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Unit 9: Qas Relationships and the Kinetic Molecular Theory
I. A Comparisdii of Solids, Liquide and Gases

The strength of the attractive forces between the particles of a substance determines the
tgmperature at which melting and boiling occursi. The stronger the attractions, the higher
the melting and boiling points. For example, nonpolar butane (CaHf O) has only weak 

-

dispersion interaction between its molecules and will boil at 0'C, whereas water with its
strong hydrogen bonding wiII freeze solid atthis snme temperature! As the temperature of
a substance increases, its particles gain kinetic enerry and move more rapidly. 

-Phase

changes occur when the amount of vibrations and movement become greater than the
forces of attraction. In the solid state, the athactive forces are the strongest and the
particles are held in fixed positions, having onlyvibrrationahnotion. As the solid melts,
the particles gain the freedom to tumble and roll arcund within the liquid(rotational
motion), but they still remain in contact with each other. When the boiling temperature
is reached, the forces of attraction &re no longer strong enough to hold the particles
together, and the liquid changes into a gas, causing the particles to expand outwards. The
tranalationalmotion of the gas particles is limited only by collisions with the walls of its
container and with other gas particles. The diagrams below illustrate how the particle
arrangements vary as ice absorbs enough heat energyto melt and then the water gains
additional energyto boil offas stenm.

enerry

added

enerry

added

Prv,blclzn: Compare the structures of ice, water and stenm shown above and describe the
general characteristics of each in the following chart:

Solids Liquids Gases

shape?

volume occupied
by phase?

a,mo'rnt & tnte
of particle

movement?

phnse density?

efrectiveness of
attractive forces?

II. The Kinetic Molecular Theory and an ldeal Gas

To be able to explain the properties of solids,liquids and gases, chemists use a kinetic
molecular model that describes the behavior of the sub microscopic particles in terms of
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their deglee of motion. In the solid and liquid phase, the attractive forces are very strong,
which limits the'rilovement of the parbicles. In the gaseous phase, the kinetic enerry of
the particles allows them to break away from their attractive forces and act
independently of each other. The characteristics of pressure, volume, expansion and
diffirsion of gases relative to their temperature can be explained using the kinetic
molecular theory (KMI), proposed by Boltzmann and Maxwell around 1860.

Five assumptions of the KMI to describe an ideal gas €rre:
o Molccules of an id,eal ga^s are dim.ensinnl.ess points with rw uolume. Since the volume of

the gas molecules themselves is very small in comparison to the total volume of gas in
the container, this assumption is valid.

. Mol.ecules of a gas are in constant, random straight-line mntinn The molecules continue
in straight line trajectories until theyhit another molecule and are deflected. The
average distance between two successive collisions is called the mean fr,ee path.

o The collisbns that occur between mol.ecules or with th.e walls of the container are
perfectly ela^stic. That is to say that there is no total kinetic enerry lost or gained by
the collisions. Enerrylost byone molecule in a collision is transferred to another
molecule.

. Thp auerage kinetic energy of the gas molecules is proprtianal to tlu absolute
tempemture. As the temperature increases, the average speed of the molecules
increases, as does their kinetic enerry. At colder temperatures, the molecules move
slower and have less kinetic enerry.

o Th,e molecules of an i.deal gas do not uert any attrattiue forces on eachother. This
assumption is valid at temperatures well above the boiling point of the liquid and at
low atmospheric pressures. As the temperature drops and/or the pressure exerted on
a gas increases, the gas would eventuallycondense into a liquid.

Mathematically, the kinetic energy of a gas can be determined by the equation,
I(E = ll12mv2, where m = molar mass and v = velociW of the gas.

Grahorn'e Law of Difrrsion
The movement of the particles of one material through the particles of some other
material(a medium) is called difrusion. The rates of diffirsion for different gasies in the
same medium are different. If the temperature is the same for two gases, a and b, they
must have the same average kinetic energy.

Therefore .....112(mgae d(vgas d2 = Ll2(mgas bXvgas b)2

Solving algebraically for the velocity ratio.............

This relationship is called
Graham's Law of Diffirsion.

vgas a 
:

tg" t  b
Ptpblcms:
1. Calculate how much faster NOg will diftrse compared to Cl2 under similar conditions.

Ai\lS: NO2 diftrses L.24 times faster

2. A chemist wants to separate a mixture of gases containingHz,O2 and HZO vapor by
allowing the sample to diffirse through a long series of pipes. After 5 minutes, a high
concentration of H2(g) is detected by a gas chromatograph at the end of the piping.
How much time should it take until the chemist detects the 02 and H2O vapor?
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m. Measuriag Pressure

Pnessure is the fdice exerted upon some grven €rrea. For solids andliquids. the force is the
weight of the object causedby its gravitational attraction for the Earth. Mathematically,
the pressure is determined by dividing the object's weight by the area over which the
weight is distributed. A liquid spreads the pressure of its weight evenlyto the walls of the
container supporting it. Whereas a solid exerts pressure onlyin a downward direction over
the area upon which it rests.

Problcm:
Consider the pressure caused by a 2 kg brick with the dimensions of 25 cm x 10 cm x 5 cm.
Explain how the pressure will varydepending on which side the brickis resting upon.

At{S: compared to pressure on 25 x 10 side,
2x greater on 25 x 5 side, 5x greater on 10 x 5 side

For sases, the pressure is caused by the molecules striking the walls of its container. Gas
pressure can be increased by 3 methods:

. Adding more gas(molecules) to the container, which increases the nr mber of
collisions.

o Compressing the given amount of trapped gas molecules into a smaller space. This
reduces the mean free path distance, resulting in more collisions.

o Increasing the temperature, causing the molecules to move faster, collide more
frequently and with greater force.

The pressure of the gases in the atmosphere can
be determined using a barometer, like the one at
the right. In 1640, an Italian mathematician/
physicist, named Torricelli, sealed a long tube at
one end and filled it with mercury. Then he
covered the open end of the tube and inverted it
in a beaker filled with Hg. When he uncovered
the open end, the pressure of the atmosphere
supported the weight of the column of Hg in the
tube to a height of about 3/4 of a meter. The
level of the mercury will rise and fall as the
atmospheric pressure increases or decreases , so
the difference in Hg levels can be used as a
measiure of air pressure. The average
atmospheric pressure at sea level, called standard
pressure_(SP;, supports a column of Hg that
is 760.mm in heighL This value cen be
expressed in other units of pressure, as well.
Equivalent values include 760 torr, 101.3 kPa
(kilopascals), 1 atm (ahosphere), ,29.9 inches Hg,

and 14.7 lbs / in2 (psi).

Standard temperature (ST) is defined as the freezingpointof water, which is 0"C.

The barometric pressure will change with weather conditions, partly based on the
humifily levels. The atmosphere is 78Vo NZ(g) and2I%o OZG) by mass. Since water
vapor is less dense than either of these gases, as the humidity level increases, air pres,sure
deireases and wet weather is on the way! High pressure weather systems bring fair skies.

3
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Another device used to measure the pressure of a gas sample in the lab is the manometer.
;r. atmospheric In the open manometer at the left, the trapped gas

Open lUanometer
pressure pushes down on one side of the mercurJr in the bent

tubingwhile the ahosphere pushes down on the
other side of the tube. The gas pressure equals the
atmospheric pressure + difference in Hg levels.
. If the Hg levels are equal, then the pressure of

the trapped gas equals the barometer reading.
' If the Hg level in the open end of the tubing is

higherthan in the end with the trapped gas, then
the pressure ofthe trapped gas is greater than the
afuospheric pressure. Add the mm difference in
Hg levels to the barometer reading.

. If the Hg level in the olrcn end of the tubing is
lolrer, then the pressure of the trapped gas is less
than the atmospheric pressure. Subtract the mm
difference in Hg levels from the barometer reading.

If the barometric pressure in the lab is 755 mm and the Hg level difference in the open
manometer above is 65 mm Hg, then the pressure of the trapped gas ssmple would be
equal tn 820 mm Hg (Patu + difference in Hg levels)

vacuum In the closed manometer at the left, the trapped gas
pushes down on one side of the mercury in the bent
tubing while there is no gas pushing down on the
other side of the tube. The sealed end of the tubing
contains a vacurrm,. which exerts no pressure by
itself. Only the weight of the Ifu column creates any
pressure on the side of the sealed tube. Therefore,
the pressure of the trapped gas equals the height of
the Hg column that it can support(the difference in
the Hg levels).

A barometer is also a type of closed manometer,
where the "trapped gas'is the Earth's atmosphere.

If the difference in Hg levels in the closed manometer above is 65 mm, then that is also the
pressure of the trapped gas ssmple. Atmospheric pressure has no effect on the sealed
gas.

PrcbIcms:
1. If the barometer read,ing in the lab is 745 mm Hg and the difference in Hg levels in an

open manometer is 125 mm higher on the side of the tubing open to the air, then what
is the pressure of the gas sample? Draw a diagram of the open manometer and solve
the problem.

Al{S: 870 mm Hg

2. A gas sample in a closed manometer causes a Hg level difference of 190 mm Hg. If
this sample was transferred to an open manometer when the ahospheric pressure
was 760 mm IIg, what would be the new difference in Ifu levels? Draw a diagram of
both manometers and solve the problem.
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Since there is so much empty space between gas molecules, one gas can readily share the
same space as airbiher gas. Each gas behaves independently of the other and adds to the
total pressure.

Dalton's Lawof Partial Pressure states that the total pressure of a mixture of gases is
equal to the sum of the partial pressures of each individual gas.

Ptot*l - Pa+ P6 + Pc .-..+P,

Since the temperature and volume conditions will be the spme for all gases in the seme
mixture, the partial pressure differences will be due to the different number of moles of
each gas that is present. Therefore , th.e mnle ratin betuteen th.e gases in the mixture will be
equal to the ratin of their partial pressures.

For example, when COZ(g) is collected by water displacement during an erperiment, there
will be some water vapor mixed in with the gas sample. The total pressure of the mixture
equals the sum of the partial pressures of the COZ(S) and HZO(g) present. The partial

of the water vaDor increases with shown in the chart below

Sampl.e Prcbl.ems:
1. What is the partial pressure of a snmple of CO2(B) collected by water displacement at

60oC, if the total pressure of the mixture is 100.0 kPa?
Answen From the chart above, at 60"C the water vapor pressure is 20.0 kPa. The

Ptotul = PCOz + PHzO therefore.....100.0 kPa = PCOz + 20.0 kPa
solving for Pg62 = 80.0 kPa

2. Ifthe reaction in this erperiment produced 11.09 COZG) collected by water
displacement, how manymoles of water molecules are present in the mixture?

Ansaven Remember that the mole ratio of gases = partial pressure ratio. First,
calculate the moles of COZ(g) that are equal to 11.0g COZ(g) using the molar
mass as a conversion factor:

xmole coz@) = 11.0s coz@) gffil = o.zsmole coz@)

Then determine how many moles of water vapor are needed to have the mole
ratio with CO2(g) equal the pressure ratio:

ry9 = 20'0 kPa HzoG) 
solving for x = 0.06g mole Hzo(g)

0.25 mole COZ@) 80.0 kPa COZG)
Prcblems:
1. What is the partial pressure of methane gas collected by water displacement at a

temperature of 20.0"C and an ahospheric pressure of 94.4 kPa?

Af.[S: 92.1 kPa;

2. A mixbure of 4.0g H2 and 16.09 02 exerts a pressure of 506 kPa. What is the partial
pressure exerted byeach individual gas?

-
D
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water vaDor rncreases wlth t€m AS n n
Temp

O C 0 10 20 30 40 50 60 70 80 90 100

Press
kPa

0.61 L.23 2.34 4.24 7.38 12.4 20.0 3r.2 47.3 70.1 101.3

AIIS: W, = 405 kPa; 02 = 101 kPa



fV. Pressure, Volume and Tenperatune Rel,ationships

To understand hob pressure, volume and temperature changes
are inter-related for a fixed number of moles of gas molecules,
consider the diagram of the balloon at the right. The balloon is
an equilibrium system that has a balance between 2 opposing
forces......the pressure of the gas molecules inside of the balloon
and the atuospheric pressure on the outside of the balloon. If
the temperature of the gas inside the balloon is doubled, the
molecules move twice as fast and the number of collisions with
the inner balloon walls are doubled. To alleviate this increase in
internal pressure, the balloon expands. The volume will increase
until it is twice the original size. At this point, the gas pressure
will once again equal the atmospheric pressure, because even
though the molecules are moving faster, they have a greater
distance between collisions. When the equilibriun is re-
established. the number of molecular collisions inside the balloon
will be the same as before heat was added.

A- Boyle's Law: volune versua pnesorrre

Definitbu If the temperature of a definite amount of dry gas remains constant, then the
volume of the gas varies inversely with the pressure exerted on it.

Simply stated, this means that as the pressure exerted on a gas is increased, the volume
will decrease; and as the pressure is decreased the volume increases. When expressed as a
mathematical relationship: PfVf = P2Y2 if T is constnnt

Erpla.notinn: As the pressure exerted on a gas is increased, the gas molecules are
pushed closer together and the empty space between them is reduced. This causes more
iollisions with the container walls and an increased internal pressure. The gas volume will
continue to contract until the internal gas pressure equals the external pressure again.

Prcblcms:
1. A 500 mL sample of orygen gas is collected in a manometer under 750 mm of pressure

at constant temperature. What volume will the gas occupy at 500 mm of pressure?

ANS: 75O mL

2. If a scuba diver goes 100 feet underwater where her lung capacity is 25Vo of the
volume at sea level, how much pressure are her lungs being subjected to at this depth?

ANS: 4x standard pressure

B. Charles'Law: volume versusr temperature

Definitian: If the pressure exerted on a definite emount of dry gas remains constant, then
the volume of the gas varies directly with its Kelvin(absolute) temperature.

Simply stated, this means that as the temperature is increased the volume will
increase(expand), and as the temperature is decreased the volume decreases(contracts).

The IGlvin temperature scale has only positive values, beginning at the coldest known
temperature, -273oC or 0"K which is called absolute 

"rlro. 
K= oC + 273
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Mathematically,
if P is constant

Erplonation: As the temperature is increased, the gas molecules will move more rapidly
causing more collisions with the container walls. This increased internal pressure will
cause the container to expand until the greater distance between molecules results in the
same number of collisions(and gas pressure) as before heating. The gas pressure will
again equal the external pressure.

Remember: All temperatures must be converted to the Kelvin scale when problem
solving.

PrcbIcms:
1. What volume would 500 mL of a gas at 173oK occupy at a temperature of 0oC?

AI\IS: 789 mL

2. If 5 mL of COZ(g) at -140"C expands to a volume of 15 mL, what is the new
temperature of the gas?

Al{S: 399"K

C. Gay-Lussac's r.aw: pnessu-re veraua temperatlrre

Definition: If the volume of a definite nmount of dry gas remains constant, then the
pressure exerted by the gas varies directly with the IGlvin temperature. (Note the
similarity to Charles' law)

Simply stated, this means that as the temperature of a confined gas is increased, it will
exert more pressure on the walls of the fixed-volr me container. The mathematical
relationshipis: P1 P2

if Vis constant
T1 T2

Erpla.notion: As the temperature is increased, the gas molecules will move more, rapidly
causing more collisions with the container walls. This causes an increased internal
pressure. Since the volume of the container is constant, the internal gas pressure will
continue to increase, possibly causing the container to explode.

Prcblcms:
1. The pressure of a sample of gas in a gas cylinder tank is 800. kPa at standard

temperature. What pressure would the gas exert at 100.oC?

AIYS: 1093 kPa

2. An ideal gas exerts a pressure of Iffi mm Hg at 0"C. At what temperature would this
gas exert a pressure of only 1 mm Hgon the walls of a fixed-volume container?

7
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D. The Combined Gas Law

The three gas law's can be combined into one single equation that shows the relationship
between pressure, temperature and volume for a definite nmount of gas:

Combined Gas Law: PfVt PzYz
if moles of gae a:re eonatant

T2

Ptpblcms:
1. The volume of a sample of gas is 200. mL at 275"Kand 92.1 kPa. What will the new

volume be at 350"K and 98.5 kPa?

Al.[S: 238 mL

2. If a gas occupies 10 liters at ST?, what would the IGlvin temperature have to be in
order to have a volume of 30 liters at one-half of the original pressure?

At{S: 410"K

3. If a balloon filled with a gas occupies 6.0liters at2501{ and 1 ahosphere of air
pressure, what would the gas pressure be if the balloon is compressed to a volume of
2.0 liters and the temperature is raised to 1000"K ?

ANS: 12 atm

V. The Ideal Gas Law

The ideal gas law is an application of the combined gas law that includes the number of
moles of gas as one last variable. Both the pressure the gas exerts and the volume it
occupies are directly proportional to the number of moles of gas molecules in the container.
The variable, n, is used to represent the moles, and is placed in the denominator of the
Combined Gas Law equation. If you would solve the combined gas law using 1 mole of a
gas at standard temperature and pressure(STP).

PV (101.325kPa) (22.aL)

T n  ( 2 7 3 K  ) (  l m o l e  )
= 8.31 kPa.L / Komol = & ideal gas

law constant

If the pressure or volume is expressed in units other than those listed above, then the
value for R can be recalculated. For sxarnpl€, if 1 ahosphere is used as the value for
standard pressure instead of 101.325 kPa, then R will be 0.0821 atmol/K.mol (if
pressure is in mm Hg, then R = 62.4 rnrn f{gollKomol)

Algebraically re-arrangtng this expression, the ldeal Gas Law becomes PV= nRT

The Ideal Gas Law can be used to determine the value of any of the four variables, given
the other three. This equation is used when the experimental conditions remain constant.
When problem solving, make sure that fhs rrnifu for pressure, volume and temperature
are the sAme as those used for the R value.

8
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Prcbl.ems:
1. Calculate ths;pressure of 1.659 of helium gas at 16oC that occupies a volume of

3.25L.

ANS: 304 kPa

2. What will be the volume of 0.709 of nitrogen gas(Nz) at standard temperature and
150kPa of pressure?

AIrIS: 0.378 L

3. How many moles of argon are there in a 27 .3 | sample of gas at 85.9kPa and 50.5oC?

Al'{S: 0.872 mole

VL MolarVolum.e, Mol,ar lVlaee and Densif Calculations

Standardmolarvolume is defined as the volume occupied by one mole of gas at STP.
This valueis22.4 L and can be derived from the ideal gas law equation. The molar volume
is a unitary rate that can be used to find the n'mber of moles of a different volume of gas
at STP. The molar mass can then be used to determine the mass of the gas sample.

Somple Probl.em:
What is the mass of 5.6 L of oxygen gas at STP? What is the density of this gas snmple?

Remember that density(D) = mass / volume = ( =8=of 9,^ \ = r.4e/Loz
\ 5.6 Loz I

At srp. densitv ora gas = (#) = (ffi = r'4 elL oz

Ptnblems:
1. What is the molar mass of a gas that has a density of 0.0899 glL at STP?

ANS: 2.OI glmole

2. What is the densityof COZ(g) at STP?

Al{S: 1.96 elL

For Conditions Other than STF:
Molar yslrrmss, molar mass and density can be calculated at conditions other than at STP,
using PV = nRT. The n 'mber of moles(n) is equal to the mass of the gas sample(m) divided
by its molar mass(M). Substituting this ratio into the ideal gas equation gives:

mRT
P\r =

M

mRT
or... M = ------

PV
I
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Sample Problcms:
1. What is the-dpnsity of s sample of xenon gas that is collected at 1.0 atm of pressure

and 20"C?
l atm
293 K

= 5 .45  g  lL
MP

densityof agas = -m =

2. What is the molar mass of a gas if a 0.50 g semple occupies a volume of 250 mL at a
temperature of 27'C and atmospheric pressure of 100. kPa?

- j I=  =bo.  g lmolemolarmass= 
F 

=

Prnblcms:
1. What is the mass of He gas in a balloon with a volume of 3.0 L at 22'C and barometric

pressure of 95.0 t<Pa?

ANS: 0.47 s

2. What is the molar mass of an unknown gas if a 0.52 g sample occupies a volume of
210 mL at25"C and a barometric pressure of 764 mm Hg?

AI\IS: 60. g/mol

Vtr. Chemical Reactions and Gasee......A Review of Stoichiomefir

Chemists use the gas laws to determine the number of moles, masses, and volt mes of
gaseous reactants and products in a chemical reaction.

Recall Avogadro'eh54rcthesis which states that equal volumes of gases at the same
temperature and preiJure contain the same number of molecules(moles) of gas. This
meairs the coeffici-ents from a balanced equation give both the mole ratios and the volume
ratios between gases.

Somplc Ptpblcm:
Howhany liters of orygen gas are needed to completely burn 4.0L of methane gas (CHn)

in a Bunsen burner? How many liters of carbon dioxide gas will be formed? (Assume that
all gases are measured at the snme temperature and pressure.)

First write a balanced chemical equation to represent the reaction:
CHaG) + 2OzG) --, COz(g + ZIIzC){rs)

Use the ratio of coefficients from the equation as a conversion factor for the volumes.

xlozG) = 4.0 L cHae)(ffi,) = r.o Lozr*,)

Since the mole ratio between CH4 and CO2 is 1:1, the volumes must also be the
seme. Therefore , 4.0 L COZG) will be fomed by burning 4.0Lof CH4.

hoblcn:
How manyliters of carbon dioxide gas are formed when 2.0Lof propane gas (CSHg) burns
completely? How manyliters of o:rygen gas are needed for complete combustion?

10
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.0821 atmol / Ko
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For experinents conducted at STF conditions:
:

If some ofthe reactants and/or products are solids or liquids, then the molar volume at
STP can be used as a conversion factor.

Somplc Probl.em:
What volume of hydrogen gas at STP can be produced from the reaction of L.25 gof Zn
with 25.0 mL of 2.00M HCI(aq)?

The balanced equation is: Zn(s) + 2HCl(uq) --t HZG) + ZnCt2(aq)
Remember that the mole, mass and vol ,me ratios based on this equation will always
remain constant. Therefore, you must first check to see if either of the reactants are in
excess. Find out how manymL of HCI(aq) are actuallyneeded to react completely with
1.25 gZn, and compare this value to the amount used in the experiment. If no excess
occurs, the amounts needed and available will be the same.

conversions used: mol,ar masr mole ratio mol,arity
Since there is more HCI available(25.0 mL) as compared to the 19.1 mL needed, the HCI
in excess and some will remain unreacted. Therefore, the nmount of Hg€) that can be
formed is limited by the 1.25 gZn used in the experiment.

xLH2@)=

Prchlcms:
1. How many grams of CaCO3 must be decomposed to produce 9.0 L of CO2 gas

measured at STP?

Al{S: 40.2 g CaCO3

2. What mass of sulfur is produced by 4.11 g of iodine reacting with 317 mL of hydrogen
sulfide at STP? The equation for the reaction is: IZ(aq) + HZS(g) --> 2HI(aq) + S(cr)

ANS: 0.45 g S

For experiments conducted at conditions other than STR

If the experimental conditions &re other than STP, then the ideal gas law can be used to
determine the moles of gaseous reactants and products. This information can then be
used to solve the stoichiomefiry problem.

Somplc PwbI.en:
What mass of mercury (tr) chloride will react with 0.567 L of nmmonia at 27oC and
102.7 kPa according to the equation:

HeClz(aq) + 2NH3(e) ---> H(NH2)Cl(cr) + NHaCI(aq)
Using the ideal gas law, PV = nRT, find the number of moles of ammonia(NHg) that
reacts: (102.1kPa)( 0.567 LNHg ) = n( 8.31 kPa'L/K'mole ) ( 300 K)
Sotvingforn = 0.0234 mole NI{3, which can then be used in a stoichiometryproblem to

1 t
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find the mass of mercury (II) chloride that will react.

x grrscr2 I o.ozsa more NH3 (r*ffi X##, ) 
= e.ro s,Hset2

Prcblcms:
1. What volume of chlorine gas at24oC and 99.2 kPa would be required to react

completely with 2.51 g of Ag to forn silver chloride?

AI{S: 0.29I L Clz

2. What mass of potassium chlorate would need to be decomposed by heating to produce
500. mL of OZG) at 900."C and 97.5 kPa? (The solid residue remaining in the reaction
tube after heating is potassium chloride.)

ANS: 0.407 g KCIO3

Objectives:
After completing the studygurde and solving the problems you should be able to:

1. Summarize the differences between a solid, liquid and a gas.

2. Use the postulates of the kinetic molecular theoryto explain the differences between
the 3 phases of matter.

3. Describe how the velocity of gases is effected by changes in temperature, pressure
and molar mass.

4. Determine the relative velocity or molar massee of gases using Graham's Law of
Diffirsion

5. Calculate pressure in kilopascals, atmospheres, millimeters of IIg, and psi using data
from a barometer or manometer.

6. Calculate the partial pressure of a gas collected by water displacement.

7. Calculate the partial pressure of a gas in a mixture gtven the mole ratio of the
mixture, or find the number of moles present grven the partial pressure ratio.

8. Describe the effect of a change in temperature on a gas and determine the new
volume or gas pressure at the new temperature.

9. Calculate the new volume of a gas when the atmospheric pressure exerted on the gas
changes.

10. Use the combined gas law to determine either the pressure, temperature or volume of
a gas when experimental conditions change.

11. Applythe ideal gas law to determine the pnessure, volume, temperature or number of
moles in a gas sample.

L2. Determine the molar mass, molar vol 'me or density of a gas from experimental data.

13. Use the gas laws to solve stoichiometry problems involving gaseous reactants or
products.
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