Honors Chemistry Worksheet
Identify or define the following terms.
Electromagnetic radiation

electron cloud

electron pair 

frequency
ground state 

magnetic/orientation quantum number

octet 

azimuthal/orbital quantum number

photon 
principal quantum number
quanta
space orbital (orbital)

absorption spectrum

Emission/bright line spectrum
continuous spectrum 

spin quantum number wavelength

Provide a complete, detailed response to the following questions or problems.

1. a) What are electromagnetic radiations? B) What are several forms of electromagnetic radiation?

2. a) In what form do electromagnetic radiations travel through space? b) In what form are they transferred to matter?

3. How is an “excited” atom produced?

4. a) The red line in the visible spectrum of hydrogen has a wavelength of 6,563 Å. What electron energy level transition produces this line? b) What electron energy transition produces the line at 4,102 Å? (see diagram)
5. What are the principal characteristics of the Bohr model of the hydrogen atom?

6. What is a space orbital?

7. What is an electron cloud? What property (ies) does it give to an atom?

8. What are the four quantum numbers, what is their range of values, and what does each indicate?

9. a) What is the shape of an “s” orbital? b) How many “s” orbitals are in an energy level? c) How many electrons can occupy an “s” orbital? d) What characteristics must these electrons have? e) Which is the lowest energy level possessing an “s” orbital? 
10. a) What is the characteristic shape of a “p” orbital? b) How many “p” orbitals can there be in an energy level? c) How are the “p” orbitals arranged with respect to one another? d) Which is the lowest energy level having “p”orbitals? 

11.a) May two electrons in the same atom have the exact same set of four quantum numbers? Explain.    b) May two electrons occupy the same space orbital in an atom? If so, under what conditions?

12. Distinguish between an atom in its ground state and an atom in its excited state.

13. a) What is an electron pair? b) What is an octet?

14. What aspect of the attraction between oppositely charged particles makes it unsatisfactory for explaining how electrons move in an atom?

15. Derive the relationship between λ (wavelength) and E (energy) for electromagnetic radiation.

16. Why must energy transitions within an atom occur in definite amounts rather than as a continuous flow?


Honors Chemistry Worksheet – Electronic Structure of Atoms

Provide a complete, detailed response to the following questions or problems.
1. Using a the work of Rydberg and Bohr, determine the approximate wavelength of the radiation produced by an electron transition in the hydrogen atom from the fourth energy level to the third energy level.

2. a) How many “d” orbitals can there be in an energy level? b) How many “d” electrons can there be in an energy level? c) Which is the lowest energy level having “d” orbitals?

3. a) How many “f” orbitals can there be in an energy level? b) How many “f:” electrons can there be in an energy level? c) Which is the lowest energy level having “f” orbitals?

4. How many electron pairs are there in the outer shell of each of the following atoms: a) carbon; b) krypton; c) oxygen; d) arsenic; e) iodine?

5. Which of the atoms in question number 4 has an octet in its outer shell?
6. How many energy levels are partially or completely occupied in the mendelevium atom?

7. Why do the fourth and fifth series of elements contain 18 elements rather than 8 as do the second and third series? 

8. Why does the 6th series of elements contain 32 elements, rather than 18 as do the fourth and fifth series?

9. a) Which energy level corresponds to the “N” shell? b) What types of orbitals can be found in this energy level? c) How many of each type of orbital? d) How many electrons can occupy the entire set of each type of orbital in this energy level? e) How many electrons are needed to completely fill the “N” shell?
10. Which sublevels of the third energy level are filled; a) in the element argon? b) in the element krypton? 

11. What is a probable electron configuration for the element 109; unnilennium?
On a separate sheet of paper copy (if there is insufficient space) and complete the following table.

	Chemical symbol
	Orbital notation
	Electron configuration
	Electron dot notation

	Na
      
	
	
	

	Mg


	
	
	

	Al


	
	
	

	Si


	
	
	

	P


	
	
	

	S


	
	
	

	Cl


	
	
	

	Ar


	
	
	


Honors Chemistry Worksheet

Identify or define the following terms.
Electromagnetic radiation

electron cloud

electron pair 


frequency
ground state 

magnetic/orientation quantum number

octet 

azimuthal/orbital quantum number

photon 

principal quantum number
quanta
space orbital (orbital)

absorption spectrum

Emission/bright line spectrum
continuous spectrum 

spin quantum number wavelength

Provide a complete, detailed response to the following questions or problems.

1. a) What are electromagnetic radiations? B) What are several forms of electromagnetic radiation?

Electromagnetic radiations are a result of combining electrical and magnetic fields.

Components of the electromagnetic spectrum are Radio/TV, microwave, infrared, visible, ultraviolet, x-ray, and gamma ray.
2. a) In what form do electromagnetic radiations travel through space? b) In what form are they transferred to matter?

Electromagnetic radiations travel through space as waves, however they impart energy to matter as a particle or bundle of energy called a quantum or photon.
3. How is an “excited” atom produced?

Excited atoms result when their electrons are exposed to external energy causing one or more electrons to move into higher allowed energy states or orbitals.
4. a) The red line in the visible spectrum of hydrogen has a wavelength of 6,563 Å. What electron energy level transition produces this line? b) What electron energy transition produces the line at 4,102 Å? (see diagram)

ν = c / λ



E = hν

= 3.00 x 108m/s  x     1 Å    
                 =  6.6262 x 10-34 J-s  x  4.57 x 1014 s-1
     6,563 Å
        10-10 m

    






     =   3.03 x 10-19 J x        1 eV______
=  4.57 x 1014 s-1




            1.602 x 10-19 J





   =  1.89 eV
This line is appears to be an emission as the electron makes a transition from n = 3 to n = 2. 

ν = c / λ



E = hν

= 3.00 x 108m/s  x     1 Å    
                 =  6.6262 x 10-34 J-s  x  7.31 x 1014 s-1
     4,102 Å
        10-10 m

    






     =   4.84 x 10-19 J x        1 eV______
=  7.31 x 1014 s-1




            1.602 x 10-19 J






   =  3.02 eV

This line is appears to be an emission as the electron makes a transition from n = ∞ to n = 2. 

5. What are the principal characteristics of the Bohr model of the hydrogen atom?

Electrons orbit the nucleus in orbits that have a set size and energy. The electrons do not radiate energy as they travel within a given orbit.

The energy of the orbit is related to its size. The lowest energy is found in the smallest orbit.

Electrons may move from one orbit to another by absorbing or emitting energy.
6. What is a space orbital? 
A space orbital is a three dimensional region in space about the nucleus where there is a high probability of finding an electrons.

7. What is an electron cloud? What property (ies) does it give to an atom?

The electron cloud is the region outside of the nucleus defined by the rapid, random movement of the atom’s electrons through points defining an atomic orbital. The electron cloud defines the volume of the atom. 

8. What are the four quantum numbers, what is their range of values, and what does each indicate?

	1st - Principle QN 

n 
	2nd - Azimuthal /orbital QN 

l 
	3rd – Magnetic/ orientation QN 

ml 
	4th - Spin QN 

ms 

	n = 1,2,3...∞ 
	l goes from 0 to n-1 within an energy level 

l values = 0 (for s), 1(for p), 2 (for d), 3 (for f) sublevels 
	Values of ml go from + l to - l , which gives 2l + 1 number of values 
	has two values:
+1/2 (spin clockwise) and

 -1/2(spin counterclockwise) 

	1. measures the average distance of the e- from the nucleus

(E level) 
	1. indicates the E sublevel & shape of the orbital ( set of probable locations of the e- ) 
	1. identifies the direction/orientation the e-/atomic orbital has around the nucleus 
	1. identifies the "spin" or rotation of the e- about its own axis 

	2. different values of n mean different energy levels 
	2. diff. values of l mean diff sublevels. In a sublevel all the e- have nearly the same energy. 
	2. specifies the e- orbital in which the e- is located within a sublevel. 
	2. shows that each orbital can contain only 2 e- 

	3. different values of n mean relatively large differences in the energies of the e-s 
	3. different sublevels within the same level may have moderately large differences in energy. 
	3. different values of ml mean no difference in energies of the e-
(degeneracy) 
	3. the direction of spin is either in one direction or the other 

	4. the smallest average distance and the lowest energy occurs when n = 1; each increase in n increases those quantities. 
	4.  within any level, the lowest energy sublevel is s, then p, then d, then f. 
	4. the number of possible values of ml within a sublevel identifies how many  electrons may be held in that sublevel 
	4. when 2 e- (in an atom) have the same set of Q.N. except for ms, then these e- are called an e- / orbital pair 

	5. the number of orbitals is n2 for an E level and number of e- possible in an energy level is 2n2 
	5. the number of possible values of l for a level is equal to the value of “n” 
	5.  The number of ml values indicates the number of orbitals in an energy sublevel 
	5.these e- within an e- pair have essentially the same energy 


9. a) What is the shape of an “s” orbital? b) How many “s” orbitals are in an energy level? c) How many electrons can occupy an “s” orbital? d) What characteristics must these electrons have? e) Which is the lowest energy level possessing an “s” orbital? 

The s orbital is spherical. The s energy sublevel has one s orbital. An s orbital may have 0, 1, or 2 electrons. When two electrons occupy the s orbital, they possess the same energy and must have opposite spins. The lowest energy level possessing an s orbital is the n = 1.
10. a) What is the characteristic shape of a “p” orbital? b) How many “p” orbitals can there be in an energy level? c) How are the “p” orbitals arranged with respect to one another? d) Which is the lowest energy level having “p”orbitals? 

The p orbital is a dumbbell shaped orbital with a nodal plane between the antinodal regions. The p energy sublevel has three p orbitals. The p orbitals are arranged perpendicular to one another. The lowest energy level having a p energy sublevel is n = 2.
11.a) May two electrons in the same atom have the exact same set of four quantum numbers? Explain.    b) May two electrons occupy the same space orbital in an atom? If so, under what conditions?

No two electrons may have the same set of four quantum numbers according to the Pauli exclusion principle. In that case electrons would all condense into the single lowest energy state which cannot happen. This principle explains the spreading out of electron charge density as the distance from the nucleus increases.

Two electrons may occupy the same atomic orbital, however, in doing so, the electrons must possess opposite spins.
12. Distinguish between an atom in its ground state and an atom in its excited state.

An atom in the ground state will have all electrons occupying the positions of least energy available.  An atom in the excited state has at least one electron occupying a position of higher energy while positions of lower energy are available.


e.g. ground state 1s2 2s2 2p6 3s2

      excited state  1s2 2s2 2p6 3s1 3d1     or   1s2 2s2 2p6 3s1 4p1
13. a) What is an electron pair? b) What is an octet?

An electron pair is two oppositely spinning electrons occupying the same atomic orbital. 

An octet describes eight electrons present in the valence shell of an atom. This results from atoms obtaining an ns2 np6 in their valence shell. This condition provides the atom with a great deal of stability as is witnessed by the noble gases (excepting He) which possess octets.
14. What aspect of the attraction between oppositely charged particles makes it unsatisfactory for explaining how electrons move in an atom?

15. Derive the relationship between λ (wavelength) and E (energy) for electromagnetic radiation.

E  =  h c / λ
16. Why must energy transitions within an atom occur in definite amounts rather than as a continuous flow?

If energy transitions were smooth and continuous, all spectra would be continuous spectra as electrons could possess any energy, hence their atoms could possess any energy. However, atoms possess an emission spectrum and an absorption spectrum which is composed of a distinct set of wavelengths or frequencies indicating the atomic energies to be quantized.
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Honors Chemistry Worksheet – Electronic Structure of Atoms ANSWER KEY
Provide a complete, detailed response to the following questions or problems.
1. Using a the work of Rydberg and Bohr, determine the approximate wavelength of the radiation produced by an electron transition in the hydrogen atom from the fourth energy level to the third energy level.

ΔE  =  hν  =  RH (1/ni2  -  1/nf2)  =  2.179 x 10-18 J(1/42  -  1/32)  = 
= 2.179 x 10-18 J(1/16  -  1/9)  =  2.179 x 10-18 J (- 0.048 611 111)  =  - 1.059 x 10-19 J
2. a) How many “d” orbitals can there be in an energy level? b) How many “d” electrons can there be in an energy level? c) Which is the lowest energy level having “d” orbitals?


a) 5 d orbitals are found per energy level

b) Since two electrons occupy an orbital, the d sublevel may hold zero to a maximum of ten electrons

c) Since the d sublevel appears when l = 2, the lowest energy level to produce an l value of 2 is n = 3 since l  = 0 to (n – 1).
3. a) How many “f” orbitals can there be in an energy level? b) How many “f:” electrons can there be in an energy level? c) Which is the lowest energy level having “f” orbitals?


a) There are 7 f orbitals per energy level.

b) Since two electrons occupy an orbital, the d sublevel may hold zero to a maximum of fourteen electrons

c) Since the f sublevel appears with an l value of 3, the lowest principal quantum number producing l = 3 is n = 4
4. How many electron pairs are there in the outer shell of each of the following atoms: a) carbon; b) krypton; c) oxygen; d) arsenic; e) iodine?

a) one

b) 4

c) two

d) one

e) three
5. Which of the atoms in question number 4 has an octet in its outer shell?

krypton   [Ar]  4s2 3d10 4p6    The valence shell is n = 4 – it has a total of eight electrons.
6. How many energy levels are partially or completely occupied in the mendelevium atom?

The number of partially or completely filled energy levels in Mendelevium is 7 as it is found in the 7th period.
7. Why do the fourth and fifth series of elements contain 18 elements rather than 8 as do the second and third series? 

In each series, the valence shell is completed by the element in Group 18 (Family VIII A). Most of these resulting in an ns2 np6 or octet in the valence shell. In the following the Aufbau principle, the 2nd and 3rd series are completed before any d electrons are introduced, thus requiring only eight elements. However, in the fourth and fifth series, d electrons are introduced between the s and p sublevels of the valence shell thereby increasing the number of the series by ten, thus eighteen electrons in each.
8. Why does the 6th series of elements contain 32 elements, rather than 18 as do the fourth and fifth series?

In the 6th series an f sublevel containing 14 electrons and hence 14 elements as well as a d sublevel containing 10 electrons (10 elements) is introduced between the completion of the s and p sublevel of the valence shell. This increases the total number of elements to 32.
9. a) Which energy level corresponds to the “N” shell? b) What types of orbitals can be found in this energy level? c) How many of each type of orbital? d) How many electrons can occupy the entire set of each type of orbital in this energy level? e) How many electrons are needed to completely fill the “N” shell?

The n = 4 or 4th energy level corresponds to the original N shell of the Bohr model. Since n = 4 possesses 4 energy sublevels such the l = 0, 1, 2, and 3, it means the corresponding orbitals, s, p, d, and f are found in this energy level.

The 4s sublevel is composed of one orbital the 4p sublevel is composed of three orbitals, the 4d sublevel is composed of five orbitals and the 4f sublevel is composed of seven orbitals. The total electrons held in each sublevel is as follows: s is 2; p is 6; d is 10; and f is 14. To completely fill the N shell or n = 4 shell, the equation 2n2 tells us the maximum number of electrons for a given energy level. Therefore, 2(42) = 32, the maximum number of electrons to be possibly held.
10. Which sublevels of the third energy level are filled; a) in the element argon? b) in the element krypton? 


Argon – the 3s and 3p energy sublevels are filled.


Krypton – the 3s, 3p, and 3d energy sublevels are completely filled.
11. What is a probable electron configuration for the element 109; unnilennium?

1s2, 2s2, 2p6, 3s2, 3p6 4s2 3d10 4p6 5s2 4d10 5p6 6s2 4f14 5d10 6p6 7s2 5f14 6d7 
On a separate sheet of paper copy (if there is insufficient space) and complete the following table.

	Chemical symbol
	Orbital notation
	Electron configuration
	Electron dot notation

	Na

      
	See below for answers
	1s2, 2s2, 2p6, 3s1
	[image: image2.png]




	Mg


	
	1s2, 2s2, 2p6, 3s2
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	Al


	
	1s2, 2s2, 2p6, 3s2, 3p1
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	Si


	
	1s2, 2s2, 2p6, 3s2, 3p2
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	P


	
	1s2, 2s2, 2p6, 3s2, 3p3
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	S


	
	1s2, 2s2, 2p6, 3s2, 3p4
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	Cl


	
	1s2, 2s2, 2p6, 3s2, 3p5
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Chiorine





	Ar


	
	1s2, 2s2, 2p6, 3s2, 3p6
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Na
       1s         2s             2p           3s            3p           4s
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Mg

       1s         2s             2p           3s            3p           4s
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Al

       1s         2s             2p           3s            3p           4s
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Si

       1s         2s             2p           3s            3p           4s
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P

       1s         2s             2p           3s            3p           4s
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S

       1s         2s             2p           3s            3p           4s
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Cl

       1s         2s             2p           3s            3p           4s
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Ar

       1s         2s             2p           3s            3p           4s
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