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ABsrR4cr 

The dehydration of K4wi(N0&] -Hz0 and the simultaneous linkage 
isomerization have been studied using differential scanning calorimetry- Two types of 

behavior were found for different samples. In one case, complete dehydration OCCLKS 
and *here is partial conversion of N-bonded nitrite to the O-bonded form. In the other 
case, onIy about 20% of the water is removed during the isomerization. The enthalpy 
change is estimated to be 3.5 kcal mol- ’ for each nitrite converted and 3.6 kcal mol- 1 
for the dehydration_ 

IXTRODUCTION 

It has long been known that nitrite ions can bind to metal ions in more than one 
way’*2_ One of the earliest cases observed was that of iCo(NH3)5N02]2* and 
[CO(NH,),ONO]~ + studied by J0rgensen3. Recent studies have shown that in the 
solid state the N-bonded (n&o) isomer is about 2.1 kcal mol- ’ more stable than the 
O-bonded (nit&o) form4_ 

It would normally be presumed that dehydration of a simple hydrate such as 
K,{Ni(N02)6] -Hz0 could be accomplished without other molecular changes. 
However, Goodgame and Hitchman showed that dehydration of this nickel complex 
Ied to other changes. The water could be removed by heating above 100°C for several 
hours. The dehydrated material showed bands in the infrared spectrum at 1206 and 
1387 cm-’ which are characteristic of nitrito groups as well as bands at 1325 and 
1347 cm-l which are characteristic of nitro linkages. Goodgame and Hitchman 
suggested the product aftir dehydration to be K4~i(N02)4(ONO)2] on the basis of 
iigand field strength. 

Our study of this reaction was initiated to investigate the separate dehydration 
and linkage isomerization and to determine the thermal changes associated with them. 

-AL. 

The &pi(NO&]*HzO used in this work was prepared by the method of 
Goodgame and Hitchman’. For the monohydrate the theoretical water content is 
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3.54% whiIe the actual percentage determined by heating the starting material in an 
oven at 110°C for 19 h is 3.30%. Anal.: calcd. for K,[Eii(N0,)6]-H20: Ni, 11.53%; 
found, I 1.59%. 

Thermal studies were carried out using a Perkin-EImer DSC-1B differential 
scanning Calorimeter. Procedures used were similar to those previously described6. 
In general, a heating rate of 10°C min- ’ was used. For coliection and analysis of 
gaseous decomposition products, samples were heated in a standard vacuum line. 
Heating rates were controlled by submerging the reaction vessel in an oil-bath heated 
at as near as possible the same rate of temperature increase as the DSC runs. 

The gaseous decomposition products were identified by infrared spectroscopy 
#and mass spectrometry. Infrared spectra were obtained using a Beckman IR-8 or a 
Perk&Elmer 621 spectrophotometer. Infrared spectra of solids were obtained as 
mulls between sodium chloride plates. Mass data were obtained using a Finnigan 
Model 3000 mass spectrometer coupIed with a Varian Mode1 1400 gas chromato- 
;mph. 

DSC studies were carried out from room temperature to 700 K. During the 
heating of KJNi(NO&] - Hz0 in the DSC, two distinctly different types of behavior 
were found in the dehydration range of temperatures. In the first case, hereafter 
referred to as Type A, a broad endotherm is seen from 355 to 394 K. This transition 
is accompanied by a mass Ioss of 4_00% and the enthaIpy change is 16.57 kcal moi- ’ 
The infrared spectrum of the product shows no bands attributable to water, but does 
show bands at 1387 and I206 cm- ’ which are characteristic of -ON0 linkages. It is 
apparent that the dehydration and linkage isomerization have both occurred. 

In the second case, referred to as Type B, an endothermic peak occurs between 
378 and 393K. This peak has a considerabIy different shape from that seen in 
Type A behavior, and the average mass loss is only O-76%. The attendant enthalpy 
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Fis 1. DSC cwves for the endothermic changes in KJNi(NO~)& Hz0 in the dehydration region. 
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change is 8.90 kcal mol- ‘_ The infrared spectrum of the product shows bands 
attributable to water and bands are present at 1387 and 1206 cm- ’ indicating -ON0 
linkages. In this case, it is apparent that linkage isomerization has taken place with a 
mass loss corresponding to only about 20% dehydration of the sample. Figure 1 
shows typical DSC traces for these two types of behavior_ 

No reason could be found as to why these two results were obtained in an 
apparently random manner although TyPe A behavior was observed about twice as 
often as Type B. Type B behavior was found to be irreversible. In fact, continued 
heating of samples showing this behavior gave no reproducible peaks from which 
thermal parameters couId be obtained_ Heating samples for several hours wouid be 
expected to produce complete dehydration so that this unusual behavior would not be 
seen during oven heating. 

Assuming *&e linkage isomerization to produce K,[Ni(N0,)4(ONO~J by the 
change in bondin, Q mode of two nitrite groups’, a calculation of the enthalpy change 
for isomerization alone can be made if process B represents about 20% dehydration 
in addition to the isomerization. Process A represents complete dehydration in 
addition to isomerization. Using the AH values for these two reactions yields a value 
of AH for dehydration of 9.6 kcal mol- x and a value of AH for isomerization of 
7.0 kcal mol- ‘_ This would be equivalent to 3-5 kcal mol- ’ for each nitritechanged, a 
value reasonably close to that reported for linkage iscmerization in [Co(NH&NO,j’+. 
On the basis of the more favorable interaction of NO; with the softer acid Ni2+, it 
might be expected that the value for AH wouId be higher for this case than for a 
complex of Co3 + . 

Following the dehydration and Iinkage isomerization, other endothermic peaks 
were observed for samples which exhibited Type A behavior in the dehydration range. 
The results obtained from analysis of these peaks are shown in Table 1. Peak II was 
found to represent fusion of the K,~i(NO,),(ONO),] as well as slight decom- 
position. The peak was reproducibie on rescanning after allowing the sample to 

TABLE 1 

THERMAL AND MASS LOSS DATA FOR THE CHANGES IN KJNi(NO,)&H,O 

Temp. 
range (r;) 

Mass loss (0%) 

Acerage Total 

Peak1 355-394 16.57kO.30 4.00 4.00 

TypeA 
Peak1 378-393 8.90f0.39 0.76 0.76 

TypeB 
Peak Ilb 49&511 13.75f0.7I 1.76 5.78 
Peak IW 525-561 i204f0.54 IO.62 X6.40 
Peak IVb 655-671 8.06f 1.2 OS5 16.95 

’ Shown as mean value i average deviation from the mean. b These! peaks are seen only during runs 
which exhibit Type A behavior in the dehydration range. 
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solidify, except for being slightly diminished in size and shifted to slightly lower 
temperature owing to the small amount of decomposition. For samples heated in the 
vacuum line to this temperature, the gaseous product was collected and analyzed_ 
Infrared and mass spectra showed the only gaseous product of the decomposition 
accompanying fusion to be NO=. 

Peak III represents more extensive decomposition of K,[Ni(N02),(ONO)J. 
When sampIes were heated to the same temperature in the vacuum line, the only 
gaseous decomposition product was shown by infrared and mass spectra to he NO,. 
The observed mass loss of 10.6% is reasonably close to that required for loss of one 
mole&e of NO2 per moIecule of KJNi(NOJ,(ONO)J. That process would 
correspond to a 9.4% weight loss_ The exact nature of the remaining solid has not 
been determined_ The final peak observed was found to be rather erratic and 
corresponds to very little mass Ioss. The nature of the transition giving rise to that 
peak is not known. 

In this study, it has been found that the dehydration and linkage isomerization 
processes are, at times, separable but not on a predictable basis. The AW for 
isomerization is consistent with the formulation that two N-bonded nitrite ions are 
converted to the O-bonded form. Although a great deal of insight has been gained 
into the thermal behavior of KJNi(NO,),] -H20, the exact nature of some of the 
thermal changes remains unclear. 

The authors would like to acknowIedge the assistance of Dr. E. V. Waage in 
obtaining the mass spectra and Mr_ P_ 3. Huffman who performed some of the 
preliminary experiments. 
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