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Table 2
Ton Col 0o (25°C) Ref.
Clos 0-725 [8]
105 0-724 This work
Cr0,~ 0-723 [9]
MnOZ; 0713 « [8]
ReOZ 0-714 [6]

been shown to be isostructural with the corresponding salt of
perchlorate, ClO7 ion.

Previous to this investigation the fact that perchlorates are not,
in general, isostructural with the corresponding metaperiodate
was justified theoretically on the basis of their sizes.

The c/a values for a few isostructural (tetragonal) tetramethyl
ammonium salts are given in Table 2.

The DTA study of N(CH.),IO, was undertaken. But no phase

*Present address: Department of Chemistry, Princeton Univer-
sity, Princeton, NJ 08540, U.S.A.

Notes

changes were observed up to 220°C when the compound violently
exploded.

S. OKRASINSKI*
G. MITRA

King’s College
Department of Chemistry
Wilkes-Barre

PA 18711, US.A.

REFERENCES

1. A. Kalman, J. Chem. Soc. A, 1857 (1971).

2. S. Siegel, B. Tani and E. Appelman, Inorg. Chem. 8§, 1190
(1969).

3. R. Wyckoft, Crystal Structure, Vol. III. Interscience, New
York (1965).

4, A. F. Wells, Structural Inorganic Chemistry, 3rd Ed., Oxford
University Press, London.

5. J. A. Ivers and D. T. Cromer, Acta Cryst. 11, 794 (1958).

6. S. Okrasinski and G. Mitra, J. Inorg. Nucl. Chem. 36, 1908
(1974).

7. D. Appleman, H. Evans, U.S. Geological Survey Rep. USGS-
GD-73-003.

8. K. Hermann and W. Ilge, Z. Krist. 71, 47 (1929).

9. W. Frey and G. Mitra, J. Fluor. Chem. 2, 115 (1972-73).

J. inorg. nucl. Chem., 1975, Vol. 37, pp. 1316-1318. Pergamon Press. Printed in Great Britain

Reactions of zirconium, hafnium and cerium tetrafluoride with hydrazine

(Received 10 September 1974)

IN OUR previous work we had examined the reactions of thorium
and uranium tetrafluorides with hydrazine[1-3]. The formation of
addition compounds MF,-nN,H, was observed with anhydrous
hydrazine and hydrolysis of the tetrafluorides took place with
hydrazine hydrate. In our further study on hydrazine reactions
with metal fluorides we have included two transition metal tet-
rafluorides (ZrF, and ThF,) and one lanthanide tetrafluoride
(CeF,).

ZrSO,-N,H,[4] is the only zirconium addition compound with
hydrazine know so far, while several hydrazinium(l+) and
hydrazinium(2+) fluorozirconates have been isolated([5, 6]. As far
as we know reactions of zirconium(IV) halides with hydrazine
have not been investigated, but with ammonia the 5 ZrF.-2NH,
adduct was described[7]. With hafnium tetrafluoride no com-
pounds either with hydrazine or with ammonia have been reported
to our knowledge. In the case of hafnium only two hydrazin-
jum(2+) fluoride complexes are known|8].

Cerium(3+) compounds with hydrazine, known so far are the
oxalates [9]. Cerium(4+) sulphate was described to form hydrazine
adducts Ce(SO,),-2N-H, and 2Ce(SO.),'3N.H,[10] with tetraval-
ent cerium. On the other side cerium(4+) sulphate was reduced to
Ce(3 +) with hydrazine[11] and with hydrazinium(2+) sulphate in

We found this study interesting because of the lack of data,
mentioned above, because of the chemical relationship between
the tetrafluorides examined and those described in our former
articles and because of the doubt whether Ce(4 +) is reduced by
hydrazine in the investigated system or not.

EXPERIMENTAL

Zirconium tetrafluoride was prepared either by thermal decom-
position of N,H¢ZrFs in vacuum at 300°C [5] or by hydrofluorina-
tion of ZrOCl,-8H,0, followed by a subsequent fizorination with
elemental fluorine at 400°C (Found: Zr, 54-2; F, 447. Calcd.: Zr,
54-55; F, 45-45%).

Cerium and hafnium tetrafluorides were prepared by hydro-
fluorination of the oxides at 100°C, followed by subsequent
fluorination of the product at 450 and 500°C respectively. The
fluorination was repeated after the crushjng and mixing of the
product was done. (Anal. HfF,: Found: Hf, 71-3; F, 29-5. Calcd.:
Hf, 70-14; F, 29-86%. CeF,: Found: Ce, 64-1; F, 36-2. Calcd: Ce,
64-84; F, 35-16%).

The preparation of anhydrous hydrazine, the experimental
technique and the methods of analysis were described
elsewhere[1-3). Zirconium and hafnium were determined

aqueous sulphuric acid solutions[12). Cerium tetrafluoride does  gravimetrically[14], cerium was determined by EDTA
not react with ammonia[13]. titration[15].
Table 1. Thermal analysis of ZrF,-2N,H,
Compound DTA peak End temp. of % wt. loss
formed °C) decomposition Found Calcd.
ZrF.2N,H,
endo 230 245°C 14:1 13-9
ZrF.N,H,
exo 283
endo 310 340°C 22:4
endo 378
ZiF, 400°C 271 277

endo—endothermic perk; exo—exothermic peak.
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RESULTS AND DISCUSSION Table 2. LR. spectra of zirconium tetrafluoride
ZrF,~N,H, system and hafnium tetrafluoride-hydrazines
With excessive anhydrous hydrazine zirconium tetrafluoride -
yields an addition compound of the formula ZrF,-2N,H, after ZrF,2NH,  ZrFoN,H, Assignment
drying in vacuum (Found: N,H., 27-8; Zr, 39:9: F, 32-8. Caled.: -
N:H.. 27-7: Zr, 39:4: F, 32:8%). Drying at different temperatures 33305 3371s
(0, 20 and 60°C) gives always the same product. It has to be 3296 m 3324m (NH:),
pointed out that traces of water cause hydrolysis of zirconium 32025 vs 3100s, vb
tetrafluoride. The reaction of zirconium tetrafluomide with hyd-
razine hydrate supports this observation. Hydrazinium(1+) ox- 2713w 2743w comb.
yfluorozirconate is formed in this case as shown by chemical 2486 w 2702 vw bends
anelysis and 1.r. spectroscopy (Found: N.H,, 25:6: Zr, 39-3: F,
15-6%). The product was not investigated in detail. 1649 w 1609 s (NH,)
Because zirconium tetrafluoride tends to hydrolize, it was very 1631w M
difficult to carry out the tensimetric titration. From the pressure
measurements we concluded that ZrF,-2N,H, was the compound 1609 vs 1544 5 (NH,),
with the highest hydrazine content and that ZrF,-N,;H, might
exist. The last mentioned supposition was confirmed by the 1356 vs 1222w (NH.).
thermal analysis. shown in Table 1. The presence of ZrF.-N,H.
was confirmed by ir. spectroscopy and the final product, zir- 1221 vs
conium tetrafluoride. by the chemical analysis. 1190 s 1117 vs (NH.),
The i.r. spectra of ZrF,-2N.H, and ZrF,-N:H, are presented in 1166 vs
Table 2. The spectra are consistent with the spectra of the
hydrazine addition compounds. The lattice vibrations were as- 999 vs 978 vs (N-N),
signed in accordance with the known Zr-F vibrations|16].
681 s .
ZrF-NoHSF-H:O svsten 652m (NH.).
Because of the close similarity of the above mentioned
tetrafluorides of zirconium, thorium[3] and uranium{1, 2|, we tried S83w (Zr-N),
to carry out the reactions of zirconium tetrafluoride with aqueous
solutions of hydrazinium(1+) fluoride. Zirconium tetrafluoride 518
was partly hydrolysed in neutral hydrazinium(1+) fluoride 484 vs, b (Zr-F).
solutions and the products were extremely soluble in the mother 410
liquor: 82g of zirconium tetrafluoride and 2-8g of
hydrazinium( 1+) flucride had to be added to 2-8 g of water in order Abbreviations: s—strong: w—weak: m—
to get a solid residue. The solid in equilibrium with this solution medium: v—very; b—broad.
was filtered off and washed with methanol. The compound was The spectrum of ZrF.-N,H., was taken only to
identified w5 (N:H:),Zr.F ,3H:0 on the basis of its chemical 700cm .

Table 3 1.R. spectra of (N,Hs):Zr.F o-3H-0, N.HsCeF, and some other products

A% (N,H5):Zr.F,o-3H.0 B+ N,H.CeF, Assignment
3480 vs. vh 3556 vs 3458 w, sh (OH),
33625 3388 vs 3361 vs 3336 vs
REXAEY 33505 3314w 3283w (NH.),
7w 3315m 3380w 3201w

3060, b
3166 w.b 31505, vb 3171 m 29825, b
2740 w 2740 m, s 3136w 2904 w (NH:").
2640 w 2657 m 2934 m 2746 w. b

2643 w 2624 m
1648 w, sh 1638 w, sh 1644 w. sh (OHa)q
1606 s

1620 1617 vs 1629 vs (NHa)q
1572 m
1541 w. sh 1552w 1556 ¢ 1540 vs (NH: ")y
35 vw 1320 vw 1313 vw 1302 vw (NH.),,
1283 vw 1271w 1208 m 1243 w (NH:)

1123 vs
20 vs 1128 vs 1120 11005 (NH3 )
1078 m, sh 1112w, sh 1078 m, sh 1047 m
9745 999 m, sh 952 vs 942 vs (N-N),
952 vs 983 vs

902 s 868 vs 7305

836 v 668 w 803 m

503 w, sh (NLHs " Yeor

*A-the product in the ZrF.-N,H.~H,O system (taken only to 700 cm™").
*B—the product in the HfF.-N,H.~H,0 system (taken only to 700 cm™').
Abbreviations: s—strong; m—medium; w—weak; v—very: b—broad; sh—shoulder.
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analysis (Found: N,H,, 11-0; Zr, 41-4; F, 41-2. Calcd.: NH,, 10-9;
Zr, 41-4; F, 41-1%) and of its i.r. spectrum (Table 3). In similar
systems Li:Zr,F,s and Na;Zr,F,o as well as M,Zr,F,-4H,O
(M =NH,, Na, K, Rb, Cs, Tl) are known[17]. The results are
therefore very interesting, but because of the experimental
difficulties, mentioned above, no further experimental work has
been carried out so far.

HiF~N,H., system

Similar to zirconium tetrafluoride, hafnium tetrafluoride was
also found to be extremely susceptible to traces of moisture. The
tendency to react with water was much stronger as in the case of
thorium tetrafluoride or uranium tetrafluoride. Although hydrazine
was dried with hafnium tetrafluoride itself, it was not possible to
exclude the influence of water.

With hydrazine hydrate hafnium tetrafluoride forms a hydrol-
ysed product with the mole ratios of N.H,™:Hf:F equal to 1:1:3
(Found: N,H,, 10-0; Hf, 55-7; F, 17:6%). The presence of the N,Hs"
ion was confirmed with the i.r. spectrum of the product obtained
(Table 3). The product is diamagnetic, containing tetravalent
hafnium with the [Xelf'* structure.

With anhydrous hydrazine eleven experiments were made in
order to get the reproducible results. The mole ratio of hydrazine
to hafnium tetrafluoride was varied from 0-5 to 25 and some
characteristic results are shown in Table 4. In spite of all the care
with the preparation work and with the chemical analysis, a partial
hydrolysis took place. LR. spectra are consistent with the unpure
compounds obtained; hydrolysis is accompanied by the appear-
ance of the (NH;™), vibrations of the N.Hs" ions. The same effect
is evident from the chemical analysis. The compounds were found
to be diamagnetic with tetravalent hafnium.

Table 4. Reaction conditions and results in the HfF,~N,H, system

Mole ratio Chemical analysis
N.H.:HfF, %NH, %Hf %F Sum
2:1 190 551 199 930
3:1 20:5 514 184 90-3
4:1 234 506 182 920
25:1 175 56-3 20-2 94-0

Theoretical composition:

HfF,-2N,H, 20-1 560 239 1000
Hf(OH)F;-2N,H, 202 564 18-0 94-6

CeF,-N;H, system

Gas evolution was observed by reacting cerium tetrafluoride
with the hydrazine hydrate, giving simple cerium(IIl) fluoride
(Found: Ce, 72-1; F, 28-1; Calcd.: Ce, 71-3; F, 28-9%). The
reduction of Ce** to Ce*™ was confirmed by the magnetic
susceptibility measurements. The magnetic moment 2-33+0-01
BM. (8 =60-1°K) is consistent with the literature data for
trivalent cerium with the >F,, configuration[18].

Reduction takes place also in anhydrous hydrazine, the product
being N,H;CeF. (Found: N,H,, 12:7; Ce, 56-9; F, 30-5. Calcd.:
N,H., 13-8; Ce, 56-2; F, 30-5%). The magnetic moment 2:99 + 0-01
B.M. (6 =1142°K) is higher than normally: Jonassen and
Weissberger [18] found the values between 2-25 and 2-45 B.M,,
while with Cex(C;04);-mN;HsynH;O magnetic moments are

Notes

reported to lie between 2:37 and 2-61 B.M.[19]. But still the 4§’
configuration, resulting from the L-S coupling, is the most
probable. The i.r. spectrum of N,HsCeF, excludes the presence of
hydrazinium(1+) fluoride in the reaction product[19]. The
spectrum is shown in Table 3 and has all the vibration modes,
characteristic for the N,H," ion.

Thermal decomposition of N,HsCeF, at 250°C in vacuum
proceeds to cerium(III) fluoride (Calcd.: Ce, 71-1; F, 28-9. Found:
Ce, 72:1; F, 28-6%).

Acknowledgements—This work is a part of the investigation
“Reactions of some transition metal fluorides with anhydrous
hydrazine”, which was carried out with the financial support of
the “Boris Kidri¢” Foundation and the National Bureau of
Standards, Washington, which are gratefully acknowledged. The
authors are grateful to Miss B. Sede;j for the analytical work and to
Dr. J. Zupan for the magnetic susceptibility measurements.

J. Stefan Institute P. GLAVIC
University of Ljubljana A, BOLE
Ljubljana

Yugoslavia

Faculty of Natural Sciences & Technology J. SLIVNIK

University of Ljubljana
Ljubljana
Yugoslavia

REFERENCES

. P. Glavi¢ and J. Slivnik, J. inorg. nucl. Chem. 32,2939 (1970).

2. P.Glavi¢ and A. Bole, J. inorg. nucl. Chem. 34,2959 (1972).

3. P. Glavi¢, J. Slivnik and A. Bole, J. inorg. nucl. Chem. 35, 427
(1973).

4, N, Ahmad and S. M. F. Rahman, Z. anorg. allg. Chem. 330,
210 (1964).

5. J. Slivnik, A. Smalc, B. Sedej and M. Vilhar, Vestn. Slov.
Kem. Drustva 11, 53 (1964).

6. M. Vilhar and J. $iftar, NIJS Rep. R-550.

7. L. Wolter, Dissertation, Berlin (1908).

8. J. Slivnik, B. Jerkovi¢ and B. Sedej, Monatsh. Chem. 97,
820 (1966).

9. G. V. Bezdenezhnii, E. I. Krylov, V. A. Sharov and A. D.
Neumin, Zh. Neorg. Khim. 15, 629 (1970).

10. V. T. Athavale and C. S. P. Iyer, J. inorg. nucl. Chem. 29, 1003
(1967).

11. L. F. Audrieth and B. Ackerson-Ogg, The Chemistry of
Hydrazine, p. 118. Wiley, New York (1951).

12. S.K.Mishraand Y. K. Gupta, J. chem. Soc. A,2198(1970).

13. W. Biltz and E. Rahlfs, Z. Anorg. Allg. Chem. 166,351 (1972).

14, W. D. Treadwell, Tabellen und Vorschrifte zur Quantitativen
Analyse, Leipzig-Wien (1938).

15. T. S. West, Complexometry with EDTA and Related Reagents,
BDH Chemicals, Poole (1969).

16. V.I. Sergienko, R. L. Davidovich, T. F. Levchishina and J. N.
Skladnev, Izv. AN SSSR, Ser. Him. §, 1021 (1970).

17. M. M. Godneva and D. L. Motov, Khimia soedinenii cirkonia i
gafnia, p. 32. Nauka, Leningrad (1971).

18. H. B. Jonassen and A. Weissberger, Technical Inorganic
Chemistry, Vol. IX, p. 240. Wiley Interscience, New York
(1965).

19. P. Glavi¢ and D. HadZi, Spectrochim. Acta 28A, 1963 (1972).

—_



