Chemistry I-Honors

Change-of-State Problems

Solution Set
Terms to remember:   C for H2O(liq) = 1.00 cal/goC or 4.184 joule/goC

C for H2O(gas)  = 0.440 cal/goC or  1.84 joule/goC 

C for H2O(solid)  = 0.499 cal/goC or  2.09 joule/goC

For K.E.:      Heat = m x C x t


For P.E.:      Heat = m x HV     [HV = 540 cal/g  or 2260 joule/g]     

                    Heat = m x HF       [HF = 80 cal/g or 334 joule/g]

1. How many kilojoules are needed to convert 28.0 grams of ice at 0oC to steam at 100oC?




H1  =  (28.0 g)(80.0 cal/g)  


=  2240 cal

= 2.24 kcal




H2  =  (28.0 g)(1.00 cal/g-oC)(100.0oC) 
=  2800 cal

= 2.80 kcal




H3  =  (28.0 g)(540. cal/g)  


=  15,120 cal

= 15.1 kcal




Htotal  =  20.14 kcal  x 4.184 kJ / 1 kcal  =  84.3 kJ 
2. How many kilocalories are needed to convert 77.5 grams of ice at -8.0oC to steam at 121oC?




H1  =  (77.5 g)(0.499 cal/g-oC)(8.0oC)  
=  310 cal

= 0.31 kcal




H2  =  (77.5 g)(80.0 cal/g)  


=  6200 cal

= 6.20 kcal




H3  =  (77.5 g)(1.00 cal/g-oC)(100.0oC)  
=  7750 cal

= 7.75 kcal




H4  =  (77.5  g)(540. cal/g)  


=  41,900 cal

= 41.9 kcal




H5  =  (77.5  g)(0.440 cal/g-oC)(21.0oC)  
=  716 cal

= 0.716 kcal









Htotal  =  56.88 kcal  
3. If 6.50 kJ are used to heat 13.0 grams of ice at 0.0oC,  A) what state of matter will the H2O be in; 

     B) what will be its temperature?
6.50 kJ = 1550 cal

H1  =  (13.0 g)(80.0 cal/g)  
=  1040 cal




        H2  =  1550 - 1040  = 510  = (13.0 g)(1.00 cal/g-oC)(t)  



t = 39.0oC    - liquid state
4.   How many kilocalories are required to convert 325 grams of ice at 0oC to water at 76oC?



H1  =  (325 g)(80.0 cal/g)  


=  26.0 kcal





H2  =  (325 g)(1.00 cal/g-oC)(76oC) 
=  24.7 kcal









           Htotal  =  50.7 kcal  
5. How many calories of heat must be removed from 1.20 moles of steam at 100oC to convert it to water at 30.0oC?   1.20 moles = 21.6 grams


H1  =  (21.6 g)(540. cal/g)  


=  11,700 cal





H2  =  (21.6 g)(1.00 cal/g-oC)(70.0oC) 
=    1510 cal










Htotal  =  13,200 cal  
6. How many joules of heat would be required for the problem above?


13,200 cal  x  4.184 joules / 1 cal   = 55,300 joules
7.   3.00 moles of ice at -225oC is heated with 25.0 kcal of heat.  

      At what temperature does this substance now exist? 

3.00 moles = 54.0 grams



H1  =  (54.0 g)(0.499 cal/g-oC)(225oC)  

= 6.06 kcal used (18.9 remains)



H2  =  (54.0 g)(80.0 cal/g)  



= 4.32 kcal    (15.5 remains)



H3  =  (54.0 g)(1.00 cal/g-oC)(100.0oC)  

= 5.40 kcal   (10.1 remains)



H4  =  (54.0 g)(540. cal/g)  
= 29.2 kcal = do not have that much!



is in the liquid-gas phase equilibrium at 100oC
8. 35.0 grams of ice at 0o C has 36.50 kcal of heat added to it.  What state will it be in, and what will be its final temperature?



H1  =  (35.0 g)(80.0 cal/g)  



= 2.80 kcal    (33.7 remains)



H2  =  (35.0 g)(1.00 cal/g-oC)(100.0oC)  

= 3.50 kcal   (30.2 remains)



H3  =  (35.0 g)(540. cal/g)  



= 18.9 kcal   (11.3 remains)



 H4  = 11,300 cal =  (35.0 g)(0.440 cal/g-oC)(t)  




t = 734 then Tfinal   = 834oC
9. The heat of fusion for bromine is 16.1 cal/g at its melting point of -0.70o C.  Calculate the number of calories that have to be removed from 30.0 grams of liquid bromine at -0.70o C to convert it to solid bromine?



Hfusion  =  (30.0 g)(16.1 cal/g) = 483 cal.  
10.  When 5.00 grams of ice at 0.0oC is added to 50.0 grams of water at 85.0oC, what will be the final temperature of the mixture?


H1 = heat needed to melt the ice = (5.00 g)(80.0 cal/g) = 400. cal 


400 cal = heat coming from hot water = mCt  =  (50.0 g)(1.00 cal/g-oC)t


t  =   8.0oC, then new hot water temperature = 77.0oC


mixing water w/ different temperatures,   mCt  =  mCt 


(5.00 g)C(Tfinal - 0.0oC)  = (50.00 g)C(77.0oC - Tfinal)


55.0 Tfinal =   3850 
Tfinal =   70.0oC        
11.  What is the specific heat of a metal if 36.0 grams of the metal causes 25.00 grams of water to increase in temperature from 25.0oC to 40.0oC?  (The original temperature of the metal was 85.0oC; its final temperature was 40.0oC.)





mCt  = mCt




Cmetal  =  [(25.00 g)(4.184 Joules/g-oC)(15.0oC)] / [(36.0 g)(45.0oC)]




Cmetal  = 0.969 J/g-oC
