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Chapter 5
Thermochemistry

Energy in reactions helpsto explain why reactions occur.

5.1 The Nature of Energy

Why do chemical reactions occur?

What is energy?

Energy isthe capacity to do work or transfer heat.

Forms of Energy - kinetic (motion) & potential (position)

Units of Energy
Units of Energy
ca, J, Ca (= kcal)
lca =4.184J
1Ca =1kca
= 1000 cal
=4184 J=4.184kJ

System and Surroundings
System isthe part of the universe we are interested in studying
Surroundings is the rest of the universe
Identify the system and surroundings in this diagram.

5.2 First Law of Thermodynamics

Law of Conservation of Energy

Energy cannot be created or destroyed, but only converted to other forms.
AE =q+w (more later)

Heat (q) = energy transferred because of adifference in temperature
Work (w) = force applied to an object over adistance

Internal Energy
Internal energy (E) isthe sum of all the kinetic and potential energy of all parts of the
system
In what ways can energy be stored when considering matter at an atomic or molecular
level?
bonds, vibrations, rotations, molecular motion, electron motion, motion of nuclei
(protons and neutrons)
It is not possible to measure the internal energy of any system of practical interest.
We can measure changesin internal energy:
AE = Efina - Einitial
AE >0 if Efina > Einitial
AE <0 if Efina < Einitia
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Heat and Work
AE=q+w
Heat flowing from the surroundings to the system is positive (the system feels cold
because it absorbs heat from your hand)
Work done by the surroundings on the system is positive

Heat and Temperature
g <0 exothermic, surroundings get hot
g >0 endothermic, surroundings get cold

Sate Functions
Va ue does not depend on history of the system, just its present condition
Does the distance between Phoenix and Flagstaff depend on the route?
Examples of state functions?
Does the distance between San Francisco and Denver depend on how one travels
from one city to another?
AE isastate function
g and w are not state functions
AE =g+ w: If asystem generates more heat, it will accomplish less work.
State functions are given an upper case symbol

5.3 Enthalpy

At constant pressure, we have ¢, = AH, which we call an enthalpy change, whichisa
state function.

AE = AH - P AV for pressure-volume work

AH = Hf - Hi

AH<0  exothermic

AH>0  endothermic

5.4 Enthalpies of Reaction

AH = Hproducts - Hreactants
AH isthe enthalpy of reaction or heat of reaction
H2(9) + 12(s) + 53.00 kJ — 2HI(Q)
Thermochemical equation:
Ha(g) + 12(s) — 2HI(Q) AH = 53.00 kJ
AH is proportional to the number of moles
What is AH for thisreaction if 127 g of 1,(s) reacts with excess H,?
Proportional to the amount of reactant consumed
For areaction in the reverse direction is numerically equal but oppositein sign
Depends on the physical state of the reactants and products
e Value changes sign with direction
e Valuesdepend on physical state
Vaues are for the standard state; stable physical state, 1 atm, usually 25°C
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5.5 Calorimetry

e Thevaue of AH can be determined by measuring the heat flow accompanying a
reaction at constant pressure

Apparatusto do thisis called a calorimeter

Heat Capacity/Specific Heat

e Heat capacity = amount of heat that can be absorbed by a sample of material for a
given temperature increase; units = J°C

e Molar heat capacity = amount of heat that can be absorbed by 1 mole of material
when its temperature increases by 1°C; units= J/mol °C

e Specific Heat Capacity or Specific Heat = amount of heat that can be absorbed by 1
gram of material when its temperature increases by 1°C; units = J/g °C

e Which holds more heat when exposed to 120°F sunlight -- awood or an iron bench
(both at the same temperature)?

e Which hasthe higher heat capacity?
Which holds more heat - piefilling or pie crust?

Calorimetric Measurements
AT = Tf - Ti
g= nCyhAT
g=msp.ht. AT
Conservation of energy:
heat gained + heat lost = 0
e 150.0 g Zn at 79.5°C added to 250.0 g H,0 at 25.0°C. What isthe final temperature
of the mixture?
e Specific heats: Zn 0.377, H,0 4.184 J/g °C

Enthal py Change and Changes of Physical State
e |f temperature changes involve changes of physical state as well, we must also
calculate how much heat isinvolved in the change of state.
e Various processes to change physical state are reversible; the amount of heat required
to go one direction must be recovered going the opposite direction
e AH =X AH for phasechanges+ £ nC, AT

5.6 Hess'sLaw
e Doesthe energy changein areaction depend on the number of steps in the reaction?
o Hy(g) + Ix(s) > 2HI(Q) AH = 53.00 kJ
[2(s) — 12(Q) AH = 62.44 kJ
Ha(g) + 12(g) > 2HI(g)  AH = -9.44kJ
e How are these reactions related?
e Hess'sLaw: AHgum of steps = X AHsteps
Enthal py change independent of path

Copyright by James P. Birk 5-3



Chapter 5

Application of Hess's Law
How can we use known vaues of AH° to cal culate unknown values for other
reactions?
C(s) + Ox(g) > COx(g)  AH°=-393.5kJ
2C(s) + Ox(g) > 2CO(g) AH®=-221.0kJ
What is AH® for the following reaction?
2CO(g) + Oy(g) ~ 2CO(g) AH =7
What is AH® for the following reaction?
C(s) + CO,(g) > 2CO(g) AH°=?

5.7 Enthalpies of Formation

AH®% = AH° for formation of 1 mole of a substance from the stable form of its
elements at 1 atm and 25°C

Generaly given only for the standard state

AH®% = 0 for a stable element

Which of these have AH% =0 ?

° CO, CU, Bro, C|, 02, 03, 02(5), P,

Heats of Formation
An application of Hess's Law

Heats of formation involve decomposition of reactants into elements, then formation
of products from the elements
AHorxn =X A|'|0f,products -2 AI'lof,rea(:tants
Calculate values of AH® for the following reactions:
H2(9) + 12(s) > 2HI(g)
CSy(g) +302(g) > CO(g) +2S04(9)

AHof .
HI CS, CO, SO,
26.5 1174 -393.51 -296.83
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