15 Chemical
Thermodynamics

Thermodynamics:
thermo = heat (energy)

dynamics = movement,
motion

C,HsOH({) + 30,(g)

AH = —1367 kJ
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The thermite reaction is a highly exothermic reaction of aluminum powder and iron oxide
to produce molten steel (iron) and aluminum oxide. It is being used here to weld steel rails
together for a new light rail line in Salt Lake City. @ Steve Griffin/The Salt Lake Tribune




Thermodynamics -- Terminology

Some thermodynamic terms chemists use:
System: the portion of the universe that we are considering

open system: energy & matter can transfer
closed system: energy transfers only
Isolated system: no transfers

Surroundings: everything else besides the system

Isolated system: No heat transfer is allowed between the system and the
surroundings.

Isothermal: a system that is kept at a constant temperature by adding
or subtracting heat from the surroundings.

Heat Capacity: the amount of heat energy required to raise the
temperature of a certain amount of material by 1°C (or 1 K).

Specific Heat Capacity: 1gby1°C
Molar Heat Capacity: 1 mole by 1°C



Calorie: the amount of heat required to raise the temperature of 1g of water
by 1°C. Specific heat capacity of water = 1 cal/g°C

1 calorie = 4.18 joules

Specific Heats and Molar Heat Capacities

Substance Specific Heat (JfC1Q) Molar Heat (J/°Cymol)
Al 0.90 24.3
Cu 0.38 24.4
Fe 0.45 25.1
CaCoOs 0.84 83.8
Ethanol 2.43 112.0
Water 4.18 75.3
Air 1.00 ~ 29
important to: engineers chemists

Problem: Explain why the molar heat capacity for ethanol (CH;CH,OH) is
larger than that of water? MW (ethanol) = 46 g/mol



EXAMPLE: How many joules of energy are needed to raise the temperature
of an iron nail (7.0 g) from 25°C to 125°C? The specific heat of iron is 0.45
J/°Cqg.

Heat energy = (specific heat)(mass)(DT)

Heat energy = (0.45 J/°Cyg)(7.0 g)(100°C) = 315J

Note that DT can be °C or K, but NOT °F. When just T is being

top & Think _ _ L _ _ _
used in a scientific formula it will usually be kelvin (K).

Problem: How much energy does it take to raise the body temperature
2.5°C (a fever of just over 103°F) for someone who weighs 110 pounds (50
kg). Assume an average body specific heat capacity of 3 J/°C.g.

Heat=(3JaC'g") (5310 g (25
Heat=3.7 310 J 370kJ

Problem: What would be more effective at melting a frozen pipe i hot
water or a hair dryer (hot air gun). Why?



State Function

System properties, such as pressure (P), volume (V), and temperature
(T) are called state functions.

The value of a state function depends only on the state of the system and
not on the way in which the system came to be in that state.

A change in a state function describes a difference between the two states.
It is iIndependent of the process or pathway by which the change occurs.

For example, if we heat a block of iron from room temperature to 100°C, it
IS not important exactly how we did it. Just on the initial state and the final
state conditions. For example, we could heat it to 150°C, then cool it to
100°C. The path we take is unimportant, so long as the final temperature is
100°C.

Miles per gallon for a car, is NOT a state function. It depends highly on the
path taken: acceleration, speed, wind, tire inflation, hills, etc.

Most of the thermodynamic values we will discuss in this chapter are state
functions.



Energy: "The capacity to do work and/or transfer heat"

Forms of Energy:
Kinetic (B, eic = ¥2Mmv?2)
Heat
Light (& all Electromagnetic)
Electricity/Magnetic
Sound

Potential
Chemical
Nuclear/Matter (E = mc?)
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Thermodynamics T First Law

The total amount of energy (and mass) in the
universe Is constant.
In any process energy can be changed from one
form to another; but it can never be created nor
destroyed.

NYou can't get some;



Enthalpy (Heats) of Reaction -- DH

The amount of heat released or absorbed by a chemical reaction at
constant pressure (as one would do in a laboratory) is called the

enthalpy or heat or reaction. We use the symbol DH to indicate
enthalpy.

Sign notation (EXTREMELY IMPORTANT!!):
+DH indicates that heat is being absorbed in the reaction (it gets cold)
— endothermic

- DH indicates that heat is being given off in the reaction (it gets hot)
— exothermic

Standard Enthalpy =DH° (°i s calnot®d a n
Occurring under Standard Conditions:

Pressure 1 atm (760 torr) Temperature is not defined
Concentration 1.0 M or part of Standard

Conditions, but is often
measured at 298 K (25°C).




Standard Enthalpy of Formation -- DH",

The amount of heat absorbed (endothermic) or released (exothermic) in
a reaction in which one mole of a substance is formed from its
elements in their standard states, usually at 298 K (25°C).

Also called heat of formation.

DH®; =0 for any element in its standard state
(the natural elemental form at 1 atm or 1 M) at 298 K.

EXAMPLE: C(graphite, s) + O,(g) —> CO,(9)
DH,, = 0kJ/mol  0kJ/mol  (-393.5kJ/mol

e

_ _ product
elements in their (one mole)
standard states

negative sign o
heat released -- exothermic rxn [DHf (CO,) = -393.5 kd/mol J




APPENDIX K

SELECTED THERMODYNAMIC VALUES AT 298.15 K

AHY S0 AGY
Species (kJ/mol) ( J/mol- K) (kJ/mol)
C,H;OH(g) —235.1 282.6 —168.6
CO(9) —110.5 197.6 —137.2
CO,(g) —393.5 213.6 —394.4
CS,(g) 117.4 237.7 67.15
COCly(g) —-223.0 289.2 —-210.5
Hydrogen
H(g) 218.0 [14.6 203.3
H,(0) 0 130.6 0
H,O(¢) —285.8 69.91 ~237.2
H,0O(g) —241.8 188.7 ~228.6
IT,0,(0) —T187.8 109.6 1204

Very important to pay attention to the proper phase

emp&Thmk (solid, liquid, gas) and that you pick the right compound!!



2H,(9) + O,(g) —>(2H,0 (9)

DH . = O0kJ/mol 0kJ/mol  (-483.6 kJ(2)mol
elements in their preduct
standard states (two moles)
negative sign divide by(2 to put

. il
heat released -- exothermic rxn on per mole basis!!

[DH;’ (H,0) = -241.8 kJ/moIJ

Note that | usually will not have you calculate DH% on homeworks or tests i so you

generally dondét have to worry about nor



Hess's Law -- Adding Reactions

The overall heat of reaction (DHrxn) is equal to the sum of the DH;
(products) minus the sum of the DH; (reactants):

[DH;’X” = S(# eqiv) DH; (products) — S(# eqiv) DHF(reactants))

Therefore, by knowing DH; of the reactants and products, we can
determine the DH,,, for any reaction that involves these reactants

and products.

EXAMPLE: CO, is used in certain kinds of fire extinguishers to put
out simple fires. It works by smothering the fire with "heavier" CO,
that replaces oxygen needed to maintain a fire. CO, is not good,
however, for more exotic electrical and chemical fires.




/ o o o
KAHM = Z (# eqiv)AHf(products) = Z (7 eqiv)AHf(reactants)J

2Mg(s) + CO,(g) —> (2MgO(s) + C(s)

AH,;=/0 kd/mol - 393 kJ/mol -602 kd/mol 0 kd/mol
- I/__,_. — w‘/
REACTANYTS PRODUCTS
L_ _1

AH? =) (2)eqiv)(-602 kJ/mol) + (1 eqiv)(0 kJ/mol)
— " (2)eqiv)(0 kdimol) + (1 eqiv)(-393 kJ/mol)

AH, = (-1204 kJ/mol) — (-393 kJ/mol)
AH®_ = (1204 kJ/mol) + 393 kJ/mol

o

AH__ = -811 kJ/mol } highly exothermic rxn !!

rxn

Therefore, Mg will (should) fib u r €@, !



You can also add two reactions together to get the DH,,,, for another new
reaction:

If we have to
multiply one (or
more) of the
reactions by
some constant
to get them to
add correctly,
then we also
would have to
multiply DH,,,,
for that reaction
by the same
amount.



