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In previous papers,®® it was reported that menadione was stabilized by the complex
formation with various electron donors in aqueous solution, and that according to the
calculation on the stabilization energies of the complexes, the driving force of the complexes
was shown to be due to the charge transfer force.¥ However, the charge transfer absorp-
tion bands of the complexes were not recognized definitely in aqueous solution as reported
in a previous paper.?

In the present paper, measurements of the charge transfer absorption bands of the com-
plexes between menadione and various electron donors were attempted in aqueous solution,
and the energies of the charge transfer absorption bands of the complexes were. determined.
Then, the relationships between the energies of the charge transfer absorption bands and
various constants related to the complex formation, reported previously,*3% were discussed.
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Materials—Menadione and various elec-
tron donors used in this paper were the /\<
same as described in a previous paper.?

Measurements of Absorption Spectra—— -030 010y
The absorption spectra were measured with
a Hitachi photoelectric spectrophotometer
EPU-2A, equipped with thermospacers 0 ! 0 |
to maintain the cell compartments at 24+ 360 420my 420 480 mp
0.1°, and the cell length was 10 mm. 0.D 0.D.
The sample solutions were prepared by dis- -G30F -200F
solving in phosphate buffered solution (n/15) 4 5
of pH 7.0. Theresults of the measurements
are shown in Fig. 1 as differential spectra. 0151 ‘ 2 100

Results and Discussion
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The charge transfer absorption _ .
Fig. 1. Charge Transfer Absrotpion {Bands of the

bands of the complexes between mena-
dione and various electron donors such
as B-hydroxynaphthoic acid, caffeine
and nicotinamide and so on are shown
in Fig. 1, and the energies of the charge

Complexes between Menadione (6.97 x 10~*u/liter)
and Various Electron Donors in Aqueous Solution

1: -hydroxynaphthoic acid (5.53 x 10-%/liter); 2: sodium
salicylate (1.25x/liter); 3: caffeine (1.03 x 10-1n/liter); 4:
nicotinamide (1.64u/liter); 5: sodium dehydroacetate (7.21
X 101y /liter)
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transfer absorption maxima of those complexes (hve,) were determined as tabulated in
Table I.

Tasie 1. Energy of the Charge Transfer Absorption Band

No. Donor Maxima (mu) hyer (e.V0)
1 p-Hydroxynaphthoic acid 445 2.79
2 Salicylic acid 380 3.26
3 Caffeine 390 3.18
4 Nicotinamide 376 3.30
5 Dehydroacetic acid 374 3.32

Those observations revealed that menadione showed the charge transfer absorption bands
by the complex formation with various electron donors in aqueous solution. Then, the relation-
ships between the energies of the charge transfer absorption bands and the parameter
for energy levels of the highest occupied molecular orbitals of wvarious electron donors
(An.o.) or the stabilization energy (SE) of the complex formation reported in previous
papers,>4 were investigated. The results thus obtained are shown in Figs. 2 and 3.
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Fig. 3. Relation between hwer and
Stabilization Energy (JE)

Fig. 2. Relation between hycr and
the Parameter for Energy Levels of
the Highest occupied Molecular

Orbitals (Aro) 1: p-hydroxynaphthoic acid; 2: salicylic
acid; 3: caffeine; 4: nicotinamide; 5: de-
1: g-hydroxynaphthoic acid; 2: salicylic hydroacetic acid

acid; 3: caffeine; 4: nicotinamide; 5: de-
hydroacetic acid

Expectedly, the energies of the charge transfer absorption bands tend to be increased by
the addition of such a substance as dehydroacetic acid or nicotinamide which is grouped
as weaker donors.

Next, the relationships between the energies of the charge transfer absorption bands and
the free energy change or the enthalpy change of the complex formation reported in the
previous paper,® were also investigated. Being shown in Figs. 4 and 5, the free energy
change and the enthalpy change in the complex formation are roughly parallel to the energies
of the charge transfer absorption bands. In addition, Fig. 6 shows that stability of menadione
tends to be increased by the decrease of the energies of charge transfer absorption bands.

Hence, it is again concluded decisively by these facts that suppression of the
photodecomposition of menadione with various electron donors in aqueous solution® is
mainly due to the charge transfer complex formation between them.
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Fig. 4. Relation between hycr and
Free Energy Change (4G y0)

1: f~hydroxynaphthoic acid; 2: salicylic
acid; 3: caffeine; 4: nicotinamide; 5: de-
hydroacetic acid
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Fig. 5. Relation between hwcr and
Enthalpy Change (4H)
1: p~-hydroxynaphthoic acid; 2: salicylic

acid; 3: caffeine; 4: nicotinamide; &: de-
hydroacetic acid
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Fig. 6. Relation between hver and

Rate of Stabilization

1: f-hydroxynaphthoic acid; 2: salicylic
acid; 3: caffeine; 4: nicotinamide; 5: de-

hydroacetic acid
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