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Reversible Crystal Transformation Based on 
Cobalt-ethylenediphosphonate

An aquo-accessible chromatic change in a crystal was induced by means of a reversible coordination geometry 

shift from octahedron in [Co(C12H8N2)(HO3P-C2H4-PO3H)(OH2)2] (1) to trigonal-bipyramid in [Co(C12H8N2)(HO3P-

C2H4-PO3H)] (2) at the cobalt(II) center; the crystal-to-crystal phase transition was confirmed by powder X-ray 

diffraction and single-crystal X-ray analysis.

Crystal-to-crystal studies that involve guest removal 

and readsorption in coordination networks are a particular 

interest for creating open metal-organic frameworks, which 

have promising applications in catalysis, gas storage, and 

molecular separation. The change in coordination geometry 

of the metal center, which exhibits tunable physiochemical 

properties, plays an important role in the energetic 

crystal-to-crystal phase transition. However, reversible 

interchangeable coordination geometries are seldom 

observed due to the drastic structural changes that occur 

during the transition process. 

We reported herein two cobalt(II) coordination 

networks, [Co(C12H8N2)- (HO3P-C2H4-PO3H)(OH2)2] (1) and 

[Co(C12H8N2)- (HO3P-C2H4-PO3H)] (2), whereby aquo-ligands 

in 1 can be reversibly coordinated to the cobalt center in a 

crystal-to- crystal fashion, accompanied by interchangeable 

coordination geometries from octahedra (CN = 6) in 1

to trigonal-bipyramid (CN = 5) in 2 at the cobal(II) center. 

Single-crystal X-ray analysis and powder X-ray diffraction 

were employed to monitor the crystal transformation 

between 1 and 2. 

The structure of 1 shown in Fig.1 reveals infinite 

zigzag chains, [-Co-HO3P-(CH2)2-PO3H-Co-], in which the 

phen and water ligands are bound to the metal centers. 

Moreover, the incorporated phen ligands play an important 

role in the construction of a -stacked layer structure 

between adjacent crystallographically symmetry-related 

chains. The corrugated -sheet layers parallel to [001] 

are pillared via axial coordination of water ligands that 

form hydrogen-bonded chains (d(O1....O4) = 2.723(4) Å). The 

cobalt(II) ion displays nearly octahedral coordination; 

two water molecules are coordinated to the cobalt(II) 

center at the apical position and two nitrogen atoms from 

phen and two oxygen atoms from two crystallographic 

organophosphonate are at the equatorial position. The 

striking feature of 1 rests on the coordinated water 
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molecules. It is obvious that 1 exhibits a typical example of 

chromatic changes; it undergoes a reversible color change 

from pink to purple upon removal and readsorption of co-

ordinated water. Purple crystals of 2 were grown under 

solvothermal conditions. The crystal structure of 2 (Fig. 1b)

shows that the cobalt(II) ion switches to a distorted tri-

gonal-bipyramidal geometry (CN = 5); two nitrogen 

atoms are from phen and three oxygen atoms from three 

crystallographic organophosphonates. The trigonal-

bipyramidal {CoN2O3} polyhedrons are corner-sharing with 

chelating and bridging ethylenediphosphonate ligands in a 

3D coordination network structure.

The aquo-ligands can be reversibly coordinated 

to the cobalt center in a crystal-to-crystal fashion, as 

confirmed by powder X-ray diffraction (PXRD). First, the 

color of crystals of 2 immediately returned to pink upon 

addition of one drop of water. In situ PXRD patterns in 

Fig. 2 provide unambiguous evidence that the structure 

of 2 gradually changed into 1 because the positions of 

the diffraction peaks for crystal 2 exposed to moisture 

(72 h in 40% moisture) are in good agreement with those 

of 1. Furthermore, PXRD patterns of the study of reverse 

transformation of 1 into 2 are shown in Fig. 3. It is found 

that the aquo-phase in 1 was thermally stable at least up to 

176°C in view of the same PXRD patterns (Fig. 3a, b). When 

the sample 1 was heated to 200°C, two distinct diffraction 

peaks at low 2  (< 10°) were generated (Fig. 3c), which 

clearly shows that a structural rearrangement takes place in 

the phase transition. In fact, the PXRD pattern of dehydrated 

1 at 200°C is not consistent with that of crystal 2, implying 

that the local site symmetry of cobalt ion is not entirely in 

trigonal-bipyramidal geometry. 

To pursue a pathway for crystal-to-crystal transforma-

tion of 1 into 2, we attempted to explore a simple sol-

vothermal process to accomplish the dehydration of 

crystal 1. After crystals of compound 1 were heated in 

dry n-butyl alcohol (10 mL) at 200°C in a Teflon-lined 

stainless autoclave, the color of crystal 1 changed from 

pink to purple; the PXRD pattern shown in Fig. 3d is in 

good agreement with that calculated from the single 

crystal data of 2. Finally, it is obvious that the positions of 

the diffraction peaks for the reabsorbed aquo-accessible 

phase (Fig. 3e) are well consistent with those for 1, showing 

that the crystal structure becomes essentially restored. As 

a result, it is suggested that these sheet-like layers in 1 can 

slide mutually to give a corner-sharing trigonal-bipyramid 

running along the a-axis in 2.

In conclusion, we have demonstrated that PXRD can be 

applied to determine the structural transformation between 

Fig. 1: Crystal structures of (a) 1 and (b) 2. Structural analyses suggest that the first step is the destruction of diphosphonate H-bonds, 
and the second step is the sliding of the layers during the phase transition from 1 to 2. 
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1 and 2. A reversible switch from octahedral to trigonal-

bipyramidal structure of a metal center under controlled 

conditions was herein reported in a crystal-to-crystal 

fashion. The present energetic construction procedure from 

trigonal-bipyramid (CN = 5) in 2 to octahedron (CN = 6) in 1

at the cobalt(II) center is quite effective for accessible water 

molecules.  

Fig. 2: Powder X-ray diffraction patterns (synchrotron radiation 
 =1.33443 Å) of (a) 1, (b) 2, and (c) reabsorbed water-

accessible phase; exposure of crystal 2  to the 40% 
moisture for 72 h.

Fig. 3: Temperature-dependence of powder X-ray patterns 
(synchrotron radiation,  = 1.32633 Å) for 1 at (a) 25°C, (b) 
176°C, (c) 200°C, and (d) sample 1 heated at 200°C in dry 
n-butyl alcohol. (e) PXRD pattern for reabsorbed water-
accessible phase; the sample of 1 was heated at 200°C for 0.5 
h and then cooled to room temperature in a H2O vapor.
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