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Abstract—The rate of the reaction of zinc and cadmium with tricarbonylcyclopentadienylmolybdenum chlo-
ride and tricarbonylcyclopentadienyltungsten chloride and the yield of the final products of these reactions
were studied as influenced by the solvent nature. Kinetic features of oxidation of zinc and cadmium with tri-
carbonylcyclopentadienylmolybdenum chloride in the presence of dimethylformamide were determined.
The thermodynamic parameters of adsorption of the oxidizing agent and the ligand on the metal surface were
determined.

Previously [1] we reported synthesis of wherek = k[SO]Z, k is the rate constant, {is the
Cp(CO);I\/IMgCI and [Cp(CO}M],Mg (M = Mo, W;  number of active centers on the unit surface area, and
Cp= Hs) by reaction of tricarbonylcyclopenta- Koy andK, are the equilibriunconstants of adsorption
dlenyl chlondes of these metals with magnesium irof the oxidizing agent and the ligand, respectively.

tetrahydrofuran (THF). In this work we prepared COM-  1hq equilibrium constants of adsorption of the ox-

pounds with MM" bond (M = Mo, W; M = Zn, Cd) jqizing agent and the ligand and the apparent rate con-
by oxidation of zinc and cadmium metals With gi5nt5” of the reactions were determined by treatment
Cp(CORMOCI (1) and Cp(COMWCI (II). of the experimental data in thed/V)*? = = f(Coy) co-
Since kinetic features of reaction of magnesiunprdinates at; = const and in theq(/V)*2 = f(c,) co-
with | and Il are similar [1], we studied only the ki- ordinates atc,, = const with subsequent solution of
netics of oxidation of zinc and cadmium with com- M
pound|. As coordinating solvent we used dimethyl- ‘L
formamide (DMF), since all the tested metals (Mg, Zn,
and Cd) are oxidized with andll only in this solvent. 121

The dependences of the oxidation rate of both zinc
and cadmium on the concentrations lofand DMF
pass through a maximum. Hence, when the reagents
are adsorbed on the similar reaction centers of the
metal surface, the process can be described by the
Langmuir-Hinshelwood scheme [2]. Magnesium OXx-
idation with compound (Ox) in DMF (L) can be
described similarly [reactions @(3)] [1]. The reac-
tion rate is described by Eq. (4).
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Rates of oxidation ofZ, 3) zinc and (, 4 cadmium with
' [OX][L] KoxKL Cp(COxMoCI (Ox) in a DMF (L)-benzene mixture at

V =k X @ 293 K. (1) coy = 0.2, @) coy = 0.3, @) ¢ = 0.5, and
(1 + Kox[Ox] + K[L]) (4 ¢, =025 M.
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Table 1. Oxidation of zinc and cadmium with Cp(C@loCl (I). Equilibrium constants, enthalpy and entropy of
adsorption ofl (Ox) and DMF (L) on the zinc and cadmium surface, apparent rate constants, and activation energies
of the reaction

Me T, K K -H gc)i(s _Sg)c)i(s _H:Ll_ds _Sril_ds kx 107, Ea
K Ox L kJmot? | Jmoftdeg? | kImor! | Jmortdeg! | genm?mint | kJ mot?
Zn | 283 53 1.17 4.0
293 4.2 0.85 29+ 4 88+5 21+1 71+ 4 7.1 43+ 4
303 2.3 0.65 14
Cd| 288 | 26.8 | 0.75 2.4
293 | 19.6 0.66 42+ 1 121+ 4 22+2 79+5 4.6 79+5
298 | 14.4 | 0.55 7.7

Table 2. Rates of oxidation of zinc and cadmium witrand Il in different solvents at 293 K and the yields of products
of this reaction €5, = 0.2 M)

V x 103, g cnm? mint Yield of Cp(CORMM'CI, mol per mole of Cp(COMCI
Solvent

[-Zn II1-Zn I-Cd II-Cd [-Zn II1-Zn I-Cd I1-Cd
Acetonitrile 14.5 12.0 0.1 - 0.54 0.50 - -
Ethyl acetate 3.7 3.8 - - - - - -
THF 25 2.6 - - 0.97 0.71 - -
Diglyme 2.9 2.0 14 - 0.41 0.63 - -
DMF 5.4 4.1 9.5 7.6 0.96 0.95 0.85 0.80
DMSO 3.9 3.4 7.0 6.0 0.94 0.82 0.71 0.72
Pyridine 0.1 - 6.2 5.0 - - 0.72 0.71
Hexamethyl- 0.5 0.4 0.4 0.5 - - - -
phosphoramide

the resulting system of thequations. From the temper- (M = Mo, W; M' = Zn, Cd) (Table 2). The zinc de-
ature dependences of these parameters the enthalpiestives are formed in THF, DMF, acetonitrile,
and entropies of adsorption of the reagents on the zindiglyme, and dimethyl sulfoxide (DMSO); and the
and cadmium surface and the apparent activatioocadmium derivatives, in DMF, DMSO, and pyridine.
energies were calculated (Table 1). The values of th&he absence of [Cp(CEM],M' (M = Mo, W; M' =
apparent activation energies indicate that the reactiofin, Cd) in the reaction products is due to the fact that
is kinetically controlled [3]. equilibrium (5) in these systems is completely shifted

As found previously [1], magnesium reacts with to the left [5, 6]
andll only in THF and DMF. However, when the re-  Yellow crystals of Cp(COMZnClI - 2,2-bipy
action was performed in DMF, no products with[mp 2853°C (dec) (M = Mo) and 30%C (dec) (M = W)]
the Mo-Mg or W-Mg bonds were found because of were quantitatively precipitated by addition of a
reaction of these compounds with the solvent [4]toluene solution of bipyridyne (2;Dipy) to solutions
The reaction in THF yields Cp(CGYIMgCl and formed in the reaction of zinc withor Il . These data
[Cp(COxRM],Mg (M = Mo, W) [1]. Formation of agree with the results of work [7]. The mercury de-
magnesium bis-organoelement derivatives is due tovatives Cp(CO)JMHgCI were obtained in a quanti-
equilibrium (5). tative yield by treatment with mercury(ll) chloride of
the mixtures formed after completion of the reaction
2Cp(CO3MMgCI & [Cp(COxM],Mg + MgCl,, (5) between complexes or Il and zinc. The organobi-
metallic compound was isolated from products of re-
M = Mo, W. action ofl andIl with zinc in THF. White polymers
[Cp(COXLMZNCI], [mp 24CC (dec) (M = Mo) and
Zinc and cadmium, unlike magnesium, are oxidized®85°C (dec) (M = W)] were isolated after removal of
with | andll in other solvents to form Cp(CQYIM'CI  the solvent under reduced pressure [7].
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The final product of reaction betwednand zinc
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for molybdenum (or tungsten), mercury, and chlorine

in diethyl ether and ethyl acetate is the dimerf12]. Cp(CO);MoHgCI. Found, %: Cl 7.2; Hg 40.8;

[Cp(CO)xMo], (Ill'). The yield of Il per mole of

Mo 19.1. GHsCIHgMoQO,. Calculated, %: Cl| 7.4;

the initial oxidizing agent is 0.4 and 0.44 mol, re-Hg 41.7; Mo 19.5. Cp(CO);WHgCl. Found, %:
spectively. Reaction of with cadmium in diglyme CI 6.0; Hg 34.5; W 31.3. ¢gH:CIHgO;W. Calculated,

also yields dimerlll in amounts of 0.07 mol per %:
mole of I. This compound is formed by reaction bf
with Cp(CO)MoZnCl formed in the first steps.

Cl 6.2; Hg 35.2; W 32.3.

The dimer [Cp(COMo], (Il ) was characterized
by the melting point and IR and UV spectroscopy
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