Name: __________________

Thermochemistry and Gases
Unit 8

( n i n e c la s s p e r i od s )

Unit 8.1: IMFs
1) States of matter
a) Solid (s)
i) Have the strongest attraction (IMFs) between their particles
ii) Strong attraction keeps the particles in fixed positions and thus they have a definite shape
iii) Strong attraction keeps the particles as close together as possible so they have a definite volume
b) Liquid (l)
i) If you heat up a solid, the particles vibrate faster and
faster and eventually their attractions weaken, thus
making a liquid
ii) Have the strong attraction (IMFs) between their
particles
iii) Strong attraction keeps the particles as close together
as possible so they have a definite volume
iv) Their weaker attractions allow the particles to move
around one another and thus they fill the container
they are in, and have no shape
v) Due to their strong intermolecular forces but mobile particles liquids have some unique properties
(1) Surface Tension --Molecules on the interior attract molecules on the outside forming a literal barrier.
This attraction for internal molecules gives liquids a “surface.” You can see this when water beads up
(2) Viscosity – a resistance to flowing. Molecules of different liquids have various strengths of
intermolecular forces which hold them together with varying degrees of strength. If a substance has
strong intermolecular forces it will stick together more and be viscous. This can be overcome with
increased temperature
(3) Capillary action – moving against gravity due to two properties
(a) Adhesion – attraction for other substances
(b) Cohesion – attraction to itself
(c) This is what causes water to travel up toilet paper if part of it gets wet. The
water in the bowl is attracted to the cellulose molecules of the paper and
attach to them filling in the space between them. Since water is also
attracted to itself it piggy backs on water molecules and those attach to
other cellulose molecules in the toilet paper. This also is what causes water
to from a meniscus in a graduated cylinder
c) Gas (g)
i) If you heat up a liquid, the particles move faster and faster and eventually their attractions break, thus
making a gas
ii) Have NO attraction (IMFs) between their particles
iii) With no attraction between their particles gases disperse throughout their container and have no definite
volume or shape

Heat

(1) Since the particles are small, there is a near infinite amount of space between each particle allowing
them to be compressed easily
2) Phase Change
a) Melting (+Hfus) – also known as Fusion; requires energy. A solid
becomes a liquid
b) Freezing (-Hfus) – also known as solidification;
releases energy. A liquid becomes a
solid
c) Vaporization (+Hvap) –requires
energy. A liquid becomes a gas
d) Condensation (-Hvap) – releases
energy. A gas becomes a liquid
e) Sublimation (+Hsub) –requires energy. A
solid becomes a gas
f) Deposition (-Hsub) – releases energy. A
gas becomes a solid

3) Intermolecular forces (IMFs)
a) The attraction between molecules that are responsible for a substances state of matter
b) The stronger the IMF the higher the melting point of a solid, the higher the boiling point of the liquid, the
stronger the surface tension, the stronger the cohesive and adhesive forces.
c) London Dispersion Forces (LDs)
i) The weakest attraction
ii) Based on electron movement. At any given movement the electrons could
pile up on one side of the atom producing a momentary dipole
iii) The more electrons an atom/compound has the stronger these forces
become.
(1) This is why chlorine, iodine, and bromine while all in the same family exhibit different states of matter.
All are diatomic (Cl2, I2, and Br2), however chlorine is a gas, bromine is a liquid, and iodine is a solid
because chlorine with only 34e- has weaker LDs than bromine, which has 70 e-. and iodine with 106ehas the strongest LDs due to the sheer number of electrons that can pile up one side of the atom or the
other.
iv) Induced dipole forces -- If one atom either develops,
or already possess a dipole, it can force the atoms
around it to also develop a dipole by repelling the
electrons around its negative pole (-) and attraction
them towards it’s positive pole (+)

d) Dipole-Dipole interactions
i) Atoms with a dipole moment will interact with each other by the
attraction of their negative pole (-) and positive pole (+)
ii) This explains why molecules with very few electrons, such as
NH3, have more condensed states of matter (liquid at room
temperature for NH3)
e) Hydrogen bonds
i) NOT ACTUAL BONDS!!!!
ii) The strongest of all IMFs
iii) When hydrogen is bonded to highly electronegative atoms (N, O, and F) it causes H to
develop a very strong partial positive, and N, O, or F to develop a strong partial
negative.
iv) Thus H, has a strong attraction for any neighboring N, O, or F bound to a H.
v) The more lone pairs that N, O, or F have the more sites for this attraction to bond to.
vi) This is why HF with an insanely small number of electrons (10) has a relatively high
boiling point.

Unit 8.2: Thermodynamics and thermochemistry
1) The laws of thermodynamics
a) The zeroth law – if the temperature of A is the same as B and B is the same as C then A and C have the same
temperature
b) The first law – energy cannot be created nor destroyed
c) The second law – every increases in entropy (chaos) if there is no added energy
d) The third law – at zero Kelvin (-273oC) all motion stops and entropy is zero, this is known as a perfect crystal
2) Entropy (S) – the amount of chaos / randomness in a system
a) Can also be thought of as amount of movement
b) Gases (g) have the most entropy due to the massive amount of space and energy their particles have. Solutions
(aq) would be next as the addition of solutes to solvents increases the number of particles present which are
mobile. Pure liquids (l) would have less entropy as their molecules would be able to around each other but at
much slower speeds than gases. Lastly, solids (s) as the densest form of matter would have the least entropy.
The entropy values of solids are limited to vibration movement caused by the number of electrons of each atom
of that solid.
c) You can predict the sign of the change in entropy by paying attention to changes in phase, or moles of gas
products vs reactants
3) Enthalpy (H) - measure of potential energy stored in a
substances bonds
a) It is given the variable H because we have long suspected that
it is related to the “heat” of something
b) Measured in energy – positive enthalpy (+H) means that
energy entered the reaction, while negative enthalpy (-H)
Endothermic
Exothermic
+H
-H
means that energy was released by the reaction
Energy (heat) is
Energy (heat) is
a reactant
a product
i) Endothermic (+H) reactions will feel cold as they absorb
energy from your hand
ii) Exothermic (-H) reactions will feel hot as they release energy into your hand
c) Units of enthalpy
i) calories (cal) – the amount of energy increase 1 g H2O 1oC

ii) Calories (Cal) -- Kcal (1000 cal)
Example 1: Convert each from to the opposite
iii) joules (j) – the amount of energy needed to exert
1.9 cal
0.9 KJ
1 newton of force on an object
4) Potential energy diagrams
a) Graphical representation of the enthalpy of a
reaction as it proceeds
5.4 J
900 Cal
b) Shows the enthalpy of the reaction (Hrxn), and can
be calculated as products – reactants
c) Reactants are always on the left and products are
always on the left
d) A catalyst lowers the activation energy by either providing an additional lower energy pathway or by orienting
the reactants

Unit 8.3: Changes in kinetic and potential energy
1) Kinetic energy
a) Energy of motion
b) Proportional to temperature. Temperature is simply a feel for how quickly molecules are moving. Cold
compounds have very little movement, while hot molecules move very quickly. Heat ‘em up speed ‘em up
i) Temperature
(1) FAHRENHEIT (Non-SI unit) -- Based off the freezing point of brine (50% salt/water)
(2) CELSIUS (oC = K – 273) -- Based off the freezing point of water
(3) KELVIN (K = oC + 273) -- Based off the freezing point of matter
c) Always moves from areas of high kinetic energy to low (heat is transferred from hot to cold). It is moved in
packets known as quanta, therefore we give kinetic energy the variable of “q”
d) Specific heat – the rate at which a substance absorbs, or released,
energy. Has units depending on mass, energy, and temperature
i) Can be: 𝐽⁄𝑔𝑜 𝐶 or 𝐽⁄𝑚𝑜𝑙 𝑜 𝐶 or 𝐽⁄𝑔𝐾 or 𝑐𝑎𝑙⁄𝑔𝑜 𝐶
e) Calculating the amount of energy added / removed from a system
i) q is energy (J or cal)
ii) m is mass (g or mol)
iii) c is specific heat (determines
𝑓
𝑖
the others)
𝐽
iv) T is the change in temperature
𝑜
𝑔 𝐶
(K or oC). T=Tf-Ti

𝑞 = 𝑚𝑐𝛥𝑇
𝑞 = 𝑚𝑐(𝑇 − 𝑇 )
𝐽 = 𝑔(

𝑜
) 𝐶

Example 2: A 25g sample of water (c = 4.2

𝐽
)
𝑔𝜊 𝐶

cools

from 100oC to 0oC, determine the amount of energy
lost by the water?

Example 2A: A 0.3 mol block of lead (c = 26.4

𝐽
)
𝑚𝑜𝑙𝐾

is heated to 373K and placed next to a 0.6 mol block
𝐽

of aluminum (c = 24.3 𝑚𝑜𝑙𝐾) which was cooled to
250K. Assuming no heat is lost to the surrounding,
what is the final temperature of the two metals?

2) Potential Energy
a) Changes during a phase change
b) Molecules move more thus weakening their IMFs
c) Heat of Solidification
i) -Hsolid (always negative)
ii) How much energy needs to be
REMOVED to allow a liquids IMFs to
form a solid
d) Heat of Condensation
i) -Hcond (always negative)
ii) How much energy needs to be
REMOVED for a gasses IMFs to take
over and form a liquid
e) Heat of fusion
i) Hfus (always positive)
ii) How much energy needs to be
PROVIDED to weaken a solids IMF
f) Heat of Vaporization
i) Hvap (always positive)
ii) How much energy needs to be PROVIDED to remove a liquids IMF
g) During phase changes there is no increase/decrease in temperature (kinetic energy)
h) This is a change in potential energy
i) q = energy (J or cal)
𝑞 = 𝑚𝛥𝐻𝑝ℎ𝑎𝑠𝑒.𝑐ℎ𝑎𝑛𝑔𝑒
ii) m = amount (g or mol)
𝐽

𝐽

iii) H = heat of change (𝑔 or 𝑚𝑜𝑙)
Example 3: How much energy must be added to 25g
of H2O to vaporize it at 100oC if the molar heat of
vaporization of water is 40.7kJ/mol?

What is the mass of water that can be condensed if 2400kJ is removed?

3) Heating / Cooling Curve
a) Graph demonstrating the temperature of a substance as energy
is added (heating) or removed (cooling)
b) Slopes = kinetic energy (q=mcT)
c) Plateaus = potential energy (q=mH)
d) Add all the q values to find the overall energy added
(+)/removed(-)

Example 3: Given the values below the graph. How much energy must be added to a 10g block of ammonia to heat it
from -110oC to a gas at 0oC?

Heating of ammonia (s) from -110oC to 0oC
0
0
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Unit 8.4: Phase Change
1) Pressure
a) A measure of how much force is pushing on a specific area
b) On a molecular level -- Collisions with walls of the containers
c) At sea level there are 14lbs of air pushing down on you
2) Units of pressure
a) Evangelista Torricelli
i) Italian physicist & mathematician
ii) Grand Duke of Tuscany attempted to raise H2O 12m but the H2O would not go above
10m
iii) Used mercury to show that pressure is related to elevation
iv) At sea level the mercury moved up 760mm (thus 760mmHg) -- 1mmHg became known as
a torr
b) Blaise Pascal
i) French mathematician
ii) Replicated Torricelli’s experiment
iii) Was interested in the vacuum Something that
didn’t “exist” at the time
iv) Decided that some form of air pressure was holding the mercury up
v) Used newtons (force) per square meter (area) to describe air pressure
vi) 1N/m2 = 1Pa  very little
c) Conférence Générale des Poids et Mesures
i) General conference on weights and measurements
ii) 50’s everyone was using different units (very confusing)
iii) Agreed that the pressure at sea level in Paris, France would forever be 1 atm

760mmHg = 760torr = 101.3kPa = 1atm
Example 4: The pressure at the bottom of the
Marianas trench is 1600
many atm is this?

𝑙𝑏𝑠
𝑖𝑛𝑐ℎ 2

5

(1.1x10 kPa). How

The pressure outside of an airplane at it’s cruising
altitude of 30K ft is 226 mmHg, what is this in torr,
and Pa?

d) Pressure can actually compress matter into more compressed forms (gas to liquid to solid)

3) Vapor pressure
a) Substances on the surface that break from their IMFs to form a vapor
b) When a substances vapor pressure exceeds atmospheric pressure it boils
Example 5: Given the graph, which substance has the lowest boiling point? Which substance has the strongest
intermolecular forces?

101.3 KPa

4) Phase change diagrams
a) Phase is related to temp & pressure
i) High Temps = gasses
ii) Low temps = solids
iii) High pressures = solids
iv) Low pressures = gasses
b) When we graph temperature verse pressure and note the
state of matter
c) Always solid  liquid  gas
d) Lines = phase change
e) Key points to know
i) Triple point -- Pressure and temp that all 3 states of matter are present
ii) Critical point -- Temp and pressure at which a substance is behaves like a liquid and gas

Unit 8.5: Kinetic Molecular Theory
1) Theories of how the molecules of a gas interact to cause the properties of a gas
2) SIX key ideas
a) Gases are comprised of mostly empty space – gas molecules are infinitesimally small and occupy next to no
volume compared to the space between them/
b) It takes a large number of gases to amount to any measureable quantity – since gases are so spread out,
having only a few molecules would be very difficult to track, so most gases are made up of large number of
particles spread over a vast area
c) Gases have no* attracted forces – the molecules of a gas are spread so much so from one another that they do
not attract each other in any way
*this is not entirely true, gases do have attractive forces (IMFs) but due to the vast difference between their molecules, they tend to have negligible attraction for one another. However, if you increase the pressure on a gas, and push those
molecules closer together you can cause those attractive forces to take over, thus a gas can condense

d) When gases collide their collisions are elastic – when a gas strikes a substance it rebounds with the exact same
energy, thus energy is conserved
e) Gases are in constant motion – since they have no attractive forces they never stop moving and since their
collisions are elastic they only slow down when cooled
f) The average kinetic energy of all the particles of a gas is proportional to its temperature in kelvin – K = oC + 273

3) Gases that obey ALL the postulates of the kinetic molecular theory are called ideal gases
a) This is most gases held at high temperature and low pressures
4) Behavior of a gas
a) Diffusion – any substance, including gases, will move from an area where there is a
large concentration of it to an area where there is little
b) Effusion – diffusion through a narrow opening; it is inversely proportional to the
molar mass of the gas; meaning larger gases effuse slower

Unit 8.6: Gas Laws (part I)
1) Daltons Law
a) John Dalton
i) English Chemist, physicist, and meteorologist
ii) Pioneered atomic theory (that Dalton)
b) The pressure of a system of gasses is equal to the partial pressures of the
gasses in it.
c) Two different formulas, one idea
𝑇
i) The sum of all the partial pressures equals the total
pressure
𝑎
ii) The partial pressure of a gas can be found by
multiplying the total pressure by the mole fraction

𝑃 = 𝑃1 + 𝑃2 + 𝑃3 +. ..
𝑚𝑜𝑙𝑎
𝑃 = 𝑃𝑇 ൬
൰
𝑚𝑜𝑙 𝑇

Example 6: In a mixture of 3 gasses with a total
pressure of 10atm, if the partial pressure of gas A is
5.0atm, and gas B is 3.4atm, what is the partial
pressure of gas C?

Breathable air is 16% oxygen. What is the partial
pressure of oxygen at standard conditions in torr?

2) Boyles Law
a) Robert Boyles
i) Irish natural philosopher,
chemist, physicist and inventor
ii) Pressure increases as volume
decreases
iii) Mathematically
(1) 𝑃𝑉 = 𝑅
(2) Since R is a constant, if pressure were to change volume must change with it thus:

𝑃1 𝑉1 = 𝑃2 𝑉2

Example 7: A balloon is filled to 500mL with 1atm of
air, when placed in a vacuum the balloon increases
to 1000mL, what is the pressure in the vacuum?

A hot air balloon is filled at STP with 50L of nitrogen
gas, at an altitude of 30K ft the pressure in the
balloon drops to 226mmHg, what is the new volume
of the balloon if it’s temperature remains constant.

3) Charles Law
a) Jacques Alexandre César Charles
i) French inventor, scientist,
mathematician, and balloonist
ii) Pioneered hot air ballooning
(with hydrogen!)
b) Volume of a gas increases with temperature (your temperature must be in kelvin!)
c) Mathematically

𝑉1
𝑇1

i)

=

𝑉2

-or- 𝑉1 𝑇2 = 𝑉2 𝑇1
𝑇2

𝑉

V = RT --or-- 𝑇 = 𝑅

ii) Since R is constant if volume changes then R must change thus:
Example 8: A gas fills a balloon at a volume of 3.5L
at STP. If pressure remains constant but the balloon
is heated to 25oC, what is the new volume of the
balloon?

When a balloon is inflated at 1atm with 300mL of air
at 27oC is dropped into a pool of liquid N2, the
volume drops to 76.9mL. What is the temperature
of liquid nitrogen in oC

4) Gay-Lussac’s Law
a) Joseph Louis Gay-Lussac -- French chemist and physicist
b) Pressure increases with temperature
c) Mathematically
i)

𝑃
𝑇

𝑃 = 𝑅𝑇 --or-- = 𝑅

𝑃1
𝑇1

=

𝑃2
𝑇2

ii) Since R is a constant if temperature changes pressure must change as well so:

-or- 𝑃1 𝑇2

= 𝑃2 𝑇1

5) The combined gas law
a) All three gas laws run together
b) Since R is a constant if one of the variables changes
then the others must match so:

𝑃1 𝑉1 𝑃2 𝑉2
=
𝑇1
𝑇2
𝑃1 𝑉1 𝑇2 = 𝑃2 𝑉2 𝑇1
Example 9: A toy balloon has an internal pressure of 1.05 atm and a volume of 5.0 L. If the temperature where the
balloon is released is 20° C, what will happen to the volume when the balloon rises to an altitude where the pressure
is 0.65 atm and the temperature is –15° C?

Unit 8.7: Gas Laws (part II)
1) Avogadro’s Hypothesis
a) If you have equal volumes of gas at all the same pressure and temperature, then they contain the same number
of molecules
b) Thus pressure is related to the number of moles of gas (n)
c) So: P=nR or

𝑃
𝑛

=𝑅

2) The ideal gas law
a) If we combine everything we’ve learned (Charles, Boyles, Gay-Lussac, and
𝑃𝑉

Avogadro) into one formula we would get: 𝑛𝑇 = 𝑅
b) R is a constant known as the ideal gas constant:
i)
ii)
iii)

𝐿·𝑎𝑡𝑚
𝑚𝑜𝑙·𝐾
𝐿·𝑘𝑃𝑎
8.31𝑚𝑜𝑙·𝐾
𝐿·𝑚𝑚𝐻𝑔
62.4 𝑚𝑜𝑙·𝐾

0.08206

c) Again your temperature MUST be in kelvin!

𝑅 = 0.0821

𝑎𝑡𝑚 ∙ 𝐿
𝑡𝑜𝑟𝑟 ∙ 𝐿
𝑘𝑃𝑎 ∙ 𝐿
= 62.4
= 8.31
𝑘 ∙ 𝑚𝑜𝑙
𝑘 ∙ 𝑚𝑜𝑙
𝑘 ∙ 𝑚𝑜𝑙

Example 10: How many moles of gas does it take to
occupy 120L at a pressure of 2.3 atm and a
temperature of 340K?

If I have a 50mL container that holds 0.45 moles of
gas at a temperature of -15oC , what is the pressure
in the container?

3) Deviations from the ideal gas law
a) ALL gases deviate from the ideal gas law, and the easiest value to see this deviation is in a gas’ volume
(1) gas molecules do occupy space therefore the volume of a gas is always SLIGHTLY larger than calculated,
especially if that gas is a large molecule
(2) all molecules do exhibit some intermolecular forces, and the stronger those forces the more they will
compress a gas below calculated values
b) gases are only ideal under extreme circumstances: high temperature, and low pressures

Unit 8 Note Quiz Questions
Unit 8.1: States of Matter and IMFs
1. a

2.

3. a

4. a

6. a

5. a

7. a

8. a

10
9.

Unit 8.2: Thermodynamics & Thermochemistry
1. a

2. a

3. a

4. How many kJ is 3.9 x 103 cal?
a. 16.3 kJ
b. 0.93 kJ
c. 16302 kJ
d. 933 kJ
5.

6.

Use the following diagram to answer the next four (4) questions:

7. Which shows the activation energy of the
reaction?
8. Which letter is the enthalpy of the reaction?

9. Which letter shows the potential energy of CH4
and O2?
10. Is the reaction endo/exothermic

Unit 8.3: Energy Changes
1. A

2. A

3. A

4. A

5. A

6. A

7. A

8. A

9. A

10. A

Unit 8.4 : Phase Change
1. A tire has an air pressure of 109kPa, this is
equal to how many atm?
a. 0.143 atm
b. 0.929 atm
c. 1.08 atm
d. 109 atm
2. A bag of potato chips is sealed at sea level,
when the atmospheric pressure is 761.3mmHg.
What is the pressure in the bag in Pa?
a. 1 x 103 Pa
b. 7.52 x 105 Pa
c. 1.01 x 105 Pa
d. 1.00 Pa

4. a

3. a

5. a

7. a

6. a

8. a

Use the following diagram for the next two (2) questions:

9. What is the name of point 2?
a. Triple point
b. Critical point
c. Melting point
d. Boiling point

10.

Unit 8.5: HAS NO NOTE QUIZ
Unit 8.6: Gas Laws (pt 1)
1. A

8. A

9. A
2. A

3. A

4. A

5. A

6. A

10. A

7. A

Unit 8.7: HAS NO NOTE QUIZ

