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ABSTRACT 

Human body is very delicate towards harsh environmental variations. High energy 

UV radiations intentionally or unintentionally interact with our skin and eyes, causing 

some acute effect such as, photokeratitis, skin aging and also some chronic effects like 

melanoma skin cancer and DNA damage. Clothing is an important precautionary measure 

to combat with these damages, but low weight and high porosity of cotton fabric make it 

unfit for protection against UV rays. Hence, to improve the protection factor of white 

cotton fabric, computational approach was utilized to search the effective UV absorbers 

for cotton fabric. The Density Functional Theory (DFT) theory with three functionals was 

utilized to study the design molecules and results indicated that all the five design 

molecules (1-5) absorbed in  the UV region of the solar spectrum. These deigned 

molecules were synthesized via a condensation reaction and their structure confirmation 

attained through UV/Vis., FTIR and ESI-MS analysis. The theoretically calculated λmax 

and experimental λmax of all the five UV absorbers were in close agreement. The cotton  

fabric was treated with designed and synthesized UV absorbers via the exhaust method of 

dying and its processing conditions optimized by adapting a statistical design “central 

composite rotatable design” of response surface methodology. The outcomes directed that 

all the synthesized molecules showed 65-78 % exhaustion and 62-80 % fixation at the 

acquired optimized conditions. Maximum exhaustion with cotton fabric was presented by 

1 and minimum shown by 5. The protection factor of the treated cotton fabric was 

assessed and results directed that the treated fabric with 1-4 fells in the very good 

Ultraviolet Protection Factor (UPF) range at 3 % concentration while fabric treated with 5 

fells in good range. The UPF increased as follows: 5 <4 < 2<3<1. Whiteness index test 

results revealed that all the synthesized molecules did not decrease the whiteness of the 

fabric as much at 3 % concentration, but after exposition to light fastness testing 

decreased its whiteness little bit as compared to standard. Washing test results indicated 

that UPF of treated fabric decreased after washing process, with UV absorbers (1-4), it 

remained in the very good range of UPF after ten washings. While the 5 showed more 

reduction in UPF value after washing. Degradation studies revealed that synthesized 

molecules were degradable by safer advance oxidation process technology. Current study 

opened a new prospect for search of such molecules having more persistent nature after 

laundry action.  
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Chapter 1 

                                                     INTRODUCTION  

Solar radiations increasingly valued due to their effect on living and non-living 

materials. These radiations cover a wide range of wavelengths from gamma rays, X-rays, 

ultraviolet, visible, infrared to radio waves. Though, 99% of the energy is confined in 

ultraviolet and visible region of the solar spectrum reached to the troposphere (Iqbal, 2012). 

Rays of short wavelength retain higher energy content than long wavelength rays. Among 

these solar radiations, UV radiations pose severe threat to human body due to their high 

energy content. UV radiations are further classified into 3 parts  A(320-400 nm), B (280-320 

nm) and C(100-280 nm) (Chakraborty, 2014).  

UV-C rays sieved by the stratospheric ozone layer while ratio of UV-B to UV-A 

approaching earth crust depends on the solar peak angle that depends on season, time and 

latitude of the concerned area. UV rays become more intense in the spring. Increased 

concentration of greenhouse gases are responsible for the reduction of ozone layer ultimately 

leading to the increase level of harmful ultraviolet radiations entering the troposphere. 

Industrial and automobile pollution are the major reasons behind increased concentration of 

greenhouses gases (Young, 2006). 

 

Figure 1.1 Solar radiation spectrum  
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Various detrimental effects observed on the natural and synthetic materials due to 

extended exposure to UV radiations. Physical and mechanical properties of synthetic 

materials alter, such as reduction in tensile strength, colour, decrease in shine and elongation 

(Andrady et al., 1998). While in plants, reduction in leaf area, plant stunting, cell and tissue 

damages are the common induced changes due to UV-B exposure (Teramura, 1983).  

Human body is very sensitive towards harsh environmental variations. However, our 

skin consisting of three layers epidermis, corium and subcutis acts as a shield between 

environment and humans body (Chakraborty, 2014).  The high energy UV radiations mainly 

affect the skin and eyes of humans that intentionally or unintentionally interact causing some 

acute effect on eyes and skin such as, photokeratitis in which damage to the corneal 

epithelium of eyes and erythema (sunburn), phototoxic reactions to drugs and skin aging 

process accelerate. UV radiations are also basis for some chronic effects on skin like 

melanoma skin cancer and DNA damage (Young, 2006). 

 

Figure 1.2 Possible types of DNA damages 

There are certain precautionary measures carried out to combat with these UV 

radiations like use of sunscreens, hats, sunglasses and clothing. Among other protecting 

measures recommended by dermatologists imply the use of clothing. It is the most famous 

practice and World Health Organization also recommends the wearing of loose full length 

clothes to fight with harsh environment (Gies et al., 1998).    

In clothing, transmission, absorption and reflection of UV radiations from fabric 

depend on many factors like fibre porosity, smoothness, its type, cover factor and on 

presence of UV absorbers and dyes. Silk and cotton fabric give slight shield to UV rays, 
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therefore they can easily pass through them while polyester and wool provide higher 

protection since they absorb these radiations and Nylon falls between these extremes. Cotton 

fabric offered low ultraviolet protection due to low weight and high porosity (Schindler and 

Hauser, 2004).   

 

Figure 1.3 General microscopic surface of cotton fabric 

It is proved that bleached and uncoloured cotton fabric which normally becomes 

common in summer do not give essential defence against UV radiations. So a serious 

consideration has been given to synthesize the cotton fabrics which can play the role of a 

shield between humans and unhealthy UV radiations (Schindler and Hauser, 2004).   

Hence, protective action of cotton fabric can effectively be enhanced by special 

finishes which can absorb UV B region of solar spectrum. Chemical finishes especially UV 

absorbers can be applied on fabric to change its specific functional and mechanical 

properties. An effective UV absorber must include (i) excellent absorptions of UV rays, rapid 

transformation of UV energy into vibration energy then convert it into heat energy in the 

surroundings due to presence of conjugated pi-bonds, without degradation of fabric and easy 

application on fabric without addition of colour (Schindler and Hauser, 2004), ii) through 

breakage of bond to convert into UV inactive moieties (Abdelraheem et al., 2015) (iii) or 

inorganic micro-pigments scatter or reflect the UV rays (Poiger et al., 2004).  
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Figure 1.4 Interaction of fabric and UV radiations 

Various commercial UV absorbers are available with their own benefits and 

shortcomings such as resorcinol, 1-hydroxy benzotriazole sulphonic acid,  benzophenone, 2, 

4-dihydroxybenzophenone, and many more (Youssef et al., 2014). But there major drawback 

is that they impart slight yellowness on white fabric, reduce its gloss and protective factor 

decrease after laundry action. Hence, there is still a demand for the search of new reactive 

UV absorbers having better protection factor after laundry action and impart no yellowness 

on white fabric.  

 

Figure 1.5 Chemical structures of some commercially available UV absorbers 

For this purpose, we selected N-containing heterocyclic triazine class as a core 

molecule for synthesis of new UV absorbers due to its lot of industrial and biological 

applications such as antifungal antibacterial, antimalarial, anticancer activities,  as polymer 

stabilizer (Bojinov, 2006), UV absorbers for fabric (Czajkowski et al., 2006) and many more 

(Ghaib et al., 2002, Agarwal et al., 2005, Srinivas et al., 2005,  Saczewski et al., 2006, Hunt 

et al., 2007, ). It exists in three different isomeric structures (Figure 1.6).   
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      Figure 1.6 Three isomeric forms of triazine 

From all the above three forms, 1, 3, 5-triazine isomer most extensively utilized in 

organic conversions and when it interact with bifunctional amine or different compounds, it 

converts into cyanuric chloride, melamine and cyanuric acid. Cyanuric chloride is slightly 

water soluble and easily decomposes at high temperature. Its most important characteristic is 

its ability to undergo nucleophilic substitution, so can be utilized in many organic 

transformations. Reactive cyanuric chloride based finishes worked with fiber just like 

reactive dyes. They contain functional groups that undergo substitution or addition reaction 

with –NH2 group of protein or –OH group of cellulose (Hatfield, 2007). Reactive group 

containing UV absorber finishes interact with cellulosic fiber through covalent linkage and 

cannot detach from the fabric (Czajkowski et al., 2006).             

Hence, triazine based UV absorbers act just like reactive dyes and sulfonic acid is a 

famous solubilizing group in reactive dye that give migration, wash off and water solubility 

to finishes and dyes. Cyanuric chloride (1,3,5-triazine) is the reactive groups that make ether 

linkage with fabric via SN2 nucleophilic substitution reaction (Ibrahim, 2011) while vinyl 

sulfone reactive group interact with fabric through Michael addition reaction (Chattopadhyay 

and Chaudhary, 1997). The existence of both above reactive moieties in a UV absorber 

enhanced its fixation with fabric (Hunger, 2007).     

 

Figure 1.7 Covalent linkage between cotton fabric, triazine and VS based UV absorber                                                                        
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The protective action of a fabric also depends to the levelness of the absorber on the 

fabric and it is attained by optimizing the processing parameters. Optimization in chemistry 

means process conditions that produce the best possible response. During processing of 

fabric, different chemicals, finishes and dyes are added in application bath to attain the 

requisite shade and fastness properties and any change in these can affect the requisite, also 

enhanced the extent of chemicals in wastewater that is more damaging, wasteful along with 

an increase the expenses of wastewater treatment (Siddiqua et al., 2017). The quantity of UV 

absorber molecules, levelness of finish on fabric and other electrolytes in application bath 

can be optimized by optimizing the conditions of finishing process and their higher cost can 

be offset by less salt, alkali and UV absorber usage and a drop in effluent clean up. For this 

purpose, a statistical approach ―response surface methodology (RSM)‖ was utilized in 

current study. It is a group of multivariate statistic techniques developed by G.E. Box in the 

1950s. It can be applied when a process response or set of responses are influenced by 

different process variables (Priscila et al., 2013). In RSM, a quadratic model related to 

central composite rotatable design (CCRD) is suitable when data set present curvature and 

has been extensively reported in literature to investigate the optimization of removal of dyes 

from wastewater (Ravikumar et al., 2007; Chavaco et al., 2017) formulation of 

nanosuspension (Ahuja et al., 2015), dyeing of wool and cotton with natural dye 

(Nasirizadeh et al., 2012; Haddar et al., 2014) and many more.   

Thus due to all the above mentioned affects, it is mandatory to search and explore  

new reactive UV absorbers which show good exhaustion with cotton fabric with better UV 

protective property after laundry action.  

Objectives of Current Study   

The chief purposes of current research were: 

i. Computational designing and theoretical study of UV absorbers. 

ii. Synthesis of designed reactive UV absorbers based on Triazine by the typical 

condensation method.  

iii. Spectroscopic structure elucidation of the new UV absorbers by FT-IR, UV/Vis. 

and ESI-MS spectrometry   
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iv. Optimization of process parameters of finishing method on pretreated cotton 

fabric by response surface methodology and their application on fabric 

v.  Physical testing (UV protective property of fabric, washing and light fastness, 

whiteness Index) and comparison with standard  

vi. Degradation of synthesized reactive UV absorbers by advance oxidation process 
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CHAPTER 2  

 REVIEW OF LITERATURE  

UV rays exist in the lower part of the solar spectrum having high energy, so they 

affect all living things and their metabolism.  It can originate multiple issues from skin 

tanning/burning to lethal skin cancer. For this purpose various protective measures are 

carried out including use of sunscreens and especially clothing.  Hence, it is the need of the 

time to establish such new UV absorber for textiles that protect us from the serious effects of 

UV radiations.  

2.1 Computational Studies  

Computational chemistry utilizes the effective computer software to compute the 

characteristics of molecules. Computational studies can be carried out to help in the effective 

production of compounds, to identify correlation between chemical structures and their 

characteristics, and many more. In chemistry, Walter Heitler and Fritz Londonin (1927) 

carried out first theoretical calculations and several different methods originated during the 

1970s in computational chemistry.      

In 2000, Babinec nad Leszczynski used computational study for the determination of 

structure of equilibrium and top of barrier conformers of CH3–XCN molecules where X 

stands for O, S, Se. They used MP2 and Becke3LYP levels for vibrational analysis of 

compounds. The comparison within theoretical and experimental results shows excellent 

agreement. The results obtained were compared with experimental values that showed 

excellent agreement between experimental and theoretical results. Timofeeva et al. 2000 

studied monosubstituted derivatives of dicyanovinylbenzene for potential non-linear optical 

(NLO) compounds. They investigated the molecular geometry of these compounds with X-

ray analysis and compared the results with theoretical ab initio quantum chemical 

calculations. Jursic, (2000) performed local density functional theory study on azacubanes 

and cubane to calculate their enthalpies of formation and harmonic frequencies. The 

experimental results of cubane were compared with theoretical results and determined the 

reliability of DFT methods. He also discussed their decomposition energies, preparation from 

antiaromatic azacyclobutadiene, energetic capabilities and detection in reaction mixture 

through IR analysis. Jakins and Lewars, (2000) performed DFT pBP/DNp, AM1 and ab initio 

https://en.wikipedia.org/wiki/Walter_Heitler
https://en.wikipedia.org/wiki/Fritz_London
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HF/3-21G calculations on two synthesized 1,2- and 1-4-cyclooctatetraenoquinone 

compounds. They utilized nucleus-independent chemical shift calculations on planer and 

nonplaner conformations that showed these conformations was not aromatic while 

diprotonated diones are slightly aromatic in planer conformation and diprotonated nonplaner 

diones exhibit low diamagnetic ring current. The E-configurational isomer of the 1, 2-dione 

lied 191 or 159 KJ/mol and orbital symmetry lied 18.4 KJ/mol less then monocyclic 1, 2-

dione.  

In 2001, Chen and Wu correlated the theoretical and experimental results of heat of 

formation of nitro compounds. They calculated the molecular structures and heat of 

formation by Dewar‘s AM1 and Stewart‘s PM3 methods. Multivariable linear regression was 

employed to correlate the outcomes of experimental and theoretical methods that indicated 

the very accurate correlations.  

Gong et al. (2002) utilized B3LYP/3-21G level of DFT to optimize the geometries of 

four isomers of mono tert-butyl substituted phthalocyanine. The energy calculations of 

isomers showed that energies of isomers are 1307.83, 1286.87, 1307.40, and1285.88 kJ/mol 

for I, II, III, and IV, respectively. The Lowest energy of isomer IV indicates that the 

substitution at the outer position of the isoindole with the inner hydrogen atom is the 

favourable. Geometrical parameters of the isoindole unit affected by substitution and have 

only have minor effect on the electronic structures. They used ZINDO method to calculate 

the UV/Vis spectra of these compounds that give 2 strong Q bands and one B band at 

wavelength of 700, 750 and 290 nm respectively.  Xiao et al. (2002) studied the vibrational 

spectra and molecular structures of 3, 6-dichlorocarbazole and 3, 6-dibromocarbazole by 

B3LYP density functional theory with the help of two basis sets -311G** and 6-311G (2df, 

p). They obtained optimized geometries, Raman activities, vibrational frequencies and IR 

intensities. Eisenstein and Maron, (2002) selected lanthanides complexes to calculate their 

structures and reactions and results showed that 4f electrons are not involved to form 

bonding, can be included in core structure.  The hydrogen exchange reaction, Cp2Ln-H*+H-

H Cp2Ln-H+H*-H, displays that this reaction is superficial for most lanthanides. Pajazk et 

al. (2002) utilized DFT studies to define the structure of 4-chloro-20-hydroxy-40-

ethoxyazobenzene. They studied intra hydrogen bonding in molecule and results revealed 
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that crystalline lattice prefer formation of dimers with OH….N bridges having two differing 

directions.The investigation of the IR spectra supported by DFT calculations was particularly 

devoted to the indicators of hydrogen bonding in the ⱱ (OH) and ᵧ (OH) vibrations. 

Borbulevych et al. (2002) studied the molecular and crystal structure of nitroaniline 

derivatives. They employed ab initio calculations and X-ray diffreaction method for this 

purpose.  The theoretical and experimental results showed that dimethylamino groups have a 

trigonal-pyramidal configuration and change with respect to ring plane having a substituent 

in the ortho-position while in meta-position, it is planer group. The attachment of o- or m- 

position of the ring causes enhancement of the resonance forms that is different quinoid one.  

They explained the decrease of the molecular hyper polarisabilities of these compounds as 

compared with N, N-dimethyl-4-nitroaniline on the basis of surface study of the electron 

density distribution. Ball (2002) employed ab initio calculations to study the heat of 

formation of cyclic N4H4 (tetrazetidine) and compared with straight-chain analog N4H6.  

Johnsamuel et al.  (2003) first time reported the modeling and docking of carborane 

with SYBYL, HyperChem and FlexX software. Chen et al. (2003) studied the heat of 

formation of a series of aromatic nitro compounds by various DFTs with several basis data 

sets. The values of theoretical and experimental data were very close.  Kolev et al. (2003) 

measured the FTIR and Raman spectra of 2-[5, 5-dimethyl-3-(2-phenyl-vinil)-cyclohex-2-

enylidene]-malononitrile in solid state. B3LYP were utilized to calculate the structure and 

harmonic vibrational frequencies. Calculated vibrational frequencies were utilized to define 

distinct types of molecular motions that are linked with experimental bands.  

In 2004, Herradon et al. reported the single crystal X-ray diffraction structures of 

compound named; 8-[4-(3-acetoxy-propyl)]phenyl-2,6-diethyl-4,4-difluoro-1,3,5,7-tetra 

methyl-3a,4a-diaza-4-bora-s-indacene and 8-[4-(acetoxymethyl)]phenyl-2,6-diethyl-4,4-

difluro-1,3,5,7-tetra methyl-3a,4a-diaza-4-bora-s-indacene. The solid structures of these 

compounds are not similar instead of these compounds are quite similar. Quantum chemical 

calculations such as molecular electrostatic potential, HOMO and LUMO, dipole moment 

were calculated for these molecules. Li et al. in 2004, utilized BLYP, ab initio RHF method 

and DFT-B3LYP with different basis sets to study the vibrational wavenumbers, ground state 

geometries and electronic structures of two synthesized compounds named: S-1,3-benzo-
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thiazolyl-4-bromo-benzene-carbothioate and S-(5,7-dimethyl-3H-4-5-[1,2,4] triazolo [1,5-

a]pyridinyl)4-chloro-benzene-carbothioate. The results obtained indicated that the vibrational 

wavenumbers of skeleton vibration of triazole ring are considerably lesser than that of 

thiazole ring due to greater repulsion effect in triazole ring. Geronikaki et al. 2004 discovered 

new anxiolytics heterogeneous set of highly chemically diverse heterocyclic compounds with 

the help of PASS and DEREK computer by prediction of biological activity. The 

experimental results indicated the good agreement of theoretically predicted anxiolytic effect. 

So, the computational studies reduced the number of synthesized compounds in laboratory 

and enhanced the chance of discovery of new chemical entities.  

Menozzi et al. (2004) produced a series of 1, 5-di-substituted 4-[1H-imidazol-1-yl 

(phenyl) methyl]-1H-pyrazoles. They evaluated these compounds as antifungal, 

antimycobacterial and antibacterial activities and results indicated that dichloro and trichloro 

derivatives possess remarkable properties. The most compounds were selected for docking 

studies to explain its pharmacological results. Suwattanamala et al. 2005 applied DFT on two 

compounds tetraamino sulfonylcalix[4]-arene  and tetramercaptosulfonylcalix[4]arene to 

investigate  their structure and conformational equilibrium. The result obtained indicated that 

1, 3-alternate as the most stable conformer due to intra molecular H-bonding between the 

substituent groups at the lower rim and the oxygen atoms of sulfone groups. Solvent effect 

was also taken into account but results showed that solvent chloroform did not change the 

stability of conformers only reduce the energy gap.  

Zhang et al. (2005) used B3LYP/6-31G (d) to study the ground state geometries, 

Raman spectra and electronic structure 5, 15-diphenylporphine (H2DPP) and compared with 

porphine (H2P) and meso-tetraphenylporphine (H2TPP). Calculation showed that substation 

at position 5 and 15 causes in plane distortion but out of plane distortion is less. The 

calculated electronic structure of H2DPP is regular with the absorption spectra compared 

with H2TPP and H2P.  

Topal et al. (2006) synthesized O-benzoylated benzoin (2-benzoyl-1, 2- 

diphenylethanone) by cynide catalysed condensation reaction. The experimentally suggested 

mechanism of reaction was modeled by PM3 and B3LYP. The effect of substituents on yield 

of reaction were confirmed by 1,2-bis(2-chloro-phenyl)ethane-1,2-dione and 1,2-bis(2-



 

12 
 

fluoro-phenyl)ethane-1,2-dione and 3 benzaldehyde derivatives; o-fluoro-benzaldehyde, o-

methyl-benzaldehyde and 2-pyridine-carboxaldehyde. Lesyk et al., 2006 follow hetro diels 

alder reaction to synthesize 9-substituted-3,7-dithia-5-azatetra-cyclo tetra-decen -4-(8) ones-

6. These compounds were evaluated as antitumor activity against human tumour cell lines.  

Seven QSAR models were produced having 2/3 variables via structure activity and docking 

studies, with r
2
 > 0.9 and q

2 
> 0.8.  

Balcells and Maseras, 2007 applied theoretical chemistry to obtain valuable 

mechanism and the basis of enantio-selectivity in numerous asymmetric reactions. They 

utilized MM, QM and QM/MM methods to the explanation of electronic and steric effects 

upon enantioselectivity.  Liao et al. (2007) reported the surface-enhanced Raman scattering 

spectrum of a derivative of cynuric chloride extensively used as precursor in organic 

synthesis named 2-(40-N,N-diethyl-amino)phenyl-4,6-di-chloro-1,3,5-triazine. Raman and 

IR spectra were obtained by DFT analysis of the normal vibrational modes. The results of 

comparative study showed that this derivative can binds the Au atom with two anti-parallel 

orientations with a tilted geometry. 

In 2008,  Khanmohammadi et al. made of Schiff base hydrazones by condensation 

reaction between aldehydes and 4-amino-3-(4-pyridine)-5-mercapto-1,2,4-triazole. They 

utilized ab initio Hartree–Fock (HF) methods to study the biologically active derivatives. 

Stanchev et al., 2008 synthesized six new 4-hydroxycoumarin derivatives for cytotoxic 

activity and characterized by spectroscopic techniques. They employed DFT (B3LYP), MM2 

and OPLS to optimized their geometry, conformational analysis and calculate quantum-

chemical properties.  

Two antipyrine derivatives having structurally similar molecular formula 

C18H15Cl2N3O were synthesized through condensation reaction and characterized them by 

spectroscopic and elemental analysis. They utilized DFT to optimize and characterize these 

derivatives. The experimental results were in good agreement with theoretical data along 

with the thermodynamic functions and their correlations with temperatures. They explained 

nonlinear optical properties and the intra molecular electronic transfer these compounds by 

molecular frontier orbitals and pi-electron systems (Sun et al., 2009).  Connors et al., 2009 

carried out geometry optimization of diphenyl methylenefluorene, fulvene diphenylfulvene 
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and 9-[pp
´
-bis(dimethyl-amino) diphenyl-methylene] fluorine at B3LYP/6-311+G(d, p). 

Theoretical study suggested that phenyl twist angle of DAMF is less than that of DPMF and 

experimental data support this predication. Wu et al. (2009) used density functional theory to 

compute the oxidation potential of polysubstituted triphenylamines derivatives and found 

highly linearly correlated. The theoretical study demonstrated the planer geometry around 

central N-atom. A methoxy group located at para position in respect of N-atom strongly 

interact with central N in the cation radical. Gholivand et al. (2009) described the synthesis  

of 2 new 1, 3, 2-diazaphospholidine-2, 4, 5-triones. They utilized quantum chemical studies 

to calculate the free activation energies, vibrational properties, molecular geometry at the 

HF/6-311G**and B3LYP/6-311++G**levels of the theory.  

A series of novel diphenylaine donor-carbazole were synthesized and reported by 

Panthi et al. in 2010. They investigated the electronic transitions by steady-state absorption 

spectroscopy and computational photochemistry. An electronic transition depends on the 

nature of the acceptor group and the presence/absence of a carbazole linker.  Bali et al. 2010 

synthesized 1-(aryloxypropyl)-4-(chloroaryl) piperazines derivatives. They assessed the 

physicochemical similarity of these derivatives by software programs. The tested compounds 

showed good agreement with standard drugs.  Nycz et al., 2011 prepared O-phosphorylated 

products and they optimized geometries in singlet states using density functional theory at 

B3LYP level. Ghule et al., 2012 predicted the geometries, energetic properties and heat of 

formation of s-triazine derivatives. Different substituents attached (-NH2, -NO2, -N3) azoles 

calculations predicted the densities of these compounds. Thermal stability of s-triazine 

derivatives increases when -N3 and -NH2 groups attached.       

Benassi et al., 2013 employed DFT approach to study the structural and vibrational 

properties of 3 s-triazine derivatives. These derivatives are following: prometryn (N,N‘-

diisopropyl-6-methyl-thio-1, 3, 5-triazine, 2, 4-di-amine), atrazine (N, N´-ethyl-iso-propyl- 6-

chloro-1,3,5-tri-azine,2,4-diamine) and simetryn (N,N´-di-ethyl-6-methyl-thio-1,3,5-

triazine,2,4-diamine). The experimental data proved that B3-LYP exchange-correlation 

functional by the aug-cc- pVQZ basis set provides an accurate prediction. Larif et al. (2013) 

applied 3D-QSAR on trizines derivatives to examine the relationship between activities and 

structures. They utilized MLR, ANN, PCA methods for this study and results of experimental 
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data proved the theoretical results. The acquired data recommended that the proposed 

combination of different calculated parameters could be useful to predict the biological 

activity of triazine derivatives. Gu and Sun, (2013) studied the new porphyrin-based dyes 

with A–p–D structures using DFT and time dependent (DFT). They mainly focussed on 

ground and excited state oxidation potential, natural transition orbitals, optical absorption and 

light harvest efficiency. The theoretically obtained data of these dyes were compared with 

existing dyes, new dyes showed high molar extinction coefficients and exhibit fast 

regeneration of the oxidized dyes due to good energy level alignment. Menges et al., 2013 

converted pyrrole derivatives to N-propargyl pyrroles. N-propargyl pyrroles reacted with 

hydrazine monohydrate to form 5H-pyrrolo [2, 1-d][1,2,5]- triazepine derivatives. They 

utilized theoretical calculations to investigate the formation mechanism of the products and it 

supported the experimental results.   

Bala et al. (2014) reported synthesis of the novel antibacterial 1, 3, 4-oxadiazole 

derivatives. Their antibacterial property was correlated with their structural and 

physicochemical properties obtained by QSAR analysis. Kajal et al., 2014 synthesized 

phthalic anhydride-based substituted benzylidene-hydrazide derivatives and screened them as 

analgesic and anti-inflammatory activities. The physiochemical properties of these 

derivatives were computed and compared with standard drugs. The results of docking study 

showed that derivative 3h was the most potent anti-inflammatory compound with highest 

dock score, i.e., -93.64.  Pardasani et al. (2014) described the synthesis of 1,2-

naphthoquinone with imidazolidinone and isoxazolone derivatives by Knovenagel type 

condensation. Heat of formation of monocondensation products obtained through 

theoretically DFT calculations were lower as compared to biscondensation products showed 

their thermodynamics stability.   

In 2015, Chemate and Sekar synthesized three iminocoumarin derivatives and their 

photophysical behaviour in polar and non-polar solvents was studied. The outcomes attained 

displayed that emission and quantum yield of compounds, absorption depend on polarity of 

solvents. DTF and time dependent DFT computations were utilized for the calculation of 

molecular, electronic, structural and photophysical parameters.  
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Gao et al. (2016) investigated the mechanisms of the decarboxylation of salicylic acid 

anion and its derivatives by DFT theory (B3LYP method). Theoretical study suggested that 

decomposition of salicyclic acid anion follow pseudo-unimolecular and transfer of H from 

COOH to the α-C of aryl ring is the rate determining step. Both the electron donating CH3 

and withdrawing group NO2 at the ortho position of carboxyl group can further decrease the 

reaction energy barriers of the decarboxylation of salicylic acid anions. Karakurt et al. (2016) 

characterized 2-((2-(4-(3-(2,5-dimethyl-phenyl)-3-methyl-cyclo-butyl)thiazol-2-yl)hydr-

azono )methyl)phenol by X-ray diffraction and utilized DFT to compute proton and carbon 

NMR chemical shift values. Evecen et al. (2016) synthesized 2-(3-chloro-4-(4-

chlorophenoxy) phenyl) isoindoline-1,3-dione and crystalized it in found exist in monoclinic 

space group. B3LYP with with 6-311++G (d,p) basis set were utilized to calculate the 

vibrational frequencies and molecular structure. They utilized TD-DFT to calculate the 

electronic absorption spectra and founds in strong agreement with experimental results. 

Jabeen et al. (2016) synthesized and characterized 1, 4-disubstituted-1, 2, 3-triazoles by click 

reaction and performed molecular docking study to delineate ligand-protein interactions at 

molecular level. Alam et al. (2016) reported the computational study of 7a-Aza-B-

homostigmast-5-eno [7a, 7-d] tetrazole-3b-yl chloride a biological active compound. They 

utilized B3LYP/6-311G (d, p) calculations for molecular structure and spectroscopic data. 

Molecular properties like HOMO-LUMO analysis, dipole moment, MEP mapping, chemical 

reactivity descriptors, and natural atomic charges were also presented.  

2.2 Synthesis and Characterization of Triazine Derivatives  

Triazine is a heterocyclic class, famous for its lots of industrial and biological 

properties. Synthesis and characterization of some triazine derivatives are describe below. 

Lewis and Ho, 1995 synthesized 1, 3, 5-triacroylamino-hexahydro-s-triazine cosslinkers and 

applied on nylon-6, 6 fabrics. These derivatives were applied on fabric and showed highest 

substantively at pH 8. The amino-alkyl group of these derivatives are covalently crosslinked 

with fabric to give good wet fastness. Yagupolskii et al. 1995 synthesized reactive dyes by 

the addition of F-atom into vinylsulfone based reactive dyes. These dyes covalently linked 

with fabric and give good fastness properties. Lewis and co-workers in 2000 manufactured a 

bis-ethyl-sulfone-di-sulfide and applied on cotton fabric. In alkaline conditions, this dye 
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eliminated the two vinylsulfone molecules and showed higher exhaustion, then standard 

sulfatoethylsulfone dye at pH 11.5.  

In 2001, tris- pyrazolyl-1, 3, 5-triazines made by  de la Hoz et al. in solvent free 

conditions by cyclotrimerization of aromatic nitriles and their structures make them good 

applicant in crystal engineering and coordination chemistry. Cooke et al. 2001 utilized 

Suzuki cross-coupling reactions (Pd catalysed) to synthesize high yielding 6-aryl- 2, 4-

diaminopyrimidines by 6-chloro-2,4-di-amino-pyrimidine 1 or 6-chloro-2,4-di-amino triazine 

8 and aryl boronic acids.   

Konstantinova and Petrova in 2002 examined the production of monochloro triazine azo 

dyes, applied on cotton fabric and colorimetric properties of fabric measured. These 

derivatives were copolymerized with acrylonitrile and acrylamide that produce intense 

colour. Youssef and Mousa, 2002 synthesized disulphide-bis-(ethylsulphone-

monochlorotriazine/sulphatoethylsulphone) and applied on the silk fabric. The highest value 

of fixation and exhaustion obtained at 90°C and pH 9. Matosiuk et al. 2002 reported the 

synthesis of 1,6-di-aryl-5,7(1H) dioxo-2,3-dihydro-imidazo-[1,2-a][1,3,5]triazines and 

evaluated its medicinal activity. These derivatives were assessed against the depressive 

action on the central nervous system, it shows significant results. Ghaib et al., 2002 

synthesized 9, 9-dialkyl-octa-hydro-pyrimido [3, 4-a]-s-triazines. These compounds were 

tested for antifungal activity. From all the compounds, 9-di-butyl-6,8-dioxo-3(2-chloro-

phenyl)2,3,4,5,6,7,8,9-octa-hydro-pyrimido[3,4-a]-s-triazine indicated some efficiency 

against fungus.   

Srinivas et al. (2005) synthesized 2, 4, 6-tri substituted s-triazines derivatives and 

screened them against bacteria (gram –ve and gram +ve). The results obtained indicated the 

high antibacterial activities as compared to standard compounds streptomycin and penicillin. 

Agarwal et al. (2005) synthesized 2, 4, 6-trisubstituted-1, 3, 5-triazines derivatives and 

evaluated them as antimalarial agent against P. falciparum. Nine derivatives exhibited MIC 

(1-2 g/mL) and more active than standard cycloguanil. Kim and Son in 2005 reported the 

synthesis of a novel bridge compound containing two different reactive group‘s dichloro-s-

triazinyl and α, β-dibromo propionylamido. The α, β-dibromopropionylamido possessed 

good reactivity towards amino groups at high temperature in acidic conditions while 
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dichloro-s-triazinyl group exhibited reactivity towards hydroxyl groups at room temperature 

in alkaline conditions. The cotton fabric pre-treated with these compounds, then a disperse 

dye having amino group applied on this fabric, these bridging groups showed feasibility 

towards amino containing disperse dye. Janczak  and  Kubiak (2005) synthesized two 

derivatives of triazine named 2,4-di-amino-6-(4ʹ-cyano-phenyl)-1,3,5-triazine and 2,4-di-

amino-6-(3ʹ-cyano-phenyl)-1,3,5-triazine. The crystallization study of these derivatives 

showed their non-planer nature due to minor rotation around C-C bond in the crystal form 

while these are planer in isolated molecules.     

In 2006, Shindy and his co-workers prepared   new cyanine dyes by addition of 

benzo[2,3-b; 2ʹ,3ʹ-bʹ]bis-pyrazolo[4,5-b]-1,4-(oxa-, thia-, and pyra)-zine-6,12-dione and 

characterized by different analytical techniques. A series of substituted-s-triazines were 

synthesized by Srinivas and co-workers in 2006 and assessed their antibacterial activity 

against different bacterial strains. These compounds exhibited good activity against Bacillus 

S. as compared to reference streptomycin. Saczewski et al. 2006 synthesized 2-(4,6-di-  

amino-1, 3, 5-triazin- 2 -yl)-2-{[4-(dimethylamino)- phenyl ]imino} aceto-nitriles when p-

nitroso-dimethyl-aniline reacted with 2-(4-amino-6-alkyl-amino-1,3,5-triazin-2-yl)aceto-

nitriles. These compounds evaluated for antitumor activity against melanoma (MALME-3 M 

cell line and results indicated that 2-[4-amino-6-(4-phenyl-piperazin-1-yl)-1,3,5-triazin- 2-

yl]-2{[4-(dimethyl amino)phenyl] imino} aceto-nitrile have notable efficiency against these 

cell lines.  

In 2007, Hunt and co-workers discovered novel pyridothieno-1, 2, 3-triazines having 

antifungal activity. They reported the two synthetic ways for the preparation of these 

compounds. By increasing the O-atom in side chains increases the solubility of these 

derivatives but it did not affect their biological activity. Zhou et al. (2008) designed and 

screened series of derivatives of 1, 3, 5-triazine and examined their antimicrobial activities. 

Out of all, many compounds showed potent activity against microbes with minor hemolytic 

activity.   

Novel bi-hetero-cyclic aromatic systems having excellent bioactivity were 

manufactured by the reaction of 4, 6-di-substituted 2-hydrazinyl-1, 3, 5-triazine and 

methylene-dicarbonyl compounds (Mikhaylichenko et al., 2009). Karci et al., 2009 coupled 
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and diazotized the aniline derivatives with aminocrotononitrile to prepared 2-arylhydrazono-

3-ket-imino-butyro-nitriles. Then cyclization of this intermediate to form pyrazolylhydrazono 

malononitriles derivatives. Pyrazolylhydrazonomalononitriles again reacted with hydrazine 

monohydrate to synthesize heterocyclic disazo dyes. The antimicrobial activity of these dyes 

was studied in detail.   

Bhat et al. (2011) reported the exchange of Cl atoms of Cl-substitued triazine by 

aromatic Nu- to synthesize the hybrid 4-aminoquinolines-1, 3, 5-triazine. These synthesised 

compounds were assessed against Plasmodium falciparum to measure their antimalarial 

activity and acute toxicity were also determined that showed not toxic results. Gavade et al., 

2012 synthesized 2, 4, 6-trisubstituted [1, 3, 5]triazines derivatives and examined them as 

antimicrobial agents against bacterial and fungal strains. From all derivatives, seven 

compounds showed promising activity against these strains and their MIC occurred in the 

range of 6.25-12.5 lg/mL. Kuplich et al., 2012 reported the synthesis of four triazine 

derivatives obtained when Cl atoms of cynuric chloride aromatically substituted. These 

synthesized dyes were fluorescent due to intra-molecular proton transfer and reacted with 

cotton fabric to produce new fluorescent cotton fabric.   

Kalinina et al. (2013) synthesized 2-amino-substituted 7-amino-1,2,4-triazolo[1,5-

a][1,3,5]triazines by efficient, three component and catalyst free method. They used 

microwave heating to assist the reaction. Insuasty et al., 2013 synthesized 2-amino-

substituted pyrazolo[1,5-a][1,3,5]triazines in good to excellent yield by two step reaction. 

They utilized hetaroyl isothiocyanates and 5-amino-3-hetaryl-1H-pyrazoles as starting 

material in DMF solvent in the presence of HgCl2/TEA. Golovina et al., 2013 performed the 

synthesis of 5-dinitromethyl-7-alkylamino-1, 2, 4-triazolo[4,3-a]-1,3,5-triazines potassium 

salts in DMSO solvent. Desai et al., 2013 synthesized Nʹ-(4-(aryl amino)-6-(thiazol-2-

ylamino)-1,3,5-triazin-2-yl)isonicotinohydrazides and characterized them by IR, NMR and 

MS data. Antimicrobial activities of these compounds were assessed against Streptococcus 

pyogenes, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa Candida 

albicans, Aspergillus niger and Aspergillus clavatus. From all the compounds two 

compounds showed higher activities then commercial antibiotics.  Ahmad et al. (2013) 

synthesized three vinylsulfone reactive dyes by typical method of condensation, diazotization 
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and coupling and applied on cotton fabric by pad dyeing method due to its environment 

friendly nature. The dyeing parameters were optimized and dyed fabric was evaluated for 

their mechanical and fastness properties.  Shanmugam et al., 2013 used natural nucleo-bases 

for the synthesis of novel triazinyl derivatives. These derivatives were synthesized by 

addition of different nucleophiles in cyanuric chloride in the presence of base. They were 

characterized by Carbon and Proton NMR, IR, MS and elemental analysis. They assessed the 

MIC of these derivatives against different fungal and bacterial strains and most of the 

compounds showed excellent results. 

Debnath and Majumdar (2014) created a new method to synthesize the 4,6-triaryl-

1,3,5-triazines in DMSO by the cyclization of  N-benzylbenzamidines in the presence of 

copper. This method has lots of advantages like cost effective, easily available starting 

materials and avoidance of aldehydes or alcohols. Feng et al. (2016) synthesized 

diester/diurethane tethered azo disperse dyes and structure of these dyes elucidated with 

NMR, MS and FT-IR. Sublimation of dyeing and washing fastness on polyurethane fabric 

improved due to increase in molecular size of dye. Rizk et al. (2017) formed novel pyrazolo-

triazine dyes. Spectral and elemental data were utilized to confirm their structures. These 

dyes applied on polyester fabric as disperse dyes and their antimicrobial properties; 

colorimetric data and fastness were measured.         

2.3 Synthesis of UV Absorbers  

In 1985, Milligan and Holt prepared a series of sulphonated 2-hydroxybenzophenones 

and three sulphonated 2, 2'-dihydroxybenzophenones and applied on wool fabric, examined 

their UV protective ability.  They measured the tear strengths and breaking loads of wool 

after exposure to Philips ML G/74 lamps. The results obtained indicated that the 2-

hydroxybenzophenones are less efficient then 2, 2´-dihydroxybenzophenones. 2, 2'-

dihydroxy-4, 4'- bis-w-sulphobutyloxybenzophenone at 5% level increases the life time of 

fabric acted as photo protective agent. Waters and Milligan, 1986 observed the sulphonated 

2-hydroxyphenyl-s-triazines derivatives as UV protectors for wool. The results obtained 

decalared the effectivenss of two derivatives against UV radiations and delayed the 

yellowness of fabric expect one derivative.   Riedel and Hocker, 1996 derived UV absorbers 

from hydroxyphenylbenzotriazole and applied on wool fabric that reduced the photo 
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yellowness of fabric up to 50%. The tensile strength, resistance to washing and abrasion 

resistance of fabric improved due to application of polymeric UV absorbers while water 

repellent effect becomes weak.  

Pan et al. 1996 synthesized four UV absorbers 2-hydroxy-4-benzophenonyl 

methylene diphenylene dicarbamate, 2-hydroxy-4-benzophenonyl hexamethylene 

dicarbamate, 2-hydroxy-4-benzophenonyl methylene diphenylene dicarbamate and 2-

hydroxy-4-benzophenonyl noctadecyl carbamate with high molecular weight. These UV 

absorbers were compared with polypropylene and results indicated that these synthesized 

absorbers are less efficient then polypropylene. Zakrzewski and Szymanowski, 2000 

successfully prepared phenol derivatives and fragment 2, 2, 6, 6-tetramethylpiperidine 

nucleus UV absorber bearing 2-hydroxybenzophenone in the presence of AlCl3.  

Mahltig et al. 2005 examined the absorption behaviour of hybrid coating include both 

organic and inorganic UV absorbers on glass. The organic UV absorbers were built on 

phenylacrylate and benztriazol and inorganic UV absorbers TiO2 prepared by sol gel method.  

Paluszkiewicz et al. 2005 produced different derivatives of C.I. Reactive Red 198. In 3 

derivatives, they introduce 2´-hydroxy-benzotriazole group as UV absorber. These dyes 

applied on three different cotton fabric and found pad dyeing method suitable for these dyes. 

All the synthesized dyes offered excellent protection against UV radiations but minor 

improvement in respect of reference dye.  Bojinova and Grabchev, 2005 combined the 1, 8-

naphthalimide fluorescent unit and benzotriazole UV absorber to synthesized two adducts 2-

(2-hydroxy-phenyl)-benzo-triazole and benzo[de]-iso-quinoline-1,3-dione. These compounds 

exhibited excellent photostabilizing efficiency.  

In 2006, Zn-Al-HMBA-LDHs were prepared by Feng et al. by the addition of 2-

hydroxy-4-methoxy-benzo-phenone-5-sulfonic acid (HMBA) with LDH carbonate. Their 

thermal stability and structural activities were observed with the help of UV/Vis. Spectra, 

PXRD, FT-IR and laser particle size analysis. Addition of HMBA increased their photo and 

thermal stability and this hydride can act as potential UV absorber.  Bojinov 2006 reported 

the synthesis of polymer stabilizer by the mixing of 2-hydroxyphenylbenzotriazole and 2, 2, 

6, 6-tetramethylpiperidine. These stabilizers were mixed with polymers and their bonding 

was confirmed by spectrophotometer. The effect of these stabilizers on photodegradation of 
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polymer was studied that indicated significant effect. Czajkowski et al. 2006 described the 

production of monochlorotriazine products as UV absorber for cellulose fabric. They 

determined their ultraviolet protection and whiteness index of fabric after prolonged 

exposure to UV light.  

In 2007, Sun et al. reported the synthesis of novel monoazo disperse dyes having a 

triazine moiety and examined their ultraviolet radiation protection ability. The results 

obtained suggested that these dyes give skin protection from UV radiations when applied on 

polyester fabric but they possessed not good wash fastness. Czajkowski and Paluszkiewicz 

(2008) synthesized various yellow and red bis-mono chlorotriazine and UPF of these dyed 

fabric assessed. The results obtained compared with model dye having reactive UV absorber 

unit.     

Zohdy et al.  (2009) formulated a coating for cotton fabric to impart UV protective 

property. Alum and Zinc Oxide was utilized to persuade UV protection properties. The 

results indicated that Alum increased the UPF of fabric with respect of uncoated fabric while 

the ZnO increased the UPF 2-3 folds more than alone Alum coating. Alum showed the water 

absorbance while ZnO decrease it. Kubac et al., 2009 synthesized new reactive UV absorbers 

for cotton by condensation of cyanuric chloride, sulfobenzimidazolaniline and aminophenyl-

(2-sulfethoxy)-sulfone. These synthesized UV absorbers applied on dyed and undyed cotton 

fabric and all the tested fabric enhanced the UPF. These UV absorbers neither interferes the 

hue of dyestuff nor function of fluorescent brighteners. Goldshtein and Margel (2009) 

formed UV absorbering microspheres by poly-merization of 2-(2ʹ-hydroxy-5ʹ-methacryl-oxy-

ethyl-phenyl)-2H-benzo-triazole.    

In 2011, Wang et al. synthesized benzophenone group containing monoazo acid dyes 

and applied on silk to protect it from UV radiations. The exhaustion percentage obtained 

85% and indicated the very good UPF value. Ma et al., 2011 reported the synthesis of water 

soluble UV absorber by grafting brominated (2ʹ-acetoxy-5ʹ-methyl-phenyl)-2H-benzo-

triazole on polyvinyl-amine as backbone. This polymeric UV absorber applied on cotton and 

exhibited good wash fastness and UPF property.  Hou et al., 2012 prepared functional cotton 

fabric that was treated with Azobenzene Schiff base to impart UV protection due to cis-trans 

isomerization or intermolecular proton transfer.  In this Schiff base, N, N-bis{p-[(2ʹ-sulphato-
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ethyl)sulphonyl phenylazo] salicylidene}-1,2-ethylene diamine reactive group was included 

and its characterization was done by SEM, FT-IR and elemental analysis. UFP and 

ultraviolet transmittance spectra were utilized to investigate the UV protection of treated 

fabric. The results indicated that the fabric possessed excellent UPF value less than 5% UV 

transmittance. The physical properties of cellulose were not influenced significantly. In 2012, 

Cui and his co-workers reported the synthesis of two benzotriazole compounds named 4-(5-

chloro-2-benzo triazolyl)-5-methyl-2-phenyl-3-pyrazolone and 5-(5-chloro-2-benzotri 

azolyl)-6-hydroxy-1,4-di methyl-3-carbo nitrile-2-pyridone. Their λmax were measured and 

compared with commercially available UV absorber (Tinuvin 326) and found that these 

compounds exhibited a sharp single peak in UV region with higher molar extinction 

coefficients. These compounds applied on polyester fabric and found that its UPF value is 

four times higher than standard due to higher exhaustion.  

When chlorine substituted benzotriazole and hydroxybenzophenone combined, a new 

UVA/UVB absorber named UV-D obtained that was characterized by proton NMR, UV and 

FT-IR techniques (Pei et al., 2013). Cui et al. (2013) synthesized two N-heterocyclic benzo-

triazole derivatives named; CBHDCP and CBMPP. They were applied on polyethylene 

terephthalate fabric and results concluded that CBMPP is more effective UV absorber then 

CBHDCP due to higher exhaustion and molar extinction. The exhaustion difference of 

derivatives and standard Tinuvin 326 calculated and clarified by solubility parameter theory.  

Xinrong et al., 2014 manufactured a multifunctional finishing agent to improve the UPF and 

color fastness of cellulose fabric. The fastness properties of finished fabric indicated that 

these finishing agents improve the mechanical properties of fabric and its UPF value. Tanaka 

et al. (2013) developed thiophene-fused boron dipyrro methene derivatives and their optical 

properties such as λmax and molar extinct coefficients determined by keeping in view the 

substituents attached. Zhao et al., 2013 prepared a coating having dual function of UV 

blocking and hydrophobic nature for cotton fabric. They utilized 2-hydroxy-4-methoxy-

benzo-phenone-5-sulfonic acid (HMBS) and nanoplatelet that were intercalated with the help 

of layer by layer technique. This coating provides four times more protection to cotton fabric 

from UV radiations.   
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A UV absorber prepared by the combination of 2, 4, 6-trichlorotriazine and 2,4-

dihydroxy benzophenone by Shen et al. in 2014 that provide excellent thermostabilty and 

ultraviolet protection to cotton fabric. This UV absorber grafted into fabric by covalent 

surface modification using pad dry steam process. It was resulted that highest UPF obtained 

at 2% shade, 60ºC and dipping for 60 min. Youssef et al., 2014 synthesized various azo acid 

dyes having different UV absorber units for wool fabric that reduce the photo-degradation of 

fabric also prevent the human skin. The K/S, rate of fading and fastness properties of dyed 

fabric analysed.  Liang et al. (2014) successfully synthesized F-containing based on 2, 4-

dihydroxy benzophenone UV absorbers having low surface energy.  UV absorption of these 

compounds studied in dichloromethane.   

Chen et al., 2015 applied hydroxyphenyl benzotriazole to improve the UV light 

stability of silk. The results indicated that untreated silk was yellowed while treated silk 

faced minor photo-yellowing but it decrease the tensile strength of fabric.      

2.4 Response Surface Methodology 

Santos et al. (2007) modified the poly (ethylene terephthalate) into incorporate 

disperse dyes by N, N-dimethylacrylamide and UV light. They utilized factorial designs to 

optimize the following parameters; dyeing time, DMAAm treatment time and UV contact 

time. Maximum quantity of incorporated dye was 6.3 mg/g at 77 min of UV contact, dyeing 

time (164 min at 85 ºC) and DMAAm treatment time (15 min at 85 ºC). The consequences 

presented that the azo dye disperses quicker into modified PET than the anthraquinone dye 

does. In 2008, Bezerra reported a review on the application of response surface methodology 

in analytical chemistry. Nasirizadeh et al., 2012 utilized central composite design (CCD) and 

one factor at a time to optimized the dyeing of natural dye rutin for wool fabric. CCD was 

applied for the determination of interactive effects of functioning variables named 

concentration of NaCl, temperature, time and pH. These optimized conditions obtained by 

CCD and OFT were as fellows respectively, concentration of NaCl (1 g and 1.5 g), 

temperature (70 ºC and 70.24 ºC), time (80 min and 60 min) and pH (5 and 5.53). In 2013, 

Ticha and his co-workers reported the dyeing process of cotton with Indigo and optimized 

the dyeing process variables such as dyeing temperature, reducing temperature, dyeing 

duration and cationizing agent nature and concentration by response surface methodology. 
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Sathiyanarayanan et al. 2013 utilized a statistical approach to optimize the 

polyhydroxybutyrate production by marine Bacillus subtilis.   

Eco-friendly dyeing process of cotton by natural dye extracts of Hibiscus mutabilis 

(Gulzuba) were carried out without metal salts and cotton was modified to improve its 

dyeability by different cationizing agents. RSM was utilized to assess the effect of operating 

conditions (temperature, pH of the dye bath, cationizing agent nature and concentration 

dyeing time) (Hadder et al., 2014). Asadollahzadeh et al. (2014) employed the RSM based 

CCD as a chemometric tool for optimization of dispersive-solidification liquid–liquid micro 

extraction for determination of arsenic (III, V) in water samples. A factorial design utilized 

for selecting the variable of interest in the DSLLME method (pH, concentration of chelating 

agent, volume of extraction solvent and disperse solvent) that significantly affected the 

extraction process then optimized by central composite design.  

Elimination of Eriochrome Black T (EBT) from water by nanocomposite was carried 

out and its adsorption process variables adsorbent dosage (2-10 g/L), pH (2.0-9.0), contact 

time  (35-95 min) and ionic strength (0.02-0.1) optimized by CCD. Quadratic polynomial 

model with R
2
 value of 0.9897 showed good fit of the experimental results.  Competence of 

the model was confirmed by analysis of variance, lack-of-fit test, and residual analysis 

(Bandari et al., 2015). Zeolites known as low cost adsorbent employed for ammonia removal 

and response surface methodology and factorial design were applied to optimize and evaluate 

the effect of pH, contact time, temperature, adsorbent dose and initial ammonia 

concentration. Results of factorial design and response surface methodology presented that 

temperature was not a significant parameter. The model prediction was in good agreement 

with observed data (R
2
 = 0.969) (Ding and Sartaj, 2015).  

Aksoy and Sagol in 2016 reported the application of CCD to optimize the effective 

parameters (collector dosage, frother dosage, solid ratio, air flow rate) for coal flotation. The 

results showed that both models attained for combustible recovery  and ash content were 

found to be statistically significant, and also the effects of collector and frother dosage on the 

response variables were found to be higher than those of other parameters.  
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Central composite design (2 level, 4 factors) was employed to evaluate the interactive 

effect of process parameters such as pH (5-12), stirring rate (250-800 rpm), initial 

concentration (600-1000 mg/L) and bioadsorbent dose (0.20-1.50 g/100 mL). The regression 

analysis presented good fit of the experimental data to the second-order polynomial model 

with coefficient of determination (R
2
) value of 0.9978 and model F-value of 953.48. The 

optimum conditions of initial concentration (1000 mg/ L), adsorbent dose (0.2 g), pH (5) and 

stirring rate (251.51 rpm) were recorded from desirability function (Sadhukhan et al., 2016). 

Phenolic compounds were extracted from Berberis asiatica and extraction conditions such as 

extraction temperature, solvent concentration and sample to solvent ratio were improved by 

RSM. The outcomes suggested that optimization of the extraction conditions was critical for 

accurate quantification of phenolics and antioxidants in Berberis asiatica fruits (Belwal et 

al., 2016).   

Yusuf et al. 2017 extracted the anthraquinone colorants from Rubia cordifolia roots for 

wool fabric to assess the effect of CaCl2 and AlCl3 mordants. The attained conditions were 

pH = 2, time = 45 min and temperature 90ºC and pH= 4, time=90 min and temperature 90 ˚C 

respectively. Biosorption of methylene blue on Lemna biomass and its conditions were 

optimized by RSM. Jiang et al. 2017 optimized the extraction parameters buffer time, 

extraction power, ratio of solution to solid and extraction time, of anthocyanins from 

blueberry by ultrasonic cell grinder with the help of RSM. The optimal conditions were 

determined to be the extraction power as 1500 W, ratio of solution to solid as 25:1 (mL/g), 

the extraction time as 40 min the buffer time as 3.0 s.  

2.5 Ultraviolet Protection and Fastness Properties 

Ultraviolet radiation possesses many  health issues that are extensively reported in 

literature. Hilfiker et al., 1996 presented a model to predict the solar protection factor of 

fabric by considering number of parameters like porosity, thickness and type of fabric, and 

UV absorber concentration and its type. This model confirmed experimentally and also 

provides data of redness of unprotected skin due to solar radiations. Gies et al., 1998 

discussed the methods and results of protection measurements carried out during UV 

protection campaign in Australia. This campaign was to impart awareness in outdoor workers 

because they can easily affect to exposure by solar UV radiation. The use of protective 



 

26 
 

measures includes sunglasses, hats, and sunscreens and especially clothing that has been 

topic of considerable research.  

In 2000, Paul discussed the interaction of stratospheric ozone depletion, UVB 

radiation and crop disease. Concentration of ultraviolet radiations increases as the ozone 

layer depleted. Bajaj et al., 2000 combined the ideas of different researchers to understand 

the effect of UV rays on morphology and structure of fibres and highlighted the effect of 

dyeing, humidity, chemical processing on cotton and their blends on UPF value. Abidi et al., 

2001 focused on UV transmission of cotton fabric to keep in mind dyeing, fabric architecture 

and chemical finishing. 

Matsumura and Ananthaswamy in 2004 discussed the toxic effects of UV rays on 

skin such as tanning, erythema, photoaging, immunosuppression, DNA damage such as 

cyclobutane pyrimidine dimers and photocarcinogenesis. Hatch and Osterwalder in 2006 

discussed three types of protection measurements including covering with clothing, use of 

UV absorbers and sunscreens. Natural dyes can be act as good UV absorbers therefore 

number of efforts were carried out to assess their role as UV protectors. Natural dyes light 

fastness along with effect of UV absorbers and antioxidants on light fastness were assessed 

by Cristea and ilarem in 2006. Poor results of light fastness obtained but use of these 

additives improved them. Feng et al., 2007 discussed the protection capacity of garments 

from UV radiations. The entire textile materials do not exhibited equal capacity due to 

difference in their manufacturing material properties. They investigated the UPF properties 

of dyed fabric by Rheum and Lithospermum erythrorhizon. These naturally dyed fabrics 

absorb 80% UV rays. Salah et al., 2013 utilized alkaline extracts of banana peel as natural 

dye for premordated bleached and mercerized cellulose fabric using ferric sulphate as 

mordent. The data showed that mercerized fabrics take high dye uptake along with high UPF 

value than unmercerized cellulose fabrics. Hou et al., 2013 applied extracts of orange peel as 

natural dye to wool fabric to investigate its UV protection. When wool dyed only with 

extracts of orange peel, its UPF was 6-fold higher then UPF obtained when fabric dyed 

normal synthetic dyes having similar shades. When the fabrics were laundering for 30 hours, 

the UPF of dyed with natural dye was 4-time greater than latter. 
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Due to low fastness of natural dyes and their less availabity researchers put focussed on 

the application of synthetic UV absorbers for clothing and other material. In 1986, Waters 

and Milligan examined three sulphonated 2ʹ-hydroxyphenyl-s-triazines as photo-protective 

agents for wool fabric. All the three compounds showed good results against UV rdiation and 

also retaarded yellowing of fabric expect one compound who accelerted it. Ultraviolet 

radiations causes damges to synthetic materials as well such as fading of color and strength 

loss. Therefore, Crew and Reagn in 1987 utilized four benzophenone based absorbers on 

dyed and undyed wool, undyed linen, silk, cotton to screen them as good UV absorbers. The 

results obtained indicated that out of four UV absorers, three reduced the fading of color of 

dyed wool and only slightly supperssed the degradation of undyed fabric.    

 Riedel and Hocker (1996) studied the photoyellowing and degradation of wool fabric 

when polymeric UV absorbers were applied. They utilized hydroxyphenylbenzotriazole 

along with (meth) acrylate backbone and found it most effective that also improve fabric 

mechanical properties while water repellence properties become weak. Waiblinger et al., 

1999 investigated the capacity of three UV absorbers for generating singlet oxygen. These 

UV absorbers were 2-(2-hydroxy-5-methylphenyl)benzotriazole, 2-(2-hydro xy-4-methoxy 

phenyl)-4,6-diphenyl-1,3,5-triazine and 2-(2-hydroxy-4-methoxyphenyl)-4,6-bis(2,4-dime 

thylphenyl)-1,3,5-triazine. The results obtained not showed significant reaction of UV 

absorbers with singlet oxygen when irritated with mercury lamp.   

Ravichandran et al., 2000 reported a patent UV absorber benzotriazole with good 

durability. They discussed that the benzo ring containing e-withdrawing group such as α-

cumyl at 3-position increases its durability with very low loss rates while when 

trifluoromethyl attached at 5-position it increased the solubility, colour properties and 

durability. Hoffmann et al., 2000 compared the two UPF protective determination methods; 

in vitro based on spectroscopic determination and in vivo based on the determination of the 

minimal erythema dose. They utilized 7-different viscose and 7-different lightweight cotton 

fabrics to assess their UPF. Untreated viscose fabrics give lower value of UPF in vivo 

measurements than in vitro measurements while treated textiles results provide opposing 

results to untreated fabric. Grabchev and Philipova, 2000 studied the triazine-stilbene 

fluorescent brighteners in aqueous form to evaluate their phochemical and photophysical 
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characteristics. These brighteners exhibited 2-hydroxyethylamino in their cis-trans form. The 

results indicated that substituent type does not significantly affect the absorption fluorescence 

assignments.  

Wang et al., 2001 determined the UPF of two cotton fabrics that was commonly used 

to prepare summer wearing T-shirts. They applied four finishing treatments to these shirts 

named: washing with water, water and detergent, water, detergent and UV absorber and 

dyed. When fabric washed with detergent it increased by 51% and 17% due to fabric 

shrinkage while washing with UV absorber and detergent enhanced its value by 407%.  

Tondorova and Vassileva, 2003 applied Rayosan C alone and in combination with 

Cibafast W and Uvinul DS 49 on cotton stuff to impart enhancement of UV absorptivity. 

When only Rayosan C was used for finishing of fabric it gives poor UPF than in combined 

state. Ghosh et al. in 2003 measured the effect of finishes and dyes as UV protectors on 

cotton/jute fabrics. It was found that monochlorotriazinyl reactive dye with cyanuric chloride 

more effective in UV protecting ability.   

Andrews et al., 2004 described the method of content protection from UV radiations 

by the addition of UV absorbers, tris-aryl-s-triazines and benzotriazoles, in clear or lightly 

colored plastic containers. Tsatsaroni and Eleftheriadis, 2004 utilized Tinuvin P and Tinuvin 

327 and 2,4-dihydroxy benzophenone UV absorbers along with Viosperse Blue RFS dye. 

They compared the results with dyed samples having UV absorbers with samples dyed in the 

absence of UV absorbers. In 2004, Vikova prepared a concentration scale of UV absorbers 

and photochromic dyes for manufactures of new textile based sensors as combined parts of 

summer clothes.   

Oda described impact of UV absorbers on light fastness of color formers in 2005 that 

is extensively utilized in thermochromic systems for textiles. Mahltig et al., 2005 optimized 

the UV protecting coating synthesized by combining inorganic and organic UV absorbers. 

Sol-gel technique was utilized for the synthesis of these types of coatings like organic UV 

absorbers benztriazol and penylacrylate. Gallagher and Lee, 2006 reviewed the adverse 

effects of UV radiations.  Yang et al., 2007 explored the improvement of light fastness of 

inkjet prints by UV absorbers. They examined the water soluble and insoluble U absorbers 
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having benzophenone moiety that decrease the fading of textile prints.  In 2007, Saravanan 

explained the injurious effects of UV radiations and their protection by clothing.  

     Yu and Shen in 2008 developed a new approach for UV blocking through cotton. 

They utilized nano-TiO2 to enhanced the UV protection while vinyl pyrrolidone for wet 

fastness. Anti-ultraviolet ability of treated fabric before and after finishing was evaluated 

through ultraviolet spectrometer. The results indicated that this finishing effectively block the 

UV radiations as the concentration of nano-TiO2 increases. Akrman and Prikryl in 2008 

applied reactive UV absorber on cotton textiles to investigate their UVP ability. They 

condensed cyanuric chloride and 4-aminophenyl- sulfatoethylsulfone to obtained amino 

phenylsulfobenzotriazoles. These UV absorbers are capable of forming covalent interaction 

with cellulosic hydroxyl group. The porosity of cotton material imparts a greater effect on 

UPF value along with applied UV absorber. The attachment of 2-hydroxyphenyl group 

enhanced the UPF instead of 2-methoxyphenyl group attachment. This UV protection follow 

the possible mechanism of disperse the energy of UV rays in the form of heat (IR radiations) 

through reversible H-bond between triazine cycle and phenolic hydroxyl group. Schaller et 

al., 2008 explained the UV-absorbers (UVA) based on hydroxyphenyl-s-triazines for 

automotive and industrial applications. Venditti et al., 2008 described the preparation of 

ethylhexyl methoxycinnamate based UV absorbers for sunscreens. They suggested that 

nitroxide based UV absorbers is a multi active agent reduced the number of ingredients for 

sunscreen formulations. Das, 2010 discussed awareness about the effect of prolonged 

exposure to sunlight on humans and its protective measures. 

Czajkowski et al., 2012 used water soluble symmetrical triazine as UV absorber 

during laundering process. The results indicated that a covalent bond established between 

cellulose and applied absorbers during washing process at 40-60ºC and gave protective 

properties for prolonged time. Merdan et al., 2012 utilized two types of cotton fabrics rib 2/1 

and twill 2/1 and dyed them with Procion Brilliant Red to investigate their UPF properties. 

They utilized UV absorber in different concentrations (0 and 2%) before, during and after 

dyeing. Light fastness, whiteness index and UPF of dyed and undyed fabric were measured. 

Mamnicka and Czajkowski, 2012 synthesized various monochlorotriazine and vinylsulphone 

based UV absorbers and applied on cotton material to measure their UPF.    
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Chakraborty, 2014 studied the performance of two UV absorbers named; 

benzophenone and its derivative 2, 4-hydroxybenzophenone. The results suggested that 2, 4-

hydroxy benzophenone was more pronounced as compared to benzophenone in UPF 

property along with good tensile strength, air permeability and handling. Kan et al., 2014 

explored the impact of UV absorber and biopolishing on UPF of knitted cotton. They 

manufactured knitted fabric with conventional ring spun yarn and torque free ring spun yarn. 

They measured the UPF of these fabric and results exposed that fabric made from torque free 

ring spun exhibited good UPF than conventional ring spun yarn made fabric but when these 

two fabrics treated UV absorber and biopolishing they showed different results. Treated 

conventional ring spun yarn fabric indicated better UPF than knitted fabric made from 

torque-free ring spun. Qu et al., 2014 utilized grapheme nanoplate to enhance the UV 

blocking property of cotton fabric by pad dry cure method. The structure of treated fabric 

characterized with SEM, AFM, FT-IR, VU/Vis. and X-ray spectroscopy. They results of 

UPF directed that functionalized cotton performed excellent against UVR and UPF increased 

ten times due to grapheme nanoplate.   

Chen et al., 2015 carried out a coupling reaction between tyrosine residues on silk 

fibroin and UV absorber hydroxyphenyl benzotriazole that decreased the transmittance of 

UV light along with yellowing of silk fabric due to presence of conjugated Benzotriazole 

while untreated fabric yellowed. UV absorber decreased tensile strength but fabric containing 

high amount experienced less decrease in tensile strength.      

2.6 Degradation by Advance Oxidation Process    

Several synthetic finishes poses hazardous effects on living beings. The industrial 

effluents exhibited serious health disorders due to the presence of many synthetic chemicals. 

Therefore, it is necessary to find out the degradability of these substances into no or less 

hazardous components. For this purpose, advance oxidation processes are extensity used due 

non-dangerous nature of obtained by-products.      

 Arslan et al., in 2000 utilized advance oxidation processes for effective degradation 

of mono and bifunctional aminochlorotriazine dyes in a novel batch photoreactor. The 

ferrioxalate-photo-Fenton oxidation process found 3 times better than photocatalytic process 
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in decolourization point of view but photocatalytic process more reduced the absorbance. 

Decolourization rate increases with decreasing concentration of dyes. They utilized the 

Langmuir-Hinshelwood kinetic model on dye decomposition. In 2002, Esplugas and co-

workers degraded the phenol by several advance oxidation processes and compared them. 

They concluded from results that Fenton reagents are fastest than all while ozonation 

economically better and UV/H2O2 exposed the highest degradation rate in UV processes. 

Triazine based azo dyes were photocatalytically degraded by Hu et al. in 2003 and detailed 

analysis of degraded dyes carried out by spectroscopic techniques. The results obtained 

indicated that desulfuration and decolourization at the same speed while triazine linked 

substituents are difficult to hydrolysed than naphthalene attached substituents. This 

photocatalytic process oxidized the C, N, S heteroatoms into CO2, NH4
+
, NO3

-
 and SO4

2-
, 

only cyanuric chloride not further decomposed by this process. In 2004, Muruganandham 

and Swaminathan decolourized the reactive orange 4 chlorotriazine azo dye by AOPs. The 

results indicated that photo-Fenton was more competent for deprivation of this dye.       

Aguedach et al. 2005 degraded the reactive black 5 and reactive yellow using non-

woven paper coated with UV-irradiated TiO2. They studied the adsorption ability of this 

method at various pHs and Langmuir Hinselwood equation applied on degradation in acid 

pH zone. Ozone/UV/H2O2 methodology founded more effective for all dyes expect acid red 

88. Only naphthalene rings possessing dyes give rapid decolourization than benzene and 

naphthalene rings containing dyes. Suphonic acid linked moieties were easily decolourize but 

as the azo groups increased, time of decolourization also increased in acidic pH and less salt 

dose (Muthukumar  et al., 2005)  

Trung and Chung in 2009 degraded the nitrobenzene by catalytic oxidation reagent 

Fe
(0)

- EDTA-O2- H2O that converted it 94% into H2O, CO2 and low molecular acids. They 

also measured the COD values and calculate the kinetic parameters. Gul and Yildirm in 2009 

synthetic dye bath effluents treated with ozonation and H2O2/UV-C. Results indicated that 

later process is more pH dependent while ozonation is more effective and less selective in 

dearomatization and decolorization and follow pseudo-first order reaction kinetics. Carbonate 

and Cl
- 
are OH radical scavengers were unseen due to complication of the synthetic dye-bath 

medium. Zanta and Huitle in 2009 degraded the 2-hydroxybenzoic acid (2-HBA) in lab scale 
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by following typical AOPs process. It was concluded that Fenton process was more active in 

acidic conditions led to six times faster than UV/H2O2 process and follow first order kinetics. 

The optimum conditions for 2-HBA was iron 0.6 mmol/L, pH= 4-5 and [H2O2]/[2-HBA] 

molar ratio = 7. Garcia et al. 2009 reported the treatment of the real textile effluents by 

TiO2/H2O2/sunlight. Values of COD decreases as the mineralization increases and solar 

radiations were found more efficient than artificial radiations at operational costs.   

In 2012, Guimaraes and co-workers reported the breakage of formaldehyde in water 

by AOPs. UV/H2O2 and photo-Fenton AOPs were employed to degrade formaldehyde at the 

maximum dosage; the processes were able to reduce formaldehyde and DOC by 98 and 65 % 

respectively while photolysis did not reduce it. Modenes et al. (2012) investigated the textile 

effluent treatments with photo-Fenton method by solar and artificial light. They determined 

the COD and decolourization at optimum concentration of iron and hydrogen peroxide at pH 

3.0.      

The intermediates and degradation products obtained after treatment with advance 

oxidation process can be structurally analysed by LC-MS (Hisaindee et al., 2013). 2,4-dinitro 

phenol is a persistent pollutant that was degraded by employing combination of advanced 

oxidation and hydrodynamic cavitation and first order kinetics fitted on degraded data. 2,4-

dinitro phenol completely degraded by this combination (Bagal and Gogate, 2013). Complete 

exhaustion of dye on fabric is not possible and extra dye eradicated in wastewater that causes 

adverse environmental effect. Triazine anchor reactive dyes degraded and decolourization 

occurred due to obliteration of its chromophoric groups under UV-C light. Total organic 

contents also decreased due to mineralization of dye. The toxicity level of dyes mainly 

depends on aromaticity and polarizability of dye molecules (Kusic et al., 2013).    

Degradation of phenols in laboratory and petrochemical industries wastewater was carried 

out with the help of titanium dioxide nanoparticles coated on quartz tubes under UV light. 

Acidic pH and rising of the contact time enhanced the removal efficiency and it was 

concluded that light can pass through layers (Nickheslat et al., 2013). Conventional 

wastewater treatments are efficient for degradation of pollutants but some of them are not 

effectively removed due their high chemical stability or low biodegradability. Advanced 

oxidation processes are very efficient for highly competitive wastewater treatment but causes 
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high operational cost. To overcome on this, it was considered that advanced oxidation 

process combined with biological processes (Cesaro et al., 2013).  

Mineralization of 2-naphthol, sulphanilic acid, azo dye C.I. and acid orange 7 was 

carried out by Fenton process. Toxicity, UV/Vis., TOC, COD and BOD measurements were 

conducted to evaluate the Fenton process. It produced the maximum TOC decreases for 2-N, 

AO7, SA (52, 53, 44 %) respectively. After 1 hour treatment, complete decolorization and 

degradation of aromatic fragments were also achieved (Papic et al., 2014). Endotoxin poses a 

serious health issue and its degradation capacity was assessed by O3/H2O2 and UV/H2O2. The 

production of hydroxyl radical in AOPs exhibited more ability to degrade endotoxin in 

buffered solution, with the ozone/H2O2 being more effective compared to UV/H2O2 (Oh et 

al., 2014).  

A model UV absorber compound 2-phenyl-benz-imidazole-5-sulfonic acid (PBSA) 

and 1H-benz-imidazole-2-sulfonic acid (BSA) was mineralized by UV/H2O2. A complete 

removal of PBSA and decrease in TOC (25%) achieved in 190 min of UV light at 4 mM 

[H2O2]
0
. By increasing the hydrogen peroxide (0-4 mM), it result in removal of sulphate. The 

results indicated that presence of Br
- 
slowed down the degradation and mineralization of both 

compounds while a minute effect on the degradation was noticed in the existence of Cl
- 

(Abdelreheema et al., 2015). Wu and its co-workers in 2016 removed the azo dyes from 

effluents of textile industry during low pressure ultraviolet/chlorine oxidation. Removal rates 

of dyes enhanced with combination of UV/free chlorine than UV and chlorination alone (Wu 

et al., 2015). Reduction of Antibiotic resistance genes (ARGs), intI1 and 16S rRNA genes in 

municipal wastewater by Fe
2+

/H2O2 and UV/H2O2 process was carried out. It was concluded 

that they are effective in their reduction. Oxidation by the Fenton process under optimum 

conditions wherein Fe
2+

/H2O2 had a molar ratio of 0.1 and a H2O2 concentration of 0.01 mol 

L
−1

 with a pH of 3.0 and reaction time of 2 h was somewhat better than that of the UV/H2O2 

method. The Fenton oxidation and UV/H2O2 process followed the first-order reaction kinetic 

model (Zhang et al., 2016). 
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Chapter 3 

                                                         MATERIALS AND METHODS 

The present project consist of the computational study of new reactive UV absorbers, 

their synthesis, purification, spectroscopic characterization, optimization of application 

parameters on cotton fabric, ultraviolet protecting ability and degradation studies.  

3.1 Computational Study 

In search of the best UV absorber for cotton apparels and to authenticate the most 

suitable computational methodology to tailor such compounds computational approach was 

employed by using DFT level of theory (Jursic, 2000). In this study, five triazine based 

reactive UV absorbers for cellulosic fabric were designed and studied in respect of their 

frontier molecular orbital, optical properties and absorption spectra (UV-Vis. spectra).  

3.1.1 Gaussian Package  

All the calculations were performed on Gaussian 09W Package in this current study. 

Primarily, the 3D structure of UV absorbers was created with the Gauss view and executed 

initial conformational analysis, optimization of geometries were carried out without any 

structural or symmetry restrictions using DFT theory with three functionals CAM-B3LYP, 

WB97XD, B3LYP and the basis set 6-31G (d, p) was implemented and energy gap between 

HOMO and LUMO was also determined on the basis of this computational model. All 

calculations were performed employing the implicit solvation model IEFPCM with water as 

solvent because it is used as solvent for finishing of cotton (Becke, 1993; Rassolov et al., 

2001, Yanai et al., 2004, Chai and Gordon, 2008; Irfan et al., 2017).  

3.1.2 Optimization of Geometry   

 The Gauss view programme was utilized to optimize the geometries of synthesized 

molecules. The optimized structures having less internal energy was attained by DFT 

calculations. When stationary point achieved, then calculations considered done. The energy 

of final optimized structures takes as internal energy of the system. The output file obtained 

give us the optimized structure, electronic energy and some other data.  
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3.1.3 Electronic and Absorption Properties 

Highest occupied orbital (HOMO), lowest unoccupied molecular orbital (LUMO), absorption 

behaviour and band gap are the properties that connected with excited state of chemical 

species. All these electronic properties were calculated using before mentioned levels of 

theory.  

The outcomes of other parameters linked to the above properties as stated above were 

also attained from the output files. The difference between the energies of HOMO and 

LUMO of chemical specie is reflected as band gap. Geometry optimization calculations 

generated the .chk files which were used to create the form check files in Gussian 09W 

package. These form chek files were used to draw sketches of the Kohn-Sham orbitals 

applicable to the low-lying excited states for triazine based reactive UV absorbers. 

Absorption spectra were virtually gained after the optimization of molecular structures about 

their geometry and internal energy.  

3.2 Chemicals  

Chemicals used for the synthesis, purification, application and degradation were 

provided Sigma Aldrich, BASF Germany and Sandal Dyes, Faisalabad. All the chemicals 

and reagents were used without further purification (Table 3.1-3.3).    
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Table 3.1 Materials used for synthesis of reactive UV absorbers (1-5) 

Sr. # Chemicals Functions      Manufacturer/Supplier 

1 Cyanuric chloride Reactive group  BASF Germany 

2 

3 

p-phenylenediamine  

3,3'-Dichloro-

biphenyl-4,4'-diamine 

Bridging group 

Bridging group 

 BASF Germany 

 

BASF Germany 

4 Aminophenylsulphato

ethylsulphone 

Reactive group  BASF Germany 

5 

6 

7 

Sulphanilic Acid 

Ehrlich reagent 

2,5-Diamino-

benzenesulfonic acid 

Reactive group 

Indicator for reaction 

completion 

Bridging group 

 BASF Germany 

Sigma Aldrich 

Sigma Aldrich 
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Table 3.2 Chemicals utilized for purification and applications of reactive UV absorbers (1-5) 

Sr. 

No. 
Chemicals Functions      Manufacturer/Supplier 

1 Na2CO3 Fixating Agent  BASF Germany 

2 Na2SO4 Exhausting Agent  Sigma Aldrich 

3 Ethanol Washing  Sigma Aldrich 

4 

 

5 

 

6 

 

7 

 

 

8 

 

9       

  

10 

 

11                  

Diethyl ether 

 

Dimethylsulphoxide 

 

n-butanol 

 

Methanol  

 

 

NaHCO3 

 

Perlavin PAM                                                                             

 

Ethyl Acetate 

 

Chloroform 

Purification 

 

Remove inorganic 

impurities 

  

Precipitation 

 

Washing 

 

 pH maintain 

 

Cleaner 

  

Washing 

 

 Washing 

 

 

 

 

 

 

BASF Germany 

 

BASF Germany 

 

Sigma Aldrich 

 

Sigma Aldrich 

 

 

BASF Germany 

 

Swiss Speciality 

chemicals 

 

Sigma Aldrich 

 

Sigma Aldrich 
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Table 3.3 Chemicals utilized for degradation of reactive UV absorbers (1-5) 

Sr. No.  Chemicals Functions      Manufacturer/Supplier 

1 FeSO4.7H2O Oxidizing 

Agent 

 Sigma Aldrich 

2 

 

3 

 

4 

H2O2  

 

Na2SO3 

 

HNO3 

Oxidizing 

Agent 

Quenching   

Agent 

Washing 

glassware  

 Sigma Aldrich 

 

Sigma Aldrich 

 

BASF Germany 

     

 

3.3 Equipment and Instruments 

The details of equipment and instruments used in current work are given in the Table 

3.4-3.5.  

Table 3.4 Equipment‘s used for characterization of reactive UV absorbers (1-5)  

Sr. 

No. 
Equipment Functions Model Manufacturer 

1 UV-Visible 

Spectrophoto

meter 

To find out λmax  or 

absorbance   

CE-7200 Perkin Elmer 

Lambda 

 
2 FT-IR  For Functional group  U-2001  Perkin Elmer  

3 ESI-MS  For Molecular Weight    
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Table 3.5 Equipment‘s used for characterization of reactive UV absorbers (1-5) 

Sr. 

No. 
Equipment Functions Model Manufacturer 

     

1 Launderometer Determination of 

washing fastness 

L-8 Kyoto Japan 

2 Light Fastness 

Tester (Xenon 

Tester) 

Determination of light 

fastness 

XF-15N Shimadzu Corporation 

Kyoto Japan 

3 

 

4 

 

5 

 

 

6 

 

 

7 

UV/Vis. 

Spectrophotometer 

 

HT dyeing machine 

 

Weighing Balance 

 

 

pH Meter 

 

Glass Cylinders & 

Beakers 

 

Ultraviolet Protection 

Factor 

 

Exhaust dyeing 

 

Weighing 

 

 

pH measurements 

 

Solution preparations 

1050 

 

HD-12E 

 

 

GC1603S-

OlllCE 

 

HI83141N 

 

N/A 

 

 

 

Shimadzu 

 

 

Sartorius AG 

Gothingen Germany 

  

Hanna Instruments, 

Europe 

 

Pyrex, Germany 

 

3.4 Testing of Fabric 

 New synthesized UV absorbers were applied on a bleached, mercerized 100% cotton 

fabric. The specifications of the cotton fabric are given below (Table 3.6). 
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Table 3.6   Specification of cotton fabric (100 %) utilized in the current study 

Sr. 

No. 
Fabric Specifications Value 

Standard Test Methods 

(ASTMD) 

1 Areal density (g/m
2
) 97.8 3776-02 

2 Picks per inch 82 3775-03 

3 Weave Plain 3775-03 

4 Warp count (Ne) 57 1059-01 

5 Weft count (Ne) 49 1059-01 

6 Ends per inch 124 3775-03 

3.5 Synthesis Scheme for the Reactive UV Absorbers (1-5) 

 One bifunctional, one trifunctional and three hetrofunctional reactive UV absorbers 

were synthesized by following a typical method of aromatic nucleophilic substitution 

described by Czajkowski et al. (2006) with some modifications (Figure 3.1).  

 

Figure 3.1 General synthesis scheme for UV absorbers (1, 2, 3, 5)   

3.5.1 Synthetic Route for Reactive UV Absorber (1) 

3.5.1.1 1
st
 Codensation 

2, 5-diamino-benzenesulfonic acid was dissolved and make 0.01 molar aqueous 

solution.  Cyanuric chloride (0.02 molar) suspenation was prepared by mixing it in water at  

0-5 °C. A solution of 2, 5-diamino-benzenesulfonic acid (0.01 moles) was poured to cyanuric 
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chloride suspension (0.02 moles) very gradually with continuous stirring in 2 hours. The 

temperature was kept from 0-5 °C and pH 3.0-3.5 during the reaction and the end of the 

reaction was affirm through paper chromatography. 

 

N N

NCl

Cl

2 +

NH2

NH2

SO3H

0-5 oC

pH 3-3.5
HN

HO3S

NH

2,5-Diamino-
benzenesulfonic acid

N

N

N

N

N

N

Cl Cl

Cl ClCynuric Chloride

Condensed Product

+ 2HCl

Cl

  

 

3.5.1.2 2
nd

 Condensation 

Aminophenylsulphatoethylsulphone was dissolved in 500 mL of water to make 0.02 

molar solution and CaCO3 (10%) added by maintaining pH 4.5-5.0. To the above condense 

product vinylsulfone para ester solution (0.02 moles) was added in 1 hour, keeping the 

temperature 40-45 ºC and pH 4.0-4.5 till the reaction finished and end of the reaction was 

affirmed through paper chromatography (Ehrlich reagent). Lastly synthesized compound was 

separated by salting out (KCl/NaCl), filtered, buffered to pH 7.0 and dried through spray 

dryer. 
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Figure 3.2 Reactive UV absorber (1) 

3.5.2 Synthetic Route for Reactive UV Absorber (2) 

All the procedure described above was repeated except in place of 2, 5-diamino-

benzenesulfonic acid, p-phenylenediamine bridging group was introduced for the synthesis 

of reactive UV absorber (2) (Figure 3.3). 

 

Figure 3.3 Reactive UV absorber (2) 
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3.5.3 Synthetic Route for Reactive UV Absorber (3) 

All the procedure described above was repeated except in place of p-

phenylenediamine, 3, 3'-dichloro-biphenyl-4, 4'-diamine bridging group was used for the 

synthesis of reactive UV absorber (3) (Figure 3.4). 

 

Figure 3.4 Reactive UV absorber (3) 

3.5.4 Synthetic Route for Reactive UV Absorber (5) 

All the procedure was repeated as for A except in place of vinylsulfone paratester, 

sulfanilic acid reactive group was used in the second condensation for the synthesis of 

reactive UV absorber (5) (Figure 3.5). 

 

Figure 3.5 Reactive UV absorber (5) 
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3.6 Synthesis Scheme for the New Reactive UV Absorber (4) 

 

Figure 3.6 General synthesis scheme for reactive UV absorber (4)  

3.6.1 Synthetic Route for New Reactive UV Absorber (4) 

3.6.1.1 1
st
 Condensation  

i) Cynuric chloride suspension (0.01 moles) was made by mixing it in water at 0-5 °C. 

Aminophenylsulphatoethylsulphone was dissolved in 500 mL of water to make 0.01 molar 

solution. Then both the solution mix together by maintaining pH at 3.0-3.5 and temp. at 0-5 

°C with constant stirring. The completion of the reaction was confirmed with the help of 

paper chromatography (Ehrlich reagent).  

 

ii) Sulfanilic acid was added in water to form 0.01 molar solution. Cynuric chloride 

suspension (0.01 moles) was made by mixing it in water at 0-5 °C. Then both the solution 

mix together by maintaining pH at 3.0-3.5 and temp. at 0-5 °C with constant stirring. The 
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completion of the reaction was confirmed with the help of paper chromatography (Ehrlich 

reagent). 

 

 

3.6.1.5 2
nd

 Condensation 

To the above condense products 3, 3'-dichloro-biphenyl-4, 4'-diamine (0.01 moles) 

was added in 1 hour, keeping the temperature 45-50 ºC and pH 5.0-5.5 till the reaction 

finished and end of the reaction was affirmed through paper chromatography. Finally 

synthesized compound was separated by salting out (KCl/NaCl), filtered, buffered to pH 7.0 

and dried through spray dryer. 

 

Figure 3.7 Reactive UV absorber (4) 



 

46 
 

3.7 Purification of Synthesized UV absorbers 

 Synthesized UV absorbers (1-5) purified for the elucidation of their structures. 

Purification can be carried out by washing with the compounds with different solvents or by 

more accurate column technique. In the current research work, both the methods were 

utilized. Dimethylsulfoxide (DMSO) at 60 °C) was utilized for the removal of excessive 

inorganic impurities (salt) than the UV absorber was re-precipitated with n-butanol at 30 °C. 

The washing of precipitated UV absorber was done with ethanol (twice) and followed by 

diethylether for the elimination of organic impurities. The UV absorbers dried in vacuum 

oven at 40 °C. The above dried compounds were further purified through column 

chromatography (Mousa, 2007; Goa et al., 1993).   

 

 

               Figure 3.8 General purification route of synthesized UV absorbers 

Table 3.7 

Preliminary observations of synthesized UV absorbers (1-5) 

Sr 

No. 

UV Absorber Physical state Odour Colour Solubility 

1 1 Solid Odourless Colourless Water soluble 

2 2 Solid Odourless Colourless Water soluble 

3 3 Solid Odourless Off white Water soluble 

4 4 Solid Odourless Off white Water soluble 

5 5 Solid Odourless Off white Water soluble 

3.8 Structure Elucidation 

Confirmations of structures of synthesized new reactive UV absorbers were carried 

out by spectroscopic techniques (UV/Vis., FTIR and ESI-MS spectroscopy). 



 

47 
 

3.8.1 UV/Vis Spectrophotometer 

  UV/Vis. spectrophotometer is a significant analytical tool for organic molecules in 

current time. When UV/Vis. radiations fall on a substance, it may appear coloured or 

colourless. It depends upon the region of radiations that were absorbed by the substance. If 

the substance reflected all the light or absorb radiation fall in the UV region, it will appear 

white or colourless. When UV/Vis. radiations absorb by a molecule of a substance, the 

transition among the electronic energy levels occurred. Solutions of UV absorbers were made 

in distilled water and λmax of all the UV absorber calculated by a UV/Vis spectrophotometer 

at 200-800 nm (Mousa, 2007). 

3.8.2 Fourier Transform Infrared Spectrophotometer (FT-IR) 

FT-IR is another analytical tool for the confirmation of structures of synthesized 

compounds. It works in terms of functional group identification present in synthesized 

molecules. FT-IR provides us specific bands according to the different intensity and position.  

   When the IR light passed through interferometer and the sample, the signal 

(interferogram) recorded and converted into the IR spectrum via FT-data processing method. 

The obtained spectrum generates a specific fingerprint of each substance or compound 

represents the molecular absorption and transmission bands. It covers the IR region of 4000-

400 cm
-1

. FT-IR spectrophotometer is a precise and simple method widely employed for the 

recognition  of functional groups in known and unknown substances (Patel et al., 2015).   

3.8.3 Electrospray Ionization Mass Spectrometry (ESI-MS) 

 It is an analytical technique that confirms and characterizes the organic molecules via 

generation of mass spectra. MS spectrum also employed to determine the masses of particles 

and molecules. When organic substance is bombarded with a beam of electrons having 

energy greater than the ionization energy of the substance, one electron of the molecule is 

removed and single charged specie generated. The specific fragmentation pattern in the MS 

spectrum correlated with the known masses of the organic substance. A narrow nozzle is 

employed to spray the solution of the organic substance and a high voltage is applied at 

atmospheric pressure in the ionization chamber. Small charged droplets generated, and 
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ionized molecules of the organic substance produced. These, ionized and charged species 

swept into analyzer and separated on the basis of their mass/charge ratio through reflection 

based time of flight (TOF) (Konstantinova and Petrova, 2002).  

3.9 Optimization of Influencing Factors of Finishing by Response Surface 

Methodology (RSM)  

Two approaches are generally employed for optimization (i) first one is a classical 

approach named ―one-factor-at-a-time (OFAT)‖ varying one factor (Irfan et al., 2014) and 

keeping the rest of the factors constant; its major drawbacks are that it does not study the 

interaction effects among the variables studied, increase the number of experiments that 

ultimately enhanced the expenses, time and wastage of chemicals   that increased the water 

contamination (Ravikumar et al., 2007). Another one is the RSM design known as central 

composite rotatable design (CCRD) (Bezerra et al., 2008). Its quadratic model is suitable 

when data set present in curvature and complex system, useful for optimizing and improving 

process efficiency even in the existence of diverse interactions among variables 

simultaneously (Chong et al., 2015), 

3.9.1 Experimental Design 

For the experimental design, complete composite design was used and three 

independent influencing variables were selected as finishing temperature (X1), alkali (g/L) 

(X2) and salt (g/L) (X3). Total 20 experimental runs (Table: 3.8) were generated by Design 

Expert software (version 7.0.0). The responses were exhaustion and fixation percentage. The 

coded values of process variables are obtained by the following equation 

                                                                  (3.1) 

                                                  i=1, 2, 3,…, k 

Where  

Xi = real value of independent variable 

Xo = value of Xi at central point 

∆X = step change and  

xi = dimensionless value of process variable 
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The second order equation used to show the relationship between dependent and independent 

variables was given as 

Y (E% or F%) = β0 + β1 X1 + β2 X2 + β3 X3 + β11 X1
2

 + β22 X2
2

 + β33 X3
2
 + β12 X1 X2 + β13 X1 

X3 +   β23 X2 X3                                                                                                                                                              (3.2) 

      Where X1, X2 and X3 are the coded values of the independent variable 

temperature, alkali and salt respectively, Y is the predicted response to be modelled, β is the 

regression coefficient, β1, β2, β3 are the linear coefficients, β11, β22, β33 are the squared 

coefficients and β12, β13, β23 are the interaction coefficients (Myers et al., 2016).  

A plus sign indicates a synergistic effect and minus sign indicates an antagonistic 

effect of the variables.  

3.10 Finishing of Cotton Fabric with Synthesized Reactive UV Absorbers   

Synthesized UV absorbers were applied on the cellulosic material by following batch 

wise or Exhaust method.   

3.10.1 Batchwise or Exhaust Method 

Reactive finishes having monochlorotriazine moieties applied on cotton fabric just 

like reactive dyes. Exhaust process of finishing is one of most simple and common method 

and categories into four parts, namely; traditional, high temp., constant temp. and all in the 

methods. During current project, the high temperature method was employed in which 

temperature is set at the start of finishing that remains constant at the end of the process. UV 

absorber and salt was mixed at the start of the process and alkali added after a specific time 

period to attain better fixation of UV absorber with cotton fabric (Clark, 2011).         

  A series of experiments were carried out to optimize the finishing conditions 

(temperature, salt and alkali) via RSM. Cotton fabric (10 g) was finished in stainless steel 

dye pots housed in an HT dyeing machine, using 3% (o.w.f) UV absorber, and UV absorber 

liquor to a fabric ratio of 30:1. UV absorbers solution was prepared in distilled water while 

Na2SO4 and Na2CO3 were utilized as salt and alkali.  After finishing, the unfixed UV 

absorber was detached from the fabric by washing it with cold and hot water successively, 
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soaping with detergent (2 perlavin PAM) for 15 min; washing with hot and cold water and 

dry the fabric  (Mousa, 2007). 

 The design expert generates the twenty experiments to optimize the finishing 

conditions that are summarized in Table 3.8.  

Table 3.8 

The experimental design and levels of independent variables chosen for maximum 

exhaustion and fixation percentage using CCRD  

Std Run Block Temp(X1) 

(ᴼC) 

Alkali(X2) 

g/L 

Salt(X3) 

g/L 

 

13 1 Block 1 60 20 20  

2 2 Block 1 100 10 10  

4 3 Block 1 100 30 10  

5 4 Block 1 20 10 50  

7 5 Block 1  20 30 50  

8 6 Block 1 100 30 50  

3 7 Block 1 20 30 10  

20 8 Block 1 60 20 30  

16 9 Block 1 60 20 30  

14 10 Block 1 60 20 40  

15 11 Block 1 60 20 30  

6 12 Block 1 100 10 50  

9 13 Block 1 40 20 30  

1 14 Block 1 20 10 10  

17 15 Block 1 60 20 30  

11 16 Block 1 60 15 30  

18 17 Block 1 60 20 30  

19 18 Block 1 80 20 30  

19 19 Block 1 60 20 30  

12 20 Block 1 60 25 30  
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3.11 Exhaustion and Fixation Calculations 

3.11.1 Measurements of UV Absorber Exhaustion 

The finishing bath exhaustion percentage of UV absorbers were calculated by 

employing UV/Vis spectrophotometer at λmax by equation 3.3.  

                                                                  

   [  (
  

  
)]                            

 

Where C1 is the concentration of the finishing bath before and C2 is the concentration 

of the finishing bath after finishing (Lewis et al., 2000).   

3.11.2 Measurements of Finishing of Fixation Percentage 

The fixation percentage was measured by following method described in literature 

(Paluszkiewicz et al., 2005) from equation (3.4). Where C2 is the absorption of the dissolved 

sample of the fabric and C1 is the absorption of un-dissolved sample of the fabric. 

 

    (
  

  
)                                    

3.12 Determination of Ultraviolet Protection Factor (UPF) 

Ultraviolet protecting property of finished fabric was measured in terms of ultraviolet 

protection factors using AATCC TM 183 test method. For this purpose, a piece of finished 

fabric was cut at least 2.0 × 2.0 in. and placed the piece of fabric the sample transmission 

port opening in the sphere and make  UV transmission calculations with the fabric oriented in 

one direction and second calculations at 0.75 rad (45°). Record the individual measurements. 

Table 3.9  Protection categories of fabrics according to ASTM D6603 (Dubrovski and 

Golob, 2009) 

Sr.  

No 

UPF range Protection 

Category 

 

1 40-50, 50
+
 Excellent  

2 25-39 Very Good  

3 15-24 Good  

4 0-10 Satisfactory  
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3.13 Fastness Testing 

The standard method by American Association of Textile Chemists and Colorist 

(AATCC) and International Organization for standardization (ISO) was followed for the 

fastness testing (Chrysler, 1990).   

3.13.1 Washing fastness Test 

The wash fastness of finished fabric was assessed employing following conditions 

(ISO-105-CO3).  

Temperature: 60°C, Liquor ratio: 50:1, Soda ash: 2g/L, Detergent: 5g/L, Time: 30 

min. The UPF of finished fabric was measured after each washing and this process repeated 

ten times.   

3.13.2 Light-Fastness Test 

The light fastness of the finished fabric was assessed employing following conditions 

(ISO105-BO2) by Xenon tester.  

Light source: Xenon arc lamp, Lamp cooling: Water, Duration of test: 48 h, Treated 

fabric samples: 10 × 50 mm. The resulting fabrics were evaluated for UPF calculations. 

3.13.3 Whiteness Test 

Whiteness Index of treated fabric was taken on Gretag Macbeth SpectroEye 

spectrophotometer. 

3.14 Advanced oxidation of UV absorbers for degradation 

3.14.1 Fenton Oxidation 

UV absorber solution (100 ppm) was prepared in distilled water and adjusts the pH by 

digital pH meter with the help of NaOH (1 M) and H2SO4 (1M). The experiments were 

conducted in a conical flask (500 mL) having 100 mL of UV absorber solution. The desired 

amount of FeSO4.7H2O, and H2O2 was added into the flask at the start of the reaction. The 

flasks were enclosed with aluminium foil and retained shaker (100 rpm) at room temperature 
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(25±1℃) in Fenton process. To evaluate the effect of time, a sample (2 mL) withdrawn 

periodically and quenched the reactive species by Na2SO3 (0.5 mL) and analyzed at the λmax 

of UV absorber.  To examine the possible maximum removal of UV absorber, the effect of 

different experimental parameters such as pH (2.0, 3.0, 5.0, 7.0 and 9.0), contact time (40, 

80, 120, 160 and 200 min), H2O2 dose (100, 300, 500, 700, 900 mg/L) and FeSO4 

concentration (5, 10, 15, 20, 25 mg/L) was also assessed. COD removal efficiency was 

measured by  the dichromate method (Ertugay and Acar, 2017).  

3.14.2 UV/H2O2 

UV absorber solution (100 ppm) was prepared and adjusts the pH of solution by digital 

pH meter. A photo-reactor emitting at 254 nm was utilized for this experiment. Aqueous 

solution of UV absorber (100 mL) was placed under a UV lamp and desired amount of 

hydrogen peroxide (30%) was added at the start of the reaction and stirred at 100 rpm speed. 

To evaluate the effect of time, sample withdrawn periodically and analyzed at the λmax of UV 

absorber.  To examine the possible maximum removal of UV absorber by UV/H2O2, the 

effect of different experimental parameters such as pH (2.0, 3.0, 5.0, 7.0 and 9.0), contact 

time (40, 80, 120, 160 and 200 minutes) and H2O2 dose (100, 300, 500, 700, 900 mg/L) was 

also measured (Bensalah et al., 2018) 

3.14.3 Percentage Chemical Oxygen Demand (COD) Removal Efficiency  

     
         

    
                    

COD0 = COD of UV absorber before treatment 

CODt = COD of UV absorber after treatment 

3.14.4 Concentration of UV Absorber  

    
         

    
                                         

Abs0 = Absorbance of UV absorber before treatment 

Abst = Absorbance of UV absorber after treatment 
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Table 3.10 Optimization of process parameters by AOPs 

Sr.  

No 

pH H2O2 (mg/L) FeSO4 (mg/L) Reaction Time 

(Minutes) 

 

1 2.0 100 5 40  

2 3.0 300 10 80  

3 5.0 500 15 120  

4 7.0 700 20 160  

5 9.0 900 25 200  

 

3.14.5 Analytical Studies after Degradation      

The concentration of UV absorbers was measured by calculating its absorbance  at their λmax 

using Perkin Elmer Lambda (CE-7200) UV/Vis. spectrophotometer. The pH of the solution 

was measured with the help of a digital pH meter (Hanna Instruments, Europe). The COD of 

the solution was determined by the colorimetric method (Ertugay and Acar, 2017). 
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Chapter 4 

                                                        RESULTS AND DISCUSSIONS 

This chapter is about the data regarding computational study of reactive triazine based 

UV absorbers; synthesis of designed reactive triazine based UV absorbers, and their structure 

elucidation by spectroscopic data, optimization of finishing variables using response surface 

methodology, ultraviolet protecting ability, fastness properties and degradation of 

synthesized reactive UV absorbers by advance oxidation processes.    

Part I 

4.1 Computational Studies  

Computational study was employed to design UV absorbers of concerned properties 

and for this purpose DFT theory with three functionals CAM-B3LYP, WB97XD, B3LYP on 

the basis set 6-31G (d, p) was implemented. Energy gap (HOMO-LUMO and HOMO-1-

LUMO+1energy levels) and absorption wavelength (λmax) of five reactive triazine based 

absorbers were determined and results of this study are discussed here. Results reliability in 

terms of simulated absorption wavelength (λmax) was assessed against experimentally 

attained λmax.         

4.1.1 Frontier Molecular Orbital  

Geometries of five reactive UV absorbers (1-5) were optimized without imposing any 

constraint. The geometry optimization shows that the UV absorbers (1-2) demonstrate 

structural similarities, since they possess the same triazine and sulphatoethylsulphone (SES) 

moieties. The structural difference results from different substituent attached with bridging 

moiety while the UV absorbers (3-5) possess the same bridging moiety and structural 

difference arise due to attachment of different groups with the triazine moiety. Structures of 

designed UV absorbers are shown in Figure 4.1.   

Afterwards, molecular orbital calculations were carried out. Table 4.1 shows the 

HOMO-LUMO and HOMO-1-LUMO+1 energy levels and energy gaps of the reactive UV 

absorbers (1-5) with CAM-B3LYP, B3LYP and WB97XD at 6-31G (d,p) basis set employed 

in Gaussian 09 program. Comparison of the calculated HOMO-LUMO and HOMO-1 to 

LUMO+1 energy gaps of 1 and 2 reveals that the ΔE increases as follows: 1 < 2, in all the 



 

56 
 

three approaches, showing that the -SO3H unit produce opposite effects on the energy gap 

when compared with –H unit due to electron withdrawing nature of SO3H unit and 

comparison among 3, 4 and 5 discloses that ΔE increases as follows: 5 < 4 < 3 in all the three 

approaches, -SO3H generate the opposite effects on the energy gap when compared with -

SO2-CH2-CH2-SO3OH due to more electron withdrawing nature of SO3H unit. When 

compared the ΔE values of all the five triazine molecules. They were as fellows; 5<1 

<4<3<2.  

The calculated energy gap between HOMO and LUMO for 1 is 6.78, 4.12 and 7.95 

eV, 2 is 7.43, 4.91 and 8.71eV, 3 is 7.11, 4.40 and 8.02, 4 is 6.96, 4.40 and 8.02 and same for 

5 is 6.76, 4.19 and 7.94 with CAM-B3LYP, B3LYP and WB97XD respectively (Table 4.1). 

Due to high values of the calculated energy gap, it is anticipated that these molecules will 

absorb in the shorter region of the UV-Vis spectrum. As 2 shows greater energy gap values 

with respect to 1, so 2 will absorb in lower region of spectrum as compared with 1 which is 

consistent with experimental results. 

 Similarly, 5 shows lower energy gap values with respect to 3 and 4 hence will absorb 

in higher region of spectrum as compared with 3 and 4 that was confirmed by experimental 

results. Moreover due to high levels of the HOMO‘s and low levels of LUMO‘s, it is 

predicted that most of the excitations are from the HOMO to LUMO or HOMO to LUMO+1. 

The energy values of HOMO, HOMO-1 and HOMO-2 are relatively very close therefore 

they appear in the same energetic region.  HOMO and LUMO sketches of UV absorbers (1-

5) are shown in Figures 4.2-4.4.  

HOMO and LUMO distribution pattern of 1 and 2 is almost same with little 

difference due to presence of substituent on benzene ring. It is clear from the distribution 

pattern from Figure 4.2 that HOMO of 1 is mostly localized over two triazine rings and 2,5-

phenylendiamine sulphonic acid ring while HOMO-1 is spread over one triazine ring and 

aniline ring. The LUMO of 1 is spread over one triazine ring, aniline ring and little bit on 

2,5-phenylendiamine sulphonic acid ring while LUMO+1 is mostly localized over two 

triazine rings, 2,5- phenylendiamine sulphonic acid ring and aniline ring. The HOMO of 2 is 

present on a triazine ring, phenylendiamine group and slightly on second triazine ring while 

HOMO-1 is spread over a triazine ring, aniline ring and slightly on sulphonyl group. LUMO 
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and LUMO+1 of 2 are distributed over a triazine ring, aniline ring with little contribution on 

sulphonyl group of other/opposite side chain.  

Whereas HOMO-LUMO distribution pattern of 3, 4 and 5 shown in Figures 4.3-4.4 

that HOMO of 3 is localized over 3,3-dichloro-biphenyl-4,4-diammine, one triazine ring and 

one aniline ring  while HOMO-1 is spread over aniline ring and on one triazine ring. The 

LUMO of 3 is spread over two aniline ring, both triazine ring and little bit on 3, 3-dichloro-

biphenyl-4, 4-diammine while LUMO+1 is mostly localized over one triazine ring, 3, 3- 

dichloro-biphenyl-4,4-diammine and one aniline ring. The HOMO of 4 is spread over one 

triazine ring and 3, 3-dichloro-biphenyl-4, 4-diammine while HOMO-1 is localized over one 

triazine ring and one aniline ring. The LUMO of 4 is spread over 3,3-dichloro-biphenyl-4,4-

diammine rings, one triazine ring and one aniline ring while LUMO+1 is mostly localized 

over aniline ring, one triazine ring and little bit on 3,3-dichloro-biphenyl-4,4-diammine ring. 

The HOMO of 5 is localized over two triazine rings and 3, 3-dichloro-biphenyl-4,4-

diammine rings while HOMO-1 is spread over one triazine ring and one aniline ring. The 

LUMO of 5 is spread over two triazine rings, one aniline ring and 3,3-dichloro-biphenyl-4,4-

diammine ring and LUMO+1 is localized over two triazine rings and two aniline rings.    

 Veeraiah, 2015 studied the 2-(bromoacetyl)benzo(b)furan and found that frontier 

molecular orbital (FMOs) gap assist to characterize the kinetic stability and chemical 

reactivity of the studies molecules. A molecule having less FMO gap is more polarizable that 

is generally linked with its high reactivity, kinetically less stable and known as soft molecule. 

As the strong electron donating substituents attached with molecules, more number of 

electrons is pushed into the molecules that shift its λmax to larger wavelength.The 

experimental λmax of 2-(bromoacetyl)benzo(b)furan was found 353 nm while theoretical λmax 

was 344.6 nm.  Prasad et al. (2015) experimentally and theoretically studied the 2-chloro-3-

quinoline carboxaldehyde. The theoretical calculations calculates an intense transition at 231 

nm having oscillator strength (f=0.96) and in excellent agreement of experimental results 

(234 nm). This electronic absorption links to the transition from the ground to the first 

excited state and mainly defined by one electron excitation from the HOMO to LUMO.  The 

smaller energy gap within LUMO-HOMO makes it easier HOMO electrons to be excited.  If 

the energy of HOMO is higher than HOMO donating the electrons while low energy of 
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LUMO makes it acceptor of electrons. The theoretical calculated energy gap (4.39 eV) of the 

2-chloro-3-quinoline carboxaldehyde indicated that electrons transfer from HOMO-LUMO 

in the molecule.        

 Energy of HOMO describes the electron donating character and LUMO describe 

electron withdrawing ability.  The energy gap values for dicyano-vinyl substituted thienyl-

pyrroles found at 2.54-3.02 eV (theoretically) and 1.99-2.26 eV (experimentally) range. 

Small energy gap between HOMO and LUMO indicates that charge transfer occurs within 

compounds and easily polarized (Avci et al., 2016). Similar author reported in 2017 the 

calculation of frontier molecular orbital energies of 2-triflouromethyl benzoic acid (2-

TMBA) and found that the occupied and unoccupied molecular orbitals play a vital role in 

electronic transition. Band gap (ΔE) indicates the molecular chemical stability as well as 

molecular electrical transport properties. Band gap values of 2-TMBA in ethanol and DMSO 

were 5.70 and 5.67. 
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Figure 4.1 Designed structures of reactive triazine based UV absorbers (1-5) 

 

 

 

 

 

 

 

 



 

60 
 

Table 4.1 Theoretically calculated HOMO, LUMO, HOMO-1, LUMO+1 levels and energy 

gaps for the absorber (1-5) at 6-31G (d,p) basis set 

 

Functional 

 

Absorber 

 

HOMO 

(eV) 

 

LUMO 

(eV) 

 

E.Gap 

(eV) 

 

HOMO-1 

(eV) 

 

LUMO+1 

(eV) 

 

E.Gap 

(eV) 

CAM-B3LYP  

1 

7.91 1.13 6.78 8.48 0.98 7.49 

B3LYP 6.60 2.47 4.12 7.06 2.25 4.80 

WB97XD 8.52 0.57 7.95 9.06 0.45 8.61 

CAM-B3LYP  

2 

8.01 0.57 7.43 8.25  0.48 7.77 

B3LYP 6.81 1.90 4.91 6.89  1.83 5.06 

WB97XD 8.73 0.02 8.71 8.84  0.07 8.77 

CAM-B3LYP  

3 

7.75 0.64 7.11 8.07 0.63 7.44 

B3LYP 6.33 1.93 4.40 6.75 1.88 4.87 

WB97XD 8.23 0.21 8.02 8.69 0.10 8.58 

CAM-B3LYP  

4 

7.76 0.80 6.96 7.97 0.62 7.35 

B3LYP 6.44 2.04 4.40 6.61 1.91 4.70 

WB97XD 8.40 0.38 8.02 8.48 0.18 8.30 

CAM-B3LYP  

5 

7.43 0.70 6.76 8.13 0.54 7.59 

B3LYP 6.14 1.94 4.19 6.76 1.82 4.94 

WB97XD 8.10 0.16 7.94 8.71 0.02 8.70 
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Figure 4.2 Schematic view of the HOMO, LUMO, HOMO-1 and LUMO+1 of absorber 1 and 2 at 

CAM-B3LYP/6-31G (d,p) 

 

 



 

62 
 

 

Figure 4.3 Schematic view of the HOMO, LUMO, HOMO-1 and LUMO+1 of absorber 3 and 4 at 

CAM-B3LYP/6-31G (d,p) 
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Figure 4.4 Schematic view of the HOMO, LUMO, HOMO-1 and LUMO+1 of absorber 5 CAM-

B3LYP/6-31G (d,p) 

4.1.2 Optical Properties 

Comparison of experimental and theoretically measured UV-Vis spectra of (1-5) with 

B3LYP, CAM-B3LYP and WB97XD at 6-31G (d,p) (Table 4.2). The UV-Vis spectrum of 1 

consists of two absorption band, one absorption band in low energy region 260 nm to 300 nm 

and other in higher energy region below 255 nm for the CAM-B3LYP and WB97XD. The 

higher energy band for B3LYP is ranging from 250 nm to 290 nm and lower energy 

absorption band is above 290 nm. The low energy electronic transition is due to HOMO to 

LUMO and HOMO to LUMO+1 overlapping (Table 4.2). The relatively high oscillator 

strength (f) values of 1 are due to π-π* electronic transitions and these peaks show relatively 

strong molecular orbital overlapping. The larger oscillator strengths are due to better 

overlapping of HOMO to LUMO+1 transition.  As HOMO of 1 is mostly localized over two 
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triazine rings and 2,5-phenylendiamine sulphonic acid ring while the LUMO of 1 is spread 

over one triazine ring, aniline ring and little bit on 2,5-phenylendiamine sulphonic acid ring 

while LUMO+1 is mostly localized over two triazine rings, 2,5-phenylendiamine sulphonic 

acid group and aniline ring which describe the strong overlapping of the triazine and 2,5-

phenylendiamine sulphonic acid rings. The UV-Vis spectrum of 2 consists of one absorption 

band in low energy region ranging from 250 nm to 320 nm. Absorber 2 shows low oscillator 

strength which is due to weak overlapping of molecular orbital in electronic transition. The 

low molecular orbital transition is due to HOMO of 2 is present on a triazine ring and, 

phenylendiamine ring while LUMO and LUMO+1 of 2 are distributed over a triazine ring, 

aniline ring with little contribution on sulphonyl group of opposite side chain.  

The UV-Vis spectrum of 3, 4 and 5 consists of one absorption band in low energy 

region ranging from 250 nm to 320 nm with high oscillator strength.  High oscillator strength 

displayed that strong overlapping of molecular orbital in electronic transition. As HOMO of 

3 is localized over 3,3-dichloro-biphenyl-4,4-diammine, one triazine ring and one aniline ring  

while LUMO of 3 is spread over two aniline ring, both triazine ring and little bit on 3, 3-

dichloro-biphenyl-4, 4-diammine. The HOMO of 4 is spread over one triazine ring and 3, 3-

dichloro-biphenyl-4, 4-diammine while LUMO of 4 is spread over 3,3-dichloro-biphenyl-

4,4-diammine rings, one triazine ring and one aniline ring. The HOMO of 5 is localized over 

two triazine rings and 3, 3-dichloro-biphenyl-4, 4-diammine rings while LUMO of 5 is 

spread over two triazine rings, one aniline ring and 3,3-dichloro-biphenyl-4,4-diammine ring.  

It is important to control the substitution effect on molecular levels which can be best 

achieved by TD-DFT simulations. Low energy bands are mainly affected by substitution 

patterns which may change the HOMO levels of the compounds. In case of 2 the Cl-atoms 

are present on two triazine rings which extend the π-delocalization on triazine rings. Cl-

atoms stabilize the HOMO than LUMO due to its inductive effect (-I), which results in 

greater HOMO-LUMO energy gap. A blue shift observed and 2 have λmax at 282 nm. 

Introducing the –SO3H group on 2, 5-phenylendiamine ring in 1 changes the π-delocalization 

and can change the HOMO levels which results in bathochromic shift of this absorber. The 

absorber 1 shows λmax at 292 nm. In case of 5, presence of two –SO3H substituents on 

benzene rings result in bathochromic shift that have a λmax at 305 nm, presence of one –SO3H 
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substituent in 4 changes the delocalization pattern of π-electrons and shows λmax at 291 nm. 

The absence of –SO3H substituent in 3 causes λmax at 289 nm 

Avci et al. (2016) assessed the impact of solvent on fluorescence spectra and UV/Vis. 

of dicyano-vinyl substituted thienyl-pyrroles by DFT and TD-DFT calculations and 

absorption bands observed at the region of 415.0-473.15 nm and calculated in the range of 

404.88-457.15 nm. The position of the absorption bands is affected by the structure of the 

compound. The electron accepting nature and position of dicyano vinyl group on pyrrole and 

thiophene ring causes larger bathochromic shifts of the absorption peaks.  Avci et al. (2017) 

determine the solvent effect on UV/Vis. electronic and fluorescence spectra of 2-

trifloromethyle benzoic acid by theoretical and experimental calculations. A single peak was 

observed at 268 nm and 276 nm due to n-π* and π-π* transition while TD-B3LYP 

calculations found peaks at 255.4-230.2/260-250.2 and 255.4-230.5/264.2-248 in ethanol and 

DMSO respectively. The experimental and theoretical results were in close agreement.  

Sarikaya et al. (2017) studied the 6-chloro-4-hydroxy-3phenyl pyridazine via TDF 

and DFT calculations. The calculated λmax was found at 296 nm in N, N-dimethyl formamide 

solvent while theoretical λmax was found at 280 nm and the energy difference between 

HOMO and LUMO was 5.06 eV due to π-π* transition. Irfan et al. (2017) reported that 

compound having HOMO-LOMO difference > 4 eV will fall in UV region while having an 

energy gap < 3 eV will fall in the visible region in terms of their λmax.     
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 Figure 4.5 Experimental and theoretically calculated UV/Vis spectra of UV absorbers (1-5) 

with B3LYP, CAM-B3LYP and WB97XD at 6-31G (d,p) 
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Table 4.2 The experimental and calculated λmax, excitation energies (ΔE), oscillator strength 

(f) and electronic transition contribution calculated at 6-31G (d,p) basis set 

 

Functional 

 

Absorber 

 

λmax
Calc.

 

(nm) 

 

ΔE 

(eV) 

 

Oscillator 

strength 

(ƒ) 

 

Electronic 

Transition 

Contribution 

λmax
Exp.

 

(nm) 

B3LYP  

1 

335.8 3.69 0.257 H-0->L+0(+95%) 292 

CAM-B3LYP 280.4 4.42 1.7936 H-0->L+1(+61%) 292 

WB97XD 277 4.48 1.741 H-0->L+1(+63%) 292 

B3LYP  

2 

295.6 4.2 0.0218 H-0->L+1(+89%) 282 

CAM-B3LYP 256.3 4.84 0.4287 H-0->L+2(+31%)   282 

WB97XD 252.2 4.92 0.2218 H-0->L+2(+19%) 282 

B3LYP  

3 

320 3.88 1.5899 H-0->L+0(+90%) 289 

CAM-B3LYP 272.2 4.55 2.1099 H-0->L+0(+49%)   289 

WB97XD 282 4.4 1.6912 H-0->L+0(+58%)   289 

B3LYP  

4 

320.9 3.86 1.7878 H-0->L+0(+89%) 291 

CAM-B3LYP 280.2 4.43 2.3299 H-0->L+0(+57%) 291 

WB97XD 279.1 4.44 1.861 H-0->L+0(+51%)   291 

B3LYP  

5 

338.4 3.66 1.7234 H-0->L+0(+90%) 305 

CAM-B3LYP 291.7 4.25 2.0518 H-0->L+0(+69%) 305 

WB97XD 284.2 4.36 1.958 H-0->L+0(+64%) 305 

Part II 

4.2 Synthesis of Designed Reactive Triazine based UV Absorbers 

4.2.1 UV/Vis. analysis of Synthesized Triazine based UV Absorbers (1-5) 

  The computationally designed reactive UV absorbers (1-5) were synthesized and their 

structures confirmation was attained via spectroscopic techniques. The five synthesized 

reactive UV absorbers were screened for UV/Vis. absorption band (200-800 nm) by 

preparing their solutions in distilled water (3 mol/dm
3
 concentration of solutions).  

The maximum absorption wavelength (λmax) of all the synthesized reactive UV 

absorbers (1-5) was appearing in the UV-B range of the spectrum. The absorption of 
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radiations by synthesized reactive UV absorbers is linked with the excitation of valence 

electrons from the ground to a high energy state. The difference in λmax of all the synthesized 

reactive UV absorbers is due to the difference in energy gap within the orbital occupied and 

orbital to which electron promoted in result of absorption of radiations. They absorbed 

radiations due to n-π* and π-π* transitions in molecules that contain double or triple bonds 

involving heteroatoms and double or triple bonds or aromatic rings respectively.  

Two synthesized reactive UV absorbers (1-2) have the same bridging and reactive 

moieties, but different substitution attached with bridging group. Reactive UV absorber (1) 

absorbed maximum at 292 nm while the UV absorber (2) absorbed at 282 nm. The difference 

in the λmax in 1 and 2 was due to presence of the –SO3H group on 2,5-phenylendiamine 

sulphonic acid ring of UV absorber (1) that changes the π-delocalization and causes 

absorption maximum at higher wavelength than UV absorber (2).       

Three synthesized reactive UV absorbers (3-5) have a same bridging group but 

different reactive functionalities. Reactive UV absorber 3 absorbed maximum UV radiations 

at 289 nm, 4 at 291 nm and 5 at 305 nm. The different λmax of the reactive UV absorbers (3-5) 

is due to the presence of different extent of conjugation in the synthesized reactive UV 

absorber due to different reactive groups and substitutions. The presence of -SO3H 

substitution with reactive groups shifted the λmax at higher wavelength. 

 The obtained results of λmax for all the synthesized reactive UV absorbers (3-5) are 

presented (Table 4.3). 

       Table 4.3 λmax of aqueous solutions of triazine based UV absorbers (1-5) 

Sr. No. UV absorber λmax (nm)  

1 1 292  

2 2 282  

3 3 289  

4 4 291  

5 5 305  
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4.2.2 Fourier Transform Infrared Spectroscopic (FT-IR) Studies of Synthesized 

Reactive UV Absorbers (1-5)  

Organic molecules continuously vibrate at room temperature and every bond shakes 

with a specific frequency. The vibration frequency of each bond depends on the masses of 

the bonded atoms and the bond strength. When an organic molecule is exposed under the 

infrared region of the electromagnetic radiations, it absorbs some of the frequencies and 

absorption bands appeared in the spectrum. Organic molecule only absorbs those frequencies 

which match with the vibrational frequencies of the bonds. This behaviour of organic 

molecules is employed in FT-IR analytical technique for the identification of functional 

group in the unknown organic molecules. Related results of FT-IR spectrum for 

aminoquinoline-1,3-5-triaizne derivatives were reported by Bhat et al., 2016.   

4.2.2.1 Reactive UV Absorber (1)  

 

 

              Table 4.4 Characteristic functional moieties in UV absorber (1)   

Characteristic Peak (cm
-1

) Functional group  

3433 -NH-  

3007 -CH=  

1408 Triazine ring  

1046.23- 1210.67 -SO2, SO3H  

736 Substituted benzene /C-Cl  
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Figure 4.6 FT-IR absorption spectrum of new UV absorber (1) 

 

4.2.2.2 Reactive UV absorber (2)  

 

 

 

            Table 4.5 Characteristic functional moieties in UV absorber (2)   

Characteristic Peak (cm
-1

) Functional group  

3417 -NH-  

3007 -CH=  

1442 Triazine ring  

1150-1235 -SO2, SO3H  

736 Substituted benzene /C-Cl  
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Figure 4.7 FT-IR absorption spectrum of new UV absorber (2) 

 

4.2.2.3 Reactive UV absorber (3)  

 

 

 

                Table 4.6 Characteristic functional moieties in UV absorber (3)   

Characteristic Peak (cm
-1

) Functional group  

3312-3450 -NH-  

3034 -CH=  

1400-1500 Triazine ring  

1056-1162 -SO2, SO3H  

720-800 Cl attached with aromatic ring  
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Figure 4.8 FT-IR absorption spectrum of new UV absorber (3) 

 

4.2.2.4 Reactive UV absorber (4)  

 

 

 

               Table 4.7 Characteristic functional moieties in UV absorber (4)   

Characteristic Peak (cm
-1

) Functional group  

3423 -NH-  

3010 -CH=  

1490 Triazine ring  

1024-1232 -SO2, SO3H  

700-800 Substituted benzene/C-Cl  
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Figure 4.9 FT-IR absorption spectrum of new UV absorber (4) 

 

4.2.2.5 Reactive UV absorber (5)  

 

 

 

 

Table 4.8 Characteristic functional moieties in UV absorber (5) 

Characteristic Peak (cm
-1

) Functional group  

3404 -NH-  

2987 -CH=  

1425 Triazine ring  

1005-1199 -SO2, SO3H  

700-800 Substituted benzene/C-Cl  
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Figure 4.10 FT-IR absorption spectrum of new UV absorber (5) 

 

4.2.3 ESI-MS of synthesized reactive UV absorbers (1-5) 

Mass spectrometry was employed for the confirmation of molecular weights of all 

synthesized reactive UV absorbers (1-5) and ESI-MS process was employed for this purpose 

in the present study. The presence of inorganic salts and impurities in the synthesized 

reactive UV absorbers may cause some background noise. Equation (4.1) was utilized for the 

calculations of m/z and identification of fragment ion peaks formed during the ionization 

process in the mass spectrometer. 

 

                                               (
                            

 
)                                      

Z= Charge on the compound during the positive or negative mode 

Reactive UV absorbers contain multiple hydrogen‘s which could be exchanged with 

Na
+ 

and K
+2

 ions exist in the reaction mixture. Hence, interpretation of ESI-MS spectra are 

more difficult. It is a very helpful method in making ions from macromolecules since it 

overwhelms the ability of these molecules into pieces when being ionized.  Therefore, 

molecular weight calculations of all the synthesized reactive UV absorbers carried out with 

multiple combinations of Na
+ 

and K+
2
 ions. Siddiqua et al., 2017 and Epolito et al., 2005 
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also reported the ESE-MS results of reactive vinyl sulphone based dyes and reactive 

anthraquinone blue 4 dye to the final identification of structures respectively.    

Figure 4.11 presented the mass spectrum of UV absorber (1) having molecular 

formula C28H23Cl2N10Na3O15S5 with molecular weight 1039.74. A molecular ion peak with 

m/z = 1016.92 was detected with the loss of one Na
+
 ion and 2 fragment ion peaks appeared 

at m/z = 323.08 and m/z= 496.08 with the loss of M
+
-2Na

+
-K

+2
 and M

+
-Na

+
-K

+2
 

respectively. Figure 4.12 displayed the mass spectrum of UV absorber (2) having molecular 

formula C28H24Cl2N10Na2O12S4 with molecular weight 937.62. Figure exhibited a molecular 

ion peak with m/z = 913.0 with the loss of one Na
+
 ion and a fragment ion peak at m/z = 

445.08 by the loss of M
+
-2Na

+
. 

Similarly the Figure 4.13 represented the mass spectrum of UV absorber (3) having 

molecular weight 1082.63 with molecular formula C34H26Cl4N10Na2O12S4. A signal at m/z = 

1059.75 by the loss of one Na
+
 ion observed in the spectrum that showed the molecular ion 

peak. A fragment ion peak detected at m/z = 518.83 by the loss of M
+
-2Na

+
 from the 3 

structure. The mass spectrum of UV absorber (4) presented in Figure 4.14 having molecular 

formula C32H23Cl4N10NaO9S3 with molecular weight 974.56. A signal of molecular ion peak 

appeared at m/z = 951.75 by the loss of M
+
-Na

+
. Two fragment ion peaks observed at m/z = 

475.08 by the loss of M
+
-2Na

+
. Figure 4.15 represented the mass spectrum of UV absorber 

(5) having molecular formula C30H18Cl4N10Na2O6S2 with molecular weight 866.44. A 

molecular ion peak signal appeared at m/z = 866.67 and a fragment ion peak observed at m/z 

= 410.12 with the loss of M
+
-2Na

+
.  Another study for the analysis of dyes was reported by 

Konstantinova and Petrova in 2002 that detected multiple charged species. 
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Figure 4.11 UV absorber (1) 

 

Figure 4.12 UV absorber (2) 

 

Figure 4.13 UV absorber (3) 
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Figure 4.14 UV absorber (4) 

 

Figure 4.15 UV absorber (5) 

Part III 

4.3 Statistical Optimization of Exhaustion and Fixation Percentage of Synthesized Reactive 

UV Absorbers Applied on cotton fabric by Exhaust Method 

Optimization is a procedure of refining the efficiency of a process to achieve higher profit 

in the form of reaction. Generally, optimization has been accomplished by a classical approach, 

―one-factor-at-a-time (OFAT)‖. In OFAT approach, only one factor is altered at a time and other 

factors kept same at a specific point. So its main drawback is that it does not study the interaction 

effects among the studied variables, hence does not describe whole effect of parameters on 

product or response. It also increases the number of experiments that ultimately enhanced the 

expenditures by use of more reagents and materials, time and wastage of chemicals that 
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increased the water contamination too. To overwhelm this difficulty, the optimization has been 

execute by multivariate statistical tool ―RSM‖, it is successive approach, and it is good when the 

responses of concern were prejudiced by numerous experimental factors. The main advantage of 

RSM is the concurrent optimization of diverse levels of the factors to attain the area of best 

(Bezerra et al., 2008).            

Y = β0 + ∑ βi xi + ∑ βii xi
2
 + ∑ βij xiji + ԑ                                          (4.2) 

Where,  

                xi xj = coded independent variables, Y =response, β0 = intercept, βi = linear coefficient 

of xi, βij = interaction between xi and xj , βii = quadratic effect of xi, ԑ = random error 

Recently, RSM has been widely utilized in many research parts including optimization of 

removal of dyes from wastewater, formulation of nano-suspension and dyeing of wool and 

cotton with natural dye. It is based on product analysis influenced by numerous independent 

variables to achieve the optimum conditions for the response (Montgomery, 2008). The surface 

response for exhaustion and fixation were portrayed in the form of a space dimension which is 

tough to demonstrate due to its imaginary nature. Nasirizadeh and others (2012) performed 3-

factors factorial design to achieve the optimum conditions for maximum exhaustion of rutin as 

natural dye for wool and determined that collaborating effect of three independent variables, 

NaCl, pH and temperature for optimum exhaustion of rutin on the fabric. Analogous results have 

been described for eco-friendly exhaustion of indigo dye on cotton fabric using RSM to optimize 

many parameters comprising concentration of cationizing agent, dyeing duration, reducing 

temperature and dyeing temperature (Ticha et al., 2013).        

4.3.1 Optimization of Selected Parameters by CCRD of RSM for Exhaustion and Fixation 

Percentage of Synthesized Reactive UV Absorbers  

 The CCRD was employed to investigate experimental data to select main variables for 

improved exhaustion and fixation of UV absorbers on the cotton fabric.  Siddiqua et al. (2017) 

showed optimization study using 2
3
 factorial CCRD design to optimize the exhaustion and 

fixation of new reactive dyes on cotton fabric. They tested three parameters (alkali, temperature 

and salt) to analyse linear, interaction and quadratic effect for maximum exhaustion and fixation 

percentage of reactive dyes on the cotton fabric. The analogous optimization process has been 

carried out by Shahid and others (2017) for colourful and antioxidant silk with chlorogenic acid. 
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They evaluated the interactive effect of four operating variables (temperature, pH, time and dye 

dose). Polyester and lycra-blended fabric dyeing process with dispersed dyes were optimized 

keeping temperature, dyeing time, concentration of the dye and bath ratio as independent 

variables (Kuo et al., 2008). Ravikumar and Son in 2007 reported the optimization of exhaustion 

percentage of quaternary ammonium salts for the development of antimicrobial nylon 66 keeping 

pH, temperature, time and concentration as variables of the finishing process.    

The maximum exhaustion and fixation of UV absorbers depends on temperature (20-100 

ºC), alkali (10-30 g/L) and salt (10-50 g/L). Thus, a response surface design (CCRD) as a 

function of temperature, alkali and salt was centred in the region where maximum exhaustion 

and fixation of UV absorbers was expected. The responses of experimental runs were exhaustion 

(Y(%E)) and fixation(Y(%F)  percentage of synthesized reactive UV absorbers. A complete 

CCRD matrix made by design expert (trial version: 7.0.0) is shown in Table 3.8.  

4.3.2 Optimization of Independent Variables for Exhaustion and Fixation Percentage of 

Synthesized Reactive UV Absorbers 

 Influencing parameters of finishing process of cellulosic fabric with synthesized reactive 

UV absorbers was optimized for maximum exhaustion and fixation percentage by response 

surface methodology.      

4.3.2.1 Analysis of Variance for Exhaustion and Fixation of Synthesized Reactive UV 

Absorbers        

The ANOVA could be utilized to evaluate the significance of each variable of the 

finishing process. The ANOVA outcomes for maximum exhaustion of UV absorbers 1, 2, 3, 4 

and 5 directed that the quadratic polynomial model was significant at 95% confidence interval. It 

is apparent from p-value of the models which is less than 0.0001 with a large F-value = 1067.45, 

546.48, 834.78, 1852.22 and 318.91 for absorber 1, 2, 3, 4 and 5 respectively, established that the 

quadratic model was very significant as shown in Tables 4.9-4.13. There is only a 0.01 % chance 

that a large model F-value may occur due to noise. Actually, the p < 0.05 designates that model 

and its terms are statistically significant, whereas p < 0.01 indicates highly significant terms. 

From the ANOVA (Tables 4.9-4.13) of exhaustion of 1, 2, 3, 4 and 5 the F-values proposed that 

the applied model was significant or not. For the UV absorbers (1, 2, 3, 4 and 5) X1, X2, X3, 
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X1X2, X1X3, X2X3, X1
2

 and X3
2
 were significant model terms, X2

2
 was insignificant terms for 

exhaustion response.  

From the ANOVA (Tables 4.14-4.18) of maximum fixation of 1, 2, 3, 4 and 5, it is 

directed that the model was significant with a large F-value = 383.86, 172.12, 1172.18, 122.81 

and 151.80 respectively. It is crystal clear that X1, X2, X3, X1X2, X1X3, X2X3, X1
2
 and X2

2 
were 

significant model terms, whereas X3
2
 showed insignificance for all the synthesized reactive UV 

absorbers (1-5). 

A diagnostic test was also performed in ANOVA to check the competence of the model, 

known as Lack of Fit (LOF) test. LOF compare the pure error (based on measurement of 

replicate) and pure error (based on the model performance), that is a statistical parameter to 

determine the significance of LOF at a significant level. According to Tables (4.9-4.13), the F-

value of lack of fit for exhaustion are the following:  %E = 4.53 (1), 2.50 (2),  4.22 (3), 2.21 (4) 

and  4.05 (5) and the F-value of lack of fit for fixation (Tables 4.14-4.18) are; %F = 2.64 (1), 

0.46 (2), 3.96 (3), 1.26 (4) and 0.29 (5) revealing that LOF is non-significant for absorbers 

respectively. The insignificance of lack of fit suggests the significance of the model 

(Montgomery, 2008).   
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Table 4.9 

ANOVA for response surface of (exhaustion percentage) for synthesized reactive UV    absorber 

(1) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 6375.76 9 708.42 1067.45 < 0.0001
*
  

Temp.(X1) 139.54 1 139.54 210.27 < 0.0001
*
  

Alkali(X2) 2.85 1 2.85 4.30 0.0449  

Salt(X3) 37.51 1 37.51 56.51 < 0.0001
*
  

X1 X2 212.28 1 212.28 319.87 < 0.0001
*
  

X1 X3 70.39 1 70.39 106.06 < 0.0001
*
  

X2 X3 61.33 1 61.33 92.41 < 0.0001
*
  

X1
2
 142.60 1 142.60 214.86 < 0.0001

*
  

X2
2
 6.49 1 6.49 9.78 0.0107  

X3
2
 38.60 1 38.60 58.17 < 0.0001

*
  

Residual 6.64 10 0.66    

Lack of fit 5.44 5 1.09 4.53 0.0615
n.s

  

Pure error 1.20 5 0.24    

Core  total 6382.39 19     

      *significant, n.s: not significant  
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Table 4.10 

ANOVA for response surface of (exhaustion percentage) for synthesized reactive UV absorber 

(2) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 6349.74 9 705.53 546.48 < 0.0001
*
  

Temp.(X1) 130.77 1 130.77 101.29 < 0.0001
*
  

Alkali(X2) 5.01 1 5.01 3.88 0.0472  

Salt(X3) 36.48 1 36.48 28.26 0.0003
*
  

X1 X2 213.73 1 213.73 165.55 < 0.0001  

X1 X3 73.02 1 73.02 56.56 < 0.0001
*
  

X2 X3 63.11 1 63.11 48.88 < 0.0001
*
  

X1
2
 153.05 1 153.05 118.54 < 0.0001

*
  

X2
2
 4.78 1 4.78 3.71 0.0831  

X3
2
 29.05 1 29.05 22.50 0.0008

*
  

Residual 12.91 10 1.29    

Lack of fit 9.23 5 1.85 2.50 0.1683
n.s

  

Pure error 3.68 5 0.74    

Core  total 6362.65 19     

*significant, n.s: not significant  
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Table 4.11 

ANOVA for response surface of (exhaustion percentage) for synthesized reactive UV absorber 

(3) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 5305.54 9 589.50 834.78 < 0.0001
*
  

Temp.(X1) 60.70 1 60.70 85.96 < 0.0001
*
  

Alkali(X2) 3.77 1 3.77 5.34 0.0435  

Salt(X3) 24.31 1 24.31 34.43 0.0002
*
  

X1 X2 278.48 1 278.48 394.35 < 0.0001
*
  

X1 X3 0.77 1 0.77 1.09 0.0411
*
  

X2 X3 15.85 1 15.85 22.44 0.0008
*
  

X1
2
 92.73 1 92.73 131.31 < 0.0001

*
  

X2
2
 18.55 1 18.55 26.26 0.0512  

X3
2
 80.21 1 80.21 113.58 < 0.0001

*
  

Residual 7.06 10 0.71    

Lack of fit 5.71 5 1.14 4.22 0.0702
n.s

  

Pure error 1.35 5 0.27    

Core  total 5312.60 19     

*significant, n.s: not significant  
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Table 4.12 

ANOVA for response surface of (exhaustion percentage) for synthesized reactive UV absorber 

(4) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 4753.53 9 528.17 1852.22 < 0.0001
*
  

Temp.(X1) 120.58 1 120.58 422.87 < 0.0001
*
  

Alkali(X2) 0.083 1 0.083 0.29 0.0313  

Salt(X3) 19.05 1 19.05 66.81 < 0.0001
*
  

X1 X2 386.14 1 386.14 1354.15 < 0.0001
*
  

X1 X3 7.22 1 7.22 25.32 0.0005
*
  

X2 X3 61.60 1 61.60 216.04 < 0.0001
*
  

X1
2
 36.73 1 36.73 128.82 < 0.0001

*
  

X2
2
 0.41 1 0.41 1.45 0.2558  

X3
2
 42.38 1 42.38 148.63 < 0.0001

*
  

Residual 2.85 10 0.29    

Lack of fit 1.96 5 0.39 2.21 0.2029
n.s

  

Pure error 0.89 5 0.18    

Core  total 4756.38 19     

  *significant, n.s: not significant  
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Table 4.13 

ANOVA for response surface of (exhaustion percentage) for synthesized reactive UV absorber 

(5) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 6133.40 9 681.49 318.91 < 0.0001
*
  

Temp.(X1) 160.97 1 160.97 75.33 < 0.0001
*
  

Alkali(X2) 4.78 1 4.78 2.24 0.0456  

Salt(X3) 84.28 1 84.28 39.44 < 0.0001
*
  

X1 X2 132.19 1 132.19 61.86 < 0.0001
*
  

X1 X3 24.78 1 24.78 11.60 0.0067
*
  

X2 X3 85.67 1 85.67 40.09 < 0.0001
*
  

X1
2
 101.35 1 101.35 47.43 < 0.0001

*
  

X2
2
 0.37 1 0.37 0.17 0.6870  

X3
2
 22.11 1 22.11 10.35 0.0092

*
  

Residual 21.37 10 2.14    

Lack of fit 17.14 5 3.43 4.05 0.0753
n.s

  

Pure error 4.23 5 0.85    

Core  total 6154.77 19     

*significant, n.s: not significant  
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Table 4.14 

ANOVA for response surface of (fixation percentage) for synthesized reactive UV absorber (1) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 6343.08 9 704.79 383.86 < 0.0001
*
  

Temp.(X1) 237.71 1 237.71 129.47 < 0.0001
*
  

Alkali(X2) 570.56 1 570.56 310.75 < 0.0001
*
  

Salt(X3) 0.10 1 0.10 0.055 0.0186  

X1 X2 162.27 1 162.27 88.38 < 0.0001
*
  

X1 X3 68.39 1 68.39 37.25 < 0.0001  

X2 X3 370.33 1 370.33 201.70 < 0.0001
*
  

X1
2
 127.45 1 127.45 69.42 < 0.0001

*
  

X2
2
 29.88 1 29.88 16.27 0.0024

*
  

X3
2
 5.91 1 5.91 3.22 0.1031  

Residual 18.36 10 1.84    

Lack of fit 13.32 5 2.66 2.64 0.1549
n.s

  

Pure error 5.04 5 1.01    

Core  total 6361.44 19     

*significant, n.s: not significant  
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Table 4.15 

ANOVA for response surface of (fixation percentage) for synthesized reactive UV absorber (2) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 6097.11 9 677.46 172.12 < 0.0001
*
  

Temp.(X1) 242.92 1 242.92 61.72 < 0.0001
*
  

Alkali(X2) 546.32 1 546.32 138.80 < 0.0001
*
  

Salt(X3) 0.74 1 0.74 0.19 0.0448  

X1 X2 102.10 1 102.10 25.94 0.0005
*
  

X1 X3 55.65 1 55.65 14.14 0.0037
*
  

X2 X3 289.92 1 289.92 73.66 < 0.0001
*
  

X1
2
 163.20 1 163.20 41.46 < 0.0001

*
  

X2
2
 24.90 1 24.90 6.33 0.0306

*
  

X3
2
 12.88 1 12.88 3.27 0.1006  

Residual 39.36 10 3.94    

Lack of fit 12.46 5 2.49 0.46 0.7907
n.s

  

Pure error 26.90 5 5.38    

Core  total 6136.47 19     

*significant, n.s: not significant  
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Table 4.16 

 ANOVA for response surface of (fixation percentage) for synthesized reactive UV absorber (3) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 4252.88 9 472.54 1172.18 < 0.0001
*
  

Temp.(X1) 82.96 1 82.96 205.79 < 0.0001
*
  

Alkali(X2) 399.60 1 399.60 991.23 < 0.0001
*
  

Salt(X3) 0.90 1 0.90 2.22 0.0368  

X1 X2 176.34 1 176.34 437.44 < 0.0001
*
  

X1 X3 6.96 1 6.96 17.26 0.0020
*
  

X2 X3 158.24 1 158.24 392.53 < 0.0001
*
  

X1
2
 35.93 1 35.93 89.13 < 0.0001

*
  

X2
2
 75.06 1 75.06 186.20 < 0.0001

*
  

X3
2
 7.42 1 7.42 18.40 0.0513  

Residual 4.03 10 0.40    

Lack of fit 3.22 5 0.64 3.96 0.0786
n.s

  

Pure error 0.81 5 0.16    

Core  total 4256.92 19     

*significant, n.s: not significant   
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Table 4.17 

ANOVA for response surface of (fixation percentage) for synthesized reactive UV absorber (4) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 4445.05 9 493.89 122.81 < 0.0001
*
  

Temp.(X1) 88.32 1 88.32 21.96 0.0009
*
  

Alkali(X2) 535.24 1 535.24 133.09 < 0.0001
*
  

Salt(X3) 1.07 1 1.07 0.27 0.0279  

X1 X2 217.99 1 217.99 54.20 < 0.0001
*
  

X1 X3 19.66 1 19.66 4.89 0.0411
*
  

X2 X3 86.59 1 86.59 21.53 0.0009
*
  

X1
2
 59.82 1 59.82 14.87 0.0032

*
  

X2
2
 26.98 1 26.98 6.71 0.0269

*
  

X3
2
 0.70 1 0.70 0.17 0.6854  

Residual 40.22 10 4.02    

Lack of fit 22.42 5 4.48 1.26 0.4029
n.s

  

Pure error 17.79 5 3.56    

Core  total 4485.26 19     

*significant, n.s: not significant  
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Table 4.18 

ANOVA for response surface of (fixation percentage) for synthesized reactive UV absorber (5) 

Source Sum of 

squares 

Df Mean of squares F-Value Prob >F  

Model 6013.05 9 668.12 151.80 < 0.0001
*
  

Temp.(X1) 231.40 1 231.40 52.57 < 0.0001
*
  

Alkali(X2) 550.66 1 550.66 125.11 < 0.0001
*
  

Salt(X3) 0.30 1 0.30 0.069 0.0477  

X1 X2 87.19 1 87.19 19.81 0.0012
*
  

X1 X3 37.54 1 37.54 8.53 0.0153
*
  

X2 X3 262.09 1 262.09 59.55 < 0.0001
*
  

X1
2
 167.42 1 167.42 38.04 0.0001

*
  

X2
2
 23.29 1 23.29 5.29 0.0442

*
  

X3
2
 13.07 1 13.07 2.97 0.1156  

Residual 44.01 10 4.40    

Lack of fit 10.01 5 2.00 0.29 0.8972
n.s

  

Pure error 34.01 5 6.80    

Core  total 6057.06 19     

*significant, n.s: not significant  

 

4.3.2.2 Fitness of Polynomial Quadratic Model for Exhaustion and Fixation of Synthesized 

Reactive UV Absorbers 

The precision of a model was assessed by the coefficient of determination value (R
2
) for 

reactive UV absorbers; it explained the variability among observed data of the independent 

variables and their interaction. The fitness of the model on exhaustion and fixation of the 

finishing process for reactive UV absorbers (1, 2, 3, 4 and 5) on cellulosic fabric is examined by 

determination coefficients R
2
 (Table 4.19), which suggests that the exhaustion variation of more 

than 99.90, 99.80, 98.8, 99.94 and 99.65 %, is ascribed to the variables and only 0.10, 0.20, 1.13, 

0.06 and 0.35 % of the total variance could not be explained by the model for exhaustion 

response. The fitness of the model on fixation is also inspected R
2
 (Table 4.20) which suggests 

that the fixation variation of more than 99.71, 99.36, 99.91, 98.10 and 99.27 %  is attributed to 

the variables and only 0.29, 0.64, 0.09, 1.90 and 0.73 % of the total variance could not be 
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explained by the model for fixation response. The value of R
2
 > 0.75 indicates that the fitted 

model was correct (Cladera-Olivera et al., 2004).   

 The predicted coefficients Pred R
2
 are also in reasonable agreement with Adj. 

coefficients Adj. R
2
 as displayed in Tables 4.19-44.20.    

  Reliability and precision of experiments conducted verified by a lower value of 

Coefficient of Variations (CV), results of CV showed that CV(%E)=1.33(1), 1.89(2), 1.22 (3), 

0.84 (4) and 2.84 (5), CV(%F)=2.17 (1), 3.24 (2), 0.93 (3), 3.08(4) and  3.92(5), while signal to 

noise ratio is measured by ―Adeq Precision‖. Furthermore, low value of CV indicates that the 

conducted experiments were consistent (Gangadharan et al., 2008). Adeq Precision ratios of %E 

= 84.737 (1), 60.127 (2), 74.684(3), 110.517 (4), 43.455 (5),   %F= 54.133 (1), 35.390(2), 

96.883(3), 30.597(4), 32.879(5), indicates adequate signals for the exhaustion and fixation of 

reactive absorbers (Table 4.19-4.20).  

Table 4.19 

ANOVA results for exhaustion of synthesized reactive UV absorbers (1-5)  

Absorber R
2 R

2
adj Predicted R

2  Adequate 

precision 

CV  

1 0.9990 9980 0.9777  84.737 1.33  

2 0.9980 0.9961 0.9570  60.127 1.89  

3 0.9987 0.9975 0.9914  74.684 1.22  

4 0.9994 0.9989 0.9983  110.517 0.82  

5 0.9965 0.9934 0.9910  43.455 2.84  

 

Table 4.20 

ANOVA results for fixation of synthesized reactive UV absorbers (1-5)  

Absorber R
2 R

2
adj Predicted R

2  Adequate 

precision 

CV  

1 0.9971 0.9945 0.9858  54.133 2.17  

2 0.9936 0.9878 0.9814  35.390 3.24  

3 0.9991 0.9982 0.9860  96.883 0.93  

4 0.9910 0.9830 0.8868  30.597 3.08  

5 0.9927 0.9862 0.9821  32.879 3.92  
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Adequacy and precision of the applied model can be arbitrated by assessing the alteration 

between actual and predicted values (residual). The graph of actual and predicted values for 

maximum exhaustion and fixation percentage after optimization showed a high correspondence 

within results (Figure 4.16-4.19(Y)) for all the synthesized reactive UV absorbers (1-5). The 

straight line of normal % probability of residuals for exhaustion and fixation percentage of 

synthesized reactive UV absorbers (1-5) verified that the core error distribution was normal 

(Figure 4.16-4.19 (X)). 
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Figure 4.16 Quadratic polynomial models for exhaustion percentage for synthesized reactive UV 

absorbers (1-3). (X) Normal probability plot of the residuals. (Y) Correlation plot between actual 

experimental and predicted values 
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Figure 4.17 Quadratic polynomial models for exhaustion percentage for synthesized reactive UV 

absorbers (4-5). (X) Normal probability plot of the residuals. (Y) Correlation plot between actual 

experimental and predicted values 
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Figure 4.18 Quadratic polynomial models for fixation percentage for synthesized reactive UV 

absorbers (1-3). (X) Normal probability plot of the residuals. (Y) Correlation plot between actual 

experimental and predicted values 
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Figure 4.19 Quadratic polynomial models for fixation percent for synthesized reactive UV 

absorbers (4-5). (Y) Normal probability plot of the residuals. (X) Correlation plot between actual 

experimental and predicted values 

4.3.2.3 Regression Coefficient Response for Exhaustion and Fixation of Synthesized 

Reactive UV Absorbers 

Of the regression equations for exhaustion Y(%E)(1-5), the temperature and salt, 

positively influenced the exhaustion percentage of UV absorbers (Equations 4.3-4.7). The 

increasing dose of salt and temperature up to certain limit expected a positive increasing 

response on exhaustion of synthesized reactive UV absorbers. Meanwhile, the increasing level of 

alkali created an hostile effect (antagonistic effect) on exhaustion percentage. The interaction 

between temperature and salt, salt and alkali was significant, but the interaction between 

temperature and alkali was insignificant for exhaustion response.    
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Y(%E)1 = 76.56+4.05X1+0.58X2+2.10X3-5.15X1X2+2.97X1X3-2.77X2X3-27.64X1-5.90 X2
2
-

14.38X3
2
                                                                                                                   (4.3) 

Y(%E)2 = 75.32+3.92X1+0.77X2+2.07X3-5.17X1X2+3.02X1X3+2.81X2X3-28.64X12-5.06 X2
2
- 

12.48 X3
2
                                                                                                          (4.4) 

Y(%E)3 = 82.86+2.67X1+0.67X2+1.69X3-5.90X1X2+0.31X1X3+1.41X2X3-22.29X1
2
-9.97 X2

2
- 

20.73X3
2
                                                                                                            (4.5)      

Y(%E)4 = 77.96+3.77X1+0.099X2+1.50X3-6.95X1X2+0.95X1X3+2.77X2X3-14.03X1
2
-1.49 X2

2
- 

15.07X3
2
                                                                                                            (4.6)                                                                                    

Y(%E)5 = 66.64+4.35X10.75X2+3.15X3-4.07X1X2+1.76X1X3+3.27X2X3-23.30X1
2
-1.40 X2

2
- 

10.88X3
2
                                                                                                                     (4.7) 

 The regression equations for fixation Y(%F)(1-5) indicated that  temperature and alkali 

positively influenced the fixation process of absorbers. Increasing dose of alkali and temperature 

up to certain limit predicted a positive response on fixation. The salt and alkali also showed 

positive interaction up to a certain limit, and then a decreasing trend obtained (Equation 4.8-

4.12).   

Y(%F)1 = 76.45+5.29X1+8.19X2+0.11X3+4.50X1X2-2.92X1X3+6.80X2X3-26.13X1
2
-12.65 X2

2
- 

5.63X3
2
                                                                                                              (4.8) 

Y(%F)2 = 75.11+5.35X1+8.02X2+0.29X3+3.57X1X2-2.64X1X3+6.02X2X3-29.52X1
2
-11.55 X2

2
-

8.31X3
2
                                                                                                               (4.9) 

Y(%F)3 = 80.08+3.12X1+6.86X2+0.32X3+4.70X1X2-0.93X1X3+4.45X2X3-13.88X1
2
-20.06 X2

2
-

6.30X3
2 

                                                                                                             (4.10)
 

Y(%F)4 = 77.09+3.22X1+7.94X2+0.35X3+5.22X1X2-1.57X1X3+3.29X2X3-17.90X1
2
-12.02 X2

2
-

1.94X3
2 

                                                                                                             (4.11)
 

Y(%F)5 = 67.48+5.22X1+8.05X2+0.19X3+3.30X1X2-2.17X1X3+5.72X2X3-29.95X1
2
-11.17 X2

2
-

8.37X3
2
                                                                                                              (4.12) 
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4.3.2.4 Optimization by Desirability Function 

The optimized levels of the selected variables  for maximum exhaustion and fixation 

percentage after applying central rotatable composite design for absorbers (1-2) were found to be 

temperature  = 61.82 ºC, Na2CO3 (alkali) = 21.82 g/L and Na2SO4 (salt) = 34.28 g/L whereas for 

absorber (3) temperature = 66.92 ºC, Na2CO3 (alkali) = 17.57 g/L and Na2SO4 (salt) = 35.25 g/L, 

for absorber (4) temperature = 66.36 ºC, Na2CO3 (alkali) = 17.33 g/L and Na2SO4 (salt) = 35.09 

g/L and for absorber (5) temperature = 63.77 ºC, Na2CO3 (alkali) = 18.54 g/L and Na2SO4 (salt) 

= 36.95 g/L.  

4.3.2.5 The individual Effects of Independent Variables 

The individual effect of X1, X2 and X3 on ―exhaustion and fixation‖ of reactive UV 

absorbers (1-5) was assessed by perturbation plots (Figure 4.20-4.21). Perturbation plots help us 

to understand the individual effect of all influencing parameters. A steep or curvy slope in 

independent variable indicates the sensitivity of the dependent variables (exhaustion and 

fixation) towards those specific independent variables.  

The figures 4.20-4.21 depicted that independent variable X3 has marked effect on the exhaustion 

while independent variable X2 has marked impact on the fixation of all the synthesised reactive 

UV absorbers (1-5). 
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Figure 4.20 Individuals effect of independent variables on exhaustion (X) and fixation (Y) of 

synthesized reactive UV absorbers (1-3) 
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Figure 4.21 Individuals effect of independent variables on exhaustion (X) and fixation (Y) of 

synthesized reactive UV absorbers (4-5) 

4.3.2.6 Interaction among Selected Variables for Exhaustion and Fixation Percentage of 

Synthesized Reactive UV Absorbers 

 The relative sensitivity of the responses (exhaustion and fixation percentage) in the 

experimental design was analyzed by the fitted model and also assessed the optimal actual 

factors. Isoresponse curves (Contour plots (2D)) and response surface plots (3D) were plotted to 

analyze the association among responses and experimental variables (Vimalashanmugam and 

Viruthagiri, 2012). Contour plots and response surface plots can be utilized to determine the 

optimum values of factors and to examine the interaction among experimental factors and 

exhaustion and fixation percentage (Sinha et al., 2012). The relative effect of two independent 

variables can be described by holding dose of other factors fixed at its central point with the help 
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of contour and response surface plots (Nasirizadeh et al., 2012). The interaction among variables 

can be estimated from the shape of contour plot (circular, saddler point and elliptical) 

(Vimalashanmugam and Viruthagiri, 2012) whereas the response surface plot convex shape 

recommended that there are certain optimum variables (Sharma et al., 2017).                       

4.3.2.6.1 Interaction between Variables Temperature vs. Alkali (X1 X2) 

 It was detected that both the temperature and alkali could fairly affect the exhaustion 

percentage of all the synthesized reactive UV absorbers (1-5) on cotton fabric. Contour and 

surface plots were presenting high exhaustion percentage at the central level of temperature and 

below the central level of alkali as shown in Figure 4.22-4.23(Y). The contours of temperature 

and alkali interaction suggested that a temperature range of 50-70 ºC and alkali 15-20 g/L was 

optimized for a maximum exhaustion percentage of all the synthesized reactive UV absorbers at 

a fixed level of salt. However, the maximum exhaustion percentage of 77.56 against 1, 76.08 

against 2, 83.55 against 3, 78.41 against 4 and 68.17 % against 5 was observed at 60 ºC 

temperature and 20 g/L alkali respectively. Related outcomes have been stated by Mousa, 2007 

for the exhaustion and fixation of different reactive dyes in terms of optimum temperature (60 

ºC).     

 The slightly oval nature of contours suggested that the communal collaboration of alkali 

and temperature was noteworthy for exhaustion percentage, whereas the response surface plots 

designated that maximum point is situated within the experimental region. Furthermore, it 

suggested that the exhaustion percentage of all the synthesized UV absorbers (1-5) enhanced 

with increase of temperature and decrease in dose of alkali. Meanwhile, further increase in 

temperature above the optimum level of temperature and alkali caused an adverse effect on the 

exhaustion percentage for all the synthesized reactive UV absorbers. 

 Whereas, the temperature and alkali meaningfully possess impact the fixation percentage 

of all the synthesized reactive UV absorbers (1-5). The nature of response surface plots signified 

that the maximum points were situated inside the experimental region as shown in Figure 4.24-

4.25 (X). In quadratic response plot, fixation percentage was attained under mutual effect of 

alkali and temperature by keeping salt constant. The curved shape of surface plots prophesied 

that fixation percentage progressively improved by increasing alkali and temperature of the 
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application bath, but risky levels of temperature and alkali indicated adverse effect on fixation 

percentage. The fixation percentage was maximized by the combination of the mid level of 

temperature and alkali as shown in Figure 4.24-4.25 (Y).  

The elliptical shape contours showed that the communal interaction of alkali and 

temperature is noteworthy for fixation percentage of all the synthesized UV absorbers (1-

5).Temperature 60 ºC and alkali 20 g/L among interacting factors give maximum fixation 

percentage of 76.92  against 1, 75.01  against 2, 81.41 against 3, 74.23  against 4 and 69.21 % 

against 5 was observed respectively.  

The range of temperature and alkali depend on the reactivity of the UV absorber towards 

cellulosic fabric and the levelness of the finishing on the cotton fabric depends on proper dose of 

alkali and temperature in the application bath. The molecules of UV absorbers have low kinetic 

energy at low temperature but as the temperature increased, it kinetic energy enhanced and 

interaction of molecules and fabric also increased. Alkali is obligatory to regulate the pH of the 

application bath for the conversation of reactive groups into their active form. Zheng et al. 

(2016) optimized the dyeing process by RSM for acrylic fibres and found that the temperature 

(100 ºC), pressure (26 MPa), time (60 min) and dye concentration (3%) was best for good K/S 

values. The lowering or improvement in exhaustion or fixation percentage may be attributed that 

at temperature more than optimum point, destabilize the dye molecules in application bath or 

desorb the molecules from the surface of fabric (Ahmad et al., 2012) while at temperature below 

optimum point may cause sorption of insoluble contaminants on the fabric surface and dye 

aggregation in the medium, resultantly decrease in exhaustion and fixation percentage of dye 

molecules (Shenhnai, 1997; Singla et al., 2012). Hadder et al. (2014) was found that the best 

dyeing of cotton fabric was attained at pH of 5.6, temperature 89 ºC and 107 min with Hibiscus 

Mutab.  
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Figure 4.22 Interaction effects of independent variables (X1 X2) on exhaustion percentage of 

synthesized reactive UV absorbers (1-3). X represent a 3D surface graphs and Y represent 

contour plots 
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Figure 4.23 Interaction effects of independent variables (X1 X2) on exhaustion percentage of 

synthesized reactive UV absorbers (4-5). X represent a 3D surface graphs and Y represent 

contour plots 
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Figure 4.24 Interaction effects of independent variables (X1 X2) on fixation percentage of 

synthesized reactive UV absorbers (1-3). X represent a 3D surface graphs and Y represent 

contour plots   
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Figure 4.25 Interaction effects of independent variables (X1 X2) on fixation percentage of 

synthesized reactive UV absorbers (4-5). X represents a 3D surface graphs and Y represent 

contour plots   

4.3.3.6.2 Interaction between Variables Temperature vs. Salt (X1 X3) 

 At the moderate level of temperature (50-70 ºC) and salt (25-40 g/L), all the synthesized 

UV absorbers (1-5) exhibited maximum exhaustion percentage on cotton fabric. Further increase 

in temperature and salt decrease the exhaustion percentage against all the synthesized absorbers 

as shown in Figure 4.26-4.27 (X). At the zero levels, the temperature and salt exhibited profound 

effect on exhaustion percentage. Equally, at higher levels of temperature and salt the exhaustion 

percentage decreases. The ellipsoidal shape of contour plots authorizes the collaboration between 
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temperature and salt have a major effect on the exhaustion percentage against all the UV 

absorbers as shown in Figure 4.26-4.27(Y).  

Correspondingly, the form of surface plots demonstrated that the best levels are situated 

inside the experimental region against all the synthesized reactive UV absorbers. The maximum 

exhaustion percentage of 77.56  against 1, 76.08  against 2, 83.55  against 3, 78.41  against 4 and 

68.17 % against 5 was observed at 60 ºC temperature and 30 g/L salt respectively. The collective 

effect of independent variables, temperature and salt on dependent variable ―exhaustion 

percentage‖ was synergistic interaction for all the reactive absorbers. Simultaneous enhancement 

in doses of independent variables, maximize the exhaustion response up to certain limits. When 

dose of independent variable salt was increased and dropping the independent variable 

temperature, a decrease in exhaustion percentage observed. Surface graphs (X)) illustrated that at 

a temperature (20 ºC) and salt (10 g/L), exhaustion percentage was less than 50 %, whereas it 

rises by increasing both the independent variables and at optimum limit maximum exhaustion 

percentage was achieved.  

Whereas, the fixation percentage of all the synthesized UV absorbers increase with 

increasing level of temperature, but there is a hill in relation to salt that designated that its 

growing level did not affect the fixation percentage of all the synthesized UV absorbers as shown 

in Figures 4.28-4.29 (X). This could be explained as; the salt (X3) reduces the electrostatic anion-

anion repulsion between cotton fiber and UV absorber while the temperature (X1) improved the 

UV absorber transfer rate due to expansion of the cavity of the fabric. The reduction in responses 

acquired above and below the optimal independent variables (X1 X3) is due to aggregation of 

absorbers in aqueous medium due to high dose of salt, decrease in adsorption and hydrolytic 

hydrolysis of absorber occurred in application bath at high temperature (Ahmad et al., 2012). 

During the absorption of the dye on the fabric surface, the dose of salt in application bath retains 

a significant role. The cellulosic fabric and reactive finishes or dyes carry negative charges in 

water and have very low affinity for each other. To combat this issue, salt added to increase the 

acceptance of negatively charged reactive finishes or dyes onto the fabric. Salt mask the inherent 

negative charge on the fabric  and enhanced the absorption of dye on the cellulosic surface 

(Lidyard et al., 1992; Kamel et al., 1992). 
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Figure 4.26 Interaction effects of independent variables (X1 X3) on exhaustion percentage of 

synthesized reactive UV absorbers (1-3). X represents  3D surface graphs and Y represent 

contour plots   
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Figure 4.27 Interaction effects of independent variables (X1 X3) on exhaustion percentage of 

synthesized reactive UV absorbers (4-5). X represents 3D surface graphs and Y represent 

contour plots  
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Figure 4.28 Interaction effects of independent variables (X1 X3) on fixation percentage of 

synthesized reactive UV absorbers (1-3). X represents 3D surface graphs and Y represent 

contour plots   
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Figure 4.29 Interaction effects of independent variables (X1 X3) on fixation percentage of 

synthesized reactive UV absorbers (4-5). X represents 3D surface graphs and Y represent 

contour plots   
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4.3.3.6.3 Interaction between Variables Alkali vs. Salt (X2 X3) 

The ellipsoidal shape of contour plots of exhaustion percentage against all the synthesized 

reactive UV absorbers (1-5) displayed that the contact between alkali and salt has a important 

impact on finishing of cotton fabric with all the synthesized UV absorbers as shown in Figures 

4.30-4.31(Y).  Highest exhaustion percentage of UV absorbers can be attained by varying the 

level of temperature under same interacting variables. The figures of the surface plots displayed 

that the extreme points are situated inside the experimental region and exhaustion percentage 

progressively amplified with growing salt and alkali in the application bath, but risky levels of 

salt and alkali inclined to decrease the exhaustion percentage of all the synthesized reactive UV 

absorbers.        

The exhaustion percentage of UV absorbers increases with increasing levels of salt, but 

there is a hill in relation to alkali, which showed that its growing level did not affect exhaustion 

percentage of all the synthesized reactive UV absorbers as shown in Figures 4.30-4.31(X).  

The interface between salt and alkali against fixation percentage of all the synthesized UV 

absorbers presented a saddler surface as shown in Figures 4.32-4.33 (X). So, the contact between 

them has not important as such. In the Figures 4.32-4.33 (Y), the increasing level of salt decrease 

the fixation percentage while increasing level of alkali increase the fixation percentage, but 

extreme level of alkali causes adverse effects on fixation percentage for all the synthesized 

reactive UV absorbers. Reactive finishes or dyes required suitable pH for maximum response on 

the cotton fabric via covalent linkage. Hence, alkali is a chief constituent of application bath to 

retain the appropriate pH for reactive dyes, or finishes (Patel et al., 2014). Beyond the optimum 

pH level of application bath, the absorption of reactive dyes on the fabric become slow down due 

to excessive ionization of hydroxyl groups of cellulosic fabric and a competition started for 

cations within hydroxyl ions of water and cellulosate ions(Chinta and Vijay Kumar, 2013).   
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Figure 4.30 Interaction effects of independent variables (X2 X3) on exhaustion percentage of 

synthesized reactive UV absorbers (1-3). X represents 3D surface graphs and Y represent 

contour plots.  
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Figure 4.31 Interaction effects of independent variables (X2 X3) on exhaustion percentage of 

synthesized reactive UV absorbers (4-5). X represents 3D surface graphs and Y represent 

contour plots  
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Figure 4.32 Interaction effects of independent variables (X2 X3) on fixation percentage of 

synthesized reactive UV absorbers (1-3). X represents 3D surface graphs and Y represent 

contour plots 
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Figure 4.33 Interaction effects of independent variables (X2 X3) on fixation percentage of 

synthesized reactive UV absorbers (4-5). X represents 3D surface graphs and Y represent 

contour plots 

Part IV 

4.4 Physical Testing of Fabric Treated with Synthesized Reactive UV 

Absorbers 

4.4.1 Exhaustion Percentage of Synthesized Reactive UV Absorbers at Different 

Concentration 

The five synthesized reactive UV absorbers (1-5) were applied to the cotton fabric at five 

different concentrations (1, 2, 3, 4 and 5%) with liquor ratio 30:1(o.w.f) under optimized 

conditions. It can be seen that exhaustion percentage decreases as the concentration of the 



 

117 
 

reactive UV absorber increases in the application bath and it is above 72 % in all the 

concentrations as shown in Figures 4.34-4.35. Maximum exhaustion on cotton fabric was shown 

at 1 % concentration of the all the UV absorbers due to availability of large surface area of fabric 

or more number of hydroxyl groups for a less quantity of UV absorbers. As the dose of UV 

absorbers rises, the surface area and the number of available OH groups on fabric decreases as 

compared to quantity of UV absorber, hence, low exhaustion percent attained. Figure 4.34-4.35 

indicated that synthesized UV absorbers (1-5) have good and comparable exhaustion properties 

on fabric with commercially available textile UV absorber (Rayosan C liquid) in market.  

 

 

Figure 4.34 Percentage Exhaustion of absorbers (1-2) and rayosan C liquid on cotton 

fabric at different % concentration 
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Figure 4.35 Percentage Exhaustion of absorbers (3-5) and rayosan C liquid on cotton 

fabric at different % concentration 

4.4.2 Ultraviolet proactive ability of finished fabric with synthesized UV absorbers   

The synthesized UV absorbers (1-5) absorb light in the UV-range of 280-320 nm, 

specific for UV-B absorbers. Substantively of these absorbers was measured during testing on 

cotton fabric and exhaustion % values of absorbers (1-5) and commercially available absorber 

(Rayson C Liquid). According to Australian standard, ultraviolet protective factor (UPF) ranges 

are depicted in Table 3.8. Results of UPF of treated fabric with UV absorbers (1-5), 

commercially available absorber (Rayson C Liquid) and un-treated fabric are graphically 

presented in Figures 4.36-4.37.  

The treated fabric fall in very good UPF range at 3 % concentration of UV absorber (1-5) 

when compared to untreated cotton fabric but have low value of UPF than commercially 

available UV absorber which fall in excellent range at same concentration. It is crystal clear from 

results that the synthesized UV absorbers increased the UPF of fabric as the % concentration 

increase but they impart slightly yellowish colour at 5 % concentration on white fabric. In the 

case of UV absorber (1), which absorb UV light more and give good improvement in protecting 

properties as compared to absorber (2) but less than commercially available absorber ―Rayosan 

C Liquid‖ for cellulosic fibers. While in the case UV absorbers (3-5), the 3 exhibited highest 
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UPF as compared to 4 and 5. The UPF increases as follows: 5 <4 < 2<3<1 and this behaviour 

may be due to high exhaustion of UV absorber (1) than rest of the UV absorber. 

 

Figure 4.36 Ultraviolet Protection Factor (UPF) of un-treated, treated fabric with 1, 2 

and rayosan C liquid at different % concentration. 

 

 

Figure 4.37 Ultraviolet Protection Factor (UPF) of un-treated, treated fabric with 3, 4, 

5 and rayosan C liquid at different % concentration 
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4.4.3 Ultraviolet proactive ability of treated fabric with synthesized UV absorbers after 

several washings (Wash Fastness)  

 Ultraviolet protective efficiency of treated fabric with UV absorbers (1-5) after several 

washes was also measured to evaluate its behaviour after laundry action. The UPF of treated 

fabric was measured after each washing and this washing process repeated ten times. The results 

obtained are depicted in Figure 4.43 and indicate that UPF of treated fabric decrease after 

washing process, but with UV absorbers (1, 2, 3, 4), it remains in very good range of UPF as it is 

also in very good range of UPF before several washings. While, the treated fabric with UV 

absorber (5) was falling  from a good range to satisfactory range after washing. All the five UV 

absorbers are in fairly good agreement in terms of UPF with the commercially available 

absorbers in market after ten washings. 

 

Figure 4.38 Ultraviolet Protection Factor (UPF) of treated fabric (at 3% concentration) by UV 

absorbers (1-5) after laundry action (10 times) 

 



 

121 
 

4.4.4 Whiteness Index  

 One of the most significant property of uncolored cotton fabric is holding of their white 

color. The synthesized UV absorbers did not decrease the whiteness of fabric as much at 3 % 

concentration but after exposition to light fastness testing decrease its whiteness little bit as 

compared to standard as shown in Figure 4.39. This behavior may be due to photo-destruction of 

residues of triazine. UV absorber 5 reduces maximum whiteness and UV absorber 3 reduces 

minimum whiteness after 12 h exposure time.    

 

Figure 4.39 Whiteness Index (%) of un-treated, treated cotton fabric with UV absorbers (1-5) 

and Rayosan C liquid after UV light exposure at 3% concentration 

4.4.5 Light Fastness  

Xenotest was also employed to test the light fastness of absorbers Figure 4.40. The 

treated fabric with UV absorber (1-5) and commercially available absorber (Rayson C Liquid) 

was subjected to xenotest for 12 hours. After exposition, UV absorber (1-5) and standard 
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produced reduction in its UPF properties little bit. The results of UV absorber (1-2) are close to 

the commercially available absorber (Rayson C Liquid). Maximum reduction in UPF shows by 

UV absorber 5 and minimum by UV absorber 3.    

 

Figure 4.40 UPF before and after 12 h exposure to Xenotest at 3% concentration of UV 

absorbers (1-5) and rayosan C liquid 

Part V 

4.5 Degradation Study of Synthesized UV Absorbers by Advanced Oxidation 

Processes   

 The quality assurance results revealed that this class of compounds possesses good 

ultraviolet protective property and in future, such sort of molecules can be employed 

commercially. Therefore, it is necessary to find out their degradation ability to keep in mind 

water pollution. Hence, the current research was carried out for the mineralization and 

degradation of five synthesized reactive UV absorbers by advanced oxidation processes(Fenton 

and UV/H2O2). The process parameters of degradation (pH, dose of Fe
2+

, dose of H2O2 and 

contact time) were optimized by one factor at a time method (Table 3.9).   
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4.5.1 Effect of pH on COD removal (%)  

The competence of oxidative process of organic toxins has been highly affected by pH 

change in Fenton and UV/H2O2 process. Generally, Fenton oxidation is highly dependent on pH 

of the solution. When pH was lower (>3.0), the H2O2 becomes stable due to H3O
+
 ions formation 

by solvation that ultimately decrease the reaction power of OH ion with Fe
2+

 (Ghaly et al., 2001) 

or the formation of [Fe(II)(H2O)]
2+

 occurs, which respond leisurely with H2O2 and produce less 

hydroxyl radical and reduce the efficiency of Fenton reagents. But when the pH of solution 

increased (>4.0) the rate of oxidation also decreased because of the reduction in free ions in 

solution, which is probably due to the formation of iron (II) complexes with buffers  that inhibit 

the formation of free radicals or precipitate the Fe(OH)3 (Zhang et al., 2005; Oh et al., 2014). 

The effect of pH on degradation of UV absorbers was assessed by taking 500 ppm UV absorber 

solution with varying pH, while keeping the rest of the parameters constant (H2O2: 100 mg/L, 

dose of Fe
2+

: 5 mg/L) and shaking the solution(100 rpm) for 120 minutes at 25 ºC.         

It is demonstrated in the Figure 4.46-4.47 that the maximum COD removal efficiency 

(%) attained at 3 pH in case of all UV absorbers and by enhancing the pH above 3.0, the COD 

removal efficiency of Fenton oxidation and UV/H2O2 process reduced. In general, the reduction 

in COD removal competency (%) of absorbers follows a single peak trend with increasing pH 

value. When the pH value increased from 2.0 to 3.0, the mineralization of absorbers initially 

increased then linearly decreased. This behaviour of Fenton process can be explained by a 

decline in the amount of free ions in solution due to precipitation of iron that occurred at pH > 

4.0.   

Zhang et al. (2005) reported the optimization of Fenton process for the treatment of 

landfill leachate and found that the oxidation of organic pollutants is a pH dependent 

phenomenon and most competent in the pH range of 2.0-3.0. Another study was reported by 

Lodha and Chaudhari, (2007) on the oxidation of dye solutions by Fenton process and concluded 

that at pH 3.0, more than 99 % color removal of dyes solution was achieved whereas by 

increasing the pH, removal efficiency of Fenton process reduced and decolourization of dyes 

attained due to the degradation of the chromophoric group by Fenton reagent. Sedlak and Andren 
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(1991) described the oxidation of chlorobenzene via Fenton reagent in terms of COD removal 

efficiency (%) and explained that higher hydroxyl radicals formed in the pH range of 2.0-3.0.  

 

 

Figure 4.41 Effect of pH on the COD removal efficiency (%) of five UV absorbers (1-5) by 

Fenton oxidation 

 

Figure 4.42 Effect of pH on the COD removal efficiency (%) of five UV absorbers (1-5) by 

UV/H2O2 
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4.5.2 Effect of Fe
2+

 dosage on the COD removal (%) 

The impact of iron (Fe
2+

) ions on the productivity of the Fenton reagent in terms of COD 

removal efficiency (%) of synthesized reactive UV absorbers (1-5) was evaluated by varying the 

dosage of Fe
2+

. A series of experiments was performed by changing the Fe
2+

 dosages (5, 10, 15, 

20 and 25 mg/L) while remaining parameters kept constant (dose of H2O2: 100 mg/L, pH: 3.0) 

and shake the solution (500 rpm) for 120 minutes at 25 ºC.         

Figure 4.43 demonstrated that the more COD removal efficiency (%) attained with 15 

mg/L of iron dosage for absorbers (1-5) It was found that the COD removal efficiency of all 

absorbers (1-5) have a similar changing pattern with the increase of Fe
2+

dose. Mainly, the 

removal improved significantly with the increasing dose of iron up to the optimal limit than it 

decreased. As the dose of iron rises, the COD removal efficiency (%) improved even a point 

achieved where further addition of Fe
2+

 becomes unproductive.   

Rivas et al. (2003) optimized the dosage of Fe
2+

 and investigated its effect on   

fermentation of brines from green olives. They concluded that the higher the dose of Fe(II), 

highest COD conversion achieved. Elimination of phenolic content enhanced as the dosage 

increased. Zhang et al. (2005) optimized the Fenton process for landfill leachate treatment and 

examined the effect of dosage of Fe(II). It was found that COD removal power enhanced 

speedily with the increasing concentration of Fe(II) but beyond a certain limit of dosage 

contributed slighter improvement in COD removal efficiency. The result showed that oxidation 

reactions degraded the organic contaminates into short chain organic acid that are problematic 

for further oxidation. With the addition of Fe(II) from 0.02-0.08 mol/L, the COD removal 

efficiency (%) was increased and further rise in dosage produce not any further improvement. At 

optimum levels of Fe(II), the following reactions would occur.  

      Fe
2+
 +H2O2 → Fe

3+
 + OH

−
 + 

•
OH             (4.13) 

                      Fe
2+
 + 

•
OH → Fe

3+
 + OH

−
              (4.14) 

However, high dose of Fe(II) than optimum level would generate other side and 

competitive reactions that decrease the concentration of  free radicals [(equations (4.15), (4.16), 

(4.17) and (4.18)].   



 

126 
 

Fe
3+
 +H2O2 → Fe

2+
 + H

+
 + HO2

•
          (4.15) 

•
OH +H2O2 → HO

•
 + H2O                                  (4.16) 

Fe
3+
 +HO2

•
 → Fe

2+
 + H

+
 + O2         (4.17) 

Fe
2+ 
+HO2

•
 → Fe

3+
 + HO2

−
                                  (4.18) 

Lau et al. (2001) reported the organic removal from anaerobically treated leachate by 

Fenton coagulation and mentioned that without the addition of Fe(II), hydrogen peroxide 

oxidized very low percent of organics (8%).The TOC removal increased up to 60% with 

increased dosage of Fe(II) at 300 mg/L and further rise in dosage did not rise the TOC removal 

efficiency. This behaviour may be due to the recombination of hydroxyl free radicals with the 

excess Fe(II).  

Fe
2+
 +

•
OH → Fe

3+
 +OH

−
                    (4.19) 

Kang and Hwang, (2000) studied the effect of reaction conditions on the efficiency of 

Fenton oxidation and found that the COD removal was improved with the increasing 

concentration of ferrous sulphate up to optimum limit of Fe(II). The 500 mg/L of Fe(II) gave 

more than 50% COD removal efficiency(%) and further increment in dosage lower the efficiency 

of Fenton oxidation. 

 

Figure 4.43 Effect of Fe
+2
 doses (mg/L) on the COD removal efficiency of synthesized 

UV absorbers (1-5) by Fenton oxidation 
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4.5.3 Effect of H2O2 dosage on COD removal (%) 

Figure 4.44-4.45 explained the effect of hydrogen peroxide dose on the COD removal 

efficiency (%) of UV absorbers (1-5) by Fenton and UV/H2O2 oxidation respectively. A series of 

experiments were directed for this purpose, by dosing 15 mg/L of Fe(II) for absorbers (1-5) on 

the pH 3.0 for 120 minutes at 25 ºC. The dose of H2O2 was varied (100, 300, 500, 700, 900 

mg/L)          

The current work results confirmed that maximum COD removal efficiency (%) was 

achieved with 500 mg/L of hydrogen peroxide in Fenton oxidation that were 70.23, 73.45, 60.25, 

63.43 and 75.89 for UV absorbers 1, 2, 3, 4 and 5 respectively. At the start of the reaction, the 

COD removal efficiency (%) were 35.12, 40.12, 35.43, 37.77 and 43.12 at the dose of 100 mg/L 

for UV absorbers 1, 2, 3, 4 and 5 respectively. After the optimum level, not further improvement 

in COD removal efficiency (%) achieved. Though, as the doses of H2O2 increased (100-900 

mgl/L) directed to reduce the COD removal efficiency (%) because excess H2O2 produced per-

hydroxy radical having less oxidation potential and H2O2 acted as hydroxyl radical scavengers.  

H2O2 +
•
OH → H2O + 

•
OOH                (4.20)        

 Fe(II) catalyse the decomposition of hydrogen peroxide and generate powerful, non-

selective hydroxyl radical oxidants. Rivas et al. (2003) described that a rise in COD removal 

efficiency (%) observed from 0.2-1.0 M/L along with increase in reaction temperature indicated 

the exothermic nature of Fenton oxidation. With the lowest dose of hydrogen peroxide, 100% 

conversion of hydrogen peroxide occurred into hydroxyl radicals. The rise in dosage of H2O2 

does not mean a higher COD reduction instead of this; it started the parallel inefficient routs for 

decomposition result in the wastage of H2O2.                

 A factorial designed were generated and performed by Elhalil et al. (2016) for the 

optimization of Fenton process. They catalytically degraded the malachite green dye and kept the 

dosage hydrogen peroxide, Fe(II), dye and temperature as variables. The results proved that 

hydrogen peroxide has an influence on catalytic degradation. The optimum conditions obtained 

degraded the dye 93.83 % at 10 mMol of H2O2. Wang et al. (2011) optimized the Fenton process 

conditions for decolourization and COD removal in tobacco wastewater. COD and 
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decolourization removal attained up to 90 and 95 % respectively at the optimal range of H2O2 

2.73 g/L.      

 

Figure 4.44 Effect of dosage of H2O2 (mg/L) on the COD removal efficiency of synthesized UV 

absorbers (1-5) by Fenton oxidation 

 

Figure 4.45 Effect of dosage of H2O2 (mg/L) on the COD removal efficiency of synthesized UV 

absorbers (1-5) by UV/H2O 
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4.5.4 Effect of reaction time on the COD removal (%) 

Effect of reaction time was assessed to investigate the cost-effective treatment of 

wastewater system in terms of energy and time. In the current study, the reaction time was varied 

(40, 80, 120, 160 and 200 minutes) and other parameters (dose of Fe(II), H2O2, pH) kept 

constant. It was apparent from the Figure 4.46, maximum COD removal efficiency (%) was 

attained in 120 minutes and after that COD removal efficiency (%) not improved.         

The results (Figure 4.46) confirmed that maximum COD removal efficiency (%) was 

attained in 120 minutes that were 73.19, 74.61, 69.82, 65.79 and 78.32 for UV absorbers 1, 2, 3, 

4 and 5 respectively. After 40 minutes, the COD removal efficiency (%) was 50.91, 54.91, 48.51, 

47.31, and 46.53 for UV absorbers 1, 2, 3, 4 and 5 respectively. After the optimum level of time 

duration, not further improvement in COD removal efficiency (%) achieved.  Though, as time of 

reaction increased (40-120 minutes), the improvement in COD removal % increased linearly 

after that it became constant. This behaviour is because most of the hydrogen peroxide reacted 

with Fe(II) in first 40 minutes and rate of reaction was high at the start of the reaction than it 

increased slowly and become constant.     

Zhang et al. (2005) also calculated the impact of time for the handling of landfill leachate 

in terms of COD removal efficiency (%). The results revealed that organic pollutants were 

speedily degraded in the first 20 minutes and after that further increase in time duration became 

insignificant. Generation of a layer of foam on the surface of the solution was observed as the 

oxidation proceeded due to the formation of carbon dioxide. Gharib-Bibalan et al. (2016) 

reported the degradation of colour precursors in raw sugar beet juice and optimize the Fenton 

process for this purpose. According to the  results attained, the optimum time duration was 30 

min and 61.5 % of the colour precursors degraded and further rise in contact time insignificant.         

Biglarijoo et al. (2016) utilized effective Fenton process for the pretreatment of landfill 

leachate. They considered three responses for evaluation (i) COD removal (ii) organic removal to 

sludge ratio (iii) sludge to iron ratio. The optimum condition for time was 105 minutes. Another 

study directed by Saber et al. (2014) for the treatment of petroleum refinery wastewater by RSM 

and COD removal (%) was taken as target response. More than 80 % COD removed under 
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achieved optimal conditions pH: 3.0, Fe(II)/ H2O2): 2.66 g/g and H2O2/COD: 10.03 g/g within 90 

minutes.       

 

Figure 4.46 Effect of contact time on the COD removal efficiency (%) of synthesized UV 

absorbers (1-5) by Fenton oxidation 

4.5.5 Effect of UV radiations on COD removal (%) 

 Previous studies reported that radiation energy, enhanced the degradation of organic 

pollutants; therefore, a current work was established to assess the COD removal efficiency (%) 

of UV absorbers (1-5) by the UV/H2O2 process and irradiated the UV absorber solution under the 

UV lamp (54 watts) keeping the other conditions constant like a dosage of hydrogen peroxide, 

pH 3.0 at different time intervals (40, 80, 120, 160 and 200 minutes). It was examined from the 

Figure 4.53 that COD removal efficiency (%) was not enhancing so much. This behaviour may 

be explained by the fact that these synthesized UV absorbers are photostable. The degradation of 

these absorbers was due to generation of hydroxyl radical through decomposition of hydrogen 

peroxide.             

It was revealed that sulphonated organic UV absorbers are non-biodegradable. 

Abdelraheem et al. (2015) reported the degradation and mineralization of sulphonated organic 

UV absorber using UV-254 nm/H2O2. They found that due to strong photostablity of these 
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compounds, degradation appeared after 285 minutes of irradiation time. This result showed that 

degradation of these compounds was due to an attack of hydroxyl radicals that were produced 

through decomposition of H2O2 by UV radiations. The presence of Br
-
 influenced the 

degradation and mineralization process and inhibited the release of NH
4+

 and SO4
2-

 during 

photochemical oxidation while the Cl
-
 did not present any observable influence on the 

mineralization.    

 In some other studies by Shah et al. (2013) it was examined that the chloride present in 

the system could be converted into radical form having selective ability to attack on the organic 

molecules and enhanced the efficiency of degradation, but the Cl
• 

competitive interaction with 

hydroxyl radical in acidic media, can form ClOH
• 

and reduce the efficiency of degradation 

process due to its less reactive nature.       

Kwarciak-Kozłowska and Krzywicka, (2015) compared the effectiveness of Fenton and 

photo-Fenton for landfill leachate and was found that photo-Fenton has led to high effectiveness 

for COD, TOC and ammonia removal on the average of 14 %. These results suggested that UV 

light also contribute in the decomposition of hydrogen peroxide and it‘s all the available 

molecules decomposed into free radicals. 

 

Figure 4.47 Effect of UV irradiation time on the COD removal efficiency (%) of synthesized 

UV absorbers by UV/H2O2 
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The results indicated that Fenton oxidation was more efficient towards mineralization of 

all the UV absorbers than UV/ H2O2.  Under attained optimum conditions of Fenton oxidation, 

dose of Fe
2+

 (15 mg/L), H2O2 (500 mg/L), pH (3.0) and contact time (120 minutes), 75.43, 77.54, 

72.43, 79.12, 81.21 % of COD removal were achieved for 1a, 2a, 3a, 4a and 5a respectively. 

Whereas, the optimum conditions of UV/H2O2 process were H2O2 (700 mg/L), pH(3.0) and 

irradiation time (200 minutes) that brought 54.33, 57.65, 55.23, 65.12 and 67.12 % were 

achieved for 1, 2, 3, 4 and 5 respectively.   It is concluded that synthesized organic UV absorbers 

can efficiently mineralized and degrade via AOPs.  

4.5.6 UV/Vis. Spectra of Degraded Synthesized UV Absorbers (1a-5a) 

 UV/Vis. spectra of degraded UV absorbers (1, 2, 3, 4 and 5) in the aqueous medium were 

attained shown in the Figures 5.1-5.5. The position and intensity of absorption bands of UV 

absorbers (1-5) become disturbed could be due to generation of intermediate products after 

degradation. The shifting of absorption wavelengths from their parent molecules are predicted 

due to their mineralization and degradation.          

 

    Figure 4.48 UV absorber (1) 
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    Figure 4.49 UV absorber (2) 

    

 Figure 4.50 UV absorber (3) 
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Figure 4.51 UV absorber (4) 

 

 Figure 4.52 UV absorber (5) 

4.5.7 FT-IR Spectra for Degraded UV Absorbers Aqueous Solution  

Synthesized UV absorbers (1-5) were degraded by Fenton and UV/H2O2 oxidation and its 

degraded aqueous solutions were analyzed for FT-IR studies. The FT-IR spectra of the degraded 
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UV absorbers directed that the absorber molecules have been degraded and mineralized into 

simpler products. 

 

Figure 4.53 UV absorber (1) 

  

Figure 4.54 UV absorber (2) 
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Figure 4.55 UV absorber (3) 

 

Figure 4.56 UV absorber (4) 
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Figure 4.57  UV absorber (5) 
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Chapter 5 

                                                                                               SUMMARY 

Currently protection from UV radiations is a flaming issue because these radiations can 

cause a multiple issues from  skin burning to lethal skin cancer. For this purpose various 

protective measures are carried out including use of sunscreens and especially clothing.  Hence, 

it is the need of the time to establish such UV absorbers for textiles that protect us from the 

serious effects of UV radiations. Hence, current study was designed to theoretically search and 

synthesize new reactive UV absorbers, and their applications on cotton fabric to evaluate its 

ultraviolet protective ability as compared to commercially available textile UV absorber.  

Reactive triazine based five UV absorbers (1-5) were design and study via computational 

software Guess view by choosing three functionals of DFT theory; CAMB3LYP, WB97XD, 

B3LYP.  The theoretical study of designed UV absorber revealed that their ΔE increases as 

follows: 5 < 1 < 4 < 3 < 2 showing that the -SO3H unit produce opposite effects on the energy 

gap. The calculated optical properties with CAM-B3LYP appeared at λmax (nm) at 280.4 for 1, 

256.3 for 2, 272.2 for 3, 280.2 for 4 and 291.7 for 5.     

The designed triazine based UV absorbers were synthesized by a typical method of 

aromatic nucleophilic substitution reaction and their strictures confirmed via spectroscopic 

techniques (UV/Vis., FTIR and ESI-MS studies). The UV/Vis. results confirm the theoretical 

study values and all the synthesized molecules absorbs in UV-B region.   

The cotton fabric finished with these absorbers by exhaust method and processing 

conditions optimized via a statistical approach ―Central Composite Rotatable Design (CCRD)‖ at 

3 % shade/concentration (o.w.f). Three important finishing conditions of cotton with UV 

absorbers (alkali, salt and temperature) were taken as consideration for maximum exhaustion and 

fixation responses. ANOVA results obtained directed that all variables effects were important for 

exhaustion and fixation of UV absorbers on cotton fabric. All the five UV absorbers showed 65-

78 % exhaustion and 62-80 % fixation at the obtained optimized conditions by desirability 

function. Maximum exhaustion with cotton fabric was presented by 1 and minimum shown by 5.  
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The finished fabric was assessed for ultraviolet protection factor (UPF) spectrometrically. 

The treated fabric with 1-4 falls in very good UPF range at 3 % concentration while fabric 

treated with 5 fall in good range. The UPF increases as follows: 5 <4 < 2<3<1. When results 

compared with commercially available UV absorber (Rayosan C liquid), it shows that standard 

fall in excellent range while all the synthesized UV absorbers fall in very good range expect 5a 

that fall in good range. Whiteness index of finished fabric was assessed as per ISO test 

methodologies,  outcomes revealed that synthesized UV absorbers did not decrease the whiteness 

of fabric as much at 3 % concentration but after exposition to light fastness testing decrease its 

whiteness little bit as compared to standard. Light fastness was evaluated by Xenotest and results 

indicated that after exposition of 12 h, UV absorber (1-5) and standard produced reduction in its 

UPF properties. Washing test was performed and after washing results indicates that UPF of 

treated fabric decrease after washing process, with UV absorbers (1-4), it remains in very good 

range of UPF after several washings. While the 5 showed more reduction in UPF value after 

washing.    

Results indicated that this class of compounds possesses good ultraviolet protective property 

and in future, such sort of molecules can be employed commercially. Hence, degradation studies 

of these molecules were made using harmless  AOPs to search their degradation ability. The 

mineralized molecules were analysed via UV/Vis. and FTIR analysis, which affirmed the 

effectiveness of oxidation of synthesized molecules. The spectroscopic analysis illustrated the 

reduction in functional groups of synthesized molecules after degradation.      

It was concluded that the theoretical and experimental results of λmax are closely related 

and computational approach is efficient to tailor such sort of molecules.  The synthesized UV 

absorbers are suitable for the cotton fabric that enhance protection factor of cotton effectively 

without producing much yellowness on fabric. Current study opened a new prospect for search 

of such molecules that will be more persistent after laundry action and can be utilized 

commercially. 
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