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General Introduction 
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1-1 Introduction 

Smart materials, which have a switching function changed by some external stimuli, have 

attracted considerable attention because these materials are able to detect the external stimulus 

and respond by switching its function.
1)

 Generally, the following three components are required 

to design an external-stimuli-responsive machine. 

 1: The component to detect external stimulus 

2: The component to response to the external stimulus 

3: Connecting part to couple the functions of 1 and 2 

Although such functions can be designed by normal electric devices (e.g., a machine built from 

the combination of an electric sensor and a display), molecular smart materials have been also 

developed recently because they have lots of potentials for miniaturization and energy saving of 

machines. 

 Chromism is a phenomenon of reversible color change caused by external stimulus and 

counted as one of promising properties for smart materials.
2)

 Up to now, many kinds of 

stimuli-responsive chromic materials have been reported. Chromic materials are classified and 

named by responding stimulus using as prefix. For example, temperature (thermochromism), 

light
3)

 (photochromism) and electricity
4)

 (electrochromism) has reported as detectable stimulus. 

Chromic materials can be utilized as sensors because these materials visualize external stimulus 

as its color. 

 

 

Figure 1-1. Schematic images of conventional machines and smart materials which detect 

external stimulus.  
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Since these values are longer than twice of van der Waals radius (3.5 Å), the metallophilic 

interaction is not effective. On the other hand, after standing overnight at ambient temperature, 

the color was changed from orange to red with retaining its crystallinity. Single crystal X-ray 

diffraction measurement revealed that the Pt-Pt distances in this red form is estimated at 

3.3009(7) Å and 3.3644(8) Å which clearly indicates that the metallophilic interactions are 

effective. This Pt-Pt interaction difference affected to luminescence spectrum. Orange form 

exhibited yellow luminescence derived from the triplet
 
Metal to Ligand Charge Transfer 

(
3
MLCT) transition state because of the negligible Pt-Pt interaction. In contrast, the red form 

exhibited 
3
MMLCT emission generated by the effective Pt-Pt interaction. 

These typical examples mentioned above clearly indicate that the Type I mechanism is 

promising for the vapochromic behavior because even a very small change in the intermolecular 

interaction could be detected as a large change in emission/absorption energy.  

 

 

 

Figure 1-5. Emission color images and one-dimensionally stacked structures of the MeOH 

included (left) and MeOH-removed (right) forms. 
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Figure 1-9. Porous structure of {[(WS4Cu4)-I2(dptz)3]·DMF}n (left) and diffuse reflectance 

spectra and photographs of various solvent-included forms.
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Scheme 1-1. Molecular structures of 1, 2 and 3. 
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Scheme 2-1. Molecular structures of complexes 1 and 2.  
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Vapochromic Pt(II) Complexes Having Vapor-History Sensing Ability 
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Scheme 3-1. Molecular structure and expected hydrogen bonding formation of 

 complex 3 and 2. 
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Figure 3-1. (a) Solution-state UV-Vis absorption and (b) Solid-state UV-Vis diffuse reflectance 

spectra of 3-Ya (red lines) and 2-Pa (black lines). In the absorption spectral measurements, 

DMSO was used as the solvent for 3, but NH3 aq. (2.8%) was used for 2 because of the low 

solubility of 3 for diluted NH3 aq. 

 

Figure 3-2. PXRD patterns of 3-Ya(a) and 2-Pa(b). 
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Figure 3-3. Crystal structure of 3. 2-D hydrogen bonding crystal structure in the ab plane (a), 

1-D Pt-Pt interaction along the c axis (b) and porous structure (c). Solvent molecules and 

hydrogen atoms are omitted for clarity. 

 

Figure 3-4. Positions of water molecules in the porous structure of 3. Hydrogen bonding 

between C-O bond and water molecules were indicated by blue dotted lines.  
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Figure 3-8. Luminescence spectrum and diffuse reflectance spectrum changes of (a,c) 3 and 

(b,d) 2. The amorphous form (black line) was exposed to EtOH vapor for 5 days at 303 K (red 

line). Then the sample was heated to remove all EtOH (blue line). After that, the sample was 

ground manually by using mortar (green line). The orange lines show the luminescence spectra 

of the crystal. 
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Figure 3-9. Excitation spectrum of 3. The spectrum corresponds to the luminescence spectrum 

on Figure 3-8-(a). The amorphous form of 3(3-Ya, black line) was exposed to EtOH vapor for 5 

days (3-Oc, red line). After that, the sample was heated at 120°C for 3 h (3-Oa, blue line) and 

subsequently ground by using mortar (green line). 
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Figure 3-10. IR spectrum (ATR method) for 3-Ya(black), 3-Oc(red) and 3-Oa(blue). 3-Oc and 

3-Oa were generated by adsorption and desorption of 2-PrOH vapor, because of EtOH vapor 

released too fast from the 3-Oc to measure the crystalline state. 
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Figure 3-11. Relative humidity response of 3-Oa. The humidity was controlled by using 

saturated aqueous solutions of LiCl (11%) and water (100%).
12)
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more promising vapor history sensor than complex 2 because of its lack of sensitivity for water 

vapor in air. 
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General Conclusion 
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structures by external stimuli, probably due to the flexibile hydrogen bonding. Moreover, each 

form could be distinguished as their absorption and/or emission by sensitive Type I mechanism. 

Although it is still difficult to control crystal structure and external stimuli responsiveness, Type 

I mechanism with hydrogen bonded supramolecular porous structures are expected to be good 

candidate for multi-functional smart materials.  
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