
Measurements 1

Increasing atmospheric concentrations of carbon dioxide produced by burning fossil
fuel may increase the earth’s temperature and change its climate by a process called the
greenhouse effect (Box 20-1). We need to know how much CO2 is taken up in the
oceans and on the land (mainly in plants) to predict the future course of the greenhouse
effect.

We can estimate how much CO2 flows to or from the land and ocean by measuring
the atmospheric O2/N2 ratio, the concentration of CO2 in the air, and the ratio of iso-
topes 13C/12C in CO2.1 Some O2/N2 and CO2 measurements are shown above. Each
summer in the northern hemisphere, O2/N2 reaches a peak and CO2 declines to a mini-
mum because of ocean biology. Measurements such as these indicate that from 1977 to
1991, the ocean took up more CO2 [(2.7 � 1.5) � 109 metric tons of carbon per year]
than did plants on the land [(�0.4 � 1.1) � 109 tons/yr]. From 1991 to 1997, the ocean
and the land were approximately equal sinks for CO2 [(2.0 � 0.6) versus (1.4 � 0.8) �
109 tons/yr]. Increased uptake of CO2 by the land in 1991–1997 reflects large-scale
environmental changes that remain to be explained.

The chemical measurements are related to CO2 uptake because of the following
processes: Combustion, respiration, and decay of biomass consume O2, thereby
decreasing the O2/N2 ratio in the atmosphere (because N2 is constant). Photosynthesis
releases O2 and consumes CO2. Combustion, respiration, and biomass decay create
CO2. Uptake of CO2 by the ocean does not affect the atmospheric O2/N2 ratio, so
changes in O2/N2 are a measure of terrestrial carbon storage. Carbon consists of 98.9%
12C and 1.1% 13C. Fossil fuels are slightly rich in 12C, so combustion decreases the
atmospheric 13C/12C ratio. Photosynthesis takes up 12CO2 faster than 13CO2, thereby
increasing the atmospheric 13C/12C ratio.
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Primed by an overview of the analytical process from Chapter 0, we are ready to dis-
cuss subjects required to get started in the lab. Topics include units of measurement,
chemical concentrations, preparation of solutions, and the stoichiometry of chemical
reactions.

1-1 SI Units
SI units of measurement, used by scientists around the world, derive their name from
the French Système International d’Unités. Fundamental units (base units) from which
all others are derived are defined in Table 1-1. Standards of length, mass, and time are
the meter (m), kilogram (kg), and second (s), respectively. Temperature is measured in
kelvins (K), amount of substance in moles (mol), and electric current in amperes (A).

Table 1-2 lists some quantities that are defined in terms of the fundamental quanti-
ties. For example, force is measured in newtons (N), pressure is measured in pascals
(Pa), and energy is measured in joules (J), each of which can be expressed in terms of
the more fundamental units of length, time, and mass.

For readability, we insert a space after
every third digit on either side of the
decimal point. Commas are not used,
because in some parts of the world a
comma has the same meaning as a
decimal point. Two examples:

speed of light: 299 792 458 m/s

AvogadroÕs number:
6.022 141 99 � 1023 mol�1

Pressure is force per unit area:
1 pascal (Pa) � 1 N/m2. The pressure 
of the atmosphere is approximately 
100 000 Pa.

���	����� Fundamental SI units

Quantity Unit (symbol) Definition

Length meter (m) One meter is the distance light travels in a vacuum during of a second.
Mass kilogram (kg) One kilogram is the mass of the prototype kilogram kept at Sèvres, France.
Time second (s) One second is the duration of 9 192 631 770 periods of the radiation

corresponding to a certain atomic transition of 133Cs.
Electric current ampere (A) One ampere of current produces a force of 2 � 10�7 newtons per meter of length

when maintained in two straight, parallel conductors of infinite length and
negligible cross section, separated by 1 meter in a vacuum.

Temperature kelvin (K) Temperature is defined such that the triple point of water (at which solid, liquid,
and gaseous water are in equilibrium) is 273.16 K, and the temperature of
absolute zero is 0 K.

Luminous intensity candela (cd) Candela is a measure of luminous intensity visible to the human eye.
Amount of substance mole (mol) One mole is the number of particles equal to the number of atoms in exactly

0.012 kg of 12C (approximately 6.022 141 99 � 1023).
Plane angle radian (rad) There are 2� radians in a circle.
Solid angle steradian (sr) There are 4� steradians in a sphere.

1
299 792 458

���	����� SI-derived units with special names

Expression in Expression in
terms of terms of SI

Quantity Unit Symbol other units base units

Frequency hertz Hz 1/s
Force newton N m � kg/s2

Pressure pascal Pa N/m2 kg/(m � s2)
Energy, work, quantity of heat joule J N � m m2 � kg/s2

Power, radiant flux watt W J/s m2 � kg/s3

Quantity of electricity, electric charge coulomb C s � A
Electric potential, potential difference, electromotive force volt V W/A m2 � kg/(s3 � A)
Electric resistance ohm � V/A m2 � kg/(s3 � A2)
Electric capacitance farad F C/V s4 � A2/(m2 � kg)
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Rather than using exponential notation, we often use prefixes from Table 1-3 to express
large or small quantities. As an example, consider the pressure of ozone (O3) in the
upper atmosphere (Figure 1-1). Ozone is important because it absorbs ultraviolet radia-
tion from the sun that damages many organisms and causes skin cancer. Each spring, a
great deal of ozone disappears from the Antarctic stratosphere, thereby creating what is
called an ozone “hole.” The opening of Chapter 18 discusses the chemistry behind this
process.

At an altitude of 1.7 � 104 meters above the earth’s surface, the pressure of ozone
over Antarctica reaches a peak of 0.019 Pa. Let’s express these numbers with prefixes
from Table 1-3. We customarily use prefixes for every third power of ten (10�9, 10�6,
10�3, 103, 106, 109, etc.). The number 1.7 � 104 m is more than 103 m and less than 
106 m, so we use a multiple of 103 m (� kilometers, km):

The number 0.019 Pa is more than 10�3 Pa and less than 100 Pa, so we use a multiple
of 10�3 Pa (� millipascals, mPa):

Figure 1-1 is labeled with km on the y-axis and mPa on the x-axis. The y-axis of any
graph is called the ordinate and the x-axis is called the abscissa.

It is a fabulous idea to write units beside each number in a calculation and to can-
cel identical units in the numerator and denominator. This practice ensures that you
know the units for your answer. If you intend to calculate pressure and your answer
comes out with units other than pascals (or some other unit of pressure), then you know
you have made a mistake.

�����������"��#��������

Although SI is the internationally accepted system of measurement in science, other
units are encountered. Useful conversion factors are found in Table 1-4. For example,
common non-SI units for energy are the calorie (cal) and the Calorie (with a capital C,
which stands for 1 000 calories, or 1 kcal). Table 1-4 states that 1 cal is exactly 4.184 J
( joules).

Your basal metabolism requires approximately 46 Calories per hour (h) per 100
pounds (lb) of body mass to carry out basic functions required for life, apart from doing
any kind of exercise. A person walking at 2 miles per hour on a level path requires

0.019 Pa �  
1 mPa

10�3 Pa
� 1.9 �  101 mPa � 19 mPa

1.7 �  104 m �  
1 km

103 m
� 1.7 �  101 km � 17 km
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$�� ������ An ozone ÒholeÓforms
each year in the stratosphere over the
South Pole at the beginning of spring in
October. The graph compares ozone
pressure in August, when there is no
hole, to the pressure in October, when
the hole is deepest. Less severe ozone
loss is observed at the North Pole. [Data
from National Oceanic and Atmospheric
Administration.]

Of course you recall that 100 � 1.

���	����% Prefixes

Prefix Symbol Factor Prefix Symbol Factor

yotta Y 1024 deci d 10�1

zetta Z 1021 centi c 10�2

exa E 1018 milli m 10�3

peta P 1015 micro 	 10�6

tera T 1012 nano n 10�9

giga G 109 pico p 10�12

mega M 106 femto f 10�15

kilo k 103 atto a 10�18

hecto h 102 zepto z 10�21

deka da 101 yocto y 10�24

One calorie is the energy required to
heat 1 gram of water from 14.5¡ to
15.5¡C.

One joule is the energy expended when
a force of 1 newton acts over a distance
of 1 meter. This much energy can raise
102 g by 1 meter.

1 cal � 4.184 J

1about 14 pound2



approximately 45 Calories per hour per 100 pounds of body mass beyond basal metab-
olism. The same person swimming at 2 miles per hour consumes 360 Calories per hour
per 100 pounds beyond basal metabolism.

Example �����������
���

Express the rate of energy used by a person walking 2 miles per hour (46 
 45 �
91 Calories per hour per 100 pounds of body mass) in kilojoules per hour per kilogram
of body mass.

�&'���&( We will convert each non-SI unit separately. First, note that 91 Calories
equals 91 kcal. Table 1-4 states that 1 cal � 4.184 J; so 1 kcal � 4.184 kJ, and

Table 1-4 also says that 1 lb is 0.453 6 kg; so 100 lbs � 45.36 kg. The rate of energy
consumption is therefore

We could have written this as one long calculation:

1-2 Chemical Concentrations
A solution is a homogeneous mixture of two or more substances. A minor species in a
solution is called solute and the major species is the solvent. In this text, most discus-
sions concern aqueous solutions, in which the solvent is water. Concentration states
how much solute is contained in a given volume or mass of solution or solvent.

Rate �
91 kcal>h

100 lb  �  4.184 kJ

kcal
 �  1 lb

0.453 6 kg
� 8.4 

kJ>h
kg

91 kcal>h
100 lb �

3.8 �  102 kJ>h
45.36 kg

� 8.4 
kJ>h
kg

91 kcal �  4.184 kJ

kcal
� 3.8 �  102 kJ

���	����) Conversion factors

Quantity Unit Symbol SI equivalenta

Volume liter L *10�3 m3

milliliter mL *10�6 m3

Length angstrom Å *10�10 m
inch in. *0.025 4 m

Mass pound lb *0.453 592 37 kg
metric ton *1 000 kg

Force dyne dyn *10�5 N
Pressure bar bar *105 Pa

atmosphere atm *101 325 Pa
torr (� 1 mm Hg) Torr 133.322 Pa
pound/in.2 psi 6 894.76 Pa

Energy erg erg *10�7 J
electron volt eV 1.602 176 462 � 10�19 J
calorie, thermochemical cal *4.184 J
Calorie (with a capital C) Cal *1 000 cal � 4.184 kJ
British thermal unit Btu 1 055.06 J

Power horsepower 745.700 W
Temperature centigrade (� Celsius) °C *K � 273.15

Fahrenheit °F *1.8(K � 273.15) 
 32

a. An asterisk (*) indicates that the conversion is exact (by definition).

In 1999, the $125 million Mars
Climate Orbiter spacecraft was lost
when it entered the Martian atmos-
phere 100 km lower than planned.
The navigation error would have
been avoided if people had labeled
their units of measurement. Engi-
neers at the contractor that built the
spacecraft calculated thrust in the
English unit, pounds of force. Jet
Propulsion Laboratory engineers
thought they were receiving the
information in the metric unit, new-
tons. Nobody caught the error.

Correct use of significant figures is
discussed in Chapter 3. For
multiplication and division, the number
with the fewest digits determines how
many digits should be in the answer.
The number 91 kcal at the beginning of
this problem limits the answer to 2 digits.

Homogeneous means that the mixture
has the same composition everywhere.
When sugar dissolves in water, the
mixture is homogeneous. A mixture that
is not the same everywhere (such as
orange juice, which has suspended
solids) is heterogeneous.

1 pound (mass) � 0.453 6 kg

1 mile � 1.609 km

The symbol � is read Òis approximately
equal to.Ó

��� �������	��������������
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Confusing abbreviations:

mol � moles

m � molality �
mol solute
kg solvent

M � molarity �
mol solute
L solution

��	��������*���	�	���
A mole (mol) is Avogadro’s number of particles (atoms, molecules, ions, or anything
else).2 Molarity (M) is the number of moles of a substance per liter of solution. A liter
(L) is the volume of a cube that is 10 cm on each edge. Because 10 cm � 0.1 m, 1 L �
(0.1 m)3 � 10�3 m3. Chemical concentrations, denoted with square brackets, are usu-
ally expressed in moles per liter (M). Thus “[H
]” means “the concentration of H
.”

The atomic mass of an element is the number of grams containing Avogadro’s
number of atoms. The molecular mass of a compound is the sum of atomic masses of
the atoms in the molecule. It is the number of grams containing Avogadro’s number of
molecules.

Example ��	�����������	�
�����������
(a) Typical seawater contains 2.7 g of salt (sodium chloride, NaCl) per 100 mL 
(� 100 � 10�3 L). What is the molarity of NaCl in the ocean? (b) MgCl2 has a
concentration of 0.054 M in the ocean. How many grams of MgCl2 are present in 
25 mL of seawater?

�&'���&( (a) The molecular mass of NaCl is 22.99 (Na) 
 35.45 (Cl) � 58.44 g/mol. 
The moles of salt in 2.7 g are , so the molarity is

(b) The molecular mass of MgCl2 is 24.30 (Mg) 
 2 � 35.45 (Cl) � 95.20 g/mol.
The number of grams in 25 mL is

An electrolyte is a substance that dissociates into ions in solution. In general, elec-
trolytes are more dissociated in water than in other solvents. We refer to a compound
that is mostly dissociated into ions as a strong electrolyte. One that is mostly undissoci-
ated is called a weak electrolyte.

Magnesium chloride is an example of a strong electrolyte. In 0.44 M MgCl2 solu-
tion, 70% of the magnesium is free Mg2
 and 30% is MgCl
.3 The concentration of
MgCl2 molecules is close to 0. Sometimes the molarity of a strong electrolyte is called
the formal concentration (F), to emphasize that the substance is really converted to
other species in solution. When we say that the “concentration” of MgCl2 is 0.054 M in
seawater, we are really referring to its formal concentration (0.054 F). The “molecular
mass” of a strong electrolyte is called the formula mass (FM), because it is the sum of
atomic masses of atoms in the formula, even though there are very few molecules with
that formula. We are going to use the abbreviation FM for both formula mass and
molecular mass throughout this book.

For a weak electrolyte such as acetic acid, CH3CO2H, some of the molecules are
split into ions in solution:

Acetic acid Acetate ion

Molality (m) is concentration expressed as moles of substance per kilogram of sol-
vent (not total solution). Unlike molarity, molality is independent of temperature.
Molarity changes with temperature because the volume of a solution usually increases
when it is heated.

Formal Percent 
concentration dissociated

0.10 F 1.3%
0.010 F 4.1%
0.001 0 F 12%

O

CH3

C
OH

O

CH3

C
O�


 H


Grams of MgCl2 � a0.054 mol

L
b a95.20 

g

mol
b(25 �  10�3 L) � 0.13 g

Molarity of NaCl �
mol NaCl

L of seawater
�

0.046 mol

100 �  10�3 L � 0.46 M

(2.7g)>(58.44 g>mol) � 0.046 mol

Strong electrolyte: mostly dissociated
into ions in solution

Weak electrolyte: partially dissociated
into ions in solution
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Atomic masses are shown in the
periodic table inside the cover of this
book. Physical constants such as
AvogadroÕs number are also listed
inside the cover.

molarity (M) �
moles of solute
liters of solution
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The percentage of a component in a mixture or solution is usually expressed as a
weight percent (wt %):

(1-1)

A common form of ethanol (CH3CH2OH) is 95 wt %; this expression means 95 g of
ethanol per 100 g of total solution. The remainder is water. Volume percent (vol %) is
defined as

(1-2)

Although units of mass or volume should always be expressed to avoid ambiguity, mass
is usually implied when units are absent.

Example �����������+�������������������	��������*���	�	���
Find the molarity and molality of 37.0 wt % HCl. The density of a substance is the
mass per unit volume. The table inside the back cover of this book tells us that the
density of the reagent is 1.19 g/mL.

�&'���&( For molarity, we need to find the moles of HCl per liter of solution. The
mass of a liter of solution is (1 000 ) � 1.19 � 103 g. The mass of
HCl in a liter is

1442443
This is what 

37.0 wt % means

The molecular mass of HCl is 36.46 g/mol, so the molarity is

For molality, we need to find the moles of HCl per kilogram of solvent (which is
H2O). The solution is 37.0 wt % HCl, so we know that 100.0 g of solution contains
37.0 g of HCl and 100.0 � 37.0 � 63.0 g of H2O (� 0.063 0 kg). But 37.0 g of HCl
contains � 1.01 mol. The molality is therefore

Figure 1-2 illustrates a weight percent measurement in the application of analytical
chemistry to archaeology. Gold and silver are found together in nature. Dots in Figure
1-2 show the weight percent of gold in more than 1 300 silver coins minted over a 500-
year period. Prior to A.D. 500, it was rare for the gold content to be below 0.3 wt %. By
A.D. 600, people had developed techniques for removing more gold from the silver, so
some coins had as little as 0.02 wt % gold. Colored squares in Figure 1-2 represent
known, modern forgeries made from silver whose gold content is always less than the
prevailing gold content in the years A.D. 200 to 500. Chemical analysis makes it easy to
detect the forgeries.

Molality �
mol HCl

kg of solvent
�

1.01 mol HCl

0.063 0 kg H2O
� 16.1 m

37.0 g> ( 36.46 g>mol)

Molarity �
mol HCl

L solution
�

4.40 �  102 g HCl>L
36.46 g HCl>mol

� 12.1 
mol

L
� 12.1 M

Mass of HCl per liter � a1.19 �  103 
g solution

L
ba0.370 

g HCl

g solution
b � 4.40 � 102 

g HCl

L

mL(1.19 g>mL)

Volume percent �
volume of solute

volume of total solution
� 100

Weight percent �
mass of solute

mass of total solution or mixture
� 100

15
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A closely related dimensionless quantity
is

Because the density of water at 4¡C is
very close to 1 g/mL, specific gravity is
nearly the same as density.

Specific gravity �
density of a substance

density of water at 4°C

Density �
mass

volume
�

g

mL

If you divide 1.01 by 0.063 0, you get
16.0. Dan got 16.1 because he kept all
the digits in his calculator during the
computation and did not round off until
the end. The number 1.01 was really
1.014 8 and (1.014 8)/(0.063 0) � 16.1.
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Sometimes composition is expressed as parts per million (ppm) or parts per billion
(ppb), which mean grams of substance per million or billion grams of total solution or
mixture. Because the density of a dilute aqueous solution is close to 1.00 g/mL, we 
frequently equate 1 g of water with 1 mL of water, although this equivalence is only
approximate. Therefore, 1 ppm corresponds to 1 	g/mL (� 1 mg/L) and 1 ppb is 
1 ng/mL (� 1	g/L). For gases, ppm usually refers to volume rather than mass. The
graph at the opening of this chapter shows CO2 concentrations near 360 ppm, which
means 360 	L CO2 per liter of air. It is best to label units to avoid confusion.

Example ���������������
�!���"�		���������	�����
Normal alkanes are hydrocarbons with the formula CnH2n
2. Plants selectively
synthesize alkanes with an odd number of carbon atoms. Figure 1-3 shows
concentrations of alkanes in rainwater in Hannover, Germany. In the summer, odd-
numbered alkanes predominate in the rainwater. This finding implies that airborne

Question What does one part per
thousand mean?

The graph at the opening of this chapter
shows changes in O2/N2 in ppm. For
this measurement, O2/N2 is measured
at a sampling station and compared
with O2/N2 in a reference (constant)
mixture.

Change in O2/N2 ratio (ppm)

�
(O2>N2) � (O2>N2)reference

(O2>N2)reference
 �  106

ppb �
mass of substance

mass of sample
 �  109

ppm �
mass of substance

mass of sample
 �  106

16
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2) in rainwater in Hannover, Germany, in the
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You can use any units for concentration
and volume in this equation, as long as
you use the same units on both sides.
We frequently use mL for volume.

alkanes in the summer are mainly derived from plants. In the winter, concentrations
are lower and there is no predominance of odd-numbered alkanes, an observation
showing that alkanes in the winter are not mainly from plants and are probably derived
from man-made sources. The concentration of C29H60 in summer rainwater is 34 ppb.
Find the molarity of C29H60 and express the answer with a prefix from Table 1-3.

�&'���&( A concentration of 34 ppb means there are 34 ng of C29H60 per gram of
rainwater, a value that we equate to 34 ng/mL. Multiplying nanograms and milliliters
by 1 000 gives 34 	g of C29H60 per liter of rainwater. Because the molecular mass of
C29H60 is 408.8 g/mol, the molarity is

An appropriate prefix from Table 1-3 would be nano (n), which is a multiple of 10�9:

1-3 Preparing Solutions
To prepare a solution with a desired molarity from a pure solid or liquid, we weigh out
the correct mass of reagent and dissolve it in the desired volume in a volumetric flask
(Figure 1-4).

Example ���!����������	 �����#������,�
���*���	�����
Copper(II) sulfate pentahydrate, CuSO4�5H2O, has 5 moles of H2O for each mole of
CuSO4 in the solid crystal. The formula mass of CuSO4�5H2O (� CuSO9H10) is
249.69 g/mol. (Copper(II) sulfate without water in the crystal has the formula CuSO4

and is said to be anhydrous.) How many grams of CuSO4�5H2O should be dissolved
in a volume of 500.0 mL to make 8.00 mM Cu2
?

�&'���&( An 8.00 mM solution contains 8.00 � 10�3 mol/L. We need

The mass of reagent is (4.00 � 10�3 ) � � 0.999 g.

Using a volumetric flask: The procedure is to place 0.999 g of solid CuSO4�5H2O
into a 500-mL volumetric flask, add about 400 mL of distilled water, and swirl to
dissolve the reagent. Then dilute with distilled water up to the 500-mL mark and invert
the flask 20 times to ensure complete mixing.

,�	 ����
Dilute solutions can be prepared from concentrated solutions. A volume of the concen-
trated solution is transferred to a fresh vessel and diluted to the desired final volume.
The number of moles of reagent in V liters containing M moles per liter is the product
M�V � mol/ , so we equate the number of moles in the concentrated (conc) and
dilute (dil) solutions:

Dilution formula: (1-3)
14243 14243

Moles taken from Moles placed in 
concentrated solution dilute solution

Mconc�Vconc     �      Mdil�Vdil

L � L

(249.69 g>mol)mol

8.00 �  10�3 
mol

L
 �  0.500 0 L � 4.00 �  10�3 mol CuSO4�5H2O

8.3 �  10�8 M a 1 nM

10�9 M
b � 83 nM

Molarity of C29H60 in rainwater �
34 �  10�6 g>L

408.8 g>mol
� 8.3 �  10�8 M

nM � nanomoles per liter

17
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500-mL mark

500 mL
TC

20° C

$�� �����) A volumetric flask
contains a specified volume when the
liquid level is adjusted to the middle of
the mark in the thin neck of the flask. Use
of this flask is described in Section 2-5.
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Example ���!������-.�--���/�	
The molarity of “concentrated” HCl purchased for laboratory use is approximately
12.1 M. How many milliliters of this reagent should be diluted to 1.000 L to make
0.100 M HCl?

�&'���&( The dilution formula handles this problem directly:

To make 0.100 M HCl, we would dilute 8.26 mL of concentrated HCl up to 1.000 L.
The concentration will not be exactly 0.100 M because the reagent is not exactly 
12.1 M. A table inside the cover of this book gives volumes of common reagents
required to make 1.0 M solutions.

Example 
���������!	�����*�,�	 �������	� 	�����
A solution of ammonia in water is called “ammonium hydroxide” because of the
equilibrium

(1-4)
Ammonia Ammonium Hydroxide

The density of concentrated ammonium hydroxide, which contains 28.0 wt % NH3, is
0.899 g/mL. What volume of this reagent should be diluted to 500.0 mL to make
0.250 M NH3?

�&'���&( To use Equation 1-3, we need to know the molarity of the concentrated
reagent. The solution contains 0.899 g of solution per milliliter and there is 0.280 g 
of NH3 per gram of solution (28.0 wt %), so we can write

Now we find the volume of 14.8 M NH3 required to prepare 500.0 mL of 0.250 M NH3:

The procedure is to place 8.45 mL of concentrated reagent in a 500-mL volumetric
flask, add about 400 mL of water, and swirl to mix. Then dilute to exactly 500 mL
with water and invert the flask 20 times to mix well.

1-4 Solutions and Stoichiometry
Let’s apply concepts from preceding sections to a chemical analysis. Iron from a dietary
supplement tablet can be measured by dissolving it and then converting the iron into solid
Fe2O3. From the mass of Fe2O3, we can calculate the mass of iron in the original tablet.
Chemical analysis based on weighing a final product is called gravimetric analysis.

Here are the steps in the procedure:

Step 1. Tablets containing iron(II) fumarate (Fe2
C4H2O ) and inert binder are
mixed with 150 mL of 0.100 M HCl to dissolve the Fe2
. The solution is
filtered to remove insoluble binder.

Step 2. Iron(II) in the clear liquid is oxidized to iron(III) with excess hydrogen peroxide:

(1-5)
Iron(II) Hydrogen peroxide Iron(III) 

(ferrous ion) FM 34.01 (ferric ion)

2Fe2
      
       H2O2      
       2H
       S        2Fe3
      
       2H2O

2�
4

 14.8 M �  Vconc � 0.250 M �  500.0 mL�1 �Vconc � 8.45 mL

 Mconc�Vconc � Mdil�Vdil

Molarity of NH3 �

899 
g solution

L
 �  0.280 

g NH3

g solution

17.03 
g NH3

mol NH3

� 14.8 M

NH3    
     H2O      T      NH�
4    
     OH�

 (12.1 M)�(x mL) � (0.100 M)�(1 000 mL) 1  x � 8.26 mL

 Mconc�Vconc � Mdil�Vdil

The symbol 1 is read Òimplies that.Ó

In a chemical reaction, species on the
left side are called reactants and
species on the right are called
products. NH3 is a reactant and NH is
a product in Reaction 1-4.
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Stoichiometry is the calculation of
quantities of substances involved in a
chemical reaction. It is derived from the
Greek stoicheion (simplest components)
and metiri (to measure).

Fumarate anion, C4H2O
2�
4

�O2C

CO2
�

C

H

C

H



mol �
grams

grams per mol
�

grams

formula mass

I found the atomic mass of Fe, 
55.845 g/mol, in the periodic table
inside the cover.

You should be able to use this
relationship in your sleep.

moles �
grams

formula mass
�

g

g>mol

Step 3. Ammonium hydroxide is added to precipitate hydrous iron(III) oxide, which
is a gel. The gel is filtered and heated in a furnace to convert it to pure solid
Fe2O3.

(1-6)
Hydroxide Hydrous iron(III) oxide Iron(III) oxide 

FM 159.69

We now work through some practical laboratory calculations for this analysis.

Example /�#���������	��
���� 	*�+��
��	�0�1
In a gravimetric analysis, we need enough product to weigh accurately. Each tablet
provides �15 mg of iron. How many tablets should we analyze to provide 0.25 g of
Fe2O3 product?

�&'���&( We can answer the question if we know how many grams of iron are in
0.25 g of Fe2O3. The formula mass of Fe2O3 is 159.69, so 0.25 g is equal to

Each mol of Fe2O3 has 2 mol of Fe, so 0.25 g of Fe2O3 contains

The mass of Fe is

If each tablet contains 15 mg Fe, the number of tablets required is

Example /�#�� ���/ � &� �
�2�3 ���*1
What mass of 3.0 wt % H2O2 solution is required to provide a 50% excess of reagent
for Reaction 1-5 with 12 dietary iron tablets?

�&'���&( Twelve tablets provide 12 � (0.015 g/ ) � 0.18 g of Fe2
, or
(0.18 ) / (55.845 /mol Fe2
) � 3.2 � 10�3 mol Fe2
. Reaction 1-5 requires
1 mol of H2O2 for every 2 mol of Fe2
. Therefore, 3.2 � 10�3 mol Fe2
 requires 
(3.2 � 10�3 ) � 1.6 � 10�3 mol H2O2. A 50%
excess means that we want to use 1.50 times the stoichiometric quantity: (1.50)(1.6 �
10�3 mol H2O2) � 2.4 � 10�3 mol H2O2. The formula mass of H2O2 is 34.01 g/mol,
so the required mass of pure H2O2 is (2.4 � 10�3 )(34.01 g/ ) � 0.082 g. But
hydrogen peroxide is available as a 3.0 wt % solution, so the required mass of solution is

Example ����4�������������	� 	�����
The final mass of Fe2O3 isolated at the end of the experiment was 0.277 g. What is the
average mass of iron per dietary tablet?

�&'���&( The moles of isolated Fe2O3 are (0.277 )/(159.69 /mol) � 1.73 �
10�3 mol. There are 2 mol Fe per formula unit, so the moles of Fe in the product are

gg

Mass of H2O2 solution �
0.082 g H2O2

0.030 g H2O2>g solution
� 2.7 g solution

molmol

(1 mol H2O2/ 2 mol Fe2
)mol Fe2


g Fe2
g Fe2


tablettablets

Number of tablets �
0.18 g Fe

0.015 g Fe>tablet
� 12 tablets

3.2 �  10�3 mol Fe �  
55.845 g Fe

mol Fe
� 0. 18 g Fe

1.6 �  10�3 mol Fe2O3 �  
2 mol Fe

1 mol Fe2O3
� 3.2 �  10�3 mol Fe

mol Fe2O3 �
0.25 g

159.69 g>mol
� 1.6 �  10�3 mol

Fe3
 
 3OH� 
 (x � 1)H2O S  FeOOH�xH2O(s)  900°C ! Fe2O3(s)

The symbol � is read Òapproximately.Ó
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The mass of Fe is (3.47 � 10�3 )(55.845 g Fe/ ) � 0.194 g Fe. Each of
the 12 tablets therefore contains an average of (0.194 g Fe)/12 � 0.016 1 g � 16.1 mg.

mol Femol Fe

(1.73 �  10�3 mol Fe2O3)a 2 mol Fe

1 mol Fe2O3
b � 3.47 �  10�3 mol Fe
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abscissa
anhydrous
atomic mass
concentration
density
electrolyte

formal concentration
formula mass
liter
molality
molarity
mole

molecular mass
ordinate
ppb (parts per billion)
ppm (parts per million)
product
reactant

SI units
solute
solvent
volume percent
weight percent

����
������*��
���*

� �����
SI base units include the meter (m), kilogram (kg), second (s),
ampere (A), kelvin (K), and mole (mol). Derived quantities
such as force (newton, N), pressure (pascal, Pa), and energy
(joule, J) can be expressed in terms of base units. In calcula-
tions, units should be carried along with the numbers. Prefixes
such as kilo- and milli- are used to denote multiples of units.
Common expressions of concentration are molarity (moles of
solute per liter of solution), molality (moles of solute per kilo-
gram of solvent), formal concentration (formula units per

liter), percent composition, and parts per million. To calculate
quantities of reagents needed to prepare solutions, the relation
Mconc�Vconc � Mdil�Vdil is useful because it equates the moles
of reagent removed from a stock solution to the moles deliv-
ered into a new solution. You should be able to use stoichiom-
etry relationships to calculate required masses or volumes of
reagents for chemical reactions. From the mass of the product
of a reaction, you should be able to compute how much reac-
tant was consumed.

������
�

The difference between Exercises and Problems in this book is that complete solutions
to Exercises are provided at the back of the book, whereas only numerical answers to
Problems are provided. Complete solutions to Problems are in the Solutions Manual.
Exercises usually cover most of the major ideas in each chapter in the minimum
number of questions. There is a set of supplementary problems and solutions at the
Web site: www.whfreeman.com/qca.

1-A. A solution with a final volume of 500.0 mL was pre-
pared by dissolving 25.00 mL of methanol (CH3OH, density �
0.791 4 g/mL) in chloroform.
(a) Calculate the molarity of methanol in the solution.
(b) The solution has a density of 1.454 g/mL. Find the molality
of methanol.

1-B. A 48.0 wt % solution of HBr in water has a density of
1.50 g/mL.

(a) Find the formal concentration of HBr.
(b) What mass of solution contains 36.0 g of HBr?
(c) What volume of solution contains 233 mmol of HBr?
(d) How much solution is required to prepare 0.250 L of 
0.160 M HBr?

1-C. A solution contains 12.6 ppm of dissolved Ca(NO3)2

(which dissociates into Ca2
 
 2NO ). Find the concentration
of NO in parts per million.�

3

�
3

����	��

Units and Conversions
1-1. (a) List the SI units of length, mass, time, electric cur-

rent, temperature, and amount of substance; write the abbrevi-
ation for each.
(b) Write the units and symbols for frequency, force, pressure,
energy, and power.

1-2. Write the names and abbreviations for each of the pre-
fixes from 10�24 to 1024. Which abbreviations are capitalized?

1-3. Write the name and number represented by each symbol.
For example, for kW you should write kW � kilowatt �
103 watts.
(a) mW (c) k� (e) TJ (g) fg
(b) pm (d) 	F (f) ns (h) dPa
1-4. Express the following quantities with abbreviations for

units and prefixes from Tables 1-1 through 1-3:
(a) 10�13 joules (c) 2.997 9 � 1014 hertz
(b) 4.317 28 � 10�8 farads (d) 10�10 meters

Retain all the digits in your calculator
during a series of calculations. The
product 1.73 � 2 is not 3.47; but, with
the extra digits in the calculator, the
correct answer is 3.47 because 1.73
was really 1.734 6.
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(e) 2.1 � 1013 watts (f) 48.3 � 10�20 moles
1-5. The concentration of a gas is related to its pressure by

the ideal gas law:

where n is the number of moles, V is volume (L), P is pressure
(bar), and T is temperature (K).
(a) The maximum pressure of ozone in the Antarctic strato-
sphere in Figure 1-1 is 19 mPa. Convert this pressure to bars.
(b) Find the molar concentration of ozone in part (a) if the
temperature is �70°C.

1-6. How many joules per second and how many calories per
hour are produced by a 100.0-horsepower engine?
1-7. A 120-pound woman working in an office consumes

about 2.2 � 103 kcal/day, whereas the same woman climbing a
mountain needs 3.4 � 103 kcal/day.
(a) Express these numbers in terms of joules per second per
kilogram of body mass (� watts per kilogram).
(b) Which consumes more power (watts), the office worker or
a 100-W light bulb?
1-8. (a) Refer to Table 1-4 and find how many meters are in 

1 inch. How many inches are in 1 m?
(b) A mile contains 5 280 feet and a foot contains 12 inches. The
speed of sound in the atmosphere at sea level is 345 m/s. Express
the speed of sound in miles per second and miles per hour.
(c) There is a delay between lightning and thunder in a storm,
because light reaches us almost instantaneously, but sound is
slower. How many meters, kilometers, and miles away is a
lightning bolt if the sound reaches you 3.00 s after the light?
1-9. How many joules per second (J/s) are used by a device

that requires 5.00 � 103 British thermal units per hour
(Btu/h)? How many watts (W) does this device use?
1-10. Newton’s law states that force � mass � acceleration.
You also know that energy � force � distance and pressure �
force/area. From these relations, derive the dimensions of new-
tons, joules, and pascals in terms of the fundamental SI units
in Table 1-1. Check your answers in Table 1-2.
1-11. An aqueous solution containing 20.0 wt % KI has a den-
sity of 1.168 g/mL. Find the molality (m, not M) of the KI
solution.
1-12. Dust falls on Chicago at a rate of 65 mg m�2 day�1.
Major metallic elements in the dust include Al, Mg, Cu, Zn,
Mn, and Pb.4 Pb accumulates at a rate of 0.03 mg m�2 day�1.
How many metric tons (1 metric ton � 1 000 kg) of Pb fall on
the 535 square kilometers of Chicago in 1 year?

Chemical Concentrations
1-13. Define the following terms:
(a) molarity (b) molality

R � gas constant � 0.083 14 L�bar

mol�K

Concentration amol

L
b �

n

V
�

P

RT
,

(c) density (f) parts per million
(d) weight percent (g) parts per billion
(e) volume percent (h) formal concentration
1-14. Why is it more accurate to say that the concentration of a
solution of acetic acid is 0.01 F rather than 0.01 M? (Despite
this distinction, we will usually write 0.01 M.)
1-15. What is the formal concentration (expressed as mol/L �
M) of NaCl when 32.0 g are dissolved in water and diluted to
0.500 L?
1-16. How many grams of methanol (CH3OH, FM 32.04) are
contained in 0.100 L of 1.71 M aqueous methanol (i.e., 1.71
mol CH3OH/L solution)?
1-17. Any dilute aqueous solution has a density near 1.00 g/mL.
Suppose the solution contains 1 ppm of solute; express the
concentration of solute in g/L, 	g/L, 	g/mL, and mg/L.
1-18. The concentration of C20H42 (FM 282.55) in winter rain-
water in Figure 1-3 is 0.2 ppb. Assume that the density of rain-
water is close to 1.00 g/mL; find the molar concentration of
C20H42.
1-19. How many grams of perchloric acid, HClO4, are con-
tained in 37.6 g of 70.5 wt % aqueous perchloric acid? How
many grams of water are in the same solution?
1-20. The density of 70.5 wt % aqueous perchloric acid is 
1.67 g/mL. Recall that grams refers to grams of solution
(� g HClO4 
 g H2O).
(a) How many grams of solution are in 1.000 L?
(b) How many grams of HClO4 are in 1.000 L?
(c) How many moles of HClO4 are in 1.000 L?
1-21. An adrenal cell such as that in the micrograph at the
beginning of Chapter 0 has about 2.5 � 104 tiny compartments
called vesicles that contain epinephrine.
(a) An entire cell has about 150 fmol of epinephrine. How
many attomoles (amol) of epinephrine are in each vesicle?
(b) How many molecules of epinephrine are in each
vesicle?
(c) The volume of a sphere of radius r is �r3. Find the volume
of a spherical vesicle of radius 200 nm. Express your answer in
cubic meters (m3) and liters, remembering that 1 L � 10�3 m3.
(d) Find the molar concentration of epinephrine in the vesicle
if it contains 10 amol of epinephrine.
1-22. The concentration of sugar (glucose, C6H12O6) in human
blood ranges from about 80 mg/100 mL before meals up to
120 mg/100 mL after eating. Find the molarity of glucose in
blood before and after eating.
1-23. An aqueous solution of antifreeze contains 6.067 M eth-
ylene glycol (HOCH2CH2OH, FM 62.07) and has a density of
1.046 g/mL.
(a) Find the mass of 1.000 L of this solution and the number of
grams of ethylene glycol per liter.
(b) Find the molality of ethylene glycol in this solution.
1-24. Protein and carbohydrates provide 4.0 Cal/g, whereas fat
gives 9.0 Cal/g. (Remember that 1 Calorie, with a capital C, is

4
3



really 1 kcal.) The weight percents of these components in
some foods are

Wt % Wt % Wt % 
Food protein carbohydrate fat

Shredded wheat 9.9 79.9 —
Doughnut 4.6 51.4 18.6
Hamburger (cooked) 24.2 — 20.3
Apple — 12.0 —

Calculate the number of calories per gram and calories per
ounce in each of these foods. (Use Table 1-4 to convert 
grams into ounces, remembering that there are 16 ounces in 
1 pound.)
1-25. It is recommended that drinking water contain 1.6 ppm
fluoride (F�) for prevention of tooth decay. Consider a reservoir
with a diameter of 4.50 � 102 m and a depth of 10.0 m. (The
volume is �r2h, where r is the radius and h is the height.) How
many grams of F� should be added to give 1.6 ppm? How many
grams of sodium fluoride, NaF, contain this much fluoride?
1-26. Noble gases (Group 18 in the periodic table) have the
following volume concentrations in dry air: He, 5.24 ppm; Ne,
18.2 ppm; Ar, 0.934%; Kr, 1.14 ppm; Xe, 87 ppb.
(a) A concentration of 5.24 ppm He means 5.24 	L of He per
liter of air. Using the ideal gas law in Problem 1-5, find how
many moles of He are contained in 5.24 	L at 25.00°C
(298.15 K) and 1.000 bar. This number is the molarity of He in
the air.
(b) Find the molar concentrations of Ar, Kr, and Xe in air at
25°C and 1 bar.

Preparing Solutions
1-27. How many grams of boric acid (B(OH)3, FM 61.83)
should be used to make 2.00 L of 0.050 0 M solution? What
kind of flask is used to prepare this solution?
1-28. Describe how you would prepare approximately 2 L of
0.050 0 m boric acid, B(OH)3.
1-29. What is the maximum volume of 0.25 M sodium
hypochlorite solution (NaOCl, laundry bleach) that can be pre-
pared by dilution of 1.00 L of 0.80 M NaOCl?
1-30. How many grams of 50 wt % NaOH (FM 40.00) should
be diluted to 1.00 L to make 0.10 M NaOH? (Answer with 2
digits.)
1-31. A bottle of concentrated aqueous sulfuric acid, labeled
98.0 wt % H2SO4, has a concentration of 18.0 M.
(a) How many milliliters of reagent should be diluted to 1.000
L to give 1.00 M H2SO4?
(b) Calculate the density of 98.0 wt % H2SO4.
1-32. What is the density of 53.4 wt % aqueous NaOH (FM
40.00) if 16.7 mL of the solution diluted to 2.00 L gives 0.169
M NaOH?

Solutions and Stoichiometry
1-33. How many milliliters of 3.00 M H2SO4 are required to
react with 4.35 g of solid containing 23.2 wt % Ba(NO3)2 if
the reaction is Ba2
 
 SO B BaSO4(s)?
1-34. How many grams of 0.491 wt % aqueous HF are
required to provide a 50% excess to react with 25.0 mL of
0.023 6 M Th4
 by the reaction Th4
 
 4F� B ThF4(s)?

2�
4
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