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Chapter 4

Gases, liquids and solids @

Lecture 7

The major differences between solids, liquids, and fa esaNu to the
relationships among particles.

il Sl G ClESle daii () oS5l ladl g ) gl g dolall 31 gal) Y alana
These relationships include: Jads CEL) 338

icles in gach state.
Al J< 8l el Alalal) L@ L

2- The kinds of interactions b the particles
iy ) e ole il ¢ i)

Cool or
compress Cool IV

—_—

——— ...*.*‘
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Heat or Heat 0‘0*0*0*0
reduce

pressure

Crystalline solid
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P~ X
T Q
solidification b

condensation

meiting

deposition

Gas g Solid

sublimation

A

solid | liquid gas

"’__/

@ rigid _ ) not rigid @ not rigid
@ fixed shape | () no fixed shape | @) no fixed shape
@ fixed volume | () fixed volume | no fixed volume

3 cannot be squashed 7 \.i annot be squashed can be squashed |
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Character Solid Liquid Gas
PEWA( dglall 3f gal) ALl 3 gal) ag \ad)
Particle Packed close together Closely Packed Arran /ed t
Arrangement | in aregular arrangement | together in an irregular
aljall i § | (8 am 0o 8l a3 5 | arrangement S i i
plaiie (sl i Leans e il
Rigidity rigid Not rigid Not rigid
Shape and Have fixed shape and Have no fixed
volume Volume shape and
axall g Jeil) Culd ana g JSE 1 no fixed volume
A Cull ana
Motion of No f 100 but Move around Move randomly
Particles Vi iNNgg posifon past each other A0 pde 43y Hhay &l ja
Sl jad) 4 REPN pand) lgany Jsa o i

compression
Ll i e

Little

Easy
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5.2 Gas pressure ) bia

e Atmospheric pressure varies with the altitude and weather
MU&ESJY\QA&JE&&&;#\M\

e The pressure decreases as we move further from the sea level

o) s e ES) Liawl WS Jaaall J&y %b

(

Atmospheric  pressure is measured with a

barometer. Vacuum

o~ (no weight -
LE).Q”' '“uﬂt-,@-‘“:\-k“\ﬁwuéd)éj”' ) g2 |of air here)
A Torricelli barometer consists of a glass tube Mercury -
sealed at one end, about 80 cm in length.
i . i Glass tube
a5 Gk GGl ala ) sl e i) 55 ele S 260 mim

o 80 (Al Al sk &l
The tube is filled with mercury, capped, inverted,
) ) Representing
and the capped end immersed in a pool of mercury. weight of air

Dseia el Algill s cslia g iy 32l o slae )

GOl e de sana b e
Mercury

When the cap is removed the atmosphere supports a

column of mercury about 760 mm high.

GO (w3 gae @by (g sal) Jarall (l cUazl) ) ) 255 Ladie

%s\re = Force
Q Area
Force = mass x acceleration
dodall dlae x 4Ll = 3 gal)
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Units of pressure hiall &las g

1 pascal (pa) = 1N/m?
1 atm = 760 mmHg = 760 torr = 101.325 kpa

5.3 Gas Laws < jid) ¢ 8 %

» The gases laws are a set of laws that describe gth ns between

Temperature (T), Pressure (P), Volume (V), and Mol
e g anall Jarall 551 all G A8l Caual il oy

3 e <l jladl (il 68

The volu relationship
by A3MMal)
* "At a constant tempehgtu roduct of pressure and volume of a definite mass

1
of gas is constant”. V &

Increase
—
pressure




0583761260 (A /2

Problem 1:

A gas occupies 3.00 L at 2.00 atm pressure. Calculate its volume when we increase
the pressure to 10.15 atm at the same temperature.

solution

P1V1 = P2V2

\‘\,b

V2 =(2.00 atm)(3.00 L)
10.15 atm

V2=0591L
Problem 2: %%

» A gas occupies 3.8 L at 0.70 atm p expand he volume at constant

r I
temperature to 6.5 L. What is the essurg:

Solution
P1V1 = P2V2
P2= P1V1
P2 Y @ atm)(3.8 L)
(b 6.5 L

P1 =0.04 atm

o

sl il elaansl 3\,3}3-‘9-1\1\ axtl) SlalUal) i ;&Lu /4
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I1- CHARLES’S LAW: J L& osild
THE VOLUME-TEMPERATURE RELATIONSHIP
axadl g8 lad) A a G ABMal)

* "At constant pressure, the volume occupied by a definite mass of

directly proportional to its absolute temperature.*
3l da o ae Lok Luadil i Jladl (e digee A J gdiall anall ld | | da
-y {

VoT

V =constant x T

1 atm

Heat

'I‘Temperature — 'T‘Volume
Vi _ V2
T1 T2

T=400K

Lusac's Law dbusl sla o558

T ature- Pressure Relationship
(b 51 adl g Jakudall (cyus ABSIal)
* Gay Lussac's lajv states that "At constant volume, the pressure is directly

propor\ional to'the Kelvin temperature" Pa T
baa ) ae Loyl Ll aaall Gty aaaadl & g die 43 dlla gl sl () 68 (aiy

= constant or

P1 P2
T1 T2
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Avogadro’s law gl g8 (53

Two equal tanks of gas of equal volume at the same temperature and pres

contain the same number of molecules.
Gl (8 ull Jaraa g 2505 5 ) A a5 Ay sl alaal (550 (sl Cplie g G glle %

Gl dall e i legd ()5S0

SI<

= C = constant <& %

r ~

-
nl n 2
~ V. V_ are Volumes of gas

\ n, n, are amount of gas
N 7 v

J 3 * §
J e E ®
&

a2
@

2

J J 4 Q
.- 2 3 %0
& J Jg Q/“ QQ

He (4 g) NH3 (15 g) 0,(329)

8
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Combined Gas Law gaxa Jlall (538

ﬂ_ P,V r\)@

13

Name Exp s% & Constant

Boyle's law P1V \/
-

Charles's law Q P2
T1 T2 P

Gay-Lussac’s \ P1 P2
(‘8‘ T1 T2 v

\

&\

sl il eluansl 3\,3}3-‘9-!\1\ 4xtl) SlalUal) (i :uil.u /a

0583761260 4o slasy) g sl il g sleasll g sLad Loy jia cladle
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Example:

* In an autoclave, steam is generated at 1.00 atm. After the autoclave is closed,
the steam is heated at constant volume until the pressure gauge indicates 1.

atm. What is the final temperature in the autoclave?

‘T =100 + 273=373 K (»b

P1 P2

¢ Solution:

Tl T2

P1 P2

T1 m}
%‘ 3K

1
T2 = T1P2 1
P1
The final temperatu D or 421 273 =148°C

» A sample of oxy, C 0.0 L under a pressure of 1.04 atm. At what
pressure would it ON ifdhe temperature did notchange?
PIg 1.% =100L,P2=2,V2=134L
P1V1 =P2V2
& 1.04x10.0=P2x13.4
1.04 x 10.
Q p2 = 222X 02 = (.776 atm

10.0

10
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e A sample of nitrogen occupies 117 ml at 100. °C. At what temperature

in °C would it occupy 234 ml if the pressure did not change?
Solution:

V1=117ml T1=100°C V2 =234 ml T2="7 Q
Vi V2 %c>

C

A sample of gas occupies 12.4 liters 40°C under a pressure of 80.0 kPa. At

what temperature | gas occupy 15.0 liters if the pressure were
increased to 107 kP

Vi=12L T15 xo.o kPa
V2=15 a A/ 107 kPa

—
(80)(12) _ (107)(15)
240 T2
To = (107)(15)(240) — 40125 °C

(80)(12)

11
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Chapter 4

Lecture 8

5.4 Ideal Gas Equation el jil) ddataa

Ideal Gas Law

Boyle's Law Charles’ Law Avogradro's Law ,

N

Ideal Gas
Law

Boyle’s law: V o % (at constant n W

Charles’ law: V o T (Agcoaan\n and P)

Avogadro’s law: (aWgonsta\t P and T)
nT
Ve
T
V=xonstant - == V=R-— — R=gasconstant

i) els

Pressure Temperature
¢ Number of moles i
—
— 2

) t

Volume Gas constant

12
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vii- The Gas Constant (R) Jjéd) <yl
* Repeated experiments show that at standard temperature (273 K) and pressur

atm), one mole (n=1) of gas occupies (22.4 L) volume. Using this expegime

value, you can evaluate the gas constant R,
35Sl il &) 85 ) jSie o lad Ga ok (0 Adea
PV _ (1atm)(2241L) _
R= - —0.0821 L.atm/ (nfol.K)

nT (1 mol)(273k)

temperature of the gas in Kelvi

+ One mole of CH4 gas occupies 20.0@ pressure. What is the

« Solution:
PV = nRT

T = PV — (1 atom)(20 L s 14K
nR ( mol“OESZl)

N>
+ Ift f CO2 gas in a 10 L cylinder at 350K, what is the
ressu he gas in atm?

SAolution
1
mber of moles = mass x -
molecular weight

n="5gC02 x 12292 4 114 mol CO,
449 CO2

nRT _ (0.114 mol)(0.0821)(350k) _
v (20 L) B

atm

PV=nRTmp P =

13
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5.5 Dalton's Law ¢gilla & gitd

* "The total pressure of a gas mixture is the sum of the partial pressure of each gas

Sle IS Joall haall g geaa s el e Jadad S kil
* Partial pressure: Piotg) = P1 + P2 +...

* "It is the pressure of a single gas in the mixture as if that gas alon
container."

N\
v

U [ 1 o
n 4 < & 0@
+ -
® Q
é @
® ® Vg a by
? ' 4 ?
Oxygen Nitrogen Oxygen + Nitrogen
Pressure Pressure Pressure
159 mm Hg 593 mm Hg 752 mm Hg
.
Example:
A tank containing t 2Q atm ayd O, at 1.0 atm we add an unknown quantity

of CO2 until the tgigl pr&gsur® in the tank is 4.6 atm. What is the partial pressure of

CO,?

Solu§on:

%totalz 4.6 atm P(N,)=2 atm P(O,)=1atm

Piotal = P(N2) + P(O2) + P(CO,)

Q>

4.6 =

2 +1+P(COy)
3+ P(COy)

P(CO,)=4.6-3=1.6atm

14
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