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The Mechanism of the Electrical Conduction in Solid Acetamide* 
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The electrical conductivity of ice and solid 
alcohols has been studied by several investi-
gators;1-6) it has been concluded that the 
proton transfer across the hydrogen bonds plays 
an important role in the conduction mechanism. 
It would, however, be desirable to obtain 
further information about the conduction 
mechanism in crystals with >NH...O< hydro-
gen bonds, since studies thus far have concerned 
only the case of OH ...O hydrogen bonds. 

In the present paper the temperature depend-
ence of solid state acetamide will be described ; 
the conduction mechanism in the >HN...O< 
hydrogen bond crystal will then be discussed 
on the basis of the proton transfer model. 

Experimental 

After fractional distillation, acetamide was recrys-
tallized thrice from hot benzene by the Lewin and 
Vance's method7) and then dried in a Abderhalden

Fig. 1. The conductivity cell.

drier for five hours. The sample was melted in the 
cell ; it was solidified gradually from its own melt.
The cell was then kept at 82℃ to remove the strain

of the sample which originated from solidification. 
In comparison with the results reported hitherto by 

other authors, the a. c. conductivity of molten
acetamide at 83.2℃ and 87.5℃ were measured.

On the other hand, the temperature dependency 

of the d. c. conductivity of solid acetamide was 
measured within the temperature range from 60 to 
90C by the bridge method. The cell, made of 

pyrex-glass with platinum electrodes,4,8) is illustrated 
in Fig. 1. 

The cell was calibrated with a potassium chloride 

solution, and the cell constant was determined to
be 0.1408 S2-1cm-1 at 25℃.

Results 

The A. C. Conductivity of Molten Acetamide. 
-The values of a . c. conductivity at 103 c. p. s. 

for molten acetamide are presented in Table I, 

in which are also included the results reported 

in the literature. 

TABLE I. THE SPECIFIC CONDUCTIVITY OF 

MOLTEN ACETAMIDE

From Table I it is obvious that the results 

here obtained are fairly different from those 

previously reported by Walden9) and by 
others,10-12) but comparable with the results 

given by Jander and Winkeler.11) The wide 
divergence of Walden's result may, however,
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be attributed to impure materials, since the 

conductivity is strongly affected by a small 

amount of impurities. The very low values 

obtained by the present author are attributable 

to the high purity of the specimens used. 

The Temperature Dependency of the D. C. 

Conductivity of Solid Acetamide.- In Table II 

the results of d. c. conductivity for solid acet-

amide obtained at various temperatures are 

listed. 

TABLE II. THE SPECIFIC CONDUCTIVITY OF 

SOLID ACETAMIDE

J udging from the data of a. c. conductivity 

in the molten state, the purity of specimens is 

sufficiently high, so the data listed in Table II 

seem to be rather consistent, though no data 

which can be compared with have been reported.

Fig. 2. 10+log k plotted against 1/T. 

In Fig. 2 the plots of log r against the 
reciprocal of temperature, 1/T, are illustrated. 
In the curve there are lower and upper slopes 
and a steeper slope just below the melting 
point, as is general for the solid state. The 
lower slope corresponds to the molten liquid, 
and the upper one, to the solid state, while 
the abrupt change seems to originate from the 
homophase premelting.14) This feature is very

similar to that with ice. The linear plot of

10+log k vs. 1/T×103 for the solid state is

represented well by the following equation;

(1)

where 34 × 103 cal./mol. is the activation energy

of electrical conduction ; R, the gas constant, 
and T, the absolute temperature. 

Discussion 

In the present paper the author would like 
to interpret the mechanism of the electrical 
conduction in solid acetamide from the point 
of view of proton transfer. 

It has been well established by Senti and 
Harker15) that the crystal structure of rhombo-
hedral acetamide consists of planar molecules 
of the keto form arranged in rings of six 
members, as is shown in Fig. 3. In the rings 
the adjacent molecules are held together by 
hydrogen bonds of >NH...O=C<, and along the 
c-axis of the hexagonal cell the molecules are 
linked together by the hydrogen bonds in 
infinite chains. Thereby, the net transfer of 
protons traveling along the hydrogen bonds 
in the axis may be expected when the external 
electrical field is applied. If the proton transfer 
causes the conduction, however, three kinds of 
reactions must follow :

Fig. 3. Crystal structure of acetamide. 

Proton Supply to the Molecular Chains of 

Hydrogen Bonds. -The proton supply would 

be initiated by the ionogenic reaction involving 

step 2 : 16)

14) W. Davis, S. Rogers and A. R. Ubbelohde, Proc. 
Roy. Soc., A220, 14 (1953).
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(2)

where ΔE1 denotes the activation energy, which

is identical with the height of the potential 

barrier between the two positions of equilib-

rium in the hydrogen bonds in Fig. 4.

Fig. 4. Potential barrier between the two 

positions of equilibrium in the hydrogen 
bonds.

Consequently, ΔE1 is represented by:

(3)

where D denotes the energy required to liberate 

the proton from the restraining negative force

fi eld around a given nitrogen atom and δE,

the energy changes associated with the hydro-
gen bond formation. 

Assuming that D would not be so different 
from the energy of the dissociation of >N-H
linkage:hence, ΔE1 may be estimated from

Eq.4

(4)

Proton Transfer. -In the case of ice, the 
oxonium ion, H3O+, is intermediate in the 

proton transfer between the adjacent molecules. 
In acetamide, however, such ions would not 
be produced ; hence, another scheme must be 
considered. The following scheme 5, with 
the protonated amide molecules acting as inter-
mediates, are considered to be the most prob-
able one:

Here ΔE2 is the activation energy of proton

transfer, and it may be estimated as nearly 
equal to 3-5 kcal./mol., judging from the quite 
similar quantity for ice.

The Recovery of the Hydrogen Bonds. - Ac-
cording to schemes 2 and 5, it is evident that, 
after the proton transference, the members 
of the molecular chain were replaced by mole-
cules of the enol form. It must then be 
remembered that the further transference of 
protons does not proceed unless the recovery 
of the hydrogen bonds has been established in 
the molecular chain. 

In the present paper we assumed keto-enol 
transformation (6) to be the key reaction in 
the recovery process; then, the activation
energy, ΔE3, can be estimated to be equal to

5-10 kcal./mol. in analogy with the similar 
quantity estimated from cis-trans transforma-
tion in esters and amines.17)

(6)

Admitting the above, the activation energy

of conduction, ΔE, in the overall reactions 2,

5and 6, is given in Eq.7;

(7)

From the experimental results, 34 kcal./mol.
is determined as the value of ΔE. Using the

data of ΔE,ΔE2 and ΔE3,20 kcal/mol. is given

as the data of ΔE1;then we immediately

determined δf=80-85 kcal./mol.

In Table III the activation energies related 

to the respective processes are summarized. 

TABLE III. ACTIVATION ENERGIES

The value of ΔE1, the potential barrier in

Fig. 4, is consistent with the theoretical estima-

tions of the similar quantities for the N-H...O 

or O-H...O hydrogen bonds in the liquid state. 

Since the height of the potential barrier of 

this kind does not vary much with the states

of the molecular aggregation, ΔE1=20 kcal/

mol. is fairly reasonable as the potential barrier 

between the two positions of equilibrium in the 

hydrogen bond of solid acetamide. 

Accordingly, it may be concluded that the
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20) H. Toyoda, J. Chem. Soc. Japan, Pure Chem. Sec. 

(Nippon Kagaku Zassi), 79, 1198 (1958).
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proton transfer plays an important role in the 
electrical conduction in solid amide; this con-
ception makes it possible to consider the 
electrical conduction observed in proteins or 
related compounds. 

Summary 

1) Conductivity measurements of solid acet-
amide have been carried out over the tem-
perature range of 60-90℃ and the specific

conductivity,κ=1.7 exp-{34×103/RT}Ω-1

cm-1, has been determined.

2) The mechanism of conduction has been 
discussed in terms of the proton transfer, and 
the value of the potential barrier between two 
positions of equilibrium in the NH ...O hydrogen 
bonds has been estimated. 
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