
Journal of Applied Sciences Research, 4(6): 688-694, 2008

© 2008, INSInet Publication

Corresponding Author: H. El-sharkawy Ali, Surfactant Laboratory, Petrochemical Dept., Egyptian Petroleum Research Institute,
Cairo-Egypt. 
E-mail:hanansharkawy15@hotmail.com

688

Synthesis and Biocidal Activity of Some Novel Tin-Based Cationic Surfactants (PART1)

H. El-sharkawy Ali and A.M.Badawi

Surfactant Laboratory, Petrochemical Dept., Egyptian Petroleum Research Institute, Cairo-Egypt. 

2 2Abstract: Four tin-based surfactants with the general formula [Y SnCl .2Y] X (where Y=Py or DMLA++ --  

4 2and X=2Cl  or CoCl .6H O) have been synthesized and characterized by elemental microanalysis, atomic- --

absorption, UV-Vis, FT-IR and H and C NMR analyses. On the basis of IR results, these compounds 1 13

are hexa-coordinated with an octahedral structure. The central metal ion can interact with the nitrogen

donor center of tertiary amine. The existence of this intramolecular interaction in tin(IV) complexes has

been proved indirectly by spectroscopic analysis. Further to this, the physical properties as surface tension

ow(ã), the critical micelle concentration (CMC) and octanol/water partition coefficients (P ) for the prepared

tin based surfactants were measured. Surface properties of the prepared compounds showed a higher

hydrophilicity of their counter ions. Screening tests of the prepared tin(IV)  complexes, against gram

positive (Bacillus subtilis, Staphylococcus aureus) and gram negative (Escherichia coli, Pseudomonas

aeruginosa) bacteria and fungi like (Aspergillus niger, Aspergillus flavus), showed that they are highly

active biocides. 

Keywords: Tin(IV) Complexes, Bactericidal & Fungicidal Activities, Metallomicelles, Partition

Coefficient & Bioaccumulation Potential of Surfactants.

INTRODUCTION

Tin compounds exhibit interesting biological
properties with important industrial and agricultural
applications . Tin(IV) complexes have been[1 ,3 ]

extensively studied as wood preservatives, fungicides,
agro chem ica l  miticides,  fungicides,  b iocides,
environmental disinfectants and as additives in the
production of varnishes for ship hulls (antifouling
paints) due to their high biological activity .[4 ,5]

Solubility  data  for  tin  compounds are incomplete.
In general, their solubility in water at ambient
temperature is of the order of 5 to 50 mg/L , but they[6]

are very soluble in many common organic solvents,
such a s  a lcoho ls ,  e the rs ,  and  ha logenated
hydrocarbons .[7]

The coordination chemistry of tin is extensively
known with various geometries and coordination
numbers for both inorganic and organometallic
complexes . Higher coordination numbers can be[8]

generated especially in complexes where tin bonds to
electronegative atoms, such as oxygen, nitrogen and
sulfur. Nitrogen donor ligands have been used to
enhance the biological activity of tin derivatives .[3]

In recent years a number of authors  have[9 ,1 1 ]

synthesized some N-ligands based on a nitrogenated
aromatic ring system such as pyridine. They concluded
that pyridine ligands are excellent complexing agents.
These ligands are able to coordination through N atom
forming stable chelate rings of five or more atoms .[12]

Most studies were performed on the antimicrobial

activity of tin(IV) compounds o f the type

2 2[(L SnCl .2L)  2Cl ] . Ronconi et al.,  reported on the++ - [7]

biological activity of a series of different types of tin

complexes. They concluded that the hexa-coordinated

complexes show a high antimicrobial activity.

In view of the diverse fields of applications of tin

based complexes and in order to obtain more

informations on the molecular basis of the interactions

between tin(IV) cations and biologically important

molecules containing {N} donor atoms, we have

extended this research to the coordination chemistry of

two different ligands, pyridine and dimethyllaurylamine;

they are particularly versatile nitrogen-containing

ligands suitable for the assembly of relevance in

biological systems.

Our aim was to determine the possible use of these

compounds as biocides, as well as the structural

correlation, i.e., whether the biocidal activity is related

to the ligand or to the tin moiety. Further, we aim to

investigate the spectroscopic behavior and elucidate the

structure.

In this study, four new tin based surfactants (1-4)

were investigated. At first pyridine (Py) and

dimethyllaurylamine (DMLA) were converted into

tin(IV) complexes (1 & 3) by reaction with tin(IV)

chloride. In this way, tin(IV) complexes of the type

2 2[Y SnCl .2Y]  2Cl  (Fig. 1) could be obtained in high+ +  –
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yields, when the reaction was carried out in acetone.

These compounds are of particular interest because

Gielen et al.,  found that tin(IV) complexes of similar[13]

ligands have relatively high antibiological activities.

2 2Reaction of the obtained complexes with CoCl .6H O

under reflux, in methanol afforded the desired Co(II)

salts (2 & 4). The general structure of the reported

complexes is shown in Figure 1.

2 2C [Y  Sn Cl .2Y]  X++ --

4 2C X = CoCl .6H O & 2Cl-- -

5 5 3 2 11 3 2C Y = C H  N & CH (CH ) N (CH )

The produced complexes were confirmed using

e lementa l ana lyses,  U V -V is  spec t ra ,  FT -IR

spectroscopy and H and C NMR spectra. Their1 13

surface activities were measured including surface

tension (ã), critical micelle concentration (CMC) and

owoctanol/water partition coefficient (P ). The biocidal

activities of the synthesized tin based surfactants were

tested against some Gram-positive bacteria, Gram-

negative bacteria and fungi. The modes of action of the

syn th e s i z e d  c o m p o u nd s  a g a in s t  th e  te s te d

microorganisms were discussed. These tin based

surfactants are soluble in acetone, methanol, ethanol,

DMF, DMSO and water.

MATERIALS AND METHODS

All reagents and solvents were of high purity and

used as purchased without any further purification.

Cobalt (II) chloride-6-hydrate (cobultous chloride) &

pyridine were supplied by El-Nasr Chemicals and

tin(IV) chloride & dimethyllaurylamine were used as

supplied by ADWIC Labs. Chemicals. All studied

organotin(IV) compounds studied (1-4) were

synthesized in our laboratory according to a previously

published method . Elemental analyses (Table 1) were[14]

performed using a Varian Elemental and Sn  and Co4+ 2 +

were determined by ICB-AES (National Research

Center, Cairo, Egypt). UV-Vis spectra were recorded

with a Jenway 6505 Spectrophotometer. FT-IR spectra

were recorded on a Perkin Elmer spectrophotometer in

the 4000-400 cm  range using KBr discs. H and C-1 1 13

NMR spectra were recorded on a Varian Gemini 200

3 MHz in CDCl solution (National Research Center,

Cairo, Egypt). Surface tension measurements were

performed using 8451 process tensiometer (Krüss)

employing the Du-Nouy ring method. The CMC was

determined by plotting the surface tension values

owversus concentrations. P  values were measured by the

shake- flask method . The antimicrobial activities of[15]

the synthesized tin compounds were screened against

various microorganisms by Fermentation Biotechnology

& Applied Microbiology Center – Alazhar University.

Synthesis of Tetrakis (Pyridinium) Dichlorostanium
Dichloride: 

4 2C [(Py)  Sn Cl ]  2Cl  (1) ++ -

To  an acetone solution (100 ml) of pyridine

4(3.16g, 0.04 mol), SnCl  (2.61 g, 0.01 mol) was added.
The reaction mixture was stirred for half an hour at
room temperature. The product precipitated almost
immediately from the solvent. After evaporating most
of the solvent, the residue was washed with acetone. A
white powder with high purity was obtained. H NMR1

3(200  MHz,  CDCl ) ä: 8.59(t, 8H, ortho-CH-N),
7.4(m, 8H, meta-CH), 7.75(m, 4H, para-CH). C NMR13

3(200  MHz,  CDCl )  ä:  122  (C-m),  132.4(C-p),
150 (C=N).

Synthesis of Tetrakis (Pyridinium) Dichlorostanium
Tetrachlorocobaltate- Hexahydrate: 

4 2 4 2C [(Py)  Sn Cl ]  Co Cl . 6H O (2)++ --

The  reaction  of  resulted  tin(IV)  complexes

2 2with  CoCl .6H O  in 1:1 molar ratio was carried out
by  refluxing  in  methanol  (100ml)  for one hour.
The remaining solution was evaporated under vacuum.
The formed solid residue was recrystallized from
methanol. A purple powder was obtained. H NMR1

3(200  MHz,  CDCl )  ä: 8.99 (t, 8H, ortho-CH-N),
7.83  (m,  8H,  meta-CH),  7.90  (m, 8H, para-CH).

3C NMR (200 MHz, CDCl ) ä: 124 (C-m), 131.6(C-p),13

156 (C=N). 

Synthesis of Tetrakis (Dimethyllaurylaminium)
Dichlorostanium Dichloride:

4 2C [(DMLA)  Sn Cl ]  2Cl  (3).++ - 

To an acetone solution (100 ml) of

4dimethyllaurylamine  (8.52g,  0.04  mol), SnCl  (2.61
g, 0.01 mol) was added. The mixture reaction was
stirred for half an hour at room temperature. The
product precipitated almost immediately from the
solvent. After evaporating most of the solvent, the
residue was washed with acetone. A white powder with

3high purity was obtained. H NMR (200 MHz, CDCl ) 1

3 2 10ä: 0.86(t, 12H, CH -), 1.15-1.3(m, 80H, -(CH ) -),

2 32.39(t, 8H, -CH N ), 3.47(s, 24H, CH -N ). C NMR+ + 13

3 3(200 MHz, CDCl ) ä: 14.9 (CH ), 22.93 (C- 1),
28.4(C-9), 29.1(C-10), 30.2(C-3 - C-8), 32.4(C- 2), 48

3 2(CH N), 60.21 (NCH -). 

Synthesis of Tetrakis(dimethyllauraylaminium)
D i c h l o r o s t a n i u m  T e t r a c h l o r o - c o b a l t a t e -
Hexahydrate: 

4 2 4 2C [(DMLA)  Sn Cl ]  Co Cl . 6H O (4).++ --

Complex 4 was prepared similarly to complex 2.
A purple powder was obtained. H NMR (200 MHz,1

3 3CDCl ) ä: 0.89(t, 12H, CH -), 1.15-1.3(m, 80H, -

2 10 2 3(CH ) -),  2.41(t,  8H, -CH -N )  3.40(s, 24H, CH -+

3 3N ). C  NMR (200 MHz, CDCl ) ä: 14.4 (CH ),+  13

22.93 (C- 1), 28.6(C-9), 29.7(C-10), 31.1(C-3 - C-8),

3 232.4(C- 2), 48 (CH N), 60.4 (NCH -). 
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Table 1: Elemental analysis of synthesized tin complexes.

Cpd M olecular formula %C %H %N %Cl %Sn %O %Co

---------------------------------------------------------------------------------------------------------------------------------------------

Theo.(Exp) Theo.(Exp) Theo.(Exp) Theo.(Exp) Theo.(Exp) Theo.(Exp) Theo.(Exp)

20 20 4 41 C H Cl N Sn 41.6 (41.7) 3.47 (3.45) 9.71 (9.7) 24.6 (24.5) 20.6 (20.6) ------ ------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 32 6 4 62 C H Cl N O SnCo 29.5 (29.4) 3.93 (3.98) 6.87(6.82) 26.1 (26.1) 14.6 (14.5) 11.8 (11.75) 6.87 (6.85)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

56 124 4 43 C H Cl N Sn 60.4 (60.43) 11.15(11.15) 5.03 (5.05) 12.75(12.7) 10.67(10.65) ------ ------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

56 136 6 4 64 C H Cl N O SnCo 49.76(49.7) 10.07(10.09) 4.15(4.14) 15.77(15.7) 8.79(8.79) 7.11 (7.11) 4.36 (4.34)

Surface Tension and Critical Micelle Concentration:

Surface tension values of the synthesized cationic

surfactant  solutions (1 - 4) were obtained at 30 Cî

using  Du-Nouy  Tensiometer  (KRUSS K6 Type

4851)  with  a  platinum ring. Apparent surface

tensions were measured about five times for the sample

within 2 min interval between each reading. The

averages of five determinations were plotted against

–log C without any correction. CMC values were

determined from the plot of surface tension versus

concentration .[16]

owMethodology of P : The partition coefficient is simply

the ratio of the equilibrium concentrations between the

two immiscible phases in contact, i.e. 

C P = {Organic} / {Aqueous} = K

The volume ratio of octanol and water mixture is

owadjusted according to the expected value of P  (< 3) .[7]

C The concentration of the solute in the system

should be less than 0.001 mol /litter in any single

phase. 

C Very pure octanol and water must be used.The

system, usually in a separator funnel or a similar

device, is shaken gently until equilibrium is

achieved. 

C The system is then centrifuged to separate the two

phases and break any emulsion.

C The two phases are then analyzed by an

appropriate technique, UV-Vis, to determine solute

concentrations. If possible, both phases are

analyzed to achieve mass balance.

C To evaluate the concentration of solute in two

phases, different moles of solute were used in the

range of 0.01-0.03 mM, holding constant the value

of the wavelength (ë of that sample), the

corresponding absorbance were investigated. 

owC The partition coefficient, P , of solute in two

phases is described as

Concentration of solute in octanol phase 

owP   = --------------------------------------------------   (1)

Concentration of solute in aqueous phase

Antimicrobial Activities:

Antibacterial Activity: The antibacterial activities of

the reported tin(IV) compounds against various fungi,

namely Escherichia coli NCTC 10418, Bacillus subtilis

NCTC 10400, Staphylococcus aureus NCTC 7447 and

Pseudomonas aeruginosa NCIB 9016 bacterial strains

were screened by the agar well diffusion method .[14]

Antifungal Activity: The antifungal activities of the

synthesized compounds were tested against various

fungi, namely Aspergillus flavus and Aspergillus nigger

LTV 131 by the agar plate method .[14]

RESULTS AND DISCUSSIONS

UV-Vis Spectra: The electronic absorption spectra of

both pyridine (py) and N,N,dimethyllaurylamine

(DMLA) compounds  in water (Table 2), show three

main absorption bands at 245, 259, 266 and 215, 220,

245 nm due to different n-ð* and n-õ* transitions,

respectively. The bands of free ligands (245, 215) are

shifted to higher wavelengths in the spectra of the

corresponding tin(lV) complexes due to the formation

of the deprotonated di-negative anion. From the

spectral data given in Table 2, it is apparent that the

replacement of the anion (Cl) in complexes 1& 3 by

4the more electronegative chloride (CoCl ) in--

complexes 2& 4 results in pronounced blue shifts of

the long wavelength absorption band of the coordinated

dinegative anion. This can be attributed to the

stabilization of the ground state of the more polar

complex by extensive solvation relative to the

corresponding less polar complexes . [17]

FT-IR Spectra: In order to clarify the mode of the

complex coordination to the tin center, IR spectra in

the 4000-400 cm  range were recorded. The most-1

important bands, presented in Table 3, show the

following characteristics:

C The complexation of tin with the compound is

confirmed by the presence of a medium intensity

band in the range of 3070-3180 cm  due to í (N --1 +

tert.). Each ionic positively charged amine group is

neutralized by the presence of a Cl  counter ion; if-
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Table 2: UV absorption maxima of synthesized tin complexes.

n-ð*(pyridine ring) n-Õ*(tert.C-N) Compound

Group ------------------------------------------------------------------------------- -----------------------------------------------------------------------

Pure pyridine Complex1 Complex 2 Pure DM LA Complex3 Complex4

maxë  / nm 245 259 266 215 220 245

Table 3: Selected FT-IR Frequencies (cm ).-1

2 2Compound í (N-tert.) í (N -tert.) í (CH  stret.) í (N - bend.) í (CH -bend.) í (N-C) í (Sn-N) í (Sn-Cl)+ +

Py  Complexes 3430 3183-3070 2917,2849 1604 1445 1056 557 434

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DM LA Complexes 3421 3179 2920-2850 1626 1464 1010 559 429

Fig. 1: Proposed structure of the synthesized

complexes.

the Cl counter ion was not present to make the- 

3N R  structure rigid, a band would have been+

expected at . 500 cm .-1

C A broad band at 3430-3421 cm , characteristic for-1

3 3the NR  group, which shows that the NR  group

does not participate via intramolecular modes of

interactions. 

C Bands in the range of 559 - 557 cm  and 434 --1

429 cm  indicate the presence of Sn-N and Sn-Cl-1

bonds for the metal complexes. In fact, the

prepared complexes exhibit one í (Sn-N)

asymmetric stretching vibration and suggesting that

the NSnN skeleton of these compounds is linear.

The same considerations may be applied to the

vibrational modes assignable to í (Sn-Cl): the

presence in the spectra of all of the synthesized

compounds of one band due to the ClSnCl

asymmetric stretching indicates a linear ClSnCl

fragment. 

C These complexes (1-4) are hexacoordinated with an

octahedral structure as seen in Figure 1 .[5 ,7]

Surface tension (ã) and critical micelle concentration

(CMC): Figures 2 and 3 represent the variations of ã

as a function  of  the  logarithm  of concentration of

cationic surfactants (1 - 4) at 30 C. It is noted that theî

surface activities of both pyridine and N, N,

dimethylaminododecane complexes are greatly enhanced

in the mixtures, and the magnitude of the effect

follows the order: 4 > 3 .  2 > 1 (Such an order

coincides with the increasing order of the octanol–water

owpartition coefficient (P ) of these compounds). All of

them show a sharply decrease of ã with increasing

surfactant concentration, up to a point where the

surface tension remains constant. The break points

observed  in the ã versus -logC curves of Figures 2

and 3 correspond to the CMC of reported cationic

surfactants. The CMC values range from 0.87×10  to!4

0.37×10  and, decrease with increasing length of the!4

alkyl chain in the surfactant. It is found that (Table 4)

the CMC of DMLA surfactants are smaller than Py

surfactants. It has been well established that the

binding of ionic surfactants to an oppositely charged

polyelectrolyte is a cooperative process due to

hydrophobic interactions among the alkyl chains of

surfactants. Because of the strong electrostatic attraction

between the two species, the interaction starts at very

low concentrations forming hydrophobic aggregates at

a very low surfactant concentration (CMC) .[1 1 ]

Furthermore,  the  electron  withdrawal  from tin(IV)

4by the electronegative Co Cl  in complexes 2 & 4--

also  results  in the formation of more stable

complexes and explains the observed higher biological

activity as compared to those of the corresponding

complexes 1& 3.   

Partition Coefficients: Partition coefficients relate to

the distribution of a solute between two immiscible

liquid phases and are defined as the ratios of

concentrations (or molar fraction) of the distributed

solute. These data have been used to predict or

rationalize numerous biocide properties such as

quantitative structure–activity relationship and

lipophilicity. 1-octanol has been selected to mimic

biological membranes, and it has been estimated for 1-

owoctanol/water (P ) partition coefficients of more than

18,000 substances are now available in the literature .[10]

In this study, partition coefficients P were

measured using the ‘‘shake flask’’ method with a

ow owmixture of n-octanol and water (P ). Log P  is widely

used to represent molecular hydrophobicity or

lipophilicity. A hydrophobicity parameter is a useful

tool in the field of quantitative structure–activity

relationships (QSARs) for several biological effects,

b e c a u s e  h yd r o p h o b i c i t y  a f fe c t s  a b s o r p t io n ,

transmembrane  transport, bioavailability, metabolism
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�Fig. 2: Surface tension isotherm of ?complex 1 and  complex 2.

~ �Fig. 3: Surface tension isotherm of  complex 3 and  complex 4.

as well as toxicity of molecules. Therefore, accurate

owlogP  values are important for the prediction of

biological or environmental properties of compounds .[5]

The experimental data (Table 4) show a significant

ow  increase of the P to higher values in moving from

complexes 4 & 3 to complexes 2 & 1. The analysis of

partition coefficients of synthesized complexes (1-4)

already leads to interesting conclusions: pyridine (cyclic

amine) seem to display the best characteristics with

regard  to  lipophilic i ty .  T he  grea te r  the[ 1 8 ]

hydrophobicity (the tendency of that substance to leave

the aqueous phase), the greater is the tendency of that

substance to partition into the hydrophobic organic

phase. Partitioning can be viewed simply as the

preference of a particular organic molecule for either

the aqueous or organic phase . Generally, the value[19]

owof the P  of a specific solute indicates its

owhydrophobicity.  Thus, the larger P  of the particular

hydrophobic solubilizate implies its more hydrophobic

nature and greater tendency to partition into the

owmicellar phase. Increasing the hydrophilicity (low P )

of  compound  that  might  increase  its permeability

owTable 4: ã, CM C & P   values of synthesized tin complexes

owComplex ãmN/m CMC x 10  mM P   -4

1 35 0.87 2

2 33 0.61 0.6

3 33 0.45 0.5

4 26 0.37 0.35

(surfactant molecules residing on an epithelial

membrane surface may be expected to disrupt

membrane integrity) across the cell membrane .     [20]

     

Evaluation of the Synthesized Surfactants as

Antibacterial  and  Antifungal  Agents: The  selected

Bacillus  subtilis,  Staphylococcus aureus,  Escherichia

coli,  Pseudomonas  aeruginosa bacteria and

Aspergillus  niger,  Aspergillus flavus fungi which

were used are commonly used for assays of

antimicrobial agents . The data of biological activity[14]

of the reported compounds at 1, 2.5 and 5 mg/ml are

given in Tables (5 & 6).

Comparison of the biological activities of the

complexes having a pyridine ligand (1 & 2) with that

of  the  complexes having a N,N,dimethyllaurylamine
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Table 5: Antibacterial activity of tested biocides at 1, 2.5 and 5 mg/ml . a

Bacteria Escherichia coli (-) Pseudomonas aeruginosa (-) Bacillus subtilis (+) Staphylococcus aureus (+)

--------------------------------- ---------------------------------- ------------------------------ ----------------------------------

Dose (mg/mL) 1 2.5 5 1 2.5 5 1 2.5 5 1 2.5 5

Blank ++ +++ +++ ++ +++ +++ +++ +++ +++ ++ ++ +++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 ++ +++ +++ ++ ++ +++ ++ ++ +++ ++ +++ +++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 ++ ++ +++ ++ ++ +++ +++ +++ +++ +++ +++ +++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 +++ +++ +++ +++ +++ +++ + ++ +++ ++ ++ +++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 +++ +++ +++ ++ +++ +++ ++ ++ ++++ ++ ++ +++

++++ = Very high activity, +++ = High activity, ++ = M oderate activity, + = Low activity.a 

  

Table 6: Antifungal activity of tested biocides at 1, 2.5 and 5 mg/ml .  a

Fungi Aspergillus niger Aspergillus flavus

------------------ ------------------------------------------------------------- ---------------------------------------------------------------------------

Dose (mg/mL) 1 2.5 5 1 2.5 5

Blank +++ +++ +++ +++ +++ +++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 + + + + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 + + +   + + +

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 + + ++ + + ++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 + + ++ + + ++

++++ = Very high activity, +++ = High activity, ++ = M oderate activity, + = Low activity.a 

ligand (2 & 4) demonstrated that the powerful

antibacterial properties of these complexes compared to

their antifungal properties. The biological activities of

the synthesized surfactants against the tested

microorganisms increase by increasing their doses. The

highest activity was observed at 5 mg/ml.

The biocidal activities of the reported compounds

towards microorganisms depend on the nature of the

attached ligand . The selected ligand was found to be[21]

active and its complexes showed high antibacterial

activities. Also, the behaviors of the synthesized

cationic surfactants at the interface play a vital role in

their antimicrobial activity. The surface properties and

hydrophilicity of these surfactants showed a tendency

towards adsorption at the interfaces, which facilitate

their role of adsorption at the bacterial cell membrane.

It is assumed that tin(IV) complexes inhibit the growth

of  organisms  by forming an electrostatic bond with

the  cell  wall  and  this  effects permeability of

protein formation, by cross-linking outer proteins of

cell. The cell walls of all living organisms contain free

amine groups (Lysine and Arginine) that serve as the

reactive sites of attack. Complex cross-links are formed

on the cell surface, and as essential cellular functions

are disrupted, the cell dies (cell lysis) . [22]

The variation in the effectiveness of different

biocidal agents against different organisms, as

suggested by Sexena and Singh , depends on the[23]

impermeability of the cell. The effect of resonating

rings on the toxicity may be raised in the light of

modern electronic theory. The resonance energy is the

energy in excess of the sum of the energy of the

separate bonds making up the molecules. Resonating

structures, such as pyridine rings, may serve as

powerhouses  to  activate potentially reactive

groupings. If the toxicity is dependent on one or more

chemical reactions, then the molecule that would

increase the rate of chemical reaction must enhance

toxicity .[3 ,24]

The hydrophilicity of the DMLA group of

complexes 3 & 4 show high antimicrobial activities of

these complexes. The most probable reason is the

association of the activity with the length of R group.

As the length of the R group increases, activity also

increases . [25 ,28]

These data reflect the fact that the biological

effects caused by the surfactant action on the mucous

membrane or the bacterial surface, respectively, are

favored by low CMC concentration. Since, increasing

chain length of the hydrocarbon tail of the surfactant

leads to a reduced CMC , this demonstrated that[27 ,31]

compounds 3 and 4 both have significant inhibition of

fungal growth. 
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