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Scme Reactions of Neptunium Hexafluoride

By R.D.‘Peacockf and Normah Edelstein
(Lawrence Berkeley Laboratory, Uhiﬁersity
~ of California, Berkeley, California'9h720,

U.S.A.)

Hydrolysis of neptunium hexafluoride in nearly anhydrous

hydrogen fluoride solution yields a new oxide fluoride, NpOFh,

 which is isostructural with the trigonal form of UOFM. NPOFL

is not oxidised to Np(VII) by KrF, in anhydrous HF solution.

The exchange reaction betwéen;NpFé and BCls leads initially to

the. formation of Nth. NpF6 combines with_CsF at 25°»to yieic
CszF6; in the presence of C1F3‘as_solvent and at lower temp-
eratures there is evidence for the possible formation of an

unstable Np(VI) complex.



The chemistry of neptunium in its higher oxidation states is
icted.” Hp(VI) is known invaF6, in neptunyl salts and a number of
complexes, whilst Ip(VII) is known only in complex oxides and similar
2-6 1 ire K b . sy ium hexafluorid
In the present work the reactions of neptunium hexafluoride
szter in anhydrous hydrogen fluoride, boron trichloride, and caesium

Iiueride have been investigated in an attempt to widen the range of known

hY

- About 0.35 g of NpF6 in an FEP reaction

DXPERIMENTAL Hyérolvsis of NpF

C

. -3 . . s
tube was dissolved in ~ 1 cm ~ of anhydrous hydrogen.fluoride (pretreated .
with' fluorine gas). To the solution was added in successive small poriions

b condensation a solution of 0.02 g water in 4 ml anhydrous HF (i.e.,

o

H.O -~

rearly enough to cause hydrolysis‘according to the eguation NPFS + 5

pa

HDOFh + 2HF). A brownish purple residue formed immediately. Wnen th
recaction was complete the volatile materials, which included a little NpFé,
were pumped off and a porticn of the remaining solid was retained for

cxamination. Debye X-ray powder photographs indicated the residue was iso-
. s . N 7-10 e L .
structural with the trigonal phase of UOFh. The ‘measured d spacings are

cnown in Table I.-

‘eaction of Np - axide fluoride with KrF2 ~ A portion of the residue ob-
3

(3 en”)

N
¥

vained in the preceeding experiment was suspended in anhydrous H

in an FEP tube, and treated with 0.2 g KrF2, obtained by the cyclotron meticd.

The temperature was maintained overnight at about —600, and the volatile

- il

materials were removed. By visual examination it was evident that NpF6 was
now present, indicating that a proportion of the oxide fluoride hed been

Tiuorinated. The remaining solid, which X-ray examinstion showed to e

‘\
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‘dentical with the starting material, was yellow brown in colour.

A portioh of the yellow brown solid, suspended in anhydrous HF, was

‘treated with a further 0.2 g KrF2 in the presence of CsF, but no evidence

of further change occurred.

mcaction of CsF and NpF, - About 0.0l g dry CsF in a small monel reactor

{volume abquﬁ'l ¢m3) equipped with a Whitey valve was treated under vecuum
with excess of NpF6 (~ 0.1 g) at 25° for one month. A slight pressure of

sas developed during the period and the white residue was shown to be

£383D
¢

. \
CsNpF & 12 by Debye X-ray powder photography.

Reaction of CsCl -.i«'ith Nth in cu' solution - Chlorir.xe' trifluoride (1 cm3)

Was condenScd at -180° on CsCl (O 0k45 g) under vacuum in a polytetrafluoro—

ethylene tube (3/8" 0.d.) equipped with a Whltey valve. The temperature

llowed to rise slowly to 0° to complete the reaction, and the lower

was a

[

boilingbproducts {chiefly Cle) were pumpea off. The-ClF3 was then taken
o”f into a sidé vessel, and the ngration repeated’thfee times in order to
complcte the conversion of CsCl té CsCth.. Finally a further 2 cm3 of ClF3
wes condensed on the solid, this was sufficient to diésolve the CsCth

completel&. The FEP tube was cooled to -180° and NpFg (v 0.2 g) was then
wauritted. On allowing to warm, a reddlsh solution formed which left a purpie-
black solid residue on remov1ng the solvent. On successively adding and
ceroving the solvént over the course of a number of hours the dark éolour-
duallj faded and finally a greenish-white residue (0.064k g)
remained. A dry portlon of the purple-black residue behaved similariy, and

consequently it was not possible to obtain an X-ray powdef photograph with



ipment. Repetition of the complete experl lent gave

in X-ray photograpnh of the residue disclosed the presence

&

o’ Cs,5iF, as the principal phase. Checking with a ﬁrobe 1nd1cauud the

N

nresence of only a small D“OpO“thﬂ of ip in the residue.

-ii

cotion of Nn¥. with BCl. --Th NpF,/ClF“ nixture Lmhln*Aq after the
7 -) J -

roeceading experiment was condensed ut —lbO in a2 polytetraflu 0“oetﬂ"lcne

LFLT) tube. - 3Ci., purified by “topping" and "‘alllng , was added very

2 Py
-7

-~ FS I ~

LA)

creully in small umounts {in order to convert the ClF. to Ci. st the

sLme timévas=*guctwon with the NpF6 took place), and the temperature was
cejusted to maintain a liquid phese by icious movement of the liguic

Initiclly, eech time a new portion of BCl3 came into
contact with the reaction mixture a dark green colouration appeared 'in the
l*\u*d phase; this faded within a few seconds and a light green solid nre-

nitated. While excess . of NpF6 was still present, all volatile materials

were removed by condensation to a side trap, eand a portion of the greenisnh

white residue wa s retained for exemination. Debye X-ray powder photograrns
irdicat ed th;s to De a NpFL The remainder of the residue, togeuner with

£

the volatile materials, were returned to the original FEP tube and treate

3). A dark brown super-

Wom e

with a large excess of boron trichloride (v 2 cm

ant appeared over the solid; after standing for 16 hours the volatile

'aLialsvwere pumped off, leaving a golden brown solid. An X-ray exanm-

iration of this phase showed the absence of Nth.

Yuteorials and apparatus - Experiments were carried out in a monel vacuum

cystem equipped with high pressure valves, using FEP tubing (3/8" or 1/L"

©.d.) closed at one end or Kel-F traps as appropriate. NpF6'was Synthesised



5.

in a flow system from NpOé‘and fluorine at 250 - hSOOC. Caesium fluoride
was ignited in.a platinum dish before use and loaded in an efficient dry
box. Caesium chloride was dried at 110°. Chlorine trifluoride and

annydrous hydrogen fluoride were redistilled before use, and the tail

and head fractions were discarded.

X-ray powder patterns were obtained using & modified 57.3 mm Debye-
Scherrer camera. A Jarrell~-Ash microfbcus X-ray geﬁerator was .used to

cbtain Cu radiation which was filtered with a Ni foil.

DISCUSSION =~ The hydrolysis of UF6 has only recently been re-examined

after eérly reports had suggested that UF6 did not react with water in the
25,26

vapour phase to give the oxide tetrafluoride. However, two sets of

workers have now independently shown that in anhydrous hydrogen fluoride
~solution the carefully‘ébntrolled hydrolysis of UF6 does give UOFh, formally
' 8,9,10

analogous to the well-known oxide tetrafluorides of Mo and W. Unlike

JO,F, this is an extremely reactive material; the structure is quite
different from the 6-coordinated MoOFh and_WOFh, and in fact two different

phases are known, one of which is isostructural with'B—UFs and both of which

contain uranium-in high co-ordination.

In theipfesent‘work it has been shown that a reactive material almost
insplublé in anhydrous hydrogen fluoride is the first product of the hydro-
lysis of NpF6i This reactive material has been idéntified by X-ray diffract-

27

ion as the trigonal form of NpOF,. A least squares fitting“' of the trigonal

unit cell parameters to the observed data gives the lattice constants a

13,17':_0.02;.¢° = 5.70.+# 0.02. The smaller unit. cell for NpOFh as conmpared

to UOF), T (éé = 13.22; c = 5.72 &) follows the expected trend due to the

decreased ionic radius of the higher Z.;.;........3;............}......;....
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When the EpOFh was allowed to stand in capillaries in incom-

wletely dry conditions, it led to decolorizaticn and the appearance of

furthner unidentified crystalline phase. The attempted oxidation orf

Kl
Co

betO30 with krypton difluoride did not lead to the hoped for NpOFS (which

Ll

xpect to be volatile), but only to the partial re-formation of

O]

o2 mignt

RS

according to the equation.

s
\
-
o]
o
'y
o2
)
bomd
s
w

‘

It is now evident that an Np(VII) fluoride or éxide fluoride will not
bergaSil& prgparedg To isolate NpFT or NpOFB'will require stronger
brid sing conditions than thoge used, and it is difrficult to see how these
can be.accomnlished with materials presently to hand. Np02F3 could have
resulted from the'direct fluorination of NpO2 (cf. ReO2F3),-and_the only

Py

ning chance here would be to attempt ihe oxidation of the rather un-

ronialn

reactive NDOQF2 . There appears on the surface. to be a marginally bvetier
cnance of getting NpO3F, since, with manganese and'technetium, comopounds
28,29

oz similar st01chlometry may be 1solated without great dlfflculuy

inl

unlike Nno F and -cO F, however, it is not likely that an \pu3r would

3 3
prove to be volatlle, so that the 7'eactlon conditions which might *esul*

in its isolation would need careful selection.

The-highest'certain chloride of neptunium is the tetrachloride in
NpClh, though there is slight evidence for a pentachloride in the vzpour

phase. Exchange reactions have proved successful in preparing tungsten



]

)

»a:d‘uranium'héxachlorides from their hexafluorides by treatment with
L ..19,20 . o . . o
boron trichloride, whilst the action of boron trichloride on rhenium

The present work indicates that sa

~

hexaflgbride éertainly gives ReClS.gl

ccrnpeting reaction, which gives some tetrafluoride in the uranium system,”

becomes exclusive in the neptunium system.

3MpFg + 2BCL; » 3NpF, + 3C1, + 2BF,

The fgrther reaction of mneptunium tefrafluoride with excess of boron tri-
chloride leaé; to a change of phase, ;nd it'seemé prbbable that éhloride

fluorides, analogous to the known uranium compoundé,Q?:are formea. It is
interesting that‘NpFS, which has been fﬁlly charactériged by X-ray photo=-

L : .
graphy,23’2. is not isolated, though it could be responsible for the trans-

ient green colouration (ef. 20y,

The uranium salts Na2UF9, K2UF8, and CsUF7 have.been known for some

L,15 . ' - - :
13,15,15 but the corresponding neptunium salts have not been isolated.

time,
The present.wérk confirnms earlierAconclﬁsions that’the_feaction of neptuni
hexafluoride with alkali metal fluorides at 25° leads'oﬁly to Np(V) salts.l
The'strong colorations-seen at iower temperatures have been ééported by

other wofkérs;lT’ls It is tempting to ascribe these. to Np(VI) coﬁplexes,

but clearly further work is required in this area.
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- © Table I. |
Partial X-Ray Powder Diffraction Data  for UOF, and NpOF, -

. I Uor, @ NpOF,
hkl hkl  hkl hkl 5 —3
o dA) | Int. ~d(A) Int.
i : % ‘
110 ' ‘ 6.610 31 - o
101 _ 5.117 41 4.864 S
021 . : 4.046 | 100 3.927 MS
030 300 3.810 75 3.732 MS
211 L _ 3.451 61 3.371 M
220 . , ' 3.305 | 32 3.227 | M
131 012 | 2.776 | 14 -
401 202 2.560 34 2.492 MW
140 410 | 2,498 S 2.466 MW
321 122~ 2.387 43 2.342 | M
330 _ 2.203 5 .
0s1 312 2.126 43 2.092 MW
241 042 2.024 21 1,996 | . MW
511 232 : ] 1.935 | 36 1.909 M
060 600 003 | 1.908 8 A
520 250 113 1.833 27 . 1.803 M
1431 502 ¢ ‘ 1.788 29 1.764 MW
422 1.726 3 ‘
303 033 1.706 15 1.680 ¥
161. 152 - 1 1.670 7 1.652 | W
| 440 . 223 ’ 1.653 9 1.630 | VW
351 701 34z 1.573 20 1.550 MS
621 “ : 1.530 3
170 - 710 -~ 143 413 1.516 13 1.500 | VWW
L gzl _ ' 1.490 1 1.475 | VW
3607 630 333 ' 1.442 4 _
541 072 - 532 104 . | 1.420 21 1.402 M
0S1 262, . 024 | 1.388 -8 1.371 w
{271 214 . 1.359 12 1.342 | . W
063 633 1 1.349 2 '
550 523 253 ' 1.322 23 1.306 M
7

3calculated from the reported structure.

Not certainly observed in NpOF) due to strong background.
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