
Cht 13 B Gas Laws

@ Gas Laws

The attributes of a contarne at gas particle

a r e ?Terprature (a veloci ty i t  )
molecules

? Pressure (2 momenten,of. the
partials stiking
the con tarnor walls,

? Volume
Early scientist develysed relatin, between these

quantities
Increace volume of

? Boyle's Law container and
pressure decrease

? PV= const. For the
same tempsatane

?  C h a r l e s  L a w :  T o V ?
V =constant

Ke pressive the same
variable.

?heat a, container and it expands

? Guy-Lussace Law
Constant vo une

P X T =const



E X

All togethe: Ideal Gas Law Kelvins = Celcius

+273

? n= number ot 'moles" of gas (quantity)
mass of gas in grams

n= the mass of the molecule of the Gas

? R = called the univers gas constant
8.314 5/mol-K

What is the volume of one mole of any gas
at  20°c  @1atm.  (s td .  A tm )

IVEURT
mol.K.

273+20)K

1l =10 m

V =22.4x1033 =22.42/mol

EX How much does a He Party Ballen 22 water boltle)
weigh? Let radias = 18 cm @Std.atm

? Strategy: get amount, n, in moles convert to gm

n = 18.314 5/ul-K/273+20)k =1.066 moles

? He has an atomic number of 4 so it is 4 gm/mol

(1.066 mol)(49/mol) =4.268 of He



Definitons: (3

? monoatomic gas (me atom)
He, Ne, Ar, Kr, Xe, Ra J Nobel Gases.

? diatomie gas: Ha,  O2,  Ne . .
?

? triatom gasses

Ex Find the weight of air th a standar Living room
@STP if the room is 54 x 3 x2.5 migh

? The atmosphre is 20% Or 1 80% No Sothe
atomic mass of a i r  i s

0.20(2x164 f6 02) +080(2X144FoNz)
016

= 28.8u for air

0.029kgSo letsuse 0.029kg for 1 mol of air.

? Now the number of mols in the living Room is

V b / c
RIT 22.49/mal

? The weight of the air

weight = 0.029 kg air/nol 122.41/1011 m

= 50kg {*9.84/3-7=5001 an 112lbs ofain



EXFill a tire to 210 kla (gauge Pressure) on

a cold day (10%) What is the tire pessure

on a Hot day (40°c)?

Use Guy-Lussac's Law =const.

need absolute pressure
11 T .

I  = ( E )  I
273+40210X10% Pa 41.013X10$a

= 344kBa
? subtract due ata ? 243kla on the gauge

T h i s i  a 1 6 %o incredge it tite pressure

@ Avogadro's Number
NA =6.02 X1023 molecule /mol

Then we cann convert R to one based on No:
n=N= molecules in the gas

N A = molecules sha moli

The gas law become PV =HRT =
N R T
NA

I V  =  N K T 12 = Boltzmann's Const
R =1.38X10-23J/K



EX Find the mass of a Hydrogh Aton it the
Know it to be 1.008 u, v= atomic units

m-weightif 1mol of H gas
N

=(1.0084)(10-5 peg(g)
6.02 X1023 molecules or atoms per mol

17.67 X10-2 kg VI gas molecule



O Statistical Plysier EKihetic They I Gas O

An ideal gas needs
- Targe numbers
? large distanes between atoms /or molec

? 100% ellastic Collisions
? exist in a setting where classical mechanic

Start of building out a model palied Enot Quantum Mech

o Consider 2 60x:

? Collisions off of a wall
experiences twice the mometer charge

? New tons Law

A F  =  A

? let At = time to travel down /across
fom me side and back

? AFX*-Amy = 2mVe = m
24/x

P

100% ellastic

Ap=p-(p)=2p

averase change if face on the X-wall moder



BTWE: AFx = m Vx shows that if (8)

1?1/2 cut in half then AFdoubles

i e 1 4 2 = 2
This continas Boy les Law: I-V ))

the 3=/0012) =21.
? Now sum all the particles contibutions to

the AF@ wall I  to X-axis

A  F  = -

let N= No = one mole if gas

NA
NA

change of fare a wall(+ X.

? Add  in  the  o ther  two  d i rec t ions :

a s s u m e  V x

lets just call it

= Vy

V2 = 3V%

Vz ? 72-D
= 2vz



w i t h  V / 3

?  A F ,  =  M N A  ( E )

? Divide by area of a wall (X-wall) A=I'

P  =E mN V'/3

A 2A.  13
volume

? = 3
Nam Va

?  B u t  P V  = N / T  a n d  K E = E m V  S o

this equation becomes #and X by 2

=EN(KE). 2
=  3 N - K E )  b u t

IV
E P V  =  N K E )  b u t  N = KT

KE=EKT
Bottom
L i h e K E  X  T e m p r a t u r e

KE per part ic le

gas of teaperatu
kelvins



a So lets put

2

m v  i n  f o r  K E

= 3 F T
m

=  V

V

Root mean
square

U r m s

velocity3 k T
m

Notice ? I f m = big particle (aton)
the for a fixed Tempeatire
the speed decreases.

? If T goes up so does Vous

Applicato *  C i n e

gravity

End model Build Out

s t a r

protostar
gravity

I  te l l  and sur

"  I n t e r i o r  o f  t h e  s u n

-  ?

- Hydrogen H (protons)
Gas Tank

Furnace
Nuclear Fussion

Just as much pressu i suit ward, IVINKT,
wehave as gravity sucking F=GMm

inward:



EX what is the average translational Kenegy
of a gas? let  T= 37°C

KE = KFrane + KErot

K E - E K T 3(1.38X10 5 1) (273+37°2)

=16.42x10-2'5 /molecule

? per mol gas?

KETOr = (6.42X103
mole

16.023X1023molec.
mo

Internediate
Beach

= 38605 /  mo l gas Ball t
gas

what is the speed it molecules agas
at room tempesture

-23
3kT 3(1.38×10 J K(293 K)

Vrms = VI (2884) 6166210k9/u)7

Vrm, = 503.7m/s Faster then the speed of sound,

This is the sney of a 1 kg mass moving at 90 ls
Tomph



& Speeds in a gas follow the Narmal
distribution Bell Cure"

5% 90% 5 %
? V

slower Vrms faster

@ Phase Changes

? matte has multiple phase in which to testin

? solids I-phase change
? liquids

i plasma

?  w e  u s e phase sdiagrams to denate phase
changes

isotherm
P

l iged
I = const.

<  P u s  V

v a p o r

I v s T

trepring liquid Trevaporation
Slid melting condensing

deposition
sublimatro

?  T



liquid There 2-D cuts come 3)

g a s

>  V

? At the inter face betwee a lijuit and
a gas thee is a constant exchange of
molecules. Depending a the temperature
there will be more evaporatin than cindersating,
for exaple.

? When these are equal we have phase equilibrin

landings fleavings
water

?similariün solid-liquid and solid-gas.



8 Relative Humidity (RH)

RH measures water's landing rates us. leaving rates

? RH <100% landing rates <leaving rates
(steam predominates)

? RH 7100% langing rates > leaving rates
(condensatin predominals - Rain

§ RH=100% ? rainin or misting y

? RH depends on the density and temperature ot

the vapor (steam)
(ex warm water and ait means more

leaving rates doe to hight KE of intefacemolecules

EXI Breathing warm moist air from lungs into
Cold air results in steam", you can see
your breath.
? Tempestive1, Volume d vapor densities

thee for got and condensatin predominates

EX If you ran ih a Ril neas 100% the water
bandy evaporate, air feels damp, Persperatin

doe NoT col you off.



EX Moth balls (Nathalere-solid) in your
closet sublimate and shrink due to there
berry a lower RH of napthalone in the surrounding

EX. Cold with low RH:
freezet burn, freeze-dried foods

trozen watsuddles sublimate away in cold.

? Cold but high RH:
frost on windows, dew on grass

(fost if cold enough)
? Cold with RH > 100%: show
? Warm with RH > 100% : rain

-

-

s s u r e



A Partial Pressures

An gas that is made up of different
constituent gasses can be decomposed"
into partial pressures from each type
of gas contributing to the full pressure

o f  the  m ix tu re 00 N2
? Air:

Prop = ?

=X ait in our atmosphere
is 78% Na And 21%02
So  a t  l a t a : SIN= 0.78 ata

/10, =0.21 ata

"pa r t i a l  p re .
sures



8 Vapor Pressures.
Normal air contains water molecules.

The Saturated Vapor pressure is a measure

of pressure needed, in a chamber, to allow
the liguid to "rain out" of the air.

This allous us to redefine RH:

Rel. Humidity = partial pressure of HeOsatusted vapor pressure of HoO!

T a b l e
(moistair)

T ° C Vapor Pressume of Ha 0

-  50 °C 0.03 Torrecellis
(us. pas cal)

-  1 0 ° C 2 . 0  T o r r

10 °C (freezis ) 6.6 Torr

2 0 ° C 17.5 torr
7 0 ° C 2 3 4  t o r r
100'c choiling 7 6 0  t o r r

Here tom = it of millimetes in Mg thermometer

On ahut 30'Cday we measure the
partial pressure of 420 to be 21.0 torr

Q.  What  is  the  RH?
-  = 21.0tor =0.66

31.8 tom 66°



Humans feel best confort who
RH is betwee 40% 50%

8 Dew Poin t

The dew point is the amount of wate
the air can hold inbetween the

air molecules N2=00

8 8 8 8 0
Q =00

8 Qo=H20

0 0 0 0 8 00

Some meteoroligits are switch from RH
to Dip Sl ice the dew porn' t  more
comectly expresser human confort, bestaround a D.P. of 50%

Day A Day B

Terp=95°F
Temp 55°
RH = 100%

0 P  = 5 5 ° F

RH = 50%
T o t a l

water
D P  = 7 4 ? 5

m a r
w a t e r

s n o w

cool the room
7 4 ? F  t o g e t
r a i n .


