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ABSTRACT 

The DSC data on the heat crapscity and the entropSes of so- 
dium diphoephate transformationa have shown that the transition 
of Ha P 0 fma low-temperature to high-temperature modification 
prooetfdg continuously through intermediate states following the 
order-dlrrorder mechanisra. 

INTRODUCTIOR 

The lfterature data on the number and also te%nperattares and 

enthalpies of Xa4P203 polyntorphic tranafomdations are contradic- 

tory (1-33. The estimated value of configurational entropy given 

In C33 for the transition of Na4P207 from 

rhmbic c4l to high-temperature hexagonal 

doubtful. 

MEiASURXNG MRTROD 

The specimen of Na4P207 was prepared 

low-temperL.ture ortho- 

modification is ale0 

from a commercial 

Ra4P207*10 H20 (analytically pure) by dehydratiag it at 500 K 

and calcining at 900 X (3 h). 

Themal behaviotar of Ra4P207 was studied w%th a differenti 

seann%ng calortieter DSC 711 "SRTARAW ocmbined with "Rewlett- 

Paokard -9825A" computer. DSC recordings were laade in platinum 

cells in a flowing argon atmosphere at aaaruxi.& ratez,l, 2 or 
5 K tin-' and sensitivity ranges of 15 and 35 mJ set for sanlp- 

lea of maa from 0.025 to 0.250 g. The transition enthalpies 

A,, were dirtemained by the graphical integration by the compu- 

ter psogreso for the pe8ks in DSC heating otxmes recorded at a 

EHMmLng rate of 1 K Inin"' with an error of xto more than ~2%. 

The heat capacity Cp wa8 measured in the temperature range from 

300-1000 K 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 

Acoording to our DSC data (Figure 11, Na,P2OV has at least 

fife (1-V) reveri&ble transformations at 676, 785, 79t, 816 and 

828 B. The attempt8 to separate the efiects of II-V transforma- 

tiona were un8uocefWul even at high-sensitive recording of the 

DSC curvea and a small rrcanning Ate. The enthalpiee and the en- 

tropies of tranaformationa (I) and (11-V) arel,reapztively: 

A&i(L) I 4.27 kJ m02-~, _lAtrS(I) - 6.32 J E mol ; 
At$?(IT-V) - 8.03 kJ mol -1 -1 , A,,S(II-V) = 9.97 J K mol . 

dQ/dt ,mJ sef’ 

FIGURE 1 

gSC heating curve of Ha4‘P207s Basst 0.0255 g; scanning 

rate: 5 K Wnul ; sensitivity range: 35 mJ set -1 . 

Figure 2 illustrates the temperature dependence of lVa4P20V 

heat capacity within the region of II-V tranefoxmat~ona measured 

by the program of continuous heating at a rate of t K min-' and 

printing Cp I f(T) for each 0.6 K. Just as in the DSC heating wr- 

vea, the peaks correspondzbg to XI-V t~ransfonnatione~are not se- . . ---- 
parated in the Cp-T curve and amall peaks III' and EV' appear, 

whose nature is not qtite clear yet. 

Figure 3s ehowa the temperature dependsmce of Na4 2 7 heat 
L;~~~ 

capacity in the temperature range from 600 to, 1Opo K obtained by 

the program oY etepwise heating; Our DSC dawcn 
l‘ Jo '.',._"E.' 

agree well 
with those obtained in [5] with an adiabatia%aXor&uBer~~or the 

low-temperature region. 



YIe also present oxw data on the heat apeoity oi R&&C+ in 
the ions of the tearpersture dependeaoe -d: the epper_rsnD-W~ 

temperature OD calculated ac~~ordfas to the equation:. 

c* - 15 lw+)/T) 

where D is the fhres- ona Del&iv frmatfon fox CLP' arbItrtw+ 

ly chosen number of de-es oi freedom equal to 15. 

CP -1 

cd K mol 

200 400 600 

FIGURE 3 

(a) Heat oapacity of Na4P207 

(stepwise heating) 

(b) Apparent Debye temperature 
of Xa4P207 
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Prom the plot 8D I f(T) it follows that an anomaloue region 
covera’the range from 520 to 850 K including the transformation I 
( Figure 3b). 

Thus, the transition of Na4P207 from low-temperature ortho- 
rhombic phase to high-temperature hexagonal one prooeeds oonti- 
nuoualy through eeveral etagea. The-iota1 traneition entropy 
A&I-V) = 16.30 +, 0.21 J K-’ mol = R ln 8 ie ten times lar- 
ger than the configurational entropy A S .. 0.218 R = 1.81 
J K-’ mol-’ calculated in1:31 on the baeia of the orystal etruo- 
turee of sodium diphoephate phases. It is to remark that the pre- 
sent AtrFI(I-V) and respectively A +..S(I-V) may be lower than the 
real one because of gradual nature of the traneitions I-V and 80 
anomaloue enthalpy inoreases at the early stages of the prooeaa 
are not detected by the DSC method. 

The heat eapaoity behaviour shore that low-temperature 
orthorhombic Na4P207 changes continuouely through intermediate 
states to high-temperature hexagonal phase. The large value of 
the total entropy of the tranafonnationa I-V indioatee that thie 
transition ie an orientational order-disorder prooeae. Daeed on 
the value A trS(I-V) *R ln 8 the number of equilibrium orienta- 
tions of diphoaphate-ion, in the high-temperature disordered phaee 
is eight times more than in the ordered low-temperature one. 
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