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Summary 

X-ray diffraction measurements show that solid MnRe(CO),O exhibits a 
reversible structural change at 343 + 1 K. The transition enthalpy is determined 
by differential calorimetry AH,,, = 3.23 f 0.05 kcal mol-I. Values of thermo- 
dynamic functions relative to the transition are compared with those of the 
symmetrical compounds Mn,(CO),,, and Re2(CO),0. In the temperature range 
298 to 455-473 K, PPh3(C0)4M-M(C0)4PPh3 (M = Mn or Re) undergoes no 
phase transition. 

Introduction 

Two early X-ray and DTA studies on Mn,(CO),. [l] and Re,(CO),o [2] 
have revealed for these metal carbonyls a reversible phase transition in the solid 
state when heated at 341 K and 361 K respectively, under nitrogen. In contrast, 
biscq-cyclopentadienyltricarbonylmolybdenum) undergoes no phase trtisition 
in the temperature range 298 to 423 K [l]. By drop-calorimetry, measurements 
[3] on these two compounds allowed us to obtain the transition enthalpies and 
entropies, and the thermal capacity increments at constant pressure from 300 
to 360 K (Mn,(CO),O) and from 300 to 400 K (Re,(CO)lo)_ In previous publica- 
tions [1,2] it has been suggested that the observed transition could be due to 
intramolecular change from a staggered Oad to an eclipsed D,, configuration. In 
the present work, we extend these studies to the dissymmetrical compound 

MnRe(CO),,, and we compare the results obtained with those for the symmetric- 
al compounds. The experimental techniques were X-ray diffraction (Debye- 
Scherrer pattern) and differential calorimetry. 



222 

Experimental 

MnRe(CO),, was synthesized from Mn2(CO)l,-, and READS (Alfa 
Inorganics) according to the following known reaction 1481: 

NaMn(CO)S + BrRe(CO)5 + NaBr + MnRe(CO),, 

Twice sublimed MnRe(CO)10 was checked by IR spectroscopy [5,7,8] and micro- 
analysis (calcd.: C, 23.02; Mn, 10.55; Re, 35.72; found: C, 23.21; Mn, 10.63; 
Re, 34-81%). It has also been carefully verified that no mixture of unreacted 
nor reoxidized Mnz(CO)Io and Re,(CO) 10 is obtained [4,6]; polarographic (DC. 
and pulse polarography) reduction of MnRe(CO)10 in dimethylformamide (0.1 
M tetraethylammonium perchlorqte as supporting electrolyte) exhibited one 
single wave, at U,,2 = -1.38 V/SCE, whereas in the same conditions Mn,(CO),, 
is reduced at Ul,* = -1.03 V/SCE and Re,(CO),, at U,,, = -1.66 VlSCE. Like 
the electrochemical reduction of the symmetrical compounds [9] the electro- 
chemical reduction of MnRe(CO),O leads to [M(CO),]- anions according to the 
following electrochemical reaction: 

MnRe(CO),O + 2 e --f [Mn(CO),]- + [Re(CO),]- 

However, these electrochemical reductions being irreversible, the intermediate 
value of U,,, MnRe(CO),, cannot be used as an argument to confirm or to in- 
validate the previous mass spectrometric results [lo], and the relevant theoretic- 
al arguments 1111 on the relative bond dissociation energies of Mn,(CO),O, 
Rez(CO)10 and MnRe(CO),+ The polarographic results are here only useful to 
show that the dompound obtained in the synthesis is not a.mixture of Mn,(CO),O 
and Re,(CO)lO. On the other hand, we examined the [M(CO)4PPh3]2 (M = Mn, 
Re). [Mn(CO)4PPh3]2 was prepared by photochemically-initiated reaction .[ 121, 
and checked. by IR spectroscopy [12,13], m-p., microanalysis (calcd.: C!, 61.53; 
H, 3.49; found: C, 61.65; H, 3.52%) and pulse polarography (U,,* = -1.27 
VI’SCE). [Re(CO),PPh,], was obtained from Re2(CO),o and triphenylphosphine 
on refluxing in boiling xylene under experimental conditions described earlier 
1143. Microanalysis gavei calcd.: C, 47.1; H, 2.7; found: C, 47.2; H, 2.8%. The 
IR spectra were in good agreement with those published 114-161 and pulse 
polarography gave only one reduction wave at U1,? = -1.9 V/SCE. 

The experiment&l device to study the temperature dependence of X-ray 
diffraction patterns has already been described [1,2,17]. To obtain quantitative 
thetial data, a differential &C.B. calorimeter 1183 was used. The calorimetric 
cell was filled under pure argon free from.oxygen. The results have been obtain- 
ed with 0.384 g of MnRe(CO),O (M.W. = 521:2 g). All thermal studies (X-ray 
diffraction and calorimetry) were carried out under inert-atmosphere (nitrogen 
or argqn). ’ 

Results. _. 

X-ray diffraction pa ttents 
On heating MnRe(CO),, under’ controlled inert atmosphere (N,) Debye- 

Scherrer X-ray diffraction patterns-exhibit a structural change at 343 * 1 K. 
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TABLE 1 

DEBYE-SCHERRER X-RAY DIFFRACTION PATTERN OF MnRs(CO)Io 
Patterns obtained at ambient temperature 298 K and after reversible stnzcturai change (T > 343 K). 

MnRe(C0)1o Mn2WO) I o Re2(C0)10 

298 K T>343K 298 K 298 K 

d (A) 3 hkl d <a> I d@\) kkl d (a, hkl 

7.12 
7.01 
6.35 
5.80 

5.05 

100 002 6.81 100 7.08 

30 200 5.87 60 6.82 
100 110 6.33 10 6.28 

80 2oF 4.15 10 5.72 

90 I;;$ 

002 7.14 
200 7.05 
110 6.36 
202 5.88 

115 5.06 

4.38 30 202 4.37 202 4.45 
3.76 40 310 3.82 310 3.92 
3.56 40 020 3.54 020 3.57 

002 
200 
110 
2oz 

25 

202 
310 
020 

The new pattern obtained above 343 K seems to correspond to a more sfmme- 
trical structure, such as in Mn2(CO),o [l] and Re,(CO),o 123, with less diffrac- 
tion lines than the low temperature one. After heating at 348 K, followed by 
cooling to 298 K, the initial low temperature pattern reappears: the structural 
change is therefore reversible. Table 1 gives the measured inter-reticular lengths 
respectively at ambient temperature (298 K) and after the structural change 
(T > 343 K). The relative intensities of the diffraction lines are given. 

The inter-reticular planes are indexed by analogy with the lines of Mn,(CO),, 
and Re2(CO)Io obtained on the same pattern. [M(CO)nPPhJ2 exhibits no struc- 
tural change in the temperature range studied (see below)_ 

Differential calorimetry 
The experimental values of the transition enthalpies for MnRe(CO)lo are: 
Series 1: AHsa3 = 3.23 (kcal mol-‘) 
Series 2: AH,,; = 3.22 (kcal mol-‘) 
Series 3: AHXq3 = 3.23 (kcal mol-‘) 

Discussion 

The comparative results on Mn2(CO),o, Re,(CO),, and MnRe(CO)lo are 
listed in Table 2. 

TABLE 2 

COMPARISON BETWEEN THERMODYNAMIC TRANSITION FUNCTIONS OF MnZ(CO)~~. Rq(CO),o 

AND MnRe(CO)lo 

Temperature (K) 341 f 1 3712 1 343 + 1 
EnthaIpy (kcal mol-I) 3.5 r_ 0.1 3.8 + 0.1 3.23 Z 0.05 

Entropy a (cal K-1 mol-l) 10.3 + 0.5 10.4 * 0.5 9.4 * 0.3 

-- ------__ 

D Assuming the transition to be entirely isot.hermaI. 
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Solid MnRe(CO)10 exhibits a reversible phase transition at 343 + 1 K, a 
transition temperature very close to that of Mn,(CO),O. The transition enthalpy 
obtained by differential calorimetry is 3.23 t 0.05 kcal mol-‘. The calculated 
transition entropy, assuming the process to be isothermal, is 9.4 -i- 0.3 cal K-* 
mol-‘. The transition enthalpy of the dissymmetrical compound is smaller than 
the transition enthalpies of the relevant symmetrical compounds. If one assumes 
that the transition is due to a change of molecular configuration from a staggered 
Dad form (low temperature) to an eclipsed Dgh form (above the transition tem- 
perature) (see ref. 19), it is possible to explain this smaller value of AH,,, by the 
fact that dissymetry allows easier libration in MnRe(CO),,, than in Ma,(CO),, 
or Rez(COLO. The hypothesis on which the entropy calculations are based 
prevents us from offering detailed comment. 

X-ray diffraction and differential calorimetry measurements on disubstitut- 
ed similar metal-metal compounds like PPh,(CO),M-M(CO),PPh, (M = Mn, Re) 
have not so far shown any structural change in the temperature range studied 
(298-458 K and 298-473 K respectively)_ In this case the absence of transition 
may be explained, at first sight, by steric effects due to the large size of the 
PPh3 ligands. 

Further studies are now in progress to extend these results to linear tri- 
metallic compounds, especially (CO),M-Hg-M(CO), (M = Mn, Re, Co). 
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