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On the Properties of the Black [Co(NH,),(NO)]Cl,
Studies on NO Compounds 2 *

OLE BOSTRUP

Fredriksborg Statsskole, Hillergd, Denmark

An examination of the properties of the black [Co(NH,),(NO)]CI,
has been carried out. From a chemical standpoint the compound could
best be classified as a cobalt(IT) complex with neutral nitrogen(IT)
oxide as ligand.

The black complex formed by treating an ammonia solution of cobalt(II)
chloride with nitrogen(II) oxide has been studied extensively in the last
70 years. About 30 papers have been published dealing with this peculiar com-
pound having the analytical composition Co(NH,);(NO)Cl,. On account of
the several contradictory announcements it was considered interesting to
make a thorough investigation. The results of some magnetic measurements
have been published previously ! together with a short description of the pre-
paration of samples, and a detailed description of the mode of preparation will
appear in Inorganic Syntheses? as number 3 in this series.

CHEMICAL PROPERTIES

The black chloride is formed from cobalt(II) chloride hexahydrate accord-
ing to the scheme:

Co(OH,)2* + 6NH,; - Co(NH,)2* + 6H,0 (1)

Co(NH;)e2t + NO + 201 - Co(NH,),(NO)Cl, + NH, (2)

The cobalt(Il) ammine formation is well known from the investigations per-
formed by Jannik Bjerrum 3. During the preparation the average complexity
7 =~ 6. Process (2) is demonstrated by numerous analyses on the samples
formed, no pentahydrate is formed ! contrary to an announcement by Frazer
and Long °.

Generally the black chloride behaves chemically as a Co(II) complex.
This could be demonstrated by the following series of experiments:

* Part 1 in this series was published in Acta Chem. Scand. 12 (1958) 24.
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Table 1. Treatment of the black chloride with 2 M H,SO, in an N, atmosphere and
measurement of volume evolved gas.

} Tem Gas volume Gas volume
'[Co(NH,);(NO)ICl,| Evolved gas ressgx)l:(’a corr. to pr. mole
P : 0°C, 1 atm. |[Co(NH,),(NO)ICl,
0.1419¢g = 13.1 ml 20°, 760 12.3 ml 21.21
0.00578 mole mm Hg
0.1561 g = 14.3 ml 18°, 769 13.5 ml 20.51
0.00657 mole mm Hg

Treatment of the black chloride with 2 M sulfuric acid yields almost quanti-
tatively NO, as was shown gasometrically, Table 1. Thus the formation of
N,O found mass-spectrometrically by Griffith, Lewis and Wilkinson * is by no
means the main reaction.

Treatment with diluted sulfuric or nitric acid gives cobalt(II) aquo solu-
tions; the well known chemical properties of such solutions are easily identified.
Fig. 1 gives absorption curves of some relevant solutions. The small deviation
in absorption spectrum of solutions of Co(NH;);(NO)Cl, and Co(OH,)Cl,,
respectively, in 1 M HNO, can be explained as being due to a slight formation
of Co(OH,);(NO)?*. This point was verified by measuring the absorption curves
for Co(OH,)g?" treated with NO for 3 h, and the solution of the black chloride
in 1 M HNO; flushed with H, for the same length of time.

Treatment of the black chloride with concentrated HCI gives quantitatively
the well known blue CoCl,2~ solutions. This is confirmed by measurements of
the absorption spectra, Fig. 2. Thus, neither the red isomer ® nor purpureo-
chloride ¢ is formed as previously claimed.

" 5000
Fig. 1. Absorption spectra measured on a Beckman DU spectrophotometer.
(1) [Co(OH,),]Cl, in 1 M HNO,. (2) [Co(NH,)(NO)]Cl, in 1 M HNO; flushed with H,.
(3) [Co(NH,);(NO)ICL; in 1 M HNO,. (4) [Co(OH,),]Cl; in 1 M HNO, flushed with NO.
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N
Fig. 2. Absorption spectra measured | / f
on a Beckman DU spectrophotometer. / .
(1) [Co(OH),](NO,), in conc. HCI (12 M). \ |
(2) [Co(NH,),(NO)] Cl, in the same solvent. ' A N !
5000 6000 7000 80004

If Co(NH,);(NO)Cl, or Co(OH,),Cl, is treated first with 10 ml 50 %.
ammoniumthiocyanate and then with 50 ml acetone and finally diluted to.
100 m] with water, blue solutions with identical absorptionspectra are formed..
The procedure is a standard method in colorimetric cobalt(II) analysesl®.

Concentrated ammonia can convert the black chloride into bright red solu-
tions of Co(NH,)e®" having the usual properties of this ion.

It must be emphasized that the exclusion of air in these experiments is:
most essential; the experiments here were carried out in an N, atmosphere..
If air is admitted to ammonia-containing solutions of Co(II) compounds oxida-
tion to Co(III) may happen; this must be the explanation of the findings of the-
carbonato- and aquocobalt(III) pentammines by Griffith et al.* and the pur-
pureochloride by King and Moeller €.

Treatment of the black chloride with KCN yields K3[Co(CN);(NO)] 7:4..
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Fig. 3. Absorption curves for: (1) black [Co(NH,);(NO)]Cl,, and (2) [Co(NHj,),]Cl, in KBr-
disks. The measurements were most kindly carried out for me in the Cyanamid Research

Institute (Geneve) by courtesy of Dr. Chr. Klixbiill Jergensen and Dr. Klaus Noack.
The instrument was a Perkin Elmer — 221.
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PHYSICAL PROPERTIES

The magnetic measurements revealed a compound with no unpaired
electrons ! contrary to earlier experiments on impure samples. This statement
has later been verified 4.

IR spectra have previously been measured and discussed ¢; our curves are
found in Fig. 3, the data are collected in Table 2. The bands in the 1170 ecm™
region are particularly interesting. Griffith, Lewis and Wilkinson ¢ observed
a band here in the black chloride and identified it as the stretching frequency
of NO and from this point drew further conclusions as to the nature of the
compound. We found the same band in the black chloride, but we also found
a very strong band at the same place in pure cobalt(II) hexamminechloride.
However, since this compound does not contain NO, and since it is a frequently

Table 2. IR absorption frequencies (in cm™). Cf. Fig. 3.

|
[Co(NH,),(Noyjcl, | [COMELR(NONCL | (oo(Nm,), 01, |
1620 1610 1600
1486
1400 1400
1384 1325
1296 1290 1295
1172 1170 1170
1040
808 809 735 t

appearing impurity in the black chloride,! the identification of the band as an
NO stretching frequency may be subject to doubt. On standing in air the band
in the black chloride disappears,® but it would also disappear from cobalt(II)
hexammine since oxidation products like, e.g., cobalt(IIl) hexammine does
not have a band here. For these reasons the disappearance of the 1170 cm™
band in moist air is therefore not an argument in favor of the identification.

The density was found (pycnometer) to 1.65 g/ml (22°C) in fair agreement
with the value of Ghosh and Ray,® 1.73 g/ml (30°C).

RESULT

According to chemical experience the black chloride [Co(NH,);(NO)]Cl,
should be classified as cobalt(I1) pentamminenitrosochloride. The investigation
is being continued.
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