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Mountain Out of a Mole of Beans

Discussion

The mole can be described as one of the most important concepts in the study of chemistry.  A mole is defined as the amount of substance of a system that contains as many elementary entities as there are atoms in 12.00 g of carbon-12.  Elementary entities may be atoms, molecules, ions, electrons, or other specified groups of such particles, depending upon the material that is used.  The subscripts in a formula can be interpreted as the number of moles of the element present in a mole of the compound.  Because it is easier to weigh large numbers of particles than to count them, chemists generally relate moles of a substance to mass rather than to the number of particles.  Because understanding the mole requires abstract reasoning, the mole can be quite challenging.  

The following lab offers an analogy for the understanding of the mole.  In this experiment, seeds will be counted in groups by relative mass.  The number of seeds in a relative mass will be determined by relating it to an arbitrary standard of mass.  This procedure makes it possible to determine the number of seeds without actually counting large numbers of seeds.


Purpose

In this experiment, the student will develop an understanding of the mole concept and molar masses of elements by developing a new system of counting particles using an analogy with a model system.  The student will also determine the relative mass of different small particles by comparison with an arbitrary chosen mass.




Materials

100 lentil beans				Any type of bean (or seed) may be used but 
100 pinto beans				there must be four different types 
100 navy beans				of four different sizes.
100 popcorn seeds
Plastic cups
Centigram balance
Calculator
Procedures

Part 1
1. Count out 100 of each type of bean (seed) into the plastic cups.
2. Place the weigh boat onto the balance and tare the mass to zero.
3. Place the beans of one type in the weigh boat on the balance and record the mass.
4. Repeat steps #2-3 for all four types of beans.
5. Calculate the average mass of 1 bean for each type by dividing the total mass of the beans by 100.  Record this in the table.
6. Calculate the relative mass.  Divide the mass of each bean by the mass of the smallest bean.  Record your answer in your data table.  The relative mass of the smallest bean should be 1 while all other relative masses should be greater than 1.
7. To determine the calculated number of beans in one relative mass, divide the relative mass of each bean by its average mass in grams.
8. To determine the measured number of beans in one relative mass:
a. Place a beaker on the balance and push the tare button to set the mass to zero.
b. Add beans to the beaker until the mass shown on the balance is as close as possible to the relative mass for that type of bean.
c. Count the beans.  Record this as the measured number of beans in one relative mass.
d. Pour the beans into a pile.  Retain your separate piles of beans and compare their volumes.
e. Repeat for each type bean.
9. Return all the beans to their appropriate containers.

	Type of Bean (seed)
	Mass of 100 Beans 
(g)
	Average Mass of 1 Bean
(g)
	Relative Mass of Beans
	Calculated Number of Beans in One Relative Mass
	Measured Number of Beans in One relative Mass

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	







Part 2
Below is a data table reporting the average masses of individual atoms.  
1. Calculate the relative mass of each element by dividing the mass of one atom by the smallest mass value.
2. Then, look up the molar mass (atomic mass) of each element on a periodic table and record it in the table.  
3. To calculate the number of atoms in a relative mass, divide the relative mass by the mass of one atom.



	Atom
	Mass of One Atom

(g)
	Mass Relative to Hydrogen (Calculate)
	Atomic Mass


(g)
	Number of Atoms in a Relative Mass (Calculate)

	Hydrogen
	1.66 X 10-24
	
	
	

	Carbon
	2.00 X 10-23
	
	
	

	Iron
	9.30 X 10-23
	
	
	

	Aluminum
	4.49 X 10-23
	
	
	

	Zinc
	1.08 X 10-22
	
	
	

	Lead
	3.44 X 10-22
	
	
	

	Copper
	1.05 X 10-22
	
	
	



Questions

Answer as complete sentences on a separate sheet of paper or as directed by your instructor.  Show calculations for Questions #12-13.

1. What did you find out about the number of beans in one relative mass?





2. How do your calculated values of the number of beans in a relative mass compare with the measured values?



3. [bookmark: _GoBack]How is the number of beans in a relative mass affected by the relative mass of the bean?


4. Explain why there is always the same number of beans in one relative mass.


5. Compare the volume of relative mass piles.  Were they the same?  Why or why not?


6. Among the elements, hydrogen has the least massive atoms (an atom of hydrogen has an average mass of 1.66 X 10-24g).  This is very small, but remember it is only one atom!  What is the relative mass of hydrogen if it is the least massive element?


7. How do the atomic masses found on a periodic table compare to the relative masses that you calculated?


8. What are the atomic masses found on the table, and how are they determined?




9. What did you find out about the number of atoms of each element in one atomic mass?


10. Whose name is given to the number of atoms in the relative mass?


11. One atomic mass unit (amu) is the approximate mass of a proton or a neutron.  This mass is equal to 1.66 X 10-24g.  How many atomic mass units are in one gram?




12. If an atom has a mass of 197 amu, find the mass in grams of a mole of these atoms.




13. Assume there are 6.2 billion people on the earth and they share a mole of pennies.  How many days would it take you to spend your share if you could spend the money at a rate of $1000 a day?
