
Polis/i Journal ofEnyironmenral Studies Vol. 6, No. 4 (1997), 33-36 

Studies of Mixed Mouolayers of Lecithin 
aud Organometallic Compounds 

Z. Trela, S. Przestalski, J. Hladyszowski 

Departrnent of Physics and Biophysics, Agricultural Uniyersity, Norwida 25, 50-375 Wrocław, Poland 

Receiyed S May, 1997 
Accepted 12 June, 1997 

Abstract 

Compression isotherms of mixed monomolecular Iayers at water-air interface, formed oflecithin (DPPC) and 
an organometallic compound (Me3PbC!, MeSnC!, Bt3FbCI, EtiSnC!) at yarious molar fractions (x = 0.0,0.2,0.4, 
0.6, 0.8, 1.0) were studied. It was found that compression isotherms of the pure organometallic compounds (x 
= 1.0), in the range of mean molecular areas of 1.0 nm2 and ca. 0.15 om2, did not show any practical increase in 
surface pressure. The isobaric rdationship betweeo mean molecular areas end molar fraction ofan organometallic 
modifier arc lincar for most of the pressures chosen, which follows from analysis of the experimentat isotherms 
obtained and demonstrates the idea! behayiour of the system under study. MI the compounds studied form near!y 
idea!Iy-behayingsystemswith tecithin. Presumably, the effects obseryed may be the resuit of molecular aggregation 
on the water phase surface, which in a mixed mono!ayer may lead to separation of the phases: organometallic 
cnmpound - !ecithin. 
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Introduction 

Thc practical importance of studies on the interac-
tion between organie cornpounds of tin aud lead and 
liying organisms follows from the faet that thc com-
pounds occur in our euyironnient aud exert a marked 
effect on liying celis and higher organisms. Organotin 
compounds haye wide application as biocices, heat 
stabilizers of polyyinyl chloride, catalysis for produc-
tion of urethanes or for esterification, as treatment for 
some infections [1, 2]. 

Organolead compounds, mainly tetraethytlead 
compounds, haye been used in large quantities as an-
tiknock petro additiyes. Triphenyllead salts haye betu 
introduced, among others, as pesticides haying a simi-
tar biocidal action as tin compound aud others [5, 6, 7]. 
Organotiu and organolead compound arc toxic to hu-
ruans, animals, plants aud cefls [8, 9, 10, 11,12, 13]. 

Studies on the cellular and molecular leyel indicate 
that the compounds art membrane actiye, i e. they act 
as membraue toxicaut [10], exhibit hemolytic action 
[11, 12, 13, 14, 15] aud modi" the function of mem-
brane chaunets [16, 17]. It was also fouud that the 
compounds may influence the lipid phase of mem-
brane [18]. From this point of yiew, the study of ther-
modynamic properties of Iecithin mouolayers mcdi-
fied with the compounds may furnish additional 
information on their interaction with the lipid phase of 
membrane. 

Matertais and Methods 

Cliemicals 
Lecithin, 1,2-Dihexadccanoyl-sn-glycero-3-phos-

phocholiue, (DPPC) came from the SIGMA Chemical 
Co. 

Modifiers: chlorides of trimethyllead, trimethyltiu, 
tricthyltead aud triethyttin werc obtained from ALFA 
Chemical Co. 

Surface Prcssure Versus Mean Molecular Area 
Isotherms 

Surface pressure ys. mean molecular area isothcrms 
were measured for mixed monolaycrs composed ci 
lecithin and trimethyllead (or trimethykin) at flit mo-
tar fractious of orgauometat: O.o (pure lecithin), 0.2, 
0.4, 0.6, 0.8 aud 1.0 (pure organometal). 

The isotherms were run in a rectangular trough with 
useful dirncusions of 280 mm x 82 mm x 10 mm 
equipped with a Laugmuir batance. 

Bidistifled water was used as the subphase. Spread-
ing soutious of lecithiu, or trimcthyllead (tri-
methyltin), or a mixture of both were prepared as 
follows: first lecithin and inyestigated compouuds were 
disolyed separately in a chloroform-methauol mixture 
(3/2, yolume/youme). The two solutious were then 
mixcd to giye the required molar fraction of or-
ganolead (or organotiu) compound. 
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The monoiayer was allowed to stabilize for 20 min 
before compression. In ali monoiayer experiments the 
initial mean molecular area was 1 nm2/moiecule, the 
rate of compression was 0.108 nm2/moiecuie per min. 
Experiments were performed at room temperature 
(20-25fC. 

The analog measurement signals (corresponds to 
monoiayer aren and surface pressure) were digitafly 
conyerted with an A/D conyersion card (ADyAN-
TECH Co., model PCL 812 PG, PC-LabDAS Data 
Acquisition Software PCLS-700) and sayed on hard 
disk. 

The data (signais measured ys. time) were trans-
ferred to a spreadsheet in which surface pressure as 
funetions of mean molecular area were calculated. The 
final elaboration of the isotherms as functions of mean 
molecular area per molecule and moiar fractions of 
modifiers (organolead or organotin) and the creation 
of isobars was performed under MATHEMATICA 
y.2.21 package. 

Results and Discussion 

xflD 

Figl. Compression isotherms for two-component mixed 
monolayers, formed of !ecithin (DPPC) and one of the four 
organometallic compounds studied (a: Me3PbCI, b: Me3SnCI, c: 
Et3FbCL d: Et3SnC!). Each of the cun"es is an ayeraged isotherm, 
obtained from at least 5 independent experimentat curyes. 

Figure 1 (a-d) presents eompression isotherms for 
two-component mixed monolayers, formed of iecithin 
(DPPC) and one of the four organometaflic com-
pounds studied (Me3PbCl, Me3SnCl, Et3PbCl, 
Et3SnCi). Each of the curyes is nn ayeraged isotherm, 
obtained from at least 5 independent experimental 
curyes. 

The results obtained aliow to note that: 
1. Pure organometallic compounds when com-

pressed to the mean molecular area of about 0.15 nm2 
exhibit a relatiyely smali increase in surface pressure, 
whieh was less than 2 mN/m (Fig. 1 a-d, isotherms for 
molar ratios x = 1.0). 

2. Mixed monolayers when compressed in the range 
of molecńiar areas 1.0 - 0.15 nm2 do not exhibit the 
phase transition expected for lecithin in the range 0.8 
- 0.6 nm2. 

Fig. 2 a-d presents the resuRs of interpolation (using 
3rd order polynomiai) of the functions fl(A) and H(x) 
for the respectiye compounds. The surface obtained 
shows how the surface pressure H depends on the two 
yariables: mean molecular aren A and molar fraction 
x. From the results obtained it follows that for each of 
the compounds studied the surface pressure decreases 
with increasing molar fraction. 

The ability of the modifiers studied to nbc with 
iecithin can be determined from the dependence of 
ieeithin molecular area on modifier molar fraction at 
constant pressure. A linear course of such dependence 
indicates at idea! behayiour of the monolayer, i.e. ideal 
mixing of its components or ideal (and complete) sepa-
ration of the phases. 

MEAN MOLECULARAREA (nfi2] 

MEAN MOLECULAR AREA nrn] 

MEAN MOLECLJLAR AREA (nm9 

MEAN MOLECULARAREA (nm1) 
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Fig. 2. Dependence of surface pressure of the DPPC-organometal mixed monolayer on mean molecular area and molar fraction of modifier 
(a: Me3PbCl, b: Me3SnCl, c: Et3PbCI, d: Et3SnCl). Thesurface fl(A,x) was obtained by interpoiating, with a 3rd order polynomial, the relation 
between fl(A)x=const and fl(X)Aconst „ bund experimentally for the molarfractjonsx 0.0,0.2,0.4,0.6,0.8, 1,0. 

Fig. 3a-d presents the dependence of mean molecu-
ar areas on mołar fraction of niodifier, for selected 

surface pressures (i.e. the dependence A(x)n = const, 
obtained from intersection of the funetion fl(A,x) and 
surfaces H = const). 

For a majority of the pressures molecular area dc-
pends ałmost linearly on monolayer composition 
(greater deyiations from linearity one can obserye for 
high surface pressures, in the range of molar fractions 
0.4 to 0.8, for three compounds but triethyltin). 

Lincarity of the dependence A(x)0 = const may 
suggest both ideał mixing of the two monołayer com-
ponents and the existence of a heterogenie system, i.e. 
phase separation in monolayer region. In yiew of the 
fact that pure organometaiłic compounds do not yiełd 
compression isotherms, the second possibiłity łooks 
inore probable. The more 50, as chemicał inyestigation 
of the subphase did not reyeal any organometaiłic 

\.1 

eompounds in it during monołayer compression. Thus, 
if the organometałlic compounds do not go from the 
surface to the water subphase and do not change the 
character of compression isotherms, most probabłe 
seems to be the formation of aggregates of organomet-
ałlic compounds in the yicinity of the łipid monołayer. 
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Fig. 3. Dependence of mean molecular area, A, of the DPPC-organometat mixed monoiayer on molar fraction of modifier (a: Me3PbCl, b: 
Me3SnCl, c: Et3PbCl, d: Et3SnCi) for the surface pressures: 5, 10, 15, 20, 25, 30 mN/m. The curyes A(x) II=const shown were obtained as 
intersection between FI(A,x) ant] H = const. 


