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Objective:
To determine the specific heat of an aluminum sample and to calculate the entropy change during a non-reversible heat exchange.


Theory: 


Energy in the form of heat (q) is transferred between an object and its environment when there is a temperature difference between the object and its surroundings.  Heat can also be transferred between two objects at different temperatures. The energy transferred is calculated as the product of the object’s mass (m), its specific heat (c), and the temperature change 
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T.

Q = m c T.  
The specific heat is the amount of energy it takes to raise 1 gram of a substance by 1 oC.  The unit of energy transferred through heat is the calorie.  One calorie is the amount of heat required to raise one gram of water by 1 centigrade degree.

Entropy is the number of configurations of heat energy in a system.  

S = Q/T

 For a non-reversible process, the change in entropy of the system is greater than zero.
Equipment:




Calorimeter


Thermometer Holder




Thermometer


Thin String






Aluminum Cylinder

Steam Generator



Electronic Balance

Deionized water
PART I: Measurement of Specific Heat of Aluminum

Setup:
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Heater

Thermometer

Tie string to thermometer

            clamp

Cool water to

just cover the

    sample

Ring stand

Fig.1


Procedure:


The specific heat of a substance is measured by the method of mixtures.  A known mass of the 
substance at a high temperature is placed in a known mass of water at low temperature.  The 
mixture is allowed to reach thermal equilibrium.  The specific heat is then calculated using 
energy conservation and neglecting the loss of heat during transfer.
CAUTION:  YOU WILL BE WORKING WITH HOT METAL AND BOILING WATER, BE CAREFUL! 

Fill the steam generator 2/3 full of deionized water (never use tap water).

Turn the steam generator on and set it at the 10 setting.

Measure and record the mass of the  empty calorimeter, Mcal.

Measure and record the mass of the aluminum sample, Msam.

Once the water has begun to boil, attach a length of thread to the sample and suspend it in the 
boiling water.

Let the sample sit for a few minutes so the metal will reach the same temperature as the water.

Record the temperature of the boiling water, Thot .

Fill the calorimeter with just enough deionized water to cover the aluminum cylinder (use the 
spare cylinders to determine the correct amount of water to use).  Measure and record the 
temperature of the water in the calorimeter, Tcool .

Immediately after measuring the temperature of the calorimeter water, remove the aluminum 
cylinder from the boiling water.  Quickly wipe off the excess water, and suspend it in the cool 
water in the calorimeter.

Use the thread to swirl the aluminum cylinder around in the water, gently, at the same time 
mixing the water with the thermometer.

Measure and record the highest temperature of the water, Tfinal .  This should be where the 
system reaches thermal equilibrium.

Immediately after recording the final temperature, measure and record the total mass of the 
calorimeter, aluminum sample, and water, Mc+s+w .

Use this last measurement to calculate the mass of the water, M
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.
 Data: 


Mcal + w =   ​​​​​​​___________________

Thot = ________________________


M
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 =      ____________________

Tcool = ________________________


Mw =         ___________________

Tfinal = ________________________

M
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 =      _____________________

Analysis:


Finding the specific heat by the method of mixtures assumes that the energy lost by the cooling 
metal is gained by the water as the mixture comes to thermal equilibrium.  The energy gained by 
the styrofoam cup is assumed to be negligible.  Energy lost to the surroundings can also be 
ignored if the experiment is carried out correctly and quickly.

Therefore: Quantity of energy lost by aluminum = Quantity gained by water.



(Msam)(csam)(Thot – Tfinal) = (Mwater)(cwater)(Tfinal – Tcool)

Where c is the specific heat of the given substance.

Use your data and the above equation to find the specific heat of aluminum in cal/g
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C.
Calculate the % difference between your experimental value and the accepted value of

 0.215 cal/g
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C.

Part 2.

For a heat transfer without a phase change, the differential entropy change can be derived.
S =Q/T,   dS = dQ/T = mC dT/T
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S = 
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T

mcdT

/

= mc ln (T
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)


Apply this formula to the data of part 1.  Calculate the total entropy change for the water and aluminum system.  Convert this to J/k.  The temperatures must be in Kelvin.

1 cal = 4.186J


T (K) = T (C) + 273.15


A change in temperature of one Kelvin is equal to a change in temperature of one Celsius.


Explain why this entropy change must be greater than zero for the water and aluminum system.
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