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The I R  and Raman spectra o f  NiX26NH3 (X = NO3, BF4 and CROk) 

c r y s t a l s  were obtained a t  room and l i q u i d  Np temperatures. The s t ruc tu -  

r a l  change which comes w i t h  the we l l  known ammonia cooperat ive phase 

t r a n s i t i o n  i s  analysed by symmetry considerat ions.  The hexammine metal 

complexes wi t h  molecular anions (X = NO3, BF4, CRO4 and P F ~ )  are c las-  

s i f i e d  i n  a ser ies  I I  which, below Tc, undergoes the A type deformation 

of the Bates and Stevens c l a s s i f i c a t i o n .  For the halogen anions (X = CR, 

B r  and I) c r y s t a l s  (ser ies  I) the B type deformation i s  assigned. Dis-  

cussions which leads t o  the conclusion tha t  hydrogen-bonds are l a r g e r i n  

ser ies  I I ,  being responsible f o r  the low deformation and higherTc,when 

compared t o  ser ies  I, are presented. 

Foram obt idos os espectros IR e Raman dos c r i s t a i s  NiX26NH3 

(X = NO3, BF,, e C!LO4) ás temperaturas ambientes de N2 l  iquido.  Mudança 

de es t ru tu ra  oriunda da bem conhecida t ransição de fase cooperativa das 

amônias é analisada por considerações de s imet r ia .  Complexos hexamonia- 

ca i s  de metais com anions moleculares (X = NOg, BFh, Cio4, e PFâ ) são 

c lass i f i cados em uma sé r i e  denominada I1 que,abaixo d e T  sofre uma de- 
C' 

formação do t i p o  A da c lass i f i cação  de Bates e Stevens. Para c r i s t a i s  

com anions halogêneos ( sé r i e  I )  f o i  assinalada uma deformação do t i poB .  

São apresentadas discussões que levaram á conclusão de que pontes de hi- 

d r o g n i o  são maiores n a  s é r i e  II, sendo responsáveis pela baixa defor- 

mação e al t o  T quando comparadas com a s é r i e  1 . 
C' 



1. INTRODUCTION 

I n  t h i s  paper we repor t  I R  and Raman spectra measurements o f  

NiX26NH3 ( X =  NO3, BF4 and CR04) c r y s t a l s  at tempt ing t o  d e s c r i b e  a 

s t r u c t u r a l  change which comes w i t h  the cooperat ive phase- t rans i t ion  ob- 

served i n  these s a l t s .  We attempt a l s o  t o  exp la in  h igh T values of the- 
C 

se c rys ta l s ,  as compared t o  those observed i n  halogen hexammine comple- 

xes. I n  the previous reports we discussed severa1 known proper t iesabout  

t h i s  t r a n s i t i o n  and reported (1) I R  spectral o f  N ~ ( N O ~ ) ~ ~ N H ~  and ( I  I )  

EPR spectra2 o f  M ~ ( N o ~ ) ~ ~ N H ~  (Me = N i ,  Zn and ~ d )  c r y s t a l s .  

The cooperative phase t r a n s i t i o n  i n  n icke l  hexammine comple- 

xes has been subject  o f  la rge i n te res t .  I t  was discovered from EPR s tu-  

d ies  o f  n i cke l  halogen complexes (X = CR, Br and I )  and recent studies 

show s i m i l a r  t r a n s i t i o n  i n  (X = NO3, BF4, C i o 4  and PF6) and i n  o ther  iso-  

morphous t r a n s i t i o n  metal complexes. I t  i s  accepted tha t  i n  a11 these 

s a l t s  the cooperative t r a n s i t i o n  i s  re la ted  t o  the decreasing ofdegrees 

o f  r o t a t i o n  o f  ammonia molecules. At  h igh  enough temperatures, the am- 

monia molecules are r o t a t i n g  w i t h  a frequency greater  than 4 x 101° Hz 

around the Ni - N (n i t rogen o f  NH3) a x i s  g i v i n g  a t ime averaged cubic 

c r y s t a l  f i e l d  symmetry a t  the ~ i + +  s i t e .  I f  the temperature i s  lowered, 

the r o t a t i o n  o f  ammonia molecules are  freezed coopera t ive ly  a t a  charac- 

t e r i s t i c  temperature Te. Consequently the t r i a n g u l a r  shaped charge d i s -  

t r i b u t i o n  o f  the NH3 protons gives a non cubic c r y s t a l  f i e l d  a t  t h e  

Ni++ s i  te .  Th i s phenomenon produces a sudden change i n  some phys ica 1 pro- 

pe r t i es  which have been measured by EPR, NMR, IR, Specif i c  Heat, MOSS- 
bauer, X-Ray, D i e l e c t r i c  Constant and Volumetric Change. 

A theory t o  exp la in  t h i s  phase t r a n s i t i o n  was developed by 

Bates and stevens3 and   ates^. Th is  theory was extended by A i e l l o  and 

palma-vi t t o r e l y 5  and was improved by Bates e t  aZ.6.  ates^ showed tha t  

two k inds o f  s t r u c t u r a l  changes are expected: A, where one cubic c e l l  gi- 

ves a rhombohedral u n i t  c e l l ,  and B , where two cubic u n i t  c e l l s  g i ve  

one monocl in ic o r  t r i c l i n i c  c e l l .  B type t ransformat ion o f  st ructurewas 

observed i n  FeCR26NH3 by X-Ray d i f f r a c t i o n 7 .  This was the f i r s t  conf i r -  

mation o f  the s t r u c t u r a l  change pred ic ted i n  the Bates-Stevens model. 



2. CRYSTAL STRUCTURE AND KNOWN PROPERTIES 

The NiX26NH3 ( X  = NOg, BFI, and ~ 9 . 0 4 )  c r y s t a l s  havecubic 

s t ruc tu re  a t  r o m  temperature. The Ni atoms form a fcc I a  t t  i c e s  wi t h  

ao = 10.98, 11.22 and 11.41 8, respect ive ly  f o r  X = NO3, BF4 and CkO4. 

Each Ni+' i s  a t  the center  o f  s i x  NH3 molecules disposed oc tahedra l ly  

forming a c l u s t e r  I N ~ ( N H ~ ) ~ ~ * .  Th is  c l u s t e r  i s  l oca l i zed  a t  the center  

o f  a cube o f  edge ao/2, whose ve r t i ces  are occupied by the X anions. 

Severa1 known proper t ies  o f  Ni  (NO3) ,~NH, c r y s t a l s  were men- 

t ioned i n  I and I I .  Recently i t  was reported a EPR study o f  t h i s  c rys-  

t a l  under h igh  hyd ros ta t i c  pressureg. The cooperat ive phase- t rans i t ion  

was observed a t  a c r i t i c a l  pressure p w i t h  hystheresis i n  Te. I n  the c 
N i  (BFq) 26I1H3 a sharpe peak i n  spec i f  i c  heat ' was observed a t  Te= 140 K, 

the EPR 1 ine broadeningl ' a t  Te = 135 K and a X-Ray ( 1  11) r e f l e x i o n  

sp l  i t t i n g H  a t  Te = 132 K. The EPR spectra13 o f  ( ~ i  :Cd) (BFI,) 2 6 ~ ~ ~  shows 

a sudden appearing o f  the c r y s t a l  f i e l d  d i s t o r t i o n  a t  Te = 147 K .  D i f -  

f e r e n t i a l  magnetization measurements a t  l iqu id l "  "He temperatures o f  

N~(BFI+) 2 6 ~ ~ 3  and N i  (cLo4)6~H3 were a l s o  reported.  I n  the ~i (CL04) 2 6 ~ ~ 3  

the EPR 1 i ne '5s '6  shows the sudden l ine broadening a t  Te = 168 K, NMR 

l i n e  a l s o  shows the l i n e  broadening around and the spec i f i chea t  

(Ref.19) shows a sharpe peak a t  Tc = 173 K. The magnetic s u s c e p t i b i l i t y  

of the Ni (C9.01,) 26~Hg  was a l so  reported2'. The Raman and p a r t  o f  the I R 

spectra were reported recent ly  f o r  (X = CR, Br, I, CROb and BF4) i nc lu -  

d ing ammonia deuterated 

3. EXPERIIWENTAL 

The Nix26NH3 (X = NO3, 

by r e a c t i o r ~  o f  NiC03 w i t h  solutim 

BF, and ck04) c r y s t a l s  were prepared 

ons o f  n i t r i c ,  f l uo robo r i c  and perch- 

l o r i c  acids respect ive ly  and adding concentrated NH40H i n  excess. 

The Raman spectra were recorded i n  a Raman Laser JEOL 400T 

spectrometer using an e x c i t i n g  l i n e  o f  4880 8 from an Ar laser .  The low 

temperature spectra were recorded i n  a c y l i n d r i c a l  c e l l  i n  a l i q u i d  N2 

bath.  The l ines below 200 cm-1 were not  observed a t  low temperatures, 



due t o  the increasing o f  the scat tered e x c i t i n g  l i n e  width, and the re-  

s o l u t i o n  o f  the observed l i nes  was genera l ly  poor i n  these temperatures. 

The IR spectra were recorded i n  a H i tach i  I R  FIS-3 spectrometer (80 t o  

400 cm-l) and i n  a Hi tach i  I R  285 spectrometer (400 t o  4000 cm-l) . The 

samples were mul led  i n  n u j o l .  Polyethylen and KBr windows were used.The 

low temperature spectra were recorded i n  a H i tach i  I R  FIS-3 spectrome- 

t e r  using a l i q u i d  N2 c e l l .  

4. RAMAN AND IR SPECTRA OF NIX26NH3 

The experimental data o f  NiX26NH3 (X = NO3, BF4 and CRO~) are  

shown i n  Table 1 .  The Raman and the I R  spectra o f  these c r y s t a l s  are a t  

room and l iqu id  N2 temperatures. The Raman and p a r t  o f  the IRspectra o f  

the N ~ ( B F ~ ) ~ ~ N H ~  and the N ~ ( C R O ~ ) ~ ~ N H ~  were reported r e c e n t ~ y ~ ~ ' ~ ~  using 

spectrometers o f  other manufactures. Our data agree very wel 1 wi t h  these 

measurements which are  indicated i n  parenthesis. We assumed s i m i l a r  v i -  

b ra t i ona l  a s ~ i ~ n m e n t ~ ~ > ~ ~  f o r  N ~ ( B F ~ ) ~ ~ N H ~  and N i  ( c i o 4 )  ,6NH3. The I R  

spectra of t h e  N i(No3)2 6NH3 between 200 - 4000 cm-l were reported by us 

i n  ( I ) .  I n  the present work we repor t  I R  spectra between 80 - 4000 cm-1 

of the above c r y s t a l s  and Raman sca t te r i ng  o f  N i  (NO ) ~ N H  not  ye t  pu- 
3 2  3 

b l i shed.  

l n  the I R  spectra from 80 t o  200 cm-I we observed a l a t t i c e  

v i b r a t i o n  mode around 110 cm-l. We d i s t i n g u i s h  t h i s  mode f romthe others 

by not ing  tha t  i t  has a smal ler  temperature dependence when compared t o  

I N ~ ( N H ~ ) ~ ~ + +  ske le ta l  v i b ra t i ons ,  the v(Flu) and the 6(Flu)modes. Due t o  

l i m i t a t i o n s  o f  the low temperature c e l l  used i t  was not  possib le t o  ob- 
- 

serve i f  NO3 in te rna l  modes s p l i t .  We assigned the observed i n te rna l  

v i b ra t i ons  o f  NO - group and I N ~ ( N H ~ ) ~ I + +  ske le ta l  using f ree  molecular 
3 

approximation. I n  t h i s  approximation the I N ~  ( N H ~ ) ~  ske le ta l  v i b r a t i  - 
ons have two Raman a c t i v e  v i  b ra t ions ,  I S ( F ~ ~ )  % N-Ni-N bending and v(A ) 

15' 
N i - N s t r e t c h i n g .  The I R a c t i v e v i b r a t i o n s  are  6(Flu) %N-Ni-N bending 

and v(FlU) ?. Ni-N s t re t ch ing .  The No3- group has fou r  Raman and I R  ac- 

t i v e  v ib ra t i ons ,  ISe, ve,  val and va2. The va2 i s  usua l l y  a weak l i neand  

was not  observed. The observed Nos- group v ib ra t i ons  are i n  agreement 

w i t h  the reported assignments f o r  ~ 0 ~ -  i n  d i f f e r e n t  m a t r i ~ e s ~ ~ .  



Table 1 .  Observed Spectra o f  N i  (N03)26~H3 Complexes . 

v l a t t i c e  

assignment 

I n  F igure  1 we show the c o r r e l a t i o n  between the l a t t i c e  mode 

vL and the l a t t i c e  parameter ao .  The halogen ser ies  and the ser ies  f o r -  

med by (X = NO3, BF4 and Cio4) form two d i s t i n c t  groups. These d i s t i n c t  

groups are: a1 so observed when we p l o t  o (NH3) and os(NH3) versus ao ( ~ i -  d 
gure 2) .  7'he fundamentals od and os o f  NiX26~H3, (X = halogen), are I i -  

near funct:ions o f  the l a t t i c e  parameters ao, so t h a t  a s t r a i g h t l i n e  can 

be f i t t e c l  w i t h i n  -+ 2 cm-l. The evaluated values f o r  X =  NO3, BFb and 

CR04, usirig these l i n e s  are given i n  parenthesis i n  Table 3, s h o w i n g  

tha t  they are out  o f  halogen group. 

Raman I R 

RT LNT RT LNT 





Fig.1 - L a t t i c e  v i b r a t i o n  versus ao o f  NiX26NH3. Th i s  f i g u r e  shows two 

gi-oups o f  NiX26NH3 complexes, namely se r i es  I  (halogen complexes) and 

se r i es  I  I (molecular complexes). 

F ig  . 2  - od and o versus ao o f  N i X 2 6 ~ n 3 .  The s t r a i g h t  l ines correspond 

t o  a l i n e a r  f i t  f o r  se r i es  I The se r i es  I I  complexes data  are  ou t  o f  

t h i s  l i n e a r  f i t .  



Table 3. Observed values o f  u u , v , va and p f o r  some NiX26NH3 crys-  
S' d s 

t a l s .  

The values between parenthesis were obtained using a l inear ex t rapo la-  

t i o n  from halogen c r y s t a l s  frequencies. 

+ From references 24, 25 and 26. 

The strength o f  the vL rnode r e f l e c t s  the i n te rac t i on  between 

I N ~  ( N H ~ ) ~ ( *  c l us te rs  and X anions. From the above resul  ts ,  we can say 

t h a t  th' is i n te rac t i on  i s  considerably d i f f e r e n t  i n  the two ser ies  o f  

anions ( x =  halogen) and (X = NO3, BF4 and C1104). We def ine  c r y s t a l s  

wi t h  (X = halogen) as ser ies  I and (X = NO3, BF4 and C1504) as ser ies I I. 

The existence o f  these two d i s t i n c t  ser ies  i s  the most i rnportantsubject  

o f  our conclusions. 

5. DISCUSSION 

I n  the  sec t ion  4 i t  was shown t h a t  experimental I R  and Rarnan 

r e s u l t s  o f  vL, ud(NH3) and us(NH3) v ib ra t i ons  a re  l a rge r  i n  ser ies  I I  

than i n  ser ies  I, when these frequencies were co r re la ted  w i t h  ao .  The 

s t rength  o f  the l a t t i c e  rnode comes from the i n t e r a c t i o n  be tween  the 

I N ~ ( N H ~ ) ~ ~ + +  c l u s t e r  and the X anion, which depends on the  charge d i s -  

t r i b u t i o n  and the hydrogen-bond. I f  we suppose tha t  the major cont r ibu-  

t i o n  i s  the charge d i s t r i h u t i o n ,  the v, dependence w i t h  ao i s  expected 

t o  decrease wi t h  increas ing o f  ao.  From the experimental v versus ao ( ~ i  - 
L 



gure I ) ,  t h i s  behavior i s  observed. However, the curve o f  the ser ies  I I 

i s  d is located toward higher values than the se r i es  I .  This observat ion 
++ 

suggests t ha t  the I Ni  ( N H ~ ) ~  I . . . X  hydrogen-bond i n t e r a c t  ion i s  i a rge r  

i n  ser ies  I I .  This r e s u l t  i s  consistent  w i t h  the c o r r e l a t i o n  o f  a and d 
a w i t h  ao ( ~ i g u r e  2) . 

S 

I n  Figure 3  we show ao vs T diagram. We extended he re thede -  
C 

f i n i t i o n  o f  se r i es  I I t o  (X = NO3, BFq, CR04 and PF6, and Me 3 metais) 

because they form the same group (see Figure 3 ) .  Also, we extended here 

the d e f i n i t i o n  o f  se r i es  1 t o  ( x =  C%,  Br and I, and Me E metals) .  S i -  

m i  l a r  diagram was reported by ~ tankowsk i27.  The sal  t s  o f  the ser ies  I I 

have l a rge r  T than i n  the ser ies I, although t h e i r  l a rge r  a o  values. 
C 

However, as discussed above, i f t h e  h y d r o g e n -  bond i n t e r a c t  i o n  

I N ~ ( N H ~ ) ~ ~ + +  ... X- i s  greater  because x are molecules i n  a l l  the mem- 

bers o f  ser ies  II, i t  explainswhy T i s  l a rge r .  This observat ion i n d i -  
C 

cates tha t  the hydrogen-bonds g i ve  important c o n t r i b u t i o n  t o  the proper- 

t i e s  o f  phase- transi t ion.  Two consequences o f  the l a rge r  magnitude o f  

the hydrogen-bonds i n  the ser ies  I I r e s u l t :  (a) la rger  r o t a t i o n a l  bar-  

10 11 a,( A I  12 
O 

F i g . 3  - C r i t i c a l  temperature versus a, o f  tIeX26NH3. T h i s  diagram shows 

two groups o f  complexes, namely s e r i e s  I (halogen complexes) and se- 

r i e s  I I (molecular complexes) . 



r i e r  o f  

l a rge r  

and 1 1 .  

the ammonia molecules; and/or (b) l a rge r  Ni-N bond distance o r  
++ 

I N ~ ( N H ~ ) ~ (  radius.  

S t ruc tura l  changes consequently can be d i f f e r e n t  i n  ser ies I 

The s p l i t  o f  the v i b r a t i o n  assigned t o  the s t re t ch ing  o f t h e  CRO, 

v ( T ~ )  v i b r a t i o n  i n  the N ~ ( C L O ~ ) ~ ~ N H ~  and i n  the N ~ ( c R O ~ ) ~ N D ~  21, shows 

the appearing o f  a t r i gona l  C o r  tetragonal  D2dc rys ta l  f i e l d  symme- 
3& 

t r y  below Te. As the 1Ni(NH3) 61 ske le ta l  v i b ra t i ons  do not  s p l i t ,  the 

probable symmetry i s  t r i gona l  C3u. The t r i g o n a l  symmetry ind ica tes  an A 

type deformation o f  the B a t e s - S t e v e n s  c l a s s i f  i c a t i o n .  A l s o ,  i n  

N i  (BF4I26NH3 and N ~ ( N O ~ ) ~ ~ N H ~  the ske le ta l  v i b ra t i ons  do not  spl  i t ,  sug- 

ges t ing  a t r i gona l  C% c r y s t a l  f i e l d  synnnetry a t  the Ni" s i t e ,  which 

correspond t o  the A type deformation. We be l i eve  t h a t  a l l  the members 

o f  the ser ies  I1 g i v e  the same type o f  deformation and t o  the ser ies  I 

we can assign the B type deforrnation. Severa1 experimental t e c h n i q u e s  

seem t o  comprove t h i s  assumption as discussed below. 

The v(F1 1% Ni-N s t re t ch ing  v i b r a t i o n  does not  spl  i t i n  ser ies  
U 

1 1 ,  c o n t r a r i l y  t o  the s p l i t t i n g  observed i n  CoCL26NH3 below Te, as re-  

ported by Matsuo e t  a l .  28. Th is  f a c t  suggests t h a t  CoCR26NH3, whichbe- 

longs t o  ser ies  I o f  our c l a s s i f i c a t i o n ,  has a Ia rger  deformation tha. 

c r y s t a l s  o f  ser ies  1 1 ,  as expected. 

X-Ray mezsurements, below Te, o f  the FeCt26NH3 c r y s t a l ,  o f  se- 

r i e s  I, show tha t  the (111) r e f l e c t i o n  s p l i t  i n t o  three r e f l e c t i o n s  o f  

r e l a t i v e  i n t e n s i t i e s  1, 1 and 2, showing a monocl in ic deformation7. I n  

the N ~ ( B F ~ ) ~ ~ N H ~ ,  o f  ser ies I I ,  the (111) r e f l e c t i o n  i s  s p l i t  i n t o  two 

r e f  l ec t i ons  o f  equal i n tens i  t ies12.  The h ighest  symmetry compatible w i th  

t h i s  observat ion i s  a t r i g o n a l  deformation. Then FeCR26NH3 shows aB  t y -  

pe deformation wh i le  N ~ ( B F & ) ~ ~ N H ~  an A type deformation, i n  agreement t o  

our assumption. 

I t  i s  known tha t  a l  l the complexes NiX26NH3 (X = CR, Br, I, 

NO3, C!?&, and B F ~ )  are  ant i ferromagnet ic a t  low temperatures. The t ran-  

s i t i o n  temperatures 5 are a t A l i q u i d  Helium temperatures, below 4K. I t  

i s  possib le t o  ob ta in  some in format ion  about s t ruc tu re  changes by ana- 

l ys ing  ant i ferromagnet ic behavior, p a r t i c u l a r l y  when high magnetic f i e l d  

i s  appl ied  and t h e i r  phase diagram (H vs T ) i s  obtained. The phase d ia -  N 



gram o f  t h e  c r y s t a l s  be long ing  t o  s e r i e s  I I  a r e  n i c e l y  a c c o r d i n g  t o  

t h e o r e t i c a l  p r e v i  s i o n  o f  u n i a x i a l  an t i fe r romagnet i c14  s Z 9 .  T h i s  observa-  

t i o n  show!; t h a t  the  C3 a x i s  i s  conserved a t  l i q u i d  He temperatures. 'Tiie 

phase diagram o f  h a l  ides which belongs t o  s e r i e s  I a r e  more complex 30. 

I n  the X = Br  s a l t ,  t h e  f o u r  l i n e s  o f  t h e  diagram a r e  p o s s i b l e  i n d i c a t -  

i o n  rhombi c  symmetry s  imi l a r  t o  t h a t  o f  MnCt44H20 (Ref .31) . I  n  t h e  X=CR 

s a l t  complete phase diagram was n o t  ob ta ined  b u t  i t  seems l i k e  t o  Br 

s a l t 3 0 ,  which comprove our  i n s i g h t  again.  

A  s i g n i f i c a n t  d i f f e r e n c e  i s  expected i n  EPR spec t ra  i f a  rhom- 

b i c  comporient o f  t h e  c r y s t a l  f i e l d  d i s t o r t i o n  i s  present .  We eva lua ted  

D va lues  o f  NiX26NH3 (X = CR,  Br,  I, BFi, and CtOb) and c o m p a r e d  w i  t h  

o t h e r  r e p o r t e d  D v a l  ues o f  meta l  hexammi ne ~ o m ~ l e x e s ~ ~ .  These va lues  a r e  

near .1~  the same i n  these complexes and E=O i n  a l l  cases. I n t h e  MeX26NH3 

c r y s t a l s  i n f o r m a t i o n  about  t h e  rhombic E ( s ~ ~  - S 2, te rm i s  p r o b a b l y  
Y 

averaged o u t  by t h e  t i l t i n g  o f  the  NH3 molecules a t  t h e  measured tempe- 

r a t u r e s .  The t i l  t i n g  o f  the  NH; molecules averages o u t  t h e c r y s t a l  f i e l d  

around t h e  a x i s  pass ing through t h e  N i  and t h e  c e n t e r  o f  t h e p r o t o n  t r i -  

ang le  o f  the  ammonia molecules.  T h i s  i s  a  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  

n e a r l y  equal va lues f o r  the  D parameter ob ta ined  by EPR s p e c t r a i n  b o t h  

s e r i e s  I and I I .  

A d d i t i o n a l  c o n f i r m a t i o n  o f  ou r  assumption c o u l d  be madeby the  

en t ropy  o f  t h e  t r a n s i t i o n .  I f s t r u c t u r a l  phase t r a n s i t i o n  occurs,  an 

amount o f  l a t e n t  heat  and corresponding en t ropy  v a r i a t i o n  appear a t  T . 
The hexammine i o d i d e  c r y s t a l s  o f  Ni ,  Co, Zn, Fe, Mn, Cd and Ca where 

s t u d i e d  by ~ l a a i j s e n ~ ~  i n  t h i s  aspect .  The Bates and Stevens t h e o r e t i c a l  

en t ropy  va lue  o f  ammonia phase t r a n s i t i o n  a lone  i s  R Ln 8, f o r  a l l  t h e  

substances independent o f  the  meta l .  Experimental en t ropy  however v a r i e s  

from L? Qn :I f o r  N i  t o  R Rn 32 f o r  Ca. S t r u c t u r a l  phase t r a n s i t i o n ,  a l t -  

hough i t s  f i r s t  o r d e r  charac te r ,  c e r t a i n l y  can n o t  g i v e  a p r i n c i p a l  con- 

t r i b u t i o n  t o  e x p l a i n  above e n t r o p i e s ,  because the  c r i s t a l l o g r a p h i c  chan- 

ge observed i s  n o t  g r e a t .  There a r e  o t h e r  p o s s i b l e  c o n t r i b u t i o n ,  as t h e  

v a r i a t i o n  of t h e  p o t e n t i a l  o f  the  h indered  r o t a t i o n  o f  ammonias a t  C 
considered by K l a a i  j ~ e n ~ ~ ,  which would c o n t r i b u t e  t o  e x p l a i n  experimen- 

t a l  va lues .  Experimental known e n t r o p i e s  o f  s e r i e s  I I  a r e  A S ( N O ~ )  = 

= R i n  47, AS(BF4) = R Rn 8 and AS(CQO~) = R Qn 51. A lso  i n  t h i s  s e r i e s  

these entrcmpy values i n d i c a t e  t h a t  we cannot o b t a i n  a d d i t i o n a l  in forma-  



t i o n  about s t r u c t u r a l  phase t r a n s i t i o n .  I n  t h i s  s e r i e s  the  h i g h  va lues  

o f  T can g i v e  another  d i f f i c u l t y  t o  o b t a i n  en t ropy  v a r i a t i o n .  The l a t -  
C 

t i c e  c o n t r i b u t i o n  a t  h i g h  temperatures i s  n o t  e a s i l y  es t imated  and AS 

i s n o t  ob ta  i ned accura t e  l y . 

6. CONCLUSION 

The MeX26NH3 c r y s t a l s  can be grouped i n t o  two s e r i e s ,  I w i t h  

(X = halogen) and I  I  wi t h  (X = No3, BFs, CRO4 and PF6). Our experimen- 

t a l  evidences suggest t h a t  hydrogen bonds a r e  l a r g e r  i n  s e r i e s  I I, f o r -  

ming consequent ly  d i s t i n c t  s e r i e s  w i t h  d i f f e r e n t  behav io rs .  The s t r u c -  

t u r a l  deformat ions below T a r e  o f  lower  symmetry i n  t h e  s e r i e s  I than 
C 

i n  the  s e r i e s  I I .  The c r y s t a l s  o f  s e r i e s  I I  a r e  s t a b i l i z e d  by an add i-  

t i o n a l  number o f  hydrogen bonds due t o  t h e  mo lecu la r  charac te r  o f  X- 

anions.  We suggest t h e r e f o r e  t h a t  the  s e r i e s  I  c r y s t a l s  have a B type  

de fo rmat ion  o f  Bates and Stevens c l a s s i f i c a t i o n .  I n  one member o f  t h i s  

s e r i e s ,  FeCi26NH3, t h i s  type o f  de fo rmat ion  was comproved d i r e c t l y  by  X 

-Ray d i f f r a c t i o n 7 .  We b e l  i eve  t h a t  t h i s  t ype  o f  de fo rmat ion  can be e x t -  

ended t o  o t h e r  c r y s t a l s  be long ing  t o  t h i s  s e r i e s .  To t h e  members o f  t h e  

s e r i e s  I I  our  exper imenta l  v i b r a t i o n  f requenc ies  da ta  i n d i c a t e  t h a t  the  

A t y p e  o f  de fo rmat ion  can be assigned. I n  +he s e r i e s  I I  t h e  h i g h  t r a n -  

s i t i o n  temperature can be a l s o  exp la ined  as a consequence o f  the  a d d i t -  

i o n a l  number o f  hydrogen bonds. 
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