Honors Chemistry Worksheet – Specific Heat

Recognize that when two systems at different temperatures meet, there will be a net transfer of heat (energy) from the system of greater heat intensity to the system of lower heat intensity.

Summary – Heat flows from source to sink, in other words from hot to cold until thermal equilibrium is obtained.
If you pick up a spoon sitting in some hot “hot chocolate,” the spoon feels hot or warm because it is transferring heat to your body which is at a lower temperature.

Recognize, an ice cube placed in a hot cup of coffee doesn’t cool the coffee, instead the coffee warms (and melts) the ice cube.
Thermal equilibrium is established when all systems are at the same temperature.
The law of conservation of energy states that energy is always conserved. Therefore, energy cannot be created or destroyed. 

This means, energy lost by one system must be gained by another! Sometimes this may be difficult to observe as energy is transferred from a given system into the environment or another system.

Therefore;


Heatloss  =  Heatgain





-  Q   =   Q
By substitution;
- [ml x Cp(loss)  x  ΔTl ] =  mg x Cp(gain) x ΔTg
where l is loss and g is gain  and   ΔT  =  Tf  -  Ti
Example – Suppose a piece of iron with a mass of 21.5 g at a temperature of 100.0 oC is dropped into an insulated container of water. The mass of the water is 132 g and its temperature before adding the iron is 20.0 oC. What is the final temperature of the system?
G: ml = 21.5 g ; Ti(loss) = 1,00.0 oC;  

mg =  132 g ;  Ti(gain) = 20.0 oC

F: Tf  – Recognize, this (Tf) will be the same for both systems as energy is transferred until thermodynamic equilibrium is obtained.
How did we know that water was gaining energy and iron losing energy?






- QFe = Qwater
· [ml x Cp(loss)  x  ΔTl ] =  mg x Cp(gain) x ΔTg
· [ml x Cp(loss)  x  (Tf – Ti)]  =  mg x Cp(gain) x  (Tf – Ti)

- [21.5 g  x  0.448 J/g oC  x  (Tf  -  100.0 oC)] = 132 g  x  4.184 J/g oC  x  (Tf – 20.0oC)

Simplify 
· [9.63 J/oC (Tf  -  100.0 oC)]   =  552 J/oC (Tf – 20.0oC)
Distribute

· 9.63 J Tf   +   963 J   =   552 J Tf    -   11,ŌOO J
oC


       oC
Note oC cancels out in one of the terms on each side.
Collect like terms.

· 
9.63 J Tf   +   963 J   =           552 J Tf    -   11,ŌOO J
oC


                 oC

             + 9.63 J Tf      + 11,ŌOO J   =  + 9.63 J Tf   +  11,ŌOO J


  oC



     oC

Solve for Tf


    oC          x
12, ŌOO J    =   562 J
Tf    x       oC____




  562 J



      oC

   562 J




21.4 oC   =    Tf
Show ALL equations, significance, units, and work in solving following problems. Use dimensional analysis whenever possible. 
1. A 500 g piece of iron changes 7°C when heat is added.  How much heat energy produced this change in temperature?

2. When 300. cal of energy is lost from a 125 g object, the temperature decreases from 45.0°C to 40.0°C. What is the specific heat of this object?

3. 1,200 cal of heat energy is added to a liquid with a specific heat of 0.57 cal/g°C.  If the temperature increases from 20.°C to 33°C, what is the mass of the liquid?

4. A piece of food is burned in a calorimeter that contains 200.0 g of water.  If the temperature of the water rose from 65.0°F to 105.0°F, how much heat energy was contained in the food?

5. If the tested food in problem #4 had a mass of 10.0 grams, how many food calories per gram were contained in the food?

6. 
If a piece of aluminum metal with a mass of 65.5 hectograms has a temperature of 50.0 o C and it is dropped into a swimming pool full of water at 25.0 oC, how much heat energy was transferred to the pool water? Cp for Al is 0.8897 J/gCo
7.
 A hot cup of tea is often a beverage of choice in the winter because it warms us up. The temperature of the tea is 50.0oC and the normal body temperature is 37.2oC. If you drink a cup of tea with a mass of 256.3 grams, how much heat energy was transferred to your body? Cp of water = 4.184 J/gCo
8. 
How much energy is required to heat a #10 iron nail with a mass of 7.0 grams from 250 oC until it becomes red hot at 7500 oC.

9. If 5750 joules of energy are added to 455 grams of granite at 24.00 C, what is the final temperature of the granite? Cp granite is 0.79 J/g oC.
10. If a piece of aluminum with a mass of 3.99 g and a temperature of 100.0 oC is dropped in 10.0 cm3 of water at 21.0 oC, what will be the final temperature of the system? (Hint: Remember the density of water is 1.00 g / mL)
11. A piece of unknown metal with a mass of 5.19 g is heated to 100.00 oC and dropped into 10.0 mL of water at 22.00 oC. The final temperature of the system is 23.83 oC. What is the specific heat capacity of the metal? Attempt to identify the metal using the attached data.

12. If a piece of cadmium with a mass of 37.60 g and a temperature of 100.0 oC is dropped into 25.00 cc of water at 23.0 oC, what will be the final temperature of the system?

Show ALL equations, significance, units, and work in solving following problems. Use dimensional analysis whenever possible. (ANSWERS)
1. A 500 g piece of iron changes 7°C when heat is added.  How much heat energy produced this change in temperature?

(Ans. 2,000 J)
2. When 300. cal of energy is lost from a 125 g object, the temperature decreases from 45.0°C to 40.0°C. What is the specific heat of this object? (Ans. 0.48 cal/g oC or 2.0 J/g oC)
3. 1,200 cal of heat energy is added to a liquid with a specific heat of 0.57 cal/g°C.  If the temperature increases from 20.°C to 33°C, what is the mass of the liquid?
     (Ans. 190 g)

4. A piece of food is burned in a calorimeter that contains 200.0 g of water.  If the temperature of the water rose from 65.0°F to 105.0°F, how much heat energy was contained in the food? (Ans. 1.87 x 103 J or 4.46 x 103 cal)
5. If the tested food in problem #4 had a mass of 10.0 grams, how many food calories per gram were contained in the food? (Ans. 446 cal/g)
6. 
If a piece of aluminum metal with a mass of 65.5 hectograms has a temperature of 50.0 o C and it is dropped into a swimming pool full of water at 25.0 oC, how much heat energy was transferred to the pool water? Cp for Al is 0.8897 J/gCo
(Ans. Note: Tf was found first. It was 25.0 oC, therefore, all of the energy in  aluminum in reaching 25.0 oC was what the water absorbed. This was 1.46 x 105 J)
7.
 A hot cup of tea is often a beverage of choice in the winter because it warms us up. The temperature of the tea is 50.0oC and the normal body temperature is 37.2oC. If you drink a cup of tea with a mass of 256.3 grams, how much heat energy was transferred to your body? Cp of water = 4.184 J/gCo
(Ans. Tf was determined first assuming most of the human body was water. The final temperature was determined to be 37.2 oC, thus all energy was transferred in reaching 37.2 oC. This was 1.37 x 104 J).
8. 
How much energy is required to heat a #10 iron nail with a mass of 7.0 grams from 250 oC until it becomes red hot at 7500 oC. (Ans. 2.3 x 104 J)
9. If 5750 joules of energy are added to 455 grams of granite at 24.00 C, what is the final temperature of the granite? Cp granite is 0.79 J/g oC.
ΔT =       Q              =        5,750 J       =  5,750 J  x       oC        =  16.0 oC
         455 g 0.79 J          359.45 J


       359.45 J
                   g oC

  oC

Tf   =   Ti  +  ΔT    =   24.00 oC   +   16.0 oC    =   40.0 oC
10. If a piece of aluminum with a mass of 3.99 g and a temperature of 100.0 oC is dropped in 10.0 cm3 of water at 21.0 oC, what will be the final temperature of the system? (Hint: Remember the density of water is 1.00 g / mL)

11. A piece of unknown metal with a mass of 5.19 g is heated to 100.00 oC and dropped into 10.0 mL of water at 22.00 oC. The final temperature of the system is 23.83 oC. What is the specific heat capacity of the metal? Attempt to identify the metal using the attached data.

M  =  V  x  D  =  10.0 mL H2O  x  1.00 g H2O/mL H2O  =  10.0 g H2O
Cp  =   - m  Cp  ΔT   = -[10.0 g H2O  x  4.184 J/g H2O oC  x  (23.83 oC  -   22.00 oC)]

         m ΔT



5.19 g   (28.83 oC  -  100.0 oC)

=  0.207 J/g oC   Possibly tin, Sn
12. If a piece of cadmium with a mass of 37.60 g and a temperature of 100.0 oC is dropped into 25.00 cc of water at 23.0 oC, what will be the final temperature of the system?   (Ans. 29.0 oC    -   Cp of cadmium used was 0.230 J/gCd  oC)
