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Ab initio molecular orbital calculations using both minimal and extended basis 
sets have been applied to two isoelectronic sets of molecules. One set corre- 
sponds to the 18 electron species H3NO, H3CO- and H3COH while the second 
set contains the 42 electron fluorinated molecules F3NO, F3CO- and F3COH. 
The geometries of these molecules have been optimized, using both the minimal 
STO-3G and the extended 4-31G basis sets. These comparative calculations 
reveal that the 4-31G basis produced structural parameters in much better 
agreement with experiment. The effect of including d-orbitals in the basis set 
was also investigated. For the fluorinated oxides it has been found that the 
optimized 4-31G structures were only slightly altered by the addition of d- 
orbitals. For H3NO, on the other hand, the inclusion of d-orbitals considerably 
shortens the N-O bond distance. Both H3NO and CF3OH, which are unknown 
experimentally, are theoretically predicted to be capable of existence. The 
electronic structures of these molecules have also been examined using elec- 
tronic partitioning according to the Mulliken scheme. 

Key words: Electronic structure of X~YO type compounds 

1. Introduction 

Ab initio molecular orbital theory has been rather successful in reliably predicting 
molecular geometries [1-3]. Pople's work on neutral molecules [4-8] and car- 
bonium ions [9-11] has amply demonstrated that reliable predictions of geometry 
are obtained at both the minimal or STO-3G basis set level [12] and the split- 
valence (extended) or 4-31G basis [13]. Fewer studies on anions have been 
reported [ 14] but Radom [ 15] has completed STO-3G and 4-31G calculations on 
the geometries of 18 anions. His general conclusion was that while the STO-3G 
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basis is less reliable for anions than it is for neutral molecules, the extended basis 
gives calculated structures in much better agreement with experiment. 

We wish to report herein the results of ab initio molecular orbital calculations 
(employing a variety of basis sets) on four oxides (H3NO, F3NO , H3CO- and 
F3CO- ) and two alcohols (H3COH and F3COH ). Two of the oxide structures are 
anions corresponding formally to the loss of a proton from the alcohol. The 
molecules without fluorine form an isoelectronic set, each molecule containing 18 
electrons while the fluorinated molecules all contain 42 electrons. In the latter 
series of molecules we will examine the effect of fluorine substitution on the elec- 
tronic structures of these molecules. Experimentally, fluorine is known to alter both 
the physical and chemical properties of organic compounds in unusual and inter- 
esting ways [ 16]. A simple example of the unusual effect of fluorine substitution in 
methanes is the shortening of the C-F bond distance as one proceeds from CH3F 
(1.385 ~) to CF4 (1.328 A). A number of rationalizations [16] have been advanced 
for this trend, the most popular, but not necessarily the best, is the fluorine hyper- 
conjugation or double bond - no bond theory of resonance [17] : 

F F 
I + I 

F - - C - - F  ~ F ~ C  F" *-~ etc. 
I I 
F F 

Hine [ 18] has suggested that each C-F bond is increased in stability by 3.2 kcal/mol 
for each resonance form available to it. Streitwieser [19], on the other hand, argues 
against fluorine hyperconjugation since he finds the bicyclic molecule 

F2 

F ~  F2 

~i I~ F~ 
to be more acidic than (CF 3 )3 C-H. 

Because of Bredt's rule the double bond resonance structures arising from fluorine 
hyperconjugation cannot form at the bridgehead position and the acidity is simply 
explained by the inductive effect of fluorine [19]. 

The effect of fluorine on the structure of the amine oxides is well known experi- 
mentally [20]. While the trialkylamine oxides are salt-like in character, trifluora- 
mine oxide has the properties of a covalent substance. Spectroscopic studies [21] 
suggest the molecule has close to a tetrahedral structure (C3v) with a very short 
N-O bond as revealed by electron diffraction studies [22]. Christie et al. [23] have 
recently analyzed the vibrational spectrum of the isoelectronic CF30-  species and 
assigned it a pseudo-tetrahedral structure of C3~ symmetry. The vibrational fre- 
quencies for these two isoelectronic molecules were quite similar so that Christie 
et al. [23] suggested that the electronic structure of F3NO and F3CO- should be 
rather similar. 



Several Species of the Formula X3YO and X3YOH 41 

Although F3CO- is known [24], it cannot be prepared conventionally from the 
parent alcohol since trifluoromethanol is unknown and is thought to be incapable 
of existence due to the ease of elimination of HF in compounds having a fluorine 
atom in a position e to an hydroxyl group. 

It is our desire, with the aid of ab initio molecular orbital theory, to shed further 
light on the electronic structures of these interesting molecules. 

2. Calculations 

All of the calculations reported in this paper are of the SCF-LCAO-MO type with 
no empirical parameters being utilized. The majority of the computations were 
performed using the single determinant theory of the GAUSSIAN 70 series of 
programs [25]. The basis sets we have employed are described as follows : 
Minimal. The smallest basis set used is STO-3G [ 12] where each STO was expanded 
as a linear combination of three Gaussians. 
Extended. In the split-shell basis two functions, an inner and an outer part, are used 
for each valence shell orbital. We used the 4-31G basis [13] which is comparable to 
double zeta [26] in accuracy. Typical discrepancies between optimized geometries 
at this level of theory and experiment are 0.01 A, bond distances and 40 for bond 
angles. Complete geometry optimizations on the molecules considered in this study 
have been carried out using both the minimal STO-3G basis and the extended 
4-31G basis. 
Extended and Polarization. We have improved the 4-31G basis by adding a set of 
five pure d-type functions with an exponent, of 0.8, a value suggested by Pople and 
Hariharan based on optimization studies [27]. The d-orbitals were only admitted 
to the central atom (C or N). We refer to this basis as the 4-31G(d) basis and we 
have only carried out optimizations of the C~O or N-O bond leaving the other 
geometric parameters fixed at their optimized values found using 4-31G theory. 
The calculations using the 4-31G(d) basis set were carried out using the POLY- 
ATOM program [28]. For the 42 electron fluorine oxides the full basis set consists 
of 106 primitive Gaussians, contracted to 51 basis functions. 

3. Results and Discussion 

3.1. Geometries 

Table 1 compares the results of the geometry optimization studies for the six 
molecules studied, with experimental data where available. The first four oxides in 
the table are predicted to be pseudo-tetrahedral having C3v symmetries. The two 
alcohols are predicted to have a C S geometry with the staggered conformations be- 
ing favored (1-2 kcal/mol) over the eclipsed form. 

H3NO: ][3oth the minimal STO-3G and the extended 4-31G basis predicts a rather 
long N-O bond distance (1.58 A [10] and 1.54 A_, respectively). An even longer 
bond length (1.69 A) was predicted by Hart [29] using a minimal basis set of 
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Table  1. G e o m e t r y  pred ic t ions  vs basis sets for  X 3 Y O  and  X 3 Y O H  

J. F. Olsen and  J. M. Howe l l  

Ene rgy  

Molecu le  Basis rCwo) a F(x_y) a rr a 0(OYX) b ~(YOH) b (har t rees)  

S T O - 3 G  1.58 1.038 - -  112.8 - -  - 129.1697 

H 3 N O  4-31G 1.543 1.00 - -  108 - -  - 130.7601 

4-31G(d)  1.45 1.00 - -  108 - -  - 130.7830 

S T O - 3 G  1.363 1.122 - -  115.6 - -  - 1 1 2 . 7 0 5 5  

H 3 C O -  4 -31G 1.36 1.12 - -  115.8 - -  - 1 1 4 . 2 1 8 5  

S T O - 3 G  1.32 1.41 - -  116 - -  - 4 2 1 . 4 6 4 4  

4 -31G 1.19 1.412 - -  117.2 - -  - -426.7287 

F 3 N O  4-31G(d)  1.16 1.41 - -  116 - -  - 4 2 6 . 8 1 6 9  

Expt ' l .  1.16 1.432 - -  117.1 - -  - -  

S T O - 3 G  1.276 1.423 - -  117.0 - -  - 405.2064 

F 3 C O -  4 -31G 1.233 1.417 - -  116.7 - -  - 4 1 0 . 5 6 9 0  

4-31G(d)  1.210 1.417 - -  116.7 - -  - 4 1 0 . 6 4 0 7  

S T O - 3 G  1.432 1.094 0.991 110.8 103.3 - 113.5486 
H 3 C O H  Expt ' l .  1.434 (1.09) ~ 0.94 109.5 105.9 - -  

S T O - 3 G  1.401 1.380 0.991 110.4 104 - 4 0 5 . 9 5 7 1  
F 3 C O H  4-31G 1.346 1.347 0.947 110.9 115.6 - 4 1 1 . 0 9 8 2  

aBond dis tances in A. bBond angles in degrees.  CNot d e t e r m i n e d  exper imental ly .  

Gaussian lobe functions. The addition of polarization functions to the 4-31G basis 
shortens the N-O bond distance considerably to 1.45 A. The magnitude of the 
N ~ )  bond length reduction is similar to that found for hypervalent molecules [30]. 
However, the total energy lowering due to the inclusion of d-orbitals is only 0.023 
hartrees whereas the energy lowering in hypervalent molecules is usually an order 
of magnitude larger than that found for H3NO. The N-O potential curve of 
ammonia oxide is found to be rather fiat; for example, structures with N-O bond 
distances of 1.39 A and 1.59 A are only 1.2 and 1.3 kcal/mol, respectively, higher 
in energy than the minimum energy 4-31G(d) geometry. We note from the results 
of Table 1, that the optimized N ~  bond distance in H3NO is strongly basis set de- 
pendent. The optimized N - H  bond distances reported in Table 1 are in good agree- 
ment with each other and are close to the experimental value found in ammonia. 
The ONH pyramidal angle is seen to be close to the tetrahedral value (4-31G basis). 

Although HaNO is predicted to be thermodynamically bound it is unstable with 
respect to its tautomeric form, hydroxylamine, H2NOH. 4-31G theory predicts 
hydroxylamine to be 19 kcal/mol more stable than H3NO. Hart 1-29] finds a dif- 
ference of 30 kcal/mol, while Trindle and Shillady 1-31] using STO-4G theory find a 
much larger difference of 114 kcal/mol. These latter authors also conclude that 
H3NO should enjoy kinetic stability since the barrier to rearrangement to HzNOH 
was found to be considerable. 

H 3 C O -  : Both the minimal and extended basis set calculations give essentially the 
same optimized structure: [r(co)= 1.36 ,~ and r(c m = 1.12 A]. Methoxide ion is 



Several Species of the Formula X3YO and X3YOH 43 

predicted to be considerably more pyramidal than both H3NO and methanol. 
Compared to the corresponding bonds in methanol, the C-H bond is longer and 
the C-O bond is shorter. These bond length variations are consistent with the higher 
energy of the oxygen lone pairs in CH30-  with a resultant greater donation into 
the C-Ho-* orbitals of appropriate symmetry. Thus, the electron populations in the 
2py AO for H3NO, CH3OH and CH30-  is 1.99, 1.97 and 1.90e-, respectively, 
while the corresponding NO(CO)re overlap populations are 0.003, 0.016 and 
0.084e-, respectively. The longer C-H bonds in methoxide relative to methanol, 
allows for a larger H-H separation resulting in a more pyramidal methyl group. 

FaNO: The computed bond lengths Jr(No) = 1.33 A (STO-3G), 1.19 A (4-31G), and 
1.16 A (4-31G(d)) and r(Nv)= 1.41 A (STO-3G) and 1.41 A (4-31G)] reveal that 
the minimal basis set results for the N~O bond distance deviate considerably from 
experiment [22] (1.156 A). Significant improvement is obtained at the 4-31G level 
while the admission of d-orbitals to the basis has only a modest effect on improving 
the 4-31G results. Both minimal and extended basis sets predict an N-F distance 
slightly shorter than the experimental value [22]. The ONF pyramidal angle is 
reproduced well at all levels of theory. Recent calculations by Collins et al. [32], 
on the valence isoelectronic FsPO molecule showed behavior similar to that found 
here with the important exception that the long P43 distance predicted using the 
minimal basis set is only moderately improved upon going to the extended 44-31G 
basis. Only when polarization functions are incorporated into the basis (STO- 
3G(d)) in our notation or STO-3G* in Collins [32] however is there agreement 
with experiment. This is perhaps not too unexpected since d-orbitals would be 
expected to play a more important role in phosphorus compounds than in nitrogen 
compounds. We will return to the function of d-orbitals in F3NO in Sect. 3.2. 

F3CO- : The optimized bond lengths [r co,= 1 28 A (STO-3G), 1.23 A (4-31G) ( / �9 

and 1.21 A (4-31G(d)) and r(c~= 1.42 A (minimal and extended)] together with 
the optimized pyramidal angle of about 117 ~ indicate that the geometric structure 
of this anion is rather similar to that of the isoelectronic trifluoramine oxide con- 
sistent with the observations of Christie, et al. [23]. It is interesting to note that the 
4-31G theory predicts essentially identical B-F, C-F and N-F bond distances in 
the isoelectronic species BF2, CF30-  and NF30. Radom [151 finds BF 2 to have a 
B-F distance of 1.416 A in good agreement with experimental values [33] for this 
parameter. The effect of including d-orbitals in the basis set is similar to that found 
for FsNO and results in only a modest decrease in the C-O bond distance. The 
total energy lowering due to the inclusion of d-orbitals for the fluorine oxides is 
larger than for the ammonia oxide molecule being 0.072 hartrees for F3CO- and 
0.088 hartrees for F3NO. However, these energy lowerings are not of the magnitude 
expected for significant d-orbital participation [32]. 

H3COH: The minimal basis set calculations give rise to geometric parameters in 
good agreement with experiment [343 and previous ab initio results 1-35]. 

F3COtt : The optimized bond lengths [r~co) = 1.40 A (STO-3G), 1.35 A (4-31 G) ; 
r(cv)=l.38A (STO-3G), 1.35A (4-31G); r(om=0.99A, (STO-3G) 0.95A 
(4-31G)] show that use of the extended basis set yields shorter bond lengths than 
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the minimal basis. Using the 4-31G basis set results in a C~)  bond length reduction 
of 0.08 A compared to the corresponding bond in methanol. The C-F bond is 
seen to be considerably shorter than the corresponding bond in CFaO- and is pre- 
dicted to be only slightly longer than the C-F bond distance found [16] in CF4 
(1.32 A) or the C-F bond distance in CFsSH (1.335 A) [36]. The bond shortening 
as a result of fluorine substitution is due in part [16] to a contraction of the carbon 
valence orbitals as found by Pople et al. [-373 where the optimized carbon exponent 
changed from 1.76 in C H  4 to 1.84 in C F  4 . 

As far as the angles are concerned we find for the pyramidal OCF angle a value of 
110 ~ (STO-3G and 4-31G). 

However, the HOC angle is seen to be rather different according to the two basis 
sets: 104 ~ (STO-3G) and 116 ~ (4-31G). With the exception of the OH bond distance 
and the HOC bond angle the 4-31G geometric parameters presented in Table 1 are 
consistent with an earlier INDO calculation on this molecule [38]. INDO finds a 
rather long OH bond distance (1.04 A) with a rather "normal" HOC bond angle of 
107 ~ The long OH bond distance found by the INDO method is suggestive of the 
weakness of this bond and offers a possible reason for the non-existence of F3COH. 
Bearing in mind the known inadequacies [26] of simple SCF methods when applied 
to chemical reactions we have nevertheless gone ahead and performed STO-3G 
and 4-31G optimizations on HF and FzCO, the expected products from the decom- 
position of CFaOH. According to minimal basis set theory the alcohol is predicted 
to be ~ 42 kcal/mol more stable than the products of decomposition while 4-31G 
theory reduces this value to ~20 kcal/mol. Correlation effects could of course 
reverse the stabilities but it appears that F3COH should be capable of existence. 
The atomization energy of CF3OH (294.7 kcal/mol) is not much different from that 
of methanol (331 kcal/mol) at the 4-31G level. The atomization energies were ob- 
tained by subtracting the molecular energy of the separated isolated atoms [13]. 
The energy for the isodesmic reaction 

CF3OH+ 3CH 4 -~ CH3OH+ 3CH3 F 

is computed to be + 48 kcal/mol. This compares favorably with the value computed 
for the reaction C F 4 + 3 C H 4 ~  4CHsF (47.5kcal/mol). Experimentally [39], 
heptafluorocyclobutanol, for instance, has been prepared and isolated from the 
reaction of hexafluorocyclobutanone and HF. The arguments presented herein 
are in &~ ~'or of the existence of CFsOH. 

3.2. Electronic Structures 

According to extended basis set calculations (4-31G, 4-31G(d)) the ground state 
for the isoelectronic species ammonia oxide and methoxide ion corresponds to the 
electronic configuration: 

2 2 2 2 4 2 4 la12a13a14alle 5a~2e : (1A1). 

The corresponding ground state electronic configuration for FsNO is 
2 4 2 2 2 4 2 2 4- 2 4 2 2 4 4 lalle 2a,3a14a~2e 5at6a13e 7a14e 8a~la25e 6e :(1A1). 
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Isoelectronic F3CO- is predicted to have a ground state configuration similar to 
that given above with the single exception of an inversion in the 8al and 5e levels. 
Consistent with previous calculations on anions [14, 15], we find the highest occu- 
pied level (2e in C H 3 0 -  or 6e in CFaO-)  to be unbound if the minimal STO-3G 
basis is used. Use of the more flexible extended basis however, brings the highest 
occupied orbitals in these anions into binding range. 

Before proceeding further we present in Scheme I an interaction diagram for the 
interplay of the oxygen lone pairs with N-F  (C-F)a and a* bonds as well as the d- 
orbitals on the nitrogen (carbon). Donation into the nominally empty a* and 
d-orbitals is a stabilizing interaction which will increase the strength of the N-O 
(C-O) bond and allow for charge drift towards the nitrogen (carbon). Electro- 
negative substituents such as fluorine will lower the energy of the a* orbitals and 
polarize them so as to favor interaction with the adjacent oxygen lone pairs. 
Additionally, such substituents will have the effect of decreasing the energy of the 
d-orbitals making them also more available for accepting electron density. 

Scheme I 

In Table 2 we summarize the results of a Mulliken population analysis [40] for the 
six optimized species presented in Table 1. We compare gross charges, overlap 
populations, and dipole moments as computed using STO-3G and 4-31G wave- 
functions in Table 2. Perhaps the most glaring feature of Table 2 is the large 
charge polarization upon going from the minimal basis to the extended 4-31G 
basis set. This charge polarization is also reflected in the dipole moments as ob- 
tained for the 4-31G basis set relative to the STO-3G (the 4-31G dipole moment 
for methanol is 2.36D). The 4-31G dipole moments are also seen to be substantially 
larger than the experimental moments, an observation noted previously by Pople, 
et al. [7]. 

The large dipole moment in H3NO and the low N-O overlap population (the nega- 
tive overlap population recorded in Table 2 for the 4-31G basis occasionally is 
encountered and not much meaning should be attached to it) both speak for a 
classical N~O dative bond (H aN +-O -) with little back-bonding of the oxygen lone 
pairs. The STO-3G overlap population of 0.12 for the NO bond in H3NO is only 
slightly (using equal N-O bond lengths) less than the corresponding N-O overlap 
population (0.16) in (CH 3 )3 NO. 

In methoxide ion the charge is more localized on the oxygen according to extended 
basis set calculations, whereas the minimal basis set results spreads the negative 
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Table 2. STO-3G and 4-31G populat ion analysis for X3YO and X3YOH (optimized forms) 

Gross  charges Overlaps 
Molecule Basis Qx Qr Q0 Qn XO X-Y O-H /z c 

STO-3G +0.24  --0.38 - 0 . 3 3  - -  0.12 0.68 - -  4.29 
H3NO 4-31G +0.39  - 0 . 6 7  - 0 . 4 8  - -  - 0 . 1 5  0.61 - -  5.38 

STO-3G -0.10 -0.05 -0.65 - -  0.54 0.67 - -  - -  
H3CO- 4-31G -0.04 +0.06 -0.95 - -  0.61 0.64 - -  - -  

STO-3G -0.01 +0.32 -0.28 - -  0.37 0.28 - -  2.20 
F3NO 4-31G --0.19 +0.86 -0.28 --  0.20 0.12 - -  0.51 a 

STO-3G -0.29 +0.45 -0.58 - -  0.73 0.35 - -  - -  
F3CO- 4-31G -0.51 1.29 -0.77 - -  0.88 0.29 - -  - -  

H3COH STO-3G +0.06 a -0.06 -0.29 +0.17 0.50 0.75 a 0.51 1.48 r 

STO-3G -0.15 b +0.52 -0.28 +0.22 0.51 0.41 b 0.51 1.79 
F3COH 4-31G -0.39 + 1.42 -0.72 +0.46 0.44 0.43 0.52 2.67 

~The three hydrogen charges and three C - H  bonds were averaged to a single value. 
bThe three fluorine charges and three C-F bonds were averaged. 
CDipole moment in Debyes. 
aExperimental value 0.04D: Kirchhoff, W. H., Lide, D. R.: J. Chem. Phys. 51,467 (1969). 
eExperimental value= 1.69D (Ref. [7], p. 15). 

charge more onto the hydrogens. Comparing methoxide with methanol in the 
STO-3G basis we see, using overlaps as a criterion of bond strength, that the C-O 
bond is stronger while the C - H  bond is weaker in the anion. This results from the 
higher energy of  the lone pair electrons in C H 3 0 -  interacting more effectively with 
the C-Ha*  orbitals leading to a stronger C-O and a weaker C - H  bond. 

Comparing methanol with trifluoromethanol in the STO-3G basis reveals that the 
C-O and O - H  bonds are predicted to be virtually identical based on overlaps and 
that the gross charges on the oxygen in these alcohols is also seen to be practically 
identical. The hydroxylic proton is predicted to be more positive and thus more 
acidic in CF 3 OH as might be anticipated. The C-F  bond in trifluoromethanol is 
predicted to have the same overlap population as the C-F  bond in carbonyl 
fluoride (C-F  bond distance is 1.42 A in CF20).  The geometric parameters pre- 
sented in Table 1 and the population analysis presented in Table 2 save perhaps the 
large positive charge on carbon indicate nothing unusual about the bonding in 
CF 3 OH nor do we find any indications for its apparent instability. 

For  F3NO experimental [21, 22] indications are that the NO bond is exceedingly 
short with a rather high IR stretching frequency (1690 c m -  i). The N - F  bonds, on 
the other hand, are observed to be rather long. Christie, et al. [23] have recently 
obtained the IR and Raman spectra of  F3 C O -  with the finding that the vibrational 
spectra of this anion closely resembles the vibrational spectra of the isoelectronic 
F3NO molecule. Frost et al. [41] concluded that calculations on F3NO and 
related molecules will probably need the addition ofd-orbitals in the basis. In order 
to examine the electronic structures of  the isoelectronic species F3NO and F3CO - 
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in more detail we present in Table 3 the results of a Mulliken population analysis, 
of the 4-31G(d) wavefunctions. 

The lal-3a~ levels are the core orbitals, while the remaining sixteen filled valence 
orbitals describe the bonding in these molecules as well as the lone pair orbitals on 
oxygen and fluorine. The 5a~ orbital and to a lesser extent 8a~ orbital constitute 
the N-O (C-O) sigma bonding in these fluorine oxides. The C~)  total overlap 
population is seen to be considerably larger than the N-O overlap population. An 
examination of the individual molecular orbitals of Table 3 reveals this difference 
in magnitude of total overlaps is primarily due to a substantial reduction in the 
C~O antibonding interactions present in the 6al and 7at molecular orbitals. The 
larger absolute magnitude of the C-O overlap population compared to the N-O 
overlap population can also be rationalized by the interaction diagram presented 
in Scheme II, where we show the interaction between the lone pair orbital on 

2P z 

:CF 3 0 :NF 3 

Scheme II 

:CF 3 (:NF 3 ) with the acceptor orbital of the valence state of the oxygen atom. Not 
only is the 6al lone pair (n) orbital of :CFj much closer in energy to the oxygen 
acceptor orbital, but the carbon atomic orbital coefficients in this MO are larger 
than the corresponding nitrogen AO coefficients in the 6a 1 MO ofNF a . Both these 
factors favor a stronger C-O bond. According to 4-31G calculations there is a 
transfer of 0.75e- from NF 3 to oxygen in the a system and 0.65e- back-donated 
when one compares F3N with F3NO. The corresponding quantities for the 
F3C:- -F3CO- pair are 1.10e- (a) and 0.50e- (n). 

The effect of including d-orbitals in the basis set can be seen by comparing the total 
population values presented at the bottom of Table 3 where the parenthetic values 
refer to the without dcalculations. There is seen to be a remolding of electron density 
with a drift of electronic charge from oxygen towards nitrogen (carbon) giving rise 
to a less extreme charge distribution and a strengthening of both the N-O (C-O) 
and N-F (C-F) bonds. The effect of adding d-orbitals to the basis appears to be 
more important for the F3NO molecule where the inclusion of d-orbitals in the 
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basis is seen to double the N-O overlap population while for F3CO- there is only 
a 19% increase in the C-O overlap population. The 3d carbon-oxygen overlap 
contributes 0.187 to the total (2-0 overlap population. The d-orbitals make their 
presence felt to the greatest extent in the degenerate pair of  6e-orbitals. The 6e- 
orbitals are largely oxygen lone pair orbitals with some N~O (C-O)~ bonding. For 
F3NO, the N-Ore bond is essentially 50% p - p  and 50% p-d. In C F 3 0 - ,  however, 
the C-Ore bond is largely (75%) a p - p  bond. Of the 4.976e on carbon, 0.243e are in 
d-orbitals or about 5~o of the carbon electron population is due to occupancy of 
d-orbitals. The occupancy of the d-orbitals in F3NO is 0.3e which is also about 5%. 

The 4-31G overlap population of the C-O bond in F 3 CO- is predicted to be about 
90% of the C--O overlap population in FzCO, where a formal C=O double bond is 
expected. A similar calculation reveals the N-O bond in F3NO is about 80% of the 
N-O overlap population in F 2 NO § and 65% of the value in FNO using the equal 
bond length approximation. This is consistent with the IR analysis of Fox et al. 
[21b], where they find the NO stretching frequency in F3NO to be closer to that of 
the N=O double bond in FNO than to that of the nonfluorinated amine oxides. 
They find the N-O bond in F3NO to possess 75% double bond character. The mass 
spectral cracking pattern for F3NO also reveals a much stronger N-O bond com- 
pared to the N-F  bond 1-42]. The overlap populations presented in Table 3 are 
consistent with these observations. 
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