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Energy of a System

We can also do WORK on a 
system, as a way of putting energy 
into the system

Or the system can do work, which 
takes energy out of the system
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Positive value:
 energy INTO the system
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€ 

w = −P Vfinal −Vinitial( )
w = − 1 atm( ) 0.1L − 0.5L( ) = +0.4 atm ⋅ L

Work is positive.
Work is done ON system
Energy of system increases

But atm L is units of energy!?

€ 

R = 8.3144 J
K ⋅mol

     R = 0.082057 L ⋅ atm
K ⋅mol

From inside back of book

Therefore:

€ 

8.3144 J
K ⋅mol

= 0.082057 L ⋅ atm
K ⋅mol

L ⋅ atm =101.32 J

€ 

w = +0.4 atm ⋅ L 101.32 J
atm ⋅ L

 

 
 

 

 
 = 40.53 J
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∆H - enthalpy

€ 

ΔU = qp + wp

Assume reaction at constant pressure

€ 

ΔU = qp − PΔV

€ 

∴   qp = ΔU + PΔV

€ 

Define :  H =U + PV

€ 

∴  ΔH = ΔU + PΔV
∴  ΔH = qp

Bottom line:
  almost all of biology occurs 
at 1 atm pressure (constant)

∆H is a useful measure of the 
change in energy of a system



Fig. 5-14, p. 230



Energy is a State Function

A state function defines a system 
independent of “how you got there”

State Functions: NOT State Functions:

Energy (∆U, ∆H)
Pressure
Volume
Temperature
Elevation
Your bank balance

Driving distance to Boston
q
w



Enthalpy (∆H) of a reaction

H2O (g) ⟶ H2 (g)  +  ½ O2 (g) ∆H°=+241.8 kJ/mole-rxn

What does this tell us?

∆H>0    endothermic.

Have to put energy in (heat) to make the reaction 
go to the right as written

241.8 per mole as written (per 1 H20 consumed, or 
per 1 H2 produced)
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∆H°=+241.8 kJ/mole-rxnH2O (g) ⟶ H2 (g)  +  ½ O2 (g) 

∆H°=+2(241.8 kJ/mole-rxn)2H2O (g) ⟶ 2H2 (g)  +  O2 (g) 

∆H°=+483.6 kJ/mole-rxn
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C (s) + O2 (g) ⟶ CO2 (g)
CO (g) + ½ O2 (g) ⟶ CO2 (g)
C (s) + O2 (g) ⟶ CO (g) + ½ O2 (g) 

∆H° = -110.5 kJ/mol

∆H° = -283.0 kJ/mol

∆H° = -393.5 kJ/mol

Note: convention assumes 
“per mol” (of rxn as written)
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Fig. 5-16, p. 234

Phase Change!



A Closer Look, p. 238

∆H° = -1028.6 kJ
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Standard enthalpies of formation 
Appendix L – page A29

A

B

C

D

E

∆H°f

F

∆H°rxn = ∆H°f
D - ∆H°f

CC ⟶ D



Study Question #101, p. 252
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Interchapter, Table 3, p. 258



Interchapter, Fig. 5, p. 260
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Interchapter, Fig. 16, p. 265



Interchapter, p. 267


