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Abstract: In order to study the influence of the introduction of the active site of laurylamine as a ligand
on the biological activity against various bacteria and fungi, a number of diethanolamine (DEA) &

triethanolamine (TEA)-tin(IV) complexes  and their corresponding cobalt(II) salts were synthesized. The

4reaction of DEA & TEA with laurylamine, LA, and SnCl  has been carried out in 1:3:1 and 3:1:1 molar

4 2ratios  which on treatment with CoCl .6H O in a molar ratio 1:1  resulted  in  the   isolation   of   [Y--

3 2 3 2 4(LA)  Sn Cl ] X  &  [Y (LA) Sn Cl ] X   complexes  (where Y= DEA or TEA and X= 2Cl  or CoCl++ -- ++ -- - --

2.6H O). The physical properties as surface tension, the critical micelle concentration (cmc) and

owoctanol/water partition coefficients (P ) for the prepared tin based surfactants were measured. In parallel

o wstudies, P  and cmc of the investigated complexes could be used as indication of the antimicrobial

owactivities. Thus, the synthesized complexes exhibit biological activities with the lowest P  values. The

structures of the resulting complexes have been investigated by elemental microanalysis, atomic absorption,
and UV-Vis, FT-IR, H and C NMR spectra. Antimicrobial activity of tin(IV) complexes and their1 13

cobalt(II) salts have been evaluated against gram positive (Bacillus subtilis, Staphylococcus aureus) and
gram negative (Escherichia coli, Pseudomonas aeruginosa) bacteria and fungi like (Aspergillus niger,

Aspergillus flavus) by diffusion agar technique.

Keywords: Tin Complexes, Fungicidal & Bactericidal Activities, Amine Complexes & Metallomicelles,
Partition Coefficient & Bioaccumulation Potential of Surfactants.

INTRODUCTION

Tin complexes may interact with biological systems
in many different ways as for instance bactericides,
fungicides, acaricides and industrial biocides . In[1 ,3]

recent years, several investigations have been carried
out to test their antitumour activity . It has been[4 ,5]

observed that several tin complexes are effective
antineoplastic mainly antileukaemic and antiviral
agents. Therefore much attention has been focused on
their implications in antioncogenesis .[6 ,7]

The tin compounds with N-ligands have been
receiving increasing attention in recent years  because[8]

of their unexpected structural aspects, as well as,
interesting industrial and pharmacological applications.
Tin compounds are considered more interesting where
the tin atom can interact with nitrogen donor center(s)
of the ligand(s). Nitrogen, oxygen, and sulfur donor
ligands have been used to enhance the biological
activity of tin derivatives . [9]

Tin compounds are most extensively studied in
aquatic environments. This is due to the fact that most
important environmental inputs are in water.
Furthermore soil contamination is more a site problem
while in aquatic environments tin compounds do have
the ability to spread out and pollution is less
localized . Polarity plays an important role in the[10]

toxicity of the compound. Because of the very low
polarity of tin compounds they also have a very low
solubility and thus low bioavailabilities .[11 ,12]

This work reports on synthesized of mixed ligands

tin complexes. The choice of such a ligand as the

coordinating agent was made in order to increase the

stability of the tin(IV) derivatives due to formation of

Sn-N bonds, thus leading to increase the antimicrobial

activity . Our aim is to determine the possible use of[13]

these compounds as biocides, as well as the polarity

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

to the organic part of the ligand or to the tin moiety.

These tin based surfactants are soluble in acetone,

methanol, ethanol, DMF, DMSO and water .[7]

A number of tin based surfactants (Ia-f & IIa-f) of

the general structure were synthesized:

m n 2C [Y  L  Sn Cl ]  X++ --

2 2 2 2 2 3C Y = [(HOCH CH )  NH], [(HOCH CH )  N],

12 25 2C L = C H NH ,

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

C m:n = 4:0, 3:1, 1:3. 

MATERIALS AND METHODS

M aterials: All reagents and solvents were of high

purity and used as purchased without any further

purification. Cobalt (II) chloride-6-hydrate (Cobultous

Chloride) & Diethanolamine (DEA) were supplied by

El-Nasr chemicals; Tin(IV) chloride & laurylamine

were  supplied  by  ADWIC  Labs.  Chemicals  and
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Triethanolamine (TEA) was used as supplied by MIDI

Labs.,  USA.  All organotin(IV) compounds studied
(Ia-f & IIa-f) were synthesized in our laboratory

according to published methods . Elemental analyses[14]

(Table 1) were performed using a Varian Elemental

and Sn  and Co  were determined by ICB-AES4+ 2+

(National Research Center, Cairo, Egypt). UV-Vis

spectra  were recorded with a Jenway 6505
Spectrophotometer. FT-IR spectra were recorded on a

Perkin Elmer- spectrum one spectrophotometer in the
4000-400 cm  range using KBr pellets. H and C-1 1 1 3

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

owtension  values versus concentrations . P  values[15]

were measured by the shake- flask method . The[16]

antimicrobial activities of the synthesized organotin
c o m p o u n d s  w e r e  s c re e n e d  a g a in s t  v a r io u s

microorganisms by Fermentation Biotechnology &
Applied Microbiology Center – Alazhar University.

Synthesis: 

Synthesis of complexes I & II (a): To an acetone
solution (100 ml) of 0.04 mol of DEA (to give Ia) or

TEA (to give IIa), 0.01 mol of anhydrous stannic

4chloride (SnCl ) 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

high purity was obtained. 

Synthesis  of  Complexes  I  & II (c,e): To an
acetone solution (100 ml) of 0.03 mol of DEA (to give

Ic & Ie) or TEA (to give IIc & IIe), 0.01 mol of
dissolved Laurylamine (LA) was added. This mixture

was added in small portions with frequent stirring to

40.01  mol  of  anhydrous  stannic chloride (SnCl ).

The  reaction  mixture  was  stirred  for half an hour
at  room  temperature.  The  product precipitated

almost  immediately  from  the solvent and was
isolated by filtration. A white powder with high purity

was obtained. 

Synthesis of Co  salts of complexes [I, II (b, d, f)]:2+

The reactions of the resulting tin(IV) complexes with

2 2CoCl .6H O in 1:1 molar ratio were carried out by
refluxing in methanol  (100ml) for one hour. The

remaining solution was evaporated under vacuum. The
formed solid residue formed was recrystallized from

methanol. A purple powder was obtained. 

Characterization of tetrakis( diethanolaminium)

4 2dichlorostanium dichloride: [(DEA) SnCl ] 2Cl++ -

3complex  Ia. H NMR (200 MHz, CDCl ) ä: 3.9-3.7(t,1

2 216H, HO-CH -), 3.3-3 (t, 16H, -CH N), 2 (s, 8H, HO-).

3 2C NMR (200 MHz, CDCl ) ä: 61-55 (NCH -), 69-5713

2(HOCH -). 

Characterization of tetrakis (diethanolaminium)

dichlorostanium-tetrachlorocobaltate-hexahydrate:

4 2 4 2[(DEA) SnCl ] CoCl .6H O complex Ib. ++ --

Characterization of tris (diethanolaminium) mono

(laurylaminium) - dichlorostanium dichloride:

3 2[(DEA)  (LA)Sn Cl ]  2Cl  complex Ic: H NMR (200++ - 1

3 2MHz, CDCl ) ä: 4.2-3.8(t, 12H, HO-CH -), 3.4-3.1 (t,

2 2 214H, -CH N), 2 (s, 6H, HO-), 1.8 (m, 2H, -CH - CH -

2 9N ), 1.3 (m, 18H, -(CH ) -), 0.98 (s, 3H, N ), 0.85 (t,+ +

3 33H, CH -). C NMR (200 MHz, CDCl ) ä: 61-5513

2 2 2(NCH -),  69-57  (HOCH -),  43   (NCH -),   30-27

2 9 2 3 3(-(CH ) -), 21.5 (-CH  CH ), 15 (CH -). 

Characterization of tris(diethanolaminium) mono

( l a u r y l a m i n i u m )  D i c h l o r o s t a n i u m -
tetrachlorocobaltate-hexahydrate  complex Id:

3 2 4 2[(DEA) (LA)SnCl ] CoCl .6H O.++ --

Characterization of tris(laurylaminium) mono
(diethanolaminium) -dichlorostanium dichloride

3 2complex Ie: [(LA)  (DEA) Sn Cl ]  2Cl . H NMR++ - 1

3 2(200 MHz, CDCl ) ä: 3.9(t, 4H, HO-CH -), 3.4 (t, 6H,

2 2 2-CH N ), 2 (s, 2H, HO-), 1.8 (m, 2H, -CH - CH - N ),+ +

2 91.3 (m, 18H, -(CH ) -), 0.98 (s, 3H, HN ), 0.85 (t, 9H,+

3 3 2CH -). C NMR (200 MHz, CDCl ) ä: 61-55 (NCH -),13

2 2 2 969-57 (HOCH -), 43 (NCH -), 30-27 (-(CH ) -), 21.5 (-

2 3 3CH CH ), 15 (CH -). 

Characterization of tris(laurylaminium) mono
( d i e t h a n o l a m i n i u m )  d i c h l o r o s t a n i u m -

3tetrachlorocobaltate-hexahydrate: [(LA)  (DEA)

2 4 2SnCl ] CoCl .6H O  complex If.++ --

Characterization of tetrakis(triethanolaminium)-

4 2dichlorostanium dichloride: [(TEA)  Sn Cl ] 2Cl++ -

3complex  IIa. H NMR (200 MHz, CDCl ) ä: 3.9-3.71

2 2(t, 24H, HO-CH -), 3.4 (t, 24H, -CH N), 2 (s, 12H,

3 2HO-). C NMR (200 MHz, CDCl ) ä: 61-55 (NCH -),13

269-57 (HOCH -). 

Characterization of tetrakis(triethanolaminium)
dichlorostanium–tetra chlorocobaltate-hexahydrate

4 2 4 2complex IIb: [(TEA) SnCl ] CoCl .6H O.++ --

Characterization of tris(triethanolaminium) mono

3(laurylaminium)-dichlorostanium dichloride: [(TEA)

2(LA)Sn Cl ]  2Cl   complex IIc. H NMR (200 MHz,++ - 1

3 2 2CDCl ) ä: 3.9(t, 18H, HO-CH -), 3.4 (t, 20H, -CH N),

2 22 (s, 9H, HO-), 1.8 (m, 2H, -CH - CH - N ), 1.56 (m,+

2 9 2 318H, -(CH ) -), 0.98 (s, 2H, H N ), 0.85 (t, 3H, CH -).+

3 2C NMR (200 MHz, CDCl ) ä: 61-55 (NCH -), 69-5713

2 2 2 9 2(HOCH -), 43 (NCH -), 30-27 (-(CH ) -), 21.5 (-CH

3 3CH ), 15 (CH ).
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Characterization of tris(triethanolaminium) mono

( l a u r y l a m i n i u m )  d i c h l o r - o s t a n i u m

tetrachlorocobaltate- hexahydrate complex IId:

3 2 4 2[(TEA) (LA)SnCl ] Co Cl .6H O. ++ --

Characterization of tris(laurylaminium) mono

(triethanolaminium)-dichlorostanium dichloride:

3 2[(LA)   (TEA) SnCl ] 2Cl   complex IIe. H NMR++ -  1

3 2(200  MHz,  CDCl ) ä: 3.9-3.8 (t, 6H, HO-CH -), 3.4

2 2(t, 12H, -CH N), 2 (s, 3H, HO-), 1.8 (m, 2H, -CH -

2 2 9 2CH - N), 1.3 (m, 18H, -(CH ) -), 0.98 (s, 2H, H N ),+

3 30.85 (t, 3H, CH -). C NMR (200 MHz, CDCl ) ä: 61-13

2 2 255 (NCH -),  69-57   (HOCH -),   43   (NCH -),  30-

2 9 2 3 327 (-(CH ) -), 21.5 (-CH  CH ), 15 (CH ).

Characterization of tris(laurylaminium) mono

( t r i e t h a n o l a m i n i u m ) - d i c h l o r - o s t a n i u m -

tetrachlorocobaltate- hexahydrate (complex IIf):

3 2 4 2[(LA)  (TEA) Sn Cl ]  Co Cl . 6H O. ++ --

Methods:

Surface Tension and Critical Micelle Concentration:

Surface tension values of the synthesized surfactant

solutions were obtained at 30 C using Du-Nouyî

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. The cmc

values were determined from the plot of surface tension

versus concentration.

owMethodology of P : The partition coefficient is simply

the ratio of the equilibrium concentrations between the

two immiscible phases in contact, i.e. “The ratio of a

chemical's concentration in the octanol phase to its

concentration in the aqueous phase of a two-phases

octanol/water system”.                    

Concentration in octanol phase

owP   = ----------------------------------------

Concentration in aqueous phase

The volume ratio of octanol and water mixture is

owadjusted according to the expected value of P  (< 3) .[5]

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

similar device, is shaken gently until equilibrium

is achieved. 

C The system is then centrifuged to separate the two

phases and break any emulsions.

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. 

owWC 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 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 using the agar well diffusion method .[17]

Antifungal Activity: The antifungal activities of the
reported tin compounds were tested against various
fungi, namely, Aspergillus flavus and Aspergillus
nigger LTV 131 by using the agar plate method .[17]

RESULTS AND DISCUSSIONS

UV-Vis Spectra: The important UV-Vis. spectral data
of the tin complexes I&II(a,c,e) and their corresponding
Co(II) salts, I&II (b,d,f) are screened. The main
absorption bands due to n-õ* transitions are
summarized in Table 1.

The bands of Co(II) salts 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 I&II(a,c,e) by the more-

4electronegative chloride (CoCl ) in complexes--

I&II(b,d,f) results in pronounced blue shifts of the long
wavelength absorption band of the coordinated di-
negative 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 . [18]

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 ligand
complexes, I&II (c-f), is confirmed by the presence
of  a strong absorption in the region 3204-3362
cm , which is attributable to õ(NH) stretching-1

vibration and another strong absorption in the
region 1577 cm , which is attributable to õ(NH)-1

bending vibration.
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Table 1: Elemental analysis of synthesized complexes.

%C %H %N %Cl %Sn %O %Co

Cpd M olecular form ula ------------------------------------------------------------------------------------------------------------------------------------------------

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

16 44 4 4 8Ia C H Cl N O Sn 28.2 (28.0) 6.47 (6.42) 8.23 (8.2) 20.87 (20.6) 17.44 (17.4) 18.81(18.8) ------

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

16 56 6 4 14Ib C H Cl N O SnCo 20.91 (20.8) 6.1 (6) 6.1(6.3) 23.19 (23.2) 12.9 (12.8) 24.39 (24.3) 6.4 (6.33)

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

24 60 4 4 6Ic C H Cl N O Sn 37.87 (37.9) 7.89(7.7) 7.36 (7.5) 18.67(19.0) 15.61(15.2) 12.62(12.4) ------

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

24 72 6 4 12Id C H Cl N O SnCo 28.85(28.9) 7.2(7.3) 5.61(5.7) 21.33(21.1) 11.89(11.9) 19.23 (19.0) 5.9 (5.6)

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

40 91 4 4 2Ie C H Cl N O Sn 52.75(52.9) 9.89(9.7) 6.08(6.0) 15.43(15.4) 12.9(13.0) 3.48(3.1) ------

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

40 103 6 4 8If C H Cl N O SnCo 41.45(41.2) 8.89(9.0) 4.84(4.9) 18.39(18.2) 10.25(10.3) 11.05(11.0) 5.09(5.1)

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

24 60 4 4 12IIa C H Cl N O Sn 33.49(33.3) 6.98(7.0) 6.51(6.6) 16.51(16.6) 13.8(13.7) 22.33(22.3) ------

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

24 72 6 4 18IIb C H Cl N O SnCo 26.23(26.1) 6.56(6.3) 5.1(5.3) 19.4(19.7) 10.81(10.5) 26.23(26.3) 5.36(5.3)

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

30 72 4 4 9IIc C H Cl N O Sn 40.3(40.1) 8.06(8.2) 6.27(6.3) 15.9(16) 13.29(13.32) 16.13(16.22) -----

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

30 84 6 4 15IId C H Cl N O SnCo 31.83(31.7) 7.43(7.33) 4.95(5.0) 18.83(18.8) 10.5(10.5) 21.22(21.3) 5.3(5.32)

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

18 96 4 4 3IIe C H Cl N O Sn 28.14(28.1) 12.31(12.4) 7.52(7.56) 13.92(13.9) 15.72(15.7) 6.27(6.0) -----

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

18 108 6 4 9IIf C H Cl N O SnCo 21.54(21.6) 10.77(10.62) 5.58(5.43) 21.24(21.3) 11.8(11.7) 14.36(14.5) 5.87(5.62)

Table 2: UV data of synthesized complexes (nm)

complex Ia Ib Ic Id Ie If IIa IIb IIc IId IIe Iif

maxë 237 288 354 358 351 355 270 281 351 357 350 354

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

3Compound õ (OH) õ(NH)stret õ (+NR ) õ(NH)bend õ (CN) õ (Sn-N) õ (SnCl)

Ic-f 3362 3362 3203 1579 1390 567 490

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

IIc-f 3204 3204 3204 1577 1396 595 450

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

Ia&Ib 3208 3208 3208 1454 1315 590 530

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

IIa &IIb 3300 -------- 3153 -------- 1322 604 528

Table 4: The cmc values of complexes Ia-If in water at 30°C.

Without Ligand 3 : 1 1 : 3

Complex ------------------------------------------ ----------------------------------------- --------------------------------------

Ia Ib Ic Id Ie If

ã  (mN/m) 43 41 39 40 37 39

CM C X 10  mM 7.40 5.45 1.64 2.51 1.36 2.16-6  

Table 5: The cmc values of complexes IIa-IIf in water at 30°C.

Without Ligand 3 : 1 1 : 3

Complex -------------------------------------- -------------------------------------- ------------------------------------

IIa IIb IIc IId IIe Iif

ã (mN/m) 42 39 38 40 36 38

CM C X 10  mM 5.80 4.60 1.40 2.20 1.30 2.01-6  

C Two medium to sharp intensity bands in the region

604-567 and 530-450cm  observed in the far IR-1

region of the ligand complexes I&II(c-f)   are

assigned to õ(Sn-N) and õ(Sn-Cl) modes,

respectively, which are shifted to higher

frequencies in their parent complexes I&II (a,b) .[5]

Cricital Micelle Concentration (cmc) and Biological

Activity: The results given in Tables 4&5 show that

the cmc values of tin complexes I&II(a) are greater

than those of both their parent ligand complexes, I&II

(c,e) and their Co(II) salts I&II(b,d,f) and this is due to

the  lower surface activity of the these complexes.

Figures  2  and  3  represent  the variations of ã

as  a  function  of the logarithm of concentration of

the  synthesized  complexes at 30 C. It is noted thatî

the  surface  activities  of  tin  complexes  are  greatly

enhanced  in  the  mixtures,  and  the magnitude of

the  effect  follows the order: Ie > Ic > Ia and IIe >

IIc  >  IIa.  Such  an order coincides with the

increasing  order of the Co (II) salts of these

ompounds.
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Fig. 1: The proposed structure of the synthesized
complexes

Fig. 2: Surface tension isotherm as a function of

surfactant concentration.

Fig. 3: Surface tension isotherm as a function of
surfactant concentration.

Polarity plays an important role in the

antimicrobial activity. The cmc values decrease with
increasing polarity of the surfactant . It is found that[10]

the cmc of TEA tin based surfactants are smaller than
those with DEA. That explains the observed higher

biological activity of DEA complexes as compared to
those of TEA complexes.

It is 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) . Furthermore, the electron[14]

withdrawal  from  tin (IV) by the electronegative

4CoCl  in complexes I&II(b,d,f) also results in the--

formation of more stable complexes and explains the
observed higher biological activity as compared to

those of the corresponding complexes I&II(a,c,e).
It is also observed that a difference in antibacterial

effects occurs between the 3:1 and 1:3 derivatives of
the same ethanolamine, indicating that the activity level

is mainly due to the ligand molecule. This can be
attributed to, the lower cmc values of 1:3 derivatives,

which may be due to the higher hydrophilicity, and
stability of this complex.

Biological Activity Correlation with Partition
Coefficient: Several parameters are of importance for

evaluating  the  biological  activity  of a surfactant.
The surfactant needs to have a reasonable solubility in

water. Most surfactants have high enough water

owsolubility. In this study, partition coefficients P  were

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

owmixture of n-octanol and water. 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, because hydrophobicity

a ffec ts  a b so rp t ion ,  t ransm em b rane transpo rt ,
bioavailability, metabolism as well as toxicity of

owmolecules. Therefore, accurate logP  values are
important for the prediction of biological or

environmental properties of compounds .[19 ,20]

owThe results given in Tables 6&7 show that the P

values of complexes I&II(a) are greater than those of
both their parent ligand complexes, I&II (c,e), and their

Co(II) salts, I&II (b,d,f), since these complexes were
considered relatively hydrophobic and tend to have low

owwater solubility. In addition, the lowest P  values were
shown by 1:3 derivatives of the same ethanolamine.

Indeed, the most probable reason is the association of
the activity with the chain length. As the chain length

of ligand increases, activity also increases ; hence it[21]

owis apparent that complexes I&II (e,f) (with low P )

were more toxic toward the tested microorganisms. The
reason is the active tin moiety to the cell wall.

owIncreasing the hydrophilicity (low P ) of compound
that might increase its permeability (surfactant

molecules residing on an epithelial membrane surface
may be expected to disrupt membrane integrity) across

the cell membrane.

Evaluation of the Synthesized Surfactants as
Antibacterial and Antifungal Agents: To discuss the

biocidal activity of the synthesized complexes, different
strains of Gram-positive bacteria, Gram-negative

bacteria   and   fungi   were   chosen   since  these
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Table 6: bioaccumulation potential of complexes Ia-If

Complex Ia Ib Ic Id Ie If

owP 1.5 1.06 1.7 1.5 0.6 0.9

Table 7: bioaccumulation potential of complexes IIa-IIf

Complex IIa IIb IIc IId IIe Iif

owP 1.8 1.05 1.5 1.3 1.3 0.6

Table 8: Antimicrobial inhibition of the synthesized tin (IV) complexes and the corresponding cobalt(II) salts .a

Complex Bacillus Staphillococcus Escherichia Pseudomonas Aspergillus Aspergillus

(Conc. 2.5mg/ml) Subtilis (+) Aureus (+) Coli (-) Aeruginosa (-) Niger Flavus

Ia ++ ++ ++ +++ + +

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

Ib +++ +++ +++ ++++ + +

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

Ic + ++ + ++ + +

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

Id +++ +++ +++ +++ ++ ++

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

Ie +++ +++ +++ +++ ++ ++

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

If +++ +++ +++ ++ ++ ++

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

IIa ++ + + + + +

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

IIb ++ ++ ++ +++ + +

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

IIc + ++ + + + +

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

IId ++ + + ++ + +

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

IIe ++ +++ ++ +++ + +

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

IIf ++ +++ ++ +++ ++ ++

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

+++= control. Chloramphenicol was used as a standard antibacterial agent (+++) and Grisofluvin was used as standard antifungal agent (+++).

Well diameter 1cm (100 ìl of each conc. was tested).

microorganisms  are widely distributed in nature,

where  they  are  found  in aquatic environments,

and  used  extensively  as  an  indicator of

pollution. Secondly, the commonly used strains were

used in this work for assays of antimicrobial

agents .[22]

In  the  present  study,  the  prepared  cationic

surfactants  were  evaluated  as  biocides  for

Gram-positive  bacteria,  Gram-negative  bacteria

and various fungi at 2.5 mg/ml. The data of

biological  activity  of  the  reported  compounds

are  given  in  Table  8.  We  report  the  biological

characterization  of  DEA, Ia, and TEA, IIa, tin

based  complexes,  in parallel with their carrier

ligand complexes I&II(c,e) and their Co(II) salts

I&II(b,d,f), to explore a new mode of interaction

between these antibacterial agents and the cell

membrane.

A precise description of the mechanism of the

antibacterial activity in both ethanolamines was

possible due to the different effects of individual

properties of the amines (viscosity, basicity, polarity,

polarisability, etc.). 

Fig. 4: The relationships between cmc of ligand

owcomplexes and their P .

The results given in Table 8 and Figure 4 show

that: 

C All DEA tin complexes showed high activities

against the tested microorganisms, this can be

owattributed to the low basicity; (low P ) and

viscosity of the medium  which gives better[23]

mobility and consequently high antibacterial 
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owactivity. Compound Ic with a high P  is an

exception, It is relatively hydrophobic and less

soluble in water. It is also observed that the

higher stability of Co(II) salt of DEA complexes

Ib,d,f and the higher hydrophilicity of its carrier

ligand complexes Ic,e, stand behind their

feasibility as biocides for bacteria and fungi. The

higher is the basicity of compound, the stronger

bof its complex with metal. The basicities (pk ) of

DEA and TEA are 5.12 and 6.25, respectively.

Thus, TEA particles were always smaller than

those of the complex obtained using DEA. The

polarity of the TEA molecule (3.57D) is higher,

in comparison to the DEA molecule (2.81D)

which serves as a rough estimate of its solubility

in a different polar solvent. Also the viscosity of

DEA is lower in comparison to TEA which

refers to better mobility in the media .[24]

C TEA tin complexes, IIa,c,d, have significant

biological activity, whereas the corresponding

Co(II) salts IIb,e,f are biologically more active.

The most probable reason is the association of

the activity with the stability of Co(II) salt of

TEA molecules in the media. Complex IIc with

owa high P  value was considered relatively

hydrophobic and consequently less water soluble.

From the above biological evaluation several

conclusions can be drawn:

C Introduction of laurylamine as ligand to

ethanolamines have been enhanced their

solubilities in water and contributed a new

interaction mode between antimicrobial agents

and bacteria cell membrane.

C Tin complexes have long-lasting antimicrobial

activities due to their thermal stability and

hydrophilicity.The higher stability of the

synthesized compounds led to their longer-lasting

antimicrobial effects. 

C The hydrophilic nature of these compounds

allowed them to stay in the aqueous media

where they could disrupt various constituents of

cell membranes instead of being dissolved in the

media . The hydrophilic functional group in[25]

Co(II) salt allowed a new mode of action against

bacteria, possibly due to disruption of cell

surface. The high and long-lasting antimicrobial

activities may be also attributed to the

hydrophilic group in Co (II) salts.

REFERENCES

1. Wrackmeyer, B., M. Vosteen and W. Storch,

2002. J. Mol Struct, 177: 602-603.

2. Ruzicka, A., R. Jambor, J. Brus, I. Casarova and

J. Holecek, 2001. Inorg Chim Acta, 323: 163.

3. Jastrzebski, J., E. Wehman, J. Boersma, G. van

Koten, K. Goubitz and D. Heijdenrijk, 1991. J.

Organomet Chem, 409: 157.

4. Cmoch, P., Z. Urbanczyk-Lipkowska, A.

Petrosyan, A. Stepien and K. Stalinski, 2005.

"The H, C, N and  Sn NMR study of the1 13 15 117

intramolecular Sn–N interaction in tri- and

tetraorganotin compounds containing the chiral

2-(4-isopropyl-2-oxazolinyl)-5-phenyl ligand";

Journal of Molecular Structure, 733: 29-39.

5. Shahid, K., S. Shahzadi, S. Ali, M. Bhatti and

K. Khan, 2005. Journal of the Iranian Chemical

Society, 2(2): 140-148.

6. Franco, B., G. Giancarlo, M. Marilena, P. Maura

and S Carlo, 2005. Journal of Organometallic

Chemistry, 690: 1994-2001.

7. Shahzadi, S., K. Shahida, S. Ali, M. Mazhar and

K. Khan, 2006. "Organotin(IV) Derivatives as

Biocides: An Investigation of Structure by IR,

Solution NMR, Electron Impact MS and

Assessment of Structure Correlation with

Biocidal Activity"; Journal of the Iranian

Chemical Society, December, 2(4): 277-288.

8. Pellei, M., G. Lobbia, M. Mancini, C. Spagna

and C Santini, 2006. Journal of Organometallic

Chemistry, 691: 1615-1621.

9. Alvarez-Boo, P., J. Casas, A. Castineias, U.

Russo, V. Scarcia, J. Sordo and M. Varela,

2003. "Complexes of Tin(II) Halides and

Diorganotin(IV) Dihalides with 3,5-Dimethyl-1-

(2-pyridyl)pyrazole"; Inorganic Chimia Acta,

353: 8-14. 

10. International Programme on Chemical Safety,

1980. Environmental Health Criteria 15, Tin and

Organotin Compounds Published under the joint

sponsorship of the United Nations Environment

Programme and the World Health Organization

World  Health  Organization   Geneva,   ISBN

92,4 154075 3.

11. Seifullina, I.I., N.V. Shmatkova and E.E.

Martsinko, 2004. "Complexation of Germanium

Tetrachloride with Nitrogen and Oxygen

Containing Ampolydentate Ligands"; Russian

Journal  of  Coordination  Chemistry,  30(3):

214- 220.

12. Labib, L., T. Khalil, M. Iskander and L. Refaat,

1996. Polyhedron, 21(15): 3697.

13. Ronconi, L., C. Marzano, U. Russo, S. Sitran, R.

Graziani and D. Fregona, 2003. "Organotin(IV)

complexes of ethylsarcosine hydrochloride";

Appl. Organometal. Chem., 17: 9-16.

14. Frank, J., J. Edward and S. Kenny, 1952. United

States Patent Office, 2: 580-470.

15. Badawi, A., N. Negm and S. El-Zahar, 2004.

"Biocidal Activity of Some Novel Cationic

Metallomicelles"; Metal Ions in Biology and

Medicine, 8: 89-95. 



Res. J. Agric. & Biol. Sci., 4(3): 257-264, 2008

264

16. McW illiams, P. and G. Payne, 2001.

"Bioaccumulation Potential of Surfactants";

Chemistry in the Oil Industry VII. Royal Society

of Chemistry & EOSCA.

17. Jain, M., V. Singh and R. Singh, 2004.

"Biologically Potent Sulphonamide Imine

Complexes of Organotin(IV)"; Journal of the

Iranian Chemical Society, 1(1): 20-27.

18. Macek, J. and A. Gegen, 1995. "Preparation of

Nickel Powders in Nonaqueous Media"; FIZIKA

AU, 2: 309-314.

19. Choua, C., F. Perng, D. Shan, H. Wong and W.

Cheng Su, 2002. "1-Octanol/Water Partition

Coefficient of Ionic Liquids"; National Science

Council of Taiwan, NSC-90-2214-E233.

20. Partition Coefficient (n-octanol/water), P  MetricH

Method for Ionisable Substances. OECD

Guidelines for the Testing of Chemicals Proposal

for A new Guidelines 122, Revised Draft

Document November 2000.

21. Galbacs, G., A. Szorczik, Z. Galbacs, N. Buzas,

T. Haraszti and Talanta, 2000. 52: 1061.

22. Ellington, J. and T. Floyd, 1996. EPA/600/S-

96/006. 

23. Liu, W., X. Liu, D. Knaebel, L. Luck and Y. Li,

1998.  "Synthesis  and  Antibacterial  Evaluation

of Novel Water-Soluble Organic Peroxides";

Antimicrobial  Agents  and   Chemotherapy,

42(4): 911-915. 

24. Sharma, R. and N. Kaushike, 2004. "Thermal

Studies on Some Organotin(IV) Complexes with

P i p e r i d i n e  a n d  2 - A m i n o p y r i d i n e

Dithiocarbamates"; Journal  of  Thermal

Analysis and Calorimetry, 78: 953-964.

25. Shahzadi, S., K. Shahid, S. Ali, M. Mazhar, A.

Badshah, E. Ahmed and A. Malik, 2005. "Non-

Steroidal Anti-Inflammatory Drugs as Donor

Ligands in Organotin(IV) Derivatives"; Turk J.

Chem., 29: 273-287.


