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General properties 



Lindemann and lattice dynamics 
Shapiro (1970) 
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Reactivity 

• Cesium is extremely reactive, and hence the sample container was filled and 
the furnace parts assembled in an argon dry box [Kennedy 1962] 
 
• Iron was chosen because it is known to be completely inert to the presence of 
alkali metals even at their boiling temperatures [Kennedy 1962] 
 
• The Cs was loaded without a pressure-transmitting medium, in an oxygen- 
and water-free atmosphere to prevent contamination. A small ruby sphere was 
enclosed with the sample for pressure measurement [McMahon 2001] 
 



Phase diagram 

• Kennedy (1962)  up to 5 GPa 
• Kennedy (1962b) 
• Jayaraman (1967)   up to 5 GPa 
• Rapoport (1968) 
• Wittig (1970)  superconducting Cs 
• Makarenko (1973)  up to 2.2 GPa 
• Cannon (1974) 
• Boehler (1986)  up to 9 GPa 
• Young (1991) 
• Tonkov (2005) 
• Falconi (2005)  up to 10.5 GPa 
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Superconducting Cs 
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Systematics in the melting behavior of the alkali metals 
from DAC measurements 
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Physica B+C 139–140 233–236 (1986) 
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Melting line 
(data points) 
 
P(GPa) T(K)        
0.98684 438.7 
1.5526 467.79 
1.7105 462.6 
2.6579 466.23 
2.8553 469.87 
3 473.51 
3.1974 464.68 
3.7105 456.36 
4.2763 388.31 
5.0263 410.13 
5.3947 431.95 
5.5526 410.65 
6 464.68 
6.1053 462.6 
6.4079 491.17 
6.4211 522.34 
6.9079 527.01 
7.1053 540 
7.1184 545.19 
7.2368 545.19 
7.2763 580.52 
7.7632 594.03 
8.1053 631.95 
8.2237 630.39 
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Cs, phase diagram 

max 1 
1.8 Gpa 
473 K 

max 2 
2.8 Gpa 
470 K 



(from Voronov 1994) 
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Cs-III 

Complex Crystal Structure of Cesium-III 
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Crystal Structure of Cesium-V 
U. Schwarz, K. Takemura, M. Hanfland and K. 
Syassen 
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Phase stability of highly compressed cesium 
K. Takemura, N. E. Christensen, D. L. Novikov, K. 
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alkali metals at high pressure 
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Critical point 



Estimation of the critical temperatures of alkaline metals on the basis of specified data on surface tension polytherms 
B B Alchagirov, B S Karamurzov, Kh Kh Kalazhokov, Z A Kokov and O Kh Kyasova  
Published under licence by IOP Publishing Ltd 
Journal of Physics: Conference Series, Volume 1147, conference 1 



Adiabatic sound velocity 

• Kleppa (1950)  liquid Cs, up to 130°C 
• Kemp & Letcher (1968) liquid Cs, reported in Kim (1971)  
• Kim (1971)  liquid Cs, 50-250°C  
• Chan (1972)  liquid Cs 
• Shaw (1985)  liquid Cs, up to 0.7 GPa 
• Vargaftik (1986)  liquid Cs, 400-1400 K 
• Kozhevnikov (1990)  liquid and vapor , up to 2200 K to 60 Mpa 
• Voronov (1994)  solid Cs, up to 2.5 GPa 
• Voronov (2002)  solid Cs, up to 5.5 Gpa 
• Decremps (2018)  liquid Cs, T=493 K, up to 4.8 GPa 
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J. Acoust. Soc. Am. 49, 706 (1971) 
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Shaw & Caldwell (1985) –  
thermodynamic (or true) adiabatic sound velocities (in km/s) 

in liquid Cs 
(scan data of Fig. 2 p. 7938) 

 
P (GPa) T=49.7°C T=108.3°C T=150.1°C 
0.025 0.98172 0.97285 0.95956 
0.05 0.99889 0.98947 0.97729 
0.075 1.0139 1.0055 0.99501 
0.1 1.0288 1.0199 1.0111 
0.125 1.0427 1.0338 1.026 
0.15 1.056 1.0476 1.0388 
0.175 1.0681 1.0593 1.0515 
0.2 1.0798 1.0715 1.0637 
0.225 -- 1.0809 1.0742 
0.25 -- 1.092 1.0848 
0.275 -- 1.1019 1.0953 
0.3 -- 1.1119 1.1047 
0.325 -- 1.1202 1.1136 
0.35 -- 1.1291 1.1219 
0.375 -- 1.1357 1.1296 
0.4 -- 1.1424 1.1363 
0.425 -- 1.1496 1.1429 
0.45 -- 1.1562 1.1496 
0.475 -- -- 1.1562 
0.5 -- -- 1.1618 
0.525 -- -- 1.1684 
0.55 -- -- 1.174 
0.575 -- -- 1.1778 
0.6 -- -- 1.1823 
0.625 -- -- 1.1861 
0.65 -- -- 1.1906 
0.675 -- -- 1.1928 



Sound velocity polynomial fit 

z0 1027.51856 
a 634.3612  
b -0.18075 
c -416.63889 
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Sound attenuation 

O. N. Awasthi, & B.V.S. Murthy, Bulk viscosity 
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Elastic constants 
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Density 

• Bridgman (1925)  l-Cs, T=75°C (348 K) 
• Bridgman (1947-1948) solid Cs 
• Kennedy (1962)  specific V, along the melting line 
• Hall (1964)  solid Cs, up to 5.5 GPa 
• Stishov (1966)  V, along the melting line 
• Kim (1971)   liquid, (T), up to 1000°C  
• Vargaftik (1979)  liquid, 360 K – 1000 K 
• Takemura (1982)  V/V0, solid Cs, up to 10 GPa 
• Takemura (1985)  solid Cs, up to 30 GPa 
• Anderson (1985)  V/V0, solid, low T 
• Vargaftik (1985)  review, density, up to 300 atm 
• Shaw (1985)   V/V0, liquid, from ultrasonics 
• Takemura (1991)  solid Cs, up to 100 GPa 
• Voronov (1994)  solid Cs, up to 2.5 GPa 
• Voronov (2002)  solid Cs, up to 5 GPa 
• Falconi (2005)   l-Cs, T=220°C, T=350°C 
• Belashchenko (2014) l-Cs, molecular dynamics, up to 10 Gpa 
• Hattori (2018)  l-Cs, 232°C & 350°C, 0.5-5 Gpa 
• Decremps (2018)  l-Cs, T=493 K, from vS by picosecond acoustics 
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G. C. Kennedy, A. Jayaraman, and R. C. Newton 
Fusion Curve and Polymorphic Transitions of Cesium at High Pressures 
Phys. Rev. 126, 1363 (1962) 

Kennedy (1962) 

(along the melting curve) 

“Bridgman has published data on the density of solid 
cesium as a function of pressure at room temperature. 
The density change of cesium on melting at one atmosphere 
is known. Further, the value of dT/dP at the two 
maxima in the melting point curve is zero indicating 
that the liquids and solids have identical densities 
at these points, thus providing two points for the 
density of liquid cesium at these two pressures. From 
these data we have prepared a plot (see Fig. 3) of 
specific volume, which is the reciprocal of density, as a 
function of pressure for solid and liquid cesium along 
the melting curve. We have, however, ignored the 
effect of thermal expansion. To obtain the compressibility 
curve of liquid cesium we have drawn a smooth 
curve connecting the three points mentioned.” 
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Ultrasonic Measurement in Liquid Alkali Metals 
M. G. Kim, K. A. Kemp, and S. V. Letcher 
49, 706 (1971); doi: 10.1121/1.1912406 

(in liquid state) 



Temperature (°C) 

(liquid Cs, Kim 1971) 

D
en

si
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 (
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3
) 

MP=28.5°C=1839.3 kg/m3  
220°C         =1739.0 kg/m3 



Vargaftik (1979) 

EQUATION OF STATE OF THE LIQUID ALKALI METALS. I. 
N. B. Vargaftik, V. A. Alekseev, V. F. Kozhevnikov, Yu. F. Ryzhkov 

Liquid Cs 
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P (GPa) V/V0 rho (kg/m3) 
-0.10304 1.0011 1897.9123 
1.4731 0.65054 2920.65054 
1.8869 0.61613 3083.76479 
3.6336 0.48387 3926.67452 
4.0925 0.46237 4109.26314 
4.0492 0.42043 4519.18274 
4.1876 0.4 4750 
4.784 0.37634 5048.62624 
5.9308 0.33011 5755.65721 
7.3967 0.30538 6221.7565 
7.8089 0.30108 6310.61512 
8.0835 0.3 6333.33333 
9.5943 0.2914 6520.24708 
9.687 0.27097 7011.84633 
10.877 0.26989 7039.90515 
11.61 0.26559 7153.88381 
13.303 0.25484 7455.65845 
18.338 0.25376 7487.38966 
26.623 0.23548 8068.62579 

(@ room T) 
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T=350°C 
P (GPa) Specific V.   (kg/m3) 
0 0.59593 1678.04944 
1.0397 0.47885 2088.33664 
1.0944 0.47885 2088.33664 
1.2859 0.46561 2147.7202 
1.2996 0.44525 2245.92925 
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3.2148 0.34955 2860.82106 
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5.6908 0.24265 4121.16217 
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T=220°C 
P (GPa) Specific V.  (kg/m3) 
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Heat capacity ratio =CP/CV 

N.B. Vargaftik, V.F. Kozhevnikov, A.M. Gordeenko et 
al., Int. J. Thermophys. 7 821 (1986) 

Liquid Cs 
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(line data points) 
Vargaftik (1986), liquid Cs 
T (K)  
380.11 1.1306 
397.86 1.1402 
415.59 1.1489 
431.37 1.1576 
456.96 1.1691 
472.74 1.1778 
490.45 1.1855 
521.93 1.1989 
555.4 1.2143 
586.88 1.2278 
622.29 1.2422 
677.31 1.2624 
728.42 1.2816 
789.3 1.3018 
848.16 1.3181 
908.95 1.3335 
957.99 1.3469 
1010.9 1.3603 
1059.9 1.3709 
1128.5 1.3853 
1189.2 1.3967 
1244 1.4054 
1300.8 1.4149 
1322.3 1.4178 
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