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Abstract

Diffuse reflectance UV-visible spectra (2000-200 nm/5000-50 000 cm ') are reported for FeF;, CoF;, RuF;, RhF,, IrF; and PdF;.
Assignments for the spectra are proposed and compared with literature data on related hexafluoroanions [MF4]" . The spectrum of PdF; is
consistent with the known mixed-valence Pd"[Pd'VF,] constitution of this material. © Elsevier Science S.A.
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1. Introduction

Detailed studies of the ultraviolet—visible spectra of tran-
sition metal fluorides and fluoroanions began with the work
of Jorgensen in the 1950s [1]. Fluoride is a particularly
suitable ligand for such studies, in that it supports a range of
oxidation states for most metals, and its combination of high
electronegativity and relatively weak ligand field means that
in many cases the d—d bands will not be obscured by the more
intense charge transfer bands. We have reported elsewhere
UV-visible spectra of the metal hexafluorides MF, (M =Re,
Ru, Os, Rh, Ir and Pt) isolated in nitrogen matrices at 10 K
[2,3], and of the solid pentafluorides [ MFs], (M=Ru, Os,
Rh, Ir and Pt) [4]. Data on transition metal hexafluoroanions
[MFEs]1"~ are collected in two reviews [5]. Apart from a
limited study of the UV-visible spectrum of FeF; [6], data
on metal trifluorides are unavailable. We have recently pre-
pared a range of group 8-10 trifluorides as precursors for the
synthesis of quaternary metal oxide-fluoride materials, and
have taken the opportunity to record their UV—visible spectra
which we report below.

2. Results and discussion

The spectra were recorded from powdered solids, both neat
and diluted with dry NaF, over the energy range 5000--50 000
cm ', by diffuse reflectance and using the Kubelka-Munk
function to offset the effect of particle size on scattering at
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high energies. Comparison of the spectra of corresponding
MF; and [MF,]®~ (where available) [5] show, as expected,
considerable similarities, but it is notable that in the spectra
of the trifluorides the bands are generally broader, and the
resolution correspondingly poorer. The structures of FeFs,
CoF;, RuF;, RhF; and IrF; are rhombohedral (Ric) with the
metal in an MF, environment [7]. Palladium trifluoride
“PdF,”’, in contrast, is a mixed valence Pd"[Pd"'F,] sub-
stance with the LiSbF, structure containing Pd'Y-F, (1.90
A) and Pd"-F, (2.17 A) octahedra [8]. The diffuse reflec-
tance spectra are shown in Figs. 1-5 and the band maxima
and proposed assignments are presented in Tables 1 and 2. 1t
is convenient to discuss each of the spectra in turn.

2.1. FeF,

The ground state is high spin d°, and thus all d-d bands
observed (Table 1) are forbidden sextet—quartet transitions
( sextet—doublet transitions are expected to be of very low
intensity and the transitions to the quartet states account for
all the observed features). Fitting to the appropriate Tanabe—
Sugano diagram leads to 10Dg=13 900 cm ™' and B=840
cm ', which compare relatively poorly with the literature
values [6] (10Dg=11100 cm™ ', B=830 cm '), but are
in better agreement with the values derived from [FeFq]® ~
(10Dg=13000cm ™', B=800cm™ ") [9]. The intense fea-
ture at 46 750 cm ' must be a F( ) — Fe(t,,) charge trans-
fer band. Adopting the optical electronegativity model [10],
E .o =30 000{ y optt(F) — x optt(Fe)} + 8D/3, and using
Allen et al.’s value [9] for x optt(Fe™) of 2.9 and D=7B,
we predict the first allowed charge transfer band atca. 45 700
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Fig. 1. Diffuse reflectance spectrum of FeF;.
3
i
®
Q
c
«
£
]
A
a
<
240 400 560 720 880 1040 1200
Wavelength nm
Fig. 2. Diffuse reflectance spectrum of RuF,.
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Fig. 3. Diffuse reflectance spectrum of CoF;.
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Fig. 4. Diffuse reflectance spectra of (a) RhF; and (b) IrF,.
a
3
re
®
g b
E]
2
Q
@
8
«
c
240 400 560 720 880 1040 1200
Wavelength nm

Fig. 5. Diffuse reflectance spectra of (a) Pd[PdF,], (b) PdF, and (c) Cs,PdF,.

cm™', clearly a reasonable fit. It is difficult to judge the

intensity of the feature at 42 550 cm ™~ ' which from its energy
could be either the °T,, = “A,, or a parity forbidden charge
transfer band. The latter is more likely.

2.2. RuF,

The spectrum of RuF; consists of several broad absorptions
(Fig. 2) with ill-defined maxima and as a result the assign-
ments in Table 1 are tentative. For a low-spin d’ ion in an
octahedral field the ground state is *T,,. The weak broad
features at ca. 9500 and ca. 13500 cm~' are plausibly
assigned to the spin-forbidden transitions to low lying quartet
states. The more intense overlapping bands between ca.
20 200 and ca. 37 000 cm ~ ' are spin-allowed transitions, and
as expected no charge transfer bands are present before the
instrument cut-off at 50 000 cm ™', Since the spin-allowed

bands are not clearly defined, the derived values of 10Dg
(22 500cm™") and B (570 cm ') are subject to some error,
although they are in fact similar to those derived by Allen et
al. [11] from [RuF4]>".

2.3. CoF,

Cobalt(IIl) fluoride is a rare example of high spin d°
cobalt(II) and hence the ground state is >T,, and only one
spin allowed transition to °E, is expected. However as can be
seen from Fig. 3, two bands of similar intensity are present
at 10940 and 14 460 cm ™', in addition to weaker sharp
features assignable as quintet—triplet bands. Similar features
are seen in the spectra of [CoF¢]®~ salts [9,12], and we
follow Allen et al. [9] in assigning both features to a Jahn—
Teller split 5Tzg - 5Eg transition, since the alternative assign-
ment of the 10 940 cm ™! feature as °T,, = °T;, leaving the
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Table 1
UV-visible spectra of FeF;, RuF;, CoF;, RhF; and IrF; *

FeF, RuF, CoF;
Eonax Epax Assignment Eux Eoax Assignment Enax Eax Assignment
(nm) (cm™") (nm) (cm™) (nm) (ecm™")
613 16 300 oA, =T, 1053 9 500sh Ty, =Ty, 1285 7780 ST, — T,
454 22 000 4TZg 740 13 500sh Jng 914, } 10 940, I SE
692 14460 S ¢
398 25 100 A 495 20200 20 7T, 2T, 492 20 325 Mo Ty,
374 26 750 4Eg 380 26 300br 2Eg,zT,g,szg 451 22125 3Tlg,JEg
338 29 600 T, 323 31000 Ay 372 26 880 Ty,
314 31850 4Eg 270 37 000sh 2Eg 315 31650 F(m) - Co(ty,) b
270 37050 "Tl,g 276 36 230 F(m) = Co(ty,)
235 42 550 F(m) - Fe(t,,) "
214 46 750 F(m) > Fe(ty,)
RhF, ItF,
671 14 900br ‘A, = Ty, 500 20 000br 1A~ T,
473 21 150 'T,g 300 33330 ]T,g
364 27 500 'Ts, 256 39 060 "Tye
286 35 000sh Ty,
“ Diffuse reflectance spectra 5000-50 000 cm ™', E, ., + 50 cm™'.
® Parity forbidden charge transfer band.
14 460 cm ! band as the spin-allowed transition seems unac- 2.5 IrF,;

ceptable on grounds of their relative intensities. On this basis
the assignments of the other bands listed in Table 1 are
straightforward leading to 10Dg=12 680 cm~', B=760
em™! (cf K;[CoF,] 10Dg=14 100 cm™', B=765 cm™'
{9]; other [CoF4]®~ salts have 10Dg ca. 13 100 ¢cm ™'
[12]). The lowest energy charge transfer transition is pre-
dicted by E,,.,=30000{y optt(F)— y optt(Co™)}+2D,
and, with y optt(Co™) =3.0, we calculate E,,,, as 37 650
cm ™', Observed bands at 31 650 and 36 230 cm ™' are thus
assignable as parity forbidden and allowed charge transfer
bands respectively.

2.4. RhF,

Salmon-coloured rhodium trifluoride samples were made
by fluorination of RhCl; or Rhl;, the spectra from the products
of the two preparations proving to be identical. The two main
features are clearly the spin allowed 'A,, = 'T),, 'T,, respec-
tively, leading to 10Dg =22 100, B=400 cm . The tail to
low energy exhibits a slight inflection at ca. 14 900 cm ™'
possibly the spin-forbidden transition to T . There is also a
band at ca. 35 000 cm ™~ ' for which the assignment is unclear.
A similar band in the spectrum of [RhF,]*~ was suggested
[13] to be the two electron transition 'A,, — 'T,, (13, ¢2),
and this is the most likely assignment, since from the energy
of the lowest energy charge transfer band in [RhCle]”~ at
39200 cm ™' [14], no F(m) —Rh(e,) band is expected in
the region examined.

Samples of light brown IrF; were prepared by SF, reduc-
tion of IrFs in a bomb. The assignment of the UV-visible
spectrum of the IrF; (tgg) is straightforward (Table 1) show-
ing the expected two spin-allowed transitions, 'A;, — T\,
'T,, respectively, and a weak feature of ill-defined maximum
at ca. 20 000 cm ~' which is the spin-forbidden 'A,, —°T,,
transition. The 'A , — 'T,, peak is asymmetric with shoulders
evident of the low energy side. These are probably due to the
effect of spin-orbit coupling which is substantial in the 5d
elements (¢ for 5d elements may be 3000—4000 cm ™ ') [5],
although they are too ill-defined for any attempt at fitting to
be worthwhile. The analysis of the spectral data produced
10Dg =133 150 and B =375 cm "~ '. The fluoroanion [IrF}*~
is unknown, but comparison with the 10Dg value derived for
[IrClg]*~ (22 750 cm™ ') [15] shows the ligand field split-
ting in IrF; is rather higher than expected, although similar
to that in the isoelectronic [PtF4]>~ [5].

2.6. PdF,

Although early work assumed that PdF; was analogous to
the other platinum metal trifluorides [ 7], it was subsequently
established that the constitution is Pd"[Pd"VF,], and a neu-
tron diffraction study revealed both palladium centres were
in octahedral fluoride environments with Pd"-F=2.17 A and
Pd"V-F=1.90 A [8]. Thus it belongs in Class II in the Robin
and Day scheme [ 16], i.e. the palladium centres are in similar
but structurally distinguishable sites. A Class II material
should show the spectroscopic fingerprints of the constituent
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Table 2
UV-visible spectra of palladium fluorides *
PdF, PdF, [PdFg}>~ *
Enan Enax Assignment Eran Eax Ean Ermax
(nm) (ecm™") (nm) (em™") (nm) (em™h)
1220 8 200br Ay~ 'E, 909 11 000 469 21 300sh
847 11 800 Ty, 519 19 250 400 25 000
560 17 850 Ty, 410 24 400 323 31 000
313 31950 T, (P) 312 32050 250 40 000
266 37 600sh 'E,.'Ts, 250 40 000

* Diffuse reflectance spectra 5000-50 000 cm ™', £, + 50 cm .
" A detailed assignment for this spectrum is in Ref. [ 18].

ions at similar energies to those in single valence analogues
and one or more intervalence charge transfer bands. In Fig. 5
are shown the spectra of *‘PdF;’" and of the single valence
analogues PdF, and Cs, [ PdF,]. The rutile form of palladium
difluoride is a rare example of six-coordinate palladium(II)
with a slightly distorted PdF, octahedron (2 2.17, 4% 2.15
A) [17]. No splitting of the main bands was evident in the
diffuse reflectance spectrum of PdF,, and it was analysed
assuming O, symmetry yielding 10Dg=11 800 cm~' and
B=600 cm™". The spectrum of [PdF,]?~ has been reported
previously [18]. Although the spectrum of ‘‘PdF;>’ is not
well resolved, the weak low energy feature atca. 11 000cm ™~
corresponds to the *A,, — T, transition of the Pd(II) centre,
and the overlapping features > ca. 25 000 cm ~ ! will contain
contributions from both metal centres. The strong feature(s)
in the region 19 000-24 000 cm ~ ' is/are the intervalence CT
band(s). The UV-visible spectrum is thus consistent with
the mixed valence formulation established structurally and
by PES spectroscopy [ 19].

3. Experimental

Spectra were obtained from both neat samples and samples
diluted with dry NaF on a Perkin Elmer Lambda 19 using the
diffuse reflectance attachment. Data were recorded using the
Kubelka-Munk function available in the PECS software.
Finely powdered samples were loaded in a glove box
(water <] ppm) into a Teflon cell. The latter was constructed
from a Teflon block (4 cm X 3.6 cm X 0.3 cm) into the face
of which a rectangular depression (2 cm X 1 cm) approx. 0.1
cm deep was cut. The powdered sample was packed into this
depression, covered with a demountable quartz window
sealed around the edges with fluorocarbon grease.

Several samples of each fluoride were prepared, their iden-
tity confirmed by PXRD, and the UV -visible spectrachecked
for consistency.

Anhydrous FeF,; was a commercial sample (Aldrich),
CoF, was made by fluorination of CoF, (400 °C/3 atm),
RuF; by SF, reduction of RuFs [20], and RhF; by fluorina-
tion of either RhCl, or Rhl, (400 °C/1 atm). IrF; and PdF,

were prepared by SF, reduction of IrF; and PdF; respectively
and the preparations will be described elsewhere [21]. PdF,
was made by fluorination of PdCl, (300 °C/2 atm), and
Cs,[PdF¢] by reaction of Cs,[PdCl,] with BrF; [22].
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