VWV u u«ouU 1 00

Publi‘s“hedln Inorganic and Nuclear _ LBL-370
Chemistry Letters, 10, 831 (1974) ' SRR : ¢
ACCEPTOR PROPERTIES OF IODINE HEPTAFLUORIDE
B OC TAFLUOROPERIODATES(VII)
RECEIVED .
LAWRENCE
| | | RADIATION 1ABORATORY
Chris J. Adams . ' SR
| , FEB 20 1975
| |  LIBRARY Al
. D
May, 1974 LOCuMENTS SECTION

Prepared for the U. S. Atom1c Energy Comm1351on
under Contract W- 7405 ENG- 48

For Reference |

Not to be taken from this room

voLe-TTIdT

‘ by




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



v

'’

May 1974 | | - LBL-3704

ACCEPTOR PPOPlPT—ES OF IODINE HIPTAY LU?‘ID,
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Chris J. Adams*

Inorvwn ¢ Haterials Research Division, Lawrence Berkeley L“bO””tO‘jg o
“and Department of Chemistry, University of California, Berkeley,

California 94720.

Iodine heptafluoride is a donor of fluoride ion, and salts of the
T ’
octahedral Iﬁ6A cation are well-known 1), By contrast, IF7'docs not . -

react_dtle tly at room temperature with alkali P“bnl fluorides {2),

although the formation of a: s0lid derivative with NOF has been reported

but not investigated in detail (3). Describ d in this paper are the

 synthesis and characterization of two octafluoroperiodate(vll)'saltsq

products oi the decomposition of the latter on the cell wall

4

CsIFg and [NO"J[IFg ].
IF7 and NOF ndeed “CaCt below room temperature in a Keli-F tirap

. . . - ' =0, \
give a white solid which has' a vapour pressure caa,goO mm at 25°C, and

[

vhich is slightly volatile at -78%. Qaantltablve experimenis established
that the compounds combine in equimolar proportionsz, the solid thus
having the stoicheiometry NOF.IF,; thne infrared spccirum of the vanour

above the so0lid shows absorptions due to IF,, and HOF, together with

o7

-

evidence given below indicates that the solid is the salt EJO+351Y8 Je

*Present address: University of Oxford, Inorzaric Chemistry Lavors
South Parks Road, Cxford CX1 33R, England, ' .
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reacts quantitatively with‘B}_?3 to give [NO+][BF4~],‘IF

NOF..IF7 9
being aisplaced, The Raman spectrum of the solid, recorded for a sample
at -100°C scaled in a Teflon-FEP tube, is ehumefatedvin Table 1. Showﬁ
therein are noﬁe of the Raman lines of the parent compounds,'but théfe
is a feature at 2242 cqu attribﬁtéble to the fuhdémental‘of the No*
cation, which is commonly cncountered in the. range 2150—2400 cn™ ) (4.
The remaining Raman lines, all lyihg beloQ 700 cm_1, are not‘charact§f~
“istic of any known fluoroiodine anion [e,g,’IF4*, IF63f (5); IF6“,
"’1'3.}?,‘6“ii (6)] or cation [e.g; IF4+ D, IF6+ (8)1; the.absence.of lihes
in the region 750-1000 cm"1;indicates the absence ofvspeéies-containing
I;O bonds. The Raman lines below 700 cm"1 are therefore‘attributed to
the'IF8~ anion; by ahalogy with IF? (9), fundamentalé in.I~F Stretchingl

modes are assigined above 500 cmf131and F-I-F deformaﬁions.below 500 cm"1.

TABLE 1

Raman Spectra of CsIFg and [NO+][IF8f] '

CsIF ~ wotlrr."]
g8 8 L
e -1 ~Assignment
.cm Int. ©em Int, :
2242 W v (no¥)
655 mw 650  wvvw ’ :
594 wvs 594 vs v (I-F)
ve ‘ . 550 vw _ -
529 n 527 Vw} .
461 m 467 n
415 mw : _ .
403 mw} 418~ m . ] :
375 vu 339 mb § (r-12F) -
270 wvw 246 m,b o o

200  vw,b
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Attempts to induce recaction betweén CsF and IF, by heating them to

7

150°C in a Monel bomb gave a mixture of CsllF and CsaﬂiF6. However, CoF

7

experiment, finely powdered caesium fluoride (00213_gr 1.37 wmmol) and

and IF,, combine if NOF (b.pt. -56°C) is used as solvent. In a typical

v, (1.6 mmol) were left in a- tared Kel-F tube (fitted with:a Kel-F
valve) at.~45°C for 43 houré with ca. 2 ml liquid NOF; during tﬁié time
the tﬁbe was o¢casioﬁally shaken. Volatiles (NOF’-IF7) wefe removed at
~45°C,.and the tube was found to cqntainfa white solid (0.52 g, corres-
;onding to 90% conversion to CsIFé) which gave a characteristic Raman -
_ spectrum £Table 1) and X-ray powder pattern (Tabl¢ 2), Cémplete reaction
wos not obtained iﬁ aﬁy experiment,_and'the product invariably di;pléyed
very wéak features. due to unreacted CsF and to CsIF, (6) in:its‘X—ray
powder pattern and (for: the lﬁtter impurity) its Ramah spectrum; lines
arising from these impurities have‘not beenvincluded‘in.thé tables,

The similapity of the Raman spectra of [NO+][IF8”]’and CsIFg in.fﬁe
I-F stretching ;agion.indicafés that a éommon_aniqn'is preéent; differ—~
"ences in the deformation region are typical of the variations encoﬁnfered
in the ffequencies of polarizable anions with changes in the counterion.
Satisfactéry infrared spectra of the octafluoroperiodatés éou1d not be |
obtained becausé of reaction witﬁ Qindow materials, and conclusions
about the structure of the'IFS_'anion éanﬁdt»be drawn from the'data at _
preseht available, However,, the X-ray powder pattern of CsIF8 isfeasilj
indexed for a tetragonal unit cell, a = 7.765(10) R , ¢ = 5.18(1) &,

R ' . ¥

V = 313.9 % 3; following Zachariason's rule (10), the packing is chiefly
determined by fluoride ions (vclume 18 % 1 2.3) and caesjum ions (volume

_cae. 20 R 3), and there arc thus two formula units in each unit cell,
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Partial X-Ray Powder Data for CSIF8e o

10t/ | 104.1/d2
obs.. célc?g- e . I/Io : obs,.' Calde. o I/IO
- 0165 100 - - - 1650 310 -
- 0330 10 - '_ 1668 1657 102 i b
- 0375 001 -~ - 1693 221 -
0544 0538 01w 1828 1822 112 vvw
0666 0660 200 ' ms -,  - 1858 301 -
0712 0703 11 s 2024 2003 3 s
- 0825 210 - :_ - ’2545 320 -
"dosal 1033 201 wvw - 2156 - 2152 202 ﬁg
1199 1196 211 www 2321 2317 212 nw
1322 1326 220 v o 23eY 2518 3z v
= 1485 300 - ﬁ 2639 2640 400w
1494 1492 003  vvw | ' 2807 {gg?g g;g. vw

‘,reflccto the poor solvent ability of IF

a) Calculated for tetragonal cell, a = 7.785(10) £, ¢ = 5.18(1) R.-

[NO*J[1F,"] is reasonably stable in fluorocarbon apparatus, but in
8 3
the presence of metal rapidly decomposes to a mixture of NOZ,.NOZF, NOF,

IFS, and IF CsIrg is.a strong 0\1d1z1ng dgcnt it liberates coxygen

<

7°

~from- water, and decompooes to CsIr6 on storave in Kel-F at room temper~

aturee. _Whlle the fallure of IF? and CsF to :eact directly at 25 °c

the heptafluoride is cleariy

VA
only a weak lewis acid. Formation of molecular donor-acceptor complexcs
vith bases may also be thwarted by its fluorinating properties{ thus
IF7land Nl-ie3 vere found to react with uncontrollable violence,

producing a black intractable solid.



Experimental

Manipulations were carried out either in ﬁhe dry ﬁitrogen atmospherc
of a VAC Dri-Lab, or with a nxefluorlnqten honcl and Kol—r vacuum ,ystcm; ‘
NOF, prepared from NO and fluorlnc, was subsequently purified and
transferred in a line composed entlrelv of hel~F' IF7 Qas'made by

fluorlnatlng IF at 1200 p.s.i. and 250°¢C (9); caesium fluoride (Alfa)

5
showed in its_powder pattern no lines due to CsHFa, Xe~ray powder
photographs and Raman ‘spectra of CsIFg vere dbtained_from the same

 8ample,. sealed in a narrow quartz capillary.
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