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ABSTRACT 

The thermal stability of  some boracites, C u B T O  l 3 CI ,  NiBTO1 a Br and FeB70~ aI, 
was investigated using thermogravimetry in air up to 1000 °, DTA in air to 1200 ° and 
evolved gas analysis in vacuum to 1200°C. Only the Fe - I  compound  showed weight 
loss below 1000°C. The endothermic peaks associated with melting were Cu-CI 
(1025°C), Ni -Br  (1150°C) and Fe-I  (965°C). Evolved gas analysis indicated major 
differences in the decomposit ion products of  the three materials. 

INTRODUCTION 

There has been considerable interest in t ransi t ion metal boracites because of  
their ferroelectric, magnetic, elastic and optical properties 1. The general formula for 
boracites is M a B 7 O I 3 X  , where M = divalent cation (Cu, Ni or Fe herein) and X = 
a halide ion. 

Al though the proposed uses of  these materials do not demand a high degree of  
thermal stability, information concerning the behavior of  these materials at elevated 
temperatures is of  great value to those concerned with their crystal growth. For  this 
reason three boracites, Cu-CI, Ni -Br  and Fe-I ,  were selected and their thermal 
decomposit ion studied in air and vacuum. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Small single crystals of  CuaBTO~3CI, NiaBTOtaBr and FeaBTO~3I, grown 
from the vapor phase at around 700°C, were obtained from The Plessey Co. via 
Mr. G. M. Loiacono (North  American Phi.lips Laboratories, Briarcliff Manor,  N.Y.). 

A Perkin-Elmer T(3S-I thermobalance which had been modified for digital 
data collection 2 was used for the thermogravimetric (TG) studies. Chips, 4-8 mg, 
from the single crystals were heated to about  1000°C at 10 ° m i n -  1 in 40 c m  3 ra in-  1 
of  dry air. Figure 1 indicates the weight loss as a function of  temperature for the three 
materials. 

Differential thermal analysis (DTA) was performed using a Dupont  Model 900 
instrument in conjunction with its high temperature cell. Chips, 20--44 mg, of  the 
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Fig.  I. T G  curves for  selected boracites  (10 ° m i n - t ,  f lowing air). a, Cu-CI,  5.98 rag; b, N i - B r ,  
4.85 mg; c, F e - I ,  14.11 rag. 
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Fig. 2. DTA curves for  selected boracites (10 ° min-1, stagnant  air). a, Cu-CI, 20.87 mg; b, Ni -  
Br, 24.14 rag; c, F¢-I, 44.64 rag. 

single crystals were heated somewhat  above  their melt ing points  at  10 ° min  -1  in 
stagnant air. The sample  containers were Pt  foil  cups. Figure 2 presents the results o f  
the experiments.  

The  mass spectrographic apparatus for the evolved gas ana lys i s  ( E G A )  has 
been described elsewhere 3. Chips, 2 - 4  rag, o f  the single crystals were heated at 125 ° 
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Fig. 3. EGA curves for Cu-CI boracite (125 ° h -x, vacuum, 4.36 mg). 18, HzO+; 32, Oz+; 35, CI+; 
44, COd+; 63, Cu+; 70, BzO3+; 98, CuC1 +. 
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Fig. 4. EGA curves for Ni-Br boracite (125 ° h - i ,  vacuum, 2.08 mg). 18, HzO+; 32, Oz+; 44, CO2+; 
58, Ni; 69 (broad), NiBr2+; 70, B~Os+; 79. Br +. 

h - t  in a Pt  crucible.  T h e  v a c u u m  was  a b o u t  8 × 1 0 - s  at r o o m  temperature  in the  
absence  o f  outgass ing .  For  the C u - C I  and  N i - B r  samples ,  the  mass  range o f  0--100 
A M U  w as  s c a n n e d  repeatedly whi le  for  the  F e - I  sample  the  range o f  0 - 1 4 0  A M U  
w a s  ana lysed .  E a c h  s c a n  required 10 min.  The  peaks  were integrated a n d  c o m p u t e r  
p lots  o f  relative integrated intensi ty  versus  temperatures  are s h o w n  in  Figs.  3 - 5  for 
se lected mass  numbers .  E a c h  figure is n o r m a l i z e d  to  the m o s t  intense  peak  dur ing  that  
exper iment  but  they  are n o t  comparat ive  f rom o n e  figure to another .  T h e  we ight  losses  
assoc ia ted  wi th  the  E G A  in v a c u u m  were Cu-C1  (10 ~'o), N i - B r  (5 ~o) and  F e - I  (10 ~o)- 
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F i g .  5. E G A  c u r v e s  f o r  F e - I  b o r a c i t e  (125 ° h -x ,  v a c u u m ,  3 .35  m g ) .  18, H z O + ;  32,  0 2 + ;  44 ,  C O z + ;  
56,  F e + ;  70,  B2Oa+;  127, I +. 

D I S C U S S I O N  

The results of  the TG and DTA experiments in Figs. 1 and 2 are not  very 
informative in terms of  indicating the nature of  the decomposition. Clearly the Fe - I  
boracite is the least stable in air since the TG curve shows the onset of  weight loss at 
about  750°C. Both the Cu-CI and  Ni -Br  boracites exhibit very small weight gains, 
slightly more than buoyancy effects on a Pt blank. 

The DT A results in Fig. 2 serve to indicate the approximate melting points of  
the materials. There are low-temperature transitions but they are not  relevant to this 
work and the experimental arrangement  was far from opt imum for investigating 
those phenomena.  T h e  peak temperatures associated with the melting endotherms are 
given in Fig. 1. However, some form of  extrapolated onset or departure from the 
baseline would more accurately define the melting points. 

The E GA cuYves are much more informative regarding the nature of  the thermal 
decomposition, at least in vacuum. All three materials give rise to slight evolutions of  
H 2 0  around- 250 °C and CO2 around 450°C. These are only trace amounts  and  
presumably arise from chemisorbed surface layers. There is e~,idence that  hydroxide 
ions might  partially substitute fo r  the halide ions 4 in boracites; however, this is not  
likely in the present crystals which were grown at higher temperatures. Unfortunately, 
the water peak is by far the predominant  one in the background and it is therefore 
difficult to unequivocally establish the evolution of  minor  amounts  of  water. The 
background in both I-I20 and CO2 increases at higher temperatures due to desorption 
from the walls of  the vacuum chamber, power feed-throughs, etc., as the system is 
slightly warmed by radiation from the furnace. There does appear, however, to be a 
greater evolution of  water at higher temperatures, > 1000°C, for the Ni -Br  material 
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than  for the others. This may indicate greater O H  content  or  substitution in that  
crystal. 

Outside of the similarity in chemisorbed surface impurities, the decomposi t ion 
of  the three boracites i s  decidedly different. Figure 3 indicates that the predominant  
species evolved from Cu-CI  boracite during its thermal  decompos i t ion  in vacuum is 
oxygen. A m o n g  the three divalent transit ion metals studied, Cu, Ni and  Fe, the most  
easily reduced ion is Cu. I t  is therefore not  unreasonable that  major  quantities of  
oxygen are lost at  the initial stage of  decomposi t ion in vacuum. Substantially lesser 

amounts  of  CuCI, Cu and CI are evolved. Only a minor  amoun t  of  B203 is evolved. 
There may be a complete breakdown of  the structure at  this point  or  there may be a 
simple evolution of  oxygen with the format ion of  the appropriate  vacancies, since 
boracites are known  with monovalen.t ions and  reduced oxygen contents s. In air the 
reduct ion would  be suppressed to somewhat  higher temperatures and the decomposi-  
tion scheme may be different. 

The decomposi t ion of  N i -Br  boracite in vacuum, on the other hand,  shows no 
evolution of  oxygen or  reduction. Figure 4 indicates that  B203 and  NiBr are the 
predominant  species for masses lower than 100 A M U .  Presumably the doubly 
charged NiBr  and  much  smaller amounts  of  Ni and Br arise from the cracking 
pat tern resulting dur ing the ionization of  gaseous NiBr 2. Both singly and  doubly 
charged NiBr2 would have been at  higher mass to charge ratio than scanned. 

Thermal  decomposi t ion of  the F e - I  boracite in vacuum again involves oxida- 
t ion- reduct ion  mechanisms. Iodide ion is oxidized to free iodine which is readily 
evolved, as can be seen in Fig. 5. At  higher temperatures B 2 0 3  and smaller amounts  
of  Fe are detected. To compensate  for the oxidation of  iodide ion, divalent iron is 

reduced. 
The initial decomposi t ion steps in vaccum, based upon the E G A  results, can be 

summarized in the form of  the following equations, where the brackets merely 
reflect a stoichiometric assemblage rather  than any specific compound.  

4 C u a B T O I a C I  ~ [14 B 2 0 3  " 4 C u 2 0  " 4 CuCI]  + 3 02  (1) 
2 NiaBTOlaBr --~ 7 B20 3 --F- NiBr2 ,-F 5 NiO (2) 
2 FeaB7OlaI  --~ I-7 B2Oa • 5 F e O ]  + 12 + Fe (3) 
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