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Vapochromic behaviour of a nickel(II)-quinonoid complex with 

dimensional changes between 1D and higher 

Ryota Yano,a Masaki Yoshida,a* Takahiro Tsunenari,a Ayana Sato-Tomita,b Shunsuke Nozawa,c 
Youhei Iida,d Noriaki Matsunaga,d Atsushi Kobayashi a and Masako Kato a* 

The nickel(II)-chloranilato complex {Ni(ca)(VM)2}n (H2ca = chloranilic acid, VM = coordinated vapour molecules, such as 

water) shows reversible vapochromism upon exposure to various vapours and subsequent drying by heating. In contrast to 

the Ni(II)-quinonoid complex, [Ni(HLMe)] (H2LMe = 4-methylamino-6-methyliminio-3-oxocyclohexa-1,4-dien-1-olate), which 

was reported to exhibit vapochromic spin-state switching between high and low spin states, the chloranilato complex does 

not change its spin state even after the removal of coordinated vapour molecules. X-ray absorption fine structure (XAFS) 

analysis revealed that the six-coordinate geometry of {Ni(ca)(VM)2}n was maintained even after the removal of vapour 

molecules, in contrast to the [Ni(HLMe)] complex. The unique vapochromism that follows the dimensional change between 

1D and higher is influenced by the relatively weaker ligand field of the chloranilate ligand. 

 

Introduction 

Vapochromism, a phenomenon of reversible colour changes induced 

by the adsorption and desorption of vapour molecules, has attracted 

considerable attention due to potential applications in the detection 

of harmful volatile organic compounds (VOCs).1 To date, several 

vapochromic materials have been reported based on Pt(II) and Au(I) 

complexes. The vapochromic behaviours of these complexes are 

derived from a subtle change in the metal···metal interactions by the 

adsorption/desorption of vapour molecules, exhibiting remarkable 

colour and/or luminescence changes.1 However, most previously 

reported vapochromic materials were focused only on colour 

changes. Multifunctional systems that exhibit changes in physical 

properties, such as magnetism and conductivity, coupled with colour 

changes, are still limited, although several vapochromic Fe(II)2 and 

Co(II)3 complexes capable of magnetic or spin switching have been 

reported.  

We recently reported that a vapochromic Ni(II) complex bearing a 

quinonoid ligand, [Ni(HLMe)2] (H2LMe = 4-methylamino-6-

methyliminio-3-oxocyclohexa-1,4-dien-1-olate)4 (1 in Scheme 1(a)) 

shows methanol-selective vapochromism coupled with spin-state 

switching.5 This Ni(II) complex is remarkable in that it responds only 

to methanol vapour among various VOCs. On exposure of the 

crystalline purple powder of 1 to methanol vapour, a distinct colour 

change occurred, from purple to orange. X-ray crystallography of the 

methanol adduct (1-MeOH) revealed that methanol molecules were 

coordinated to the Ni(II) centre directly, forming an octahedral 

geometry. Concomitantly, 1-MeOH exhibited a magnetic moment 

(3.07 μB), indicating the formation of a high-spin state of the Ni(II) 

complex, whereas the powder of 1 recovered by removing methanol 

molecules was diamagnetic, indicating the low-spin state of the Ni(II) 

complex. Ohkoshi and co-workers reported the crystalline-phase 

spin switching of a cyanido-bridged Ni(II)-W(IV) framework, 

Ni2[W(CN)8], by water vapour.6 Within this framework, the Ni(II) ions 

can adopt either anhydrous square-planar or water-coordinated 

octahedral geometries, leading to water vapour-driven 

vapochromism between the red diamagnetic state and the yellow-

green paramagnetic state.  

Thus, Ni(II)-complex systems are of particular interest for 

promising, multifunctional materials that exhibit magnetic 

properties controllable by vapour molecules, coupled with a colour 

change.7 In fact, high-spin/low-spin equilibrium is well-studied for 

various Ni(II) complexes in solution,8 and vapour-induced changes 

have also been achieved in a polymer film,9 in a clay mineral,10 or as 

an ionic liquid.11 In the solid state, however, spin-state changes 

induced by vapour are still difficult to achieve,12 although simple 

Ni(CN)2 powder has been reported to show such reversible 

coordination-induced spin-state switching when immersed in water 

and subsequently dried via heating.13 For the development of 

sophisticated, multifunctional systems with selectivity and sensitivity 

to vapour, it is necessary to explore the factors that control the 

crystal structures and their transformations.  
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Scheme 1 (a) Structural formulas of 1-MeOH, 1, and (b) 2-H2O. 

In this study, we investigated the vapochromic and magnetic 

behaviours of a Ni(II) complex bearing a chloranilate ligand, a 

different type of quinonoid ligand, {Ni(ca)(H2O)2}n·1.5nH2O (2-H2O in 

Scheme 1(b); H2ca = chloranilic acid, n = degree of polymerisation). 

Although several metal-chloranilato complexes have been 

reported,14 their chromic behaviours have not been studied. 2 

exhibited a structural change accompanied by chromic phenomena 

under several vapours, including water, methanol, ethanol, 

acetonitrile, and THF. However, in contrast to 1, a change in the spin 

state of 2 was not observed following vapour desorption. We then 

investigated the difference between the two systems. X-ray 

absorption fine structure (XAFS) analysis revealed that 2-H2O 

maintained its six-coordinate structure regardless of the 

coordination/desorption of water molecules, suggesting a unique, 

water molecule-induced structural transformation. 

Experimental 

Materials 

Caution! Although we experienced no difficulties, all the 

chemicals used in this study are potentially harmful and should 

be used in small quantities and handled with care in a fume hood. 

Ni(SO4)·6H2O and dibromomethane were purchased from 

FUJIFILM Wako Pure Chemical Co., Ltd. Chloranilic acid (H2ca) 

was purchased from Sigma-Aldrich Co., Inc. All solvents were 

purchased from Kanto Chemical Co., Inc. All commercially 

available starting materials were used as received. 1-MeOH was 

prepared according to the literature method.5 All experiments 

were conducted under air. 

 

Synthesis of {Ni(ca)(OH2)2}n·1.5nH2O (2-H2O). After H2ca (523 

mg, 2.5 mmol) was added to water (300 mL), the undissolved 

H2ca was removed by filtration to prepare the saturated 

aqueous solution of H2ca. A solution of Ni(SO4)·6H2O (658 mg, 

2.5 mmol) in water (100 mL) was added to the filtrate, and the 

mixture was stirred at room temperature for 20 h. The 

precipitate was collected by suction filtration and washed with 

water to yield a green solid. Yield: 670.6 mg (2.0 mmol, 80%).  

Anal. Calcd. for C6Cl2NiO4·3.5H2O: C, 21.92; H, 2.15. Found: C, 

21.99; H, 1.85. 

 

Measurements 

UV-Vis absorption spectra and diffuse reflectance spectra were 

recorded on a Shimadzu UV-2500PC spectrophotometer. For 

UV-Vis diffuse reflectance spectroscopy, the solid samples were 

diluted by MgO, and the measured reflectivity was converted by 

the Kubelka-Munk function. Thermogravimetric analyses were 

conducted using a Rigaku Thermo plus EVO TG 8120 under Ar 

flow (0.3 L/min). Water vapour adsorption measurements were 

conducted using a MicrotracBEL BELSORP-max automatic 

volumetric adsorption apparatus. Magnetic susceptibility 

measurements were conducted using a Quantum Design 

MPMS3 magnetometer. Diamagnetic corrections were based 

on Pascal’s constants.15 IR spectra were recorded with a JASCO 

FT-IR 660 spectrometer equipped with a diamond attenuated 

total reflection (ATR) accessory. Elemental analyses were 

performed at the Analysis Centre of Hokkaido University. 

 

Powder X-ray Diffraction 

Powder X-ray diffraction (PXRD) measurements were 

conducted using Cu Kα radiation (λ = 1.5418 Å) on a Bruker D8 

Advance diffractometer equipped with a graphite 

monochromator and a one-dimensional LynxEye detector using 

a non-reflective plate, or a Rigaku SPD diffractometer at the BL-

8B beamline of the Photon Factory (PF), Japan. The synchrotron 

X-ray wavelength was 1.5455 Å. Lattice constants were refined 

for the experimental PXRD pattern by whole-powder-pattern 

decomposition (WPPD) method using the TOPAS 4 program.16 

 

X-ray Absorption Fine Structure (XAFS) Analysis 

Ni K-edge XAFS spectra were collected in the transmission mode 

at BL-9A beamline of the Photon Factory (PF), Japan. The 

incident X-ray was made monochromatic using a Si(111) 

double-crystal monochromator. The k2-weighted EXAFS 

function, k2χ(k), was extracted from the raw X-ray absorption 

data, which were obtained by using the ATHENA software.17 A 

Fourier transform of the EXAFS function was conducted within 

the k range of 2–10 Å-1 using a Hanning window. 

 

Computational Methods 

Geometry optimisations for 1, [Ni(Hca)2] (2’; partial structure of 

2), and [Ni(Hca)2(H2O)2] (2’-H2O; partial structure of 2-H2O) 

were performed without any constraint on the (U)M06L 

functional,18 as implemented in the Gaussian09 program.19 The 

SDD20 basis set and its associated effective core potentials were 

applied for Ni, and the 6-311G**21 basis set for other atoms. 

Vibrational frequency calculations confirmed that the optimised 

structures had no imaginary frequencies. Time-dependent 

density functional theory (TDDFT) was used for excited-state 

calculations, employing the UPBE1PBE functional22 and the 

above basis sets. To obtain the simulated UV-vis absorption 

spectrum, transition energies and oscillator strengths have 

been interpolated by a Gaussian convolution with a common σ 

value of 0.333 eV. Cartesian coordinates for the optimised 

structures of complexes are summarised in Tables S1-S3. 

Calculated vertical excitations are summarised in Table S4. 
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Results and Discussion 

Structure and Adsorption/Desorption Behaviour 

The results of PXRD measurements of 2-H2O are shown in Fig. 

1(a). The PXRD pattern showed qualitative agreement with the 

simulated pattern of the previously reported 

{Cu(ca)(OH2)2}n·nH2O (Fig. 1(a)),23 indicating that 2-H2O is 

isostructural with {Cu(ca)(OH2)2}n·nH2O. Therefore, similar to 

{Cu(ca)(OH2)2}n·nH2O (Fig. 1(b)), 2-H2O has a one-dimensional 

chain structure composed of Ni(II) ions and ca ligands along the 

b axis. In this structure, each Ni(II) ion adopted a six-coordinate 

octahedral geometry with ca ligands and 2 water molecules 

coordinated. The lattice constants of 2-H2O (Table 1) were 

obtained by optimising the PXRD pattern (Fig. S1) using the 

crystal parameters of {Cu(ca)(OH2)2}n·nH2O. Among the lattice 

constants, the a- and c-axes of 2-H2O are elongated compared 

with those of {Cu(ca)(OH2)2}n·nH2O because of the large van der 

Waals radius of Ni (1.63 Å) compared with that of Cu (1.40 Å). 

In contrast, the b-axis of 2-H2O is shortened compared with that 

of {Cu(ca)(OH2)2}n·nH2O because of Jahn-Teller distortion in the 

Cu2+ ions (Scheme S1).  

The vapour adsorption/desorption behaviour of 2-H2O was 

evaluated by thermogravimetric analysis and water vapour 

adsorption isotherm measurement. Thermogravimetric analysis 

of 2-H2O (Fig. 2) indicated two-step desorption behaviour: (i) a 

weight loss of 9.3 % (1.69 molecules of water) below 115 °C, 

and (ii) a weight loss of 10.2 % (2.09 molecules of water) from  

 

Fig. 1 (a) Powder X-ray diffraction pattern of 2-H2O and the simulated pattern 
based on the crystal structure of {Cu(ca)(OH2)2}n·nH2O, an isostructural complex of 
2-H2O, and (b) the crystal structure of the 1D arrangement (top) and the 
perspective view along the b axis (bottom) of {Cu(ca)(OH2)2}n·nH2O (grey: C, red: 
O, blue: Cu, green: Cl).23 Crystal water molecules are omitted for clarity. The 
images were prepared using the VESTA program.24 

Table 1. Lattice constants of {Cu(ca)(OH2)2}n·nH2O23 and 2-H2O, where the latter 
was estimated by the WPPD method. 

 2-H2O {Cu(ca)(OH2)2}n·nH2O 

Formula C6H6Cl2O7Ni C6H6Cl2O7Cu 

Temp. (K) 286 283-303 

Crystal system Triclinic Triclinic 

Space group P1� P1� 

a (Å) 7.1299(8) 7.040(4) 

b (Å) 7.8167(8) 7.962(4) 

c (Å) 9.530(1) 9.364(5) 

α (°) 84.71(1) 84.58(3) 

β (°) 88.46(1) 89.25(3) 

γ (°) 76.21(2) 76.53(3) 

V (Å3) 513.6(1) 508.1(5) 

Rwp (%) 9.347 – 

R, wR (%) – 4.8, 5.0 
 

 

Fig. 2 Thermogravimetric analysis and differential thermal analysis of 2-H2O. 

 

 

Scheme 2. The desorption of water molecules of 2-H2O. 

115 to 200 °C. For the second weight loss, the differential 

thermal analysis (DTA) curve showed 2 endothermic peaks at 

171 °C and 196 °C, corresponding to the stepwise removal of 2 

coordinated water molecules. Therefore, 2-H2O initially 

releases 1.5 molecules of crystal water, and then 2 molecules of 

coordinated water to yield the anhydrous form 2 (Scheme 2). In 

addition, a large weight loss above 300 °C is assigned to the 

decomposition of the complex. To further confirm this 

behaviour, the water vapour adsorption isotherm of 2 was 

measured (Fig. S2). The rapid adsorption of 2.5 mol·mol-1 of 

water (per Ni) at relative humidity lower than 0.09 mainly 

corresponds to the chemisorption due to coordination to the 

Ni2+ ions. Subsequently, another molecule of water was 

adsorbed gradually until the relative humidity approached 1. 

This stepwise adsorption is in close agreement with the 
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thermogravimetric analysis result. In the desorption process, 

the desorption of only 1 molecule of water was observed, 

without further desorption of coordinated water molecules at 

25 °C. This shows that heating at >200 °C is required for the 

desorption of the 2 coordinated water molecules of 2-H2O.  

 

Vapochromic Behaviour 

Fig. 3(a) shows the changes in the diffuse reflectance spectra of 

2-H2O during the vapochromic response cycle. The as-

synthesised powder of 2-H2O (black line in Fig. 3(a)) displayed 

an intense absorption band below 450 nm and a broad 

absorption band around 600 nm, resulting in a green colour. 

Interestingly, after the removal of water molecules by heating 

at 200 °C under Ar flow, the colour of the powder changed to 

dark brown due to the red-shift of the intense absorption band 

to ~500 nm (red line in Fig. 3(a)). The PXRD pattern changed 

significantly after drying (Fig. 3(b)), indicating a structural 

change. In addition, when this sample was exposed to water 

vapour at 45 °C, it returned to a dark-green powder, showing 

almost the same diffuse reflectance spectrum and PXRD pattern 

as the “As-syn.” form. Therefore, we concluded that 2 exhibits 

a reversible vapochromism upon water vapour exposure. 

In the next, anhydrous form 2 was exposed to methanol 

vapour or ethanol vapour for 50 h at 30 °C. Interestingly, after 

vapour exposure, distinct changes were observed in the PXRD 

patterns (orange and green lines in Fig. 3(b) for methanol and 

ethanol vapours, respectively), as well as the diffuse reflectance 

spectra (Fig. S3(a)). The PXRD patterns of the methanol- and 

ethanol-exposed samples were almost consistent with those of 

{Cu(ca)(MeOH)2}n
14b and {Mn(ca)(EtOH)2}n

25 (Fig. S3(b-d)), 

respectively. Therefore, these methanol- and ethanol-exposed 

forms should adopt a six-coordinate octahedral structure in 

which 2 methanol or ethanol molecules are coordinated in the 

axial positions of the Ni(II) ion, i.e. {Ni(ca)(MeOH)2}n and 

{Ni(ca)(EtOH)2}n. By heating these methanol- or ethanol-

coordinated forms at 200 °C again, the anhydrous form 2 was 

restored (Fig. S4). In addition, when the anhydrous form 2 was 

exposed to methanol/water mixed vapour at 30 °C, the 

methanol-coordinated form was selectively obtained (Fig. S5), 

probably due to the difference in vapour pressure (4.2 kPa for 

water, 22 kPa for methanol, at 30 °C). We then evaluated the 

vapour response of 2 to several organic vapours under the same 

conditions. After exposure to MeCN vapour or tetrahydrofuran 

(THF) vapour, the PXRD patterns and diffuse reflectance spectra 

showed distinct changes from those of 2 (Fig. S6). On the other 

hand, when 2 was exposed to non-coordinating vapours, such 

as chloroform or dibromomethane, no change was observed in 

the PXRD patterns (Fig. S6(a)). These results suggest that the 

vapour-induced structural change of 2 is caused by the 

coordination of vapour molecules. 

 

Magnetic Properties and XAFS Analyses 

The magnetic properties of 2-H2O were investigated 

before and after the removal of the axial ligands (Fig. 4). The 

effective magnetic moment (µeff) of 2-H2O at 300 K was 

estimated to be 3.05 µB, indicating a typical high-spin Ni(II) ion  

 

Fig. 3 Changes in the (a) diffuse reflectance spectrum and the (b) powder X-ray 
diffraction pattern of 2-H2O by heating and subsequent exposure to several 
vapours. Corresponding diffuse reflectance spectra of methanol- and ethanol-
exposed forms were shown in Fig. S3(a). Inset photographs in (a) show images of 
2-H2O during the vapochromic cycle. 

 

 

Fig. 4 Changes in the temperature-dependence of χT of 2-H2O at 10000 Oe upon 

the removal of water by heating at 250 °C under vacuum for 12 h. 

with S = 1.26 A small negative value of the Weiss temperature of 

2-H2O (θ = -13.4 K) reveals a weak antiferromagnetic interaction 

between the Ni(II) ions via a one-dimensional chain. In contrast 

to 1, which exhibited spin-state switching from S = 1 to S = 0 by 

the removal of the axial methanol ligands, the spin state of 

thepresent complex did not change even after desorption of 

coordinated vapour molecules by heating (µeff(300 K) = 3.05 µB). 

The Weiss temperature changed slightly to -17.6 K after the 

desorption of water, indicating a slight enhancement of 

antiferromagnetic interactions.  

To confirm the change in the local structure around the Ni(II) 

ion by vapour adsorption/desorption, X-ray absorption fine 
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structure (XAFS) measurements were performed on 2-H2O and 

anhydrous 2. The k2-weighted extended X-ray absorption fine 

structure (EXAFS) spectrum of the Ni-K edge and the 

corresponding Fourier transform are shown in Figs. S7 and 5(a), 

respectively. The broad peak at 1.53 Å is almost unchanged 

between these two forms, indicating that the Ni-O distance of 

2-H2O did not change after the removal of the water ligands. On 

the other hand, for 1-MeOH, the peak at 1.57 Å shifted 

significantly to 1.38 Å after the removal of the methanol ligands, 

indicating the shortening of bond distances after heating (Fig. 

5(a)). This result is consistent with the change in the magnetic 

properties of 1-MeOH after drying,5 because the distance 

between Ni and the ligand should be shortened in the S = 0 spin 

state of the Ni(II) ion relative to the S = 1 state.5,6 In the X-ray 

absorption near edge structure (XANES) region, both 2-H2O and 

2 showed almost identical absorption edges (Fig. 5(b), top). 

Although 1-MeOH also displayed a similar absorption edge, a 

shoulder peak appeared in the dried form 1 at ~8332 eV (Fig. 

5(b), bottom). For square-planar four-coordinate Ni(II) 

complexes, dipole-allowed 1s → 4pz absorption was reportedly 

observed as a shoulder peak, owing to the destabilisation of the 

nearly-degenerated 4px and 4py orbitals relative to the 4pz 

orbital,27 while such a shoulder peak was not observed for six-

coordinate octahedral Ni(II) complexes. In addition, 1 also 

showed a pre-edge peak at 8328 eV, assigned to the 1s → 3dx2-

y2 absorption (Inset of Fig. 5(b)), indicating the unoccupied 3dx2-

y2 orbital in 1. Therefore, the X-ray absorption spectra in both 

the XANES and the EXAFS regions revealed that 2-H2O 

maintained six-coordinate octahedral geometry with S = 1 spin 

state, even after the removal of the axial water ligands (2), in 

contrast to the geometrical change of 1-MeOH from octahedral 

(S = 1) to square-planar (S = 0) by the removal of the methanol 

ligands. These results suggest that a large structural 

transformation occurred to maintain six-coordination after 

drying for 2, with the axial positions of the Ni(II) ion occupied by 

the oxygen atoms of the ca ligands in the neighbouring one-

dimensional chain (Scheme 3). A similar process has also been 

reported for the dehydration-induced trimerization of 

[Ni(acac)2(H2O)2] (acac = acetylacetonate),28 but the present 

system is unique because the structural change before and after 

desolvation is small compared to [Ni(acac)2(H2O)2] to maintain 

the coordination polymer structure of 2. Therefore, this is a 

unique vapochromism that allows a dimensional change 

between 1D and higher, although the X-ray crystal structure of 

the anhydrous form 2 has not yet been determined.  

 

Theoretical calculations 

To gain better insight into the difference between 1 and 2, we 

conducted density functional theory (DFT) calculations for 1 and 

[Ni(Hca)2] (2’; partial structure of 2 with hypothetical square-

planar geometry), as shown in Fig. 6. The Cartesian coordinates 

for the optimised ground state geometry are summarised in 

Tables S1-S2. The dz
2–dx

2
-y

2 splitting of 2’ (1.914 eV) was 

significantly smaller than that of 1 (2.268 eV), indicating the 

relatively weak ligand-field strength of the chloranilate ligand 

compared with that of the HLMe ligand. This result suggests that 

 

Fig. 5 Changes in (a) the EXAFS Fourier transform and (b) the XANES spectra of the Ni-K 

edge of 2-H2O and 1-MeOH upon the removal of vapour molecules by heating at 250 °C 

under vacuum for 12 h. The corresponding EXAFS spectra are shown in Fig. S7. Insets in 

(b) show the magnification of the pre-edge region. 

 

 

Scheme 3 Schematic illustration of the vapochromic behaviour of 2. 

it is relatively difficult for 2′ to adopt the square-planar 

geometry compared with 1. Therefore, 2 maintained the 

octahedral geometry, even after the removal of water ligands, 

by the coordination of the oxygen atoms in the neighbouring 

chain, in contrast to the geometrical and spin-state change of 1. 

We a lso  attempted t ime-dependent  DFT (TDDFT) 

calculations for the model compound 2’-H2O (Figs. S9-10) to 

address the origin of the vapochromism. The calculated key 

vertical excitation at λcalcd = 642 nm (f = 0.0220) is in reasonable 

agreement with the experimental value (ca. 600 nm) for the 

lowest absorption band. According to the natural transition 

orbitals (NTOs), this absorption band was assigned to the 

intraligand 1ππ* transition (Fig. S10). In addition, the intense 

absorption band below 450 nm was assignable to either the 
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Fig. 6 Selected Kohn-Sham orbitals (isovalue = 0.035) and the energy level 
diagrams in the frontier region of optimised ground state structures of (a) 2’ and 
(b) 1. The molecular orbitals in the frontier region are listed in Fig. S8. 

1ππ* or 1nπ* transitions of the chloranilate ligand (λcalcd = 349 

nm (f = 0.0137), λcalcd = 343 nm (f = 0.2887), and λcalcd = 327 nm 

(f = 0.1594); Fig. S10). Therefore, even though these absorption 

energies would not be directly perturbed by the removal of the 

vapour molecules on the Ni(II) ion, they should be affected by 

the environments around the ca ligands, such as π-stacking 

and/or the coordination mode of the ca ligands. Indeed, H2ca 

showed a distinct absorption spectral change by 

deprotonation/protonation (Fig. S11),29 indicating that the ca 

ligands should show environment-dependent absorption 

behaviour. As described in the previous section, the Ni(II) ion in 

the dry form 2 adopts the octahedral geometry, owing to the 

coordination of ca ligands from the neighbouring chains, which 

should increase the degree of π-stacking of the ca ligands and 

change of the coordination numbers of the O atoms, leading to 

a decrease in the 1ππ* transition energy. Therefore, this would 

be one of the main origins of the vapochromism of 2-H2O 

without spin switching. This is supported by the fact that the 

vapochromic colour change of 2 was not very striking compared 

with that of 1, which had a change in spin state. 

Conclusions 

We investigated the vapochromic behaviour of a new Ni(II)-

quinonoid complex, 2-H2O. After the removal of the 

coordinated water molecules, 2 exhibited ligand-centred 

vapochromism in the presence of several vapours, including 

water, methanol, ethanol, acetonitrile, and THF. In contrast to 

the coordination/dissociation-induced spin-state switching 

behaviour of 1, the spin state of 2 did not change even after the 

removal of the water molecules. Instead, a unique structural 

transformation followed by a dimensional change, from one-

dimensional chains to a higher dimension, was revealed by XAFS 

analyses. The Ni(II) ion in 2-H2O maintained octahedral 

coordination geometry even after the removal of the water 

molecules, while 1-MeOH exhibited a geometrical change from 

an octahedral to a square-planar geometry via the removal of 

the methanol molecules. Remarkably, the ligand field strongly 

influenced the vapochromic response of these Ni(II) systems. 

This study provides important information for the design of 

vapochromic Ni(II) complex systems to control spin-state 

switching coupled with a colour change. 
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