791.

Problem 53.5 (RHK)

The density and molar mass of sodium are
971kgm™® and 23.0 g mol*, respectively. We have to

find (a) the fraction of the volume of the metallic sodium
available to its conduction electrons. (b) We have to
carry out the same calculation for copper. Its density,
molar mass, and ionic radius are, respectively,
8960 kg m®, 63.5,gmol™, and 96 pm. (c) We have to

answer in which of these two metals conduction electrons

behave more like a free electron gas.

Solution:

()

From the density and molar mass of sodium we calculate
the number density of sodium atoms per unit volume. It

IS given by the equation



~ Nabtna

nNa -

I\/INa

~ 6.02x10” mol™ x971 kg m*
23.0x10° kg mol™

=2.54x10%®m?>.

As each atom of sodium contributes one conduction

electron, n,, is also the number density of conduction
electrons per cubic meter in the sodium metal.
It is given that the radius of a Na™ ion is 98 pm. The

total volume occupiedsbysNagions in a meter cube of

metallic sodium will therefore be

Vi = 4?7[ X Ny, X (rNa+ )3

= 4?7[ x 2.54 x10%® x (98><1O_12 )3 m®

=0.1m?.
Therefore, in 1 cubic mete of metallic sodium the volume

available for conduction electrons will be

(1-0.1)m® =0.9 m®, which is 0.9 times the total volume.

(b)

We do a similar calculation for copper.



~ Nape,

If"Cu -

I\/ICu

~ 6.02x10” mol™ x8960 kg m*
63.5x10° kg mol™

=8.49x10%m?,

As each atom of copper contributes one conduction

electron, n., is also the number density of conduction
electrons per cubic meter in the copper metal.

It is given that the radius of a Cu™ ion is 96 pm. The total
volume occupied hysCusionssinasmeter cube of metallic

copper will therefore be

VCu+ = %x Ne, X (rCu+ )3

:%’xsmxlo% <(96%107)" m?

=0.31m°.
Therefore, the fraction of the volume of metallic copper
available to its conduction electrons is (1-0.31)=0.69.
(c)
From these results we conclude that in metallic sodium
conduction electrons will behave more like a free
electron gas than the conduction electrons of metallic

copper.






