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Abstract 

The micellization properties of anionic surfactant Ammonium dodecyl sulfate (ADS) has been 

investigated in presence of three binary micellar mediums for two drugs. The micellar systems were ADS+ 

Pluronic L-35, ADS+Pluronic L-64 and ADS+Pluronic P-123. The two drugs used were Azithromycin (AZI) 

and Piroxicam (PYM). The investigations were carried out through UV- visible spectroscopy, FTIR 

Spectroscopy and Conductivity studies. There was greater binding of both the drugs in presence of ADS+P-

123 as observed from UV spectroscopic measurements. This was because of probable high molecular weight 

and lower HLB compared to the other two binary pluronic combinations. The Gibbs free energy of 

micellization, mG  was negative for all the six combinations of binary system and drugs predicting that the 

reactions are spontaneous in nature. The lowering of CMC of ADS in a gradually manner while proceeding 

from ADS, ADS+P-123, ADS+P-123+drug presumes that there is greater solubilization of drug in the mixed 

micellar system. 
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Introduction:  

Micelles are self-assembled units which are generated from monomer units of amphiphiles. They are 

generally spherical, supra-molecular and nano-sized colloidal particles whose structures are divided into an 

internal hydrophobic core region and an external hydrophilic corona region (shell).[1,2] Micellization occurs above 

the critical micellar concentration (CMC) of any surfactant. It is an important characteristic of a surfactant. It is a 

dehydration process which leads to a large increase of the free water with respect to the bounded water. Any 

surfactant lowers the interfacial tension which helps the medium to spread better across a material or solubilize a 

substance with higher efficacy.[3,4] 

In the group of amphiphiles, the anionic group consists of the ones consisting of organic molecules which 

when dissolved in water, readily create anions. Many of the anionic surfactants are used in in-vitro drug-release 

studies when new drug products are developed. Surfactants like sodium dodecyl sulphate (SDS) are generally 

used for their purpose.[5,6] Also, in addition, this amphiphile has bacteriostatic properties against gram-positive 

bacteria. But, its use is restricted due to the irritable nature. Another anionic surfactant, Ammonium dodecyl 

sulphate (ADS) is used on many occasions in pharmaceutical industry because of its inhibitory activity of enzyme 

protein synthesis and biological process. Its less damaging and less irrating nature compared to SDS extends its 

use in both pharmaceutical and cosmetic industry.[7,8] 

Different types of polymeric single/mixed micelles are used for drug delivery and other applications 

because of their superior property compared to their individual amphiphilic ones.[9-14] 

Micellar delivery system provides a promising method adopted widely for the enhancement of 

solubilization of hydrophobic drugs. In the recent past a good number of researchers have reported their findings 

in this field. This field is extensive because a sizable number of trial and error experiments are to be conducted to 

get a positive finding for a particular hydrophobic drug and a mixed micellar system. Sheng Feng et al have 

prepared polymeric mixed micelles through hot-melt extrusion method.[15] Another research group have 

formulated the polymeric mixed micelles using quercetin to be used for ovarian, breast and multidrug resistant 

tumors.[16] From a study on polymeric mixed micelles used as nanocarriers for hydrophobic antibiotic drugs has 
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been reported.[17] In a study of novel mixed polymeric micellar system from biocompatible polymers to 

encapsulate gambogenic acid (GNA) was developed by Tong-Yuan Lin et al.[18] The preparation and evaluation 

of a novel mixed micellar system has been used in the form of nanocarriers for the drug propofol to be delivered 

intravenously.[19] The micellar drug delivery system used for various hydrophobic drugs are described by previous 

workers.[20] The solubilization of hydrophobic drugs in polymeric mixed micelles has been narrated by few 

workers where improved characterizations are observed compared to single micellar systems.[21-26] In many of 

these studies, the binary micellar system of the polymeric surfactant has superior properties compared to single 

micellar counter parts. One important property is reduction in micellar size. For any nanoparticle to encapsulate 

more drug molecules, the smaller size is preferred because of larger surface area. Hence, by achieving this it is 

possible to incorporate more drug into the micelle.  

Azithromycin (AZI) is an antibiotic which has high degree of penetration in tissues. It is mainly used for 

treating infections occurring in ear, nose and chest. This belongs to an azalide subclass which has 15-memebered 

ring and methyl-substituted nitrogen. It has poor aqueous solubility and low bioavailability. 

Piroxicam (PYM) in an anti-inflammatory and non-steroidal drug belonging to oxicam group. This is 

used to treat different types of arthritis. It can exist in anionic, neutral as well as zwitterionic forms in aqueous 

medium. Due to low aqueous solubility it displays poor bioavailability. Hence, different methods for improving 

the solubility are still under research.  

(a) Azithromycin dihydrate 
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(e) Pluronic L-64 

 

 

 

 

(f) Pluronic P-123 

  

Fig.1. Structure of (a) Azithromycin dihydrate (AZI), (b) Piroxicam (PYM), (c) Ammonium Dodecyl Sulfate 

(ADS), (d) Pluronic L-35, (e) Pluronic P-123 and (f) Pluronic L-64. 

 

In this study, therefore, we have tried to tune the anionic surfactant ADS by combining different 

polymeric surfactants and investigating their interaction on two drugs. The selected polymeric surfactants were 

Pluronic L-35, Pluronic L-64 and Pluronic P-123 which were of different molecular weights and hydrophilic 

lipophilic balance (HLB). They are presented in Table 1. Two drugs were taken for study. They are Azithromycin 

(AZI) and Piroxicam (PYM). The structure of all the surfactants and drugs are displayed in Fig.1 

Table.1. Different molecular weights and hydrophilic lipophilic balance (HLB) of polymeric surfactants Pluronic 

L-35, Pluronic L-64 and Pluronic P-123.  

Surfactant Molecular weight HLB CMC 

Pluronic L-35 1900 19 5.3x10-3 

Pluronic L-64 2900 15 4.8x10-4 

Pluronic P-123 5750 8 4.4x10-6 

 

Materials 

 Pluronic surfactants, Pluronic L-35, L-64, and P-123 and ADS were purchased from Sigma Aldrich and 

were used as such. The molecular weights are 1900 M-1, 2900 M-1 and 5750 M-1 respectively. Drugs AZI and 

PYM were procured from Madras chemicals Ltd. as gift samples. Double distilled water was used for preparation 

of all solutions. 

Methods 

Preparation of drug solutions 

  Drug solution of AZI was prepared by weighing about 0.2 g of drug and dissolving in 20 ml methanol. 

After the solution became transparent, it was made up to 100 ml using buffer solution of pH 6.4. The clear drug 

solution was used for all the characterizations.  

 Piroxicam drug solution was prepared by weighing 0.0165 g quantity and dissolving in 15 ml ethanol. 

After complete dissolution it was made up to 100 ml using buffer pH 6.8 to yield a clear solution, which was used 

for the experiments. The stock solution was suitably diluted to get optimized OD. 

Preparation of surfactant solutions  

ADS Preparation 

 About 1.8 g of ADS was accurately weighed and solubilized in 100 ml of double distilled water. The 

stock solution prepared was suitably diluted to be used for different experiments.  
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Pluronic Surfactant Solutions 

 Pluronic L-35 was prepared for 100mM concentration by weighing appropriate quantity. The solution 

was kept in refrigerator for 24 hours to bring to transparent homogeneous solution. Pluronic L-64 was prepared 

for 6.89mM stock solution by taking the required amount and preparing in cold condition. And, Pluronic P-123 

was prepared for 20mM stock solution by taking weight and preparing in cold condition as mentioned earlier. All 

the three Pluronic solutions were suitably diluted to get optimum concentration of O.D. Care was taken to keep 

the concentration above the CMC of each surfactant in every characterization.  

In the next step, mixed micellar solutions were prepared by taking 6mM ADS with 100mM L-35, 

6.89mM L-64 and 20mM P123. Then suitable amount of drug was added to each mixed micelle before 

characterization.  

Characterizations  

1. Fourier transforms infrared spectroscopy (FTIR) 

 The FTIR spectra of the two drugs AZI and PYM in presence of three mixed micellar systems were 

carried out using Cary-630 FTIR Agilent Technology in the range of 600 cm-1 and 3600 cm-1. For each aliquot 1 

ml each of the solution was taken, mixed thoroughly, dried and the spectra were recorded. For both the drugs two 

separate sets of readings are presented in Fig.2 and 3 for AZI and PYM respectively along with pure drug and 

single surfactant spectra.  

2. UV Spectrophotometry 

UV Spectra of the drugs without and with single/mixed micelles were recorded using Shimadzu UV-

1650 PC Spectrophotometer with 1 cm quartz cell. The stock solutions of each drug were used for calibration and 

then the required concentration was taken  

for each reading. Three different sets were measured for each drug, they are,  

AZI+L-35+ADS, AZI+L-64+ADS, AZI+P-123+ADS, and PYM+L-35+ADS, PYM+ 

L-64+ADS, PYM+P-123+ADS.  

3. Conductivity Study 

   The specific conductance measurements of the ionic surfactant ADS and ADS as mixed micelle with 

both drug were carried out by using PICCO-180 conductivity meter which is provided with a platinum electrode. 

The measurements were done at 300 K. The specific conductance values plotted with concentration. The break in 

the points were identified as CMC. The slopes of pre and post micellar concentrations were S1 and S2 which were 

used for calculating the counter ion binding constant β, using the equation below. 

,1  −=      

2

1

S

S
=  

From the counter ion binding constant β, the thermodynamic parameters

mG , Gibbs free energy of 

micellization, were calculated using formula,  

( ) CMCm XRTG ln2  −=  

Results and Discussion 

FTIR Spectroscopy 

 For both the drug the IR spectra and their explanation are given separately. Fig.2 presents the spectra for 

AZI group and Fig.3 for PYM group. 

 In the AZI group, as shown in Fig.2 and Table.2 pristine AZI displays prominent bands at 3485 cm-1, 

2970 cm-1, 1719 cm-1, 1186 cm-1, 1047cm-1 which represents OH stretching, C-H stretching, esteric bond and C=O 

stretching respectively. Pure  ADS displayed bands at 3381 cm-1, 2923 cm-1, 1636 cm-1, 1457 cm-1, 1204 cm-1 

which symbolize OH stretching, N-H stretching, C=C stretching, CH stretching and C-O stretching respectively 

Fig.2(b). The spectra of three pluronic surfactants L-35, L-64 and P-123 have the similar structure of polyethylene 

oxide (PEO) and polypropylene oxide (PPO) groups for which the three spectra have resemblance, this is 
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Wavenumber (cm-1) 

presented by Fig.2(c), (d) and (e) respectively. The complex of AZI+L-35+ADS is presented by 2(f) which shows 

bands at 3427 cm-1, 2922 cm-1, 1636 cm-1, 1456 cm-1, 1081 cm-1 and 945 cm-1. Here, 3427 cm-1 stands for OH 

stretching which is shifted from 3485 cm-1 of AZI, a shift to a lower wave number 2(a). The 2922 cm-1 standing 

for N-H stretching has retained its position from 2923 cm-1 of ADS with change in intensity. The 1636 cm-1 of 

C=C stretching band from the three pluronics has occupied its place in the complex formation with reduced 

intensity in the complex. The 1081 cm-1 peak standing for C-O stretching has shifted from 1186 cm-1 of AZI 2(a) 

this is another shifting to lower wave number. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. (a) AZI, (b) ADS, (c) L-35, (d) P-123, (e) L-64, (f) AZI+L-35+ADS, (g) AZI+ 
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Table.2. Band assignments of IR Spectrum showing (a) AZI, (b) ADS, (c) L-35, (d) P-123, (e) L-64, (f) AZI+L-

35+ADS, (g) AZI+P-123+ADS and (h) AZI+L-64+ADS 

Assignments 

Wavenumber (cm-1) 

AZI ADS L-35 P123 L-64 

AZI+ 

L35+ 

ADS 

AZI+ 

P123+ 

ADS 

AZI+ 

L-64+ 

ADS 

O-H 

Stretching 

3559, 

3485 

3381, 

3252 

3321, 

2092 
3335 3336 

3427, 2967, 

2922, 2872 

3399, 

2969, 

2922 

3429, 

3390, 

2970, 2923 

N-H 

Stretching 

2933, 

2892 

2923, 

2854 
- - - - 2871 2871 

C-H 

Stretching 

2970, 

2830 
1457 - - - 1456 1457 1457 

C≡C - - - - 2116 - - - 

C=C 

Stretching 
- 1636 

1637, 

1561 

1636, 

1560 

1636, 

1560 
1636 1637 1636 

C-N 

Stretching 
1269 - 1074 - 1079 - - - 

C-Br 

Stretching 
- - - - - - - - 

C=O 

Stretching 
- - - - - - - - 

C-O 

Stretching 

1186, 

1081 
1204 - - - 

1296, 1249, 

1081 

1296, 

1249, 

1083 

1295, 

1248, 

1208, 1081 
CO-O-CO 

Stretching 
1047 - - -  - - - 

C-H 

Bending 

1654, 

1375 
- 1458 

2025, 

1999, 

1458 

1458 802 - - 

C=C 

Bending 
990 974 - - - 945 936 939 

O-H 

Bending 

1341, 

1317 
- - - - - 

1373, 

1347 
1348 

Here, it can be observed that there is enhanced peak intensity of 1081 cm-1. The 945 cm-1 is assigned for C=C 

bending vibration which gets shifted from 990 cm-1 of AZI Fig.2(a). Hence, there are three shifting to lower wave 

number predicting short and strong bond formation in the complex which has higher molecular weight. In the 

other two AZI+ 

P-123+ADS and AZI+L-64+ADS also, same type of bonding and shifting takes place. This concludes that in all 

the three types of complexes there is strong binding between the mixed micelle of ADS with Pluronic L-35/P-

123/L-64 surfactants and the drug AZI. The three complexes have very similar in structure due to the similarity 

of the pluronic surfactants taking part in the complex formation. IR studies on AZI with other chemicals have 

been reported before.[27-30] 

Drug PYM displayed peaks at 3335 cm-1, 2116 cm-1, 1627 cm-1, 1523 cm-1, 1347  

cm-1, 1178 cm-1 and 770 cm-1which represent for OH stretching, C=C  stretching N-H stretching, C=O stretching, 

OH bending, CO stretching and C-H bending respectively which is shown in Fig.3(a). The ADS and three pure 

pluronic surfactant band assignments have been described in the previous part. Hence, they are not repeated here. 

The complex of PYM+L-35+ADS displayed bands at 3427 cm-1, 2870 cm-1, 1085 cm-1, 943 cm-1 which stand for 

OH stretching, NH stretching, CO stretching and CH bending respectively. Out of these, the peaks that are shifted 

are (i) 2870 cm-1, which got shifted from 2923 cm-1 of ADS in 3(b), a shift to lower wavenumber (ii) The 1645 

cm-1 got shifted from 1636 cm-1 of ADS 3(b), a higher wave number shifting. (iii) The 1085 cm-1 peak got shifted 

from 1178 cm-1 of PYM 3(a). And (iv) 943 cm-1 peak got shifted from 1015 cm-1 of 3(c), (d) and (e), which is due 

to C-C stretching frequency. These shiftings mark the bonding between the mixed micelle of ADS+L-35 with 

PYM to form complexes. Owing to the structural similarity of L-35, P-123 and L-64, the three complexes have 
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more or less similar in structure, as observed from the infrared studies. IR studies on PYM has been reported 

before.[31-33] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. (a) PYM, (b) ADS, (c) L-35, (d) P-123, (e) L-64, (f) PYM+L-35+ADS, (g) PYM+ 

P-123+ADS , (h) PYM+L-64+ADS 
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Table.3. Band assignments showing vibration for (a) PYM, (b) ADS, (c) L-35, (d) P-123,  

(e)L-64, (f) PYM+L-35+ADS, (g) PYM+P-123+ADS , (h) PYM+L-64+ADS 

Assignments 

Wavenumber (cm-1) 

PYM ADS L-35 P123 L-64 

PYM+ 

L35+ 

ADS 

PYM+ 

P123+ 

ADS 

PYM+ 

L-64+ 

ADS 

O-H 

Stretching 
3335 

3381, 

3252 

3321, 

2092 
3335 3336 3427, 2921 3398 

3496, 

3424, 

2969, 2868 

N-H 

Stretching 
1627 

2923, 

2854 
- - - 2870 

2923, 

2853 
- 

C=C 

Stretching 
2116 - - - 2116 - - - 

C=C 

Stretching 
1627 1636 

1637, 

1561 

1636, 

1560 

1636, 

1560 
- - 1637 

C=O 

Stretching 
1523 - - - - - - - 

C-O 

Stretching 
1178 1204 - - - 1248, 1085 1208 

1296, 

1249, 1087 

C=C 

Bending 
730 974 - - - - 950, 700 - 

C-H 

Bending 
770 1457 1458 

2025, 

1999, 

1458 

1458 1457 1457 1457 

O-H 

Bending 
1347 - - - - 1373, 1348 1348 1372, 1347 

 

UV Spectroscopic Analysis 

 The change of hydrophobic behavior of the single and binary surfactant system due to the presence of 

drugs AZI/PYM were observed through UV spectroscopic study. The possible complex formation are also 

assessed as reported earlier by previous authors.[34] The aqueous solution of AZI (0.75 mM in methanol-water 

system at pH 6.4) displayed λmax at  

227 nm. For clarity, we have presented the magnified image in the range of 200-250 nm. On adding Pluronic L-

35, ADS, there was increase in absorbance with blue shift of 5 nm as shown in Fig.4(a). In the next step, different 

concentrations of ADS (3.17 mM to 15.8 mM) were added to a fixed quantity of AZI and L-35. There was 

progressive increase of intensity of absorption. This implies that there is more drug encapsulated in the mixed 

micellar system at higher concentration. Also, there is occurrence of complex formation between AZI and 

ADS+L-35.  
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Fig.4(a). UV absorption spectrum of AZI in presence of single and mixed micellar concentrations with fixed L-

35 and varied ADS concentrations. 

With another mixed micellar system comprising of ADS+L-64, the drug AZI was used for interaction. 

Here, the drug solution displayed λmax at 227 nm which showed an increase in absorbance with L-64 addition in 

the first step and further increase with ADS. On adding L-64+ADS, there was still increase of absorption compared 

to both single micellar systems. This shows that the mixed micelle has better efficiency than both the single 

micelles as far as interaction with AZI is concerned. In the next step, different concentration of ADS (from 

3.17mM to 15.8mM) were added to fixed AZI and L-64 solution. This showed a linear increase in the intensity of 

absorption. This confirms the complex formation taking place between L-64+ADS and AZI. The binding constant 

values of the three mixed micellar systems with ADS are displayed in Table 4. This shows that in the AZI and 

three mixed micellar systems, there is lowest binding constant obtained for L-64+ADS and the maximum value 

36.01 M-1 observed for P-123.  

In another mixed micellar system, ADS+P-123, the drug AZI displayed similar behavior. Increase in 

absorbance followed by blue shift, which can be assigned for complex formation and change of hydrophobicity 

in the system Fig.4(c).  The incorporation of  

P-123, a hydrophilic surfactant, in the ADS system appeared to have more effect as absorbed from the binding 

constant values shown in Table. 4. For L-35 however, there was an intermediate value of 11.6 M-1. This may be 

due to the hydrophilic nature of the pluronic surfactants which showed a difference in the affinity while binding 

with drug AZI. 

 

 

 

 

 

 

 

 

 

Fig.4(b). UV absorption spectrum of AZI in presence of single and mixed micellar concentrations with fixed L-

64 and varied ADS concentrations 
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Fig.4(c). UV absorption spectrum of AZI in presence of single and mixed micellar concentrations with fixed P-

123 and varied ADS concentrations. 

The aqueous solution of PYM (0.02mM in 6.8pH) displayed λmax of 354 nm. This value is in good 

agreement with literature value.[35-36] . For a better view, we have presented the spectra between 300-420 nm. On 

addition of L-35+ADS with fixed L-35 and varied ADS concentration to a PYM aqueous solution, there was 

increased absorption. This is a symbol with higher encapsulation of drug in the mixed micellar system of L-

35+ADS. This is shown in Fig.5(a). Another mixed micellar system of ADS+L-64 also displayed similar result 

as shown in Fig.6(b). The third binary system with ADS+P-123 was observed with its interaction of PYM which 

showed increased absorbance like the previous two systems Fig.6(c). Hence, in all the three systems, there was 

complex formation. The binding of PYM with three binary systems as calculated using B-H plot are shown in 

Table 4. This shows that the P-123+ADS system had the maximum binding with drug PYM. Their depends on 

the possible change of hydrophobicity created by the PYM, which has global neutral characteristic in different pH 

solutions. The affinity of the three pluronic surfactants also played a major role in the binding.  

 

 

 

 

 

 

 

 

 

 

 

Fig.5(a). UV absorption spectrum of PYM in presence of single and mixed micellar concentrations with fixed 

L-35 and varied ADS concentrations. 
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Fig.5(b). UV absorption spectrum of PYM in presence of single and mixed micellar concentrations with fixed 

L-64 and varied ADS concentrations. 

 

 

 

 

 

 

 

 

 

 

 

Fig.5(c). UV absorption spectrum of PYM in presence of single and mixed micellar concentrations with fixed P-

123 and varied ADS concentrations. 

Table.4. Binding constants calculated from various mixed micellar system for AZI/PYM using B-H plot. 

S.No. System Binding constant (K) 

1 AZI+ADS+L-35 11.6 

2 AZI+ADS+L-64 1.5 
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Conductivity 

  Conductivity is an important study in the pharmaceutical industry. Its analysis helps to know how well a 

drug solution conducts electricity which in turn indicates the amount of dissolved ions present. The change in 

conductivity and mobility of any drug solution gives an idea about the drug excipient interactions.[37] In this work 

we have used two drugs AZI and PYM with binary solution of ADS with L-35/L-64/P-123 surfactants. The 

specific conductivity (κ) is measured for different solutions without and with drugs. The two drugs have been 

analyzed separately.  

AZI 

 Anionic surfactants behave like electrolytes in aqueous solution. The specific conductivity (κ) of ADS 

was measured at different concentrations. There was increase in conductivity value. The sharp change in the κ 

was taken as the CMC which was found to be 6mM. This is in good agreement with literature.[38, 39] On adding L-

35 to ADS, there was a lowering of CMC to 5.4mM. On adding AZI in the next step there was no further change 

in CMC. It is shown in Fig.6(a) and Table.5. After identifying the CMC, the pre and post micellar slopes S1 and 

S2 were determined which were used for calculating
o

mG , Gibb’s free energy of micellization. The 
o

mG  values 

were -11.48, -23.04 and -34.56 kJ mol-1 for ADS, ADS+L-35 and ADS+L-35+AZI respectively. All the three 

values are negative indicating spontaneity of the reactions. The higher negative value for the drug solubilized 

mixed micelle  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6(a). The specific conductance vs. Conc. plots of ADS, ADS+L-35, ADS+L-35+AZI 

S.No. System Binding constant (K) 

1 PY+ADS+L-35 0.0408 
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Fig.6(b). The specific conductance vs. Conc. plots of ADS, ADS+L-64, ADS+L-64+AZI 

 

is an indication of greater spontaneity and stability of the system compared to ADS and ADS+L-35.  In the next 

set the ADS+L-64 displayed a CMC of 4.2mM which got further reduced to 3mM for ADS+L-64+AZI. Here too, 

the 
o

mG  values were -23.67 and -44.11  

kJ mol-1 showing spontaneity of the reactions. It is displayed in Fig.6(b). In the third set, the ADS+P-123 and 

ADS+P-123+AZI showed 4.2mM as CMC which got reduced from 6mM for pure ADS. And, the 
o

mG  was -

23.67 and -33.14 kJ mol-1 for both the sets. This is shown in Fig.6(c). The reduction in CMC for all the three 

binary micellar mediums when solubilized AZI drug is an indication of greater solubility of the drug.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6(c). The specific conductance vs. Conc. plots of ADS, ADS+P-123, ADS+P-123+AZI 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 2 4 6 8 10

ADS

ADS+L-64

ADS+L-64+AZI

k
 (

m
S

cm
-1

) 

 

Concentration (mM)

 

3.1mM 

6mM 

4.1mM 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 2 4 6 8 10

ADS

ADS+P-123

ADS+P-123+AZI

k
 (

m
S

cm
-1

) 

Concentration (Mm) 

4.2mM 

6mM 

 



Tuijin Jishu/Journal of Propulsion Technology  
ISSN: 1001-4055  
Vol. 44 No. 3 (2023)  
__________________________________________________________________________________ 
 

295 

Table.5. The variation of CMC and 
o

mG  of ADS in L-35/L-64/P-123 surfactants and AZI/PYM drugs at 300 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

PYM 

 In the PYM set, the CMC of ADS got reduced from 6mM to 5.4mM for ADS+L-35 which further reduced 

to 3mM for ADS+L-35+PYM. The 
o

mG  values were -11.48, -23.04 and -29.41 kJ mol-1 respectively showing 

greater spontaneity and stability of the drug in the mixed micellar system. It is shown in Fig.7(a) with L-64+ADS 

system, there was lowering from 6mM to 4.2mM and again lowered to 3mM on adding PYM. The lowering of 

free energy was followed in the order, -11.48, -23.67 and -36.2 kJ mol-1 for the three systems. It is displayed in 

Fig.7(b). In the ADS+P-123 binary micellar system, the CMC was 4.2mM and ADS+P-123+PYM it was 3mM. 

The 
o

mG  values were -11.48, -23.67 and -24.48 kJ mol-1 respectively 7(c). All the three systems have shown 

spontaneity of the systems with greater stability with drug PYM.   

 

 

 

 

 

 

 

 

 

 

Fig.7(a). The specific conductance vs. Conc. plots of ADS, ADS+L-35, ADS+L-35+PYM 

S.NO System CMC (mM) 
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5 ADS+L-35+AZI 5.4 -34.56 

6 ADS+L-64+AZI 3 -44.11 

7 ADS+P-123+AZI 4.2 -33.14 

8 ADS+L-35+PY 3 -29.41 
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Fig.7(b). The specific conductance vs. Conc. plots of ADS, ADS+L-64, ADS+L-64+PYM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7(c). The specific conductance vs. Conc. plots of ADS, ADS+P-123, ADS+P-123+PYM 

 

Conclusion 

 The micellization and interaction study of the anionic surfactant ADS in presence of three pluronic 

micellar systems with drugs AZI and PYM are carried out. There was spontaneous binding of drug to all the binary 

micellar systems. The system of ADS+P-123 is observed to bind more strongly to AZI and PYM compared to 

ADS+L-35 and ADS+L-64. This study offers three new binary systems for the hydrophobic drugs AZI and PYM 

with increased solubility and greater bioavailability.  
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