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Studies on Nickel and Cobalt in Arsenopyrites. I. Estimation 

    and Determination of Cobalt in Some Arsenopyrites.
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   The studies on cobalt in arsenopyrites have been tried by many of 
the mineralogists and geochemists. For example, in Doelter's hand-
book(1) we can find a number of the analytical results. However, owing 
to the lack of sensitivity in the methods, these investigators were not 
able to determine a minute quantity of cobalt, the minimum of cobalt 
determined being about 0.05 % in almost all the cases. On the other hand 
recent investigations show that some of the arsenopyrites containing a 
fair amount of cobalt include crystals of other cobalt-rich minerals as 
small as possible to be found under microscope. Even those containing a 
smaller amount of cobalt sometimes include such cobalt-rich minerals. 

    However, there are pure arsenopyrites without inclusion of other 
minerals but with some amount of cobalt that replaces iron therein. To 
see if all of the arsenopyrites contain cobalt is the main purpose of the 
present investigation and obviously it would be attained by applying a 
most sensitive analytical method. Choosing and examining the nitroso-
R-salt method, the author succeeded in estimating a minute quantity of 
cobalt. The result will be briefly reported in the present paper.

Preliminary Investigation on the Nitroso-R.salt Method.

    Nitroso-R-salt was at first employed by H. S. van Klooster(2) as the 
reagent for the detection of cobalt, and next by F. J. Stare and C. A. 
Elvehjem(3) for the quantitative analysis of cobalt in animal nutrition. 
Afterwards the method by the latter investigators was modified by E. B. 
Kidson et al. (4), and recently more improved by H. T. Macpherson and J. 
Stewart(5). Annie M. M. Davidson and R. W. Mitchell(6) also used the 
method similar to that of Macpherson and Stewart but independently of 
them. 
   This method depends on the development of red-coloured complex of 
nitroso-R-salt and cobalt, the intensity of the colour being proportional 
to the amount of cobalt present. The recent investigators used a Pulfrich 
photometer to measure the final colour and Kidsol claims to have obtained

    (1) C. Doelter and H. Leitmeier, "Handbuch der Mineralchemie", Dresden and 
Leipzig (1926). 

    (2) H. S. van Klooster, J. elm. Chem. Soc., 43(1921), 746. 
    (3) F. J. Stare and C. A. Elvehjem, J. Biol. Chem., 99(1933), 473. 
    (4) E. B. Kidson, H. O. Askew and J. K. Dixon, New Zealand J. Sci. Tech., 18 

(1936), 601. 
    (5) H. T. Macpherson,,and J. Stewart, Biachem. J., 32(1938), 763.
(6) Annie M. M. Davidson and R. L. Mitchell, J. Soc. Chem. Ind.,59(1940),232.
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reproducible results with as little as 0.0001 mg. cobalt by using a blue 
filter (S47) of the photometer. Macpherson and his collaborator, how-
ever, report that readings obtained by the blue filter depend on the 
quantity of iron present and therefore are of no value in estimating the 
cobalt in the solution not free from iron. Substituting the blue filter by a 
green one (S53), they obtained constant readings for a particular cobalt 
solution, no matter what quantity of iron present. The author tried 
again to use both of the filters and attained the same results as those 
of Macpherson. 

    However, as the amount of iron becomes greatei, some interference 
due to iron appears even in the case when the green filter is employed. 
This interference was thoroughly investigated in the present study, be-
cause the present intention is to determine cobalt in arsenopyrites con-
taining a great amount of iron. The interference due to manganese also 
was taken into consideration and thoroughly investigated, though Mac-
pherson says that manganese did not interfere, even in very large amount. 
   Removal of iron with ether as described by Kidson et al. and by 

Davidson and Mitchell was carried out to retain the blue filter, since it 
gave considerably higher readings than the green. The writer found 
it unsatisfactory as did Macpherson, since iron was not removed com-
pletely even after several washings. By the precipitation with ammonium 
hydroxide in the presence of an excess of ammonium chloride and by the 
basic acetate method the separation of cobalt from iron was not satisfac-
tory. At last the precipitation by means of zinc oxide(5) was tried, by 
which Macpherson found a very satisfactory results. The method was 
examined using the cobalt solution containing various amounts of iron. 
The results will be described together in the following.

Reagents Required. 

   Hydrochloric acid: N/2 and sp. gr. 1.12 (7.3 N). 
   Nitric acid: 1.1. 

   Potassium hydroxide: 10% aqueous solution. 
   Sodium acetate (guaranteed). 
   Zinc oxide (guaranteed). 

    Nitroso-R-salt: 0.1% aqueous solution. 
   Phenolphthalein: 0.2% alcoholic solution.

Procedure. (a) Colour development. Taking the solution to be deter-
mined, treat it with 0.5 c.c. of hydrochloric acid (sp. gr. 1.12) and 6 
drops of nitric acid (1:1). Make the solution up to 15 c.c., boil for a 
few minutes to oxidize any reducing substances, and then cool. Add first 
2 c.c. of 0.1 % solution of nitroso-R-salt, then 2 g. of sodium acetate, and
heat the mixture to 70℃. Add .5 drops of phenolphthalein and then

10% potassium hydroxide drop by drop, until a pink colour develops. 
Now add 3 more drops of phenolphthalein and 0.5N hydrochloric acid 
enough to destroy the pink colour. Boil for 120 seconds, then add 5 c.c. 
of nitric acid (1:1). Continue boiling for a further 120 seconds. Cool 
the solution under tap, make up to 50 c.c. in a volumetric flask, and filter
the solution through a fine-grain paper.
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(b) Photometric determination. Find the extinction coefficient by 
means of the Pulfrich photometer, using filter S53 and the 50 mm. cell, 
with distilled water in the compensating cell. The cobalt present is then 
found from the standard graph (Fig. 1), which is made by plotting the 
figures obtained using the cobalt standard solutions.

Fig. 1.

This standard solution was assured to contain neither iron nor nickel. 
The mean error for the determinations of cobalt standard solution did 
not exceed 2% as shown in Table 1.

Table 1. Table 1.-(Continued)

   Interference of Iron Present and Use of Zinc Oxide. As descriLed 
before, when a greater amount of iron is present in the solution to be 
determined some interference appears, which is shown clearly in the 
figures given in Table 2. The sample solution was prepared by combin-
ing the standard solutions of cobalt and iron, the latter of which also 
contains neither cobalt nor nickel as examined by an x-ray spectroscopy.
Sometimes, especially when a large amount of iron was required to be
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added into the solution, solid ferric chloride(FeCl3・6H2O)was substituted

for the iron standard solution, after being assured to contain a negligible 
amount, if any, of cobalt. 

   As a result, the presence of iron did not give reproducible results, 
the variable readings being obtained even when the same amount of iron 
is present. When the same amount of cobalt is taken, in general, the 
greater the amount of iron, the smaller is the extinction coefficient. The 
reason would be in the following fact: During the neutralization with 

potassium hydroxide, a precipitate is formed due to the iron in the solu-
tion. This may interfere with the adjustment of the reaction and leave 
the unreacted cobalt after the precipitate has disappeared on addition 
of the concentrated nitric acid. 
   Therefore, it is obvious that iron must be removed if the sample 

contains a large amount of it. As described above, the best results were 
found in precipitation by means of zinc oxide with the procedure as 
shown in the following.

Table 2. Table 3.

   Prepare the solution by combining the standard solutions of cobalt 
and iron. Evaporate the contents almost to dryness, and take up the 
residue with 2 c.c. of hydrochloric acid (sp. gr. 1.12) and a little water. 
Make the volume of solution about 25 c.c., boil for 2 minutes and cool. 
Add a slight excess of an aqueous suspension of zinc oxide, boil for 1 
minute and filter hot. Wash thoroughly with about 50 c.c. of hot water. 
Evaporate the filtrate and washings to about 15 c.c., add 0.5 c.c. of hydro-
chloric acid (sp. gr. 1.12) and 6 drops of nitric acid (1:1), boil for 2 
minutes and proceed with the estimation of cobalt as directed above. 
   The results were shown in Table 3. From the figures in Table 3, it 
will be noted that the greater the amount of iron, the smaller is the 
cobalt content found. The relation is more clearly shown in Fig. 2. It 
may be dangerous to use this procedure as a most exact method for 
determining cobalt in the presence of a large amount of iron, because 
the deviation from the colour intensity developed in the solution free 
from iron is fairly large. Even the presence of 100 mg. of iron in the 
solution makes the colour intensity due to cobalt considerably smaller 
-about 92% cobalt of the original content. 

   For the purpose of estimating cobalt, however, the method, owing to
its sensitivity, would have a possibility of being safely used. Moreover,
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Fig. 2.

if the sample solution is adjusted as containing iron less than 50 mg. the 
error becomes smaller. The presence of 50 mg. iron makes the colour 
intensity of the final solution about 96% of that calculated from the 
cobalt present. The error would be admitted as trifling in the case when 
such a minute quantity is determined, nay, the method would be the most 
excellent for determining cobalt in the sample containing such an amount 
of iron. 

   Interference of Manganese Present. As described above, Macpherson 
says in his report that manganese did not interfere, even in a large 
amount. The author's first trial on the determination of cobalt in the 
presence of manganese showed that the cobalt content found is far less 
than that added. The somewhat systematic investigation, therefore, was 
carried out as follows. The sample solution was prepared by using the 
cobalt standard solution and manganese chloride (MnCl2.4H2O), and the 
cobalt was determined in the way as directed above. The results are as 
given in Table 4. By addition of the nitroso-R-salt reagent and sodium

Table 4. Table 4.-(Continued)

acetate, a green colour develops in the solution, which is perhaps due 
to a complex of manganese and the reagent. During the addition of 

potassium hydroxide, a white-coloured precipitate appears gradually, 
which is considered to be manganese hydroxide. The precipitation seems 

to begin when the solution shows somewhat greater pH than that shown 
when ferric hydroxide precipitates. The figures given in Table 4 were

plotted as shown in Fig.3, and these figures show the following facts.
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Fig. 3.

First, as the amount of manganese increases, the percentage of cobalt 
found decreases. Secondly, the method loses such a reproducibility as 
seen in the determination of cobalt only. The curve in Fig. 3 tells us the 
first fact clearly, and the second fact is evidently explained by the scatter-
ing of plotting points above and below the curve. At any rate, the 
interference due to manganese is far greater than that due to iron, and 
it is too great to be available for the determination. 

   It would be difficult to see why manganese interferes so much, be-
cause the theoretical treatment is almost impossible owing to insufficient 
knowledge of the reaction mechanism between cobalt and nitroso-R-salt. 
The following facts, however, give something suggestive to interpret the 
matter. Even if the addition of manganese is made after the reaction be-
tween cobalt and nitroso-R-salt, by treating with first potassium hydroxide 
and then hydrochloric acid, is over, it makes the content of cobalt found far 
less than that of cobalt added. Even manganese added after the boiling 
with nitric acid (1:1) interferes with the determination. From these 
facts, as summarized in Table 5, it is found that the interference of

manganese present is not only due to 

the co-precipitation by manganese 
hydroxide, but also to the reaction 

itself between manganese and 
nitroso-R-salt, though most of it 

depends on the former. The inter-

pretation was supported also by the 
attempts described in the following.

Table 5.

(1) Manganese was added im-
   mediately after the solution 

   had been made acidic with 
   0.5N hydrochloric acid. 

(2) Manganese was added after 
   boiling without nitric acid for 
   120 seconds. 

(3) Manganese was added after 
   boiling with nitric acid for 
   120 seconds.

   With the intention of using the 

method in the presence of manganese, 
some attempts were made, one of 
which is to see whether the change 
of time of the final heating can re-

cover the lost amount of cobalt. This 

was unsuccessful as shown in Table 
6; either an increase or decrease of 
the time of the final heating did

nothing to retain the determination
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method. The second attempt is to see whether the interference of manga-
nese can be eliminated by adding a large amount of the nitroso-R-salt 
reagent. As recognized by Stare and Elvehjem in the case of a large

amount of nickel present this altera-
tion gave a fairly satisfactory result 
as shown in Table 7, though they said 
nothing of an influence of manganese 
present. Instead of 2 c.c. of nitroso-
R-salt reagent 10 c.c. was added. A 
standard graph was made again, be-
cause the colour intensity due to the 
reagent only increases as much as five 
times. As represented in the first 
line of Table 7, the presence of 70.9 
mg. of manganese gives almost no 
influence to the determination; 99.0%, 
of the cobalt added was found, instead 
of about 63% in the case of using 
2 c.c. of the reagent. As a result, the 
method can be employed in the pre-
sence of a fairly large amount of

manganese, although they accuracy in the determination, especially when 

the amount of cobalt is very minute, lessens to some extent.

Table 6.

Table 7.

Cobalt Content of Some Arsenopyrites.

    Cobalt in arsenopyrites was determined; some of it by gravimetry 
and others by colorimetry. When the determination was made, the arsenic 

present in the samples caused the analysis to be a tedious one. There 
are usually two methods for separating arsenic; one is by precipitation 
with hydrogen sulphide and the other by distillation. In the present 

study, the latter method was taken up, because the former tends to give 
An incomplete separation of arsenic from the sample solution. In general, 
it is difficult to precipitate arsenic completely with hydrogen sulphide. 

The conditions for making the precipitation complete are found in a rapid 

passage of the hydrogen sulphide gas into the hot concentrated hydro-
chloric acid solution. Even under such conditions the complete removal 
of arsenic is , apt to fail. The distillation method, on the other hand, is 
convenient for the present purpose. Arsenic is reduced to arsenous in the 

presence of reducing reagent, such as cuprous chloride, ferrous sulphate 
or hydrazine sulphate, and distilled off by heating with hydrochloric acid 
with the concentration of about more than 9 N. The greater the con-

centration of the acid, the better is the distillation result. Therefore the 
acid should be added in several portions during the distillation. In the 

case of the distillation for the purpose of determining arsenic, cuprous 
chloride or ferrous sulphate is commonly used as the reducing reagent. 

In the present case, however, of separating arsenic for the purpose of 
determining a small amount of cobalt, such reducing reagents containing 

heavy metals are not convenient. As the presence of a large quantity
of heavy metals interferes doubtlessly with the determination, we must
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avoid using such reagents. From this point of view, hydrazine sulphate 
was taken up, which leaves no heavy metals that interfere with the 

determination. 
    To separate cobalt from iron, the latter element must be oxidized. 

In the presence of hydrazine sulphate it is not easily done, so an excess 

of hydrazine sulphate must be removed Even by heating with nitric 
acid, the reagent was decomposed .with difficulty, and its complete removal 
was hardly attained. This procedure, therefore, had to be given up. The 
second attempt was to precipitate iron, cobalt and others with hydro-

gen sulphide in an ammoniacal solution, leaving hydrazine sulphate in 
the filtrate. By this method hydrazine sulphate was removed completely 
from the precipitate containing iron, cobalt and others, without any loss 

of them. The procedure will be described later.

Samples. 

The samples taken up in this study are as follows:-

   (1) From the Horai mine, Yamanasi Prefecture. 
   (2) From Syarindo, Nanzan-men, Keizan-gun, Korea. No. 1. 
   (3) From Syarindo, Nanzan-men, Keizan-gun, Korea. No. 2. 
   (4) From Syarindo, Nanzan-men, Keizan-gun, Korea. No. 2'. 
   (5) From Tukuhara, Hikoma-mura, Aso-gun, Totigi Prefecture. 
   (6) From Tuyagawa, Otuho-mura, Higasi-iwai-gun, Iwate Prefecture. 
   (7) From the Taisi mine, Yahagi-mura, Kisen-gun, Iwate Prefecture. 
   (8) From the Nagasima mine, Oi, Yena-gun, Gifu Prefecture. 
   (9) From Nakatugawa, Otaki-mura, Titibu-gun, Saitama Prefecture. 
   (10) From Suzurisima-mura, Minami-koma-gun, Yamanasi Prefecture.

    Determination Procedure. (1) For gravimetric method: De-
compose the sample with nitric acid on a water-bath and then with the 
mixture of nitric and hydrochloric acids. Continue the heating till the 
sample is completely dissolved. Evaporate the solution up to dryness and 
expel the nitric acid by repeating several times the evaporation with 
hydrochloric acid. Treat the residue with a few c.c. of hydrochloric acid, 
transfer the solution into an Elrenmayer flask using about 15 c.c. 
washings of the same acid, and add 1g. of hydrazine sulphate. The 
concentration of the acid in the solution should be more than 9 N. Then 
cover the flask with a funnel and boil the contents over a direct fire. 
Arsenic in the sample solution, reduced to arsenous, is distilled off. When 
the volume of contents decreases down to about 10 c.c., and 5 c.c. more 
of hydrochloric acid and continue the distillation. The procedure, dis-
tillation and addition of the'acid, must be repeated five times to remove 
the arsenic completely. Dilute to about 30 c.c. and filter the insoluble 
residue and the excess of hydrazine sulphate. Adjust pH of the solution 
to be about 0.5 N, treat with hydrogen sulphide, and filter the precipitate, 
if any. Treat the filtrate with hydrogen sulphide, then make it am-
moniacal. Then iron and cobalt precipitate, accompanying like elements. 
To make the precipitation complete, pass hydrogen sulphide again, filter 
and dissolve the precipitate with dilute hydrochloric acid. Expel the 
hydrogen sulphide, filter off sulphur and oxidize ferrous iron to ferric 
with nitric acid. To separate cobalt from iron, treat with ammonium
hydroxide in the presence of a large amount of ammonium chloride.
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Repeat this treatment three times, and combine all the filtrates and 
washings. Using the combined solution, determine the cobalt by the

α-nitroso-β-naphthol method.

    (2) For colorimetric method. The sample was treated in the same 
way as in the case of gravimetry-decomposed with nitric and hydro-
chloric acids, distilled with hydrochloric acid in the presence of hydrazine 
sulphate to remove arsenic, precipitated by hydrogen sulphide and 
dissolved with dilute hydrochloric acid. The solution obtained was made 
into a suitable volume, using a volumetric flask, and taking an aliquot of 
it the colorimetric determination was carried out by the nitroso-R-salt 
method. Zinc oxide method for separating cobalt from iron was omitted 
because the amount of iron was not so large. The procedure for the 
determination was, as described before, with 2 c.c. of nitroso-R-salt reagent-

Table 8.

+ shows tha presence of line. 
- shows the absence of line.

   Analytical Results. Prior to the 

chemical treatment, cobalt and nickel 
contents of some of the samples were 

estimated by the spectroscopic me-
thod. As shown in Table 8, cobalt 

was detected in three of these sam-

ples and nickel in none of them. 
   The samples were analyzed by 
,gravimetric or colorimetric method, 

according to their cobalt contents. 
The results are shown in Table 9.

Table 9.

To examine these results obtained by the colorimetric method, the follow-
ing trial was carried out. The cobalt standard solution containing 20-30

γ of cobalt was added into the sample solution,and the content was deter-

mined, after being treated by the same procedure. If the method is 
accurate, the cobalt content obtained will be equal to the sum of cobalt 

contents of the original sample solution and the added cobalt standard
solution. Sample from Tukuhara, Totigi Prefecture,(Sample No.5)was
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taken for this examination and a satisfactory result was obtained as 
shown in the following:

"Cobalt found in (B) " is almost equal to the sum of "cobalt found in 

(A)" and "cobalt added This fact shows that the determination method 
is very satisfactory, as it will be seen in the case of other samples also. 

    Nickel content of some of the sample was determined by colorimetric 
method(7) to see the ratio of cobalt to nickel. Four arsenopyrites con-
taining a small amount of cobalt were chosen, because a great amount 
of cobalt interferes with the nickel determination owing to the colour 
of the complex of cobalt and dimethylglyoxime, which is similar to that 
of nickelic dimethylglyoxime. A large portion of cobalt in the sample 
can be removed,by the extraction procedure, so the interference of cobalt, 
if its amount is small, is considered to be negligible. Both analytical 
results and the ratio of cobalt to nickel are shown in Table 10.

Table 10.

   In conclusion it has become clear that all the smples analyzed contain 
a minute or fairly large quantity of cobalt. However, it is not yet found 
in what form cobalt is contained. The same matter comes up for ques-

tion concerning nickel. To answer this problem a microscopic observa-
tion must be carried out, which will be taken up in the subsequent studies.

Summary.

   Nitroso-R-salt method has been investigated for the purpose of 
determining a minute quantity of cobalt in minerals. In some previous 
papers it was reported that the method is very satisfactory for determin-
ing cobalt in plants, soils and animal nutritions. In this study it has been 
proved that the method is also fairly satisfactory for determining cobalt 
in minerals containing a large amount of iron. 
   Cobalt content of some arsenopyrites has been determined by this 

colorimetric or the gravimetric method. The result shows that all the 
samples contain a minute or fairly large quantity of cobalt. However,

(7) N.Tanaka, this Bulletin,18(1943),201.
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the problem in what form cobalt is contained in these samples remains 
for the subsequent studies. 
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