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We recently prepared and characterPed three halo complexes of the type 
[Co(DMG),(H,O)X] - I-I,0 where X =Cl, Br or I and DMG is the dimethyl 
glyoximate anion I_ We became interested in compnring the dehydration behavior of 
these compounds because they are isostructural witt one another. This feature pro- 
vides an opportunity to investigate differences in the solid-phase dehydration brought 
by the chemical differences within the series. 

The preparation and characterization of the title complexes is reported else- 
where’. Kinetic studies Were performed by computer evaluation of nonisothermal 
DSC traces’_ The compounds were heated in the Iow-temperature operation mode 
of a Perkin-EImer DSC-13 dzerential scannin g calorimeter. Heating rates of 
5 ‘C min- ’ and N2 fiows of 20-30 ml rnin- ’ were employed. Diphenyl ether was used 
as the calibrant3. Isothermal mass-ioss studies were performed on each compound 
at 40cC to aid in choosing an appropriate rate law. All other instruments and 
procedures are described elsewhere4. 

The main d-spacings for [Co(DMG),(H20)Cl]- Hz0 were at 6.92 A (vs), 
5.04 A (s), 4.70 A (s), 3.97 A (w), 3.68 A (vs), 3-16 A (vs), 2-93 A (vs) and 2.59 A (s). 
For [Co(DMG),(H,@)Br]- H,O the main reflections correspor,d to d-spacings of 
6.97 A (vs), 5.03 A (s), 4.75 A (w), 3.97 A (m), 3.69 A (vs), 3.19 A (vs), 2.85 A (m) 
and Z-60 A (s)_ For the anhydrous conqlex [Co@MG),(H,O)CI’J the main re- 
flections were for 6.97 A (vs), 6.28 A (vs), 5.68 A (s), 5.28 A (w), 4.10 A (m), 
3.53 A(w), 3.12 A(m) and 2.82A(w)_ For [Co@MG),(H,O)Br] the main re- 
flections were for 7.02 A (vs), 6.61 A (vs), 6-l 1 A (s), 5.75 A(s), 5.47 A(m), 
4.11 A (w), 3.56 A (s), 3.1 I A (w) and 2.85 A (m). The hydrated complexes are 
isostructural. The dehydrated complexes have lattices that are difFerezt from those of 
the parent hydrates. The lattices of the dehyd,tated complexes appear to be similar, 
but not strictly isostructural, with one another_ 
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iESULTS AXD DISCUSSIOS 

All three compounds, [Co(DMG),(H,O)X]-H,O (X = Cl, Br, or I), undergo 

a two-step dehydration, losing lattice water beginning at about 40°C and ending at 

about 7O”C_ The chIoro and bromo complexes Iose coordinated water beginning 

at I60-170°C. This dehydration is accompanied by extensive decomposition of the 
complex. The iodo complex be&s the second mass loss at 125%. The Iower temper- 

ature is probably associated with electron-transfer between iodide and cobaIt(III). 

The contracting-square rate Iaw, (I -z) if’ = 1 - kt, where CL is the fraction of 

dehydration, k is the rate constant and t is time, gave the best curve fit for the 
isothermai loss of Iattice water. The particle size of the compounds was too small to 
verify this model using optical microscopy with our equipment. However, the com- 

plex has one quite unique axis, the axis on which Hz0 and X are bound to the cobah 

center_ It wouId not be surprising if the complexes stacked through the solid, so that 
one direction was very much unique while the other two were similar to each other. 

The contracting-square rate law is often observed for soIid-phase reactions in such 
crystals, pzuticuIar:y those characterized by a lame&r or layered Iattice_ The con- 

tracting-square rate law was also the one giving the best curve-fit to the Arrhenius line 

for the DSC results. 
The Arrhenius activation energies for each complex, as obtained from DSC 

studied using the contracting-square rate Iaw, are shown in Table I. 

TABLE 1 

RESULTS OBTAIPU‘ED FROM ANALYSIS OF DSC CURVES FOR 
DEHYDFUTION OF [Co(DMG),-(H:O)X]- H,O TYPE COMPLEXES 

X z-Rarxgti Peak range Peak maximum E’ AH 

W) W) kcal mol- I b (kcal mot- x)b 

a 0.3-M 304-3.52 342 20 ‘-FO.z! -_- 11.OkO.S 

Br 0.3-0.8 307-353 344 21.1 *o-s 14.7*0.5 

I 0_2-0_7 318-380 354 195f 1-o 18.6 f 0.4 
Q3-0_8 318-380 354 19.0f0.7 18.6i0.4 

* This is the range of a \~~Iues over which the kinetic analyGs was made. b Error limits are deviations 
from the mean for 2-5 runs in each case. 

The poorest fit to the Arrhenius line was found for the iodo complex_ This compound 

was aIso the most sensitive to the r-range selected for kinetic analysis of the data and 

showed the most scatter in E, values among the individual runs. The E, values and 

their associated error limits overlap at about 20.3 kcal mol- ‘. This makes it difficult 
to judge whether differences in the activation energies within the series are due to 

random errors or reffect real differences in the kinetic processes involved. Partly 

because the activation energies show no trend, we are inclined to believe that the 

differences are due to random errors and that the activation energies arc equal. Thus 
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the mechanism of dehydration is apparently unaffected by the identity of the halide_ 

This is consistent with the fact that the lattices of the starting complexes are iso- 

structural, Apparentiy, the chemical differences within the series are too slight to be 

reff ected in differences in E, . 

While the activation energies are apparently equal, the enthalpy changes 

increase uniformiy in magnitude through the series, as shown in Table 1. In fact, AH 
is linearly correlated with the molecular weight of the respective complexes_ This 

could reflect the fact that the product lattices are not strictly isostructural with each 

other. The results indicate that the chIoro compIex is best able to rearrange from the 

transition-state into a more stabIe product lattice, while the iodo complex is Ieast abIe 
to rearrange. This difference could be due to the respective masses of the complexes. 

For the iodo compIex, AH and E, are nearIy equal, indicating Iittle rearrangement 

from transition-state to final product. 

ACKXOWLEDGE%STS 

The authors wish to thank the Research Corporation and the Research 

Advisory Board of the ?Jniversity of Nevada for financial support of this work. 

REFERENCES 

1 M. W. Babich and H. E LeMay, Jr.. Irrorg_ Xucl_ Chem. Left., I I (197.5) 121. 
2 P_ S. KoIan and H. E. LeMay. Jr., Thermochim. Acta, 6 (1973) 179_ 
3 P. S. Nolan and H. E. LeMay. Jr., Thermochim. Acra, 9 (1974) S1. 
4 H. E. Lc?ciay, Jr-, Ir;org. Chcm., 7 (1965) 2531. 


