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Part of physical chemistry that deals with the change of heat that
accrue for the materials during different circumstances
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Chemical reaction some change in the nature or types of phases
in a system

What are the Microscopic and Macroscopic

-The microscopic viewpoint is based
on the concept of molecules.

“Microscopic” implies detail at the atomic or subatomic levels
which cannot be seen directly (even with a microscope!).

explicit use of the molecule concept.

Macroscopic world is the one we can know by direct
observations of physical properties such as mass, volume,
etc.
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| Unstable: falling or rolling

1 Stable: at rest in lowest energy state

1 Metastable: in low-energy perch

Metastable
peensaneenens [Pobantial enanrgy

Stable
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System is region where we focus our attention
Surrounding is the rest of the universe
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Universe = System + Surrounding
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* An open system is one to which vou can add/remove
matter (e.g. a open beaker to which we can add
water). When you add matter- you also end up adding
heat (which is contained in that matter).

e A system to which you cannot add matter is called
closed. Though you cannot add/remove matter to a
closed system, you can still add/remove heat (you can
cool a closed water bottle in fridge).

e A system to which neither matter nor heat can be
added / removed is called isolated. A closed vacuum
‘thermos’ flask can be considered as isolated.

System
<~ v

Open Closed Isclated
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Open: work, heat, mass
Closed: work, heat -mass-
Isolated: work—heat_—mass—
Adiabatic: woerk—heat , mass—
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Adiabatic Process
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A state function is a property that has a unique value that
depends only the present state of a system, and does not
depend on how the state was reached (does not depend on
the history of the system).

Or

Depend only on the initial and final states of a system.
They are independent of how the system gets from one state
to another such as pressure, volume, temperature and
Enthalpy.
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Depend on the steps that done by system to reach for the
final steps. They are dependent of how the system gets
from one state to another.
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Its numerical value depends on its own character of
the system, it has nothing to do with the quantity of
system. T, P. All the molar quantities are classify as
intensive properties.
extensive properties d&iaalll (a2l sall- ¥
Any properties that change with change the quantities we
call it extensive such as volume and mass.
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A measure of the internal energy of an object
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1mL=1cm3 1L=1000cm3
1L=1000mL

1m3=1000L

1ML =1000 000 L

1 L of Water weighs 1 kg
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When newton (N): Unit of force

I N = 1 kg - m/s”




pascal (Pa): Unit of pressure

| Pa = 1 N/m”

Unit Definition

standard 1 atm = 101.325 Pa
atmosphere

{atm)

mmHg I mmHg = 133.322 Pa
torr 1 torr = 133.322 Pa

bar 1l bar = 1 % 10° Pa



Thermodynamics

Gas Laws <l ol g8

Doty Auaad Al Gyl Gl

Boyle’s Law dis 05
Pressure and volume are inversely related at constant
temperature. PV =K
PiVi=P;V:

1
=3

Charles’ Law J_ L () 5.Y

Volume of a gas varies directly with the absolute
temperature at constant pressure.

V=KT Vi/Ti=V2/ T2
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Avogadroe’s Law |38 4l ;5.7

At constant temperature and pressure, the volume of a gas
is directly related to the number of moles.

Vi/m=Vz/nm
Gay-Lussac Law <Jus gl & 503 ¢

At constant volume, pressure and absolute temperature are
directly related.

V=Kn

Pi/Ti=P2/ T2

Dalton’s Law o s3ls JsiE-0

P=kT

The total pressure in a container is the sum of the
pressure each gas would exert if it were alone in the
container

Prom=P1+ P2+ P3+ Ps+ Ps ...
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PV = nRT

Sl lall sladl il ga 5 R Tae lilus s 5 48301 A5 ) 5S3all ) 5e )l IS
O By A g Slglanall (jay gal dey Lgusd Aolaall (o 458 Cluss Sy 3l 4
r T Jgaadl 8 e LaS 5 Adliae JISG1 281 HaY1 ga ol ddlise JISGI 2a

MQ1MH‘JR&!MFM1 ﬁem1pjﬂd‘j-—\{t

0.08206 L + atm/K + mol
62.36 L « torr/K = mol

0.08314 L - bar/K - mol

8.314 m” « Pa/K + mol

8.314 J/K + mol

1.987 cal/K + mol
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Applications of the ideal gas equation

1- Relation to density (p) p=PM/RT
2- Relation to molar mass (M) M=pRT/P
3-Relation at different conditions
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1-How many molecules are there in 985 mL of nitrogen at
0.0° C and 1.00 x 10-6 mm Hg?

Solution:

P=1.00x10-6 mm Hg T=0.0°C + 273=273 K

V=985 mL R = 0.0821 L-atm/mol- K

PV =nRT n=PV/RT

n=L00 x 10-6 mm x 1 atm/760 mm x 985 mL x 1 L/103 mL/
{(0.0821 L-atm/mol-K x 273 K) = 5.78 x 10-11 moles N:

nmolecules = 5.78 x 10-11 moles N: x 6.02 x 1023 N: molecules/1 mol
N2

= 3.48 x 1013 N: molecules

2-Calculate the mass of 15.0 L of NH: at 27° C and 900. mm Hg.
Solution:

P =900. mm Hg T=27"C+273=30 K

V=150L R = 0.0821 L-atm/mol- K

PV =nRT n=PV/RT

n = 900. mm x 1 atm/760 mm x 15.0 L/(0.0821 L-atm/mol- K x 300 K)
n=0.721 moles NH3 x 17.04 ¢ NHx/1 mol NH3 = 12.3 ¢ NH:

3-An empty flask has a mass of 47.392 g and 47.816 g when filled
with acetone vapor at 100.° C and 745 mm Hg. If the volume of the
Mask is 247.3 mL, what is the molar mass of the acetone?



Solution:

P =745 mm Hg T=100,"C +273=373 K

V=247.3mL R = 0.0821 L-atm/mol- K

mvapor =47.392¢ - 47816 g=0424 ¢

PV = nRT n = m/MM PV =mRT/MM MM = mRT/PV

MM = 0.424 g x 0.0821 L-atm/mol- K x 373 K/(745 mm x 1 atm/760
mm
X 2473 mL x 1 L/103 mL) = 53.6 g/mol

Homework:
1-Calculate the density in g/L of 478 mL of krypton at 47° C and 671
mm Hg.

2) 6.3 mg of a boron hydride is contained in a flask of 385 mL at
25.0° C and a pressure of 11 torr.

(a) Determine the molar mass of the hydride.

(b) Which of the following hydrides is contained in the flask, BH3,
B2ZH6, or B4H107?

3) A volume of 26.5 mL of nitrogen gas was collected in a tube at a
temperature of 17° C and a pressure of 737 mm Hg. The next day the

volume of the nitrogen was 27.1 mL with the barometer

4) How many moles of CO(g) is in a 5.6 L sample of CO, measured
at STP and ATP?
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STP = Standard Temperature and Pressure
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ATP = Ambient Temperature and Pressure
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Thermodynamics
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Real gas and Ideal gas
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1. A gas is composed of molecules that are extremely far from one
another in comparson with their own dimensions. They can be considered
as essentially shapeless, volumeless points, or small, hard spheres.

2 These gas moleculesar n  tate of constant andom motion, which
s nternpted only by collsons of the molecules with each other and with

the wals of the contauner.

3. The molecules exert no forces on one another or on the container
other than through the impact of colision. Furthermare, these collisions are
elastc; that is, no energy is lost as riction during collsion

A. Seznt."gas laws and kinetic theory”, 3™ chapter pp.110
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p. o V- nb) - nRT

VE
% i
IF ™,

’ . Accounts for
Intermolecular attraction )
creates “‘mternal” pressure volume UUEUPH(]

by molecules
themselves

Ol (e adall Sl sa gall (o lall Jiag ollly gy Slall adall ol glull (o Alaladll
laa juf el LAl dliag (A aaall 4S5 Latie UL (o Adall Hall o flu oo 5,
i Jaiall e 3 yussall Al ISy anall (po B il A 20l (Jaga Ll 5 Cim
Sl pald dlolae e oy e dlllia (g jad dga o Llee i h ga Of A5 g

43 g O A (6 5 3 s A1 D) sl 1l

Van Der Waals gas = Ideal gas + Interaction
V-nb = Excluded Volume

= Molecular Attractions

Problems:

At 2000C a pressure of 42.4 bar of pressure is required to reduce the
molar volume of NHs to 0.85 L. What pressure would have been
calculated on the basis of (a)ideal-gas behavior and (b)van der
Waal’s equation with a = 4.25 bar L? mol™, b = 0.0374 L mol, R
=0.0831 L bar K! mol.

Solution:

a- From ideal-gas law equation:
PV = nRT P=nRT/V
= (1 mol) (0.0831 L bar K-! mol!) (473 K) /(0.851 L)



=462bar <
b- While for Van der Waal’s equation:

an®
E’ + _] (V —ub) = nRT
1"_‘

P =[nRT/(V-nb)]-[an*/ V%]
= [(1.0 mol) (0.0831 L bar K-1 mol™") (473 K) /(0.851 L) - (1.0 mol )
(0.0374 L mol™) ] - [ (4.25 bar L? mol ™) (1.0 mol)* / (0.851 L)) ]
=42.4 bar +
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1-The actual volume free to move in is less because of particle size.
2-More molecules will have more effect.
3-Corrected volume V'=V -nb
4-"b" is a constant that differs for each gas.
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1. Because the molecules are attracted to each other, the pressure
on the container will be less than ideal.

2. Pressure depends on the number of molecules per liter.
3. Since two molecules interact, the effect must be squared.
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at zero pressure Z =1

for an ideal gas Z = 1 always

real gas, high pressure: high Z

at the Boyle temperature: Z starts horizontally
below the Boyle temperature: Z starts below 1
above the Boyle temperature: Z is always above 1
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e curvature downwards: attracting forces between the molecules
e going up: repelling forces / own volume of the molecules



——

Saopraaration

Pofential energy
ominant |

Acvmtracticons damanirmamt

50 da 2 da i o8 i el LIV 1S gl el la)) Lo ol diiaa 51 ja s o llla
iy

Boyle temperature: Z starts horizontally at this temperature
significance: at the Boyle temperature the real gases behave (almost) like

the 1deal gases if the pressure i1s not very high (e.g. p< 30 bar) Boyle
temperature for N2 : 54,05 °C (® air behaves like an ideal gas at 298K)

T, =a/R-b
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Isotherms of ideal gases
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Constant T

liquid

Isotherms of gases: p(V) curve at constant temperature
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An isothermal process is a change of a system in which the
temperature remains constant: AT = 0.

A hypothetical gas whose molecules exhibit no interaction and
undergo elastic collision with each other and with the walls of the
container

Source: Boundless. “|sotherms.” Boundless Physics. Boundless, 26 May. 2016. Retrieved 30
Jul. 2016 from hitps:ffweww. boundless. com/physicsftextbooks/boundless-physics-
textbook/temperature-and-kinetic-theory-12fideal-gas-law-104/isotherms-375-6313/




P x VWV = const. xT

v [

Lower temperature: the isotherm is getting closer to the axes, but
keeping the hyperbolic shape (since p V = constant always)

Source: Boundless. “Isotherms.” Boundless Physics. Boundless, 26 May. 2016. Retrieved 30
Jul. 2016 from https:{fwew . boundless.com/physics/textbooks/boundless-physics-
textbookftemperature-and-kinetic-theory-12fideal-gas-law-104/isotherms-375-6313/

Isotherms of real gases
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Ve V

high temperature: nearly hyperbolic (nearly ideal gas)
lower temperature: distorted hyperbolic function
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C= critical
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Significance of the critical temperature: if the temperature is higher,
The gas cannot be liquefied by compression

Vi=3-b
p‘=a/27-b’

T°=8-a/27-R-b

Critical isotherm: a point having horizontal tangent appears (critical

point)
Critical temperature: temperature of the critical isotherm
Critical pressure: pressure belonging to the critical point

Critical molar volume: molar volume belonging to of the critical point

Kinetic energy and temperature
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Average kinetic energy of the gas molecules depends on the average mass
and velocity.

] 2
KE,, = 3Nsmu

KE =PV =n RT
IN THE SAME TIME PV= 1/3 M u?
For that

KEqg = YoNami
N4 1s Avogadro’s number.
KE.ws = (3/2) RT
R gas constant = 8. 314 J/mol - K.
1J=1kg - m%s?



N - mass = molar mass in kg/mol

Simplifying the equation relating temperature and kinetic
energy gives

1 — 3
—mv’ ==k,T
2 2
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I-Root Mean Square Speed (vis) and the average of Root Mean Square

Speed Ve

\/? = Upms = Sl

Nam

IRT
urrnu = M

2-Most Probable Speed v,

v ,2;.:,;1" 4 ,kBT
i i

3-Graham’s Law of Effusion

For two different gases at the same T, the ratio of their rates of
effusion is given by the following equation:

rate, B

rateg A o

Important note:

1-If n is the number of moles contained in a
sample of any substance, N is the number of



molecules, Msam 1s the mass of the sample, m
is the molecular mass, and M is the molar
mass, then

k= i M = }H.-'\-",\_ n = ':”-‘“m = "'”Hurm
Na | M mN,

2-from law of gas PV=n RT we can remember
that:

}'JV = NI (idcal gas law).

Here. & is the Boltzmann constant, and N'the number of molecules.

R 8.31 J/imol- K
[ = = : = 1.38 X 10~* J/K.
" N 6.02 X 10% mol~! b I e

3-the relation between the three types of
speeds:

ﬂ (most probable speed). =141 k—r
M m

- SRT B kT
o =\ =159~
IRT ||
Vems = M (rms speed). =1.73 E
m
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