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CHAPTER 1

Figure 1. UV-vis absorption (panel A) and emission spectra (panel B) of 2.0 uM pyrene in
presence of varying (C,,GluNa,: HTAB, 4:1 M/M) concentration of surfactant. Surfactant
concentration (mM): 1, 0.0189; 2, 0.038 and 3, . Temperature: 298 K.

Figure 2. Variation of surface tension (y), specific conductance (x), sum of the peak absorbance
(A1) and I)/I; ratio with surfactant concentration at 298 K. 4:1 (M/M) C;,GluNa, and
HTAB mixed surfactant system was used. [Pyrene] = 2 uM. Excitation wavelength: 335
nm.

Figure 3. Variation of experimental CMC with the mole fraction of (C12AAS)Nay, a(c,,aas),Na, at

298 K. Systems: O, ClealNaz-HTAB; A, C,AspNa -HTAB and 0, C;,GluNa,-HTAB.

Figure 4. Variation surface excess (I'max) and surface pressure at CMC (zcme) with the mole
fraction of @(c,,aas),Na, at 298K. Systems: 0, C;;MalNa,- HTAB; O, C12AspNa,-HTAB;
and A, C;,GluNa,-HTAB.

Figure 5. Variation of degree of dissociation (a) and free energy of micellization (AGY,;.) with the
mole fraction of (Ci12AAS)Nay, a(c,,aas),Na, at 298K. Systems: 0, C;;MalNa,- HTAB; O,
Ci2AspNa,-HTAB and A, C,GluNa,-HTAB.

Figure 6. Plot of In(/,//) with the quencher concentration [Q], (hexadecylpyridinium chloride,
HPC) to determine the aggregation number of C;;GluNa,-HTAB mixed surfactants at
298K. Ci,GluNa, / HTAB ratio (M/M): g, 0.0: 1.0; O, 0.4: 0.1; and A, 0.3: 0.2. Inset:
fluorescence spectra of pyrene (2.0uM) in the presence of varying concentration of HPC
(uM): 1, 0.26; 2, 0.56; 3, 0.88 and 4, 1.13.

Figure 7. Variation of hydrodynamic diameter (dy) and viscosity (1) with the mole fraction of
(C12AAS)Nay, ®(C,,AAS),Na, at 298 K. Systems: 0, C;;MalNa,-HTAB; O, Cj,AspNa,-
HTAB; A, C>,GluNay- HTAB.

Figure 8. Variations of zero shear viscosity (o) with @(c,,aas),Na,- Systems: o, Ci;MalNa,-
HTAB; A, C2AspNa,-HTAB and o, C;,GluNa,-HTAB. 150 mM surfactant solutions at
298 K were used.

CHAPTER 2

Figure 1. Variation of CMC with the mole fraction of (Ci12AAS)Nay, a(c,,aas),Na, at 298 K.

Systems: O, ClealNaz-HTAB; A, ClespNaz-HTAB and o, C;,GluNa,-HTAB. Open

symbols correspond to the theoretically calculated CMC values using Clint formalism and
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the closed symbols indicate experimentally observed average CMC values.

Figure 2. Variation of CMC with the mole fraction of (Ci2AAS)Nay, a(c,,aas),Na, at 298 K.
Systems: O, C12MalNa2-HTAB; A, C,AspNa,-HTAB and 0, C,GluNa,-HTAB. Open

symbols correspond to the theoretically calculated CMC values using Clint formalism and
the closed symbols indicate experimentally observed average CMC values.

Figure 3. Variation of activity coefficient of (C;,AAS)Na, (f1), HTAB (f;) calculated from
Rubingh (panel A) and SPB (panel B) model. Systems: O, C ,MalNa -HTAB; A,

C,,AspNa,-HTAB and 0, C;,GluNa,-HTAB. Open symbols correspond to the activity

coefficient of (C;2AAS)Na, and the closed symbols indicate activity coefficient of HTAB.
Figure 4. Variation of activity coefficient of (C;,AAS)Na; (f1), activity coefficient of HTAB (),

micellar composition of (C1,AAS)Na; (Xaas) and micellar composition of HTAB (Xyrag)

values, calculated using Rubingh model, micellar mole fraction of the ideal state (Xlideal)
and interaction parameter (8") values, calculated using Motomura equation with the mole

fraction of ®(c,,AAS),Na,at 298K. Systems: O, C2MalNa,-HTAB; A, C,AspNa,-HTAB
and 0, C;,GluNa,-HTAB.

Figure 5. Variation of activity coefficient of (C;,AAS)Na; (f1), activity coefficient of HTAB (f3),
CMC values calculated by SPB model, (Xspg) and interaction parameter (8%) values were

calculated by SPB model with the mole fraction of @(c,,aas),Na, at 298K. Systems: O,
CpMalNa,- HTAB; A, C1,AspNa,-HTAB and o, C,GluNa,-HTAB.

Figure 6. Variation of excess free energy of micellization (G™), enthalpy of micellization (AH,,),

excess enthalpy (H™) of (C1,AAS)Na, (G™ = AH,;= H™), free energy of micellization for
ideal mixing (AG*"), non ideal mixing ( AG.) and entropy of micellization (AS,,) for non

ideal mixing (B¥) values, calculated by using Rubingh model with the mole fraction of

®(c,,AAS),Na, at 298K. Systems: O, C;;MalNa,- HTAB; A, Ci2AspNa,-HTAB and o,

C12GluNa,-HTAB.

CHAPTER 3

Figure 1. a, Chemical structure of C;;MalNa, and HTAB; b, truncated phase diagram of
Ci;MalNa, + HTAB + water mixed system. Phases: olive, gel; blue, viscous;
precipitate; and clear region indicate micelle. Dotted line in panel b corresponds to
equimolar region. Panel ¢, POM image; d and e, FM images of rhodamine-B and
fluorescein stained 5 wt% C;,MalNa, + HTAB (40:60, w/w) gel. Panel f, FE-SEM image

of same gel.
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Figure 2. Variation of precipitation, highly viscous and gel of the (C;;MalNa,+HTAB, panel A),
(Ci2AspNa,+HTAB, panel B) and (C;,GluNa,+HTAB, panel C) at different weight % at
298K.

Figure 3. POM images of C;;MalNa,+HTAB at different compositions. Y axis: (HTAB+
(C12AAS)Na, wt%; X axis: HTAB/(C12AAS)Nay, w/w. Ay, Az, Az, Ag, Asi 1,2,3,4,5; Ay,
By, Cy, Dy, E: 4/1, 3/2, 1/1, 2/3, 1/4. Scale bar was shown inside the images at 298K.

Figure 4. POM images C;;AspNa,+HTAB and C;,GluNa,+HTAB at different composition. Y
axis: (HTAB+(C,AAS)Na, wt%; X axis: HTAB/(C12AAS)Na,, w/w. Aj, Az, 5; Ay, By, C
: 1/1, 3/2, 4/1. Scale bar was shown inside the figure at 298K.

Figure 5. FE-SEM images of C;;MalNa,+HTAB at different compositions. Y axis: (HTAB+
(C12AAS)Nay) wt. %; X axis: HTAB/(C12,AAS)Nay, w/w. Ay, Ay, As, Ag, As: 1,2, 3,4, 5;
Ay, By, Cy, Dy, Ey: 4/1, 3/2, 1/1, 2/3, 1/4. Scale bar was shown inside the figure at 298K.

Figure 6. FE-SEM images of C;;MalNa,+HTAB, C;;AspNa,+HTAB and C;,GluNa,+HTAB at
different composition. Y axis: (HTAB+(C;,AAS)Na, wt%; X axis: HTAB/(C;2,AAS)Na,,
w/w. Ay, Ayand As: 5; Ay, By, Cy : 1/1, 3/2, 4/1. Scale bar was shown inside the figure at
298K.

Figure 7. TGA thermogram of pure (C;,AAS)Na, and HTAB. System: blue; C;;MalNa,, red;
Ci2AspNay, black; C;,GluNa,, and magenta; HTAB where a,, by, ¢y, d;, a, by, ¢, a3, b, cs,
as4, bs and c4 represent the different phase transitions. Scan rate 2°C min’.

Figure 8. (a), TGA thermogram of (C;AAS)Na, + HTAB (100mM, 40/60, M/M) gel. Systems:
blue; C;;MalNa, + HTAB, black; red; C;;AspNa, + HTAB and C,,GluNa, + HTAB. a,, by,
a, by, a3, and b represent different phase transitions. (b), DSC thermogram of C;;MalNa, +
HTAB mixture at different mole% of C;;MalNa,: 1; 80, 2; 60, 3; 40, and 4; 0. Variation of
(©), Twm; (d), ATip; (e), AH and (f), AC, with a(c ,aas),Na,- Systems: O; C;;MalNay +
HTAB, O; Ci,AspNa, + HTAB and A; C,GluNa, + HTAB.

Figure 9. Variation of a, zero share viscosity and b, human blood lymphocyte cell viability with
(C12AAS)Na,+HTAB (2/3, M/M) mixed surfactant concentration [C]. Systems: o,
Ci;MalNa, + HTAB; A, C12AspNa,+HTAB; and o; C;,GluNa, + HTAB.

Figure 10. Skin irritation (a, b, ¢) and histological (d, e, f) tests on the dorsal area of trunk region
of swiss albino mice. a and d, negative control (mice were treated with sterile distilled
water); ¢ and f, positive control (mice treated with 5% phenol-water; b and e, mice were

treated with C;,MalNa,+HTAB gel (100mM, 60/40 M/M).
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CHAPTER 4

Figure 1. Characteristic XRD spectra of metallosurfactants at 298K. System: A, C;>GluNay; B, 10
[(C12Glu)2Cdy]; C, [(C12Glu),Ca;]; and D, [(C12Glu):Mny].

Figure 2. FTIR spectra of aminomalonate-based metallosurfactants at 298K. System: A, 10
CipMalNay; B, [(C;Mal),Cd,]; C, [(C12Mal),Ca,] and D, [(C,Mal),Mn;].

Figure 3. FTIR spectra of aspartate-based metallosurfactantsat 298K. System: A, C;;AspNa,; B, 10
[(C12Asp)2Cds]; C, [(Ci2Asp)2Cas] and D, [(Ci2Asp).Mny].

Figure 4. FTIR spectra of glutamate-based metallosurfactantsat 298K. System: A, C;,GluNay; B, 10
[(C12Glu),Cdy]; C, [(C12Glu),Ca;,] and D, [(C12Glu);Mny].

Figure 5. '"H NMR spectrum of sodium aminomalonate (C;,MalNay). 10
Figure 6. '"H NMR spectrum of sodium aspartate (C;,AspNay). 10
Figure 7. "H NMR spectrum of sodium glutamate (C,,GluNay). 10
Figure 8. "H NMR spectrum of calcium aminomalonate [(C2Mal),Cay)]. 10
Figure 9. '"H NMR spectrum of calcium aspartate [(C;,Asp).Caz]. 10
Figure 10. '"H NMR spectrum of calcium glutamate [(C;,Glu),Ca,]. 10
Figure 11. '"H NMR spectrum of manganeseaminomalonate [(C;;Mal),Mn;]. 10
Figure 12. '"H NMR spectrum of manganeseaspartate [(C12Asp),Mns]. 10
Figure 13. '"H NMR spectrum of manganeseglutamate [(C;,Glu),Mn,]. 10
Figure 14. '"H NMR spectrum of cadmiummalonate [(C;,Mal),Cd,]. 10
Figure 15. "H NMR spectrum of cadmium aspartate [(C12Asp),Cda]. 10
Figure 16. '"H NMR spectrum of cadmium glutamate [(C12Glu),Cd,]. 11

Figure 17. Characteristic (DSC, A) and (TGA, B) profiles of different metallosurfactants. Systems: 11
1, C12GluNay; 2, [(C12Glu)2Cd,]; 3, [(C12Glu),Cas] and 4, [(C12Glu);Mn;].

Figure 18. Variations of chain melting temperature (7,,, A), width at half peak height (AT}, B), 11
enthalpy change (AH, C) and corresponding heat capacities (AC,, D) of different
metallosurfactants at 298K. System: 1, [(C;;Mal),Cdy]; 2,[(C2Mal),Cay]; 3,
[(CMal)oMny]; 4,  [(CipAsp)Cdy]; 5, [(CioAsp)hCaz];  6,[(CipMal),Mny]; 7,
[(C12Glu),Cdy]; 8, [(C12Glu),Ca,] and 9, [(C12Glu),Mn,].

Figure 19. Surface pressure () - area (4) isotherms of (C;2AAS);M,+SPC mixed monolayers at 11
air-water interface at 298K. Systems: panel A, (C,,Glu),Mn,+SPC; (C;,Glu),Ca,+SPC and
C, (C12Glu),Cd,+SPC. Mole fractions of (C12,AAS),M;: 1, 0.8; 2, 0.6; 3, 0.4 and 4, 0.2. 30
mole% cholesterol was used in each case.

Figure 20. Surface pressure (7) - area (4) isotherms of [(C12,AAS),;M;]+SPC mixed monolayers. 11



Systems: panel A, [(CpAsp)Mny]+SPC; B, [(C2Asp),Cay]+SPC  and C,
[(C12Asp),Cd,]+SPC at air-water interface at 298K. Mole-fraction of [(C;2AAS),M;],
®(c,,AAS),M,- 1, 0.052,0.2; 3,0.4; 4,0.5; 5, 0.6; 6, 0.8 and 7, 1.0. 30 mole% cholesterol
was used each cases.

Figure 21. Variations of collapse pressure (7., A), lift-off area (4o, B) and minimum molecular
area (Amin, C) of different metallosurfactants at 298K. System: 1, [(C;2Mal),Cd;];
2,[(CioMal)Caz]; 3,  [(CioMal)oMny]; 4, [(CeAsp)Cdz]; 5, [(Cr2Asp):Cay];
6,[(C12Mal):Mn;]; 7, [(C12Glu),Cdy]; 8, [(C12Glu),Cay] and 9, [(C12Glu);Mn].

Figure 22. Variations of (4dex, A, B, C), (4ex/4ia, D, E, F) and (AG,,, G, H, I) for the
[(Ci2Asp),Mn;] +SPC,[(Ci2Asp)2Cay]+SPC and [(C2Asp),Cd;]+SPC mixed monolayers in
the presence of 30 mole% cholesterol with different mole-fraction of [(Ci2Asp),Mn;],
[(C12Asp),Ca;] and [(C2Asp),Cd,] at different surface pressure. Surface pressures (mNm’
1): 0, 5; A, 10; o; 20 and V, 30. Temperature: 298K.

Figure 23. Variations of compressibility modulii (C;1, A, C, E) and interaction parameter (I.P., B,
D, E) with the surface pressure of [(Cj2Asp).Mn,]+SPC, [(Ci2Asp),Cay]+SPC
and[(C2Asp),Cd;]+SPC mixed monomolecular films with 30 mole% cholesterol. Mole%
of [(C12AAS):M:], ac,,aas,m,: 1,0.252,0.4;3,0.5;4,0.6 and 5, 0.8. Temperature: 298K.

Figure 24. Panel A: surface elasticity vs. surface pressure dependencies for monomolecular films
of (C;Mal),Ca,+SPC at Mal mole fractions: 0.8 ( ); 0.6 (red line); 0.5 (blue
line); 0.2 (black line). Panel B: surface pressure-area dependencies for monomolecular
films of (Ci;Mal),Ca,+SPC at Mal mole fraction 0.5 and different rates of surface
compression: 2 ( ); 5 (red line); 10 (blue line); 50 mm/min (black line). Panel
C: surface elasticity vs. surface pressure dependencies isotherms for monomolecular films
of (Ci,Mal),Ca,+SPC (red line) and (C;;Mal),Cd,+SPC (black line). (C1,AAS)Na, mole
fraction is 0.5.

Figure 25. BAM images of (C;,Glu),Ca,+SPC mixed monolayers, (C;>Glu),Ca,/SPC (0.2:0.3
M/M). Surface pressure 7 (mN/m): = A, 0; B, 10; C, 20 and D, 30. White bar represent
100pum. Temperature: 298K.

Figure 26. Variations in the hydrodynamic diameter (dn, A) and zeta potential (Z.P, B) for
(C12Glu), Ca,+SPC (in the presence of 30 mole% cholesterol) with time. System: mole-
fractions of (Cp2Glu),Cay, @(c,,Glu),ca,: 0> 0.2; 0, 0.4; A, 50; V, 60 and 0; 80.
Temperature: 298K.
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Figure 27. Representative TEM images of (C;,Glu),Ca+SPC mixed vesicle (C,Glu),Ca,:SPC, 12
6:4 (M/M). Temperature: 298K.
Figure 28. Variation of human blood lymphocyte cell viability (%) with ac ,aas,m,0f 12

[(C12AAS);M;]+SPC mixed vesicles in the presence of 30 mole% of cholesterol.



