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Thermal Conductivity and Electrical Resistivity of 
Cadmium Arsenide (Cd3As2) in the 
Temperature Range 4.2-40 K 1 

K. Bartkowski ,  2 J. Rafalowicz,  2 and W. Zdanowicz  3 

Results on electrical resistivity and thermal conductivity measured in the 
temperature range 4.2-40 K are presented for single-crystal and polycrystalline 
samples of Cd3As 2. Hall effect has been studied at temperatures of 4.2, 77, and 
300 K. The calculated value of the conduction electron concentration was in the 
range 1.87-1.95 1024 m -3. Electrical resistivity of all investigated samples was 
independent of temperature up to about 10K and increased slowsly at higher 
temperatures. The thermal conductivity shows a maximum in the region in 
which the lattice component of thermal conductivity dominates. The strong 
anisotropy of the lattice component determines the anisotropy of the total ther- 
mal conductivity. The electronic component of thermal conductivity does not 
exhibit any anisotropy and shows a maximum at a temperature of about 300 K. 

KEY WORDS: cadmium arsenide; electrical resistivity; Hall effect; low 
temperatures; thermal conductivity. 

1. I N T R O D U C T I O N  

A p e r m a n e n t  a n d  very  d y n a m i c  d e v e l o p m e n t  of  s e m i c o n d u c t o r  e lec t ronics  
impl ies  tha t  m o r e  a t t e n t i o n  shou ld  be  pa id  to these s e m i c o n d u c t i n g  com-  
p o u n d s .  

C o m p o u n d s  of  g r o u p  A n B  v b e l o n g  to those  b i n a r y  s e m i c o n d u c t o r s  

whose  t h e r m a l  a n d  t r a n s p o r t  p rope r t i e s  have  been  least  s tudied.  O n e  of the 

in t e res t ing  represen ta t ives  of  this g r o u p  is c a d m i u m  arsenide ,  Cd3As2 . 
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As stated earlier [1], three polymorphic phase transitions take place 
for the solid Cd3As 2 at temperatures of 595, 465, and 250~ In the high- 
temperature fl phase, Cd 3 As2 has a cubic structure. In the low-temperature 
phases, it crystallizes in a tetragonal system. In all phases, Cd3As is a 
heavily degenerated n-type semiconductor with carrier concentrations of 
the order 1 0  24 m - 3  [2]. 

Temperature dependencies of thermal conductivity of Cd 3 As2 were 
presented in the literature [3-6]. In one of the papers [6] the 
investigations were carried out on single-crystal samples, while in the other 
papers [3-5] the samples were of polycrystalline structure. Separation of 
the lattice and electronic thermal conductivity components was also perfor- 
med [3, 5, 6]. It was stated that at low temperatures (below 20 K) the lat- 
tice thermal conductivity component prevails. With increasing temperature, 
the contribution of the electronic component becomes more pronounced. 
Electrical resistivity data for single-crystal samples of Cd3As 2 were presen- 
ted in the literature [7-9]. In one of the papers [7] an anisotropy of elec- 
trical resistivity at temperatures of 4.2, 77, and 300 K observed. In contrast, 
in another paper [9] the anisotropy was not observed. In the present 
paper, the results of thermal conductivity and electrical resistivity 
measurements for three single-crystal samples (with different 
crystallographic directions) and one polycrystalline sample are presented. 
All sample were in the ~ phase. 

2. EXPERIMENTAL RESULTS 

2.1. Samples and Method of Measurement 

Two large Cd3As 2 single crystals were prepared by the sublimation 
method and one large single crystal was obtained by the Pipper-Polich 
method. From these single crystals samples with dimensions of 1 x 1.5 x 
10-12 mm 3 were cut. The samples were oriented in directions as follows: II, 
111; III, 110; and IV, with 10 ~ deflection from the 110 direction. Sample I 
was polycrystalline. For all samples, the Hall effect at temperatures of 4.2, 
77, and 300 K was investigated. The value of the Hall constant did not 
change at these temperatures in any of the measured samples. Obtained 
values of the Hall constant, RI~, electron concentration, n, residual 
resistivity, P0, and mobility, /~, at a temperature of 4.2 K are presented in 
Table I. 

Thermal conductivity was measured by a steady-state axial heat flow 
method. The temperature drop along the sample was measured with Cryo- 
Cal germanium thermometers. 

The electrical resistivity was mesured by a potentiometric method. The 
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Table I. Electrical Parameters of Cd3As2 Samples at 4.2 K 

Sample RH 10 24 n 106 P4.2 10 4 ~4.2 
(m -3 ) (f2 �9 m) (A . s2 .kg  -1 ) 

I (polycrystalline) 3.20 1.95 1.53 2.1 

II (111) 3.33 1.87 0.44 7.6 

III (110) 3.24 1.93 0.41 7.8 

IV (10 ~ deflection 
from 116) 3.31 1.89 0.47 7.0 

temperature variation of the sample during the measurements was less then 
1 mK. 

The total error of the measurement in both thermal conductivity and 
electrical resistivity was estimated not to exceed 7%. This large error of 
measurement resulted from the systematic error of detection of the distance 
between electrodes during electrical resistivity measurement. 

2.2. Electrical Resistivity 

The temperature dependence of electrical resistivity of Cd3As2 is 
shown in Fig. 1. All Cd3As2 samples measured in the low-temperature 
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Fig. 1. The temperature dependence of the electrical resistivity, p(T), for single-crystal 
and polycrystalline Cd3As 2. I--polycrystalline sample; II, III, and IV--single-crystal 
samples. 
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range (from 4.2 to 10 K) are characterized by a constant value of electrical 
resistivity. This constancy of the electrical resistivity in this temperature 
range is probably caused by scattering of conduction electrons, physical 
defects, and chemical impurity ions [9, 10]. At higher temperatures 
(1040 K), the electrical resistivity of the investigated samples increases 
slowly. In this temperature range, electrical resistivity is probably limited 
by scattering of conduction electrons by optical vibrations of the crystal 
lattice [1], which is no longer independent of temperature. 

As one could expect, the electrical resistivity of polycrystalline sample 
I was much higher then the values measured for single crystals. No 
systematic dependence of electrical resistivity on crystallographic directions 
was observed. 

The resistivity for sample II (111) is located between the p(T) curve 
for sample III and that for sample IV (Fig. 1). This fact is quite striking if 
one remembers that samples III and IV were those were similarly oriented. 

2.3. Thermal Conductivity 

The dependence of thermal conductivity on temperature for Cd3As2 in 
the temperature range 4.2M0 K is shown in Fig. 2. All of the plots show 
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Fig. 2. The temperature dependence of the thermal conductivity coefficient, Z(T), for 
single-crystal and polycrystalline Cd~As2. I--polycrystalline sample; II, [I[, and 
IV--single-crystal samples. 
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well-defectd maxima. The highest value of thermal conductivity in the 
region of maximum is shown by sample II, with crystallographic direction 
111, Samples III and IV, with similar orientations, show nearly identical 
2(T) dependences, the value of 2 for the latter being slightly higher. The 
lowest values of 2 in the entire temperature range are exhibited by the 
strongly defected polycrystalline sample I. As can be seen in Fig. 2, the tem- 
perature at which the maximum of the 2(T) curve appears, /'max, depends 
on the value of 2ma x; that is, the higher the value of 2 . . . .  the lower the 
temperature /max. The dependence of Tmax on 2ma x is analogous to that of 
metal and dielectric polycrystalline samples and contrary to that of 
anisotropic single-crystal metals. 

The comparison of '~max values with Po for single-crystal Cd3As2 sam- 
ples does not lead to any straightforward functional relation of these quan- 
tities. 

The total thermal conductivity coefficient for semiconducting com- 
pounds may be written as follows: 

A t = 2 e + 21 + 2 b + 2p "q'- 2ex c (1) 

where z~ t is the total thermal conductivity and 2e, 25, 2b, 2p, and 2exc are 
the electronic, lattice, bipolar, photon, and excition components of thermal 
conductivity, respectively. 

In the temperature range 4.2~40 K for Cd3As2 the lattice and elec- 
tronic components dominate, i.e., 

"~t = 2e 71- 2p (2) 

On the bases of the literature data [3, 5], where the Lorentz function 
L(T)/Lo was evaluated, we have separated the electron and lattice com- 
ponents of thermal conductivity. 

The electronic component of thermal conductivity can be written in 
the following form: 

L ( Y )  T 
2 e --  - -  (3)  p(T) 

and the lattice component as 

21 = 2t 
L ( T )  r 

p ( r )  
(4) 

The temperature dependence of the electronic thermal conductivity com- 
ponent 2e(T) is presented in Fig. 3. 
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Fig. 3. The temperature dependence of the electronic component of thermal conductivity, 
2e(T), for single-crystal and polycrystalline Cd3As 2. I--polycrystalline sample; II, III, and 
IV--single-crytal samples. 

The 2(T) plots show maxima occurring at a temperature about 30 K 
and their shapes are similar to the 2(T) plots for metals. The 
polycrystalline strongly defected sample is characterized by the lowest 
values of thermal conductivity and rather flat maximum in the 2(T) plot. 

We did not succeed in deriving the 2e(T) dependence within the 
framework of Wilson's theory. The reason for this failure may lie in that we 
used in our analysis the Lorenz function derived on the basis of the one- 
band model [-3, 5]. In Cd3As~ there is a possibility that two groups of con- 
ductivity electrons exist. Taking this into account one may find that a 
correction in the L(T) dependence derived earlier is necessary, and this in 
turn would imply changes in the 2(T) dependence. Unfortunately, such a 
correction has not been made up to the present day. The temperature 
dependence of the lattice component of thermal conductivity is plotted in 
Fig. 4. When comparing Figs. 4 and Fig. 3, one may see that in the region 
of •max lattice component 2~ dominates in the total thermal conductivity. 
This implies that the large enisotropy of the total thermal conductivity of 
C d  3 A s  2 results mainly from the anisotropy of the lattice component. 



Properties of Cadmium Arsenide 771 

Y 

~E 

' ( 2 ; ~  

1.5 

1.0 

0.5 

0.2 

0.1 

0.05 

0.03 

i B ~ r i I i 

5 10 15 20 25 30 35 7,K 

Fig. 4. The temperature dependence of the lattice component of thermal conductivity, 
21(T), for single-crystal and polycrystalline Cd3 As 2. I--polycrystalline sample; II, III, and 
IV--single-crystal samples. 

3. S U M M A R Y  

The dependence of electrical resistivity on temperature in the low-tem- 
perature range (4.2 40 K) for single-crystal and polycrystalline Cd3 As2 is 
similar to typical analogous plots for metallic samples. Up to about 10 K, 
Cd3As 2 samples were characterized bt a constant value of electrical 
resistivity which depended on the degree of structural disorder, on the con- 
ductivity electron concentration, and only slightly on thecrystallographic 
orientation. We did not observe any meaningful anisotropy of electrical 
resistivity in our Cd3 As2 samples. Thermal conductivity coefficients of 
Cd3As2 samples showed maxima, the positions of which depended on the 
structural disorder and crystallographic orientation. 

Separation of the electronic and lattice components of 2 showed that 
the lattice component dominated in the region of the maximum of the 2(T) 
plot, and moreover, the lattice component was characterized by a strong 
anisotropy. 

The electronic component of thermal conductivity showed a maximum 
at a temperature of about 30 K .  
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It was not possible to find any functional dependence for the electronic 
component of thermal conductivity in the framework of Wilson's theory 
with the present states of knowledge of electronic processes in Cd3As2. 

REFERENCES 

1. S. J. Rozdaucan, E. K. Aouszanow, A. W. Nateprow, and R. P. Czujko, Arsenid i Fosfid 
Kadmia (Izdatelstwo "Sztiinca," Kiszinew, 1976). 

2. A. J. Rosenberg and T. C. Harman, J. Appl. Phys. 30:1621 (1959). 
3. D. Armitage and H. J. Goldsmid, J. Phys. C 2:2138 (1969). 
4. D. W. G. Ballentine and D. R. Lovett, Br. J. Appl. Phys. 2:585 (1968). 
5. D. Armitage and H. J. Goldsmid, Austral J. Phys. 24:317 (1971). 
6. N. A. Goriunowa, W. M. My~daba, M. Serginow, and S. S. Szatyt, F.T.T. 11:280 (1969). 
7. J. Rosenmann, J. Phys. Chem. Sol. 30:90 (1969). 
8. D. Lovett, J. Mater. Sci. 7:388 (1972). 
9. M. Iwami, M. Matsunami, and T. Tanaka, J. Phys. Jap. 31:768 (1971). 

10. G. Bokij, I. P. Woronina, G. G. Dworiankina, W. F. Dworiankin, J. A. Ugai, and W. J. 
Szewczenko, Kristattoehimiezeskie, Fiziezeskie Swojstwa Potuprowodnikowyeh Weszestw 
(Izdatelsitwo standartow, Moskwa, 1973). 


