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CsNOz I at ambient conditions is cubic, space group O,‘-Pm3m, with CI,J = 4.389 A, and transforms at 
-94°C to rhombohedral CsNO, II, space group D&R%n, with a,,, = 4.307 A, a = 87”22’. The CsNO, 
II/I transition line rises with pressure. RbNO, I at ambient conditions is cubic, space group O,,-Fm3m, 
with a0 = 6.934 A. It transforms at -12°C to monoclinic RbNO, II with a0 = 8.904, b. = 4.828, c0 = 8.185 
A, /3 = 115.7” at -62°C. RbN02 II appears to be ordered, whereas RbNOz I has a configurational entropy 
of Rln32. The RbNO, II/I transition line is terminated at 0.3 kbar with the appearance of RbNO* III 
which is 17.3 % denser than RbNO, I. The RbN02 II/III transition pressure increases with decreasing 
temperature to a triple point at 1.2 kbar, -65°C where a further dense phase RbNOz IV appears. The 
RbNO* IV/III phase boundary is very similar to the CsNO, II/I boundary. The RbNO* II/IV transition 
pressure rises slightly with decreasing pressure. The melting curve of RbNO, I passes through a maximum 
at 2.2 kbar, 39O”C, and is terminated at the RbNO, III/I/liquid triple point at 5.2 kbar, 382°C. The melting 
curve of RbN02 III rises steeply with pressure. 

1. Introduction 

The complex polymorphism of the alkali 
nitrites affords considerable insight into the 
variety of order-disorder phenomena related to 
orientation of V-shaped anions in ionic crystals. 
By far the most thoroughly studied example is 
NaNO,, due mainly to the discovery of ferro- 
electricity in this compound at ambient con- 
ditions (I). Ferroelectric NaNOz III is ortho- 
rhombic, space group C$Im2m (2-4). The 
spontaneous polarization is parallel to the 6, 
axis, while the N02- ions lie parallel to one 
another in the planes perpendicular to the a,, axis. 
At the ferroelectric Curie point (163.4”C) the 
substance transforms to antiferroelectric NaNOz 
II in which the ordering parameter of the ions in 
the a,, plane changes sinusoidally along the a0 
axis with a period of -8 layers. At the Ntel 
temperature (164.7”C) a further transformation 
occurs to paraelectric NaNOz I, which is also 
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orthorhombic, but with the higher symmetry 
space group D$-Immm (7), due to oscillation 
of the ions along the b,, axis. The sodium and 
nitrogen atoms can be considered to occupy half 
the 4g positions, while the oxygen atoms are 
distributed over half the 81 positions. Gesi et al. 
(8) found that both the Curie and NCel tempera- 
tures rise with pressure to 10 kbar, and that the 
narrow stability region of NaN02 II increases 
with pressure. This was confirmed by Rapoport 
(9) to 40 kbar. Rapoport also discovered a new 
phase NaNO, V just below the melting curve at 
pressures above 9.4 kbar (10). Finally, NaNO, 
IV is found upon compressing NaNO, III (9, ZZ). 
The III/IV transition appears to be of the second 
order. The transition line meets the temperature 
axis at -96°C (22). 

KN02 I above 39°C (13) is cubic, space group 
Ohs-Fm3m (14). KN02 II is rhombohedral (Z5), 
space group D:,-Rgm (24). Both these phases 
are disordered, KN02 II with a configurational 
entropy of R In 6 (14) or R In 12 (16) and KNOz I 
with RIn32 (14). Two monoclinic (Z4,16) phases 
KNOl III and VII are stable below -13°C (17), 
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and at -100°C (16), respectively. At elevated 
pressures (9) all these phases transform to 
considerably denser phases which are related to 
the CsCl-type structure (18). KN02 V occurs 
above -75°C and KNOz IV below this tem- 
perature. The IV/V transition line splits at 27.3 
kbar, 75°C (9, Zo), with the appearance of 
KNOz VI. KNOz V is cubic, space group 
O,,-Pm3m, while KNOz IV and VI are only 
partly disordered (18). A final point of interest 
here is that the melting curve of KNOz I has a 
pronounced maximum (9). The falling part of 
the melting line is terminated at the V/I/liquid 
triple point at 14.9 kbar. 

We are not aware of any work relating to the 
crystallography or polymorphism of RbNO*. 
CsN02 at ambient conditions is cubic, space 
group O,,-Pm3m (19). This is the same arrange- 
ment as that of KNOz V (28). Using the arguments 
set out elsewhere (20) one can expect to find a 
low-temperature phase of CsNO, with the same 
structure as KN02 IV. RbNOz should behave in 
a fashion intermediate between CsNO? and 
KNO?. 

2. Experimental 

RbNO* and CsNO, with stated purities of 
990/U were obtained from Rocky Mountain 
Research, Inc., further purified by fractional 
recrystallization from aqueous solution, and 
thoroughly dried. 

X-Ray powder diffraction patterns at 25°C 
were obtained in a Philips high angle diffracto- 
meter. Patterns at lower temperatures were 
obtained by mounting samples, sealed in 
Lindemann tubes, in a Weissenberg camera and 
cooling by means of a current of cold nitrogen. 
Temperatures were measured with a thermo- 
couple junction -0.5 mm from the sample. The 
low-temperature diffraction photographs ob- 
tained in this way were corrected for absorption 
and film shrinkage by photographing the 25°C 
pattern of the same sample onto the same film 
in each case, and comparing the spacings with 
those obtained in the diffractometer. 

Pressures up to 40 kbar were generated in a 
piston-cylinder apparatus (21). Phase changes 
with relatively large volume changes were studied 
by volumetric methods (22), while those with 
smaller volume changes were studied by differen- 
tial thermal analysis (DTA), using Chromel- 
Alumel thermocouples. The samples were packed 
into nickel and stainless steel capsules in a dry 

box. Heating/cooling rates ranged from 0.3- 
1.5 deg/sec. The detailed experimental arrange- 
ment has been described before (23). Solid-solid 
phase boundaries were taken to be the mean of 
heating and cooling temperatures and were based 
on several consistent runs. The final boundaries 
are believed to be better than +2 deg and to.5 
kbar. 

3. Crystallography 

The observed peaks of CsNOz 1 at 25°C could 
be explained on the basis of a bee unit cell, space 
group O,,-Pm3m, in agreement with Ferrari 
et al. (19). Our lattice constant is higher, though, 
being 4.389 i 0.003 A as compared to 4.34 A 
found by the previous workers. The calculated 
density, taking Z = I, is 3.5 14 g/cm3. The powder 
pattern of CsN02 I is given in Table I. 

The powder pattern of CsNO, at -151°C was 
different from that at 25°C indicating a phase 
transition to a new phase CsNOz II between 
these temperatures. The powder pattern at 
-151°C could be explained on the basis of a 
rhombohedral unit cell with ur,, = 4.307 * 0.015 
A, a,,, = 87” 22’ & 20’, and is given in Table II. 
The calculated density, taking Z = 1 here also, 
is 3.729 g/cm3. 

The configurational entropy required by an 
assumption of one-dimensional “free” rotation 

TABLE I 

POWDER PATTERN OF CsN02 1 AT 25'C (FILTERED 
CuK, RADIATION) 

4.41 4.389 100 33 
3.104 3.103 110 100 
2.535 2.5339 I I 1 88 
2.1945 2.1944 200 32 
1.9628 1.9621 210 21 
1.7911 1.7917 211 23 
1.5520 1.5517 220 7 
1.4627 1.4629 221 II 
1.3881 1.3879 310 4 
1.3232 1.3233 311 3 
1.2669 1.2669 222 1 
1.2169 1.2172 320 2 
1.1731 1.1730 321 3 
1.0974 1.0973 400 <I 
1.0649 1.0646 410 1 
1.0342 1.0345 411,330 I 
0.9814 0.9814 420 <l 
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TABLE II TABLE III 

POWDER PATTERN OF CsNO, II AT -151°C 
(FILTERED CuK, RADIATION) 

POWDER PATTERN OF RbNO, I AT 25°C (Fn- 
TERED CuK. RADIATION) 

dabs 6) h k I” z 

4.30 4.298 001 vs 
3.10 3.108 011 vvs 
2.96 2.974 oil vvs 
2.61 2.598 111 VW 
2.450 2.449 iii W 
2.151 2.149 002 S 
1.957 1.957 012 M 
1.884 1.889 012 M 
1.827 1.823 112 W 
1.742 1.742 12i S 
1.555 1.554 022 W 
1.493 1.492 122 S 
1.432 1.433 003,122 w 
1.405 1.406 122 W 
1.378 1.378 013 VW 
1.337 1.342, 1.334 0 1 3, 1 1 3 S 
1.289 1.291 ii3 VW 
1.218 1.217 023 W 
1.189 1.190 123 W 

4.00 4.004 111 19 
3.467 3.465 200 100 
2.4521 2.4517 220 37 
2.0897 2.0908 311 12 
2.0014 2.0018 222 5 
1.7336 1.7336 400 3 
1.5914 1.5909 331 3 
1.5510 1.5506 420 3 
1.4158 1.4155 422 1 
1.3339 1.3345 511 1 
1.2259 1.2259 440 <l 
1.1722 1.1721 531 <l 

of Rln32 on the basis of the only logically 
acceptable proposed atomic arrangement. The 
calculated density of RbNOz I, taking 2 = 4, 
is 2.619 g/cm3. The powder pattern of RbNOz I 
at 25°C is given in Table III. 

’ Rhombohedral indexing. 

of the NO2 groups in CsNOz II at -151 “C is too 
high to be reasonable. The simplest and most 
obvious model for the structure of CsNO, II 
is to put the Cs+ ion at the la (O,O,O) position of 
Did-Rgm, the N atom at the lb (+,t,+) position, 
and to distribute the two 0 atoms among the 
two triplets of 6h (xxz; xzx; zxx; RPP; x%; Z-X) 
positions. This model involves three distinct 
positions of the nitrite group, and therefore has a 
configurational entropy of Rln3, a value which 
appears to be quite acceptable. A higher con- 
figurational entropy could be yielded by a 
somewhat similar model which contains the N 
atom statistically distributed among the 6h 
positions with x - z - $. The proposed structure 
is, in either case, obviously closely related to the 
CsCl-type arrangement. Taking the effective 
ionic radius of eight-coordinated Cs+ as 1.82 A 
(24), the NO*- ellipsoid of rotation has a length 
of 4.16 A and a diameter of 3.23 A. 

Powder diffraction patterns of RbNOz ob- 
tained at -20, -62, -103 and -130°C were all 
similar, but very different from that of RbNO* I 
at 25°C. This indicates a phase transition to a 
new phase RbNO* II between 25 and -20°C. 
The low-temperature patterns could not be 
explained on the basis of any cell with fewer than 
four independent variables. In particular, this 
phase is not similar to rhombohedral KNOz 11 
or to orthorhombic NaNOz I or III. However, a 
monoclinic indexing was suggested by the fact 
that the low-temperature form of RbCN and 
the metastable low-temperature form of KCN 
are monoclinic (25). In fact, the present patterns 
could be indexed with ease on this basis when 
allowance was made for a change in space group 
due to the V-shaped NOz- ions as compared with 
rodlike CN- ions. The monoclinic phase of 
KCN has the cell dimensions 

a, = 8.04 ii, b. = 4.53 ii, co = 7.47 A, 

/3 = 109” 26, 

The observed peaks of RbNOz I at 25°C could 
be explained on the basis of a fee unit cell, space 
group 0,S-Fm3m, with a0 = 6.934 & 0.005 A, 
This phase can be expected to have the same 
structure as KN02 I, for which Solbakk and 
Stromme (14) suggested a configurational entropy 

whereas the present patterns of RbNOz II could 
be fitted by 

a0 = 8.904 3 0.012 8, 

b. = 4.828 i 0.010 A 

co=8.185i0.012A 

p= 115.7f0.5” 
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at -62”C, and 

a0 = 8.905 zh 0.015 A 

b. = 4.847 i 0.012 A 

co = 8.185 + 0.012 A 

/3= 115.7hO.6” 

at -103°C. The powder patterns at these tem- 
peratures are given in Table IV. It is clear that 
the lattice is primitive, but the space group cannot 
uniquely be determined in the absence of 
observed Ok0 reflections. There appear to be no 
restrictions on hkl and h01 reflections. Taking 
Z = 4, the density of RbNOl II is 2.75 g/cm3 at 

TABLE IV 

POWDER PATTERNS OF RbNO, II AT -62°C AND -103°C 
(FILTERED CuK, RADIATION) 

4.39 4.419 M 4.39 4.417 s 20i 
3.99 4.011, s 3.98 4.016, S 1 I i, 

4.010 4.011 200 
3.58 3.603 W 202 

3.32 3.305 w 111 
3.13 3.121 VS 3.11 3.115 s 112 
2.97 2.959 M 2.95 2.959 M 3oi 
2.826 2.824 VS 2.81 2.819 VS 302 
2.694 2.701 M 2.678 2.680 M 103 
2.464 2.458 M 2.441 2.439 S 003 
2.310 2.312 W 120 

2.299 2.301, W 02 1, 
2.296 12i 

2.225 2,223 VW 301 
2.204 2.208 VW 402 

2.149 2.151 VVW 2.149 2.145 VVW 3 1 5 
2.069 2.074 VVW 2 2 0 

2.003 2.005 M 1.998 1.997 M 400 
1.893 1.888 VW 221 

1.856 1.857 VW 122 
1.853 1.852 VW 1.852 1.853 VW 410 
1.751 1.752 W 1.748 1.750 W 401 
1.690 1.688 W 1.682 1.682 VW 414 

1.611 1.612 VW 305 
1.602 1.604, VVW 5 00, 

1.603 504 
1.540 1.542 VVW 1.542 1.545 VW 420 
1.346 1.347 VVW 1.341 1.342 VW 325 
1.320 1.320 VVW 125 
1.240 1.238, VVW 5 2 5, 

1.239, 52 1, 
1.239 512 

-62°C and 2.76 g/cm3 at -103°C. It must be 
emphasized here that any monoclinic assignment 
of a complex powder pattern must be regarded 
as tentative until confirmed by single-crystal 
studies. 

4. Phase Boundaries 

CsN02 
The CsNOz I/II transition was observed at 

-94 i 2°C at atmospheric pressure, this value 
being the mean of six determinations by means 
of DTA. The transition gave rise to strong 
signals both on heating and on cooling [Fig. 
l(i)]. The temperatures obtained on heating 
were usually slightly lower than those obtained 
on cooling. This may indicate that the material 
used contained some nitrate as an impurity. The 
transition line is shown in Fig. 2. It rises with 
pressure with an initial slope of 4.9 deg/kbar 
and a small normal curvature. The observed 
points are summarized in the form of a power 
series in Table V. 

No reliable points could be obtained on the 
melting curve of CsNO, I. This may have been 
due to the effect of nitrate impurity, or it may 
have been due to partial decomposition of the 
samples at elevated temperatures. The second 

INCREASING 
TIME 

FIG. I. Typical DTA signals obtained. (i) CsNO* 11/I 
transition at 0 kbar, -97°C heating, -90.5”C cooling; 
(ii) RbN02 II/I transition at 0 kbar, -8.4”C heating, 
-24.8”C cooling; (iii) RbNO* I/liq at 3.5 kbar, 388°C; 
(iv) RbN02 IV/III transition at 28.2 kbar, 84°C heating, 
95°C cooling. 
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1 1 1 1 
0 10 20 30 40 

PRESSURE - KILOBAR 

FIG. 2. CsN03 II/I transition line to 40 kbar. 

alternative is the more likely in view of the fact 
that the first melting signal obtained for each 
sample was considerably sharper than later ones. 

RbNOl 
The phase diagram of RbNOz is shown in 

Fig. 3. The RbN02 II/I transition was observed 
at -12 & 2°C at atmospheric pressure, and 
exhibited a thermal hysteresis of 8-16 degrees. 
It yielded very strong DTA signals [Fig. I(ii)] 
which were abruptly terminated at 0.3 kbar, 
-12°C. 

Doubtful indications of further transitions at 
atmospheric pressure were given by weak DTA 
signals at -36 and -78°C. However, since the 
X-ray powder diffraction patterns at -20, -62, 
-103 and -130°C were similar, apart from 
thermal expansion, no major change occurs in 
this region. 

The termination of the RbN02 II/I transition 
line at 0.3 kbar, with no DTA signals observed 
at immediately higher pressures, is obviously 
due to the intersection at this point of the II/I 
transition line with a new transition line carrying 
a large volume change. A search was made for 
this line by means of volumetric techniques. A 
typical compression curve at 126.4”C is shown in 
Fig. 4. The new RbNOz I/III transition has the 
very large volume change of 8.7 cm3/mole, i.e. 
17.3 % of the molar volume of RbNOz I at 25°C. 
The transition, after piston rotation, occurs at 
2.465 i- 0.040 kbar at 126.4”C, 1.917 + 0.109 
kbar at 81”C, and was encountered at 0.751 + 
0.025 kbar at 15.6”C on increasing pressure only. 
The reverse transition at this temperature was at 
too low a pressure to initiate, due to frictional 
effects. The RbN02 I/III phase boundary has 
a mean slope of 80 deg/kbar if linearity is assumed. 

The RbNOz II/III transition line below -12°C 
was reversed once only due to the low transition 
pressure and frictional effects at low tempera- 
tures. The piston-rotation value obtained at 
-38°C was 0.65 i 0.46 kbar. At still lower 

TABLE V 

PHASE RELATIONS OF CsN02 AND RbN02 

Transition line 

CsNO, II/I 
RbNO* II/I 
RbNO, IV/III 
RbNO, II/IV 
RbN02 II/III 
RbNO, I/III 
RbN02 I/liq 
RbN02 III/liq 

Fit 
___. 

t (“C) = -94 + 4.9P - 0.036P’ 
1 (“C) = -12 
t (“c) = -65 + 7.O(P - 1.2) - O.O46(P - 1.2)* 
P (kbar) = 1.2 - O.O062(t + 65) 
P (kbar) = 0.3 - O.O17O(r + 12) 
P (kbar) = 0.3 + O.O124(t + 12) 
1 (“C) = 385 + 4.4P - 1 .oop* 
f (“C) = 382 + 27(P - 5.2) - l.O9(P ~ 5.2)* 

Standard 
deviation (“C) 

- 
1.9 

0.6 

2.0 
0.6 

Triple point 

RbN02 III/II/I 
RbNOZ IV/II/III 
RbNO* III/I/liq 

Pressure (kbar) 

0.3 
1.2 
5.2 

Temperature 
m 

-12 
-65 
382 

a The uncertainties corresponding to these values are best judged from Fig. 3. 
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RbN02 I 
CUBIC 

- Fm3m 

I 0 40 

PRESSURE - KILOBAR 

FIG. 3. Phase diagram of RbNO, to 40 kbar. 

temperatures the transition could only be 
observed on compression. These piston-rotation 
points are shown in Fig. 3. The II/III transition 
pressure increases with decreasing temperature. 

A slight change in the slope of the II/III 
transition line at 1.2 kbar, -65°C marks the 
RbNO* IV/II/III triple point. The RbN02 II/IV 
transition line is somewhat steeper than the II/III 
transition line. The new RbN02 IV/III transition 
was observed both by means of volumetric 
methods and by means of DTA. A typical 
compression-decompression cycle at 15.6”C is 
shown in Fig. 5. Due to the small volume change 
of the transition no attempt was made to relieve 

friction by means of piston rotation. The transi- 
tion pressure at this temperature was 13.0 i 1. I 
kbar. The volume change of the IV/III transition 
was 0.61 cm3/mole. 

Typical DTA signals due to the IV/III transi- 
tion are shown in Fig. l(iv). The heating points 
were randomly 4-15” lower than the cooling 
points. The most obvious explanation of this 
effect is an impurity soluble in RbNOz III but 
not in RbN02 IV. However, the DTA peaks 
were sharp and relatively narrow, contrary to 
what would be expected for a two-phase region. 
The points plotted represent the means of heating 
and cooling transition temperatures, and are in 
good agreement with the volumetric points (Fig. 
3). The RbN02 IV/III transition line rises with 
pressure, with gentle normal curvature. It was 
followed to 32.5 kbar, 108°C. 

Melting and freezing of RbNOz yielded very 
weak DTA signals [Fig. l(iii)]. Freezing signals 
were usually more pronounced, and were used 
to plot the melting curve. However, melting 
temperatures were in good agreement with freez- 
ing temperatures where it was possible to 
measure both. The melting curve of RbNOz I 
rises with pressure from an estimated value of 
385°C at atmospheric pressure, passes through a 
maximum at -2.2 kbar, 390°C and then falls 
with pressure to the RbNOz III/I/liquid triple 
point at 5.2 kbar, 382°C. The melting curve of 
RbNOz III rises steeply with pressure. The phase 
relations of RbNOz are summarized in Table V. 

Discussion 

The very large volume change of the RbNO, 
I/III transition can only be due to a coordination 
change at the transition. We suggest that RbNOz 
III is cubic with a CsCl-like disordered structure, 
space group O,‘-Pm3m, as are the corresponding 
phases KNOz V (18) and CsNO* I. From the 
volumetric relations the lattice constant of 
RbNOz III at 25°C -1 kbar will be -4.08 A. 

The mean slope of the RbNO* I/III transition 
line is 80 deg/kbar. Using the observed volume 
change of 8.7 cm’/mole, the Clapeyron-Clausius 
relation yields 

4,1,, = 10.8 J/deg mole 

for the entropy of transition, as compared to 
6.3 J/deg mole for the corresponding KNOz I/V 
transition (18). It can be expected that the con- 
figurational entropies of RbNO? I and KNOl I 
are similar, with a configurational term of Rln 32 
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I I I I I I 

0 2 4 6 

PISTON LOAD - KILOBAR 

FIG. 4. Typical curve of piston displacement vs. load obtained upon compressing RbNO, at 126.4”C, showing 
the new I/III transition. 

(14) if all possible configurations are sterically than Rln6. However, the slope of the RbN02 
independent, or somewhat less if this is not the IV/III transition line at 13.6 kbar, viz., 5.8 deg/ 
case. KNO, V was suggested (28) to have a kbar, together with the volume change of 0.61 
configurational entropy of Rln 12 if, with the cm3/mole at this point, yields a transition 
cation in the la (O,O,O) position of Pm3m and the entropy of 10.3 J/deg mole, quite close to 
N atom in the lb (+,-$,+) position, the oxygens Rln4. This strongly favours the arrangement 
are in the 24 m positions. KN02 IV has the same for RbNO* III with a configurational entropy 
space group (28) as CsNO, II and, probably, of Rln 12. The initial volume change of the 
RbNO* IV. The configurational entropy for this RbN02 IV/III transition at the III/IV/II triple 
arrangement is almost certainly Rln 3. The experi- point, assuming the entropy change to be 
mental value of dS,,,v for KNOz is slightly less roughly constant along the transition line, is 
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I I I 

IO I5 20 

PISTON LOAD - KILOBAR 

FIG. 5. Typical compression-decompression cycle for 
RbNO, at 15.6”C, showing the new III/IV transition. 

0.73 cm3/mole from the ratio of the slopes at 
1.2 and 13.6 kbar. The initial slope of the 
CsN02 II/I transition line is 4.9 deg/kbar. If the 
entropy of the CsNO, II/I transition also is taken 
as Rln4, the volume change at the transition is 
found to be -0.6 cm3/mole. This value is not 
inconsistent with the X-ray results if allowance 
is made for thermal expansion. 

The usual assumption made for the entropy 
of order-disorder transformations is that A&,,, = 
0 in the expression (26) 

This approximation can be expected to be 
excellent in the case of the CsN02 II/I, RbNOz 
IV/III and RbNOz II/I transitions, since only 
slight structural changes are involved. However, 
in the case of transitions from 6- to 8-coordinated 
structure types, such as the RbN02 I/III, II/IV, 
or II/III transitions, this approximation is less 
valid. If all detail concerning the N02- ion is 
neglected, RbN02 I and III can be considered 
as analogous to the Bl and B2 phases, respec- 
tively, of the alkali halides. Bassett et al. (27) 
showed that in that case, for which Rln(N2/N,) = 
0, 

where (AS), is the entropy difference at constant 
pressure, (AS), the entropy difference at constant 
volume due to structural reasons only, yoi the 
Griineisen parameter of the Bl phase, Cvl its 
specific heat at constant volume, and A V/ Voi the 

10 

relative volume change of the Bl/B2 transition. 
Within their approximation, (AS), = 9.42 J/deg 
mole. If we assume yoi N 1.5 similar to the value 
for the alkali halides (28), and C,, = 50 J/deg 
mole (the Dulong-Petit value), the present value 
of d V/V0 i = -0.173 yields S,,, - S, = -3.6 J/deg 
mole. This means that the configurational part of 
A &r/r equals 7.2 J/deg mole, or very closely 
Rln(32/12), as expected from the arguments 
above. 

The volume change of the RbN02 II/I transi- 
tion was too small to observe as a nonzero slope 
of the short transition line. If we therefore assume 
that AVII,, = 0, it follows that AVI:,,,rr N AV,,,,, = 
-8.7 cm3/mole. The slope of the RbN02 II/III 
transition line is --60 deg/kbar, yielding 

A&,,,, = 14.5 J/deg mole. 

From the relations at the RbN02 III/II/I triple 
point, therefore, 

ASII,l N 25.3 J/deg mole, 

which is intermediate between Rln 16 (23 
J/deg mole) and Rln32 (28.8 J/deg mole). We 
have no local facilities to determine AS,,,, 
directly and accurately in order to obtain a better 
value. The present inferred value of AS,,,, is 
consistent both with an ordered arrangement for 
RbN02 II and with an arrangement with a 
configurational entropy of Rln2. However, the 
present slope of the RbNOz II/IV transition is 
--160 deg/kbar, and from the additive relations 
at the RbNOz III/IV/II triple point AV,,,,, = 
-9.4 cm3/mole, yielding 

A &,,rv = 5.8 J/deg mole. 

Eliminating the structural contribution of 
--3.6 J/deg mole, this yields -9.4 J/deg mole for 
the configurational part of the entropy change, 
closely equal to Rln3 (9.1 J/deg mole). Since 
RbN02 IV must have a configurational entropy 
of Rln3 if it is isostructural with KN02 IV and 
CsNOz II, as would seem probable, this indicates 
that RbNOz II is ordered. 

The maximum in the melting curve of RbNOz 
I is not unexpected in view of the maximum 
previously found in the melting curve of the 
corresponding phase KN02 I (9). In terms of 
Rapoport’s model (29) for melting curve maxima 
at high pressures, these can be explained by 
assuming that, on a short-range basis, the liquid 
even at low pressures contains aggregates of 
CsCl-like as well as NaCl-like arrangements. 
Rapoport (29) showed that the concentration of 
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the denser CsCl-like aggregates can be expected 
to increase rapidly, albeit continuously, with 
pressure along the melting curve at the expense 
of the less dense NaCl-like aggregates, thus 
resulting, at and beyond the maximum, in a 
liquid which is more dense than the solid. As 
appears always to be the case, this behaviour is 
accompanied by a solid-solid transition with a 
large volume change. 

There are indications that our materials may 
have contained some nitrate impurity. If so, the 
melting points will be low, but the essential 
features of the phase diagrams can be expected 
to be correct. 

The present results largely confirm the basic 
ideas with regard to the interplay between 
coordinational polymorphism and ordering pre- 
viously suggested (20). In KNOz (9, 18, 30) there 
are a group of NaCl-like phases at low pressures, 
with increasing disorder towards higher tem- 
peratures. Above -10 kbar only denser CsCl-like 
phases are encountered. RbNO, shows essentially 
the same behaviour, but without a phase similar 
to the partly disordered rhombohedral KNOz II 
in the low-pressure group of phases. The trans- 
formations to CsCl-like phases are near 2 kbar 
in this case, following the empirical rule (20) that 
increasing cationic radius simulates higher 
pressures. Similarly, CsNO, does not occur in 
NaCl-like phases, but is found to be CsCl-like 
in all its presently known forms. A slight anomaly 
is the absence of a phase similar to KNOz VI 
in the phase diagrams of CsNO, and RbN02. 
This tetragonal high-pressure phase appears to 
be somewhat similar to KN3, with an anionic 
disorder intermediate between those of KN02 
IV and KN02 V (18). Since RbNj II and CsN, II 
are isostructural with KNJ (3Z), there appears to 
be no obvious reason why a similar phase should 
not also be found for RbNOz and CsNO,. This 
is, nevertheless, not the case. 

A further matter of interest concerns the 
similarities between the phase diagrams of the 
alkali halides, cyanides, nitrites, azides and 
hydrofluorides. At high temperatures the less 
symmetrical anions usually have sufficient dis- 
order to crystallize in the same space groups as 
the corresponding alkali halides, while at lower 
temperatures partial or complete ordering, more 
or less characteristic of the anion concerned, 
develops. However, even here many similarities 
can be found. Metastable rhombohedral NaCN 
(32) and possibly metastable KCN II (II, 33) are 
closely related to rhombohedral KNOz II (14). 

NaNO, I, II, III and IV (2-7, 12), NaCN II and 
III (34), KCN V (35) and AgNOz (36) all appear 
to be orthorhombic, space group D$-Immm or 
C:g-Im2m, and to have closely related structures. 
There even appear to be similarities between 
monoclinic low-temperature RbCN, the meta- 
stable monoclinic phase of KCN (24, RbN02 
II, KNOz III and VII (16). Similarly, in the group 
of denser phases KCN IV (37), CsCN II (38), 
KN02 IV (18), CsNO, II and probably RbN02 
II are all rhombohedral with the same space 
group and closely related structures. KNOz VI 
appears to be closely related to KN, and KHF, 
II, as mentioned above. 

Work is in progress to obtain X-ray diffraction 
patterns of the new high-pressure phases RbNOz 
III and IV. 
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