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Near and vacuum UV absorption spectra have been measured with benzoylacetone (BA), dibenzoylmethane
(DBM), and 3-phenyl-2,4-pentanedione (PPD) in heptane, in acetonitrile, and in ethanol at room temperature.
Theoretical analysis of the spectra with the aid of the composite molecule method clearly shows that the n-electron
interaction between the enol ring and the benzene ring is rather strong in BA and DBM, but is weak in PPD. The
charge-transfer (CT) bands from the benzene ring to the enol ring are observed at 44000 cm-! in BA, at 40000
and 44000 cm—! in DBM, and at 41500 and 43800 cm~! in PPD. The electronic structure of the enol form of
malonaldehyde has been elucidated by a modified CNDO-CI method; the result indicates the first and second ¢-0*
excited states predicted at 8.76 and 9.35 eV being the CT band pertinent to the intramolecular hydrogen-bonding.

Keto-enol tautomerism of f-diketones (1,3-propane-
diones)®:? has been studied by IR3-® and NMR0-12)
spectroscopies, special attention being paid to solvent
and substituent effects on intramolecular hydrogen-
bonding (H-bonding) and on chelating ability to a
transition-metal atom in forming coordination com-
pounds.’2-1%  From the IR and NMR studies®10,12)
benzoylacetone (BA), dibenzoylmethane (DBM), 3-
phenyl-2,4-pentanedione (PPD), and malonaldehyde
(MA) (Fig. 1) are shown to exist predominantly (90—
1009%,) as cis-enol form (which has strong intramolecular
H-bonding) in pure liquid and in nonpolar solvents.
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Fig. 1. Molecular structure and parameters for (a) BA
and DBM, and (b) PPD. The structure of the enol
ring is taken to be the same to the one of MA.

Although the electronic absorption spectra of f-
diketones!6-2% and of their chelate compounds!8:17,19,21)
have been measured extensively in the visible and near
UV regions, the interpretation of the absorption spectra
is rather qualitative. As for the simplest g-diketone, i.e.,
MA, many theoretical calculations??-25 have been done
to investigate molecular geometry and electronic
structure in the ground state, special attention being
paid to the strong intramolecular H-bonding. Combined
with the experimental value of R(O--0)=2.55A
determined by microwave spectroscopy,?6) theoretical
results support the molecular geometry of Cg symmetry
(asymmetrical H-bond) rather than of C,, symmetry
(symmetrical H-bond) in the ground state. Theoretical
and experimental investigations of excited states of MA
are few.??:28) Excited states of MA are of particular
interest in respect to charge-transfer (CT) character
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pertinent to H-bond as in the case of acetylacetone
(acac) and its fluoro derivatives.?®:39) The elucidation
of the CT character in the excited states is the first
purpose of the present paper.

Phenyl-substituted §-diketones such as BA, DBM, and
PPD are expected to have m-electron interaction between
the enol ring and the benzene ring.%11,18) To interprete
electronic structure of such large molecules, near and
vacuum UV absorption spectra have been measured,
and 7z-electron structure has been investigated by the
method of composite molecule.31,32)

Experimental

BA, DBM, and PPD (Tokyo Kasei G. R. grade) were
purified by repeated recrystallizations from ethanol and
finally by vacuum sublimation. Acetonitrile and heptane
(Dotite spectrograde), and ethanol (Wako S. S. grade) were
used as solvents without further purification.

Near UV absorption spectra were measured with a Cary
recording spectrophotometer model 14, and with a Hitachi
recording spectrophotometer model 556, a cell of 1.05 mm
light path length being used. Vacuum UV absorption
spectra were measured with a spectrophotometer constructed
in our laboratory,33) a cell of 0.134 mm light path length
being used.

Theoretical

The electronic structure of MA was calculated by a
modified CNDO-CI method.?¥ The semiempirical
parameters of H, C, and O atoms were taken to be the
same as reported previously.30:3)  The electronic
structures of the s-electron systems for the enol form of
BA, DBM, and PPD were calculated by the method of
composite molecule$!:3? by considering the configura-
tion interaction (CI) among the ground, locally excited
(LE), and CT configurations constructed from n-MO’s
of benzene?? and MA (corresponding to the enol ring)
calculated above. The four LE configurations (!B,,,
1B, and 'E,,) of the benzene ring and the lower two
LE configurations (denoted as ¢, and ¢,) of the enol
ring were taken into account. The energies of the LE
configurations were evaluated from the observed
transition energies of benzene (4.86 and 6.08 eV in
heptane,®® 6.98 ¢V in the vapor phase3?), of acac
(4.56 and 7.04 eV in perfluorohexane?)), and of MA
(5.08 eV in ethanol,?® 7.87 eV calculated in the present
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paper (Table 4)) combined with the electrostatic
interaction energies between excited configuration of
the benzene ring and the ground configuration of the
enol ring.

Concerning the combination of each of the benzene
rings with the enol ring, four CT (from benzene to the
enol ring) and four back CT (from the enol ring to
benzene) (BCT) configurations were considered. Their
energies were evaluated by the usual formula;3!,32)
I—A—Q, where I is the ionization potential of electron
donor, 4, the electron affinity of electron acceptor, and
Q, the electrostatic energy between electron donating
and electron accepting MO’s including electrostatic
interaction energy between the ground configuration
of the enol ring and the vacant MO’s of the benzene
ring. JIonization potentials were taken from the study
by photoelectron spectroscopy of benzene,3® acac,37-3%)
and MA.3®) The electron affinity was taken to be —1.0
eV for the benzene ring,3? and assumed for the lower
two vacant m-orbitals of the enol ring to be 0 eV and
—2.4 ¢V in both BA and DBM, and to be 0.5 ¢V and
—1.9eV in PPD. Two-center Coulomb repulsion
integrals necessary for the evaluation of Q were calcu-
lated by the use of Klopman’s equation.34,3%)

The resonance integral, 8, in the off-diagonal matrix
elements3149) of the total electronic Hamiltonian was
considered only to the C-C bond between the benzene
ring and the enol ring by the formula, $=9.73 xS,
where § is the overlap integral between the 2pz AO’s
of bonded C atoms.

The full matrices (15x 15 for BA and PPD, 27 x27
for DBM) of the total electronic Hamiltonian were
solved to obtain energy levels and wave functions of the
whole molecules. Oscillator strength for each absorption
band was calculated by taking transition dipole moments
between all pairs of the configurations into account.
Each transition moment was evaluated including all
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the terms up to the first order in overlap, S.

The bond lengths and bond angles of MA were
taken from the ab initio calculations by Karlstrém, et al.4
and by Del Bene and Kochenour,?) respectively. The
O---O distance was taken to be 2.55 A from the analysis
of microwave spectrum,?) and the position of the:
hydrogen-bonded hydrogen atom, from the X-ray
crystal analysis of DBM.4)

In BA, DBM, and PPD, the benzene ring(s)#) with
7(C—C)=1.389 A is(are) bonded to the enol ring through
the C~C bond(s) of 1.48 A in BA and DBM,*) and of
1.55 A in PPD. The angle, 6, between the planes of the
enol ring and the benzene ring was treated as a variable
in the actual calculations. As is shown in Fig. 1, BA
is enolized toward the phenyl group.®

Results and Discussion

Near and Vacuum UV Absorption Spectra of BA, DBM,
and PPD. Near and vacuum UV absorption
spectra observed with the heptane solutions of BA,
DBM, and PPD are shown in Fig. 2. The spectra
measured in ethanol and acetonitrile show only a slight
shift of the bands, and are essentially the same as the
spectra of the corresponding molecules in heptane. The
observed band positions and intensities are tabulated in
Tables 1—3. As pointed out by the NMR19:12) and IR®
spectroscopic studies, the §-diketones under considera-
tions predominantly exist as the cis-enol form at room
temperature. The spectra shown in Fig. 2 and Tables
1—3 are due to the enol form. Compared to the
spectrum of acetylacetone reported previously,?® the
first allowed band at ~300 nm shifts to longer wave-
lengths with increasing intensity in the order of acac
<PPD<BA<DBM.

Electronic Structure of MA. Preliminary calcula-
tions of MA have been done on the basis of different
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Fig. 2. Near and vacuum UV absorption spectra measured with the heptane
solution of (a) BA, (b) DBM, and (c) PPD at room temperature. Absorption
intensity of DBM is plotted as one half of the observed one.
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TaBLE 1. TRANSITION ENERGIES (AE (eV or cm-1)) AND OSCILLATOR STRENGTHS (f)
OBSERVED AND CALCULATED FOR BENZOYLAGETONE (BA)
In heptane In In Calcd
acetonitrile ethanol
AR AR AR ‘A AR Assignment
‘cm-T eV Uit eV eV eV S Main config.”
32700 4.06 0.38 4.04 4.03 4.52 0.877 &1 LE
4.80 0.017 B,, LE
40500 5.02 0.10 5.04 5.01 5.60 0.094 152+ ¢+ By, LE+CT
43000 5.33 5.37 5.37
4500 _52} 0.06 5_56} 5.56} 6.02  0.152 153 cr
46100 5.71} 0.11 5.71 5.71 6.60 0.242 B, LE
47400 5.88 ) 7.00 0.080 1455+ ¢, LE(+BCT)
50800 6.29 0.24 6.28 6.23 7.18 0.233 144 BCT
7.55 0.536 Enw+EL LE
56500 7.00 0.63 {7 .60 0.495 Efy+Eyy LE
8.00 0.626 &2 LE
a) Oscillator strength was estimated by resolving the spectrum into overlapped bands tentatively. b) Main
configurations of respective excited states are shown. In the i—j CT or BCT configuration, ¢ denotes the
vacant (i.e., 15th and 16th) or occupied (14th) 7-MO’s of MA (corresponding to the enol ring), respectively,
and j denotes the occupied (2nd and 3rd) or vacant (4th and 5th) z-MO’s of the benzene ring, respectively.
c) Shoulder.
TasBLE 2. TRANSITION ENERGIES (!AE (eV or cm-1)) AND OSCILLATOR STRENGTHS ( f)
OBSERVED AND CALCULATED FOR DIBENZOYLMETHANE (DBM)
In heptane In In Calcd
4 acetonitrile ethanol
IAE IAE IAE IAE IAE Assignment®
mT oV Ui oV oV eV f Main config."”
29800 3.69 0.51 3.64 3.63 4.88 1.193 & LE
33800 4.19 5.09 0.026 B,, LE,;
(35200) (4.36)} 0.05 .17 4.19 {5. 15 0.012 B,, LE;
5.66 0.300 152+B,, CTy;
40000 4.96 0.23 4.96 4.93 {5‘92 0 152 152ty B, LEcr,
43300 5.37} 0.08 5.37 5.37} 6.31 0.152 153 CTy
44600 5.53 ) 5.51} 5.52 {6.38 0.151 153 CTy
6.85 0.248 B LE,;+LE
N 1u I I
:ggggd) (5;'(7,2 g'gg} 6.14 6.0 {6.94 0.172 By, LE,+LE,,
) ’ 7.17 0.253 1455+ ¢, BCT;+BCT;
7.58 0.958 Eiu+E1u+l4_4 LEI+LEH
7.62 0.462 E,,+Ej, LE,
7.70 0.689 El. LE,
54100 6.71 1.38 6.65 7.84 0.589 E,, LE,
8.04 0.420 14—4 BCT,
8.11 0.004 14—4 BCTy;

a) See footnote (a) in Table 1.

b) See footnote (b) in Table 1.

c) LE, CT, or BCT configuration I and II

are related to the benzene ring I and II, respectively. d) Shoulder.

molecular geometries predicted by several investiga-
tions ;24-26,41,42) the results showed that the electronic
structure of MA is sensitive to the change of molecular
geometry, especially to the position of intramolecularly
H-bonded O and H atoms. From the comparison with
the observed spectra?®) and by referring to the experi-
mental results of microwave spectrum?) and of X-ray
crystal analysis of DBM,*) we have chosen the non-
linear asymmetrical H-bond with R(O---O)=2.55 A
and r(O-H)=1.18 A as one of the plausible structure
of MA.

The electronic structure of MA calculated by the
modified CNDO-CI method is tabulated in Table 4,
together with the observed values.?®) The agreement
between the theoretical and observed values is satis-
factory for the lower excited states. It is noteworthy
that the first and the second o¢-¢* bands predicted at
8.76 and 9.35 eV, respectively, is the CT band pertinent
to the H-bond in the sense that the CT configurations,
13—17 and 13—18 in the H-bond (corresponding to the
transition from O-H:--O structure to O---H-O struc-
ture in the valence-bond scheme??) mainly contribute
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TaBLE 3. TRANSITION ENERGIES (1AE (eV
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or cm-1)) AND OSCILLATOR STRENGTHS (f)

OBSERVED AND CALCULATED FOR 3-PHENYL-2,4-PENTANEDIONE (PPD)

In heptane In In Calcd
acetonitrile ethanol N
AR \AE AR AR AR Assignment
mT oV fP v v v f Main config.?
35200 4.37 0.19 4.34 4.33 4.48 0.314 & LE
4.86 0 B,, LE
41500 5.14 0.04 5.12 5.12 5.29 0.040 152 CT
43800 5.43 0.04 5.39 9 5.45 0.002 15«3 CT
46900 5.82 0.06 5.91 0.196 B, +14—5 LE
49000° 6.08 0.10 6.05 6.05 6.31 0.280 B,,+14—5 LE
6.54 0.143 1454 BCT
52500 6.51 0.39 6.63 {6‘68 0 643 ot B 145 o5
7.06 0.996 Ef. LE
55400 6.87 0.70 {7.37 0.203 162 +E,, CT+LE
7.55 0.043 Pa+ 162 LE
a) See footnote (a) in Table 1. b) See footnote (b) in Table 1. c) Shoulder.
TABLE 4. SINGLET AND TRIPLET TRANSITION ENERGIES (!AE AND *AE (eV)) AND OSCILLATOR
STRENGTHS ( f) OBSERVED AND CALCULATED FOR MALONALDEHYDE (MA)
Obsd®’ Caled
Assignment —_—————— - Main config.®
IAE f 1IAE SAE fb)
n-m¥ 3.51 3.33 0.000 (z) 13—15
- 4.71(5.08)® 0.3 5.18 3.92 0.114 (x) 14—15
n-¥ 6.29 0.0004(2) 13—16
n-o* 7.44 0.008 (z) 14—17
a-m¥ 7.51 0.003 (z) 12—15
n-m* >6.3 >0.2 7.87 5.85 0.239 (y) 14—16
n-o% 8.18 0.019 (2) 14—18
a-m* 8.72 0.015 (z) 12—16, 9—15
o(n)-o* 8.76 8.40 0.012 (xy)®  13—18, 13—17, 13—I19
n-o* 9.15 0.026 (z) 14—19
a(n)-o* 9.35 7.35 0.372 (x) 13—17, 13—18
ag-o* 9.46 9.25 0.014 (xy)®  13—19, 13—1I18
n-m¥ 9.81 8.44 0.203 (xy)® 11—I5
0% 9.83 0.019 (z) 14—20
a-n* 10.40 0.000,(z) 10—15
n-o* 11.03 0.003 (z) 14—21, 14—22, 11—19
a-g* 11.03 10.74 0.058 (x) 13—20
- 11.04 0.002 (z) 7—15

a) Observed value in the vapor phase taken from Ref.

28. b) Oscillator strength is calculated for the singlet

manifold. The direction of transition moment is shown in parentheses, x-, y-, and z-axes being taken as in

Fig. 1. c) Singly excited configuration, i—j, denotes

the j-th vacant MO. The 14th MO is the highest occupied one.

y-components of transition moment contribute equally

to the first (55.8%,) and to the second (53.5%,) ¢-0*
excited states. The CT configurations also contribute
considerably (11.69%,) to the first m-n* excited state of
MA as in the case of the corresponding band of the
enol form of acac and its fluoro derivatives.2%:30)
Electronic Structures of BA, DBM, and PPD. The
electronic structures of the m-electron systems of BA,
DBM, and PPD were calculated by the method of
composite molecule??:3? in which the pg-diketone is
divided into the enol ring and the benzene ring(s).
The rotating angle, 6, between the enol ring and the

one-electron excitation from the i-th occupied MO to
d) Observed value in ethanol. e) x- and
with opposite signs.

benzene ring (Fig. 1) was treated as a variable. Figure
3 shows the 0-dependence of energy levels calculated
for BA, DBM, and PPD.*® By referring to the absorp-
tion spectra in Fig. 2, and also by referring to the
observed @-value of DBM (16.9°)4) and tetraacetyl-
ethane (89°)%2 in crystalline state, theoretical results
with §=20° are taken to BA and DBM, and the result
with §=70° to PPD, as tabulated in Tables 1—3.
The theoretical energy diagrams of BA and DBM are
illustrated in Fig. 4 and the one of PPD, in Fig. 5.

As is shown in Table 1 and in Fig. 4, the first allowed
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Fig. 3. 6-dependence of energy levels calculated for (a) BA, (b) DBM, and (c) PPD.
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Fig. 4. Energy levels calculated with and without CI treatment for (a) BA and (b) DBM.
In DBM, the configurations related to the benzene ring I and the LE configurations of
the enol ring are shown on the left column and the configurations related to the
benzene ring II, on the right column. For the CT or BCT configuration, i—j, see the

footnote (b) in Table 1.

band of BA observed at 32700 cm~! in heptane can
safely be assigned to the LE state of the enol ring, ¢,
(60.39,) mixed with the CT (from the benzene ring
to the enol ring) (18.5%) and BCT (from the enol
ring to the benzene ring) (9.6%,) configurations. The
second excited state of BA which is mainly (73.29,)
composed of By, state of the benzene ring and the
absorption intensity of which is predicted to be weak
may be covered with the first 7-n* band. The assign-
ment may be supported from the fact that the corre-

sponding band of DBM is observed near 33800 cm~1as a
shoulder. The 40500 cm~! band of BA can be assigned
to the third excited state which is mainly composed
of the 152 CT (42.4%), and ¢; (26.7%) and B,,
(19.69%,) LE configurations. The 44000 cm~! band has
two peaks at 43000 and 44500 cm~! in heptane and
can be assigned to the fourth excited state which is
mainly composed of the 15«3 CT (55.89%,) and B,,
LE (22.79,) configurations. The 44000 cm~! band
is the CT band between the benzene and enol rings.
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From the comparison with the theoretical result, we
can expect three bands in the 45000—53000 cm—*
region. The shoulder at ~46100 cm! is assigned to
the fifth excited state which is mainly composed of the
B,, LE (61.8%,) and 15«2 CT (20.19,) configurations.
To the 6th and 7th excited states, BCT configurations
contribute significantly. The 6th excited state is mainly
composed of the 14—5 BCT (41.9%,), and ¢, (24.1%,),
&, (9.4%), Eqy (11.19,), and By, (9.29%) LE configura-
tions, and is tentatively assigned to the weak shoulder
near 47400 cm—1. The 7th excited state which is safely
assigned to the 50800 cm~! band is the BCT band to
which the 14—4 BCT (64.8%,) and Ei, LE (19.4%)
configurations mainly contribute.

The very strong 56500 cm—! band is predicted to be
composed of three bands, i.e., 8th—10th excited states.
The 8th and 9th excited states are mainly composed
of the E,, and E’;, LE configurations (47.4% and
18.69, respectively, for the 8th, and 26.2%, and 31.69%,,
respectively, for the 9th excited state) mixed with BCT
and CT configurations. The 10th excited state is
mainly composed of the ¢, LE (51.9%,) and 14—5 BCT
(20.89%,) configurations.

The electronic structure of DBM is illustrated in
Fig. 4, compared with the one of BA. Because two
benzene rings, I and II interact with the enol ring, the
2nd and 3rd, 4th and 5th, 6th and 7th, and 8th and 9th
excited states of DBM appear in pairs with the corre-
sponding character related to each benzene ring. As
is shown in Table 2, the observed bands at 29800,
33800, 40000, and 44000 cm~! in heptane can be
assigned to the first, 2nd and 3rd, 4th and 5th, and 6th
and 7th excited states, respectively. The character of
the bands is semiquantitatively the same to the corre-
sponding first four bands of BA. The 44000 cm~! band
has two peaks at 43300 and 44600 cm~! as in the case
of BA. In the 46000—50500 cm—! region, three bands,
i.e., 8th—10th excited states are predicted to overlap.
The character of the pair (i.e., the 8th and 9th) and
the 10th excited states corresponds to the one of the
5th and 6th excited states of BA, respectively. In the
very strong 54100 cm—! region, six bands corresponding
to the 11th-—16th excited states are expected to locate.
The 11th—14th states are mainly composed of the E,
and Ej, LE configurations of two benzene rings, and
the 15th and 16th excited states, of the 14—4 BCT
configuration from the enol ring to each benzene ring.

In conclusion, theoretical investigation of the spectra
clearly shows strong z-electron interaction between the
enol and benzene rings in BA and DBM.

Contrary to BA and DBM, the spectrum of PPD is
well reproduced when 6 value around 70° is employed,
indicating that s;-electron interaction between the enol
and benzene rings is weak. The theoretical result of
PPD with 6=70° is shown in Table 3 and in Fig. 5.
Because the PPD molecule is of approximate C,
symmetry and because the z-electron interaction be-
tween the rings is rather weak, configuration interaction
in PPD is more limited than in BA. As is shown in
Table 3, qualitative assignment for each band is similar
to the one of BA. The 35200 cm—! band assigned to the
first excited state is the LE state, ¢; (87.3%,), and the
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Fig. 5. Energy levels calculated with and without CI
treatment for PPD. For the CT or BCT configuration,
i—j, see the footnote (b) in Table 1.

second excited state is B,, state of the benzene ring
(97.49%,). The latter band is again too weak to be
observed. The 41500 cm~! band assigned to the third
excited state is the 15«2 CT state (86.39,), and the
43800 cm~! band assigned to the 4th excited state is
the 15«3 CT state (97.89,).

The B,, LE and 145 BCT configurations
contribute predominantly to the 5th (50.99%, and
34.79,, respectively) and to the 6th (47.1%, and 39.3%,,
respectively) excited states, which are tentatively
assigned to the shoulders at 46900 cm~! and 49000
cm1, respectively. To the strong 52500 cm~! region,
the 7th (14—4 BCT (85.89%,)) and the 8th (¢, (32.4%,) +
E., (32.19,)4-14—5 BCT (24.7%,)) excited states can
be assigned. To the very strong 55400 cm~! region,
the strong 9th (Ei, (82.6%)) and 10th (E;, (39.4%,)
4162 CT (51.39,)) excited states mainly contribute.

Theoretical oscillator strength of the first band
predicts well the increase of the observed transition
intensity in the order of PPD<BA<DBM. Table 5
shows coefficients of several main configurations in the
ground and the first excited states. The wave functions
clearly show that the increase of the interaction of the
152 CT configuration with the ground and ¢; LE
configurations is mainly responsible for the increase of
the transition intensity.

UV Absorption Spectra in KOH Aqueous Solution.

Near UV absorption spectra measured with the KOH
aqueous solutions of BA, DBM, PPD, and acac are
shown in Fig. 6. The strong bands at 320.5 nm of BA,
at 347 nm of DBM, and at 304.5 nm of PPD can be
assigned to the first z-7* band of the anion with planar
chelate ring as in the case of the 292.5 nm band of the
acac anion.?® As is shown in Fig. 6, the spectra of the
KOH aqueous solutions were found to change with
time, and the strong bands at 300—350 nm finally
disappear. In Fig. 7, time dependence of the absorbance,
AA(=A(t)—A(t=o0)), for the 320.5 nm band of the
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TABLE 5. 'WAVE FUNCTIONS (COEFFICIENTS OF MAIN CONFIGURATIONS) OF THE GROUND
AND THE FIRST 7-n* EXCITED STATES OF BA, DBM, anp PPD
BA DBM PPD
. a —
Configuration®’ Ground Ist m-m* Ground Ist m-m* Ground Ist z-n*
state state state state state state
G° 0.9728 —0.0835 —0.9554 0.0620 0.9973 0.0062
¢, LE 0.0051 0.7767 —0.0039 —0.7202 —0.0003 0.9341
B,,LEI —0.0177 —0.2151 0.0159 0.2331 0.0006 0.0488
EL.LEI 0.0157 0.2228 —0.0139 —0.2333 —0.0005 —0.0705
11 —0.0130 0.1115
152 CT I —0.1909 —0.4134 0.1779 0.4667 0.0241 —0.3370
II —0.1475 0.1389
162 CT I 0.1044 0.1194 —0.0983 —0.1362 —0.0385 0.0391
11 —0.1244 0.0600
14—5 BCT I —0.0696 0.3104 0.0631 —0.2589 —0.0571 —0.0629
11 0.0004 0.1292
caled 0.877 1.193 0.314
S {obsd 0.38 0.51 0.19

a) Configuration I or II is related to the benzene ring I or II, respectively.
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Fig. 6A. Near UV absorption spectra measured with the
KOH aqueous solution of BA at (a) t=0.8 h, (b) t=8.7
h, (c) t=15.5h, (d) t=27.0 h, (e) t==43.4 h, (f) t=75.9
h, and (g) t=163.8 h.
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Fig. 6B. Near UV absorption spectra measured with
the KOH aqueous solution of DBM at (a) t==1.0h,
(b) t=6.1h, (c) t=10.1 h, (d) t=25.0 h, (e) t=50.8 h,
and (f) t=151.4h.

0.8" L T T L] L} L} T L) T T ¥ ¥ L] L} J
g 0.6 . ]
g .
< 0.4 1 b
o g -
2 o,
< 7
T T 'V T -
220 240 260 280 300 320 340 360
Wavelength/nm

Fig. 6C. Near UV absorption spectra measured with
the KOH aqueous solution of PPD at (a) ¢=24 min,
(b) ¢=29 min, (c) ¢t=35 min, (d) ¢{=42 min, () t=49
min, (f) ¢=>57 min, (g) {=76 min, and (h) ¢=194 min.
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Fig. 6D. Near UV absorption spectra measured with
the KOH aqueous solution of acac at (a) t=0.8h,
(b) t=9.1 h, (c) t=22.3 h, (d) t=49.6 h, () t=94.6 h,
(f) t=145.0 h, and (g) t=239.2 h.

BA anion is shown as an example; the absorbance
(AA) decreases exponentially with time. The
exponential decay of the absorbance was also observed
for the first s-m* bands of the DBM, PPD, and acac
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TABLE 6. RATE CONSTANT (k(s-1)), INITIAL ABSORBANCE (A4,), AND INITIAL MOLAR EXTINCTION COEFFICIENT®
(g,) FOR THE FIRST BAND OF THE KOH AQUEOUs soLuTiON oF BA, DBM, PPD, AnD acac

BA DBM PPD acac
[B-diketone] x 104/M 8.53 7.78 6.21 5.76 19.55 12.03 14.50 4.2 5.76
[KOH] x 10/M 9.52 0.894 9.52 0.894 0.248 0.119 0.0594 9.52 0.991
kx 108/s-1 10.2 0.904 14.3 1.39 116 102 113 13.8 0.846
A4, 1.67 1.49 1.35 1.20 3.65 2.23 2.70 1.01 1.29
& 18700 18300 20700 19800 17800 17700 17700 23000 21300
—_— ~— ~ S————
Average 18500 20300 17700 22200

a) Estimated at the band maximum.

0.01 T T T T T T T T
20 40
Time/h
Fig. 7. Time dependence of the absorption intensity
(A4) measured with the first m-n* band of the BA
anion at (a) 320.5 nm and (b) 340 nm.

anions, indicating that the spectral change is due to the
unimolecular reaction, A—A’, of the anions. The
rate constants (k) under several experimental conditions
are listed in Table 6. In the BA, DBM, and acac
anions, the rate constant is roughly proportional to the
concentration of KOH, strongly suggesting that the
planar structure of the chelate ring is broken by the
action of the KOH molecules. Under the fixed concen-
tration of KOH, the rate constant increases in the
order of the BA<acac<K DBM<KPPD anions. The
true absorption intensity of the 300—350 nm band of
the anion can be evaluated from the extrapolated
absorbance at t=0 (Ad4,) with the correction of the
final absorbance (4(t=o0)). The results are tabulated
in Table 6. The absorption intensities are rather equal
for the PPD, BA, and DBM anions in contrast to the
ones of the corresponding bands in neutral species.

The authors wish to express their sincere thanks to
Professor Saburo Nagakura, the University of Tokyo,
for valuable discussions and for reading manuscript
carefully.
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