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ABSTRACT

The DSC data on the heat capacity and the entropies of so~-
dium diphoaphate transformations have ghown that the transition
of Ne,P,0., from low-temperature to high-~temperature modification
proeu3d§ Zontinuously through intermediate states following the
order-disorder mechanism.

INTRODUGTION
The lifersture data on the number and alsc temperatures and
enthalpies of NE4P207 polymorphic transformations are contradic-
tory (1~3], The estimated value of configurational eatropy given
in (3] for the transition of Na4P207 from low-temper ture ortho~
theabic [ 4] to high~temperature hexagonal modification is also
doubtful.,

MEASURING METHOD

The specimen of Na4P207 wag prepared from a commercial
Na,P,07 10 Hy0 (analytically pure) by dehydrating it at 500 K
and caleining at 900 X (1 h).

Thermal behaviour of Na4P207 wag studied with a differentiel
scanning calorimeter DSC 111 "SETARAM" combined with "Hewlett~
Packard -9825A" computer. DSC recordings were made in platinum
cells in a flowing argon atmosphere at scanniné rates 1, 2 or
5 K min™! and sengitivity ranges of 15 and 35 mJ sec™! for gsmp-
lea of mass from 0.025 to 0.250 g. The transition enthalpies
Aktrx were fetermined by the graphical integration by the compu-
ter progrem for the peaks in DSC heating curves recorded at a
scanning rate of 1 K m;gf1 with an error of no more than i2%.
The heat capacity cp was measured in the temperature range from
300-1000 X using the stepwise heating program with a temperature
increment of 5 or 6.7 K during each heating.
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RESULTS ARD DISCUSSION
According to our DSC data (Pigure 1), Na4P207 hap at least
five (I~V) reversible transformations at 676, 785, 791, 816 and
828 K. The attempts to separate the effects of II-V transforma-
tions were unsuccessful even at high-sensitive recording of the
DSC curves and a small scanning rete. The enthalpies and the en-
tropies of transformations (I) and (II-V) are, respectively:
A4 B(I) = 4.27 k7 mod™!, A, S(I) = 6,32 7 K ma1™";

A B(II-V) = 8.03 kJ mol™!, A, S(II-V) = 9.97 J K~ "mo1~",

d3 /dt ,mJ sec™

endo

PIGURE 1

DSC heating curve or Fe,P 207. Masgs: 0.,0255 g; scanning
rate: 5 K min"~ ; sensitivity renge: 35 mJ sec 1.

Figure 2 illugtratea the temperature dependence of Na.4P207
heat capacity within the region of II-V transformations measured
by the program of continuous heating at a mate of 1 K min~! and
printing cp = £(T) for each 0.6 K. Just as in the DSC heating cur-
ves, the peaks corresponding to II-V transformatlons.are not se-
parated in the cp-m curve and amall peaks III' and IV' appear,
whose nature is not quite clear yeot.

Figure 3a shows the temperature dependence of Ha 9’8 heat
capacity in the temperature range from 600 to 1000 K obtainsd by
the program of stepwise heating. Our DSC data on 3 sgfee ‘well
with those obtained in (5] with an adiabatic ealoriméber for the
low=temperature region.
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We also present our data on the heat capacity of N&4P207 in
the form of the temperature dependsnce-of: the apparent Debye:-
temperature OD calculated according to the equation:

where D is the three~diimensional Debye function for an arbitrart
ly chosen number of degrees of freedom equal to 15.
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From the plot 6p = £(T) it follows that an anomalous region
covers the range from 520 to 850 K including the transformation I
( Pigure 3b).

Thus, the transition of Na4P207 from low-temperature ortho-
rhombic phase to high-temperature hexagonal one proceeds conti-
nuously through several stages. The total transition entropy
Ay S(I=V) = 16,30 4 0.21 J K™' mol™'~ R 1n 8 is ten times lar-
ger than the configurational entropy AS = 0.218 R = 1.81
J K'1 mol™' calculated in[ 3] on the basis of the crystal struc-
tures of sodium diphosphate phases. It is to remark that the pre-
sent AtrH(I-V) and respectively A 1;rS(I-V) may be lower than the
real one because of gradual nature of the transitions I~V and so
anomalous enthalpy increases at the early stages of the process
are not detected by the DSC method.

CONCLUSION

The heat capacity behaviour shows that low=temperature
orthorhombic Na4P207 changes continuously through intermediate
states to high-~temperature hexagonal phase., The large value of
the total entropy of the transformations I-V indicates that this
treansition is an orientational order-disorder process. Based on
the value A trS(I"V) ~R 1ln 8 the number of equilibrium orienta=-
tions of diphosphate-ion in the high-temperature disordered phase
is eight times more than in the ordered low-temperature one.
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