
1794 Hirotaro KAMBE [Vol. 34, No. 12 

Physicochemical Studies on Cobalt Salts of Higher Fatty Acids. III. 
 Spectrophotometric Specifications of Colors of Cobalt Soaps

 By Hirotaro KAMBE 

(Received February 28, 1961)

Cobalt soaps of higher saturated fatty acids 
have been described generally as pink crystals. 
Recently Herron and Pink1) described rose-pink 
cobalt laurate dihydrate and purple anhydrate, 
which was obtained by the dehydration of pink 
soap in boiling organic solvents. 

In a previous paper of this series2), three 
species of cobalt soap of different colors were 
obtained by metathesis in aqueous ethanol under 
some conditions. From results of analyses, it 
was ascertained that blue soap is anhydrate, 
red soap is dihydrate, and pink soap has a 
degree of hydration near to that of dihydrate3). 

In the present paper, the colors of these 
soaps will be specified by spectrophotometry. 
Reflection spectra and a chromaticity diagram 
of these colors will be shown. Relations of 
these colors with each other will also be dis-
cussed. 

Experimental 

Materials.-The same samples of cobalt stearates 
were used as for the previous papers2,3). 

Reflection Spectra.-Reflection spectra of soaps 
were measured with a Shimadzu QR-50 quartz 
spectrophotometer, to which an integrating sphere 
was attached. Reflection coefficients expressed in 
percentages were plotted against wavelengths be-
tween 350 and 700 mpp to get reflection curves. 
 Graphical Representation of Chromaticity.-Re-

flection curves were analyzed by a method proposed 
by the International Commission on Illumination 
(I. C. I.)4). Tristimulus values, X, Y and Z, were 
determined from reflection curves by graphical 
integrations with the thirty-selected-ordinate 
method4).

(1)

where R(λn)'s are reflection coef&cients of the

sample at selected wavelengths (Table 1). 

 Trichromatic coefficients, x, y and z were cal-
rn1ated by the formulac

TABLE I. THIRTY SELECTED ORDINATES FOR 

 ILLUMINANT C

(2)

They were plotted on an L C.1. chromaticity dia-

gram. Dominant wavelength λd, punty Pc, and

brightness Y were determined for each samp]e.

Results and Discussion 

 The reflection spectra of several samples of 

each typical color are shown in Figs. 1-3. 

Their tristimulus values and trichromatic coef-

ficients have been calculated in Table II and 

plotted on an I. C. I. chromaticity diagram in 
Fig. 4. Their dominant wavelengths, purities,
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Fig. 1. Reflection curves of pink cobal 
 stearates.

Fig. 2. Reflection curves of blue anhydrous 
 cobalt stearates.

Fig. 3. Reflection curves of red cobalt stearate 
 dihydrates.

Fig. 4. I. C. I. chromaticity diagram.

Fig. 5. Reflection curve of purple cobalt 
 stearates.

and brightnesses are also tabulated in Table II.

The dominant wavelengths.λd of each spec-

trum are shown with dotted lines. In color

language, blue and red soaps must be called

violet and magenta respectively.

Pink soaps(Fig.1)show a broad absorption

band with a maximum at 530～540 mμ. The

dominant wavelength of pink soaps varies

within a wide range, from pure pink at 520c

mμ to bluish pink at 565cmμ, but it does

not essentially differ from that of red soaps.

Pink soaps have smaller purities and larger

brightnesses than red soaps.
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 TABLE II. CHROMATICITY COEFFICIENTS OF COLORS OF SEVERAL TYPICAL COBALT STEARATES

* 520c mμ means complementary to color of 520 mμ.

TABLE III. CHROMATICITY COEFFICIENTS OF SOME PURPLE COBALT STEARATES AND PINK 

 COBALT STEARATES OBTAINED IN AQUEOUS METHANOL

Blue anhydrates (Fig.2) show a large ab-

sorption band with a broad maximum at 580～

590mμ, and a shallow but sharp absorption

band at 400 mμ. The blue color of this species

originates from a large reflection at shorter 
wavelengths. 
 Red dihydrates (Fig. 3) show a deep but 

relatively sharp absorption band at 540-550 
mp. Sometimes the spectra of blue soaps have 
a small shoulder at a corresponding position, 
arising from the red soap also present. 
 When blue soap was taken out of the solu-
tion at a half-turned-red state, purple soap 
was obtained. Pink and red soaps also became 
purple when they were immersed in pure 
ethanol for a long time. These samples are 
shown in Figs. 4 and 5, and their trichromatic 
coefficients are tabulated in Table III. 

 Purple soaps have dominant wavelengths be-
tween those of pink and blue soaps. Purple 
soaps obtained from blue soap have relatively

larger purities. In these samples the dominant

wavelength seems to change abruptly from

564cmμ to 410mμ,but it is clear from the

chromaticity diagram (Fig. 4) that these 
dominant wavelengths are continuous. The main 
origin of purple color changes in this range, 
however, from an absorption band at 560 mp to 
a reflection band at 400mg. 

 In this way, it is established that among 
cobalt soaps of different colors, red and pink 
soaps are the same in nature, although their 
colors differ in purity and brightness, and that 
blue soap continues to pink or red soap 
through purple soaps. 
 Cobalt stearate may be formed by metathesis 

in aqueous methanol instead of ethanol2), but 
the color of the soaps thus formed is pale 
pink. Their reflection curves are very flat, 
with a maximum at about 500 mu, as shown 
in Fig. 6 and in Table III. It is characteristic 
for them that their purities are small and



December, 1961] 1797

 Fig. 6. Reflection curves of cobalt stearates 
 obtained in aqueous methanol. 

their brightnesses are large, and their maximum 

absorption occurs at a shorter wavelength. 

Summary 

 The colors of three species of cobalt stearates 

were specified by I. C. I. chromaticity coefficients. 

Reflection spectra have been compared with 

each other, and it has been found that these 

colors are continuous in nature. 

 Pink soaps have dominant wavelengths in a

wide range from 520c～555c mμ and show small

purities and large brightnesses. Red soaps

have essentially the same dominant wavelengths

as that ofink soaps at 530c～540c mμ, but

they show comparatively large purities and 
small brightnesses, because they are darker 
than pink soaps. They must be called magenta 
in color language. 
 Blue soaps must be called violet rigorously, 

for they show dominant wavelengths at about 
450mg. They have larger purities and smaller 
brightnesses. Between blue and pink, many 
tones of color from violet to purple exist con-
tinuously. It is certain that these colors are 
related to each other. 
 The pale pink cobalt stearates obtained in 

aqueous methanol were specified in the same 
way. 

 The author expresses his gratitude to Profes-
sor Bunnosuke Yamaguchi, for his advice 
throughout this work. He is also indebted to 
Messrs. Hiroshi Kayano and Teijiro Mizuno 
for their assistance in spectrophotometry. 
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