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ABSTRACT

The ir“electronic structures and spectra of disubstituted benzene
derivatives containing carbonyl, carboxy, and nitro groups have been cal-
culated by the Pariser-Parr-Pople method. For all disubstituted derivatives
the same starting parameters, determined from the spectra of the monosub-
stituted compounds, were used. The calculations give good results for the
singlet transition energies as well as for the ground state charge densi-
ties and bond orders.

PESHOVE

MeTogom Mapwusepa-Mappa-Manna 6bi1/ BbIMUCNEHbI  * -3/IEKTPOHHbIE CTPY-
KTYpbl W CMEeKTPbl [BYy3aMeLleHHbIX MPOU3BOAHbIX 6eH30Ma, CofepXKalmnx KapboHWUb-
HY!0, KapbOOKCU/IbHYIO W HUTPO rpynnbl. 189 pacyeToB Kaxoro [ABYy3amelleHHOro
NPOM3BOLHOI0 6bUIM MCMOMb30BaHbl OAMHAKOBblE UCXOLHble MNapaMeTpbl, OMNpejesieH-
Hble M3 CMEeKTPOB OfHO3aMeLLeHHbIX MPOU3BOAHbIX. XOpoLume pe3ynbTaTbl ObUM HaWi-
JeHbl AR 3HePrun CUHI/IETHbIX MepexofoB, a TakXe 1A pacrpefeneHnUs MA0THOC-
TN 3apsAfoB M MOPAAKOB CBA3M B OCHOBHOM COCTOSHUW.

KIVONAT

Karbonil-, karboxil- és nitro-csoportot tartalmazd diszubsztitualt
benzolszarmazékok ir-elektronszerkezetét és szinképét szamitottuk Pariser-
-Parr-Pople modszerrel. Minden diszubsztitudlt szdrmazékot azonos, a mono-
szubsztitualt szarmazékok szinképe alapjan meghatarozott kiindulasi érté-
kekkel sz&mitottunk. A szédmitasok j6 eredménnyel adtdk a szinglet &tmenetek
energiajat, valamint az alapallapotu toltéssiiriség-és kotésrend-értékeket.
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Table 1.

1. CALCULATED AND EXPERIMENTAL SPECTRAL DATA

Compound

BENZALDEHYDE

BENZOIC ACID

NITROBENZENE

BENZENE-O-DIALDEHYDE

BENZENE-M-DIALDEHYDE

BENZENE-P-DIALDEHYDE

O-FORMYLBENZOIC ACID

Calculated

E(eV)

.526
.166
244
.547

[op N ep @2 NN

.643
.380
.159
.489

(o202 &) BE N

.564
.067
.899
.080

o o101 b~

.253
726
.650
.945
.826
.881

oo Tgoh~ M

.319
.095
.345
187
.785
.995

oo o1o1olr b~

.230
741
.090
.225
290
588

OO0 A~D

.353
.841
.700
742
.206
.648
.001
.261

~N~VNooooh~bd

(ol ool

[eoNoloNe)

OO OpR oo

OO0OO0OR OO

[oNoNole)

cloloNoNoNo)

OO0OO0OOR,O0OO0OO0O

f

.026
575
.398
.648

.016
.509
.010
.720

.029
418

.289

.060
.324
.156
.268
.015
.009

.017
.257
.149
.366
.113
.296

191.
279.
195.

236.
142.
221.
302 .
205.
355.

161.

156.

40.
353.
250.

220.
309.
244.
214.
104.

326.
39.

AwoonN

cooo

QWO WWOr

OCoORUONO

SOwWwRrRrNMNOOON

LOI\)O-bCDU‘I

Experimental3 ™

E(eV)

4.460
5.155

.525
.367

g b~

4.320
4.949

5.961

4.174

.275
.166
.510

oo s

4.492
5.535

loge

2.97
4.03

3.08
3.97

3.99

2.93
3.90

f
.0
2

0.022
0.257

0.025
0.384
0.029
0.235

0.055
0.214

.036
.309
.339

(e NN ]

0.020
0.192

Ref .

4



iiTable 1. Continued/

Compound

M-FORMYLBENZOIC ACID

P-FORMYLBENZOIC ACID

O-NITROBENZALDEHYDE

M-NITROBENZALDEHYDE

P-NITROBENZALDEHYDE

E (eV)

~No oo ortortolr b

ooovgiogioiol b~

~Noooouoh~ M~

coooggu s

oo b

.374
.154
.504
923
.100
.408
.956
.047

.320
.819
.788

189

.289
.570
.649
.031

.301
72
.450
.618
.842

.686
175

.399
.062
.351
.662
.942
.270
.656
.946

.286
.796
.619

971
.369
574

[cNoloNoNoNoNo]

OO OO0 OOO

cleolololoNeloNe] [ecleolololoNoloNe]

[clololoNololoNo]

Calculated

.084
.309
.094
.755
141
121

.530

.011
.178

.155
.310
.045
.247
.212

.056
.753
.082
.076
.010
.309
.751

182.
285.
167

329
280.
297.
237.

WN NN NP

300.

116
273
271
174.
213.
284.

ANRNNR RN

59.
142.
183
226.
313

328.
278

oOrXOWNDRN

©
~
GIN 0~ N UTwW

Experimental

E(eV)

4.305
4.979

4.217
5.019

.290
.081
.510

o~

4.174
4.805

loge

b w

.29

.22

.85

.02
.00
.0l

.37
.97

57

f

0.047
0.420

0.040
0.170

0.025
0.240
0.245

0.056
0.224

Ref.



/Table 1. Continued/

Calculated Experimental d/
Compound o) Ref
E(eV) f a E(ev] loge f )
BENZENE-0- 4.393 0.046 257.8 4.492 3.16 0.035 5
DICARBOXYLIC ACID 4.871 0.198 140.1 5.414 3.96 0.219
4.965 0.075 353.8
5.703 0.616 227.7
5.903 0.064 214.7
6.275 0.577 251.9
6.340 0.629 161.2
6.956 0.074 105.8
BENZENE-M- 4.454 0.011 165.2 4.396 2.98 0.023 5
DICARBOXYLIC ACID 5.251 0.206 248.9 5.390 4.08 0.288
5.570 1.048 339.6 5.932 4.59 0.933
5.975 0.110 192.5
6.181 0.236 294.7
6.194 0.406 41.3
6.485 0.019 199.4
6.641 0.202 256.9
BENZENE-P- 4.417 0.04 3 306.3 4.335 3.23 0.041 6
DICARBOXYLIC ACID 4.939 0.813 193.9 5.123 4.21 0.389
5.819 0.000 120.0
5.975 0.038 281.7
6.319 0.665 92.5
6.457 0.000 120.0
6.619 0.885 185.6
6.843 0.000 120.0
O-NITROBENZOIC ACID 4.255 0.090 83.7 4.275 3.10 0.030 1
4.604 0.143 155.6
4.750 0.152 170.0 5.275 3.82 0.158
5.570 0.346 229.4
5.702 0.153 245.7
5.845 0.210 304.8
6.221 0.307 191.6
6.678 0.267 287.1
M-NITROBENZOIC ACID 4.431 0.011 101.9 4.189 2.88 0.018 1
5.031 0.251 10.2 5.040 3.89 0.186
5.468 0.753 145.5 5.661 4.43 0.646
5.731 0.223 175.3
5.927 0.057 109.9
6.050 0.227 263.3
6.134 0.127 253.5
6.513 0.010 276.7



/Table 1. Continued/

Compound

P-NITROBENZOIC ACID

O-DINITROBENZENE

M-DINITROBENZENE

P-DINITROBENZENE

NOTE:

Calculated

E eV

.370
.819
.688
.713
.983
.148
.513
.634

coovggohh

452
.755

.052
.697
.880
.035
.154

oovcioiobd b
elololNeNole NN

.495
74
.348
.667
124
.870
.053
.081

oooogioigiorol b

.344
.945
.502
.504
.942
.997
.279
6.529

oo b~pd
[eloloNoNoNoNeNe)

OO0 O0OOOO O

eololoNeNoeNoNo ]

f

.047
.670
.094
.032

.008
.367
.750

.070
.020
.000
.197

.645

.253
222
.164

.057

.659

173
.000
.000
.000

.157
.616

285.

284.
266.
80.

315.
200.

30.
300.
210.
300.
210.
120.

210.

150.
240.
150.
240.
330.

60.
150.
240.

270.
90.

270

120.
90.

o

©UI R ON =W~

cocococokrooO

Coocoocooo

OO0 OOOCOO

Experimental3”

E eV

4.275
4.900

4.428

5.166
5.848

4.350
5.462

4.217
4.862

a/The experimental data refer to cyclohexane solution, with
exceptions: benzene-m-dialdehyde

m-dicarboxy lic acid

dioxane

in 0.1 N HCI,

is measured

in methanol,

loge

3

4.

Hw

.88
15

.14

.90
.19

.98
.33

.28
.18

f

0.058
0.339

0.033

0.191
0.372

0.023

0.513

0.046
0.363

Ref .

the following

benzene-o-

and benzene-p-dicarboxylic acid in

and
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3. CHARGE DENSITIES AND BOND ORDERS

3.1 Benzaldehyde

3.2 Benzoic acid 3.3 Nitrobenzene



3.4 Benzene-dialdehydes

13832



3.5 Formylbenzoic acids

4926



3.6 Nitrobenzaldehydes



3.7

Benzene-dicarboxylie

10
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.8

Nitrobenzole acids

11



3.9 Dinitrobenzenes
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4. CORRELATIONS BETWEEN THE CALCULATED AND EXPERIMENTAL TRANSITION ENERGIES

E-theor
(eV)

46 -

46

, 20"B
10

uy

. D 3*
31A}4?|
42 -

28 5 nexp felld

Fig,4.1

Correlation between the calculated and experimental energy
of the a band

-p- CAO, AO0”; o COOH, COOH; > COOH, NO?; 0 NO™, NOR

y CHO; O COOH; + NOg; A C40, CHO;, = COCH;
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~theor

(V)

56 /

5.4
2N

20
52

+ 2Ff /0

38 30

/P /H

46 N I_ L L
46 50 52 54 56 Fpy)E )

Fig. 4.2

Correlation between the calculated and experimental energy
of the p band

For notation see caption of Fig. 1L
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