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Report: 

Face-centred cubic (fcc) and hexagonal close-packed (hcp) structures co-exist in the pressure-temperature 
phase diagrams of more than twenty elemental crystals [1], but only for six of them (He, Fe, Co, Tl, Pb and 
Yb) there is direct fcc-hcp transformation. On the other hand in Fe, Tl and Yb, the bcc phase occupies a large 
region surrounding both, fcc and hcp phases. In those three elements one can thus deduce the fcc and hcp 
structures from the bcc structure via the Bain deformation and Buergers mechanisms. This is not the case for 
He, Co and Pb in the phase diagram of which the bcc structure is either absent (as in Co) or located far from 
the region of co-existence of the fcc and hcp phases (as in He and Pb). For Co and He it has led [2] to give an 
interpretation of the fcc-hcp transformation in terms of a re-ordering process, involving a disordered polytype 
structure [2,3] which implies a number of specific features for the transformation, and especially an 
asymmetry for some of its physical properties (as for example the latent heat on cooling and heating [4]).  

The phase diagram of lead is almost unexplored [5], and the Pb(I)-Pb(II) (fcc-hcp) transformation has 
been detected [4,6] only at room temperature, at which it occurs between 13 and 16 GPa. 

We performed angle dispersive X-ray diffraction studies of three different samples of high purity lead 
(Advent, 99.999%) and using two diamond anvil cells externally heated. All experiments employed NaCl and 
its equation of state [7] for pressure determination. Diffraction patterns were recorded with an image plate 
detector (MAR345) and integrated with FIT2D program [8]. The lattice parameters with standard deviations 
were obtained using the program CHEKCELL. 

In Fig.1 we report the phase diagram of lead in the temperature range 300-800 K and pressure below 26 
Gpa. 
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Fig. 1. Phase diagram of lead and the lines of stability of FCC and HCP phases. 

 
The following Birch-Murnaghan EOS was fitted to the experimental data: 
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under consideration at zero pressure and at temperature equal T. 
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βββααα ′,,,,, 21432  are fitting parameters. Main results are presented below in Fig.2. 

 

0.70 0.75 0.80 0.85 0.90 0.95 1.00

0

5

10

15

20

25

30

35

40

45

HC P 

V
0 ext

=29.894+0.03490 A
3
/atom

K
0
=54.33+2.30 GPA

K'=3.61+0.34

FCC  

V
0
=30.2800+0.0234 A 3/atom

K
0
=39.84+0.60 GPA

K'=5.89+0.21

 FCC RT

 HCP RT

 FCC B.-M . fit

 HCP B.-M . fit

 FCC T>RT

 HCP T>RT

V/V 0FCC

P
re

s
s

u
re

, 
G

P
A

 

0.70 0.75 0.80 0.85 0.90 0.95 1.00

0

5

10

15

20

25

30

35

40

FCC RT

V
0
=30.3000+0.0234 A3/atom

K
0
=39.84+0.60 GPA

K'=5.89+0.21

HCP RT

V
0 ext

=29.894+0.03490 A3/atom

K
0
=54.33+2.30 GPA

K'=3.61+0.34

V/V
0FCC

S
ta

ti
c

 P
re

s
s

u
re

 (
P

-P
th
),

 G
P

A

 FCC RT

 HCP RT

 FCC B.-M. fit

 HCP B.-M. fit

 FCC red.

 HCP red.

 
 

Fig. 2. a) Projection of data points of FCC and HCP phases on P-V plane; b) Static part of pressure for measured points. 
 
 
 



 

Table of parameters for EOS. 
 

Parameter FCC phase HCP phase 
V(296,0) 121.2000 59.7880 

B0 39.84 54.33 
ββββ1 -2.92⋅⋅⋅⋅10-3 -4.99⋅⋅⋅⋅10-2 
ββββ2 -4.91⋅⋅⋅⋅10-5 2.16⋅⋅⋅⋅10-5 
B0′′′′ 5.89 3.61 
ββββ ′′′′ 1.03⋅⋅⋅⋅10-3 4.65⋅⋅⋅⋅10-3 
αααα0 8.67⋅⋅⋅⋅10-5 8.43⋅⋅⋅⋅10-5 
αααα1 1.57⋅⋅⋅⋅10-9 1.24⋅⋅⋅⋅10-9 
αααα2 2.37⋅⋅⋅⋅10-11 6.39⋅⋅⋅⋅10-13 
αααα3 2.91⋅⋅⋅⋅10-13 0 
αααα4 3.08⋅⋅⋅⋅10-15 0 
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