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ATEITRISRINERERIS l
Unit, voll sriotlle g8 zjgla to:
« Write and apply relationships among pressure,

volume, temperature, and quantity of matter for
Ideal gases undergoing changes of state.

« Define and apply concepts involving
molecular mass, moles, and
Avogadro’s number.

* Write and apply the general gas law
for a particular state of an ideal gas.




(Nermoedynamic state of:a gas
fined by four coordinates:

o \/olume, \/

» Miass m or guantity ofNmatiern




Boyle’s Law, Charles’ Law, and Gay-Lusac’s Law
can be combined into a single formula for an ideal
gas that changes from State 1 to another State 2.

Stalte P, V, | P, V, State

Any Factor that

remains constant
divides out




i) AT auto tire has an gauge '
PIESSUIEIo?S psi in the morning at 20°C.
ARSIIERVING for hours the temperature of air

1e tire is 30°C. What will the gauge

(Assume 1 atm = 14.7 psi.)

0+ 2735 = 295 K
Blile
75 = 30+ 273 = 303 K

P

aps

=7 gauge

£ a2 =128 147 =427 pS|

Same allF IR tres: i = /11
Same volUmeseiaiEzsly, = I/,




s cmmpvVhat will the gauge read? '

- BT, (42.7 psi)(303 K)

25 =44.2ps|
T, 293 K -

Gauge pressure Is 1457 psitless thanithis valtie:

P, =44.2 psi - 14.7 psi ; P, =29.5 psi
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n dealing with gases, It IS much more
nient to work with relative masses of atoms.

Building neutron
blocks of

atoms.

f Helium
electron atom

ALOMS cONtAIMPREIONRSY YaNGMMENGRS o, WHICH Ale
ClOSE 10/ the SamEmass, SUGURAEd Y EIECHONS e
Whichrare almoestnegligIeIeNsy/ CoOMPARSOn:



Hydrogen, H °

Helium, He @800
Lithium, LI @980 0

Carbon, C [ 000000

Oxygen, O eeeeeeeec0OCCO0C0

1 particle

A
.

narticles

particles

12 particles

16 particles




AteomicHMass

The atomic mass of an element is the mass of an
atom of the element compared with the mass of an
atom of carbon taken as 12 atomic mass units (u).

Atomic masses of a few elements:

Hydrogen, H=1.0u
He=4.0u
Li=7.0u

Helium,
Lithium,
Beryllium, Be =9.0 u

Carbon, C=12.0u
N

Neon,

itrogen, N =14.0 u
Ne =20.0 u
Copper, Cu=064.0u

A 4




The molecular mass M is the sum of the atomic
masses of all the atoms making up the molecule.

Consider Carbon Dioxide (CO,)

The molecule 1C=1x12u=12u
20=2x16u=32u

has one carbon
atom and two

oxygen atoms CO,=44u
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Daflplitieon of = e)le

One mole Is that quantity of a substance that
contains the same number of particles as there are
in 12 g of carbon-12. (6.023 x 1072 particles)

1 mole of Carbon has a mass of 12 g
1 mole of Helium has a mass of 4 g
1 mole of Neon has a mass of 20 g
1 mole of Hydrogen (H,) =1+ 1=2¢g
1 mole of Oxygen (O,) Is16 + 16 =32 g




Molec

The unit of molecular mass M Is grams per mole.

Hydrogen, H=1.0 g/mol | H, = 2.0 g/mol
Helium, He =4.0 g/mol O, =16.0g/mol

Carbon, C =12.0 g/mol H,O = 18.0 g/mol

Oxygen, O =16.0 g/mol| co, = 44.0 g/mol

Each mole has 6.23 x 1023 molecules




Moles anc

EIRGING the number: of
MOEIES N Ina given
ntmber oft Nimolecules:

Avogadro’s number: N, =6.023 x 10% particles/mol

IHoW: many: meles ofiany gas will
contain 20 x 10%° molecules?

N 20 x 10°molecules

N, 6.023 x 107 molecules/mol It




MOIES N Inia given mass
el a substance:

Molecular mass M is expressed in grams per mole.

IHOW many. moles are there 1n
200 g of oxygen gas @52 (M= 32 g/mal)

m  200g

\Y - 32 g/mol n = 6.25 mol
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¥ What is the mass of a
of boron (M = 11 g/mol)?

€ given both a number N =1 and a
pelecular mass M = 11 g/mol. Recall that:

m N

M N,

o NM (1)(112%”“0') m =1.83 x 102 g
N, 6.023 x 10~°atoms/mol



ting moles n for
m, we know! that:

MEERWOerds, the ratio P\//nil IS a constant, and: if:we
canlindts)value;, We caniwork Withia single state.

SInce a mole ofifany, gas contains the same nUMBEN: of
molecules, it will'have the same Voelume forany. gas.

volume of one 1\, _ 25 4 L or 22.4 x 102 m?

mole of a gas:
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ersal gas constant R Is defined as follows:

PV
=

EVvaluate forrone moele ofigas at 1 atm, 278 K 22.4 I

~ PV (101,300 Pa)(22.4 x 10°m°)
nT (1 mol)(273 K)

R

R = 8.314 J/mol*K






Gl RS OW many grams of nitrogen l
gesHUYIRERPss"g/mol) will occupy: a volume off
ZEANIEAIgthe absolute pressure is 220 kPa

aneRthe" temperature is 300 K?

m /= 2.4 m>
PV = — RT 7= 300 K
M P 220 kPa

- PVM (220,000 Pa)(2.4 m>)(28 g/mol)
RT (8.314 J/mol - K)(300 K)

m=5930g or m = 5.93 kg

m
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