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Abstract 

Interactions between amino acid (valine) and surfactant (sodium dodecyl sulphate) was investigated using refractive 
index and conductance data. These data were used to calculate molar refraction (RD), and limiting molar conductance 

(
0

m ) and these parameter further utilized to find out solute-solvent interactions between amino acid and surfactant at
298.15, 303.15, 308.15 and 313.15 K temperatures. Also fluorescence measurements using pyrene as a photophysical 
probe have also been carried out for the present amino acid–surfactant systems.  
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1. Introduction

The studies of interactions of proteins with amphiphilic molecules are of vast importance, not only in vivo but also in 
technical applications [1, 2]. However, due to the complex conformational and configurational three-dimensional 
structures of proteins, direct investigations of solute/solvent effect on these biological macromolecules are quite 
difficult [3]. It is, therefore, more convenient to study the physicochemical properties of the building blocks of proteins, 
i. e., amino acids, in aqueous medium [4, 5]. Studies on the interaction of amino acids with surfactants can contribute
towards an understanding of the surfactants as tools to isolate, solubilize, and manipulate membrane proteins for 
subsequent biochemical and physical characterization [6- 8]. Surfactant are the substance which decrease the surface 
tension of liquids [9-13] and they are used in many biological, agricultural and chemical processes [14-18]. It has been 
reported that SDS acts as a more potent protein denaturant than urea and guanidine hydrochloride [19]. It is worth to 
mention that refractive index, conductometric and fluorescence studies can be used to find out solute-solvent 
interaction between amino acid (valine) and surfactant (SDS), which will be useful for biotechnological and chemical 
industry. Moreover, refractive index studies of amino acids in aqueous surfactants can provide valuable clues for 
understanding the protein unfolding [20] and about the hydrophobic interactions of non-polar side chains [3]. 
Fluorescence measurements using pyrene as a photophysical probe have also been carried out for the present amino 
acid–surfactant systems. The ratio of the first over the third vibrational peak (I1/I3) of pyrene fluorescence has been 
measured which is very sensitive to the polarity of the probe microenvironment [21]. Taking these in consideration in 
the present paper we have reported the refractive index, conductometric and fluorescence studies of (0.015, 0.035, 
0.055 and 0.075 m) in 0.02 m aqueous SDS at 298.15, 303.15, 308.15 and 313.15 K.  
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2. Material and method 

The amino acid valine (Loba Chemie, Purity > 99%) and sodium dodecyl sulphate (Central Drug House, CDH, Pvt limited, 
Purity 99%) were dried over P2O5 in vacuum desiccator before use. . First stock solution of 0.02 m SDS was prepared in 
double distilled water and was used as a solvent to prepare (0.015, 0.035, 0.055 and 0.075 m) solutions of the amino 
acid. The weightings were done on an electronic balance (Precisa XB-220A, Swiss make) with a precision of ±0.1m g. 
The refractive indices of the solutions were measured by using a thermostated Abbe refractometer. The refractometer 
was calibrated by measuring the refractive indices of double distilled water and toluene at the desired temperatures. 
The values of refractive index were obtained for sodium D light. The reproducibility of refractive index measurements 
was within ±0.0001. Conductance were measured with a (Control Dynamics, India) conductivity bridge having a cell 
constant 1.02. Pyrene fluorescence measurements were carried out using a Fluorolog-3 modular spectrofluorometer 
(model FL 3-11) with single Czerny–Turner grating excitation and emission monochromators having 450 W Xe arc lamp 
as the excitation source and PMT as the detector (Horiba Jobin Yvon). The pyrene concentration was fixed at 1.0×10−6 
M, and the fluorophore was excited at a wavelength of 337 nm. The excitation slit width was 2.0 nm, while the emission 
slit was maintained at a width of 1.0 nm. The emission spectrum was scanned over the range 360–460 nm. The 
temperature of the test solution during the measurements was maintained to an accuracy of ±0.02 K in an electronically 
controlled thermostated water bath (JULABO, Model-MD, Germany). 

3. Results and discussion 

3.1. Refractive index study 

A number of workers [22-30] have measured refractive index of liquids and liquids solutions using Abbe Refractometer. 
When a ray of light passes from one medium to another, it suffers refraction, that is, change of direction. The 
experimental values of refractive indices presented in Table 1 show an increasing trend with increasing concentration 
of valine in the mixtures. This indicates that the refractive index is directly related to the interactions present in the 
solutions. Similar view has also been proposed by Soto et al. [31]. For mixtures of interacting components, the molar 
refractivity of each component is given by the equation: 

RD = 4παNA 

where α is the molecular polarizability. The refractive index data was used to calculate the molar refraction RD, by using 
the Lorentz-Lorenz equation 
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where xi is the mole fraction and Mi is the molar mass of the ith component of the solution. The values of RD vs valine 
concentration at different temperatures for the studied system is given in table 2. It is evident from table 2 that RD 
increases linearly with increasing amount of valine in the given system. As RD is directly proportional to the molecular 
polarizability, table 2 reveals that overall polarizability of the system under study increases with increasing amount of 
valine in the solutions. No significant effect of temperature has been observed on the RD values of the studied systems. 

3.2. Conductometric study 

The values of specific conductivities, , of valine at temperature 298.15, 303.15, 308.15, and 313.15 K is given in table 

1. The limiting molar conductance, 
0

m , m for valine in aqueous surfactant solution was obtained by extrapolating the 

linear plots of molar conductance, Λm vs m1/2 to zero concentration. The 
0

m  values for valine in aqueous surfactant 

solution at different temperatures is recorded in Table 2. The 
0

m has been regarded as a measure of valine –

surfactant/water interactions [32-36]; the greater the magnitude of 
0

m , the greater is the interaction. The large and 

positive values of limiting molar conductance of valine in aqueous SDS solution and an increasing trend of 
0

m  with 
increase in temperature, show that valine –surfactant/water interactions are stronger and increase with rise in 
temperature which supports results from refractive index values.  
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3.3. Fluorescence study 

The ratio between the intensities of the first and the third of the major vibrational peaks in pyrene’s fluorescence 
spectrum is quite sensitive to the probe microenvironment. As pyrene is hydrophobic in nature, the onset of micelle 
formation has been shown by a sudden decrease in the I1/I3 ratio, if a surfactant is added to aqueous solutions containing 
pyrene, due to the strong distribution of pyrene into micelles [37]. As the solution in our study is micellar, the I1/I3 ratio 
is already much lower than in water (Fig. 1). It can be seen that the I1/I3 ratio is not affected much by increasing the 
concentration of valine in aqueous surfactant solution. This behavior can be supported by the results reported earlier 
[38] that the addition of valine does not affect considerably the micellization of ionic surfactants. Furthermore, this 
behavior can be attributed to the contribution of solvophobic interactions.  

Table 1 Values of refractive index, nD, and specific conductivity,, of valine in aqueous surfactant solutions at T=298.15, 
303.15, 308.15, and 313.15 K 

m/(mol.kg-1) 298.15 K  303.15 K  308.15 K  313.15 K 

nD 

0.000 1.3320 1.3318 1.3310 1.3307 

0.015 1.3322 1.3319 1.3312 1.3308 

0.035 1.3327 1.3322 1.3316 1.3311 

0.055  1.3331 1.3325 1.3320 1.3316 

0.075  1.3334 1.3328 1.3325 1.3319 

 

0.000 0.363 0.407 0.454 0.505 

0.015 0.296 0.326 0.356 0.376 

0.035 0.377 0.407 0.453 0.505 

0.055  0.364 0.428 0.488 0.558 

0.075  0.329 0.399 0.459 0.509 

 

Table 2 The values of molar refraction (RD), and limiting molar conductance (
0

m ) for valine in aqueous surfactant 
solutions at T=298.15, 303.15, 308.15, and 313.15 K 

m/(mol.kg-1) 298.15 K  303.15 K  308.15 K  313.15 K 

106. RD /(m3.mol-1) 

0.000 3.9213 3.9040 3.8913 3.8829 

0.015 4.2394 3.5240 3.6728 3.5466 

0.035 4.2551 3.6343 3.7378 3.6538 

0.055  4.2762 3.8532 3.8010 3.6761 

0.075  4.3579 3.9961 3.9188 3.7099 

0

m /(Scm2mol-1) 

 24.45 26.20 28.28 29.92 
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Figure 1 Variation of I1/I3 ratio with concentration of valine in presence of 0.02 m aqueous sodium dodecyl sulphate 
solution 

4. Conclusion 

In the system of amino and surfactants the refractive index values increases linearly with increasing amount of amino 
acids, it means that molecular polarizability is also increasing with increase in amount of amino acids. The highly 
positive values of limiting molar conductance of valine in aqueous surfactant solution increases with rise in temperature 
showing strong valine –surfactant/water interactions and this value increases with rise in temperature.  

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Sjogren H, Ericsson CA, Evenas J, Ulvenlund S (2005) Biophys J 89:4219 

[2] Badelin, V.G. et al. Measuring the enthalpies of interaction between glycine, L-cysteine, glycylglycine, and sodium 
dodecyl sulfate in aqueous solutions. Russ. J. Phys. Chem. 91, 521–524 (2017). 
https://doi.org/10.1134/S0036024417030025 

[3] Zhao, H., Viscosity B-Coeffiients and Standard Partial Molar Volumes of Amino Acids and Their Roles in 
Interpreting the Protein (Enzyme) Stabilization. Biophysical Chemistry, 122, 157-183, 
https://doi.org/10.1016/j.bpc.2006.03.008(2006) 

[4] Ali, A., Patel, R., Shahjahan & Ansari, N. H. Physicochemical Behavior of Some Amino Acids / Glycylglycine in 
Aqueous D - galactose Solutions at Different Temperatures, International Journal of Thermophysics (Springer), 
31, 572 – 584. DOI:10.1007/s10765-010-0742-8 (2010). 

[5] Ali, A. el al. Density and viscosity of α-amino acids in aqueous solutions of cetyltrimethylammonium bromide, 
Russ Chem Bull. International Edition, 59(10):1999. DOI:10.1007/s11172-010-0346-2 (2010). 

[6] Singh, A. P. et al., A Review on Interactions between Amino Acids and Surfactants as Well as Their Impact on 
Corrosion Inhibition, ACS Omega. 2022 Dec27; 7(51): 47471–47489, 10.1021/acsomega.2c03629. 

[7] Ali, A. et al. Interaction of Glycylglycine With Cationic Surfactants— Cetylpridinium Chloride and Cetylpridinium 
Bromide: A Volumetric, Ultrasonic and Conductometric Study, Nizamul Haque Ansari, Ummer Farooq, Shadma 



International Journal of Science and Research Archive, 2024, 11(01), 600–605 

604 

Tasneem, Shahjahan and Firdosa Nabi, International Journal of Thermophysics, 39 (107),1-16, 
DOI:10.1007/s10765-018-2426-8 (2018). 

[8] Sachin, K. M. et al., An Interaction of Anionic- and Cationic-Rich Mixed Surfactants in Aqueous Medium through 
Physicochemical Properties at Three Different Temperatures, Journal of Chemistry, 
https://doi.org/10.1155/2018/4594062(2018). 

[9] Ali, A. et al. Study of Intermolecular Interactions of CTAB with Amino Acids at Different Temperatures: A Multi 
Technique Approach, Zeitschrift für Physikalische Chemie, 233(2), 167-182, DOI:org/10.1515/zpch-2017-1070 
(2019). 

[10] Shingda, S. R. et al. Investigation of mechanistic interactions between Rifampicin and bovine serum albumin in 
the presence of different surfactants, J. of Dispersion Sci. and Tech, 44 (6), 1075-1084, DOI: 
10.1080/01932691.2021.1997759 (2023). 

[11] Anwar Ali and Nizamul Haque Ansari, Studies on the Effect of Amino Acids / Peptide on Micellization of SDS at 
Different Temperatures, Journal of Surfactants and Detergents (Springer), 13, 441-449. DOI:10.1007/s11743-
010-1221-8 (2010). 

[12] Daneshnia, F. et al. Surfactant effect on forage yield and water use efficiency for berseem clover and basil in 
intercropping and limited irrigation treatments, Agricultural Water Management, 160, 57-63, 
https://doi.org/10.1016/j.agwat.2015.06.024(2015). 

[13] Ali, A. et al. Interaction of Some Amino Acids with Sodium Dodecyl Sulphate in Aqueous Solution at Different 
Temperatures, Z. Naturforsch. A, Germany, 66a, 345 –352,10.1515/zna-2011-0511(2011). 

[14] Ansari, N. H. et al. Role of Surfactant in Dispersion of Carbon nano tubes to use as reinforcing material for 
biodegradable nano composites, Physical Science and Biophysics Journal, 7 (2), 2023, DOI: 10.23880/psbj-
16000254. 

[15] Taiki Miyazawa, A Critical Review of the Use of Surfactant-Coated Nanoparticles in Nanomedicine and Food 
Nanotechnology, Int J Nanomedicine., 16, 3937–3999, doi: 10.2147/IJN.S298606 (2021). 

[16] Mandeep Singh Bakshi , How Surfactants Control Crystal Growth of Nanomaterials, Cryst. Growth Des., 16, 2, 
1104–1133, https://doi.org/10.1021/acs.cgd.5b01465 (2016). 

[17] Sachdev, D. P. and Cameotra, S. S., Appl Microbiol Biotechnol., 97(3), 1005–1016., doi: 10.1007/s00253-012-
4641-8(2013). 

[18] Management of Plant Diseases by Surfactants, Shumaila Shahid, Brij Bihari Sharma ,Akil Ahmed Khan and 
Nizamul Haque Ansari, International Journal of Tropical Agriculture, Volume 41(1-2) 121-127 (2023) 

[19] Deep, S. and Ahluwalia, J.C., Interaction of bovine serum albumin with anionic surfactants, Phys. Chem. Chem. 
Phys. 3, 4583 (2001). 

[20] O. Enea and C. Jolicoeur, J. Phys. Chem. 86, 3870 (1982). 

[21] Kalyanasundaram K, Environmental effects on vibronic band intensities in pyrene monomer fluorescence and 
their application in studies of micellar systems. United States: N. p., Web. doi:10.1021/ja00449a004 (1977). 

[22] Aminabhavi, T. M.; Gopalkrishana, B. J. Chem. Eng. Data, 1994, 39, 865. 

[23] Anwar Ali, Rajan Patel, Shahjahan, Vidiksha Bhushan and Nizamul Haque Ansari, Volumetric, Viscometric and 
Refractometric. Studies of Glycine, Alanine, Valine and Glycylglycine in Aqueous Sucrose at Different 
Temperatures, Journal of Indian Chemical Society, 2012, 89, 1335-1342. 

[24] Mosteiro, L.; Mascato, E.; de Cominges, B. E.; Iglesias, T. P.; Legido, J. L. J. Chem. Thermodyn., 2001, 33, 787. 

[25] Chen, Y. et al., Factors affecting the refractive index of amino acid-based deep eutectic solvents, Chemical 
Thermodynamics and Thermal Analysis, Volumes 3–4, September 2021, 100016 

[26] Ali, A. et al., Interaction of Some Amino Acids with Sodium Dodecyl Sulphate in Aqueous Solution at Different 
Temperatures, Zeitschrift für Naturforschung A, Volume 66(5), 345-352, 10.1515/zna-2011-0511 (2011). 

[27] Nath, J. and Dubey, S. N. J. Phys. Chem., 1980, 17, 2166. 

[28] M. Aminabhavi, T. M.; Patil, V. B.; Aralaguppi, M. I.; Phayad, H. T. S. J. Chem. Eng. Data, 1996, 41, 521. 

[29] Pandey, J. D. et al., Ultrasonic velocity and refractive index of multicomponent systems, Fluid Phase Equilibria, 
103 (2), 285-299, https://doi.org/10.1016/0378-3812(94)02561-E (1995). 



International Journal of Science and Research Archive, 2024, 11(01), 600–605 

605 

[30] Aliaj, F. et al., Physical Properties of the Ternary System Toluene + n-Hexane + Cyclohexane at 298.15 K: 
Experimental and Modeling Study, International Journal of Thermophysics, 45 (3), 2024. 

[31] Soto A, Arce A, Khoshkbarch MK (1998) Biophys Chem 74:165; (1999) Biophys Chem 76:73 

[32] Robinson RA, Stokes RH (1970) Electrolyte solutions. Butterworths, London 

[33] O. S. Zueva1, Modified method of conductometric data analysis to calculate the conductivity of surfactant ions, 
E3S Web of Conferences 124, 03009 (2019), https://doi.org/10.1051/e3sconf/201912403009  

[34] T. Gang, et al., Determination and Correlation of Refractive Index of Amino Acids Ionic Liquids-Water-Ethanol 
Binary and Ternary System, Journal of Nanoscience and Nanotechnology, Volume 20, Number 9, September 2020, 
pp. 5693-5702(10), DOI: https://doi.org/10.1166/jnn.2020.18606. 

[35] Wang, B.; Qin, X.; Meng, K.; Zhu, L.; Li, Z. Classification of Amino Acids Using Hybrid Terahertz Spectrum and an 
Efficient Channel Attention Convolutional Neural Network. Nanomaterials 2022, 12, 2114. 
https://doi.org/10.3390/nano12122114 

[36] Ştefaniu, A. et al., density, viscosity and refractive index of l-alanine and l-histidine in aqueous nacl solutions at 
298.15 k rev. Roum. Chim., 2011, 56(9), 869-874 

[37] Vasilescu M, Angelescu D (1999) Langmuir 15:2635 Fluorescence Probe Study of the Interactions between 
Nonionic Poly(oxyethylenic) Surfactants and Poly(acrylic acid) in Aqueous Solutions, Langmuir 1997, 13, 26, 
6951–6955 

[38] Singh, S.K., Kishore, N. Volumetric Properties of Amino Acids and Hen-Egg White Lysozyme in Aqueous Triton X-
100 at 298.15 K. J Solution Chem 33, 1411–1427 (2004). https://doi.org/10.1007/s10953-004-1056-x 

[39] Principles of biochemistry second edition, by A L Lehninger, D L Nelson and M M Cox. Pp 1013. Worth, New York. 
1993 ISBN 0-87901-500-4 


