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Introduction 

It is more than a century since diazonium ions were first 
discovered,1 and in the intervening period their reactions have 
been studied in great detail.2-4 In contrast, our knowledge of 
some of their fundamental physical properties, notably their 
structures and energies, is fragmentary. Thus no experimental 
structural data have been reported for any simple aliphatic 
diazonium salt, and the only simple diazonium cation, aliphatic 
or aromatic, for which an experimental heat of formation ap­
pears to be available is the methanediazonium ion.5 As a result, 
there are many questions about diazonium ions that remain 
to be answered. Of particular interest is the relationship be­
tween structure and stability in the various diazonium ions. In 
addition, there are certain aspects of diazonium ion chemistry 
which have been extensively studied experimentally, for which 
it would be desirable to have more direct information. The 
precise nature of the transition state for the Na,Nfj rear­
rangement in the benzenediazonium ion is one such exam­
ple. 

A promising source of such information is ab initio molec­
ular orbital theory. This has been used extensively in previous 
structural and energetic studies of organic systems6 and, in 
particular, for studying organic cations.7 In this paper, we use 
such a theoretical procedure to study the structures and sta­
bilities of the methane- and benzenediazonium ions. 

Previous theoretical work on diazonium ions has generally 
been limited to semiempirical treatments, usually on the 
benzenediazonium ion.8'9 Of these, we note particularly the 
interesting paper by Van Dine and Hoffmann9 on rearrange­
ments in diazonium ions (and related systems). Recently, a 
detailed study of the protonation of diazomethane has been 
reported.10 This work included CNDO/2 and MINDO/3 
optimizations of the methanediazonium ion together with 
single calculations at the STO-3G and 4-31G levels. The main 
point of the study, however, was to compare C- vs. N-proton-

(1968). 
(34) M. F. Ansell and R. H. Gigg, "Rodd's Chemistry of Carbon Compounds", 

Vol. Ic, 2nd ed, S. Coffey, Ed., Elsevier, Amsterdam, 1965, pp 139-
142. 

(35) Cis and trans refer to the orientation of the carboxylate groups with respect 
to the O—H—O hydrogen-bond axis. 

ation in diazomethane. Finally, STO-3G calculations on 
substituted benzenediazonium ions have recently been re­
ported1 ' in which the effect of substituents on the stabilities 
of phenyl cations and benzenediazonium ions is compared. 

Method and Results 

Standard ab initio LCAO SCF molecular orbital calcula­
tions were carried out using a modified version of the Gaussian 
70 system of programs.12 

Open (1) and bridged (2a, 2b) structures of the meth­
anediazonium ion were fully optimized, except for specified 
symmetry constraints, using a gradient optimization proce­
dure13 and the minimal STO-3G14 and split-valence 4-31G15 

basis sets. Optimized geometries are shown in Figure 1 together 
with previously reported16'17 data for C H 3

+ (3, STO-3G and 
4-31G) and N 2 (4, STO-3G) included for reference. Corre­
sponding energies are listed in Table I. In order to determine 
the activation energy for a possible N„-N,3 rearrangement in 
1, direct transition state calculations18 were carried out yielding 
the structure (2c) shown in Figure 4. In this procedure,18 the 
transition state is characterized as having near-zero values 
(within a specified tolerance) of the first derivatives of energy, 
and one negative eigenvalue for the second derivative energy 
matrix. Charge distributions with the STO-3G basis derived 
using the Mulliken approach19 are given in Figure 5. 

For the open (5) and bridged (6) structures of the ben­
zenediazonium ion, full STO-3G optimization was carried out, 
subject only to specified symmetry constraints and the as­
sumption of 1.083 A (the optimized value in benzene20) for the 
length of the C-H bonds. An optimization of the phenyl cation 
(7) with the same assumption concerning C-H lengths was also 
carried out. Our structure (7) has an energy 3 kcal mol -1 lower 
than that of a recently reported21 STO-3G structure, reflecting 
a more complete geometry optimization. Optimized structures 
for the aryl systems are displayed in Figure 7 and corre-
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Table I. Calculated Total Energies (hartrees) for the Methanediazonium Ion and Related Systems 

STO-3G/STO-3G 4-31G/STO-3G 4-31G/4-31G 

CH3N2
+ (open) 

CH3N2
+ (bridged) 

CH3N2
+ (bridged) 

CH3N2
+ (transition state) 

CH3
+ 

N2 

1 
2a 
2b 
2c 
3 
4 

-146.362 38 
-146.287 87 
-146.287 87 
-146.287 85 
-38.779 48 
-107.500 65 

) for Methane-

-147.962 57 
-147.898 75 
-147.898 86 
-147.898 65 
-39.171 29 

-108.746 88 

-147.974 76 
-147.929 93 
-147.929 93 

-39.175 12 
-108.754 22 

Table II. Calculated Binding Energies (kcal mol' 
and Benzenediazonium Ions 

STO-3G/STO-3G 

CH3N2
+ (open) 

CH3N2
+ (bridged) 

C6H5N2
+ (open) 

C6H5N2
+ (symmetric bridged) 

1 51.6 (27.9,° 28.5,* 38f) 
2 4.9 (-12.1," 0.4») 
5 44.3 
6 10.0 

* 4-31G/STO-3G value. b 4-31G/4-31G value. c Experimental 
value calculated using data in ref 5 and 25. 

Table III. Calculated Total Energies (hartrees) for the 
Benzenediazonium Ion and Related Systems 

STO-3G/STO-3G 

C6H5N2
+(open) 5 -334.560 07 

C6H5N2
+ (symmetric bridged) 6 -334.505 43 

C 6 H 5
+ 0 7 -226.988 78 

1 4-31G/STO-3G energy: -229.425 40. 

sponding energies in Table III. Again, in order to determine 
the transition state for intramolecular N01N^ rearrangement 
in the benzenediazonium ion, direct transition state calcula­
tions were carried out. The model used in these calculations 
is described in detail below and the resultant structure is shown 
in Figure 11. Charge distributions for the benzenediazonium 
ion and related systems are displayed in Figure 9. 

Calculated binding energies of the diazonium ions RN2+ 

with respect to R+ + N 2 are shown in Table II. We note that 
our calculations refer to separated vibrationless species in the 
gas phase at 0 K temperature. 

Discussion 

Methanediazonium Ion. We begin by examining the struc­
tures of the open and bridged forms of the methanediazonium 
ion (Figure 1) for which there are no experimental data 
available. In the open structure 1, the striking feature is the 
N = N length. Both STO-3G and 4-3IG results show that the 
N = N bond length in 1 is only slightly different from corre­
sponding values (i.e., with the same basis set) in N 2 (4). This 
result, which may seem surprising at first glance, is easily ra­
tionalized in terms of the orbital interaction diagram shown 
in Figure 2. The primary interaction occurs between an es­
sentially lone pair orbital22 (ffi) on N2 and the lowest unoc­
cupied orbital (^5

1) of CH 3
+ , which is the 2p orbital at C + . 

Since $ is not heavily involved in bonding within the N 2 

fragment, this interaction does not result in a significant change 
in the N = N length on formation of the diazonium ion. The 
C-N length in 1 (1.513 A with 4-31 G) is slightly longer than 
normal C-N single bonds (e.g., the experimental value24 in 
CH 3 NH 2 is 1.474 A). 

The bridged structures 2a and 2b are connected by a simple 
methyl rotation which, typically of sixfold barriers, occurs 
almost freely. The calculated geometric parameters and 
energies in 2a and 2b are almost identical so they can be con­
veniently discussed together. We refer to 2a and 2b as sym­
metric bridged structures because the methyl carbon is equi­
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Figure 1. Optimum STO-3G (4-31G) structures for the methanediazon­
ium ion and related systems. 6 and cj> are the angles made by the vertical 
(• • •) with the HCH plane and the unique C-H bond, respectively. The 
bridging carbon in 2a is constrained to lie on the perpendicular bisector 
of the N-N bond. Throughout this paper, bond lengths are in angstroms, 
bond angles in degrees. 
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Figure 2. Orbital interaction diagram for the open structure 1 of the 
methanediazonium ion. Orbitals classified under C3,- symmetry. 

distant from the two nitrogens. For 2b, this is required by the 
Cs symmetry, while for 2a, we impose this as an additional 
constraint. The important orbital interaction (Figure 3) in the 
symmetric bridged structures involves the empty ^5

1 orbital 
of C H 3

+ with the appropriate filled ir orbital (i/^) of N2 . 
However, partly because of lower overlap, the interaction in 
2 is smaller than in 1. In fact, the C-N distances in 2 are 2.118 
(STO-3G) and 2.867 A (4-31G), indicating a very weak 
complex and one which is significantly weaker with 4-31G than 
with STO-3G. We shall comment further on this point later. 
The N = N bond, which would be expected to lengthen as a 
result of withdrawal of bonding electron density associated 
with the orbital interaction in Figure 3, does indeed do so but 
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Figure 3. Orbital interaction diagram for the symmetric bridged structure 
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Figure 4. Transition state (2c) for N a ,N s rearrangement in the meth­
anediazonium ion (1). 

only by 0.021 (STO-3G) or 0.002 A (4-31 G) because of the 
weakness of the interaction. 

Binding energies for the methanediazonium ion, calculated 
as the difference in energy between 1 and separated CH3+ and 
N2, are 51.6 (STO-3G/STO-3G), 27.9 (4-31G/STO-3G), and 
28.5 kcal mol-1 (4-31G/4-31G). An experimental value, 
calculated from Ar/,' (CH3N2

+)5 = +223 kcal mol"1 and AH°{ 
(CH3

+)25 = +261 kcal mol-1, is 38 kcal mol'1. The bridged 
structures (2) are much more weakly bound with a binding 
energy of 4.9 kcal mol"1 at the STO-3G/STO-3G level and 
a near-zero value (0.4 kcal mol-1) with 4-31G/4-31G. 

The best value of the difference in energy between the 
bridged (2) and open (1) structures of the methanediazonium 
ion is 28.1 kcal mol-1 (4-31G/4-31G). The inadequacies of 
theory at this level of sophistication in describing small cyclic 
systems are well known.26 The addition of polarization func­
tions to the basis set and inclusion of electron correlation is 
likely to preferentially favor 2 compared with 1. It may also 
significantly modify the actual geometry of 2 where the 
bridging C-N lengths seem to be particularly sensitive to the 
basis set. For a closely related isoelectronic system, the rear­
rangement CH3NC —• CH3CN via a bridged transition state 
is predicted27 by a double f basis set (comparable to 4-31G) 
to require 60 kcal mol-1 activation energy compared with an 
experimental estimate28 of 38 kcal mol-1. 

The question remains as to whether the symmetrically 
bridged structures (2a and 2b) are transition states (i.e., saddle 
points) or intermediates (i.e., potential minima) within the 
intramolecular N10N^ rearrangement in the methanediazon­
ium ion.29 For the related CH3NC —>- CH3CN rearrangement 
there is some disagreement on this point. Semiempirical 
MINDO/3 calculations30 predict that the reaction pathway 
involves a bridged intermediate whereas ab initio calculations27 

find only a bridged transition state. We therefore carried out 
direct calculations for the transition state in the methanedia-
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Figure 5. Total STO-3G charges in the methenediazonium ion and related 
systems. 
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Figure 6. X-ray crystal structure for the benzenediazonium ion (from ref 
31). Reported standard deviations in parentheses. 

zonium rearrangement. The structure obtained (2c, Figure 4) 
possesses one negative eigenvalue in the energy second deriv­
ative matrix as required for a transition state and resembles 
closely the bridged structure 2a. We conclude that the N01N^ 
rearrangement in the methanediazonium ion proceeds via a 
symmetrically bridged transition state and does not involve a 
metastable intermediate. 

The theoretical charge distributions (Figure 5) show positive 
charges of +0.41 on N2 and +0.59 on the CH3 fragment in the 
open methanediazonium ion 1. The bridged structures (2a, 2b, 
2c) all have charges of +0.22 on N2 and +0.78 on the CH3 
group. Thus, the N111N1(J rearrangement is found to be ac­
companied by increasing positive charge on the migrating 
methyl group in the transition state, as predicted previously 
by Van Dine and Hoffmann.9 

Benzenediazonium Ion. There are a number of experimental 
structures available for the benzenediazonium ion and related 
systems30-31 with which we can compare our theoretical 
structure. Of these, the most reliable appears to be that of 
benzenediazonium chloride reported by Romming31 and re­
produced in Figure 6. A number of interesting points emerge 
from a comparison of the theoretical (Figure 7) and experi­
mental (Figure 6) structures. (1) The N = N length is only 
slightly (0.009 A with STO-3G, 0.003 A experimentally) 
longer than the corresponding length in the nitrogen mole­
cule.32 (2) The C-N length is comparable to partially conju­
gated C-N lengths in molecules such as formamide. Our 
STO-3G calculations predict that the C-N length in the 
benzenediazonium ion is shorter by about 0.09 A than the value 
in methanediazonium ion. (3) The STO-3G and experimental 
ring angles are remarkably similar. In particular, they both 
show a substantial widening at Ci (angles of 125.2 and 124.8°, 
respectively), though not to the extent of the widening in the 
phenyl cation (7). 

file:///-0004
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Figure 8. Important orbital interactions in the open structure (5) of the 
benzenediazonium ion. Orbitals classified under Civ symmetry. Orbitals 
1̂20 and ^ ( e a c h o f a2 symmetry) and ^ and \$ (each of bi symmetry) 
are not involved in the interaction scheme because of symmetry. 

Figure 7. Optimum STO-3G structures for the benzenediazonium ion and 
related systems. C-H lengths assumed equal to 1.083 A. Nonindependent 
parameters in parentheses. 

One point on which the theoretical and experimental results 
disagree is the direction of alternation of the C-C bonds in the 
ring, about which they produce opposite conclusions. We 
should note, however, that the experimental results are within 
experimental error of the theoretical ordering. The theoretical 
stucture can be rationalized quite nicely in terms of an orbital 
interaction diagram (Figure 8). The main interaction (A) 
occurs between the filled lone pair orbital (\p^) on N2 and a 
vacant tr-type orbital (^?,) of CeH5

+ which is largely centered 
on C|. By filling the vacant cr-bonding orbital at Cj, this in­
teraction could be expected to reverse the structural changes 
(in particular, the widening of the angle at Ci and the short­
ening of C1-C2) associated with the removal of a hydride ion 
from benzene." In addition, there are minor interactions B and 
C which will affect the 7r-electronic structure and hence the 
ring bond lengths. B involves the interaction of the filled orbital 
I/* 19 of CeH5

+ and the empty TT* orbital ( ^ ) of N2. This in­
volves removal of bonding electron density from Q-C2 , C3-C4, 
Ct-C5, and Q-C1 leading to an increase in the length of these 
bonds, and a removal of antibonding character (and hence a 
shortening) of C2-C3 and C5-Cg. This is consistent with our 
theoretical structure 5. The same result is obtained from a 
consideration of the weak interaction C between the filled -K 
orbital (^6

4) on N2 and the empty orbital ^23 on C6H5
+. In this 

case, electron density is added to the C6H5
+ orbital leading to 

increased bonding in C2-C3 and C5-C6 and increased anti-
bonding in the remaining bonds. Both of these interactions 
should also lead to a further decrease in the C-N length and 
an increase in the N = N length as observed. 

The calculated 7r-electron populations (Figure 9) show that 
if the benzenediazonium ion is considered as a substituted 
benzene, the N2

+ substituent is a more powerful <r-electron 
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Figure 9. Total charges (a) and 7r-electron populations (b) in the ben­
zenediazonium ion and related systems. 

acceptor and 7r-electron acceptor than any of 35 substituents 
examined in a previous STO-3G study of substituted ben­
zenes.33 Thus, the net withdrawal of a electrons from the ring 
is 0.532 for the N2

+ substituent compared with values of 0.215 
for F and 0.227 for NO2 obtained previously.33 Again, the net 
withdrawal of x electrons by N2

+ is 0.106 compared with 0.037 
for NO and 0.031 for NO2. 

In the bridged structure (6) of the benzenediazonium ion, 
the C-N lengths are considerably shorter than in the corre­
sponding structure (2) for the methanediazonium ion, indi­
cating a much tighter complex. Indeed, this species 6 may well 
be considered as a spirodiazirine cation. The main orbital in­
teractions are of interest and are reproduced in Figure 10. The 
primary interaction involves the appropriate filled TT orbital 
0/£) OfN2 with the empty <r-type orbital (^1) OfC6H5

+. This 
three-center bonding leads to a familiar16-34 lengthening of the 
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Figure 10. Important orbital interactions in the symmetric bridged 
structure (6) of the benzenediazonium ion. Orbitals classified under C2t-
symmetry. 

N = N link. An additional important interaction involves 
electron donation from the filled \p\9 orbital into the v* orbital 
(\p$) of N2. This would account for the strong alternation of 
ring bond lengths in 6. The change in hybridization at Ci, i.e., 
the increasing p character, is likely to be responsible for part 
of the increase in the length of C1-C2. The interaction between 
\pT* and \p2\ is likely to be greatly reduced compared with the 
corresponding interaction in the open structure (5) because 
of the poor overlap between the parts of these two orbitals in 
which the electron density is concentrated. The interaction 
between \t2o and \p^ is also likely to be small because of poor 
overlap. 

The calculated binding energy of the open benzenediazon­
ium ion (5) with respect to phenyl cation + N2 is 44.3 kcal 
mol - 1 (Table II), somewhat less than the STO-3G binding 
energy (51.6 kcal mol - 1) for the methanediazonium ion (1). 
This result is somewhat perplexing, since on the surface at least 
it would appear that 5 with a calculated C-N bond length of 
1.469 A is more strongly bound than 1 where the corresponding 
C-N length is 1.557 A. We would suggest that the binding 
energies reflect the lower stability (in the gas phase) of CH 3

+ 

compared with Q H 5
+ rather than a higher intrinsic stability 

for 1 compared with 5. The small methyl cation has difficulty 
in accommodating a full positive charge and benefits greatly 
on binding with nitrogen from the possibility of dispersing the 
charge more widely. The calculated binding energy reflects, 
in part, this effect, together with that of conventional bonding. 
In the phenyl cation, the conventional bonding is stronger but 
there is less energy gain from the charge dispersal effect. The 
net result is lower binding energy in 5 than in 1. 

For the bridged structure 6, the calculated binding energy 
is 10.0 kcal mo l - ' , in this case slightly greater than the value 
(4.9 kcal mol - 1) for the corresponding CH 3 N 2

+ structure 2. 
The long bridging C-N bonds in 2 hinder any stabilization due 
to charge dispersion. In contrast, 6 is a much tighter structure 
and it is not surprising that there is a significant binding en­
ergy. 

THcNcN1S Rearrangement in the Benzenediazonium Ion. 

© 
1 1 N ^ ^ N 
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Figure 11. Model optimized transition state (8') for Na,N,3 rearrangement 
in the benzenediazonium ion and model optimized related systems. See 
text for details of model used. 

Table IV. Calculated Total Energies (hartrees) for Model 
Optimized Structures of the Benzenediazonium Ion and Related 
Systems 

STO-3G/STO-3G 

C6H5N2
+ (open) 5' -334.556 23 

C6H5N2
+ (symmetric bridged) 6' -334.500 09 

C6H5N2
+(transition state) 8' -334.483 13 

C6H5
+ T -226.944 15 

The NQ,N,3 rearrangement in the benzenediazonium ion has 
aroused considerable experimental interest and therefore 
warrants theoretical study. The key question is whether the 
transition state for this rearrangement has the symmetrically 
bridged structure 6 or some alternative structure. We attempt 
to answer this question here. 

Initial calculations were carried out on structures connecting 
5 and 6 obtained by simple interpolation of the structural pa­
rameters. These preliminary calculations suggested strongly 
that the transition state in the N a ,N^ rearrangement is not 6 
but rather some unsymmetrically bridged structure. The 
symmetrically bridged structure 6 is likely to be an interme­
diate in this process. 

Unfortunately, the size of the benzenediazonium system 
makes a complete resolution of the transition state a costly 
process. For this reason, we have adopted in our direct tran­
sition state calculations a simplified model in which the ben­
zene ring is taken to have C-C lengths of 1.40 A and C-H 
lengths of 1.083 A. The N 2 fragment is allowed complete 
freedom within an overall Cx constraint. Because of the as­
sumed ring geometry, we emphasize the qualitative rather than 
the quantitative results within this model. The calculated 
transition state structure (8') is shown in Figure 11 together 
with structures for the related systems obtained using the same 
model. Corresponding energies are shown in Table IV and a 
schematic energy profile in Figure 12. 

The optimized parameters in the model structures 5' and 6' 
(Figure 11) are close to corresponding values in the fully op­
timized structures 5 and 6 (Figure 7). In addition, the energy 
difference between the open (5') and symmetrically bridged 
(6') structures within this model is 35.2 kcal mol - 1 , which is 
very close to the value (34.3 kcal mol - 1) obtained for the fully 
optimized structures, despite the limitations of the ring ge­
ometry in the model. This lends some confidence to our model 
predictions for the transition state. 

The structure of 8' resembles that of the open (5') somewhat 
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8' 8' 

Figure 12. Schematic energy profile (STO-3G) for N„,N(3 rearrangement 
in the benzenediazonium ion. 

more than the bridged (6') benzenediazonium ion in contrast 
to the expectations of the Hammond postulate.35 Indeed the 
calculated charge distributions in 5' and 8' are very similar. 
One of the two C-N bonds in 8' is quite weak (1.685 A) and 
the other (2.113 A) virtually nonexistent. The N = N length 
in 8' lies between the values calculated for 5' and 6'. We find 
that 8' lies about 11 kcal mol-1 above 6' and about 46 kcal 
mol-1 above 5'. Since the STO-3G binding energy for 5 is 44 
kcal (Table II), it seems likely that 8' is very weakly bound 
indeed. 

In the light of our results for the methanediazonium ion 
(Table II), it appears likely that our STO-3G binding energy 
for 5 is too large by about 10—15 kcal mol-1, thus reducing its 
value to 30-35 kcal mol-1. In addition, experience with related 
systems suggests that the STO-3G energy difference (46 kcal 
mol-1) between 5' and 8' is overestimated, possibly by as much 
as 10-15 kcal mol-1. Our calculations therefore indicate that 
nitrogen scrambling in the benzenediazonium ion can take 
place (1) via a direct 1,2-intramolecular shift or (2) via a dis­
sociation-recombination mechanism 

Ph-N + =N* — Ph+ -I- N = N * — N+=N*-Ph 

with both processes requiring about 30-35 kcal mol-1. 
There is experimental evidence3638 that both of these pro­

cesses can take place in solution. Indeed, our transition state 
structure 8' appears to be remarkably consistent with the ex­
perimental data. The current view36c'37'38 is that the transition 
state for the N„,Nfj rearrangement has a very weak bond be­
tween the a nitrogen and carbon and no significant bonding 
to the /3 nitrogen. This description quite aptly fits our theo­
retical structure 8'. The intermediacy of a symmetric bridged 
(or equivalently, a spirodiazirine) structure, although favored 
originally,36a'b now seems to be open to question.36c'37-38 Our 
calculations suggest that such a structure (6) lies in a shallow, 
high-energy potential well (cf. Figure 12), so it is not surprising 
that evidence for its existence is difficult to obtain. 
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Conclusions 
Several important and interesting points emerge from this 

study. 
(1) The favored structure of the methanediazonium ion 

(MDI) is an open structure with a C-N length slightly longer 
than normal C-N bonds and an N = N length very similar to 
that in molecular nitrogen. 

(2) The favored structure of the benzenediazonium ion 
(BDI) is also an open structure but with a considerably shorter 
C-N bond reflecting considerable double bond character. The 
N = N length is again similar to that in molecular nitrogen. 

(3) Despite the longer C-N bond in MDI, the binding en­
ergy calculated with respect to the appropriate parent cation 
-I- N2 is predicted to be greater for MDI than for BDI. This is 
attributed to a lower stability (in the gas phase) of CH3+ 

compared with CeHs+ rather than to a higher intrinsic stability 
for MDI compared with BDI. 

(4) The Na,Nj3 rearrangement in open MDI is predicted to 
proceed via a symmetric bridged transition state. 

(5) In contrast, the Na,N,3 rearrangement in BDI is pre­
dicted to proceed via an asymmetric transition state in which 
one of the nitrogens is weakly bound to a ring carbon and the 
other not at all. A symmetric bridged structure, which may 
alternatively be considered as a spirodiazirine cation, is pre­
dicted to be a metastable intermediate in this rearrangement, 
lying in a high-energy shallow potential well. 

(6) The N2
+ substituent is predicted to be a powerful 0-

electron acceptor, considerably more powerful, for example, 
than NO2 and F. It is also a strong 7r-electron acceptor.39 
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lationship turns out to be simple should not be used to lend 
unintended support for the still unwarranted view that chem­
ical shifts are necessarily always linearly related to atomic 
charges. Indeed, chemical shift is a property of the interaction 
of the charge density with an external magnetic field and de­
pends, therefore, not only on the value of the integrated charge 
density in the neighborhood of a nucleus but also on the mag­
netic susceptibility of that charge density. Finally, this study 
illustrates the care which is required in the calculation of 
atomic charges if one wishes to use them in the evaluation of 
property-charge relationships. 

Calculation of Charges 

Population analyses were obtained from ab initio (STO-3G) 
calculations involving optimization of all (geometry and scale 
factor) variational parameters, along the lines described ear­
lier:4 they were calculated following Mulliken's scheme,5 

implying the half-and-half partitioning of all overlap popula­
tion terms (eq 1, in standard notation), 

NW = 2 L E (cjrk + L cirkcisiSrkS) (V) 
i r \ I ^k I 

thus providing sets of net charges, \q\ in a well-defined frame 
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