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THE THERMAL DISSOCIATION OF SOME METAL 

CUPFERRATE CHELATES 

(licccivcd April 1cjtl1, xgG4) 

The use of cupfcrron (ammonium salt of N-nitrosophcny1l~ydroxylan~inc) as an 
organic precipitant for copper(I1) and iron(LI1) ions was first proposed by UAuI~IscH~ 
in 1909. Since that time, much work has been done using the reagent for the dctcr- 
mination of these 2 metal ions and other ions” as well. 

Perhaps the least studied physical parameter of these metal cupferrates has been 
their thermal properties. Previous studies on this subject have consisted mainly of 
weight-loss determinations on the thertnobalnncc3~~~. Normally, the precipitated com- 
plexes are contaminated with excess cupferron or are of such low thermal stability 
that they cannot bc weighed as metal complexes but must be ignited and weighed 
as metal oxides. Only the copper and iron(I11) complexes show any possibility 
of being weighed as the Cu(Cup)- and Fe(Cup)s (Cup = cupfcrrate ion) complexes, 
respcctivcly, on the basis of their thermal stability 3. The rare earth cupfcrratcs also 
appear to possess excellent thermal stability properties although they are usually 
ignited to the metal oxides and weighed as suchJ. 

Very little is known concerning the fate of the organic &and on ignition of the 
metal cupferrates in the solid state. In solution, cupferron is said to dccomposc to 
nitrosobenzcnc on heating 6. Likewise, the sodium salt of p-nitrocupfcrron decompo- 
ses to p-nitrosonitrobenzene while the silver salt gives free silver and nitrosobenzenc 
in boiling sohrtions a. It was thus tllc object of this study to investigate the thermal 
dissociation of several of the metal cupferratcs by differential thermal analysis 
and mass spcctrometric analysis of the pyrolysis decomposition products. 

EXPERIMENTAL 

Most of the metal cupferrates were prepared according to previous procedure@. 
The rare earth cupferrates were prepared as previously described’. All of the preci- 
pitated complexes were washed with water and alcohol and air-dried for at least 24 
11 at room temperature. The complexes were analyzed for metal content by ignition 
of the air-driecl complcxcs to the metal oxide at the temperatures previously recom- 
mendeda. The metal contents of the complexes arc given in Table I. 
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?‘heorefical I~otr7rd 

cu (Cup)p~ 18.81 
E;i(Cup)z 17.63 
co (Cup)k! 17.69 
%n(Cup)p rg.25 

Cd(Cup)r 29.07 
Mn(Cup)2 1G.Gp 
IIg(Cup)a 42.2‘) 

bIg(Cup)z 8.1,) 

cu(cup)z*21-12o 1 1 .‘I.) 
I~a(Cup)3.31~Iao ‘sJ.‘)C) 
Sr(Cul))~*2L-120 2’z.O.z 

AI(cup)~ 6.15 

l:c(Clq’)r I I .(,5 
Cc(Cup)a 2’5.+j 
La(Cup)a 25.24 
Nd(Cup)a 25.97 

-..---- ___--.-----.._ 

a Cup = cupfcrratc ion, C&I~N(NO)O-. 

18.7 
18.1 
17.8 
19.0 

Differential thmrral analysis afifiaratrcs 
The apparatus employed has previously been described”. The samples were decom- 

posed in either a vacuum, less than I mm Hg pressure, or in a static atmosphcrc of 
argon. In the latter case, the air was first removed from the system by evacuation 
to less than I mm Hg, then filled with argon to atmospheric pressure. Sample sizes 
ranged in weight from Go to 80 mg and wet-c pyrolyzed at a heating rate of xo”/min. 
Excellent agreement was found between duplicate and triplicate runs on the same 
sample. 

shrdies 
pyrolysis decomposition product were introduced into a Consolidated Engin- 

eering Corp. Model ZI-Go2 mass spcctromctcr by means of an “L”-shaped pyrolysis 
tube conncctcd directly to the sample inlet chamber of the mass spectrometer. The 
pyrolysis tube contained a small Nichrome wire wound furnace, x.5 cm in diameter 
by IO cm in length, into which was placed a small porcelain boat containing I-IO mg 
of sample. After evacuation to less than I-micron pressure, the furnace aild sample 
were slowly heated to about 300”. The resulting pyrolysis products were then analyzed 
by mass spcctrometry. 

To determine the temperature at which certain pyrolysis products were evolved, 
the samples were heated at about S”/min and the various W/E peaks wcrc scanned at 
periodic intervals. From the intensity increase of the various peaks, the amount of 
decomposition product could be asccrtaincd as a function of temperature. 

The temperature of the pyrolysis furnace was detected by a Chromel-Alumel 
thermocouple located between the furnace windings and the ,glass wall of the pyro- 
lysis tube. The voltage output from the thermocouple and the reference 0” thermo- 
couple was recorded on a Varian Model G-IO strip-chart recorder. 
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RESULTS AND DISCUSSION 

The differential thermal analysis (DTA) curves of the metal cupferrates, in argon, 
are given in Figs. 1-3. 

Fig. 

AT 

I I Id I I I 
loo 

tertlpPc 
500 

1. D’I’A curws of cupfcrrou and metal cupfcrratcs (argon). r\, cupfcrron; U, Ni(Cup)n; 
C, Co(Ct~p)~; D, Cu(Cup)2; 0, Zn(Cup)n; F, Mn(Cup)z. 
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Fig. 2 
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In general, the DTA curves consisted mainly of endothermic peaks but a number 
of them also contained exothermic peaks. Since the complexes were studied in an 
argon atmosphere or vacuum, the origin of the exothermic peaks must be due to 
the exothcrmic decomposition of the compounds and not to air-oxidation reactions 
of the pyrolysis intermediates. Although it is not possible to characterize each peak as 
a specific decomposition or dissociation reaction, the endothermic peaks must be 
the result of heat-absorbing bond-breaking reactions. This initial DTA peak was then 
followed by other endothermic or cxothermic peaks which must be due to reactions 
involving pyrolysis intermediates. 

The DTA curve for cupferron contained but a single endothermic peak with a peak 
maximum temperature of 185”. Since the peak began or deviated from the base 
line at about 130°, there must have been considerable decomposition before the 
fusion temperature6 of X63-164” was reached. 

The DTA curves for the cobalt(II), copper( mercury(II), and cadmium(I1) 
cupferrates consisted of a single cndothcrmic peak at temperatures of 155”, z50°, 

130°, and zGo”, respectively. Based upon the temperature at which the curve deviated 
from the base line, the cadmium complex appeared to be the most stable. 

AT 

I I I I I I 
100 300 500 

temp. “C 

Fig. 4 

For the nickel(H), mangancse(II), aluminum, and iron(II1) cupfcrrates, the DTA 
curves consisted of an endothermic pealc followed by an exothermic peak or peaks. 
Generally, the reaction which was responsible for the exothermic peak started 
as an endothermic one and then changed to exothermic as the reaction progressed. 
The exact dissociation sequence cannot bc determined from the DTA curve itself. 

The DTA curves for the calcium, strontium, and barium cupferrates were all 
quite similar. In’contrast, the curve for magnesium cupferrate was different because 
the exothermic peak was absent. The peak temperatures for the first endothermic 

Anal. Chirn. Ada, 31 (x964) 501-508 



THERMAL DISSOCIATION OF CUPFERRATE CHELATES 

peak were: Mg, 130~; Ca, Sr, and Ba, 155”; and for the exothermic peak, Sr and Ba, 

so5 

300~; Ca, 320°. Because water of hydration occurs with these complexes, it is pro- 
bable that the first endothermic peak is related to the dehydration reaction. 

For the rare earth cupferrates, the DTA curves for lanthanum and neodymium 
were quite similar. The lanthanum cupferrate curve had endothermic peaks at 200”. 

270°, and 300~ with an exothermic peak at 310~. Similarly for neodymium, the peak 
temperatures were x95”, 250’. 2g5”, and 305”, respectively. Cerium(III) cupferrate 
exhibited a curve with a single endothermic peak at 200~ followed by an exothermic 
peak at 250’. This anomaly might be expected because of the different oxides ob- 
tained, CeO2, compared to La203 for the lanthanum complex. 

The DTA curves of the metal complexes in WCZ~O are shown in Fig. 4. The most 
pronounced differences between the vacuum and argon curves were the change in 
peak maxima temperatures and the decrease in intensity of the endothermic and 
exothermic peaks. For example, the endothermic peak maximum for cupferron 
shifted from 185” in argon to 140’ in vacuum. Normally, a phase transition should 
not be pressure-dependent, as was illustrated previously with sodium nitrate*. Thus, 
the curve for cupferron must involve decomposition as well as fusion, which would 
explain the pressure dependency. 

The vacuum DTA curves for the lanthanum and neodymium cupferrates showed 
only z endothermic peaks. The peak maxima were IGOO and 280’ for lanthanum and 
175” and 290~ for neodymium. As seen previously, the argon DTA curves contained 
3 endothermic peaks followed by an exothcrmic peak. The endothermic peak maxi- 
mum for copper(I1) cupferrate shifted from 250’ in argon to 220~ in vawo. 

Pyrolysis studies 

The results of the pyrolysis studies are shown in Figs. 5-8. 
The total mass spectra of the pyrolysis products of cupferron and the copper(H) 

and iron(I1) cupfcrratcs arc given in Fig. 5. The spectrum for cupfcrron indicated 
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the presence of ammonia, water, nitrogen(I1) oxide, nitrogen, nitrogen(I) oxide, 
and a hydrocarbon entity with a maximum peak intensity at nz/e of 80. The 100% 

l/lo peak was positioned at a *n/e of 18 for water. For the metal cupferrates, the mass 
spectra contained similar peaks except for the absence of ammonia. The ~ooO/~ 
peaks were different; NO for coppcr(I1) and Nn for the iron(H) complex. 

The curves obtained by oscillating over the 100% m/e peaks for N20, NO, and N2 
are given in Figs. G-8. For cupferron, the curves indicated that NO was detectable at 
temperatures slightly’abovc ambient. The compound was unstable under conditions 
of high vacuum with respect to the evolution of nitrogen(I1) oxide. Although not 
shown on the curve, ammonia and wate’r .were also evolved at these low tempera- 
tures. Most of the water probably came from adsorption and not necessarily from 
pyrolysis since the amount evolved was depcndcnt on how long the material was 
contained within the high vacuum system. Thus, the initial decomposition probably 

involved the reaction : 

Only at temperatures greater than IOOO were appreciable amounts of nitrogen and 
nitrogen(I) oxide detected in the pyrolysis products. These gases could result from 
further decomposition of the cupferron nncl,/or from hot-tube reactions involving 
nitrosobcnzcnc, nitrogen(I1) oxide, and other products. 

The situation was similar for the pyrolysis of the copper(I1) cupfcrrate chclate. 
The decomposition gases, NO and N2, wcrc detectable at about 150~ with the maxi- 
mum intensities for the gas evolution being obtained at about 185’. Nitrogcn(I1) 
oxide was present in the largest amount followed by nitrogen and then nitrogen(I) 
oxide. A mechanism which could explain this behavior is as follows: 

f Nz -t z NO + CuO 

According to this mechanism, additional nitrogen(I1) oxide could be evolved at still 
higher temperatures as well as a hydrocarbon entity and CuO. An alternative mechan- 
ism at higher temperatures could possibly involve the evolution of N20 instead of 
Ne from the organic ligand. 

The mass spectra curves for the pyrolysis of iron(II1) cupferrate revealed an in- 
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teresting feature. The evolution of NZ and NO began at about IZ$, giving a break 
in the curve at 185”. Then, at temperatures near 2xo”, additional Nz and NO were 
evolved. From the DTA curve, in vacua, it is seen that the curve contained an en- 
dothermic peak at 170’ followed by an exothermic peak near 245”. The endothermic 
reaction evolved NO and Na as was found with copper cupfcrrate, while the exother- 
mic peak reaction evolved still more Nz and NO as well as NzO. The difference in the 
amount of nitrogen compared to NO in the pyrolysis gases may be due to the greater 
stability of iron(II.1) oxide compared to coppcr(I1) oxide. Thus, the C-N and N-O 
bonds would be broken more easily than the Fe-0 bonds. 

The mass spectra curves for several of the other metal cupferrates revealed similar 
rksults. All involved only the gaseous products given off by the two examples present- 
ed here. 

Tile support of this work by the Air Force Offlcc of Scientific Research through 
Grant No. Al?-AFOSR-23-63 is gratefully acknowledged. 

SUMMARY 

‘I’llc thcrrnd dissociation of the cupfcrron cotnplcxcs with Cu(II), Ni, Co(II), %n, Ccl, Mn(II), 
I-Ig(II), &Ig, Ca, Ijn, St-, Al, Fc(III), Cc(LII), La, and Ntl was studied by tliffcrcntial thermal ana- 
lysis (IYITA) rend by pyrolysis into n mass npcctromctcr. The DTA curves consistctl mainly 
of cndotllcrrnic peaks although some contained cxothcrmic peaks as well. The mass spcctrornctcr 
nhowcd that cupfcrron dccomposos slightly abovo room tcmpcraturc, giving off Na, NO, NaO, 
NH1 a11c1 I.1~0. A mechanism for the thermal dissociationbf tho coppcr(I1) cupfcrratc: is proposccl. 

Lcs nutcurs ont oxnmind la dissociation thcrrniquc dcs complcxcs du cupfcrron avcc 
CII, Ni, Co, Zn, Cd, Mn, Hg(IT), Mg, Ca, Bn, Sr, Al, Pc(LI1). Cc(III), La ct Ncl, par clnalysc thcr- 
miquc cliffdrcnticllc ct par pyrolysc clans un spcctrombtrc clc masse. On constatc quc Ic cupfcrron 
su cldcomposc Idg&rcmont, au-clcswus dc la tcmpdraturc orclinnirc, cn dormant Nz, NO, N&, NH3 
ct 1130. Un mdcnnisrnc clc dissociation thcrmiquc clu cupfcrrattc clc cuivro cst proposd. 

ZUSAMMBNPASSUNG 

1Xc thcrrnischc Dissozintion von Cllpfcrron-Iiotnplcxcn mit Cu(II), Ni, Co(II), Zn, Cd, Mn(II), 
I-lo, MR. C;I, Rn, Sr, Al, L~c(III), Cc, La, untl Nd wurtlc mittcls dcr l~iffcrcrltinlthcrn~o~~~~~ly~c 
(I)TA) untl durch Pyrolysc in cincm M:isscnspcktromctcr untcrsucht. Die D’rh-Iiurvcn bcsitzcn 
ncbcn cinigcn cxothcrmcn Maxima hrrupts!tchlich cndothcrmc Maxima. Die mnsscnspcktrornc- 
trischcn Untcrsuchungcn zcigtcn, class Cupforron sich obcrhalb dcr Raumtcmpcratur l&lit 
zcrsctzt untcr Abgnbc van NI, NO, NaO, Nl-13 und l-IaO. KS wird tin Mcchnnistnus ftir clio thcr- 
miscliu Dis~oziation tlca ICupfcr-I(otnplcscs vorgcschlnRcn. 
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