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ABsiRAc-r 

The reaction of ten oxyanions and oxides, acting as Lux-Fiood acids have been 
studied in both Iithium nitrate-potassium nitrate and sodium nitrate-potassium 
nitrate eutectics and the stoichiometries of the reactions established. A series of acids 
arranged in order of decreasing strength has been drawn up, which is very similar for 
both eutectic solvents. 

Five Lux-Flood bases have also been studied in these two solvents_ Sodium 
carbonate proved to be very stable to 500°C. Sodium peroxide revealed significant 
differences in stability and solubility in the two solvents, while lithium, sodium and 
potassium hydroxides shcwed differences in the two melts and also considerable 
differences between each other, suggesting that little cation exchange takes place in 
these solutions. 

INl-RODtJCT-IOX 

The uses of therrnogravimetric analysis are now extremely varied but perhaps 
one currentIy under-appreciated appiication is in establishing the stoichiometry of 
chemical reactions in molten salt solutions. In the particular case of molten nitrate 
solvents the reactions of both acidic and basic solutes can be studied by this technique. 
For example, among basic solutes, carbonates evolve carbon dioxide, peroxides 
evolve oxygen and hydroxides evolve water vapour. while all Lux-Flood acids react 
to evolve a gaseous mixture of nitrogen dioxide and oxygen. At the present time the 
actual reaction pathway of acidic solutes is still in dispute. Many following Duke and 
coworkers’-3 postulate the existence of the nitryl ion, the formation of an ion pair 
with nitrate and eventual decomposition, i.e. 

A+2NO, e GO’-+NO; 

NO,‘+NO, zs jJ’i20,] fl 2NOz++0, (1) 

While others prefer the hypothesis of Top01 et al.” who, having been unable to 
establish the presence of the nifryl ion, postulated that nitrogen dioxide was the 
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acidic species, though without advancing an alternative reaction pathway. However, 

this Werence does not effect the overall reactions as the ultimate products are 

identical. 

The reactions of a number of Lux-Flood acids are here presented, the acids 

which are al1 either oxyanions or oxides being arranged in the order in which the 
central atom occurs in the Periodic Table. The five basic solutes are arranged in order 
of increasing reactivity. The reactions of both acidic and basic solutes were studied in 

two moIten nitrate solvents, lithium nitrate-potassium nitrate eutectic (43 mole % 

lithium nitrate; m-p. 132’C) and sodium nitrate-potassium nitrate eutectic (50 mole 

% sodium nitrate, m-p. 22O’c), in order to allow comparison between a meIt 
containing the smsII acidic lithium cation and a more basic melt. Frequently, however, 

the former melt has been found to be more reactive, even in reactions with acids. 

Eutectic melts besides providing a conveniently low melting point, also allowed a 
larger temperature range for solution reaction to be explored since the eutectics did 

not commence to decompose until 500 and 55O”C, respectiveIy. 

Lithium nitrate-potassium nitrate eutectic was prepared as previously 

reported5, sodium nitrate-potassium nitrate eutectic was prepared similarly. Analar 

sodium carbonate_ potassium dichromate and chromium trioxide. and reagent grade 

l-anadium pentoxide. sodium metavanadate, molybdenum trioxide, tungsten trioxide, 
sodium metaphosphate and potassium pyrophosphate were a!1 dried at 12O’C for 6 h. 
Reagent grade Iithium hydroxide monohydrate and AnaIar sodium and potassium 

hydroxides u!ere used as received. Potassium pyrosulphate was prepared by heatins 

Analar potassium persulphate for 24 h (purity 98.3% by titration with sodium 
hydroxide). Potassium trichromate was prepared by the method of Harbottle and 

Maddock’ (found: Cr, 40.1) calculated for K,CrSO, ,,: Cr, 39.6%). 

Pir_r-sicai measuremenis 

Thermogravimetric anaI!sis was carried out in air using a Stanton ?-R-l 
thermobalance with a heating rate of 2’C min- ‘_ Two _m samples of the reactants 

were contained in 10 ml vi;itreosiI crucibles covered with a small inverted funnel to 

prevent the emission of solid particIes during rapid reactions. The weight losses were 
reported as a percentage by weight of the specified solute. a correction being made at 
high temperatures (~500’) by deductin g the Ioss found for a pure melt under the 

same conditions_ It was found necessary to gind and thorou&ly mix the reactant 
and melt to obtain maximum separation and sharpness of the differential maxima, 

as otherwise on melting the viscous melt solutions took some time to achieve 

homogeneity_ The derivative curves were plotted from the recorded weight loss at 

5 min inten& versus the mean temperature. 
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RESULTS Ahm DISCUss~Ox 

A_ Acidic solutes 

PJW- and metaphuspkzttx Potassium pyrophosphate reacted with the 
liberation of a brown gas consisting of nitrogen dioxide and oxygen, when dissolved 
in both tee lithium nitrate-potassium nitrate and the sodium nitrate-potassium 
nitrate eutectics though the temperature of reaction was considerably different in the 
two me&s (Figs, I and 2). Sodium metaphosphate also reacted to give the same 

Fig- 1. Themtogravimetric anaiyGs of phosphom~ compounds in Iithium nitrate-potassium nitrate 
tutectic. Curve A. I.50 m NaPOJ; curve B, 0.75 m KGPIO,; cun;e C, pure LiNO,$CXO,_ 

Tanpcmture t”C) 

Fig. 2. Thez-rnogmvimctic andl>Tis of phosphorus compounds in sodium 4tmte-pctassium nitrate 
eutectic- Curve A, I-49 m NaPOa: curve B, O-77 m KJPzOi; curve C, pure NaNOJKN~~_ 

gaseous products but the reaction commenced at lower temperapares and was quite 
cfearly separated into two parts at different temperatures, the second of these reactions 
showing great simi!arity to that of pyrophosphate. The weight loss of gaseous 
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products from the potassium pyrophosphate was close to that indicated by the 

reaction, 

p,o:- ;2NOJ + 2PO:-;2NO,;fo, (2) 

the calculated value of the loss of 2N f 50 per KjP207 being 32.7%. The temperature 

at which this calculated Ioss had taken place is indicated on the curves of Figs. 1 and 2 

by the arrow labelled a_ The total weight Ioss due to the sodium metaphosphate 
reaction was likewise close to that for the reaction 

PO,t2NOj + Po~-+2No+& (3) 

the calculated value of the loss of 2N +50 per mole NaPOX being 104.8% while the 

temperature at which it has occurred is indicated in F&s. 1 and 2 by arrow b. In the 

case of reactions in sodium nitrate-potassium nitrate the arrows a and b are at 

temperatures where the melt itself was commencing to decompose (to nitrite and 

oxygen)_ If allowance was made for melt decomposition the arrows came after the end 

of the period of rapid reaction (i-e., rapid weight loss) as was found for the lithium 

nitrate-potassium nitrate melt. 
Hou-ever, the minimum between the two parts of the metaphosphate reaction 

did not correspond to the simple formation of pyrophosphate, i.e. 

2PO,i2NO, -, P,0q-+22NOZtfo2 (4) 

A reaction which might have been supposed to be followed b:I reaction (2) which 

would have completed the overall reaction (3). The weight loss czkulated for the loss 

of N-i-30 per NaPOX, i.e. eqn (41, is 52.4% and is indicated in Figs. 1 and 2 by 

arrow c_ in fact the weight loss at the minimum indicated the formation of ortho- as 

wrell as pyrophosphate, the ratio in both melts being 0.36 m ortho:0.57 m py~o- 

phosphate, the weight loss corresponding to this ratio of products being indicated by 
arrow d_ The ratio of products could in principle give information on the polymeric 

form of the metaphosphate, since a trimetaphosphate would be expected to give a I:! 

ratio, while a penta meta rin g would give a I:2 ratio on simple ring cleavage though 
it could also give a 3:f ratio if the initial cleavage was followed by an “end-clipping” 

mechanism_ In view of the variety of possible mechanisms and the number of 
different polymers which occur in the available sodium metaphosphate, detailed 

correlations of -*eight losses and products will be postponed until studies are carried 

out on polyphosphatcs of known structure. 

Ihe above explanation is preferred to the possible alternative which is that the 

first part of the reaction could indicate the formation of a compound of the stoichi* 

metry (3P201 - *- -pPOi-) which would be analogous to a number of unusual phosphate 
polymers postulated by Ei Din et aL7, as products of potentiometric titrations in 

molten potassium nitrate. Evidence against this latter explanation is that the same 

ratio of ortho:pyrophosphate would be reached at 390°C in the reaction of pyro- 
phosphate in lithium nitrate-potassium nitrate and at 640°C in sodium nitrate- 
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potassium nitrate and that there is no indication of any minimum at these points on 
the thermogravimetric curves of pyrophosphate in Figs. I and 2. 

Poraj-sium pyrosulphare. Reaction commenced at I6O”C in lithium nitrate- 
potassium nitrate with slow evolution of brown nitrogen dioxide, but became more 
rapid with increasing ter;lperature and was completed at 300°C (Fig. 3, curve A), 

Fig. 3. Thermogravimetric analysis of potassium pyrosuiphate in nitrate eurectics. Curve A, I.49 m 
soWion in LiNOJKNOJ; curve B, I.51 m solution in NaNOojKN03. 

when qualitative tests indicated that all the pyrosulphate had reacted with the 
formation of suiphate. 

s,of- +2NO, -+ 2SO~-+2N0*+fO* (5) 

The totaf weight loss at this point (42.0%) was in excellent agreement with reaction (3) 
(c&c. weight loss for 2N +50 per mole K2St03 : 42.3%). The appearance of more 
than one maximum was very pronounced but the weight losses at the minimum 
varied with pyrosuiphate concentration and did not appear to correspond to distinct 
compounds. It is suggested that if nitrogen dioxide is produced via a nitryl ion 
mechanism I-’ then ion pairs might be formed between nitryl cations and sulphate oz- 
pyrosuiphate anions and that these may have some modest thermal stability. The 
initial small peak could also be attributed tc a nucIeation effect (analogous to the 
“bumping” phenomenum in boiling) but it seems unhkeIy that all three maxima 
could be explained by purely physical e&cts_ Similar but much Iess pronounced 
“multi-maxima” weight loss curves can be seen with certain other Lux-Flood aciq. 
reactions (e.g. Figs, I, 3-5) and may be attributed to similar effects- 

in the nominaUy more basic sodium nitrate-potassium nitrate melt the same 
three maxima were observed but completely separated, and extended over a re- 
markably wide temperature range (Fig. 3, curve B)_ Again the amount of ;reaction at 
each minima was concentration dependent and therefore not attributable to any 
stoicbiometric stage in the reaction, but the position of the maxima was iess variable, 
increasing by only 20°C for a doubling of pyrosulphate concentration. 
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The much slower loss of nitrogen dioxide and oxygen in the latter melt than in 

the lithium nitrate-potassium nitrate meh may be correlated, on a cation size basis, 

with the lower rate of evolution of gaseous products (i.e. k, of eqn I) found by Luthy 

and Duke’ in sodium nitrate-potassium nitrate as the percentage of potassium ions 

wa5 in creased, The very considerable stability of the acidic species indicated here in 

the second and third maxima of curve B in Fig 3 must also be reflected in the value 

of the equilibrium constant reported for 

SzO;- +NO, s 2SO:- +-NO; (6) 

where K was found to increase with the percentage of potassium ions. 

Vamdim( V) compounds. Sodium metavanadate commenced reacting in the 
lithium nitrate-potassium nitrate eutectic at 410°C and reached a maximum rate of 

evoiution of brown nitrogen dioxide and oxygen at 480 “C. The weight loss (of curve A 

of Fig. 4) after correcting for meh decomposition correIated well with the equation: 

VO,f2NO, -+ VO:-;2N02+~02 (7) . 

It should be noted that there is no indication of any pronounced stability of pyro- 

vanadate (the weight loss corresponding to complete conversion to pyrovanadate 

being indicated by arrow a)_ 

Fig f. Thermogssimetric analysis of vanadium compounds in lithium nitrate-potassium nitrate 
eutectic Curve A. I.52 m NaVO,; curve B, 0.74 m VIOs _ 

Vanadium pentoxide reacted in the same meIt at 280°C (curve B of Fig. 4) and 

a-tin the weight loss correIated with the formation of orthovanadate (talc. weight 

Ioss for 6 N t I5 0 per mole V,Os _ - 178%). From the similarity in reaction temper- 

atures it appeared that the reacting species at the second maximum was also 
metavanadate, again there was no indication of any stable pyrovanadate (arrow b)_ 

As would be expected from the temperature overlaps of curves A and B, the meta- 

vanadate initially formed had already begun reacting before the minimum rate at 
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450°C was reached, the weight loss corresponding to complete formation of 
metavanadate being indicated by arrow c. 

In the sodium nitrate-potassium nirrate eutectic rather similar effects were 
observed (Fig, 5) though as with other Lux-Flood acids the two phases of reaction 

Fig. 5. ThermograM’metric analysis of vanadium compounds in sodium nitrate-potassium nitrate 
eutectic. Curve A, 0.74 m VzOs; curve B, I.47 m NaV03. 

were more clearly separated_ As a consequence the weight loss after the first phase of 
reaction of vanadium pentoxide (cu=rve A) corresponded dosdy to that expected, i.e. 

V205 + 2N0, + 2VO; + 2N02 -I- 40, (8) 

(caIc_ for loss of 2N +50 per mole V,O, : 59.3%: indicated by arrow a on curve A of 
Fig. 5). Because of the large number of condensed forms known for vanadates, it is 
possible to correiate the subsidiary minima of the first phase with particular 
stoichiometries, for example the weight loss calculated for the formation of VdO:; is 
indicated by arrow b. But the first maximum may also be attributed to nitryl ion pairs 
or nucleation effects as discussed earlier. 

The overall weight Ioss of curve A (Fig. 5) at 680°C corresponded to the 
formation of &thovanadate as did the reaction of sodium metavanadate (talc. for 
foss of 2N +50 per mofe NaVOS : 83.5%, indicated by arrow c in curve B of Fig. 5). 
In neither case did pyrovanadate appear to be particuIarly stable, though this species 
has been reptrped to be stable in potassium nitrate at the much lower temperature of 
350°C (ref, !3&* A more obvious difference is in the reported reaction of vanadium 
pentoxide unde; those conditions to form variable amounts of pyrovanadate and a 
nitrate complex PO,-O-NO,], though this stoichiometry was derived from poten- 
tiometric titration data only’*_ 

C~~~~~~~~ ~5mpounds. The temperatures of reaction of ~~o~urn~~ 
oxide, potassium trichromate and potassium dichromate in sodium nitrate-potassium 
nitrate (Fig. 6) were closely similar to those previously reported for the same com- 
pounds in the lithium nitrate-potassium nitrate eutectic’ X and confirmed in this work- 
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Fig 6_ Thcrmogravimctri~ analysis of chromium compounds in sodium nitrate-potassium nitrate 
cutatic Curve A, 3.01 m CrOIi; curve B. 0.99 m KiCr , 0 lo; curve C, 1.53 m K2Crz07. 

The weight losses in sodium nitrate-potassium nitrate indicated complete conversion 
to chromate at 62O”C, and were for CrO, 105% (cak. for 2N+50 per mole 00,: 
108%) for K2Cr301,, 59% (cdc. for 4 N +- IO 0 per mole K,Cr,Oi 0 : 55%) and for 

KtCrzO, 38% (cak. for ZNt50 per moIe K1Cr20t: 37%). The first Iwo reactants 
had weight Iosses corresponding to the formation of dichromate at 420°C, i.e. for 

CrO, 54% (cak. for N +sO per moIe CrO,: 54%) and for K,CrBOlo 15% (cak. for 
NtU) per mole K,Cr,O, 0: 14%) The above reactions can be expressed by the 
following equations, or by the combination of two or more. 

3CrO,+2NO, + Cr,Ot; i2N0,+f01 

2Cr,O:, +2NO, -, 3Cr,Of-+2NO,++O, 

Cr,O$- l t-2N0, + 2CrO:-+2N0,++Ot 

Chromium(Vl) oxide showed a weight loss corresponding to the formation of 
trichromate (cak. for SN +$O per mole CrOx : 35%) indicated by arrow a, but it was 
evident that at this temperature, &chromate itself had begun to react and thus the 
reactions of the two species could not be c!earIy separate& SimiIarIy the first minimum 
indicated by arrow b conId be correlated with the formation of tetracbromate (cak. 
for fN +$o per mole Cr03: 27%) but the initial maximum couId equa.Uy be attributed 
to nucleation or ion pair formation as with other Lux-FIood acids. These results 
correIated reasonably with earlier potentiometric studies in pure potassium nitrate 
where a 0.3 m 00, solution was reported to be completely converted to ciichromate 
after 30 min at 350°C no discontinuities corresponding to tetra- or trichromate being 
0bSXVed’2. 

Muly~YI) oxide. This compound reacted with three clearly defined 
maxima in both melts (Fig. 7) the weight loss at the first minimum correlating with 
the formation of trixnolybdate (analogous to trichromate eqn 9). a weight loss of 25% 
being found in the Iithium nitrate-potassium nitrate melt at 395°C and in the sodium 
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Fig. 7. Thcrmogravimttric analysis of molybdenum trioxide in nitrate eutectics. Curve A. 1.53 m 
solution in t~?irOdiCNO,; cum B, I.54 m solution in NaNOa/KNOs . 

nitrate-potassium nitrate melt at 405°C (talc. for loss of $N+$O per mole Moos: 
25%). The overall loss, 75% at 58O*C and at GET, respectively, indicated the 
formation of orthomoiybdate after the third maximum (talc. for loss of 2N+50 per 
mole MOO,: 7X!), analogous to eqn (11). At the sc-cond minimum, however, it was 
apparent that the observed weight toss was higher than that calculated for the for- 
mation of dimolybdate (analogous to the formation of dichromate, eqn {lo). 
Calculated for Ioss of N-l-30 per mole MOO, : 50% ; indicated by arrows a and b on 
Fig- 7) which would su,ggast that the dimolybdate formed reacted further before all the 
trimolybdate had reacted. 

These observations correlated with the potentiometric titration results of 
El Din and El Hosary” who reported that trimolybdate was formed by molybdenum- 
(‘Vl) oxide in potassium nitrate, rather better than with the report of Schlegel’ 3 that 
dimolybdate was formed in sodium nitrate-potassium nitrate eutectic at 330°C. 

The slightly tower temperature of reaction found with tie lithium nitrate- 
potassium nitrate euteetic indicated the effectively higher Ltrx-Rood basicity of this 
melt as has ‘been illustrated earlier in Figs. l-5. 

Tzzz@~?z( VI) oxide The thermograms oft his oxide (Fig. 8) were again basically 
sin&u for both nitrate eutectics. However, this oxide displayed a considerably lower 
Lux-Flood acidity and thus required a higher temperature for reaztious analogous to 
eqns 9-I I _ Weight Issm corresponding to the complete formation of orthotungstate 
occurred after the principal maximum, and were 54% in lithium nitrate-potassium 
nitrate at 600°C and 53% in sodium r&-ate-pota&ium nitrate at 650°C (ealc- for loss 
of 2N + 50 per mole WO, : 57%). The intermediate and rather small mi&mum could 
be connected with the formation of ditungstate (cc&z. for loss of N-i-3 per mole 
W03: 28%) indicated by arrows a and b in Fig. 8 at 510 and 545°C in the two 
eutectics. The alternative hypotheses of nucleation and ion pair formation are perhaps 
now less likely at these high temperatures of reaction. 

The low reactivity of tungsten(Vi) oxide shown here is parahel by its lack of 
reaction in potassium nitrate at 350°C (ref. X2), where it was titrated with sodium 
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Fig_ S. Thcrmogrximctric analysis of tungxcn trioxidc in nitrate cutcctia. Curve A, 1.48 m solution 
in LiiO,,rKNOJ; curve F. I-49 m solution in NaN03,KN03. 

pero_xide with no discontinuity corresponding to ditungstate. However, the dimeric 
anion was found to be more stable in the presence of sodium cations, as it was 
indicated in phase diagrams of Na2W04-W03 but not in those of K,WO,-WOB 
(ref_ 14). Tungstate has also been found to have a greater tendency to dimerise in 
sodium nitrate-potassium nitrate than molybdate, though the ~~briurn constant 
(I.8 x IO- ’ at 37O’C)’ 5 was still very small. 

A Lux-Flood aciiiirJ- series in ma&n nirrares. Since the temperature of maximum 
rate of evolution of nitrogen dioxide/oxygen varied over a very wide temperature 
range with the various Lux-Floods acids considered above, the possibility arises of 
using this feature as a means of arranging the acids in a series of increasing strength 
Such a sequence can be justified on the basis of either current hypothesis on the nature 
of the acid species in molten nitrates. On the nitty1 ion hypothesis of Duke and 
coworkerss-3 increasing acid strength resuhs in an increased concentration of nit@ 
ion and/or of its ion pair with nitrate anions, and thus ultimately an increased rate of 
evolution of nitrqen dioxide and oxygen, while the hypothesis of Top01 et aL4 that 
nitrogen dioxide is the acidic species, indicates directly that as the acid strength of the 
solute increases so should the rate of evolution of the ,rraseous products. 

The temperature at which the rate reaches a maximum is therefore taken to be 
an inverse function of the acid strength of the solute. The solute concentration will, 
of course, effa %is temperature to some extent, but the concentrations recorded in 
Figs_ l-8 were chosen so as to be comparable and where the concentration has been 
varied by a fatiar of tw> the effect on the temperature of the maximum has not been 
‘age and generaliy very much smaller than the variation between one acid and 
another.. Solubihty of the product gases would of course delay the attainment of the 
maximum rate, but since such sofubihties are small it is not envisaged that this effect 
will do other than slightly compress the temperature scale of reactivity. 

The thermogravimetric maximum chosen for the correlation with acid strength 
is the one at the Iowest temperature, since later maxima have been correlated with 



197 

reaction of new acidic species in the case of poIybasic soiutes and also possibly with 
ion pair formation. The nucleation effect mentioned earlier while possibly effecting the 
temperature of maximum loss, is not thought Iikely to vary the relative positions of 
maxima from different solutes. The acidity series derived from Figs. I-8 are 

K&O, E G-0, > K2Cr301 o > NaPO, B MOO, z V,Os > K4P20, > 

WO, > NaVO, > K,Cr20, in the lithium nitrate-potassium nitrate eutectic 

and 

00, > K2S2G, > K2Cr30X0 > MOO, x VzO, > NaP03 > W03 > 

K&r207 > NaVO, > K,P,O, for the sodium nitrate-potassium nitrate 
eutectic. 

These series correlated with what little quantitative information is presentiy 
available for these melts (i.e. that the acid dissociation constant of pyrosuiphate is 
very considerabiy larger than that for dichromate in sodium nitrate-potassium 
nitrate’-3) and correlates reasonably with the series derived from the measurements 
of EI Din and co-workers_ The results are scattered in a number ofpubfications but 
all were conducted in potassium nitrate at 350X, and indicate the sequence 

CrO, (ref. 12), Moos (ref- 12), V205 (refs. 10, 16)) > Mo,O:,’ (ref. 12) z=- 

VO, (refs. 9, 16) > PO, (refs. 9, 17-19) > W03 (ref. 12) > 

Cr,O:- (ref. 18) > V,Of- (refs. 9,17, 19) > PzO;- (refs. 9, 17-19) 

which has been derived partly from the calculation of equilibrium constants”-‘7~‘9, 
partly from the relative potentials of lo- ’ M solutions (though expressed in the form 
of “acidity numbers” by the use of some extremely dubious hypotheses*‘*r8) and 
partly from observations of immediate reaction’O*s ‘-I 6. 

As might be expected this “El Din series” is most closely similar to that for 
sodium nitrate-potassium nitrate found here. In fact the only difference from the 
fatter series is the difference in the position of metavanadate, which El Din finds more 
reactive than it was in either eutectic used here. This difi”erence most probably derives 
from the use of rather different polymeric forms of metavanadate or from the 
difficuhies of the experimental techniques, rather than from a real difference between 
potassium nitrate and the two outectic melts both of which contain a large proportion 
of potassium ions. 

The di&erence7in reaction temperatures in the lithium nitrate-potassium nitrate 
and sodium nitrate-potassium nitrate meits is in accord with the genera& greater 
reactivity of melts containing lithium ions, though this increased reactivity has been 
more commo~y observed in oxidation -reduction reactions. This point should thus be 
borne in mind when considering the more acidic nature usually attributed to melts 
containing lithium, the small cation being considered to be partially present as the 
basic LiO- ion2’. Evidently the greater reactivity over-rides the less basic character 
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of the iithiurn nitrate-potassium &r&z eutectic, tit least at temperatures appreciably 
above the meking point- 

The thermo_~vimetric curves for five soIutes in lithium nit.nte-potassium 
r&rate eutectic are shown in Fig. 9 and in sodium nitrate-potassium nitrate eutcctic 
in I?& 10. 

Fig 9_ Thr?nnogrhm~~ric dysi~ of bases in Iithium ni~te-potassium nitrate eutrxtic. Curve A 
232 m LiOH- E&O; CURZ B, 2.0-S m KOH; cutye C, I-10 m P*ia$&; curve D, 2.05 m MaOH; curve E, 
I .OCJ m NaSO, _ 

Fig. 10. Tktmogra~~etric zmalysis of bases in sodktrn nitrate-potassium n&ate cuttctic. Curve A, 
206 m LiOH- HzO: curve B, 205 m KOH; cuwe C, 1.19 m NazOz; curve D, 203 m NaOH; curve E, 
1.03 m NalCOJ _ 
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Sodium carbonare. This compound was little decomposed in either melt, most 
of the recorded weight loss being due to decomposition of the melt it&f. (Compare 
curve E of Figs. 9 and IO with curve C of Figs. 1 and 2.) This behaviour is in accord 
with the known stability of carbonates dissolved in nitrate melts when acids are not 
added. A rapid and complete reaction occurs when Lux-Flood acids are present2’-24, 
The carbonate dissociation constant in sodium nitrate-potassium nitrate determined 
by Kust=’ at 250 and 303”C, when extrapolated to -SOT indicates a value of 
10W4 atm. 

Sodium peroxide_ By contrast this solute displayed a different behaviour in the 
two melts. In sodium nitrate-potassium nitrate it dissolved to a yellow solution 
(solubiity -0.1 m at 260°C) and only commenced to decompose slowly at 390 “C. 
The weight loss at 500°C was 1.7% (talc_ for loss of 10 per mole Na,O,: 20.5%). 
However, in lithium nitrate-potassium nitrate, sodium peroxide was less soluble and 
the solid particles, initially yellow, rapidly changed to white at 260°C. The decom- 
position became more brisk above 300°C but the evolution of oxygen ceased at 
35O”C_ Curve C of Fig. 9 indicated an overall loss of 10.7% (chic. for loss of IO per 
moIe Na20z: 20.5%). Lt was concluded that sodium monoxide was rapidly formed on 
the surface of the peroxide where it was in contact with the melt and that this surface 
layer eventually became thick enough to protect the peroxide at the centre of the 
particles from further decomposition_ 

The trend for peroxide to display greater stability in melts with larger cations 
may be an explanation of the discrepancy noted by El Din between his experimental 
“acidity number” of i4.65 for a 5 x lCS3 m sodium peroxide solution in potassium 
nitrate at 350°C and his theoretical value of +I12 (refs. 17, 18). However, if a 
Lux-Flood acid was added to melts containing peroxide, oxygen was rapidly evolved. 
Sodium peroxide has been found to act as a very satisfactory base in numerous 
poten~ome~c~t~~ons7.9.‘0.‘~.‘6.1~.22.26_ 

Lithium hydro_xide. The monohydrate was only slightiy soluble in either melt at 
260°C but evolved water vigorousIy_ Thermogravimetric analysis (curve A of Figs. 9 
and 10) indicated that the weight losses became equivaIent to the loss of hydrate water 
at 5CWC. Thus water was retained quite strongly and the hydroxide ion itself 
appeared stable to at least 500°C. The low solubihty in nitrate melts parallels that in 
water and of lithium monoxide in both nitrate melt and watert7_ 

Sodium hydroxide. As in aqueous solution, sodium hydroxide proved more 
soluble than Whium hydroxide in both nitrate melts, particularly in the sodium 
nitrate-potassium nitrate eutectic, and again showed considerable stability towards 
the dehydration reaction, 

2NaOH + Na,O +;rI,O (12) 

The total weight loss to 500°C was only 1.4% in lithium nitrate-potassium 
nitrate and 0.8% in sodium nitrate-potassium nitrate (talc. weight loss for 3H,O 
per mole NaOH: 22_5%)_ In contrast compIete dehydration of pure sodium hydroxide 
is reported to occur at 480” (ref. 28). This stabilisation observed in nitrate melts is no 
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doubt connected with the compound formation observed in sodium and potassium 
hydroxide@itrate phase dia_grams2g but could be reversed, reaction (12) proceeding 

to compIetion if the melt solutions were evacuated for several hours. 
Poza~~izm hydroxide_ The trends observed with the other two aIkti metal 

hydroxides were continued in that potassium hydroxide was very soluble in both 
nitrate melts at 26&C, and aIso evolved water VigorousIy. Thermogravimetric 

analysis showed the weight Ioss to begin at I 1O’C in the Iithium nitrate-potassium 
nitrate melt, reaching 13.6% at 5OO”C, whiIe in the sodium nitrate-potassium nitrate 

eutectic decomposition began at 130°C the evoIution of water ceasing at 240°C when 
the total weight Ioss was 13.5%. These weight losses were close to the theoreticaI 

(caIc_ weight loss of fHzO per mole KOH: 16-O%), once allowance had been made 
for the lower purity of the solute (-850/6)_ The slower Ioss from the former meIt is 
a-tin to be attributed to a strong water-lithium ion interaction. 

The complete dehydration of po*&ssium hydroxide is in accord with the obser- 

vation of Ei Din et a1.30, that potassium hvdroxide dissolved in potassium nitrate _ 
which had been heated for 6 h at 35O’C eve a completely dry solid on quenchins. 

It may be noted that at 231 ‘C, the melting point reported for the 2:l compound in the 

potassium hydroxide-potassium nitrate phase dia_gram2’. potassium hydroxide was 

found to be incompfetciy decomposed in either melt, but the loss of water from 

potassium hydroxide in sodium nitrate-potassium nitrate had ceased before 26O’C, 

the melting point of the 2-l and I:1 compounds found in the sodium hydroxide- 
sodium nitrate phase dia_m. However, the loss of water from sodium hydroxide 
soIut.ions at this latter temperature was still very small. 

These observations of the differences between the behaviour of the aikali metal 

hydroxides as solutes in nitrate meIts point to the conclusion that there can be very 
little exchange of cations by the hydroxide ion and thus that the bonding involved is 
predominantly covalent. It is evident that, in future, more attention must be given to 

the cations of hydroxide solutes, a point which may explain apparently conflicting 

findings_ 
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