56

g/L
Unknown: number of
signifi-
cant
figures

. Given: 0.040 02

kg/m3
Unknown: number of
signifi-
cant
figures

Given: 790 001 cm?

Unknown: number of
signifi-
cant
figures

Given: 665.000
kg » m/s?
Unknown: number of
signifi-
cant
figures

1; the zeros are placeholders

5; all digits are significant

2; all the zeros are placeholders

4; the two initial zeros are placeholders

6; all digits are significant

6; all digits are significant

38.

. Given: 0.0120 m

Unknown: number of
signifi-
cant
figures

. Given: 100.5 mL

Unknown: number of
signifi-
cant
figures

3; the two initial zeros are placeholders

4; all digits are significant
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Given: 101 g

Unknown: number of
signifi-
cant
figures

. Given: 350 cm?

Unknown: number of
signifi-
cant
figures

. Given: 0.97 km

Unknown: number of
signifi-
cant
figures

Given: 1000 kg

Unknown: number of
signifi-
cant
figures

. Given: 180. mm

Unknown: number of
signifi-
cant
figures

. Given: 0.4936 L

Unknown: number of
signifi-
cant
figures

Given: 0.020 700 s

Unknown: number of
significant
figures

3; all digits are significant

2; zero is a placeholder

2; zero is a placeholder

1; zeros are placeholders

3; all digits are significant

4; zero is a placeholder

5; initial zeros are placeholders

39.

. Given: 5 487 129 m

Unknown: value ex-
pressed to
3 signifi-
cant
figures

. Given: 0.013 479 265

mL

Unknown: value ex-
pressed to
6 signifi-
cant
figures

5490 000 m; the digit following the last digit to be retained is greater
than 5

0.013 479 3; initial zeros are placeholders; the digit following the last
digit to be retained is greater than 5
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. Given: 31 347.972

cm

Unknown: value ex-
pressed to
4 signifi-
cant
figures

. Given: 192.6739 m?

Unknown: value ex-
pressed to
5 signifi-
cant
figures

. Given: 786.9164 cm

Unknown: value ex-
pressed to
2 signifi-
cant
figures

. Given: 389 277 600 J

Unknown: value ex-
pressed to
6 signifi-
cant
figures

. Given: 22?3 834.762

cm

Unknown: value ex-
pressed to
7 signifi-
cant
figures

31 950 cm?; the digit following the last digit to be retained is greater
than 5

192.67 mz; the digit following the last digit to be retained is less than 5

790 cm; the digit following the last digit to be retained is greater than 5

389 278 000 J; the digit following the last digit to be retained is greater

than 5; the zeros are placeholders

225 834.8 cm®; the digit following the last to be retained is greater than 5

42.

. Given: dimensions of

87.59 cm x
35.1 mm

Unknown: area in
cm

. Given: dimensions of

87.59 cm x
35.1 mm

Unknown: area2 in
mm

. Given: dimensions of

87.59 cm x
35.1 mm

Unknown: area in
m

Lem 907 em?

87.59 cm x 35.1 mm X
10 mm

10 mm

87.59 cm x x 35.1 mm = 30 700. mm?

1cm

Im 60307 m?

87.59 cm x 1 m x 35.1 mm X
100 cm 1000 mm
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43.

. Given: dimensions of

900. mm x
31.5 mm X
6.3 cm

Unknown: volume in
em?®

. Given: dimensions of

900. mm x
31.5 mm X
6.3 cm

Unknown: volume in
m3

. Given: dimensions of

900. mm X
31.5 mm x
6.3 cm

Unknown: volume in
mm?

900. mm x 22 » 31 5 mm x —~™ » 6.3 cm = 1800 cm?
10 mm 10 mm
900. mmx —— 2 x315mmx—— > 3emx 2
00 mm 00 mm 100 cm
=0.0018 m®
10 mm

900. mm x 31.5 mm X 6.3 cm X =1800 000 mm?®

1cm

. Given: 0.16 kg/125 mL

0.16 kg 1mL 1000000 cm?

0 5 5 = 1300 kg/m?
Unknown: density in 125 mL 1 cm 1m
kg/m?
. Given: 0.16 kg/125 mL  0.16 kg y 1000 g _ 1.3 g/mlL
Unknown: density in 125 mL.  1kg
g/mL
. Given: 0.16 kg/1.25 .mL 0.16 kg « 1000 mL « 1L =13 kg/dm3
Unknown: density in 125 mL 1L 1dm
kg/dm
45. a. Given: numbers with  13.75 mm x 10.1 mm x 0.91 mm = 130 mm?®

4,3, and 2
significant
figures,
respectively

Unknown: product to
2 signifi-
cant
figures

. Given: numbers with

3 and 2 signif-
icant figures,
respectively

Unknown: product to
2 signifi-
cant
figures

89.4 cm? x 4.8 cm = 430 em?
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c. Given: numbers with
3 and 2 signif-
icant figures,
respectively

Unknown: quotient
to 2 sig-
nificant
figures

d. Given: numbers with
4,1,and 3
significant
figures,
respectively

Unknown: product to
1 signifi-
cant
figure

149m®+3.0m?=5.0m

6.975 m x 30 m x 21.5 m = 4000 m®

48. Given: dimensions of
30.5 mm X
202 mm X
153 mm;
mass empty =
0.30 kg;

mass full = 1.33 kg

Unknown: density of
the liquid
in kg/L

V = 30.5 mm x 202 mm x 153 mm = 943 000 mm°®
m =1.33 kg —0.30 kg = 1.03 kg

__ 103kg _ 1.000000 mm? WL dm?
943 000 mm® 1 dm? 1L

=1.09 kg/L

49. Given: 3.3 kg/7.76 km

Unknown: mass in g/m;
length with a
mass of 1.0 g

3.3 kg
7.76 km

1 km
1000 m

y 1000 g «
1kg

1m

043¢

=0.43 g/m

1.0 gx =23m

50. Given: rate of 52 kg/ha;

container holds

10 kg;

1 ha = 10 000 m?

Unknown: area in m>

covered
by full
container

10kg  1lha 10 000 m?
1 container 52 kg 1 ha

= 2000 m>

51. Given: 974 550 kJ/37.0
min

Unknown: rate in
kdJ/min
and kd/s

974 550 kJ

=26 300 kd/min
37.0 min

974 550 kJ>< 1 mMin _ o013/

37.0 min 60 s

52. a. Given: dimensions
of 189 cm x
307 cm X
272 cm
Unknown: volume
in cubic
meters

1m3

— - _158m°
1000 000 cm®

189 cm x 307 cm x 272 cm X
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. Given: dimensions of

189 cm x
307 cm X
272 cm;
fill time of
97 s

Unknown: rate in
liters per
minute

. Given: dimensions of

189 cm x 307
cm X 272 cm;
fill time of
97 s

Unknown: rate in
cubic
meters
per hour

189 cm x 307 cm x 272 3
em cm em 1dm®  60s LL 9800 L/min

97 s 1000 cm® 1 min 1dm
189 cm x 307 cm x 272 3
em om cm o 1m S X 3600 _ 290 m3/h
97 s 1000 000 cm 1h

55.

. Given: lengths ex-

pressed in
scientific
notation

Unknown: sum ex-
pressed in
scientific
notation
to hun-
dredths
place

. Given: lengths ex-

pressed in
scientific
notation

Unknown: sum ex-
pressed in
scientific
notation
to thou-
sandths
place

. Given: volume ex-

pressed in
scientific
notation

Unknown: answer
expressed
in scien-
tific nota-
tion to
tenths
place

4.74 x 10* km + 7.71 x 10% km + 1.05 x 10% km
=4.74 x 10* km + 0.771 x 10* km + 0.105 x 10* km
=5.62 x 10* km

2.75x10 4 m+8.03x 107 m +2.122x 10 % m
=0275x103m +0.0803x 103 m + 2.122x 10> m
=2477x10 2% m

4.0x10°m® +6.85x 10 m3 - 1.05 x 10° m?
=4.0%x 10" m? +0.685x 10° m® - 1.05 x 107° m*
=36x10°m?
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. Given: masses ex- 3.15 x 102 mg + 3.15 x 10° mg + 3.15 x 10* mg
pressed in =0.0315 x 10* mg + 0.315 x 10* mg + 3.15 x 10* mg

scientific 4
notation =3.50 x 10" mg

Unknown: sum ex-
pressed in
scientific
notation
to hun-
dredths
place

- Given: number of 3.01 x 10?2 atoms + 1.19 x 1023 atoms + 9.80 x 102! atoms

Zizg;ig’in =0.301 x 1023 atoms + 1.19 x 1023 atoms + 0.0980 x 1023 atoms

scientific =1.59 x 10?3 atoms
notation

Unknown: sum ex-
pressed in
scientific
notation
to hun-
dredths
place

. Given: lengths ex- 6.85 x 10" nm + 4.0229 x 10® nm — 8.38 x 10° nm
pressed in =0.685 x 10% nm + 4.0229 x 108 nm — 0.0838 x 108 nm

scientific .
notation =4.624 x 10° nm

Unknown: answer
expressed
in scien-
tific nota-
tion to
thou-
sandths
place

. Given: 7.11 x 10%* 7.11 x 10%* molecules

molecules per 100.0 cm?
100.0 cm®

Unknown: number of
molecules
per
1.09 cm?

x 1.09 em? = 7.75 x 10?2 molecules

. Given: 7.11 x 10%* 7.11 x 10%* molecules

molecules per 100.0 cm?
100.0 cm®

Unknown: number of = 1.59 x 102" molecules
molecules
in 2.24 x
10% em?

% 2.24 x 10* em® = 0.159 x 1028 molecules
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c. Given: 7.11 x 10%*
molecules per
100.0 cm?®

Unknown: number of
molecules
in 9.01 x
1078 cm?®

7.11 x 10%* molecules
100.0 cm®

%x9.01 x 108 cm?®

=0.641 x 108 molecules = 6.41 x 10! molecules

66. a. Given: 3 518 000
transistors
per 9.5 mm
X 8.2 mm

Unknown: area per
transistor

b. Given: 2.2 x 107
mm?/
transistor

Unknown: number of
transis-
tors on
353 mm X
265 mm

9.5 mm x 8.2 mm
3 578 000 transistors

=0.000 022 mm?/transistor

= 2.2 x 107 mm?%/transistor

353 mm x 265 mm X M = 43 000 x 10° transistors

2.2 x 10° mm?

= 4.3 x 10° transistors

67. Given: 0.0501 g per
1.00 L

Unknown: concentra-
tion in
grams per
microliter

0.0501g = 1L 0501 %107 g/ul = 5.01 x 108 g/uLL

1.00L ~ 1x10°% uL

68. Given:5.30 x 10710
m/Cs atom

Unknown: number of Cs
atoms in
2.54 cm

1 Cs atom 1m

o X—5— x2.54 cm =4.79 x 10" Cs atoms
530x107""m 10%cm

69. Given: Vyoutron =
1.4x107** m3
Myeutron = o4
1.675x10" g
Unknown: Dyeutron i
g/m3
mass of
1.0 cm? of
neutrons
in kg

1.675x 10724 g

22077 5_1.2x10%0 g/m?®
1.4x 107 m? &

neutron =

1.675x107%*g 1kg 1m®
44 _3 X33 _*76..3
1.4x 10 m 10°g 10° cm

x1.0m®=1.2x 10" kg

70. Given: 1.6 x 108 m
per pit
Unknown: number of
pits in
0.305 m

1 pit

0.305 m x —— 22
1.6x10°m

=1.9 x 107 pits
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71.

. Given: 6.022 x 10?3 6.022 x 1023 Oy molecules

. Given: 6.022 x 10%° 6.022 x 1022 Oy molecules y 103 mL

. Given: 6.022 x 10?3 22 400 mL

0, molecules T x 0.100 mL = 0.000 026 9 x 10%3 Oy molecules

per 22 400

mL at 0°C = 2.69 x 10 04 molecules
and standard

atmospheric

pressure

Unknown: number of
09 mole-
cules in
0.100 mL

x1.00 L

Og molecules 22 400 mL
per 22 400

mL at 0°C 2% 99

and standard = 0.000 269 x 10“® O9 molecules = 2.69 x 10““ Oy molecules
atmospheric

pressure

Unknown: number of
05 mole-
cules in
1.00 L

— —23
0O, molecules 6.022 x 102 0, molecules 3720 x 107 mL/Og molecule
per 22 400

mL at 0°C =3.72x 10720 mL/O9 molecule
and standard

atmospheric

pressure

Unknown: average
space in
milliliters
occupied
by one
oxygen
molecule

72.

. Given: m = 5.136 x

. Given: m = 5.136 x

5.136 x 1018 kg
1018 ke; 6.5 x 10° people

6 500 000 000
people

=7.9x108 kg/person

Unknown: mass in
kg per
person

5.136 x 108 kg 1 metric ton
108 kg; 6.5 x 10° people 10° kg

6 500 000 000
people

= 0.79 x 108 metric ton/person

= 7.9 x 10° metric ton/person

Unknown: mass in
metric
tons per
person
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c. Given: m = 5.136 x 5.136 x 108 kg

10" kg; 9.5 x 10° people
9 500 000 000

people

=0.54 x 10° kg/person = 5.4 x 108 kg/person

Unknown: mass in
kg per
person

73. Given: msuy = 1.989 1.989x 10 kg _ (3509 106 _ 3,399 x 10° Earths

x 1030 kg 5974x10% kg '

Mearth = 5.974

x 1024 kg

Unknown: number of

Earths to
equal mass
of sun

74. c. Given: landfill dime- 2.3 km x 1.4 km x 0.15 km y 10° m?
sions of 2.5 x 10° objects/yr x 6.0 x 102 m*/objects = 1 km3
2.3 km x
1.4 km x =0.032x 103 yr = 32 yr
0.15 km,;
250 000 000
objects, each
0.060 m®, per
year

Unknown: how many
years
to fill
landfill

75. Given: 1 C = 1000 cal 2400 C 1000 cal 4.184J
intake of 2400 C 1 day X 1C X 1 cal
per day
lcal=4.184J

Unknown: intake in

joules per
day

=10 000 000 J/day = 1.0 x 107 J/day

76. Given: D = 0.73 g/em® 1305kg-1271kg 1L 10% g  lmL

Mautomobile = 0.78 g/cm3 10°mL "~ 1 kg 1 cm?
1271 kg
Unknown: volume in L
of gasoline to
raise mass
of car to
1305 kg

=47L
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77. Given: pool dimensions

0of 9.0 m x 3.5 m
x 1.756 m

Dyater = 0.997
g/cm?

1 metric ton
=1000 kg

Unknown: mass of

water in pool
in metric
tons

9.0m x3.5m x 1.75 m x

= 55 metric tons

1 metric ton

6 3
0.997 g « 10° cm « 1kg S
g

1lcm 1m3

78.

Given: m = 250 g;

dimensions of
7.0cm x 17.0 cm
x 19.0 cm

Unknown: density in

kilograms
per liter

250 g

1kg 10cm® y 10% mL

X X
70emx17.0cmx19.0cm 103 g

=0.11 kg/LL
1 mL 1L

79.

Given: area of 18.5 mz;

mass of 1275 g;
density of
2.7 g/cm3

Unknown: thickness in

millimeters

1275g 1cm3><

185m? 2.7g

1m? « 10% mm

P =2.6x 102 mm
10° cm! 1m

80.

Given: density of

1.17 g/cm3;
mass of 3.75 kg

Unknown: volume in

liters

3.75 kg x

1cm3X103gX1mL 1L

=321L

117¢g

X
lkg 1 em®” 10° mL

81.

Given: dimensions of

28 cm x 21 cm
X 44.5 mm;
mass of 2090 g

Unknown: density in

g/cm3

2090 g

10 mm

X
28 cm x 21 cm X 44.5 mm 1cm

= 0.80 g/em?®

82.

Given: mass of 6.58 g;

triangle with
base of 36.4 mm,
height of

30.1 mm, and
thickness of
0.560 mm

Unknown: density in

g/cm3

6.58 g

10 mm?®

X———=
0.5(36.4 mm x 30.1 mm) x 0.560 mm 1cm®

21.4 g/cm3

83.

Given: crate dimensions

0of 0.40 m x

0.40 m x 0.25 m;
box dimensions
of 22.0 cm x

12.0 cm x 5.0 cm

Unknown: number of

boxes to fill
the crate

0.40m x 0.40 m x 0.25 m

1 box 10 cm?

1 crate

= 30 boxes/crate

X X
220cmx12.0emx50cm ~ 1md
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84. a. Given: V o =1 xI %I

D =2.27 glem?®

m =3.93 kg

Unknown: volume
in liters;

dimensions

3 3
s93kgx 1o, 10g dml 1L 445y,
227g 1kg 1lcem® 10° mL
3 3
173 Lx 2900 1M 754107 m® = 0.00173 m?
1L~ 10°dm

of the cube V/0.00173 m3 = 0.120 m; dimensions = 0.120 m x 0.120 m x 0.120 m

b. Given: Viectangle
=IlXwxh
D=
1.85 g/em®
dimensions of
33 mm X

21 mm x 7.2 mm

Unknown: mass in

grams
volume
in cm®
c. Given: Vppere = %rcr3;
D =3.21 g/L;
diameter =
3.30 m
Unknown: mass in
kilograms,
volume
in dm

d. Given: Viylinder
=’ x h;
mass =497 g;
dimensions of
cylinder:
7.5 cm diame-
ter x 12 cm

Unknown: density in
g/cmg,
volume
in m®

e. Given: Vigctangle =
IXwxh;
D —
0.92 g/cm3;
dimensions of
356mx12m
x 0.65 m

Unknown: mass in
kilograms,
volume
in cm?®

V=33mm><21mm><7.2mm><37

1cm?

3 =50 cm?®
mm

185¢g

m=DV=""Lx50cm?’=92g

V==-nr
3

m=DV =

V=1tr2><h=3.14(

D

V=Ilxwxh=35mx12mx0.65m x

m =DV =

_m_
V 53x10%m?

1cm

5 102 dm3
X

53— =18.8x 107 dm®

=—x3.14 x
3 2

=1.88 x 10* dm?

3 4 3.30 m
1m

321¢g 1L

1dm?

«1K8 _ 6031k

x 1.88 x 10* dm® x =
10° g

2
7.5 cm x 12 em X

3
M 53x107%m?
10° cm

1m?
108 em

497 g

5 =0.94 g/em?

108 cm?®

3= 2.7 x 108 cm?®
m

092 g

= % (2.7 x 10% em?) x

1 1;g =25x10% kg
1lcm 10° g
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85. Given: mass of 9.65 g; V=195 mL - 16.0 mL = 3.5 mL
initial V. =
16.0mL " _m_965g lml_
final Vater = V 35mL 1cm?
19.5 mL

Unknown: Density in
g/cm3

2.8 g/cm3

86. a. Given: m =50. kg; D= m - thickness =
area = 9 area x thickness area x D
3620 m~;

3 2 4 3
11)9"3 gfem’ o S0kg lem', 1m  10um 1078 _ 4000 72 x 10° pm
: 3620 m~ 19.3g 10" cm cm lkg
Unknown: thickness
ofthegold ~ =0.72pm
in micro-
meters

b. Given: thickness = diameter = 2 x radius = 2(1.44 x 10%m)=288x10"1%m
0.72 um;
atom radius = 1 atom 1m

0.72 X X
1.44 x A 88 %10 O m  10° um
107%m
Unknown: number of
atoms

=2.5x 10° atoms

87. Given: fill time = 238 s;
cylinder diame-

2
Veylinder = w2 x h = 3.14 (IZTm) x4.6m=52m?

ter=1.2 m; X 5 5
cylinder height = 5.2m°_10° dm 1L 60 s .
46m X 7— X 3 X — = 1300 L/min
238 s 1m 1dm 1 min
Unknown: flow rate in
L/min

88. Given: 2.8 g produces V=4.5cm x 3.05 cm x 15 cm = 210 cm?®

1.0 J/s;
Leal=4184J;  _py_ 19868, 910 0ms _ 4200 ¢
dimensions = 1 em®
4.5 cm x 3.05 cm
x 15 cm; 1.0J lcal 3600s 6
’ 4200 g x X X =1.3x10° cal/h
D =19.86 g/em® 8% 98ges 4184J  1h
Unknown: calories
generated
per hour

89. Given: m = 5.974 x
10?4 kg;
sphere diaTeter o 5
=1.28 x ElO .km p_m_5974x 1;)7 k% 10%8 5 4o em?
Unknown: density in vV 110x10"" em® 1kg
g/cm3

=1.10 x 10?7 cm?

3

4 3 15 3
ved 3 4, 51, (128x10'km|" 10" cm
3 3 m
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920.

Given: Dy = 1.74 g/em?
Dp; =21.45
g/cm3

Unknown: volume of
Mg in cm
with the
same mass
as 1.82 dm?
of Pt

3 3
mp; = 1.82 dm? x 21'453g 10 —
1cm 1dm

mMg

3
=3.90x10% g x L _ 9,94 x 10* cm?

Vi =
Me Dy 174 g

=3.90 x 10* g = myy

91.

Given: 66 m/roll;
5.0 cm/use

Unknown: number of
uses in
24 rolls

66 m
1 roll

100 cm
1m

1 use

x 24 rolls x =32 000 uses

X

0 cm

92.

Given: 38 km/4.0 L
gasoline;
driven 75%
of year;

86 km/day;
1 yr = 365 days

Unknown: volume of

gasoline
in liters
per year

365 days x 0.75 = 274 days driven

86 km

274 days driven X =24 000 km driven
1 day

40L
m

24 000 km X =2500 LL

93.

Given: fill time of 97 h;
pool dimensions
=9.0m x 3.5 m x
1.75 m

Unknown: rate of fill in
L/min

90mx35mx1.75m 103dm® 1L 1h

97h

X X
1m? 1dm® 60 min

=9.5 L/min

924.

Given: Dy,s0, =
1.285 g/em?;
38% sulfuric acid
in battery
Unknown: mass of sul-
furic acid in
500. mL bat-
tery acid

3
500. mL x 0.38 x 250 8, L em

1cm

=244 g H,SO
1L g H9SUy

95.

a. Given: 64.1 g of Al

Unknown: number of
moles Al

b. Given: 28.1 g of Si

Unknown: number of
moles Si

¢. Given: 0.255 g of S

Unknown: number of
moles S

1 mol Al
26.98 g Al

64.1 g Al x =2.38 mol Al

1 mol Si
28.09 g Si

28.1 g Six = 1.00 mol Si

1mol S
32.07¢g8S

0.255 g S x =7.95x% 1072 mol S
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. Given: 850.5 g of Zn 850.5 g Zn x 1 mol Zn ~13.01 mol Zn
Unknown: number of 65.39 g Zn
moles Zn
96. a. Given: 1.22 mol Na 1.9 mol Na x 22.99gN ~9280gNa
Unknown: mass Na 1 mol Na
. Given: 14.5 mol Cu 14.5 mol Cu x 63.55 g Cu _ 921 g Cu
Unknown: mass Cu 1 mol Cu

. Given: 0.275 mol Hg

Unknown: mass Hg

. Given: 9.37 x 1072

mol Mg
Unknown: mass Mg

0.275 mol Hg x 220-59 8 HE _ 55 9 o p1g
1 mol Hg

9.37 x 1073 mol Mg x 2231 8M8 _ () 998 o Mg
1 mol Mg

97.

. Given: 3.01 x 1023

atoms Rb

Unknown: amount in
moles

. Given: 8.08 x 10?2

atoms Kr

Unknown: amount in
moles

. Given: 5 700 000 000

atoms of Pb

Unknown: amount in
moles

. Given: 2.997 x 10%°

atoms of V

Unknown: amount in
moles

1 mol
3.01 x 1023 atoms Rb x — = 0.500 mol Rb
6.022 x 10*° atoms
29 1 mol _
8.08 x 10°“ atoms Kr x =0.134 mol Kr

6.022 x 10% atoms

1 mol

6.022 x 107 atoms = 25 107" mol Pb

5.7 x 10° atoms Pb x

1 mol
6.022 x 10%® atoms

2.997 x 10%? atoms V x =49.77 mol V

98.

. Given: 1.004 mol Bi

Unknown: number of
atoms

. Given: 2.5 mol Mn

Unknown: number of
atoms

. Given: 0.000 000 2

mol He

Unknown: number of
atoms

6.022 x 10?3 atoms

= 6.046 x 10?3 atoms Bi
1 mol

1.004 mol Bi x

6.022 x 10?2 atoms
1 mol

2.5 mol Mn x = 1.5 x 1024 atoms Mn

6.022 x 10?2 atoms

=1x10'7 atoms He
1 mol

2 x 10~ mol He x
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. Given: 32.6 mol Sr

6.022 x 10?2 atoms

Unknown: number of 2.6 mol Sr x L mol =1.96 x 10%° atoms Sr
: mo
atoms
. a. Given: 54. 6.022 x 10?3 at,
99. a. Given:54.0 g Al 54.0 g Al x LROLAL X 20 aWOmS _ 4 91 x 1024 atoms Al
Unknown: number of 26.98 g Al 1 mol
of atoms
Al
. Given: 6.022 x 1023 at
Given: 69.45 g La 69.45 g La x ol La X2 atmS _ 3011 x 1023 atoms La
Unknown: number of 13891 gLa 1 mol
atoms La
. Given: 0. 6.022 x 102 at
Given: 0.697 g Ga 0.697 g Ga x Lol Ga O 6.02 x 102! atoms Ga
Unknown: number of 69.72 g Ga 1 mol
atoms Ga
. Given: 0. 6.022 x 1023 at
Given: 0.000 000 020 2.0x107° g Be x 1 mol Be X azoms _ 1.3 x 10 atoms Be
g Be 9.01 g Be 1 mol
Unknown: number of
atoms Be
100. a. Given: 6.022 x 102 94 1 mol 180.95 g Ta
atoms Ta 6.022 x 10°* atoms Ta x 6.022 x 103 atoms < 1molTa — 1810 g Ta
Unknown: mass Ta
. Given: 3.01 x 102! 21 1 mol 58.93 g Co
atoms Co 3.01 x 10" atoms Co x 6.022 x 102 atoms ~ TmolCo ~ 0.295 g Co
Unknown: mass Co
iven: 24 1 mol
-+ Given: 1.506 x 10 1.506 x 102+ atoms Ar x o 3995 8AT _ 9991 g Ar
atoms Ar 6.022 x 10“° atoms 1 mol Ar
Unknown: mass Ar
: . 25 1 1
- Given: 1.20 x 10 1.20 x 102 atoms He x it «00gHe 1970 He
atoms He 6.022 x 10*° atoms 1 mol He
Unknown: mass He
101. a. Given: 3.00 g BBr3 formula mass = 1 atom B x 10.81 amu + 3 atoms Br x 79.90 amu
Unknown: number of 1 atom 1 atom Br
moles = 10.81 amu + 239.70 amu = 250.51 amu
BBI‘3
3.00 g BBrg x — LM BBTS 4190 mol BBrs
250.51 g BBry
-+ Given: 0.472 g NaF formula mass NaF = 1 atom Na x m + 1 atom F x 19.00 amu
Unknown: number of 1 atom Na 1 atom F
Egifs = 41.99 amu
0.472 g NaF x L 2OLNaF _ ) 119 mol NaF
41.99 g NaF
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. . 9
¢. Given: 7.50 x 10% g formula mass CH3OH = 1 atom C x 12.01amu ) o toms H x 101 amu
CH30H 1 atom 1 atom H
Unknown: number of
1 + 1atom O x 16.00 amu _ 32.05 amu
moles 1 atom O
CH;0H
7.50 x 102 g CH3OH x L RLCHsOH _ o0 4 1 0l CH0H
32.05 g CH;0H

d. Given: ?321-(00%03)2 formula mass Ca(ClO3)g = 1 atom Ca x % + 2 atoms Cl
Unknown: number of 35.45 amu 16.00 amu
moles T atom CL + 6 atoms O x T atom O
Ca(Cl0g)y atom atom
=206.98 amu
1 mol Ca(ClO3)9
50.0 g Ca(ClO3)q X = 0.242 mol Ca(ClO
8 CalCl0s) X 8 & CalClOy)y mol CalClOz);
102. a. Given: ;1:3—166 mol formula mass NH; = 1 atom N x 14.01 amu + 3 atoms H x 1.01 amu
3 1 atom N 1l atom H
Unknown: mass NHg = 17.04 amu
1.366 mol NH; x L1948 NHs _ o5 o0 o N,
1 mol NHjg
b. Given: %611?1(1);821 formula mass CgH150¢ = 6 atoms C x 12:);% + 12 atoms H
Unknown: mass L L0lamu oo 16.00 amu
CeH1206 1 atom 1 atom O
=180.18 amu
180.18 g CGHIZOG
0.120 mol CgH 1904 X =21.6 g CgH150
mol Lgtl12Us 1 mol CgH ;504 g Letl12Vs
c. Given: %.Qélmol formula mass BaCl, = 1 atom Ba x 137.33 amu + 2 atoms ClI x 35.45 amu
abla 1 atom Ba 1 atom Cl
Unknown: mass
=208.23
BaCl, ama
6.94 mol BaCl, x 228238 BaCly _ 456 5 Baci,
1 mol BaCl,
d. Given: %01?15 mol formula mass C3Hg = 3 atoms C x 12.01 amu + 8 atoms H x 101 amu
318 atom atom H
Unknown: mass = 44.11 amu
CsHg '
0.005 mol CHg x 24118 CsHs _ o o 0 p,
1 mol CgHS
103. a. Given: 4.99 mol CH, 6.022 x 10?3 molecules

Unknown: number of
molecules

4.99 mol CHy4 x

= 3.00 x 1024 molecules CH4
1 mol
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. Given: 0.005 20 mol

Ny
Unknown: number of
molecules

. Given: 1.05 mol PClg

Unknown: number of
molecules

. Given: 3.5 x 10~ mol

CgHgOg
Unknown: number of
molecules

6.022 x 1023 molecules
1 mol

5.20 x 1073 mol Ny x = 3.13 x 102! molecules Ny

6.022 x 1022 molecules

= 6.32 x 10% molecules PClg
1 mol

1.05 mol PClj3 x

6.022 x 10?2 molecules
1 mol

3.5 x 10~ mol C¢gHgOg x

= 2.1 x 10'¥ molecules CgHgOg

104.

. Given: 1.25 mol KBr

Unknown: number of
formula
units

. Given: 5.00 mol

MgC12

Unknown: number of
formula
units

. Given: 0.025 mol

N32003

Unknown: number of
formula
units

. Given: 6.82 x 1076

mol Pb(NO3)2

Unknown: number of
formula
units

6.022 x 10?3 formula units
1 mol

1.25 mol KBr x

=7.53 x 10?3 formula units KBr

6.022 x 10?2 formula units
1 mol

5.00 mol MgCly x

= 3.01 x 10%* formula units MgCl,,

6.022 x 10% formula units
1 mol

0.025 mol NayCOg X

= 1.5 x 10?2 formula units NayCOg

6.022 x 10?3 formula units
1 mol

6.82 x 1078 mol Ph(NO3)g x

=4.11 x 10*® formula units Pb(NO3)s

105.

. Given: 3.34 x 10%*

formula units
CU(OH)Z
Unknown: amount in
moles

. Given: 1.17 x 1016

molecules
of HyS

Unknown: amount in
moles

. Given: 5.47 x 102!

formula units
of NiSOy4
Unknown: amount in
moles

1 mol
6.022 x 1023 formula units

3.34 x 10** formula units Cu(OH), x

=5.55 x 10'° mol Cu(OH),

1 mol
6.022 x 10?2 molecules

1.17 x 106 molecules HyS x =1.94 x 10 mol HyS

1 mol
6.022 x 1023 formula units

5.47 x 10?! formula units NiSOy4 x

=9.08 x 1072 mol NiSO,
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d. Given: 7.66 x 101° 19 1 mol
EOgCUIeS of 7.66 x 10 molecules Hy05 x 6.022 x 10?2 molecules
2U2
Unknown: amount in = 1.27 X 10~ mol Hy0,
moles
. 24
106. a. Given: 2.411 X %0 . formula mass Hy = 2 atoms H x 1.01 amu _ 2.02 amu
molecules Hy 1 atom H
Unknown: mass Hy
1 mol 202gH
2.41 x 1024 molecules Hy, x 2262
% TRoTecttes 55 6.022 x 1022 molecules x 1 mol Hy
=8.08 g Hy
. 21
b. Given: ?'00 ><110 its  formula mass Al(OH); = 1 atom Al x 26.98amu 3 toms 0
Xln(l)lﬁ a units 1 atom Al
(OH)s 16.00 amu 1.01 amu
Unknown: mass x Tatom O + 3 atoms H x latomH 78.01 amu
Al(OH)s atom arom
1 mol
5.00 x 10?! formula units A(OH)3 x 23m0 -
6.022 x 10“° formula units
18018 AlOH)s _ ;o400 A1(OH),
1 mol AI(OH)3
. 22
c. Given: 8'215 x %O formula mass BrF5 = 1 atom Br x 79.90 amu + 5 atoms F x 19.00 amu
ngecu es atom Br 1 atom F
rt's
=174.90
Unknown: mass amt
BI'F5
1 mol 174.90 g BrF
8.25 x 10?2 molecules BrF A ]
XA MOTeenies BIE5 X 6 022 x 102 molecules 1 mol BrF
=24.0 g BrFj;
. 23
d. Given: }'20 ><110 it formula mass NagCoO4 = 2 atoms Na X 22.99 amu + 2 atoms C
ormula units 1 atom Na
NayC204 12.01 amu 16.00 amu
Unknown: mass x + 4 atoms O x =134 amu
1 atom 1 atom O
N320204
1 mol
1.20 x 10?2 formula units NayCy0
x ormula units Nagtaby x 6.022 x 102 formula units
o 1348 NagCoOy _ 50 g NayCoOy
1 mol N320204
107. a. Given: 22.9 g Na,S formula mass NayS = 2 atoms Na x 22.99 amu + 1 atom S x 32.01 amu
Unknown: number of 1 atom Na 1 atom S
foryilula = 77.99 amu
units
NayS 23 :
1 mol NagS _ 6.022 x 10°° formula units
22.9 g NagS x ————xX
77.99 g NagS 1 mol

= 1.77 x 10?3 formula units NaoS
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b.

Given: 0.272 g
Ni(NOg3)g
Unknown: number of
formula

units
Ni(NOg)o

formula mass Ni(NOg)g = 1 atom Ni x M + 2 atoms N
1 atom Ni
X M + 6 atoms O x 16.00 amu =182.71 amu
1 atom N 1 atom

6.022 x 10?3 formula units
1 mol

1 mol NiNOg)y
182.71 g Ni(NO3),

0.272 g Ni(NOg)y x

= 8.96 x 102 formula units Ni(NO3)y

c. Given: %%)ZISI%CN formula mass CHoCHCN = 3 atoms C x 112'&?;% + 3 atoms H
Unknown: number of
molecules 1'01% + 1 atom N x ?La?\? =53.07 amu
CH,CHCN atom atom
1 mol CH,CHCN 1g
260 CH,CHCN x —=
me Lt 53.07 g CH,CHCN ~* 1000 mg
6.022 x 1022 molecules 21
X = 3.0 x 10°" molecules CHoCHCN
1 mol
108. a. Given: 0.039 g Pd
Unknown: nomber of 0039 g Pdx —BAPd_ 57164 mo1 P
: 106.42 g Pd
moles Pd
b. Given: 8200 g Fe 8200 g Fe x 1 mol Fe — 150 mol Fe
Unknown: number of 55.85 g Fe

moles Fe

Given: 0.0073 kg Ta

1000 g « 1 mol Ta

0.0073 kg Ta x =0.040 mol Ta
Unknown: number of lkg 180.95g Ta
moles Ta
d. Given: 0.006 55 g Sb 0.006 55 g Sb x 1 mol Sb = 5.38 x 10~® mol Sh
Unknown: number of 121.76 g Sb
moles Sb
e. Given: 5.64 kg Ba 5.64 kg Ba x 1 mol Ba y 1000 g _ 41.1 mol Ba
Unknown: number of 137.33gBa 1kg
moles Ba
. . 6
f. Given: 19(,'137 X108 547,106 g Mox MO _ 5 51 4 1078 mol Mo
o 95.94 g Mo
Unknown: number of
moles Mo
109. a. Given: 1.002 mol Cr 1.002 mol Cr x 52.00 g Cr 5210 g Cr
Unknown: mass Cr 1 mol Cr
b. Given: 550 mol Al 550 mol Al x 26.98 g Al — 15 x 10 g Al
Unknown: mass Al 1 mol Al
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Li

Unknown: mass Li

. . -8
- Given: 4.08 x 10 4.08 x 1078 mol Ne x 2218 8Ne _ g o0q 107 g Ne
mol Ne 1 mol Ne
Unknown: mass Ne
. Given: 7 mol Ti 7 mol Ti x 47.88 g Ti = 3x102 g Ti
Unknown: mass Ti 1 mol Ti
. Given: 0.0086 mol Xe 0.0086 mol Xe x 131.29 g Xe ~1lgXe
Unknown: mass Xe 1 mol Xe
. Given: 3.29 x 10* mol 6.94 g Li

3.29 x 10* mol Li x =2.28x10° g Li

1 mol Li

110.

. Given: 17.0 mol Ge

Unknown: number of
atoms

. Given: 0.6144 mol

Cu

Unknown: number of
atoms

. Given: 3.02 mol Sn

Unknown: number of
atoms

. Given: 2.0 x 10% mol

C

Unknown: number of
atoms

. Given: 0.0019 mol Zr

Unknown: number of
atoms

. Given: 3.227 x 10710

6.022 x 10% atoms
1 mol

17.0 mol Ge x =1.02 x 10%° atoms Ge

6.022 x 10?3 atoms

=3.700 x 10?3 atoms Cu
1 mol

0.6144 mol Cu x

6.022 x 10% atoms

=1.82 x 1024 atoms Sn
1 mol

3.02 mol Sn x

6.022 x 1022 atoms

=1.2x10% atoms C
1 mol

2.0 x 108 mol C x

6.022 x 1022 atoms

=1.1x 10%! atoms Zr
1 mol

0.0019 mol Zr x

6.022 x 10?2 atoms

3.227 x 10710 mol K x =1.943 x 10 atoms K

mol K 1 mol
Unknown: number of
atoms
111. a. Given: 6.022 x 10%* 94 1 mol
atoms Co 6.022 x 10°* atoms Co x 6.022 x 102 atoms 10.00 mol Co
Unknown: number of
moles Co
iven: 2 1 mol
-+ Given: 1,06 10 1.06 x 1023 atoms W x o =0.176 mol W

atoms W

Unknown: number of
moles W

6.022 x 10?2 atoms
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Given: 3.008 x 101°
atoms Ag

Unknown: number of
moles Ag

. Given: 950 000 000

atoms Pu

Unknown: number of
moles Pu

. Given 4.61 x 1017

atoms Rn

Unknown: number of
moles Rn

Given: 8 trillion
atoms Ce

Unknown: number of
moles Ce

1 mol

-5
6.022 x 102 atoms 995107 mol Ag

3.008 x 102 atoms Ag x

1 mol
6.022 x 102 atoms

9.5 x 108 atoms Pu x =1.6 x 107 mol Pu

1 mol

6.022 x 10 atoms ~ 66107 mol Rn

4.61 x 1017 atoms Rn x

1 mol
6.022 x 102 atoms

8 x 10! atoms Ce x =1x 10" mol Ce

112. a.

Given: 0.0082 g Au

Unknown: number of
atoms Au

. Given: 812 g Mo

Unknown: number of
atoms Mo

Given: 2.00 x 10% mg
Am

Unknown: number of
atoms Am

. Given: 10.09 kg Ne

Unknown: number of
atoms Ne

. Given: 0.705 mg Bi

Unknown: number of
atoms Bi

Given: 37 ug U

1 mol A 6.022 x 10?2 at
0.0082 g Aux — 28 _ X = _BOME 9.5 %1019 atoms Au
196.97 g Au 1 mol
6.022 x 1022 at
812 g Mo x Lm0l Mo X2 AWM _ 510 x 1024 atoms Mo
95.94 g Mo 1 mol
1molAm  6.022x 10?3 at
2.00 x 102 mg Am x — - & 0 X = atoms

—= X X
1000 mg 243.06 g Am 1 mol

=4.96 x 10%° atoms Am

6.022 x 10?2 atoms
1 mol

1000 g « 1 mol Ne «
1kg 20.18gNe

=3.011 x 10%% atoms Ne

10.09 kg Ne x

6.022 x 10?2 atoms
1 mol

lg « 1 mol Bi

0.705 mg Bi x - X
1000 mg 208.98 g Bi

=2.03 x 108 atoms Bi

lg 1molU  6.022x 10% atoms

37 ug Ux— =9.4 x 10 atoms U
Unknown: number of 10°ug 238.03gU 1 mol
atoms U
: . 23 1 1
113. a. Given: 8.22 x 10 899 x 1023 atoms Rb x mo y 85.47 g Rb ~117gRb

atoms Rb
Unknown: mass Rb

6.022 x 10?3 atoms ~ 1 mol Rb
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. Given: 4.05 Avo-

1 mol
gadro’s 4.05 x 6.022 x 102 atoms Mn x m;)g X 54.94 8 Mn
constants of 6.022 x 10°° atoms 1 mol Mn
Mn atoms = 223 ¢ Mn
Unknown: mass Mn
: . 26 1 1
-+ Given: 9.96 x 10 9.96 x 102 atoms Te x it x 127608 Te _ 115 10% Te
atoms Te 6.022 x 10“ atoms 1 mol Te
Unknown: mass Te
. Given: 0. 1 mol )
Given 9,000 025 2.5 x 107 x 6.022 x 10%® atoms Rh x e x 10291 g Rh
vogta rto ] ] 6.022 x 10°° atoms 1 mol Rh
constants o
Rh atoms =2.6x102gRh
Unknown: mass Rh
. Given: 88 300 000 13 1 mol 226.03 g Ra
8.83 x 107 ati R e
000 000 T AtomS RAX 022 x 102 atoms 1 mol Ra
atoms Ra s
Unknown: mass Ra =3.31x10"gRa
. Given: 2.94 x 10'7 17 1 mol 178.49 g Hf 5
2.94 x 10 t Hf —=——=8.71x10 Hf
atoms Hf T atoms X 022 % 1023 atoms 1 mol HF E
Unknown: mass Hf
114. a. Given:45.0 g 12.01 amu
formula mass CH3COOH = 2 atoms C x —————
CH3COOH 3 1 atom C
Unknown: moles 1.01 amu 16.00 amu
+ 4 atoms Hx ———— + 2 atoms O x ————— = 60.06 amu
CH;COOH 1 atom H 1 atom O
1 mol CH3COOH
45.0 g CH3COOH =0.749 mol CH3COOH
&8 " 60.06 g CHCOOH ot Hs
. Given: 7. 207.2
Given ;&%%3)2 formula mass Pb(NOg)g = 1 atom Pb xTamPE+ 2 atoms N
atom
Unknown: moles 14.01 amu 16.00 amu
X ————— 4+ 6 at Ox——=331.22
Pb(NO3), 1 atom N aroms 1 atom amt
1 mol Pb(NOg)g
7.04 g Pb(NO =0.0213 mol Pb(NO
& PbN ) X o 99 & Pb(NO,)y mol Ph(NOg),
-+ Given: ggggfg formula mass FeqO3 = 2 atoms Fe x 55‘i5 aI;u + 3 atoms O x 116'03—31131
atom Fe atom
Unknown: moles
Fey0j =159.70 amu
5000 kg FeyOq x 10008 LmolFe;05 g 404 01 Feys
1kg 159.70 g FeyO3
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. Given: 12.0 mg

CyH5NH,
Unknown: moles
CoHzNH,

. Given: 0.003 22 g

C17H35COO0H

Unknown: moles

C17H35CO
OH

Given: 50.0 kg
(NH)9SOy
Unknown: moles
(NHy)o
SOy

formula mass CoHsNHy = 2 atoms C x 1201 amu . 1, 101 amu
1 atom C 1 atom H
+ 1 atom N x 14.01 amu =45.10 amu
1l atom N
lg 1 mol CoH5NH,

12.0 mg CoHsNHy x —-8  x
& 22 X 000 mg  45.10 g CoH5NH,

=2.66 x 107* mol CyH;NH,

12.01 amu
1 atom C
16.00 amu
1 atom O

1 mol Cl7H35COOH
284.54 g Cl7H35COOH

formula mass C17H35COOH = 18 atoms C x

1.01 amu

+ 36 atoms H x + 2 atoms O X =284.54 amu

1 atom

3.22 x 1073 g C17H35COOH x

=1.13 x 10~ mol C17;H3sCOOH

14.01 amu
1 atom N

formula mass (NH)9SO4 = 2 atoms N x + 8 atoms H

y 1.01 amu 32.07 amu

1 atom

16.00 amu
1 atom O

+ 1 atom S x + 4 atoms O x

1atom H

=132.17 amu

1 mol (NH4)2SO4

1000 g
" 132.17 g (NH,),S0,

50.0 kg (NH4)9SO4 x ———=
1kg

= 378 mol (NHy)9SO,

115. a.

Given: 3.00 mol
SeOBrz

Unknown: mass
SBOBI‘Z

. Given: 488 mol

CaCOj

Unknown: mass

CaCOj

78.96 amu
1 atom Se
79.90 amu
1 atom Br

formula mass SeOBry = 1 atom Se X

16.00 amu
atom O

+ 1 atom O x + 2 atoms Br x

= 254.76 amu

254.76 g SeOBry

3.00 mol SeOB
ot BelBra X 1 mol SeOBry

=764 g SeOBry

40.08 amu
1 atom Ca

12.01 amu

+ 1 atom C x
atom 1 atom C

formula mass CaCOg =1 atom Ca x

16.00 amu
1 atom O
100.09 g CaCOg
1 mol CaCOg

+ 3 atoms O x =100.09 amu

488 mol CaCOj x =4.88 x 10* g CaCO4
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¢. Given: 0.0091 mol 12.01 amu
f 1 CooHosg04 = 20 at Cx —"—
CooHag0s ormula mass CogHogO9 atoms C x L atom C
Unknown: mass 1.01 amu 16.00 amu
+ 28 atoms H x — + 2 atoms O x ————— = 300.48 amu
CaoHas0z 1atom H 1 atom O
300.48 g ConngQ
0.0091 1 CooHogOo X = 2.7 g CooHogsO
mol LooragUa 1 mol CoHygO4 g LooHagV2
d. Given: 6.00 x 1078 12.01 amu
fi 1 C1oH14N5 = 10 at Cx—————+14at H
mol C1oH 14No ormula mass C1oH14Nso atoms C x L atom C + 14 atoms
Unknown: mass 1.01 amu 14.01 amu
X ————+ 2atoms N x —————— =162.26 amu
C1oH14N2 1atom H 1 atom N
162.26 g C1pH 4N
6.00 x 1078 mol C1H 4Ny x EX10T1472 _ g74 % 107 g CyoH 4Ny
1 mol CloH14N2
e. Given: 2.50 mol 87.62 amu
fi 1 Sr(NO3)9 = 1 atom Sr x ——————
Sr(NOsg), ormula mass Sr(NOg)g atom Sr ~tom Sr
Unknown: mass 14.01 amu 16.00 amu
+2atoms Nx —————— + 6 atoms O x —————
Sr(NO3)s 1 atom N 1 atom O
=211.64 amu
211.64 g Sr(NO3)y
2.50 1 Sr(NOg)y x =529 g Sr(NO
mol SrNOs)e x = ] Sr(NOg), g Sr(NO);
. . 6
f. Given: 3'5?{;1‘}0 formula mass UFg = 1 atom U x 238.03 amu + 6 atoms F x 19.00 amu
mo. 6 1atom U 1atomF
Unknown: mass UFG = 352.03 amu
3.50 x 1078 mol UFg x 3562038 UFs _ 93, 103 g UFg
1 mol UFg
116. a. Given:4.72mol W03, o 6.022x 1023 formula units
Unknown: number of 3 1 mol
formula 24 .
units = 2.57 x 10" formula units WO;4
b. Given: 0.003 00 mol 3 6.022 x 10?3 formula units
Sr(NOg)s 3.00 x 107° mol Sr(NOg)g x Lol
Unknown: number of 21 .
formula =1.81 x 10°" formula units Sr(NOg)y
units
c. Given 72.5 mol 6.022 x 1023 molecules

72.5 mol 06H5CH3 X

CgHsCHjs L mol
Unknown: number of 95
molecules = 4-37x 107 molecules C¢H5CHj3
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. Given: 5.11 x 1077

mol 029H5002

Unknown: number of
molecules

. Given: 1500 mol

NoHy
Unknown: number of
molecules

Given: 0.989 mol

CgH5NOy
Unknown: number of
molecules

6.022 x 10?2 molecules
1 mol

5.11 x 10_7 mol 029H5002 X

= 3.08 x 107 molecules CogHp5009

6.022 x 1023 molecules
1 mol

1500 mol NoH, x

6.022 x 1023 molecules
1 mol

0.989 mol 06H5N02 X

= 5.96 x 1022 molecules CgHsNOo

117. a.

Given: 285 g FePOy

Unknown: number of
formula
units
FePO4

. Given: 0.0084 g

CsHsN
Unknown: number of

molecules
CsHsN

Given: 85 mg
(CH3);CHCH,
OH

Unknown: number of
molecules
(CH3)oCH
CH,OH

formula mass FePO4 = 1 atom Fe x 55.85 amu + 1 atom P x
1 atom Fe
+ 4 atoms O x 16.00 amu =150.82 amu
1 atom O
23 :
985 g FePO, x 1 mol FePOy o 6.022 x 10°° formula units
150.82 g FePOy4 1 mol
= 1.14 x 10?* formula units FePOy
formula mass CsH5N = 5 atoms C x 12.01 amu + 5 atoms H x
atom
+ 1 atom N x 14.01 amu =79.11 amu
atom N
6.022 x 103 molecul
0.0084 g C5H N x L+ 0O CsHsN_ x 1T moteees
79.11 g CsHsN 1 mol
= 6.4 x 10'% molecules CsHsN
formula mass (CHg)sCHCHy0OH = 4 atoms C x 12.01 amu
1 atom C
+ 10 atoms H x 1.01 amu + 1 atom O x 16.00 amu =74.14 amu
1 atom H 1 atom O
1 g 1 mol (CH3)20HCH20H

85 CH3)9CHCHy;0OH x ———=—
mg (CHzg)y 2 x 1000 mg x 74.14 g (CH3)sCHCH,OH

y 6022 x10%2 molecules

= 6.9 x 10%° molecules (CH3)9CHCH,OH
1 mol
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d. Given: 4.6 x 104 g
Hg(CoH309)9
Unknown: number of
formula

units Hg
(CzH302)2

e. Given: 0.0067 g
Li,COg3
Unknown: number of
formula

units
Li5CO3

200.59 amu

formula mass Hg(CoH309)9 = 1 atom Hg X + 4 atoms C

1 atom Hg
y 12.01 amu + 6 atoms H x 1.01 amu + 4 atoms O X 16.00 amu
1 atom C 1 atom H 1 atom O

= 318.69 amu

1 mol Hg(CoH309)9
318.69 g Hg(CoH309)s

 6.022x 1022 formula units
1 mol

4.6 x 10_4 g Hg(CQH302)2 X

= 8.7 x 10'7 formula units Hg(CoH309)9

. 12.01
formula mass LisCO3 = 2 atoms Li x 6.94 amu + 1 atom C x———- 204
1 atom Li 1 atom C
+ 3 atoms O x 16.00 amu =73.89 amu

1 atom O

1mol Li,CO3  6.022 x 10?2 formula units

6.7 x 107 g LiyCOg x

73.89 g Li,CO3 1 mol
= 5.5 x 10'Y formula units LisCOg
P 23
118. a. Given: 8.39 x 10 formula mass Fg = 2 atoms F x 19.00 amu _ 38.00 amu
molecules Fg 1 atom F
Unknown: mass Fg
1 mol 38.00gF
8.39 x 10?3 molecules F 28 T2 _529gF
% rnolecules Fg X 6.022 x 102 molecules 1 mol Fy Er2
. 24
b. Given: 6.82x 10 . formula mass BeSO4 = 1 atom Be x 9.01 amu + 1 atom S x 32.07 amu
g)nsnoula units 1 atom Be 1 atom S
esUy
Unknown: mass + 4 atoms O x w =105.08 amu
BeSO, atom
6.82 x 10?4 formula units BeSO, x 1 mol
' 47 6.022 x 10%° formula units
» 105.08 g BeSOs _ 1144 g BeSO,
1 mol BeSO4
. 26
. . . 1.01
c. Given:7.004x 10 formula mass CHCl3 = 1 atom C x 12.01 amu +1 atom H x——— 2%
IélﬁlgTules of 1 atom C 1atom H
3
Unknown: mass + 3 atoms Cl x 315%7311(;1 =119.37 amu
CHCl; atom
1 mol

7.004 x 1026 molecules CHCl3 x 53
6.022 x 10°° molecules

 119.37g CHCly _ | 500 105 g CHCl3
1 mol CHCl3
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d. Given: 31 billion for-
mula units Cr

(CHOy)3

Unknown: mass

CI'(CHOZ)g

e. Given: 6.3 x 1018
molecules
HNO4

Unknown: mass
HNOg4

f. Given: 8.37 x 10%°
molecules
CoCloFy

Unknown: mass
CyoClyFy

formula mass Cr(CHOg)3 = 1 atom Cr x 52.00 amu

1 atom Cr

+3at0msCxM +3at0mstM+6atomsOx

1 atom 1atom H
= 187.06 amu
3.1 x 10'° formula units Cr(CHO9)35 x 1 mol

' 237 6.022 x 1023 formula units
187.06 g Cr(CHOy)3 _19
=9.6x10 Cr(CHO
1 mol Cr(CHOy)g g Cr(CHO2)3
formula mass HNO = 1 atom H x 101 amu + 1 atom N x M
1 atom H 1 atom N

+ 3 atoms O x M =63.02 amu

1 atom O

1 mol
6.3 x 10'® molecules HNO3 x ;r310 X 63.02 g HNOg
6.022 x 10*° molecules 1 mol HNOj4
=6.6x 107* g HNO;
formula mass CoCloFy = 2 atoms C x 12.01 amu
1 atom C

+ 2 atoms CI x M + 4 atoms F x 19.00 amu =170.92 amu

1 atom Cl1 1 atom F

1 mol

8.37 x 10*° molecules C5CloF
% molecules Loblata X =199 % 1023 molecules

170.92 g CoCloF 4
———————— =2.38x 10" g CoCIl,F
1 mol CoCl,F, X 0Bty
119. Given: 1 grlc){ ounce 31.1 g Au x 1 mol Au — 0.158 mol Au
=ol.lg 196.97 g Au
Unknown: moles in a 1 mol Pt
troy ounce of 31.1 g Pt x ——————— =0.159 mol Pt
Au, Pt, Ag 195.08 g Pt
31.1 g Agx AL _ (988 mol Ag
107.87 g Ag
. Given: 22. 12.01
120. Given: 22.0 g CeH;0H formula mass CgH5OH = 6 atoms C o0 am
Unknown: moles 1 atom C
CgH;OH
675 +6atomsH><1'01ﬂ+latomOxwsz.lZ amu
1 atom H atom O
1 mol CGH5OH

22.0 g CgH5OH x = 0.234 mol CgH;OH
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121. Given: 0.015 mol Iy

Unknown: mass I,

126.90 amu
1 atom

formula mass Iy = 2 atoms I x =253.80 amu

253.80 g I,

0.015 mol Iy x
mol I

=38gl,

122. Given: 1 carat = 200 mg

200.mg  1g  1molC 6022x 1022 atoms

1 carat x

Unknown: number of C lcarat 1000mg 12.01gC 1 mol
atoms in 99
1.00 carat =1.00 x 10°“ atoms C
123. a. Given: ?880gkcg aCly; formula mass CaCl, = 1 atom Ca x 7Ai0£08;2:
water
Unknown: moles of + 2 atoms Cl x 35.45 amu =110.98 amu
’ 1 atom Cl
CaCly and
water
8.00 g CaCly x —20LCaCl 1701 110l Cacl,
110.98 g CaCly
formula mass HyO = 2 atoms H x 101 amu + 1 atom O x 16.00 amu
atom 1 atom O
=18.02 amu
1 mol Hy,O
1,000 kg Hy0 x 10008 1 mOIT90 _ 55 49 mol HyO
1kg 18.02gH50
: . 2+
b. Given: 0.0721 mol -, 701 111 CaCly x 2L C2 _ 6791 mol Ca2*
CaCly from 1 mol CaCl,
parta 9 mol CI-
Unknown: moles of 0.0721 mol CaCly x 2MO Y _0.144 mol CI™
Ca2* and 1 mol CaCl,
Cl™ ions
124. a. Given:453.6 g 12.01 amu
C15H901; formula mass C19H99011 = 12 atoms C x T atom C_
Unknown: moles 1.01 amu 16.00 amu
+ 22 atoms H x ————— + 11 atoms O x —————— = 342.34 amu
C12H22011 1atom H 1 atom O
1 mol CIZH22011
453.6 g C19H99011 X = 1.325 mol C15Hy50
g L12H22V11 34234 g C19Hyy01q mol LyaH22U11
b. Given: 453.6 g NaCl formula mass NaCl = 1 atom Na x 22.99 amu +1 atom Cl x 35.45 amu
Unknown: moles 1 atom Na 1 atom Cl
NaCl =58.44 amu
453.6 g NaCl x L0 NaCl _ o 2o 0l NaCl
58.44 g NaCl

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL

Copyright © by Holt, Rinehart and Winston. All rights reserved.

280



125. Given: 10.7 g NH4CI
Unknown: moles of ions

formula mass NH4Cl = 1 atom N x 14.01 amu + 4 atoms H x 101 amu

1 atom N 1atom H
+ 1 atom Cl x 35.45 amu =53.50 amu
1 atom Cl1
1 mol NH,C1 « 2 mol ions

53.50 g NH,Cl 1 mol NH,CI

= 0.400 mol ions

10.7 g NH,Cl x

126. Given: 2.41 x 1024
atoms Cr;
1.51 x 1023 atoms
Ni; 3.01 x 1023

2.41 x 10%* atoms + 0.15 x 10%* atoms + 0.301 x 10%* atoms
= 2.86 x 1024 atoms

1 mol

atoms Cr 2.86 x 102 atoms x 23 =4.75 mol
Unknown: total moles 6.022 10" atoms
127. a. Given: ?{5%911)11L 2500 mLH,0 x 2297 8H0 5400100
2V YHoO = 1 mL HQO
0.997 g/mL
Unknown: mass HoO
b. Given: (2f49 g Hp0 formula mass HyO = 2 atoms H x 101 amu + 1 atom O x 16.00 amu
rom part a) 1 atom H 1 atom O
Unknown: E;)ges = 18.02 amu
949 g HyO x L 2OLH20 446 11,0
18.02 g Hy,O
c. Given: ]031353 =/ L 2.000 mol H0 x 18.02 g Hy,O y 1mLHO _ 36.1 mL H,0
. g/mLs; 1 mol HO 0.997 g Hy,O
2000 mol HyO
Unknown: volume
d. Given:2.000 mol 2.000 mol Hy0 x 2302 8H20 _ 36 54 13,0
2 1 mol Hy,O
Unknown: mass
129. Given: 6.35 g Cd 6.35 g Cdx—Lmol  2698gAl_, 5o o
Unknown: mass of same 11241 gCd 1 mol
number of Al
atoms
130. Given: Ox}fgel.l n c_yhn- formula mass Og = 2 atoms O X 16.00 amu _ 32.00 amu
der: initial = 1 atom O

1027.8 g; final

=10232¢ mass of Og used = 1027.8 g—-1023.2g=46¢
Unknown: moles of Oy
used 465 0yx 12002 _ 14 1m0l 0,
32.00 g Oy

131. a. Given: &2530 mol 0.250 mol Ag,S x 2 mol Ag - 0.500 mol Ag

g2 1 mol AgoS

Unknown: moles of 1molS
Ag and S 0.250 mol AgsS x - mo =0.250 mol S
1 mol AgyS
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b. Given: 38.8 g AgsS formula mass Ag,S = 2 atoms Ag x 107.87 Amu +1 atom S x 32.07 amu
Unknown: moles 1 atom Ag 1 atom S
AgoS, Ag,
and S =247.81 amu
38.8 g AgyS x —OLABS 157 10l Ag,S
247.81 g AgoS
0.157 mol AgyS x 2L AE _ (314 mol Ag
1 mol AgeS
0.157 mol AgyS x —-2S 0 157 mol 8
1 mol AgyS
c. Given: 0.314 mol Ag; 107.87gAg _
Unknown: masses of 3907 o S
AgandS 157 mol Sx 22 B2 50308
1 mol
132. a. Given: NagCyOy molar mass NayCyO, = 2 mol Na x 22.99 g Na + 92 mol C x 12.01gC
Unknown: percent- 1 mol Na 1 mol C
age com-
Desition | +4mol Ox % - 134.00 g
2x22.9¢Na_ 100-3431% N
= 34. a
134.00 g NaQCZO4 ’
2x12016C 440 17.93% C
X =17.
134.00 g NayCs0y 7
4x16.00g0
X208 D 100 = 47.76% O
134.00 g N320204
b. Given: CoH;0H molar mass CoHsOH = 2 mol C x 12.01gC + 6 mol H x 101gH
Unknown: percent- mol 1mol H
age com- 16.00g O
position  +1molOx Tgo =46.08 g
2x12.018C 440 5913% 0
—_— X =52,
46.08 g CoH;0H ’
6x1.01gH
X COlBT L 100=13.15% H
46.08 g CoH;0H
1x16.00g 0O
XY 100 = 34.72% O
¢ Given: AlyOg molar mass AlyO3 = 2 mol Al x 26.98 g Al + 3 mol O x 16.00g0 =10196¢g
Unknown: percent- 1 mo mol O
age com-
iti 2x26.98 Al
position  ZX 2098 100 = 52.92% Al
101.96 Al;03
3x16.00g0

x 100 = 47.08% O
101.96 g Al,O3 ’
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d. Given: KoSOy4
Unknown: percent-
age com-
position

39.10gK | .o 3207g8

molar mass KySO4 = 2 mol K x
1mol K 1mol S

16.00 g O

+ 4 mol O x o =17427¢g

1 mo

2x39.10gK
174.27 g K9S0,

x 100 = 44.87% K

1x32.07g8S

——————x 100 =18.40% S
174.27 g KQSO4

4 x16.00 O

————————x100=36.72% O

133. Given: percentage com-
position
Unknown: identity of
the com-
pound

100.0 g compound contains 42.59 g Na, 12.02 g C, and 44.99 g O.

42.598 N2 _ 4 g53 mol Na = 2 mol Na
22.99 g/mol

12028C 4 501 mol C =1 mol C
12.01 g/mol

449980 _ 5 819 mol 0 =3 mol O
16.00 g/mol

NayCOg, or sodium carbonate

134. a. Given: 50.0 g KBr
Unknown: mass Br

b. Given: 1.00 kg
NagCr207

Unknown: mass Cr

c. Given: 85.0 mg
CgH14N209

Unknown: mass N

molar mass KBr = 1 mol K x 39.108K + 1 mol Br x M =119.00g
1mol K 1 mol Br

50.0 g KBrx— 2908Br 496 By

119.00 g KBr
molar mass NagCryO7 = 2 mol Na x 22.99 g Na + 2 mol Cr x 52.00g Cr

1 mol Na 1 mol Cr
+Tmol 0x 180080 _ 95984
mol
2x52.00gC
1.00 kg NayCryOq x 10008 BT _397gCr
1kg 261.98 g NayCryOry
molar mass CgH14N9O9 = 6 mol C x 12.01gC + 14 mol H x 101gH
mol C 1mol H

+omol Nx 1401gN o 10x160080

1 mol N 1 mol O
=146.22 g
0.085 g CgH14N5Og x 28.02¢ N 0.0163 16.3 N

. =0. =16.3m
£ L6142 146.22 g CGH14N202 g g
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d. Given:2.84 ¢ 58.93 g Co 12.01¢gC
molar mass Co(CoH309)9 = 1 mol Co x ———=—+ 4 mol C x ———=—
Co(CoH309)2 S 1 mol Co 1mol C
Unknown: mass of
Co +6mol Hx OL8H 4 010x18:9980 177034
1mol H 1 mol O
58.93 g Co
2.84 g Co(CyH309)9 X =0.945gC
g Co(CoHy02)2 X 103 g Co(CyH309)s &0
135. a. Given: NayCOg e 22.99 g Na
101?1203 molar mass NayCOg+10H50 = 2 mol Na XTIN&
Unknown: percent-
16.
age of +1moleM+13moleM+20moleM=286.19g
water 1mol C mol 1mol H
molar mass HoO = 2 mol H x 101gH + 1 mol O x 16.0080 =18.02 ¢
1 mo 1 mol
10(18.02) g H,O
100 = 62.97% Hy0
286.19 g NagCOg+10 HyO | o2
b. Given: Nil, -6H,0 molar mass Nily «6Hy0 = 1 mol Ni x 58.69 g Ni 1\_11 +2mol I x 126901
Unknown: percent- 1 mol Ni 1 mol I
age of
water +12 moleM+6moleM=420.6lg
1mol H mol
6(18.02) g HyO
x 100 = 25.71% Hy0
420.61 g Nily « 6H,0 o2
c. Given: (NH4)2 _ 1401 gN
Fe(CN)g - molar mass (NH,)9Fe(CN)g «3H50 = 8 mol N x TmolN
3H,0 c
Unknown: percent- + 14 mol H x 101 H + 1 mol Fe x 55.85 g Ie + 6 mol C x 1201gC
age of 1 mol H 1 mol Fe 1 mol C
water
+3mol 0x 180080 500154
1 mol O

3(18.02) g HyO

302.13 g (NH4)2FG(CN)6 . 3H20

x 100 = 17.89% Hy0
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d. Given: AlBrg«6H50

molar mass AlBrs s 6Hy0 = 1 mol Al x 26.98 g Al

Unknown: percent- 1 mol Al
age of
water +3molBrxw+12moleM
1 mol Br 1mol H
+6mol 0x 180080 4760
mol
6(18.02) g H,O
(18.02) g Hy x 100 = 28.85% Hy0
374.80 g AlBrg+6 HyO
136. a. Given: nitric acid formula is HNOg
Unknown: formula;
percent- molar mass HNOg = 1 mol H x 101gH +1mol N x12018N N
age com- mol H 1 mol N
position 16.00 « O
+3mol Ox 28 _6302¢
1 mol O
_10leH | y60-160%H
63.02 g HNO;3
_14018N _ 100-2223% N
63.02 g HNOg
3x160080 160 -76.17% 0
63.02 g HNOg
b. Given: ammonia formula is NH3
Unknown: formula;
percent- molar mass NHg = 1 mol N x 14.01gN + 3 mol H x 101gH =17.04 g
1 mol N 1mol H
age com-
position
_1401gN x 100 = 82.22% N
17.04 g NHyq
3x101gH 160 _ 17780 H
17.04 g NH;3
¢. Given: mercury (IT) formula is HgSO4
sulfate
Unknown: formula; molar mass HgSO, = 1 mol Hg x 200.59 g Hg +1mol S x 32.07g S
percent- 1 mol Hg 1mol S
age com- 16.00 ¢ O
position 4 4mol O x 2B~ = 296,66 ¢
1 mol O
_200598He 100 67.616% Hg
296.66 g HgSO,
320785 400-1081%S
296.66 g HgSO4
_4x160080 . 100-2157%0
296.66 g HgSO,
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d. Given: antimony (V)

formula is SbF5

flouride
Unknown: formula; molar mass SbF5 = 1 mol Sb x 121.76 g Sb + 5 mol F x 19.00g F =216.76 g
percent- 1 mol Sb 1 mol F
age com-
position ~ _121.76g8b 100 k61739 sb
216.76 g SbF5
5x19008 45, _ 4383% F
216.76 g SbF5
137. a. Given: LiBr molar mass LiBr = 1 mol Li x M + 1 mol Br x 79.90 g Br =86.84¢
Unknown: percent- 1 mol Li 1 mol Br
age com- 6.94 o Li
position  _O2E 400 - 7999 Li
86.84 g LiBr
79908 Br, 140 - 92.01% Br
86.84 LiBr
b. Given: C14H10 molar mass C14H1p = 14 mol C x 12018C + 10 mol H x 101gH
Unknown: percent- 1 mol C 1mol H
age com- =17824¢g
position
14x12018C | 16094339 C
178.24 g Cl4H10
_10x101gH 00 _567%H
178.24 g Cl4H10
¢. Given: NH4NO; molar mass NH;NO3 = 2 mol N x 14.01gN + 4 mol H x 101gH
Unknown: percent- 1mol N 1mol H
age com-
position + 3 mol O x 16.0050 =80.06 g
mol O
_2x 1401 N 140- 35.00% N
_Ax10LeH 406 _505% H
80.06 g NH,NO;3
_3x160080 444 _ 59.96% O
80.06 g NH,;NO3
d. Given: HNO, molar mass HNOg = 1 mol H x 101gH + 1 mol N x 14.01gN
Unknown: percent- 1mol H 1mol N
age com-
position + 2 mol O x 16.00g0 =47.02¢g
mol O
_10leH | y00-215%H
47.02 g HNO,
_14018N 100 -29.80% N
47.02 g HNO,y
2x160080 149 - 63.06% O
47.02 g HNO,
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e. Given: Ag,S molar mass AgyS = 2 mol Ag x 107.87g Ag + 1 mol S x 3207¢S =24781¢g
Unknown: percent- 1 mol Ag 1 mo
28 ENT 9% 107.87 g A
position ~ ZXIVIOTEAE . 140 _ g7.059% Ag
247.81 g AgoS
3207885 | 100-12.94%S
247.81 g AgoS
f. Given: Fe(SCN), molar mass Fe(SCN), = 1 mol Fe x 55.85 g e + 2 mol S x 32.07g8
Unknown: percent- 1 mol Fe 1 mol S
age com-
position + 2 mol C x 12.01g€C + 2 mol N x 1401gN =172.03 g
1 mol C 1 mol N
55.858Fe | 100-3247%F
= 32. e
172.03 g Fe(SCN), 0
2x32.0085 100 -37.28% S
172.03 g Fe(SCN), C o
2x12008C 400 13.96% C
X =13.
172.03 g Fe(SCN), 7
2x14.01gN
100 = 16.29% N
172.03 g Fe(SCN)y ¢
9. Given: 222;;3: molar mass LiCoH309 = 1 mol Li x l(i'94 ?II:I + 2 mol C x 7112'011’(%00
mol Li mo
Unknown: percent-
age com- +3m01HXM+2molOXM=65.99g
position mol H 1 mol
6.94 g Li

% 100 = 10.52% Li
65.99 g LiCoH30, o

2x12.01gC
65.99 g LiCQH302

x 100 = 36.40% C

3x1.01gH

x 100 = 4.59% H

2x16.00 g0
65.99 g LngHgOQ

x 100 = 48.49% O
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h. Given: nickel (IT)

12.01gC

58.69 g Ni l\.h + 2 mol C x

molar mass Ni(CHOg)g = 1 mol Ni x

formate 1 mol Ni 1mol C
Unknown: percent-
age com- +2moleM+4mOIOxw=l48.73g
position 1mol H 1 mol O
58.69 g Ni
E 100 = 39.46% Ni
148.73 g Ni(CHOy),
2x12.01gC
100 =16.15% C
148.73 g Ni(CHOY); | ‘
2x1.01gH
100 = 1.36% H
148.73 Ni(CHOQ)s ¢
3x16.00g0
e 100 = 43.03% O
148.73 g Ni(CHOy)y
138. a. Given: NHy,CONH, molar mass NH,CONH, = 2 mol N x 14.01gN + 1 mol C x 12.01¢gC
Unknown: percent- 1 mol N 1mol C
age of
nitrogen  +4mol Hx =2 8H 1 10105160080 074
1mol H 1 mol O
2x14.01gN
x 100 = 46.65% N
60.07 ¢ NH,CONH, 7
b. Given: SO,Cly molar mass SO9Cly = 1 mol S x 32.07g8 +2mol O x 16.008 0
Unknown: percent- 1mol S 1mol O
age of
sulfur + 2 mol CI x 35.45g Cl =13497¢g
1 mol C1
320788 | 100 23.76%$
134.97 g SOQCIQ
¢. Given:T1,03 molar mass TlyOg = 2 mol T1 x 204388 T 5 510x 260080 _ 45676 ¢
Unknown: percent- 1 mol TI 1 mol O
age of 2 x204.38 g T1
thallium X 20908 10100 = 89.491% TI
d. Given: KCIO3 molar mass KC103 = 1 mol K x 39.10gK + 1 mol Cl x 35.45gCl
Unknown: percent- mol K 1 mol C1
age of
oxygen + 3 mol O x 16.00g0 =12255¢
1mo
3x16.00g 0O

x 100 = 39.17% O
122.55 g KC1O4
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» Given: CaBry molar mass CaBrg = 1 mol Ca x 40.08¢ Ca + 2 mol Br x w: 199.88 g
Unknown: percent- 1mol Ca 1 mol Br
age of 2x79.9gB
bromine _AXA998DB 100 = 79.95% Br
199.88 g CaBroy
+ Given: SnOy molar mass SnOg = 1 mol Sn x 118.71 g Sn + 2 mol O x 16.00g0
Unknown: percent- 1 mol Sn 1mol O
age of tin =150.71 g
187180 440 78.767% Sn
150.71 g SnOqy
139. a. Given: 4.00 g MnO, molar mass MnOg = 1 mol Mn x 54.94g Mn + 2 mol O x 160050 _ 86.94 g
Unknown: mass of 1 mol Mn 1mo
oxyeen 4.00 g MO, x2x16.00g0 _ -
86.94 g MnO, -iAE
+ Given: 50.0 leeglc molar mass AlyO3 = 2 mol Al x 2698 g Al + 3 mol O x 160080 _ 101.96 g
tons AlyO3 1 mol Al 1 mol
Unknown: mass of 9 % 26.98 g Al
aluminum 50 0 metric tons AlyOg x £ X2DIOBAL _ 96 5 metric tons Al
-+ Given: 325 g AgCN molar mass AgCN = 1 mol Ag x 107.87 g Ag + 1 mol C x 12018
Unknown: mass of 1 mol Ag 1mol C
silver
+1mol Nx 408N _ 15549,
1mol N
325 g AgCN x 107.87 g Ag =262 gAg
133.89 g AgCN
- Given: gzsgei molar mass AusSes = 2 mol Au x 126'971 i Au + 3 mol Se x 775'965889
mol Au mol Se
Unknown: mellcsls of - 630.82 g
go
0.780 g AuySeg x 2> 196978 AU _ ) 4a7 0 Au
630.82 g AuQSe3
-+ Given: I(ifiggge03 molar mass NaySeOg = 2 mol Na x 212ngNI\Ia + 1 mol Se x ’Z&ngSSe
mol Na mol Se
Unknown: mass of
selenium + 3 mol O x 16.00g0 =17294¢g
mol
78.96 g S
683 g NaySeOg x B¢ _312g8Se

172.94 g NaySeOs
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f. Given:5.0x10*g  1olar mass CHCL,CH,CH; = 3 mol C x -2:018C | 6 ot r x 1018 H
CHCI,CH,;CHg 1mol C 1 mol H
Unknown: mass of 35.45 g Cl
: +2mol Cl x ———=—=112.99
chlorine 1 mol Cl g
2x35.45 g Cl 4
5.0 x 10* g CHCl;CHyCHj x =31x10*gCl
8 M a8 X 112,99 ¢ CHCI,CH,CH; &
140. a. Given: SrCly «6H50 molar mass SrCly+6 HyO = 1 mol Sr x 87.62 g Sr + 9 mol Cl x 35.45 g Cl
Unknown: percent- 1 mol Sr 1 mol CI
age of
water c12mol Hx 2OL8H 61010160080 _ 966644
1mol H 1 mol O
6(18.02) g H,O
100 = 40.55% Hy0
266.64 g SrCly «6H,0 °H2
b. Given: ZnS0, - TH,0 molar mass ZnSO,4 « THyO = 1 mol Zn x 65.39 g Zn + 1 mol S x M
Unknown: percent- 1 mol Zn 1 mol S
age of
water +11mol 0x 280980 |1y o X108 H _ogr 604
1 mol O 1mol H
7(18.02) g HoO
% 100 = 43.86% H0
287.60 g ZnSO, » TH,0 o2
¢. Given: Cal'PO;- molar mass CaFPOs « 2H,0 = 1 mol Ca x 20-08 8 Ca
2H,0 1 mol Ca
Unknown: percent-
age of +1molFxM+lmolwa+5mexw
water 1mol F 1 mol 1 mol O
+4moleM =174.09¢g
1mol H
2(18.02) g H,O
x 100 = 20.70% Hy0
174.09 g CaFPOj3 « 2H,0 o
d. Given: 51?1(2121)03)2 : molar mass Be(NOj3)g «3Hy0 = 1 mol Be x %
Unknown: percent- 14.01 ¢ N 16.00 2 O
age of +2mol N x =8 «9mol O x 228
water 1mol N 1mol O
+6moleM= 187.09 g
mol H
3(18.02) g Hy,O

x 100 = 28.90% Hy0
187.09 g Be(NO3)s « 3H,0 02
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141. a. Given: nickel (IT)
acetate
tetrahydrate

Unknown: formula;
percent-
age of
nickel

b. Given: sodium

formula is Ni(CoH3gOg)9 « 4H5O

molar mass Ni(CoH303)2 « 4Ho0 = 1 mol Ni x M
1 mol Ni
+4moleM+ 14moleM+8moloxw
mol C 1 mol 1 mol O
=24887¢g
58.69 g Ni

100 = 23.58% Ni
248.87 g Ni(CoH309)g 4Hy0 o

formula is NagCrOy4 +4H50

chromate
tetrahydrate
Unknown: formula: molar mass NagCrO,4 «4H50 = 2 mol Na x 22.99 g Na
) ’ 1 mol Na
percent-
aﬁ:e Of. + 1 mol Cr x 52.00 g Cr + 8 mol O x 16.00g0 + 8 mol H x 101gH
chromium 1 mol Cr 1 mol 1 mol H
=234.06 g
52.00 ¢ Or x 100 = 22.22% C
=22. r
234.06 g NagCrO, « 4H,0 7
c. Given: cerium (IV) formula is Ce(SOy4)9 «4H50
sulfate
tetrahydrate
Unknown: percent- molar mass Ce(SOy)g +4H20 =1 mol Ce x 140.12 g Ce
: 1 mol Ce
age of
cerium +9mol S x 32.07¢gS + 12 mol O x 16.00g O + 8 mol H x 101gH
1mol S 1 mol 1mol H
=404.34 g
140.12 g Ce
100 = 34.65% C
404.34 g Ce(SO,)g +4Hy0 one
142. Given: 50.0 kg HgS molar mass HgS = 1 mol Hg x 20059 ¢ He + 1 mol S x 32075 =232.68¢g
Unknown: mass of 1 mol Hg 1 mol
mercury 900.59 ¢ H
50.0 kg HgS x ———22 818 _ 43 1 ke Hg
232.68 g HgS
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: 3
143. Given: 1.00 x 10° kg molar mass Cug(OH)5COj3 = 2 mol Cu x 63.55 g Cu +5mol O x 16.00g 0
of each of 1 mol Cu 1mol O
CaQ(OH)2003
and CuFeS, +2moleM+1molc XM=221.13g
1mol H 1mol C
Unknown: mass of
copper 3 2% 63.55 g Cu
. 1.00 x 10° kg Cuy(OH),CO =575kg C
for each; x g Cuz(OH)2C05 x 50173 g Cuy(OH),CO; s
which has
more Cu
molar mass CuFeS; = 1 mol Cu x 63.55 g Cu + 1 mol Fe x 55.85 g Fe
1 mol Cu 1mol F
+2mol Sx 220785 _1g354 4
1 mol
1.00 x 107 kg CuFeS, x —05058C8 a4 10 Cu
183.54 g CuFeS,
Malachite, Cug(OH)9COg, has more copper.
144. a. Given: ;73884 : molar mass VOSO,4 « 2H50 = 1 mol V x 50948V + 7 mol O x 16.0020
2 mol V 1 mol O
Unknown: percent-
age of +1molsx 220788 a0 8H 19905
vanadium 1mol S 1 mo
50.94 gV
100 = 25.59% V
199.05 g VOSO4 +2 HyO ’
b. Given: 2{1?2803 : molar mass KySnO3 « 3Hy0O = 2 mol K x %
Unknown: percent-
age of tin + 1molSn><M+6m010x@Og O+6m01H><M=298.97g
1 mol Sn 1 mol O 1mol H
118.71 ¢ Sn x 100 = 39.71% S
=39. n
298.97 g KySnO3 « 3H,0 ’
¢ Given: 51?1(2%03 : molar mass CaClOg«2H50 = 1 mol Ca x 743'081’(;003
mol Ca
Unknown: percent-
35.45 g Cl 16.00g O
age of +1molC1><—g+5mole—g+4moleM
chlorine 1 mol Cl 1mol O 1mol H
=159.57¢g
35.45 g Cl

100 = 22.22% Cl
159.57 g CaClOg +2H,0 | ’
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145. Given: 500.0 g CuSOy» molar mass CuSO, = 1 mol Cu x 63.55 g Cu +1mol S x 32.07¢g
5H20 1 mol Cu 1 mol S
Unknown: mass of
anhydrous +4mol 0x 180080 150604
CuSO4 1 mol O
molar mass CuSO4 « 5Hy0 = 159.62 g + 5 mol HyO X 18.02 g Hy0 =249.72 g
1 mol Hy,O
159.62 g CuSO,
500.0 g CuSO, +5H50 x =319.6 g CuSO
8 LSt otY X 949,72 g CuSO, «5H,0 g st
iven: 107.87 g A, 14.01gN
146. Given: 1.00 g Ag molar mass AgNOz = 1 mol Ag x e mol N x =8
Unknown: mass of 1 mol Ag 1mol N
AgNOg
+3mol 0x 180080 _ 14900,
mol
1.00 g Ag x 169.88 g AgNOs =1.57 g AgNOg
107.87 g Ag
147. Given: 62.4 g AgyS molar mass AgoS = 2 mol Ag x 107.87 g Ag + 1 mol S x 3207gS =24781g
Unknown: mass of Ag 1 mol Ag 1 mol
and S
62.4 g AgyS x2L0T8D 8AL _ 1y 50 g
247.81 g AgoS
624 g Ag,Sx—20785 _g0gss
247.81 g AgsS
148. Given: MgSO,4« TH50; 24.31 g Mg
molar mass MgSOy4 « 7HyO = 1 mol Mg x ——=2—=2
11.8 g HyO 8504+ Ttz &% 1 mol Mg
Unk: : f
fenown ﬁasssoo . + 1 mol S x 32.07gS + 11 mol O x 160060 + 14 mol H x 101gH
80y 1mol S 1 mol O 1mol H
7TH50
=246.52¢g
246.52 g MgSO4 . 7H20
11.8 g Hy,O =23.1 g MgS0y4 » THy0
&2 X T (18.02) g Hy0 £85It
149. Given: 1.00 kg HySO4 molar mass HySO, = 2 mol H x 101gH +1mol S x 32.07 S
Unknown: mass of 1mol H 1 mol S
1f
suttur +4mol 0x18:0080 _g549,
1 mol O
1,00 kg HySO, x —220785 10008 _ 597 1024
98.09g Hy,SO, 1kg
150. a. Given: 28.4% Cu; 100.0 g of compound contains 28.4 g Cu and 71.6 g Br.
71.6% Br
1 mol Cu
Unknown: empirical 28.4 g Cux 63.55 ¢ Cu = 0.447 mol Cu
formula of 1 mol Br
compound 71.6 g Brx——————=0.896 mol Br
79.90 g Br
0.447 mol Cu : 0.896 mol Br =1.00 mol Cu : 2.00 mol Br — CuBry
0.447 0.447
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b. Given: 39.0% K; 100.0 g of compound contains 39.0 g K, 12.0 g C, 1.01 g H, and 47.9 g O.

12.0% C; 1 mol K
1.01% H; 39.0 g K x — 2= — 0.997 mol K
47.9% O 39.10gK
Unknown: empirical 1 mol C
formual of 12.0 g Cx m =0.999 mol C
compound Lmol H
101 gHx—22" _ 100 mol H
1.01gH
479g0x 120 599 mol 0
16.00 g O

0.997 mol k  0.999 mol C 1.00 mol H 2.99 mol O
0997 0997 0997  0.997

=1.00 mol K :1.00 mol

C:1.00 mol H:3.00 mol O - KHCOg4

¢. Given: 77.3% Ag; 100.0 g of compound contains 77.3 g Ag, 7.4 g P, and 15.3 g O.

7.4% P; Lol A
15.3% O 773 gAgx — 2088 _ (717 mol Ag
Unknown: empirical 107.87 g Ag
formula of 7 o AmolP o0 o1
compound 30.97 g P
153 g0x 200 _ 6956 mol O
16.00g O

0.717 mol Ag 0.24 mol P 0.956 mol O
0.24 ©024 0 024

=3.0molAg:1.0mol P:

4.0 mol O — AggPOy

d. Given: 0.57% H; 100.0 g of compound contains 0.57 g H, 72.1 gI,and 27.3 g O

72.1% 1, ol
27:3% O 0.57 g H x -2 = 0.56 mol H
Unknown: empirical 1.01gH
formula of 1 mol I
compound 72.1g1Ix W()gl =0.57mol I
273g0x 209 _17mo10
16.00g O

0.56 mol H 0.57molI 1.7mol O
056 056  0.56

=1.0mol H:1.0molI:3.0 mol O

4 HIOg

151. a. Given: 36.2% Al; 100.0 g of compound contains 36.2 g Al and 63.8 g S.

63.8% S 1 mol Al
Unknown: empirical ~ 36.2 g Al x 2698 2 Al 1.34 mol Al
formula of IO 8
compound g 00 g LMOLS 4 99 ol
32.07g8S

1.34 mol Al 1.99 mol S
134 = 134

2(1.0 mol Al: 1.5 mol S) = 2.0 mol Al : 3.0 mol S — AlyS3

=1.0mol Al: 1.5 mol S
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b. Given: 93.5% Nb;
6.50% O

Unknown: empirical
formula of
compound

¢. Given: 57.6% Sr;
13.8% P;
28.6% O

Unknown: empirical
formula of
compound

d. Given: 28.5% Fe;
48.6% O;
22.9% S

Unknown: empirical
formula of
compound

100.0 g of compound contains 93.5 g Nb and 6.50 g O.
1 mol Nb
92.91 g Nb
1mol O
16.00 g O

1.01 mol Nb 0.406 mol O
0.406  0.406

2(2.49 mol Nb : 1.00 mol O) = 4.98 mol Nb : 2 mol O — NbzO,

93.5 g Nb x =1.01 mol Nb

6.50 g O x =0.406 mol O

=2.49 mol Nb : 1.00 mol O

100.0 g of compound contains 57.6 g Sr, 13.8 g P, and 28.6 g O

57.6 g Srx 25T _ () 657 mol Sr

87.62 g Sr
138 gPx 2P _ ) 446 mol P

30.97 g P
2860 x 120 4790010

16.00 g O
0.657 mol Sr : 0.446 mol P : 1.79mol O =1.47 mol Sr: 1.00 mol P : 4.01 mol O

0.446 0.446 0.446

2(1.47 mol Sr : 1.00 mol P : 4.01 mol O) = 2.94 mol Sr : 2.00 mol P :

8.02mol O — SI‘3P208

100.0 g of compound contains 28.5 g Fe, 48.6 g O, and 22.9 g S

985 g Fe x LT _ () 510 mol Fe
55.85 g Fe
486g0x 200 _ 504 mol 0
16.00g O
9298 Sx—2S _ 0714 mol s
32.07gS

0.510 mol Fe 3.04 mol O 0.714 mol S
0510 0510 0510

1.40 mol S

2(1.00 mol Fe : 5.96 mol O : 1.40 mol S) = 2.00 mol Fe : 11.92 mol O :

2.80 mol S — FEQS3012

152. a. Given: empirical
formula: CHy;
molar mass
= 28 g/mol

Unknown: molecular
formula

b. Given: empirical for-
mula: BoHs;
molar mass
= 54 g/mol

Unknown: molecular
formula

12.01gC 101gH

molar mass CHy = 1 mol C X 9 mol H x
1 mol 1 mo
28¢g
X = =2.0 C.Ho,. = CoH
14.03 g -t 2x 24114
molar mass BoHg = 2 mol B x 1081gB +5mol H x 101gH
mol mol
54 ¢
x= =2.0 B, Hs, = B,H
26.67 g 20 = B4THO
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¢. Given: empirical for- molar mass CoHCI = 2 mol C x 12.01¢gC + 1 mol H x 101gH
mulla: CoHCL 1 mol C 1mol C
molar mass
—179 gimol  +1mol Clx 242 8Cl_ 5645,
1 mol CI
Unknown: molecular 179 g
formula x= =296=3  CyoH,Cl, = CgH3Cl
60.48 g 2xttx e 6113V 13
d. Given: empn.'lcal for-' molar mass CgHgO = 6 mol C x 12.01gC + 8 mol H x 101gH
mulla. CgHgO; mol C 1mol H
molar mass
=290 g/mol  +1molOx 00080 _gg 14,
mol O
Unknown: molecular 990
formula  x= =8 _30  (CgHgO, = CigHy,0
96~14g 6t 18x Y 1811243
e. Given: empn.'lcal for-. molar mass C3Hy0 = 3 mol C x 12.01gC + 9 mol H x 101gH
mulla. C3H50; 1 mol C 1mol H
molar mass
=216 g/mol + 1 mol O x 16.0050 =54.05g
1 mol
Unknown: molecular 216 g
formula x=2""2-40 Cs3,H,,0, = C1oHgO
54.05 3xt12xYx 12418Y4
153. a. Given: 66.0% Ba,; 100.0 g of compound contains 66.0 g Ba and 34.0 g Cl
34.0% C1 1 mol Ba
Unknown: empircal 66.0 g Ba x m =0.481 mol Ba
formula of 0o g ba
compound g, 0 5 LMOLCL _ 659 mol I
35.45 g Cl
0.481 mol Ba : 0.959 mol Cl =1.00 mol Ba : 1.99 mol CI — BaCly
0.481 0.481
b. Given: 80.38% Bi; 100.00 g of compound contains 80.38 g Bi, 18.46 g O, and 1.16 g H
18.46% O; 1 mol Bi
1.16% H 80.38 g Bi x — 221 _ (.3846 mol Bi
Unknown: empirical 28.98 g Bi
formula of 1 mol O
18.46 gO x ————=1.154 mol O
compound g 16.00g O
116 g Hx A2 4 149 mol |
101gH

0.3846 mol Bi  1.154 mol O  1.149 mol H

: : =1.000 mol Bi: 3.001 mol O :
0.3846 0.3846 0.3846

2.964 mol H — BiO3Hj
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c. Given: 12.67% Al,
19.73% N,
67.60% O

Unknown: empirical
formula of
compound

d. Given: 35.64% Zn;
26.18% C;
34.88% O,
3.30% H

Unknown: empirical
formula of
compound

e. Given: 2.8% H; 9.8%
N; 20.5% Ni;
44.5% O;
22.4% S

Unknown: empirical
formula of
compound

100.00 g of compound contains 12.67 g Al, 19.73 g N, and 67.60 g O.

12.67 g Al x L2OLAL _ 4696 mol Al
26.98 g Al

19.73 g N x 22N _ 4 408 mol N
1401 g N

67.60 g0 x 20 _ 4 995 mol O
16.00g O

0.4696 mol Al : 1.408 mol N : 4.225 mol O = 1.000 mol Al : 2.998 mol N :

0.4696 0.4696 0.4696
8.997 mol O — AIN;3Oq

100.00 g of compound contains 35.64 g Zn, 26.18 g C, 34.88 g O, and 3.30 g H.

35.64 g Zn x 2170 _ 5450 mol Zn
65.39 g Zn

26.18 g C x 1€ _ 9 180 mol C
12.01gC

3488 g0x 20 _ 5180 mol 0
16.00 g O

330 g Hx L2 H _ g 967 ol 1

101gH

0.5450 mol Zn 2.180 mol C  2.180 mol O  3.267 mol H
0.5450 0.5450 05450 0.5450

=1.000 mol Zn :

4.000 mol C : 4.000 mol O :5.994 mol H — ZnC4HgO4

100.0 g of compound contains 2.8 g H,9.8 g N, 20.5 g Ni,44.5 g 0,and 22.4 g S.

28gHx 12 H o oln
101gH
9.8gNx 2N _ (70 mol N
14.01g N
205 g NixLDANL _ ) ar ol N
58.69 g Ni
44550x 120 96 mel 0
16.00g 0
922458 x 1S _ 70 mol s
32.07gS

2.8molH 0.70 mol N 0.35mol Ni 2.8 mol O 0.70 mol S
035 ~ 035 035 035  0.35

2.0 mol N : 1.0 mol Ni: 8.0 mol O : 2.0 mol S — NiNySoHgOg

=8.0mol H:
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f. Given: 8.09% C; 100.00 g of compound contains 8.09 g C, 0.34 g H, 10.78 g O, and 80.78 g Br.

0.34% H; 1 mol C
10.78% O; 8.09gCx—29" _0.674 mol C
80.78% Br 12.01gC
Unknown: empirical 1 mol H
formula of 0348 Hx——=0.34mol H
101gH
compound 1 mol O
10.78 g O x — 29~ _ 0.674 mol O
16.00g O
80.78 g Br x 2B _ 4 611 mol Br
79.90 g Br
0.674mol C 0.34 molH 0.674mol O 1.011 mol Br
: : : =2.0mol C:
0.34 0.34 0.34 0.34
1.00 mol H: 2.0 mol O : 3.0 mol Br - CoHBrOg
154. a. Given: 823{ g gu; 0.537 g Cu x 2LCY _ 4 50845 mol Cu
321g 63.55 g Cu
Unknown: empirical 1 mol F
formula of 0.321 g Fx——=0.0169 mol F
compound 19.00gF
0.00845 mol Cu : 0.0169 Mol F =1.00 mol Cu :2.00 mol F — CuFy
0.00845 0.00845
b. Given: e e D 9.48 g Bax—21B2 4 0690 mol Ba
66 g C; 137.33 g Ba
1.93¢gN
.. 1 mol C
Unknown: empirical 1.66 g Cx ———— =0.138 mol C
formula of 12.01gC
compound
P 193 g Nx 2N 138 mol N
14.01gN
0.0690 mol Ba : 0.138 mol C : 0.138 mol N — 1.00 mol Ba - 2.00 mol C :
0.0690 0.0690 0.0690
2.00 mol N — BaCyNjy = Ba(CN),
c. Given: 0.0091 g Mn; 1 mol Mn _ 4
0.0053 ¢ S Lol
Unknown: empirical  0.0106 g O x ~MO Y _6.63x 104 mol O
formula of 16.00g 0
compound
pound 0053 g S x2S 4 710 mol S
32.07¢S

1.7x10*molMn 6.63x10*mol O 1.7x10*mol S
17x10*  ° 17x10* 7 17x107

=1.0mol Mn :3.9mol O:1.0 mol S - MnO4S = MnSOy4
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155. a. Given: 0.0015 g Ni;
0.0067 g 1

Unknown: empirical
formula of
compound

b. Given: 0.144 g Mn;
0.074 g N;
0.252g 0O

Unknown: empirical
formula of
compound

¢. Given: 0.691 g Mg;
1.824 g S;
1.365g 0

Unknown: empirical
formula of
compound

d. Given: 14.77 g K;
9.06 g O;
2.42 g Sn
Unknown: empirical
formula of
compound

1 mol Ni
58.69 g Ni
1molI
126.90 g 1

0.0015 g Ni x

0.0067 g I x

2.6x10° mol Ni 5.3 x

=2.6 x 107 mol Ni

5.3 x 107 mol I

107® mol I

2.6x107°

1 mol Mn
54.94 g Mn
1 mol N
14.01gN
1 mol O
16.00 g O

0.144 g Mn x

0.074 g N x

0.252 g O x

2.6x107°

=1.0mol Ni:2.0 mol I — Nil,

=2.62 x 107 mol Mn

=5.3x10° mol N

=1.58 x 1072 mol O

2.62x10°mol Mn 5.3x10°mol N 1.58x10mol O _

2.62x 1072

2.62x 1072

2.62x 1072

1.00 mol Mn : 2.0 mol N : 6.0 mol O — MnNyOg = Mn(NOg3)e

1 mol Mg
24.31 g Mg
1 mol S
32.07¢g8S
1mol O
16.00g O

0.691 g Mg x

1.824 g S x

1.365 g O x

= 0.0284 mol Mg

=0.05688 mol S

= 0.08531 mol O

0.0284 mol Mg _ 0.05688 mol S 0.08531 mol O
' ' 0.0284

0.0284

0.0284

2.00 mol S : 3.00 mol O — MgS,03

1477 g K x L 0oL K
39.10 g K
1 mol O

9.06 g O x
16.00 g O

1 mol Sn

2242 gSnx ——P0
118.71 g Sn

=0.3777 mol K

=0.566 mol O

= 0.1889 mol Sn

0.3777 mol K 0.566 mol O 0.1889 mol Sn

0.3777 0.3777

0.5001 mol Sn

0.3777

=1.00 mol Mg :

=1.000 mol K:1.50mol O :

2(1.0 mol K: 1.5 mol O : 0.5 mol Sn) = 2 mol K: 3 mol O : 1 mol Sn

— K2038n = KzSHOg
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156. a. Given: 60.9% As;
39.1% S

Unknown: empirical
formula of
compound

b. Given: 76.89% Re;
23.12% O

Unknown: empirical
formula of
compound

¢. Given: 5.04% H;
35.00% N;
59.96% O

Unknown: empirical
formula of
compound

d. Given: 24.3% Fe;
33.9% Cr;
41.8% O

Unknown: empirical
formula of
compound

100.0 g of compound contains 60.9 g As and 39.1 g S.

60.9 g As x —2OLAS 613 mol As
74.92 g As
391gS x2S 490 mal S
32.07¢S
0.813molAs  1.22molS _; 5 101 Ag: 1,50 mol S
0.813 0.813

2(1.00 mol As : 1.50 mol S) =2 mol As : 3mol S — AsySg

100.00 g of compound contains 76.89 g Re and 23.12 g O.
1 mol Re
186.21 g Re

93.12g 0 x L2010
16.00 g O

76.89 g Re x =0.4129 mol Re

= 1.445 mol O

0.4129 mol Re  1.445 mol O
0.4129 ~  0.4129

2(1.0 mol Re : 3.5 mol O) =2 mol Re : 7mol O — ReyO7

=1.000 mol Re : 3.500 mol O

100.00 g of compound contains 5.04 g H, 35.00 g N, and 59.96 g O
1mol H

5.04 g H x =499 mol H
101gH
3500 g Nx 12N 9 498 mol N
1401gN
59.96 g0 =120 _ 3748 mol 0
16.00 g O
4.99 mol H : 2.498 mol N : 3.748 mol O = 9.00 mol H : 1.000 mol N :
2.498 2.498 2.498
1.500 mol O

2(2.0mol H:1.0mol N :1.5mol O) =4 mol H:2mol N :3 mol O
— H4N203 = NH4N03

100.0 g of compound contains 24.3 g Fe, 33.9 g Cr and 41.8 g O
1 mol Fe
55.85 g Fe
1 mol Cr
52.00 g Cr
1 mol O
16.00 g O

=0.435 mol Fe

24.3 g Fe x

33.9gCrx =0.652 mol Cr

41.8g O x =2.61mol O

0.435 mol Fe 0.652 mol Cr 2.61 mol O
0435 0435 0435

6.00 mol O

2(1.0 mol Fe : 1.5 mol Cr : 6.0 mol O) = 2 mol Fe : 3 mol Cr : 12 mol O

—> FGQCI‘3012 = FeQ(CrO4)3
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e. Given: 54.03% C;
37.81% N;
8.16% H

Unknown: empirical
formula of
compound

f. Given: 55.81% C;
3.90% H;
29.43% F;
10.85% N

Unknown: empirical
formula of
compound

100.00 g of compound contains 54.03 g C, 37.81 g N, and 8.16 g H.

5403 g CxL0olC
12.01¢C

1mol N
14.01gN

8.16 g H x L 0oL H
101gH

4.499 mol C  2.699 mol N 8.08 mol H
2699 2699 = 2699

2.99 mol H

=4.499 mol C
37.81 g N x =2.699 mol N

=8.08 mol H

3(1.67mol C: 1.00 mol N :2.99 mol H) =5 mol C : 3mol N : 9 mol H

d C5N3Hg = C5H9N3

100.00 g of compound contains 55.81 g C, 3.90 g H, 29.43 g F, and 10.85 g N.

1 mol C

55.81 g C x = 4.647 mol C
12.01gC
300 g Hx L2 H _ g g6 ol H
101gH
LmolF 4 549 mol F

29.43 g F x
19.00gF

10.85 g N x LN _ ) 7744 mol N
14.01gN
4.647mol C 3.86mol H 1.549 molF 0.7744 mol N
0.7744 ~ 0.7744 = 0.7744 = 0.7744

4.98 mol H ;2.000 mol F :1.000 mol N — CgHzF3N = CgH3FoNH,

157. a. Given: empirical for-
mula: CoHyS;
molar mass
=179

Unknown: molecular
formula of
compound

b. Given: empirical for-
mula: CoH4O;
molar mass
=176

Unknown: molecular
formula of
compound

c. Given: empirical
formula:
CoH30o;
molar mass
=119

Unknown: molecular
formula of
compound

molar mass CQH4S =2 mol C x M + 4 mol H x 1.01 g H
1 mo 1mol H
+1moleM=60.13g
mol S
179 ¢
x= =2.98 =3;Cy,HyS, = CgH{oS
60.13 g 20" 4o x 611293
molar mass CQH40:2m01CXM+4moIHXM
1 mo 1mol H
+1moleM=44,06g
1 mol
176 g
x = =3.99=4; Cy,H,,0, = CgH{50
44.06 g 2xHaxVx = LeH16V4
molar mass 02H302=2mochM+3mole1-01gH
16.00 ¢ O 1 mol 1mol H
+2mol O x -8~ _ 59058
mol
119¢
x = =2.02 =2; Cy, H3, 09, = C4HgO
59.05g 2x13xY 2x 414164
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d. Given: empu.“lcal for-' molar mass CoHyO = 2 mol C x 12.01¢gC + 9 mol H x 101gH
mulla. CoHo0; 1mol C 1 mol H
molar mass
= 254 +1mol 0x 180080 _ 49044

1 mol O

Unknown: molecular

formula of 254 g
= =6.04 = 6; Cy,Hy, 0, = C1oH{50
compound * 4204 ¢ > V2xt2xYx 121206

158. a. Given: percent com- 100.00 g of compound contains 41.39 g C, 3.47 g H, and 55.14 g O.

position; 1 mol C
molar mass 4139gCx — 2% Y _ 3446 mol C
=116.07 12.01gC
Unknown: molecular 1mol H
formula of 3.47 g Hx @ =3.44 mol H
compound 1m0l O
55.14 g O x — 2%~ _ 3 446 mol O
16.00 g O
3:446mol € 3.44 mol H 3446 molO_ 5 1 ¢ 1.00 mol H: 1.00 mol
3.44 3.44 3.44
empirical formula = CHO
molar mass CHO = 1moleM+ 1moleM
1mol C 1 mol H
+1mol 0x 280080 9949,
mol O
116.07 g
x =——==4.000; C,H,0, = C4.H,0
29.02 g xt Y x 41144
b. Given: percent 100.00 g of compound contains 54.53 g C, 9.15 g H, and 36.32 g O.
composition; 1 mol C
molar mass 5453 g C x — >~ = 4540 mol C
=88 12.01gC
Unknown: molecular 1mol H
formula of 9.15 g Hx m =9.06 mol H
compound 1m0l O
36.32g0x —22" _ 99270 mol O
16.00 g O
4.540 mol C : 2.06 mol H : 2.270 mol O — 9.000 mol C: 3.99 mol H :
2.270 2.270 2.270
1.000 mol O

empirical formula = CoH,O

molar mass CQH4O=2mochM+4m01HXM
1 mol C 1mol H
+1moleM=44.06g
1 mol O
88¢g
x= =2.0; C9, Hy, 0, = C4.HgO
44.06g 2x 1145 41189
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¢. Given: percent

100.00 g of compound contains 64.27 g C; 7.19 g H, and 28.54 g O.

composition; 1 mol C
molar mass 6427 g C x — >~ = 5.351 mol C
=168.19 12.01¢gC
Unknown: molecular 1mol H
formula of 719gHX@= 7.12 mol H
compound 1m0l O
2854 g 0x —2%0 " _ 1784 mol O
16.00g O

5.351 mol C : 7.12mol H : 1.784 mol O — 9.999 mol C : 3.99 mol H :

1.784 1.784 1.784
1.000 mol O
empirical formula = C3H,0
molar mass C3H4O = 3 mol C x 12.01gC + 4 mol H x 101gH
1 mo 1mol H
+1molOx 180980 _seo7 g
mol O
168.19 g
x =———==3.000; Cg,H4,0, = CgH150
56.07g 3xtt4xMx 911123
159. Given: 0.141 ¢ K} 0.141 g K x 1 mol K = 3.61%10° mol K
0.115g S; 39.10 gK
0.144g 0O
. 1mol S 3
Unknown: empirical  0.115gSx ———=3.59x 107" mol S
formula of 32.07g8
compound
P 0.144 g0 x ™0 _ 9605103 mol O
16.00g O

3.61x10°mol K 3.59x10°molS 9.00 x 10~ mol O
3.59x 1072 3.59x 1072 3.59x 107

=1.01 mol K:1.00 mol S:2.51 mol O
2(1.01 mol K : 1.00 mol S : 2.51 mol O) =2 mol K:2 mol S : 5 mol O

— K28205
160. a. Given: ggg g gb; 9.65 g Pb x 1 mol Pb — 0.0466 mol Pb
I g 207.2 g Pb
Unknown: empirical
formula of 099 g0 x 29 _ 6062 mol O
compound 16.00g O

0.466 mol Pb _ 0.062 mol O
0.0466  0.0466

3 (1.0 mol Pb: 1.3 mol 0) = 3 mol Pb : 4 mol O — Pb30y4

=1.0mol Pb: 1.3 mol O
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161. Given: 0.70 g Cr; 0.65 g
S;1.30 g O;
molar mass

=392.2

Unknown: molecular
formula of
compound

1 mol Cr
52.00 g Cr
1 mol S
32.07¢g8S

1mol O
16.00g O

0.0135 mol Cr  0.0203 mol S ' 0.0812 mol O
0.0135 ~ 0.0135 ~ 0.0135

6.0 mol O

2(1.0mol Cr:1.5mol S:6.0 mol O)=2mol Cr:3 mol S:12 mol O
—> CI‘283012 = CI‘Q(SO4)3

0.70 g Cr x =0.013 mol Cr

0.65 g S x =0.0203 mol S
1.30 g O x =0.812 mol O

=1.0molCr:1.5mol S:

162. Given: 60.68% C; 3.40%
H; 35.92% O

Unknown: empirical
formula of
compound

100.00 compound contain 60.68 g C, 3.40 g H, and 35.92 g O

60.68 g Cx—L2C _ 5059 mol C

12.01¢C
340 g Hx LR H 507 ol H

101gH

35.92 g0 x 20 _ 9945 mol 0

16.00g O
5.052 mol C : S.57mol H : 2245mol O =2.25mol C: 1.50 mol H : 1.00 mol O

2.245 2245 2.245

4(2.25mol C:1.50 mol H:1.00 mol O) =9 mol C:6 mol H:4 mol O
e d CQHGO4

163. Given: 208 mg C; 31 mg
H; 146 mg N;
molar mass
=111

Unknown: molecular
formula of
compound

208mg CxL2AC 18 0173 molC
12.01gC 1000 mg

S1mgHxA2MH 18 (031molH
1.01gH 1000 mg

146 mg Nx LN 18 _ 0104mol N
14.01gN 1000 mg

0.0173 mol C 0.031 mol H 0.0104 mol N
0.0104 ~ 0.0104 ~  0.0104

1.00 mol N
3(1.66 mol C : 3.00 mol H:1.00 mol N) =5 mol C: 9 mol H:3 mol N

=1.66 mol C :3.00 mol H :

empirical formula = CsHgNj3

molar mass C5HgN3 = 5 mol C x 12.01gC o 1px 101l
mol 1mol H
+3moleM= 11117 g
mol N
e _h998=1
111.17¢g

molecular formula = C5HgNj3
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165. Given: b.ala.nced equa- 4.0 mol Hy 2 mol Na — 8.0 mol Na
tion; 4.0 mol Hy 1 mol Hy
Unknown: moles Na
166. Given: b.ala‘nced equa- 0.046 mol LiBr x 2 mol LiCl = 0.046 mol TiCl
tion; 0.046 mol 9 mol LiBr
LiBr
Unknown: moles LiCl
167. a. Given: balan(-:ed‘ 18 mol Al x 3 mol HoSOy4 = 27 mol H,S0,
equation; 2 mol Al
18 mol Al
Unknown: moles
HyS04
b. Given: balan(':ed. 18 mol Al x 1 mol Alp(SOy)3 = 9 mol Aly(SO,)s3
equation; 2 mol Al
18 mol Al 11
Unknown: moles of 18 mol Al x 3 mol Hy =27 mol Hy
each 2 mol Al
product
168. a. Given: balanf:ed. 3.85 mol C3Hg x 3mol COy _ 11.6 mol CO,
equation; 1 mol C3Hg
3.85 mol C3Hg 4 mol HaO
Unknown: moles of 3.85 mol C3Hg % 201 22— 15.4 mol H50
COy and 1 mol C3Hg
Hy0
b. Given: balanced 0.647 mol Oy x 20 CO2 _ 4 355 1101 CO,
equation; mol Oy
0.647 mol Oy 4 mol FoO
Unknown: moles of 0.647 mol Oy x 2mo e - 0.518 mol Hy0
COy, Hy0, 5 mol Og
and CgH
398 0,647 mol 0y x -2LCsHs _ ) 199 1ol C4H,
mol Oy
169. a. Given: balan(':ed. 3.25 mol P40y x 4 mol P » 3097gP =403 gP
equation; 1mol P4O;y 1molP
3.25 mol P4010
Unknown: mass of P
b. Given: balar;f:edl 0.489 mol P x 5 mol Oy « 32.00 g Og _ 19.6 £ O,
equation; 4molP  1mol Oy
0.489 mol P 1 mol P40, 283.88 g P,O
Unknown: mass of 0.489 mol P x — 2% 24710, OB T4T10 _ g4 7 g P4Oqy
0, and 4 mol P 1 mol P4,Oq
P401o
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170. a. Given: balanced 1.840 mol Hy04 x 1 mol Oy « 32.00 g Og = 2944 5 0,

equation; 2 mol HoOy 1 mol Oy
1.840 mol

H309
Unknown: mass of
Oq

b. Given: balanced 5.0 mol Oy x 2 mol HyO « 18.02 g HyO

equation; 1mol Oy 1 mol HyO
5.0 mol Oy
Unknown: mass of
water

=180 g H,O

171. a. Given: balanced 100.0 g NaNO3 x 1 mol NaNOg « 1 mol NayCOgq

equation; 85.01 g NaNO3 2 mol NaNOs
100.0 g

NaNO3

Unknown: moles of
Na2CO 3

= 0.5882 mol NayCOg4

b. Given: balaliljt-:ed. 7.50 g NasCOs x 1 mol NayCOg3 y 1 mol COqy
equation; 105.99 g N32003 1 mol Na2003
7.50 g Na2003

Unknown: moles of
COq

=0.0708 mol COq9

172. a. Given: balan.ced. 625 g Fes0, x 1 mol FegOy « 4 mol Hy
equation; 231.55 g Feg0; 1 mol FegOy
625 g FegOy

Unknown: moles of
Hy

=10.8 mol Hy

b. Given: balanced 1mol Hy _ 3 mol Fe
tion: 27 g Hy X X
equation; 2.02 g H2 4 mol Hz

27 g Hz

Unknown: moles of
Fe

=10. mol Fe

. a. Given: 1 mol AgNO .
173. a. Given balan(':ed. 92.5 g AgNO; molAgNU3 2 mol AgBr  187.77 g AgBr
equation; 169.88 g AgNO3 2 mol AgNO3 1 mol AgBr
22.5 g AgNOg
Unknown: mass of
AgBr

=249 g AgBr

174. a. Given: balar;(-:ed. 90. g CaCy x 1 mol CaCqy « 1 mol CoHy y 26.04 g CoHy
equation, 64.10 g CaCy 1mol CaCy 1mol CoHy
90. g CaC2

Unknown: mass
CoHy

=37 g CzHQ

175. a. Given: balanced 95.0 g Cly x 1 mol Cly y 1 mol MnO, y 86.94 g MnO, = 30.7 g MnO,

equation; 70.90gCly  1molCly  1mol MnO,
25.0 g Cly

Unknown: mass
MHOZ

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

306



b. Given: balanced
equation;
0.091 g Cly
Unknown: mass
MHC12

1 mol MnCl
0.091 g Cly x 1 mol Cly. % ~mol Mnt9 % 125.84 g MnCly =0.16 g MnCl,
70.90 g Cl, 1 mol Clg 1 mol MnCl,

176. Given: balanced equa-
tion; 30.0 mol

NH,4

Unknown: moles
(NH»)2SO04

1 mol (NH4)2804

30.0 mol NH
MO X Ty mol NH

=15.0 mol (NH4)2SO4

177. a. Given: balanced
equation,;
150 g F6203

Unknown: mass Al

b. Given: balanced
equation;
0.905 mol
AlyO3

Unknown: mass Fe

¢. Given: balanced
equation;

99.0 g Al
Unknown: moles
F6203

1 mol F9203 %
159.70 g FeyOy

2 mol Al

« 26.98 g Al
1 mol FeyOg

1 mol Al

150 g F6203 X =51 gAl

2 mol Fe
X
1 mol AlgOS

55.85 g Fe
1 mol Fe

0.905 mol A1203 X =101 g Fe

1mol Al 1mol Fe;O

99.0 g Al x —————x
B 698 gAl 2mol Al

= 1.83 mol FeyO3

178. Given: 1.40 g No; bal-
anced equation

Unknown: mass Hy

1 mol Ny X3m01H2X2.02gH2_

1.40 g Ng x
28.02g Ny 1mol Ny 1mol Hy

0.303 g Hy

179. Given: 1.27 g KOH

Unknown: mass of
HySO4

2KOH + H2804 - KzSO4 + 2H20

1 mol KOH « 1 mol H2S04 « 98.09 g HQSO4
56.11 g KOH 2mol KOH ~ 1 mol HySO,
=1.11 g HQSO4

1.27 g KOH x

Given: reactants and
products

180. a.

Unknown: balanced
equation

b. Given: 10.00 g NH;3

Unknown: moles
(NHy)o
HPO,

¢. Given: 2800 kg
H3POy4

Unknown: mass NHg

H3PO4 + 2NH3 —> (NH4)2HPO4

1 mol (NH4)2HPO4
2 mol NHg

1 mol NHjg
17.04 g NHg

10.00 g NH3 X =0.293 mol (NH4)2HPO4

1 mol H3PO4 «
98.00 g H3PO,

2mol NHy _ 17.04 g NH

2800 kg H3PO4 X
1 mol H3PO, 1 mol NHg

=970 kg NH;
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181. a. Given: balanced
equation;
30.0 mol Zng
(CeH507)2
Unknown: moles
ZHCO3
and
CgHgO7

b. Given: balanced
equation;
500. mol
CgHgOr
Unknown: mass in
kg of HyO
and COq

3 mol ZnCOg3
1 mol Zn3(CgH5z07)g

30.0 mol Zng(CgH507)g % =90.0 mol ZnCOg3
2 mol C6H807

30.0 mol Zng(CgH50
mo n3( 6755 7)2>< 1 mol Zn3(CgH507)2

=60.0 mol CGH807

3 mol Hy,O « 18.02 g H,O « 1kg
2 mol CGH807 1 mol H20 1000 g

500. mol CgHgO7 X =13.5 kg HyO
3 mol COy o 44.01 g COq « 1kg

500. mol CGH807 X
2 mol CGHSO7 1 mol COZ 1000 g

= 33.0 kg COy

182. a. Given: balanced
equation;
525¢g
C3H;,COOH

Unknown: mass
C3H;COOCH3

b. Given: balanced
equation;
5800. g
CH30H

Unknown: mass HyO

1 mol C3H7COOH % 1 mol C3H7COOCH3
88.12 g C3sH,COOH 1 mol CsH;,COOH

1 mol 03H7COOCH3

52.5 g 03H7COOH X

=60.9 g 03H7COOCH3

1 mol CH30H « 1 mol HyO « 18.02 g H,O

5800. g CH;0H x
32.05 g CH;0H 1 mol CH;0H 1 mol HyO

183. a. Given: balanced
equation;
36.0¢g
NH4NO3

Unknown: moles Ny

b. Given: balanced
equation;
7.35 mol HyO

Unknown: mass
NH4NO5

1 mol NH4NOg % 2 mol Ny

36.0 g NH,NO; x
80.06 g NH4N03 2 mol NH4NO3

=0.450 mol Ny

2 mol NH4NOg3 « 80.06 g NH,NO3 _
4 mol HyO 1 mol NH4NOg4

7.35 mol HQO X 294 g NH4N03

184. Given: 1.23 mg
Pb(NO3)g

Unknown: mass KNOg

Pb(NO3)2 + 2KI —» PbIQ + 2KNO3

1 mol Pb(NOg), 2 mol KNOg
331.22 g Pb(NO3)2 1 mol Ph(NO3),

1.23 mg Ph(NO3)g x

« 101.11 g KNOg

=0.751 mg KNOg
1 mol KNOg

185. Given: balanced equa-
tion; 0.34 kg Pb

Unknown: moles
PbSO,

1000 g y 1 mol Pb « 2 mol PbSO4
1kg 207.2gPb 1 mol Pb

0.34 kg Pb x 3.3 mol PbSO4

= 3261 g H,0
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186. Given: 20.0 mol CO, COg + 2LiOH — H50 + LiyCOg
Unknown: mass HyO
20.0 mol €O, x L2 H20, 18028 Hy0 _ 54, o 10
1mol COy 1 mol HyO
187. a. Given: balan.ced' 100 1.00x10% g P,01 X 1 mol P4Oq y 6 mol Hy,O « 18.02 g H,O
equation; 1. 283.88 g P4019 1mol P,O;y 1 mol HyO
x1078PiOw a0 om0
Unknown: mass HoO ~ ~ g2
b. Given: balan.ced' 0.614 mol H,0 x 4 mol H3PO4 y 98.00 g H3PO, - 40.1 g HyPO,
equation; 6 mol HbO 1 mol HsPO,
0.614 mol
H,0
Unknown: mass
H3PO4
¢ Given:mass of HyO 59 70 0 56 64 g) H,0 x L 20LH20 _ 5 599 1101 H,0
Unknown: moles 18.02 g Hy,O
H,0
188. Given: 95.0 g H20 CzH5OH + 302 d 2C02 + 3H20
Unknown: mass
CQH5OH 95.0 o H2O « 1 mol H2O % 1 mol C2H5OH « 46.08 g C2H5OH
18.02 g HyO 3 mol HyO 1 mol CoH5OH
=81.0 g CQH5OH
189. Given: b.ala.n5c3% eqls%- 50.0 g SO5 x 1 mol SOq y 2 mol HySO4 » 98.09 g HoSOy4 — 76.5 g HySO,
tion; 50.0 g S0 64.07gS0; 2mol SO; ~ 1 mol HySO,
Unknown: mass HoSOy4
and O, 50.0 g SOy x 1001502 | 1molOy  32.0080;_ 195, 0,
64.07 g SOy 2mol SOy 1 mol Oy
190. Given: 5.00 g NaHCOg 2NaHCO3 — NayCO3 + HyO + COqy
Unknown: mass CO,q
5.00 g NaHCOj x 1 mol NaHCOg 1 mol COqy y 44.01 g COqg
84.01 g NaHCO3 2 mol NaHCO3 1 mol CO,q
=1.31g COq
. 3 mol Ny
191. c. Given: 20 000 mol 20 000 mol NgH, x —————=— =30 000 mol Ny
1\]21_14 2 mol N2H4
Unknown: mol Ny
d. Given: 450. kg NyO,  450. kg NpO, x 10008, 1 molN>04 4 mol H,O  18.02 g H,0
1 kg 92.02 g N204 1 mol N204 1 mol Hgo

Unknown: mass HyO

=3.52 x 10° g HyO

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL

Copyright © by Holt, Rinehart and Winston. All rights reserved.

309



192. Given: 517.84 g HgO 2HgO — 2Hg + Oy

Unknown: mol Oy 1 mol HgO y 1 mol Oy

517.84 g HgO x
216.59 g HgO 2 mol HgO

=1.1954 mol Oy

193. Given: 58.0 g Cl, 2Fe + 3Cly; — 2FeClg
Unknown: mass Fe

1 mol Cl, « 2 mol Fe o 55.85 g Fe

58.0 g Cly x
82 090 Cly 3mol Cl, . 1mol Fe

=30.5 g Fe

194. Given: balanced equa-

1 mol NayS « 1 mol CdS y 144.48 g CdS

. 5.00 mg NayS x =9.26 mg CdS
tion; 5.00 mg 8 S X g 05 g Nay S 1mol NayS 1 mol CdS g
NaZS
Unknown: mass CdS
in mg
195. a. Given: balan.ced. 4.44 mol KMnO, x 5 mol COy = 1.59 mol CO
equation; 4.44 14 mol KMnO,
mol KMnOy4
Unknown: mol COg
b. Given: 5.21 g H,O 5.21 g HyO x 1 mol HyO « 4 mol C3H5(OH)g = 0.0723 mol C3H5(OH)g
Unknown: mol 18.02 g HyO 16 mol HyO
C3H5(OH)g
c. Given: f{'?’g(‘)n"l 3.39 mol KyCOg x ./ Mol MnoO;  157.88 g MnyOs _ 535 5 N, 0,
2~M3 7 mol K9COg3 1 mol MnyOs5
Unknown: mass
Mn203 in
grams

d. Given: 50.0 g KMnOy4 1 mol KMnOy4 o 4 mol C3H5(OH)3

50.0 g KMnOy4 x

Unknown: mass 158.04 g KMnO4 14 mol KMnOy4
C3H5(OH);3
92.11 g C3H5(OH
and COy g GOl _ o o g CsH5(OH)g

in grams 1 mol 03H5(OH)3

1 mol KMnOy4 « 5 mol COy y 44.01 g COy

50.0 g KMnOy4 x
158.04 g KMnO4 14 mol KMnO4 1 mol COy

=4.97 g COy

196. a. Given: balanced
equation,;

5.00 x 10° kg 5
CaCly =3.29 x 10° kg HCl

1 mol CaCly y 2 mol HC1 « 36.46 g HCL

5.00 x 10° kg CaCly x
110.98 g CaCly; 1 mol CaCly 1 mol HCI

Unknown: mass HCI
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. Given: balanced

equation;
750 g CaCOg3
Unknown: mass CO,q

1 mol CaCOg
100.09 g CaCOg

1 mol COqy o 44.01g COy _
1 mol CaCO3 1 mol COqy

750 g CaCO3 x 330 g CO,

197. a.

Given: balanced
equation,;
1.50 x 10° g Al

Unknown: mass

NH,C1O,

. Given: balanced

equation; 620
kg NH4CIO4

Unknown: mass NO

1 mol Al 8 mol NH,CIO, 117.50 g NH,CIO,

1.50 x 10° g Al x

26.98 g Al 3 mol Al 1 mol NH,CIO,
=6.53 x 10° g NH,C10,
1 mol NH,CIO
620 kg NH,CIO, x mo 4C104 3 mol NO ><30.01 g NO

117.50 g NH4Cl04 8 mol NH4CIO4 1 mol NO

= 160 kg NO

198. a.

Given: balanced
equation,;
2.50 x 10° kg
HySO,
Unknown: moles
H3POy4

. Given: balanced

equation; 400.
kg Ca3(PO4)2
Unknown: mass

CaSOy.
2H,0

. Given: balanced

equation; 68

metric tons

rock; 78.8%

Ca3(PO4)2

Unknown: mass

H3PO4 in
metric
tons

1000 g % 1 mol HQSO4 % 2 mol H3PO4

2.50 x 10° kg HySO, x
1 kg 98.09 g HzSO4 3 mol H2SO4

=1.70 x 10® mol H3PO,

3 mol CaS0y4+2H50
1 mol Ca3(PO4)2

1 mol Cag(POy),
310.18 g Cag(POy)s

172.19 g CaSO, « 2H,0
1 mol CaSO4 ° ZHQO

400 kg Ca(PO,); x

= 666 kg CaSO4 '2H20

0.788 g Cag(PO4)2
1 g rock

1 mol Cag(POy)g
310.18 g Cag(POy)s

68 metric tons rock x

2 mol H3PO4 % 98.00 g H3PO4 _

34 metric tons H3POy4
1 mol Ca3(PO4)2 1 mol H3PO4

199. Given: balanced equa-

tion; mass Fe =
3.19% x 1650 kg

Unknown: mass of steel

scrap after
lyr

0.0319 x 1650 kg Fe = 52.6 kg Fe

2 mol FeyOg y
4 mol Fe

159.70 g Fey03
1 mol F8203

mol Fe
55.85 g Fe

1650 kg — 52.6 kg + 75.2 kg = 1670 kg

52.6 kg Fe x =75.2 kg FesO3

200. Given: balanced equa-

tion; 0.048 mol
Al; 0.030 mol Oy

0.048 mol Al x 52 if = 0.036 mol Oy

mol
0.036 mol Oy needed; 0.030 mol Oy available

limiting reactant: Oq
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201. Given: balanced equa-

tion'; 862 g 862 g ZrSiO, x 1 mol Zr81(?4 2 mol Cl.z « 70.90 g Cl, =667 gCly
ZrSiOy; 183.31 g ZrSiO4 1 mol ZrSiO4, 1 mol Cly
Unknown: limiting 667 g Cly needed; 950. g Cl, available; limiting reactant is ZrSiOy4
reactant; .
mass ZrCl, 862 g ZrSiO, x 1 mol ZrSiOy4 y 1 mol ZrCly « 233.02 g ZrCly
183.31 g ZrSiO4 1 mol ZrSiO4 1 mol ZrCly
=1.10 x 10% g ZrCl,
202. Given: 1.72 mol ZnS; 27nS + 309 — 27Zn0 + 25049
3.04 mol Oy
Unknown: balanced 1.72 mol ZnS x 3molOy _ 2.58 mol Og
equation; 2 mol ZnS
ilégiglri 2.58 mol Oy needed; 3.04 mol Oy available; limiting reactant is ZnS.

203. a. Given: balan'ced' 0.32 mol Al x 3 mol Oy = 0.24 mol O,
equation; 4 mol Al
0.32 mol Al;
0.26 mol Oy 0.24 mol Og needed; 0.26 mol Oy available; limiting reactant is Al
Unknown: limiting
reactant
b. Given: balanced 6.38 x 1073 mol Oy x 2LAL _ g 51« 1073 mol Al
equation; mol Oy
6.38 x 107
mol Oy; 8.51 x 1073 mol Al needed; 9.15 x 102 mol Al available; limiting
9.15x 1072 reactant: Oy
mol Al 9 mol ALLO
Unknown: moles 6.38 x 1073 mol Oy x =22 1223 _ 4 95 % 1073 mol Al,O3
3 mol Oy
Al,O5
c. Given: balan(':ed. 3.17 g Al x 1 mol Al « 3 mol Oy « 32.00 g Oqg = 2.82g0,
equation; 26.98 g Al 4mol Al 1mol Oy
3.17 g Al;
2.55 g Oy 2.82 g Oy needed; 2.55 Og available; limiting reactant: Oq
Unknown: limiting
reactant
204. a. Given: balan(':ed. 100. g CuS x 1 mol CuS » 3 mol Oy « 32.00 g Og =50.2g 0y
equation; 95.62 g CuS 2mol CuS 1 mol Oy
100. g CuS;
56 g Oy 50.2 g O9 needed; 56 g O, available; limiting reactant: CuS
Unknown: limiting
reactant
b. Given: balanced 1 mol CuS 3 mol Oy

equation;
18.7 g CuS;
12.0 g 02

Unknown: mass CuO

« 32.00 g Oy
1 mol Oy

18.7 g CuS x =9.39 g Oy

X
95.62 g CuS 2 mol CuS
9.39 g Og needed; 12.0 g Og available; limiting reactant: CuS

1 mol CuS « 2 mol CuO y 79.55 g CuO

18.7 g CuS x
95.62 CuS 2 mol CuS 1 mol CuO

=15.6 g CuO
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205. Given: balanced equa-

tion; 0.092 mol (092 mol Fe x > 2L CUSO4 _ ¢ 14 1101 CusSO,
Fe; 0.158 mol 2 mol Fe
CuS04 . o
o 0.14 mol CuSoy4 needed; 0.158 mol CuSO,4 available; limiting reactant: Fe
Unknown: limiting
reactant;
moles Cu 0.092 mol Fe x 3B _ 14 mol Cu
2 mol Fe
206. Given: balan'ced‘ 55 g BaCOs x 1 mol BaCOj4 « 2 mol HNOg y 63.02 g HNO3
equation; 197.34 g BaCO3 1mol BaCO; 1 mol HNOg
55 g BaCOg;
26 g HNOg =35 g HNO;3
Unknown: mass Ba
(NOs), 35 g HNOg needed; 26 HNOg available; limiting reactant: HNOjg

1 mol HNOs _ 1mol Ba(NOg)s 261.35 g Ba(NOj3)y

26 g HNO4 x X X
g 3 63.02 g HNOg 2 mol HNOg 1 mol Ba(NOj3),

=54 g Ba(NO3),

207. a. Given: balan(_:ed. 560 g Mgl x 1 mol Mgl, « 1 mol Bry y 159.80 g Bry _ 322 g Bry
equation; 278.11 g Mgly, 1mol Mgl, 1 mol Bry
560 g Mgls;

360 g Bry Brs is in excess; 360 g Brg — 322 g Bry = 38 g Bry excess

Unknown: excess
reactant;
remaining
mass

b. Given: balan.ced. 560 g Mgl 1 mol Mgly y 1 mol Iy « 253.80 g Iy _
equation; 278.11 g Mgl 1mol Mgl, 1molI,
560 g Mgls

Unknown: mass I,

5101,

208. a. Given: balanced . 1molNi _2mol AgNO3 169.88 g AgNOg
S 22.9 g Ni x - X —2 X =
equation; 5869 gNi  1mol Ni 1 mol AgNO;
22.9 g Ni;

112 g AgNOg Ni is in excess

Unknown: excess
reactant

133 g AgNOg

; . i 182.71 g Ni(NO

b. Given: balan(-:ed‘ 112 g AgNO; x 1 mol AgNOs3 « 1 mol Ni(NOg)q « g . i(NO3)y
equation; 169.88 g AgNO3  2mol AgNO3 ~ 1 mol Ni(NO3),
112 g AgNOg

Unknown: mass
Ni(NO3)s

= 60.2 g Ni(NOj),

209. Given: 1.60 mol CSy; CSa(g) + 304(g) — 2S04(g) + CO9(g)
5.60 mol Oqg
3 mol Oy
Unknown: balanced 1.60 mol CSg x Lol CS.
equation; mol L5z
moles of 5.60 mol Og — 4.80 mol Oy = 0.80 mol Oy excess
excess,
reactant

=4.80 mol Oqg
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210. a.

Given: balanced

1 mol HgCly _ 1mol Hg(NH,)C

equation; 0.91 g HgClg x ——=—=—
0.91 g HgCl, 271.49 g HgCly 1 mol HgCly
Unknown: mass Hg 252.07 g Hg(NH,)Cl
= 0.84 g Hg(NH,)C1
(NH,)Cl 1 mol Hg(NH,)Cl g Hg(NHy)
b. Given: balanf:edl 0.91 g HeCly x 1 mol HgCly « 2 mol NHg « 17.04 g NHjg - 0.11 g NH;
equation; 271.49 g HgCl, 1 mol HgCly, 1 mol NH;
0.91 g HgCly;
0.15 g NHy 0.11 g NH3 needed; 0.15 g NHg3 available; limiting reactant: HgCly
Unknown: mass
Hg(NH,) 0.91 g HeCl, x 1 mol HgCl, y 1 mol Hg(NH,)C1
Cl 271.49 g HgCly 1 mol HgCly
252.07 g Hg(NH,)Cl
= 0.84 g Hg(NH,)C1
1 mol Hg(NH,)C1 g Hg(NH,)
211. b. Given: balanced 0.57 mol Al x 2 mol NaOH =0.57 mol NaOH
equation from 2mo
8; 307‘5;12;?01 AL 0.57 mol NaOH needed; 0.37 mol NaOH available; limiting reactant:
NaOH; excess NaOH
water 0.37 mol NaOH x — 5B Ha ¢ e 01 1,
Unknown: moles Hy 2 mol NaOH
212. a. Given: balan.ced. 0.0845 mol NOy x 4 mol HNOg = 0.169 mol HNO;
equation; 2 mol NO,
0.0845 mol 1 mol C
NOy 0.0845 mol NOg x — >~ _ 0.0422 mol Cu
Unknown: moles of 2 mol NO;
HNO;4
and Cu

. Given: balanced

1 mol Cu y 4 mol HNOg o 63.02 g HNO3

tion: 5.94 g Cu x 23.6 g HNOg
equation; 63.55gCu  1mol Cu 1 mol HNOg
5.94 g Cu;
23.23 g HNO3 23.6 g HNOg needed; 23.23 g HNOg available: Cu is in excess.
Unknown: excess
reactant
213. a. Given: balanced 2.90 mol NH; x 22902 _ 3 69 11101 0p; NH is limiting.
equation; 4 mol NH3
2.90 mol NHg;
3.75mol 02 9 g0 1ol NHg x 2 2ONO _ 9 96 mel NO
Unknown: moles of 4 mol NHjy
NO and 6 mol HoO
Hy0 2.90 mol NH5 x — 2222+ _ 4 35 mol HyO

4 mol NHg
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b. Given: balanced
equation;
420x10* g
NHs; 1.31 x =9.86 x 10* g Oy
10°g O,

Unknown: limiting 9.86 x 10* g Og needed; 1.31 x 10° g Oy available; limiting reactant: NHg
reactant

1 mol NHj3 « 5 mol Og y 32.00 g Og
17.04 g NH3 4 mol NHs 1 mol Oy

4.20 x 10* g NH3 x

c. Given: balanced 869 kg NHj 1 mol NHj « 5 mol Oy % 32.00 g Oy = 2040 kg O,

equation; 17.04 gNH; 4 molNH3; 1 mol Oy
869 kg NHg;

2480 kg Oy 2040 kg Oy needed; 2480 kg O4 available; limiting
reactant: NHg

Unknown: mass NO
1 mol NH;j « 4 mol NO « 30.01 g NO
17.04 g NH3 4 mol NHs 1 mol NO

=1.53 x 10% kg NO

869 kg NH3 x

. Given: 79.55 g CuO
214. Given balan.ced' 620 g CoH;OH x 1 mol CoH;OH y 1 mol CuO y g Cu
equation; 46.08 g CoH50H 1 mol CoH;0H 1 mol CuO
620 g CoH;OH;
1020 g CuO =1070 g CuO
Unknown: gl?lz%HO; 1070 g CuO needed; 1020 g CuO available; limiting reactant: CuO
mass excess 1 mol CuO _ 1mol CH3CHO _ 44.06 g CH3CHO
reactant left 1020 g CuOx X X
79.55 g CuO 1 mol CuO 1 mol CH3CHO

= 565 g CH;CHO

1 mol CuO % 1 mol 02H5OH % 46.08 g CzH5OH
79.55 g CuO 1 mol CuO 1 mol CoH5OH

=591 g C;H;0H

1020 g CuO x

620 g CQH5OH -591 g CQH5OH =29 g CQH5OH excess

215. Given: balali.ced' 050 950 g SOy % 1 mol SOq « 1 mol Bry « 159.80 g Brg - 624 g Bry
equation; g 64.07 g S0y 1mol SOy 1 mol Bry
SOg; 650 g Bry;
excess HyO 624 g Bry needed; 650 Bry available; limiting reactant: SOq

Unknown: mass HBr 1mol SO, 2 mol HBr 80.91g HBr

250 g SOg x =630 g HBr
64.07 g SOy 1mol SOy 1 mol HBr
. Given: .46 g HCI
216. Given balant.:ed. 95.0 g NaySOs 1 mol NaySOg « 2 mol HCI o 36.46 g HC _145g

equation; HCI 126.05 g NapSO3 1 mol NapSO3 1 mol HCI

25.0 g NasSOg;

22.0 g HCI1

Unknown: mass SO, 14.5 g HCI needed; 22.0 g HCI available; limiting reactant: NagSOg

1 mol N32803 « 1 mol SOQ « 64.07 g SOZ

25.0 g N32803 X
126.05 g NagSO3 1 mol NagSO3 1 mol SO

=127 g SOZ
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217. a.

Given: balanced

1 mol ThFg

3mol Ca 40.08 g Ca
X X

- 27.5 g TbF3 x =7.66¢gCa
equation; 8 15,93 g TbF; 2 mol TbFy 1 mol Ca &
27.5 g TbFg;
6.96 g Ca 7.66 g Ca needed; 6.96 g Ca available; limiting reactant: Ca
Unknown: mass Tb
6.96 g Ca x 1 mol Ca « 2 mol Th y 158.93 g Tb =184 gTh
40.08gCa 3molCa 1molTb
b. Given: balan(':ed. 6.96 g Ca x 1 mol Ca « 2 mol ThFg « 215.93 g ThF3 = 95.0 g TbFs
equation; 40.08gCa 3molCa  1mol ThF3
6.96 g Ca;
27.5 g TbFs3; 27.5 g TbF3 —25.0 g TbF3 = 2.5 g TbF3 remaining
Ca is limiting
Unknown: mass
TbF3
remaining
218. a. Given: theoretical 419¢g .
yield = 50.0 g; actual 500 g x 100 = 83.8% yield
yield=419¢g
Unknown: percent
yield
b. Given: theoretical 270 kg _ .
yield =290 kg; 590 o x 100 = 93% yield
actual yield
=270 kg
Unknown: percent
yield
. . 4
c. Given: theor(itlcal 4.18x10" kg « 100 = 69.1% yield
yield =6.05x g o5 107 kg
10% kg; actual
yield = 4.18 x
10* kg
Unknown: percent
yield
d. Given: tl}el(:ilreitlcal 0.00089 g « 100 = 46% yield
yield = 0.00192 g
0.00192 g;
actual yield
=0.00089 g
Unknown: percent
yield
219. a. Given: balam.:ed’ theoretical yield = 8.87 g AsyOs x 1 mol AsyOg3 4 mol As
equation; 197.84 g Asy03 2 mol Asy03
8.87 g ASQOg;
actual yield 1492848 _ oo g As
As=533¢g 1 mol As
Unknown: percent 53384 14y _ 79 3¢, yield
yield 6.72 g As
b. Given: balan.ced‘ theoretical yield = 67 g C x 1 mol C y 4 mol As y 74.92 g As = 560 g As
equation; 1201gC  3molC  1molAs
67 g C,
actual yield ~ 42584s 14 _ 769, vielq
As=425¢ 560 g As
Unknown: percent
yield
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220. a.

Given: theoretical
yield = 68.3 g;
actual yield
=439¢g

Unknown: percent
yield

. Given: theoretical

yield =
0.0722 mol;
actual yield =
0.0419 mol

Unknown: percent
yield

. Given: 4.29 mol

CZH5OH;
actual yield
CH3COOCoH;
= 2.98 mol;
balanced
equation

Unknown: percent
yield

. Given: balanced

equation; 0.58
mol CoH5OH;
0.82 mol
CH3COOH;
actual yield
CH3COO0OC,Hj5
=0.46 mol

Unknown: percent

yield

439¢g
68.3¢g

x 100 = 64.3% yield

0.0419 mol

—————— %100 = 58.0% yield
0.0722 mol

theoretical yield CH3COOCoH; =

1 mol CH3COOC,Hj
1 mol CzH5OH

4.29 mol CyH;OH x = 4.29 mol CH3COOC,Hj

2.98 mol CH300002H5 % 100 = 69.5% yield

4.29 mol CH3COOC,H;
1 mol CHsCOOH
0.58 mol CoH;OH = 0.58 mol CH3COOH
o 25 X T ol CoH50H mot s
CoH5;OH is limiting.
1 mol CH3COOCQH5
0.58 mol C;H;OH = 0.58 mol CH3;COOC,H
ot E2Hs R X T mol CoH,0H ot B2 s
0.46 mol

0.58 mol x 100 = 79% yield

221. a.

Given: balanced
equation;
0.0251 mol A;
actual yield C
=0.0349 mol

Unknown: percent
yield

. Given: balanced

equation;
1.19 mol A;
actual yield
D =1.41 mol

Unknown: percent
yield

. Given: balanced

equation;
189 mol B;
actual yield
D =39 mol

Unknown: percent
yield

theoretical yield C = 0.0251 mol A x 4 mol C =0.0502 mol C
2 mol A

0.0349 mol | 100 - 69.5% yield

0.0502 mol

theoretical yield D = 1.19 mol A x 3_moi_D =1.785 mol D
mo

1.41 mol .
1.785 mol < 100 = 79.0% yield
theoretical yield D = 189 mol B x 3mol D =81.0 mol D
7 mol B
39mol 160 = 48% yield
81.0 mol
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. Given: balanced

equation;
3500 mol B;
actual yield C
= 1700 mol

Unknown: percent
yield

4 mol C
7 mol B

theoretical yield C = 3500 mol B x =2.0 x 10% mol C

1.7 x 10 mol

———=——X 100 =85% C
2.0 x 10° mol

222. a.

Given: balanced
equation;
57 mol
Cag(POy)g;
actual yield
CaSiOg =
101 mol

Unknown: percent

yield

. Given: balanced

equation;
1280 mol C;
actual yield
CaSiOg =
622 mol
Unknown: percent
yield

. Given: balanced

equation;
81.5% yield;
1.4 x 10° mol
Cag(POyg
Unknown: actual
mol P

theoretical yield CaSiOg = 57 mol Cag(POy)g x _3mol CaSiO3
1 mol Ca3(PO4)2
=170 mol CaSiOg

101 mol

x 100 = 59% yield
170 mol

3 mol CaSiOg

theoretical yield CaSiOg = 1280 mol C x
5mol C

=768 mol CaSiOg

622 mol

x 100 = 81.0% yield
768 mol

2 mol P

2 % 0.815=2.3 x 10° mol
1 mol Cag(POy)s

1.4 x 10° mol Cag(PO)g x

223. a.

Given: balanced
equation;
56.9 g WOs;
actual yield
W=414g
Unknown: percent
yield

. Given: balanced

equation;

3.72 g WOsg;

92.0% yield
Unknown: moles W

. Given: balanced

equation;

actual yield
W=114g;
89.4% yield

Unknown: mass
WO4

1 mol W
1 mol WOg

1 mol WOg4
231.84 g WOg

183.84 g W
1 molW

56.9 g WO3 x =451gW

414 ¢g
451¢g

x 100 = 91.8% yield

1 mol W
1 mol WOg4

92.0%
100%

1 mol WOg4

3.72 g WOg x
231.84 g WOg3

=0.0148 mol W

114gW _ 894¢g
X 100.0 g’

x=128gW

1 mol W

1 mol WOg «
183.84 g W

1 mol W

231.84 g WO4

12.8 g W x
1 mol WOg4

=16.1g WO,
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224. a.

Given: balanced

1 mol CS, « 1 mol CCly

theoretical yield = 410. kg CSy x

equation; 76.15gCSs 1 mol CSy
410. kg CSo;
actual yield % 153.81 g CCly =828 kg CCly
CCly =719 kg 1 mol CCly
Unknown: percent
vield T19KE | 100 = 86.8% yield
828 kg
b. Given: balan(_:ed. theoretical yield = 67.5 g Cl, x 1 mol Cl,, y 1 mol SyCly
Zc%l%atlcgi, 70.90gCl;  3mol Cly
-0 g Llg;
actual yield % 135.04 g SpCly =42.8 g SyCl,
82012 =39.5 g 1 mol SzClz
Unknown: percent 395¢g .
c. Given: balan(_:ed. 5.00 x 10* kg CCl, x 100% y 1 mol CCly y 1 mol CS, y 76.15 g CSo _
equatlor}, 83.3% 153.81gCCl; 1molCCly 1molCSy
83.3% yield;
actual yield 2.97 x 10% kg CSs
CCly = .
5.00 x 10* kg
4 83.3% 1 mol CCly 1 mol SyCly
Unknown: kg CS, 5.00 x 10* kg CCly x X X
and S.Cl 100% 153.81gCCly 1 mol CCly
x 135:04855Cl _ 5 56, 10% kg S,Cl,
1 mol SzClz
225. a. Given: balanf:ed 0.38 g NOy x 1 mol NOg y 1 mol NyOp % 108.02 g N9O5 _ 0.45 g NyOs
equation; 46.01 g NOy 2 mol NOg 1 mol NyO5
0.38 g NOy; 0.36
actual yield 2998 2100 = 80.% g yield
NyO5=0.36g 0.45¢g
Unknown: percent
yield
b. Given: balan.ced. 6.0 mol NOy x 1 mol NpO5  108.02 g NoO5 _ 320 g NoOs
equation; 2 mol NOy 1 mol NyOj5
6.0 mol NOy; 61.1%
61.1% yield 320 g NyOp x —  =2.0 x 102 g NoOg
Unknown: mass 100%
N3O5
226. Given:balanced ' 30,0 g NaCl x L2 NaCL 1 mol T804 _ o 557 101 1,50,
equation; 30.0 g 58.44 g NaCl 2 mol NaCl

NacCl; 0.250 mol
HyS0y; actual
yield HCI
=146¢g

Unknown: percent yield

0.250 mol HySO, available, 0.257 mol HySO4 needed; HySOy is limiting.

2 mol HC1

« 36.46 g HC1
1 mol HzSO4

0.250 mol HySO4 %
1 mol HC1

=18.2 g HCI

146 g
182¢

x 100 = 80.2% yield
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227. a.

Given: balanced

4 mol NaAu(CN
equation; theoretical yield = 410 g Au x 1 mol Au X o 4 12( )2
410 g A, 196.97 g Au mol Au
actual yield 272.00 g NaAu(CN)y
=570 g NaAu(CN
NaAu(CN), 1 mol NaAu(CN), g NaAu(CND
=540¢g
Unknown: percent 540g x 100 = 95% yield
yield 570 g
b. Given: balanced 100% 1 mol NaAu(CN)y
. 1.00 kg NaAu(CN)g x X
equation; g NaAu(CN), 79.6% 272.00 g NaAu(CN)y
79.6% yield, 4 mol A 196.97 g A
1.00 kg x DOAT OITE AU (910 kg Au = 9.10 x 10% g Au
NaAu(CN), 4 mol NaAu(CN)y 1 mol Au & g
Unknown: mass Au
¢. Given: 0.910 kg Au; X 100% 4
. = ;X =9%x10% kg ore
oreis 0.001% 0910 kgAu 0.001% &
Au
Unknown: mass
of ore
228. a. Given: balan(-:ed. theoretical yield = 2.00 g CO x 1 mol CO « 1 mol Iy « 253.80 g Iy
equation; 28.01gCO 5molCO  1moll,
2.00 g CO;
actual yield =3.63g1p
I,=317¢g
3.17 .
Unknown: percent £ %100 = 87.3% yield
. 3.63 g
yield
b. Given: 87.6% yield; 100.0% — 87.6% = 12.4% unreacted
2.00 g CO
Unknown: mass of 0.124 x 2.00 g CO =0.248 g CO
unreacted
CO
- 1 mol NaClO
229, a. Given: balanf:ed‘ theoretical yield = 1.2 kg Cls x 1 mol Cly mol Nal
equation; 1.2 70.90 g Cl, 1 mol Cly
kg Cly; actual
yield NaClo , 7444gNaClO _, o 010
=0.90 kg 1 mol NaClO
Unknown: percent
vield 090k . 100 = 69%
1.3 kg
b. Given: balang:ed‘ 95 metric tons NaClO x 100% 1 mol NaClO 1 mol Cly
equation; 91.8% 65.46 gNaClO 1 mol NaCIO
91.8% yield; 70.90 ¢ Cl
25 metric D82 | 99 metric tons Cly
tons actual 1 mol Cly
yield NaClO
Unknown: metric
tons Cly
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Given: balanced
equation;
81.8% yield;
1 mol Cly

Unknown: mass
NaCl

. Given: balanced

equation;
79.5% yield;
actual rate
NaClO

370 kg/h

Unknown: rate
NaOH
in kg/h

1 mol NaCl « 58.44 g NaCl « 81.8%
1 mol Cly 1 mol NaCl 100%

1.00 mol Clgy x =47.8 g NaCl

1 mol NaClO
65.46 g NaClO

370 kg NaClO y 100% y
1h 79.5%

« 40.00 g NaOH
1 mol NaOH

o 2 mol NaOH
1 mol NaClO

= 568 kg NaOH/h

230. b.

Given: theoretical
yield = 2.04 g;
actual yield
=179¢g

Unknown: percent
yield

. Given: balanced

equation
from ¢; 0.097
mol Mg; 0.027
mol Mg3N2

Unknown: percent
yield

1.79¢g
204 ¢

% 100 = 87.7% yield

1 mol MggNQ

theoretical yield = 0.097 mol Mg x
3 mol Mg

=0.032 mol Mg3N2

0.027 mol

x 100 = 84% yield
0.032 mol

231. a.

Given: balanced
equation; 0.89
g CsH70H;
actual yield
Cy,H5;COOH
=0.88¢g

Unknown: percent

yield

. Given: balanced

equation;
actual yield
CyH;COOH
= 1.50 mol;
136 g
CsH,OH
Unknown: percent
yield

Given: balanced

equation; 116 g

NaZCr207;
actual yield
CyH;COOH
=281g
Unknown: percent
yield

1 mol C3H,OH
60.11 g C3H,OH
74.09 g CoH;COOH

1 mol CoH;COOH

theoretical yield = 0.89 g C3H;OH x

3 mol CoH;COOH
3 mol C3H7OH

= 1.1 g CoH;COOH

0888 . 100 = 80.% yield

1l1g

theoretical yield = 136 g C3H;OH x _1 mol CsH7,0H
3 mol CoH;COOH

3 mol C3H7OH

= 2.26 mol CoH;COOH

1.50 mol

x 100 = 66.4% yield
2.26 mol

. . 1 mol NayCreO7
th tical yield = 116 g NayCryO
eoretical yie g NagCryOry X 561.98 g NayCryO5
=49.2 g CoH5;COOH
2 mol NagCryO7 1 mol CoHsCOOH g L2ts
28.1g

x 100 = 57.1% yield

2g
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232. Given: unbalanced
equation; 850. g
C3H6; 300. g
NHg; excess Oo;
actual yield
03H3N = 850. g
Unknown: balanced
equation;
limiting
reactant;
percent yield

2C3Hg(g) + 2NH3(g) + 3049(g) — 2C3H3N(g) + 6H50(g)

1 mol CgHg « 2 mol NHg
42.09 g C3H6 2 mol C3H6

300 g NHj available, 344 g NH3 needed; NHj is limiting.

. 17.04g NH;

850. g CgHg x
& -t 1 mol NH4

1 mol NH3 « 2 mol CgHgN < 53.07 g C3H3N
17.04gNH; ~ 2molNH; ~ 1mol C3H3N

300. g NH; x

=934 g C3H3N

850. g
934 ¢

x 100 = 91.0% yield

233. a. Given: 430 kg Hy;
reactants and
product

Unknown: balanced
equation;
mass
CH30H

b. Given: balanced
equation and
theoretical
yield from a;
actual yield
CH30H =
3.12 x 10° kg

Unknown: percent
yield

CO + 2H2 4 CH3OH

1 mol Hy
2.02 g Hy

« 1 mol CH30H
2 mol Hy

32.05 g CH;0H

430. kg H
S 1 mol CHy0H

= 3.41 x 10® kg CH;0H

3.12 x 10° kg

341 10°k x 100 = 91.5% yield
41 % g

234. Given: balanced equa-
tion; 750. g
CgH100y4; actual
yield CGH16N2
=578¢g
Unknown: percent
yield

1 mol C6H1004
146.16 g CGH1004
116.24 g CGH16N2

1 mol CGH16N2

1 mol CGHIGNZ

750. g CgH170
g L6100 X 1 mol CGH1004

=596 g CGHIGNZ

5788 100 = 97.0% yield

596 g

235. Given: unbalanced

6002 + GHQO ad CGHIZOG + 602

equation;4
1.37 x 10" g COg; 1 mol CO 6 mol O, _ 32.00 g O
63.4% yield 1.37 x 10* g COy x 2 2 g2
44.01gC0Oy 6mol COy 1 mol Oy
Unknown: balanced
equation; =9.96x10%g 0,
mass Oy
63.4% 3
9.96 x 10® g Og x =6.32x10%g 0
g2 100% g2
236. Given: t).ala.n;%(’i7 eq11182- 9,67 x 102 mol Ca(OH)y x 100% 1 mol CaO 56.08 g CaO
10n; 4.07 X 54.3% 1mol Ca(OH); 1 mol CaO
mol Ca(OH)y;
54.3% yield w18 97 6%kg
Unknown: mass CaO 1000 g
in kg
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237. a. Given: P; i3.0 atn'l; V= PiVy _ 3.0 atm x 25mL _ 13 mL
Vi =25 mL; Py 6.0 atm
Py = 6.0 atom
Unknown: Vs
b. Given: P; = 99.97 P;V; 99.97 kPa x 550. mL
Py=——+= =200. kP
kPa; V; = 2=y, 275 mL *
550. mL; Vy
=275 mL
Unknown: Py
c. Given: P; =0.89 PyVy  3.56 atm x 20.0 L
P _ Vi=—2—== =80.L
atm; Py = P, 0.89 atm
3.56 atm;
Vy=200L
Unknown: V;
d. Given: V; = 800. mL; _ PyV,  500.kPax160.mL
Py =500. kPa; Py = TJ - 800. mL = 100. kPa
Vy = 160. mL
Unknown: P;
e. Given: P; = PyV, 250 atmx1.0x 1021,
. V= = =63L
0.040 atm; P, 0.040 atm
Py =250 atm,;
Vy=1.0x%
102L
Unknown: V;
238. Given: P] =1.8 atm; Vo = P1V1 _ 1.8atm x 2.8 L —49L
Vi=28L; Py 2=7p, © 12atm
=1.2 atm
Unknown: Vy
239. Given: P; = 99.3 kPa; _P;V; 993kPax48.0L
V;=48.0L; Pe=my = 6oL ook
Vy=160L
Unknown: Py
240. Given: P; =0.989 atI.n; V, = P,v; _ 0.989 atm x 59.0 mL — 60.3 L
V;=59.0 mL; Py 0.967 atm
Py =0.967 atm
Unknown: Vy
241. Given: P; = 6.5 atm; P,Vv; 65atmx22L
- . Vg = =—— - =12L
V,;=22L; P, 1.15 atm
Py=1.15atm

Unknown: Vy

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

323



242. a. Given: V; =40.0 mL; V;Ts 40.0mLx 350K
Vo= =—————— =50.0mL
T;=280.K; 27, 280.K o
Ty =350.K
Unknown: Vy
b. Given: V; = 0.606 L; VoT; 0.404 L x300.K
Y =————— =200.K
Ty =300.K; Ty, 0.606 L
Vy=0.404 L
Unknown: Ty
¢. Given: T; = 292 K; _VoT;  250.mLx292K
Vo = 250. mL; Vi= T—2 - 365 K =200. mL
To=365K
Unknown: V;
d. Given: V; = 100. mL; ToV; 305 Kx100. mL
T, = =——————— =244 K
Vs =125 mL; =y, 125 mL
To=305K
Unknown: T
e. Given: V; =0.0024 L; V;Ty 0.0024Lx(273-14)K  0.0024 L x 259 K
— 990(. Vo=——== = =0.0021 L
Ty =22°C; T, (273 + 22) K 259 K
Ty = —14°C;
K=273+°C
Unknown: Vy
243. Given: V; =275 L;T; = Voo ViTs 275Lx(273+45)K 2.75Lx318K 301 1L
18°C; T =45°C; "2~ p, = (273+18K 291K
K=273+°C
Unknown: Vy
244. Given: V; = 0.43 mL; T - T/Vy (273+24)Kx0.57mL 394 K
T;=24°C; Vy = 2Ty, 0.43 mL -
0.57 mL; K = 273
+°C 394 K- 273 = 121°C
Unknown: Ty
245. a. Given: P; = 1.50 atm,; _P;T, 150atmx410K
T; =273 K; P2_T—1_ 273 K =2.25 atm
To=410K
Unknown: Py
b. Given: P; = 0.208 atm; TPy 300.Kx0.156 atm
P To=—*= =225 K
Ty =300.K; 7 p, 0.208 atm
Py =0.156 atm

Unknown: Ty
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c. Given: T; = 52°C;
Py =99.7 kPa;
Ty =T7°C,;
K=273+°C
Unknown: P;

d. Given: P; = 5.20 atm,;
Py =4.16 atm,;
Ty =-13°C;
K=273+°C

Unknown: T

e. Given: P; = 8.33 x
1074 atm;
T;=-84°C;
P2 =3.92 x
1078 atm;
K=273 +°C

Unknown: Ty

B 99.7 kPa x 325 K _ 92,6 kP
- 350. K s vebRta

_PyT;  99.7kPax (52 +273) K
Ty, (77 + 273) K

Py

5.20 atm x 260. K
= =325 K
4.16 atm

_P/T, 520atmx(273-13)K
T p, 4.16 atm

Ty
325 K- 273 =52°C

TPy (2713-84)Kx3.92x10°atm 189 K x 3.92 x 107
TP, 8.33 x 10 * atm ~ 833x107*

T,

=889 K
889 K- 273 =616°C

246. Given: P; = 4.882 atm; P,;T;, 4.882atmx(273+8 K  4.882atmx281K
_ o Ty=—1== = =293 K
Py =4.690 atm; Py 4.690 atm 4.690 atm
Ty = 8°C;
K=273+°C 293 K — 273 = 20.°C
Unknown: T
247. Given: P; = 107 kPa; P;T, 107kPax(273+45)K 107 kPax318K
—99°C: Py = = = =115 kPa
Ty =22°C; T, (273 + 22) K 295 K
Ty = 45°C;
K=273 +°C
Unknown: Py
248. a. Given: P; = 99.3 kPa; P,V,;Ty 99.3 kPax225 mL x (273 + 24) K
- . Va= = =224 mL
Vi =225 mL; TP, (273 + 15) K x 102.8 kPa
T; = 15°C;
Py = 102.8 kPa;
Ty = 24°C
Unknown: Vy
b. Given: P; = 0.959 atm; P,V;Ty 0.959 atm x3.50 Lx (273 +37) K
P, = - =0.884 at
V;=3501 2=y, (273 + 45) K x 3.70 L anm
T; = 45°C;
Vo =3.70L;
Ty =37°C
Unknown: Py
c. Given: P; = T;P3Vy 373 Kx0.0029 atm x 64 mL
_ Tp=-12"2_ =310K
0.0036 atm; PV, 0.0036 atm x 62 mL
V;=62mlL;
T,=373K;

Py =0.0029 atm,;

V2 =64 mL
Unknown: Ty
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d. Given: P; =100. kPa; _ P,V;T,  100.kPax43.2mLx (273 + 0) K

= . V
;j _ ‘fg;%;nL’ 27 P, (273 + 19) K x 101.3 kPa

Py, =101.3
kPa; Ty = 0°C
Unknown: Vy

=39.9 mL

249. Given: V; = 450. mL; P,;V;Ty 100.kPa x 450. mL x (273 + 0) K
_ . V2 ==
P; =100. kPa; T,Py (273 + 17) K x 101.3 kPa
T;=17°C;
T2 = OOC;
Py =101.3 kPa
Unknown: Vy

=418 mL

250. Given: T'=27°C; HoS Per Table A-8: Py,0 = 3.57 kPa

. Pp=207.
gas: 1= 20793 piiys = Pp— Pyyo = 207.33 kPa — 3,57 kPa = 203.76 kPa

Unknown: Py,0; Pr,s

251. Given: T'= 10°C; Per Table A-8: PH20 =1.23 kPa
Pp=105.5kPa;
V=193L: Py, = P~ Pyy0 = 105.5 kPa — 1.23 kPa = 104.3 kPa
P,V; _PyVy V= P,ViTy _ 104.3kPax1.93Lx (273 +0) K _192L
T; Ty T;Pg (273 + 10) K x 101.3 kPa
Unknown: Vy,, at STP
252. Given: V] =338 mL, PI(HQO) =219 kPa; P2(H20) = 3.36 kPa
CH4 at T] =
19°C, P; = 1 atm
0.9566 atm: P1(0H4) =0.9566 atm — (2.19 kPa x ———— | = 0.935 atm
’ 101.3 kPa
Ty = 26°C,
Py =0.989 Paca, = 0.989 atm — [3.36 kPa x — 2™ _| _ 0 956 atm
Unknown: Vy of CHy 01.3 kPa
V, = P,V,Ty _ 0.935 atm x 338 mL x (273 + 26) K 339 mL
TPy (273 + 19) K x 0.956 atm
Vg > V;; Student 2 collected more.
. 3
253. T'is constant; P;V; = P, = PV, _ 127.3 kPax 7??6 em” 05 kPa
PyV, Vo 965 cm
a. Given: P; = 127.3 kPa;
V; =796 cm?;
Vs = 965 cm?

Unknown: Py
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b. Given: Py = PV, 9.6x107! atm x 3.7 x 10° mL
7.1x10%atm; V;=—2~== 5
Py = P, 7.1 x10” atm

9.6 x 107! atm;

2= 3
3.7x10° mL

=5.0mL

Unknown: V;

c. Given: V;=1.771L; PyVy,  30.79kPax2.44 L

Py=30.79kPa; £17 7y, == 177 L =424 kPa
Vy=244L
Unknown: Py
d. Given: P; = 114 kPa; P,V, 114kPax293dm® P
3 Vo=——= =6.78x10°d
V;=293dm% 27 p, 4.93 x 107 kPa x m
Py=493x
10* kPa
Unknown: V,
e. Given: P; = 1.00 atm; _P;v; 1.00atmx120.mL
V;=120.mL; 2= v, 97.0 mL = 1.24 atm
Vo =97.0mL
Unknown: Py
f. Given:P;=0.77 atm; PV, 0.77atmx3.6 m® 3
Vo=36m% V27 P,  190atm 1.5 m
Py =1.90 atm
Unknown: V,
254, Given: V; =0.722 m?; Vo = P;V; 10.6 atm x 0.722 m® —8.0md
P;=10.6 atm; 27 7p, 0.96 atm =eLm
Py =0.96 atm;
PV =PyVy
Unknown: Vy
255. Given: V; = 7.50 x 10° _PyVy  0.993atmx195L
LiVe=195L;  F157 7= qgg109n - 0208aim
Py =0.993 atm;
P1Vi=PsVy
Unknown: P;
. -13.3
256. Given: V; = _P;V; 105atmx5.70x10"" dm” 9. 3
570x 10 dm3; V2= P, 47 atm =8.01x107? dm
P;=1.05 atm;
Py =7.47 atm;
P1Vi=P5Vy
Unknown: Vy
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Vi Y.

257. P is constant;
Ty

K=273+°C 290. K x 26.5
_ TyV . K x26. I
a. Given: V; =26.5mL; T;= 2V1 _ m

Vo = 32.9 mL; Ve 32.9 mL
To =290.K

Unknown: T

=234 K

b. Given: T; = 100°C; v, = T1Vs _ (273 +100) K x 0.83 dm?
(] =——=

Vs =0.83 dm?; T, (273 +29) K
Ty =29°C

Unknown: V;

=1.0dm?

c. Given: V; = 7.44 x T,V, (870.+273) K x 2.59 x 102 mm?®
104 3. Ty = = 1 3
mm-; V; 7.44 x 10* mm
T; = 870°C;
Vg =2.59 x 3.98 K — 273.15 = —269.17°C
102 mm?
Unknown: T in °C

=3.98K

d. Given: V; =5.63 x v, o ViTs _ 5:63x 102 L x 190. K
2 ==

1072 L; T, 132K
T;=132K;
Ty =190.K

Unknown: Vy

=8.10x1072 1L

e. Given: T; =243 K; v VoT; 819 em® x 243 K
1=—=—  _——

Vo = 819 cm®; T, 409 K
Ty = 409 K

Unknown: V;

=487 cm®

=67.9m°

f. Given: V; = 679 m®; v, ViTs _ 679 m? x (273 — 246) K
2 — 3

T; =-3°C; T, 273-3) K
Ty = —246°C

Unknown: Vy

258. Given: V; = 1.15 cm?; v, ViTe _ 115 em® x (273 + 99) K
T;=22°C; 2T, (273 +22) K
Ty = 99°C;
Vi_Ve,
T; Ty
K =273 +°C
Unknown: Vy

=1.45 cm?

259. Given: V; = 6.75 dm?;
T] = 40.°C;
Vo = 5.03 dm?;
v, 233 K — 273 = -40.°C

T; Ty
K=273+°C
Unknown: Ty

_ VoT;  5.03dm®x (273 +40)K
TV, 6.75 dm®

Ty =233 K
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260. V is constant;
PZ P2 T] — T2P1 _ (273 + 192) KX 0777 atm

T, T—2? Py 5.6 atm
K=273+°C 64.5 K — 273 = —208°C
a. Given: P; =0.777

atm;

Py =5.6 atm;

Ty = 192°C

Unknown: T'; in °C

=645K

b. Given: P; = 152 kPa; p P;Ty 152kPax11K
2 =

T; =302 K; T; 302K
Ty=11K

Unknown: Py

=5.5kPa

c. Given: T; = -76°C; P, - Po,T; 397 atm x (273 -76) K
Py =3.97 atm; = Ty - (273 + 27) K
Ty =27°C
Unknown: Py

=2.61 atm

d. Given: P; = 395 atm; T TPy (273 + 46) Kx 706 atm
9=——"=

T; = 46°C; P, 395 atm
Py =706 atm

Unknown: T in °C 570. K—-273 =297°C

=570.K

=35.6 atm

e. Given: T; = -37°C; P,T; 350.atm x (273 -37) K
P, =350.atm; 117 =
2 = 350. atm; T, (273 + 2050) K
T, = 2050°C

Unknown: P;

f. Given:P; =039 atm; ,, _ TPy 263 K x 0.058 atm
2=— =

T;=263K; P, 0.39 atm
Py =0.058
atm

=39K

Unknown: Ty

261. Given: T; = 22°C; p,_ ToPr _ (278-3) K> 0.982 atm
P;=0982atm; "7 p T (273 + 22) K
T2 = —3°C;
Py _Py
T, To
K =273 + °C

Unknown: Py

=0.899 atm

262. Given: P; = 2.50 atm; P;Ty 2.50 atm x (273 + 0) K
— 33°(C- Py = =
T, = 33°C; T, (273 + 33) K
Ty = 0°C;
Pr_PDy.
T; Ty
K=273+°C

Unknown: Py

=2.23 atm

=798 K

263. Given: P; = 127.5 kPa; T TPy 290.Kx3.51 kPa
2 —3 —3

T;=290.K; P, 127.5 kPa
Py = 3.51 kPa;
P; _Py,

T, Ty
! 2 MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
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) ViP; _ VoPy. V= ViP;Ts 1.65Lx1.03atmx (273 +46) K

T, Ty TP, (273 +19) K x 0.920 atm

K=273+°C

a. Given: P; = 1.03 atm;
V;=1651L;
T; =19°C;
Py =0.920 atm;
Ty =46°C

Unknown: Vy

264

=2.02L

b. Given: P, =107.0 kPa; ,, _ ViPyTy _ 3.79 dm® x 107.0 kPa x (273 + 217) K
2 3 —3

;1 = 337‘% dm?; T,V, (273 + 73) K x 7.58 dm®
1= ;

Vs = 7.58 dm?;

Ty = 217°C

Unknown: Py

=75.8 kPa

c. Given: P; = 0.029 atm; _ViPiTy 249 mL x 0.029 atm x 293 K

V; =249 mL; VoPy 197 mL x 0.098 atm
Py =0.098 atm;

V5 =197 mL;

Ty =293 K

Unknown: T';

=110 K

d. Given: P; = 113 kPa; _ VoPyT;  3.18x 10° mm® x 149 kPa x (273 + 12) K

T;=12°C; ToP; (273 -18) Kx 113 kPa
Py = 149 kPa;

Vo= 3.18 x = 4.69 x 10°> mm?
10° mm®;
Ty =-18°C

Unknown: V;

e. Given:P;=115atm; ., _ VoPyT; _ 0.85 m? x 1.01 atm x (273 —22) K

V;=093m% 27Ty p T 0.93 m® x 1.15 atm
T, = -22°C;

Py=1.01atm; 201K-273=-72°C

Vs = 0.85 m®

Unknown: Ty

=210K

. 3
f. Given: VZ =156 cm3; P1 _ VoPsT; _ 468 cm” x 2.25 atm x 195 K — 995 atm

T; =195 K; Ty, 585 K x 156 cm®
Py =2.25 atm;

Vy = 468 cm?;

Ty =585 K

Unknown: P;

PV _PyVy

n—=-=-=22
T] T2 V2

K =273+ °C;

V;=392 cm?;

P;=0.987 atm;

T; = 21°C;

Ty =13°C;

Py =0.992 atm
Unknown: Vy

265. Give

_V,P/Ty 392 cm®x0.987 atm x (273 + 13) K

= =379 cm®
T,P, (273 + 21) K x 0.992 atm
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266. Given: Pp=0.989 atm; 1 atm

=17° from Table A-8: P =194 kPax ——— =0.0192 atm
T=17C Hp0 101.3 kPa
Unknown: Py,

Pyy=Pr—Pp,o = 0.989 atm — 0.0192 atm = 0.970 atm or 98.3 kPa

267. Given: Py =1.77 atm; Vy=V;+Vy=100L+150L=250L
V; =1.00 L; o o
Vy=1.501L; P;V; 177atmx1. ~
Py =0.487 atm; Vr = 250 L =0.708 atm
P;V;=PyV,

Unknown: equalized PaVs _ 0.487 atm x 1.50 L
PinVp Vr 250 L

Pp=0.708 atm + 0.292 atm = 1.00 atm

=0.292 atm

268. Given: T'; = 10.°C; 1 atm

Pp=1.02 atm; From Table A-8: Py, 0 = 1.23 kPa x 1018 5Pa =0.0121 atm

V; =293 mL;

P;V; PoVy, Poy = Pr—Ppyo=1.02 atm — 0.0121 atm = 1.01 atm = P;
T, Ty’

;’12 i (1)0%0 atm; Vy= P,ViTy _ 1.01 atm x 293 mL x (273 + 0) K _ 985 mL
2= ; TPy (273 + 10) K x 1.00 atm

K=273

Unknown: Vg, at STP
(Vo)

269. Given: P; =101.3 kPa; P, =P;—Py,020°c) = 101.3 kPa — 2.34 kPa = 99.0 kPa

T; =20°C;

V; = 325 cm?; In sealed bottle on mountain: P4, = P, + PH,0(10°0)

Py =176.24 kPa;

T9 =10°C;

gases are air =99.0 kPa + 1.23 kPa = 100.2 kPa

over water; 3

K =273 + °C; vo = PagViT> _ 100.2 kPax 325 cm” x (273 + 10K _ .0 3
Pp=Pu+Puyo; TiPs (273 + 20) K x 76.24 kPa

Ph,0(20°c) = 2.34 5 5 5
kPa; Py,0(10°0) = VHy0 = 413 cm” — 325 cm” = 88 cm HyO

1.23 kPa

Unknown: Vy; V of
water lost

270. Given: 1°C change in \% _V+0.20 cm?®
T produces a (273 +200K (273 +2D K
change of

3 .
0.20 cm®in V; 294 V = 293 V + 293 x 0.20 cm®
Vi _ Vs
T, Ty V = 59 cm®
K=273+°C

Unknown: V at 20.°C

271. Given: V; = 62.25 mL; PN, = Pr— Ppyo = 97.7 kPa — 2.64 kPa = 95.1 kPa

T = 22°C;

Pr=97.7 kPa; p,_PNoVi_ 951kPax6225mL _ o o
_ . = = = a

V2 =50.00 mL, 2 V2 50.00 mL

Ppy0 =2.64 kPa
Unknown: Py
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272. Given: V; = 844 mL;
T; =0.00°C;
P;=1.000 atm;
Pp=1.017 atm,;
PHQO =3.17 kPa;
Ty = 25°C;
Pp=1.017 atm,;
PV _PyVs,

T; Ty
K=273+°C
Unknown: Vy; Vi at
25°C and
1.017 atm

Py

= PNy = Pr— Pyy0 = 1.017 atm — 3.17 kPa (

Vo=

1 atm
101.3 kPa

_ P,V,T,  1.000 atm x 844 mL x (273 + 25) K
T,Py (273 + 0) K x 0.9857 atm

) =0.9857 atm

=935 mL

273. Given: V; =2.94 kL;
P;=1.06 atm;
T, = 32°C;
Py =0.092 atm;
Ty =-35°C;
P;V; _ PyVs,

T; Ty

K=273+°C

Unknown: Vy

2

_P;V;Ty 1.06 atm x2.94 kL x (273 - 35) K

= 26.4 kL
TP, (273 + 32) K x 0.092 atm

274. Given: P; = 2.96 atm;
T, =17°C;
Ty = 95°C;
P; _Ps,
T, Ty
K=273+°C

Unknown: Py

Py

_PiTy
T,

_ 2.96atmx (273 + 95 K
- (273 + 11 K

=3.76 atm

275. Given: T; = 39°C;
Vo =108 mL;
Ty = 21°C;
Vi_Va.
T, Ty
K=273+°C

Unknown: V;

\ 4]

_ VT,
Ts

_108mLx (273 +39) K

=115 mL
273 + 21 K o

276. Given: V; =624 L;
P; =1.40 atm;
V5 =280.0L;
P1Vi=PyVy

Unknown: Py

Py

_P;V; 1l40atmx624L
OV, 80.0 L

=10.9 atm

277. a. Given: P = 1.09 atm,;
n = 0.0881 mol;

T=302K
Unknown: Vin L

b. Given: P = 94.9 kPa;
V' =0.0350 L;
T = 55°C

Unknown: n

V=

n=

Leatm

0.0881 mol »0.0821 x 302 K

mol « K

1.09 atm

nRT

= =2.00L
P

94.9 kPa x 0.0350 L
Le+kPa
mol « K

PV _

— =1.22 x 1073 mol
RT

8.314 x (273 + 55) K
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¢c. Given: V=15.71;

L.kPa

n = 0.815 mol; 0.815 mol x 8.314 - x (273 -20) K
T °C P= nRT mol =109 kPa
=—20. 1% 15.7L
Unknown: P in kPa
d. Given: P = 0.500 atm,; PV 0.500 atm x 629 mL x 1 LL
’ =—_= =114 K
V=629 mL; nR Leatm
n = 0.0337 mol 0.0337 mol x 0.0821 : x 1000 mL
mol «
Unknown: T'in K
e. Given: P = 0.950 atm; 0.0818 mol x 0.0821 22 . (973 4 19) K
n = 0.0818 mol,; Ve nRT _ mol . —92.06 L
T=19°C P 0.950 atm '
Unknown: Vin L
f. Given: ‘P;i ég7okpi;~ "= ﬂ _ 107 kPa x39.0 mL x 1 L = 1.67 % 10~ mol
=999 mbs; RT L+kPa
T =27°C 8.314 X (273 + 27) Kx 1000 mL
mol « K
Unknown: n
278. Given: V= 4205 mL; n = ﬂ _ 0.899 atm x 425 mL x 1L 157 x 10~2 mol
T =24°C, RT Leatm
P =0.899 atm 0.0821 ] x (273 + 24) K x 1000 mL
mol «
Unknown: n
; o . LekPa
279. Given:m =0.116 g; - 0.116 g x 8.314 =~ (273 + 127) K x 1000 mL
V =25.0 mL; m mol «
’ M= = =99.4 g/mol
T =127°C; PV 155.3 kPax 25.0 mL x 1 L &
P =155.3 kPa;
py = mET
M
Unknown: M
280. Given: COq gas; M =1 atom C x 12.01 amu/atom + 2 atoms O x 16.00 amu/atom = 44.01
V=710L; amu; M = 44.01 g/mol
P=1.11 atm;
=310 MPV  44.01 g/mol x 1.11 7.10 L
PV:mRT m = RT: . gTOX 11 atm x 7. -139¢g
M 0.0821 273t | (973 4 31) K
Unknown: m mol « K
281. Given: Tf 72°C; . D= MpP _ 104.09 g/mol x 144.5 kPa _ 5.24 g/L
P =144.5 kPa; RT L-kPa
SiF, gas; 8.314 x (273 +72) K
VP ’ mol «
D=2
RT
Unknown: D
282. Given: D = 1.13 g/L;; MP  28.02 g/mol x 1.09 atm
. T == = 329 K
P =1.09 atm; DR Leatm
N, gas; 1.13 g/L x 0.0821
Mlé’ mol « K
D="
RT
Unknown: T
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283. a. Given: P = 0.0477 atm; PV 0.0477 atm x 15 200 L
V=15200L; " pr- T atm = 34.2 mol
T =-15°C 0.0821 x (273 -15) K
mol «
Unknown: n
b. Given: V'=0.119 mL; 0.000 350 mol x 8.314 2 KF3 (973 4 0) K x 1000 mL
n= P nRT mole
0.000 350 mol; ===
T - 0°C 14 0.119mL x 1L
Unknown: P in kPa = 6.68 x 10° kPa
c. Given: P = 500.0 kPa; _PV_ 500.0 kPa x 250. mL x 1 LL _
T=-"= =125 K
V =250. mL; nR L +kPa
= 0.120 mol 0.120 mol x 8.314 % 1000 mL
. mol « K
Unknown: T in °C
125 K - 273 = -148°C
d. Given: P = 19.5 atm; ep 4T 10* mol x 0.0821 = ?t; x (273 + 300) K
n=4.7x y=10t mo =1.1x10°L
10~ mol; P 19.5 atm
T = 300.°C
Unknown: V
284. Given: Pv = 5L 8.23 g x 0.0821 22 (973 4 95) K
M m=ET_ mol -K = 55.9 g/mol
a. Given: P = 0.955 atm; T py 0.955 atm x 3.77 L -
V=377L;
m =8.23 g;
T =25°C
Unknown: M
b. Given: P = 105.0 kPa; PVM 105.0 kPa x 50.0 mL x 48.02 g/mol x 1 L
L om= - =0.111g
V' =50.0 mL; RT L.kPa
M = 8.314 ] x (273 + 0) K x 1000 mL
48.02 g/mol; mote
T=0°C
Unknown: m
c. Given: P =0.782 atm; op 320% 103 g x 0.0821 L';“tm X (273 - 5) K
820x10%g V=Tll= 0752 2t % 2.02 ool = 446107 L
M = 2.02 g/mol; PM 182 atm x 2.02 g/mo
T =-5°C
Unknown: Vin L
d. Given: V =_27'01%Li 7.19 g% 0.0821 L2 (973 4 185) K
m=1198; mRT mol «
M = = = =0.846 atm
159.8 g/mol; MV 159.8 g/mol x 2.00 L
T =185°C

Unknown: P in atm
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e. Given: P =107.2 kPa;

L.kPa

0.414 gx 8.314 x (273 + 45) K x 1000 mL

V =26.1 mL; MR ——e
m=0.414 g; M= =
T oasC PV 107.2kPax 26.1mLx 1L
Unknown: M =391 g/mol
285. Given: T ;'50%1_“01; oy 1:00molx8314 L ’i‘Pa x (273 + 25) K
P=0915kPa  V=""-= mo’: —2.71x10° L
Unk v P 0.915 kPa
nkKnown:
286. D = % 2.40 g/L, x 0.0821 = ?“; x (273 + 2) K
mole
M: = = 4 4 1
a. Given: P = 1.12 atm; P 1.12 atm 8.4 g/mo
D =2.40 g/L;
T =2°C
Unknown: M
b. Given: 5417.50 atm; D= 30.0; g/znol X750 atm  _ 9.38 /L
30.07 g/mol; 0.0821 22 (273 + 20.) K
T =20.°C mol « K
Unknown: D in g/L
c. Given: P = 97.4 kPa; MP 104.09 g/mol x 97.4 kPa
M= “TR" Cp. = 210K
104.09 g/mol; 4.37 g/l x 8.314 K
D =4.37 g/L mote
Unknown: T in °C 279 K-273 =6°C
d. Given: 17‘/"7;5 ofmol: ppp 527 8/Lx00821 L';"tm x (273 + 66) K
D-627Tgl;, P=—-= Mol _ 2.24 atm
T — 66oc ’ M 7795 g/m()l
Unknown: P in atm
287. Given: "sz)léig_ ke; o 136kgx00821 L ?t’; % (273 + 59) K x 1000 g
V'=25.0L; p=22 mo’: = 33.7 atm
T o590 MV 44.02 g/mol x 25.0 L x 1 kg
Unknown: P in atm
288. Given: AlClj vapor; MP 133.33 g/mol x 0.939 atm
T 925, D=—r= . gatm — 3.06 g/L
P =0.939 atm 0.0821 == X (273 + 225) K
Unknown: D
289. Given:D = 0.0262 g/ml; 0.0262 g/ x 0.0821 ‘1"“}‘; x (273 + 10) K x 1000 mL,
-7 ’ mol e
= ° M = =
Unk T ;;'C P 0918 atmx 1L
nKkKnown:

=663 g/mol
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290.

Given: m = 11.7g;

Leatm

: 11.9 g x 0.0821 x (273 -=50) K
He gas; mRT mol .
P=0262atm;  V="75= 4.00 g/mol x 0.262 at =208 L
T = —50.°C .00 g/mol x 0. atm
Unknown: V
291. Given:T'=15°C; Pgy0= Pcyng = Pr— PHy0 = 100.0 kPa — 1.5988 kPa = 98.4 kPa
1.5988 kPa; Py =
100.0 kPa; CoHg PV 98.4kPax245mLx 1L
V= n=—= =0.0101 mol
gas; V =245 mL, RT L-kPa
Unknown: n 8.314 2 x (273 +15) K x 1000 mL,
292. Given: V=3.75L; NO MPV 30.01 g/mol x 1.10 atm x 3.75 LL
LT _ 1000 m= = =5.16¢g
gas; T'= 19°C; RT Leatm
P=1.10 atm 0.0821 x (273 +19) K
mol « K
Unknown: m
293. Given: theoretical yield P;VTgrp 105.3kPax10.24 L x (273 +0) K
NH. = 8.83 o Varp = = =894L
3=0.00 &; T:PgTp (273 + 52) Kx 101.3 kPa
actual yield
NH3 10.24 L; 1mol 17.04g _ .
T, = 52°C: 8.94 L x 224L % Lmol - 6.80 g actual yield
P; =105.3 kPa;
1 mole gas at 6.80 g _ .
STP = 22.4 L; 5.83 x 100 = 77.0% yield
.00 g
STP = 0°C, 101.3
kPa
Unknown: percent yield
294. Given: D) = 0.405 g/L; 0.405 g/L x 0.0821 223 (973 L 1)K
P =0.889 atm; u mol «K 1 /mol
— 70 = = =10.5 g/mo
r=7c P 0.889 atm &
Unknown: molar mass
295. Given: V=90.0L; m =50.5kg-39.2kg=11.3 kg
P =1780 kPa; L.kPa
T = 18°C; 11.3 kg x 8.314 X (273 + 18) Kx 1000 g
mass empty M= mRT _ mol . =171 g/mol
tank = 39.2 kg ; PV 1780 kPa x 90.0 L x 1 kg
mass tank +
gas = 50.5 kg
Unknown: molar mass
(M) of gas
e V= 37, .
296. Given: V=1.20x10"L; 12.0 kg x 0.0821 23 (973 4 18) K x 1000 g
m = 12.0 kg; HC1 P mRT mol « K 655
. - o = = = 0. atm
gas; T'=18°C MV 36.46 g/mol x 1.20 x 10° L x 1 kg
Unknown: P
297. Given: T ='20._C; Ne 9.70 /L x 8.314 Le<kPa « (273 + 20) K
gas; D =2.70 g/LL P DRT _ mol e 396 kP
Unknown: P in kPa M 20.18 g/mol - a
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298. Given:V =658 mL; MPV  20.18 g/mol x 4.50 x 102 kPa x 658 mL x 1 L
m = 1.50 g; Ne T=—r= R =479K
gas; P = 4.50 x mn 1.50 g x 8.314 "2 1000 mL
10 kPa mol <K
Unknown: T
299. Given:m ='113.(10 g Hy (273 — 75) K x 1.00 g x 8.314 2 *KP2
S iben G'IE]’O y=Imk_ mol-K _ 1910 1 at —75°C
millipars; ar = - - - -
100 kpn = MP 2.02 g/mol x 0.675 kPa
0.9869 atm; .
T, = —75°C; g 2739 Ex100gx8314 L i‘P;;
Ty =-8°C V= A’;P - YT PTSeny kpm" *2 1620 L at -8°C
Unknown : V at T; and 4 gImot x L. a
T
300. Given: v ?é'gg mff 3.95 mol x 8.314 2 KP2 (973 | 15) K x 1000 mL
ro15G p="ET_ mol« = 1.11x10%
- v 850.mLx 1L KPa
Unknown: P in kPa
301. Given: [ g.gggsso mol; 0.00660 mol x 0.0821 "2 . (973 1 9) K x 1000 mL
T - 9°C P yonBT_ mol =168 mL
=9 P 0.907 atm x 1 L
Unknown: Vin mL
302. Given: <o, 8.47kg; 8.47 kg x 8.314 2 5P2 973 1 40) K x 1000 &
P804 kP v=mET mol - ~3.85x10°L
= 89. a; = = =o.
T = 40.°C MP 64.07 g/mol x 89.4 kPa x 1 kg
Unknown: V
303. Given: e 908 g; 908 g x 8.314 L KP2 973, 9) K
peglagségkp y=TET mol - =4.05%10° L
vk MP 4.00 g/mol x 128.3 kPa '
T=2°C
Unknown: V
304. Given: ? = 2171?32 g/L; 1162 g/L x 8.314 2 ¥P2 975 L om K
= 5 DRT mol «
P =100.0 kPa M= P = 100.0 kPa =29.0 g/mol
Unknown: M '
305. Given: balanced equa- 5LOy
tion: 2800 T, NH, 2800 L NHz x TN 3500 L O,
Unknown: V of NO; 4LNO
Vof Oy 2800 L NH; x ———— = 2800 L. NO
4L NH;
306. Given: balanced equa- 4 1mL O3 4
tion; 3.60 x 104 3.60 x 10 mL F2 X ST]'_JF‘Z =1.20x 10 mL 03
mL F2
Unknown: V of Og: 3.60 x 104 mL Fy x S HE _ 7 900« 104 mL HF
V of HF 3 mL Fy
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307.

Given: balanced equa-
tion; P; =
2.26 atm;
T; = 40°C;
V;=55.8 mL
Unknown: Vo, pro-
duced at STP

P,V,To 2.26 atm x 55.8 mL x (273 + 0) K
T,Py (273 + 40) K x 1.00 atm

V, (at STP) = =110. mL

110. mL Oy x 29 €02 _ 75 3 111, CO,

3 mol Oy

308.

Given: reactants and
products: V; (of
N205 at STP) =
5.00 L;
Ty = 64.5°C;
Py =1.76 atm
Unknown: balanced
equation;
V2 for N205;
V of NOZ

2N205 - 4N02 + 02

_V,P,T5 5.00Lx1.00atm x (273 + 64.5) K
© TPy (273 + 0) K x 1.76 atm

Vs = 3.51 L N,O5

4L NO,

3.51L N205 X 2 =17.02 N02

N2Os

309.

Given: balanced
equation
a. Given: excess Al;
STP; mass AlClg
=715¢g

Unknown: V of Cly

b. Given: 19.4 g Al, STP
Unknown: V of Cly

c. Given: 1.559 kg Al;
T =20.°C;
P =0.945 atm
Unknown: V of Cly

d. Given: excess Al;
920. L Cly;
STP

Unknown: mass
AlClgin g

e. Given: V; = 1.049
mL 012, T] =
37°C; P; =
5.00 atm

Unknown: mass Al
ing

f. Given: 500.00 kg Al
Ty = 15°C; Py
= 83.0 kPa

Unknown: V of Cly
in m

715 g ACL, x LMOLAICL  3molCly 224 LCly_y o0y

133.33 g AICl;  2mol AICl; 1 mol Cly

1 mol Al « 3 mol Cly y 224 LCly

19.4 g Al x
26.98gAl 2molAl 1molCly

242 LCly

1 mol Al « 1000 g « 3 mol Cly y 22.4 L Cly
26.98gAl 1kg 2molAl 1molCly

_P;V,T, 1.00 atm x 1940 L x (273 + 20) K
C TPy (273 + 0) K x 0.945 atm

1.559 kg Al x

=1940 L Cl,

Vo =2.21x10% L Cly

1 mol « 2 mol AIClg « 133.33 g AICl3
22.4L 3 mol Cly 1 mol AIClg

920 L Clj, x =3.65 x 10% g AICl4

Find V at STP:

_P,V,T, 5.00 atm x 1.049 mL x (273 + 0) K
© TPy (273 + 37) K x 1.00 atm

Vs =4.62mL

1 mol Cl, y 2 mol Al y 26.98 g Al

=3.71x107° g Al
22400 mL Cl; 3 molCl, 1molAl

4.62 mL Clg X

1mol Al 3molCly 1000g 224L 1m?
26.98gAl 2molAl  1kg 1mol 1000L

=623 m® Cl, at STP

500.00 kg Al x

_P,V,T, 1013 kPax 623 m°x (273 + 15)K

- =802 m?
T,P, (273 + 0) K x 83.0 kPa

Vs
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310. a.

Given: balanced
equation;
STP; 57.0
mL H2

Unknown: V of Ng

. Given: balanced

equation,;

STP; 6.39 x

10* L H,
Unknown: V of NHg

Given: balanced

57.0 mL Hy x

1 mL N2
3 mL H2

6.39><104LH2><w
3LH

2 mol NHy 22.4 L NH; _

=19.0 mL Ny

=4.26 x 10* L NH;
2

tion: 20.0 20.0 mol Ny x 896 L NHjg
equation; =4. 1mol Ny 1mol NHj
mol Ny; STP
Unknown: V of NHg
d. Given: balanced V of NHg at STP =
eauation; 0.900 800. L NH3 x (273 + 0) K
V;=800.L P,V,Ty . atm X . 3 X +
Vo=——~=== =599 L NH
NHg; T; = 27 TP, (273 + 55) K x 1.00 atm 3
55°C; P; =
0.900 atm 599 L NH; x 2“2 _ 899 I, H,
Unknown: V of Hy 2 L NHg
at STP
311. a. Given: balanf:ed. 3.0 L C5Hg 4L HyO - 12 L H,0 at STP
equation; 1L C3Hg
Vegng =3 L
at STP; V2=P1V1T2= 1.00 atm x 12 L x (273 + 250) K 93 L
Ty = 250.°C; T:Ps (273 + 0) Kx 1.00 atm
Py =1.00 atm
Unknown: V of HyO
b. Given: balanf:ed- 640. L COy x 5L0y _ 1070 L O,
equation; 3L COy
640. L COq
Unknown: V of Oy
¢ Glem aB ml02 465 mL 0y x 22102 _ 979 mI, €O, at STP
a 4 5 mL 02
balanced
equation; Ty Vo o P,V,Ty _ 1.00 atm x 279 mL x (273 + 37) K 396 mL
=37°C; Py = 2T P, (273+0)Kx0973atm
0.973 atm
Unknown: Vy of COq
d. Given: 2.50 L of 3LCOy _
C5Hg at STP; 2.50 L CgHg x 1L O 7.50 L COy at STP
3118
balanced
equation; Ty 4L Hy0
o, 2.50 L CgHg x ———=—=10.0 L H,O
=175°C; Py = 3+ 1L C5Hg 2
1.14 atm
Unknown: V of prod- V;at STP=750L +10.0L=175L
ucts at Ty
and Py Voo P;V,;Ty; 1.00atmx17.5Lx (273 +175) K 9591,
V) 2" - (273 + 0) K x 1.14 atm o
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312. Given: balanced equa- 0.953 atm x 3500. L x (273 + 0) K
tion; V; = 3500, Vo= L1V1T2_ 0 ( 'K 31101 CO at STP
L CO: T = 20.°C: TP, (273 + 20) K x 1.00 atm
P1=O.953atm 1LO
Unknown: V of O at V of Og = 3110 L CO x 2 = 1550 L Oy
2 2L CO
STP
313. Given: balanced equa- P;V,;T, 3.48atmx1.00Lx(273+15 K
tion; V; = Vz= = = 3.58 L HF
ion; V; = 1.00 L TP, (273 + 25) K x 0.940 atm
HF; P; =348
atm; T'; = 25°C; 1LSiFy .
T2 — 1500, P2 - 3.58 L HF x m =0.894 L SIF4
0.940 atm
Unknown: V of SiFy at
V2 and P2
314. Given: balanced
equation
a. Given: 6.28 g Fe 6.28 g Fe x LmolFe 4 m"ll Hp 224 T ~336LH,
Unknown: V of Hy 55.85gFe 3 molFe 1mo
at STP
b. Given: V; =500. L Convert to STP:
Hy0; T =
950.°C: P, = P;V;Ty 1.00 atm x500. L x (273 + 0) K
NS V=112 _ =261L
1.00 atm TP, (273 + 250) K x 1.00 atm
Unknown: mass Fe
961 L Hy0 x 1 mol y 3 mol Fe 55.85gFe=488gFe
22.4L 4molHyO 1molFe
c. Given: 285 g FegOy 985 g FesO, x 1 mol FegOy 4 mol Hy y 224L _ 110. L H, at STP
Unknown: V of Hy at 231.55 g Fes04 1mol Feg0, 1 mol
20.°C and
1.06 atm Vo o P;V;Ty; 1.00atm x110.Lx (273 +20)K 1L
27 P, (273 + 0) K x 1.06 atm
315. Given: b.ala'noc%(;;qug- . 0.027 g Nax 1 mol Na « 1 mol Hy « 224 L =0.013 L Hy
tion; 0.027 g Na; 22.99gNa 2molNa 1mol
excess HoO
Unknown: V of Hy at
STP
316. Given: balanced equa- P;V;Ty; 1.02atmx7.15Lx(273+0) K
. Vo=—-_1"1-=_ =5.00 L COy at STP
tion; V;=7.15L "2 p p (273 + 125) K x 1.00 atm 29
COQ; TZ = 12500;
Py =102 atm 5.00LCOyx 0192 _7501,0,
Unknown: V of Oy at 2
o mass 1mol _1mol C;HyO  74.14 g C4H 0
C4H;00 5.00 L COg x — 200, 2 MO Latt10 1222 8 L4100 _ g 14 ¢ €,H;,0

22.4 L 4 mol 002 1 mol C4H100
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317. Given: balanced
equation
a. Given: 0.100 mol
C3H5N30g
Unknown: V of prod-

ucts at
STP

b. Given: 10.0 g

6 mol Ny 224 L
0.100 mol C3HsN3Og x — 02 2221 _ 336, N
ot 35809 X ol CsHsN30g 1 mol 2
12 mol COqy 224 L
0.100 mol CgHsN3Og x —— 0 ~22 2224 _ 6791, CO
mot LtisNgbe X 4 mol C3H5N309 % 1 mol 2
10 mol HyO 224 L
0.100 mol CgHsNzOg x ———2= 222 L _ 5 60 1, Hy0
Mot Es s a0 X ol CgHaN3Og - 1 mol 2
1 mol O
0.100 mol C3HzN5Og x mo- 2 224L 056010,

0 - - - X
4 mol C3H5N309 1 mol

Vrpfroma=336L+6.72L+5.60L+0560L=16.24L

C3H5N309
Unknown: total V 10.0 g CsH5N3Og x 1 mol C3H5N309 16.24 L gases
gases 227.11 g 03H5N309 0.100 mol 03H5N309
roduced
00 °c = 7.15L gases at STP
and
V,P,Ty 7.15Lx 1.00 atm x (273 + 300) K
1.00 at Vo=—"—== =15.0L
ame 2=, (273 + 0) K x 1.00 atm gases
. Gi : - 80.06 g NH,NO
318. Given t).ala'nzc5e(()l eq}ia 950. mL N0 x 1L y 1 mol o 1 mol NH4NOg4 « g 4NUg3
1on; Zof). m 1000 mL  224L  1mol NyO 1 mol NH,NO3
Ny0 at STP
Unknown: mass =0.894 g NH4;NO3
NH4NO3

319. Given: balanced equa-
tion; 8.46 g
Ca3P2
Unknown: V of PH3 at
18°C and
102.4 kPa

1 mol CagPy y 2 mol PHg « 224 L
182.18 g CagPy 1mol CsPy 1 mol

_P,V,T, 1013kPax2.08Lx (273 +18) K
TPy (273 + 0) K x 102.4 kPa

8.46 g CagPy x = 2.08 L PH; at STP

Vs

=2.19 PH,

320. Given: balanced equa-
tion; 6.0 x 10° kg
AlCl3
Unknown: mass Al; V of
HCl at 4.71
atm + 43°C

1 mol AIClg y 2 mol Al « 26.98 g Al
133.33 g AlICl3 2 mol AICl3; 1mol Al

6.0 x 10° kg AlCl; x

=1.2x103kg Al

1 mol AIClg « 6 mol HC1 « 224 L y 1000 g
133.33 g AlICl3 2mol AlICl3 1mol 1kg

=3.0 x 10° L HCI at STP

6.0 x 10% kg AICl5 x

_P,V,T, 1.00 atm x 3.0 x 105 L x (273 + 43) K

=7.4x10° L HC]
TPy (273 + 0) Kx 4.71 atm

Vs

321. Given: balanced
equation,;
actual yield =
8.50 x 10* kg
(NH5),CO;
89.5% yield

Unknown: V of NHg

100%

theoretical yield (NHg),CO = 8.50 x 10* kg (NHg)5CO x 957
. (o}

=9.50 x 10* kg (NHg);CO

1000 g 1 mol (NH,);,CO 2 mol NHg
9.50 x 10* kg (NH)5CO x ——=2
X 107 kg (NH)2CO X = ™ X 60.07 g (NHp),00 ~ 1 mol (NHy),CO

224 L

=7.08x10" L. NH;
1 mol

X
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322. Given: V; = 265 mL Og; 1 atm
o > Po,=Pp-P =0.975 atm — 1.23 kPa x —————— = 0.963 atm
T; =10.°C; P; = 0g =57~ T H20 101.3 kPa
0.975 atm; bal-
anced equation V2 _ P1V1T2 _ 0.963 atm x 265 mL x (273 + 0) K — 946 mlL 02 at STP
Unknown: mass of TPgy (273 + 10) K x 1.00 atm
Ba02
946 mL Oy x 1L y 1 mol y 2 mol BaO, « 169.33 g BaO,
1000 mL 224L  1mol Oy 1 mol BaOy
=3.72 g BaOy
323. Given: balanced equa- 15.0 g KMnO, x 1 mol KMnOy4 o 5 mol Cly o 22.4 L
tion; 15.0 g ' *” 158.04 g KMnO, 2 mol KMnO, 1 mol
KMnOy4
Unknown: V of Cly at =5.32 L Cly at STP
15°C and
0.959 atm Vy = PViTy _ 1.00 atm x5.32 L x (273 + 15) K ~5.85 L Cl,
TP, (273 +0) K x 0.959 atm
324. Given: balanced equa- 4LNHj3
at STP
Unknown: Vof NHgat 98 0 kI, NH, x N, 2L NO3 o0 517, N0,
STP; V of 4LNH3; 2LNO
NOgy at STP
325. Given: 1b.alanced equa- 5.00 L Oy x 1 mol Oy « 2 mol KCIOg « 122.55 g KCIO3 _ 18.2 g KCIO;
tion; 5.00 L Oy 224L0;  3mol Oy 1 mol KC10;
at STP
Unknown: mass of
KCl103
326. Given: balanced

equation
a. Given: 38 000 L. COqy

Unknown: V of NHg
under the
same con-
ditions

b. Given: 38 000 L. CO,
at 25°C and
1.00 atm

Unknown: mass of
NaHCO3

c. Given: 46.0 kg
NaHC03

Unknown: V of NHg
at STP

38 OOOLCng%=38 000 L NHj
1L CO

2

_P,V,T, 1.00 atm x 38 000 L x (273 + 0) K

Vs

TPy (273 + 25) K x 1.00 atm
=34 800 L. COy at STP
34 800 L COy x 1 mol « 1 mol NaHCOg y 84.01 g NaHCOg

224 L 1 mol COy 1 mol NaHCOg
=1.30 x 10° g NaHCO4
1000 g 1 mol NaHCOg 1 mol NHjy 2241

46.0 kg NaHCOg x ——=

& A X g 84.01 g NaHCO; 1 mol NaHCO; 1 mol

=1.23 x 10* L NH;
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d. Given: 100.00 kg
NaHCOg
Unknown: V of COg
at 5.50

atm and
42°C

o 1 mol NaHCOg o 1 mol COqy o
84.01 g NaHCO3 1 mol NaHCOg3

224 L
1 mol

1000 g
1kg

= 2.67 x 10* L CO4 at STP

100.00 kg NaHCOg3 x

_P;V,T, 1.00 atm x 2.67 x 10* L x (273 + 42) K

Vo =5.60 x 103 L. COy

TPy (273 + 0) Kx 5.50 atm
327. Given: balanced
equation 1mol C;Hyy . 8mol COp 224 L
a. Given:4.74 g C4Hyp; 4.74 g CyH g x — 0= 247210 O MO LY 222 4 _ 730 L COy at STP
excess 02 58.14 g C4H10 2 mol C4H10 1 mol
Unknown: V of COqg P,V,;Ty 1.00atm x7.30 L x (273 + 150) K
at150.°C V2= = =9.92 L CO,
273 + 0) Kx 1.14 at
and 1.14 TiPy (275 + 0 K am
atm
b. Given: 0.500 g C4H; 0.500 g C4Hyg x 1 mol C4H; « 13 mol Oy « 224 L = 1.25L Oy at STP
Unknown: V of Oy at 58.14 g C4H1y 2mol C4Hi9 1mol
0.980 atm
and 75°C V, = P,V Ty _ 1.00 atm x 1.25 L x (273 + 75) K ~163L 0y
TPy (273 + 0) K x 0.980 atm
c. Given: massj (torch mass butane reacted = 876.2 g—-859.3g=169¢
+ fuel) =
876.2 g; 16.9 g C4H10 % 1 mol C4H10 % 8 mol 002 % 224 L —96.01L COZ
massg (torch 58.14 g C4Hyy 2 mol C4H;y 1 mol
+ fuel) =
859.3 g
Unknown: V of COg
at STP
. Given: 3720 L. x 0.993 atm x (273 + 0) K
d. Given 372034 of COq = ViPiTs _ atm x (273 + 0) - 3270 L COy at STP
at 35°C and TPy (273 + 35) K x 1.00 atm
0.993 atm
10 mol H,O 18.02 g Hy,0
Unknown: mass HoO 3270 L, CO, x 1mol 10 molHy £ 127 _ 3990 g HyO
2241, 8 mol COy 1 mol HyO
328. Given: 75.0 g ethanol, 75.0 g ethanol
’ ——————— % 100 = 13.0% ethanol
500.0 g HyO (5000 +75.00 g ¢ ethano
Unknown: percentage
concentra-
tion
329. Given: 3.50 g KIOg; 3.50 g KIO4

6.23 ¢ KOH;
805.05 g HyO

Unknown: percentage
concentra-
tion of KIO4
and KOH

100 = 0.430% KIO
(3.50 + 6.23 + 805.05) g - M

6.23 g KOH
(3.50 + 6.23 + 805.05) g

x 100 = 0.765% KOH
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330. Given: 0.377 g RbCl to 0.377 g RbCl x 100 g solution — 7.54 g solution
make a 5.00% 5 g RbCl
solution .
Unknown: mass of HyO 7.54 g solution — 0.377 g RbCl = 7.16 g HyO
331. Given: 30.0 g HyO; x .
: — = =0.18;x=6.59 g LINO
18.0% LiNOg 300g+x J 3
solution
Unknown: mass of
LiNO;
332. Given: (161(1)81%)03H5O 141.6 g CsH50(COOH); 1 mol C3H;O(COOH); _ 0.7370 mol
3 ~ CsH5O(COOH); 192.14 g C3H50(COOH)g
V of solution =
3500.0 mL
Unknown: molarity 0.7370 mol « 1000 mL = 0.9106 M
3500.0 mL 1L
333. Given: 280.0 mg NaCl; lg 1 mol NaCl
’ 280.0 NaCl =0.00479 mol NaCl
2.00 mL Hy0 e A X 1000 mg * 58.44 g NaCl ot a
Unk: : molarit
penowh: motanty 0.00479 mol NaCl 1000 mL
; X—=240M
2.00 mL solution 1L
334. Given:390.0 g 1 mol CH3COOH
390.0 g CH3COOH = 6.494 mol CH3COOH
CH3COOH; Ets " 60.06 g CHsCOOH ot Hs
1000.0 mL
i .494 mol CH H
solution 6.494 mol C 3090 y 1000 mL _ 6.494 M
Unknown: molarity 1000.0 mL solution 1L
335. Given: 5.000 x 10° L; 3 180.18 g C¢H1906 5
’ 0.215 mol/L x (5.00 x 10° L) x =1.94 x 10° g CgH150,
0215 M mol/Lx( "1 mol CgH1505 g CeH1206
Unknown: mass of
CeH1206
336. Given: 720. mL solu- 0.0939 mol 1L 184.10 g MgBry
tion; 0.0939 M 20 mbx e 1 mol MgBr, 2% &MsBr
Unknown: mass of
MgBr,,
337. Given: 300. mL solu- 0.875 mol 1L 53.50 g NH4Cl
. ——————x3000mLx——x ————— =14.0 g NH,Cl
tion; 0.875 M % X 1000 mL © 1 mol NH,CI SR
Unknown: mass of
NH,4C1
338. Given:560 g 1 mol CH3COCH3
560 g CH3COCH = 9.64 mol CH3COCH
CH3COCH; &8 3% 58.09 g CHyCOCHj mot s 3
solute; 620 g
H,0 solvent 9.64 mol CHsCOCHj4
. . =16 m
Unknown: molality 0.620 kg solvent
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339.

Given: 12.9 g C6H1206
solute; 31.0 g
H50 solvent

Unknown: molality

1 mol CGHIZOG
180.18 g CGHIQOG

12.9 g CGHIQOG X =0.0716 mol CGHIZOG

0.0716 mol CgH;90
ol L6106 10008 _ 55
31.0 g solvent 1kg

340.

Given: 125 g solvent;
12.0 m solution

Unknown: moles of
solute
(CH3CHOH
CH20H3),
mass of
solute

12.0 mol solute 1 kg

X = 1.50 mol solute
1 kg solvent 1000 g

125 g solvent x

74.14 g CHyCHOHCH,CH;
1 mol CH3;CHOHCH,CH,4

1.50 mol CH;CHOHCH,CHj x

=111 g CH;CHOHCH,CHj

341.

a. Given: 12.0%
KMnOy;
500.0 g
solution

Unknown: mass
solute;
mass
solvent
(H90)

b. Given: 0.60 M BaCly;
1.750 L solu-
tion

Unknown: mass
solute

c. Given: 6.20 m
glycerol
(HOCH3,CHO
HCH,0OH);
800.0 g H,O
solvent

Unknown: mass
glycerol
ing

d. Given: 12.27 g solute
(KQCI‘207);
650. mL
solution

Unknown: molarity

e. Given: 288 g CaCl,
solute:
2.04 kg HyO
solvent

Unknown: molality

500.0 g x 0.120 = 60.0 g KMnO,
500.0 g — 60.0 g = 440.0 g HyO

0.60 mol BaCl,

x 1.750 L solution = 1.1 mol BaCl,
1.00 L solution

208.23 g BaCl,

1.1 mol BaCl
mol BaCl, 1 mol BaCl,

=230 g BaCl,

6.20 mol glycerol | o g solvent x 1 ke
1 kg solvent 1000 g

92.11 glycerol
——— - =457 g glycerol
1 mol glycerol

= 4.96 mol glyercol

4.96 mol glycerol x

12.27 g K9CryOy ,1000mL 1 mol KyCryO7
650. mL solution 1L 294.20 g KyCryOy

=0.0642 M KgCI’zOr]

288 g CaCly 1 mol CaCly

X =127Tm
2.04 kg HoO 110.98 g CaCly
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f. Given: 0.160 M NaCl
solution; 25.0
mL solution

Unknown: mass
solute
ing

g. Given: 2.00 m
CeH1206;
1.50 kg HyO
solvent

Unknown: mass of
solute
and total
mass of
solution

0.160 mol NaCl 1L

- X —————— x 25.0 mL solution = 0.00400 mol NaCl
1.00 L solution 1000 mL

58.44 g NaCl
1 mol NaCl

0.00400 mol NaCl x =0.234 g NaCl

2.00 mol C6H1206
1.00 kg Hy0

x 1.50 kg Hzo = 3.00 mol CGH1206

180.18 g CGHIZOG
1 mol C6H1206

3.00 mol CGHIZOG X =541 g CGHIZOG

1000 g
kg

1.50 kg x + 541 g = 2040 g total

342. Given: 2.50 Lof4.25 M
solution of
HySO,
Unknown: moles of
HySO,

4.25 mol HZSO4

2.50 L soluti
50 L solution x 1.00 L solution

=10.6 mol HZSO4

343. Given: 71.5 g 018H3202

1 mol CIBHSZOZ

71.5 g C18H3202 X = 0.255 mol CISHSZOZ

solute; 525 g 280.50 g C1gH3909
solvent

Unknown: molality 0.255 mol C1gH370, 1000g _ 0.486 m

525 g solvent 1 kg
344. Given: 16.2% NasS,03
solution by mass
16.2%
a. Unknown: mass 80.0 g x 7 =13.0 g NayS,03

Na2820 3
in80.0g
solution

b. Unknown: moles
NaZS203
in80.0g
solution

¢. Given: 80.0 g of
16.2%
Na28203
solution (see
b) diluted to
250.0 mL
Unknown: molarity
of final
solution

(%

« 16.2% 1 mol NaZS2O3
158.12 g Na28203

=0.0820 mol Na28203

0.0820 mol NaQSQO3 « 1000 mL
250.0 mL solution 1L

=0.328 M
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345.

Given: CoCly solute; 4.00 mol CoCl,
650.00 mL of 1.00 L solation 650.00 mL solution x ———— = 2.60 mol CoCly
4.00 M solution : solution 1000 mL
Unknown: mass of 129.83 g CoCly
2.60 mol CoClg x ————————— =338 g CoCl
CoCly ot B2 X 100 mol CoCl, gLovte
346. Given: 11.27 g AgNOg; 1mol AgNO3
0.150 M solution 1127 8 AgNOg x Tt 2 AN, = 0.0663 mol AgNO;
Unknown: volume of 1L soluti
solution 0.0663 mol AgNO SOTIO 0,442 L soluti
OLAENYE X 0,150 mol AgNOg sofution
. Given: 1.50 mol NH,CONH
347. Given zflfg ft,Hng . : r(;‘(;)k 2 2 9950 g solvent x — & = 3.38 mol NH,CONH,
nt; 1. . g solvent 1000 g
solution
. 60.07 g NH,CONH
Unknown: mass of 3.38 mol NH,CONHj, x 2 2 ~ 203 g NH,CONH
NH,CONH, ot 2”1 mol NH,CONH, g Nt 2
348. Given: 21.29 mL of a 1L 3.38 mol Ba(NOj3),
solution
. 261.35 g Ba(NOj)
Unknown: mass of 0.0720 mol Ba(NO 32 _ 18.8 g Ba(NO
Ba(NOs)y mol BaNOs)2 x = T Ba(NOg) g BalNOs),
349. Given: 100.0 g of a 3.5% B
3.5% (NH,)5SO,4 100.0 g x 100% (NH4)2SO04 = 3.5 g (NHy)9S04
solution
Unknown: description 100.0 g solution — 3.5 g solute = 96.5 g solvent
glfo Prepara-  Aqd 3.5 g (NH,),S0, to 96.5 g Hz0
350. Given: 590.0 g water 0.82 mol CaCly, 1kg
——————— x590.0 g H,O = 0.48 mol CaCl
solvept; 0.82m 1.00 kg Hy,O % g X 1000 g ot batts
solution
. 110.98 g CaCl
Unknown: mass CaClsy 0.48 mol CaCly x 2VJoghably 53 g CaCl,
solute 1 mol CaCly
351. Given: 0.250 L of 5.00 5.00 mol NHg
M NHj diluted 0.250 L x ———— = =1.25 mol NH3
to 1.000 L
Unknown: moles NHs; 1.25 mol NH3 _ 1.95 M
final 1.000 L
molarity
352. Given: 62.0 g solute; 5.3 mol solute 1kg
’ - x125 g Hy0 = 0.662 mol solut
125 g Hy0;5.3m  1.00kgHyO © 2" “1000 g ot sore
solution
Unknown: molar mass _ _ 62.0 g solute = 93.7 g/mol
of solute 0.662 mol solute
353. Given: 0.9% NaCl

Unknown: masses of
NaCl and
H50 to pre-
pare 50. L

50. 1, x 1000mL 10008 _ 1 660 o = 50 ke
1L 1mL

0.9%
100%

x 50 kg = 0.45 kg NaCl; 50 kg — 0.45 = 49.6 kg Hy,O
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354.

Given: mass beaker =
68.60 g; mass
beaker + HyO =
115.12 g;4.08 g
glucose solute

Unknown: percentage
concentra-
tion glucose

mass HoO = 115.12 g —-68.60 g =46.52 g
total mass of solution = 46.52 g + 4.08 g =50.60 g

4.08 g glucose

100 = 8.06% gl
50.60 g solution 8 o glucose

355.

Given: D = 0.902 g/mL
at 20°C for ethyl
acetate solvent;
cellulose nitrate
solute

Unknown: V of solvent
to prepare a
2.0% solu-
tion using
25 g of solute

25¢g
x+256g
_25g

X = 0.020 25 g = 1200 g solvent

=0.020

1 mL

1200 g solvent x = 1400 mL or 1.4 L solvent
0.902 g

356.

Given: reactants and
products

Unknown: balanced
equation

a. Given: 50.00 mL of
a391M
solution

Unknown: moles
CdCl,

b. Given: 0.196 mol
CdCl, from a;
balanced
equation,;
excess NagS

Unknown: moles
CdS

¢. Given: 0.196 mol
CdS from b

Unknown: mass CdS

CdCly + NagS — CdS + 2NaCl

91 mol CdCl
391mol CdCly ) 00 mup, LT

——— =0.196 mol CdCl,
1L 1000 mL

1 mol CdS
1 mol CdCl,

0.196 mol CdCly x =0.196 mol CdS

144.48 g CdS

0.196 mol CdS x L mol CdS

= 28.3 g CdS

357.

Given: 60.00 mL of
5.85 M HoSO4
solution

Unknown: mass HoSOy4

5.85 mol HQSO4 % 60.00 mL x 1L
1.00 L 1000 mL
1 mol HzSO4

=0.351 mol stO4

0.351 mol HQSO4 X =344 g HQSO4

358.

Given: 22.5 kL of 6.83
M HCI1

Unknown: moles HC1

1000 L

6.83 mol HC1 % 295 kL x
1 kL

1.00 L

= 1.54 x 10° mol HC1
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359. Given: balanced equa-
tion; excess
HyS0y4; 0.600 M
BaCl, solution

Unknown: V BaCly
solution to
produce
12.00 g
BaSO4

1 mol BaSOy,
12.00 g BaSO, x — 28524 _ ) 05141 mol BaSO
& BaSY4X 93340 g BaSO, ol Basy
0.05141 mol BaSO, x 2 BaCla _ ) 65141 mol BaCl,
1 mol BaSOy4
1.00 L
0.05141 mol BaCly x — %% _ 0857 L BaCl, = 85.7 mL BaCl,

0.600 mol BaCl,

360. Given: CuSO4+5H50
solute

a. Given: 100. g of a
6.00% CuSOy4
solution

Unknown: prepara-
tion of
solution

b. Given: 1.00 L of a
0.800 M
CuSOy

solution

Unknown: prepara-
tion of
solution

¢. Given: 3.5 m solution
of CuSOy4 in
Unknown: prepara-
tion of
solution

6.00%

100. g x
& 00%

CuSO, = 6.00 g CuSO,

1 mol CuSOy4 " 1 mol CuSOy4+5H5,0
159.62 g CuSOy4 1 mol CuSOy4

249.72 g CuSO, +5H50

6.00 g CuSOy x

=9.39 g CuSO,4+5H,0 in 100. g — 9.39 g

1 mol CuSOy4«5H50
=90.61 g Hy,O
1.00L 0.800 mol CuSOy4 “ 1 mol CuSOy4+5H5,0
' 1.00 L 1 mol CuSOy
X 249.72 g CuS0, - 5H,0 =200. g CuSO4 «5H50 in water to make 1.00 L
1 mol CuSO,4+5H50
of solution
3.5 mol CuSO . .
mol Luslly 1.0 kg Ho0 x 1 mol CuSO,4«5H50 o 249.72 g CuSO4 +5H50
1.0 kg HyO 1 mol CuSOy 1 mol CuSO,4+5H,0
=870 g CuSO4 °5H20
159.62 g CuSOy
3.5mol CuSOy4x —————————— =560 g CuSO
Ot S X T ol CuSO, 8 Lusbe

870 g CuSO, +5H,0 — 560 g CuSO, = 310 g HyO

1000 g
kg

1.0 kg x —310 g =690 g added water

361. Given: 700.0 mL of 2.50
M CacCls solution

Unknown: mass CaCly «
6H,0

1L o 2.50 mol CaCl, y 1 mol CaClg «6Ho0
1000 mL 1L 1 mol CaCly
219.10 g CaCly «6H50
1 mol CaCly «6H50

700.0 mL x

=383 g 03.012 °6H20

362. Given: 1.250 L of
0.00205 M
CeH14N409
Unknown: mass of
CeH14N4O9

0.00205 mol CGH14N402
1L

1.250 L x =0.00256 mol CGH14N402

174.24 g 06H14N402
1 mol C6H14N402

0.00256 mol CGH14N402 X =0.446 g CGH14N402
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363. Given: 2.402 kg

1000 g 1 mol NiSO4 '6H20

NiSO4+6H50; 2.402 kg NiSO,4 « 6H50 x
25% solution
Unknown: mass of y 1 mol NISO4 « 154.76 g NISO4
water 1 mol NiSOy4 +«6H,0 1 mol NiSOy4
1414 ¢ _1414¢

x+14ldg

4242 g Hy0 — (2402 g — 1414 g) = 3254 g Hy0 added

’

0.25

1kg . 262.88 g NiSO+6H,0

= 1414 g NiSO,

— 1414 g = 4242 g H50 in solution

364. Given: KA(SOy)y - 35.0 g x 0.15 KAL(SO,); = 5.25 g KAL(SO,),
12E150 solute; 1mol KAISO )y 1 mol KAISO,)y« 12H,0
35.0 gofa 15% mo 4)2 mo 4)2° 2
5.25 ¢ KAL(SO
KAI(SO,); & KAlS00 ) X g 9 e KAISO,), © 1 mol KAISO,),
solution 474.46 g KAI(SO g« 12H,0
40 g 4)2° 2
Unknown: mass of = .
solute: X mol KAISOy)y-12H,0 ~ 0646 8 KAISO,), + 12H,0
Z&?;dOf H;0 35.0 g solution — 9.646 g solute = 25.35 g water added

365. a. Given: Mg = M
0.500 M KBr; D Vp
Vg =20.00 mL;
Vp=
100.00 mL;
MgVs =MpVp

Unknown: Mp

b. Given: Mg=1.00 M v
LiOH; S =" Mg
Mp=0.075 M
LiOH;

Vp=
500.00 mL;
MgVg=MpVp

Unknown: Vg

c. Given: Vg =5.00 mL; M
Mp=0.0493M 57y
HIL, Vp =
100.00 mL;
MgVs=MpVp
Unknown: Mg

d. Given: Mg=12.0 M v
HCl, Vg = D Mp
0.250 L; Mp =
1.8 M HC],
MgVs =MpVp
Unknown: Vp

_ MgVs _ 0.500 M KBr x 20.00 mL

_MpVp 0.075 M LiOH x 500.00 mL

100.00 mL

_ MpVp _ 0.0493 M HI x 100.00 mL

1.00 M LiOH

_ MgVs 12.0 MHClx 0.250 L

5.00 mL

1.8 M HCI =L7L
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e. Given: Mg =744 M _ MpV,  0.093 M NH; x 4.00 L

NH3; MD = VS =

0.093 M NH3; Ms 7.44 M NH;
Vp =4.00 L;
MgVs = MpVp

Unknown: Vg

=0.050 L = 50. mLi

366. Given: Mg=0.0813M; | _MsVs _ 0.0813 Mx 16.5 mL
D= =

Vg =16.5ml; Mp 0.0200 M
Mp =0.0200 M;
MgVg=MpVp 67.1 mL — 16.5 mL = 50.6 mL Hy0 added
Unknown: Vp; V of
water added

=67.1mL

367. Given: Mg =3.79 M _ MgVg _ 3.79 M NH,CI x 50.00 mL

NH,Cl; Vg = Mp 5 2000 mL = 0.0948 M NH,C1
MpVp

Unknown: Mp

368. Given: 100.00 mL HyO  Vp = Vg + 100.00 mL
added; Mp =
0.046 M KOH; MgVs=MpVp

Mg=2.09M )
KO MV = 2.09 M KOH x Vg = 0.046 M KOH (Vg + 100.00 mL)
MpVp Vg=23mL

Unknown: Vg

369. a. Given: Vg = MpVp 0.50 M x (100.00 mL + 20.00 mL)
, Mg = =

20.00 mL; Vs 20.00 mL
Mp =0.50 M;
100.00 mL
H50 added;
MgV =
MpVp

Unknown: Mg

=3.0M

=0.83L

b. Given: Vp =5.00 L; Ve o MpVp 3.0Mx5.00LL
Mp=3.0M; ST Mg~ 180M
Mg =18.0 M;
MgVg =
MpVp
Unknown: Vg

1000 mL

c. Given:V=0.83L, m=VD=083Lx1.84-2 % =15x10%g

from b; D = mL
1.84 g/mL

Unknown: mass
HySO,

370. Given: Vg =1.19 mL; _MgVg 8.00 Mx1.19 mL
Mg=8.00 M;Mp D™ 37" 1.50 M
= 1.50 M; MgV

Unknown: Vp

=6.35 mL
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371. Given: Mg=5.75M; Vp
=2.00L; Mp =
1.00 M; M5VS =
MpVp
Unknown: Vg

_ MDVD _ 1.00 M x 2.00 L
Mg 5.75 M

=0.348 L or 348 mL

Vs

372. a. Given: Vg =25.00 mL;
Mp=0.186 M;
50.00 mL HyO
added; MgVg =
MpVp
Unknown: Mg

_ MpVp _ 0.186 M x (25.00 mL + 50.00 mL)
7 25.00 mL

Mg =0.558 M

373. a. Given: 36% HCI
solution; D =
1.18 g/mL

Unknown: V; of 1.0
kg of HCI
solution;
V2 that
contains
1.0 g HC];
V3 that
contains
1.0 mol
HCl

b. Given: D = 1.42 g/mL,;

V=D o 10kgx1mL 10008 _ o5y,
D 1.18g 1kg

_100%x1g 1mL
36% 118 ¢

=2.4 mL

100%)< 1mL — 86 mL

Vs = 36.46 g x
3 €% 36% 118g

T1gHNO; 142g 1molHNO; 1000mL _ . mol HNO;

71% HNOg3 so- 100 g 1mL 63.02 g HNO;3 1L L

lution; MgVg =

MpVi, =16 M HNOg3

Unknown: V of HNO3 MDVD 200 Mx10.0L
to prepare Vg= = =12L
10.0 L of Ms 16 M
2.00 M
HNO3
Vo)
c. Given: 86 mL con- _ 1mol 1000 mL _ 19 M

tains 1.0 mol S~ 86 mL 1L

(from a);

MSVS.: VS=MDVD=S.OM><4.50L= 11L

MpVp; Mg 12M

Mp=3.0M;

Vp=450L

Unknown: Vg
374. Given: Ms_= 3.8 M; My = MsVs _ 3.8 M x Vg — 048 M
VD =8 VS, VD 8 VS
MgVg=MpVp

Unknown: Mp
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375. Given: MD =2.50 M; MDVD 2.50 M x 480. mL
Vp =480. mL; Mg = = 480—39)L =2.72M
39 mL Hy0 Vs~ (480.-39)m
evaporated;
MgVs=MpVp
Unknown: Mg
376. Given: Mp=1.22 M, _MpVp 1.22Mx25.00mL
Vp =25.00 mL; Vs = Mg - 6.45 M =4.73 mL
Mg=6.45M;
MgVs=MpVp Dilute the 6.45 M acid by adding 4.73 mL of it to enough distilled water
Unknown: Vg; to make 25.00 mL of solution.
procedure
377. Given: 100.0 mL of a 2.41 mol 1L
2.41 M solution; 100.0 mL x 1L X 1000 L. = 0.241 mol solute
9.56 g solute
Unknown: molar mass molar mass = _9.56g _ 39.7 g/mol
of solute 0.241 mol
378. Given: 34 g 12‘; Vs f o= 34gly o 1 mol Iy “ 1000 mL _ 536 M
25 mL; Vp = 25mL  253.8¢g1, 1L
500 mL; MgVg =
M 5.36 M x 25 mL
MpVp My =MsVs_ 036 Mx2omb .0
Unknown: Mp Vb 500 mL
379. Given: 851%tH3F.’O4 600.0 mL x 2.80 mol y 1L = 1.68 mol HPO,
solution; 1L 1000 mL
V' =600.0 mL;
2.80 M 98.00 g H3PO,
1.68 mol H3PO, x —————— =165 g H3PO
Unknown: mass of 4T 1 mol HsPO4 &1t
solution .
£ soluti 165 g H3PO4 x 100. g solution 190 luti
mass of solution = = S0 n
85 g HyPO, § sotutio
380. Given: Mg=18.0 M; MpVp 4.0 M x3.00 L
- . Vs = = =0.67L
Mp=4.0M; Mg 18.0 M
Vp=3.00L;
MgVs =MpVp
Unknown: Vg
381. Given: Vp=1.00L; Mp _MpVp 0495Mx1.00L B
= 0.495 M: Vg = Mg - T soTM - 0.161 L = 161 mL
Mg =3.07M;
MgVs=MpVp Dilute 161 mL stock urea solution to 1.00 L.
Unknown: Vg
382. a. Given: 76.2% 76.2 g CgH 1206 1 mol CgH1506  1000g _ .- o
CeH1206 (100.-76.2) g HyO = 180.18 g CgH1906 = 1kg

Unknown: molality
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b. Given: 76.2%

142 g % 1.00 L x 1000 mL y 76.2%

=1080
geleOG; 1mL 1L 100% &
1.42 g/mL; 1080 g 1 mol CgH;50¢
mhidt -} =599 M
V=1.00L 1L 180.18 g CgHy0g
Unknown: mass of
CeH120¢;
molarity

383. Given: Mp = 0.0890 M;

_ MpVp _ 0.0890 M x 50.00 mL

M = =0.445M
Vg =10.00 mL; 57 vy 10.00 mL
Vp=50.00 mL;
Msle =MpVp;  0.445mol 541, 105998 _ 747 g NayCOj
molar mass 1L 1 mol
N8.2003 =

105.99 ¢ 47.17 NazCOs3 1 00 — 94.34% NayCOs
Unknown: Mg; percent- 50.00 g sample
age NayCOg3
in 50.00 g of
a material

used to make
1.000 L stock
solution

384. Given: Vp of CuCl, Me o MpVp 0.250 M x 150.0 mL
stock solution 57y T 20.0 mL

=0.600 L;

Vg =20.0 mL; 1.88 mol CuCl,
Vp =150.0 mL; 1L 1 mol CuCl,

=188M

134.45 g CuCl,

x 0.600 L x =152 g CuCly

Mp =0.250 M;
MgVs=MpVp
Unknown: mass CuCly
to make

stock

solution

385. Given: Mg=2.15

M; 2.15 M xV =0.65 xkV; k = 3.3; Vpp = 3.3 Vg

Mp=0.65M;

MgVs=MpVp

stock solution.

Unknown: dilution

factor

386. a. Given: 18.2%

18.2 g Sr(NO
80.00 mL x 1028 182851NO3)s ) o o NOy),

Sr(NO3)g 1 mL 100 g solution
solution;
D =1.02 g/ml

V = 80.

00 mL

Unknown: mass of

Sr(NO3)y

b. Given: 149 ¢

Sr(NOg),

from a

1 mol Sr(NO3)s

=7.04 x 1072 mol Sr(NO
211.64 g Sr(NOg), X107 mol Sr(NOs)

14.9 g SI'(N03)2 X

Unknown: moles Sr

(NO3)o
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c. Given: 7.04 x 10~ _ 7.04x10mol _ 1000 mL

mol Sr(NOg)g Mg = T 800mL X B 0.880 M
from b;
420.0 mL _ MgVs 0.880 M x 80.0 mL

M _ =0.141 M
Hy0 added D="vy, (80.0 + 420.0) mL

Unknown: molarity

(Mp)
1 mol CgH150
387. Given: 60.0 g CgH1905  60.0 g CgH90g X — 61226 _ § 333 110] CH;905
in 80.0 g HQO; 180.18 g Cnggoe
Ky for water = 0.333 mol CxH+o0
~1.86°C/m; 090 MOLL6t206 | 10008 _ 161,
Aty=Kpm 80.0 g Hy,O 1kg
Unknown: freezing aty=Krm = 5%C 4 16 m = 1.74°C
point
fp (solution) = fp (solvent) + Aty = 0.00°C — 7.74°C = 7.74°C
1 mol HoNCONH
388. Given: 645 g 645 g HyNCONH, x ——o—2 2 _ 10.7 mol HyNCONH,
980. g Hp0 10.7 mol H,NCONHy _ 1000g _
Unknown: freezing 980. g H,O 1kg e
point o
1.86°
Atp=Kym = — 86 x10.9 m =-20.3 °C
fp =0.0°C - 20.3°C = -20.3°C
. 1 mol KBr
389. Given: 30.00 g KBr; 30.00 g KBr x ——————— =0.252 mol KBr
Unknown: boiling point ty = 0.252 mol KBr y 1000 g y 2 mol ions y 0.51°C —96C
100.00gHy0 ~ 1kg 1molKBr  mol ’
bp = 100.0°C + 2.6°C = 102.6°C
. 1 mol CaCly
390. Given: 385 g CaCly; 385 g CaCly x ————————— =3.47 mol CaCly
1.230x 10% g 110.97 g CaCl,
Hy0 3.47 mol CaCl 3 i 10
At -47 mol CaCly 10° g 3 mol ions ><0.5 C=4.3°C

Unknown: boiling point - 1.230 x 103 g HyO x 1kg 1mol CaCly m

bp = 100.0°C + 4.3°C = 104.3°C

A -10.18°
391. Given: 0.827 g nonelec- m = —tf=0—°80= 547m

trolyte; 2.500 g Ky -1.86°C/m

Hy0; fp =

~10.18°C _BATmOl 5 500 g HyO x <& = 0.0137 mol
1.00 kg HyO 1000 g

Unknown: molar mass
0.827

218 _ 60.4 g/mol
0.0137 mol
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392. Given: 0.171 g nonelec-
trolyte; ether
solvent; mass of

mass of ether solvent =2.470 g—0.171 g=2.299 g
Aty = bp — normal bp = 36.43°C — 34.6°C = 1.83°C

solution = o
Aty 1.83°C
2.470 g; bp = m =7b=m=0.906m
36.43°C b2
. 0.906 mol
Unknown: molar mass 0900 MOL 1y 990 (o 1KE 00908 mol
1.00 kg ether 1000 g
_0171g  _ 899 g/mol
0.00208 mol
1 mol CgH;50
393. Given: 383 g glucose; 383 g CgH90g X —— 6712226 _ 9 13 116] CgH 1906

400. g H,O
Unknown: freezing
point;
boiling point

180.18 g CGHIZOG

2.13 mol « 1000 g —539m
400.gHO 1kg

-1.86°C
fp = normal fp + (Kym) = 0.00°C + (7
m

% 5.32 m) =-9.90°C

0.51°C
m

bp = normal bp + (Kpm) = 100.00°C + ( % 5.32 m) =102.7°C

394. Given: 72.4 g glycerol;
122.5 g HyO

Unknown: boiling point

72.4 g glycerol x OBl oo ol glycerol

. T X =0U. m: T
g glycero 92.08 g glycerol ot glycero
0.786 mol « 1000 g — 649 m

1225gH,0  1kg

bp = normal bp + (Kpm) = 100.00°C + 0.51°C % 6.42 m) =103.3°C
m
1 mol HOCH,CH,;OH
395. Given:30.20 g 30.20 g HOCHoCH,OH X ——— 22
solute; 88.40 g _ ) 4865 mol HOCH,CH,OH
phenol
Unknown: boiling point 0.4865 mol
22500 mo, 10008 _ 5 503 1,
88.04 g 1kg
bp = normal bp + (Kpm) = 181.8°C + 3.60°C x 5.503 m|=201.6°C
m
f] —4.5°
396. Given: 450. g Hy0; m=2 =—5°C -
fp =-4.5°C Kf -1.86°C/m
Unknown: mass of 2.4 mol « 450. g kg 1 1mol
ethanol kg 1000 g
solute 16,08 hanol
. t
1.1 mol ethanol x 208 eRanel 51 g ethanol

1 mol ethanol
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397. Given:fp=-3.9°C25.00 m=—=——=———=21m
gHy0;4.27 g Ky -1.86°C/m
solute
2.1 mol
- . _2dmol o500 g HyO x X8 = 0.052 mol
nknown: molar mass 1 kg HyO 1000 g
of solute
ﬂ: 82 g/mol
0.052 mol
. 0.8769
398. Given: 1.17 g C1oHgO; mass benzene = 2.00 mL x =1."75g¢g
2.00 mL ben- Im
zene; T = 20°C;
’ ’ 1 mol C1oHgO
Dofbenzene = mol CygHgO = 1.17 g C1oHgO x —————108=_ _ § 00811 mol C;,HgO
0.876 g/mL; K; 144.18 g C1oHgO
for benzene =
0.00811 mol C1oHgO
—-5.12°C/m; nor- 0" “10—8 X 1000 g =4.63m
mal fp of ben- 1.75 g benzene 1kg
zene = 5.53°C _5.12°C
Unknown: freezing fp = normal fp + (Kpm) = 5.53°C + Tx 4.63m|=-18.2°C
point
. bp —normal bp 159.2°C — 117.9°C
399. Given: 10.44 g solute; m= = S =13.5m
CH3COOH
solvent; _ 135 mol % 50.00 g solvent x _Lkg =0.675 mol
bp =159.2°C 1 kg solvent 1000 g
Unknown: molar mass 1044g _ 155 g/mol
0.675 mol
fp— 11 157.7°C — 178.8°C
400. Given: 0.0355 g solute; ~ m = &P _ . -0.531m
1.000 g camphor Ky -39.7°C/m
solvent;
’ 0.531 mol
T = 200.0°C; 0-051 MO0 4 000 g solvent x X8 = 5.31 x 104 mol
fp = 157.7°C 1 kg solvent 1000 g
Unknown: molar mass 0-0352% = 66.8 g/mol
5.31 x 107" mol
1 mol CgH150
401. Given: 22.5 g CGH12O6; 22.5 g CGH12O6 X 0% 61276 =0.125 mol Cngzoﬁ
204 g phenol 180.18 g CGHIQOG
Unknown: boiling point ~ 0.125 mol y 1000 g _ 0.425 m
294 g 1kg
bp = 181.8°C + (3.60°C/m x 0.425 m) = 183.3°C
50.0 g ethyl lycol 1 mol ethyl lycol
402. Given: 50.0% solution of g ethy’ene glycol | 1000 g S 16.1 m
ethylene glycol 50.0 g H,O 1kg 62.08 g ethylene glycol

in HzO

a. Unknown: freezing
point

b. Unknown: boiling
point

fp = normal fp + (Kym) = 0.00°C + (-1.86°C/m x 16.1 m) = -29.9°C

bp = normal bp + (Kpm) = 100.00°C + (0.51°C/m x 16.1 m) = 108.2°C
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403.

Given: Ky = —20.0°C/m;
normal fp =
6.6°C; cyclo-
hexane solvent;
1.604 g solute;
10.000 g cyclo-
hexane; fp =
-4.4°C

Unknown: molar mass

B fp — normal fp B —-4.4°C -6.6°C
N K; © —20.0°C/m

m =0.550m

0.550 mol 1kg
—————— % 10.000 g solvent x
1.00 kg solvent 1000

= 0.00550 mol
g

1.604 g

— =28 _ 992 g/mol
0.00550 mol

404.

Given: 2.62 kg HNOyg;
H50 solvent;
mass of solution
=5.91 kg

Unknown: freezing
point

mass HyO =5.91 kg — 2.62 kg = 3.29 kg

1 mol HNOg

L 1000g
63.02 g HNO,

1kg

2.62 kg HNOj3 x

83.2 mol ions
3.29 kg H,O

fp = normal fp + (Kym) = 0.00°C + (-1.86°C/m x 25.3 m) = —47.1°C

=253m

405.

Given: 0.5190 g naph-
thalene solvent;
mass solution =

mass solute = 0.5959 g —0.5190 g = 0.0769 g
_ fp—normal fp  74.8°C —80.2°C

_ = 0.778
0.5959 g; fp = m K ~6.94°C/m m
74.8°C
0778 mol <190 ¢ solvent x - X8 = 4.04 x 10~ mol
. - . solven =4, mo
Unknown: molar mass 1.00 kg solvent g 1000 g
0.0769 g
— 278 _190. g/mol
4.04 x 10~* mol gmo
1 mol NaCH3COO 2 mol ions
406. Given: 8.69 8.69 g NaCH;COO
ven NaC}gIScoo; & NabEs U X 8204 g NaCH3COO 1 mol NaCH3COO
15.00 g H20 =0.212 mol ions

Unknown: boiling point

0.212mol _ 1000g _,, .
15.00 g H,0  1kg

bp = normal bp + (Kpm) = 100.00°C + (0.51°C/m x 14.1 m) = 107.2°C

407.

Given: 110.5 g HySOy;
225 g HyO

Unknown: freezing
point

3 mol ions
1 mol H2SO4

1 mol HQSO4 %

110.5 g HySO4 x = 3.38 mol ions

3.38 mol y 1000 g _ 15.0 m
225 g H,0  1kg

fp = normal fp + (Kym) = 0.00°C + (-1.86°C/m x 15.0 m) = —27.9°C
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408. Given: empirical for-

mula is CgHj;
4.04 g pyrene;
10.00 g benzene
solvent; bp =
85.1°C; Ky =
2.53°C/m; nor-
mal bp = 80.1°C

Unknown: molar mass;
molecular
formula

1 Kg solvent

0.0198 mol

B bp — normal bp B 85.1°C — 80.1°C

m Kb

1.98 mol

1048 904 g/mol

% 10.00 g solvent x
10

2.563°C/m

1kg
00g

molar mass CgHz = 101.13 g/mol

204g>< 1 mol 902 ~2

1mol 101.13g

=198m

=0.0198 mol

molecular formula = Cg oHz 9 = C16H1g

409. Given: CaCly solute;
100.00 g HyO;
fp =-5.0°C

Unknown: mass CaCls;
mass
CeH1206
for same fp

_ fp—normalfp -5.0°C-0.0°C

2.7 mol ions « 1 mol CaCly
1.0 kg

3 mol ions

0.90 mol CaCl,
1.0 kg HyO

0.090 mol CaCly x

110.98 g CaCly

-1.86°C/m

= 2.7 m (ions)

0.90 m CaCly

% 100.00 g HyO x <8
1000 g

=10.

1 mol CaCl,

g 03.012

=0.090 mol CaCly

Because glucose is a nonelectrolyte, m of glucose = 2.7 m

2.7 mol glucose
1.0 kg H20

% 100.00 g HyO x

180.18 g C6H1206

1kg

1000 g

= 0.27 mol glucose

0.27 mol CgH15,0 =49 ggl
mo 6119VUg X 1 mol CGH1206 g glucose
bp — 1b 36.5°C — 34.6°C
410. Given: empirical for- m= P n;;ma P_ S =0.941m
mula is CHy0; b 2.02°C/m
0.0866 g solute; 0.941 mol
1.000 g ether; _ 992LMOL 4 000 g solvent x —B_ = 9.41 x 10~ mol
bp = 36.5°C 1.00 kg solvent 1000 g
Unknown: molecular —0'086? 4g =92.0 g/mol for the molecule
formula 9.41 x 10~* mol

molar mass CH50 = 30.03 g/mol

92.0 g/mol

30.03 g.mol _

molecular formula = Cq « gHy 301 « 3 = C3HgOg3

411. Given: 28.6% HCI by
mass

Unknown: freezing
point
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28.6 g HCI

1 mol HCI1

2 mol ions

(100.0 g —28.6 g) Hy0

36.46 g HCl * 1 mol HCI

X 1000 ¢ =22.0 m ions

1kg

fp = normal fp + (Kym) = 0.00°C + (-1.86°C/m x 22.0 m) = —40.9°C
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412.

Given: 4.510 kg Hy0;
fp =-18.0°C;
HOCH,CH,0H
solute

Unknown: mass of
solute; boil-
ing point

fp —normal fp  -18.0°C - 0.0°C
m= =
Ky -1.86°C/m

=9.68m

9.68 mol

—————— x 4.510 kg solvent = 43.7 mol
1.00 kg solvent

62.08 g HOCH,CH,0H
1 mol HOCH,CH,0H

43.7 mol HOCH,CH,0H x

= 2710 g HOCH,CH,0H = 2.71 kg HOCH,CH,0OH

bp = normal bp x (Kpm) = 100.00°C x (0.51°C/m x 9.68 m) = 104.9°C

fp —normalfp  —4.0°C-0.0°C _

413. a. Given: 2.00 g solute; = - =22m
10.00 g Hy0; Ky —-1.86°C/m
fp =-4.0°C
Unknown: molality
- 1 .9°C - 56.00°
b. Given: 2.00 g solute; bp — normal bp = 58.9°C 056 00°C =1.7Tm
acetone sol- Kp 1.71°C/m
vent; bp =
58.9°C; nor-
mal bp =
56.00°C; K, =
1.71°C/m
Unknown: molality
fp— 11 -22.0°C - 0.0°
414. Given: fp = —22.0°C; m = p—normalp _ -22.0 Co 0.0°C _118m
100.00 g glycerol Ky -1.86°C/m
solute
1 IIlOl C3H5(OH)3
Unknown: mass of Hy0 100008 CsH5(0R)g x oo~ ¢ CaHn(OH); 1.086 mol C3H5(OH)3
1kg HyO 1000 g
1.110 mol C3H5(OH ——==92.0g HyO
mol CaHs( O s X {1 g ol CaHy(OH); * 1 kg g2
415. Given: empirical for- _ fp—normalfp  8.8°C-16.6°C _ 2.0
mulais CH0; ™7~ K T 390Cim "
0.515 g solute;
1.717 g acetic 2.0 mol L 1kg
. o 1.717 t d =0.0034 mol
acid; fp = 8.8°C 1.00 kg acetic acid % g acehicaadx 1000 g mo
Unknown: molar mass;
molecular _0515g =150 g/mol
formula 0.0034 mol

molar mass CH50 = 30.03 g/mol
150 g/mol

30.03 g/mol

molecular formula = Cl X 5H2 X 501 x5 = C5H1005
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B fp — normal fp B -4.72°C - 0.00°C

416. Given: empirical for- m = - =254m
mula is CoH,0; Ky ~1.86°C/m
3.775 g solute;
12.00 g H,0; _254mol 19 00 g HyO x —- X8 = 0.0305 mol
fp = —4.72°C 1.00 kg HyO 1000 g
Unknown: molar mass; 3.1775g _ 124 g/mol
molecular 0.0305 mol
formula
molar mass CoHoO = 42.04 g/mol
124 g/mol ~995~3
42.04 g/mol
molecular formula = Cg  gHg 301 « 3 = CgHgOg3
417. Given: [OH] = 6.4 x [H;0*][OH] = 1.0 x 10~ M2
1075 M i
1.0x10*M _10
: + —————=16x100"M
Unknown: [H3O™] 64Ax10° M
+
418. Given: 7.50 x 1074 M [H30%] = 7.50 x 107 M HNO; K IMH0T o104 M
HNO, 1 M HNO;
Unknown: [H30%]; [H30*][OH™] = 1.00 x 1074 M2
Ot 1.00 x 10714 M?
[OH]==""""_ = -133x107''M

750%x 1074 M

419. Given: 0.00118 M HBr pH = — log[H30"] = — log (1.18 x 107%) = 2.928
Unknown: pH

420. a. Given: [H30"] pH =—1log (1.0)=0.0
=1.0M

Unknown: pH

b. Given: 2.0 M HC1 pH =-1og (2.0) =-0.30
solution

Unknown: pH

¢. Given: 10. M HC1 pH =-1og (10.) =-1.00
solution

Unknown: pH

421. a. Given: [OH] = [H;0*][OH] = 1 x 10714 M?
1x10°M

1x10°4 M2 1.x107% M2
Unknown: pH [HO = ———— = ————

= =1x10°M
[OH] 1x10°M X

pH = - log [H30%] = —log (1x 1079 =9.0
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b. Given: [OH] =
5x10°M

Unknown: pH

¢. Given: [OH] =2.90
x 10711 M

Unknown: pH

[H;0*][OH] = 1 x 107 M?

1x107*M? 1x107* M?
[OH] 5x10°M

pH = — log [H30"] = —log 2x 107) =7-0.3 = 6.7

[H30"] = =2x107 M

[H;0*][OH] = 1 x 10714 M?

1x107M? 1,00 x 1074 M?
[OH] ~ 290x1071 M

pH = — log [H30"] = — log (3.45 x 107%) = 3.462

[H30"] = =345x107* M

422.

Given: pH = 8.92
Unknown: pOH; (OH]

pH + pOH =14
pOH = 14.00 — pH = 14.00 — 8.92 = 5.08
[OH] = antilog (-pOH) = 1x 10 2% =83 x10°M

423.

a. Given: [H30"] =
2.51x 107 M

Unknown: pOH

b. Given: [H30"] =
43x10°M

Unknown: pOH

c. Given: [H30"] =
9.1x10°M

Unknown: pOH

d. Given: [H30"] =
0.070 M

Unknown: pOH

1.00 x 107 M*  1.00 x 1.0~ M?

= =3.98x1072M
[H;0%] 251 x 103 M X

[OH] =

pOH = —log [OH ] = — log (3.98 x 1072) = 1.400

1.0x107M?* 1.0x107M M2
[H30%] 43x107°M

pOH = —log [OH] = —log (2.3 x 10712) = 11.64

[OH] = =23x1012M

1.0x107M?* 1.0x107M M2
[H30%] 9.1x10%M

pOH = —log [OH] = — log (1.1 x 107?) = 8.96

[OH] = =1.1x10°M

1.0x107M?* 1.0x107M M2
[H30"] 7.0x 1072 M

pOH = —log [OH] = —log (1.4 x 10713) = 12.85

[OH] = =14x10718M

424.

Given: 3.50 g NaOH
solute; V =
2.50 L

Unknown: [OH;
[H30"]

1 mol NaOH
40.00 g NaOH

0.0875 mol
250 L

3.50 g NaOH x = 0.0875 mol NaOH

[OH] = =0.0350 M
1.00x 107 M% 1,00 x 107 M?

- ———=2.86x107"° M
[OH] 350 x 1072 M

[H30+] =

425.

Given: V;=1.00L;
pH; =12.90;
Vy=2.00L

Unknown: pHy

[H30"] = antilog (-pH) = 1 x 107129 = 1.3 x 10-¥ M

MV, 13x107¥ Mx1.00L

= =65x1074 M
Vs 2.00L 6:5x10

My

pH, = — log [H30"] = — log (6.5 x 1071%) = 13.19
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426. Unknown: [H30"]; [OH]=5x102M

[OHi] —14 \r2 —14 n 12
a. Given: 0.05 M NaOH  [p1,0*] = LX 10 " M7 _1x107 MZ_, ;513
[OH] 5x 1072 M

o N
b. Given: %'0%5 M [H50%] = 0.0025 M HoSO x ~ M HsO™ _ 6050 M = 5.0 x 103 M
2504 HS04
(OH-] = 10X 10714 M2 _10x 10714 M2 C2.0x10-12 M
[H30"] 50x10°°M
c. Given: 0.013 M [OH-]=1.3x102M
LiOH ke
[H30"] = M =7.7x1073 M
1.3x102M
d. Given: 0.150 M [H30" =1.50x 1071 M
HNO; Chs
jor) = 20010 M _ 667 101
1.50 x 1071 M
e. Given: 0.0200 M Ca  [OH] = 2[Ca(OH)y] = 4.00 x 1072 M
(OH), ~14 £r2
;0% = L0010 M5 50102 M
4.00x102M
f. Given: 0.390 M [H;0*] = 3.90 x 107 M
HC10, Ches
[OH] = w =256x1074 M
3.90x10° 1M
427. Unknown: pH
a. Given: [H30%] = pH =-log (2 x 10713 =12.7
2x 10718 M
b. Given: [H30"] = pH = —log (5.0 x 107°) = 2.30
5.0x 107> M
c. Given: [H30%] = pH =—log (7.7 x 1071%) = 12.11
7.7x 1073 M
d. Given: [H30"] = pH = - log (1.50 x 1071) = 0.824
1.50x 107t M
e. Given: [H30"] = pH = —log (2.50 x 10713) = 12.602
2.50 x 107 M
f. Given: [H30"] = pH = — log (3.90 x 10°1) = 0.409
3.90 x 1071 M
428. Given: 0.160 M KOH [OHT] = [KOH] = 1.60 x 107 M
Unknown: [H30%]; —14 2
[OH ] [Hy0*] = 100X 10 M7 _ o 10714 M

1.60x 1071 M
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429.

Given: pH = 12.9;
NaOH solution

Unknown: molarity

pOH =14.0-129=1.1
[NaOH] = [OH] = antilog (- pOH) = 1.0 x 10°11 = 0.08 M

1L

.001 25 M x 175 mL
430. Given: 0.00125 M HBr; My = Myvy _000125Mx175mL 1L .99, 405y
Vy =175 mL; Vo 3.00 L 1000 mL
Vo =3.00L; _ +
MoV, = My, [HBr| = [H307]
Unknown: pH before pHj = - log [H30"] =~ log (1.25 x 10°) = 2.903
gﬁitﬁfr pH, = — log [H30*] = — log (7.29 x 1075) = 4.137

431. Given: NaOH solutions _ . 4 _ 4
of 0.0001 M and [NaOH] = [OH ] =1x 107" M; pOH =-1log (1 x 107) = 4.0
0.0005 M pH = 14.0 - 4.0 = 10.0
Unknown: pH fqr both [NaOH] = [OH] = 5 x 104 M; pOH = — log (5 x 104 = 3.3
solutions
pH=14.0-3.3=10.7
432. Given: V7 =15.0 mL; Before dilution: 15.0 mL x 1.0 mol X 1L +20.0 mL x ———
M; =1.0 M HCJ; 1L 1000 mL 1L
V5 =20.0 mL; 1L B
My =050 M X 1000 mL. 0.0150 mol + 0.0100 mol = 0.0250 mol
HNO3; VF =
1.25L 0.0250 mol 1000 mL
H;O' = ————————— x———=0.714 M
07 = 50+ 200mL *~ 11,
a. Unknown: [H30%] 0.714 M x 0.035 L.
and [OH]  After dilution: [Hy0*] = My = — s =0.020 M
of final 1.25L
solution 4o
jop) = 1010 M M 50x10 M
20x10° M
b. Unknown: pH of pH = —log [H50*] = — log (2.0 x 1072) = 1.70
final
solution
433. a. Given:0.001 57 M [H30%] = [HNO3] = 1.57 x 10 M
HNO;4 3
pH = —log [H30*] = —log (1.57 x 107°) = 2.804
Unknown: pH
1.57 x 1072 M x 500.0 mL
b. Given: V; = 500.0 My = MaVa_ 157 x M 176 x 103 M
mL; M1 - Vz 447.0 mL
0.001 57 M; . oo 3
Vy = 447.0 L pH = —log [H30™] = —log (1.76 x 107°) = 2.754
Unknown: pH at Vy
—14 212
434. Given: [H;0"] = jom] = 10X 10 - MY o 9101 M
0.00035 M 3.5x10" M

Unknown: [OH]
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435. Given: NaOH solute; pOH; =14.00 - pH = 14.00 - 12.14 = 1.86
pH; = 12.14; L6 )
V1 =50.00 mL; [OH 11 = antilog (-pOH) =1.0x 107" =14 x10“ M
V5 =2.000 L
Unknown: pH, (OH 1, = [OHT;V; _14x 102 M x 50.00 mL w 1L _or 04 M
Vs 2.000 L 1000 mL
pOH, = —log (3.5 x 107%) = 3.46
pHy = 14.00 — 3.46 = 10.54
436. Given: pH =4.0 [H30*] = antilog (—pH) = antilog (—4.0) = 1 x 1074 M
Unknown: [H30™]; 1% 10-14 M2
- [OH ] =—"———=1x10""M
(O] 1x104 M
437. Given: 0.000 460 M [OH] = 4.60 x 1074 M Ca(OH)q x 2 M OH =920x 1074 M

Ca(OH)gy solution
Unknown: pH

1 M Ca(OH),

. 1.00x 1071 M2 u
(H30"] =~ 50—~ oap = 109107 M

pH = —log (1.09 x 1071) = 10.963

438.

Given: Sr(OH)g solute;
pH=11.4;1.00L

Unknown: mass

Sr(OH),

pOH=14.0-11.4=26
[OH] = antilog (-pOH) = antilog (-2.6) = 10726 =3x 103 M

[Sr(OH)y] = 3 x 1073 M OH™ AMSHOH): o 108
el = o x “TomMom < °%
-3
2x107mol 4 561, = 2% 1073 mol
121.64 g Sr(OH
2 x 107 mol Sr(OH)y x 121:64851OHs _ oo o 0m),

1 mol Sr(OH)q

439.

Given: NHj solute;
pH =11.00

Unknown: [H30%];
[OH]

[H30"] = antilog (-11.00) = 1.0 x 1071 M

1.0 x 10714 M2

Tox 0Ty - LOX 10T M
.U X

[OH] =

440.

a. Given: 1.0 M
CH3COOH;
pH =240

Unknown: percent
ionization

b. Given: 0.10 M
CH3COOH;
pH =2.90

Unknown: percent
ionization

¢. Given: 0.010 M
CH3COOH;
pH =3.40

Unknown: percent
ionization

[H30"] = antilog (-2.40) = 1.00 x 107240 = 3.98 x 102 M

3.98x 107> M
1.0M

x 100 = 0.40% ionized

[H30"] = antilog (-2.90) = 1.00 x 1029 = 1.26 x 10° M

1.26x 103 M
0.10 M

x 100 = 1.3% ionized

[H30"] = antilog (-3.40) = 1.00 x 1024 =3.98 x 104 M

3.98x 107* M

s 10Ty < 100=40%
O X
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1 mol HNOg

441. Given: 5.00 g HNOg; 5.00 g HNO3 x =0.0793 mol HNOj3
2.00 L 63.02 g HNOg
Unknown: pH [H30"] = [HNOg] = %31501 =0.0396 M

pH = — log (0.0396) = 1.402

442. Given: stock pH = 1.50; Mg = [H30"] = [HC]] = antilog (-1.50) = 1.0 x 1072%° M = 8.16 x 102 M
HCI solute
_MgVs  3.16 x 107> M x 1.00 mL

Unknown: pH of diluted 37, - =316x10° M
solution Vp 1000. mL
a. Given: Vg =1.00 mL; pH = — log (3.16 x 1075 = 4.50
Vp = 1000.
mL
MgVg 3.16x 1072 M x 25.00 mL
b. Given: Vg=25.00  Mp=-58_ 22X a M _395x103 M
IIlL, VD — VD 200 mL
200. mL pH = — log (3.95 x 1073) = 2.40
3.16 x 1072 M x 18.83 mL
c. Given: Vg = 18.83 My =MsVs _ 316 - mL 1L j49x10%M
mL; Vp = Vb 4.000 L 1000 mL
4.000 L

pH =—1log (1.49 x 10™) = 3.83

3.16 x 10 2M x 1.50 L
d. Given: Vg=1501;  Mp=sVs_316x a x L L

=237x10°%M
Vp = 20.0 kL Vb 20.0 kL 1000 L

pH = —log (2.37 x 10%) = 5.63

443. Given: [H30*1=10000  [H30*1[OH] = 10 000 [OH][OH] = 1 x 10714 M?

[OH1; aqueous 14 19
solution [OH)2 = M =1x10718 M2
Unknown: [H30]; 10
[OHT]

[OH1=1x10""M
[H30"1=10* [OH ] =10*x1x 107 M=1x 107

444. Given: KOH solute; pH pOH =14.00 — pH = 14.00 - 12.90 = 1.10
=12.90; acid 1.10
reacts with half [OHT] = antilog (-1.10) = 1.0 x 107" = 0.079 M

of OH after reaction:

Unknown: resulting pH
0.079 M

[OH ] = = 0.040 M
—14 12
;07 = 2010 Mo 510y
40x10°M

pH = —log (2.5 x 10713) = 12.60

445. Given: HCI solute; [H30%] = antilog (=1.70) = 1.0 x 10757 = 0.020 M
pH = 1.70
[HCI] = [H30™] = 0.020 M
Unknown: [H30™];
[HCI]
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446.

Given: Ca(OH)g solute:
pH =10.80

Unknown: molarity

pOH = 14.00 — pH = 14.00 — 10.80 = 3.20
[OH] = antilog (-3.20) = 1.0 x 10220 = 6.3 x 10* M

1 M Ca(OH),
2M OH™

[Ca(OH)y] = 6.3 x 1074 M OH™ x =32x10*M

447.

Given: 1.00 M stock HC1
Unknown: pH

Given: pH = 4.00; 1.00 L
stock HCl

Unknown: Vp

Given: 1.00 L of pH 4.00
Unknown: V at pH 6.00

Given: 1.00 L of pH 4.00
Unknown: V at pH 8.00

pH = — log (1.00 x 10°) = 0.000

[H30*] = antilog (-4.00) = 1.0x 1074 =1.0x 1074 M

_ MgVs 1.00Mx1.00 L

———~=1.0x10* L=10.kL
Mp — 10x10*M

Vb

[H30*] at pH4.00 = 1.0 x 1074 M
[H30"] at pH 6.00 = antilog (-6.00) = 1.0 x 10490 =1.0x10% M

1.0x 104 M x 1.00 L

_ 2
loxi0®m - 10x10°L

[H30"] at pH 4.00 = 1.00 x 1074 M
[H30"] at pH 8.00 = antilog (-8.00) = 1.0x 1080 =1.0x 108 M

1.0x10*M x 1.00 L

- 41, =
10x10°M =1.0x 10" L =10.kL

448.

Given: pH = 1.28;1.00 LL
HCIO;

Unknown: moles NaOH
to react;
mass NaOH

HCIO5 + NaOH — NaClO5 + HyO
[H50*] = antilog (-1.28) =1.0x 1028 =52x 102 M

5.2 x 1072 mol
10L

=5.2 x 1072 mol NaOH

% 1.00 L HCIOg = 5.2 x 1072 mol HC1O4

40.00 g NaOH
1.0 mol NaOH

0.052 mol NaOH x =2.1 g NaOH

449.

Given: NHjs solute; pH =
11.90; 1.00 LL
NHj solution

Unknown: moles HCI to
react

pOH = 14.00 — 11.90 = 2.10
[OH] = antilog (-2.10) = 1.0 x 10210 = 7.9 x 103 M

7.9 x 1073 mol
10L

x1.00 L =7.9x 10 mol OH™ = 7.9 x 10~ mol HCl

450.

Given: pH = 3.15

Unknown: [H30™];
[OHT]

[H50*] = antilog (-3.15) = 1.0 x 1031 = 7.1 x 10™* M

1.0 x 10714 M2
(o] = LO10 M 10
71x10%M
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451. Given: 20.00 mL HBr; HBr + NaOH — NaBr + Hy,O

20.05 mL of
0.1819 M NaOH 0.1819 mol NaOH

% 20.05 mL x— =~ 3.647 x 103 mol NaOH

Unknown: molarity L 1000 mL

HBr 1 mol HBr

3.647 x 1072 mol NaOH x = 3.647 x 10~3 mol HBr

1 mol NaOH
3.647 x 1072 mol HB
x 10~ mol LBr 1000mL _ 1594 M HBr
20.00 mL 1L
452. Given: 15.00 mL CH3COOH + NaOH — NaCH3COO + HyO
CH3COOH;
92.70 mL of 0.550 mol NaOH 1L P
0.550 M NaOH —L x 22.70 mL x —1000 = 1.25 x 107“ mol NaOH
Unknown: molarity of
CH,CO0H  1.25x 102 mol NaOH x 2L CHsCOOH _ 4 o5, 10-2 1mol criscoom
1 mol NaOH
1.25 x 1072 mol CH;COOH
x 10~ mol CHy 1000 mL _ ) o35 M CH,CO00H
15.00 mL 1L
453. Given: 20.00 mL Sr(OH), + 2HC1 — SrCl, + 2H0
Sr(OH)y;
43.03 mL of 0.1159 mol HCI 1L 3
01159 M HCI — X 43.03 mL x 1000 L. 4.987 x 1072 mol HC1
Unknown: molarity of
Sr(OH), 4.987 x 1073 mol HCI x 22T OH)s _ 5 494 % 1078 mol Sr(OH),
. 2 mol HCI1
solution
2.494 x 102 mol Sr(OH
X mol Sr(OH), o 1000 mL _ 0.1247 M Sr(OH)y

20.00 mL

454. Given: 35.00 mL NH3 2NH3 + HQSO4 - (NH4)QSO4

solution;
54.95 mL of 0.400 mol HySO4 1L )
== =2 %5495 mL x ———— = 2.20 x 10 mol H,SO
0.400 M H,S0, L 1000 mL e
Unknown: molarity of 2 mol NH;

NHj solution  2.20 x 1072 mol HpSO, x =4.40 x 1072 mol NH3

1 mol HZSO4

4.40 x 1072 mol NH3 1000 mL
35.00 mL 1L

= 1.26 M NH;4
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455. Given:

28.25 mL of
0.218 M NaOH;
2.000 g acetic
acid diluted to
100.00 mL;
20.00 mL acetic
acid

Unknown: % acetic acid

in stock
solution

0.3333 M

CH3COOH + NaOH — NaCH3COO + Hy0

0.218 mol NaOH 1L

x 28.25 mL x =6.16 x 1073 mol NaOH

00 mL

1 mol CH3COOH
1 mol NaOH

6.16 x 10~° mol CH3COOH
20.00 mL

2.000 g CH;COOH
100.00 mL

6.16 x 10~ mol NaOH x = 6.16 x 10~ mol CH3COOH

1000 mL _ ) 308 M CHLCOOH

1 mol CH3COOH
60.06 g CH3COOH

1000 mL
X—X
1L

= 0.3333 M CH3COOH

0-308 M _ 100 = 92.5% CH;COOH

456. Given: 9.709 g Nay,COg3 NayCO3 + 2HC1 — 2NaCl + HyO + COq
diluted to
1.0000 L; 0.1022 mol HCL _ 16 90 T, x— L~ 1797 % 1073 mol HCI
10.00 mL 1000 mL
NayCOg solu-
tion; 16.90 mL of -3 1 mol NagCOg 4
0.1022 M HCI 1.727 x 107 mol HCI x o molHCL - 8.635 x 107" mol NayCOg
Unknown: percentage of 8 635 x 107 mol NagCO3 1000 mL
- L -18.635x 1072 M NayCO
Na;COs 10.00 mL 1L X a2ts
9.709 g Nay,CO 1 mol Na,CO
£ A9V 8 DO TA2V8 9160 x 102 M NayCOs
1.0000 L 105.99 g NayCO;
8.635 x 1072 M NayCOs
x 100 = 94.27% NayCO
9.160 x 102 M NayCOj N
457. Given: 50.00 mL KOH;  KOH + HCI — KC1 + H,0
27.87 mL of
0.8186 MHCl 08186 molHCl o7 or  p IL 995151072 mol HCI
Unknown: molarity of 1000 mL
KOH
2,281 x 102 mol HCI x L2 EOH _ 9 91 % 1072 mol KOH
1 mol HCI1
2.281 x 1072 mol KOH
e 1000 mL _ 5 4569 M KOH
50.00 mL
458. Given: 15.00 mL CH3COOH + NaOH — NaCH;3COO + HyO
CHsCOOH, 0.9940 mol NaOH
34.13 mL of - mol Na 1L 2
0.9940 M NaOH L x 34.13 mL x —1000 - 3.393 x 107 mol NaOH
Unknown: molarity of 1 mol CH-COOH
CH,COOH  8.393 x 1072 mol NaOH x ——— 2=
1 mol NaOH

= 3.393 x 1072 mol CH3COOH

3.393 x 1072 mol CH3COOH 1000 mL

=2.262 M CH3COOH
15.00 mL 1L
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459. Given: 12.00 mL NHj
solution,;
19.48 mL of
1.499 M HNOg

Unknown: molarity of
NHj solution

NH3 + HNO3 d NH4NO3

1.499 mol HNOj 1L

x 19.48 mL x =2.920 x 1072 mol HNOg

00 mL
1 mol NHj3

=2.920 x 1072 mol NHj
1 mol HNOg

2.920 x 1072 mol HNOj x

2.920 x 1072 mol NH;
12.00 mL

1000 mL

=2.433 M NHj

460. a. Given: 1 mol acid :
1 mol base;
My = Msg;
20.00 mL
base

Unknown: V of acid
b. Given: M = 2My;

20.00 mL
base

Unknown: V of acid

c. Given: Mg = 4M;

20.00 mL base because M x V provides number of moles, which are in a
1:1ratio

M x Va = Mg x 20.00 mL
2Mp x Va = Mg x 20.00 mL

_ Mg x20.00 mL base
- 2Mp

Va =10.00 mL

MAXVA=MB><20.00D’1L

20.00 mL
base My x Va = 4M 4 x 20.00 mL
Unknown: V of acid A« X 20.00 mL
X . m
Vy= A2 T 80.00 mL
My
461. Given: 10.00 mL stock HF + NaOH — NaF + Hy0O

HF diluted to
500.00 mL; 0.1500 mol NaOH
20.00 mL HF; T x1351mLx 10010—LL = 2.026 x 10~° mol NaOH
13.51 mL of m
0.1500 M NaOH

2.026 x 10~ mol NaOH x —- 2L HF 5 696 x 1073 mol HF

Unknown: molarity of 1 mol NaOH
stock HF 2.026 x 10° mol HF 1000 mL
: x —2 Y _ 01013 M HF
20.00 mL 1L
0.1013 mol HE _ ) 00 mL x — X — 0.05065 mol HF
00 mL
0.05065 mol HF' 1000 mL _ . ooy pos
10.00 mL
462. Given: 16.22 mL of W x 16.22 mL x $ =8.159 x 1073 mol KOH
0.5030 M KOH; 00 mL
18.41 mL 1 mol acid
diprotic acid 8.159 x 10~ mol KOH x —————— = 4.080 x 10~ mol acid
2 mol KOH
Unknown: molarity of 3
acid 4.080 x 10° mol acid 1000 mL

X =0.2216 M acid
18.41 mL 1L
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463.

Given: 42.27 mL of
1.209 M NaOH;
25.00 mL HQSO4

Unknown: molarity of
the HQSO4

HQSO4 + 2NaOH — NaZSO4 + ZHQO

1.209 mol NaOH 1L

x 42.27 mL x =5.110 x 102 mol NaOH

00 mL

1 mol HQSO4

= 2.555 x 1072 mol HySO,
2 mol NaOH

5.110 x 1072 mol NaOH x

2.555 x 1072 mol HyS0,
25.00 mL

1000 mL _ 4 699 M HyS0,

464.

Given: 1 mol acid: 1 mol
base; 0.7025 g

1 mol KHCgH404
204.23 g KHCgH404

0.7025 g KHCgH404 X

KI‘ICSH404; _ —3
Unknown: molarity of -3 1 mol KOH _3
3.440 x 10 1 KHCgH,O =3.440 x 10 1 KOH
KOH © AP mo 844X 1ol KHCH,0, © AP mo
3.440 x 1072 mol KOH
X2 mo 1000 mL _ 4705 M KOH
20.18 mL
465. Given: 20.00 mL 2025 mol NaOH _ 47 5 11— 11 _ 3449 % 102 mol NaOH
triprotic acid; 00 mL
17.03 mL of 1 mol acid
2.025 M NaOH 3.449 x 1072 mol NaOH x ——— == = 1.150 x 102 mol acid
3 mol NaOH
Unknown: molarity of 2 ol acid
; 1.1 10~ i
acid 50x10 “mol acid 1000 mL _ ) <70 M acid
20.00 mL 1L

466.

Given: 41.04 mL KOH;
21.65 mL of
0.6515 M HNOg

Unknown: molarity of

KOH

KOH + HNO3 — KNO; + Hy0

0.6515 mol HNO
mo 3 1 91.65 mL x — L=

——— =1.410x 1072 mol HNO4
L 1000 mL

1 mol KOH
1 mol HNOg

1.410 x 1072 mol KOH 1000 mL
41.04 mL 1L

1.410 x 1072 mol HNOg x =1.410 x 1072 mol KOH

=0.3436 M KOH

467.

Given: 20.00 mL of
2.00 M HzSO4;
1.85 M NaOH

Unknown: V of NaOH

HzSO4 + 2NaOH — NaQSO4 + 2H20

1L

% 20.00 mL x
10

w = 4.00 x 102 mol HySO,

mL

2 mol NaOH
1 mol HzSO4

8.00 x 1072 mol NaOH
1.85 mol/LL

4.00 x 1072 mol HySO,4 x = 8.00 x 102 mol NaOH

=0.0432 L NaOH = 43.2 mL NaOH
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468. Given:

0.5200 M HQSO4;
100.00 mL of
0.1225 M
Sr(OH),

Unknown: V of HySOy4

H,SO0, + Sr(OH)y — SrS0, + 2H,0

0.1225 mol Sr(OH
mol SrOH)s 100,00 mL x — L= = 1.995 x 102 mol Sr(OH),
L 1000 mL
1 1’1’101 HQSO4

1.225 x 102 mol Sr(OH), x =1.225 x 1072 mol H,SO,

1 mol Sr(OH)y
1.225 x 1072 mol HyS0,

=0.02356 L HzSO4 = 23.56 mL HzSO4

0.5200 mol/L
469. Given: 4.005 g KOH in KOH + HCI — KC1 + HyO
200.00 mL solu-
tion; 25.00 mL 0.4388 mol HCl 1L

% 19.93 mL x = 8.745 x 1073 mol HC1
1000

KOH; 19.93 mL m
0f 0.4388 M HC1
_3 1 mol KOH _3 .
Unknown: moles KOH 8.745 x 107° mol HCl x ———— = 8.745 x 107 mol KOH in 25.00 mL
. ) 1 mol HCl
in 4.005 g;
mass KOH,;
percent KOH  8.745 x 103 mol KOH x 200-001L _ ¢ 996 10-2 mol KOH
00 mL
in 4.005 g KOH
6.996 x 102 mol KOH x 20118 KOH _ 4 507 - koM
1 mol KOH
3.925 8, 100 = 98.00% KOH
4.005 g
470. Given: 558 mL of Mg(OH)y + 2HC1 — MgCls + 2H50
3.18 M HCI1
Unknown: mass of M x 558 mL x L =1.77 mol HC1
to react
1.77 mol HC1 x L 2OLMOH); _ ) aar 1ol Ma(OH),
2 mol HCl
58.32 ¢ Mg(OH),
0.885 mol Mg(OH ——————— =51.6 g Mg(OH
mol Mg(OH)2 X = o1 Me(OHD), g Mg(OFD;
471. Given: 12.61 mL NH;y 1.25 mol HCI % 5.19 mL x 1L = 6.49 x 10 mol HCI
solution; 1000 mL
5.19 mL of 1 mol NH
1.25 M HC1 6.49 x 1073 mol HC1 x —————2 = 6.49 x 10> mol NHj
1 mol HCl
Unknown: molarity of 6.49 x 10-% mol NH
NHj solution A9 X mo 3 1000 mL
6l x = =0515 M NH;

472. Given:

5.090 g sample
0f 92.10% NaOH;
2.811 M diprotic
acid

Unknown: V of acid

5.090 g NaOH x 0.9210 = 4.688 g NaOH

1 mol NaOH 1 mol acid

4.688 g NaOH x X
40.00 g NaOH 2 mol NaOH

=0.05860 mol acid

0.05860 mol acid
2.811 mol/L

=0.02085 L acid = 20.85 mL acid
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473. Given: 43.09 mL of Ba(OH)g + 2HCI1 — BaCl, + 2H50

01020 W 0.1529 mol Ba(OH)
Ba(OH)y; .1529 mol Ba 2 1L _3
26.06 T HC L x 43.09 mL x —1000 i 6.588 x 107 mol Ba(OH)y
for Ba(OH)y;
27.05 mL HCl 6.588 x 107 mol Ba(OH)y x —2 A HCL 1 3185102 mol HO
for 15.00 mL 1 mol Ba(OH)q
RbOH 2 ol HCL
1.318 x 107 mo 1000 mL
a. Unknown: molarity 26.06 mL X == = 0.5058 M HCI
of HCI 06 m 1L

b. Unknown: molarity HCI + RbOH — RbCl + H,O
of RbOH

05058 mol HCL o7 r 15— 1L _ 1 368 % 102 mol HCI
L 1000 mL,

1 mol RbOH
1 mol HCI1

1.368 x 1072 mol RbOH 1000 mL
15.00 mL

1.368 x 102 mol HCI x =1.368 x 1072 mol RbOH

=0.9120 M RbOH

474. Given: 2800 kg of 6.0 M  Ca(OH), + 2HCI — CaCly + 2H,0

HCL; Dyycg =
1.10 g/mL, 2800 kg HCI x lmb 1000g, 1L __o5001, 11
Unknown: mass 110g 1lkg 1000 mL
Ca(OH)q
6.0mol HCL 92001, = 1.5 x 10% mol HCI
1.5 x 104 mol HC1 x L 20LCaOH) _ 7 168 mol Ca(OH),

2 mol HCI1

74.10 g Ca(OH)y

7.5 x 102 mol Ca(OH
X107 mol CalOH)y x =7 1 o (OmD,

=5.6 x 105 g Ca(OH),

= 560 kg Ca(OH),

475. Given: 1.00mLHNO;  Ba(OH), + 2HNO;3 — Ba(NO3)y + 2Hy0

Jiuted to 0.0177 mol Ba(OH)
200.00 mL; : mol bal 2 1L 4
10.00 mL of L x 23.94 mL x 1000 L.~ 4.24 x 107" mol Ba(OH),
diluted HNOs; 2 mol HINO
23.94 mL of 4 mo 3 _ 4
0.0177 M 4.24 x 107" mol Ba(OH)g x 1 mol Ba(OH), 8.48 x 107" mol HNOg
Ba(OH),
—4
Unknown: molarity of 8.48 x 10"~ mol HNOs X 1000 mL =848x102M HNO3
original 10.00 mL 1L
FINOs 8.48 x 1072 mol HNO
20X 0 MmO 3 % 200.00 mL x — 1 = 1.70 x 10~ mol HNO4
1L 1000 mL

1.70 x 1072 mol HNO; 1000 mL
1.00 mL

=17.0 M HNO;

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

373



476. Given: 4.494 M HQSO4; HQSO4 +2LiOH — Ll2SO4 + 2H20
7.2280 g LiOH
. 1 mol LiOH .
: 7.2280 g LIOH x ——————— = 0.3018 mol LiOH
Unknown: V of HySOy4 g 93.95 g LIOH
0.3018 mol LiOH x L2 H2504 _ 6 1509 101 1,80,
2 mol LiOH
0.1509 mol HzSO4
477. Given: 5COx(g) + (1) CO(g) + SiO4(s) — SiO(g) + COy(g)
Si3N4(S) - . .
3Si0(s) + (2) 8COy(g) + SigNy(s) — 3Si09(s) + 2N50(g) + 8CO(g)
2N50(g) + 5CO(g) AH poaction 1 = +520.9 kJ
AH eaction 2 = +461.05 kJ
Unknown: reaction 3[CO(g) + Si0y(s) — SiO(g) + CO9(g)]  AH = 3(+520.9) = +1562.7 kJ
enthalpy for
the given 8CO0q(g) + SigNy(s) — 3Si09(g) + 2NoO(g) + 8CO(g) AH = +461.05 kJ
reaction 5C04(g) + SisNy(s) — 3Si0(s) + 2N50(g) + 5CO(g)
AH = 2024 kJ
478. Given: CaCOg(s) — 3
CaO(s?)) + COg) CaCOg(s) — Cal(s) + C(s) + EOz(g) AH = 1207.6 kJ/mol
Unknown: AH 1
Ca(s) + 502(g) — CaO(s) AH =-634.9 kd/mol
C(s) + Og(g) > CO9(g)  AH =-393.5 kdJ/mol
CaCOs3(s) = CaO(s) + CO9(g) AH =179.2 kJ/mol
479. Given: 2FeO(s) + Oy(g) 4Fe(s) + 309(g) — 2Fey03(s) AH =-1118.4 kJ/mol
—> Fe203(s)
Unknown: AH 2[2FeO(s) — 2Fe(s) + Og(g)]  AH = 2(+825.5) = +1651.0
4FeO(s) + Oq9(g) — 2Fey03(s)  AH =533 kd/mol
480. Given: NH3(g) + HF(g) 3
N N31(§4F(s) & NH;(g) — N(g) + EHg(g) AH = 45.9 kJ/mol
Unknown: AH 1
HF(g) — QHQ(g) +F(s) AH =273.3 kd/mol
N(g) + 2 Ho(g) + F(s) » NH4F(s) AH =-125 kJ/mol
NHj(g) + HF(g) - NH4F(s) AH =194 kJ/mol
481. Given: HyS(g) + O9(g) > AG = AH —TAS

Hy001) + SO9(g)
AI—Ireaction =
-562.1 kdJ/mol
ASreaction
=-0.092 78
kdJ/mol « K
T=25°C=298 K

Unknown: AG

=-562.1 kJ/mol — [(298 K)(-0.092 78 kdJ/mol « K)]
=—534.5 kJ/mol
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482.

Given: NaClOg(s) —

NaCl(s) + Os(g)
AH eaction =
—-19.1 kd/mol

ASreaction =
0.1768 kJ/mol « K

T=25°C=298K

Unknown: AG

AG = AH — TAS

=-19.1 kJ/mol — [(298 K)(0.1768 kJ/mol « K)]
=-71.8 kd/mol

483.

Given: CoHg(g) + Og(g)

— 2C09(g) +
3 HyO()
APlrezmtion =
—-1561 kd/mol

AS reaction =

—1.4084 kJ/mol « K

T=25°C=298K

Unknown: AG for com-

bustion of 1
mole of CoHg

AG = AH —TAS

=-1561 kdJ/mol — [(298 K)(—0.4084 kJ/mol « K)]
=-1683 kdJ/mol

484.

Given: Fo(g) + HoO(l) —

2HF(g) + Og(g)

Unknown: AH

2[Hy + Fg - 2 HF] AH = 2(-273.3) = -546.6 kJ/mol

2H,0 — 2Hy + Oy AH = +285.8

2F9(g) + 2H90() — 4HF(g) + O9(g) AH =-260.8 kJ/mol

485.

Given: CaO(s) + SO3(g)

— CaSO0y(s)
Hy0() + SO3(g)
— HyS04(1)

AH =-132.5
kd/mol
HyS04() + Calg)
— CaSO0y(s) +
Hy(g) AH =
—-602.5 kd/mol
Ca(s) + Oy(g) —
CaO(s) AH =
—634.9 kd/mol
Hs(g) + O2(g) —
Hy0() AH =
—285.8 kd/mol

Unknown: AH for reac-

tion of CaO
+ 803

CaO(s) — Ca(s) + %Og(g) AH = +634.9 kJ/mol

AH = -132.5 kdJ/mol
AH = -602.5 kd/mol

H,0(0) + SO5(g) — HyS0,4(0)
H,S04() + Ca(s) — CaSOy(s) + Hy(g)

Hy +305 - HyO()  AH = —285.8 kJ/mol

CaO(s) + SO3(g) —» CaSO0y(s) AH =-385.9 kJ/mol

486. Given: NayO(s) + SOq(g)

4 NaQSO3(s)

Unknown: AH

NayO(s) — 2Na(s) +305(g)  AH = +414.2 kJ/mol

SO5(g) — S(s) + Ogg)  AH = +296.8 kJ/mol

2Na(s) + S(s) + 505(g) — NagSOg(s)  AH =-1101 kJ/mol

NayO(s) + SO9(g) = NagSO3(s)  AH =-390. kdJ/mol
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487. Given:

C4HgOH() C4HgOH(]) + 605(g) — 4CO9(g) + 5H0(1)  AH,. =-2675.9 kJ/mol
+

0:3{2;%)0?)}1(1) 4COq(g) + 4H50(]) — C3H,COOH() + 505 (g) AH, = 2183.6 kJ/mol
+ Hy00);

C4I{290H(l) + C4HgOH(]) + O9(g) » C3H;,COOH() + HoO(l) AH =-492.3 kJ/mol
605(g) — 4CO4(g)

+5H0() AH,=

—2675.9 kJ/mol;

C3H,COOH()

+ 509(g) —

4CO9(g)

+4H,0() AH,=

—2183.6 kd/mol

Unknown: AH for oxida-

tion of
C4H90H to
make
C3H,COOH

488. Given:

CuO(s) + Hy(g)  AG = AH — TAS

— Cu(s) + HyO@) kJ
AH = AS = (=70.1 J/mol-K)( ) =-0.0701 kJ/mol« K
—128.5 kd/mol 1000 J
AS =-170.1 AG = -128.5 kJ/mol — [(298 K)(—0.0701 kJ/mol « K)]
J/mol«K
T =25°C = 298 K =-107.6 kJ/mol
Unknown AG

489. Given: Nal(s) + Cla(g) _
S NaCl(s) + 1) AG=AH-TAS
AS=-79.9 AH + AG + TAS
J/mol«K kJ
AG = AS = (~79.9 J/mol-K)(—) =-0.0799 kJ/mol « K
—98.0 kJ/mol 1000 J

T=25°C=298K \pr_ 980 %kJ/mol + [(298 K)(~0.0799 kJ/mol - K)] = —121.8 kJ/mol

Unknown: AH

490. Given:

4HBr(g) +
MnOy(s) —

Net AH = [Sum of AHy of products] — [Sum of AH of reactants]
MnBry(s) + _
2 —291.3 = [AHanBrZ +2AHpy o+ AHfBrz} -

2H50() + Bry(D)
AH =-291.3
kdJ/mol; 4 AI-IICHBI' + AIJ}CMnOz

T=25°C=298K o 3 [x+(2)(_258.8)+ (0)] - [(4)(_36.29) + (_520)]

AHY o =—36.29

kd/mol ~291.3 = x + 93.56

AH? =

_52'c(lf B%J/mol —291.3 — 93.56 = x = —384.9 kJ/mol
AHpy o =-285.8

kd/mol

AHpp,, = 0.00

kdJ/mol

Unknown: AH} of

MnBry(s) = x
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491. Given: CaCy(s) +
CoHy(g) +
Ca(OH)y(s)
AG =
—147.7 kJ/mol
AH =
—125.6 kJ/mol
T=25°C=298 K

Unknown: AS

AG = AH — TAS

AS = (AH - AG)/T
= [-125.6 kdJ/mol — (=147.7 kJ/mol)]/298 K
= 0.0742 kd/mol

492. Given: NH4NOg3(s) —
NyO(g) +
2H,0(g)

AS =446.4
J/mol«K
T =25°C =298 K

Unknown: AG

2N(g) +302(g) —» NxO(g)  AH = 82.1 kJ/mol
2[Ha(g) + %Oz(g) S HyO(@)]  AH = (2)(-241.82) = —483.64 kJ/mol
2[H0() — Hy(g) +302(9)]  AH = (2)(285.8) = 571.6 kJ/mol

NH,NOg(s) — Ny(g) + 2H,0() + 205 AH = 365.56 kJ/mol

NH4NO3(s) - NoO(g) + 2Ho0(g)  AH = —35.98 kJ/mol
AS = (446.4 J/mol « K)(kJ/1000 J) = 0.4464 kJ/mol K
AG = AH -TAS
=-35.98 kd/mol — [(298 K)(0.4464 kJ/mol « K)] = —169.0 kJ/mol

493. a. Unknown: Chemical
equations for com-
bustion of (1) 1 mol
of methane (CHy)
and (2) 1 mol of
propane (CgHg)

b. Unknown: Enthalpy
change (AH) for each
reaction

¢. Unknown: Heat out-
put per kilogram of
each fuel

1. methane: CHy(g) + 205(g) — COs(g) + 2H,0(1)
2. propane: C3Hg(g) + 5049(g) — 3CO9(g) + 4H50(g)

1. methane: CHy(g) — C(s) + 2Ho(g) AH = 74.9 kJ/mol
C(s) + Og(g) - COq9(g) AH =-393.5 kd/mol

2[Hy(g) + 105() - HyO(g)]  AH = (2)(~241.82) = —483.64 kJ/mol

CHy(g) + 2049(g) = COg(g) + 2H50(g)  AH =-802.2 kJ/mol
2. propane: 3[C(s) + O9(g) > CO9(g)] AH =(3)(-393.5) = -1180.5 kJ/mol

4[Hy(g) + 205(g) - HyO(g)]  AH = (4)(-241.82) = —967.28 kJ/mol

C3Hg(g) — 3C(s) + 4Hy(g) AH = 104.7 kJ/mol

C3Hg(g) + 505(g) — 3C0y(g) + 4H,0(g)  AH = —-2043 kJ/mol

mol CHy
16.05 g CHy

(62.3 mol CH,)(-802.2 kJ/mol) = —4.998 x 10+ kJ/kg

1. methane: (1000 g CH4)( ) =62.3 mol CHy

2. propane: (1000 g/CsHg 2318 ) _ 59 67 mol C4Hg
44.11 g C3H8

(22.67 mol C5Hg)(—2043 kJ/mol) = —4.632 x 10 kd/kg
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494. Given:

CoHs(g) + HoO()
— CH3CHO(@);
CoHs(g) +

204(g) — 2C05(g)
+ HyO() AH =
—1299.6 kd/mol;
CH3CHOQ) +
204(g) — 2C05(g)
+ ZHQO(Z) AH =
-1166.9 kd/mol

Unknown: Enthalpy

(AH) for
reaction of
acetylene
with water

CoHs(g) + 2049(g) — 2C0q9(g) + HoO()  AH =-1299.6 kJ/mol

2C09(g) + 2Hy0(1) - CH3CHO() + 209(g)  AH = 1166.9 kJ/mol

CoHs(g) + HoO(l) - CH3gCHO()  AH =-132.7 kJ/mol

495. Given: CoHoo(l) + 10[C(s) + Og(g) - COg9(g)]  AH = (10)(=393.5) = —3935 kJ/mol
15049(g) —
10CO9(g) + 11[Hy(g) + %ogg) — Hy,0()]  AH = (11)(—285.8) = —3143.8 kJ/mol
11H,0(0)
AH  for liquid C1oHao(@) — 10C(s) + 11Hy(g)  AH = 300.9 kJ/mol
decane (C19Hgg)
=-300.9 kJ/mol  CyoHya(l) + 2 05(g) — 10COx(g) + 11H,0()  AH = —6777.9 kJ/mol

Unknown: Enthalpy

(AH) for com-
bustion of
decane

496. Given:

MgO(s) +
2HCl(g) —
MgCly(s) +
Hy0();

Mg(s) + 2HCl(g)
— MgCly(s) +
Hy(g) AH =
-456.9 kd/mol;
Mg(s) + Og(g) —
MgO(s) AH =
—601.6 kJ/mol;
Hy0() — Hy(g)
+ Og(g) AH =
+285.8 kJ/mol

Unknown: Enthalpy

Mg(s) + 2HCl(g) —» MgCly(s) + Ho(g) AH =-456.9 kJ/mol

MgO(s) - Mg(s) + 309(g)  AH = 601.6 kJ/mol

Hy(g) +509(g) — HyO(l)  AH = —285.8 kJ/mol

MgO(s) + 2HCl(g) — MgCly(s) + HO(l) AH =-141.1 kJ/mol

(AH) of reac-

tion of MgO

with HC1

497. Given: 2NaOH(s) + 2[2Na(s) + %Oz(g) — NayO(s)] AH =(2)(-414.2) = -828.4 kJ/mol

2Na(s) g
2Nay0(s) + Hyo(g) 2[NaOH(s) — 2Na(s) + Oa(g) + Ha(g)l  AH = (2)(425.9 = 851.8 kd/mol
AS =106 2NaOH(s) + 2Nas) — 2NagO(s) + Ha(g) ~ AH = 23.4 kJ/mol
J/mol K

ANaOH = AS =(10.6 J/mol « K)(kJ/1000 J) = 0.0106 kJ/mol
;4—2 E;;’léJfg(gs g AG=AT-TAS

- - = 23.4 kd/mol — [(298 K)(0.0106 kd/mol « K)]
Unknown: AG = 920.2 kJ/mol
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498. Given: NH3(g) + HCl(g)
— NH4Cl(s)
T=25°C=298 K
AG =
-91.2 kd/mol

Unknown: Entropy
change (AS)
in J/mol K

Ny(g) + 2Hy(g) + 5Cly(g) — NH,Cl(s)  AH = -314.4 kJ/mol
NHs(g) — 2No(g) + SHalg)  AH = 45.9 kJ/mol

HCl(s) - 3Ha(g) + 3Clale)  AH = 92.3 kJ/mol

NHjs(g) + HCl(g) - NH4Cl(s) AH =-176.2 kJ/mol
AG = AH — TAS

AS = AH — AG/T
= (=176.2 kd/mol) — (-91.2 kJ/mol)/298 K

1000 J

= (-0.285 kJ/mol » K)( ) =—285 J/mol-K

499. a. Given: 3C(s) +
F8203(S) —>
3CO(g) + Fe(s)
AHoo(g) =
-110.53
kd/mol

Unknown: Enthalpy
(AH)

b. Given: 3Mn(s) +
FesO3(s) —
3MnO(s) +
2Fe(s)
AHl(gl\/[no(S) =
-384.9 kd/mol
Unknown: AH

¢. Given: 12P(s) +
10Fe203(s) —>
3P4010(8)

+ 20Fe(s)
A1'179134010(3) =
-3009.9
kdJ/mol
Unknown: AH

d. Given: 3Si(s) +
2F6203(S) -
3 SiOy(s) +
4Fe(s)
AH} Si04(8) =
-910.9 kd/mol
Unknown: AH

e. Given: 3S(s) +
2 F8203(S) —
3 SOz(g) +
4 Fe(s)

Unknown: AH

3C(s) +205(g) > 3C0(g)  AH = (3)(~110.53) = ~331.59 kJ/mol

Fey03(s) — 2Fe(s) + 209(g)  AH = +1118.4 kJ/mol

3C(s) + FeoO3(s) —» 3CO(g) + 2Fe(s)  AH = 786.8 kdJ/mol

3[Mn(s) + 205(@) - MnO(s)]  AH = (3)(-384.9) = ~1154.7 kJ/mol

Fey03(s) — 2Fe(s) + 509(g)  AH = +1118.4 kJ/mol

3Mn(s) + FegOg(s) — 3MnO(s) + 2Fe(s) AH =-36 kd/mol

3[4P(s) + 509(g) — P401¢(s)]  AH = (3)(=3009.9) = —9029.7 kJ/mol

F10[Feg03(s) — 2Fe(s) + 205(g)]  AH = (10)(1118.4) = 11 184. kJ/mol

12P(s) + 10Fes05(s) — 3P4010(s) + 20Fe(s)  AH = +2154 kJ/mol

3[Si(s) + Og(g) — SiOg(s)]  AH = (3)(=910.9) = 2732.7 kJ/mol

2[FeyO3(s) — 2Fe(s) + 205()]  AH = (2)(1118.4) = 2236.8 kJ/mol

3Si(s) + 2Feg03(s) — 3Si0qg(s) + 4Fe(s) AH =-496 kd/mol

3[S(s) + O9(g) = S09(g)]  AH = (3)(—296.8) = —890.4 kJ/mol

2[Fey03(s) — 2Fe(s) + 205(g)]  AH = (2)(1118.4) = 2236.8 kJ/mol

3S(s) + 2Fes03(s) — 3S0s(g) + 4Fe(s)  AH +1346.4 kJ/mol
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500. a.

Given:A=C+D
[A] = 2.24 x
102 M
[C] =6.41 x
1073 M
[D] =6.41 x
1072 M
Unknown: K

. Given:A+B=C

+D

[A] = 3.23 x

10° M = [B]

[C] = 1.27 x

102 M = [D]
Unknown: K

. Given:A+B=2C

[A] = 7.02 x
102 M = [B]
[C] = 2.16 x
102 M
Unknown: K

. Given: 2A = 2C

+D

[A] = 6.59 x
104 M

[C] =4.06 x
102 M

[D] =2.03 x
102 M

Unknown: K

Given: A+ B =C
+D+E
[A] = 3.73 x
1074 M = [B]
[C] =9.35 x
1074 M = [D]
= [E]

Unknown: K

Given: 2A + B=2C
[A] = 5.50 x
1073 M
[B] = 2.25 x
1072 M
[C] =1.02 x
102 M
Unknown: K

[CID] _ (6:41 x 107 M)*

=—— =1.83x107
A] - 224x102M _ 88x10
_[ClD] _ 1.27x102 M2 _ o
T [AlB]  (3.23x107°M)2
2 (216 x102M)?

[A][B] (7.02 x 1073 M)?

[CI2D]  (4.06 x 107 M)*(2.03 x 1073 M)

IVNE (6.59 x 10~ M)2

[CIDI[E] _ (9.35 x 10~* M)?
[Al[B]  (8.73x10*M)? ~

[C]? (1.02 x 1072 M)2

=5.88x1073

TIARB] - (550 x 1075 M)2(2.25 x 102 M)
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501. Given: 2A(g) = 2C(g) _[C1’[D]
+D(g) NG
[A] =1.88x 107! o
M [D] = (K) [A]*/[C]
[C] = 6.56 M ) . )
Unknown: [D] =0.197 M
502. Given:T=700K _ [CoHgl
K=3.164 x 10 [CoH,4] [Ho]
CoHy(g) + Ha(g) y
= CoHg(g) [CoHgl 1.055 »
[CoH,] = = =5.39x10° M
Unknown: [CoH,] if 2747 H,) () (0.0619 M)(3.164 x 10%)
[Hy] = 0.0619
M and
[CoHgl =
1.055 M
503. Given:A + 2B =C _[CI[D]% _ (0.000 3378 M)(0.000 6756 M)* 108 % 10-7
+2D TIAIBZ T (0.0567 M)(0.1171M)2
[A] = 0.0567 M
[B] =0.1171 M
[C] = 0.000 3378
M
[D] = 0.000 6756
M
Unknown: K
504. Given: 2A =2C + 2D _ICIPIDI” _ (0.000 4104 M)*(0.000 4104 M) _ o 1
[A] =0.1077 M N 0.1077 M2 = L.asbx
[C] = 0.000 4104
M
[D] = 0.000 4104
M
Unknown: K
506. a. Given: COCly(g) = _ [COI[Cly]
COG) [COCL)
+ Cly(g) ( 312
T = 25°C [CO][Cly] _ (5.90 x10™
K =4.282 [COCl] = £= T iszxi0? SS13X107M
x 1072
[CO] = 5.90 x
1073 M = [Cly]
Unknown: [COCls]
b. Given: COCly(g) = _ [COIICLy]
COk) [COCIy]
+ Cly(g)
K = 4282 S
x 107 " [COCly]
[COCI?] = 2
0.003 70 M 2
(€Ol = [l X = [COClL]
Unknown: [CO] and
[Cly] x = V(K) [COCly] = V/(4.282 x 1072)(0.003 70 M) = 0.0126 M
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507. Given: A(g) + B(s) =
C(g) + D(s)
K=1
T=500K
a. Unknown: [A] and
[C]

B and D are solids; therefore their concentrations = 1.
[CI[1]

Al
IfK = 1 [C][D] = [A][B]

AL [A]
Therefore, [A] = [C]

[l _[c]

508. Given: C(s) + HyO(g) =
CO(g) + Ho(g)
K=4251x102
T =800 K
[Hy0] = 0.1990
M

Unknown: [CO] and
[Ho]

Cisasolid; [C] =1
[CO][Hy]

[1]1[H50]
[CO][Hy] = (K) [Hy0]
x% = (4.251 x 1072)(0.1990 M)

x = V8459 x10° M

=0.0918 M
509. a. Given: 2NO(g) + O9(g) 3 [NOg]?
=2NOq(g) " INOI%[0y]
T =500 K y 5
K=1671x10% [NOgl” = KINOJ“[Og]
[NOJ = 6.200 x
102M [NO,] = +/KINOI%[0,]
[02]3 =8.305 x
10 M =V(1.671 x 10%)(6.200 x 1072 M)%(8.305 x 10~ M)

Unknown: [NOg]

b. Given: T'= 1000 K

=0.7304 M

[NO] /KINOIZ[Oy]

K =1.315 x
1072
[NO] = 6.200 = V(1315 x 1072)(6.200 x 102 M)%(8.305 x 10~> M)
x 1072 M
[09] =8.305x =6.479x10*M
10° M
Unknown: [NOg]

511. b. Given: Hy(g) + Bro(g) _ [HBr)?
K = 5.628 x [FL] [(Bro]
10'® [Hylipiti  [Ha] = [Brgl =x
= [Brolinitial 9
[HBr] = 0.500 o= [HBr]
M (K)(x)

Unknown: [Hs]

s (0.500 M)

X = oa - 1018
(5.628 x 10°°)

2
x= (0500 M M)ls =2.11x1071°M
(5.628 x 1018)
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512. Given: NoFy(g) =2

i INFo” _ (1131 x 107 M)?

=1.281x 107
NFZ(g) F M
T [NoF4] 0.9989
[NoF,] = 0.9989
M
[NFy] = 1.131 x
103 M
Unknown: K
513. Given: N;Oy(g) = [NOg? _ (524 x 107 W)* 3
2NOy(g) K= N,O.  (5.95x1071M) 46110
T = 25°C 2z
[NoO4] = 5.95 x
1071 M
[NOy] = 5.24 x
102 M
Unknown: K
514. a. Given: NaCN(s) + x - HCN][NaCl)
HCl(g) = " [NaCNJ[HCI
HCN(g) + (NaCNIHCT]
NaCl(s) NaCN and NaCl are solids; therefore their concentrations equal 1.
Unknown: Expres- [HCN]
sion for K=——
equilib- [HCI]
rium con-
stant (K)
b. Given: K = 2.405 K= [HCN]
x 10° [HC
[HCN] =
0.8959 M ep < HONI _ 0.8959M oo 0 oor
Unknown: [HCI] K  2.405x10°
515. a. Given: CHy(g) + _ [COlH)?
Hy0(g) = =
COGe) + [CH4J[H20]
3 Ha(g) 3.112 x 10%) (3.70 x 1072 M)(8.27 x 101 M
ALTI0K K [CO] = () [CH4Hz01 _ ( MX )
=3.112 x 102 [Hy) (1.56 M)
b. Temperature = 110 =251M

K, K = 3.112 x 10
[Hyl = 1.56 M

[CHy =3.70x 102 M
[H;0] =8.27x 101 M

Unknown: [CO]
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516. Given: N204 = NOZ

T=20°C=293K

N204 = ZNOZ

2 —3 2
[NZ%] =255 K- [NOo] _ (10.4 x 10 3M) - 0.0424
x10™ M [NgO4 (2,55 107 M)
[NOg] = 10.4
x 1072 M
Unknown: K
517. Given: N204 = N02 N204 = 2N02
T =20°C =293 K ) e
IN5Oy] = 2.67 K= NOal”_ (10.2x10 D 0.0390
x107° M [NyO4l 2.67x107°M
[NOy] = 10.2
x 1072 M
Unknown: K
518. Given: T = 25°C HCOOH + Hy0 = H50" + HCOO™
[HCOOH] =
0.025 M _ [H30"][HCOO]
[H30*] = 2.03 “ [HCOOH]
x 10 M . ~ B
Unknown: K, [H30%] = [HCOO] =2.03x10° M
[HCOOH] = 0.025 — 2.03 x 10~ = 0.022 97 M
—3\2
K, =203x10707 4 g 10
0.022 97
519. Given: [HIOs] = 0.400 M

pH =0.726
T =25°C
Unknown: K,

pH = -log [H30"]
log [H30"] = —pH
[H50"] = antilog (~pH)
[H30*] = 1 x 10PH
-1x 10—0.726
=0.1879 M
HIO3 + HyO 2 H30" + 105~
[H30"] = 10371 = 0.1879 M
[HIO;] = 0.400 — 0.1879 = 0.212 M

_ [H30"10057] _(0.1879)
¢ [HIOz] 0.212

=0.167
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520. Given: [HCIO] = 0.150
M
pH =4.55
T =25°C
Unknown: K,

[H30"] = antilog (—pH)
[Hs0*1=1x10PH=1x104%=28x%x 107
HCIO + HyO = H30" + C1O™

[H30*] = [C10T1=2.8x107°M

[HCIO] = 0.150 - 2.8 x 1070 = 0.15 M

+ - 5,2
K = [H30"1[C107] _ (2.8x107?) —5.9x%107
[HC1O] 0.15
521. Given: [CH3CHyCH, a. pH = —log [H50%]
NHQJ =0.039 M [H30+] [OH] =1x 10—14 M2
[OH !}= 3.74
x 107" M 1.0 x 10—14 M2
o —12
Unknown: (a) pH of [H507 = 374 %103 M 2.67x107" M
solution; o
(b) Kp for pH =-log (2.67 x 107°) = 11.573
propylamine

b. CH3CH,CHoNH, + HoO = CH3CH20H2NH3+ + OH™

[CH;CH,CH,NH;*1[0H ]
b= [CH3CH,CH,NHS,]

[OH™] = [CH;CH,CH,NH3" = 3.74 x 107° M
[CH3CH,CH,NH,] = 0.039 — 3.74 x 1075 M = 0.03526

—3\2
K = (3.74 x1077)

b =4.0x107*
0.03526

522. Given: K, of HNO, =
4.6x1074
T =25°C
[HNOg] = 0.0450
M

Unknown: [H307]

HNOy + HyO = H30" + NO;y
_ [H30"1[NOy ]

[HNOo]
[H30*] = [NO3] = x

K,

x? = (K,)[HNOy] = (4.6 x 107)(0.0450 M) = 2.07 x 10> M

x=V2.07x10°M=45x102M
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523. Given: [HN3 =0.102M a. pH = -log [H30"] = —log (1.39 x 107%) = 2.857

(H507] = 1.39
10° M _
?:25°c b. HN;+ Hy0 =H30" + N3
Unknown: a. pH [H30*1[N3]
b.K Ko=—rma
- K, [HNs]

[H30" =[N3l =1.39x 102 M
[HN3] = 0.102 M — 1.39 x 107> M = 0.10061 M

—3\2
K = (1.39 x1077)
0.10061

=1.92x107°

524. Given: [BrCH,COOH] a. pH =-log [H30"] = —log (0.0192) = 1.717

=0.200 M
[Hg0"] = H.OF -
0.0192 M b. BrCH,COOH + Hy0 = H50* + BrCH,COO
T = 25°C [H30*1[BrCH;COO]
Unknown: ;. pH “”  [BrCHyCOOH]
K,
[H30] = [BrCH,COO] = 0.0192 M
[BrCH,COOH] = 0.200 M — 0.0192 M = 0.1808 M
2
K, = Q01927 41078
0.1808
525. a. Given: B + HyO = (1) [H30*1[OHT] = 1.00 x 10~ M2
BH* + OH™ e
[Blinitial = + - 1.00x107" M” _ -11
0 4000 [H50"] = 5700 10 M =3.70x 1071 M
[OH7] = 2.70 "
x 1074 M (2) pH =-log (3.70 x 10~'1) = 10.431
Unknown: (1) [H30"]  (3) B 4 H,0 = BH* + OH"
(2) pH
(3) Ky [BH*][OH]
Ky="—"""°7-
[B]

[OH] = [BH*] =2.70 x 10* M
[B] = 0.400 M — 2.70 x 104 M = 0.399 73 M

K - (270 10742
0.399 73

=1.82x1077
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b. Given: Bjpitial =
0.005 50 M
[OH] =8.45
x1074 M
Unknown: (1) [B] at
equilib-
rium
(2) Ky
(3) pH

c. Given: [Blipitial =
0.0350 M

Unknown: (1) [H307]
(2) [OH]
(3) [B] at
equilib-
rium

4) Ky

d. Given: [B] at equilib-
rium =
0.006 28 M
[OHT] =
0.000 92 M
Unknown: (1) [Blipitial
(2) Kp
(3) pH

(D
(2)

3

(D
(2)

3)

(4)

(D

(2)

3

[B] at equilibrium = 0.005 50 M — 8.45 x 10 M = 4.66 x 10> M
B + H,O =BH" + OH~

R
K, = [BH"][OH]

[B]

[OH] = [BH*] =8.45x 10 M
_(8.45 x 107 M)?

4.66x10° M
pH = —log [H30"]

K, =153x107%

[H;0*1[OHT] = 1 x 10714 M?
1x 10714 M?
8.45x 1074 M
pH = —log (1.18 x 107!) = 10.93

[H30%] = =1.18x107 1M

[H30"] = antilog (—-pH) = 1x 10PH = 1x 107112 =513 x 1072 M
[H30*[OH] = 1 x 1074 M2

1x104M?  1x107* M2
[H30"] 5.13x 10712 M
[B] at equilibrium = 0.0350 M — 1.9 x 102 M =0.0331 M

[OH] = =19x103M

_[BH'I[OH]
[B]
[OH]=[BH" =1.9x10° M

Ky

—3\2
K, = I9XI07 4 10
0.0331

[B]eq = [B] initial — [OHT]
[Blinitial = [Bleq + [OH] = 0.006 28 M + 0.000 92 M = 7.2 x 103 M

. _
K, = [BH'][OH]

[B]

[OHT] = [BH*] = 0.000 92 M

&, - (0-000 92 M)?
0.006 28 M

pH = —log [H30"]

=1.35x107*

[H;0%] [OH] = 1 x 10714 M2

1x10MM?
0.000 92 M
pH = -log (1.1 x 10711) = 10.96

[H30"] =11x1071
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526. Given: Solubility of
CGH5COOH in
water = 2.9 g/L
pH =2.92
T =25°C

Unknown: K,

CeH5COOH + Hy0 = H30" + CgH5CO0™

pH = -log [H30"]

log [H30"] = -pH

[H30"] = antilog (—pH)

[Hs0* =1x10PH=1x102%2=12x10° M
[H30%] = [CgH5CO0T = 1.2x 1073 M

2.9 g CgH:COOH\/ 1 mol CgH:COOH
g 675 )( b5 = 0.02375 M

L 122.11 g CgH;COOH
= [CeH5COOH ipitial
[CeH;COOH] = 0.02375 — 1.2 x 103 = 0.02255

_ [H30"] [CeH5CO0T] (1.2 x 1072 M)?
“ [C¢H5COOH] 0.022 55 M

=6.4%x107°

527. Given: [HoNCH,CH,

OHlinitial =

0.006 50 M

pH =10.64

T = 25°C

Unknown: a. [HoNCH,

CH,O0H] at
equilibrium
b. K;,

a. HyNCH,CH,0H + Hy0 = HsNCH,CH,0OH* + OH™
pH = —log [H50"]
log [H30*] = —pH
[H30*] = antilog (—pH)
[HsO*1=1x10PH=1x1071064=23x 10" M
[H;0*[OH] = 1 x 107 M?

1x107¥M?  1x107* M2
[H30%] 23x10°1 M
[HyNCH,CH,0H] = 0.006 50 M — 4.35 x 107 M = 6.06 x 107> M

[OH] = =435x10*M

[HsNCH;CH,OH*] = [OH] = 4.35 x 104 M

b, - HaNCHyCHpOH'] [OHT] _ (4.5 x 107 M)?
"7 [H,NCHoCH.0HI  6.06x10°M

=3.1x107°

528. Given: [HySe] = 0.060 M
[H30%] = 2.72 x
10 M
T =25°C
Unknown: K,

HySe + HyO = H;0* + HSe™

_ [H3O"1[HSe]
a” HQSe

[HSe ] = [H30"] =2.72 x 102 M
HySe = 0.060 M — 2.72 x 107> M = 0.05728 M

_(2.72 x 107 M)?
0.05728 M

K, =1.3x107*
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529. Given: Kj, of CsHsN a. CzH;N + Hy0 = CzH;NH* + OH™

=1.78x 107
[C5H5N] = [CsHzNH'] [OH ]
0.140 M Ky =
) CsH;N
Unknown: a. [OH]
b. pH [CsHsNH'] = [OH ] =x

x? = K3 [C5H5N] = (1.78 x 107%) (0.140 M) = 2.5 x 10710

x=V25x1019=158x10°M = [OH]
b. pH = —log [H30"]
[H30*[OH ] = 1 x 107 M2
_1x107* m?
[OH]
_1x 107 M2
158 x10° M

[H30%]
=6.329x1071°M

pH = —log [6.329 x 1071* M] = 9.20

530. Given: [HA] =0.0208 M a. [HA] + [Hy0] = H30" + A~

pH =2.17 .
Unknown: a. [HAlipitial pH = —log [H307]
b. Ka log [H30+] — —pH

[H30"] = antilog (-pH) = 1x 10 P2 = 1x 10217 =6.76 x 10 M
[HA] = [HAl;pitia1 — [H30"]
[HAljnitia1 = [HA] + [H30%]

=0.0208 M + 6.76 x 1073 M = 0.02756 M

b. K, - [H0TIIAT
[HAJ

[H30" = [AT]1=6.76x 102 M

i (676X 1070 M)?
0.0208 M

=22x1073
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531. Given: Mass of solute

(CH3COCOOH)
=438 mg
volume of
solvent (Hy0O)
=10.00 mL
pH=134

Unknown: K,

CH5COCOOH + Hy0 =H30* + CH;COCOO™
pH = -log [H30"]

log [H30"] = -pH

[H30"] = antilog (—pH)

[Hs0*1=1x10PH =1x107134 = 0.0457 M
[H50"] = [CH3COCOO] = 0.0457 M

438 mg CH3COCOOH g 1000 mL\/ 1 mol CH3COCOOH
10.00 mL 1000 mg L 88.04 g CH3COCOOH

= 0.4975 M = [CH3COCOOH]yitia1
[CH3COCOOH] = 0.4975 — .0457 = 0.4518 M

_ [H30"1[CH;COCO0TT  (0.0457 M)
“~  [CH’COCOOH] 04518 M

=463x1073

532. Given: [H30"] of

solution of
acetoacetic acid
(CH3COCH,CO
OH) =4.38

x 102 M
[CH3COCH,CO
OH] (nonionized)
=0.0731 M

Unknown: K,

CH3COCH,COOH + Hy0 = H30* CH3COCH,CO0™

[H;0*][CH3COCH,COO0T
“~  [CH3COCH5COOH]

[CH;COCH,COO] = [H30%] = 4.38 x 107° M
[CH3COCH,COOH] = 0.0731 M — 4.38 x 10> M = 0.068 72 M

_ (4.38x107% M)

K, = =2.62x1074
0.0731 M

533. Given: K, of

CH;CHCICOOH
=1.48x 1073
[CH5CHCICOO
Hlinitial =

0.116 M

Unknown: a. [H307]

b. pH

a. CH3;CHCICOOH + Hy0 = H30* + CH;CHCICOO™

[H30*] [CH3CHCICOO]
“~  [CH5CHCICOOH]

[H30%] = x = [CH;CHCICOO"]
[CH;CHCICOOH] = 0.116 — x

(x)(x) X2
a = —X =
0.116 0.116 - x

K,=148x1073

X2
148x10%= ———
0.116 —x

By the quadratic equation, x = 0.0124 M.

b. pH = —log [H30%] = —log (0.0124) = 1.907
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534. Given: First ionization:

+ 9_
HySO4 + HO » & K, =13x 1072 = [H3O"1[SO%]

H,O" + HSO; HSO4

Tonization [H30"] = 0.0788 + x

=100% )

Second ioniza- [SO{1=x

o E%Zggi’ .\ [HSOj] = 0.0788 - x

S0%

K, =13x107" 1.3x 102 = (00788 + 1)(x)

[HyS04] = (0.0788 — x)

0.0788 M (1.3 x 1072)(0.0788 — x) = (0.0788 + x)(x)

Unknown: a. total
[H;0"] (1.0244 x 107%) = (1.3 x 102) x = (7.88 x 1072) x + x°
b. pH of 9 9 3
H,50, x2 +(9.18 x 102) x — (1.0244 x 10~%) = 0
solution By the quadratic formula, x = 0.010 024.
[H50*] = 0.0788 + 0.01 = 0.0888
b. pH = —log [H30"] = —log (0.0888) = 1.05
535. Given: [HOCN] = a. HOCN + H,0 = H;0* + OCN~

0.100 M N

[H30*] = 5.74 % - [Hs0"[OCN]

x 1072 M @ [HOCN]

Unknown: a. Ip{f{ [H50*] = [OCN] = 5.74 x 103 M

[HOCN] = 0.100 M — 5.74 x 1072 M = 0.094 M

_(5.74 x 107%)?
0.094

K, =35x107*

b. pH = —log [H30"] = —log (5.74 x 107°) = 2.241

536. Given: [HCN] =0.025 M HCN + H,0]= H30* + CN~

[CN7] =
3.16 x 10 M
a. Unknown: [H30%] [CN7] = [H30%] = 3.16 x 10 M
b. Unknown: pH pH = —log [H30"] = —log (3.16 x 107%) = 5.500
d. Unknown: K, K - [H30*] [CN7]
¢ [HCN]
[HCN] = 0.025 M — 3.16 x 107 M = 0.0249 M
—6 2
K = (3.16 x10° M) —4.0x 10_10
0.0249 M
f. Given: [HCN] = K. X
0.085 M “= 0085

Unknown: [H30*] 9
2 = (K,)(0.085)

x = V(K,)(0.085) = V(4.0 x 10719)(0.085) = V3.4 x 101 = 5.8 x 107°
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537. Given: [CCI,HCOOH] =
1.20M
[H30"] = 0.182
M

a. Unknown: pH

b. Unknown: K,

pH = —log [H30"] = —log (0.182) = 0.740

CClL,HCOOH + Hy0 ] = Hy0* + CCl,HCOO™

[H50"] [CCI,HCOO ]
“~  [CClHCOOH]

[H30"] = [CCI,HCOOT] = 0.182 M
[CCI;HCOOH] =1.20 M- 0.182 M = 1.018 M

2
K, = 01827 _ 395

1.018

538. Given: [CgH50H] =
0.215 M
pH = 5.61

Unknown: K,

CGH5OH + H2O ] = H30+ + C6H50_

K - [H50%1[CgH507]
7 [CgH50HI

pH = —log [H50%]

log [H30*] = —pH

[H30*] = antilog (—pH)

[Hs0* =1x10PH=1x 10561 =245 x 10 M
[H30*] = [CgH507] = 2.45 x 106 M

[C¢H5OH] = 0.215 — 2.45 x 1078 = 0.215 M

(245 x 10782
0.215

K, =2.80 x 10711

539. Given: Solution of
NH,CH,COOH
is 3.75 gin
250.0 mL Hy,0O
pH = 0.890

a. Unknown: molarity
of
NH,CH,y
COOH

3.75¢g NHQCHQCOOH) (1000 mL) ( 1 mol NH,CH,COOH

250 mL L 75.06 g NH,CH,COOH
= 0.200 M NH,CH,COOH
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b. Unknown: K, NH,CH,COOH + Hy0 = H30" + NHyCH,COO™

[H;0*] [INHyCH,COO]
¢~ [NHyCH,COOH]

pH = —log [H307]

log [H30*] = —pH

[H30*] = antilog (—pH)

[H30%1=1x10PH =1x 107080 =0.1288 M
[H50"] = [NHy,CH,COO™] = 0.1288 M
[NH,;CH5COOH] = 0.200 M — 0.1288 M = 0.0712 M

2
K = (0.1288)
0.0712

=0.233

540. Given: (CH3)sN + H,01  a. [H30*][OH] =1 x 10714 M?

N SE3NH+ 1x107% M2 1x107M M2
+ OH . X X -12
[H;0%] = = =431x10712M
[(CH3)5N] K [OH]  232x10°M
=0.0750 M
[OH] = 2.32 pH = —log [H30*] = —log (4.31 x 10712) = 11.37
X107 M [CH,NH*][OH ]
Unknown: a. pH b. K = 3
b. K, [(CHg)3N]
[OHT] = [CHsNH*] = 2.32x 10 M
[CH3)3N] = 0.0750 M — 2.32 x 10~ M = 0.07268 M
—3\2
K, = 232X 107 7 4q 105
0.07268
541. Given: [(CH3),NH] a. (CH3),NH + H,0 | = (CH3)yNH," + OH™
=5.00x 1072 M R
pH =11.20 [((CH3)oNH,"1[OH ]
b —3
Unknown: a. Kj, [((CHg3)eNH]
b. Which .
base is PH = —log [H307]
stronger: log [H:0"1 = —pH
(CH3)2NH or o8 [ 3 ] P
(CH3)3N? [H50*] = antilog (-pH) = 1x 10 PH=1x 1071120 =6.31x 1072 M

[H;0*][OH] = 1 x 10714 M?

1x1074 M2 1x107 M2
[H30"] 6.31x 10712 M

[OHT] = [(CH3);NH3] = 1.585 x 107> M

[OH] = =1585x10° M

[(CH3)oNH] = 5.00 x 1072 M — 1.585 x 10> M = 3.415 x 10° M

—312
Ko = (1.585x 10 3)
3.415 x 10~

b. K, of (CH3)3N = 7.41 x 107

=7.36x107*

K}, of (CH3)oNH = 7.36 x 107
7.36x1074>7.41%x107°

Therefore (CH3)oNH (dimethylamine) is the stronger base.
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542. Given: H2NNH2 + [HQNNHE] [OH—]

HZO(Z) = Kb —

HyoNNH3 (ag) ! [HoNNH,]

+ OH™ (aq) o .
HyoNNH3 (aq) [H3O"] = antilog (—pH)
L HZO(Z); [H30%] = 1 x 10PH
H3NNH3+ (aq)

+ OH" (ag) — 1% 10-1050

Kp,=8.9x 10716
a. [HoNNH, = 0.120 M
pH = 10.50 [H;0*][0H] = 1 x 1074 M2

Unknown: K,
(ASsume O < 10T M? 1107 W

=3.16x10711'M

that [H;07]  3.16x10°'M
[HoNNHS,] B
initial does =3.16x10"M
not OH] = 3.16 x 104 M = [H,NNH%
change.) [OHT] =3.16 x = [Hy 3]
—4.\2
Ky, = (3.16x10 )7 _g 35 1077
0.120 M
b. Given: [H,NNH,] = _ [HyNNH3] [0H]
0.020 M bl - [HQNNH2]
Unknown: [OH] 9
83x1077 ==
0.020

x=V(8.3x1077)(0.020) = 1.3 x 1074 M = [OH"]

c. Unknown: pH of [H30*1[OH] = 1 x 107 M?
0.020 M iy e
(HNNHzl (31 %) 1x107M* _1x10™M

solution [OH] 1.3x1074 M
pH = —log [H30"] = —log (7.7 x 10711) = 10.11

=77x10°1 M

543. Given: Satg%a;%% solu- ) billty = [0.276 g AgBr0O3)(1000 mL)[ 1 mol AgBrO; |
lon: 0.276 g |150.0mLH,0 )\ L /\235.74 g AgBrOg)
AgBrOg in
150.0 mL Hy0 =7.80 x 107> M AgBrO3
Unknown: Ky AgBrOs(s) = Ag*(aq) + BrO3(ag)

K, = [Ag"1[BrO3]

[Ag*] = 7.80 x 103 M

[BrO3] = 7.80 x 107> M

K, = (7.80 x 107)% = 6.08 x 107

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

394



544. Given: solubility of CaF,  [0.0427 g CaFy|( 1 mol CaF,
=0.0427g/250L | 250L  \78.06 g CaF,

Unk K
nknown: Kg, CaFy(s) = Ca2+(aq) + 2F (aq)
K, = [Ca®|[F1?
[Ca®]=2.19x10* M

=2.19 x 10 M CaF,

[F]=(2)2.19%x107% =4.38x10* M
K, = (2.19 x 1074)(4.38 x 10742

=4.20x 1071
545. Given: K, of CaSOQ, CaS04(s) = Ca®*(aq) + SOF (aq)
=9.1x10°° K = [Ca?ISOH]
Unknown: [CaSO,] in a sp = V8 4
saturated [CaZ*] = [SO‘%—] =x
solution ) 6
Kyp=x2=9.1x10"
x=V9.1x10"°
=3.0x 1072 M = [CaSOy]
546. Given: A salt = X,Y _— XoY(s) = 2X(aq) + Y(aq)
Ksp =4.25x10 Ksp — [X]Z[Y]
Unknown: a. molarity
of a saturated [X] = 2x
solution of _
the salt [¥]=x
b. molarity Ky =425x107" = (20%(x) = 4%
of a solution 5
of AZ with x=4.74%x107° M = [X,Y]

the same Koy p 276 = Ataq) + Ziag)

K, = [Al[Z] = x*

x=V425x1077 =6.52x 104 M

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

395



547. Given: V NaOH =

0.320 L 2NaOH + CaCly — 2NaCl + Ca(OH)q

[NaOH] = 0.046 M o _
V CaCly = 0.400 L Ca(OH)qy(s) = Ca“"(aq) + 20H (aq)

[CaCly] = 0.085 M
K, Ca(OH),
=5,5%x10

Unknown: whether a pre-

Ksp = [Caz+] [OI‘I_]2 =55x 10_6

0.085 mol Ca?*

(0.400 L)( =0.034 mol Ca2*

cipitate

of Ca(OH),

forms

(0.320 L)

(O'OL&OH_) = 0.0147 mol OH~

Total volume = 0.320 L + 0.400 L = 0.720 LL

0.034 mol CaZ*
0.720 L

=0.0472 mol/L Ca%*

0.0147 mol OH™
0.720 L

[CaZ*][0OH ]2 = (0.0472)(0.0204)?

= 0.0204 mol/L. OH™

=1.9x%x 107 =ion product

1.9x107° > K,; precipitation occurs

548. Given: V AgNO3 =0.020 L AgNOj3 + NaCoH309 — AgCoH309 + NaNOg
[AgNO3] =0.077 M

V NaCyH50, AgCyH304(s) = Ag*(ag) + CoH303(aq)
FNOAgz(r)II;oQ] K, = [Ag'1[CoH;03] = 2.5 x 107

=0.043 M .

K., AgCsH30s (0.020 L)(O'(m—n“’“‘g) =1.54 x 107 mol Ag*
=25x103 L

Unknown: whether a pre-
cipitate forms

(0.030 L)

(0043 mol CgHgoz)

Total volume = 0.020 L + 0.030 L = 0.050 L,

1.54 x 107 mol Ag*
0.050 L

=0.031 mol/L Ag*

1.29 x 1073 mol CyH303
0.050 L

=0.026 mol/L. CQH30§

[Ag*1[CoH503] = (0.031)(0.026) = 8.1 x 10 = ion product

8.1x 10™* < 2.5 x 107%; no precipitation
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549. Given: VPb(CQH302)2 Pb(C2H302)2 + 2NaCl — PbClQ + 2Na(CgH302)

=0.100 L . .
[Pb(CoH309)] PbCly(s) = Pb™(aq) + 2Cl (aq)
=0.036 M _ 1112 _ —4
V NaCl = 0.050 L K, = [Pb*][CIT]* = 1.9 x 10
[NaCl] =0.074 M +
K., PbCl, (0.100 L)(O‘OL"I%) = 3.6 x 107 mol Pb*
=1.9x10* L
Unknown: whether a 0.074 mol C1™ _3 _
precipitate (0.050 L)(—) =3.7%x 107" mol CI
forms
Total volume =0.1 L +0.05L=0.15L
3.6 x 1072 mol Pb*
X O 0.024 mol/L Pb*
0.15L
3.7 x 1073 mol CI”
X e 0.025 mol/L CI-
0.15L
[Pb*1[CI7]% = (0.024)(0.025)% = 1.5 x 10~® = ion product
15%x10° < 1.9x107% no precipitation
550. Given: 1% (NH4)QS 3(NH4)28 + 2A1(NO3)3 - AIQS3 + 6NH4NO3
=0.020 L . .
[(NH,)oS] AlyS3(s) = 2A1° (aq) + 357 (aq)
=0.0090 M _TA13+127@2-13 _ —7
V AINOy), K, = [AI*1?[S*7]% = 2.00 x 10
=0.120 L 3+
[AI(NO3)s] (0.120 100082 mol AP*| g ot 1 A
=0.0082 M \ L J
K, AlgSs 2-
—5.00x 107 (0.020 L)<O.()O90—m018) =1.8x 10~ mol 52
Unknown: whether a
precipitate Total volume = 0.120 L + 0.020 L = 0.140 L
forms 9.8 x 10~ mol AI3*
O O 7.0x 1073 mol/L AI**
0.140 L
1.8 x 1074 mol S~
X mo =1.3x 1073 mol/L S~
0.140 L
[AP*12[S%71% = (7.0 x 1072)%(1.3 x 107%)® = 1.1 x 1073 = jon product
1.1x107*% < 2.00 x 1077; no precipitation
551. Given: [CaCrOy] = CaCrOy(s) = Ca®* + CrO3~
0.010 M

— 2+ 2
Unknown: K, K, = [Ca™][CrO7]

[Ca®"] = 0.010 M
[CrO%7] = 0.010 M

Ky =(0.0102=1.0x 107
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552. Given: Solubility of
PbSeO,4 = 0.001 36
g/10.00 mL

Unknown: K,

=3.88 x 10~* M PbSeO,

0.001 36 g PbSe0,(1000 mL|( 1 mol PbSeO,
10.00 mL L /|350.12 g PbSeO,

PbSeO,(s) = Pb%*(aq) + SeO%F (aq)
K, = [Pb**][Se0F ]

[Pb*] = [Se0F ] =3.88x 1074 M
Ky, =(3.88x10H*=1.51x 107"

553. Given: V of CuSCN =
0.0225 L
[CuSCN] =
40x10%M

Unknown: a. K,
b. mass of
CuSCN dis-
solved in
1x103L
of solution

a. CuSCN(s) = Cu'*(aq) + SCN'(aq)
K,, = [Cu'*][SCN™]

[Cu'*] = [SCN' ] =4.0x10° M
Ky, =(4.0x10%%=1.6x 107"

b. solubility =
40x108%M=

[x g CuSCN|( 1 mol CuSCN
| 1x103L /|121.64 g CuSCN

x = (4.0 x 107 M)(1000 L)(121.64 g)/1mol=049 g

554. Given: [AgoCryOr]
=3.684x10°M

Unknown: K,

AgyCryOq(s) = 2Ag*(aq) + Cry0% (aq)

K, = [Ag"1?[Cry0% ]

[Ag*] = (2)(3.684 x 107> M) = 7.368 x 1073 M
[CryO7] = 3.684 x 1072 M

K, = (7.368 x 10)%(3.684 x 10~%) = 2.000 x 107"

555. Given: K, BaSO3 =
8.0 x 1077
Unknown: a. [BaSOg]
b. mass of
BaSOg3 dis-
solved in
500. mL Hy0

a. BaSOs(s) = Ba?*(aq) + SO% (aq)
K,, = [Ba™[SO3 ]
[Ba®] = [SO3 ] =x
Ky, =x>=8.0x107"

x=V8.0x10"7 =89x10™* M = [BaSOs]

b. solubility =
89x10*M= (

x g BaSO3|(1000 mL}[ 1 mol BaSOg4
500 mL 1L 217.37 g BaSOg3

(8.9 x 107 M)(500 mL)(1 L)217.37 g)
v= (1000 mL)(1 mol)

=0.097 g

556. Given: K, PbCly =
1.9x 104

Unknown: [PbCls]

PbCly(s) = Pb*(aq) + 2C1

K, = [Pb**][CI"])?

[Pb?*] = x

[CIT] =2x

Ky =19%x107 = 0)(2x) = 4%
x=V1.9%x10"%4 = 0.036 M = [PbCly)
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557. Given: Ky, BaCO3 =
1.2x107®

Unknown: a. [BaCOg]
b. volume of
water needed
to dissolve
0.10 g BaCOg3

a. BaCOs(s) = Ba®*(aq) + CO%3 (aq)
K, = [Ba®*][CO5 1 =12x107®

1.2x1078 = x2
x=1.1x10"*M = [BaCOs3]

b. solubility =
1 10-4 1  [0-10 8 BaCOs)( 1 mol BaCOg
X 197.31 g BaCOg
\ N

/ 1 mol BaCOg \/ 1 )

x = (0.10 g BaCOs)
g *1197.31 g BaCO;/\1.1x 107 M

x=46L

558. Given: K, SrS04 =
3.2x 1077

Unknown: a. [SrSO,]
b. mass of
SrSOy4 re-
maining after
20.0 L satu-
rated solution
is evaporated

a. SrS04(s) = Sr**(aq) + SOF (aq)
K, = [Sr*1[S071=3.2x 107"

3.2x 1077 = x2
x=5.7x10"* M = [SrSOy]

b. solubility =
5.7x104 M=

(x g SrS0O4\( 1 mol SrSO4
| 200L )\183.65 g SrS04

x = (5.7 x 107 M)(20.0 L)(183.65 g SrSO,/mol)
=21g

559. Given: K, SrSOg3 =
4.0x10°8
solubility =
1.0000 g/5.0 L
Hy0

Unknown: mass of
SrSOg3 re-
maining after
saturated

solution is
filtered

SrS05(s) = Sr**(ag) + SO3 (ag)
K, = [Sr**1[S051 = 4.0 x 1078
4.0x1078 =x2

x =2.0x 107* = [SrSO3]

solubility =

20x1074 M= x ) 1mol
5L/\167.66 g SrSO4

167.66 g SrSOg
mol

x=(2.0x 1074 M5 L)(

=0.17 g SrS0;3
1.000 g — 0.17 g = 0.83 g SrSO;

560. Given: Ky, Mn3(AsOy)s
=1.9x1071!
Unknown: [Mng(AsOy)sl
in a saturated
solution

Mnj3(AsO4)s(s) = 3Mn?*(aq) + 2As03 (aq)
K, = [Mn**13[AsO§ )2

[Mn?*] = 3x

[AsOF] = 2x

Ky, =1.9x 107 = 3%)%2%)? = 108x°
x=2.8x 1073 M = [Mn3(AsO,)s]
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561. Given: V SI‘(N03)2 = a. SI‘(N03)2 + KQSO4 e SI‘SO4 + 2KNO3

0.030 L SrS04(s) Sr2*(aq) + SOZ (aq)
[Sr(NOg)s] = 4 @t
0.0050 M K, = [Sr*][S0F 1 =3.2x 107"

VKySOy = 0.020 L

2+
[(KpS04] =0.010M (g 30 1,,(0-0050 mOI ST _ 4 5 454 1 5y2*
K, SrSO4 = 3.2 \ L )
x 107 .
Unknown: a. ion pro- (0.020 L)(—O'010 mol SO% ) = 2.0 x 1074 mol SO}~
duct of the
ions that Total volume = 0.030 L + 0.020 L = 0.050 L
precipitate 1.5 % 10~ mol Sr2*
(b) whether 0 X O ~3.0x10°% mol/L Sr2*
a precipitate 0.050 L
forms 4 _
2.0x 10 1 SO
x o 4 - 4.0x 1073 mol/L SO%™
0.050 L,
[Sr?*][S0% ] = (3.0 x 107°)(4.0 x 107%)
=1.2x107° = ion product
b.1.2x10°>3.2x 10_7; precipitation occurs
562. Given: Ksp PbBI‘z = a. MgBI‘Z + Pb(CzH302)2 — PbBI‘Z + Mg(CZH302)2
6.3 x 1076 PbBry(s) Pb%*(aq) + 2Br (aq)
V MgBr, 2 4 4
=0.120 L K, = [Pb**][Br1*=6.3 x 107
o (0.0024 mol Pb**)
=0.0035 M . mo 4 2+
0.180 L) =4.3x10 1 Pb
V Pb(C5H30,), ( I TR e
=0.180 L
[Pb(CyH309)o] 0.0035 mol Br™\ _ 4 _
= 0.0024 M (0.120 L)) N F— 4.2 x 107" mol Br
Unknown: Z{é‘fﬁ)}’gﬁ‘} Total volume = 0.180 L + 0.120 L = 0.3 L
and Pb** in -4 2+
4. 1 1 P
the mixed 8107 mol Pb™ _ ;4 10 mol/L, Pb2*
solution 0.3 L
b. whether —4 -
4.2 x 10 1 B
a precipitate x mo Bt _ 1.4 x 1072 mol/L Br~
forms 0.3 L

[Brl=(2)(14x10%)=28x10"3
ion product = [Pb?*][Br 1% = (1.4 x 1073)(2.8 x 107%)?
=1.1x1078

b.1.1x10%<6.3x% 10_6; no precipitation occurs
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563. Given: Ky, Mg(OH), =
1.5x 1071

Unknown: b. volume of
Hy0 required
to dissolve
0.10g
Mg(OH)q

b. K, = [Mg**][OH ]2
[Mg2+] =x

[OH] = 2x
Ky =15x107 = (x)(2%)? = 4x3
x=1.6x10"* M = [Mg(OH),]
solubility =

16 x 10-4 11  [0-10 8 Mg(OH)5 | 1 mol Mg(OH) |
\ x /\58.3 g Mg(OH),

[1mol Mg(OH),|( 1
|58.3 g Mg(OH),/\1.6 x 1074 M

x =(0.10 g Mg(OH)2)

=11L

564. Given: K, LiyCOg =
2.51x 1072
Unknown: a. [LigCOs]

b. mass of
LizCOg dis-
solved to
make 3440
mL of satu-
rated solution

a. Li,CO3 2Li* + CO%3~
K, = [Li*]*[CO%]

[Li*] = 2x

[CO%T=x

K, = 2511072 = 20)4(x) = 4x°
x = 0.184 M = [LiyCOg

b. solubility =
0184 M=|[—= )(

1000 mL\/ 1 mol LisCOg
3440 mL

1L \/73.86 g Li2003\
1000 mL){  1mol )

x = (0.184 M)(3440 mL)(

=468 ¢

565. Given: V Ba(OH),
=0.050 L
V HCI
=0.03161 L
[HC1] = 0.3417 M

Unknown: K, Ba(OH)g

Ba(OH)2 + 2HCI - BaClZ +2H20
BaCl, Ba®" +2CI”

[0.3417 mol HCI)

(003161 L) J=0.01080 mol et
1 mol Ba(OH)s ), 1080 mol HCI) = 5.400 x 107 mol Ba(OH),
2 mol HOI

5.400 x 10~2 mol Ba(OH),
0.050 L

=0.1080 M Ba(OH),

K, = [Ba®*][CI7)?

[Ba(OH)g] = 0.1080 M

[Ba?*] = 0.1080 M

[CI7] = (2)(0.1080) = 0.2160 M

K, = (0.1080)(0.2160)>
=5.040 x 1073
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566.QR - Q" + R~
a. Given: [QR] =1.0 M
Unknown: K,
b. Given: [QR] = 0.50 M
Unknown: K,

c. Given: [QR] =0.1 M
Unknown: K,

d. Given: [QR] = 0.001 M
Unknown: K,

K, = Q'R
=(1.0)1.0)=1.0

K, = [Q'R]
=(0.50)(0.50) = 0.25

Ky, =(0.1(0.1)=0.01

K, = (0.001)(0.001) = 1 x 107

567. Given: Saturated solu-
tions of the salts
QR, X,Y, KL,
A3Z, and D2E3
are 0.02 M
Unknown: K, for each
salt

a.QR > Q" +R~
K, = [Q'I[R]=(0.02*=4x107*

b. XoY - 2X"+Y"

Ky, = [X*2[Y]
[X*] = (2)(0.02) = 0.04 M
[Y1=0.02M

K, = (0.00)%(0.02) = 3x107°

c. KLy >K"+2L-
K, = [K*[L7]?
[K*]=0.02 M
[L7] = (2)(0.02) = 0.04 M
Ky = (0.02)(0.04)% = 3x107°

d. AsZ > 3AY + 7"

Ky, = [AYP[Z7]
[A™] = (3)(0.02) = 0.06 M
[Z1=0.02M

K, =(0.06)%(0.02) = 4x107°

e. DyE3 - 2D" + 3E°
K, = [DY?[ET?
[D*] = (2)(0.02) = 0.04 M
[E7] = (3)(0.02) = 0.06 M
K, = (0.00)%(0.06)% = 3x 1077
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568. Given: K, of AgBr =

a. AgBr(s) Ag*(aq) + Br(aq)

5.0x10713
o

Unknown: a. [AgBr] Ky, = [Ag1[Br]

b. mass of el

AgBr in [Ag"] = [Br] =x

10.0 L of Ky, =x=5.0x107"

saturated .

solution x=7.1x10""M = [AgBr]

b. solubility =

71x1077 M= (x AgBr)(

1 mol AgBr
10.0L

187.87 g AgBr
x=(7.1x 1077 M)(10.0 L)(187.87 g)/1 mol
=13x102%g

569. Given: K, of Ca(OH), =

a. Ca(OH)y(s) Ca®*(aq) + 20H (aq)

55x107° K = [CaOH?
Unknown: a. molarity of sp = 18
saturated [CaZ'] = x
Ca(OH), )
solution [OHT] =2x
b. [OH] _
c. pH Ky, =5.5%107° = 0)(2%)? = 4x°

x=0.011 M = [Ca(OH)q]
b. [OH] = (2)(x) = (2)(0.011 M) = 0.022 M

c. [H;0*[OH ] = 1 x 107 M2
[H30%] = 1 x 10714 M?
0.022 M
=45x1071
pH = -log [H30"]
=-log (4.5 x 10713)
=12.35

570. Given: K, of MgCO3 =

MgCOs(s) Mg?*(aq) + CO%Z (aq)

35x1078 9er o
Unknown: mass of Kop = Mg™ICO57]
MgCOs dis-  [Mg*] = [CO3] =x
solved in
4.00 L of K, =x>=35%x10""
water

x=1.9x%x107*M = [MgCOs]

solubility =

4.00 L)\84.29 g MgCO;
x = (1.9 x 107 M)(4.00 L)(84.29 g)/1 mol
=0.064 g

1.9% 10°4 M = ( X )( 1 mol MgCOs5 )
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571. Formula equation:

Fe + SnCly — FeClg + SnCly
Ionic equation:
0 +44+ -1 +33+ -1 +22+ -1
Fe+ Sn™" + 4Cl” —» Fe’™ + 3C1” + Sn™™ + 2CI
Oxidation half-reaction:
0 +33 3
2[Fe — Fe’* + 3¢7] = 2Fe — 2Fe”* + 6e~
Reduction half-reaction:
+4 +2
3[SnCly + 2¢~ — SnCly + 2CI7] = 3SnCly + 6e” — 3SnCly + 6C1™

Combine half-reactions:
2Fe — 2Fe®* + 6e~
3SnCly + 6¢~ — 3SnCly + 6C1~
3SnCly + 2Fe — 3SnCl, + 2Fe3* + 6C1™

Combine ions to form balanced equation:

2Fe + 3SnCly — 2FeCl3 + 3SnCly

572. Formula equation:

H202 + FeSO4 + HzSO4 4 Fez(SO4)3 + HzO

Ionic equation:

+1 -1 +22 +6—22 +1 +6—22 +33 +6—22 +1 -2
H202 + Fe + +(SO4_ + 2H+ +(SO4_ — 2Fe + + 3(804_) + HzO

Oxidation half-reaction:
+22 +33
2Fe™" — 2Fe”" + 2~

Reduction half-reaction:

+1 -1 +1 -2
H202 + 2H+ +2e — 2H20
Combine half-reactions:

2Fet — 2F3* 4 26~

H202 + 2H+ +2e — H20 + H20

H,0, + 2H" + 2Fe?* 5 2Fe®* + 2H,0

Combine ions to form balanced equation:

H202 + 2FeSO4 + HzSO4 —> Fez(SO4)3 + 2H20
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573.

Formula equation:

CuS + HNO;3 — Cu(NO3)y + NO + S + Hy0

Ionic equation:

+5-2

+5-2 +2-2 0 +1 -2

Cu?* + 8 + H* + NO3 - Cu?* + 2NO3 + NO + S + HyO

Oxidation half-reaction:

-2 0
3[CuS — 2¢~ + Cu* + S] = 3CuS — 6~ + 3Cu>* + 3S

Reduction half-reaction:

+5 +2
2[4HNOg3 + 3¢~ — 3NOj3 + NO + 2H,0]

=8HNOg3 + 6e” — 6NO3 + 2NO + 4H,0

Combine half-reactions:

3CuS — 6e” + 3Cu®* + 38

8HNO; + 6¢~ — 6NO3 + 2NO + 4H,0

3CuS + 8HNO3 — 3Cu?* + 3S + 6NO3 + 2NO + 4H,0

Combine ions to form balanced equation:

3CuS + 8HNO;3 — 3Cu(NO3); + 2NO + 3S + 4H,0

574.

Formula equation:

KQCI‘207 +HI —» CI‘I3 + KI + :[2 + HQO

Ionic equation:

+1 +6 -2 +1-1

+3 -1 +1-1 0 +1 -2

2K* + Cre0% + H I - Cr® + 3T + K I + Iy + HyO

Oxidation half-reaction:

-1 0
3121 — Iy + 2¢7] = 61" — 31y + 6~

Reduction half-reaction:

+6 +3
K2CI‘207 + 14H+ +8I +6e” — 2CI‘IS + 2KI + 7H20

Combine half-reactions:

61" — 31, + 6e™

KyCryOy + 14H* + 81 + 6e~ — 2Crl3 + 2KI + 7Hy0

K2CI‘207 + 14H+ + 141" — 201‘13 + 2KI + 312 + 7H20

Combine ions to form balanced equation:

KQCI‘207 + 14HI — 2CI‘I3 + 2KI + 312 + 7H20
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575.

Formula equation:

COy + NH,0H — CO + Ny + Hy0

Ionic equation:

+4-2  —1+1 -2+1 +2-2 0 +1 -2
COQ + NHQOH —CO + N2 + H20

Oxidation half-reaction:
-1 0
2NH50H + 20H™ — Ny + 4Ho0 + 2¢™
Reduction half-reaction:
+4 +2
COg + HyO + 2¢~ — CO + 20H™

Combine half-reactions:
2NH50H + 20H™ — Ny + 4Hy0 + 2¢™
COg + HyO + 2¢7 - CO + 20H™

COy + 2NH,0H — CO + Ny + 3H,0

Combine ions to form balanced equation:

COy + 2NH,0H — CO + Ny + 3Hy0

576.

Formula equation:

Bi(OH); + K5SnOy — Bi + KoSnOs

Ionic equation:

+3'3 —2+1 +1 +2 —22 0 . +1 +4 —22
Bi°* + 30H™ + 2K* + Sn05~ — Bi + 2K" + SnO3~

Oxidation half-reaction:
+2 9 +4 9

3[2K" + Sn05™ + HyO — 2K* + SnO3™ + 2H" + 2¢7]
= 6K* + 3Sn03™ + 3Hy0 — 6K* + 3Sn0%™ + 6H" + 6¢~
Reduction half-reaction:

+3 3 0
2[Bi°* + 30H™ + 3H" + 3¢~ — Bi + 3H,0]
= 2Bi®* + 60H™ + 6H" + 6~ — 2Bi + 6H,0

Combine half-reactions:
6K* + 3Sn03™ + 3Hy0 — 6K* + 3Sn0%™ + 6H" + 6¢~
2Bi%* + 60H™ + 6H" + 6~ — 2Bi + 6H0

6K* + 2Bi® + 60H™ + 3Sn03~ — 6K* + 2Bi + Hy0 + 3Sn0%"

Combine ions to form balanced equation:

2Bi(OH); + 3K5Sn0y, — 2Bi + 3KySn03 + 3H,0
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577. Formula equation:

Mg + NZ = Mg3N2
Ionic equation:
0 0 +2 9 —33
Mg + Ny — 3Mg~* + 2N°~
Oxidation half-reaction:

0 +2 9
3Mg — 3Mg~" + 6e”
Reduction half-reaction:
0 —33
Ny + 6e” — 2N~

Combine half-reactions:
3Mg — 3Mg?* + 6e~
Ny + 6 — 2N3-

3Mg + Ny — 3Mg?* + 2N3*

Combine ions to form balanced equation:

3Mg + NZ - Mg3N2

578. Formula equation:

SOz + BI‘2 + HQO — HBr + HQSO4

Ionic equation:

+4-2 0 +1 -2 +1 -1 +1 +6—22
SO g + Brg + H)O - H* + Br~ + 2H" + SO1~

Oxidation half-reaction:
+4 +6 9
SOy + 2H50 — SO5 + 4H' + 2¢~
Reduction half-reaction:
0 -1
Bry + 2¢” — 2Br™
Combine half-reactions:
SOy + 2Hy0 — SOF + 4H* + 2¢~

Bry + 2¢7 — 2Br™
SO, + 2H,0 + Bry — 2Br™ + SOF + 4H*

Combine ions to form balanced equation:

SOz + BI‘2 + 2H20 — 2HBr + HQSO4
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579. Formula equation:

H,S + Cly — S + HCI

Ionic equation:

1 -2 0 0 +1 -1
2H% +S* +Cly - S+ H"+ CI”
Oxidation half-reaction:

—22 0

S+ 2H" - S+ 2H" + 2~
Reduction half-reaction:

0 -1

Cly + 2¢” — 2C1™

Combine half-reactions:

S2” 4+ 9H' — S + 2H* + 2¢~
Clg + 2¢~ — 2CI"

S% 4+ 2H" + Cly — S + 2C1” + 2H*

Combine ions to form balanced equation:

H,S + Cly — S + 2HCI

580. Formula equation:

-2
PbOQ + HBr — PbBI‘2 + BI‘2 + HQO

Ionic equation:

+4 -2 +1 -1 +2 -1 0 +1 -2
PbOy + H* + Br™ — PbBry + Brg + HyO
Oxidation half-reaction:

-1 0
2Br~ — Brg + 2¢”
Reduction half-reaction:

+4 +2

2Br™ + PbOg + 4H"* + 2¢” — PbBry + 2H50
Combine half-reactions:

2Br™ — Brg + 2¢”
2Br~ + PbOg + 4H" + 2¢~ — PbBry + 2H0

4Br~ + PbOy + 4H" — PbBry + Bry + 2H,0

Combine ions to form balanced equation:

PbOQ + 4HBbr — PbBI‘Q + BI‘2 + 2H20
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581. Formula equation:
S+ HNO3 — N02 + HQSO4 + HQO
Ionic equation:

0 +145-2 +4-2 +1 +6—! 2 +1 -2
S+ HNO3 — NOg + 2H" + SO4 + HyO

Oxidation half-reaction:
0 +6 9
S + 4Hy0 — SO5 + 8H* + 6~
Reduction half-reaction:
+5 +4
6[HNO3 + H* + 1le~ —» NOy + HyO] = 6HNOg3 + 6H* + 6e” — 6NO,y + 6H,0

Combine half-reactions:
S+ 4H20 4 SO47 + 8H+ + 6e”
6HNO;3 + 6H" + 6e” — 6NOg + 6Hy0

S + 6HNO3 — SO5~ + 2H" + 6NOg + 2H,0

Combine ions to form balanced equation:

S+ 6HNO3 — 6N02 + HQSO4 + 2H20

582. Formula equation:

N3103 + N2H4 + HCI — NQ + NaICIQ + HQO

Ionic equation:

+145-2 -2 +1 +1 0 +1+1-1 +1 -2
NaIO3 + N2H4 + H+ + Cl - NZ + Na1012 + Hzo

Oxidation half-reaction:
-2 0
NoHy — Ny + 4H* + 4e”
Reduction half-reaction:
+5 +1
NalOg + 6H* + 2C1™ + 4¢~ — NalCl, + 3H50

Combine half-reactions:
N2H4 d N2 + 4H+ + 4e”
NalOj3 + 6H* + 2CI” + 4~ — NalCl, + 3H,0

NaIO3 + 2H+ +2CI" + N2H4 d NaIClz + 3H20 + N2

Combine ions to form balanced equation:

N21103 + N2H4 + 2HCI — N2 + Na1012 + 3H20
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583.

Formula equation:

Ml’l02 + H202 + HCI —» Ml’lClQ + 02 + HQO

Ionic equation:

+4 -2 +1 -1 +1 -1 +2 9 -1 0 +1 -2
MnOg + HyO9 + H" + C1I” = Mn“* + 2C1™ + Oy + HyO
Oxidation half-reaction:

-1 0
H202 4 02 + 2H+ + 2e”
Reduction half-reaction:

+4 +2 9
MnOgy + 4H" + 2CI™ + 2~ — Mn~* + 2H,0 + 2C1~

Combine half-reactions:
Hy0g — Og + 2H* + 2¢~
MnOjg + 4H* + 2C1™ + 26~ — Mn?* + 2H,0 + 2C1

MnOy + 2H* + Hy04 + 2C1” — Mn?* + 2H,0 + O + 2CI”

Combine ions to form balanced equation:

Ml’l02 + H202 + 2HCI — MHCIQ + 02 + 2H20

584.

Formula equation:

ASH3 + NaClO3 d H3ASO4 + NaCl

Ionic equation:

-3 +1 +1 +5-2 +1 +5 —23 +1 -1
AsHj3 + Na* + Cl03 — 8H* + AsO3~ + Na* + CI”

Oxidation half-reaction:

-3 +5
3[AsH; + 4Hy0 — AsO} + 11H" + 8¢7]
= 3AsHj3 + 12H50 — 3AsOy + 33H™ + 24e”

Reduction half-reaction:

+5 -1
4[ClOg + 6H* + Na* + 6e~ — Cl” + 3H0 + Na*]
=4Cl03 + 24H* + 4Na* + 24e” — 4Cl™ + 12H50 + 4Na*
Combine half-reactions:

3AsH; + 12H,0 — 3AsO, + 33H* + 24e™
4Cl05 + 24H" + 4Na™ + 24e” — 4Cl™ + 12H50 + 4Na*

3AsHj + 4Cl05 + 4Na* — 3AsOy + 9H' + 4Na™ + 4C1~

Combine ions to form balanced equation:

3ASH3 + 4NaClO3 — 3H3ASO4 + 4NaCl
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585. Formula equation:

KQCI‘207 + H20204 + HCI —» CI‘Cl3 + 002 + KCl1 + H20

Ionic equation:

+1 +6 —2 +1 +3 —2 +1 -1
2K* + Cry07 + 2H" + C,0F + HY + CI” —

3 - +4-2 +1 -1 +1 -2
C ++3Cl +CO + K" + CI” + H,O

Oxidation half-reaction:
+3 +4
3[0204 —> 2002 + 26_] = 30204 —> GCOZ + 6e”
Reduction half-reaction:
+6 +3 3
CryO7 + 14H* + 6e~ — 2Cr°* + TH,0

Combine half-reactions:
30204 d 6002 + 6e”
Cry07 + 14H* + 6¢~ — 2Cr®* + TH,0

Cry0O7 + 14H* + 3C50, — 2Cr®* + 6COq + THo0

Combine ions to form balanced equation:

KQCI‘207 + 3H20204 + 8HCI — ZCI‘C13 + 6002 + 2KCl1 + 7H20

586. Formula equation:

+2 +5-2 +2 -2 +4-2
Hg(NO3)y — HgO + NOg + 02
Oxidation half-reaction:

-2 0
20 — Og + 4e”
Reduction half-reaction:

+5 +4
4[N + 1le- - N] =4N + 4¢” — 4N
Balanced equation:

2Hg(NO3)g — 2HgO + 4NOg + O
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587. Formula equation:

HAuCly + NoHy — Au + Ny + HCI

Ionic equation:

hl+ ++A3uCll4 + _N22JIr{14 —ngu + Ny + HJr + Cl

Oxidation half-reaction:

3[1\%2H4 - 1(\)12 +4H* + 4¢7] = 3NgH, — 3Ny + 12H* + 12¢~
Reduction half-reaction:

+3 0
4[HAuCly + 3¢~ — Au + 4H" + 4C17] = 4HAuCly, + 12¢” — 4Au + 16Cl + 4H*

Combine half-reactions:
3N2H4 — 3N2 + 12H+ + 12¢~
4HAuCly + 12¢~ — 4Au + 16C1™ + 4H*

4AuCly + 3NyH, — 4Au + 16Cl™ + 3Ng + 16H*

Combine ions to form balanced equation:

4HAuCl, + 3NoH, — 4Au + 3Ny + 16HCI

588. Formula equation:
sz(SO4)3 + KMIIO4 + HQO — H3Sb04 + KzSO4 + MIISO4 + HQSO4

Ionic equation:

3 +6—2 +1 +7 -2 +1 -2
ZSb + + 3804 + K+ + MnO4 + HQO —

+1 +5 —23 +1 +6—22 +2 9 +6-2, +1 2
3H* + SbO]™ + 2K* + SO + Mn?* + SO7 + 2H" + SO -
Oxidation half-reaction:

+3 3 9 +5 3 9
5[28b°* + 3505~ + 8HO — 2Sb03 + 3S05 + 16H™ + 4e7]
=10Sb%* + 15807 + 40Ho0 — 10Sb0O3~ + 15807 + 80H* + 20e™
Reduction half-reaction:
+7 +2 9

4[K* + MnOy + 8H* + 5~ = K" + Mn”" + 4H,0]
=4K" + 4MnO, + 32H" + 20e~ — 4K* + 4Mn>* + 16H,0

Combine half-reactions:
10Sb®* + 15807 + 40Ho0 — 10SbO3™ + 15807 + 80H* + 20e™

4MnOj + 4K* + 32H" + 20e™ — 4Mn?* + 4K* + 16H,0

10Sb®* + 24Hy0 + 4MnOj + 15507 + 4K* —
10SbO3™ + 48H* + 4Mn2* + 15807 + 4K*

Combine ions to form balanced equation:
5Sb2(SO4)3 + 4KMIIO4 + 24H20 — 10H38b04 + 2KQSO4 + 4MHSO4 + QHQSO4
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589. Formula equation:

Mn(NOs); + NaBiO3 + HNO3 — Bi(NO3)y + HMnO, + NaNOj3 + HyO

Ionic equation:

9 +5-2 +1 +5-2 +1 +5-2
Mn * + 2NO3 + NaBiOs + H* + NO3

9 +5-2 +147 -2 +1 +5-2 +1 -2
- B1 * + 2NO3 + HMnOy4 + Na* + NO3 + HyO

Oxidation half-reaction:

+2 9 +7
3[Mn2* + 4Hy0 — HMnO, + TH* + 5¢7]
= 3Mn?* + 12H,0 — 3HMnO, + 21H* + 15¢~

Reduction half-reaction:

+5 +2 9
5[NaBiOg + 6H" + 3¢~ — Bi“" + Na* + 3Hy0]
=5NaBiOs + 30H" + 15¢~ — 5Bi* + 5Na* + 15H,0

Combine half-reactions:
3Mn2* + 12H,0 — 3HMnO, + 21H* + 15¢~
5NaBiO; + 30H* + 15¢~ — 5Bi2* + 5Na* + 15H,0

3Mn2* + 5NaBiO3 + 9H* — 3MnO, + 5Na* + 5Bi%* + 3H,0

Combine ions to form balanced equation:

3M1’1(NO3)2 + 5NaB103 + 9HNO3 e d 5B1(NO3)2 + 3HMIIO4 + 5NaNO3 + 3H20

590. Formula equation:

H3ASO4 +7Zn + HC1 —» ASH3 + ZHCIQ + HQO

Ionic equation:

+1 +5 —2 -1 -3+1  +2 9 -1 +1 -2
3H* + AsOf + Zn + H+ + CI” — AsHg + Zn“* + 2C1” + HyO

Oxidation half-reaction:

0 +2 9 9
4[Zn — Zn“" + 2¢7] = 4Zn — 4Zn“* + 8¢~
Reduction half-reaction:
+5 -3
AsOy + 11H* + 8Cl™ + 8¢~ — AsHjg + 4H50 + 8CI~
Combine half-reactions:

47n — 470" + 8¢~

AsOy4 + 11H* + 8CI™ + 8¢~ — AsHjz + 4H50 + 8C1~
AsOy + 11H* + 4Zn + 8CI” — AsHj + 4Hy0 + 4Zn?* + 8CI”

Combine ions to form balanced equation:

H3ASO4 +47Zn + 8HC1 — ASH3 + 4ZIIC12 + 4H20

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

413



591.

Formula equation:

KClO; + HCI - Cl, + Hy0 + KCI

Ionic equation:

+5-2 +1 -1 +1 -2 +1 -1
*+ ClOz+H' + CI” —)012+H20+K + CI”

Oxidation half-reaction:
-1 0
3[2CI" = Cly + 2¢7] = 6C1™ — 3Cly + 6e™
Reduction half-reaction:
+5 -1
K* + ClO3 + 6H* + 66" - K + CI™ + 3H,0

Combine half-reactions:
6Cl™ — 3Cly + 6e™
K* + ClO3 + 6H* + 66" - K + CI” + 3H50

K* + ClO3 + 6H* + 6C1” — K" + CI” + 3H50 + 3Cl,

Combine ions to form balanced equation:

KCIO; + 6HCI — 3Cl, + 3Hy0 + KCl

592.

Formula equation:

KClO; + HCI - Cl, + ClOg + Hy0 + KC1

Ionic equation:

+1+5 -2 +1-1 +4 -2 +1 -2 +1 -1
KC103 + HCI” —» 012 + ClOy + HoO + Kt + CI”

Oxidation half-reaction:
-1 +4

2[2HCI + 2H50 — ClOg + 6H" + C1™ + 5e7]
=4HCI + 4H50 — 2Cl0g + 12H* + 2C1™ + 10e~
Reduction half-reaction:

+5 0
2KClO3 + 12H* + 10e™ — ClI,, + 2K* + 6H50
Combine half-reactions:

4HCI + 4H50 — 2C109 + 12H" + 2C1™ + 10e”
2KClOg+ 12H* + 10e” — Cly + 2K* + 6Hy0

4HCI + 2KC103 — 2C104 + 2K* + Cly, + 2H,0 + 2C1

Combine ions to form balanced equation:

2KClO; + 4HC1 — Cl,, + 2C104 + 2H,0 + 2KC1
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593.

Formula equation:

MnCl; + Hy0 — MnCl, + MnOs, + HCI

Ionic equation:

+3 3 -1 +1 -2 +2 9 -1 +4 -2 +1 -1
Mn®* + 3Cl~ + HyO — Mn“* + 2CI” + MnOy + H* + CI~

Oxidation half-reaction:
+3 3 +4
Mn°* + 8CI™ + 2H50 — MnOg + 3CI™ + 4H" + 1le”
Reduction half-reaction:
+3 3 +2 9
Mn®* + 3Cl~ + le~ — Mn** + 3C1~

Combine half-reactions:
Mn?* + 3C1™ + 2Hy0 — MnOy + 3C1™ + 4H* + 1e~
Mn®* + 3CI™ + 1e~ - Mn?* + 3CI™

2Mn3* + 6CI™ + 2H50 — Mn?* + 6C1™ + MnOy, + 4H*

Combine ions to form balanced equation:

2MnCl; + 2Hy0 — MnCly + MnOy + 4HC1

594.

Formula equation:

NaOH + Hy0 + Al - NaAl(OH)4 + Hy (in basic solution)

Ionic equation:

+1 —2+1 +1-2 0 +1 +3 —2+1 0
Na* + OH™ + Hy0 + Al —» Na*Al(OH); + H,

Oxidation half-reaction:

0 +3
2[Al + Na*+ 40H™ — AI(OH); + Na* + 3e7]
= 2Al + 2Na* + 8OH™ — 2A1(OH); + 2Na* + 6e~
Reduction half-reaction:

+1 0
3[2H50 + 2¢” — Hy + 20H ] = 6H50 + 6~ — 3Hy + 60H™
Combine half-reactions:

2A1 + 2Na* + SOH™ — 2A1(OH)y + 2Na™ + 6e~
6H50 + 6e” — 3Hy + 60H

2A1 + 2Na* + 20H™ + 6H,0 — 2A1(0OH); + 2Na* + 3Hy,

Combine ions to form balanced equation:

2NaOH + 6Hy0 + 2A1 — 2NaAl(OH), + 3H,
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595. Formula equation:
Bry + Ca(OH)y — CaBry + Ca(BrOg3)s + HyO (in basic solution)
Ionic equation:
0 +2 9 —2+1 +2 9 -1 +2 9 +5 -2 +1 -2
Brg + Ca®* + 20H™ — Ca”* + 2Br™ + Ca“* + 2BrO3 + Hy0
Oxidation half-reaction:
0 9 +5 9
Bry + 6Ca~* + 120H™ — 2BrO3 + 6Ca”* + 6Hg0 + 10e~
Reduction half-reaction:
0 -1
5[Brg + 2¢” — 2Br ]| = 5Bry + 10e — 10Br™
Combine half-reactions:
Bry + Ca?* + 120H™ — 2BrO5 + Ca?* + 6Hy0 + 10e”
5Bry + 10e” — 10Br~
6Bry + 120H™ — 10Br™ + 2BrOg + 6HyO
Combine ions to form balanced equation:
6BI‘2 + GCa(OH)Q — 5CaBr2 + Ca(BrO3)2 + GHQO
596. Formula equation:

N3O + NaClO + NaOH — NaCl + NaNOy + H5O (in basic solution)

Ionic equation:

+1 -2 +1 +1-2 +1 -2+1 +1 -1 +1 +3-2 +1 -2
N5O + NaClO + Na* OH™ — Na* + CI” + NaNOy + HyO

Oxidation half-reaction:

+1 +3
2Na + NyO + 60H™ — 2NaNOg + 3H50 + 4e”
Reduction half-reaction:

+1
2[NaClO + HgO + 2¢~ — CI” + 20H™ + Na™]
= 2NaClO + 2H50 + 4e~ — 2CI” + 40H™ + 2Na*

Combine half-reactions:
2Na* + NoO + 60H™ — 2NaNOg + 3HgO + 4e”
2NaClO + 2H50 + 4e”~ — 2C1” + 40H™ + 2Na*

2Na* + NoO + 20H™ + 2NaClO — 2NaNOg + Hy0 + 2C1™ + 2Na*

Combine ions to form balanced equation:

N3O + 2NaClO + 2NaOH — 2NaCl + 2NaNOg + H,O
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597. Formula equation:

HBr + MnOy — MnBr; + HyO + Bry

Ionic equation:

-1 +4 -2 +2 -1 +1 -2
H+ + Br~ + MnOy — MnBry + HyO + Brz

Oxidation half-reaction:
-1 0
2Br~ — Brg + 2¢”
Reduction half-reaction:
+4 +2
2Br~ + MnOg + 4H* + 26~ — MnBry + 2H50

Combine half-reactions:
2Br~ — Brg + 2e”
2Br~ + MnOg + 4H" + 2¢~ — MnBry + 2H50

4Br~ + MnOg + 4H" — Bry + MnBry + 2H0

Combine ions to form balanced equation:

4HBr + MnOg — MnBrg + 2H50 + Bry

598. Formula equation:

Au + HCl + HNO3 — HAuCly + NO + H5O (in aqua regia™)

Ionic equation:

+1 -1 +1 +5-2 +1+3 -1 +2-2 41 -2
Au +H"+ClI” + H* + NO3 — HAuCl, + NO + HyO

Oxidation half-reaction:

0 +3

Au + 4Cl” + H* - HAuCly + 3e~
Reduction half-reaction:

+5 +2

NO3 + 4H* + 3¢~ — NO + 2H,0
Combine half-reactions:

Au + 4C1” + H" - HAuCly + 3e~

NO3 + 4H* + 3¢~ — NO + 2H,0
Au + 4CI” + 5H* + NO3 — HAuCl, + NO + 2H,0

Combine ions to form balanced equation:

Au + 4HC1 + HNO3 — HAuCly + NO + 2H50

*Aqua regia = concentrated HCI + concentrated HNOg.
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599.

+22 0 +22 0
Cu®t + Fe » Fe*" + Cu

Anode = Fe (oxidation)
Cathode = Cu (reduction)

Half-reactions:
Fe = Fe?* + 2¢~ E’=+0.45V
Cu?* + 2 =Cu E’=+0.34V

Eocell = +0.79 V; spontaneous

600.

+2 +2 +3 0
Pb%* + Fe?* - Fe3* + Pb
Anode = Fe (oxidation)
Cathode = Pb (reduction)

Half-reactions:
Fe?* = Fe®* + 1le” E’=_077V
Pb%* + 2¢"=Pb E’=_0.13V

Eocell =-0.90 V; not spontaneous

601.

+2 9 +2 9 +7 0
Mn** + 8Hy0 + Sn** — MnOj + SH* + Sn
Anode = Mn (oxidation)

Cathode = Sn (reduction)

Half-reactions:
Mn?* + 4H,0 MnOj + 8H* + 5¢~ E’=-150V
Sn?* + 2¢” =Sn E’=-014V

Eocell =-1.64 V; not spontaneous

602.

+6 9 0 +7 -1
MnOjz + Cly - MnOjy + 2C1™

Anode = Mn (oxidation)
Cathode = Cl (reduction)

Half-reactions:
MnO% =MnOj + e~ E’=-056V
Cly + 2¢~ = 2CI” E’=+136V

Eocell = +0.80 V; spontaneous

MODERN CHEMISTRY APPENDIX D SOLUTIONS MANUAL
Copyright © by Holt, Rinehart and Winston. All rights reserved.

418



603. +1 9 +6 9 0 +7
Hgs* + 2MnO7 — 2Hg + 2MnOj

Anode = Mn (oxidation)
Cathode = Hg (reduction)

Half-reactions:
MnOi_ =MnOjy + e
Hg3" + 2¢~ = 2Hg

E’=_056V
E’=+0.80V

Eocell = +0.24 V; spontaneous

+1 0 0 +2
604. o1 i+ 1 Pb — 2Li + Pb2*

Anode = Pb (oxidation)
Cathode = Li (reduction)

Half-reactions:
Pb = Pb?* + 2¢~

Lif +e =Li

E%=4+0.13V
E%=_3.04V

Eocell =-2.91 V; not spontaneous

0 -1 -1 0
605. b1y + 2CT™ > 2Br + Cly

Anode = CI (oxidation)
Cathode = Br (reduction)

Half-reactions:
2C1" =Cly + 2e~
Brg + 2¢” = 2Br~

E%=_136V
E%=41.07V

E..;; = —0.29 V; not spontaneous

1 -2

0 0
606. ¢ L o 52+ I,

Anode = I (oxidation)
Cathode = S (reduction)

Half-reactions:
2 = 12 + 2e”
S +2 =8%

E’=_054V
E’=_0.48V

Eocell =-1.02 V; not spontaneous
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607.

Ca®* + 2 =Ca
Fe®* + 3¢~ =Fe

Anode = Ca (oxidation)
Cathode = Fe (reduction)

Anode reaction:

Ca=Ca% + 2"

Cathode reaction:

Fe?* + 3¢~ =Fe

E’=_287V
E’=-0.04V

E®.i = E® uinode — ECunode = —0.04 — (—2.87) = +2.83 V

608.

Agt+e =Ag
S+ 2H" + 2¢” = H,sS

Anode = S (oxidation)
Cathode = Ag (reduction)

Anode reaction:

HoS =S + 2H" + 2¢~

Cathode reaction:

Agt+e =Ag

E%=4+080V
E%=40.14V

E®.oi1 = E® uinode — E%unode = +0.80 — (+0.14) = +0.66 V

609.

Fe?* + ¢~ = Fe?*
Sn?* + 2~ =Sn

Anode = Sn (oxidation)
Cathode = Fe (reduction)

Anode reaction:

Sn = Sn%* + 2~

Cathode reaction:

Fe?* + ¢~ = Fe?*

E%=4+0.77V
E%=_0.14V

E®.oi = E% uinode — ECunode = +0.77 — (=0.14) = +0.91 V
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610.

Cut + 2 =Cu E’=+0.34V
Au®* + 3¢ =Au E’=+150V

Anode = Cu (oxidation)
Cathode = Au (reduction)

Anode reaction:

Cu=Cu®* + 2"

Cathode reaction:

Au?* + 3e" =Au

E®.oi = E% uinode — ECunode = +1.50 — (+0.34) = +1.16 V

611.

0 +22 +22 0
Ba + Sn“* —» Ba“* + Sn

Anode = Ba (oxidation)
Cathode = Sn (reduction)

Half-reactions:
Ba =Ba?* + 2~ E= 4291V
Sn2+ + 2 = Sn EO =014V
Eocezz = +2.77 V; spontaneous
612 0 +2

. 9 +2 9 0
Ni + Hg*" — Ni** + Hg
Anode = Ni (oxidation)
Cathode = Hg (reduction)

Half-reactions:
Ni = NiZ* + 2¢~ E’=+026V
Hg?" + 2¢” = Hg E’=+085V

Eocell = +1.11V; spontaneous

613.

+3 3 +3 3 +6 9 +2 9
2Cr°* + TH0 + 6Fe’* — CroO% + 14H™ + 6Fe”*
Anode = Cr (oxidation)

Cathode = Fe (reduction)

Half-reactions:
20r3* + THy0 = Cry0% + 14H" + 6¢” E’=-123V
Fe3* + ¢~ = Fe?* E’=+0.77V

Eocell =-0.46 V; not spontaneous
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614.

0 0 -1 42,
Clg + Sn — 2CI” + Sn**

Anode = Sn (oxidation)
Cathode = Cl (reduction)

Half-reactions:
Sn = Sn?* + 2¢~

Cly + 2¢™ = 2CI”

E’=+0.14V
E’=+136V

Eocell = +1.50 V; spontaneous

615.

0 +3 +3 3 0
Al + 3Ag™ — Al°* + 3Ag
Anode = Al (oxidation)
Cathode = Ag (reduction)

Half-reactions:
Al =A% + 3e™

Agt+e =Ag

E’=+166V
E’=+080V

Eocezz = +2.46 V; spontaneous

616.

+1 9 —22 0 0
Hgs* + S~ > 2Hg + S
Anode = S (oxidation)
Cathode = Hg (reduction)

Half-reactions:
S% =S+ 2
Hg3* + 2¢~ = 2Hg

E% = 4048V
E%=+0.80V

Eocezz = +1.28 V; spontaneous

617

+1

.0 +22 0
Ba + 2Ag" — Ba®" + 2Ag

Anode = Ba (oxidation)
Cathode = Ag (reduction)

Half-reactions:
Ba =Ba®" + 2¢~

Agt+e =Ag

E%=4291V
E%=4+080V

EOCell = +3.71V; spontaneous
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618. 1 +2, 0 0
2" + Ca** > Iy + Ca

Anode = I (oxidation)
Cathode = Ca (reduction)

Half-reactions:
2l =Ip+2e” E’=_054V
Ca®* +2¢ =Ca E’=_287V
Eocell =-3.41V; not spontaneous
619.9 +7

+2 9 +6 9
Zn + 2MnOj — Zn** + 2MnOj~

Anode = Zn (oxidation)
Cathode = Mn (reduction)

Half-reactions:
Zn =7Zn’" + 2~ E’=+0.76V
MnOj + e = MnO7~ E’=+056V

EOCEH = +1.32 V; spontaneous

+3 +2 +6 0
620. .03+ 3Mg?* + THoO — CryO%~ + 14H* + 3Mg

Anode = Cr (oxidation)
Cathode = Mg (reduction)

Half-reactions:
2Cr* + THy0 = CryO?™ + 14H* + 6¢~ E’=-123V
MgZ*+ 2¢~ = Mg E’=-237V
EY_;; = -3.60 V; not spontaneous
621.Cly + 26~ = 2CI- E’=+136V
Ni%* + 2¢” =Ni E’=-026V

Anode = Ni (oxidation)
Cathode = Cl (reduction)

Anode reaction:

Ni = Ni%* + 2¢~

Cathode reaction:
Cly + 2~ = 2CI”
E2 ) =E2 ihode — Eonode = +1.36 — (=0.26) = +1.62 V

Combine half-reactions:
Ni = Ni?* + 2¢~
Cly + 2e” =2CI”

Cly + Ni = Ni2* + 2CI”
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622.

Fe®* + 3¢~ =Fe E’=-0.04V
Hg?* + 2¢" = Hg E’=+0.85V

Anode = Fe (oxidation)
Cathode = Hg (reduction)

Anode reaction:

2[Fe = Fe®* + 3¢7] = 2Fe = 2Fe®* + 6e”

Cathode reaction:

3[Hg?" + 2¢~ = Hg] = 3Hg?* + 6e~ = 3Hg
E% =E2 ihode — Eonode = +0.85 — (=0.04) = +0.89 V

Combine half-reactions:
2Fe = 2Fe®" + 6~
3Hg?* + 6e” = 3Hg

3Hg?* + 2Fe — 3Hg + 2Fe>*

623.

MnOj + e~ = MnO?" E’=+056V
A" + 3¢~ =Al E’=_166V

Anode = Al (oxidation)
Cathode = Mn (reduction)

Anode reaction:

Al=APP* + 3¢~

Cathode reaction:

3[MnOj + e~ = MnO7 ] = 3MnOj + 3¢~ = 3MnO7~
ESy = ES ihode — Eopode = +0.56 — (—1.66) = +2.22V

Combine half-reactions:
Al =AP* + 3¢~
3MnOj + 3¢ = 3MnOF

3MnOj + Al - 3MnO7 ™ + AI**
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624.

MnOj + 8H" + 5¢~ = Mn?* + 4H,0 E’=+150V
S + 2H* + 2¢~ = HoS E’=+014V

Anode = S (oxidation)
Cathode = Mn (reduction)

Anode reaction:

5[HpS =S + 2H* + 2¢7] = 5HyS = 5S + 10H* + 10e~

Cathode reaction:
2[MnOj + 8H* + 5¢~ = Mn?* + 4H,0]
= 2MnO7 + 16H* + 10e~ = 2Mn2* + 8H,0

E%) =E2 ihode — Eonode = +1.50 — (+0.14) = +1.36 V

Combine half-reactions:
5HoS =58 + 10H' + 10e”
2MnOj + 16H* + 10e” = 2Mn?* + 8H,0

2MnOj7 + 6H" + 5HyS — 2Mn?* + 8H,0 + 5S

625.

Ca* + 2 =Ca E’=_287V
Lit+e =Li E’=_3.04V

Anode = Li (oxidation)
Cathode = Ca (reduction)

Anode reaction:

2[Li =Li* +¢7] = 2Li = 2Li" + 2~

Cathode reaction:

Ca?* + 2 =Ca
0 _ 0 0 — —
Ecell = Ecathode - Eanode =-2.87-(-3.04) =+0.17V

Combine half-reactions:
9Li = 2Li* + 2¢~

Ca®* + 2 =Ca

Ca®" + 2Li — Ca + 2Li*
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626. By, + 2¢" = 2Br~ E’=+1.07V
MnOj + 8H" + 5¢~ = Mn?* + 4H,0 E’=+150V

Anode = Br (oxidation)
Cathode = Mn (reduction)

Anode reaction:

5[2Br™ = Brg + 2¢7] = 10Br™ = 5Bry + 10e™

Cathode reaction:
2[MnOj + 8H* + 5¢~ = Mn?* + 4H,0]
= 2MnOj + 16H" + 10e~ = 2Mn2* + 8H,0

E2 ) =E2 ihode — Eonode = +1.50 — (+1.07) = +0.43 V

Combine half-reactions:
10Br™ = 5Bry + 10e
2MnOj + 16H* + 10e” = 2Mn?* + 8H,0

2MnOj7 + 16H* + 10Br~ — 2Mn2* + 8H,0 + 5Bry

627.Sn?" + 2¢" =Sn E’=_014V
Fe?* + ¢~ = Fe?* E’=+0.77V

Anode = Sn (oxidation)
Cathode = Fe (reduction)

Anode reaction:

Sn = Sn%* + 2~

Cathode reaction:

2[Fe3* + ¢~ = Fe?*] = 2Fe3* +2¢~ = 2Fe?*
0 _ 1m0 0 _ _
Ecell = Ecathode - Eanode =+0.77-(-0.14) = +091V

Combine half-reactions:
Sn = Sn%* + 2¢~

2Fe3 + 2¢ = 2Fe2t

2Fe3* + Sn — 2Fe?* + Sn?*
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628. 7,2* 4 2¢” =7n E’=-0.76 V
Crs0% + 14H" + 6e” = 2Cr®* + THo0 E’=+123V

Anode = Zn (oxidation)
Cathode = Cr (reduction)

Anode reaction:

3[Zn = Zn2" + 2¢7] = 3Zn = 3Zn%* + 6~

Cathode reaction:

Cry0% + 14H" + 6¢” = 2Cr®* + TH,0
E2 ) =E2 ihode — Eonode = +1.23 — (=0.76) = +1.99 V

Combine half-reactions:
37n =37Zn>" + 6¢”
Cry0% + 14H" + 6¢~ = 2Cr®* + TH,0

Cry0% + 14H* + 3Zn — 2Cr®* + TH,0 + 3Zn*

629. 5.2 L 95 = Ba E’=_291V

Ca** +2 2 Ca E’=_287V

Anode = Ba (oxidation)
Cathode = Ca (reduction)

Anode reaction:

Ba 2 Ba®* + 2¢~

Cathode reaction:

Ca®* +2¢” 2 Ca

ESy = ES ihode — ESpoge = —2.87 — (=2.91) = +0.04 V
Combine half-reactions:

Ba 2 Ba* + 2~

Ca®* +2 2 Ca

Ca%* + Ba — Ca + Ba®*
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630. 152+ 4 2. = 2Hg E’=+0.80V
Cd* + 2 =Cd E’=-040V

Anode = Cd (oxidation)
Cathode = Hg (reduction)

Anode reaction:

Cd = Cd?** + 2¢~

Cathode reaction:

Hg3" + 2¢~ = 2Hg
E% =E2 ihode — Eonode = +0.80 — (=0.40) = +1.20 V

Combine half-reactions:
Cd = Cd%* + 2~
Hg3* + 2¢~ = 2Hg

Hg3* + Cd — 2Hg + Cd%*
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