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To begin your study of Chapter 8, please read Chapter 8 8
 
Part A: Kinetic Molecular Theory-Section 8.3 
The gas properties and laws discussed in Chapter 12 (Hein) are based on the Kinetic Molecular theory.  The CHM 1025C text list five (or six basic assumptions). You will write these assumptions 
1. Gases are composed of molecules*[1].  The distance between the molecules is very-very great compared to the size of the molecules themselves, and the total volume of the molecules is only a very-very small fraction of the entire space occupied by the gas.  Therefore, considering volume, we are primary considering empty space.  (This assumption explains why gases are highly compressed and have very low densities.)
(Gases are made up of very tiny molecules. The volume of a gas is mainly empty space).
2. No attractive forces exist between molecules in a gas.  (This is what keeps a gas from spontaneously becoming a liquid.)
(Gas molecules have no attraction for one another.)

3. The molecules of a gas are in a state of constant, rapid motion, colliding with each other and with the walls of the container in a perfectly random manner.  (This assumption explains why different gases normally mix completely.  The collisions between molecules and the walls of the container account for the pressure exerted by the gas.)
(Gas molecules demonstrate rapid motion, move in straight lines, and travel in random directions.)

4. All of these molecular collisions are perfectly elastic. As a result, the system as a whole experiences no loss of kinetic energy, the energy derived from the motion of a particle.
(Gas molecules undergo perfect elastic collisions.)

5. The average kinetic energy per molecule of a gas is proportional to the absolute temperature, and the average kinetic energy per molecule is the same at a given temperature and pressure for all gases.  
(The average kinetic energy of gas molecules is proportional to the Kelvin temperature, that is KE is approximately T.)

When we think of molecules of elemental gases, we usually think of the diatomic gases such as nitrogen, oxygen, hydrogen, etc. The Nobel gases exist as monoatomic gases such as Helium, Neon, etc.
Some  texts reduce these assumptions to three, these assumptions are condensed as follows:

(a) Gases consist of particles (molecules or atoms), whose separation is much greater than the size of the particles themselves.
(b) The particles of a gas are in continual, random, and rapid motion. As they move, they collide with one another and with the walls of their container, but they do so without energy loss.
(c) The average kinetic energy of gas particles is proportional to the gas temperature. All gases, regardless of molar mass, have the same average kinetic energy at the same temperature.
Module Six- Part A: Kinetic Molecular Theory    2 points
 State the 5 assumptions of the Kinetic Molecular theory as stated in the book (Section 8.3) :
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Chapter 8 Homework Packet-Page 2
Chapter 8 A1 Properties of Solids, Liquids and Gases  3 Points

State four of the five properties of solids:

a.

b.

c.

d.

e.

State four of the five properties of liquids :

a.

b.

c.

d.

e.

State four of the five properties of gases :

a.

b.

c.

d.

e.

Chapter 8 Homework Packet – Page 3
Part B: Discussion Real vs Ideal Gas Equation
If you have an understanding of the Kinetic Molecular Theory above then when you read in a college chemistry text  you apply the KMT to gases in non ideal behavior. At STP gases behave ideally. But under extreme conditions which cause overcrowding (what are these conditions?), the KMT breaks down such that the Ideal gas Equation: PV=nRT has to be re-written to the Real Gas Equation. This leads to the following discussion questions:
(a) In the Real Gas Equation:   (P + an2/V2) (V - nb) = n RT a pressure correction factor was added. Why? (What assumptions of the kinetic theory breakdown under extreme conditions of temperature and pressure?)
(b) Also a volume correction factor was subtracted. Why? (What assumptions of the KMT breakdown under extreme conditions?)
 Another assumption of the kinetic molecular theory is that collisions between the molecules are elastic-that is, that the atoms or molecules of the gas never stick to one another by some type of intermolecular force.  This is not true at extreme conditions of overcrowding. When a molecule is about to strike the wall of its container, other molecules in the vicinity exert a slight attraction for the molecule and pull it away from the wall. As a result of the intermolecular forces, molecules strike the wall with less force than they would in the absence of intermolecular attractive forces. Therefore, in a real gas, the observed pressure is less than the predicted pressure by the ideal gas law and a pressure correction factor is added to account for this pressure loss.
Also a volume correction factor was subtracted. Why? (What assumptions of the KMT breakdown under extreme conditions?)
 The kinetic molecular theory and the ideal gas law are concerned with the volume available to the molecules to move about, not the volume of the molecules themselves. It is clear the volume occupied by the gas molecules is NOT negligible at high pressures (or extreme low temperatures. The available volume is less than the volume of the container. The volume the molecules occupy must be subtracted from the volume of the container to obtain the volume of free space the molecule can move. 
A good multiple choice question is: under what conditions does ideal gas behavior break down?
Module Six Part B: Discussion Question (2 points)

In the Real Gas Equation:   (P + an2/V2) (V - nb) = n RT a pressure correction factor was added. Why? (What assumptions of the kinetic theory breakdown under extreme conditions of temperature and pressure?)

Also a volume correction factor was subtracted. Why? (What assumptions of the KMT breakdown under extreme conditions?)

Part C: Standard Conditions/Molar Volume- 
Properties of gases are discussed. This includes the introduction to the concept of Gas pressure. Here is a summary:
1. Gases have indefinite shape

2. Gases can expand

3. Gases can compress

4. Gases have low density

5. Gases mix completely with other gases in the same container.

 Atmospheric Pressure is discussed in Section 8.4. The pressure that a gas exerts depends on how often and how hard these molecules strike the walls of the container:

1. If the molecules collide more often, the gas pressure increases.


2. If the molecules collide with more energy, the pressure increases.


[image: image1.jpg]Pressure Pressure
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Higher temperature Lower temperature
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Table 12.2 from another book lists the units of gas pressure under standard conditions:
[image: image2.jpg]Table 11.1 Units of Gas Pressure

Unit Standard Pressure
atmosphere 1 atm (exactly)
inches of mercury 29.9in. Hg
centimeters of mercury 76 cm Hg (exactly)
millimeters of mercury 760 mm Hg (exactly)
torr* 760 torr (exactly)
pounds per square inch 14.7 psi

kilopascal ¥ 101 kPa

* A millimeter of mercury (mm Hg) is defined as exactly equal to 1 torr pressure in honor of
Torricelli, who invented the barometer. Thus, standard pressure can be given as 760 torr.

T The kilopascal (kPa) is the standard SI unit of pressure.
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State standard conditions (STP) in three units of pressure (the last is your choice) and oC and K temperatures:
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 _760__mmHg or _760__torre=  __1___atm = _29.9 in_  = _14.7 psi_= 101 kPa
 __0_oC   =    _273__K 
 You should know the value of the gram molar volume constant to three significant figures. [image: image4.jpg]Table 9.1 Mole Relationships for Selected Gases

No. of No. of Molar Molar
Gas Moles Molecules Mass Volume at STP
hydrogen, H, 1.00 6.02 X 102 2.02 g/mol 22.41./mol
oxygen, O, 1.00 6.02 X 102 32.00g/mol  22.4L/mol
carbon dioxide, CO,  1.00 6.02 X 10% 4401 g/mol  22.4L/mol
ammonia, NH; 1.00 6.02 x 10% 17.04 g/mol  22.41./mol
argon, Ar* 1.00 6.02 X 102 39.95g/mol  22.4L/mol

*Argon gas is composed of atoms rather than molecules.
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Therefore you would put 22.4 in any of the following blanks: 

What are the values for the Molar Gas Volume Constant for the following gases:
 1 moleCO2 =__22.4__L CO2@STP         1 moleH2 =__22.4___L H2@STP
 1 moleN2 =__22.4___L N2@STP           1 moleO2 =__22.4___L O2@STP
Calculate the value of R in the Ideal Gas Equation at STP:
If you substitute the values of the Molar Gas Constant into the ideal gas equation (PV=nRT) you can calculate the value of the constant R:
PV  = nRT   (you must enter Kelvin temperatures-not Celsius)
(1 atm) (22.4 L) = (1 mole) R (273 K)
R = 0.08206 L atm/mol K
 R can include energy units such as Joules or calories: 
	Values for the gas constant R

	Units
	Value

	L atm/mol K
	0.08206

	cal/mol K
	1.987

	J/mol K
	8.314

	m3 Pa/mol K
	8.314

	L torr/mol K
	62.36


We usually use the first value: 0.08206 (or 0.0821) L atm/mol K in the calculation in Chapter 8. However, many times your pressure is not given in atmospheres and if you do not have the above table, you may have to make conversions of the units of pressure from one unit to another. Here are a few example problems:

[image: image5.jpg](Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

SAMPLE PROBLEM 5.1 Converting Units of Pressure

Problem A geochemist heats a limestone (CaCO;) sample and collects the CO, released
in an evacuated flask attached to a closed-end manometer (see Figure 5.4B). After the sys-
tem comes to room temperature, Ah = 291.4 mmHg. Calculate the CO, pressure in torrs,
atmospheres, and kilopascals.

Plan The CO, pressure is given in units of mmHg, so we construct conversion factors
from Table 5.2 to find the pressure in the other units.

Solution Converting from mmHg to torr:

1 torr
Peo,(torm) = 291.4 mmble X 0 = (2914 torr.

Converting from torr to atm:
1 atm
760 torr

Pco, (atm) = 291.4 tore X

Converting from atm to kPa:
101.325 kPa

Pco, (kPa) = 0.3834 atm X — 138.85 kPa
Check There are 760 torr in 1 atm, so ~300 torr should be <0.5 atm. There are
~100 kPa in 1 atm, so <0.5 atm should be <50 kPa.
Comment 1. In the conversion from torr to atm, we retained four significant figures
because this unit conversion factor involves exact numbers; that is, 760 torr has as many
significant figures as the calculation requires.
2. From here on, except in particularly complex situations, the canceling of units in cal-
culations is no longer shown.

FOLLOW-UP PROBLEM 5.1 The CO, released from another mineral sample was
collected in an evacuated flask connected to an open-end manometer (see Figure 5.4D).
If the barometer readmg is 753.6 mmHg and Ak is 174.0 mmHg, calculate Pco, in torrs,
pascals, and Ib/in’.




These calculation may be in multiple choice questions.
Chapter 8 -Part C    Standard Conditions/Molar Volume     2 points
State standard conditions (STP) in three units of pressure (the last is your choice) and oC and K temperatures:
_____mm Hg or ______torre=  ______atm =  _____   ______(you write the unit too)

_____ oC   =    ______K

Are the values for the Molar Gas Volume Constant:

1 mole CO2 =________L CO2@STP
1 mole H2 =________L H2@STP

1 mole N2 =________L N2@STP
1 mole O2 =________L O2@STP
Module Six-Part C1: Gas Pressure Calculations    2 points
The average barometric pressure at an altitude of 10 km is 210 torre.

Express this pressure in:

(a) Atmospheres

(b) Bars

(c) Kilopascals

(d) In Hg

(e) mmHg

Module Six-Part C2: Value of R    2 points
Given the Molar Gas Constant in Part C, Determine the value of R 

in the ideal gas equation

(a)  using first atmospheres 

(b)  Using torre

Part D: Gas Laws/Vocabulary-
In sections of another book 12.2-12.7 Variables affecting gas pressure are best described by the following figure:
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 For Part D you simply write a statement of the gas laws covered in chapter 8 section 8.5 Boyle's Law, Section 8.6 Charles Law-, Section 8.7 Gay-Lussac’s Law , Section 8.9 Avogadro’s Law is defined;  Section 8.8 Combined Gas Law and Section 8.10 the Ideal Gas Equation is covered in Section 8.8.  Dalton’s law is covered in Section 8.11, while Vapor pressure Concept is covered in Section 8.12.
  Here are the statements:

Boyle’s Law (In words) Section 8.5 pages 225-228
The volume of a gas is inversely proportional to the pressure when the temperature remains constant.
V1P1=V2P2
Note the graphical relationship between Pressure and Volume:
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Below is another set of worked examples not in your book:

[image: image8.jpg]~ 1000mL=1L
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SAMPLE PROBLEM 5.2 Applying the Volume-Pressure Relationship

Problem Boyle’s apprentice finds that the air trapped in a J tube occupies 24.8 cm® at
1.12 atm. By adding mercury to the tube, he increases the pressure on the trapped air to
2.64 atm. Assuming constant temperature, what is the new volume of air (in L)?

Plan We must find the final volume (V) in liters, given the initial volume (V}), initial
pressure (P,), and final pressure (P,). The temperature and amount of gas are fixed. We
convert the units of V; from cm® to mL and then to L, rearrange the ideal gas law to the
appropriate form, and solve for V,. We can predict the direction of the change: since P
increases, V will decrease; thus, V, < V,. (Note that the roadmap has two parts.)
Solution Summarizing the gas variables:

Py = 1.12 atm P, = 2.64 atm
V, =248 cm® (convert to L) V, = unknown T and n remain constant
Converting V, from cm® to L:
1 mL 1L

Vy =248 cm® X

Tem® < To00mL -~ 202481

Arranging the ideal gas law and solving for V,: At fixed n and T, we have

Py _ PV,
2abn _ DoV o Py = PoYs
P, 1.12 atm
Vo=V x =L = 00248 x ~——— = [OIOT05HE]
Za s Sipy 2,64 atm

Check As we predicted, V, < V. Let’s think about the relative values of P and V as we
check the math. P more than doubled, so V5 should be less than 3V, (0.0105/0.0248 < 3).
Comment Predicting the direction of the change provides another check on the problem
setup: To make V, < V;, we must multiply V; by a number less than 1. This means the
ratio of pressures must be less than 1, so the larger pressure (Py) must be in the denom-
inator, Py/P,.

FOLLOW-UP PROBLEM 5.2 A sample of argon gas occupies 105 mL at 0.871 atm.
If the temperature remains constant, what is the volume (in L) at 26.3 kPa?




[image: image9.png]Worked Example 9.5 Gas Law Calculations

Ina typical automobile engine, the mixture of gasoline and air in a cylinderis compressed from 1.0 atm to
9.5 atm prior to ignition. If the uncompressed volume of the cylinder is 410 mL, what is the volume in
‘milliliters when the mixture is fully compressed?

Strategy

‘Thisis a Boyle’slaw problembecause only Pand ¥ are changing, while n and T remain fixed. We can therefore
setup the followingequation and solve for Vs

(PV)iitia= (PV)gzar= nRT

Solution

(PVinisiar _ (1.0 atm)(410 mL)

Vi
fina 95atm

=43mL

Ballpark Check

Because the pressure in the cylinder increases about 10-fold, the volume must decrease about 10-fold according
toBoyle’s law, from approximately 400 mLto 40 mL.




[image: image10.png]EXAMPLE 5.2 Boyle'sLaw

Acylinder equipped with 2 movable piston has 2 volume of 725 L under an applied pressure of 4.52 atm. What s
the volume of the cylinder if we decrease the sppled pressure to 121 atm?

o solve the problem, fist solve Boyle’ law SOLUTION
(Equation 5.2 for V> and then substitute the given | PV, = Pyvy
quantities o calalate 7

452am
“l2tam
L

7251

FORPRACTICES.2
Asnorkelertakes a syringe filled with 16 mL of s from the surface, where the pressure s 1.0 atm, t0 an unknown

depth. The volume of the ar in the syringe atths depthis 7.5 mL. What is the pressure at this depth? If the pressure
increases by 1 atm for every additional 10 m of depth, how deepis the snorkeler?





Charles Law (in words)     Section 8.6
The volume of a gas is directly proportional to the Kelvin temperature if the pressure remains constant.
 V1  =  V2
T1      T2

Note the graphical relationship between Temperature and Volume:

[image: image11.jpg]Volume
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Why does the first graph not interest the origin, while the second one does?

Here is another worked example not in your book:
[image: image12.png]EXAMPLE 5.3 Charles’sLaw

Asample of gas has  volume of 2.80 L at an uaknown temperature. When the sample is submerged in ice water st
T=000°C, ts volume decreases to2.57 L. What was its iital temperatuse (ia K andin °C)?

To solve the problem, first solve Chasles's lswe | SOLUTION.
forTy

Before you substitute the numerical values to
calculate T}, you must convert the temperature to
kelvins (K). Romomber, gas aw probloms must
abeays be worked with Kebin temperatures.

000 + 273.15

1=

Substitute T3 and the other given quantiies to

calaate T Vs
280k
= 315
S5 TISK
= 297.6K
Calaulate Tin °C by subtracting 273 from the
e ais : 7)(°C) = 297.6 - 27315 = 24°C

FORPRACTICES.3
Agasina cylinder with a moveable piston has an initial volume of 82 mL. If we heat the gas from 35 °Cto.
155°C, whatis ts final volume (i mL)?





Gay-Lussac’s Law (in words)     Section 8.7
The pressure of a gas is directly proportional to the Kelvin temperature if the volume remains constant.
P1  =  P2
T1      T2
Note the graphical relationship between Temperature and Pressure:
[image: image13.jpg]Pressure
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It looks the same as Charles Law. Why?
[image: image14.png]Gay-Lussac’s Law Problem

A steel container of nitrous oxide at 10.4 atm is
cooled from 33 °C to —28 °C. What is the final
volume at constant J”?

We first have to convert the temp from °C to K:
33°C+273=306K

—28°C +273=245K

K _
10.4 atm x SBKR - 13.0 atm




Study Example 10.5 page 292 for a sample problem for Part E.  You should try Problems #29-32 at the end of the chapter on page 308 for additional Part E type problems.

[image: image15.jpg](Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

SAMPLE PROBLEM 5.3 Applying the Pressure-Temperature
Relationship

Problem A 1-L steel tank is fitted with a safety valve that opens if the internal pressure
exceeds 1.00X10° torr. It is filled with helium at 23°C and 0.991 atm and placed in boil-
ing water at exactly 100°C. Will the safety valve open?

Plan The question “Will the safety valve open?” translates into “Is P, greater than
1.00x 10> torr at T2” Thus, P, is the unknown, and Ty, T», and P, are given, with V (steel
container) and n fixed. We convert both 7' values to kelvins and P, to torrs in order to
compare P, with the safety-limit pressure. We rearrange the ideal gas law to the appro-
priate form and solve for P,. Since T, > T, we predict that P, > P;.

Solution Summary of gas variables:
Py = 0.991 atm (convert to torr) P, = unknown
Ty

= 23°C (convert to K) T, = 100°C (convert to K) e 1 oC+ 27315 -

V and n remain constant 760 torr
Converting T from °C to K:

T, (K) = 23°C + 273.15 = 296 K @ @
T, (K) = 100°C + 273.15 = 373 K

Converting P from atm to torr:  multiply by
760 t¢ - T2lTy

Py (torr) = 0.991 atm X ook = 753 torr
1 atm

Arranging the ideal gas law and solving for P,: At fixed n and V, we have
LB b SR Sl by
#ly #l Tn T,

i 373K
Ep 2 x =
Py = Py X2 =53 tor X S = 949 o

P, is less than 1.00X10° torr, so | the valve will not open.

Check Our prediction is correct: because T, > T;, we have P, > P;. Thus, the temper-
ature ratio should be >1 (7, in the numerator). The T ratio is about 1.25 (373/296), so
the P ratio should also be about 1.25 (950/750 = 1.25).

FOLLOW-UP PROBLEM 5.3 An engineer pumps air at 0°C into a newly designed
piston-cylinder assembly. The volume measures 6.83 cm’. At what temperature (in K)
would the volume be 9.75 cm*?





Dalton’s Law of Partial Pressures (in words)  Section 8.11
The total pressure of a gaseous mixture is equal to the sum of the individual pressure of each gas.

Ptotal =  P1  + P2  + P3 + …

Define Vapor pressure: Vapor pressure is the pressure exerted by the gaseous vapor above a liquid (usually in a closed container) when the rates of evaporation and condensation are equal.  
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.

Here are more examples of work Dalton’s law application which are not in our book:

[image: image18.jpg](Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

SAMPLE PROBLEM 5.8 Applying Dalton’s Law of Partial Pressures

Problem In a study of O, uptake by muscle at high altitude, a physiologist prepares an —
atmosphere consisting of 79 mole % N, 17 mole % '°0,, and 4.0 mole % '*0,. (The iso-
tope 'O will be measured to determine the O, uptake.) The pressure of the mixture is i

0.75 atm to simulate high altitude. Calculate the mole fraction and partial pressure of '*0, . divide by 100
Y

in the mixture.

Plan We must find Xio, and Pis, from Py, (0.75 atm) and the mole % of '*0, (4.0).
ing the mole % by 100 gives the mole fraction, Xiso,. Then, using Equation 5.12,

DI
~ multiply by Potar

we multiply Xiso, by Pio to find Prsg,.
Solution Calculating the mole fraction of "0, L
_ 4.0mol % "0,

Koo, = 20mO% 0 _ j0ap)

Solving for the partial pressure of *0,:
Pisg, = Xisg, X Pigyy = 0.040 X 0.75 atm = [0.030 atm_

Check Xisq, is small because the mole % is small, so Pisg, should be small also.
Comment At high altitudes, specialized brain cells that are sensitive to O, and CO, lev-
els in the blood trigger an increase in rate and depth of breathing for several days, until
a person becomes acclimated.

FOLLOW-UP PROBLEM 5.8 A mixture of noble gases consisting of 5.50 g of He,
15.0 g of Ne, and 35.0 g of Kr is placed in a piston-cylinder assembly at STP. Calculate
the partial pressure of each gas.
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SAMPLE PROBLEM 5.9 Calculating the Amount of Gas Collected
over Water

Problem Acetylene (C,H,), an important fuel in welding, is produced in the laboratory
when calcium carbide (CaC,) reacts with water:

CaCy(s) + 2H,0() —> C;Ha(g) + Ca(OH)x(aq)
For a sample of acetylene that is collected over water, the total gas pressure (adjusted to
barometric pressure) is 738 torr and the volume is 523 mL. At the temperature of the gas
(23°C), the vapor pressure of water is 21 torr. How many grams of acetylene are col-
lected?
Plan In order to find the mass of C,H,, we first need to find the number of moles of
CoH,, nc,p,, which we can obtain from the ideal gas law by calculating Pc .. The barom-
eter reading gives us Py, Which is the sum of Py, and Py o, and we are given Py,o,
s0 we subtract to find Pc,,. We are also given V and T, so we convert to consistent units,
and find 7.y, from the ideal gas law. Then we convert moles to grams using the molar
mass from the formula.

Solution Summary of gas variables:
¢ Py, (torr) = Pioi — Py,o = 738 torr — 21 torr = 717 torr

~ subtract Ao Pe, (am) = 717 torr X =S8 = 0,943 atm
v :
1L
V(L) =523 mL X ——— = 0523 L
WOl P e = O

T (K) = 23°C + 273.15 = 296 K
nc,n, = unknown

Solving for nc,p,:

Y 0.943 X 0.523 L
0.0821 e X296 K

- multiply by AL (g/mol)
| Converting nc,y, to mass:

26.04g CH,

Mass (g) of CH, = 0.0203 mol C;H, X Tmol GH,

= 10529 g CoH,
Check Rounding to one significant figure, a quick arithmetic check for n gives
_ lamXxO05L
atm-L
mol-K
Comment The C,> ion (called the carbide, or acetylide, ion) is an interesting anion. It

is simply “C=C", which acts as a base in water, removing an H* ion from two H,0
molecules to form acetylene, H—C=C—H.

FOLLOW-UP PROBLEM 5.9 A small piece of zinc reacts with dilute HCI to form
H,, which is collected over water at 16°C into a large flask. The total pressure is adjusted
to barometric pressure (752 torr), and the volume is 1495 mL. Use Table 5.3 to help cal-
culate the partial pressure and mass of H,.

=~ = 0.02 mol = 0.0203 mol
0.08

X 300K




From Another book:
[image: image20.jpg]TABLE 11.2 VAPOR PRESSURE OF WATER

TEMPERATURE °C PRESSURE mm Hg TEMPERATURE °C PRESSURE mm Hg
5 6.5 55 118.0
10 9.2 60 149.4
15 12.8 65 187.5
20 17.5 70 233.7
25 23.8 75 289.1
30 31.8 80 355.1
35 41.2 85 433.6
40 55.3 90 525.8
45 71.9 95 633.9
50 92.5 100 760.0
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Avogadro’s Law (in words/formula)     Section 9.9
The volume of a gas is directly proportional to the number of molecules (moles) if the pressure and temperature remain constant.
 V1  =  V2
n1       n2

Avogadro’s Law Calculation

[image: image21.png]EXAMPLE 5.4 Avogadro’s Law

A4.65-L sample of helium gas contains 0.225 mo of heium. How many additional moles of heium gas must we
add tothe sample tocbtain 3 volume of 648 L? Assume constant temperature and pressure.

To sove the problem, firs solve Avogadro’s aw for .| SOLUTION.

‘Then substiute the given quantitesto calculate . v v
A
n=yin
Since the balloon alreads ins 0.225 mol of § 648k
on ly contains of gas, - 0.225 mol
clclste the amount of g 13dd by subiracting 0.225 a6st
mol fom the value you caculted for m;  Chapser 1, w514l

weintroduced the pactice of underlining the least
(ightmost)significant digit of intermediate answers, but | moles (0 add
not rounding the final answer until the very end ofthe

caleulation. We continue that practice in this chapter

Hovwever,in orderto svoid umnecessary notation, wewill

ot carry additional digitsin cases, such a this one,

where doing so would not affectthe final answer)

0314 mol — 0225 mol
0.089 mol

FORPRACTICE 5.4

‘A chemical reaction occurting in a cylinder equipped with a moveable piston produces 0.621 mol of a gaseous
‘product.Ifthe cylinder contained 0.120 mol of gas before the reaction and had an nitial volume of 218 L, what
‘wasits volume afterthe reaction? (Assume constant pressure and temperature and thatthe initial amount of gas
completely reacts)





Combined Gas Law Equation (write only the equation): 
[image: image22.png]Combined Gas Law

« When we introduced Boyle’s. Charles’s. and
Gay-Lussac’s laws. we assumed that one of the
variables remained constant.

« Experimentally. all three (temperature. pressure.
and volume) usually change.

« By combining all three laws. we obtain the
combined gas law:





Derive the combined gas law from the Ideal Gas Equation: PV = nRT:
V1P1   =   V2P2
  T1           T2

[image: image23.png]Applying the Combined Gas Law

 To find a new volume when P and 7" change:
r=rx I L

X ==

2 7T
[ S e

« To find a new pressure when /" and 7' change:
Py=Px Y b}

L x =z
7, T,
Vcor —_ &~ A Tacor
« To find a new temperature when P and 7 change:

Py vy
= 2x —2
T,=T,x 7, 7





[image: image24.png]Combined Gas Law Problem

« In a combined gas law problem., there are three
variables: . V. and 7.

« Let’s apply the combined gas law to 10.0 L of
carbon dioxide gas at 300 K and 1.00 atm. If the
volume and Kelvin temperature double. what is
the new pressure?

Conditions P Vv T
initial 1.00atm 10.0L 300K
final P, 2000L 600K





[image: image25.png]7y M T
8 T,

Py=P,x

10.0% 600 K
P,=1.00atm x 0% ')X 300K

=1.00 atm




Study example 10.6 pages 294-295 for a sample Part E Problem.

Work examples at the end of the chapter Page 308 #33-42

[image: image26.png]Absolute Zero

« The temperature where the .,

pressure and volume ofa .|
gas theoretically reaches
zero is absolute zero.

« If we extrapolate 7" versus
P or T versus V graphs to s
N

zero pressure or volume, S
the temperature is 0 LR IR
Kelvin, or-273 °C.





Ideal Gas Equation (write only the equation): Section 8.10 McMurry
[image: image27.png]Variables Affecting Gas Pressure

There are three variables that affect gas pressure:

1. The volume of the container.

S}

The temperature of the gas.

v

The nmumber of molecules of gas in the container.




[image: image28.png]Recall that the pressure of a gas is inversely
proportional to volume and directly proportional to
temperature and the number of molecules (or
moles):
nl

PoC T
If we introduce a proportionality constant. R. we
can write the equation:

_ RnT

r v




Rearrange to for the Ideal gas Equation:

PV = nRT

[image: image29.png]Ideal Gas Law Problem

How many moles of neon gas oceupy 2.34 L
aSTP?

AtSTP. 7= 273K and P = 1.00 atm. Rearrange
theideal gas equation to solve for moles:
P

"= RT

L (Loowm@3d)
(0.0821 atnd/mol-K)(273K)

n

7= 0.104 mol




[image: image30.png]Worked Example 9.4 Gas Law Calculations

Howmany moles of gas (air) are in the lungs of an average adult with a lung capacity of 3.8 L? Assume that
the lungs are at 1.00 atm pressure and a normal body temperature of 37 °C.

Strategy

‘This problemasks for a value of n when ¥ P, and Tare given. Rearrange the ideal gas law to the form
'n=PV/RT. convertthe temperature from degrees Celsius to kelvin, and substitute the given values of 2 ¥,
and T intothe equation.

Solution
. (0am)BsL)
)1310 K)

015 mol
L-atm

K-mol

(D,usz 06

‘The lungs of an average adult hold 015 mol of air.

Ballpark Check

Alung volumeof4 L is about 1/6 0f 22.4 L, the standard molar volume of an ideal gas. Thus, the lungs have
acapacity of about 1/6 mol, or 0.17 mol.




[image: image31.png]Worked Example 9.6 Finding A Mass Using Gas Law Calculations

Atypical high-pressuretire on a bicycle might have a volume of 363 mL and a pressure of 7.80 atm at 25 °C.
Supposetherider filled the tire with heliumto minimize weight. What is the mass of the heljumin the tire?

Strategy

‘Weare given ¥, P, and T, and we need to use the ideal gas law to calculate », the number of moles of helium
in the tire. With » known, we then do a mole-to-mass conversion.

Solution
po R OO
(o.osz 065~ mol)(qu K)
400g He
Grams of helium = 0.116 mol He x = 0461g

Tmol He




Chapter 8 Part D Gas Laws                                         4 points
State:
Boyle’s Law (In words and formula) (See Section 9.2)
Charles Law (in words and formula) (See Section 9.2)
Dalton’s Law of Partial pressures (in words and formula) (See Section 9.5)
Gay-Lussac’s Law (in words and formula) (not in McMurry)
Avogadro’s Law (in words and formula) (Section 9.2)
Combined Gas Law Equation (write only the equation) 
Ideal Gas Equation (write only the equation) (See Section 9.3)
Define Vapor Pressure (See Section 10.8):
Graham’s Law of Diffusion and Effusion-Section 9.7
Chapeter 8  Part E Gas Law Problems                            14 points
Boyle’s Law 
1.  A sample of a gas has a volume of 100 mL when measured at 25 oC and

 760 mmHg.  What volume will the gas occupy at 25 oC and 380 mmHg?

Charles Law(
. The volume of a gas is 100.0 mL at 27 oC.  At what temperature in degrees Celsius would the volume of the gas be 200.0 mL, assuming the pressure remains constant.

Gay-Lussac’s Law 
3.  A sample of gas occupies 100.0 L at 710.0 torre and 27 oC.  Calculate the pressure in torre if the temperature is changed to 127 oC while the volume remains constant.

Dalton’s Law of Partial Pressures 
4. Calculate the dry volume in milliliters of 200 mL of hydrogen gas collected over water at 25 oC at 760 torre pressure with the temperature remaining constant.  (The partial pressure of water vapor at 25 oC is 23.8 torre.) 

Avogadro’s Law 
5.   A 1.5 mole sample of a gas occupies 25.0 L at 758 torre and 27oC. Calculate the Volume of the gas, if more molecules are injected into the vessel increasing the moles to 2.5 moles, provided the pressure and the temperature do not change.

Combined Gas Laws 
6. A100.0 mL sample of air is collected at 25oC and 774 mmHg. What is the volume at STP?

Ideal Gas Equation 
7. Calculate the number of moles of nitrogen gas in a 5.00 L cylinder at 27 oC and 4 atm pressure. R = 0.0821 L atm/ K mole ) 

How much does this volume of gas weigh?
[image: image32.jpg](Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

SAMPLE PROBLEM 5.5 Solving for an Unknown Gas Variable at
Fixed Conditions

Problem A steel tank has a volume of 438 L and is filled with 0.885 kg of O,. Calculate
the pressure of O, at 21°C.
Plan We are given V, T, and the mass of O,, and we must find P. Since conditions are
not changing, we apply the ideal gas law without rearranging it. We use the given V in
liters, convert 7 to kelvins and mass of O, to moles, and solve for P.
Solution Summary of gas variables:

V=438L T = 21°C (convert to K)

n = 0.885 kg O, (convert to mol) P = unknown
Converting T from °C to K:

T (K) = 21°C + 273.15 = 294 K

Converting from mass of O, to moles:

1000g 1m0l

1= mol of 0 = 0885 kg 0, X T8 X e =277 mol 0,
Solving for P (note the unit canceling here):
27.7 mot x 00821 22 ¢ 594
b TRT _ ol K
v BIL

Check The amount of O, seems correct: ~900 g/(30 g/mol) = 30 mol. To check the
approximate size of the final calculation, round off the values, including that for R:

30 mol 0, x 0.1 2L 5 300
pe— mK T o
0L

which is reasonably close to 1.53 atm.

FOLLOW-UP PROBLEM 5.5 The tank in the sample problem develops a slow leak
that is discovered and scaled. The new measured pressure is 1.37 atm. How many grams
of 0, remain?




 Part F: Enthalpy Change with Phase Change 
[image: image33.png]12.6 | Phase Changes

Aphase is a homogeneous part of a
rest of the

tem that is separated from the
system by a well defined boundary.

When a substance goes from one phase to another phase. it has
undergone a phase change

Example Phase Change
Freezing of water H,O(/) — H0(s)

Evaporation (or vaporization) of water  H,O(/) — H,0(g)
Melting (fusion) ofice  H,0(s) — H,O(/)

Condensation of water vapor H,0(g) — H,O())
Sublimation of dry ice CO(s) = COs(g)

Deposition of iodine L(g) = L(s)




[image: image34.png]The six possible phase changes
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[image: image35.png]Phase Changes

The boiling point of a substance is defined as the temperature at
which its vapor pressure equals the external atmospheric pressure.

‘The molar heat of vaporization (1H,,,) is the amount of heat
required to vaporize a mole of substance atits boiling point.

TABLE 12.6 | Molar Heats of Vaporization for Selected Liquids

substance Boiling paint °C) AH,, (kjmol)
Argon (An) -186 63
Benzene (CH,) 801 310
Ethanol (C.H,0H) 783 393
Diethy ether (CH,0CHy) 346 260
Mercury (Hg) 357 590
Methane (CH,) 164 92

Water (H,0) 100 40.79




[image: image36.png]The transformation of a liquid to a solid is called freezing.
The reverse process is called melting, or fusion

The melting point (freezing point) of a solid (or liquid) is the
temperature at which the solid and liquid phases coexist in

equilibrium
ice = water

H,0(s) = H,0())

In dynamic equilibrium, the forward and rever
occurring at the same rate.

e process are




[image: image37.png]The molar heat of fusion (1Hj,) is the energy required to melt 1
mol of a solid.

Substance Melting point (*0)
Argon (An) -190
Benzene (CH,) 55
Ethanol (C,H,OH) -173
Dithyl ether (C,H,OCH,) 1162
Mercury (Hg) -39
Methane (CH) -183

Water (H,0) 0




[image: image38.png]Phase Changes
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[image: image39.png]Phase Changes

Sublimation is the process by which molecules go directly from the
solid phase to the vapor phase.

Deposition is reverse process of sublimation.

The molar enthalpy of sublimation (1H,,) of a substance is the
energy required to sublime 1 mole of a solid.

Solid 1, in equilibrium with its vapor




Chapter 8 Section 8.15
Part D: Enthalpy change with Phase Change/Ice Cube Problem   
 Phase Change (3 points):
1. Calculate the amount of heat necessary to melt 27.0 grams of ice at 0oC, if the heat of fusion of ice is 333 J/g.

 If I had the same amount of water at 100oC, calculate the amount of heat required to boil 27.0 grams of water if the heat of vaporization of water is 2256 J/g?

 How much heat is required to raise the temperature of the 27 grams of water at 0oC to 100oC, if the specific heat of water is 4.184 J/goC
Ice Cube Problem (2 points):
If 27.0 grams of ice at 0oC is added to an insulated cup of water containing 123 grams of water at 50oC. What will be the final thermodynamic equilibrium temperature of the water/ice mixture assuming no heat is lost to the surroundings?

