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Chapter 17 
 
1. Argon Compounds? One of the major advantages of calculation over experiment is 
that “reality does not get in the way”. It is no harder to investigate the properties of labile 
compounds that may be difficult to isolate and characterize experimentally than it is to 
investigate those of stable compounds. In fact, it is possible to say whether experimental 
characterization can ever be achieved, that is, if the molecule of interest is actually an 
energy minimum. Noble gas compounds illustrate this. While xenon compounds are now 
numerous and a few compounds of krypton have now been reported, no argon 
compounds have been isolated or characterized. Do argon analogues of known xenon and 
krypton compounds actually exist (in the sense that they represent energy minima)? If so, 
do they exhibit similar geometries and charge distribution as their analogues? 

 
Obtain equilibrium geometries for argon difluoride, krypton difluoride and xenon 
difluoride using the Hartree-Fock 3-21G model. Start from bent structures even though. 
KrF2 and XeF2 are known to be linear (and ArF2 might very well be assumed to be linear 
as well). While the geometry optimization is able to move from a non-linear to a linear 
structure, it cannot do the reverse. Follow each optimization by an infrared spectrum 
calculation to tell you whether or not the structure is actually an energy minimum. Are 
KrF2 and XeF2 linear molecules? Is the calculated Kr-F bond distance in reasonable 
accord with the experimental value of 1.89Ǻ (the bond distance in XeF2 linear is not 
known)? Is ArF2 an energy minimum? Is it linear? If ArF2 is an energy minimum, is 
dissociation to Ar and F2 endothermic or exothermic? Are the corresponding 
dissociations of KrF2 and XeF2 endothermic or exothermic? 

 
Obtain electrostatic potential maps for the three compounds and display side by side on 
screen (and on the same scale). For which is the charge on the noble gas the largest? For 
which is it the smallest? Rationalize your result. 

 
Repeat your geometry calculations for both the tetrafluorides and hexafluorides of Ar, Kr 
and Xe. Begin the geometry optimizations with structures that are slightly distorted 
idealized square-planar and octahedral structures, respectively.  Are ArF4 and ArF6 stable 
molecules? If so, do they adopt geometries similar to those of the analogous krypton and 
xenon compounds? Also compare electrostatic potential maps for the three compounds in 
each series. Are your results insofar as the charge on the noble gas the same as for the 
difluorides? 

 
Finally, compare electrostatic potential maps for the three argon compounds (as well as 
the three krypton compounds and the three xenon compounds). For which compound in 
each set does the noble gas bear the greatest charge? Rationalize your result. 

 
2. Noble Gas Metal Carbonyl Complexes. A number of transition carbonyl complexes in 
which one coordination site is occupied by a noble gas have been observed primarily in 
low-temperature (noble gas) matrices. Presumably, the metal-noble gas coordinate bond 
energy is much smaller than the corresponding metal-carbon monoxide bond energy, 
although there are no experimental data to substantiate this. Calculations provide an 
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alternative and allow calculation of bond strength with regard to change in noble gas and 
metal. 

 
Obtain equilibrium geometries for xenon complexes of chromium, molybdenum and 
tungsten pentacarbonyl, the corresponding hexacarbonyl complexes, carbon monoxide 
and atomic xenon. Use the B3LYP/6-31G* model. Calculate energies of the three ligand-
exchange reactions.  

 
Xe-M(CO)5 + CO → Xe + M(CO)6   M=Cr, Mo, W 

 
Are all three reactions exothermic as expected? If so, for which metal is the reaction least 
exothermic? Attempt to rationalize your result. 

 
Repeat your calculations for the analogous complexes of krypton and argon. For a given 
metal, which noble gas is most tightly bound? Attempt to rationalize your result. 

 

3. Kryptonite. Even purely imaginary molecules can be explored with molecular 
modeling and their structures and properties revealed. Take as an example the legendary 
(but imaginary) kryptonite molecule. Its name suggests that its formula is KrO2

2–, and the 
fact that KrO2

2– is isoelectronic with the known linear molecule, KrF2, suggests that it is 
also likely to be linear. 

Obtain the equilibrium geometry for KrF2 starting from a bent structure. Use the 6-31G* 
model. Does the molecule prefer to be linear or does it want to bend? Is the calculated 
KrF bond distance close to the experimental value (1.89 Å)? To be safe, also start with a 
bent geometry for KrO2

2–. What is the structure of kryptonite? 
 

4. Organic Compounds of Noble Gases. The crystal structure of bis(pentafluorophenyl) 
xenon has been reported. The CXeC angle is 180o, the average Xe-C bond length is 
2.37Ǻ and the two phenyl rings are perpendicular. 
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Use the 3-21G to obtain the equilibrium geometry of bis(pentafluorophenyl) xenon. Start 
with a structure that is similar to that observed. Confirm that the calculated and 
experimental geometries (specifically the Xe-C bond distances) are in reasonable accord. 
Display the electrostatic potential map for bis(pentafluorophenyl) xenon. As a reference, 
also display the map for xenon difluoride (after you have determined its geometry using 
the same theoretical model).  Is the potential positive or negative at xenon in the bis-
pentafluoro compound? Rationalize you result. Is it more positive (or more negative) than 
the potential in xenon difluoride. Assuming that xenon difluoride is a more stable 
compound than bis-(pentafluorophenyl) xenon, what does this tell you about the effect of 
increasing positive (or negative) charge on xenon? 

 
You should now know whether Xe wishes to be positively or negatively charged to form 
a stable compound. Use electrostatic potential maps to see if you can find compounds 
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that my be even more stable than bis(pentafluorophenyl) xenon. For a start, try the 
unsubstituted compound (bis-phenyl xenon) and the chlorine analogue (bis-
(pentachlorophenyl) xenon). Also try compounds in which the phenyl rings are 
substituted by strong electron-withdrawing groups (the N,N-dimethylamino group in the 
4 position) or by strong electron-withdrawing groups (nitro group in the 3 and 5 
positions). Summarize your results. 

 
5. XeF5

- and Larger Anionic Xenon Fluoride Compounds. Finding an equilibrium 
geometry means first finding a point on the potential surface for which all first 
derivatives of the energy with respect to the different geometrical coordinates are zero ( a 
so-called “stationary point”), and then verifying that the curvature of the energy surface 
at this point is positive (“up”) for each of the coordinates. Surface curvature is related to 
the infrared spectrum, insofar as each line (frequency) in the spectrum depends on the 
square root of the ratio of the curvature and a mass term. A negative (“downhill”) 
curvature would therefore lead to an imaginary infrared frequency which of course 
cannot be measured. However, imaginary frequencies are not a problem for calculations, 
meaning that the downhill motion of the atoms can be identified. 

 
Starting from different guesses, try to find the best (lowest-energy) geometry for xenon 
pentafluoride anion. Use the B3LYP/6-31G* model (or the 3-21G model if you want to 
save on computer time) and follow each geometry optimization by an infrared spectra 
calculation. Accept only structures where all infrared frequencies are real numbers. What 
is the structure of XeF5

-? 
 
Repeat the procedure for xenon heptafluoride anion and xenon octafluoride dianion. 
 
 


