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Properties and types of gases

Gas pressure

GAS Law; Boy’s, Charles’s and Gay-Lussac’s Law
Combined Gas Law, Avogado’s Law

IDEAL GAS LAW (PV = nRT)

DALTON’S LAW AND PARTIAL PRESSURES

Solving Stoichiometry Problems Involving Gas Volumes
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] have weak intermolecular force between gas molecules.
d The shape depend on the container.

J Density lower than liquid

- It can be easily compressed.

. The volume depends on the temperature, pressure and

number of moles.
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® Ideal gas

l.e. a gas that, recardless of its state, behaves and properties

in accordance with the rules and kinetic theory of gases.

* uAga39(Real gas)

l.e. gases whose behavior does not follow the rules and theories of gas

in normal conditions.



GAS PRESSURE

Pressure (P) is the force (F) exerted per unit area (A).

=

Force F
vacuum ‘ ‘ Pressure = = —
Area A
atmospheric
pressure

mercury-filled dish

A barometer measures atmospheric
pressure. Air pressure on the Hg

in the dish pushes Hg up a sealed
glass tube to a height that equals the
atmospheric pressure.

(b)



GAS PRESSURE

The two most common units are the atmosphere (atm), and millimeters
of mercury (mm Hg), where 1 atm = 760. mm Hg.

One millimeter of mercury is also called one torr.

1atm = 760 mmHg
760 torr
= 14.7 psi
101,325 Pa



GAS LAWS THAT RELATE PRESSURE (P),
VOLUME (V), and TEMPERATURE (T)

The relationship of these variables is described by
equations called gas laws

 Boyle’s law relates pressure and volume.
1 Charles’s law relates volume and temperature.

J Gay—Lussac’s law relates pressure and
temperature.



HOW THE PRESSURE AND VOLUME OF A GAS ARE RELATED

Boyle’s law: For a fixed amount of gas at constant temperature, the pressure
and volume of a gas are inversely related.

»
>

if the volume of a cylinder of gas is halved, the pressure of the gas inside the

cylinder doubles. The same number of gas particles occupies half the volume
and exerts two times the pressure.



HOW THE PRESSURE AND VOLUME OF A GAS ARE RELATED

When two quantities are inversely related, one quantity increases as the other

decreases. The product of the two quantities, however, is a constant,
symbolized by k.

When pressure increases...>

Pressure X Volume = constant

C- ...volume decreases.

PV

Il
=~



BOYLE’S 4400 | HOW THE PRESSURE AND VOLUME OF A GAS ARE RELATED
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Silberberg, M. Chemistry: The Molecular Nature of Matter and Change; McGraw-Hill Education, 2011.



HOW THE PRESSURE AND VOLUME OF A GAS ARE RELATED

If we know the pressure and volume under an initial set of
conditions (P,V,), we can calculate the pressure or volume under a
different set of conditions (P,V,), since the product of pressure and

volume is a constant.

P1V1 - P2V2

Initial conditions new conditions

1"



Use Boyle’s Law to Calculate a New Gas Volume or Pressure

EXAMPLE If a 4.0-L container of helium gas has a pressure of 10.0 atm,
what pressure does the gas exert if the volume is increased to 6.0 L?

Identify the known quantities and the desired quantity.

In this case, P1, V1, and V2 are known and the final pressure, P2, must
be determined.

P, = 10.0 atm
V1 40 L V2 — 60 L P2 = ’)

known quantities desired quantity

12



Use Boyle’s Law to Calculate a New Gas Volume or Pressure

EXAMPLE If a 4.0-L container of helium gas has a pressure of 10.0 atm,
what pressure does the gas exert if the volume is increased to 6.0 L?

Write the equation and rearrange it to isolate the desired quantity on
one side.

Rearrange the equation for Boyle’s law so that the unknown
quantity, P, is presented alone one side

5N\
P4V; = PV, Solve for P, by dividing both sides by V5

PV,
Vo

= P2

13



Use Boyle’s Law to Calculate a New Gas Volume or Pressure

EXAMPLE If a 4.0-L container of helium gas has a pressure of 10.0 atm,
what pressure does the gas exert if the volume is increased to 6.0 L?

Solve the problem.

Substitute the known quantities into the equation and solve for P2

P,V (10.0 atm)(4.0 k)
— —_— — 3 = 6.7 atm
& Vs 6.0

~—Liters cancel.

Answer

In this example, the volume increased so the pressure decreased.

14



Boyle’s Law

A tank of compressed air for scuba diving contains 8.5 L of gas at
204 atm pressure. What volume of air does this gas occupy at 1.0
atm?

1.734 rounded to 1,700 L

Answer 15



CHARLES’S LAW HOW THE VOLUME AND TEMPERATURE OF A GAS ARE RELATED

Charles’s law: For a fixed amount of gas at constant pressure, the volume
of a gas is proportional to its Kelvin temperature.

All gases expand when they are heated and contract when they are cooled.

.
>

Increase temperature.

Volume increases.

T'=400 K

Increasing the temperature increases the kinetic energy of the gas particles,

and they move faster and spread out, thus occupying a larger volume.
16



CHARLES’S LAW HOW THE VOLUME AND TEMPERATURE OF A GAS ARE RELATED

Volume and temperature are proportional; that is, as one quantity

increases, the other increases as well. Thus, dividing volume by
temperature is a constant (k).

When temperature increases...

V. o T The symbol « means
IS proportional to.

L ...volume increases.

V. _
= = k

17



CHARLES’S LAW HOW THE VOLUME AND TEMPERATURE OF A GAS ARE RELATED

Thernrometer 30 -
° @
Patm 1 Patm
4 | v
e 1 2.0 -
A 1 7 N\ 7 ~
1 I o n =0.04 mol
Hﬁéﬂuw I 1 E P=1atm
- o n = 0.02 mol
B P=1atm
1.0
ol U Ul
Heater
A & N o
B n=0.04 mol
A :Jr.:jec Tza;;rKl:;ath: B 1333:29{;53‘:5 bath: P=4 atm
| I | I | | | [
-273 -200 -100 O 100 200 300 400 500 (°C)
v [ TeO) | T | £ LK) 0 73 173 273 373 473 573 673 773 (K)

Temperature
0.8965 0 273 | 3.28x10°°

09786 | 25 | 298 | 3.28x10°3 Vv
1.061 50 323 | 3.28x10°° - = k
1.143 75 348 | 3.28x10°3 T
1.225 100 373 | 3.28x10°3

18
Silberberg, M. Chemistry: The Molecular Nature of Matter and Change; McGraw-Hill Education, 2011.



CHARLES’S LAW HOW THE VOLUME AND TEMPERATURE OF A GAS ARE RELATED

Since dividing the volume of a gas by the temperature gives a constant, knowing
the volume and temperature under an initial set of conditions (V,T,) means we

can calculate the volume or temperature under another set of conditions (V,T,)
when either volume or temperature is changed.

Vv, V,
T, T,

iInitial conditions new conditions

Note that Kelvin temperature must be used in
calculations involving gas laws.

19



A balloon that contains 0.50 L of air at 25 °Cis cooled to =196 °C. What volume
does the balloon now occupy?

Identify the known quantities and the desired quantity.

Vy = 0.50L
T1 = 25 OC T2 = —196 OC VZ = ?
known quantities desired quantity

* Both temperatures must be converted to Kelvin temperatures using the equation
K = °C + 273.

e T, =25°C + 273 = 298K

o. Ih, ==196°C + 213 =TI K

_

20



A balloon that contains 0.50 L of air at 25 °Cis cooled to =196 °C. What volume
does the balloon now occupy?

Write the equation and rearrange it to isolate the desired
qguantity, V2 on one side.

¥ O\
Vi _ Y2 Solve for V, by multiplying both sides by T,
T, T,
V,T
12—y,

21




A balloon that contains 0.50 L of air at 25 °Cis cooled to =196 °C. What volume
does the balloon now occupy?

m Solve the problem

Substitute the three known quantities into the equation and solve for V.

. Vi, (050 L)(77K)  o1aL
2 T, 298 K '
g / Answer

Kelvins cancel.

Since the temperature has decreased,
the volume of gas must decrease as well

22



Calculate the Kelvin temperature to which 10.0 L of a gas at 27 °C would
have to be heated to change the volume to 12.0 L.

23




GAY_LUSSAC’S LAW HOW THE PRESSURE AND TEMPERATURE OF A GAS ARE RELATED

Gay—Lussac’s law: For a fixed amount of gas at constant volume,
the pressure of a gas is proportional to its Kelvin temperature.

Pressure and temperature are proportional; that is, as one quantity

increases, the other increases. Thus, dividing the pressure by the
temperature is a constant (k).

When temperature increases..\

P o« T

N

-..pressure Increases.
P

— = k

=

24



GAY_LU SSAC’S LAW HOW THE PRESSURE AND TEMPERATURE OF A GAS ARE RELATED

Gay—Lussac’s law: For a fixed amount of gas at constant volume, the pressure
of a gas is proportional to its Kelvin temperature.

Temperature
N (Kelvin)

%\ Temperature
(Kelvin)

25



GAY_LUSSAC’S LAW HOW THE PRESSURE AND TEMPERATURE OF A GAS ARE RELATED

Increasing the temperature increases the kinetic energy of the gas
particles, and if the volume is kept constant, the pressure exerted by the
particles increases.

Since dividing the pressure of a gas by the temperature gives a constant,
knowing the pressure and Kelvin temperature under an initial set of
conditions (P,T;) means we can calculate the pressure or temperature
under another set of conditions (P,T,) when either pressure or
temperature is changed.

P, Py
T, T,

Initial conditions new conditions

26



QU ESTION HOW THE PRESSURE AND TEMPERATURE OF A GAS ARE RELATED

A pressure cooker is used to cook food in a closed pot. By heating the
contents of a pressure cooker at constant volume, the pressure
increases. If the steam inside the pressure cooker is initially at 100. °C

and 1.00 atm, what is the final temperature of the steam if the pressure
is increased to 1.05 atm?

27



THE COMBINED GAS LAW

All three gas laws—Boyle’s, and Charles’s law can be combined in a single

equation, the combined gas law, that relates pressure, volume, and
temperature.

Boyle’s law: V < 1/P
Charles’s law V o« T
V o T/P
V = kT/P
PV = k3T
PV/T = k,
P4V, P>V,
T - T,

initial conditions new conditions

28



A weather balloon contains 222 L of helium at 20 °C and 760 mm Hg. What is

the volume of the balloon when it ascends to an altitude where the
temperature is —40 °C and 540 mm Hg?

248.5 L rounded to 250 L

Answer

29



TABLE 7.2 Summary of the Gas Laws That Relate Pressure, Volume,
and Temperature

Boyle’s law PV, = PV, As P increases, V decreases for constant 7 and n.
Vi V)

Charles’s law ? & ? As T increases, V increases for constant P and n.
1 2
P, P,

Gay-Lussac’s law ? = ? As T increases, P increases for constant V and n.
1 2

PV, PV,

O C o _ The combined gas law shows the relationship of P,

T, T, V, and T when two quantities are changed.

30



\V/eler:\n):{e iy IW:\",VA | HOW VOLUME AND MOLES ARE RELATED

Each equation in previous Section was written for a constant amount of gas;
that is, the number of moles (n) did not change.

Avogadro’s law: When the pressure and temperature are held constant, the
volume of a gas is proportional to the number of moles present.

A

Increase the
number of moles. @ L v-_9f

Volume increases.

Thus, if the pressure and temperature of a system are held constant,

increasing the number of moles increases the volume of a gas. y



AVOGADRO’S LAW Avogadro’s law, the relationship between the
volume and amount of a gas.

Fatm
‘=
-Eawe

|
’
T~

| ~— 0.10mol
A solid CO, (n4)
’ ™
a—

0.20 mol
CO,(9)

5 1 L 0.20 mol

Silberberg, M. Chemistry: The Molecular Nature of solid C02

Matter and Change; McGraw-Hill Education, 2011. (n 5= 2 X n1)
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\V/eler:\n):{e oy IW:\",VA | HOW VOLUME AND MOLES ARE RELATED

As the number of moles of a gas increases, its volume increases as well. Thus,

dividing the volume by the number of moles is a constant (k). The value of k is
the same regardless of the identity of the gas.

When the number of moles increases... 7

(

X n

...the volume increases.

33



\V/eler:\n):{e oy IW:\",VA | HOW VOLUME AND MOLES ARE RELATED

Since dividing the volume of a gas by the number of moles is a constant,
knowing the volume and number of moles initially (V1 and n1) means we can

calculate a new volume or number of moles (V2 and n2) when one of these
guantities is changed.

V, Vs
ny ns

iInitial conditions new conditions

34



QU =-y5[0],'} | HOW VOLUME AND MOLES ARE RELATED

The lungs of an average male hold 0.25 mol of air in a volume of 5.8 L.

How many moles of air do the lungs of an average female hold if the
volume is 4.6 L?

35




THE IDEAL GAS LAW |siadliil

Ideal gas is a gas whose pressure Pvolume V, and temperature T are related
by the ideal gas law

Real gas exhibit properties that cannot be explained entirely using the ideal

gas law. At high temperature and low pressure, this gas will exhibit
properties liked ideal gas

same volume
same number of particles

[

)

1 mol He

224 L 224 L
6.02 x 102 particles 6.02 x 10?3 particles

36




THE IDEAL GAS LAW |siadliil

1
Boyle’s law: V x E (at constant n and 7))

Charles’s law: Vo T (at constant n and P)

Avogadro’s law: V xn (at constant P and T)

We can combine all three expressions to form a single master equation for
the behavior of gases:

nT
VGCF
. nT
V—R?

or PV = nRT

37



THE IDEAL GAS LAW |siadliil

PV = nRT

The product of pressure and volume divided by the product of moles and

Kelvin temperature is a constant, called the universal gas constant and
symbolized by R.

P = pressure

V = volume (L)

n = number of moles

R = universal gas constant (0.0821 L-atm-mol*:-K?)

T =temperature (K)

g =mass (in gram)

MW = molecular weight 38



THE IDEAL GAS LAW |siadliil

PV = nRT d = "W
PV = LRI P = MRT

P = pressure

V = volume (L)

n = number of moles

R = universal gas constant (0.0821 L-atm-mol2-K1)
T =temperature (K)

g =mass (in gram)

MW = molecular weight

D =density (g/L)

M = Molarity (mol/L)

39



How to carry out calculation with ideal gas law

Ex) How many moles of gas are contained in a typical human breath
that takes in 0.50 L of air at 1.0 atm pressure and 37 °C?

P=1.0atm T=273+37= 310
V=05L R=0.082 atm L/ mol K
PV = nRT

(1 atm) (0.5 L) =n(0.082 atm -L mol- - K-1)(310 K)
n =0.0196 mol

0.0196 rounded to 0.020 maol

Answer

40



1) If a person exhales 25.0 g of CO2 in an hour, what volume does this
amount occupy at 1.00 atm and 37 °C?

145L

Answer
41



2) Determine the volume of 8.50 g of He gas at 25 °C and 750 mm Hg.

3) How many moles of oxygen (O,) are contained in a 5.0-L cylinder that
has a pressure of 175 atm and a temperature of 20 °C?

42



4) What is the density of oxygen, O2, in grams per liter at 25 °C and 0.850
atm?.

43



5) a 200.0-mL flask at 99 °C and a pressure of 733 mm Hg is filled with the vapor
of a volatile (easily vaporized)liquid. The mass of the substance in the flask is
0.970 g. What is the molecular weight of the liquid?

44



DALTON’S LAW AND PARTIAL PRESSURES

P = 101 atm

tota

& -

0.60 mol H, 1.50 mol He 0.60 mol H,
1.50 mol He

2.10 mol gas

(a) 5.0L at 20 °C (b) 5.0 L at 20 °C () 5.0L at20°C

45



DALTON’S LAW AND PARTIAL PRESSURES

Dalton’s law describes the relationship between the partial pressures of the
components and the total pressure of a gas mixture.

Dalton’s law: The total pressure (P) of a gas mixture is the sum of the
partial pressures of its component gases total

Thus, if a mixture has three gases (A, B, and C) with partial pressures P,, P;, P_, respectively.
The total pressure of the system (P,,,) is the sum of the three partial pressures.

Piotal = P, + Pg + Pg

total pressure partial pressures of A, B, and C

46



Example

A sample of exhaled air from the lungs contains four gases with the
following partial pressures: N2 (563 mm Hg), 02(118 mm Hg), CO2 (30

mm Hg), and H,0 (50 mm Hg). What is the total pressure of the
sample?

47



QUESTION

1) CO2 was added to a cylinder containing 2.5 atm of O, to give a

total pressure of 4.0 atm of gas. What is the partial pressure of
COz2 in the final mixture?

48



QUESTION

2) Air is a mixture of 21% O2, 78% N,, and 1% argon by volume.
What is the partial pressure of each gas at sea level, where the total
pressure is 760 mm Hg?

49



Dalton’s law of partial pressure

1. losun1svasuigauysaluuy PV = nRT

Pt:(n1+n2+n3+...)|3/—T:nt(|3/—Tj PV =nRT

2. O1ANINIUUAAIUAUTINU A THRIAUA ULV gas BUAMI9Y TFauns

N n,
P1= — Pt—XlPt Zl_
N n, +nN, + N,
P, A9 AUAULNANNIAINIITAUN P, Ao AL

n, A9 IWIUlIATDIWN ALY Y e wwaulia

50



f0819 wanauiausznauluae wid Ne 91Uy 4.46 1ua, whd Ar 97u7u 0.74
lua wasiiia Xe 997U 2.15 Tua gnussyagludananusunng 90 L Nigauugll 27
°C 9AIUIUMIAIUAUTIULALANINAY YDUUDILNALNAZTUA
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LUURHNYA

wiamegvlianilalsenoulume uialivu (CH,) 8.24 mol, Bwu 1w
0.64 mol uaghAalnsiwy 0.12 mol. fuwiadieeelivsung 55 ang
QAN 25 °C JWNIANUAUTINYDINAFIDE N WATIIAIUAULDLYDILNALS

AvINAY
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Solving Stoichiometry Problems Involving Gas Volumes

fio13anneg
6 NaN; (s) + Fe,05(s) - 3Na,O (s)+ 2 Fe(s)+ 9N, (g)

U ATEIAINUL A9l NaN, Nndudsagyiliinauialulasau 75 L 91 25 °C Ay
AU 748 mmHg (1173alutanvas NaN, : 65)

53



Solving Stoichiometry Problems Involving Gas Volumes

1) 23AIUMUININGYee CO, MNnTungaumall 37 °C Aueu 1 atm 1ialy
nalaa 5.60 ¢ Uviunsesesialull

CH,,0,(s) + 60,(g) — 6CO,(g) + 6H,0()
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Solving Stoichiometry Problems Involving Gas Volumes

2) onlg HCL mtdn 9.41 nSuviuAzendu KMnO, aglawfia CL iluansndnsioui
98NNNAANT NRaun i 40 °C ANUAY 787 mmHg

2KMnOy, (s) + 16HCl(aq) > 8H,0(l) +2KCl(aq) +2MnCl, (aq) + 5CL (g)

55



Solving Stoichiometry Problems Involving Gas Volumes

2HCl(aq) + Zn(s) - ZnCl,(aq) + H,(g)

Aaan ~ 9 3 ) 9 ~ Aa
3) fﬂTﬂ[]J{(]ﬂﬁfJ'l‘VIL!,ﬁﬂ\Tﬂ']uﬂuﬁTN']iﬂlﬂULlﬂﬁhl31@5@1!11@ 156 mL NYUYINY 19 °C
v v LY ¥ v ) o v
’Jﬂﬂ'ﬂj\lﬂuﬁ?j\lllﬁ}wnﬂfﬂ 769 mmHg %Qﬁ']u'lﬁuﬂellﬂquﬂﬁhlaiﬂﬁmu NTHULAAITUAU
' ¥ 0w
YRYUDIUUNINY 17 mmHg

— Hydrogen
(partial pressure = 752 mmHg)
with water vapor
(partial pressure = 17 mmHg)

LM

)— Hydrochloric

acid

|

— Water at 19°C

0.0130 g H,

(
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Molecular Effusion and Diffusion

n1suwsvasund ( Diffusion of gases ) LﬂuﬂﬂﬁLﬂﬁauﬁmQQImLaqa
vosufasiaus 2 wia Jull Mniidanudugdludduitienudisi Taed
LanNavaAawAasslnauITOFRALNSNNANNANNAUNY  ¥5097193UNU
serisluanavesufaiindeufinduly

< o -]
)
g Gasl ¥ , 8 Gas2
Q o ge 3 SRSl T
1) o o ..‘: 9 »
c'o & o »
U b‘ Q [+] o‘ 0‘
- - 9V o o ? o * o
» 9 =« O °> o =
) > A & 3 © EY =
v ¢ = ®
0 O e .
(* o - 2 & oo
o >
&> S
n 9 - .‘°°O
ek %o .
o 9] Y ° 3 0.
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Molecular Effusion and Diffusion

NSLNINIUVDAULAR ( Effusion of gases ) WUNEAINTEUIUNISTLAE
LAFRUNIINUSAUNTANAUgIlUgdmunTaufuan fiugidnuine
lnglutanaluyuiues (ideal flow)

Vacuum s Gas @
o 9 O g5 @
0 &> = &
& = o -
-5 L) =
'. o ° 3 L 2
- 2 o ¥ 5 Bs °
s ) -3
£ ‘° &> °
@ - .‘ B3 =
o g L aw
Pinhole ° e
o ? & o
T ® L) w
- s =* L)
s ° ® o
> » /g
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Graham's Law of Effusion

NH;(g) + HCI(g) > NH,CI(s)

waluana 17 36.5

Ammonia Hydrogen chloride
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Graham's Law of Effusion

* Graham's law: “NelARUMQRLATAUAULALINU DRTINTTUNS

Y

NureIkiaazidudndiunniuiusiniaesvesuialianavauia”

2]
Time (=)

JMolecular Mazs
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WIHULNYUNISUNSNIUATDNISLNSVRILAGTLAN 1 way 2 Alela
ANNZLRENUISLA

I M,
I M,

[Hoaanialiianavaawiaklsiunssiuamnuvuiiiy ale

I M, d,

VM, \d,

r,f, A8 BNTINITUNIHIUYBIAATEAN 1 Uag 2 AUaIRY

M, M, @8 ialuanavesiavini 1 uay 2 auaiey
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Ex.1 30US8UfigusnsnnIsunsiiuvewia H, wag O, MNuAAIUNUILUILYeY
H, = 0.0899 ¢/L Waz O, = 1.43 g/L
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Ex.2 CF, WASHIUTOLEN 9 Mesns1 4.6 x 10° mol/hr dufavianiauns

| | I dyd' = v Y LY -6 g v
N1UTBRAN 9 TNan1gneniunIgdns 6.5 x 10° mol/hr asmuntnliiana
vaaunayinil (waalumanaves CF,= 100 ¢/mol)
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Ex 3) wia X dwaluianawiniu 64 wwasudilaszesnie 80 wumuns ety
a7 23U Tuawuglumeniu awda Y Janalianawiidy 16 aelwian 5
WA uAE Y aziedeunlnssegnaminle

Key =400 cm
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