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Raman spectrum of XeOF - XeF; recorded at —150 °C using 1064-nm excitation; the symbols denote FEP
sample tube lines (*) and an instrumental artifact (1).
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Figure 9.5. Raman spectrum of XeOF4-KrF; recorded at —150 °C using 1064-nm excitation; the symbols denote FEP sample
tube lines (*), an instrumental artifact (1), and excess XeOF4 (3).
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Ph D. Thesis — Michael J. Hughes

Table 9.5. Raman Frequencies and Intensities for XeOF,, XeF,, and XeOF4 XeF, and
Assignments for XeOF4-4XeF, and 2XeOF4-XeF,

exptl assgnts”
XeOF," XeOF4XeF,”  XeOF,4XeF, (Cy)°
928(m) 904(30) A, v(Xe 0y)
609(VW) E, V(XelFl) — v(Xe1F3) / v(Xele) - V(X61F4)
577(vs) 575(72) A, v{(XeFse) v
B, [v(XeF1) + v(XeiF,)] — [v(XeiFs) + v(XeF3)
S43(W) 536(33) { B, [v(XeiF) + v(XeiF»)] — [V(XeiFq) + v(XerFs)f
360(W) 383(14) E, 5(01X61F1F4) / 8(01X€1F2F3)
286(m) 262(3) A, dump(XeiFae) v
B, 8(F,Xe F2) + 8(F3Xe F4
225(w) 196(2) { B, 8(F1XeF,) + 8(F;Xe Fa)
161(w) E, 6(F1Xe F3) / 6(F,Xe Fy)
99(12) E, p(XeOF,)
B, p(Fi1Xe Fy) — p(F3:Xe F4)
A, pdXe Fqe)
Xerc 2XeOF4-XeF2 (Cz;,)g
i.a. B, v(XesFs) — v(XexFs")
ia. B, v(XesFs) — v(XeoFs)"
497(100) 494(100) Ag v(XeoFs) + v(XeoFs')
ia. B, 8(FsXe,Fs')"
1.a. Bu Sip(stest')
1.a. Au Soop(stest')
138(9) Ag pr(FsKriFs')ip

“ The abbreviations denote stretch (v), symmetric (s) bend (8), twist (py), umbrella (Sump),
in-plane (ip), out-of-plane (oop), F(1)F(1A)F(1B)F(1C) (Fs.). ® From Ref 101. The
abbreviations denote very strong (vs), medium (m), weak (w), and very weak (vw).
‘ From Ref 267. ¢ The Raman spectrum was recorded on a microcrystalline solid sample
in a FEP tube at —150 °C using 1064-nm excitation. Experimental Raman intensities are
given in parentheses and are relative intensities with the most intense band given as 100.
The abbreviations denote shoulder (sh), broad (br), inactive (i.a.) and not observed (n.o.).
A weak band was also observed at 310(1) cm™ but is unassigned. ¢ See Figure 9.7a for
the atom labeling scheme. See Table G5 for complete mode descriptions and calculated
frequencies for XeOF44XeF,. 7 Coupled to the [v(XesFs) + v(XesFo)] — [v(XesFs) +
v(XesF ;)] mode in the calculated XeOF,4XeF; structure. € See Figure 9.7b for the atom
labeling scheme. See Table G4 for the complete mode descriptions and calculated
frequencies for 2XeOF,XeF,. ” Coupled to XeOF; modes in the calculated 2XeOF 4 XeF,
structure.
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Table 9.6. Raman Frequencies and Intensities for XeOF4, KrF,, and XeOF 4 KrF; and
Assignments for XeOF,2KrF; and 2XeOF4-KrF,

exptl assgnts’
XeOF,’ XeOF,KrF,®  XeOF,2KtF, (C)7
928(m)  918(19) v(Xei0y)
577(vs) 568(51) v(XeFy) + v(Xe F,) +v(Xe F3) + v(Xe Fy)
609(vw) 554(38) [v(XeiF) + v(Xe1F4)] — [v(Xe Fa) + v(Xe F3)]
543(w) 531sh [V(XeiF1) + v(Xe Fy)] ~ [v(Xe F3) + v(Xe Fg)]
521(47) [v(XeiF1) + v(XeiF3)] — [W(XerF2) + v(XeiFq)]
360(w) 370(12) 0(XeF F,01) + 6(Xe F3F40y)
6(Xe F F40)) + 6(Xe F,F50:)
286(1’1’1) 287 sh Sumb(XelF1F2F3F4)
O6(F1Xe F4) + 0(F,Xe F3)
225(w) 212(1) pF1XeF;) + pyF3Xe Fy)
161(w) O0(F1Xe Fa) — 6(F2Xe F3)
5(F1X€1F2) - 8(F3X€1F4)
KrF,° 2XeOF4KrFy/
i.a. Bu V(KI‘]F5) — V(KI']Fs')
1.a. Bu V(KI‘]F5) — V(KI']Fs')g
462(100)  463(100) A, V(K1 Fs) + v(Kr Fs)
i.a. By 6(F5K1’1F5')g
i.a. B, SiD(F5KI'1F5')
La. Ay So0p(FsKr F5')
132(1) A p(FsKr1Fs')ip

? The abbreviations denote stretch (v), bend (8), twist (py), rock (pr), umbrella (8ymb), and
out-of-plane (oop). ® From Ref 101. The abbreviations denote very strong (vs), medium
(m), weak (w), and very weak (vw). ° The Raman spectrum was recorded on a
microcrystalline solid sample in a FEP tube at —150 °C using 1064-nm excitation.
Experimental Raman intensities are given in parentheses and are relative intensities with
the most intense band given as 100. The abbreviations denote shoulder (sh) and inactive
(i.a.). Bands assigned to free solid XeOF4 were observed at 908, 902, 588, 576, 566, 543,
532, 379, 289, 250, 234, 176, 166, 162, and 100 em™. ¢ See Figure 9.8a for the atom
labeling scheme. See Table G4 for complete mode descriptions and calculated
frequencies for XeOF42KrF,. ¢ From Ref 268. 7 See Figure 9.8b for the atom labeling
scheme. See Table 9.7 for the complete mode descriptions and calculated frequencies for
2XeOF4KrF;. € Coupled to contributions from the adducted XeOF; molecule in
2XeOF 4 KrFs.
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Table 9.7. Experimental Raman and Calculated Vibrational Frequencies (cm™), Intensities, and Assignments for

XCOF4'I1KI'F 2
exptl® calcd’ assgnts (C1)°
SVWN B3LYP PBE1PBE
908(14) 917(47)[51] 888(34)[35] 935(30)[39] v(XeiO1)
578(13) 610(4)[2] 586(5)[9] 613(10)[5] [V(KriFs) + v(KraF7)] — [v(KriFe) + v(KroFs)]
551(1) 578(<1)[480] 577(<0.1)[54] 603(<0.1)[6] [v(XeiF1) + v(XeFq)] ~ [v(XeiF2) + v(Xe1F3)]
578(<1)[220) 575(<0.1)[255]  600(<0.1)[268]  [v(XeiF1) + v(Xe1Fa)] — [V(Xe1F3) + v(Xe1Fa)]
598(2) 593(<1)[402] 566(<1)[910] 593(<1)[1014] [V(Kr Fs) + v(KnyFg)] — [v(Kr Fe) + v(KroF7)]
568(25), 562(10)  535(15)[3] 53729 (2] 568(24)[2] v(XerF1) + v(XerFp) + v(XeiFs) + v(XeiFa)
536(17), 533(20)  496(14)[0] 496(20)[0] 526(18)[0] [v(XerFy) + v(XeF3)] — [V(XerFa) + v(Xe1Fa)]
475(100) 499(290)[1] 488(229)[1] 519(195)(1] v(K1;Fs) + v(KriFg) + v(KrsF7) + v(KroFs)
493(2)[58] 484(5)[55] 514(3)[79] [V(KriFs) + V(KniFe)] - [V(Kr:F) + v(KroF3)]
380(4) 320(2)[2] 336(2)[4] 355(2)[5] 3(XeiFIF201) + 8(XeF3F40y)
377 sh 3212)[3] 335(2)[4] 355(2)[5] 5(Xe1F1F40y) + 8(Xe1FoF;01)
250 sh 27403)[2]° 276(1)[25] 292(1)[28] Sumb(Xe1F1F2F3Fy)
259(<0.D[81]°  247(<D)[59] 261(<1)[57] 8(FsKr;Fs) + 8(FKr;Fs)
246(2) 263(2)[14] 246(1)[5] 260(1)[7] 8(FsKr,Fs) — 8(F7Kr,Fy)
237(2) 242(<1)[0] 237(<1)[<0.1] 251(<1)[<0.1] pu(FsKriFs) — pu(F-Kr2Fs)
240(<0.1)[14] 237(<0.1)[18] 251(<0.1)[18] pu(FsKr Fg) + pw(F/KroFg)
176(2) 194(2)[<1] 208(2)[1] 2152)[1] 8(F;Xe1Fy) + 5(F;XeFs)
191(<1)[0] 189(<0.1)[0] 201(<0. 1)[0] pi(F1XerFy) + pu(FsXeFy)
163(2) 172(1)[9] 161(1)[4] 165(1)[3] 8(F1Xe1Fy) — 8(F2Xe Fs)
132(<1)[1] 146(<D)[<1] 148(<D)[<1] 8(F1Xe1F2) — 8(F3XeiFy)
110(6) 122(7)[3] 94(8)[1] 95(7)(1] def.
136(7) 130(2)[<1] 21(DI1] 92(D[1] pi(FsKriFe) + pi(F7Kr2Fsg)
118(<1)[<0.1] 89(<1)[<0.1] 91(<1)[<0.1] def
79(1)I3] 43(3)[5] 49(2)[5] '
39(2)[0] 46(4)[0] 47(3)[0] p(FsKriFe) + p(F7Kr2Fs)
68(<1)[<0.1] 41(<1)[<0.1] 40(<D)[<0.1]
56(2)[2] 28(D)[2] 30(1)(2]
34(<1)[<1] 18(<1)[<1] 18(<1)[<1] def,
43(1)[0] 16(1)[0] 18(1)[<0.1]
26(<0.1)[<1] 12(<1)[<1] 10(<1)[<1]
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“ The Raman spectrum was recorded on a microcrystalline solid sample in a FEP tube at =150 °C using 1064-nm excitation.
Experimental Raman intensities are given in parentheses and are relative intensities with the most intense band given as 100.
The abbreviation denotes shoulder (sh). Bands assigned to KrF, were observed at 465 and 131 cm™. ? Values in parentheses
denote calculated Raman intensities (A* u™") and values in square brackets denote calculated infrared intensities (km mol™).
The aug-cc-pVTZ(-PP) basis sets were used. “ Assignments are based on the PBEIPBE geometry. The atom labeling scheme
refers to Figure 9.8b and the plane of symmetry is defined by the Xe;F;F,Fs;F4atoms. The abbreviations denote stretch (v),
bend (8), torsion (py), wag (pw), rock (pr), and XeOF42KrF; deformation mode (def.). 4 At the SVWN level, the mode is out-
of-phase coupled to 8(FsKr;F¢) + 8(F7Kr;Fg). ¢ At the SVWN level, the mode is in-phase coupled to Suymp(Xe F1F2F3Fy).
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9.2.4.1. XeOF s XeF,.

The Raman spectrum of the XeOF4-XeF, adduct (Figure 9.4) has been previously
reported,” but the present work provides an in-depth assignment and description of the
vibrational modes based on knowledge of the crystal structure. The spectrum is relatively
simple and is comprised of nine bands indicating that there is no symmetry reduction for
either XeOF,4 or XeF, upon adduct formation. The previous study noted that the Raman
spectrum was essentially a composite spectrum of XeOF, and XeF, and it was therefore
assigned to a XeOF XeF, molecular addition compound.

In the crystal structure, the coordination sphere of XeF; is symmetric, giving rise
to two crystallographically equivalent Xe-F bond lengths (vide supra). Therefore, as in
free XeF,, only the band derived from the symmetric Xe-F stretch, i.e. v(Xe;Fs) +
v(XeoFs') is Raman active (494 cm™') with a frequency similar to that of free XeF,
(497 cm™).2%" The slight shift relative to that of free XeF, is indicative of adduct
formation. Although the Xe-F stretch is overestimated for free XeF» (534 cm™), the small
shift to lower frequency is reproduced for 2XeOF,XeF, (523 cm™'). A small
complexation shift has also been observed for IFs-XeF, (493 cm_l)269 and
2[XeFs][AsFs]-XeF, (496 cm™),” and is more pronounced for [Ag(XeF,),][AsFs] (501
and 508 cm™),""! [Ba(XeF,)s][SbFsl2 (521 em™),'"? and [M(XeF,):][AsFel, (M = Pb
(514 cm™') and Sr (531 cm‘l)).115 It is noteworthy that the calculated values for v(XeFs) —
v(XeFs') (535 cm™) and 8(FsXeFs') (220 and 238 cm™) are in good agreement with the
experimental infrared values of free XeF, (555 and 213 cm™, respectively). Only two

modes at 576 and 282 cm™' reveal intermolecular vibrational coupling between the XeOF
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and XeF, molecules, and are both predicted to be Raman inactive. The band at 138 cm™
is assigned to the p(FsXeFs') bend associated with the coordinated XeF, molecule.

The XeOF4 molecule in the crystal structure is also symmetrically coordinated and
has local Cy4, symmetry. The Xe—O stretch of XeOF, in XeOF 4 XeF, (904 cm_]) is shifted
to lower frequency relative to that of the gas-phase molecule (928 em)."" The
calculated shift of the v(XeO) stretch of XeOF44XeF, (930 cm™) relative to that
calculated for XeOF, (936 cm™') (see Table G2), is smaller that what is observed
experimentally. The observed vy(Xe Fs.) band (575 cm™') is comparable to that in the free
molecule (577 cm‘l),101 whereas in XeOF4-4XeF,, the calculated vy(Xe;Fse) (569 cm"l)
mode is predicted to be shifted relative to that of free XeOF, (583 cm™). The band at 536
cm™ is assigned to the asymmetric Xe—F stretching mode and is shifted to lower
frequency compared to that of gaseous XeOF, (543 cm™). Although only one band is
observed experimentally (536 cm™), calculation for the energy-minimized structure of
XeOF4-4XeF; predict that the asymmetric [v(XeF1) + v(Xe F,)] — [v(Xe F3) + v(XeF4)]
stretch is a component of two modes, being coupled in-phase (522 cm™') and out-of-phase
(530 cm™) to the [v(Xe;Fs) + v(XesFo)] — [v(XesF7) + v(XesF)1)] mode of the adducted
XeF, molecules, with the calculated band at 522 cm™ being predicted to be significantly
more intense in the Raman spectrum than the calculated band at 530 cm™'. A similar
discrepancy is also observed for the deformation mode, &(F;Xe;F,) + 6(FsXe;F4), which
is observed as a single band (196 cm™) shifted to lower frequency than that of gaseous
XeOF, (225 cm™); whereas the calculated model predicts a split band (209 and 218 cm™)

because of coupling to XeF,; these two modes are shifted to lower frequency relative to
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XeOF,4 (219 cm™), in agreement with the experimental trend. This indicates that although
the calculated model does not perfectly reproduce the experimental spectrum, it does
provide a very close approximation of the local symmetry at the XeOF, center. The only
band in the present structure that was not observed in either the spectrum of gaseous
XeOF, or solid XeF, is at 99 cm™' and has been assigned to the p(XeOFs) mode.

9.2.4.2. XeOF4+KrF,.

The Raman spectrum of XeOF4-KrF; (Figure 9.5) also contained excess XeOF4. A
pure sample of XeOF4KrF; could not be isolated because both XeOF4 and XeOF4KrF,
are removed under dynamic vacuum at —20 or —40 °C (vide supra). The ratio of the bands
in the Raman spectrum assigned to XeOF4KrF, and free XeOF4 was constant after
dynamic pumping on the sample at 0 °C for 2 h. The sample composition was similar to
that used for crystal growth and it is reasonable to assume that the bands, other than those
associated with XeOF,4, can be associated with the XeOF4KrF, molecular addition
compound characterized by X-ray crystallography.

The crystal structure of XeOF4KrF, consists of two symmetry-independent KrF»
molecules. The Kr-F bond lengths of each KrF, molecule are similar (1.896(3) and
1.889(2) A) and do not differ significantly from the a-phase of KrF, (1.894(5) A).'* As
such, the Kr—F stretch of the adducted KrF, molecule (463 cm™) is not significantly
shifted when compared with that of solid KrF; (462 cm).%%® The calculated symmetric
Kr-F stretch of the 2XeOF4KrF, adduct (520 cm™) also does not show a large
complexation shift when compared with that of the calculated gas-phase KrF; (525 cm™)

molecule, consistent with the small variation in the calculated Kr—F bond length for the

325



Ph D. Thesis — Michael J. Hughes

2XeOF4KrF, and KrF; structures (1.868 and 1.861 A, respectively). The complexation
shift of the present adduct is much less than those of MOF4KrF, adducts (M = Cr, 486
em™;'%° Mo, 479 and 462 cm™';'2 W, 469 and 450 cm™ '*) indicating that the bonding in
the present structure differs significantly from those of MOF4KrF,. The only other band
associated with the adducted KrF, molecule is the p(FsKr;Fs'");; bend (132 cm_l) which is
not observed for the gas-phase molecule.

The vibrational modes associated with the adducted XeOF4 molecule are more
complex than those of the gas-phase molecule. The Xe—O stretch (918 cm™') of the adduct
is shifted to lower frequency when compared with that of gaseous XeOF, (928 cm™),
consistent with the formation of an adduct. The Xe—O stretch calculated for the
XeOF42KrF, adduct (935 cm™') does not show a significant complexation shift when
compared with that calculated for the gas-phase XeOF4 molecule (936 cm™). The absence
of a shift likely occurs because the XeOF42KrF, model does not take into account all of
the secondary bonding interactions that are present in the crystal structure. The Xe—F
stretching region is much more complex and is consistent with a lowering of the Ci,
symmetry of the gas-phase free molecule to C; of the calculated XeOF,42KrF; adduct.
This results in four distinct Xe—F stretches which are all observed in the present spectrum.
The symmetric Xe—F stretching mode (568 cm™) is shifted to lower frequency when
compared to that of free XeOF4 (577 cm_l), similar to the shift observed for the Xe-O
stretch. There are relatively few low-frequency modes observed in the present spectrum

which may result from overlap with bands from excess XeOF, that could not be resolved.
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9.2.4.3. XeOF 4nKrF,.

The reaction of excess KrF, with XeOF, leads to a mixture of phases, one of
which has been identified as XeOF4:nKrF,. The spectrum corresponding to XeOF4-nKrF;
(Figure 9.6) also contains two bands that are tentatively assigned to uncomplexed KrF,.
This new spectrum, which differs significantly different from that of XeOF 4 KrF,, reveals
a new phase in which the coordination of the KrF, molecule is not consistent with the
coordination in the crystal structure. The Raman spectrum is in good agreement with the
calculated frequencies and intensities of XeOF4-2KrF; which contains end-on coordinated
KrF; molecules.

The two fluorine atoms on each KrF, molecule are rendered non-equivalent
because end-on coordination to XeOF, results in four predicted Kr-F stretching modes,
three of which are observed. The most intense band in the spectrum is assigned to the
symmetric Kr—F stretch (475 ¢m™) which is overestimated compared to the calculated
structure (519 cm™). This band is shifted to higher frequency when compared with that of
free KrF; (462 cm_l) and is similar to the shift of the most intense Kr—F stretch observed
for [BrOF;][AsFs]-2KrF, (472 em™') which contains two end-on coordinated KrF,
molecules. The complexation shift of XeOF4-nKrF; is also similar to that observed for the
MOF 4+K1F; adducts (M = Cr, 486 cm™;'*> Mo, 479 and 462 cm™;'** W, 469 and 450
cm™' '?) indicating that the bonding in these adducts is similar.

The remaining three Kr—F stretching modes are out-of-phase coupled. Two are

observed in the present spectrum (578 and 598 cm™) and are comparable to those of the

MOF4KrF; adducts (M = Mo, 566 and 579 cm™';'> W, 571 and 581 cm™ '*) but appear
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at much higher frequency than those of the [BrOF,][AsFs]-2KrF, (533 and 549 cm')'**
and CrOF,KrF, adducts (550 cm™).'® This indicates that the bonding in XeOF,#KrF- is
likely to be more similar to MOF4-KrF, (M = Mo, W) than to [BrOF;][AsF¢]-2KrF;, and
CrOF4KrF,.

The observed Xe—O stretch of the adduct (908 cm™) is shifted to lower frequency

when compared with that of gaseous XeOF, (928 cm™).!”

The low-frequency shift is
consistent with donation of electron density from the KrF; molecules to the Xe atom of
XeOF, weakening the Xe—O bond. The calculated Xe—O stretch of XeOF4nKrF, (935
cm"l), however, does not mirror this trend when compared with the Xe-O stretch of
XeOF, (935 cm™), indicating that the model adduct does not completely account for all
of the secondary bonding interactions. The symmetric Xe—F stretch (562/568 cm™) is
shifted to lower frequency when compared to that of the gas-phase XeOF, (577 cm )
molecule or XeOF4 XeF, (575 cm™) adduct (vide supra). The calculated structure of
XeOF42KrF, adduct predicts a shift of the symmetric XeF stretch (568 cm™) to lower
frequency relative to that of gaseous XeOFy (583 cm ') which is in agreement with the
present findings. The remaining Xe—F stretches (533/536, and 551 cm™') are assigned to
asymmetric Xe—F stretches which are in good agreement with the calculated structure.
These bands appear in the same range as the two asymmetric Xe—F stretches of XeOF,

(543 and 609 cm_l)101 and the one stretch observed for XeOF,XeF, (536 cm™) (vide

supra).
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9.2.5. Computational Results.

The energy-minimized geometries of 2XeOF4NgF; (C,,) (Ng = Xe, Kr) (Figure
9.7b and 9.8b), XeOF2KrF, (C1), and XeOF4-4XeF, (Cs) (Figure 9.7a) were obtained at
the SVWN, B3LYP and PBE1PBE levels of theory and resulted in stationary points with
all frequencies real, except for 2XeOF,4 XeF; and XeOF4-4XeF, which had two imaginary
frequencies at the B3LYP level. The energy-minimized geometries and vibrational
frequencies for XeOF4(Cs,), (Table G6) XeF2 (Dwp), and KrF, (D«x) (Table G7), were
also obtained at the SVWN, B3LYP and PBEIPBE levels of theory for use as
benchmarks.

The structure of XeOF42NgF, was calculated to mimic the local NgF,
environment in the crystal structures of XeOF4-NgF». In the crystal structures, the XeF;
molecule is symmetrically coordinated to two XeOF4 molecules; the KrF, molecule is
symmetrically coordinated to two or four XeOF4 molecules, and in all cases, the local
symmetry (including the Xe---F bridge interactions with XeOF,) of the NgF, molecule is
C; (see X-ray Crystallography). In 2XeOF4NgF,, the NgF, molecule 1s symmetrically
coordinated to two XeOF,; molecules providing a local environment for the NgF,
molecule that is a good approximation of that in the crystal structure. The XeOF4-4XeF,
and XeOF,42KrF, structures were calculated to mimic the local environment of XeOF, in
the crystal structure of XeOF4-NgF». In XeOF4XeF,, each XeOF4 molecule has four short
contacts to fluorine atoms of an adjacent XeF, molecule, whereas in XeOF4KrF,, the
XeOF; molecule has two short contacts to KrF, molecules and two additional long

contacts (see Section 9.2.3). The XeOF42KrF, structure was also used as a model for the
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01' 11

Figure 9.7. Calculated PBEI1PBE/aug-cc-pVTZ(-PP) gas-phase geometry for (a)
XeOF4-4XeF, (Cy) and (b) 2XeOF4-XeF, (Cap).
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Figure 9.8, Calculated PBEIPBE/aug-cc
XeOF,-2KrF, (C1) and (b) 2

-pVTZ(-PP) gas-p
XeOF4-KrF7_ (Czh).

hase geometry for (a)
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structure of XeOF4nKrF,. In XeOF44XeF; (Cy symmetry), the XeF, molecules are
symmetrically coordinated to the XeOF; molecule giving a good approximation of
XeOF4XeF; in the crystal structure. The XeOF,;-2KrF; structure (C; symmetry) only
takes into account two short KrF, contacts, but still provides a good approximation of the
XeOF, molecule in the crystal structure.
9.2.5.1. Calculated Geometries

The energy-minimized geometries for 2XeOF4NgF, (Ng = Xe, Kr) (Table 9.3 and
9.4), XeOF4-4XeF, (Table 9.3), and XeOF42KrF, (Table 9.4) are similar at all levels,
although the SVWN geometries predict significantly shorter Xe---F contacts. Although
identical trends are expected at all levels, the values calculated at the PBE1PBE level
provide the best overall agreement with experiment and are explicitly referred to.
9.2.5.1.1. 2XeOF #NgF; (Ng = Xe, Kr).

The Xe—Fs (1.999 A) and Kr-Fs (1.868 A) bond lengths are slightly
underestimated when compared with experiment (2.104(5) and 1.896(3) A, respectively).
As expected and observed in the experimental structures, they are slightly elongated when
compared with the calculated free molecule (1.986 and 1.861 A, respectively).

The XeFs contact length (2.890 A) in 2XeOF4XeF, is significantly
underestimated when compared with experiment (3.239(4) A). The discrepancy may be
linked to the simplified model which involves one XeOF, group per fluorine atom,
instead of two XeOF4 groups per fluorine atom in the experimental structure, resulting in

a shorter calculated Xe;Fs contact. In contrast, the Xe;-Fs contact (2.943 A) in
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2XeOF4KrF; is in very good agreement with the two short contacts in the crystal
structure of XeOF4-KrF; (2.962(2) and 3.009(3) A).

The Xe;—F12 (1.935 and 1.933 A, respectively) bond lengths of the XeOF4 molecule
are slightly elongated when compared with those of Xe;—F;4 (1.925 and 1.924 A,
respectively). The asymmetry in the bond lengths results in the calculated structure
having C», symmetry instead of local Cy, symmetry observed in the crystal structure. The
Xe-F bond lengths of XeOF,NgF, (Ng = Xe, 1.900(3); Kr, 1.893(2) A) and those
calculated for XeOF,4 (1.924 A) do not show this asymmetry.
9.2.5.1.2. XeOF44XeF; and XeOF42KrF,.

The calculated Xe;—O; and Xe|—F; bond lengths of XeOF44XeF; (1.727 and

1.928 A) and XeOF42KrF; (1.726 and 1.933 A) are in good agreement with the
experimental values for XeOF4-XeF; (1.729(7) and 1.900(3) A), XeOF4KrF, (1.711(2)
and 1.893 to 1.913(3) A), and the gas-phase microwave (1.70(5) and 1.95(5) A) and
electron diffraction (1.71(1) and 1.901(3) A) structures of XeOF,, respectively and with
the calculated values for free XeOF,4 (1.726 and 1.924 A). The calculated O—Xe,—F;
bond angles of XeOF,4XeF; (90.3°) and XeOF42KrF, (90.9°) are close to 90° in
agreement with the experimental bond angles of XeOF4-XeF; (89.2(1)°) and XeOF4-KrF,
(89.4(1) to 90.1(1)°). This near 90° bond angle contrasts with the O—Xe-F bond angles
calculated for gas-phase XeOF, (92.0°). The slightly smaller bond angle results from the
increased steric repulsion between the equatorial fluorine atoms of XeOF,; and the

fluorine atoms of the coordinated NgF, molecules.
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The Xe;-Fs contacts of XeOF;4XeF,(3.357 A) and XeOF42KrF; (2.957 A) are
in good agreement with experiment for XeOF;XeF, (3.239(4) A) and XeOF4KrF,
(2.962(2) and 3.009(3) A) although the asymmetry of the Xe--F contacts in the crystal
structure of XeOF4KrF, is not reproduced by the calculated structure of XeOF;-2KrF,.
The Ng-Fs bond lengths of the adducted NgF, molecules are rendered non-equivalent
because of coordination to XeOF;. The adducted Ng—F;s bond lengths (Xe;, 2.006 A and
Kr;, 1.884 A) are underestimated when compared with the experimental values (Xe;,
2.104(5) A and Kr;, 1.896(3) A). Both bond lengths are longer than those of the
calculated gas-phase NgF, molecules (Xe, 1.986 and Kr, 1.861 A).

The Ng-Fs---Xe; bond angle of XeOF4-4XeF, (122.7°) is slightly more open than
that of XeOF42KrF, (117.5°). The increased Xe-Fs---Xe angle in XeOF;4XeF,
compared to the experimental structure (116.8(1)°) is likely a result of additional
intermolecular contacts in the crystal structure that are not taken into account in the
present model. To the contrary, the Kr—F---Xe angle for XeOF4-2KrF is more closed than
in the experimental structure (123.4(1) and 145.4(1)°), which is likely a result of the
higher coordination in the crystal structure causing more repulsion between fluorine
atoms of each KrF, molecule.

The calculated NgF, molecules have near-linear F-Ng—F bond angles (Xe», 179.0
and Kr;, 174.4°) which are comparable to those in the crystal structures (Xe, 180.00(0)

and Kr, 178.96(7)°).
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9.2.5.2. Charges, Valencies, and Bond Orders.

The Natural Bond Orbital (NBO)'#"*** analyses were carried out for the SVWN-,
B3LYP-, and PBE1PBE-optimized gas-phase geometries of 2XeOF4 NgF, (Ng = Xe, Kr)
(Table G8), XeOF4-4XeF,, XeOF,-2KrF; (Table G9) XeOF, (Table G10), XeF», and KrF,
(Table G11). Although all values are similar and because the PBEIPBE geometries better
reproduce the experimental geometries (see Section 9.2.5.1), only the PBE1PBE values
are explicitly referred to in the ensuing discussion.

The natural population analyses (NPA) give positive charges of 3.17, 3.16, 3.18
and 3.18 for the Xe; of the XeOF; molecule in the structures of 2XeOF4 XeF,,
2XeOF4KrF;, XeOF44XeF,, and XeOF42KrF,, respectively. The charges on the Ng
atoms are 1.26, 1.06, 1.24, 1.05, respectively, with the smaller charges being associated
with the Kr atoms. The Fs atoms directly bonded to the Ng atom in 2XeOF 4 NgF, (Ng =
Xe, Kr), have a charge of —0.63 and —0.53, respectively. The charges reveal that the Xe—F
bond is more polar as compared to that of the Kr—F bond in agreement with the increased
electronegativity of Kr as opposed to Xe. The fluorine and oxygen atoms all have a
negative charge indicating that the bonding in the XeOF, and NgF, molecules is polar
covalent.

The Xe—O (0.93) and Xe—F (0.39) bond orders in all structures are the same and
suggest very little influence due to the different coordination motifs of the XeOF,
molecules in the four structures. These values are also very close to those of gaseous
XeOF, (0.94 and 0.40, respectively), indicating that association of the NgF, molecules

does not greatly affect the bond orders of the XeOF4 molecule.
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The Ng-F bond orders of the symmetrically coordinated XeF, (0.31) and KrF;
(0.32) molecules of 2XeOF4NgF, (Ng = Xe, Kr, respectively) are very similar to those of
the free XeF, (0.29) and KrF, (0.31) molecules. The Ng-F bond orders in the
XeOF4-4XeF, and XeOF,2KrF; structures are asymmetric (XeF,, 0.28 and 0.31; KrF»,
0.29 and 0.34, respectively), and the smaller Ng—F bond order is associated with the
adducted fluorine atom.

The Xe;---F bond orders in all four structures are all less that 0.04, indicating that
the interactions between XeOF, and NgF, are weak. The Xe;---F bond order in
2XeOF4-NgF, does not change upon coordination of XeF; (0.03) or (0.03). In contrast,
the Xe;---F bond order in the XeOF4-4XeF, structure (0.01) is significantly less that that
of XeOF4-2KrF; (0.03), and is likely a result of the bonding being distributed between

four molecules for XeOF4-4XeF; rather than two for XeOF ;- 2KrF,.

9.3. Conclusions.

The XeOF4NgF,» (Ng = Xe, Kr) addition compounds have been synthesized by
reaction of NgF, with XeOF4. The XeOF-KrF, structure provides the first example of a
compound containing a bridging KrF, molecule, and the first example of a mixed Xe/Kr
noble-gas compound. In the solid state, the XeOF4;NgF, addition compounds are
formulated as 1:1 adducts. The NgF, molecules are symmetrically coordinated to two or
four XeOF,; molecules. The Xe atoms of both XeOF4 molecules are nine-coordinate,
including three or four contacts to NgF» molecules, and the coordination sphere of Xe is

based on a monocapped square antiprism. The '°F and **Xe NMR spectra of solutions of
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NgF, in XeOF,4 do not show any evidence for an associated compound in solution. The
calculated structures of 2XeOF4NgF,, XeOF4-2KrF,, and XeOF44XeF, have been used
to provide close approximations of the local environments of the NgF, and XeOF4
molecules in the experimental structures. The vibrational modes of both molecular
addition compounds have been described based on these calculated structures, with little
vibrational coupling between the XeOF4 and NgF, molecules. A different phase of a
XeOF 4 nKrF, addition compound has also been synthesized and assigned based on the

calculated structure for XeOF4-2KrF,.
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CHAPTER 10

CONCLUSIONS AND DIRECTIONS FOR FUTURE WORK

10.1. Conclusions

The chemistry of osmium in the plus eight oxidation state was significantly
extended in the present work. The fluoride ion donor and acceptor properties of
cis-OsO2Fs were further investigated through the synthesis and full structural
characterization of [cis-OsO,F3][SbyF1;] and the spectroscopic characterization of the cis-
OsO,Fs anion. The previously known cis-0sO,F;" cation exists in the solid state as a
closely associated ion pair with the SboFy;” rendering the coordination sphere of the Os
atom pseudo-octahedral with a cis-dioxo arrangement.

The cis-OsO,Fs anion has been shown to exist as a monocapped trigonal prism
both in the solid state by Raman spectroscopy and in solution by '’F NMR spectroscopy.
Attempts to crystallize the anion were unsuccessful, but did yield a series of
cis-0s02F ¢ [M][CH,CN] structures (M = Cs’ and N(CHs),") which result from
abstraction of a proton from the CH3CN solvent by a fluoride ion donated by cis-OsO,Fs~
to form c¢is-OsOFy, CH,CN, and HF. The crystal structure of
cis-0OsO2F 4 [Cs][CH,CN]-0.3HF offers further substantiation for this reaction pathway
because the HF molecule is present in the crystal structure. Each of these structures
provides the first examples of non-disordered cis-OsO,F4 molecule and the first crystal
structures containing an isolated CH,CN™ anion. The cis-OsO,Fs molecule was also

crystallized independently from a XeF¢ melt. All of the structures confirm the cis-dioxo
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octahedral geometry for cis-OsO,F4 and provide the most precise geometric parameters
available for cis-OsO,F4.

Reactions of fac-OsOsF, with the Xe(VI) compounds XeFs and XeOF, led to the
syntheses of [XeF11][OsOsF;3], [XeFs][OsOsF3], [XeFs][u-F(OsOsF,);], and
(OsO3F;)22XeOF,. The [XeyF11][OsOsF3], [XeFs][OsOsF3], and [XeFs][u-F(OsOsF2);]
salts were synthesized by means of stoichiometric reactions between XeFs and
Jfac-OsOsF,. The crystal structures consist of highly associated ion pairs. The xenon atoms
in the [XeF11][OsOsF3] and [XeFs][u-F(OsOsF2),] salts are each 9-coordinate with the
light atoms forming a distorted mono-capped square antiprism arrangement. The
[XeFs][u-F(OsOsF,),] salt is unique because it is the only example of a 9-coordinate
xenon atom in which all nine contacts to xenon are within a single ion pair whereas all
other examples in the literature contain both intra- and inter-ion pair contacts. The xenon
atom of the [XeFs][OsOsF3] salt is 8-coordinate, and all contacts are also within the ion
pair.

Dissolution of fac-OsOsF, in XeOF, solvent led to the isolation of the fluorine
bridged (fac-OsO;F,),:2XeOF4 adduct upon removal of the solvent. The (OsOsF3), dimer
is coordinated to XeOF4 through a short fluorine bridge rendering both the OsOsF; units
and XeOF, molecule octahedral. The (OsOsF,); dimer was isolated by removal of the
adducted XeOF, under dynamic vacuum and was characterized by Raman spectroscopy.
The dimer rearranges back to the polymer when held at 25 °C for 1 h. Attempts to
crystallize the dimer from CH3;CN solvent led to fac-OsOs;Fy(NCCHj3)-2CH3CN.

Characterization of the OsO3;F2(NCCHj3) adduct in SO,CIF solution reveals the presence
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of both the fac- and mer- isomers providing a rare example of a mer-trioxo d° transition
metal compound.

The study of noble-gas difluoride molecular addition compounds of XeOF, was
carried out for XeF, and KrF». The characterization of the XeOFs-XeF, adduct confirmed
the previous findings but provided the first complete assignment of the Raman spectrum
and its crystal structure. The XeOF4KrF, adduct was also synthesized but crystallizes in a
different space group and contains two crystallographically independent KrF, molecules.
For both XeOF4NgF, (Ng = Kr or Xe) the Xe atoms of the XeOF, atoms are 9-coordinate
with the XeF, adduct having four long contacts to XeF, molecules, while for the KrF,
adduct there are three contacts to KrF, molecules and one to an adjacent XeOF4 molecule.
In all cases, both fluorine atoms of NgF, molecules are coordinated to one or more

different XeOF, molecules.

10.2. Directions for Future Work

The OsOs;F>2(NCCH3) adduct synthesized in the present work suggests that the
syntheses of other nitrogen base adducts of Os(VIII) oxide fluorides should be possible.
One avenue of research would be to attempt the reaction of other nitrogen bases such as

NSF; (eq 10.1) and HCN (eq 10.2) with OsO;F, either as neat solutions at low

0sOsF; + NSF; —50  Os03F»(NSF3) (10.1)
0sOsF, + HCN ——> 0sO3F,(NCH) (10.2)

temperature in HF solvent to form the OsO3;F»(NSF3;) and OsO;F2(NCH) complexes. If

formed, the OsOs;F(NSF3;) adduct would represent a rare Os---N-S linkage. In HF
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solvent, the OsO3F,(NSF3) adduct may undergo solvolysis at higher temperatures in HF
solvent to first form OsOsF2(N(H)SF4) (eq 10.3) and subsequently OsO;F(N(H»)SFs) (eq

10.4). A second possible direction would be to attempt the dissolution of [OsO3;F][PnF¢]

OsOF5(NSF3) + HF —2—> OsOsFy(N(H)SFs) (10.3)
0sOsF5(N(H)SF4) + 2HF —2—s OsO3F»(N(H,)SFs) (10.4)

(Pn = As, Sb) or [0OsOsF][SbsF 6] in CH3CN to form the adduct cation, OsO;F(NCCH3),"
(eq 10.5). While the OsOsF" cation is likely to be aggressively oxidizing, if this reaction
[OsO;F][PnFs] + 2CH;CN CHEN, [OsOs;F(NCCH3),][PnFé] (10.5)
1s carried out at low-temperature it may be possible to stabilize the adduct cation. By
analogy to the fac- and mer-OsO;F,(NCCH3) adducts, the OsO3F(NCCH3)2+ may exist as
a mixture of fac- and mer-isomers.
Attempts to react OsO4 with XeF¢ as an extension of the [Xe,Fs,+1][OsOsF;]
(n =1, 2) salts that were synthesized in the present work should be attempted. There are
three possible reaction pathways that such a reaction could take: (1) Xenon hexafluoride
is known to fluorinate the transition metal oxide fluorides MOsF (M = Re,” Tc*™) to
form MOF; (eq 10.6) and, by analogy, XeFs may fluorinate OsO4 to form OsOsF; (eq
10.7) which would represent a new synthetic pathway to fac-OsOsF;. (2) Osmium
MOsF + XeFs ———s MO,F; + XeOF; (M = Re, Tc) (10.6)
OsQ4 + XeFg — > 0OsOsF; + XeOF, (10.7)
tetroxide is known to act as a fluoride ion acceptor towards [Cs] [F],%* [N(CH3)4][F],% and

[Rb][F]** and XeFs can act as a fluoride ion donor, therefore, it may be possible to form a

[Xe, Fsn+1][OsO4F] (n = 1,2) salt (eq 10.8). (3) There may be no reaction but rather an
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adduct such as OsO4-2XeFs could be formed (eq 10.9). If the second or third reaction

XeFs + OsOy ——> [XeFs][OsO4F] (10.8)

2XeFg + 0s0Qy —> 0s04-2XeFs (10.9)
pathways proves viable, it would be very interesting to determine the geometries of such
compounds to see if the Os atoms are octahedral or trigonal bipyramidal and what kind of
interaction they would have with the Xe atoms. Also it would be interesting to determine
the coordination sphere around each xenon atoms.

The pentafluorooxotellurate (OTeFs) group has been previously used as a
substitute for fluorine in high-oxidation state oxo-compounds such as ReO,(OTeF s)s, 270
ReO(OTeF5)5,271 MoO(OTeF5)4,272 OsO(OTeF5)4272 and WO(OTeFs)s.%”® The syntheses of
the OTeFs analogues of fac-OsO;F, cis-OsO;F4, the OsO4F ™ and the fac-OsOsF;™ anions by

reaction of either B(OTeFs); or [N(CH3)4][OTeFs] (eqs 10.10-10.13) should be possible.

3fac-0sOsF, + 2B(OTeFs); ——> 30s05(OTeFs), + 2BF; (10.10)
3cis-OsO,F; + 4B(OTeFs); ——> 3cis-0s0x(OTeFs); + 4BF; (10.11)
0504 + [N(CH3)4][OTeFs] ——> [N(CH3)4][OsO4OTeFs)] (10.12)

OsO3(0TeFs), + [N(CH3)s][OTeFs] — [N(CH3)4][OsO3(OTeFs)s]  (10.13)
This series of compounds should provide an interesting structural study to determine if
the large OTeFs ligands are able to alter the predominant cis- or fac-trioxo arrangement of
all other Os(VIII) compounds.

Synthesis of the highest oxide fluoride of Os(VIII), OsOFs, should be attempted.
A computational study on the stability of OsOFg predicts that it should be stable towards

all unimolecular gas-phase decomposition channels, however, it should be unstable
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towards bimolecular channels.'® Based on the predicted thermodynamic stability of
OsOF; it may be possible to synthesize it at low temperatures. Reaction of cis-OsO:F,
with the strongest oxidizers KrF, and [KrF][AsFs] does not proceed, but it may be
possible to use KrF, or KrF" to oxidize the OsO,Fs™ (eq 10.14) or OsOFs (eq 10.15)

KrF, + [Cs][OsO2Fs] ——= [Cs][OsOF7] + Kr + %20, (10.14)

KrF, + [Cs][OsOFs] — [Cs][OsOF7] + Kr (10.15)
anions to form an OsOF7 salt because of the inherent greater stabilities of anions when
compared with cations and neutral species. Another possible route to OsOF¢ would be to
oxidize the known Os(VII) compound OsOFs*’* with KrF, (eq 10.16) which could
provide a direct route to OsOF.

OsOFs + KrF, ——> OsOF; + Kr+ %F, (10.16)
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cis-0sO,F4[Cs][CH2CN]-0.3HF (Figure C2) structure packs so that cis-OsO,F4 and
Cs’ units alternate within a column and the CH,CH™ and HF molecules alternate
within an adjacent column. The cis-OsO,F4[N(CH3)4][CH2CN] (Figure C3)
structure packs so that the cis-OsO;F4, CH,CN', and N(CH3)4+ units stack in
columns along the a-, b-, and c-axes and are offset so that columns of cis-OsO,F,,
CH,CN", and N(CH3)," units are adjacent to one another.
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Cs(2)-"N(1H) (3.564(4) A). There are no short F--N, O--C, O-N, C--C, or C-~N
contacts. The corresponding sums of the van der Waals radii (taken from Ref 165)
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(3.083(6) A) to C(2)-*N(2F) (3.315(7) A). There are no short F-N, O--N, or N-"N

contacts. The corresponding sums of the van der Waals radii (taken from Ref 165)
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are: F-F (2.94 A), F--0 (2.99 A), F--C (3.17 A), F-~N (3.02 A), OO (3.04 A),
0-C (3.22 A), 0N (3.07 A), C+-C (3.40 A), C-N (3.25 A), N--N (3.10 A).
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APPENDIX A
CHAPTER 3: FLUORIDE 10N DONOR PROPERTIES OF cis-OsO;F;
SYNTHESIS, RAMAN SPECROSCOPIC STUDY, AND X-RAY CRYSTAL

STRUCTURE OF [OsO.F;][Sb;Fq]

Figure Al.  View of [OsO,F3][Sb,F;;] crystallographic unit cell along the c-axis.
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Table Al. Calculated Vibrational Frequencies and Assignments for [OsO,F3][SbF¢]

SVW* B3LYP** assgnts (Cy)”
998(63)[83] 1040(69)[57] v(0s0)
980(60)[23] 1016(11)[91] v(0s0,)
726(2)[134] 709(<1)[201] v(OsF,) — v(OsF3)
702(72)[42] 698(26)[77] v(OsF,) + v(OsF5) + v(OsF))
668(12)[80] 680(2)[88] [V(SbFs) + V(SbFg)] — [V(SbFs) + v(SbFs)]
665(16)[73] 678(1)[67] [V(SbFs) + v(SbFg)] — [V(SbFs) + V(SbFe)]
659(12)[104] 672(5)[106] V(SbFs) + v(SbF)
647(12)[34] 636(8)[33] v(OsF) — (OsF,) + v(OsF5)
609(28)[27] 626(28)[21] V(SbFg) + V(SbFg) + v(SbF,)
557(12)[30] 584(3)[1] [V(SbF,) + v(SbFg)] — [V(SbF) + V(SbFs)]
478(38)[92] 474(6)[153] v(OsF,)— V(SbF,)
399(16)[1] 416(9)[3] 8(0;0s0,) + v(OsF,) + v(SbF,)
371(D)[16] 353(<D)[14] 8(0,0s50,) — V(OsF,) + v(SbF,)
355(5)[4] 363(3)[1] 8(0,0sF,) + 8(F;OsF3)
316(5)[2] 338(4)[2] 8(0,0sF,) + 8(F,0sF3)
293(1)[9] 308(1)[5] Pw(0,0sF}) + pu(F,0sF3)
283(<1)[20] 292(<0.1)[48] pw(0,050,) + p(F0sF,)
266(6)[24] 280(1)[2]
255(3)[17] 267(<1)[35] deformation mode [OsO,F;][SbFe]
250(4)[16] 259(1)[36]
241(3)[63] 264(<1)[15] 8(F5sSbFg) — 8(F,SbFe)
227(NH[71] 228(<1)(180]
212(4)[6] 214(1)[3]
194(3)[9] 208(1)[5]
188(1)[4] 198(<1)[7]
169(1)[1] 172(<1)[<1]
145(1)[2] 130(<0.1)[<0.1] ]
135(<1)[1] 128(<1)[5] > deformation modes [OsO,F;][SbFs]
109(<1)[<1] 102(<1)[1]
111(<)[<1] 102(<0.1)[<1]
83(<0.1)[<1] 48(<1)[1]
56(<1)[<1] 31(<0.1)[<1]
27(<1)[<1] 10(<0.1)[<0.1]

? Values in parentheses denote calculated Raman intensities (amu A™) and values in
square brackets denote calculated infrared intensities (km mol™'). > SVWN/SDDall(-PP).
¢ B3LYP/Stuttgart aug-cc-pVTZ(-PP). 4See Figure A2 for the atom labeling scheme. The
abbreviations denote stretch (v) and bend (9).
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Table A2. Calculated Geometrical Parameters for [OsO,F3][SbF¢]

Bond Lengths (&) Bond Angles ()
SVWN* B3LYP® SVWN* B3LYP’ SVWN* B3LYP’
Os-F; 1.876 1.868 0;-05-0, 102.8 101.7 F~Sb-Fs 833 83.6
Os-F, 1.840 1.840 0,-0s-F; 95.7 94.4 F+Sb-Fs 1768 178.1
Os-F; 1.847 1.840 0,-0s-F, 96.5 96.1 Fs+Sb-F, 81.0 81.6
0s-0, 1.702 1.676 0,-0s-F; 98.2 96.1 Fs~Sb-Fs 814 81.6
0s-0, 1.709 1.679 0,-Os—F, 1614 172.4 Fs~Sb-Fy  84.1 83.6
Os-—-F, 2.042 2.020 0,-0s-F, 161.3 163.8 Fs~Sb-Fs 983 97.7
Sb-F, 2.136 2205 0,-0s-F, 94.3 94.1 F—Sb-F, 164.0 1652
Sb-Fs 1.895 1.885 0,-0s-F; 2.6 94.1 F-Sb-Fy 876 89.2
Sb-Fg 1.884 1.877 0,-Os—--F, 847 85.8 Fs-Sb-F, 91.1 89.9
Sb-F, 1.908 1.897 F;-Os-F, 85.3 84.1 Fe-Sb-F, 973 97.0
Sb-Fg 1.932 1.897 F1-Os-Fs 82.8 84.1 Fs—Sb-Fg 958 97.0
Sb-F, 1.892 1.885 F,-Os---F, 768 78.0 FsSb-F, 98.7 97.7
F,—Os—F, 161.9 163.6 F~Sb-F, 872 88.0
F,-Os--F,  81.0 83.2 F~Sb-F, 902 89.2
F;-Os—F,  83.0 83.2 Fe-Sb-Fy  165.5 165.2
Os-—--F,~Sb,  126.6 140.8

“ The SDDall basis set, augmented for F, O, and Sb with two d-type polarization
functions, was used. ° The Stuttgart basis set was used for Os with the f functional. The
aug-cc-pVTZ(-PP) basis sets were used for all other atoms.

Figure A2. Calculated SVWN/SDDall(-PP) gas-phase geometry for [OsO,F3][SbFs].
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Table A3. Natural Bond Orbital (NBO) Valencies, Bond Orders, and Natural Population
Analysis (NPA) Charges for [OsO,F;][SbF¢]

charges valencies bond orders

SVWN B3LYP SVWN B3LYP SVWN B3LYP
Os 1.97 2.27 3.47 3.49 O0s-0, 0.87 0.90
0, -022 -0.25 0.92 0.93 Os-0, 0.87 0.89
O, -0.18 -0.20 0.95 0.93 Os-F,; 0.45 0.45
F, -0.36 -0.42 0.48 0.46 Os-F, 0.49 0.48
F, 031 —0.38 0.52 0.50 Os—F; 0.50 0.49
F; 030 -0.36 0.53 0.50 Os—--F, 030 0.28
Fs 055 —0.58 0.51 0.49 Sb-F, 0.23 0.24
Sb 3.06 3.02 2.45 0.43 Sb-Fs 0.45 0.48
Fs  —0.62 —0.62 0.40 0.42 Sb—Fs 0.46 0.49
F¢ —0.62 -0.62 0.41 0.44 Sb-F, 0.44 0.46
F; -0.63 —0.63 0.39 0.40 Sb-Fg 0.41 0.44
Fg  —0.62 -0.63 0.37 0.39 Sb—F, 0.45 0.48
Fo —0.62 —0.62 0.41 0.43
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APPENDIX B

CHAPTER 4: FLUORIDE ION ACCEPTOR PROPERTIES OF cis-OsO;F;

SYNTHESIS, RAMAN AND NMR SPECTROSCOPIC STUDY OF OsO,Fs-

Figure B1. View of the crystallographic unit cell of [Cs][OsO3F;]*CH3CN along the
a-axis.
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Table Bl.  Natural Bond Orbital NPA Charges, Valencies and Bond Orders for the Monocapped Trigonal Prismatic,
Pentagonal Bipyramidal, and Monocapped Octahedral Isomers of cis-OsO,Fs~

Monocapped Trigonal Prism (C,,)° Pentagonal Bipyramid (C,)° Monocapped Octahedron (Cy)°
B3LYP? SVWN* SVWN B3LYP* SVWN* SVWN B3LYP? SVWN* SVWN
Charges
Os 232 2.08 1.99 2.27 2.03 1.95 230 2.06 1.98
F, -0.51 -0.47 -0.46 -0.52 -0.48 -0.47 -0.56 -0.52 -0.50
F, -0.49 -0.45 -0.43 -0.44 -0.39 -0.39
F, -0.52 -0.48 -0.47
F4 -0.52 -0.48 -0.48
Fs -0.48 -0.45 -0.44 -0.51 —0.47 —0.46
Oy -0.40 -0.38 -0.37 -0.35 -0.35 -0.34 -0.37 -0.35 -0.34
O, -0.38 -0.37 -0.35
Valencies
Os 3.65 435 3.64 3.73 041 3.67 370 438 3.68
F, 0.40 0.51 0.42 0.37 0.48 0.40 0.34 0.45 0.38
F, 0.40 0.50 0.44 0.46 0.56 0.48
F, 0.38 0.48 0.42
F4 0.38 0.49 0.41
Fs 0.39 0.52 0.43 0.40 0.50 0.42
O 0.88 0.94 0.85 0.90 0.98 0.86 0.92 0.98 0.87
0, 0.90 0.98 0.86
Bond Orders

Os-F, 0.39 0.50 0.40 0.38 0.48 0.39 0.34 0.45 0.37
Os-F, 0.41 0.51 0.41 0.45 0.56 0.45
Os-F3 0.39 0.50 0.40
Os-F, 0.38 0.49 0.39
Os-—F; 0.40 0.52 0.41 0.42 0.51 0.41
Os-0O 0.84 092 0.82 0.88 0.96 0.83 0.87 0.94 0.83
0s-0, 0.86 0.95 0.82

“See Figure 4.4a for the atom labeling scheme. * See Figure 4.4b for the atom labeling scheme. ¢ See Figure 4.4c for the
atom labeling scheme. ¢ The Stuttgart basis set was used for Os with the f functional. The aug-cc-pVTZ basis sets were
used for fluorine and oxygen. © The aug-cc-pVTZ(-PP) basis sets were used for all atoms. / The SDDall basis set was used
augmented for F and O with two d-type polarization functions.
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Table B2. Natural Bond Orbital NPA Charges, Valencies and Bond Orders for
trans-0OsQ,Fs~ and OsOFs~

trans-0sO,Fs” (Ds)" OsOF;s ™ (Cy)"
B3LYP* SVWN? SVWN® B3LYP* SVWN? SVWN*
Charges
Os 225 2.02 1.93 2.18 1.93 1.87
F, -0.47 -0.43 -0.43 -0.57 -0.52 -0.51
F, -0.51 -0.46 -0.45
0, —0.44 -0.42 ~0.40 -0.38 -0.37 -0.36
Valencies
Os 3.72 439 3.68 3.00 3.60 2.97
F, 0.42 0.52 0.45 0.41 0.52 0.44
F, 0.42 0.53 0.45
0, 0.82 0.88 0.78 1.01 1.08 0.94
Bond Orders
Os—F, 0.42 0.53 0.43 0.40 0.50 0.41
Os-F, 0.44 0.56 0.44
0s-0, 0.81 0.88 0.76 0.96 1.04 0.91

“See Figure 4.3a for the atom labeling scheme. ° See Figure 4.3b for the atom labeling
scheme. © The Stuttgart basis set was used for Os with the f functional. The aug-cc-pVTZ
basis sets were used for fluorine and oxygen. 4 The aug-cc-pVTZ(-PP) basis sets were
used for all atoms.  The SDDall basis set was used augmented for F and O with two
d-type polarization functions.
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APPENDIX C

CHAPTER 5: X-RAY CRYSTAL STRUCTURE AND RAMAN SPECTRA OF

cis-0OsO,F4; AND THE CH,CN™ ANION
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Table C1. Experimental Geometries for cis-0OsO,F 4-[Cs][CH2CN], cis-0s0,F4-[N(CH3)4][CH,CN],
cis-0sOyF 4/ [Cs][CH,CN]-0.3HF, and cis-OsO;F4 and Calculated Geometries of cis-OsO,F4 and CH,CN™

exptl. calc.
cis-OsO;F 4 ¢is-OsO,F, ¢cis-OsO,F, ¢is-OsO,F 4 CH,CN~
[Cs][CH,CN} [IN(CH3),][CH,CN] [Cs]|[CH,CN]-0.3HF ¢is-OsO,F, (Cy) (C)
Bond Lengths (A)
Os(1)-0(1) 1.696(3) 1.756(3) 1.724(10) 1.704(10) 1.717
0s(1)-0(2) 1.670(4) 1.688(12) 1.684(11) 1.717
Os(1)-F(1) 1.958(2) 1.956(3) 1.948(8) 1.916(8) 1.892
Os(1)-F(2) 1.937(3) 1.958(8) 1.914(8) 1.892
Os(1)-F(3) 1.890(3) 1.911(2) 1.909(8) 1.839(10) 1.858
Os(1)-F(4) 1.886(3) 1.865(3) 1.883(8) 1.837(8) 1.858
0s(2)-0(3) 1.693(4)
0s(2)-0(4) 1.713(5)
Os(2)-F(5) 1.966(4)
Os(2)-F(6) 1.945(3)
Os(2)-F(7) 1.889(2)
Os(2)-F(7A) 1.889(2)
Os(2)-O/F(8) 1.774(10)
0s(2)-0(4) 1.685(12)
Os(2)-F(5) 1.948(11)
Os(2)-F(6) 1.930(10)
Os(2)-F(6A) 1.930(10)
Os(3)-O/F(12) 1.773(9)
Os(3)-0(6) 1.701(13)
0s(3)-F(9) 1.927(12)
Os(3)-F(10) 1.916(10)
Os(3)-F(10A) 1.916(10)
C(1)-C(2) 1.449(7) 1.469(6) 1.480(27) 1.396
C(2)-N(1) 1.136(6) 1.144(6) 1.151(27) 1.184

C(1)-H(1A) 0.81(6) 0.835 1.092
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C(1)-H(1B) 0.81(6) 1.496 1.092
N(1)---F(13) 1.569(36)
C(3)-C(4) 1.425(29)
C(4)N(2) 1.151(29)
C(3)-H(3A) 1.086
C(3)-H(3B) 1.086
N(2)---F(14) 1.606(60)
C(5)-C(6) 1.416(29)
C(6)-N(3) 1.154(30)
C(5)-H(5A) 0.974
C(5)-H(5B) 0.974
N(3)---F(15) 1.280(57)
N(Q2)-C(3) 1.480(6)
N(2)-C(4) 1.489(6)
NQ2)-C(5) 1.496(5)
N(2)-C(6) 1.505(5)

Bond Angles (deg)
O()-0s(1)-0()/(O(1A))  107.3(2) 105.1(2) 109.8(5) 102.8(7) 101.4
O(1)-Os(1)-F(1) 88.2(1) 86.0(2) 86.5(4) 89.4(4) 89.6
O(1)-0s(1)-F(2) 164.5(1) 165.2(2) 164.6(4) 168.9(6) 180.0
O(1)-0s(1)-F(3) 92.6(1) 90.5(1) 91.8(5) 93.6(6) 94.0
O(1)-0s(1)-F(4) 92.4(1) 92.4(2) 92.0(4) 94.3(4) 94.0
ORNO(1A)-Os()-F(1)  164.6(1) 168.6(2) 163.7(4) 167.8(6) 180.0
O)(O(1A))-Os(1)-F(2)  88.2(1) 89.6(2) 85.7(4) 88.4(4) 89.6
O)AO(1A)-Os(1)-F(3)  92.6(1) 92.2(2) 93.0(4) 95.1(4) 94.0
ORY(O(1A))-Os(1)-F(4)  92.4(1) 95.7(2) 93.2(5) 93.7(5) 94.0
F(1)-Os(1)-F(2) 76.4(2) 79.2(1) 78.1(3) 79.5(5) 79.3
F(1)-0s(1)-F(3) 86.5(1) 84.8(1) 93.2(5) 84.1(5) 85.2
F(1)-Os(1)-F(4) 86.8(1) 86.5(1) 87.1(3) 85.1(4) 85.2
F(2)-0s(1)-F(3) 86.6(1) 87.7(1) 86.2(3) 85.0(3) 85.2
F(2)-0s(1)-F(4) 86.8(1) 87.3(1) 88.0(5) 85.1(5) 85.2
F(3)-0s(1)-F(4) 171.5(2) 170.6(1) 171.1(3) 166.6(6) 170.3
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0(3)-0s(2)-0(4)
0(3)-0s(2)-F(5)
0(3)-0s(2)-F(6)
0(3)-0s(2)-F(7)
0(3)-0s(2)-F(7A)
0(4)-0s(2)-F(5)
O(4)-0s(2)-F(6)
O(4)-0s(2)-F(7)
O(4)-0s(2)-F(7A)
F(5)-0s(2)-F(6)
F(5)-0s(2)-F(7)
F(5)-Os(2)-F(7A)
F(6)-0s(2)-F(7)
F(6)-Os(2)-F(7A)
F(7)-0s(2)-F(7A)

O/F(8)-0s(2)-O(4)
O/F(8)-Os(2)-F(5)
O/F(8)-Os(2)-F(6)
O/F(8)-Os(2)-F(6A)
O/F(8)-Os(2)-F/O(8)
O(4)-0s(2)-F(5)
O(4)-0s(2)-F(6)
O(4)-Os(2)-F(6A)
O(4)-0s(2)-F/O(8)
F(5)-0s(2)-F(6)
F(5)-Os(2)-F(6A)
F(5)-0s(2)-F(8)/O(3)
F(6)-Os(2)-F(6A)
F(6)-Os(2)-F/O(8)
F(6A)-Os(2)-F/O(8)

O/F(12)-0s(3)-0(6)
O/F(12)-Os(3)-F(9)
O/F(12)-0s(3)-F(10)
O/F(12)-Os(3)-F(10A)

O/F(12)-0s(3)-O/F(12)

106.9(2)
87.2(2)

163.7(2)
92.70(8)
92.70(8)
165.9(2)
89.4(2)

92.27(8)
92.27(8)
76.5(2)

86.94(9)
86.94(9)
86.51(8)
86.51(8)
171.6(2)

99.2(5)
88.8(4)
168.4(5)
88.8(4)
92.8(8)
168.3(7)
91.8(5)
91.8(5)
99.2(5)
79.8(4)
79.8(4)
89.3(4)
87.4(6)
89.1(4)
168.6(5)

98.8(6)
89.5(4)
168.8(5)
88.5(4)
93.0(7)
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O(6)-0s(3)-F(9)
O(6)-0s(3)-F(10)
O(6)-0s(3)-F(10A)
0(6)-0s(3)-F/O(12)
F(9)-Os(3)-F(10)
F(9)-Os(3)-F(10A)
F(9)-Os(3)-O/F(12)
F(10)-Os(3)-F(10A)
F(10)-Os(3)-O/F(12)
F(10A)-Os(3)-O/F(12)

C(1)-C(2)-N(1)
C(2)}-N(D)---F(13)
H(1A)-C(1)-H(1B)
H(1A)-C(1)-C(2)
H(1B)-C(1)-C(2)

C(3)-C(4)-N()
C(4)-N(Q2)---F(14)
H(3A)-C(3)-H(3B)
H(3A)-C(3)-C(4)
H(3B)-C(3)-C(4)

C(5)-C(6)-N(3)
C(6)-N3)---F(15)
H(5A)-C(5)-H(5B)
H(5A)-C(5)-C(6)
H(5B)-C(5)-C(6)

C(3)-N(2)-C(4)
C(3)-N(2)-C(5)
C(3)-N(2)-C(6)
C(4)-N(Q2)-C(5)
C(4)-N(2)-C(6)
C(5)-N(2)-C(6)

179.7(6)

102(6)
116(5)
107(5)

179.1(5)

109.5 (3)
109.0 (3)
109.7 (3)
109.8 (4)
109.9 (3)
108.9 (3)

168.0(8)
91.9(6)
91.9(6)
98.8(6)
79.5(4)
79.5(4)
89.5(4)
87.9(6)
88.5(4)
168.8(5)

175(2)
97(2)
135.0
113.2
1132

175(2)
121(3)
80.9
108.8
108.8

178(2)
94(3)
78.8
117.7
117.7

180.4

116.2
118.6
118.6
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Figure C1. View of the cis-OsOyF 4 [Cs][CH2CN] crystallographic unit cell along the
a-axis.
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Figure C2. View of the cis-OsO,F4[Cs][CH,CN]-0.3HF crystallographic unit cell
along the b-axis.
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Figure C3. View of the cis-OsO,F4[N(CH3)4][CH2CN] crystallographic unit cell along
the a-axis
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Figure C4. Visualization of the octahedron formed by the light atoms in the X-ray
crystal structure of cis-OsO,F,.

Table C2. Interatomic Distances (A) Between the Light Atoms Forming the
Coordination Spheres of  the Os atoms in cis-OsO,Fy,
cis-0OsO2F 4 [Cs][CH,CN], cis-0sO,F 4 [N(CH3)4][CH,CN], and
cis-0sO,F 4 [Cs][CH,CN]-0.3 HF

cis-0sO,F 4

cis-0sO,F 4 cis-0sO,F 4 [Cs][CH,CN]-

[Cs][CH.CN] [N(CH;),]{CH,CN] 0.3 HF® cis-0sO,F,
F(3)--0(1) 2.594(5) 2.614(4) 2.61(1) 2.58(2)
F(3)--0(2) 2.624(5) 2.61(1) 2.60(2)
F(3)F(1) 2.636(4) 2.618(4) 2.61(1) 2.52(1)
F(3)F(2) 2.625(4) 2.64(1) 2.54(1)
F(4)--0(1) 2.591(4) 2.606(4) 2.60(1) 2.60(1)
F(4)--0(2) 2.586(5) 2.60(1) 2.57(1)
F(4)F(1) 2.644(4) 2.609(5) 2.64(1) 2.54(1)
F(4)F(2) 2.665(4) 2.67(1) 2.54(1)
0(1)-0(2) 2.724(8) 2.721(5) 2.79(1) 2.65(2)
O(1)+F(1) 2.549(4) 2.536(5) 2.52(1) 2.55(1)
0(2)~F(2) 2.549(5) 2.49(1) 2.51(1)
F(1)-F(2) 2.426(7) 2.483(4) 2.46(1) 2.45(1)

“ Geometrical parameters are taken for the non-disordered OsO,F4 molecule in the
structural unit.
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Table C3. Natural Bond Orbital (NBO) Valencies, Bond Orders and Natural Population
Analysis (NPA) Charges for cis-OsO,F4 (Cp,)”

SVWN®  B3LYP°  PBEIPBE®

NPA Charges
Os 1.96 2.27 2.29
O, -0.23 -0.28 -0.28
F, -0.38 -0.44 -0.45
F; -0.36 -0.41 -0.41
Valencies
Os 3.69 3.64 3.69
O, 0.90 0.92 0.93
F, 0.48 0.45 0.45
F; 0.52 0.48 0.49
Bond Orders
0s-0, 0.88 0.89 0.91
Os-F, 0.47 0.45 0.46
Os—F3 0.50 0.47 0.48

“ See Figure 5.6a for the atom labeling scheme. ® The SDDall basis set augmented for F
and O with two d-type polarization functions was used. “ The Stuttgart basis set was used
for Os with the f functional. The aug-cc-pVTZ basis sets were used for all other atoms.

Table C4. Natural Bond Orbital (NBO) Valencies, Bond Orders and Natural Population
Analysis (NPA) Charges for CH,CN™ (Cy)*

. B3LYP . PBE1PBE
Charges
Cy -0.95 -0.97 —0.98 -0.99
C, 0.20 0.25 0.21 0.25
N —0.57 —0.63 -0.98 -0.63
H 0.16 0.18 0.17 0.19
Valencies
C 2.72 2.85 2.73 2.85
C, 2.97 3.13 2.98 3.14
N 1.77 1.79 1.78 1.79
H 0.77 0.85 0.77 0.85
Bond Orders
c-C 1.19 1.24 1.19 1.24
C-N 176 1.86 1.77 1.87
C-H 0.76 0.84 0.76 0.84

“ See Figure 5.6b for the atom labeling scheme. ® The 6-21G* basis set was used. ¢ The
aug-cc-pVTZ basis set was used.
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APPENDIX D

CHAPTER 6: SYNTHESIS AND X-RAY CRYSTAL STRUCTURE OF
(OsO;F;),:2XeOF; AND THE RAMAN SPECTRUM OF (OsO3F3), (OsO3F),,

AND (OsO3F3);-2XeOF,
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Table D1. Raman Spectra Used to Monitor the Formation/Dissociation of (OsOsF,)-2XeOF, from/to (OsO3F;). and XeOF4,
and the Transition of (OsOsF;), to (OsO3F2)w ¢

(0sO4F,)e  XeOF, ggi%fz)m ggi%fz)z 2XeOF, g(OeZOI;fz)z XeOFs (0504, 2Xe0F, ggzgzigz WXeOFs (050,F), Eg:gzg: (OO,
(OO4F,),-2XcOF,
963(49) 962332) 963(100) 962(100) 962(90)
957(100) 958(48) 957(22) 957(69) 957(39) 956(100) 955(100) 956(100) 957(100)
952(29) 952(6) 952(sh) 952(41) 952(29)
949(32) 950(6) 948(1) 948(sh) 948(sh) 949(37) 949(32)
945(30) 945(6) 944(16) 945(34) 945(30)
940(25) 940(48) 940(47) 940(45)
938(16) 937(7) 937(9)
928(9) 928(10)
921(13) 921(9) 921(29) 921(12) 921(19)
o11¢1)
908(12) 908(12) 908(11)
902(99) 902(100) 902(100) 901(6)
661(1)
655(4)
650(sh)
619(3) 618(5) 612(3)
605(1) 604(1),br  605(3)
596(6) 594(sh) 595(sh) 594(10) 594(6) 594(5) 595(7) 596(6)
588(100)  588(94) 588(97) 588(7)
582(12) 580(7)
575(63) 575(62)
574(sh) 574(65) 573(57) 572(48) 572(42) 578(2)
565(49) 565(44) 565(49) 565(14)
560(12) 560(22) 560(12) 560(12)
558(17) 556(sh)
546(sh) 549(10) 549(3)
543(83) 543(80) 543(86) 546(2)
540(sh) 540(59) 540(51) 540(45)
532(59) 532(59) 532(44) 531(11)
525(32) 524(23) 525(68) 525(58) 525(53)
519(3) 519(9) 518(sh)
51403)
506(2), br 503(15)
484(16) 484(10)
466(0)
45103) 450(1) 450(6) 450(3) 450(3), br 4531, e A48(2)

sOYSNH “[ [9LYOIA — SISAYL " Ud
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Table D1. (continued ...

404(5)
398(10)

389(28)

323(2)

287(3)

273(6)

223(2)

215(2)

392(3)
386(sh)

379(20)

369(13)

294(sh)
289(75)

250(11)

233(8)

408(3)

405(3)
399(3)
394(sh)
392(11)
388(11)

378(19)
371(18)
368(13)
364(11)

293(3)
289(8)

274(5)

245(sh)
233(8)

204(2)
200(2)

408(1)
404(sh)
392(7)
387(5)
378(20)
371(15)
368(14)
365(sh)

356(2)
350(1)

289(6)
282(1)

274(3)
249(9)

233(9)

203(1)
200(1)

409(6)

392(19)
388(14)
382(6)

37124)

364(19)

301(3)
295(6)

281(3)

273(10)

250(2)
235(9)
219(sh)

203(4)
200(4)

409(4)

392(16)
388(11)
381(3)

379(19)

364(14)
361(sh)

304(1)
204(1)
288(4)
282(1)

274(7)
266(0)

240(sh)
235(5)
224(0)

203(2)
201(3)

409(4)
407(3)
402(5)
396(4)
391(18)
387(16)
382(7)
374(4)
372(16)
364(13)

349(0)

288(3)

273(7)

234(2)

199(0)

409(2)
399(sh)
396(9)
386(13)

376(5)

337

308(1)

293(2)
288(sh)
280(sh)
276(sh)
271(4)

440(3)
414(sh)

404(7)
398(13)
394(13)
391(29)
385(sh)
381(6)

341(2)
325(2)
313(2)

293(3)
287(4)

277(sh)
272(6)

260(sh)
244(2)
232(2)
223(2)
214(2)

199(2)

404(5)
398(10)

389(28)

323Q)

287(3)

273(6)

223(2)

215(2)

SQUSNH [ [eYOIA — SISAYL ‘( Yd
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Table D1. (continued ...)

176(4)

135(2)

91(2)

“ The Raman spectra were recorded on a microcrystalline sample in a FEP sample tube at —150 °C using 1064-nm excitation.

175(3)

166(5)
161(4)

98(3)

77(5)

176(2)
1732)
169(sh)
166(3)
160(4)
154(1)
150(1)
143(3)
136(2)

107(1)

98(2)
96(sh)

79(sh)

69(1)
64(2)

175(1)
172(1)
169(sh)
167(3)
160(3)
157(sh)
151(1)
14301
13701)

101(sh)
98(2)

77(sh)
71(3)

64(2)

194(2)
188(2)
183(2)

170(3)

160(4)
156(sh)
1522)
143(5)
137(4)

99(sh)
97(2)

92(sh)
78(3)
72(2)

64(3)

192(3)

170(1)
164(0) 166(2)

160(3) 161(0)

154(sh)

143(4) 144(0)
136(3)

121(1)
118(1)

102(sh)
98(1)

77(sh)
72(2)

64(2)
56(0)
51(0)

192(2)

184(2)
176(4)

168(2)
163(2)
150(3)
135(2)

130(1)
120(2)

95(sh)
91(sh)

71(2)
68(sh)

176(4)

135(2)

91(2)

SQUSNH [ [BYSIN — SISAYL " Ud

Experimental Raman intensities are given in parentheses and are relative intensities with the most intense band given as 100.
The original sample contained (OsOsF2). (column 1) dissolved in XeOF4 (column 2). Dissolution of (OsOsF,). in liquid
XeOF, at 25 °C initially gave a mixture of (OsO3F2)w, XeOF,, and (OsOsF;);2XeOF, (column 3) and upon complete
dissolution gave a mixture of (OsO;F;),:2XeOF,, and XeOF, (column 4). The XeOF, solvent was slowly removed under
vacuum at 0 °C (column 5) and was pumped until it gave rise to only (OsO3F3),-2XeOF4 (column 6). Further pumping of the
sample at 0 °C resulted in removal of XeOF, from the crystal lattice, initially giving a mixture of (OsO;F;);:2XeOF, and
(OsO3F3); (column 7) and finally the pure (OsOsF3); dimer (column 8). Heating (OsO3F3), to room temperature initially gave

a mixture of (OsOsF;); and (OsO;3F2)« (column 9), and finally the starting material, (OsO3F,). (column 10).
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Figure D1. View of the (OsO3F;),-2XeOF; crystallographic unit cell along the a-axis.
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Table D2. Experimental Raman Frequencies, Intensities, and Assignments for Gas-Phase
XeOF4, and the Calculated Vibrational Frequencies and Intensities for XeOF4

exptl calcd” assgnts (Cy,)°
gas phase” SVWN* B3LYP
928 903 (21) [28] 887 (20) [25] A, V(XeO)
609 611 (<0.1) 593 (<0.1) [282] E, Vas(XeF4e)
[259]
577 555 (40) [5] 552 (44) [5] Ay, vs(XeFy.)
543 526 (20) [0] 511 (23) [0] B, Vi(XeFa.) — vi(XeFa.)
362 307 (3) [4] 326 (3) [4] E, 8(OXeF,) — 5(0XeF.)
287 238 (1) [30] 262 (1) [35] Ay, 8(XeFe)ums
225 189 (3) [0] 211 (3) [0] B,, 8(F.XeF.)+ 8(F.XeF.")
158 (<0.1) [0] 160 (<0.1) [0] B,, pu(XeFae) — pu(XeFa)
161 135 (<1) [2] 152 (<1) [1] E, pu(XeFse)

“ From Ref 101. * Values in parentheses denote calculated Raman intensities (amu A™)
and values in s;]uare brackets denote calculated infrared intensities (km mol™).
“SVWN/SDDall. “ B3LYP/aug-cc-pVTZ. ¢ The atom labeling scheme refers to the figure
below. The abbreviations denote stretch (v), asymmetric (as), symmetric (s), bend (5),
wag (pw), and umbrella (umb). The equatorial fluorine atoms are denoted by F4. or by Fa,
and Fy.'.
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Table D3. Calculated Vibrational Frequencies, Raman and Infrared Intensities and
Assignments for (u-FOsO3F;),0sOsF~

SVWN* B3LYP assgnts’
971 (158) [44] 1014 (97) [39] V(05,09 + v(Osp0y) + v(O5,0)
970 (48) [35] 1008 (56) [54] W(0s,0;) + W(0810;) + v(0s,03)
966 (2) [97] 1007 (72) [67) V(0s;04) + V(05,05) + v(Os,06)
965 (10) [217] 994 (13) [191] v(Os,04) — (0,0¢) + v(O3t00)smalt
964 (19) [223] 992 (12) [167] V(0840¢) + V(0808 )emat — W(Os50p)
961 (86) [108] 985 (29) [49] V(08,0;) + v(0s;05) — [V(0s,03) + v(0s,0¢)] + [V(O8104) + v(05,04) ] smatt
955 (27) [39] 983 (17) [336] W(O0s,0y) + V(08,05) + v(08,03) — [W(O5,03) + v(Os,05)]
952 (21)[15] 980 (13) [127] W(0s,0y) + v(0s;04) — v(0s,0;)
945 (22) [105] 977 (10) [69] [v(Os,0p) + V(O5,02) + v(08,04)] — [W(Os,04) + v(Os;04) + v(Os,05)]
652 (14) [104] 614 (2)[182] [v(Os;Fs) + v(Os,F)] — [V(Os1F1) + v(O81F2) lemat
628 (8) [105] 607 (<1) [145] [v(Os;Fy) + v(Os8,F2)] — [V(Os:F 4) + v(Os;F'5)]
621 (14) [90] 598 (17)[7] W(OspFy) + [V(Os1Fy) + v(Os1F2) + V(O83F ) + V(OS2F 5) leagan
567 (4) [67] 545 (4) [50] W(Os,Fy) - v(Os,Fs)
560 (7) [47] 542 (3) [38] W(Os,F;) - v(Os,F3)
509 (13) [100]) 471 (5)[73] [V(OspFy1) + v(OspFi2)] — [V(Os1Fw1) + V(Os:F2)]
477 (4) [97] 443 (<1) [140] [v(OspFur) — v(Os:Fu0)] — [W(Os1Fur) + v(OsFya)]
391 (13) [3] 416 (3)[3] 8(0405,05) + 8(F40s,Fs)
388 (N [2] 415(2) [3] 8(0,05,0;) + 8(F,0s,F,)
381(5) [5] 405 (3) [6] 3(05,0:0u Ow)oop
378 (6) [1] 401 (1) [7] 8(0u0%00)
373 (5) [5] 398(3) [8] 8(00,0¢) - 3(00s,0n)
3723) (6] 392(7) (4] 8(0405:06) + pOs0s,05)
369 (6) [2] 391 (7)[3] p0108,0,) + 8(0105103) — 8(0605,04)smat
365 (5) [7] 389 (2)[27] Pw{0405;0s5) — 8(0505,0¢)
362 (6) [14] 383 (2) [36] 8(0s1010:05)00p + Pr{F 51086 62)smat
349 (1) [12] 349 (<1) [18] Pu(FriOsyFyo) + S(FiOsaFs)
339 (<D [11] 337 (1) [7] (u-FOsO3F,),0sO3F deformation mode
314 (<1)[13] 336 (<) [9] 8Os FFuiFradoop + 3(C10510,) — 8(F 1081 F2)
310 [9] 318 (1)[41] Pw(F405;04) + pulF4OsyFy2)
3(8)31 gg Hg% ggg g; Hg} (u-FOsO3F,),0s0,F deformation modes
21749 1] 282(2)[5] 3(F 05,00 + p0105103) + pu(F105:1F3) + polF4Os2F5) + p{ O60s,04)
ggg 8 Hg} %ng gg ﬁ}i] } (u-FOsO3F,);0sOsF deformation modes
237(3)[51] 234 (1) [36] PlFr208:F) + plFraOspFy) + p{OOs,0n)
235 (<1) [38] 214 (1) [27] 3(Fu10seFea) + pul(FOsp0y)
218(1)[14] 207 (<1) [234] Pr(Fe1OspF12) — p{OnO0s40¢) + 8(040s;Fa) + pO505,06)
182 (1) [3] 168 (<1) [2]
169 (1) [1] 166 (<) [1] } (u-FOsO3F,),0s0;F deformation modes
147 (<1) [3] 155 (<1) [20]
144 (<) [1] 146 (<1) [<1] Pr{OuOst00) + pu(OOsFy)
134 (O 1] 130 (<D [1]
120 (<) [1] 128 (<) [2]
109 (<1) (<1) 110 (<1) [3]
95 (<0.1) [4] 66 (<) [1]
2? E:g B E]l] g‘; Ej; EH ‘ (u-FOsO3F;),0s0:F deformation modes
65 (<0.1) [<1] 19 (<0.1)[1]
52 (<1 [<1] 16 (<1) [<1]
44 (<) [<1] 14 (<0.1)[1]
39 (<N [1] 70 )
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Table D3. (continued ...)

“ SVWN/SDDall. Values in parentheses denote calculated Raman intensities (amu A™)
and values in square brackets denote calculated infrared intensities (km mol™).
® B3LYP/Stuttgart for osmium (with F functional) aug-cc-pVTZ for oxygen and fluorine
atoms. © Assignments for the energy-minimized geometry calculated at the B3LYP level.
The atom labeling scheme refers to Figure 6.5. The abbreviations denote stretch (v),
asymmetric (as), symmetric (s), bend (), twist (p;) and rock (p;).

Table D4. Natural Bond Orbital (NBO) Charges, Valencies, and Bond Orders for
(,u-FOSO3F2)QOSO3F-

(/l-FOSO3F2)20$O3F B

charges valencies bond orders
atom SVWN B3LYP SVWN B3LYP bond SVWN B3LYP
Os; 1.88 2.20 3.61 3.58 0s1-0; 0.84 0.86
o} ~0.40 -0.42 0.89 0.90 0s1-0; 0.84 0.86
0, -0.37 —0.42 0.90 0.89 Os1-0s 0.85 0.86
0; -0.39 ~0.44 0.90 0.90 Os-F, 0.43 0.42
F, -0.44 -0.52 0.47 0.44 Os-F 0.42 0.40
F, -0.46 -0.53 0.46 0.42 Os—Fuy 0.22 0.17
Fy -0.53 —0.61 0.55 0.43 Os,-04 0.83 0.86
Os; 1.89 220 3.54 3.59 0s:-0s 0.83 0.86
O, —0.35 —0.43 0.86 0.90 08,05 0.85 0.86
Os -0.36 —0.42 0.87 0.89 Osy-Frp 0.42 0.42
Os -0.40 -0.45 0.88 0.90 Osy—F4 0.42 0.42
Fy 0.47 -0.53 0.4 043 OsoFs 020 0.17
Fs ~0.47 -0.52 0.44 0.43 Osy=0: 0.84 0.87
Fi» -0.52 —0.61 0.55 0.43 Osy—0y 0.85 0.87
Osy 1.88 2.19 3.56 3.55 Os~0c 0.84 0.87
O, —-0.37 -0.39 0.89 0.90 Osy—Fy 0.28 0.26
Oy ~0.37 -0.40 0.89 0.90 Osy—Fr 0.30 0.26
Op —0.34 -0.39 0.88 0.90 Osy—F, 0.46 0.42
F, ~0.40 ~0.50 0.50 0.45 Osy-Oy 0.85 0.87
Osy-Op, 0.84 0.87
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Table D5. Experimental and Calculated Frequencies, Intensities and Assignments. for

CiS-OSOzF4.
exptl” calcd” assgnts (Cy,)°
SVWN°¢ B3LYP’

943 (100) 973 (31) [57] 1019 (36) [63] Vsym(O0s02)
933 (31) 968 (13) [90] 993 (14) [109] Vas(0s0»)
680 (sh) 703 (<1) [166] 684 (21) [78] Vas(OsF2,)
673 (59) 692 (24) [50] 683 (<0.1) [197] Veym(O8F24) + Veym(OsF2e)
580 (17) 632 (12) [35] 616 (8) [35] Vsym(OSF2a) — Vsym(OsF2e)
572 (14) 612 (11) [55] 603 (8) [68] Vas(OsF2e)
402 (38) 384 (5)[1] 416 (5) [2] 3(0s0,)
350 (31) 330 (4) [3] 348 (4) [0] 8(OsFp,) + 8(0OsF2.)
344 (31) 329 (5) [0] 347 (4) [4] 8(O0sF,) + 6(0OsF»,)
323 (1) 312 (<1) [11] 329 (<1)[12] pr(OsF2,)
314 (1) 298 (1) [19] 316 (1) [24] p(0s0,)
266 (2) 253 (<<1) [36] 266 (<0.1) [43] pr(OsF2e)
217 (1) 218 (<1) [1] 230 (<1) [2] 8(OsF2,) — 8(OsF2e)
168 (3) 186 (<1) [<1] 200 (<1) [1] 8(OO0sF.) — 8(0sF»,)
95 (sh) 100 (<1) [0] 111 (<1) [0] pi(OsF2e)

“ The Raman spectrum was recorded on a microcrystalline sample in a FEP tube at —150
°C using 1064-nm excitation. Experimental Raman intensities are given in parentheses
and are relative intensities with the most intense band given as 100. ” Values in
parentheses denote calculated Raman intensities (amu A™*) and values in square brackets
denote calculated infrared intensities (km mol™"). © SVWN/SDDall. dB3LYP/Stuttgart for
osmium (with F functional) aug-cc-pVTZ for oxygen and fluorine atoms. * The atom
labeling scheme refers to the figure below. The abbreviations denote stretch (v),
asymmetric (as), symmetric (s), bend (8), twist (p) and rock (py).
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Table D6. Factor-Group Analysis for (OsO3F;),:2XeOF4

free (OsOsF2)2:2XeOF4

(C)

V1—V33, 3R Ag

Vis—Ves, 3T Ay

“ The crystallographic space group is P 1 with Z= 1 structural unit per unit cell.

Table D7. Calculated Geometrical Parameters for (u-FOsOs3F),0sO3F~
(/I-FOSO3F2)2OSO3F-

crystal site

(@)

Ag

Ay

unit cell’

(&)

vi—v33, 3R Raman-active

vis—Vves, 3T Infrared-active

SVWN B3LYP SVWN B3LYP SVWN B3LYP
Bond Lenghts (A)
Os,-0y 1.724 1.698 Os2-04 1.726 1.700 Osp—Oy 1.718 1.694
0Os1-0, 1.725 1.699 052-Os 1.724 1.698 Osp—Ou 1.717 1.694
Os1-0;3 1.719 1.695 Os3-0s 1.720 1.695 Osp—Op2 1.716 1.692
Os1-Fy 1.920 1.922 Osy—F4 1916 1.925 Osy—F; 1.902 1.905
Os-F, 1.924 1.926 Os,—Fs 1.922 1.919 Osp—Fy) 2.067 2.080
Os)—Fp; 2.155 2.227 Osy—Fp2 2.160 2.233 Osp—Fu2 2.064 2.078
Bond Angles (deg)

0,-0s,-0, 101.30 101.14 0405205 101.19 101.14 0-Osp—On 102.75 102.32
0105103 103.00 102.72  04-0s2-Os 102.78 102.74 O—Osp—Or2 102.73 102.48
01-0s;-F, 156.38 15716  04-Osy-F, 156.66 156.80 O-Osp—F, 153.34 155.04
01—0s,-F, 87.40 87.45 04-0sy-Fs 87.25 87.36 O Osp—Fun1 84.23 84.46
0,-Os,-Fp 83.35 82.94 04—0sy-Fp 83.94 83.06 O—Osp—Fp2 83.55 83.76
005103 103.00 102.85  Os5-0s-0Os 103.02 102.75 O1—Osp—Or2 103.12 102.20
0,-0s-F; 87.96 87.78 Os5—O0sy-F, 87.90 87.77 Oy —Osp—F¢ 93.70 93.22
0—0s,-F, 156.82 15692  Os—Osy-F;s 156.64 157.20 On—Osp—Fu1 163.63 165.05
02-0s;—Fp; 81.72 81.58 O5-0s3-Fp 82.97 82.48 Ou—Osy—Fp2 89.03 88.89
0:-0s-F, 95.87 95.58 O¢—0sz-F4 95.90 95.98 Op—Osp-F; 93.61 93.01
03-0s-F> 95.76 95.95 Os-0s3-Fs 96.14 95.81 Op—Osp—Fny 89.50 89.08
03-0s;—Fp; 170.98 171.82  O6—Os2—Fp2 169.75 171.10 Op—Osp—F2 164.51 165.61
F1-Os,-F, 76.56 77.07 F4—Os3-Fs 76.85 77.12 F—Osp—Fu1 74.88 76.24
F1-0s1-Fn 76.47 77.58 F4Osy—Fp2 76.26 76.87 Fr—Osp—Fiz 75.82 77.07
Fy-0s,-Fy, 77.96 78.25 Fs—Osy—Fpz 75.83 77.56 Fo1-Osp—Fb2 76.93 78.53
Os;-Fp1—Osy 129.77 144.67  Os;-Fp-Osp 128.80 144.42
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0,
Figure D2. Calculated gas-phase  geometry for (OsO;F,),2XeOF;  (Cj,
SVWN/SDDall) The atom labeling scheme is based on the C; symmetry of
the structural unit in the crystallographic unit cell.

Table D8. Natural Bond Orbital (NBO) Charges, Valencies, and Bond Orders for
(OSO3F2)2 and (OS03F2)2'2XCOF4

(OSO3F2)2 (OSO3F2)2'2X€OF4
charges valencies charges valencies
Atom SVWN B3LYP SVWN B3LYP SVWN B3LYP SVWN B3LYP
Os 1.88 2.19 3.45 3.48 1.89 2.18 3.47 3.47
0O, -0.32 -0.37 0.90 0.89 —0.38 —0.36 0.89 0.91
0O, —0.32 -0.37 0.90 0.91 —0.27 —0.35 0.94 0.92
O, —0.32 -0.37 0.90 0.91 —0.27 —0.34 0.93 0.92
F, —0.50 —-0.59 0.55 0.47 —-0.51 —0.58 0.56 0.48
F, -0.41 —0.48 0.48 0.44 —0.46 —0.55 0.51 0.45
Xe 2.96 3.13 2.55 2.47
O, -0.79 —0.81 0.84 0.81
F; —0.53 —0.58 0.36 0.35
F, —0.55 —0.58 0.35 0.35
Fs —0.53 —0.58 0.35 0.35
Fs —0.55 —0.58 0.36 0.35

bond orders

(OsO3F,), (OsO3F,),-2XeOF,
Bond SVWN B3LYP SVWN B3LYP
0s-0, 0.84 0.87 0.82 0.87
0s-0, 0.84 0.87 0.87 0.88
0s-0;5 0.84 0.87 0.87 0.88
Os-F, 0.25 0.23 0.27 0.23
Os-F, 0.44 0.43 0.42 0.40
Os-F,' 0.25 0.23 0.23 0.23
Xe—F, 0.06 0.04
Xe-O, 0.92 0.91
Xe-F; 0.39 0.38
Xe-F, 0.37 0.38
Xe-Fs 0.39 0.37
Xe-Fs 0.37 0.37
Xe-—-O,' 0.03 0.01
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APPENDIX E

CHAPTER 7: SYNTHESES AND MULTI-NMR STUDY OF fac- AND
mer-OsO;F,(NCCH;) AND THE X-RAY CRYSTAL STRUCTURE (n =2) AND

RAMAN SPECTRUM (1 = 0) OF fac-OsO;F;(NCCH3)-nCH;CN
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Table E1. Raman Spectra Acquired During the Removal of CH3CN from a CH3CN Solution of fac-OsO3;F>(NCCHj3), and
the Raman Spectra of Uncoordinated CH3CN and of fac-OsO3F,(NCCHj) Isolated from SO,CIF *

faC-OSO:;Fz(NCCH:;)

86¢€

) Jfac-OsOsF(NCCH3) g fac-OsO3F ,(NCCHjy)
CH;CN? . frer;cclgjcgw 5 CH,CNo fac-0sO;F,(NCCH;) ACH,CN* assgnts
2995(54) 2998(32) 3000(21)
2938(97) 2936(58) 2938(54)
2248(100) 2243(35) 2248(45)
1457(11), 1454(7) 1457(8) 1457(7)
1425(3), 1420(4) 1423(7)
1376(15), 1371(3) 1376(15)
1042(1)
922(20) 920(sh) } CH,CN (free solvent)
400(3)
395(12), 392(9)
386(5) 389(40)'
116(18) 116(14)br
108(13)
102(15)
96(32)
3009(16Y 3008(15)br’ \
2950(sh)
2330(28)
2250(49) 2251(29) .
137111) 1370(10) } CH;CN (crystal lattice)
342(6)
289(13), 285(9) J
3009(16) 3008(15)br’ 3014(8), 2990(2) 3013(13)br, 298%(7)
2941(98) 2941(74), 2930(sh) 2944(43), 2929(24) 2943(45), 2929(24)
2337(48) 2336(34) 2332(36) 2331(38)
1410(6), 1385(24) 1409(8)
1355(12) 1356(14) 1356(14) 1356(16)
1041(1), 1029(1)
955(9) 956(6), 952(sh) 964(T), 956(8), 950(9) } fac-0sO3F,(NCCHy)
944(sh), 940(29) 945(sh), 942(36) 945(sh), 942(42)
937(84), 924(37) 936(51), 934(sh), 923(38) 934(33), 924(34) 934(36), 924(36)
918(100) 918(100), 909(22) 918(100), 910(30) 918(100), 910(33)
598(2)
568(12) 574(10)br
530(13) 530(11) 529(7) 528(7)

SoU3nY *[ [9BYDIA — SISAYL " Ud
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415(1) \
306(sh), 392(19) 393(24)

389(40) 390(30) 388(50) 388(25)

378(32), 374(23) 380(37), 378(38), 375(28)  378(40), 374(sh) 380(45), 377(45), 373(sh)
326(2)
309(4)
277(sh)
232(1), 228(1) } fac-OsO3F,(NCCHy)
216(1)
204(2)
143(2)

120(9)br 121(7)

119(sh)

114(7T)br 114(11)
106(8) J

“ The Raman spectra were recorded on samples in a FEP tubes at —150 °C using 1064-nm excitation. Experimental Raman
intensities are given in parentheses and are relative intensities with the most intense band given as 100. ” Solid CH;CN. ¢ The
abbreviations denote shoulder (sh) and broad (br). ¢ The original sample contained (OsO3F2)« dissolved in CH3CN at 25 °C.
Removal of excess CH3CN solvent at —40 °C gave a mixture that contained a small amount of uncoordinated CH3CN. ® The
number of solvent molecules, », in the crystal lattice is most likely 2 based on the X-ray crystal structure of
fac-0OsO;F;(NCCH3)-2CH3CN. ! Further pumping led to complete removal of uncoordinated CH3CN solvent and formation
of O0sO3F(NCCH;)-nCH;CN. ¢ Continued pumping at —40 °C vyielded fac-OsOsFy(NCCH3). * A sample of
fac- OsOng(NCCHg) 1solated from SO,CIF solvent which contained a small amount of uncoordmated CH;CN in the crystal
lattlce Bands at 389 cm™ overlap and arise from CH3CN (free solvent) and fac-OsO;F(NCCHj3).” Bands at 3008 and 3009
cm ! overlap and arise from fac-OsO3;F,(NCCH3) and CH3CN (crystal lattice).

soySny °f [9BYIIA — SISOY. *(T Ud
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Figure E1.  Unit cell of fac-OsO3;F,(NCCH3)-2CH3CN viewed along the a-axis.
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Raman spectrum of OsO;F(NCCH3)-#CH3CN recorded at —150 °C using 1064-nm excitation; the symbols

denote FEP sample tube lines (*), a band that overlaps with an FEP sample tube line (}), and an instrumental
artifact (1).
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Table E2. Factor-group analysis for fac-OsO3F2(NCCH3)-2CH;CN

Jfac—0sO3F(NCCH3)* crystal site unit cell’
(Csa) () D2n)

Ag V1-Vis, R, 2T ]

Big  vievio, 2R, T
= ! A, / ) y - > R
4vi-vi5, R, 2T) A e / By vi-vi5, R, 2T P

B3 vigvio, 2R, T )
Ay vievi, 2R T )
Blu Vi1-Vis, R, 2T
B2u V16-V30, 2R, T
B3u Vi1-Vis, R, 2T J

4(vi6-v30, 2R, T) A~ —_— A~

“ The two co-crystallized CH;CN molecules in the unit cell are not considered for the
purpose of the factor-group analysis. ® The crystallographic space group is Pnma with
Z = 4 structural unit per unit cell.

Figure E3. Calculated gas-phase geometry (SVWN) for CH;CN.

402



Ph D. Thesis — Michael J. Hughes

Table E3. Natural Bond Orbital (NBO) Valencies, Bond Orders, and Natural Population
Analysis (NPA) Charges for fac-OsO3F2(NCCH3), mer-OsOsF»(NCCH3), and

CH;CN*
NPA Charges
Jac-0sO3F,(NCCH;) mer-0sO;F,(NCCH3;) CH;CN
(&) [(%)) (Cs)
Atom SVWN’ B3LYP* SVWN’ B3LYP* SVWN? B3LYP?
Os 1.83 2.16 1.76 2.07
O, -0.38 -0.43 —0.37 -0.41
0, -0.38 -0.43 -0.41 -0.47
0O, —0.33 -0.40 -0.41 -0.47
F, —0.46 —0.52 -0.37 -0.43
F, -0.46 -0.52 —0.47 —0.53
N -0.41 —-0.40 -0.37 -0.36 -0.32 -0.33
C 0.49 0.44 0.53 0.50 0.28 0.28
C, —0.82 -0.70 -0.83 -0.70 -0.81 —0.69
H 0.30 0.26 0.31 0.27 0.28 0.24
H 0.31 0.26 0.31 0.27 0.28 0.24
H 0.31 0.26 0.31 0.27 0.28 0.24
Valencies
Os 3.71 3.58 3.81 3.61
O, 0.90 0.89 0.93 0.90
0, 0.90 0.89 0.86 0.84
O3 0.91 0.89 0.86 0.84
F, 0.45 0.43 0.52 0.47
F, 0.45 0.43 0.41 0.40
N 2.10 2.08 2.22 2.22 1.85 1.98
C, 2.78 2.86 2.77 2.85 2.80 3.00
C, 3.19 3.24 3.19 3.31 3.18 3.28
H 0.76 0.78 0.76 0.80 0.76 0.79
H 0.76 0.78 0.76 0.80 0.76 0.79
H 0.76 0.78 0.76 0.80 0.76 0.79
Bond Orders
0s-0, 0.84 0.85 0.87 0.85
0s-0, 0.84 0.85 0.81 0.79
0s-0; 0.87 0.86 0.81 0.79
Os-F, 0.42 0.41 0.50 0.46
Os-F, 0.42 0.41 0.40 0.37
Os-N 0.29 0.20 0.40 0.34
N-C, 1.76 1.86 1.74 1.83 1.84 1.97
Ci-C, 0.98 0.96 0.99 0.97 0.94 0.97
C,-H 0.73 0.75 0.73 0.78 0.74 0.76
C,-H 0.73 0.76 0.73 0.77 0.74 0.76
C,-H 0.73 0.76 0.73 0.78 0.74 0.76

“For the atom labeling schemes, see Figure 7.6. ° The SDDall basis set augmented for F
and O with two d-type polarization functions by Huzinaga was used.”' ¢ The Stuttgart
basis set for Os augmented with one f-type polarization functional was used;'>* aug-cc-
pVTZ basis sets were used for all other atoms. ¢ The aug-cc-pVTZ basis set was used.
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APPENDIX F

CHAPTER 8: SYNTHESES, RAMAN SPECTRA, AND X-RAY CRYSTAL

STRUCTURES OF [XeFs|[#-F(OsOsF3);] AND [M][OsOsFs] (M = XeFs', Xe;Fi1")

Figure F1. View of the [XeFs][u#-F(OsOs3F2),] crystallographic unit cell along the c-axis.
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Figure F3. View of the [Xe,F1,][OsO;F;] crystallographic unit cell along the c-axis.
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Table F1. Interatomic Distances (A) Between the Light Atoms Forming the
Coordination Spheres of the Xe and Os atoms in [XeFs][u-F(OsOsF;),],
[XeF5] [OSO3F3], and [Xe2F1 1][OSO3F3]

Contacts® [XeFs][u-F(OsOsF,),]°  [XeF;][0sO5F5)° [Xe,F1][0sOsF;]"
Cation
F(1)~-F(1A/3/01B) 2.655(4) 2.449(3) 3.159(3)
F(1)F(2) 2.418(2) 2.429(3) 2.459(2)
F(1)-F(5/8/6) 2.642(2) 2.700(4) 2.695(2)
F(1)-F(7/5/7) 2.675(2) 2.617(4) 2.637(3)
F(2)--F(2A/3/3) 2.836(4) 2.451(4) 2.643(3)
F(2)-F(5/8/5) 2.618(2) 2.895(4) 2.886(3)
F(2)-F(6/7/6) 2.727(2) 2.656(4) 2.720(2)
F(1A/3/01B)-F(2A/6/3) 2.418(2) 2.591(3) 2.903(3)
F(1A/O1B)-F(5A/8) 2.642(2) 2.990(3)
F(1A/O1B)-F(7) 2.675(2) 2.916(3)
F(2A/3)+F(5A/5) 2.618(2) 2.666(3)
F(2A/3)-F(6/8) 2.727(2) 2.496(2)
F(4)-F(5) 2.309(2) 2.358(4) 2.357(3)
F(4)-F(5A/8/8) 2.309(2) 2.347(4) 2.336(3)
F(4)-F(6) 2.352(3) 2.354(4) 2.317(3)
F(4)-F(7) 2.345(3) 2.361(4) 2.358(3)
F(5)-F(6) 2.560(2) 2.551(4) 2.598(3)
F(5)-F(7/7/8) 2.570(2) 2.669(4) 2.587(3)
F(5A/6/6)~F(6/7/7) 2.560(2) 2.549(4) 2.640(2)
F(5A/8/8)-F(7) 2.570(2) 2.599(4) 2.526(3)
Anion
0(2)-0(1) 2.655(2) 2.663(4) 2.660(4)
0(2)0(3/3/1A) 2.643(3) 2.666(4) 2.660(4)
O(2)F(1/1/1A) 2.557(2) 2.630(4) 2.592(3)
0(2)-F(3/3/1) 2.565(2) 2.596(4) 2.592(3)
F(2)-0(1) 2.572(2) 2.603(4) 2.625(3)
F(2)-O(3/3/1A) 2.691(2) 2.642(4) 2.625(3)
F(2)F(1/1/1A) 2.418(2) 2.429(4) 2.459(2)
F(2)-F(3/3/1) 2.549(2) 2.451(4) 2.459(2)
O(1)0(3/3/1A) 2.648(3) 2.654(5) 2.636(4)
O(1)-F(3/3/1) 2.599(2) 2.642(4) 2.591(3)
F(1/1/1A)-F(3/3/1) 2.613(2) 2.449(3) 2.548(3)
F(1/1/1A)-O(3/3/1A) 2.634(2) 2.613(4) 2.591(3)

“ The order of the multiple atom numbering given in parentheses corresponds to the
ordering of the contact distance entries.  See Figure 8.1b for the atom labeling scheme. ¢
See Figure 8.2b for the atom labeling scheme. ¢ See Figure 8.3b for the atom labeling
scheme.
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Table F2. Factor-Group Analysis for [XeFs][u-F(OsOsF,),]*

free [ XeFs][u-F(OsOsF2)2] crystal site unit cell

(Cs(xz))b (Cs) (DZh)
Ay vi-v27, R, 2T Raman
// Big V2s-vsi, R(-R), T Raman
4(vi-va7, R, 2T) A’ A Bag Vvi-va7, ((R), 2T Raman

Bsg vas-vsi, R(R), T Raman
Au V28-Vs1, 2R, T
4(V23-V51, 2R, T) A————— A" Blu Vi-Va7, R, T (—T) IR
Bzu V28-Vsi, 2R, (—-T) IR
B3u V1-V27, R, T (—T) IR

“ The crystallographic space group is Pnma with Z = 4 structural units per unit cell. ®The
xz-plane is described by the F4, Xe, and F; atoms.
Table F3. Factor-Group Analysis for [XeFs][OsOsF]*

free [XeFs][OsOsF;] crystal site unit cell
(€) (8] (Can)

Ag vi-v33, 2R (-R), 3T Raman

8 (vi-vie, R, 2T) A’ Bg vi-vs3, 3R, 3T Raman
Eg vi-v33 2R (-R), 3T Raman
Ay vi-v33, 3R, 2T (-T) IR

8 (va0-v33, 2R, T) A" B, vi-vs3, 3R, 3T
E, vi-vy; 3R, 2T (-T) IR

“ The crystallographic space group is P4,/n with Z = 8 structural units per unit cell.
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Table F4. Factor-Group Analysis for [Xe,;F;1][OsOsF3]*

free [XeF11][OsOsF3] crystal site unit cell

(Cs0)” () (Da1)
Ag vi-va, R, 2T Raman
/ Big Vi0-Vss, R (-R), T Raman
4(vi-vae, R, 2T) A A Boe Vi-V29, ((R), 2T  Raman

B3g v30-vss, R (R), T Raman

Au V30-Vs4, 2R, T

B]u V1-V29, R, T (—T) IR
4(V3()-V54, ZR, T) A'———A" 2u V30-V54, 2R, (——T) IR

B3y vi-vae, R, T (-T) IR

“ The crystallographic space group is Pnma with Z = 4 structural units per unit cell. ® The
xz-plane is described by the O,, Os, F», and F; atoms.

a

Figure F4. Calculated B3LYP gas-phase geometries and atom numbering scheme used
in Tables F6 and F7 for (a) XeFs" and (b) Xe,Fy;".
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Figure FS. Calculated B3LYP gas-phase geometries and atom numbering scheme used
in Tables F5 and F8 for (a) OsO3F;™ and (b) u-F(OsOsF3), .

Table F5. Calculated Geometrical Parameters for OsOsF;™ (Cs,)”

Bond Lengths(A) Bond Angles (deg)
SVWN® B3LYP° SVWN’  B3LYP°
Os—F 1.950 1.961 F-Os-F 78.9 79.4
0s-O 1.737 1.711 F-Os-O 164.1 164.5
F-Os-O 88.9 88.7
0-0s-0 101.1 101.0

“ See Figure F5a for the atom labeling scheme. ” The SDDall basis set augmented for F
and O with two d-type polarization functions was used. “ The Stuttgart basis set was used
for Os with the f functional. The aug-cc-pVTZ basis sets were used for all other atoms.
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Table F6. Calculated Geometrical Parameters for Xe;F1," (Cs)*

SVWN?® B3LYP* SVWN°  B3LYP®
Bond Lengths (A)
Xe—F; 1.861 1.853 Xe—F,4 1.899 1.895
Xe-F, 1.912 1.907  Xe-Fs 1.912 1.907
Xe-F; 1.899 1.895 Xe---Fq 2.264 2.344
Bond Angles (deg)
Fi-Xe F, 82.8 83.5 F3-Xe-F4 87.5 88.5
F1-Xe-F; 82.4 83.5 F3—Xe—Fs 165.1 167.0
F;-Xe-F, 82.4 83.5 F3—Xe---Fg 79.2 87.2
F;-XeFs 82.8 83.6 Fs~XeFs 88.4 89.1
F1-Xe---F 154.4 166.9 F4—Xe---Fg 79.2 87.2
F,Xe F; 88.4 89.1 Fs Xe---Fg 114.1 105.4
FrXe Fy 165.1 167.0  Xe---Fg---Xe' 141.8 171.2
F,-Xe-Fs 91.9 90.4
F,—Xe-—Fg 114.1 105.5

“ See Figure F4b for the atom labeling scheme. ® The SDDall basis set augmented for F
and Xe with two d-type polarization functions for each atom.  The aug-cc-pVTZ(-PP)
basis sets was used.

Table F7. Natural Bond Orbital (NBO) Valencies, Bond Orders, and Natural Population
Analysis (NPA) Charges for XeFs" and Xe,Fy;"

)(63135+ i XezFl ]+ b
Atom SVWN* B3LYP? SVWN* B3LYP?
charges [valencies]
Xe 3.08 [2.40] 3.24 [2.44] 3.074 [2.628] 3.289[2.613]
F, —0.38 [0.40] -0.39 [0.42] —0.415 [0.440] —0.437[0.421]
F, -0.42[0.42] —0.46 [0.43] —0.460 [0.449] —0.502 [0.454]
F; -0.4210.42] —0.46 [0.43] -0.459 [0.432] —0.491 [0.459]
F, -0.42[0.42] —0.46 [0.43] -0.459 [0.432] —0.491 [0.459]
F;s —0.42[0.42] -0.46 [0.43] —0.460 [0.449] —0.502 [0.454]
Fs —0.640 [0.356] —0.734 [0.435]
bond orders

Xe-F, 0.50 0.53 0.518 0.514

Xe-F, 0.48 0.48 0.478 0.482

Xe-F; 0.48 0.48 0.480 0.491

Xe-F, 0.48 0.48 0.480 0.491

Xe-Fs 0.48 0.48 0478 0.482

Xe---Fs 0.185 0.150

“ See Figure F4a for the atom labeling scheme. ° See Figure F4b for the atom labeling
scheme.” The SDDall basis set augmented for F and Xe with two d-type polarization

functions. ® The aug-cc-pVTZ(-PP) basis sets were used for all other atoms.
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Table F8. Natural Bond Orbital (NBO) Valencies, Bond Orders and Natural Population
Analysis (NPA) Charges for OsOsF;™ and u-F(OsOsF3),~

0sO,F; ¢ u-F(OsO;F,), °
Atom SVWN°® B3LYP? SVWN* B3LYP?
charges [valencies]
Os 1.859 [3.602] 2.174 [3.694] 1.881 [3.538] 2.191 [3.593]

o(1) —0.440 [0.849] —0.484 [0.862] -0.396 [0.869] —0.431 [0.885]
0Q2) —-0.440 [0.849] ~0.484 [0.862] —0.405 [0.865] —0.443 [0.886]
03) —0.440 [0.849] —0.484 [0.862] —0.409 [0.878] —0.456 {0.882]
F(1) —0.513 [0.401} —0.574 [0.372] -0.459 [0.441] —0.527 [0.418]
F(2) -0.513 [0.401] —0.574 [0.372] —0.438 [0.453] -0.524 [0.419]
F(3) -0.513 [0.401] -0.574 [0.372] —-0.550 [0.523] —0.620 [0.404]
bond orders
0s—0O(1) 0.813 0.849 0.822 0.858
0s-0(2) 0.813 0.849 0.819 0.857
0s—0(3) 0.813 0.849 0.832 0.854
Os-F(1) 0.388 0.382 0.414 0.410
0s-F(2) 0.388 0.382 0.424 0.412
0s-F(3) 0.388 0.382 0.239 0.206

“ See Figure F5a for the atom labeling scheme. ° See Figure F5b for the atom labeling
scheme. © The SDDall basis set augmented for F and O with two d-type polarization
functions. “ The Stuttgart basis set was used for Os with the f functional. The aug-cc-
pVTZ(-PP) basis sets were used for all other atoms.
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APPENDIX G

CHAPTER 9: SYNTHESES AND STRUCTURES OF THE MOLECULAR

ADDITION COMPOUNDS, XeOF4NgF, (Ng = Xe or Kr)
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b

v

Figure G1.View of XeOF4 XeF, crystallographic unit cell along the b-axis.
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Figure G2.View of XeOF4KrF; crystallographic unit cell along the b-axis.
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Table G1. Interatomic Distances (A) for the Light Atoms that Comprise the
Coordination Spheres of the Xe; atoms in XeOF4NgF, (Ng = Xe, Kr)

Contacts” XeOF 4 XeF, XeOF4KrF,°
o()-F(1) 2.550(6) 2.554(3)
o(1)-F(2) 2.547(3)
0(1)-F(3) 2.552(4)
O(1)~F(4) 2.554(4)
F(1)-F(1A22)  2.76(3) 2.682(3)
F(1)-F(2A) 2.937(3)
F(1)-F(5A/4)  3.10(1) 2.663(3)
F(1)--F(5) 2.783(9) 2.814(4)
FQ2)-F(2A) 2.971(4)
F(2)~F(3) 2.724(3)
F(2)--F(6) 3.070(4)
F(3)--F(4) 2.724(3)
F(3)--F(5B) 3.031(4)
F(3)-F(6) 2.801(3)
F(4)-F(5) 3.080(3)
F(4)--F(5B) 2.842(3)
F(5)-F(5A/SB)  2.74(4) 3.192(5)
E(5)-F(2A) 3.115(4)
F(6)F(5B) 2.969(4)
F(6)F(2A) 3.777(4)

“ The order of the multiple atom numbering given in parentheses corresponds to the
ordering of the contact distance entries. ° See Figure 9.3a for the atom labeling scheme.
¢ See Figure 9.3b for the atom labeling scheme.
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Table G2. Experimental Raman Frequencies, Intensities, and Assignments for Gas-Phase
XeOF,, and the Calculated Vibrational Frequencies and Intensities for XeOF4

exptl” caled (Cy)° assgnt*
SVWN B3LYP PBE1PBE
928(s) 920(21)[29] 886(20)[25] 936(20)[28] Al v(XcO)
609(vw)  610(<1)[254]  S93(<D)[282]  619(<0.1)[298]  E va(XeFs)
577(vs)  560(38)[5] 552(44)[5] 583(40)[4] Al vy(XeFa)
543(m)  533(19)[0] 511(23)[0] 542(21)[0] B2 vi(XeF,) — v(XeFy)
362(w)  312(3)[5] 326(3)[4] 346(2)[6] E 8(0XeF)
287(m)  242(1)[28] 262(1)[35] 281(1)[37] A1 Bymb(XeFy)
225(w)  197(3)[0] 211(0)[3] 219(2)[0] Bl 8(XeFs) + 8(XeFy)
161(<0.)[0]  170(<0.1)[0] 183(<0.1)[0] B2 py(XeFy) — py(XeFy)
161(w)  143(<1)[1] 152(<D)[1] 155(<D)[1] E pw(XeF2)

“ From Ref 101. The abbreviations denote very strong (vs), strong (s), medium (m), weak
(w) and very weak (vw). ? Values in parentheses denote calculated Raman intensities
(A* u™) and values in square brackets denote calculated infrared intensities (km mol ™).
The aug-cc-pVTZ(-PP) basis set was used. “ The atom labeling scheme refers to the figure
below. The abbreviations denote stretch (v), asymmetric (as), symmetric (s), bend (),
wag (pw), and umbrella (umb). The equatorial fluorine atoms are denoted by F4. or by Fae,
and Fp.'.
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Intensity, cts™ x 10™

L

A, L 1

100 200 300 400 500 600 700 800 900

Av, cm™
Figure G3. Raman spectrum of solid XeOF, recorded at —150 °C using 1064-nm

excitation; the symbols denote FEP sample tube lines (*) and an
instrumental artifact (T).
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Table G3. Experimental Raman Frequencies, Intensities, and Assignments for Gas-Phase
NgF,, and the Calculated Vibrational Frequencies and Intensities for NgF»

(Ng = Xe, Kr)
XCFz
exptl ¢ caled (Dao)” assgnt’
SVWN B3LYP PBE1PBE
555" ST0(0)219]  548(0)[246]  572(0)261] v ve(NeFs)
497 S2135)[0]  SOTEM0]  534@44)0] X, vi(NeFa)
213 2030)[13]  205(0)(15]  215(0)(15]  II, 5(FNgF)
KrF,

613(0)[231] 584(0)[260] 612(0)[287] Xy vas(NgF2)

462(s) 511(36)[0] 492(52)[0] 525(51)[0] T, vs(NgF»)
237(0)[12] 235(0)[13] 249(0)[14] IT, 6(FNgF)

“from ref 267. ° determined by IR spectroscopy and reported as intense. © from ref 268.
4 Values in parentheses denote calculated Raman intensities (A* u™") and values in square
brackets denote calculated infrared intensities (km mol™"). The aug-cc-pVTZ(-PP) basis
sets were used. ¢ The abbreviations denote stretch (v), asymmetric (as), symmetric (s),
and bend (9).
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Table G4. Calculated Vibrational Frequencies and Assignments of 2XeOF4NgF, (Ng = Xe, Kr)

2XeOF g XeF,* 2XeOFKrF,* assgnts (Cys)®

SVWN B3LYP PBEIPBE SVWN B3LYP PBE1PBE

921(107)[0] 891(74)[0] 938(62)[0] 921(107)[0] 891(67)[0] 938(57)[0] A, v(XeO) +v(Xe'O)

920(0)[94] 891(0){69] 938(0)[74] 921(0)[94] 891(0)[4] 938(0)[70] B, v(XeO) — v(Xe'O")

594(0)[444] 583(0)[523] 609(0)[545] 594(0)[444] 585(0)[526] 611(0)[550] A, (v(XeFy) + v(XeF,) + vXe'F,) + v(Xe'Fy) - (v(XeFy) +
wXeF3) + v(XeF,") + v(XeFy))

596(10)[0] 583(6)[0] 609(7)[0] 596(10)[0] 585(6)[0] 611(N[0] Ay (vXeFy) + v(XeF,) + vXeFy") + v(XeFy)) — (v(XeF;) +
v(XeF,) + v(XeF3') + v(Xe'F,))

592(0)[516] 582(0)[548] 607(0)[567] 592(0)[516] 5840)[490] 610(0)[455] B, (v(XeFy) + v(XeF,) + v(Xe'Fy) + v(Xe'F,)) — (v(XeF3) +
v(XeF,) + v(XeF1) + vXe'F,))

591(5)[0] 581(2)[0] 606(2)[0] 591(5)[0] 583(2)[0] 608(2)[0] B, (vXeFy) + v(XeFy) + v(Xe'F,') + v(Xe'F,)) - (v(XeF,) +
V(XeFy) + v(XeFy) + v(Xe'Ey)

514(0)[278] 512(0)[346] 535(0)[375] 550(0)[176] 561(0)[434] 589%(0)[500] B, v(NgFs) — v(NgF5")

547(54)(0] 544(69)[0] 575(60)(0] 547(54)[0] 545(71)[0] 575(65)[0] A, v(XeF)) + v(XeF,) + v(XeF3) + v(XeF,) + v(Xe'F,) +
v(Xe'F,) + v(Xe'Fy') + v(Xe'F,))

550(0)[176]) 547(0)[109] 576(0)[109] 512(0)[278] 53%(0)[63] 568(0)[94] B, (v(XeF,) + v(XeF,) + v(XeF;) + v(XeFy)) ~ (v(XeTF,") +
WXey) + v(XeF5) + XeES) + vNgFs) - v(NgFy)

506(0)[6] 501(0)[3] 532(0)[4] 506(0)[6] 503(0)[2] 533(0){4) A, (vXeFy) + v(XeF;) + v(Xe'F,) + v(Xe'F,)) — (v(XeF,) +
w(XeF,) + v(Xe'F,") + v(Xe'Fs"))

506(28)[0] 501(41)[0] 531(37)[0] 506(28)[0] 503(41)[0] 533(37)[0] B, (v(XeF)) + v(XeFs) + V(Xe'F') + v(XeTy) ~ (v(XeFy) +
v(XeFy) + v(XeFy) + vXe'FSD)

499(110)[0] 498(134)[0] 523(98)[0] 499(110)[0] 488(128)[0] 520(96)[0] A, v(NgFs) + v(NgFs)

310(0)[7] 326(0)[7] 348(0)[9] 310(0)[7} 327(0)[7] 348(0)[10] B, 8(OXeF;F,) + 85(0XeF,'Fy)

310(5)[0] 326(5)[0] 348(5)[0] 310(5)[0] 327(5)[0] 348(5)[0] A, 8(OXeFyF,) + §OXeFyFy)

309(0)[6] 326(0)7] 347(0)[9] 309(0)[6] 326(0)[7] 347(0)[9] A, 8(OXeFF,) + §(OXe'F,'F3")

308(4)[0] 326(5)[0] 347(5)[0] 308(4)[0] 326(5)[0] 347(5)[0] B, 8(OXeF F,) + 8(0XeF,'Fy")

250(4)[0] 265(2)[0] 284(2)[0] 250(4)[0] 265(2)[0] 284(2)[0] A, 8unp(XeF1FFsF ) + 8up(Xe'FyFLFR'Fy)

259(0)[22] 263(0)[92] 282(0)[92] 258(0)[22] 2640)[52] 283(0){60] Bu Sumb(XeF1F2F3F,) — 8unp(Xe'F1'F2 F3'F,') — 8(FsNgF )

246(0)[142] 228(0)[53] 238(0)[56] 245(0)[142] 251(0)[84] 265(0)(80] B,, &,(FsNgFs")

215(0)[5] 210(0)[7] 220(0)(7] 215(0){5] 237(0)[6] 251(0){6] Ay 8o0p(FsNgFs')

198(7N[0] 208(5)[0] 217(4)[0] 198(7[0] 209%(5)[0] 217(4)[0} A, 8(F 1 XeF,) + 8(FXeF3) + 8F ' Xe'Fy) + 8(F,Xe'F3')

196(0)(5] 207(0)[3] 215(0)[4] 196(0)(5] 209(0)[1] 217(0)[1] B, (8(F 1 XeFy) + 8(F XeF3)) — (8(F1'Xe'Fy) + 8(F,Xe'F3")

177(<0.1)[0] 176(<0.1)[0] 190(<0.1)[0] 177(<0.1)[0] 176(<0.1){0] 189(<0.1)[0] B, pi(F1XeFy) + pyFsXeFy) + pfF1'Xe'Fy) + p(F3Xe'Fy)
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165(0)[<1]
180(22)[0]
149(0)[6]
133(1)[0]
133(0)[2]
149(1)[0]
89(1)[0]
90(0)[<1]
64(0)(3]
61(0)[<1]
S7(<D[0]
39(<0.1)[0]
36(<1)[0]
250)[2]
3(0)[1]
24(0)[<0.1]

173(0)[<1]
154(0)[0]
153(0)[3]
146(1)[0]
146(0)[1]
118(15)[0]
72(1){0]
58(0)(1]
43(0)[2]
42(0)[<1]
41(<D)[0]
14(<1){0]
=8(1)[0]
9(0)2]
~7(0)[<0.1]
40)(1]

186(0)[<1]
158(1)[0]
158(0)[3]
149(<1)[0}
149(0)[1]
122(12)[0]
76(1)[0]
59(0)[1]
52(0)(2]
46(0)[<1]
44(<1)[0]
18(<0.1)[0]
12(1)[0]
12(0)[2]
5(0[1]
13(0)[<0.1]

165(0)[<1]
149(1)[0]
149(0)[6]
133(D)[0]
1330)[2]
180(22)[0]
90(1){0]
90(0)[<1]
64(0)[2]
61(0)[<!]
ST(<1{0]
39(<0.11)[0]
25(2)[0]
24(0)[<0.1]
8(O)[<0.1]
36(<1)[0]

174(0)[<0.1]
155(D[0]
155(0)[3]
147(1)[0]
147(0)(1]
115(20)[0]
69(1)[0]
630)(1]
50(0)[2]
440)[<1]
41(<D)[0]
15(<D)[0]
12(0)[2]
12(0)[<0.1}
6(0)[1]
1(1[o]

188(0)[<0.1]
159(1)[0]
15%0)(3]
149(<1)[0]
149(0)[1]
117(15)[0]
(D[]
64(0)[1]
53(0)[3]
4700)[<1]
42(<1)[0]
18(<0.1)[0]
13(0)2]
12(0)[<0.1]
40)(1]
10()(0]

Ay (pFrXeF) + pdFsXeFy) - (pdF1XeFy) + pdFyXeF,))
Ay (8(F XeF,) + 8(F1'Xe'F,)) - (8(FsXeFs) + 8(FyXeF4)
B, (8(FXeF;) + 8(F3'Xe'F4)) — (8(FsXeFy) + 8(F,'Xe'F,")
B, (8(F1XeFy) + 8(F)'Xe'Fy) ~ (8(F2XeFs) + 8(F,'Xe'Fs"))
A, (8(F1XeF,) + 8(F,'Xe'F3") — (8(F,XeF3) + 8(F'Xe'F4))
Ay prip(FsNgFs)

By Proop(F sNgF)

B, NgF;-2XeOF 4 coupled modes

B, NgF,2XeOF, coupled modes

A, NgF;2XeOF, coupled modes

Ay pAXeOFF,F5Ey) + p(XeOF, FyFyFy)

A, NgF;-2XeOF, coupled modes

B, NgF;-2XeOF, coupled modes

Ay (pdF1XeF,) + p(FsXeF,)) — (pdF1XeF,) + pdFXeTFy))
A, NgF,2XeOF, coupled modes

B, NgF;,2XeOF, coupled modes

“ Values in parentheses denote calculated Raman intensities (A* u™) and values in square brackets denote calculated infrared
intensities (km mol ™). The aug-cc-pVTZ(-PP) basis sets were used. ® The abbreviations denote stretch (v), bend (3), wag
(pw), rock (pr), twist (p;), umbrella (Symp), in-plane (ip), and out-of-plane (oop). See Figure 9.7b and 9.8b for the atom
labeling scheme, Ng = Xe and Kr for 2XeOF4-XeF; and 2XeOF4KrF,, respectively.
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Table G5. Calculated Vibrational Frequencies of XeOF4-4XeF,

calcd® assgntsb
SVWN B3LYP PBEIPBE Cy
909(62)[51] 883(32)[34] 930(30){39] A, v(Xe,0y)
576(<1)[250] 579(<0.1)[283] 602(<0.1)[293] E, v(XeFy) - vXe Fy)
570(22)[42] 550(27)[43] 575(39)[41] A, [V(XesFs) + v(XesFr) + w(XeaFs) + w(XesF1)]
— [V(XeFe) + v(XesFg) + v(XedFio) + vXesF1,)]
531(10)[4] 540(21)[1] 569(6){1] A, v(XerFy) + v(XeFy) + v(Xe Fs) + v(XeF)
552(1)[500] 538(1)[497] 560(1)[517] E, v(Xe,Fe) — v(XeyFig)
551(23)[0] 535(20)[0] 558(25)[0] B, [v(XeFe) + v(XegFo)] — [V(XesFyg) + v(XesFy,)]
511(63)[0] 503(30)[0] 530(6)[0] B, {[vXe Fy) + v(Xe Fa)] - [vXeF2) + v(XeiF)l}
— {[v(XexFs) + v(XeFs)] - [v(XesF,) + v(XesF 1)1}
503(220)[3] 499(156)[4] 524(143)[4] A, v(Xe,Fs) + W(XesFy) + v(XeFo) + v(XesFyy)
506(6)[77] 499(5)[89] 523(4)[118] E, v(Xe,Fs) — v(XeqFo)
491(25)[0] 495(73)[0] 522(82)[0] B, {[vXeiFy) + v(XeF3)] - [v(XeiFy) + v(XeiFa)l}
+ {[v(XesFs) + v(XesFg)] - [v(XesF7) + v(XesFi)1}
343(4)[4] 341(4)[5] 362(3)[6] E, 8(0Xe FiF,) - 8(01Xe F3F,)
288(<1)[30] 278(1)[42] 298(<1)[45] A, 8p(XeyFiFF3F,)
240(2)[0] 218(2)[0] 228(2)[0] B, [8(F:1XeiFs) + 8(F3Xe,Fy)] + [pul(FsXesFs) + palFoXesF10)]
~ [pe(F7XesFs) + polFr1XesF1)]
226(1)[69] 21 3(<])[71] 223(<1)[70] A, pw(F§X82F6) + pW(F7XC3Fg) + pw(F9Xe4Flo) + pw(F11Xe5F12)
231(1)[]8] 21 1(<01)[16] 221(<1)[19] E, pw(stech) - pw(ngeaFw) or pw(F7XegFg) - pw('FuXesFu)
214(D[0] 209(<1)[0] 218(=<1)[0] B, [8(F 1 XeF2) + 8(F;XeiFa)] + [6(FsXe;Fe) + 8(FoXesF10)]
- [8(F7XC3F8) + 8(F11XE5F12)]
211(<1)[14] 207(<1)[<0.1] 217=[1] A, 3(FsXesFe) + 8(FoXesFio) + 8(FsXesFg) + 8(FnXesF12)
2(0D[25]  207(<0D21]  216(<0D[20] E, [pulFsXesFe) + pulFrXeaFs)] - [pulFsXeiFio) + pulFuXesFir)]
or [pa(FsXesFe) + pulFoXeqF10)] — [pelFrXeslFs) + pulF11XesF12)]
208(<1)[0] 201¢=1)[0] 209(<1)[0] B, [3(F1XeiF2) + 8(F:sXerFa)] - [pw(FsXeFs) + pw(FoXedFio)]
+ [pw(F7XesFs) + pulFuXesF12)]
187(1[0] 193(<1){0] 207(<1)[0] B, pFiXeFy) - pFsXeFy)
160(1)[6] 156(1)[2] 160(<1)[2}] E, 8(F:1Xe,F3)
121(D)[<1] 81(2)[1] 88(2)[1] E, p{XeOF,)
102(1)[<0.1] 63(1)[<0.1] 68(<1)[<0.1] A, XeOF 4 4XeF, def
91(<0.1)[0] 55(<0.1)[<0.1] 60(<0.1)[<0.1] A, XeOF ;- 4XeF, def
86(8)[0] 50(3)[0] 54(3)[0] B, [p«(FsXesFe) + pdFeXeaF10)] - [pdFrXesFs) + pFuXesF1a)
88(1)[<1] 49(D)[<1] 53(1)[<1] E, 4XeF, def
72(<0.1)[<1] 40(<1)[<1] 44(<1)[<1] A, pdXeiF1FoF3Fy)
66(<1)[0] 38()[0] 41(2)[0] B, 4XeF, def
67(<1)[<0.1] 37(<D)[<1] 39(<)[<1] A, XeOF ;-4XeF, breathing
57(D[2] 31(D)[1] 33(D[1] E, XeOF y4XeF, def
39(<0.1)[0] 24(1)[0] 24(D[0] B, 4XeF, def
34(<1)[0] 21(<1)[<0.1] 21(<D[<0.1] A, 4XeF; def
52(D[1] 21(D)[<1] 22(<Df<1] E, XeOF 4 4XeF, def
21(2)[0] 11(1)[0] 11(D[0] B, 4X¢F, def
30(<1)[<0.1] -] 15([1] E, XeOF ,; 4XeF, def
-12(2)[0] -16(4){0] -14(3)[0] B, 4XeF, def

“ Values in parentheses denote calculated Raman intensities (A* u™) and values in square
brackets denote calculated infrared intensities (km mol ™). The aug-cc-pVTZ(-PP) basis
sets were used. ° The abbreviations denote stretch (v), bend (8), wag (pw), twist (py),
umbrella (Sympb), deformation mode (def). See Figure 9.7a for the atom labeling scheme.
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Table G6. Calculated Bond Lengths and Angles of XeOF; (Cy,)*

exptl® caled (Ca)°
SVWN B3LYP PBE1PBE

Bond Lengths (A)
Xe-F, 1.900(5) 1.939 1.949 1.924
Xe-O 1L70(1) 1737 1.742 1.726

Bond Angles (deg)
Fi—Xe-F, 90.0 89.9 89.9 89.9
Fi—Xe-F; 180.0 180.0 180.0 180.0
O-Xe-F  91.85) 928 92.5 92.0

“ See Figure 9.7a for the atom labeling scheme. ® from Ref 103. ¢ The aug-cc-pVTZ basis
sets were used.

Table G7. Calculated Bond Lengths and Angles of XeF,” and aKrF,’.

exptl caled (Dap)®
¢ SVWN B3LYP PBE1PBE
Bond Lengths (A)
Xe-F; 1.999(4) 1.993 2.012 1.986
Kr-F, 1.894(5) 1.870 1.891 1.861
Bond Angles (deg)
Fi~Xe-F, 180 180.0 180.0 180.0
F;-Ng-F, 180 180.0 180.0 180.0

“ from Ref 262 ° from Ref 126. © See Figure 9.7b for the atom labeling scheme. ¢ The aug-
cc-pVTZ(-PP) basis sets were used.
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Table G8. Natural Bond Orbital NPA Charges, Valencies and Bond Orders of
2XeOF;NgF; (Ng = Xe, Kr)°

2XeOF 4 XeF; (Ca)’ 2XeOF4KrF; (Cop)°
SVWN B3LYP PBEIPBE SVWN B3LYP PBEIPBE
Charges
Xey 2.99 3.13 3.17 2.99 3.12 3.16
O, —0.78 -0.81 -0.84 -0.78 -0.81 —0.84
F, -0.57 -0.59 -0.59 -0.57 -0.59 -0.59
F, -0.57 -0.59 -0.59 -0.57 -0.59 -0.59
F; —0.55 -0.58 -0.58 -0.55 -0.57 —0.58
F, -0.55 -0.58 -0.58 -0.55 -0.57 -0.58
Fs —0.58 -0.62 —0.63 -0.49 -0.52 -0.53
Ng 1.21 1.25 1.26 1.03 1.05 1.06
Valencies
Xe; 2.76 2.66 2.54 2.76 2.66 2.54
O 0.87 0.84 0.81 0.87 0.84 0.81
F, 0.41 0.39 0.36 0.41 0.39 0.37
F, 0.41 0.39 0.36 0.41 0.39 0.37
F; 0.41 0.39 0.37 0.41 0.40 0.37
| 0.41 0.39 0.37 0.41 0.40 037
Fs 0.42 0.37 0.37 0.42 0.37 0.38
Ng 0.73 0.62 0.64 0.72 0.64 0.68
Bond Orders
Xe1—Or 0.98 0.96 0.93 0.98 0.95 0.93
Xe1-Fy 0.42 0.41 0.39 0.42 0.41 0.39
Xe-F, 0.42 0.41 0.39 0.42 041 0.39
Xe,—F3 0.44 0.42 0.40 0.44 0.42 0.40
Xe1—F4 0.44 0.42 0.40 0.44 0.42 0.40
Xey---Fs 0.08 0.04 0.03 0.07 0.04 0.03
Ng-Fs 0.32 0.30 0.31 0.33 0.31 032

“ The aug-cc-pVTZ(-PP) basis sets were used. b See F igure 9.7b for the atom labeling
scheme. ¢ See Figure 9.8b for the atom labeling scheme.
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Table G9. Natural Bond Orbital NPA Charges, Valencies and Bond Orders of
XeOF44XeF, and XeOF4-2KrF,.”

XeOF;4XeF; (Ca)° XeOF2KrF; (C1)°
SVWN B3LYP PBE1PBE SVWN B3LYP PBE1PBE
Charges
Xe, 3.01 3.14 3.18 Xe, 3.00 3.14 3.18
0, -0.79 —0.82 -0.84 (o} -0.79 -0.82 -0.84
F -0.56 -0.58 —0.58 F, -0.57 —0.58 -0.59
F, —0.57 -0.58 -0.59
Fs -0.57 -0.58 —0.59
F4 —0.57 -0.58 -0.59
Xes 1.19 1.23 1.24 Kr 1.00 1.03 1.05
Fs -0.61 -0.63 —0.64 Fs -0.52 —0.54 -0.55
Fs -0.56 —0.59 —0.60 Fe —0.46 -0.48 -0.49
Kr, 1.00 1.03 1.05
F; -0.52 -0.54 -0.55
Fg —0.46 -0.48 —0.49
Valencies
Xe) 2.53 2.44 2.54 Xe, 2.79 2.44 2.53
O 0.80 0.80 0.81 o 0.87 0.80 0.81
F 0.35 0.35 0.36 Fy 0.41 0.35 0.37
F, 0.41 0.35 0.37
F; 0.41 0.35 0.37
F4 0.41 0.35 0.37
Xe, 0.68 0.62 0.60 Kr, 0.70 0.61 0.64
Fs 0.36 0.33 0.32 Fs 038 033 0.34
Fs 0.37 0.33 0.33 Fs 0.38 0.34 0.36
Kr, 0.70 0.61 0.64
F; 0.38 0.33 0.34
Fs 0.38 0.34 0.36
Bond Orders
Xe -0y 0.91 0.91 0.93 Xe1—0; 0.97 0.91 0.93
Xe;-F, 0.37 0.38 0.39 Xe,—Fy 0.42 0.37 0.39
Xe;—F, 0.42 0.37 0.39
Xei-F3 0.42 0.37 0.39
Xe1—F4 0.42 0.37 0.39
Xey---Fs 0.03 0.01 0.01 Xej---Fs 0.07 0.02 0.03
Xey---F7 0.07 0.02 0.03
Xep—Fs 0.30 0.32 0.28 Kr;—Fs 0.30 0.28 0.29
Xe,—F 0.35 0.28 0.31 Kr,—F¢ 0.37 0.32 0.34
Kr,-F; 0.30 0.28 0.29
Kr,-Fs 0.37 0.32 0.34

“ The aug-cc-pVTZ(-PP) basis sets were used. ® See Figure 9.7a for the atom labeling
scheme. © See Figure 9.8a for the atom labeling scheme.
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Table G10. Natural Bond Orbital (NBO) Natural Population Analysis Charges,
Valencies, and Bond Orders for XeOF, (Ca,)“

Atom SVWN B3LYP PBE1PBE

NPA Charges
Xe 2.97 3.10 3.14
F -0.55 -0.57 -0.58
0] -0.78 -0.80 -0.83
Valence
Xe 2.51 2.46 2.54
F 0.36 0.34 0.36
0 0.81 0.80 0.80
Bond Order
Xe-F  0.39 0.38 0.40
Xe-O 093 0.92 0.94

? The aug-cc-pVTZ(-PP) basis sets were used. See Figure 9.7 for the atom labeling
scheme.

Table G11. Natural Bond Orbital (NBO) Natural Population Analysis Charges,
Valencies, and Bond Orders for NgF, (Ng = Xe, Kr) (Do)’

XeF, KrF,
Atom SVWN B3LYP PBE1PBE SVWN B3LYP PBE1PBE
NPA Charges
Ng 1.16 1.21 1.22 0.98 1.01 1.03
F -0.58 -0.60 -0.61 -0.49 -0.51 -0.52
Valencies
Ng 0.63 0.56 0.59 0.70 0.59 0.62
F 0.33 0.30 0.31 0.35 0.31 0.33
Bond Orders
Ng-F; 0.32 0.28 0.29 0.35 0.29 031

? The aug-cc-pVTZ(-PP) basis sets were used. See Figure 9.7 for the atom labeling
scheme.
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