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Introductoin 

 The X-ray investigation of normal chain 
dicarboxylic acids is very important in various 
respects. W.A. Caspari(1) reported preliminarily 
the results of his investigation on some dicar-
boxylic acids. These are listed in Table 1, in 
which are added the data on succinic acid 

given by H.J. Verweel and C.H. MacGillavey.(2)

Table 1

 As for the series of even acids, the lengths 
of crystallographic axes a and b of succinic 
acid are considerably different from those of 
adipic and higher acids. The question thus 
arises how and why the crystal structure of 
succinic acid differs from that of adipic or 
other members of the series. On the otherr 
hand, as adipic acid is an important material 
for the synthesis of Nylon, it is also of. interest 
to investigate this substance from the view 
point of highpolymer chemistry. 

 In 1941 T. Ohashi(3) and the present author 
started the crystal analysis of polymethylene-
diamine adipates, the so-called Nylonsalts, 
together with that of adipic acid, • but unfor-
tunately the work was interrupted by the War. 
After the War, the present author took this 

problem up again and finished some time ago 
the work on the crystal structure of adipic 
acid. Although he found recently that the 
structure determination of this crystal had been 
completed by C.H. MacGillavey(4) and also by 
J.M. Robertson,(5) it will not be insignificant

to publish the a results of the independent de-

termination of the present author. 

Crystallographic Data 

  According to the description by P. Groth,(6) 

the crystal of adipic acid is monoclinic holo-

hedral, and the values of axial ratio and axial

angle are a:b:C=7.9673:1:1.79(?),β=137ﾟ 5'.

This crystal is optically negative, and the axial 

plane is b(010). 
 Cleavages parallel to (11.0) and to (011) are 

perfect and so the fibre cleavage is observed 
along (001). Single crystals used in the pres-
ent experiment were prepared from ethylace-
tate solution by slow evaporation. They were 
well-formed tablets parallel to (001) and prisms 
elongated in the direction of the c-axis. The 
external forms are shown in Fig. 1. Specimens 
were cut out of these crystals into suitable 
shape and size.

Fig. 1.-The external forms of crystals, 
  smaller planes are not drawn.

  From the Lane photographs taken parallel to 
(010) and perpendicular to (001) respectively, 
it was shown that the Laue symmetry was C2h. 
The gnomonic projections of these photographs 
gave the following values; a: b: c=1.95: 1: 1.93,
β=137ﾟ.

 From the Oscillation and Weissenberg photo-

graphs taken of a, b and c-axes respectively, 
it was found that the unit cell of adipic acid 
was monoclinic and was of the following di-
mensions: 

The axial ratio calculated from these values
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is a:b:c=1.964:1:1.945. This is in good agree-
ment with that obtained fromthe Laue photo-
graphs. Thus the values given by P. Groth 
may be concluded to be incorrect. On index-
ing all spectra of these photographs the follow-
ing systematic absences were found; (0κ0) for

κ=2n+1. and (h0l) for h=2n+1. All other

types of spectra were found. Therefore, the 
space group of this crystal was concluded to
be P21/α-c52h.

The density measured by the flotation method
using carbontetrachloride and ethanol was ρ.=
1.357 at 18℃. Accordingly the number of

molecules in the unit cell was calculated to be 
Z=2.

Determination of Structure 

 There are four general positions x, y, z;1/2
+χ, 1/2-y, z; χ, y, z; 1/2-χ, 1/2+y, z, for the

space group P21/α, These are shown in Fig.

2. However, in the present case, as the unit 

cell contains only two molecules, a molecule 

must either have a plane or a centre of sym-

metry. As the plane of symmetry can be elim-

inated from the observed relative intensities

of(0κ0) reflections, the molecule must have

a centre of symmetry, which may be assumed 

to lie at the origin of the unit cell. Thus, 

neglecting all the hydrogen atoms as usual,

five sets of parameters χ, y, z are needed to be

determined to fix the positions of carbon and 
oxygen atoms in the molecule; namely, three 
sets for C atoms and two for O's. Now it is 
preliminarily assumed, from the inspection of 
the size of the unit cell for the series of dicar-
boxylic acids given above, that (1) the mole-
cule, neglecting hydrogen atoms is planar; (2) 
the carbon atoms in the molecule form a zig-
zag chain; (3) the axis of the carbon chain 
orientates itself parallel or nearly parallel to 
the c-axis; (4) the bond distances are roughly 
C-C=1.54A., and C-O=1.28A.; and finally(5)
the bond angles are also roughly ∠CCC=110ﾟ,

∠OCC=120ﾟ.and∠CCO==120ﾟ. Arough model

of the molecule thus assumed is shown in Fig. 3. 

 The line connecting a mid-point of the two

oxygen atoms at one end with that of the two

oxygen atoms at the other end is chosen for 
the molecular axis. Evidently this axis passes 
through the centre of symmetry. Since this 
axis and the plane of the carbon chain to-

gether fix a rectangular coordinate axes in the 
molecule, we can conveniently use the Eulerian 
angles to, describe the orientation of the mole-
cule in the unit cell. 

  Using these assumptions, the method of trial 
and error could lead to a possible approximate 
solution of parameter values for the atoms. 
The methods of the Patterson and the Fourier 
series were then applied to obtain more precise 
values of parameters. 

  These are shown in Figs. 4, 5 and 6. The 
final result of the determination is as follows;

Fig. 2. -Symmetry of P21/α.

Fig. 3.

Fig.4. P(χ, y).

Fig.5. ρ(y, z).
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Fig. 6.-ρ(χ, 2).

Discussion of the Structure 

Using the obtained parameter values, the 
following interatomic distances and bond angles

were calculated as 
follows:

Fig. 7.

 The length of hy-
drogen bond is 
O1......O2'=2.63 A., 
and the shortest 
Van der Waals 
distance is 3.20 A. 
(between C2 and 

O2"). These are 
shown in Fig. 7. 
 As for the differ-

ence of lattice 
parameters of suc-
cinic acid crystal 
from others, it is 
only due to that of

the packing of the molecular chains, each of 
which being similarly hydrogen- bonded. 
 The structure determined so far agrees ap-
proximately with that given by MacGillavry 4) 
and by Robertson. 5) However, there can be 
seen some difference with respect to C-O dis-
tances. These are listed in the following table.

 Thus, on one hand, the distance of C1-O2 
obtained by the present author agrees more 
closely with that of Robertson, while, on, the 
other hand, the distance of C1-O1 agrees 
better with that of MacGillavey. 

 It seems rather difficult to decide which of 
these come closest to the actual state of the 
structure of carboxylic radical in the crystal. 

Summary

 Oscillation and Weissenberg photographs
using.CuKα(λ=1.539 A.) radiation show that

the crystals of adipic acid are built upon a 

monoclinic unit cell having a=10.14 kX, b
=5.16kX, c=10.03 kX, and β=137ﾟ.

The space group is C52/1-P21/α. This unit

cell contains two molecules of HOOC-(CH2)4 
-COOH, the centres of the mass of the mole-

cules being at 0, 0, 0 and 1/2, 1/2, 0 respec-
tively. Positions of atoms in the unit cell are 

given by the following parameters; the carboxyl
carbon (C1), χ=0.021, y=-0.090, z=0.329;α-

methylenic carbon (C2), χ=0.056, y:-0.160,

z=0.210; β-methylenic carbon(C3), χ=-0.021,

y=0.038, z=0.054; oxygen I (O1), χ=-0.078,

y=0.110, z=0.290; oxygen II (O2), χ=0.106,

y =-0.240, z=0.479. The molecule is approx-

imately planar and the plane of carboxyl 

radical is slightly twisted about the molecular 

axis. 

The plane of zigzag carbon chain makes an

angle about 40ﾟ to (010) and the molecules are

linked with strong hydrogen bond along c-axis, 
and may be said to form a kind of chain lat-
tice. 

 The author is indebted to Dr. Y. Go who 
suggested him to investigate this subject and 
to Prof. I. Nitta for his adequate suggestion 
and encouragement throughout this work. 
He also wishes to thank Mr. I. Taguchi for 
discussion of details. 
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