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The electronic absorption spectrum of vanadyl acetylacetonate has been 
studied in 15 organic solvents. I t  has been found that  wavenumbers and molar 
absorptivities of the long-wavelength bands (d-d transitions) can be well 
described by a complementary Lewis acid--base  model including Gutmann's 
donor number [Gutmann V., Wychera E., Inorg. Nucl. Chem. Letters 2, 257 
(1966)] and aceeptor number [Mayer U., Gutmann V., Gerger W., Monatsh. 
Chem. 106, 1235 (1975)] of a solvent. This model describes also the solvent 
effect of the hyperfine splitting constant, Ais o(51V), from e.s.r, spectra of 
VO aeac e. These observations are discussed in terms of the donor aeceptor 
concept for solvent--solute interactions. 

( K eywords : Correlation analysis; Solvent effect; Vanadyl acetylacetonate ) 

LSsungsmittel-Substrat- Wechselwirkungen. 
Solvatation von Vanadyl-Acetylacetonat in nichtw~ifirigen L6sungsmitteln 

Elektronenabsorptionsspektren yon Van~dyl-acetylacetonat wurden in 15 
organischen L6sungsmitteln gemessen. Sowohl die Wellenzahlen als auch die 
molaren Extinktionen der langwelligen Bande (d-d-Ubergang) kSnnen mit 
einem Lewis-S~uren-Basen-Modell, das sowohl die Gutmann-Donornummern 
[Gutmann V., Wyehera E., Inorg. Nucl. Chem. Letters 2, 257 (1966)] als auch 
die Acceptornummern [Mayer U., Gutmann V., Gerger W., Mot ~l"~sh. Chem. 
106, 1235 (1975)] beinhaltet, besehrieben werden. Dieses Modell beschreibt 
auch den LSsungsmitteleffekt der Hyperfeinspaltung, Aiso (alV), in den e.s.r. 
Spektren von VO acac 2. Diese Beobachtungen werden auf Basis eines Donor- 
Aceeptor-Modells ffir die LSsungsmittel-Substrat-Wechselwirkungen disku- 
tiert. 
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Introduction 

In two previous communications1, 2 we reported the solvent effects 
on the spectrophotometric, polarographic and e.s.r, behavior of 
copper(II) acetylacetonate. These studies indicated that  the value of 
the molar absorptivity for the long-wavelength band (d-d transition) 
and the value of the hyperfine splitting constant for the Cu nucleus are 
linearly dependent on the Lewis basicity of solvents expressed by 
corresponding Gutmann's  donor numbers3, 4. As a consequence, we 
suggested that  in sufficiently donating solvents the square molecules 
of Cuacac2 are transformed into square pyramidal molecules of 
Cu acac.~" solv. We have now extended this study to include the pyra- 
midal complex VO acac2. 

Solvent effects on the optical 5-13, e.s.r. 13 15 and n.m.r.16,17 spectra 
of vanadyl  acetylacetonate have been observed by many workers. I t  
was convincingly demonstrated that  all these spectra are strongly 
solvent-dependent and experimental results have been interpreted in 
terms of the solvation of the vanadyl  oxygen atom. On other hand, 
Gutmann and MayerlS postulated that  strong neutral and anionic Lewis 

bases can coordinate to the vanadium atom. In our opinion, however, 
the problem is more complicated. The reasons for this assumption are 
presented in this communication. 

Materials and Methods 

VO acace was prepared and purified by a well known method 19. All solvents 
were dried and purified by established procedures 20 immediately before use. 
Optical spectra were recorded at 25 °C on a Specord (Jena) or on a Varian-635 
spectrophotometer. 

Results and Discussion 

The purpose of this work is to formulate an empirical but quantita- 
tive description of the solvent effect on the optical spectrum of 
VO acac2. A series of organic solvents differing markedly in their 
polarities and Lewis acid--base properties was chosen. In  general, three 
low intensity absorption bands were observed in the spectral region 
12 000-30 000 cm 1 but the short-wavelength band was often registered 
as a shoulder so that  its maximum position is known with the least 
accuracy among the three bands. Taking this into account we will 
discuss the solvent effects on the properties of the bands in the visible 
region only. 

Table 1 lists the optical data for two long-wavelength bands of 
VO acac 2 and some solvent parameters. In the last column of this table, 
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there are also presented Aiso (51V) values from e.s.r, spectra reported by 
Guzy et a1.13. As can he seen, the positions of the absorption max ima  
and the molar absorptivit ies are strongly influenced by  different 
solvents. 

Since the molecule of VO acac~ has a C2v symmetry ,  which predicts 
complete removal  of d-orbital degeneracy, four d-d transitions are 
possible, al though not all are Mlowed by formal symmet ry  rules, 
Therefore it is possible to assign two bands observed between 12 000 
and 18000cm 1 to the d-d origin 21-23. As a consequence, we have 
analysed the solvent effect on the difference ( '1 - - ,~)  and on the ratio 
~1/~2. The first total ly empirical parameter  was proposed by SelbinS as a 
measure of VO acac2--solvent interaction. We assume tha t  the ratio 
sl/~2 is also sensitive for ranking solvents. 

First  of all, ( ' l - - ' e )  and Zl/~ values were the subject of linear 
regression analysis. We have s tar ted with correlations of these values 
against D N  and A N ,  respectively. Treating the problem with the least- 
squares method we have obtained expressions of the following form : 

(~1--~2) = 8 1 D N  + 1 740 

with a correlation coefficient of r = 0.850 ; 

( '1--~2) = 55 .9AN + 2 124, r = 0.565; 

~1/s2 = - -0 .0156 D N  + 0.991, r = 0.802; 

~l/S~ = - -0 .0123 A N  + 0.945, r = 0.609. 

(1) 

(2) 

(3) 

(4) 

I t  is clear tha t  neither donor numbers nor acceptor numbers  can be 
directly used to interpret  VO acac2--solvent interaction. Similarly, the 
plots of (~1--~2) and ~1/~2 versus the dielectric permi t t iv i ty  showed no 
correlations. 

I t  has been suggested many  times in the l i terature (for review see 
Refs.2a 26) tha t  solvent-dependent physicochemical properties can be 
analysed in terms of regression analysis using various complementary  
solvent parameters .  Koppel and Palm zv have summarized this concept 
and have introduced a four-parameter  equation which includes apar t  
f rom Lewis acidity and basieity parameters ,  contributions due also to 
nonspeeific interactions using functions of dielectric permi t t iv i ty  and 
refraction index. Another semiempirieal mul t iparametr ic  equation for 
calculating the solvent dependence of chemical reactions using the 
donor numbers and the acceptor numbers  was published more recently 
by Mayer 2s. I t  was found, however, tha t  in many  cases already a two- 
parameter  regresssion analysis 29,a0 including only Lewis acidity and 
basicity parameters  fits the solvent-dependent experimental  data  quite 
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Fig. 1. Two-parameter correlation between (v1--~2) values for the optical 
spectrum of vanadyl acetylacetonate and Gutmann's donor and acceptor 
numbers for 15 solvents according to eqn. (6) (for solvent numbers cf. Table 1) 

well, and an addi t ion of other  solvent  pa ramete r s  is no t  s tat is t ical ly 
significant. Therefore in our regression analysis we have used a two- 
pa ramete r  approach  (of. also Refs.~9, a0) in the following form:  

Q = ~ D A ' + ~ D N  + Y (5) 

where Q is so lvent -dependent  physicoehemic~l  proper ty ,  whereas ~ and 
describe the sensi t ivi ty of  Q to change of solvent basici ty  and acidity,  

respectively.  The correlat ion equat ions  are then as follows (errors are 
s t anda rd  deviat ions) :  

(~l-- ,J2)=(75.59±7.18)DN+(46.31±7.45)AN÷(lO03±183) (6) 

with a correlat ion coefficient of  r = 0.969 and  wi th  the Fisher-Snedecor 
test  m of  F = 56.0 (Fig. 1), and 

~1/~2 = ( - -0 .014  ± 0.002) DN--(0.010 ± 0.002) A N  + (1.16 ± 0.05) (7) 

with r = 0.953 and F = 36.1 (Fig. 2). 
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Fig. 2, Dependence of,1/~2 values on DN and AN for 15 solvents according to 
eqn. (7) (for solvent numbers of. Table 1) 

Comparison of the correlation coefficients for eqns. (6) and (7) with 
the r values for corresponding linear relationships shows a very 
significant improvement  in accuracy of the planar regressions. The 
percentage of the explanation of variance for variat ion of (~1--v2) and 
~1/~2 is now 93.9% and 90.8%, respectively. Assuming tha t  experimental  
errors in the determinat ion of (Vl--V2) and el/~2 as well as of solvent 
parameters  are in the order of 10%, we consider tha t  the correlations 
expressed by  eqns. (6) and (7) satisfy fully our data.  Thus, the solvent 
effect on the (vl--v2) and el/e2 values of VO acac2 depends both on the 
Lewis acidic and basic properties of a solvent. 

Taking into account this finding we have reanalysed the solvent 
effect on the e.s.r. Aiso (51V) values reported in l~ef. la (cf. Table 1). For 
the set of 14 solvents for which A N values are known, we have obtained 
linear correlation in the form of eqn. (8): 

Aiso (51V) = (--0.0948 + 0.0131)AN + (106.24 + 0.31) (8) 

with r = 0.909 and F = 26.2. I t  should be mentioned tha t  this equation 
reflects the solvation of the vanadyl  oxygen atom, as it was suggested 
by Guzy et al. 13. 
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Fig. 3. Plot of the hyperfine splitting constant, Ais o (51V), from e.s.r, spectra of 
vanadyl acetylacetonate versus DN and A N  for 14 solvents according to 

eqn. (9) (for solvent numbers cf, Table 1) 

Using the two-parameter  model for the same set of solvents one 
obtaines eqn. (9). 

A~s o (slV) = (--0.0495 _ 0.0099)DN + (0.0944 _ 0.0073) A N  + 
+ (107.18 _+0.25) (9) 

with r = 0.974 and F = 62.5. The dependence of Also (slV) on D N  and 
A N  according to eqn. (9) is graphically presented in Fig. 3. 

Thus, the percentage of the explanation of variance for variat ion of 
Also (slV) is 82.7~o when the analysis is performed according to eqn. (8) 
but  it increases up to 95~o for the planar regression described by  eqn. 
(9). Moreover, the statistical t r ea tment  with the Fisher-Snedeeor F-  
value in a way proposed in t~ef.a2 indicates strongly tha t  addition of the 
basieity pa ramete r  to eqn. (8) is significant at  least at  the 0.01 level. 

I t  is then clear tha t  the solvent effects on the optical and e.s.r. 
spectra of vanadyl  acetylaeetonate  should be interpreted in terms of a 
two-parameter  approach in the general form of eqn. (5). F rom the 
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formal point of view, two possible explanations exist: i) two solvent 
molecules are interacting with VO acac2 (the first molecule interacts 
with the vanadyl  oxygen, whereas the second one solvat, es the 
vanadium atom), and ii) the "secondary"  solvent effect, caused by the 
orientation of solvent molecules in the second coordination sphere, is 
important .  I t  is p remature  to discuss quant i ta t ively these problems 
because this subject is still under investigation. However,  indepen- 
dently of possible interpretations,  the properties of VO acacz are indeed 
dependent both on the Lewis acidity and basicity of a solvent. This is to 
say tha t  many  data  in l i terature should be reinterpreted in terms of the 
donor - -accep tor  concept 4 including the donor numbers and the 
acceptor numbers. Let  us add, finally, tha t  some indications of the facts 
described in this work are also manifested in non-aqueous electro- 
chemistry of VOacac2. Corresponding results will be discussed in a 
further communication. 
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