Chapter 5: Energy, Work, and Heat

Energy = The abllity to do work or transfer heat.
Work = Energy used to cause an object that has thamsve.
Heat = Energy used to cause the temperature dbjactdo rise.

Potential Energy = Energy an
object possesses by virtue of its
position or chemical composition. Kinetic Energy = Energy
an object possesses by virtue
of its motion.




Units of Energy

The Sl unit of energy is theule (J)

An older, non-SI unit is still in widespread
use: Thecalorie (cal)
1cal=4.184J

A ball weighing 0.5 kg is thrown at 40 m/s, whaitsskinetic energy?

KE=%2mV

KE = % (0.5 kg) (40 m/&)
KE = 40 J



Work and Heat

Work = Energy used to move an object ¢
some distance.

Work = Force x distance

Work = w

Energy can also be transferred as heat.

Heat flows from warmer objects to
cooler objects.

Heat = g



Q GIVE IT SOME THOUGHT

What are the terms for the energy an object possesses (a) because of its motion,

(b) because of its position? What terms are used to describe changes of energy as-
sociated with (c) temperature changes, (d) moving an object?

heat

work

Kinetic energy
potential energy
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First Law of Thermodynamics

1stLaw : Energy is neither created nor destroyed.




System & Surroundings

Thesystemincludes the
molecules we want to study
(here, the hydrogen and
oxygen molecules).

Thesurroundingare
everything else (here, the
cylinder and piston).




Internal energy, E

Internal Energy, E

The internal energy of a system is the sum ofiaktic and
potential energies of all components of the systeencall itE.

By definition, the change in internal enerdy¥, is the final
energy of the system minus the initial energy efshistem:

AE = Efinal - E

E of system decreases
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First Law of Thermodynamics

1stLaw : Energy is neither created nor destroyed.

The total energy of the universe is a constankiafsystem loses
energy, it must be gained by the surroundings,vagelversa.
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|f a piece of metal at 85°C isplace under water at
25°C, thefinal temperature of the water and metal is

o0 w»

30°C. Which of thefollowing istrue?

Heat lost by the metal > heat gained by water
Heat gained by water > heat lost by the metal
Heat lost by metal > heat lost by the water

Heat lost by the metal = heat gained by water



Internal energy, E

Change In Internal Energy

H,0)

H,0(])

AE >0

It AE > 0, Enai > Bintia
Therefore, the systeabsorbed
energy from the surroundings.



Internal energy, E

Change In Internal Energy

H,0)

AE <0

H,0(!)

It AE < 0, Einas < Binitia
Therefore, the systenaleased
energy to the surroundings.



Change In Internal Energy

System
When energy Is exchanged between
Heat g >0 the system and the surroundings, it
IS exchanged as either heq) ¢r
, work (w).
Surroundings W)
Work w >0 AE
=—qgQ+Ww
AE >0
Forg  + means system guains heat — means system [oses heat
Forw  + means work done on system — means work done by system

For AE + means net gain of energy by system — means net loss of energy by system




Endothermic & Exothermic

When heat is absorbed by the
system from the surroundings, the
process igndothermic

Surroundings

When heat is released by the

System _
system to the surroundings, the
et process igxothermic
Surroundings
System
q>0
endothermic Heat
q<0

exothermic



State Function

Internal Energy (E) depends only on the preseid siathe
system, not on the path by which the system arratédat state.

Internal energy (E) Is a state function

And so,AE depends only ok, andE;, .-

50 g 50 g 50 g
100°C 25°C 0°C

Cooling Heating




Work and heat are not state functions

—/ (000000 — e mm g andw arenot state functions.
| , Whether the battery is shorted out
— or is discharged by running the fan,

o o its AE is the same.
(a) (b)
Charged battery . .
= But g andw are different in the
- Energy two cases.
Heat AE lost by
W(l)rk battery

Discharged battery



Q GIVE IT SOME THOUGHT

In what ways is the balance in your checkbook a state function?

A. Itis determined by many factors.

B. Itis a numerical value.

C. Itis calculated from multiple transactions.
D

It doesn’t depend on how money got into your
account or was taken out; it only depends on the ne
total of all transactions.



P-V Work

We can measure the work done by the gas if theiogas done
In a vessel that has been fitted with a pistontaagressure is

constant.
w = —-PAV
Piston —fgﬂw
= - H, gas =
l plus original
atmosphere
e Ve A

P HCl solution N < “\HClI solution

Example: The piston is
raised against
atmospheric pressure
(10° N/m?) and the
volume changeis 1L
(10° md)

w = -PAV
w =- (10 N/m2)* (103 m3
w =-100J



Enthalpy

If a process takes place at constant pressurehanohty work
done is this P-V work, then heat flow during theqass is a
measure the changeenthalpy(AH) of the system.

Enthalpy is the internal energy plus the produgiresure and
volume:

When the system changes at constant pressure,
the change in enthalpfH, is

AH = A(E + PV)

This can be written
AH = AE + PAV



Enthalpy

SinceAE = g + w andw = —PAV, we can substitute these
Into the enthal

A
A

A

Dy expression:
= AE + PAV
= (Otw) —w

=9

So, at constant pressure the change in enthgitpg heat
gained or lost.

Surroundings

System

Heat

AH <0
(Exothermic)

A process is endothermic when
AH is positive.

Surroundings

System

Heat

A process is exothermic when

AH Is negative.

AH >0
(Endothermic)



Enthalpies of Reaction

This quantity AH, is called theenthalpy of
reaction or theheat of reaction

2 Hy(g) + O4(g)

AH <0
(exothermic)

Enthalpy

2 H,O(g)




Enthalpies of Reaction

Thechange in enthalpy,

CHy(g) + 20
AH, is the enthalpy of 65} T S0

: A
the products minus the
enthalpy of the AH, = AH, =
reactants: > —890 KJ 890 k]
S
=
_ =
AH = Hproducts_ Hreactants = :

COy(g) + 2 HyO()




Facts About Enthalpy

Enthalpy Is an extensive property.

AH for a reaction in the forward direction is equasine, but
opposite in sign, té&H for the reverse reaction.

AH for a reaction depends on the state of the procguatghe
state of the reactants.



Calorimetry

| Thermometer
we measuréH through P
calorimetry the measurement of
heat flow. -
- Glass stirrer
_ /Cork stopper
E
CH,(8) + 2 02(g)
A
I AHl — AHZ —
> | —890 k] 890 kJ
=y
<
5; Y - Two Styrofoam®
= cups nested
CO,(g) + 2 H,O(I) together containing
reactants in solution

Copyright © 2006 Pearson Prentice Hall, Inc.



Specific Heat and Heat Capacity

The amount of energy required to raise the temperatf a substance
by 1 K (2°C) Is itsheat capacity

We definespecific heat capacitipr simplyspecific hegtas the

amount of energy required to raise the temperatiteg of a
substance by 1 K.

heat transferred

Specific heat =
massx temperature change

g
mx AT

S=



Which metal will undergo the greatest

temperature change if an equal amount of

oo >

heat Isadded to each?

Fe, s=0.45J/gK
Al,s=0.90J/gK
Cu,s=0.38J/gK
Pb,s=0.13J/gK

Copyright © 2006 Pearson Prentice Hall, Inc.



Hess's Law

Hess’s law : If a reaction is carried out in a sgf stepsiH
for the overall reaction will be equal to the suhth® enthalpy
changes for the individual steps.

AH is well known for many reactions, and the valuestabulated.
Using these values &H, AH for any can be calculated.

Cet+ 20,2 CO,y AH=P?




RulesRegarding Hess'’s Law

1) When a chemical equation is multiplied by a cansttheAH is
also multiplied.

C(S)+ Oz(g) 9 COZ(g) AH — '3935 kJ

2) When a chemical equation is reversed, the&idyH is changed.

COy + ¥ Oyq > COy AH = -283.0 kJ

3) Enthalpy depends on the state of the reactamtproducts



Calculate AH for 2 Cg) + Oy, + 4H, )2 2 CH;0H

A. =120 kJ C -312 kJ
B. +120 kJ D -403 kJ



Enthalpy of Formation

Change in enthalpy when onwle of a compound is formed from
its elements (in their standard state;

Standard state is atmospheric pressure and 25 C.

Hyg + %2 Oy 2 HO AH; =-285.6 kJ/mol

AH; are tabulated and can be combined
to calculateAH of any reaction




Q GIVE IT SOME THOUGHT

In Table 5.3, the standard enthalpy of formation of C;,H,(qg) is listed as 226.7 kJ/mol.
Write the thermochemical equation associated with AHf for this substance.

A. Cy + Hg 2 ¥2GHyg

B. Cyy + Hyg 2 CHyy
C. 2Gy + Hyy 2 ClHyy

D. 2Cy + 2H, > C,Hyy



Given the following:
2 NO(g) + O,(g) 2 2NO,(g) AH =-113 kJ
and AH; for NO,(g) is 33.8 kJ,

what is AH; for NO(g)?

-45.1 kJ
+45.1 kJ
+90.3 kJ
-79.2 kJ
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