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In previous papers, reports were given on the for-
mation of intermolecular complexes between long chain
alcohols and metal alkyl sulfates.l»® Magnetic pro-
perties were examined for the complexes, formed be-
tween dodecyl alcohol and dodecyl sulfate, M(DS),,
of divalent metal cations such as Mn2+, Co?+, Ni2+, and
Cu?+ by measuring the electron spin resonance (ESR)
and magnetic susceptibility. It is expected that the
difference in magnetic property between complex L
and complex H, formed above and below the melting
point of dodecyl alcohol (25°C), respectively,? can
be found by these methods.

Experimental

The apparatus for ESR measurement was a JEOL JES-
ME-3X spectrometer of variable-temperature type. Molar
ratio of alcohol to sulfate was 6.

Magnetic susceptibilities were measured by Gouy’s method.
Because of stickiness of the complex it was mixed with NaCl
powder (90% wt.) and used as the sample. The specific
susceptibility was calculated by Wiedemann’s additivity
law® from the value of the mixed sample:

PR 3 JRE 3N - NS X0Pa (1)

where X is susceptibility of the mixture; X, and P, are sus-
ceptibility and weight fraction for the components, respec-
tively. The value of Xyzc1 used was —0.515%x 10-6 e.m.u.®
In order to examine applicability of this dilution method the
magnetic susceptibilities of CuSO,-5H,0 and M(DS),-
nH,O were also measured using not only sodium chloride
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but also naphthalene as a dispersion medium. Since color
of the mixture of CuSO,-5H,0 with NaCl changes with time,
the susceptibility was measured just after mixing. Repro-
ducibility was checked by repeating measurement twice for
each mixed sample. The result was satisfactory.

Results and Discussion

It is difficult to discuss the electronic state of metals
except copper with the results of ESR measurement,
since they are in a state of high spin. Thus, only the
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a: complex L (—10°C), b: complex H (28°C),
¢ : Cu(DS), dissolved in DOH (50°C),

d: Cu(DS),-4H,O (28°C)

ESR spectra of complex L, complex H and Cu(DS),-



May, 1973]

complex of copper was examined by ESR at various
temperatures. The results are shown in Fig. 1. The
ESR spectra show hardly any difference between com-
plexes L, H, and Cu(DS),-4H,O (a, b, d in Fig. 1).
It is evident that the four ligands around the copper
atom form a typical square-planar structure. The
isotropic pattern at a higher temperature (c in Fig. 1)
indicates the dissolution of the complex into DOH.

TABLE 1. MAGNETIC SUSCEPTIBILITIES AND MAGNETIC
MOMENTS

Temp. X x 108 Mot
Sample ©C) (emu)  (B.M.)
CuSO,-5H,0 25 6.2 1.9
CuSO,-5H,0 25 6.2 1.9
CuSO,-5H,0 (¥) 25 5.8 1.9
Mn(DS),-6H,0O 25 19 5.6
Mn(DS),-6H,O 25 18 5.5
Mn(DS),-4DOH (L) 20 9.8 5.7
Mn(DS),-6DOH (H) 35 6.7 5.3
Co(DS),-6H,0O 25 12 4.5
Co(DS),-4DOH (L) 20 3.0 5.7
Co(DS),-6DOH (H) 35 4.0 4.2
Ni(DS),-6H,0 25 5.5 3.0
Ni(DS),-4DOH (L) 20 6.3 4.6
Ni(DS),-6DOH (H) 35 1.9 2.6
Cu(DS),-4H,0O 25 1.7 1.6
Cu(DS),-4H,O (*) 25 2.3 1.9
Cu(DS),-4DOH (L) 20 2.0 (2.5)
Cu(DS),-6DOH (H) 35 1.3 2.1

(*): the dispersing agent is naphthalene.
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It is concluded that the alcohol molecules enter the
region of metal dodecyl sulfate and form the inter-
molecular complex with it, the chemical structure
around the metal being scarcely changed.

The results of specific susceptibility and magnetic
moment are given in Table 1. Since the main object
is to detect the difference in chemical state between
the complex H and complex L, effective magnetic
moment 4, was calculated by the following equation

neglecting diamagnetic term.
SkXT
ott = A — L B.M.
Hett Np? (B.M.) )

where k is Boltzmann’s constant, 7 absolute temper-
ature, N Avogadro’s number and § the Bohr magne-
ton. From the fairly good reproducibility of the re-
sults of CuSO,-5H,0 and Mn(DS),-6H,0, it is evi-
dent that a difference exists between the values of u,;
of complexes H and L, which means that they are in
different chemical states. Metals except manganese
in complex H are more similar in chemical state to
those in M(DS),-nH,O than those in complex L.
For manganese, there was little difference in the chemi-
cal state between Mn(DS),-6H,O, Mn(DS),-4DOH
and Mn(DS),-6DOH.

We might conclude that a long chain alcohol infilt-
rates into the crystal of a metal alkyl sulfate to form a
intermolecular complex with the hydroxyl group of the
alcohol intermediating. The intermolecular energy
was found to be similar in order to that of hydrogen
bonding, namely 7—8 kcal/mol-alcohol.}»?)
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