N
ARMS

ACADEMY

General Chemistry 2

Choé

Our Groups

O

duosslSBl BLiS

g nTeIegram



https://t.me/+fXaiTkZzKz0wODlk
https://t.me/ARMS_Academy
https://www.whatsapp.com/channel/0029VakeIHa7dmecmTmlcb0E

s

ACADEMY
6-1 Properties of Gases: Gas Pressure

6-2 The Simple Gas Laws
6-3 Combining the Gas Laws:
The Ideal Gas Equation and
The General Gas Equation
6-4 Applications of the Ideal Gas Equation
6-5 Gases in Chemical Reactions
6-6 Mixtures of Gases
6-7 Kinetic—Molecular Theory of Gases \
6-8 Gas Properties Relating to the Kinetic—Molecular Theory
6-9 Non-ideal (real) Gases
Focus on The Chemistry of Air-Bag Systems

6-1 Properties of Gases: '
Gas Pressure

il e o)l jallas

Pressure is defined as a force per unit area
alunall 8355 Lle 850l dga)l 4L hsuall Loie
o Gas Pressure

e Liquid Pressure

weight is a force

W gxm gxvxd gxhxAxd
A A A A
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A) — AX+Q X= e ﬂ bi Q
Barometric Pressure  (ssxJ! 2.l \\ " J]

The atmosphere exerts a force on surfaces ol e 898 353 921
il Standard Atmospheric Pressure AA:(E{DM&S
1.00 atm
g e 760 mm Hg, 760 torr

101.325 kPa

@U' - K"U'_L.i? 1.01325 bar

.—--""' .—'?”i 1013.25 mbar

(a) (h)

Would it be possible to use water instead of mercury? \
¢ GOl e By cladl plasiwl (Sl o HeSaw Jo
1.Mercury is relatively denser than water; the length of the column of water would
have to be about 34 feet high to exert pressure equal to that of the atmosphere,
while the column of mercury needs to be only 30 inches to exert pressure equal to
that of the atmosphere.
s o) 1528 34 JIgsig 68 ol ey <loll sg0cdob oo &llsly cslall (o s A8LS ST 54531
Goluno s ax3) a8 duogy 80 dlsb 9953 Shigll 34l Sgac zlizy ey (5ol oMl b (59l
Soxl LNl bl
2. Mercury has a very low vapor pressure when compared to that of water. So it is
more sensitive than water to the changes in the atmospheric pressure and rises
more quickly to record the changes in the atmospheric pressure.
(sorl bl 8 Olhusill clall (o dewluns iST 900 i) cclally <U)Lo.o 13> Laasio o bew G0l
soxl hauall 8 gl 038 Juzuni) 18T dcyu gaiyg

3. Mercury's freezing point is much lower than that of water, so it can record the
atmospheric pressure at temperatures below that of O degrees centigrade. |
J31 8)ly> Ol sie soxdl bl Juzmuns diSay iy celoll 3825 dladi (o 5iSy J81 355 28205 dhass \

dygio 423 0 (o

4. Mercury does not evaporate easily, so very little mercury vapor enters the vacuum

above the mercury in the tube

J51 353l Ged sazgall Ehall LI Gl 5l (e 3z Jaid slade Joay U] dogun G501 youi 3
4953

5. Mercury, being a metal, shines brightly and so can be used to read the markings
on the tube easily.

Uggun g3l Lo Ologyaull 8sha) dolasiwl oSy Uiy By goly 46 o3 316 G5l O Losg
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Manometers

A manometer is an instrument that is used to measure gas pressure

Manometers compare gas pressure and barometric pressure.
boslly 3l bhaw Hu Whingilall )ladg Ll e (ulis) pasiw) jlg> 90 yiogilol ARM S
(o9 Wl) (5924l ACADEMY

| l” Poar. | e |
- | @ || @

Pgss = Prug Pygas = Pigr + AP Pias = Pyy, + AP
(AP =0) AP <=0)
(a) Gas pressure equal 1o (b) Gas pressure greater than (c) Gas pressure less than

barometric pressure barometric pressure barometric pressure

6-2 Simple Gas Laws
gl L)l (54il98

Boyle 1662 Po— PV = constant

Pressure

Yolume

e For a fixed amount of gas at a constant temperature, the gas volume is inversely
proportional to the gas pressure

5lell bhaus go LS 3lall ez (oS0 Al 8> &5y sic )l Olbj> (o ol 2]



Example 5-6

Relating Gas Volume and Pressure — Boyle’'s Law

Tank V=1
@ ACADEMY
Initial condition l Final condition
21.5 mm 1.55 atm
S0.0L |
= P]Vl
PVi=PV, V=50 = 6941V, =644L

Charles’s Law

VaT V=bT \

e
T(K) = {°C) + 273.15 ﬁﬂ_“"“b——-—f—'—
>
60 i
=5 50 [ c 5 50 C
E 40 E 40
230 B 230 B
220 _,»*"'/—‘ 2 20 Z ﬂ"—/ 4
>0 ,-—',‘..J__.__‘,._..—r'-"‘ L e e e
) LgamsE==-- il 1 | J pwazzzE--" 1 | | I
300 =200 — HX) 0 100 200 300 0 100 200 300 400 500 600
Temperature (°C) Temperature (K)

e The volume of a fixed amount of gas at a constant pressure is directly
proportional to the Kelvin (absolute) temperature

(@allaall i) GAISIL Bl &) 2o Gasl canlity ol batus ie 51l o &0l oS 2>

Example

A balloon is inflated to a volume of 2.50 L inside a house that is kept at 24 °C.
Then it is taken outside on a very cold winter day. If the temperature outside is
-25 °C, what will be the volume of the balloon when it is taken outside? \
Assume that the quantity of air in the balloon and its pressure both remain

constant.

J&?»bégﬁeygﬁaﬂinqu%plev4@b>&yax&dyAHJbb)ﬂ250ﬁ;>uﬂoﬂbéﬁ@3
Tl Gl 0351 sie olll e GoSams Lad 1°25- 2Ll 9 Bl 2 ilS 13]
Ol 5y LeadlS baaually gl 3 slaall dxaS O po il

=_1 (n constant, P constant)




V= AX+Q x= - < [~ A bt (a

Standard conditions of temperature and pressure
(STP) bl 8yl &y3) gl og bl )]

« Gas properties depend on conditions <ol Gleslall pallas see - A RMS
ACADEMY
o Define standard conditions of temperature and pressure (STP).

(STP) basallg 8)hl d>ya) duwlidll Cagyall Laie

1 bar = 10° Pa
T=0°C=273.15K

Avogadro’s Law

e Gay-Lussac \
Small volumes of gases react in the ratio of small whole numbers.
Bpasio douuo Slacl duniy Ol o Bruguall agaall Jelas
e Avogadro

- Equal volumes of gases have equal numbers of molecules and
- Gas molecules may break up when they react.

Olidl o dgluwis slacl Lle BB o dgluioll pox>dl (ggix -

At an a fixed temperature andypressure:

k? Vaon or V=cn

At STP
L> 1 mol gas =22.4 L gas

|
6-3 Combining the Gas Laws: | wllal ;ulg8 zoo M
The Ideal Gas Equation and the Sl 5Ll dsles

General Gas Equation dolall dlslanllg S
olylel)
e Boyle's law VallP 0P
e Charles's law VaT Va e |
e Avogadro's law Van

PV =nRT



rxmm
The Gas Constant sl col
§ PV =nRT L‘JJ

PV
R_

“aT ARMS

ACADEMY
= 0.082057 L atm mol* K*

= 8.3145 m® Pa mol* K
=8.3145 J molt K

The General Gas Equation &l delall dsleall I
Gl iy
PV, PV,
R = = /100
n, T, n,T, @

If we hold the amount and volume constant:

T

Pl _ Pz ’:':mmlﬁr Thermometer
T, T, 0 s
m o .. f@)
Molar Mass Determination  dJgoll dlis)l 33 275
PV =nRT and n= m— Slide 17 of 41 |
M

m
PV= ——RT
M

=% m RT
PV

Example 6-10

Determining a Molar Mass with the Ideal Gas Equation.
Polypropylene is an important commercial chemical. It is used in the synthesis of
other organic chemicals and in plastics production.
A glass vessel weighs 40.1305 g when clean, dry and evacuated; it weighs
138.2410 when filled with water at 25°C (6=0.9970 g cm™®) and 40.2959 g when \
filled with propylene gas at 740.3 mm Hg and 24.0°C.
What is the molar mass of polypropylene?
el 5Ll dsles planiwly dgall dliSIl 3323
Ol delio (99 (5)> dyguac Slgo Falni 9 pasiundy dage 4yl diluosS S3lo Halnign el 32
Loaue ¢ 138.2410 O !slogll (o Leytog Blag ladhs )9Sy Leaic ¢ 40.1305 >1>) sleg O - (Wluwdl)
740.3 i sic Galugydl 5l Yol Losic ¢ 40.2959 (i ¢ (Beunl§ & = 0.9970 d8Lisl) 2°25 sic clally Yo
COodngn Glell ddgall dlsll Lo .p°24.0 8))> d)39 (5455 ele

Strategy:
Determine Vy,s. Determine mg,s. Use the Gas Equation.

WY A\
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Example 5-6
* ’ N

Determine Vi -

Ve = Mio/di= (138.2410 g — 40.1305 g) / (0.9970 g cm™) ARMS
—98.41 cm® = 0.09841 L RN

Determine mg,s :

Mgy = Mpeq- My = (40.2959 g — 40.1305 g)
=0.1654 g

Use the Gas Equation:

m
PV =nRT PV=VRT M=

(0.6145 g)(0.08206 L atm mol”' K')(297.2 K) \
M =
(0.9741 atm)(0.09841 L)

M =42.08 g/mol
Gas Densities  wljlall oS

PV =nRT and = n=—

6-5 Gases in Chemical Reactions  dsluoSIl wdlelodl 9 wljlall

e Stoichiometric factors relate gas quantities to quantities of other reactants or
products (Law of combining volumes ). \

(pozadl ol )9il8) (5531 ailgill of dlelaiall luaSy OBl LS by dyyiogaSaindl Jolgal

« Ideal gas equation used to relate the amount of a gas to volume, temperature
and pressure.
dbsusg Gly> d2)39 dazoy &S byl Slliell jlall dslee pasiwd

e Law of combining volumes can be developed using the gas law.
Sl 998 alasiwl pgaadl slasl (gild Glawil ¢jSe



Example 6-10 M

Using the Ideal gas Equation in Reaction Stoichiometry Calculations.
g g q y ARMS

The decomposition of sodium azide, NaN3, at high temperatures produces 4cAbEMY
N,(g). Together with the necessary devices to initiate the reaction and trap the
sodium metal formed, this reaction is used in air-bag safety systems. What volume
of N,(g), measured at 735 mm Hg and 26°C, is produced when 70.0 g NaN; is

decomposed.
AleasSIl odelazll & yiogsSygiandl Hblus 8 Jliall Ll doles alasiwl

Jelail ead dojdll 83g>31 o () (pumopiadl 5L zeid &le )h> lsys sic (NaNs) pgasguall 3y Jls
Aol &lggll LolSHI dalail L5 Jeladl 130 pasnd (il pgasguall s>
SNaN; (o ¢ 70.0 o sic gl (226 8yl doy09 (6455 plo 735 i duwlid aic [N 5L ez Lo

2 NaNj(s) — 2 Na(l) + 3 Ny(g) \

Determine moles of N, :

ny, = T0g N, x — moiNaly . 3molN, _ 5 65 ol N,

65.01 g N;/mol N; 2 mol NaNj,

Determine volume of N, :

nRT (1,62 mol)(0.08206 L atm mol' K-')(299 K)

P 1.00 atm
{(735 mm Hg) 760 mm Hg}

V=

=41.1L

6-6 Mixtures of Gases wllll bllbws

e Gas laws apply to mixtures of non reactive gases.
dlelazall e Oblall e Gle Sl Gwlgd Gabais |
e Simplest approach is to use Ny \
Niotar SIS Bl 53¢ alasiwl o dayb bl
o Partial pressure (Dalton’s law)
— Each component of a gas mixture exerts a pressure that it would exert if it

were in the container alone.
(0odls H9il8) Lixadl basuall
0325 135290 OIS o) ) 5w OIS (3 bl sl basuay 35y lilall lads HUESe (o 0350 JS —
clegll 9



Dalton’s Law of Partial Pressure U
L5l bptuall osills oils =
Partial pressure is the pressure of a component of gas that contributes to

the overall pressure. ARM S

plail) JISI basall G ealuy s3I 5l OU3Se 351 bhaus 90 il hausll ACADENY

— 0 ) - i > - B >
) 4 y Im [ ]
UV o 45 2N
2 9
L f aogy U "'3" #P0 @ T 1.25 mol He
T 0.50 mol H, 2T 1.25 mol He 0.50mol H,
AW = 0,50 m R av ) @ 35}; Tl
Y CLAN Y,
o W - C
La

(o) 3.0L m 2°C (b) 5.0 Lax 20 °C e) 5.0 L at 20

Partial Pressure 2l ha.al

Dalton’s law of partial pressures states that the total pressure of a mixture of gases \
Is the sum of the partial pressures of the components of the mixture
45l bgall ggoxo ol Wl Go lads) SIS lasall ol Gle ddizdl basuall Heills Heild paiy
sl el obgsel
Pot=PatPpt ...
Partial volume is the volumeithat a gas would occupy at the total pressure in the )

chamber. _ _ .
s legll J51s JIsUl asiall aie jlall Al 3l paal 90 il ezl

V,=nRT/P,  and Vi =V, T V,+...

Ve LRT/P N,
Vot N RT/P Nyot

Mole fraction
Ba nRT/V,, 1,

Ptot ntotRT/ Vtot ntot

Pneumatic Trough  _lsgll yos=l \

The method works, of course, only for gases that are insoluble in the liquid and do
not react with the liquid being displaced.
1Al Plwdl go Jelais 3o Jiludl 6 935 3 Lill lile)l 2o Jasd (gubally (déyylall 030 i

o — Piur
; ) i H
| o 1 Il L

< Water - Water

Gas does not react with water
Gas does not dissolve in water



R W S 4 bt (a
Practice M

In the following reaction, 81.2 ml of O, (g) is collected over water at 23°C
and barometric pressure 751 mmHg. What mass of Ag,O(s) is decomposed? ARMS

ACADEMY

Given the pressure of water at 23°C is 21.1 mmHg
o)l baually C°23 8> 2> ic sloll B8 Oz 5l oo Jo 812 goz @3 . Jll Jelawll 5
g C°23 aic clall ) lw bss b lake Sallsuall (AQ20) dadll aast dlis Lo 345 plo 751
G0 el 21.1

2Ag,0 1Y 4A0(s) + O,(g)

Indications : Use the principle of pneumatic trough

Use the Ideal gas equation in stoechiometric reactions
(pneumatic trough) slgg)l og> Taxe axsiwl - 1 lagleill |
& piogaSaiudl codlelazll Lo LJliall 5Ll dsles pasiwl - \

Solution
Ptot = Pbar = POz + P H,0

Po,= Pyar — Puo= 751 —21.1 = 729.9 mmHg
Po,= 0.9604 atm
PV=nRT =>

PV 0.9604 x 0.0812
n= = =0.00321moles of O,
RT 0.08206 x 296

Using the chemical reaction and considering the stoechiometric factors
Hled] 8. dyieguSouill gslgall 35Ty iluessIl Jelad] plasiuwly

e Number of moles of Ag,O is 2 x 0.00321 = 0.00642 moles
e Mass of Ag,0O =0.00642 x 231.7=1.49 ¢

6-7 Kinetic iSyodl b
Molecular Theory i3] \

are point masses in constant, random, straight line motion.
Particles are separated by great distances.
Collisions are rapid and elastic.
No force between particles (except very briefly during collision)
e Total energy remains constant.
dogdine bohs (99 Silgdne JSung Hheiwl Whaid didadi JiS o Oloswall
35S O loluoy Agradss Sloswall o
y0g doypw Olosbaill
(poladl <Ll 13> 8yu08 8y28) 3]) Olaguadl (w0 898 3257 3
Al &SIl d8lall e

Particles

WY A\



Pressure — Assessing Collision Forces \L Jj
fs.sba.le S99 Eusds — baall
Let us focus on a molecule traveling along the x direction toward a wall ARM S
. . . ACADEMY
perpendicular to its path. The speed of the molecule is denoted by u, . The
force exerted on the wall by the molecule depends on the following factors.
Uy esil depun oud 0)lune Lle (53908 )laz 920 X oladl (8 Wiy s3> Lle 3y lige
Ul Jolgall Ll jlazdl Gle eisizdl Ly 55y il Baall aoiei

N
» Frequency of collisions V=Uu——
Olosbadl 33y v
o Impulse or momentum transfer, I=mu,
(@)l duaS Jlasl @a3)l) Jlaw! of dusil \

Pressure of a gas is proportional to impulse times frequency
" 335l 8 ded )l Oyus Juol> go Bnb anlin jlall hasus

P o — mu’

Pressure el

However, the molecules in a gas sample are traveling at different speeds.
Therefore, we must replace in the expression with the average value u_x2
There is absolutely nothing special about the x direction, so we should
expect E:T;:E:%F
dogilly ypratll 6 Jrualiighiy WU daline Ol @i jlall dic Oliie Olb wll gog
U o9 4 dhwgioll
&bo Ol Ly A X olail 8 Bl Lle Sran s (ST 320

1 _
PV=—Nmu2 N —
3 3RT = —mu’ |
n
N, =N S 3RT=N,mu’ \
n

PV=nRT so: ;
TS0 N, s Avogadros constant

mN , represent the molar mass M

3RT = Mu’

The root-mean-square speed, is obtained from u?

R =18.3145 1.K-".mol”

S J LU
e M M (Kg)

U, In m/s

WY A\



Pressure and Molecular Speed wlyjall dejwg gl
]

1 N =
Three dimensional systems lead to: P=— —mu’

Y ARMS

u,,, 1s the modal speed (most probable speed) ACADEMY

u,,is the simple average

_ |z
u,.. =Vu

L 1 1 1 |
S00 1000 1500 2000 2500 3000 3500 4000 4300
Specd, m/s

Distribution of Molecular Speeds ol Olejuw 22593
The effect of mass and temperature ~ &b=Jl 4239 Al )50

Determining Molecular Speed W)=l dejw 315

This can be done using the apparatus shown in Figure 6-17.

 An oven and an evacuated chamber are y S
separated by a wall with a smalt-hole. Gas il dd | %’i
molecules are heated in the oven, pass -l )
through the hole, and then through collimators J llllll iy v

that form them into a beam.
o B Gle (sgi )|z dawlg clggll (o d€)an d9)cg 08 Jrad 2
Ologdd pue roi 3 a2y wdil juc ol @ ol o el ol Gouws £
doy> 8ygu0 9 lghSuiniy pgdsi (collimators)

/N

Speed

e The number of molecules is kept low to avoid collisions that s measeirom waine secors)
could disturb the beam.

dojal Linedss Ll (5357 38 Wleslai Wgas izl Ldbsie Wizl sac Lle kadlsg

Number of particl
—

e The molecular beam passes through rotating disks, each with a
slit. The slits on successive disks are offset by a fixed angle.

0oh83l 6 Geaidll ()sSis . Bid Lle lgio JS (seizy B)l55 yobdl e dihyizdl dojal rad
Aol dgly dslio &bl

WY A\



, ' B -
¢ A molecule passing through the first rotating disk will pass

X through the second disk only if its velocity brings it to the disk \L J_’

exactly when the second slit appears. At a given rotation speed,
only those molecules with the appropriate velocity can pass ARM S
through the entire series of disks. ACADEMY
0o Sl dicyw <l 13] 3] G Goyll jue yay o o3l Hlsal oyl yue yay 3l 532l
Sow grhaiuwi 3 dig2o (lygd iﬁ):u sic . SUl Gadl Heeh sic buall oyl Ll Jsogll
w83 duduw JolS yuc ygp0ll duwlioll deyudl ol coliyiadl.
e The number of molecules reaching the detector is recorded for each rotation
speed and plotted against it. Using the apparatus dimensions, disk rotation
speeds are converted to molecular speeds.

“obeall deyun Dléo Lgow) @ing g depuw JS dic cadlSIl Ll Juas il Wyl sae o
Ol Oleyw Sl ohd3l ohes Olepw Jagad Sy Slaxdl slal alasiwl \

Average kinetic translational energy
a3l &Syl dslall Jauwgio

PV=lNmu=2N Etmud)=2 N,
3 30 2 3

PV=nRT so: RT = %Ndék

_ 3R
Solve fore,: C = EN_(T)
yi

N.B: Average kinetic translational-energy is directly proportional to temperature!
8)hal d>ys go Uy Cwwlisny dlasdl dSyal d8lb bawgio
Practice

Calculate the root mean square speed of H, molecules at 25 °C
C® 25 sic (H2) guzar3ug)l Wlioyad depundl poyo hwgind Gyl )3l depw Cuns
R =8.3145 J. K" .mol" = 8.3145 Kg.m".s>.K".mol’ \

T=25°C =25+273=298 K ; M =2 g/mol =2 x 10°Kg/mol

_ [3RT =\/3x8.3145x298=]_92X103m,s

u"rﬁ -
M 2%x10°°

Calculate the average translational kinetic energy of its molecules
Ll ddlasdl dSysdl dlb Jawwgio >

e = | 55 =l.5x(8'3145><2?38)=6.l7 107 Joules
N | 6.023x102

A

WY A\



6-8 Gas Properties Relating to L\ " J]

the Kinetic-Molecular Theory

LT ByodT ) el SLET Lorlas ARMS
o Diffusion ,Luwidl reapEn
Net rate is proportional to molecular speed. <l deyw 2o by Slall Jazall
o Effusion z 390l
A related phenomenon.

Ao Wl balb

Graham’s Law

rate of effusionof A _ (U, )a :\/3RTIMA _ M,
rate of effusionof B (u,, )y 3RT/MB M, \

Only for gases at low pressure (natural escape, not a jet).
Tiny orifice (no collisions) (Bla5 Gudg b 9)0) padie btus sic Oljlal) bads

o : : (Oloslai ()go) 13> jusuo bl

Dogs not apply to dlf'fL-JSIOH.. Ll e g 3

e Ratio used can be ratio of : - WIS )l plaiaol Say
— Effusion (as above) " (G WoS) Zagadl - |

— Distances traveled by molecules Ozl lgiekhd il Oblull -

— Molecular speeds il wleyw -

— Amounts of gas effused. Saioll Slall Ol -

Zd9all dinjl -

— Effusion times

duiginll Syl

6-9 Real Gases h

Compare 3 scenarios for gases in a piston...

o Compressibility factor for ideal gases PV/nRT =1
e Deviations occur for real gases.

— PV/nRT > 1 - molecular volume is significant.

— PV/nRT < 1 — intermolecular forces of attraction.

’
®
« Values of the compressibility factor less than one signify that
intermolecular forces of attraction are largely responsible for
deviations from ideal gas behavior.
» Values greater than one are found when the volume of the
gas molecules themselves is a significant fraction of the total

gas volume
oo Oladl Gn O3l $98 O Gl s 3olgll o J83I dublaaidl Jolzo @b
Sl 5l Jolw (e DLl (e 8y do) dggunall I R R
Wogalo 15> 5lell colippad LIl easdl JSitn Losic basMis aslgll (po 1S3l qudll Lol 200 400 600 8001000
)&U Lﬁ,lSJl (0?!.)J| 00 Pressure, atm

Qoooond O

Compressibility factor, PV/nRT

WY A\



van der Waals Equation
Nl

/{P + ﬂ:ﬂ [ V —nb }\HRT AACE{DMYS

Pressure Factor Volume Factor

In the modified volume factor, the term nb accounts for the volume of the
molecules themselves. The parameter b is called the excluded volume per mole,
and, to a rough approximation, it is the volume that one mole of gas occupies
when it condenses to a liquid. \

IS sl @b b Joloall Gouds gl il e Il Nb sl yuidd W Jasell el Jole 3
Sl I 4S5 e 5181 30 3ly Jgo iy (s3)l gl 90 s JSing oo

Practice

Ex1 :1f 2.2 x 10 mol N, /(g) effuses.through a tiny hole in 105 s, then
how much H,(g) would effuse through the same orifice in 105 s ?

Solution
Analyze

Let us reason qualitatively: H, molecules are lighter than N, molecules, so Hx(Q)
should effuse faster than N,(g) when the gases are compared at the same
temperature. Before we set the ratio

Loaic Na(g) (po 1T depuny (effuse) 385 Ha(g) of gbaiall (o A (Np Olin> o sl Hp Oliyss
Qi @ O Jud . 8yl dzps Gt e ikl oy)las

mol H, effused \

mol N, effused

equal to\/ratio of molar masses, we must ensure that the ratio of molar masses is
greater than 1.
1 0 5481 dgall JisSIl s Of Aol 2315 O g +dlgall JasIl dndd Gyl )32l (ol

Solve 22x10 *molN,  \ My, 2.016

? mol H, _ M, _ \/28.014

?mol H, = 3.728 x 2.2 x 107* = 8.2 x 10 * mol H,

WY A\



EX 2 : Use the Vander Waals equation to calculate the pressure exerted

by 1.00 mol ClI; (g) confined to a volume of 2.00 L at 273 K. The Value U
of a = 6.49L°.atm.mol” and that of b = 0.0562 L.mol™* ARMS

Solution ACADEMY

Analyze

This is a straightforward application of equation (6.26). It is important to include units
to make sure the units cancel out properly:
(leasy 2b) Lt lasgll Ol Go ST Wlasgll ]3] egall (o .(6.26) dsleel) yile (§ubas 130

Solve |

Solve equation (6.26) for P. \

Then substitute the following values into the equation

n=1.00mol ; V=2.00 L; T =273 K; R=0.08206 atm mol" K™

L? atm

— 7 =649L%am

n* a = (1.00)* mol® x 6.49

nb = 1.00 mol x 0.0562 L.mol", = 0.0562L

1.00 mol x 0.08206 atm L mol! K™ x 273K 6.49 L% atm
P= i
(2.00-0.0562) L (2.00)* L*

P=11.5atm - 1.62 atm = 9.9 atm



1. Properties of Gases: A gas is described in terms of its pressure,
temperature, volume, and amount ARM S
dyaslly qaanlly 8yl d2y39 asdll Cum (ro 3Ll Cuogd lilall polgs. 1“0V
2. The Simple Gas Laws The most common simple gas laws are Boyle’s law relating
gas pressure and volume; Charles’s law relating gas volume and temperature; and
Avogadro’s law, relating volume and amount of gas.
1ot g dagudl Ol (uilgd ST dagudl cljlall (yuilgh .2
" 8hadl 4239 5Ll @2 o by ST )b G918 - ey Sl s (o oy (ST gy 09318 -
Hl duaSg el Gu by (3l 9015981 (Heild

3. Combining the Gas Laws: The Ideal Gas Equation and the General Gas \
Equation. The simple gas laws can be combined into the ideal gas equation, where
R is called the gas constant. A gas whose behavior can be predicted with this
equation is known as an ideal, or perfect gas.
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PV =nRT

The general gas equation is a useful variant of the ideal gas equation for describing
the behavior of a gas when certain.variables are held constant and others are

allowed to change.
PV, P,V;

n, T, n,T,
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4. Applications of the Ideal Gas Equation : An important application of the ideal \
gas equation is its use in determining molecular masses and gas densities

m RT m _ - MP
- PV \% RT
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5. Gases in Chemical Reactions : Because it relates the volume of a

gas at a given temperature and pressure to the amount of gas, the ideal M
gas equation often enters into stoichiometric calculations for reactions

involving gases. In calculations based on the volumes of two gaseous ARM S
reactants and/or products measured at the same temperature and ACADEMY
pressure, the law of combining_volumes is generally applicable.
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6. Mixtures of Gases : The ideal gas equation applies to mixtures of ideal gases as
well as to pure gases. The enabling principle, known as Dalton’s law of partial |
pressures, is that each gas expands to fill the container, exerting the same pressure \
as if it were alone in the container. The total pressure is the sum of these partial
pressures
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7. Kinetic-Molecular Theory of Gases :
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- _ 3R
3RT )

Ums = Y k ZN

rate of effusionof A (u_ ), JSRTIM A |[Mg
rate of effusionof B (u__ ), 3RT/MB M,

8. Real gases and Vander Waales equation
I 0 ol dslesg dudisxl wljlall.8

n’a - \
[P+ Vz}[\/—nb] =nRT
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