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We present new measurements of infrared reflectivity of CdaAs2 at 15 K. 
One plasmon and eleven phonon characteristics are determined by the 
fitting process that reveals weak dipolar moments in the structure. 

CADMIUM ARSENIDE is a semiconductor which has 
attracted some attention over the years mainly because 
of its unusual transport properties and its inverted band 
structure. However little attention has been paid to its 
phonon properties which in principle might constitute 
quite a challenge in view of the peculiar crystal structure 
of cadmium arsenide. The unit cell of the a phase (which 
exists at room temperature and below) is composed of 
160 atoms and is classified as body centered tetragonal 
(C,'D [11. 

The first infrared and Kramers-Kronig analysis of 
Cd3As2 did not however bring forth a rich phonon 
spectrum. Gelten and Van Es [2] only deduced three 
phonon modes from their data whereas Thielmann 
et al. [3] observed five modes. These data did however 
display plasmon-phonon coupling as expected since 
cadmium arsenide is always a degenerate (n-type) semi- 
conductor. A study of the Raman spectrum [4] only 
revealed nine Raman-active phonons although 118 were 
predicted. One is led to conclude that the polarizability 
tensors are very weak in this material. 

Among the numerous transport results available 
from the literature it has been possible to deduce the 
high frequency and static dielectric constants (e~ and 
Co) of CdaAs2. From the fit of the electron mobility 
at 4.2 K using the inverted band structure model, a lower 
limit of eo = 36 was obtained 15]. An analogous treat- 
ment [6] for 77 and 300 K led to an approximate value 
o fe~  = 12. 

The 240 normal modes of Cd3As2 at the center 
F of the Brillouin zone can be described by the irreducible 
representations of the C4v point group as [4] 

r = 6 4 E +  28(A1 +A2 +B1 +B2). 

According to the group analysis one expects 63E 
and 27A1, modes to be infrared active. These numbers 
are in sharp contrast with the three and five modes 
observed in the infrared reflectivity of references [2] 
and [31. 

In this paper we will present new infrared reflectivity 

results along with the corresponding fitting of the 
phonons and plasmon characteristics. 

We measured the concentration n and the mobility 
of electrons of the Cd3As2 sample used in the infrared 
reflectivity measurements and found respectively 
0.6 x 10 TM e cm -3 and 4.6 m 2 V -x-sec -1. 1~e mtrared 
reflectivity spectra were obtained with a Perkin-Elmer 
model 180 spectrophotometer operated in the double- 
beam mode. The calibration in reflectivity was obtained 
with a front surface aluminum mirror. The measurements 
were made with a globar and an Hg source with a thermo- 
pile and a pyroelectric detector in the frequency range 
4000-50cm -x at 15 K. The incident electric field was 
parallel to the (1 1 2) crystal plane. 

No structure was found in reflectivity for frequencies 
higher than 500 cm -x. In Fig. 1 we present the measured 
reflectivity analyzed by finding the parameters of the 
damped phonon oscillator factorized form plus a 
modified plasmon term that describes large plasmon 
bands [7]. The corresponding dielectric constant e(co) 
becomes: 

M 2 CO2 
e(co) = e= I-I c o j L o "  - i71Loco 
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e(co) gives the theoretical reflectivity that best approxi- 
mates the experimental spectrum by minimizing the chi- 
square function ×2. e~ is the high-frequency dielectric 
constant, COjTO, 3'~TO and COjLO, 3'jLO are the frequency 
and damping of the/- th oscillator for the transverse and 
longitudinal phonon, respectively. 3'o and 79 stand for 
the static and frequency dependent plasmon attenuation 
~p is the plasmon resonance frequency and cop = x/e~. 

2 = 47re2n/m . .  ~p is the plasmon frequency given by cop 
The fitted parameters of the phonons and the plasmon 
are given in Table 1. 

A relatively small number of phonons were sufficient 
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Fig. 1. Cd3As2 reflectance spectrum at 15 K (data points) 
and oscillator-plasmon fit (solid line). 
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to obtain an excellent fit. The electric field being parallel 
to the (1 1 2) plane both the 63E and 27A1 phonons 
should be detectable. This fact along with the small 
LO-TO splittings point to weak dipolar moments in 
the Cd3As2 structure. 

The infrared plasmon characteristics are compatible 
with the d.c. measurements. With a mobility /a = 4.6 
m 2 v - t - see  -1 and an established relative effective mass of 
0.03 [5], the d.c. damping coefficient e/m*t~c is 42 cm -1. 
e, m*, c are respectively the electronic charge, the 
effective mass and the speed of light. The corresponding 
infrared damping as mentioned in Table 1 is 7p = 
62.7cm -1. The plasmon frequency, ~op=419cm -~ 
corresponds to a carrier concentration n = 1.33 × 10 ~s 
e-cm -3 which is of  the same order as the electrically 
measured concentration. 

In conclusion the fitting procedure of  the infrared 
reflectivity of Cd3As2 is ofhigh quality and characterizes 
satisfactorily the infrared phonons and the plasmon of 
the material. Also Cd3As2 develops weak dipolar 

Table 1. Oscillator and plasmon parameters to f i t  the 
infrared reflectivity spectrum of  CdaAs2 at 15K. 
Frequencies and damping constants are all in cm -1 

( - O T O i  (-'-) L O  i " ) ' T O /  7 L O i  

121.8 126.6 11.9 0.0 
151.1 158.1 7.6 11.1 
163.4 170.9 10.4 14.8 
175.9 172.5 24.6 6.4 
176.2 197.6 9.5 26.7 
215.4 218.5 10.7 10.1 
230.1 232.0 8.9 11.5 
275.4 276.1 9.9 10.9 
309.2 310.8 24.5 25.6 
333.2 327.1 46.3 50.7 
393.9 394.0 19.5 20.1 

e~ = 16.54 

~p = 419.3 70 = 65.7 7p = 62.7 

(X 2 = 0.27 × 10 -4) 

moments along with the already observed weak polar- 
izabilities [4]. 
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