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Abstract—A M.O. rationalization of the substituent effects on the rate constants for the dediazoniation of
substituted aryldiazonium ions has been performed using SCF-perturbation theory. The total perturbation energies
arising from a distortion of the Ar-N bonds reflect the substituent effects on the rate constants. The substituent
cffects are analysed by means of energy components characterising the role of the unperturbed electron density
distribution, its relaxation via mixing of orbitals and the nuclear repulsion energy. The influences of the
substituents are separated into o and 7 contributions using energy increments for localised orbitals. These energy
components of the perturbation energy correlate reasonably with the o, and oR* constants for the inductive and

resonance effects, respectively, of the substituents.

Within recent decades the thermal dediazoniation of
aryldiazonium ions has been studied extensively. The
dissociation of the Ar-N bond is found to occur
homolytically or heterolytically depending on the
solvent.'? A heterolytic bond fission into aryl cations
and molecular nitrogen has been found for the dedi-
azoniation in trifluoroethanol.’ Indirect evidence for
the occurrence of aryl cations has been derived from
kinetic studies of the dediazoniation in acidic solutions.
These investigations support a Sy1 mechanism, where
the breaking of the Ar-N bond is the rate determining
step.** In addition primary’ and secondary® isotope
effects have been employed to prove aryl cations in the
dediazoniation of aryldiazonium ions. Thus, the decom-
position in acidic solutions proceeds heterolytically
producing aryl cations and molecular nitrogen.

Another aspect of the dediazoniation reaction in acidic
aqueous solution is the dependence of the rate constants
kg on the substituents R of the benzene ring as evaluated
by Crossley et al’

k,
R-¢-N, ——— R-¢-OH +N,.
0.1nHCI

This observation has been reinvestigated by Schulte-
Frohlinde and Blume using twenty two para and meta
substituted benzenediazonium ions.® Most substituents in
para position decrease the rate constants compared to
benzenediazonium ion independently of the electron
donating or accepting character of the substituents. A
significant enhancement of the reaction is observed for
the m-Me, m-MeO and m-phenyl derivatives.® For the
discussion of the substituent effects an analysis based on
dual substituent constants has been performed.* A cor-
relation of the rate constants obtained by Schulte-Froh-
linde and Blume with Hammett's o constants turned out
to be unsatisfactory.®

tDedicated to Prof. O. E. POLANSKY on the occasion of his
60th birthday.

$Present address: Institut fiir Statistik der Universitat Wien,
1180 Wien, Eckpergasse 47, Austria.

Several theoretical investigations deal with the
geometry,®'® multiplicity,”> "' spectroscopic properties,'®
and substituent effects'? in aryl cations which are the
final products of the rate determining step of the Syl
reaction. Vincent and Radom investigated the geometry
of the benzenediazonium ion and the potential energy
surface of the N, Ng-rearrangement by means of the ab
initio STO-3G method." Moreover, electronic spectra of
substituted benzenediazonium ions have been calculated
by the PPP-method.'* Only few attempts with a view to
a MO-theoretical rationalisation of the substituent effects
in the dediazoniation reaction have been performed. The
substituent effects on the rate constants have been stu-
died by Klasinc and Schulte-Frohlinde'* using the
Hiickel method. A fair correlation between the rate
constants for the para derivatives and the Ar-N bond
order is achieved." Recently, Dill et al. argued that a
correlation between the substituent effects on the rate
constants and the stability of the corresponding aryl
cations implies that the stabilisation of the diazonium
ions is unaffected by the properties of the substituents.'®
However, this implication is not valid, since a similar
pattern for the stabilisation of aryl cations and the
diazonium ions is evaluated.'

In the following sections an SCF-perturbational
analysis of the substituent effects in the dediazoniation
reaction based on the data of Schulte-Frohlinde and
Blume* is attempted. Their kinetic data are used since
for the kinetic measurements the diazonium salts were
isolated and the Arrhenius plots include at least three
temperatures.® Our primary intention is to explain why
electron donating and accepting substituents in para
position decrease the rate constants. Moreover, the
influence of the substituents transferred via o and =
electrons is discussed.

Intramolecular SCF-perturbation theory

General assumptions and perturbation energies. The
kinetic measurements on the dediazoniation of sub-
stituted benzenediazonium ions in acidic aqueous solu-
tions support a Syl mechanism, where the rate deter-
mining step is a heterolytic decomposition into aryl
cations and molecular nitrogen.® Consequently, as a
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model for the reaction coordinate we employ the
CNDOJ/2 potential energy curve for the elongation of the
Ar-N bond. For this bond breaking process leading to
two closed shell molecules a one determinantal wave
gunf:tion is suitable to describe the heterolytic bond
ssion.

The analysis is based on energies E arising from an
elongation of the Ar-N equilibrium distance by 0.1 A.
The primary assumption of the applied model is, that
differences in the activation energies of various deriva-
tives are reflected by differences in the energies E’.
Experimental support for the substituent effects on the
Ar-N bond is a significant dependence of the Ar-N
vibrational frequencies on the electronic properties of
substituents in para position."”

The energy increase EF is calculated using in-
o[tra:imol'o;cular SCF-perturbation theory up to third

er:

EP=E'+E2+E>. (1

The main advantage of this procedure is to break up the
total Ef into energy components which facilitate the
analysis of the substituent effects in the dediazoniation
reaction, Only a brief summary of the SCF-perturbation
theory is given here; for a more comprehensive account
of the method the reader is referred to Ref. 18. The first
order energy comrection E' can be separated into
different components:

E'=EL.+EL+E4+Elo 2

Generally, E' contains energy contributions arising from
the distortion of the molecular geometry in the charge
distribution calculated for the equilibrium nuclear
arrangement. The first term of eqn (2), E .., depends on
the corrections of the CNDO/2 resonance integrals.
Consequently, EL., is related to the capability of the
equilibrivm charge distribution to prevent an elongation
of the Ar-N bond. The contribution E., arises from a
change of the exchange operator, whereas EJ; is due to
the electrostatic interaction of the net charges of atoms.
The last term ENp contains changes in the nuclear
repulsion energy and is referred to as nuclear distortion
term. The second order energy E? is separated into:'®

E*=E%,+E%L +EL. 3

These energy contributions arise from the relaxation of
the equilibrium charge distribution to the elongated Ar-N
bond; they are energy components which diminish the
total energy E*. The third order correction is found to be
small compared to E' and E>. Consequently, the analysis
of the substituent effects is restricted to a discussion of
E'and B2

Energy increments for localised orbitals. For a
rationalisation of the substituent effects we are interested
in examining how the substituents influence the strengths
of the breaking Ar-N bonds of the diazonium ions.
Therefore, a partitioning into energy components refer-
ring to definite bonds is desirable. Such a resolution is
facilitated by a decomposition of EL. into energy in-
crements E} for the localised orbital A’ derived for the
equilibrium geometry:

E:..=2$ A;“H'/\.°=$ EL. @

V. BACHLER et al.

H' contains the first order changes of the CNDO/2
resonance integrals arising from the elongation of the
Ar-N bonds. The quantitics E} measure the capability of
the charge distribution referring to the localised orbital
A?° to prevent the elongation of the Ar-N bond. The
second order contribution EZ, is decomposed into
energy increments Ej:

EZ.= 2 "2‘ 1HAZH AP +A2H'A) = 2 f E.’,.( \

The 1}; is the first order coefficient for a linear com-
bination of the localised occupied A,° and the unoccupied
orbital A;°; the linear combinations adjust the equilibrium
charge distribution to the elongated Ar-N bond and
result in a negative EZ, value. The sum over Ej for all j
represents an energy decrease arising from the relaxation
of the occupied orbital A;°. The resolution of EZ., will be
used to determine an orbital interaction scheme for the
breaking of the Ar-N bond in terms of localised orbitals.
For all pairs the contributions E are calculated and the
important pairs are characterised by large Ej values. In
this way a relationship between an orbital interaction
scheme and the form of the CNDO/2 potential curve is
established.

For the analysis of substituent effects occupied and
unoccupied CNDO/2 orbitals were localised by the
method of Edmiston and Ruedenberg.'® From this local-
ization procedure, implemented in the CNDO/2 scheme,
pure o and = localised orbitals are derived and were
used to discuss the o and # electronic effects of the
substitaents.

Geometries and computational details

For the study of the substituent effects the benzene
ring was assumed to transfer the influence of the sub-
stituents to the breaking Ar-N bond. Therefore, a stan-
dard geometry for the benzene ring in all diazonium ions
was used with nCC)=138A and n(CH)=111A
Moreover, all angles were fixed at 120°. In contrast to the
ring geometry, the bond lengths and the bond angles of
the substituents and the Ar-N bond lengths were opti-
mised. Preliminary calculations indicated that the N-N
bond length is almost independent of the substitution of
the ring. Consequently, the value of 1.1473 A found for
the benzenediazonium ion was used in all substituted
derivatives. This N-N bond length is close to the value
of 1.143 A derived by Vincent and Radom' using the
STO-3G ab initio procedure.

For the geometry optimisation an iterative Newton
type method” with numerical evaluation of the first and
second derivatives was used.' The numerical derivatives
were calculated by the difference formulas given by
Payne.2? The CNDOJ2 iterations were found in some
cases to be divergent. Convergence was achieved in all
cases by the level shifting method of Saunders and
Hillier.”® The geometry iterations were continued until
the norm of the energy gradient with respect to the
parameters was less than 107>. In all calculations the last
corrections to the geometrical parameters were of the
order of 107* to 10~ A or radians.

The parameters selected and the results of the
geometry optimisations are recorded in Table 1.
Generally, the C-X bond lengths are found to be smaller
than the values in substituted benzenes. The other
parameters of the substituents are in reasonable
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Table 1. Ruu!tsofthepometryopummnonofthesubstrmentsandtheé—NdumnoemY.X—é-N{ Values in

brackets were not optimised
-XY¥Yn . r (9-N) r(¢-X) r (X-Y) 2 ($XY)

H 1.3990 - - -
p-CH3 1.3971 1.4651 (1.11) (109.47)
p-F 1.3979 1.3430 - -
p-OCH3 1.3963 1.3649 1.3764 115.22
p-N(C33)2 1.3933 1.3899 1.4173 126.51
p—r{o2 1.3999 1.4275 1.2244 118.38
m—C!-l3 1.3992 1.4681 (1.11) (109.47)
o-F 1.3996 1.3457 - -
--O(:H3 1.3993 1.3699 1.3754 ) 114.97
m—NO2 1.4000 1.4273 1.2243 118.36

agreement with the data of the literature.> The bond
distance between the aromatic ring and the diazonium
group in the unsubstituted compound is shorter than the
value derived from STO-3G calculations by Vincent and
Radom."* However, our value of 1.3990 A is close to
1.385 A derived from the X-ray structure of ben-
zenediazonium tetrafluoroborate.”® To ensure that the
bond lengths and bond angles recorded in Table 1 are
unique, optimisations have been performed using
different starting geometries. In all cases the results of
Table 1 were reproduced. The numerical accuracy of the
geometrical parameters guarantees the perturbation
energies E* to be reliable within 0.01 kcal/mol.

Localised orbitals and the dediazoniation of ben-
zenediazonium ion

In this section the partitioning of E.. and E2. into
energy parts for localised orbitals is used to determine
important orbitals and to derive an orbital interaction
scheme for the dediazoniation of the benzenediazonium
jon. In Table 2 the perturbation energy EF for ben-
zenediazonium ion and the resolution into the com-
ponents of eqns (2) and (3) are recorded in the third line.
A large value of 72.5 kcal/mol is calculated for E... being
the largest positive energy component compared to all
other perturbational terms (Table 2). This finding illus-
trates the capability of the equilibrium charge dis-
tribution to inhibit the elongation of the Ar-N bond. The
partitioning of the total E},, into localised energy parts
(eqn 4) indicates that 96% of E., is determined by the
three orbitals shown in Fig. 1. Almost 60 kcal/mol arise
from an orbital localised in the Ar-N & bond region. A
smaller value of 8.4 kcal/mol is calculated for the four
centre 7 orbital localised in the ring and to a smaller
extent on the leaving N, group. The # orbital localised in

the diazonium group and partially in the benzene ring
contributes with 1.5 kcal/mol to the total EL,. According
to this partitioning a distortion of the Ar-N bond is
inhibited more by the o than by the = molecular orbitals.
This finding characterises the Ar-N bond primarily as a o
bond as represented by the Ar-N single bond of the
mesomeric structure for benzenediazonium ion.>

The interactions of occupied and unoccupied orbitals
lead to a negative E2,, contribution of —3.6 kcal/mol (Table
2). The resolution of E2, into energy parts for pairwise
orbital interactions is performed using eqn (5); the
significant pairs and their relaxational contributions E are
recorded in Fig. 2. The o and = orbitals localised in the
region of the breaking Ar-N bond relax via an interaction
with unoccupied orbitals possessing a nodal surface which
promotes the Ar-N bond breaking process.

In contrast to the partitioning of E}., the ring orbitals
adjacent to the breaking Ar-N bond contribute
significantly to EZ.. These interactions with unoccupied
orbitals (Fig. 2) weaken the o bond since the linear
combination results in a bent o orbital. The interaction
indicates a flexibility of the ring geometry near the Ar-N
bond breaking region and accords with a pronounced
difference in the geometries of the benzene rings of
benzene diazonium ion'® and the phenyl cation.” Thus,
a change of the molecular geometry determined for a
final product is already indicated by orbital interactions
at the beginning of the reaction coordinate.

Analysis of the substituent effects

For the discussion of substituent effects representative
derivatives with electron donating and electron accepting
substituents, namely the p,m-Me, p,m-MeO, p,m-F, p,m-
NO, and p-N(Me,) diazonium ions were investigated.
After establishing the correlation between the total per-

59.525
(82.1°%)

8.303
(11.6°%)

1.526
(21%)

Fig. 1. The form of localised orbitals determining the total E!,, in the dediazoniation of benzenediazonium ion. All
values are recorded in kcal/mol; the percentage values with respect to the total E/., are also given.
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Fig. 2. Important pairs of interacting localised orbitals predominating the total E2, in the dediazoniation of
benzenediazonium ijon. All EZ quantities are given in kcal/mol.

turbation energies and the experimental rate constants an
analysis is performed to determine how the substituents
affect the breaking of the Ar-N bonds via changes of the
total density distributions, its relaxation, and by
influencing the nuclear repulsion. In addition the sub-
stituent effects transferred via o and = electrons are
discussed by means of energy increments for localised
orbitals.

Total perturbation energies and the rate constants. The
total E” values for all derivatives considered are recor-
ded in Table 2. All E® are close to the E... values
calculated as the difference between the CNDO/2 total
energies for the distorted and undistorted geometries.
This agreement between E® and E.., illustrates the good
convergence of the perturbation series.

In Fig. 3 the perturbation energies are compared with
the rate constants obtained by Schuite-Frohlinde and
Blume.® Since we are interested in the substituent
effects, AE” values are considered which are differences
between the E¥ for the derivatives and E® for the
benzene-diazonium ion; ki designates the rate constant
for the unsubstituted compound. The plot of AE® against
log (kr/ky) indicates a reasonable linear correlation for
electron donating and electron accepting substituents in
para and meta positions. The AE? values reproduce
correctly the rate enhancing influence of the Me and
MeO groups when they are in the meta position of the
benzenediazonium ion. The ordering of the rate decreas-
ing properties p-Me <m-F < p-NO, < p-N(Me,) of the
electron donating and electron withdrawing substituents

ig kp/ky
40
30
20
m-me 10
® e m-med
TP I NN Y
—t———————+——+ +—t -
-50 H 50 10.0-10°2 AEP [keai/mol]
-10 ® p-me
20 o m-F
B ]
p-NO; ®p-F
-30
-40 ° ® p-N(me),
p-me0
-50

Fig. 3. Correlation between the perturbation energies and the
rate constants. The AE” represents the difference between the
perturbation energies E” for the substituted derivative and the
benzenediazonium ion; ky is the rate constant for the un-
substituted compound. The AEP values are recorded in kcal/mol.

is also satisfactory reproduced. Exceptions are the p-
MeO and p-F derivatives deviating from the linear cor-
relation. An explanation for this behaviour is difficult to
arrive at within the crude assumptions of the pertur-
bational model. However, the experimental frequency
factors for the p-MeO and p-F derivatives support a side
reaction or a different reaction mechanism compared to
the other derivatives as pointed out by Schulte-Froh-
linde and Blume.® ’

Influence of the substituents on the resonance con-
tributions. In this section the influence of the sub-
stituents on the total electron density distribution and its
relaxation is investigated by means of the energy com-
ponents E)., and EZ.. In this way a relationship between
the substituent effects on the electron density and the
reaction coordinate near the equilibrium geometry is
obtained.

For all derivatives considered, a positive E., value is
calculated (Table 2) which shows that the equilibrium
electron density distribution hinders an elongation of the
Ar-N bond. The influence of the substituents is illus-
trated in Fig. 4, where the differences AE L, between E ...
for the substituted derivatives and benzenediazonium ion
are recorded. Since all E), are positive quantities, a
positive AE)., indicates a larger E., for the substituted
derivative compared to benzenediazonium ion. Inspec-
tion of Fig. 4 shows that for the para substituents p-Me,
p-MeO, p-F and p-N(Me), positive AE ., values are cal-
culated. This finding illustrates the property of these
substituents to donate electron density which inhibits the

p-N(me);
13-
3
13
=~1.0-
3
X
-
:LE
a p-me0
05 p-me
p-F
024
014 m-me0 m-F P-NOz m-NO;
o m-me 1 l -
0.1 I I ! ' r ! ' !
-0. H
-uﬂ

Fig. 4. Comparison of the substituent effects on E/., and E.... A
positive AE!,, (—) indicates a larger positive E.,, compared to
the benzenediazonium ion. A negative AEZ, (- ) cor-
responds to a larger pegative E},, compared to benzenc-
diazonium ion. All values are given in kcal/mol.
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elongation of the Ar-N bond more effectively than in the
benzenediazonium ion. For the nitro group in para posi-
tion and all meta derivatives negative AE!,, quantities
are calculated corresponding to a decrease of electron
density which facilitates slightly the Ar-N bond dis-
tortion.

The pattern of substituent effects on E... derived for
the para derivatives accords remarkably well with the
substituent effects on 7 charge densities in para sub-
stituted benzenes.” The substituents Me, F, MeO and
NH: increase the electron density in the ring, whereas
the NO, group diminishes the = electron density.”” This
analogy supports the idea of similar mechanisms for the
substituent effects in the derivatives of benzene and
benzenediazonium ion.

The negative signs of all EZ, (Table 2) illustrate that
the relaxation of the electron density facilitates the Ar-N
bond distortion. The dependence of EZ, on the sub-
stituents is discussed by means of the AEZ, values
represented in Fig. 4. Negative AE2,, are calculated for
the p-Me, p-MeO and p-N(Me,) derivatives whereas a
positive AEZX,-is evaluated for the p-nitro compound.
The substituent effects on E!, and EZ, establish a
correspondence between the electronic charge dis-
tribution and its relaxation. Substituents which increase
the electron density induce also a larger energy gain due
to the relaxation of the electron density, whereas sub-
stituents with electron accepting properties diminish the
energy gain. However, this correspondence is violated
for the m-Me, m-MeO and p-F compounds. -

Substituent effects via o and m molecular orbitals. A
generally accepted concept for the analysis of sub-
stituent effects is the partitioning into influences trans-
ferred via the o and « electronic system. In the case of
substituted benzenes these.effects have been investigated
by a o and 7 separation of the total electron den-
sities.”** Moreover, a correlation of the o and = elec-
tron densities with empirical substituent contants for the
inductive or resonance effect has been established. 2

In this section the energy increments of El., and E2,
for localised orbitals are employed to investigate the
inductive and resonance effects of the para substituents.
This discussion is based on the proposition that inductive
effects are predominantly transferred via o orbitals,
whereas resonance effects operate via 7 orbitals. As a
measure for the inductive effect on the Ar-N bond we
define a quantity I which is the sum of the components
of El, and EZ, pertaining to the Ar-N ¢ bond orbital.
Similarly, the quantity R refers to the resonance effect
and contains components of E.., and EZ, belonging to 7
orbitals corresponding to those depicted in Fig. 1. The
conceptual advantage of the quantities I and R compared
to the electron densities at the atoms is that the former
are energy terms referring to the o and = electron
densities localised in the breaking Ar-N bond.

In Fig. § the differences Al between the I values for
the substituted para derivatives and benzenediazonium
ion are correlated with the oy constants®® for the in-
ductive effect of the substituents. This correlation holds
in spite of oy being determined by means of kinetic and
thermodynamic data, whereas the I values are derived
within a quantum mechanical model. The nitro group
having the largest positive o constant induces a
significant increase of the I values (Fig. S). This finding
implies an increase of the o electron density in the Ar-N
bond of the p-NO, derivative compared to ben-
zenediazonium ion. This result contrasts to the overall &
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Fig. 5. Correlation of the Al values with Taft's o; constants. The

quantities Al measure the substituent effects on the Ar-N bond

region transferred via the o-electrons. The Al values are given in
kcal/mol.

electron withdrawing properties of the NO, group in-
dicated by the positive oy. The capability of increasing
the o electron density in the Ar-N bond decreases in the
sequence p-NOz >p-F> p-MeO > p-N(Me,), whereas
the Me group in para posmon turns out to be weakly
electron withdrawing.

The substituent effects transferred via the = electron
system are analysed by investigating the AR values, In
Fig. 6 the AR quantities are correlated with the or*
constants™ associated with the resonance effects of the
substituents. This scale of constants is more appropriate
than the ow values, since the substituents are attached
to a positively charged system. Figure 6 indicates a
correlation between the AR quantities and the or* con-
stants which is acceptable for all para substituents
except for the Me group. Substituents with a large =
electron donating power increase the R value compared

20

® o-N(me),

o
AR [kcol/mol)

20 -15 -10 -0S

-10

Fig. 6. Correlation of AR with Taft's or* constants. The quan-
tites AR measure the substituent effects on the Ar-N bond region
transferred via m-electrons. The AR values are given in kcal/mol.
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to the benzenediazonium ion; the largest increase is
found for the p-N(Me,) substituent. The magnitudes of
the Al and AR values (Figs. 5 and 6) designate the «
electronic effects to be more pronounced than the o
electronic effects. Thus, the para substituents operate
predominantly via their # electron donating or with-
drawing properties.

The strength of the o and 7 electronic effects varies in
a reversed order except for the Me group as established
by the AI and AR values. The o electronic effects in-
crease in the sequence N(Me;) <MeO<F<NOQ,,
whereas for the 7 electronic effects the order NO, <F <
MeO < N(Me,) is observed. This result accords qualita-
tively with the inverse changes of the o and 7 charge
densities in the para position of substituted benzenes.>'
This inverse behaviour is a further support for the
similarity between the substituent effects in the deriva-
tives of benzene and benzenediazonium ion.

In the meta substituted derivatives the effects trans-
ferred via the 7 electron system are smaller compared to
the para derivatives. However, the o electronic effects
are almost of the same magnitude. This result agrees
with the observation that inductive effects for sub-
stituents in meta and para position are similar,*
whereas the resonance effect is diminished compared to
substituents in para position>® The o electronic
influence of the substituents is transferred into the Ar-N
bond and the adjacent ring o bonds. Therefore, the
substituent effects in the meta derivatives are not as
localised as for the para substituted compounds.

Substituent effects on the nuclear distortion term. The
nuclear distortion terms Ejp recorded in Table 2 are the
largest negative energy components of the total pertur-
bation energy EF. A numerical separation of EX\p into
contributions referring to the change in the nuclear
repulsion energy and the correction term (eqn 17 of Ref.
18) shows that ELp is dominated by changes in the
nuclear repulsion energy. Consequently, the negative
signs of E\p indicate that the Ar-N bond fission is
enhanced by changes in the nuclear repulsion energies.

The analysis of the substituent effects on the nuclear
distortion term shows that the influence is primarily
localised in the region of the breaking Ar-N bond. The
observed dependence of EXp on the electronic proper-
ties of the substituents is difficult to specify, since the
diatomic increments are not explicit functions of the
electron density. However, the diatomic increments
contain the minimised Ar-N distances which are implicit
functions of the electronic properties of the substituents.

In the following discussion a dependence of ELp on
the 7 electronic charge localised in the Ar-N bond is
assumed. Such a dependence is suggested by the
pronounced substituent effects on the & charge density
of the Ar-N bond. As a measure for this = electron
density we employ the overlap population®” for the Ar-N
o bond at the equilibrium distance. However, the over-
lap population is not rigorously defined in the CNDO/2
procedure, since the zero differential overlap ap-
proximation is applied.”> Nevertheless, a numerical cor-
relation between CNDO/2 and ab initio overlap popu-
lations has been established.”* In addition, the total
overlap population in a molecule seems to be a sensitive
quantity for changes of the molecular geometry.>* These
observations designate the CNDO/2 overlap population
to be a measure for the charge density in the Ar-N bond.

In Fig. 7 the AEp values for the various substituents
are correlated with the 7 overlap populations for the
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Fig. 7. Correlation between AE}p and APY,S%,. The APY,SS,

values represent the difference between the overlap populations

of the Ar-N =-bond for the benzenediazonium ion and the
corresponding substituted derivatives.

Ar-N bonds. The observed linear correlation holds for
all para and meta derivatives considered. Referring to
this linear dependence, the effect of the substituents on
the nuclear distortion term is rationalised as follows.
Substituents donating = electrons into the Ar-N bond
region decrease the CNDO/2 Ar-N bond distance com-
pared to the benzenediazonium ion (Table 1). This effect
is reflected by a more negative nuclear distortion term
with respect to the unsubstituted compound; this sub-
stituent influence increases in the sequence p-F < p-Me
< p-MeO < p-N(Me,). If the substituents withdraw =
electron density from the Ar-N bond, the CNDO/2 Ar-N
bond distance is increased. Consequently, the nuclear
distortion term is less negative compared to the benzene-
diazonium ion. This effect is observed in the p-nitro
derivative and all meta substituted compounds.

DISCUSSION

In the previous sections the substituent effects on EL.,,
EZ, and Enp were investigated. However, within the
scope of the perturbational model an explanation for the
substituent effects on the rate constants has to be based
on the total E*. Such a discussion is facilitated by
groupmg all penurbauonal terms up to second order into

bond and Efoy

Efs=EL.+EL +EZ, +E% ©6)
tow =E4+Ehp+EL,. )

The analytic form'® of the different energy components
in eqns (6) and (7) shows that Ef,., contains energy
increments for bonds, whereas EZ,, refers to changes in
the electrostatic interaction of the atoms of the
diazonium ions.

In Table 3 all quantities recorded are differences be-
tween the values for the para substituted derivatives and
the unsubstituted compound. Inspection of Table 3 in-
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SCF-perturbational analysis of substituent effects in the dédiazoniation of aryldiazoniumions

dicates that the A(Ef,.q+ ES.) values for the pertur-
bation energies up to second order are positive and their
increase correlates with the rate constants for the para
derivatives. For the moment the p-NO. compound is
omitted but is referred to later. The sign of A(Efons+
Ef.) is determined by AEL., which is closely ap-
proximated by the AE/., quantities. The positive AE,..
values are induced by a transfer of electron density into
the Ar-N bond. Therefore, we conclude that the
decrease of the rate constants induced by the sub-
stituents p-Me, p-MeO, p-F and p-N(Me,) arises from a
strenghening of the Ar-N bond. The increase of bond
strength is manifested by a larger electron density in the
Ar-N bond. This rationalisation agrees qualitatively with
the mesomeric structure proposed for the para deriva-
tives with electron donating substituents, where the in-
crease of electron density is symbolised by an Ar-N
double bond.*

A different pattern emerges for the decrease of the
rate constant as observed for the p-NO. derivative.
Inspection of Table 3 suggests the positive sign of
A(Efsna+ Efu) to be determined by AEL,.,. In contrast
to the other para derivatives, AEfonq is found to be
significantly smaller as indicated by the AE.., value. This
negligible AE!., is easily interpreted using the analysis
performed in the earlier section. Inspection of Figs. 5 and
6 designates p-NO, to be the only substituent where the »
electron withdrawing properties predominate over the o
electron donating capabilities with respect to the Ar-N
bond region. In this way the NO, group induces a
decrease of electron density in the Ar-N bond compared
to the unsubstituted compound. This reduction of elec-
tron density is reflected by the small negative AEL.
value and by a positive AEZ. almost cancelling AE ...
Moreover, the decrease of electron density corresponds
to a lengthening of the Ar-N bond (Table 1) and a
positive AEAp determining the sign of A(ELoq + Ef.).
Therefore, the smaller rate constant for the para-NQO,
derivative arises from the less negative nuclear repulsion
component of the perturbation energy induced by a
decrease of electron density in the Ar-N bond region.

In Table 4 the AEL..q and AEL,,; values for the meta
derivatives and their partitioning into components are
recorded. In contrast to the para derivatives energy
increments for the localised orbitals reveal that the sub-
stituents do not operate predominantly in the Ar-N bond
breaking region. Thus, a simple MO rationalisation as
performed for the para derivatives seems to be difficult
to arrive at. Nevertheless, Table 4 indicates that the
increase of the rate constants for the m-Me and m-MeQO
derivatives is determined by AEf.. These bonding
contributions imply a rearrangement of the electron
density within the bonds facilitating the decomposition
compared to benzenediazonium ion. In contrast to m-Me
and m-MeO, the decrease of the rate constants for the
m-F derivative seems to be controlled by changes in the
nuclear repulsion component.
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