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The combination of cobalt, 3,5-di-tert-butyldioxolene (3,5-dbdiox) and 1-hy-

droxy-1,2,4,5-tetrakis(pyridin-4-yl)cyclohexane (tpch) yields two coordination

polymers with different connectivities, i.e. a one-dimensional zigzag chain and a

two-dimensional sheet. Poly[[bis(3,5-di-tert-butylbenzene-1,2-diolato)bis(1,5-di-

tert-butyl-4-oxocyclohexa-2,5-dien-1-yl-3-olato)[�4-1-hydroxy-1,2,4,5-tetrakis-

(pyridin-4-yl)cyclohexane]cobalt(III)]–ethanol–water 1/7/5], {[Co2(C14H20O2)4-

(C26H24N4O)]�7C2H5OH�5H2O}n or {[Co2(3,5-dbdiox)4(tpch)}�7EtOH�5H2O}n,

is the second structurally characterized example of a two-dimensional coor-

dination polymer based on linked {Co(3,5-dbdiox)2} units. Variable-temperature

single-crystal X-ray diffraction studies suggest that catena-poly[[[(3,5-di-tert-

butylbenzene-1,2-diolato)(1,5-di-tert-butyl-4-oxocyclohexa-2,5-dien-1-yl-3-olato)-

cobalt(III)]-�-1-hydroxy-1,2,4,5-tetrakis(pyridin-4-yl)cyclohexane]–ethanol–

water (1/1/5)], {[Co(C14H20O2)2(C26H24N4O)]�C2H5OH�5H2O}n or {[Co(3,5-

dbdiox)2(tpch)]�EtOH�5H2O}n, undergoes a temperature-induced valence

tautomeric interconversion.

1. Introduction

Electronically labile coordination polymers (CPs) represent

the intersection between stimuli-responsive coordination

complexes and crystalline molecule-based materials (Kahn,

1998; Sato, 2016). The possibility of converting between two or

more electronically distinguishable states by applying an

external stimulus makes electronically labile CPs potential

candidates for new types of switches, sensors or data storage

devices. Valence tautomerism involves an electron transfer

between a redox-active metal centre and a non-innocent

ligand, stimulated by the application of an external pertur-

bation, such as a change of temperature or light irradiation

(Dei et al., 2004; Tezgerevska et al., 2014). Most valence

tautomeric (VT) CPs are based on Co–dioxolene systems,

where the electron transfer is accompanied by a spin transition

at the cobalt centre, involving a transition from {ls-CoIII(cat)}

at low temperature to {hs-CoII(3,5-sq)} at high temperature (ls

= low spin, hs = high spin, cat = catecholate and sq =

semiquinonate). All but one of the previously structurally

characterized Co VT CPs exhibit a one-dimensional (1D)

chain topology (Drath et al., 2016, 2017; Imaz et al., 2008; Jung

& Pierpont, 1994; Chen et al., 2014; Drath & Boskovic, 2018; Li

et al., 2011). There is a single literature example of a two-

dimensional (2D) Co–dioxolene VT CP (Li et al., 2011), as

well as a 2D VT CP based on Mn and nitronyl–nitroxide

ligands (Lannes et al., 2016).
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With the goal of obtaining a 2D VT CP, we employed a

divergent polypyridyl ligand, namely 1-hydroxy-1,2,4,5-tetra-

kis(pyridin-4-yl)cyclohexane (tpch), to connect {Co(3,5-

dbdiox)2} (3,5-dbdiox is 3,5-di-tert-butyldioxolene) units into

an infinite 2D array. The oxidative coupling of 1,3-bipyridyl-

propane (1,3-bpp) (Chang & Wang, 2012) can lead to different

products, depending on the pH of the reaction (Scheme 1).

The forms of the 1,3-bpp dimer that can be obtained in the

solvothermal reaction are three hydrates of 1,2,4,5-tetrakis-

(pyridin-4-yl)benzene (tpb) and 1-hydroxy-1,2,4,5-tetrakis-

(pyridin-4-yl)cyclohexane (tpch). The combination of tpb and

cobalt with 3,5-di-tert-butylcatechol (3,5-dbcatH2) has pre-

viously led to the formation of two CPs, although only 1D

chain and ribbon topologies could be achieved (Drath et al.,

2017). The benzene ring of the tpb ligand introduces addi-

tional rigidity into the structure, which appears to prevent the

formation of the desired 2D net. As the tpch ligand has

previously been reported as a 4-connecting linker in 2D zinc

and copper CPs (Meng et al., 2011, 2008), it was anticipated to

be able to accommodate the bulky tert-butyl groups of the 3,5-

dbdiox ligand.

In the present article, we report the structures of a two-

dimensional sheet, i.e. {[Co2(3,5-dbdiox)4(tpch)]�7EtOH�-

5H2O}n, denoted 1�7EtOH�5H2O (see Scheme 2), and a one-

dimensional zigzag chain, i.e. {[Co(3,5-dbdiox)2(tpch)]�EtOH�-

5H2O}n, denoted 2�EtOH�5H2O (see Scheme 3).

2. Experimental

All manipulations were performed under aerobic conditions.

All reagents were obtained from commercial sources and were

used as received. The tpch ligand was synthesized according to

the literature procedure of Chang & Wang (2012) in 15%

yield.

2.1. Synthesis and crystallization

2.1.1. Preparation of 1�7EtOH�5H2O. An ethanol solution

(6.7 ml) of 3,5-di-tert-butylcatechol (3,5-dbcatH2) (33 mg,

0.13 mmol) and tpch (6 mg, 0.01 mmol) was layered over an

aqueous solution (1.3 ml) of Co(OAc)2�4H2O (17 mg,

0.067 mmol). After three weeks, blue rectangular plate-shaped

crystals formed, along with an amorphous precipitate. A

sample suitable for single-crystal X-ray diffraction was main-

tained in contact with the mother liquor to avoid solvent loss.

A single crystal was handpicked from the solution and iden-

tified as {[Co2(3,5-dbdiox)4(tpch)]�7EtOH�5H2O}n (1�7EtOH�-

5H2O).

2.1.2. Preparation of 2�EtOH�5H2O. An ethanol solution

(5 ml) of 3,5-dbcatH2 (33 mg, 0.13 mmol) and tpch (13 mg,

0.026 mmol) was layered over an aqueous solution (2 ml) of

Co(OAc)2�4H2O (17 mg, 0.067 mmol). The ethanol and water

layers were separated by an intermediate layer of ethanol and

water in a 1:1 ratio (1 ml). After two weeks, blue rectangular

plate-shaped crystals were formed. A sample for single-crystal

X-ray diffraction was maintained in contact with the mother

liquor to avoid solvent loss and was identified as {[Co(3,5-

dbdiox)2(tpch)]�EtOH�5H2O}n (2�EtOH�5H2O).
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2.2. Refinement

Single-crystal X-ray diffraction data for 1 were collected at

100 K, while data for 2 were collected at 100, 275 and 315 K.

Due to crystal decomposition, variable-temperature studies

could not be performed on 1. All data collections employed

synchrotron radiation on the MX1 beamline at the Australian

Synchrotron, Victoria, Australia (McPhillips et al., 2002). Data

collection and structure refinement details are summarized in

Table 1 for 1 and for 2 at 100 K; data for 2 at 275 and 315 K are

summarized in Tables S1 and S2 of the supporting informa-

tion. For all the structures, the hydroxy group of the tpch

ligand is disordered over four positions on the cyclohexane

ring; refinement was carried out with these atoms restrained to

ideal geometry. For all structures, one of the tert-butyl groups

also displays disorder; refinement was carried out with these

groups disordered over two components, both being

restrained to ideal geometry. The structures of both complexes

contain voids filled with solvent molecules, which, apart from

the molecules of ethanol, appeared to be highly disordered. A

satisfactory disorder model of this solvent could not be found,

and therefore the OLEX2 (Dolomanov et al., 2009) ‘solvent

mask’ routine was used to mask out the disordered electron

density. For 1, the voids are comprised of rhombic-shaped

channels, situated along the b axis, and smaller triangular-

shaped channels lying along the c axis. The larger channels are

bounded mostly by aromatic rings, while the latter channels

are bounded, on two sides, by OH groups with only the third

side bounded by hydrophobic alkyl groups. With the possibi-

lity of O—H� � �O and O—H� � �� hydrogen bonds (Ostojić et

al., 2008), these channels could be filled by either water or

ethanol. Although a definite solvent composition could not be

reliably determined, solvent compositions that fit with the

OLEX2 solvent-mask data are fifteen molecules of water or a

mixture of five molecules of water and five molecules of

ethanol. As the voids are not strongly hydrophilic, the latter

composition is more likely. For compound 2, the solvent voids

are channels lying along the a axis. The proposed molecular

formulas, i.e. 1�7EtOH�5H2O, 2�EtOH�5H2O at 100 and 275 K,

and 2�EtOH�3H2O at 315 K, are based on the calculated

solvent-accessible voids and the electron count. For 2, solvent

loss occurred between the data collections at 275 and 315 K.

The final R and wR2 values are relatively high, a consequence

of the disorder of the crystals and the relatively weak data.

3. Results and discussion

3.1. Synthesis

Polymeric coordination compounds 1�7EtOH�5H2O and

2�EtOH�5H2O were obtained at room temperature under

aerobic conditions via slow diffusion. In both cases, the

cobalt(II) salt was dissolved in water and the ethanol solution

of both ligands was carefully layered over the aqueous layer.

In the case of the synthesis of compound 2�EtOH�5H2O, the

layers were additionally separated by an intermediate layer of
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Table 1
Experimental details.

1�7EtOH�5H2O 2�EtOH�5H2O

Crystal data
Chemical formula [Co2(C14H20O2)4(C26H24N4O)]�7C2H6O�5H2O [Co(C14H20O2)2(C26H24N4O)]�C2H6O�5H2O
Mr 1820.10 1044.17
Crystal system, space group Monoclinic, P21/c Triclinic, P1
Temperature (K) 100 100
a, b, c (Å) 23.849 (5), 11.679 (2), 18.319 (4) 10.072 (2), 16.135 (3), 18.192 (4)
�, �, � (�) 90, 95.28 (3), 90 75.34 (3), 83.15 (3), 78.70 (3)
V (Å3) 5080.8 (18) 2797.1 (11)
Z 2 2
Radiation type Synchrotron Mo K�
� (mm�1) 0.39 0.37
Crystal size (mm) 0.10 � 0.07 � 0.02 0.10 � 0.04 � 0.02

Data collection
Diffractometer ADSC Quantum 210r
Absorption correction Multi-scan (SADABS; Bruker, 2012)
Tmin, Tmax 0.583, 0.745 0.963, 0.993
No. of measured, independent and observed

[I > 2�(I)] reflections
73724, 10426, 7436 107853, 17013, 12047

Rint 0.093 0.080
(sin �/	)max (Å�1) 0.629 0.746

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.081, 0.231, 1.05 0.094, 0.276, 1.04
No. of reflections 10426 17013
No. of parameters 526 682
No. of restraints 21 88
H-atom treatment H-atom parameters constrained H atoms treated by a mixture of independent

and constrained refinement
�
max, �
min (e Å�3) 1.09, �0.73 2.65, �0.85

Computer programs: BluIce (McPhillips et al., 2002), XDS (Kabsch, 1993), SHELXT (Sheldrick, 2015a), SHELXL2014 (Sheldrick, 2015b), SHELXL2018 (Sheldrick, 2015b) and
OLEX2 (Dolomanov et al., 2009).



a 1:1 H2O–EtOH mixture. Single crystals of compound

1�7EtOH�5H2O grew out of the cloudy solution when the

cobalt(II) cation and catecholate ligand were in fourfold and

eightfold excess, respectively, in relation to the concentration

of the linking ligand. Despite several attempts, it was not

possible to obtain a sufficient quantity of 1�7EtOH�5H2O for

physical measurements. Moreover, any increase of the tpch–

Co ratio seems to favour the formation of the 1D chain-type

complex 2. A possible explanation for the low yield of

complex 1, and complex 2 being favoured in the slow diffusion

reaction, may be the bulkiness of the tert-butyl group on the

dioxolene ligand, inhibiting the formation of the 2D structure.

Although crystals of 2�EtOH�5H2O grow in sufficient quantity,

they are always contaminated with an unknown by-product

and it was not possible to obtain an analytically pure bulk

sample of this compound, despite attempting synthesis with

different reagent ratios and at different temperatures. Based

on elemental analysis and additional PXRD measurements,

the contamination is not from either uncoordinated ligands or

compound 1. It was not possible to distinguish the unknown

additional phase from compound 2 using a standard micro-

scope.

3.2. Structural description

3.2.1. Structure of 1�7EtOH�5H2O. The crystal structure of

1�7EtOH�5H2O was measured at 100 K. The coordination

environment around the CoIII atom is presented in Fig. 1 and

the 2D polymer structure and packing in Fig. 2. Tables 2 and 3

present selected interatomic distances.

Compound 1�7EtOH�5H2O crystallizes in the monoclinic

space group P21/c. The asymmetric unit consists of one CoIII

atom, two 3,5-dbdiox ligands, half of the tpch ligand and

solvent, which was identified as five molecules of ethanol and

four molecules of water per formula unit. The unit cell also

contains additional highly disordered solvent, i.e. two ethanol

and fifteen water molecules per formula unit. The cobalt

coordination sphere adopts a slightly disordered octahedral

shape and consists of four O atoms from two 3,5-

dbdiox ligands and two N atoms in a cis dispo-

sition, each from a different tpch ligand. The

SHAPE Index (see Table S3 in the supporting

information), the deviation from zero of which

indicates how close the coordination geometry is

to an ideal polyhedron, is calculated as 0.212 for

octahedral geometry (Alvarez et al., 2002). Each

tpch ligand connects four different CoIII atoms in

a square-planar arrangement (Fig. 2a) and, with

each CoIII atom connecting to two different tpch

ligands, the result is a 2D sheet lying in the bc

plane. The tert-butyl groups of the 3,5-dbdiox

ligands are oriented such that they lie on the

outside of the sheet, while the CoIII atoms and

tpch ligands are on the inside (Fig. 2b); the tpch

ligands lie in the centre of the sheet between rows

of CoIII atoms. The orientation of the tpch ligands

are such that they lie parallel to the c axis, while

also linking the CoIII atoms into a zigzag

arrangement along the b axis (Fig. 2c). These

sheets stack along the a axis. Within each sheet,

there are channels, lying along the b axis (Fig. 2b),

in which the solvent molecules reside. This

complex is, to the best of our knowledge, only the
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Figure 1
The coordination environment of the Co atom in the asymmetric unit of
complex 1. All H atoms and solvent molecules have been omitted for
clarity. Displacement ellipsoids are drawn at the 50% probability level.

Table 2
Selected geometric parameters (Å, �) for the Co coordination sphere in 1�7EtOH�5H2O
and 2�EtOH�nH2O.

1�7EtOH�5H2O
2�EtOH�nH2O

100 K 275 K 315 K
(n = 5) (n = 5) (n = 3)

Co1—O1 1.907 (3) Co1—O1 1.863 (3) 1.860 (2) 1.924 (3)
Co1—O2 1.891 (3) Co1—O2 1.880 (3) 1.865 (2) 1.906 (3)
Co1—O3 1.854 (3) Co1—O3 1.905 (2) 1.893 (2) 1.934 (3)
Co1—O4 1.884 (3) Co1—O4 1.917 (2) 1.912 (2) 1.967 (3)
Co1—N1 1.954 (4) Co1—N1 1.941 (3) 1.953 (2) 2.012 (3)
Co1—N2i 1.964 (3) Co1—N3 1.955 (3) 1.960 (3) 2.010 (4)

O3—Co1—O2 87.65 (11) O1—Co1—O2 88.39 (11) 87.35 (10) 87.26 (13)
O3—Co1—O1 87.03 (12) O1—Co1—O3 88.19 (11) 88.02 (10) 92.27 (14)
O3—Co1—O4 87.95 (12) O1—Co1—O4 91.63 (12) 91.56 (11) 87.97 (13)
O3—Co1—N1 87.73 (13) O1—Co1—N1 88.40 (11) 88.70 (10) 178.91 (13)
O3—Co1—N2i 178.92 (15) O1—Co1—N3 178.52 (11) 178.52 (11) 85.85 (13)
O2—Co1—O1 85.28 (12) O2—Co1—O3 175.44 (11) 174.26 (10) 171.87 (13)
O2—Co1—N1 174.63 (12) O2—Co1—O4 90.99 (11) 91.60 (10) 91.89 (13)
O2—Co1—N2i 92.63 (13) O2—Co1—N1 90.96 (11) 91.02 (11) 91.58 (13)
O1—Co1—N1 91.75 (14) O2—Co1—N3 92.99 (11) 94.11 (11) 95.19 (13)
O1—Co1—N2i 94.03 (14) O3—Co1—O4 86.09 (10) 85.13 (10) 84.08 (11)
O4—Co1—O2 89.57 (12) O3—Co1—N1 91.96 (11) 92.27 (10) 92.48 (12)
O4—Co1—O1 172.94 (12) O3—Co1—N3 90.46 (11) 90.54 (11) 91.74 (13)
O4—Co1—N1 93.00 (15) O4—Co1—N1 178.05 (11) 177.37 (10) 176.53 (11)
O4—Co1—N2i 91.01 (14) O4—Co1—N3 88.89 (12) 88.62 (11) 88.04 (14)
N1—Co1—N2i 92.04 (14) N1—Co1—N3 91.04 (12) 91.06 (11) 91.66 (13)

Symmetry code: (i) x, �y + 1
2, z � 1

2.



second literature example of a 2D CP comprised of linked Co–

dioxolene units. Comparison of 1 with the previously reported

Co-based 2D VT CP, which incorporates the tetrakis(pyridin-

4-yloxymethylidene)methane (tpom) ligand (Li et al., 2011),

reveals that the central cyclohexane ring in tpch and the

central tetrahedral C atom in tpom have given both ligands the

geometry to form 2D structures. The differing connectivity of

the ligands, however, gives rise to different topologies. In the

compound synthesized by Li et al., each tpom ligand links four

CoIII centres into a tetrahedral arrangement, with the orien-

tation of all ligands being identical throughout the sheet, in

contrast to the tpch ligands in 1�7EtOH�5H2O, where the
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Figure 2
(a) View of the linking between the ligands and the Co atoms of 1�7EtOH�5H2O. (b) Packing of the sheets of 1�7EtOH�5H2O. (c) Cross-section of the
sheet of 1�7EtOH�5H2O. Solvent molecules, H atoms and dioxolene ligands in parts (a) and (c) have been omitted for clarity.



ligands adopt differing zigzag orientations (Fig. 2c). For both

structures, the tert-butyl groups of the 3,5-diox ligands are on

the outside of the sheets containing the CoIII atoms and

linking ligands, creating a hydrophobic region between the

sheets, while both structures can be described as having a

‘sandwiched’ layer of the bridging ligand between two layers

of CoIII atoms.

For 1�7EtOH�5H2O at 100 K, the Co—O distances are

1.854 (3)–1.907 (3) Å and the Co—N distances are 1.953 (4)

and 1.964 (3) Å. These bond lengths are indicative of the +3

oxidation state of the cobalt cation (Brese & O’Keeffe, 1991).

The interatomic distances within the dioxolene ligand have

been also analysed. In 2011, Brown examined 259 structures

based on dioxolene, reporting an unambiguous ligand oxida-

tion (Brown, 2012) and proposed an empirical parameter, the

Metrical Oxidation State (MOS), as a good measure of the

apparent oxidation state of the ligand. The theoretical value of

the MOS parameter for a semiquinone is �1, while the cate-

cholate ligand should have a MOS value equal to �2. The

calculated MOS parameters for the 3,5-dbdiox ligands in

1�7EtOH�5H2O are �1.25 for the dioxolene ligand with O1

and O2 as the coordinating atoms, and �1.86 for the other

dioxolene ligand (see Table S5 in the supporting information).

In conclusion, the interatomic distances within complex 1 are

consistent with the formation of {CoIII(3,5-dbcat)(3,5-dbsq)}

(3,5-dbsq is 3,5-di-tert-butylsemiquinone) units.

3.2.2. Structure of 2�EtOH�5H2O. The X-ray diffraction

data for 2�EtOH�nH2O were measured at 100 (n = 5), 275

(n = 5) and 315 K (n = 3) to monitor changes in the Co—O,

Co—N and 3,5-dbdiox-ligand bond lengths associated with a

thermally-driven valence tautomeric transition.

The coordination environment surrounding the CoIII atom

is presented in Fig. 3, the chain motif of the 1D polymer is

shown in Fig. 4 and the packing diagram is shown in Fig. 5.

Tables 3 and 4 present selected interatomic distances.

Compound 2�EtOH�nH2O crystallizes in the triclinic P1

space group, which persists throughout the measured

temperature range; the only apparent physical change is loss

of some solvent water at 315 K. The asymmetric unit consists

of a cobalt centre, two 3,5-dbdiox ligands, two halves of

different tpch ligands, a molecule of solvent ethanol and highly

disordered solvent. At every temperature, the ethanol mol-

ecule is ordered by hydrogen bonding to the noncoordinating

pyridyl group of the tpch ligand, while the disordered solvent

was identified as five water molecules per formula unit at 100

and 275 K, and three water molecules at 315 K.

The CoIII centre is surrounded by four O atoms and two N

atoms in a cis arrangement. At 100 K, the SHAPE index

research papers

Acta Cryst. (2018). C74, 734–741 Drath et al. � Coordination polymers based on cobalt–bis(dioxolene) units 739

Figure 3
The coordination environment of the Co atom in the asymmetric unit of
complex 2 at 100 K. All H atoms and solvent molecules have been
omitted for clarity. Displacement ellipsoids are drawn at the 50%
probability level.

Figure 4
The chain motif of 2�EtOH�5H2O collected at 100 K. H atoms and solvent
molecules have been omitted for clarity.

Table 3
Selected bond lengths (Å) for the dioxolene ligands in 1�7EtOH�5H2O
and 2�EtOH�nH2O.

1�7EtOH�5H2O
2�EtOH�nH2O

100 K 275 K 315 K
(n = 5) (n = 5) (n = 3)

O1—C1 1.313 (4) O1—C2 1.343 (4) 1.333 (4) 1.330 (5)
O1—C2 1.316 (5) O2—C1 1.341 (4) 1.326 (4) 1.328 (5)
O3—C15 1.338 (5) O3—C16 1.307 (4) 1.294 (3) 1.303 (4)
O4—C16 1.356 (5) O4—C15 1.305 (4) 1.289 (4) 1.298 (5)
C1—C2 1.440 (5) C1—C2 1.423 (5) 1.399 (5) 1.434 (6)
C3—C2 1.438 (5) C1—C6 1.397 (5) 1.379 (5) 1.384 (6)
C4—C3 1.368 (5) C2—C3 1.408 (5) 1.387 (5) 1.410 (6)
C4—C5 1.432 (5) C3—C4 1.405 (5) 1.387 (5) 1.387 (6)
C6—C5 1.371 (5) C4—C5 1.419 (5) 1.386 (5) 1.413 (7)
C1—C6 1.395 (5) C5—C6 1.391 (5) 1.382 (5) 1.386 (7)
C15—C16 1.408 (5) C15—C16 1.447 (5) 1.434 (4) 1.443 (5)
C16—C17 1.387 (6) C15—C20 1.406 (4) 1.391 (4) 1.409 (6)
C17—C18 1.406 (6) C16—C17 1.427 (4) 1.404 (4) 1.418 (5)
C19—C18 1.397 (6) C17—C18 1.388 (4) 1.364 (5) 1.375 (6)
C20—C19 1.406 (6) C18—C19 1.418 (5) 1.403 (5) 1.416 (7)
C15—C20 1.415 (5) C19—C20 1.380 (5) 1.361 (5) 1.361 (7)



(Alvarez et al., 2002) is 0.103, which indicates a very low level

of distortion from a regular octahedral coordination sphere.

However, the level of distortion increases with the tempera-

ture of collection, reaching 0.258 at 315 K (Table S3 in the

supporting information). Each tpch ligand connects two cis-

{Co(3,5-dbdiox)2} units, creating a zigzag chain (Fig. 4). The

tpch ligand has not been hitherto reported acting as a

2-connecting linker. The chains run parallel to each other,

creating predominantly hydrophobic zigzag-shaped interchain

cavities (Fig. 5).

Temperature-dependent Co—O, Co—N and 3,5-dbdiox-

ligand bond lengths are consistent with the onset of a VT

transition (Table 4). At 100 K, the Co—O bonds are in the

range 1.863 (3)–1.917 (3) Å and the Co—N bonds in the range

1.941 (3)–1.955 (3) Å, which is in good agreement with

previously reported values for octahedral ls-CoIII complexes

(Brese & O’Keeffe, 1991). No significant changes in the

Co—N distances can be observed when the crystal is heated to

275 K, which suggests that below this temperature, the

majority of the Co centres stay in the +3 oxidation state.

Interestingly, there is a small decrease in one of the Co—O

bonds, suggesting that the compound needs to undergo a slight

structural rearrangement to accommodate the changes in the

oxidation state of the 3,5-dbdiox ligands associated with the

VT transition. This type of change has been observed in

previously reported Co–dioxolene complexes (Mulyana et al.,

2010; Rupp et al., 2017). At 315 K, the Co—O distances

increase to 1.906 (3)–1.967 (3) Å, while the Co—N distances

lie between 2.010 (4) and 2.012 (3) Å. These changes indicate

that the VT transition begins around room temperature and

there is a significant fraction of hs-CoII centres at 315 K. Fig. 6

shows the measured Co—O and Co—N distances as a function

of the collection temperature. On average, the Co—N and

Co—O distances increase by 0.06 Å and the VT transition

begins above 275 K. Assuming that a completed VT transition

is associated with a mean increase in Co–ligand bond lengths

of ca 0.15 Å, the extent of VT conversion at 315 K for

2�EtOH�5H2O can be estimated as 40% (Mulyana et al., 2010).

The thermally-dependent changes in dioxolene interatomic

distances and MOS parameters are also observed (Table S5 in

the supporting information). At 100 K, the bond lengths of the
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Figure 5
Packing diagram of complex molecule 2 in 2�EtOH�5H2O.

Figure 6
Plot of the Co—O and Co—N bond lengths in 2�EtOH�5H2O as a
function of temperature.



first dioxolene (coordinated to the Co centre by atoms O1 and

O2) are closer to the values characteristic for semiquinone,

while the values for the second redox-active ligand seem to

stay slightly above those reported for catechol. The dioxolene

oxidation states can be confirmed by the MOS parameters,

calculated to be �1.68 and �1.21. The values of the MOS at

315 K show a small shift towards semiquinone-only values for

both ligands. Although this change alone is not sufficient to

confirm the VT transition, it is consistent with the changes

expected to accompany the observed temperature-depen-

dence of the Co—O/N bond lengths associated with a VT

transition.

4. Concluding remarks

Two novel CPs have been obtained by employing the flexible

tetrapyridyl ligand tpch to connect {Co(3,5-dbdiox)2} units.

Compound 1�7EtOH�5H2O is the second reported 2D coor-

dination polymer based on Co–dioxolene units, while 2�EtOH�-

5H2O demonstrates a rare 1D zigzag chain topology. Variable-

temperature X-ray crystallography studies of 2�EtOH�nH2O

(n = 5 at 100 and 275 K, and n = 3 at 315 K) suggest a

temperature-induced VT transition between {[ls-CoIII(3,5-

dbcat)(3,5-dbsq)} and {[hs-CoIII(3,5-dbsq)2} starting above

250 K. The results of the study show the importance of the

choice of linking ligand in the pursuit of 2D VT CPs based on

{Co(3,5-dbdiox)2} units. The features that should be considered

are the flexibility and the geometry of the ligand, to enable the

accommodation of large Co–dioxolene units. Moreover, the

twofold role of the tert-butyl groups of the 3,5-dbdiox ligands

has been shown. Although the electron-donating nature of

these groups provides an appropriate redox potential to facil-

itate the VT transition near room temperature, the steric bulk

potentially hinders the formation of higher-dimensional poly-

meric structures. The possibility of employing differently-

substituted dioxolene ligands to reduce steric hindrance may

represent a viable route to future 3D VT coordination poly-

mers.
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