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Abstraoct - A simple algorithm, based on HMO approach is used
for oaloulating JT-ionization potentials {TT-IP*s) of polysudb-
stituted bengzenes. The parameters required for the method are
determined from 71-IP’s of monosubstituted benzenes. For 50 di-
substituted hensenes the first three values of the JT-IP’s are
obtained with root mean square (rms) error of 0.19 eV. Some
examples of application are presented, illustrating the possi-
bility of fast and quite acourate estimation of J-IP’s for
polysubstituted benzenes.

INTRODUCTION

The development of photoeleotron spectroscopy makes it possible to determine
fonization potentials (IP’s) with considerable acocuracy. This stimulates the

growth of the need to prediot the IP?’s using theoretical methods. The ability of
making such prediotions plays a oentral role in several branches of chemistry,

for instance in the theory of the EDA oomplexes1 and periocyoclic reactiona.2
However, it was found, that the appliocation of the more sophisticated ZDO methods,
11xe CNDO/s3, MNDo*, sPINDO®, LNDO/S® or HAM/3T often gives results not as good
as those obtained in simple approaches such as HMO8 or LCBOQ. The results of ab
initie calculations, especially of the double zeta ones, are often very olose to
the experimental data 10'1‘, but unfortunately require a lot of computational
time and extremely large storage for the electron-eleotron repulsion integrals.
Therefore they hecome impraotical as a routine treatment for large molecules.
Although there are a numher of papers concering various approaches to calcu-
lating the TT-IP’s based on HMO and/or LCBO methods319+10 it seems, that such a
treatment is seldom used by organio chemists. The purpose of this paper is to
show, how reliable values of Jl-ionisation potentials can he obtained using a
simple and computationally very effioient method and at the same time re-~empha-
sise the advantages of the HMO approach in caloulations of this type. The algo-
rithm given together with the parameters determined for some common substituents
can serve as a practiocal tool for the interpretation of PE speotra of various
polysubstituted bensenes and play a similar role to the additive increment sche-
mes in caloulations of the chemiocal schift in NMR-speotroscopy. An interactive
FORTRAN program (Pig.1), available upon request, can be readily adapted for mi-
orocomputers or home computers or even ceded in the pocket ocalculator. Therefore
the method presented, even if it has no well established quantum-mechaniocal
foundations, oould be used as a simple means of estimating JT-IP’s in organio che-
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mistry laboratories,
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Fig.1. Simplified flowchard of the algorithm,
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mated as follows:

the Hartree-Fook operator’s matrix elements are approxi-

oy, when u = 1%
Fuy = 13,0 when atoms A and V are bonded

A  1in all other cases
The cty and ﬁp,) parameters are fitted to yield theoretical results comparable
with experimental data. In the case of the bensene meleocule such a treatment,
together with the application of Koopmans t.heoren“, gives o = ~6.20 eV and
Bcc = =3.05 eV, taking into acoount the experimental values of the first three
12817 (9.25 , 9.25 ana 12.30 ev),
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The influence of the substituent en the 71-IP’s 1ia estaimated as followss

1° Every substituent is treated as one pseudeatom supplying to the electron sys-
tem two J7T eleetrons ocoupying ome orbital. The pseudoatem is desorihed by 2
parameters: dy and 3.. Thus, for imnstance trimethylbensenes are assumed te
oconsist effeotively of 9 atoms having 6 ocoocupied and 3 empty orbitals. For
oconjugated substituents, such as e.g. -Noz, such a treatment altheugh at the
first sight dubious, was found to work quite well.

2° The induotive effect of the substituent is simulated by an addition of a con-
stant term to all the calculated IP’s. This term is the sum of the increments
Ax for the substituents., A similar approach was used in the LCBO calcula-
tions,®

3° The parameters otx, pox and Ax are ocomputed assuming, that the first three
JI-IP's of the censx molecule are to be exactly evaluated. Thus for every X
the moleoule 061151( is used for fitting of o(x, Box and Ax' The parameters
obtained in this way are presented in Table 1.

Table 1. The HMO parameters

X Ref. o [ev] B ox lev] A, lev]
cns 10 -13.60 -2.60 0.00
0053 19 -12.30 -3.20 0.00
CN 14 =-10.99 -1.,66 0.87
C=CH 14 -10.,19 =1.93 0.23
Nﬂz 12 - 9.77 -2.70 =-0,02
OH 11 -11,51 -2.685 0.03
Noz 13 -10.56 0.00 0,67
P 18 =-14,16 2,71 0.38
Cil 20 -11,04 =2.07 0.39
Br 20 =-10,37 -1,90 0.38

The c’s, 3’s and A’s thus determined are expeoted to give reasonahle values
for the J1-IP’s of polysubstituted benzenes, since they take in some terms due te
eleotron correlation and relaxation effects, Nevertheless, it should be pointed
out that these parameters seem to have no physical meaning and are at best empi-
rical quantities giving results, in good agreement with experiments.

RESULTS AND DISCUSSION

The PE speotra of fluoro, methyl, hydroxy, nitro, cyano and amino substituted
hengenes have heen intensively studied by Palmer et 5110'14. The experimantal
data of these authors were used to test the reliability of the algorithm presen~
ted. The data for ethynyl and methoxy substituents were taken from other pa-
pers.n"za The measured and oalculated T-IP's are colleoted in Table 2 and Fig.2.
The rms errors are 0.14 eV, 0.16 eV and 0.22 eV for the first, second and third
T-I1P's, respeotively. It is to be noted, that this comparison refers also to
ortho-disubstituted benzenes in whioch steric effects play an important role.

The largest errors are encountered for o-dihydroxy- and o-diaminobensene due to
the possibility of the formation of hydrogen bonds in these compounds, In gene-
ral, the method works quite weel for a broad spectrum of disubstituted benzenes.

Examples of appliocation

A. Methylbenzenes, The approach degsoribed was used to estimate the first two
IP’s of toluemne, o- and p-xylenes, mesitilene, durene and hexamethylbenszene, At
the same time, the caloulations invoking CNDO/S and MNDO were oarried out for
these conpounds.25 The estimated MO energies are colleoted in Table 3 together
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with the avauablea" first two vertical ionization potentials. From an inspeotion
of this table it is evident that the CNDO/S caloculations using MNDO optimized
geometry gives the best results when the caloulated IP's are properly soaled
(Pable 3). The MNDO method gives completely unreliable results. The proposed al-
gorithm yields IP’s in quite good agreement with experiment. However, the requi-
red CPU time for a HMO caloulation is about 10 000 times shorter than for CNDO/S
one.

B, trans-3-Nitrostyrenes, The determination of the IP's of alkenes is important
for prediocting of their reaotivity in oycloaddition reaotions.z In order to check
the performance and accuracy of the method, we have determined the first verti-
cal ionigation potentials of some trane-p-nltrostyrenes using standard PES mea-
surements. The obtained data were used to determine the parameters of trans-
-cn-cmxoz substituent by least square fitting. The parameters determined ares

o= -9.40 oV, 3= -0.31 oV, A= 0.01 oV. The CNDO/S and MNDO caloulations were
also performed., The results are given in Table 4, Again, the HMO method is com-
parable in aoccuracy to the CNDO/S. The MNDO method gives IP’s overestimated by
about 0.7 eV.

C, Bensonitrile N-oxides, Benszonitrile N-oxides serve as the last example. They
form a class of compounds of great importance, since they oonstituti 1,3-dipoles
in [2+3] oyoloaddition reactions. The experimental values of their first three
IP’s were taken from the papers of Houk et 3126 and Bastide et a127. The parame-
ters for -C=N—-0 group determined by least square fitting are: o= -9,43 eV,

A= -1,69 eV, A= 0.55 eV, As in the previous cases the HMO method presented he-
re gives T-IP's close to the experimental values (Table S).
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Table 2. The oomparison of the calculated and experimental
IP'a for OGH‘XY compounds
Substituents Ret 9T- ionisation potentials [eV]
X/Y /position/ ¢ {exp/calc)
CH,/CH, /o/ 8.56/8.53 9.07/9.04 11.67/11.65
CH,/CH, /a/ 10 8.56/8.64 9.05/8.99 11.62/11.52
CH,/CH, /n/ 8.44/8.42 9.15/9.25 11.80/11.46
NH,/NH, /o/ T.18/7 .44 8.67/8.62 10.74/10.72
NH,/NH, /n/ 12 7.74/7.84 8.31/8.30 10.18/10.20
NH,/NH,, /v/ 7.61/7.39 9.48/9.21 10.07/ 9.58
NH,/CH, /o/ 7.84/7.86 8.84/8.94 10.63/10.83
NH,/CH,4 /u/ 12 7.82/8.02 8.89/8.87 10.55/10.62
NH,/CH, /n/ 7.81/7.80 9.06/9.23 10.50/10 .42
CN/CN /o/ 10.27/10.36 10.52/10.79 12.50/12.80
CN/CN /n/ 14 10.20/10 .46 10.68/10.75 12.42/12,56
CN/CN /v/ 10.10/10.27 10.58/10.99 12.38/12.41
CN/CH, /o/ 9.40/9.45 9.79/9.91 11.96/12.03
CN/CH, /n/ 14 9.34/9.54 9.81/9.87 11.90/11.89
CN/CH, /v/ 9.38/9.35 10.01/10.12 11.93/11.79
OH/OH /o/ 8.56/8.17 9.25/8.97 11.60/11.29
OR/OH /u/ 11 8.63/8.40 9.15/8.85 11,25/10.96
OH/OH /v/ 8.44/8.08 9.66/9.31 11.21/10.74
OH/CH, /o/ 8.50/8.33 9.12/9.03 11.76/11.40
OH/CH, /m/ 11 8.41/8.48 9.14/8.96 11,31/11,20
OH/CH, /v/ 8.35/8.24 9.24/9.28 11.12/11.08
C=CH/C=CH /o/ 8.69/8.67 9.25/9.36 10.98/11.19
C=CH/C=CH /m/ 21 8.62/8.85 9.39/9.24 10.72/10.80
C=CH/C=CH /p/ 8.58/8.59 9.54/9.71 10,43/10.47
F/F /o/ 8.30/9.30 9.68/9.81 12.75/12.46
F/F /n/ 10 9.32/9.42 9.68/9.76 12.14/12.38
F/F /p/ 9.15/9.20 9.98/10.01 12.46/12.30
CH4/F /o/ 8.93/8.92 9.53/9.42 12.08/12.06
CH,/F /n/ 10 8.80/9.03 9.48/9.38 11.91/11,94
CH,/F /p/ 8.90/8.81 9.60/9.63 12.68/11,.88
NH,/F /o/ 8.18/8.24 9.58/9.33 10.95/11,.21
NH,/F /n/ 12 8.32/8.40 9.30/9.26 10.96/11,01
NH,/F /v/ 8.18/8.18 9.67/9.61 10.91/10.82
CN/F /o/ 9.78/9.84 10.31/10.30 12.36/12.42
CN/F /n/ 14 9.79/9.93 10.26/10.25 12,36/12,.28
CN/F /v/ 9.74/9.74 10.44/10.50 12,30/12.19
OH/P /o/ 8.95/8.71 9.60/9.41 11.86/11.79
OH/F /m/ 11 8.99/8.86 9.52/9.35 11,62/11.60
OH/F /v/ 8.71/8.63 9.75/9.66 11.57/11.49
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Table 2 ocontinued
Substituents Ref - ionization potentials [eV]
X/Y /position/ * (exp/calc)
N02/F /o/ 9.86/9.88 10.37/10.30 11.29/11.23
N02/F /n/ 13 9.88/9.86 10.47/10.30 11,35/11,.23
N02/F /p/ 9.90/9,.86 10.45/10.30 11.12/11.23
NOZ/CH3 /o/ 9.50/9.47 9.66/9,.,92 10.73/11.23
N02/CH3 /m/ 13 9.50/9.47 10.04/9.92 10.73/11.23
N02/0H3 /p/ 9.50/9 .47 10.03/9.92 10.88/11,23
OCHs/CN /v/ 8.92/9.06 9,97/10.12 11,24/11,59
NH,/CN /p/ 22 8.51/8.73 9.85/10.10 11,00/11.09
ocns/NB2 /p/ 7.58/7.59 9.15/9.23 10.00/10.13
OCH,/0CH,  /p/ 23 7.90/7.85 9.24/9.25 10.25/10.84
OCH8/0H3 /o/ 19 8.24/8.21 8.94/8.99 11,31/11 .48
Table 3. The comparison of the experimental and calculated
N-IP's for methylbenzenes
IT- ilonization potential [ev]
Compound 17
Experimental 24 CNDO/S 25 MNDO 25 This work
toluene 8.78 8.69 9,28 8.80
9.00 9.14 9.40 9.25
8.45 8.48 9.23 8,53
o-xylene 8.90 8.87 9.33 9.04
8.37 8,31 9.18 8.42
p-xylene 9.05 9.10 9.41 9.25
mesitylene 8.42 8.49 9.25 8.64
8.10 8.01 9.10 8.04
durene 8.60 8.61 9.27 8.82
hexamethylbenzene 7.86 8.00 9.08 8.04
1/ Scaled by equation: IP = 1.179 IP - 2.53 [eV]

oalc

Table 4. The comparsion of the experimental and theoretical
IP’s for trans-f-nitrostyrenes

X Jr- ionization potentials [eV]

©rcrecrn, o
X Experimental CNDO/S MNDO This work

H 9.12 9,17 9.73 9,14
p—CHa 8,79 8.86 9.64 8.77
p-OCHs 8.50 8,88 9.27 8.43
p-CN 9.56 9.20 10,08 9,68
p-N02 9,83 - 10.56 9.79
p-F 9.25 9,18 9.81 9.16
p-Cl 9.04 - 9.91 9.05
m-C1 9,22 - 10.00 9,07
p-Br 8.96 - - 8.97

1/ Scaled by the equationt IP = 1.179 IP_,, = 2.53 [eV]
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Table 5. The comparison of the theoretical and experimental
T-IP's for benzonitryle N-oxides

X 97— lonization potentials [eV]
XO)-CN~0
X Experimental Ref. This work
H 8.96, 9.80, 10.84 27 8.96, 9.80, 10.84
2,6-diCH, 8.62, 9.18, 10.55 27 8.71, 9.19, 10.83
2,4,6-triCH, 8.35, 9.05, 10.26 27 8,51, 9.19, 10.53
8.34, 9.00, 10.24 26
4-oCH,, 8.42, 9.71, 10.16 28 8.50, 9.80, 10.34
2,4,6-tri0CH, 7.9, 8.7, 9.9 26 8.18, 8.79, 10.23
4-N02 >9.5 26 9.63,10.47, 11.51
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