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Photochromism
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Brief History of Photochromism
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Chemical Computer

Camouflage Fabrics

N C R (Spiropyran)
R C A (Indigos)
American Cyanamid (Spiropyrans, Metal
Dithizonates)

EG & G (Triarylmethane Leuco Derivatives)
Fuji Film (Spiropyrans)



Lack of fatigue resistant characteristics

1970 ~ 1980         Dark Ages

             (photo-degradation)

"Photochromism" G. Brown Ed.
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Requirements for Photonics Devices

1. Thermal stability of both isomers

2. Fatigue resistant character: 
repeatable cycle number > 104

3. High sensitivity:
quantum yield > 0.5

4. Rapid response

5. Reactivity in the solid state

A B
hν

hν’



A New Class of Photochromic Compounds
Thermally Irreversible and Fatigue Resistant
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・Both isomers are thermally stable

long term stability :

short term stability : 150 °C

・Low fatigue

repeatable cycle number ： 105

・High sensitivity
quantum yield ： 0.1 -
1.0

・Rapid response
< 10-11 sec

・Reactivity in the crystalline phase

・Sensitivity at visible region

forward reaction ： 488 nm
backward reaction ： 780 nm

470,000 years at 30 °C
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Molecular Design of Diarylethenes

Thermal Stability

Fatigue Resistant Character

Response Time



Molecular Orbital Calculation

• Thermal reaction  - - - disrotatory mode
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• Photochemical reaction  - - - conrotatory mode
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Conrotatory Mode  - - - Photochemical Reaction Process
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Molecular Design Principle
Thermal Irreversibility

“ When the compound has aryl groups with low 
aromatic stabilization energy, both isomers of 
the diarylethene are thermally stable.”

Stable Unstable
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φs = 0.001 (φB→A = 1)

A B
1 - φsφs

φB→A
P

After  103 cyclesAfter  103 cycles

[A] ～ 0.37 [A]0

φs = 0.0001 (φB→A = 1)

After  104 cycles

[A] ～ 0.37 [A]0
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Dichroism
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Nano-layered Structure
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