
PROJECT SUMMARY

Project number FR/395/6-420/13

Project Title
New type spiropyrans combined with the azo dyes with extended
properties

Research subdirection/ subdirections
6-420 Organic Chemistry;
6-430 Physical Chemistry;
6-265 Nanoscale Phenomena;

Name of the leading organization Georgian Technical University

Web gtu.ge

Name of the co-participating organization

Web

Project Budget (Lari) 110000

Project duration (in month) 30

Personnel

 
Surname, name (affiliation,

position)
Position in the project Academic degree Date of bitrh

1 Jimsher Maisuradze Principal Investigator Doctor 1938-08-06

2 Shorena Akhobadze Participant Master 1946-02-18

3 Izolda Mzhavanadze Participant Doctor 1939-03-19

4 Zhuzhuna Urchukhishvili Participant Master 1987-01-06

Project Summary

The major structural element of any device used in molecular electronics and photonics is molecular switches, substances or
supramolecular associates, characterized by bistability, i.e. the property of existing in the form of two, thermodynamically stable
isomers with different physical and chemical properties. Bistable molecules with the switching ability are 2-bit systems.
Spiropyrans can be considered as such systems. 
The use of spiropyrans, as that of molecular switches, is stipulated by their high quantum yields of their photoinduced
regrouping and sharp spectral and geometric contrasts of mutually transformable isomeric forms. 
The photochromic molecular switches can be used to produce: three-dimensional information-recording memory and
processing systems, nonlinear optical materials, optical density regulating filters, optical switches, different kinds of sensors; in
addition, the following operations are possible: regulation of the dynamic properties of materials, directed transportation of
biochemical information, signal passing in biological membranes, intended delivery of medical preparations, etc. At the same
time, it should be noted that synthesis needs no complex device or great power consumption. 
Perspectives to use spiropyrans to design new photocontrolled molecular equipment and biological materials, logical gates and
sensors are not exhausted. Therefore, today, active investigation to design and study compounds with new properties (by
maintaining the existing ones) are underway, and at the same time, the works to reach the longwave shift of photoinduced
absorption band of spiropyrans are accomplished making it possible processing the UV-recorded information by means of a
cheap diode laser (780 Nm) are also being accomplished. 
Even minor changes to the fine spiropyran structure have an immediate influence on its physical-chemical properties.
Therefore, making changes to the molecule (different substituents are meant) needs scrupulous and careful approach. 
Functional improvement of the unique properties of a spiropyran is possible by modifying its molecule: 1) by variation of the
substituents with different electronic natures (electron-donating, electron-deficient) and their positions in indoline or chromen
part, or both, 2) by changing the molecule skeleton by maintaining its principal centre, the spyro - carbon. 
The present project envisages linking the spiropyran molecule to the benzene ring containing different substituents in the para-
position to the oxygen atom of a chromen part by means of an azo group (–N=N–). 
Such spiropyran and azo dye are combined in an unexposed form, while after exposure with UV rays, the symbiosis of the two
dyes (merocyanine and azo) will occur. In fact, the visible spectrum area of the compound prior to exposure will have an azo
dye spectrum following the nature of the substituent(s), and after exposure, there will be a joined, flat, conjugated chain
spectrum of the two dyes, with its maximum as compared to merycianine, will be presumably shifted towards the long waves. If
considering that the substituents and area influence on the maximum of absorption spectrum, the maximum of absorption
spectrum after bathochromic shift is expected to reach the near infrared area. 
We will introduce an azo group (–N=N–) to the chromen part of the spiropyrans to be obtained by using any of the famous
methods of organic synthesis. Inserting –NO2 group in a benzene ring in para- or ortho- position to azo group, or in both
simultaneously, intensifies the electron-deficient property of the azo group. According to our preliminary quantum-chemical
calculations, inserting such groups in a spiropyran molecule causes C–O bond elongation (like indoline spiropyran 6-
nitroderivative) what makes us think that disruption of C-O bond and origination of a colored form in case of exposure with UV
rays is quite real. The nitrogen atoms in the azo group have sp2 hybridization. Therefore the compounds containing this group
are characterized by geometrical isomerism (e.g. azobenzene). Intertransition sin- and anti-structures occurs under the influence
of UV rays causing a sharp alteration of color and index of refraction. In addition, azo dyes are characterized by interaction with
textile fiber, nonreversible discoloration upon recovery, frequent change color with change of pH medium, halochromism,
forming complexes with some metals, etc. what will give additional function to the spiropyrans containing azo dyes. The fact of
the possible increase in photosensitivity in case of two different photochromic centers existing in one compound is also worth
mentioning.


