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The title compound, [Co(C29H29N5)2](NO3)2, contains a six-

coordinate high-spin CoII ion with approximate local D2d

symmetry. The bond lengths and angles at cobalt undergo only

small changes between the two temperatures, which con®rms

that the CoII ion does not undergo a spin-state transition over

this temperature range.

Comment

We have recently reported a synthetic and structural study of a

series of complexes denoted [Co(LR)2]2+ [R is H, iPr, Ph or

mesityl (Mes); Holland et al., 2001]. As part of this study, we

described the crystal structure of [Co(LMes)2](ClO4)2�-
2CH3NO2, which we obtained at 150 K to prevent desolvation

of the crystals. Unfortunately, it was not possible to interpret

this structure meaningfully because, although the complex is

in a high-spin form at 290 K, in the absence of variable-

temperature magnetic data, it was unclear whether the Co ion

had undergone a spin-state transition upon cooling (see, for

example, Figgis et al., 1983; Gaspar et al., 2001). We now report

structure determinations of the title unsolvated salt,

[Co(LMes)2](NO3)2, (I), at 290 and 150 K, which are intended

to address this ambiguity.

Compound (I) crystallizes in the orthorhombic space group

Pca21, with one complex dication and two anions per asym-

metric unit, all of which lie on general positions. The CoII ion

has a distorted octahedral stereochemistry with approximate

D2d local symmetry, which resembles those of other

[M(LR)2]2+ (M is Fe, Co, Ni, Cu or Zn) complexes that we have

characterized crystallographically (Solanki et al., 1998, 2001;

Halcrow et al., 2000; Holland et al., 2001, 2002). As in these

other compounds, the coordination sphere at cobalt in (I) is

substantially distorted from an ideal octahedron by the

restricted bite angle of the LMes ligand; the average of the four

angles N2ÐCo1ÐN9, N2ÐCo1ÐN23, N36ÐCo1ÐN43 and

N2ÐCo1ÐN57 is 77.09 (13)� at 150 K, compared with the

ideal octahedral angle of 90�. While ®ve of the six CoÐN

bonds in (I) are identical at the two temperatures to within

experimental error, the Co1ÐN36 bond is 0.013 (2) AÊ longer

at 150 K than at 290 K. This cannot re¯ect the existence of a

partial spin-state transition upon cooling, since that would give

rise to a shortening of this bond at lower temperature (Figgis

et al., 1983; Holland et al., 2001), the opposite trend to that

observed. Hence, the origin of this effect is uncertain, although

librational shortening of the CoÐN bonds at 290 K may

contribute to it. All the NÐCoÐN angles in the two structures

are identical to within three s.u.'s, except for N9ÐCo1ÐN57,

which is 0.44 (8)� larger at 150 K than at 290 K, and N23Ð

Co1ÐN57, which has contracted by 0.63 (8)� in the low-

temperature structure. The signi®cance of these small differ-

ences is also unclear.

The effective magnetic moment of (I) at 290 K is 4.2 �B,

which is identical, within experimental error, to that exhibited

by [Co(LMes)2](ClO4)2 (Holland et al., 2001), and is consistent
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Figure 1
A view of the molecular structure of the [Co(LMes)2]2+ dication in (I) at
150 K, showing 35% probability displacement ellipsoids and the atom-
numbering scheme employed. H atoms have been omitted for clarity.
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with (I) being completely high-spin at this temperature

(O'Connor, 1982). The almost identical molecular structures

of (I) at 290 and 150 K also demonstrates that (I) is still in a

high-spin state at 150 K. That being the case, it is interesting

that all the CoÐN bonds in (I) are shorter than the corre-

sponding bonds in [Co(LMes)2](ClO4)2�2CH3NO2 at 150 K, by

between 0.017 (2) and 0.035 (2) AÊ . Despite this, the CoÐN

distances in (I) are within the range previously observed for

high-spin CoII complexes with an N6 donor set (tabulated in

Holland et al., 2001). In particular, the CoÐN(pyridine) bond

lengths, which are the most sensitive to the spin state of a CoII

ion in this type of complex (Figgis et al., 1983), are within the

range expected from a high-spin CoII compound. Hence, this

study emphasizes that the coordination sphere in six-coordi-

nate high-spin CoII complexes is rather plastic, and that

structural data can only be related to the spin state in these

compounds with care (Holland et al., 2001).

Experimental

A mixture of Co(NO3)2�6H2O (0.16 g, 0.55 mmol) and LMes (0.50 g,

1.11 mmol) in MeCN (50 ml) was stirred at 323 K until all the solid

had dissolved. The resultant orange solution was ®ltered and then

concentrated in vacuo until orange±yellow microcrystals began to

form. After overnight storage of the mixture at 243 K, the product

was ®ltered off, washed with Et2O and dried in vacuo. Diffusion of

Et2O vapour into a dilute MeCN solution of the sparingly soluble

complex yielded small strongly diffracting rectangular prisms of (I).

The same crystal was used for data collection at both 290 and 150 K.

Compound (I) at 290 K

Crystal data

[Co(C29H29N5)2](NO3)2

Mr = 1078.09
Orthorhombic, Pca21

a = 22.3350 (1) AÊ

b = 10.9094 (2) AÊ

c = 22.1061 (2) AÊ

V = 5386.40 (11) AÊ 3

Z = 4
Dx = 1.329 Mg mÿ3

Mo K� radiation
Cell parameters from 59 607

re¯ections
� = 2.6±27.5�

� = 0.38 mmÿ1

T = 290 (2) K
Rectangular prism, orange
0.45 � 0.35 � 0.28 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

Area-detector scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1995)
Tmin = 0.847, Tmax = 0.901

59 607 measured re¯ections

11 975 independent re¯ections
10 665 re¯ections with I > 2�(I)
Rint = 0.046
�max = 27.5�

h = ÿ29! 27
k = ÿ12! 14
l = ÿ28! 28

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.104
S = 1.04
11 975 re¯ections
721 parameters
H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0610P)2

+ 0.6652P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.26 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0083 (8)
Absolute structure: Flack (1983),

with 5661 Friedel pairs
Flack parameter = ÿ0.004 (9)

Compound (I) at 150 K

Crystal data

[Co(C29H29N5)2](NO3)2

Mr = 1078.09
Orthorhombic, Pca21

a = 22.1974 (2) AÊ

b = 10.7761 (1) AÊ

c = 22.0365 (1) AÊ

V = 5271.16 (7) AÊ 3

Z = 4
Dx = 1.358 Mg mÿ3

Mo K� radiation
Cell parameters from 86 435

re¯ections
� = 2.6±27.5�

� = 0.39 mmÿ1

T = 150 (2) K
Rectangular prism, orange
0.45 � 0.35 � 0.28 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

Area-detector scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1995)
Tmin = 0.844, Tmax = 0.899

86 435 measured re¯ections

11 941 independent re¯ections
11 339 re¯ections with I > 2�(I)
Rint = 0.052
�max = 27.5�

h = ÿ28! 28
k = ÿ13! 13
l = ÿ27! 28

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.099
S = 1.06
11 941 re¯ections
720 parameters
H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0591P)2

+ 1.4056P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.68 e AÊ ÿ3

��min = ÿ0.35 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0124 (9)
Absolute structure: Flack (1983),

with 5773 Friedel pairs
Flack parameter = 0.001 (8)

At both temperatures, one of the two nitrate ions was disordered

and was modelled over three orientations. At 290 K, these were

re®ned with occupancies of 0.40, 0.30 and 0.30, the latter two orien-

Table 1
Selected geometric parameters (AÊ , �) for (I) at 290 K.

Co1ÐN2 2.0132 (18)
Co1ÐN9 2.1190 (15)
Co1ÐN23 2.1368 (17)

Co1ÐN36 2.0077 (17)
Co1ÐN43 2.1327 (17)
Co1ÐN57 2.1581 (16)

N2ÐCo1ÐN9 77.42 (7)
N2ÐCo1ÐN23 77.03 (7)
N2ÐCo1ÐN36 179.08 (7)
N2ÐCo1ÐN43 102.21 (7)
N2ÐCo1ÐN57 103.69 (7)
N9ÐCo1ÐN36 103.34 (7)
N9ÐCo1ÐN23 154.45 (7)
N9ÐCo1ÐN43 92.04 (7)

N9ÐCo1ÐN57 93.44 (6)
N23ÐCo1ÐN36 102.20 (7)
N23ÐCo1ÐN43 93.34 (6)
N23ÐCo1ÐN57 92.54 (6)
N36ÐCo1ÐN43 77.29 (7)
N36ÐCo1ÐN57 76.81 (6)
N43ÐCo1ÐN57 154.10 (6)

Table 2
Selected geometric parameters (AÊ , �) for (I) at 150 K.

Co1ÐN2 2.0199 (17)
Co1ÐN9 2.1177 (15)
Co1ÐN23 2.1320 (17)

Co1ÐN36 2.0206 (16)
Co1ÐN43 2.1279 (16)
Co1ÐN57 2.1538 (16)

N2ÐCo1ÐN9 77.41 (7)
N2ÐCo1ÐN23 76.99 (6)
N2ÐCo1ÐN36 179.02 (7)
N2ÐCo1ÐN43 102.41 (6)
N2ÐCo1ÐN57 103.68 (6)
N9ÐCo1ÐN23 154.39 (6)
N9ÐCo1ÐN36 103.52 (7)
N9ÐCo1ÐN43 92.04 (6)

N9ÐCo1ÐN57 93.88 (6)
N23ÐCo1ÐN36 102.09 (6)
N23ÐCo1ÐN43 93.63 (6)
N23ÐCo1ÐN57 91.91 (6)
N36ÐCo1ÐN43 77.27 (6)
N36ÐCo1ÐN57 76.64 (6)
N43ÐCo1ÐN57 153.91 (6)



tations sharing a common N atom. At 150 K, three distinct partial

NO3
ÿmoieties were detected, with occupancies of 0.40, 0.40 and 0.20.

The NÐO distances within the disordered anion at 290 K were

restrained to 1.25 (1) AÊ , and non-bonded O� � �O distances within a

given disorder orientation were restrained to 2.17 (1) AÊ . At 150 K,

corresponding restraints of 1.26 (1) and 2.18 (1) AÊ , respectively, were

applied. At both temperatures, all non-H atoms with occupancies of

greater than 0.5 were re®ned anisotropically, and all H atoms were

placed in calculated positions and re®ned using a riding model. The

torsion angles of all the CH3 groups in the molecule were allowed to

re®ne freely except that, at both temperatures, antibumping restraints

were applied to individual H atoms attached to atoms C21 and C53,

and C35 and C55. Even with these restraints, there is one abnormally

short intermolecular H� � �H contact, viz. H11� � �H35C i of 2.06±2.10 AÊ

[symmetry code: (i) x, y ÿ 1, z]. Introduction of additional anti-

bumping restraints between H11 and the C35i methyl group

prevented the re®nements from converging, so these were omitted

from the ®nal models. However, for this reason, the re®ned methyl-

group torsion angles on C35 at the two temperatures probably do not

correspond to the `true' equilibrium positions. The ®xed CÐH

distances were as follows: at 290 K, CÐH(aryl) = 0.93 AÊ and CÐ

H(methyl) = 0.96 AÊ ; at 150 K, CÐH(aryl) = 0.95 AÊ and CÐ

H(methyl) = 0.98 AÊ . At both temperatures, the H-atom Uiso para-

meters were ®xed at 1.2Ueq(C) for CÐH(aryl), and 1.5Ueq(C) for CÐ

H(methyl).

For both compounds, data collection: COLLECT (Nonius, 1999);

cell re®nement: DENZO±SMN (Otwinowski & Minor, 1997); data

reduction: DENZO±SMN; program(s) used to solve structure:

SHELXS97 (Sheldrick, 1990); program(s) used to re®ne structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEX

(McArdle, 1995); software used to prepare material for publication:

local program.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BM1518). Services for accessing these data are
described at the back of the journal.
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