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The thermal transitions of NazSzO8 and K2S208 have been studied by means of a 
derivatograph in the presence of CuO or ZnO at various molar mixtures. A slight shift 
in the DTG peak of the first decomposition stage (persulfate into pyrosulfate) to higher 
temperature was noticed as the amount of oxide increases. 

The second decomposition stage (pyrosulfate into sulfate) was shown to proceed 
via the formation of double salts of alkali metal copper(II) sulfates and alkali metal 
zinc(II) sulfates, namely, NazCu(SO~)2, K2Cu(SO4)z, Na2Zn(SO~)2 and K2Zn(SO~)2. The 
reaction has a close relation to the semiconductivity of both oxides. The melting points 
recorded for these double salts were respectively 532, 634, 467 and 462 ~ 

The results were confirmed by the 1R spectra of the reaction products. 
The double salts slowly decompose into the metal oxide, alkali metal sulfates, and 

sulfur trioxide. 

In a study of  the interaction o f  metal oxides with the alkali metal persulfates and 
their decomposi t ion products,  it was shown [1 ] that  nickel(I1) oxide catalyzes the 
thermal decomposi t ion o f  alkali metal pyrosulfates into the sulfates, and a mecha- 
nism was proposed for this catalytic decomposit ion.  The mechanism was based 
essentially on the semiconductive behaviour of  this oxide and its adsorptive charac- 
teristics towards the pyrosulfate anions. Titanium (IV) oxide, on the other hand, 
was shown to react with the persulfates and the pyrosulfates at high temperatures, 
forming products  of  a complex nature [2]. 

In the present work,  the derivatograph (TG, D T G  and D T A ) i s  applied to the 
study of  the thermal behaviour of  alkali metal persulfates in the presence of  copper  
(11) oxide or zinc(If) oxide at various molar  ratios within the temperature range 
2 0 -  1000 ~ The possibility of  double salt formation is also discussed. 

Experimental 
Materials 

All the chemicals used were analytical grade Na2S208 and K2S,~Os were Hopkin  
and Williams Ana laR;  CuO and ZnO were BDH Ana laR  products.  

Apparatus and methods 

The present investigation comprised experiments on TG,  D T G  and D T A  meth- 
ods. The apparatus  and techniques were described earlier [1]. 
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The infrared spectra were obtained using the Pye-Unicam SP-1100 I.R. spectro- 
photometer.  The samples were analyzed as KBr discs. 

Results and discussion 

CuO + M2S20 s mixtures 

In Figs 1 and 2 the TG and D T A  curves are plotted against temperature for 
sodium and potassium persulfates in intimate admixtures with copper(II) oxide, 
in oxide to persulfate molar ratios of  1 : 4, 1 : 2, 1 : 1, 2 : 1 and 4 : 1. 

A slight shift in the D T G  peak temperatures o f  the decomposit ion of  the alkali 
metal persulfates to higher values is obtained with the increased proportion of  the 
oxide in the mixture. This may be due mainly to dilution effects [3] since the per- 
sulfate decomposit ion reactions are second-order reactions [4, 5]. 
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Fig. 1. TG and DTA curves of CuO : NazS2Os mixtures at mole ratios 1 : 4 1 : 2, 1 : 1, 2 : I 
and 4 : 1 respectively 
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The melting of  the sodium and potassium pyrosulfates produced occurs in tem- 
perature ranges very close to those o f  the individual salts, as indicated from the 
D T A  curves (Figs 1 and 2). 
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Fig. 2. TG and DTA curves of CuO : K2S208 mixtures at mole ratios 1 : 4, 1 : 2, 1 : 1, 2 : 1 
and 4 : 1 respectively 

The D T A  curves also indicate other endothermic processes following the melting 
for the mole ratios studied. The complication of  the D T A  curves is expected, since 
they describe the overall sum of  the effects occurring in the heterogeneous equili- 
brated system of  solid CuO, liquid M2S20 7 and the gaseous SO3 locally produced. 
The overall reaction can be expressed as follows: 

M2520 7 + CuO --> M2SO~ + CuSOa. (1) 

This reaction, however,  has a close relationship with the semiconductivity o f  the 
copper(II) oxide, since for the 1 : 1 molar ratio the TG curve (Fig. 2) shows a 
weight loss o f  about 4.0 ~ up to a temperature o f  514 ~ At  any temperature lower 
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than this, CuO behaves as an insulator [6], and so part of the stoichiometric 
amount of the Na2S20 7 undergoes decomposition over the range 380-514 ~ 

In the case of K2S207, the TG curve of the 1 : 1 molar ratio mixture does not 
show a corresponding appreciable weight loss since the potassium pyrosulfate 
decomposition proceeds slowly up to this temperature [4]. 

Equation (1) suggests that potassium sulfate may be produced as a result of such 
treatment. However, DTA plots (Fig. 2) do not show the endotherrnic peak accom- 
panying the ct-fl phase transition of potassium sulfate [7], which has already been 
observed in a similar treatment of NiO with K2520 7 [1 ]. This indicates that K2SO 4 
is not present as such, but most likely in the form of a double salt with the copper- 
(II) sulfate, namely, K2Cu(SO0s. The melting point found for this double salt is 
634 ~ (noticed in the 2 : 1 and 4 : 1 CuO : K2S20 s molar mixtures), in comparison 
with that for the corresponding sodium copper(II) sulfate, N%Cu(SO4)2, which is 
532 ~ These melting points are indicated by sharp, highly-reproducible endotherms. 

The IR spectra, however, confirm the latter observations, since the peaks and 
bands characteristic of the individual species do not show up in all of the examined 
reaction products. The spectrum of the 1 : 1 molar mixture of CuO :Na2S20 s 
after being heated to 600 ~ shows the following absorption bands: 565, 607, 645, 
675, 1050, 1130 and 1245 cm -1. The spectrum corresponding to the I : 1 molar 
mixture of CuO : KeS20 s after being heated to the same temperature shows the 
following absorption bands: 610, 662, 990, 1060, 1135 and 1212 cm -1. None of the 
bands in either of the two spectra correspond to CuO, CuSO~, Na2SO 4 or K2SO a as 
compared with the individual spectra [8]. 

The existence of the reaction products as faint blue crystals may be attributed to 
the coordination of the cupric ion with two bidentate sulfate groups to satisfy the 
tetrahedral structure. A similar product has been detected in the Li~SO4 (Na2SO4) 
K2SO ~ eutectic at 600 ~ [9]. 

Beyond 700 ~ decomposition of these double salts starts, with subsequent forma. 
tion of copper(II) oxide, alkali metal sulfates, and sulfur trioxide. The decomposi- 
tion proceeds at a rate lower than that if there were pure copper(lI) sulfate alone 
[10], since the process involves the splitting of the double salt into CuSO~ and 
MzSO~ and the Subsequent decomposition of the CuSO4 into CuO and SO3. Mo- 
reover, the sulfur trioxide evolution requires the penetration of the gas through a 
thick melt, a state which causes some relaxation [11 ]. 

ZnO + M,5~O s mixtures 

In Figs 3 and 4 the TG and DTA curves are plotted against temperature for 
sodium and potassium persulfates in intimate admixtures with zinc(II) oxide in 
oxide to persulfate molar ratios of 1 : 4, 1 : 2, i : 1, 2 : 1 and 4 : 1. 

A similar shift in the DTG peak temperature is noted for these heated mixtures, 
corresponding to the persulfate decomposition, which is also due to dilution effects 
[31. 
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It has been proved that zinc(ll) oxide is a semiconductor  at all temperatures [6]. 
This effect is reflected in the behaviour of  the oxide towards the molten alkali metal 
pyrosulfates. With increasing propor t ions  of  the oxide, the melting endotherm 
diminishes in relative area. This observation can be attributed to the thermoneutral-  
ity of  the system due to exothermic reactions of  ZnO with the molten pyrosulfates:  

ZnO + M2S20  7 --+ ZnSO4 + M2S Q . (2) 
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Fig. 3. TG and DTA curves ofZnO : NazS.eO 8 mixtures at mole ratios 1 : 4, 1 : 2, 1 : I, 2 �9 1, 
and 4 : 1 respectively 

For  the 1 : 1, 2 : 1 and 4 : 1 molar  ratios the DTA curves (Figs 3 and 4) show 
sharp, reproducible endotherms that  correspond to the melting process of  the 
reaction products.  The melting temperatures recorded are 467 and 462 ~ for the 
sodium and potassium sulfate mixtures, respectively. 

However,  it can not  be concluded from the DTA curves whether potassium sul- 
fate is present as an individual species or a double salt with zinc(lI) sulfate, because 
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the mixtures are present in the molten phase prior to the phase change temperature 
of the potassium sulfate. 

Strong evidence as to the existence of the reaction products as double salts, 
Na2Zn(SO4)2 and K~Zn(SOa)2, and not as individual sulfates, is the reproducibility 
of the melting points for the varying compositions of the mixtures. In contrast, 
the individual sulfates, if present, must have a definite eutectic temperature which 
varies with the type of the mixture composition. 
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Fig. 4. T G  and D T A  curves o f Z n O  : K~S.~@8 mixtures at mole ratios ] : 4, ] : 2, ] : 1, 2 : ] ,  
and 4 : 1 respectively 

However, zinc is known to form double sulfates with alkali metals, e,g. 
K~Zn~(SO~)3 [12] and Na2Zn(SO4)z �9 4H20 [13], prepared under different experi- 
mental conditions. In the present investigation, a compound like K2Zn2(SO4)3 is 
not likely to be formed as a result of the reaction of ZnO with K2S2Os, because (as 
indicated from the TG curves of Fig. 4) the first stoichiometric molar mixture 
noticed is the 1 : 1 and not the 2 : 1 (ZnO : K2S2Os). 
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Again the IR spectra indicated the absence of the individual species ZnO, 
ZnSOa, Na2SO4 and K2SO ~, reference being made to the spectra of each substance 
available in the literature [8]. The absorption bands displayed by the reaction 
products of the ZnO and Na2S20 s 1 : 1 molar mixture after being heated to 450 ~ 
are 507, 625, 662, 677, 987, 1007, 1120 and 1167 cm -~. The absorption bands 
displayed by the ZnO : K2S2Os 1 : 1 molar mixture heated to 450 ~ are 475, 610, 
620, 645, 985, 1005, 1050, 1130 and 1175 cm -1. 

Similarly, the decomposition of the molten products into zinc(II) oxide, alkali 
metal sulfates and sulfur trioxide occurs above 830 ~ . The decomposition reactions 
proceed as expected, slowly due to the reasons mentioned above. 
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R~SUMI~ -- Les transitions thermiques de Na,zS20 8 et K2S20 8 en pr6sence de CuO et de ZnO 
ont 6t6 6tudi6es ~t l 'aide d 'un Derivatograph pour diverses composit ions molaires des m61anges. 
L 'augmentat ion de la teneur en oxyde provoque un faible d6placement vers les temp6ratures 
plus 61ev6es du pic T G D  de la premiSre 6tape de d6composition (persulfate ~ pyrosulfate). 

La deuxi6me 6tape de la d6composition (pyrosulfate ~ sulfate) s'effectue avec formation 
de sels doubles entre le sulfate du m6tal alcalin et le sulfate de cuivre(lI) ou le sulfate de zinc(II), 
no tamment  Na2Cu(SO4)2, K2Cu(SO~)2, Na2Zn(SOa)2 et K2Zn(SOa)2. La relation est en 6troit 
rapport  avec le caractSre semi-conducteur des deux oxydes. Les points de fusion enregistr6s 
pour ces sels doubles s'515vent respectivement /t 532, 634, 467 et 462 ~ 

Les r6sultats sont confirm6s par  les spectres d 'absorpt ion infrarouge des produits de r6action. 
Les sels doubles se d6composent lentement avec formation de l 'oxyde m6tallique, du sulfate 

du m6tal alcalin et de trioxyde de soufre. 
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ZUSAMMENFASSUNG - -  Die W/irmefiberg/inge von NazS~O8 und K~SeO8 wurden in Gegenwart  
yon CuO und ZnO in verschiedenen molaren Gemischen mittels eines Derivatographen 
untersucht. Mit steigendem Oxidanteil wurde eine kleine Verschiebung des DTG-Peaks  der 
ersten Zersetzungsstufe (Persulfat zu Pyrosulfat) in Richtung der h6heren Temper~'~mren 
beobachtet.  

Es wurde gezeigt, dab die zweite Zersetzungsstufe (Pyrosulfat z u  Sulfat) fiber die Bildung 
von Doppelsalzen des Alkalimetall-Kupfer(II) Sulfats und  Alkalimetall-Zink(II)Sulfats, d.h. 
Na~Cu(SOa)z, KzCu(SO~)e, Na~Zn(SO~)~ und K~Zn(SO~)~ verl~iuft. Die Reaktion ist eng mit 
dem Halbleiterverhalten beider Oxide verbunden. Die aufgezeichneten Schmelzpunkte dieser 
Doppelsalze waren in obiger Reihenfolge 532, 634, 467 und 462 ~ 

Die Ergebnisse wurden dutch IR-Spektra der Reaktionsprodukte best~itigt. 
Die Doppelsalze werden langsana in Metalloxide, Alkalisulfate und  S c h w e f e l t r i o x i d  zersetzt. 

Pe3roMe C llOMOmbIo ~eprtBaTorpaqba 6biJ]~,i ~3y~em, i TepMaqect~ne r~epexo~ Na~S208 n 
K2S208 13 nprIcyTcTBnI-I CuO I4 ZnO npr~ pa3JIrIqrtr~ix MO~tnpHbIX COOTgOtuermflx. Ha rlepBol~ 
cTaann pa3ao~eHnfl nepcy~bqbara ~0 nnpocy:tsqbaTa 6b1JI 3aMe~eu He60~btuO~ caBrlr ~ T F  
I1HKOB B CTOpOHy 6 o n e e  B~,~cor~x T e M n e p a T y p  npH yBeJ/!4t/eHl, t/,t M o n ~ p t t o r o  Ko.rlI, I~IecTBa 
OrrlCnOB. IIo~a3aHo, ~-ITO BTOpa~t eTa,~rts pa3no~eHHs - -  rtnpocynbqbaT )Io cynt, qbaTanpoTe- 
r a e r  ~iepe3 o6paaoBanrIe ~Bo~i~mx cone~ cynbqbaTOB menmirtofi MeTa.nn - -  Me)xr,(II) n me- 
a o q n o ~ e T a n n - -  Uusr(II), a rIMeHHO: NazCu(SO~)z, K~Cu(SO~)~, NazZn(SOa)z rt K~Zn(SO~)z. 
143Meper~Hb~e TeMnepaTypB~ nnaaxeHi~ t  3TIIX ,I~BOHHBIX co~e~ COOTBeTCTBeHHO 6bIJIH paBH~ 
532, 634, 467 ~ 462 ~ Pe3yabTaThX 6~,~nn nO~TBepz<)Ien~,~ rlnqbparpcr~,iMn cnexTopaMn npo- 
~yKTOB pearunu.  /~BO~Hble COYitI M e ~ e n u o  pa3~ara~orca Ha oKrtc~, MeTanY~a, cyn~,qbaTb~ 
l.~e.rlO~lltbIX MeTan.rlOB I4 TpcxoKI, ICb ccpbL 
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