Terminology

Energy
e capacity to do work

Kinetic Energy
e energy that something has because it Is moving

Potential Energy
e energy that something has because of its position



Hot and Cold Iron

Hot iron bar Cold iron bar



Energy Units

1J =1 kg m?/sec?
1cal =4.184 ]
lkcal =1 Cal
thus
1Ca =1kca =1000 cal =4.184 kJ=4184J



Law of Conservation of Energy

e energy can neither be created nor destroyed

 thetotal amount of energy inthe universeis
a constant

e energy can be transformed from one form to
another



First Law of Thermodynamics

 thetotal amount of energy inthe universeisa
constant

e the amount of heat transferred into a system plus
the amount of work done on the system must
result in a corresponding increase of internal
energy in the system

 thetotal internal energy of a sample of matter
depends on temperature, the type of particles, and
how many of them there are in the sample



Thermochemistry Terminology

chemical energy — energy associated with a
chemical reaction

thermochemistry — the quantitative study of
the heat changes accompanying chemical
reactions

thermodynamics — the study of energy and Its
transformations



Thermochemistry Terminology

system - that part of the universe under
Investigation

surroundings — therest of the universe

universe = system + surroundings



Internal Energy

AE negative: Internal enrgy de-

AE positive: Internal enrgy in-



First Law of Thermodynamics

Internal energy — E

Internal energy change - AE
heal - Q

work — w

AE=q+w
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Freezing and Melting

Ice is warming
from —50 °C

Ice is melting, and the l
temperature remains

Liguid water is
warming from

o
e

1 to 0 °C. l constant at 0 °C undil all i 0 °C to 50 °C.
A | the ice changes to liquid. | , -
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B More energy must be transferred ...than to heat the same 1.0 g of
: to melt 1.0 g of ice at 0 °C... liquid water from 0 °C to 50 °C.
I i i 1 ] I I : i 1 i i 1]
Quantity of energy transferred {J}



Specific Heat

the amount of heat necessary to raise the
temperature of 1 gram of the substance 1 C

. 0 , Cs, S.h.
Independent of mass. intensive property
substance dependent

Specific Heat of Water = 4.184 JJg C



Heat

g=mxsh. x AT

where q - heat, J
m - mass, g
s.n. —» specific heat, Jg x °C
AT = change in temperature, °C



Molar Heat Capacity

 the heat necessary to raise the temperature
of one mole of substance by 1°C

* substance dependent

Heat Capacity

othe heat necessary to raise the temperature 1 C
o , C

*mass dependent: extensive property



Heat Capacity

C=mx sh.
where C - heat capacity, J C
m — mass, ¢
s.h. - specific heat, Jg C



Heat Transfer

Qiost = = Jgained

(M x s.h. x AT)jog = - (M % S.h. X AT) gained

A-

= final temperature — initial temperature

A-

=TT



Vaporization and Condensation

A systemm consisting of
water at atmaspheric
TN

When the flask
is heated, the
waler bails. .,

osteam condenses,
and the volume of
s decneses.

If the source
of heating is
removed, ..

...and the steam
produced inflates
the bBealboon.
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SURROUNDINGS SURROUNDINGS
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Heat Flow In Reactions

exothermic —reaction that gives off energy
<0

endothermic — reaction that absorbs energy
q>0



Expansion Type Work

w = - PAV

AV =Viina - Vinitia >1<
N

>K Qvincrease




AE=q+w

At constant V, Wepangon = 0
AE=q,+0=q,

At constant P, Wepangon = - PAV
AE = g, - PAV

AH = AE + A(PV) = (g, — PAV) + PAV + VAP
AH =, + VAP =q,



Enthalpy
Enthalpy - heat at constant pressure

0o = AH = Hproducts = Hreactants
Exother mic Reaction

AH = (Hproducts = Hreactants) <0

H.On — HaOg AH <0
Endother mic Reaction

AH = (Hproducts - Hreactants) > O
H20(|) — HzO(g) AH >0



Standard State Enthalpy

o enthalpy at thermodynamic standard
conditions of 298 K, 1 atm, and 1molar for
solutions



Enthalpy Diagram




L aws of Thermochemistry
(1% law of Thermodynamics)

1. The magnitude of AH Is directly
proportional to the amount of reactant or
product.

2. AH for areaction Is equal in magnitude but
opposite in sign to AH for the reverse
reaction.

H20(|) — Hzo(s) AH <0
HzO(S) — H20(|) AH >0



L aws of Thermochemistry

3. The value of H for the reaction Is the same
whether i1t occurs directly or in a series of

steps.
AHovera = AH + AH, + AH5 + - - -
aso called Hess Law



CHyg) - C9 + 2Hzg) AH;
C9 + Oz - COx AH>
2 Hag + Oz - 2H20) AH3

CHyg + 20z - COzq + 2 HoO

AHovera = AH1 + AH2 + AH3



Standard Enthalpy of
Formation

the enthal py associated with the formation of
a substance from 1ts constituent elements
under standard state conditions



Calculation of AH°

AH® = 3¢ X AH products — 2€ X AH¢ reactants



What is the value of AH_, for the reaction:

From J
CeHgqy AH° =+ 49.0 kJ/mol
Oz(g) AH. =0
COyy AHP =-3935

A er = [Z CxA Hfo] product [z CxA Hfo] reactants



What is the value of AH_, for the reaction:
2 CgHgyy +150,, - 12CO,, + 6

From J
CeHgny AHP =+49.0kImol; O,, AHL=0
CO,y AHP =- 3935

A er = [Z CxA Hfo] product [Z CxA Hfo]

A er = [12(' 393-5) T 6( )] product
- [2(+ 49.0 ) + 15(0)], eactants KI/Mol
= -6.2708 x 10° kJ

reactants



Energy (10'8J)

Energy Resourcesin the U.S.
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