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Abatraot - A almple algorithm, baaed on EMC approaoh la used 
ror caloalatlng fl-lonlraatlon potentials (‘JT-IP*a) of polyanb- 
atltuted bennones. The parameters requlred for the method are 
deternlned from ‘Jr-1P.a or eonoaubatltuted bensenea. For SO di- 
substituted bensenea the first three values of the %IP’a are 
obtained with root mean square (rma) error of 0.19 eV. Some 
examples of applloatlon are presented, lllaatratlng the poaal- 
blllty or fast and quite accurate estimation or fl-IP’a for 
polyaobatltuted benaenea. 

INTRODUCTION 

The development of photoelectron apectroaoopy makes It possible to determine 

ionlaatlon potentlala (IP’a) with considerable aoouraoy. This atlmulatea the 

growth or the need to predict the IP’a using theoretical methods. The ability of 
making such predlotlons plays a oenfral role In several branches of ohemlatry, 

for Instance In the theory of the EDA oomplexea’ and perloyolio reactions. 2 

However, It was found, that the applloatlon of the more aophlatloated WO methods, 

like CNDO/S3, MNDD’, SPINDOll, LNDO/S’ or HAY/S7 often gives results not as good 

as those obtained In simple approaohea auoh as DMO8 or LCBD’. The results of ab 

initlo oaloulatlona, eapeolally of the double aeta once, are often very close to 

the experimental data “-“, but unfortunately require a lot of computational 

time and extremely large storage for the eleotron-eleotron rOpulSlOn Integrals. 

Therefore they beoome Impractical as a routine treataent ior large molecules. 

Although there are a number of papers oonoerlng various approaches to calcu- 

lating the ‘JT-IP’a baaed on IWO and/or LCBC •ethoda81s~16 It seems, that such a 

treatment la seldom uaed by organ10 chemists. The purpose oi this paper la to 

show, how reliable values oin-lonlaaflon potentials can be obtained using a 

simple and oampntatlonally very efilolent method and at the same time re-e-ha- 

also the advantages of the HMO approach In oaloulatlona of thle type. The algo- 

rithm given together with the parameters determined for some common aubatltuenta 

can serve as a praotloal tool for the lnterpretatlon or PK apeotra of various 

polyeubatltuted benaenea and play a almllar role to the additive lnorement aohe- 

mea in oaloalatlona of the ohemioal aohift In NMR-apeotroaaopp. An interaotive 

FORTRAN program (Plg.1) , available upon request, oan be readily adapted ior ml- 
orocomputera or home oomputera or even ooded In the peoket oaloulator. Therefore 

the method presented, even ii It haa ne well e8tabll8hed quantum-mechanical 

roundatlona, oould be used as a almple means of e8flmatlng~-IPga in arganlo ohe- 
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q lstry laboratories. 

START Q _ 
Dimension of the litlokel matrix: N - 6 

Poeition number of subetituentr I - 1 

Shift value: SHIFT - @ 

SET the a's andfi's for the appropriate 

elements of the H(Loke1 matrix 

PRINTI ” POSITION NUMBEiE * I I 

RELAD: CODE 

1 

CODE is 

END EbiPTY Others 

I l 

es F 1-l 0 STOP I-I+1 N-N+1 

SET the dx and (3 
X 

for substituent 

SHIFT I SHIFT + A, 

eigenvalues by SHIFT 

I Diagonalize the HUckel I 
1 matrix and shift the 

THEORY 

Fig.1. Simplified floaohard of the algorithm. 

In the Hiiokel method" the Eartree-Fook operator's matrix elementa 

mated 88 follorer 

up when N = 3 

p)A0 = 

I 

/$o when atoms )r and 3 are bonded 

fl in all other oaaea 

are approxi- 

The Up and /3,,,1 parametere are fitted to yield theoretloal raonlts oomparable 

with experimental data. In the oase of the bensene moleoule raoh a treatment, 

together with the spplioatlon of Koopman~ theorem", give0 UC = -6.20 OV and 

/3,, - -3.06 elf, taklw into aooount the experlaental value8 OS the Siret three 

IP'e" (9.26 , 9.25 and 12.30 eV). 
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The latluan~e or tha aabstltuant an theT-IP'a la aataimated am lallowa: 

Every 8ubatitUent ia treated aa orno psoadoatam supplying to tho alootron aya- 
tam two !llolootrona oooup~ia# 0110 orbital. The paoudoatom la doaorlbod M 2 

parantora: dx and pcx. Thus, ior lartaaoo trlmothylbonaoaoa aro l aaumad to 

oonslat affootlvolp of Q atom8 havlmg 6 oooeplad and 3 ampty orb1 tala. ?or 
oonjugatod aubatltuanta, auoh aa o.g. -NOa, auoh a troatnnt although at the 

first eight dublaua, waa found to work quite well. 

Ths lndaotlva efiaot or the aubatltuont la almulatod by an addition of a oon- 

atant term to all the oaloulated IP's. Thia term ia the sum of the lnoramente 

Ax for the aubatltuenta. A similar approaoh waa used In the LCD0 oaloula- 

tions .Q 
The parawtoracix,~ox and Ax are oamputed aaaumlng, that the flrat three 

ITI-IP'e OS the C&X moleoale are to be exactly evaluated. Thus for every X 

the moleoulo C&X la uaed ior flttlng of d,,pox and A,. The parameters 

obtained In this way are presented In Table I. 

Table 1. The HMO parameters 

X Ret. ax [eVl Pox [evl ’ A, INI 

CB3 IO -13.00 -2.60 0.00 

OC=3 1Q -12.30 -3.20 0.00 

CN 14 -1O.QQ -1.66 0.87 

CCH 14 -10.19 -1.83 0.23 

NH2 12 - 9.77 -2.70 -0.02 

OH 11 -11.51 -2.05 0.03 

NO2 13 -10.56 0.00 0.07 

F 18 -14.16 -2.71 0.38 

Cl 20 -11.04 -2.07 0.39 

Br 20 -10.37 -1.90 0.38 

The a's, (3'8 and A's thus doterained are expeoted to give reaaonable value8 

ior the Tf-IP'e OS polyaubstltuted bencenea, alnoe they take In some tonne due te 

eleotron oorrelatlon and relaxation otieots. Nevertheless, It should be pointed 

out that these parameter8 seem to have no phyaloal meaning and are at beet empl- 

rloal quantities giving reaulta, In good agreement with experiments. 

RRSULTS AND DISCUSSION 

The PE apeotra of fluoro, methyl, hydroxy, nltro, oyano and amino aubatltuted 

benaenee have been Intensively studied by Palmer et alio-14. The experlmantal 

data of these authors were uaed to teat the rellablllty of the algorithm preeen- 

ted. The data for ethynyl and nethoxy subatltuenta were taken trom other pa- 

pers. 21-23 The measured and oaloulatad 'JT-IP's are oolleoted In Table 2 and Plg.2, 

The rma errors are 0.14 eV, 0.16 eV and 0.22 eV for the first, aeoond and thlrd 

n-IP*a, respeotlvely. It Is to be noted, that this oomparlson rotors 8180 to 

ortho-dlsubatlfufed benaenea In which aterlo efteots play an Important role. 

The largest errors are enoountered for o-dlhydroxy- and o-dlaminobenaane due to 

the posslblllty of the tormatlon of hydrogen bonds In these oompoands. In gene- 

ral, the method works quite reel for a broad apeotrum ot dlaubstltuted benaanes. 

Rxsmpples of applloatlon 

A. Methylbanasnes, The approaoh deaoribed was uaed to estlmafe the tlrat two 

IP'e of toluene, o- and p-xylenee, q esltllene, durene and hexamethylbenaane. At 
the same time, the oaloulatlona Invoking CNDO/S and MNDO were oarrled out for 

these oompounda.2s The estimated MD energies are oolleotad In Table 3 together 
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with the a.allablea4 first two vertioal loniration potontlals. Prom an inspeotion 
of this table It la evident that the CNDO/S oaloulaflona wing MID0 optlmised 
geometry give8 the best results when the oaloulated IP*e are properly eoaled 

(Table 3). The LPSDO method givoe oomplotely unreliable roeulte. The propoeed al- 

gorithm ylelde 1P.e In quite good agreement with experiment. However, the requi- 

red CPU time for a EUO oaloulatlon lo about 10 000 time6 shorter than for CNDO/S 

one. 

B. traae-t3-Nltroetyronea~ The determination of the IP*e oi altenee 1s important 
Sor predioting of their reaotlvify in oyoloaddition reaotions.2 In order to oheok 
the performanoe and accuraoy o? the method, we have defelsined the first verti- 

cal loniaatlon potenfiale of Borne trane+nitroetyrenee using standard PgS mee- 

euremente. The obtained data were wed to detexmlne the parameters a? trans- 

-ClWXN02 eubetituent by leant square fitting. The parameters determined are: 

u= -9.40 eV, /j= -0.31 eV, A- 0.01 eV. me CNDO/S and MD0 oaloulatlons were 

alao performed. T'he rernlte are given In Table 4. Again, the EM0 method is aom- 

parable in aoouracy to the CNDO/S. The MNDO method gives IP'e overeetlmated by 

about 0.7 eV. 

C. Benronitrile N-oxlder, Benaonltrlle N-oxides eerve a8 the laet example. They 

form a olaee of oompounde of great lmportanoe, einoe they oonetitutl 1,3_dipoles 

In [2+3] oyoloaddltlon reaotlone. The experimental valuee of their first three 

IP'e were taken from the papere o? Houk et a12g 27 and Baetide et al . The parame- 

tore Sor -EN+0 group deternlned by leaet square fitting are: U= -9.43 eV, 

P- -1.09 eV, A= 0.55 eV. As in the previous oaae8 the HMO method presented he- 

re givee %IP's olose to the experimental values (Table 5). 

IP,,p tev1 

12.0 Ptg.2. Caloulated ~8. experimental IP?e 
for disub&tltuted bonsene8. Data taken 
from Table 2. 
a-the tirst IJT-IP (rme error 0.16 l V) 
b-the eeoond (n-IP (rme error 0.18 eVv) 
o-the third IIT-IP (rme error 0.22 eV) 
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Table 2. The ooapariaon of the oaloalated and experimental 

IP'e for C#,XY oompoundm 

Ref. rJT- ionlnbtion potentials [eV] 
brp/oalo) 

CHpi3 
CH#xl, 

CHJ/CHS 

CN/CN 

CN/CN 

CN/CN 

WCH3 

WCH3 

CN/CH3 

OH/OH 

OH/OH 

OH/OH 

CSH/C-=CH 

Csx/cxxf 

CECH/CxxI 

F/F 

F/F 

F/P 

CVF 
CH2/F 

CE2/F 

m2/F 

NVF 
m2/F 

CN/F 

CN/F 

CN/F 

OB/F 

OH/F 

OH/F 

/O/ 
/a/ 
/Pi 

/O/ 

/m/ 

/Pi 

/O/ 

/m/ 

/Pi 

/O/ 

/m/ 

/P/ 

/O/ 

/a/ 

/Pi 

/O/ 

/m/ 

/Pi 

/O/ 

/m/ 

/Pi 

/O/ 

/I/ 

/P/ 

/O/ 

/la/ 

/Pi 

/O/ 

/a/ 

/Pi 

/O/ 

/4 

/P/ 

/O/ 

/m/ 

/PI 

/O/ 

/I/ 

/PI 

10 

12 

12 

14 

14 

11 

11 

21 

10 

10 

12 

14 

11 

e;ae/e.as 9.07/9.04 11.87/11.66 

8.a6/8.04 9.05/8.99 11.02/11.52 

8.44/8.42 9.15/9.26 ii .80/u .46 

7.78/7.44 8.67/8.62 10.74/10.72 

7.7Y7.84 8.31/8.30 10.18/10.20 

7.81/7.39 9.48/9.2L 10.07/ 9.68 

7.84/7.88 8.84/8.94 iO.03/10.83 

7.82/8.02 8.89/8.87 10.55/10.62 

7.81/7.80 9.00/9.23 iO.M)/iO.42 

10.27/10.30 10.52/10.79 12.50/12.80 

10.20/10.4cB 10.68/10.75 12.42/12.55 

10.10/10.27 10.56/10.99 12.38/12.41 

9.40/9.41 9.79/9.91 11.96/12.03 

s.sr/e.ar 9.81/9.87 11.90/11.89 

9.38/9.35 10.01/10.12 11.93/11.79 

8.11tv8.17 9.25/8.97 11.80/11.29 

8,.83/8&O ,9.15/8.86 ii.21/LO.90 

8.44/8.08 9.60/9.31 11.21/10.74 

8.50/8.33 9.12/9.03 ii.70/11.40 

8.41/8.48 9.14/8.96 11.31/11.20 

8.3&i/8.24 9.24/9.28 11.12/11.08 

8.89/8.87 9.25/9.30 10.98/ii.i9 

8.82/8.85 9.39/9.24 10.72/10.80 

8.68/8.59 e.a4/9.7i 10.43/10.47 

9.30/9.30 9.08/9.8t 12.76/i/12.46 

9.32/9.42 9.08/9.70 12.14/12.31 

9.11/9.20 9.98/10.01 12.46/12.30 

8.93/8.92 9.53/9.42 12.08/12.06 

8.80/9.03 9.48/9.38 11.91/11.94 

8.90/8.81 9.00/9.63 12.08/11.88 

8.i8/8.24 9.58/9.33 10.96/11.21 

8.32/8&O 9.30/9.20 10.90/11.0i 

8.18/8.18 9.67/9.61 10.91/10.82 

9.78/9.84 

9.7w9.93 

9.74//9.74 

8.95/8.71 

8.99/8.86 

8.77A.62 

10.31/10.30 12.36/12.42 

10.26/10.2is 12.3w12.28 

10.44//10.50 12.30/12.19 

9.60/9.41 11.86/11.79 

9.62/9.36 11.62/11.60 

9.75/9.66 ll.l%7/11.49 
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Table 2 oontlnued 

Subetituents 
x/Y /pozitlon/ Belt. 

W- ionisation potentlals [eV] 
(eIp/oalo) 

N02/F /O/ 9.88/9.88 10.37/10.30 11.29/11.23 

N02/p /m/ 13 9.88/9.88 10.47/10.30 11.35/11.23 

N02/p /PI 9.90/9.88 10.46/10.30 11.12/11.23 

N02/CH3 /O/ 9.50/9.47 9.88/9.92 10.73/11.23 

N02/CH3 /m/ 13 9.50/9.47 10.04/9.92 10.73/11.23 

NO2/CH3 /PI 9.50/9.47 10.03/9.92 10.88/11.23 

OCH3fCN /Pi 8.92/9.06 9.97/10.12 11.24/11.59 

NH2/CN /P/ 22 8.51/8.73 9.85/10.10 11.00/11.09 

OCH3/NH2 /Pi 7.58/7.59 9.15/9.23 10.00/10.13 

0CB3/OCH3 /P/ 23 7.90/7.85 9.24/9.25 10.25/10.84 

oca,/cn /o/ 19 8.24/8.21 8.94/8.99 11.31/11.48 

Table 3. The oomparieon OS the experimental and oaloulated 
n-IP'e for methylbenzenes 

Compound 
'IT- ionlaation potential WI 

Experimental 24 CNDO/S " 25 MNDO 25 This work 

8.78 8.89 9.28 8.80 

9.00 9.14 9.40 9.25 
toluene 

o-xylene 
8.45 8.48 9.23 8.53 

8.90 8.87 9.33 9.04 

p-xylene 
8.37 8.31 9.18 8.42 

9.05 9.10 9.41 9.25 

q ezitylene 8.42 8.49 9.25 8.04 

durene 
8.10 8.01 9.10 8.04 

8.60 8.51 9.27 8.82 

hexamethylbeneene 7.88 8.00 9.08 8.04 

I/ Soaled by equation: IP = 1.179 IPoalc - 2.53 [eVl 

Table 4. The oomparslon of the experimental and theoretioal 
IP'e for trane-jLnitroztyrenee 

ITT- ionization potentials [eV] 

Exuertmental cNBo/s I' MNDO This work 

H 9.12 

p-CH3 8.79 

p-OCH3 8.50 

P-CN 9.56 

p-NO2 9.83 

P-P 9.25 

p-Cl 9.04 

a-Cl 9.22 

p-Br 8.96 

9.17 

8.80 

8.88 

9.20 

9.18 

9.73 

9.64 

9.27 

10.08 

10.56 

9.81 

9.91 

10.00 

9.14 

8.77 

8.43 

9.68 

9.79 

9.16 

9.05 

9.07 

8.97 

I/ Scaled by the equation: IP - 1.179 IPoalo - 2.53 [eV] 
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Table 5. The oomparlaon of the theoretioal and experimental 
7%IP's for benzonitryle N-oxides 

X 39 CN-0 
X 

H 

2,6-diCH3 

2,4,6-trlCH3 

4-OCH3 

2,4,6-triOCB3 

4-NO2 

tTT- lonizatioa potentials PI 
Experimental Ref. This work 

8.96, 9.80, 10.84 27 8.96, 9.80, 10.84 

8.62, 9.18, 10.55 27 8.71, 9.19, 10.83 

8.35, 9.05, 10.26 27 8.51, 9.19, 10.53 
8.34, 9.00, 10.24 26 

8.42, 9.71, 10.16 28 8.50, 9.80, 10.34 

7.9, 8.7, 9.9 26 8.18, 8.79, 10.23 

>9.5 26 9.63,10.47, II.61 
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