Thermochemistry


Calculating Energy Changes for the Heating Curve of Water

Below is the heating curve for water.  Fill in all the blanks.   Answer all the questions that apply to the chart.

                    





Part D:  is called the Enthalpy of _________
   Part E: The H2O is in the

TEMP.

  The energy needed here is determined using:

    _____ phase.  Energy




  q = mol(H2O) x (H vaporization

    

    change here =1.86 J/goC




  where (H vaporization = 40.7 kJ/mol or

    
     where q = (T . m . cp gas



  (H vaporization = 2.260 kJ/g



     
    






















            
_____oC















Part B:  Enthalpy of __________

Part C: The H2O is in the ___________ phase.



 q = mol(H2O) x (Hfusion


The   cp for water = 4.184 J/goC.  The amount 



 where (Hfusion = 6.00 kJ/mol


of energy needed to heat or cool water is



 or  where (Hfus = 0.333 kJ/g


determined by using the following formula:




    




q = (T . m . cp water
_____oC




             Part A :  The H2O is in the ___________ phase.   The   cp for ice = 2.06 J/goC






The amount of energy needed to heat or cool ice is determined by 

 using the following formula:    q = (T . m . cp ice
  






HEAT ABSORBED AT A CONSTANT RATE

In calculating the total energy required to heat a chunk of ice from a temperature in the area of Part A all the way to a temperature in the area of Part E requires five different steps.  The energy from each step (given in kJ) is then added up to give the total energy involved in this (Physical  or  Chemical   circle one) change.

For example:  Say you were asked to determine the total amount of energy that was required to have a 25.0 g 
sample of ice at –20.0oC be heated to a temperature of 120.0oC.  This is what you would have to do:

Part A: :    q = (T . m . cp ice

     q = (0.0oC – ( -20.0oC))   x   25.0 g  H2O  x   2.06  J     x         1 kJ







 


          g oC
       1000 J




     q = 1.03 kJ



Part B:       q  = mol(H2O)   x    (Hfusion
      q  =  25.0 g H2O  x    1 mol H2O    x       6.00  kJ

 





    18.02 g H2O         1 mol H2O




      q  = 8.32 kJ

Part C: :      q  = (T . m . cp water

       q = (100.0oC – 0.0oC)   x   25.0 g  H2O  x     4.184  J     x       1 kJ










           g oC
        1000 J




       q = 10.5 kJ

Part D:      q = mol(H2O)   x   (H vaporization
                  q =  25.0 g H2O  x    1 mol H2O    x        40.7  kJ

 





    18.02 g H2O          1 mol H2O




     q = 56.5 kJ

Part E: :    q = (t . m . cp gas

     q = (120.0oC –  100.0oC)   x   25.0 g  H2O  x   1.86  J     x       1 kJ








  

         g oC
       1000 J




     q = 0.930 kJ


      q total   =   qA   +     qB   +    qC  +    qD     +   qE 


      q total  =   1.03 kJ  +  8.32 kJ   +   10.5 kJ   +  56.5 kJ   +   0.930 kJ 

 q total  =  77.3 kJ   (remember the sig.fig. rules for addition) and since this has a positive value, 

         this process must be an _______________ change.

Define:

a)  Specific Heat Capacity: __________________________________________________________

   


        __________________________________________________________

b) Temperature ___________________________________________________________________

c)  Plateau _______________________________________________________________________


-During the plateau at 0oC there is a mixture of _____________ & ____________


-During the plateau at 100oC there is a mixture of _____________ & ____________


-A pure phase of matter exists during what PARTS of the heating curve? _______________

During the heating process, which of the five parts of the heating curve experience a change in temperature?     

               __________________________________________________________

Kinetic Energy is the energy of particles in motion.  Based on the definition of temperature, it must be true to say that a change in temperature equals a change in the kinetic energy of a system.



( Temperature  =  ( KE

So, during the heating process, which of the five parts of the heating curve experience a change in kinetic energy?  __________________________________________________________

Is there a change in the KE during a plateau? __________________

Is there a change in the temperature during a plateau? __________________

Potential Energy is the energy of matter based on its position.  As the intermolecular distance  (the distance between molecules) increases, the potential energy increases. 

a) Which phase has the greatest amount of  Potential Energy? ______________________


b) Which phase has the least amount of  Potential Energy? ______________________

So, use this information to explain why the heat of vaporization is so much greater than the heat of fusion.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What happens to the intermolecular distance of molecules at the plateaus? ___________________________

What happens to the IMFA as the distance increases? __________________________________________

Heat is still being absorbed during the plateau.  What is heat doing during a plateau since the temperature is not increasing? __________________________________________________________________________

Temperature is a measure of the  _______________________

What happens to the kinetic energy as the temperature increases? ________________________

What happens to the amount of kinetic energy when heat is added to a pure phase of matter? _____________

What happens to the amount of kinetic energy when heat is added during a plateau? ____________________

What PARTS of the heating curve experience a change in potential energy as heat is added? _____________

On a separate sheet of paper:

a)  calculate the amount of energy  (in kJ) to convert 100. g of ice at  –10.0oC to steam at 105.0oC. 

This change is ___________________ (endo-/exothermic)
         (answer =     3.04 x 102 kJ)


b) )  calculate the amount of energy  (in kJ) to convert 50.0 g of steam at  115.0oC to ice at –15.0oC. 



HINT: With this reverse direction, Part E becomes Part A and you solve each part down the

curve rather than up the curve.  In parts A, C and E, the values become negative 

because the final temperature – the initial temperature gives a negative value.  The 
cp values do NOT change.  In part B, the (H vaporization becomes the (H condensation and 

has a value of –40.7 kJ/mol of water.   In part D, the (H fuson becomes the (H freezing
and has a value of –6.0 kJ/mol of water.  These changes will help you get the correct 

answer.



This change is ___________________ (endo-/exothermic)
         (answer =     -1.53 x 102 kJ)

Based on these two problems identify the phase change as being an endothermic change or an exothermic change.





Endothermic/Exothermic

a) melting 

_____________________ 

b) vaporizing

_____________________

c) condensation
_____________________

d) freezing 

_____________________

e) deposition

_____________________

f) sublimation
_____________________

g) fusion 

_____________________

