
Exercises 
Visualizing Concepts 

1.1 Which of the following figures represents (a) a pure element, 
(b) a mixture of two elements, (c) a pure compound, 
(d) a mixture of an element and a compound? (More than 
one picture might fit each description.) [Section 1.2] 

(i) (ii) (iii) 

(iv) (v) (vi) 

1.2 Does the following diagram represent a chemical or physical 
change? How do you know? [Section 1.3] 

1.3 Describe the separation method(s) involved in brewing a cup 
of coffee. [Section 1.3] 

1.4 Identify each of the following as measurements of length, 
area, volume, mass, density, time, or temperature: (a) 25 ps, 
(b) 374.2 mg, (c) 77 K, (d) 100,000 km2

, (e) 1.06 µ,m, 
(f) 16 nm2, (g) -78 °C, (h) 2.56 g/cm3

, (i) 28 cm3
• [Section 1.4] 

1.5 (a) Three spheres of equal size are composed of aluminum 
3(density= 2.70g/cm3

), silver (density= 10.49g/ cm ), 

and nickel ( density = 8.90 g/cm3
). List the spheres from 

lightest to heaviest. (b) Three cubes of equal mass are 
composed of gold (density= 19.32 g/cm3

), platinum 
(density= 2l.45g/cm3),andlead (density= 11.35g/cm3

). 

List the cubes from smallest to largest. [Section 1.4] 

1.6 The three targets from a rifle range shown on the next page 
were produced by: (A) the instructor firing a newly acquired 
target rifle; (B) the instructor firing his personal target rifle; 
and (C) a student who has fired his target rifle only a few 
times. (a) Comment on the accuracy and p_recision for each 
of these three sets of results. (b) For the A and C results in 
the future to look like those in B, what needs to happen? 
[Section 1.5] 
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A B C 

1.- (a)\\ h,ll is the length of the pencil in the following figure if 
the rukr rl'ads in centimeters? How many significant figures 
.,re there in this measurement? (b) An au tomobile speed
ometer with circular scales reading both miles per hour and 
kilometers per hour is shown. What speed is indicated, in 
both units? How many significant figures are in the measure
ments? [Section LS] 

.......,..,.....--,--,-r-T-,-.,,-,,_,....,....,-,._,,.......__ 

2 3 4 5 6 7 8 9 

1.8 (a) How many significant figures should be reported for the 
volume of the metal bar shown here? (b) If the mass of the bar 
is 104.72 g, how many significant figures should be reported 
when its density is determined using the calculated volume? 
[Section 1.5] 

------5.30cm---- -

1.9 When you convert units, how do you decide which part of the 
conversion factor is in the numerator and which is in the de
nominator? [Section 1.6] 

1.10 Show the steps to convert the speed of sound, 344 meters per 
second, into miles per hour. [Section 1.6] 

l.l l Consider the jar of jelly beans in the photo. To get an estimate 
of the number of beans in the jar you weigh six beans and 
obtain masses of3.15, 3.12, 2.98, 3.14, 3.02, and 3.09 g. Then 
you weigh the jar with all the beans in it, and obtain a mass of 
2082 g. The empty jar has a mass of 653 g. Based on these data 
estimate the number of beans in the jar. Justify the number of 
significant figures you use in your estimate. [Section 1.5] 

1.12 The photo below shows a picture of an agate stone. Jack, who 
picked up the stone on the Lake Superior shoreline and pol
ished it, insists that agate is a chemical compound. Ellen ar
gues that it cannot be a compound. Discuss the relative merits 
of their positions. [Section 1.2] 

Classification and Properties of Matter (Sections 
1.2 and 1.3) 

1.13 Classify each of the following as a pure substance or a mixture. 
If a mixture, indicate whether it is homogeneous or hetero
geneous: (a) rice pudding, (b) seawater, (c) magnesium, 
(d) crushed ice. 

1.14 Classify each of the following as a pure substance or a 
mixture. If a mixture, indicate whether it is homogeneous or 
heterogeneous: (a) air, (b) tomato juice, (c) iodine crystals, 
(d) sand. 

1.15 Give the chemical symbol or name for the following elements, 
as appropriate: (a) sulfur, (b) gold, (c) potassium, (d) chlorine, 
(e) copper, (f) U, (g) Ni, (h) Na, (i) Al, (j) Si. 

1.16 Give the chemical symbol or name for each of the follow
ing elements, as appropriate: (a) carbon, (b) nitrogen, 
(c) titan ium, (d) zinc, (e) iron, (f) P, (g) Ca, (h ) He, 
(i) Pb, (j) Ag. 

1.17 A solid white substance A is heated strongly in the absence 
of air. It decomposes to form a new white substance Band 
a gas C. The gas has exactly the same properties as the prod· 
uct obtained when carbon is burned in an excess ofoxygen. 
Based on these observations, can we determine whether solids 
A and B and gas C are elements or compounds? Explain your 
conclusions for each substance. 

1.18 You are hilting in the mountains and find a shiny gold nug· 
get. It might be the element gold, or it might be "fool's gold." 
which is a nickname for iron pyrite, FeS2• What kinds ofex· 
periments could be done to determine if the shiny nugget is 
really gold? 
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1.1~ In th<' pro.:cs\ of ,1ttrmpting to <haracterize a substa nce, 
,1 d1<·m1,t 111,1kes the lollowing o bse rva tio ns: The sub
~tJtK<' i a s1h·ery white, lustrous metal. It mrlts at 649 °C 
,1nJ both ,II 1105 °C. It s dens ity at 20 °C is 1.738 g/cnr. 
The ubst t1ncc burns in air, producing a n intense white 
light. It reacts with chlorine to give a brittle white solid. 
The suh tance can he pounded Into thin sheets or drawn 
into wires. It is a good conductor of electricity. Which of 
th.-~e characteristics arc physical properties, and which arc 
chcnucJI properties? 

1.20 (a) Read the following description of the clement zinc and in
dicate which are physical properties and which arc chemical 
properties. 

Zinc melts at 420 °C. When zinc granules are added to dilute 
sulfuric acid, hydrogen is given off and the metal dissolves. 
Zinc has a hardness on the Mohs scale of 2.5 and a density 
of7.l3g/ cm3 at 25 °C. It reacts slowly with oxygen gas at el
evated temperatures to form zinc oxide, ZnO. 

(b) Which properties of zinc can you describe from the 
photo? Are these physical or chemical properties? ___:__ 

1.21 Label each of the following as either a physical process or a 
chemical process: (a) rusting ofa metal can, (b) boiling a cup 
ofwater, (c) pulverizing an aspirin, (d) digesting a candy bar, 
(e) exploding of nitroglyerin. 

J.22 A match is lit and held under a cold piece of metal. The 
following observations are made: (a) The match burns. 
(b) The metal gets warmer. (c) Water condenses on the metal. 
(d) Soot (carbon) is deposited on the metal. Which of these 
occurrences are due to physical changes, and which are due to 
chemical changes? 

1.23 Suggest a method ofseparating each of the following mixtures 
into two components: (a) sugar and sand, (b) oil and vinegar. 

1.24 Three beakers contain clear, colorless liquids. One beaker 
contains pure water, another contains salt water, and an
other contains sugar water. How can you tell which beaker is 
which? (No tasting allowed!) 

Units and Measurement (Section 1.4) 

1.25 What exponential notation do the following abbreviations 
represent? (a) d, (b) c, (c) f, (d) µ, (e) M, (f) k, (g) n, (h) m, (i) p. 

1.26 Use appropriate metric prefixes to write the following mea
surements without use of exponents: (a) 2.3 X 10-•o L, 
(b) 4.7 x 10-6 g, (c) 1.85 X 10~12 m, (d) 16.7 X 106 s, 
(e) 15.7 X 103 g, (f) 1.34 X 10-3 m, (g) 1.84 X 1D2 cm. 

- ----'--'-
1.27 Make the following conversions: (a) 72 °F to °C, (b) 216.7 °C 

to °F, (c) 233°C to K, (cl) 315 K to °F, (e) 2500°F to K, 
(f) 0 K to °F. 

Exercises 35 

1.28 (a) The temperature on a warm summer day is 87°F. 
What is the tcmperJturc in °C? (b) Many scientific data arc 
reported at 25 °C. What is this temperature in kelvins and 
in degrees Fahrenheit? (c) Suppose that a recipe calls for 
an oven temperature of 400 °F. Convl'rt this temperature to 
degrees Celsius and to kelvins. (cl) Liquid nitrogen boils at 
77 K. Convert this temperature to degrees Fahrenheit and to 
degrees Celsius. 

- ---= 
1.29 (a) A sample of tetrachloroethylene, a liquid used in dry 

cleaning that is being phased out because of its potential to 
cause cancer, has a mass of 40.55 g and a volume of 25.0 mL 
at 25 °C. What is its density at this temperature? Will tctra
chloroethylene float o n water? (Materials that are less dense 
than water will float.) (b) Carbon dioxide (CO2) is a gas at 
room temperature and pressure. However, carbon dioxide 
can be put under pressure to become a "supercritical fluid " 
that is a much safer dry-cleani11g agent than tetrachloroethyl
ene. At a certain pressure, the density of supercritical CO2 is 
0.469 g/cm3• What is the mass of a 25.0-mL sample of super
critical CO2 at this pressure? 

1.30 (a) A cube of osmium metal 1.500 cm on a side has a mass of 
76.31 g at 25 °C. What is its density in g/cm3 at this tempera
ture? (b) The density of titanium metal is 4.51g/ cm3 at 25 °C. 
What mass of titanium displaces 125.0 mL of water at 25 °C? 
(c) The density of benzene at 15 °C is 0.8787g/ mL. Calculate 
the mass of0.1500 L ofbenzene at this temperature. 

1.31 (a) To identify a liquid substance, a student determined 
its density. Using a graduated cylinder, she measured out 
a 45-mL sample of the substance. She then measured the 
mass of the sample, finding that it weighed 38.5 g. She 
knew that the substance had to be either isopropyl alcohol 
(density 0. 785 g/ mL) or toluene ( density 0.866 / mL). What 
are the calculated density and the probable identity of the 
substance? (b) An experiment requires 45.0 g of ethylene gly
col, a liquid whose density is 1.114 g/ mL. Rather than weigh 
the sample on a balance, a chemist chooses to dispense the 
liquid using a graduated cylinder. What volume of the liquid 
should he use? (c) Is a graduated cylinder such as that shown 
in Figure 1.19 likely to afford the accuracy of measurement 
needed? (cl) A cubic piece ofmetal measures 5.00 cm on each 
edge. If the metal is nickel, whose density is 8.90 g / cm3. what 
is the mass of the cube? 

1.32 (a) After the label fell off a bottle containing a clear liquid be
lieved to be benzene, a chemist measured the density of the 
liquid to verify its identity. A 25.0-mL portion of the liquid 
had a mass of 21.95 g. A chemistry handbook lists the den
sity of benzene at 15 °C as 0.8787 g/mL. Is the calculated 
density in agreement with the tabulated value? (b) An experi
ment requires 15.0 g ofcyclohexane, whose density at 25 °C is 
0.7781 g/ mL. What volume of cyclohexane should be used? 
(c) A spherical ball of lead has a diameter of 5.0 cm. What is 
the mass of the sphere if lead has a density of 11.34 g/ cm3? 
(The volume ofa sphere is ( 4/ 3 )1rr3, where r is the radius.) 

1.33 In the year 2011, an estimated amount of 35 billion tons of 
carbon dioxide (CO2) was emitted worldwide due to fossil 
fuel combustion and cement production. Express this mass of 
CO2 in grams without exponential notation, using an appro
priate metric prefix. 
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1..\4 ~th,on tor lOmpulcr ,hips i~ grown in large cylinders called 
"houlcs' that arc .l00 111111 in diameter and 2 m in length, as 
~hown. I he density ofsilicon is 2.33 g/cmJ. Silicon wafers for 
m,1king integrated nrcuits arc sliced from a 2.0 m boule and 
arc trpkally 0.75 mm thick and 300 mm in diameter. (a) How 
111,111)' wafers can be cul from a single boule? (b) Whal is the 
mass of a ~ilicon wafer? (The volume of a cylinder is given by 
rrr2h, where r is the radius and I, is its height.) 

0.75mm 
thickness 

• 300mm 

.-diameter 

Cut wafers 

Uncertainty in Measurement (Section 1.5) 

1.35 Indicate which of the following are exact numbers: (a) the 
mass of a 3 by 5-inch index card, (b) the number of ounces 
in a pound, (c) the volume of a cup of Seattle's Best coffee, 
(d) the number of inches in a mile, (e) the number of micro
seconds in a week, (f) the number ofpages in this book. 

1.36 Indicate which of the following are exact numbers: (a) the 
mass of a 32-oz can of coffee, (b) the number of students in 
your chemistry class, (c) the temperature of the surface of the 
Sun, (d) the mass ofa postage stamp, (e) the number of mil
liliters in a cubic meter ofwater, (f) the average height ofNBA 
basketball players. 

1.37 What is the number of significant figures in each of the fol-
lowing measured quantities? (a) 601 kg, (b) 0.054 s, (c) 6.3050 
cm, (d) 0.0105 L, (e) 7.0500 x 10- 3 m3, (f) 400 g. 

1.38 Indicate the number of significant figures in each of the 
following measured quantities: (a) 3.774 km, (b) 205 m2, 

(c) 1.700 cm, (d) 350.00 K, (e) 307.080 g, (f) 1.3 X I0J m/s. 

1.39 Round each of the following numbers to four significant fig
ures and express the result in standard exponential notation: 
(a) 102.53070, (b) 656.980, (c) 0.008543210, (d) 0.000257870, 
(e) - 0.0357202. 

1.40 (a) The diameter ofEarth at the equator is 7926.381 mi. Round 
this number to three significant figures and express it in stan
dard exponential notation. (b) The circumference of Earth 
through the poles is 40,008 km. Round this number to four sig-

___ n_i_ficant figures and express it in standard exponential notation. 

1.41 Carry out the following operations and express the answers 
with the appropriate number ofsignificant figures. 

(a) 14.3505 + 2.65 

(b) 952.7 - 140.7389 

(c) (3.29 X 104)(0.2501) 

(d) 0.0588/0.677 

1.42 Carry out the following operations and express the answer 
with the appropriate number of significant figures. 

-

(a) 320.5 - ( 6104.5 / 2.3) 

(b) ((285.3 X 105) - (1.200 X IOJ)) X 2.8954 

(c) (0.0045 X 20,000.0) + (2813 X 12) 

(d) 863 X (1255 - (3.45 X 108) ) 

--l.- -3- Y- o- u weigh an object on a balance and _rea_d the mass in grams4 
according to the picture. How many significant figures are in 

this measurement? 

1.44 You have a graduated cylinder that contains a liquid (see pho
tograph). Write the volume of the liquid, in milliliters, using 
the proper number of significant figures . 

Dimensional Analysis (Section 1.6) 

1.45 Using your knowledge of metric units, English units, and the 
information on the back inside cover, write down the conver
sion factors needed to convert (a) mm to nm, (b) mg to kg, 
(c) km to ft, (d) in.3 to cm3• 

1.46 Using your knowledge of metric units, English units, and the 
information on the back inside cover, write down the conver-
sion factors needed to convert (a) µ.m to mm, (b) ms tons, 

___ (c_) mi to km, (d) ft3 to L. 

1.47 (a) A bumblebee flies with a ground speed of 15.2 mis. Cal· 
culate its speed in km/hr. (b) The lung capacity of the blue 
whale is 5.0 X 103 L. Convert this volume into gallons. 
(c) The Statue of Liberty is 151 ft tall. Calculate its height in 
meters. (d) Bamboo can grow up to 60.0 cm/day. Convert this 
growth rate into inches per hour. 

1.48 (a) The speed of light in a vacuum is 2.998 X !d' m/s. 
Calculate its speed in miles per hour. (b) The Sears Tower in 

Chicago is 1454 ft tall. Calculate its height in meters. (c) The 
Vehicle Assembly Building at the Kennedy Space Center in 
Florida has a volume of 3,666,500 m1. Convert this volume to 
liters and express the result in standard exponential notation. 
(d) An individual suffering from a high cholesterol level in her 


