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The complex formation of tri-, di- and monobutyl- 
tin(W) chloride with 3-hydroxyfivone was studied 
spectrophotometrically in methanol, chloroform and 
toluene (the last two after extraction with buffer 
pH 9.0) by the molar ratio method. The composition 
of the chelates formed was found to be solvent and 
molar ratio (CM/CL) dependent. The complex forma- 
tion constants were calculated. 

Introduction 

3-Hydroxyflavone has been used as an analytical 
reagent for the determination of inorganic [l] and 
organic tin compounds [2-51. Examination of the 
structures has been done [6]. Better information 
about the complexes in solution is needed however, 
when for instance metals are determined as chelates 
using high-performance liquid chromatography [7]. 
Studies of the absorption of visible and ultraviolet 
radiation have long been used to obtain informa- 
tion on the composition of a complex in solu- 
tion. 

This paper describes complexes formed between 
tri-, di- and monobutyltin chloride and 3-hydroxy- 
flavone in solution. The solvents methanol, chloro- 
form and toluene, which have different polarity 
and solvent properties, were chosen for the present 
study, chloroform and toluene being extracted with 
buffer of pH 9.0. 

Experimental 

Reagents 
Chemicals were obtained from the following 

sources: tri- and dibutyltin chloride from Fluka 
AC (Switzerland); monobutyltin chloride from ICN 
Pharmaceuticals, K & K, Rare and Fine Chemicals 
(New York) and 3-hydroxyflavone from Eastman 
Kodak Ltd. 

Tri- and monobutyltin chloride were purified by 
distillation. Dibutyltin dichloride was recrystallized 
from light petroleum (boiling range 40-60 “C). 3- 
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Hydroxyflavone was used directly without further 
purification. 

Boric Acid Buffer 
The buffer was made according to the procedure 

given in an earlier paper [8]. Boric acid (3.1 g, 0.05 
M) and sodium perchlorate monohydrate (140 g, 
1 .O M) were dissolved in water to 1 .O 1 solution. pH 
was adjusted with sodium hydroxide pellets to 9.0. 

Apparatus 
UV/visible spectra were recorded on a Cary 14 

spectrophotometer, while measurements taken at 
a special ‘wavelength were made with a Cary 16 
spectrophotometer. 

Procedure 
The butyltin chlorides and 3-hydroxyflavone were 

dissolved separately in the organic solvents. Various 
amounts of butyltin chloride and 3-hydroxyflavone 
were added to 10 ml volumetric flasks when using 
methanol, or separation funnels containing 10 ml of 
buffer solution when using chloroform and toluene. 
The total *.olume of organic solvent was adjusted 
to 10 ml. When extracting with buffer solution the 
separation funnel was shaken vigorously for 2 min. 
After separation the absorbance of the organic layer 
was measured in 1 cm cells at about 390 nm. The 
concentration of 3-hydroxyflavone when measuring 
the molar absorptivity against molar ratios were 6.00 
X lo-’ M with tributyltin chloride and 4.00 X lo-’ 
M with di- and monobutyltin chloride. When measur- 
ing the molar absorptivities in excess of ligand the 
concentration was ten times higher. 

UV/visible spectra of all the systems for different 
molar ratios were taken. It was also examined 
whether the wavelength of maximum absorbance was 
molar ratio dependent. Generally the UV spectra 
were very similar for the different butyltin complexes 
examined. 

The Molar Ratio Method 
This work is based on the use of the molar ratio 

method [9, IO]. The ligand concentration was kept 
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TABLE I. Molar Absorptivitjes and Complex Formation Constants of Butyltin-3-Hydroxyflavone Complexes Determined by the 
Molar Ratio Method.* 

Organotin 
Chloride 

Solvent h,,, ‘1 
-:2cm-l 

E3 K1 KZ K3 ? 

(10’ mol ) 

3-OH-flavone MeOH 344 1.65 

BusSnCl MeOH 398 
Bu3SnC1 CHC13 387 
Bu$nCl Toluene 387 

BuzSnClz MeOH 398 
BuzSnCl, CHC13 387 
BuzSnClz Toluene 387 

BuSnCl3 MeOH 396 

BuSnC13 CHCl3 402 

BuSnCl, Toluene 400(393) 

1.55 3.8 x lo3 
1.68 2.7 x IO4 
1.67 9.0 x lo5 

1.68 3.54 3.8 x 10’ 1 x 1o’O 

3.57 6 x 10” 
3.49 8 x 10” 

4.87b 9x log 
4.1@ 5 x 1o’O 

1.68 3.57 4.49 5.6 X lo3 5x IO6 
4.49c 3x 10s 

1.68 3.49 4.49 2.2 x lo3 3x IO7 
4.69’ 4 x lo* 

0.034 
0.011 
0.040 

0.007 
0.023 
0.010 

0.035 
0.041 

2 x 1ol3 0.018 
0.048 

2 x 1o13 0.015 
0.042 

*EI, ~2 and ~3 are the molar absorptivities of 1 :l, 1:2 and 1:3 complexes, respective1 and K1 , Kz and K3 their respective com- 
plex formation constants. %tandard deviation (see text for further information). ‘iest calculated value. ‘Measured value’. 

constant while changing the metal concentration. wavelength of measurement. Butyltin chlorides have 
Measurements were taken at the wavelength of the no absorbance at these wavelengths. The sample path 
absorbance maximum of the complex. length was 1 cm. 

The molar absorptivities were measured in the 
presence of an excess of 3-hydroxyflavone. In some 
cases more than one. species were formed with the 
same solvent. Usually the absorptivity of the I:1 
complex, if formed, could be determined from maxi- 
mum absorbance of the molar plot, A,,. Other- 
wise values obtained with other solvents for the same 
complexes had to be used. Calculations showed that 
except for tributyltin in methanol and chloroform, 
the error of assuming that the measured absorptivity 
in excess of ligand belonged to the complex of 
highest &and content formed, was Iess than one per- 
cent. In the case of tributyltin in methanol the degree 
of complex formation was too low for measurement 
of the molar absorptivity in excess of 3-hydroxy- 
flavone. About six percent of tributyltin was not 
present as a complex in chloroform. 

Complexes between butyltin chlorides and 3- 
hydroxyflavone were assumed to contain only one 
organometallic group and to be monomeric in 
solution. The equation of complex formation at 
equilibrium is then 

n*Hof + Bu,SnCl,,, =+ BuXSnCl+__,ofn + n*HCl 

The complex formation constants given in this paper 
are calculated according to the equation 

K = Dh~nCl+~pfnl 
* [Bu,SnCl+_,,] [Hof]” 

where the index n in K, gives the number of 
3-hydroxyflavone groups bound to butyltin. 

Further comments are given in 181. 
The absorbance measured at a given wavelength is 

A, = E(f; [Bu,SnCl+_,of,J) + eL* [Hof] + Abl Results and Discussion 

where E, is the molar absorptivity of the complex 
Bu,SnCl~4-,,) n of (of = 3-hydroxyflavonate), EL 
the absorptivity of 3-hydroxyflavone and Abl the 
absorbance of the blank solution containing neither 
the butyltin chloride nor the ligand, at the 

Molar absorptivities and complex formation cons- 
tants determined by the molar ratio method are given 
in Table I. 

Tributyltin chloride is found from the molar ratio 
curves to form 1: 1 complexes with 3-hydroxyflavone 
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Fig. 1. Molar ratio plot of monobutyltin trichloride in 
methanol. l measured values; - calculated curve when 
e2 = 4.18 x 104; 
104. 

------ calculated curve when ~2 = 4.89 X 

in all three solvent systems, according to the results 
observed for triorganotin compounds [6]. The 
absorptivity in excess of ligand in methanol has 
not been obtained. But assuming the same value 
as measured in toluene, acceptable correspondence 
between experimental and calculated molar ratio 
curves was achieved for all three solvent systems. 

Dibutyltin dichloride forms a 1:2 complex with 
3-hydroxyflavone using chloroform or toluene as 
solvent. 

Good correspondence between experimental and 
calculated molar ratio curves in methanol however 
is only achieved if both BuzSnof2 and Bu#nClof 
(Hof = 3-hydroxyflavone) are assumed to be formed. 
The measured absorptivity in excess of ligand, 2.06 
X 104, is higher than for B@nof but is much lower 
than those achieved for BuzSnofz in chloroform and 
toluene. The molar ratio plots approach A,, very 
slowly. The methanol solution also shows quite 
intense violet fluorescence in excess of dibutyltin 
dichloride, which is in agreement with other workers’ 
observations for comparable systems [3, 61. The 
fluorescence of organotin complexes of 3-hydroxy- 
flavone has been connected with the penta-coordina- 
tion of the tin atom. The formation of Bu$nClof 
for high concentration of dibutyltin dichloride in 
methanol solution is supported by these observa- 
tions. 

Less predictable results are observed for butyl- 
tin trichloride. The measured absorptivities are 
much higher than those found for BuzSnofz. 

In methanol the absorbance measured in excess 
of butyltin trichloride, 4.18 X 104, predicts an 
absorptivity per ligand higher than those achieved 
for Bu$nof and BuzSnofi. If complexes of the form 
ML, ML, and ML3 are assumed to be the only alter- 
natives, calculations predict the formation of a 1:2 
complex between butyltin trichloride and 3-hydroxy- 
flavone, having an absorptivity equal to the measured 
one (See Fig. 1). The calculated molar ratio curve 
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Fig. 2. Molar ratio plot of monobutyltin trichloride in chloro- 
form. l measured values. - calculated curve when K1 , 
Kz and KS are set different from zero; ------ calculated 
curve when only Kz is set different form zero (Kr = 0, Kz = 
0). 
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Fig. 3. Molar ratio plot of monobutyltin trichloride in tolu- 
ene. l measured values; - calculated curve when K1, Kz 
and KS are set different form zero; ------ calculated curve 
when only Kz is set different form zero (K1 = 0, Kz = 0). 

seems however to deviate systematically from the 
experimental one. The form of the curve may 
indicate the existence of more than one absorbing 
species. The fact that the solution fluoresces in excess 
of butyltin trichloride could be due to BuSnCl*of. 
The reduced intensity observed for Bu$nClof in 
methanol can be explained by the higher Lewis 
acid strength of mono- compared to dibutyltin com- 
pounds [6]. 

Some other complexes may be formed that are 
of a form other than ML, ML2 and ML3, which are 
the requirements for the calculations. 

In chloroform and toluene the degree of complex 
formation is very low. The precision is rather poor 
for high concentration of butyltin trichloride (see 
Figs. 2 and 3). Calculations indicate the formation 
of all three complexes; BuSnX*of, BuSnXofi and Bu- 
Snof3. UV spectra show a splitting of the absorption 
band, which becomes less and which is moved 
towards lower value at high concentrations of 
butyltin trichloride. This indicates the existence of 
at least two different absorbing species. 
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Conclusion 
Measurement of the absorptivities gave about the 

same values in all three solvent systems, especially 
in chloroform and toluene, for the same butyltin 
compound. 

Complexes containing one of group have a molar 
absorptivity equal to that of neat 3-hydroxyflavone, 

= 1.68 X 104, while the absorptivity of I:2 com- 
‘,;exes is 3.54 X 104. 

The degree of complex formation is found to be 
highest in toluene and lowest in methanol for the tri- 
and dibutyltin complexes, the difference being largest 
for the tributyltin complex. The opposite is however 
found for monobutyltin complexes, which can be 
explained by a higher polarity of the complex, and 
less hydrophobic groups. 

W. Langseth 
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