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Organotin compounds RmSn X4-m(R are groups attached to Sn with C–Sn
bonds, X with non C–Sn bonds) are a series of most extensively–used
organometallic compounds. Recently, there have been many reports on the
pollution of different organotins, including their degradation and methylation
products, in different aquatic ecosystems worldwide, especially in harbors
with heavy shipping traffic (Maguire 1991; Dai Shugui et al. 1993).

It has long been known that the toxicity of organotins varies greatly with
their structures. Generally, triorganotins are much more toxic than the corre-
sponding di– and mono–organotins. Within the unitary substituent series,
organotins with different substitutent groups cause different levels of toxicity
(Van Der Kerk and Kujjen 1954; Smith et al. 1979). However, attempts to set
up quantitative structure —activity relationship (QSAR) for organotins were
initiated recently (Laughlin 1987; Nagase et al. 1991; Vighi and Calamari
1985). According to the results of the few studies published, the critical con-
trolling factors of the toxicity of organotins are still a contention.

The inhibition effects of different kinds of organotins on the growth of two
green algae , Scenedesmus obliquus an d Platymonas sp., were studied in our la-
boratory earlier (Huang Guolan et al. 1996  in press). For both algae, the
96–hr EC50 values of the twelve RmSnCl 4_m varied from 10 to 10-3 µmol/L,
covering four orders of magnitude. In this paper, QSAR studies were carried
out for these toxicity values using eight physicochemical and topological
parameters as structural descriptors. To distinguish their structural features
as organometallic compounds, two newly-corrected molecular connectivity

pression of organometallic compounds than other MCIs (Kupchik 1986),
were used in this study. The toxicity mechanism of organotins was proposed
based on the QSAR equations.

MATERIALS AND METHODS

hydrogen–suppressed graphs as the following equations (Kier and Hall 1977).
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value. Zv, Z and h are the number of valence electrons, atomic number, and
the number of hydrogen atoms, respectively.

heteroatoms and unsaturation to MCI. However, it has been proven to be not

in this study and can be calculated as follows:

where rC and r are covalent radii of C atom and the atom studied,
respectively. For Sn atom, rC/r = 0.77/1.40 = 0.55. b is bond length
rat io of  the chemical  bond studied to C–C bond.  For C–Sn ,
b = 2.17/1.54 = 1.41. The meaning of Z, Zv and h is the same as des-
cribed above.

derived from organophosphorus acids (Mastryukova and Kabachnik

substituent groups attached to the Sn atom (Hansch and Leo 1979) .

Lipophilic parameters—total surface area of a molecule TSA and Hansch

of the substituent groups attached to the Sn atom (Hansch and Leo 1979;
Craig 1986).

RESULTS AND DISCUSSION

The eight parameters and 96–hr EC50 values for the twelve organotins are
listed in Table 1. Simple linear correlation relationships were analyzed in the
relationship between each structural parameter as an independent variable

have good correlation with the lnT. Hence, the toxicity of organotins is de-
termined mainly by the lipophilicity of the compound. This conclusion is in
accordance with that of Laughlin (1987) who used zoeae of the mud crab,
Rhithropanopeus harrisi, as the toxicity test animal. The two newly–introduced

can not be achieved just on this point. The different influences of lipophilicity
and electronic property of organotins on their toxicity should be further stu-
died. To illustrate this, QSAR studies were made within the unitary
substituent series (R3Sn, R2Sn, RSn individually, Table 3).





Table 2. Simple linear regression equations and correlation coefficients be-
tween ln T (T= 1/EC 50) and each structural parameter for the
twelve organotins.

It can be seen that, for both algae, lipophilic parameters always had better
correlation with the toxicity for the unitary substituent series than that for the
mixed substituent series (R3Sn+R2Sn+RSn, together), whereas the opposite
held true for electronic parameters. Hence, electronic properties may be
related to the difference of the toxicity between the different substituent
series. Multiparametric correlation studies are necessary. Triparametric
approaches have been studied, and found to be not reasonable because of the
colinearity between the parameters of lipophilicity and MCIs. The results of
some diparametric approaches are shown in Table 4.

Table 4. Diparametric regression equations between lnT (T= 1 / EC50) and
structural parameters for the twelve organotins.



The correlation relationship between lnT and the two independent variables

For the two algae, both the correlation equations and the coefficients before
each parameter were significant in statistic tests (F0.05 = 4.256; t0.10 = 1.383).

Scenedesmus obliquus:

Platymonas sp.:      

the toxicity of organotins is con-

the compound to concentrate from a polar aquatic environment into algae,
hence the more toxic the compound is. On the contary, the toxicity of

to measure the polarizing effect of a substituent group on a reaction center.
have a tendency to give electrons to the reaction

center, and decrease the positive charge of the center. In hard and soft acids
and bases principle (Pearson 1968 a, b), metals react as electron–pair
acceptors (Lewis acids) with electron–pair donors (Lewis bases). Metals with
low polarizability, low electronegativity, large positive charge density belong
to hard acids, whereas the opposite holds true for soft acids. As a general rule
it was found that hard acceptors prefer to bind to hard donors and soft
acceptors prefer to bind to soft donors to form stable compounds. According
to this, it is not difficult to reach the conclusion (Forstner and Wittmann
1979) that metals such as Na, K, Mg and Ca which belong to hard acids only
form stable bonds to hard bases such as H2O, OH-, and Cl-, and to be stable
in natural environment and less toxic. Metals such as Hg, As and Pb which
belong to soft acids form stable bonds to soft bases such as –SH group, which
is amongst many active sites of proteins and enzymes, and to be highly toxic.
Sn4+ is situated between the typical hard acids and typical soft acids. Hence,
groups which tend to turn Sn 'softer' will increase its toxicity. It has been con-

have a tendency to give electrons to
the centric Sn atom, and decrease the positive charge density of the Sn atom,
and accordingly, turn Sn to be a 'softer' acid. This is why the toxicity of
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