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The thermal transformations in solid rubidium nitrate have been studied by optical microscopy, 
X-ray diffraction and measurements of electrical conductance. 

I t  has been found that  forms IV, I I I  and probably II are structurally related. :No simple structural 
relationship between II and I has been found. 

The transformations between IV, I I I  and II appear to involve changes of positional randomization 
of the rubidium ions. There is no evidence for changes of positional randomization at the II ~ I 
transformations. 

Introduction 

Plyuschev et al. (1956) have shown by  differential  
thermal  analysis  tha t  rub id ium ni t ra te  has four stable 
forms between room temperature  and the melt ing 
point  at  ca. 314 °C. They give the t ransformat ion 
temperatures  as: 

164 °C 9.19 °C 291 °C 
I V - - ~  I I I - - - ~  I I  > I . 

We have made a s tudy  of these forms, and of the 
t ransformat ions  between them, by  means  of optical 
microscopy, X-ray  diffraction and  measurements  of 
the electrical conductance as a funct ion of temperature.  

This paper  is par t  of a general programme of 
research on the solid state t ransformat ions  in the 
ni trates of univalent  cations. 

Experimental  and results  

Optical microscopy and X-ray diffraction 
Rub id ium ni t ra te  IV crystallizes from aqueous 

solution at  room tempera ture  as needles with a 
t r iangular  cross-section. Single crystals were examined  
with a polarizing microscope f i t ted with a conven- 
t ional  hot  stage, and by X-ray  diffraction. X-ray  
photographs show tha t  IV is not or thorhombic as 
given in the ASTM Index  Powder Data  File, but  
tr igonal  with 

a = 10.48, c = 7.45 ~ .  

The needle axis corresponds to the c-axis and  the 
sides of the t r iangular  cross-section are parallel  to the 
a-axes. 

The systemat ic  absences are 00.1 for l~:3n, the 
d iad axis being normal  to (10-0), indicat ing space 
group P3112 or P3212. de=3.11 g.cm. -s for Z=9. 
do=3.11 g.cm. -8. (Handbook of Chemistry and Physics, 
1957). 

* Present address: Physics Department, Monash Univer- 
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The IV--> I I I  t ransformat ion was observed under  
the microscope at ca. 160 °C., the crystals becoming 
isotropic. X-ray photographs at 180 °C. confirm tha t  
I I I  is cubic, with a = 4 . 3 6  A. dc=2.96 g.cm.-S for 
Z = I .  Korhonen (1951), on the basis of powder 
photographs,  suggests tha t  the true uni t  cell consists 
of 8 of these smaller cells, i.e., with a--8-72 /~. 

X- ray  photographs of single crystals heated through 
the I V - ~  I I I  t ransformation,  show tha t  the tr igonal  
t r iad  [00.1] of IV t ransforms to the cubic t r iad  [111] 
of I I I  with the tr igonal [10-1] direction becoming the 
cube edge direction [100]. This relat ionship between 
forms IV and I I I  is i l lustrated in Fig. 1. 

CIV 
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Fig. 1. Structural relationship between the unit cells of 
forms IV and III of rubidium nitrate. 

I t  will be seen that ,  at  the I I I  -+ IV t r andormat ion ,  
any  one of the four equivalent  cube diagonals can 
give rise to the tr igonal  c-axis. Therefore in the 
t ransformat ion  cycle IV -+ I I I  -> IV, the crystals m a y  
come back to form IV in any  one of four orientations. 
For a needle crystal of t r iangular  cross-section lying 
on a microscope slide, i t  is possible to calculate the  
angle between the needle axis and  the crystal lographic 
c-axis corresponding to each of the four possible 
orientations. These angles are 0 °, 70.5 °, 55 ° and  55 ° 
(two cube diagonals are indist inguishable).  All these 
orientations have been observed under the polarizing 
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microscope. Usual ly  a crystal  re turns  to a single 
orientation. In  a total  of 60 t ransformat ion  cycles in 
6 crystals observed under  the microscope, the crystal  
re turned  to its original orientat ion in 35 cycles. This 
is a larger number  t h a n  would be expected if the new 
orientat ion were de termined s imply  by  chance. How- 
ever, if the  I I I  -> IV t ransformat ion  in i t ia ted  at more 
t h a n  one point,  then  the crystal  often showed more 
t h a n  one of the possible orientations. 

The I I I  --> I I  t ransformat ion  was observed at  220 °C. 
under  the microscope. The crystals cracked and  bent  
and  became anisotropic. On cooling, the t ransforma- 
t ion was observed at  a s l ight ly  lower temperature ,  
and  some fur ther  distort ion of the crystals took place. 
Since this distort ion made it  impossible to s tudy  these 
(and the I I  ~-I)  t ransformat ions  in single crystals 
wi th  X-rays,  t hey  were therefore invest igated by  
powder diffractometry,  using the specimen-heat ing 
appara tus  previously described by  Brown & McLaren 
(1962a). 

:Finbak, Hassel & St romme (1937) have given the 
uni t  cell of I I  as hexagonal  with 

a = 5 . 4 8 ,  c= 10.71 A .  

Our diffractometer  results suggest tha t  there are 
possible a l ternat ive  cells. These are given in Table 1, 
and  are l isted in order of decreasing goodness of fit. 

Table 1 
de 

Cell System a (A) c (A) Z (g.em. -a) 
1 Tetragonal 6-19 a 8.74 o 4 2- 92 
2(FHS) tIexagonal 5.54 o 10.72 3 2.58 
3 Tetragonal 7.140 13.12 8 2-93 
4 Hexagonal 15-15 4-056 9 2.73 
5 Hexagonal 15" 15 5.152 12 2.87 

The I I  + I t ransformat ion  was observed under  the 
microscope at ca. 290 °C., the  crystals becoming 
isotropic without  any  extra  distort ion being evident.  
A diffractometer  pa t te rn  at ca. 295 °C. showed tha t  
the uni t  cell was cubic with a = 7 . 3 2 0  /~. dc=2"50 
g. cm.-3 for Z = 4. 

Electrical conductance 
Measurements  of the electrical conductance of com- 

pressed powder pellets of rub id ium ni t ra te  were made 
as a funct ion of tempera ture  with appara tus  similar  
to tha t  previously described b y  Brown & McLaren 
(1962a). :For temperatures  up to ca. 250 °C., the 
measurements  were made  with direct current. In  
order to reduce any  error due to polarization effects, 
the electric field was appl ied for only one second. The 
reading was then  repeated wi th  the current  flow in 
the opposite direction. Above 250 °C., the measure- 
m e s t s  were made  at  1000 c./s. with a Cambridge 
conduct iv i ty  bridge. 

The results are shown in :Fig. 3. I t  will be seen tha t  
the I V - ~  I I I  t ransformat ion  took place at  164 °C. 

and  tha t  the conductance increased by  a factor of 100. 
The I I I - >  IV t ransformat ion  took place at  161 °C. 
with a corresponding decrease in conductance. This 
behaviour  was repeatable.  

The first I I I - +  I I  t ransformat ion  took place at  
230 °C. and the conductance decreased by  a factor of 3. 
However, on cooling, the I I - +  I I I  t ransformat ion  
took place at  218 °C. and  the conductance increased 
by  a factor of 30. The I I I  ~ I I  cycle was then  repeated 
and  the conductance changed b y  a factor of 30 both 
on heat ing and  cooling. 

On fur ther  cooling, the conductance decreased by  
a factor of 1000 at  the I I I - +  IV t ransformat ion  to 
its original value. The sample was then  reheated:  
the conductance increased by  a factor of 1000 at  the 
IV ~ I I I  t ransformat ion  and  decreased by  a factor of 
30 at the I I I - +  I I  t ransformation.  This behaviour  
was confirmed on a second sample. 

The I I  ~ I t ransformat ions  were observed at  ca. 
282 °C. only as a change of slope in the graph of log 
(conductance) against  reciprocal absolute temper- 
ature. 

Discuss ion  

Structural relationships between the forms 
I t  has been shown tha t  the uni t  cells of IV and I I I  

are s imply  related. 
Al though there are several possible uni t  cells for II ,  

i t  has been found tha t  the dimensions of the uni t  cell 
of I I I  and  the most  probable  uni t  cell of I I  (No. 1) 
are also s imply related, namely,  

}/(2)aHi=6"16 ~ a l l = 6 . 1 9 / ~  

2 a m  = 8.72/~ CH = 8"74 /~ 

This suggests t ha t  I I  (No. 1) is the true uni t  cell 
of I I  and  tha t  its s t ructural  relat ionship to the uni t  
cell of I I I  is as shown in :Fig. 2. Therefore, at  the 
I I I - +  I I  t ransformat ion,  the crystal  has a choice of 
three possible orientations, corresponding to three 

Fig. 2. Structural relationship between the unit cells of 
forms III and II of rubidium nitrate. 
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m u t u a l l y  pe rpend icu la r  d i rec t ions  for t he  cH-axis. I t  
is sugges ted  t h a t  th i s  choice of o r ien ta t ions  is respon- 
sible for the  f r a g m e n t a t i o n  which  occurs a t  the  t rans -  
fo rmat ion .  

,-4 
I 
E 

.,...., 

=- 

o L~ 

.I0-~ 

,10-s 

.10-6 

• 1 0  - 7  

T ...... 

:/ 

o First heating IV --,- III 

• First cooling III - "  IV 

~p- Second heating ( IV--~ l l l  not shown), 

II! --~ II 

+ Second cool ing II - '~  III 

E1 Third heating III ~ "  II 

III Th i rd  cooling II - ~  III "-~ IV 

+ Fourth heating and cool ing II ~ I 

I0 -8, 
' ' 210  ' ' ' ' 1 ~5 2"5 

1,ooo/r " K 

Fig. 3. The electrical conductance of rubidium nitrate as 
a function of temperature. 

No s imple  r e l a t ionsh ip  be tween  the  cell d imens ions  
of I I  a n d  I ha s  been found.  However ,  i t  is observed  
unde r  the  microscope t h a t  single c rys ta l s  can  undergo  
the  I I  ~ I t r a n s f o r m a t i o n  w i t h o u t  f r a g m e n t a t i o n .  
Since t he  t e m p e r a t u r e  of th i s  t r a n s f o r m a t i o n  is on ly  
ca. 20 °C. below the  me l t ing  point ,  i t  is possible t h a t  
the  c rys ta l s  are suf f ic ien t ly  p las t ic  to w i t h s t a n d  a 
s t r u c t u r a l  change  in  which  aH a n d  cH e x p a n d  a n d  
con t r ac t  respec t ive ly ,  to  become equa l  (to az). 

Positional randomization 

The m e a s u r e m e n t s  of e lect r ical  conduc tance  as a 
f u n c t i o n  of t e m p e r a t u r e  were u n d e r t a k e n  to  p rov ide  
i n fo rma t ion  on the  degree of ionic m o v e m e n t  t a k i n g  
place dur ing  t h e  t r a n s f o r m a t i o n s  a n d  in  t h e  s tab le  

forms.  
The  conduc tance  changes  observed  a t  the  I I  ~ - I  

t r a n s f o r m a t i o n s  we t a k e  as good evidence  t h a t  these  
t r a n s f o r m a t i o n s  do no t  invo lve  a n y  sudden  change  
in  pos i t iona l  r a n d o m i z a t i o n  of the  ions. 

More-or-less large  changes  in  conduc tance  are ob- 
served  a t  t he  o ther  t r ans fo rma t ions .  I t  will  be seen 
t h a t  w h e n  the  t r a n s f o r m a t i o n  involves  an  increase  in  
c rys ta l lograph ic  s y m m e t r y ,  the  electr ical  conduc tance  
increases,  a n d  vice versa.  This  has  also been  observed  
in  K_NOs, T1NOs, CsNOs a n d  NHcNOs.  B r o w n  & 

McLaren  (1962a) used p r o t o n  m a g n e t i c  r e sonance  to  
show t h a t  t he  increase  in  conduc tance  a t  the  I I - ~  I 
t r a n s f o r m a t i o n  in  N H a N O s  was  due  to  pos i t iona l  
r a n d o m i z a t i o n  of t he  N H  + ions. There  is ev idence  
t h a t  a s imi lar  s i t ua t i on  exis ts  in  T1NOs (see B r o w n  
& McLaren ,  1962b). I t  is therefore  sugges ted  t h a t  t he  
increase  in  conduc tance  a t  t he  IV--> I I I  t r a n s f o r m a -  
t i on  is due to  some pos i t iona l  r a n d o m i z a t i o n  of t he  
R b  + ions, a n d  t h a t  t h e  decrease  a t  t he  I I I  -> I I  t r ans -  
f o r m a t i o n  cor responds  to  an  order ing  process.  

I t  is no t  u n d e r s t o o d  why ,  a f te r  t h e  f i r s t  I I - ~  I I I  
t r a n s f o r m a t i o n ,  t he  conduc tance  of I I I  shou ld  show 
a p e r m a n e n t  increase  in  conduc tance  over  i t s  o r ig ina l  
value.  

A P P E N D I X  

Diffractometer powder patterns for forms I ,  I I ,  I I I  
and I V  of rubidium nitrate 

Form I 
(Cu K s  radiation) 

d (A) I / I  o Index 
4-23 19 111 
3.67 100 200 
2"585 52 22O 
2.206 14 311 
2"113 8 222 
1-827 1 400 

Form II  (No. 1) 

d (A) I/I  o Index 
4.36 17 002 
3.57 100 102 
2.766 40 210 
2.338 22 212 
2.187 24 004 
1-957 2 222 
1-787 5 312 
1.717 3 320 
1.598 1 322 
1-503 2 410 
1.460 1 330 

Form III  

d (A) I /I  o Index 
4"35 8 100 
3"09 100 110 
2"517 12 111 
2"179 7 200 
1"951 9 210 
1"780 7 211 
1-541 1 220 
1"454 2 300/221 

Form IV 

d (£) 1[I o Index 
5.25 1 110 
4-29 16 111 
3-45 1 102 
3.43 1 210 
3-03 100 300 
2.878 2 202 
2.617 1 220 
2.519 1 212/310 
2-472 16 221 
2.386 1 311 
2-348 1 302 
2.171 1 401 
2-144 13 222 
1.920 8 303 
1.914 12 411 
1-747 13 330 
1.518 1 224 
1.513 2 600 
1.426 3 521 
1"356 1 414 
1-354 3 522 
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