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IntroductionIntroduction
 For open system in which shaft work and kinetic and potential energy changes can be 

neglected
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Short ReviewShort Review
 The value of is known for specified changes of state,  not as absolute value

 An arbitrarily reference state for a species can be chosen and then An arbitrarily reference state for a species can be chosen and then,

for the transition from the reference state to a series of other states

 The reference state for liquid water is at the triple point The reference state for liquid water is at the triple point

 For water vapor at 400°C and 10.0 bar,

This means that

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

4



Short ReviewShort Review
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Hypothetical Process PathsHypothetical Process Paths

 Their values depend only on the state of the species primarily on its temperature and state of Their values depend only on the state of the species-primarily on its temperature and state of 

aggregation (solid, liquid, or gas) and, 

 To a lesser extent, on its pressure and , p

 For mixtures of some species, on its mole fraction in the mixture). 

 A state property does not depend on how the species reached its state. Consequently, p p y p p q y,

 When a species passes from one state to another, both                            for the process are 

independent of the path taken from the first state to the second one.

 For a process, the change on internal energy or enthalpy depend on the initial and final state.
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Hypothetical Process PathsHypothetical Process Paths
Type of processesType of processes

Compressing hydrogen gas from 1 atm to 300 atm at 25°C

Heating the liquid water at 0°C to 30°C, at 1 atm

Melting ice at 0°C  at 1 atm e t g ce at 0 C at at

Mixing sulfuric acid and water at a constant temperature of 20°C and a constant pressure of 1 atmMixing sulfuric acid and water at a constant temperature of 20 C and a constant pressure of 1 atm
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Hypothetical Process PathsHypothetical Process Paths
 To calculate for any process,

o Construct a hypothetical process path from the initial state to the final state consisting of a 

series of steps of the given five types 

o Calculate for each of the steps,

o Added the for the total process. 

ExampleExample
C l l t f i hi h lid h l t 25°C d 1 t i t d t h lCalculate         for a process in which solid phenol at 25°C and 1 atm is converted to phenol 

vapor at 300°C and 3 atm.
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Hypothetical Process PathsHypothetical Process Paths

Such data are not availableSuch data are not available 

 Select Hypothetical Process Paths and phase changes to occur at the conditions for which 

tabulated enthalpy changes are available.
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Hypothetical Process PathsHypothetical Process Paths

the sixth step

Change in pressure at constant temperatureChange in pressure at constant temperature
 It has been observed experimentally that internal energy is nearly independent of pressure for 

solids and liquids at a fixed temperature, as is specific volume.

 If the pressure of a solid or liquid changes at constant temperature,
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Change in pressure at constant temperatureChange in pressure at constant temperature

 If gases are far from ideal or if they undergo large pressure changes, you must either 

o Use tables of thermodynamic properties (such as the steam tables for water) or 

o Thermodynamic correlations. good source for such correlations is Chapter 5 of Reid, 

Prausnitz, and Poling

 H W: Try to get such tables for some gases H.W: Try to get such tables for some gases
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Change temperatureChange temperature
Sensible Heat and Heat CapacitiesSensible Heat and Heat Capacities

 Sensible heat it is the heat that must be transferred to raise or lower the temperature of a Sensible heat it is the heat that must be transferred to raise or lower the temperature of a 

substance or mixture of substances.

 The quantity of heat required to produce a temperature change in a system can be determined q y q p p g y

from

(Neglecting kinetic and potential energy changes and work)Quiz: under which conditions?

 The specific internal energy of a substance depends strongly on temperature.
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Sensible Heat and Heat CapacitiesSensible Heat and Heat Capacities

 If the temperature is raised or lowered in such a 

way that the system volume remains constant, theway that the system volume remains constant, the 

specific internal energy might vary as shown,

and

is the heat capacity at constant volumes e e c p c y co s vo u e
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Sensible Heat and Heat CapacitiesSensible Heat and Heat Capacities

 If both the temperature and the volume of a substance change

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

14



ExampleExample
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Sensible Heat and Heat CapacitiesSensible Heat and Heat Capacities
 Similar to the internal energy, the enthalpy depends strongly on temperature.

 If substance is heated at constant pressure, then the heat capacity at constant pressure
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Sensible Heat and Heat CapacitiesSensible Heat and Heat Capacities
 For a change in pressure at constant temperature (step 1),

 For a change in temperature at constant pressure (step 2),
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Sensible Heat and Heat CapacitiesSensible Heat and Heat Capacities
 Generally, the heat capacity is a function of temperature,

 For liquids and Solids For liquids and Solids

 For ideal gas Try to prove it

ExampleExampleExampleExample
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Example Cont.Example Cont.

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

19

Example Cont.Example Cont.
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ExampleExample
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Example Cont.Example Cont.

can be estimated by linear interpolationcan be estimated by linear interpolation
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Example Cont.Example Cont.

Estimation of Heat CapacitiesEstimation of Heat Capacitiespp

 Several approximate methods follow for estimating heat capacities in the absence of 

tabulated formulas

 A simple empirical method for estimating the heat capacity of a solid or liquid at or near p p g p y q

20°C.

 Cp for a molecular compound is the sum of contributions  for each element in the compound.
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Estimation of Heat CapacitiesEstimation of Heat Capacities
ExampleExample
Find the heat capacity of solid calcium hydroxide,

Values in table B.10

 For a mixture of gases or liquids,
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Estimation of Heat CapacitiesEstimation of Heat Capacities
 For highly dilute solutions of solids or gases in liquids, neglect the enthalpy change of the 

solute

valid to the extent that enthalpies 

of mixing may be neglected

ExampleExample
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Estimation of Heat CapacitiesEstimation of Heat Capacities
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Energy Balances on SingleEnergy Balances on Single--Phase SystemsPhase Systems
ExampleExample
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Example Cont.Example Cont.
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ExampleExample
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