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CHEM 101:  PROBLEM SET #3 SOLUTIONS 
Due: Wednesday, September 19, 2007 by 11 AM.   

1.  How are ions formed in stars?  You know that forming an ion requires energy, called the ionization 
energy.  Some sources of energy that you may be famil iar with are electrical energy and light energy.  
A source of energy available in stars is thermal energy, which is associated with the motions and 
collisions of atoms in a gas and is closely connected with temperature.  The thermal energy of a star 
increases with its temperature. 

a) Consider the following information about the relative strengths of spectral lines due to ions in stars.  
Rationalize this information using what you know about stellar temperatures (Table 2-1 in the 
Star Module) and ionization energies (Table 3-1 in the Star Module). 

¥ Spectral lines of Si+ are strongest in Class A stars 

¥ Spectral lines of Si2+ are strongest in Class B stars 

¥ Spectral lines of Si3+ are strongest in Class O stars 

In order to see spectral lines of Si+, there must be enough thermal energy present to ionize 
Si.  Likewise, in order to see spectral lines of Si2+, there must be enough thermal energy 
to ionize Si twice, that is to remove 2 electrons.  This, of course, requires more energy 
than to simply remove one electron.  To observe Si3+, three electrons must be removed, 
which requires even more energy.  Thus, Si3+ should only be observed in the hottest stars. 

According to the star classification, Class OBAFGKM stars are ordered in terms of 
decreasing temperature.  As the star temperature decreases, less thermal energy is 
available, and fewer electrons can be removed from silicon.  Thus, Si+ is observed in the 
coolest star, Si2+ in the star with higher temperatures, and Si3+ only in the hottest stars. 

b) The spectral lines of Ca+ are strongest in Class G and K stars, the lines of Si+ are strongest in A 
stars, and the lines of He+ appear in Class O stars.  Does this pattern agree with what you know 
about the stellar temperatures and with the trends in ionization energies in Figure 3-6 of the Star 
Module?  Explain your reasoning. 

The energy required to form these ions in stars is determined by the relative ionization 
energies of Ca, Si, and He.  The relative ionization energies increase going from Ca < Si 
< He as we are removing an electron from a 4s orbital (Ca), a 3p orbital (Si), and a 1s 
orbital (He).  The orbital energies become increasingly more stable (lower in energy) as 
the electron is found closer to the nucleus in the atom based on the fact that the principal 
quantum numbers are decreasing. 

Therefore, higher stellar temperatures should be required to provide the requisite thermal 
energy to ionize silicon compared to calcium and even higher temperatures (higher 
amounts of thermal energy) should be required to ionize helium.  

Again, according to the OBAFGKM classification (decreasing temperatures from O to 
M), Ca+ is in fact, observed in the cooler stars (Class G and K) compared to Si+ (Class A), 
and He+ is only observed in the hottest stars (Class O). 

2.  In lecture, Arwyn mentioned that the wavelike properties of moving electrons can be demonstrated by 
observing electron diff raction from the regularly repeating 3-D arrangement of atoms in crystals.  
Another related technique is neutron diffr action, which utilizes the wavelike properties of a beam of 
moving neutrons.  Both of these techniques provide complementary information to X-ray diff raction, 
the most common method of determining molecular structures.  A common wavelength used in X-ray 
diffraction is 1.54 • .  (a) To achieve a DeBroglie wavelength of 1.54 • , how fast must a neutron 
move?  (b) To what velocity must electrons be accelerated to achieve this same wavelength? 
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b)  mass of electron  =  9.11 x 10-31 kg 
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3.  Label each of the following sets of quantum numbers as ALLOWED or NOT ALLOWED for a 
wavefunction in the hydrogen atom.  For any set that is not allowed, state why. 

a)  n  =  2, l  =  0, ml   =  0 

ALLOWED.  This is a 2s orbital. 

b)  n  =  3, l  =  3, ml   =  -2 

NOT ALLOWED.  The maximum possible value of l is (n Ð 1) or 2 in this case. 

c)  n  =  5, l  =  2, ml   =  4 

NOT ALLOWED.  If l = 2, then ml   =  -2, -1, 0, +1, +2 and NOT +4. 

4.  How many electrons can have these sets of quantum numbers? 

a)  n  =  3, l  =  2, ml   =  1, ms  =  +1/2 

Each electron must have a unique set of 4 quantum numbers, n, l, ml  , and ms according 
to the Pauli Exclusion Principle.  Therefore, only 1 electron can have this particular set of 
quantum numbers. 

b)  n  =  2 

If n = 2, then l can equal 0 or 1, corresponding to 2s, and 2p orbitals.  Since each orbital 
can hold 2 electrons, and there is one 2s orbital, and three 2p orbitals, then a total of 8 
electrons could have the quantum number n = 2. 

c)  n  =  3, l  =  2 

Since ml   =  -2, -1, 0, +1, +2 for this combination of n and l, there are 5 possible orbitals 
with n  =  3, l  =  2.  Based on this result and recalling that orbitals can hold up to 2 
electrons (one with spin +1/2 and the other with spin -1/2), there are 10 possible electrons 
that could be described by this set of quantum numbers. 

5.  Consider the valence atomic orbitals of nitrogen, fluorine, and phosphorus.   (a) Draw a picture of a 2p 
orbital on nitrogen.  Use shading or two diff erent colors (like the images from Spartan) to indicate 
where the amplitude of the wavefunction changes sign.  (b) Draw a 2p orbital of fluorine, making 
clear any diff erences between the 2p on N and the 2p on F.  (c) Finally, draw a 3p orbital of 
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phosphorus.  Again, use shading to indicate where the amplitude of the wavefunction changes sign 
and indicate how this orbital compares to the other two. 

First some general comments about this problem.  I was basically looking for a picture of the 
spatial distribution of where the electron is likely to be.  In other words, what is the characteristic 
shape of a p orbital and what is the effect of the increasing number of nodes as n increases?  
Nodes are indicated below by dashed lines.  The other characteristic that varies for these three 
orbitals is overall size.  The connection to size can be understood by realizing that each of these 
orbitals will have a different energy.   

For example, the 2p orbital is higher in energy than a 2p orbital in fluorine.  You might ask how 
do I know this?  Well, the ionization energy of fluorine is substantially larger than the ionization 
energy of nitrogen.  In each of these cases, the ionization energy should tell me something about 
orbital energy, since in each case, I would remove a 2p electron when the atom is ionized.  The 
reason that fluorine has a higher ionization energy is that the outer electrons in fluorine feel a 
very large effective nuclear charge (Zeff) and thus are attracted more strongly to the nucleus.  The 
large Zeff pulls the electrons in closer to the nucleus, making the fluorine atom smaller than a 
nitrogen atom (despite the larger number of electrons).  This same effect shrinks the orbital size 
as well. 

 

 

 

 

 

 

6.  For each of the following atoms or ions, write the ground state electron configurations.  You may use 
the shorthand noble gas configuration to indicate the core electron configuration. 

a)  S [Ne] 3s23p4  

b)  Fe [Ar] 4s23d6  

c)  Ge [Ar] 4s23d104p2  

d)  Al [Ne] 3s23p1 

e)  Sg [Rn] 7s25f146d4  

f)  Pb2+ [Xe] 6s24f145d10  
DonÕt forget the filled f and d shells!  They are not part of the [Xe] core, although they do 
behave like core electrons.  

g)  Se2Ð [Ar] 4s23d104p6   

h) Eu3+ [Xe] 6s24f4  

  a) N 2p orbital c) P 3p b) F 2p orbital 


