Chapter 7 Problem Set




     Name _____________________________
Atomic Structure and Periodicity





Due Date :  Thursday, Dec 1, 2011
Circle/Box all final answers to calculation based problems unless they are already boxed!!!

Light and Matter
1.  An FM radio station broadcasts at 99.5 MHz.  Calculate the wavelength of the corresponding radio waves.

2.  A photon of ultraviolet (UV) light possesses enough energy to mutate a strand of human DNA.  

      a)  What is the energy of a single UV photon having a wavelength of 25 nm? 
      b)  What is the energy of a mole of UV photons having this same wavelength?

3.  One type of electromagnetic radiation has a frequency of 107.1 MHz, another type has a wavelength of 2.12 x 10-10 m, and another type of electromagnetic radiation has photons with energy equal to 3.97 x 10-19 J/photon.  

      a)  Identify each type of electromagnetic radiation. (You may either use Figure 7.2 on p. 276 of the textbook or the EMR 


spectrum we created in class in order to compare the values that characterize each type).
       b)  Place the above types of electromagnetic radiation in order of increasing photon energy.
       c)  Place the above types of electromagnetic radiation in order of increasing wavelength.
4.  A carbon – oxygen double bond in a certain organic molecule absorbs radiation that has a frequency of 6.0 x 1013 s-1.


a)  What is the wavelength of this radiation?


b)  To what region of the EMR spectrum does this radiation belong?


c)  What is the energy of this radiation per photon?


d)  What is the energy of this radiation per mole of photons?


e)  A carbon-oxygen bond in a different molecule absorbs radiation with a frequency equal to 5.4 x 1013 s-1.  Is this 



radiation more or less energetic?  

5.  It takes 208.4 kJ of energy to remove 1 mole of electrons from an atom on the surface of rubidium metal. 

a)  How much energy does it take to remove a single electron from an atom on the surface of solid rubidium?


b)  What is the maximum wavelength of light capable of doing this?

6.  Neutron diffraction is used in determining the structure of molecules.


a)  Calculate the de Broglie wavelength of a neutron moving at 1.00% the speed of light (massneutron = 1.675 x 10-27 kg).


b)  Calculate the velocity of a neutron with a wavelength of 75 pm (recall that 1 pm = 1 x 10-12 m).

7.  Calculate the velocity of an electron with a de Broglie wavelength of 1.0 nm. (masselectron = 9.11 x 10-31 kg)
Hydrogen Atom:  The Bohr Model
8. Calculate the wavelength of light emitted when each of the following transitions occur in the hydrogen atom.  Also, what type of electromagnetic radiation is emitted in each transition?

a)  n = 4  (  n = 3


b)  n = 5  (  n = 4


c)  n = 5   (  n = 3

9.    Using vertical arrows, indicate the transitions
    
  from problem #8.  Label each arrow with the 

  letter that it represents from #8.

10.  An electron is excited from the n = 1 ground state to the n = 3 state in a hydrogen atom.  Which of the following statements are true?  Correct the false statements to make them true.


a)  It takes more energy to ionize (completely remove) the electron from n = 3 than from the ground state.


b)  The electron is farther from the nucleus on average in the n = 3 state than in the n = 1 state.


c)  The wavelength of light emitted if the electron drops from n = 3 to n = 2 will be shorter than the wavelength of light emitted if the electron falls from n= 3 to n = 1.


d)  The wavelength of light emitted when the electron returns to the ground state from n = 3 will be the same as the wavelength of light absorbed to go from n = 1 to n = 3.



e)  For n = 3, the electron is in the first excited state.

11.  Consider an electron for a hydrogen atom in an excited state.  The maximum wavelength of electromagnetic radiation that can completely remove (ionize) the electron from the H atom is 1460 nm.  What is the initial excited state for the electron (n = ?)?
12.  An excited hydrogen atom emits light with a wavelength of 397.2 nm to reach the energy level for which n = 2.  In which principal quantum level did the electron begin?

Quantum Mechanics, Quantum Numbers, and Orbitals
13.  Circle the following sublevel designations that are incorrect:    1s    1p    7d    9s    3f    4f    2d

14.  Which of the following sets of quantum numbers are not allowed?  For each incorrect set, state why it is incorrect.


a)  n = 3;    l = 3;    ml = 0;    ms = -1/2
      


b)  n = 4;    l = 3;    ml = 2;    ms = -1/2
​​​

c)  n = 4;    l = 1;    ml = 1;    ms = +1/2

d)  n = 2;    l = 1;    ml = -1;    ms = -1

e)  n = 5;    l = -4;    ml = 2;    ms = +1/2

f)  n = 3;    l = 1;    ml = 2;    ms = -1/2

Polyelectronic Atoms

15.  How many electrons in an atom can have the designation:
	a)  1p
	b)  6dz2
	c)  4f

	d)  7py
	e)  2s
	f)  n = 3


16.  Give the maximum number of electrons in an atom that can have these quantum numbers:

	a)  n = 0 , l = 0, ml = 0
	b)  n = 2 , l = 1, ml = -1, ms = -1/2
	c)  n = 3 , ms = +1/2

	d)  n = 2 , l = 2
	e)  n = 1 , l = 0, ml = 0
	f)  n = 5 ,  ml = 1


17.  Draw atomic orbital diagrams representing the ground-state electron configuration for each of the following elements:


a)  Na


  
   b)  Co





c)  Kr

18.  The elements  O, La, Y, Ba, Tl, and Bi are all found in high temperature ceramic superconductors.  Write the expected electron configuration for these atoms.  You may  NOT use noble gas configuration.


O – 



La – 



Y – 



Ba – 



Tl – 



Bi – 


19.  Write the expected electron configurations for each of the following atoms.  You may use noble gas configuration.


Cl – 



Sb – 



Sr – 



W – 



Pb – 



Cf – 


20.  Identify the element being described and then write the expected ground-state electron configuration for it (you may use noble gas configuration).

a)  The element with one unpaired 5p electron that forms a molecular (not ionic) compound with fluorine.



b)  The (as yet undiscovered/unproduced) alkaline earth metal after radium



c)  The noble gas with electrons occupying 4f orbitals, but not 5f orbitals (you must start the noble gas configuration with the previous noble gas).



d)  The first-row transition metal with the most unpaired electrons.

21.  In the ground state of element 115, Uup, 


a)  How many electrons have n = 5 as one of their quantum numbers?


b)  How many electrons have l = 3 as one of their quantum numbers?


c)  How many electrons have ml = 1 as one of their quantum numbers?


d)  How many electrons have ms = -1/2 as one of their quantum numbers?

22.  Which of the following electron configurations correspond to an excited state?  Identify the atoms and write the ground-state electron configuration where appropriate.


a)  1s22s23p1

b)  1s22s22p6

c)  1s22s22p43s1

d)  [Ar]4s23d54p1
23.  Which of the elements #1-36 have one unpaired electron in the ground state?

24.  How many unpaired electrons are present in each of the following in the ground state?

	O
	O+
	O-
	Os

	Zr
	S
	F 
	Ar


The Periodic Table and Periodic Properties

25.  Arrange the following groups of atoms in order of increasing size.


a)  Rb, Na, Be
________________________


b)  Sr, Se, Ne

________________________


c)  Fe, P, O

________________________

26.  Arrange the atoms from #25 in order of increasing first ionization energy.


a)  Rb, Na, Be
________________________


b)  Sr, Se, Ne

________________________


c)  Fe, P, O

________________________

27.  In each of the following sets, which atom or ion has the smallest  ionization energy?


a)     Ca    Sr     Ba


d)     S2-     S     S2+

b)     K     Mn     Ga


e)     Cs     Ge     Ar


c)     N     O     F

28.  Rank the elements Be, B, C, N, and O in order of increasing first ionization energy.  Explain your reasoning.

Rank:  ___________________________


Explanation:

29.  For each of the following pairs of elements; pair 1 = (Mg and K); pair 2 = (F and Cl), pick the atom with


a) the more favorable (exothermic) electron affinity


b)  the higher ionization energy


c)  the larger size

30.  The electron affinities of the elements from aluminum to chlorine are -44, -120, -74, -200.4, and -384.7 kJ/mol, respectively.  Rationalize (explain) the trend in these values… why do the values get more negative…what does this mean?

31.  Which would have the more negative electron affinity, the oxygen atom or the O- ion?  Explain your answer.
32.  Write equations corresponding to the following:



a)  The fourth ionization energy of Se



b)  The electron affinity of S-


c)  The electron affinity of Fe3+


d)  The ionization energy of Mg

Selected Answers to Problems
1.  3.0 m

2.  a)  8.0 x 10-18 J/photon;  b)  4.8 x 106 J/mol

4.  a)  5.0 x 10-6m;  c)  4.0 x 10-20 J/photon;  d)  2.4 x 104 J/mol

5.  a)  3.461 x 10-19 J/e-;  b)  5.8 x 10-7 m
6.  a)  1.32 x 10-13 m;  b) 5.3 x 103 m/s

7.  7.3 x 105 m/s

8.  a)  1.9 x 10-6 m;  b)  4.1 x 10-6 m ;  c)  1.3 x 10-6 m
11.  n = 4
12.  n = 7

33.  a)  20.9 s;  b)  7.70 x 1027 photons
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