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DESIGNING AND STUDIES ON SOME NOVEL 

PHOTOCHEMICAL PROBES BASED ON 

NATURALLY OCCURING SYSTEMS LIKE LIGNIN 

 
 

INTRODUCTION 

 
Recently, interest in composite manufacturing has shifted towards the use of natural 

fibres because of their environmental benefits. The use of a biodegradable matrix is worth 

considering since this would result in a completely biodegradable composite. Functional 

biopolymers can be produced from biological systems or chemically synthesized from 

biological starting materials. As part of a sustainable material cycle, the biopolymers can, in 

contrast to petroleum based materials, be produced at a low cost in any country, and is 

therefore also economically sustainable. Biopolymers are biodegradable, unless heavily 

modified, and can be composted, thus promoting an enviroment-friendly waste management 

system. In edible biopolymers, it provides biodegradability as well as good gas barrier 

property. Many of the biodegradable polymers have applications such as biodegradable 

packaging, edible coatings and dissolvable plastics. Also this found application in medical 

fields as drug delivery systems, wound closure and healing products and surgical implant 

devices. Drug delivery inside human body can be quite easily controlled with the use of 

biodegradable capsules. Photoactive polymers have attracted increasing attention over the last 

few years. This is due to their mechanical as well as optical properties which make them 

candidates for a variety of essential practical applications.  Photoactive polymers have 

recently been attracting a great deal of attention because of their potential technological 

applications to optical recording for storage of information, optical switching etc. Extensive 

studies have been made of photochromism of polymers containing photo chromic 

chromophores and composite polymer systems. 

Biopolymers are renewable because they are made from plant materials which can be 

grown year on year indefinitely. These plant materials come from agricultural non food 

crops. Therefore the use of biopolymers creates a sustainable source of materials for 

industrial applications, energy production and for environment protection. Biopolymers have 

the potential to cut carbon emissions and reduce CO2 quantities in the atmosphere; this is 

because the CO2 released when they degrade can be reabsorbed by crops grown to replace 

them. This makes them close to carbon neutral.
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The market for biodegradable materials is growing significantly every year.  A positive 

reaction can be expected from those applications where the biodegradability offers a clear 

advantage for customers and the environment, with typical example being packaging, 

compost bags, agricultural films and coatings. Some biopolymers are biodegradable. They are 

broken down into CO2 and water by microorganisms. In addition, some of these 

biodegradable biopolymers are compostable. They can be put in to an industrial composting 

process and will break down by 90% within 6 months. Biopolymers that do this can be 

marked with a compostable symbol, under European standard EN13432 (2000). 

Macromolecular systems containing photo responsive units such as azo chromophore 

have been the subject of intense investigation in recent years. In contrast to linear systems, 

polymers characterized by their macromolecular structure have attracted increased attention 

with regard to design, synthesis, and functional chemistry. The incorporation of a 

photochromic moiety in polymers is very attractive because of the possibility of creating new 

light sensitive materials, storage and optical devices, diagnostic and therapeutic agents etc. A 

main interest of this azo containing polymer system is their photoisomerization and light 

fastening properties. Modification of biopolymers leads to environment friendly photo 

responsive systems. Common modes of modifications in biopolymers are esterification, 

etherification, phosphorylation, pregelatiniztion etc. In the present work, an attempt has been 

done to explore the present and future industrial prospects of biopolymers modified using 

photoresponsive systems by the method of esterification. In the present study, lignin, starch 

and cellulose were modified due to its usefulness in different industrial products in modified 

form. 

DESCRIPTION OF THE WORK 

Lignin is an amorphous, aromatic biopolymer second in natural abundance only to 

cellulose and is obtained from all types of natural wood based resources. The term lignin was 

introduced in 1819 and is derived from the Latin word lignum (related to wood). Lignin 

makes up about one quarter to one third of the dry mass of wood. It has several unusual 

properties for being a biopolymer such as having a network structure and lacking a defined 

primary structure.
 
Lignin fills the spaces in the cell wall between cellulose, hemi cellulose 

and pectin components. It is covalently linked to hemi cellulose. It also forms covalent bonds 

to polysaccharides and thereby cross links different plant polysaccharides. It confers 

mechanical strength to the cell wall and therefore the entire plant. It is particularly abundant 

in compression wood. Lignin plays a crucial part in conducting water in plant stem. The 
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polysaccharide components of plant cell walls are highly hydrophilic and thus permeable to 

water. Lignin is a large, cross-linked macromolecule with molecular mass in excess of 

10,000. It is relatively hydrophobic and aromatic in nature. Lignin plays a vital role in plant 

growth and development by
 
improving water conduction through xylem tracheary elements,

 

enhancing the strength of fibrous tissues, and limiting the
 
spread of pathogens in plant tissues. 

Lignin restricts the degradation of structural polysaccharides
 
by hydrolytic enzymes, thereby 

limiting the bioconversion of
 
forages and fibrous crops into animal products or into liquid

 

fuels and other industrial products. Lignified dietary fiber also plays an important role
 
in 

maintaining gastrointestinal function and health in humans.
  
Lignin is found in all vascular 

plants, mostly between the cells, but also within the cells, and in the cell walls. It makes 

vegetables firm and crunchy, and gives us "fibre" in our food. It functions to regulate the 

transport of liquid in the living plant (partly by reinforcing cell walls and keeping them from 

collapsing, partly by regulating the flow of liquid), and it enables trees for metabolic wastes.   

In the present study, various photoresponsive chromophoric systems such as 1-(5-(4-

dimethylamino-benzylidin)-4-oxo-2-thioxo-thiazolidin-3-yl)-acetic acid, 3-[(E)-(4-amino-

phenyl) diazenyl] naphthalen-2-ol, 2-[(E)-(3-hydroxynaphthalen-2-yl) diazenyl] benzoic acid, 

(E)-2-(4-(naphthalen-1-yl diazenyl) phenyl) acetic acid and (E) - 4- (naphthalene-1- yl 

diazenyl) benzoic acid were synthesized and incorporated on to the lignin core by functional 

transformation reactions and the photoresponsive behavior of the products were investigated. 

The end hydroxyl group of lignin was modified with the above chromophoric systems by 

DCC coupling. The chromophoric systems as well as the chromophore-bound biopolymer 

core systems were purified by column chromatography. The products were characterized by 

UV-visible, fluorescence, FT-IR and NMR spectroscopic methods and by thermal analysis. 

The results of the studies show that incorporation of the chromophoric system on to the lignin 

core enhanced the light absorption, emission and light stabilization properties of the 

chromophoric system. The light fastening properties of chromophoric systems and modified 

system were studied and compared. It shows that the stability of the chromophoric system 

greatly enhanced on attaching to the polymeric system. The trans-cis photoisomerisation and 

the reverse cis-trans thermal conversions were also assisted by the lignin core. The 

remarkable stability on irradiation shows that this is a novel photoresponsive system with 

excellent light fastening properties which would find application in coating materials, dyes, 

paints, inks, therapeutic agents and many more. Fluorescence emission properties were 

studied in the chromophoric systems and the polymeric core modified with the photoactive 

chromophoric systems. The studies present very interesting results of fluorescence emission. 
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Thermal stability of the polymeric system also greatly enhanced on functionalization with the 

chromophoric systems. 

Starch is an abundant, inexpensive, naturally occurring polysaccharide. It is bio 

compatible biodegradable, and nontoxic, so it can be used as biocompatible implant materials 

and drug carriers.   Starch is versatile and cheap, and has many uses as an inherent natural 

ingredient and it is also have added values for its functionality. It is the major carbohydrate 

reserve in plant tubers and seed endosperm where it is found as granules, each typically 

containing several million amylopectin molecules accompanied by a much larger number of 

smaller amylose molecule. The largest source of starch is corn with other commonly used 

sources being wheat, potato, tapioca and rice. Starch is non-toxic and environment friendly, 

and has many uses as thickeners, water binder, emulsion stabilizer and gelling agent. The size 

distribution determines its swelling functionality with granules being generally larger or 

smaller. Starch is the chief storage form of carbohydrate in plants and the most important 

source of carbohydrate in human nutrition. A starch molecule is a polysaccharide assembled 

from the simple sugar glucose, it can contain anywhere from five hundred to several hundred 

thousand glucose molecules joined by covalent bonds into a single structure. Despite 

numerous studies that have been undertaken over many years to elucidate the role of 

modified starch in pharmaceutical, food and nonfood industry based application, starch 

remains an outstanding inscrutable molecule to be explored. Modified starches are utilized in 

hundreds or even thousands of food, industrial, biofuels, bioplastic applications. Unmodified 

starches have limited usage due to its inherent weakness of hydration, swelling and structural 

organization. To enhance viscosity, texture, stability among many desired functional 

properties desired for many food and industrial applications, starch and their derivatives are 

modified by chemical, physical and biotechnology means. 

 Modified starches have very promising industrial prospects on application basis, due to 

its more biocompatible and environment friendly nature as compared to synthetic polymers. 

The present study reports the development of photoactive, thermostable and functionally and 

structurally modified starch moieties. Starch was modified with chromophoric systems such 

as  1-(5-(4-dimethylamino-benzylidin)-4-oxo-2-thioxo-thiazolidin-3-yl)-acetic acid, 3-[(E)-

(4-aminophenyl) diazenyl] naphthalen-2-ol, 2-[(E)-(3-hydroxynaphthalen-2-yl) diazenyl] 

benzoic acid, (E)-2-(4-(naphthalen-1-yl diazenyl) phenyl) acetic acid and (E) - 4- 

(naphthalene-1- yl diazenyl) benzoic acid by DCC coupling between the carboxyl function of 

chromophoric system and hydroxyl functions of starch. The products were purified by 

column chromatography. The modified products were characterised and compared with the 
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chromophoric system by spectroscopic techniques. The modified starch systems show 

remarkable red shift and increase in intensity in absorption and emission. The modified 

systems also show excellent light fastening properties on prolonged irradiation under visible 

radiant energy. The fluorescence emission efficiency was greatly enhanced on attaching to 

the polymer. They also exhibit cis-trans isomerisation in the UV-visible light. Thermal 

studies were conducted and the results indicated that modified starch has increased thermo 

stability compared to the unmodified starches or the low molecular chromophoric systems. A 

goal of this work involves the extension of this reaction to other biopolymers.
  
 

As the most important skeletal component in plants, the polysaccharide cellulose is an 

exhaustible polymeric raw material with fascinating structure and properties, formed by the 

repeated connection of the D-glucose building blocks.  It is the most abundant natural 

polymer on earth and an important natural and sustainable resource. Cellulose derivatives 

have found application in many fields. The application includes the performance of cellulose 

esters in modern coatings, controlled release of actives, plastics (with particular focus on 

biodegradable plastics), composites and laminates, optical films, and membranes and related 

separation media. Cellulose is a linear polymer of 1-4 linked β-D- glucopyranosyl units, and 

the most abundant of all naturally occurring substances. Cellulose constitutes approximately a 

third of all vegetable matter and thus it exist in far greater quantity than any other 

polysaccharide. It occurs as a principal structural component of the cell walls of mosses and 

seaweeds, annual plants and trees. Cotton fiber contains 98% cellulose. Cellulose for 

chemical modification, particularly for derivatization, is often obtained from cotton linters by 

boiling them with 1% sodium hydroxide solution. High quality cellulose may be obtained 

from bast fibers such as flax, hemp, jute and ramie. Cellulose fibers used for paper, for card 

board or for conversion to film and synthetic fiber are obtained from wood pulp. Cellulose is 

the most widespread polysaccharide in nature. It forms the primary structural component of 

plants and is made of repeated units of the glucose monomer. It is not soluble in water and 

not digestible by humans although eating long fibers of cellulose is good for health. The 

internal plasticization of the cellulosic chains by chemical modification can produce 

thermoplastic derivatives. This chemical modification is normally performed by etherification 

or esterification reactions. The benzylation reaction was already employed to produce 

thermoplastic derivatives. Cellulose is abundant in nature, biodegradable and relatively 

cheap, and is a promising nano-scale reinforcement material for polymers. The combination 

of biodegradable cellulose and biodegradable, renewable polymers is particularly attractive 
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from an environmental point of view. Furthermore, functional modification with photoactive 

group improves polymer light fastening properties.
 

Cellulose was functionally modified with a series of chromophoric systems such as 1-

(5-(4-dimethylamino-benzylidin)-4-oxo-2-thioxo-thiazolidin-3-yl)-acetic acid, 3-[(E)-(4-

aminophenyl) diazenyl] naphthalen-2-ol, 2-[(E)-(3-hydroxynaphthalen-2-yl) diazenyl] 

benzoic acid, (E)-2-(4-(naphthalen-1-yl diazenyl) phenyl) acetic acid and (E) - 4- 

(naphthalene-1- yl diazenyl) benzoic acid by DCC coupling between the free carboxyl 

function of the chromophoric system and the end hydroxyl functionalities of cellulose. The 

products were purified by chromatographic techniques and characterised by spectroscopic 

methods such as FT-IR, UV-visible, NMR and fluorescence emission spectroscopies and by 

thermal analysis. The photochemical properties of the coupled cellulose were compared with 

the pure chromophoric systems. All the modified systems show a considerable red shift and 

remarkable increase in intensity of absorption and emission. On prolonged irradiation with 

visible radiant energy, the cellulose functionalised chromophoric system showed excellent 

light stabilisation properties compared to the monomeric dye. The polymer bound 

chromophoric systems perform the trans-cis-trans photo and thermal isomerization very 

efficiently compared to the chromophoric system. The strong red shift observed on binding 

the chromophoric system to cellulose and the remarkable stability on irradiation provides a 

novel, nature friendly photoresponsive system with excellent light fastening properties. More 

over it shows excellent emission behaviour which was demonstrated by recording the 

fluorescence spectra. 

 

OBJECTIVES OF THE PRESENT WORK 

The main objectives of the present studies are: 

• To present a series of functionally modified nature friendly and naturally occurring 

biopolymers such as lignin, starch and cellulose as the ‘‘Green Alternatives’’ for 

photoresponsive materials with excellent applications as photoprobing systems. 

• To develop/use a series of chromophoric systems such as 1-(5-(4-dimethylamino-

benzylidin)-4-oxo-2-thioxo-thiazolidin-3-yl)-acetic acid, 3-[(E)-(4-aminophenyl) 

diazenyl] naphthalen-2-ol, 2-[(E)-(3-hydroxynaphthalen-2-yl) diazenyl]benzoic acid, 

(E)-2-(4-(naphthalen-1-yl diazenyl) phenyl) acetic acid and (E) - 4- (naphthalene-1- 

yl diazenyl) benzoic acid to functionalise the biopolymeric core materials. 
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• Functional modification of the free hydroxyl functions of lignin, starch and cellulose 

with the free carboxyl functions of the photo responsive systems by esterification 

(DCC Coupling). 

•   Structural characterization of the core materials, hromophoric systems and the 

modified systems by chemical and physico chemical methods such as UV-visible, 

infrared, fluorescence emission, NMR spectroscopies and thermo gravimetric 

analysis. 

•   To study the light absorption, light stabilization and fluorescence emission properties 

of the functionally modified natural polymers with photoactive groups. 

• Studies on the light fastening properties of the low molecular weight chromophoric 

systems and the functionally modified systems. 

• To investigate the trans-cis photoisomerisation and the reverse cis-trans thermal 

isomerisation of the core materials modified by azo chromophoric systems. 

• To use the photo chemically modified systems for UV curing applications. 

• To generate light harvesting antenna on these photo responsive systems, and to use 

them for energy storage and photo switching applications.  

• To study the thermal stability of the newly developed natural photo responsive 

macromolecular systems, since it is a prerequisite for many industrial applications 

such as in coating materials. 

 

OUTLINE OF THE THESIS 

The thesis is divided into six chapters. The first chapter is an introductory chapter 

which briefly describes the important chemistry and applications of some biopolymers which 

were used in the entire studies of the present work. This chapter also introduces the 

photoresponsive chromophric systems used in the present study. The important objectives are 

summarized in this chapter. The organization of thesis is outlined at the end of chapter 1. The 

second chapter presents a detailed account of the literature background of the bio molecules 

under investigation. The properties and applications of the functionally modified biopolymers 

are also dealt with. A detailed review of back literature is also given in this chapter. A 

detailed list of references including the back literature is given at the end of chapter 2. The 

third chapter describes the materials, methods and experimental fine details of the synthesis 

of various chromophoric systems, functional modification of the nature friendly core 

materials and their purification. All the synthetic protocols were described in detail in this 



8 

 

chapter. For further clarity, the synthetic routes were summarized in four tables (table 3.1- 

table 3.4). The fourth chapter describes the synthesis and characteristion of the various 

photoactive chromophoric systems and their functionally modified biopolymeric analogues. 

The characterization of the chromophoric systems and the modified polymers using UV-

visible, FT-IR, fluorescence emission and NMR spectroscopic methods are also presented 

here.  The results of the spectroscopic studies are presented in detail and a detailed discussion 

on the basis of the results is also given in chapter 4. The fifth chapter describes the photo 

responsive properties and thermal stability of the functionally modified biopolymers.  Light 

absorption, light stabilization (light fastening), fluorescent emission studies, thermal studies, 

cis-trans isomerisation of azo chromophore modified biopolymers etc. are included in this 

chapter. A detailed discussion of the results is also presented in chapter 5. The important 

results are summarized in figures and tables in this chapter. The sixth chapter highlights the 

important results and applications of the present studies. This chapter also gives a brief 

conclusion and future outlook on the topic. 

 

CONCLUSION 

Photo responsive chromophoric or multi chromophoric systems can be introduced in 

to the basic structural pattern of lignin, starch and cellullose by the DCC coupling of free 

carboxylic groups of chromophoric systems with the end hydroxyl functionalities of selected 

polymers. Thus we can develop a photochromic system on to the polymeric core. The 

chromophoric systems as well as the chromophore-bound biopolymer core systems were 

purified by column chromatography and characterized by UV-visible, fluorescence, FT-IR 

and NMR spectroscopic methods. The thermal stability was studied by thermogravimetric 

measurement. A remarkable increase in light absorption properties was observed in all the 

modified biopolymers. This finds tremendous application in dye and paint industries. The 

light fastening properties of the chromophoric system was greatly enhanced on attaching to 

the polymer backbones. The thermal stability of the polymer is also increased on functional 

modification. The trans-cis-trans photo and thermal isomerization exhibited by the 

chromophoric system was efficiently retained in the case of modified system. Such photo 

responsive compounds act as triggers, ie, they control the properties of polymers by photo 

irradiation using photo responsive azo molecule. This property makes azobenzene and its 

derivatives good candidates for many applications including molecular switches, image 

storage devices, as well as\ the recently designed light-driven molecular shuttle. So the photo 
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chemically modified polymers in the present study have very interesting properties like trans-

cis-trans isomerization, light fastening property and thermal stability. Modified polymers 

have a very promising industrial prospects on application basis, due to its more biocompatible 

and environmental friendly nature as compared to synthetic polymers. The photo responsive 

properties of functionally modified biopolymers such as lignin, starch and cellulose can be 

studied by UV-visible and fluorescence spectroscopic methods. The studies show that the 

stability of chromophoric system greatly enhanced on attaching to biopolymers such as 

lignin, starch and cellulose. Fluorescence spectral data are generally presented as emission 

spectra. An important feature of fluorescence is high sensitivity detection. Fluorescence 

spectroscopy is used in, among others, biochemical, medical, and chemical research fields for 

analyzing organic compounds. There have also been reports of its use in differentiating 

malignant, bashful skin tumors from benign. Some of the photoresponsive systems developed 

in this study can be used for biological and biomedical applications due to their high degree 

of photoresponse. The UV-visible, fluorescence emission and photoisomerisation studies 

clearly illustrate this.   

Synthetic polymers pose one of the greatest threats to ecology today. A possible 

solution to the problem is the prospect of biodegradable polymers. Biodegradable polymers 

offer the following advantages. Firstly, they are made from renewable resources and thus do 

not face the problem of exhaustion. Secondly, they are biodegradable, which implies that the 

polymer after use will ultimately turn in to compost. A variety of novel photo-responsive 

biomaterials have been developed by modifying biopolymers or by synthesizing bio inspired 

macromolecules incorporating photo isomerizable units. The designs of such intelligent 

biomaterials are “green” and environment friendly. In this thesis a series of photo-responsive 

systems developed by the functional modification of biopolymers such as lignin, starch and 

cellulose are described. A series of chromophore functionalized polymers have been 

synthesized and their photochemical and photophysical properties been investigated. 

photoisomerization of azo compounds and its derivatives has been extensively studied and 

exploited as a photo switch in numerous molecular systems and functional materials. The cis-

trans isomerism in azo modified polymers, which makes the azo groups good candidates as 

constituents of molecular switches, image storage devices and materials with photomodulable 

chemical and physical properties. Since lignin constitutes the major renewable organic 

substance available on the earth, research in this field is a good milestone for determining the 

basis of novel polymeric products and future technologies that combine environmental 

demands, economic realities and a high efficiency of biomass conversion for their 
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development.  Intermolecular forces such as crystallinity and hydrogen bonding can prevent 

solubility in the other two systems, where special condition needed. All the three biopolymers 

are efficient for the photochemical modification. Light fastening properties are almost same 

in all the three cases. Whereas lignin shows greater thermal stability because of the aromatic 

macromolecular core system. The objective of the modification of lignin will have a direct 

impact on increasing employment within the lignin producing and lignin utilizing sectors. 

The esterification of biopolymers extended to include similar environment friendly polymeric 

materials. Furthermore dimethyl acetamide  was found to be a possible solvent alternative to 

DMF in these reactions, paving the way to use of other biopolymers. The isomerisation 

behavior of azo chromophore incorporated polymer in comparison with that of low molecular 

weight azo chromophores provided information regarding the isomerisation mechanism in 

modified biopolymers. These results may be useful in design of new polymers containing azo 

chromophores with enhanced photoresponsive properties and they could be promising 

materials in some optical applications. Plans to extend this reaction to other underutilized 

biopolymers are underway. Natural polymers are widely used in pharmacy and in many other 

related fields. It plays a very important role in almost all kind of formulations. The present 

work also illustrates the potential use of a series of novel and nature friendly, functionally 

modified polymeric systems, some of which can be used in biomedical fields. 

 




