
6338 Journal of the American Chemical Society / 100:20 / September 27, 1978 

Acknowledgment. The authors would like to thank the do­
nors of the Petroleum Research Fund, administered by the 
American Chemical Society, and the Robert A. Welch 
Foundation for support of this research. 

References and Notes 

(1) A. D. Walsh, J. Chem. Soc, 2260, 2266, 2288, 2296, 2306 (1953). 
(2) R. J. Gillespie and R. S. Nyholm, Q. Rev., Chem. Soc, 11, 339 (1957); R. 

J. Gillespie, Angew. Chem., Int. Ed. Engl., 6, 819 (1967). 
(3) R. J. Buenker and S. P. Peyerimhoff, Chem. Rev., 74, 127 (1974). 
(4) J. E. Lennard-Jones, J. Chem. Phys., 20, 1024 (1952). 
(5) H. B. Thompson, J. Am. Chem. Soc, 97, 5293 (1975). 
(6) L. C. Allen, Theor. Chim. Acta 24, 117 (1972). 
(7) L. S. Bartell and V. Plato, J. Am. Chem. Soc, 95, 3097 (1973). 
(8) G. W. Schnuelle and R. G. Parr, J. Am. Chem. Soc, 94, 8974 (1972). 
(9) H. Nakatsuji, J. Am. Chem. Soc, 95, 345, 354, 2084 (1973). 

(10) C. Trindle and L. C. Weiss, J. Phys. Chem., 79, 2435 (1975). 
(11) C. A. Naleway and M. E. Schwartz, J. Am. Chem. Soc, 95, 8235 

(1973). 
(12) R. F. W. Bader and H. J. T. Preston, Can. J. Chem., 44, 1131 (1966). 
(13) J. L. Bills and R. L. Snow, J. Am. Chem. Soc, 97, 6340 (1975). 

The structure of nitromethyl anion is of considerable in­
terest since substituent effects on equilibria involving the anion 
suggest a planar, delocalized structure,2a while kinetic sub­
stituent effects have been interpreted to indicate that a py­
ramidal carbanion may exist as an intermediate in solution 
proton transfer reactions of nitroalkanes.2b In this paper we 
report ab initio SCF MO calculations on nitromethyl anion and 
nitromethane and examine a portion of the potential surface 
for distorting a planar nitromethyl anion to a pyramidal 
structure with HCH and HCN angles similar to nitromethane. 
The optimized geometries and calculated energies of nitro­
methane and the planar and pyramidal anions are presented 
in Table I. 

I. Calculated Energy and Geometry of Planar Nitromethyl 
Anion 

The calculations were performed using the program GAUSS 
703 and a 4.31 basis set.4 As a starting point, a planar geometry 
was assumed with 7?NO (N-O bond length) = 1.228 A, i?c-N 
= 1.397 A, Rc-H= 1.09 A, Z H C H = 1 2 3 ° , / O N O = 121°. 
These parameters were those found by Murrell, Vidal, and 
Guest5 (hereafter referred to as MVG) from a minimum basis 
set calculation for the planar anion. 

The C-H bond lengths were fixed at 1.09 A, while i?cN and 
J?NO were optimized sequentially. After 7?CN w a s readjusted, 
the ONO and HCH angles were varied, followed by reoptim-
ization of 7?NO and /?CN- The final geometry parameters and 

(14) H. H. Schmidtke and H. Preuss, Z. Naturforsch. A, 16, 790 (1961); H. H. 
Schmidtke, ibid., 17, 121 (1962); 18, 496 (1963). 

(15) The Stater-type orbitals were expanded in tour Gaussian type functions 
according to R. F. Stewart, J. Chem. Phys., 52, 431 (1970). 

(16) M. Levy, T. Nee, and R. G. Parr, J. Chem. Phys., 63, 316 (1975). 
(17) E. Clementi and D. L. Raimondi, J. Chem. Phys., 38, 2686 (1963). 
(18) P. O. Lowdin, J. Chem. Phys., 18, 365 (1950). 
(19) D. W. Marquardt, J. Soc. Ind. Appl. Math., 11, 431 (1963). 
(20) POLYATOM (in, QCPE Program No. 199, Indiana University, Bloomington, 

Ind. 
(21) W. J. Hunt, P. J. Hay, and W. A. Goddard III, J. Chem. Phys., 57, 738 

(1972). 
(22) M. Klessinger, Chem. Phys. Lett., 4, 144 (1969). 
(23) H. Nakatsuji, J. Am. Chem. Soc, 96, 24, 30 (1974). 
(24) D. M. Chipman, B. Kirtman, and W. E. Palke, J. Chem. Phys., 65, 2556 

(1976). 
(25) L. Pauling, "The Nature of the Chemical Bond", 3rd ed, Cornell University 

Press, Ithaca, N.Y., 1960, p 120; C. A. Coulson, "Valence", 2nd ed, Oxford 
University Press, London, 1961, pp 163, 179, 221. 

(26) J. I. Musher, Angew. Chem., Int. Ed. Engl., 8, 54 (1969). 
(27) J. Jarvie, W. Willson, J. Doolittle, and C. Edmiston, J. Chem. Phys., 59,3020 

(1973). 
(28) P. A. Christiansen and W. E. Palke, J. Chem. Phys., 67, 57 (1977). 
(29) M. B. Hall, lnorg. Chem., 17, 2261 (1978). 

energy were found to be i?cN = 1.286 A, /?NO = 1.314 A, 
/ H C H = 123°, / O N O = 119°, energy = -242.691 894 au. 
Further variations of RCKI, RNO, / H C H , and / O N O indicate 
that the bond lengths and angles have been optimized to 
±0.005 A and ±0.5°, respectively, while the energy is esti­
mated (parabolic interpolation) to be less than 4 X 10 - 5 au 
from the minimum. The structure we derive for the planar 
anion has bond lengths much closer to typical C = N and N - O 
bonds than the MVG structure. For example, RCN for for-
maldoxime is 1.276 A24 compared to 1.286 A calculated for 
the planar anion, while the MVG value of /?CN = 1-397 is 
significantly closer to that for nitromethane (1.489 A).23 The 
N - O bonds follow a similar pattern as seen in Table I. / ?NO 
for formaldoxime is 1.408 A24 which compares to 7?NO = 1-314 
A calculated for the planar anion, 7?NO = 1 -224 A measured 
for nitromethane,23 and 7?NO = 1-228 A calculated by MVG 
for planar anion. The 4.31 results on the optimized structure 
suggest that nitromethyl anion is related more closely to aci-
nitromethane than to nitromethane itself. It is in this regard 
a much more reasonable structure than that calculated by 
MVG. 

Kresge and Csizmadia have reported 3-G calculations on 
nitromethyl anion and a 4.31 calculation at the optimized 
minimum basis set (3G) geometries.13 The latter calculation 
is included in Table I. The optimized 3-G geometry of the 
planar anion is comparable to that found by MVG and differs 
substantially from the optimized structure calculated with the 
4.31 basis set. 
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Table I. Energies-^ and Geometries of Nitromethyl Anion and Nitromethane 

#CN, A 
R-HO, A 
ZHCH, deg 
ZONO, deg 
ZHCN, deg 
E 

planar anion 
(4.31 optimized) 

1.286 
1.314 
123 
119 

118.5 
-242.691 894 

planar anion 
(MVG optimized) 

1.397 
1.228 
123 
121 

118.5 
-242.662 62 (MVG) 
-242.674 19(4.31)" 

planar anion 
(4.31 at3G 
geometry) 

1.350 
1.337 
121.74 
119.30 
119.13 

-242.687 257* 

pyramidal anion 
(4.31 optimized) 

1.349 
1.281 

112 (fixed) 
121 (fixed) 
107 (fixed) 

-242.671 715 

pyramidal anion 
(MVG) 

1.451 
1.228 
112 
121 
107 

-242.657 47 

nitromethane 
(4.31) 

1.451 
1.228 
112 
121 
107 

-243.272 062 (4.31)c 

-243.259 04 (MVG)rf 

-243.263 034 (ref 13)* 

" 4.31 calculation at MVG geometry. * 4.31 basis set using optimized geometries for 3-G basis set (ref 13). c This geometry is marginally 
different from experiment (ref 23): RCs = 1.489 A,/?N O = 1.224 A, ZHCN = 107.2°, ZONO= 125.3°. d MVG used geometry of ref 23 as 
in footnote c (vide supra). e Geometry given in ref 13. f Professor E. R. Davidson has informed us that the energy of the nitromethyl anion 
is more negative than the energy of the corresponding radical (private communication). 

Table II. Atomic and Molecular Energies Calculated with Pople's 4.31 Basis vs. Clementi's STO Basis 

C(3P) N(4S) 0(3P) F(2P) H2O CH3F H2CO CH3 

-37.636 918 -54.327 925 -74.705 481 -99.265 481 
-37.686 677« -54.397 873« -74.804 180« -99.401164« 

-75.903 24 -138.858 86 -113.69171 -39.503 92 4.3118 

-76.005 7419 -139.010 0620 -113.796821 -39.547122 STODZ6 

II. Comparison of 4.31 G and MVG Basis Sets for the 
Planar Anion 

It is noteworthy that the energy calculated using the 4.31 
basis set is significantly lower than that calculated by MVG 
using a larger basis set.5 MVG5 employ a 3-Gaussian expan­
sion for each valence STO of Clementi's STO double f basis 
set6 and a 6-Gaussian expansion for the heavy atom Is shells 
which are kept at the single-f basis. At the MVG geometry, 
their calculated energy of the planar anion using the Gaussian 
double f basis set is —242.662 62 au, while at the same ge­
ometry the 4.31 basis set gives -242.674 19 au; the 4.31 basis 
set yields a lower energy of over 1O-2 au (30kJ/mol). This is 
a significant difference since MVG uses 108 Gaussians to 
represent the valence orbitals of nitromethyl anion, whereas 
the 4.31 basis gives its lower energy with only 72 Gaussians. 
This result is the more interesting since Clementi's DZ Slater 
basis set is generally superior to the 4.31 basis in both atomic 
and molecular calculations (Table II) and might give lower 
energies for the nitromethyl anion and nitromethane as 
well. 

The MVG calculation employs a single contraction of 6 
Gaussians to represent the core of each heavy atom, instead 
of a single contraction of 4 Gaussians as in the 4.31 basis. Since 
the core molecular orbitals will be similar to the core basis 
functions, the MVG basis set probably gives a better descrip­
tion of the 1 s shells than the 4.31 basis. However, since the total 
energy is lower for the 4.31, the description of the valence re­
gions (and chemically important energy differences) may be 
significantly better than the lower energy of 1O-2 au would 
indicate. The primary reason for this apparent anomaly may 
lie in the fact that Pople's 4.31 basis set uses Gaussian functions 
chosen to minimize the energy in atomic and molecular cal­
culations,4 whereas the MVG Gaussians were selected to 
mimic the Slater functions in Clementi's DZ-STO basis set. 
Apparently, more of the flexibility necessary for describing 
valence orbitals has been lost in the MVG procedure for con­
structing a basis set than in Pople's procedure where the 
Gaussian functions and the contraction scheme are optimized 
specifically for molecular calculations. 

The present comparison of basis sets, together with the re­
sults in Table II, suggest that the apparently common prac­
tice7-11 of replacing STOs with Gaussian approximations may 
lead to worse results than would be obtained by using a fewer 
number of well-chosen Gaussian orbitals in molecular calcu­
lations.4 Such an outcome could have been anticipated from 

the prior results of Dunning,12a Pople,12b Veillard,12c and 
others. 

III. Calculated Energy and Geometry of Pyramidal 
Nitromethyl Anion 

Calculations on the pyramidal form of nitromethyl anion 
followed the same course taken for the planar geometry. Using 
the MVG geometry (RNO = 1 -228 A, RCH - 1 -09 A, 7?CN = 
1.451 A, ZHCH= 112°,ZONO= 121°,/HCN= 107°),i?CN 
was optimized followed by R^o, to give the following energy 
and bond lengths: E = -242.671 715 au, /?N O =1.281 A, J?CN 
= 1.349 A. By varying /?CN at this geometry and by parabolic 
interpolation, it was estimated that /?CN is within ±0.02 A 
from the minimum, and that the calculated energy for the 
above geometry (fixed bond angles) is not further than 5 X 
1O-4 au from the minimum. 

When ZHCH was changed14 to 109.47°, the energy in­
creased, and as ZHCH was varied to 115°, the energy de­
creased. No minimum could be found for the pyramidal 
structure with respect to deformation of the HCH angle. The 
energy for the pyramidal structure with ZHCH, ZHCN, 
ZONO characteristic of nitromethane and optimized C-N and 
N-O bond lengths is about 53 kJ/mol (12.7 kcal/mol) higher 
than our energy for the optimized planar structure (Table I), 
while the MVG energy difference is only 13.5 kJ/mol (3.2 
kcal/mol) for their optimized structures. It is noteworthy that 
the calculated proton affinity of the pyramidal structure is 
nearly identical in both basis sets, while that for the planar 
structure indicates that the planar anion is substantially more 
stable relative to nitromethane in the 4.31 basis compared to 
the MVG basis. The pattern emerging from the three struc­
tures in Table II suggests that the MVG basis lacks some of 
the flexibility necessary for an adequate description of the 
valence orbitals in molecules, and that this lack of flexibility 
is most apparent for more delocalized structures. 

The present calculations suggest that the planar anion is 
substantially favored over the pyramidal form and that there 
is no potential barrier blocking the conversion of the pyramidal 
structure to the planar one. However, the extension of this 
conclusion to the proton transfer reactions of nitroalkanes in 
solution is not yet clear, since the addition of solvent and/or 
cation could result in a kinetic barrier separating a pyramidal 
structure and the planar counterpart. This question is currently 
under investigation. 
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Table III. Experimental and Calculated0 Ionization Potentials of 
Nitromethane (eV) 

4.31 

11.98 

13.38 

13.61 
16.57 

17.03 
19.86 
20.52 
20.68 
23.57 
30.94 
38.44 
44.53 

(Ia2Tr) 

(5b2n) 

(8a,n) 
(2D1TT) 

(4b2)CH 
(3b2)a 
(Ib1TT) 
(7a,n) 
(6a,) 
(5a,) 
(2b2) 
(4a.) 

" Koopmans' theorem. 

MV basis5 

12.19 

13.47 

13.72 
16.90 

17.28 
19.90 
20.73 
20.89 
23.85 
30.74 
38.73 
44.61 

(Ia2Tr) 

(8a,n) 

(5b2n) 
( 2 M ) 

(4b2) 
(3b2) 
(Ib1TT) 
(7a,) 
(6a,) 
(5a,) 
(2b2) 
(4a,) 

exp16 

11.32 

11.73 

14.73 

15.75 
17.45 
19.1 

exp17 

11.5 

(15) 

17.5 

20.4 
26.5 
33.4 
37.0 
42.0 

IV. Comparison of 4.31 and MVG Orbital Energies for 
Nitromethane 

The photoelectron spectrum of nitromethane has been ex­
amined by several groups using both x-ray15 and UV tech­
niques.16,17 Assignment of the ionization potentials to molec­
ular orbitals has been made using semiempirical calculations 
as a guide, and all workers15-17 have concluded that the two 
lone pair orbitals (8ai and 5b2) are split by 3.4 eV. MVG5 have 
pointed out that this magnitude for the splitting is inconsistent 
with all published semiempirical calculations on nitromethane 
and, on the basis of their ab initio calculation of the 8aj, 5b2 
splitting (0.25 eV), have suggested that the previous assign­
ments are incorrect. 

The 4.31 calculations on nitromethane (Table III) agree 
with the small calculated 8ai, 5b2 splitting (0.23 eV) found by 
MVG, although the relative order of the 5b2 and 8ai orbitals 
is reversed. The correspondence between the remaining cal­
culated orbital energies is generally better than 0.2-0.3 eV, 
while the agreement between relative differences in the ex­
perimental and calculated ionization potentials is within 1-2 
eV for the eight highest molecular orbitals. The current as-
signments5,15"17 of the nitromethane photoelectron spectra 
would require that the calculated splitting of 8ai and 5b2 lone 
pair orbitals be in error by over 3 eV. This discrepancy would 
seem rather large5 compared to the agreement between the 
remaining experimental and calculated values, but is certainly 

within the realm of possibility. While a reassignment of the 
spectrum based on the 4.31 or MVG calculations could be 
regarded as speculative, the present results indicate that the 
current assignment could stand reexamination. 
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