Specific Heat

OBJECTIVES:

6. Calculate the heat change for a substance given the mass, specific heat, and temperature change.
7. Explain that enthalpy changes of reaction relate to specific quantities of either reactants or products.
8. Analyze experimental data for enthalpy changes of reactions in aqueous solution.
9. Calculate the enthalpy change for a reaction in aqueous solution using experimental data on temperature changes, quantities of reactants and mass of solution.

Specific heat is the amount of heat necessary to heat 1.00 gram of a substance by 1.00°C.  Every substance has its own specific heat and each phase has its own distinct value. 

The units are usually Joules per gram-degree Celsius (J / g °C). Sometimes the unit 

J / kg K is used. This last unit is technically the most correct unit to use, but since the first one is quite common, you will need to know both. 

Here are the specific heat values for water: 

	Phase 
	J g¯1 °C¯1 
	J kg¯1 K¯1 

	Gas 
	2.02 
	2.02 x 103 

	Liquid 
	4.184 
	4.184 x 103 

	Solid 
	2.06 
	2.06 x 103 


It is easy to show experimentally that the amount of heating needed to change the temperature of a body by some amount is proportional to the amount of matter in the body. Thus, it is natural to write 

q = mcT

where m is the mass of material, q is the amount of energy transferred to the material, and ∆T is the change of the material's temperature. The quantity c is called the specific heat of the material in question and is the amount of energy needed to raise the temperature of a unit mass of material one degree in temperature.  c varies with the type of material. 

	material at
298 K and 1 atm
	specific heat
(J/g K)

	sodium
	1.23

	aluminum
	0.9

	iron
	0.45


Examples:

1. An immersion heater is used to warm 500 grams of a liquid from 35oC to 55oC.   If 20 kJ of energy are given to the liquid, determine the specific heat capacity of the liquid.

c = q/mΔT = 20kJ / 500g (55oC - 35oC) = 20,000J / 500g x 20oC =  2.00J/goC

2. If 400 grams of water at 60oC is mixed with 100 grams of water at 10oC, what is the final temperature of the mixture?



qh = qc 
            
mhΔTh = mcΔTc 
           
400g x (60oC - Tf)  =  100g x (Tf - 10oC) 
            
24000 - 400Tf oC = 100Tf oC - 1000 
            
25000 = 500Tf oC 
            
Tf  = 25000/500oC = 50oC

3. A piece of metal with a mass of 500 grams and unknown specific heat capacity is placed in boiling water at 100oC.  The hot metal is then transferred quickly into a 200 grams sample of water at 20oC.  If the final temperature of the water-metal mixture is 30oC. What is the specific heat capacity of the metal?

qh = qc 
     
mhchΔTh = mcccΔTc 


 
ch = mcccΔTc = 200g x 4.184J/goC x 10oC = 0.239 J/goC 
                     
         mhΔTh               500g x 70oC

4. The reaction of an acid such as HCl with a base such as NaOH in water involves the exothermic reaction HCl(aq) + NaOH(aq) → NaCl(aq) + H2O

In one experiment, a student placed 50.0mL of 1.00M HCl in a coffee-cup calorimeter and carefully measured its temperature to be 25.5oC. To this was added 50.0mL of 1.00M NaOH solution whose temperature was also 25.5oC. The mixture was quickly stirred, and the student noticed that the temperature of the mixture rose to 32.4oC. What was the heat of reaction?
Assumptions

These are solutions, not pure water. The specific heat of water is 4.184 J/goC. Assume that these solutions are close enough to being like water that their specific heats are also 4.184 J/goC.

The density of water is 1.00 g/mL and even though these are solutions we can assume that they are close enough to water to have the same density.

Solution

· Calculate the heat actually evolved using q = mcΔ.  

· Fill in the missing info. We have mL's and we need grams.

· Use density. (50mL + 50mL ) = 100mL of solution.

· 100mL x 1 g/mL = 100grams of solution. (m = V X D)

· Find the temperature change.

· Δ = Tfinal - Tinitial = 32.4oC - 25.5oC = 6.9oC

· q = mcΔ = 100grams X 4.184J/goC x 6.9oC = 2.9 X 103 J

· This is the heat gained by the water, but in fact it is the heat lost by the reacting HCl and NaOH, therefore q = -2.9 x 103 J.
· i.e. it is an exothermic reaction, heat was lost to the water and it got warmer.
This only gets us part way. This is the heat evolved for those specific amounts used. (Notice we used identical amounts to keep these solutions simple). We need to find the amount of heat released per mole.  How much HCl did we actually use anyways?
· 50.0mL of HCl x 1.00mol HCl = 0.0500mol HCl 

                                  1000mL HCl
· The same quantity of base, 0.0500mol NaOH, was used.
· To calculate the energy per mole of acid or base, divide the number of joules by the number of moles.
· i.e. molar enthalpy = J/mol = -2.9 x 103 J / 0.0500 mol 
                                         = -5.8 x 104 J/mol 
                                         = -58000 J/mol 
                                         = -58 kJ/mol
Therefore, for the neutralization of HCl and NaOH, the enthalpy change, often called the enthalpy of reaction is ΔH = -58 kJ/mol 

