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Chapter 1 Introduction

Performance Goals

1. Describe the SI units of measurement.

2. Express the concentration of a solution in several different ways(such as
molarity, molality, and mole fraction).

3. Convert between different concentration units.

4. Be able to name ionic compounds, acids and binary molecular compounds.

Overview of the Chapter

1. SI units consist of seven base units and numerous derived units.
Exponential notation and prefixes based on powers of 10 are used to express very
small and very large numbers. The SI base unit of length is the meter(m). Length
units on the atomic scale are the nanometer(nm) and picometer(pm). Volume units
are derived from length units; the most important volume units in chemistry are the
cubic meter(m®) and the liter(L). Thus the units milliliter and cubic centimeter can
be used interchangeably when expressing volume.

1 m'=10" L=10° cm’ 1 L=1000 mL=1000 cm’

The mass of an object, a measure of the quantity of matter present in it, is
constant. The SI unit of mass is the kilogram(kg). In chemistry, temperature is
measured in Kelvins(K) or degrees Celsius(*C). The SI unit of temperature is the
Kelvin. The relationship between Celsius and Kelvin temperature is:

T=t+273.15
* 2. The concentration of a solution is independent of the amount of solution and
can be expressed by molarity (mol solute/L solution) and molality (mol solute/kg
solvent) , as well as percent by mass(mass of solute/mass of solution), percent by
volume(volume of solute/volume of solution), and mole fraction(mol solute/(mol

solute+mol solvent)). The units for concentration are as follows:

. Numerator units . .
Concentration . Denominator units
(solute in each case)

moles of solute

o ! 1L i
Molarity Tracs of solution moles of solution
Molality(m) == uioles 6 splure moles 1 kg of solvent
kilograms of solvent
_ moles of substance A moles 1 mol of solution

IA = =
A7 toral moles of solution
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The choice of units depends on convenience or the nature of the solution. If, in
addition to the quantities of solute and solution, the solution density is also known.
all concentration units are interconvertible.

When performing conversion from one concentration unit to another, always
write the units in the form of fraction. Then the units of the numerator and
denominator can be changed separately. Keep these points in mind.

(1) To convert a unit based on amount(mol) to one based on mass, we need
the molar mass, These conversions are similar to mass-mole conversions we’ ve
done earlier,

mass(g)
molar mass(g * mol™")

No. of moles=

(2) To convert a unit based on mass to one based on volume, we need the
solution density. Given the mass of a solution, the density(mass/volume) gives the
volume, or vice versa.

(3) Molality involves quantity of solvent, whereas the others involve quantity
of solution.

(4) Total moles of solution=moles of solvent+moles of solute.

(5) Mass of solution=mass of solute-+mass of solvent,

3. Chemical formulas describe the simplest atom ratio (empirical formula),
actual atom number ( molecular formula), and atom arrangement ( structural
formula) of one unit of a compound.

An ionic compound is named with cation first and anion last. For metals that
can form more than one ion, the charge is shown with a Roman numeral. An older
method still widely used for distinguishing between two differently charged ions of
a metal is to apply the ending -ous or -ic. These endings represent the lower and
higher charged ions, respectively, Oxoanions have suffixes, and sometimes
prefixes, attached to the element root name to indicate the number of oxygen
atoms. With two oxoanions in the family:

(1) The ion with more O atoms takes the nonmetal root and the suffix -ate.

(2) The ion with fewer O atoms takes the nonmetal root and the suffix -ite,

With four oxoanions in the family (usually a halogen bonded to O) .

(1) The ion with most O atoms has the prefix per-, the nonmetal root, and the
suffix -ate.

(2) The ion with one fewer O atom has just the root and the suffix -ate,

(3) The ion with two fewer O atoms has just the root and the suffix -ite.

(4) The ion with least (three fewer) O atoms has the prefix hypo-, the root,
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and the suffix -ite.

Names of hydrates give the number of water molecules with numerical
prefixes.

Acid names are based on anion names. Binary acid solutions form when certain
gaseous compounds dissolve in water. The name consists of the following parts:

Prefix hydro-+ nonmetal root-+suffix -ic+ separate word acid
hydro -+ chlor +- ic -+ acid

Oxoacid names are similar to those of the oxoanions, except for two suffix
changes:

(1) -ate in the anion becomes -ic in the acid;

(2) -ite in the anion becomes -ous in the acid.

Names of covalent compounds have the element that is leftmost or lower down

in the periodic table first, and prefixes show the number of each atom.

Solutions to Problems

1. Ethylene, C,H,, is used for such diverse applications as ripening of citrus
fruits and the preparation of plastics. What is the mass of 3. 22 mol of ethylene?

Solution The molar mass, which expresses the equivalent relationship
between 1 mol of a substance and its mass in grams, can be used as a conversion
factor. The molar mass of C;H, is 28 g » mol™".

Mass of ethylene = No. of moles X molar mass
=3.22x28 g=90.16 g

2. The substance KSCN is frequently used to test for iron in solution because a
distinctive red color forms when it is added. As a laboratory assistant, we need to
prepare 1. 00 L of 0. 20 mol - L~! KSCN solution. What mass, in grams, of KSCN
is needed?

Solution Molarity is moles of solute per liter of solution. To solve this
problem, the mass of solute must be converted to moles, and the volume of
solution must be expressed in liter. Write down the formula for molarity and what
we have been given, and then solve for what’s requested.

Moles of KSCN=0, 20 1. 00 mol=0. 20 mol
Mass of KSCN=97x0.20 g=19.4 g

3. An agueous solution is 0. 120 m glucose, CsH;;0%. What are the mole
fractions of each component in the solution?

Solution A 0. 120 m glucose solution contains 0. 120 mol of glucose in 1. 00 kg

of water. After converting 1. 00 kg H:O to moles, calculate the mole fraction using
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its definition.

The moles of H,O in 1. 00 kg of water is

2200 mol=55. 5 mol
: _0.120
Mole fraction of glucose—o——. 120 F55. 5—0. 002
; _ 55.5 _
Mole fraction of water=g— o e s 5—0. 998

4. Calculate the concentration in (a) the molality, (b) the mole fraction and (c¢)
the molarity of a concentrated solution of specific gravity 1.84 g+ mL™' containing
98. 3% H,S0O, by mass.

Solution

moles of solute __98. 3/98. 08
kilograms of solvent 100—98. 3

=589, 6 mol « kg™

moles of H,SO,
total moles of solution

_ 98. 3/98. 08
(100—98.3)/18.02-+98. 3/98. 08

_ moles of solute _ 98. 3/98. 08
liters of solution  100/1. 84

=18.4 mol « L™
5. A sulfuric acid solution containing 571. 6 g of H,SO, per liter of solution at
20 °C has a density of 1. 3294 g » mL™'. Calculate (a) the molarity, (b) the

molality, (c¢) the percent by mass, and (d) the mole fraction for the solution.

(a) Molality of H,SO, = mol + kg™*

(b) Iy —

=0, 914

mol « L'

(e) Molarity of H, SO,

Solution
moles of solute _ 571. 6/98. 08

e — — .1 =1
(a) Molarity of H,SO, =iters of solution 1 mol = L
=5, 828 mol = L™!
(b) Molality of H,SO, moles of solute 571.6/98.08 mol « kg™

~ kilograms of solvent 11,3294 X 10° —571. 6
=7.691 mol « kg™!

mass of solute
mass of solution

__ 5716
X 1. 3294 X 10°

' . _ moles of solute
(d) Mole fraction of HzSO, " total moles of solution

(c) Percent by mass = % 100 %

X 100% =43.00%
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_ 571. 6/98. 08

(11,3294 X10° —571. 6)/18. 024 571. 6/98. 08
_ 5.828
=42 0555 828 O 1217

6. What is the molarity of an aqueous solution that is 2 m HCI? The density of
this solution is 1. 034 g« mL™"'.

Solution The molality tells us that the solution contains 2 mol HCl in 1 kg of
water. Take the mass of solution that contains 1 kg of water(the mass of 2 mol HCI
plus 10° g H,O) and use the density to convert the mass of solution to volume.
Molarity equals moles of solute(HCl) divided by volume of solution in liters.

The mass of HCl is

2%36.5g=73 g
The total mass of the solution equals the mass of water plus the mass of HCL.
(1000+73) g=1073 g
The volume of solution equals the mass divided by the density of the solution.
1073/1. 034 mLL=1038 mL=1.038 L
Hence, the molarity of the solution is
2/1.038 mol » L™'=1.927 mol « L™

7. Give the systematic names for the formulas or the formulas for the names of
the following compounds: (a) NHBr; (b) Cr; O;; (c) Co(NO;)z; (d) potassium
sulfide; (e) calcium hydrogen carbonate; (f) nickel( Il ) perchlorate.

Solution Each compound is ionic and is named using the guidelines we have
already discussed. In naming ionic compounds, it is important to recognize
polyatomic ions and to determine the charge of cations with variable charge. In
going from the name of an ionic compound to its chemical formula, we must know
the charges of the ions to determine the subscripts.

(a) NH{ is ammonium; Br~ is bromide. The name is ammonium bromide.

(b) CP* is chromium([l[) or chromic; O°” is oxide. The name is chromium ([l1)
oxide or chromic oxide.

(¢) Co** is cobalt( Il ) or cobaltous; NO;j is nitrate. The name is cobalt( [ )
nitrate or cobaltous nitrate.

(d) Potassium is K* ; sulfide is S°~. Because ionic compounds are electrically
neutral, two K* ions balance one S$*~ ion. Therefore, the formula is K,S.

(e) Calcium is Ca®? ; hydrogen carbonate is HCO; . Because ionic compounds
are electrically neutral, two HCO; ions balance one Ca** ion. Therefore, the
formula is Ca(HCO;)..
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(f) Nickel ¢ [ ) is Ni**; perchlorate is ClO; . Because ionic compounds are
electrically neutral, two ClO; ions balance one Ni*" ion. Therefore, the formula is
Ni(ClO,),.

8. State why the second part of each statement is incorrect, and correet it;

(a) Ammonium phosphate is(NH, ), PO, ;

(b) Aluminum hydroxide is AIOH, ;

(c¢) Mg(HCOQ;). is manganese( [| ) carbonate;

(d) Cr(NQ,), is chromic(]] ) nitride;

(e) Ca(NO,); is cadmium nitrate.

Solution

(a) The ammonium ion is NH{ , not NH,. The correct formula is (NH,),P0O,.

(b) The hydroxide ion is polyatomic, so it requires parentheses. The correct
formula is AICOH),.

(c) Mg*" is magnesium (] ), not manganese ( [| ); HCO;j is hydrogen
carbonate, not carbonate, The correct name is magnesium ( [[ ) hydrogen
carbonate,

(d) NOj is nitrate, not nitride. The correct name is chromic([ll ) nitrate.

(e) Ca®' is calcium, not cadmium; NO: is nitrite, not nitrate. The correct
name is calcium nitrite.

9. Give the chemical formulas for (a) hydrobromic acid; (b) carbonic acid;
(c) silicon tetrabromide.

Solution

(a) HBr;(b) H,CO,;(c) SiBr,.

Self-help Test

Multiple Choice

How many atoms are there in 5 moles of sulphur atoms? ( )
. 1.20% 10% B. 3.01x10% C. 6.02x 10" D. 3.01x10%
Which one of the following is not the same number as the rest? ( )

. the number of molecules in 4 moles of C(),
the number of hydrogen atoms in 2 moles of H;O
the number of chloride ions in 4 moles of CaCl,
. the number of hydrogen atoms in 0. 5 mole of C,H;
What is the name of the SO~ ion? ( )
. sulfate B. sulfite C. sulfur trioxide D. sulfide

FpPRPDOERDNBF

If the formula of praseodymium oxide is PrO,, what is the formula of
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praseodymium sulfate? ( )

A. Pr,SO, B. PrSO, C. Pry (SO D. Pr(S0;),

5. One drop of water weighs 0. 040 g. How many molecules are there in one
drop, taking the molar mass of water as exactly 18.0 g+ mol™? ( )

A. 1.3x10% B. 2.4X%10% C. 3.3%10” D. 3.9x10%

6. How many moles of hydrochloric acid are present in 0. 80 L of a solution
with a concentration of 0,40 mol = L7'7 ( )

A. 0.32 B. 0.50 C. 0.80 D. 2.0

7. Which of the following is NOT an Sl base unit? ( )

A. kg B. s ¢ L D. K

8. What are the units of molarity? ( )

A. mol « kg™ B. percent C. mol = 7! D. none

9. The number 57230, 357 is best shown in scientific notation as ( Y

A. 5.7230357 107" B. 57230357 x107*

C. 5.7230357x 10! D. 5.7230357 % 10°

10. A 20. 00 mL portion of 0. 100 mol » L™! Ba(NO;); is mixed with 30. 00 mL
of 0.400 mol » L™' NH,NO,. What is the [NO; ] in the resulting solution? ( )

A, 0.270 mol = L™! B. 0,280 mol » L™!

C. 0.320 mol = L™! D. 0,400 mol » L'

11. A solution is prepared by dissolving 1. 864 g of KCI(M=74.55 g * mol™")
and 8. 293 g of K,CO, (M=138. 21 g » mol™") in enough water to make the final
volume 500. 00 mL. What is the [K' ] in the solution? ( )

A. 0.2900 mol » L' B. 0.1200 mol » L™

C. 0.1450 mol = L7} D, 0.1700 mol » L'

12. How many grams of potassium permanganate, KMnO, (M = 158. 04

! solution? ( )

g * mol™'), are needed to prepare 250. 00 mL of a 0. 1000 mol » L™
A. 3.951 B. 9.877 C. 15.80 D. 39.51
13. The density of an aqueous solution of acetone, CHy COCH, (M=258. 09

g » mol™'), that is 10, 00% acetone by mass, is 0. 9867 g - mL~" at 20 'C. What is

the molarity of acetone in this solution at 20 'C? ( )
A. 0.1722 mol = L™ B. 0.9867 mol = L™
C. 1.699 mol - L™ D. 3.332 mol -« L™

14. Procaine hydrochloride, Cys Hzo Nz QO « HCI(M=272. 77 g * mol™'), is
used as a local anesthetic. Calculate the molarity of a 4. 666 mol « kg™' solution
which has a density of 1. 1066 g « mL ' ( )

A. 2.272 mol » L7} B. 4.056 mol = L'

C. 4.216 mol » L™ D. 4.666 mol » L™
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15. An aqueous solution of ethanol, CH;CH,OH(M=46. 08 g » mol™'), that
is 12. 00% ethanol by mass, has a density of 0. 9808 g » mL ™" at 20 ‘C. What is the

molality of ethanol in this solution? ( )

A. 0,05063 mol » kg™! B. 0.1200 mol » kg™!

C. 2.555 mol » kg™ D. 2.959 mol » kg™’

16. The concentration of a solution in moles of solute per kilogram of solvent is
known as ( ).

A. neutrality B. molality C. normality D. molarity

17. Concentrated H,; POy is 85. 0% H,PO,(M=97.99 g » mol™") by mass and
has a density of 1. 70 g * mL™'. How many grams of this selution are required to
prepare 250. 0 mL of a 2. 00 mol » L' H,PO, solution? ( )

A. 52.4 B. 42.5 C. 57.6 D. 46.4

18. A saturated solution of NaCl at 30 °C is 6. 25 mol * kg™'. What is the mole
fraction of NaCl? ( )

A. 0.120 B. 0.142 C. 0. 320 D. 0.101
19. The common name of common salt is( )

A. carbon dioxide B. carbon monoxide

C. sodium bicarbonate D. sodium chloride

20, Which of the following matched pairs of name and formula has an error?
( )

A. HCIO,, hypochlorous acid B. H;S0;, sulfurous acid

C. HNO,, nitric acid D. HBrO;, bromic acid

True or False

( 31. For all dilute solutions in which the solvent has a density near 1. 0
g * mL™', the molality and molarity of a solution are nearly the same.

( )2. An older method still widely used for distinguishing between two
differently charged ions of a metal is to apply the ending -ous or -ic. These endings
represent the higher and lower charged ions, respectively.

( 3. A 1. 00 mol » L™ solution of sodium hydroxide contains 40. 0 g of
NaOH(M=40.0 g » mol™") dissolved in 1 L of water.

! solutions contain an equal number

( )4. Equal volumes of any 1 mol « L7
of molecules of solute.

( )5. The correct name for CCl, is carbon( T ) chloride.

( )6. The compound tin([V) chlorate has the formula Sn(CIlO;);.

( )7. ClO; is a perchlorate ion; the corresponding acid name is hypochlorous
acid, HCIO;.

( )8. The molality of a solution is independent of temperature.
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)9. One mole of carbon-12 weighs exactly 12 grams.
)10. A liter is a volume equal to 100 em®.

)11. The SI unit of temperature is the degrees Celsius.

e T T e S N

)12. The mole is defined as the amount of substance in a system that
contains as many elementary particles(atoms, molecules, or formula units) as the
quantity of *C atoms in exactly 12 grams of carbon-12.

( )13. Sodium sulfide has the formula (Na),;SO,.

( y14. 1f 1. 0 mol of FeCl, dissolves in water to make a liter of solution,
then the concentration of chloride ion is 3.0 mol = kg™'.

( )15. If the weight of a sample of iron is 1. 0X 10~ *grams, we can say the

sample has a picogram of mass.

Fill in the blanks

1. The system of weights and measures that scientists use throughout the
world is the system,

2. The Kelvin scale is a system used to measure 3

3. A mole of KCIO; contains atoms of oxygen.

4. When salt (NaCl) is dissolved in water to form a solution, the salt is known
as the and water is called the

5. In chemical stoichiometric calculations, the following definitions are
commonly used: (a) density=__ ;(b) number of moles= /molar mass.

6. When the prefix micro-(p) is used in the metric system, a fundamental unit
of measurement is multiplied by a factor of .

7. Practice for both types of compounds.

Formula Name Formula Name
K.S magnesium perchlorate
S:Cl potassium permanganate
8. A 4,00 mol + L™ solution of H;PO, will contain g of H;PO, (M=
97.99 g+ mol™') in 0. 250 L of solution.
9. g of acetic acid (CH; COOH, M =60, 05 g - mol™") must be

dissolved in 250. 0 g of water to produce a 0. 150 mol « kg™' solution.

10. Fill in the blanks in the table. Aqueous solutions are assumed.

Compound Molality Percent by mass Mole fraction
Nal 0.15

C:H; OH 5.0%

Ci: Hp Oy 0.15




