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Abstract On the basis of the moment method, the thermodynamic properties of a stro
anharmonic crystal with the face centred cubic ( FCC ) structure are considered. Usin
investigated results some thermodynamic quantities of many atomic molecular cryocry
of type Ny as the COy and N2O crystals are obtained. The results are compared with
erperimental data.

I. Introduction

The thermodynamic properties of the CO; and N,O cryocrystals were investig
by many experimental [3-6, 9-14] and theoretical works [7, 8]. Most of the obtained re:
are experimental ones.

In the papers [1] Nguyen Tang and Vu Van Hung applied successfully the ger
results obtained for FCC crystal to the case of inert gas crystals. In the paper [2
applied the general results to the Ny and C'O crystals. In this paper we shall cont
to investigate the molecular cryocrystals of type N,. Here we have only considered ¢
thermodvnamic quantities, for instance, the nearest neighbour distance a, the the
expansion coefficient 3, the specific heats at constant volume and constant pressute C'y
and the isothermal and adiabatic compressibilities x .y, of the €Oy and NyO cry
at zero pressure. Some calculated results coincide relatively well the experimental d:

[1. Determination of srystal parameters

Using the Lennard - Jones interaction potential ( 6 - 12 ), the two coordinat
spheres approximation, the definition of the FCC crystal parameters in [1], the experi
tal data for the carbondioxide crystal , ¢/kg = 218.82K,0 = 3.829 x 10" 'm [3]. an
the nitrous oxide crystal, e/kg = 235.48K,0 = 3.802 x 10~ '%m (3], we obtain the v
of the crystal parameters at temperature OK.

Crystals | kU/m] | o[107s"] | (107 J/m*] | 1,[10° J/m*] | 110" I/ m*] | agIC
Co, 3.8823 2.2066 2.1624 0.1038 0.4368 4.1
N.O | 42386 2.289] 2.3945 0.1150 0.4836 4.1

Table 1. Parameters of the CO, and N,O crystals at T = OK
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(The extrapolation values are determined from the experimental data for CO; ervs-
. ap = 3.9274 x 107 "Ym and for N2O crvstal, ag = 3.9885 x 107 '%m [3]).

2 E"m"l&!e@??ﬁ\

i

[1. Some thermodynamic properties of the ('O, and N0 cryocrystals

The determination of the thermodynamic quantities as the nearest neighbour dis-
ince a. the volume expansion coeflicient 3. the specific heats at constant volume and

pnstant pressure (', C'p | the isothermal and adiabatic compressibilities y. ys and the

uneisen constant ¢ of the C'Os and N2O crvstals is carried out similarly as in the case
f the N, and CO crystals.

f%f Our obtained results are compared with the experimental data in Fig. 1- 8 In
hese figures we have reported some theoretical and experimental results in [3] because
-:_ this work the thermodynamic properties of the crvocrvstals of type N3 are completely
) restigated. In comparison with experiments. for some values of quantities a, 3 our results
bincide relatively well, but for quantities Cy,Cp, x1, x5.7¢ (if using the formula 5o =
/xTCyv ) they only coincide in the order of magnitude. If using the more accurate
-?Ifactil;)!] potential, of course, the obtained results will be better.

: H using the formular v = (1/3) In{w/ws)/ In(a/ag) [1] the values of the Gruneisen
Bustant equal to

ve = 3.23 % 0,17 for COs,
Y6 = 3121+ 0.06 for N2O

The limiting temperature Ty, corresponding to where the quantum effects can be
glected is equal to (see [1])

T ~ 1.3494 x 10 1%,

When determining the values of Ty, for the CO; and N3O crystals we notice that
&m = 162.8K corresponds T = 180K for the CO; crystal (at pressure P = (). Therefore,
| the case of the 'Oy crystal one cannot neglect the quantum effects for T < 180K.
ause at pressure P = 0 C'O; is in the crystalline state in the temperature range from
215K, under this condition the C'Os crystal seems to be a nearly quantum one.

. For N,O crystal at T > 182K (T}, < 185K) the quantum effects are neglected.
wlike C'O.. this crvstal has the temperature interval (0 — 180K) corresponding to the
gistence of the crystalline state, in which it has quantum effects. We notice Ty, decreases
en the temperature increases, that is similar as in the case of the Debye temperature.
{  Thus in this paper we have used the results obtained by the moment method for
Westigating the thermodynamic properties of the C'O; and N,O crystals. In comparison
h experiments some our results are relatively good. The obtained results for the CO;
NsO crvstals are worse than ones for the N; and CO crystals. The results will be
tter if applying the more accurate potential and calculating fully the internal molecular

tion.
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In conclusion, the moment method gives the neighbouring way to study apn
B B g V apj

mately several structural and thermodynamic properties of the molecular crvocrvsta

tvpe Ny with the FCC structure.
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Fig.1. The temperature dependence of the
nearest neighbour distance, which is deter-
mined by the moment method (MM) and
the experimental data (EXPT)[6] for the
CO5 crystal.
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Fig.3. The temperature dependence of the
volume thermal expansion coefficient, which
is determined by the MM and the EXPT
[6, 11] for the CO, crystal.
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Fig.2. The temperature depend

of the isothermal and adiabatic comp
ibilities, which is determined by the
and the EXPT [12, 13] for the CO, «
tal.
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Fig.4. The temperature depend

of the specific heats at constant vol
and constant pressure, which is determ
by the MM and the EXPT (12, 13] for
C'O; crystal.
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Fig.8. The temperature dependence of the
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MOT SO TINH CHAT NHIET DONG CUA CAC TINH THE LANH C'O, VA N

Nguyén Quang Hoe, D6 Pinh Thanh
Trudong Dai hoe Sit pham Ha Noi
Nguyén Tang
Trudng Dai hoc Bach khoa Ha Noi

Trén co s& cac két qua nghien ciru tinh chat nhiet dong cia tinh thé phi dien
manh v@i cau tric lap phuong tam mat bing phwong phap mo men tinh toan mot s
lrong nhiét déng cia cac tinh thé lanh phan tir nhitu nguvén tir loai Ny nhir cac
the 'Oy va NyO va so sdnh két qua thu dwroe vai thue nghiem.



