Chapter 5

Gasss...
Pressure and its measurement.
Units of pressure.

S

Pressureisforce divided by area. Forceismasstimes acoderation. This

meansthat the S unit of pressureis

P=FA =kg (ms) nf = kgims
Thisunit isknoan as aPascd (Pa), named after Blaise Pascd, aFrench physdd. Thisisa
vey smdl amount of pressure (apenny on atable exertsapressure of 93 Paonthetadle). As
aresult we do not useit in chemigry on aregular bess

Other units

Atmosphere (am). Thisisaunit of pressure equd to the pressure of the Earth's
amosphere a sealevd and 0°C.

mmHg. Thisisaunit of pressure based on the barometer.

Torr. A unit of pressure equivdent to mmHg. Named after Evangdida Torricdl,
inventor of the barometer.

Pounds per squareinch (ps). The English system unit of pressure,

Ba. A unit of pressure used in meteorology.

Unit conversons
1 am =760 mmHg
=760 torr
=14.7ps
= 101325 Pa
= 1.01325 bar

|ded GasLaw.



To what isthe pressure of agas proportiond?

1 Vdume
2. Temperature
3. Amount of ges
nT
P -
H \%

To makethis expression equd we nesd a condant of proportiondity. This corgant isgiventhe
symbol R and iscdled theided gas condant. We get:

p=RY
Y,

Rearranging this gives the dandard form of theided gaslaw:
PV = nRT

Theided gas condant hasthe vaue 0.08206 L-anvmal-K. Note that the unit of temperature
in this congant iskdvin. When working with gas laws, the temperature mugt dwaysbein
kdvin.

Other vaduesfor theided gas condant:

R =0.08206 L-am/mal-K
= 62.37 L-mmHg/ima-K
= 62.37 L-torr/mol-K
= 8.314 L-kPa/mal-K
=8.314 Jmal-K (usad primarily in thermochemidry and
dectrochemidry)

Other gaslaws derived from the IGL.

Imagine changing the date of agas (changing one of the variadles). Let' simaginethet
we are changing the volume of agas while kegping the amount of gas and the temperaure
condant. We can rearrange the IGL kesping variables on one Sde and congants on the other
Sde



PVv=nRT  Thisisgoing to betrue regardliess of the changein
vaume

P1V1 =nRT = P2V2 or P1V1 = P2V2

Thislagt equation is known as Boyle's Law. Named after Robert Boyle, the 17" century
netura philsopher (Sdentis).

Thething to remember about these individud gas lawsisthet they are the same asthe Ided Gas
Law. Itisjust amatter of what isbeing hed condart.

Molar massand gases

We can multiply both Sdes of the |ded Gas Law by mass and divide both Sdes by the volume
and the number of males. When we do thiswe get the fallowing:

MP=dRT
Thisexpresson gives us the raionship between the molar mass of a gas and the dengty of that
ges. Thehigher themolar massis the more densethe gas. We can use gas dendty
measurements to obtain the molar mass of volatile compounds. Thisis essantialy whet you did
in the molar masslab. (Seethe problemsfrom thet |ab for practice)

Dalton’sLaw of Partial Pressures

When we have amixture of gases, the gases act indgpendently of one another in the container.
They do nat interfere with each other.

If we condder that the number of moles of agasisdirectly proportiond to the pressure of thet
ges (a agiven volume and temperature) then we can derive an expresson for the pressure of a
gesintamsof theindividua gases present.

n=m+np+..+M
gves

P=Pi+P+ ... P,
Wheretheindividud P’s arethe Partial pressures. Thelagt expresson isthe mathematicd

form of Ddton’'s Law of Partid Pressures, which Satesthet the totd pressure in acontainer is
the sum of theindividud partid pressures of dl the gases presant.



From the definition of mole fraction,

Inwords, thismeansthat the partia pressureis equd to thetota pressure timesthe mole
fraction of the gas.

Vapor pressure

For volatile substances, especidly water; the partia pressure of the substanceis cdled the
vapor pressure. The vapor pressure of water istabulated in your textbook and Laboratory
Handbook. The reason we have tables of the vapor pressure of water is because product
gases are often collected by bubbling them through water. The gas then picks up water vgpor
and the gas collected is a combination of the product gas and weter vgpor. In order to get the
pressure of the gas we are interested in we mugt subtract out the vapor pressure of water and
any pressure due to the difference in the height of the column of water in the collection vesH
and the height of the water outsde of the ves.

Kingtic Molecular Theory

A modd we use to destribe the behavior of gasesis cdled the Kinetic Molecular Theory.
Thistheory can be usad to derive the Ided Gas Law, which shows thet the theory has some
dements of vdidity. TheKingtic Mdecular Theory hasfive podulaes or assumptionstoit:

Gasss are comprised of infinitesmd partides. The patides are so amdl thet they do
not dter the volume of the container by therr presence.

The gas partides move randomly in draight lines until they hit something.

The gas partides have no forces between them unlessthey arein acallison. This
means that there are no attractions or repulsons between the gas partides. The only
time they affect one another iswhen they hit one ancther.

The gas partides undergo dadtic collisons. Thismeansthet the tota energy of the
collisonisconsarved. No energy islogt or gained, but it can be transferred between
two gas patidesin acalison.

The average kinetic energy of the gas partidesiis proportiond to the Kelvin
temperature.



Using these podtulates and the basic laws of physcswe can derivetheided gaslaw. Wecan
a0 derive an expression for an average speed of themalecules: Thisis cdled root-mean+
squared speed, Ums Thisiswhat we get if we take the speed of dll the gas partides and square
them. We then take the average of the squares of the gpeeds. Then we take the square root of
theavarage. Thisisahit of an unwiddy way to doit for alarge collection of gas partides
Fortunatdy, we can use datisticad methods and the Kingtic Molecular Theory to come up with
an expresson for this Weget

where Ristheided gascongantinJma* K™ (8314 Jmol™ K™, T isthe Kelvin temperature
and M isthemalar massin kgmal™*. The unit for ums in thisequationisms™. If weplug the
correct vaues for various gasesinto this equation it will tdl uswhat the “average” speed of
those moleculesis. These peads range from afew hundred to a couple of thousand meters per
second.

Effuson and Diffuson

Diffusion isthe movement of onefluid (ges or liquid) through ancther. Effusonisthe
movemeant of agasthrough asmdl holeinto avacuum. Kinetic Molecular Theory can describe
bath. If we consder the above result for the “average’ speed of agas partide and thet therate

a which the partide movesis proportiond to the speed. We can show that the rate of effuson
(or diffuson) is proportiond to the inverse of the square root of the molar mass

Rate i

M

Often what we are interested in istheratio of therates of effuson. Graham’'sLaw givesthisas

ratg (M,
ratg | M,

Thisis anather method thet can be used to find the molar mass of ages



