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CHAPTER 1

CHEMICAL FOUNDATIONS

Questions

17.

18.

19.

20.

21.

A law summarizes what happens, e.g., law of conservation of mass in a chemical reaction or
the ideal gas law, PV = nRT. A theory (model) is an attempt to explain why something
happens. Dalton’s atomic theory explains why mass is conserved in a chemical reaction. The
kinetic molecular theory explains why pressure and volume are inversely related at constant
temperature and moles of gas present, as well as explaining the other mathematical
relationships summarized in PV = nRT.

A dynamic process is one that is active as opposed to static. In terms of the scientific
method, scientists are always performing experiments to prove or disprove a hypothesis or a
law or a theory. Scientists do not stop asking questions just because a given theory seems to
account satisfactorily for some aspect of natural behavior. The key to the scientific method is
to continually ask questions and perform experiments. Science is an active process, not a
static one.

The fundamental steps are

(1) making observations;
(2) formulating hypotheses;
(3) performing experiments to test the hypotheses.

The key to the scientific method is performing experiments to test hypotheses. If after the test
of time the hypotheses seem to account satisfactorily for some aspect of natural behavior,
then the set of tested hypotheses turns into a theory (model). However, scientists continue to
perform experiments to refine or replace existing theories.

A random error has equal probability of being too high or too low. This type of error occurs
when estimating the value of the last digit of a measurement. A systematic error is one that
always occurs in the same direction, either too high or too low. For example, this type of
error would occur if the balance you were using weighed all objects 0.20 g too high, that is, if
the balance wasn’t calibrated correctly. A random error is an indeterminate error, whereas a
systematic error is a determinate error.

A qualitative observation expresses what makes something what it is; it does not involve a
number; e.g., the air we breathe is a mixture of gases, ice is less dense than water, rotten milk
stinks.

The Sl units are mass in kilograms, length in meters, and volume in the derived units of m°.
The assumed uncertainty in a number is +1 in the last significant figure of the number. The
precision of an instrument is related to the number of significant figures associated with an
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22.

23.

24.

25.

experimental reading on that instrument. Different instruments for measuring mass, length, or
volume have varying degrees of precision. Some instruments only give a few significant
figures for a measurement, whereas others will give more significant figures.

Precision: reproducibility; accuracy: the agreement of a measurement with the true value.
a. Imprecise and inaccurate data: 12.32 cm, 9.63 cm, 11.98 cm, 13.34 cm

b. Precise but inaccurate data: 8.76 cm, 8.79 cm, 8.72 cm, 8.75 cm

c. Precise and accurate data: 10.60 cm, 10.65 cm, 10.63 cm, 10.64 cm

Data can be imprecise if the measuring device is imprecise as well as if the user of the
measuring device has poor skills. Data can be inaccurate due to a systematic error in the
measuring device or with the user. For example, a balance may read all masses as weighing
0.2500 g too high or the user of a graduated cylinder may read all measurements 0.05 mL too
low.

A set of measurements that are imprecise implies that all the numbers are not close to each
other. If the numbers aren’t reproducible, then all the numbers can’t be very close to the true
value. Some say that if the average of imprecise data gives the true value, then the data are
accurate; a better description is that the data takers are extremely lucky.

Significant figures are the digits we associate with a number. They contain all of the certain
digits and the first uncertain digit (the first estimated digit). What follows is one thousand
indicated to varying numbers of significant figures: 1000 or 1 x 10° (1 S.F.); 1.0 x 10% (2
S.F.); 1.00 x 10° (3 S.F.); 1000. or 1.000 x 10° (4 S.F.).

To perform the calculation, the addition/subtraction significant figure rule is applied to 1.5 —
1.0. The result of this is the one-significant-figure answer of 0.5. Next, the multi-
plication/division rule is applied to 0.5/0.50. A one-significant-figure number divided by a
two-significant-figure number yields an answer with one significant figure (answer = 1).

From Figure 1.9 of the text, a change in temperature of 180°F is equal to a change in
temperature of 100°C and 100 K. A degree unit on the Fahrenheit scale is not a large as a
degree unit on the Celsius or Kelvin scales. Therefore, a 20° change in the Celsius or Kelvin
temperature would correspond to a larger temperature change than a 20° change in the
Fahrenheit scale. The 20° temperature change on the Celsius and Kelvin scales are equal to
each other.

Straight line equation: y = mx + b, where m is the slope of the line and b is the y-intercept. For
the Te vs. T¢ plot:

Te=(9/5)Tc + 32
y=m x+b

The slope of the plot is 1.8 (= 9/5) and the y-intercept is 32°F.
For the T¢ vs. Tk plot:

TC: TK - 273
y=mx +Db

The slope of the plot is 1, and the y-intercept is —273°C.
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26. a. coffee; saltwater; the air we breathe (N, + O, + others); brass (Cu + Zn)
b. book; human being; tree; desk
c. sodium chloride (NaCl); water (H,O); glucose (CsH1,0¢); carbon dioxide (CO,)
d. nitrogen (Ny); oxygen (O,); copper (Cu); zinc (Zn)
boiling water; freezing water; melting a popsicle; dry ice subliming
f. Elecrolysis of molten sodium chloride to produce sodium and chlorine gas; the explosive
reaction between oxygen and hydrogen to produce water; photosynthesis, which converts
H,O and CO, into C¢H;,06 and O,; the combustion of gasoline in our car to produce CO,
and H,O
Exercises

Significant Figures and Unit Conversions

27.

28.

29.

30.

31.

32.
33.

a. exact b. inexact
c. exact d. inexact (7 has an infinite number of decimal places.)

a. one significant figure (S.F.). The implied uncertainty is £1000 pages. More significant
figures should be added if a more precise number is known.

b. twoS.F. c. four S.F.

d. twoS.F. e. infinite number of S.F. (exact number) f. oneS.F.
a. 6.07x10%;3SF. b. 0.003840; 4 S.F. c. 17.00;4S.F.

d. 8x10% 1SF. e. 463.8052; 7 S.F. f. 300; 1S.F.

g. 301;3S.F. h. 300.; 3S.F.

a. 100; 1S.F. b. 1.0x10%2SF. c. 1.00x10%3SF.

d. 100.;3S.F. e. 0.0048;2S.F. f.  0.00480; 3S.F.

g. 4.80x10%;3SF.  h. 4.800x 1073;4S.F.

When rounding, the last significant figure stays the same if the number after this significant
figure is less than 5 and increases by one if the number is greater than or equal to 5.

a. 3.42x10* b. 1.034 x 10* c. 1.7992 x 10! d. 3.37x10°
a. 4x10° b. 3.9x10° c. 3.86x10° d. 3.8550 x 10°

Volume measurements are estimated to one place past the markings on the glassware. The
first graduated cylinder is labeled to 0.2 mL volume increments, so we estimate volumes to
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34.

35.

the hundredths place. Realistically, the uncertainty in this graduated cylinder is +0.05 mL.

The second cylinder, with 0.02 mL volume increments, will have an uncertainty of +0.005
mL. The approximate volume in the first graduated cylinder is 2.85 mL, and the volume in
the other graduated cylinder is approximately 0.280 mL. The total volume would be:

2.85 mL
+0.280 mL
3.13 mL

We should report the total volume to the hundredths place because the volume from the first
graduated cylinder is only read to the hundredths (read to two decimal places). The first
graduated cylinder is the least precise volume measurement because the uncertainty of this
instrument is in the hundredths place, while the uncertainty of the second graduated cylinder
is to the thousandths place. It is always the lease precise measurement that limits the
precision of a calculation.

a. Volumes are always estimated to one position past the marked volume increments. The
estimated volume of the first beaker is 32.7 mL, the estimated volume of the middle
beaker is 33 mL, and the estimated volume in the last beaker is 32.73 mL.

b. Yes, all volumes could be identical to each other because the more precise volume
readings can be rounded to the other volume readings. But because the volumes are in
three different measuring devices, each with its own unique uncertainty, we cannot say
with certainty that all three beakers contain the same amount of water.

c. 32.7mL
33 mL
32.73 mL
98.43 mL =98 mL

The volume in the middle beaker can only be estimated to the ones place, which dictates that
the sum of the volume should be reported to the ones place. As is always the case, the least
precise measurement determines the precision of a calculation.

For addition and/or subtraction, the result has the same number of decimal places as the
number in the calculation with the fewest decimal places. When the result is rounded to the
correct number of significant figures, the last significant figure stays the same if the number
after this significant figure is less than 5 and increases by one if the number is greater than or
equal to 5. The underline shows the last significant figure in the intermediate answers.

a. 212.2+26.7 +402.09 = 640.99 = 641.0

b. 1.0028 + 0.221 + 0.10337 = 1.32717 = 1.327

c. 52.331+26.01-0.9981 =77.3429=77.34

d. 2.01x10%+3.014 x 10° = 2.01 x 10> + 30.14 x 10° = 32.15 x 10° = 3215

When the exponents are different, it is easiest to apply the addition/subtraction rule when
all numbers are based on the same power of 10.

e. 7.255-6.8350 = 0.42 = 0.420 (first uncertain digit is in the third decimal place).
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36.

37.

38.

For multiplication and/or division, the result has the same number of significant figures as the
number in the calculation with the fewest significant figures.

0.102 x 0.0821 x 273
1.01

= 2.2635 = 2.26

0.14 x 6.022 x 10 = 8.431 x 10% = 8.4 x 10°%, since 0.14 only has two significant
figures, the result should only have two significant figures.

4.0 x 10°x 5.021 x 107° x 7.34993 x 10> = 1.476 x 10° = 1.5 x 10°

2.00 x 10°

T00 107 6.6667 x 10* =6.67 x 10%?
. X

Here, apply the multiplication/division rule first; then apply the addition/subtraction rule
to arrive at the one-decimal-place answer. We will generally round off at intermediate
steps in order to show the correct number of significant figures. However, you should
round off at the end of all the mathematical operations in order to avoid round-off error.
The best way to do calculations is to keep track of the correct nhumber of significant
figures during intermediate steps, but round off at the end. For this problem, we
underlined the last significant figure in the intermediate steps.

2.526 N 0.470 N 80.705
3.1 0.623  0.4326

=0.8148 + 0.7544 + 186.558 = 188.1

Here, the mathematical operation requires that we apply the addition/subtraction rule
first, then apply the multiplication/division rule.

6.404 x 291 6.404 x 2.91 _
18.7-17.1 16

12

6.071x 10° -8.2x10° - 0521 x 10 =60.71 x 10°-8.2x 10° —52.1 x 10°°
=041%x10° =4%x 10"

38x10™+40x10"  38x10°+40x10"  42x107"°
4 x 10" + 6.3 x 10" 4 x 10" + 63 x 10* 67 x 10

=63x10%

95+4.1+28+3.175 19575
4
Uncertainty appears in the first decimal place. The average of several numbers can only

be as precise as the least precise number. Averages can be exceptions to the significant
figure rules.

=489=49

Mxloo _ 0020 x 100 =0.22
8.925 8.925

6.022 x 10% x 1.05 x 10> = 6.32 x 10%
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-34 8
b. 6.6262 x 107" x 2.298 x 10 _782 x 10°Y7
2.54 x 10”
c. 1.285x 1072 +1.24x 10 +1.879 x 10
=0.1285 x 107! + 0.0124 x 107*+ 1.879 x 107! =2.020 x 10
When the exponents are different, it is easiest to apply the addition/subtraction rule when
all numbers are based on the same power of 10.
4 (100866 —1.0072238) _ 0.00138  =229x107
6.02205 x 10 6.02205 x 10
2 2 2
o 9875x10 9.7925 x10° 5o - 0080 x 102 100 = 8.1 x 101
9.875 x 10 9.875 x 10
;942 x10% +8.234 x 10 +1.625 x 10° _ 0.942 x 10° +0.824 x 10° +1.625 x 10°
' 3 3
=1.130 x 10°
39. a 843cmx M, 1000MM _ o) omm b 241x102cm x =241m
100 cm m 100cm
c. 2045mm x ——m 2006 _5 5 4 10® cm
1x 107 nm m
d 1.445x 10°mx —<— 14 45 km e. 2353 mx 2000MM _ 5 355 % 105 mm
1000 m m
6
f. 903.3nm x 1”; 1 107HM _ 4 9033 um
1x10° nm m
12
20, a 1Tgx 221970 1K 4 100k
Tg 1000 g
12 9
b. 6.50x 107 Tm x 2107 M  1x10°0M _ oo o 10%nm
Tm m
c. 25fg x 1915 « K9 _ o5 101BKkg = 255 x 10 kg
1x107fg 1000g
3 1L 3 3
d. 80dm’x —- =80L (1L=1dm®=1000cm’= 1000 mL)
dm
6
e. 1mL x 1L x1X10 ML:1><103],lL
1000 mL L
12
f. 1pugx 19 ><1X10 pg:lxlOGpg

1 x 108 1g g
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41. a. Appropriate conversion factors are found in Appendix 6. In general, the number of
significant figures we use in the conversion factors will be one more than the number of
significant figures from the numbers given in the problem. This is usually sufficient to
avoid round-off error.

391kgx — P _g621b; 0.621bx 0%
0.4536 kg

=990z

Baby’s weight = 8 Ib and 9.9 oz or, to the nearest ounce, 8 Ib and 10. oz.

51.4 cm x Lin
2.54cm

=20.2 in~ 20 1/4 in = baby’s height

1.61km

mi

1000 m

b. 25,000 mi x =4.0 x 10* km; 4.0 x 10* km x =4.0x10'm

c. V=1xwxh=10m x (S.GCm X Jx(Z.ldm X 13? J:1.2><1O2 m’

00cm m

=12L

3
12x102m® x (100'”‘} « 1"3

m dm

3 N 3
12 L x 1000cm” f_ 1in = 730 in® 7300 x | 21U | = 0.42 ¢
L 254 cm 121in

1lb 04536k

42. a. 908 oz x =25.7 kg
16 0z Ib
b 128Lx 9t 108l _5ag )
0.9463L  4qt
¢ 125mLx —2b 18 g3
1000mL ~ 0.9463 L
d 289galx 29t L 2000mL 595 g0 mL
lgal 1.057qt 1L
e. 4481bx 22309 _ 034 10%g
fossomLx b 100G 5
1000mL L
43. a. 1.25mix M =10.0 furlongs; 10.0 furlongs x 40 rods =4.00 x 10° rods
mi furlon

55vyd 8 36in g 2.54cm y 1m
rod yd in 100cm

4.00 x 10% rods x =2.01x10°m
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44,

45,

=2.01 km

2.01x 10°m x KM
1000 m

Let's assume we know this distance to £1 yard. First, convert 26 miles to yards.

5280 ft y m
mi 3ft

26 mi x =45,760. yd

26 mi + 385 yd = 45,760. yd + 385 yd = 46,145 yards

1r0d _ 5390.0 rods; 8390.0 rods x ~run1ong

46,145 yard x
55yd 40 rods

= 209.75 furlongs

36in y 2.5_4cm g Im = 42,195 m: 42,195 m 1km
yd in 100cm 1000 m

=42.195 km

46,145 yard x

2 2
1ha x 10.000m~ o Tkm ) _ 102 km?
ha 1000 m

5.5 acre x

160rod?> ( 55yd 36in  2.54cm 1m
X X X - X
acre rod yd in 100cm

2
J =22 x 10* m?

1km
1000 m

lha

2.2 x 10* m? x —
1 x10"m

2
=22ha; 2.2x10*m?x ( ] =0.022 km?

Area of lot = 120 ft x 75 ft = 9.0 x 10° ft

X
160 rod? 0.21acre acre

2
9.0 x 10° ft? x [ ]?-’i/td y 515"0(?:i ] lacre = 0.21 acre; $6,500 _ $31,000
oY

We can use our result from (b) to get the conversion factor between acres and hectares
(5.5acre=2.2ha.). Thus 1 ha=2.5 acre.

=0.084 ha; the price is: $6,500 = $77,000
2.5acre 0.084 ha ha

0.21 acre x

12 troy oz y 20 pw . 24 grains y 0.0648¢ " 1kg

1troy Ib x -
troy Ib troy oz pw grain 1000¢g

=0.373 kg

2.2051b

1 troy Ib = 0.373 kg x =0.8221b

20 pw y 24 grains y 0.0648 g

1troy oz % -
troy oz pw grain

= 3119

1carat

ltroyoz=31.1gx = 156 carats
0.200
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10009 1cm®
kg 19.3¢

c. 1troylb=0.373 kg; 0.373 kg x =19.3cm®

1scruple y ldramap N 3.888¢

46. a. lgrainap x -
20grainap  3scruples  dramap

= 0.06480 g

From the previous question, we are given that 1 grain troy = 0.0648 g = 1 grain ap. So the
two are the same.

8dramap y 3.888¢ g loz troy*

b. 1ozapx
ozap dram ap 31.1¢g

=1.00 oz troy; *see Exercise 45b.

1g g ldramap y 3scruples

c. 5.00x10°mg x
1000 mg 3.888¢ dram ap

= 0.386 scruple

20 grains ap

0.386 scruple x
scruple

=7.72 grains ap

ldramap g 3.888¢

d. 1scruple x
3scruples  dramap

=129 g

1capsule
x —capsule

47. 156 ¢ = 24 capsules

80. mg acet

48. 1.5 teaspoons X ——
0.50 teaspoon

= 240 mg acetaminophen

240 mg acet y 1lb
241b 0.454 kg

= 22 mg acetaminophen/kg

240 mg acet y 1lb

= 15 mg acetaminophen/kg
351b 0.454 kg

The range is from 15 to 22 mg acetaminophen per kg of body weight.

8 .
49, warpL7l= (5_00 L 300x10 mJ ,1094yd 60s  6Omin _1lknot

S m min h * 2030 yd/h
=2.91 x 10° knots

8 . .
5.00 x 3.00 x 10°m 8 1km 8 Imi 8 695 8 60 min —3.36 x 10° mi/h
S 1000 m 1.609 km min h
50, 100.m = 10.4 ms: 100.m 1km 60s y 60 min — 376 km/h

x X
9.58s 9.58s 1000m  min
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100.m N 1.0936 yd 5 3ft = 34.2 ftfs: 34.2 ft y Imi y 60.5 g 60 min — 233 mi/h
9.58s m yd S 5280ft  min h
1.00x 10%yd x — M 9988 g6
1.0936yd 100.m
51, Ookm  OB2L4MI _ 4,4~ 40, mim
h km
To the correct number of significant figures (2), 65 km/h does not violate a 40 mi/h speed
limit.
52.  112kmx OB214M 1N g b= 1 hand 6 min
km 65 mi
112 km x 0.6214 mi X 1gal. X 3.785L _ 9.4 L of gasoline
28 mi gal
53 2.45 euros y 1kg y $1.32 _ $1.47/1b
kg 2.20461b euro
One pound of peaches costs $1.47.
54. For the gasoline car:
500. mi x 94 350 _ g5
28.0 mi gal
For the E85 car:
500. mi x 93, $285 _ ¢g33
22.5mi gal
The E85 vehicle would cost slightly more to drive 500. miles as compared to the gasoline
vehicle ($63.3 versus $62.5).
5280 ft )’
55.  Volume of lake = 100 mi® x [ : j x 20 ft = 6 x 10" ft’
mi
. 3
6 x 101 f x (12|n y 2.5'4ch y 1m|3_ L O4ug _ 7% 10 pg mercury
in cm mL
7x 10" ug x 196 x 1kg3 =7 x 10° kg of mercury
1x10°png 1x10°g
56. Volume of room = 18 ft x 12 ft x 8 ft = 1700 ft* (carrying one extra significant figure)
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. 3 3 3
1700 f x 12in « 2.5_4cm « Im _ a8 m?
ft in 100 cm

48m° x 400’0003“9 o 196CO =19g=20g CO (to 1 sig. fig.)
m 1x10° pg CO
Temperature
57, a Tc= g (Te—32) = g (—459°F — 32) = —273°C; Ty = Tc + 273 = —273°C + 273 = 0K
b, Te= g (-40.°F — 32) = —40.°C; Ty = —40.°C + 273 = 233 K
¢ Te= g (68°F — 32) = 20.°C; Ty = 20.°C + 273 = 293 K

d Tc= §(7><1O7°F—32):4><107°C; Tk=4x10"°C +273=4x 10" K

58. 96.1°F +0.2°F; first, convert 96.1°F to °C. T¢ = g(TF -32)= 8(96.1 —-32) =35.6°C

A change in temperature of 9°F is equal to a change in temperature of 5°C. So the
uncertainty is:

5°C

90

+0.2°F x =+0.1°C. Thus 96.1 +0.2°F = 35.6 +0.1°C.

59. a. Teg= % xTc+32= % x 39.2°C + 32=102.6°F (Note: 32 is exact.)

Tk= Tc+273.2=39.2+273.2=3124K

b. Te= % x (-25) +32=-13°F; Tx=-25+273=248K
c. Tg= % x (=273) + 32 = —459°F; Tx=-273+273=0K
d Te= % x 801 + 32 = 1470°F; Tx=801+273=1074K

60. a. Tc=Tk—-273=233-273=-40.°C

T, = %xTC+ 32= % x (~40.) + 32 = ~40.°F

b. Tc=4-273=-269°C; Tg= % X (—269) + 32 = —452°F
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61.

62.

63.

C.

d.

Tc=298-273=25°C; Te= % x25+32=T7°F

Tc=3680—-273=3410°C; Tg= % x 3410 + 32 = 6170°F

Te = %x Tc + 32; from the problem, we want the temperature where Tg = 2T,

Substituting:

2Tc = %X Tc+32, (02)Tc=32, Tc= % =160°C

Tr = 2T when the temperature in Fahrenheit is 2(160) = 320°F. Because all numbers when
solving the equation are exact numbers, the calculated temperatures are also exact numbers.

Tec= g(TF -32) = 3(72 -32)=22°C

Tc=Tk—-273=313-273=40.°C

The difference in temperature between Jupiter at 313 K and Earth at 72°F is 40.°C — 22 °C =
18°C.

a.

b.

C.

0
A change in temperature of 140°C is equal to 50°X. Therefore, % is the unit con-

. 50" X
version between a degree on the X scale to a degree on the Celsius scale. To account for
the different zero points, —10° must be subtracted from the temperature on the X scale to
get to the Celsius scale. The conversion between °X to °C is:

o o
Te=Tx x S0 _100C, Te=Tx x 2=
50°X 5° X

—-10°C

The conversion between °C to °X would be:

5°X
Tx = (Tc +10°C
x= (e ) leec
. 5°X .
Assuming 10°C and are exact numbers:
14°C
5°X

Tx = (22.0°C + 10°C) = 11.4°X

14°C
Assuming exact numbers in the temperature conversion formulas:

14°C

Tc =58.0°X x —10°C = 152°C
5°X
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Tk =152°C +273 =425 K

90F [e] o o
Te= 5o X 152°C +32°F = 306°F

64. a. —— 100°A 115°C A change in temperature of 160°C equals a
A A change in temperature of 100°A.

100°A 160°C 160°C

So
100°A
degree change in temperature.

is our unit conversion for a

Y 0°A Y _ -45°C
At the freezing point: 0°A =-45°C

Combining these two pieces of information:

100°A S5°A 8°C

= (Tc + 45°C) x or Te=Tax — 45°C
(C ) C A 5A

Ta=(Tc+45°C) x

160°C 8°C
b, Te=(Tr-32) x 2; Te=Tax & _45=(Te—32)x 2
9 5 9
9 8 72 72°F
Teo32=2 x [Tax S 45| =Ty x 12 81, Te=Tax _49°F
" SX(Axs J A% 55 FT AT o5en

c. Te=Tax % — 45and Te=Ta s0Tc=Tcx % — 45, %:45,% = 75°C = 75°A

d. Tc=86°Ax SO _45°C =093°C; Tr=86°Ax ~2F _ 49°F = 199°F = 2.0 x 10°°F
5°A 25°
6. Ta=(45°C +45°C) x 22 = 56°A
8°C
Density
3
65. Mass = 3501b x 22509 _16x10°g; V=12x10"in® x (2'5_4 ij = 2.0 x 10° cm?®
In
5
Density = — 12> _ 11079 _ (g0 g/lem®

volume 2.0 x 10° cm?®

Because the material has a density less than water, it will float in water.

66. V= %m3 = % x 3.14 x (0.50cm)®* =0.52cm?®; d= _200 _454 glem®

0.52cm?®
The ball will sink.
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3
67.  V=2rr3= 20314 [7.0x10% km x 1000M  200Em 1T, 4 10% em?
3 3 km m
o 2x10%kgx 710209
e — g _ 6 3_ 6 3
Density = = =1.4x10°g/lcm’® =1 x 10° g/cm
Y~ Volume 1.4 x 10¥ cm? ] ]
68. V=Ixwxh=29cmx35cmx10.0cm=1.0x10°cm’
. 615.0g 6.29
d = density = =
1.0 x10%2cm®  cm?®
3
69. a 5.0carat x 22009 1M _ o8 cm?
carat 3.51¢g
3
b. 2.8mL x Lem X 3519 X Loarat _ 49 carats
mL cm®  0.2009
70.  Forethanol: 100. mL x 27999 — 789
m
For benzene: 1.00 L x 1000 mL. X 0.880¢ =880. ¢
mL
Total mass =78.9g +880.g=959 ¢
71. V=21.6 mL —-12.7 mL = 8.9 mL; density = 33429 _ 3.8 g/mL = 3.8 g/cm®
8.9mL
3
72, 5259 x ~M ~ 0,500 cm® = 0.500 mL
1059
The volume in the cylinder will rise to 11.7 mL (11.2 mL + 0.500 mL = 11.7 mL).
73. a. Both have the same mass of 1.0 kg.

b. 1.0 mL of mercury; mercury is more dense than water. Note: 1 mL = 1 cm®,

LomL  1369_ 0.998¢

14 g of mercury; 1.0 mL x = 1.0 g of water

c. Same; both represent 19.3 g of substance.

0.9982¢g
mL

19.3 mL x =19.3 g of water; 1.00 mL x

19329 _ 19.3 g of gold
mL
d. 1.0 L of benzene (880 g versus 670 g)

8.96g _

1000 mL y 0.880¢g
mL

75 mL x 670 g of copper; 1.0L x = 880 g of benzene
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74.

75.

76.

77.

78.

1L 1000mL  0.789g
X X

a. 150qt x = 1120 g ethanol
1.0567 qt L mL

3

b. 3.5in° x (2'5_4 ij x 13'639 = 780 g mercury
In cm
a. 1.0 kg feather; feathers are less dense than lead.
b. 100 g water; water is less dense than gold. c. Same; both volumes are 1.0 L.
a. Hi(g): V=25.0gx _lem® 3.0 x 10° cm® [Ha(g) = hydrogen gas.]
0.000084 g
b. H,O(l): V=250 x Lem® e g em? [H,0(1) = water.]
0.9982 g
1cm?®

c. Fe(s): V=250¢gx

=3.18 cm® [Fe(s) = iron.
7879 [Fe(s) ]

Notice the huge volume of the gaseous H, sample as compared to the liquid and solid
samples. The same mass of gas occupies a volume that is over 10,000 times larger than the
liquid sample. Gases are indeed mostly empty space.

3
Lem” _ 443cm

V=100x10°g x

443cm*=1xwxh=4.00cmx4.00cmxh, h=277cm

3
V=22gx lcm
8.96

=2.5cm’ V=mnr? x|, where | = length of the wire

2.50m3=n><(

0.25 mm Zx lcm
2 10 mm

2
J x 1, 1=5.1x10%cm=170 ft

Classification and Separation of Matter

79.

A gas has molecules that are very far apart from each other, whereas a solid or liquid has
molecules that are very close together. An element has the same type of atom, whereas a
compound contains two or more different elements. Picture i represents an element that
exists as two atoms bonded together (like H, or O, or N). Picture iv represents a compound
(like CO, NO, or HF). Pictures iii and iv contain representations of elements that exist as
individual atoms (like Ar, Ne, or He).

a. Picture iv represents a gaseous compound. Note that pictures ii and iii also contain a
gaseous compound, but they also both have a gaseous element present.

b. Picture vi represents a mixture of two gaseous elements.
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80.

81.

82.

c. Picture v represents a solid element.
d. Pictures ii and iii both represent a mixture of a gaseous element and a gaseous compound.
Solid: rigid; has a fixed volume and shape; slightly compressible

Liquid: definite volume but no specific shape; assumes shape of the container; slightly
Compressible

Gas: no fixed volume or shape; easily compressible

Pure substance: has constant composition; can be composed of either compounds or ele-
ments

Element: substances that cannot be decomposed into simpler substances by chemical or
physical means.

Compound: a substance that can be broken down into simpler substances (elements) by
chemical processes.

Homogeneous mixture: a mixture of pure substances that has visibly indistinguishable parts.
Heterogeneous mixture: a mixture of pure substances that has visibly distinguishable parts.
Solution: a homogeneous mixture; can be a solid, liquid or gas

Chemical change: a given substance becomes a new substance or substances with different
properties and different composition.

Physical change: changes the form (g, I, or s) of a substance but does no change the chemical
composition of the substance.

Homogeneous: Having visibly indistinguishable parts (the same throughout).
Heterogeneous: Having visibly distinguishable parts (not uniform throughout).
a. heterogeneous (due to hinges, handles, locks, etc.)

b. homogeneous (hopefully; if you live in a heavily polluted area, air may be
heterogeneous.)

c. homogeneous d. homogeneous (hopefully, if not polluted)

e. heterogeneous f. heterogeneous

a. heterogeneous b. homogeneous

c. heterogeneous d. homogeneous (assuming no imperfections in the glass)

e. heterogeneous (has visibly distinguishable parts)
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83.

84.

85.

86.

87.

88.

a. pure b. mixture c¢. mixture d. pure e mixture (copper and zinc)
f. pure g. mixture h. mixture i. mixture

Iron and uranium are elements. Water (H,0O) is a compound because it is made up of two or
more different elements. Table salt is usually a homogeneous mixture composed mostly of
sodium chloride (NaCl), but will usually contain other substances that help absorb water
vapor (an anticaking agent).

Initially, a mixture is present. The magnesium and sulfur have only been placed together in
the same container at this point, but no reaction has occurred. When heated, a reaction occurs.
Assuming the magnesium and sulfur had been measured out in exactly the correct ratio for
complete reaction, the remains after heating would be a pure compound composed of
magnesium and sulfur. However, if there were an excess of either magnesium or sulfur, the
remains after reaction would be a mixture of the compound produced and the excess reactant.

Chalk is a compound because it loses mass when heated and appears to change into another
substance with different physical properties (the hard chalk turns into a crumbly substance).

Because vaporized water is still the same substance as solid water (H,O), no chemical
reaction has occurred. Sublimation is a physical change.

A physical change is a change in the state of a substance (solid, liquid, and gas are the three
states of matter); a physical change does not change the chemical composition of the
substance. A chemical change is a change in which a given substance is converted into
another substance having a different formula (composition).

a. Vaporization refers to a liquid converting to a gas, so this is a physical change. The
formula (composition) of the moth ball does not change.

b. This is a chemical change since hydrofluoric acid (HF) is reacting with glass (SiO,) to
form new compounds that wash away.

c. This is a physical change because all that is happening during the boiling process is the
conversion of liquid alcohol to gaseous alcohol. The alcohol formula (C,HsOH) does not
change.

d. This is a chemical change since the acid is reacting with cotton to form new compounds.

a. Distillation separates components of a mixture, so the orange liquid is a mixture (has an
average color of the yellow liquid and the red solid). Distillation utilizes boiling point
differences to separate out the components of a mixture. Distillation is a physical change
because the components of the mixture do not become different compounds or elements.

b. Decomposition is a type of chemical reaction. The crystalline solid is a compound, and
decomposition is a chemical change where new substances are formed.

c. Teais a mixture of tea compounds dissolved in water. The process of mixing sugar into
tea is a physical change. Sugar doesn’t react with the tea compounds, it just makes the
solution sweeter.
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Additional Exercises

89.

90.

91.

92.

93.

94.

95.

Because each pill is 4.0% Lipitor by mass, for every 100.0 g of pills, there are 4.0 g of Lipitor
present. Note that 100 pills is assumed to be an exact number.

25¢g y 4.0 g Lipitor y 1kg

100 pills x — - = 0.010 kg Lipitor
pill 100.0g pills 10009
1269a|xﬂ>< L 77L
gal  1.057qt

Total volume = [200. m x 100 ij X (300. m x 100 ij x 4.0cm=2.4x 10° cm®
m m

Volume of topsoil covered by 1 bag =

. 2 2
{10.1%2 « (uﬂ'”j x (2'54 ij }x [1.0in i 204 ij = 2.4 x 10" cm®

in in
1bag

2.4 x10° cm® x —
24 x 10" cm

= 1.0 x 10° bags topsoil

a. No; if the volumes were the same, then the gold idol would have a much greater mass
because gold is much more dense than sand.

b. Mass=10L x

1000 cm?® 19329 1kg
L

=19.32 kg (=42.59 Ib
cm?3 1000g 9 )

It wouldn't be easy to play catch with the idol because it would have a mass of over 40
pounds.

365 day y 24 h y 60 min N 60s 5 186,000 mi

1 light year =1 yr x :
yr day h min S

5.87 x 10% miles

3.26light yr  5.87 x 102 mi  1.609km  1000m
parsec light yr mi km

9.6 parsecs x 3.0x 10" m

min ~_1h - 6omi  5280f _ g5 3¢ =100

1s x X — X
60s 60 min h mi

If you take your eyes off the road for one second traveling at 65 mph, your car travels
approximately 100 feet.

453.6¢ y 1.0 g trytophan
Ib 100.0 g turkey

a. 0.251b x

= 1.1 g tryptophan
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96.

97.

98.

99.

100.

0.9463 L N 1.04 kg y 1000 kg 5 2.0 g tryptophan

b. 0.25qt x -
qt L kg 100.0 g milk

= 4.9 g tryptophan

A chemical change involves the change of one or more substances into other substances
through a reorganization of the atoms. A physical change involves the change in the form of
a substance, but not its chemical composition.

a. physical change (Just smaller pieces of the same substance.)

b. chemical change (Chemical reactions occur.)

c. chemical change (Bonds are broken.)

d. chemical change (Bonds are broken.)

e. physical change (Water is changed from a liquid to a gas.)

f. physical change (Chemical composition does not change.)

10.0°F
25cm

18.5 cm x

= 35.2°F increase; Trina = 98.6 + 35.2 = 133.8°F

T.=5/9 (133.8 - 32) = 56.56°C

1cm?

Massbenzene = 58.80 g - 25.00 g = 33.80 g; Vbenzene = 33.80 g X = 38.4 Cm3
0.880 ¢
Vioiig = 50.0 cm® — 38.4 cm® = 11.6 cm®,  density = % =2.16 g/cm®
cm

a. Volume x density = mass; the orange block is more dense. Because mass (orange) >
mass (blue) and because volume (orange) < volume (blue), the density of the orange
block must be greater to account for the larger mass of the orange block.

b. Which block is more dense cannot be determined. Because mass (orange) > mass (blue)
and because volume (orange) > volume (blue), the density of the orange block may or
may not be larger than the blue block. If the blue block is more dense, its density cannot
be so large that its mass is larger than the orange block’s mass.

c. The blue block is more dense. Because mass (blue) = mass (orange) and because volume
(blue) < volume (orange), the density of the blue block must be larger in order to equate
the masses.

d. The blue block is more dense. Because mass (blue) > mass (orange) and because the
volumes are equal, the density of the blue block must be larger in order to give the blue
block the larger mass.

3 3
Circumference = c=2ar; V = 4zt _Arfc ) _ ¢
3 3 2z 67°
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5250z _ 5250z _ 04270z

Largest density =

(9.00in)° ~ 123in® in®
6n’
Smallest density = 5'00_023 = 5'00_023 = 0'7.3302
m 13.4in in
6>

(0'373__03'427) %2 or 0.40 +0.03 oz/in’ (Uncertainty is in 2nd decimal

In place.)

Maximum range is:

28.90¢g _ 28909 _

101. V= Viina — Vinitiar; d = 8.5 glem®

" 98cmP-64cm®  34cm’
mass

Omax = ——2% = we get Vinin from 9.7 cm® — 6.5 cm® = 3.2 cm?’.
Vmin
28939  90g ., _ mass, _ 28.87g 8.0g
dmax - 3 = 3 dmin - - 3 3 = 3
3.2cm cm Vinax 9.9cm® -6.3cm cm

The density is 8.5 0.5 g/cm’.

102.  We need to calculate the maximum and minimum values of the density, given the uncertainty
in each measurement. The maximum value is:

19.625g + 0.002 19.627
max = 93 g T = 93 = 0.7860 g/cm®
25.00cm*® - 0.083cm 24.97 cm
The minimum value of the density is:
- 19.6259-0.002g _ 19.623g _ 0.7840 glcm’

25.00cm® +0.03cm®  25.03cm®

The density of the liquid is between 0.7840 and 0.7860 g/cm®. These measurements are
sufficiently precise to distinguish between ethanol (d = 0.789 g/cm®) and isopropyl alcohol
(d = 0.785 g/cm®).

ChemWork Problems

The answers to the problems 103-108 (or a variation to these problems) are found in OWL. These
problems are also assignable in OWL.

Challenge Problems

109. Ina subtraction, the result gets smaller, but the uncertainties add. If the two numbers are very
close together, the uncertainty may be larger than the result. For example, let’s assume we
want to take the difference of the following two measured quantities, 999,999 +2 and 999,996
+2. The difference is 3 +4. Because of the uncertainty, subtracting two similar numbers is
poor practice.
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110.

111.

112.

113.

In general, glassware is estimated to one place past the markings.

a. 128.7 mL glassware b. 18 mL glassware c. 23.45 mL glassware
NANNNANNY AN AN
— - |24
130 —30 —
—129 _—
—20 _
—128 _
— |23
—127 —10
NV VLV Vo VoV, AAAAAAN NNANNNS
read to tenth’s place read to one’s place read to two decimal places

Total volume = 128.7 + 18 + 23.45 = 170.15 = 170. (Due to 18, the sum would be
known only to the ones place.)

L 270-264 oo p, |1612-1648] 055 o0
2.70 16.12

¢, HOOO-0998L 50 0002 450 009
1.000 0

a. At some point in 1982, the composition of the metal used in minting pennies was
changed because the mass changed during this year (assuming the volume of the pennies
were constant).

b. It should be expressed as 3.08 £0.05 g. The uncertainty in the second decimal place will
swamp any effect of the next decimal places.

Heavy pennies (old): mean mass = 3.08 £0.05 g

(2.467 + 2.545 + 2.518)
3
Because we are assuming that volume is additive, let’s calculate the volume of 100.0 g of

each type of penny, then calculate the density of the alloy. For 100.0 g of the old pennies, 95
g will be Cu (copper) and 5 g will be Zn (zinc).

Light pennies (new): mean mass = =2.51+0.04¢g

1cm?® 1cm® 2 . .
V=959 Cu x +507Zn =11.3 cm® (carrying one extra sig. fig.
g 596 gZnx_— (carrying g. fig.)
. . 100.g 3
Density of old pennies = ———~=— =8.8 g/cm
Y P 11.3cm? J

For 100.0 g of new pennies, 97.6 g will be Zn and 2.4 g will be Cu.

3 3
V=24gcy x 1M Lem
8.96¢

+ 97.69Znx
7.149

=13.94 cm® (carrying one extra sig. fig.)

100.g

m =7.17 g/0m3

Density of new pennies =



22

CHAPTER1 CHEMICAL FOUNDATIONS

114,

115.

116.

mass
volume

d=

; because the volume of both types of pennies are assumed equal, then:

Opew _ Massp, _ 7.17 g/em® - 0.81
doig masSy|q 8.89 /cm?®

massye, _ 2.51g
Massq 3.08¢9

The calculated average mass ratio is: = 0.815

To the first two decimal places, the ratios are the same. If the assumptions are correct, then
we can reasonably conclude that the difference in mass is accounted for by the difference in
alloy used.

a. At 8a.m., approximately 57 cars pass through the intersection per hour.
b. At 12 a.m. (midnight), only 1 or 2 cars pass through the intersection per hour.

c. Traffic at the intersection is limited to less than 10 cars per hour from 8 p.m. to 5 a.m.
Starting at 6 a.m., there is a steady increase in traffic through the intersection, peaking at
8 a.m. when approximately 57 cars pass per hour. Past 8 a.m. traffic moderates to about
40 cars through the intersection per hour until noon, and then decreases to 21 cars per
hour by 3 p.m. Past 3 p.m. traffic steadily increases to a peak of 52 cars per hour at 5
p.m., and then steadily decreases to the overnight level of less than 10 cars through the
intersection per hour.

d. The traffic pattern through the intersection is directly related to the work schedules of the
general population as well as to the store hours of the businesses in downtown.

e. Run the same experiment on a Sunday, when most of the general population doesn’t
work and when a significant number of downtown stores are closed in the morning.

Let x = mass of copper and y = mass of silver.

1050g=x+yand 10.12 mL = —— + —_: solving:
896 105

X N 105.0 - x
8.96 105

[10.12 = j x 8.96 x 10.5, 952.1 = (10.5)x + 940.8 — (8.96)x

(carrying 1 extra sig. fig.)

7.39

11.3 = (1.54)x, x=7.3¢; mass % Cu = x 100 = 7.0% Cu
105.0g

e OO o0 o &
s & % | % e 8

2 compounds compound and element (diatomic)
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b.

00800000
ssEsssses

gas element (monoatomic) liquid element solid element
atoms/molecules far apart; atoms/molecules close atoms/molecu!es
random order; takes volume together; somewhat close together; _
of container ordered arrangement; ordered arrangement;

takes volume of container has its own volume

117. a. One possibility is that rope B is not attached to anything and rope A and rope C are
connected via a pair of pulleys and/or gears.

b. Try to pull rope B out of the box. Measure the distance moved by C for a given
movement of A. Hold either A or C firmly while pulling on the other rope.

118.  The bubbles of gas is air in the sand that is escaping; methanol and sand are not reacting. We
will assume that the mass of trapped air is insignificant.

Mass of dry sand = 37.3488 g — 22.8317 g = 14,5171 g
Mass of methanol = 45.2613 g — 37.3488 g = 7.9125 ¢
Volume of sand particles (air absent) = volume of sand and methanol — volume of methanol

Volume of sand particles (air absent) = 17.6 mL — 10.00 mL = 7.6 mL

Density of dry sand (air present) = 1451719 =1.45g/mL
10.0 mL
Density of methanol = &25?_ =0.7913 g/mL
Density of sand particles (air absent) = ﬂ =1.99/mL
m

Integrative Problems

119.  2.97 x 10° persons x 0.0100 = 2.97 x 10° persons contributing

8 .
$4.75 x 10 - $160./person: $160. N 20 nickels

- = 3.20 x 10° nickels/person
2.97 x 10° persons person $1
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120.

121.

$160. y 1£
person  $1.869

= 85.6 £/person

22610kg 10009 im3

=22.61 g/lcm®
m?3 kg 1 x10%cm®

Volume of block = 10.0 cm x 8.0 cm x 9.0 cm = 720 cm?, 225&9
cm

x 720 cm® = 1.6 x 10* g
At 200.0°F: Tc = g (200.0°F — 32°F) = 93.33°C; Tk =93.33 + 273.15 = 366.48 K

At -100.0°F: T¢= g (-100.0°F — 32°F) = -73.33°C; Tx = —73.33°C + 273.15=199.82 K

AT(°C) = [93.33°C — (~73.33°C)] = 166.66°C; AT(K) = (366.48 K —199.82 K) = 166.66 K

The “300 Club” name only works for the Fahrenheit scale; it does not hold true for the
Celsius and Kelvin scales.
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ATOMS, MOLECULES, AND IONS

Questions

16.

17.

18.

19.

20.

Some elements exist as molecular substances. That is, hydrogen normally exists as H,
molecules, not single hydrogen atoms. The same is true for N,, O,, F,, Cl,, etc.

A compound will always contain the same numbers (and types) of atoms. A given amount of
hydrogen will react only with a specific amount of oxygen. Any excess oxygen will remain
unreacted.

The halogens have a high affinity for electrons, and one important way they react is to form
anions of the type X". The alkali metals tend to give up electrons easily and in most of their
compounds exist as M" cations. Note: These two very reactive groups are only one electron
away (in the periodic table) from the least reactive family of elements, the noble gases.

Law of conservation of mass: Mass is neither created nor destroyed. The total mass before a
chemical reaction always equals the total mass after a chemical reaction.

Law of definite proportion: A given compound always contains exactly the same proportion
of elements by mass. For example, water is always 1 g H for every 8 g oxygen.

Law of multiple proportions: When two elements form a series of compounds, the ratios of
the mass of the second element that combine with 1 g of the first element always can be
reduced to small whole numbers: For CO, and CO discussed in Section 2.2, the mass ratios of
oxygen that react with 1 g carbon in each compound are ina 2 : 1 ratio.

a. The smaller parts are electrons and the nucleus. The nucleus is broken down into protons
and neutrons, which can be broken down into quarks. For our purpose, electrons,
neutrons, and protons are the key smaller parts of an atom.

b. All atoms of hydrogen have 1 proton in the nucleus. Different isotopes of hydrogen have
0, 1, or 2 neutrons in the nucleus. Because we are talking about atoms, this implies a
neutral charge, which dictates 1 electron present for all hydrogen atoms. If charged ions
were included, then different ions/atoms of H could have different numbers of electrons.

c. Hydrogen atoms always have 1 proton in the nucleus, and helium atoms always have 2
protons in the nucleus. The number of neutrons can be the same for a hydrogen atom and
a helium atom. Tritium (°*H) and “He both have 2 neutrons. Assuming neutral atoms, then
the number of electrons will be 1 for hydrogen and 2 for helium.

d. Water (H,O) is always 1 g hydrogen for every 8 g of O present, whereas H,0O is always 1

g hydrogen for every 16 g of O present. These are distinctly different compounds, each
with its own unique relative number and types of atoms present.

25
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21.

22.

23.

24.

25.

26.

e. A chemical equation involves a reorganization of the atoms. Bonds are broken between
atoms in the reactants, and new bonds are formed in the products. The number and types
of atoms between reactants and products do not change. Because atoms are conserved in
a chemical reaction, mass is also conserved.

J. J. Thomson’s study of cathode-ray tubes led him to postulate the existence of negatively
charged particles that we now call electrons. Thomson also postulated that atoms must
contain positive charge in order for the atom to be electrically neutral. Ernest Rutherford and
his alpha bombardment of metal foil experiments led him to postulate the nuclear atom-an
atom with a tiny dense center of positive charge (the nucleus) with electrons moving about
the nucleus at relatively large distances away; the distance is so large that an atom is mostly
empty space.

The atom is composed of a tiny dense nucleus containing most of the mass of the atom. The
nucleus itself is composed of neutrons and protons. Neutrons have a mass slightly larger than
that of a proton and have no charge. Protons, on the other hand, have a 1+ relative charge as
compared to the 1- charged electrons; the electrons move about the nucleus at relatively large
distances. The volume of space that the electrons move about is so large, as compared to the
nucleus, that we say an atom is mostly empty space.

The number and arrangement of electrons in an atom determine how the atom will react with
other atoms, i.e., the electrons determine the chemical properties of an atom. The number of
neutrons present determines the isotope identity and the mass number.

Density = mass/volume; if the volumes are assumed equal, then the much more massive
proton would have a much larger density than the relatively light electron.

For lighter, stable isotopes, the number of protons in the nucleus is about equal to the number
of neutrons. When the number of protons and neutrons is equal to each other, the mass
number (protons + neutrons) will be twice the atomic number (protons). Therefore, for
lighter isotopes, the ratio of the mass number to the atomic number is close to 2. For
example, consider ?®Si, which has 14 protons and (28 — 14 =) 14 neutrons. Here, the mass
number to atomic number ratio is 28/14 = 2.0. For heavier isotopes, there are more neutrons
than protons in the nucleus. Therefore, the ratio of the mass number to the atomic number
increases steadily upward from 2 as the isotopes get heavier and heavier. For example, *U
has 92 protons and (238 — 92 =) 146 neutrons. The ratio of the mass number to the atomic
number for **U is 238/92 = 2.6.

Some properties of metals are

(1) conduct heat and electricity;

(2) malleable (can be hammered into sheets);

(3) ductile (can be pulled into wires);

(4) lustrous appearance;

(5) form cations when they form ionic compounds.

Nonmetals generally do not have these properties, and when they form ionic compounds,
nonmetals always form anions.
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27.

28.

29.

30.

31.

32.

Carbon is a nonmetal. Silicon and germanium are called metalloids because they exhibit both
metallic and nonmetallic properties. Tin and lead are metals. Thus metallic character
increases as one goes down a family in the periodic table. The metallic character decreases
from left to right across the periodic table.

a. A molecule has no overall charge (an equal number of electrons and protons are present).
lons, on the other hand, have extra electrons added or removed to form anions (negatively
charged ions) or cations (positively charged ions).

b. The sharing of electrons between atoms is a covalent bond. An ionic bond is the force of
attraction between two oppositely charged ions.

c. A molecule is a collection of atoms held together by covalent bonds. A compound is
composed of two or more different elements having constant composition. Covalent
and/or ionic bonds can hold the atoms together in a compound. Another difference is that
molecules do not necessarily have to be compounds. H, is two hydrogen atoms held
together by a covalent bond. H, is a molecule, but it is not a compound; H, is a diatomic
element.

d. Ananion is a negatively charged ion; e.g., CI, 0%, and SO,* are all anions. A cation is a
positively charged ion, e.g., Na*, Fe*", and NH," are all cations.

a. This represents ionic bonding. lonic bonding is the electrostatic attraction between
anions and cations.

b. This represents covalent bonding where electrons are shared between two atoms. This
could be the space-filling model for H,O or SF, or NO,, etc.

Natural niacin and commercially produced niacin have the exact same formula of CsHsNO.,.
Therefore, both sources produce niacin having an identical nutritional value. There may be
other compounds present in natural niacin that would increase the nutritional value, but the
nutritional value due to just niacin is identical to the commercially produced niacin.

Statements a and b are true. Counting over in the periodic table, element 118 will be the next
noble gas (a nonmetal). For statement ¢, hydrogen has mostly nonmetallic properties. For
statement d, a family of elements is also known as a group of elements. For statement e, two
items are incorrect. When a metal reacts with a nonmetal, an ionic compound is produced,
and the formula of the compound would be AX; (alkaline earth metals form 2+ ions and halo-
gens form 1- ions in ionic compounds). The correct statement would be: When an alkaline
earth metal, A, reacts with a halogen, X, the formula of the ionic compound formed should be
AX,.

a. Dinitrogen monoxide is correct. N and O are both nonmetals, resulting in a covalent
compound. We need to use the covalent rules of nomenclature. The other two names are
for ionic compounds.

b. Copper(l) oxide is correct. With a metal in a compound, we have an ionic compound.
Because copper, like most transition metals, forms at least a couple of different stable
charged ions in compounds, we must indicate the charge on copper in the name. Copper
oxide could be CuO or Cu,O, hence why we must give the charge of most transition
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metal compounds. Dicopper monoxide is the name if this were a covalent compound,
which it is not.

c. Lithium oxide is correct. Lithium forms 1+ charged ions in stable ionic compounds.
Because lithium is assumed to form 1+ ions in compounds, we do not need to indicate the
charge of the metal ion in the compound. Dilithium monoxide would be the name if Li,O
were a covalent compound (a compound composed of only nonmetals).

Exercises

Development of the Atomic Theory

33.

34.

35.

36.

a. The composition of a substance depends on the numbers of atoms of each element
making up the compound (depends on the formula of the compound) and not on the
composition of the mixture from which it was formed.

b. Avogadro’s hypothesis (law) implies that volume ratios are proportional to molecule
ratios at constant temperature and pressure. Hy(g) + Clx(g) — 2 HCI(g). From the
balanced equation, the volume of HCI produced will be twice the volume of H, (or Cl,)
reacted.

Avogadro’s hypothesis (law) implies that volume ratios are equal to molecule ratios at
constant temperature and pressure. Here, 1 volume of N, reacts with 3 volumes of H, to
produce 2 volumes of the gaseous product or in terms of molecule ratios:

1N,+3H, —» 2product

In order for the equation to be balanced, the product must be NHs.

From the law of definite proportions, a given compound always contains exactly the same
proportion of elements by mass. The first sample of chloroform has a total mass of 12.0g C
+106.4 g Cl + 1.01 g H = 119.41 g (carrying extra significant figures). The mass percent of
carbon in this sample of chloroform is:

12.09C

————=—— x 100 = 10.05% C by mass
119.41g total

From the law of definite proportions, the second sample of chloroform must also contain
10.05% C by mass. Let x = mass of chloroform in the second sample:

30.0gC
X

x 100 = 10.05, x =299 g chloroform

A compound will always have a constant composition by mass. From the initial data given,
the mass ratio of H : S : O in sulfuric acid (H,SO,) is:

2.02 32.07 64.00
202 202 202

If we have 7.27 g H, then we will have 7.27 x 15.9 =116 g Sand 7.27 x 31.7=230.g O in
the second sample of H,SO,.

=1:159:317




CHAPTER2 ATOMS, MOLECULES, AND IONS 29

37.

38.

39.

40.

Hydrazine: 1.44 x 10" g H/g N; ammonia: 2.16 x 107*g H/g N; hydrogen azide:
2.40 x 102g H/g N. Let's try all of the ratios:

0.144 — 6.00- 0.216 _ 00; 0.0240:1.00; 0.216 —150= 3
0.0240 0.0240 0.0240 0.144 2

All the masses of hydrogen in these three compounds can be expressed as simple whole-
number ratios. The g H/g N in hydrazine, ammonia, and hydrogen azide are in the ratios
6:9:1.
The law of multiple proportions does not involve looking at the ratio of the mass of one
element with the total mass of the compounds. To illustrate the law of multiple proportions,
we compare the mass of carbon that combines with 1.0 g of oxygen in each compound:
compound1: 27.2gCand72.8g0O (100.0—27.2 = mass O)
compound 2: 42.9gCand57.1g0O (100.0 —42.9 = mass O)

The mass of carbon that combines with 1.0 g of oxygen is:

compound 1: 21.29C _ 0.374gClg O
72890
compound 2: 4299C _ 0.7519Clg 0O
57.190
0751 2 . . . . o
0374 = 1 ; this supports the law of multiple proportions because this carbon ratio is a whole
nLimber.

For CO and CO,, it is easiest to concentrate on the mass of oxygen that combines with 1 g of
carbon. From the formulas (two oxygen atoms per carbon atom in CO, versus one oxygen
atom per carbon atom in CO), CO, will have twice the mass of oxygen that combines per
gram of carbon as compared to CO. For CO; and C30,, it is easiest to concentrate on the
mass of carbon that combines with 1 g of oxygen. From the formulas (three carbon atoms per
two oxygen atoms in C;0, versus one carbon atom per two oxygen atoms in CO,), C;0, will
have three times the mass of carbon that combines per gram of oxygen as compared to CO,.
As expected, the mass ratios are whole numbers as predicted by the law of multiple
proportions.

140gR _ 467gR
3.009Q 1.009Q

7.00gR _ 156gR
450gQ 1.00gQ

Compound I: ; compound II:

The ratio of the masses of R that combine with 1.00 g Q is: % =299~3

As expected from the law of multiple proportions, this ratio is a small whole number.

Because compound I contains three times the mass of R per gram of Q as compared with
compound Il (RQ), the formula of compound I should be R;Q.
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41.

42.

43.

44,

Mass is conserved in a chemical reaction because atoms are conserved. Chemical reactions
involve the reorganization of atoms, so formulas change in a chemical reaction, but the
number and types of atoms do not change. Because the atoms do not change in a chemical
reaction, mass must not change. In this equation we have two oxygen atoms and four
hydrogen atoms both before and after the reaction occurs.

Mass is conserved in a chemical reaction.

ethanol + oxygen — water + carbon dioxide
Mass: 46.0¢ 9.0 g 5409 ?

Mass of reactants = 46.0 + 96.0 = 142.0 g = mass of products
142.0g=54.0g + mass of CO,, mass of CO,= 142.0-54.0=88.0¢

To get the atomic mass of H to be 1.00, we divide the mass of hydrogen that reacts with 1.00
g of oxygen by 0.126; that is, % =1.00. Toget Na, Mg, and O on the same scale, we do

the same division.

2.875
a: -

1.500 _ 1.00
" 0.126

228, Mg: —— =119, O: —— =794
0.126 0.126

H 0] Na Mg
Relative value 1.00 7.94 22.8 11.9
Accepted value 1.008 16.00 22.99 2431

For your information, the atomic masses of O and Mg are incorrect. The atomic masses of H
and Na are close to the values given in the periodic table. Something must be wrong about
the assumed formulas of the compounds. It turns out the correct formulas are H,O, Na;O,
and MgO. The smaller discrepancies result from the error in the assumed atomic mass of H.

If the formula is InO, then one atomic mass of In would combine with one atomic mass of O,
or:
A 4784gIn

= , A =atomic mass of In = 76.54
16.00 1.000gO

If the formula is In,05, then two times the atomic mass of In will combine with three times
the atomic mass of O, or:

2A 4784 In
(3)16.00  1.000g O

The latter number is the atomic mass of In used in the modern periodic table.

, A =atomic mass of In=114.8

The Nature of the Atom

45,

From section 2.5, the nucleus has “a diameter of about 10 ¢cm” and the electrons “move
about the nucleus at an average distance of about 10° cm from it.” We will use these
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statements to help determine the densities. Density of hydrogen nucleus (contains one proton
only):

Viucteus = %ﬂ'rs = %(314) (5 x 107 Cm)3 =5x10"cm?

24
1.67 x 10 g _ 3 x 1015 g/cm3

d=density= ———M= =
Y 5 x 1074 ¢cm?®

Density of H atom (contains one proton and one electron):
Vatom = %(3.14) Ax108cm)® =4 x 10 cm®

167 x10% g +9x10%g
4 x 107 cm?®

d = 0.4g/lcm®

46. Because electrons move about the nucleus at an average distance of about 1 x 10~8cm, the
diameter of an atom will be about 2 x 10°® cm. Let's set up a ratio:

diameter of nucleus _ 1mm _1x10%cm
diameter of atom diameter of model 2 %108 cm

; solving:

diameter of model = 2 x 10° mm = 200 m

N lelectron charge

47.  593x107°C =
1.602 x 107° C

= 37 negative (electron) charges on the oil drop

48.  First, divide all charges by the smallest quantity, 6.40 x 1072,

12
2.56 x 10 = 4.00; 768 _ 12.0: 38 6.00

640 x 1072 T 0.640 0.640
Because all charges are whole-number multiples of 6.40 x 10*3zirkombs, the charge on one
electron could be 6.40 x 107 zirkombs. However, 6.40 x 10 *zirkombs could be the

charge of two electrons (or three electrons, etc.). All one can conclude is that the charge of
an electron is 6.40 x 10*3zirkombs or an integer fraction of 6.40 x 10*3zirkombs.

49, sodium—Na; radium-Ra; iron—Fe; gold—Au; manganese—Mn; lead—Pb

50. fluorine—F; chlorine—Cl; bromine—Br; sulfur-S; oxygen—O; phosphorus—P
51. Sn—tin; Pt—platinum; Hg—mercury; Mg—magnesium; K—potassium; Ag-silver
52. As—arsenic; |-iodine; Xe—xenon; He—helium; C—carbon; Si-silicon

53. a. Metals: Mg, Ti, Au, Bi, Ge, Eu, and Am. Nonmetals: Si, B, At, Rn, and Br.
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b. Si, Ge, B, and At. The elements at the boundary between the metals and the nonmetals
are B, Si, Ge, As, Sb, Te, Po, and At. Aluminum has mostly properties of metals, so it is

generally not classified as a metalloid.

54, a. The noble gases are He, Ne, Ar, Kr, Xe, and Rn (helium, neon, argon, krypton, xenon,
and radon). Radon has only radioactive isotopes. In the periodic table, the whole number
enclosed in parentheses is the mass number of the longest-lived isotope of the element.

b. Promethium (Pm) has only radioactive isotopes.
55. a. transition metals b. alkaline earth metals c. alkali metals
d. noble gases e. halogens
56. Use the periodic table to identify the elements.
a. CI; halogen b. Be; alkaline earth metal
c. Eu; lanthanide metal d. Hf; transition metal
e. He; noble gas f. U; actinide metal
g. Cs; alkali metal
57. a. Element 8 is oxygen. A = mass humber =9+ 8 =17, 1;0
b. Chlorine is element 17. f; Cl c. Caobalt is element 27. ‘33 Co
57 o 131
d Z=26;A=26+31=57; xFe e. lodine is element 53. 531
f.  Lithium is element 3. ; Li
58. a. Cobalt is element 27. A = mass number = 27 + 31 = 58; 3? Co
b. o8B c. SMg  d ol e. Ca f. Scu
59. Z is the atomic number and is equal to the number of protons in the nucleus. A is the mass
number and is equal to the number of protons plus neutrons in the nucleus. X is the symbol
of the element. See the front cover of the text which has a listing of the symbols for the
various elements and corresponding atomic number or see the periodic table on the cover to
determine the identity of the various atoms. Because all of the atoms have equal numbers of
protons and electrons, each atom is neutral in charge.
23 19 16
a. 71Na b. “9F c. g0
60. The atomic number for carbon is 6. *C has 6 protons, 14 — 6 = 8 neutrons, and 6 electrons in

the neutral atom. *°C has 6 protons, 12 — 6 = 6 neutrons, and 6 electrons in the neutral atom.
The only difference between an atom of **C and an atom of *°C is that *“C has two additional
neutrons.
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61. a. 22 Br: 35 protons, 79 — 35 = 44 neutrons. Because the charge of the atom is neutral,
the number of protons = the number of electrons = 35.

b. 3851 Br: 35 protons, 46 neutrons, 35 electrons
C. 232 Pu: 94 protons, 145 neutrons, 94 electrons
d. 122 Cs: 55 protons, 78 neutrons, 55 electrons
e. iH: 1 proton, 2 neutrons, 1 electron

f. 32 Fe: 26 protons, 30 neutrons, 26 electrons

62. a ‘9U:92p 143n,92e b 4Al13p 14n13e ¢ 4 Fe:26p 3ln, 26¢

d. ‘5Pb:82p, 126n,82e e oRb:37p 49n37e  f Ca:20p,21n, 20 e

63. a. Baiselement 56. Ba®* has 56 protons, so Ba?* must have 54 electrons in order to have a
net charge of 2+.

Zn is element 30. Zn** has 30 protons and 28 electrons.

N is element 7. N°~ has 7 protons and 10 electrons.

Rb is element 37, Rb* has 37 protons and 36 electrons.

Co is element 27. Co® has 27 protons and 24 electrons.

Te is element 52. Te’ has 52 protons and 54 electrons.

Br is element 35. Br has 35 protons and 36 electrons.

@ +o o0 o

64. a. i‘z" Mg: 12 protons, 12 neutrons, 12 electrons

b. 2Mg”™: 12p,12n,10e c. 2)Co™: 27p,32n,25¢
d. 39co™: 27p,32n,24e e 2Co: 27p,32n,27e

f. [9Se 34p45n,34e g [iSe’: 34p,45n36e
h. ggNi: 28p,35n, 28 ¢ i. ggNi“: 28p,31n,26¢

65. Atomic number = 63 (Eu); net charge = +63 — 60 = 3+, mass number = 63 + 88 = 151;

151
symbol: ‘g Eu®

Atomic number = 50 (Sn); mass number = 50 + 68 = 118; net charge = +50 — 48 = 2+;

118
symbol: "5, Sn**
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66. Atomic number = 16 (S); net charge = +16 — 18 = 2—; mass number = 16 + 18 = 34;

symbol: ig s

Atomic number = 16 (S); net charge = +16 — 18 = 2—; mass number = 16 + 16 = 32;

symbol: fé s

67.

Svmbol Number of protons in | Number of neutrons in Number of Net
y nucleus nucleus electrons charge
238 U 92 146 92 0

92
0, 20 20 18 2+
20Ca
51, a3 23 28 20 3+
23V
89 39 50 39 0
39Y
gg Br- 35 44 36 1-
i:l,Psf 15 16 18 3—
68.
svmbol Number of protons in Number of neutrons in Number of Net
ymbo nucleus nucleus electrons charge
3o 26 27 24 ot
%9 oot 26 33 23 3+
2810 At 85 125 86 1—
5
27 A 13 14 10 3+
1%53 Te 52 76 54 o
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69. In ionic compounds, metals lose electrons to form cations, and nonmetals gain electrons to
form anions. Group 1A, 2A, and 3A metals form stable 1+, 2+, and 3+ charged cations,
respectively. Group 5A, 6A, and 7A nonmetals form 3-, 2— and 1- charged anions,
respectively.

a. Lose2 e toformRa*. b. Lose3 e toformIn®. ¢ Gain3 e  toform P* .
d. Gain2e toform Te*. e Gainle toformBr. f. Losel e toformRb"
70. See Exercise 69 for a discussion of charges various elements form when in ionic compounds.

a. Element 13 is Al. Al forms 3+ charged ions in ionic compounds. AI**

b. Se* c. Ba* d N* e Fr f. Br

Nomenclature

71. a. sodium bromide b. rubidium oxide
c. calcium sulfide d. aluminum iodide
e. SrF, f. Algseg
0. KsN h. Mgspz
72. a. mercury(l) oxide b. iron(l1l) bromide
c. cobalt(ll) sulfide d. titanium(lIV) chloride
e. SnsN, f. Col;
g. HgO h. CrS;
73. a. cesium fluoride b. lithium nitride
c. silver sulfide (Silver only forms stable 1+ ions in compounds, so no Roman numerals are
needed.)
d. manganese(lV) oxide e. titanium(IV) oxide f. strontium phosphide
74. a. ZnCl,(Zn only forms stable +2 ions in compounds, so no Roman numerals are needed.)
b. SnF, c. CasN, d. A|283
e. Hg.Se f. Agl (Ag only forms stable +1 ions in compounds.)
75. a. barium sulfite b. sodium nitrite
C. potassium permanganate d. potassium dichromate
76. a. Cr(OH)s b. Mg(CN),
c. Pb(COs), d. NH,C;H;0,
77. a. dinitrogen tetroxide b. iodine trichloride

c. sulfur dioxide d. diphosphorus pentasulfide
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78. a. B,0s3 b. AsFs
c. N,O d. SCIG
79. a. copper(l) iodide b. copper(ll) iodide c. cobalt(ll) iodide
d. sodium carbonate e. sodium hydrogen carbonate or sodium bicarbonate
f. tetrasulfur tetranitride g. selenium tetrachloride h. sodium hypochlorite
i.  barium chromate j. ammonium nitrate
80. a. acetic acid b. ammonium nitrite c. cobalt(l) sulfide
d. iodine monochloride e. lead(ll) phosphate f. potassium chlorate
g. sulfuric acid h. strontium nitride i. aluminum sulfite
j- tin(IV) oxide k. sodium chromate I. hypochlorous acid
Note: For the compounds named as acids, we assume these are dissolved in water.
81. In the case of sulfur, SO,* is sulfate, and SOs> is sulfite. By analogy:
Se0,*: selenate; SeOs”: selenite; TeO,%: tellurate; TeOs>: tellurite
82. From the anion names of hypochlorite (CIO"), chlorite (CIO,), chlorate (CIO;), and
perchlorate (ClO, ), the oxyanion names for similar iodine ions would be hypoiodite (10°),
iodite (10,), iodate (105 ), and periodate (10,). The corresponding acids would be
hypoiodous acid (HIO), iodous acid (HI10,), iodic acid (HIOs), and periodic acid (HIO,).
83. a. SF, b. SFs c. NaH,PO,
d. L|3N €. Crz(C03)3 f. SnF,
0. NH.,C,H50, h. NH,HSO, i CO(N03)3
j. Hg.Cly; mercury(l) exists as Hg,>" ions. k. KCIO; . NaH
84. a. CrO; b. SZCIZ C. Nle
d. K;HPO, e. AIN
f.  NH; (Nitrogen trihydride is the systematic name.) g. MnS,
h. Na,Cr,0; i (NH4)2803 J Cly
85. a. Na,O b. Nay,O, c. KCN
d. CU(NOg)z e. SeBr, f. HIO,
g. PbS, h. CuCl

GaAs (We would predict the stable ions to be Ga** and As®".)

J- CdSe (Cadmium only forms 2+ charged ions in compounds.)
k. ZnS (Zinc only forms 2+ charged ions in compounds.)
. HNO; m. P,0s
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86.

87.

88.

— e o

(NH4)2HPO4 b. ngs C. S|02

Na,SO; e. AI(HSO4)3 f. NC|3

HBr h. HBro, i. HBro,

KHS k. Cal, . CsClO,

nitric acid, HNOs b. perchloric acid, HCIO, c. acetic acid, HC,H;0,

sulfuric acid, H,SO,  e. phosphoric acid, H;PO,

Iron forms 2+ and 3+ charged ions; we need to include a Roman numeral for iron.
Iron(111) chloride is correct.

This is a covalent compound, so use the covalent rules. Nitrogen dioxide is correct.

This is an ionic compound, so use the ionic rules. Calcium oxide is correct. Calcium only
forms stable 2+ ions when in ionic compounds, so no Roman numeral is needed.

This is an ionic compound, so use the ionic rules. Aluminum sulfide is correct.

This is an ionic compound, so use the ionic rules. Mg is magnesium. Magnesium acetate
is correct.

Phosphide is P*", while phosphate is PO,>". Because phosphate has a 3— charge, the
charge on iron is 3+. Iron(l11) phosphate is correct.

This is a covalent compound, so use the covalent rules. Diphosphorus pentasulfide is
correct.

Because each sodium is 1+ charged, we have the O,* (peroxide) ion present. Sodium
peroxide is correct. Note that sodium oxide would be Na,O.

HNOs is nitric acid, not nitrate acid. Nitrate acid does not exist.

H,S is hydrosulfuric acid or dihydrogen sulfide or just hydrogen sulfide (common name).
H,S0O, is sulfuric acid.

Additional Exercises

89.

90.

Yes, 1.0 g H would react with 37.0 g *'Cl, and 1.0 g H would react with 35.0 g *Cl.

No, the mass ratio of H/CI would always be 1 g H/37 g Cl for *Cl and 1 g H/35 g Cl for *CI.

As long as we had pure *’Cl or pure *Cl, the ratios will always hold. If we have a mixture

(such as the natural abundance of chlorine), the ratio will also be constant as long as the
composition of the mixture of the two isotopes does not change.

Carbon (C); hydrogen (H); oxygen (O); nitrogen (N); phosphorus (P); sulfur (S)
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91.

92.

93.

94.

For lighter elements, stable isotopes usually have equal numbers of protons and neutrons in
the nucleus; these stable isotopes are usually the most abundant isotope for each element.
Therefore, a predicted stable isotope for each element is **C, ?H, **0, N, *P, and **S. These
are stable isotopes except for *°P, which is radioactive. The most stable (and most abundant)
isotope of phosphorus is *P. There are exceptions. Also, the most abundant isotope for
hydrogen is 'H; this has just a proton in the nucleus. °H (deuterium) is stable (not
radioactive), but 'H is also stable as well as most abundant.

gg Fe?* has 26 protons, 53 — 26 = 27 neutrons, and two fewer electrons than protons (24
electrons) in order to have a net charge of 2+.

a. False. Neutrons have no charge; therefore, all particles in a nucleus are not charged.

b. False. The atom is best described as having a tiny dense nucleus containing most of the
mass of the atom with the electrons moving about the nucleus at relatively large distances
away; so much so that an atom is mostly empty space.

c. False. The mass of the nucleus makes up most of the mass of the entire atom.

d. True.

e. False. The number of protons in a neutral atom must equal the number of electrons.

From the NayX formula, X has a 2— charge. Because 36 electrons are present, X has 34
protons and 79 — 34 = 45 neutrons, and is selenium.

a. True. Nonmetals bond together using covalent bonds and are called covalent compounds.
b. False. The isotope has 34 protons.

c. False. The isotope has 45 neutrons.

d. False. The identity is selenium, Se.

a. Fe™: 26 protons (Fe is element 26.); protons — electrons = net charge, 26 — 2 = 24
electrons; FeO is the formula since the oxide ion has a 2— charge, and the name is

iron(I1) oxide.
b. Fe**:26 protons; 23 electrons; Fe,Os; iron(l11) oxide
c. Ba*:56 protons; 54 electrons; BaO; barium oxide
d. Cs": 55 protons; 54 electrons; Cs,0O; cesium oxide

S*: 16 protons; 18 electrons; Al,S3; aluminum sulfide
f. P*:15 protons; 18 electrons; AIP; aluminum phosphide
g. Br: 35 protons; 36 electrons; AlBr3; aluminum bromide
h. N*:7 protons; 10 electrons; AIN; aluminum nitride
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95.

96.

97.

98.

99.

100.

101.

a. Pb(C,H30,),: lead(ll) acetate b. CuSO,: copper(ll) sulfate
c. CaO: calcium oxide d. MgSO,: magnesium sulfate
e. Mg(OH),: magnesium hydroxide f. CaSOy: calcium sulfate

g. NO: dinitrogen monoxide or nitrous oxide (common name)

a. This is element 52, tellurium. Te forms stable 2! charged ions in ionic compounds (like
other oxygen family members).

b. Rubidium. Rb, element 37, forms stable 1+ charged ions.
c. Argon. Ariselement 18. d. Astatine. At is element 85.

From the XBr, formula, the charge on element X is 2+. Therefore, the element has 88
protons, which identifies it as radium, Ra. 230 — 88 = 142 neutrons.

Because this is a relatively small number of neutrons, the number of protons will be very
close to the number of neutrons present. The heavier elements have significantly more
neutrons than protons in their nuclei. Because this element forms anions, it is a nonmetal and
will be a halogen because halogens form stable 1- charged ions in ionic compounds. From
the halogens listed, chlorine, with an average atomic mass of 35.45, fits the data. The two
isotopes are *Cl and ®'Cl, and the number of electrons in the 1— ion is 18. Note that because
the atomic mass of chlorine listed in the periodic table is closer to 35 than 37, we can assume
that *Cl is the more abundant isotope. This is discussed in Chapter 3.

a. Ca? and N*: CasN,, calcium nitride b. K"and O*: K0, potassium oxide

c. Rb*and F: RbF, rubidium fluoride d. Mg® and S*": MgS, magnesium sulfide
e. Ba?* and I": Bal,, barium iodide

f. AP and Se*: Al,Ses, aluminum selenide

g. Cs"and P*: CssP, cesium phosphide

h. In* and Br: InBr;, indium(111) bromide. In also forms In" ions, but one would predict
In** ions from its position in the periodic table.

These compounds are similar to phosphate (PO,>~ ) compounds. NasAsO, contains Na* ions
and AsO,> ions. The name would be sodium arsenate. HzAsOy is analogous to phosphoric
acid, HsPO,4, H3zAsO, would be arsenic acid. Mgs;(ShO,), contains Mg2+ ions and ShO,*
ions, and the name would be magnesium antimonate.

a. Element 15 is phosphorus, P. This atom has 15 protons and 31 — 15 = 16 neutrons.

b. Element 53 is iodine, I. 53 protons; 74 neutrons
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c. Element 19 is potassium, K. 19 protons; 20 neutrons
d. Element 70 is ytterbium, Yb. 70 protons; 103 neutrons

102. Mass is conserved in a chemical reaction.

chromium(lll) oxide + aluminum — chromium + aluminum oxide
Mass: 34049 12.1g 23.3¢ ?

Mass aluminum oxide produced = (34.0 + 12.1) —23.3=22.8 ¢

ChemWork Problems

The answers to the problems 103-108 (or a variation to these problems) are found in OWL. These
problems are also assignable in OWL.

Challenge Problems
109.  Copper (Cu), silver (Ag), and gold (Au) make up the coinage metals.

110. Because the gases are at the same temperature and pressure, the volumes are directly
proportional to the number of molecules present. Let’s assume hydrogen and oxygen to be
monatomic gases and that water has the simplest possible formula (HO). We have the
equation:

H+O — HO
But the volume ratios are also equal to the molecule ratios, which correspond to the
coefficients in the equation:

2H+0 —>2HO
Because atoms cannot be created nor destroyed in a chemical reaction, this is not possible. To
correct this, we can make oxygen a diatomic molecule:

2H+0,—> 2HO
This does not require hydrogen to be diatomic. Of course, if we know water has the formula
H,0, we get:

2H+0;, > 2H,0
The only way to balance this is to make hydrogen diatomic:

2H,+ 0, > 2H,0

111.  Avogadro proposed that equal volumes of gases (at constant temperature and pressure)
contain equal numbers of molecules. In terms of balanced equations, Avogadro’s hypothesis
(law) implies that volume ratios will be identical to molecule ratios. Assuming one molecule
of octane reacting, then 1 molecule of C,H, produces 8 molecules of CO, and 9 molecules of
H,O0. CH, +n O, » 8 CO, + 9 H,O. Because all the carbon in octane ends up as carbon in
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112.

113.

114,

115.

116.

CO,, octane must contain 8 atoms of C. Similarly, all hydrogen in octane ends up as
hydrogen in H,O, so one molecule of octane must contain 9 x 2 = 18 atoms of H. Octane
formula = CgH1s, and theratioof C: H=8:18 or 4:09.

From Section 2.5 of the text, the average diameter of the nucleus is about 1072 c¢m, and the
electrons move about the nucleus at an average distance of about 1078 cm. From this, the
diameter of an atom is about 2 x 1078 cm.

2x10%em _, s 1mi _ 5280ft _ 63360in
1x10 cm ' 1lgrape lgrape  lgrape

Because the grape needs to be 2 x 10° times smaller than a mile, the diameter of the grape
would need to be 63,360/(2 x 10%) = 0.3 in. This is a reasonable size for a small grape.

The alchemists were incorrect. The solid residue must have come from the flask.

The equation for the reaction would be 2 Na(s) + Cl,(g) — 2 NaClI(s). The sodium reactant
exists as singular sodium atoms packed together very tightly and in a very organized fashion.
This type of packing of atoms represents the solid phase. The chlorine reactant exists as Cl,
molecules. In the picture of chlorine, there is a lot of empty space present. This only occurs
in the gaseous phase. When sodium and chlorine react, the ionic compound NaCl forms.
NaCl exists as separate Na* and CI” ions. Because the ions are packed very closely together
and are packed in a very organized fashion, NaCl is depicted in the solid phase.

a. Both compounds have C,HgO as the formula. Because they have the same formula, their
mass percent composition will be identical. However, these are different compounds
with different properties because the atoms are bonded together differently. These
compounds are called isomers of each other.

b. When wood burns, most of the solid material in wood is converted to gases, which
escape. The gases produced are most likely CO, and H,0.

c. The atom is not an indivisible particle but is instead composed of other smaller particles,
called electrons, neutrons, and protons.

d. The two hydride samples contain different isotopes of either hydrogen and/or lithium.
Although the compounds are composed of different isotopes, their properties are similar
because different isotopes of the same element have similar properties (except, of course,
their mass).

Let X, be the formula for the atom/molecule X, Y, be the formula for the atom/molecule Y,
X.Yq be the formula of compound | between X and Y, and X.Y; be the formula of compound
Il between X and Y. Using the volume data, the following would be the balanced equations
for the production of the two compounds.

Xat+t2Y, =2 X Yg, 2 X+ Yy > 2 X Ys

From the balanced equations, a=2c =eand b = d = 2f.

Substituting into the balanced equations:
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Koc+2 Yo =2 X Yor; 2 X + Yo =2 Xy Ys
For simplest formulas, assume that ¢ = f = 1. Thus:

Xo+2Y;, - 2 XY, and 2X+Y, > 2XY

Compound | = XY,: If X has relative mass of 1.00, & =0.3043, y=1.14.
1.00+ 2y
. 2.00
Compound Il = X,Y: If X has relative mass of 1.00, W =0.6364, y=1.14.
.00+y

The relative mass of Y is 1.14 times that of X. Thus, if X has an atomic mass of 100, then Y
will have an atomic mass of 114.

117.  Most of the mass of the atom is due to the protons and the neutrons in the nucleus, and
protons and neutrons have about the same mass (1.67 x 107 g). The ratio of the mass of the
molecule to the mass of a nuclear particle will give a good approximation of the number of
nuclear particles (protons and neutrons) present.

731x 102 g

= 43.8 ~ 44 nuclear particles
167 x 10" g

Thus there are 44 protons and neutrons present. If the number of protons equals the number
of neutrons, we have 22 protons in the molecule. One possibility would be the molecule CO,
[6 + 2(8) = 22 protons].

118.  For each experiment, divide the larger number by the smaller. In doing so, we get:

experiment 1 X=10 Y =105
experiment 2 Y=14 Z=10
experiment 3 X=10 Y=35

Our assumption about formulas dictates the rest of the solution. For example, if we assume
that the formula of the compound in experiment 1 is XY and that of experiment 2 is YZ, we
get relative masses of:

X=20; Y=21; Z=15(=21/1.4)

and a formula of X3Y for experiment 3 [three times as much X must be present in experiment
3 as compared to experiment 1 (10.5/3.5 = 3)].

However, if we assume the formula for experiment 2 is YZ and that of experiment 3 is XZ,
then we get:

X=20; Y=7.0;, Z=5.0(=7.0/1.4)

and a formula of XY; for experiment 1. Any answer that is consistent with your initial
assumptions is correct.
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The answer to part d depends on which (if any) of experiments 1 and 3 have a formula of XY
in the compound. If the compound in experiment 1 has a formula of XY, then:

21 gxYx —229Y  _ 1954y (and1.8gX)
(4.2+0.4)gXY
If the compound in experiment 3 has the XY formula, then:
21gXY H—"99Y  _ 1634y (@and4.7gX)

(7.0+2.0)g XY

Note that it could be that neither experiment 1 nor experiment 3 has XY as the formula.
Therefore, there is no way of knowing an absolute answer here.

Integrated Problems

119.  The systematic name of Ta,Os is tantalum(V) oxide. Tantalum is a transition metal and
requires a Roman numeral. Sulfur is in the same group as oxygen, and its most common ion
is S, There-fore, the formula of the sulfur analogue would be Ta,Ss.

Total number of protons in Ta,Os:
Ta, Z =173, so 73 protons x 2 = 146 protons; O, Z = 8, so 8 protons x 5 = 40 protons
Total protons = 186 protons
Total number of protons in Ta,Ss:
Ta, Z =73, so 73 protons x 2 = 146 protons; S, Z = 16, so 16 protons x 5 = 80 protons
Total protons = 226 protons
Proton difference between Ta,Ss and Ta,0s: 226 protons — 186 protons = 40 protons
120.  The cation has 51 protons and 48 electrons. The number of protons corresponds to the atomic
number. Thus this is element 51, antimony. There are 3 fewer electrons than protons.
Therefore, the charge on the cation is 3+. The anion has one-third the number of protons of
the cation, which corresponds to 17 protons; this is element 17, chlorine. The number of
electrons in this anion of chlorine is 17 + 1 = 18 electrons. The anion must have a charge of
1-.
The formula of the compound formed between Sb** and CI” is SbCls. The name of the
compound is antimony(111) chloride. The Roman numeral is used to indicate the charge on Sb

because the predicted charge is not obvious from the periodic table.

121. Number of electrons in the unknown ion:

1kg y lelectron

1 = 28 electrons
1000g 9.11x10™" kg

2.55x 107 g x

Number of protons in the unknown ion:
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1kg y 1proton

5.34x 1077 g x 5
1000g 1.67x10°" kg

= 32 protons

Therefore, this ion has 32 protons and 28 electrons. This is element number 32, germanium
(Ge). The net charge is 4+ because four electrons have been lost from a neutral germanium
atom.

The number of electrons in the unknown atom:

1kg 5 lelectron

3.92x 107 g x =
1000g 9.11x0 kg

= 43 electrons

In a neutral atom, the number of protons and electrons is the same. Therefore, this is element
43, technetium (Tc).

The number of neutrons in the technetium atom:
1kg y 1proton

—7 = 56 neutrons
1000g 1.67x10°" kg

9.35x 107% g x

The mass number is the sum of the protons and neutrons. In this atom, the mass number is 43
protons + 56 neutrons = 99. Thus this atom and its mass number is *Tc.
Marathon Problem

122. a. For each set of data, divide the larger number by the smaller number to determine
relative masses.

0002 _ 504, A=2.04when B=1.00
0.295
0.401 _ 2.33; C=2.33when B=1.00
0.172
0374 _ 417 ¢ =117 when A=1.00
0.320

To have whole numbers, multiply the results by 3.
Dataset1: A=6.1and B=3.0
Dataset2: C=7.0and B=3.0
Dataset3: C=35and A=3.0orC=7.0and A=6.0

Assuming 6.0 for the relative mass of A, the relative masses would be A =6.0, B =3.0,
and C = 7.0 (if simplest formulas are assumed).
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b. Gas volumes are proportional to the number of molecules present. There are many
possible correct answers for the balanced equations. One such solution that fits the gas
volume data is:

6A, + B — 4AB
Bs, +4C; > 4BC;
3A; +2C; > 6AC

In any correct set of reactions, the calculated mass data must match the mass data given
initially in the problem. Here, the new table of relative masses would be:

6 (mass A,) _ 0.602 ; mass A, = 0.340(mass By)
mass B, 0.295

4 (mass C;) _ 0.401 ; mass C; = 0.583(mass B,)
mass B, 0.172

2(massC;) _ 0.374 ; mass A, = 0.570(mass Cs)
3(massA,)  0.320

Assume some relative mass number for any of the masses. We will assume that mass B =
3.0, so mass B, = 4(3.0) = 12.

Mass C; = 0.583(12) = 7.0, mass C = 7.0/3
Mass A, = 0.570(7.0) = 4.0, mass A=4.0/2=2.0

When we assume a relative mass for B = 3.0, then A =2.0 and C = 7.0/3. The relative
masses having all whole numbers would be A =6.0,B=19.0,and C =7.0.

Note that any set of balanced reactions that confirms the initial mass data is correct. This
is just one possibility.
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Questions

23. Isotope Mass Abundance
2c 12.0000u 98.89%
B¢ 13.034 u 1.11%

24,

Average mass = 0.9889 (12.0006) +0.0111(13.034) =12.01 u

Note: u is an abbreviation for amu (atomic mass units).
From the relative abundances, there would be 9889 atoms of **C and 111 atoms of *C in the

10,000 atom sample. The average mass of carbon is independent of the sample size; it will
always be 12.01 u.

=1.201 x 10°u

Total mass = 10,000 atoms x 12.01u
atom

For 1 mole of carbon (6.0221 x 10% atoms C), the average mass would still be 12.01 u.

The number of *?C atoms would be 0.9889(6.0221 x 10%°) = 5.955 x 10* atoms *°C, and the
number of **C atoms would be 0.0111(6.0221 x 10%°) = 6.68 x 10* atoms **C.

Total mass = 6.0221 x 10% atoms x 22024 = 7233 x 10% y
atom
Total mass in g = 6.0221 x 10* atoms x 12.01u 19 =12.01 g/mol

atom 6.0221 x 10% u

By using the carbon-12 standard to define the relative masses of all of the isotopes, as well as
to define the number of things in a mole, then each element’s average atomic mass in units of
grams is the mass of a mole of that element as it is found in nature.

Consider a sample of glucose, CsH1,0s. The molar mass of glucose is 180.16 g/mol. The
chemical formula allows one to convert from molecules of glucose to atoms of carbon,
hydrogen, or oxygen present and vice versa. The chemical formula also gives the mole
relationship in the formula. One mole of glucose contains 6 mol C, 12 mol H, and 6 mol O.
Thus mole conversions between molecules and atoms are possible using the chemical for-
mula. The molar mass allows one to convert between mass and moles of compound, and
Avogadro’s number (6.022 x 10%) allows one to convert between moles of compound and
number of molecules.

46
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25.

26.

27.

28.

29.

30.

Avogadro’s number of dollars = 6.022 x 10* dollars/mol dollars

6.022 x 10% dollars
mol dollars
7 x 10° people

1 mol dollars x

= 8.6 x 10" = 9 x 10" dollars/person

1 trillion = 1,000,000,000,000 = 1 x 10%; each person would have 90 trillion dollars.
Molar mass of CO,= 12.01 + 2(16.00) = 44.01 g/mol

One mol of CO, contains 6.022 x 10 molecules of CO,, 6.022 x 10% atoms of C, and 1.204
x 10* atoms of O. We could also break down 1 mol of CO, into the number of protons and
the number of electrons present (1.325 x 10% protons and 1.325 x 10” electrons). In order to
determine the number of neutrons present, we would need to know the isotope abundances
for carbon and oxygen.

The mass of 1 mol of CO, would be 44.01 g. From the molar mass, one mol of CO, would
contain 12.01 g C and 32.00 g O. We could also break down 1 mol of CO; into the mass of
protons and mass of electrons present (22.16 g protons and 1.207 x 1072 g electrons). This
assumes no mass loss when the individual particles come together to form the atom. This is
not a great assumption as will be discussed in Chapter 19 on Nuclear Chemistry.

Only in b are the empirical formulas the same for both compounds illustrated. In b, general
formulas of X,Y, and XY, are illustrated, and both have XY, for an empirical formula.

For a, general formulas of X,Y and X,Y; are illustrated. The empirical formulas for these
two compounds are the same as the molecular formulas. For c, general formulas of XY and
XY, are illustrated; these general formulas are also the empirical formulas. For d, general
formulas of XY, and X,Yg are illustrated. XY, is also the molecular formula, but X,Ys has
the empirical formula of XY.

The molar mass is the mass of 1 mole of the compound. The empirical mass is the mass of 1
mole of the empirical formula. The molar mass is a whole-number multiple of the empirical
mass. The masses are the same when the molecular formula = empirical formula, and the
masses are different when the two formulas are different. When different, the empirical mass
must be multiplied by the same whole number used to convert the empirical formula to the
molecular formula. For example, C¢H1,05¢ is the molecular formula for glucose, and CH,0 is
the empirical formula. The whole-number multiplier is 6. This same factor of 6 is the mul-
tiplier used to equate the empirical mass (30 g/mol) of glucose to the molar mass (180 g/mol).

The mass percent of a compound is a constant no matter what amount of substance is present.
Compounds always have constant composition.

A balanced equation starts with the correct formulas of the reactants and products. The co-
efficients necessary to balance the equation give molecule relationships as well as mole
relationships between reactants and products. The state (phase) of the reactants and products
is also given. Finally, special reaction conditions are sometimes listed above or below the
arrow. These can include special catalysts used and/or special temperatures required for a
reaction to occur.
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31.

32.

33.

34.

35.

Only one product is formed in this representation. This product has two Y atoms bonded to
an X. The other substance present in the product mixture is just the excess of one of the
reactants (Y). The best equation has smallest whole numbers. Here, answer ¢ would be this
smallest whole number equation (X + 2 Y — XY,). Answers a and b have incorrect
products listed, and for answer d, an equation only includes the reactants that go to produce
the product; excess reactants are not shown in an equation.

A balanced equation must have the same number and types of atoms on both sides of the
equation, but it also needs to have correct formulas. The illustration has the equation as:

H+0 — H,0

Under normal conditions, hydrogen gas and oxygen gas exist as diatomic molecules. So the
first change to make is to change H + O to H, + O,. To balance this equation, we need one
more oxygen atom on the product side. Trial and error eventually gives the correct balanced
equation of:

2H2+Oz - 2HZO

This equation uses the smallest whole numbers and has the same number of oxygen atoms
and hydrogen atoms on both sides of the equation (4 H + 2 O atoms). So in your drawing,
there should be two H, molecules, 1 O, molecule, and 2 H,O molecules.

The theoretical yield is the stoichiometric amount of product that should form if the limiting
reactant is completely consumed and the reaction has 100% yield.

A reactant is present in excess if there is more of that reactant present than is needed to
combine with the limiting reactant for the process. By definition, the limiting reactant cannot
be present in excess. An excess of any reactant does not affect the theoretical yield for a
process; the theoretical yield is determined by the limiting reactant.

The specific information needed is mostly the coefficients in the balanced equation and the
molar masses of the reactants and products. For percent yield, we would need the actual yield
of the reaction and the amounts of reactants used.

a. Mass of CB produced = 1.00 x 10* molecules A,B.
1mol A,B, 2mol CB y molar mass of CB

X X
6.022 x 10% moleculesA,B,  1mol A,B, mol CB

2 atoms A
1molecule A,B,

b. Atoms of A produced = 1.00 x 10* molecules A,B, x

c. Moles of C reacted = 1.00 x 10* molecules A,B, x 1T30| AsB,
6.022 x 10°° molecules A,B,
2mol C
1mol A,B,
d. Percent yield = actual mass x 100; the theoretical mass of CB produced was

theoretical mass

calculated in part a. If the actual mass of CB produced is given, then the percent yield can
be determined for the reaction using the percent yield equation.
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36.

One method is to assume each quantity of reactant is limiting, then calculate the amount of
product that could be produced from each reactant. This gives two possible answers
(assuming two reactants). The correct answer (the amount of product that could be produced)
is always the smaller number. Even though there is enough of the other reactant to form more
product, once the smaller quantity is reached, the limiting reactant runs out, and the reaction
cannot continue.

A second method would be to pick one of the reactants and then calculate how much of the
other reactant would be required to react with all of it. How the answer compares to the
actual amount of that reactant present allows one to deduce the identity of the limiting
reactant. Once the identity is known, one would take the limiting reactant and convert it to
mass of product formed.

Exercises

Atomic Masses and the Mass Spectrometer

37.

38.

39.

40.

41.

Let A = average atomic mass

A = 0.0140(203.973) + 0.2410(205.9745) + 0.2210(206.9759) + 0.5240(207.9766)

A =286+ 49.64 +45.74 + 109.0 = 207.2 u; from the periodic table, the element is Pb.
Note: u is an abbreviation for amu (atomic mass units).

Average atomic mass = A = 0.0800(45.952632) + 0.0730(46.951764) + 0.7380(47.947947)
+0.0550(48.947841) + 0.0540(49.944792) = 47.88 amu

This is element Ti (titanium).
Let A = mass of ***Re:

186.207 = 0.6260(186.956) + 0.3740(A), 186.207 — 117.0 = 0.3740(A)

69.2
0.3740

=185 u (A = 184.95 u without rounding to proper significant figures.)

Abundance #Si = 100.00 — (4.70 + 3.09) = 92.21%; from the periodic table, the average
atomic mass of Si is 28.09 u.

28.09 = 0.9221(27.98) + 0.0470(atomic mass 2Si) + 0.0309(29.97)
Atomic mass ®Si = 29.01 u

The mass of *°Si is actually a little less than 29 u. There are other isotopes of silicon that are
considered when determining the 28.09 u average atomic mass of Si listed in the atomic table.

Let x =% of 'Eu and y = % of **°Eu, then x + y = 100 and y = 100 — x.
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42.

43.

44,

x(150.9196) + (100 — x)(152.9209)
100

151.96 =

15196 = (150.9196)x + 15292.09 — (152.9209)x, —96 = —(2.0013)x
X = 48%: 48% 'Eu and 100 — 48 = 52% ™°Eu

If silver is 51.82% '’ Ag, then the remainder is '®Ag (48.18%). Determining the atomic
mass (A) of '*Ag:

51.82(106.905) + 48.18(A)
100

107.868 =

10786.8 = 5540. + (48.18)A, A =108.9 u = atomic mass of '®Ag

There are three peaks in the mass spectrum, each 2 mass units apart. This is consistent with
two isotopes differing in mass by two mass units. The peak at 157.84 corresponds to a Br;
molecule composed of two atoms of the lighter isotope. This isotope has mass equal to
157.84/2 or 78.92. This corresponds to “Br. The second isotope is *Br with mass equal to
161.84/2 = 80.92. The peaks in the mass spectrum correspond to °Br,, "°Br®'Br, and *'Br in
order of increasing mass. The intensities of the highest and lowest masses tell us the two
isotopes are present in about equal abundance. The actual abundance is 50.68% "°Br and
49.32% *'Br.

Because we are not given the relative masses of the isotopes, we need to estimate the masses
of the isotopes. A good estimate is to assume that only the protons and neutrons contribute to
the overall mass of the atom and that the atomic mass of a proton and neutron are each 1.00 u.
So the masses are about: **Fe, 54.00 u; *°Fe, 56.00 u; °>'Fe, 57.00 u; *°Fe, 58.00 u. Using
these masses, the calculated average atomic mass would be:

0.0585(54.00) + 0.9175(56.00) + 0.0212(57.00) + 0.0028(58.00) = 55.91 u

The average atomic mass listed in the periodic table is 55.85 u.

Moles and Molar Masses

45,

46.

When more than one conversion factor is necessary to determine the answer, we will usually
put all the conversion factors into one calculation instead of determining intermediate
answers. This method reduces round-off error and is a time saver.

1mol Fe y 55.859 Fe

500. atoms Fe x >3
6.022 x 10“° atoms Fe mol Fe

=4.64 x 107 g Fe

500.0 g Fe x M Fe _ 5 953 mol Fe

55.85g Fe

23
8.953 mol Fe x 0022 x 1077 atomsFe _ o 291 10% atoms Fe

mol Fe
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0.200gC 1molC  6.022 x 10% atoms C

X x =1.00 x 10% atoms C
carat 12.01gC mol C

47. 1.00 carat x

1mol C

- -3
>3 =83x10°mol C
6.022 x 10=° atoms C

48. 5.0 x 10% atoms C x

12.01gC

8.3 x 10°mol C x
mol C

=0.10gC

49.  ALOs 2(26.98) + 3(16.00) = 101.96 g/mol
NasAlFs: 3(22.99) + 1(26.98) + 6(19.00) = 209.95 g/mol
50.  HFC-134a, CH,FCF3: 2(12.01) +2(1.008) + 4(19.00) = 102.04 g/mol
HCFC-124, CHCIFCF5: 2(12.01) + 1(1.008) + 1(35.45) + 4(19.00) = 136.48 g/mol
51. a. The formula is NH;. 14.01 g/mol + 3(1.008 g/mol) = 17.03 g/mol
b. The formula is NoH,. 2(14.01) + 4(1.008) = 32.05 g/mol
. (NH,).Cr,0: 2(14.01) + 8(1.008) + 2(52.00) + 7(16.00) = 252.08 g/mol
52. a. The formulais P,Os. 4(30.97 g/mol) + 6(16.00 g/mol) = 219.88 g/mol
b. Cas(PO,),: 3(40.08) + 2(30.97) + 8(16.00) = 310.18 g/mol

c. NaHPO, 2(22.99) + 1(1.008) + 1(30.97) + 4(16.00) = 141.96 g/mol

53.  a 1.00gNHsx MO NHs 4 0587 mol NH,
17.03g NH,
1mol N,H
b. 1.00g NoHs x — M2~ 60312 mol NoH,
32.059 N,H,

1mol (NH,),Cr,0,
252.08¢g (NH,),Cr,0,

c. 1.00 g (NH4)2Cf207 X = 3.97 x 1073 mol (NH4)2Cf207

1molP,O,

= 455 x 10~ mol P,Os
219.88¢

54, a. 1.00 g P4,O¢ %

1mol Ca,(PO,),

b. 1.00 g Cas(PO), X
9 Cai(POu). 310.18g

=3.22 x 10~ mol Cay(PO,),

1mol Na,HPO,

=7.04 x 10~° mol Na,HPO,
141.96 g

c. 1.00 g Na;HPO, x
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55.

56.

57.

58.

59.

17.03g NH,

a. 5.00 mol NH; x
mol NH,

= 85.2 g NH;
32.05g N,H,

b. 5.00 mol NoH, x
mol N,H,

= 160. g N,H,4
252,08 (NH,),Cr,0,

c. 5.00 mol (NH,),Cr,0O; x
(NF.Cr0; 1mol (NH,),Cr,0,

= 1260 g (N H4)2Cf207

219.88¢

a. 5.00molP,Og x ——M——
1mol P,Oq

=1.10 x 10% g P,O¢

310.18g

b. 5.00 mol Cas(PO,), x
(PO mol Ca,(PO,),

= 1.55 x 10° g Ca3(PO,),

141.96 g

c. 5.00 mol Na;HPOy X —M—M————
mol Na,HPO,

=7.10 x 10° g Na,HPO,

Chemical formulas give atom ratios as well as mole ratios.

1mol N 5 14.01g N

a. 5.00 mol NH; x =70.1gN

mol NH, mol N
b. 5.00mol NoH, x —2MOIN_ 1401gN _ 0 N

mol N,H, mol N
¢. 5.00 mol (NH,),Cr,0; x 2mol N (A0LGN g4 gN
mol (NH,),Cr,05 mol N

a. 5.00 mol PO x 1P 30979P _e194p

mol P,Ogq mol P
b. 5.00 mol Cas(PO.), x — 2MOIP  3097GP _ 415 4p

mol Ca3(POy,), mol P

1mol P 5 30.97¢gP

c. 5.00 mol Na;HPO, x
mol Na,HPO, mol P

=155gP

1mol NH;  6.022 x 10% molecules NH,
17.03g NHj mol NH,

a. 1.00 g NH;z x

= 3.54 x 10% molecules NH;

1molN,H,  6.022 10% molecules N,H,

b. 1.00 g N2H4 X
32.05g N,H, mol N,H,

=1.88 x 10% molecules N,H,
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1mol (NH,),Cr,0;,
252.089 (NH,),Cr,0,

c. 1.00 g (NH4)2Cf207 X

8022 x 102 formula units (NH,), Cr,O;,

= 2.39 x 10?* formula units (NH,).Cr,0;
mol (NH,),Cr,04

1mol P,05  6.022 x 10*° molecules

60. a. 1.00gP40 %
219.88¢ mol P,Ogq

= 2.74 x 10 molecules P,O¢

1mol Cag(PO,),  6.022 x 102 formula units

b. 1.00 g Cas(POy), %
g CaPOu): 310.18¢ mol Ca3(POy,),

= 1.94 x 10** formula units Cas(PO,);

1mol Na,HPO, _ 6.022 x 10* formula units
141.96 g mol Na,HPO,

c. 1.00 g Na;HPO, x

= 4.24 x 10* formula units Na,HPO,

61. Using answers from Exercise 59:
a. 3.54 x 10% molecules NH; x _ laomN __ 3.54 x 10 atoms N
molecule NH,
2 atoms N

b. 1.88 x 10 molecules N,H, x =3.76 x 10?2 atoms N

molecule N,H,

2atoms N
formula unit (NH,),Cr,0,

= 4.78 x 10* atoms N

c. 2.39 x 10% formula units (NH,),Cr,0; x

62. Using answers from Exercise 60:

4 atoms P

- = =1.10x10%2atomsP
molecule P,O

a. 2.74 x 10? molecules P,O¢ x

2 atoms P
formula unit Ca4(PO,),

b. 1.94 x 10% formula units Cas(PO,), x = 3.88 x 10* atoms P

latomP
formula unit Na,HPO,

c. 4.24 x 10% formula units Na,HPO, x = 4.24 x 10% atoms P

63. Molar mass of CCl,F, = 12.01 + 2(35.45) + 2(19.00) = 120.91 g/mol

lg  _1lmol 6022 x 10% molecules
1000mg 120.91¢g mol

= 2.77 x 10® molecules CCI,F,

5.56 mg CCl,F, x
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64.

65.

66.

67.

5.56 x 10 g CCl,F, x

1mol CCI,F, y 2mol CI y 35.459gCl
120.91¢ 1mol CCI,F mol CI

= 3.26 x 10~ g = 3.26 mg Cl

The «2H,0 is part of the formula of bauxite (they are called waters of hydration). Combining
elements together, the chemical formula for bauxite would be Al,OsH,.

a.

Molar mass = 2(26.98) + 5(16.00) + 4(1.008) = 137.99 g/mol

2 mol Al y 26.98 g Al

0.58 mol Al,032H,0 x
mol Al,O; «2H,0 mol Al

=31 gAl

2 mol Al 6.022 x 10% atoms

0.58 mol Al,032H,0 x x
mol Al,O; «2H,0 mol Al

= 7.0 x 10%® atoms Al

2.1 x 10% formula units AL Os2H,0 x — Mo Al03¢2H,0 137.999

6.022 x 102 formula units mol
= 480 g Al,O2H,0
150.0 g Fe,05 x — M — .9393 mol Fe;05
159.70g
10.0 mg NO, x —=9 MO 47+ 10 mol NO,

1000mg 46.019g

1mol

1.5 x 10 molecules BF; x >
6.02 x 10°° molecules

= 2.5 x 10 mol BF;

19 1mol

20.0 mg CgH1oN4O; X x
O ~eruoNe 2 X J00omg * 194.20¢

=1.03 x 1074 mol CgH10N4O2

1 mol
6.022 x 102 molecules
=4.52 x 10°mol C,HsOH

2.72 x 10% molecules C,HsOH x

150 g COp x =M~ 341 x 102 mol CO,
44.01g

A chemical formula gives atom ratios as well as mole ratios. We will use both ideas to
show how these conversion factors can be used.

Molar mass of C,HsO,N = 2(12.01) + 5(1.008) + 2(16.00) + 14.0l = 75.07 g/mol
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68.

1mol C;Hs0,N 6.022 x 10% molecules C,H:O,N

5.00 g CoHsO,N %
75.07 g C,HsO,N mol C,H-O,N

y latom N
molecule C,H;0,N

=4.01 x 10% atoms N

b. Molar mass of MgsN, = 3(24.31) + 2(14.01) = 100.95 g/mol

1mol MgsN, 6022 x 102 formula units MgsN,
100.95g Mg3N, mol Mg;N,

5.00 g MgsN, x

2 atoms N

x ——— > " =507 x 10% atoms N
mol Mg;N,

c. Molar mass of Ca(NOs), = 40.08 + 2(14.01) + 6(16.00) = 164.10 g/mol

1molCa(NOz),  2molN 6022 x 10% atoms N
164.10g Ca(NO3),  mol Ca(NO;), mol N

= 3.67 x 10% atoms N

5.00 g Ca(NOy), x

d. Molar mass of N,O, = 2(14.01) + 4(16.00) = 92.02 g/mol

1molN,O;  _2molN 6.022x 10% atoms N

5.00 g N204 X X
92.02g N,O,  molN,O, mol N

= 6.54 x 10% atoms N

1 mol

4.24 q CeHg X =543 x 102 mol CgH
g Lot 78.119 e

6.022 x 10% molecules

=3.27 x 10% molecules CgHs
mol

5.43 x 1072 mol CgHs *

Each molecule of CsHg contains 6 atoms C + 6 atoms H = 12 atoms total.

3.27 x 102 molecules CgHg x 12 atoms total _ 3.92 x 10% atoms total
molecule
0.224 mol H,0 x 8929 _ 4 04 ¢ 1,0
mol
23
0.224 mol H,0 x 022 x 10 Imo'ecu'es = 1.35 x 10% molecules H,0O
mo

3 atoms total
molecule

1.35 x 10 molecules H,O x = 4.05 x 10% atoms total
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69.

70.

71.

1 mol

= =4.50 x 10 mol CO,
6.022 x 10~° molecules

2.71 x 10% molecules CO, x

44.01g

450 x 102 mol CO, x
mol

=198 gCO,

3 atoms total

S P =8.13 x 10% atoms total
molecule CO,

2.71 x 10% molecules CO, x
1 molecule

— 7~ =558 x 10 molecules CH;OH
6 atoms total

3.35 x 10% atoms total x

1mol
6.022 x 10%° molecules

5.58 x 10%* molecules CHsOH x =9.27 x 10~ mol CH;OH

32.049

9.27 x 10~° mol CH;0OH x
mol

=0.297 g CH;0OH

Molar mass of C¢HgOg = 6(12.01) + 8(1.008) + 6(16.00) = 176.12 g/mol

19 1mol

x = 2.839 x 102 mol CsHgOs
1000mg ~ 176.12¢g

500.0 mg x

6.022 x 10?3 molecules

=1.710 x 10* molecules CsHgOs
mol

2.839 x 10> mol x

a. 9(12.01) + 8(1.008) + 4(16.00) = 180.15 g/mol

=278 x 1073 mol C9H304

b. 500. mg x 19 X Lmol
1000mg 180.15¢g

6.022 x 102 molecules

=1.67 x 10** molecules CqHsO,
mol

2.78 x 10~ mol x

a. 2(12.01) + 3(1.008) + 3(35.45) + 2(16.00) = 165.39 g/mol

b, 500.0gx —M0 ~ 3023 mol CHCILO,
165.39 g

N 165.39¢g
mol

c. 2.0x102mol

=3.3 g CzHgCIgOz

1 mol 6.022 x 102 molecules  3atomsCl

d. 5.0 g C,H;Cl0, x x
9 Sl 165.39¢ mol molecule

= 5.5 x 10% atoms of chlorine
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1mol I 1mol C,H,Cl,0,  165.399 C,H,Cl;0,

e. 10gClIx X
35.45¢ 3mol Cl mol C,H,CI,;0,

= 1.6 g chloral hydrate

f. 500 molecules x

1mol y 165.39¢

o =1.373 x 10 g C,H5Cl50,
6.022 x 10> molecules mol
72. As we shall see in later chapters, the formula written as (CH3;),N,O tries to tell us something

about how the atoms are attached to each other. For our purposes in this problem, we can
write the formula as C,HgN-O.

a. 2(12.01) + 6(1.008) + 2(14.01) + 1(16.00) = 74.09 g/mol

lg  Imol o 10°mol ¢ 0.050 mol x /*099

b. 250 mg x
1000mg 74.09¢ mol

=379

6.022 x 10%® molecules C,HgN,0 . 6atomsof H

d. 1.0 mol C,HgN,O x
mol C,HgN,O molecule C,HgN,O

= 3.6 x 10* atoms of hydrogen

1mol g 74.09¢

e. 1.0 x 10° molecules x =
6.022 x 10°° molecules mol

=1.2x10"g

1mol g 74.09¢

f. 1 molecule x >3
6.022 x 10-° molecules mol

=1.230 x 10 ** g C,HgN,0

Percent Composition

73.  a. CsH,0,: Molar mass = 3(12.01) + 4(1.008) + 2(16.00) = 36.03 + 4.032 + 32.00

=72.06 g/mol
Mass % C= — 20039C 100=50.00%C
72.06 g compound
Mass %H=_ *0320H 100=55050%H
72.06 g compound

Mass % O = 100.00 — (50.00 + 5.595) = 44.41% O or:

_32.009
72.06¢9

%0 x 100 = 44.41% O

b. C4HsO,: Molar mass = 4(12.01) + 6(1.008) + 2(16.00) = 48.04 + 6.048 + 32.00
= 86.09 g/mol

48049 | 100=5580%C: mass % H = 20489
86.09 86.09g

Mass % C =

x 100 =7.025% H

Mass % O = 100.00 — (55.80 + 7.025) = 37.18% O
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c. C3H3N: Molar mass = 3(12.01) + 3(1.008) + 1(14.01) = 36.03 + 3.024 + 14.01
= 53.06 g/mol

36.03¢g

Mass % C = = x 100 =5.699% H

% 100 = 67.90% C: mass % H = > 0249
069 53.06

Mass % N = 14.01g
53.06

x 100 = 26.40% N or % N = 100.00 — (67.90 + 5.699)
g = 26.40% N

74. In 1 mole of YBa,Cus0y, there are 1 mole of Y, 2 moles of Ba, 3 moles of Cu, and 7 moles
of O.

Molar mass =1 mol Y 8891gY +2mol Ba 137.3gBa
mol Y mol Ba

+3mol Cu 63.55g Cu +7mol O 16.009g O
mol Cu mol O

Molar mass = 88.91 + 274.6 + 190.65 + 112.00 = 666.2 g/mol

Mass % v = 20210 o 100 = 13.35% Y: mass % Ba = 209 x 100 = 41.22% Ba
666.2 g 666.2
Mass % Cu = 220959 100 = 28.629% Cu: mass % O = 2299 « 100 = 16.81% O
666.2 666.2 g
75 NO: Mass% N = ~2OLON 100 =46.68% N
30.01g NO
NO,: Mass % N = —~+01IN 160 =30.450% N
46.01g NO,
N,O: Mass % N = 24400 IN 106 - 63.65% N
44.02g N,O

From the calculated mass percents, only NO is 46.7% N by mass, so NO could be this
species. Any other compound having NO as an empirical formula could also be the
compound.

76.  a. CgHipN,Oz Molar mass = 8(12.01) + 10(1.008) + 4(14.0l) + 2(16.00) = 194.20 g/mol

Mass % C = 8(1201) 9 C x 100 = 96.08 g
194.20g C4H,,N,O, 194.20¢g

x 100 =49.47% C

b. CiHO::: Molar mass = 12(12.01) + 22(1.008) + 11(16.00) = 342.30 g/mol

12(12.01)g C
342.309 C,,H,,0,,

Mass % C = x 100 =42.10% C
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c. C,HsOH: Molar mass = 2(12.01) + 6(1.008) + 1(16.00) = 46.07 g/mol

2(12.01) g C
46.07 g C,H.OH

Mass % C = x 100 =52.14% C

The order from lowest to highest mass percentage of carbon is:
sucrose (C1,H204;) < caffeine (CgH1oN4O,) < ethanol (C,HsOH)

77. There are 0.390 g Cu for every 100.000 g of fungal laccase. Assuming 100.00 g fungal
laccase:

1mol Cu 1mol fungal laccase

x =1.53 x 103 mol
63.55g Cu 4 mol Cu

Mol fungal laccase = 0.390 g Cu %

x g fungallaccase _  100.000g

= , X =molar mass = 6.54 x 10* g/mol
mol fungal laccase  1.53 x 102 mol )

78. There are 0.347 g Fe for every 100.000 g hemoglobin (Hb). Assuming 100.000 g
hemoglobin:

1mol Fe 1 mol Hb

x =1.55 x 10> mol Hb
55.85gFe 4 molFe

Mol Hb = 0.347 g Fe x

xgHb _  100.000g Hb

= . , X = molar mass = 6.45 x 10" g/mol
molHb 1,55 x 10™° mol Hb

Empirical and Molecular Formulas

79. a. Molar mass of CH,O =1 mol C M +2mol H M
mol C mol H

16.00g O

+1mol O
mol O

J = 30.03 g/mol

0,

12.01gC % 100 = 39.99% C: % H = 2.016gH

= ——  x 100 =6.713% H
30.03gCH,0 30.03gCH,0

%0 160090

= ————— x100=53.28% O or % O =100.00 — (39.99 + 6.713) = 53.30%
30.03gCH,0

b. Molar mass of C¢H1,06 = 6(12.01) + 12(1.008) + 6(16.00) = 180.16 g/mol

x 100 = 6.714%

9= 0069C % 100 = 40.00%: % H = 1>1-008)g
180.16 g C,H,,0, 180.16 g

% O =100.00 — (40.00 + 6.714) = 53.29%
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80.

81.

82.

83.

c. Molar mass of HC,H;0, = 2(12.01) + 4(1.008) + 2(16.00) = 60.05 g/mol

24029

%C= < % 100 = 40.00%: % H = +0329

059 60.05¢
% O = 100.00 — (40.00 + 6.714) = 53.29%

x 100 = 6.714%

All three compounds have the same empirical formula, CH,O, and different molecular
formulas. The composition of all three in mass percent is also the same (within rounding
differences). Therefore, elemental analysis will give us only the empirical formula.

a. The molecular formula is N;O4. The smallest whole number ratio of the atoms (the
empirical formula) is NO,.

b. Molecular formula: CsHs; empirical formula: CH,
c. Molecular formula: P,O40; empirical formula: P,Os

d. Molecular formula: CsH1,06; empirical formula: CH,O

a. SNH: Empirical formula mass = 32.07 + 14.01 + 1.008 = 47.09 g/mol

188.359

= 4.000; so the molecular formula is (SNH), or S;N4H,.
47.09¢

b. NPCI,: Empirical formula mass = 14.01 + 30.97 + 2(35.45) = 115.88 g/mol

347.64

= 3.0000; molecular formula is (NPCI,); or N3P3Clg.
115.88¢

c. CoC,O4 58.93 + 4(12.01) + 4(16.00) = 170.97 g/mol

341.94 g

————= =2.0000; molecular formula: C0,CsOg
170.97¢g

184.32g

d. SN: 32.07 + 14.01 = 46.08 g/mol; =4.000; molecular formula: S4N,4

Out of 100.00 g of compound, there are:

48.649C x =M€ 4 os0moic: 8.16gHx ~MH _g10mol H
12.01gC 1.008g H
1mol O
9% O = 100.00 — 48.64 — 8.16 = 43.20%; 43.20 g0 x — "> =2 700 mol O
16.00g 0

Dividing each mole value by the smallest number:
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4050 _; coo. 840 _ 400 2700 oo

2.700 2.700 2.700

Because a whole number ratio is required, the C : H: Oratiois1.5:3:10r3:6 :2. Sothe
empirical formula is C3HgO..

84. Assuming 100.00 g of nylon-6:

63.689Cx ~MIC  _ 530 morc: 1238 gNx M N 8837 mol N
12.01gC 14.01g N
9080 gHx =M o 2o motH; 141490 x MO _ 8838 mol 0
1.008g H 16.00g 0O

Dividing each mole value by the smallest number:

5.302 - 6.000: 9.72 - 11.0: 0.8838 1,000
0.8837 0.8837 0.8837

The empirical formula for nylon-6 is C¢H;;NO

85. Compound I: Mass O = 0.6498 g Hg,O, — 0.6018 g Hg = 0.0480 g O

0.6018 g Hg % M =3.000 x 10~* mol Hg
200.6 g Hg
0.0480 g0 x MO _ 360 %10 mol O
16.00g 0

The mole ratio between Hgand O is 1 : 1, so the empirical formula of compound I is HgO.
Compound Il: Mass Hg = 0.4172 g Hg,O, — 0.016 g O = 0.401 g Hg

1 mol Hg 1mol O

0.401 g Hg x —————— =2.00 x 10~ mol Hg; 0.016 g0 x ———— =1.0x 10°mol O
200.6 g Hg 16.00g 0
The mole ratio between Hgand O is 2 : 1, so the empirical formula is Hg,O.
86. 1.121gNx "N 8001 x 102molN; 0.161 g H x —M'H _ 1 60x 10 mol H
14.01g N 1.008gH
0.480gCx —M'C 400 102mol C: 064090 x "% _ 400 102mol O
12.01gC 16.009 0

Dividing all mole values by the smallest number:



62 CHAPTER 3 STOICHIOMETRY
-2 -1 -2
8.001 x 102 _ 1.60 x 10 _ - 4.00: 4.00 x 102 ~1.00
4,00 x 10~ 4,00 x 10~ 4,00 x 10~
The empirical formula is N,H,CO.
87. Out of 100.0 g, there are:
69.6 g S x m =2.17mol S; 30.4gN x _1molN =2.17mol N
32.07¢gS 14.01gN

The empirical formula is SN because the mole values are ina 1 : 1 mole ratio.

The empirical formula mass of SN is ~ 46 g/mol. Because 184/46 = 4.0, the molecular

formula is SsNa.

88. Assuming 100.0 g of compound:

267gPx —~MMP _hgs2molP: 121gNx TN _ 6864 mol N
30.97gP 14.01g N
61.2gClx —~MICl 4 23 morc
35.45¢ Cl
1.73

——— =2.01; the empirical formula is PNCl,.

0.862

The empirical formula mass is ~ 31.0 + 14.0 + 2(35.5) = 116 g/mol.

Molar mass
Empirical formula mass

_ 580
116

89. Assuming 100.00 g of compound:

= 5.0; the molecular formula is (PNClI,)s = PsNsClyo.

47.089C x 1€ _ 300 moic: 659gHx MM 654 mol H
12.01gC 1.008g H

46.33gClx ~MICL 4 507 mol cl
35.45¢ Cl

Dividing all mole values by 1.307 gives:

3.920 _

1.307

= 2.999; 654 5.00;
1.307

The empirical formula is C3HsClI.

1307 _ 1.000

1.307

The empirical formula mass is 3(12.01) + 5(1.008) + 1(35.45) = 76.52 g/mol.
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90.

91.

92.

Molar mass _ 153
Empirical formulamass  76.52

=2.00; the molecular formula is (CsHsCl), = C¢HyoCl,.

Assuming 100.00 g of compound (mass oxygen = 100.00g—41.39gC —3.47gH

= 55.14 g O):
1139gCx —~MC 3 ss6molc: 347gHx TP 544 mor
12.01gC 1.008g H
551490 x MO 5 146 mol 0
16.00g O

All are the same mole values, so the empirical formula is CHO. The empirical formula mass
is 12.01 + 1.008 + 16.00 = 29.02 g/mol.

1509
0.129 mol

Molar mass = =116 g/mol

Molar mass 116
Empirical mass  29.02

=4.00; molecular formula = (CHO), = C4H,0,

When combustion data are given, it is assumed that all the carbon in the compound ends up
as carbon in CO; and all the hydrogen in the compound ends up as hydrogen in H,O. In the
sample of fructose combusted, the masses of C and H are:

1mol CO, y 1molC ><12.OlgC

mass C =2.20 g CO, x =0.600gC
44019 CO, mol CO, mol C
1mol H,0 .
mass H = 0.900 g H,0 x —molH.0 - 2molH  1008gH _ 0, ¢ 1y
18.02g H,0 mol H,0 mol H
Mass O = 1.50 g fructose — 0.600 g C - 0.101gH =0.799g O
So, in 1.50 g of the fructose, we have:
0600 Cx ~MC 60500 mol c: 0.101 gH x ~M'H — 6100 mol H
12.01gC 1.008g H
079990 x ~1%O__ 6499 mol 0
16.00g 0

Dividing by the smallest number: % = 2.00; the empirical formula is CH,0.

This compound contains nitrogen, and one way to determine the amount of nitrogen in the
compound is to calculate composition by mass percent. We assume that all the carbon in
33.5 mg CO, came from the 35.0 mg of compound and all the hydrogen in 41.1 mg H,O
came from the 35.0 mg of compound.
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93.

3.35 x 102 CO, x 1mol CO, y 1molC y 12.01gC =9.14x 1079 C
44,019 CO, mol CO, mol C
-3
Mass % C = — 22 *1070C _400=26196C
3.50 x 10™“ g compound
411 x 102g H,0 x 1mol H,0 y 2mol H 8 1.008g H - 460 x 10 g H

18.02g H,0 mol H,0 mol H

460 x103gH
3.50 x 1072 g compound

Mass % H = x 100 =13.1% H

The mass percent of nitrogen is obtained by difference:
Mass % N = 100.0 — (26.1 + 13.1) = 60.8% N

Now perform the empirical formula determination by first assuming 100.0 g of compound.
Out of 100.0 g of compound, there are:

1molC 1molH

26.1gCx ———— =217 molC; 131gHx —————— =13.0mol H
12.01gC 1.008g H
60.8gNx TN 434 molN
14.01g N
Dividing all mole values by 2.17 gives: 24 1.00; 130 _ 5.99; 434 _ 2.00
2.17 2.17 2.17

The empirical formula is CHgN,.

The combustion data allow determination of the amount of hydrogen in cumene. One way to
determine the amount of carbon in cumene is to determine the mass percent of hydrogen in
the compound from the data in the problem; then determine the mass percent of carbon by
difference (100.0 — mass % H = mass % C).

42.8 mg H,0 x 1lg N 2.016gH N 1000 mg
1000 mg 18.02g H,0 g

=4.79 mg H

479mgH
47.6 mg cumene

Mass % H = x 100 =10.1% H; mass % C = 100.0 - 10.1 =89.9% C

Now solve the empirical formula problem. Out of 100.0 g cumene, we have:

89.9gCx ~MIC 2 49moic: 101gHx =M 16 0molH

12.01gC 1.008g H
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& =134~ i; the mole H to mole C ratio is 4 : 3. The empirical formula is C3H,.

7.49 3
Empirical formula mass ~ 3(12) + 4(1) = 40 g/mol.

The molecular formula must be (CsH,); or CgH;, because the molar mass of this formula will
be between 115 and 125 g/mol (molar mass ~ 3 x 40 g/mol = 120 g/mol).

94. There are several ways to do this problem. We will determine composition by mass percent:
16.01 mg CO, x — 9 12019C ~ 1000mg _ /569 o ¢
1000 mg 44.01g CO,
%= —309MIC 100 -4001%C
10.68 mg compound
437 mgH0 x — 9, 2016gH 1000Mg _ 4 a0 1o
1000 mg 18.02g H,O g
%H-= 0.489 mg x 100 = 4.58% H; % O =100.00 — (40.91 + 4.58) = 54.51% O

10.68 mg

So, in 100.00 g of the compound, we have:

2091gCx M€ a6 moic; 458gH x N _ 454 mor 1
12.01gC 1.008g H
545190 x ~19O _ 3407 mol0
16.00g 0
- 454 4 g .
Dividing by the smallest number: m =133~ §; the empirical formula is C3H,4Os.

The empirical formula mass of C3H,03 is = 3(12) + 4(1) + 3(16) = 88 g/mol.

Because % = 2.0, the molecular formula is CgHgOs.

Balancing Chemical Equations

95. When balancing reactions, start with elements that appear in only one of the reactants and one
of the products, and then go on to balance the remaining elements.

a. CgH1206(S) + O2(g) — CO(9) + H.0(0)
Balance C atoms: CgH1,06 + O, - 6 CO, + H,0
Balance H atoms: CgH1,06 + O — 6 CO, + 6 H,0
Lastly, balance O atoms: CgH1,06(S) + 6 O2(g) — 6 CO(g) + 6 H,0(0)
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b. Fe,S3(s) + HCI(g) —» FeCls(s) + H,S(Q)
Balance Fe atoms: Fe,S; + HCl — 2 FeCl; + H,S
Balance S atoms: Fe,S; + HCI — 2 FeCl; + 3 H,S
There are 6 H and 6 Cl on right, so balance with 6 HCI on left:
Fe,Ss(s) + 6 HCI(g) > 2 FeCls(s) + 3 H.S(Q).
c. CSy(l) + NHs(g) - H,S(g) + NH,SCN(s)
C and S balanced; balance N:
CS; + 2 NH; > H,S + NH,SCN
H is also balanced. CS,(I) + 2 NH3(g) > H.S(g) + NH,SCN(s)

96. An important part to this problem is writing out correct formulas. If the formulas are
incorrect, then the balanced reaction is incorrect.

a. CoHsOH(l) + 30,(g) —> 2 CO,(g) + 3 H,O(g)
b. 3 Pb(NO3),(aq) + 2 NazPO4(ag) — Pb3(PO4)2(s) + 6 NaNOs(aq)
c. Zn(s)+2HCl(ag) — ZnCly(aq) + Hy(g)

d. Sr(OH),(aq) + 2 HBr(ag) — 2H,0(l) + SrBr,(aq)

MnO,

97.  2H,0saq) ~EWLe 5 H00) + 0y(g)

98. Fes04(s) + 4 Hx(g) > 3 Fe(s) + 4 H,O(g)
FesO4(s) + 4CO(g) > 3 Fe(s) + 4COx(g)
99. a. 3 Ca(OH),(aq) + 2 HsPO4(aq) — 6 H,O(l) + Cas(PO4)2(S)
b. AI(OH)s(s) + 3 HCl(ag) — AlCls(aq) + 3 H,0(l)
c. 2 AgNOs(aq) + HSO4(aq) — Agz2SO4(s) + 2 HNO;(aq)
100. a. 2 KO,(s) +2 HO(l) » 2 KOH(aqg) + O,(g) + H20(aq) or
4 KOy(s) + 6 H,O(I) — 4 KOH(aq) + O4(g) + 4 H,0,(aq)
b. Fe,Os(s) + 6 HNOs(aq) — 2 Fe(NOs)s(aqg) + 3 H,O(l)

C. 4 NHs3(g) +50,g) — 4 NO(g) + 6 HO(g)
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101.

102.

103.

PCls(l) + 4 H,O(I) — HsPO4(aq) + 5 HCI(g)

2 CaO(s) +5C(s) — 2CaCy(s) + COx(g)

2 M0S;,(s) + 7 O,(g) — 2 MoOs(s) + 4 SO,(g)

FeCOs(s) + H,COs(aq) — Fe(HCOs)2(aq)

The formulas of the reactants and products are CgHg(l) + Ox(g) — CO2(g) + H,0(g). To
balance this combustion reaction, notice that all of the carbon in CgHg has to end up as
carbon in CO; and all of the hydrogen in C¢H¢ has to end up as hydrogen in H,O. To
balance C and H, we need 6 CO, molecules and 3 H,O molecules for every 1 molecule of
CeHs. We do oxygen last. Because we have 15 oxygen atoms in 6 CO, molecules and 3

H,O molecules, we need 15/2 O, molecules in order to have 15 oxygen atoms on the
reactant side.

CeHo(l) + % 02(g) — 6 CO4(g) + 3 H,O(g); multiply by two to give whole numbers.

2 CgHs(I) + 15 O45(g) — 12 CO4(g) + 6 H,0(g)

The formulas of the reactants and products are C4Hi(g) + O2(g) — CO»(g) + H20(Q).
CsHio(0) + %Og(g) — 4 CO,(g) + 5 H,O(g); multiply by two to give whole numbers.
2 C4Hi0(g) + 13 O,(g) — 8 CO4(g) + 10 H,0O(Q)

C1oH2,041(8) + 12 O,(g) — 12 CO,(g) + 11 H,0(g)

2 Fe(s) + %Oz(g) — Fe,04(s); for whole numbers: 4 Fe(s) + 3 O,(g) — 2 Fe,04(s)

2 FeO(s) + % 0O2(g) — Fe,04(s); for whole numbers, multiply by two.
4 FeO(s) + O2(9) — 2 Fe,O4(s)

16 Cr(s) + 3 Sg(s) — 8 Cr,S5(s)

2 NaHCO;(s) — Na,COs(s) + COx(g) + H,0(g)

2 KClO4(s) = 2 KCI(s) + 3 04(q)

2 Eu(s) + 6 HF(g) — 2 EuF3(s) + 3 Hx(9)

SiO,(s) + C(s) — Si(s) + CO(g); Si is balanced.

Balance oxygen atoms: SiO, + C — Si+2 CO

Balance carbon atoms: SiOy(s) + 2 C(s) — Si(s) + 2 CO(g)
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104.

b. SiCly(l) + Mg(s) — Si(s) + MgCl,(s); Si is balanced.
Balance Cl atoms: SiCl, + Mg — Si + 2 MgCl,
Balance Mg atoms: SiCl,(l) + 2 Mg(s) — Si(s) + 2 MgCly(s)
c. NaySiFs(s) + Na(s) — Si(s) + NaF(s); Si is balanced.
Balance F atoms: Na,SiFg + Na — Si + 6 NaF
Balance Na atoms: NaySiFe(s) + 4 Na(s) — Si(s) + 6 NaF(s)

CaSiOs(s) + 6 HF(ag) — CaFy(aqg) + SiF4(g) + 3 H,O(I)

Reaction Stoichiometry

105.

106.

107.

108.

The stepwise method to solve stoichiometry problems is outlined in the text. Instead of
calculating intermediate answers for each step, we will combine conversion factors into one
calculation. This practice reduces round-off error and saves time.

Fe,Os(s) + 2 Al(s) — 2 Fe(l) + Al O5(s)
1mol Fe 2 mol Al y 26.98g Al

15.0 g Fe x —————— =0.269 mol Fe; 0.269 mol Fe x =7.26gAl
55.859 Fe 2 mol Fe mol Al
0.269 mol Fe x 11 F€20s  159.709F€,05 _ o) 5 po .
2mol Fe mol Fe,O4
0.269 mol Fe x ~ A0 101969 AI05 _ 157 0416,
2 mol Fe mol Al,O4
10 KCIO3(s) + 3P4(s) — 3 P4O1(s) + 10 KCI(s)
52.9 g KCIO; x 1mol KCIO, 3mol P,0,, y 283.889P,0;p _ 36.8 g POs

X
12255¢ KCIO, ~ 10 molKCIO, = mol P,0,,

10009 Al y 1mol Al 3mol NH,CIO, 8 117.49g NH,CIO,

1.000 kg Al x X
kg Al 26.98 g Al 3mol Al mol NH,CIO,

= 4355 g = 4.355 kg NH,CIO,
a. Ba(OH),+8H,0(s) + 2 NH,SCN(s) — Ba(SCN),(s) + 10 H,O(l) + 2 NHs(q)

1mol Ba(OH), «8H,0

b. 6.5 Ba(OH)»8H,0 x
g Ba(OH)--8H; 315.4¢

=0.0206 mol = 0.021 mol
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109.

110.

111.

112.

113.

114,

2 mol NH,,SCN 76.13g NH,SCN
0.021 mol Ba(OH)#8H,0 x Mo’ ™M x 9 "M,
1mol Ba(OH), «8H,0 mol NH,SCN
= 3.2 g NH,SCN

19 8 1mol NaHCO, y 1mol C4HgO4

a. 1.0 x 10> mg NaHCO; x
1000mg 84.01g NaHCO; 3 mol NaHCOg4

 192.129 CH;0;

=0.076 g or 76 mg CeHsO
mol CgHgO, J 9 Serer

1mol NaHCO;4 3mol CO, 5 44,019 CO,

b. 0.10 g NaHCO; x X
84.01g NaHCO; 3 mol NaHCO, mol CO,

=0.052 g or 52 mg CO,

1molC;HeO;  1molC4HgO;  102.099 C4HgO,

a. 1.00 x 10> g C;HeO; x
138.12¢gC,HO; 1molC,HsO;  1molC,H40,

=73.9 g C4Hs0O3

1molC;HgO;  1molCoHgO,  180.15g CoHgO,

b. 1.00 x 10° g C;HgO3 %
138.129g C;HO;  1mol C,H40, mol C4HgO,

=1.30 x 107 g aspirin

3.0 kg NH," . 1000g ~ 1mol NH," . Lmol CsH;0,N

1.0 x 10* kg waste x
100 kg waste kg~ 18.04gNH,"” 55 molNH,"

. 113129 C4H,0,N

= 3.4 x 10" g tissue if all NH," converted
mol C;H,0,N

Because only 95% of the NH," ions react:
mass of tissue = (0.95)(3.4 x 10* g) = 3.2 x 10* g or 32 kg bacterial tissue

759 Caz(POy), y 1mol Ca3(PO,),

1.0 x 10° g phosphorite x :
100 g phosphorite  310.18 g Ca;(PO,),

y 1mol P, . 123.889P,
2mol Ca4(PO,), mol P,

=150 g P,

1.0 ton CuO x 907 kg 8 1000¢ y 1mol CuO 8 1mol C y 12.01gC 8 100. g coke
ton kg 79.55gCuO0 2 mol CuO mol C 95gC
=7.2x 10 g or 72 kg coke
2 LIOH(s) + CO,(g) — Li,COs(aq) + H,O(l)

The total volume of air exhaled each minute for the 7 astronauts is 7 x 20. = 140 L/min.
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1mol LiOH 1mol CO, y 44,019 CO, y 100 g air

25,000 g LiOH x el :
23.95¢LIOH ~ 2molLiOH =~ molCO,  4.0gCO,

5 1mL air N 1L y 1min y 1h
0.0010gair 1000mL  140Lair 60 min

=68 h = 2.8 days

Limiting Reactants and Percent Yield

115.

116.

117.

The product formed in the reaction is NO,; the other species present in the product represent-
tation is excess O,. Therefore, NO is the limiting reactant. In the pictures, 6 NO molecules
react with 3 O, molecules to form 6 NO, molecules.

6 NO(g) + 3 0,(g) — 6 NOx(g)
For smallest whole numbers, the balanced reaction is:

2NO(g) + O(9) — 2NOy(9)

In the following table we have listed three rows of information. The “Initial” row is the
number of molecules present initially, the “Change” row is the number of molecules that
react to reach completion, and the “Final” row is the number of molecules present at
completion. To determine the limiting reactant, let’s calculate how much of one reactant is
necessary to react with the other.

4 molecules NH,
5 moleculesO,

10 molecules O, x = 8 molecules NHj; to react with all of the O,

Because we have 10 molecules of NH3 and only 8 molecules of NH; are necessary to react
with all of the O,, O, is limiting. Now use the 10 molecules of O, and the molecule
relationships given in the balanced equation to determine the number of molecules of each
product formed, then complete the table.

4NHi(@) + 509 —  4NO(g +  6H0()

Initial 10 molecules 10 molecules 0 0
Change —8 molecules —10 molecules +8 molecules +12 molecules
Final 2 molecules 0 8 molecules 12 molecules

The total number of molecules present after completion = 2 molecules NH3 + 0 molecules O,
+ 8 molecules NO + 12 molecules H,O = 22 molecules.

a. The strategy we will generally use to solve limiting reactant problems is to assume each
reactant is limiting, and then calculate the quantity of product each reactant could
produce if it were limiting.  The reactant that produces the smallest quantity of product
is the limiting reactant (runs out first) and therefore determines the mass of product that
can be produced.

Assuming N is limiting:

1mol N, 2mol NH, y 17.039 NH,

1.00 x 10°g N, x x
28.02g N, mol N, mol NH,

=1.22 x10°g NH;
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Assuming H is limiting:

1mol H, y 2 mol NH4 5 17.039 NH,

=2.82 x10° g NH;
2.016gH, 3mol H, mol NH;

5.00 x 10°g H, x
Because N, produces the smaller mass of product (1220 g vs. 2820 g NHs), N, is limiting
and 1220 g NH; can be produced. As soon as 1220 g of NH3is produced, all of the N, has

run out. Even though we have enough H, to produce more product, there is no more N,
present as soon as 1220 g of NH; have been produced.

1mol N, y 3mol H, y 2.016gH,

b. 1.00 x 10°g N, x
28.02g N, mol N, mol H,

= 216 g H, reacted

Excess H, = 500. g H; initially — 216 g H; reacted = 284 g H, in excess (unreacted)
118. Cag(PO4)2 + 3 H,SO, — 3 CaSO, + 2 H3PO,

Assuming Caz(POy), is limiting:

1mol Caz(PO,), y 3mol CaSO, ><136.15g CaSO,
310.18g Ca3(PO,), molCas(POy), mol CaSO,

= 1300 g CaS0O,

1.0 x 10° g Cas(POy), x

Assuming concentrated H,SO, reagent is limiting:

989 H,SO, g 1mol H,SO,

1.0 x 10° g conc. H,S0, x
1009 conc.H,SO, 98.099g H,SO,

y 3mol CaSO, y 136.15g CaSO,
3mol H,SO, mol CaSO,

= 1400 g CaSO,

Because Caz(PO,), produces the smaller quantity of product, Caz(PO,), is limiting and
1300 g CaSO,can be produced.

1mol Ca;(PO,), y 2mol H;PO, ><97.999H3PO4

1.0 x 10° g Cas(POy), x
310.18 g Cay(PO,),  molCay(PO,), mol H3PO,

=630 g H3PO, produced
119.  Assuming BaO; is limiting:

1mol BaO, 8 1mol H,0, y 34.029 H,0,

1.50 g BaO, x
169.3gBaO,  mol BaO, mol H,0,

= 0.301 g H,0,

Assuming HCl is limiting:

0.0272 g HCI y 1molHCI 1molH,0, y 34.029H,0,

25.0 mL x X
mL 36.46 g HClI 2 mol HCI mol H,0,

=0.317 g H,0;
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120.

121.

BaO; produces the smaller amount of H,0,, so it is limiting and a mass of 0.301 g of H,0,
can be produced.

0.0272 g HCI y 1 mol HCI
mL 36.46 g HCI

Initial mol HCI present: 25.0 mL x = 1.87 x 102 mol HCI

The amount of HCI reacted:

1mol BaO, 8 2 mol HCI
169.3gBa0O,  mol BaO,

=1.77 x 102 mol HCI

1.50 g BaO, x

Excess mol HCI = 1.87 x 102 mol — 1.77 x 10?>mol = 1.0 x 103 mol HCI

36.46 g HCI

=3.6 x 1072g HCl unreacted
mol HCI

Mass of excess HCI = 1.0 x10° mol HCI x

Assuming Ag,0 is limiting:

1mol Ag,O y 2 mol AgC,yHgN,SO, 5 357.18 g AgCyoHgN,SO,

25.0 g Agz0 x
231.89 Ag,O mol Ag,0 mol AgC,,HgN 4SO,

=77.0 g AgC10H9N4SOZ
Assuming C1oH10N4SO; is limiting:

1mol CyHoN,4SO, y 2 mol AgC;yHgN,SO,

50.0 g C1oH10N4SO, x
250.29 g C1oHyoN,SO,  2mol CigHyoN,SO,

y 357.18 g AgCyyHgN,SO,
mol AgC,qHgN,4SO,

=714 g AgC10H9N4SOZ

Because C1oH10N4SO, produces the smaller amount of product, it is limiting and 71.4 g of
silver sulfadiazine can be produced.

To solve limiting-reagent problems, we will generally assume each reactant is limiting and
then calculate how much product could be produced from each reactant. The reactant that
produces the smallest amount of product will run out first and is the limiting reagent.

1mol NH4 y 2 mol HCN
17.03g NH; 2 mol NH4

5.00 x 10° g NH; x =2.94 x 10° mol HCN

1mol O, y 2 mol HCN
32.009 O, 3mol O,

5.00 x 10° g O, x =1.04 x 10° mol HCN

1mol CH, y 2 mol HCN
16.04gCH, 2molCH,

5.00 x 10° g CH, x =3.12 x 10° mol HCN
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O, is limiting because it produces the smallest amount of HCN. Although more product could

be produced from NH5 and CH,, only enough O, is present to produce 1.04 x 10°> mol HCN.

The mass of HCN produced is:

27.03g HCN
mol HCN

1.04 x 10° mol HCN x =2.81x 10°g HCN

1mol O, N 6 molH,O y 18.02g H,0

5.00 x 10° g O, x
320090, 3molO, 1mol H,0

=5.63 x 10° g H,0

122.  If C3Hg is limiting:
1mol C;H, " 2mol C;H;N y 53.06 g C;H;N

15.0 g CiHg x =18.9 g CsH3N
42.089 C,H, 2mol C;H, mol C;H;N
If NH; is limiting:
5.00 g NH; x 1mol NH, 5 2mol C;H;N y 53.06g C;H;N _ 15.6 g CsHsN
17.03g NH, 2 mol NH, mol C;H;N
If O, is limiting:
10.0 g O, x 1mol O, g 2 mol C;H;N g 53.069 C;H;N _ 11.1 g CHsN
32.0090, 3mol O, mol C;H;N

O, produces the smallest amount of product; thus O; is limiting, and 11.1 g C3H3N can be
produced.

123.  CyHe(g) + Cly(g) — C,HsCl(g) + HCI(g)

If CoHg is limiting:

1molC,Hg  1molC,HsCl 64519 CoHsCl

300. g C,Hg x = 644 g C;HsClI
30.07g C,Hg mol C,Hg mol C,HsCI
If Clyis limiting:
650. g Cl, x 1mol Cl, N 1mol C,H;CI N 64.519 C,H;CI = 501 g C,HLCl

70.909Cl, mol Cl, mol C,HsCl

Cl, is limiting because it produces the smaller quantity of product. Hence, the theoretical
yield for this reaction is 591 g C,HsCl. The percent yield is:

percent yield = L“Efl x 100 = 490.9
theoretical

x 100 = 82.9%

1mol C4zH:CI y 1mol Cy4H4Cls y 354.46 g C14HoClg

124.  a. 1142 g CeHsCl x
112559 CgHsCl 2 mol CgH5Cl mol Cy,HyCls

= 1798 Cl4H9C|5
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1mol C,HOCI, y 1 mol C4HyClg y 354.46 g C14H,Cl;

485 g C,HOCI; x
147.389 C,HOCIl; = mol C,HOCI, mol C;,HyCls

=1170 g Cl4H9C|5

From the masses of product calculated, C,HOCI; is limiting and 1170 g C14,HsCls can be
produced.

b. C,HOCI; is limiting, and CgHsCl is in excess.

1mol C,HOCl; 2mol CgHsCl  112.55 CoHiCl
147.38gC,HOCI; ~ molC,HOCI; ~ mol CgHsCl

= 741 g C¢HsCl reacted

c. 485 g C,HOCI; x

1142 g — 741 g = 401 g CgHsCl in excess

d. Percent yield = 200.0¢ DDT x100=17.1%
11709 DDT
125, 2.50 metric tons CusFeS; x 000 K9, 10009 1molCusFes; - 3molCu
metric ton kg 342.71¢g 1mol CusFeS;
63.55¢

X

=1.39 x 10° g Cu (theoretical)
mol Cu

86.3 g Cu (actual)

1.39 x 10° g Cu (theoretical) x :
100. g Cu (theoretical)

=1.20 x 10° g Cu = 1.20 x 10° kg Cu

= 1.20 metric tons Cu (actual)

126.  P4(s) + 6 F2(g) — 4 PF3(g); the theoretical yield of PF; is:

100.0 g PF; (theoretical)

120. g PF; (actual) x
78.19 PF; (actual)

= 154 g PF3 (theoretical)

1mol PF, 8 6 mol F, ><38.OOgF2

154 g PF; x
87.97 g PF, 4 mol PF, mol F,

=99.8gF,

99.8 g F, is needed to actually produce 120. g of PF; if the percent yield is 78.1%.

Additional Exercises

127.  C,'He: 2(12.000000) + 6(1.007825) = 30.046950 u
2C'H,"°0: 1(12.000000) + 2(1.007825) + 1(15.994915) = 30.010565 u
“N*0: 1(14.003074) + 1(15.994915) = 29.997989 u

The peak results from *C*H,™0.
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75

128.

129.

130.

131.

We would see the peaks corresponding to:

B*Cl; [mass = 10 + 3(35) = 115 u], >B®*CL,*'CI (117), °B*CI*'Cl, (119),
“B%Cl; (121), 'B*Cl; (116), 'B*CI,¥'CI (118), “B*CF'Cl, (120), 'B*Cl; (122)

We would see a total of eight peaks at approximate masses of 115, 116, 117, 118, 119, 120,
121, and 122.

Molar mass XeF, = 0-3689 Xef, 1o