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ABSTRACT 

The solid-state thermal dissociation reactions of the compIexes, M(NH,OHj,- 
Cl, (M = Co, Mn, Cd, Zn), were investigated. The thermal stability, determined from 
the reaction temperature, increased in the order: Zn <Cd< Mn <Co. Apparently, 
both the radius of the metal ion and the amount of d-orbital involvement in the 

bonding influence the thermal stability_ The hydroxylamine is at least partially 
decomposed during the dissociation reaction. 

IN-lRODUCTlON 

Although a large number of metal complexes involving hydroxylamine as a 
’ ligand have been prepared - ‘, the solid-state thermal dissociation reactions of only 

a few have heen reported_ The thermal decomposition of the cobalt(II1) complex, 
Co(NH,OHj,CI, , has been investigated9 and found to undergo a vigorous oxidation- 
reduction reaction. The thermal dissociation of the zinc complex, Zn(NH,OHj,Cl,, 
has been used as a method for the production of pure hydroxylamine”. Thermo- 
gravimetry has shown that the complex dissociates6 rapidly at about 170°C. A more 
detailed investigation of the solid-state thermal dissociation of the zinc complex, 

ZnCNH20H)Kl,, along with the corresponding manganese(IIj, cobalt(Hj, and 
cadmium(Hj complexes is reported here. 

Preparation and analysis of the complexes 

The complex, Zn(NH,0Hj2CI,, was prepared by the method of Walker and 
Howeli6. The cadmium complex, Cd(NH20Hj,C12, was prepared in an identical 
manner except that the Cd0 did not completely dissolve and the excess was filtered 
off before precipitation of the product. The complexes, Mn(NH20Hj2C12 and 
Co(NH20H),Cl,, were prepared by a previously published method’_ 

The complexes were anaIyzed for zinc and cadmium content gravimetrically 
by precipitation as the metal(H) hydrogen phosphates_ They were analyzed for 
chloride, cobalt, and manganese content in a manner which has previously been 
describeds. The resuits of the analyses were as follows: Zn(NH20H),C12: Zn, theor. 
32.31%, found 32.8%; Cl, theor. 35.05%, found 34.5%_ Cd(NH20H&C12: cd, 
theor. 45.07%, found 45.6% ; Ci, theor. 23.43%, found 24. I %. Mn(NH,OH)&I,: 
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Mn, theor. 28.63%, found 29.5%; CI, theor. 36.95%: found 37.0%. Co(NH,OH),- 

Cl,: Co, theor. 30.08%, found 30.3%; Cl, theor. 36.20%, found 36.3%. 

ThernrograzCnretry studies 
The thzrmogravimetry studies were carried out by the use of a DuPont Ivfodel 

950 thermogravimetric analyzer. A dynamic atmosphere of dry nitrogen and a heating 

rate of I~-“C/min were empIoyed. The sample masses ranged from 3 to 7 mg. 

2lfas.s spectrometric studies 
A Hitachi Perkin-Elmer RMW6H mass spectrometer was used to obtain the 

mass spectra of the evolved gases during the thermaI dissociation reactions. 

DTA studies 
The DTA curves were obtained on a DuPont thermograph which employs a 

block-type sample holder. Modifications of the instrument were made such that the 

DTA curve was dispIayed on an X-Y recorder. Heating rate used was lO”C/min, 

whiIe the sample sixes ranged from 10 to 20 mg. 

ltlESUiTS AND DISCUSSION 

The TG curves of the compIexes, M(NH,OH),Cl, (M = Zn, Co, Mn, Cd), are 

iIlustrated in Fig. 1. In each case the total mass-Ioss corresponds to the Ioss of the 

hydroxyIamine. The metal(H) chloride is the solid reaction product in each case. Xs 
can be seen, the thermal stability of the complexes indicated by the temperature at 

which reaction begins, decreases in the orderz Co> Mn > Cd>Zn. The cobalt com- 

plex, as expected, is the most stabIe since it is the onIy one involving d-orb&I stabiliza- 

tion energy. The manganese complex, with the d_orbitaIs half IiIIed, is more stable 

than the zinc and cadmium complexes in which the d-orbitals are compIeteIy Wed. 

Since the zinc ion is smaller than the cadmium ion and there is a cIoser packing of the 

ligands around the ion, the cadmium compIex is more stabfe than the zinc complex. 

The TG curves for the manganese and cobalt complexes reveal the formation 

of intermediates with the composition, M(NH,OH)CI, (M = Mn, Co), during the 
dissociation reaction. A sIig_ht break which appears in the TG curve for the cadmium 

compIex suggests the possibility of a similar cadmium intermediate. There is no such 

break in the TG curve for the zinc compIex - the two hydroxylamine Iigands are 

evolved simuItaneousIy in &&is case. 

The mass spectra of the gaseous decomposition products are illustrated in Fig. 2. 

For each complex, there are notable increases above the background level in the 

W&O), 2V&), 3O(NO)> and 44(N,O) m/e peaks. Three major hydroxylamine 

decomposition reactions which explain these products are: 

2NH20H - Nt + Hz i- 2Hz0 (1) 

2NH,OH -+ N,O + H,O + 2H2 (2) 

2NH,OH + 2N0 + 3H, (3) 
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Fig. 1, TG curves of the complexes. A, Co(NH20H),CI,; B. ME(NH~OH)~C&; C, Cd(NHZOH)2C12; 
D, =WHzOH)zCI2 - 
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Fig. 2. Mass spectra of gases evolved during decomposition 
ZnWH,OH)2cI2; C. h4nWH2OW2~2; D, CW-32OH)2C12; 

reactions. A, Gz~NH~OH)~CI~; B, 
E, background. 

These reafztions may occur in the mass spectrometfzr ionization chamber, in the 
thermal dissociation reactions of the complexes, or in both. The mass spectra of the 
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four compounds, however, are different, the most notable difference being that of the 
cobalt complex. The fact that the nature of the metaI ion influences the relative 
amounts of the decomposition products of the hydroxylamine indicates that at Ieast 

some of the hydroxylamine decomposes during the thermal dissociation reactions of 

the complexes. This is further supported by the fact the reactions are exothermic, as 
can be seen from the DTA curves in Fig_ 3. Since a simple dissociation reaction 

invoIving the loss of hydroxykimine molecuies would undoubtedIy be endothermic, 

concurrent hydroxylamine decomposition is indicated_ 
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Fi& 3_ I)‘TA cuxcs of complexes. A, Mn(‘NH20H)zCI,; B. CO~.NH~OH)~CI-.; C. Zn(NH20HJIC12 ; 
D, Cd(NH20H)2CIz _ 

In the mass spectrum for the cobah complex, the 25 and 44 mn/e peaks are 

Iarger than the 30 m/e peak, while the reverse is true for the other three complexes. 

This indicates that for the cobalt compound, reactions (1) and (2) are predominant, 

while reaction (3) is predominant during the dissociation of the other three com- 

pounds_ This fact may perhaps be explained by a difference in the nature of the metal- 

hydroxylamine bonding_ It has been found that the zinc complex is bonded through 

the oxygen of the hydroxyIamine’ ’ and the same is probably true for the cadmium 

and manganese complexes as weli. However, the cobah compIex almost certainly 

involves bonding through the nitrogen instead_ Such a diEerencc iu bonding undoubt- 

edly infhxenccs the natmm of the decomposition of the hydroxylamine during the 

therma dissociation of the compiexes. 

The DT’A curves in Fig. 3 again illustrate the order of increasing thermal 

stability, Zn tCdcMncCo_ The DTA curves also show that the reactions are 

unusuaI in one respect_ Solid-state thermal dissociation reactions of transition metaI 

coordination compounds are in generaI endothermic unless oxidation-reduction 
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reactions are involved in which case they are exothermic. Oxidation-reduction 
reactions occur between the central metal ion and ligands, the central metal ion and 
outer sphere ions, ligands and outer sphere ions, or different ligands. The exothermic 
reactions studied in this investigation, however, involve only ligand decomposition. 
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