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Chemical Energy
• If we knew our product composition, we can find To from 

energy conservation

– the chemical energy of the reactants is converted to 
thermal energy of the products

• Example hydrogen/oxygen
rocket combustor

– with no (shaft) work
(+ steady, adiabatic) 
energy conservation gives

– should equation change whether reaction occurs or not?

• No, so chemical energy needs to be included in the stagnation 
enthalpy ho

m O2
m prod, T, Yi

m H2

T

prodOH oprodoOoH hmhmhm  
2222

2

2
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u
pveho  energychemical

sensible enthalpy, e.g, for TPG dTcdh psens 
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Reference State

• Recall, that we can define

a reference point for 

sensible energy

– e.g., hsens=0 at T=298K

• But does that mean at 298 K,

0=hH2
 hH hO2

 hO=hH2O ?

• We need to define a reference 

point for chemical energy

– e.g., a chemical state that has zero 

chemical energy

 
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T
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Chemical Energy Reference

• Consider the energies of O2 and O

H

T

2HO

HO2

OO 22 

2HO

• Is energy of O more 

or less than for O2?

• Which has zero 

chemical energy?

• Difference in energy 

between species is 

function of  temp.

2,,2 OchemOchem
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Chemical Energy Example

• What happens if we have multiple nuclei types?

– ways to define zero chemical energy state

• Example: various H and O containing species 

at fixed temperature

Echem

O2

H2

OH

H2O

0
O2H2

O
H

H2O
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Heat of “Reaction”

• What is energy difference between 2 chemical 

states if p,T doesn’t change, e.g., 

Echem

O2

H2

OH

H2O

0
O2H2

O
H

H2O

Echem

OHOH 222 21 

  rpOchemHchemOHchemR HHEEEH 
2,,, 21

22

Heat of 

Reaction

RH

HR < 0, exothermic

> 0, endothermic

RH
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Enthalpy (Heat) of Formation

• Two common ways to define zero chemical energy 
state (i.e, composition) - this state defines the 
elements

– (neutral) atoms                                 NASA Tables

– most common form of a single             JANNAF
type of nuclei at standard 
T and p

• Can define the chemical energy of any species 
relative to these elements

– how much chemical energy difference 
between ONE mole of species i from 
the elements at some fixed T and
standard pressure (o)

– or ONE unit of mass

iT

o

fh
,



iT

o

fh
,



He, H2, O2, N2, C (s) graphite ,…

Enthalpy of 
Formation
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Enthalpy of Formation Example

• Consider again O2 and O

T(K)

OO 221

• What is enthalpy of 

formation of O2?

ih

0 298

Oh

2Oh

2
21 OhOKfh

,0


OKfh
,298



OKfh
,1000



1000

• What is enthalpy of 

formation of O?

   ThThh OOOT

o

f 2
21

,


• What is chem. energy 

change at 500K for 

H2+½O2 H2O?

Using JANNAF def’n.
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Heat of Formation Example

• Consider again O2 and O

T(K)

OO 221

ih

0 298

Oh

2
21 OhOKfh

,0


OKfh
,298



OKfh
,1000



1000

• What is the enthalpy 

change going from 

½ mole of O2@298K

to  O@ 1000K?

           KhKhhKhKh OOOK

o
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General Expression for Enthalpy

• So from the previous path example, we can 

write in general for a species i

• or on a per mass 

basis  
iT

o

f

T

T

ipi
ref

ref

hdTcTh
,,  

termterm
chemicalsensible

,, iT

o

f

T

T

ip
ref

ref

hdTc  
for an ideal 
gas (TPG), 
 function 
(pressure)

  o

if

T

T
ii

refT
ref

hhTh ,
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Example Enthalpies of Formation

• High formation enthalpy species

– H, O

• Low formation enthalpy

– Al2O3, CO2, H2O

• Why?

Species
ho

f,298.15 K

kJ/mol
Species

ho
f,298.15 K

kJ/mol

Al (s) 0.00 H2O -241.83

Al2O3(l) -1620.57 NH3 -45.90

CO -110.53 N2H4 (l) 50.63

CO2 -393.52 N2O4 (l) -19.56

CH4 -74.87 O 249.17

H 218.00 OH 38.99

From NIST-JANNAF 

database 4th edition 

(1998)
(e.g., kinetics.nist.gov/janaf)

can find newer updates 

to data
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Composition Influence on Temperature

• So if the products 

have more H, O, 

H2, O2 vs. H2O

– Tprod will be 

lower than if we 

could shift them 

toward water

O2H2

O
H

H2O

ho
f

m O2

m prod, Tprod
m H2

T
YH2O

YH2
YO2

YO YH
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Ex.: Methane/Oxygen Comb. Chamber

• Given:

– Gaseous
methane and 
oxygen entering non-adiabatic 
combustion chamber at 298 K, 10 bar

– Mass flowrate ratio of oxygen is 5 that 
for methane

– Heat loss results in 1000 K product 
temperature

• Find:

– Heat loss per unit mass flow,
• Assume: steady state, negligible KE

m O2

1000K, 10 bar
m prod, 

Yi

m CH4

298K, 10 bar

lossQ

mQloss

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Ex.: Methane/Oxygen Comb. Chamber

• Solution
m O2

1000K, 10 bar
m prod, 

Yi

m CH4

298K, 10 bar

?mQloss

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Ex.: Methane/Oxygen Comb. Chamber

• Solution
m O2

1000K, 10 bar
m prod, 

Yi

m CH4

298K, 10 bar

?mQloss

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JANNAF Table Extract

• From 4th edition

iT

o

f
ref

h
,


T

T
i

ref

h
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Specific Heat Polynomials

• Data also available in polynomial forms

• NASA polynomial form for specific heats

• Examples (valid for 1000-3500 K)

4

5

3

4

2

321 TaTaTaTaa
R

cp


Gas a1 a2 a3 a4 a5

O2 3.28254 1.483110-3 -7.579710-7 2.094710-10 -2.167210-14

H2 3.33728 -4.940310-5 4.994610-7 -1.795710-10 2.002610-14

H2O 3.03399 2.176910-3 -1.640710-7 -9.704210-11 1.682010-14

    

T

T

iprefisensibleisensible

ref

dTcThTh ,,,

R

cp



