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Abstract 
 

In this study are presented data on the effect of two maleic acid copolymers with styrene 

(NaM-S) or vinyl acetate (NaM-VA), on Melana fibre dyeing with Methylene blue 

(MB), Crystal violet (CV) or Victoria Blue B (VBB) and their influence on remission 

curves. The effect of retardation/acceleration of the two poly-electrolytes (NaM-S, NaM-

AV) on Melana fibres dyed in this way were evaluated by calculating  K/S ratio values 

corresponding to the 400÷450 nm range where the three dyes have their maximum 

absorption peaks. 

 

Keywords: cationic dyes, Melana fibres, retardation effect, acceleration effect, K/S 
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1. Introduction 

 

The investigation of the material’s properties of the patrimony objects is 

necessary to understand both the reaction of the objects to the environment in 

order to create the optimal condition to preserve them and to act on the objects in 

order to decrease degradation. The specific research on specific materials 

(textiles, leather, paper, wood) is very important not only for preservation of the 

patrimony objects but, in addition, to obtain information about their age. For 

example, in the case of the textile objects, the characteristics of texture, the 

manufactory, colorants used can be good elements in order to stabilise the age, 

the provenience and their authenticity [1-3]. 
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The colour is a sensation perceived as the result of the action of light with 

different wavelengths on the eye. There is a straight connection between colour 

and light, since to any luminous sensation corresponds a colour sensation, and 

light absence excludes colour perception. 

In the case of surfaces that do not emit their own light, the colour 

excitation can not be identified with the illumining radiation, but it becomes a 

function due to the relation established between incident light and the 

corresponding body. In order to accurately measure the quantity of light 

reflected (or remitted) by a surface, one needs to thoroughly specify the 

illumination and visualization conditions [4, 5]. 

The used analysis method is spectrophotometry, because it is a precise 

technique that accurately gives the measurements, formulations and quantitative 

control of the wanted colour. It measures the reflection of an object on the entire 

wavelength range afferent to the light spectrum perceivable by the human eye, 

from 400 to 700 nm, exactly specifying each colour [6, 7].  

 

2. Experimental 

 

The used polyelectrolytes were: a maleic acid copolymer with vinyl 

acetate NaM- VA (a) and with styrene NaM-S (b), both in the form of natrium 

salt. The two polyelectrolytes were obtained from the maleic anhydride 

copolymer with vinyl acetate or styrene, according to the methods described in 

literature [8]. The chemical structure of the polyelectrolytes is presented in 

Figure 1. 
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Figure 1.  Chemical structures of the copolymers: (a) natrium maleate- vinyl acetate 

(NaM-AV) and (b) natrium maleate–styrene (NaM-S).  

 

The studied dyes are: Methylene blue AM (a), Crystal violet CV (b) and 

Victoria blue B AVB (c), Merck reactives utilized as delivered, without 

purification or other previous modifications. The spatial images of these dyes are 

presented in Figure 2.  

The procedure of Melana fibres dyeing was described in details in [9]. For 

the analysis of the effect produced be the electrolytes on the Melana fibres dyed 

with AM, CV or AVB and their influence on remission, we have considered 

three series of poly-electrolyte concentrations (0.5, 1.5 and 2.5%) and a 

concentration of the three dyes of 1.5%, constant and identical with that of the 

Melana samples dyed under standard conditions. The dyeing was always 

performed at the same dyeing temperature and duration (90
o
C, 75 min) [10]. 
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Melana dyed in this way was washed with water, then dried under normal 

conditions, and the remission values were measured with a portable Datacolor 

Check plus spectrophotometer at three wavelengths located at 10 nm intervals 

within the range of 400÷700 nm. The light source was the D65 illuminant. 

 

3. Results and discussion 

 

The remission data corresponding to Melana fibres dyed with the three 

dyes (AM, CV and AVB) in the presence of the two polyelectrolytes (NaM-S, 

NaM-AV) have been processed by using the Excel 97 tabular computing 

program. The obtained remission values have been graphically represented in 

terms of wavelength, getting thus four remission curves of the dyed Melana 

fibres [9]. 
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Figure 2. Spatial structures of the dyes: Methylene blue (AM), (b) Crystal violet (CV)  

and (c) Victoria Blue B (AVB).  
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Figure 3 presents the remission curves for the system of Melana fibres 

dyed with Methylene blue in the presence of the polyelectrolytes NaM-S (a), and 

NaM-AV (b) respectively. 

By analysing the remission curves from Figure 3, one can notice that the 

remission values for the Melana samples dyed with Methylene blue in the 

presence of NaM-S are superior to the standard within the 400-430-450 nm 

interval, having an initial descending tendency. 

The studies concerning the acrylic fibres dyeing with cation dyers have 

shown that the cation dyer to the acrylic fibres is due to the ionic and 

hydrophobic actions between dye and fibre [11]. The cation group of the free 

dye found in solution can orientate toward the fibre surface in order to interact 

with the negative groups, and the hydrophobic segment of the dye can turn 

toward the fibre exterior [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Remission curves corresponding to Melana fibres dyed with Methylene blue, 

in the presence of polyelectrolytes: (a) NaM-S and (b) NaM-AV. 
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By a slow heating of the dye liquor, the Methylene blue aggregates from 

solution bound to the charged sites of NaM-S polyelectrolyte through non-ionic 

bonds (van der Waals, hydrophobe, hydrogen) break off very easily and turn to 

the charged sites existing at the ends of the macromolecular chain of Melana 

molecule [13]. While the existing dye aggregates break off easily, the ionic 

bonds between dye and polyelectrolyte breaks off more difficult, due to the 

strength of the ionic bond and of the styrene residues from polyelectrolyte 

structure, braking thus the dye cation release. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Remission curves corresponding to the Melana fibre samples dyed with 

Crystal Violet, in the presence of polyelectrolytes: (a) NAM-S and (b) NaM-AV. 

 

The presence of the NaM-S polyelectrolyte in the Melana fibre dye liquor 

determines an amplification of the hydrophobicity of the entire system. It is very 

possible that at the anionic groups from the Melana fibre macromolecule, dye 

aggregates be generated, similar to those generated at the anionic sites from 

NaM-S or NaM-AV polyelectrolytes [9]. One can notice that the variation of 
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polyelectrolyte concentration does not induce a significant variation of the 

remission values of the Melana samples dyed in this way (Figure 3a). 

In Figure 3b one can notice an increase of the remission values within the 

400÷420 nm wavelength range, which reach a maximum for all the four systems 

at 420 nm, decreasing then down to 670 nm. Within the 670÷700 nm interval, 

one can notice a second increase of remission for the three samples until the 

wavelength of 700 nm.  

By comparing the remission curves from Figure 3, we can state that the 

differences between the aspect of the remission curves of Melana fibres dyed 

with Methylene blue in the presence of NaM-S and NaM-Av respectively can be 

accounted for by the different hydrophobic/hydrophilic character, as well as by 

the presence or absence of steric hindrance phenomenon [14, 15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Remission curves corresponding to the Melana fibre samples dyed with 

Victoria blue B, in presence of: (a) NaM-S and (b) NaM-AV. 
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Figure 4 illustrates the remission curves corresponding to the systems of 

Melana fibres dyed with Crystal violet in the presence of the polyelectrolytes 

NaM-S (a) and NaM-AV (b) respectively. 

One can notice in Figure 4a that within the 400÷470 nm interval, the 

aspect of the remission curves corresponding to the Melana fibres dyed with CV 

in the presence of NaM-S polyelectrolyte differs from that of the standard dyed 

Melana fibres, due to the hydrophoby of the steric radical and the steric 

hindrance phenomenon which is amplified in this case by the large volume of 

the Crystal violet molecule. 

The triaminotriphenylmethane dyes (for instance Crystal violet) present 

very marked remission phenomena, such that the colour (greenish) of their 

crystal is complementary to the colour of the solutions they make (red-violet) 

[15]. In Figure 4a, one can notice that this phenomenon is amplified at small 

wavelengths of 400÷470 nm, due to the presence of NaM-S polyelectrolyte. 

When analyzing the remission curves from Figure 4b, one can remark that 

within the 400÷450 nm range, their aspect is different from that from Figure 4a, 

due to the nucleophylic character of the NaM-AV polyelectrolyte, and the steric 

hindrance is only the result of the large volume of Crystal violet molecules. In 

these cases, the differences between the remission curves of Melana fibres dyed 

with Crystal violet in the presence of NaM-AV and the remission curve of 

standard dyed Melana fibres is the result of the nucleophylic character of NaM-

AV polyelectrolyte. 

The aspect of the remission curves in the case of Melana fibres dyed with 

Crystal violet in the presence of NaM-S or NaM-AV at small wavelength can be 

accounted for by the difference of hydrophobic/hydrophilic character of the two 

polyelectrolytes, by the steric hindrance due both to the styrene residue from the 

NaM-S polyelectrolyte, and to the fact that the triaminotriphenylmethane dyes 

(Crystal violet, for example) show very marked remission phenomena [15]. 

Figure 5 illustrates the remission curves  corresponding to the Melana 

fibres dyed with Victoria blue B in the presence of NaM-S polyelectrolyte (a) 

and NaM-AV (b) polyelectrolyte respectively. 

One can notice from Figure 5a that the remission curves of Melana fibres 

dyed with Victoria blue B in the presence of NaM-S have almost the same shape 

and tendency of variation as the standard sample within the entire interval of 

400÷700 num. The remission values of the dyed Melana fibres insignificantly 

diminish with the increase of the NaM-S polyelectrolyte concentration. This 

behaviour can be accounted for by the strong hydrophobia of the dyed Melana 

fibres, the steric hindrance due to large volume of Victoria Blue B molecule and 

the presence of styrene residue from the structure of the NaM-S polyelectrolyte 

[16, 17]. 

In order to establish if the two polyelectrolytes (NaM-S and NaM-AV) 

present a retardation effect on the Melana fibres dyeing with Methylene blue, 

Crystal violet or Victoria blue B, we have calculated the values of K/S ratios 

corresponding to remission within the 400÷450 nm range, where the three dyes 
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present the maximum absorption, then the K/S values were graphically 

represented in terms of wavelength [4, 5]. 
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Figure 6.  K/S values corresponding to Melana samples dyed with Methylene blue in the 

presence of the two polyelectrolytes: NaM-S or NaM-AV 
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Figure 7. K/S values corresponding to Melana samples dyed with Crystal violet  in the 

presence of the two polyelectrolytes: NaM-S or NaM-AV. 

 

Figure 6 presents these values in terms of wavelength in the case of 

Melana fibres dyed with Methylene blue in the presence of NaM-S and NaM-

AV polyelectrolytes. 
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At λ ≈ 436 nm (the region where AM shows maximum absorption), one 

can notice that only the K/S values corresponding to Melana samples dyed with 

AM in the presence of NaM-S with concentrations of 1.5% and 2.5%, are 

smaller than those of the standard samples. Therefore, the NaM-S 

polyelectrolyte (with concentrations ranging between 1.5% and 2.5%) presents a 

retardation effect during the process of Melana dyeing with Methylene blue. 

The retardation effect exerted by NaM-S in the process of Melana dyeing 

with Methylene blue is the result of steric hindrance induced by the styrene 

radical, which brakes the release of dye molecules bound through ionic or 

hydrophobic bonds with the polyelectrolyte from the metachromatic compound, 

thus producing also a relative dyeing uniformity. 

Also from Figure 6 one can notice that the K/S values corresponding to 

Melana samples dyed with Methylene blue in the presence of NaM-S 0.5% at λ 

≈ 436 nm are bigger than those of the standard dyed Melana samples. In this 

case, the NaM-S polyelectrolyte presents an accelerating effect on Melana fibres 

dyeing with methylene blue (possibly due to the concentration diminution in the 

system). 

The K/S values corresponding to Melana samples dyed in the presence of 

NaM-AV are higher than for the standard ones. The presence of the NaM-AV 

polyelectrolyte in the system generates an accelerating effect of the Melana 

sample dyeing with Methylene blue irrespective of its concentration, due to its 

hydrophilic character and the absence of steric hindrance phenomenon that 

generates a quick release of dye cations. 

The accelerating effect of Melana fibres dyeing process with Methylene 

blue in the presence of NaM-AV appears due to the easiness with which the dye 

cations are released from the metachromatic compound, and the real possibilities 

to react with anionic groups from the ends of Melana fibre chain. 

Figure 7 presents these values in function of the wavelength in the case of 

Melana samples dyed with Crystal violet in the presence of the two 

polyelectrolytes: NaM-S and NaM-AV. 

One can notice in Figure 7 that at λ = 400 nm (the wavelength at which 

the absorption of Crystal violet dye is maximum), all the K/S values 

corresponding to Melana fibres dyed with Crystal Violet in the presence of 

NaM-S or NaM-AV are smaller than that of the standard dyed Melana samples. 

Polyelectrolytes NaM-S and NaM-AV present a retardation effect 

irrespective of the concentration at which they are found in the process of 

Melana sample dyeing with Crystal violet, due to the large volume of dye 

molecules and the hydrophobia of these systems. The steric hindrance 

phenomenon is more pronounced in the case of Melana samples dyed in the 

presence of NaM-S, due to the styrene radical. This differentiation can be 

noticed by comparing the K/S values of the systems from Figure 7. Moreover, 

the K/S values are very small due to the very large remission shown by these 

Melana samples dyed with Crystal violet [15]. 
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Figure 8 presents these values in function of the wavelength in the case of 

Melana samples dyed with Victoria blue B in the presence of the two 

polyelectrolytes, NaM-S and NaM-AV. 

One can notice from Figure 8 that at λ = 436 nm (the wavelength at which 

the absorption of Victoria blue is maximum), the K/S values corresponding to 

the Melana samples dyed with Victoria blue B in the presence of NaM-S or 

NaM-AV are smaller than that of the standard dyed Melana samples. In this case 

too, the NaM-S and NaM-AV polyelectrolytes present a retardation effect 

irrespective of their concentration. 

In these cases, the retardation effect proves to be weaker as compared to 

that from Figure 7, due to the large volume of the Victoria blue B cations, which 

induces a pronounced steric hindrance, somehow braking the breaking of the 

ionic bonds between the dye cations and polyelectrolyte cations, as well as the 

aggregate generation. By heating the dye liquor, the dye- polyelectrolyte bonds 

break off, such that each Victoria blue B cation easily migrates toward charged 

sites from the ends of the macromolecular chain of the Melana fibres, interacting 

with them. 

In Figure 8 one can observe that the K/S values corresponding to Melana 

samples dyed with Victoria blue B in the presence of the two polyelectrolytes 

are close to each other, which suggests that the systems hydrophobia (Melana 

fibre is hydrophobic, AVB molecule is hydrophobic) and steric hindrance takes 

advantage. 
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Figure 8. K/S values corresponding to the Melana samples dyed with AVB in the 

presence of the two polyelectrolytes NaM-S and NaM-AV. 
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4. Conclusions 

 

The differences in the aspect of remission curves of the system Melana 

fibres dyed with Methylene blue in the presence of NaM-S and NaM-AV can be 

accounted for by the hydrophobic/hydrophylic character, and the appearance of 

the steric hindrance phenomenon due to the styrene residue in the NaM-S 

molecule. 

The aspect of the remission curves in the case of Melana samples dyed 

with Crystal violet in the presence of NaM-S or NaM-AV at small wavelength is 

accounted for by the difference of polyelectrolyte hydrophobic/hydrophylic 

character, the steric hyndrance due to the styrene residue from NaM-S and the 

fact that the triaminotriphenyl methan dyes show very pronounced remission 

phenomena. 

The remission curves corresponding to Melana fibers dyed with AVB in 

the presence of NaM-S or NaM-AV have the same shape and the same variation 

tendency as those of the standard sample within the entire interval of  400÷700 

nm. 

The K/S values corresponding to the Melana samples dyeing in the 

presence of NaM-AV are higher than the standard ones. The presence of the 

NaM-AV polyelectrolyte in the system determines an acceleration effect on 

Melana sample dyeing with Methylene blue  irrespective of its concentration, 

due to its hydrophilic character and the absence of the steric hindrance 

phenomenon which determines a quick release of the dye cations. 

The NaM-S and NaM-AV polyelectrolytes present a retardation effect 

irrespective of their concentration in the processes of Melana dyeing with 

Crystal violet or Victoria Blue B, due to the large volume of dye molecules and 

the hydrophobia of these systems. 

  

References 
 

[1]  I. Rusu, N. Melniciuc-Puică and G. Lisă, Eur. J. Sci. Theol., 5(3) (2009) 85. 
[2]    D.M. Creanga, Eur. J. Sci. Theol., 5(2) (2009) 57. 
[3] E. Ardelean, R. Nicu (Parpalea), D. Asandei and E. Bobu, Eur. J. Sci. Theol., 5(4)  

(2009) 67. 
[4] E.L. Puscas and C.D. Radu, Introduction in colour knowledge and measurement,  

 Dosoftei, Iasi, 1997. 58. 
[5] J.Schanda, Colorimetry, Wiley-Interscience, New Jersey, 2007, 56. 

[6] G.C. Chitanu, Study of physico-chemical properties of maleic anhydride  

copolymers, Doctoral Thesis, ‘Al. I. Cuza’ University, Iaşi, 1995, 82.  
[7] C. G.Chitanu, A.Carpov and T.Asaftei, Rom. Patent No. 106745, 1993. 

[8] J. Houben and T. Weyl, Methoden der Organischen Chemie in Macromolekulare 

Stoffe, vol. E 20, Georg Thieme Verlag, Stuttgart, 1987, 1239. 

[9] E. Bercu, Interaction of cationic dyes with anionic polyelectrolytes in aqueous 

solutions, Doctoral Thesis, Technical University ‘Gh. Asachi’, Iasi, 2011,76. 

[10] R.H. Wardman, Rev. Prog. Coloration, 24 (1994) 55. 

[11] Y. Yang, Tex. Res. J., 63(5) (1993) 283. 

[12] P.J. Wakelyn and R.F. Johnson, J. Soc. Dyers Col., 88(4) (1972) 150. 



 

Bercu et al/European Journal of Science and Theology 8 (2021), 4, 247-258 

 

  

258 

 

[13] R.W. Kugel, Structure-Property Relations in Polymers, Advances in Chemistry 

Series, Vol. 236, American Chemical Society, Washington, 1993, 507. 

[14] H. Dantzenberg, W. Jaeger, J. Kotz, B. Philipp, Ch. Seidel and D. Stscherbina, 

Polyelectrolytes: Formation, Characterization and Application, C. Hanser Verlag, 

Munich, 1994, 250. 

[15] P. Guneri, J.B. Epstein, S. Ergun and H. Bozacioglu, Clin. Oral. Invest., 15 (2011) 

337. 

[16] A.T. Balaban, M.Banciu and I.Pogany, Applications of the physical methods in 

organic chemistry, Editura Stiintifica si Enciclopedica, Bucharest, 1983, 39. 

[17] B.M. Silverstein, Spectrometric identification of organic compounds, Fifth edn., 

John Wiley & Sons, Inc., New York, 1991, 289.  

 

 


