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A quantitative study has been made of the measurement of the electron-donating nature
and the electron-accepting nature of various liquid organic compounds. The position of the
O-D or C=O absorption band of a liquid compound which contained a small quantity of
methanol-d or of acetophenone was measured by means of an infrared spectrophotometer. The
relative magnitude of the electron-donating nature or of the electron-accepting nature of the
compound was compared by a measurement of the perturbation which it produced on the O-D
vibrational band of methanol-d or on the C=O vibrational band of acetophenone. The electron-
donating power or the electron-accepting power of a compound is defined as the relative dif-
ference (counted as wave numbers) of the O-D or the C=O absorption band observed in the com-
pound from that in benzene. From the results, it was found that, in a homologous series, the
electron-donating power decreased with an increase in the ionization potential in the gaseous
phase, or with an increase in the pKb value in the liquid phase, and that it increased linearly
with the co-ordination power to diethyl zinc. It was also found that the electron-accepting
power increased with an increase in the electron affinity in the gaseous phase and decreased
with an increase in the pKa value in the liquid phase. Moreover, the various liquid organic
compounds, classified into four typical groups, were considered on the basis of their electron-
donating and electron-accepting power.

It has previously been reported1,2) that the solvent

effect in ionic polymerization was dependent on

the relative magnitude of the electron-donating

power or on that of the electron-accepting power
of the monomer and solvent used.

On the other hand, Gordy et al. have made a

study of the proton-attracting properties of various

liquid compounds,3) while the relative acceptor

strengths of some inorganic halides have been

reported on by Lappert et al.4)

The purpose of this report was to evaluate the

relative magnitude of the electron-donating nature

or the electron-accepting nature of various liquid

organic compounds on the basis of the infrared

spectral data. The O-D or the C=O vibrational

band of the compounds containing a small amount

of methanol-d or acetophenone were measured by

means of an infrared spectrophotometer. On

the basis of these data, a measure of the electron-

donating power and of the electron-accepting

power of liquid organic compounds was proposed.

Experimental

Materials. The aromatic and aliphatic hydro-
carbons, esters, ethers, nitriles, amines, ketones, al-

dehydes, amides, imines, lactones, sulfoxides, nitro
compounds, and inorganic halides were all obtained

commercially and were purified by the usual method.
Methanol-d, bp 64.5-65.0℃; acetophenone, bp 202℃/

750mmHg.
Apparatus and Method. The infrared spectra of

the O-D band of methanol-d or of the C=O band of
acetophenone in the mixture were determined with a
Hitachi EPI-2 infrared spectrophotometer (resolving
power: 3cm-1 at 10μ; slit width: 0.03mm at 10μ),

equipped with a sodium chloride prism; the cell used
was 0.010cm, thick. A small quantity of methanol-d
or acetophenone was added to a solution of 1.0ml of
the liquid organic compound in a 2.0ml weighing
bottle. The concentration of acetophenone was 0.1
mol/l while that of methanol-d was 0.4mol/l, because
the position of the O-D vibrational band was not clear
when the concentration of methanol-d was lower than
0.4mol/l. After having been shaken for 10 min at
room temperature (18±3℃), the mixture was used for

the measurement of the infrared spectrum. The error

in the measured shifts of the O-D band is not more than

±1cm-1, whereas that of the C=O band is ±0.3cm-1

(with the scale up). The electronic properties of vari-
ous liquid organic compounds were then compared
by a measurement of the different perturbations which
they caused in the O-D vibrational band of methanol-d
or in the C=O vibrational band of acetophenone in the
mixture.

Results and Discussion

The positions of the monomeric O-D and C=O
vibrational bands of various liquid organic com-

pounds are listed in Table 1, together with the

1) A. V. Tobolsky and C. E. Rogers, J. Polymer
Sci., 38, 205 (1959).

2) Yu Spirin, A. A. Arest-Yakubovich, D. K.
Polyakov and S. S. Mendrev, ibid., 58, 1181 (1962).

3) W. Gordy and S. C. Stanford, J. Chem. Phys.,
9, 204 (1941)

4) M. F. Lappert, J. Chem. Soc., 1962, 542.
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TABLE 1. ELECTRON-DONATING POWERS AND ELECTRON-ACCEPTING POWERS OF LIQUID ORGANIC COMPOUND
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TABLE. 1 (Continued)
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TABLE 1. (continued)

chemical structures of the compounds. The posi-
tions of the O-D vibrational band vary from about
2400 to 2700cm-1 with the kind of compound,
and the Lewis bases, such as the ethers and amines,
shift to lower frequencies because of the formation
of hydrogen bonds. In the C=O band, on the
other hand, the Lewis acids which form the co-
ordination bonds with another atom having an
electron-pair cause a greater shift to a lower fre-
quency.

Electron-donating Power and Electron-ac-
cepting Power. It is considered that the electron-
donating nature of liquid compounds corresponds
to the proton-attracting force and that the electron-
accepting nature is the electron-pair-attracting
force. On the basis of the considerations described
above, we propose that the electron-donating
power or the electron-accepting power of a liquid
organic compound is to be defined as the relative
difference (counted as wave numbers) of the O-D
or the C=O absorption band observed in the com-

pound from that in benzene, chosen as a reference
compound.

Electron-donating Power:

ΔvD=vD(benzene)-vD(compound)

Electron-accepting Power:

ΔvA=vA(benzene)-vA(compound)

From the above definition, it can be said that

the greater the ΔvD or the ΔvA value, the stronger

is the proton-attracting force or the electron-

pair-attracting force.

Examination of ΔvD Values. The ΔvD as

defined above expresses the electron-donating

power in the state of aggregation. On the other
hand, since the ionization potential is the smallest

energy which is necessary for taking a valence

electron from a gaseous atom or molecule, it is

reasonable to consider that the ionization potential

is related to the electron-donating power. The

relation between the ΔvD values of several typical

iiouids and the ionization potentials5,6) in the

gaseous phase is shown in Fig. 1. That the ΔvD

values decreased with an increase in the ioniza-

tion potentials was observed in any homologous

series of aliphatic and aromatic hydrocarbons,

ethers, esters, or ketones.

A regular relationship was also observed between

the ΔvD and pKb valucs7) of various aliphatic

Fig. 1. Relation between the ionization potentials

and the electron-donating powers (ΔvD) of various

organic compounds.

Unconjugated aromatic compounds

○ Conjugated aromatic compounds

◎ Aliphatic compounds

● Esters and ketones

Ethers

5) K. Watanabe, J Chem. Phys., 26, 542 (1957).
6) F. I. Vipesov and B. P. Kurbatov, Dokl. Akad.

Nauk, SSSR, 140, 1364 (1961).
7) N. F. Hall and M. R. Sprinkle, J. Am. Chem.

Soc., 54, 3469 (1932).
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Fig. 2. Relation between the pKb values of various
aromatic and aliphatic amines and the electron-
donating powers (ΔvD).

---Gordy work pKb=-0.102ΔvD+26.8

― Present work pKb=-0.102ΔvD+26.3

1 Nitrobenzene, 2 Acetophenone, 3 o-Toluidine

4 Methylaniline, 5 γ-Picoline, 6 Aniline,

7 Pyridine, 8 α-Picoline, 9 Triethylamine

Fig. 3. Relation between the co-ordination powers
to diethyl zinc and the electron donating powers.

1 Benzene, 2 Toluene, 3 n-Heptane,
4 Epichlorohydrin, 5 Styrene oxide,
6 Ethylene oxide, 7 Propylene oxide,
8 Diethyl ether, 9 Dioxane,

10 Tetrahydrofuran

Fig. 4. Relation between the bond dissociation

energies of the charge transfer complexes (I2-
electron donors) and the electron donating

powers (ΔvD) of the electron donors.

1 Diethyl ether, 2 N, N-Dimethylformamide,
3 Ethanol, 4 o-Toluidine,
5 N, N-Dimethylaniline, 6 Pyridine,

7 Triethylamine

and aromatic amines. Figure 2 shows that the

larger the ΔvD value is, the smaller is the pKb

value of the liquid organic compound.

On the other hand, Ishimori and Tsuruta have

spectrally investigated the co-ordination power of

cyclic ethers to diethyl zinc, which is regarded as

an electrophilic compound.8) It may be inferred

that the ether having the stronger co-ordination

power to diethyl zinc has the larger electron-
donating power. Figure 3 shows that the co-

ordination power to diethyl zinc increases linearly

with the ΔvD value.

Moreover, since it is considered that the hydrogen

bond formed between the methanol-d molecule

and the solvent molecule is due to the charge

transfer, the ΔvD value may be expected to be

related to the bond dissociation energy of the

charge-transfer complex9) formed between the

iode molecule and the electron-donor molecule.

In order to discuss this relation, we tried to plot

the ΔvD values of the electron donors against the

bond dissociation energies of the charge-transfer

complexes. As Fig. 4 shows, the energies of the

bond dissociation of the charge-transfer complexes

are in better correlation with the ΔvD values than

with the ionization potentials.

From these results, it may be concluded that the

ΔvD value expresses quantitatively the electron-

donating power in both the gaseous and liquid

phases.

8) M. Ishimori and T. Tsuruta, Kogyo Kagaku
Zasshi (J. Chem. Soc. Japan, Ind. Chem. Sect.), 70, 378
(1967).

9) P. A. D. de Maine, J. Chem. Phys., 26, 1192
(1957); C. Reid and R. S. Mulliken,,j. Am. Chem. Soc.,
76, 3869 (1954); S. Nagakura, ibid., 80, 520 (1958);
H. Tsubomura, ibid., 82, 40 (1960); H. Tsubomura
and R. P. Lang, ibid., 83, 2085 (1961).
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Examination of ΔvA Values. The ΔvA value

of liquid compound is defined above as the electron-

accepting power in the state of aggregation. On

the other hand, the electron affinity of a compound

is defined as the energy generated when its molecule

absorbs an electron; this has been regarded as a

measure of the electron-accepting power in the

gaseous phase. Scarcely no experimental values
of the electron affinities have, however, been re-

ported. In order to evaluate the electron affinity,
the energy (εlv=α-ηlvβ,α,β ＜0) of the lowest

unoccupied a level was used, since it is reasonable

to consider that the smaller the coefficient (ηlv)

of β in the energy of the lowest unoccupied level.

the greater is the electron affinity, i.e., the electron-

accepting power of the compound in the gaseous

phase. Figure 5 shows that the ΔvA values decrease

with an increase in the ηlv values.10)

On the other hand, a linear relation was found

to exist between the ΔvA values and the pKa values11)

of various ethers and aromatic compounds, as is

shown in Fig. 6. The ΔvA values of liquid com-

pounds decrease with an increase in the pKa

values.

From these results, it may be concluded that the

ΔvA values express quantitatively the electron-

accepting power in both the gaseous and liquid
phases.

A Consideration of Liquid Organic Com-
pounds on the Basis of the Electron-donating
Power and the Electron-accepting Power.
It is well known that Lewis bases like the ethers
employed in the Grignard reaction and in the
SN2 reaction are the nucleophilic solvents, that the
nitro compounds employed in the Friedel-Crafts
reaction and Lewis acids are electrophilic solvents,
and that the hydrocarbons have scarcely no ioniza-
tion power. From these facts, the liquid organic
compounds have been classified qualitatively into
the following four groups: (1) amphoteric liquids,

Fig. 5. Relation between the energies of the lowest

unoccupied σ level and the electron-accepting

powers (ΔvA) of aromatic halides.

εlv=α-ηlvβ. 1 Benzene, 2 Chlorobenzene,

3 m-Dichlorobenzene, 4 o-Dichlorobenzene

Fig. 6. Relation between the pKa values of various

ethers and the electron-accepting power (ΔvA).

1 Tetrahydropyran, 2 Diisopropyl ether,
3 n-Butyl ethyl ether, 4 Di-n-butyl ether,
5 Anisole, 6 Nitrobenzene

Fig. 7. Relation between the electoron-donating

power (ΔvD) and the electron-accepting power

(ΔvA) of various liquid organic compounds.

The number of a point represents the number
in Table 1.

10) K. Fukui, K. Morokuma, H. Kato and T.
Yonezawa, This Bulletin, 36, 217 (1963).

11) E. M. Arnett and C. Y. Wu, J. Am. Chem. Soc.,
84, 1684 (1962).
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(2) nucleophilic liquids, (3) electrophilic liquids
and (4) non-philic liquids.

Little attention has, however, been paid to the
quantitative consideration of the liquid compounds
on the basis of the electronic features, in spite of
the importance of this approach. In Fig. 7 we
have plotted the relation between the ΔvD values

and the ΔvA values of various liquid organic com-

pounds. As Fig. 7 shows, the electron-donating

power is more dominant than the electron-accept-
ing power in most liquid organic compounds.

In view of the classification on the basis of the

results shown in Fig. 7, it is reasonable to take a

point, with a ΔvD value of 35cm-1 and a ΔvA

value of 3cm-1 as the standard point. In the

amphoteric liquids the ΔvD and ΔvA values are

both larger than the standard point, while, in the

non-philic liquids both are smaller. The nucleo-

philic liquids have larger ΔvD values and smaller

ΔvA values, while the electrophilic liquids have

smaller ΔvD values and larger ΔvA values than the

standard point. This quantitative classification,

based on the electronic features of liquid organic

compounds, seems useful as an unifying interpreta-

tion for many kinds of experimental results.
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