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Chemistry Basics—Matter and Measurement
In addition to being an introductory chapter highlighting the states, properties, types of matter, and the periodic table, Chapter 1 now includes more mathematics coverage. It begins with an introduction to the metric system and unit conversion, significant figures, scientific notation, and percent. This treatment is followed by application of mathematics to volume, mass, density, temperature, energy, and specific heat. The health-professions student sees the relevance of unit conversion when it is applied to dosing problems presented in Section 1.5. This application is extended into a new Integrating Chemistry feature on reading lab reports. Chapter 1 now includes a more extensive introduction to balancing chemical equations. Gas laws previously introduced in Chapter 1 now appear in Chapter 7.

Chapter Outline

1.1 
Discovering the Concepts: Classifying Matter

1.2  Classifying Mater: Mixture or Pure Substance
Discovering the Concepts: The Periodic Table
1.3  Elements, Compounds, and the Periodic Table
1.4  Math Counts

Solving a Problem: Converting Units

Solving a Problem: Calculating Percent
1.5  Matter: The “Stuff” of Chemistry
1.6   Measuring Matter

Integrating Chemistry: Reading Lab Reports

1.7   How Matter Changes

Solving a Problem: Balancing a Chemical Equation
Learning Outcomes
Section 1.1: Classifying Matter: Mixture or Pure Substance

• Classify matter as a pure substance of a mixture.

• Classify mixtures as homogeneous mixture or heterogeneous.

• Classify pure substances as elements or compounds.
Section 1.2: Elements, Compounds, and the Periodic Table

• Distinguish between groups and periods. 

• Locate metals and nonmetals on the periodic table.

• Identify the number of elements in a chemical formula

Section 1.3: Math Counts

• Convert between metric units.

• Apply the appropriate number of significant figures to a calculation.

• Convert numbers to scientific notation.

• Convert numbers and fractions to percent.

Section 1.4: Matter: The “Stuff” of Chemistry

• Define mass and its measurement.

• Define volume and its measurement.

• Calculate and solve problems using density.

• Convert temperatures among the three temperature scales.

• Distinguish between kinetic and potential energy.

• Convert between energy units.

• Compare specific heat values of various materials.

• Contrast the properties of solids, liquids, and gases.

Section 1.5: Measuring Matter

• Distinguish between accuracy and precision.

• Convert between SI and U.S. units.

• Apply conversion factors, units, and percent to measurements in health.

Section 1.6: How Matter Changes

• Distinguish between physical changes and chemical reactions.

• Balance a given chemical equation.

Laboratory Suggestions

• Lab 2: How Will I Use Math and Measurement in My Career?

• Lab 3: Why is Measurement Important in Chemistry?

• Lab 4: How Much Fat is in Your Milk?

• Lab 6: How Many Calories Are in Different Types of Nuts?

Chapter 1
___________________________________________________
Answers to Problems
Practice Problems
1.1
a.
heterogeneous
b.
homogeneous
c.
homogeneous
d.
heterogeneous

1.2
a.
homogeneous
b.
heterogeneous
c.
homogeneous
d.
heterogeneous

1.3
a.
pure substance
b.
mixture
c.
pure substance

1.4
a.
mixture
b.
pure substance
c.
mixture

1.5
If it is found on the periodic table, it is an element.



a.
element
b.
compound
c.
element
d.
compound

1.6
a.
element
b.
compound
c.
element
d.
compound

1.7
(answers in boldface)

	Name 
	Elemental Symbol
	Group
	Period
	Metal or Nonmetal

	Fluorine 
	F
	7A
	2
	Nonmetal

	Lithium 
	Li
	1A
	2
	Metal

	Chlorine 
	Cl
	7A
	3
	Nonmetal

	Carbon 
	C
	4A
	2
	Nonmetal


1.8
(answers in boldface)

	Name 
	Elemental Symbol
	Group
	Period
	Metal or Nonmetal

	Sodium 
	Na
	1A
	3
	Metal

	Calcium 
	Ca
	2A
	4
	Metal

	Phosphorus 
	P
	5A
	3
	Nonmetal

	Nitrogen 
	N
	5A
	2
	Nonmetal


1.9
a.
1 sodium, 1 nitrogen, 2 oxygens


b.
12 carbons, 22 hydrogens, 11 oxygens


c.
1 calcium, 1 carbon, 3 oxygens

1.10
a.
2 sodiums, 1 sulfur, 4 oxygens


b.
1 carbon, 1 oxygen


c.
1 nitrogen, 3 hydrogens
1.11
a.
2
b.
4
c.
5
  d.   3

1.12
a.
2
b.
1
c.
5
d.
4
1.13
a.
2000
b.
54.5
c.
224,000 
d.
132

1.14
a.
3.5
b.
43.3
c.
0.072
d.
19.021
1.15
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1.17
a.
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1.18
a.
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1.19
a.
0.0000156
b.
280,000
c.
0.090

1.20
a.
0.074
b.
3750
c.
0.0000000119

1.21
a.
25%
b.
38%
c.
66%

1.22
a.
58%
b.
36%
c.
12.5%

1.23
a.
0.045
b.
0.130
c.
0.66

d.
0.78

1.24
a.
2/10
b.
3/4
c.
2/5

d.
3/25
1.25
a.
20
b.
90
c.
38

d.
133

1.26
a.
40%
b.
1%
c.
5%

d.
7.5%

1.27
a. less
b.
more
c.
less
1.28
a. more
b.
more 
c.
less

1.29
39 g
1.30
0.66 g/mL
1.31 
446 mL
1.32
1.09
1.33
104.5 °F
1.34
193 K
1.35
Before eating, the food is mostly potential energy, during eating it is a mixture of potential and kinetic energy as it is broken down, and after eating the food gets transformed into mostly kinetic energy to carry out the functions of the body.

1.36
As the child climbs to the top of the slide, kinetic energy is being changed to potential energy. At the top of the slide, all the energy is potential energy.  As the child slides down, potential energy is being converted to kinetic energy; at the bottom of the slide all the energy is kinetic energy.
1.37
86 cal
1.38
9.41 × 105 J
1.39
The warehouse made of pine. The pine has a higher specific heat, so it will take more heat energy to raise the temperature of the wood versus the brick. This will result in a slower transfer of the heat to the contents of the warehouse.
1.40
Since the specific heat of salt is less than that of water, a mixture of salt and water would have a lower specific heat than that of pure water. 
1.41
a.
gas
b.
solid
1.42
a.
liquid
b.
gas 
1.43
a. neither
b.
both
c.
good precision

1.44
a.
volumes measured with a graduated cylinder


          b.
volumes measured with a graduated cylinder



c.
a graduated cylinder
1.45
150 g
1.46
2 teaspoons, 8 teaspoons
1.47
100 mg/day; 50 mg/dose
1.48
2 tablets per day; one-half tablet per dose
1.49
71.4%
1.50
10%
1.51
a.
chemical reaction

b.
physical change



  c.
chemical reaction
1.52
a.
physical change

b.
chemical reaction



  c.

physical change
1.53 
a.
1 + 1 
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 2

b.
2 + 1 
[image: image10.wmf]¾¾®

2
1.54 
a.
1 + 4 
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 2

b.
1 + 1 
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 1 + 1
1.55 
a.
2Al(s) + 3 
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b.
2HCl(aq) + Zn(s) 
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c.
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 SiC(s) + 2CO(g)

1.56
a.
3NO2(g) + H2O (l) 
[image: image21.wmf]¾¾®

 2HNO3 (aq) + NO(g)

b.
4NH3(g) + 3O2(g) 
[image: image22.wmf]¾¾®

 2N2 (g) + 6H2O(l)

c.
C7H16(g) + 11O2(g) 
[image: image23.wmf]¾¾®

 7CO2 (g) + 6H2O(l)

Additional Problems
1.57 
a.
mixture
b.
mixture
            c.
mixture

d.
pure substance
e.
pure substance

1.58
a.
homogeneous
b.
heterogeneous
            c.
heterogeneous
1.59
d.
compound
e.
element
1.60
a.
mixture
b.
pure substance

c.
pure substance 
d.
mixture
e.
pure substance
1.61
   a.
homogeneous
d.        homogeneous
1.62
b.
compound
c.
element
e.
compound
1.63
	Nitrogen
	N
	5A
	2
	Nonmetal

	Aluminum
	Al
	3A
	3
	Metal

	Sulfur
	S
	6A
	3
	Nonmetal

	Phosphorus
	P
	5A
	3
	Nonmetal


1.64
	Oxygen
	O
	6A
	2
	Nonmetal

	Magnesium
	Mg
	2A
	3
	Metal

	Silicon
	Si
	4A
	3
	Nonmetal

	Potassium
	K
	1A
	4
	Metal


1.65.
a.
1 titanium, 2 oxygens

b.
1 nitrogen, 3 hydrogens

c.
2 sodiums, 1 carbon, 3 oxygens

d.
2 nitrogens, 1 oxygen

e.
1 potassium, 1 oxygen, 1 hydrogen

1.66 
a.
2 hydrogens, 2 oxygens

b.
2 nitrogens, 4 hydrogens

c.
1 magnesium, 1 sulfur, 4 oxygens

d.
6 carbons, 12 hydrogens, 6 oxygens
e.
14 carbons, 18 hydrogens, 2 nitrogens, 5 oxygens
1.67
a.
smaller 
b.
larger
c.
smaller 
d.
larger
1.68  
a.
smaller
b.
larger
c.
larger 
d.
smaller
1.69 
a.
1000
b.
1
c.
1
d.
10
e.
1,000,000
1.70
a.
1
b.
1
c.
1
d.
1000
e.
100

1.71
5000 strides
1.72
2g
1.73
1 L = 1000 mL, and 2 L = 2000 mL
1.74
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1.75
a.

[image: image25.wmf]1 raisin
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b.
45 raisins

1.76
40 drops
1.77
a.
651,000
b.
0.00450
c.
6.67
d.
2000

1.78
a.
0.33
b.
300,000
c.
160,000
d.
0.021
1.79.
Bag 2

1.80
F had 24% absent; D had 30% absent. More students attended class F.
1.81
385 L

1.82
1.91g/cm3
1.83
700 g

1.84
9.2 g
1.85
24 °C

1.86
-273 °C, -459 °F
1.87
a. potential
b. kinetic 
c. potential
d. potential

1.88
a. kinetic
b. kinetic
c. potential
d. potential

1.89
5.4 × 105 J
1.90
200 calories, 8.4 × 105 J

1.91
0.1 cal
1.92
100 Cal 
1.93
The copper cookware. Copper has the lowest specific heat of the three metals. All other factors being equal, it will take the copper cookware the shortest time to heat up, which will result in a shorter overall cooking time and less energy use.

1.94
Softwood trees are less dense because they contain a higher percentage of water than do hardwood trees. Water has a higher specific heat than the other constituents of wood; thus, softwood trees have a higher specific heat.
1.95
The gas particles contain more kinetic energy than the liquid particles because they are moving with higher velocities. In a gas, the particles are far apart and can move more freely. 

1.96
The liquid particles have more kinetic energy because they are moving with higher velocities. The particles of a solid move only slightly. 
1.97
Balance B is more accurate. Balance A is more precise.
1.98
2.5 mL
1.99
Approximately 1.25 mL equals ¼ teaspoon in each dose.
1.100
10 mL per dose, 2 teaspoons per dose, 8 teaspoons per day
1.101
In a solid, the particles are packed together more rigidly than in a liquid; their movement is more limited in a solid.

1.102
A gas. The particles in a gas are moving rapidly, which means they have the most kinetic energy.

1.103
a.
chemical reaction
b.
physical change
c.
chemical reaction
d.
chemical reaction
e.
chemical reaction

1.104
a.
physical change
b.
chemical reaction
c.
physical change
d.
chemical reaction
e.
physical change

1.105
a.
LiOH(s) + CO2(g) 
[image: image26.wmf]¾¾®

 LiHCO3 (s) (balanced)

b. 
2HCl(aq) + Mg(s) 
[image: image27.wmf]¾¾®

 MgCl2(aq) + H2(g)

c. 
2Fe(s) + 3S(s) 
[image: image28.wmf]¾¾®

 Fe2S3(s)

1.106 
a.
3NO2(g) + H2O (l) 
[image: image29.wmf]¾¾®

 2HNO3(aq) + NO(g)
b.
4P(s) + 5O2(g) 
[image: image30.wmf]¾¾®

 2P2O5(s)

c.
2C2H2(g) + 5O2(g) 
[image: image31.wmf]¾¾®

 4CO2 (g) + 2H2O(g)  
1.107
O2(g) + 2NO(g) 
[image: image32.wmf]¾¾®

 2NO2(g)

1.108
O2(g) + 2Cl2(g) 
[image: image33.wmf]¾¾®

 2OCl2(g)

Challenge Problems

1.109
Because the density of healthy blood is greater than the density of the copper sulfate solution, healthy blood will drop to the bottom of the tube. This happens within a few seconds.

1.110
The dose that the child receives is 12.5mg/kg/day, which is within the safe range of 10–20 mg/kg/day.
1.111
Stepping on the brake pedal when no air is present causes the particles of the liquid to be compressed (move closer together). Because the particles in a liquid are so close together, very little pressure on the brake pedal is required to make the car stop. With air in the brake lines, depressing the pedal first compresses the gas particles, which have much more space between them. The air must be compressed with maximum pressure before the liquid is compressed to stop the car.

1.112
a.
An element. Magnesium is found on the periodic table of elements. 

b.
An element. Chlorine is found on the periodic table of elements. 
c.
The label (s) means that magnesium is a solid. The label (g) means that chlorine is a gas. 
d.
There are equal numbers of the same atoms on both sides of the chemical equation.

e.
A chemical reaction.
1.113
a.
compound. It contains more than one element in its formula (H2O).

b.
homogeneous. The sugar and water particles are evenly distributed when mixed.

c.
physical change
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