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Abstract 

 

Flavonoids are very well known for its use in pharmaceutical industry possessing various 

health benefits that can be utilised for tackling the problem of numerous health related 

diseases. Quercetin, a flavonoid possesses greater health benefits but its use is limited due to 

various insolubility and instability problems and thus, is taken into consideration. 

Thermodynamic and thermoacoustic properties of Quercetin at different concentration have 

been studied in interaction with CTAB surfactant in varied hydro-ethanolic concentrations at 

different temperatures. The conductivity of the overall system has been studied and further, it 

has been utilised to calculate Change in Enthalpy (∆H), Entropy (∆S) and Gibbs free Energy 

(∆G) of micellization. The study revealed that though the interactions between Quercetin and 

CTAB are endothermic in nature, the reaction spontaneously proceeds in forward direction. 

Further, density and ultrasonic sound velocity parameters have been used to calculate the 

thermoacoustic parameters i.e. apparent molar volume and apparent adiabatic 

compressibility. Thermoacoustic properties revealed the dominance of hydrophobic 

interactions at higher surfactant concentration. The data has been found to be more 

favourable in hydro-ethanolic solution as compared to that of aqueous solution. Overall, the 

interactions are favourable for the system to be utilised for formulation development studies, 

drug development, medical administration, drug industry and pharmaceutical industries
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1.1 Introduction: 

Plants and its parts are used for its scent, flavour or therapeutic properties. There are number 

of advantages associated with using plants and its phytoconstituents in pharmaceutical 

products. Plants have the capacity to synthesize different organic molecules called 

secondary metabolites. Secondary metabolites are not  necessary for a cell (organism) 

to measure; however plays crucial role in ensuring the continuing existence of organism 

because it interferes within the interaction of cell with its surroundings. They shield plants 

against stresses, each organic phenomenon (nematodes, insects, fungi or animal grazing) and 

abiotic (moisture and higher temperature, heavy metals presence or injury). Secondary 

metabolites are used particularly as chemicals like medicines, fragrances, flavours, dyes and 

insecticides by human attributable to their nice measures. Secondary metabolites are 

characterised into three categories: Terpenes, Phenolic Compounds and Alkaloids and Sulfur 

compounds. Among these, Polyphenols are naturally occurring compounds found largely in 

the beverages, fruits, vegetables and cereals. Polyphenols are involved in defense against 

aggression by pathogens or ultraviolet radiation. Phenolic Compounds are sub- categorised 

into Anthocyanins, No flavonoids, Tannins and Flavonoids. Flavonoids are the most 

abundant and mostly studied group of Polyphenols.  

 

Figure 1: Classification of Polyphenols [1] 
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Flavonoids possess biological activities including antiallergenic, anti-inflammatory, 

antiviral and vasodilating actions. Flavonoids mostly found in vegetables, fruits, and certain 

beverages and largely derived from onion, have versatile beneficial antioxidant effects. A 

large number of varieties of flavonoids have been identified, and advantage of their potential 

beneficial effect on human health such as properties like antiplatelet,  antiviral, anti-

inflammatory, anti-allergic, antitumor, antioxidant, and treatment of neurodegenerative 

disorders makes flavonoid study of particular interest. Flavonoids are arranged into six 

classes as per the substance structure into flavonones, flavonols, flavonols, isoflavones, 

flavones and anthocyanidins.  

Quercetin (3,3′,4′,5,7- pentahydroxy-flavone) [C15H10O7], is one in all the foremost 

long flavonol found in fruits and vegetables. It possesses sturdy health edges, radical 

scavenging property sensitive to environmental changes like that in hydrogen ion 

concentration (pH), solvent polarity, use of micellar media, etc. The utilization of such 

flavonoids has been restricted, thanks to their instability and poor water solubility, low 

availableness and poor porosity under conditions encountered throughout 

food/pharmaceuticals merchandise processing (temperature, pH, light), within the gut 

(enzymes, pH, presence of alternative nutrients) or throughout storage (light, oxygen). 

These factors limit the benefits, the edges and potential health advantages of these 

compounds in useful food or pharmaceutical merchandise. These limitations can be 

overcome by use of surface-active agent nano-cavities, identified to resist degradation of 

pharmacologically active molecules and enhance bioavailability. 

Surfactants are the surface dynamic operators which diminishes the surface strain of 

fluids by bringing down the interfacial pressure between two fluids. Surfactants are flexible 

synthetic mixes which are amphiphilic in nature comprising of hydrophilic head (anionic, 

cationic, non ionic and zwitterionic) and a hydrophobic tail. Indeed, even in little sum, these 

surfactants have capacity to modify the surface or interfacial free energies to a checked 

degree because of their property of adsorbing onto the interfaces or surfaces of the 

framework. Thus, surfactants are widely preferred in industrial applications such as 

dispersing, emulsifying, cleaning, washing, medicines, etc. Interaction of Quercetin flavonol 

with cationic surfactant has proven to be electrochemically stable.  
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Cetyltrimethyl ammonium bromide [(C16H33)N(CH3)3Br], is a quaternary ammonium 

cationic surfactant. Its use is preferred in topical antiseptic cetrimide. It has been proved to be 

an effective antiseptic agent against microorganisms bacteria and fungi. It is also preferred as 

extraction buffer in DNA isolation.  

Since surfactant blends have characteristic presence in various nourishment 

details/organic frameworks, because of their proficient solubilization, suspension, scattering, 

and transportation capacities, concentrating the communication of dietary flavonoid, 

Quercetin, with the blended micelles of cationic surfactants and subsequently its resulting 

effect on its general properties merit consideration. The reports with respect to the impact of 

double and tertiary blended micelles on the general movement of bioactive particles are rare 

and thus one of the principle destinations of the present examination. 

The information of molecular mechanism of drug-membrane interaction is not solely 

of theoretical importance, however additionally of potential sensible implications [2]. For 

diagnosing, treatment, cure and prevention of a disease, drug molecules are preferred as these 

alter the physiological system of the body. Drug molecules are characterized by the presence 

of various useful functional groups such as polar (hydrophillic) and non-polar (hydrophobic) 

groups that are responsible for their therapeutic properties. So, a scientific information of the 

solution behavior of drug/molecules excipients is of great significance in understanding their 

physiological action [3]. Chemically, the drug action is represented as: 

Drug (D) + Receptor (R)           Drug Receptor Complex (DR)            Response 

The interaction between drug and body are conveniently divided into two classes [4]: 

(i) Pharmacodyanamic process (action of drug on the body) 

(ii) Pharmacokinetic process (action of the body on the drug) 

These above mentioned classes are the ultimate consequences of physicochemical 

interactions between drug/molecule excipients and functionally important molecules in the 

living organism. The term excipient means to receive, to assemble and to take out which 

signifies one among the properties of an excipient to confirm that a medicative product has 

weight, consistency and volume necessary for proper administration of the active principle. 

             Drug-actions i.e. drug reaching the blood stream, its extent of distribution, its binding 

to the receptors and finally producing the physiological action, all depend on numerous 
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physicochemical properties chiefly decided by various interactions e.g. ionic, hydrogen 

bonding, charge transfer, covalent or hydrophobic interaction, etc. Transport property 

measurements are a powerful tool to study the behavior of assorted solutes/drugs in solutions. 

 Thermodynamic parameters as Change in Enthalpy (∆Hᵒm), Entropy (∆Sᵒm) and 

Gibbs free energy (∆Gᵒm) of micellization and Thermoacoustic parameters as ultrasonic 

velocity, viscosity, density and pressure plays a vital role in Absorption, Digestion, 

Metabolism and Excretion(ADME) pathway inside human body by entering as excipient. 

Rising resistance has demanded the study of these parameters while forming a formulation. 

So, an optimal concentration of flavonoid on interaction with surfactant will result into 

formation of useful topical formulations. 

In this project, various parameters have been studied and techniques have been used 

to study the effect of intermolecular interactions of Quercetin (flavonoid) and CTAB 

(surfactant) in aqueous medium. 

1.2 Background/Review of Literature: 

In the following section, recent published studies on Quercetin, CTAB and drug-surfactant 

have been presented, illustrating the various kinds of interactions which these molecules can 

undergo. Techniques commonly employed for the purpose are spectroscopic, thermodynamic 

and thermoacoustic methods. 

                Quercetin, a plant-derived aglycone form of flavonoid glycosides, is useful against 

variety of diseases and conjointly used as nutritional supplement. Some of the beneficial 

effects include anti-infective, immunomodulatory, antihypertensive, gastroprotective effects, 

anti-diabetic, anti-viral, anti-allergy, anti-ulcer, antitumor, anti-inflammatory activity, 

anticancer and cardiovascular protection [5]. 

                In B16 melanoma cells of mouse, Quercetin acts as melanogenesis inhibitor, a 

potent tyrosinase inhibitor, and an anticancer and antioxidant agent [6–10]. Following dose 

dependant manner, in B16 melanoma cells melanin production is being inhibited by 

Quercetin [11]. However in human melanoma cells, it has the opposite effect as a 

melanogenesis accelerator [6,12-17]. In its structure, Quercetin consists of heterocyclic 

pyrone ring, connected to phenolic moieties on both sides. It exists in the form of rutin 
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(quercetin-3-rutinoside), a glycoside containing a disaccharide covalently attached to the 

quercetin unit Figure 2 [15,17-19]. 

                As a therapeutic agent, Quercetin potential health benefits can be stated as: 

 

Figure 2: Health benefits of Quercetin [20] 

                Inflammation, a self-protection biological response generated when parts of human 

body are exposed to irritating or harmful stimuli. Its aim is to evacuate pathogens, any 

harmful stimuli or damaged cells and to initiate healing process. The inflammation process is 

the body's reaction trying to heal itself. A standout amongst the most amazing properties of 

Flavonoid Quercetin, is its capacity to adjust irritation and modulate inflammation. Quercetin 

inhibits enzymes that serves as the cause of inflammation like lipooxygenase and 

cyclooxygenase(COX) decreasing the leukotrienes and prostaglandins which are  

inflammatory mediators [21.22]. 

                In most countries, Morbidity and Mortality rate is increasing at rapid state and the 

main cause of this increase is Cardiovascular diseases [23]. Greek Cardiologist conducted a 

study on thirty men who had coronary heart disease(CHD), It has been reported that Red 

Grape polyphenol extract consumption rich in Quercetin caused an increase in flow-mediated 

dilation of arteries, indicating improved endothelial health [24]. 

                Quercetin improves the health of the endothelium and inhibits platelet aggregation. 

It reduces the risk of mortality caused by low-density lipoprotein(LDL). It also protects 

against Coronary Heart disease. Quercetin exhibit important vasorelaxtant properties on 

isolated arteries which prevents the development of cardiac hypertrophy and also helps to 
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lower blood pressure [25]. Studies reveal that people who intake high amount of Flavonoid 

containing food supplements have lower cholesterol. In one of the study, it has been found 

that intake of Quercetin and alcohol-free red wine extract inhibits LDL oxidation [26].   

               Epidemiological study showed that the diet with more fruits and vegetables provides 

protection against cancer. Quercetin has anticancer properties which include growth factor 

suppression, antiproliferative and antioxidant [26]. Quercetin has potent anticarcinogenic 

properties. It also contributes as apoptosis inductor whereby it inhibits the spread of 

malignant cells and also decreases the tumor growth in brain, colon, liver, and other tissues 

[27-28]. 

                Quercetin is known to exhibit antibacterial effects against almost all strains of 

bacteria, particularly affecting respiratory, urinary, gastrointestinal and dermal system. Their  

anti-replicative and anti-infective ability contributes to the antiviral characteristics. Viruses 

which commonly respond to flavonoids are Japanese encephalitis virus, respiratory syncytial 

virus, herpex simplex virus and  adenovirus [29-31]. 

                Quercetin exerts anti-allergy effects, act as a natural antihistamine, prevents the 

mast cells and other allergic substances from releasing histamine. Quercetin advantages have 

tremendous implications for treatment and prevention of asthama and bronchitis due to its 

ability to prevent allergic effects. The cell membrane of mast cells acts as immune gateway to 

the brain, the environment and emotional stress [32]. 

                Quercetin when used in combination with fish oil showed features of 

neuroprotection in rat brain. It also showed beneficial effects against neurodegenerative 

disease [33-34].  

                In Pharmacokinetics, Ferry et al. studied the dose levels from 60–2000 mg/m
2
 of 

intravenous injection of Quercetin on cancer patients. It has been determined that the safety 

dose of Quercetin is 945 mg/m
2
. In toxic dose, quercetin caused hypertension, nephrotoxicity, 

emesis and reduction in serum potassium [35]. 

                Novel delivery strategies like with liposomes/phospholipid complexes and 

formulations, inclusion complexes QC nanocrystals were used. Novel delivery strategy 

system faces problems as Lower drug loading and encapsulation efficiency, incomplete 

degradation of carrier, accumulation in organs and drug targetting. The inclusion of 

Cyclodextrin created  risk of Nephrotoxicity [36].  
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                The Quercetin antioxidant activity is observed to be more in the cationic surfactant 

than in anionic and non-ionic surfactant systems. Interaction of Quercitin with cationic 

surfactant is electrochemically stable and radical scavenging was best observed in cationic 

surfactant [20]  

                Presence of Decamethoxin (antiseptic drug) in cation solution favours tautomeric 

transition of enol to keto form of QC which provides greater Bond energy [37]. QC solubility 

increases with increasing temperature. Solubility of Quercetin is observed more in solution 

containing water and Ethanol as compared to that of solubility in solution containing water 

and methanol [38].   

                Cationic surfactant CTAB (C19H42BrN) having molecular weight 364.45g/mol - 

Cetyltrimethyl ammonium Bromide. It is a Quaternary ammonium surfactant. CMC of CTAB 

is 1mM at 25°C. Its structure is as follows: 

 

Figure 3: Structure of cationic surfactant CTAB 

                Adsorption of CTAB decreases with increasing temperature signifying exothermic 

natured process [39]. Absorption rate of CTAB is high on low doses. Strong alcohol-aqueous 

surfactant interactions results in decrease in  magnitude of CMC on addition of alcohol [40]. 

Conductivity of CTAB increases with both increasing temperature and salt 

concentration(NaBr) [41]. 

                The role, safety and importance of pharmaceutical excipients with respect to Active 

Pharmaceutical Ingredients have been examined. Most part of the medicine as far as its 

weight is concerned is constituted by excipients which guarantee the stability, dosage, and 

bioavailability of the active principle. The review of principle classes of excipients and its 

side effects have been examined in this review article [42]. 
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                The drug excipient interactions stated that although excipient be pharmacologically 

inert, it can intiate, participate or propagate in physical or chemical interactions with drug 

compounds, which may compromise the medicinal effectiveness [43]. 

                The surfactant applications have been reviewed stating important role of surfactant 

in drug deliveries. The surfactants or pharmaceutically acceptable co-solvents have been 

employed to formulate compounds sparingly soluble in water. The surfactant system 

increases the solubility by guiding the mechanism to form micelles [44].     

1.3  Objectives: 

To determine the following parameters of Quercetin with cationic surfactant CTAB: 

•    Specific Conductance 

•    Viscosity 

•    Velocity 

•    Density 

Utilizing these studies to calculate various thermodyamic and thermoacoustic 

parameters i.e.  

     Change in enthalpy (∆Hᵒm), entropy (∆Sᵒm) and Gibbs free energy (∆Gᵒm) 

     Apparent Molar Volume (фv) 

     Apparent Adiabatic Compressibility (фk) 

 

 

 

 

 

 

 



10 
 

 

 

 

 

 

 

 

 

 

CHAPTER-02 

MATERIALS AND METHODOLOGY 

 

 

 

 

 

 

 

 

 



11 
 

2.1 Materials/Equipment Used 

2.1.1 Temperature Control and Thermostat: 

All the measurements has been carried out in an automatic digital temperature 

controller high precision water thermostat (HARCO) having temperature control of 

accuracy +0.05°C. 

2.1.2 Conductivity Meter: 

It measures the amount of electrical current or conductance in a solution. It is useful 

in determining the overall health of a natural water body. It is based on the principle 

of measurement of ions by applying potential across the plates immersed in solution. 

     Electrical Conductivity is denoted by symbol sigma (σ)   

     Its SI unit is Siemens per metre (S·m
−1

) 

     Electric Conductivity depends on : 

 Concentration of ion 

 Temperature of the solution 

 Specific nature of the ions 

2.1.3 Viscometer: 

An ubbelohde type viscometer or suspended-level viscometer is a measuring        

instrument which uses a capillary based method of measuring viscosity. The    

instrument is best suited for higher viscosity cellulosic polymer solutions.  

The value obtained are independent of the total volume. 

       Viscosity is denoted by symbol eta (ἠ) and its SI unit is centipoises(cp)        

2.1.4 Ultrasonic Velocity Meter: 

Ultrasonic Velocity meter measures the velocity of fluid with ultrasound to calculate 

volume flow. It measures the difference between the transit time of ultrasonic pulses 

propagating with and against the flow direction. 

      Velocity is denoted by µ and its SI unit is m/s 

 

 



12 
 

2.2 Methodology 

2.2.1 Conductance Measurement : 

 Different solutions of Quercetin of different concentrations 1mM, 2mM and 3mM 

has been prepared with different solutions as in distilled water, 30% Ethanol, 70% 

Ethanol and 100%Ethanol. 

 Surfactant concentration has been varied by successive addition of small 

installments of surfactant stock solution using pipette. 

 The solutions conductivity has been measured at different temperatures as 20 °C, 

25 ᵒC, 30 ᵒC, 35 ᵒC and 40 ᵒC. 

 The cmc values of all the solutions have been determined from the plot of Conc. 

v/s Conductivity measured by conductivity meter. 

2.2.2 Thermodynamic parameters: 

The XCMC data has been used to determine the thermodynamic parameters. The values 

of standard enthalpy change (Ho
m), standard entropy change (So

m) and standard 

Gibbs free energy change (Go
m) has been calculated using following equations: 

H
o
m = - RT 

2
 (2 - d (ln XCMC) / dT]                                             (i) 

G
o
m = (2 - RT (ln XCMC)                                                     (ii) 

S
o
m = (H

o
m - G

o
m) / T                                                      (iii) 

The d(lnXCMC)/dT denoted the slope of the straight line obtained by plotting lnXCMC 

against      temperature. The degree of ion dissociation (), has been calculated from 

the relation, S2/S1, where S1 and S2 are the slopes in the pre micellar and post 

micellar region. 

2.2.3 Density and ultrasonic sound velocity measurements 

The density () has been manually calculated with the help of specific gravity bottle 

and calibrated weighing balance. The ultrasonic sound velocity () values has been 

calculated from Digital Ultrasonic Pulse-Echo Velocity meter for Liquids and Solids 

(VCT-70A), supplied by Vi Microsystems Pvt. Ltd., Chennai. The density and 

ultrasonic sound velocity values have been calculated for various concentrations of 

ethanol and surfactant at three different concentrations of Quercetin (1-3 mM). 
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2.2.4 Relative viscosity measurements: 

The viscosity () measurements have been carried out in a calibrated jacketed 

ubbelhode viscometer. The desired temperature has been achieved with the help of 

water thermostat having a digital temperature controller, purchased from Harsh & 

Co., Ambala. From the obtained values, relative viscosities has been calculated by 

using the equation: 

r = o = (t x )/(to x o)                    (iv) 

Here t and are the viscosity, flow time and density of solution and o, to and o of 

solvents, respectively. 

2.2.5 Apparent molar volume (v) and apparent adiabatic compressibility (k) 

Density () and ultrasonic sound velocity () values have been used to measure 

apparent molar volume and apparent adiabatic compressibility using the following 

relations: 

                                                                                                                                         (v) 

 

                                                                                                                                       (vi) 

 

where, c is the concentration of surfactant,  is the density of solution,  is the 

density of solvent system, M is the molecular weight of surfactant,  and o are the 

adiabatic compressibility of the solution and solvent respectively, calculated from the 

relation    = 1/ 2. 
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3.1 Results and Discussion : 

3.1.1 Specific conductance 

The values of CMC has been obtained by plotting the graph between specific 

conductance and surfactant concentration (Table 1). According to the literature, CMC 

of CTAB in pure water is 1mM [25ᵒC]. In all the solutions, it has been found that the 

CMC values increases with increase in temperature. 

 

Table 1. CMC data obtained by interaction of Quercetin (1-3 mM) with different 

concentrations of CTAB at different temperatures (20-40 
o
C) 

 CMC (0% EtOH) CMC (30% EtOH) CMC (70% EtOH) CMC (100% EtOH) 

Temp (
o
C) 1mM 2mM 3mM 1mM 2mM 3mM 1mM 2mM 3mM 1mM 2mM 3mM 

20 0.9 1.4 1.12 1.15 1.05 1 1.1 1.12 1.05 1.15 1.17 1.2 

25 1 1.5 1.14 0.95 1.1 1.05 1.15 1.15 1.1 1.25 1.3 1.25 

30 1.07 1.52 1.23 0.93 1.17 1.15 1.2 1.28 1.15 1.27 1.32 1.3 

35 1.1 1.54 1.3 0.9 1.25 1.3 1.25 1.22 1.2 1.29 1.38 1.32 

40 1.5 1.6 135 0.85 1.3 1.25 1.28 1.25 1.25 1.32 1.4 1.37 

 

 

 

Figure 4: Variation of Specific Conductance (ҡ) with concentration of CTAB at different 

temperature in 1mM Quercetin. 
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Figure 5: Variation of Specific Conductance (ҡ) with concentration of CTAB at different 

temperature in 2mM Quercetin. 

 

 

Figure 6: Variation of Specific Conductance (ҡ) with concentration of CTAB at different 

temperature in 3mM Quercetin. 

 

3.1.2 Thermodynamic parameters:  

The values of thermodynamic parameters i.e. standard enthalpy change (∆H
o
m), 

standard entropy change (∆S
o
m) and standard Gibbs free energy change (∆G

o
m) for 

different concentrations of Quercetin (1-3 mM) in pure water are given in Table 2. 

Table 3, 4 and 5 represents the thermodynamic parameters for different concentrations 

of Quercetin (1-3 mM) in ethanol.  



17 
 

 

 

 

 

 

Table 2: Thermodynamic parameters for different concentrations of Quercetin (1-3 mM) in 

pure water at different temperatures (20-40 
o
C) 

QC. Conc. T(
 o
C) CMC XCMC ∆H

o
m ∆G

o
m ∆S

o
m 

 

 

     1mM 

20 
0.0009 1.62011E-05 0.711678 -1.16614 0.093891 

25 0.001 1.80012E-05 1.111998 -1.43578 0.101911 

30 0.00107 1.92612E-05 1.601276 -1.70606 0.110244 

35 0.0011 1.97909E-05 2.179515 -1.98235 0.118911 

40 0.0015 2.70015E-05 2.846714 -2.1624 0.125228 

 

 

     2mM 

20 0.00147 0.423631124 0.678422 -1.08456 0.088149 

25 0.0015 0.428571429 1.060035 -1.3515 0.096461 

30 0.00152 0.431818182 1.52645 -1.6185 0.104832 

35 0.00154 0.435028249 2.077669 -1.88444 0.113209 

40 0.0016 0.444444444 2.71369 -2.14094 0.121366 

 

 

    3mM 

20 0.00112 2.01605E-05 0.701702 -1.12978 0.091574 

25 0.00114 2.05205E-05 1.096409 -1.40854 0.100198 

30 0.00123 2.21405E-05 1.578829 -1.6713 0.108338 

35 0.0013 2.34005E-05 2.148961 -1.93374 0.116649 

40 0.00135 2.43005E-05 2.806806 -2.19744 0.125106 
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Table 3: Thermodynamic parameters for different concentrations of Quercetin (1-3 mM) in 

30% v/v ethanol at different temperatures (20-40 
o
C) 

QC. Conc. T(
 o
C) CMC XCMC ∆H

o
m ∆G

o
m      ∆S

o
m 

 

 

      1mM 

20 0.00115 2.06905E-05 0.731632 -1.12538 0.092851 

25 0.00095 1.70922E-05 1.143175 -1.44644 0.103585 

30 0.00093 1.67324E-05 1.646172 -1.74103 0.112907 

35 0.00090 1.61926E-05 2.240623 -2.04075 0.122325 

40 0.00085 1.5293E-05 2.926528 -2.35129 0.131945 

 

 

       2mM 

20 0.00105 1.88913E-05 0.705027 -1.14051 0.092277 

25 0.00110 1.97909E-05 1.101605 -1.41597 0.100703 

30 0.00117 2.10503E-05 1.586311 -1.68377 0.109003 

35 0.00125 2.24896E-05 2.159146 -1.94516 0.117266 

40 0.00130 2.33892E-05 2.820109 -2.20999 0.125753 

 

 

      3mM 

20 0.001 1.79918E-05 0.708353 -1.14862 0.092849 

25 0.00105 1.88913E-05 1.106801 -1.42564 0.101297 

30 0.00115 2.06905E-05 1.593794 -1.68807 0.109396 

35 0.0012 2.159E-05 2.16933 -1.95703 0.117896 

40 0.00125 2.24896E-05 2.833411 -2.22303 0.126411 
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Table 4: Thermodynamic parameters for different concentrations of Quercetin (1-3 mM) in 

70% v/v ethanol at different temperatures (20-40 
o
C) 

QC. Conc. T(
 o
C) CMC XCMC      ∆H

o
m      ∆G

o
m     ∆S

o
m 

 

 

       1mM 

20 0.0011 0.035369775 0.705027 -1.13277 0.09189 

25 0.00115 0.036918138 1.101605 -1.40673 0.100333 

30 0.0012 0.038461538 1.586311 -1.67746 0.108792 

35 0.00125 0.04 2.159146 -1.94516 0.117266 

40 0.00128 0.040920716 2.820109 -2.21515 0.125881 

 

 

       2mM 

20 0.00112 2.01507E-05 0.69505 -1.12978 0.091241 

25 0.00115 2.06905E-05 1.086016 -1.40673 0.09971 

30 0.0018 3.23847E-05 1.563863 -1.57633 0.104679 

35 0.00122 2.19499E-05 2.128592 -1.95222 0.116595 

40 0.00125 2.24896E-05 2.780202 -2.22303 0.125081 

 

 

      3mM 

20 0.00105 1.88913E-05 0.708353 -1.14051 0.092443 

25 0.0011 1.97909E-05 1.106801 -1.41597 0.100911 

30 0.00115 2.06905E-05 1.593794 -1.68807 0.109396 

35 0.0012 2.159E-05 2.16933 -1.95703 0.117896 

40 0.00125 2.24896E-05 2.833411 -2.22303 0.126411 

 

 

 

 

 

 

 



20 
 

 

 

 

 

 

Table 5: Thermodynamic parameters for different concentrations of Quercetin (1-3 mM) in 

100% v/v ethanol at different temperatures (20-40 
o
C) 

QC. Conc. 

 

T(
 o
C) CMC XCMC ∆H

o
m      ∆G

o
m       ∆S

o
m 

 

 

    1mM 

20 0.00115 2.06905E-05 0.698376 -1.12538 0.091188 

25 0.00125 2.24896E-05 1.091213 -1.3894 0.099224 

30 0.00127 2.28494E-05 1.571346 -1.66332 0.107822 

35 0.00129 2.32092E-05 2.138777 -1.93599 0.116422 

40 0.00132 2.3749E-05 2.793504 -2.20491 0.12496 

 

 

 

     2mM 

20 0.00117 2.10503E-05 0.69505 -1.12251 0.090878 

25 0.0013 2.33892E-05 1.086016 -1.38124 0.09869 

30 0.00132 2.3749E-05 1.563863 -1.65369 0.107252 

35 0.00138 2.48285E-05 2.128592 -1.91636 0.11557 

40 0.0014 2.51883E-05 2.780202 -2.18535 0.124139 

 

 

     3mM 

20 0.0012 0.038461538 0.69505 -1.11831 0.090668 

25 0.00125 0.04 1.086016 -1.3894 0.099017 

30 0.0013 0.041533546 1.563863 -1.65749 0.107379 

35 0.00132 0.042145594 2.128592 -1.9293 0.11594 

40 0.00137 0.043672298 2.780202 -2.19255 0.124319 
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Figure 7: Graphical representation of Change in Enthalpy (∆Hᵒm) vs. Temperature for 

different concentrations of QC (1-3mM) in aqueous solution. 

 

Figure 8: Graphical representation of Change in Entropy (∆Sᵒm) vs. Temperature for 

different concentrations of QC (1-3mM) in 30% v/v Ethanol solution 
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Figure 9: Graphical representation of Change in Gibbs free energy (∆Gᵒm) vs. Temperature 

for different concentrations of QC (1-3mM) in 70% v/v Ethanol solution. 

 

 

The data clearly shows that the values of  ∆G
o
m in water and hydro-ethanolic solutions 

has been found to be negative for all concentrations and temperatures. On the other 

hand, the values of ∆H
o
m and ∆S

o
m has been found to be positive. The value of ∆S

o
m 

indicates that micellization in these studied systems is entropically controlled. The 

studies also suggest that the interactions between Quercetin and CTAB are 

endothermic in nature. The activity of Quercetin has been best observed at 40 ᵒC for 

all concentrations of CTAB and hydro-ethanolic solutions. 
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3.1.3 Density and ultrasonic sound velocity measurements:  

The density () and ultrasonic sound velocity () has been measured for CTAB  in 

presence of Quercetin (1-3 mM) at five different temperatures and four different 

hydro-ethanolic solutions. It has been found that the density and ultrasonic sound 

velocity are completely concentration and temperature dependent in all solution 

systems. The results of density and ultrasonic sound velocity are displayed in Table 6 

and 7 respectively. 

 3.1.4 Relative viscosity measurements 

The relative viscosity measurements of CTAB and Quercetin in pure ethanol, ethanol 

rich, water rich and pure water compositions have been conducted at five different 

temperatures. The viscosity values have been found to increase with increase in 

temperature at all temperatures and ethanolic concentrations. However, a decrease in 

values has been observed near the CMC values confirming that the micellization has 

been occurred. The values of relative viscosities are presented in Table 8. 

3.1.5 Apparent molar volume (v) and apparent adiabatic compressibility (k) 

Density () and ultrasonic sound velocity () values have been used to measure 

apparent molar volume and apparent adiabatic compressibility. These parameters 

helped us in determining different kinds of interactions furnished by solute in the 

solution so that the structural consequences arising from solute-solvent interactions 

can be studied. The values obtained for apparent molar volume and apparent molar 

compressibility are represented in Tables 9 and 10 respectively. 
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Figure 10: Graph representing Apparent molar volume (фv) vs. CTAB concentration 

in 70%  v/v ethanol solution containing 1mM Quercetin at different temperatures 

 

 

Figure 11: Graph representing Apparent adiabatic compressibility (фk) vs. CTAB 

concentration in 100%  v/v ethanol solution containing 1mM Quercetin at different 

temperatures 

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

5

10

15

20

25

30

35

40

45

50

55

60


v
 (

m
3
m

o
l-1

)

10
3
 CTAB (mol kg

-1
)

 20
 o
C

 25
 o
C

 30
 o
C

 35
 o
C

 40
 o
C

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

55000

60000


k
 (

m
3
m

o
l-1

)

10
3
 CTAB (mol kg

-1
)

 20
 o
C

 25
 o
C

 30
 o
C

 35
 o
C

 40
 o
C



30 
 

 

The values of overall system in varied hydro-ethanolic concentrations have been 

observed to be positive. With increase in CTAB concentration, decrease in values 

have been observed assuring the presence of electrostatic interactions resulting in 

making the system more incompressible. Presence of strong hydrophobic interactions 

and solute-solvent interactions has been confirmed by the positive values obtained in 

the overall system. However in aqueous solution, uneven data has been obtained 

signifying the nature of interactions being unpredictable in pure water. 
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4.1 Conclusion: 

Physico-chemical studies including thermodynamic and thermoacoustic properties of 

flavonoid Quercetin has been studied in interaction with the cationic surfactant CTAB 

in order to study the flavonoid-surfactant interactions. The critical micelle 

concentration (cmc) has been observed to increase with the increasing temperature 

stating the major impact of solute-solvent interactions on micellization. Studies 

suggested that the interaction of Quercetin and CTAB are endothermic in nature. The 

positive values of change in enthalpy (∆H
o
m) and change in entropy (∆S

o
m) favoured 

the endothermic nature and degree of randomness for the overall system. The negative 

values of change in gibbs free energy  (∆G
o
m) favoured the system to proceed in 

forward direction. The overall study revealed that the interactions are endothermic 

and micellization of the system is entropically controlled. The thermoacoustic data 

has been used to determine the interactions within the sytem. It has been observed that 

at lower surfactant concentrations, the electrostatic interactions dominated the overall 

system whereas, on increasing the concentration of surfactant, hydrophobic 

interactions started dominating the system. The results obtained from apparent molar 

volume and compressibility studies signified that the data is consistent at hyrdo-

ethanolic and absolute ethanolic concentration. On the other hand, no significant 

results have been obtained in aqueous solution. Overall, the interactions are 

favourable for the system to be utilised for formulation development studies and in 

pharmaceutical industries. 
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