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Abrtnct-Some calculations on the effects of substituents on the vertical ionization potentials of mono- 
and 1,4-disub&uted benzenes are reported. The results support many of the conclusions of Baker el al. 
as to the origin of the ejected ekctrons. In particular, the splitting of the degenerate levels of benzene on 
substitution is satisfactorily reproduced. 

RECENTLY Baker et al.’ have published a large amount of data on the vertical 
ionization potentials of substituted benzenes obtained by photoelectron spectroscopy. 
One of us has already pointed out’ the usefulness of such data in molecular structure 
calculations provided, of course, the experimental spectra can be correctly interpreted. 
In their paper Baker et al. have suggested that in a number of cases, particularly 
when the substituent is a halogen, the lowest ionization potentials correspond to the 
removal of the x electrons located largely on the benzene ring In benzene the two 
highest x levels are degenerate (EiJ but this degeneracy is removed on substitution. 
In the past calculations using the o technique’ have suggested that the splitting of this 
degeneracy is small. However, if the interpretation given by baker et al.’ is correct, 
then this is by no means the case. It seemed worthwhile therefore to see if the interpre- 
tation given by these authors could, in fact, be confirmed using a simple theoretical 
model.that would retain the simplicity of their approach. 

In the first part of this paper we consider how the ionization potentials as calculated 
on the basis of the o technique depend on the relative magnitudes of the empirical 
parameters for systems of the tw,C6H,X and C6H,XY. In the former two electrons 
are contributed by X to the R electron system while in the latter one each from X and 
Y. We shall see that many of the spectral features discussed by Baker er al. can be 
understood on the basis of these curves. In the second part of the paper more detailed 
numerical calculations on the systems C6H,X and pCaH4X2, where X is now a halo- 
gen, are reported. 

PART I 

Theoretical model 
The method used for calculating the ionization potentials in this paper is a mod&a- 

tion of the so-called 0 technique. ‘* 4 This method has been used with considerable 
success-notably by StreitwieseP* ‘-for the calculation of first ionization potentials 
of n electron systems. The essential feature of the 0 technique as distinct from the well- 
known Hilckel method is that the Coulomb integrals, a,, are mod&d in the following 
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way : 
ai = a: - w@q~ 

where ai is the normal Coulomb integral, 
/3 is the standard resonance integral, . 

(1) 

6qr is the excess (+) or deficiency (-) ofx charge on the i’th atom brought about 
by the presence of the other atoms in the molecule, 

and w is a fmed numerical parameter. 
As pointed out by Caldow andCoulson3 onemight also expect the Coulomb integrals 

to be dependent on the electrondonating or withdrawing power of neighbouring 
atoms transmitted through the sigma bonds. They suggested the following modifi- 
cation of (1) in order to account for this: 

a1 = a: - og(8~ + 6qp) (2) 

where 6qi’ is the excess or deficiency of charge on atom i brought about by the trans- 
mission of electrical effects through the sigma bonds. Caldow and Coulson assumed 
8qg to be the same in the molecule and the ion, an approximation that was not ex- 
pected to be too serious for large R electron systems. It is probable that this assumption 
is less valid for the calculation of ionization potentials of electrons originally localized 
within restricted regions of the molecule; i.e. lone-pair electrons. Nevertheless, an 
examination of the experimental data’ suggests that some account of inductive effects 
is necessary if as happens in the halo-benxenes, one or both of the fti two ionization 
potentials in the substituted benzene is greater than the first ionization potential of 
benzene. We have, therefore, used the above-admittedly crude-method of in- 
corporating o effects into our model for x electron systems. However, new methods of 
estimating the inductive parameters are required since the calculations of Caldow and 
Coulson on the halobenzenes seem to have badly underestimated the separation of 
the highest x levels in these molecules. 

The method also allows us to calculate values for the lone-pair ionization potentials 
reported by Baker et al. for example, the lone-pair ionization potential for a substituent 
X, i.p.X) should be given by the expression : 

i.p.(X) = E(X+) - E(X) = ax+ - 2ax (3) 

where ax+ is the Coulomb integral for X in the ion and ax that in the molecule. 
Allowing for the variation of ax with charge as given by Eq. (2) leads to the expression 

i.p.(X) = -a; + o/? + 0flzs4;~ - 6qi+ + Al”,) (4) 

where 6&+ is the excess or deficiency of x charge on atom X in the positive ion. 
In order to carry out numerical calculations on molecules of the form PhX using the 

above method it is necessary to obtain estimates of 

(i) the standard Coulomb integrals @ and ai, 
(ii) the standard resonance integrals Bee and Bcx, 

(iii) the inductive parameters 6q”,_, and @E-u, and 
(iv) a value for 0. 

Before giving these parameters specific values, however, it is of some interest to see 
how the various x ionization potentials in a substituted benzene, C,H,X, depend on 
their relative magnitudes. 
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In Figs. la and lb we have plotted the ionization potential for each of the four 
occupied x levels in C,H,X as a function of /Icx, the resonance integral linking the 
substituent X to the benzene R system. Values of a.& &, and o/3 were determined 
from the ionization potential of the methyl radical and the fast and second ip’s. of 
benzene assuming that ionization from both levels corresponds to removal of & of 
an electron from each C atom. This assumption is in keeping with our attempts to 
calculate vertical ionization potentials and with the results of various worker& ’ that 
the energy difference between the symmetrical and Jahn-Teller configurations of the 
benzene cation is small. The same sigma inductive parameter, Sq”,,, was used in both 
sets of calculations: for convenience, the value of 6q& previously used by Caldow 
and Coulson was selected as typical. 

A number of conclusions which are of interest can be drawn from these ionization 
curves. For example, an examination of Figs. la and lb shows that the ionization 
potentials of electrons from orbitals of B, symmetry are much more sensitive to varia- 
tions in the resonance integral /Ior than those arising from the A, type orbital.* 
Indeed, the magnitude of the ionization potential of an electron from the latter orbital 
relative to the original E,, benzene orbital is primarily determined by the inductive 
parameter &$_x. It is also apparent that the sensitivity of the calculated ips. to 
variations in /.Icx depends on the relative magnitudes of the Coulomb integrals ; e.g. 

the smaller the energy difference cl, - ax, the greater the interaction of the benzene 
ring with the substituent. This, of course, is a well-known result of the simple MO 
method.* 

It is of some importance to note that the way the various ip’s behave with in- 
creasing bcx does not depend on the initial ordering of the energies (i.e. the order 
when /Jcx = 0). We can compare directly, then, the variation of ionization potential 
with /Icx in the two situations. Thus, the ionization potentials of electrons in the A, 
and B, levels-corresponding to the originally degenerate El, levels in benzene+ 
and the B, level corresponding to the benzene A,, level all fall with increasing &. 
On the other hand ionization from the B, orbital largely centered on the substituent 
X increases with increasing /&. For convenience we have indicated ionization from 
these levels in the following way: e + J/a, and e + +,,, indicating ionization from 
the originally degenerate benzene E,, levels; e + $8, for ejection from the level 
corresponding to the A,, level in benzene ; and e t I& for ionization originating 
essentially from the level associated with the substituent X We have reserved the 
symbol e + e(X) to indicate ionization from lone-pair orbitals on X which do not 
possess the correct symmetry for conjugation with the IC electrons of the benzene ring. 

These curves allow us to predict with some confidence that when X = Cl, Br, I, 
NH,, or OH the first i.p. refers to the ejection of an electron from a B, type orbital 
and the second to one in the A, orbital. This is because the first i.p. is always lower than 
the benzene value while the second is higher. Now in these molecules the inductive 
parameter raises both value above the benzene values with the B1 the higher of the 
two. However, the latter falls rapidly with increasing Bcx while the A, ionization 
potential is relatively unaffected so that it is diflicult to see how the A, value could 
fall below the benzene value without the B, ionization potential also doing so. As 
pointed out by Baker et al.,’ the pdisubstituted molecules confirm this prediction 
since for the halogens, NH, and OH the first i.p. is lowered while the second is raised 

l Diagrams of these orbitals arc given in Rcfs 1 and 3. 



Some o technique calculations of mono- and I &disubstituted benzenes 3433 

with respect to the monosubstituted benzenes and the splitting are remarkably 
additive. 

Our curves also throw light on the effects on the fust and second ionization poten- 
tials of changing the groups R and S in the series PhOR and PhNRS. Baker et al. 
have investigated the photoelectron spectra of a number of molecules in these series 
where R and S = H, Me, CMe, or CF,. To a first approximation we can say that the 
main effect of changing R or S is to change the value of the Coulomb integral ax in 
the derivation of our theoretical ionization potential curves since ficx would be 
expected to remain relatively constant through each series. For example, we might 
expect the values of aN to increase numerically through the series -NMe,, 
-NHMe, -NH,, and -N(CF,), because of the increasing inductive effect of the 
substituent groups attached to the N atom. However, from our curves we know that 
the greater the difference between ax and cx, the less the effect on the A, and B, 
ionization potentials for a given /&. Consequently the ionization potentials of both 
these levels should increase as we go along each series but the change in the B, 
value will be greater than that in the A,. The experimental results’ support these 
conclusions. Thus the B, ionization potentials in the series C,H,NRS are predicted 
to be in the order -N(CF,), > -NH, > -NHMe > -NMe, and this is con- 
firmed by the experimental order of 1000,844,7*73, and 751. The same experimental 
order is predicted for the A, ionization potentials but the variation should not bc so 
marked. The experimental results are 10-00,9~11,9~3, and 9.03. 

There is one point where our interpretation through ionization curves throws light 
on an observation of Baker et al. These authors have noted that in the photoelectron 
spectra of both PhOCF3 and PhN(CF,), only one band centered around 10 eV 
appears and have commented on the fact that even the strong inductive effect ex- 
pected for such substituents does not appear to split the degeneracy of the benzene 
levels. On the basis of our model the explanation would seem to lie in the fact that the 
inductive effect raises both the A, and B, levels above the benzene value with the B, 
level the higher of the two. But this level falls more rapidly with #?a (mesomeric 
effect) so that the two ionization potential curves eventually cross. Thus in these 
molecules we appear to be observing a crossing-or near crossing-point of the A, 
and B, ionization potential curves as illustrated in Figs. la and lb. 

We have constructed similar curves for molecules of the type PhXY. Examples of 
these systems studied by Baker et al. are PhCHO, PhCN, and PhNO. Hypcrcon- 
jugation models of PhCH, and PhCFJ are also covered by these curves. 
The characteristic feature of the spectra of these systems is the apparent absence of 
any significant splitting of the highest x level of the benzene ring. 

Unfortunately the interpretation of ionization potential curves is more difficult in 
this model because of the additional parameters involved in the construction of the 
curves. Thus the ionization potentials would now be expected to be functions of 
a,, ay, ficx, /3xy, 6q&, and 6q&. We have constructed curves to study the effects 
of all these factors but Figs. 2a and 2b illustrate some results for ax = c+ since several 
of the molecules studied experimentally involve C as the atom directly attached to 
the benzene rings. Thus in Fig 2a we have plotted ionization potential curves as a 
function of Bcx with ay and /3xy such that e + +r is greater than e + tit, while in 
Fig 2b we have plotted ionization potential curves as a function of fixu for constant 
values of po(, ax, and (xv. 
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FIG. 2 The variation of orbital ionization potential in &H,XY with: (a) pm; (b) &. 

The pattern of the ionization potentials illustrated in Fig 2a is probably characteris- 
tic of such molecules as benzaldehyde and benzonitrile. We know, for example, that 
the R ionization potential of formaldehyde is considerably larger than the second 
x ionization potential in benzene.9 In addition this behaviour does not change in 
character through wide variations in the inductive parameters, Sq& and &&_,. It 
is not surprising then that the lowest n i.p’s appear only as one broad band for these 
molecules. For not only do the A, and B1 curves cross but neither of these ionization 
potentials seems to be particularly sensitive to changes in ficx. 

In Fig 2b we have illustrated the variation of these ionization potentials as a func- 
tion of &. This Fig shows that when the X-Y level lies between the two benzene 
II levels then considerable splitting of the AZ-B, levels can occur, particularly for 
small values of &. 

It is possible that such a situation occurs in PhNO. The measurements of Baker 
et al. indicate an ionization potential at 8.87 eV in addition to an intense band centered 
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near 997 eV. Baker et al. have suggested that this ionization potential results from 
ejection of a x electron from the NO group. Our curves suggest that this is unlikely, 
particularly as the rt level of the NO fragment might be expected to lie even lower than 
that of the CHO group in benxaldehyde. Another possible interpretation is that the 
8.87 i.p. is in fact due to the ejection of an oxygen lone-pair electron. Introduction of 
chlorine into the pura position of nitrosobenxene increases this i.p. to 942 eV. The 
inductive effect associated with the Cl atom could account for the increase in i.p. if 
these electrons were essentially lone-pair electrons on the 0 atom. On the other hand 
if these electrons were ejected from either a B, or By orbital then this ionization 
potential would be expected to fall. This appears to occur, for example, in the analo- 
gous aldehyde situation where the i.p. of the E, orbital falls from around 9.80 eV in 
PhCHO to close to 9.6 eV in the pchloro derivative. We conclude, therefore that 
PhCHO, PhCH, and PhNO all probably belong to the situation illustrated in Fig. 2a 
(i.e. energy XY > energy A zU of benzene). 

Numerical calculations 
PART 2 

In this section we present more detailed calculations on the mono- and di-substituted 
halogen benzenes. Two approaches to the problem have been adopted: in the first 
the integrals are derived purely empirically while in the second use is made of valance 
state ionization potential data for estimating some of the integrals. 

(a) Empirical approach. a,-, /I=, and o were derived from the llrst and second vertical 
ionization potentials of benxene1o and from the ionization potential of the Me 
radical. l1 In this derivation we are also obliged to assume a value of &&,., ; for 
convenience-and for want of anything better-we have chosen the value previously 
used3 

The inductive parameters, Sq&, were derived by noting that the ionization 
potential of the AZ level in both &H,X and 1,CCeH,X, is determined primarily by 
the inductive parameter (see Figs la and lb). Consequently, ionization potential 
curves were constructed for benzene in which either C atom 1 or C atoms 1 and 4 
were modified over a wide range of inductive parameters. Since the actual values of 
the AZ i.p’s are expected to fall slightly with increasing /&, these curves provided 
a means of assessing a lower limit to the inductive parameters required to lit both 
the mono and disubstituted halobenxenes. 

The standard Coulomb integrals for the halogens, Cc;;, were derived from the first 
ionization potentials of the corresponding methyl halides. The following assumptions 
are implicit in this derivation : 

(i) that the ionized electron is essentially a lone-pair electron on the halogen 
atom This is almost certainly true of X = Cl, Br, or I but doubtful for X = F; 

(ii) that no significant hyperconjugative effects are operating in either the molecule 
or the ion; and 

(iii) that the inductive parameter for a halogen attached to a sp3 C atom does not 
differ significantly from that of a sp2 carbon. 

It is difficult to assess how serious these assumptions are likely to be. But this approach 
seemed preferable to that adopted by Caldow and Coulson3 since no estimate of 
Sq,, is now required. 

Finally the Bcx were obtained by fitting the calculated first ionization potentials 
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(e t tig,) with the experimental values of the monosubstituted halobenxenes. For 
X = F the first ionization potential of l&lifluorobenxene was used since the exact 
magnitude of the first ionization potential in fluorobenxene is somewhat uncertain. 

The actual numerical values of all these parameters are collected together in Table 1. 

’ 

TABLE 1. P- vALuE3mEVUsmlwTli8C ALCUUTION OF IONIZATION 

mN7’IAm WR “AUXBN-B BBNZ,B,E3 

Parameter Ref. 3 Prcutlt Prcacnt 
(empirical) (valctlce state) 

-5666 

- 11.135 
- 23.896 
- 19381 
- 18.017 

- 

- 2.79 
- 1.88 
- 0.95 
-Q70 

- 

-0431 
1.808 
0504 
@289 
- 

-4336 -4.804 
- 10.832 -11.420 
-21622 - 22.864 
- 17897 -18*X14 
- 16,827 - 16984 
- 15.524 - 15654 

-2.51 -251 
-23 -2.21 
-1.2 - 1.15 
-0.8 -082 
-062 -066 
-0.329 -0526 

3686 4434 
2.341 2083 
1951 1.493 
1648 1.192 

Also included in the Table 1 are the values previously used.’ The most significant 
difference between the two sets of parameters lies, as expected in the magnitudes of 
the carbon-halogen inductive parameters. 

(b) Parameters derived from oalence-state potentials. By definition, the Coulomb 
integral, ax, is given by 

ax = j#H&, dr (5) 

where H,, is the so-called “effective” Hamiltonian for the system. In the neighbour- 
hood of atom X the largest contributions to Hen would be expected to arise from the 
potential of the other electrons associated with X and the nuclear charge Z,. It is 
reasonable to suggest, therefore, that ax is closely related to the ionization potential 
of an electron in the appropriate valence-state of the atom X in the molecule in 
question. This hypothesis is confumed when we compare our empirical values of our 
standard Coulomb integrals, a$, with those obtained from the valence-state i.p. data 
of Skinner and Pritchard.” Thus within the framework of the o technique, the 
valence-state ionization potential (v.s.i.p.) for a halogen atom contributing two 
p-type electrons to the x system is given by 

v.s.i.p. = E+ (atom) - E (atom) 
= ai - w&S&+ - 2a;; 
= -ai + 0s (6) 
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On the other hand for an atom contributing only one x electron to the MO then 
v.s.i.p. = a; since there are no a-type electrons in the ion. 

It is also possible to use valence-state ionization potential data in order to estimate 
the inductive parameters 6q&. For if we assume that the experimental designation 
of the lone pair ionization potentials of Baker et al. is correct then their magnitudes 
are given by Eqn 4. Since for the halogens && and 6q;+ are calculated to be small by 
our previous method, then to a first approximation 

w/lSqO, = lone-pair i.p. + ai - w/I (7) 

We can then determine ficx as before by fitting to the first ionixation potential of the 
monosubstituted benzene. The method can be made self-consistent since we can 
now calculate oj3dqk and wjGq$ + and thus by Eq. 4 arrive at a new estimate of oj?bq;;. 
The cycle of calculations is repeated until the calculated lone-pair ionization potential 
agrees with the experimental value-usually two or three iterations. 

The values of all the parameters based on the present approach are collected 
together in Table 1. As before, /I and w/l were derived from the first and second 
ionization potentials of benzene while o/?q_H was derived from the ionization 
potential of the methyl radical. It is interesting to compare the present parameters 
with those derived empirically. The agreement is remarkable considering the differ- 
ences in approach. The most significant changes occur for a; and wj?qLF but we 
have already suggested that the empirical parameters for fluorine are somewhat 
suspect. 

RESULTS AND DISCUSSION 

The calculated ionization potentials for the mono- and disubstituted halobenxenes 
using our two sets of parameters are given in Table 2. These are given as the R energy 
of the ion minus the II energy of the molecule. Also included in the Table are the lone- 
pair ionization potentials calculated from Eq. 4. 

The experimental results reported in Table 2 are with one or two exceptionsiO*” 
those given by Baker et al.’ These have been assigned following the arguments of 
Baker et al. and those outlined in Part 1 of this paper. As mentioned earlier, a number of 
experimental values are required for fitting the parameters; these are indicated in the 
Table by an asterisk. An examination of the Table shows that both sets of parameters 
lead to substantially the same calculated ionization potentials. The two sets of results 
will, therefore be considered together. 

For purposes of discussion it is convenient to examine first the e t tir,, and 
e c &’ ionization potentials as a group since the experimental assignment of these 
is probably the most straightforward and reliable (see, however, Ref 14). In calcula- 
tion 1 the monosubstituted values have mainly been used for lixing the parameters. 
However, the use of these parameters in calculations on the disubstituted benxenes 
leads to satisfactory agreement with experiment and supports the conclusions of 
Baker rt al. as to the origin of these ionization potentials. The results of calculation 
2 for the A, level are particularly gratifying since for these calculations the experiment- 
al e + l/l”. values are not used in the derivation of the parameters. 

Baker et al. have also suggested assignments for the lone-pair ionization potentials 
in the spectra of the halobenxenes. These are indicated in Table 2 together with our 
calculated values. The agreement with experiment for calculation 1 is perhaps un- 



(4 C&X 
x=1 Br 

Expt. Calc. 1 Calc. 2 

+ BI 8.78 8.78’ 878’ 

2) 1059 975 961 9-75. 9.74. 9.73 

$J, 11.70 9.68 9.81 

tit, 1244 12.22 12.13 

Expt. Calc. 1 Calc. 2 

925 9-26, 9.25. 

978 9.78. 9-76 
1078 1062 1077’ 

11.36 1073 lQ87 
12.2 12.01 1028 

Expt. 

cl F 

Calc. 1 Calc. 2 Expt. Calc. 1 Calc. 2 

9.31 9.w 9.31. (9.58) 958* 977 

971 979 980 986 9.86. 9-99 

11.42 11.36 11.41. 13.86t 13.86 13.88. 

11.76 11.58 1156 1449 14.45 

12.35 1061 1062 all.8 11.36 11.27 

04 P-WWY 
X = Br, Y = Cl 

e+S Expt. Calc. 1 Calc. 2 

X=Cl,Y=F 

Expt. Calc. 1 Calc. 2 

9Q4 8-78 8.79 

996 999 998 
lQ79 lQ63 IQ79 

1 1107 llQ7 1074 11.38 1088 11.43 

1154 11.61 11.61 

212 1065 934 

926 906 911 
1007 1006 1019 
11.77 11-m 1146 
11.77 11.61 1164 

13-90 1392 
1453 1449 

> 12.3 1024 lQ16 

Expt. 

X = Br 

WC. 1 

Cl F 

Calc. 2 Expt. Calc. 1 Calc. 2 Expt. Calc. 1 Calc. 2 

kl, (4,) 8.97 8.72 8.74 917 8.35 8.84 950 933 9.49. 

+A, (B,,) 995 998 9.94 1001 1OiW 1001 1024 1012 1036 

NX) 1066 1063 1079 11.57 11.38 1144 13.84 13.89 13.95 

:E: 211.9 10.91 lo-74 1244 1088 12.19 312.7 11.57 11.61 11.39 Il.62 9.63 12.72 14.55 11m 14.53 11.04 

l used in deriving parameters. t high resolution ~pectra.‘~ 
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expected in view ofthe assumptions inherent in the derivation of the halogen Coulomb 
integrals. There is, however, serious disagreement for the lone-pair ionization 
potential of iodobenzene where our calculations suggest that this i.p. lies in the same 
region as the A, level. This result is not unreasonable since the latter band at 975 eV 
is by far the most intense in the spectrum This conclusion is confirmed by the results 
of calculation 2 for if one assumes that the 1059 eV value corresponds to a lone-pair 
ionization potential from the I atom then Eq. 4 leads to an inductive parameter 
considerably larger than that calculated for Br or Cl.* 

The agreement of the calculated e + +g, i.p’s with experiment is not quite so 
satisfactory. Indeed, Baker et al. have suggested that the difference between the 
energy of this level and that of the lone-pair electrons increases through the series 
PhX for X = F, Cl, Br or I. However, our calculations suggest that this splitting 
should decrease down the halogen series since the calculated splitting depends 
primarily on the magnitude of the resonance integral, j&-x In fact, in some cases the 
splitting is calculated to be so small that if the results have any significance whatsoever 
then they suggest that experimentally the two ionization potentials may not be 
resolved. Thus the three ionization potentials observed in the region 10.7-11.6 eV 
for pbromochlorobenzene may actually arise from ionization from the four different 
levels. 

Finally we can compare the calculated and experimental ionization potentials in 
situations where the electron comes from an orbital similar to the A,, orbital in 
benzene; i.e. e + I&. With the exception of iodo- and bromobenzene and of p- 
dibromobenzene the results here are far from encouraging On the other hand it is 
not difficult to discover the reason for the disagreement : it arises in those cases where 
the value of the Coulomb integral aeodilied by the appropriate inductive 
parameter-is similar in magnitude to the energy of the A, level in benzene ; i.e. 
when ax = ar, + 2/l,, either in the molecule or the ion. Indeed, one of the most 
striking results of calculation 2 is the enormous effect of relatively small changes of 
parameters on the calculated e + JIB, ionization potential particularly in the case of 
bromobenzene and 1,4-bromochlorobenzene. As the order of levels in l+dibromo- 
benzene is not changed from calculation 1, this illustrates how sensitive ionization 
from this level seems to be to our choice of parameters. 

To some extent, these results support the observations of Baker et al. who note 
that the behaviour of this level on substitution is difficult to interpret in terms of the 
inductive and mesomeric effects of the substituents. However, another possible 
reason for this disagreement should be borne in mind and that is that the 11.91 i.p. 
which we have used as the value for the A, x level in benzene arises, in fact, from ioniza- 
tion of a sigma electron. A number of theoretical studies”-” have suggested that one 
or more o levels lie between the x levels in benzene and recently it has been suggested’ * 
from an examination of electron impact and photoelectron results that the 12.1 i.p. 
in the photoelectron spectrum of benzene corresponds to ionization from the 2nd 
II level. The use of this value not only would lead to quite different results for our 
calculated ionization potentials in this region, but also might require a re-interpreta- 
tion of the experimental assignments. 

In the preceding section we have shown that both a completely empirical approach 

l Raxot high resolution results support this prediction (D. W. Turner, Chemisrry in Britain 4,435 (1968). 
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and the use of valence-state ionization potential data leads to parameters which give a 
fairly satisfactory account of the experimental ionization potentials in the halogen 
substituted benzenes. It is worthwhile enquiring at this stage whether these methods 
can be extended to other substituents such as -NH,, -OH, etc. It turns out that there 
are difkulties associated with both approaches. Thus, in the empirical procedure 
it is no longer possible to estimate the inductive parameters from the values of second 
ionization potentials since Bcx is no longer likely to be small. Nor is the valence- 
state approach applicable in these molecules since, in general, there are no p type 
lone pair ionization potentials from which to estimate 6&x through the use of 
Eq. 7. It seems unlikely therefore whether the scope of the present calculations can 
be significantly extended. 

Our main conclusions, then, from this study on the ionization potentials in substi- 
tuted benzene54 are : 

(i) that the general features of the photoelectron spectra of substituted benzenes 
of the form PhX or PhXY can be understood on the basis of a simple MO 
model incorporating inductive effects ; 

(ii) that a set of parameters can be obtained which satisfactorily reproduce the 
observed splittings of the two highest occupied x levels in the halogen- 
substituted benzenes ; and 

(iii) that ionization from the x level corresponding to the A, level in benzene is 
extremely sensitive to the choice of parameters and therefore should provide 
a severe test for molecular wavefunctions. 
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