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The two cobalt(III) complex salts [(CH3)3NCH2C6H5][trans-Co(NH3)2(NO2)4] and [(C2H5)3
NCH2C6H5][trans-Co(NH3)2(NO2)4] have been synthesized by reacting [(CH3)3NCH2C6H5]Cl
and [(C2H5)3NCH2C6H5]Cl, respectively, with K[trans-Co(NH3)2(NO2)4], in aqueous medium
at room temperature. The salt [(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4] crystallized from
an acetone–water mixture; monoclinic, space group P21/n, cell dimensions a¼ 10.620(1),
b¼ 14.954(1), c¼ 14.100(1) Å, �¼ 109.88�, V¼ 2105.8(3) Å3, Z¼ 4. An X-ray structure
determination revealed the presence of discrete ions [(C2H5)3NCH2C6H5]

þ and
[trans-Co(NH3)2(NO2)4]

� in the structure. In the anion cobalt(III) is coordinated octahedrally
with the expected trans geometry.

Keywords: Cobalt(III); Organic cations; Spectroscopy; X-ray crystallography; Nitro; Amine

1. Introduction

Cobalt(III) complexes continue to receive attention [1–4] because of their pivotal role in
the development of inorganic chemistry, the presence of a cobalt(III) center in vitamin
B12 and the use of cobalt(III) complexes as catalysts in the synthesis and hydrolysis of
peptides [5–6]. In continuation of our interest [7–15] in cobalt(III) salts, this article
reports the synthesis and characterization of the salts [(CH3)3NCH2C6H5][trans-
Co(NH3)2(NO2)4] and [(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4]. The yellow salts
were synthesized by reaction of benzyltrimethylammonium chloride and benzyltriethyl-
ammonium chloride with potassium trans-diamminotetranitrocobaltate(III) in a 1:1
mole ratio in aqueous medium. The newly synthesized salts have been characterized
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on the basis of elemental analyses, spectroscopic studies and a single-crystal X-ray
structure determination.

2. Experimental

2.1. Materials

Analytical grade reagents were used without further purification. K[trans-Co(NH3)2
(NO2)4] was prepared according to the method described by Schlessinger [16].

2.2. Instrumentation

Cobalt was determined by standard methods and C, H and N were estimated micro-
analytically with a Perkin Elmer 2400CHN instrument. Electronic spectra were
recorded using a Hitachi 330 spectrophotometer with water and DMSO as solvents.
Infrared spectra of the salts were recorded using a Perkin Elmer RX FT-IR system
with Nujol mulls and HCB suspension between KBr plates. 1H NMR and 13C NMR
spectra were run in acetone-d6 and DMSO-d6 using a Brucker AC 300 F (300 MHz)
spectrometer. The chemical shift values are expressed as � values (ppm) downfield
from tetramethylsilane as internal standard.

2.3. [(CH3)3NCH2C6H5][trans-Co(NH3)2(NO2)4]

Potassium trans-diamminetetranitrocobaltate(III) was dissolved in 40 cm3 of hot water
with mechanical stirring for 10–15min. In another beaker 0.58 g of benzyltrimethylam-
monium chloride was dissolved in a minimum amount of hot water (10 cm3). The
solutions were mixed together with stirring and a yellow solid precipitated immediately,
which was washed with ice-cold water and air dried. Orange single crystals suitable for
X-ray structure determination were obtained from an acetone–water mixture. The yield
was 88%.

2.4. [(C2H5)3NCH2C6H5][ trans-Co(NH3)2(NO2)4]

Potassium trans-diamminetetranitrocobaltate(III) was dissolved in 40 cm3 of hot water
by mechanical stirring for 10–15min. In another beaker 0.72 g of benzyltriethylammo-
nium chloride was dissolved in a minimum amount of hot water (10 cm3). The solutions
were mixed together with stirring and a yellow solid precipitated immediately, which
was washed with ice-cold water and air dried. The yield was 89%.

2.5. Crystallography

Orange single crystals of [(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4] suitable for
X-ray diffraction studies were grown from acetone–water solution by slow evaporation.
A single crystal with dimensions 0.29� 0.19� 0.18mm was mounted along the largest
dimension and used for data collection. Intensity data were collected on a Siemens P4
single-crystal diffractometer equipped with a molybdenum tube (l¼ 0.71073 Å) and a
highly oriented graphite monochromator. Lattice parameters and standard deviations
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were obtained by a least-squares fit to 40 reflections. Data were collected by the 2�–�
scan mode with variable scan speeds ranging from 2.0� to a maximum of 60.0� per
minute. Data were corrected for Lorentz and polarization factors and an empirical
absorption correction based on psi scans was applied. All other relevant information
on data collection is presented in table 1. Atomic coordinates of nonhydrogen atoms
are given in table 2. The structure was solved and refined by direct methods using
the SHELX-97 package [17].

Crystallographic data (excluding structure factors) have been deposited with
the Cambridge Crystallographic Data Centre as supplementary publication
no. CCDC 231389. Copies of the data can be obtained free of charge on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax: (44) 1223 336-033;
e-mail: deposit@ccdc.cam.ac.uk].

3. Results and discussion

[(CH3)3NCH2C6H5][trans-Co(NH3)2(NO2)4] and [(C2H5)3NCH2C6H5][trans-Co(NH3)2
(NO2)4] salts were synthesized and characterized on the basis of elemental analyses,
spectroscopic studies and a single-crystal X-ray structure determination. The literature
reports two transitions 1A1g!

1T1g and 1A1g!
1T2g at around 470 and 340 nm,

respectively, producing the familiar orange–yellow color for a number of classical

Table 1. Crystal data and structure refinement details for [(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4].

Empirical formula C13H28CoN7O8

Formula weight 469.35
Temperature 293(2)K
Diffractometer used Siemens P4
Radiation used, Wavelength MoK�, 0.71073 Å
Crystal system, Space group Monoclinic, P21/n
Unit cell dimensions a¼ 10.260(1) Å

b¼ 14.954(1) Å �¼ 109.88�

c¼ 14.100(1) Å
Volume 2105.3(3) Å3

Z and density (calculated) 4, 1.480Mgm�3

Absorption coefficient 0.869mm�1

F(000) 984
Crystal size 0.29� 0.19� 0.18mm
Max. and min. transmission 0.877, 0.805
� range of data collection 2.05 to 24.00�

Scan type 2�–�
Index ranges 0� h� 12, �17� k� 0, �16� l� 15
Reflections collected 3509
Independent reflections 3302 (Rint¼ 0.0148)
Refinement method Full-matrix least-square on F2

Data/restraints/parameters 3302/0/266
Goodness-of-fit on F2, (S) 1.034
Weighting scheme 1/[�2(FF2

o )þ (0.0407P)2þ 1.47P],
P¼ (max(F2

o , 0)þ 2F2
c )/3

Data to parameter ratio 12.4 : 1
Final R indices, 288 reflection [I>2�(I )] R1¼ 0.0355, wR2¼ 0.0883
R indices (all data) R1¼ 0.0512, wR2¼ 0.0984
Extinction coefficient 0.0126(6)
Largest diff. peak and hole 0.481 and �0.419 e Å�3
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coordination compounds containing cobalt(III) [18]. A special absorption [19] due to
the nitro group appears in the region 350 to 330 nm. The second absorption usually
found in cobalt(III) complexes is strongly masked. Thus the absorption curves are
quite different from those of [Co(NH3)6]

3þ, [Co(en)3]
3þ and [Co(NH3)5 Cl]2þ. The

two nitro groups coordinate to the cobalt atom in trans positions, and a third absorp-
tion band appears at approximately 250 nm [20–22]. A similar phenomenon has been
observed in the title salts in aqueous medium as reported in table 3. Electronic
spectra of K[trans-Co(NH3)2(NO2)4], [(CH3)3NCH2C6H5][trans-Co(NH3)2(NO2)4] and
[(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4] recorded in DMSO were found to be
identical, within experimental error.

Assignment of the IR bands of [trans-Co(NH3)2(NO2)4]
� anion was done on the

basis of well-established previous work [23]. The antisymmetric stretching modes
of NH3 and NO2 appear at 3262 and 1426 cm�1, respectively. The symmetric
stretching mode of NO2 appears at 1314 cm�1. For [(CH3)3NCH2C6H5]

þ and
[(C2H5)3NCH2C6H5]

þ assignments were made on the basis of well-established literature
values [24] and are given in table 3.

1H NMR and 13C NMR data for both salts in acetone and DMSO at 25�C are given
in table 3 [25–27].

Table 2. Atomic coordinates (� 104) and equivalent isotropic displacement parameters (Å2
� 103)

for [(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4].

x/a y/b z/c U(eq)

Co(1) 5000 0 5000 28(1)
Co(2) 0 0 0 30(1)
O(1) 2774(4) �553(2) 5411(4) 143(2)
O(2) 3160(3) 780(2) 5748(2) 93(1)
O(3) 6998(2) �638(2) 6701(2) 72(1)
O(4) 6396(3) 685(2) 6899(2) 88(1)
O(5) 7254(2) �14(2) 9534(2) 81(1)
O(6) 8255(2) 455(2) 11 005(2) 77(1)
O(7) 10 481(3) 1720(2) 9465(2) 85(1)
O(8) 10 546(3) 1657(2) 10 976(2) 69(1)
N(1) 4268(2) 2443(1) 8338(2) 36(1)
N(2) 3490(2) 87(2) 5472(2) 47(1)
N(3) 6276(2) 21(2) 6365(2) 45(1)
N(4) 5077(2) 1289(2) 4935(2) 52(1)
N(5) 8308(2) 160(2) 10 211(2) 45(1)
N(6) 10 384(2) 1280(2) 10 170(2) 45(1)
N(7) 9142(3) 176(2) 8572(2) 50(1)
C(1) 1818(3) 2516(2) 7115(2) 43(1)
C(2) 1169(3) 3321(2) 7116(3) 60(1)
C(3) �190(4) 3346(3) 6937(3) 78(1)
C(4) �928(4) 2564(3) 6740(3) 75(1)
C(5) �303(3) 1763(3) 6720(3) 64(1)
C(6) 1058(3) 1739(2) 6902(2) 52(1)
C(7) 3289(3) 2497(2) 7252(2) 41(1)
C(8) 3934(3) 1648(2) 8886(2) 48(1)
C(9) 4133(3) 740(2) 8483(3) 63(1)
C(10) 5658(3) 2356(2) 8266(3) 48(1)
C(11) 6781(3) 2312(2) 9260(3) 66(1)
C(12) 4163(3) 3269(2) 8936(2) 47(1)
C(13) 4600(4) 4140(2) 8595(3) 60(1)
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3.1. X-ray crystal structure

The crystal structure of the benzyltriethylammonium diamminetetranitrocobaltate(III)
complex salt was determined. As the disubstituted octahedral complex has two stereo-
isomers, trans and cis forms, there exist two possibilities as shown in figure 1.

The X-ray structure determination confirmed the composition and the existence
of the independent ions [(C2H5)3NCH2C6H5]

þ and [Co(NH3)2(NO2)4]
� (two lying

across centers). An ORTEP diagram is shown in figure 2. The structure is
stabilized by electrostatic forces and hydrogen bonding. Bond lengths and angles
for the anions are comparable with those in K[trans-Co(NH3)2(NO2)4] (I) [28],

NO
NO2

2

3
2

NO

H3N

O2N NH
Co

-

NO
NO2

2

3
3

NH

O2N

O2N NH
Co

-

(A)                                                                  (A’)

Figure 1. Octahedral isomers of [Co(NH3)2(NO2)4]
�, trans- (A) and cis- (B).

Table 3. Analytical and spectroscopic data for [(CH3)3NCH2C6H5][trans-Co(NH3)2(NO2)4] and
[(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4].

[(CH3)3NCH2C6H5][Co(NH3)2(NO2)4] [(C2H5)3NCH2C6H5][Co(NH3)2(NO2)4]

Melting point (�C) 180 201
Elemental analyses: Calcd. (Found)

Co 13.79 (13.72) 12.56 (12.76)
C 28.10 (28.20) 33.24 (33.34)
H 5.15 (5.20) 5.97 (5.99)
N 22.9 (23.01) 20.89 (20.98)

UV/visible (nm) 348, 253 348, 253
IR (HCB) (cm�1)

�a(NH3) 3257 3262
�s(ArH) 3036 3026
�s(CH3) 2958 2962
�as(CH2) 2926 2926
�s(CH2) 2854 2854
�s(C¼C) 1611 1611
�as(NO2) 1420 1429
�s(NO2) 1317 1314

Acetone-d6 DMSO-d6
1H NMR � (ppm) 7.6 (m, 5H, Ar-H), 4.7 (s, 2H, –CH2),

3.29 (s, 6H, 2NH3), 2.1 (s, 9H, CH3)
7.5 (m, 5H, Ar-H), 4.5 (s, 2H, –CH2),
3.45 (q, 6H, –CH2–) 3.1 (s, 6H, NH3),
1.44 (t, 9H, CH3) 127–132

13C NMR � (ppm) 130–134 (Ar-C), 70.4 (�CH2), 53.5 (CH3) 130–134 (Ar-C), 59.44 (–CH2),
51.97 (–CH2–), 7.44 (CH3)
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NH4[trans-Co(NH3)2(NO2)4] (II) [19] and cis-[Co(en)2(NO2)2]trans-[Co(NH3)2(NO2)4]
(III) [29], as shown in table 4.

The cation consists of three ethyl groups and one benzyl group bonded to nitrogen
with the usual tetrahedral geometry. The average C–N bond distance in
[(C2H5)3NCH2C6H5]

þ is comparable with similar species [28] and is equal to 1.523 Å;
the value for [(CH3)4N]þ is 1.481 Å [30]. Selected bond angles and lengths are given
in table 5; regular geometry is observed. Hydrogen bonding parameters are given
in table 6.

Figure 2. ORTEP diagram of [(C2H5)3NCH2C6H5][trans-Co(NH3)2(NO2)4] showing the atom numbering
scheme.

Table 4. A comparison of selected bond lengths (Å) and angles (�) in [Co(NH3)2(NO2)4]
� salts containing

different cations.

Compound Co–NH3 Co–NO2 ffH3N–Co–NH3 ffO2N–Co–NO2 ffO2N–Co–NH3 Ref.

I 2.00 1.96 180.0 180.0 90.0 [26]
II 2.01 1.96 – – – [17]
III 1.94 1.95 178.7 179.1 89.9 [27]
IV 1.93 1.94 180.0 180.0 90.0 This work
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