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ABSTRACT

In this article we take steps toward the development of bactericidal and fungicidal
synthetic cationic surfactants by reaction of decyl, dodecy! or tetradecy! amine with acetic
acids or hydrochloric to produce a series of quaternary ammonium salts which
consequently cenverted to copper and cobalt cationic complexes via complexing the first
series compounds with copper (I} or cobalt {I) ions. Surface properties of these
surfactants were investigated. The surface properties studies included critical micelie
concentration (CMC), maximum surface excess {I'max} and minimum surface area (Amin).
Free energy of micellization (AG’nic) and adsorption (AG°as) were calculated. The
antimicrobial activity was determnined via the inhibition zone diameter of the prepared
compounds which measured against five strains of representative group of
microorganisms. FTIR spectra, elementa! analysis and H' NMR spectrum were performed
to insure the purity of the prepared compounds.
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INTRODUCTION

Cationic surfactants have been the focus of wide spread interest over decades due to
their ability to self-assemble in super molecular structures such as micelles ", The
aggrepates formed create sharp polarity gradients at the interface and define clear
hydrophobic regions in an aqueous solution . Those properties are of (undamental
importance for the creation of new materials .
Surfactant metal complexes are expected to provide a wide range of interesting phenomena
on the aggregation behavior in aqueous solution due to a variety of their charge numbers,
size and extent of hydrophopicity by a combination of a central metal and ligands“".
However, their physical properties in solutions have not been extensively studied %, In
the studies so far performed, novel characters of surfactant metal complexes have been
revealed, and the results should previde significant information on surfactant solution
chemistry. Metaloaggregates are made of surfactants that combine a metal-coordinating
polar head to hydrophobic tail %', The polar head of the surfactant is functionalized
with metal ions are bound to and surrounded by hydrophobic region, simitar to the
situation found in metaljoproteinase . The antimicrobial action of cationic surfactant is
based on their ability to disrupt the integral bacterial membrane by a combined
hydrophobic and electrostatic adsorption phenomenon at the membrane water interface
making disorganization ", The pathogenic bacterial cell membrane is predominantly
negatively charged as compared with eukaryotic cells '”. Hence the positive charge of the
cationic amphiphile facilitates their interactions with bacterial membrane. In this work,
two series of cationic surfactants were prepared in the laboratory; one of them is metal-
complex type. The surface and biocidal activity were determined for both types and then
comparison was made between the normal cationic surfactants and metal complex ones.
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EXPERIMENTAL PROCEDURE

Materials:

The entire chemical used throughout this investigation is supplied from international
companies. All of them were in analytical grade as shown in Table 1.

Table 1: Chemical used throughout the investigation

Molecular weight Source

60.5 Hungary Co
36.5 Aldrich

157.3 Merck
185.4 Merck

199.4 Merck

249.08 Aldrich
: 199.65 Aldrich
| Cobalt chloride 237.93 Aldrich
| Copper chloride . Aldrich

e

Synthetic Procedure

Synthesis of decyl, dodecyl and tetradecyl amine acetates

Stoichiometric amounts of acetic acid were mixed with decyl, dodecyl or tetradecyl amine
at room temperature then shaking weil, A clouding of the solution occurred, followed by
white precipitate, which increased rapidly in quantity as the reacnon progressed. The
precipitant was filtesed, and then recrystallized by petroleum ether (60°). The products are
designated as [, II, and III, and have the general formula:

RN'H; COOCH; where R = decyl, dodecyl and tetradecyl, respectively.

Synthesis of decyl, dodecyl and tetradecyl amine chlorides

They are best prepared by the peutralization of decyl, dodecy! or tetradecy! amine with
hydrochloric acid and then stirring until the precipitation is stopped. The precipitant was
filtered, and then recrystallized by ethyl alcohol. The products are designated as Iy, 11 and
1]y and have the general formula:

RN'H; CL where R = decy), dodecy! and tetradecyl, respectively.

Synthesis of metal complexes

Copper and cobalt acetate complexes were prepared by refluxing two moles of
cationic acetates (I,, II, and IIT;) with one mole of copper cr cobalt acetate in ethyl aicohol
for two hours. The products are designated as (Iy, [Iv,c and Hlyc). whereas (I, 1. r and
L) copper or cobalt chloride complexes were prepared by refluxing twe moles of
cationic chlorides (Iy, Iy and IIl4) with one mole of copper or cobalt chicride in ethanoi for
two hours, the products purified and recrystallized three times in petroleum ether and then
washed with diethyl ether. The products kept in desiccators up to use it. General formula
for the metal complexes

[RN'Hol; M (CH;COO)J” &  [RN"Hyz [M(CDY”
Where R = decyl, dodecyl and tetradecyl, respectively, M: Co™ or Cu™
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Table 2: Identification of the prepared acetate cationic surfactant and their metal
complexes I, .-,

Chemical formula

CpHnNO:

Decyl amine acetate

C1g Hﬁu Nz Os Co

Decyl amine tetra acetato cobaltaie complex

ng H&a Nz Og Cu

Decyl amine tetra acetato copperate complex

CicHy NGOy

Dodecyl amine acetate

Caz Heg N2 O3 Co

Dodecyl amine tetra acetato cobaltate complex

Caz Heg N2 Og Cu

Dodecyl amine tetra acetato copperate complex

CisHis NOy

Tetradecyl amine acetate

Cag Hzs N2 03 Co

Tetradecyl amine tetra acetato cobaliate complex

Cas H?ﬁ Nz DsCu

Chemical formula )

Tetradecyl amine tetra acetato copperate complex

Table 3: Identification of the prepared chloride cationic surfactant and their metal

lexes Idr— III.-,[( :

Name

C[O HIJI N Ci

Decy!l amine chloride

Cao Hyg Na Cly Co

Decyl amine tetra chloride cobaltate complex

Cag Has N; Cig Cu

Decyt amine tetra chloride copperate complex

CizHx NCI

Dodecy! emine chloride

CzaHse N2 Cly Co

Docecy] amine tetra chloride cobaltate complex

Ca4 Hse Na Cly Cu

Dodecy! amine tetra chioride copperate complex

CuuHyu NCL

Tetradecy!t amine chloride

ngH&q Nz C14 Co

Tetradecyl amine tetra chloride cobaltate complex

CasHes N2Cla Cu _

Tetradecyl amme tcrra chlunde cop

Methods of Analysis and Instrumenis

Infrared spectra for prepared surfactants were measured using Avatar 230 FTIR
spectrophotometer to measure intensity of absorption bands for the prepared surfactants,
The measurements were carried out in Egyptian Petroleum Research Institute.

The elementai analysis for the obtained surfactants was carried out using Elemental
Analyzer Model Varioelemenrar. The measurements were carried out im in micro
Analytical Center, Faculty of Science, Cairo University.

Proton MNuclear Magnetic Resonance Measurements (H‘NMR) were performed on a
Varian-Gemini-200 instrument and the samples were run in deuterated chleroform
{CDC1;, Cambridge Isotope Laboratories) in micro Analytical Center, Faculty of Science,
Cairo University.

Atomic Absorption Spectrometer {AAS) measurements for copper and cobalt analyses
were perfermed with AAS {Flame absorption) PerkinElmer; the detection limits for these
analyses are 0,005 g/20 m1 for cu, 0.003 g/20 ml for cobait, in micro Analytical Center,
Faculty of Science, Cairo University.
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Evaluation Method of Surface active Properties
Surface and inferfacial fension measurements
Surface and interfacial tensicn measurements of the prepared surfactants were made at
room temperature (25°C) with Du Nouy tens:ometcr (Kruss type 8451) wsing distilled
water solution of 0.1% weight concentration ¢
The surface tension of the used distilled water was 73 mN/m and the interfacial tension
between medicinal paraffin oil and distilled water was 56.2 mN/m. Surfactant solutions
were aged for 1/2h before any measurements were made. Three readings were made on
each sample to determine any change with time and to obtain an average value U7,
Emulsifying power

Emuisifying g;ower or emulsifying time (in sec) was determined according to the method
described in
in a measuring cylinder, surfactant solution (0.1 g/1¢ ml) and paraffin oil {10 m!) were
mixed. After vigorous shaking {10 times) «
The tube was ailowed to stand till any separation of the two phases appeared.
Effcl-el‘l(:j’ (PCzo)
The efficicney (PCaq) was determined by the concentration {mol/dm®) capable to suppress
the surface tension by 20 dynefem ™. The efficiency have beer determined by
exlrapoiatm g from vy =52 to the [inear portion before CMC of the ¥ versus-Log C

plot 19, a1 25°C.
Effectweness Teme):
The surface tension "yZwyalues at CMC werz used to calculate values of surface pressure
(effectiveness) form the following equationt

Heme = Yo = Yeme

Where v, is the surface tension measured for the pure water at the appropriate temperature
and Y.me 18 the surface tension at CMC, The effectiveness of adsorption is an important
factor to determine such properties of surfactant as foaming, wetting and emuisification,
since tightly packed coherent interfaci al films have very differert interfacial properties
than loosely packed, non coherent films @
Determination of Critical Micelle cnncentratinn
CMC of the prepared surfactant was determined by the surface tension method “?. In this
methods values of the surface tension obtained for various concentrations of aqueous
solutions of the prepared surfactants were plotted vs. the corresponding concentrations
Maximum surface excess Foax
The surface excess concentration is the surface concentration at surface saturation; the
maximum surface excess Ty is & useful measure of the effectiveness of adsorption of the
surfactant at the water-zair interface, since it is the maximum value to which adsorption can

altain.
= 1 3y
rMax 2,303 (E—_—k)g )T

Where R = 8.314 Jmot™" K!, T is absolute temperature, (5y /5 log C) is the slope of the. y
Vs. Log ¢ plot at room tcmperaturc @),

A substance which lowers the surface tension is thus present excess at or near the surface,
i.e. when the surface tension decreases with increasing the activity of the surfactant, I is
positive.

Minimum surface Area (An) Aqp is the minimum erea per molecule of the prepared
Compounds at the interface and was calcutated from the following equation -

15
Ano =07
Where N is Avogadro's number and T ey is the maximum surface excess.
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The standard free energies of micellization AG®m; and adsorption AG® s
Understanding the process of micellization and adsorption are important for explanation of
the effects of structural and environmental factors on the value of the CMC and for
predicting the effects on it of new structural and environmental variations. Standard free
energy of micellization AG°nic, and adsorption AG®ss, have played an important role in
such understanding. The standard free energy of micellization and adsorption are given by:
AG mic = RTin CMC
AG pds = AGmic— 6023 X 10™ Menic Arpin
The interfacial activity (Taeuv.).
It is expressed by physicochemical parameter AGeas ! Amin, where £Gads is the standard free
energy of adsorption of the surfactant at the air /solution interface and A, is the minimum
cross sectionai area of the surfactant.
Measurement of antimicrobial activity using diffusion disc method:
A filter paper sterilized disc saturated with measured quantity of the sample is placed on
plate containing solid bacterial medium (nutrient agar broth) or fungal medium (Dox's
medium) which has been heavily seeded with the spors suspension of the tested organism.
After incubation, the diameter of the clear zone of inhibition surrounding the sample is
taken as a measure of inhibitory power of the sample against the particular test
Organism 2427,
RESULTS AND DISCUSSION
The prepared surfactants were confirmed by different means. FTIR series spectrometer
Table (4), elemental analysis Table (5, 6), H'NMR spectroscopy and AAS for
copper and cobalt complexes the results were found to be compatible with the supposed
structure.
Results of FTIR data
The chemical structures for surfactant samples were accorded FT-IR Table (4}. The FT-IR
absorption spectra showed, generally absorption band around 2639.97-2679.36 cm”’ region
indicating the primary amine band was disappeared and the presence of ammonium {on{R
N* Hj) in addition to strong band at 724.87 cm™ indicating for the presence of multiple
(CH,) group. The very strong band at (2848-2852.13) cm™ region for all the prepared
compounds due mainly to the methyl symmetric stretching vibration. The very strong band
at (2958-2965) cm™ for all prepared compounds due mainly to the methylene as symmetric
stretching vibration.
The assignment is generally in agreement with the expected correlation.

Table (4): characteristic peaks of the prepared compounds

Wave no.{cm™)
Ia I iy IIl¢
Multible (CHp) rock | 724.87 | 719.23 | 720.86 718.35
CH; | Asymmetric bending { 1467.42 | 1466.49 | 1463.86 1466.43 §
: Asymmetric stretch 2958.04 12962.89 |2963.78 2965

CH; | Symmetric bending 1994.29 | 1403.8 1396.94 1400.56
Symmetric stretch 2848 2849.22 | 2850.72

Ammoniu jon (RN'Ts) | 2630.07 1 2603.4 | 2675.36

Function group
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Results for elemental analysis data
A further confirmation of the prepared surfactants is given by elemental analyses. The data
of elemental analysis are presented in Table (5, 6). The data indicate that the calculated
percentages of C, H, N and C| are nearly close to the found measurements.

Table 5: Elemental analysis for the cationic acetate surfactants X, .~ IIT, .

Product | M.wt C% H% N%
Calc. | Found | Calc. | Found | Calc. | Found
| 2173 16627 ) 6529 }12.43 | 12.86 } 6.44 6.56
1, 816.1 §154.54 | 5433 [ 9.74 | 10.02 § 4.54 | 470
1. 6115 §54.95) 55.03 } .81 | 10.05 ] 4.58 | 4.60
Ii, 2454 [68.57 | 68.62 1263 | 13.03 § 5.70 | 6.04
I, 6723 157.12 | 57.42 J10.11 | 10.61 | 4.16 | 4.67
I, 667.7 §57.51 | 57.57 110,18 | 10.24 § 4,19 | 4,79
111, 273.5 }70.20 | 70.66 | 12.80 | 13.01 } 5.12 | 5.62
I, 728.5 §59.301 59.86 § 9.601 | 10.01 ] 3.84 | 4.06
I, [723.94]59.67| 6027 | 9.67 | 10.07 | 3.87 | 4.67

Table 6: Elemental analysis for the caticnic chloride surfactants Iy~ ys

Product [ M.wt C% HY% N% Cl1%
Cale. | Found ] Cale. | Found § Calc. | Found | Cale. | Found
Iy 193.9 | 61,89 | 62.49 | 1238 | 1279 § 7.22 7.74 18.30 | 19.50
I, 522.1 | 45.97 | 4647 | 9.20 986 5.36 6.06 | 27201 27.04
It 5175 ) 46,28 | 47.04 | 9.28 9.78 5.41 6.05 [2744 | 28.15
Iy g 222 ) 64.86 | 6540 | 12.61 | 13.02 | 6.3! 6.87 1600 | 16.22
11, 578.3 | 49.80 | 50.33 ] 9.68 10.07 § 4.84 5.57 ) 24.55 | 24.67
11, 5175 § 5565 ] 5603 1 i0.82 1 11.43 § 5.40 6.00 2744 | 27.71
1, 250.1 | 76.19 | 66.23 | 1279 | 1339 | 5.60 6.24 1419 | 14.25
111, 632.5 § 53.12 | 53,64 | 1012 | 1076 § 443 s.04 | 2245 | 2252
il 5259 | 53.34 | 53.95 | 10016 ] 1043 { 4.44 4,76 § 22.54 | 2292

Results of proton nuclear magnetic resonance
The H'NMR spectrum for some selective cationic surfactants yielded: H'NMR
(DMSO - dg) showed the following as example.
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The first peak, methyl protons (H,) have two neighboring protons, these protons, appear as
three line signal (triplet) at § = 0.84 ppm. The second peak, methylene protons (Hy) have
five neighboering protons which appear as six line signal (sextet) at 1.5 ppm. The third
peak, methylene protons (H¢), have four neighboring protons which appear as five line
signal (quintet) at 3=1.23 ppm. The fourth peak, methylene protons have four neighboring
which appear as five line signal (quintet), this signal is shifted to up field because of the
electro negativity of nitrogen atom and therefore appear at 6=2.5-2.7 ppm. The fifth peak,
methylene protons (H,) have five neighboring protons, which appear as six line signal
(sextet) at =4.364 ppm. The sixth peak, amine protons (H¢) have five neighboring protons
which appear as six line signal (sextet) at =7 ppm . It is shifted to up field due to positive
charge on nitrogen atom.

Results of Atomic Absorption spectrometer

AAS results indicate that the theoretical and the found values are very close.

Surface properties

Surface properties of the prepared cationic surfactants were measured and tabulated in
Table (7, 8).

Surface and interfacial tensions

Surface and interfacial tensions of the prepared cationic surfactants and their corresponded
metal complexes were measured at 25°C as shown in Table (7, 8). In case of the parent
cationics (o4~ [, q) the surface and interfacial tensions value of their solutions decreases
by increasing methylene units ,That behavior is due to the increasing hydrophobic chain
length leads to decreasing the aqueous solubility and migrate the surfactant from the bulk
to the interface G”,Thc surface tension values of the cationic complexes (I pg—111yc ),

(L -1 ) were found in lower values than their parent cationic surfactants. That could be
referred to the increasing in the hydrophopicity of these complexes than the parent
cationics, which is due to the presence of two ligands coordinated to the metal ion within
their that giant structure of the complex contain higher number of methylene group, ie
more non polar chains. Then the water/surfactant molecules interactions increased, which
forced them to the air water interface ®. Hence, the surface tension depressed
considerably, Table (7, 8). In fact these results suggest that, two alkyl chains in one
molecule linked by a metal ion enhance the adsorption and aggreﬁation properties, by
strengthening the inter-or interamolecular hydrophobic interaction ““, The uniqueness of
the metal- surfactant coordination complexes lies in the fact that the bond between the head
group and the tail part of the surfactant is a coordinate bond and the surfactant contains a
higher charge on the head group which leads to more repulsion in the bulk of aqueous
solution and increasing adsorption onto surface.

Emulsifying power

It’s clear from Table (7, 8) that all the prepared surfactants show adequate emulsifying
power towards paraffin cil.

CMC of the prepared surfactants

The resuits in Table (9, 10) and fig. (1-6) on complexing the cationic surfactants with
cobalt or copper ions, high depression was observed in CMC values compared with those
of the parent cationics. That fact could be explained from the unique property of the metal
complexes in water, That is the complexes retain its unity in their solutions, which
increased their volume in the aqueous media and then repulsion is occurred between the
hydrophobic chain and water molecuies. That repulsion facilitates two processes in the
same time.

I-Adscrption of the molecules (metal complex) at the air/water interface at extremely
lower concentrations (below CMC).
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2-Micellization of molecules {metal complex} at concentration lower than their parent
cationics.

The application of these molecules in commercial processes could allow us to dramatically
reduce the concentration of surface active material used for the same level of
performance. Thus, it is concluded that these metal surfactant complexes have more
capacity to associate themselves, forming aggregates, compared to those of ordinary
synthetic quaternary ammonium salts. Thus suggests that the introduction of a metal jon to
the hydrophilic part of the amphiphile can remarkably enhance the ability of aggregation.
Effectiveness "I .,."

The most efficient one is that gives the greatest lowering in surface tension for a critical
micelle concentration (CMC). (I, 11If) were found to be the most efficient once Table (9,
10} because they achieved the maximum reduction of the surface tension at CMC fig. (5, 6).
Efficiency "Pcao”

Values of cfficiency of the prepared surfactants are shown in Table (9, 10), the efficiency
increase with increasing molar ratio of methylene units. These due to the fact that the
efficiency of adsorption at interfaces increase linearly with increase in the carbon atoms in
hidrophophabic group, ¢V,

Maximum surface excess I'p,;

It is evident from Table (9, 10) that in case of prepared parent cationic surfactants by
increasing the number methylene units Fmax increases. Complexing the cationic surfactant
with cobalt and copper ions contributes to migration of molecules to the water-air interface
causing a consequent high increase in I'max values.

Minimum area per melecule Anjn

Results given in Table (9, 10) indicate that by consequence increase of I'max leads to
crowdiness occurred at the interface which causing decreasing in Amin values.

The standard free energics of micellization AG®y. and adscrption AG"ads.

From Table (9,10) values of AG’y. and AG%us are always negative indicating the
spontaneously of these two processes but there is more increase in negativity of AG%s
rather than these of micellization indicating the tendency of the molecules to be adsorbed
at the interface.

Antimicrobial activity of the prepared cationie surfactants The cell membrane of
microorganisms is composed of several lipids and protein layers arranged together in a
specific arrangement called the bilayer (or multilayer lipoprotein structure). The presence
of the lipids as a building unit in the cell membrane acquires them their hydrophobic
character @V, The selective permeability of the lipoprotein membrane represents the main
function, which control the biological reaction in the cell. Hence, any factor influences that
permeability causes a great damage to the microorganisms, which leads it to die. The
cationic surfactants have a unique ability of adsorption at the interfaces where the
pathogenic bacterial cell membrane is predominantly negatively charged as compared with
eukaryotic cells ¥, Hence the positive charge of the cationic amphiphile facilitates their
interaction with the bacterial membrane, which acquires them a geod Biocidal activity
towards microorganisms ®*?%, The adsorption at the water/cell membrane increases the
hydrophopicity of that membrane which, increase its permeability towards the media
ingredients ®*. That resulting in disturbing the biological reactions occurred within the cell
cytoplasm, The optimal activity towards a variety of bacterial species for many water
soluble cationic surfactants appears to occur at Cjo - Cje carbon atoms.®™
In this study the prepared quaternary ammonium salts containing hydrophobic chains of
varying length were tested against pathogenic gram-positive (Staphylococcus aureus,
Streptocaccus faecalis, Bacillus subtilis) and gram-negative {Escherichia coli) bacteria and
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also, some pathogenic fungi (Candida albicans). The results of antimicrobial activity of the
synthesized surfactants against pathogenic bacteria and fungi recorded in Table (11, 12).
Table (11, 12) indicates that the synthesized QAS have antimicrobial activity. the
difference in activity depends on the length of hydrophobic chains and the interfacial
properties of the prepared surfactants. The relationship between interfacial properties of the
surfactants and their biological activity for some strains of microorganisms was studied by
Stephen W.M. and Donald J.V.™ | in each case tne interfacial activity is expressed by the
physicachemical parameier AGug / Amin [ Table {11, 12) and Fig. (7-12) indicates that all
the synthesized QAS have antimicrobial activity which expressed by inhibition zone
dizmeter. The difference in activity depends on the length of hydrophobic chains and the
interfacial properties of the prepared surfactanis. As shown in fig. (7-12) there is ar
excellent linear rzlation ship between interfacial activity aad biological activity in case of
metal complex surfactants, the biological activity was increased tc higher extent .That
increase could be explained through their ability towards adsorption at the cell of the tested
microorganisms which appear as increase in physicochemical parameter AGygs / Apin due to
their high hydrophopicity, which acquired from the great number of methylene units within
complex molecules .In comparing the biological activity between copper and cobalt
complexes, copper complexes showed higher biclegical activity .The difference was noted
in small cases and for small extend. The increase in the activity for copper complexes is
atiributed to the lower electro negativity and larpe volume of the copper ions which
increased their molecular area. Hence, the effective area of the complex molecules on the
cell membrane will increase resulting on the higher biological action, “

CONCLUSION

1. The synthesized cationic surfactants showed antimicrobial activity towards gram-

positive and gram negative bacleria and fungi.

2. Complexing of cationic surfactants with cobalt and /or copper ion increased their

interfacial and antimicrebial activity externally.

3. The optimal length of the aiky! chain has Seen noted to be twelve carbon atoms for

antimicrobial activity.
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Table 7: Surface properties of acetate surfactants

{mN/m)

Interfacial tension
{mN/m)

Emulsifying power
{min)

39

14

67

38

14

67

37.5

12

65

35

10.4

935

34

10.6

85

34

12

100

36

15

134

34

14

140

34

13

136

Table 8: Surface properties of chloride surfactants

' ac teo
(mN/m)

Sctants

' Interfacil tension

(mN/m)

Emulsifying power
(min)

39

94

38

90

38

95

37

112

36

114

35

117

35

189

34

185

33
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Table 9: The critical micelle concentration (CMC) and surface parameters of the
cationic acetate surfactants at 25 °C

iurfactant | CMC YeMe Icpc Peoao Toax X 107 A min A Gage A Goie AGoy /
X102 | (mN/m) | (mN/m) | (Mole/L) | (Mole/em®) | (am?) Amin
I, 2.4 38 34 3.7 8.3283 1.967 | -70.14 -29.86 -35.66
I 1.1 37 35 4,0 9.55178 1.727 -70.14 <33.73 -4(1.61
I. 1.09 35 37 4.1 9.55179 1.7271 | -72.26 -3377 -41.84
1, 2.3 35.5 36.5 4,02 0.17623 1.798 -69.59 -30.07 -38.71
I, 0.9 34 38 4.01 10.3388 1.596 -75.9 -35.4] -47.56
II, 0.9 31 4] 4,292 10.4766 1.574 -78.27 -39.42 -49.73
111, 2.7 37 35 4.0 10.41204 1.63 -64.43 30,07 -39.53
111, 1.3 34 38 4,299 10.459 1.577 -68.99 -12.89 -43.74
1II, 1.2 33 39 4.4 10.6547 1.548 -69.65 -33.29 -44.99 ﬁ

Table 10: The critical micelle concentration (CMIC) and surface parameters of the
cationic chloride surfactants at 25 °C

*Surfactent | CIy
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-100-
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Table (11): Antimicrobial activity of the synthesized cationic acetate surfactants

against pathogenic bacteria and Tingi

Inhibition zone diameter {mm/mg sample)
Sample Bacillus Escherichia | Staphyloccccus | Streptococcus | Candida albicans
subtilis (G | coli (G) aureus (G faecalis (G*) | (fungus)
Water (control) 0.0 0.0 0.0 0.0 0.0
Tetracycline (reference) § 27 31 30 34 0.0
Ia i8 17 20 1% 16
{ Ib 20 19 22 21 18
e 21 20 23 22 19
‘ 28 24 23 26 25
b 30 26 28 29 27
) lic 31 27 29 20 29
[la 19 18 20 20 16
1IIb 21 20 23 23 19
22 25 25 20

Table (12): Antimicrobial activity of the synthesized cationic chloride surfactants

against pathogenic bacteria and fung

i

Inhibition zone diameter (mm/mg sample)

Bacillus Escherichia | Staphylococcus | Streptococcus | Candida afbicans
subtilis (G | coli (G) aureus (G faecalis (G*) | (fungus)

| Water (control) 0.0 0.0 0.0 0.0 0.0

| Tetracycline (reference) |27 31 30 34 0.0

' 19 21 17 22 16

21 23 19 24 19

Sample

22 25 20 26 20
28 24 25 29 23
2% 26 127 30 25
30 27 28 31 26
20 21 22 19 17
24 23 2] 20
26 27 22 21
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