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Introduction
The product of mass and change in temperature can be used to represent a change in thermal energy. However, in order to express this as a change in energy, a unit of energy needs to be determined. In this activity we will use the calorie as our unit of energy. It is defined as follows:
1 calorie = the amount of energy needed to raise the temperature of one gram of water by one degree Celsius.
This definition is also known as the specific heat of water. Quantitatively, the change in thermal energy can be calculated as follows:
	Change in thermal energy = (mass)(change in temperature)(specific heat)
For example, if 100 grams of water increased from 20° C to 30° C, the amount of energy required would be:
	Change in thermal energy = (100 g)(30° C - 20° C) (1 calorie/(g °C)
	Change in thermal energy = 1000 calories 
Would other materials of equal masses require the same amount of energy to raise their temperatures? To answer this question, we will investigate how different metals affect the change in temperature of water.  
Pre-activity Question 
If the mass of a piece of metal is the same as the mass of a water sample, which of the following is the best prediction of the final temperature when the piece of metal is submerged in the water? Circle one.
a) The final temperature will be midway between the initial temperatures of the metal and the water.
b) The final temperature will be above the average of the initial temperatures of the metal and the water.
c) The final temperature will be below the average of the initial temperatures of the metal and the water.
Required Materials
	Per Student
	Per Group
	Item – Company (Item Number)	

	
	1
	· Scale, Top-loading – Fisher Scientific (Item# S94792K)

	
	1
	· Graduated cylinder, 10 mL - Fisher Scientific (Item# S31857)

	
	1
	· HipScience temperature probe

	
	1
	· Beaker, 250 mL - Fisher Scientific (Item# S30730-6)

	
	1
	· Beaker, 600 mL - Fisher Scientific (Item# S30730-8)

	
	1
	· Hot plate - Fisher Scientific (Item# 11-100-16H)

	
	1
	· Hanging Density Set – Carolina Biological (Item# 752469)

	
	2+
	· Styrofoam cups

	
	
	Documents

	1
	
	· Student Handout (Sensor-MetalMania-StudentHandout.docx) 





Procedure	
Observations and Data Collection
a) Assemble a calorimeter using two Styrofoam cups and a temperature probe as directed by your teacher and make sure that the temperature probe is connected and working.
b) Record the mass of a metal cube in Table 1.
c) Using the hot plate, heat water in a 600 mL beaker until it boils.
d) While the water is heating, measure 100 mL of room temperature water and pour into the empty calorimeter. Record the mass of this volume in Table 1.
e) Submerge the metal cube in the boiling water for about five minutes.
f) Record the temperature of the boiling water in Table 1.
g) Record the initial temperature of the room temperature water in the calorimeter in Table 1.
h) Carefully remove the hot metal cube from the boiling water and quickly submerge it in the room temperature water sample in the calorimeter.
i) Close the calorimeter and immediately begin monitoring the temperature of the water. Record the highest temperature reached in Table 1. 
j) Repeat this procedure for trial 2.

Table 1. Initial Observations
	[bookmark: _GoBack]Trial
	Mass of 
metal cube
(g)
	Mass of 
water in cup
(g)
	Temp. of boiling water
(°C)
	Initial temp. of water in cup
(°C)
	Highest temp. reached
(°C)

	1
	
	
	
	
	

	2
	
	
	
	
	





Calculations and Results
Some of the metal’s thermal energy was transferred to the water. The heat lost by the metal is equal to the heat gained by the water. Therefore, the change in thermal energy for the metal and the water was the same. Given this, we can set:
Decrease in thermal energy of the metal = Increase in thermal energy of the water
or
(massmetal)(ΔTmetal)(specific heatmetal) = (masswater)(ΔTwater)(specific heatwater)

1. Use the formula above to calculate the specific heat of the metal for each trial recorded in Table 1.
· Trial 1: Specific heatmetal = _____________________ calorie/(gram °C)
· Trial 2: Specific heatmetal = _____________________ calorie/(gram °C)
2. Based on these calculations, how does the amount of energy required to change the temperature of the metal samples compare to the amount of energy required to change the temperature of an equal mass of water?

 [image: ]

[image: ]
image1.png
m LL@AITIY 203 o comer o pr i i oty s s st




