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Abstract 

In the present work the dimethylamino radical ( ( CH3) 2N) and its protonated cation ( ( CH3hNH +) are investigated by means 
of ab initio methods. The geometries of various conformations of both compounds are obtained with UMP2/6·31 G** calcula
tions, while the hyperfine structure and its dependence on the geometry is studied using the MRD-Cl/BK method. The two 
molecules are compared to study the inftuence of the protonation on geometry and hyperfine structure. The effects of the rotational 
barriers on the hyperfine structures of (CH3hN, (CH3CH2hN and ( (CH3hCHhN will be discussed. 

1. Introduction 

ESR spectroscopy is a powerful tool that provides 
valuable information on the spin distribution in free 
radicals. It is based on the magnetic hyperfine interac
tion which describes the interaction between the elec
tron spin (S) and the spins of the various nuclei (IN). 
The magnetic hyperfine interaction consists of an iso
tropic pan, A110, which is proportional to the spin den
sity at the given nucleus, and an anisotropic part, which 
describes the dipole-dipole interaction between IN and 
S and has the form of a second rank tensor [ 1 ] . Since 
the interaction occurs at each nucleus with a non-van
ishing spin IN, a map of the spin distribution over the 
whole molecule can be obtained from ESR spectra. 

While the ab initio calculation of anisotropic hyper
fine coupling constants (hfcc's) is simple, a reliable 
prediction of the isotropic hfcc' s. Aiao• is still a very 
difficult task. The difficulties arise because the domi
nant contributions to Aiso are typically a mixture of 
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correlation and polarization effects, often summarized 
as "spin polarization effects" [2]. Moreover, a bal
anced description of the correlation of the inner and the 
valence shells is necessary because in many cases the 
two contributions are similar in magnitude but differ in 
sign. The RHF method is inappropriate because it 
neglects spin polarization effects completely. UHF cal
culations overestimate the magnitude of isotropic 
hfcc' s by a factor of two or more [ 2]. The use of spin 
projected.UHF calculations (UHFAA) normally yield 
in too small values. 

In configuration interaction (Cl) calculations. it is 
important to account for higher excitations [ 2-6] . In 
the multi-reference CI (MR-CI) approach, Aiso 

depends strongly on the number of reference configu
rations and, if configuration-selected MR·CI calcula
tion are performed, the number of variationally handled 
configurations is also crucial for the description of Aiso

However, using a non-selecting MR-CI approach for 
the description of Aiso is a very expensive alternative to 
the configuration selected MR-CI method, since the 
number of electrons and the number of reference con-
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figurations are very large as compared to ••standard 
problems_,. Despile all these problems ab initio cal
culations of ESR parameters are desirable because the 
interpretation of ESR parameters is doubtful if simple 
orbital models are used, due to the spin polarization 
effects. 

In recent studies [ 7-10] it has been shown that the 
configuration se1ected MR-CI approach can be used for 
reliable calculation of isotropic hfcc's if the indirect 
influence of the neglected configurations is taken into 
account perturbationally, using the modified Bx treat
ment [7, 11]. 

The present study is devoted to the dimethylamino 
radical ( CH3hN and its protonated cation 
( CH3}zNH +. It is part of our systematic investigation 
on radicals containing one nitrogen atom, such as NH2 

[ 12], H2CN [9], (CH2 )zN, (CH2)zNH+, and the 
cyclic compounds C3H6N and C3H6NH + [ 10]. The 
first investigation on the neutral compound (CH3hN 
was carried out by Hadly and VoJman [ 13] who con
cluded that the unpaired electron resides in a sp3 hybrid 
orbital, based on the large isotropic hfcc's measured 
for the nitrogen center ( 32 G). Different results were 
reported by Danen and Kensler [ 14] who observed a 
far smaller isotropic hfcc ( 14.78 G) for the nitrogen 
center. In their interpretation the nitrogen center is sp2 

hybridized and the unpaired electron occupies the nitro
gen p-orbital perpendicular to the C-N-C plane. To the 
best of our knowledge no ab initio studies for the hyper
fine structure for the neutral radical exist. 

The hfcc's in the radical cation (CH3)zNH+ were 
also measured by Danen and Richard [ 14] and the 
results were confirmed by Fessenden and Neta [ 15] . 
In both studiesAisoC 14N) is about 20 G, while the values 
of approximately 22 and 34 G are found for the a 
hydrogen and the ß hydrogens, respectively. For the 
radical cation the hfcc were also interpreted by assum
ing the sp2 hybridization ofthe nitrogen center [ 14,16]. 
In their second paper Danen et al. compared the radical 
(CH3 )zN to its protonated cation (CH3)zNH+. While 
the higher isotropic hfcc's of the ß protons (27.36 
versus 34.27 G) were attributed to hyperconjugation 
effects, the reason for the trend seen for Abo( 14N) 
( 14.78 to 19.28 G) was unclear. 

For the radical cation Bonazzola et al. [ 17] calcu
lated the hyperfine structure using UHF and UHFAA 
methods. The geometry was optimized with an UHF/ 
4-31G calculation. Their calculations confirmed the 

experimental finding as to the electronic structure but, 
as they already stated in their own study, the calculated 
isotropic hfcc's tumed outtobe too inaccurate. 

In the present work the equilibrium geometries of 
various conformations, their electronic structures and 
hyperfine structures, and the dependence of the hyper
fine structure on the geometry are investigated for 
(CH3 ) 2N and (CH3 ) 2NH+. The influence of the pro
tonation on geometry and hyperfine structure is studied. 
The influence of the rotational barriers on the hyperfine 
structures of (CH3}zN, (CH3CH2hN and 
( (CH3 )zCHhN will be addressed. 

2. Methods of calculation 

For the present investigation the AO basis sets were 
constructed based on Chipman' s studies [ 2, 18]. They 
consist of Huzinaga's (9s5p) and (4s) basis sets for 
the heavy atoms and the hydrogens, respectively, and 
were contracted to [ 4s2p] and [ 2s] [ 19]. Fora reliable 
description of the spin polarization effects each AO 
basis was augmented by diffuse functions ( one s and 
one p functions for the heavy atoms, and one s function 
for hydrogen). Bauschlieber et al. [ 20] have shown 
that the inclusion of one diffuse function saturates the 
( sp) space. Additionally one s function with a very 
high exponent was added at each center. The corre
sponding exponents are as follows: N: 0.0667, 0.0517, 
40030.9; C: 0.0479, 0.0358, 28191.9; and H: 0.0483, 
88.675 [ 18]. In addition, one d function each was 
placed at the heavy centers (N: 0.8; C: 0.7). The total 
number of the basis functions is thus 91 for 
(CH3)zNH+ and 87 for (CH3hN. 

The calculations for the hyperfine structures, using 
the configuration selected MR -CI approach and a mod
ifiedBxcorrection [7,11], wereperformedwithamod
ified version of the MRD-CI program package of 
Peyerimhoff and Buenker [ 21] using the Table CI 
algorithm [ 22]. The reference configurations in the 
calculations were selected according to two criteria. 
First. the squared coefficients of the reference config
urations shou1d be I arger than 0.001 in the final wave
functions, and secondly, their importance in the spin 
density matrix was analyzed. 

The reference spaces of the final calculations 
included 14-16 configurations. The sizes of the total 
MR -CI spaces varied between 9 and 13 million config-
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Tab1e 1 
UMP2/6-3 I G** optimized geometries and energies for the conformaöons A. Band C ofthe dimethy1aminium radical cation• and dimethylamino 
radicai· 

Confonnation (CH3hNH+ (CH3hN 

A B c A B c 

R(N-CI) 1.439 1.441 1.439 1.442 1.443 1.446 
1.439 1.441 

R(C-H1) 1.082 1.082 1.083 1.093 1.086 1.094 
1.082 1.086 

R(C-H3) 1.092 1.091 1.091 1.092 1.095 1.091 
1.091 1.095 

R(N-H7) 1.020 1.019 1.019 
LCINC2 12S.9 122.7 123.6 114.6 I 10.6 111.6 
LNCIHI 110.1 110.1 110.2 115.0 110.2 115.1 

109.9 110.5 
LNCIH3 108.3 108.3 108.4 108.7 110.9 108.6 

108.2 110.8 
LH1C1H3 111.1 110.9 111.1 108.8 108.9 108.8 

111.1 109.0 

{Sl) 0.765 ·0.765 0.765 0.762 0.761 0.761 
E+ 134.0 -0.44198 -0.44152 -0.44214 -0.07808 -0.08090 -0.07976 

• See Pigs. 1 a and 1 b for notation. Conformation C ( C,) is obtained by rotation of one CH3 group in A by 60°. Distaoces in A, angles in degrees 
and energies in hartree, 1 hartree=627.51 kcal/mol. 

urations. The number of selected configurations treated 
in the configuration selected MR-Cl calculations was 
around 25 000-30 000. To obtain faster convergence 
of the CI expansion all calculations were performed 
using natural orbitals (NOs) as the one-particle basis 
set. The NOs were obtained from a preceding MR-CI 
calculations. 

In recent studies [ 6,9] it was shown that to obtain 
reliable hfcc' s using configuration selected MR-CI cal
culations it is necessary to include the influence of the 
discarded configurations onto the coefficients of the 
single excitations with respect to the main configura
tion. Therefore it is necessary to include all single exci
tations into the BK treatment. The relaxation of the 
coefficients of high er excitations is of less importance 
so that an inclusion of those configurations into the BK 
treatment having coefficients larger than 0.035 were 
found to be sufficient [ 10]. Therefore in addition to 
the single excitations all configurations having a coef
ficient larger than 0.035 were also included in the BK 
correction. This treatment incorporates the important 
part of the spin polarization effects. Further improve
ments, e.g. increasing the number of selected configu
rations and/ or the number of the configurations 

corrected within the BK treatment, lead to only small 
changes in Aiao· A detailed description of the various 
effects is given elsewhere [ 6-9]. 

2.1. Geometry optimization 

All geometry optimizations were perfonned using 
the Gaussian90 program [ 23]. The optimized geomet
rical parameters from UMP2/6-31G** calculations 
and the total energies for the conformations A, B and 
C of (CH3hNH+ and (CH3hN are given in Table 1. 
The eclipsed conformations A and B are sketched in 
Figs. 1 a and 1 b. The staggered conformation C, which 
is the energetically lowest rotamer ( D.E < 1 kcal/ mol), 
is obtained from A by rotating one methyl group by 
60°. As expected the differences in energy are quite 
small, so the CH3 groups in both molecules can rotate 
almost freely. Comparing the optimized geometrical 
parameters ofboth compounds, only the C-N-C angles 
differ considerably ( l:l:;: 10°). The larger N-C1-H1 

angle found in confonnation A of (CH3hN is a con
sequence of the smaller LCNC value. lt results from 
the repulsion between the two hydrogen centers H 1 and 
H2. 
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H5 H2 N H1 

H2 Hl H4 

A B 

H2 N H1 

H2 Ht 

A B 
Fig. L Conformations A and B (C2v symmetry) for (CHJhNH+ and (CH3 hN. 

(a) (b) 

Fig. 2. Charge density contours of the singly occupied orbital ( SOMO) 2b1 of ( CH3 ) 2NH + (X 2B 1 ground state): ( a) Cut through the plane 
spanned by the four hydrogens. ( b) Cut through the xz. plane ( for the definition of the molecular coordinate system see text). 

The main configurations of both compounds are 
equivalent. Rotamers A and B have both C2v symmetry. 
Assuming the z axis along the N-H bond and the CNC 
plane to coincide with the yz plane, the electronic 
ground state of both rotamers is X 2B 1• The main con
figuration is [ ... ]6ar4bi lai2b~. Rotamer C has a sim-

ilar electronic structure, but in Cs rather than in C2v 

symmetry. The singly occupied orbital ( SOMO) of the 
radical cation and the neutral radical is the slightly 
distorted p orbital of the nitrogen center perpendicular 
to the N-C-N plane. This was assumed by Danen et al. 
[ 14, 16] and for the radical cation already mentioned 
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Table2 
Calculated isotropic hyperfine coupling constants (in G) for the dimethylaminium radical cation in the rotamers N and s• 

Confonnation A 
center 

MRD-CI 

N 12.7 
c -10.0 
H(l(H7) -19.3 
Hl -0.3 
H3 36.0 
(Hp)d 23.9 

• See Fig. la for notation. 
b Danen et al. [ 16]: on1y absolute values given. 
c Fessenden et al. [ 15]. 

MRD-CIIB~e 

21.5 
-11.6 
-24.0 

0.0 
41.1 
27.4 

4 Averaged value assuming free rotation of the methyl groups. 

by Bonazzola et al. [ 17]. The shape of the SOMO is 
depicted in Fig. 2. Fig. 2a shows a cut through the four 
hydrogens H3-H6 ( see Fig. 1 for the Iabels of the 
various atoms) and Fig. 2b contains a charge density 
plot in the xz plane ( perpendicular to the CNC plane, 
see above). The shapes of the SOMOs of the two mol
ecules are very similar, so that only the SOMO of the 
radical cation ( CH3 ) 2NH + is shown. As expected the 
SOMO of the cation is found to be more compact in 
size. 

2.2. Calculation ofthe hyperfine coupling constants 

The isotropic hfcc's obtained in the present study 
along with measured hfcc's reported by Danen et al. 
[ 14,16] and by Fessenden [ 15] are given in Tables 2 
((CH3hNH+) and 3 ((CH3hN). Wehaveonly cal
culated the hyperfine structures for conformations A 

Table3 

B Exp.b 

MRD-CI MRD-CIIB~e 

13.1 21.0 19.28 19.23 
-10.0 -10.8 
-20.1 -24.8 22.73 21.96 
-0.1 0.1 
34.1 39.0 
22.7 26.0 34.27 33.61 

and B, since as will be discussed below, no further 
insight is tobe gained from the calculation of confonner 
C. In the present work no effects arising from the 
nuclear motion are taken into account. These effects 
can be irnportant [24-26] but for the present molecule 
will only affect the hfcc's of the ß hydrogens to some 
extent as can be seen frorn experimental [27] and the
oretical [ 10] results about the C3~/C3H7N+ sys
tern. 

Let us first focus on the radical cation (Table 2). 
Due to the shape of the SOMO (Fig. 2), Aisoct4N) is 
solely determined by spin polarization effects. As for 
C3~NH+ [ 10] AisoC 14N) increases by nearly 100% 
when the indirect effectofthe neglected configurations 
is taken into account via the BK correction. The MRD
CI/ BK calculations slightly overestimate the isotropic 
hfcc of the nitrogen center. This is due to the basis set 

Calculated isotropic hyperfine coupling constants (in G) for the dimethylamino radical in the rotamers A • and s• 

Confonnation A 
center 

MRD·CI 

N 8.3 
c -11.7 
Hl -0.2 
H3 29.0 
(H~)d 19.3 

• See Fig. lb for notation. 
b Danen et al. [ 141; on1y absolute values given. 
c Fessenden et al. [ 15]. 

MRD-CIIB~e 

13.3 
-14.0 
-0.1 
32.6 
21.7 

d Averaged value assuming free rotation of the methyl groups. 

B 

MRD-CI MRD.CI/B~e 

7.6 13.0 14.78 15.65 
-11.3 -13.4 
-0.3 0.0 
26.9 30.4 
17.9 20.2 27.36 28.48 
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deficiencies, as discussed in ref. [ 10] A;50 ( 
14N) is 

found to depend little on the geometry ( conformation 
A and B). This was also seen earlier for the ring com
pounds C3H6NH+ and C3~N. Like Aiso( 14N), 
Aiso( 13C) andA;50eHa) are aresultofspin polarization 
effects. Aiso( 1Ha) is also somewhat overestimated, as 
was found for Aiso( 14N). 

According to the empirical cos2 0 rule [ 28] two dif
ferent kinds of ß hydrogens can be distinguished. If the 
molecule is considered tobe in a single conformation 
A. B or C, those ß hydrogen atoms lying in the C-N
C plane have very small isotropic hfcc' s while the iso
tropic hfcc' s of all other ß hydrogens are very large. 
This difference arises from the fact that the isotropic 
hfcc's ofthe ß hydrogens in the C-N-C plane are only 
influenced by spin polarization effects ( which are 
nearly zerofor (CH3hNH+ ), while the SOMO makes 
large contributions for the remaining ß protons (see 
beJow). However, as found for other molecules the 
corresponding isotropic hfcc' s of conformations A and 
B are similar, which indicates that the cos2 8 expression 
provides a suitable description for (CH3hNH+. Since 
in conformation C the relative positions of the ß protons 
with respect to the SOMO are similar to those in con
formations A and B, the isotropic hfcc's in conforma
tion C will be almost equaJ to those in conformations 
A and B. 

Since in practice the rotation of the methyl group 
cannot be frozen, our theoretical values have to be 
averaged for the comparison with the experimental 
data. In Table 2 the averaged values arelistedas (Hß)· 
The deviation from the experimental value is about 6 
G. While experimental uncertainties arise from solvent 
effects [ 15], theoretical errors due to inaccuracies in 
the equilibrium geometries or the neglect of higher 
excitations, as discussed in detail for the H2CN mole
cule [ 9] and the ring structures C3H6NH + and C3H6N 
[ 10], are the reason for the remaining discrepancies. 
Furthermore, averaging over other nuclear motions 
than the rotation of the CH3 groups may have to be 
considered. 

Similar trends are found for the neutral dimethyla
mino radical (CH3hN (Table 3). Again, the BK cor
rection improves the isotropic hfcc values 
considerably. In contrast to the radical cation the the
oretical Aiso( 14N) values are somewhat lower than the 
experimental values. However, solvent effects are 
found to be stronger for the neutral radical than for the 

cation [ 15]. The averaged isotropic hfcc's of the ß 
protons are about 5-6 G lower than the experimental 
results, as was also the case for the radical cation. The 
isotropic hfcc's of the radical cation are found to be 
significantly )arger than those of the neutral species. 

2.3. Discussion 

Both experiment and theory find the isotropic hfcc's 
of the protonated species to be 5-6 G )arger than those 
of the neutral radicaJ. In order to explain the differences 
spin polarization effects were analyzed in detaiL An 
estimate ofthe influence of a doubly occupied shell on 
the isotropic hfcc's can be obtained, by comparing the 
result of a core calculation in which the orbital under 
consideration is frozen ( no excitations are allowed out 
of the gi ven orbital) to the isotropic hfcc' s from an all
electron calculation. The results are given in Table 4. 
The first Jine shows the hfcc's calculated with an all
electron CISD calculation, while the other hfcc's are 
obtained by freezing the given orbitals. The procedure 
can only give trends since the interaction between dou
bly occupied shells is not properly accounted for. Let 
us first focus on the nitrogen center. Aiso( 14N) is deter· 
mined by spin polarization effects (RHF value is zero) 
as mentioned above. The largestdifference inAiso( 14N) 
between the radical cation and the neutral radical is 
found when the 5a1 (Fig. 4) or the 6a1 (Fig. 3) is 
frozen. For example Aiso( 14N) of the radical cation 
drops by 4 G if no excitation are allowed out of the 6a1• 

The same procedure causes an increase of about 2 G 
for the neutral radical. Allowing no excitation out of 
the 5a1 Aiso( 14N) decreases by about 12 G in the neutral 
species but only 4 G in the protonated compound. The 
different behaviour of Aiso( 14N) reflects the different 
nature of these orbitals in each molecule. The inftuence 
of all other orbitals on Aiso( 14N) are almost the same 
in both compounds. It is worth noting that also the I a1 

which is the ls orbital of the nitrogencenteralso con~ 
tributes strongly to Aiso( 14N). 

For the ß hydrogens the isotropic hfcc' s of the radical 
cation and those of the neutral radical differ by about 
7-9 G. At the RHF Ievel a difference of about 5 Gis 
found, i.e. most of the effect results from the more 
compact form of the SOMO of the radical cation. Spin 
polarization effects contributes by about 30% to 40% 
for Aiso( 1H1), however )arge differences in the contri
butions of the various shells cannot be seen. 
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Table4 
Summary of the core calculations perfonned to study spin polarization effects ( al1 values are in gauss) 

~"Jffi+ 

N c Hp 

11.7 -10.0 35.9 

correlation of the valence shell 
9.4 -10.2 36.6 
7.3 11.0 35.3 

-3.6 -13.3 36.8 
6.0 1.2 35.4 

13.4 -10.2 29.6 
13.3 -9.4 35.7 
13.4 -10.7 36.0 
13.0 -5.5 34.8 
13.4 -10.2 31.9 

corre1ation of the 1 s shell 
12.1 -9.9 36.0 
31.8 -10.0 36.0 

no correlation (RHF) 
0.0 0.0 23.4 

• No excitations out ofthe given MO were allowed (see text). 
b Reference: SD-CI, all electrons correlated. 
" 1s shell ofthe carbon centers. 
d 1s shell of the nitrogen center. 

A very important feature for further applications can 
be seen through the analysis of the contributions to the 
isotropic hfcc's of the carbon centers. In neither corn· 
pound do we find contributions out of the I s shell of 
the carbon centers. This indicates that at least for the 
present molecules only the innershell electrons of the 
nitrogen centers i.e. the center at which the SOMO is 
located have to be correlated, for the description of the 
isotropic hfcc' s. 

Other interesting features are the variations in the 
isotropic hfcc' s of the ß protons in the series of 

Table5 
Calculated anisotropic coupling constants (in G) of 14N and 'Ha 

Conformation (CHlhNH+ 

A B 

Au A.a Au 

N 29.2 -14.6 29.3 

Ha -5.2 22.8 -5.0 

See Figs. la and lb for notation. 

A.u 

C2Hc,N 

Ha N c Ha 

-18.7 8.0 -11.5 28.8 

-14.7 9.7 -10.8 29.4 
-15.8 -4.3 -14.1 28.8 
-6.4 -2.9 -13.2 29.2 

-17.6 3.4 -2.9 28.4 
-20.3 9.3 -11.7 23.6 
-20.4 9.6 -9.5 28.8 
-19.0 9.4 -12.5 28.9 
-19.6 9.1 -7.2 28.0 
-20.1 9.3 -11.9 25.7 

-18.8 8.3 -11.7 28.9 
-18.8 27.1 -11.5 28.9 

0.0 0.0 0.0 18.8 

(CH3hN, (CH3CH2 hN, and ( (CH3 hCHhN. As 
measured by Danen and Kensler [ 14] Aiso(H13 ) 

increases from 27.3 G in (CH3hN to 36.8 G in 
(CH3CH2hN. and then decreases to 14.3 G if further 
hydrogens are substituted by methyl groups in 
( (CH3) 2CH) 2N. As shown in the present calculation 
the trend is mainly determined by the shape of the 
potential of the rotation around the C-N bonds. Due to 
the steric interaction of the methyl groups in 
(CH3CH2hN, the B confonner in which Hl and H2 
are replaced by the CH3 groups (Fig. 1 b) is most stable. 

(CH3hN 

A B 

Au A". Au A.u 

-14.6 28.6 -14.1 28.5 -14.5 
23.0 
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(a) 
(b) 

Fig. 3. Charge density plots for the 6a1 orbital of (a) (CH3 ),NH+ and (b) (CH3hN. Cut through the CNC plane. 

AM 1 [ 29] calculations show that the barrier for the 
rotation of one (CH3CH2) group is greaterthan 3 kcal/ 
mol. Due to the bindered free rotation in (CH3CH2 ) 2N 
the averaged values of Aiso(H13 ) increase because the 
remaining hydrogens librate around those positions 

(a) 

having large isotropic hfcc's (see Table 3). By further 
substituting, conformation A ( replacing H3-H6 by the 
CH3 groups) becomes the most stabie. Because in that 
conformation the hydrogens move around the position 
whereAiso(H) is very small ( see Table 3) the averaged 

(b) 
Fig. 4. Charge density plots forthe 5a1 orbital of (a) (CH3hNH+ and (b) (CH3)zN. Cut through the CNC plane. 



M. -B. Huang et al. I Chemical Physics 183 ( 1994) 27-36 35 

valued for the ß protons drops drastically for 
( ( CH1hCHhN. The calculations support the interpre
tation of the ESR values given by Danen et al. [ 14,16] . 

The anisotropic hfcc's ofthe nitrogen center and the 
a proton in the radical cation and the neutral radical 
are given in Table 4. For symmetry reasons, the an
isotropic tensors for both centers are diagonal. No 
experimental values are available, but our results agree 
with those of Bonazzola et al. [ 17], i.e. Au( 14N): 29.9 
versus 30 G; Au( Ha): -5.36 versus -5.0 G. 

3.Summary 

The geometry and the hyperfine coupling constants 
of the dimethylamino radical ( CH3 ) 2N and its proton
ated cation (CH3hNH+ have been studied with ab 
initio methods. While the geometries were optimized 
with UMP2/ 6-31 G** calculations, the hyperfine struc
ture was calculated with the MRD-CI/ BK method. For 
the nitrogen center a value of about 21 G was obtained 
for the radical cation while a value of about 13 G was 
calculated for the neutral radical. This is in good agree
ment with the corresponding experimental values of 
about 19-20 and 15-16 G. For the ß protons the cal
culated values deviate more from the experimental val
ues ( :::: 6 G) uncertainties in the experimental data ( e.g. 
solvent effects [ 15]) and in the theoretical treatment 
( e.g. inaccuracies in the equilibrium geometry, etc.) 
have to be considered. 

Reasons why the isotropic hfcc' s of the radical cation 
are larger than those of the neutral radical were also 
investigated. In the case of the nitrogen center, spin 
polarization effects of the doubly occupied shells 
describing the N-H cr bond were found to be respon
sible. For the ß hydrogens, spin polarization effects are 
less important (30%-40%). The main difference in 
Aiso(Hß) between the two compounds is already 
obtained with ROHF calculations, i.e. it results from 
the more compact form of the SOMO of the radical 
cation. 

The model proposed by Danen et al. [ 14, 16] for 
explaining the variations of the isotropic hfcc's of the 
ß protons in the series of (CH3hN, ( (CH3)CHhN is 
supported by the present study. The anisotropic hfcc's 
of both molecules were presented. 
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