
542 B. FRLEC, B. S. B R W ,  AND J. SLIVNIK Inorganic Chemistry 

CONTRIBUTIOS FROM THE SUCLEAR 
INSTITUTE " J O ~ E F  STEFAN," LJUBLJANA, YUGOSLAVIA 

Hydr azinium Hep tafluorourana t e( V). 
Properties, and Thermal Decomposition'" 

Preparation, 

BY B. F R L E C , ~ ~  B. s. B R ~ I C ,  AKD J. SLIVNIK 

Received August 23, 1965 

The new compound, hydrazinium heptafluorouranate(V), mas prepared a t  0" by the reaction of hydrazinium difluoride and 
uranium hexafluoride both in anhydrous hydrogen fluoride and in carbon tetrachloride. The magnetic moment of the 
yellowish compound a t  0" is 1.66 BM X-Ray powder diffraction data are given. The thermal decomposition of the com- 

70° 180-200° 310' 
pound in an inert atmosphere proceeds as follows: NLHGUF? --f X~HGUFG + UFA --+ NzH5UFj + UFd -+ 3UFh.HF - UF4. 
380' 

X detailed discussion of this thermal decomposition is given 

Introduction 
Little is known about hydrazinium fluorouranates. 

Only a few compounds have been reported : hydrazin- 
ium (+ 1) pentafluorouranate(1V) and hydrazine 
uranyl fluoride complexes of different compositions. 
Analogous to the ammonium fluorouranates, several 
hydrazine complex compounds resembling the ammonia 
derivatives could be expected. Since hydrazine is a 
powerful reducing agent and is less alkaline than am- 
monia, a reduction of uranium(V1) to lower valence 
states during the reaction could occur. However, the 
existence of two stable nitrates of hydrazine4 makes it 
plausible that, under favorable conditions, reduction of 
uranium(V1) to uranium(1V) in the presence of hy- 
drazine salt will not take place. On the other hand, 
the thermal decomposition of hydrazinium uranates 
with uranium(V1) or -(V) should be of special interest 
because of the presence of a reducing agent in the com- 
pound itself. Uranium tetrafluoride should be ex- 
pected as the final product. 

The reactions of anhydrous hydrazine with uranium 
hexafluoride a t  70" in the vapor phase5 and the sorp- 
tion of uranium hexafluoride vapor on solid hydrazinium 
difluoride resulting in products containing quadrivalent 
uranium led to the effort to work at a lower tempera- 
ture and concentration in a neutral solvent. However, 
the possible solvent choices are rather limited. Con- 
sidering the presence of the hydrazinium salt, only 
anhydrous hydrogen fluoride, completely fluorinated 
hydrocarbons, and halogenated hydrocarbons are suit- 
able for dissolving uranium hexafluoride without re- 

It is well known that the reaction mecha- 

(1) (a) Par t  of the thesis of B. Frlec, presented to  the University of 
Ljubljana, 1965, in partial fulfillment of the requirements for the degree of 
Doctor of Chemical Sciences; (b) Chemistry Division, Argonne National 
Laboratory, Argonne, Ill. 60440. 

(2) (a) Yu. A. Lukyanichev, N. S. Nikolaev, and Yu. N. Mihailov, Zh. 
Xeovgan. Khim., 8 ,  1617 (1963); (b) B. Sahoo and D. Patnaik, C z w e n t  Sci. 
(India), SO, 293 (1961). 

(3) B. Sahoo and K.  C. Satapathy, J .  Inovg. Nucl. Chem.,  26, 1379 (1964). 
(4) L. F. Audrieth and B. Ackerson-Ogg, "The Chemistry of Hydrazine," 

John Wiley and Sons, Inc., New York, N. Y.,  1951, p 175. 
(5) B. S. BrtiC, J. Slivnik, D. Kolar, B. Frlec, M. Komac, and P. Glavii-, 

PTOC. Intern.  Conf. Peacejul Uses A t .  Energy, 3rd,  Geneva, 1964,702 (1964). 
(6 )  J .  J. Katz  and E. Rabinowitch, "The Chemistry of Uranium," hlc- 

Graw-Hill Book, Inc., New York, N. Y., 1961, p 443. 
(7) G. P. Rntledge, R. J. Jarry, and W. D a d s ,  J .  Phys.  Chem.,  57, 541 

(1953). 

nism can be influenced by the solvent used as the reac- 
tion medium. Therefore, two substantially different 
solvents were chosen : anhydrous hydrogen fluoride 
and carbon tetrachloride. However, from a prepara- 
tive standpoint, the relatively low solubilities of the 
reactants present severe limitations. Anhydrous hydro- 
gen fluoride dissolves 7.95 g of UFO' and approximately 
5 g of NzHsFz per 100 g of HF8 a t  0". In  carbon tetra- 
chloride, uranium hexafluoride is more soluble (35 
g/100 g of CC1, a t  but hydrazinium difluoride is 
practically insoluble and floats on the surface of the 
solvent. 

Experimental Section 
Materials and Methods.-Hydrazinium difluoride was prc- 

pared by neutralization of hydrofluoric acid with hydrazine hy- 
drate.1° Uranium hexafluoride was prepared by fluorination of 
U308 with elemental fluorinell and purified by repeated sublima- 
tion under vacuum. Anhydrous hydrogen fluoride was pre- 
pared by pretreating the distilled technical product with uranium 
hexafluoride as described later. Carbon tetrachloride was dried 
over calcium chloride. The dried solvent was distilled over phos- 
phorus pentoxide12 and purified by subsequent distillation in a 
glass vacuum line. 

Fluorine content in samples was determined by a modified 
Willard-Winter di~tillationl~ and thorium nitrate titration of 
the distillate.I4 In the distillation residue, uranium was detcr- 
mined volumetrically using potassium di~hromate, '~ and hy- 
drazine was determined potentiometrically by potassium iodide 
t i t r a t i~n . '~  X-Ray powder diffraction patterns were obtained 
using Cu Ka or Fe KO! radiation in a 57-mm diameter camera. 
The intensities of lines were estimated visually. 

Magnetic susceptibility measurements mere pcrformed using 
Gouy's technique with an accuracy of &64',. The apparatus 
used was similar to one described by VolavSek.lG Thermo- 
gravimetric analysis was performed on a quartz helix balance 
in argon atmosphere a t  a heating rate 2.5"/min. The same 
heating rate was used for the differential thermal analysis, which 

(8) Unpublished, our very rough estimation. 
(9) J. S. Nairn, D. A. Collins, and J. C. Taylor, Pvoc. 1iztei.n. Coiif. I'eace/ul 

(10) M. L. Kronherg and D. Harker, J .  Chew.  Phys., 10, 309 (1942). 
(11) €3. S. Brfid and J. Slivnik, "J. Stefaiz" I n s t .  Repts .  (Ljubljana), 2, 541 

(1955). 
(12) D. G. Karraker,Inovg. Chem.,  3, 1618 (1964). 
(13) G. Pietzka and P. Ehrlich, Angezo. C h e m . ,  65, 131 (1953). 
(14) C. 5. Rodden, "Analytical Chemistry of Manhaltan Project," 

McGraw-Hill Book Co., Inc., Kew York, N. Y., 1950. 
(15) W. R. McBride, R. A. Henry, and S. Skolnik, A n a l .  Chenz., 23,  890 

(1951). 
(16) B. Volavkk, Croat. C h e m  Acta., 36, 61 (1863). 

U s e s  At .  Enevgy ,  Znd, Geizewa, 1958, 300 (1958). 
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was carried out on a “Gebriider Netzsch” type of apparatus 
with the Linseis measuring heads in a stream of argon. The 
reproducibility of transition temperatures was f3’. 

Procedures.-In the preparation procedures to be described 
the solvent (hydrogen fluoride or carbon tetrachloride) first was 
treated with uranium hexafluoride, then the reaction products 
were removed, and finally the mixture of solvent and uranium 
hexafluoride was transferred to a reactor containing dry hydrazin- 
ium difluoride. 

The reactions were carried out in Fluorothene17 tubes sealed 
a t  one end and attached a t  the other end through flare connection 
to an all-stainless-steel valve. The volume of the reaction ves- 
sels was limited (30 ml) by the diameter of the available Fluoro- 
thene tubing. Because of this and the relatively low solubilities 
of the reactants, it was necessary to work with a saturated solu- 
tion with some undissolved material a t  the bottom in order to get 
enough product for all necessary examinations. 

Preparation in Anhydrous Hydrogen Fluoride .-Uran- 
ium hexafluoride was sublimed onto the hydrogen fluoride in one 
of the reaction vessels, and the mixture was then condensed on 
hydrazinium difluoride in a second, dry reaction tube attached 
to the first one and to a glass vacuum system by a tee. The 
reaction was carried out a t  0” in a water-ice bath. T o  avoid 
pressure build-up, the gas evolved was expanded from time to 
time into the glass part of the vacuum system, and the reaction 
mixture was shaken several times. After 6-10 hr unreacted 
uranium hexafluoride and hydrogen fluoride were pumped off, 
and a yellowish reaction product was dried under vacuum. The 
reaction tube was filled with dried argon, and the product was 
poured into small glass apparatus in a stream of argon. The 
sample tube for magnetic measurements, capillary for X-ray 
examination, and bulbs for chemical analysis were filled and 
sealed under vacuum. 

(B) Preparation in Carbon Tetrachloride.-Dried carbon 
tetrachloride was poured on the phosphorus pentoxide in the 
first bulb of the two-bulb glass apparatus connected to the 
reaction tube and to the glass part of the vacuum system. The 
first vessel was sealed. After several hours the contents of the 
vessel were frozen with liquid nitrogen and the apparatus was 
evacuated to approximately 10-3 torr. A part of the carbon 
tetrachloride was distilled into the second vessel, and the first 
one was sealed off. Carbon tetrachloride was then distilled to 
the reaction tube cooled by liquid nitrogen, and the proper 
amount of uranium hexafluoride was added by sublimation. 
The vessel was then warmed up to room temperature. At most, 
1 % of the uranium hexafluoride was reduced; evolved gases were 
pumped off, and a mixture of uranium hexafluoride and carbon 
tetrachloride was distilled finally to the other reaction tube with 
hydrazinium difluoride. Subsequent procedure was analogous 
to the one described previously. 

(C)  Thermal Decomposition of Samples.-The thermal de- 
zompositions of samples placed in copper boats inside a glass 
tube were carried out in a stream of carefully dried argon. The 
samples were heated a t  constant temperature until constant 
weight was obtained. The boat with the sample was trans- 
ferred and weighed in an argon atmosphere. 

The bulbs for chemical analysis, the tube for magnetic measure- 
ments, and the capillary for X-ray investigation were filled and 
sealed under vacuum. The decomposition tube was heated 
with an electric furnace made of glass, enabling us to watch the 
changes in the sample during the heating. Before heating, the 
apparatus was evacuated and thoroughly swept with dried argon. 

(A) 

Results 
The rebults of the chemical analysis together with 

mole ratios of the reactants prior to reaction are pre- 
sented in Table I. The precision of analytical data is 
given in absolute percentage. 

Upon reaction of uranium hexafluoride with hy- 

(17)  Hosataflon C2, Farbwerke Hoechst A. G.. Frankfurt/Main, Germany. 

TABLE I 
REACTION CONDITIONS AND ANALYSES OF 
HYDRAZINIUM HEPTAFLUOROURANATES(V) 

Mole ratio, 
NzHsFz :UFe’ 

solvent, ,---Analyses---- Mole ratio, 
before % NzH4 % U % F N9H4 U.F,  Keaction 

reaction A0.1 1 0 3  A0.4 in product medium 

1:5.5:104 7.4 57.7 34.2 0.95:1.00:7.42 H F  
1:6.4:104 6 .7  59.5 33.6 0.84:1.00:7.07 HF 
1:3.4:71 7 . 8  57.5 32.5 1.01:1.00:7.08 HF 
1:3  9:55 7 8 58.5 32 8 0.99:1.00:7.02 HF 
1:2.7:10.8 7.6 58.4 32.1 0.97:1.00:6.88 CClr 
1:1.5:4.2 7.8 59.2 32.4 0.98:1.00:6.85 CCl, 

drazinium difluoride, a yellowish product is formed 
with a composition corresponding to the stoichiometric 
formula NzHsUF,. The course of the reaction strongly 
depends on the temperature and on the quantity of the 
solvent used. At room temperature or higher, and if 
little solvent is used, the yellow color of the reaction 
mixture turns to green, indicating reduction of uranium 
to a four-valent state. This is accompanied by the 
evolution of a greater quantity of gas as expected and 
in most cases by rupture of the reaction vessel. 

Wydrazinium difluoride is insoluble in and less dense 
than carbon tetrachloride. However, the reaction 
product is more dense than the solvent; consequently, 
the course of the reaction could be observed easily. 
Particles of the hydraziniurn fluoride react on the sur- 
face of the solvent, then sink down, and from the mate- 
rial on the bottom of the reaction vessel nitrogen is 
evolved. After the reaction was finished, all of the 
volatile components were condensed back into the first 
reaction vessel. At room temperature two layers 
were formed: one of carbon tetrachloride and an- 
other of hydrogen fluoride, which is obviously a reac- 
tion product. The amount of hydrogen fluoride was 
roughly estimated from the volume. It was found 
that approximately 1 mole of hydrogen fluoride per 
mole of hydrazinium difluoride was formed by the 
reaction. 

As follows from Table I, all of the samples listed were 
prepared with an excess of uranium hexafluoride. 
Also, a synthesis of compounds with mole ratios of 
NzH4: U = 2 : 1 and 3 : 1 in carbon tetrachloride was at- 
tempted. In neither case was liberation of hydrogen 
fluoride observed. Yellowish reaction products, ex- 
tremely unstable a t  room temperature in glass, were 
obtained. Consequently, they could not be char- 
acterized. 

X-Ray powder diffraction patterns of all samples 
obtained at  0” were found to be identical, independent 
of reaction medium or initial mole ratio used. They 
differ markedly from diffraction patterns of starting 
materials. The d values and visually estimated inten- 
sities of lines of a compound with composition corre- 
sponding to the stoichiometric formula NzHeUF7 are 
presented in Table 11. 

Results of the magnetic susceptibility measurements 
are presented in Table 111. The temperature depend- 
ence of the magnetic susceptibility follows the Curie- 
Weiss law over the temperature interval 160-280°K. 
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d ,  A 
9 . 0  
6 . 7  
6 . 2  
5 . 9  
4 .97  
4 .62  
4 .41  
3 .99  
3 . 9 1  
3 .76  
3 . 4 8  
3 .44  
3 .32  
3 .17  
3 . 0 8  
3 . 0 1  

TABLE I1 
X-RAY POWDER DIFFRACTION DATA FOR 
HYDRAZINIUM HEPTAFLUOROURANATE(\~) 

Iea td  d ,  A Iesrd d ,  A I e s t d  d 2  A I e s t d  d ,  A Iestrl 

4 2 .93  10 1.977 6 1.490 4 1.138 4 
8 2 .88  6 1.953 6 1.446 4 1.126 4 
4 2.82 6 1 . 9 1 8  4 1.423 6 1.114 4 
4 2 . 7 9  6 1 .895  4 1.406 4 1.038 5 
8 2 . 7 2  4 1.873 4 1 .388  6 1.033 4 
8 2 .67  4 1.840 6 1.365 4 1.025 6 
6 2 .60  4 1 .791  6 1.347 6 1.018 4 
6 2 .63  4 1.761 6 1.320 6 1.013 6 
6 2 .43  4 1 .712  4 1 .308  6 1.011 6 
4 2 .41  4 1 .676  4 1.223 2 1.006 4 
6 2 .34  8 1 .651  4 1 .218  4 1.003 4 
6 2.27 6 1 .581  4 1.206 4 0 .998  4 
4 2 . 2 3  6 1 . 5 6 1  4 1.194 4 0 ,993  4 
4 2.20  6 1.544 6 1.181 4 0 ,987  4 
4 2 . 1 7  6 1 .518  4 1.174 4 0.988 4 
4 2 .12  8 1.504 4 1.164 4 0.983 4 

TABLE I11 
MAGNETIC SUSCEPTIBILITY AND MOMENT OF 

HYDRAZIXIUM HEPTAFLCOROURANATE( V)" 
1 0 a X M '  

0.86 
0.96 
0.89 
0.94 
0.91 

8 Weff 

104 1.62 
104 1.70 
110 1.66 
122 1.73 
114 1.66 

a 1 0 ~ s ~ ~ '  is the molar magnetic susceptibility corrected for 
B is the Weiss constant in diamagnetism in cgs units at 273°K. 

OK. pcff is the effective magnetic moment in BM. 

When exposed to moist air or to reaction with water, 
the yellow color of the samples turns rapidly to green. 
In water a green precipitate and a yellow solution were 
obtained. The analysis of the precipitate is as follows. 
Anal. Calcd for N2HsUF~: NzH4, 8.75; U, 65.0; F, 
25.9. Found: NzH4, 8.9; U, 64.6; F, 26.3. 
In Figure 1 differential thermal analysis diagrams of 

hydrazinium fluorouranates are shown. Hydrazinium 
pentafluoro-2a and hexafluorouranate5 were taken for 
comparison. The average values of the dta peak tem- 
peratures are collected in Table IV. 

TABLE IT: 
DIFFEREXTIAL THERMAL ANALYSES OR 

HYDRAZINIUM FLUOROURANATES 
I ~ z H G U F T  NzHsUFs NzHKUFS 

Thermal effect a b a b a b 

Exothermic 70 141 
Endothermic 194 
Exothermic 214 130 200 
Endothermic 247 296 253 310 270 309 
Endothermic 350 405 356 412 353 405 

ilverage temperature of a peak of a thermal effect. 
a Average temperature of the beginning of a thermal effect. 

The temperatures of the last two endothermic effects 
are nearly identical for all three compounds, and the 
temperature of the exothermic effect is almost the 
same for the first two compounds. Therefore, i t  
might be concluded that this part of the decomposition 
scheme must be the same. 

In Figure 2 the thermogravimetric decomposition 
curves of hydrazinium heptafluorouranate(V) are 
plotted. Weight losses observed a t  isothermal de- 
compositions are presented in plot by points I. Several 

AT 
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100 200 300 400 500 - T ("C) 
Figure 1.-The differential thermal analysis diagrams of hy- 

drazinium fluotouranates. 
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Figure 2.-The percentage weight losses of hydrazinium hepta- 
fluorouranate(V) observed both at the thermogravimetric anal- 
ysis and a t  the isothermal decomposition (points I). 

steps are shown. However, in the middle part of the 
diagram. there is a gradual transition. 

The results of the chemical analysis and of the mag- 
netic susceptibility measurements of the decomposition 
products obtained a t  the isothermal decomposition of 
hydrazinium heptafluorouranate(V) are collected in 
Table V. 

The X-ray investigation shows that originally well- 
crystallized hydrazinium heptafluorouranate(V) decom- 
poses a t  70" to a product, from which no X-ray powder 
diffraction patterns could be obtained. First X-ray 
patterns were observed on the product obtained a t  lSOo. 
In the patterns, lines of hydrazinium pentafluoro- 
uranate( IV) and lines of uranium tetrafluoride were 
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TABLE V 

DECOMPOSITION PRODUCTS 
CHEMICAL ANALYSIS AND MAGNETIC DATA OF THE 

--Analyses--- 
Temp, Time, % NZH4 % U % F 1 0 s x ~ ~ ' ,  8 ,  Pelf ,  

OC hr f O . l  1 0 . 3  1 0 . 4  cgsu O K  BM 

0 . . . 7.8  59.2 32.4 0.91 114 1.66 
70 70 6 . 1  65.1 27.9 3.56 124 3.38 

180 75 5 .8  66.1 27.4 3.92 110 3.48 
310 36 0 .0  72.2 24.9 3.61 146 3.49 
380 20 . . . 75.5 24.0 3.41 174 3 .51  

observed. Lines of hydrazinium pentafluorouranate 
(IV) became weaker, and the lines of uranium tetra- 
fluoride became stronger as the temperature of the 
decomposition increased. X-Ray patterns show that 
pure uranium tetrafluoride was obtained a t  380". 

Discussion 
Hydrazinium heptafluorouranate(V) is formed by the 

reaction of uranium hexafluoride with hydrazinium di- 
fluoride both in saturated solution in anhydrous hydro- 
gen fluoride in the presence of some undissolved mate- 
rial and also in carbon tetrachloride. It is interesting 
that hexavalent uranium is reduced to only a penta- 
valent state if the reaction is carried out a t  0". In  more 
dilute solutions and a t  lower temperatures it might be 
possible to obtain a complex compound of hexavalent 
uranium. 

According to Clifford, l8 molybdenum and tungsten 
hexafluorides dissolved in anhydrous hydrogen fluoride 
exhibit definite but rather weak acidity and some oxidiz- 
ing power. Since uranium could be regarded as an 
analog and hydrazinium difluoride is basic in hydrogen 
fluoride, the reaction between them might be consid- 
ered as an acid-base reaction involving oxidation- 
reduction. The over-all reaction might be described 
by the equation 

4UFa + 5NzHeFz = 4NzH6UF7 + Nz + 6HF 

Taking for granted that the ion NzHo2+ exists in hy- 
drazinium heptafluorouranate(V) and that a maximum 
coordination number of 8 is observed for U5+, only one 
hydrazinium fluorouranate(V) is possible, namely, NzH6- 
UF7. By X-ray evidence this compound is formed 
regardless of the starting mole ratios and reaction 
medium used. The X-ray powder diffraction patterns 
indicate a low symmetry for this compound. The 
yellowish products obtained with the starting mole 
ratios of UF6: NzH6Fz = 1 : 2 or 1 : 3 were highly un- 
stable in glass a t  room temperature. Probably, mix- 
tures of hydrazinium heptafluorouranate(V), NzH4. 
4HF, a compound reported by Bock,Ig and unreacted 
hydrazinium difluoride were formed under these condi- 
tions. 

Comparison of the measured and calculated magnetic 
data leads to the conclusion that uranium exists in the 
investigated compound with a stoichiometric formula 
NzH6UF7 in a five-valent state. Measured values of the 
effective magnetic moment are very close to the spin 

(18) A. F. Clifford, H. C. Beachell, and W. M. Jack, J .  Inoug. Nucl. 

(19) H. Bock, NatzirmissenschaJ2en, 1?b, 426 (1962). 
Chem., 6 ,  57 (1957). 

only value for a single electron (1.73 BM). However, 
the molar magnetic susceptibility and Weiss constant 
show that the orbital contribution is not completely 
quenched. 

Hydrolysis of hydrazinium heptafluorouranate(V) 
might be described by the equation 
2NzHsUF7 + 2H20 = NzHsUF6 + UOzZf + 

NzHsC + 6HF + 3F- 

The green precipitate obtained from the hydrolysis is 
hydrazinium pentafluorouranate(1V). 2a The com- 
pound remaining in supernatant solution could be the 
hydrazine uranyl complex described by Sahoo and Sata- 
pathy. Such a hydrolysis reaction is characteristic 
for a compound of five-valent uranium and is consistent 
with the magnetic evidence. 

On the basis of experimental data and analogy to the 
thermal decomposition of ammonium fluoroura- 
nates, 20-23 the following decomposition scheme of 
hydrazinium heptafluorouranate(V) might be sup- 
posed. 

Up to 70" self-reduction of hydrazinium hepta- 
fluorouranate(V) occurs, and hydrazinium hexafluoro- 
uranate(1V) is formed by 

4NzH6UF7 3NzHsUF6 + UFa + 6HF + Nz 

In the next step of the thermal decomposition hydrazin- 
ium pentafluorouranate(1V) should be formed, which is 
stable according to Lukyanichev2" up to 250" 

3NzHsUFs + UFq = 3NzHsUFs + UF4 + 3HF 

By analogy with the thermal decomposition of am- 
monium pentafluorouranate(1V) the hydrazinium com- 
pound should decompose further in two steps. In  the 
first step, the compounds HUFj or UF4.HF should be 
formed,22 which should decompose in the second step 
to uranium tetrafluoride according to 

3NzH6UFs + UF4 = 3HUFs + UF4 + 3NzH4 

3HUF6 + UF? = 4UF4 + 3HF 

The comparison between mole ratios and percentage 
weight losses calculated on the basis of the proposed 
scheme of the decomposition and the ones observed a t  
isothermal decomposition are given in Table VI. Also, 
the percentage weight losses for successive steps ob- 
tained by thermal gravimetric analysis are added. 

In  Table VI1 the calculated, obtained from mole 
,ratio data of particular steps, and observed composi- 
tions of products are given. 

The thermal decomposition of hydrazinium hepta- 
fluorouranate(V) might be, therefore, described as fol- 
lows. Up to 70" self-reduction to hydrazinium hexa- 
fluorouranate(1V) takes place. The color of a sample 
turns to green, and the effective magnetic moment 
value rises from 1.66 to 3.38 BM, that is, to the value 

(20) Nguyen-Nhgi, A. J. Dianoux, H. Marquet-Ellis, and P. Plurien, 

(21) R. Benz, R. M. Douglass, F. H. Kruse, and R. A. Penneman, Inoug. 

(22) N. P. Galkin, B. N. Sudarikov, and V. A. Zaitsev, A t .  Eizevg. (USSR), 

(23) L. Neumann, M. Matucha, and S. PodeSva, Collection Czech. Chem. 

Compt. Rend., 260, 2229 (1965). 

Chem., 2, 799 (1963). 

11, 554 (1961). 

Commun., 27,472 (1962). 
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TABLE VI 
COMPARISON BETWEEN CALCULATED AND OBSERVED DATA FOR 

THE THERMAL DECOMPOSITION OF 

HYDRAZINIUM HEPTAFLUOROURANATE( V) 
Temp 

of r 

de- 
compn, 

QC 
0 

70 
180 
310 
380 

Calcd- 

Mole ratio 
h T 9 H 4 :  U:  P 

1 : 1 : 7  
0 . 7 5 : 1 : 5 . 5  
0 .75:1 :4 .75  

0: 1 :4 .75  
0:1:4 

2 

r _____ 
Weight 

loss, 
% 

9.14 
3 . 7 5  
5.93 
3 . i l  

22.49 

I . .  

Obsd-- 
Isothermal decompn 

>I 01 e Weight 
ratio 1oss,a 

NpHa: U: F % 
0.98:1:6.85 . . . 
0.70:1:5.37 9 .68  
0 . 6 5 : 1 : 5 . 2 6  4.17  
0 . 0 0 : 1 : 4 . 3 2  7 .13  
0.00: 1 : 3 , 9 8  1 . 6 3  

22.59 
--- 

.___ 
Tga 

Weight 
loss, 

% 
. . .  

1 1 . 2  
2 . 8  
5 8  
2 . 7  

2 2 . 5  

a Weight loss for step obtained a t  isothermal decomposition is 
given relative to weight of the sample at the very beginning of 
decomposition. 

TABLE VI1 
THE COMPOSITIONS OF PARTICULAR STEPS OF THE THERMAL 

DECOMPOSITION OF HYDRAZINIUM HEPTAFLUOROURASATE( V) 
Temp, 

OC Calcd, % Obsd, % 
0 100 P;*HsUF? 99 NzHsUF7 1 I\'nHsUFs 

70 
180 

75 NpHsUFj + 25 UFI 
75 N2HsUFj + 25 UFd 

70 N2HsUF6 + 30 UFd 
61 NzHsUFs + 4 SzHjUFj 
35 UFa 

310 75HUFj  + 25 UF, 32 HUF, + 68 UFd 
380 100 UF* 100 UFd 

characteristic for quadrivalent uranium compounds. 
The percentage weight loss is a little greater than the 
calculated one. Not only nitrogen and hydrogen 
fluoride but also some hydrazinium difluoride is lost. 
The product obtained a t  '70' shows no X-ray powder 
diffraction pattern resembling hydrazinium hexafluoro- 
uranate(1V) obtained in the gaseous phase.j T o  this 
decomposition step the first exothermic dta peak might 
belong. The shift to higher temperatures might be 
due to the difference between dynamic and isothermic 
courses of the decomposition. It has been shown by X- 
ray evidence that this effect does not belong to an 
eventual crystallization process. 

The first X-ray powder diffraction pattern was ob- 
tained from the product a t  180'. It could be shown 
from the tga curve that this step of the decomposition 
is not very distinctive. Therefore, a disagreement 
between percentage weight loss or compositions found 
and calculated could be expected. From the com- 
position of the sample a t  180' (Tables VI, VII) a fur- 
ther loss of hydrazinium difluoride is shown. As 
shown by the high fluorine content in the sample a t  
this temperature, the decomposition under isothermic 
conditions is not completed. The endothermic effect 
a t  194' and the exothermic effect a t  214' on the dta 
curve are probably related to the decomposition of 
hydrazinium hexafluorouranate(1V) and the crystal- 
lization of hydrazinium pentafluorouranate(IV), re- 

spectively. An analogous effect is shown on the dta 
curve of hydrazinium hexafluorouranate(1V). 

The percentage weight loss in the next step is again 
greater than expected. This might be due both to 
incomplete decomposition from the former step and 
to the decomposition of the products formed a t  this 
step. Up to 310" hydrazine is given off from hydrazin- 
ium pentafluorouranate(1V). In  the cold trap droplets 
of a relatively nonvolatile liquid were observed. The 
composition of the product obtained at  310" shows no 
hydrazine content but some excess of fluorine. There- 
fore, i t  might be concluded that the thermal decom- 
position stops a t  the unconfirmed equilibrium com- 
position, 2UF4.HUF5 or 3UFd.HF. The compound 
HUF6 proposed on the basis of Galkin's supposition 
seems to decompose immediately after formation to 
the above equilibrium composition. Accordingly, the 
proposed decomposition scheme should be corrected. 
Taking into account this correction, the unexpected 
rise in uranium tetrafluoride content in the decom- 
position products can be understood. This step is ac- 
companied on the dta curve by an endothermic effect 
a t  296" shown by all three of the hydrazinium fluoro- 
uranates investigated. 

The final step of the thermal decomposition is fin- 
ished at  380". As could be expected, the percentage 
weight loss for this step is smaller than calculated. 

The over-all percentage weight losses calculated and 
observed a t  isothermal and tga decompositions are 
22.49, 22.59, and 22.5%, respectively, and agree within 
the limits of experimental error. 

After the first remarkable increase associated with 
the self-reduction of the compound, the magnetic 
moment of the decomposition products rises to the 
order of magnitude of the magnetic moment for uran- 
ium(1V) compounds. The rise of the Weiss constant 
shows decreasing magnetic dilution of the system. 

The thermal decomposition of hydrazinium hepta- 
fluorouranate(V) is much more complicated than the 
decomposition of ammonium hexafluorouranate(V) 
investigated by Nguyen-Kghi and co-workers. 2o In 
some respects it resembles the decomposition of am- 
monium pentafluorouranate(IV), where there are, in 
spite of its great technological importance, several in- 
consistencies in the reported In both cases, 
hydrazinium or ammonium difluorouranate are lost 
steadily during the decomposition, and there are de- 
composition steps which proceed from one to another 
without clear distinction. 
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