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Introduction 

The series Mu Cl*, where py is pyridine and M 
is Mn, Fe, Co, Ni, and Cu, has been extensively 
studied because of its interesting structural, elec- 
tronic, and magnetic properties. The compounds 
are polymeric linear chains with frans-axial pyridine 
molecules and chlorine atoms bridging between the 
metal atoms [ 11. At very low temperatures (<lo K) 
it has been shown that some members of this series 
exhibit intrachain antiferromagnetism (Mn, Cu) [2, 
31 and others (Fe, Ni, Co) [2,4,5] intrachain ferro- 
magnetism as well as metamagnetic behavior [6]. 
Long et al. [4] have studied the temperature depen- 
dence of the iron-57 Mossbauer spectra of Fe(py),- 
CIZ and suggest the presence of two structural phases 
for this compound, with a transition temperature of 
235 K. In the same work, X-ray powder results show 
that the high temperature form of Fe(py),Q 
is isomorphous to a-Co(py), CIZ, the high tempera- 
ture polymeric phase of Co(py),CIZ. Both these Fe 
and o-Co compounds are characterized by symmetric 

Yoshihashi [7] suggests that the Mn analogue under- 
goes a structural phase transitiou at 230 K, while 
for Ni it occurs at 5 K. 

In a recent definitive single crystal X-ray study 
[8], Co(py),Cla has been shown to undergo the 
phase transition from a symmetric bridge, cw-Co(py), - 
Cl,(C2/b), to yCo(py),Cla(P2l/n) with an asym- 
metric bridge at 150 K. 

Reiff er al. [9] have applied high field Mossbauer 
spectroscopy to Fe(py), C& to determine the sign 
of the electric field gradient tensor of the two struc- 
tural forms. In both-cases the sign is positive indicat- 
ing the same d,, orbital ground state. Finally, 
Sanchez et al. [lo] determined the temperature 
dependence of the absorption and emission Moss- 
bauer spectra of Fe(py),Cl, and 57Co(py)~ClZ 
respectively and found the o to y transition to 
be hysteretic. 
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bridging units, local symmetry Ddh for the MN,& 
chromophore. Long postulated that at low tempera- 
tures (<235 K) the symmetric bridge undergoes 
a molecular displacement to give an asymmetric 
bridging framework similar to that found in Cu(py),- 
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CIZ at room temperature in an X-ray study by Dunitz 
[l] . The local symmetry of the ligand metal chromo- 
phore in the asymmetric phase is Dzh. In subsequent 
Fe-57 Mossbauer dilution studies on Mn(py)& 
and Ni(py),& . 

*Author to whom correspondence should be addressed. 

From a review of the literature, it appears that 
the only thermal analyses of this series were done by 
Takeda [2] and Klaaijsen [5]. In both cases the 
heat capacity was studied in the temperature region 
of magnetic orrdering, <lO K. A similar calorimetric 
study can potentially yield additional useful informa- 
tion on the nature of the structural phase change 
discussed herein. In this letter we report the results 
of thermal analysis using differential scanning,calori- 
metry on the above series. 

Experimental 

The compounds were prepared by essentially the 
literature methods through reaction of stoichiometric 
amounts of MClz*XH20 in 100% ethanol with degas- 
sed pyridine. In all cases crystals formed immediately. 
The resulting precipitates were collected, washed 
with ethanol, and dried. 

The thermal measurements were carried out using 
a Perkin-Elmer differential scanning calorimeter, 
Model DSC-1B. The temperature scans were done 
in two phases, heating from 123 to 300 K and 300 to 
700 K. A helium atmosphere was used in the low 
temperature region whereas nitrogen was used in 
the higher temperature scans. The heating rate was 
40’/min. The sample was prepared by first grinding 
the material to a fine powder and then encapsulat- 
ing -10 mg in an aluminium sample holder. The 
calorimeter was temperature calibrated with ice, 
nonane, ether, and 1-octene. The areas of the endo- 
therms were measured using a planimeter and refer- 
enced to the heat content of a given area and 
to the heat of fusion of indium metal. The enthalpy 
change for the y + a! transition for Co(py)aCla 
was further determined on a DuPont 990 thermal 
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Fig. 1. Endotherms of (a) MN(py)2Clz, (b) Fe(py)2CI2, 
and (c) Co(~~hCl2. 

analyser and gave excellent agreement with the 
DSC-1B results. 

Results and Discussion 

The endotherms of the transitions for Fe, Co and 
Mn(py), Cl2 are displayed in Fig. 1. As can be seen, 
all show a broad transition. Listed in Table 1 are 
the compounds which exhibited transitions in the 
temperature range 13@-300 K, their transition 
temperatures, and their respective enthalpy values. 
The latent heats are significantly different, although 
for the present we see no obvious correlation with 
metal configuration or orbital and spin ground 
state. It is not surprising that the 7 to a-transition 
was not observed in the increasing temperature 
range 130 + 300 K for C~(py)~Cl~ as this com- 
pound is essentially the y form at ambient tempera- 
tures. Unfortunately, the high temperature scan, 
300 + 700 K, for Cu(py),C12 did not show a transi- 
tion which could be unequivocably assigned to 
the y to (Y structural transformation. In all cases 
the high temperature scans were difficult to analyze 
due to the presence of a combination of complex 
thermal transitions attributable to depolymeriza- 
tion, melting and subsequent removal of the pyri- 
dines, and high temperature structural phase transi- 
tions. 
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TABLE I. Thermal Data. 

Compound Transition Temperature (K) AH (caI/mol) 

Mn(py)& 245 78 

FeWW2 236 54 

CO(PY)2c12 154 14 

The phase transitions are hysteretic, approx- 
imately 17 for Co(py)2C12, 12 for Fe(py),Cl*, 
and 4 K for Mn(py),C12. The observation of latent 
heats clearly indicates that these transitions are 
first order in nature. 

The results obtained in this work agree well 
with previous studies, i.e., the temperature depen- 
dence of the transition for Fe(py),Cl, using M&s- 
bauer (Fe5’-absorbance) spectroscopy [4, lo] and 
for Co(py), Cl2 using X-ray crystallographic [6] , 
susceptibility studies and Mijssbauer spectroscopy 
(Co”emission) [lo] . In the case of Mn(py), C12, 
we observed a transition temperature of 245 K, 
whereas Yoshihashi [7] reports 230 K using 
Mijssbauer spectroscopy. 

The structural phase changes observed in this 
study are reversible and have relatively low enthal- 
pies. The perovskite-like layer compounds, 
(C,H2,t1Nhs)2MnC14, as shown by Depmeier [12] 
using calorimetric and x-ray results are similar to 

the M(~Y)z a2 compounds in that they also 
undergo structural phase changes. It is interesting 
to note that in the perovskite-like compounds, 
the structural transformations involves a tilting of 
MC16 octahedra throughout an entire layer, whereas 
in M(py),C12 it is a molecular displacement of 
MC14N2 octahedra along polymeric linear chains, 
yet the enthalpy values for both systems are of 
similar magnitude. 

We [ 131 have initiated an iron-57 Mijssbauer 
spectroscopy study of (CH3NH3)2FeC14 and find 
that one of its tilting transitions begins at -270 K, 
although it does not go to completion for tempera- 
tures as low as 100 K even after long (several days) 
periods of thermal equilibration. Unlike the pyri- 
dine complexes of the present study, sample 
pulverization apparently introduced defects such 
that no transition is observed for a finely ground 
polycrystalline specimen of methylammonium com- 
plex. 

Acknowledgments 

The authors acknowledge the support of the 
National Science Foundation, Division of Materials 
Research, Solid State Chemistry Program (Grant No. 
DMR-77-12625) and H.E.W. Grant No. R.R-07143. 



Inorganica Chimica Acta Letters L173 

We also thank Mr. Robert Snell of The Army 
Materials and Mechanics Research Center, Watertown, 
Mass. for assistance in obtaining additional DSC 
measurements using the DuPont 990 Thermal 
Analyser . 

References 

1 J. D. Dunitz,Acta Crystallogr., 10, 307 (1957). 
2 K. Takeda, S. Matsukawa, and T. Haseda, J. Phys. Sot., 

Japan, 30, 1330 (1971). 
3 P. Richards, R. Quinn, and B. Morosin, J. Chem. Phys., 

59,4474 (1973). 
4 G. J. Long, D. L. Whitney and J. E. Kennedy, Inorg. 

Chem., IO,1406 (1971). 

5 F. W. Klaaijsen, H. W. J. Blote, and 2. Dokoupil, Solid 
State Commun., 14. 607 (1974). 

6 S. Foner, R. B. Frankel, W. M. Reiff, B. F. Little and G. 
J. Lana. Solid State Commun.. 16. 159 (1975). 

7 T. Yoshihashi and H. Sano, &em. Phyi. Letters, 34, 289 
(1975). 

8 P. J. Clark and H. J. MiJledge, Acta Crystallogr., B31, 
1543 (1975). 

9 W. M. Reiff, R. B. Frankel, B. F. Little, and G. J. Long, 
Chem. Phys. Letters, 28, 68 (1974). 

10 J. P. Sanchez, L. Asch and J. M. Friedt, Chem. Phys. 
Letters, 18, 250 (1973). 

11 R. B. Bentley. M. Gerloch. J. Lewis and P. N. Quested. 
J. Chem. Soc:k, 3751(197i). 

12 W. Depmeier, J. Felsche, and G. Wildennuth, J. Solid 
State Chem., 21, 57 (1977). 

13 C. Nicolini and W. M. Reiff, to be published. 


