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Abstract
A simple spectroscopic approach is proposed in this work for the determination of
critical micelle concentration (CMC) of ionic (cationic and anionic), nonionic and
zwitterionic surfactants. This method is based upon an in situ formation of silver
nanoparticles (AgNPs) at room temperature, through the reduction of silver ions (Ag+)
by diethylenetriamine (DETA) or 1,2-phenylenediamine (PDA) in the presence of
cationic, anionic, nonionic and zwitterionic surfactants. The formation of AgNPs was
characterized by UV–vis spectra. AgNPs possess a symmetrical absorption band
called surface plasmon resonance (SPR) ranging between the 380 and 490 nm region.
The central concept of the approach is based on the absorption spectra properties of
AgNPs (absorbance or wavelength) with varying concentrations of a surfactant. The
shift of the SPR band position (max. wavelength) at CMC can be observed with the
naked eye in the form of a color change. The CMC values of cationic: N-cetyl-N,N,Ntrimethylammonium bromide (CTAB), hydroxyethyl laurdimonium chloride (HY)
and N-cetylpyridinium bromide monohydrate (CPB), anionic: sodium dodecyl sulfate
(SDS) and sodium bis(2-ethylhexyl) sulfosuccinate - Aerosol-OT (AOT), nonionic: toctylphenoxypolyethoxyethanol

(TX-100),

as

well

as

zwitterionic:

N,N-

dimethyltetradecylamine N-oxide (C14DMAO) and N,N-dimethylhexadecylamine Noxide (C16DMAO) surfactants evaluated by this approach was found to be 0.55, 2.44,
0.40, 7.3, 2.1, 0.29, 0.181 and 0.020 mM, respectively. It was found that the addition
of DETA decreases the CMC of cationic surfactants. Also the addition of AgNO3
decreases the CMC values of anionic surfactants. The obtained CMC values by
AgNPs probe were in good agreement with the CMC values obtained by other
workers. The CMC values of ionic surfactants were also determined from
conductivity measurements to confirm the CMC values obtained by AgNPs probe.
The following scheme shows the synthesis of AgNPs at different HY concentrations.
It shows the change of color of AgNPs with the change of surfactant concentrations.

iv

Representation of the synthesis of AgNPs at different HY concentrations
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ملخص الدراسة باللغة العربية
طزيمت ضىئيت بسيطت حممج خالل هذِ انذراست نخحذيذ انخزكيش انحزج نهًذيهت ) (CMCانخاص بًُشطاث
انسطح األيىَيت (انحايهت نهشحُت انًىجبت و انسانبت) ,غيز األيىَيت و كذنك نهًُشطاث انًخذبذبت .هذِ انطزيمت
اعخًذث عهى حكىيٍ جسيًاث انفضت انُاَىَيت ) (AgNPsعُذ درجت حزارة انغزفت بىاسطت اخخشال أيىَاث
انفضت ) (Ag+باسخخذاو ) diethylenetriamine (DETAأو ) 1,2-phenylenediamine (PDAفي
وجىد يُشطاث انسطح يىجبت انشحُت ,سانبت انشحُت ,غيز أيىَيت و انًخذبذبت .حكىيٍ  AgNPsأكذ بىاسطت
انطيف فىق انبُفسجي  -انًزئي ) (UV-visيٍ خالل يالحظت حشيت انزَيٍ انسطحي ) (SPRفي انًُطمت 380
– َ 090اَىيخز .هذِ انطزيمت حعخًذ بشكم أساسي عهى انخغيّز في انطىل انًىجي أو االيخصاص ل  AgNPsيع
حغيز حزكيش انًُشظ نهسطح .اإلساحت في يكاٌ حشيت ال  SPRعُذ  CMCيًكٍ يالحظخها بانعيٍ انًجزدة عهى
شكم حغيز في انهىٌ .حى ايجاد ليى ال  CMCبهذِ انطزيمت نًُشطاث انسطح األيىَيت يىجبت انشحُت:
)hydroxyethyl laurdimonium ,N-cetyl-N,N,N trimethylammonium bromide (CTAB
) chloride (HYو ) N-cetylpyridinium bromide monohydrate (CPBو سانبت انشحُت:
) sodium dodecyl sulfate (SDSو sodium bis(2-ethylhexyl) sulfosuccinate – Aerosol -
) OT (AOTويُشطاث انسطح غيز األيىَيت,T-octylphenoxypolyethoxyethanol (TX-100) :
باإلضافت نًُشطاث انسطح انًخذبذبتN,N-dimethyltetradecylamine N-oxide (C14DMAO) :
و) N,N-dimethylhexadecylamine N-oxide (C16DMAOو كاَج عهى انُحى انخاني,2.44 ,0.55 :
 0.282 ,0.19 ,1.2 ,7.3 ,0.00و  0.020يهي يىنز ,بانخزحيب .وجذ أٌ إضافت  DETAيمهم يٍ ليى ال
 CMCنهًُشطاث يىجبت انشحُت .أيضا ً وجذ أٌ إضافت  AgNO3حمهم يٍ ليى ال  CMCنهًُشطاث سانبت
انشحُت .ليى ال  CMCانًكخسبت بىاسطت يجس ال  AgNPsحخىافك يع انميى انخي حصم عهيها باحثىٌ آخزوٌ.
ليى ال  CMCنًُشطاث انسطح األيىَيت أيضا ً حذدث يٍ خالل انخىصيهيت نخؤكذ انميى انًكخسبت بىاسطت يجس ال
.AgNPs
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Chapter-I
Introduction and Literature
Survey

1 Introduction
1.1 Surfactants
1.1.1 General surfactant structure
Surfactants sometimes called surface active agents are amphiphilic molecules of
synthetic or natural origin (Möbius et al., 2001), that show ability to adsorb at various
interfaces (i.e., solid‐liquid, liquid‐gas, liquid‐liquid interfaces), resulting from their
chemical structure. The term amphiphile indicates that surfactant’s molecule consists
of two groups behaving differently in the solvents which are covalently bonded (Zana,
2005) (see Fig. (1.1)).

Hydrophobic group

Hydrophilic group
Fig.(1.1): The basic structure of a surfactant.

The lyophilic part of surfactant, also called the head, has affinity to a polar solvent,
while the lyophobic part (the tail) has attraction to a nonpolar solvent. When the
solvent is an aqueous medium the lyophilic part is named hydrophilic and the
lyophobic part is known as hydrophobic. The polar head group can be charged or
uncharged, which contains heteroatoms, such as oxygen, sulfur or nitrogen, included
in functional groups of alcohols, thiols, ethers, acids, esters, sulfates, amines, etc.
Hydrophobic group consists of a hydrocarbon or fluorocarbon chain containing
usually 10 – 20 carbon atoms (Zaheer & Rafiuddin, 2009); the chain may be saturated
or unsaturated, linear or branched, single or double. The length of the chain and its
degree of branching, together with position and character of polar head (ionic or nonionic) determine the properties and application of surfactants.

2

1.1.2 Classification of surfactants
Surfactants can be classified in several ways. From the commercial point of view,
they are often categorize according to their use as emulsifiers, foaming or wetting
agents, dispersants and the like (Myers, 1999). A weakness of this classification lies
in multiple use of many surfactants. A simple and the most accepted classification of
surfactants based on the charge of the head group. The four basic groups of
surfactants, schematically shown in Fig. (1.2), are then defined as follows:

-

+

Cationic Surfactant

+

-

Anionic Surfactant

-

+

Zwitterionic Surfactant

0

Nonionic Surfactant

Polar head group

Nonpolar tail group

Fig. (1.2): Classification of surfactants based on the ionic character of the head group.

Anionic surfactants The head group of anionic surfactant beers a negative charge.
Carboxylate, sulfate, sulfonate and phosphate are the polar groups found in anionic
surfactants. The most commonly used counterions; sodium, potassium, ammonium,
calcium and various protonated alkyl amines. Anionic surfactants are the most widely
used class of surfactants in industrial applications, including pharmaceutical
formulations (sulfosuccinates), soaps (carboxylates), and detergents (alkylbenzene
sulfonates). Anionic surfactants are often named "detergents" to emphasize their
significance in cleaning products. The most characteristic properties of anionic
surfactants are dispersing ability, high foaming, sensitivity to water hardness and
protein denaturation. An important, widely used surfactant belonging to this category
is sodium dodecyl sulfate (SDS), which belongs to the class of sodium alkylsulfates.
SDS is extensively used both for fundamental studies as well as in many practical
applications.
Cationic surfactants These class includes surfactants, which have positively charged
head group. The counterion most often of the halogen type. The major compounds in
this category are quaternary ammonium salts, with one or several long chain of the
1

alkyl type. Due to the high pressure hydrogenation reaction carried out during
synthesis, quaternary ammoniums are more expensive than anionic surfactants.
Therefore, the cationic surfactants represent a relatively minor part of worldwide
surfactant production, probably less than 10 % of total production (Myers, 2005).
Cationic surfactants do not generally provide effective cleaning and therefore, they
are not used in general-purpose detergents. They are known to be less biodegradable
and more toxic than other groups of surfactants. The prime use of cationic surfactants
is their tendency to adsorb on negatively charged surfaces, as a consequence, they are
used mainly in two cases, i.e., as antiseptic agents against bacteria and fungi or as
anticorrosive agents for steel. Examples are N-cetyl-N,N,N-trimethylammonium
bromide (CTAB) and hydroxyethyl laurdimonium chloride (HY).
Zwitterionic surfactants These are surfactants containing both cationic and anionic
groups, such that the net charge is equal to zero. In zwitterionic surfactants, whereas
the positive charge is almost invariably ammonium, the source of the negative charge
may vary (carboxylate, sulphate, sulphonate). The charge of zwitterionic surfactants is
strictly dependent on the pH of the surrounding medium. Zwitterionic surfactants are
mild to the skin and eyes because it exhibit low toxicity, display excellent water
solubility, broad isoelectric ranges, high foam stability, and resistance to hard water
and to degradation by oxidizing agents. Examples are amine oxides, betaines,
sulfobetaines and substances of biological origin, such as aminoacids and
phospholipids. Lecithin, a mixture of phospholipids with phosphatidylcholine as main
component, is the integral part of cell membranes.
Nonionic surfactants Are composed of uncharged polar head groups. These
surfactants typically have a hydrophilic group composed of an alcohol, phenol, ether,
ester or amide. Many nonionic surfactants contain polyethylene glycol chains such as
t-octylphenoxypolyethoxyethanol (TX-100). Owing to nonionic surfactants are
relatively nontoxic and biodegradable. Therefore, it 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).
The chemical structures of most common ionic, zwitterionic and nonionic surfactants
are shown in Table (1.1). Where R represents one or more hydrophobic chains, M is
positive counterion, X is negative counterion and n is defined number.

3

Table (1.1): Chemical structures of common ionic, zwitterionic and nonionic surfactants.

Surfactant

General structure

Examples

R–OSO3–M+

Sodium dodecyl sulfate

Anionic
Sulfate

Ammonium lauryl sulfate
Sodium laureth sulfate
Sulfonate

R–SO3–M+

Sodium bis(2-ethylhexyl) sulfosuccinateAerosol-OT

Carboxylate

R–COO–M+

Sodium octanoate

Phosphate

R–OPO3–M+

Sodium dodecyl phosphate

Cationic
N-Cetyl-N,N,N-trimethylammonium
Quaternary ammonium salt

bromide

R4N+X–

N-Cetylpyridinium bromide monohydrate
Hydroxyethyl laurdimonium chloride

Zwitterionic
Aminoxide

R3N+O-

N,N-Dimethyltetradecylamine N-oxide

Betaine

R–N+(CH3)2CH2CH2COO–

Dodecyl betaine

Sulfobetaine

R–N+(CH3)2CH2CH2SO3–

Sulfo-butane betaine

R–CH2CH2(OCH2CH2)nOH

T-Octylphenoxypolyethoxyethanol

Nonionic
Polyoxyethylene

In addition the conventional surfactants described above, there are specialty
surfactants attracting considerable interest in industrial applications. These include
fluorocarbon and silicone surfactants. In fluorosurfactants, some of the hydrogen
atoms from the hydrophobic tail are replaced by fluorine. Silicosurfactants are derived
from polydimethylsiloxanes by partially replacing methyl groups with polyalkylenoxy
or pyrrolidone groups. These surfactants are known for their excellent wetting
properties, as well as good thermal and chemical stability. However, due to the high
cost of production they are only used for specific applications, such as oil-resistant.
A range of more exotic surfactant structures have been developed that exhibit
adventitious properties. These include the dimeric surfactants, which are structures
0

consisting of two amphiphilic molecules connected through a spacer group, which can
be located right between two head groups (Gemini surfactants), in the middle or close
to the end of alkyl chains (Bolaform surfactants). If more than two surfactants are
connected together, they can form tri-, tetra- or polymeric surfactants with interesting
properties, often superior compared to monomeric surfactants (Cullum, 1994).
Homopolymers are the simplest type of polymeric surfactants, containing only one
type of repeating unit, while block copolymers consists of at least two parts - one
made of monomer A and the other made of monomer B. Polymeric surfactants are
widely applied as stabilizers for suspensions and emulsions.
Different types of surfactant molecules are shown in Fig. (1.3).

Hydrophilic group

Hydrophobic group

Convential
surfactant

Gemini
surfactant

Bolaform
surfactant

Trimeric
surfactant
A : Hydrophilic group
B : Hydrophobic group

A

B

A

Diblock
copolymer

Polymeric
surfactant

Fig. (1.3): Different forms of surfactant molecules (Butt et al., 2003).

Besides to synthetic surfactants produced on a large scale, a number of naturally
occurring substances demonstrate surface-active properties. They are involved in
essential processes ongoing in the living tissues and cells, just as previously
mentioned phosphatidylcholine. As another example, bile salts such as sodium cholate
and sodium deoxycholate produced by a pancreas are natural emulsifiers dispersing
fat into droplets, which can be then utilized by the body.

5

1.2 Micelles
1.2.1 The critical micelle concentration (CMC)
When surfactant is present in a solution at low concentration, its molecules are
randomly distributed as individual monomers. As mentioned before, one
characteristic feature of surfactants is their tendency to adsorb at interfaces. Fig. (1.4)
shows that the surface tension decreases strongly with increasing concentration of
surfactant molecules in the solution. However, at a certain concentration the decline
of surface tension is stopped and its value remains almost constant. This indicates that
the surface is saturated by a monolayer of surfactants and no more adsorption sites are

Surface tension

available.

CMC

[Surfactant]
Fig. (1.4): Changes in surface tension and organization of amphiphilic molecules with increasing
surfactant concentration.

Above that concentration the molecules of surfactant present in the bulk will undergo
spontaneously self-assembly and form well defined aggregates, called micelles. The
concentration above which micelle formation becomes appreciable is known as the
critical micelle concentration, abbreviated to CMC. All additional surfactant added
above the CMC forms or goes into the micelles. This means that the monomer
concentration is constant at and above the CMC. Two factors are involved in the
spontaneous formation of micelles. First, the hydrophobic effect causes the nonpolar
portion of the molecule to be separated from water and sequestered in the interior of
6

the structure. Second, interactions between the head groups determine how closely the
molecules may be packed. Most micelles just above CMC are usually regarded as a
spherical association of 50 – 100 surfactant molecules (Tadros, 2006). In an aqueous
solution, the shell of ionic or nonionic polar head groups is oriented towards the
aqueous phase, while the hydrophobic tails aggregate into the core, as shown in Fig.
(1.5) (above).

Water
Micelle core
Palisade layer

n

n

Oil

: Defined number of

surfactant monomers

Fig.(1.5): The structure of a micelle (above) and reversed micelle (below).

The interior of a micelle shows liquid phase properties, such as high mobility of alkyl
chains and ability to solubilize water-insoluble molecules. A more polar region
consisting of surfactant tails and polar molecules which have penetrated into the
micelle interior; this region of a micelle is described as the palisade layer (few carbon
atoms deep towards core). The formation of micelle-like aggregates in nonpolar
solvents is also possible, although the changes involved in association process must
be considerably different from those in aqueous systems. The orientation of the
surfactant in the solvent is opposite to that in water, with hydrophobic chains oriented
to the bulk and polar heads inside the core. Such a structure is often described as
reversed micelle, and is presented in Fig. (1.5) (below). Later, the discussion will be
restricted to interfaces involving a liquid phase as in my research.
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For more explanation of ionic micelle, a schematic two-dimensional representation of
an ionic spherical micelle is shown in Fig. (1.6). In ionic micelles, the surface
potentials are high (Stigter, 1964) and relatively small counterions and the charged
head groups are located in a compact region, known as the Stern layer, which extends
from the outer surface of the core to within a few angstroms of the shear surface of
the micelle. The compactness of the Stern layer is responsible for the reduction of the
net charge on the micelle. Most of the counterions, are, however, located outside the
shear surface in the Gouy-Chapman electrical double-layer where they are completely
dissociated from the charged aggregate and are able to exchange with ions in the bulk
of the solution.
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Shear surface
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X
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X
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X
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Core
Stern layer
Guay-Chapman layer

Fig. (1.6): Model of a typical ionic micelle showing the locations of head groups, surfactant chains
and counterions (x).
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1.2.2 Structures of micelles in a solution
Various micellar shapes are suggested that are depend on the structure of the
surfactant, typically the relative size of the head group and tail group. This is often
described with the critical packing parameter, CPP, defined as:
CPP = V/aL
where a is the optimal head group area and V and L is the volume and length of the
surfactant tail, respectively. Spherical micelles will be formed if CPP<1/3. As CPP
increases, meaning that the relative size of the hydrophobic part increases, the
curvature of the aggregates will decrease and disc-, tablet-, and rodlike micelles are
formed. Also, as the concentration of surfactant increases, the micelles often grow
more or less in size and at even higher concentrations various types of phases can be
formed. For example the spherical micelles become cylindrical ones upon further
increasing concentration, there is a hexagonal packing of surfactant cylinder
(1/3<CPP<1/2). If the concentration is still increased the lamellar structures (CPP≈1)
are formed. Upon further addition of surfactant , the lamellar structures are converted
to a hexagonal packing of water cylinders (CPP>1) as shown in Fig. (1.7).

Surfactant monomers

Micelle

Cylindrical micelle
(Randomly oriented)

Hexagonal
packing of cylinder

H2O

H2O

H2O
Water

H2O
H2O

H2O
H2O

Hexagonal packing of
water cylinder

Lamallar micelle

Fig. (1.7): Illustrating the formation of various structures in surfactant solution with increasing
surfactant concentration (Bansal et al., 1977).
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1.2.3 Reactions in micellar system
Interaction of surfactant molecules with substrates can result in decreasing or
increasing the reaction rate or changing the yield of reaction and sometimes these
surfactant molecules act as reactants. Several models have been postulated to interpret
the effect of the concentration of surfactant on the rate of the reactions. One of these
models is most common is called pseudo-phase model suggested by Mengo and
Bortany (Pm, 2014) assumes that the substrate is distributed between water and
micellar phases; hence, the overall rate will be the sum of the rates in water and in the
micelles. Catalytic effect occurs when both reactants incorporate and/or solubilizate
into the small volume of micelles through hydrophobic, electrostatic, hydrogen
bonding and van der Walls forces. However, when one of the reactants binds to the
micelle while the other remains in the bulk solution, the reaction gets inhibited.
1.2.4 Factors affecting the CMC of a surfactant
CMC is not a constant (Held, 2014), which can be affected by many variables like as
structure of amphiphiles (hydrophilic group and hydrophobic group), addition of salts
and experimental conditions such as temperature, pH, etc.
1.2.4.1 Hydrophilic group
The influence of the hydrophilic group is strikingly different in ionic and nonionic
surfactants. With identical hydrophobic moieties, ionic surfactants have higher CMC
values than nonionic surfactants because the electrostatic repulsion of the charged
head groups in the periphery of ionic micelles makes micellization more difficult. The
CMC of the ionic surfactant decreases as the hydrated radius of the counterion
decreases (Pandey et al., 2003).
1.2.4.2 Hydrophobic group
The nature of the hydrophobic group of the surfactant influences in CMC . It has been
observed for ionic and nonionic micelles that the CMC decreases with increasing
length of the hydrophobic chain because formation of micelle becomes easier with
increase in hydrophobicity. Double bonds, alkyl chain branching, aromatic groups or
some other polar character in the hydrocarbon tails have been found to increase the
CMC. This may partly be to the surfactant becoming more hydrophilic and partly to
the increase bulkiness of the chains, thus rendering packing into closed aggregates
more difficult (Mahmood & Al-Koofee, 2013) .
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1.2.4.3 Salts
Addition of salts to an aqueous solution of surfactant usually decreases the CMC of
ionic surfactants. This effect is less significant when the surfactants is nonionic. Salts
tent to screen electrostatic repulsions between head groups and make the surfactant
effectively more hydrophobic. This increases hydrophobic interactions among the
surfactants cause them to aggregate a lower concentration, thereby the CMC
decreases.
Small size and large hydrated radius of ion would act as a water-structure promoter
decreasing the availability of water to the micelles. Therefore, addition large size is
more effective in the reducing of the CMC than small size (Bhattarai et al., 2014).
1.2.4.4 Temperature
The increase in temperature causes an increase in the CMC of ionic surfactants
because of the dehydration of monomers followed by the disruption of structured
water around the hydrophobic group, which opposes micellization (Genç, 2015). An
opposite temperature effect is observed with nonionic surfactants, ultimately causing
phase separation.
1.2.4.5 pH
In surfactants bearing ionizable groups such as – NH2, – (CH3)2N–O and – COOH,
the degree of dissociation of the planar group will be pH dependent. In general, the
CMC will be high at pH values where the group is charged (low pH from – NH2, and
– (CH3)2N–O and high pH from – COOH) and low when uncharged.
1.2.5 Methods to determining the CMC of a surfactant
There are many methods that have been developed to determine the CMC of
surfactants, such as tensiometry, conductometry, turbiditometery, and viscometry
(Chatterjee et al., 2001; Mitsionis & Vaimakis, 2012). In general, these methods are
based on direct measurements of the solution properties. In addition, some indirect
methods have also been developed by measuring the fluorescence of selected probe
molecules, where pyrene has been widely used as the fluorescent probe molecule
(Aguiar, 2003). Over the last few years, researchers have attempted to utilize the UVvis absorption of probe molecules to conveniently determine CMCs.
The general way to obtain the CMC value of a surfactant micelle is to plot some
physicochemical property of interest versus the surfactant concentration and observe
the break in the plot.
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Surface tension is by no means the property of the solution that changes with
increasing concentration of a surfactant. There is a number of other physical
characteristics, which undergo an alteration at the critical micelle concentration (see
Fig. (1.8)). For example, the increase in osmotic pressure is abruptly stopped as it
gains approximately constant value. The slope of electrical conductivity of the
solution decreases indicating that there remains less individual charged units
compared to associated molecules. The optical turbidity of the solution increases and
it may appear opaque. Light scattering experiment indicates the presence of scattering
objects with size bigger than individual monomers of surfactant. These observations
serve as an evidence of critical micelle concentration has a characteristic value for
each surfactant molecules.

Conductivity

CMC

Osmatic pressure

Physical property

Turbidity

Solublization

Viscosity
Surface tension

[Surfactant]
Fig. (1.8): Schematic representation of the concentration dependence of some physical properties
of micelle forming surfactant solution (Tadros, 2006).
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1.3 Nanotechnology
1.3.1 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 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.
1.3.2 Silver nanoparticles (AgNPs)
Over the past few years, the synthesis of metal nanoparticles is 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 in 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,
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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 favorite for chemists, involve 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 chemical reduction by organic and 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 are 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 (Ag o), 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 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 interphase. 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.
1.3.3 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
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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 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. (1.9), 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. (1.9): Dependence of color of AgNPs on silver sizes.
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1.4 Literature review:
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). Above this concentration various changes
occur on both the chemical and physical properties of the surfactant solution. Micelle
formation results a discontinuity in the physical properties of the solution such as
surface tension, viscosity, conductivity and light scattering (Liang et al., 2005;
Kumaraguru & Santhakumar, 2006; Inoue et al., 2007). According to Rosen (Rosen,
1989) CMC can be estimated by a plot of some physical property versus the surfactant
concentration. Spectral and fluorescence methods using dye and other compounds as
probes are also used for the evaluation of CMC (Majhi et al., 1999; Prasad et al.,
2003; Ray et al., 2006; Hait et al., 2007). Most of these methods reported for the
determination of CMC have several disadvantages such as low sensitivity, the
necessity of dye or probe, large volume of sample, tedious experimental techniques as
well as the interpretation tools required. Additionally, 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 nanomaterials, 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 among them is
chemical reduction for production of large quantities of nanoparticles in relatively
short periods of time. Moreover, nanoparticles with different shapes 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
results, 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
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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 shape-directing 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 nanomaterials 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 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., 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
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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.
1.5 Aims of the present work
Critical micelle concentration (CMC) is an important parameter in virtually all of the
process industry surfactant applications, from mineral processing to formulation of
personal care products and foods, to drug delivery systems, and to new surfactant
remediation technologies. In these processes, surfactant must usually be present at a
concentration higher than the CMC because the greatest effect of the surfactant,
whether in interfacial tension lowering, emulsification, solubilization, suspension
stabilization, as a delivery vehicle, or in promoting foam stability, is achieved when a
significant concentration of micelles is present.
The present work has focused on the following points:


Preparation of silver nanoparticles (AgNPs) using diethylenetriamine (DETA)
or 1,2-phenylenediamine (PDA) as reducing agents.



Using different types of surfactant as stabilizer.



Spectroscopic determination of CMC using AgNPs as probe based on spectral
properties of surface plasmon resonance (SPR) band of AgNPs.



Colorimetric detection of CMC through the naked eye.



Conductometric determination of CMC of ionic surfactants in presence of
reactants.
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Chapter- II
Experimental Section

2 Experimental
2.1 Chemicals
All chemicals in this work were of analytical grade and used as received without any
further purification. Silver nitrate was used as precursor material for silver
nanoparticles synthesis, DETA and PDA were used as reducing agents. Different
types of surfactants, cationic (CTAB, HY and CPB), anionic (SDS and AOT),
nonionic (TX-100) and zwitterionic (C14DMAO and C16DMAO) were used as
stabilizers. These chemicals are listed in Table (2.1), which also includes their
abbreviation, chemical formula, make and purity.
2.2 Preparation of stock solutions
All stock solutions were prepared with deionized water. Glass wares were washed
with dilute acids (HNO3 and H2SO4) solutions and rinsed several times with deionized
water.
2.2.1 Stock solutions of surfactants
1. Cationic surfactant solutions
I. CTAB solution, 0.05 M.
CTAB (0.05 M) solution was made by dissolving 0.911 g of CTAB in 50 mL
volumetric flask and then stirred on water bath at 25 ºC for 10 minutes to obtain clear
solution.
II. HY solution, 1.36 M.
HY was used as received (40 % from Clariant company) without any dilution.
III. CPB solution, 0.05 M.
CPB (0.05 M) solution was made by dissolving 1.006 g of CPB in 50 mL volumetric
flask and then stirred on water bath at 25 ºC for 10 minutes to obtain clear solution.
2. Anionic surfactant solutions
I. SDS solution, 0.5 M.
SDS (0.5 M) solution was made by dissolving 0.721 g of SDS in 5 mL volumetric
flask and then stirred on water bath at 25 ºC for 10 minutes to obtain clear solution.
II. AOT solution, 0.1 M.
AOT (0.1 M) was prepared by dissolving 0.222 g AOT in 5 mL volumetric flask and
then stirred on water bath at 25 ºC overnight to give clear solution.
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3. Nonionic surfactant solution
I. TX-100 solution, 0.01 M.
TX-100 (0.01 M) was prepared by diluting 60 μL of concentrated TX-100 (1.66 M)
solution to 10 mL with deionized water.
4. Zwitterionic surfactant solutions
I. C14DMAO solution, 0.0200 M.
C14DMAO (0.0200 M) was prepared by dissolving 0.129 g in 50 mL deionized water.
II. C16DMAO solution, 0.0025 M.
C16DMAO (0.0025 M) was prepared by dissolving 0.018 g in 25 mL deionized water.
2.2.2 Stock solutions of reducing agents
I. Diethylenetriamine solution.
Was used without any dilution.
II. 1,2-Phenylenediamine solution, 0.005 M
1,2-Phenylenediamine (0.005 M) was prepared by dissolving 0.054 g of 1,2phenylenediamine in 100 mL deionized water.
2.2.3 Stock solution of silver nitrate
I. Silver nitrate solution, 0.001 M
Silver nitrate (0.001 M) was prepared by transferring 0.042 g of AgNO3 in 250 mL
volumetric flask.
2.3 CMC determination by AgNPs probe
Initially, a 0.4 mL of DETA was added to a certain amount of cationic surfactant.
Whereas, 0.2 mL of DETA was added for anionic and nonionic surfactants and 0.1
mL of PDA for zwitterionic surfactants. Ten or twelve samples of the above solution
of various amounts of surfactants were used in this work: 1. Cationic surfactants (
[CTAB] = 0.10, 0.14, 0.19, 0.29, 0.38, 0.48, 0.57, 0.76, 0.94, 1.13, 1.31 and 1.67
mM) , ([HY] = 1.36, 1.63, 1.90, 2.18, 2.45, 2.72, 3.27, 3.81, 4.08 and 4.36 mM ) and
([CPB] = 0.10, 0.19, 0.29, 0.33, 0.38, 0.43, 0.48, 0.57, 0.66 and 0.76 mM). 2.
Anionic surfactants ([SDS] = 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 mM) and ([AOT] = 0.1,
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.5 and 5.0 mM). 3. Nonionic surfactant ([TX-100] =
(0.01, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40 and 0.45 mM). 4. Zwitteronic
surfactants ([C14DMAO] = 0.000, 0.040, 0.080, 0.120, 0.160, 0.200, 0.240, 0.280,
0.320, 0.360, 0.400 and 0.440 mM) and ([C16DMAO] = 0.000, 0.005, 0.010, 0.015,
0.020, 0.025, 0.030, 0.035, 0.040 and 0.045 mM). The samples of each surfactant
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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 10-mL solution of AgNO3 (0.001 M) was slowly added into
each sample of the above solutions of surfactant and DETA or PDA. 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 10, 20 and 30 min for cationic
surfactants, whereas 3.0 and 72 hours for anionic and nonionic, respectively and
zwitterionic, 20 min for C14DAMO and 60 min for C16DMAO from the addition of
silver nitrate solution using a UV–vis spectrophotometer (Shimadzu, UV-1601) in
the wavelength range from 200 to 800 nm.
2.4 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.
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Table (2.1): Names, abbreviations, structural formulas, suppliers and purity of the chemicals used.

Name

Abbreviation

Structure/Formula

Make

% Purity

Precursor
a. Silver nitrate

HiMedia

AgNO3

(India)

99.8 %

Reducing agents

a. Diethylenetriamine

H2N

DETA

H
N

LOBA
NH2

CHEMIE

98.0 %

(India)

NH2
b. 1,2-Phenylenediamine

Merck

PDA

(Germany)

NH2

98.0 %

Surfactants
Cationic
a. N-Cetyl-N,N,N-trimethylammonium
bromide

+

CTAB

N

13

Br

Merck
(Germany)

99.0 %

+

Cl

N
b. Hydroxyethyl laurdimonium chloride

HY

Praepagen

40.0 %

HY,

(Active

Clariant

content)

OH

c. N-Cetylpyridinium bromide
monohydrate

Merck

+

N

CPB

. H2O (Germany)

Br

99.0 %

Anionic
a. Sodium dodecyl sulfate

O

SDS

O

10

O

Merck
+

S O Na

(Germany)

99.0 %

+

Na
O O
b. Sodium bis(2-ethylhexyl)
sulfosuccinate - Aerosol-OT

O

AOT

S O
O

Merck

O

(Germany)

99.0 %

O

Nonionic
O

a. T-octylphenoxypolyethoxyethanol

H
O n

Merck

TX-100

(Germany)

n = 9.5

98.0 %

Zwitterionic
a. N,N-dimethyltetradecylamine N-oxide

b. N,N-dimethylhexadecylamine N-oxide

Merck

+

C14DMAO

N

(Germany)

O

Merck

+

C16DMAO

N

15

O

(Germany)

98.0 %

98.0 %

Chapter-III
Results and Discussion

3 Results and discussion
3.1 Determination of CMC of cationic surfactants
Preparation of stable silver nanoparticles (AgNPs) via the reduction of silver ions
(Ag+) by diethylenetriamine (DETA) in absence of surfactants was failed as a gray
precipitation of silver occurs after few hours. In the presence of cationic surfactants,
Ag+ ions can be reduced to AgNPs in a few minutes, accompanied by changes in
intensity, wavelength of the absorption band and color of the reaction system (vide
infra). Molecular structures of cationic surfactants and DETA are shown in Table
(2.1).

:

+
NH2 Ag
DETA
- +
Ag Ag+ NH + + + +
+
+ H2N:
+ Ag
Ag
+
+
Micelle
+
+
core
Ag+ +
+ Ag+
+
+
+
+ +
Ag+
+
Ag
Ag+ -

:

- = Counter ion
- = NO3

Stern layer

Gouy Chapman layer

Fig. (3.1): Binding site of both reactants in cationic surfactant.
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It means that cationic surfactants catalyze the formation of AgNPs. The micellar
effects on the stability and color formation of AgNPs can be rationalized by
considering the distribution and/or solubilization of the reactants in the micelle–water
interface present in the reaction medium. Possible orientations of the two reactants in
cationic surfactant have been depicted in Fig. (3.1). It is well known that DETA with
three binding sites of nitrogen atom can interact with the positively charged head
groups of cationic micelles and the presence of π-electrons in nitrogen atoms increase
the possibility of its partitioning between water and positively charged micelles
(Salem et al., 1999). Therefore, the cationic micelles assist in localization of the
DETA near the micelle–water interface. Silver nitrate dissociates into silver ions
(Ag+) and nitrate ions (NO3–) in aqueous solution. Similarly, NO3– ions get
incorporated into the micelle–water interface due to the Coulomb force action with
positively charged cationic micelles. The accumulation of anions (NO3–) in turn
attracts Ag+ cations towards the surface of micelles. Therefore, cationic micelles help
in bringing the both reactants closer, which may orient in a manner suitable for the
reduction of Ag+ with DETA. Due to electron-rich DETA containing nitrogen on both
sides, Ag+ is reduced to AgNPs by solvated electron released by DETA (Bessiere et
al., 1995; Herlem et al., 1997). Then surfactant micelles are adsorbed onto AgNPs and
modify their surface either by reducing or enhancing the degree of particle
agglomeration depending on the type and concentration of the surfactant.
Figs. (3.2-3.4) shows the absorption spectra of AgNPs at different concentrations of
CTAB, HY and CPB. The formation of AgNPs was confirmed by the presence of an
intense peaks ranging between the 380 and 460 nm region. The obtained absorption
spectra of silver colloidal solution are similar with earlier report for the Ag
nanospheres (Agasti et al., 2015). According to Mie's theory (Mie, 1908), spherical
AgNPs will give a single symmetric absorption peak, but anisotropic AgNPs will
exhibit two or more bands. Moreover, the UV–vis spectrum of AgNPs is symmetrical
in nature, which suggested that the AgNPs has sphere-like morphology.

17

Fig. (3.2): UV-vis absorption spectra of AgNPs prepared in presence of CTAB at different
concentrations and time intervals.
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Fig. (3.3): UV-vis absorption spectra of AgNPs prepared in presence of HY at different
concentrations and time intervals.

19

Fig. (3.4): UV-vis absorption spectra of AgNPs prepared in presence of CPB at different
concentrations and time intervals.
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Figs.(3.5-3.10) display the impact of varying concentrations of CTAB, HY and CPB
on the absorption spectra properties of AgNPs at different periods (10, 20 and 30
min). The absorption intensity increased suddenly at [CTAB] below 0.50 mM
accompanied by a decrease in the SPR (Surface palsmon resonance) band position
(blue shift) of AgNPs. A farther increase in CTAB concentration above 0.50 mM
shows constancy in SPR band position (λmax) at 0.55 mM. As shown in Fig. (3.11), at
low [CTAB] (samples 1, 2 and 3), it was observed some turbidity interfere the color
formation of AgNPs. Appearance of turbidity may be due to the insoluble AgBr
formation suggesting that the [CTAB] is not enough for localization of both reactants
(Ag+ and DETA) near the micelle–water interface. Therefore, the CMC for CTAB
was obtained from the point where SPR band position (λmax) becomes constant in the
plot of the λmax versus [CTAB] (Fig. 3.8). With HY and CPB the profiles were all
sigmoid in nature. As HY and CPB concentrations increase, initially it shows
constancy followed by rapid increase in absorption intensity and finally becomes
constant. When surfactant concentration of HY or CPB is plotted against SPR band
position (λmax) (Figs. (3.9 and 3.10)) it shows the same behavior (sigmoid) as
compared with Figs. (3.6 and 3.7).
The inflection point in the sigmoid of HY occurs at 2.44 mM which can be observed
with the naked eye in the form of a color change from bright red to yellow (Fig.
(3.12)). But the sigmoid of CPB shows red shift with inflection point at 0.40 mM
contrary to the sigmoid of HY (blue shift). This red shifting can be observed with the
naked eye in the form of a color change from pale yellow to red or orange (Fig.
(3.13)). The sharp increase or decrease of SPR band position (λmax) from low value of
surfactant monomers to high value of micelles makes the centroid of the sigmoid is
regarded as the CMC (Ray et al., 2006; Mondal & Ghosh, 2012).
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Fig. (3.5): The absorption band intensity as a function of [CTAB].
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Fig. (3.6): The absorption band intensity as a function of [HY].
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Fig. (3.7): The absorption band intensity as a function of [CPB].
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Fig. (3.8): Maximum wavelength of the absorption band (λmax) as a function of [CTAB].
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Fig. (3.9): Maximum wavelength of the absorption band (λmax) as a function of [HY].
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Fig. (3.10): Maximum wavelength of the absorption band (λmax) as a function of [CPB].
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Fig. (3.11): Optical images of silver sols prepared at different concentrations of CTAB: (1) 0.10
mM, (2) 0.14 mM, (3) 0.19 mM, (4) 0.29 mM, (5) 0.38 mM, (6) 0.48 mM, (7) 0.57 mM, (8) 0.76
mM, (9) 0.94 mM, (10) 1.13 mM, (11) 1.31 mM, (12) 1.67 mM.

38

Fig. (3.12): Optical images of silver sols prepared at different concentrations of HY: (1) 1.36 mM,
(2) 1.63 mM, (3) 1.90 mM, (4) 2.18 mM, (5) 2.45 mM, (6) 2.72 mM, (7) 3.27 mM, (8) 3.81 mM, (9)
4.08 mM, (10) 4.36 mM.
.
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Fig. (3.13): Optical images of silver sols prepared at different concentrations of CPB: (1) 0.10
mM, (2) 0.19 mM, (3) 0.29 mM, (4) 0.33 mM, (5) 0.38 mM, (6) 0.43 mM, (7) 0.48 mM, (8) 0.57
mM, (9) 0.66 mM, (10) 0.76 mM.
.
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The obtained CMC values are given in Table (3.1). The colorimetric sensing of the
AgNPs solution at CMC is in good relation with both the plot shape and the CMC
values, by sigmoidal fitting of the experimental points. In HY and CPB surfactants,
the color changes occur in sample 5 of each set and followed by constancy in color
when the surfactant concentration approaches its CMC.
Table (3.1): Summary of the CMC (mM) values obtained by AgNPs probe and conductivity
methods.

Surfactant

a

AgNPs Probe

Conductivity

Literature

Reference

CTAB

0.55

1.01 (0.78)a

0.98 (0.63)b

(Koya et al., 2015)

HY

2.44

2.71 (2.59)a

2.70

(Salem et al., 2015)

CPB

0.40

0.70 (0.51)a

0.73 (0.52)b

(Koya et al., 2015)

Values in parentheses pertain to the presence of DETA.

b

Values in parentheses pertain to the presence of 0.2 M glycine.

For further investigation, electrical conductivity method has been used to study the
aggregation behavior of surfactant in deionized water and in the presence of DETA.
The CMC values obtained from Figs. (3.14-3.16) are summarized in Table (3.1). The
CMC values are in good agreement with the data obtained by AgNPs probe. The
CMC of CTAB, HY and CPB in H2O in the presence of DETA was found to be
lower than that of pure water. Similar effect was reported (Koya et al., 2015) when
0.2 mM glycine is added; the CMC of CTAB is decreased from 0.98 to 0.63 mM and
also for CPB from 0.73 to 0.52 mM. This is a result of increased screening by the
DETA molecules of the electrostatic repulsion between the positively charged head
groups of the surfactant molecules, making the formation of aggregate structures more
energetically favorable, thus resulting in the formation of micelles at a lower
concentration.
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Fig. (3.14): Plot of specific conductivity vs. [CTAB] in water (CTAB + D.W) and in presence of
4 % DETA (CTAB + DETA).
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Fig. (3.15): Plot of specific conductivity vs. [HY] in water (HY + D.W) and in presence of 4 %
DETA (HY + DETA).
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Fig. (3.16): Plot of specific conductivity vs. [CPB] in water (CPB + D.W) and in presence of 4 %
DETA (CPB + DETA).
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The interaction of growing small nanoparticles with a positive head group of
surfactant aggregates also lowers the CMC of cationic surfactants. Possibly the above
two effects work together on the CMC values of the cationic surfactants. Therefore,
lower CMC values are expected as compared with literature values (Koya et al., 2015;
Salem et al., 2015) (Table (3.1)). The effect of Ag+ ions on the CMC is not considered
because DETA was used in excess over silver nitrate and Ag+ ions was completely
consumed from the reaction system.
The reaction time is a key point that affects the formation of AgNPs. The intensity of
the colors of solutions increased with the increase in reaction time which indicated the
continued reduction (nucleation, growth, association/adsorption, and stabilization) of
the Ag+ ions with DETA. Therefore, after 10 min from the addition of silver nitrate
solution was the convenience time for colorimetric detection of CMC as seen from the
optical images of silver sols in Figs. (3.11-3.13). For instance, under identical
conditions, it was observed the blue shift of λmax was 17 nm with increasing [CTAB]
from 0.10 to 1.67 mM after 10 min from the addition of silver nitrate solution. When
the time of reaction increased to 20 and 30 min the blue shift of λ max increased to 21
nm and 29 nm, respectively. By increasing [HY] from 1.36 to 4.36 mM the blue shift
of λmax was 21 nm and slightly decreased to 20 nm and 18 nm when the time of
reaction increased to 20 and 30 min, while the red shift of λmax was 34 nm when
[CPB] varied from 0.10 to 0.76 mM and decreased to 22 nm and 16 nm with
increasing reaction time to 20 min and 30 min. Therefore, the extent of the blue shift
of λmax reflects the strength of the interactions between surfactant heads and the
surface of AgNPs. While in observation the absorbance peak at λmax increases faster
with CPB than the peaks of CTAB or HY with increasing surfactant concentration. It
means the rate of particle formation (AgNPs) is comparatively faster in CPB with
broadening in band width, which is contrary to the observed narrowing in the case of
CTAB and HY (see Figs. (3.2-3.4)).
The broadening and red shifting of the absorption band with [CPB] indicate that
initially reduced AgNPs grow to form larger particles (Khan et al. 2012). This may be
due to the fact that the head group size of the surfactant is one of the factors that
decide the packing of the surfactant monomers into a micelle; if so, it would expect a
difference of packing in the three cases of CTAB, HY and CPB. Of course, with an
aromatic pyridinium ring in CPB, there would be delocalization of charge as well as
less charge shielding in comparison to in CTAB. In addition to the above fact, as the
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concentration of CPB monomers increases, higher concentration of AgNPs is
produced (vide supra). Therefore the CPB was not able to withhold the nanoparticle’s
size effectively which resulted in large red shift in the absorption band. On the other
hand HY showed better hydrophilic interaction with AgNPs because its hydrophilic
ammonium head group characteristics are improved by the presence of a hydroxyl
group in its structure with less hydrophobic hydrocarbon chain (C12) as compared
with CTAB (C16) (see Table (2.1)). These factors undoubtedly affect the adsorption of
surfactant micelles or monomers onto AgNPs, and consequently, the nanoparticle’s
size and color formation. It was also investigated the same effect of CTAB and CPB
on the reactivity of amino acids toward ninhydrin (Salem et al., 1999; Kabir-ud-Din et
al., 2000).
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3.2 Determination of CMC of anionic surfactants
Diethylenetriamine (DETA) can reduce silver ions to silver nanoparticles (AgNPs) in
the presence of anionic surfactants and a stable suspension was obtained after 3 hours.
The spectral properties and color formation of AgNPs depend on the surfactant
concentration and structure. The micellar effects on the stability and color formation
of AgNPs can be rationalized by considering the distribution and/or solubilization of
the reactants in the micelle–water interface present in the reaction medium. It is well
known that DETA with hydrogen atoms attached to three binding sites of nitrogen
atoms can possess hydrogen bonding with oxygen atoms of head groups of anionic
micelles of SDS or AOT. Therefore, the anionic micelles assist in localization of the
DETA near the micelle–water interface. Silver nitrate dissociates into silver ions
(Ag+) and nitrate ions (NO3–) in aqueous solution. Similarly, Ag+ ions get
incorporated into the micelle–water interface due to the Coulomb force action with
negatively charged anionic micelles. Therefore, anionic micelles help in bringing the
both reactants closer, which may orient in a manner suitable for the reduction of Ag+
with DETA. Due to electron-rich DETA containing nitrogen on both sides, Ag+ is
reduced to AgNPs by solvated electron released by DETA (Dominguez et al., 1997;
Herlem et al., 1997). Then surfactant micelles are adsorbed onto AgNPs and modify
their surface either by reducing or enhancing the degree of particle agglomeration
depending on the molecular structure and concentration of the surfactant. Molecular
structures of SDS, AOT and DETA are shown in Table (2.1).
Figs. (3.17(A) and 3.18(A)) show the absorption spectra of AgNPs at different
concentrations of SDS and AOT. In all cases, single surface plasmon absorption
peaks were observed in the range of 425 – 475 nm and 420 – 433 nm in presence
of SDS and AOT, respectively. 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 give a single
absorption peak, but anisotropic AgNPs will exhibit two or more bands.
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Fig. (3.17): (A) UV-vis absorption spectra of AgNPs prepared in presence of SDS. (B) The
absorption band intensity as a function of [SDS].
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Fig. (3.18): (A) UV-vis absorption spectra of AgNPs prepared in presence of AOT. (B) The
absorption band intensity as a function of [AOT].
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The wavelength corresponding to the absorption maximum of the surface plasmon
resonance (SPR) band is highly sensitive to the size and dielectric properties of the
AgNPs, and is known to shift to longer wavelengths upon aggregation (He et al.,
2002; Moores & Goettmann, 2006; Stockman, 2008; Peng et al., 2010). Figs.(3.17(B)
and 3.18(B)) display the impact of varying concentrations of SDS and AOT on the
absorption intensity of AgNPs. The SPR band intensity of AgNPs shows constancy at
[surfactant] below 6.0 mM SDS and 2.0 mM AOT. A further increase in SDS and
AOT concentrations it shows a sudden increase in the intensity of SPR band.
Fig. (3.19(A)) shows sigmoidal fit of the SPR band position (λ max) against [SDS]. The
SPR band is red shifted from 425 nm to 475 nm by increasing [SDS] from 3.0 to 12
mM. The break point in the sigmoidal fit is obtained from the Gaussians of the second
derivative (dash blue curve), occurs at 7.3 mM SDS which can be observed with the
naked eye in the form of a color change from brown to red as seen from the optical
images of silver suspensions (Fig. (3.19(B))). Fig. (3.20(A)) shows the sigmoidal fit
of the SPR band position (λmax) against [AOT]. The Gaussians of the second
derivative (dash blue curve) gives an inflection point at 2.1 mM. The sigmoidal fit of
AOT shows blue shift contrary to the sigmoidal fit of SDS (red shift). This blue
shifting can be observed with the naked eye in the form of a color change from brown
to yellow (Fig. (3.20(B))). The utilization of the SPR band shift for the evaluation of
CMC is based on the shift of the SPR band position (λmax) from low value of
surfactant monomers to high value of micelles makes the Gaussians of the second
derivative of the fit is regarded as the CMC (Pérez-Rodríguez et al., 1998). The
colorimetric sensing of the AgNPs solution at CMC is in good relation with the CMC
value obtained by Gaussian fit of the experimental points.
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Fig. (3.19): (A) Maximum wavelength of the absorption band (λmax) as a function of [SDS]. (B)
Optical images of silver sols prepared at different concentrations of SDS: (1) 3 mM, (2) 4 mM, (3)
5 mM, (4) 6 mM, (5) 7 mM, (6) 8 mM, (7) 9 mM, (8) 10 mM, (9) 11 mM, (10) 12 mM.
.
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Fig. (3.20): (A) Maximum wavelength of the absorption band (λ max) as a function of [AOT]. (B)
Optical images of silver sols prepared at different concentrations of AOT: (1) 0.1 mM, (2) 0.5
mM, (3) 1.0 mM, (4) 1.5 mM, (5) 2.0 mM, (6) 2.5 mM, (7) 3.0 mM, (8) 3.5 mM, (9) 4.0 mM, (10)
4.5 mM.
.

51

For further investigation, electrical conductivity method has been used to study the
aggregation behavior of surfactant in deionized water and in the presence of AgNO3
(1.0 mM). The conductivity can be linearly correlated to the [surfactant] in both the
pre-micellar and post-micellar regions, having a slope in the former region greater
than that in the latter. The intersection point of the two straight lines gives the CMC (
Salem et al., 2015). The obtained CMC values from Fig. (3.21) are 7.9 and 7.1 mM
which is in the range of the CMC of pure SDS. The CMC value (7.1 mM) obtained in
presence of 1.0 mM AgNO3 by conductivity method confirm the CMC value (7.3
mM) obtained by AgNPs probe. Similar effect was reported (Garden et al., 2014)
when 0.6 mM AgNO3 is added during the synthesis of AgNPs; the CMC of SDS is
decreased from 8.1 to 7.4 mM. The CMC value (2.0 mM) of AOT obtained by
conductivity method (Fig. (3.22)) is in good agreement with the CMC value (2.1 mM)
determined by AgNPs probe. The CMC of AOT is decreased from 2.4 to 2.1 mM by
the addition of 1.0 mM AgNO3. The literature CMCs are in a range of ~ 2.0 – 2.7 mM
for AOT (Aveyard et al., 1986; Binks, 1993; Acosta et al., 2000; Nezhad et al., 2008)
which are in good agreement with my results. It is seen from Figs. (3.21 and 3.22) the
CMC values of SDS and AOT in H2O in the presence of AgNO3 was found to be
lower than that of pure water. This is a result of increased screening by the Ag+ ions
of the electrostatic repulsion between the negatively charged head groups of the
surfactant molecules, making the formation of aggregate structures more energetically
favorable, thus resulting in the formation of micelles at a lower concentration. The
interaction of growing small nanoparticles with a negatively head group of surfactant
aggregates also lowers the CMC of ionic surfactants. Possibly the above two effects
work together on the CMC values of the anionic surfactants.
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Fig. (3.21): Plot of specific conductivity vs. [SDS] in water and in presence of 1.0 mM AgNO 3.
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Fig. (3.22): Plot of specific conductivity vs. [AOT] in water and in presence of 1.0 mM AgNO3.
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The results clearly showed that the sizes of the Ag seed clusters were dependent on
the surfactant concentration. When SDS concentration is below CMC (< 7.3 mM) Ag
seed clusters grew because the SDS concentration is not high enough to prevent
aggregation of Ag nanoparticles in aqueous solution, while the growth of the AgNPs
was arrested and the Ag nanoparticles were well-dispersed in the aqueous solutions
when the concentration of SDS was above CMC (>7.3 mM). This was due to the
protection of the Ag nanoparticles by SDS micelles. Therefore, the SPR band is
initially red shifted from 425 nm to 475 nm and then it remains constant (Fig.
(3.19(A))). On the contrary my results suggest that AOT at low concentrations below
CMC (2.1 mM) acts as a dispersing agent to effectively prevent Ag clusters
aggregating in the aqueous solution. As the AOT concentration was increased above
CMC (2.1 mM), the Ag seed clusters dramatically reduced in size and the SPR band
is blue shifted from 433 nm to 420 nm as shown in Fig. (3.20(A)). Therefore, the
obtained CMC values of SDS and AOT in the presence of AgNO3 are the effective
micelle concentrations necessary for the synthesis of AgNPs.
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3.3 Determination of CMC of nonionic surfactants
The reduction of silver nitrate by diethylenetriamine (DETA) in the presence of (TX100) surfactant is slow and the silver nanoparticles (AgNPs) obtained after 72 hour.
Molecular structures of TX-100 and DETA are shown in Table (2.1). The suspension
remained basically stable for many weeks. The spectra of AgNPs at different
concentrations of TX-100 are shown in Fig. (3.23). It is seen from this figure, a strong
surface plasmon resonance (SPR) peak centered at ∼ 420 nm with a shoulder peak at
∼ 365 nm. Since TX-100 has a large number of oxygen with unpaired electrons, TX100 can be adsorbed on the surface of AgNPs. According to Mie's theory (Agasti et
al., 2015), spherical AgNPs will give a single absorption peak, but anisotropic AgNPs
will exhibit two or more bands. This confirmed the shape of AgNPs is not spherical.

Fig. (3.23): UV-vis absorption spectra of AgNPs prepared in presence of TX-100.
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The most important and interesting findings of the present observations are the
decreasing in the absorbance of AgNPs with increasing of the TX-100 concentration
and then increasing (see Fig. (3.24)). These may be explained as follow: In aqueous
medium, AgNO3 dissociates into Ag+ and NO3- ions in solution. Before addition of
TX-100 surfactant, DETA reduce Ag+ and after addition of TX-100, Ag+ preferably
binds near the phenyl group of TX-100 and by π–π stacking, charge transfer takes
place from phenyl ring of TX-100 to Ag+ (as the phenyl ring of TX-100 is electron
rich due to presence of electron donating groups attached to it) (Yi et al., 2009). This
prevent meeting between two reactants (Ag+ and DETA). Hence the absorbance
intensity of AgNPs decreases with increase of [TX-100] before the CMC. Beyond
micellization, the head groups of surfactant come closer in the aggregated form. This
hinders the approach of Ag+ group towards the phenyl ring of TX-100, thereby
making the π-π stacking more difficult (Anand et al., 2011). Consequently, increase in
absorbance intensity is observed in post-micellar domains. The break point in the
Gaussian fit is obtained from the Gaussian of the second derivative (dash blue curve),
occurs at 0.29 mM TX-100 which can be observed with the naked eye in the form of a
color intensity change from dark yellow, pale yellow to dark yellow as seen from the
optical images of silver suspensions (Fig. 3.25). The literature CMCs are in a range of
~ 0.20 – 0.30 mM for TX-100 (Chattopadhyay & London, 1984; Hait & Moulik,
2001; Dharaiya & Bahadur, 2012; Bhaisare et al., 2015; Sarkar & Chattopadhyay,
2015) which are in good agreement with my results.
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Fig. (3.24): The absorption band intensity as a function of [TX-100].
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Fig. (3.25): Optical images of silver sols prepared at different concentrations of TX-100: (1) 0.01
mM, (2) 0.05 mM, (3) 0.10 mM, (4) 0.15 mM, (5) 0.20 mM, (6) 0.25 mM, (7) 0.30 mM, (8) 0.35
mM, (9) 0.40 mM, (10) 0.45 mM.

.
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3.4 Determination of CMC of zwitterionic surfactants
Silver nanoparticles (AgNPs) were easily prepared based on chemical reduction
method involved the reduction of Ag+ by 1,2-phenylenediamine (PDA) used as
reducing agent in the presence of two zwitterionic surfactants, C14DMAO and
C16DMAO used as stabilizing agents. This reaction is accompanied with a change in
the spectra of the AgNPs that can be observed by UV–vis spectroscopy (Figs. (3.26
and 3.27)). According to Mie's theory (Agasti et al., 2015), spherical AgNPs will give
a single absorption peak, but anisotropic AgNPs will exhibit two or more bands. This
confirmed the shape of AgNPs is spherical. The two zwitterionic surfactants used
have different chain length, C14DMAO has less hydrophobic hydrocarbon chain (C14)
as compared with C16DMAO (C16) (see Table (2.1)). Janoff and Pringle (Janoff et al.,
1981; Pringle et al., 1981) proposed that as the alkyl chain increases, lipid solubility
increases at a rate faster than the change in partition coefficient (lipid/aqueous). At
high chain length, partitioning is limited, making the concentration at the site of
action insufficient to have a significant effect on the AgNPs. This confirm that max.
wavelength is high and remain constant with different concentration of C16DAMO.

Fig. (3.26): UV-vis absorption spectra of AgNPs prepared in presence of C14DMAO.
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Fig. (3.27): UV-vis absorption spectra of AgNPs prepared in presence of C 16DMAO.
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Fig. (3.28) shows sigmoidal fit of the SPR band position (λmax) against [C14DMAO].
The SPR band is blue shifted from 446 to 429 nm by increasing [C14DMAO] from
(0.000 to 0.440) mM. The break point in the sigmoidal fit is obtained from the
Gaussians of the second derivative (dash blue curve), occurs at 0.181 mM C14DMAO
which can be observed with the naked eye conveniently after 20 min in the form of a
color change from yellow to green as seen from the optical images of silver
suspensions (Fig. (3.29)).
Fig.(3.30) shows the impact of varying concentrations C 16DMAO on the absorption
spectra properties of AgNPs. The SPR band intensity of AgNPs shows increasing at
[C16DMAO] below 0.020 mM. A further increase in C16DMAO concentration it
shows a decrease in the intensity of SPR band. It has been established that the
micellar catalysis of bimolecular are due to the incorporation, solubilization and or
penetration of both the reactants in a small volume of the micellar pseudo-phase. PDA
gets incorporated hydrophobically into the palisade layer (a few carbon atoms deep
toward core) due to the presence of phenyl ring with the NH2 groups of PDA
remaining in the outermost region of the positive head group of C 16DMAO micelles
and Ag+ may be totally present in the Stern layer. A possible arrangement (although
highly schematic) could be that as shown in Fig. (3.31). While above 0.020 mM the
decreasing resulting from dilution effect of micelle. The profile shape is perfectly
general being a common characteristic of biomolecular reactions catalyzed by
micelles (Bunton, 1997; Bunton & Robinson,1968). Fig. (3.32) show remarkable
color change from pale yellow, dark yellow to pale yellow with C16DMAO was found
within 60 min upon the reaction.
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Fig. (3.28): Maximum wavelength of the absorption band (λmax) as a function of [C14DMAO].
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Fig. (3.29): Optical images of silver sols prepared at different concentrations of C14DMAO: (0)
0.000 mM, (1) 0.040 mM, (2) 0.080 mM, (3) 0.120 mM, (4) 0.160 mM, (5) 0.200 mM, (6) 0.240
mM, (7) 0.280 mM, (8) 0.320 mM, (9) 0.360 mM, (10) 0.400 mM, (11) 0.440 mM.
.
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Fig. (3.30): The absorption band intensity as a function of [C16DMAO].
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Fig. (3.31): Binding site of both reactants in C16DMAO surfactant.
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Fig. (3.32): Optical images of silver sols prepared at different concentrations of C 16DMAO: (0)
0.000 mM, (1) 0.005 mM, (2) 0.010 mM, (3) 0.015 mM, (4) 0.020 mM, (5) 0.025 mM, (6) 0.030
mM, (7) 0.035 mM, (8) 0.040 mM, (9) 0.045 mM.

.
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For comparison, Table (3.2) presented literature CMC values and the results obtained
in this work for C14DMAO and C16DMAO surfactants. It is clear that the results are in
good agreement.
Table (3.2): List of CMC (mM) evaluations from literature and the approach in this work.

Surfactant

CMC (present method)

Literature CMC

C14DMAO

0.181

0.194a

C16DMAO

0.020

0.025b

a Yang et al., 2014
b Birnie et al., 2000
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Conclusions:


A simple one step method at room temperature is developed in this work for
detecting CMC of all types of surfactants.



The CMC of a surfactant can be monitored by UV–vis spectrophotometer or
the naked eye.



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



SPR band of AgNPs was blue shifted from 445 to 427 nm by increasing
[CTAB] from 0.01 to 1.67 mM and the obtained CMC was 0.55 mM.



SPR band of AgNPs was blue shifted from 448 to 427 nm by increasing [HY]
from 1.36 to 4.36 mM and the obtained CMC was 2.44 mM.



SPR band of AgNPs was red shifted from 382 to 416 nm by increasing [CPB]
from 0.10 to 0.76 mM and the obtained CMC was 0.40 mM.



SPR band of AgNPs was red shifted from 425 to 475 nm by increasing [SDS]
from 3.0 to 12 mM and the obtained CMC was 7.3 mM.



SPR band of AgNPs was blue shifted from 433 to 420 nm by increasing
[AOT] from 0.1 to 4.5 mM and the obtained CMC was 2.1 mM.



In presence of TX-100 surfactant SPR band was constant at 420 nm and the
obtained CMC was 0.29 mM.



SPR band of AgNPs was blue shifted from 446 to 429 nm by increasing
[C14DMAO] from 0.000 to 0.440 mM and the obtained CMC was 0.181 mM.



In presence of C16DMAO surfactant SPR band was constant at 448 nm and the
obtained CMC was 0.020 mM.
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