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Chapter 1

Introduction to Gases and

Thermodynamics
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Chemistry iIs the science which treats of the
conditions under which one substance of itself, or
several substances by reciprocal action, give rise to
the appearance of new substances. The province of

chemistry also includes the description of the
substances, as well as of the phenomena which
accompany the formation of new substances.
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Physical Chemistry: Quantitative and theoretical
study of the properties and structure of matter and
their relation to the interaction of matter and
energy.

This _gourse servemlso as an Introduction to
chemical thermodvnamlcs giving you an
understanding of basic principles, laws, and
theories of physical chemistry that are necessary
for chemistry, biochemistry, pre-medical, general
science, and engineering students.
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By performing well in this course you should:

egain abilities in quantitative problem solving
develop the ability to use original thought (and
logic) in the solution of problems and the derivation

of equations.
What about the mathematics ?
Equations should not obfuscate the science !

Mathematics should paint a clear picture of the
physical phenomena being studied.
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Course Qutline

1 - The properties of gases
e The kinetic theory of gases
2 - The Laws of Thermodynamics
3 - Physical transformations of pure substances

4 - Simple mixtures
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Matter -s-—;-us o0

We define matter as anythlng that has mass and takes up space.

Composed of electrons and nuclei (neutrons and gro(tbons) which

can be further divided (but not here) into subatomic particles.
X e
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Matter has the following physical properties:

Mass - Iargely due to nuclej == 7~

'-L (' C N>
LA ggrem——— -monopole (charge) is most important

\”),g\\'f' *Magnetic moments zd Q,Hle is most important
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Substance: a pure form of matter
- o

P )\.L\ =
Amount of substance (n): reported in terms of moles. 1 mol of a

substance contains as many entities as exactly 12 g of carbon-12
(around 6.02 x 10%%entities). ol
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Avogadro’s number: NA= 6.0221 x 102mol-*

2o a F J‘;‘-—’ &> e g9\ (a3 :
Extensive_property; dependent upon the amount of matter in the
substance (e.g. mass, volume) K A3 & - Z—3 3.
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LIntensive pLoperTy] Independent upon the amount of matter in the
substance (e.g. density, pressure; tempéfature) -
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Physical Quantity Name of Unit Abbreviation

alS  Mass Kilogram

Jse Length Meter

o/ Time Second
i\ f00:> Temperature Kelvin
S Amount of substance Mole
> Electric current Ampere

s~ Luminous intensity Candela
e T

“The abbreviation sec is frequently used.




Metric System
a0 o B, 02 ?

Prefixes convert thé base units into units that are
appropriate for the item being measured.

Prefix Abbreviation Meaning Example

10° 1 gigameter (Gm) = 1 X 10°m
10° 1 megameter (Mm) = 1 X 10°m
10> 1 kilometer (km) = 1 X 10° m
10 1 decimeter (dm) = 0.1 m

1+ 1 centimeter (cm) = 0.01 m

107 1 millimeter (mm) = 0.001 m
ﬂ)_(’ 1 micrometer (um) = 1 X 10°°m
1_0_:9 1 nanometer (nm) = 1 X 10/ m
10712 1 picometer (pm) = 1 X 1072 m
1071 1 femtometer (fm) = 1 X 10 ® m

Giga
Mega
Kilo
Deci
Centi
Milli
Micro
Nano
Pico
Femto

This is the Greek letter mu (pronounced “mew”). gwo (o & &) f/Z - 5M #Z
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What is the name given to the unit that equals (a) 102 gram, (b) ;_9_'6 second,

(c) 103 meter?
mrs
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SI Derived Units

Derived quantity Name Symbol
(f‘ﬁa’:}lume =m?3> cubic meter m3

s/ Speed (velocity) = 2. -m/g meter per second _m_fic:r m st

meter per second squared m/s? or m s

S
-, Acceleration —
& = % —mst
S

Wave number reciprocal meter mt

Mass density kg per cubic meter kg/m? or kg m=
Frequency hertz Hz: s

Force newton N: kg ms?
Pressure, stress pascal Pa: N/m2: kg mt s2
Energy,work, heat joule J: Nm: kgm?s?
Power watt W: 1/s: kg m?s?
Electric charge coulomb C:As

Electric potential volt V: W/A: kg m2s3A!
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Thermodynamics
Thermodynamics: q’,y.o:s; cy.-t.’p’" MV
Thermodynamics deals with energy changes accompanying physical and chemical

transformations. o), /s
L] /?
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Thermodynamics is the science of the flow of heat (energy). So, thermo is heat, and
——— S

dynamics is the motion of heat.

Describes macroscopic properties of equilibrium systems
* Entirely Empirical R B s

Built on 4 Laws and “simple” mathematics
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It was developed before people knew about

So it's a science that's based on

A d—-é'-’ L.“'g\ : 3 : A
Q,J.O = Macroscopic properties of matter. Since then, since we

’

know about atoms and molecules now, we can

the concepts of thermodynamics using

microscopic properties
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In thermodynamics, the laws of thermodynamics define
,/\ 2 5 ‘o= \ S o N\ S eall
the rules of temperature equwalence (zero’th law), energy
~ola)d | aa® Jo¥! L operd) ST T
conservation (first law), entropy fendencies (se_ond law),
\ Sor>y \F PR, KA N PO
and conditions for arfabsen\i:’e of te"\rﬁperature (:c_fll_r_g__law)

The combined law of thermodynamics, sometimes called
3 &a——-_'_—p ND"‘"
the fundamental equation, is the combination of the

four laws in one expression.
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1st Law = Defines Energy (U)
2"d Law = Defines Entropy (S)

34 law = Gives Numerical Value to Entropy
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Characteristics of Gases

Unlike liguids and saolids, gases
e expandto fill their containers;
* are highly compressible; V\oleoo N s @G Ly S

5\59)\5)—;; GV‘D .)'M.»c;..:-'

e have extremely low densities. \ “ !
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® Pressure is the amount of force applied to an
==t<! grea.

—
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P: -y:m?) N/m

PascaX

==L Atm ric pressure is the weight of air er
= t osg eric pres g alr pe

" unit ofarea. Z>\—rs_p s 3 Sl
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Umt_gf Pressure 1P‘-‘“‘=’s"/ "
Pascals 1 Bov = 10Pa.

e 1Pa=1N/m? = 100 Kpe.

Bar 1atm = 760 mm H9

e 1bar=105Pa=100kPa GS) 760 = SopLlab |

Atmosphere 1 mmHy =1tetr
- 1.00 atm = 760 torr =760 mmHg

* mm Hg or torr

e These units are literally the difference in the heights
measured in mm (h) of two connected columns of
mercuyy. £l o\ wmdy
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Manometer

P atm

o\

Open end \V This device is used
to measure the
difference in
pressure between
atmospheric
pressure and that of
a gas in a vessel.
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Standard Pressure

Normal atmospheric pressure at sea level is referred to
as standard pressure. ol | 2P b S, el a2l
It is equal to jw\t;_,,_,du;;_,_px,_s-

—1.00 atm
— 760 torr (760 mm Hg)

—101.325 kPa o
1 0 260 ””/m/)g

1 atm= 101320P4 = \01.325kpa




(a)Convert 0.357 atm to torr. ©:357 x #60

:2 l , Ztorr
#1.32 torr

(b) Convert 6.6 x 1072 torr to atm.
£-6Xx\0 %+~ T60= 0-000086%9 _

(c) Convert 147.2 kPa to mmHg. 8.6 Y10

Iz o - (012376 % §60

— 6L T xoX¥




Answer

a):0.357x 760= 271.3 torr

b): 6.6 x102/760= 8.6x 10~ atm

¢):1104 mmHg



266 = 161.aSxE° Pa

The atmospheric pressure is 764.7 torr. A
sample of gas is placed in a flask attached to
an open-end mercury manometer. The level
of mercury in the qpen-end arm of the
manometer has a height of 136.4 mm, and
the mercury in the arm that is in contact
with the gas has a height of 103.8 mm.
What is the pressure of the gas
(a) in atmospheres, = F&
(b) in kPa? Paes_ Paa b

(05 kpa —> ot Pgas =101 -45X‘°3"f JDS h

: -3
e o %ag < =0l -?5"‘103‘1' 13560 X 9-5X S0 (/;5£zjfm =

= 1052524 » )05 £po h=13¢4~ Jo3.1= 32.4

v

P atm

Open end \v




..->>° Boyle’s Law

The volume of a fixed quantity of gas at constant
temperature is inversely proportional to the pressure.
sepiig= e e 0 o2l Ut o Jl apys o5 L0

Atmospheric Atmospheric
pressure pressure

v Hg added \v

T

760

G mm
as Volume i
Volume =30 mL !

= 60 mL

U
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Caem, Po) Pressure Loonw P
(mgll-lcmgl mL) ’Uéhum-c (('uﬂJl Y V
(k) et ot es i s> oTT
n= P W)
& B
Stake 1 Jtae 2
Pl )’u' JlT ﬁ/ fVZ ,—.’:-3

Combined Lo
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Boyles law SRS Ehmlte A5

O Chayles'r lawd Ca-y_busjac{s' law
O

P Vi R/Va @ @ @ O
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Pv =-m RT
Y
d=1to MPV = m RT
T =
y7) = Jilo‘/
’ RT
A\ S
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v RT
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‘As Pand Vare inversely proportional
A plot of V'versus P | \
results in a curve.

Since PV = K 10 20 30

i

V= k(1P
This means a plot of

Vversus 1/Pwill be a
straight line.

PV, = P,V,
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Charles’s Law . .
q__ﬂ = - " £ Gl _.'e_o.eJ' — oI A

50

® The volume of a fixed
amount of gas at constant

= _
pressure is_<*Ydirectly %

proportional to its absolute :
temperature. =

10

. T

7- —300( —200 —100 0 100 200

(o)

_973°C Temperature (°C)

* |.e,

A plot of Vversus Twill be a straight line.

SVLIT =V /T




Avogadro’s Law

» The volume of a gas at constant temperature and
pressure is directly proportional to the number of

molesoftheqas.&u a1 cor>Ue SN
TVslvous 22 bive e S Lk

+ Mathematically, thismeans V= An
V.-k
N

V. &
n, Na




e So far we’ve seen that

=< Voc 1/P (Boyle’s law)

v otz Vo T (Charles’s law)
s 242 Vo n (Avogadro’s law)

e Combining these, we get

Voc

ldeal-Gas Equation

AR
A3
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then becomes
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ldeal-Gas Equation

The constant of Units Numerical Value

proportionality is known

(D@tn)/mol-K 008206
as R, the gas constant. T/mol-K* 3.314

R. ;& ~C cal/mol-K 1.987
m>-Pa/mol-K*  8.314
L-torr/mol-K 62.36

*SI unit



Calcium carbonate, CaCO,(s), decomposes upon heating to give

CaO(s) and CO,(g). A sample of CaCO; is decomposed, and the

carbon dioxide is collected in a 250-mL flask. After the
decomposition is complete, the gas has a pressure of 1.3 atm at a

temperature of 31 °C. How many moles of CO, gas were

CaCO,(s) — CaO(s) +@

V= Q60wmL s 256%0 > i=77
P- \.3om -
N=1:3%250X10"_ ;.03

T
T= 3\C+273:15=304.15 0.0821 364

L —ee

generated?
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Densities of Gases

If we divide both sides of the ideal-gas
equation by Vand by R7, we get

I, P

V. RKrI
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 \We know that
—moles x molecular mass = mass

nxM=m

« So multiplying both sides by the molecular
mass (M) gives

m PM
Vi K/




* Mass + volume = density
- So, o’ [ _PM
= Vv Rl

Note:One only needs to know the molecular
mass, the pressure, and the temperature to
calculate the density of a gas.

. i e gL g/l
RT  6.082) x243IS

3 5 Clu P
What is the density of carbon teHacChI\orlde vapor at 714 torr and

125 °C?7 M=124Y(354s) | T=125+273)%
E R Ao oguale]l e g... | - e
Z60 =




= Molecular Mass

We can manipulate the density equation to
enable us to @nd the molecular mass of a

- F@ R = 6-032

C\,) 9S : \9).\ \)ﬁ: T=2)+27305 =2a445
- Kl P odi e
&0
Bbecomes .
JRT M=4eT.
= M P'T’ 8z1 X 29415
P = ) |#x0:082! X J
e v~
. quﬂc&%ﬁ?

Calculate the average molar mass of dry air if it has a density
of 1.17 g/L at 21 °C and 740.0 torr.
M=dRT

Fb
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The pressure of a sample of gas at constant Volume
will vary directly with temperature.

i Y o 0 Ve A . -
Oj‘f\"\:DID &p 91)p L,__/L_‘., (.;(_’,\ \.J_Q{‘J /\g_)\ P~

Temperature & pressure P I P 2

— AsPT then TT =

— At constant \. n. T T
p l / oo T 1 2
T




Gay-L.ussac Law

“ At constant volume, pressure and absolute
temperature are directly refated.

*P=KT PokT



" The gas pressu;e in an aerosol/canyis 1.5 atm at 25 °C. Assuming
that the gas inside obeys the ideal-gas equation, what would
the pressure be if the can were heated to 450 °C?

] [/

P

f, =5 atm P,_,—_-, 27
T=25C=293)S T, = Yso c+237.5-72zrs
{

E =

—

-

C, - 1.5 (#2345)
29815

Pz = 3.6u aunm




Now What?

» If we combine all of the relationships from the 3
laws covered thus far (Boyle’s, Charles’s, and Gay-
Lussac’s) we can develop a mathematical equation
that can solve for a situation where 3 variables
change :

PV=k, V/IT=k, P/T=k,4

MV Ve




wez” Combined gas law

/

> T.he # of moles is held constant

» Is used when you have a change in volume,
pressure, or temperature

PiVy  PoVy

T, T,

OR

P,V,T,=P,V,T,




Vi R
An inflated balloon has a volume of 6.0 L at sea level (1.0 atm) and'>
is allowed to ascend in altitude until the pressure is 0.45 atm. ©
During ascent the temperature of the gas falls from 22 °C to -21

°C. Calculate the volume of the balloon at its final altitude.

Gas Laws
Boyle’s Law V\ = 6 L VZ - 9.?
Charles’ Law Pl - ‘ ol ™ P2 — O. qgam
T,=221273.1%: | T = -21+2331%
= 245.1¢ = 25%.¥

Guy Lussac’s Law

Avogadro’s Number

f: V| = P 2 \/‘2
/deal Gas Equation -—'—]l _T—Z

VZ:“DI\,‘TZ
T P2
N S A% X252 ”3q£

——

29515 A0YS


https://www.youtube.com/watch?v=Xto88gMmDzw
https://www.youtube.com/watch?v=7ZpuMBkf1Ss
https://www.youtube.com/watch?v=0Oq7bCSDPxE
https://www.youtube.com/watch?v=S2AM3ZSMNxU
https://www.youtube.com/watch?v=-MUtiG6a7uc
https://youtu.be/Cnwh0zl016I
https://www.cliffsnotes.com/study-guides/chemistry/chemistry/gases/quiz-charles-law
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