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The optical constants n and K ( n - iK being the complex index of refraction ) of crystalline 
and amorphous aluminum have been measured in the infrared region. It was found that with 
the destruction of the periodic structure the number of conduction electrons, as determined 
optically, varies from one electron per atom to three electrons per atom. 

1. The structure of a crystal lattice has a consid
erable influence upon the optical properties of a 
metal. This has been shown by measurements of 
the optical properties of a number of multivalent 
metals in the crystalline and liquid states (see, 
for example, [t-aJ). In this study we set out to in
vestigate the optical constants of crystalline and 
amorphous aluminum. In both cases the investi
gated layers were prepared by evaporation of 
99.99% pure aluminum in vacuo from a tungsten 
wire onto a glass substrate. When sufficiently 
thick layers were deposited rapidly and then an
nealed in vacuum to a temperature of 300°C over 
a period of several hours, we obtained polycrystal
line samples with a density p = 2.7 g/cm3, corre
sponding to the density of the solid metal. In order 
to study the optical properties of these samples, 
we reflected light from the outer aluminum-air in
terface. By slowly depositing thin layers on glass 
having an amorphous structure, we obtained sam
ples with a mean density of 2.2 g/cm3, somewhat 
less than the density of the liquid metal, 2.4 g/cm3• 

To measure the optical constants of these samples, 
we reflected light from the inner glass -aluminum 
interface. 

We have measured n and K (n- iK being the 
complex index of refraction ) in the infrared region 
of the spectrum. The measurements were accom
plished by a polarization technique, using four
fold reflection of light from the studied surface. 
(For a description of this technique see [4]). 

The optical constants of polycrystalline samples 
of aluminum were also investigated in [5]. How
ever, unlike the present study, the layers examined 
were not annealed. The effect of annealing upon the 
optical properties of various metals was studied 
in [G, 7]. In the case of metals with a high melting 
temperature, the annealing process has a signifi
cant effect upon the optical constants. For AI the 
effect of annealing upon the optical constants is 
noticeable, though not too great. 

Table I. Optical constants of annealed poly
crystalline aluminum layers 

>.., Jl n " I Ncryst. 10_22 I v~ryst. 1o-14 
opt ' eff ' 

cm'"'3 sec'"'1 

1.00 0.98 7.65 6.86 4. 71 
1.50 1.14 11.6 6.87 2.29 
2.00 1.67 15.2 6.69 1.90 
2:5o 2,50 18.8 6.67 1.85 
3.00 3.48 22.6 6:82 1. 79 
4.00 5.58 29.4 6.75 1.67 
5.00 7.84 35.7 6.62 1.56 
6.00 10.4 41.3 6.46 1.52 
8.00 16.2 52.2 6.44 1.47 

10.0 25.5 60.9 7.17 1.81 

Table II. Optical constants of amorphous 
aluminum layers 

>..,Jl 
I N am or 1 o-» I am or . 1 o-14 

n X opt • ' v eff • 
cm-3 sec-1 

0.96 2.0 10.2 14.2 7.9 
1.15 1.8 12.0 13.1 5.0 
1.46 3.1 16.4 15.7 5.0 
1:82 4.9 19.9 16.0 5.4 

The optical properties of aluminum on the inner 
glass -aluminum interface were also studied in [a]. 

However, the measurements in that study were car
ried out in the visible portion of the spectrum. Since 
we are interested in those optical properties which 
are determined by the conduction electrons, it is 
necessary for us to carry out our measurements in 
the infrared region, where the energy of a light 
quantum is less than the threshold energy of the 
internal photoeffect. 

2. The results of our measurements of the opti
cal constants of crystalline and amorphous alumi
num are shown in Tables I and II (A. is the wave
length of the light). This experiment has shown 
that the skin-effect exhibits a slightly anomalous 
character in crystalline aluminum at room temper
ature. Therefore, analysis of the results of these 
measurements was with the formulas obtained in [S] 

[ Eqs. (11)-(14)]. The skin-effect in amorphous 
aluminum is almost normal (the correction terms 
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in Eqs. (11)-(14) of [s] are less than the experi
mental error). Results of the analysis of the ex
perimental data are given in these same tables 
where the concentration of conduction electrons 
obtained by the optical measurements, Nopt. and 
the effective collisions frequency of the electrons 
"eff are given in the last two columns. Both of 
these quantities are related to the complex dielec
tric constant € = (n- iK )2 in the following manner: 

a) in the case of normal skin effect for the in
frared spectral region 

8 ~ _ -4ne2 Napt . 
(J)(ro- iVeff) m ' 

(1) 

b) in the case of weak anomalous skin effect for 
the infrared spectral region 

8 ~ _ 4ne2 Napt (i- y) 
( . ) . 

(I) 'ro - Z'Yeff m 
(2) 

In both cases it is assured that IE I » 1, which 
is well satisfied for aluminum. Here m is the 
mass of the free electron, e the charge of the 
electron, w the angular frequency of the radiation, 
and y a correction term 1> determined from 
Eqs. (9)-(10) of [9J. 

It follows from Table I that annealed layers of 
aluminum have Ng~rst = ( 6. 74 ± 0.1) x 1022 em -a. 
If we take into account the fact that the density of 
these layers Pcryst = 2.70 ± 0.16 g/cma and thus 
the concentration of atoms N&ryst = ( 6. 03 ± 0.36) 
x 1022 em -a, we find that the number of conduction 
electrons per atom is equal to 

cryst 
Nopt /Na = 1.12 + 0.07. 

Not only does this ratio not increase upon anneal
ing, but it even decreases somewhat (see there
sults of [ 5J). It is considerably less than the num
ber of valence electrons per atom, which is equal 
to three. 

From Table II it follows that for amorphous 
aluminum layers N~or = ( 14.8 ± 1.1) x 1022 em -a. 
The density of these layers is Pamor = 2.2 
± 0.2 gm/cma, giving for the concentration of 
atoms the magnitude NF0 r = (4.9 ± 0.45) 
x 1022 em -a. From this the number of conduction 

. amor; amor electrons per atom 1s equal to Nopt Na 
= 3.0 ± 0.5, agreeing with the number of valence 
electrons. 

l)We used the value of the electron velocity on the Fermi 
surface, v = 1.1 x 10" em/sec, in calculating y of Eq. (2). This 
value was obtained from the value of the electron specific heat 
Ce = 1.27 x 10-3 T Qoule/g-mole-deg) cited in ['"], and from the 
value of Napt = 6.74 x 1022 cm-3 deduced in the present work. In 
this case the correction term for N opt is about 3% in the 10 p. 
and about 4% in the 1p. region. The smallness of the correction 
terms attests to the slight anomaly of the skin effect. 

Thus, during the transition from crystalline alu
minum layers to amorphous layers the concentra
tion of conduction electrons changes from approxi
mately one electron per atom to three electrons 
per atom. The effective frequency of electron col
lisions also changes considerably, increasing dur
ing the transition to the amorphous state. The im
portant point is that the mean free path l = vI 11 eff 
for the layers under consideration is equal to 6 
x 10-7 em for crystalline aluminum and 2 x 10-7 em 
for amorphous aluminum, being thus 15 and 5 times 
greater than the interatomic distance. Similar 
variations are observed during the transition from 
the crystalline to the liquid state for tin and lead 
(see [1-3]). In all cases of multivalent metals men
tioned, when the periodic structure is disrupted 
the number of conduction electrons, as determined 
by optical means, agrees with the number of va
lence electrons. When a periodic structure does 
exist, this number decreases to approximately one 
electron per atom. This strong effect of a periodic 
structure upon the optical properties of multivalent 
metals can be explained by the difference in the in
terelectron interaction in the crystalline and 
amorphous states. This topic is discussed further 
in [ 11]. 
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