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Regents Biology Laboratory Investigation

CALORIMETRY
Background Information


The laws of thermodynamics are some of the most important concepts in the study of physics, but also in the study of any science where the transfer or manipulation of energy is involved.  In the event that you have forgotten these laws, or simply want to review them so that you may impress people at parties, they are listed below:
1.  Energy can neither be created nor destroyed.

2.  The entropy (randomness) of a system will tend to increase over time.

3.  As a system approaches absolute zero, the entropy approaches zero.


It is this first law, however, that is of interest to us today.  If you extrapolate the law out, the only way to manipulate energy is to change its form.  In a power plant, for example, the mechanical energy of falling water is transferred into electrical energy which can be sent over long distances through wires.  This electrical energy can then enter a heating unit or a light bulb, and be transferred to heat or light energy, respectively.  At no point during the transition from mechanical to electrical to light or heat was any energy created or destroyed.  It is almost certain that some energy was lost; the turbine that created the electricity probably didn’t capture all the mechanical energy, and when it spun it probably created some heat through friction.  So, although energy is moved around, none of it is ever new, and it always goes somewhere else when you’re done with it.

The same will hold true today when we investigate the energy in a peanut.  The best way to calculate how much energy is in something is to burn it.  This process is known as calorimetry, from the Latin calor, meaning heat.  The unit of energy that we use today is the joule, but the calorie is something with which you may be more familiar.  A calorie is the amount of energy that it takes to raise one gram of water by one degree Celsius.  That is not much energy.  It is important to note, however, that the calories that you see listed on the back of a candy bar are in actuality kilocalories, or 1,000 calories.  A kilocalorie is the amount of energy it takes to raise one kilogram of water by one degree Celsius.  This is indeed a lot of energy.


The joule, however, is the metric unit of energy.  It is defined as the energy expended by a force of one Newton over a distance of one meter.  As a practical reference, it takes about one joule of energy to lift an apple up about one meter.  A joule, then, is also not very large.


Today we are going to measure how much energy is stored in a peanut by determining how much it heats up a certain volume of water.  Keep in mind the first law of thermodynamics when performing this experiment; it will serve you well.
Purpose

The purpose of this experiment is to investigate the first law of thermodynamics, and to obtain a better understanding of just how much one joule of energy is.  You will also see how the conversion of energy from one form to another is not as simple or efficient as it may seem.
Materials

Water
Temperature probe


LabPro
Calorimeter ingredients

Peanuts
Matches

PENCIL
Graduated cylinder

Procedure

You will be working with open flames during this experiment.  While no one has ever burned down their school with a flaming peanut, take the obvious precautions: tie back long hair and loose clothing, know the location of fire safety equipment, and keep your workspace clean and free of combustible materials.  You must wear safety goggles at all times during this investigation.


The idea of a calorimeter of these options is to transfer all the heat energy from the peanut into the water in your calorimeter.  Take great care with your measurements and your design, and make sure as much heat is transferred (and as little is lost) as possible!

1.  A good calorimeter has a place to hold water and a place to burn the peanut.  Use the space below to describe or draw out your calorimeter.  You have all the materials in the lab at your disposal, but keep in mind you must complete this lab today!

2.  Construct your calorimeter and make sure that a peanut will burn in it.


3.  Fill your calorimeter with water and RECORD THE VOLUME.  DO NOT use a beaker to measure the water; they are not accurate enough.  Use a graduated cylinder.


4.  Record the starting temperature of the water in the calorimeter.  Do not assume that the water is at room temperature.

5.  Find the mass of your peanut, position it in the calorimeter, and ignite it.  Wait ‘till it has completely burned, and take the temperature of the water again.


6.  Run two more trials for a total of three.

7.  Disassemble your calorimeter and wash all the pieces.


8.  Continue on to the calculations part of this lab.

	
	Initial Temperature of Water
	Mass of Water
	Mass of Peanut
	Final Temperature of Water

	Trial 1
	
	
	
	

	Trial 2
	
	
	
	

	Trial 3
	
	
	
	


Table 1.  Data for design-your-own calorimeter.

Analysis

You will be using a formula to compute the amount of energy present in your peanut based on how much the temperature in the water changed.  The formula is:

Q = MCΔT
Where Q is the energy in joules, M is the mass of WATER, C is the specific heat of water, and ΔT is the change in the temperature of the WATER.  You are trying to find Q, but you know all the rest of the variables.  The change in water temperature can be found by subtracting the initial temperature from the final temperature.  The specific heat of water is 4.1868 J/g ·°C.  You should report the value of Q in joules.
QUESTION 1:  Calculate the change in temperature for each of your three trials.
QUESTION 2:  Rewrite the formula below, and substitute in the data from table one.  Do this once for each trial.
QUESTION 3:  Determine the joules per gram of each peanut by dividing the energy (Q) from the equation in question 2 by the mass of the peanut in each of your three trials.
QUESTION 4:  Find the average joules per gram of each of your peanuts and compare your value with your classmates.

QUESTION 5:  What factors do you think might have affected your values?

QUESTION 6:  How would other foods compare to peanuts in terms of energy content?  Marshmallows, fruit, cereals, liquids?  

QUESTION 7:  How would you determine the amount of energy in milk?

QUESTION 8:  Your body “burns” food just like a calorimeter, albeit much more slowly.  Does your body get all the energy out of its food?  If not, where does the extra go?
QUESTION 9:  Name two things that you would change about this lab if you could.  
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