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A new copper(II)hydrazone complex, [Cu(paph)Cl(CH3-
OH)] (Hpaph: 2-pyridinecarboxaldehyde 2-pyridylhydrazone)
(1) has been synthesized and characterized by single-crystal
X-ray diffraction and UVvis spectroscopy. This complex shows
distinctive color changes by the protonation/deprotonation and
exhibits interesting ONOFF switching of solvatochromic
behavior on the basis of the protonation/deprotonation of the
hydrazone moiety.

Solvatochromism, which is a phenomenon of reversible
color changes caused by various solvents, has been widely
studied and utilized to develop various chemical sensing
devices.1 Transition-metal complexes often show solvatochro-
mic behavior originating from the structural changes around the
metal center due to the coordination of solvent molecules.2 For
example, copper(II) complexes with diketonato and diamine
derivatives have been investigated for their solvatochromic
behaviors which are responsible for the shift of the dd
transition bands depending on the donor or acceptor numbers
of solvents.3 Metal complexes with charge-transfer transition
bands in the visible region are also good candidates exhibiting
distinctive solvatochromic behavior as well as various organic
dyes.4 In addition, solvatochromism can provide an approach to
understand the solvent behavior and the role of solvents in
chemical and biological applications.5 However, there are few
reports on the control of solvatochromic behavior by external
stimuli.

Substituted hydrazones of the type R1HC=NNHR2

(R1, R2 = alkyl, aryl, acyl, etc.) are known as colorimetric
reagents, and their metal complexes have attracted much
attention for the acidbase behavior accompanied by remarkable
color changes.6 We recently reported that the acidity of
hydrazone complexes strongly correlates to the coordination
geometries.7 The planar coordination to metal ions makes the
NH proton of the hydrazone ligand more active because of the
stronger coordination than that in the tetrahedral geometry. In
this work, aiming at the control of the chromic behavior by using
protons as external stimuli, we newly synthesized a deprotonated
CuIIhydrazone complex, [Cu(paph)Cl(CH3OH)] (Hpaph: 2-
pyridinecarboxaldehyde 2-pyridylhydrazone) (1) (Chart 1) and
found that 1 shows interesting ONOFF switching of colorful
solvatochromism driven by the protonation/deprotonation at the
hydrazone part.

The complex 1 was obtained by the reaction of [Cu-
(Hpaph)Cl2] with an excess amount of triethylamine in meth-
anol.8 Brick red crystals formed after a few days by spontaneous
evaporation. X-ray diffraction revealed the structure of the
neutral complex 1 with the deprotonated hydrazone.9 The
geometry around the copper(II) ion is a distorted square-pyramid

occupied by three nitrogen atoms (N1, N3, and N4) and one
chloride ion in a basal plane with an oxygen atom of methanol
locating at the apical site (Figure 1). The CuO bond distance
(2.32(2)¡) is close to the typical distance between a copper(II)
ion and a neutral methanol molecule rather than the methoxide
ion.10 Compared to the protonated complex [Cu(Hpaph)Cl2],11

the N1C5 bond distance of 1 (1.358(3)¡) is longer by about
0.014¡, whereas the C5N2 bond (1.375(3)¡) is shorter by
about 0.01¡. The C5N2N3 bond angle (109.7(2)°) is also
smaller by about 5.0° than that of the protonated form
(114.6(3)°). These differences suggest that the electronic
delocalization is expanded in the deprotonated paph ligand.
Similar structural differences between the protonated and
deprotonated forms were observed in the bis(hydrazone)iron(II)
complex, [Fe(pbph)2] (Hpbph: 2-(diphenylphosphino)benzalde-
hyde 2-pyridylhydrazone) and mono(hydrazone)palladium(II)
complex, [PdBr(mtbhp)] (Hmtbhp: 2-{2-[2-(methylthio)benzyli-
dene]hydrazinyl}pyridine).12 As shown in Figure 1, two com-
plex molecules are dimerized by two hydrogen bonds between
the OH group of coordinated methanol and the N site of
hydrazone part of the adjacent molecule. These dimerized
molecules form a one-dimensional column along the a axis by
moderate ³³ stacking interactions (3.376(3) and 3.379(2)¡).

To estimate the acidbase properties of 1, we measured the
electronic absorption spectra at various pH in methanol. As
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Chart 1.

Figure 1. Hydrogen-bonded dimerized structures and their
³³ stacking of 1. Thermal ellipsoids are drawn at the 50%
probability level. Carbon-bound hydrogen atoms are omitted for
clarity. Dotted lines show hydrogen bonds.
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shown in Figure 2, the deprotonated CuIIhydrazone complex 1
showed an intense intraligand charge-transfer (ILCT) transition
band at 476 nm. By the titration of a methanolic hydrochloric
acid solution, the decrease in the band was accompanied by an
appearance of a new absorption band at 375 nm, showing the
color change from orange to yellowish green. The isosbestic
points were maintained at 343 and 411 nm, indicating that the
protonation reaction proceeds without any decomposition in this
system. The original spectrum of 1 recovered completely by the
addition of a base such as potassium hydroxide. Such spectral
changes were also observed by adding the other strong acids
such as HClO4, HNO3, and H2SO4 (Figure S18). Thus, these
spectroscopic results indicate that this complex exhibits rever-
sible acidbase behavior. The acid dissociation constant (pKa) is
determined to be 9.0 « 0.1 (details are given in Figure S28)
which is smaller by about 2.4 than that of [Cu(Hpbph)I] with
tetrahedral geometry.7 It should be attributed to the higher
planarity of the hydrazone ligand of the divalent copper
complex 1.

As mentioned above, the color of the metalhydrazone
complexes are highly pH-sensitive by the protonation/deproto-
nation of the NH part in the hydrazone ligand. In addition, we
found that the complex 1 exhibits colorful solvatochromic
behavior in the range of yellow to violet as shown in Figure 3.
As shown in the inset graph of Figure 3, the energies of the
ILCT transition increased linearly with the increase of Dimroth
Reichardt ET(30) values.4 This negative solvatochromism
suggests that the complex 1 has higher polarity in the ground
state than that in the excited state, and larger electrostatic
stabilization of the ground state occurs in the solvents with
higher polarity. Interestingly, this solvatochromic behavior
almost disappeared by the addition of acid. As mentioned
above, the complex 1 can receive one proton at the hydrazone
part to form the protonated form [Cu(Hpaph)Cl]+. In the
protonated form, the solvatochromic shifts of the absorption
band were found to be much smaller (Figure S3 and Table S2 in
the Supporting Information8). These results clearly indicate that
the solvatochromic behavior of the complex 1 can be switched
by the proton. This switching behavior is attributable to the

change of the bonding character of the hydrazone nitrogen (N2)
by protonation. In other words, much smaller solvent effect for
the protonated form would be due to smaller extent of the charge
transfer in the restricted delocalized system. In contrast, larger
charge transfer is possible for the deprotonated form, which
could give rise to distinct solvent effects. It should be noted that
coordinated methanol does not affect this solvatochromic
behavior, because the methanol-removed complex [Cu(paph)Cl]
also showed the same solvatochromic behavior even in non-
coordinating solvents such as benzene (Figure S48).

In summary, we newly synthesized a deprotonated CuII
hydrazone complex, [Cu(paph)Cl(CH3OH)] and found that
the complex exhibits reversible protonation/deprotonation and
colorful solvatochromism in various solvents. Utilizing the
protonation ability of the hydrazone moiety, we have succeeded
in the ONOFF switching of the solvatochromic behavior.
Further work to develop the hydrogen-bonded proton-transfer
assemblies based on this complex is now in progress.

This study was supported by a Grant-in-Aid for Scientific
Research (B) (No. 23350025), Coordination Programming
(No. 2107), Young Scientists (B) (No. 19750050), and the
Global COE Program (Project No. B01: Catalysis as the Basis
for Innovation in Materials Science) from MEXT, Japan.

References and Notes
1 a) E. S. Dodsworth, A. B. P. Lever, Inorg. Chem. 1990, 29,

499. b) E. Movahedi, H. Golchoubian, J. Mol. Struct. 2006,
787, 167. c) Inorganic Chromotropism: Basic Concepts
and Applications of Colored Materials, ed. by Y. Fukuda,
Kodansha/Springer, Tokyo, 2007.

2 a) C.-T. Chen, S.-Y. Liao, K.-J. Lin, C.-H. Chen, T.-Y. J. Lin,
Inorg. Chem. 1999, 38, 2734. b) M. Glöckle, N. E. Katz, M.
Ketterle, W. Kaim, Inorg. Chim. Acta 2002, 336, 55. c) H.

Figure 2. Absorption spectral changes of 1 at various pH in
methanol.

Figure 3. Bright field images and UVvis absorption spectra
of 1 in (a) water, (b) CH3OH, (c) 2-propanol, (d) DMF, (e)
CHCl3, and (f) benzene. Inset shows the linear relationship
between the wavenumber of absorption muximum and ET(30).
Dotted line is drawn for a guide.

1336

© 2011 The Chemical Society of JapanChem. Lett. 2011, 40, 13351337 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1021/ic00328a033
http://dx.doi.org/10.1021/ic00328a033
http://dx.doi.org/10.1016/j.molstruc.2005.10.047
http://dx.doi.org/10.1016/j.molstruc.2005.10.047
http://dx.doi.org/10.1021/ic981125w
http://dx.doi.org/10.1016/S0020-1693(02)00846-0
http://www.csj.jp/journals/chem-lett/


Chowdhury, S. H. Rahaman, R. Ghosh, S. K. Sarkar, H.-K.
Fun, B. K. Ghosh, J. Mol. Struct. 2007, 826, 170. d) G.
Consiglio, S. Failla, P. Finocchiaro, I. P. Oliveri, R. Purrello,
S. D. Bella, Inorg. Chem. 2010, 49, 5134. e) D. Espa, L.
Pilia, L. Marchiò, M. L. Mercuri, A. Serpe, A. Barsella, A.
Fort, S. J. Dalgleish, N. Rovertson, P. Deplano, Inorg. Chem.
2011, 50, 2058.

3 a) T. Akitsu, Y. Einaga, Polyhedron 2006, 25, 1089. b) H.
Golchoubian, R. Z. Zarabi, Polyhedron 2009, 28, 3685. c) H.
Golchoubian, E. Rezaee, G. Bruno, H. A. Rudbari, Inorg.
Chim. Acta 2011, 366, 290.

4 C. Reichardt, Chem. Rev. 1994, 94, 2319.
5 Y. Marcus, Chem. Soc. Rev. 1993, 22, 409.
6 a) R. W. Green, P. S. Hallman, F. Lions, Inorg. Chem. 1964,

3, 376. b) J. F. Geldard, F. Lions, Inorg. Chem. 1965, 4, 414.
c) A. J. Cameron, N. A. Gibson, Anal. Chim. Acta 1968, 40,
413. d) T. Taya, T. Sakamoto, K. Doi, M. Otomo, Bull.
Chem. Soc. Jpn. 1993, 66, 3652.

7 M. Chang, H. Horiki, K. Nakajima, A. Kobayashi, H.-C.
Chang, M. Kato, Bull. Chem. Soc. Jpn. 2010, 83, 905.

8 Supporting Information is available electronically on the
CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html.

9 Crystal data for 1: [Cu(paph)Cl(CH3OH)], T = 150(1)K,
P21/c, a = 8.8168(19)¡, b = 8.9742(19)¡, c = 17.035(4)
¡, ¢ = 105.111(3)°, V = 1301.3(5)¡3, Z = 4, ®(Mo K¡) =
7.6mm¹1. The final R1 and wR(F2) were 0.0458 and 0.1209,
respectively. CCDC-No. 838660.

10 M. Ishida, Y. Naruta, F. Tani, Dalton Trans. 2010, 39, 2651.
11 S. Mukherjee, S. Chowdhury, A. P. Chattopadhyay, H.

Stoeckli-Evans, Polyhedron 2010, 29, 1182.
12 a) A. Kobayashi, M.-a. Dosen, M. Chang, K. Nakajima, S.-i.

Noro, M. Kato, J. Am. Chem. Soc. 2010, 132, 15286. b) M.
Chang, A. Kobayashi, K. Nakajima, H.-C. Chang, M. Kato,
Inorg. Chem. 2011, 50, 8308.

1337

© 2011 The Chemical Society of JapanChem. Lett. 2011, 40, 13351337 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1016/j.molstruc.2006.04.052
http://dx.doi.org/10.1021/ic100284r
http://dx.doi.org/10.1021/ic102343g
http://dx.doi.org/10.1021/ic102343g
http://dx.doi.org/10.1016/j.poly.2005.07.048
http://dx.doi.org/10.1016/j.poly.2009.08.006
http://dx.doi.org/10.1016/j.ica.2010.11.015
http://dx.doi.org/10.1016/j.ica.2010.11.015
http://dx.doi.org/10.1021/cr00032a005
http://dx.doi.org/10.1039/cs9932200409
http://dx.doi.org/10.1021/ic50013a016
http://dx.doi.org/10.1021/ic50013a016
http://dx.doi.org/10.1021/ic50025a035
http://dx.doi.org/10.1016/S0003-2670(00)86756-2
http://dx.doi.org/10.1016/S0003-2670(00)86756-2
http://dx.doi.org/10.1246/bcsj.66.3652
http://dx.doi.org/10.1246/bcsj.66.3652
http://dx.doi.org/10.1246/bcsj.20100065
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/index.html
http://dx.doi.org/10.1039/b921609j
http://dx.doi.org/10.1016/j.poly.2009.12.008
http://dx.doi.org/10.1021/ja1063444
http://dx.doi.org/10.1021/ic2008396
http://www.csj.jp/journals/chem-lett/

