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In this paper the light absorptlon of benzalamhne is mterpreted by a sxmphﬁed :
“perturbation method. Furthermore, the electronic states of azobenzene are calculated:
like in a.previous paper [1] by means of the electron gas method in one-dimensional
square well potential with finite potential steps. Finally the consequences due. to
the ‘transformation of stilbene, benzalaniline and azobenzene to condensed aromatic
systéems are .discussed. Calculated wavelengths of the bands are g1ven and compa— :
risons with' the experimental values made .

1. The calculation of the abSorpﬁon)namna of benzalahilin’e
by a szmplzfzed pertuzbatzon method

" Benzalaniline () may be theoretncally deduced from stllbene (Il) substi-
tuting the —CH = grouip by a nitrogen atom.-This way of placing benzala-
niline between stilbene and azobenzene is in accordance .with the experimental
fact that the absorption maxima of stilbene, benzalaniline and azobenzene
shift in the order of the :enumeration towards the longer wavelengths. For
the calculation of the absorption spectrum of benzalaniline we start from the .
corresponding energy states of stilbene. Let us take the change of the energy
arising at the substitution of a —CH= group by —N= in the stilbene
molecule into account. The presenf calculation is based on the results ‘con-
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cerning stllbene In case of stilbene, ‘as customar’y at the utilization of the
electron gas model, the-sz-electron system is placed in a linear box the size
of which.is determined by the dimensions of the molecule. The length of the
linear box is L=1257A. The two s-electrons of the isolated double-bond

- of stilbene’ stay on a lower potential. For the half-width of this “potential- - -

step“ a==0,665 A has been chosen. This is equal to the atomradius of one.
of the C atoms of the ethylene bond.
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_ In the case of benzalaniline as well as in that-of stilbene at the forma-
tion of the electron gas ten s-electrons are taken into consideration. A certain
electronic state of benzalaniline can be obtained if we. add the perturbation

- energy — appearing at the place of the N atom (%%azb)';_ to the cor-

responding energy values of stilbene: _ .
- EBgena. —EStllb +L . ’ (])

where ¢ is the perturbation energy. In our case in order to obtain the energy
states of benzalaniline the ¢ perturbation of the energy states of stilbene
~must be determined. To calculate these perturbation energies the fo]lowmg
relation (see Appendxx) is employed .

x —2(4U-a)- wsmb (b) o (2)

where _IU 4,2293- 10'1' erg is the difference . between the 1omsat10n poten-
tials of nitrogen and carbon and

o= Za st

“in which n=1,2,3,... is a quantum number. The  highest level occupied

- in the normal state of stilbene molecule is E3': This energy state is also
regarded as the highest filled up level' of benzalaniline. The value of the

wave function at the place b belonging to the state Ef is
Ca . . . 1 3

4(6) —0,2689-10' cm 7. - | @

For the followmo level (E5) —- unfilled m the normal state — the ~value
of the wave function is -

1

¥y (b) =0,3350-10"cm " . A N )]
Settmg (4) and (5) mto (2) we obtain ' '
: & =—O4067-10’”.erg» I - (6)
and : , :
' & ——0,6311-10 " erg. - NG
So the ﬁrst excitation energy of benzalaniline dlffers by the value
del—aa —sf ——0, 2244 10 % erg : (8)

from" that of stilbene. In our previous calculations [1] the energy values of
stilbene are given. So we have for.the first transition of stilbene

AE:, sum —E — EF = 6645210 erg. )
+ Thus for benzalaniline the energy needed for the first excitation is.

AE\, Bens. = AE) stity, -+ A1 — 6,4208-10 " erg. (10)
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According to the formula
: : h-c

o _ JE . : (11)
this " energy difference corresponds’ to the band appearing at 3093A: On’
comparing this result with the experimental value (about 3120A [2]) it can
be seen.that both the direction and the degree of the shift are in good
agreement. Similarly, the other bands of benzalamlme can be computed on
- taking the-transitions EP¥ —Ep, Ef —E{ and E; — EJinto account. Tablel
shows a comparison of the results and ‘the observed values.

" Table I:

Wavelengths (in mpi) .

.Ob.served" Calcula_!ed o

312 309
262 | 271 ..
200 - 211

192

2. The. electrontc_ states of azobenzene calculated by means of the electron
gas method with finite potential steps

_ In a previous paper [1] the application of the electron gas method in
one-dimensional square well potential with finite potential steps for the cal-
culation of electronic states of stilbene was presented. It was assumed that
the sr-electrons of the molecule form nonbranched electron gas. Owing to
the isolation of the ethylene bond parts of various potentials could be
distinguished in the molecule. S
Within the molecule the parts - L Z
of various potentials were consi-
dered to be constant by sections.-
In the case of azobenzene the
procedure is similar. Presumably
nonbranched electron gas expands
along the bonds-traced thickly in
Fig. 1. Further a potential step
is supposed at the place of the
—N = N— bond. The following
considerations -are used to esti-

. mate ' the dimensions. -of this
“potential step“. Owing to the -
more expressive isolation of the
— N = N— hond the height of the
-’potential step“ may be assumed
to be greater for azobenzene than
for stilbene. This is well illust- , ,
rated by the bond. distances . Fig. 1

4%



52 M. I. BAN

(F1 1). To estimate the height of the ”potential step“, however, the ionisation
potentlals of the benzene and the HN ==NH molecule should be used. When
a picked out electron leaves the sz-electron system of benzene to enter into
the electron system of the —N=N— bond it must do a work. This work
may be replaced by the différence between the ionisation potentlals of benzene
and diimide molecules. The ionisation potential of benzene is 9,19 eV [3], but
that of HN=NH molecule is unknown Therefore, the energy invested in
the process N(s%? V3)-+N+(s , Vo)+e- (13,81 eV [4]) must be considered.
Consequently we obtain '

, U-—73966 102 erg < (12)

for the height of the potential step“ Owing to the mcomplete data con-
cerning the ionisation potentials only the treatment with “one potential step“
can be carried out. The starting points of the “potential step” -are assumed -
to be at the half-width of the bond distances lying between the benzene and
the diimide group, so we have a=1,285A. The length of the linear box
mentioned above is L ==12,38A. This was obtained by adding the bond
distances from the first to the tenth C atom. Each carbon atom usesthree of
its valency electrons and three of its sp.p, hybrid orbitals and each nitrogen
atom uses two of its valency electrons and the p., p, orbitals to form o-bonds
among the neighbouring atoms. The isolated pairs of electrons of the N
atoms stay in the most stable s orbital neither taking part in the binding
“nor in the formation of the electron gas. The fourth valency electron and.
the p. orbital of each carbon atom, as well as the remaining electron and
the least stable p- orbital of both N atoms form electron gas. Hence the
atoms considered in our calculations contribute w1th altogether ten sr-elec-
trons to the formation of the electron gas.

In consequence of the symmetry of the molecule (C,) we have two

eigenfinction systems independent from each other, i.e., a symmetrical and an
antnsymmetncal one. The’ symmetncal wave functions are

q,bl = Asin [e¢x] 4 (13a)
" it = Bcos [ﬂ(x—%)J ' o (13b)
W= Asin [e(L—x)]. T (130)
and the antisymmetrical: ones -
P — A sm[ax] A ' ‘ (14a')
wﬁ:Bsm[ﬂ( —-é—)] - © (14b)
1;;,"__ —A sin fe(L —Xx)) S (14¢)

where

¢ —

1/2mE ﬁ:_l{gm(EJr U)"
n n



ABSORPTION S$PECTRA OF SOME AROMATIC COMPOUNDS 53

By the use of the conditions

WPy =y (P), | WPy =yiap) (15.).
d ’L’/]] (P)— ’d/m(P) : ’l//]'[ (Pl) = U/l/ll (Pl) s .
an ’ . .
wl(x—O)*i,Um(X*L)— L _ (16)

" we obtain the relations:
for the symmetrical case

P’tg[é’a] S a7y .

tg [(c b
and for the antlsymmetncal case L

tg [« b tg[Bd]
L . .
where b =7 a.

: By means of ‘these relatlons using the. values of the quantities L, U
and a, the eigenvalues can be. calculated in a graphic-numerical way. On™
the levels defined by the energy values obtained as the result of the com-
" putation, according to the PauLl exclusion principle, not more than two of

the electrons can -coexist in the same quantum state. Thus the five lowest

levels will be filled up by the ten s-electrons considered in the normal state.
The. wavelengths of the absorption maxima belonging to the transitions bet- -
ween certain levels. can be computed by the expression (11). The disagreement -
between the calculated and observed [5] values is significant, this may be
due to the unfortunate chmce of the used parameters — though this .seemed
to be rather plausible — and besides  to- the approxlmate nature of our -
calculation. Better agreement can be obtained by varymg the. empiric para-
meters U and a. The results are listed in Table 1L

Table 11
Wavelengths (mmu)
. . Calculated
Observed  U=173966-10""2 erg | U=150-10"2 ¢rg
' a=1285A| a=069A | a=2,02A | ~a=063A
a0 | om0 | a2 465 415
330 260 265 | 245 265
~200 210 215 . o2:0- | o210

Similarly the absorptlon maxima of the derivatives of azobenzene - may
be computed where the effect of the groups in orto-, meta-, para-positions
could be considered as a factor, either lengthening or shortemng the length
of the linear box. On the other hand, e.g., the benzalazine’s spectrum could
' be calculated by the electron gas method with ”two potentlal ateps“
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3. The light absorption of phenanthrene

-As a third example let us consider the case of phenanthrene derived
from stilbene by setting up a connection bétween the third and the eighth
C atoms (branching points) of the stilbene (Fig. 2). Presumably the homo-
geneous rc-electron system -will develop simultaneously with the formation of
the aromatic- system. The bond distances in the molecule will be nearly
identical on every side and the .isolation observed in the case of stilbene
will cease to exist. In this case zero potential is assumed to be everywhere
within the molecule, thus the absorption maxima of phena_nthrene can be
calculated, by the simple branched electron gas model [6]. In accordance
with the above — for the sake of simplicity — let us only take the part of
the molecule resembling stilbene into consideration (traced thickly in Fig. 2).

In consequence of the symmetry of the
molecule (C,) the solutions may be symmet-
rical and antisymmetrical. Thus the energy

_values are computable by the following
relations [6]: . :

9 Xp

ctg [a —l——tg{ L —tg [a%J =0 (19) .
_ _ and : 4 '
Fig: 2 , Ctg'(cé-%—ll +ctg [w%l] +-ctg cc—;—] =0 (20)

in which «=J/%E.

Table 1Il.

" Wavelengths (inmgy)

Observed ' ‘ | |
Phenanth- | Phenanth- Diphen- .Calculated
‘ rene ridine azon
330 340 370 375
293\ - 328 ] 350 " 305
280% 300 t 310 _
275 270 | _ -
252 250 230 + 250
" 220 ~ 200 ~200 220

The wavelengths of the allowed transitions are. listed in Table III. They
are compared with the expenmental values [7]. Sa’nsfactory agreement can
be seen.

Similarly as in the case. of phenanthlene the phenanthridine may be
derlved from the benzalaniline and the diphenazon from the azobenzene. The
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correctness of our conception concerning the aromatic systems, viz., that owing
to the absence of the isolation potential steps should not be assumed, is
verified by the fact that the positions of the bands (apart from the vibratio--
nal structure) of phenanthrene, phenanthridine [8] and diphenazon [9] are not
far from one another. The insignificant shift' (towards the longer wavelengths)
of the bands of ‘phenanthridine and diphenazon — as compared to that of
phenanthrene- — might be calculated with a 51mpl1f1ed perturbahon calculation
. as shown in the case of benzalaniline.

Appendix

" According to (1) Egenz. ‘Esmh e where - the perturba’uon energy . ¢ is given’ by-
the mtegral ‘ . AU [ w2 dy. : .

. 2L :
Jf a <— and @2g), (X) —f(x) then the above integral — apart. from the factor —AU

—_ has the form

‘ f(x)dx. |

2.12,57 2.12,57
~"— and 0,665 <%,

. respectively. Further consxdermg the form of ¥2(x) which occurs in (3), we obtain that
- f(x) changes slowly. in the range (e, ). Accordinly the First Mean Value Theonem can be
. applied in the form ° :

2L
In our case the assumphon a<~— is realized for 0665<

_If(x)'dxz(ﬁ—‘a)-f('aa}—:ﬁ_?;“)'- . .

«

where
3 E_L, 2a=2
—_—= —— - — ==
D) 2 a
“and .
A= L g 2a L. .
3 L. = — _—
T3 2T T
so we have ) '
L )
"#smb (x)dx ~2a- “Wip, (0)-
via
. L
I"am mdebted to Prof. Dr. A. Kiss for his suggestions and advxce
concernmg '(hlS problem. ) \
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