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Abbreviation
AOT

Sodium bis(2-ethylhexyl) sulfosuccinate - Aerosol-OT

ACQ

aggregation-caused quenching

AgNPs

silver nanoparticles

AIE

aggregation-induced emission

C14DMAO

N,N-dimethyltetradecylamine N-oxide

C18TAB

Octadecyltrimethylammonium bromide

CMC

critical micelle concentration

CPB

N-Cetylpyridinium bromide monohydrate

CTAB

N-Cetyl-N,N,N-trimethylammonium bromide

CTAC

cetyltrimethylammonium chloride

DMF

dimethylformamide

HLB

hydrophilic-Lipophilic Balance

HY

Hydroxyethyl laurdimonium chloride

MSC

minimal stabilizing concentrations

OAF

5- (N-octadecanoyl)aminofluorescein

OPD

ortho phenylene diamine

PEO- PPO - PEO

Poly(ethyleneglycol)-block-poly(propyleneglycol)-blockpoly(ethylene glycol)

SBE

sigmoidal–Boltzmann equation

SPR

surface plasmon resonance

UV-Vis

ultraviolet-visible spectrophotometry
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Abstract
This study reports a unique and sensitive probe for CMC of ionic and nonionic
surfactants based on both fluorescence and absorbance properties of probe in micellar
solution. We found that the spectral properties of fluorescein are affected by different
types of surfactants. For this purpose spectrophotometric technique using fluorescein as
probe to determine the critical micelle concentration (CMC) for some detergents. The
measurement of the critical micelle concentration (CMC) of low molecular weight
surfactants (CTAB (0.99 mM), CPB (0.67 mM), HY (2.9 mM), C18TAB (0.23 mM),
AOT (2.1 mM) and C14DMAO (0.17 mM)) in water is based on the use of fluorescein
molecule as the fluorescent dye probe. The method is based on the measurement of UVVis absorbance, the fluorescence intensity, colorimetric detection, and the color changes
from yellow to orange. The CMC of high molecular weight surfactants such as
amphiphilic triblock copolymers (L31 (2.10 mM), L61 (0.22 mM) and L81 (0.021 mM))
in water is measured by the use of the silver nanoparticles (Ag). The surface plasmon
resonance band sensitivity of silver nanoparticles to surfactant concentration have been
utilized to investigate the critical micelle concentration

of L31, L61 and L81. The

process is based on an in situ formation of silver nanoparticles (AgNPs) through the
reduction of silver ions (Ag+) by 1, 2-Phenylenediamine at room temperature. The
decrease in the intensity of surface plasmon resonance band at CMC can be observed
with the naked eye in the form of a color change from yellow color to pale yellow or
colorless. The critical micelle concentration was tested with the low molecular weight
surfactants CTAB, CPB, HY, C18TAB, AOT, C14DMAO and L31 in water, for which we
obtained, within the experimental error, CMC values identical to those previously
published. The obtained CMC values of high molecular weight surfactants (L61 and L81)
are higher than the reported values in literature. This is due to the stability of silver
nanoparticles around the critical micelle concentration of surfactant.
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ملخص الدراست باللغت العزبيت
تحديد التزكيز الحزج للمذيلت لبعض المنشطاث السطحيت باستخدام الطزق الطيفيت و الضوئيت
نمذ حى ححضيش يسخشعشاث حسبست نميبط انخشكيض انحشج نهًزيهت ( )CMCنهًُشطبث انسطحيت
األيىَيت وغيش األيىَيت (انًخعبدنت) عهً أسبط انخظبئض انطيفيت و انضىئيت نًحبنيم انًُشطبث
انسطحيت انًخخهفت نعذة حشاكيض في انًبء .انطشيمت األونً اسخخذو فيهب يسخشعشاث يبدة انفهىسسيٍ
نميبط انخشكيض انحشج نهًزيهت ( )CMCنهًُشطبث انسطحيت انخبنيت ( (CTAB (0.99 mM), CPB
(0.67 mM), HY (2.9 Mm), C18TAB (0.23 mM), AOT (2.1 mM & C14DMAO
) )(0.17 mMحيث اسخخذيج األشعت انًشئيت و فىق انبُفسجيت نميبط انخىاص انضىئيت و حغيش
انهىٌ يٍ انهىٌ األطفش إنً انهىٌ انبشحمبني .كًب أيكٍ ليبط انخشكيض انحشج نهًزيهت ()CMC
نهًُشطبث انسطحيت غيش األيىَيت (L31 (2.10 mM), L61 (0.22 mM) and L81 (0.021
) )mMفي انًبء ببسخخذاو جسيًبث انفضت انُبَىَيت انًخكىَت يٍ خالل عًهيت اخخضال أيىَبث انفضت
عٍ طشيك فُيهيٍ ثُبئي األييٍ عُذ دسجت حشاسة  52ط .حيث أيكٍ يالحظت انخغيش في انهىٌ ببنعيٍ
انًجشدة يٍ انهىٌ األطفش إنً انهىٌ األطفش انشبحب أو إنً اَعذاو انهىٌ ببنكبيم حيث حطببمج َخبئج
انبحث يع انُخبئج انًُشىسة سببمب في حبنت انًُشطبث انسطحيت األيىَيت راث انىصٌ انجضيئي
انًُخفض ( ، )CTAB, CPB, HY, C18TAB, AOT & C14DMAOبيًُب كبَج هُبن بعض
انفشوق في انُخبئج يع انُخبئج انًُشىسة سببمًب في حبنت انًُشطبث انسطحيت غيش األيىَيت راث األوصاٌ
انجضيئيت انعبنيت ( .)L31, L61 & L81و لذ يعضي هزا األيش إنً ثببث جسيًبث انفضت عُذ
انخشكيض انحشج نهًُشطبث انسطحيت (.)CMC
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1 Introduction
Surfactants are widely used in many application areas owing to their diverse properties.
Surfactants show sharp changes in properties at a particular concentration, called the
critical micelle concentration. Surfactants play an important role in biochemistry and
pharmaceutical applications such as the solubilization of hydrophobic drugs, delivery of
genes, and in micellar catalysis of reactions (Alkanonyuksel et al., 1994; Kabir-ud-Din et
al., 1999) . These applications of surfactants required a good understanding of the
micellization of surfactants where the determination of the critical micelle concentration
(CMC) of surfactants is of fundamental importance (Mittal and Mukerjee et al.,1977; R.
D. Vold and M. Vold et al., 1983 & Hunter et al., 1991) .

1.1

Surfactants

1.1.1 Definition of surfactant
Surfactants (or ‗surface active agents‘) are organic compounds with at least one lyophilic
(solvent-loving) group and one lyophobic (solvent-fearing) group in the molecule. If the
solvent in which the surfactant is to be used is water or an aqueous solution, then the
respective terms ‗hydrophilic‘ and ‗hydrophobic‘ are used. In the simplest terms, a
surfactant contains at least one non-polar group and one polar (or ionic) group and is
represented in a somewhat stylized form shown in Fig.(1.1).( Farn , 2008).

Hydrophobic group

Hydrophilic group

Fig. 1.1 : Simplified surfactant structure.

The hydrophobic portion has very little attraction for water and the hydrophilic portion
has a strong attraction for water. (Azarmi and Ashjaran , 2015).

1

1.1.2 Classification of surfactants .
From the commercial point of view surfactants are often classified according to their use.
However, this is not very useful because many surfactants have several uses, and
confusions may arise from that. The most accepted and scientifically sound classification
of surfactants is based on their dissociation in water as anionic , cationic , nonionic and
amphoteric ( zwitterionic ) as shown in Fig.(1.2) .

-

+

Cationic Surfactant

+

-

Anionic Surfactant

-

+

Zwitterionic Surfactant

0

Nonionic Surfactant

Polar head group

Nonpolar tail group

Fig. 1.2 :Types of Surfactants (Schramm et al. 2000)


Anionic Surfactants .

In solution the head is negatively charged. This is the most widely used type of surfactant
as shampoos, detergents in laundry and dish washing. The most commonly used anionic
surfactants are alkyl sulphates and sulfonates, alkyl ethoxylate sulphates and soaps
petroleum, lignin sulfonates, phosphate esters, sulfosuccinate esters and carboxylates (
Kupfer, 1990).
Anionic Surfactants are dissociated in water into an amphiphilic anion, and a cation,
which is in general an alkaline metal (Na+, K+) or a quaternary ammonium ion (Salager et
al., 2002 ) .



Cationic Surfactants .

Surfactants are dissociated in water into an amphiphilic cation and an anion, most often
of the halogen type. A very large proportion of this class corresponds to nitrogen
compounds such as fatty amine salts and quaternary ammoniums, with one or several
long chain of the alkyl type, often coming from natural fatty acids. These surfactants are
2

in general more expensive than anionics, because of the high pressure hydrogenation
reaction to be carried out during their synthesis. As a consequence, they are only used in
two cases in which there is no cheaper substitute, i.e. (1) as bactericide, (2) as positively
charged substance which is able to adsorb on negatively charged substrates to produce
antistatic and hydrophobant effect, often of great commercial importance such as in
corrosion inhibition (Salager et al., 2002 ).
Cationic are formed in reactions where alkyl halides react with primary, secondary, or
tertiary fatty amines. Here the water-insoluble part of the molecule has a positive charge
and the water-soluble part of the molecule is negatively charged, thus giving it the name
of a cationic surface-active agent. Cationic surface-active agents reduce surface tension
and are used as wetting agents in acid media. However, a disadvantage of a cationic
surface-active agent is that they have no detergent action when formulated into an
alkaline solution such as quaternary ammonium salts (A Ali et al., 2008). Examples are
N-cetyl-N,N,N-trimethylammonium bromide (CTAB) and hydroxyethyl laurdimonium
chloride (HY).


Nonionic .

Come as a close second with about 45% of the overall industrial production. They do not
ionize in aqueous solution, because their hydrophilic group is of a non-dissociable type,
such as alcohol, phenol, ether, ester, or amides. A large proportion of these nonionic
surfactants are made hydrophilic by the presence of a polyethylene glycol chain, obtained
by the polycondensation of ethylene oxide. They are called polyethoxylated nonionics.
(Salager et al., 2002 ).
Nonionic surfactants are relatively nontoxic and biodegradable. Therefore, it need more
biocompatible than ionic surfactants. Nonionic surfactants are second to anionics in
cleaning applications. Examples of surfactants used in cosmetics and drug delivery
formulations are sorbitan esters and their ethoxylated derivatives (Spans, Tweens). For
examples of this type pluronic copolymer (L-31, L-61 & L-81).
 Amphoteric or Zwitterionic Surfactants .
A zwitterion surfactant (Fig. 1.2 ) has both a positive and negative charge in the head
group. This charge separation causes a dipole moment to be present in the head group.
Therefore, the head group is polar and soluble in water.
3

Amphoteric surfactants have both cationic and anionic centers attached to the same
molecule. The cationic part is based on primary, secondary, or tertiary amines or
quaternary ammonium cations. The anionic part can be more variable and include
sulfonates (Azarmi, and Ashjaran, 2015). N,N-dimethyltetradecylamine N-oxide
(C14DMAO) is an example of amphoteric surfactants . Different types of surfactants are
summarized in Table (1.1) .

4

Table 1.1 : Different types conventional surfactants with one polar head group (Schramm,
2003) .
Class
Anionic

Cationic

Nonionic

Example
Na stearate

Structure
CH3(CH2)16COO-Na+

Na dodecyl sulfate

CH3(CH2)11SO4-Na+

Na dodecyl benzene Sulfonate

CH3(CH2)11C6H4SO3-Na+

Laurylamine hydrochloride

CH3(CH2)11NH3+Cl-

Trimethyl dodecylammonium
chloride

C12H25N+(CH3)3Cl-

Cetyl trimethyl ammonium
bromide

CH3(CH2)15N+(CH3)3Br-

Polyoxyethylene alcohol

CnH2n+1(OCH2CH2)mOH

Alkylphenol ethoxylate

C9H19-C6H4-(OCH2CH2)nOH

Polysorbate 80
w + x + y + z = 20
R=(C17H33)COO

Propyleneoxide–modified
polymethylsiloxane
(EO=ethyleneoxy,
PO=propyleneoxy)

(CH3)3SiO((CH3)2SiO)x(CH3SiO)ySi(CH3)3
CH2CH2CH2O(EO)m
C12H25N+(CH3)2CH2COO-

Zwitterionic Dodecyl betaine
Lauramideopropyl betaine

C11H23CONH(CH2)3N+(CH3)2CH2COO-

Cocamido-2-hydroxypropyl
sulfobetaine

CnH2n+1CONH(CH2)3N+(CH3)2CH2CH(O
H)CH

5



Gemini and polymeric surfactants

Beside the conventional surfactants with one polar head group and one nonpolar tail,
dimeric and oligomeric surfactants have attracted considerable interest in academia and
industry( Zana et al., 2002).
Dimeric surfactants, also called Gemini surfactants, are made up of two amphiphilic
moieties connected closely to the head group by a spacer group (Fig. 1.3).
In bolaform surfactants the connection is in the middle of the alkyl chain or close to the
end, so that they can be considered as two polar head groups connected by a long
hydrophobic chain. More than two surfactants can be put together to form tri,- tetra- or
polymeric surfactants. Trimeric or even tetrameric surfactants show properties often
superior to monomeric surfactants. Besides, they are intermediate between conventional
surfactants and polymeric surfactants. In a normal polymeric surfactant each monomer
unit is amphiphilic. Another type of polymeric surfactant, called block copolymer
(Hadjichristidis et al., 2003 ),consists of at least two parts. One part is made of monomer
type A, the other part is made of monomer B. If A is polar and B nonpolar, the block
copolymer will be strongly surface active and show many properties of a conventional
surfactant. If there are two different blocks we talk about a diblock copolymer. The
following part of this chapter we concentrate on conventional surfactants.

Fig. 1.3 : Structure of Gemini and polymeric surfactants .
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1.1.3 Properties of surfactants.
The principle ‗surface active properties‘ exhibited by surfactants are
 Wetting
 Foaming/defoaming
 Emulsification/demulsification (both macro- and micro-emulsions)
 Dispersion/aggregation of solids
 Solubility and solubilization (hydrotropic properties)
 Adsorption
 Micellization
 Detergency (which is a complex combination of several of these properties)
 Synergistic interactions with other surfactants
Many surfactants possess a combination of these properties.
In addition, depending on the chemical composition of a particular surfactant, some
products may possess important ancillary properties including
 Corrosion inhibition
 Substantivity to fibers and surfaces (Farn et al., 2008).

1.2

Surfactant micelles

1.2.1 The critical micelle concentration (CMC) & Micellization.
In colloidal and surface chemistry, the critical micelle concentration (CMC) is defined as
the concentration above which micelles form. At low surfactant concentration the
surfactant molecules arrange on the surface. When more surfactant is added the surface
tension of the solution starts to rapidly decrease since more and more surfactant
molecules will be on the surface. When the surface becomes saturated, the addition of the
surfactant molecules will lead to the formation of micelles. This concentration point is
called critical micelle concentration, shown in (Fig. 1.4) .
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Fig. 1.4 : Surface tension against the surfactant concentration (logarithmic scale).
(Mukerjee & Mysels ,1971).

Three different phases can be identified;
1) At very low surfactant concentration only slight change in surface tension is detected.
2) Addition of surfactant decreases the surface tension drastically
3) At CMC point, surface becomes saturated and the addition of surfactant molecules do
not effect or slightly affect the surface tension. (Mukerjee & Mysels ,1971).
Micelles are formed at the critical micelle concentration (CMC), which is detected as an
inflection point when physicochemical properties such as surface tension are plotted as a
function of concentration (Fig. 1.5 ).
The main reason for micelle formation is the attainment of a minimum free energy state.
The main driving force for the formation of micelles is the increase of entropy that occurs
when the hydrophobic regions of the surfactant are removed from water and the ordered
structure of the water molecules around this region of the molecule is lost. Most micelles
are spherical and contain between 60 and 100 surfactant molecules Florence. ( Attwood,
2011).
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Fig. 1.5 : Typical plot of the surface tension against logarithm of surfactant
concentration, c, showing the critical micelle concentration.

When micelles form in water their tails form a core that is like an oil droplet and their
ionic heads form an outer shell that maintains favorable contact with water. This types of
micelles are called normal micelles. When surfactants assemble in oil, they form reverse
micelles , where the heads are in the core and the tails maintain favorable contact with oil
as shown in (Fig. 1.6 ) . (Lake, 1989).
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Fig. 1.6 : The figure on the left shows normal micelles, and the figure on the right shows
reverse micelles.
1.2.2 Structures of micelles in solution
The abrupt break in surface tension as surfactant concentration increases comes at the
CMC—the first concentration at which it is thermodynamically preferable for surfactants
to self-assemble into micellar aggregates. This is an example of the phenomenon known
as self-assembly, whereby amphiphiles spontaneously form ordered structures that are
thermodynamically stable and favored (Fig. 1.7 ) and ( Fig. 1.8 ) . The fact that the
system spontaneously becomes more ordered, and thus the configurational entropy of
surfactants decreases, seems in contravention with thermodynamics. However, this
unfavorable contribution is thought to be more than matched by the release of
configurational entropy of water molecules in proximity of the surfactant oily tail groups.
Such water molecules orient in an ordered way to maximize their hydrogen-bonding
opportunities, and by micellizing and thus shielding the surfactant tails from water, this
structured water is freed and the overall system entropy increases.
Micelles are the simplest of the self-assembled structures and form in almost all
surfactant systems. However, as concentration increases further above the CMC, other
aggregate structures may become favored, such as elongated micelles (termed ―rod-like‖
or ―wormlike‖), lamellar (sheet-like structures), and other liquid crystalline phases as
shown in Fig. ( 1.9 ). For most surfactants, a solubility limit will eventually be reached
where there is a bulk phase separation of surfactant and solvent.
The overall propensity to form different phases and structures in solution is controlled by
the interplay of interactions between surfactant head groups, tail groups, and the solvent
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and geometric factors. The latter contribution is encapsulated by the ―packing parameter,‖
N which is defined in Eq (1.1) (Israelachvili et al.,1976).

N

V
c
a. L
c

1.1

where VC is the volume of the tail group, a is the cross-sectional area of the head group,
and LC is the length of the tail group. The preferred curvature of an interface is thus
determined: for bilayers (zero or near-zero curvature), 2>N>1/2; for cylinders,
1/2>N>1/3; and for spheres, N<1/3 (Paul EJ et al.,2001).
For packing parameters greater than 1, inverted phases such as reverse micelles are
favored. In this case, the surfactant tail groups point outward to present an oily sheath that
protects the polar head-group core. (Berti et al.,2014).

Fig. 1.7 : Examples of self-assembled surfactant phase structures.
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Fig. 1.8 : structures of surfactant self-assemblies as a function of surfactant packing
parameters and shape.
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Fig. 1.9 : Micelle formation.
1.2.3 Factors affecting the CMC of a surfactant
The typical CMC values at room temperature are ranging from 10−3 to 10−2 M for
anionic surfactants, 10−3–10−1M for amphoteric and cationic surfactants and 10−5–10−4 M
for non-ionic surfactants. (Mukerjee et al.,1971).


Surfactant structure ( hydrophilic group and hydrophobic group )
 When the length of hydrophobic group of surfactant increase, the CMC of
surfactant decreases according to the following relation (1.2) :
log [CMC] = A – Bm

1.2

where m is the number of carbon atoms in the chain , A and B are constants for a
homologous series.
 a corresponding increase in micellar size.
 Repulsive and attractive forces between surfactants head groups play an important
role in micelle formation. When the repulsive forces decrease between head
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groups, micelle formation occurs at lower

surfactant concentration. (Lower

CMC)


Type of counter ion

 Micellar size increases for a particular cationic surfactant as the counter ion is
changed according to the series Cl− < Br− < I−, and for a particular anionic
surfactant according to Na+ < K+ < Cs+.
 Ionic surfactants with organic counter ions (e.g. maleates) have lower CMCs and
higher aggregation numbers than those with inorganic counter ions.


Addition of electrolytes

 Electrolyte addition to solutions of ionic surfactants decreases the CMC and
increases the micellar size. This is because the electrolyte reduces the forces of
repulsion between the charged head groups at the micelle surface, so allowing the
micelle to grow.
 At high electrolyte concentration the micelles of ionic surfactants may become
non-spherical.



Effect of temperature

 Aqueous solutions of many non-ionic surfactants become turbid at a characteristic
temperature called the cloud point.
 At temperatures up to the cloud point there is an increase in micellar size and a
corresponding decrease in CMC.
 Temperature has a comparatively small effect on the micellar properties of ionic
surfactants. (Florence et al., 2011 ).


Effect of surfactant concentration

 Increase of concentration of a surfactant solution frequently causes a transition
from the typical spherical micellar structure to a more elongated or rod-like
micelle.
 Further increase in concentration may cause the orientation and close packing of
the elongated micelles into hexagonal arrays; this is a liquid crystalline state
termed the middle phase or hexagonal phase.
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 With some surfactants, further increase of concentration results in the separation
of a second liquid crystalline state – the neat phase or lamellar phase.
 In some surfactant systems another liquid crystalline state, the cubic phase,
occurs between the middle and neat phases (Fig. 1.10).

Fig. 1.10: Phase diagram of a typical non-ionic surfactant in water.
A, two isotropic liquid phases; B, micellar solution; C, middle or hexagonal phase; D,
cubic phase; E, neat or lamellar phase; F, solid phase. The boundary between phases A
and B is the cloud point . Modified from ( Clunie J S et al.,1969).
1.2.4 Methods to determining the CMC of a surfactant
Various techniques have been routinely used to determine the CMC in aqueous solution.
These include The fluorescence changes of acridine orange are used to determine the
CMC of surfactants (Rujimethabhas et al.,1978), The dianion of fluorescein exhibits
substantial fluorescence changes that can be used to determine the CMC of cationic
surfactants (Roessler et al., 1979), The surface tension of surfactant solutions was also
used to determine the CMC (Worley et al .,1992), conductivity, light scattering
techniques, UV/vis and fluorescence spectroscopy, which are all based on an abrupt
change in the related physical properties upon micelle formation.( Brito et al., 1986 ;
Mukerjee et al., 1970 ; Nesmerak et al.,2006 & Nesmerak et al., 1981).
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As is known, the methods mentioned above still have some limitations. For example,
surface tension-based methods need complex sequences of operations, and must consider
the radius of capillary tube, density of solution, and contact angle. Also, conductivitybased methods are not suitable for non-ionic surfactants whose conductivity is low and
transition cannot be observed. In particular, luminescence probing techniques have
attracted great of interest because of their simplicity and high sensitivity.( W. Lu et
al.,1999 ; B. Liu,2008 & Chang et al., 2004).
In general ,these methods are based on direct measurements of the solution properties,
and the advantages or limitations of these methods have been well documented. In
addition, some indirect methods have also been developed by measuring the fluorescence
of selected probe molecules (Majhi et al., 1999 ), where pyrene has been widely used as
the fluorescent probe molecule ( Kalyanasundaram et al., 1977). Over the last few years,
researchers have attempted to utilize the UV absorption of probe molecules to
conveniently determine CMCs (Ray et al., 2006).
As a result, surfactant molecules can be transformed between several types of aggregates
by small changes in temperature, concentration, pH or electrolyte strength. Also, the
properties of the solution show sharp changes around the critical aggregation
concentration. As shown in (Fig. 1.11), formation of self-assembled aggregates is
evidenced by an increase in turbidity and organic dye solubility, a decrease in electrical
conductivity (ionic surfactants only) and stability in surface tension, interfacial tension
and osmotic pressure around the critical aggregation concentration.
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Fig. 1.11 : Schematic representation of the concentration dependence of some physical
properties of micelle forming surfactant solution (Tadros, 2006).

1.3

Fluorescein

Over the last few years, researchers have attempted to utilize the UV absorption of probe
molecules to conveniently determine CMCs. Ray et al. (Ray et al., 2006) first used UV
absorption of pyrene to determine the CMCs of both ionic and non-ionic surfactants, and
they found the absorbance versus surfactant concentration for all the major UV spectral
peaks of pyrene to be sigmoidal in nature, and accordingly the Sigmoidal–Boltzmann
equation (SBE) can be employed to evaluate CMCs of various surfactants. Recently,
researchers from the same institute employed curcumin, a widespread natural medicinal
product, to determine CMCs of surfactants using its UV absorption(Mondal et al., 2012).
In addition,( Tanhaei et al.,2013) also used the UV spectroscopic method with pyrene as
the probe to determine the CMC of single and mixed surfactants systems. (Jie Fua et
al.,2015).
The fluorescent methods for CMC determination are based on the different fluorescence
properties of probes in solutions from those in micelles, such as fluorescence intensities
(Chattopadhyay et al. ,1984; Ghosh et al., 2004 & Mondal et al.,2012 ), emission peaks
(Singh et al.,1999) or vibrational fine structures ( Kalyanasundaram et al.,1977).
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Among these fluorescence probes, the probes based on the sharp changes in fluorescence
intensities might be developed as simple and visible indicators for CMC determination.
However, to the best of our knowledge, all reported probes detected CMC via the
inflexion with the weakest fluorescence intensity, that is, via an invisible fluorescenceturn-off mode. If a probe can detect CMC via the inflexion with the strongest
fluorescence intensity, that is, via a visible fluorescence-turn-on mode, higher sensitivity
would be expected. According to the determination mechanisms of CMC values via
probes based on changes in fluorescence intensitiez, only fluorophores showing stronger
fluorescence in solution than in micelles can be developed as fluorescence-turn-on
probes, which is an unusual phenomenon because micelles generally enhance the
fluorescence of probes owing to sequestration, isolation from quenchers and increased
microviscosity of the environment.( Wandruszka et al. ,1992) Fluorophores with unusual
Aggregation-Induced Emission (AIE) (reported by Tang group) (Luo et al.,2001)
characteristics may be developed as fluoresce-turn-on probes. However, AIE probes for
CMC reported in only three papers so far are also fluoresce-turn-off probes.(Tang et al.,
2009) .
Therefore, the simple and convenient methods for CMC determination are very important
in practical applications. Among the reported methods, fluorescence probe method has
attracted much attention owing to their advantages of simplicity, sensitivity, visibility and
low cost( Prazeres et al.,2012 ; Jumpertz et al.,2011 ; Chattopadhyay et al., 1984 ;
Wandruszka, 1992 ;Kalyanasundaram,1977 & Yang et al., 2012).
We recently reported a unique and sensitive fluorescence-turn-on probe (THP-1 in Fig.
1) for CMC of ionic surfactants based on its unusual properties: no emission in micelles
but strong Aggregation-Induced Emission (AIE) in solution.( Q. Zhu et al., 2014) AIE is
an unusual phenomenon for organic fluorophores ( Luo et al., 2001 ) and very useful in
practical applications( Mei et al., 2014 ; Hong et al., 2011 & Xie et al., 2014). Surfactants
usually exist in monomers below and equal to CMC, but form thermodynamically stable
micelles above CMC and accordingly a dynamic equilibrium is achieved between the
monomers and micelles ( Figs. (1.12 a and b ) Fluorescent method for CMC
determination is based on the significant different fluorescence properties of probes in
solutions from those in micelles. According to the mechanism of CMC determination,
fluorescence probes for CMC based on changes in fluorescence intensities can be
classified into two types, that is, fluorescence-turn-off probes (probes I) and fluorescenceturn-on probes (probes II). Probes I show very weak or almost no emission in solutions
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but strong in micelles and detect CMC via the lower inflexion with the weakest
fluorescence intensity (fluorescence-turn-off determination mode) (the coordinate
diagram in Fig1.12- a), but probes II show strong fluorescence in solution but very weak
or almost no emission in micelles and detect CMC via the upper inflexion with the
strongest fluorescence intensity (fluorescence-turn-on determination mode) (the
coordinate diagram in Fig1.12-b).

Fig. 1.12: Schematic definitions of fluorescence-turn-off probes (probes I) (a) and
fluorescence-turn-on probes (probes II) (b) for CMC. The coordinate diagram in
(a)/(b) schematically depicts the change in fluorescence intensity of probes I/II with
the concentration of surfactants and the figures in (a)/(b) schematically depict the
existing forms of surfactant molecules as well as the properties of the fluorescence
properties of probes I/II (THP-1) in surfactant solutions with concentration CMC.
( Cai et al., 2015).

1.4

Nanotechnology

1.4.1 An overview about nanotechnology
In the last decade, nanotechnology enters in all fields in our life. This focused on design,
synthesis, and manipulation of particles structure ranging from approximately 1-100 nm
in one dimension. Remarkable growth in this technology has opened novel fundamental
and applied frontiers, including the synthesis of nanoscale materials and exploration or
utilization of their exotic physicochemical and optoelectronic properties. Nanotechnology
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is rapidly gaining importance in a number of areas such as medicine, cosmetics, food,
environmental health, mechanics, optics, biomedical sciences, chemical industries,
electronics, space industries, drug delivery, energy science, optoelectronics, catalysis,
light emitters and photoelectrochemical applications (Schmid, 1992; Kokubo, 2012).
There are two ways of approaching the properties of nanoscale objects: the top-down
approach and the bottom-up approach. In the first case, nanomaterial is derived from a
bulk substrate and obtained by progressive removal of material, until the desired
nanomaterial is obtained. Bottom-up methods work in the opposite direction: the
nanomaterial, is obtained starting from the atomic or molecular precursors and gradually
assembling it, until the desired nanomaterial is formed. Nanoparticles can be made of
materials of diverse chemical nature, the most common being metals, metal oxides,
silicates, non-oxide ceramics, polymers, organics, carbon and biomolecules. Generally
the nanoparticles are designed with surface modifications tailored to meet the needs of
specific applications they are going to be used for. Nanoparticles exist in several different
morphologies such as spheres, cylinders, platelets, tubes, etc.
1.4.2 Silver nanoparticles (AgNPs)
The synthesis of metal nanoparticles has been an important topic of research in modern
material science. Among the noble metals, silver nanoparticles (AgNPs) have unique
optical, electrical and biological properties that have attracted attention due to their
potential use in many applications such as biomolecular detection, diagnostics,
antimicrobials, therapeutics, catalysis and micro-electronics. Several synthesis methods
have been reported for the production of AgNPs over the past 20 years. These methods
are classified as top–down and bottom–up techniques. The former approach normally
used by physicists, involves the production of the nanoparticles through breakage of
silver metal by grinding (Kreibig & Vollmer, 2013), laser ablation (Tsuji et al., 2005),
and beam electron irradiation (Li & Zhang, 2010). Thermal decomposition of silver bulk,
followed by vapor condensation, has also been classified into the top–down methods
(Navaladian et al., 2007). The bottom–up methods was favored by chemists, involving
the chemical reduction of silver ions in aqueous and non-aqueous media. This chemical
reduction of silver ions is induced by reducing agents in bulk solutions (Silvert et al.,
1997) and in reverse micelles (Bae et al., 2005), as well as by electrochemical
(Khaydarov et al., 2009) and photochemical procedures (Kora et al., 2009). The most
common approach for synthesis of AgNPs is the chemical reduction using an organic and
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inorganic reducing agents. In general, different reducing agents such as sodium citrate,
ascorbate, sodium borohydride (NaBH4), N,N-dimethylformamide (DMF), and poly
(ethylene glycol)-block copolymers were used for reduction of silver ions in aqueous
solutions. During the chemical reduction, the reducing agent donates electrons to the
silver ions (Ag+), causing silver to revert to its metallic form (Ago), which is followed by
agglomeration into oligomeric clusters. These clusters eventually lead to formation of
metallic colloidal silver particles (Wiley et al., 2005; Merga et al., 2007). It is important
to use protective agents to stabilize dispersive nanoparticles during the course of metal
nanoparticle preparation, and to protect the nanoparticles that can be absorbed on or bind
onto nanoparticle surfaces, avoiding their agglomeration (Oliveira et al., 2005). The
presence of surfactants or polymers comprising functionalities (e.g., thiols, amines, acids,
and alcohols) for interactions with particle surfaces can stabilize particle growth, and
protect particles from sedimentation, agglomeration, or losing their surface properties.
The stabilization effect can be explained by two mechanism (Kvitek et al., 2008). The
first one is based on the steric repulsion, which displays a stabilizing effect with the
assistance of polymers and nonionic surfactants that are immediately adsorbed at the
phase interface. The second mechanism of the dispersion system stabilization is based on
an electrostatic repulsion. The surface charge of the disperse phase can be enhanced by
the ionic surfactant addition providing the electrostatic protection of the nanoparticles to
adhere to one another.
1.4.3 Surface plasmon resonance (SPR) of metal nanoparticles
Metal nanoparticles have fascinating optical properties that differ greatly from the ones of
their bulk counterparts. The optical property of metal nanoparticles have received
particular attention, which can be used for applications in various fields from biomedicine
to energy technology. In simple words, when light hits a metal surface (of any size) some
of the light wave propagates along the metal surface giving rise to a surface plasmon- a
group of surface conduction electrons that propagates in a direction parallel to the
metal/dielectric (or metal/vacuum) interface. When a plasmon is generated in a
conventional bulk metal, electrons can move freely in the material and no effect is
registered. In case of nanoparticles, the surface plasmon is localized in space, so it
oscillates back and forth in a synchronized way in a small space, the effect is called
surface plasmon resonance (SPR). When frequency of this oscillation is the same as the
frequency of the light that it generated it (i.e., the incident light), the plasmon is said to be
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in resonance with the incident light. The energy of SPR′s is sensitive to the dielectric
function of the material and the surroundings and to the shape and size of the
nanoparticles.
One of the consequences of the SPR effect in metal nanoparticles is that they have strong
visible absorption due to the resonant coherent oscillation of the plasmons. As a result,
colloids of metal nanoparticles such as gold or silver can display colors which are not
found in their bulk form like yellow, orange, red, depending on the nanoparticle′s shape,
size and surrounding media (Wang et al., 2011).
An example has already been illustrated in Fig. (1.13), which the color of silver
nanoparticles (AgNPs) changes from pale yellow to pink. It is possible that a red shift in
SPR band was caused by an increase in particle size (Tang, 2008 & 2009). It is suggested
that the main band in the absorption spectra of the prepared AgNPs determines the colors
of the AgNPs solution though other SPR bands also contribute partially to the color of
AgNPs.

Fig. 1.13: Dependence of color of AgNPs on silver sizes.
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1.5

Literature review:

1.5.1 Fluorescein

Fig. 1.14: Structure of fluorescein.

The fluorescein dye is probably the most common fluorescent probe today. Fluorescein is
commercially available in many derivatives, such as isothiocyanate and fluorescein
succinimidyl ester, that can be covalently attached to macromolecules and to amino
acids.( Niazi et al., 2009). Fluorescein is an important xanthene dye with a large variety
of technical applications. Due to its large absorption in visible range, high quantum yield
of fluorescence, and the availability of a variety of chemistries that can be used to
conjugate it to functional biomolecules, fluorescein is widely used as fluorophore in the
biosciences (Stanton et al ,1984; Graber et al., 1986; Babcock et al.,1987 & Klonis et
al.,1998). Its more lipophilic alkyl derivatives, ester, ether and ester_ether derivatives, are
also used in biological systems as fluorescent probes (Miller,1983; Falck et al., 1981&
Song et al., 1999) .The photophysical properties of fluorescein and its alkyl derivatives
depend strongly on its environment. In different media, fluorescein and its alkyl
derivatives exist in different structure forms and/or give varied absorption spectra,
fluorescence spectra, quantum yields and lifetimes, responding to the various pH (AbdelHalim et al.,1970; Martin et al.,1975; Diehl et al.,1989; Martin et al.,1986; MchedlovPetrosyan et al.,1989; Zhao et al.,1989 & Babcock et al.,1983 ), hydrogen-bonding power
(Klonis et al.,1998; Martin,1975; Martin,1976 & Zeng,1994) and polarity (Zhao et
al.,1989; Song et al.,1998) of the environment. Thus, fluorescein and its alkyl derivatives
could be used as probes in micelles. Nikokavouras and Hadjianestis ( Hadjianestis, 1993)
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cetyltrimethylammonium chloride (CTAC) micelles. They found that fluorescein was
solubilized at the inner border of the Stern region where the polarity is known to be
similar to that of ethanol. Kibblewhite et al. (Kibblewhite ,1989) have investigated
micellar effects on the absorption and fluorescence spectra and acid–base dissociation
constants of the lipoidal fluorescein derivative 5- (N-octadecanoyl)-aminofluorescein
(OAF).(Song at al., 2000) .There are various methods to determine CMC, such as
tensiome-try, conductometry, calorimetry, and viscometry (Moulik ,1997; Ghosh, 1998;
Chatterjee ,2001 & Cirin ). In general ,these methods are based on direct measurements
of the solution properties, and the advantages or limitations of these methods have been
well documented. In addition, some indirect methods have also been developed by
measuring the fluorescence of selected probe molecules (Majhi et al., 1999) , where
pyrene has been widely used as the fluorescent probe molecule (Kalyanasundaram et al,
1977) .Over the last few years, researchers have attempted to utilize the UV absorption of
probe molecules to conveniently determine CMCs. (Ray et al., 2006) first used UV
absorption of pyrene to determine the CMCs of both ionic and non-ionic surfactants, and
they found the absorbance versus surfactant concentration for all the major UV spectral
peaks of pyrene to be sigmoidal in nature, and accordingly the Sigmoidal–Boltzmann
equation (SBE) can be employed to evaluate CMCs of various surfactants. Recently,
researchers from the same institute employed curcumin, a widespread natural medicinal
product, to determine CMCs of surfactants using its UV absorption (Mondal et al.,2012).
In addition, (Tanhaei et al.,2013) also used the UV spectroscopic method with pyrene as
the probe to determine the CMC of single and mixed surfactants systems.( Fu et al., 2015)
In view of these advantageous applications of surfactants, a good understanding of the
micellization of surfactants and the determination of the critical micelle concentration
(CMC) of surfactants is of fundamental importance.(Mittal and Mukerjee,1977; Vold et
al., 1983 & Hunter,1991 ). A frequently used fluorescence method is the excitation
spectra of a pyrene probe. However, the fluorescence intensity of pyrene can hardly
reflect the CMC directly. A complex fitting curve of the ratio of the excitation of
I338/I333 was necessary to detect the CMC. ( Kalyanasundaram et al,.1977 &
Turro,1986 ). Furthermore, the fluorescence property of pyrene belongs to aggregationcaused quenching (ACQ) of light emission in the aggregates.(Hong et al., 2009). Its
fluorescence emission mainly comes from the inner core of the micelle when it is applied
to be the sensor for determination of the CMC. So it could not detect the CMC of some
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colored surfactants, which may absorb the fluorescence emission .( Zhu et al., 2011).
Among these fluorescence probes, the probes based on the sharp changes in fluorescence
intensities might be developed as simple and visible indicators for CMC determination.
However, to the best of our knowledge, all reported probes detected CMC via the
inflexion with the weakest fluorescence intensity, that is, via an invisible fluorescenceturn-off mode. If a probe can detect CMC via the inflexion with the strongest
fluorescence intensity, that is, via a visible fluorescence-turn-on mode, higher sensitivity
would be expected. According to the determination mechanisms of CMC values via
probes based on changes in fluorescence intensities (see Supporting Information), only
fluorophores showing stronger fluorescence in solution than in micelles can be developed
as fluorescence-turn-on probes, which is an unusual phenomenon because micelles
generally enhance the fluorescence of probes owing to sequestration, isolation from
quenchers and increased microviscosity of the environment. (Wandruszka,1992).
Fluorophores with unusual aggregation-induced emission (AIE) (reported by Tang
group13) characteristics may be developed as fluoresce-turn-on probes. However, AIE
probes for CMC reported in only three papers so far are also fluoresce-turn-off probes .
(Zhu et al., 2013)
1.5.2 Silver nanoparticles (AgNPs)
CMC of a surfactant plays a vital role in determining and optimizing various
characteristic properties of micelles such as micellar stability and binding affinity towards
a solubilizate as well as the use of surfactants in different applications (Schramm et al.,
2003; Om et al., 2010). since, some methods are particularly applicable to the CMC
determination of a specific surfactant which is one of the major drawbacks of those
methods (Yu et al., 2012). In the present work, in order to solve these problems. Over the
past decades, the emergence of nanotechnology has been fuelled by visions of the future.
Metal nanoparticles have received great attention due to their remarkable optical,
electrical and chemical properties (Gorman et al., 2007). Among the metal nano
materials, silver nanoparticles (AgNPs) show good conductivity, chemical stability,
catalytic and antibacterial activity (Frattini et al., 2005). AgNPs can be synthesized using
methods, such as chemical reduction (Bamdad et al., 2016), electrochemical (Yin et al.,
2003), γ-radiation (Soliman, 2014), UV-irradiation (Darroudi et al., 2011), photochemical
reduction (Kutsenko & Granchak, 2009), ultrasonic assisted (Darroudi et al., 2012),
microwave (Ma et al., 2016), laser ablation (Herrera et al., 2013), and so on. Foremost
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among them is chemical reduction for production of large quantities of nanoparticles in
relatively short periods of time. Moreover, nanoparticles with different shapes and sizes
can be easily prepared by controlling the reaction conditions. However, upon extraction
in powder form, the resulting particles tend to grow or aggregate to form large particles.
As a result, the coalescence of the nanoparticles may lose their characteristic properties.
Thus, the most important key in this method is to avoid the agglomeration of silver
nanoparticles during the synthesis and preservation procedure. Usually special organic
compounds, such as surfactants, polymers and stabilizing ligands, are used to passivate
the particles to prevent them from aggregation. The use of surfactants instead of organic
solvents is eco-friendly and has gained importance to stabilize the nanoparticles in green
chemistry point of view. Various investigators reported the preparation of metallic
AgNPs reduction reaction using different types of surfactants as a capping and/or shapedirecting agents (Ghosh & Kolay, 2008; Khan et al., 2012; Zaheer, 2012). Colorimetric
sensors have attracted increasing considerations for their convenience of visual
observation and simple operations in recent years (Cao et al., 2005; Li et al., 2011; Li et
al., 2012). Metal nano materials such as AgNPs and AuNPs have been found wide
applications as ideal reporters for colorimetric detection owing to their unique optical and
electric properties (Xu et al., 2009; Wu et al., 2010; Ravindran et al., 2011; Rahman et
al., 2012). When gold/silver ions are reduced to AuNPs/AgNPs, solutions show a
distinctive color attributed to differences in their size, shape and concentration. Besides,
surface plasmon resonance (SPR) bands of noble metal nanoparticles are typically located
in the visible region and the band is strongly dependent on a nanoparticle‘s size, shape,
composition, crystallinity and interparticle spacing (Nezhad et al., 2008). Therefore,
colorimetric sensors can be established relying on the color and UV–vis spectrum
response of metal nanoparticles suspension. There are several advantages to using AgNPs
over AuNPs because they possess higher absorptivity relative to AuNPs of the same size
and are relatively low-cost. AgNPs have received the greatest interest in the field of
sensor development because of their unique optical properties (as mentioned above),
simple preparation, high stability, excellent biocompatibility and versatile surface
chemistry (Li et al., 2005; Saha et al., 2012). The AgNPs-based sensor has been applied
to determine many substances such as metal ions (Wu et al., 2012; Zhou et al., 2012; Li et
al., 2013; Duan et al., 2014), chiral compounds (Zhang & Ye, 2012; Zhang et al., 2014),
drugs (Gao et al., 2014; Laliwala et al., 2014; Li et al., 2014; Rastegarzadeh & Hashemi,
2014), pesticide (Rohit et al., 2014; Rohit & Kailasa, 2014), small molecular (Chen et al.,
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2013; Wang et al., 2013; Cao et al., 2014), and proteins (Wang et al., 2011; Miao et al.,
2013). Karimi et al (Karimi et al., 2015) reported the CMC of surfactants based on the
changes of AgNPs absorption intensity at a fixed absorption band position (410 nm).
Determination of critical micelle concentration of CTAB by surface-enhanced Raman
scattering and functionalized AgNPs has been reported by Shrestha and Fei Yan
(Shrestha & Yan, 2014). The CMC determination was based on the relative peak intensity
ratio between vibrational bands at 1333 cm-1 and 1558 cm-1 as a function of the CTAB
concentration. The interactions of three types of sulphonato-calix[n]arene AgNPs with
various anionic, cationic and nonionic surfactants have been studied (Tauran et al., 2012).
The measured spectral shifts have been used to determine CMC values for cationic
surfactants. In this study, it was demonstrated a simple one-step, spectroscopic and
colorimetric detection method for CMC of different types of surfactants.

1.6

Aims of the study

This study is aimed to present a unique and sensitive probe for CMC of ionic and
nonionic surfactants based on both fluorescence and absorbance properties of probe in
micellar solution.


Determination of the critical micelle concentration of low molecular weight
surfactants using fluorescein probe of the following :

1. N-Cetyl-N,N,N-trimethylammonium bromide (CTAB)
2. N-Cetylpyridinium bromide monohydrate (CPB)
3. Hydroxyethyl laurdimonium chloride (HY)
4. octadecyltrimethylammonium bromide (C18TAB)
5. Sodium bis(2-ethylhexyl) sulfosuccinate - Aerosol-OT ( AOT)
6. N,N-dimethyltetradecylamine N-oxide (C14DMAO)
7.

Poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol)
( L-31)



Determination of the critical micelle concentration of high molecular weight
surfactants using silver nanoparticles of the following :
1. L-31
2. L-61
3. L-81
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2. Experimental
All chemicals in this work were of analytical grade and used as received without any
further purification as shown in Table 2.1.
Table 2.1 : structural formulas, companies and % purity of the chemicals used.
Chemicals

Structure Formula

1. Silver nitrate

Company
Hi Media

AgNO3

(India)

2. Fluorescein sodium salt

Aldrich

NH2

Merck

3. 1,2-Phenylenediamine

(Germany)

NH2
4. N-Cetyl-N,N,N+

trimethylammonium bromide (

N

CTAB )

29

Br

Merck
(Germany)

% Purity
99.8 %

98.0 %

98.0 %

99.0%

5. Octadecyltrimethylammonium

Merck

bromide (C18TAB)

(Germany)

+

Cl

N

6. Hydroxyethyl laurdimonium

Praepagen HY,

chloride ( HY )

Clariant

99.0%

40.0 %
(Active
content)

OH

7. N-Cetylpyridinium bromide

Merck

+

N

monohydrate ( CPB )

Br

31

. H2O

(Germany)

99.0 %

+

Na
O

8. Sodium bis(2-ethylhexyl)

O

S

O

sulfosuccinate - Aerosol-OT (

O

Merck

O

O

AOT )

(Germany)

99.0 %

O

9. N,N-dimethyltetradecylamine N-

Merck

+

N

oxide ( C14DMAO )

10. Pluronic copolymer

a. L-31
M.wt = 1100
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O

(Germany)

98.0 %

Aldrich

99.0 %

Aldrich

99.0 %

b. L-61

Aldrich

99.0 %

Aldrich

99.0 %

M.wt = 2000

c. L-81

M.wt = 2800
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2.1

Preparation of solutions


Stock solution of 2.5 × 10−5 mol dm−3 of fluorescein was prepared by dissolving
appropriate 0.0019 g of fluorescein in 100 ml deionized water.



The stock solution of reducing agent 1,2-Phenylenediamine (0.005 M) was
prepared by dissolving 0.054 g of 1,2-phenylenediamine in 100 mL deionized
water.



The Stock solution of silver nitrate (0.001 M) was prepared by transferring 0.042
g of AgNO3 in 250 mL volumetric flask.



L-31(0.1 M) solution was made by dissolving 0.55 g of L-31 in 5 mL deionized
water and then stirred on ice water bath for 10 minutes to obtain clear solution.



L-61(0.005 M) solution was made by dissolving 0.014 g of L-81 in 5 mL
deionized water and then stirred on ice water bath for 10 minutes to obtain clear
solution.



L-81(0.005 M) solution was made by dissolving 0.1108 g of L-61 in 10 mL
deionized water and then stirred on ice water bath for 10 minutes to obtain clear
solution.



CTAB (0.05 M) solution was made by dissolving 0.911 g of CTAB in 50 mL
deionized water .



HY was used as received (40 % from Clariant company) without any dilution.



CPB (0.05 M) solution was made by dissolving 1.006 g of CPB in 50 mL
deionized water and then stirred on water bath at 25 ºC for 10 minutes to obtain
clear solution.



C18TAB (0.05 M) solution was made by dissolving 0.911 g of C18TAB in 50 mL
deionized water.



AOT (0.1 M) was prepared by dissolving 0.222 g AOT in 5 mL deionized water
and then stirred on water bath at 25 ºC .



C14DMAO (0.0200 M) was prepared by dissolving 0.129 g in 50 mL deionized
water.
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2.2

CMC Determination :

2.2.1 CMC of low molecular weight surfactants using fluorescein probe.
A concentrated surfactant solution was stepwise added into aqueous fluorescein solution
(2.5 × 10−5 mol dm−3) .The surfactants concentrations are covering the range below and
above CMC. Absorption and fluorescence of prepared samples were recorded. The
sample temperature was controlled at 25 oC measurement.
2.2.1.1 Determination of CMC by UV-Vis absorption spectroscopy
UV–vis absorbance of fluorescein was measured by a UV–Vis spectrophotometer
(Shimadzu, UV-1601) using a 1 cm × 1 cm quartz cell. The spectra were recorded in the
200–400 nm wavelength range.
2.2.1.2 Determination of CMC by fluorescence spectroscopy
The spectra and intensity of fluorescence emission using fluorescein as the fluorescent
probe were measured in a spectrofluorometer (JASCO, FP-6500) using a 1 cm path
length quartz cuvette. Fluorescence spectra were recorded from 450 to 750 nm
wavelength range with excitation and emission slit widths fixed at 10 nm. The emission
spectra were recorded after excitation. The scan time was fixed at 250 nm per minute.
The wavelength of excitation was 491 nm.
Initially, ten or more samples of the above solution of various amounts of surfactants
were used in this work: 1. Cationic surfactants ( [CTAB] = 0.10, 0.2, 0.4, 0.6, 0.8, 1.0,
1.2, 1.4, 1.6 and 1.8 mM) , ([C18TAB] = ( 0.05,0.065, 0.085, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.40 and 0.50 mM).

([HY] = 1.36, 2.04, 2.72, 3.40, 4.08, 5.44, 6.12, 7.48

and 8.84 mM ) and ([CPB] = 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 1.00, 1.10,
1.20, 1.30, 1.40 and 1.50 mM). 2. Anionic surfactants ([AOT] = 0.1, 0.30, 0.4, 0.8, 1.6,
2.5, 3.5, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 mM). 3. Nonionic surfactant ([L-31] = 1.0,
1.2, 1.4, 1.6, 1.8, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0, 4.4, 4.8 and 5.2mM).. 4. Zwitteronic
surfactants ([C14DMAO] = 0.3, 0.46, 0.6, 0.9, 1.2, 1.5, 1.8, 2.26, 2.7, 3.0, 3.3 and 3.6
mM) and The samples of each surfactant were numbered from the lower to higher
concentration. The surfactants concentrations cover the range below and above CMC. A
5-mL solution of Fluorescein probe (2.5×10

-5

M) was slowly added into each sample of

the above solutions of surfactant and diluted to 10 ml . The pH of all solutions were the
same (pH = 11-12). The pH measurements were made with a pH/mV meter (AC-28,
Japan).
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These solutions were shaken and kept at 25 oC. UV–Vis

absorption spectra were

collected after 1 hours for all surfactants, from the addition of fluorescein probe solution.
A

UV–Vis absorption spectra for all surfactants were collected

using a UV-Vis

spectrophotometer (Shimadzu, UV-1601) in the wavelength range from 200 to 800
nm . Additionally fluorescence spectra and intensity of its emission were recorded from
450 to 750 nm wavelength range using a spectrofluorometer (JASCO, FP-6500) .
1.2.2 CMC of low molecular weight surfactants by conductivity measurement
Conductivity measurements were performed on a conductivity meter (AC- 13, Japan)
equipped with a conductivity cell having cell constant of 0.943 cm-1.These
measurements give information on the concentration of the charge carriers and their
mobilities. Therefore, this method was used to determine CMC for ionic surfactants. The
changes in conductivity were measured during titration of surfactant into aqueous
solution at 25 oC, and the CMC values of the surfactants have been estimated at the
break point of nearly two straight line portions of the conductivity versus concentration
plots.
1.2.3 CMC of high molecular weight surfactants by Silver nanoparticles (AgNPs):
Initially, a 0.1 mL of Ortho Phenylen Diamine ( OPD ) was added to a certain amount of
nonionic surfactants (pluronic surfactants (L-31, L-61, L-81) .Ten samples of the above
solution of various amounts of surfactants were used in this work: Nonionic surfactant
([L-31] = ( 1.2, 1.4, 1.6 , 2.0, 2.4, 2.8, 3.2, 3.6, 4.0 and 4.4 mM) and ([L-61] = 0.50, 1.30,
2.9, 4.5, 6.3, 7.5, 8.7, 10.5, 12.3 and 14.1 mM) and ([L-81] = 0.025, 0.05, 0.075, 0.010,
0.040, 0.012, 0.016, 0.024, 0.028 and 0.032 mM). The samples of each surfactant were
numbered from the lower to higher concentration. The surfactants concentrations are
covering the range below and above CMC. The solutions were mixed completely. A 10mL solution of AgNO3 (0.001 M) was slowly added into each sample of the above
solutions of surfactant and OPD. The pH of all solutions were the same (pH = 11-12).
The pH measurements were made with a pH/mV meter (AC-28, Japan). These solutions
were shaken and kept in dark at 25 oC. UV–Vis absorption spectra were collected after 1
hr for pluronic (L-31, L-61, L-81) from the addition of silver nitrate solution using a UV–
Vis spectrophotometer (Shimadzu, UV-1601) in the wavelength range from 200 to 800
nm

.

36

Chapter-III
Results and Discussion

37

3. Results and discussion
3.1

Fluorescein

The structural characteristic of fluorescein make it exist as the protonated cation (a),
the neutral quinoid molecule (b), the monoanion (c) or the dianion (d), depending
upon pH

Fig. ( 3.1) ( Zanker et al., 1958). The polarity of solvents also has

significant effect on the existing forms of fluorescein ( Zhao et al.,1989) . In neutral
solutions, fluorescein exists mainly as the dianion (d), in polar solvents, such as
water and methanol. The dianion has its main absorption peak at 490 nm with a
shoulder around 475 nm. The anion has somewhat weaker absorption in the visible
region with peaks at 472 nm and 453 nm of roughly the same molar absorptivity. The
neutral species has by far lowest absorption in the visible region with a maximum at
434 nm and a side maximum at 475 nm. The cation has maximum absorption at 437
nm.

Fig. 3.1 : fluorescein protolytic forms.
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Micelles are known to provide different microenvironments as there is a nonpolar,
hydrophobic interior that can provide binding force for similar functionalities on the
fluorescein and a polar, usually charged, palisade layer that can interact with
fluorescein‘s

polar parts. Due to these facts fluorescein is utilized to be used as a

fluorescent probe for determination critical micelle concentrations of different type
of surfactants. The absorption and fluorescence spectra of fluorescein in pure water
are shown in Fig. (3.2) . Fluorescein shows an absorption wavelength at 486 nm and
emission wavelength at 516 nm which indicate that it exists mainly as the dianion
form (IV) [fluo- CTAB] .

Fig. 3.2: (A) The absorption spectra of fluorescein in pure water. (B) fluorescence
spectra of fluorescein in pure water.

3.1.1 Spectral characteristics of fluorescein in presence of cationic surfactants
The absorption and fluorescence spectra of fluorescein in cationic micelles indicate
that they exist mainly as the anion when binding to cationic micelles, resulting from
the electrostatic attraction between the anionic probe (fluorescein) and the positively
38

charged cationic surfactant. In comparison with those in aqueous solution, the
absorption and fluorescence spectra shift to longer wavelengths (red shift), indicating
their binding to cationic micelles. Fig. (3.3)

shows the absorption and emission

spectra of fluorescein at different concentrations of CTAB (0.1, 0.2, 0.4, 0.6, 0.8, 1.0,
1.2, 1.4, 1.6, 1.8 mM ). By increasing CTAB concentration from 0.1 mM to 1.0 mM
the absorption spectra are red shifted from 493 nm to 501 nm and the emission
spectra are also red shifted from 521 nm to 527 nm. By increasing the concentration
of CTAB the absorbance values increases and shows constancy at CTAB
concentration above 1 mM while the emission spectra of fluorescein shows
maximum fluorescence intensity (emission) between 0.8 and 1.0 CTAB
concentration. The red shift observed in absorption and emission spectra may be due
to the interaction of fluorescein with CTAB micelles.
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Fig. 3.3 : (A) UV-Vis absorption spectra of fluorescein prepared in presence of
CTAB at different concentrations . (B) Emission spectra of fluorescein prepared in
presence of CTAB at different concentrations .
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Fig. (3.4) shows the absorption and emission spectra of fluorescein at different
concentrations of CPB (0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4,
and 1.5 mM ) . The absorption and emission spectra of fluorescein in water are
represented in insets of Figs. (3.4). Fluorescein has its main absorption peak at 486
nm with a shoulder around 460 nm , and the emission peak at 516 nm. Absorption
and fluorescence spectra of fluorescein in presence of various concentration of CPB
are presented in Figs. (3.4).
Absorption and fluorescence spectra of fluorescein in micellar solution are red
shifted from 486 nm to 505 nm and from 516 nm to 530 nm, respectively at lower
concentration than CMC. So the absorption intensity at 505 nm and the fluorescence
intensity at 530 nm have been measured for the determination of CMC of CPB.
The absorption and emission spectra of fluorescein at different concentrations of HY
are shown in Fig. (3.5) The absorption peak is centered at 501 nm, red shifted by
5nm with maximum absorbance at HY concentration of 2.9 mM. The emission
spectra are red shifted 7 nm as HY concentration is increased from 1.36 mM to 8.85
mM due to the color change of solution from yellow to orange showing absorption
maximum at 501 nm when the HY concentration is 3 mM.
The absorption and emission spectra of fluorescein at different concentrations of
C18TAB are shown in Fig. (3.6) . The absorption wavelength is red shifted from 486
nm to 501 nm by increasing C18TAB concentration from 0.05 mM to 0.50 mM
accompanied by an increase in the absorbance intensity of fluorescein. Moreover,
the emission wavelength is red shifted from 516 nm to 529 nm.
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Fig. 3.4 : (A) UV-Vis absorption spectra of fluorescein prepared in presence of
CPB at different concentrations . (B) Emission spectra of fluorescein prepared in
presence of CPB at different concentrations.
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Fig. 3.5 : (A) UV-Vis absorption spectra of fluorescein prepared in presence of HY
at different concentrations . (B) Emission spectra of fluorescein prepared in presence
of HY at different concentrations .
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Fig. 3.6 : (A) UV-Vis absorption spectra of fluorescein prepared in presence of
C18TAB at different concentrations . (B) Emission spectra of fluorescein prepared in
presence of C18TAB at different concentrations .
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3.1.2 Determination of CMC of cationic surfactants
Figure (3.7) shows the plot of the fluorescence intensity as a function of CTAB
concentration. The CMC value was determined from the intersection of two lines
drawn through the experimental points for surfactant concentrations below and above
the critical surfactant concentration. It is seen from Fig.(3.7) fluorescein showed
maximum emission at 0.99 mM CTAB. Fig. (3.8 A) shows a break point in the
sigmoidal fit of absorbance versus CTAB concentration which is obtained from the
Gaussians of the second derivative (dash blue curve), occurs at 0.99 mM. Comparing
the CMC value obtained by absorbance method with the inflection point in the plot
of the fluorescence intensity versus CTAB concentration. The upper inflection point
(0.99 mM) is related to the CMC value of CTAB ). The break point in the plot of
CTAB can be observed with the naked eye in the form of a color change from orange
color to yellow as shown in Fig.(3.8 B). Electrical conductivity method has been
used to study the aggregation behavior of CTAB in deionized water. The changes in
specific conductivity were measured during titration of surfactant into aqueous
solution at 25 ◦C, and the CMC value of the surfactant has been estimated at the
break point of nearly two straight line portions of the specific conductivity versus
surfactant concentration plot as shown in Fig. (3.9). The obtained value is 0.98 mM.
The obtained CMC value by fluorescein probe is in good agreement with the value
obtained by conductivity method and literature value as summarized in Table (3.1) .
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Fig. 3.7 : The fluorescence band intensity as a function of [CTAB].
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Fig. 3.8 : (A)The absorption band intensity as a function of [CTAB]. (B) Optical
images of fluorescein sols prepared at different concentrations of CTAB: (1) 0.10
mM, (2) 0.2 mM, (3) 0.4 mM, (4) 0.6 mM, (5) 0.8 mM, (6) 1.0 mM, (7) 1.2 mM, (8)
1.4 mM, (9) 1.6 mM, (10) 1.8 mM.
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Fig. 3.9 : Plot of specific conductivity vs. [CTAB] concentration .

Figs (3.10) show sigmoidal behavior when surfactant concentration of CPB is plotted
against absorbance and fluorescence intensity. The break point in the sigmoidal fit
of absorbance versus CPB concentration is obtained from the Gaussians of the
second derivative (dash blue curve), occurs at 0.70 mM Fig. (3.10A). The inflection
point in the sigmoid of fluorescence intensity occurs at CPB concentration of 0.67
mM Fig. (3.10B). The CMC value of CPB was also determined by conductivity
measurement as shown in Fig, (3.11). The obtained CMC (0.69 mM) by conductivity
measurement is in good relation with those obtained by the absorbance (0.70 mM)
and fluorescence (0.67 mM) of fluorescein probe. The obtained CMC values are in
good agreement with literature value as shown in Table ( 3.1).
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Fig. 3.10 : (A) The absorption band intensity as a function of [CPB]. (B) The
fluorescence band intensity as a function of [CPB].
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Fig. 3.11 : Plot of specific conductivity vs. [CPB] concentration .

By increasing the concentration of HY, the absorbance values initially increase and
a sudden decrease occurred as the concentration approached CMC showing
absorption maximum when the HY concentration is between 2.0 and 3.0 mM as
shown in Fig. (3.12). The same behavior is obtained when the emission wavelength
is plotted against HY concentration as shown in Fig. (3.13). The emission
wavelength shows maxima at 528 nm when HY concentration is 3.0 mM. For more
conformation the CMC values obtained by absorbance and emission spectroscopy
are compared with the CMC value (2.9 mM) obtained from conductivity
measurement which is presented in Fig. (3.14). The obtained CMC values are in
good agreement with literature value which is summarized in Table ( 3.1).
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Fig. 3.12 : The absorption band intensity as a function of [HY].

Fig. 3.13 : The fluorescence intensity as a function of [HY].
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Fig. 3.14 : Plot of specific conductivity vs. [HY] concentration.

Fig.(3.15) presents the emission intensities of fluorescein against surfactant
concentration [C18TAB]. The profile is sigmoidal in nature. So using Sigmoidal–
Boltzmann fit, the CMC value has been evaluated (0.23 mM) which is in accordance
with the CMC value (0.27 mM ) obtained by conductivity measurement as shown in
Fig. (3.16). The plot of absorbance peak of fluorescein against [C18TAB] is shown in
Fig. (3.17) . The CMC value has been determined from the break point of premicellar
and postmicellar regions. The premicellar region has greater slope than that of
postmicellar one. Here if we try to determine CMC according to Sigmoidal–
Boltzmann equation, we can get value which is widely different from actual value.
Hence we determine CMC by applying tangential fit, which matches nicely with the
values obtained by fluorescence and conductivity measurements. The obtained
values are presented in Table (3.1).
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Fig. 3.15 : emission intensities of fluorescein against surfactant concentration
[ C18TAB].

Fig. 3.16 : Plot of specific conductivity vs. [C18TAB] concentration .
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Fig. 3.17 : The absorption band intensity as a function of [C18TAB].

3.1.3 Spectral characteristics of fluorescein in presence of anionic (AOT),
nonionic (L31) and zwitterionic (C14DMAO) surfactants
Figs (3.18) and (3.19) show the absorption spectra aqueous solution of fluorescein in
water in presence of varying concentrations of AOT and L31 surfactants,
respectively. Fluorescein possesses two absorptions in the visible region with peaks
at 475 nm and 450 nm of roughly the same molar absorptivity in presence of 0.1 mM
AOT or 1.0 mM L31. It is known that when the absorption spectra of fluorescein
shows two peaks of roughly the same molar absorptivity it indicates that fluorescein
exists mainly in

the anion form. With increasing concentration of AOT, the

absorption peak at 475 nm loses its intensity and turns into shoulder whereas the
peak at 450 nm increases gradually into a clear peak. At higher concentration of
AOT, the shoulder peak at 475 nm disappeared and fluorescein gives a pronounced
absorption maximum at 443 nm. While the two absorption peaks maintain roughly
the same absorption wavelengths when the L31 concentration is increased from 1.0
mM to 5.2 mM.
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Fig. 3.18 : UV-Vis absorption spectra of fluorescein prepared in water in presence of
varying concentrations of AOT.
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Fig. 3.19 : UV-Vis absorption spectra of fluorescein prepared in presence of L31
at different concentrations.
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Figs (3.20) and (3.21) show the emission spectra of fluorescein in AOT and L31
micellar solutions. It can be seen from these spectra that as the surfactant
concentration increases, the quenching of fluorescence occurs at emission
wavelength of 517 nm. This is due to proton ( α- hydrogen) transfer from the
sulfosuccinate head group of AOT to the monoanionic form of fliuorescein .While
the hydrogen bonding interaction between hydrogen bond donor of fluorescein and
the free OH- group of L31 polar heads of surfactant is the main driving force in their
distribution to the micellar pseudo phases. Both proton transfer and hydrogen
bonding decrease the extended aromatic conjugation of fluorescein. Thus, conjugated
structure of fluorescein is recovered, and the fluorescence is arrested at higher
surfactant concentrations of AOT and L31.
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Fig. 3.20 : Emission spectra of fluorescein prepared in presence of AOT at different
concentrations .
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Fig. 3.21 :

Emission spectra of fluorescein prepared in presence of L31 at

different concentrations .

Fig. (3.22) represents the absorption spectra of fluorescein in water in presence of
varying concentrations of C14DMAO surfactant. The spectra show a main absorption
peak at 482 nm with a shoulder around 454 nm. The main absorption peak is red
shifted to higher wavelength as the C14DMAO concentration is increased from 0.06
to 0.51 mM. While the emission spectra (fluorescence) initially shows an emission
wavelength (516 nm) at low C14DMAO concentration and then it shows red shift by
increasing C14DMAO concentration as shown in Fig. (3.23).
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Fig. 3.22 : UV-Vis absorption spectra of fluorescein

prepared in presence of

C14DMAO at different concentrations.
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Fig. 3.23 : Emission spectra of fluorescein prepared in presence of C14DMAO at
different concentrations .
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3.1.4 Determination of CMC of AOT, L31 and C14DMAO surfactants.
In order to determine the CMC, the fluorescence intensity or maximum emission
wavelength of the most intensive peak was plotted against the surfactant
concentrations. All plots were adequately described by a sigmoidal function of the
Boltzmann type. The CMC was determined at the inflection points of the fitted
sigmoid traces. From Figs(3.24),(3.25) and (3.26) , we could easily obtain the CMC
of AOT, L31 and C14DMAO through a tangent method. There was a sharp decrease
in the fluorescence intensity when the [surfactant] approaches its CMC. The
inflexion on the plot of the maximum on the fluorescence curves versus [AOT] or
[L31] indicate that the CMC of AOT and L31 were 2.1 and 2.3 mM), respectively.
The obtained CMC values are inside the scope of the data reported in the literatures
by different methods ( Salem et al,.2016 & Kabanov et al,.1995 ) .The CMC value of
AOT is also found to be 2.1 mM through a tangent method based on the plot of
absorbance versus AOT concentration as shown in Fig.(3.27 A ). The break point in
the plot of AOT can be observed with the naked eye in the form of a color change
from yellow color to pale yellow due to quenching as shown in Fig.(3.27 B). For
more conformation the CMC of AOT is determined by conductivity method.
Fig.(3.28) shows the measured conductivity of solution at varying AOT
concentrations below and above CMC of AOT. The obtained CMC value is 2.2 mM
which is in good relation with the CMC values obtained by fluorescence and
absorption methods. It should be noted that conductivity method is only valid for
measuring CMC of ionic surfactants. Fig. (3.26) shows sigmoidal behavior when
surfactant concentration of C14DMAO is plotted against the emission wavelength.
The inflection point in the sigmoid of the maximum emission wavelength occurs at
C14DMAO concentration of 0.17 mM which is consistent with the break point
obtained from the plot of maximum absorbance wavelength at varying
concentrations of C14DMAO as depicted in Fig. (3.29 A ). The break point in the plot
of C14DMAO can be observed with the naked eye in the form of a color change from
yellow color to orange as shown in Fig.( 3.29 B). The inflection or break point is
related to the CMC of C14DMAO. The obtained CMC values of anionic, nonionic
and zweiterionic surfactants and literature values are summarized in table 3.1 .
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Fig. 3.24 : The fluorescence intensity as a function of [AOT].

Fig. 3.25 : The fluorescence intensity as a function of [L-31].
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Fig. 3.26 : The fluorescence intensity as a function of [C14DMAO].
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Fig. 3.27 : (A)The absorption band intensity as a function of [AOT]. (B) Optical
images of fluorescein solns, prepared at different concentrations of AOT: (1) 0.1
mM, (2) 0.30 mM, (3) 0.4 mM, (4) 0.8 mM, (5) 1.6 mM, (6) 2.5 mM, (7) 3.5 mM,
(8) 4.5 mM, (9) 5.0 mM, (10) 6.0 mM, (11) 7.0 mM, (12) 8.0 mM, (13) 9.0 mM, (14)
10.0 mM.
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Fig. 3.28 : Plot of specific conductivity vs. [AOT] concentration .
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Fig. 3.29 : (A) The absorption band intensity as a function of [C14DMAO]. (B)
Optical images of fluorescein sols prepared at different concentrations of
C14DMAO: (1) 0.06mM, (2) 0.09 mM, (3) 0.12 mM, (4) 0.15 mM, (5) 0.18 mM, (6)
0.21 mM, (7) 0.23 mM, (8) 0.27 mM, (9) 0.30 mM, (10) 0.33 mM, (11) 0.36 mM,
(12) 0.0.39 mM, (13) 0.45 mM, (14) 0.51 mM.
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The obtained CMC values are given in Table (3.1). The colorimetric sensing of the
fluorescein solution at CMC is in good relation with both the plot shape and the
CMC values, by sigmoidal fitting of the experimental points.
Table 3.1 : Summary of the CMC (mM) values obtained by fluorescein probe
(Emission and Absorption ) and conductivity methods.
Surfactant

Emission Absorption Conductivity

Literature
CMC(mM)

CTAB

0.99

0.99

0.98

0.98

CPB

0.67

0.70

0.69

0.73

HY

3.0

2.9

2.9

2.70

Reference
(Koya et al.,
2015)
(Koya et al.,
2015)
(Salem et al.,
2015)
( Maiti et

C18TAB

0.23

0.25

0.27

0.25

AOT

2.1

2.1

2.2

2.6

al.,2007)

(Sansanwal
,2006)
(

L-31

2.3

-

-

1.18

C14DMAO

0.17

0.17

-

0.19

3.2

Kabanov et
al.,1995)

Yang et al.,
2014

Silver nanoparticles (AgNPs)

Obvious yellow color of the solution can be seen after adding Ortho Phenylen
Diamine (OPD) into silver nitrate solution as shown in Fig. (3.30). Besides, the
absorption of AgNPs was not observed in the presence of OPD alone or other
reagents without OPD in the region of 300–800 nm. After the reaction between
AgNO3 and OPD, an absorption peak appeared at about 450 nm, indicating the
formation of AgNPs. The formation of Ag NPs in aqueous media was determined by
using the UV-visible spectroscopy, which was shown on the surface plasmon
resonance (SPR) bands. Previous studies have shown that the spherical Ag NPs
contribute to the absorption bands at around 430 nm in the UV-visible spectra (Salem
65

et al,.2016).From this research, the SPR band characteristics of Ag NPs were
detected around 440–450 nm.

Fig. 3.30 : UV-Vis absorption spectra of AgNPs after adding OPD into silver
nitrate solution .

The additions of pluronic

PEO- PPO - PEO

copolymers

(L31, L61 and L81)

interfere the formation of AgNPs in which the yellow color of AgNPs solution
disappears gradually with increasing pluronic concentration. Based on these
phenomenons, a colorimetric method for the determination of critical micelle
concentration

could be realized by the naked eye or UV–vis spectroscopy during

the formation of AgNPs. Figs (3.31),(3.32) and (3.33) show the absorption spectra of
AgNPs at different concentrations of L31, L61 and L81. The formation of AgNPs
was confirmed by the presence of an intense peaks ranging between the 400 and 450
nm region. The obtained absorption spectra of AgNPs colloidal solution are similar
with earlier report for the Ag nanospheres ( Bessiere, et al., 1995).According to Mie's
theory (Agasti et al., 2015), spherical AgNPs will gives a single symmetric
absorption peak, but anisotropic AgNPs will exhibit two or more bands. Moreover,
the UV–Visible spectrum of AgNPs is symmetrical in nature, which suggested that
the AgNPs has sphere-like morphology.
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Fig. 3.31 : UV-Vis absorption spectra of AgNPs prepared in presence of L-31 at
different concentrations and time intervals.
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Fig. 3.32 : UV-Vis absorption spectra of AgNPs prepared in presence of L-61 at
different concentrations and time intervals.
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Fig. 3.33 : UV-Vis absorption spectra of AgNPs prepared in presence of L-81 at
different concentrations and time intervals.

Fig. 3.34 : The absorption band intensity as a function of [L-31].
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Fig. 3.35 : Optical images of silver sols prepared at different concentrations of
L-31: (1) 1.2mM, (2) 1.4 mM, (3) 1.6 mM, (4) 2.0 mM, (5) 2.4 mM, (6) 2.8
mM, (7) 3.2 mM, (8) 3.6mM, (9) 4.0 mM, (10) 4.4 mM.

Fig. 3.36 : The absorption band intensity as a function of [L-61].
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Fig. 3.37 : Optical images of silver sols prepared at different concentrations of L-61:
(1) 0.05 mM, (2) 0.13 mM, (3) 0.29 mM, (4) 0.45 mM, (5) 0.63 mM, (6) 0.75 mM,
(7) 0.87 mM, (8) 1.05 mM, (9) 1.23 mM, (10) 1.41 mM.
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Fig. 3.38 : The absorption band intensity as a function of [L-81].

Fig. 3.39 : Optical images of silver sols prepared at different concentrations of L-81:
(1) 0.025 mM, (2) 0.05 mM, (3) 0.075 mM, (4) 0.010 mM, (5) 0.040 mM, (6) 0.0120
mM, (7) 0.016 mM, (8) 0.024 mM, (9) 0.028 mM, (10) 0.032 mM.
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Figs. (3.34),(3.36) and (3.38) display the impact of varying concentrations of L31,
L61 and L81 on the absorption spectra properties of AgNPs

. The absorption

intensity decreased suddenly at [L31] below 2.1 mM. A farther increase in L31
concentration above 2.1 mM shows a slow decrease in absorption band intensity.
Therefore the CMC for L31 was obtained from the break point in the plot of
absorbance versus L31 concentration Fig.( 3.34). The break point in the plot of L31
occurs at 2.1 mM which can be observed with the naked eye in the form of a color
change from yellow color to pale yellow as shown in Fig.(3.35).The obtained CMC
by AgNps probe is in good agreement with the CMC (2.3 mM) obtained by
fluorescein probe Fig.(3.25). When surfactant concentration of L61 is plotted against
absorption intensity Fig.(3.36) it shows sudden decrease at [L61] below 0.22 mM. A
further increase in L61 concentration above 0.22 mM shows constancy in absorption
intensity. The break point in the plot of L61 occurs at 0.22 mM which can be
observed with the naked eye in the form of a color change from yellow color to
colorless as shown from optical images of AgNPs solutions Fig. (3.37). With L81 the
absorbance shows a sharp decrease as the L81 concentration increases below 0.021
mM and then remains constant as L81 concentration increases as shown in
Fig.(3.38). From this figure the break point is clearly seen at 0.021 mM which is
related to the CMC of L81 surfactant. The optical images of AgNPs solutions Fig.
(3.39) show that the intensity of the yellow color decreases gradually from S1 to S4
and then the color vanishes completely from S5 to S10. By detecting discoloration of
the suspension of AgNPs, we ascertained minimal stabilizing concentrations (MSC)
of Pluronics required for stable modification of the nanoparticles. Although Pluronics
used for the modification varied in molecular weight and HLB (Table 3.2), they
exhibited different MSC of 2.1 mM ,0.22 mM and 0.021 mM, respectively.(Table
3.2) indicating generally systematic character of their interaction with colloidal
silver. The obtained MSCs values were found to be comparable with their literature
CMCs values. These results show that hydrophobic pluronic L81 stronger interacts
with the surface of AgNPs than two other copolymers. This reveals the importance of
hydrophobic interactions upon the association of amphiphilic copolymers with metal
nanoparticles.
Therefore a colorimetric detection for CMC could be realized by the naked eye in a
color change from yellow color to colorless. For comparison, the CMC values of
L31, L61 and L81 were determined previously by surface tension method. The
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CMC value of L-81 determined by AgNPs probe is in accordance with that
determined by surface tension method (Table 3.2). But the CMC values L-31,L-61
and L-81 are different from the literature values determined by surface tension
method. It was a common phenomenon that different methods gave rise to different
CMC values for the same surfactant (Tang et al., 2009).

Table 3.2 : Summary of the CMC (mM) values obtained by AgNPs probe and
surface tension methods.
Copolymer

MW

HLB

AgNPs probe

surface tension method (lit)a

L31

1100

5

2.10

1.18

L61

2000

3

0.22

0.11

L81

2750

2

0.021

0.023

a(

Kabanovet al.,1995)

However, the uncertainty in the CMC values is usually due to the limitations of the
experimental methodologies. In electrical conductivity method the overall increase in
conductivity of surfactant in the studied range is due to conducting nature of charged
surfactant in solution. Whereas, in absorbance and fluorescence methods the
interaction between the surfactant micelles and probe molecule are responsible for
the solubalization of probe in the solution which may intern affect the spectral
properties of probe in the solution and the onset of the intensity of absorbance or
fluorescence or the maximum wavelength is the CMC of the surfactant. In general
both conductivity and spectrophotometry methods showed comparable results. But
spectrophotometry method based on silver nanoparticles probe gave little different
CMC values for L31 and L61 as compared with surface tension method. This is may
be due to the higher purity of surfactants used in this study as compared with that
used in previous surface tension method.
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Conclusions
The conclusion remarks can be summarized as follows: 

This work has established a simple, fast and accurate method to determine the
CMC of various surfactants.



The method based on spectral properties analysis of fluorescein probe.



In presence of cationic surfactants the absorbance of fluorescein increased
with red shift in the wavelength.



The fluorescence intensity of fluorescein showed a maximum at certain
surfactant concentration for cationic surfactants.



The fluorescence quenching of fluorescein occurred as the surfactant
concentration increased with decreasing absorbance for anionic and nonionic
surfactant.



Both the absorption and emission wavelengths were red shifted to higher
wavelength by increasing zwitterionic surfactant concentration.



Fluorescein probe and conductometry showed almost similar CMC results.



We have utilized the surface plasma resonance band sensitivity to surfactant
concentration to determined the critical micelle concentration of copolymaric
nonionic surfactant.



Silver nanoparticles probe presented slightly different CMC values for
L31and L61 as compared with literature values determined by surface tension
method.



The CMC detection is carried out during the formation of AgNPs, which
provides not only a detection method for cmc but also a synthesis method of
AgNPs.
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