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The electronic structures and electronic absorption spectra of m-fluoro-, m-chloro-, m-bromo-,.
and m-methoxybenzenediazonium cations were studied by making molecular orbital calculations.
and by measuring the near-ultraviolet absorption spectra. From the calculations it is understood.
that when an electron-donating group is introduced at the m-position of the benzenediazonium.
cation, a mixing of the lowest locally-excited !B, state within the benzenediazonium cation and
the intramolecular charge-transfer state arising from the clectron transfer from the electron-
donating group at the m-position to the lowest unoccupied molecular orbital of the benzenedi-
azonium framework comes to show a large contribution of the substituted cation in the lowest
excited state while at the same time the energy of the corresponding state is lowered. The ground
and the excited 'A, states of the nonsubstituted cation are not so greatly affected by the m-substitu--
tion as is the 1B, state. The degree of the mixing of the !A; and !B, state of the benzenediazonium
cation by the m-substitution is not so impotant in the ground and lower excited states of the m-
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substituted benzenediazonium cation.

The electronic absorption spectra of m-substituted
benzenediazonium salts have been studied by
several investigators from the experimental point
of view,1:2> but no theoretical study has been re-
ported. Most of the electronic absorption spectra
of m-substituted benzenediazonium salts have two
bands in the near-ultraviolet and/or visible regions,
but the characters of the absorption bands have
not yet been understood.

A reasonable set of wave functions for the =
electron system of the benzenediazonium cation
has previously been obtained by the present au-
thors,® and the z electron structures of several p-
substituted benzenediazonium cations have been
studied in terms of an intramolecular electron
transfer.4>

In the present study the near-ultraviolet ab-
sorption spectra of several m-substituted benzene-
diazonium fluoroborates were measured in aqueous
solutions and then the charge-transfer interaction
of the benzenediazonium cation with such elec-
tron donors as F, Cl, Br and OCH; was studied.
The calculation was carried out by taking configura-
tional interactions®-®> among the ground configura-

1) I. Fukushima and M. Horio, Kigyé Kwagaku
Zasshi (J. Soc. Chem. Ind., Japan), 34, 825, 836 (1931).

2} R. Landau, P. Piot de Moira and A. S. Tanen-
baum, J. Phot. Sci., 13, 144 (1965).

3) M. Sukigara and S. Kikuchi, This Bulletin, 40,
461 (1967).

4) M. Sukigara and S. Kikuchi, #bid., 40, 1077 (1967).

5) S. Nagakura and J. Tanaka, J. Chem. Phys.,
22, 236 (1954).

6) H. C. Longuet-Higgins and J. N. Murrel, Proc.
Roy. Soc., A68, 601 (1955).

tion, two locally-excited configurations, and two
intramolecular charge-transfer configurations which
arise from the electron transfers from the 2pm or-
bital of the substituent at the m-position to the
unoccupied molecular orbitals of the benzene-
diazonium framework.

Experimental

Materials. m-Substituted Benzenediazonium  Fluoro--
borate.7.8>  An aqueous solution of sodium nitrite was
dropped into a mixture of m-substituted aniline, where-
the substituents were F, Cl, Br and OCHj, and aqueous.
hydrochloric acid solution below 5°C; then a 409,
fluoroboric acid aqueous solution was dropped into the
solution of m-substituted benzenediazonium chloride
thereby formed. The crude product thus obtained
was recrystallized from acetone and methanol. The-
m-substituted benzenediazonium fluoroborate was ob-
tained as a needle or a plate crystal.

Measurements. The near-ultraviolet absorption
spectra of the above-mentioned samples were measured
in the aqueous solutions with a Shimadzu spectro--
photometer, MPS-50, a quartz cell 1 cm long being
used. The results are shown in Fig. 1, while the peak
wavelengths and the molar extinction coefficients are
tabulated in Table 1.

Theoretical

The geometrical structure of the benzenedia--
zonium cation was reported by Romming® to be

7) E. S. Lewis and W. H. Hinds, J. Am. Chem..
Soc., 74, 304 (1952).

8) M. D. Johnson, J. Chem. Soc., 1965, 805.

9) Chr. Rémming, Acta Chem. Scand., 17,
(1963).
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Fig. 1. The near-ultraviolet absorption spectra

of the m-substituted benzenediazonium fluoro-
borates.

A: m-fluorobenzenediazonium fluoroborate.

B: m-chlorobenzenediazonium fluoroborate.

C: m-bromobenzenediazonium fluoroborate.

D: m-methoxybenzenediazonium fluoroborate.

TaeLe |. THE OBSERVED PEAK WAVE LENGTHS AND
MOLAR EXTINCTION COEFFICIENTS FOR M-SUBSTITUTED
BENZENEDIAZONIUM CATIONS

Substituent Amaxs Mgt log emax
F 262 4.160
308 3.457
Cl 266 4.000
317 3.299
Br 268.5 3.625
323 2.972
OCH; 273.5 3.982
348 3.475

Fig. 2. The geometrical structure of m-substituted
benzenediazonium cation.

as is shown in Fig. 2, but those of m-substituted
benzenediazonium cations are still unknown. As
the basis of the present study, it was assumed that
the bond distance between the substituent and its
nearest neighboring carbon atom of a m-substituted
benzenediazonium cation is, for the first approxi-
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mation, equal to that of the corresponding mono-
substituted benzene listed in Table 3. It was also
assumed that the geometrical structure of the ben-
zenediazonium framework is unchanged by the
substitutions considered in the present paper.

Calculation of the Elecironic States. The
7 electron energy levels and the wave functions
of the m-fluorobenzenediazonium cation, the m-
chlorobenzenediazonium cation, the m-bromoben-
zenediazonium cation, and the m-methoxybenzene-
diazonium cation were calculated by taking the
configurational interactions into account.

Each molecule was separated into the two com-
ponents, the electron donors, F-, Cl-, Br-, and
H,;CO-, and the electron acceptor, -C;H,N,*.
The interaction between them was considered by
means of the configurational interaction among
7« electron configurations, which were constructed
by putting the ten & electrons into the appropriate
orbitals of the components.

-5—Xo -©o—

-o-c-
cT™, (D)

96—6—6—
CT', (Do,)
Fig. 3. The intramolecular charge-transfer con-

figurations of the m-substituted benzenediazo-
nium cations.

Among the electron configurations actually
taken up in the present calculation, the charge-
transfer configurations are shown in Fig. 3. In
addition to the ground configuration, G, the charge-
transfer configurations, CT! and CTY, brought
about by the electron-transfers from the electron
donor toward the unoccupied molecular orbitals,
@5 and ¢, of the electron acceptor and the locally-
excited configurations within the benzenediazonium
framework, LE! and LE!, were considered. The
ground configuration, G, and the locally-excited
configurations, LE! and LE!, are linear combina-
tions of several m electron configurations.?> The
energy of the ground configuration, Hg, was taken
as the standard. The energies of the locally-ex-
cited configurations, H{y and H{[, were set as

TaeLE 2. THE ENERGIES AND THE OFF DIAGONAL
ELEMENTS OF THE ELECTRONIC CONFIGURATIONS

Ho—0 Hig—4.75 HiL—4.18

Her—6.08(F) 5.07(Cl) 4.47(Br) 3.76(OCH,)
Hl%L=6.93(F) 6.08(Cl) 5.55(Br) 4.70(OCHjy)
Hip=0 Hijg=0 Hicr=0.253 fScp
Hilp=0.671 fop Higiz=0.120 fcp

Hig {r=0.1628cp Hig th=—0.4428co

Hif &5 =0.1338cp

The values of Scp are tabulated in Table 3.
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TasLe 3. THE OVERLAP INTEGRALS, RESONANCE INTEGRALS AND ELECTRON REPULSION
INTEGRALS OF THE m-SUBSTITUTED BENZENEDIAZONIUM CATIONS
Imeratomi(i:‘ Overlap Resonance Electr:in rcpulsif}n integral, eV
Substituent distance o integral integral -
a-X, A 5 ,SCD, eV ? C%p(PPfIDD) ﬁE C sp(PP.;DDJ
B F 1.31 0.139 —1.95 4.13 5.18
Cl 1.70 0.151 —1.50 3.81 4.70
Br 1.86 - -1.73 3.66 4.48
OCH, 1.36 0.158 —2.00 4.09 5.50
TabLE 4. THE ENERGY LEVELS AND WAVE FUNCTIONS FINALLY OBTAINED WITH THE
mM-SUBSTITUTED BENZENEDIAZONIUM CATIONS
Substituent Energy, eV Wave function
F Wy=—0.28 Ty= 0.9807@;+0.01480]  —0.0045¢ L +0.07720} ——0.]78?@}:!1-
W= 3.83 ¥y= 0.01900c—0.0635¢{ g +0.9282¢] L —0. 3576@1.1--',-0 07910L%
Wy= 4.69 Yy= —0.04420 +0.98279] ; +0. 0930@11_113-1—0 09194 1 +0. l2354‘a‘
Cl W,=-0.19 Uy= 0.98470¢+0.01040( . —0.00360] L +0.07190} . +0.1586@LL
W,= 3.81 ¥,= 0.02480;—0.06810]+0.8788¢] L —0.46460} . +0.081 1LY
W.= 4.68 ¥y=—0.04600 +0.96380] . +0.14410] L +0. 15600 . +0.1551PLL
Br Wy=—0.27 Vo= 0.97640c+0.0147¢] 5 —0.00830} L +0.0916@L 1 +0.19510LL
W,= 3.53 U= 0.044005—0.0983¢] . +0.76940} L —0.6237PL .. +0. 1014'1501.
W.= 4.63 V= —0.0799@(;-!—0.9112®£E+0.2462@f_é+0 21550 . +0.2374@LL
OCH; Wy=—0.42 o= 0.95990G+0.02149{;—0.0083¢] L +0.11930} . +0.2527@LL
W= 3.05 ¥y=—0.065306+0.00819 ; —0.6265¢] L +0.76000L . —0.1382¢L L
We= 4.48 Vy=—0.168906 +0.77000] ; +0.31120} L +0.2456 0L . +-0.47050L L

equal to 4.75 and 4.18 eV, the 'A;-'A; and 'A;-
1B, transition energies of the benzenediazonium
cation as evaluated theoretically by the present
authors.®> The energies of the charge-transfer
configurations, H{; and Hl, were calculated
by the following equations:

Hip=1Ip — A' — Zpl C%p (pp/DD)

Hi} = Ip — A" — 35 C%, (pp/DD)
]

Here the Ip’s are the ionization potentials of the
electron-donating groups, i.e., F-, Cl-, Br-, and
H;CO-. They were taken to be 12.62, 11.28,
10.53, and 10.25 eV for the fluoro, chloro, bromo,
and methoxy groups respectively from the ioniza-
tion potentials of methylfluoride, methylcloride,
methylbromide, and dimethyl ether.’®:1> Al js
the electron affinity of the electron-accepting group,
-C;H,N,*; it was previously estimated to be 2.40
eV by the present authors.”> A! was taken to
be equal to AT—1.90eV from a theoretical con-
sideration.”> D indicates the pr atomic orbital
for the lone-pair electrons of the donor. The

10) K. Watanabe, T. Nakayama and J. Mottle,
j Qumx{ Spectry. Radiative Trangfer, 2, 369 (1964).

K. Higasi, I. Omura and T. Tsuch1ya, Mono-
gmph Ser. Res. Inst. Appl. Elect. Hokkaido Univ., No.
4, 141 (1954—1957).

two-center Coulomb repulsion integrals, (pp/DD),
were evaluated by Pariser and Parr’s method.12>

The energies and the off-diagonal elements of
the configurations used in the present calculations
are tabulated in Table 2. The values of the core
resonance integrals, Bcr, Bcci, Beprs 2nd Poos
were taken to be —1.95, —1.50, —1.73, and —2.00
eV respectively; these are the same values as those
reported in a previous paper.®)

TABLE 5. THE CALCULATED AND OBSERVED TRANSITION
ENERGIES AND OSCILLATOR STRENGTHS

Transition
. Transi- energy, eV Oscillator
Substituent tion strength
obs. caled.
F Wy— W, 4.03 4.10 0.065
Wy—W; 4.73 4.97 0.267
Cl Wy—W; 3.91 4.00 0.065
Wy—Ws 4.66 4.87 0.261
Br W,— W, 3.84 3.80 0.057
Wy— W, 4.61 4.9 0.183
OCH; W,—W, 3.56 3.47 0.040
—Ws 4.54 4.89 0.055

12) R. Pariser and R. C. Parr, J. Chem. Phys., 21,
466 (1953).
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By solving the determinants constructed by the
matrix elements given in Table 2 with an electronic
computer (OKITAK 5090), the x electron energy
levels and the wave functions for the m-fluoroben-
zenediazonium cation, the m-chlorobenzenedia-
zonium cation, the m-bromobenzenediazonium
cation, and the m-methoxybenzenediazonium cation
were evaluated. The results are shown in Table 4.
From these results the transition energies and the
oscillator strengths were calculated for these di-
azonium cations. The results are shown in Table
5, together with the observed results.

Discussion

m-Fluorobenzenediazonium Cation. As is
shown in Fig. 1 and Table 1, the m-fluorobenzene-
diazonium cation shows two absorption bands in
the near-ultraviolet region. The 308 my band can
be assigned to the Wy-W; transition. From Table
6 it may be seen that the band has the character
of the local excitation, LEI., The contribution
of the intramolecular charge-transfer configura-
tion, CTY, is only 12.8%,. The band at 262 my is
due to the W;-W; transition, which has the pro-
perty of the local excitation of LEL. In this cation
the mixing of the the two locally-excited configura-
tions, LE! and LE!, is very small in the ground

TaBLE 6. THE CONTRIBUTIONS OF THE CHARGE-
TRANSFER CONFIGURATIONS AND THE LOCAL
EXCITATION CONFIGURATIONS IN THE ELECTRONIC STATES

Substituent Conﬁgu- G“’““S' efc;;tst:d S;:;?tgj
ration  state, % state, % state, %
F CT! 0.6 12.8 0.8
CTH 3.2 0.6 1.5
LE! 0.0 0.4 96.5
LE! 0.0 86.1 0.8
Cl CT! 0.5 21.6 2.4
CcTH 2.5 0.7 2.4
LE! 0.0 0.5 92.9
LEH 0.0 77.2 2.1
Br CT! 0.8 38.2 4.6
CTi 3.8 1.0 5.6
LE! 0.0 0.7 83.0
LEII 0.0 59.2 6.1
OCH; CT! 1.4 57.8 6.0
cTH 6.4 1.9 22.1
LE! 0.0 0.7 59.3
LEI 0.0 39.2 9.7

and two excited states. The contributions of the
two intramolecular charge-transfer configurations,
CT! and CTY, are also very small in the ground
and the second-lowest excited states.
m-Chlorobenzenediazonium Cation. The
m-chlorobenzenediazonium cation shows two ab-

Electronic Structures of m-Substituted Benzenediazonium Cations
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sorption peaks, at 317 mp and 266 mp. The 317
mg band can be assigned to the Wy-W, transition;
this band is regarded as the locally-excited, LE!,
band in the benzenediazonium framework. The
contribution of CT! in the lowest excited state is
21.69,, which is larger than that in the m-fluoro-
benzenediazonium cation. The 266 myg band is
ascribed to the W,y-W, transition, which has the
property of the local excitation, LE!L In this
cation the mixing of LE! and LE™ in the ground
and two excited states is very small, but a little
larger than that in the m-fluorobenzenediazonium
cation. In the ground state the contribution of
the charget-ransfer configurations are a little smal-
ler than those in the m-fluorobenzenediazonium
cation, and, correspondingly, the stabilizing energy
in the ground state of the m-fluorobenzenediazonium
cation is a little larger than that of the m-chloro-
benzenediazonium cation.

m=-Bromobenzenediazonium Cation. The
absorption spectrum of the m-bromobenzenedia-
zonium cation has two peaks in the near-ultraviolet
region. The weak band at 323 mpy, which cor-
responds to the Wy-W, transition, has the character
of both the intramolecular charge-transfer of CTT
and the local excitation of LE!, The contribu-
tion of CT! in the lowest excited state is 38.99,
which is much larger than those in the m-fluoro-
and m-chlorobenzenediazonium cations. The
absorption band at 268.5 my is due to the Wy-W;
transition, which has the property of the local
excitation within the benzenediazonium frame-
work, LEL The contributions of the two in-
tramolecular charge-transfer configurations, CTT
and CT'L, in the ground state are only 0.8 and 3.89
respectively.

m-Methoxybenzenediazonium Cation. The
m-methoxybenzenediazonium cation shows two
absorption peaks, at 348 mp and 273.5 my. The
348 my band can be assigned to the Wy-W, transi-
tion, in which the contribution of the intramolecular
charge-transfer configuration of CT! amounts to
57.8%, and that of the local excitation configuration
of LE! decreases to 39.29;. Therefore, it may be
seen that the band has the character of the intra-
molecular charge-transfer band. The band at

eV
-1 S T S B
H A, | B a
nr-F [ ‘.I/ !
m=Cl| J ' | II
m-Br J i} |” J
m=-0CH. | r [

Fig. 4. The relation between the electronic state
energy and the electron-donating ability of F,
Cl, Br and OCH;.
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273.5 mp, which is due to the W,-W, transition,
may be regarded as the local excitation band, but
in this transition the contribution of the intramolec-
ular charge-transfer configuration comes to have
a large value, such as 22.19, at the same time.
In the second excited state, the contributions of the
local excitation configurations, LE! and LE',
are about 59 and 109, respectively, so the mixing
of the locally-excited states becomes larger than in
the above-mentioned m-halogenated benzene-
diazonium cations.

As may be seen from Table 6, the contributions
of the charge-transfer configurations in the ground
state decrease in the following order: the m-methoxy-
benzenediazonium cation > the m-bromobenzene-
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diazonium cation > the m-fluorobenzenediazonium
cation > the m-chlorobenzenediazonium cation. In
the two excited states, the m-fluorobenzenedia-
zonium cation and the m-chlorobenzenediazonium
cation are reversed. The same tendency can be
seen in the order of the stabilizing energies of the
three states, as is illustrated in Fig. 4; that is to
say, the larger the contribution of the charge-
transfer configuration in one state, the lower the
energy of the state. The above-mentioned ten-
dency of the m-substituted benzenediazonium ca-
tions is the same as in the p-substituted benzene-
diazonium cations, which were reported in the
preceding paper.®?




