


Contents

Part 1.

Experimental and Computational Details 4
Comments on the Reaction of Group 10 Metals with OF 5
Additional Details to th&€€omputationaResults 7
Comments to the Estimation of tBegree of Covalence and Inversion (DCI) 11
References to Part 1 11
Part 2. Figures

Matrix-IR spectra (FigureS2.1-S2.9) 14
Molecular orbitals ofelected oxodifluoride®MF:

OCoR (*A1), ONiR (PA2, °A1), OCUR (°Bz, *A2-1) (Figures S2.0-S214) 23
MO scheme of OCuR?Bz, “A>-1) (Figure S215) 25
Spin density plotsf isoelectronic (4 linear group [9, 10 and 11] transition metal
difluorides, dioxidesand oxo fluorides(Figure S216) 26
Spin densityplots of OMF2 (M = group 10, 11fFigure S217) 27
Part 3. Tables to the main text

Overview about the quantuohemical calculations (Tabis.1) 28
Experimental and computed frequencies of group 10 metal

(Ni, Pd, Pt)fluorides and oxofluorideglables S3.2-S3.5) 29
Thermochemistry othe group 10netal oxfluorides(Table S3.6) 32
Charge and spipopulation analysis d®dMF,

(M =Ni, Cu,n=12; M=Pd,n=2 Pt,n= 2, 3) (Table S3.7) 33

Supporting Tables of Structures and Harmonic Vibrational Frequencies

Part 4. DFT and CCSD(Talcuations:
Structural parameters for OMEM = Ni, n= 1-2; M = Pd and Pt = 1-4) (Table S4.1)34

Computed harmonic frequencies (&pfor ONiF, (n = 1-2) (Table S4.2) 37
Computed harmonic frequencies (éjrfor OPdR (n = 1-4) (Table S4.3) 43
Computed harmonic frequencies (épfor OPth, (n = 1-4) (Table S4.4) 49

Computed structureandharmonicfrequencies for OCubknd OCuk (Table S4.5) 57
Part 5. RHF, Cl andCCSD(T)calculationsontwo different spinstatesof NiOF:

NiOF (2Aq (TablesS5.1-S5.7) 61
NiOF (“AQ) (Tables S5.655.14) 67
Part 6. CASSCF, MRCI, and CASPT2 calculationsONIF (*#'; Cp )

Natural orbitals and CI vecto($ables S6.1, S6.9 73
Structural parameters (Table S6.3) 74
Harmonic vibratioal frequencies (Tables S6S56.7) 76

CASSCF(13,8)/MRCtalculations (Table S6.8) 84



Part 7. CASSCF,CASPT2calculationson different spin states of MiF
Structural parameters and electronic energy differences of selected triplet
and quintestates of ONik(Table S7.1)

ONiF2 (A1) (TableS7.2)

ONiF; (°B1) (Table S73)

ONiF; (°Bo) (Table S74)

ONiF2 ((A2) (TablesS75, S76)

ONiF; (°A1) (Table S77)

ONiF2 (°A>) (Tables SB, S79)

Part 8. CASSCEF calculations of OPdFOPtR, andOPtR
OPdRE (*A2) (Table B.1)
OPtR (*A.) (Table S8.2)
OPtR (*A1) (Table S8.3)

Part 9. CASSCEF calculatiosion different spin stated OCuFandOCuk
OCUuF(#) (Table 9.1)

OCuR (°B2, “A2-1, “A2-2): Structures, relative energies, vibrational frequencies
(Tables S9.2, S9.3)

OCuR: (°By) (TablesS9.4 S9.5

OCuR: (*A2-1) (Tables S9.6, S9.7)

OCuUR (*A2-2) (Tables S9.8, S9.9

87
87
89
91
92
99
104

110
115
118

123

127
128
134
140



Part 1. Experimental and Computational Details Comments on the
Reaction of Group 10 Metals with OF, and Details to theComputational
Results

Experimental Details: Matrix Isolation

The experimental setp used for théR-laser abléon of group 10 metals (Ni, Pd, Pt) and their reaction

with OF, diluted in excess of the rare gases neon and argon, as well as their deposition at 5 K (Ne) and
10-15K (Ar), respectively, using a closerycle helium cryostat (Sumitomo Heauydustries, RIE-

205D) inside a selfnade vacuum chamber (Ibar) has been described in more detail in our previous
works12A pulsed Nd:YAG laser (Continuum, Minilite ll,= 1064 nm, 10 Hz repetition rate, 7 ns pulse
width and a pulse energy of wp 60 mJ/cm?) was focused onto the rotating metal tafyeitQ{ mm)

using a planaonvex lensA 25.4 mm, focal length of 125.0 mm), which gave an energetic plasma
beam reacting wh OF; and spreading towards the cold gpldted matrixsupport.

161%0F, was synthesized by a known procedure using elemental fluorin€ 80é, dispersed in solid

NaF2 FTIR spectra were recorded on a Bruker Vertex 80v spectrometer using an MCTB detector (range
4000450 cm?) with a resolution of 0.5 cth The deposits were annealed up to temperatures of 10 K
(Ne) and 25 K (Ar), respectively, prior to and after irradiatusing different light sources such as a
medium pressure mercury arc street lamp with the glabewed [ > 220 nm), selective irradiations

with highp o we r L E @55405, 365 nm), and a soilstate Nd:YAG laser with quadrupled
frequency (266 nm)gispectively.

Computational Methods and Software Packages

Basis setsDunni ngdés c or t polarzeédi valence basis setssof @osbleiple- and
quadruplezeta quality (cgpVnZ, abbreviated as™ (n = D, T, Q)) were used in both DFT aath
initi o calculations for F, O and thel 2lements. In many cases, diffuse augmentation functionscaug
pVnZ) were included for either all elements of a given molecule (denoted a8)AY only the fluore
and oxo ligands (denoted as (A)X). Scalaf relativistic effects were considered by using relativistic
energyadjusted small core pseudopotentials for #deand %l transition metals® as well as the
corresponding AYiZ-PP basis sets (this basis set combination is denotedragdA\P)).For molecules
including only O, F and @ elements, additional scaleslativistic calculations were performed
differentab-initio levels of theory using the second order Dougflesll-Hess (DKH) Hamiltoniaf®
and the corresponding (AJM-DK basis sts; in our notation, theDK suffix for the basis sets also
implies the use of the DKH Hamiltonian.

DFT calculationsAll DFT calculations wer@erformed using the Gaussian16 program pack:dtjee
exchange correlatioanergy was evaluated at DFT level using the pure GGA functional'BPg6
well as the hybrid functional B3LYP as implemented in Gaussi&hf6.

Ab-initio calculations.Calculations at differenab-initio levels of theory were carried out using the
Molprol9 suite of program%in order to obtain more accurate results for energies and vibrational
frequencies. Both singleeference (CISD, CCSD(T)) and where necessary alsdi-retgrence
(CASSCF"18 MRCI,1920 CASPTZ2%%) methods were used. A tdsted opershell HF (ROHF)
wavefunction served as the reference functioménsinglereference calculations, and the frozen core
approximation was applied when calculating the correlation energies for the evaluation of which only
the valence electronsf the respective elementssgp (O,F), ( + 1)and for the nd elements) were
considered.

Multireference calculations at the CASPT2 and MRCI levels of theory were performed for the ground
states of ONiIF4') and OCuF¥¢') as well as for different electronic states of ONiRd OCuEwhich
cannot be sufficiently well described by a single determinant wave function (see CI coefficients in the
Supporting Information)The choice of the active space (AS) lee tmost critical decision in any
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CASSCEF calculation. General rules for the sbacof a suitable AS for a transition metal complex
were publishe@lsewher&2*andthese were followed here: all fivel Bickel orbitals were includeid
the AS together with thep2orbitals of oxygen, the fluorine ligands are considered as fedaxive.
This resulted in CAS(8)SCF reference function with= 12 (ONiRk), n = 13 (ONiF, OCuk), andn =

14 (OCuFklectrons distributed in 8 orbitals. Rbe highspin states of,-symmetric ONiE (A1, °A,)
and OCuk (*A.), as well as for OCUPE), the inclusion of one additional totally symmetric orbital
(corresponding to thds(M = Ni, Cu) atomic orbital) in the AS was necessary, leading to GAB(
wavefunctions.

Symmetryln preliminary calculations, all molecules were fully optimized (Hgxieg all parameters)

without symmetry restrictions in order to determine the most stable structure for each spin state.

Subsequent optimizations, espegialt theab-initio levels of theory were done within the restrictions

of the respective point grospand the results were checked against those obtained without the use of

symmetry Ci point group).

Frequency calculationfkelevant stationary points oretipotential energy surfaces were characterized
by harmonic frequency calculations for all possikl#opologues using analytical second derivatives

where possible and numerical differentiation in all other cases as implemented in the respective software

packages. All frequency analyses were performed using full molecular symmetry except fer multi
reference levels of theory or when explicitly noted otherwise.

Wavefunction analysidlatural orbitals and spin populations from Mulliken populatioalysis were
calculated using Molpro progrdfbased on a CASSCF wavefunction at the optimised structures at the
highest available level of theofor a given molecule with an active space consisting of $8d(k)

and 2(O) orbitals. The same wavefunctiovas used for subsequent calculation of AIM (atoms in
molecules) charges using the program Multi#fias well as of natural atomic charges which were
obtained from natural population dysis (NPA) using the NBO prograff.Kohn-Sham molecular
orbitals were analyzed and plotted using the program Cherfcraft.

Comments on the Reaction of Group 10 Metals with OF

Excited metal atoms generated byllIRa s er abl ati on are assumed to
OR; to yield the hypofluorites FMOF (M = Ni, Pd, Pt), Equation (1). However, the hypofluorite
intermediate was detected only in the experiments usifedpan. The main products formed in these
experiments are the oxodifluorides, OMmmost likely formed by an exothermic rearrangement of the
initially formed hypofluorites (Equation 2).
bond in tke hypofluorites yields the linear thragomic OMF molecules (Equation 3). In case of nickel

also the bent NiOF molecule was observed. Several routes may lead to NiOF. This could be formed by
cleavage of the NiTF bond ition 4)tGther pdssibeaoutesia the t e

reaction of nickel atoms and OF radicals or by rearrangement of FNiO. The OF radiflalogaine
atoms are major bgroducts of theéaser ablation process the presence of QFIR-Laser ablation of
metalsnot onlyproduces excited metal atoms but also a bitzad radiation from the plasma plume.
Thus, OF and atomic fluorine radicals were formed by phdetmmposition of the QFprecursor and
the initially formed hypofluorites and oxofluorides. Tiee fluorine radtals thus produced exhibit a

limited mobility within the solid matrices and can initiate secondary reactions with metal species trapped

nearbyln the experiments caed out with platinum, an additional oxofluoride of platinum was detected,

which does ntfit into the reaction scheme shown in equations 1 to 4 and which was ultimately assigned

to OPtR. The platinum(V) oxofluoride was likely formed within the solidergas matrices from OP{F

by the reaction with fluorine atoms (Equation Bhe broaebard radiation from the plasma plume can
also lead to the photdecomposition of lightensitive products, which may escape detection. For
example, the photeensitive hpofluorites FMOF of M = Ni and Pt were not detected in these
experimentsbutas mentioné above, in the experiments using palladium metal abldtidhese latter
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experimentdwo different planar FOPdF isomers were obtained (see also Figure 3 in thixhaind
in Table S4.1). In the initially obtained solid argon deposit the leamestgy-FOPdF fAQ isomer was
detecte (Figure S2.7)which likely was formed by Equation 1. In contrast, tingherenergyanti-
FOPdF $AQ isomer wasobservedhroughUV-light photolysis of OPdi(Equation 6 Figures S2.5
S2.7) Both FOPdF isomers rearrangeOPdE under red light radiationt (= 73010 nm, Figures S2.5,
S2.7).

M* + OF2- FMOF ((AQ (M = Ni, Pd, Pt) (1)
FMOF- OMF2 (M = Ni, Pd, Pt) (2)
FMOF- FMO +F (M = Ni, Pd, Pt) (3)
FMOF- MOF + F (M = Ni) (4)
OMFz2 + F- OMFs3 (M = Pt) (5)
OMF:2 + hn (UV-light) - anti-FOPdF $AQ (6)

As shown in Table S3.6 the computed reaction energies féortin@tion of the group 10 oxofluorides
OMF,, from OR and IR laseiablated metals of group 10, M = Ni, Pd and Pt, as well as for thatiorm
of OPtR; according to Equation (5), are strongly exothermic.

IR spectra were recorded from the novel specidatebin solid noble gas matrices (Ne, Ar). In addition
to the group 10 oxofluorides the symmetric and antisymmetric stretching freesi@idhe'®*OF,
precursor give rise to strong bands in the-iRdange af26.2 (892.0) cit (a;) and 825.5 (798.%9m' !

(by) for thenOF,) andn.{OF,) of 1*OF, and®0F; (in parentheses) in solid Ne and at 919.7 (892.7)
cm'? (&) and 825.5 (798.5) crh(by) in solid Ar matrices, respectivef§.Other byproducts of théR-

laser ablation of the group 10 metals in the presence sd@Rhe OF radical and thaolecular binary
metal fluorides Mk (n = 1, 2). The vibrational bnd of the OF radical, located at 103(1.828.6) crm!

180F in solid Ne (Ar in parenthesi$@nd at 1000.2 (997.7) ¢i(*®OF in Ne (Ar)}, is always present

in the IR spectra of the deposits. The bands of the mono and difluoridéa ME, 2; M = Nj?934 Pd3®

and P53°) were safely assigned in oxygénee experiments, in which GQWas replaced by elemental
fluorine. In these exgriments none of the bands assigned to an oxggataining pecies appeared.
Our band positions for these binary fluorides are listed in Table S3.2. Their vibrational frequencies agree
well with previously reported experimental ones and with compute@wdhat are also listed in Table
S3.2 for comparison. In thexperiments with laseablated nickel atoms, a weak band appeared at 646.2
cm'tin solid neon that reveals a wetlsolvedP®Ni/®°Ni/®?Ni isotope splitting (marked by an asterisk in
Figures S2.1,S22). We were tempted to assign this weak feature to arittunpublished rare gasNe
NiF compound, but its frequency is significantly higher than a recent estimate for{blesgasiR band

of ®8NiF (X2P3) at 634.7 cit,?® which nicely agrees with our computed value of 639.1'@hour
highestCCSD(T)/AVTQZDK level (Table S3.2), we have to leathis band unassigned for now. On
the contrary, in the corresponding experiment using a solid argon matrix a broadened band appeared at
625.4 cm? (Figures S2.2, S2.3), which we asstgnNiF in solid argon (Table S3.2). We note that a
similar behaviour s recently reported for CuF &), which also gives rise to a fairly strong and
broadened band in solid argon, but only a very tiny feature in solid*neon.

Supporting Details to the Computational Results
Nickel(l) Hypofluorite NiOF

Electronic structure calculations of the hypofluorite NiOF were performetddowestenergy doublet

2Acand the quartéiddspin states at the RHF, CISD and CCSD(T) levels of theory using different basis
sets (Table S3.1). We note that DFT B3LYP and particularly BP86 calculations failed to predict reliable
OTF stretching fr eqa(€able $4)s Thé refmnce RHA wawéungtignouted u o r i t
subsequently in CISD and CCSD(T), was obtained without the use of symmetry as to allow the
molecular structure to relax into the ground state. Structure optimization and normal mode analysis were
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carried out in the reduced pdigroup symmetrZ; and subsequently checked against the corresponding
calculations in point grou@s. RHF, CISD and CCSD(T) energies &), structural parameters (bond

l engt hs in a nTd pamameteis ¢CCSD(Tiatcuthtiogs)y anck Harmonic vibrational
frequencies zin cn'?) together with their intensities it km/mol) and their relative intensitiel)(are
listed for both pin states of NiOF in Tables S53b.14.

Molecular orbitals for the’Aa and the “Ad spin sates of NiOF obtained at their respective
CCSD(T)/AVTZ-DK equilibrium structures are listed in Tables S5 and S5.84Ad. The unpaired

electron in the groundtate configuration resides in a nonbonding rAetals ed or bi t al of a
(MO 17.1, Tale S5.1). The quartéAdstate arises by promotion of an electron from anmnding

metatbased &éMO into a metald o mi n aMQCeofl mamlijNi(4s)-character (se@able S5.8, MOs

17.1, 18.1 and 6.2). The presence of a doublet grstaid and a clodging excited quartet term was

also observed for the related NiF moleciii& These two lowlying molecular terms arise from different

eledron configurations of the Nion: 2D(3d° and*F(3dt4s').%2 The electronic configuration of tRAq

term of NiOF corresponds to tR8* corfiguration of NiF (3°) and thehigh-spin“Adstate of NiORo

the configuration of théS' term of NiF (3P4s?).

The harmonic vibrational frequencies obtained for both states of Niables S5.455.7 ¢AQ and

S511-S5.14 {AQ are considerably bastst dependent. At the CCSD(T)/AVXDK | ev el t he N
stretching frequency of th&aterm increases strongly from 487 'dnto 573 cm?® as the basis set

increases from the double zeta (X = D) to the triggabasis adincreases fuher only slightly to 580

cm'! using the quadrupieeta basis. The Gstretching frequency is about twice as strong and much

less basiset dependent (Table S5.8pr comparison of experimental frequencies with the computed

values the redts obtained wit the triple and quadruplzeta basis are expected to give the most reliable
estimates. The NiTO 2Ateetmchisndifghequemay aofhet [O& |
than those of théAdstate.

Ni(lll) Oxofluoride ONiF

The 4 electronic state of ONiF was investigd by the multireference methods CASSCE
MRCI**?°and CASPTZ22 The CASSCF wavéunctions which serveds reference for the MRCI and
CASPT2 calalations included 13 electrons and 8 orbitals in the active space (13,8). All fivex Ni 3
orbitalswere included in the CAS together with the three oxygewrBitals. The fluorine ligand is
considered as reddracive and the inclusion of the fluoringp ®rbitals into the AS will not affect our

results concerning a possible oxyl radical charactetranélectronic structure of this nickel oxo species.

This was shown for ONiF and ONik a previous work and is further validated in the present work

by the reasonable agreement between the computational and experimental vibrational frequencies (see
main text Table 1 and Table S3.3).

Structure optimizatiomnd normal mode analysis for tHg electronic state of ONiF were carried out

in the reduced point group symme@y. To confirm the electronic state the results were checked against
the calculation carried out ithe C,, point group symmetry. atural orbitals (CASSClevel) were
obtainedat the structure optimised at the CASTP2/VVDK level for the electronic ground state and
listed in Tables S6.8.

The analysis of the multiconfigurational wave function of 48eelectronic ground state of ONiF in
terms of the weights of the contributingnfiguration state functions (CSFs, Table S6.8) reveal that the
wave function is dominated by only 72% by the configurattbe? p* p*? s**. Thed orbitals [3(x*

y?), 3d(xy)] are nonbonding, whereas tlpeands orbitals reveal considerably mixing of tBe(xz),
3d(yz) and the 8(z%) with the oxygerbased B(x), 2p(y) and the B(z) orbitals, respectively. The next
dominant CSFs comprise simultaneous single excitations, one ertyusithin thep-space (11%) and
two further within thes ands*-MOs and oe set of thg-p* MO & (3%, Table S6.8).

Nickel Oxodifluoride, ONiF»



In Table S4.1 we have listed results from preliminary DFT (B3LYP and BP86) and CCSD{3/AV

DK (n = D, T) calcuation for the two lowesenergy spirstates of ONik: Increasing the basia the

CCSD(T) calculations from double to triple zetaresultsinaminorrde ase of t he Ni 1T O ai
lengths. While thd diagnostics for théA, states is well within the recommended range for a reliable

single reference calculation on'&®w TM (T < 0.05f44°aT; value of 0.055 for theA: term indicates

significant multiréerence character for this sgsitate.

Four triplet states of ONiFfwere optimized at the CASSCF level with an active space of 12 electrons in
8 orbitals (12,8) with subsequent CASPT2 correlation treatongy a CASSCRTZ-DK reference
wave function andstateaveraging formalism, where each irreducible representation was included with
equal weights of 0.25 for the four statés, 3B1, °Bz, 3Az. In the AS for these triplet states, the fivat 3
orbitals of nickel and the thre@ Brbitals of oxygen werancluded. Again, the fluorine valence orbitals
were considered to be essentially doubly occupied. Subsequentif, tireund state was +@ptimized

in C1 point group symmetry using a stapedfic (SS)CASSCF(12,8) wave function for the CASPT2
treatment Table S76). The calculation of the quintet states required the inclusion of one mbt® a

into the active space (corresponding to ts@4 atomic orbital), resulting in an active space d,@).

For the quintet states, a stateeraged wavefunction thi equal weights of 0.5 f6A; and®A, was used.

Cl vectors and the natural orbitals obtained at the CASSCF(12,8)/CASPT-DWTEZiplet states) and

the CASSCF(12,9)/CASPT2/VFRK (quintet stags) levels, respectively, are listed for all six spin
states bONiF. in Tables S2-S709.

Table S7.1 lists optimized structural parameters for each considered state and relative CASPT2 state
energiesDEcaspry) relative to the lowest state within the triplet and quintet state manifolds. In addition,
the relative ergies for the two quintet states related to the trif\etground state are given BEwrci.

These were obtained from MRCI single point calculatiosing stat@averaged reference wave functions

by mixing the three spin stat¥s,, 5A; and®A, with equalweights and an AS of (12,9) at the minimum
structures from the respective CASPT2 structure optimizations. The MRCI single point energies suggest
a very small tripletquintet gap of only &J mol ! in favour of the tripletA; state.

While the®A;t er m has the shortest Ni TO bond | engths o
guintet states show significantly longer NiTO b
angles (Table ST). Like the CASPT2 results presented in Table &&& the CCSD(T)/AVTADK

calcul ations predict a | engt he7mandld%respectively,dor Ni 7T O
the quintet state (Table S4.1).

Vibrational data of ONiF (A;) were obtainedin the C; point group symmetryat the
CASSCF(12,8)/CASPT2/VTDK level (Table S76). This procedure failed for the lowest quintat

term, probably because numerical displacements without symmetry restrictions lead to jumps between
potential energy surées (PES) of different quintet electronic states.

Additional results for the different spstates of ONiks uc h  as Ni T €pin poputationscandd e r s
atomic charges are collected in Tables &F757. Interestingly, the small negative NPA charge of the

oxo ligand decreased on the transition from the low spinstate ( 1T 0. 226) t o $he hi gh
10.127), and the spin détysat the oxo group increases considerabhs(1.03,°A: 1.75) Tables 3.6

and S77). To shed light on these counterintuitive features the wave functions for these two spin states
were analysed. The wave function for tAe spin state (CASSCF(12,8ASPT2/VTZDK, Table S73)

i s well dominated by a single CSF (78%) with two
p*-orbitals. Other significant contributions to this wave function come from CSFs which involve two
simultaneous single excitations within thg* MOs (4%), and a double excitation fragnto s* MOs

(3%). The leading configuration can be described(&3? d(xy)? p(y)? p(X)? s (z)? p*(y) * p*(x) * s*(2)°,

with two doubly occupied and mainly nonbonding metdlobitals [d(x?), d(xy)], and two singly
occupi ed Ni TpOMOs (px)ipdrpemdiduilantg the molecular plane Table3B7.



The leading configurations for the clelseng °A; and A, terms differ from the dominantA,

configuration by a single electron excitation framonbondingl(xy) (°A1) andd(x?) (*A2) MO into the

s(z)* MO, respectively (Tables S7.S78). These CSF connigse 80% A1) and 86% YA.) of the wave

function at the CASSCF(12,9)/CASPT2/VIXK level (for other significant CSFs see Tables7S7.

S78). A closer look at the natural orbitals for the leading CSF ofAhestate discloses an antibonding

mixing in thissingly occupied nicketlominated 8(xy) MO with the fluorine p(x) orbitals (Table S7).

The higher occupation of the antibondia@z)* MO in these quintet terms is consistent with the
computed |l onger NiTO and Ni T F3Aiernm(dee manrtexfalbless ¢ o mp ¢
S7.)).

Copper Oxofluorides, OCuk, (n =1, 2)

The copper compounds OCuB£() and OCuE (°B2, “A2)'*® were reinvestigated at CCSD(T) and
CASSCEF levels of theory (Table S3.1) Structure optimization and normal mode analysis were carried
out in theC,, point group symmetry at the CCSD(T) level (Table S4.5). Using the optimized structures,
natural orbités were obtaied at the CASSCEF level with an active spaaaelectrons im orbitals (n,n)

(for OCuUF (14,9); for OCuH13,8)), and listed in Tables S9SB.9 respectively. The calculated bond
lengths for the linear OCuF molecule in & ground state, QtF (1.712 A) and CilO (1.668 A), are

in good agreement with our previous study where scalar relativistic effect¢akereinto account by
means of a relativistic small core ECP for copi@ecause of a higFy-diagnostics value in the CCSD(T)
calculation of 0.081, wih indicates significant multieference character of the wavefunction (Table
S4.5), we have carried out calculationtla® CASSCF(14,9)/CASPT2 level of theory (Table S9.1),
which lead to shorter bond lengthsdafio = 1.634 A andiciio = 1.687 A.

For OQuR;, one?B; and two different energetically lolying *A. states were calculated which all have

planarC,, symmetric stuctures. At the CCSD(T)/VTDK level of theory, we found the doublet state

to lie about 20 and 45 kJ mblower in energy (Tables S4.5 and S9.2) than the“fyostates, thus

confirming our previous CCSD(T) restlhe two*A,st at es s how v eonglendthsf f er en
and FTCulTF angles (Tabl e “S4tats(lpbelledhe2) momesporgletaa cal |y
loosely bound adduct between linear €aRd an oxygen atom, leading to affucture with a large

CuiOdig ance of 2. 045 glgof 868.8°. The sécorf@isiateé f{Aalh adopt a short

CuO bond I ength of 1.700 | and a significant st
However, theT:-diagnostics values of 0.05€B6), 0.053 {A,-1), and0.027 (A,-2) indicate alreadg
considerably multreference character of the wave functions for g and the*A,-1 states**°
Therefore,we have also performed CASSCF(13,8)/CASPT2AOK and CASSCF(13,9)/VTDK

calculations for all three states (Tables S8%9), as well as comparable NEVPT2/VDK

calculations for the twA, states (Table S9.3). These calculations confirm the sraflience character

for the?B; and the?A.-1 states, since the contribution of the most dominant configuration to its wave
function at the CASPT2 level comprises only 74.9% and 85.2%, respectively. Interestingly, the energetic
order of these states is changidstically at this level, and in contrast to our CCSD(T) calculations, but

in agreement with the previous wdtkthe two bound states are now prediated, close in energy with

the?B; state lying slightly higher in energy (6.6 kJ fdpthan the!A,-1 state, whereas thmbound'A-

2 state was found to lie about 32 kJ thabove the/A,-1 state (Table S9.2).

An analysis of the electronic structurestloé two spin states showed that the single unpaired electron

of the?B; state occupies the antibondingi@u “py(Q)-d(yz)] orbital which is mainly localized at the

oxygen atom (Figure S2.17). THg and®A; states only differ for the occupation of theggin ane °~ * MO
[px(O)-d(x2z)] (doubly occupied ifB, and singly occupied in botth, st at es) and -t he ant
MO [pz(0)-d(z%-y?)] (unoccupied irfB,, see Figure S2.15). The two singly occugigeMOs in“A,-1

are involved in threelectronp-bonding interactions to the copper atom, while they represent two
nonbonding oxygengRorbitals in*Az-2.



The*Ax-1structurewaseported to be very sensitive to the ¢
bond | ength and t*h»AsthefFOCSN(T) lIEvetbloen d C wain @ntaleis prediiated

for the two bound state®; andA>-1 at | ower wavVv e n psdiches betweem &80 t h e
cmtand600cit( Tabl e S4.5). This prediction is also |c
the highspin ONIF, (°A1) state (630 cfit - 660 cn?, Table S4.2), for which the leading configuration

differs from that for OCuf(*A2-1) only in the occupation of a nonbondingd(33/)-MO (Table S7.6).

This result agrees well with the result of a previous study, in which onlytielbA -1 state of OCuF

was considered and in which consistent Cul O fregq
(568.9 cm!) and CASPT2 (588.8 crf) levels of theory® Our CASPT2 calculation strongly
overestimatestheb ond i nteraction and t heA4stater(@oundh0d0 Cutl O
cm'1). This prompted sito carrying out analogous NEVPT2 calculations which indeed yikld/er

Cul O f r equet@able 8%3), Bubwhichdsrstill significantly higher than the one previously
reported, which is currently t h'a-lbtatsst esti mate f

Only the strongest band of OCUF t h e a nt®€ y mmskEetchirg dand was previously
reported af72.0 cm. Since this band did not show abg(*¢*%0) isotope shift, these experiments did

not alow a clear determination of the electronic ground state of @QWétre future experiments are
therefore needed for an unambiguous experimental assignment of the lowest electronic state.of OCuF

Palladium and Platinum Oxofluorides, OMF, (M = Pd, Pt,n = 1-3)

The linear molecules OPdF and OPtF, like ONiF, hd&eground states, where the three unpaired

el ectrons are accommopmyO)d & zi n y iz Wdz?)- (@)W dOBseEet t{ €~ *
main text, Figure 9). A spin density analysis (Figure 6Rrévealed that the unpaired electrons that

resi de -MOs are wedl sharéd between the metal and the oxo ligand (see below for further
discussion), which results in a considerable oxyl type radical character of the oxo ligand.

CCSD(T)/AVTZ(-PP)calculationswere performed on OPiland OPdEusing DFT BP86/AVTZ{PP)

optimizedCy,, structure as starting structures. The lowastrgy triplefA, and quintefA; states were

both investigated. The triplet states are found to be lower in energy thquiritet states by 142 and

113 kJ mdl* (PB86/AVTZ(-PP)) for OPtEand OPdE; respectively (Table S4.1). These two states show

di fferent MI O bond | engt hsspiTmes tMa tOe HpandL.988@ & gt h(s
( QPBPB6/AVTZ(-P P) ) are | onger than those in the cc

(OPdR), 1.74 3 (OPtR)). A reasonable explanation for this observation is that the excited state

configuration arises formally by an electron excitation out of a doublypied nonbonding metal

centeredMO(@( xy)) in the ground st at:e/(O0)dixtyd). AtougMT O an't

OPdk and OPtthave wvery similar MT O bond |l engths the

frequency of OPtHs predicted at a highérequency {A2: 871 cm'Y) than that of OPAR>A,: 828 cm?)

atthe CCSD(T) level, whichindiat es a hi gher ¢ o\Geolndstate spinadnsitiesh e Pt 1

of both compounds are displayed in Figure Szahd urther structural parameters and comeplu

vibrational frequencies at different levels of theory for the two considered stategexterithe Tables

S4.1, S4.354.4.

The planar triplet FOPdF chain molecules have af¥Pdpnfiguration with two unpaired electrons
accommodated ipredominantly Pd@-MOs. For the lowesenergy FOPdFAQ the SOMOs consist

of the inplane 4i(xz) and tle 4d(Z)-MOs with some admixtusof the corresponding oxygemp(@&) and
2p(z) atomic orbitals, respectively, while the unpaired electrons dcdntid=OPdF(*AqQ isomer reside

in the 4(z%)-MO and the d(x?- y?-MO, which would be a nebondingd-type-MO in a linear G Pd- F
chain The leading configuration f@PtR, (*A1) (92 %) is well described s(PtOY p(x)? p(y)? 5d(x?)?
p*(x)* p*((y)* 5d(xy)! s*° (Table S8.3), wherehtee unpaired electrons are accommodated in one
weakl y Pt 1 Rdxg)nahd Mo antiboridingg*(pxy(0)-d(xz,yz)}MOs.
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Comments to the Estimation of the Degree of Covalence and Inversion (DCI)

The metaligands-interaction in the Ishaped oxodifluorides and the planar QRife arranged along
the metabl(z%1 y?)-orbital density, maing this orbital to a high energlyor the highspin states cDNiF,
and OCukthis MO is singly occupied and adaphigh 3i-orbital contribution (ONiE (°A1): 77 % Ni;
OCuR: 72 % Cu fA2-1), 94 % Cu (*A2-2) with someds, 4p admixtures. In contrast, $iMO is not
occupied in the lovspin states of the oxo difluorides and for ORiRd here it adopts a larger metal
oxygens-antibonding character. The high metal contribution of this singly occepid® is shown by
the considebly lower oxygen DCI valuefor the s-spaces othe high-spin state€ONiF. (°A;) and
OCuR, (*A2-1) compared to those for the corresponding-Epin state¢Table 3 in the main text), since
for reasons of consistentlyis highestenergy metal MO was chosen for the estimation oésie DCI
values and not the likely more antibonding metal (s-M.

The MO analysis and the DCI values for fhbonded'A,-1 state of OCukreveal a surprising similarity

to those of the related higgpin ONiR: (°A;) state (Table 3 in the main text). Hever, as already noted

in the computational section, our CASSCF(13,9)/MDK calculations overestimates tpenteraction
inthe“Ax>-1stateof OCuFand yi el d an unreasonable short Cul O
which is significantly shortethan that of théB, state of OCug( 1. 7 4 8 , Table S9.5)
Ni T O b o A, statenof ONizé 1. 7 2 5 7). With thi$ ie mir&l 7t can therefore safely
conclude that the inversion of thespace will significantly increase going fra@NiF; to OCuFk, and
thep-bond order wil/ decrease accordingly. Consi st
‘Ar-2 date of OCuE(d( CuO) = 1. 945 p*MOsTasebheagily iBverted (pbouit 980

oxygen contribution, Table 3 in the maéaxt). The analysis of the natural orbitals (Table S9.9) revealed

two singly occupied oxygenp@p)-orbitals that do not intecawith the appropriate copped-8rbitals,

and both contribute about one unpaired electron to the total spin population oftl2e00x0 group

(Table 3, main text).
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Part 2. Figures

Matrix -IR Spectra
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Figure S2.1. IR Spectra of the reaction products of lagblated Ni atoms witkf*8OF, (0.1%) seeded

in excess Nga) co-deposited for 120 min atl5, (b) difference spectrabtainedafteee = 470 nm ( LE
irradiation for 40 minfollowedby (c)a= = 193 nm (exci mer | as(r) i rro
subsequent annealing to K1An unassigned feature is marked by an asterisk.
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Figure S2.2.IR spectra of the reaction products of lagalated Ni with(a) °*OF; (0.05%) and(b)

161%0F, (0.1%) seeded in excess Ne anddeposited for 120 min at 5 KJnassigned features are
indicated by an asterisk.

15



Ar NiF, @)
u NiF
| ""ONiF,
3| |
c Is% Tk
S
= ‘ (b)
C
I‘_E I ' SONiF
]
1 (c)
I (d)
I L l 1 I L I [l
850 800 750 700 650 600

Wavenumber cm™

Figure 2.3. IR Spectra of the reaction products of lagblated Ni with'®OF, (0.5%) £eded in excess

Ar: (a) co-deposited for 105 min at 1R, (b) difference spectrabtained aftele- =

irradiation for 40 min followed by (c) &
subsequent annealing to RO

193

16

nm (exci mer

470 nm
| asd@r)

(LE
irr



16
i J co,
|
. 16 -
: NiF, ONiF, e
o
O
£
(72}
c
©
I_
[s% 7 Ar
| | | |
850 800 750 700 650 600

Wavenumber cm™

Figure S2.4. IR Spectra of the reaction products of lagblated Ni with 0.5%a) °OF, and(b) *OF,
see@d in excess Ar anado-deposited at 1K.
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Figure S2.5.IR spectra of the reaction products of lagblated Pd atoms witl"*¥OF, (0.1%) seeded

in excess Nefa) co-deposition for 180 min at 5 Kb) difference spectra obtained afer = 730 nm
(LED) irradiation for 15 mipnand(c) subsequene+ = 266 nm ( LED) iAnr adi at i
unassigne®=Pd band isndicated by* (*°0 isotopologue) and ***fO), respectivelysee Table S3.4)
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Figure S2.6. IR spectra of the reaction products of laablaed Pd with(a) 1*0OF., and(c) 1¢*¢0F, seeded

in excess Ne ahcodeposited for 180 min aths, anddifference spectrabtainedafteras = 273 ( LED)
irradiatiors for (b) 10 and(d) 20 min, respectivelyAn unassigned O=Pd band is indicated by®®(
isotopobgue) and ** {80), respectivelysee Table S3.4)
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Figure 2.7. IR spectra of the reaction products of lagblated Pd with®¢*%0F, (0.5%) seeded in excess
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Figure S2.8. IR spectra of the reaction products of lagklated Pt witt{a) °OF. (0.05%) andb) *OF
(0.05%)co-depositedn excess\e.
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Figure S2.9. IR spectra of the reaction products of laablated Pt witl{a) °OF, (0.5%) andb) *OF
(0.5%) co-deposited in solidhr, (c) difference spectra obtainedafer = 730 nm (LED) irr

30 min, followed by(d) &= = 4 5 5 ) irradiatibnLfEA@ min An unassigned feature is indicated
by anasterisk.
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Molecular Orbitals of Selected Oxodifluorides OMF, and Spin Densities of OMF (M = group 9,
10, 11) andOMF; (M = group 10, 11)Compounds

Oco FZ dS CZv aAl

28 - 2p,(0)-3dy

27 - 2]7)((0) -3dx,

26 o 3d,-2p,(F)

25 09034,-2p,(0)
¢ <
L o

MO-28 by; 1 2p(0)-3dy MO-27 by; * 2p(0)-3dx. MO-26 ay; T 3dxy-2p(F)
MO-25 a;; 6* 3dx2-2p,(0) MO-19 by; 17 3dxA42p,(0) MO-16 by; 17 3dy+2p,(O)

Figure S2.10 Selected molecular orlgits of OCoE (*A1, Cz). (B3LYP/AVTZ, Kohn-Sham orbitals
with Uspin; isesurface= 0.08 electron a.if)

;ﬁn 2 ohs

MO-28 by; T7* 2p(0)-3d-2py(F) ~ MO-27 by; T 2p(0)-3dk,  MO-26 @y T7* 3dy-2py(F)

. 8 A

MO-25 a;; 6* 3dw-2p,(0) MO-19 by; 17 3dx+2p(0)+2p(F)  MO-16 by; 1T 3dyz+2p(0)+2p(F)

ONiF, «

28 o 2p,(0)-3dy,
27 o 2]7((0) 3d‘(£
26 0® 3d,-2p(F)
25 0@ 3d, ,-2p,(0)

19 00 3d,+2p(0O)

Z

Figure S2.11 Selected molecular orbitals of ONiFA,, Ca). (B3LYP/AVTZ, Kohn-Sham orbitals
with Uspin; isesurface= 0.08 electron a.if)
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Figure S2.12 Selected molecular orbitals of ONiPPA1, Ca). (B3LYP/AVTZ, Kohn-Sham orbitals
with Uspin; isesurface= 0.08 electron a.if)
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Figure S2.13 Selected molecular orbitals of OCuEB,, Cz). (BP86AVTZ(-PP) Kohn-Sham
orbitals withUspin; iso-surface= 0.08 electron a.i$)
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Figure S2.14 Selected molecular orbitals of OCu@A2-1, Cy). (BP86AVTZ(-PP) Kohn-Sham
orbitals withUspin; isesurface= 0.08 electron a.if)
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Figure S2.15 Qualitative molecular orbitalschemeshowing the interactionbetweenCuF, and an
oxygen atonthat lead$o OCuR in thetwo different spin state8, (Right)and*A.-1 (Left). The frontier
MOs for the two OCufspin states were derived from CASSCF(13,9)/MJK calculations (Tables
S95 and S97). Contributions byfluorine 2p orbitals are not shown.
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Figure S2.16 Spin densities of isoelectronid () group [9, 10 and 11] transition metal compounds
(BP86AVTZ(-PP), isesurface = 0.08 electron d3).
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Figure S2.17. The spin density of OMFgroup [10 and 11] transition metal compounds obtained at the
BP8GAVTZ(-PP) level for M = Pd and Pt (issurface = 0.03 electron d3l), CASPT2/VTZDK level
for M = Ni and at the B3LYRXVTZ(-PP) level for M = Cu, Ag and Au (issurface = 0.03 electron’ A

3)_1
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Table S3.1 Overview about the quantuohemical calculations performed in this work.

Part 3. Tables to the main text

Structure optimisation and fregncy calculation

Molecule(s) Method(s) Basis set(s)
- B3LYP, BP86 AVTZ
RHF, CISD, CCSD(T)  AVnZ, AVnZ-DK (n=D, T, Q)
B3LYP, BP86 AVTZ
, CCSD(T) AVNZ, AVnZ-DK (n = T, Q)
ONIF CASSCF, MRCI, CASPTZ AVnZ, AVnZ-DK (n =D, T, Q)
MRCI @ VTZ-DK @
B3LYP, BP86 AVTZ
ONiF, CCSD(T) AVNnZ, AVnZ-DK (n =D, T)
CASSCF, CASPT? VTZ-DK @
B3LYP AVTZ(-PP)
CCSD(T) AVTZ(-PP)
OCuR(n=1,2) ccopemy VTZ-DK 9, (A)VTZ-DK
CASSCF, CASPT? VTZ-DK @
OME, (M = Pd, B3LYP, BP86 AVTZ(-PP)
Ptn=1,2)  ccsp(m)? AVTZ(-PP)?
FOMF (M = Ni, B3LYP, (BP86) AVTZ(-PP)
Pd, Pt) CCSD(T) AVTZ(-PP)
OMFs (M = Pd, B3LYP, BP86 AVTZ(-PP)
Pt) CCSD(T) AVTZ(-PP)
OPtR CASSCF, CASPT? AVTZ(-PP)?
OMFs(M=Pd, g3 vp BPge AVTZ(-PP)

Pt)

a): Optimized structurgvas used for single point calculations at the CASSCF levidj tise same
basis set(s) to obtain spin densitiegtural orbitals, NPA and AIM charges.
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Table S32. Comparison of observed and computed vibrational frequencies {(th fombinary
metalfluoridesMF» (M = Ni, Pd, Ptn=1, 2)

Exp. Calc. (Int.)
sym.| Goun cCsD(Ty Modes

Ne | Ar | Arref] | ST | cespry | BaLvrr | BPse
639.13 | 61298 | 614.44(78) | 618.04(69)| a(*Ni-F), B
NIF | Cov| %0 | 646.2 |625.4| 634723 63650 | 61046 | 611.91(78) | 615.50(69)| 3(*Ni-F), B’
611.91(78) | 613.10(68)|  3(*Ni-F), '
800.1 | 779.5| 779.4® | 81917 | 80642 | 804.01(180)| 794.56(123) 3(*NiiF), B
NIF; | Don | B | 794.9 | 774.4| 7743% | 81375 | 80109 | 798.69(177)| 789.30(121) 3(NiiFy), B’
790.0 | 769.4| 769.3% . . 793.68(175)| 784.35(120)  3(Nii ), B
542.5 S(9PUF), B
541.7 3(OPAF), B
el ol | 2 | - | : 541.3 3(OPAF), B
547.5 | 540.3| 540.9% 540.9 3(OPAF), B
544.5 540.1% 540.1 S(1OPAF), B
539.4% 539.4 3(HPAF), B
621.2 (OPAFy), B
619.5% 619.6 (UPAFy), B
var | oo, | & 618.8% 618.9 S(OPAFy), B
650.8 | 618.1| 618.1% 618.0 (OPAFy), B
649.2 | 616.6 616.5% 616.8 (OPAFy), B
647.8 | 615.1| 615.1% 615.0 3(HPAFy), B
PtF| Cov | %@ 605.6 | 590.0 ) ) ) . 575.15(47)| 3(*%PtF), B
PtF | Don| % | 7101|6956 ) 731.36 ; 708.17(118)  s(**PLFy), B

Values arecalculated at th&€€CSD(T)AVT(Q)Z level with DK 2 and without DK? and the DFT®
B3LYP/AVTZ(-PP) and' BP86AVTZ(-PP) levels® ¥ex15= 634.7 ct in gas phas€.SVFF: simple
valence force field.
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Table S33. Comparison of observed and cortgnivibrational frequenciesrfi'®) for ONiF, (n= 1, 2)

Ground

Exp.

Calc. (Int.)

SYM- | “state | Ne Ar BPS6 B3LYP® Modes
8465 | 797.1 | 863.59(15) | 868.52(62) | 3(*Ni-“0), &
ONIE 8419 | 792.0 | 860.36(14) | 863.93(60) | 3(*Ni-10), ¢*
837.6 ] 857.35(14) | 859.64(58) | 3(°Ni-1%0), *

o | g 6511 - 647.68(49) | 654.67(71) | s(Ni-F), E
821.2 - 825.69(15) | 839.48(72) | 3(*Ni-*0), E*
ONIE 816.1 ; 822.26(14) | 834.51(70) | 3(°*™Ni-10), &*
i ; 819.06(14) | 829.85(68) | 3(°Ni-1%0), E*

6471 . 639.93(42) | 645.34(61) | 3(*Ni-F), &
7558 | 744.9 | 716.49(122)| 746.90(159)| 3.{*NiF2), B,
CONIF, 7511 | 740.3 | 712.02(121)| 742.16(157)| 3.{*NiFs), B,
746.8 | 736.0 | 707.82(119)| 737.70(155)| 2.{*NiF2), B

. . 6403 | 629.7 | 611.85(12) | 628.11(18) | 3C*NiF2), Ar

v Ao -

755.8 | 744.9 | 712.02(121)| 746.90059) | 3.{*NiF2), B,
ONE 751.0 | 740.3 | 712.02(121)| 742.16(157)| 3.{*NiFs), B,
: 746.7 | 736.0 | 707.81(119)| 737.69(155)| 2.{*NiF2), B
637.6 | 6272 | 610.61(11) | 627.23(18) | 3CNiF2), Ar
oF 557.4 i 665.94(74) | 559.19(23) | 3(Ni-*0), Aq
o | g |5547 ] 664.10(74) | 557.16(23) | 3(°*™Ni-%0), Aq
A X T5361 - 642.52(78) | 534.51(21) | 3(°™Ni-10), Aq
533.6 ] 640.70(79) | 532.38(21) | 3(°*™Ni-180), Aq

Values are calculated tite DFTBP862 & B3LYP/AVTZ levels® using the Gaussialb package.
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Table S3.4. Comparison of observed and contgdi vibrational frequenciesifi’?) for OPdFR (n= 1, 2)

Species | Sym. | State Ne EXp. Ar BP8@Calc. (Intl)BBLYPb Modes
653.6 634.3 | 621.69(132) | 643.38(166) | 3.{*PdR), B
652.9 633.6 | 620.94(132) | 642.80(165) | 3.{'°PdR), B,
OPdE 652.1 632.7 | 620.21(131) | 641.83(165) | 3.{'°PdR), B.
650.7 631.3 | 618.79(131) | 640.32(164) | 3.{'°PdR), B.
649.3 629.9 | 617.35(130) | 638.80(163) | 3.{*°PdR), B.
c s, | 5861 - 560.60(14) | 575.26(21) | 34(°%PdR), A;
Y 653.5 634.0 | 621.68(132) | 643.38(166) | 3.{*PdR), B.
652.7 633.3 | 620.94(132) | 642.60(165) | 3.{'°PdR), B,
OPdE 652.1 632.5 | 620.21(131) | 641.83(165) | 3.{'°PdR), B.
650.6 631.1 | 618.78(131) | 640.32(163) | 3.{'°PdFR), B,
649.2 629.7 | 617.34(130) | 63880(163) | 3.{*PdR), B,
585.9 - 560.60(14) | 575.08(21) | 34*°PdR), A;
- 598.4 - 637.48(149) | 3 PdF)
FeOPdF - 597.3 - 636.73(148) | 3 (PdF)
e | g - 596.2 - 635.27(148) | 3 PPdF)
' - 586.0 - 630.16(153) 3 PPdF)
F8OPdF - 584.6 - 629.44(153) 3 0Pd-F)
- 583.4 - 628.02(152) | 3 PPdF)
FOPdF | ipg | 0387 6234 - - 3 ()
FLBOPdF ° “ | 6354 619.8 - - 3 ()
784.9 757.4 | 791.40(43) | 778.82(33) 3 (-©Pd)
7842 756.8 | 790.75(43) | 777.54(32) 3 (-5Pd)
150PdE 783.7 755.5 | 790.12(42) | 778.17(32) 3 (-OPd)
7825 754.3 | 788.88(41) | 776.30(31) 3 (-Pd)
781.8 753.3 | 787.64(41) | 775.06(31) 3 (-9Pd)
Co, | 4 | 580.2 573.7 | 594.55(65) | 602.04(96) | 3(°PdF) :
7493 7233 | 755.56(47) | 743.92(40) 3 (-©Pd)
748.6 7227 | 754.84(46) | 739.72(37) 3 (-OPd)
1HOPGE 747.9 722.0 | 754.13(46) | 742.48(39) 3 (-9Pd)
746.7 720.7 | 752.76(45) | 741.11(38) 3 (-O%Pd)
7455 719.4 | 751.39(44) | 739.72(37) 3 (-OPd)
580.2 573.7 | 591.38(59) | 598.32(88) | 3 ¥PdF) ¢
unknown 768.1 - 3 (-OPd)
band* 766.9 - 3 (-'®Pd)
(*°0) 765.6 - 3 (-OPd)
unknown 735.7 - 3 (-®Pd)
band** 734.3 - 3 (-®Pd)
(*0) 732.9 - 3 (-Pd)

Values calculated @ahe DFT BP86 and B3LYPAVTZ(-PP)® levels tsing the Gaussiab6 package.



Table S35. Comparison of observed and cortgnivibrational frequenciesrff?) for OPtF, (n = 1-3)

Species Sym.| State Exp. Cale. (Int) Modes
Ne Ar BP86 B3LYPP
1SOPLR, 712.6 709.1 | 663.18(87) 691.05(118)| 3.{'*®PtF,), B;
S I 666.6 | 632.04(44) 661.60(60) | 3 ¥PLFY, Ar
- 712.6 709.1 | 663.17(87) 691.04(118)| 3.{'**PtFy), B,
i 665.0 | 631.81(43) 661.25(58) | 3 ¥PLFY, Ar
160PtF Cou| g 611.8 - 619.87(90) 629.64(115) 3 PtF), Z
18OPtE 6118 - 619.61(89) 629.43(114)| 3 €PLF),
“OPWR | |, | 6502 6352 | 61185(138) 628.94(160)| aul*PLF) Br
80Ptk 650.2 635.2 | 611.79(139) 628.92(160)| 3.{'*PtF.), B,

Values calculated at the BP8& B3LYP/AVTZ(-PP)® level using the Gaussidr package

Table S3.6. Themochemistry of metal oxfuorides in kJ mdF @

B3LYP/AVTZ(-PP) CCSD(T)AVTZ (-PP)

Ni + OF ThONiF -561.12 -559.22 -593.27 -591.37
Ni + OF THNiOF -261.73 -261.86 -286.30 -286.43
Ni + OF; ThONiF, -596.20 -595.41 -609.57 -608.79
Pd + OFTHOPdF -401.29 -401.49 -365.36 -365.56
Pd + OFTHPdOF -200.84 -213.12 -185.80 -191.88
Pd + OR MHOPdFR -446.12 -446.70 -393.05 -393.63
Pd + Ok THFOPAF(’AQ) -372.15 -372.19 -317.15 -317.19
Pt + OFMHOPtF -540.00 -539.07 -540.79 -518.74
Pt + OFMHPtOF -198.75 -210.34 -245.60 -257.19
Pt + OR MHOPtR -637.44 -630.36 -630.42 -630.36
OPtR + FTHhOPtR -257.56 -213.96 -230.19 -226.35

[a] Values initalic style are corrected for ZRB3LYP/AVTZ(-PP))obtainedfrom a harmonic
frequency analysis.
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Table S37. Charge analysisEffective electron countEC(2))? and spin populationspin density:
SD(2p))® of the oxygen g-orbitals in OMFK (M = Ni, Cu,n=1, 2; M=Pdn=2; M=Ptn=2,3).

EC() EC(%) EC(P) EC(P) SD(P) SD(P) SD()

Spin on on on on on on on
State oxygen oOxygen oxygen oOxygen OXygen oxygen oxygen
p(x) p(y) s(2) nb p(x) p(y) s(2)
ONiF¢© N4 1.42 1.42 1.39 0.38 0.43 0.43 0.15
OCuFs¢ g 1.30 1.30 1.21 0.72 0.53 0.53 0.02

ONiF2° ®A; 1.47 1.30 0.93 0.42 0.45 0.57 0.01
ONiF2° A1 111 1.23 1.19 0.56 0.79 0.65 0.30
OPdR A 1.28 1.33 1.09 0.28 0.63 0.57 0.04
OPtR ¢ A 1.33 1.43 1.07 0.27 0.58 0.48 0.01
OCuk*® B, 1.93 0.99 0.74 0.38 0.00 0.91 0.24
OCukr*© ‘Al 111 1.25 1.15 0.59 0.77 0.60 0.34
OCukr*© ‘A2 1.00 1.00 155 0.38 0.98 0.98 0.03
OPtR ¢ ‘Al 1.20 1.17 119 0.49 0.67 0.69 0.02

& EC(2) values according to thEqudion: EC(2(i)) =B / . & @6 cn ‘Ot . Here, ONf)
represent the occupation number &¢8p(i), n) the percent oxygem?) compositiorof thenth natural
orbital obtained at the CASSCEF level (see $&® in the Sl).For thep- and thes-subspaces the sum
was famed over the corresponding bonding)(@and antibonding (horbitals only, whereas nb denotes
the sum of oxygengelectrons contributing to nelmonding MOsP: Mulliken spin population analysis.
¢ CASSCF,n)/CASTP2/VTZDK leve: ONiF (m= 13,n=8),OCuF (14,9)ONiF, (*A2: (12,8),°A1:
(12,9)) % CASSCF(12,8)/AVTZ{PP) level: OPdf OPtk (n = 12); OPtg (n = 11). &
CASSCF(13,9)/VTZDK level.

The effective electron count of the oxygegmdbitals (EC(P)) in the p- ands-orbital subspaces are
affeded by three factors: i) electron correlation effegteremore than one configuration contributes

to the grounektate. These effextvere taken into account by considering multireference CASSCF
wavefunctions. ii) polagation of bonding electrons, whichaccounted for by the CID ratios (TaBBle

main text) and, iii) delocalization of oxygep 2lectrons intanore than the two select®iOs (n+and

nj). The latter contributions can be analyzed explicitly by examining the respective oxygen contributions
to these additional MOs, which in most cases arebmrding (nb) MOsor by comparison of the EQgP
values from th@- ands-subspaces to the total Mkiin population for the respective oxygegroebitals

(see Table S3.7,"6column). We note that the Muken spin population in opeshell electronic
structures can be affected by a minority spin density from orthogonal orbital subspaces due to spin
polarization.t

References to Part 3

1 S. K. Singh, J. Eng, M. Atanasov and F. Neese, Covalency and dmmdinglin transition
metal complexes: Aab initiobased ligand field perspectiv€pord. Chem. ReR017, 344, 2,25.
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Part 4. DFT and CCSD(T) calculations

Table S4.1. Structual parametergbond lengths r in A, angles in defigy OMF, (M =Ni, n=1,2; M

= Pd andPt, n = 1-4) compounds.

ONiF,,n=12

NiOF, Cs

Electronic State Method

Total energy

r(MO), r(MF),
ang(OMF)

2Ad B3LYP/AVTZ -1683.40851 1.772, 1.462, 108.7
2AG BP86/AVTZ -1683.628938 1.685, 1.542, 111.7
2Aq B3LYP/AVTZ -1683.407623 1.801, 1.475,101.4
2Aq BP86/AVTZ -1683.621418 1.710, 1.547,103.9
ONiF, Cev
ggzgomc Method Total energy zra(r':/gll(()%l\;l(lil\;l F). T1 parameter
AR B3LYP/AVTZ -1683.520949 1.618, 1.733, 180.0
A BP86/AVTZ -1683.742678 1.621, 1.734, 180.0
A CCSD(T)/AVTZ -1682.120430 1.660, 1.736, 180.0 0.05439496
A CCSD(T)/AVQZ -1682.205289 1.649, 1.736, 180.0 0.09263727
ONiF;, Cyov
Electronic State Method Total energy zra(rl:/glj(()g)l\;l(lzl\;":) -[:I)—;rameters
SA2 B3LYP/AVTZ -1783.359261  1.595, 1.720, 107.0
A2 BP86/AVTZ -1783.603238  1.609, 1.730, 108.7
A2 CCSD(T)/AVDZ -1781.546784  1.590, 1.719, 108.7 0.049
3A2 CCSD(T)/AVTZ -1781.826432  1.583, 1.711, 108.2 0.047
SA2 CCSD(T)/AVDZ-DK  -1793.975167  1.583, 1.712, 109.0 0.049
SA2 CCSD(T)/AVTZ-DK -1794.256127 1.576, 1.703, 108.6 0.047
5A1 B3LYP/AVTZ -1783.366192  1.720, 1.738, 114.2
5A1 BP86/AVTZ -1783.592835  1.696, 1.755, 115.3
5A1 CCSD(T)/AVDZz -1781.550693  1.708, 1.744,112.2 0.052
5A1 CCSD(T)/AVDZ-DK -1793.978162 1.692,1.736, 113.0 0.051
5A1 CCSD(T)/AVTZ-DK -1794.253686  1.683, 1.727,113.1 0.0%
FONIF, Cs
Electronic State Method Total energy zra(rl:/glj?c))l\;l(lzl\;":) r(OFg. ang(MOF9,
SAQ a B3LYP/AVTZ -1783.347492 1.759, 1.736, 1.450, 99.7, 182.3
SA" CCSD(T)/AVTZ -1781.812767 1.786, 1.733, 1.504, 81.8, 178.7
SAq B3LYP/AVTZ -1783.317855 1.847, 1.743, 1.496, 76.9, 160.0
SAq CCSD(T)/AVTZ -1781.434315 1.787, 1.742, 1.502, 90.9, 179.6
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PdOF,, n=1-4

PdOF, Cs
Electronic State Method Total energy r(MO), r(OF), ang(MOF)
2Aq B3LYP/AVTZ(-PP) -302.5147411 1.947, 1.451, 104.6
2Aq BP86/AVTZ(-PP) -302.5921325 1.901, 1.486, 107.0
2Aq CCSD(T)/AVTZ(-PP) -301.7272352 1.945, 1.473, 100.2
2AQ B3LYP/AVTZ(-PP) -302.5025193 1.948, 1.437, 115.0
2AQ BP86/AVTZ(-PP) Converged to ?Aa
2AQ CCSD(T)/AVTZ(-PP) No convergence
OPdF, Cpy
Electronic State Method Total energy  r(MO), r(MF), ang(OMF)
AR B3LYP/AVTZ(-PP) -302.5911357 1.759, 1.892, 180.0
g BP86/AVTZ(-PP) -302.6755204 1.762, 1.892, 180.0
‘g CCSD(T)/AVTZ(-PP) -301.7951842 1.755, 1.889, 180.0
OPdF;, Cyv
Electronic State  Method Total energy r(MO), r(MF), ang(OMF)
3A2 B3LYP/AVTZ(-PP) -402.433177 1.733, 1.883, 103.4
3A2 BP86/AVTZ(-PP) -402.531798 1.741, 1.893, 104.6
3A2 CCSD(T)/AVTZ(-PP) -401.4941764 1.722,1.877,101.6
5A1 B3LYP/AVTZ(-PP) -402.3965208 1.888, 1.909, 107.4
5A1 BP86/AVTZ(-PP) -402.4889068 1.868, 1.929, 110.1
SAL CCSD(T)/AVTZ(-PP) imaginary frequency
OPdF3, Cov
Electronic State Method Total energy  r(MO), r(MF*2), r(MFQ, ang(OMF*2)
A1 B3LYP/AVTZ(-PP) -502.2646592 1.809, 1.856*2, 1.864, 91.2
A1 BP86/AVTZ(-PP) -502.3754365 1.794, 1.877*2, 1.880, 91.6
‘A1 CCSD(T)/AVTZ(-PP) -501.1688789 1.810, 1.836*2, 1.854, 90.9
OPdF,, Cay
Electronic State  Method Total energy  r(MO), r(MF*4), ang(OMF)
3A2 B3LYP/AVTZ(-PP) -602.0751199 1 725 1.870, 99.0
SA2 BP86/AVTZ(-PP)  -602.2030694 1 748, 1.882,99.8
FOPdF, Cs
. r(MO), r(MF), r(OF¢q, ang(MOFq,
Electronic State  Method Total energy ang(OMF)
SA" B3LYP/AVTZ-PP -402.4048332 1.868, 1.888, 1.430, 111.7, 183.3
SA" CCSD(T)/AVTZ(-PP)  -401.4650966 1.860, 1.887, 1.444, 108.8, 178.1
SAQ CCSD(T)/AVTZ(-PP)  -401.4460713 1.992,1.877, 1.488, 79.6, 154.7
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PtOF,, n=1-4

PtOF, Cs
Electronic State Method Total energy r(MO), r(OF), ang(MOF)
2Aq B3LYP/AVTZ(-PP) -294.4429487 1.938, 1.45, 107.6
2Aq BP86/AVTZ(-PP)  -294.4565851 1.883, 1.466, 107.3
2Ad B3LYP/AVTZ(-PP) -294.4605045 1.813, 1.478, 114.2
2Ad BP86/AVTZ(-PP)  -294.5839812 1.762, 1.585, 115.3
OPtF, Cpy
Electronic State Method Total energy r(MO), r(MF), ang(OMF)
AR B3LYP/AVTZ(-PP) -294 5725826 1.754, 1.902, 180.0
A BP86/AVTZ(-PP) -294.6838978 1.761, 1.906, 180.0
A CCSD(T)/AVTZ(-PP) -293.7204063 1.740, 1.897, 180.0
OPtF;, Cyoy
Electronic State Method Total energy r(MO), r(MF), ang(OMF)
SA2 B3LYP/AVTZ(-PP) -394.4351107 1.731, 1.901, 102.8
SA2 BP86/AVTZ(-PP) -394.5575036 1.743, 1.908, 103.3
SA2 CCSD(T)/AVTZ(-PP) -393.4432615 1.723, 1.892, 101.9
5A1 B3LYP/AVTZ(-PP) -394.3839116 1.911, 1.892, 100.3
SA1 BP86/AVTZ(-PP) -394.5032830 1.908, 1.900, 100.2
5A1 CCSD(T)/AVTZ(-PP) -393.385495 1.910, 1.879, 100.1
FOPtF, Cs

Electronic State

Method

Total energy

r(MO), r(MF), r(OF¢q, ang(MOFq,
ang(OMF)

SA" B3LYP/AVTZ(-PP) -394.3749381 1.835, 1.891, 1.464, 112.5, 176.5
SA" BP86/AVTZ(-PP) -394.4989477 1.783, 1.889, 1.597, 109.9, 187.3
A" CCSD(T)/AVTZ(-PP) -393.3798976 1.830, 1.884, 1.475, 108.9, 176.8
SA B3LYP/AVTZ(-PP) -394.3473293 1.882,1.898, 1.441, 113.9, 186.0
SAQ BP86/AVTZ(-PP) -394.4667617 1.851, 1.898, 1.517, 115.8, 191.8
SAd CCSD(T)/AVTZ(-PP)  Converged to SAd

OPtF3, Cov

Electronic State

Method

Total energy

r(MO), r(MF*2), r(MFq,
ang(OMF*2)

A1 B3LYP/AVTZ(-PP) -494.296374 1.791, 1.859*2, 1.888, 92.0
A1 BP86/AVTZ(-PP) -494.4282967 1,796, 1.871*2, 1.902, 92.1
4A1 CCSD(T)/AVTZ(-PP) -493.1555755 1,784, 1.845*2, 1.878, 92.0
OPtF4, Cav
Electronic State Method Total energy r(MO), r(MF*4), ang(OMF)
SA2 B3LYP/AVTZ(-PP) -594.1203162 1.736, 1.889, 99.1
SA2 BP86/AVTZ(-PP) -594.2632682 1.759, 1.901, 99.4
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Table $4.2. Computecharmonicfrequenciegcm't) for ONiF, (n = 1, 2).
NiOF (X?Aq Cs), B3LYP/AVTZ

160/58Ni  160/60Ni  160/62Ni  180/58Ni  180/60Ni  180/62Ni  Sym.
829.22(64) 829.21(64) 829.20(64) 804.91(63) 804.90(63) 804.89(63) A
550.19(23) 557.16(23) 555.26(23) 534.51(21) 532.38(21) 530.38(21) Ad
151.67(8) 151.11(8) 150.59(8)  149.94(7)  149.40(7) 148.89(7) A«
NiOF (X?Aq Cs), BP86/AVTZ
160/58Ni  160/60Ni 160/62Ni 180/58Ni 180/60Ni 180/62Ni  Sym.
665.94(74) 664.10(74) 662.39(75) 642.52(78) 640.70(79) 639.02(80)  Aq
555.38(82) 554.91(81) 554.45(80) 534.63(71) 534.03(70) 533.44(69) A«
150.71(7) 150.14(7) 149.59(7) 148.66(7) 148.10(7) 147.57(7) A«q
ONiF (X*E', Co), B3LYP/AVTZ
160/58Ni  160/60Ni  160/62Ni  180/58Ni  180/60Ni  180/62Ni  Sym.
868.52(62) 863.93(60) 859.64(58) 839.48(72) 834.51(70) 829.85(68)  H
654.67(71) 654.01(72) 653.35(72) 645.34(61) 644.96(62) 644.58(62)  H

162.82(36)*2 161.80(35)*2 160.85(35)*2 159.47(35)*2 158.44(34)*2 157.46(34)*2

H

ONiF (X*F', Cp), BP86/AVTZ

160/58Ni 160/60Ni 160/62Ni 180/58Ni 180O/60Ni 180/62Ni Sym.

891.25(74) 886.75(72) 882.53(70) 859.46(80) 854.59(77) 850.01(76) H
647.68(49) 646.88(49) 646.09(50) 639.93(42) 639.40(42) 638.87(43) H
151.57(36) 150.63(27) 149.74(26) 148.45(26) 147.49(26) 146.59(25) H
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ONIF (X“', Cp), CCSD(T)/AVTZ
160/58Ni 160/60Ni 180/58Ni 180/60Ni  Sym.
74146  736.85  733.81  729.23 H
570.90  570.85  549.62  549.47

T

127.75 127.22 124.89 124.35 H

ONiF (X*¥', Cp,), CCSD(T)/AVQZ
160/58Ni  160/60Ni 180/58Ni 180/60Ni  Sym.
748.00  743.48 74271  738.30 H

606.58  606.43  582.06  581.74

fiun

174.36 173.03 171.41 170.08 H

ONiF; (X3A2, Ca), B3LYP/AVTZ

160/58Ni  160/60Ni  160/62Ni 180/58Ni 180/60Ni 180/62Ni

860.95(4) 857.84(3) 854.94(3) 822.78(4) 819.47(4)  816.38(4)
746.90(159) 742.16(157) 737.70(155) 746.90(159) 742.16(157) 737.69(155)
628.11(18) 627.76(18) 627.43(18) 627.23(18) 626.94(18) 626.66(18)
220.85(26) 219.08(26) 217.42(25) 219.63(26) 217.85(25) 216.17(25)
187.55(1) 187.23(1) 186.92(1) 181.74(7) 181.06(7)  180.43(0)
182.36(7) 181.64(7) 180.96(7) 181.08(0) 180.75(0)  180.40(7)
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ONiF (X3A2, Cay), BP8B/AVTZ

160/58Ni 160/60Ni  160/62Ni 180/58Ni  180/60Ni 180/62Ni Sym.

863.58(15) 860.36(14) 857.35(14) 822.26(14) 822.26(14) 819.06(14) As
716.49(122) 712.02(121) 707.82(119) 712.02(121) 712.02(121) 707.81(119) B2
611.85(12) 611.51(12) 611.18(12) 610.61(11) 610.61(11) 610.33(11) Ay
209.82(19) 208.13(19) 206.54(18) 206.78(18) 206.78(18) 205.18(18) B
183.45(6) 182.76(6) 182.09(6) 182.11(6) 182.11(6)  181.48(6) As
159.88(2) 159.59(2) 159.31(2) 154.12(2) 154.12(2) 153.83(2) B>

ONiF2 (X3A2, Cay), CCSD(T)/AVDZ
160/58Ni 160/60Ni 180/58Ni 180/60Ni  Sym.

903.53 900.22 863.72 860.19 Ar
778.44 773.61 778.44 773.61 B2
652.01 651.63 650.92 650.61 Ar
257.31 254.63 256.58 253.92 B2
224.69 224.29 216.11 215.70 Ax
214.60 213.82 213.92 213.18 B

ONiF; (XA, Cz), CCSD(T)/AVTZ
160/58Ni 160/60Ni 180/58Ni 180/60Ni  Sym.

915.23 911.84 874.95 871.34 Ay
781.30 776.33 781.29 776.33 B2
654.43 653.99 653.46 653.09 Ay
226.57 224.67 224.98 223.07 B2
219.32 218.52 218.59 217.82 Ay

185.26 185.03 179.08 178.86 B1
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ONiF2 (X3A,, Ca), CCSD(T)/AVDZ-DK

160/58Ni 160/60Ni 180/58Ni 180/60Ni  Sym.
914.90 911.45 87501  871.34 As
781.60  776.65  781.60  776.66 B,
662.00 661.65 660.74  660.46 A
229.77  227.84 22853  226.60 B,
21526  214.33 21439 21350 As
180.52  180.28  174.05  173.81 =
ONiF; (X®A2, Ca), CCSD(T)/AVTZ-DK
160/58Ni 160/60Ni 180/58Ni 180/60Ni  Sym.
928.12 92467  887.28  883.62 Ay
788.10  783.06  788.10  783.05 Bs
67497 67457 67404  673.71 Ay
233.16 23122 23276  230.84 B>
184.43  184.1 178.81  178.31 Ay
179.37  178.84  177.92  177.60 Bs
ONiF2 (°A1, Ca), B3LYP/AVTZ
160/58Ni  160/60Ni  160/62Ni  180/58Ni  180/60Ni  180/62Ni sym.
724.06(128) 719.83(127) 715.85(127) 724.06(128) 719.82(127) 715.84(125) B,
660.00(20) 657.04(20) 654.26(19) 643.99(37) 641.18(37) 638.57(38) A
612.45(33) 612.44(33) 612.43(33) 598.61(16) 598.35(15) 598.08(14) As
187.91(2) 187.49(2) 187.09(2) 181.89(2) 181.46(2) 181.04(2) B,
151.19(5)  150.65(5) 150.13(5) 150.78(5) 150.26(5)  149.76(5) As
132.90(35) 131.83(34) 130.82(34) 131.77(35) 130.69(34) 129.67(34) B.

40



ONiF2 (°A1, Ca), BP86/AVTZ

160/58Ni  160/60Ni 160/62Ni 180/58Ni 180/60Ni 180/62Ni sym.

726.68(2) 724.02(2) 721.54(2) 695.16(3) 692.25(3) 689.53(3) Ay
677.38(67) 673.52(66) 669.88(65) 677.37(67) 673.51(66) 669.87(65) B2
587.83(20) 587.35(20) 586.88(20) 585.92(19) 585.58(19) 585.25(19) A,
179.76(2) 179.33(2) 178.92(2) 173.96(2) 173.52(2) 173.09(2) B2
143.45(5) 142.93(5) 142.43(5) 143.08(5) 142.58(5) 142.10(5) As
109.25(26) 108.37(26) 107.53(26) 108.18(26) 107.29(26) 106.45(25) B

ONiF2 (°A1, Ca), CCSD(T)/AVDZ

160/58Ni 160/60Ni 180/58Ni 180/60Ni Sym.
747.83 743.46 747.83 743.46 B2
703.44 700.57 681.22 678.25 Ay
597.45 597.43 588.08 588.06 Ar
172.23 171.78 166.80 166.30 B2
138.03 137.17 137.52 136.68 Ax
130.97 129.87 131.41 130.31 Bi1

ONiF2 (5A1, Ca), CCSD(T)/AVDZ-DK

160/58Ni 160/60Ni 180/58Ni 180/60Ni Sym.
752.73 748.25 752.73 748.25 B2
735.02 731.95 710.33 707.08 Ay
628.27 628.20 619.77 619.77 Ay
194.49 194.07 188.08 187.65 B2
161.98 161.40 161.62 161.05 A
141.50 140.30 140.40 139.20 Bi1
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ONiF2 (°A1, Cav), CCSD(T)/AVTZ-DK

160/58Ni  160/60Ni 180/58Ni 180/60Ni sym.
752.68 748.28 752.68 748.28 B2
750.19 747.09 723.27 719.95 AL
633.25 633.12 626.20 626.19 A
201.94 201.58 196.05 195.66 B2
159.22 158.39 158.71 157.90 A
147.83 146.16 147.58 145.92 Bi1

FONIF (A4, Cs), BBLYP/AVTZ

160/58Ni  160/60Ni 160/62Ni  180/58Ni  180/60Ni 180/62Ni S

902.37(31) 902.27(32) 902.19(32) 875.41(31) 875.32(31) 875.23(32)
742.00(199) 737.36(196) 732.99(193) 734.58(195) 729.98(192) 725.65(189)

587.65(0) 587.60(0) 587.56(0) 566.50(0) 566.33(0) 566.16(0)

190.07(28) 188.69(28) 187.38(27) 188.41(28) 187.02(27) 185.70(27)
123.65(26) 122.84(26) 122.09(26) 121.54(26) 120.72(26) 119.95(25)
87.68(4)  87.53(4)  87.39(4)  87.32(4)  87.18(4)  87.04(4)

FONIF ((Ad, Cs), CCSD(T)/AVTZ
160/58Ni 160/60Ni 160/62Ni 180/58Ni 180/60Ni 180/62Ni  Sym.
810.28  810.09  809.94  787.00  786.76  786.57
749.69 745.1 740.77  743.07 73858  734.34

577.89 577.79 577.68 556.18 555.93 555.69

180.15 178.93 177.78 178.62 177.37 176.22
125.55 124.85 124.28 124.54 124.28 124.03
124.8 124.54 124.19 122.25 121.53 120.85

>>»> > > >
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Table $4.3. Computecharmonicfrequenciegcm'?) for OPdR (n = 1-4).

PAOF (2Aq Cs), B3LYP/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
869.68(89) 869.68(89) 869.68(89) 869.68(89) 869.68(89) 843.49(86) 843.49(86) 843.49(86) 843.49(86) 843.49(86) Ad
509.42(12) 509.10(12) 508.79(12) 508.19(12) 507.58(12) 484.50(11) 484.17(11) 483.84(11) 483.20(11) 482.56(11) Aq
180.78(5)  180.65(5) 180.52(5) 180.27(5) 180.02(5) 178.94(5) 178.81(5) 178.69(5) 178.44(5) 178.19(5)  Aq

PAOF (?Ag Cs), BP86/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.

733.74(131) 733.72(131) 733.71(131) 733.68(131) 733.65(131) 712.40(125) 712.39(125) 712.37(125) 712.34(125) 712.31(125) A«
520.74(4) 520.43(4) 520.12(4) 519.52(4) 518.91(4) 494.80(4)  494.47(4)  494.14(4)  493.51(4) 492.87(4) Ag
181.58(6)  181.44(6) 181.32(6) 181.06(6) 181.81(6) 179.58(6) 179.45(6) 179.32(6) 179.08(6) 178.82(6) A«

OPdF (X*E', Cp ), BSLYP/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd  180/108Pd  180/110Pd Sym.

778.82(33) 777.54(32) 778.17(32) 776.30(31) 775.06(31) 743.92(40) 739.72(37) 742.48(39) 741.11(38) 739.72(37) H
602.27(95) 601.82(96) 602.04(96) 601.39(96) 600.95(96) 598.65(88) 597.66(89) 598.32(88) 597.99(89) 597.66(89) H
160.54(17) 160.16(17) 160.35(17) 159.80(17) 159.43(17) 156.62(16) 155.48(16) 156.24(16) 155.86(16) 155.48(16) H

OPdF (X*¢', Cp\), BP86/AVTZ(-PP)
160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd  Sym.
791.40(43) 790.75(43) 790.12(42) 788.88(41) 787.64(41) 755.56(47) 754.84(46) 754.13(46) 752.76(45) 751.39(44)
595.00(65) 594.77(65) 594.55(65) 594.11(65) 593.65(65) 591.73(59) 591.55(59) 591.38(59) 591.03(60) 590.67(60)
153.34(13) 153.16(13) 152.98(13) 152.63(13) 152.28(13) 149.61(13) 149.42(13) 149.24(13) 148.88(12) 148.52(12)

I =x

OPdF (X*F', Cp\), CCSD(T)/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd  Sym.
774.18 773.52 772.88 771.63 770.43 739.93 739.19 738.47 737.06 735.72 H &) f
606.64 606.42 606.21 605.79 605.38 602.64 602.48 602.33 602.03 601.73 H o 6 |

171.73 171.53 171.33 170.94 170.56 167.54 167.33 167.13 166.73 166.34 H
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OPdF; (X*Az, Ca), B3LYP/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.

766.78(3)  766.35(3)  765.93(3)  765.12(3) 764.30(3) 728.75(3) 728.31(3) 727.87(3) 726.17(3) 726.17(3) A1
643.38(166) 642.60(165) 641.83(165) 640.32(164) 638.80(163) 643.38(166) 642.60(165) 641.83(165) 638.80(163) 638.80(163) B2

575.41(21) 575.34(21) 575.26(21) 575.12(21) 574.97(21) 575.24(21) 575.16(21) 575.08(21) 574.76(21) 574.76(21) As

197.72(17) 197.40(17) 197.09(17) 196.50(17) 195.88(16) 196.75(17) 196.43(17) 196.12(16) 194.91(16) 194.91(16) B
167.04(10) 166.88(10) 166.73(10) 166.42(9) 166.11(9) 166.78(10) 166.62(10) 166.47(9) 165.88(9) 165.88(9) A
162.99(2) 162.93(2) 162.86(2) 162.74(2) 162.61(2) 156.93(2) 156.86(2) 156.80(2) 156.53(2) 156.53(2) B

OPdF; (X?Az, Cav), BP86/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd sym.

783.52(8) 783.06(8) 782.61(8) 781.72(8) 780.83(8) 744.48(8) 743.99(8) 743.52(8) 742.58(7) 741.64(7) A
621.69(132) 620.94(132) 620.21(131) 618.79(131) 617.35(130) 621.68(132) 620.94(132) 620.21(131) 618.78(131) 617.34(130) B

560.72(14) 560.66(14) 560.60(14) 560.49(14) 560.38(14) 560.72(14) 560.66(14) 560.60(14) 560.49(14) 560.37(14) As

189.80(12) 189.50(12) 189.20(12) 188.62(12) 188.03(12) 188.73(12) 188.42(12) 188.12(12) 187.54(12) 186.95(12) B:
158.30(8)  158.16(8)  158.01(8) 157.72(8) 157.43(8) 158.05(8) 157.90(8) 157.76(8) 157.49(8) 157.20(8) Au
135.68(4) 135.62(4) 135.56(4) 135.45(4) 135.34(4) 130.63(4) 130.57(4) 130.52(4) 130.40(4) 130.28(4) Be

OPdF; (X3As, Cz,), CCSD(T)/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
828.47 827.99 827.51 826.58 825.69 787.23 786.71 786.21 785.23 784.29 A1
667.66 666.85 666.06 664.51 663.02 667.65 666.84 666.05 664.51 663.01 B2
601.53 601.48 601.44 601.36 601.28 601.50 601.46 601.41 601.33 601.25 A1
215.27 214.93 214.59 213.92 213.28 214.85 214.5 214.16 213.50 212.87 Bi1
192.94 192.72 192.49 192.05 191.63 192.58 192.35 192.14 191.71 191.30 A1
185.77 185.64 185.51 185.26 185.01 179.29 179.16 179.02 178.76 178.50 B2
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OPdF; (°A1, C2), BLYP/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.

614.83(112) 614.12(112) 613.43(112) 612.07(112) 610.70(112) 614.82(112) 614.11(112) 613.41(112) 612.06(112) 610.69(112) B>
578.51(8) 578.38(8) 578.24(8) 577.99(8) 577.74(8) 558.15(14) 558.09(14) 558.03(14) 557.93(14) 557.82(14) Au
524.02(16) 523.81(16) 523.60(16) 523.19(16) 522.77(16) 515.65(10) 515.35(10) 515.05(10) 514.46(10) 513.86(10) As
138.11(1) 138.04(1) 137.98(1) 137.85(1) 137.72(1) 133.24(1) 133.17(1) 133.10(1) 132.97(1) 132.84(1) B
103.27(4)  103.17(4) 103.07(4) 102.87(4) 102.67(4) 103.19(4) 103.09(4) 102.99(4) 102.80(4) 102.60(4) B:
17.59(21) 17.57(21) 17.54(21) 17.49(21) 17.44(21) 17.57(21) 17.54(21) 17.51(21) 17.45(21) 17.41(21) A

OPdF; (°A1, Cav), BP86/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
615.18(0) 614.92(0) 614.66(0) 614.16(0) 613.65(0) 584.83(0) 584.57(0) 584.32(0) 583.82(0) 583.32(0) A:
571.31(63) 570.68(63) 570.06(62) 568.85(62) 567.63(62) 571.28(62) 570.65(62) 570.03(62) 568.82(62) 567.60(62) Ba

503.02(13) 502.90(13) 502.78(13) 502.55(13) 502.32(13) 502.35(13) 502.21(13) 502.07(13) 501.80(13) 501.53(13) As

125.06(1) 125.00(1) 124.93(1) 124.81(1) 124.68(1) 120.70(1) 120.64(1) 120.57(1) 120.44(1) 120.31(1) B2
90.32(4)  90.23(4)  90.15(4)  89.98(4)  89.81(4)  90.25(4)  90.16(4)  90.08(4)  89.91(4)  89.74(4) A
20.00(16)  19.97(16) 19.94(16) 19.88(16) 19.82(16) 20.04(16) 20.01(16) 19.97(16) 19.91(16) 19.85(15) B:

FOPAF (*Aq Cs), CCSD(T)/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
822.01 822.01 822.00 821.98 821.97 797.26 797.24 797.23 797.22 797.21 A
634.01 633.36 632.74 631.51 630.34 632.48 631.86 631.25 630.07 628.94 A
523.27 523.12 522.98 522.68 522.39 499.16 498.95 498.76 498.39 498.02 A
225.41 225.26 225.11 224.82 224.54 223.64 223.51 223.36 223.07 222.79 A
108.52 108.39 108.27 108.03 107.79 108.18 108.06 107.94 107.69 107.46 A
56.44 56.33 56.23 56.02 55.82 56.31 56.20 56.09 55.88 55.68 A
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FOPAF (3Ag, Cs), B3LYP/AVTZ(-PP)

160/104Pd  160/105Pd 160/106Pd

160/108Pd

160/110Pd

180/104Pd

180/105Pd

180/106Pd

180/108Pd

180/110Pd  Sym.

878.53(120) 878.53(120) 878.52(120) 878.52(120) 878.51(121) 851.43(115) 851.43(115) 851.43(115) 851.42(115) 851.42(115) A
638.24(149) 637.48(149) 636.73(148) 635.27(148) 633.80(147) 630.90(154) 630.16(153) 629.44(153) 628.02(152) 628.02(152) A
559.94(10) 559.93(9)  559.92(9) 559.89(9) 559.86(9) 538.53(3) 538.48(3) 538.43(3)  538.33(2) 538.33(2) A
272.14(6)  271.84(6) 271.53(6)  270.95(6) 270.35(6) 268.76(6) 268.45(6) 268.14(6)  267.55(6)  267.44(6) A
120.86(6)  120.77(6)  120.68(6)  120.51(6)  120.33(6)  120.76(6)  120.67(6)  120.59(6)  120.41(6)  120.41(6) A
114.81(13) 114.66(13) 114.52(13) 114.24(13) 113.95(13) 112.52(13) 112.37(13) 112.22(13) 111.93(13) 111.93(13) A
FOPAF (3Ag, Cs), CCSD(T)/AVTZ(-PP)
160/104Pd  160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd  Sym.
859.89 859.87 859.85 859.82 859.78 832.25 832.23 832.22 832.18 832.15 A
643.17 642.38 641.61 640.09 638.63 634.60 633.82 633.06 631.59 630.18 A
586.87 586.86 586.85 586.84 586.83 566.35 566.29 566.25 566.16 566.08 A
290.68 290.40 290.13 289.61 289.11 286.97 286.68 286.41 285.88 285.37 A
158.02 157.85 157.69 157.36 157.05 157.68 157.58 157.42 157.10 156.79 A
141.10 140.92 140.74 140.39 140.05 137.86 137.68 137.49 137.14 136.79 A
OPdFs (X*A1, Ca), BSLYP/AVTZ(-PP)
160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
681.81(25) 680.96(25) 680.12(25) 678.48(25) 676.83(24) 679.42(86) 678.55(86) 677.69(86) 677.02(86) 674.34(85) As
679.43(86) 678.56(86) 677.70(86) 676.03(86) 674.35(85) 671.30(41) 670.45(41) 669.62(41) 668.01(41) 666.38(41) B>
619.40(36) 619.40(36) 619.40(36) 619.40(36) 619.39(36) 604.73(16) 604.71(16) 604.69(16) 604.65(16) 604.61(16) As
565.35(15) 565.35(15) 565.35(15) 565.35(15) 565.35(15) 558.49(19) 558.48(19) 558.47(19) 558.44(19) 558.42(19) As
265.14(1) 264.95(1) 264.76(1) 264.40(1) 264.02(1) 264.70(1) 264.52(1) 264.34(1) 263.98(1) 263.62(1) A
255.03(0) 255.03(0) 255.03(0) 255.03(0) 255.02(0) 253.54(1) 253.52(1) 253.50(1) 253.46(1) 253.43(1) B
243.46(3) 243.30(3) 243.14(3) 242.82(3) 242.50(3) 235.34(3) 235.19(3) 235.04(3) 234.74(3) 234.44(3) B
203.01(15) 202.65(15) 202.31(15) 201.63(15) 200.94(15) 199.48(15) 199.12(15) 198.77(15) 198.07(15) 197.38(15) B
51.34(3) 51.33(3) 51.32(3) 51.30(3)  51.27(3)  50.96(3)  50.95(3)  50.94(3)  50.92(3)  50.90(3) B1
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OPdFs3 (X*A1, Cav), BPB6/AVTZ(-PP)

160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
728.28(13) 727.59(13) 726.91(13) 725.60(12) 724.28(12) 698.96(19) 698.17(18) 697.39(18) 695.89(18) 694.37(17) A:
639.58(62) 638.78(62) 638.00(62) 636.49(62) 634.95(61) 639.55(62) 638.76(62) 637.98(62) 636.46(62) 634.93(61) B2
603.99(37) 603.81(37) 603.63(37) 603.27(37) 602.90(38) 599.09(32) 598.99(32) 598.88(32) 598.67(32) 598.45(32) A:
531.99(3) 531.99(3) 531.99(3) 531.99(3) 531.98(3) 530.76(3) 530.76(3) 530.76(3)  530.78(3)  530.76(3)  A:
250.17(0)  259.16(0)  259.15(0)  259.12(0)  259.10(0)  255.83(1)  255.65(1)  255.48(1)  255.14(1)  254.79(1) = A:
256.30(1)  256.11(1)  255.93(1)  255.58(1)  255.22(1)  253.55(0)  253.54(0)  253.54(0) 253.53(0) 253.53(1) B
229.74(5)  229.58(5)  229.43(5)  229.13(5) 228.83(5) 225.61(5) 225.44(5) 225.28(5) 224.95(5) 224.62(5) B
207.70(12) 207.32(12) 206.96(12) 206.23(12) 205.50(12) 204.33(12) 203.95(12) 203.57(12) 202.84(12) 202.09(12) B:
60.84(1) 60.83(1) 60.82(1) 60.81(1) 60.79(1) 60.30(1) 60.29(1) 60.29(1) 60.27(1) 60.26(1) B1
OPdE (X'A1, G), CCSD(TANTZ{PP)
160/104Pd 160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd _ Sym.
729.68 728.73 727.80 725.99 724.24 729.67 728.72 727.79 725.98 724.23 B2
685.51 684.76 684.02 682.60 681.23 682.59 681.88 681.18 679.83 678.53 As
627.17 627.13 627.09 627.02 626.95 625.64 625.60 625.56 625.47 625.39 As
572.60 572.56 572.51 572.42 572.33 547.16 547.06 546.97 546.78 546.59 As
275.09 274.88 274.68 274.27 273.87 274.75 274.54 274.34 273.95 273.56 As
261.31 261.30 261.28 261.26 261.24 260.58 260.56 260.54 260.50 260.46 B2
242.21 242.05 241.89 241.58 241.27 233.44 233.28 233.13 232.82 232.53 B2
203.01 202.66 202.32 201.64 201.00 199.18 198.82 198.47 197.79 197.13 B1
48.30 48.27 48.25 48.19 48.14 47.91 47.88 47.85 47.80 47.75 B1
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OPdF, (*A2, Ca), BLYP/AVTZ(-PP)

160/104Pd  160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd  Sym.
834.46(1)  833.91(1) 833.36(1) 832.29(1)  831.21(1)  793.73(0)  793.14(0)  792.55(0)  791.41(0)  790.27(0)  A:
669.77(125) 668.87(125) 667.99(125) 666.27(125) 664.54(125) 669.76(125) 668.86(125) 667.98(125) 666.27(125) 664.54(125) E
600.40(9)  600.37(9)  600.33(9)  600.25(9)  600.18(9)  600.00(9)  599.97(9)  599.94(9)  599.88(9)  599.81(9)  A:
554.25(0)  554.25(0)  554.25(0)  554.25(0)  554.25(0)  554.25(0)  554.25(0)  554.25(0)  554.25(0)  554.25(0) B2
276.36(2)  276.13(2)  275.90(2)  275.45(2)  274.98(2)  275.16(2)  274.93(2) 274.70(2)  274.25(2)  273.79(2) E
240.66(7)  240.30(7)  239.94(7)  239.24(7)  238.53(7)  239.89(7)  239.54(7)  239.19(7)  238.51(7)  237.82(7) A
233.24(0)  233.24(0)  233.24(0)  233.24(0)  233.24(0)  233.24(0)  233.24(0)  233.24(0)  233.24(0)  233.24(0) B:
183.47(0)  183.47(0)  183.45(0)  183.43(0)  183.41(0)  177.31(0)  177.29(0)  177.28(00)  177.25(0)  177.22(0) E
132.23(0)  132.23(0)  132.23(0)  132.23(0)  132.23(0)  132.23(0)  132.23(0)  132.23(0)  132.23(0)  132.23(0) B2
OPdF4 (A2, Ca), BP86/AVTZ(-PP)
160/104Pd  160/105Pd 160/106Pd 160/108Pd 160/110Pd 180/104Pd 180/105Pd 180/106Pd 180/108Pd 180/110Pd Sym.
798.40(2)  797.86(2)  797.33(2) 796.30(2)  796.30(2)  759.44(2) 758.86(2) 758.30(2) 757.20(2) 756.09(2)  Au
642.61(95) 641.75(95) 640.91(94) 639.28(93) 639.28(93) 642.60(95) 641.75(95) 640.91(95) 639.28(95) 637.63(95) E
577.46(6)  577.42(6) 577.38(6) 577.31(6)  577.31(6)  577.13(6) 577.10(6) 577.07(6) 577.00(6) 576.94(6)  Au
550.64(0)  550.64(0)  550.64(0) 550.64(0)  550.64(0)  550.64(0) 550.64(0) 550.64(0) 550.64(0) 550.64(0) B
267.83(2)  267.59(2)  267.37(2) 266.92(2)  266.92(2) 266.51(2) 266.28(2) 266.06(2) 265.61(2)  265.16(2) E
235.06(7)  234.71(7)  234.36(7) 233.68(7)  233.68(7)  234.28(7) 233.93(7) 233.60(7) 232.94(7) 232.27(7) A
224.05(0)  224.05(00) 224.0500) 224.05(0) 224.05(0) 224.05(0) 224.05(0) 224.0500) 224.05(0) 224.05(0) B
179.46(0)  179.45(0)  179.45(0)  179.43(0)  179.43(0)  173.58(0) 173.57(0) 173.56(0) 173.53(0)  173.50(0) E
146.94(0)  146.94(0)  146.94(0) 146.94(0)  146.94(0)  146.94(0) 146.94(0) 146.94(0) 146.94(0) 146.94(0)  Bs
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Table $4.4. Computecharmonicfrequenges (cm'?) for OPtR, (n = 1-4).
PtOF (?Aq Cs), B3LYP/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.
856.91(92) 856.91(92) 856.91(92) 856.91(92) 831.16(89) 831.16(89) 831.16(89) 831.16(89) A
574.48(12) 574.39(12) 574.30(12) 574.12(12) 544.30(10) 544.20(10) 544.11(10) 543.92(10) A
242.48(6) 242.42(6) 242.35(6) 242.22(6)  239.97(6) 239.91(6) 239.84(6) 239.71(6) A

PtOF (*Ag Cs), BP86/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.

783.18(122) 783.18(122) 783.18(122) 783.17(122) 760.12(117) 760.12(117) 760.12(117) 760.11(117) A
505.41(4) 595.31(4) 595.21(4) 595.01(4) 563.79(4) 563.68(4) 563.57(4) 563.36(4) A
228.25(6) 228.20(6) 228.14(6) 228.02(6) 225.84(6) 225.78(6) 225.72(6)  225.60(6) A

PtOF (?Ag, Cs), B3LYP/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.

702.01(150) 701.98(150) 701.96(150) 701.91(150) 680.70(146) 680.68(146) 680.65(146) 680.60(146) A
611.01(25) 610.93(25) 610.84(25) 610.67(25) 579.06(21) 578.97(21) 578.87(21) 578.69(21) A

250.76(9) 259.70(9) 259.63(9) 259.50(9) 256.65(9) 256.58(9) 256.52(9)  256.39(9) Ad

PtOF (?Ad, Cs), BP86/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.

737.28(10) 737.14(10) 737.00(10) 736.72(10) 699.17(8) 699.02(8) 698.88(8) 698.58(8) Ad
544.73(163) 544.73(163) 544.73(163) 544.73(163) 527.16(156) 527.16(156) 527.16(156) 527.16(156) Ad
238.95(13) 238.90(13) 238.84(13) 238.72(13) 236.15(11) 236.09(11) 236.03(11) 235.91(11) Ad

49



OPtF (X*E', Cp), B3LYP/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.

852.60(24) 852.44(23) 852.28(23) 851.96(23) 807.51(23) 807.33(23) 807.16(23) 806.82(23)
629.76(115) 629.64(115) 629.51(115) 629.26(115) 629.56(114) 629.43(114) 629.31(114) 629.07(114)
171.10(11) 171.03(11) 170.97(11) 170.84(11) 166.32(10) 166.25(10) 166.18(10) 166.05(10)

I T x

OPtF (X*¥', Cp.), BP86/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
844.04(34) 843.87(34) 843.71(34) 843.39(34) 799.47(33) 799.29(33) 799.11(33) 798.77(32) H
619.99(90) 619.87(90) 619.74(90) 619.50(90) 619.73(88) 619.61(89) 619.50(89) 619.27(89) H
156.83(9) 156.77(9) 156.71(9) 156.59(9) 152.46(9) 152.40(8) 152.34(8) 152.22(8) H

OPtF (X*E', Cp,), CCSD(T)/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
848.51  848.34  848.18  847.86  803.69 80351  803.33  802.99 H
640.46  640.33 64021  639.96  640.20  640.08  639.96  639.72 H
180.50  180.43  180.36  180.22 17538 17531 17524  175.10 H

OPtF, (X3A2, Ca), B3LYP/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
877.85(4) 877.69(4) 877.52(4) 877.20(4)  831.63(3) 831.46(3) 831.29(3)  830.95(3) Ay
629.19(160) 628.94(160) 628.70(160) 628.23(160) 629.16(160) 628.92(160) 628.68(160) 628.20(160) B
612.64(16) 612.62(16) 612.60(16) 612.57(16) 612.56(16) 612.54(16) 612.52(16) 612.48(16) Ay
208.06(9) 207.95(9) 207.84(9) 207.62(9) 206.91(9) 206.80(9)  206.69(9)  206.47(9) B
170.30(7)  170.24(7)  170.18(7)  170.07(7)  170.17(7)  170.11(7)  170.05(7)  169.94(7) Ay
100.21(7)  100.19(7)  100.18(7)  100.14(7)  96.28(7) 96.27(7) 96.25(7)  96.21(6) B
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OPtF2 (X3A2, Co), BP86/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.

859.92(6) 859.75(6) 859.59(6) 859.27(6) 814.55(5) 814.38(5) 814.21(5) 813.87(5) A
612.08(138) 611.85(138) 611.62(138) 611.17(138) 612.02(139) 611.79(139) 611.56(139) 611.11(139) B

599.47(12) 599.45(12) 599.43(12) 599.40(12) 599.45(12) 599.43(12) 599.41(12) 599.38(12) A

202.44(6) 202.33(6) 202.23(6) 202.01(6) 201.26(6) 201.15(6) 201.04(6) 200.82(6) B
163.97(5) 163.92(5) 163.86(5) 163.75(5) 163.85(5) 163.79(5) 163.74(5)  163.63(5) Ay
30.43(11) 30.41(11) 30.42(11) 30.40(11) 29.19(10) 29.18(10) 29.18(10)  29.17(10) B

OPtF, (X3A,, Ca), CCSD(T)/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
870.92 870.76 870.6 870.28 825.21 825.03 824.86 824.53 A
652.45 652.19 651.93 651.43 652.44 652.18 651.93 651.42 B
626.98 626.96 626.94 626.90 626.82 626.80 626.77 626.73 A
233.28 233.15 233.03 232.79 232.17 232.05 231.92 231.68 B.
173.85 173.8 173.74 173.63 173.71 173.66 173.6 173.49 A
140.81 140.79 140.76 140.72 135.11 135.09 135.06 135.02 B

OPtF; (°A1, Ca), B3LYP/AVTZ(-PP)

160/194Pt  160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
647.67(137) 647.41(137) 647.16(137) 646.66(137) 647.65(137) 647.39(137) 647.14(137) 646.64(137) B2
613.39(6) 613.36(6) 613.33(6) 613.26(6) 599.58(6)  599.56(6)  599.54(6)  599.51(6) As
534.86(3) 534.80(3) 534.74(3) 534.61(3) 517.99(3) 517.90(3) 517.82(3) 517.66(3) As
163.28(1)  163.25(1) 163.23(1)  163.18(1) 157.25(1) 157.23(1) 157.20(1)  157.15(1) B>
146.62(1) 146.57(1) 146.51(1) 146.40(1) 146.60(1) 146.54(1) 146.49(1)  146.38(1) A
126.97(9) 126.90(9) 126.84(9) 126.71(9) 126.59(9) 126.52(9) 126.46(9) 126.33(9) B1
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OPtF; (°A1, C2), BP86/AVTZ(-PP)

160/194Pt  160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.

628.27(98) 628.02(98) 627.78(98) 627.30(98) 628.24(98) 628.00(98) 627.75(98) 627.27(98) B
615.01(0) 614.95(0) 614.89(0) 614.77(0) 593.89(19) 593.85(19) 593.80(19) 593.72(19) Ay

532.10(3) 532.06(3) 532.02(3) 531.95(3) 521.62(2) 521.56(2) 521.50(2) 521.38(2) Ay
160.51(2) 160.49(2) 160.46(2) 160.41(2) 154.58(2) 154.56(2) 154.53(2) 154.48(2) B
143.10(1) 143.05(1) 142.99(1) 142.88(1) 143.08(1) 143.02(1) 142.97(1) 142.86(1) Ay
129.80(6) 129.73(6) 129.67(6) 129.54(6) 129.41(6) 129.35(6) 129.28(6) 129.15(6) B

OPtF, (°A1, Cay), CCSD(T)/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.

673.37 673.10 672.84 672.32 673.35 673.08 672.82 672.30 B
625.69 625.68 625.66 625.64 620.45 620.45 620.45 620.44 A
566.46 566.38 566.29 566.13 540.74 540.64 540.55 540.35 A

180.72 180.68 180.65 180.59 174.16 174.13 174.09 174.03
158.86 158.79 158.73 158.61 158.83 158.77 158.71 158.59 A
130.76 130.69 130.62 130.48 130.53 130.46 130.39 130.25 B

FOPtF (°Ag Cs), B3LYP/AVTZ(-PP)

160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt

824.21(143) 824.21(143) 824.21(143) 824.21(143) 798.77(134) 798.77(134) 798.77(134) 798.77(134)
664.66(61) 664.42(61) 664.18(60) 663.71(60) 650.93(93) 650.69(93) 650.44(93) 649.96(93)

617.21(52) 617.19(52) 617.18(52) 617.15(53) 597.06(20) 597.04(20) 597.03(20) 597.00(20)

307.64(2) 307.54(2) 307.44(2) 307.23(2) 303.53(1) 303.43(1) 303.32(1) 303.12(1)
128.48(4)  128.44(4) 128.40(4) 128.32(4) 128.46(4) 128.42(4) 128.38(4)  128.29(4)
120.57(6) 120.52(6) 120.46(6) 120.36(6)  118.17(6) 118.12(6) 118.06(6) 117.95(6)

%)
>>>r > )>J>§
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FOPtF (*Aq C.), BP86/AVTZ(-PP)

160/194Pt  160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt S

ym.
678.890(22) 678.72(22) 678.57(22) 678.24(22) 650.95(36) 650.73(36) 650.52(36) 650.10(36) A
630.51(4) 630.43(4) 630.34(4) 630.17(4) 623.72(2) 623.68(2) 623.63(2) 623.54(2) A
570.05(251) 570.05(251) 570.04(251) 570.03(251) 551.21(227) 551.21(227) 551.21(227) 551.20(227) A
308.62(2) 308.52(2) 308.42(2) 308.21(2) 304.66(2) 304.55(2) 304.45(2)  304.24(2) A
116.28(3) 116.24(3) 116.20(3) 116.13(3) 116.24(3) 116.21(3) 116.17(3) 116.10(3) A
56.25(5)  56.23(5)  56.20(5)  56.15(5)  55.45(5)  55.42(5)  55.40(5)  55.34(5) A

FOPtF (PAd, Cs), B3LYP/AVTZ(-PP)
160/194Pt  160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
722.42(141) 722.42(141) 722.42(141) 722.42(141) 702.88(128) 702.88(128) 702.88(128) 702.88(128) A
648.39(129) 648.13(129) 647.87(128) 647.36(128) 641.92(160) 641.69(160) 641.47(160) 641.04(160) A
618.24(36) 618.23(36) 618.23(36) 618.23(36) 591.60(9)  591.56(9)  591.51(9)  591.42(9) A
215.73(4)  215.65(4) 215.58(4)  215.42(4)  212.00(4)  211.92(4)  211.84(4)  211.69(4) A
149.64(6)  149.57(6)  149.51(6)  149.39(6)  146.22(6)  146.15(6)  146.09(6)  145.97(6) A
132.49(4)  132.45(4)  132.41(4)  132.34(4)  132.46(4)  132.42(4)  132.39(4)  132.31(4) A

FOPtF (°Ad, Cs), BP86/AVTZ(-PP)
160/194Pt  160/195Pt 160/196Pt  160/198Pt  180/194Pt 180/195Pt 180/196Pt  180/198Pt  Sym.
725.71(16) 725.53(16) 725.36(16) 725.03(16) 690.57(22) 690.37(22) 690.17(22) 689.78(22) A
635.43(60) 635.32(60) 635.21(60) 634.99(60) 634.11(58) 634.01(58) 633.93(58) 633.75(58) A
480.47(220) 480.47(220) 480.47(220) 480.47(220) 466.36(206) 466.36(206) 466.36(206) 466.36(206) A
160.40(7)  160.33(7)  160.26(7)  160.13(7)  157.80(7)  157.73(7)  157.66(7)  157.52(7) A
152.89(5)  152.82(5)  152.76(5)  152.62(5)  149.71(4)  149.65(4)  149.58(4)  149.44(4) A
103.29(2)  103.26(2)  103.24(2)  103.20(2)  103.09(2)  103.06(2)  103.04(2)  103.00(2) A
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FOPtF (PAd, Cs), CCSD(T)/AVTZ(-PP)

160/194Pt  160/195Pt  160/196Pt  160/198Pt  180/194Pt  180/195Pt  180/196Pt  180/198Pt Sym.
762.23 762.22 762.22 762.22 737.79 737.78 737.79 737.79 A
689.28 689.09 688.93 688.57 660.74 660.48 660.22 659.72 A
645.87 645.79 645.7 645.54 637.95 637.95 637.95 637.94 A
306.15 306.04 305.92 305.69 302.01 301.9 301.78 301.54 A
194.33 194.29 194.24 194.14 186.69 186.65 186.6 186.48 A
141.53 141.49 141.44 141.37 141.5 141.47 141.45 141.39 A

OPtF; (X*A1, Ca), B3LYP/AVTZ(-PP)

160/194Pt  160/195Pt  160/196Pt 160/198Pt  180/194Pt  180/195Pt  180/196Pt 180/198Pt  Sym.
781.15(1)  780.98(1)  780.81(1)  780.48(1)  740.70(2)  74051(2)  740.31(2)  739.93(2) A
691.34(119) 691.05(118) 690.77(118) 690.21(118) 691.33(119) 691.04(118) 690.76(118) 690.20(118) B,
661.68(60) 661.60(60) 661.51(60) 661.34(59) 661.33(58) 661.25(58) 661.17(58) 661.03(57) As
629.98(27) 629.95(27) 629.91(27) 629.84(27) 629.49(27) 629.46(27) 629.43(28)  629.37(28) As
278.92(1)  278.90(1)  278.88(1)  278.84(1)  278.35(2)  278.27(2)  278.20(2)  278.04(2) A
278.58(2)  278.49(2)  278.41(2)  278.25(2)  269.98(1)  269.97(1)  269.96(1)  269.93(1) B,
244.68(5)  244.63(5)  244.57(5)  244.47(5)  242.36(5)  242.29(5)  242.23(5)  242.11(5) B,
218.37(10) 218.23(10) 218.10(10) 217.83(10) 213.90(10) 213.76(10) 213.62(10) 213.35(10) =
119.91(1)  119.90(1)  119.89(1)  119.88(1)  119.03(1)  119.03(1)  119.02(1)  119.01(1) B.
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OPtF3 (X*A1, Cov), BP86/AVTZ(-PP)

160/194Pt  160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym
785.84(9)  785.66(9)  785.49(9)  785.16(9) 745.16(10) 744.97(10) 744.78(10) 744.41(10) A
663.46(87) 663.18(87) 662.91(87) 662.38(87) 663.44(87) 663.17(87) 662.90(87) 662.37(87) B2
632.12(44) 632.04(44) 631.95(44) 631.78(44) 631.89(43) 631.81(43) 631.73(43) 631.57(43) As
601.94(19) 601.91(19) 601.88(19) 601.82(19) 601.35(19) 601.32(19) 601.30(19) 601.25(19) A
272.97(2)  272.95(2)  272.93(2) 272.90(2) 268.42(2)  268.33(2) 268.26(2)  268.11(2) A
268.63(2)  268.55(2)  268.47(2) 268.31(2)  264.20(1)  264.19(1)  264.17(1)  264.15(1) B2
232.26(5)  232.20(5)  232.15(5) 232.05(5) 230.06(6)  230.00(6) 229.94(6)  229.83(6) B
213.11(7)  212.97(7)  212.83(7) 212.56(7)  209.10(7)  208.95(7)  208.81(7)  208.53(7) Bs
119.46(0)  119.45(0)  119.450) 119.44(0)  118.37(0) 118.37(0) 118.37(0)  118.36(0) B
OPtF; (X*A1, Cay), CCSD(T)/AVTZ(-PP)
160/194Pt 160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt  Sym.
805.99 805.81 805.63 805.28 764.38 764.17 763.97 76356  A;(Pt-O)
722.11 721.80 721.50 720.90 722.09 721.79 721.49 720.89 B (Pt-F)
683.97 683.91 683.85 683.73 683.63 683.58 683.53 683.43 Ay
656.07 656.01 655.94 655.82 655.44 655.39 655.33 655.22 A
284.46 284.38 284.30 284.13 284.23 284.14 284.06 283.90 Ay
282.89 282.87 282.85 282.80 273.59 273.58 273.57 273.54 B.
249.90 249.85 249.80 249.70 247.76 247.70 247.64 247.52 B.
220.75 220.61 220.48 220.22 216.05 215.91 215.77 215.50 B,
117.34 117.33 117.32 117.30 116.57 116.56 116.55 116.53 B,
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OPtF4 (*A2, Ca), BBLYP/AVTZ(-PP)

160/194Pt  160/195Pt 160/196Pt 160/198Pt 180/194Pt 180/195Pt 180/196Pt 180/198Pt Sym.
897.22(0)  897.04(0) 897.04(0)  896.50(0)  850.05(0)  849.85(0)  849.66(0)  849.28(0) A
659.46(135) 659.18(135) 659.18(135) 658.34(134) 659.44(135) 659.15(135) 658.87(135) 658.31(135) E
635.77(12) 635.76(12) 635.76(12) 635.71(12) 635.73(12) 635.72(12) 635.70(12) 635.67(12) A
604.33(0)  604.33(0)  604.33(0)  604.33(0)  604.33(0)  604.33(0)  604.33(0)  604.33(0) B2
270.48(3)  270.38(3)  270.38(3)  270.11(3)  269.58(3)  269.49(3)  269.39(3)  269.21(3) E
228.56(8)  228.42(8)  228.42(8)  228.02(8)  228.23(8)  228.09(8)  227.96(8)  227.70(8) A
214.77(0)  214.77(0)  214.77(0)  214.77(0)  214.77(0)  214.77(0)  214.77(0)  214.77(0) B,
160.51(0)  160.51(0)  160.51(0)  160.51(0)  160.51(0)  160.51(0)  160.51(0)  160.51(0) B.
159.11(1)  159.10(1)  159.09(1)  159.08(1)  153.39(1)  153.38(1)  153.37(1)  153.35(1) E

OPtF4 (*A2, Ca), BP86/AVTZ(-PP)

160/194Pt  160/195Pt  160/196Pt  160/198Pt  180/194Pt  180/195Pt  180/196Pt  180/198Pt  Sym.
844.93(1)  844.76(1)  844.59(1)  844.25(1)  800.48(1)  800.30(1)  800.12(1)  799.76(1) Ay
636.04(109) 636.77(109) 635.50(109) 634.97(109) 636.01(109) 635.74(109) 635.47(109) 634.94(109) E
612.37(8)  612.36(8)  612.34(8)  612.31(8) 612.33(8)  612.32(8)  612.31(8)  612.28(8) Ay
591.69(0)  591.69(0)  591.69(0)  591.69(0)  591.69(0)  591.69(0)  591.69(0)  591.69(0) B.
260.40(3)  260.31(3)  260.22(3)  260.04(3)  259.53(3)  259.43(3)  259.34(3)  259.16(3) E
221.14(7)  221.01(7)  220.88(7)  220.62(7)  220.83(6)  220.70(6)  220.57(6)  220.32(6) Ay
203.00(0)  203.00(0)  203.00(0)  203.00(0)  203.00(0)  203.00(0)  203.00(0)  203.00(0) B
157.30(0)  157.30(0)  157.30(0)  157.30(0)  157.30(0)  157.30(0)  157.30(0)  157.30(0) B.
148.05(2)  148.04(2)  148.04(2)  148.02(2)  142.77(2)  142.76(2)  142.75(2)  142.74(2) E
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Table $4.5. Structurl parametergbond lengths in A, angles in dégand computetiarmonicfrequenciegcm'¥) for OCUF ¢Z'; Co) andOCUR: (B2, *Az; Ca).

OCuF, Cpv

Electronic State Method Total energy r(MO), r(MF), ang(FMF)  Tiparameters
g CCSD(T)/VTZ-DK -1828.560199 1.666, 1.705, 180.0 0.079
g CCSD(T)/(A)VTZ-DK  -1828.584090 1.668, 1.712, 180.0 0.081

OCUF (*#', Cp.), CCSD(T)/VTZ-DK

160/63Cu  160/65Cu 180/63Cu 180/65Cu  Sym.
858.50 854.05 835.78 831.09 F (Cu-O)
660.28 660.05 645.86 64580  E (Cu-F)
157.26 156.40 154.09 153.22 Y

OCuF (F', Cp.), CCSD(T)/(A)VTZ-DK

160/63Cu_160/65Cu_180/63Cu_180/65Cu__ Sym.
852.99  848.64  829.16 82455 E(Cu-O)
650.98  650.71  637.73  637.63 E(Cu-F)
155.45  154.60  152.31  151.44 Y
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OCu Fz, CzV

Electronic State Method Total energy r(MO), r(MF), ang(OMF) Tiparameters
B2 B3LYP/AVTZ-PP -472.2710581 1.759, 1.713, 97.0
B2 CCSD(T)/AVDZ-PP -470.913789 1.820, 1.717, 95.2 0.051
B2 CCSD(T)/AVTZ-PP -471.2119437 1.771, 1.704, 95.8
B2 CCSD(T)/VTZ-DK -1928.328104 1.773, 1.702, 96.15 0.050
B2 CCSD(T)/(A)VTZ-DK  -1927.3649490 1.778, 1.707, 95.7 0.050
B> CCSD(T)/AVTZ-DK -1928.3785992 1.779, 1.707, 95.7 0.051
4A2-2 CCSD(T)/AVDzZ-PP -470.9125929 2.087, 1.746, 94.8 0.029
4A2-2 CCSD(T)/AVTZ-PP -471.2054971 2.00, 1.735, 95.6
4A2-2 CCSD(T)/VTZ-DK -1928.320343 2.045, 1.732, 95.6 0.027
4A2-2 CCSD(T)/(A)VTZ-DK  -1928.3574495 2.026, 1.739, 95.1 0.027
4A2-2 CCSD(T)/AVTZ-DK -1928.3707900 2.025,1.737,95.2 0.028
4A2-1 B3LYP/AVTZ-PP -472.2736039 1.725, 1.740, 115.2
4Az-1 CCSD(T)/AVDzZ-PP -469.818636 1.815, 1.755, 107.2 0.104
4Az-1 CCSD(T)/VTZ-DK -1928.31093 1.699, 1.727, 114.2 0.053
4Az-1 CCSD(T)/AVTZ-DK -1928.360589 1.700, 1.732, 114.0 0.053
OCuF: (°B2, Ca), B3LYP/AVTZ(-PP)
160/63Cu  160/65Cu  180/63Cu  180/65Cu Sym.
762.35(132) 757.98(131) 762.35(132) 757.98(131) B
621.81(5) 621.55(5) 621.34(5) 621.11(5) A
508.15(6) 506.77(6) 485.22(6) 483.72(6) A
204.92(31) 203.58(31) 204.70(31) 203.36(31) B
200.84(19) 200.04(18) 200.12(19) 199.35(18) A
169.93(0) 169.72(0) 164.12(0) 163.91(0) B
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OCuF; (?B,, Ca), CCSD(T)/AVTZ(-PP)

160/63Cu_160/65Cu_180/63Cu_180/65Cu___ Sym.
788.75 78422  788.75  784.22 B
64152 64139  641.43  641.31 A
510.49  509.05  487.03  485.49 A
216.06  214.67 21590  214.52 By
203.76 ~ 202.92  203.08  202.28 A
160.12  159.93  154.62  154.42 B
OCUF; (?B2, Cay), CCSD(T)/VTZ-DK
160/63Cu  160/65Cu 180/63Cu 180/65Cu  Sym.
795.47 790.91 795.47 790.91 B
647.38 647.23 647.22 647.08 Ay
489.22 487.85 466.81 465.34 Ay
214.91 213.53 214.72 213.33 B
204.24 203.39 203.55 202.74 Ay
166.34 166.15 160.66 160.47 B
OCUF; (?B2, Cav), CCSD(T)/(A)VTZ-DK

160/63Cu 160/65Cu  180/63Cu 180/65Cu  Sym.
783.77  779.27 78377  779.27 B
636.11 63597 63597  635.84 A
48551  484.13  463.32  461.84 A
214.06  212.68 21396  212.58 B
204.78  203.95  204.06  203.27 A
159.73  159.63  153.87  153.77 B
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OCuF: (“Az-1, Ca), BABLYP/AVTZ(-PP)

160/63Cu__ 160/65Cu__ 180/63Cu__ 180/65Cu Sym.
681.54(92) 678.23(91) 681.51(92) 678.20(91) B
636.23(13) 633.79(13) 625.86(23) 623.64(24) Ay
580.32(28) 580.29(27) 561.83(18) 561.50(17) Ay
185.99(27) 184.66(26) 184.25(27) 182.91(26) Bi
154.49(3) 154.14(3) 149.53(2)  149.16(2) B
130.48(1) 130.05(1) 130.25(1)  129.84(1) Ay
OCUF; (*A>-1, Ca,), CCSD(T)/VTZ-DK
160/63Cu_160/65Cu_180/63Cu_180/65Cu___ Sym.
729.84  726.46  729.75  726.37 B
688.88  686.47  678.36  676.11 Ay
602.24  602.15  582.31  581.99 Ay
22968 22841 22651  225.20 B
20527 20433  204.89  203.97 Ay
180.48  179.47  172.12  171.04 B
OCUF; (*As-1, Ca,), CCSD(T)/AVTZ-DK

160/63Cu_ 160/65Cu_ 180/63Cu_ 180/65Cu __ sym.
728.13 724.28 728.12 724.27 B
681.80 679.33 670.21 667.84 Ay
577.50 577.44 559.48 559.26 Ay
276.60 275.85 281.26 280.49 B
205.51 204.03 204.90 203.46 Ay
197.82 194.89 192.89 189.92 B
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Part 5. RHF, Cl and RCCSD(T) calculationson different spin-states of
NiOF

Doublet and quartet spin states of NiOF were investigated by RHF, Cl and RCC3$b¥ reference
RHF wavefunction, which wasusedin subsequen€l and RCCSD(T)alculations was obtained
without the use of symmetso thathe molecular geometigouldrelaxinto the ground state. Geometry
optimizationand normal mode analysis weggted out irthereduced point grou@: and subsequently
checked against the corresjpling calculations irpoint groupC.

NiOF 2Aq

Table S5.1. Natural orbitalsobtainedfrom RHF calculationsat the RCCSD(T)optimizedgeometry
using theAVTZ-DK basis set

Orbital Occupation Energy Coefficients
1.1 2.00000 -308.58650 3 1s 0.99247
2.1 2.00000 -38.41652 3 1s 0.99250
3.1 2.00000 —-32.89336 3 2py -0.64119 3 2pz 0.76732
4.1 2.00000 —-32.87945 3 2py 0.76732 3 2pz 0.64119
5.1 2.00000 -26.27118 2 1s 0.99889
6.1 2.00000 -20.59022 1 1s 0.99911
7.1 2.00000 -4.81093 3 1s 0.99716
8.1 2.00000 -3.13593 3 2py -0.56594 3 2pz 0.82254
9.1 2.00000 -3.12709 3 2py 0.82378 3 2pz 0.56628
10.1 2.00000 -1.52787 1 1s 0.29589 2 1s 0.88985
11.1 2.00000 -1.17526 1 1s 0.88781 2 1s -0.38181
12.1 2.00000 -0.63193 1 2pz 0.35245 2 2py -0.39800 2 2pz 0.67581
13.1 2.00000 -0.57832 1 2py -0.31739 1 2pz -0.30801 2 2py 0.60951 2 2pz 0.33432
14.1 2.00000 -0.48917 1 2pz 0.31595 2 2pz -0.42033 3 3do 0.68740 3 3d2+ 0.49132
15.1 2.00000 -0.47142 1 2py 0.46824 1 2pz -0.56587 2 2py -0.36124 2 2pz 0.26326
16.1 2.00000 -0.45487 3 3do 0.40995 3 3d2+ -0.80494 3 3dl- 0.43294
17.1 1.00000 -0.52990 3 3d0 -0.40940 3 3dl- 0.85403
1.2 2.00000 -32.87680 3 2px 0.9999%6
2.2 2.00000 -3.12435 3 2px 0.99976
3.2 2.00000 -0.62145 1 2px 0.40698 2 2px 0.81212
4.2 2.00000 -0.51252 1 2px 0.34778 2 2px -0.39691 3 3d2- 0.52832 3 3dl+ -0.6518¢6
5.2 2.00000 -0.45670 3 3d2- 0.80617 3 3dl+ 0.60363
6.2 2.00000 -0.42386 1 2px 0.78485 2 2px -0.35427 3 3d2- -0.29366 3 3dl+ 0.44966
Table $.2. Structural parameters ftineground statéAoNiOF.
RHF
Energy (Ep) rO—F (A) INi—O (A) Angle (°)
VDZ -1681.01619907 1.4719 1.9387 80.6250
VTZ -1681.07027174 1.4332 1.9116 90.9838
VQZ -1681.08699476 1.4322 1.9133 91.1737
AVDZ -1681.03209432 1.4567 1.9300 85.1923
AVTZ -1681.07537612 1.4337 1.9157 91.0206
AVQZ -1681.08850477 1.4318 1.9149 91.2930
VDZ-DK -1693.33866845 1.4658 1.9196 82.7751
VTZ-DK -1693.39349250 1.4277 1.8956 93.5108
VQZ-DK -1693.41086091 1.4268 1.8973 93.7608
AVDZ-DK | -1693.35457670 1.4507 1.9127 87.8951
AVTZ-DK | -1693.39846097 1.4288 1.8998 03.4875

Continued on next page
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AVQZ-DK | -1693.41231976 1.4266 1.8989 93.7326
CISD

Energy (Ey)  ro_r (A) ryi_o (A) Angle (°)
VDZ -1681.63434693 1.4668 1.8691 87.6774
VTZ -1681.83476495 1.4337 1.8556 95.2490
VQZ -1681.91133910 1.4294 1.8547 95.8603
AVDZ -1681.68481586 1.4653 1.8717 89.5951
AVTZ -1681.85922271 1.4354 1.8584 95.2407
AVQZ -1681.92164287 1.4299 1.8554 95.4821
VDZ-DK -1693.95965837 1.4619 1.8508 90.3470
VTZ-DK -1694.16023487 1.4311 1.8392 96.9859
VQZ-DK -1694.23744222 1.4272 1.8386 97.4669
AVDZ-DK | -1694.00941967 1.4612 1.8546 92.0489
AVTZ-DK | -1694.18404909 1.4330 1.8420 96.9234
AVQZ-DK | -1694.24756019 1.4275 1.8391 97.1434

RCCSD(T)

Energy (En) ro_r (A) ryi_o (A) Angle (°)
VDZ -1681.74211777 1.5528 1.8417 78.4392
VTZ -1681.97707001 1.5008 1.8185 88.6637
VQZ -1682.06897015 1.4956 1.8162 91.2182
AVDZ -1681.81019576 1.5570 1.8471 78.0911
AVTZ -1682.01265799 1.5032 1.8209 90.8299
AVQZ -1682.08383389 1.4979 1.8174 90.7428
VDZ-DK -1694.07017279 1.5597 1.8205 77.6751
VTZ-DK -1694.30550601 1.5208 1.8058 80.2085
VQZ-DK -1694.39782512 1.4968 1.7960 91.8918
AVDZ-DK | -1694.13748505 1.5642 1.8267 77.0405
AVTZ-DK | -1694.34009773 1.5053 1.8003 91.0270
AVQZ-DK | -1694.41245504 1.5004 1.7972 90.5894

Table S5.3. T1 parameters fothe 2AostateNiOF, RCCSD(T) calculations

Basis set 13

VDZ 0.0413
VTZ 0.0336
VQZ 0.0321
AVDZ 0.0410
AVTZ 0.0337
AVQZ 0.0324
VDZ-DK 0.0485
VTZ-DK 0.0418
VQZ-DK 0.0349
AVDZ-DK | 0.0481
AVTZ-DK | 0.0368
AVQZ-DK | 0.0354
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Table $.4. Harmonic vibrational frequencies fthve 2AgP®Ni®OF isotopologue

RHF CISD RCCSD(T)
AT 247 3A | 1A 2 3A7 1A 247

w | 113.95 501.17 866.18 | 92.84 55538 016.00 | 171.87  520.16
VDZ I | 729 3786 8345 | 772 3822  39.51 - -
I, | 874 4537 100.00 | 1955 96.74  100.00 - -

w | 100.80 537.88 070.02 | 124.10 573.05 1001.28 | 0548  574.14
VTZ I | 730 4515 6961 | 833 4471 4147 - -
I, | 1049 6486 100.00 | 18.63 100.00 92.75 - -

w | 104.02 53528 061.71 | 124.70 573.25 00808 | 06.00  573.84
vQZ 1| 7.82 4410 7180 | 880 4332  44.40 - -
I, | 1088 6135 100.00 | 19.82 97.56  100.00 - -

w | 10058 51450 801.26 | 106.44 550.18 924.44 | 149.13  509.00
AVDZ 1| 841 4157 8503 | 9.66  39.19  49.89 - -
I, | 900 4880 100.00 | 19.36 7856  100.00 - -

w | 107.33 53200 962.95 | 12256 568.94 99257 | 9440  565.10
AVTZ I | 824 4344 7250 | 926 4202 4487 - -
I, | 1136 59.91 100.00 | 2064 9364  100.00 - -

w | 105.06 532.26 050.00 | 121.03 571.60 00567 | 95.64  560.71
AVQZ I | 814 4359 7189 | 913 4226 4534 - -
I, | 1132 6063 100.00 | 2014 9322  100.00 - -

w | 9732 51536 S8181 | 96.43 567.86 926.63 | 196.26  512.15
VDZ-DK | I | 671 3817 7808 | 738 3839  36.14 - -
I, | 859 4889 100.00 | 19.22 100.00  94.12 - -

w | 11944 54808 086.63 | 134.65 58189 100647 | 131.02  555.17
VIZ-DK | I | 699 4578 6467 | 813 44355  30.62 - -
I, | 1081 7079 100.00 | 18.26 100.00  88.95 - -

w | 11581 54522 907837 | 137.75 58189 100387 | 100.71  585.01
VQZ-DK | / | 751 4466 66.91 | 860 4311 4259 - -
I, | 1122 66.74 100.00 | 19.94 100.00  98.80 - -

w | 9961 526,70 907.86 | 117.48 56856 932.35 | 150.60  486.92
AVDZ-DK | / | 7.94 4191 7919 | 923 3892  47.05 - -
I, | 1003 5202 100.00 | 19.62 8272  100.00 - -

o | 11648 541.65 078.00 | 133.06 577.26 097.20 | 68.84  573.04
AVTZDK | / | 7.901 4391 6782 | 901 4175  43.05 - -
I, | 1166 6474 10000 | 2094 97.00  100.00 - -

o | 11410 542.05 07561 | 133.64 580.70 1000.66 | 8470  580.03
AVQZ-DK | I | 7.84 4410 67.27 | 890 4208  43.52 - -
I, | 1166 6555 100.00 | 2046 96.69  100.00 - -
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Table S5.5. Harmonic vibrational frequencies fthve 2AgP®Ni'8OF isotopologue

| RHF | CISD | RCCSD(T)
A7 247 34 | 1A 247 3A [ 1A 2.4’ 34’
o | 11285 480.05 84101 | 91.84 53118 890.38 | 170.77 49852  705.02
VDZ I| 711 3556 8212 | 742 3560 3982 | - - -
I, | 866 4330 100.00 | 18.63 8942 100.00 | - - -
o | 108.87 51441 04169 | 122.80 547.06 O71.54 | 9530 54858  78l.14
VTZ I| 696 4196 60.32 | 7.80 4147 4204 | - - -
I, | 1004 60.53 100.00 | 18.77 98.64 100.00 | - - -
w | 10305 511.02 03361 | 123.48 548.18 060.25 | 96.30 54831  776.85
VQZ I| 747 4101 7154 | 834 4020 4493 | - - -
I, | 1044 57.32  100.00 | 18.56  89.47 100.00 | - - -
w | 99.68 492.25 865.77 | 105.73 53453 807.46 | 148.07  487.00  705.23
AVDZ I| 812 3885 8402 | 926 3652 5008 | - - -
I, | 9.67 4624 100.00 | 1850 7292  100.00 | - - -
w | 10631 50886 03481 | 121.37 544.02 963.07 | 93.75  530.06  768.02
AVTZ I | 787 4042 7213 | 880  39.03 4537 | - - -
I, | 1091  56.04 100.00 | 1939  86.04 100.00 | - - -
= | 10400 500.02 03184 | 120.76 54658 966.07 | 95.14 54441  772.05
AVQZ I| 777 4055 7154 | 867 3025 4582 | - - -
I, | 1086 56.68 100.00 | 18.91  85.66 100.00 | - - -
w [ 9630 49339 S57.01 | 9554 543.00 809.73 | 10450  491.36  690.32
VDZDK | I | 654 3572 77.00 | 7.05 3569 36.60 | - - -
I, | 849 4639 100.00 | 10.26 9751 100.00 | - - -
w | 11825 52418 057.61 | 13327 556.47 076.46 | 130.32  531.59  755.46
VIZDK | [ | 662 4247 6450 | 7.68 4127 4027 | - - -
I, | 1025 6576  100.00 | 18.60 100.00 97.56 | - - -
w | 11468 52144 019.58 | 136.30 556.48 073.88 | 100.53  558.05  769.43
VQZ-DK | [ | 712 4146 6679 | 812  30.97 4319 | - - -
I, | 1066 6208 100.00 | 18.79 9255 100.00 | - - -
w | O8.68 50388 88174 | 116.61 54349 005.04 | 148.68  467.51  685.79
AVDZDK | 7 | 7.63 39.06 7846 | 881 3619 47.36 | - - -
I, | 973 4979 100.00 | 18.61 7641 100.00 | - - -
w | 11532 518.01 049.32 | 131.70 55202 067.54 | 68.62  547.52  758.51
AVIZDK | [ | 752 40.79 67.65 | 853 3875 4361 | - - -
I, | 1111 60.30  100.00 | 190.57 88.85 100.00 | - - -
w | 11208 51840 046.00 | 132.36 555.32 070.80 | 85.01 55423  763.18
AVQZDK | I | 745 4096 67.12 | 842  30.04 4407 | - - -
I, | 1110 6102 100.00 | 10.12 8858 100.00 | - - -
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Table $%.6. Harmonic vibrational frequencies fthve 2Agf°Ni®OF isotopologue

| RHF | CISD | RCCSD(T)

A 247 34 | 1A 24 34 Y 20

= | 11358 499.01 866.10 | 92.59 553.18 916.86 | 170.95  518.21
VDZ I | 725 3730 8422 | 775 3775 30.88 - -
I, | 861 4439 10000 | 1943 9467 10000 | - -

w | 10949 535.80 069.99 | 123.64 57089 1001.26 | 94.68  572.03
VTZ I | 734 4463 7004 | 837 4419 4174 - -
I, | 1047 6372 100.00 | 1895 100.00  04.47 - -

w | 103.64 53322 061.67 | 12423 57110 998.96 | 9634 57170
VQz I | 7.85 4358 7232 | 884 4280 4468 - -
I, | 10.86 6027 100.00 | 19.79 9580 100.00 | - -

w | 10023 51242 891.22 | 105.91 557.06 92441 | 14842  507.10
AVDZ I | 842 4104 8565 | 960 3868 5027 - -
I, | 983 4792 10000 | 19.28 7695 10000 | - -

w | 106.94 530.04 96292 | 122.11 56680 99254 | 9386 563.01
AVTZ I | 827 4201 7204 | 930 4150 4516 - -
I, | 1134 5883 10000 | 2059 91.91 10000 | - -

.~ | 10468 530.20 05987 | 121.47 560.46 995.65 | 9508  567.50
AVQZ I | 817 4307 7232 | 917 4175 4562 - -
I, | 1120 5955 100.00 | 2000 9L51 10000 | - -

w | 9699 51319 88174 | 96.06 565.67 9026.60 | 19550  510.35
VDZ-DK | I | 668 3772 7875 | 741 3794 3645 - -
I, | 848  47.90 100.00 | 1952 100.00  96.06 - -

w | 11902 545.98 086.60 | 134.14 579.73 1006.45 | 130.25  553.15
VIZDK | [ | 703 4527 6504 | 817 4403  39.87 - -
I, | 1080  69.60 100.00 | 1857 100.00  90.55 - -

w | 11530 54315 078.34 | 137.22 579.73 100385 | 100.02  582.88
VQZDK | I | 754 4415 6728 | 863 4260 4284 - -
I, | 1121 6561 10000 | 20.15 9944 100.00 | - -

w | 9926 52470 007.83 | 116.00 566.42 03232 | 15050  485.08
AVDZ-DK | I | 7.96 4140 7971 | 926 3842  47.37 - -
I, | 998 5194 10000 | 1956 8111 100.00 | - -

w | 116.07 53958 078.06 | 132.56 575.11 097.26 | 68.31  570.94
AVTZ-DK | [ | 7.94 4330 6820 | 9.05 4125 4330 - -
I, | 1165 63.63 10000 | 20.80 9526 100.00 | - -

w | 11369 539.99 07558 | 133.12 57855 1000.63 | 84.00  577.92
AVQZDK | I | 7.88 4358 67.64 | 894 4157  43.77 - -
I, | 1164 6443 10000 | 2042 9497  100.00 | - -
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Table $.7. Harmonic vibrational frequencies fthve 2Agf°Ni'®OF isotopologue

|| RHF | CISD | RCCSD(T)
147 24 34 [ 1A 24 34 | 1A 24’
w | 11251 477.86 84180 | 9156 528.93 800.37 | 170.11  496.52
VDZ I 708 3507 8200 | 735 3514 3981 | - -
I, | 863 4272 10000 | 1845 8827 100.00 | - -
w | 10850 512.27 04168 | 12245 545.74 07153 | 0480  546.41
VTZ T 680 4143 6932 | 7.80 4096 4205 | - -
I, | 994 5977 100.00 | 18.56 97.40 100.00 | - -
w | 10270 500.79 933.60 | 123.04 545.06 969.24 0588  546.14
VQZ T| 739 4049 7155 | 825 3070  44.95 | - -
I, | 1033 5659 100.00 | 18.35 8832  100.00 | - -
w | 99.35 400.12 865.76 | 105.34 532.34 807.45 | 147.48  485.03
AVDZ I | 806 3833 8400 | 917 3603 5007 | - -
I, | 959 4563 100.00 | 18.32 7195 100.00 | - -
| 10597 506.74 93480 | 120.03 541.81 063.06 | 9332  537.80
AVTZ I 779 3000 7213 | 870 3854 4538 | - -
I, | 1080 5532 10000 | 19.18 8492 100.00 | - -
w | 10373 506.91 031.83 | 120.32 544.37 066.06 | 94.73  542.23
AVQZ 1| 760 4003 7154 | 857 3875 4584 | - -
I, | 1075 5595 100.00 | 18.70 8455 100.00 | - -
w | 96.08 49110 856.00 | 9520 540.74 800.72 | 193.88 48047
VDZ-DK | I | 650 3525 7698 | 698 3524 3660 | - -
I, | 844 4579 100.00 | 19.06 9628 100.00 | - -
w | 11784 52203 057.60 | 13279 55423 076.45 | 12073  529.50
VIZDK | I | 655 4196 6460 | 7.50 4077 4028 | -
I, | 1014 6495 100.00 | 18.62 100.00 98380 | - -
w | 11428 51030 049.57 | 135.00 55424 O73.87 | 100.19  556.73
VQZDK | I | 705 4094 6680 | 803 3048 4321 | - -
I, | 1055 6130 100.00 | 1858 01.36 100.00 | - -
w | 0834 50174 88173 | 116.19 54128 005.03 | 14827  465.61
AVDZDK | [ | 757 3855 7845 | 872 3572 4737 | - -
I, | 965 4914 100.00 | 1841 7541 100.00 | - -
L [ 11492 51588 949.30 | 131.23 549.80 967.53 | 68.26  545.35
AVTZ-DK | [ | 744 4028 67.66 | 844 3826 43.63 | - -
I, | 11.00 5954 100.00 | 19.35 87.70 100.00 | - -
w | 11250 51628 946.80 | 131.87 553.00 070.79 | 8471  552.02
AVQZ-DK | T | 737 4045 67.13 | 833 3855 4400 | - -
I, | 1098 6025 100.00 | 18.90 87.44 100.00 | - -
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NiOF “Ad

Table $5.8. Natural orbitalsobtainedfrom RHF calculationsat the RCCSD(T)optimizedgeometry
using theAVTZ-DK basis set

Orbital Occupation Energy Coefficients
1.1 2.00000 -308.80642 3 1s 0.99247
2.1 2.00000 -38.66117 3 1s 0.99245
3.1 2.00000 -33.12758 3 2py -0.58920 3 2pz 0.80793
4.1 2.00000 -33.12280 3 2py 0.80793 3 2pz 0.58920
5.1 2.00000 -26.32901 2 1s 0.99888
6.1 2.00000 -20.64359 1 1s 0.99908
7.1 2.00000 -5.04465 3 1s 0.99859
8.1 2.00000 -3.35005 3 2py -0.35879 3 2pz 0.93201
9.1 2.00000 -3.3489%94 3 2py 0.93316 3 2pz 0.35951
10.1 2.00000 -1.59084 1 1s 0.30494 2 1s 0.88324
11.1 2.00000 -1.23253 1 1s 0.87756 2 1s -0.39694
12.1 2.00000 -0.74433 1 2pz 0.25076 2 2pz 0.35762 3 3d0 -0
13.1 2.00000 -0.72350 3 3d2+ -0.87235 3 3dl- -0.34308
14.1 2.00000 -0.66559 2 2py 0.36674 2 2pz -0.63088 3 3d0 -0.
15.1 2.00000 -0.61883 1 2py 0.37901 2 2py -0.61810 2 2pz -0.
16.1 2.00000 -0.52264 1 2py 0.40383 1 2pz -0.68140 2 2py -0.
17.1 1.00000 —-0.78405 3 3d2+ -0.34061 3 3d1l- 0.92276
18.1 1.00000 -0.32258 3 1s 1.04537 3 2pz -0.49760
1.2 2.00000 -33.12184 3 2px 0.99995
2.2 2.00000 —-3.34607 3 2px 1.00012
3.2 2.00000 -0.70991 3 3d2- 0.75601 3 3dl1+ 0.58679
4.2 2.00000 -0.67339 1 2px 0.37708 2 2px 0.81293
5.2 2.00000 -0.50422 1 2px -0.85304 2 2px 0.49348
6.2 1.00000 -0.79195 3 3d2- -0.59776 3 3dl1+ 0.78582
Table S5.9. Structural parameters ftine ground statéAGNiOF.
RHF
Energy (Ep)  ro-r (A) ryi_o (A) Angle (°)
VDZ -1681.05907783 1.4852 1.9544 74.2008
VTZ -1681.13182516 1.4568 1.9248 76.5439
vVQZ -1681.13182516 1.4568 1.9248 76.5439
AVDZ -1681.07548537 1.4803 1.9456 73.9172
AVTZ -1681.11993081 1.4568 1.9263 76.8326
AVQZ -1681.13313708 1.4565 1.9265 76.5754
VDZ-DK -1693.39330186 1.4788 1.9401 75.8212
VTZ-DK -1693.44983754 1.4315 1.8948 85.8539
VQZ-DK -1693.46724156 1.4488 1.9097 79.1091
AVDZ-DK | -1693.40960519 1.4751 1.9332 75.3069
AVTZ-DK | -1693.45456857 1.4482 1.9105 79.7142
AVQZ-DK | -1693.46850867 1.4486 1.9114 79.1200
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CISD

Energy (En) ro_r (A) ryi—o (A) Angle (°)
VDZ -1681.62492561 1.4673 1.8722 83.6009
VTZ -1681.82533202 1.4322 1.8535 90.3936
VQZ -1681.89933008 1.4320 1.8546 88.1748
AVDZ -1681.67501299 1.4741 1.8802 80.3277
AVTZ -1681.84776122 1.4397 1.8607 86.7096
AVQZ -1681.90876430 1.4352 1.8583 86.3008
VDZ-DK -1693.96189498 1.4628 1.8612 85.9235
VTZ-DK -1694.16234109 1.4284 1.8442 93.0621
VQZ-DK -1694.23706507 1.4265 1.8443 91.7808
AVDZ-DK | -1694.01120240 1.4704 1.8697 82.2522
AVTZ-DK | -1694.18422819 1.4341 1.8498 90.2944
AVQZ-DK | -1694.24633363 1.4291 1.8470 90.1075

RCCSD(T)

Energy (En) 70 r (A) rn; 0 (A) Angle (°)
VDZ -1681.71875300 1.5203 1.8423 82.7658
VTZ -1681.94961709 1.4842 1.8271 86.3947
VQZ -1682.03711523 1.4858 1.8290 84.5869
AVDZ -1681.78354788 1.5273 1.8538 80.1486
AVTZ -1681.98138731 1.4930 1.8353 84.2061
AVQZ -1682.05035092 1.4334 1.8324 83.6962
VDZ-DK -1694.05656202 1.5214 1.8353 83.4465
VTZ-DK -1694.28785683 1.4841 1.8197 87.5802
VQZ-DK -1694.37606364 1.4858 1.8218 85.7092
AVDZ-DK | -1694.12072091 1.5281 1.8471 30.8444
AVTZ-DK | -1694.31896261 1.4929 1.8277 85.4043
AVQZ-DK | -1694.38912605 1.4887 1.8250 34.6813
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Table S5.10. T; parameters for RCCSD(T) calculatiofr&gNiOF.

Basis set 1)

VDZ 0.0367
VTZ 0.0339
VQZ 0.0334
AVQZ 0.0337
AVDZ 0.0362
AVTZ 0.0344

VDZ-DK | 0.0359
VIZ-DK | 0.0331
VQZ-DK | 0.0327
AVDZ-DK | 0.0357
AVTZ-DK | 0.0337
AVQZ-DK | 0.0330

Table $5.11. Harmonic vibrational frequencies fthre*Aa°®Ni®OF isotopologue

| RHF | CISD | RCCSD(T)
A 247 34 | 1A 24 34 Y 20 3
o | 166.37 491.88 83896 | 106.15 573.02 92154 | 130.88  560.60  755.39
VDZ I | 675 7629 5774 | 869 8020  19.50 - - -
I, | 885 100.00 7568 | 10.83 100.00  24.32 - - -
w | 9518 540.60 03279 | 301.94 630.80 1056.47 | 102.25  585.35  838.05
VTZ I | 919 8586 5317 | 911  9L17 2203 - - -
I, | 1071 100.00 61.92 | 10.00 100.00 24.16 - - -
w | 13475 52509 807.83 | 7881 50077 ©099.61 | 102.38  581.30  828.85
VQz I | 1028 8607 5930 | 7.96 9267  26.16 - - -
I, | 1194 100.00 6880 | 859 10000 28.23 - - -
w | 173.90 500.37 840.06 | 132.70 568.11 O14.75 | 153.92 55154 767.80
AVDZ I | 948 8620 6504 | 1191 8624  30.89 - - -
I, | 1100 100.00 7545 | 1381 100.00  35.82 - - -
w | 13033 524.46 900348 | 85.39 582.66 989.87 | 109.14  572.60  821.99
AVTZ I | 1054 8565 5822 | 9.09 9027  26.73 - - -
I, | 1231 100.00 67.97 | 10.07 100.00  29.61 - - -
w | 13559 523.00 80652 | 80.23 58554 000.86 | 112.12 57482 82413
AVQZ 7| 1037 8561 5874 | 933  89.90  27.79 - - -
I, | 1211 100.00 6862 | 1038 10000  30.91 - - -
= | 14382 50138 85553 | 107.27 573.26 932.07 | 137.04 56433  751.88
VDZ-DK | [ | 674 7798 5599 | 658 8319  18.61 - - -
[, | 864 100.00 7180 | 7.91 100.00 22.37 - - -
o | 57.27 56457 08263 | 9950 596.59 1021.30 | 96.66  589.00  837.96
VIZDK | 7 | 668 9139 4464 | 480 9663  20.71 - - -
I, | 731 10000 4884 | 497 100.00  21.43 - - -
w | 9731 54023 02124 | 87.65 59658 1013.79 | 0410 53620 82040
VQZ-DK | [ | 979 8797 5620 | 6.07 9579  24.03 - - -
I, | 1113 10000 63.99 | 634 100.00  25.09 - - -
o | 15311 50928 85410 | 113.95 566.49 922.79 | 141.03 55263  765.00
AVDZ-DK | [ | 957 87.30 6390 | 1102 87.62  30.01 - - -
[, | 1096 100.00 73.19 | 1258 100.00  34.25 - - -
.~ | 0050 539.67 920.15 | 87.16 590.51 1003.70 | 100.60 57711 82254
AVTZDK | 7 | 993 87.66 5489 | 717 9325  24.70 - - -
I, | 1133 10000 6262 | 7.69 100.00  26.49 - - -
w | 9954 53724 01977 | 81.80 592.64 1005.38 | 101.73  579.68  824.11
AVQZ-DK | 7 | 993 8745 5580 | T.15 9324 2552 - - -
I, | 1136 10000 6391 | 7.67 100.00 27.37 - - -
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Table $.12 Harmonic vibrational frguencies fothe*A&°eNi®OF isotopologue

‘ | RHF | CISD RCCSD(T)
1A’ 24’ 3A 1A 24’ 3A' 14 24’ 34
w | 164.30 472.86 816.43 | 105.26 548.60 895.11 | 138.59 536.59 733.78
VDZ 1 6.40 72.13  56.16 8.44 74.53 19.41 - - -
I, 8.87 100.00 77.87 | 11.32 100.00  26.04 - - -
w | 94.28 518.02 906.61 | 304.23 609.69 1025.28 | 101.33 559.84 813.72
VTZ T 8.94 80.26  51.88 3.61 84.43 22.01 - - -
I, | 11.14 100.00 64.64 | 10.20 100.00  26.07 - - -
w | 133.40 504.49 87294 | 7818 565.05 970.37 | 101.50 556.08 804.87
VQZ 1 9.92 80.82  57.78 7.75 85.89 25.96 - - -
I, | 12.27  100.00 71.49 9.03  100.00  30.23 - - -
w | 171.90 480.73 817.26 | 131.55 534.36 888.48 | 152.73 528.00 745.61
AVDZ 1 8.99 81.43  63.31 11.56  80.49 30.44 - - -
I, | 11.05 100.00 77.75 14.36  100.00  37.82 - - -
w | 129.04 502.96 878.35 | 84.67 557.34 961.00 | 108.21 547.76 798.19
AVTZ I | 10.19 8041  56.76 8.85 83.78 26.49 - - -
I, | 12,67  100.00  70.58 10.57  100.00  31.62 - - -
w | 134.23 501.71 871.65 | 88.76 560.06 961.99 | 111.10 549.95 800.29
AVQZ 7 | 10.00 80.39 57.25 9.09 83.45 27.51 - - -
I, | 12.44 100.00 71.22 10.89  100.00  32.96 - - -
w | 142,11 481.52 832.35 | 106.27 548.48 905.18 | 135.81 539.98 733.26
VDZ-DK I 6.45 73.43  54.51 6.39 77.18 18.58 - - -
I, 8.79  100.00 74.22 8.28  100.00  24.07 - - -
w | 56.72  540.28 954.46 | 98.51 570.64 991.01 95.73 564.21 813.62
VTZ-DK 1 6.52 84.82  43.76 4.65 89.28 20.77 - - -
I, 7.68  100.00 51.59 5.21 100.00  23.26 - - -
w | 96.39 517.66 89547 | 86.83 570.61 983.86 | 93.29 560.72 805.38
VQZ-DK I 9.51 82.26 5491 5.90 88.60 23.97 - - -
I, | 11.56 100.00 66.75 6.66  100.00  27.05 - - -
w | 151.44 488.89 830.86 | 112.96 542.14 896.22 | 139.78 529.00 742.90
AVDZ-DK | T 9.16 82.21  62.22 10.72  81.59 29.61 - - -
I, | 11.14 100.00  75.69 13.13 100.00  36.29 - - -
w | 89.72 517.04 903.07 | 86.33 564.76 974.19 | 99.69 551.95 798.71
AVTZ-DK | [ 9.66 81.93  53.58 6.97 86.35 24.59 - - -
I, | 1179 100.00 65.39 8.07 100.00  28.48 - - -
w | 98.61 514.80 894.03 | 81.08 566.83 975.84 | 100.81 554.48 800.27
AVQZ-DK | I 9.65 81.79  54.53 6.96 86.34 25.38 - - -
I, | 11.79 100.00 66.67 8.06  100.00  29.39 - - -
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Table $.13. Harmonic vibrational frequencies fthre *A&Ni*OF isotopologue

| ‘ RHF ‘ CISD ‘ RCCSD(T)
1A’ 24’ 34’ 1A' 24" 347 14’ 24’ 3A

w | 165.91 489.42 838.83 | 105.58 571.83 921.47 | 139.38 558.40 755.32
VDZ 1 6.74 75.15 5810 8.66 79.22 19.62 - - -

1, 8.97  100.00 77.31 10.93  100.00  24.77 - - -

w | 9488 538.32 932.71 | 298.75 637.98 1056.32 | 101.86 583.03 838.01
VTZ 1 9.16 8470  53.42 9.23 90.01 22.12 - - -

I | 10.82 100.00 63.07 | 10.26 100.00  24.57 - - -

w | 134.33  523.57 897.74 | 7852 588.45 999.57 | 101.99 578.96 828.81
VQZ 1 | 10.26 84.84  59.59 7.93 91.60 26.28 - - -

1. | 12,09 100.00 70.23 8.66  100.00  28.69 - - -

w | 173.40 497.92 839.93 | 132.24 555.74 914.68 | 153.28 549.26 767.70
AVDZ 1 9.48 84.90  65.39 11.88  85.10 31.04 - - -

I. | 11.16 100.00 77.01 13.96 100.00  36.48 - - -

w | 129.93 522.06 903.38 | 85.09 580.33 989.83 | 108.71 570.30 821.94
AVTZ 1l | 1052 8444 5851 9.05 89.19 26.85 - - -

I, | 1246  100.00  69.30 10.15 100.00  30.11 - - -

w | 135.17  520.68 896.42 | 88.Y7 583.22 990.81 | 111.74 572.49 824.08
AVQZ 1 | 1035 8439  59.03 9.30 88.81 27.92 - - -

1. | 12.27  100.00  69.96 10.47  100.00  31.44 - - -
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