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Abbd-A M.O. rahahzatic~~ of the aubstituent effects on the rate constants for the dediazoniation of 
substituted aryldiaaonium ions has been performed using SCF-perturbation theory. The total perturbation energies 
arising from a distortion of the Ar-N bonds retlect the substituent effects on the rate constants. The substhuent 
effects are analysed by means of energy components characterising the rote of the unperturbed electron density 
distribution, its relaxation via mixing of orbiis and the nuclear repulsion energy. The influences of the 
substituents are separated into u and R contributions using energy increments for kxalised orbitals. These energy 
components of the perturbation energy correlate reasonably with the or sod ua+ 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.‘3 A heterolytic bond fission into aryl cations 
and molecular nitrogen has been found for the dedi- 
axoniation in trilIwroethanol.’ Indirect evidence for 
the occurrence of aryl cations has been derived from 
kinetic studies of the dediaxoniation in acidic solutions. 
These investigations support a &I mechanism, where 
the breaking of the Ar-N bond is the rate determining 
step.- In addition primary’ and seconda#’ isotope 
effects have been employed to prove aryl cations in the 
dediaxoniation of aryldiaxonium 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 
kR on the substituents R of the benzene ring as evaluated 
by Crossley et aLJ 

bl 
R-,$-N2 - R-&OH + Nz. 

O.lnHCl 

This observation has been reinvestigated by Schulte- 
Frohlinde and Blume using twenty two pam and meta 
substituted benxenediazonium ions.6 Most substituents in 
pam position decrease the rate constants compared to 
benzened&onium ion independently of the electron 
donating or accepting character of the substituents. A 
sign&ant enhancement of the reaction is observed for 
the m-Me, m-Me0 and m-phenyl derivatives.6 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 u constants turned out 
to be unsatisfactory.6 
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Several theoretical investigations deal with the 
geometryP.‘O multiplicity,~” spectroscopic properties,” 
and substituent effects’2 in aryl cations which are the 
final products of the rate determining step of the S,.,l 
reaction. Vincent and Radom investigated the geometry 
of the benzenediazonium ion and the potential energy 
surface of the N,Ne-rearmngement by means of the ab 
inirio 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 
sub&rent effects on the rate constants have been stu- 
died by Rlasinc and Schulte-Frohlinde’s using the 
Htlckel method. A fair correlation between the rate 
constants for the porn derivatives and the Ar-N bond 
order is achieved.” Recently, IMI 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.‘6 

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 diaxonium salts were 
isolated and the Arrhenius plots include at least three 
temperaturesP Our primary intention is to explain why 
electron donating and accepting substituents in porn 
position decrease the rate constants. Moreover, the 
inlluence of the substituents transferred via u and B 
electrons is discussed. 

Intmmolecular SCF-p0Wmtion theory 
Gcneml assumption and p&utmtion enugies. The 

kinetic measurements on the dediazoniation of sub 
stituted knzenediazonium ions in acidic aqueous solu- 
tions support a !&I mechanism, where the rate deter- 
mining step is a heterolytic decomposition into aryl 
rations and molecular nitrogen6 Consequently, as a 
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model for the reaction coordinate we employ the 
CNDO/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 determhmntal wave 
function is suitable to descrii the heterolytic bond 
fission. 

The analysis is based on energies EP arisii from an 
elongation of the Ar-N equilibrium distance by 0.1 A. 
The primary assumption of the applied model is, that 
di8erences in the activation energks of various deriva- 
tives are reflected by diierences in the energies EP. 
Experimental support for the substituent eifects on the 
Ar-N bond is a sign&ant dependence of the Ar-N 
vibrational frequencies on the electronic properties of 
substituents in pam position.” 

The. energy krease Ep is calckted using in- 
tramolecular SCF-pertmbation theory up to third 
order: ” 

Ep=E’+E2+E3. (I) 

The main advantage of this procedure is to break up the 
total EP into energy components which facilitate the 
analysis of the substituent effects in the dediaxoniation 
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 tirst 
order energy correction E’ can be separated into 
different components: 

E’=Ek+E:,+E:+E:, (2) 

Generally, E’ contains energy contributions arisii from 
the distortion of the molecular geometry in the charge 
distriition calculated for the equiliium nuclear 
arrangement. The 8rst term of eqn (2), EL depends on 
the corrections of the CNLXYZ resonance integrals. 
Consequently, EL is related to the capability of the 
equiliirium charge distribution to prevent an elongation 
of the Ar-N bond. The contribution EL arises from a 
change of the exchange operator, whereas EL is due to 
the electrostatic interaction of the net charges of atoms. 
The last term EL, contains changes in the nuclear 
repulsion energy and is referred to as nuclear distortion 
term. The second order energy E* is separated into:” 

E* = EL. + E.2, + EL. (3) 

These energy contriitions arise from the relaxation of 
the equilibrium charge distribution to the elongated Ar-N 
bond; they are energy components which diminish the 
total energy EP. 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 E*. 

Energy incmnents for localkd odGtals. For a 
rational&&on of the substituent eIfects we are interested 
in examining how the substituents influence the strengths 
of the breaking Ar-N bonds of the diaxonium ions. 
Therefore, a partitioning into energy components refer- 
ring to definite bonds. is desirable. Such a resolution is 
facilitated by a decompositk of Ek. into energy in- 
crements E/, for the localised orbital Ai0 derived for the 
equilibrium geometry: 

H’ contains the first order changes of the CNDO/Z 
resonance integraIs arising from the elongation of the 
Ar-N bonds. The quantities E: measure the capability of 
the charge distribution referring to the locruised orbital 
AP to prevent the elot@on of the Ar-N bond. The 
secoud order contriiution Ek, is decomposed into 
energy increments Efi: 

The I& is the. 8rst order coekient for a linear com- 
bination of the localised occupied A: and the unoccupied 
orbital A,“; the linear combinations adjust the equilibrium 
charge distriiution to the elongated Ar-N bond and 
result in a negative Ef, value. The sum over EQ for all j 
represents an energy decrease arising from the relaxation 
of the occupied orbital AP. The resolution of EL wig be 
used to determine an orbital interaction scheme for the 
breaking of the Ar-N bond in terms of localised orbitrds. 
For all pairs the contributions Ei are calculated and the 
important pairs are characterised by large Ei vahres. In 
this way a relationship between an orbital interaction 
scheme and the form of the CNDOI2 potential curve is 
established. 

For the analysis of sub&rent eflects occupied and 
unoccupied CNDOI2 orbitals were localised by the 
method of Edmiston and Ruedenberg.” From this local- 
ization procedure, implemented in the CNDO/2 scheme, 
pureoandrlocalisedotbitalsarederivedaudwere 
used to discuss the u and II electronic effects of the 
sub&rents. 

Geometties and computatiOnal aktails 

For the study of the substituent effects the benxene 
ring was assumed to transfer the intluence of the sub 
stituents to the breaking Ar-N bond. Therefore, a stan- 
dard geometry for the benzene ring in all diaxonium ions 
was used with r(CC)=l%A and r(CH)=l.llA. 
Moreover, all angles were 8xed 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 substitutkm of 
the ring. Consequently, the value of 1.1473 A found for 
the benxenediaxonium 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 
sTO3G fib in& procedure. 

For the geometry optimisation an iterative Newton 
type methodaD with numerical evahration of the first and 
second derivatives was used.” The numerkal derivatives 
were calculated by the ditkrence formulas given by 
Payne.= The CNDO/Z 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 lo-‘. In all calculations the last 
corrections to the geometrical parameters were of the 
order of IO-’ to lo-’ 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 benxenes. The other 

parameters of the substituents are in reasonable 
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Table 1. Results of the ~~ZIIZ~ o@imis&n of fbe subsrituen~ plld +e +-N diatoms in Y.X+-N2+. Values in 
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-XYn 

11 

P-CR3 

P-p 

P-0-j 

p-N (CM31 2 

P-NO2 

In-CE3 

m-P 

r-ccHj 

m-NO2 

r (0-N) r (e-x) I (X-Y) x(ww 

1.3990 

1.3971 

1.3979 

1.3963 

1.3933 

1.3999 

1.3992 

1.3996 

1.3993 

1.4ooo 

1.4651 

1.3430 

1.3649 

1.3899 

1.4275 

1.4601 

1.3457 

1.3699 

1.4273 

(1.11) (109.41 

1.3764 115.22 

1.4173 126.51 

1.2244 118.38 

(1.11) (109.47 

1.3754 114.97 

1.2243 118.36 

agreement with the data of the literature.” The bond 
distance between the aromatic ring and the diazonium 
groupintheunsubstiMedcompMndisshofterthantbe 
value derived from sTC&3G calculations by Vincent and 
Radom.13 However, our value of D9OA is close to 
1.385 A derived from tbe X-ray structure of ben- 
zenediazonium tet&uoroborate.= To ensure that the 
bond lengths and bond angles recorded in Table 1 are 
unique, optimisations have been performed using 
diflerent starting geometries. In all cases the results of 
Table 1 were reproduced. The numerical accuracy of the 
geometrical parameters guarantees the perh&ation 
energies EP to be reliable within 0.01 kcal/mol. 

L.acalised o&tals and the dediawniation of ben- 
zenediazonium ion 

In this section the partitioning of EI, and E&, into 
energy parts for localised orbitais is used to determine 
important orbitals and to derive an orbital interaction 
scheme for the dediazoniation of the benzenediazonium 
ion. In Table 2 the perturbation energy EP 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 EI, being 
the largest positive energy componeqt 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 EL into local&d energy parts 
(eqn 4) indicates that !%% of EL is deted by the 
three orbit& shown in Fig. 1. Ahnost 60 kcal/mol arise 
from an orbital localised in the Ar-N D bond region. A 
smaller value of 8.4 kcallmol is calculated for the four 
centre T orbital localised in the ring and to a smaller 
extent on the leaving N2 group. The n orbital kcalised in 

n 

the diazonium group and partially in the benzene ring 
contributes with 1.5 kcallmol to the total EL According 
to this pa&Gng a distortion of the Ar-N bond is 
inhibited more by the u than by the R molecular orbitals. 
This finding characterises the Ar-N bond primarily as a D 
bond as represented by the Ar-N single bond of the 
mesomeric structure for benzenediazonium ion.= 

The interaction.9 of occupied and unoccupied orbit& 
lead to a negative Ef, contribution of -3.6 kcal/mol (Tabk 
2). The resolution of Ef, into energy parts for pairwise 
orbii interactions is performed using eqn (5); the 
sign&ant pairs and their relaxational contributions Ei are 
recordedinF~2.Theoandarorbitalslocalisedinthe 
region of the bre&ing Ar-N bond relax via an interaction 
with unoccupied orbiis possessing a nodal surface which 
promotes the Ar-N bond br&ing process. 

In contrast to the partitioning of E,& the ring orbitals 
adjacent to the breaking Ar-N bond contribute 
&Scantly to EL. These interactions with unoccupied 
orbitals (Fig. 2) weaken the u bond since tbe linear 
combination results in a bent u orbital. The interaction 
indicates a flexibility of the ring geometry near the Ar-N 
bond break& 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 geometq determined for a 
final product is already indicated by orbii interactions 
at the beginning of the reaction coordinate. 

Analysis of the subsfirumt e#ects 
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- 
N02 and p-N(MeJ diazonium ions were investigated, 
After establishing the correlation between the total per- 

n 

59.52s 3.383 1.526 

032.1X) w6xl (2.lW 

F~I.TbeformoflocalisedorbiEPlsdcterminiqgtbetoWE:,intbedediazoniPtioaof~ioa.M 
values BIG rccor&d in kcal/md: the paccnw values with respect to UK total EL arc also given. 
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Fa 2. Important pairs of interacting locaLsed orbitals @omit the total E& in the dediazoniation of 
benzeaediszonium ion. All Ef quantities a given in kcal/mol. 

turbation energies and the experimental rate constants an 
analysis is performed to determine how the substituents 
alkct 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 u and a electrons are 
discussed by means of energy increments for locnlised 
orbitals. 

Total paiurbation cnagies and the rate constants. The 
total EP values for all derivatives considered are recor- 
ded in Table 2. All EP are close to the Eylv values 
calculated as the difierence between the CNDO/Z total 
energies for the distorted and undistorted geometries. 
This agreement between EP and B, illustrates the good 
convergence of the perturbation series. 

In Fa 3 the perturbation energies are compared with 
the rate constants obtained by Schulte-Frohlinde and 
Blume.6 Since we are interested in the substituent 
effects, AEp values are considered which are differences 
behveen the EP for the derivatives and EP for the 
benzene-diazonium ion: kH designates the rate constant 
for the unsubstituted compound. The plot of AEP against 
log Or&) indka& a reasonable linear con&&ion for 
electron donating and electron accepting substituents in 
pum and m&a positions. The AEP values reproduce 
correctly tbe rate enhancing Muence of the h4e and 
Me0 groups when they are in the mcta position of the 
benzenediazonium ion. The ordering of the rate decreas- 
ing properties p-Me < m-F C p-N@ C p-N(Me2) of the 
electron donating and electron withdrawing substituents 

-21) 
’ P-F 

-3.0 

-40 . ~-N(nw)7 

-50 

is also satisfactory reproduced. Exceptions are the p- 
Me0 and p-F derivatives deviating from the linear cor- 
relation. An explanation for this behaviour is ditlicult to 
arrive at within tbe crude assumptions of the pertur- 
bational model. However, the experimental frequency 
factors for the p-Me0 ad p-F derivatives support a side 
reaction or a d&rent reaction mechanism compared to 
the other derivatives as pointed out by Schulte-Froh- 
linde and Blume. 
Infiatce of the substituents on the resonance con- 

tributions. In this section the influence of the sub 
stituents on the total electron density distriiution and its 
relaxation is investigated by means of the energy corn 
ponents EL and EL. In this way a relationship between 
the substituent effects on the electron density and the 
reaction coordinate near the equilibrium geometry is 
Obtitid. 

For all derivatives considered, a positive Ef, 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 Fe 4, where the differences AEh between EL. 
for the substituted derivatives and benzenediazonium ion 
are recorded. Since all EL are positive quantities, a 
positive AE,& indicates a larger EL. for the substituted 
derivative compared to benzenediazonium ion. Inspec- 
tion of Fu. 4 shows that for the para substituents p-Me, 
p-MeO, p-F ad p-N(Me)z positive AJ& values are cat- 
culated. This Ending illustrates the property of these 
substituents to donate electron density which inhibits the 

05 4 P-m 

02 

0.1 n,m”w L m-F P-m 

0 
-0.1 

-I-- i 
-0.2 1 

Fii 3. Correlation between tbe pextutition energies and the 
rate constants. The AEP represents the difference hetweea the 
prtmWioa energies EP for the substituted derivative aml the . 

FM. 4. Comparison of UK substitucnt effects on EL and El.. A 
poaitiveAEE:,(-)indica&alargerpositiveE&.compamdto 
the beazenediazonium ion. A &ve AEL (.....*...) cor- 
=po=ls _b a &SJ Desative Ef,_~lqpcued_,~ .bcatenc- ~ion;~istheratecolMantfortbelm- 

substituted compound. The AEP values are recorded in kcxd/mol. cliazonium ion. All values are given in LcaUmol. 
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elongation of the Ar-N bond more effectively than in the 
benxenediaxonium ion. For the nitro @oup in pam posi- 

tion and all meta derivatives negative AEL quantities 
are calculated corresponding to a decree of electron 
density which facilitates slightly the Ar-N bond dis- 
tortion. 

The pattern of substituent eikts on Ef, derived for 
the pam derivatives accoxds remarkably well with the 
substituent effects on ?r charge densities in pam sub 
stituted benxenes.n The substituents Me, F, Me0 and 
NH1 increase the electron density in the ring, whereas 
the N02 group diminishes the rr electron density.n This 
analoBy supports the idea of similar mechanisms for the 
sub&tent effects in the derivatives of benzene and 
benxenediaxonium ion. 

The neBative s&ns of all EL (Table 2) ilhtstmte that 
the relaxation of the ejectron density facilitates the Ar-N 
bond distortion. The dependence of Ek. on the sub 
stituents is discussed by means of the AEf, values 
represented in Fu. 4. Ne@ive AEf, are calculated for 
the p-Me, p-Me0 and p-N(Med derivatives whereas a 
positive AE&;is evaluated for the p-niti compound. 
The substituent effects on EL and Ef, establish a 
correspondence between the electronic charge dis- 
tribution and its relaxation. Substituents which &ease 
the electron density induce also a large energy lain due 
to the relaxation of the electron density, whereas sub 
stituents with electron acceptinB proper& diminish the 
enemy gaia. However, this comspomlence is violated 
for the m-Me, m-Me0 and p-F compounds. 

Substhnt &cts via u and n molecular otbhls. A 
genedy accepted concept for the analysis of sub 
stituent effects is the partitioning into in5uence.s trans- 
ferred via the u and II electronic system. In the case of 
substituted bcnxenes these.effects have been investigated 
by a D and n separation of the total electron den- 
sities.nm Moreover, a correlation of *the u and P elec- 
tron densities with empirical substituent contants for the 
inductive or resonance e&t has been established.m39 

In this section the energy increments of E,L and EL 
for htcalised orbitals are employed to invest&e the 
inductive and resonance effects of the pam substituents. 
This discussion is based on the proposition that inductive 
effects are predominantly transferred via u orbitals, 
whereas resonance effects operate via r 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 E’, pertaining to the Ar-N u bond orbital. 
Siilarly, the quantity R refers to the resonance effect 
and contains components of EL. and EL beIon& to P 
orbiis cotresponding to those depicted in FQ. 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 referrinB to the u and II electron 
densities localised in the bre&in~ Ar-N bond. 

In Fg 5 the differences AI between the I values for 
the substituted pam derivatives and benxenediaxonium 
ion are correlated with the aI constants? for the in- 
ductive effect of the substituents. This correlation holds 
in spite of ul being determined by means of kinetic and 
thermodynamic data, whereas the I values are derived 
within a quantum mechanical model. The. nitro goup 
having the largest positive 01 constant induces a 
siBn&.ant increase of the I values (Fu. 5). This Bndin~ 
implies an increase of the u electron density in tbe Ar-N 
bond of the p-N& derivative compared to bea 
xenediaxonium ion. This result contrasts to the overall u 

0.3 T 

-al 

-015 1 
Fu. 5. Gnrekkm of the AI values with Taft’s 01 constaats. The 
quantities AI measure the substitnent effects on the Ar-N bond 
reeioatranJtemdviathcuclec~s.ThehIvalucsaregivenin 

kcnlhol. 

electron withdrawing properties of the N02 ltroup in- 
dicated by the positive ul. The capability of increasing 
the u electron density in the Ar-N bond decreases in the 
sequence p-N& > p-F > p-Me0 5 p-N(Me& whereas 
the Me ~goup in pam position turns out to be weakly 
electron withdrawing. 

The substituent effects transferred via the 0 electron 
system are analysed by investigating the AR values. In 
Fa. 6 the AR quantities are correlated with the uR+ 
constants3o associakd with the resonance effects of the 
substituents. This scale of constants is more appropriate 
than the t7k values,~ @ce the substituents are attached 
to a positively char& system. Fm 6 indicates a 
correlation between the AR quantities and the u,,+ con- 
stants which is acceptable for alI pam substituents 
except for the Me group. Substituents with a IarBe o 
electron donating power increase the R value compared 

’ II-N(m), 

Fw. 6. Correlation of AB with Taft’s u,,+ cmstants. The quaa- 
tites AB measure the substituent effects on the Ar-N bond region 
tnmsferred via rckcbons. The AR values an given in kcal/d. 
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to the benzenediazonium ion; the large& kre.ase is 
found for the p-N(Med substituent. ‘Ihe magnitudes of 
the AI and AR &ues (Fm. 5 and 6) designate the Q 
electronic effects to be more pronounced than the u 
electronic effects. Thus, the pam substituents operate 
predominantly via their II electron donating or with- 
drawin properties. 

The strength of the u and ?r 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(MeJ<MeO<FCNOz, 
whereas for the s electronic etkts the order NOz < F < 
MeO<N(MeJ is observed. This result accords qualita- 
tively with the inverse changes of the u and II charge 
den&ii in the pam position of substituted benzenes.” 
This inverse behaviour is a further support for the 
similarity be.twen the substituent effects in the deriva- 
tives of benzene and benzenediazonium ion. 

In the meta substituted derivatives the effects trans- 
ferred via the 1~ electron system are smaller compared to 
the pum derivatives. However, the u ekctronic effects 
are almost of the same magnitude-. This result agrees 
with the observation that inductive effects for sub 
stituents in mdrr and pam position are similar,” 
whereas the resonance effect is diminished compared to 
substituents in porn posikkm The u ekctronic 
influence of the substituents is transferred into the Ar-N 
bond and the adjacent rin8 u bonds. Wore, the 
substituent effects in the metu derivatives are not as 
localised as for the porn substituted compounds. 

Substituent e&cts on the nuclear distortion term. The 
nuclear distortion terms EL0 recorded in Table 2 are the 
hugest negative energy components of the total pertur- 
bation energy EP. A numerical separation of ELD into 
contriitions referring to the change in the nuclear 
repulsion energy and the correction term (eqn 17 of Ref. 
18) shows that EhD is dominated by changes in the 
nuclear repulsion energy. Consequently, the negative 
signs of E:D indicate that the Ar-N bond fission is 
enhanced by changes in the nuclear repulsion ener8ies. 

The analysis of the substituent etkcts on the nuclear 
distortion term shows that the intluence is primarily 
loca&dintheregionofthe~Ai-Nbond.The 
observed dependence of EL 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 minimi& Ar-N distances which are implicit 
functions of the electronic properties of the substituents. 

In the following discussion a dependence of I&, on 
the c electronic charge localised in the Ar-N bond is 
assumed. Such a dependence is suggested by the 
pronounced substituent effects on the r charge density 
of the Ar-N bond. As a measure for this r electron 
density we employ the overlap populatio$’ for the Ar-N 
P bond at the equilibrium distance. However, the over- 
lap population is not r@rously de&d in the CNDO/Z 
procedure, since the zero differential overlap ap- 
proximation is applied.33 Nevertheless, a numerical cor- 
relation between CNDO12 and a6 in& overlap popu- 
lations has been established?’ In addition, the total 
overlap population in a mokcule seems to be a sensitive 
quantity for changes of tbe molecular geometry.- These 
observations designate the CNDO/Z overlap population 
to be a measure for the charge density in the Ar-N bond. 

In Fi8.7 the AEL values for the various sub$ituents 
are correlated with the v overlap populations for the 

-0.3-- ‘p-F 

-0.5-- @P-m. 

-0.7-- l p-me0 

-0.9-- 

-1.1 -- 

-13-- 

-1.5- 
. ~-Nhd, 

Fa 7. Correlation bclwcen AEhD and AP$SO,.. ‘he APO,.S:. 
valws represent the dikcnce between the overlap populations . . 
of the k-N w-bond for tbc m ion and tk 

corresponding substiMed derivahs. 

Ar-N bonds. The observed linear correlation holds for 
all pam and meta derivatives considered. Referring to 
this linear dependence, the effect of the substituents on 
the nuclear distortion tenn is rational&J as follows. 
!Wstituents donating P electrons into the Ar-N bond 
region decrease the CNDOI2 Ar-N bond distance com- 
pared to the benzcnediazonium ion (Table 1). This effect 
is reflected by a more negative nuclear distortion term 
with respect to the unsubstituted compound; this sub 
stitugnt influence increases in the sequence p-F < p-Me 
C p-Me0 C p-NO&J. If the substituents withdraw P 
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- 
diazmium ion. This effect is observed in the p-nitro 
derivative and all meta substituted compounds. 

In the previous sections the substituent etkcts on EL,, 
EL and EkD 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 EP. Such a discussion is facilitated by 
groupin all perturbational terms up to second order into 
EL..,,, and EL,, 

EL=Ek+E:.+E:,+E:. (6) 

E:d = E:, t EL, t E2,. (7) 

The analytic f&m” of the different energy components 
in eqns (6) and (7) shows that EL contains. energy 
increments for bonds, whereas EL refers to changes in 
the electrostatic interaction of the atoms of the 
diazunium ions. 

In Table 3 alI quantities recorded are dikences be- 
tween the values for the porn substituted derivatives and 
the unsubstituted compound. Inspection of Table 3 in- 
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dicates that the A(EL + EL) values for the pertur- 
bationeneryfksuptosecondorderarepositiveandtheir 
increase correlates with the rate constants for the pum 

‘H. Zollinger, Anger i&m. 90. IS1 (W78): and rcfs. cited. 
‘H. Locwenchuss. G. H. Wahl. Jr. and H. Zollinacr. He/u. Chim. 

derivatives. For the moment the p-N02 compound is Acla 59, 1438 (1976). 

omitted but is referred to later. The sign of AfEL+ ‘R. G. Bergstrom. R. G. hi. Landells. G. H. Wahl, Jr. and H. 

EL,) is detetmined by AEL which is closely ap Zollinacr. I. Am. Chem. Sot. PII. 33BI 13976). 

proximated by the AEI, quantities. The positive AEL, ‘C. G.-Swain, J. E. Sbcats and K. G.‘Ha&on, Ibid 97. 783 

values are induced by a transfer of electron density into (1975). 

the k-N bond. Therefore, we conclude that the 
‘M. L. Crosslc~. R. H. Kienle and C. H. Benbrook. /bid. 62. 

decrease of the rate constants induced by the sub 
I4%(1940). - 

St&rents p-Me. p-&O, p-F and p-N(Me3 arises from a 
‘D. Schulte-Frohlinde and H. Blume, Z. PhysrX Chmr. N.F. 59. 

&en&erring of the Ar-N bond. The increase of bond 
299 (1968). 

‘C. G. Swam. J. E. She& and K. G. Harbison, 1. Am. Chem. 
strength is manifested by a larger electron density in the sot. 97, ?% (1975). 

Ar-N bond. This rationalisation agrees qualitatively with xc. G. Swain, J. E Sbeats. D. G. Gorenstein, K. G. Harbison 

the rnesomeric structure proposed for the porn deriva- and R. 1. Ro8us. Tetmhcdron L&&s 2973 (1974): G. C. Swain, 

tives with electron donating substituents, where the in- 1. E. Sbcats. D. G. Gorenstein and K. G. Ha&son. f. Am. 

crease of electron density is symbol&d by an Ar-N chenl. SIC. 91.791(1975). 

double bondTs 
‘J. D. Dill, P. v. R Schkyer, J. St. Binkky. R. Seeger, 1. A. 

A different pattern emerges for the decrease of the 
Ponle. and E. Haselbach. Ibid 98.542Jl(l976). 

rate constant as observed for the p-NOz derivative. 
‘@H. .H. JatT6 and G. F. Koser. 1. Org. Cht&. 46.3062 (1975). 

Inspection of Table 3 suggests the positive sign of 
“E. M. Evkth and P. M. Horowitz, 1. Am. chrm. Sot. 93,5636 

A(EL + EL,,) to he determined by AEL. In contrast 
(1971). 

‘R Gkitcr, R HoBmann and W. D. Stohrer, Cha Bcz 115.8 

to the other porn derivatives, AEL,,., is found to be (1972). 

significantly smaller as indicated by the AEl, value. This “M A. Vincent and L. Badom, 1. Am. Cha. Sot. lo), 33% 

ne&iile AEf, is easily interpreted U&B the analysis (1978). 

performed in the earlier section. Inspection of Pi. 5 and “V. M. Tniger and 1. L. Bagal, 1. 0g. C’lrem. USSR 10. 2512 

6 designates p-N% to he the only sub&rent where the * 
(1974). 

electron withdrawing properties predominate over the u 
“L. Klasinc and D. Schulte-Frohlinde, 2 physlk. Cha. N.F. 0, 

electron donating capabilities with respect to the Ar-N 
I (1968). 

bond region. In this way the NO2 group induces a 
16J. D. Dill, P. v. R Schle~er and J. A. Poole. /. Am C&em. Sot . 
9% l(l977). 

decrease of electron density in the Ar-N bond compared “K. Tabci and Ch. Ito, Bull. Cha Sot. lap. 41.514 (1968). 
to the unsubstituted compound. This reduction of elec- ‘“V. Bachler, G. Olbrich, 0. E. Polanskv and Y. K. Pan. ?7rmr& 

_ tron density is reflected by the small ne@ive AEI, C’him. Acta 3.327 (1979). 

value and by a positive AE’, almost cancelling AEk,. “% Edmiston and K. Ruedenhcrg. Rm. Mod Phys. 35. 457 

Moreover, the decrease of electron density corresponds (1%3). 

to a len@henintr of the Ar-N bond (Table I) and a 
‘% Garton and B. T. Sutctitle, 77momr. -.-_ckrmtun C&mr. 

positive AEkD determining the s@r of A(EL + EF&. 
I. 34 (1974). 

Therefore, the smaller rate constant for the pumN4 
“G. Olbrich and F. Mark, unpublished. 

derivative arises from the less negative nuclear repulsion 
“P. W. Payne, J. Chcrn. ayi. 65, I920 (1976). 
L’V. R Saunders and I. H. Hillier. Jnr. 1. (konl. Chcm 7. 699 ..~ 

component of the perturbation energy induced by a (1973). 
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decrease of electron density in the Ar-N bond &on. “Tables of Interatomic LXstances (Edited by L. E. Sutton), 
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detivatives and their partitioning into components are ‘%hr. &mm&, Acta Chent. Scan4 It, 1444 (1963). 

recorded. In contrast to the pam derivatives energy %ce for exam& s. Sorriso. ‘I)u chcmJ.rlry of thr L&lmlim 

increments for the localised orbitals reveal that the sub 
and l&o Grows Edited bv S. Pa&ii. Part I. I). 95. Wdev. 

stituents do not operate predominantly in the Ar-N bond 
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breaking region. Thus, a simple MO rationalisation as 
“W. J. Hehrc. L. Badom and J. A. Popk, 1. Am. Chem. Sot. 96, 
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to arrive at Nevertheless, Table 4 indicates that the 
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