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CHEM 101:  PROBLEM SET #5 SOLUTI ONS 
Due: Wednesday, October 10, 2007 by 11 AM.   
Turn in to the Chem 101 box at the beginning of lecture or if you want to turn it in early, the box will be in Kathy 
KennedyÕs office, the Chemistry Department secretary (Chem 303). 

1.   Examine the multiple ionization energies for sulfur (S), scandium (Sc), and germanium (Ge) in the 
table below.  The fi rst IE (IE1) represents the formation of a +1 cation (i.e. S+).  IE2 represents the 
energy needed to remove an electron from this +1 cation to make a +2 cation (S2+).  (a) What general 
pattern do you notice as you move from IE1 to successively higher IE in each case?  Suggest an 
explanation for this trend.  (b) For each element, where is the largest gap between successive 
ionization energies?  (c) In an atom, valence electrons are outer shell electrons that are most easily 
lost or shared with other atoms.  Electrons that are very stable (and thus require large amounts of 
energy to remove) are considered core electrons.  Using your answers from part b, how many valence 
electrons are there for S, Sc, and Ge?  Write the electron configurations for these elements and 
identify the core and valence electrons.  (d) Notice that the units in this table are somewhat different 
than what we have used for ionization energy up to this point.  These values describe how much 
energy is required to ionize a mole of atoms (releasing a mole of electrons and making a mole of 
cations).  With this in mind, convert the fi rst ionization energy for sulfur into eV. 

Ionization Energy S (MJ/mol) Sc (MJ/mol) Ge (MJ/mol) 

IE1 0.9996 0.631 0.7622 

IE2 2.251 1.235 1.537 

IE3 3.361 2.389 3.286 

IE4 4.4564 7.089 4.411 

IE5 7.013 8.844 8.732 

IE6 8.4956 10.72 11.183 

IE7 27.106 13.32 13.984 

(a) To remove each successive electron requires more energy.  That is, the successive ionization 
energies increase.  This is always true for an element.  As you remove electrons, the amount of 
shielding is reduced, and the remaining electrons feel a greater amount of positive charge; thus 
the remaining electrons are attracted more strongly to the nucleus.  In some cases, there are large 
jumps in successive ionizations, usually indicating that electrons from the next lower energy shell 
are now being removed. 

(b)  Sulfur:  the largest gap is between IE6 and IE7 (18.610 MJ/mol gap) 
Scandium:  the largest gap is between IE3 and IE4 (4.7 MJ/mol gap) 
Germanium:  the largest gap is between IE4 and IE5 (4.321 MJ/mol gap) 

(c) In each case, the large gap in ionization energy corresponds to the signifi cantly larger energies 
required to break into the core electrons of the atom and remove electrons from orbitals that are 
much closer to the nucleus and that feel a signifi cantly higher effective nuclear charge.  The 
number of electrons removed prior to the large gap equals the number of valence electrons. 

S:  6 valence electrons  [Ne]3s23p4 The core electrons are the 10 e-Ôs represented by 
[Ne], and the valence electrons are in the 3s and 3p orbitals. 

Sc:  3 valence electrons  [Ar]4s23d1 The core electrons are the 18 e-Ôs represented by 
[Ar], and the valence electrons are in the 4s and 3d orbitals. 
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Ge:  4 valence electrons  [Ar]4s23d104p2 The core electrons are the 18 e-Ôs represented by 
[Ar] plus the 10 electrons in the 3d orbitals (completely fi lled) and the valence electrons are 
in the 4s and 4p orbitals. 

(d)  First ionization energy for S  =  0.9996 MJ/mol 

The ionization energy in eV describes the amount of energy required to ionize a single sulfur 
atom, whereas the unit MJ/mol describes the amount of energy required to ionize a mole of sulfur 
atoms.  So, the conversion must take this diff erence into account: 
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2.  The 1997 mission to Mars included a small robot, the Sojourner, with the capacity to analyze the 
composition of rocks found on the ÒRed Planet.Ó  Magnesium oxide (MgO) from a boulder dubbed 
ÒBarnacle BillÓ was analyzed and found to have the isotopic composition listed below.  Note:  All of 
the oxygen is 16O with an exact mass of 15.9948 amu.  Use this data to calculate the average gram 
atomic weight of Mg that would appear on a Martian Periodic Table. 

Exact mass of MgO (amu) Abundance (%) 

39.9872 78.70 

40.9886 10.13 

41.9846 11.17 

First determine the masses of the various magnesium isotopes by subtracting the mass of 16O 
from the three molecular masses of MgO. 

Mass of 24Mg  =  (39.9872 amu) Ð (15.9948 amu)  =  23.9924 amu 

Mass of 25Mg  =  (40.9886 amu) Ð (15.9948 amu)  =  24.9938 amu 

Mass of 26Mg  =  (41.9846 amu) Ð (15.9948 amu)  =  25.9898 amu 

The average mass of magnesium on Mars should be the weighted average of the masses of these 
three isotopes, weighted by their abundances. 

!  

23.9924 amu( ) 78.70%( ) + 24.9938 amu( ) 10.13%( ) + 25.9898 amu( ) 11.17%( )
100%

  =  24.32 amu 

Remember that the gram atomic weight can refer to the mass of one atom in amu or the mass of 1 
mol of atoms in grams.  Thus, the average mass of Mg on Mars is 24.32 g/mol. 

3.  Boron has two naturally occurring isotopes.  The mass of 10B is 10.01294 amu and the mass of 11B is 
11.00931 amu.  Using the periodic table calculate the relative abundance of the two isotopes of boron. 

Since there are only two naturally occurring isotopes of boron, their relative abundances will sum to 
100%. 

Let x  =  % abundance of 10B 100 Ð x  =  % abundance of 11B 



PS#5 solutions 
Page 3 

Average GAW of B  =  10.811 amu  =  
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And now for the algebraÉi solate and then solve for x: 

10.01294 x  +  1100.931  Ð  11.00931 x  =  1081.1 

Ð0.99637 x  =  Ð19.831 

x  =  19.903  100 Ð x  =  80.097 

So, the relative abundance of 10B = 19.903% and 11B is 80.097%. 

4.  In 2005, researchers in Italy used mass spectrometry in a tandem analytical technique to detect cocaine 
and benzoylecgonine, the metabolic byproduct of cocaine, in the River Po.  They measured 
concentrations of 1.2 ng/L for cocaine and 25 ng/L for benzoylecgonine.  Although these numbers 
seem rather small, given the flow rate, they translate to 4 kg of cocaine flowing down the River Po 
per day.  If you want to read more about why they were interested in measuring this data see: 
http://www.ehjournal.net/content/4/1/14.  The molecular formula for cocaine is C17H21NO4.  (a) 
Express the concentration of cocaine in the River Po in nanomolarity (nM).  (b) What unit prefix (as 
in milli, micro, mega, etc.) would you use before molarity to bring the number into the 1-100 range?  
(c) How many molecules of cocaine would be present in a 2 L sample of river water?   

(a)  MW C17H21NO4  =  17(12.01 g/mol) + 21(1.008 g/mol) + 14.067 g/mol + 4 (15.999 g/mol)   

=  303.40 g/mol 
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(b) Recall that molarity is defined as mol/L.  Refer back to the concentration of cocaine in molarity: 
4.0 x 10-12 mol/L.  The unit prefix that is needed is the one that is equal to 1x 10-12 or pico.  Using 
this prefix, we would say the concentration of cocaine in the River Po is 4.0 pM. 

(c)  AvogadroÕs number provides the conversion factor between the number of molecules in 1 mole: 
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5.  A puddle of seawater that is caught in a depression formed by some coastal rocks at high tide begins to 
evaporate on a hot summer day.  If the volume of the puddle decreases to 23% of its initial volume, 
what is the concentration of Na+ after evaporation?  Initial [Na+] = 0.479 M. 

The evaporation involves the loss of only water, so the moles of Na+ in the puddle remain 
constant.  Since moles is related to molarity (mol/L ) times volume (L) then: 

(Mdilute puddle) (Vinitial)  =  (Mconcentrated puddle) (Vfinal) 
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We also know that:  Vfinal  =  0.23 Vinitial 

(0.479 mol/L) (Vinitial)  =  (Mconcentrated puddle) (0.23 Vinitial) 

Mconcentrated puddle  =  
  

0.479 mol/ L( ) Vinitial( )

0.23 Vinitial( )
  =  2.08 mol/L =  2.08 M 

6.  Most fertilizers consist of nitrogen-containing compounds such as ammonia, NH3, urea, CO(NH2)2, 
ammonium nitrate, NH4NO3, and ammonium sulfate, (NH4)2SO4.  The nitrogen content in these 
compounds is needed for protein synthesis in plants.  On a per gram basis, which of these compounds 
is the most effi cient source of nitrogen?  Support your answer with calculations.  (In case youÕre 
curious, the NPK ratings like 5-5-5 on commercial fertilizers list the weight % of nitrogen, 
phosphorus, and potassium in that order.) 

ammonia:  NH3  MW  =  17.03 g/mol 

urea: CO(NH2)2 MW  =   60.06 g/mol 

ammonium nitrate: NH4NO3  MW  =   80.04 g/mol 

ammonium sulfate: (NH4)2SO4 MW  =   132.14 g/mol 

Calculate the weight % N in each of these three compounds.  Think about the mass of one mole of the 
compound and the mass of nitrogen in one mole of the compound.  The weight percent nitrogen will 
tell you how many grams of nitrogen are obtained from 100 g of each of the compounds. 

NH3   wt % N  =  

!  

1( ) 14.0067 g( )
17.03 g

 x 100%  =  82.25% 

CO(NH2)2  wt % N  =  

!  

2( ) 14.0067 g( )
60.06 g

  x 100%  =  46.64% 

NH4NO3  wt % N  =  
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2( ) 14.0067 g( )
80.04 g

 x 100%  =  35.00% 

(NH4)2SO4  wt % N  =  
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2( ) 14.0067 g( )
132.14 g

 x 100%  =  21.20% 

So, it should be very clear from the results above that ammonia, NH3, delivers the most nitrogen per 
gram of fertilizer. 

7.  A problem to appreciate the magnitude of the moleÉ A penny has a thickness of approximately 1.0 
mm.  (a) If you stacked a mole of pennies, one on top of the other on the EarthÕs surface, how far 
would the stack extend in km?  For comparison, the sun is about 150 million km from Earth, the 
nearest star (Proxima Centauri) is about 40 trillion km from Earth, and the length of the Mi lky Way 
Galaxy is 1018 km..  (b) If all the pennies in the stack were distributed among the worldÕs population 
of 6.6 billion people, how much would each person receive in dollars?   
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So the stack of pennies would reach nearly across the Mi lky Way Galaxy. 
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or nearly 1 trillion (1 trillion = 1 x 1012) dollars per person.  

OK, so we could get really depressing here and talk about the size of the national debt or 
the cost of the Iraq War, but we donÕt really need to go thereÉj ust celebrate that another 
problem set is over! 

 


