
CH301&Unit&1
EXAM&REVIEW:&GAS&LAWS&AND&
FUNDAMENTALS



Unit&One&Learning&Outcomes:&Gases
• Describe(pressure(from(a(macroscopic(and(microscopic(perspective.

• Relate(Boyles,(Charles',(and(Avogadro's(gas(laws(to(observations(of(gas(behavior.

• Calculate(the(values(for(state(functions((n,(V,(T,(P)(using(the(ideal(gas(equation.

• Define(the(conditions(of(STP(and(SATP.

• Relate(the(number(density(and(mass(density(for(a(given(gas,(including(
quantitative(calculations(such(as(mass,(molecular(weight,(and(density.

• Relate(partial(pressures(and(the(total(pressure(as(described(by(Dalton’s(Law(of(
Partial(Pressure.

• Apply(the(concept(of(the(gas(laws(to(gas(phase(reactions.

• Perform(stoichiometric(calculations(using(gas(properties,(masses,(moles,(limiting(
reagents,(and(percent(yield.

• Relate(kinetic(energy(to(the(temperature(of(a(gas.

• Relate(temperature,(molar(mass,(and(gas(velocity.

• Describe(the(effect(of(molar(mass(and(temperature(on(the(MaxwellLBoltzmann(
gas(velocity(distribution.

• Apply(kinetic(molecular(theory(to(a(variety(of(gas(phenomena(including(diffusion(
and(effusion.

• Calculate(relative(effusion(and(diffusion(rates(using(Graham’s(Law.

• Explain(the(quantitative(relationship(between(state(functions((n,(T,(V,(and(P)(as(
described(by(kinetic(molecular(theory.

• Describe(macroscopic(gas(behavior(using(a(small(particle(model(of(a(gas.

• State(when(the(ideal(gas(model(fails(to(predict(the(behavior(of(gases(observed(in(
nature(and(in(the(laboratory.

• Explain(what(the(breakdown(of(the(ideal(gas(law(reveals(about(the(assumptions(
of(kinetic(molecular(theory.

• Explain(the(general(principles(of(the(hard(sphere(model(and(van(der(Waal's(model(
of(gas.

• Don’t(forget(your(fundamentals!(

• Stoichiometry,(mole(conversions,(etc.



Wadman&Study&(Cram)&Schedule
1. 6:00& 7:30pm+Get(a(good(meal,(organize(your(study(materials,(

take(a(deep(breath

2. 7:30& 9:30pm+Create(a(thorough(outline(of(the(topics(covered(
in(class(

◦ Use(lecture(notes,(gLchem learning(outcomes,(and(review(slides(to(
create(a(comprehensive(study(guide

◦ The(goal(here(is(twofold:(create(a(great(study(guide(for(the(rest(of(the(
night(and(to(create(a(meaningful(study(experience

3. 9:30&11:30pmWork(through(practice(problems(without(
looking(through(the(solutions;(if(you(need(help,(use(your(outline.(
If(your(outline(doesn’t(help,(add(to(it!

4. 11:30pm&12:00am+Cut(yourself(off(from(chemistry,(wind(
down,(get(a(good(night’s(sleep.

Study(playlist:(Jimmy(Wadman(on(Spotify



Neuroscience&Study&Tips
1. Memory(consolidation(requires(sleep.(Your(studying(is(only(as(good(as(

the(rest(you(get(before(the(exam.

2. Green(Tea(is(better(than(coffee
◦ One(of(the(only(chemicals(actually(demonstrated(to(promote(learning(is(

caffeine.(However,(it(is(only(effective(in(a(range(lower(than(normal(
consumption((coffee(is(too(much,(1L3(cups(of(green(tea(throughout(the(
day(is(just(right).

3. Music(can(help(the(learning(process
◦ In(fact,(good(music(is(one(of(the(most(amazing(things(in(the(world(for(the(

brain(!

4. Learning(is(a(process(of(recollection,(repetition,(and(reinforcement.(
◦ See(the(big(picture
◦ Hone(in(on(your(ability(to(solve(specific(problems



NonLIdeal
Gas&Law



The&NonLIdeal&Gas&Law
• Based(on(our(ideal(gas(model,(we(made(two(

assumptions(that(are(tragically(wrong(for(certain(gases(
at(certain(conditions:(

1. Gas+molecules+have+no+volume

2. Gas+molecules+have+no+attractions+or+repulsions

• With(certain(gases(at(certain(conditions,(you(can(get(a(
situation(in(a(lab(where:

!"#$%&'#()*"#$%&'#( ≠ ,-.

• The(way(to(“fix”(this(is(by(adding(correction(factors(to(
account(for(the(volume(of(gas(molecules(and(the(
attractions(between(them.(This(equation(looks(like(this:

(!"#$%&'#( +
1,2

*2
)(*"#$%&'#( − ,5) )= ),-.



The&NonLIdeal&Gas&Law
• The+Ideal+Gas+Law+is+adjusted+for+real+gases+in+the+following+way:

(! +
1,2

*2
)(* − ,5) )= ),-.

• Important(Notes:
• The(pressure(expression((! + $78

98
) is(equal(to(the(ideal+pressure.(The(P(term(is(the(measured+pressure.

• The(volume(expression((* − ,5))is(equal(to(the(available+volume.(The(V(term(is(the(volume+of+the+

container.

• Key(points:
• Attractive(forces(decrease(the(pressure.(Stronger+attractive+forces+give+a+larger+“a”+value.
• The(size(of(the(molecules(decrease(the(available(volume.(Larger+molecules+give+a+larger+“b”.(
• A(larger(b(value(correlates(with(more(repulsions.(Repulsions(are(an(effect(of(the(fact(that(two(gas(molecules(can’t(take(up(the(same(

space(– therefore,(they(repel(each(other





Favoring&NonLIdeal&Vs.&Ideal&Conditions

• High(Temperature

• Low(Pressure

• High(Volume

• Small(Molecules

• No(attractive(forces

• Small(number(of(molecules

• Low(Temperature

• High(Pressure

• Low(Volume

• Large(Molecules

• High(Attractive(Forces((Intermolecular(forces)

• Large(number(of(molecules

Ideal+Conditions Non&Ideal+Conditions



Quantifying&Non&Ideality:&Compressibility,&z
Repulsions+are+“on”

Attractions+are+“on”

Z(= :;<=>?@<A)9;<=>?@<A
7BC( )

Know(this:
• When(PmeasuredVmeasrured >(nRT,
• Z+>+1

• Repulsions+Dominate

• Measured+volume+is+larger+than+the+ideal+(available)+

volume.

• b+term+correlates+with+repulsions

• When(PmeasuredVmeasrured <(nRT,
• Z+<+1

• Attractions+dominate

• Measured+pressures+is+less+than+the+ideal+pressure.

• a term+correlates+with+attractions





Quantifying&Non&Ideality:&Compressibility,&Z

Z(= :;<=>?@<A)9;<=>?@<A
7BC( )

When(PmeasuredVmeasrured >(nRT,((Z+>+1,+Repulsions+Dominate

• Measured+volume+is+larger+than+the+ideal+(available)+volume.

• Caused+by+the+nb term

When(PmeasuredVmeasrured <(nRT,((Z+<+1,+Attractions+dominate

• Measured+pressures+is+less+than+the+ideal+pressure.

• Caused+by+the+
$78

98
term

For(a(non(ideal(gas,(!"#$%&'#()*"#$%&'#( ≠ ,-..)Compressibility)is)essentially)the)“why”)of)non)ideal)gases.)
• A)gas)can)be)non)ideal)either)because)repulsions)dominate)or)because)attractions)dominate.)
Compressibility)helps)us)quantify)this.)



Quick
Fundamentals
Review



Chemistry&Fundamentals&
There(is(a(simple(relationship(between(mass,(moles,(and(molecular(weight you(must(use(on(the(exam

)^_`ab = ^cbb) ÷ ef
◦ If(you(have(50(g(N2,(you(have(1.8(moles

◦ 50ij2 ) k )
l)"mn
2opq8

= 1.8)tuvwx

)ef = ^cbb) ÷ ^_`ab
◦ If(you(have(a(1.8(moles(of(a(compound,(X,(with(a(total(mass(of(50g,(the(molecular(weight(is(28g

◦ ) )yzp){
l.o"mn{

= 28)i/tuv

)^cbb = ^_`) k )ef
◦ If(you(have(1.8(moles(of(N2,(your(total(mass(is(50g

◦ 1.8)tuvwx)j2 ) k )
2o)pq8
l)"mn

= 1.8)tuvwx



Molecules,&Moles,&and&Mass

1. From(Molecules(to(Moles
◦ Remember:(Avogadro’s(number((NA(=(6.022(x(1023(molL1)(

represents(the(number(of(molecules(in(a(mole.(

2. From(Moles(to(Molecules
◦ On(the(exam,(what(if(you(forget(if(you(multiply(or(divide(by(

Avogadro’s(number?(Remember,(a(mole(is(a(“packet”(of(
molecules.(Converting(from(moles(to(molecules(should(always(
give(you(a(bigger+number

3. From(Moles(to(Mass

4. From(Mass(to(Moles

5. Molecular(Weight

# molecules
NA

= # moles

# moles ⋅NA = # molecules

# moles ⋅MW =mass  

mass
MW

=  # moles

mass
# moles

=  MW

You+are+expected+to+know+how+to+convert+between+molecules,+moles,+and+molar+mass.+

Here’s(how(you(do(it:

1(atom(is(one(fundamental(unit

1(mole(is(6.022(x(1023
fundamental(units



Chemistry&Fundamentals:&Stoichiometry
• Given(the(following(generic,(balanced(chemical(reaction:

A(g) + 2B(g) LL>(3C(g) +(4D(l)

• Simple+ratio+problems: how(many(moles(of(B(are(required(to(make(7(moles(of(C?
• This(problem(can(be(solved(by(simply(understanding(the(stoichiometric(ratio

• Limiting+Reagent,+Gas+Law+Problems:+what(is(the(total(volume(of(your(system(when(10L(of(A(
are(reacted(with(10L(B.(Assume(this(reaction(goes(to(completion.(
• This(problem(should(be(solved(by(working(out(the(reaction

*Do+not+include+condensed+states+(liquids,+solids)+in+the+volume+or+pressure+of+the+final+solution

Know(how(to(do:(Extra(Practice(II(Question(14,(Extra(Practice(III(Question(11.(Sapling(HW2(Question(14,(and(examples(
from(lecture(and(review.



Chemistry&Fundamentals:&Stoichiometry
• Given(the(following(generic,(balanced(chemical(reaction:

A(g) + 2B(g) LL>(3C(g) +(4D(l)

• Simple+ratio+problems: how(many(moles(of(B(are(required(to(make(7(moles(of(C?
• This(problem(can(be(solved(by(simply(understanding(the(stoichiometric(ratio

7)tuvwx)�)Ä) 2)"mn#%)Å
Ç)"mn#%)É

=(4.67(moles(B

• Limiting+Reagent,+Gas+Law+Problems:+what(is(the(total(volume(of(your(system(when(10L(of(A(
are(reacted(with(10L(B.(Assume(this(reaction(goes(to(completion.(
• This(problem(should(be(solved(by(working(out(the(reaction

Ans:(20L((15L(products(formed,(5L(reactant(in(excess)
*Do+not+include+condensed+states+(liquids,+solids)+in+the+volume+or+pressure+of+the+final+solution

Know(how(to(do:(Extra(Practice(II(Question(14,(Extra(Practice(III(Question(11.(Sapling(HW2(Question(14,(and(examples(
from(lecture(and(review.



Ideal&Gases



All&Eponymous&Gas&Laws&
Pretty(much(everything(on(the(exam(can(be(solved(using(the(ideal(gas(law,(but(don’t(forget(the(individual(relationships(that(make(it(
possible.

• Boyle’s+Law:(Pressure(and(volume(have(an(inverse(relationship(

! ∝
1
*

• Charles’+Law:(Volume(and(temperature(have(a(direct(relationship
V ∝ .

• Avogadro’s+Law:(Volume(and(number(of(moles(have(a(direct(relationship
V ∝ ,

• Bike+Pump+Law:(Pressure(and(number(of(moles(have(a(direct(relationship
P ∝ ,

• Amonton’s Law:(Pressure(and(temperature(have(a(direct(relationship
P ∝ .

• Hard&to&do&this+Law:(number(of(moles(and(temperature(have(an(inverse(relationship

n ∝
1
.

• Or(just(remember(that(given(
PV=nRT:
• State(functions(on(the(same(

side(have(an(inverse
relationship

• State(functions(on(opposite(
sides(have(a(direct
relationship





The&Ideal&Gas&Law:&Concept&Questions
• Getting(concept(questions(correct:
• Put(the(various(relationships(into(words(– identify(direct,(indirect(relationships
• If(you(are(not(provided(with(values,(you(can(“test”(made(up(values(to(see(how(your(numbers(change(when(

your(conditions(change

• You(have(a(container(that(separates(50L(helium((A)(and(50L(hydrogen((B)(at(1atm(and(298K.(If(you(remove(the(divider(between(the(two(and(all(them(
to(mix:

• What(is(the(final(pressure(of(C?
• How(does(the(number(density(change(between(A(and(C?
• How(does(the(mass(density(change(between(A(and(C?

Good(study(tip:(Now(ask(yourself(some(additional(questions.(What(if(you(change(the(temperature?(What(if(you(add(a(third(gas?( Which(container(has(the(
highest(mass(density?(Which(container(has(the(highest(kinetic(energy?(Does(container(A(or(B(have(faster(moving(particles?

A B C

He H2 He(+(H2



The&Ideal&Gas&Law:&Concept&Questions
• Getting(concept(questions(correct:
• Put(the(various(relationships(into(words(– identify(direct,(indirect(relationships
• If(you(are(not(provided(with(values,(you(can(“test”(made(up(values(to(see(how(your(numbers(change(when(

your(conditions(change

• You(have(a(container(that(separates(50L(helium((A)(and(50L(hydrogen((B)(at(1atm(and(298K.(If(you(remove(the(
divider(between(the(two(and(all(them(to(mix:

• What(is(the(final(pressure(of(C?(Same

• How(does(the(number(density(change(between(A(and(C?(Same

• How(does(the(mass(density(of(the(gas(mixture(change(between(A(and(C?(Decreases
• Can+you+prove+your+thinking+using+the+ideal+gas+laws?

A B C

He H2 He(+(H2





The&Ideal&Gas&Law

PV(=(nRT

0.08206)à k )1ât k )tuväl k ãäl)

62. 364)à) k âuéé) k tuvälk ãäl)

PV(=(nRT

ãwvèê,

ãwvèê,
ëuvwx

ëuvwx!éwxxíéw)(1ât)

*uvítw)(à)

*uvítw)(à)

!éwxxíéw)(âuéé)

What(do(we(see(here?

• All(units(are(the(same(except(for(
pressure(and(R

• The+R+you+use+for+each+problem+

depends+on+your+pressure+units

The(two(mistakes(students(make:
• Using(the(wrong(RLvalue
• Using+Celsius+instead+of+Kelvin

The(equation(that(quantifies(the(state(of(a(gas;(solves(
for(an(unknown(when(the(other(variables(are(given



Standard&Conditions&(Memorize)
• STP(is(the(default(standard(for(gases

• 0(degrees(Celsius,(1atm
• At+STP,+one+mole+of+ideal+gas+occupies+22.4L

• STAP(is(a(“modern”(default(for(gases((less(used)
• 25(degrees(Celsius((room(temperature),(1(bar



The&Ideal&Gas&Law&and&Density
Two(takeLaway(conceptual(
points:
• All(other(conditions(being(

equal(in(the(ideal(gas(law(
equation((P,(V,(&(T),(all+ideal+
gases+have+the+same+

number+density;+number(
density(depends(on(P,(V,(&(T(
but(NOT(molecular(weight

• All(other(conditions(being(
equal(in(the(ideal(gas(law(
equation((P,(V,(&(T),(a+
heavier+gas+will+have+a+

greater+mass+density;+mass(
density(depends(on(the(
molecular(weight(of(the(gas

ì = îïk:
BkC

MW = ò)k)BkC
:

Choose+one+to+memorize:

Solves(directly(for(molecular(weight((g/mol)

Solves(directly(for(mass(density((g/L)

Note:(P(is(pressure,(ì is(mass(density((m/V)(



The&Ideal&Gas&Law&and&Density

Why(are(these(important?

• The(mass(density(can(tell(you(
how(heavy(a(gas(is.(McCord+

students:+remember+how+a+

football+can+travel+more+

easily+through+humid+air+

because+water+vapor+is+less+

dense+than+nitrogen+and+

oxygen?

• The+molecular+weight+can+

actually+help+us+identify+the+

gas!+

ì = îïk:
BkC

MW = ò)k)BkC
:

Choose+one+to+memorize:

Solves(directly(for(molecular(weight((g/mol)

Solves(directly(for(mass(density((g/L)

Note:(P(is(pressure,(ì is(mass(density(



Gas Mixtures



Partial&Pressure
Partial(pressure(is(a(method(for(quantifying(the(
pressures(exerted(by(individual(species(in(a(gas(
mixture.(

• Three(terms(are(necessary(for(understanding(
partial(pressures:

1. Total+pressure+(Ptotal):(the(“actual”(pressure(of(
the(system

2. Partial+pressure+(Pi):(the(pressure(exerted(by(a(
single(species((i)

3. Mole+fraction+(Xi):(the(ratio(between(the(
number(of(moles(of(a(single(species((i)(and(the(
total(number(of(moles(in(the(system

Gas(mixture:(1.2atm

XA =(5/12
.5atm

XB =(1/4
.3atm

XC =(1/3
.4atm

0.5atm 0.5atm(+(0.3atm

0.5atm(+(0.3atm(+(0.4atm

Gas(A(+(B(Pressure=(0.8(atm



Dalton’s&Laws&of&Partial&Pressure
• Dalton’s+Law+of+Partial+Pressures

• The(total(pressure(is(equal(to(the(sum(of(partial(pressures

Memorize:(Ptotal =(Pa +(Pb +(PC …(+(Pi
• Dalton’s+Law+“Restated”

• The(partial(pressure(of(a(gas(species,(i,(is(equal(to(the(total(pressure(
times(the(mole(fraction(of(i.

Memorize:(Pi =(XiPtotal

XA =(5/12
.5atm

XB =(1/4
.3atm

XC =(1/3
.4atm

Gas(mixture:(1.2atm

Mole(fraction((XA)(=(
"mn#%)mô)ö

"mn#%)mô)öõ"mn#%)mô)Åõ"mn#%)mô)É



Kinetic&
Molecular&
Theory



Kinetic&Molecular&Theory

1. Gases(are(constantly(moving(in(random(directions(

2. The(distance(between(particles(is(large(compared(to(the(particle(
size

◦ True(ideal(gases(have(relatively(no+volume

3. All(particles(have(perfectly(elastic(collisions
◦ There(is(no(energy(loss(in(the(system(to(collisions;(energy(cannot(be(

created(or(destroyed(based(on(Newtonian(Physics

4. No(other(forces(act(upon(ideal(gases
◦ There(are(no(attractive(or(repulsive(forces(that(act(upon(ideal(gas(

particles

5. Kinetic+energy+depends+only+on+temperature

We(now(know(that(the(ideal(gas(law(
fails(us(when(these(two(
assumptions(do(not(hold(true.(

Kinetic+Molecular+Theory+explains+the+“energetic”+component+of+gases,+including+kinetic+energy,+velocity,+

and+the+relationship+between+kinetic+energy+and+temperature



Kinetic&Molecular&Theory:&Relationships
• Kinetic(Molecules(Theory(gives(us(three(

key(relationships(that(you(should(know(
as(equations(and(by(definition((in(
words)

1. Kinetic+Energy+vs.+Temperature

◦ Kinetic(energy(is(dependent(solely(on(the(
temperature(of(a(gaseous(system((direct(
relationship)

◦ R(=(8.314(J(/(mol K
◦ Temperature(in(Kelvin

2. Mass+vs.+Velocity

3. Temperature+vs.+Velocity

úù) = )
Ç
2
-." Energy+per+mole+(J/mol)

ûü
û8
= î8

îü

� ûü
û8
= Cü

C8

�

*'"% = )
3-.
ë

� (single(gas)

(ratio(problems)



KMT:&Mass&vs.&Velocity;&Velocity&vs.&
Temperature
Based(on(the(equation:

*'"% = )
3-.
ë

�

We(can(determine(that(velocity(is(proportional(to:

1. The(square+root+of+temperature

◦ Gas(particles(move(faster(at(higher(temperatures

2. The(inverse+square+root+of(mass.
◦ Gas(particles(move(slower(at(higher(molecular(weights

Molecular(Weight(in(Kg/mol

R(=(8.314(J/mol K

*'"% ∝ ) .�

*'"% ∝ )
1
ë

�



KMT:&Ratio&Problems
When(considering(two(gases,(you(can(use(the(KMT(equation(to(create(a(ratio:

1. Mass+vs.+Velocity+(Vrms)+(same+temperature,+different+molecule)

◦ Velocity(is(proportional(to(the(inverse(square(root(of(mass.
◦ When+temperature+is+constant,+lighter+particles+move+faster

2. Velocity+(Vrms)+vs.+Temperature++(same+molecule,+different+T)

◦ Velocity(is(proportional(to(the(square(of(temperature
◦ When+dealing+with+the+same+species+gas,+particles+move+faster+at+higher+

temperatures

Practice:(What(is(the(ratio(of(the(effusion(rates(of(SO2 to(Cl2?

Pay(very(close(
attention(to(how(
the(1(and(2(match(
up(in(these(
relationships

ûü
û8
= î8

îü

�

ûü
û8
= Cü

C8

�



Practice&Problem
What(is(the(ratio(of(the(effusion(rates(of(SO2 to(Cl2?

Work(on(your(own:(If(a(50g(sample(of(Cl2 has(a(velocity(of(500m/s,(what(
is(the(temperature?

û°¢8
û£§8

=
î£§8
î°¢8

� The(position(of(these(is(
important(because(it(is(asking(
you(for(the(ratio(of(SO2(:(Cl2

*Én8 = )
3-.
ë

�

Note:+Vrms is+typically+measured+through+effusion

Effusion:+a(gas(particle(moves(through(a(small(hole

R(=(8.314(J/mol K
M(=(molecular(weight(in(kg/mol =(0.071(kg/mol





MaxwellLBoltzmann&Distribution
• When(you(have(different(gases(at(a(given(

temperature:

*'"% ∝
1
ë

�

◦ The(heavy(gases(move(slower(on(average
◦ The+lighter+gases+move+faster+on+average

• Checklist:
• Heavier(gases(have(a(slower(vrms and(a(narrow(

distribution
• Lighter(gases(have(a(faster(vrms and(a(wider(

distribution
• Each(curve(tails(off(as(vrms approaches(infinity;(

therefore,(vrms is(slightly(to(the(right(of(the(peak



MaxwellLBoltzmann&Distribution

*'"% ∝ .�

◦ The+hotter+gas+sample+moves+faster+on+average

◦ The(colder(gas(sample(moves(slower(on(average

• Checklist:
• The(colder(samples(will(have(a(slower(vrms and(a(

narrow(distribution
• The(hotter(samples(have(a(faster(vrms and(a(wider(

distribution
• Each(curve(tails(off(as(vrms approaches(infinity;(

therefore,(vrms is(slightly(to(the(right(of(the(peak

When(you(have(the(same(gas(at(different(temperatures:


