	[image: image1.jpg]J

PSET




	CHAPTER 6

Developing Ideas

ACTIVITY 2 HW: Models of the Atom
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The structure of the atom has not been “proven”— we cannot know if an atom is as we think it is, because we cannot observe it directly, much less its individual components.  Much like the Small Particle Theory, the model of the atom is based on a collection of experimental evidence that has been agreed upon by the scientific community. 

In this homework, you will be introduced to key historical models
 of the atom (in chronological order) and have an opportunity to examine some of the evidence collected over the past 200 years in support of these models.  
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What are the five key historical models of the atom?

Billiard Ball Model 

The Billiard Ball Model is a revival of natural philosophers’ ideas about the atom.  This model depicts atoms as indivisible solid spheres. Atoms are electrically neutral—that is, they have no charge. All atoms of an element are identical and have the same properties. 
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Plum Pudding Model 

Atoms are solid spheres that contain tiny negatively charged particles (later called electrons) embedded in them.  Since atoms are electrically neutral there must be an equal positive charge in the atom to balance the negative charges of electrons.  The rest of the atom consists of a homogeneous (uniform) sphere of positively charged “stuff”.  Since the electron particles are so tiny, the positive “stuff” must be massive in comparison.

Nuclear Model
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Atoms consist of tiny negatively charged particles called electrons circling around a dense, positively charged center called a nucleus. The nucleus is more massive than an electron and accounts for nearly the entire atom’s mass. The diameter of the nucleus is small in comparison to the diameter of the atom. The atom is not a solid sphere; rather it is mostly empty space with electrons found at the outer edges of the atom and the nucleus found at its center.

Orbit Model
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Atoms consist of small particles called protons and even smaller particles called electrons. All atoms of an element have the same number of protons. Different elements have a different number of protons. The protons are positively charged and are located in the nucleus. The nucleus is massive in comparison to the electrons, which are very tiny.  The electrons are negatively charged and move around the positively charged nucleus in “orbits” at fixed distances (or radii) from the nucleus.  The energy of the “orbits” (and hence, the energy of the electrons contained within them) depends on their distance from the nucleus. The atom is not a solid sphere; rather it is mostly empty space with electrons found in the orbits somewhere between the nucleus and the outer edges of the atom.

Electron Cloud Model
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In this model, the atom contains three types of particles—electrons, protons, and neutrons. The neutrons and protons are nearly identical in their masses, and are located in a small dense core, called the nucleus, at the center of the atom. The electrons are much smaller - about 1/1867th the mass of a proton. The nucleus is massive in comparison to the tiny electrons. Each electron has a negative charge, each proton has a positive charge, and the neutrons are neutral (have no charge). Most of the atom is empty space.  The tiny electrons are constantly moving around the empty space that surrounds the nucleus within “probability clouds”, also known as orbitals. Orbitals are distinct three-dimensional regions of space where an electron with a particular energy would probably be found at a given moment. The energy of an electron is still related to its distance from the nucleus, which depends on the size (volume) of the orbital.

What evidence led to the model of the atom?

The table lists interpretations of ten important experiments that contributed to the development of the model of the atom.  Read each interpretation and check which model of the atom was the first to incorporate that experimental evidence or ‘CT’ if you cannot tell from the model descriptions.

	Experimental interpretations
	BB
	PP
	N
	O
	EC
	CT

	1. Individual atoms are neither positively charged nor negatively charged (unknown).
	
	
	
	
	
	

	2.    As you move across the periodic table (from left to right) and down, the average weight of the elements’ atoms typically increases (Mendeleyev, 1889)
	
	
	
	
	
	

	3. When electric current is passed through a gas, negative particles separate from atoms. These negative particles are estimated to be about 1/1000 the mass of a hydrogen atom (Thomson, 1897)
	
	
	
	
	
	

	4.   When helium atoms are shot at a gold foil most go straight through, passing through empty space of the gold atoms. A few helium atoms are deflected when they pass near and are repulsed by a region of dense positive charge near the center of the atom (Rutherford, 1911)
	
	
	
	
	
	

	5.    Each element differs from the one before it by the addition of a single particle with a positive charge. (Moseley, 1913)
	
	
	
	
	
	

	6.   A single element could have as many as four different atomic masses, but the same number of positively charged particles. (Soddy, 1913)
	
	
	
	
	
	

	7. The mass of the negatively charged particle is revised:  9.10 x 10-28 g, or 1/1827th the mass of a hydrogen atom (Millikin, 1910)
	
	
	
	
	
	

	8.    Certain colors of light are absorbed and emitted by atoms. The energy of the light absorbed or emitted is equal to the energy gained or released when electrons move between orbits of different radii and energy. (Bohr, 1913)
	
	
	
	
	
	

	 9.   Mathematical models indicate that negative particles travel within distinct three-dimensional regions of space having particular shapes, sizes, orientations, and energies (de Broglie, Heisenberg, and Shrodinger, 1924-1928)
	
	
	
	
	
	

	10.  When Helium atoms are shot at certain materials, they emit a neutral particle with a mass about 1.0067 times the mass of the positively charged particle (Chadwick, 1932)
	
	
	
	
	
	


Summarizing Questions

S1. 
Why were there different models of the atom?

S2. What “new” idea(s) about atom structure emerged with each model, which distinguished it from its predecessor(s)? 


a. Plum Pudding Model:

       
b. Nuclear Model:

        
c. Orbit Model:

        
d. Electron Cloud Model:

S2.  Review the experimental data and identify the scientist responsible for discovering the components of the atom.


a. The electron   






b. The  nucleus    

c. The proton      


d. The neutron   
� The drawings of the atom in this homework are not drawn to scale. The following analogy is often used to assist students in thinking about the scale of an atom: if an atom had the diameter of a football field, the nucleus would be the size of a golf ball and the electrons would be the size of flies buzzing around in the stands.
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