
1. . -Ihe,thermai decomposition of zinc hydroxynitrates 
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-zn3(ow)i(No3j; and 

-Zn~OH)@O& h&s been reportec-by several authors’.Y3, who-have tiroposed a 
reaction scheme iu‘which nitrogen-oxides are liberated from thk Won of the 

nitrate group_ Thus, for the first hydroxy salt the reaction can- be writteu as follows: 

.**ogn,(2- : _--- : _ _.+--- ,_ 

__. -In connedion with -a generai study on the process of zinc Lhydroxyuitrates 

transforniatio& we have found it- - to reexamine this reaction scheme by 

comparing the euthalpy change AH: found from calorimetric studks with -that 

&kulated from euthalpies of formation of the different products in eqn (I). _ 

Recen~y, we have reported4 the value of -44&410 cal mol- ’ for the enthalpy 
df fo-tit&n of in@3j~@Io, jz_ ThS-result %i&d in conjtinctio& -uiith the ~+.iGs 
reportfzd in the literatures* 6 for products of reacting (I) gives a theoretical +aiue for 

fhe_+$alpy of decdinpcisition AHi been 91;39O and 118,6~O~cal mol- ’ deperidiig 

onthe-vahkofnused. ‘- 
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. <‘i:Ziqc hydroxy+t& %Q(OH)~(NO~); Gas obtained in the crystalline fo&n by- 

kowlyevaporating a &&on of zinc nitrat& tiexahydrate (“Baker AGlysed Reagent”) 
melt&--& l#)“C7_ L : :,:;_; - .=. . .7 _ _- 

. - “1, -_ 
:zz*L cgorim*r_~ ts were tzie&~ o&samples whose &ses were 

bet- IO‘zuid 210 n&*g &_ C&vet m*@&dorimeter. The_ microcat&imete~ was 
_c&biatcd_ekctricaI& _l@ @e Joule effedt &n&g the Imposition &f:the hy&&y 

--&l~ksin&car.he&i&~~ of either6 qr 2PC h:t___F! kxp+ments.were carried 
. L . . _, . - __-y 
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out either in a vacuum which was maintained at IO-* Torr, or-in a dry nitrogen 
stream flowing at the rate of 50 ml min-‘_ 

. . 

TabIe 1 gives the experimental results for the heat of d&omposition~AH~ for 
2n.(OH),(NO,)=_~~~~uesarcinferiortothat~~~above,and;i;edependent 
on the mass of the sample when the pyrolysis are k&d out in nitrogen stream, 

This disagreement imp&s that the reaction scheme (1) is incorrect and leads 
us to su_wt that the decomposition of the hydroxy salt occurs &&d&g to the 

foIlowing equation where the nitrate groups are not decomposed: 

zn,(OH),(NO,)&) -+ 3 z&(c) + 2 HNO&) + &o(g) - . i2> 

The enthaIpy change for this reaction, calculated from the ent.haIpies of 
form&on, is AH; = 68,770 Cal mol- ‘. This result is very close to the mean value, 
67,650 & 700 cal mol- I, obtained from the decomposition carried out under vacuum, 
taking into account experimental errors and the fact that we have ignored the varia- 
tion of the specific heat in the experimental temperature range 25-270°C The-agree+ 

ment is also good for runs 9 and 10. Moreover, the formation of nitric acid has been 
axSrmcd by mass spcctml analysis of the gas appearing during the reaction. 

The Iarger experimentaI vaIues obtained (runs 6,7, 8) when the reaction was 
performed under a nitrogen stream with larger sampIe masses &I bc~explained by 
interfkring secondary reactions_ Pannetier and Djega-Mariadassou’= ’ have show 

experimentally the formation of nitrogen oxides when the decomposition-occurs in 

nitrogen or heIium stream. We have observed the same results by mass spectml 
analysis of the gases leaving the calorimeter_ Nitrogen dioxide results from the decom- 
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2HNO,(g)+2NO,(g) i-$&(g)-+‘Hz~- _ -- ‘--‘_ ; - _-; 

N-&o& *d&de ‘can aljo dmmpbse -above 200 “C ’ 3 ‘a&ding_ to the rea&ion 
. . 

NOz(g)-,NO(g)+~O&) c . - . _- / i -_ (4) 

The corresponding h@& of reaction are-AH: .= 11,312 cal moi-’ a&i AH: = 13,64G 
cai mol-ml 9 =P=ti=&- 

The secondary reactions are Iess likely to occur in the dynamic vacuum since 
reaction (2) oaxlrs in a lower temperature range 110-200”~ and the nit.& acid is 
evacuated continuously and, therefore, has a lower pressure_ On the other hand, they 
can occur when the experiments are carried out under~nitrogeh since reaction (2) 
occurs at a higher temperature 170-25O”C and also for runs 6: 7 and 8 increased 
sample thickness (about 3 mm) caused by the larger sample mass could cause a partial 
pressure of nitric acid inside the sample ,ereater than 1 Torr due to the difference of 
density between HN03 and Nz gases_ Therefore, the nitric acid could remain in the 
sample holder for sufficient time to partially decompose, eventually catalysed by the 
finely divided ZnO formed during the pyrolysis. Runs 9 and IO show that the im- 
portance of the secondary reactions are _ _ - sd when the sample mass is kept to 
a minimum_ 

In contrast to the conclusions drawn by other workers, this study shows that 
the zinc hydroxynitrate decomposes according to the eqn (2). It is interesting to note 
the analogies that exist between the structural charzteristics on on& hand, and the 
thermal decomposition on the other, for zinc hydroqnitrate and bivalent metal 
hydroxides of the brucite type. In effect, the hyclroxy salt Zn,(OH)4(N0,), is a 
structural derivative of the brueite type having one hydroxyl ion in three replaced by 
an oxygen atom of the nitrate! group 14v 15_ This substitution causes an increase in the 
interlayer spacing The thermal decomposition of the hydroxides of the brucite type 
liberatf~ a molecule of water x 4* l 7S and logically we have noted that the zinc hydro- 
xynitrate decomposes thermally liberating free molecules of water and nitric acid, We 
think that the thermolysis of other hydroxynitrates will follow a Similar mechanism. 

Lastly, this study is an example of the use of calorimetric measurements of 
heats of reaction to decide which of several proposed reaction paths is correct_ 

1‘ G- E%m&cr and G. DM-D C_ R Amd Sci Pmir, 261(1965) 3146. 
2 G. Djqp-mu, ZTiesis, F’aris, 1971. 
3 w_s&hksmd~ROswaM,LSolriiSfPlcClkm,3~l971)252_ 
4 J.P.AnffrcdicandD.LoPtr,~Acro,16(1976)2t3. . 



_ - . - _ _, _ . 
. - 


