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SOLUTIONS of a metal in another liquid metal (e .g . ,  
the alkali metal amalgams) are important reagents 
in chemistry; their reactivity is expected to be 
controlled by the distribution of electrons in the 
conduction band of the mixture, but, as little is 
known about the conduction bands for metal 
solutions, reactions and products have to be 
determined at  present by empirical trials. 

From our present results it would appear that a 
direct correlation exists between the liquidus curve 
for a binary metal solution, and the chemical 
reactivity of the liquid mixture, even in cases 
where the electropositive nature of the two metals 
is not greatly different, and that large and sudden 
changes in reactivity on varying the composition 
can be anticipated by reference to the appropriate 
phase diagram. Much experimental work will be 
necessary to establish this as a principle, so that 
we now report some preliminary work which may 
suggest a general pattern. 

Xitrogen is absorbed by a solution of barium in 
liquid sodium but not by sodium alone. A product 
Ba,N (which does not contain free barium metal) 
is precipitated, and this continues until pure 
liquid sodium remains. The variation in x with 
barium concentration is shown in the Figure which 
also gives the liquidus curve for the sodium- 
barium mixture. The product changes sharply in 
composition, from Ba,N to Ba,Nat about 8 atom 
"/o of barium which corresponds with a change in 
the solid which crystallises. There is another 
change in composition from Ba,N to Ba,N, at a 
higher concentration. 

Similar observations have been made in the 
reactions of nitrogen with solutions of lithium in 
sodium. In this case the products Li,N are not 
stoicheiometric; x varies between 3-0 and 3.9, but 
its variations with lithium concentration again 
correlate with the lithium-sodium phase diagram - 
Over a certain concentration range, lithium 
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dissolved in mercury does not react with nitrogen, 
and this range can be defined by reference to the 
phase diagram. The tetraethyl-lead process 

EtCl + Na-Pb -+ NaCl + Et,Pb 

provides a typical reaction to which the suggested 
correlation might be applied ; apparently conflicting 
observations have been reportedlJ which niight 
well have arisen from an assumption that small 
changes in sodium concentration are irrelevant. 

Atom % Ba in Na 

FIGURE. The reactivity of solutiom of baviziin i i t  liquid 
sodiutn with nityogeit at 300” (A) mid the sodiunt-barizm 
liqiiidzis curve (B). 

The important step in the reaction of a non- 
metal such as nitrogen with a liquid metal is its 
dissociation into ions by transfer of electrons from 
the conduction band of the metal. The stoicheio- 
metry of the product depends on the proportion of 
electrons possessing appropriate energy, which in 
turn depends on the composition of the alloy and 
the width and profile of the band. The concept of 
short-range structure in liquid alloys is well 
supported by density, viscosity, and other proper- 
ties (e.g., for Na-Ba,3 Na-Hg,4 and K-Hg4) and a 
change in liquid structure might well occur a t  
compositions at  which the solid structure also 
changes. A change in the distribution of atoms in 
space niodifies the energy profile of the conduction 
band, and thus the number of electrons available 
for chemical reaction. The correlation of react- 
ivity with the liquidus curve is therefore acceptable 
theoretically in terms of the short-range structure 
believed to exist in liquid metals.5 

The change in electrical conductivity of liquid 
metal mixtures with composition, which is also a 
function of the electron population of the con- 
duction band, again reflects major changes in the 
liquidus curve even though the temperature of the 
liquid may be far above the freezing point.6 There 
is therefore a good correlation between chemical 
reactivity and conductivity also, though for 
practical purposes the liquidus curves are usually 
more readily available. 
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