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Brownian Motion
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The actual volume occupied by gas molecules is extremely small compared to
the volume that the gas occupies. The volume of the container is considered
equal to the volume of the gas. Most of the volume of a gas is empty space,
which allows gases to be easily compressed.

A gas is composed of molecules whose size is much smaller than the distances
between them. This concept accounts for the ease with which gases can be
compressed and for the fact that gases at ordinary temperature and pressure mix
completely with each other. These facts imply that there must be much
unoccupied space in gases that provides substantial room for additional
molecules in a sample of gas.
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The attractive forces between the particles of a gas can be neglected
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Except when gas molecules collide, forces of attraction and repulsion between
them are negligible. This concept is consistent with the fact that all gases
behave in the same way, regardless of the types of noncovalent interactions
among their molecules.

Cle yu g dagiin aghd A i) gde daypu AS 2 B B cliyja 0SS (¢
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Nanoscale view of air. This instanta-

neous view of a sample of air at the
nanoscale shows nitrogen, oxygen, and’
argon in rapid, random motion.
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Gas particles are in constant motion, moving rapidly in straight paths. When
gas particles collide, they rebound and travel in new directions. When they
collide with the walls of the container, they exert gas pressure. An increase in
the number or force of collisions against the walls of the container cause an
increase in the pressure of the gas.

Gas molecules move randomly at various speeds and in every possible
direction. This concept is consistent with the fact that gases quickly and
completely fill any container in which they are placed.

Cilalabaaly (5 gladl Wbl O aa gl Garadll Lgpdany aa 3B o3a adbaal (©
Oe Y el gl ) g5 Y Sl e ¢ (Perfectly Elastic) 4l dals
138 by adbail) olS 5y AEURL JUEE) aa g 8 4 (e a2l A8 jall 4l
Sy ) caiilla g Te ja 288y JAT o o dwdliad die e jal) (b ¢ el adlial
clisall e sl AN Bl e Al AT o5 0 4x aadaeay Ladie 48Ul i

omd 9 (A

When collisions between molecules occur, they are elastic. The speeds of
colliding molecules may change, but the total kinetic energy of two colliding
molecules is the same after a collision as before the collision. That is the
collision is elastic. This concept is consistent with the fact that a gas sample at
constant temperature never " runs down" , with all molecules falling to the
bottom of the container.

(301)

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com



http://www.pdffactory.com

\“T¥=/

e | kS il el | Sl

é)\}i\f»\ x oy yos 35005

Sl (s ol Ad (g ghadl LYY pladi asan B aUBTIL ) SLESH s fasal) 138 g
Lo e haria 5 g UV e e 3 (A Toadane 50 Y sed oY) (8 Luiladia
Sl 13gd (g stall sy lany Sl 318 alalaial

Joall b gy Gallita Cpradbiall (i sl Lgadaly Al ddlall Jaigia g
QLD Sia aalaill 48 a3l days ((Mean Free Path) sad)
Sleabaaill (3 pduall a3l 4 laally

Gag pressure B cawed bn

|8 n I':i'- phes !~|-:1'-: ircli l|.II

F -F-I' &
I.f

|
X
e J&
O Burimall e 310 45 Hladdl Atell M eq\.mﬂ\ 43 jriuy Lﬁﬂ\ el i (1

laaliadll

Lo ddlide e dag G aliial gead o 2 Ald dima dial aie (V
Gl s IS8 A jal) d8Ual) Ja gla il o Adlida 48 ja cilBla g (Adlida Cile
s bloall da asaly)y of ol cAlthaal) B jad) da o ae Gajb Gl Jlad)
e o 3245 ) g2 Laa caalall ) jal Lulie yriad il 5 48 ja Al (33l L)
ALl AN 8 e jlan o cily il aae Bl A gas ALl g ciliy ol
Joral) a3 A

(302)

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com



http://www.pdffactory.com

\T~>7

e | kS il el | Sl

é)\}i\f»\ x oy yos 35005

The average kinetic energy of gas moleculesis proportional to the Kelvin
temperature. Gas particles move faster as the temperature increases. At
higher temperatures, gas particles hit the walls of the container with more
force, which produces higher pressures.

The average kinetic energy of gas molecules is proportional to the
absolute temperature. Though not part of the kinetic molecular theory, this
useful concept is consistent with the fact that gas molecul es escape through a
tiny hole faster as the temperature increases, and with the fact that rates of
chemical reactions are faster at higher temperatures.

The kinetic theory helps explain some of the characteristics of gases. For
example, we can quickly smell perfume from a bottle that is opened on the
other side of aroom, because its particles move rapidly in al directions. They
move faster at higher temperatures, and more slowly at lower temperatures.
Sometimes tires and gas-filled containers explode when temperatures are too
high. From the kinetic theory, we know that gas particles move faster when
heated, hit the walls of a container with more force, and cause a buildup of
pressure inside a container.

Sl (e Adaall ol el amt) (g il edgd Ll le pmd il Jlall auiads Y
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A gasis composed of molecules (discrete molecules) that are separated from

each other by distances far greater than their own dimensions. The molecules

can be considered to be "points’; that is, they posses mass but have negligible

volume.

Theindividual molecules are very small and are very far apart relative to their

own Sizes.

OsSiy 4 g ) Y Ol ae ol Sl Gl G (DAL ) st 58 g Y (Y
AN e Ll Al cily 3al)

Between collisions, the molecules exert no attractive or repulsive forces on

one another; instead, each molecule travels in a straight line with a constant
velocity.

V) Leala) iy W dafiine Joshad (8 400 sdic 95 jaline cAag pus AS g Ol Cilapn @l jai (Y
Claladasal any @by jall alalaal g gslall cUY) o) jaa ae sl Ludany & Lgaladasal 2ic
Gl ol g dlase olin all Lelad die A8l a6 Y ol ((elastic) L
.(thereis no energy gain or 10ss)

The gas molecules are in continuous , random, straight-line motion with
varying velocities.
Gas molecules are in constant (continuous) motion in random directions, and
they frequently collide with one another. Collisions among molecules are
perfectly elastic. In other words, energy can be transferred from one molecule
to another as a result of collision. Nevertheless, the total energy of all the
molecules in a system remains the same.

Althal) 3 ) ad) a3 ae B3 e oy cciliy Jad) asand 4S al) 48Ua o gia (¢
The average kinetic energy of the molecules is proportional to the (absolute)
temperature of the gasin Kelvins. Any two gases at the same temperature will
have the same average kinetic energy (The average kinetic energies of
molecules of different gases are equal at a given temperature).
For instance, in samples of H,, He, CO, and SO, at the same temperature, al
the molecules have the same average kinetic energies. But the lighter
molecules, H, and He, have much higher average velocities than do the
heavier molecules, CO, and SO,, at the same temperature.
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The average kinetic energy of amoleculeisgiven by :
average molecular KE=KEa T
or

T
molecular weight

average molecular speed = ta \/

KE = e mu?
2

m : mass of the molecule and u is its speed.
U°: mean sguare speed; it isthe average of the square of the speeds of al the
molecules :

N : the number of molecules
Assumption 4 enables usto write :
KEoT

1mUZ(xT
2

lmU2 =KT
2

According to the last equation the absolute temperature of a gas is a measure
of the average kinetic energy of the molecules, the higher the temperature the
more energetic the molecules. (Molecular kinetic energies of gases increase
with increasing temperature and decrease with decreasing temperature).

We have referred only to the average kinetic energy, in a given sample, some
molecules may be moving quite rapidly while others are moving more slowly.

DISE (e adizg s sslall sle gl Ol a5 iy jall (g Sledbiailldagis s el Jaraia (©

D1l eg sl aladaial 3 8 gaa Ao aainy GlIXS g dabliall 8aa 5 8 aaliaill
According to the kinetic molecular theory, gas pressure is the result of
collisions between molecules and the walls of their container. It depends on
the frequency of collision per unit area and on how ‘hard' the molecules strike
the wall.
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Mw, =2  14=28gmol™

N
Mw, = 0.028 kg mol™
o Mw,, 0.028 kg mol™
N, 6.023 © 10®molecules mol *

m=4.65" 10 kg molecule
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P=
e 1L 0o
%1000 L m*®

P=7565.116 Kg/ m <’
P = 7565.116 Pa
P = 7.565 kP

(where1 Pa=1Nm? = (kgms?) =~ (m?)=kg/ms
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Derivation of the Ideal Gas Laws from the Kinetic Equation
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the average kinetic energy is directly proportional to the absolute temperature.
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Doubling the absolute temperature of a sample of gas doubles the average
kinetic energy of the gaseous molecules, and the increasing force of the
collisons of molecules with the walls doubles the volume at constant
pressure.
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The volume of gas will expand until the gas pressure is balanced by the
constant external pressure.
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Halving the absolute temperature decreases kinetic energy to half its original
value, at constant pressure, the volume decreases by half because of the
reduced vigor of the collision of gaseous molecules with the container walls.
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As a result, each gas exerts a partial pressure that is independent of the
presence of other gas, and the total pressure is due to the sum of all the
molecule-wall collisions.
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e GiliasS Je i ¥ ualale L 1Al 405 oSl <l 5Ll ) 5ol dae (LS Laga Jay 12l

-
1 .
. 3

el i | ol el | JUS 0 (Brownian Motion) dum§l | 48 yd| uibof (A
1S sl LS 13} 5 40 pakaal Hladl @l o (8 Gl (8 llre a5 Ladic
G sl L (35S ¢l sal) aad e (bombarding) 4830 <y jall sae Gla cfaa
sae ) G g ol yiaa asaadl 13 STy A Cailad) e 2830810 iy jal) dae)
28 apall il aal e claldad )Y ol SL ) oS, ddaad (of 8 48306 by sl
(o IS s ¢ il g (52558 5 Aleana (B3 el o Aa Ll Alle (58

() 7)) Jsal
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A g)yal) AS Al A< al) Ay ot jaad s Y 0¥ JSE

5l s (chunk) 8_wes ddagle dadad (86 Laxie 43 ) Hll 4S jall o )8 laaBly
OS S LS Glady dia all ddaid jpall dland) e 58S Ly 3a 50 48y mhas e
Gladl (e il o) puall ) 4880 5 g8l oda a5 Apall ye (5 gl (oamy G 53

Ji 30 Ll g ja culS LK 3 S jal) dadad cilS LalS il
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Byl pdl il g9 dum yd | duibiad|
Kinetic Energy and Temperature

+ e el A8 Al A el Ll Alaledl)

PV =_-mN0?

Wl

.
JELSEE. Y

Ao ju i pwhugio; T? ke Ja A e iall AK 1 (M) Ol Sl s 2e 0 N
Al gl e )
;Q\J'uﬂeud\ Ol

PV=nRT
Do A (e Sy

Pv:%mNu2

PV=nRT

C b LS5 jall s 55 4 jal) 8Ll (s A8Ma) L
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PV=}mNU2
3
PV=nRT
%mNuz- nRT ... ~ 3
MmN U =3nRT........... +n
mEN 02 —gry +2
ng
lmN U’ = =RT
2
(N, : Avogadro's Number = 6.023 ~ 10%)
LmueN, = SRT
2 2

keN, = gRT KE

(KE : Kinetic Energy for One Mole, ke : Kinetic Energy for One Molecule)

— x O
2 NAg

ke= §kT
2

(k : Boltzman's Constant = ?'311,‘]”(' mol =1.381" 10% JK)
6.022 ©~ 10” molecules’'moal

PO Y sall e 22l A jall Adal) Cluad asle Al

w

KE=—=-nRT

N

KE=>" (8314 n’' T

N[ W

KE=1247" n " T
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Jids iV g dana Vg cdbida o aatiad ¥ ) (e Badaa dpagt A8 jal) ABUal) b Ada g
_‘GJUA:\@JJU.‘DMQM

A all gl Gl (R Dl ded ¢ (8,314 JK'mol™) dedll Lyal 13
25°C 5l )a 4y die (_A\:m B Lﬁ\ (e dal g gn\ﬁ s> Z\ALL&:\:\SMY\
L Gl

g RT=>(8314JK"mol™") ~ (298 K) = 3720 Jmol™

N w

Db LaS 8 (e aa) g pg Jad AS al) dBlh b gila (8 my O (S

ree KE_3R
N, 2N,

Juzad) (pad 33 jaall Ol Al g il jadl Uy (lets A8a DU Wil o alama Y Tk
e lb Al e s Boltzman®s Constant ole sl s iy Co ey Taaa G Jaas
Db WS e ) S5 (K)

_R _ 8.314 Jmal™* K™

SaTE T e e R W ek
A .

S all adh bwgia <8 Sl casl ) cd);ﬂ Oladl cul o Gle il g il

M}L&A(ZSOC)aJ\ﬁﬁJJmugéﬁﬁjﬂ\z\ﬁ&Mﬂu}&}
Ee:§(1.3806' 10% JK1) © (298K) =617 107 J
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S| Gl G sla

Z
3|
)
I
>
Py
_|

N, (avg KE per molecule) = RT

Z WIN WiIN Wk Wk W Wl

A (avg KE per molecule) = %RT

This equation shows that the absolute temperature is directly proportional to
the average molecular kinetic energy, as postulated by the kinetic molecular
theory. Because there are Ny molecules in a mole, so the left-hand side of
this equation is equal to the total kinetic energy for amol of molecules.

N, (avg. KE per molecule)= %RT

N, (Ke) = 2RT
3
KE= 2RT
3

KE : total kinetic energy per mole of gas

© Gl jlad) QY ga (g N 222l

KE= — nRT

(339)

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com



http://www.pdffactory.com

\~™ "~/

e | kS il el | Sl

é)\}i\f»\ x oy yos 35005

2

N, (Ke)= =RT
3
— 2R O
Ke= —¢c—-=
3&NA g
— 2
Ke= —(k)T
=0
(11%) Jlo
© e JS Al Ca g lall die A jal) A8l lata L
Le e lmol (< L ke ¢« 0.2 mol (I
Jall
A Al s
KE = 3 NRT
2
KE 0.1mop =3 01" 8314° 273=340463
' 2
KE(lmol):g' 1" 8314  273=3404.58]
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(11¥) Jho
kJ 335 (27 °C) 2= (e Jle (e 2a) 5 J 50 48 ja A8 2a
Jall
KE= SnRT
2
KE = g © 1x8.314 " (27 +273)
KE = 3741.3J
KE =3.741 kJ
(V1€) Jbio
kJsaa 5 (27 °C) e M 3le 50 (0.2 MoOl) A8 s Al 2
Jall
KE= §nRT
2
KE = g " 027 8314 ° (27+273)
KE =748.26 J
KE=0.75kJ
(1710) Jhio

3352 (25 °C) e (CO) Jl& (o (14 @) Wlie ST A€ al Akl o
(C: 12’ O= 164_1JJ3\:\LSS\) ‘(J) d)ﬂ\
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Jadl
Db LS Y gl ae Vgl aa s

m 14 g
n = = =0.
“© Mw (12 + 16)

FRARSEFNFEIRTRIGEIR

KE = SnRT
2
KE = g © 057 8314 (25+273)
KE = 1858.18 J
KE = 1.86 kJ

(V1) Jbo

e e Jsal ASal Wl & S (K) Gl saa 50 5 ) all Ao aa
Al Ga g ylall vie Lgiad Caal (pausY)

Jall

SJ\);”) 298KSJ\PAAJJL;JLQPS‘}”}Ta‘)\)aé\a‘)dgﬁu,%\h\ u.\ﬂd\;uau)s.\
(ntall Ca g pkall 4

KE =>nR (273).......(2)

L e Jeani (1) Aabaall e (V) Dabaall danidy g
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lie 2 @m3)nRrY
=82 )

2
KE 3HRT
2

273
T
T=2" 273
T =546 K

N |-

(V1Y) Jue
(250 M) s s 4ena O caale 13) (N) Cassiil) Hle (e (4 Q) daroa aual
12471 Jmol s st 4ie sl 5 J sl (KE) 8 all 48l i

Jall
130 oall da o aa 3 A jall A (58 et Y
KE = SnRT
2
3., , ,
12471 = > 17 (8314) " T
T =1000 K
»Jarcall Couadl alad) &l Hlal) ) $8 8 adailly
PV=nRT
p= NRT
v
&40 (0821 1000
&28
0.250 L
P=46.91 am
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ot il e g
Molecular Speed
e i Al el a5 A8 pall Ay Lasi i Ay G Anals ind of Ly n
N
+ )l daladl Alataall
PV =nRT

P\/zlmNU2
3
_1 =2
Pv—ém(nNA)u

PV::%n(mNA)U2

PV = EnMWU2

3
wPV=nRT
PnMWT =nRT .cooorrrnnnn. ( §)

n

MwT? =3RT
. 3RT

Mw

o JT -y [PRT

Mw
rms : root - mean - square
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<) Jalt A8 jad) 4y Bl A e VTP =
PV:1 mN T
3

NRT=imNw
3

for1mol N=N,

RT = %mNAU2

P mN,=Mw

P RT= %MWUZ

o = 3RT
Mw

— _ [3RT
Ju? o

> 3RT
mN ,
— 3RT
U =U. N
Mw
(345)

3RT 4
Mw

A3dad) iy Al 44y b

S iyl o]
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VI s Jpuantl il i
L;.\\.QS\/U_Z e Jpanll (Ko

o ol oy ) Eiall — AS sl dyphi iy Aal o3 o Ll

. KE= §RT
2

KE= §RT
2

IMww? =3RTo (" 2)
2 2

Mw U%= 3RT
2= 3RT
Mw

p \/F = U= —3RT
Mw

e ) g e e gidd a5 3 A VTP e )
Root — Mean Square Velocity (rms)

The equation :

2 =y = 3RT
VO = U= Mw

shows that the (rms) speed of a gas increases with the square root of its
temperature (in Kelvins). Because Mw appears in the denominator, it follows
that the heavier the gas, the more slowly its molecules move.
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iy el e pud) anan g pa o gial a i dad) AL Lgde J guand) 2l g

P_\/uf+u§+u§+ ........... + U2
n
- o Z\.Baﬁ-n&a
L AREA| ()

[ = [BRT

Mw
S Al e g (T) 5o)all dx o o dat adiad 49 3all de yudl o e
(MW) Sl 05 aa A aadindl

il oslls cJsall san s R alasiad cany (M/S) 32as VU° sl (Y
R=8314 4ad o s ol g/mol 33a 5 sl s Kg/mol 32 53 058 Mw
DA (1J=1NmM) gsbadsls (JK.mal)

J=N m_kg_.m " m=kgm® S?
S
| P (A T

— _ [3RT
\/u_— Mw

— _ [3RE@moal™ K™) T(K)
Vot \/ Mw (kg mol™)

— _ |3R(kgm?®s® mal* KH T(K) _ 1
& J e m.s

D el km/h sas 5 Al missas s (e de pull Jysailg
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km _km =~ 1000 m/km
h  h’ 3600¢h
akm ,
&h

362=ms?
@

20l OOl e il 3l ae GuSe iy (50l Ao pudl aje ausgia (Y

dapo ol e VT? o ) 3l T e s (s Hashas (Mw) o 588 3lal
(R =8.314 JK.mol , Mw = Kg/mol) ¢ s,la

‘Adalaal) WS S g
\/U_2 B /SRT
Mw

- PMw=dRT
PMw _ dRT

dMw  dMw
P_RT
d Mw

[z _ [3RT
-Nu? ,/—MW

b Ju? = ,/f
d

Aad Ol «Jiall diss Sle (25 °C) 51 a2 2 ¢ (Np) sl Jle Al b
A o Cuas 0.02802 Kg st (S) (ealladl cilas ) Uail Gy (Mw)
;Ao siall de ull it (1 J= 1 Kg mM® §%) s sll 4y sl

:B)M\a&és
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J7 = [RT

Mw

—  [3(8.3143)" (298)
b Ju? = \/
\/7 0.02802

Ju?=515ms?

Ju?= 1854 km h't
J?=1150 mi h!
Gy Gl e daa] Ao giall de jull ddlia) sl amy (VYY) Jedn el
Ana b)) ya da o die dan gidl) A< jal) A8 Y Todas 48] Jaadl g Adaven il ja
o) ABASD cliplall ol sl oo R Gaks clisal gaad Redl G L]

ALE cliadl ga sl e

(0,921JF) (6 gl €l Ja) Gany ey Jad A giall cile ) VY Jgaa

1000 °C (1273 K) 3\ 42,35 25 °C (298 K) lua da 2 aie

Gas . 25°C __ . 1000 °C __
ms mi h ms mi h
H, 1770 3960 3660 8180
He 1260 2820 2600 5830
H,O 590 1320 1220 2730
N> 470 1060 970 2190
O 440 990 910 2050
CO, 380 840 780 1740
Cl, 300 670 620 1380
HI 220 490 450 1010
Hg 180 400 370 830
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(1714) Juo

Dnall da o die (Hy) Ceasoned) esiad Ao pudl o giad e il H3all ual
(H = 1) O sonell 43 AN ol Wle ¢ 5l

Jall
Mw =2 " 10° kg/mol
R=8.314 JK.mol, T =273 K

J= [3RT

Mw
3" (8.314Jmo|'1 K1 ) 273K
2~ 10° kg mol™

3" (8314kgm® S* mol* K*) ~ 273K
2~ 10° kg mol™*

Ju?=1.84" 10° m/S

(YY+) Jho

b gial il D3l s Laxie (Np) oeasidll Dl 8olall Ax sl
(27 °C) 5, da 3 xie (He) astlied) e es 3l Gsluse de sl

(N = 14, He = 4) : &, ) o Le
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Jall

Mw, =4 " 10° kg/mol

He

Mw, =28 " 10 kg/mol
7, 3RT

&‘

8314Jmo|1 ) ~ 300 K

\/ "~ 10° kg mol ™

k‘

8314kgm s? mol™ K ) ~ 300 K
~ 10 kg mol™

=1367.4 m/s

ﬁﬁ

Ju? o at T K

P VT, = SRT _ 1367.4 m/s
Mw

= =(1367.4 m/s)’

ae\/s 8314 T 62
28 © 10° 3

meEn

ISEE

3°8314° T
28~ 10°
1869782.76 ~ 28 = 10°
37 8314
T =2099 K

=1869782.76

T =

(VW) Jhid
M\h)&h&@;})d@\g&)ﬂ@}d\ ‘)ALMMLEMJ‘)A\JJAMQ_\MA\
(H=2.016 ¢ s el 4 30 A1) (R = 8.314 JK.mol) s sl
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Jall

?

"t

\/ (8.314Jmol’K?)” (273K )

?

(2,016 * 10° kg mol?)

" (8.314kg.m? s?mol*K™) © (273K)
(2,016 ~ 10° kgmol*)

=

Ju2=184" 10° m/s
ckm/s S m/s (e sas gl Jogail
— 1847 10°m
S -1

J= (184" 10°m/ 1000 mkm?)
1s/3600sh™

Ju? =6624 kmh!
rpal Km/hsas s Jm/ssas g (ede yll dasadl jlaidlyg

m/s x 3.6
1.84 x 10° x 3.6 = 6624 km h!

diad Al aa5 (6624 KM/h) Hy e es i de yu alii g gl jdall da jo die
b el aa g ¢ Aoyl el Q5 Y jlamy) gl AT e 4 Sl [l ddaadle
dalabia) Aaii ) el Aalad) iy 41 ¥) Allad) ¢ (5 5ad) Ay e a8 L Adf &l

s AT ciliyjall
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(VYY) Jhio
(0.1 Al Ggohall aie 40 5al) de jull ao e doss sial (o2 il H3al) Craa
Sy e e mol)
Jall
e el g e T il il 3N (1
J7- [’
Mw,,

— 37 (83143K* mal?) © (273K)
(32 ”~ 10° kg mol '1)

— _\/3 ’ (8.314 kg. m* s K* mol'l) "~ (273K)

u =
(32 "~ 10° Kg mol'l)
Ju? = 461.3mis
tkm/s A m/s owsas gl Jasail
461.3 m
U =
v S
— _ (461.3m/ 1000 m km™)
u’=
vor 1s/3600sh™

Ju? =1660.68 km h
: Jbaidly
461.3ms! x 3.6 = 1660.68 kmh?
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(VYY) Jhio
e (Np) ol e Gyl de pull aoje Jawgial (2l ) o
Km/h 55 (273 K)

Jall

\/* 3RT
JiE= [3 (83143K mol)” (273K)
(28" 10° kg mol)

N 3" (8.314N.mK™mol™)” (273 K)
(28" 10° kg mol)

Jo= \/3' (8.314 kg m* s? K'mol™)” (273 K)

(28" 10° kg md)
Ju?=493.14m S*
- km/h QA mYS (e de ) s g Jasadlg

e 3(‘_5
Ji? =49314mst 812 i
$3600

Ju? =493.14mst © 3.6=17753 kmh™*

(YV€) Jbo

A ol HLll Ay 3l e juall a pe o giad a5l 53al) Call
felihadla o4 L« (HBr, O,, No, Hy, He)

(H=1,Br=80,0=16,N=16,H =1, He=4) 4. 3 J<ll ;L Lle
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Jall

— 3R (IK'mal™H)T(K)
J?_\/ Mw (kg mol)

(whereJ=N. m=kg. mS?. m=kg n? s?)

2 &2 -1 -1
E: 3R(kgm° s° K mgl )T(K) — m/s
Mw (kg mol™)

NCRGLED :\/ 3 808;;1,4 10273 = 290.1 nVs = 1044.36 km/h

Ji(0,) =\/ 3 3286?81'4 10273 - 461 s = 1659.6 km/h

JT2(N,) :\/ 3 288('31,4 10273 = 493 m/s = 1774.8 kmih

Nod (Hz):\/ 3 > 35%4 10_3273 = 1835.99 /s = 6609.56 km/h

J@ (He)= \/3 8314 _273_130472 m/s = 4696.99 km/h

lazall a)\);j\ hqugﬂ);ﬂ\@ihm@u}&dﬂiﬁ\ uu);j\ u\hvu”j
@JALMJMJhu‘u&e‘:JbJ a‘)\‘)ﬂ\é\;‘)ma‘}u\_\ﬁm MSJ;J\‘\ALH\L)\}
O i Y i3 oY) (493 ms) 05S5 S (STP) e cns_siall iy 3o Ao
L) e ol w58 2 g9 4 ARl 5 Ao ) o3gs < pai Cpa g il iy da apes
ol Cuns 493 MS™ oo A8y (Say Jldiay 33l (a iall (e elai) (Line e
AT (o Lgile yu (B dlgin Lad A8l Jalidiy anlia®i 430 58 Slall Gl s
_JJJMSLA@JJﬂ&JLMM\a)\)ﬂ\ubjdmub)uﬂéﬂj\e‘)jﬂ\ggﬂj
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kil e cilyaial s3a ol Al ¥aleall Clagiial 38y Sle ] le 31 5
Alain) 5 Ailan) )y aladinly SR AS )

ol COAl S i pe A g BDe (VVE) JUdl b deddiid) cilleall o
Gl i & Y (Jupiter) gidell oSS GBlAy S (g )N
A 3 (He) el 5 (Hy) comsonel) Jie i e e (Bppreciable) ) siee
@ iball S 6K A jlae e (Y GSS () G s A 38 s Lo g sal
Ob Anlall cliliall jelaiy faa dimia ()5S0 A8l i) o3¢l Leiudla (4
Cos) ST de jun sawn OF ng Y1 A3 Jlas (e e S s al
dc yull OY 4 (escape velocity) el de s aud 5 (11000 MV/S
SIS O S Sl s sl iy S de g e S (S5 p saligl) A il
Sl lia Ly s Al loadll ) (om0 g sall GOl e Gpa ST o siligl
A e ST Al 8 g il oSS W sl WDe b asligll Gl )Y (e
Gl JS e oY) e 3508 5 08 Al ol il 5 e (320) (sae gy
@ sl adle 8 ALE o culS ddes

.(Jupiter retains both heavy and light gases in its atmosphere)

Y (solar system) dssedll Liie sane & (small planets) 3_saall SISl &
(Mercury and ) 54 il s 3 jdae LiS S (e Ao i 5 )y da o Lgd il el Loy
pe 2V Sl sLadll S je Lgd 3 gana o saligll 5 (a5 )2l (L8 Venus
o s—aligll (e 48 S (reveal ed) (o o—ehl) cn gl A aVE

3l 5 sall U & (measurable  amounts  of  helium)

abua¥ly g yee e asliell 14 jaas ¢ (in the atmosphere of Mercury)
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alls (Lt L Lay) (Massive bodies such as stars) Lie ssi e dalaal)
.(are mainly composed of H and He) .» s:hell 5 (a5 suel) (e Glle

By G AY) Al all sae g g & Ay S A il g ceg hall ana A8 rang
(Mean Free Path) sl jaal) o gia Glua UiSey 4dld 43 laas il o saall
alabal) a3 5 ISy (opiallita Cpalabual G s sl WS Al Al Al 2 g
.(Collision Frequency)

5 scadaaill (1000 °A) b 8 A sie Ailsa i Op, Np e iy jal s
STP aie 45l & daladaial o by © Gy 85 (525

(Vvo) Jlio
RO (250C) e NH3 JJ\.&J\ Jw‘\.{:‘).uj\ EJALMJ.LAS Ls")")ﬂ\ JJAM RN
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Fig. 106 : The effect of molar mass on the distribution of molecular speeds at
a given temperature. On average, heavier molecules move slower than lighter
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Fig. 107 :

a) The range of molecular speeds for several gases, as given by the Maxwell distribution.
All the curves correspond to the same temperature. The greater the molar mass, the
narrower the spread of speeds.
b) The Maxwell distribution again, but now the curves correspond to the speeds of asingle
substance at different temperatures. The higher the temperature, the broader the spread of
Speeds.

Fig. 108 :

a) The distribution of speeds for nitrogen gas at three different temperatures. At the higher
temperatures, more molecules are moving at faster speeds.

(b) The distribution of speeds for three gases at 300 K. At a given temperature, the lighter
molecules are moving faster, on the average.
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Fig. 109 : The distribution of speeds for helium atoms at different temperatures.
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Fig. 110 : The distribution of speeds for nitrogen atoms at different temperatures.
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Fig. 111 : Graphs of molecular speeds (or energies) versus numbers of molecules are
called Boltzmann distribution curves. They are named after Ludwig Boltzmann (1844-
1906), an Australian physicist who helped develop the kinetic molecular theory of gases.
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Fig. 112 : The Maxwellian distribution function for molecular speeds. This graph shows
the relative numbers of O, molecules having a given speed at 25 °C and at 1000 °C. At 25
°C, most O, molecules have speeds between 200 and 600 m/s (450 — 1350 miles per hour).
Some of the molecules have very high speeds, so the distribution curve never reaches the
horizontal axis. The average molecular speed is higher at 1000 °C than at 25 °C.
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