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The thermal diffusivity of molecular cryocrystals 
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Low-temperature thermal diffusivity of molecular cryocrystals (O2, N2, CO, N2O and CO2) has been investi-
gated and some anomalies were found. The thermal diffusivity of these crystals vary by more than 4–6 orders of 
the magnitude in the temperature range from 1 K up to their triple points. The thermal diffusivity displays jumps 
at the phase transition points. It has been found that the thermal diffusivity of solid oxygen is nonmonotonic. Be-
low 4 K, the temperature dependence shows a plateau which is due to the fact that both the heat capacity and the 
thermal conductivity have the cubic temperature dependence in this temperature range. For the cryocrystals of 
the nitrogen group, a similar plateau is shifted to lower temperatures. The temperature dependence of the equali-
zation time for these crystals is studied. 
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Thermal properties are important characteristics of sub-
stances. The heat capacity, thermal conductivity, and ther-
mal diffusivity describe the rates of change in internal en-
ergy, heat propagation, and temperature changes in thermal 
processes in a substance. The first two properties are exa-
mined when the substance is in thermal equilibrium. In 
non-equilibrium thermal processes, the rate of temperature 
equalization over the substance is characterized by the 
thermal diffusivity [1]. Information on this property is im-
portant for cryogenic technology, in planning of low-
temperature experiments, in space research, etc. Here we 
present the temperature dependence of the thermal diffu-
sivity of simple molecular cryocrystals: nitrogen (N2), car-
bon monoxide (CO), nitrous oxide (N2O), carbon dioxide 
(CO2) and oxygen (O2) at low temperatures. 

Heat propagation in a substance in the absence of inter-
nal heat sources is described by the equation of thermal 
conductivity [2] 
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where T is the temperature, τ is the time, a is the thermal 
diffusivity coefficient, ∆ is the Laplace operator, k is the 
thermal conductivity coefficient, ρ is the density and C is 
the specific heat. 

The temperature dependence of the thermal diffusivity of 
these substances were obtained using the experimental data 
on the density, the heat capacity and the thermal conductivity 

both our own [3–8] and literature data from Refs. 9–12. The 
resulting temperature dependences of the heat capacity, den-
sity, thermal conductivity and thermal diffusivity for oxygen 
crystal and for the N2-type solids are shown in Figs. 1–5. 

The temperature dependence of the coefficient of thermal 
diffusivity of solid oxygen is shown in Fig. 1. The tempera-
ture dependences of the density, heat capacity, and thermal 
conductivity of solid oxygen [3,4,9–13] are also shown in 
Fig. 1. The temperature dependence a(T) of solid oxygen is 
nonmonotonic. In low-temperature α and β phases, the coef-
ficient a(T) decreases with increasing temperature. In γ 
phase of crystalline oxygen, the thermal diffusivity increases 
with temperature, which is mainly due to an unusual behav-
ior of the thermal conductivity — it increases with increas-
ing temperature. In the vicinity of the phase transitions, 
jumps of the thermal diffusivity are observed. At γ–β phase 
transition, the a(T) undergoes an upward jump of 125%. 
With further decrease of the temperature in the β phase, the 
thermal diffusivity increases by about 100% which is due to 
the fact that the heat capacity in the β phase increases with 
increasing temperature, whereas the thermal conductivity 
and the density do not vary significantly with temperature. 
At the temperature of β–α phase transition, the jump of a 
exceeds 350%. With further decrease of the temperature, the 
thermal diffusivity sharply increases and in the region of the 
maximum of the heat conductivity the growth slows down, 
where an inflection is observed and the curve attains a plat-
eau which is due to the fact that in this temperature range 
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dependences on temperature, both of the heat capacity and 
the thermal conductivity, vary according to a cubic law 
while the density is almost independent of the temperature. 

Figure 2 shows the temperature dependences of the co-
efficient of thermal diffusivity a(T) of solid nitrogen, as 
well as the literature data on the temperature dependences 
of the thermal conductivity [4,5], the density [9–13], and 

the heat capacity [9–13]. The curve a(T) is monotonic, 
although the dependence k(T) displays a sharp maximum. 
The a(T) curve shows a jump at the temperature of α–β 
phase transition. Unlike the case of oxygen, no plateau in 
the area of liquid helium temperatures is observed. 

The temperature dependences of the thermal diffusivity, 
thermal conductivity [6], density [9–13], and heat capacity 
[9–13] for solid carbon monoxide are presented in Fig. 3. 
All curves are monotonous, except for the thermal conduc-
tion curve. In the given temperature range the value of the 
thermal diffusivity of solid carbon monoxide varies by 
4 orders of magnitude. 

Figure 4 shows the temperature dependences of the 
thermal diffusivity, thermal conductivity [7], density [9–13], 
and heat capacity [9–13], of solid nitrous oxide. The curves 
a(T), ρ(T), C(T) are monotonic. The value of a(T) varies 
more than 5 orders below 60 K. 

Figure 5 shows the temperature dependences of a(T), as 
well as that of thermal conductivity [8], density [9–13], and 
heat capacity [9–13] for solid carbon dioxide. The curves 
a(T), ρ(T), C(T) are monotonous. 

Figure 6 shows the thermal diffusivity curves for N2, CO, 
N2O, CO2 and O2 cryocrystals. It was found that the thermal 
diffusivity for simple molecular cryocrystals vary by more 
than 4–6 orders of magnitude in the temperature range from 
1 K up to their triple points. Contrary to the case of solid O2, 
the curves а(Т) for solid N2, CO, N2O and CO2, do not dis-
play any plateau below 4 K. As mentioned above, the plat-
eau in the case of solid oxygen exists because in this tem-
perature range both the heat capacity and the thermal 
conductivity have the same cubic dependence on temperature 

Fig. 1. (Color online) Temperature dependences of the thermal 
diffusivity a [cm2/s], the thermal conductivity k [mW/(cm·K)] 
[3,4], the density ρ [g/cm3] [9–13] and the heat capacity C [J/(g·K)] 
[9–13] for crystalline oxygen. 

Fig. 2. (Color online) Temperature dependences of the thermal dif-
fusivity a [cm2/s], the thermal conductivity k [mW/(cm·K)] [4,5], 
the density ρ [g/cm3] [9–13] and the heat capacity C [J/(g·K)] [9–13] 
for solid nitrogen. 

Fig. 3. (Color online) Temperature dependences of the thermal 
diffusivity a [cm2/s], the thermal conductivity k [mW/(cm·K)] 
[6], the density ρ [g/cm3] [9–13] and the heat capacity C 
[J/(g·K)] [9–13] for solid carbon monoxide. 
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while the density weakly depends on temperature. For the 
crystals of the nitrogen group, the plateau should be shifted to 
lower temperatures where the thermal conductivity as a func-
tion of temperature will obey the cubic dependence. 

Let us consider the temperature dependences of the 
equalization times for these cryocrystals. The ratio of tem-
perature to equalization time (τ) is proportional to the ratio 
of temperature to the square of the characteristic crystal 

size (R2): 2/ / ,T aT Rτ ∝  whence the equalization time
2 / .R aτ ∝  

As an illustration, for the comparison purpose we calcu-
lated the temperature dependences of the equalization time 
in solid oxygen and in crystals of the nitrogen group for 
arbitrary taken the crystal size of 1 cm. 

The obtained dependences were shown in semi-log scale 
in Fig. 7. In the case of oxygen at low temperatures, the 
equalization time is almost temperature independent. Above 
liquid helium temperatures, the curve increases with tempe-
rature. At α–β phase transition, a jump of approximately 

Fig. 4. (Color online) Temperature dependences of the thermal dif-
fusivity a [cm2/s], the thermal conductivity k [mW/(cm·K)] [7], the 
density ρ [g/cm3] [9–13] and the heat capacity C [J/(g·K)] [9–13] for 
nitrous oxide cryocrystal. 

Fig. 5. (Color online) Temperature dependences of the thermal dif-
fusivity a [cm2/s], the thermal conductivity k [mW/(cm·K)] [8], the 
density ρ [g/cm3] [9–13] and the heat capacity C [J/(g·K)] [9–13] for 
solid carbon dioxide. 

Fig. 6. (Color online) Temperature dependences of the thermal 
diffusivity for cryocrystals CO2 (1), N2O (2), N2 (3), CO (4), O2 (5). 

Fig. 7. (Color online) Temperature dependences of the equalization 
times in cryocrystals N2 (1), CO (2), N2O (3), CO2 (4), O2 (5). 
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370% is observed. In β phase of oxygen crystal the parame-
ter R2/a keeps increasing with temperature. During the β–γ 
transition, the equalization time increases abruptly by more 
than 120%. Finally, in the γ phase of solid oxygen the equal-
ization time decreases with increasing temperature. 

The equalization time curves for the crystals of solid ni-
trogen group are monotonous, with the exception of the 
vicinity of phase transitions. The range of change of equal-
ization times for the temperatures spanning from 1 K to the 
triple points is more than 4–6 orders of magnitude. 

In conclusion, the temperature dependences of the 
thermal diffusivity of simple molecular cryocrystals O2, 
N2, CO, N2O and CO2 have been analyzed. The thermal 
diffusivity varies in the range of more than 4–6 orders of 
magnitude in the temperature area from 1 K up to their 
triple points, and in the phase transition regions displays 
the jumps. In the case of solid oxygen, the temperature 
dependence of the thermal diffusivity reveals a non-
monotonic character and goes to a plateau below 4 K. The 
plateau for the cryocrystals of the nitrogen group is shifted 
to lower temperatures. The thermal diffusivity decreases 
with increasing temperature. However, in γ phase of solid 
oxygen, the coefficient of thermal diffusivity increases 
with temperature. 
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Температуропровідність молекулярних 
кріокристалів 

В.В. Сумароков, A. Jeżowski, P. Stachowiak,  
Ю.О. Фрейман 

Досліджено низькотемпературну температуропровідність 
молекулярних кріокристалів (O2, N2, CO, N2O і CO2). 
Температуропровідність цих кристалів змінюється більш ніж 
на 4–6 порядків в області температур від 1 К до їх потрійних 
точок. В області фазових перетворень спостерігаються стриб-
ки температуропровідності. Виявлено, що температуро-
провідність твердого кисню є немонотонною. Нижче 4 К на 
температурній залежності спостерігається плато, яке обумов-
лено тим, що як теплоємність, так і теплопровідність в цьому 
температурному діапазоні мають кубічну температурну зале-
жність. Для кріокристалів азотної групи подібне плато зміщу-
ється в бік більш низьких температур. Вивчено температурну 
залежність часів вирівнювання температури для цих кристалів. 

Ключові слова: теплопровідність, температуропровідність, 
питома теплоємність, густина, молекулярні кріокристали. 

Температуропроводность молекулярных 
криокристаллов 

В.В. Сумароков, A. Jeżowski, P. Stachowiak, 
Ю.А. Фрейман 

Исследована низкотемпературная температуропроводность 
молекулярных криокристаллов (O2, N2, CO, N2O и CO2). Тем-
пературопроводность этих кристаллов изменяется более чем 
на 4–6 порядков в области температур от  1 К до их тройных 
точек. В области фазовых переходов наблюдаются скачки тем-
пературопроводности. Обнаружено, что температуропровод-
ность твердого кислорода является немонотонной. Ниже 4 К на 
температурной зависимости наблюдается плато, обусловленное 
тем, что как теплоемкость, так и теплопроводность в этом тем-
пературном диапазоне имеют кубическую температурную за-
висимость. Для криокристаллов азотной группы подобное пла-
то смещается в сторону более низких температур. Изучена 
температурная зависимость времен выравнивания температуры 
для этих кристаллов. 

Ключевые слова: теплопроводность, температуропроводность, 
удельная теплоемкость, плотность, молекулярные криокри-
сталлы. 
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