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Why Gold and Copper Are Colored but Silver Is Not
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It is well known that 80% of chemical elements are
metals. When polished, all metals shine owing to reflection
of photons by external valence electrons dynamically forming
metallic bonds (1). White light reflects on most metals without
color absorption or change to the naked eye; but copper and
gold are yellow because they absorb “blue” and “red” photons
by electron transitions between spectromeric configurations
ns’(n — 1)d'® ., ns?(n — 1)d® of external sublevels (2).

The next question is why silver, with the same external
electronic configuration as copper and gold (group 11, IB),
is not yellow. The answer is simple, considering atomic radii,
ionization potentials and nuclear charge:

Cu Ag Au
Atomic radius/pm 117.3 133.9 133.6
1st ionization energy/eV 7.725 7.576 9.22
2nd ionization energy/eV 20.29 21.48 20.52
Nuclear charge 25 35 59

All values taken from ref 3.

The atomic radius of silver is 16.6 pm larger than that
of copper, allowing a bigger difference between sublevels s
and d, which is sufficient to restrict the transition s*d*® .,
s?d° to a lower probability. This is equally supported by the
first ionization energy: since it is lower in silver, the fact that
one external electron is ejected more easily than in copper
atoms is justified.

With their higher nuclear charge (35 vs 25) silver atoms
also have larger radii (A=16.6 pm), and the distance between
external sublevels—both spatial and energetic—is too large
to freely allow s « d transitions. However, the distance is
not large enough to prevent the transitions completely, and
after several reflections on two parallel silver mirrors, white
light becomes pale yellow (4).

Now we must face an unexpected problem: why is gold
yellow? According to the same line of reasoning, gold would
be colorless if it had bigger atoms. But gold atoms are not
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larger than silver; the radii of silver and gold are practically
identical owing to lanthanide contraction (3, 5). Comparing
ionization energies, the value 9.22 eV for gold is about 20%
higher than 7.576 eV for silver because gold has a larger
nuclear charge (59 vs 35) while its radius is practically the
same. Thus, external s and d sublevels are close enough to
allow the necessary transition. As a result, the probability of
transition between sublevels is similar to that of copper, and
gold is again yellow.

We can now perceive the necessary conditions for a metal
to be yellow, like copper and gold (2):

1. Adequate external electronic configuration s*d® .
s2d° (group 11, IB).

2. Sublevels s and d close enough to allow transition s'd°
« $2d° to occur significantly (Cu, Au).

In contrast, all other metals shine silvery, colorless to the
naked eye because they do not possess the necessary electronic
external configuration and transition probability to appear
colored.

Much work has been undertaken in connection with
relativistic effects on metal properties (6 ); however a final
question remains: are metals (except for Cu and Au) really
colorless? Various tinges are reported, such as yellow for sil-
ver and blue for osmium. How many more will be detected
when a complete survey is made? What number of atomic
layers must be crossed (twice) in metals to produce a definite
color? What about the effect of atomic packing, holes, and
impurities? But this is another story and we would be very
happy if research is aroused and enhanced by our questions.
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