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kinetic-molecular theory describes the behavior of matter in terms of
particles in motion. The model makes several assumptions about the
size, motion, and energy of gas particles.

2 List the five assumptions of the Kinetic Molecular Theory

The five assumptions are:

1) Gases consist of large numbers of tiny particles that are far apart relative to their size

2) Collisions between gas particles and between particles and container walls are elastic collisions
3) Gas particles are in continuous, rapid, random motion

4) There are no forces of attraction between gas particles

5) The temperature of a gas depends on the average kinetic energy of the particles of the gas

Q2:

2. Which is NOT an assumption of the kinetic-
molecular theory?
A. Collisions between gas particles are elastic.
All the gas particles in a sample have the
same velocity.
C. A gas particle is not significantly attracted or
repelled by other gas particles.
. All gases at a given temperature have the sam
average kinetic energy.

L+ Select the statements that are TRUE about the assumptions made by the kinetic-molecular theory.

2 correct answers

The average kinetic energy of gas particles depends on their ‘ [[] Gas particles move in an intermittent, zigzag pattern. ‘
temperature. ' :

‘ [[) Gas particles never collide, but only slide past one another. ‘ ‘ [[) Gas particles vibrate around a fixed position. ‘

‘ [[) Gas particles are closely packed together. ‘ The intermolecular forces between gas particles are negligible.

Select the correct answers.

Which terms BEST describes the motion of gas particles? {1\‘_
-

‘E straight line < ‘ |E random < |

weak zigzag pattern

interactive vibrating



CHM.5.2.01.003 Use the kinetic molecular theory to explain the properties and behaviour of gases, Identify the factor that
2 determines rates at which different molecules undergo diffusion and effusion at a given temperature Textbook m-m
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Explaining the Behavior of Gases:

Low Density Compression
At the same temperature and volume, the Gases can be compressed. This property is
density of gases is very low compared to unigue to all gases.

that of solids. )

Expansion
Gases expand to fill the shape and volume
of any container.

low-density high-density
gas solid

Diffusion Effusion

Gas particles can move through a tiny hole
into a vacuum.

Gas particles spontaneously move from
an area of high concentration to one of
low concentration.

/
N @
“ L.—-""'

e

12 %5,:. Define

Graham'’s law of effusion states that the effusion rate of a gas is inversely
proportional to the square root of its molar mass.

This inverse relationship can be expressed mathematically as:
1

molar mass

effusion rate oc




CHM.5.2.01.004 State Dalton's Law of partial pressure and its mathematical relation, Use the mathematical formula of Dalton's
law of partial pressures to calculate partial pressures and total pressure of a mixture of gases
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Dalton’s law of partial pressures states that the total pressure of a mix-
ture of gases is equal to the sum of the pressures of all the gases in the
mixture. The portion of the total pressure contributed by a single gas is

Dalton’s Law of Partial Pressures

Pygal represents total pressure. Py,

. P53, and P; represent the partial
Pota=P1+P2+P3+...Pn pressures of each gas up to the

final gas, Pn.

To calculate the total pressure of a mixture of gases, add the partial pressures of each of
the gases in the mixture.

EXAMPLE Problem 12.2

Math Handbook

The Partial Pressure of a Gas A mixture of oxygen (O5), carbon dioxide (CO3), Significant Figures
and nitrogen (N3) has a total pressure of 0.97 atm. What is the partial pressure of O, pages 949951
if the partial pressure of CO3z is 0.70 atm and the partial pressure of Nz is 0.12 atm? -

El Analyze the Problem
You are given the total pressure of a mixture and the partial pressure of two gases in
the mixture. To find the partial pressure of the third gas, use the equation that relates
partial pressures to total pressure.

Known Unknown
Py, = 0.12 atm Py, = 2 atm
Pcp, = 0.70 atm

Piyia = 097 atm

El Solve for the Unknown

Pital = P, + Peo, + Po, State Dalton's law of partial pressures.
sz = Piotal — PCD; — PN; Solve for Pg_,
Py, = 097 atm — 0.70 atm — 0.12 atm Substitute Py = 0.12 atm, Py, = 0.70 atm, and P, = 0.97 atm.

Pg, = 0.15 atm

El Evaluate the Answer

Adding the calculated wvalue for the partial pressure of oxygen to the known partial
pressures gives the total pressure, 097 atm. The answer has two significant figures
to match the data.

PRACTICE Problems Extra Practice Page 984 and glencoe.com

4. What is the partial pressure of hydrogen gas in a mixture of hydrogen and helium if the
total pressure is 600 mm Hg and the partial pressure of helium is 433 mm Hg?

5. Find the total pressure for a mixture that contains four gases with partial pressures of
5.00 kPa, 4.56 kPa, 3.02 kPa, and 1.20 kPa.

6. Find the partial pressure of carbon dioxide in a gas mixture with a total pressure of 30.4 kPa if
the partial pressures of the other two gases in the mixture are 16.5 kPa and 3.7 kPa.

7. Challenge Air is a mixture of gases. By percentage, it is roughly 78 percent nitrogen,
21 percent oxygen, and 1 percent argon. (There are trace amounts of many other gases
in air) If the atmospheric pressure is 760 mm Hg, what are the partial pressures of
nitrogen, oxygen, and argon in the atmosphere?
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?) 760 mm Hg x 0.78 = N, = 590 mm Hg;
760 mm Hg x 0.21 = O, = 160 mm Hg;
760 mm Hg x 0.01 = Ar = 8 mm Hg

4 CHM.5.1.02.007 Compare between intramolecular and intermolecular forces Texthook
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intermolecular force
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Types of Intermolecular Forces

You will recall that the three main intermolecular forces are:

+ dispersion forces
» dipole-dipole forces
* hydrogen bonds

Q:

4} Classify the examples into intramolecular forces and intermolecular forces.

covalent bond

ionic bond

metallic bond

Intramolecular Forces

Intermolecular Forces

dispersion force (—]
dipole-dipole force (-]
hydrogen bond (—]

Q: Order forces from strong to weak force
lonic bont?l\/letallic boncyCovalent bonc?Hydrogen boné?dipole-dipole force)dispersion force

# Classify the features of ionic, metallic and covalent bonds.

metal and nonmetal atoms involved (-]
example: sodium chloride (NaCl) (-]
attraction between cations and anions =}
e

electrons transferred between atoms

only metal atoms involved
example: sodium metal (Na)

attraction between cations and delocalized
electrons

electrons move freely in metallic lattice

mostly only nonmetal atoms involved e

example: chlorine gas (CL,) (-]

attraction between positive nuclei and shared
electrons

e

electrons shared between atoms (-]




CHIM.5.2.01.001 Describe the different states of matter and its transformation according to the kinetic molecular theory while
explaining the differences hetween them in terms of the forces between atoms, molecules, and ions Textbook: reading check 280281
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a Reading Check Explain why dispersion forces form.

Dispersion forces exist between all particles. Dispersion forces are
wealk for small particles, and these forces have an increasing effect as the
number of electrons involved increases. Thus, dispersion forces tend to
become stronger as the size of the particles increase. For example, fluo-
rine, chlorine, bromine, and iodine exist as diatomic molecules. Recall
that the number of nonvalence electrons increases from fluorine to
chlorine to bromine to iodine. Because the larger halogen molecules
have more electrons, there can be a greater difference between the posi-
tive and negative regions of their temporary dipoles and, thus, stronger
dispersion forces. This difference in dispersion forces explains why fluo-
rine and chlorine are gases, bromine is a liguid, and iodine is a solid at
ool temperature.

a Reading Check Infer the physical state of the element astatine at
room temperature and explain your reasoning.

Dipole-dipole forces Polar molecules contain permanent dipoles;
that is, some regions of a polar molecule are always partially negative
and some regions of the molecule are always partially positive. These
attractions between oppositely charged regions of polar molecules are
called dipole-dipole forces. Neighboring polar molecules orient them-
selves so that oppositely charged regions align.

6 Reading Check Compare dipole-dipole forces and dispersion forces.

Hydrogen bonds One special type of dipole-dipole attraction is
called a hydrogen bond. A hydrogen bond is a dipole-dipole attraction
that occurs between molecules containing a hydrogen atom bonded

to a small, highly electronegative atom with at least one lone electron
pair. Hydrogen bonds typically dominate both dispersion forces and
dipole-dipole forces. For a hydrogen bond to form, hydrogen must be
bonded to either a fluorine, oxygen, or nitrogen atom. These atoms are
electronegative enough to cause a large partial positive charge on the
hydrogen atom, yet small enough that their lone pairs of electrons can
come close to hydrogen atoms. For example, in a water molecule, the
hydrogen atoms hawve a large partial positive charge and the oxygen atom
has a large partial negative charge. When water molecules approach,

a hydrogen atom on one molecule is attracted to the lone pair of electrons
on the oxygen atom on the other molecule, as shown in Figure 12.11.




(HM.5.1.02.007 Compare and contrast the intermolecular forces (dispersion forces, dipole-dipale forces, and hydrogen bond)
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Table Properties of Three

12.3 Molecular Compounds l . \ )ka
e el el ’

16.0 —334

—
- =y fﬂ /
Ammonia (NH3) 17.0 —164

Hydrogen bonds explain why water is a liquid at room temperature,
while compounds of comparable mass are gases. Look at the data in
Table 12.3. The difference between methane and water is easy to
explain. Because methane molecules are nonpolar, the only forces hold-
ing the molecules together are relatively weak dispersion forces. The
difference between ammonia and water is not as obvious. Molecules
of both compounds can form hydrogen bonds. Yet, ammoniaisa
gas at room temperature, which indicates that the attractive forces
between ammonia molecules are not as strong. Because oxygen atoms
are more electronegative than nitrogen atoms, the O-H bonds in water
are more polar than the N-H bonds in ammonia. As a result, the hydro-
gen bonds between water molecules are stronger than those between
ammonia molecules.

Water (H,0)

Methane (CHy)
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Boyle's law states that the volume of a fixed amount of gas held at
a constant temperature varies inversely with the pressure.

Boyle's Law

P| Vl = P1 F; P represents pressure. V¥ represants volume.
For 2 given amount of gas held at constant temperature, the product of pressure and
volume Is a constant.

= Figure 13.1 As the external pressure on the cylinder's piston Increases, the
volume Inslde the cylinder decreases. The graph shows the Inversa relationship |
batweon pressure and woelume.

|

10 1{1 0 atm, 10
3 \
=
a
s,
E 8 (2.0 atm, 5 L)}
2,
-
: (4.0 atm, 2.5 LT |
0 [ [T
2 atm 0 05 10 15 20 25 30 35 40
L Pressure (atm)
4 atm
151 'E * T
s ¥
"-\—-___.—I—"
PV, =(1amiiol) Py, = @amiSh Py = @ami2s0 @ Grovh Check
= 10atm«L =10am. L =10ztmsL Apply Usa the graph to determine the volume
= (onstant = constant = [onstant If the pressura Is 2.5 atm.

12. Which diagram shows the relationship between
volume and pressure for a gas at constant

temperature?
v v
a. od.
P P
v v
b.
P P
v
C.




calculate the volume-pressure-temperature changes

CHM.5.2.01.004 Employ gas laws to describe the behaviour of gases and their practical applications, Use the combined gas law to

solved example 4 & applications
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The Combined Gas Law

ryv, PV, P represents pressure. ¥ raprasents volume.
T, = T, T represents temperature.

For 2 given amount of gas, the product of pressure and volume, divided by the kalvin
temperature, Is a constant.

EXAMPLE Problem 13.4

The Combined Gas Law A gas at 110 kPa and 30.0°C fills a flexible container
with an initial volume of 2.00 L. If the temperature is raised to 80.0°C and the
pressure increases to 440 kPa, what is the new volume?

B Analyze the Problem

Both pressure and temperature change, so0 you will need to use the combined gas law.
The pressure quadruples, but the temperature does not increase by such a large factor.
Therefore, the new volume will be smaller than the starting volume.

Known Unknown
P =110kPa P,= 430kPa Va=7L
T, = 30.0°C T, = 80.0°C

Vi=200L

H solve for the Unknown
Convert degrees Celsius to kelvins.

Tk=2734+T¢ Apply the converslon factor.
T,= 273 + 30.0°C = 2030 K Substitute Ty = 30.0°C.
To= 273 + 80.0°C = 3530 K Substitute Tz = 80.0°C.

Use the combined gas law. Solve for 5, and substitute the known values into the
rearranged equation.

PV P
LA e cak State the combined gas law.
T T
TS LA T
Va = I, [FJ[T.) Solve for Vo
_ 110 kPa ) 353.0 K _ _
V; =200 L[Mn kPa)[mnK Substitute V¥, = Z.0o L, P, = 110 kPa,

Py = &&i0 kPa, T; = 3530 K, and T = 303.0 K.

— 110 353.0 —
Vs = 2.00 L[ﬁ)[mﬁ] =058 L Muluply and divide numbers and uniis.

PRACTICE Problems Extra Practice Page 984 and glencoe.com

Assume that the amount of gas is constant in the following problams.

11. A sample of air in a syringe exerts a pressure of 1.02 atm at 22.0°C. The syringe is
placed in a boiling-water bath at 100.0°C. The pressure is increased to 1.23 atm
by pushing the plunger in, which reduces the volume to 0.224 mL. What was the
initial volume?

12. A balloon contains 146.0 mL of gas confined at a pressure of 1.20 atm and a
temperature of 5.0°C. If the pressure doubles and the temperature decreases to
2.0°C. what will be the volume of gas in the balloon?

13. Challenge If the temperature in the gas cylinder at right increases to 30.0°C and
the pressure increases to 1.20 atm, will the cylinder's piston move up or down?

|I 0.00°C

1.00 atm

30.0mL




Seli—  1,=2200C+273 =295k

| l 5 T, = 100.0°C + 273 = 373 K

V. = V,TiPy _ (0.224 mL)(295 K)(1.23 atri)

L (373 K)(1.02 a#m)
=0.214 mL

]23 T, = 5.0°C + 273 = 278 K
T, = 2.0°C + 273 = 275K

v = PalaY1 _ (130 atfm)(275 K)(146.0 mL)

27 7PT, (2.60 atm)(278 K)
=72 mL

13 > down

T, = 0.00°C + 273 = 273 K

T, = 30.0°C + 273 = 303 K

V, _ P.T, _ (1.00 atm)(303 K) _
V, P,T; (1.20 atm)(273 K)

This is a ratio, so there are no units. 0.92 < 1, so
V, must be less than V,. The final volume is less

than the original volume, so the piston will move
down.
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volume. Zero on the Kelvin scale is also known as absolute zero.
Absolute zero represents the lowest possible theoretical temperature.
At absolute zero, the atoms are all in the lowest possible energy state.

Move the slider to compare volume-temperature graphs using the Celsius and Kelvin
temperature scales.

'l‘. nr
Volume vs. Celsius Temperature Volume vs. Kelvin Temperature
A &
= -y
E E
Q b}
= B
= =
© =
: ‘1R
f,' fff
f” !I’
’#J ’f"
.". ” ']
3 0 4B 273 o
Temperature (°C) Temperature (K)

CHM 5.2.01.004 Employ gas laws to describe the behaviour of gases and their practical applications, Use the mathematical

i formula of Gay-Lussac’s law to calculate pressure-temperature changes at constant volume
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texthook, example 3 & Applications
315-316
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Gay-Lussac’s law states that the
pressure of a fixed amount of gas varies directly with the kelvin temper-
ature when the volume remains constant.




Gay-Lussac’s Law

Py _ P, P represents pressure.
T, T, T represents temperature.

For a given amount of gas held at constant volume, the quotient of the pressure and the
kelvin temperature is a constant.

= Figure 13.2 When the gylinder is heated, the kinetic energy of the particles onncepts In MOty
increases, increasing both the frequency and energy of the collisions with the container

. . . Interactive Figure To see an animation of
will. The volume of the gylinder is fixed, so the pressure exerted by the gas increases. J

the gas laws, visit glencoe.com.

10L 10L
4.0
T 3.5
‘E’ ig 300 K, 3.0 atm)
5 .
a 15
(150 K, 1.5 atm]
1.0
300 K 0.5
1]
1] 100 200 300 400 500 600
Temperature (K)
Pi 15atm Y2 30am
T, — 150K T, ~ 300K “ﬂph Check
= 0.01 atm/K = 0.01 atm/K Compare and contrast the graphs in
= constant = constant Figures 13.2 and 13.3.

EXAMPLE Problem 13.3

Gay-Lussac's Law The pressure of the oxygen gas inside a
canister is 5.00 atm at 25.0°C. The canister is located at a camp
high on Mount Everest. If the temperature there falls to —10.0°C,
what is the new pressure inside the canister?

El Analyze the Problem

Gay-Lussac’s law states that if the temperature of a gas decreases,

s0 does its pressure when volume is constant. Therefore, the pressure
in the oxygen canister will decrease. The initial pressure should be
multiplied by a temperature ratio less than 1.

Known Unknown
P, = 5.00 atm P; = 7 aim
T, = 250°C

T = —10.0°C

El solve for the Unknown
Convert degrees Celsius to kelvins.

Tw=2734+T; Apply the comnversion factor.
T,=273 + 250°C=2980 K Substitute Ty = 25.0°C.
T, =273 + (—100°C) = 2630 K Substitute Tz = —10.0°C.

Use Gay-Lussac’s law. Sclve for P2, and substitute the known values
into the rearranged eguation.

; = j;_z State Gay-Lussac’s law.
1 z

Tz
Py=P 7 Solve for Py

1
Py =500 am(iigﬁ Substitute P, = 5.00 atm,
Ti = 298.0 K, and T; = 263.0 K.
_ 2630 _

P; =500 a"“(zg&a){’ = 4.41 atm Multiply and dwide numbers

and units.




PRACTICE Problems Extra Practice Page 984 and glencoe.com

Assume that the volume and the amount of gas are constant in the
following problems.

8. The pressure in an automobile tire is 1.88 atm at 25.0°C. What will be
the pressure if the temperature increases to 37.0°C?

9. Helium gas in a 2.00-L cylinder iz under 1.12 atm pressure. At 36.5°C,
that same gas sample has a pressure of 256 atm. What was the initial
temperature of the gas in the cylinder?

10. Challenge If a gas sample has a pressure of 30.7 kPa at 0.00°C, by
how many degrees Celsius does the temperature have to increase to
cause the pressure to double?

%) T, = 25.0°C + 273 = 298 K
T, = 37.0°C + 273 = 310K
p. _ PiT2 _ (1.88 atm)(310 K)

2 T1 398 K = 1.96 atm
VS o N
(1) T, = 36.5°C + 273 = 309.5 K
T,P;  (309.5 K)(1.12 a¢m)
T, = = = 135K
TP 2.56 atmi
135 K — 273 = —138°C
/\/—\
|o> T, = 0.00°C + 273 = 273 K
P, = (30.7 kPa)(2) = 61.4 kPa
T.P
L (273 K)(61.4 kP3) _ 546 K

27 7P, 30.7 kPa
546 K — 273 = 273°C

The temperature must increase by 273°C,
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CHM.5.2.01.006 Explain Avogadro's hypothesis and its impact in understanding the chemical reactions of gases, State Avogadro's
Law while representing its mathematical relation and graphical representation

Texthook
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posed this idea in 1811. Avogadre’s principle states that equal volumes
of gases at the same temperature and pressure contain equal numbers of
particles. Figure 13.5 shows equal volumes of carbon dioxide, helium,

and oxygen.

Volume and moles Recall from Chapter 10 that 1 mol contains
6.02 x 10 particles. The molar volume of a gas is the volume that

1 mol occupies at 0.00°C and 1.00 atm pressure. The conditions of
0.00°C and 1.00 atm are known as standard temperature and pressure
(STP). Avogadro showed experimentally that 1 mol of any gas occupies

a volume of 22.4 L at STP. Because the volume of 1 mol of a gas at STP is
22.4 L, you can use 22.4 L/mol as a conversion factor whenever a gas is

at STR.
For example, suppose you want to find the number of moles in a

sample of gas that has a volume of 3.72 L at STPE. Use the molar volume

to convert from volume to moles.

372L % jlzﬂ_fll — 0.166 mol

12

given

(HM.5.2.01.004.29 Use the ideal gas law to calculate pressure, volume, temperature, mass of a gas, when three quantities are

example 5 & 6 and applications
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EXAMPLE Problem 13.5

Molar Volume The main component of natural gas used for home heating and

king is methane (CHy). Calculate the volume that 2.00 kg of methane gas will

occupy at STP.

Analyze the Problem
The number of moles can be calculated by dividing the mass of the sample, m, by

its molar mass, M. The gas is at STP (0.00°C and 1.00 atm pressure), so you can use
the molar volume to convert from the number of moles to the volume.

Known Unknown
m = 200 kg V=72L

T = 0.00°C

P = 1.00 atm

Solve for the Unknown
Determine the molar mass for methane.

M = 1 C aterh [@ﬂ] + 4 H aterfis {}ﬂ amTu Datermine the molecular mass.

201 amu + 4.04 amu = 16.05 amu

6.05 g/mol Express the molecular mass as g/maol
to arrive at the molar mass.

1
1

Determine the number of moles of methane.

1000 .
2.00%(1—;) =200x 10°%g Comvert the mass from kg to g.
m 200 x 10%g
M = Te0sgmol = 125 mol Dwide mass by molar mass to

determina the number of moles.

Use the molar volume to determine the velume of methane at STP.

V=125 M=%: 2.80 % 107 L Use the molar volume, 22.4 Lfmol, to

comvert from moles to the volume.

Math Handboolk
Unit Conversion
page 957
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20. What size container do you need to hold 0.04529 mol of M, gas at STP?

21. How much carbon dioxide gas, in grams. i= in a 1.0-L balloon at STP?

22. What volume in milliliters will 0,00922 g of H; pas occupy at STP?

23. What volume will 0.416 g of krypton gas occupy at STP?

24. Calculate the volume that 4.5 kg of ethylene gas (CaHe) will occupy at STP.

25. Challenge A flexible plastic container contains 0860 g of helium gas in a volume of

19.2 L. f 0.205 g of helium is removed at constant pressure and temperature, what will
be the new volume?

SD) = 20) 20. What size container do you need to hold
0.0459 mol of N, gas at STP?

1.03 L

224 L
0.0459 maol x =1.03L
1 mol

2]) 21. How much carbon dioxide gas, in grams, is in a
1.0-L balloon at STP?

2049
1 mol
. X =0.
1.0k 2 4L 0.045 mol
440 g
0.045 mol x =2.0
1 mol g

2'2) 22. What volume in milliliters will 0.00922 g of H,
gas occupy at STP?

102 mL

T1mol _
0.00922 g x 302 g = 0.00457 mol

0.00457 mol x 224L — 0.102 Lor 102 mL
1 mol



23. What volume will 0.416 g of krypton gas

occupy at STP? 24, Calculate the volume that 4.5 kg of ethylene
0.111L gas (C,H,) will occupy at STP.

1mol _ 3.6 x 103L
0.416 g x 33809 0.00496 mol

10008  1met _ 2241
4.5 ke x X x 222 =36 x 103L
0.00496 mol x 1;21;‘:'0: = 0.111L kg kg  2800g 1mdl

25. Challenge A flexible plastic container
contains 0.860 g of helium gas in a volume
of 19.2 L. If 0.205 g of helium 1s removed at
constant pressure and temperature, what will be
the new volume?

146 L
0.860 g — 0.205 g = 0.655 g He remaining

Set up the problem as a ratio.

v _ 1921
0655g 08609

Solve for V.

_ (19.2 L)(0.655 g)

v
0.860 &

=1461L




EXAMPLE Problem 13.6

) ™ . .

The Ildeal Gas Law Calculate th b f | f \ ) 7
e el Sz Law Colcuste the pube of o ofemmeris 26, Determine the Celsius temperature of 2.49 mol
of 1.50 atm. of a gas contained in a 1.00-L vessel at a
El Analyze the Problem pressure of 143 kPa.

You are given the volume, temperature. and pressure of a gas sample.

Use the ideal gas law, and select the value of R that contains the 266°C

pressure units given in the problem. Because the pressure and -

temperature are close to STP, but the volume is much smaller than

22.4 L, it would make =sense if the calculated answer were much 1 00 atm

smaller than 1 mol. 143 k,Pa ¥ —— = 1.41 atm

Known Unknown Math Handbook 101 3 k-Pﬁ

V=30l n =2 maol significant Digits

T= 200 x 102K page 29 PV (1.41 a4m)(1.00 k)

P= 150 atm =ﬁ= I =6.90 K

R = 0.0821 S50 (2.49 wol)(0.0821 mofjl HKh

H solve for the Unknown

Uze the ideal gas law. Solve for n, and 6-90 K - 2?3 = _2660c

substitute the known values.

e State the ldeal gas law. 27. Calculate the volume of a 0.323-mol sample of a
T sament oL gas at 265 K and 0.900 atm.
" {0.0321 L. a'“‘)[annn « 102 K) Eiﬁﬂ‘éﬁtlﬂﬁh
0.0821 L« atm/mol- K. 7:81 L
(1.50 ghm){2.0E) 018 mol  Multply and dnide L.atm
{ummk‘ﬁﬂ)[anux 1024) umbars and unts V= nRT _ ' ' mel.
P 0.900 atnr

El Evaluate the Answer
The answer agrees with the prediction that the number of moles = 731 |_
present will be significantly less than 1 mol. The unit of the answer
iz the mole, and there are two significant figures.

28. What 1s the pressure, in atmospheres, of a

PRACTICE Problems L p—— 0.108-mol sample of helium gas at a tempera-

26. Determine the Celsius temperature of 2.4% mol of a gas contained in ture Df QOUGC lf ItS 1's-’{)[[l[’]]ﬂ iS 0505 L'_')
a 1.00-L vessel at a pressure of 143 kPa.
27. Calculate the volume of a 0.323-mol sample of a gas at 265 K and
0900 atm. 5.14 atm
28. What is the pressure, in atmospheres, of a 0.108-mol zample of helium
gas at a temperature of 20.0°C if its volume is 0.505 L? T=200°C+273=293K
29, If the pressure exerted by a gas at 25°C in a volume of 0.044 L is 3.81 v
atm, how many moles of gas are present? satm
320. Challenge An ideal gas has a volume of 2.0 L. If the number of moles nRT (0' 108 mﬂnm.0821 mﬁl"K }(293 K)
of gas and the temperature are doubled, while the pressure remains P = =
constant, what is the new volume? V 0.505.%
=5.14 atm

29. If the pressure exerted by a gas at 25°C in a
volume of 0.044 L is 3.81 atm, how many
moles of gas are present?

6.9 x 1073 mol
_Pv_ (381 aﬂﬁ)(ﬂ 44.4)
" (00821528 205 19
=6.9 x 1073 mol




30. Challenge An ideal gas has a volume of
3.0 L. If the number of moles of gas and the
temperature are doubled while the pressure
remains constant, what i1s the new volume?

12 L
PV = nRT

P _ 1T pecause P and R are constants, they can

R "4
be removed from the equation.

n,T, n,T,

v, Vs

where n, = 2n, and T, = 2T,

n,T, _ 2n,2T,

Vi Vs

a1 .

T

Multiply both sides by nl and
1 1

1 _ Q)

v, A

Vv, = 4v,
V,=4(30L) =121

CHM 5.2,01.003 Define ideal gas , Describe the relationship between an ideal gas and the kinetic molecular theory (KMT), List Texthook
8 the conditions for a gas to behave ideally, Describe a real gas 35
iy ¢l Sy 1 i) o o 1 o s (KIIT) s 3 gt St B0 iy il g LS g
sy T
Real Versus Ideal Gases Click on the hotspots to distinguish between ideal and real gases

What does the term ideal gas mean? Ideal gases follow the assumptions ﬂ
of the kinetic-molecular theory, which you studied in Chapter 12. § |deal Gases Real Gases
An ideal gas is one whose particles take up no space. Ideal gases experi- |

ence no intermolecular attractive forces, nor are they attracted or theoretical gases real gases
repelled by the walls of their containers. The particles of an ideal gas are

in constant, random motion, moving in straight lines until they collide | obey all gas laws under all conditions | obey gas laws only at low pressure

with each other or with the walls of the container. Additionally, these :

collisions are perfectly elastic, which means that the kinetic energy of and hlgh temperature
the system does not change. An ideal gas follows the gas laws under all : " -

conditions of temperature and pressure. gas particles have negligible volume gas particles have volume

In reality, no gas is truly ideal. All gas particles have some volume, . .
however small, and are subject to intermolecular interactions. Also, the i | NO attractive intermolecular forces | weak attractive intermolecular forces
collisions that particles make with each other and with the container are :
not perfectly elastic. Despite that, most gases will behave like ideal gases : | elastic collision between particles non-elastic collisions between
at a wide range of temperatures and pressures. Under the right condi- particles
tions, calculations made using the ideal gas law closely approximate § )
experimental measurements. :

ﬂ Reading Check Explain the relationship between the kinetic-
molecular theory and an ideal gas.




Nick on the tabs to learn under what conditions real gases would behave like ideal gases.

*

Low Pressure High Temperature

At relatively low pressures, the gas particles are so far apart that there is practically
no attraction between the particles. They almost behave like the particles of an ideal
gas.

The gas particles move closer together at high pressures, which reduces the space
between the particles.

The increase in the empty space at low pressure validates the assumption that the
volume of the particles themselves is negligible.

@y

Low Polarity Small Particles

low pressure high pressure

the coefficients in a balanced chemical equation specify

CHM.5.2.01.006 Explain Avogadro's hypothesis and its impact in understanding the chemical reactions of gases, Identify what | Texthook & (section main idea], section

3 study guide
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Gas Stoichiometry

. X(Z] Wnen gases react, the coefficients in the balanced
chemical equation represent both molar amounts and relative
volumes.

Cv%cc;f\\(’/j”\"‘)° A
(.f‘\) &//L\)Pw &P

2H2-\- o2 -D 7/\}7-—0

va\ | vao) Z""ﬂ’\

D Vo, \NAg 2 Vel

Real-World Reading Link To make a cake, it is important to add the
ingredients in the comect proportions. In a similar way, the comrect proportions
of reactants are needed in a chemical reaction to yield the desired products.

Stoichiometry of

Reactions Involving Gases

The gas laws can be applied to calculate the stoichiometry of reactions
in which gases are reactants or products. Recall that the coefficients in
chemical equations represent molar amounts of substances taking part
in the reaction. For example, hydrogen gas can react with oxygen gas to
produce water vapor.

2H;(g) + O4(g) — 2H;0(g)

From the balanced chemical equation, you know that 2 mol of hydrogen
gas reacts with 1 mol of oxygen gas, producing 2 mol of water vapor.
This tells you the molar ratios of substances in this reaction. Avogadro’s
principle states that equal volumes of gases at the same temperature and
pressure contain equal numbers of particles. Thus, for gases, the
coefficients in a balanced chemical equation represent not only molar
amounts but also relative volumes. Therefore, 2 L of hydrogen gas
would react with 1 L of oxygen gas to produce 2 L of water vapor.

Stoichiometry and

Volume-Volume Problems

To find the volume of a gaseous reactant or product in a reaction, you
must know the balanced chemical equation for the reaction and the
volume of at least one other gas involved in the reaction. Examine the
reaction in Figure 12.10, which shows the combustion of methane.
This reaction takes place every time you light a Bunsen burner.
Because the coefficients represent volume ratios for gases taking
part in the reaction, you can determine that it takes 2 L of oxygen to
react completely with 1 L of methane. The complete combustion of 1 L
of methane will produce 1 L of carbon dioxide and 2 L of water vapor.
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£ 13 Study Guide

B

) l CIEIEE Gases respond in predictable ways to pressure, temperature, volume, and changes in
number of particles.

Section 13.1 The Gas Laws

LR For a fixed amount of Key Concepts

0as, a change In one varlable— « Boyle's law states that the volume of a fixed amount of gas is inversely proportional
pressure, tamperature, or volume— to its pressure at constant temperature.
affects the other two.
PV, =P,V
Vocabulary o we
* absolute zero (p. 445) « Charles’s law states that the volume of a fixed amount of gas is directly
* Boyle's law (p. 442) proportional to its kelvin temperature at constant pressure.
* Charles’s law (p. 445) Vi V:
* combined gas law (p. 449) ?’:?’
» Gay-lussac’s law (p. 447) v

« Gay-Lussac’s law states that the pressure of a fixed amount of gas is directly
proportional to its kelvin temperature at constant volume.

n_ DB
T T
« The combined gas law relates pressure, temperature, and volume in a single
statement.
MV _ MY
T, T

Section 13.2 The Ideal Gas Law

[[CTE{= The ideal gas law Key Concepts

relates the number of particles to  , Ayogadro’s principle states that equal volumes of gases at the same pressure and
pressure, temperature, and volume. temperature contain equal numbers of particles.

Vocabulary « The ideal gas law relates the amount of a gas present to its pressure, temperature,
» Avogadro’s principle (p. 452) and volume.

* |deal gas constant (p. 454) .

* Ideal gas law (R) (p. 454) PV=nRT

e « The ideal gas law can be used to find molar mass if the mass of the gas is known,

or the density of the gas if its molar mass is known.

PV RT

« Atvery high pressures and very low temperatures, real gases behave differently
than ideal gases.

Section 13.3 Gas Stoichiometry

[[TTX{™= When gases react, Key Concepts
the coeffidents In the balanced « The coefficients in a balanced chemical equation specify volume ratios for gaseous
chemical equation represent both reactants and products.

molar amounts and relative volumes. -, gas laws can be used along with balanced chemical equations to calculate the

amount of a gaseous reactant or product in a reaction.




CHM.5.2.01.006 Explain Avogadro's hypothesis and its impact in understanding the chemical reactions of gases, Perform

Texthook, solved example 7 and

15 different gas stoichiometric calculations applications 328-329
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schive Gas Stoichiometry
¥ Determime wiume ratios tor
ase0us reactants znd poduds [ K3 when gases react, the coefficients in the balanced
by using coefmoents from chemical equation represent both molar amounts and relative
dhemical equations. volumes. -

[ Appiy ga= laws o Ui
amaunts of gaseous reacants and

produds In 2 chemical reaction.

Rewview Vocabulary

coeficent the number writien in
front of 3 reactant or product in 2
chemical equation, which telis e
smaliest nember of particles of the
subetance imwohied In the reaction

¥ Figure 13.10 T coficent n akat
anved squaton show the slationships among
numbars of moles of all reactans and prod-
wrts, and tha ralytionships among wolumes of
ATy grsenus mariants of products. From teeo
meficknis, wolomes rabics can ba set up for
iy pair of gases in tha reaction.

460 Chaptar 13 = Lo

Real-World Reading Limk To make 3 cake, 1t 5 mportant to add the
ingredients In the cormect proportions. In 2 similar way, the et proporions
of reactants are needed In & chemical reaction to yield the desked products.

Stoichiometry of

Reactions Involving Gases

The gas laws can be applied to calculate the stnichiometry of reactions

in which gases are reactants or products. Recall that the coefficients in

chemical equations represent molar amounts of substances taking part

in the reaction. Por example, hydrogen gas can react with oxygen gas io
produce water vapor.

IH{g) + Oglgl— 2H Hg)

From the balanced chemical equation, you know that 2 mol of hydrogen
gas reacts with | mol of oxygen gas. producing 2 mol of water vapor.
This tells you the malar ratios of substances in this reaction. Avogadros
principle states that equal volumes of gases at the same temperatare and
pressure contain equal numbers of particles. Thus., for gases, the
coefficients in a balanced chemical squation represent oot only maolar
amouants bat also relative woluomes. Therefore, 2 L of hydrogen gas
would react with 1 L of oxygen gas to prodace 2 L of water vapar.

Stoichiometry and

Volume-Volume Problems
To find the volume of a gaseous reactant or product in a reaction, you
st know the balanced chemical equation for the reaction and the
wvolume of at beast one other gas iovolved in the reaction. Examine the
reaction in Figure 12,70, which shows the combustion of methane.
This reaction takes place every tims you light a Bunsen burmer.
Because the cosfficients represent volume ratios for gases taking
part in the reaction, you can determine that it takes 2 L of oxygen to
react completely with | L of methane. The complete combustion of 1 L
of methane will produce | L of cashon dicxide and 2 L of water vapor.

(hrpgen ges —» E.u'hmdlm&gu # 'Hur\q:-nl
'Ilhfg.'ll"lnﬁ + 0y, ig) — $
1 maol
1 volums: Hl:lum i‘uul.l'm:

l




EXAMPLE Problem 13.7

Volume-Volume Problems What volume
of oxygen gas Is needed for the complete

combustion of 4.00 L of propane gas (CaHg)? *
Assume that pressure and temperaturs remain . \
constant. — .

El Analyze the Problem
You are given the volume of a gaseous reactant In a chemical reaction
Remember that the coefficlents In a balanced chemical equation
provide the wolume relationships of gaseous reactants and products.

Known Unknown

C,}H‘g + 56;—9 3 Coo +Y4 \J'ZO
B Sol:.re for the l.lnknn:ﬁn , L 5L 3L g

s the balanced equation for the combustion of CaHe. Find the
volume ratio for Os and CsHs, then solve for V..

CHe(m) + 50,{g) — 3C0.(g) + 8H,0(g)  wrme me balanced equaton.

5 wolumes 0 Fintl the v obume rato for
1 wolume CsHg 0, and CyHg.

5 s 0 Mubiply tha known volume
VO, = (800 L CaHy) = m%:—m o C5Hy by the volume rato

0 Mind the volume of O,
V=% yy=2eL
ET D
E Evaluate the Answer (&)

The coefflcients In the combustion equation show that 3 much larger
violume of O, than CyHg 18 used up in the reaction, which 1s In
agreamant with the calculated answer. The unit of the answer Is Iters,
a unit of volume, and there are three significant figures.

PRACTICE Problems Extra Practice Page 985 and glencoe.com

38. How many Iters of propane gas (C.Hg) will undergo completa
combustion with 3&.0 L of oxygen gas?

39. Determine the volume of hydrogen gas needed
to react completely with 5.00 L of oxygen gas

38. Determine the wolume of hydrogen gas needed to react completely to form water
with 5.00 L of caygen gas to form water. '
&0. What volume of oxygen 1s needed to completely combust 236 L of 100LH
! 2

methane gas [CHy)?

&1. Challenga Mitrogen and oxygen gases react to form dinfirogen oxlde
gas (M.0) What wolume of O 15 needed 1o produce 38 L of M.0?

2H,(g) + 0,(g) — 2H,0(g)
2LH,
5.00L 2, x v 10.0LH,

38. How many liters of propane gas (CHg) will 2

undergo complete combustion with 34.0 L of
40. What volume of oxygen is needed to

oxygen gas’

yeens completely combust 2.36 L of methane
6.80 L GHg gas (CHy)?
CHglg) + 50,(g) — 3C0,(g) + 4H,0(g) 47200,

1LCH,
34,019, x g, - ORLCH,

41. Challenge Nitrogen and oxygen gases react
to form dinitrogen monoxide gas (N,0O). What

volume of O, is needed to produce 34 L of
N,0O?

17L0,
N, + 0, = N,0
2N, + 0, = 2N,0

1L0,
MLNE X s——2 = 1710,

CH,(g) + 20,(g) — CO,(g) + 2H,0(g)

2L0,
2.36 L-E'H:q_ x m =472 LOZ



CHM.5.2.01.005 Apply Avogadro's hypothesis in calculating gas masses and volumes, Use the mathematical formula of

16 Avogadro's law to calculate volume-mole changes at constant pressure

Texthook, example 8 & applications
330-331
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Stoichiometry and
Volume-Mass Problems

[ConnectionQ)

What you have learned about stoichiometry

can be applied to the production of ammonia (WH ) from nitrogen gas
(N). Fertilizer manufacturers use ammonia to make nitrogen-based
fertilizers. Nitrogen is an essential element for plant growth. Natural
sources of nitrogen in soil, such as nitrogen fixation by plants, the
decomposition of organic matter, and animal wastes, do not always
supply enough nitrogen for optimum crop yields. Figure 12.11 shows
a farmer applying fertilizer rich in nitrogen to the soil. This enables the

farmer to produce a crop with a higher yield.

Example Problem 13.8 shows how to use a volume of nitrogen gas to
produce a certain amount of ammonia. In doing this type of problem,
remember that the balanced chemical equation allows you to find ratios
for only moles and gas volumes, not for masses. All masses given must
be converted to moles or volumes before being used as part of a ratio.
Also, remember that the temperature units used must be kelvin.

EXAMPLE Problem 13.8

El Analyze the Problem

Known Unknown
V¥, = 500 L My, =71
P= 300 atm

T=208K

H solve for the Unknown

Volume-Mass Problems Ammonla Is synthesized from hydrogen and nitrogen.
MN,(@) + 3H,(g) — 2NH,(g)

If 5.00 L of nitrogen reacts completely with hydrogen at a pressure of 3.00 atm
and a temperature of 298 K, how much ammonla, In grams, |s produced?

You are given the volume, pressure, and temperature of a gas sample. The mole and
volume ratlos of gaseous reactants and products are given by the coefficlents in the
balanced chemical equation. Volume can be converted to moles and thus related to
mass by u=ing molar mass and the deal gas law.

Determine how many lters of gaseous ammonia will be made from 5.00 L of nlirogen gas.

1 woluma Ny
2 wodumes: MH 5

5.00 LM; (z—;%a';—;t'—’] = 10.0 L NH,
¥

Find the volume ratoe for N, and NH;
using the balanced equatkon.

Multiply !e Known veume of N; by the
volume raclo o Mnd the volame of NH;.

Use tha Ideal gas law. Solve for o, and calculate the number of molas of NH.,.

PV = nRT
-
=%

{5.00 atm){10.0 L)

n=
i L-G1I'I'I:-|
v | MoK {2‘36 K.]

_ (001008 _ ;o3 mol NH,
[n.mrﬁ:lf" (208 k)
M = (1.N-qtﬁﬁ 1401 Emu] . 3 Hoabofhs » 1.01 amu
- 1 1 Haterit
= 17,04 amu
M = 17.04 g/maol

Convert moles of ammonia to grams of ammonia.

17.04 g MH,
123 MobNH; x i — 21.0 g NHs

S1ae the ldeal gas law.

Solve for m

Substume Vg, = 5.00 L, P = 3.00 aun,
amd T= 2398 K

MuRlply and divide numberns and
units.

Findl the molecular mass of NH;.

Express molar mass In unks of g'mal.

Use the molar mass of Mmmonka as
a corwershon facior.

3 Stefs -

@Vblw\e — \/(’I"""‘Q
KWKo

Knoww
@ P V=R

a8

(D=

AN



PRACTICE Problems Extra Practice Page 385 and glencoe com

&2, Ammonium nitrate 1s 3 common Ingredient in chemical fertilizers. Use the reaction shown
to calculate the mass of solid ammonium nitrate that must be wsad to obtain 0.100 L of

dinitrogen code gas at STP.

&3, When =0lld calclum carbonate (CaC0.) I heated, it decomposes to form solid calcium
oxide (Cal) and carbon dioxide gas (C0,). How many liters of carbon dioxide will be

produced at STP if 2.28 kg of calclum carbonste reacts complataly?

&&. When Iron rusts, it undergoes a reaction with oxygen to form ironilil) oxide.

&Fels) + 30.(0) — 2Re,04(5)

Calculate the wolume of oxygen gas at STP that 1s required to completely react with

52.0 g of iron.

&5. Challanga An excess of acetic acld 15 added to 28 g of sodium bicarbonate at 25°C and
1 atm pressure. During the reaction, the gas cools to 20°C. What volume of carbon
dioxide will be produced? The balanced aquation for the raaction ks shown below.

MaHCO«(2q) + CH2COOH[E0) — NaCH.COO(E0) + CO:(gl + H:O0)

42, Ammonium nitrate is a common ingredient in
chemical fertilizers. Use the reaction shown to
calculate the mass of solid ammonium nitrate
that must be used to obtain 0.100 L of dini-
trogen monoxide gas at STP.

NH,NO,(s) = N,0(g) + 2H,0(g)
0.357 g NH,NO,

1 mol _
0.100k N,O x 24E " 0.00446 mol N,0

1 mol NH,NO,
1 meHis6
= 0.00446 mol NH,NO,

0.00446 pac! NH,NO, x 80.03 g/mol
= 0.357 g NH,NO,

0.00446 metN;0 x

44. When iron rusts, it undergoes a reaction with
oxygen to form iron(I1l) oxide.

4Fe(s) + 30,(g) — 2Fe,04(s)

Calculate the volume of oxygen gas at STP that
is required to completely react with 52.0 g of

iron.
15.6 L O,
3mot 0O
52.0 g-Fe x 1 metFfe % 2 2241
5585gfe 4dmetfe 1 mol
=156L0,

43. When solid calcium carbonate (CaCO,) is

heated, it decomposes to form solid calcium
oxide (CaO) and carbon dioxide gas (COz).
How many liters of carbon dioxide will

be produced at STP if 2.38 kg of calcium
carbonate reacts completely?

533 L CO,
CaCO, — CaO + CO,

1000 g 1molcatt;

2.38kg X =1 = X 5000 g

1.met CO
2_x 2241 _ 533 (o,
1 mel-€aC0O3 1 mot

45. Challenge An excess of acetic acid is added
to 28 g of sodium bicarbonate at 25°C and
| atm pressure. During the reaction, the gas
cools to 20°C. What volume of carbon dioxide
will be produced? The balanced equation for
the reaction is shown below.

NaHCO,(aq) + CH,COOH(aq) —

NaCH,COO(aq) + CO,(g) + H,0(I)
7.9LCO,

Molecular mass of sodium bicarbonate
= 83.9 g/mole

1 mol NaHCO,

28 ghahCO; x —a5

= 0.33 mol NaHCO,

For each mole of sodium bicarbonate, one mole
of CO, Is produced, so 0.33 mol NaHCO, will
produce 0.22 mol CO,.

For an ideal gas, molar volume is 22.4 L at 273 K
and 1 atm.

T=200C+ 273 =293K

224L _ 293K
0.33 met CO, x x £33 K _ 79| of CO
27 1mal 273K 2



CHIM.5.2.02.007.05 Differentiate among different types of mixtures; solution, colloid and suspension in terms of type of mixture,
17 separation upon standing, separation by filtration and Tyndall effect or scattering of light
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Inspire Chemistry — Module 13 — Lesson 1: Types of Mixtures (2 Periods)

3.3.1 Distinguish, using examples, between heterogeneous and homogenous mixtures

o Heterogeneous mixture: A mixture that does not have a uniform composition and in which the
individual substances remain distinct
Examples: Milk, blood, smoke, and dust 1n air

o Homogenous mixture: A mixture that has a uniform composition throughout and always has a
single phase.

Examples: Salt water, and sugar solution

3.3.5 Differentiate among different types of mixtures: solution, colloid, and suspension in terms of type
of mixture, separation upon standing, separation by filtration and Tyndall effect or scattering of
light

o Tvype of mixture:
Solution 1s homogenous, while colloid and suspension are heterogeneous

o Separation upon standing:
Solution and colloid do not separate upon standing while suspension does

o Separation by filtration:
Solution and colloid cannot be separated by filtration while suspension can

o Tyndall effect or scattering of light:
Solution does not scatter light, colloid scatters light while suspension may scatter light but is not

tran Sp arent
Solution Colloid Suspension
.j O
Falshlight or Torch [ — —— Smallest
Solution Colloid Suspension Particle ;::%ie cslcte
Size

Size




Properties of Solutions, Colloids and Suspensions

Property

System

Solution

Colloid

Suspension

Particle Type

Tons, atoms, and small

Large molecules or

Large particles or

molecules particles aggregates
Particle Size 0.1 -1nm 1 — 1000 nm 1000 nm and larger
Effect of Light No scattering Exhibits Tyndall effect | Exhibits Tyndall effect
. Stable Stable Unstable
Effect of Gravity Does not separate Does not separate Sediment forms
. . Particles not retained on | Particles not retained on | Particles retained on
Filtration
filter filter filter
Uniformity Homogenous Heterogeneous Heterogeneous

3.3.6 Distinguish, using examples, between miscible and immiscible liquids

o Miscible liquids: Two liquids that are soluble in each other in any

proportion

o Immiscible liquids: Two liquids that can be mixed together but separate

shortly after

Polar liquids include ethanol, water
Nonpolar liquids include gasoline, toluene, carbon tetrachloride

Miscible
Liquids

Immiscible
Liquids

If you viewed the dispersed particles of a liquid colloid under a
microscope, they would appear to move around in an irregular manner.

= — Define

Brownian motion is the erratic, random movement of solid
dispersed particles caused by the collisions with particles of the

fluid dispersion medium.

These collisions prevent the dispersed particles from settling

out of the mixture.

x
Electrostatic Layering

o
L#]
o
5]
o
(] o o
[+] o o
o o
o
o 0
o o

The dispersed particles of a colloid usually have an electrical surface charge. These
charged dispersed particles will attract oppositely-charged areas of the dispersion
medium, forming charged layers around each particle. As dispersed particles move
closer, the charged layers repel each other and prevent the dispersed particles from

settling out.

When you stir in an electrolyte or heat the colloid, you interrupt this electrostatic
layering and the forces between them, causing the dispersed particles to settle out of

the mixture.

particle with

negative
surface
charge




£} Classify the properties of suspensions and colloids.

. Suspension .

can be separated by filtration

Colloid

cannot be separated by filtration

may scatter light scatters light

particle sizes over 1,000 nm particle sizes between 1-1,000 nm

separates out on standing does not separate out on standing

3.3.2 Define solution

A solution 1s a homogenous mixture or a uniform mixture that contains solids, liquids, or gases

3.3.3 Define solute and solvent
Solute: One or more substances dissolved 1n a solution

Solvent: The substance that dissolves in a solute to form a solution, the most plentiful substance in
the solution

Types and Examples of Solutions Li”{;ﬁ’“‘:;%“
mmml
nitrogen (gas) ouygen (gas)
Liquid carbonatad water water (liquid) carbon dioxide gas)
OCean water water {liquid) 0xygen gas (gas)
antlfroeaze wiater {ligquid) ethylena ghyool (liquid)
vinegar water {iguid) acatic 20k (liquid)
OCEan water water {liguid) sodiem chionde (solid)
Solid dental amalgam slhver {solid) marcury (quid)
steal Iron {solid) carbon (solid)

The state of a solution depends on the state of the solvent. e (»J’
=

Soluble

A substance (solute) is soluble when it readily dissolves in a solvent to form a solution.

Insoluble

A substance is insoluble when it does not dissolve in a solvent.



Section 14.1 Assessment

Section Summary

B The individual substances In a haten-
geneous mixtura remaln distinct.

B Two types of heterogenenis mixtures
are suspensions and collolds.

P Browmian motion 15 the erratic move-
ment of colloid partices.

B Colicids exhibit the Tyndall effect.
B A solution can exist 25 & gas, 3 liquid,

tics of mixtures.
2. Distinguish betwesn suspensions and collolds.

of soluilon.

fog using high beams than using low boams.
5. Describe differant types of colloids.
&. Explain Why do dispersad collold partices stay dispersad?
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1. [TE{™ Explain Usa the properties of seawater to describe the charactens-

3. Identify the varous types of solutions. Describe the characteristics of each type

4. Explain Usa the Tyndall offact to explain why It s more difficult to drive through

A\
-6
\ 3

Ny
\
5

or a solid, depending on the solvent. 7. Summarize What causes Browentan mation?
P Solutes in 2 solution can be gases, 8. Compare and Contrast Make 3 table that compares the progerties of suspen-
liquids, or solids. sions, collolds, and solutions. J
CHIM.5.2.02.007.04 Identify, using examples, the various types of solutions (liquid , solid or gas) and the solute and solvent in its bl 2
18 sixtypes 47
K\l s G A5 o A 4] Wm0 il 13 i) it i 2
Tablke 2 Types and Examples of Solutions
Type of Solwthon Exampile Sobvent Solute
G ar arrogen o ooV bl
Ll:||.'- carionaled wile Walkor Jaguec] Cuhon toade joer)
Ligusd Oooan waker Wikt Qe OOAJEN gas (gas)
Liquid amlrrorym wakr g aliwiene ghyool figued)
Ligued VIEgar Wakr Jeguec] 20t pod fiqued)
Ligquid oocan waloy waler fiquec] =nciem chbande [sobd)
Saolid defial amaigan =y [sodd) MReTCury (]
Lol hingd won {sold) carbeon rohcl

The state of a solution depends on the state of the solvent.
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Just as solutions can exist in different forms, the solutes in the solu-
tions can be gases, liquids, or solids, also shown in Table 14.2. Solutions,
such as ocean water, can contain more than one solute.

Forming solutions Some combinations of substances readily form
solutions, and others do not. A substance that dissolves in a solvent is
said to be soluble in that solvent. For example, sugar is soluble in
water—a fact you might have learned by dissolving sugar in flavored
water to make a sweetened beverage, such as tea or lemonade. Two lig-
uids that are soluble in each other in any proportion, such as those that
form the antifreeze listed in Table 14.2, are said to be miscible. A
substance that does not dissolve in a solvent is said to be insoluble in
that solvent. Sand is insoluble in water. The liquids in a bottle of il
and vinegar separate shortly after they are mixed. (il is insoluble in
vinegar. Two liquids that can be mixed together but separate shortly
after are said to be iImmiscible.

3 270G

Two or more liquids are miscible if they are soluble in each other and mix together.

s Example

Ethanol (colored red) and water are soluble in each other. The two liquids mix and will not separate on standing.

-

VA W5 &

Two or more liquids are immiscible if they are insoluble and do not mix. When mixed, the liquids will separate into layers on standing.

s Example

0Oil and water are insoluble in each other. If shaken up, the liquids mix temporarily but separate into two distinct layers on standing.

-




Drag and drop the correct answers to complete the sentences.

Sand is@ in water.

Oil and water are M
Saltis m in water. Salt is the m and water the m

0

CHM.5.2,03.002 Define concentration, mass percent, percent be volume, molarity, dilution, concentration, molality and mole

fraction,
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molarity
molality

mole fraction

= Figure 14.4 The strength of the
tea comesponds to its concentration.
The darker pat of tea is more concen-
trated than the lighter pot.

New Vocabulary

concentration -
2

3

td

Expressing Concentration

' The concentration of a solution is a measure of how much solute is

dissolved in a specific amount of solvent or solution. Concentration can
be described qualitatively using the words concentrated or dilute. Notice
the pots of tea in Figure 14.4. One of the tea solutions is more concen-
trated than the other. In general, a concentrated solution contains a
large amount of solute. The darker tea has more tea particles than the
lighter tea. Conversely, a dilute solution contains a small amount of sol-
ute. The lighter tea in Figure 14.4 is dilute and contains less tea parti-
cles than the darker tea.

Although qualitative descriptions of concentration can be useful,
solutions are more often described quantitatively. Some commonly
used quantitative descriptions are percent by mass, percent by volume,
molarity, and molality. These descriptions express concentration as a
ratio of measured amounts of solute and solvent or solution. Table 14.3
lists each ratio’s description.

Which gualitative description should be used? The description used
depends on the type of solution analyzed and the reason for describing
it. For example, a chemist working with a reaction in an aqueous solu-
tion most likely refers to the molarity of the solution, because he or she
need to know the number of particles involved in the reaction.

IEL IR % B Concentration Ratios

| CmontatonDuaptos | ke

Percent by mass m"::‘o‘f”—w;”'—% % 100
Percent by volume %&?ﬁ; x 100
Molartty %
vy e

Mole fraction moles of solule

moles of solute + moles of solvent




u given and vice versa
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EXAMPLE Problem 14.2

Caloulating Molarity A 100.5-mL Intravenous {1V} solutlon
contains 5.10 g of glucose (CgH,20g). What 1s the molarity of
this selutlon? The molar mass of glucose Is 180.16 g/mol.

K Analyze the Problem
You are given the mass of glucose dissolved in a wolume of water.
The molarity of the solution s the ratio of moles of solute per liter
of solutlon.

Known

mass of solute = 5.10 g CgH,.0.
mokar mass of CeHi20s = 180,16 g/maol
vizlume of solution = 100.5 mL

Sahving Algebraic

Equations
page U454

Unknown
solutlon concenuradon = ? M

H solve for the Unknown
Calculate the number of moles of CgH, 0,
1 mol CL;H|;.I|:||.;

cﬁ-mﬂdﬂ‘ﬁﬂ%ﬁ[m]

= 00283 mol CH.0, Multiply grams of C.H,,0 by

the moar mass of CgHyz05.

Convert the volume of H.0 to Iiters.

1L
1000

Solve for the molarity.

Uise the comwersion
tacunr 1 LF1000 ml

{1005 mE snlutlu::n]{ ]= 0.1005 L solution

les of sohsta

M = Noes 07 SOt State e mola E

Iters of solutlons rity e

Substnne moles of CeHyy 0 = 0.0Z283
and volume of solmlon - liers of

soluton = 0L1005 L

_ {00283 mol CH,,0,
~ | 01005 L =olution

M= [w Divide MuMBers and unks.

1L salution ) = 0282M

18. What is the molarity of a bleach solution
containing 9.5 g of Na((Cl per liter of bleach?

1 miol

I NaOCl = 95 = 0.13 mol

maol Na o Tiadg mo
larity = _ Mol NaOCl  _ 0.128 mol

molanty = 300 Lsolution . 1.00 L

- 0.13M

19. Challenge How much caleium hydroxide
(Ca(OH),), in grams, is needed to produce
1.5 L of a 0.25M solution?

_ x mol Ca({OH),
0.25M = 1.5 L solution
& = 0.38 mol Ca{OH),
74.08 g

0.38 mel Ca(OH),

— 28 g Ca(OH
mot 9 Ca(OH),

~ PRACTICE Problems Extra Practice Pages %5085 and glencoe com

16. What 15 the molanty of an aqueous solutlon containing 0.0 g of
glucose [CeHi0e) In 1.5 L of solution?

17. Calculate the malarity of 1.60 L of 2 solutton containing 1.55 g of
dissolved KBr.

18. What 15 the molanty of a bleach solution containing 9.5 g of NaOC1
per Iter of bleach?

18. Challenge How much calcium hydroxide (Ca(0OH),). In grams, is
needed to produce 1.5 L of a 0.250M solution?

16. What is the molarity of an agueous solution
containing 40.0 g of glucose (C,Hj,0.) in 1.5 L
of solution?

1 mol

miol CGH12DE = 4‘."‘.“_9' X m

= 0.222 mol

mol CH,,0
olarlty = i 1276 _ 0.222 mol _ g qgur
Moy = IS Lsolution  15L

17. Calculate the molarnity of 1.60 L of a solution
containing 1.55 g of dissolved KBr.

= Tmol _
mol KBr = 1.5, x qqg5 = = 0.0130 mol Ker
olarlty = maol KBr — 0.0130 mol
kit 1.60 L solution 01.60 L
=§.13 = 10-iM
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20. How many grams of CaCl, would be dissolved In 1.0 L of 3 0100
solutlon of CaCls?

21. How many grams of CaCly should be dissolved In 500.0 mL of water
to make a 0200 solution of CaCl?

. How much MaOH are in 250 mL of 2 208 NaOH solution?

. Challenga What volume of ethanol [C.H:0H) 18 In 1000 mL of 0158
solution? The density of ethanol ks 07883 g/mL.

22
23

i

6b\®ﬂ o

V)
V\l\

T

23. Challenge What volume of ethanol (C,H,0H)
is in 100.0 mL of 0.15M selution? The density
of ethanol is 0.7893 g/mL.

1k . 0.15 mol-ethanol
1000 mi 1.k solution
46 g ethanol 1 mL ethanol
1 molethanal  0.7893 g ethamdl

100 mi =

= 0.87 mL

Dilution Equation

_ M rapresants molarty.
M\Vi=M,V, ¥ represents volume.
For a given amount of solute, the product of the molarity and volume of the stock schution
equals the product of the molarity and the volume of the dilute solution.

20. How many grams of CaCl, would be dissolved
in 1.OL of a 0.10M solution of CaCl,?

mol CaCl, = (0.10M)(1.0 L) = (0.10 mol/L)(1.0-8)
= 0.10 mol Cadl,

110.98 g

mass CaCl; = .10 mol Call, = -

mass of CaCl, =11 g

21

How many grams of CaCl, should be dissolved
in 500.0 mL of water to make a 0.20M solution

of CaCIE'?
— 1L
mol l'.'znl!:l2 = S00.0 mL = 000 L »* 0.20M
= 0.10 mol
11098 g

mass CaCl; = 0,10 mot Cacl; =
mass of Call; =119

1 mal

22. How many grams of NaQOH are in 230 mL of a
3.0M NaOH solution?

1L
1000 mL

W, 3.0 mol
1000 mL 1k

mal NaOH = 250 mL = = 3.0M

= 250 mi =
= 0.7% mol

40.00 g

NaCOH = 0.75 NaOH
mass mof Na X T mor

mass of NaOH = 3.0 = 107 g

EXAMPLE Problem 14.3

Dilluting Stock Solutions If you want to know the concemntration
and volume of the solutlon you want to prepare, you can calculate
the volume of stock solutlon you will need. What volume, In
milliliters, of 2.000M calcium chloride (CaCl;) stock solution would
you use to make 0.50 L of 0.300M calclum chloride solution?

E Analyze the Problem
‘You are given the molarty of a stock solution of CaCl; and the volume
and molarity of a dilute solution of CaCl.. Use the relationship between
makantes and volumes to find the volume, In iters, of the stock solution
required. Then, convert the volume to milliers.

Known Unknown

M, = 2.00M CaCl, V¥, = ? mL 2.00M CaCl,
M, = 0300M

V=050 L

B solve for the Unknown
Solve the molarity-volume relationship for the
volume of the stock solution V.

MV, = MV, S1ae the diludon equaon.
§EE
V.= V.{F‘I'} SoWe for ¥,.
03000 Substiune M = Z00M,
I"’1=[D5U|-J[:2_m“ M = 0.300M, 20 V; — 0.50 L

Vi = 050 LJ[:WDSE““} =oo75L  MutBl and dide mumbers

_ 100 mly _ Convert 1o millllers using the
Vi = (0075 U{ 1L ] =75ml o version tacuor 1000 mLA L.

T make the dilution, measure out 75 mL of the stock solution and
dilute It with enough water to make the final volume 0.50 L.
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24, What volume of a 3.00A04 Kl stock solutlon would you wse to make
0.200 L of a 1.26M Kl solutlon?

25. How many milliiters of a 5.00 H.50, stock solutlon would you need
to prepare 100.0 mL of 0250 H.50

26. Challenga If 0.5 L of 5M stock solution of HCI iz diluted to make 2 L
of solution, how much HCI, in grams, was In the solutlon?

Molality

molality (m) = moles of solute

kg of solvent
The malality of a solrtion equals the number of moles of solute divided by kg of soleent.

EXAMPLE Problem 14.4

24. What volume of a 3.00M KI stock solution

25.

26.

would you use to make 0.300 L of a 1.25M Kl
solution?

(3.00M)V, = (1.25M){0.300 L)

_ (125M){0.300 L) _ _
V= e = 0125 L= 125 mL

How many milliliters of a 5.0M H,50, stock
solution would you need to prepare 100.0 mL
of 0.25M H,30,7

(5.0M)V, = (0.25M){100.0 mL)

_ (025M)(100.0 mL) _
v, = S = somL
Challenge If 0.5 L of 3M stock solution of

HCl is diluted to make 2 L of solution, how
much HCL, in grams was in the solution?

mol HCI = 5M = 0.5 L = 2.5 mol HCl

36.45 g HCI
1 mal

mass of HCl = 91.15 g

mass of HCl =

= 2.5 mal

Calculating Molality In the lab, a student adds 4.5 g of sodium chlorde (NaCl)
to 100.0 g of water. Calculate the molality of the solutlon.

Kl Analyze the Problem

You are given the mass of solute and solvent. Determing the number of moles of solute.
Then, you can cakoulate the makality.

Known
mass of water (Hu0) = 1000 g
mass of sodium chlonde (MaCl) = 459

Unknown
m = 7 mol/kg

B solve for the Unknown
1 mol NaCl

&5 0 NaCl = San g Nall 0.077 mol NaCl Calculate the number of moles of SeuE.

1000 g K0 x % —01000KTHO gt tacer 1 g ronn g
Substitute the known values into the expression for molality, and sobve.
m:% Wrlie the equation for malaliry.

m= %ﬁ = 077 mol/kg mm;:ﬁ;ﬁﬂ“ﬂ'_ﬁ NaCl,
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27. What s the molalty of a solution contaiming 10.0 g of Na 50, dizsolved In
1000.0 g of waters

28. Challenge How much (Bal0OH);) In grams, 15 needed to make a 1.00m
aqueaous solutlon?

27. What is the molality of a solution containing
10.0 g Na,50, dissolved in 1000.0 g of water?

1 mal
mol Na,50, = 10.0.g-Na,50, x Ta204g
= 0.0704 mol Na,50,

0.0704 mol Na,S0,

W = ﬂ.ﬂ?ﬂ-ﬂ m

molality =

28. Challenge How much (Ba(OH),), in grams, is
needed to make a 1.00m agueous solution?

_ 1 mol
miol BJI'DHI'E = ”!T Ivent
171 g Ba(OH);
molar mass of BEH.'DH]J B T —

mass of Ba(OH), = 171 g

CHIM.5.2.03.002 Define concentration, mass percent, percent he volume, molarity, di ution, concentration, molality and mole
0 fraction Terthock 35
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is molarity. Molarity (M) is the number of moles of solute dissolved per
liter of solution. Molarity is also known as molar concentration, and the
unit M is read as molar. A liter of solution containing 1 mol of solute is
2 1M solution, which is read as a one-maolar solution. A liter of solution
containing 0.1 mol of solute is a 0.1M solution. To calculate a solution's

Percent by mass The percent by mass is the ratio of the solutes
mass to the solution’s mass expressed as a percent. The mass of the
solution equals the sum of the masses of the solute and the solvent.

Percent by Mass muolarity, you must know the volume of the solution in liters and the
— amount of dissolved solute in moles.
percent by mass = Cxmwsnlioolnis .
mass of splution Molarity
Percent by mass equals the mass of the solute divided by the mass of the whole sohution, molarity (M) = moles of solute
multiplied by 100. ~ liters of solution

. . Thee molarity of a solution equals the males of solute divided by the liters of solution.
Percent by velume Percent by volume usually describes solutions

in which both solute and solvent are liquids. The percent by volume is
the ratio of the volume of the solute to the volume of the solution,

expressed as a percent. The volume of the solution is the sum of the vol- called SESMENFE=the ratin of the number of moles of sohite dissclved in

umes of the solute and the solvent. Calculations of percent by volume
are similar to those involving percent by mass.

Percent by Volume
_ volume of solute
percent by volume = volume of solution

Percent by wodums equals the volume of solute divided by the volume of the solution,

1 kg of solvent. The unit m is read as molal. A solution containing 1 mol
of solute per kilogram of solvent is 2 one-molal solution.

Molality

molality (m) = moles of solute

kg of solvent
The malality of 2 solution equals the number of moles of solute divided by ko of solvent.

maltiplied by 100.

a mole fractlon—the ratio of the number of moles of solute in solution
to the total number of moles of solute and solvent.

The symbol X is commonly used for mole fraction, with a subscript
to indicate the solvent or solute. The mole fraction for the solvent (X )
and the mole fraction for the solute (Xg) can be expressed as follows.

[\ I
p

Maole Fraction Xa and X, represent the maoke
N " fractions of sach subsiance. /_
Xy=—"2 — __"A  m,and n,represent the
4 Hy + Hy L Hy + Mg number of moles of each —

subsiance.

A mole fraction equals the number of moles of solute in a solution divided by the total
number of males of solute and sobvent.
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Factors That Affect Solvation ,

Solvation occurs only when the solute and solvent parti- \ n9S & \)} 4
cles come in contact with each other. There are three : \/}) f

common ways, shown in Figure 14.13, to increase the k/ . V4

collisions between solute and solvent particles and thus ~ \>°\
increase the rate at which the solute dissolves: agitation, /0'3‘@ \ v

increasing the surface area of the solute, and increasing

the temperature of the solvent. )

Agitation Stirring or shaking—agitation of the
mixture—moves dissolved solute particles away from
the contact surfaces more quickly and thereby allows
new collisions between solute and solvent particles to
occur. Without agitation, solvated particles move away
from the contact areas slowly.

Surface area Breaking the solute into small

pieces increases its surface area. A greater surface
area allows more collisions to occur. This is why

a teaspoon of granulated sugar dissolves more quickly
than an equal amount of sugar in cube form.

Temperature The rate of solvation is affected by
temperature. For example, sugar dissolves more quickly
in hot tea, shown in Figure 14.13, than it does in iced
tea. Additionally, hotter solvents generally can dissolve
more solid solute. Hot tea can hold more dissolved
sugar than the iced tea. Most solids act in the same way
as sugar—as temperature increases, the rate of solvation
also increases. Solvation of other substances, such as
gases, decreases at higher temperatures. For example, a
carbonated soft drink will lose its fizz (carbon dioxide)
faster at room temperature than when cold.
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Solubility

Just as solvation can be understood at the particle level,
so can solubility. The solubility of a solute also depends
on the nature of the solute and solvent. When a solute is
added to a solvent, solvent particles collide with the sol-
ute’s surface particles; solute particles begin to mix ran-
domly among the solvent particles. At first, the solute
particles are carried away from the crystal. However, as
the number of solvated particles increases, the same
random mixing results in increasingly frequent colli-
sions between solvated solute particles and the remain-
ing crystal. Some colliding solute particles rejoin the
crystal, or crystallize, as illustrated in Figure 14.14. As
solvation continues, the crystallization rate increases,
while the solvation rate remains constant. As long as the
solvation rate is greater than the crystallization rate, the
net effect is continuing solvation.

Depending on the amount of solute present, the
rates of solvation and crystallization might eventually
equalize. No more solute appears to dissolve and a state

and solvation (as long as the temperature remains
constant).

Unsaturated solutions An unsaturated solution =

is one that contains less dissolved solute for a given n
temperature and pressure than a saturated solution. § Z/M
In other words, more solute can be dissolved in an

unsaturated solution.

Saturated solutions Although solute particles

continue to dissolve and crystallize in solutions that reach
equilibrium, the overall amount of dissolved solute in the
solution remains constant. Such a solution, llustrated in
Figure 14.14, iz zaid to be a satmrated solution; it con-
tains the maximum amount of dissolved solute for
given amount of solvent at a specific temperature an

dy

Pressure. J)” .
o/

Temperature and supersaturated —) W

solutions Solubility is affected by raising the temper-
ature of the solvent because the kinetic energy of its :

particles is increased, resulting in more-frequent colli-
sions and collisions with greater energy than those that
occur at lower temperatures. The fact that many sub-
stances are more soluble at high temperatures is demon-
strated in Figure 14.15. For example, calcium chloride
(CaCly) has a solubility of about 64 g CaCl; per 100 g
H:0 at 10°C. Increasing the temperature to approxi-
mately 27°C increases the solubility by almost 50%, to
100 g CaCl, per 100 g HyO. Other substances, such as
cerium sulfate, have decreasing solubility as tempera-
ture increases, and then remains constant after a spe-
cific temperature is reached.

® Figure 14.14 In a saturated solution, the rate of

e 1 - ! solvation equals the rate of ayssallization. The amount of
of dynamic equilibrium exists between crystallization © gissoived solute does not change

s
-

® Figure 14.15 The solubilities of several substances as
a function of temperature are shown in graph.

Solubilities as a Fanction
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Interpret What is the solubility of NaCl at 80°C7
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® Figure 14.12 Suaoese molecules contain

Aqueous solutions of molecular (om?ounds Waterisalsoa : gigh 0 H bonds and are polar. Polar water
good solvent for many molecular compounds. Table sugar is the molec- | pojeyles form hydrogen bonds with the 0-H
ular compound sucrose. As shown in Figure 14.12, sucrose molecules  :  bonds, which pulls the sucosa into solution.

are polar and have several O-H bonds. As soon as the sugar crystals
contact the water, water molecules collide with the outer surface of the
crystal. Each O-H bond becomes a site for hydrogen bonding with

i
water. The attractive forces among sucrose molecules are overcomeby
the attractive forces between polar water molecules and polar sucrose "
molecules. Sucrose molecules leave the crystal and become solvated by g

water molecules.

Oil is a substance made up primarily of carbon and hydrogen. It does
not form a solution with water. There is little attraction between the
polar water molecules and the nonpolar oil molecules. However, oil
spills can be cleaned up with a nonpolar solvent because nonpolar
solutes are more readily dissolved in nonpolar solvents.
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