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Perbromic acid and alkali metal perbromates have 
recently been isolated and characterized. The per- 
bromates are chemically similar to the perchlorates, 
although somewhat less stable. An interesting dif- 
ference is that  the order of stability of the alkali metal 
salts is MBr03 > MBr04, while the reverse is true of the 
chlorine compounds, MC103 < MClO4. 

hmmonium chlorate (NH4C108) also is less stable 
than its perchlorate. However, since the mechanism 
of decomposition is much more complex in this case, it 
is not possible to predict the stability of anirnoniurn 
perbromate (NH4Br04) from that of the bromate, which 
explodes on heating.4 It was of considerable interest 
to us, therefore, to determine whether ammonium 
perbromate is sufficiently stable to isolate and to com- 
pare its physical and chemical properties with those 
of the perchlorate, especially its stability and mode of 
decomposition. 

Experimental Section 
Synthesis.--A sample of 3 Jf perbromic acid was generously 

supplied by E. Appelman, Argonne Sational Laboratory. I ts  
synthesis and analysis have been described.2 This solution was 
chilled and carefully neutralized v i th  excess concentrated aqueous 
ammonia. The solution was evaporated a t  room temperature, 
and the solid was dried over PzOj in a vacuum desiccator. Before 
use, the product was recrystallized from water. NHIBr04 is 
neither shock nor friction sensitive. 

Analysis.-The salt was analyzed for NHa+ by the hypo- 
bromite method6 and for BrO4- by the method described by 
Appelman.z Anal. Calcd for 1UH4Br04: KH&+, 11.5; Br04-, 
88.5. Found: XH4-, 11.1; Br04-,  85.2. 

Titration of a separate sample in 0.01 LM acid and 0.1 2' acid 
with molybdate gave values for the hypobromite and bromate 
contents of 1.0 and 0.67,, respectively. These are upper limits 
only, of course, because of the slow reduction of perbromate 
under these conditions. KO precipitate was observed when 1 M 
AgSOs was added to a solution of SHaBrOt. The bromide 
content is believed to  be less than 0.1 TG. 

Infrared Spectrum.-The infrared spectrum of ammonium 
perbromate was examined by means of a Perkin-Elmer Model 
621 grating infrared spectrophotometer. The sample was mulled 
with Kujol and supported between KBr disks. Strong bands 
were observed a t  870 and 405 cm-1, with a tiny, sharp peak a t  
795 cm-1 (on the edge of the former broad band). Appelmanz 
reported V I ,  798 ern-'; v g ,  883 cm-I; Y I )  410 ern-'. KO bands 
attributable to BrOa- were observed near 800 or 420 cm-I. 

(1) E. H. Appelman, J .  A m .  Cizem. SOC.. 90, 1900 (1968). 
( 2 )  E.  H. Appelman, I?zo;,g. Chem.,  8, 227 (1969). 
( 3 )  F. Fairbrother, J .  A m .  Chew&. Soc., 44, 2114 (1922). 
(4) P. J. 11, IZadford in "Bromine and Its  Compounds," 2. E. Jolles, Ed., 

( 5 )  I. M. Kolthoff and  E. B. Sandell, "Textbook of Quantitative Inorganic 
Academic Press, Xew York, N. Y. ,  1966, p 165. 

Analysis," The  Macmillan Co., New York, X. Y., 1915, Chapter XL. 

Solubility.-The solubilities of NH4Br04 in water and in sev- 
eral organic solvents were determined by weighing 1-ml aliquots 
of the saturated solutions. 

Decomposition.-Prelimiuary decornpositioii experiments were 
performed with very small samples in melting point capillaries. 
Thermograms were obtained using a Fisher differential ther- 
malyzer, Model 260, with a heating rate of 5'/min. Each 25- 
mg sample was diluted with 75 mg of A1?03. 

X-Ray Diffraction.-Powder patterns were obtained by the 
Geiger counter-goniometer method, using a Philips Sorelco 
instrument. Copper K a  radiation (nickel filter) was employed. 
Samples were ground to <325 mesh and sifted into in. deep 
rectangular aluminum cells. The spectrum was scanned from 
20 = 50 to 5" a t  l"/niin. 

Results 
Ammonium perbromate is stable a t  room tempera- 

ture and has solubilities similar to the perchlorate 
(Table I). Heats of solution in water calculated from 
the data in Table I are 4.4 kcal/mol for NHJ3r04 and 
3.9 kcal/rnol for NHdC104. 

TABLE I 
SOLUBILITY OF iYHaBrO4 AND SHaC104 

---Solubilitya--- - 
Solvent Temp,  O C  NHIBrO, Z;H4CIOP 

Water 0 .0  9 . 5  10.74 
Water 15.0 13.9 . . .  
Water 25.0 17.8 20.02 
Water 45.0 26.3 28.0' 
Methanol 25.0 8.22 6.862 
Ethanol 25.0 2.94 1.907 
Acetone 2<5,? 3.22 2.26 
Acetonitrile 25.0 1.36 . . .  

a Solubility in H?O in grams per 100 g of solution. Solubility 
in organic solvents in grams per 100 g of solvent. Data for 
IYHIC104 from J. C. Schumacher, "Perchlorates," Reinhold Pub- 
lishing Corp , Sew York, N. P., 1960. 

NHiBrOl is much less hygroscopic than NH4ClO4, 
although in humid atmospheres the perbromate does 
tend to "cake" slightly. Thus a t  95yo humidity, a 
500-mg sample of XH4Br04 gained 20 mg (4%) in the 
first 4 days, after which its weight remained approxi- 
mately constant. A similar NH4C104 sample, how- 
ever, gained a total of 115 nig (23%) in 4 weeks and 
was visibly wet. 

NH4BrOA begins to decompose around 170-1 80° ,  
smoothly in most cases, although explosions sometime5 
occur. In one case, observed visually, dense brown 
fumes (Br2) appeared a t  176", and the clear crystal5 
became opaque. The decomposition seemed to subside 
until the sample gradually disappeared a t  295" without 
melting or subliming. 

NH4Br04 exhibited two exotherms, a sharp one at  
186" and a broad one beginning a t  209", with a small 
inflection a t  228". On one occasion, a 73-mg sample 
exploded upon reaching the 186" exotherm. For 
comparison, thermograms of NH4C104 were obtained 
under identical conditions. XH1CIOJ exhibited an 
endotherm at 239" (orthorhombic-cubic transition) 

1560 



VoL. 9, No. 6, June 1970 NOTES 1561 

and two exotherms, a small one a t  344" and a large 
one a t  356". 

Although a substantial temperature difference exists 
between the two NH4BrOd exotherms and no activity 
was observed in the sample after the first step in the 
decomposition, slow decomposition continues a t  the 
lower temperature when the sample is heated in a 
sealed tube, probably due to catalysis by the decompo- 
sition products. Thus a 70.4-mg sample, heated over- 
night a t  170°, decomposed only partly but decomposed 
completely when heated a t  260". Another sample 
(1.80 mmol) decomposed completely in 3 days a t  170°, 
leaving no solid residue. The major products were 
N2 (0.68 mmol), 0 2  (1.09 mmol), Brz (0.9 mmol), and 
H 2 0  (not measured), with small amounts of NzO (0.1 
nimol) and NO2 (estimated 0.2 mmol). Thus the 
decomposition of NH4Br04 more closely resembles 
that of NH4Br03 (Nz, Brz, 02, HzO) than that of "4- 

'2104 (little Nz, nitrogen oxides major products). 
However, firm conclusions about the stability or 

modes of decomposition of these salts must await the 
synthesis and purification of larger samples of both 
NH4Br04 and NH4Br03. 

The powder diffraction spacings, presented in Table 
11, are correlated on the basis of an orthorhombic unit 

TABLE I1 
X-RAY POWDER DATA FOR NHaBrOa 

5.85 
5.24 
4.77 
4.60 
4.21 
3.94 
3.810 
3.660 
3.517 
3.302 
3.038 
2.938 
2.685 
2.642 
2.450 
2.398 

5.87 

4.74 
4.60 
4 .21  
3.92 
3.815 
3 .  659 
3.524 
3.298 
3.044 
2.936 
2.686 
2.641 
2.451 
2.397 

Intens 

50 
4 

100 
41 
8 

72 
55 
90 
25 
70 
82 
32 
32 
43 

9 
6 

hkl 

101 

011 
200 
111 
20 1 
002 
210 
102 
211 
112 
202 
121 
212 
103 
281 

. . .  

{ 2.300 24 400 
12.293 122 2.295 

2.209 
37 40 1 

312 
a 2.159 . . .  7 . . .  

2,106 2.105 5 222 
2.088 2,088 3 2 13 

(1.905 28 004 
(1.903 123 1.905 

1,877 1.873 15 412 
1.865 1.862 12 3 13 

Ii Denotes impurity. 

cell, with a = 9.20 A, b = 6.04 A, and c = 7.63 A; the 
density, based on four molecules in the unit cell, is 
2.54 g/cm3 (by flotation, 2.6 g/cm3). KBr04 is also 
orthorhombic,6 as are NH4CI04 and several metal per- 
chlorates. 

( 6 )  S. Siegel. B. Tani, and E. Appelman, t o  be published. 
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The syntheses of derivatives of o-carborane which 
bear aliphatic, 3-6 aroma ti^,^ amino,7 diethylamino,'j 
hydroxy,8 and ethoxy6 substituents on the boron atom 
have been reported. A mixture of 8- and 9-ethyl-o- 
carboranes3 was obtained from the reaction of 1- and 
2-ethyldecaborane(l4) with acetylene. The novel 
boron insertion reaction of Hawthorne, et ( ~ l . , ~  afforded 
3 - e t h ~ l - , ~  3 - ~ h e n y l - , ~  3-diethylamin0-,~ and 3-ethoxy- 
o-carboranes.O The 3-amin~carborane~ was produced 
by  reduction of 0- or m-carborane with sodium metal 
in liquid ammonia, followed by oxidation of the inter- 
mediate with potassium permanganate. This com- 
pound underwent Sandmeyer reaction to yield 3-halo- 
o-carborane. The 9-hydroxy-o-carborane8 was pre- 
pared from o-carborane by nitration with nitric acid 
and subsequent hydrolysis of the intermediate. 

This paper describes an application of the Hawthorne 
(1) Preceding communication: J. F. Sieckhaus, N ,  S. Semenuk, T. A. 

Knowles, and H .  Schroeder, Inovg.  Ckem. ,  8, 2452 (1969). 
(2) Nomenclature of t he  closo boron-carbon hydrides was discussed by 

K. Adams, ibid. ,  2, 1087 (1963), and appropriate rules approved by the  
Council of the American Chemical Society are presented in  ibid. ,  7, 1945 
(1968). T h e  terms 0-, m- ,  and fi-carborane are used t o  designate 1,2-, 1,7-, 
and 1,12-dicarbo-closo-dodecaborane. I n  accord with current practice, 
the following symbols are employed for representation of these isomers 

n 
HC-CH, HCB,,H,,CH, HCQCH \o/ B,&O 

B d i o  
(3) T. L. Heying, J. W. Agei-, S. L. Clark, 13. J. Mangold, H. L. Gold- 

(4) M. F. Hawthorne and P. A. Wegner, J .  A m .  Chem. Soc., 87, 4302 

(B) B. M. Mikhailov and  T. V. Potapova, Zzv.  A k a d .  N a u k  

( 6 )  T. V .  Potapova and B. M. Mikhailov, I s v .  A k u d .  Nouk S S S K ,  .St.?. 

(7) L. I. Zakharkin and V. N. Kalinin, I z v .  A k a d .  S u i &  SSSR, Sev. Khinz., 

(8) L. I .  Zakharkin, V. N. Kalinin, and L. S. Podvisotskaya, ib id . ,  1713 

(9) (a) L. I .  Zakharkin, V. N.  Kalinin, B. A. Kvasov, and E. I. Fedin, 
(b) L. I. Zakharkin and  

stein, Pvf. Hillrnan, K.  J. Polak, and J. W .  Szymanski, ib id . .  2, 1089 (1963). 

(1965); 90, 896 (1968). 

K h i m . ,  3629 (1967);  Chem. Abslv. ,  68, 30680 (1968). 

K k i m . ,  2367 (1967); Ckem.  Abstv. ,  68, 19671 (1968). 

2585 (1967). 

(1965); Chem. Abslu., 68, 18135 (1965). 

Zzv. A k a d .  N a u k  SSSR,  Seu. Kkim., 2415 (1968); 
V. N. Kalinin, ibid., 68.5 (1968). 


