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Abstract: We have synthesized and characterized the monordeminophosphinate-stabilized
group 13 metal(l) complexe8fLE:], °PL = PhbP(NDip), Dip = 2,6iPr,CeHs; E = Ga (), In (2)
and Tl @). In addition, we structurally characterized thimetic complex [(PLGa),], 1,. Similar
synthetic attempts usind®L = PhP(NMes), Mes = 2,4,6-MgCeH. afforded product mixtures
from which the mixed oxidation state specié®¥J()sGals] 4 was isolated.JPLGa:] 1 is converted
with dry air to the gallium(lll) oxide species’iLGaO)] 5. Density Functional Theory studies on
[PPLE:] and [PPLE),], E = AI-TI, shed light on the bonding in theserqmounds and show that the
newly formed E-E bonding interactions can be desctias weak single-bond with no significant
T-bonding contribution for E = Al, Ga. A large cabtrtion to the dimer binding enthalpies results

from London dispersion forces.




I ntroduction

The past decades have seen enormous advancesdnetinéstry of molecular low oxidation state
compounds of the heavier group 13 mefalsFor TI, the +1 oxidation state is the most common
oné'®® due to the “inert pair effect® but for the lighter metals Al-In, this oxidatiotate becomes
increasingly difficult to stabilize in molecular mpounds™? This is in turn rewarded with a higher
reactivity for the lighter congeners. Thus, theas been significant effort invested in identifying
suitable ligand systems, and to developing newhgtitt methods to access stable and well-defined
complexes with the lighter group 13 metals in theoxidation state. A prominent subclass of these
are stable monomeric heterocycfed,and notable examples are highlighted in FigurdHese
include the most widely investigat@ddiketiminate examples of A Ga'® and 1 (A), anionic
five-membered heterocyclesB) for gallium!®*® that are valence-isoelectronic to important
imidazolylidene-NHC$” and four-membered guanidinate-stabilized hetelesy€) for gallium
and indium’® In addition, different classes of ligands withfelient steric and electronic profiles
have allowed the isolation and study of unusualemahbr compounds with low oxidation state
group 13 metals from low-coordinate mononucleacigseto giant cluster compound$!
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Figure 1. Metal(l) N-heterocycles of Al-In.

Apart from their fundamental importance, the moleswof the lighter metal(l) ions and related low
oxidation state species are also highly reactiveé @an reduce numerous substrates and activate
relatively inert bond&:? This is generally due to a high energy electronfigaration that often
involves a filled metal-based orbital (often the MO), and the accessibility of vacant metal
orbital(s) such as the LUMO or nearby orbitals. Heterocyclic variants of these molecules that
accommodate a lone pair of electrons on their giimetal centre such @&sC, have thus been

coined group 13 carbene analogues due to theitrehc similarities with N-heterocyclic
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carbene$’ Consequently, these species have also been widetlied for their coordination
chemistry to (transition) metal fragmefit8. Here we report on the outcomes of reactions of

diiminophosphinato alkali metal complexes with igamic group 13 metal(l) sources.
Results and Discussion

Synthesis and Char acterization
We have previously prepared the sterically demandirminophosphinate ligand [BR(NDip),]’,
DiPL", Dip = 2,6iPrCsHs, ' and used it to stabilize highly reactive low oxida state complexes
of zinc(** and magnesium(ly¥ These highly reducing complexes are stable despéehigh
oxidation state iminophosphorane centre§ @hd the low oxidation state metals ions. We thoeee
also investigated the ligands' ability to stabilimdated low oxidation state group 13 metal
complexes.

Reacting alkali metal complexes ¥fL", [P°PLM] (M = Li, Na, K),***? with the metal(l)
sources "Gal***) InBr, or TIBr, respectively, afforded the group tetal(l) complexes’PLE:]
(E = Gal, In 2, Tl 3) in moderate to good yields as typically colouslesystalline solids, see

scheme 1.
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Scheme 1. Synthesis of Compounds3.

Reactions involving the mixed oxidation state sdl@al" to prepare §PLGa:;] 1 had to be
performed in aromatic solvents such as toluene.réaetions to synthesizBLIn:] 2 and PPLTI]

3 were best performed using finely powdered metall)s in THF using a low temperature route.
All alkali metal complexes”PLM] (M = Li, Na, K) were used to obtain the desirenmplexesl-3,
although in line with the molecular structures, r@ggtion states, and resulting solubilities of the
alkali metal complexe’$? as well as the formation and precipitation of lkaetal halide by-
products, some combinations were preferred. Fosyim¢hesis of T’LGa:] 1 in toluene, TPLLI]
and PPLNa] are suitable salt metathesis precursor congsleBoth PPLLi] and [PPLNa] show
dimeric structures in the solid state and are delubaromatic solvents, with the lithium complex
being the more soluble one. The formation and pretion of Nal was preferred in comparison
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with Lil, and the use of the sodium complex affatdeliable preparation df. The syntheses of
[PPLIn:] 2 and PPLTI] 3 were conveniently obtained usif§°[Na] or [PPLK] in THF using low
temperature approaches.

The complexes®PLE:] (E = Gal, In 2, Tl 3) could be crystallized from a range of
hydrocarbon and ether solvents. All three complexesild be obtained with solvent of
crystallization as colourless crystals in the mraal crystal system with half a molecule in the
asymmetric unit, see Figure 2, and Table 1 for iwedtdata. Complexe%-3 are monomeric with
N,N*-chelating dimiinophosphinate ligands coordinatinga univalent group 13 metal ion. The Ga-
N and In-N bond lengths lie in the expected ramgyestich interactions, for example as those found
in A andC. A molecular structure of the thallium compl8xwas not obtained with sufficient
guality and appears to be poorly ordered from &tsaof solvents, but the overall connectivity is
unambiguous. Thallium(l), and to a lesser extendium(l), complexes of related sterically
demanding guanidinates and amidin&fé8 show N,Arylcoordination modes, compared with
N,N-chelating ones found in1-3, presumably because the --N separation in
amidinates/guanidinates is slightly smaller whempared with diiminophosphinates. This-N
separation is, for examplea. 0.23-0.25 A larger fofl and2 compared with related guanidinate
examples of Ga and IIC], but is as expected considerably shortera@ny0.4 A) than those of the
six-membered chelated) and those of the five-membered derivativd} (by ca. 0.1-0.2 A). In
the packing of the tetragonal structuresled, two molecules are located in one plane and their
metal centers are oriented toward each other vgpiteximate M- --M separations of 4.94 A (Ga),
4.54 A (In) and 4.14 A (TI)g.g.see Figure S3). The voids in-between the molecadeartially
filled with highly disordered solvent molecules atite same packing was found for several
different solvents.

A different isomer, off-white to light yellow dimie [(°PLGa)]-CsHs, 1o-CsHs, Was
crystallized from benzene with a full monomer ie iisymmetric unit, see Figure 2 and Table 1. In
this molecular structure, tw&PLGa units are arranged in the solid state with lemar
heterocycles, a Ga-Ga bonding contactaf2.79 A and a P---Ga-Ga anglecaf 11¢°. The Ga-N
distances inl, are slightly contracted and the P-N bonds sligkilyngated in comparison with
those of monomerid, see Table 1. Previously, few diiminophosphinaienglexes of group 13
elements in the +3 oxidation state have been repldft To the best of our knowledge, no
structurally characterized iminophosphorane congdeof low oxidation state group 13 metals have
been reported, but an indium(ll) and a thalliungdmplex of an amidophosphazane ligand are
published!®

So far, no neutral heterocyclic gallium(l) dimexshbeen prepared, though some structurally

authenticated dimeric compounds of the anionic-fnembered Ga specids with bridging and
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interacting potassium countercations are repbflethat show GaGa separations ofa. 2.86-
2.88 A and a similar overall ligand-gallium orietia to 1,. For indium(l), some of the knowpr
diketiminate examples show weak and long Iiminteractions in the solid state3.2 A) with an
approximate ligand plane-iin angle of 113! whereas others are monomeric. It has been
concluded that the inln bonding is very weak (within a few kcal/mol),cait has been shown that
they are monomeric in the solution phase. A contprtal study or3-diketiminate metal(l) dimers

of Al, Ga and In supports stronger bonding for tlghter metals’® One other related and
remarkableB-diketiminate In complex has been reportedLitl) 2(*LIn)4] (L = HC{MeCN(3,5-
Me,CsH3)} 2), that features a-bonded catenateddichain having relatively short In-In bondsaa.
2.84-2.85 A between indium(l) centres, that suggedifferent type of bonding with fike
hybridization on If?*® More akin to the gallium-gallium interaction itp, several sterically
demanding substituted 2,6-terphenyl gallium(l) cterps have been described, that can show both
monomeric and dimeric solid state structures amg ttontain rare one-, and two-coordinate Ga
centres, respectivel§t! Complementary computational studies show thateth&sractions have to
be considered as weak and were strongly dependenth@ employed substituted terphenyl
substituents. Bond lengths in these ArGaGaAr mddscrange fronca. 2.51-2.63 A and further
longer, calculated interactions were determinece Ga-Ga bond lengths depend on the geometry
of the interaction and the maximum bond strengtts walculated to be around 20-38 kJ/mol

depending on the substitution pattern of the blitkgnds.

Figure 2. Molecular structures of compountis3 (30% thermal ellipsoids). Hydrogen atoms, lattice

solvents and minor parts of disordered isopropgugs omitted for clarity.



As expected, complexes3 show NMR resonances that support a highly symmeivieraged
geometry in solution. For example, one doublet and septet only are found in tfhe NMR
spectra of1-3 in deuterated benzene, as was previously detedmioe homoleptic metal(l)
complexes ofPL" "3 The complexes show resonances &6.4 ppm (E = Ga)j 7.35 (In) and

0 -3.7 (TI) that shift upfield for the heavier elenmt® and towards resonances for the ionic alkali
metal complexes of this ligaftf and may be suggestive of a more ionic ligand-miatataction
for thallium(l) specie8. The*'P{*H} NMR resonance fol is a broad singlet, a sharp singlet Zor
and a broad doublet witlirp coupling ofca. 416 Hz for the combinetf>?°*rI nuclei. Dissolving
crystalline off-white to light yellowl, in deuterated benzene led to dissolution with oamtant
decolourization and afforded identical solution NMipectra to those ol, suggesting the
dissociation into monomers. The indium derivatvs significantly less thermally stable compared
with their Ga () and Tl @) counterparts both in the solid and solution stBecomposition o

yields In metal and the proligaif¥iLH.

Table 1. Selected interatomic distances (A) and angle®(°3omplexedl, 1, and2.

E = Gal (monomer) E = GA&, (dimer) E = In2 (monomer)

E-N/A 2.130(3) 2.071(2), 2.087(2) 2.340(2)

P-N/A 1.601(3) 1.610(2), 1.612(2) 1.605(2)

E----E or E-E/A ca. 4.94 (separation in2.7873(12) ca. 4.54 (separation in
lattice) lattice)

P....E-E/° - 109.8°

To study the influence of the ligand sterics ongiistem, we reacted alkali metal complexes of the
mesityl-substituted diiminophosphindf&L", [M*LM], L = Ph,P(NMes), Mes = mesityl, 2,4,6-
MesCesHz; M with the same group 13 metal(l) halide sourcese @nticipated possible outcome
would be the synthesis of further dimeric metat{dmplexes with a different stability. These
reactions, however, gave mixtures of products arel were so far unable to isolate pure
compounds. Especially for the gallium systéf®{*H} NMR spectroscopic analysis of the reaction
mixture revealed resonances for numerous ligand@mments suggesting that a mixture of many
products had formed. From these mixtures, we obtaifew colourless rods that were
crystallographically characterized a¥9{)s;Gal4] 4, see Figure 3. The molecule crystallized from
n-hexane with half a molecule in the asymmetric anil shows relatively large libration modes on
the organic substituents, but the centrall¢aore is well ordered. 14, a central gallium atom
(Ga2) is bonded to three {{L)Ga}-fragments and 12 in a distorted tetrahedmashion. The
geometry around the Ga2-Gal bonded (2.45 A) unthéo{(*L)Ga(l)}-fragment is a common

structural motif found for gallium(ll) complexes thfe type LGa(X)-Ga(X)L, where L is a sterically
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demanding\,N'-chelating ligand*®*%? Two further {{'*L)Ga}-fragments (Ga3, Ga3') bind to Ga2
in an almost linear fashion (P---Ga3-Ga2: 164°) amdmaining iodide ligand (I3) bridges both
{(M*L)Ga} centers at an almost right angle (Ga2-Ga393°). These latter structural features
suggest a simplified bonding description of loné& panation of two {{"*L)Ga} fragments (Ga3,
Ga3') to the cationic Ga(l)-Ga(lffL) moiety via Ga2, and coordination of one iodid®) (into
empty p-orbitals of both of the coordinatind’{{L)Ga} groups (Ga3, Ga3'). This results o
bonding interactions between Ga2 and the othert@asaand an average formal gallium oxidation
state of +1.5. For reactions of the respectiveurmdsystem, an X-ray diffraction study suggested
that the indium(Ill) complex [{*<L),InBr] is part of the product mixture.

Similar structural features toM{L):Gails] 4 were previously found and comparable
bonding explanations have been given for a relagiidhtly larger, branched Gamolecule
[LsGasls] (L = HC{C(tBu)NMes},) with an average gallium oxidation state of %% and a
mixed-valent amido gallium complex with a bridgifaide ligand®® In the former case, this
branched molecule was a by-product alongside thie meduct [LGa:], a typeA heterocyclic
complex. As with4, this system also features mesityl substituentdhiemitrogen atoms, in contrast
to highly successful N-Dip groups as used iand in the majority of stable compounds of type
C. Previously it has been found, that the synthasi stabilization of closely related guanidinate
stabilized metal(l) heterocycles of gallium andiimd (typeC) was highly dependent on the steric
bulk of the ligand and minor changes to the ligaedphery led to different products or mixtures
with metal centres in different oxidation staf8s®!




Figure 3. Molecular Structures of ComplexMffL);Gails] 4 (30% thermal ellipsoids). Selected
bond lengths (A) and angles (°). I(1)-Ga(1) 2.632%( 1(2)-Ga(2) 2.6214(13), 1(3)-Ga(3)
2.8829(7), Ga(1)-Ga(2) 2.4506(12), Ga(2)-Ga(3) 248), Ga(1)-N(1) 1.988(4), N(2)-Ga(3)
1.976(5), Ga(3)-N(3) 2.010(4), P(1)-N(1) 1.625@§2)-N(2) 1.632(4), P(2)-N(3) 1.626(5); Ga(1)-
Ga(2)-Ga(3) 117.74(3), Ga(3)-Ga(2)-Ga(3) 94.19@r(3)-1(3)-Ga(3) 77.79(3), P(1)---Ga(1)-
Ga(2) 148.6, P(2)---Ga(3)-Ga(2) 163.6.

Properties and Reactivity

The lightest synthesized congerielis the most promising candidate for reactivitydsts. We
noticed in an initial crystal structure determioatiof the dimer R""LGa)z], 1,, that a small
percentage could be attributed to the gallium@Xjde compound fPLGaO)] 5 with a similar
overall geometry, though with a slightly smallertedeéon and possessing bridging oxide ligands.
We therefore treate®fLGa:] 1 with dry air on a preparative scale, and in a selle experiment
followed by NMR spectroscopy, and isolated the exj(P"LGaO)] 5 in moderate yield as a
colourless crystalline solid, see Scheme 2 andr€igu Complex [{PLGaO)] 5 contains two
bridging oxide ligands between tWwi¥LGa units that form a square four-membered@aing
perpendicular to the co-planar ligand-gallium p&nBreviously, gallium(l) complexes could be
converted to galloxane species, namely thep-diketiminate derivative
[(HC{C(Me)N(Dip)} ,GaO}]"*¥ and the diazabutadienediide derivative
[K(TMEDA)] J[({(HCN(Dip)} 2GaO}] (TMEDA = N,N,N',N:tetramethylethylenediamin&}! that
were obtained from the respective gallium(l) symthavith NO. For the synthesis of the latter
complex, stoichiometric §O had to be employed and the reaction of its pescuwith air led to
decomposition and formation of the free diazab@agliproligand {(HC=N(Dip)}. The Ga-O bond
lengths in5 areca. 1.82 A and 1.85 A, respectively; the latter vaheing identical to those found
for the B-diketiminate derivative [(HC{C(Me)N(Dip})GaO}]. The Ga-N bond lengths mareca.
1.97 A-1.98 A, and identical to those found in [§@0Me)N(Dip)}.GaO)], and areca. 0.1 A
shorter than in the starting materladiue to the oxidation to the smaller and harde¥ Gation in5.

Exposure of compoun2ito air only leads to decomposition and the préain of indium metal.

Dip Dip Dip
Ph N "dry air" Ph N, o) .N. Ph
NS ‘e, < ‘., N RN -
CR( ea: = >R( Jed eal )P
Ph” W P N Yo7 S Ph
1 1 Ly
Dip 1 Dip 5 Dip

Scheme 2. Synthesis of compourilfrom 1.



Compounddl-3 do not react with the strong and small N-donor DM@&-dimethylaminopyridine).
No significant changes are found to solution NMRdm of compound&-3 with an excess of
DMAP, and uncoordinatett3 could be partially recrystallized. This is somewharprising given
the two-coordinate metal centres with a vacanttakipvide infra). Aromatic N-donors can fora:
donor bonds to species such as gallium(l) catfhsand the first well-characterized monomeric
gallium(l) complex stabilized by a tris(pyrazolybiate ligand shows three equal N-coordination
bonds to gallium(1?*”! CompoundL could also be crystallized directly from the dosotvent THF

at low temperatures which could be made use ofektraction purposes from reaction mixture

residues.

Figure 4. Molecular structures of complex ffL)GaO},] 5. Selected bond lengths (A) and angles
(°). Ga(1)-O(1) 1.8149(8), Ga(1)-O(1) 1.8517(8)a(®)-N(1) 1.9672(8), Ga(1)-N(2) 1.9757(9),

Ga(l)---Ga(l) 2.5354(2), P(1)-N(1) 1.6221(9), IND) 1.6285(9); O(1)-Ga(1)-O(1) 92.51(3),

Ga(1)-O(1)-Ga(1)' 87.49(3).

Computational Studies
The full monomersYPLE:] (E = Al, Gal, In 2, Tl 3) and the respective dimer®fLE),], were
optimised using Density Functional Theory (DFT)ds&s mainly at the pbeO/def2-tzvp(E,N,P),
def2-svp(C,H) level of theory (see the Supportinfipimation for full details). The monomers and
dimers were optimized in their singlet states, #mal triplet states for the monomers were also
optimized for comparison. Selected data is sumredria Table 2 and the optimized geometries of
[(°PLE),] are shown in Figure S4.

The experimental geometries of the monoméetRLE:] species are reproduced well with

good to excellent agreement of key bond distantes.optimized dimer molecules show relatively
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symmetric structures with the exception of the nuistorted Tl dimer molecule. This may be due
to the relatively small ligand bite-angle in condion with a large metal ion and predicted weak
TI---TI bonding. There is good agreement between theulzdbed and experimentally found
geometries of RPLGa)] 1,. Geometry optimization of the dimerized heteroegcled to no
significant structural changes in the monomeridsum comparison with the isolated monomers,
albeit a slight contraction of the E-N bond lengties observed despite a higher metal coordination
number that was also found in the pair of crystalcsures ofl and1,. The calculated P-N bond
lengths decrease down the group presumably due ioceeased ionic bonding character between
the PL" ligand and E group 13 metal(l) ion and along with a lower Lewaisdity of TI' compared
with Al*. Only very small differences in the P-N bond ldrsgof respective monomer-dimer pairs
are found for the optimized geometries and thgnificance has to be viewed with caution. There
is, however, a small but significant differencdhe pair of solid state structureslo&ind1, (Table

1), with the dimer molecule producing the largeN Bond lengths similar to the trend found from
the computations. Both the HOMO-LUMO energy gapd #re singlet-triplet energy gaps of the

monomers {PLE:] are increasing down the group.
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Table 2. Selected computational (DFT) results for the ojtéd monomers and dimers GPLE:],
E = Al, Ga, In, Tl. Details are given at the pbed&tzvp(E,N,P), def2-svp(C,H) level, except
where noted. GD3-BJ indicates the D3 version ofnfare’s dispersion with Becke-Johnson

damping, as applied to pbe0. LP denotes lone pair.

E=Al

E=Ga

E=In

E=TI

E-N (mono)/A
E-N (dimer)/A
P-N (mono)/A
P-N (dimer)/A
E-E/A

E-E/A (GD3-BJ)
P---E-E (dimer)/°
AEHOMO-LUMO-
mondkJ/mol (eV)
AEHOMO-LUMO+X-
mondkJd/mol (eV)
AEs 1.mondkd/mol (eV)

2.003
1.985 (mean)
1.616
1.619 (mean)
2.762
2.679
117.5 (mean)
333 (3.45)

432 (4.47)
to LUMO+4
154 (1.60)

LP hybridization on E 91% s, 9% p

2.116

2.093 (mean)
1.610

1.613 (mean)
2.830

2.689

114.0 (mean),

411 (4.26)

478 (4.96)

to LUMO+3
226 (2.34)
94% s, 6% p

2.335 (mean)
2.310 (mean)
1.607 (mean)
1.609 (mean)
3.289
3.083
1(rhetan)
442 (4.58)

445 (4.61)

to LUMO+1
262 (2.71)
98% s, 2% p

2.457 (mean)
2.439 (mean)
1.603
1.604 (mean)
3.662
3.275
110.3 mean
451 (4.68)

451 (4.68)
to LUMO
223B2)
99% s, 1% p

(monomer)

Chargegonomer (NBO), +0.80 +0.77 +0.90 +0.89
E

Charges (NBO), P +2.06 +2.07 +2.06 +2.06
Charges (NBO), N -1.31 -1.27 -1.30 (mean) -1.27 (mean
E-E Mayer bond order 1.03 0.78 0.41 0.11
(dimer)

pbed/def2-tzvp®:

A& mondkI/Mol -70.1 -43.6 -24.5 -13.9
AE%i mondkJ/mol -66.2 -40.0 -24.0 9.4
AHgi-mondkJ/mol -60.6 -28.7 -22.5 -7.1
AGgi mondkJ/mol -12.6 -0.3 324 53.4
pbed/def 2-tzvp® with counter poise correction:

A& mondkI/Mol -56.3 -30.1 -15.6 -5.3
AE%; mondkJ/mol -52.4 -26.6 -15.0 -0.9
AHgimondkd/mol -46.7 -15.3 -13.6 1.4
AGyi mondkJ/mol 1.2 13.2 41.3 62.0
pbed/def2-tzvp® with counter poise correction and London dispersion addition (GD3-BJ):

A& mondkI/Mol -142.9 -113.2 -77.5 -59.8
AE%; mondkJ/mol -136.9 -106.4 -76.0 -58.2
AHgimondkd/mol -127.4 -96.8 -78.2 -57.6
AGgimondkJd/mol -87.7 -57.4 3.7 2.7

def2-tzvp was used for E, N and P. def2-svp was fmed and H.AE® = ZPE-corrected energyG = free energyT =

298.15K,p = 1 bar),4H = enthalpy.4G values for®**Ga and?**?*T| given where appropriate; see the Supporting

Information for full details.
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Using energies computed at the pbeO/def2-tzvp(B,Nl€f2-svp(C,H) level of theory (Table 2),
dimer formation from two monomergia metal-metal contacts leads to significant fornratio
enthalpies AH) that diminish considerably from Al (-60.6 kJ/mad) Tl (-7.1 kd/mol). When the
entropySis consideredda. 1845-1932 J/molK for Al-TI), the dimer formatiorom the monomers
(4G) is expected to occur for Al (-12.6 kJ/mol), iseegy neutral for Ga (-0.3 kJ/mol,), and is
energetically disfavoured for In (+32.4 kJ/mol) aid(+53.5 kJ/mol). The calculated Mayer bond
order also decreases from an approximate singld barer (Al 1.0, Ga 0.8) to a low bond order in
Tl (0.1); the latter can be considered a weak dpdilic interaction?® Applying additional
counterpoise correction raises the Gibbs energgdproximately 10 kJ/mol for all elements and
thus suggesting an energy neutral dimerizatiorAfand an increasing endoergic dimerization for
the heavier elements.

It has become well-documented in recent years Hwatdon dispersion forces are a
significant contributing or even dominant factor hond strength and geometry, especially on
weakly bonded molecular entities that are stalilizyy sterically demanding ligands having
numerous aliphatic substitueftd. This, together with advances in DFT methods, prtecus to
include the Grimme dispersion force addition witlecBe-Johnson damping (GD3-BJ) in our
calculations. These show optimized geometries wignificantly shorter metal-metal distances
(Table 2) that appear to significantly overestimidte bonding interaction when compared to the
solid state structure di,. Specifically, the Ga-Ga bond distance in the roj#ted molecule with
dispersion forces included és. 3.6% shorter than the value in the solid staté,¢R.7873(12) A),
compared with only 1.5% overestimation when thepelision addition is not used. Binding
enthalpies are now approximately 50 kJ/mol (TIp%okJ/mol (Al) stronger than those obtained at
pbeO/def2-tzvp level of theory, and Gibbs energaes now negative for all elementse. -
87.7 kJ/mol (Al) and -57.4 kd/mol (Ga). One obvioeigson for that is that attractive forces within a
dimer are considerede. intramolecular forces between two monomers tt@ticantly affect the
metal-metal bonding, but not between molecules the¢ important for crystal packing
(intermolecular forces). Thus, these values mayessmt a more realistic bonding picture for one
isolated dimer moleculee(g. 1,) in the gas phase and illustrate the influence magnitude of
London dispersion forces and other crystal packiffigcts on weakly bonded molecules. In accord
with the shorter metal-metal bond distances, theutated Mayer bond index on the metal-metal
interaction for the Al and Ga dimers slightly inases when dispersion forces are considered.

From our experiments we know that both the gallionmnomerl as well as the gallium
dimer 1, can be crystallized from benzene under identioadtions with the same lattice solvent
content, and crystals db dissolve in benzene to yield monometicThese observations suggests
that the monomet and the dimefl, are of similar energy and their interconversiopesps to be
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not significally kinetically hindered either. Intaolecular forces for solid or solution phase for
these species would be difficult to quantify acteisa The Grimme dispersion modified
computations suggest that London dispersion foaces significant or even dominant factor in the
dimer binding energies of these molecules, withG® of -57.4 kJ/mol for Ga. However, the
uncorrected pbeO/def2-tzvp(E,N,P), def2-svp(C,Hyeleof theory results in an overall not
unreasonabldG value of -0.3 kJ/mol for the formation & from two molecules ofi that would
support our experimental findings. This level ofahy furthermore delivers a Ga-Ga bond distance
that agrees better with that found from an X-raygkd crystal structural characterization1of It
should be remembered here that computations wergedaout for isolated molecules in the
absence of condensed phase effects. Taken as a,wlmkr formation can be regarded as weakly
exoergic with a weak Ga-Ga bonding interaction thagasily perturbed. It is unclear whether the
apparent better performance of the dispersion-fieetional is simply due to a fortuitous
cancellation of errors or some other factors, bhtghlights the importance of using empirical data
when validating computational methods for the stofiyweakly bonded species.

Even significantly shorter E-E bond lengths woh&dexpected for the triplet state of these
type of molecules as has been computationally stufiir related3-diketiminate metal(l) dimers of
Al-In."® The singlet states for these species have beemuatd to being lower in energy than the
triplet states, although it has been suggestedlteae are close in energy for aluminium. Thus, the
diradicaloid triplet state may be energetically esstble in this case, and likely for a related
[(PPLAI) -] molecule.

The NBO analysis of the monomers and dimers shlamagparable results within the series
of Al-TI with more metal-ligand mixing in the hylriorbitals for the heavier homologues. Selected
relevant orbitals for the gallium compounds arevgha Figure 5 for the monomér(left) and the
dimer 1, (right), and respective relevant orbitals for Alafe given in the supporting information
(Figures S5-S12). The HOMOs of the monomeric madéscwf Al-Tl are hybrid orbitals with a
significant directional metal lone pair contributidhat are high in s-character with some p-
contribution for the lighter metals (Table 2). Rbe heavier elements Ga-Tl, further significant
metal lone pair contributions are found in one loweg occupied orbital in each case (HOMO-5
for Ga, HOMO-6 for In, HOMO-10 for TI). An unocclgd metal p-orbital perpendicular to the
metal-ligand plane (LUMO+4 for Al, LUMO+3 for Ga,d: 5, LUMO+1 and LUMO+2 for In,
LUMO for TI) compares well with those previously stebed for relatedp-diketiminate
(LUMO+1) and guanidinate (LUMO) examples. The relevHOMO to LUMO+X energy gap in
the molecules reported herein, see Table 1, i&lfand Ga at the higher end compared to the range
of values found forB-diketiminate¥? and is significantly larger (by over 50%) than gho

determined for guanidinate model complexes of Ad @al*®'°! The calculated values for the
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singlet-triplet energy gaps of'[LE:], E = Al, Ga, match those obtained f@rdiketiminate
example$?® though their absolute numbers should be viewel eétition.

In the dimeric molecules of JPLE),] for E = Al-TI, the HOMO contains metal lone pair
contributions with higher hybrid character for theavier homologues (see Figures S6, S8, S10,
S12). For Ga (Fig. 5, right), it mainly consiststab out-of-phase gallium lone pair lobes that are
non-bonding and have minor resemblance with a etippbond, though with no overlap. Several
hybrid orbitals contairw-bonding interactions across the series for AlkHttvary in their energy
content and properties. Four of these are foundhermost strongly bound Al and Ga dimers.
These encompass one virtual and three occupiethlsior Al (LUMO+6, HOMO-1, HOMO-11,
HOMO-15, see Figure S6) and two virtual and twoupied orbitals for Ga (LUMO+4, LUMO+2,
HOMO-1, HOMO-17, see Figures 5 and S8). The unaecuprbitals containo-bonding
components from metal p-orbital overlap that amgp@edicular to the metal-ligand plane and relate
to the former LUMO+X (as given in Table 1) in th@emomers. The occupied hybrid orbitals with
o-bonding interactions show a high metal s-orbitaitent and result from bonding combinations of
the former monomer lone pairs. Two similar occupeldonding orbitals are also found for the In
dimer (HOMO-1, HOMO-17, Figure S10) though for tAé-dimer, some weaker bonding
contribution is found in the HOMO-21 (Figure S1Z)ualitatively, o-bonding contributions
diminish for the heavier elements as expected. Hiyghg virtual orbitals furthermore show
expectedrtbonding interactionse.g. the LUMO+9 for Al (Figure S6) and Ga (Figures B)S
LUMO+5 for In (Figure S10) and the LUMO+1 for Tli¢fare S12).1*-bonding interactions
(LUMO+18 for In, LUMO+12 for Tl) and ao*-bonding interaction (LUMO+21 for Tl) can be
visualized at even higher energies. With dimer faron from the monomers, electron density
appears to be withdrawn from the metal ion to tbely formed metal-metas-bonding interaction
and could contribute to the slightly shorter metiélogen bond distances (Tables 1 and 2), despite

the higher metal coordination number.
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LUMO+3 (+4.96 eV) LUMO+9 (+4.47 V) LUMO+4 (+3.79 eV)

Figure 5. Selected relevant molecular orbitals BPI[Ga:] 1 (left) and [PPLGa),] 1, (right). The
orbital energies are relative to that of the respedHOMO.

Overall, the bonding description in the dimeric smlles and the relevant metal-based orbitals are
similar to those found for terphenyl gallium(l) ddns!*!! previously described weakly bondg
diketiminate indium(l) systems and predicted fohestgroup 13 metalé!® Heavier group 13
metal(l) dimers of the type LEEL, where L is a manmnic organic substituent or ligand, have
been coined "dimetallenes", to illustrate the agglo alkenes and the possibility of an E=E double
bond!**?Y The study of the bonding in these types of speuassgreatly shaped our understanding
of multiple-bonded compounds of heavier main grelgments. With respect to theansbent
terphenyl substituted "digallenes”, ArGaGaAr (whérreis a substituted terphenyl ligartd¥, the
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low-coordinate Ga centers may allow for some degfemultiple bonding. The bond strengths is,
however, weak, as demonstrated by their dissoaiatitd monomers and the strong influence of the
ligand sterics with respect to both repulsive atichetive forces. These species are furthermore
dimers of singlet state molecules, rather than dsnoé triplet state molecules, and the singletestat
of the dimer is preferred for the heavier groupm&als. A similar view on multiple bonding and
bond strength was discussed for the related, furtkduced alkali-metal containing species
MJ[ArGaGaAr] (M = Na, K}***% that have significantly shorter (fmp. 0.3 A) Ga-Ga interactions,
and have thus been named "digallynes". Bondingrant®ns within the molecule for the
"digallynes” are once again strongly affected by ligand sterics and the alkali metal ions1in
the Ga-Ga bonding interaction can be simplisticalgscribed as a weak singtebond and no
significanttebonding interaction. Digallenes ArGaGaAr have arr Ga-Ga contact than that in
1, (by approximately 0.2 A), a slightly wider C-Ga-@agle ¢a. 123°) than the PGa-Ga angle in

1, (ca. 110° in the solid statega. 114° from DFT studies), and have a lower Ga caoation
number, and thus may offer a bettebonding overlap. The unusual reactivity of terpfien
gallium(l) species is mainly facilitated by theinters (ArGaGaAr) that can, for example, activate
alkenes via lower barriers compared with their moars because of matching frontier orbitals of
correct symmetr{?*!

In addition to obvious relations to other dimegioup 13 metal(l) compounds, the set of
bonding orbitals in the calculated dimer molecUl¥LE),] compares very well with those of
related group 14 element(l) species LEEL, where Bi=Ge, Sn and Pb, and L = a sterically
demanding amidinate or guanidinate ligtid? albeit with a different level of orbital occupatio
With N,N-chelating ligands such as amidinates and guan&bndhe group 14 element species
contain E-E single-bonds and element lone pairritnritons. The calculated orbitals for LSi&it?
show arr-bonding interaction in the LUMO+2 {. the LUMO+9 for Al and Ga in F(pLE)z]), ao-
bonding interaction from silicon p-orbital overlapthe HOMO ¢.f. the LUMO+6 for Al ande.g.
the LUMO+4 for Ga), the out-of-phase lone pair cimttions on silicon in the HOMO-1c(f. the
HOMO for Al and Ga) and a-bonding interaction from constructive silicon lopair overlap in
the HOMO-16 ¢.f. the HOMO-1 and HOMO-11 for Al and HOMO-1 and HOM@-for Ga).
Thus, the main difference is that tbebond from p-orbital overlap is occupied in thacsih(l)
species, whereas it is unoccupied in the group &&lnspecies FPLE),]. Accordingly and not
surprisingly, the bonding between the group 13 I{igtspecies has to be regarded as significantly
weaker than those of related group 14 element(fpmunds and the latter complexes do not

dissociate into monomeric species in aromatic hgahtwon solutions.
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Conclusions

We have synthesized and characterized the monordeninophosphinate stabilized group 13
metal(l) complexes®PLE:] (E = Gal, In 2, Tl 3) and obtained the solid state structure of the
weakly bonded dimeric moleculé®fiLGa),] 1,. Related synthetic attempts using the smifa-
ligand afforded product mixtures from which crystaf the catenated mixed oxidation state species
[(M*L)sGauls] 4 were structurally characterized, showing thaticteare an important factor in
stabilizing group 13 metal(l) complexes for thehtigr elements gallium and indium. The two-
coordinate metal(l) centers in complexXe8 do not coordinate the good and small donor DMAP
despite a vacant metal orbital dA3. Compoundl is readily oxidized by dry air to form the
gallium(ll) oxide complex [{PLGaO))] 5.

Complementary DFT calculations on the monomerit @gimeric molecules of PLE:] (E =
Al-TIl) show that the monomers are singlet stateenales that contain a filled metal-based lone
pair that is high in s-charactee.g.in the HOMO) and a vacant p-orbital (LUMO+4 to LUM
depending on group 13 metal) similar to relate@tostycles. The dimer molecules contain stronger
metal-metalo-bonding interactions for the lighter group 13 edeits and no significarmt-bonding
interaction. The HOMO shows lone pair contributi@amsboth metal atoms.e. "half a lone pair"
per group 13 element. Dimer formation from two mmeos is exoergic for at least the lighter
metals and may explains why both the monofiBLGa:] 1 and the dimer fPLGa),] 1, could be
isolated under identical conditions. The DFT stadi@so support the possibility that the
aluminium(l) dimer [ELAI) 5], or a closely related molecule, may be preparegiday. Including a
London dispersion addition to the DFT computatishews that a significant part of the binding
enthalpy in the dimeric molecules (more than hadfAl and Ga, and the majority for In and TI) are
contributed by dispersion forces that are predontlypa result of the sterically demanding ligands
having multiple aliphatic groups.

The metal-metal bonding in the dimeric moleculg®[Ga),] 1, could accordingly be
described in a simplified form with formal charges shown in Figure 6.,e. as having a valence
bond resonating lone pair. Thus, this bonding sidnas comparable to that of alkene analogues of
heavier group 14 element compoufidand the orbital overlap furthermore shows sintikesi to

dimeric group 14 element(l) compounds WitiN-chelating ligand§*3?

17



Dip Dip

Ph. N o ph. N. ®
N 2 . . NN ‘e, .
‘Gae D . D
R /Ga Dip /P\(/Ga EIlo
P N -—> P\
N ph N ph
| N I &N
Dip Ga. ) PL pip .Ga. )P
@ \N‘ Ph <) \N’ Ph
Ly 1, 1
Dip Dip

Figure 6. Chemical drawing of, with simplified bonding and formal charges on igati.

Experimental Section

Full experimental details can be found in the Suippg Information.

CCDC 15039251, GsHg), 1503926 1-0.5 GHe), 1503927 2-0.5 GHg), 1503928 %-5 GHe) and
1503929 4-0.5 GH14), contain the supplementary crystallographic datathis paper. These data
are provided free of charge by The Cambridge Cligsaphic Data Centre.
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1.0 Experimental Section

1.1 General considerations

All manipulations were carried out using standawhl&nk and glove box techniques under an
atmosphere of high purity dinitrogen. Benzene,doky tetrahydrofuram-hexane and cyclohexane
were dried and distilled over molten potassiutd, **C{*H}, and *P{*H} NMR spectra were
recorded on a Bruker DPX 300 or Bruker Avance 4@$csometer in deuterated benzene and were
referenced to the residu# or **C{*H} resonances of the solvent used, or external augiesPO,
solutions, respectively. IR spectra were recordadgua Perkin EImer RXI FT-IR spectrometer as
Nujol mulls between NaCl plates, or on neat sopdstected with a thin layer of nujol using an
Agilent Cary 630 ATR FTIR spectrometer. Elementahlgses were performed by the Elemental
Analysis Service at London Metropolitan Universitje alkali metal complexe&'{LM] (M = Li,

Na, K) were obtained as previously descrifféd? All other reagents were used as received from

commercial sources. Abbreviations: br = broad,vlbery broad, m = multiplet.

[PPLGa] (1) and [(PPLGa),] (1,): Toluene (80 mL) was added to a cooled (-80°C) mméxtof
[PPLNa] (0.82 g, 1.47 mmol, 1.0 equiv.) and "Gal" @& 1.83 mmol, 1.25 equiv.). The reaction
mixture was vigorously stirred while slowing warmito room temperature over several hoges (

6 h) and stirred at room temperature overnight {6 h). The grey-white slurry was further stirred
for one hour at 40°C and filtered. The mixture wascentrated toa. 5 mL, n-hexane (15 mL) was
added and a crystalline precipitate formed. The&pcowas filtered off and the supernatant solution
was stored at 4°C for several days to afford arsgavop. A small third crop was obtained after
concentration and further storing at low tempematél obtained crops were dried under vacuum.
This procedure affords colourles[Ga] (1) and/or off-white to light yellow RPLGa)] (L).
Crystals ofl-0.5 GHg and1,- CsHe suitable for X-ray diffraction were obtained franrconcentrated
benzene solution. Crystalline material ofJ(Ga),] 1, with solvent of crystallization could be
obtained from n-hexane-rich solutions. Crystallization from cydalane afforded colourless
tetragonall-0.5 GHi,. Once crystallized, the solubility dfand1, can be low and product can be
lost during filtration or workup. Compourfdshows a good solubility in THF at room temperature
and crystallizes in colourless forrh) (as a THF-solvate at -30°C and this can be useédxinaction
purposes. Solvates of off-white to light yelldwdissolve in deuterated benzene to give colourless
solutions identical to those obtained foaccording to NMR spectroscopic studies. Yield:2033
(36%)."H NMR (CsDg, 300.1 MHz, 303 K)8 = 1.05 (d,J = 6.9 Hz, 24H, CH(Bl),), 3.84 (sept,
br, 4H, GH(CHs),), 6.75-7.34 (m, 16H, Ar-H)**C{*H} NMR (C¢Ds, 100.6 MHz, 300 K)s 25.3
(CH(CH3),), 29.3 CH(CHg)2), 123.3 (br, A€), 124.1 (br, AC), 128.0 (AC, partially hidden by
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strong solvent resonances), 131.3 (brC)Ar131.6 (d, not resolved, 8), ca. 135.4 (d, vbrJec =

97 Hz, AC), 140.2 (vbr, AE), 146.4 (br, AE): *'P{*H}-NMR (CgDs, 121.5 MHz, 303 Ky = 16.3
(br); *'P{*H}-NMR (C¢Ds, 121.5 MHz, 333 K} = 16.2 (br),i.e. no sharpening of this resonance
was observed at elevated temperatures; IR (nujefgm’; 1589m, 1458s, 1434s, 1379s, 1360m,
1312m, 1254m, 1235m, 1206m, 1186m, 1111s, 104m9830w, 824s, 793m, 777s, 744m,
715m, 702s, 661m. Elemental analysis (%) calcdlfdEssHs4N.GaP: C, 71.42; H, 7.33; N, 4.63;
found: C, 71.39; H, 7.42; N, 4.47.

[PPLINn] (2): THF (25 mL) was added to a cooled (-80°C) mixtof¢“"LNa] (0.58 g, 1.04 mmol,
1.0 equiv.) and finely ground InBr (0.25 g, 1.28 oiml.24 equiv). The mixture was vigorously
stirred while being very slowing warmed overnigtd. (16 h) to room temperature giving a brown
and grey slurry that contained deposited indiumaietfter stirring another two hours at room
temperature, all volatiles were removed under vaculihe residue was first extracted with
hexane (25 mL), filtered and concentrateccéo 12 mL, and cooled to -30°C to afford a crop of
colourless crystals. The initial residue was furtleatracted with toluene (8 mL), filtered and
concentrated toa. 5 mL and cooled to 4°C to afford a crop of colesd crystals. Both supernatant
hexane and toluene solutions were further conceatiand cooled, and afforded second crops from
n-hexane and toluene, respectively. All obtainedpsravere dried under vacuum. Crystals of
solvates oR suitable for X-ray diffraction were obtained frawhexane, toluene, benzene or THF,
respectively. Complef is the most sensitive compound in the series Gd é&md decomposition to
form In metal can occur in solution or even thadsstate. The solubility o2 in aromatic solvents

is higher than that of.. Yield: 0.39 g (58%). Samples of the compound danompose upon
storage in the glove box at room temperature amkiedawith formation of indium metal. Storing
the compound in a glove box freezer at -30°C altbfee longer storage, although some of these
samples did show signs of partial decomposittthNMR (CsDs, 400.2 MHz, 300 K)& = 1.03 (d,
J=6.9 Hz, 24H, CH(85),), 3.81 (sept) = 6.9 Hz, 4H, €I(CHj3),), 6.80-6.94 (m, 6H, Ar-H), 7.03-
7.28 (m, 10H, Ar-H);C{*H} NMR (CgDs, 100.6 MHz, 300 K):6 25.2 (CHCHa3),), 29.0
(CH(CHs3),), 123.3 (d,Jpc = 3.1 Hz, AC), 123.9 (d,Jpc = 2.1 Hz, AEC), 128.0 (AC, partially
hidden by strong solvent resonances), 130.9Hgl= 2.7 Hz, AC), 131.5 (d,Jpc = 8.9 Hz, AC),
137.8 (d,Jpc = 95.0 Hz, AE), 141.8 (AC), 145.6 (d,Jpc = 5.3 Hz, AE); **P{*H}-NMR (C¢Ds,
121.5 MHz, 303 K) = 7.35 (s, sharp); N.B. relevant NMR spectra fos tompound are shown in
Figures S1 and S2. IR (nujoly~/cm™ 1587m, 1461s, 1434s, 1378s, 1359m, 1332m, 1315m,
1258s, 1210m, 1188m, 1112s, 1099s, 1056m, 10438m9806w, 779s, 753m, 696s, 655m.
Values from elemental analyses (CHN combustionyais)l were repeatedly poor due to the high

sensitivity of the compound and partial decompositf sealed samples.
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[PPLTI] (3): THF (25 mL) was added to a cooled (-80°C) mixtof¢“"LNa] (0.39 g, 0.70 mmol,
1.0 equiv.) and finely powdered TIBr (0.26 g, Orfifinol, 1.31 equiv.). The mixture was vigorously
stirred while slowing being warmed to room tempeamatovernight ¢a. 18 h). All volatiles were
removed under vacuum and the residue was firsaebetl withn-hexane (20 mL), filtered and
concentrated t@a. 8 mL and cooled to -30°C to afford a crop of coless crystals. The initial
residue was further extracted with toluene (10 nflllered and concentrated wa. 4 mL and
cooled to 4°C to afford a crop of colourless crigstBoth supernatant hexane and toluene solutions
were further concentrated and cooled, and afforsiecbnd crops fromm-hexane and toluene,
respectively. All obtained crops were dried undecuum. X-ray diffraction experiments on crystals
of various solvates 08 repeatedly afforded datasets of poor quality vatdor ordering of the
molecules. Yield: 0.23 g (45%)H NMR (CsDs, 300.1 MHz, 303 K)d = 1.03 (d,J = 6.9 Hz, 24H,
CH(CH3),), 3.83 (sept) = 6.9 Hz, 4H, EI(CHz),), 6.84-7.08 (m, 6H, Ar-H), 7.14-7.37 (m, 10H,
Ar-H); **C{*H} NMR (CgDs, 100.6 MHz, 300 K)& 25.4-25.8 (vbr, CH{H3)), 28.5 (br,CH(CH3)),
122.6 (d,Jpc = 2.6 Hz, AC), 123.5 (d, not resolved, B), 127.6 (AC, partially hidden by strong
solvent resonances), 129.9 Jde = 2.7 Hz, AC), 131.1 (dJpc = 8.5 Hz, AC), ca. 141 (vbr, AC),
142.7 (vbr, AE), 145.5 (d, not resolved, &); **P{"H}-NMR (C¢Ds, 121.5 MHz, 303 K} = -3.7

(d, br, Joos 20smip~ 416 Hz). N.B.: no resonance was observedifl NMR spectra over a wide
range. A large chemical shift range foFTI NMR spectroscopy, line broadening effects and
splitting by the®P nucleus likely make the resonance difficult ts@be. IR (nujol)v~/cm™:
1587m, 1461s, 1434s, 1378s, 1359m, 1332m, 131588s12210m, 1188m, 1112s, 1099s, 1056m,
1043m, 988m, 906w, 779s, 753m, 696s, 655m. Elerhemalysis (%) calcd. foB 0.5C;Hsg,
CseHaaNPTI-C35H4: C, 60.35; H, 6.15; N, 3.56; found: C, 60.29; HLA N, 3.59.

[(ML)3Gaul 3] 4: Few colourless rods of the title compound wergioled from am-hexane extract
of the reaction off**LLi] (1.0 equiv) and "Gal" (1.15 equiv) similar the synthesis of ’LGa] (1)
that could only be structurally characterizéd. and **P{*H} NMR spectroscopy showed that a

mixture of many compounds had been formed.

[(PPLGa0);] (5): Dry air (passed through a column of Drierite/CaS@as blown over a stirred
solution of PPLGa] (0.10 g, 0.165 mmol) in benzene (5 mL) for mpp 15 seconds. The solution
was stirred for a further two minutes, and conadett under vacuum tea. 2 mL. Storing at 6°C
afforded colourless blocks d&&5 GHs. Yield: ca. 40 mg (30%). A similar, parallel performed
experiment in an NMR tube with J. Young valve inidgated benzene showed a rapid reactidn of
to 5 and somé&PLH as the main products. Once crystallized, compdbishows relatively low
solubility in aromatic solvents'H NMR (CsDs, 300.1 MHz, 303 K):d = 0.78 (vbr, 24H,
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CH(CHs),), 1.39 (vbr, 24H, CH(B),), 3.95 (sept) = 6.9 Hz, 8H, E(CHs),), 6.68-7.18 (m, 24H,
Ar-H), 7.40-7.58 (m, 8H, Ar-H)>*P{*H}-NMR (C¢D¢, 121.5 MHz, 303 K) = 17.5 (s, sharp);
N.B.: The two very broad methyl resonances coalesca. 55-60°C to one very broad resonance.
Spectral data at 70°GH NMR (CsDs, 300.1 MHz, 343 K)& = ca. 1.1 (vbr, 48H, CH(Els),), 3.92
(sept, J = 6.9 Hz, 8H, E®(CHs),), 6.78-7.15 (m, 24H, Ar-H), 7.48-7.57 (m, 8H, A):H
13C{*H} NMR (CgDs, 75.5 MHz, 343 K)5 24.2 (vbr, CHCH3),), 28.9 CH(CHs),), 123.7 (dJpc =
2.0Hz, AC), 125.3 (d,Jpc = 2.6 Hz, AC), 127.6 (AC, partially hidden by strong solvent
resonances), 131.4 (Gqc = 2.9 Hz, AC), 132.4 (d,Jpc = 9.2 Hz, AC), 132.5 (d,Jpc = 99.9 Hz,
ArC), 136.9 (d,Jpc = 1.9 Hz, AC), 147.9 (d,Jec = 4.7 Hz, AE); IR (nujol), v~/cm*: 1589m,
1463s, 1435s, 1385m, 1365s, 1318m, 1256s, 124166s12119s, 1104s, 1042m, 989s, 934m,
820m, 792s, 754m,707m, 698s, 635s. Elemental asgBfg calcd. for5 (vacuum dried sample),
C7oHgsN4P.Ga0,: C, 69.58; H, 7.14; N, 4.51; found: C, 69.83, HQ9 N, 4.36.

1.2 NMR Spectroscopy

Because of the sensitive nature of complBRL[n:] 2, no elemental (combustion) analysis of
suitable quality was obtained and relevant NMR speof this compound are shown below
(Figures S1 and S2) as representative exampléssatampound class. NMR spectra were acquired
in 5 mm NMR tubes with J.Young stopcock using appedely dried and degassed deuterated

solvents.
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2.0 X-ray crystallography

Suitable crystals were mounted in silicone oil arete either measured using an Oxford Xcalibur
Gemini Ultra @-0.5 GHg) or a Bruker X8 Apex Il CCDH:5 GHsg) diffractometer with Mgq
radiation £ = 0.710732'\), or at the MX1 beamline at the Australian Synttmo (all others) using
synchrotron radiation with a wavelength close tockM@diation. Data collection at the synchrotron
was performed using the Blu-Ice software pacKafieand data reduction was performed using
XDS B Al structures were refined using SHELR! and all non-hydrogen atoms were refined
anisotropically.

The compounds®PLE:] (E = Ga1l, In 2, Tl 3) predominantly crystallize with solvent of
crystallization (e.gn-hexane, benzene, toluene, THF) in colourless forrhe tetragonal crystal
system (cell dimensions ca. 25.7, 25.7, 10.7, 8090). The overall packing of the main molecules
appeared to be not significantly affected by theetyf lattice solvent. The lattice solvent was
severely disordered in the respective crystal atres, and its type could be confirmed by NMR
spectroscopy. For a partial packing of the molesutee Figure S3. For E = Ga, the yellow dimer
1, could be obtained from benzene as well. All dasasequired for E = Tl refined poorly and
suggest poor overall ordering, though the conniggtivas unambiguously established. Some data
collections for samples oPi[’LE:] E = In2 and TI3 were indexed in tetragonal cells (of ca. 25.6,
25.6, 31.9, 90, 90, 90), and refinement attemputcate deviation from perfect ordering and refined
poorly.

The crystal structures df-0.5 GHg and 2-0.5 GHg are isomorphous and crystallize with half a
molecule in the asymmetric unit. One isopropyl grd@17-C19) is disordered and was refined
with two positions for each atom using geometnytreasts. The severely disordered solvent of
crystallization was in both cases removed usindPhaTON/SQUEEZE routin€” see the cif file
for further details. During the refinement of theystal structure ofl,CgHs, geometry restraints
were applied to the lattice solvent molecule.

In the crystal structure @ 0.5 GH14 geometry restraints were applied during the refieet to few

of the ligand aryl groups because of the largeatibn modes of these groups. Severely disordered
solvent of crystallizatiom-hexane, was removed using the PLATON/SQUEEZE melit!! see the
cif file for further details.

Complex5-5 GsHg, crystallized with half a molecule &fin the asymmetric unit. The asymmetric
unit contained one full molecule of benzene thas wefined using geometry restraints, one full
molecule of benzene that was disordered and madelith positions for each atom and refined

using geometry restraints. A further half molecafebenzene per asymmetric unit was severely
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disordered and was removed using the PLATON/SQUEEfine!>* see the cif file for further

details.

Selected bond lengths and angles of all crystatsires are collected in the main text in Table 1 o
the Figure captions. Refinement details are sunmadrin Table S1. CCDC 1503925 - 1503929

contains the supplementary crystallographic datdahis paper. These data can be obtained free of

charge from The Cambridge Crystallographic Data t@en via
www.ccdc.cam.ac.uk/data_request/cif.

Table S1 Crystallographic data.

Compound reference 1-0.5 GHsg 2-0.5 GHg 1,-CeHe 4-0.5 GH14 55 CsHe
Chemical formula GH4GaNP Gag.5H4sINN2 CrgHoaGaN4P, CogH108G &l 3N6P3 CioH116GaN4O:P,
Formula Mass 644.47 696.59 1288.95 2057.30 1633.38
Crystal system Tetragonal Tetragonal Monoclinic horhombic Triclinic

alA 25.658(4) 25.796(4) 23.603(5) 15.118(3) 12.0820(
b/A 25.658(4) 25.796(4) 13.111(3) 27.674(6) 12.7690(
c/A 10.622(2) 10.629(2) 23.710(5) 27.917(6) 15.2878(
al® 90 90 90 90 89.085(2)

Bl° 90 90 108.16(3) 90 83.106(2)

!° 90 90 90 90 70.070(2)
Unit cell volume/R 6993(2) 7073 (2) 6972(3) 11680(4) 2175.35(15)
Temperature/K 100(2) 123(2) 100(2) 100(2) 123(2)
Space group 14;md 14;md C2/c Pnma PT

No. of formula units per unit 8 8 4 4 2

cell,Z

Radiation type Synchrotram Mokq Synchrotron Synchrotron Mokq
Wavelength/A 0.7108 0.71073 0.7108 0.7109 0.71073
Density (calc)/ Mg/m 1.224 1.308 1.228 1.170 Mg/m3 1.247
Absorption coefficient, 0.861 0.742 0.864 1.783 0.708
a/mnit

F(000) 2728 2904 2728 4124 866
Reflections collected 31205 35023 30867 144464 8330
Independent reflections 4340 5395 8224 14026 17530
Theta range/® 1.587 to 27.869 2.072 to 30.800 1t81F.923 1.532 to 27.829 1.705 to 34.160
Completeness (to theta)/% 99.6 (at 25.24°) 99.85%24°) 99.3 (at 25.24°) 99.6 (at 25.25°) 99.2624°)
Rint 0.0664 0.0311 0.0829 0.0715 0.0330
Data / restraints / parameter 4340/13/231 3305/ 224 8224121397 14026/ 18 / 508 17536 /541
Final R, values [ > 25(1)) 0.0497 0.0294 0.0455 0.0634 0.0361

Final wR(F?) values ( > 0.1293 0.0694 0.1018 0.1654 0.0965
20(1))

Final R, values (all data) 0.0547 0.0321 0.0780 0.0834 ™04

Final WR(F?) values (all data)  0.1328 0.0709 0.1152 0.1763 0aB1
Goodness of fit off? 1.043 1.075 1.008 1.092 1.084
Largest diff. peak and 0.416, -0.701 0.307, -0.400 0.689, -0.770 2.409,04 0.995, -0.358
hole/eA

Absolute structure parameter ~ 0.027(7) -0.020(8)

CCDC number 1503926 1503927 1503925 1503929 1503928
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Figure S3. Partial packing ofPLIn:] 2 in the tetragonal crystal system (In: salmon, eeg, N:
dark blue, C: gray). Top: two nearest neighbourgldie and bottom: four nearest molecules in
different views. The voids between the molecules partially filled with severely disordered
solvent molecules. Minor disordered parts of ispgrogroups, hydrogen atoms and disordered

solvent omitted for clarity.
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3.0 Computational studies

Computations using density functional theory wemaried out at the pb&S/def2-svp?,
pbe0/def2-tzvp (E,N,P), def2-svp (C,H) and pbe0-a&¥$'%def2-tzvp (E,N,P), def2-svp (C,H)
levels of theory using G09 D.41 Basis sets were obtained from the Basis Set Exgal? All
computations were carried out on the full mononiBP&E:] (E = Al, Ga, In, Tl) and the respective
dimers [E’""LE)Z]. The monomers and dimers were optimized in thiiglet states; the monomeric
molecules were also optimized in their triplet esatNatural bond order analyses were carried out
using NBO6>*!

Section 3.1 gives relevant data for the calculatasctures, section 3.2 shows relevant orbitals and

section 3.3 contains Cartesian coordinates of pienized structures.

Al :j ? i &
In § § % ; %
Figure $4. Optimized DFT (pbeO/def2-tzvp) geometries for thmers [E’""LE)Z], E = Al, Ga, In,

TI.
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3.1 Tabulated datafor [PPLE:] and [(°PLE),] (E = Al, Ga, In, TI) at different levels of theory

Table S2. Calculated energies for the monomé&t&LE:] (E = Al, Ga, In, TI).

E= Theory level €(au.) ZPE (a.u.) Heorr (aLU.) S (J/mol K)
Al% pbe0/def2-svp -2088.39541825 0.717465 0.758811 2.201
pbe0/def2-tzvp -2088.73132006 0.717449 0.758651 1002.9
pbe0-GD3-BJ/def2-tz¥p -2088.86631735 0.718369 0.758444 965.81
Ga*° pbe0/def2-svp -3770.51439890 0.716609 0.757381 4988
pbe0/def2-tzvp -3771.01250143 0.716525 0.757321 989.60
pbe0-GD3-BJ/def2-tz¥p -3771.14786513 0.717347 0.757959 979.90
In* pbe0/def2-svp -2036.30052368 0.716120 0.758871 8.705
pbe0/def2-tzvp -2036.55840971 0.716049 0.758748 1048.4
pbe0-GD3-BJ/def2-tz¥p -2036.69653179 0.717165 0.759640 1037.5
TI?% pbe0/def2-svp -2018.67531333 0.715763 0.758601 7.805
pbe0/def2-tzvp -2018.93204173 0.715376 0.758365 1067.6
pbe0-GD3-BJ/def2-tz¥p -2019.07148099 0.716738 0.759338 1044.6

%def2-svp for C, H. def2-tzvp for all other elements

Table S3. Energies of structurally optimised singlet angléi states of the monomef¥LE:] (E =
Al, Ga, In, Tl). All energies calculated using OPB&2-svp on geometries optimised at
PBEO/def2-svpAe is relative to the singlet state.

E= Singlet (g,au.) Triplet (g,au.) Ae(kJ)
Al -2089.69794061  -2089.6347610855.88
Ga -3772.54438908  -3772.456473@30.82
In -2037.86606540 -2037.7649250855.54
TI -2020.24485380 -2020.1407475073.33

Table S4. Energies of singlet and triplet states of the nmeis PPLE:] (E = Al, Ga, In, TI). All
energies calculated using OPBE/def2-tzvp (E,N,BPiR-dvp(C,H) on geometries optimised at
PBEO/def2-tzvp(E,N,P), def2-svp(C,H is relative to the singlet state.

E= Singlet (g, a.u.) Triplet (g, a.u.) Ae (kJ)

Al -2090.02935745 -2089.97054616 154.41
Ga -3773.03687883 -3772.95077972 226.05
In -2038.11976492 -2038.02001185 261.90
T -2020.49837176 -2020.39462914 272.38

Table S5. E-E distances (A) in the dimer complexé¥’[(E),] at different levels of theory

Theory level
E= pbe0/def2-svp  pbe0/def2-tZvp pbe0-GD3-BJ/def2-tzvip
Al 2.766 2.762 2.679
Ga 2.822 2.830 2.689
In 3.318 3.289 3.083
TI 3.694 3.688 3.275

%def2-svp for C, H. def2-tzvp for all other elements
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Table S6. P--E-E angles (°) in the dimer complexe3PI(E),] at different levels of theory

Theory level
E= pbeO/def2-svp  pbe0/def2-tZvp
Al 117.469 117.535
Ga 113.457 114.062
In 110.280 111.219
TI 110.251 112.092

%def2-svp for C, H. def2-tzvp for all other elements

Table S7. Mayer bond orders for the E-E bond in the dimengtexes [(LE),] at different levels

of theory

Level of theory
E=  pbeO/def2-svyp  pbeO/def2-tAyp pbeO/def2-tzvph  pbeO/cc-pvdz  pbeO/cc-pvt2
Al 0.860733 1.030952 1.132335 0.941592 0.778666
Ga 0.661094 0.781819 0.841087
In 0.362607 0.412415 0.53789¢
TI 0.104623 0.10584¢

def2-svp for C, H. def2-tzvp for all other elemefi@ptimised at the pbe0/def2-tAdpvel.

Table S8. Calculated energies for the dimer¥(E),]. Ae, AH, andAG are given relative to the

monomer.
E= Theory level
Al pbe0/def2-svp

Gaﬁg.ﬁg

T|205'205

def2-svp for C, H. def2-tzvp for all other elemefi@ounterpoise correction factor, if applicable.

pbe0/def2-tzvp
pbe0/def2-tzvp

pbe0-GD3-
BJ/def2-tzvf

pbe0O/def2-svp
pbe0/def2-tzvp
pbe0/def2-tzvp

pbe0-GD3-
BJ/def2-tzvp

pbe0/def2-svp
pbe0/def2-tzvp
pbe0O/def2-tzvp

pbe0-GD3-
BJ/def2-tzvf

pbe0O/def2-svp
pbe0/def2-tzvp
pbe0/def2-tzvp

pbe0-GD3-
BJ/def2-tzvf

£ (a.u.) CP(a.u.)
-4176.81892889  (not applied)
-4177.48935842 0.005260970086
-4177.48935842 (not applied)
-4177.79398548 0.006925108380

-7541.04586818 (not applied)
-7542.04159681 0.005125342021
-7542.04159681 (not applied)
-7542.34600342 0.007155634257

-4072.61024029 (not applied)
-4073.12616128 0.003406926824
-4073.12616128 (not applied)
-4073.42820235 0.005629233950

-4037.35524546 (not applied)
-4037.86935908 0.003259610853
-4037.86935908 (not applied)
-4038.17109627 0.005340943011

ZPEor (a.U.) Hor (a.u.)

1.437160
1.436404
1.436404
1.439028

1.434625
1.434401
1.434401
1.437282

1.432840
1.432303
1.432303
1.434892

1.431636
1.432442
1.432442
1.434118

1.521376
1.520957
1.520957
1.522800

1.520463
1.520290
1.520290
1.522153

1.519581
1.518250
1.518250
1.519007

1.516136

1.519282

1.519282
1.519525

S13

S (3/maK)
1825.8
1845.0
1845.0
1798.6

1876.4
1883.7
1883.7
1827.5

1945.4
1912.6
1912.6
1825.0

1872.0

1931.9

1931.9
1905.1

Age (kd/mol) AZPE (kJ/mol) AH (kJ/mol) AG (kJ/mol)

-73.757
-56.336
-70.149
-142.90

-44.818
-30.110
-43.567
-113.21

-24.136
-15.582
-24.527
-77.477

-12.127
-5.2928
-13.851
-59.844

-67.902
-52.382
-66.195
-136.88

-41.124
-26.563
-40.020
-106.41

-22.561
-15.044
-23.989
-76.002

-11.838
-0.8557
-9.4124
-58.158

-63.900
-46.740
-60.553
-127.37

-29.850
-15.282
-28.739
-96.835

-19.308
-13.603
-22.547
-78.194

-14.925

1.4075

-7.1492
-57.615

-4.6879

1.2025

-12.610
-87.713

0.0899
13.192

-0.2653
-57.390

31.974
41.317
32.372

-3.6565

57.704
62.021
53.445

-2.7255



3.2 Selected molecular orbitals for [PPLE:] and [(°PLE),] (E = Al, Ga, In, TI) at pbe0/def2-
tzvp(E,N,P), def2-svp(C,H) level of theory (isovalue = 0.04)

LUMO+9 (+5.33 eV)

Figure S5. [PPLAL]
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LUMO+9 (+3.57 eV) LUMO+6 (+3.12 eV)

Figure S6. [(°PLAl) ;. The LUMO+9 representstbonding interaction.
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LUMO+4 (+4.95 eV)

Figure S7. [PPLGa:] (@, cf. Figure 5)
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LUMO+9 (+4.47 eV) LUMO+4 (+3.79 eV)

LUMO+2 (+3.58 eV) HOMO

Figure S8. [(PPLGa)] (1, c.f. Figure 5).
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LUMO+10 (+6.60 eV) LUMO+5 (+5.40 eV)

LUMO+2 (+4.80 eV) LUMO+1 (+4.61 eV)

Figure S9. [PPLIn:] (2)
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LUMO+18 (+5.81 eV) LUMO+5 (+4.45 eV)

Figure S10. [(°PLIn)4] (2,)
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LUMO+6 (+5.69 eV) LUMO+4 (+5.40 eV)

Figure S11. [PPLTI] (3). N.B. The LUMO+1 and LUMO+3 are similar to the M®D+2.
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LUMO+21 (+6.80 eV) LUMO+12 (+5.55 eV) LUMO+7 (+5.18 eV)

Figure S12. [(°PLTI),] (3,)

S21



3.3 Atomic coordinates for optimized geometries at various levels of theory

i : [PPLAI:], singlet, pbeO-gd3-bj/def2-tzvp 84
[PPLAI:], singlet, pbeO/def2-tzvp 84 A 018630 250738 0.00000
Al 0.00000 0.19752 - -2.44872 P 027771 011859  0.00000
P 0.00000 0.26882  0.18140 P 92virL 091777 120225
N 1.20438 -0.01590  -0.85821 N 900973 071597 0.00000
c 0.00000 1.97927 0.79936 N -0.00979 091777  -1.20225
N -1.20438 -0.01590  -0.85821 N 900973 023897 0.00000
c 0.00000 3.02269  -0.13892 H 2.76291 -1.30436  0.00000
H 0.00000 2.79195  -1.20851 H 2z 015621 0.00000
c 0.00000 434980 0.27426 H 5.13464 -0.59729  0.00000
H 0.00000 515041  -0.46926 H 213454 151508 000000
c 0.00000 465660 1.63686 H 5.71465 1.82681  0.00000
H 0.00000 569959  1.96285 H S s 547072 0.00000
c 0.00000 3.63062 257765 H 3.90488 353417  0.00000
H 0.00000 3.86416  3.64497 H 390488 507453 0.00000
c 0.00000 2.29774  2.16284 H 1.53019 2.83004  0.00000
H 0.00000 1.50380  2.91138 c -0.68347 1.64161  0.00000
c 0.00000 0.70072 - 1.70767 c -1.01222 2.26330  1.21237
c 1.21144 ~1.02827 - 2.33310 H -0.73965 179777 2.16129
H 2.16181 0.76243  1.86536 H 071398 347042 120784
c 1.20751 -1.69440  3.55748 ¢ Lo9e0 305596 o 18501
H 2.15577 -1.04934  4.03670 H e 10826 000000
c 0.00000 -2.03035  4.16890 H 257011 5.03854  0.00000
H 0.00000 255187 512027 H 2510 347902 120784
c -1.20751 -1.69440 ~ 3.55748 H -1.95120 3.95506  -2.15591
H -2.15577 -1.94934  4.03670 H Les120 596930 121937
c -1.21144 -1.02827  2.33310 ¢ 201222 190777 516129
H -2.16181 0.76243  1.86536 c -0.29422 -0.68856  2.56761
c 2.58296 "0.28763  -0.67543 c 0.73210 -0.66825  3.53770
c 3.54857 0.74746  -0.70400 ¢ 915210 oarese 87481
c 4.89794 0.42598  -0.51860 ¢ 039822 039908 & 62307
H 5.63959 122936  -0.52989 A Si9a%0 020804 = o618
c 5.31498 ©0.88454  -0.33550 H -1.15878 -0.03815  6.31672
H 6.37329 -1.11461 - -0.19017 c -1.92973 029213 4.31574
c 437077 -1.90461  -0.36417 ¢ 2978 016037 462926
H 4.70001 -2.94043 - -0.25459 c -1.64684 052541  2.96878
c 3.01066 -1.63803  -0.54059 ¢ )5a%84 092045 317045
c 3.18480 2.19292 -0.97654 H 2.20073 115223 2.10780
H 2.09744 2.22499  -1.11011 H 220073 a3 391077
c 3.81096 2.68567  -2.28303 H 2.76419 -1.98994  5.00117
H 4.91157 2.69693  -2.22074 H 2749 Sas970 357844
H 3.48042 3.71267  -2.50756 H 2.11751 -3.03531  3.71571
H 3.52391 204308 -312918 H 2 031283 3.40936
c 3.53601 311108 = 0.19378 H 2.67680 117512 2.83523
H 3.03840 2.78908  1.12132 H 4.08623 012435  3.09589
H 3.21920 414523 -0.01427 H 408023 050827 447361
H 4.62160 3.12849 038317 c -2.78526 -0.65653  1.97687
c 2.04453 -2.80362  -0.65946 ¢ 278528 042036 0.97957
H 1.03575 -2:41508  -0.45438 c -3.30801 2.00427  1.96711
c 2.04630 -3.34240  -2.09359 ¢ 330801 Sellss 170922
H 1.77573 -2.56044 - -2.82138 H -4.11997 221369 1.23256
H 1.32677 416958  -2.20449 H A eer 537076 205019
H 3.04489 -3.71982  -2.36705 c -3.92218 0.33553  2.20095
c 2.30439 -3.93060  0.33885 ¢ 392218 013084 31331
H 3.25130 -4.45520  0.13509 H -4.64929 026501  1.37708
H 1.50256 468291 027535 H 464929 137160 223908
H 2.33704 -3.56082 137438 H B 068856 256761
c -2.58296 -0.28763  -0.67543 c 0.73210 -0.66825 -3.53770
c -3.54857 0.74746  -0.70400 ¢ 915210 oarese  aa7as
c -4.89794 0.42598  -0.51860 H 1.19450 -0.39908  -5.62307
H -5.63959 122936  -0.52989 H 5 i9a%0 022824 26818
c -5.31498 -0.88454 033550 H -1.15878 -0.03815  -6.31672
H -6.37329 -111460  -0.19017 A 15878 029213 431078
c -4.37077 -1.90461 036418 H -2.96815 -0.16037  -4.62726
H -4.70001 -2.04043  -0.25459 A 290818 0B2eal 296878
c -3.01066 -1.63803  -0.54059 c 2.17965 092245  -3.17945
c -3.18480 219292 -0.97654 H 2.20073 115223 -2.10780
H -2.09744 2.22499  -1.11011 c 2.73329 214453 -3.91077
c -3.81096 268567 -2.28303 ¢ 273329 303531 371571
H -3.52391 204308 -3.12918 H 21l Sasers 357844
H -3.48042 3.r1267 -2.50756 H 2.76419 -1.98994  -5.00117
H -4.91157 2.69694  -2.22973 c 3.04770 0.31283  -3.40936
c -3.53601 311106 0.19378 H 3.06441 059827  -4.47361
H -4.62160 312849  0.38317 H 300401 012435 300589
H -3.21920 414523 -0.01427 H 2.67680 117512  -2.83523
H -3.03840 278907 112132 H 267680 O6sess 197087
c -2.04453 -2.80362  -0.65946 v 5 37049 -0.45086  -0.97957
H -1.03575 -2.41508  -0.45438 A 231049 09427 196711
c -2.04630 -3:34240  -2.09359 H -3.69802 237276 -2.95912
H -3.04489 371982 -2.36705 H 369802 591369 123956
H -1.32677 ©4.16958  -2.20449 H -2.51188 281152 -1.70922
H -1.77573 256044  -2.82138 A 251188 033553 290095
c -2.30439 -3.93060  0.33885 ¢ 392218 137100 223908
H -2.33704 -3.56082  1.37438 H -4.64929 026591 -1.37708
H -1.50256 468291 027535 H 409929 013084 313321
H -3.25130 -4.45520  0.13509
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[PPLAL], triplet, pbeO/def2-tzvp 84

Al

ITIOIITOIOIIIOIIIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT

-0.16255
0.03560
-1.25037
0.41576
1.12850
0.43869
0.28098
0.63723
0.64531
0.83409
1.00140
0.80446
0.94141
0.59020
0.54035
0.00137
-1.10729
-1.99184
-1.09963
-1.97462
0.00523
0.00340
1.11331
1.98945
1.12458
2.01480
-2.64082
-3.44967
-4.81416
-5.43061
-5.40418
-6.47304
-4.61689
-5.08064
-3.24532
-2.91152
-1.85242
-3.60048
-4.66926
-3.12608
-3.52983
-2.99070
-2.47003
-2.51498
-4.03548
-2.47529
-1.39269
-2.73950
-2.51928
-2.12850
-3.79929
-2.72984
-3.77071
-2.08267
-2.52569
2.44858
3.54515
4.82413
5.67301
5.03851
6.04474
3.96275
4.13759
2.66737
3.40159
2.32917
4.05261
3.64035
3.88573
5.14154
3.93768
5.02033
3.77065
3.42610
1.53447
0.60841
1.38847
2.29642
0.53327
1.24445
1.65805
1.78887
0.74580
2.50242

-0.67066
0.45103
0.08831
2.12484

-0.28098
3.00569
2.60602
4.36910
5.01246
4.92558
5.99775
4.07389
4.49003
2.71584
2.09300

-0.43544

-1.21333

-1.25993

-1.89384

-2.48086

-1.81449

-2.34536

-1.05542

-0.99884

-0.38508
0.17066

-0.03372
1.07488
0.87227
1.73036

-0.37622

-0.50810

-1.45609

-2.43804

-1.31584
2.48678
2.45664
3.42215
3.55964
4.41594
3.03662
3.03414
2.37325
4.02526
3.13744

-2.54871

-2.33388

-2.85659

-1.99018

-3.70505

-3.11176

-3.78098

-4.12935

-4.61366

-3.57657

-0.68281
0.19344

-0.24620
0.43044

-1.51951

-1.83994

-2.39289

-3.40239

-2.00250
1.55932
1.74105
1.57615
0.78734
2.54639
1.41708
2.68467
2.58411
3.66151
2.70476

-3.01160

-2.44757

-3.72417

-4.30025

-4.41942

-3.01100

-4.02247

-3.51792

-4.63614

-4.71473

-2.15064
0.17744
-0.88407
0.45249
-0.95698
-0.67544
-1.68110
-0.51530
-1.39986
0.75297
0.87187
1.87451
2.87628
1.73930
2.63340
1.71820
2.10872
1.47240
3.32114
3.61185
4.17398
5.12877
3.79251
4.44350
2.57317
2.27115
-0.64055
-0.29232
-0.05603
0.22431
-0.18527
-0.00146
-0.56605
-0.68859
-0.79100
-0.19708
-0.47272
-1.19295
-0.96144
-1.16918
-2.22185
1.22809
1.93697
1.28611
1.56531
-1.23702
-1.11550
-2.71343
-3.35928
-3.06103
-2.86932
-0.36828
-0.45255
-0.68541
0.69288
-0.64383
-0.81923
-0.45576
-0.58492
0.05115
0.33247
0.18199
0.55960
-0.15974
-1.45892
-1.59766
-2.84477
-3.49347
-3.33980
-2.78344
-0.57591
-0.39501
-1.05522
0.39783
-0.09204
0.09485
-1.44007
-1.67927
-1.43787
-2.27329
1.04424
2.01284
1.10438
0.89772
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[(®PLAI),], singlet, pbeO/def2-tzvp 168

Al

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZ70

-1.16463
-3.45693
-2.66843
-3.50024
-2.47593
-2.27650
-1.33191
-2.25199
-1.29145
-3.44534
-3.42391
-4.66336
-5.60093
-4.69289
-5.65494
-5.20761
-6.01487
-5.57394
-7.38452
-8.00559
-7.95980
-9.03413
-7.16398
-7.61063
-5.79363
-5.18179
-2.99273
-2.59227
-2.91312
-2.61225
-3.59174
-3.83303
-3.94658
-4.45863
-3.65583
-1.80834
-1.56476
-0.48086
-0.63129

0.09496

0.14211
-2.63441
-3.56980
-2.06628
-2.89888
-4.00192
-4.08529
-2.87221
-1.92292
-3.11471
-2.70966
-5.33295
-5.29056
-5.59176
-6.15711
-2.69947
-2.46862
-2.71163
-2.54593
-3.14420
-3.32804
-3.32063
-3.63500
-3.10244
-1.96526
-1.69333
-0.70505

0.09879
-0.32503
-0.89933
-3.05693
-3.35837
-2.70022
-3.95660
-3.27859
-3.15969
-2.18534
-2.22987
-2.29860
-1.18536
-4.66750
-5.46348
-4.76942
-4.84722

0.16798
-0.02764
1.25048
-0.04223
-1.15389
-0.08703
-0.10197
-0.10594
-0.14196
-0.07814
-0.09432
-0.02877
-0.00606
-0.01256
0.01919
-0.18969
0.95118
1.94642
0.82124
1.71611
-0.44460
-0.54401
-1.58306
-2.57710
-1.46013
-2.35864
2.62607
3.56191
4.91330
5.63174
5.36081
6.42024
4.44565
4.79955
3.08498
3.17057
2.10326
3.92515
5.01046
3.57773
3.76855
3.36300
2.78441
3.03500
4.42305
2.15325
1.13769
2.13322
1.79453
1.45198
3.13919
2.47549
3.41812
1.68120
2.55486
-2.50191
-3.56025
-4.87672
-5.68905
-5.17417
-6.20948
-4.13849
-4.36999
-2.80401
-3.31723
-2.25505
-4.12610
-3.92518
-3.87080
-5.21072
-3.58342
-4.64396
-3.33840
-2.97879
-1.74343
-0.76102
-1.85414
-2.82484
-1.06014
-1.75283
-1.76885
-1.65918
-0.94583
-2.70815

0.74282
-0.57281
0.03533
-2.38660
0.04803
-3.07461
-2.51778
-4.46500
-4.98502
-5.18945
-6.28209
-4.51610
-5.07672
-3.12127
-2.60753
-0.14536
-0.03575
-0.12815
0.18726
0.27361
0.29536
0.46946
0.17392
0.25191
-0.05078
-0.15249
0.15118
-0.83302
-0.65648
-1.42350
0.46697
0.58396
1.45156
2.34897
1.32481
-2.07039
-1.97849
-2.16324
-2.27996
-3.03450
-1.26950
-3.34318
-3.31278
-4.22763
-3.49055
2.47468
2.06129
3.50832
3.06174
4.34006
3.92818
3.15304
3.72138
3.87031
2.42883
0.42135
-0.49282
-0.08693
-0.79935
1.19867
1.49625
2.10732
3.12859
1.75115
-1.90155
-1.96116
-2.21141
-1.48702
-3.21288
-2.20510
-2.93969
-2.93612
-3.95258
-2.74966
2.82463
2.34074
3.89015
4.41015
4.64570
3.44149
3.46497
2.71421
4.19024
4.01224

(continued)

Al

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

S24

1.16436
3.45683
2.47580
3.50029
2.66822
2.27675
1.33210
2.25256
1.29217
3.44601
3.42481
4.66383
5.60147
4.69305
5.65496
5.20743
5.79347
5.18175
7.16371
7.61038
7.95941
9.03364
7.38410
8.00511
6.01454
5.57365
2.70051
2.46970
2.71367
2.54784
3.14738
3.33203
3.32397
3.63942
3.10471
1.96564
1.69238
0.70642
0.90221
0.32553
-0.09736
3.05737
3.95609
2.69982
3.36063
3.28109
3.16073
2.18917
1.18857
2.30260
2.23513
4.67075
4.85167
4.77303
5.46579
2.99155
2.59053
2.91067
2.60943
3.58918
3.82998
3.94446
4.45629
3.65427
1.80669
1.56382
0.47868
-0.14421
-0.09688
0.62833
2.63244
2.89622
2.06440
3.56823
4.00042
4.08545
2.86970
2.70570
3.11213
1.92120
5.33031
6.15515
5.58955
5.28599

0.16856
-0.02680
-1.15310
-0.04188

1.25135
-0.08868
-0.10459
-0.10817
-0.14574
-0.07897
-0.09566
-0.02750
-0.00362
-0.01067

0.02276
-0.18943
-1.46015
-2.35839
-1.58376
-2.57801
-0.44564
-0.54557

0.82049

1.71510

0.95110

1.94660
-2.50060
-3.55989
-4.87585
-5.68893
-5.17190
-6.20684
-4.13530
-4.36566
-2.80125
-3.31837
-2.25656
-4.12906
-5.21340
-3.87444
-3.92916
-3.58385
-2.97743
-3.34062
-4.64386
-1.73969
-0.75775
-1.85052
-1.75050
-1.05580
-2.82076
-1.76346
-2.70204
-0.93956
-1.65420

2.62728

3.56192

4.91366

5.63116

5.36264

6.42229

4.44866

4.80372

3.08774

3.16911

2.10169

3.92272

3.76595

3.57462

5.00809

3.36136

4.42151

3.03256

2.78342

2.15738

1.14156

2.13687

3.14297

1.45647

1.79685

2.48182

2.56216

1.68818

3.42461

-0.74270
0.57271
-0.04802
2.38646
-0.03528
3.07468
2.51802
4.46507
4.98527
5.18930
6.28193
4.51574
5.07618
3.12090
2.60699
0.14512
0.05445
0.15933
-0.17049
-0.24544
-0.29608
-0.47040
-0.19185
-0.28138
0.03143
0.12095
-0.42258
0.49053
0.08360
0.79515
-1.20194
-1.50032
-2.10948
-3.13069
-1.75229
1.89931
1.95948
2.20840
2.20207
3.20971
1.48364
2.93757
2.74867
3.95060
2.93288
-2.82477
-2.34026
-3.89161
-3.44402
-4.64637
-4.41235
-3.46351
-4.01163
-4.18773
-2.71170
-0.14979
0.83529
0.66008
1.42783
-0.46284
-0.57869
-1.44837
-2.34543
-1.32304
2.07228
1.97965
2.16541
1.27162
3.03657
2.28246
3.34528
3.49320
4.22948
3.31472
-2.47403
-2.06161
-3.50654
-3.92553
-4.33900
-3.05931
-3.15354
-2.43020
-3.87138
-3.72150



[(PPLAI),], singlet, pbe0-gd3-bj/def2-tzvp 168

Al

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZ70

-1.11095
-3.33224
-2.60605
-3.32181
-2.33916
-2.07991
-1.15464
-2.01669
-1.04292
-3.18869
-3.13773
-4.42432
-5.34349
-4.49371
-5.46631
-5.07395
-5.90963
-5.49799
-7.26772
-7.91444
-7.79867
-8.86365
-6.97311
-7.38701
-5.61437
-4.97547
-2.90813
-2.42412
-2.70488
-2.33774
-3.42467
-3.63299
-3.86427
-4.40800
-3.61308
-1.59423
-1.37413
-0.24944
-0.36843

0.35047

0.33615
-2.36606
-3.31250
-1.77179
-2.60382
-4.02939
-4.14489
-2.92788
-1.98796
-3.22492
-2.72078
-5.36129
-5.29098
-5.67955
-6.15708
-2.57502
-2.28999
-2.55608
-2.34730
-3.06722
-3.26893
-3.29751
-3.67185
-3.05439
-1.72012
-1.39635
-0.49127

0.28966
-0.06015
-0.73543
-2.78993
-3.13986
-2.39351
-3.66441
-3.27262
-3.12595
-2.22194
-2.28697
-2.35970
-1.20702
-4.68804
-5.44252
-4.81146
-4.90768

0.19615
-0.02719
1.24925
0.00012
-1.13889
-0.06576
-0.11183
-0.05809
-0.11062
0.01641
0.01898
0.08886
0.14905
0.07956
0.12763
-0.27082
0.83044
1.84204
0.63659
1.49880
-0.65294
-0.80278
-1.75057
-2.76134
-1.56413
-2.42829
2.62396
3.55108
4.91003
5.62766
5.36378
6.42941
4.45014
4.81006
3.08331
3.13055
2.06025
3.85445
4.94201
3.48658
3.68953
3.31894
2.75842
2.96534
4.38179
2.13429
1.13694
2.02835
1.65011
1.33919
3.01286
2.49483
3.41391
1.68790
2.64159
-2.47672
-3.53410
-4.84752
-5.66533
-5.13181
-6.16467
-4.09119
-4.31534
-2.76123
-3.26936
-2.21900
-4.12544
-3.98823
-3.85060
-5.19882
-3.44008
-4.48451
-3.17045
-2.80004
-1.67823
-0.70812
-1.77363
-2.73720
-0.96790
-1.68035
-1.67412
-1.56505
-0.83710
-2.60210

0.74814
-0.64243
0.02935
-2.44586
-0.02477
-3.09649
-2.50940
-4.48449
-4.97763
-5.23956
-6.33113
-4.60031
-5.18749
-3.20750
-2.71507
-0.25451
-0.03252
-0.05134
0.20960
0.38770
0.22181
0.41479
-0.02039
-0.01822
-0.26412
-0.45480
0.13189
-0.81776
-0.63775
-1.37571
0.45799
0.57969
1.41040
2.28625
1.27628
-2.01209
-1.89524
-2.05777
-2.18593
-2.90293
-1.14137
-3.31706
-3.31147
-4.17351
-3.48693
2.38541
1.93896
3.44112
3.00475
4.24751
3.89002
3.03697
3.63969
3.71467
2.29184
0.35266
-0.54145
-0.14331
-0.83728
1.11751
1.41112
2.00959
3.01193
1.65641
-1.91805
-1.92343
-2.21301
-1.45109
-3.18755
-2.25690
-2.99638
-3.04097
-3.98768
-2.80616
2.69558
2.19505
3.80271
4.33296
4.54071
3.38660
3.26920
2.47715
3.97435
3.82077

(continued)

Al

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

S25

1.11099
3.33228
2.33920
3.32186
2.60609
2.07996
1.15469
2.01675
1.04299
3.18876
3.13781
4.42439
5.34356
4.49376
5.46637
5.07400
5.61441
4.97551
6.97315
7.38704
7.79870
8.86368
7.26776
7.91448
5.90967
5.49805
2.57506
2.29001
2.55608
2.34728
3.06725
3.26895
3.29757
3.67192
3.05446
1.72012
1.39637
0.49123
0.73537
0.06010
-0.28967
2.78990
3.66439
2.39346
3.13981
3.27272
3.12603
2.22208
1.20715
2.35988
2.28713
4.68817
4.90782
4.81161
5.44261
2.90812
2.42403
2.70469
2.33749
3.42444
3.63267
3.86411
4.40780
3.61302
1.59416
1.37420
0.24926
-0.33627
-0.35063
0.36809
2.36590
2.60350
1.77165
3.31242
4.02938
4.14500
2.92784
2.72062
3.22492
1.98798
5.36122
6.15702
5.67954
5.29078

0.19616
-0.02716
-1.13888

0.00018

1.24927
-0.06565
-0.11169
-0.05792
-0.11041

0.01656

0.01917

0.08896

0.14914

0.07962

0.12766
-0.27081
-1.56412
-2.42827
-1.75058
-2.76135
-0.65297
-0.80283

0.63656

1.49876

0.83043

1.84203
-2.47670
-3.53407
-4.84750
-5.66531
-5.13181
-6.16467
-4.09120
-4.31536
-2.76123
-3.26931
-2.21895
-4.12536
-5.19874
-3.85049
-3.98814
-3.44005
-2.80004
-3.17041
-4.48449
-1.67826
-0.70813
-1.77368
-1.68038
-0.96798
-2.73727
-1.67416
-2.60215
-0.83716
-1.56507

2.62400

3.55105

4.91003

5.62761

5.36387

6.42952

4.45029

4.81029

3.08344

3.13042

2.06009

3.85414

3.68911

3.48619

4.94172

3.31895
4.38184

2.96527

2.75857

2.13450

1.13715

2.02850

3.01301

1.33941

1.65014

2.49521

2.64202

1.68833

3.41430

-0.74816
0.64241
0.02478
2.44584
-0.02938
3.09647
2.50939
4.48447
4.97762
5.23953
6.33110
4.60027
5.18745
3.20746
2.71503
0.25449
0.26416
0.45489
0.02041
0.01829
-0.22186
-0.41485
-0.20970
-0.38786
0.03243
0.05122
-0.35265
0.54146
0.14334
0.83731
-1.11747
-1.41107
-2.00956
-3.01188
-1.65639
1.91804
1.92341
2.21298
2.25690
3.18750
1.45104
2.99641
2.80620
3.98769
3.04100
-2.69557
-2.19507
-3.80274
-3.38667
-4.54076
-4.33296
-3.26914
-3.82067
-3.97431
-2.47706
-0.13187
0.81781
0.63784
1.37582
-0.45789
-0.57956
-1.41032
-2.28618
-1.27625
2.01211
1.89527
2.05772
1.14130
2.90286
2.18587
3.31711
3.48698
4.17354
3.31157
-2.38543
-1.93902
-3.44110
-3.88995
-4.24754
-3.00470
-3.03704
-2.29193
-3.71478
-3.63973



[PPLGa:], singlet, pbeO/def2-tzvp 84 [PPLGa:], singlet, pbe0-gd3-bj/def2-tzvp 84

Ga -0.00001 -0.31878  -2.41069 Ga -0.00000 -0.30823 -2.47196
P 0.00000 0.30434  0.28711 P -0.00001 0.31143  0.23001
N -1.22241 -0.01887  -0.70967 N -1.22053 -0.01039  -0.76486
C -0.00008 2.04338 0.83282 C -0.00044 2.04397 0.76419
C -0.00010 3.04614  -0.14937 C -0.00052 3.03580 -0.22738
H -0.00006 2.76892  -1.20745 H -0.00032 2.74707  -1.28228
C -0.00016 4.39044 0.20450 C -0.00085 4.38133 0.11722
H -0.00017 5.15758  -0.57359 H -0.00091 5.14339  -0.66548
C -0.00019 4.75726 1.55224 C -0.00111 4.75654 1.46289
H -0.00023 5.81353 1.83228 H -0.00137 5.81460 1.73513
C -0.00017 3.77305 2.53632 C -0.00103 3.78044 2.45493
H -0.00019 4.05299 3.59251 H -0.00122 4.06896 3.50850
C -0.00011 2.42306 2.18021 C -0.00069 2.42847 2.10875
H -0.00009 1.66340 2.96343 H -0.00061 1.67046 2.89357
C 0.00002 -0.59287 1.86065 C 0.00020 -0.58496 1.79564
C -1.21067 -0.89197 2.50141 C -1.21130 -0.88854 2.43172
H -2.16097 -0.64688 2.02261 H -2.16041 -0.63398 1.95673
C -1.20725 -1.50159 3.75508 C -1.20718 -1.51818 3.67450
H -2.15566 -1.73402 4.24545 H -2.15541 -1.75753 4.16134
C 0.00005 -1.80929 4.38157 C 0.00044 -1.83853 4.29386
H 0.00005 -2.28580 5.36509 H 0.00053 -2.33331 5.26807
C -2.59148 -0.29910 -0.51003 C -2.57616 -0.30293  -0.52050
C -3.01111 -1.64996  -0.34669 C -2.96943 -1.65518  -0.32860
C -4.36865 -1.92512  -0.16477 C -4.31381 -1.94512  -0.09009
H -4.68832 -2.96186  -0.03480 H -4.61589 -2.98364 0.06303
C -5.32223 -0.91342  -0.15398 C -5.27549 -0.94093  -0.04614
H -6.37841 -1.14962  -0.00325 H -6.32191 -1.18689 0.14909
C -4.91505 0.39737  -0.35899 C -4.89183 0.37445  -0.26862
H -5.66275 1.19507  -0.38027 H -5.64658 1.16537  -0.25490
C -3.56908 0.72640  -0.55213 C -3.55822 0.71442  -0.51772
C -2.03456 -2.80902  -0.43539 C -1.96751 -2.78704  -0.43328
H -1.02815 -2.39939  -0.26428 H -0.97294 -2.35157  -0.26179
C -2.05499 -3.40965  -1.84462 C -1.97714 -3.36752  -1.84874
H -1.32154 -4.22691  -1.93692 H -1.22375 -4.16389  -1.95537
H -1.82007 -2.65575  -2.61272 H -1.76295 -2.59520  -2.60455
H -3.05087 -3.81855  -2.08019 H -2.96409 -3.79514  -2.08721
C -2.26385 -3.89461 0.61490 C -2.16055 -3.88546 0.60747
H -2.27610 -3.47951 1.63343 H -2.17351 -3.47644 1.62821
H -1.45809 -4.64391 0.56633 H -1.33556 -4.61215 0.54632
H -3.21173 -4.43269 0.45555 H -3.09573 -4.44590 0.45138
C -3.21412 2.17030 -0.84274 C -3.20791 2.16030  -0.79092
H -2.12716 2.20449  -0.97965 H -2.13936 2.17976  -1.03561
C -3.84831 2.64837  -2.15086 C -3.95938 2.70574  -2.00428
H -3.56646 1.99744  -2.99257 H -3.78356 2.08226  -2.89389
H -3.52149 3.67377  -2.38808 H -3.62896 3.73137  -2.23389
H -4.94873 2.65834  -2.09207 H -5.04685 2.74119  -1.83094
C -3.56319 3.10002 0.31901 C -3.41888 3.03754 0.44127
H -4.64828 3.11734 0.51188 H -4.47940 3.05879 0.74031
H -3.24838 4.13256 0.09979 H -3.10382 4.07378 0.24263
H -3.06183 2.78793 1.24778 H -2.83476 2.66972 1.29789
N 1.22242 -0.01877  -0.70968 N 1.22059 -0.00984  -0.76493
C 1.21073 -0.89228 2.50124 C 1.21182 -0.88887 2.43131
H 2.16103 -0.64743 2.02230 H 2.16084 -0.63457 1.95601
C 1.20734 -1.50189 3.75491 C 1.20793 -1.51851 3.67410
H 2.15575 -1.73456 4.24515 H 2.15626 -1.75813 4.16063
C 2.59151 -0.29896  -0.51008 C 2.57630 -0.30217  -0.52071
C 3.01120 -1.64983  -0.34696 C 2.96991 -1.65446  -0.32976
C 4.36875 -1.92495  -0.16504 C 4.31435 -1.94420 -0.09134
H 4.68847 -2.96170  -0.03525 H 4.61669 -2.98276 0.06105
C 5.32228 -0.91322  -0.15405 C 5.27576 -0.93978  -0.04656
H 6.37847 -1.14938  -0.00334 H 6.32223 -1.18560 0.14861
C 4.91504 0.39759  -0.35885 C 4.89177 0.37565 -0.26812
H 5.66271 1.19534  -0.37997 H 5.64630 1.16676  -0.25375
C 3.56906 0.72659  -0.55197 C 3.55809 0.71544  -0.51712
C 2.03472 -2.80893  -0.43586 C 1.96836 -2.78655  -0.43534
H 1.02826 -2.39935  -0.26490 H 0.97357 -2.35139  -0.26437
C 2.05542 -3.40952  -1.84511 C 1.97906 -3.36669  -1.85094
H 1.32201 -4.22680  -1.93755 H 1.22594 -4.16324  -1.95825
H 1.82061 -2.65561  -2.61322 H 1.76513 -2.59424  -2.60668
H 3.05135 -3.81839  -2.08050 H 2.96627 -3.79399  -2.08888
C 2.26390 -3.89453 0.61444 C 2.16107 -3.88515 0.60528
H 2.27594 -3.47946 1.63299 H 217312 -3.47638 1.62613
H 1.45820 -4.64390 0.56571 H 1.33640 -4.61216 0.54336
H 3.21185 -4.43254 0.45526 H 3.09658 -4.44519 0.44973
C 3.21404 2.17052  -0.84234 C 3.20739 2.16142  -0.78929
H 2.12708 2.20468  -0.97928 H 2.13891 2.18072  -1.03427
C 3.84825 2.64887  -2.15035 C 3.95904 2.70809 -2.00197
H 3.56648 1.99806  -2.99218 H 3.78374 2.08526  -2.89214
H 3.52138 3.67429  -2.38740 H 3.62831 3.73379  -2.23087
H 4.94867 2.65889  -2.09151 H 5.04644 2.74383  -1.82826
C 3.56301 3.10006  0.31960 C 3.41769 3.03773  0.44367
H 4.64809 3.11742 0.51249 H 4.47813 3.05918 0.74298
H 3.24813 4.13262 0.10055 H 3.10224 4.07400 0.24582
H 3.06165 2.78776 1.24829 H 2.83354 2.66896 1.29986

S26



[PPLGa], triplet, pbeO/def2-tzvp 84

Ga

ITIOIITOIOIIIOIIIOIOOIOIOIOOOIOIOZIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOOIOIOIOIOIOOZT

0.15859
-0.04219
-1.15358
-0.42650
-0.48702
-0.36864
-0.67712
-0.71547
-0.83023
-0.99326
-0.76107
-0.86180
-0.55088
-0.46661
-0.03167
-1.15497
-2.02970
-1.16130
-2.03657
-0.07230
-0.08465
-2.45994
-2.65936
-3.94973
-4.10857
-5.04093
-6.04336
-4.84751
-5.70817
-3.57531
-1.51218
-0.59137
-1.38461
-0.51362
-1.27788
-2.28430
-1.59724
-1.70589
-0.67809
-2.43910
-3.45077
-2.38176
-4.13236
-3.73606
-3.97410
-5.22023
-3.97247
-5.04990
-3.82239
-3.43836

1.25304
1.05613
1.93955
1.03081
1.89074
2.64306
3.26930
4.64306
5.12402
5.41286
6.48416
4.80358
5.40727
3.43534
2.51429
1.43813
2.73868
2.13768
2.47788
3.79880
2.83989
2.68638
2.19154
3.88046
2.87552
1.81017
3.52401
3.42521
3.04245
4.59838
2.98256
4.03332
2.48499
2.49726

-0.65021
0.47535
-0.21216
2.15457
3.02306
2.61183
4.38920
5.02354
4.95795
6.03139
4.11806
4.54451
2.75861
2.14466
-0.39789
-0.31011
0.26528
-0.96497
-0.87867
-1.74648
-2.26545
-0.64926
-1.97622
-2.39154
-3.40525
-1.53838
-1.87917
-0.25891
0.40197
0.20584
-2.96684
-2.38415
-3.72150
-4.39682
-3.03517
-4.32680
-3.93742
-3.39925
-4.54104
-4.64125
1.58162
1.76851
1.62325
0.84554
2.60181
1.46622
2.68614
2.57370
3.67370
2.68947
0.09281
-1.20008
-1.27542
-1.86402
-2.46904
0.00370
-1.27640
-1.37730
-2.35647
-0.26162
-0.36410
0.98303
1.86708
1.14682
-2.54098
-2.34081
-2.88336
-3.75525
-2.04141
-3.11767
-3.74391
-3.51748
-4.59504
-4.08003
2.55313
2.48544
3.41454
2.95106
4.40453
3.57468
3.21398
3.36735
4.19599
2.60116

-2.11141
0.30509
-0.82998
0.57149
-0.56300
-1.56916
-0.41022
-1.30048
0.85796
0.97184
1.98656
2.98826
1.85692
2.75457
1.85153
2.70479
2.39454
3.93199
4.58092
4.32503
5.28620
-0.53390
-0.05415
0.27366
0.64733
0.13435
0.40525
-0.36694
-0.49949
-0.71875
0.02275
0.17004
-1.30409
-1.29859
-2.16346
-1.49832
1.19700
2.15000
1.25423
1.09868
-1.33900
-1.49637
-2.70946
-3.38095
-3.19059
-2.62789
-0.42105
-0.21701
-0.88376
0.54079
-0.72199
2.25288
1.61848
3.47359
3.77253
-0.48127
-0.55425
-0.32622
-0.38804
-0.01732
0.17137
0.03347
0.25489
-0.21036
-0.93070
-0.78152
-2.40721
-2.71197
-3.07059
-2.59250
-0.04500
1.02030
-0.30625
-0.17317
-0.20990
-0.45191
-1.29569
-2.28957
-1.33266
-1.10896
1.16419
1.46118
1.15682
1.93811

S27



[(PPLGa),], singlet, pbed/def2-tzvp 168

Ga

ITITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

0.22011
-0.04636
-1.16439
-0.07367

1.26524
-0.11885
-0.12966
-0.14811
-0.18556
-0.13001
-0.15438
-0.08020
-0.06531
-0.05381
-0.02260
-0.24388
-1.52496
-2.41155
-1.67481
-2.67734
-0.55236
-0.67270

0.72412

1.60677

0.88029

1.88387
-2.50425
-3.57539
-4.88963
-5.71033
-5.17489
-6.20891
-4.12711
-4.34786
-2.79468
-3.34080
-2.27462
-4.13144
-5.21889
-3.87361
-3.91833
-3.63061
-3.03666
-3.38903
-4.69511
-1.71646
-0.74330
-1.76761
-1.66728
-0.95237
-2.72167
-1.77251
-2.70289
-0.93482
-1.70946

2.63141

3.55737

4.90404

5.61265

5.35996

6.41513

4.45892

4.82071

3.10399

3.15729

2.08906

3.90366

3.74380

3.55529

4.98999

3.34456

4.40361

3.01128

2.76601

2.18807

1.16358

2.21393

3.22885

1.53408

1.90658

2.49387

2.53217

1.71240

3.45217

1.14836
3.51417
2.52543
3.56026
2.77577
2.33865
1.39590
2.31388
1.35437
3.50821
3.48781
4.72486
5.66341
4.75248
5.71405
5.26372
5.82366
5.19458
7.18929
7.61465
8.00758
9.07809
7.45911
8.09757
6.09418
5.67486
2.72111
2.47937
2.68223
2.50727
3.08769
3.23990
3.27886
3.57375
3.09990
2.01214
1.76119
0.74718
0.92474
0.39306

-0.06984
3.12513
4.02798
2.79756
3.41165
3.28578
3.21719
2.16235
1.17420
2.27140
2.17328
4.65617
4.78980
4.76945
5.47275
3.12460
2.74501
3.09800
2.81363
3.78885
4.05769
4.11749
4.63557
3.79210
1.94043
1.70874
0.60631
0.00552
0.01197
0.74894
2.73609
2.99663
2.14837
3.67195
4.09485
4.16524
2.93938
2.79765
3.13677
1.98973
5.41579
6.25845
5.63664
5.38501

-0.82779
0.54199
-0.06397
2.35954
-0.04076
3.05083
2.49485
4.44100
4.96282
5.16453
6.25697
4.48939
5.04871
3.09424
2.57936
0.11326
0.00509
0.10555
-0.23239
-0.32053
-0.35373
-0.53796
-0.23255
-0.31861
0.00295
0.10463
-0.46227
0.43616
0.00334
0.70400
-1.29410
-1.61308
-2.18607
-3.21556
-1.80245
1.85839
1.93272
2.19395
2.18141
3.20451
1.48787
2.86716
2.65915
3.89078
2.84701
-2.85599
-2.34543
-3.89509
-3.42019
-4.62840
-4.44660
-3.53286
-4.10768
-4.23950
-2.79892
-0.12915
0.87398
0.72741
1.51002
-0.38546
-0.47792
-1.39244
-2.28331
-1.29590
2.09510
1.99241
2.15965
1.25133
3.01864
2.27689
3.38735
3.54757
4.25697
3.37414
-2.46975
-2.07646
-3.47472
-3.88007
-4.31944
-3.00843
-3.17372
-2.46761
-3.91738
-3.71607

(continued)

Ga

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

S28

0.22053
-0.04805
1.26436
-0.07574
-1.16516
-0.12448
-0.13755
-0.15411
-0.19435
-0.13286
-0.15767
-0.07930
-0.06188
-0.05245
-0.01832
-0.24878
0.87383
1.87840
0.71494
1.59644
-0.56273
-0.68520
-1.68364
-2.68708
-1.53106
-2.41649
2.63091
3.55476
4.90177
5.60870
5.36009
6.41546
4.46128
4.82505
3.10614
3.15251
2.08416
3.89754
4.98400
3.54849
3.73719
3.33929
2.76221
3.00396
4.39853
2.19283
1.16766
2.21894
1.90920
1.54107
3.23445
2.50190
3.46070
1.72164
2.54125
-2.50408
-3.57704
-4.89036
-5.71252
-5.17290
-6.20624
-4.12331
-4.34191
-2.79167
-3.34517
-2.27935
-4.13773
-3.92443
-3.88181
-5.22496
-3.63531
-4.69916
-3.39716
-3.03892
-1.71139
-0.73914
-1.76155
-2.71474
-0.94513
-1.66250
-1.76508
-1.70236
-0.92626
-2.69452

-1.14763
-3.51398
-2.77666
-3.56149
-2.52351
-2.34063
-1.39746
-2.31719
-1.35827
-3.51212
-3.49278
-4.72804
-5.66705
-4.75433
-5.71534
-5.26284
-6.09433
-5.67631
-7.45865
-8.09788
-8.00552
-9.07554
-7.18625
-7.61038
-5.82128
-5.19151
-3.12473
-2.74479
-3.09771
-2.81319
-3.78861
-4.05739
-4.11707
-4.63488
-3.79170
-1.93923
-1.70860
-0.60432
-0.74580
-0.00960
-0.00444
-2.73292
-3.66968
-2.14452
-2.99159
-4.09373
-4.16618
-2.93650
-1.98810
-3.13350
-2.79258
-5.41292
-5.37929
-5.63408
-6.25678
-2.71976
-2.47767
-2.68116
-2.50599
-3.08774
-3.24061
-3.27931
-3.57509
-3.09965
-2.00963
-1.75755
-0.74542

0.07158
-0.39063
-0.92420
-3.12253
-3.41125
-2.79371
-4.02432
-3.28576
-3.21584
-2.16352
-2.17564
-2.27296
-1.17477
-4.65701
-5.47261
-4.77028
-4.79224

0.82672
-0.54152
0.04075
-2.35897
0.06348
-3.05132
-2.49613
-4.44151
-4.96418
-5.16394
-6.25639
-4.48773
-5.04622
-3.09258
-2.57678
-0.11133
0.00644
-0.09089
0.24375
0.33572
0.35921
0.54486
0.23027
0.31387
-0.00902
-0.11533
0.12628
-0.87866
-0.73490
-1.51896
0.37692
0.46712
1.38595
2.27616
1.29230
-2.09844
-1.99441
-2.16196
-2.27939
-3.02040
-1.25311
-3.39196
-3.37924
-4.26032
-3.55399
2.46840
2.07723
3.47135
3.00407
4.31775
3.87441
3.17426
3.71557
3.91909
2.46963
0.46478
-0.43139
0.00389
-0.69501
1.30159
1.62248
2.19132
3.22102
1.80524
-1.85383
-1.92959
-2.18768
-1.48164
-3.19849
-2.17359
-2.86261
-2.83985
-3.88663
-2.65691
2.85663
2.34445
3.89708
4.45007
4.62901
3.42315
3.53198
2.79692
4.23728
4.10794



[(PPL Ga),], singlet, pbe0-gd3-bj/def2-tzvp 168
1.06630

Ga

ITITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZ70

3.33918
2.35549
3.31681
2.65231
2.07274
1.15505
1.99867
1.02265
3.16515
3.10697
4.40362
5.31880
4.48182
5.45733
5.08497
5.62033
4.97709
6.97905
7.38845
7.81058
8.87549
7.28530
7.93651
5.92704
5.51985
2.58973
2.28693
2.54203
2.31884
3.06181
3.25509
3.31216
3.69406
3.07956
1.71425
1.39620
0.48273
0.72369
0.05113
-0.29712
2.78311
3.65631
2.38597
3.13478
3.31178
3.19424
2.24744
1.23591
2.38364
2.29773
4.72050
4.91555
4.85467
5.48409
2.94624
244772
2.71629
2.33788
3.43915
3.63883
3.89187
4.43676
3.65178
1.61422
1.41687
0.25751
-0.31991
-0.34298
0.35913
2.37218
2.59596
1.77561
3.32504
4.07353
4.18724
2.97469
2.77306
3.26904
2.03077
5.40706
6.20076
5.72572
5.34060

0.20604
-0.04176
-1.16410
-0.00837

1.24904
-0.08171
-0.14120
-0.07057
-0.13023

0.01493

0.02025

0.09407

0.16221

0.08142

0.13467
-0.30089
-1.59609
-2.45577
-1.79088
-2.80350
-0.69919
-0.85551

0.59269

1.45058

0.79410

1.80764
-2.49513
-3.55884
-4.87156
-5.69264
-5.15159
-6.18414
-4.10594
-4.32614
-2.77670
-3.29482
-2.24286
-4.14676
-5.22078
-3.86979
-4.00956
-3.46427
-2.82243
-3.19523
-4.50812
-1.68570
-0.72032
-1.74794
-1.65920
-0.93056
-2.70233
-1.70239
-2.62598
-0.85725
-1.62067

2.62031

3.54702

4.90790

5.62336

5.36711

6.43435

4.45580

4.81938

3.08727

3.11837

2.04426

3.82075

3.64599

3.44833

4.91040

3.31862

4.38445

2.95933

2.76916

2.13929

1.14215

2.03449

3.01811

1.34061

1.66691

2.50021

2.64093

1.69636

3.42308

0.81920
-0.65730
-0.05880
-2.46420
0.01286
-3.10921
-2.51630
-4.49661
-4.98436
-5.25930
-6.35043
-4.62707
-5.21967
-3.23441
-2.74817
-0.28795
-0.31017
-0.50605
-0.07249
-0.08032
0.17632
0.36461
0.17652
0.35933
-0.05903
-0.06821
0.32767
-0.55494
-0.14869
-0.83436
1.10979
1.40998
1.99082
2.99122
1.62892
-1.93031
-1.93388
-2.22512
-2.27132
-3.19905
-1.46191
-3.00982
-2.81955
-4.00109
-3.05419
2.65618
2.14043
3.75340
3.32785
4.47872
4.30141
3.24525
3.81301
3.93875
2.45851
0.11244
-0.83200
-0.65141
-1.38599
0.44044
0.56216
1.38909
2.26288
1.25439
-2.02081
-1.90417
-2.05454
-1.13463
-2.89765
-2.17941
-3.33201
-3.50169
-4.18456
-3.33433
2.36186
1.91470
3.42054
3.87364
4.22381
2.98633
3.00931
2.26081
3.69058
3.60671

(continued)

Ga

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

S29

-1.06632
-3.33915
-2.65234
-3.31673
-2.35549
-2.07262
-1.15493
-1.99851
-1.02247
-3.16499
-3.10677
-4.40350
-5.31867
-4.48173
-5.45726
-5.08495
-5.92703
-5.51985
-7.28529
-7.93651
-7.81056
-8.87547
-6.97902
-7.38840
-5.62029
-4.97705
-2.94626
-2.44768
-2.71619
-2.33774
-3.43902
-3.63865
-3.89180
-4.43668
-3.65179
-1.61419
-1.41690
-0.25744
-0.35898

0.34306

0.31995
-2.37211
-3.32500
-1.77555
-2.59582
-4.07364
-4.18754
-2.97478
-2.03095
-3.26922
-2.77295
-5.40709
-5.34044
-5.72585
-6.20080
-2.58982
-2.28706
-2.54225
-2.31910
-3.06207
-3.25542
-3.31235
-3.69427
-3.07966
-1.71434
-1.39624
-0.48285

0.29699
-0.05121
-0.72387
-2.78318
-3.13488
-2.38600
-3.65635
-3.31179
-3.19424
-2.24736
-2.29765
-2.38348
-1.23586
-4.72046
-5.48411
-4.85455
-4.91549

0.20597
-0.04174
1.24899
-0.00806
-1.16413
-0.08100
-0.14039
-0.06953
-0.12888
0.01589
0.02147
0.09466
0.16276
0.08171
0.13469
-0.30094
0.79400
1.80754
0.59253
1.45039
-0.69935
-0.85571
-1.79099
-2.80361
-1.59614
-2.45578
2.62025
3.54698
4.90787
5.62334
5.36705
6.43430
4.45572
4.81928
3.08718
3.11832
2.04420
3.82062
4.91027
3.44817
3.64580
3.31863
2.76922
2.95931
4.38448
2.13914
1.14207
2.03402
1.66632
1.34010
3.01755
2.50021
3.42300
1.69633
2.64115
-2.49513
-3.55898
-4.87163
-5.69282
-5.15146
-6.18395
-4.10567
-4.32570
-2.77650
-3.29525
-2.24331
-4.14731
-4.01000
-3.87057
-5.22133
-3.46489
-4.50874
-3.19608
-2.82298
-1.68533
-0.72004
-1.74741
-2.70169
-0.92989
-1.65879
-1.70187
-1.62026
-0.85661
-2.62536

-0.81916
0.65742
-0.01293
2.46430
0.05896
3.10930
2.51637
4.49669
4.98442
5.25940
6.35052
4.62718
5.21980
3.23453
2.74830
0.28815
0.05904
0.06804
-0.17646
-0.35940
-0.17601
-0.36427
0.07298
0.08099
0.31060
0.50664
-0.11259
0.83180
0.65115
1.38569
-0.44074
-0.56251
-1.38933
-2.26314
-1.25455
2.02061
1.90401
2.05430
2.17915
2.89740
1.13438
3.33184
3.33418
4.18437
3.50151
-2.36194
-1.91467
-3.42055
-2.98626
-4.22375
-3.87377
-3.00949
-3.60700
-3.69068
-2.26105
-0.32759
0.55488
0.14844
0.83399
-1.11007
-1.41040
-1.99095
-2.99138
-1.62886
1.93027
1.93404
2.22488
1.46168
3.19886
2.27087
3.00978
3.05393
4.00109
2.81967
-2.65597
-2.14005
-3.75312
-4.30131
-4.47830
-3.32748
-3.24514
-2.45846
-3.93851
-3.81307



[PPLIn:], singlet, pbeO/def2-tzvp 84 [PPLIn:], singlet, pbe0-gd3-bj/def2-tzvp 84

In 0.14498 -0.36104  -2.50054 In 0.17047 -0.32404  -2.55092
P -0.03487 0.34289  0.38865 P -0.03834 0.35192  0.34559
N 1.24419 -0.12962  -0.46448 N 1.24605 -0.13368  -0.48516
C 0.08125 2.10053  0.87362 C 0.08198 2.09375  0.84881
N -1.22807 0.11350 -0.66094 N -1.21407 0.15786  -0.72839
C 0.00654 3.07850 -0.13010 C -0.00508 3.07997  -0.14395
H -0.12411 2.77649  -1.17319 H -0.14381 2.78490  -1.18759
C 0.08670 4.43102 0.18278 C 0.07113 4.42762 0.18565
H 0.02119 5.17789  -0.61228 H -0.00264 5.18472  -0.59854
C 0.24768 4.83240 1.51082 C 0.23647 4.81158 1.51836
H 0.30806 5.89494 1.75878 H 0.29210 5.87095 1.77959
C 0.33083 3.87289  2.51577 C 0.33047 3.84090  2.51162
H 0.45817 4.17853 3.55713 H 0.46147 4.13524 3.55549
C 0.24760 251525  2.20034 C 0.25430 2.48747 2.17972
H 0.30774 1.77554 3.00061 H 0.32061 1.73452 2.96699
C -0.27474 -0.46831 1.99533 C -0.33105 -0.47963 1.92538
C 0.82051 -0.95578 2.72128 C 0.73619 -1.03356 2.64344
H 1.82592 -0.90026 2.29881 H 1.74911 -0.98807 2.23953
C 0.63644 -1.50391 3.99016 C 0.51224 -1.63665 3.87963
H 1.49830 -1.88094 4.54627 H 1.35120 -2.06922 4.42980
C -0.63964 -1.56564 4.54827 C -0.77520 -1.68382 4.41230
H -0.78235 -1.99635 5.54254 H -0.95008 -2.16129 5.37946
C -1.73230 -1.06819 3.83857 C -1.83779 -1.11072 3.71413
H -2.73391 -1.10678 4.27338 H -2.84725 -1.13582 4.13058
C -1.55302 -0.51666 2.57119 C -1.61942 -0.50459 2.47936
H -2.41632 -0.12456 2.03070 H -2.45918 -0.05747 1.94615
C 2.60565 -0.33535 -0.16826 C 2.59261 -0.33404  -0.13907
C 3.56582 0.69719  -0.31928 C 3.54602 0.70681 -0.23246
C 4.90894 0.43137  -0.02899 C 4.87655 0.44655  0.11257
H 5.64213 1.23588  -0.13474 H 5.60797 1.25695 0.05026
C 5.33221 -0.82575 0.37703 C 5.28770 -0.81444 0.52030
H 6.38450 -1.01036 0.60638 H 6.32991 -0.99617 0.79289
C 4.40159 -1.85627 0.46012 C 4.36093 -1.85231 0.55410
H 4.73835 -2.85696 0.73974 H 4.68981 -2.85311 0.84154
C 3.04976 -1.64459 0.18087 C 3.02263 -1.64271 0.21887
C 3.20363 2.06744  -0.85757 C 3.18262 2.07654  -0.76345
H 2.11342 2.08390 -0.97531 H 2.09968 2.07133  -0.93365
C 3.81372 2.28744  -2.24450 C 3.85085 2.32949  -2.11546
H 4.91504 2.28700 -2.20704 H 4.94894 2.34991  -2.02697
H 3.49550 3.25684  -2.66138 H 3.53137 3.29781  -2.53329
H 3.50788 1.49728  -2.94802 H 3.59243 1.54185  -2.84030
C 3.57883 3.19773  0.09930 C 3.48596 3.19288  0.23147
H 3.10034 3.06683 1.08138 H 2.96089 3.02944 1.18396
H 3.25623 4.17037  -0.30425 H 3.16248 4.16688 -0.16706
H 4.66800 3.25145 0.25844 H 4.56449 3.26273 0.44615
C 2.09855 -2.82894 0.16448 C 2.06045 -2.81404 0.16349
H 1.08772 -2.44115 0.35692 H 1.05530 -2.41827 0.36493
C 2.08523 -3.46874  -1.22754 C 2.03993 -3.40755  -1.24617
H 1.82224 -2.73963  -2.01094 H 1.78679 -2.64763  -2.00268
H 1.35917 -4.29641  -1.27811 H 1.30185 -4.22171  -1.32414
H 3.07879 -3.87138  -1.48219 H 3.02837 -3.81340  -1.51359
C 2.38983 -3.88606 1.22751 C 2.33674 -3.90125 1.19623
H 3.33422 -4.41985 1.03598 H 3.27569 -4.43928 0.99158
H 1.59029 -4.64306 1.23583 H 1.52820 -4.64803 1.18453
H 2.44794 -3.44948 2.23573 H 2.39796 -3.49001 2.21472
C -2.57222 -0.26583  -0.48380 C -2.54010 -0.25743  -0.52143
C -3.60530 0.70755  -0.45811 C -3.58834 0.69298  -0.45697
C -4.93218 0.29757  -0.29795 C -4.89647 0.25395  -0.23709
H -5.72079 1.05469 -0.26686 H -5.70143 0.99098 -0.17296
C -5.27053 -1.04511  -0.18454 C -5.19338 -1.09711  -0.09874
H -6.31332 -1.34638  -0.05874 H -6.22166 -1.42239 0.07573
C -4.26350 -2.00051 -0.24876 C -4.16792 -2.03048  -0.19753
H -4.52661 -3.05969  -0.18030 H -4.40060 -3.09483  -0.10580
C -2.92075 -1.64292  -0.40043 C -2.84369 -1.63976  -0.40989
C -3.30797 2.18663  -0.59769 C -3.30536 2.17395  -0.58726
H -2.23916 2.26469  -0.83253 H -2.26685 2.25588  -0.93360
C -4.07858 2.82481 -1.75411 C -4.19393 2.85150 -1.62760
H -3.89539 2.29279  -2.70025 H -4.12368 2.34650  -2.60295
H -3.77339 3.87507  -1.88853 H -3.89382 3.90266  -1.76359
H -5.16616 2.82193  -1.57669 H -5.25411 2.85232  -1.32777
C -3.54708 2.93994 0.71168 C -3.39615 2.87804 0.76630
H -4.60731 2.89760 1.01113 H -4.41933 2.82402 1.17283
H -3.26769 4.00091 0.61042 H -3.12008 3.94058 0.67662
H -2.94907 251771 1.53375 H -2.71658 2.42345 1.50229
C -1.88719 -2.74980 -0.51273 C -1.77628 -2.70726  -0.55029
H -0.89584 -2.27066  -0.49127 H -0.80366 -2.19199  -0.56603
C -2.01918 -3.48519  -1.84989 C -1.92794 -3.44874  -1.87980
H -2.99383 -3.99322  -1.92871 H -2.88678 -3.98940  -1.92409
H -1.23252 -4.24899  -1.96006 H -1.11834 -4.18281  -2.01800
H -1.94369 -2.79392  -2.70460 H -1.90714 -2.75348  -2.73425
C -1.93061 -3.73452 0.65617 C -1.73896 -3.68152 0.62498
H -1.80608 -3.22064 1.62051 H -1.58987 -3.15349 1.57762
H -1.12424 -4.47938 0.56117 H -0.91344 -4.39976 0.50046
H -2.88235 -4.28861 0.68874 H -2.67052 -4.26424 0.70211

S30



[PPLIn:], triplet, pbeO/def2-tzvp 84

In

ITIOIIITOIOIIIOIIIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT

0.14235
-0.03291
1.25314
0.06961
-1.23490
-0.03652
-0.17374
0.04239
-0.04333
0.22660
0.28265
0.33913
0.48525
0.26259
0.34838
-0.28935
0.78185
1.78435
0.57664
1.41939
-0.69470
-0.85325
-1.76194
-2.75921
-1.56262
-2.40585
2.61403
3.56228
4.90108
5.62796
5.32764
6.37696
4.41040
4.75525
3.06233
3.19642
2.11029
3.83901
4.93935
3.52334
3.54409
3.54036
3.04555
3.21236
4.62567
2.13146
1.10808
2.17849
1.88404
1.48693
3.19327
2.40856
3.36411
1.61946
2.43482
-2.56775
-3.61103
-4.92750
-5.72815
-5.23873
-6.27380
-4.22133
-4.46889
-2.88761
-3.33602
-2.27299
-4.13748
-3.95933
-3.84953
-5.22170
-3.56752
-4.62182
-3.30938
-2.94783
-1.84252
-0.86165
-2.05080
-3.01735
-1.25467
-2.02715
-1.79989
-1.61619
-0.99656
-2.74345

-0.02868
0.31248
-0.13699
2.03979
0.12408
3.07609
2.83137
4.40607
5.20043
4.72473
5.77018
3.70558
3.94653
2.37014
1.58301
-0.59055
-1.19078
-1.16527
-1.81025
-2.27522
-1.83096
-2.31868
-1.21960
-1.22555
-0.59581
-0.11405
-0.35323
0.70026
0.43014
1.24584
-0.84731
-1.03518
-1.89324
-2.90562
-1.68108
2.09440
2.11048
2.39149
2.39040
3.38054
1.64481
3.17242
2.98231
4.16135
3.23101
-2.87590
-2.51345
-3.43651
-2.67769
-4.28764
-3.78633
-3.98263
-4.49510
-4.74832
-3.60209
-0.29525
0.66695
0.23408
0.97627
-1.11672
-1.43641
-2.05818
-3.12186
-1.68034
2.15133
2.24952
2.78821
2.27104
3.84386
2.76629
2.88566
2.82124
3.95224
2.46798
-2.76748
-2.27137
-3.51809
-4.04774
-4.26454
-2.83069
-3.74153
-3.22330
-4.48125
-4.30219

-2.45649
0.39125
-0.48073
0.95895
-0.67413
0.01665
-1.04171
0.41629
-0.32927
1.76324
2.07671
2.70524
3.76094
2.30656
3.05757
1.93881
2.61259
2.18194
3.84477
4.36204
4.41646
5.38148
3.75850
4.20447
2.52912
2.03090
-0.19659
-0.26587
0.03622
-0.00258
0.37060
0.61119
0.36596
0.58669
0.07069
-0.73456
-0.88812
-2.09203
-2.03091
-2.46038
-2.84572
0.29168
1.25578
-0.06434
0.47423
-0.04407
0.12874
-1.46908
-2.21152
-1.57725
-1.71914
0.97142
0.77695
0.91728
2.00360
-0.51185
-0.45467
-0.27418
-0.21460
-0.17609
-0.03201
-0.28208
-0.23075
-0.45686
-0.58224
-0.83680
-1.71844
-2.67349
-1.84606
-1.52266
0.73946
1.05540
0.64380
1.54774
-0.62535
-0.68908
-1.94364
-1.95660
-2.09363
-2.80303
0.55289
1.50507
0.40768
0.65154

S31



[(PPL1n),], singlet, pbeO/def2-tzvp 168

In

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

0.12024
0.02350
1.29173
0.08665
-1.18664
0.00216
-0.09886
0.04325
-0.02707
0.17130
0.20032
0.26293
0.36589
0.22114
0.29003
-0.14867
0.97354
1.96192
0.83799
1.72058
-0.41574
-0.52010
-1.53555
-2.51976
-1.40495
-2.28815
2.66290
3.60539
4.95710
5.67581
5.40695
6.46614
4.49287
4.84822
3.13286
3.21667
2.13076
3.86454
4.96336
3.52592
3.61097
3.52828
3.01968
3.19578
4.61000
2.20362
1.18337
2.23133
1.97451
1.51919
3.23681
2.49366
3.45338
1.71097
2.52066
-2.53318
-3.56107
-4.88994
-5.67539
-5.23428
-6.27871
-4.23213
-4.50055
-2.88794
-3.26030
-2.19406
-4.04232
-3.87321
-3.73384
-5.12783
-3.48653
-4.54432
-3.21012
-2.88079
-1.86077
-0.86662
-1.97128
-2.95121
-1.19210
-1.86547
-1.93654
-1.84193
-1.12493
-2.88629

-1.31920
-3.83462
-3.10172
-3.81034
-2.93598
-2.57188
-1.65112
-2.49696
-1.52331
-3.66100
-3.60301
-4.89491
-5.81060
-4.97036
-5.94610
-5.61030
-6.40237
-5.94413
-7.78008
-8.38795
-8.37952
-9.45933
-7.59946
-8.06449
-6.22270
-5.62510
-3.40879
-2.98951
-3.30796
-2.99344
-3.99920
-4.24307
-4.35294
-4.86237
-4.06076
-2.15367
-2.00673
-0.76786
-0.82743
-0.14608
-0.23687
-2.85571
-3.82893
-2.24309
-3.03055
-4.36605
-4.42617
-3.21310
-2.25019
-3.38806
-3.10210
-5.68964
-5.67021
-5.90087
-6.53363
-3.23464
-2.92689
-3.21350
-2.98452
-3.77244
-3.98978
-4.03527
-4.45290
-3.77431
-2.29521
-2.03554
-1.00006
-0.27688
-0.52358
-1.17763
-3.28078
-3.58554
-2.82783
-4.19135
-4.02857
-3.92506
-2.97348
-3.02758
-3.12034
-1.95242
-5.43728
-6.20612
-5.59156
-5.60871

-0.98863
0.57286
-0.09517
2.39588

0.01098
3.05147
2.46971
4.43956
4.93105
5.20042
6.29134
4.56249
5.14988
3.16911
2.68536
0.23752
-0.03759
-0.11053
-0.20683
-0.42084
-0.09681
-0.22938
0.19180
0.28652
0.36357
0.59776
-0.21017
0.76314
0.58881
1.35063
-0.52663
-0.63946
-1.51318
-2.41194
-1.38826
1.96681
1.91624
1.91189
1.96711
2.75610
0.98134
3.28804
3.35626
4.14059
3.40717
-2.55065
-2.14449
-3.55981
-3.08933
-4.38275
-3.99701
-3.25610
-3.79642
-4.00145
-2.55126
-0.27660
0.65278
0.32520
1.05075
-0.89883
-1.13560
-1.82503
-2.79924
-1.54509
1.99732
1.98560
2.22141
1.40895
3.16578
2.28600
3.14494
3.20629
4.11028
3.02102
-2.63453
-2.17314
-3.73961
-4.24085
-4.50510
-3.33917
-3.22372
-2.44329
-3.95267
-3.75516

(continued)

ITIITOIIITOIOIIIOIIITOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOONIOIOIOIOIOZOZTS

S32

-0.04612
-0.03544
-1.27733
-0.10784
1.20407
-0.00803
0.11095
-0.05692
0.02533
-0.20800
-0.24350
-0.31450
-0.43573
-0.26530
-0.34738
0.08841
-1.05143
-2.02392
-0.95390
-1.85000
0.27889
0.35342
1.41582
2.38361
1.32324
2.21913
-2.65370
-3.60052
-4.95687
-5.67889
-5.40685
-6.46998
-4.48666
-4.84047
-3.12179
-3.20948
-2.12095
-3.83405
-4.93418
-3.49391
-3.56287
-3.54402
-3.05401
-3.20716
-4.62971
-2.18350
-1.16974
-2.17892
-1.91312
-1.45869
-3.17654
-2.48737
-3.44095
-1.70044
-2.53538
2.54662
3.56747
4.89225
5.67192
5.23985
6.28078
4.24623
4.51843
2.90641
3.26578
2.20434
4.06786
3.91656
3.76051
5.14971
3.46663
4.51846
3.19052
2.84629
1.89039
0.89222
2.03908
3.02520
1.26847
1.94919
1.94532
1.82679
1.13885
2.89693

1.31081
3.83243
3.06113
3.81225
2.96662
2.57677
1.65625
2.50438
1.53305
3.66805
3.61207
4.89891
5.81419
4.97175
5.94502
5.61068
6.36676
5.87847
7.74690
8.32659
8.38442
9.46605
7.64024
8.13528
6.26132
5.69206
3.33278
2.90987
3.19089
2.87394
3.84817
4.06267
4.20611
4.68933
3.95124
2.11319
1.98303
0.71590
0.75806
0.12635
0.16000
2.84793
3.83203
2.26693
3.00627
4.26191
4.34331
3.10032
2.14562
3.28001
2.96932
5.57442
5.53454
5.79179
6.42404
3.30483
3.01797
3.34946
3.13666
3.93249
4.18533
4.17270
4.60772
3.86686
2.35588
2.07847
1.06916
0.36256
0.56561
1.26384
3.32035
3.64167
2.84234
4.22289
4.09390
3.97294
3.03243
3.10331
3.15625
2.01249
5.49910
6.27184
5.63168
5.68556

0.97949
-0.57414
0.09910
-2.39685
-0.02283
-3.05597
-2.47721
-4.44390
-4.93812
-5.20117
-6.29200
-4.55974
-5.14424
-3.16644
-2.67984
-0.23236
0.06966
0.15854
0.24562
0.48066
0.11557
0.25340
-0.19986
-0.31044
-0.37834
-0.63406
0.23943
-0.72824
-0.52760
-1.28527
0.60815
0.74169
1.58736
2.50113
1.43626
-1.95731
-1.91974
-1.93796
-1.98133
-2.80435
-1.02716
-3.25511
-3.29841
-4.12786
-3.36059
2.58983
2.17124
3.58938
3.10734
4.40422
4.03895
3.31024
3.86022
4.04939
2.61341
0.23967
-0.70371
-0.40248
-1.13916
0.80920
1.02516
1.75075
2.71617
1.49706
-2.03331
-2.00763
-2.23497
-1.40460
-3.16557
-2.31116
-3.20314
-3.28016
-4.15637
-3.09329
2.60262
2.15477
3.69715
4.18398
4.47532
3.28979
3.20196
2.42863
3.94076
3.72489



[(PPL1n),], singlet, pbe0-gd3-bj/def2-tzvp 168

In

ITITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZ70

-1.14388
-3.54462
-2.84069
-3.49155
-2.65831
-2.25308
-1.34892
-2.16072
-1.18634
-3.30839
-3.23823
-4.54311
-5.44475
-4.63626
-5.61015
-5.31333
-6.10952
-5.65665
-7.48222
-8.09858
-8.06608
-9.14191
-7.27856
-7.73421
-5.90693
-5.29639
-3.05997
-2.52329
-2.72117
-2.31376
-3.40792
-3.55454
-3.88463
-4.39134
-3.71296
-1.70598
-1.61172
-0.29060
-0.28964

0.29380

0.25014
-2.40719
-3.40479
-1.82305
-2.52985
-4.12962
-4.23383
-3.02543
-2.06552
-3.28810
-2.85804
-5.46255
-5.40272
-5.76565
-6.26494
-2.96946
-2.52918
-2.80908
-2.47490
-3.49341
-3.70464
-3.89066
-4.40552
-3.63589
-1.77126
-1.50164
-0.47159

0.19282

0.07767
-0.65221
-2.66568
-2.98044
-2.13647
-3.57269
-4.00619
-3.89900
-3.03067
-3.07356
-3.26776
-1.98967
-5.44905
-6.15883
-5.67730
-5.63169

0.11710
0.00583
1.27157
0.04394
-1.19128
-0.11482
-0.25487
-0.09218
-0.21915
0.08811
0.10107
0.25310
0.39801
0.23244
0.35966
-0.19209
0.89456
1.87799
0.72686
1.57919
-0.52192
-0.65196
-1.60426
-2.58245
-1.44250
-2.29259
2.65560
3.53959
4.91566
5.59422
5.43676
6.51493
4.57048
4.97986
3.18917
3.04722
1.95968
3.62384
4.72086
3.22122
3.37945
3.31920
2.85716
2.91026
4.40093
2.29618
1.27663
2.26251
1.92446
1.58239
3.26676
2.68063
3.64149
1.91932
2.76367
-2.51974
-3.57464
-4.89407
-5.70720
-5.19133
-6.22911
-4.15476
-4.38844
-2.81964
-3.29077
-2.22636
-4.08605
-3.91413
-3.79140
-5.17061
-3.50282
-4.55626
-3.23377
-2.88184
-1.73584
-0.77009
-1.73713
-2.69323
-0.92814
-1.59941
-1.81798
-1.80243
-0.96151
-2.73336

1.02751
-0.66697
0.02211
-2.47997
-0.06989
-3.11773
-2.52052
-4.50388
-4.98205
-5.27796
-6.36824
-4.65552
-5.25514
-3.26368
-2.78832
-0.36221
0.01259
0.15012
0.19013
0.48563
-0.01689
0.12314
-0.41194
-0.58144
-0.58790
-0.89956
0.09190
-0.87490
-0.72253
-1.47672
0.36530
0.46303
1.34354
2.22054
1.23796
-2.05030
-1.93800
-2.04266
-2.14005
-2.88430
-1.11639
-3.37923
-3.40802
-4.21785
-3.55066
2.39210
1.99458
3.45152
3.02845
4.27749
3.87249
3.02798
3.56285
3.76348
2.28039
0.25423
-0.58169
-0.21722
-0.86691
0.95558
1.22404
1.79323
2.72886
1.47184
-1.86121
-1.82524
-1.97462
-1.11401
-2.88257
-2.04230
-3.08243
-3.16266
-4.01003
-3.02757
2.46711
1.95121
3.64633
4.19199
4.35537
3.31227
2.95781
2.11925
3.61181
3.54272

(continued)

In

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

S33

1.14358
3.54496
2.84064
3.49210
2.65873
2.25362
1.34938
2.16135
1.18696
3.30911
3.23901
4.54385
5.44557
4.63690
5.61079
5.31364
6.10938
5.65613
7.48210
8.09812
8.06643
9.14227
7.27937
7.73539
5.90772
5.29751
3.05921
2.52241
2.71933
2.31181
3.40525
3.55107
3.88218
4.38829
3.71149
1.70616
1.61181
0.29080
0.28991
-0.29276
-0.25085
2.40877
3.40636
1.82547
2.53171
4.12856
4.23327
3.02442
2.06474
3.28759
2.85637
5.46132
5.40097
5.76492
6.26360
2.96999
2.52998
2.80988
2.47589
3.49397
3.70519
3.89095
4.40561
3.63616
1.77233
1.50262
0.47273
-0.19184
-0.07638
0.65345
2.66705
2.98193
2.13803
3.57399
4.00615
3.89920
3.03023
3.07270
3.26726
1.98937
5.44885
6.15892
5.67697
5.63116

-0.11655
-0.00600
-1.27152
-0.04397
1.19136
0.11455
0.25435
0.09206
0.21882
-0.08781
-0.10066
-0.25251
-0.39709
-0.23203
-0.35908
0.19139
-0.89560
-1.87888
-0.72840
-1.58098
0.52022
0.64986
1.60290
2.58096
1.44164
2.29198
-2.65562
-3.53972
-4.91584
-5.59449
-5.43689
-6.51511
-4.57046
-4.97974
-3.18907
-3.04733
-1.95979
-3.62395
-4.72092
-3.22098
-3.37993
-3.31922
-2.85710
-2.91034
-4.40095
-2.29585
-1.27651
-2.26123
-1.92259
-1.58112
-3.26528
-2.68077
-3.64135
-1.91928
-2.76464
2.51984
3.57465
4.89411
5.70717
5.19149
6.22930
4.15501
4.38879
2.81986
3.29063
2.22625
4.08598
3.91435
3.79109
5.17050
3.50244
4.55584
3.23333
2.88138
1.73618
0.77038
1.73750
2.69374
0.92873
1.59944
1.81846
1.80306
0.96196
2.73381

-1.02662
0.66692
-0.02206
2.47993
0.07015
3.11774
2.52059
4.50389
4.98211
5.27794

6.36823
4.65545
5.25503
3.26359
2.78819
0.36180
-0.01298
-0.15029
-0.19081
-0.48629
0.01589
-0.12437
0.41091
0.58016
0.58717
0.89880
-0.09244
0.87420
0.72111
1.47515
-0.36728
-0.46559
-1.34526
-2.22266
-1.23895
2.05032
1.93803
2.04423
2.14210
2.88630
1.11838
3.37854
3.40631
4.21777
3.54979
-2.39276
-1.99486
-3.45220
-3.02909
-4.27802
-3.87339
-3.02874
-3.56406
-3.76385
-2.28112
-0.25383
0.58236
0.21801
0.86787
-0.95491
-1.22327
-1.79280
-2.72851
-1.47153
1.86200
1.82595
1.97588
1.11533
2.88385
2.04386
3.08305
3.16331
4.01074
3.02790
-2.46704
-1.95118
-3.64591
-4.19138
-4.35522
-3.31154
-2.95824
-2.11994
-3.61226
-3.54331



[PPLTI:], singlet, pbeO/def2-tzvp 84 [PPLTI:], singlet, pbe0-gd3-bj/def2-tzvp 84

Tl 0.17254 -0.59306  -2.32720 Tl 0.23099 -0.45248  -2.40736
P -0.05970 0.44516  0.57650 P -0.08396 0.42139  0.55909
N 1.25125 -0.08116  -0.18060 N 1.22703 -0.13334  -0.17406
C 0.01006 2.24348  0.90364 C 0.04745 2.19130 0.96171
N -1.24552 0.11266  -0.44924 N -1.24784 0.19164  -0.51387
C -0.08696 3.12763  -0.18155 C -0.07237 3.12504  -0.07727
H -0.20812 2.72954  -1.19272 H -0.24620 2.77461  -1.09790
C -0.04044 4.50425 0.01031 C 0.01201 4.48833  0.17891
H -0.12252 5.17642  -0.84753 H -0.08854 5.20371  -0.64084
C 0.10646 5.02564 1.29766 C 0.21774 4.94183 1.48378
H 0.13926 6.10710 1.45108 H 0.27871 6.01344 1.68769
C 0.21091 4.16051 2.38315 C 0.34371 4.02389  2.52268
H 0.32754 4.55972 3.39373 H 0.50525 4.37228 3.54551
C 0.16307 2.77861 2.18836 C 0.26022 2.65491 2.26412
H 0.23933 2.11403 3.05099 H 0.35024 1.94345 3.08715
C -0.32949 -0.21855 2.24834 C -0.43312 -0.30030 2.18478
C 0.74272 -0.69821 3.01180 C 0.60928 -0.81633 2.96509
H 1.75038 -0.70984 2.59185 H 1.63305 -0.80116 2.58712
C 0.53492 -1.15155 4.31438 C 0.34886 -1.34086 4.22974
H 1.38016 -1.52323 4.89897 H 1.16990 -1.74331 4.82783
C -0.74359 -1.12518 4.86908 C -0.95265 -1.34839 4.72903
H -0.90607 -1.48251 5.88911 H -1.15719 -1.76488 5.71835
C -1.81383 -0.63281 4.12207 C -1.99143 -0.81297 3.96803
H -2.81718 -0.60250 4.55363 H -3.01212 -0.80750 4.35706
C -1.60991 -0.17662 2.82124 C -1.73547 -0.28418 2.70514
H -2.45636 0.21056 2.25115 H -2.55863 0.13200 2.12327
C 2.60865 -0.23151 0.14398 C 2.56626 -0.27788 0.20675
C 3.54977 0.81072  -0.06368 C 3.50689 0.76705  0.03718
C 4.89472 0.59731 0.25806 C 4.83601 0.55983  0.42014
H 5.60928 1.41162 0.10784 H 5.55507 1.37470 0.29879
C 5.34431 -0.61985 0.74940 C 5.26248 -0.65509 0.93841
H 6.39764 -0.76290 1.00230 H 6.30308 -0.79434 1.24048
C 4.43692 -1.66494 0.88751 C 4.35277 -1.70332 1.04330
H 4.79349 -2.63782 1.23373 H 4.69417 -2.67206 1.41447
C 3.08402 -1.50422 0.58124 C 3.01662 -1.54554 0.67346
C 3.16310 2.13232  -0.69732 C 3.13041 2.07391 -0.62697
H 2.07540 2.11024  -0.83488 H 2.04508 2.04837  -0.77964
C 3.79413 2.27859  -2.08477 C 3.78044 2.18324  -2.00732
H 4.89400 2.31662  -2.02797 H 4.87943 2.21562  -1.93470
H 3.45458 3.20705  -2.57225 H 3.45186 3.09980  -2.52365
H 3.52912 1.43288  -2.73888 H 3.52012 1.32053  -2.64096
C 3.49180 3.33310  0.18800 C 3.44275 3.29190  0.23658
H 2.99599 3.25624 1.16699 H 2.93180 3.23020 1.20836
H 3.15536 4.26882  -0.28555 H 3.10812 4.21591  -0.25986
H 4.57605 3.42292 0.36443 H 4.52389 3.38913 0.42620
C 2.16270 -2.71070 0.62723 C 2.07631 -2.73523 0.68532
H 1.13926 -2.33300 0.76443 H 1.06057 -2.34482 0.83694
C 2.20387 -3.44824  -0.71503 C 2.09511 -3.42435  -0.68024
H 1.96456 -2.77797  -1.55632 H 1.84676 -2.71889  -1.48878
H 1.48858 -4.28659  -0.73381 H 1.37127 -4.25398  -0.71888
H 3.20994 -3.85481  -0.90680 H 3.09496 -3.83074  -0.90044
C 2.45058 -3.68167 1.77025 C 2.35075 -3.74251 1.79632
H 3.41513 -4.19850 1.64376 H 3.30472 -4.27327 1.64998
H 1.67303 -4.46037 1.81203 H 1.55730 -4.50505 1.82079
H 2.46691 -3.17266 2.74547 H 2.38160 -3.25943 2.78428
C -2.57540 -0.28534  -0.24120 C -2.55842 -0.25903  -0.31464
C -3.63818 0.65216  -0.34438 C -3.63879 0.65904  -0.34059
C -4.95457 0.22660  -0.14403 C -4.93893 0.19399  -0.12953
H -5.76452 0.95866  -0.21139 H -5.76725 0.90743  -0.13393
C -5.25727 -1.10096 0.13244 C -5.19962 -1.15433 0.08939
H -6.29240 -1.41396 0.28913 H -6.22225 -1.50005 0.25769
C -4.22328 -2.02777 0.19005 C -4.14376 -2.05854 0.08059
H -4.45724 -3.07826 0.38422 H -4.34697 -3.12137 0.23785
C -2.89004 -1.65214 0.00414 C -2.82640 -1.64029 -0.12124
C -3.37945 2.11057  -0.66532 C -3.38801 2.13731  -0.54664
H -2.30985 2.18711  -0.89826 H -2.35770 2.21863  -0.91874
C -4.15364 257595  -1.89930 C -4.31256 2.75676  -1.59122
H -3.94081 193811 -2.77111 H -4.26837 2.20566  -2.54299
H -3.88146 3.61162  -2.15957 H -4.02569 3.80218 -1.78684
H -5.24296 255713  -1.73377 H -5.36342 2.76658  -1.26019
C -3.65473 3.01645 0.53571 C -3.45797 2.89834 0.77740
H -4.71611 2.97898 0.83179 H -4.46821 2.83701 1.21440
H -3.40755 4.06434 0.30157 H -3.21040 3.96228 0.63536
H -3.05156 2.72197 1.40801 H -2.74680 2.49260 1.51180
C -1.82414 -2.73270 0.01791 C -1.72219 -2.67808  -0.16756
H -0.84927 -2.22136 0.00340 H -0.76662 -2.13173  -0.18113
C -1.91582 -3.59737  -1.24342 C -1.80838 -3.49333  -1.45971
H -2.87042 -4.14662  -1.27890 H -2.74247 -4.07606  -1.49853
H -1.10057 -4.33811  -1.27798 H -0.96596 -4.19824  -1.54279
H -1.86385 -2.98847  -2.16083 H -1.80104 -2.84320  -2.34982
C -1.85532 -3.60018 1.27601 C -1.69429 -3.58865 1.05756
H -1.76456 -2.98924 2.18603 H -1.58568 -3.00732 1.98437
H -1.02306 -4.32212 1.26612 H -0.84794 -4.29069 0.99493
H -2.78867 -4.18098 1.34951 H -2.61293 -4.19079 1.14017

S34



[PPLTI:], triplet, pbeO/def2-tzvp 84

Tl

ITIOIIITOIOIIIOIIIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT

-0.32092
0.06210
-1.10915
0.19820
1.44307
0.43559
0.57977
0.44862
0.62463
0.24533
0.26978
0.01005
-0.15669
-0.02088
-0.22074
0.13080
-0.98966
-1.89508
-0.95472
-1.83537
0.19538
0.21950
1.31519
2.21693
1.28418
2.15990
-2.47761
-3.45194
-4.80583
-5.54508
-5.23413
-6.29736
-4.28582
-4.61404
-2.91947
-3.08105
-1.99266
-3.69264
-4.79403
-3.35517
-3.39212
-3.44697
-3.00288
-3.08626
-4.53865
-1.95917
-0.94870
-2.18990
-2.08855
-1.45209
-3.19361
-2.02725
-3.02510
-1.30529
-1.80408
2.61480
3.73864
5.02273
5.87570
5.24742
6.26870
4.16645
4.35886
2.85540
3.52660
2.44800
4.26445
3.99716
4.00048
5.35900
3.91121
4.98787
3.69143
3.35283
1.72605
0.78731
1.62420
2.55305
0.79413
1.44220
1.85240
1.95932
0.95168
2.71124

-1.62069
0.18184
0.07230

-1.10212

-0.13584

-2.43022

-2.65968

-3.45822

-4.48551

-3.17834

-3.98495

-1.86536

-1.63918

-0.83538
0.18393
1.70982
2.54460
2.29629
3.68359
4.32714
3.99496
4.88629
3.16506
3.40511
2.02646
1.37387
0.36473

-0.44239

-0.11497

-0.73417
0.96379
1.20286
1.71956
2.55248
1.43981

-1.66435

-1.77973

-2.94245

-2.92393

-3.82231

-3.08822

-1.49660

-0.58347

-2.35268

-1.42875
2.28135
1.91286
2.08147
1.02088
2.65121
2.42115
3.76615
4.18704
4.34828
3.94021
0.40942

-0.50900
0.00919

-0.67340
1.38600
1.77074
2.27089
3.33530
1.82507

-2.00298

-2.17682

-2.75023

-2.36262

-3.81861

-2.68245

-2.53763

-2.39898

-3.61432

-2.02820
2.75508
2.32270
2.78482
3.17649
3.43380
1.78067
4.16440
4.15260
4.74638
4.70708

-2.11047
0.89445
-0.12901
2.17631
0.04471
1.77710
0.71685
2.71555
2.38688
4.06718
4.80436
4.47465
5.53056
3.53582
3.87023
1.86873
1.95386
1.39589
2.75889
2.82346
3.48310
4.11495
3.40444
3.97313
2.60277
2.55719
-0.20520
0.44387
0.32242
0.83847
-0.43957
-0.51896
-1.11719
-1.74547
-1.02826
1.25994
1.19461
0.68283
0.71921
1.25379
-0.36610
2.73571
3.16028
3.32765
2.87370
-1.84783
-1.62191
-3.34747
-3.62407
-3.93548
-3.65107
-1.48381
-1.68706
-2.07924
-0.42039
-0.25416
-0.36611
-0.45295
-0.47285
-0.51090
-0.56838
-0.55879
-0.70971
-0.47850
-0.28635
-0.42243
-1.39742
-2.39220
-1.36967
-1.29098
1.09581
1.28825
1.16848
1.89460
-0.85454
-0.47981
-2.38681
-2.83153
-2.70336
-2.79995
-0.28465
0.80953
-0.53024
-0.71078

S35



[(®PLTI),], singlet, pbed/def2-tzvp 168

Tl

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

1.49749
3.98645
3.58582
3.86100
2.90691
2.58644
1.70125
2.42935
1.42779
3.54864
3.42679
4.81918
5.70066
4.97512
5.97783
5.71675
6.72963
6.47628
8.06560
8.84529
8.40506
9.45260
7.40501
7.66467
6.06801
5.29722
4.16152
3.83660
4.42594
4.18083
5.30063
5.75579
5.56806
6.22561
5.00700
2.81204
2.50550
1.56256
1.78782
0.79045
1.12918
3.38114
4.24736
2.62299
3.70463
5.23449
5.10026
4.16834
3.14945
4.27164
4.25308
6.63021
6.80283
6.76174
7.41750
2.96503
2.50110
2.55131
2.20393
3.02307
3.05486
3.43879
3.79048
3.41705
1.96924
1.82900
0.61379
-0.13220
0.22115
0.68241
2.98593
3.17482
2.61977
3.94965
3.83976
3.88584
2.79755
2.72096
3.06190
1.79258
5.23018
5.99039
5.51816
5.26555

-0.50682
0.14035
-1.25353
0.05357
1.16636
-0.05908
-0.08956
-0.12408
-0.20799
-0.07737
-0.12437
0.02974
0.06682
0.09499
0.18695
0.65339
-0.30972
-1.37202
0.07835
-0.68263
1.43053
1.73391
2.39435
3.45542
2.01077
2.77639
-2.53366
-3.53754
-4.80199
-5.56543
-5.11313
-6.10455
-4.15177
-4.40489
-2.87470
-3.31173
-2.26056
-4.16460
-5.24167
-3.94575
-3.97514
-3.53960
-2.88833
-3.32138
-4.58358
-1.90117
-0.88856
-2.10772
-2.02282
-1.36692
-3.11219
-1.96715
-2.91260
-1.15364
-1.86335
2.52190
3.53142
4.87089
5.64184
5.24311
6.29582
4.25399
4.53913
2.90134
3.19198
2.10268
3.83742
3.60000
3.48611
4.93521
3.54033
4.62617
3.23187
3.03651
1.87817
0.90271
1.77345
2.71854
0.97817
1.55733
2.14460
2.19392
1.34190
3.09194

1.05325
-0.63177
0.05926
-2.45378
-0.04501
-3.03047
-2.38879
-4.41073
-4.84030
-5.24487
-6.32981
-4.68635
-5.33120
-3.30037
-2.87947
-0.40459
-0.29348
-0.28586
-0.20263
-0.11721
-0.22578
-0.15395
-0.34893
-0.37466
-0.44395
-0.54786
0.10898
-0.83991
-0.73045
-1.47425
0.30088
0.36335
1.27006
2.10493
1.20632
-1.93387
-1.86877
-1.69691
-1.75538
-2.45262
-0.70202
-3.33307
-3.52262
-4.10156
-3.47504
2.34918
1.94277
3.42983
3.01907
4.23927
3.87480
2.96477
3.50327
3.69524
2.20341
0.31538
-0.57109
-0.17376
-0.86683
1.07909
1.37028
1.96213
2.95753
1.61115
-1.94917
-1.96353
-2.23750
-1.46342
-3.20521
-2.30039
-3.03828
-3.06961
-4.03054
-2.86977
2.65017
2.14126
3.76804
4.32949
4.48372
3.37025
3.22754
2.43438
3.92533
3.78896

(continued)

Tl

ITIITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

S36

-1.49776
-3.98626
-2.90696
-3.86006
-3.58592
-2.58522
-1.70028
-2.42756
-1.42579
-3.54653
-3.42423
-4.81733
-5.69857
-4.97385
-5.97676
-5.71667
-6.06791
-5.29708
-7.40497
-7.66460
-8.40507
-9.45264
-8.06562
-8.84535
-6.72961
-6.47626
-2.96525
-2.50119
-2.55148
-2.20401
-3.02346
-3.05532
-3.43933
-3.79119
-3.41752
-1.96919
-1.82876
-0.61386
-0.68267
-0.22112

0.13217
-2.98591
-3.94954
-2.61964
-3.17501
-3.84038
-3.88628
-2.79841
-1.79330
-3.06278
-2.72214
-5.23094
-5.26649
-5.51900
-5.99100
-4.16167
-3.83609
-4.42561
-4.17998
-5.30111
-5.75641
-5.56918
-6.22738
-5.00795
-2.81061
-2.50423
-1.56126
-1.12878
-0.78850
-1.78639
-3.37843
-3.70171
-2.61958
-4.24452
-5.23610
-5.10177
-4.17041
-4.25523
-4.27416
-3.15137
-6.63210
-7.41904
-6.76408
-6.80485

-0.50650
0.14021
1.16643
0.05267

-1.25343
-0.05976
-0.08962
-0.12532
-0.20903
-0.07942
-0.12685
0.02745
0.06391
0.09327
0.18505
0.65334
2.01072
2.77632
2.39431
3.45538
1.43052
1.73392
0.07835

-0.68263

-0.30974

-1.37204
2.52197
3.53148
4.87096
5.64191
5.24319
6.29590
4.25407
4.53923
2.90142
3.19202
2.10273
3.83769
4.93546
3.48638
3.60047
3.54009
3.03608
3.23165
4.62589
1.87826
0.90278
1.77365
1.55778
0.97825
2.71870
2.14462
3.09201
1.34196
2.19381

-2.53354

-3.53770

-4.80207

-5.56574

-5.11286

-6.10423

-4.15123

-4.40409

-2.87424

-3.31230

-2.26106

-4.16493

-3.97488

-3.94645

-5.24205

-3.54092

-4.58500

-3.32305

-2.88980

-1.90041

-0.88789

-2.10656

-3.11093

-1.36557

-2.02162

-1.96635

-1.86293

-1.15260

-2.91163

-1.05390
0.63198
0.04519
2.45390
-0.05975
3.03003
2.38799
4.41021
4.83933
5.24481
6.32968
4.68685
5.33206
3.30095
2.88050
0.40574
0.44555
0.54923
0.35127
0.37733
0.22841
0.15714
0.20481
0.11961
0.29494
0.28695
-0.31513
0.57128
0.17397
0.86700
-1.07879
-1.36996
-1.96177
-2.95712
-1.61082
1.94930
1.96355
2.23765
2.30066
3.20533
1.46354
3.03848
2.86999
4.03070
3.06987
-2.64979
-2.14091
-3.76790
-3.37033
-4.48344
-4.32946
-3.22685
-3.78817
-3.92466
-2.43353
-0.10939
0.83898
0.72963
1.47303
-0.30111
-0.36349
-1.26986
-2.10430
-1.20621
1.93217
1.86733
1.69365
0.69847
2.44880
1.75172
3.33176
3.47350
4.09966
3.52243
-2.34868
-1.94207
-3.42987
-3.87505
-4.23909
-3.01953
-2.96364
-2.20187
-3.69376
-3.50239



[(PPLTI),], singlet, pbe0-gd3-bj/def2-tzvp 168

Tl

ITITOIIITOIOIIIOIIITIOIOOIOIOIOOOIIIOIIIOIOIIIOIIIOIOOIOIOIOOOIOIOIOIOIOOIOIOIOIOIOZOZT0

-1.14384
-3.54953
-3.07440
-3.51743
-2.49716
-2.27777
-1.36242
-2.20099
-1.22503
-3.36912
-3.31231
-4.60661
-5.52440
-4.68218
-5.65845
-5.27173
-6.22243
-5.92366
-7.55363
-8.28800
-7.94589
-8.98860
-7.00783
-7.31152
-5.67755
-4.95414
-3.52876
-3.13808
-3.60199
-3.30833
-4.41288
-4.77107
-4.73940
-5.34195
-4.30064
-2.17547
-1.95172
-0.85360
-0.98979
-0.13237
-0.39746
-2.77919
-3.70142
-2.07246
-3.02314
-4.56035
-4.50434
-3.45313
-2.45287
-3.56802
-3.47031
-5.92909
-6.02162
-6.09462
-6.74244
-2.69334
-2.29058
-2.48889
-2.18519
-3.05439
-3.20147
-3.41489
-3.84098
-3.24303
-1.68223
-1.43000
-0.39402

0.35175

0.05318
-0.56923
-2.70077
-3.00216
-2.27926
-3.60829
-3.60312
-3.54043
-2.59214
-2.63273
-2.79472
-1.55825
-5.03042
-5.76265
-5.25505
-5.18083

-0.39740
0.11763
-1.25460
0.06965
1.18422
0.11668
0.17311
0.09753
0.13982
0.03195
0.02324
-0.02253
-0.07599
-0.00467
-0.03879
0.58160
-0.39077
-1.43704
-0.03099
-0.79732
1.30019
1.58217
2.27028
3.31339
1.91488
2.68208
-2.57777
-3.49692
-4.81458
-5.51706
-5.25209
-6.28380
-4.36709
-4.71938
-3.04243
-3.11214
-2.04679
-3.86970
-4.95501
-3.53124
-3.71484
-3.28880
-2.70046
-2.95563
-4.34424
-2.14452
-1.10630
-2.33092
-2.18167
-1.62325
-3.35331
-2.33640
-3.31851
-1.57183
-2.24992
2.51702
3.57214
4.89498
5.70451
5.20079
6.24132
4.16609
4.40321
2.82777
3.28161
2.21224
4.05956
3.88232
3.75812
5.14578
3.51160
4.57110
3.23672
2.90743
1.74614
0.78266
1.71637
2.64948
0.87778
1.61783
1.85550
1.84310
1.01114
2.78183

-1.17157
0.66614
-0.00698
2.48308
0.10070
3.13526
2.54310
4.52238
5.01234
5.28446
6.37550
4.64842
5.23865
3.25509
2.76845
0.35161
0.02165
-0.06120
-0.18343
-0.44278
-0.05228
-0.21748
0.30170
0.41515
0.50953
0.78942
-0.00519
0.99920
0.93563
1.72055
-0.10279
-0.12932
-1.12577
-1.96612
-1.10813
2.10295
1.96942
1.97186
2.10212
2.73336
0.98235
3.49309
3.60441
4.26862
3.69515
-2.30344
-1.94687
-3.34396
-2.90669
-4.18089
-3.75368
-2.94846
-3.43822
-3.72322
-2.21330
-0.28311
0.57433
0.17139
0.83999
-1.06142
-1.35989
-1.91704
-2.89567
-1.55608
1.92920
1.92201
2.18210
1.39369
3.14227
2.23648
3.04584
3.08935
4.02548
2.89782
-2.55642
-2.02651
-3.70556
-4.28969
-4.39121
-3.33682
-3.08738
-2.26805
-3.75829
-3.66406

(continued)
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1.14385
3.54951
2.49716
3.51738
3.07441
2.27772
1.36237
2.20091
1.22494
3.36903
3.31220
4.60653
5.52431
4.68212
5.65840
5.27172
5.67753
4.95411
7.00782
7.31150
7.94590
8.98860
7.55365
8.28802
6.22244
5.92368
2.69336
2.29057
2.48890
2.18518
3.05446
3.20155
3.41498
3.84110
3.24309
1.68216
1.42993
0.39392
0.56911
-0.05333
-0.35181
2.70063
3.60817
2.27907
3.00201
3.60322
3.54051
2.59229
1.55838
2.79489
2.63292
5.03054
5.18099
5.25520
5.76274
3.52876
3.13805
3.60197
3.30829
4.41291
4.77111
4.73945
5.34203
4.30068
2.17540
1.95166
0.85354
0.39743
0.13228
0.98972
2.77907
3.02301
2.07232
3.70131
4.56040
4.50435
3.45322
3.47045
3.56813
2.45295
5.92917
6.74249
6.09470
6.02175

-0.39740
0.11763
1.18422
0.06964

-1.25460
0.11670
0.17316
0.09756
0.13986
0.03195
0.02324

-0.02256

-0.07604

-0.00470

-0.03884
0.58161
1.91489
2.68210
2.27029
3.31341
1.30020
1.58218

-0.03098

-0.79732

-0.39076

-1.43704
2.51702
3.57213
4.89497
5.70451
5.20078
6.24131
4.16607
4.40319
2.82776
3.28160
2.21223
4.05954
5.14576
3.75810
3.88230
3.51161
2.90745
3.23672
4.57111
1.74612
0.78265
1.71635
1.61782
0.87776
2.64946
1.85547
2.78179
1.01110
1.84306

-2.57777

-3.49693

-4.81459

-5.51707

-5.25208

-6.28379

-4.36708

-4.71936

-3.04242

-3.11216

-2.04681

-3.86971

-3.71484

-3.53127

-4.95503

-3.28885

-4.34429

-2.95570

-2.70052

-2.14450

-1.10628

-2.33094

-3.35333

-1.62326

-2.18172

-2.33634

-2.24983

-1.57177

-3.31845

1.17160
-0.66615
-0.10068
-2.48310
0.00698
-3.13525
-2.54308
-4.52238
-5.01232
-5.28447
-6.37551
-4.64845
-5.23869
-3.25512
-2.76850
-0.35166
-0.50956
-0.78940
-0.30177
-0.41520
0.05215
0.21733
0.18328
0.44258
-0.02176
0.06106
0.28312
-0.57430
-0.17136
-0.83995
1.06143
1.35988
1.91702
2.89564
1.55607
-1.92914
-1.92194
-2.18198
-2.23636
-3.14211
-1.39352
-3.04583
-2.89785
-4.02545
-3.08936
2.55640
2.02648
3.70558
3.33688
4.39122
4.28971
3.08729
3.66397
3.75819
2.26793
0.00520
-0.99917
-0.93561
-1.72052
0.10278
0.12931
1.12575
1.96608
1.10812
-2.10289
-1.96938
-1.97175
-0.98222
-2.73322
-2.10199
-3.49305
-3.69511
-4.26856
-3.60442
2.30342
1.94685
3.34398
3.75370
4.18090
2.90675
2.94839
2.21320
3.72314
3.43814
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