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Summary

The Karl PFischer reagent reacts with many low valent fransition metal
complexes to bring about oxidation of the metal. The reaction can be used for
the oxidimetric determination of these complexes in solution and must be
taken into account when P! ligands are determined in low valent metal com-
plexes. :

Introduction

It has been shown recently [1] that phosphorus(IIl) compounds can be
determined selectively in the presence of phosphorus(V) derivatives, using the
Karl Fischer reagent [2] as oxidizing agent. Hayton and Smith [1] also showed
that R;PH* compounds react with Karl Fischer reagent while R4P* com-
pounds are unreactive. They found that RzP and RzPH" ligands could be
determined even in Co'!, Ni'! and U!V complexes.

Since this method is simple and rapid, as well as selective for P! in the
presence of PV, it seems to be of great importance in the analysis of transition
metal organic and inorganic complexes containing phosphine ligands. Never-
theless the oxidizing action of Karl Fischer reagent suggests the possibility that
in lower valent transition metal complexes thé metal atom(s) might also be
oxidized. The individual components of Karl Fischer reagent (pyridine, SO5,
1) are well known {3] to react with low valent transition metal complexes,
but one could not reasonably predict how the reagent mixture would behave.

The fxrst results of an examination of such reactmns are reported below.
: . (Continued on p. 153)
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Experimental

..~ The Karl Fischer reagent was either prepared from its components or used
as supplied by Reanal (Budapest). Transition metal complexes were prepared
according to published procedures [3 - 10]. The purity of the complexes was
checked by elemental and thermogravunetnc analyses as well as by IR spectro-
scopy.

The tltratlons were performed using a Labor (Budapest) Type 56354 auto-
matic titrator W1th blamperometnc end pomt detectlon

Results and discussion

Low valent transition metal complexes with or without phosphine ligands
were titrated against the Karl Flscher reagent. The results are summarized in
Table 1.

From comparison of the experimental Karl Fischer percentages (KF%)
[1] with those calculated assuming various reasonable changes in the oxidation
number of the transition metal atom and taking into account the reaction of
- the titrant with eventual P!!! ligands, the following conclusions can be drawn.

(0 The transition metal is oxidized by the reagent if the oxidation state is
below Fell, Co!, Ni!! and Rh!'), (i.e. in complexes containing these valence
states the transition metal i is not ox1d1zed) No oxidation was detected with W,
WV and Mo!! compounds

(ii) Some M? or M*! complexes of exceptional stability such as Cr(CO);,
Mo(CG)g, W(CO)g and Cog{(CO)sCX (X = Cl, Br, I, i-Pr) did not react.

(iif) With all the complexes containing phosphorus(Ill) ligands, the mea-
sured KF% values were in accord with KF% values calculated on the basis of
consumption of the reagent by these ligands and by the metal.

(iv) No reaction was detected between the Karl Fischer reagent and the
following ligands: CO, CN—, 7-(CsHs), NH;, CsHsN, CI—, I™.

(v) Results obtained with Hg[Co(CQO)41, and its phsophme derivative
provide the first chemical evidence for the covalent Co®—Hg®—Co® metal—
metal bonding in these compounds, which was postulated previously on the
basis of IR ¥(C—O) spectra {11] and conﬁrmed by other spcctroscopic (12,14,
15] and diffraction [13] methods.

- (uf) The above results indicate that the use of thejharl Fischer reagent as
‘an oxidizing agent provides a convenient possibility for determination of the
concentration of low valent transition metal complexes (e.g. solutions of
Co2(CO)g, [Co(CO)41 , Rhs(CO), 3)-The method, in contrast to the generally

~used 0x1dat10n-complexometnc titration procedure, is rather specific for the
low valent species in the presence of higher valent impurities.

(viiy The method of Hayton and Smith for the determination of P*'*
compounds can be used for P! ligands of low valent transition metal com-
‘plexes provided great careis taken in the evaluation of the resuits, and the
possxble omdatlon of the ttansu:xou metal is taken into account. A
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