
~~!t%em&chin&z&t& 6i (1981) 233~237 
Elseher Scibtific Publishing’Co~ptiy, Amsterdam - &inted.in me Netikrlands 

_: .: ._ -. 

THERMA&~~COMP&ITIONOF&(-NO& l Hz0 
. . 

P.K. GAkAGHER 

Bell Lubomtories, Murmy Hill, NJ 07974 .(U.S.A.) 

(Received 27 kay 1981) 

233 

ABSTRACT .,. . . . 

Thermogravimetry (TG), differential thd analysis (DTA), and mass spectrographic 
evolved gas analysis (EGA) were Kd to study the thermal decomposition of Ba(NOz)z - 
HzO. Single crystals were found to contaiq considerable amounts of free water. The 
dehydration occurs in two steps and there are several ph&e transitions below the melting 
point of the anhydrous material -260”C.Deco&osition of theanhydrousnitriteoccurs 
primrdy in two stages over the temper&we range 600-7 5O@C. The volatile products are 

02. 

INTRODUCTI0.N 

The thermal stability of I~EI(N~~)~ l HZ0 is of interest because of its piezo- 
electric and pyroelectric properties [l].,Differential thermal analysis (DTA), 
thermogravimetry (TG), and mass spectrographic evolved gas analysis (EGA) 
are used to investigate the thermal decomposition in both single crysti and 
powder. Earlier *orIt aescribes dehydration [2] ‘and phase transitions [2,3] 
up to.the melting point of the anhydrous compound. 

EXPERIMENTAL PROCEDUREi AND RESULTS 

Cry&+ of Ba(N02)? i H20 were grown by slow evaporation from aqueous 
solution at room temperature. Actual samples were chips from larger crystals, 
powder shaved from crystals, fine powder prepared by crushing and lightly 
grinding. the Crystal in an agate mortar,. and finer powders made by more 
prolonged grinding. 

4 Perk&Elmer (Model TGS-1) .thermobalance modified for digital data 
acquisition and .processing [ 41 :was used to obtain the TG data. Temperatures 
-are based upon magnekcalibration ‘[ 51. -The heating rate was 10” C mm-’ in 
a flow of N2 at :40 ern3-. mm-‘. Pi 

:1 
gure 1 presents the TG &r&s for these 

samples. ... 
PlatJnel rjng-~thermocouples were.used ;.kith. the Columbia &entific Ind. 

(Model. 202) DT& Alumma served as the reference mat&al and. Pt‘ sample 
pans were used. The heatjng rate% J0y.C min-‘.:m.a-flow .of Nz at 100 cm’ 
,miri’l..Fi~~:l2~~Sents_there~~.-_.~ ., _: :‘_ ,‘: :‘- .- : 

.:. : . . y_ . . 

~,0040_60~1~~~/.000~0~~/~~2.~5~0 190i.EJse+r$ciei&i~ &li+g~&~ptiv 
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Fig. 1. Thermogravimetric curves for Ba(N02)2 - Hz0 of varying particle sizes (lO°C 
min” in Nz). - Single crystal fragment, 5.685 mg; - - -, coarse powder, 5.822 
rilg; -’ lightly gro&d powder, 5.322 mg; - - - - , more heavily ground powder, 3.171 
mg. 

The basic EGA apparatus has been described elsewhere [S] except for the 
following modifications. The temperature controller was changed to a more 
compact Netzch (Model 411). A Fluke (Model 2190A) digital thermometer 
with analog output coupled with a Spectrum (Model 1021) filter/amplifier 
(10X) was used for temperature recording. Finally, a UT1 (Model 2054) pro- 
grammable peak selector was used to control the mass spectrometer scan and 
provide data acquisition. The heating rate was 10°C min-’ and the vacuum 
ranged from about 1 X 10” to 5 X lOa torr depending upon the extent of 
the decomposition. The EGA results are summarized for selected atomic 
mass Irumbers in Figs. 3 and 4. 

3 “““““““““” I 

200 400 600 800 1000 

“C 
Fig. 2. Differential thermal analysis of ground B~(NOZ)~ l .,HzO. 6.068 mg.&16°iC min” 
in N?. _: 
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Fig. 3. Mass spectrographic evolved gas analysis of crystalline fragments of Ba(N02)2 
H20,3.856 mg heated at 10°C min” in vacuum. 

DISCUSSION 

It is clear from the TG curve for the large fragments in Fig. 1 that there 
was weight loss in excess of the theoretical amount calculated from the for- 
mula, Ea(N02)2 l ‘H2O, If one accepts the weight at temperatures greater than 
800°C -as BaO, then. the plateaus in the temperature range from 200 to 
400” C correspond well for all the samples with the weight .calculated for 
anhydrous &(NO,),. The weight loss below. 200” C agrees with the loss of a 
single H20 (-7.3 wt.: 9%;). for tlie -powders. The crystal fragment, however, 
shows a. weight’ loss closer to l-.5.‘Hz0... Earlier det&led X-ray studies’ [l] 
indicate that this must be-free noncrystalline water which is readily lost at 
room :temperat&e from. the &ound potiders. Detailed discussions of the. 
clehydration_ and phase~transition in-. the hydrate were described. earlier [ 21. 
Sxni&rly, tmnsitions :tif the anhydrous -mate&l below 3000 C are .described 

.._ 
. . _;:. ‘. 
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Fig. 4. Mass spectrographic evolved gas analysis of crystalline fragments of Ba(N02)2 - 
H20.3.856 mg heated at 10% min-’ in vacuum. 

elsewhere [ 31. Inspection of the DTA curve, Fig. 2, reveals considerable 
complexity below 250” C. 

The decomposition of the anhydrous compound is complex. Prior melting 
will have removed any effects of the originaI particle size or morphology. 
Both the TG data in Fig. 1 and the DTA data in Fig. 2 indicate that it is a 
multistage process. It is particularly obvious from the EGA resultsin Figs. 3 
and 4. In comparing the EGA results with the TG and DTA data, it must be 
remembered that the EGA takes place in vacuum which enhances the loss of 
volatiles and generally displaces the decompositions to lower temperatures. 
A separation of about 150” C between the two major steps of the decomposi- 
tion is evident in both,the TG and EGA results. 

Species associated with N1, 01, NO and Non are present. The Nz and O1 
peaks around 400°C slightly precede the NO and NO, indicating that they 
do not arise solely from cracking patterns of the latter. The 14 and 16 peaks, 
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however, do seem to correspond in temperature with those of the NO and 
NO?. The cracking- pattern of NO2 has mass 30 -as the predominant peak, 
.however, there. is a far greater amount of 30 than can be accounted for on 
that basis. The products are. NO S NO2 = Nz > OZ. This order is in accord 
with the chemical analysis if Oza and Jha [7]. Although there appears to be 
some brief transient intermediate around 600°C it is not evident from the 
thermal analysis what that might be. 

The appearance of the N3 and & prior to that of NO and NO2 implies that 
either an evolution’ of trapped or occluded air took place at that point or 
some reduction mechanism occurred. The prior meiting of the sample makes 
the evolution of air highly unlikely. It is suggested that perhaps some dispro- 
portionation of Ba(NO& occurs [see eqn. (1) ] prior to the major decomposi- 
tion. 

2 Ba(NO& + Ba(NO& + baOZ + N2 (1) 

The oxygen would then come from the equilibration of barium peroxide 
. 

a02 ==Bao++ o* (2) 

Obviously, these reactions need to proceed to only a slight extent ‘to explain 
the small amounts of nitrogen and oxygen in Fig. 4. 

CONCLUSIONS 

Single crystals of Ba(NO& - HZ0 may contain considerable excess free 
water which is easily removed .by grinding and exposure at room tempera- 
ture. 

The decomposition of Ba(N02),, is complex, occurring primarily in two 
stages over the temperature range SOO-750°C. The products are NO S 
NO2 * N, > OZ. The early appearance of Nz and 0, suggests that some dis- 
proportionation may precede the major decomposition. 
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