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The clusters here discussed represent improvements to our preparative techniques directed toward the

10 synthesis of ternary nanoclusters of the type MM'Te. Hg(TeR), (R = (2,6-OCHs),CgH5) reacts with PdCl,
to give [Pd,Hg4Cle{TeR)}s]-2DMF (1) and [HgCITeR],4 (2), and further with Pd(O,CCHs), giving
[Pd.,(TePh),,]:2DMEF (3). The core of compound 1 was analysed by first principles DFT and the results
confirm the existence of two systems 3c—4e” in which the two Te' atoms act as bridging ligands. While
compound 2 appears to provide the driving force for the formation of cluster 1, in the case of the

15 metallocycle 3 the driving force guiding the reaction probably originates from the mercury salts (HgCl, or

Hg(Ac),) formed during the process.

Introduction

The chemistry of the heavier organochalcogen ligands toward
20 Group 10 transition metals constitutes a growing area of
development in organometallic chemistry.® Interest in this area
arises from the multidisciplinary applications of these complexes,
which can serve as single-source precursors for binary transition
metal selenides and tellurides in material science,? as well as
2 homogeneous catalysts.® The oxidative addition of E-E bonds (E
=S, Se, Te) to low-valence transition metal complexes is a basic
process of organometallic chemistry and provides a mild and
simple way to synthesize chalcogenolato complexes through the
cleavage of the E-E bond. In some instances, however, the bond
» remains intact, as highlighted by Singh and co-workers.** On
the other hand, the reaction of the ditellurides with M(0) (M = Ni,
Pd, Pt) could result in the cleavage of a C—E bond.
The Hg—ER clusters (E = Se, Te; R = aryl) and the oxidative
additions of halogenides to E-E bonds (E = Se, Te) represent our
s main results hitherto;”® however, these studies also bore
implications for the development of efficient strategies for
creating large molecular architectures that display certain desired
properties, including catalysis, hydrogen release, or biomimetic
synthetic models of natural systems. The development of
40 Strategies for preparing large functional architectures is one of the
most important goals in modern supramolecular chemistry.
Very few clusters containing Te and Pd form Te—Pd bonds or
interactions. When present, these interactions are complex and
unusual, similar to the complexities observed by Sing* in the

45 context of the oxidative addition of E-E bonds to low-valence
transition metal complexes. For example, the cluster [Pda(us-
Te)2(DPPP);]Cl,-3CHCI; (DPPP = 1,3-Bis(diphenylphosphino)-
propane), reported by Kedarnath et al., ® forms two atypical triple
bridges involving two telluride ions (Te*), both linked to three

o Pd" centers. The same authors showed, in [PdCI{2-
Te(Cl),CsH3(3-Me)N}(PPhg)], that the assignment of formal
oxidation numbers{Te'" and Pd"} can be a complicated task.
Gabbai and co-worker™ isolated a Te—Pt complex having a
covalent Te—Pt bond polarized toward the platinum atom, which

ss led the authors to speculate that telluronium ions may behave as

c-acceptors (or Z ligands) to form transition metal complexes. A

Z-type ligand refers to a ligand that accepts two electrons from

the metal center.* The authors® showed that telluronium

cations could behave as Z-ligands toward transition metals.

Additionally, the cations displayed propensity to act as Lewis

acid ligands toward transition metals, similar to other high-

valence fifth period species. The tetravalent telluronium'" cations
in the unusual complexes reported receive one electron pair from

a pentavalent Pd" center. The same authors obtained a Te'"'- Pt'"

ss complex with a covalent Te—Pt bond.'? Platinum and tellurium

complexes that deviated from the common telluroether—metal and
telurolate—metal chemistry were reported. These complexes
included uncommon (X-ray characterized) Te’—Pt" bonds.%®

The cluster complexes described herein are consistent with recent

trends in modern chemistry toward understanding the interactions

between tellurium and transition metals. With the aim of
expanding our research into the preparation of ternary
architecturally large MM'E nanoclusters, we report the synthesis,
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structural characterization, and optical properties
of the new clusters [Pd,Hg,Cle{Te(DMB)}¢]-2DMF (1)
(DMB = 2,6-dimethoxybenzene; DMF = dimethylformamide),
[HgCITe(DMB)], (2), and the ring-forming nanocluster
[Pd12(TePh),4]-2DMF (Ph = phenyl) (3).

Discussion

The reaction steps involved in the preparation of the compounds
reported in this work are summarized in Chart A. Clusters 1, 2
and 3 were obtained from Hg(TeR), (R = DMB and Ph) and
Palladium salts, since the compounds Hg(TeR), display a
reactivity similar to that of a Grignard reagent, while enabling
control over the structural growth of the products. The growth of
the complexes 1 and 3 was controlled by the sterically effect of
the substituents DMB (1) and phenyl groups (3) bonded to the
tellurium atoms. Compound 2 can be considered one of the
secondary products generated in these reactions.

Hg(TeR),

pdCl,
DI\V

[Pd,Hg,Clg(TeR)e].2DMF (1)

Pd(0,CCHj3),
DMF

[Pd;,(TePh),,]. 2DMF (3)
[HgCI(TeR)ls (2)

R = (2,6-OCH3),CeH3

Chart A. Reactions involved in the preparation of the compounds reported in this
work

The molecular structure of the cluster 1 is shown in Fig. 1.

Figure 1. Structure of [Pd,HgsCls{Te(dmb)}s]-2dmf (1). For clarity, the hydrogen
atoms and the solvent molecules (dmf) are not shown. Symmetry transformations
used to generate equivalent atoms: () —x+1, —y+1, —z+1. Selected bond lengths [A]
and angles [°]: Hg1-ClI1 2.355(2), Hgl-CI2 2.690(3), Hgl-Te2 2.7034(7), Hgl-03
2.665(2), Hg2-06 2.676(64), Hg2—Cl2 2.665(2), Hg2—CI3 2.365(2), Hg2-Te3

30 2.6423(6), Pd1-Tel 2.5700(7), Pd1'-Tel 2.5945(8), Pd1-Te2 2.6210(8), Pd1-Te3

3 CI3-Hg2—Cl2  97.08(9),

2.6142(7), Pd1-~CI2 3.4994(22), Pd1-022.85514(51); Tel-Pd1-Tel' 79.00(2),
Tel-Pd1-Te3 166.31(3), Tel-Pdl-Te3 90.67(2), Tel-Pd1-Te2 97.30(2),
Tel'-Pd1-Te2 169.59(3), Te3-Pdl-Te2 94.36(2), Cll-Hgl-Te2 156.98(9),
Cl1-Hgl-CI2 96.04(10), Te2-Hgl-Cl2 106.91(5), CI3-Hg2-Te3 154.91(8),
Te3-Hg2-Cl2  107.36(5), Cl1-Tel-Pdl 101.4(2),
C1-Tel-Pd1' 98.4(2), Pd1-Tel-Pd1' 101.00(2).
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The structure and chemical composition of
[Pd,Hg,Cle{Te(DMB)}¢]-2DMF (1) are novel, and no other
combination of the atoms Pd, Hg, Te, and Cl has been reported
previously. The molecular structure of 1 was achieved by linking
two moieties of {PdHg,[Te(2,6-OCH,3),CsH3],Cls} to form a
centrosymmetric unit. Each molecule was accompanied by two
solvating DMF molecules in the crystal lattice. Complex 1 is a
{HgTePd} ternary compound bearing a core formed by four Hg
atoms, two Pd, and six Te atoms. In this structure, the metallic
centers are connected through [u-Te(2,6-OCHa;),CgHs]™ groups.
The primary coordination geometry around the Pd center is a
distorted parallelogram; however, the coordination sphere
includes two additional long range interactions: Pdl--CI2
(3.4994(22)) and Pd1--02 (2.8514(51) A). These extra
interactions induce a distorted octahedral coordination geometry
around the Pd center. The primary trigonal coordination around
Hgl is distorted to form a tetrahedral geometry through the
Hgl--O3 interaction (2.665(2) A).The trigonal coordination
around the Hg2 center becomes trigonal bipyramidal due to the
presence of the Hgl--O3 bond (2.6652) A) and a
Hg-r interaction (Hg2-m®-m-aryl, 3.3856(4) A) with the
aromatic (2,6—OCHj3),CgH5 ring. The Hg—n distance agrees with
the value reported in the literature.’* The secondary interactions
represented by "---" reach distances that are longer than the sum
of the covalent radii and shorter than the sum of the van der
Waals radii of the respective elements. The sums of the van der
Waals radii are 3.60 (Hg/O), 3.85 (Pd/Cl), and 3.60 A (Pd/O)."®
The bonds Pd1'-Tel'-Pdl and Pdl1'-Tel —Pdl represent two
systems 3c—4e” in which the two Te'' atoms act as bridging
ligands. The Tel-Tel' interaction, with a distance of 3.2851(6)
A, is predominantly covalent because the van der Waals radius of
Te is 2.06 A and the Te—Te bond distance of the M-enantiomer of
the simplest diaryl ditelluride PhTe—-TePh is 2.7073(5) A.*® The
Tel-Tel' interaction was expected to weaken the Te—Pd bonds
within the 3c—4e” system by decreasing the electron density on
the tellurium atoms and lowering the Te—Pd bond orders. The
Te—Pd bonds inside the 3c—4e™ system measure 2.5945(7) and
2.5699(8) A, whereas the Te-Pd bonds outside the ring are
2.6143(8) and 2.6209(7) A in length. The Te—Te and Te—Pd bond
orders in the 3c—4e” system and the extent to which the Te-Te
interaction lowers the Te—Pd bond orders were investigated by
conducting first-principles DFT calculations. The natural bond
order analysis allows us to study the inner structure of cluster 1
and the central core formed by Tel, Tel', Pd1, Pd1, in particular.
The Wiberg'” bond indices determined from the self-consistent-
field calculations suggested a classical example of bond
multiplicity. The calculated Wiberg indices are shown in Table 1
for some of the bonds involving Te atoms. The values reported in
Table 1 suggest a Wiberg index of 0.28 for the Tel-Tel' bond.
The presence of this weak Tel-Tel' bond reduces the Tel-Pd1
(Tel-Pd1', Tel'-Pdl and Tel'-Pd1’) bond order, which was
found to be 0.55, by decreasing the electron density on the Tel
and Tel'atoms. Although the Te2—Pd1 bond order is smaller than
the bond order of Tel-Pd1, the calculated positive charge on Tel
(0.61) is almost twice the value calculated for Te2 (0.33),
indicating that the Tel-Tel' bond significantly reduces the
electron density on the Tel and Tel' atoms.
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Table 1. Calculated Wiberg bond indices for bonds involving the Te
atoms.

Atomic Tel- Tel-Pdl Tel- Te2- Te2-Hgl Te2-C
Pair Tel' C Pd1
Wiberg 0.28 0.55 0.88 0.49 0.66 0.88
bond
index

These results support the 3c—4e” model of the Pd1'-Tel'-Pd1 and

Pd1'-Tel-Pd1 bonds, in which the Tel and Tel'centers act as
s bridging ligands. The natural bond order analysis revealed the
presence of two bonding (and two anti-bonding) ‘bridging’
Tel-Tel' orbitals, as partially shown in Fig. 2. The ‘bridging’
bonding orbital with the lowest eigenvalue is sp in character and
is oriented along the line joining the Tel and Tel' atoms (Fig.
2a). The other bonding orbital involving the Te bridging atoms is
n-like in character and includes p-orbitals from Tel and Tel'
along the lines joining the Te and Pd atoms, as shown in Fig. 2b.
The corresponding anti-bonding orbitals are shown in the
Electronic Supplementary Information file.

15}

15

Figure 2. Natural bond orbitals between Tel and Tel'atoms in the central ring. (a)
An sp-like bonding orbital. (b) A n-like bonding orbital.

Another alternative for the 3c—-4e” model for the core of

compound 1 would be the treatment of the Pd atoms as central
20 Pd®* ones in d® configuration with a dsp? hybrid in the classical

Pauling's VB model and square planar coordination with four

2c—2e bonds, just as in a classical complex. The first principles

DFT calculations, as well as the distorted octahedral coordination

of the two palladium atoms, however, give support to the 3-
25 centered bond model.

The molecular structure of compound 2, [HgCITe(dmb)],, is
formed by two asymmetric units. The cluster relies on the
formation of an 8-membered ring with alternating Te and Hg
atoms. Compound 2 appears to provide the driving force for the
formation of cluster 1. The centrosymmetric molecular structure
of 2 was prepared by the interactions of two groups Hg{Te(2,6-
OCH3),CgHs}» stabilized by two CI™ ligands, which were further
connected to two moieties of {HgCI} through the tellurium atoms
of the Hg{Te(2,6-OCH,),CsHs}, groups. The primary
coordination geometry around the Hg atoms is trigonal planar,
and this geometry becomes tetrahedral in the presence of the
intramolecular Hg--Cl interactions. The Hgl atom forms covalent
bonds with Tel, Te2', and CI2 and a secondary interaction with
CI1. The Hg2 atom forms covalent bonds with Tel, Te2 and CI1',
0 and a secondary interaction with Cl11. The Hgl--Cl1/Hgl"--CIl'

secondary interactions span a distance of 2.9652(9) A, whereas

the Hg2--Cl1/Hg2"-Cl1' secondary bonds are 2.9601(9) A. The

lengths of these Hg/Cl interactions exceed the sum of the Hg/Cl
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covalent radii but are shorter than the sum of the van der Waals

45 radii for Hg and Cl, 3.85 A.*® The molecular structure of cluster 2

is illustrated in Fig. 3.

Figure 3. Structure of [HgCITe(dmb)], (2). For clarity, the hydrogen atoms are not
shown. Symmetry transformations used to generate equivalent atoms: (') —x, —y+2,
—z+1. Selected bond distances [A] and angles [?]: Hgl-Cl1 2.9652(9), Hgl-CI2
2.4281(10), Hgl-Tel 2.7682(3), Hgl-Te2' 2.7525(3), Hgl'-Te2 2.7525(3),
Hg2-ClI1 2.9601(9), Hg2-CI1' 2.7280(8), Hg2'-Cl1 2.7280(8), Hg2—Tel 2.6874(3),
Hg2-Te2 2.6938(3); Cl2-Hgl-Te2' 122.06(3), Cl2-Hgl-Tel 118.48(3),
Te2'-Hgl-Tel 118.100(8), Cl2-Hgl-Cl1 97.83(3), Te2'-Hgl-Cl1 89.781(17),
Tel-Hgl-CI1 94.011(18), Tel-Hg2-Te2 159.756(9), Tel-Hg2—CI1' 103.90(2),
Te2-Hg2-CI1' 96.28(2), Tel-Hg2-Cl1 95.840(19), Te2-Hg2-ClI1 83.055(19),
Cl1'-Hg2—-Cl1 88.24(2), Hg2-Tel-Hgl 85.441(7), Hg2-Te2—Hg1l' 89.129(8).

The optical band gap of the compounds 1 and 2 could be
estimated based on the UV-Vis diffuse reflectance spectra. The
material absorption coefficient () of a layer with infinite
thickness can be related to the sample diffuse
reflectance (r) by the Kubelka—Munk function (1):®

(-2

where s is the material scattering coefficient. Experimentally, this
expression can be applied to powdered samples because the layer
formed by a powder is continuous and behaves as an infinite
medium.®® Furthermore, light scattering can be assumed to be
wavelength-independent for particles greater than 5 pm in size.?
The compound layer fulfilled these requirements, so it was
possible to estimate the optical band gap energy (E,) based on the
sample absorption spectrum calculated from relation (1).%° The
plots of (a/s)? ¥ versus energy for the compounds displayed a
steep absorption edge. The E4 value was obtained for 1 and 2 by
extrapolating the steep absorption edge to the crossing
with the energy axis (see Electronic Supplementary
Information).® As results, the values of 1.94 and 2.04 eV were
obtained for the band gaps of 1 and 2.

@

Organochalcogenolates of Pd" and Pt" are versatile molecular
precursors of the metal chalcogenides, an important family of
functional inorganic materials with applications in electronic and
optoelectronic devices.?? The square planar geometry of a Pd
center allows the formation of polymeric systems or geometric
self-assembled structures in the form of giant squares
(metallocycles), as demonstrated by Lee and co-worker.?®
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The molecular structure of the new macrocyclic nanocluster
[Pd.o(TePh),,]-:2DMF (3) is illustrated in Fig. 4. The macrocycle
3 comprises two asymmetric units. Each molecular formula
includes two solvent DMF molecules. The 12 Pd atoms in the

s macrocyclic ring form a distorted square planar coordination
geometry and are linked by 24 anionic bridges of the type [p-
TePh]™. The nanocluster 3 is centrosymmetric, and the Pd—Te
bond distances are in the range 2.5847(15)-2.6085(16) A. The
greatest intramolecular distance between the Pd atoms is

0 14.8114(17) A. The greatest intramolecular distance between
tellurium atoms is 15.1312(17) A.

Figure 4. Molecular structure of the macrocyclic compound [Pd;,(TePh)yq]-2dmf
(3).For clarity, the hydrogen atoms and the solvent molecules (dmf)are not shown.
Symmetry transformations used to generate equivalent atoms: (‘) —x+0.5, —y+0.5,
—z+1. Selected bond lengths [A] and angles [?]: Pd1-Tel 2.5909(16), Pd1-Te2
2.6085(16), Pdl —Te3 2.5908(16), Pd1-Te4 2.5965(16), Pd6-Tel' 2.5906(14),
Pd6-Te2' 2.6014(15), Pd6-Tell 2.5993(14), Pd6-Tel2 2.5847(15), Pd1-Pd6'
3.1872(17); Te3-Pd1-Tel 94.76(5), Te3-Pd1-Te4 83.23(5), Tel-Pdl-Ted
172.29(6), Te3-Pd1-Te2 174.78(6), Tel-Pd1-Te2 83.43(5), Te4—Pd1-Te2
97.92(5), Tel2—Pd6-Tel' 94.66(5), Tel2—Pd6-Tell 84.88(4), Tel'-Pd6-Tell
177.27(6), Tel2—Pd6-Te2' 177.76(5), Tel'-Pd6-Te2' 83.58(4), Tell-Pd6—Te2'
96.95(5), Pd6'-Tel—-Pd1 75.92(4), Pd6'—Te2—Pd1 75.43(4).

@

S

The band gap of the macrocyclic nanocluster 3 could not be
estimated using diffuse reflectance spectroscopy because an
adequate diffuse reflectance spectrum could not be obtained. The
dark black crystals did not reflect radiation in the UV-Vis band.
After some measurement attempts, the crystals were found to be
markedly decomposed.

a

» Conclusions
The structures of [Pd,Hg,Cle{Te(DMB)}¢]-2DMF (1)
[HgCITe(DMB)]; (2) and [Pd;x(TePh),,]2DMF (3) were

characterized and DFT calculations were performed to elucidate
the nature of the bonds in the central ring of cluster 1, revealing
that the Te—Te bond coexists with the Te—Pd bonds in 3c—4e"
systems. This structure represents an example of the many
possible chemical intermediates formed during organometallic
chemistry reactions. The band gaps of clusters 1 and 2 were
determined (1.94 and 2.04 eV, respectively), based on optical
o Spectroscopy measurements. A suitable diffuse reflectance
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spectrum of the nanocluster 3 could not be acquired in the UV-
Vis range (and the band gap could not be measured). The results
reported in this paper suggest that mercury derivative chemical
intermediates can pave the way for the syntheses of compounds
with a high structural complexity. The methods developed here
provide a gentle and simple approach to the syntheses of

chalcogenolate complexes, such as compound 3. The
tellurium—metal, telluroethers—metal, and telurolate—metal
interactions were characterized and revealed uncommon

Te-Metal bonds."**% This intermediate structure permits the
use of synthetic routes that involve mild methodologies, while
also enabling a high level of control over the desired products.

Experimental Section

All syntheses were conducted under an Ar atmosphere. The compounds Hg(TePh),
and Hg{Te(dmb}, were prepared according to procedures reported in the
literature. 2% All other analytical grade reagents and solvents were obtained
commercially (Aldrich or Vetec), and the solvents were freshly distilled prior to use.
FTIR spectra were recorded on a BRUKER FTIR model Tensor 27
spectrophotometer over the range 4000-400 cm™. Elemental analyses (CHN) were
determined using a VARIO EL (Elementar Analysen systeme GmbH). ).

Preparations and tools

1. Preparation of [Pd,Hg,Cls{Te(dmb)}s/-2dmf (1): To a solution of 0.097 g (0.133
mmol) Hg{Te(2,6-OCHjs),CsHs}, in 5 mL dmf were added 0.018 g (0.1 mmol)
PdCl,. The color of the mixture turned from a greenish yellow to a dark red. The
solution was stirred for 4 h at room temperature and filtered through Celite. Red
crystals of the product were obtained by lowering the temperature of the mother
solution. Yield: 0.026 g, 27% based on Hg{Te(2,6-OCHs),C¢Hs}.. Properties: air
stable, red crystalline substance. Calcd. for Cs4HgsClsHgsN,014Pd,Teg (2962.56): C,
21.89; H, 2.29%. Found: C, 20.09; H, 1.86%. IR (KBr): 3052 [vs(C—H)a]; 2933
[vas(C—H)wmel; 2831 [vs(C—H)wmel; 1672 [v(C=0)]; 1578, 1463, 1426 [vs(C=C)]; 1242
[vas(C—O-C)]; 1098 [vs(C-O-C)]; 763, 738 [50p(C=C—H)]; 607 cm* [55(C=C-C)].
(Ar = aromatic; Me = methyl; 3j,= deformation in the plane; 8,,= deformation out of
the plane).

2. Preparation of [HgCITe(dmb)]s (2): To a solution of 0.073 g (0.1 mmol)
Hg{Te(2,6-OCHj3),CsHz}, in 5 mL dmf were added 0.018 g (0.1 mmol) PdCl,. The
mixture turned from a greenish yellow to a dark brown. After 1 h stirring at room
temperature, the solution was filtered through Celite. A layer of 5 mL isopropanol
was carefully spread across the interface of the mother solution, which yielded
monocrystals suitable for X-ray diffractometric analysis. Yield: 0.009 g, 18% based
on Hg{Te(2,6-OCHj;),CsHs},. Properties: air stable, dark brown crystalline
substance. Calcd. for C3,H3ClsHg4OsTes (2003.17): C, 19.19; H, 1.81%. Found: C,
19.43; H. 1,77%. IR (KBr): 3051 [vs(C—H)arl; 2939 [vas(C—H)wmel; 2833 [vs(C—H)wmel;
1582, 1466, 1427 [v(C=C)]; 1248[va.(C-O-C)]; 1101 [v{(C-O-C)]; 772, 738
[86p(C=C-H)]; 594 cm™ [3,,(C=C-C)].

3. Preparation of [Pdi2(TePh)as/-2dmyf (3): To a suspension of 0.061 g (0.1 mmol)
Hg(TePh), in 5 mL dmf were added 0.022 g (0.1 mmol) of Pd(O,CCHs),. The
mixture turned from an orange to a dark brown color, and a dark brown precipitate
formed. After 2 h stirring at room temperature, the mixture was filtered. After
dissolving the precipitate in pyridine, dark brown crystals of 3 were obtained from
the filtrate. Yield: 0.021 g, 41% based on Hg(TePh),. Properties: air stable, black
crystalline substance. Calcd. for Cis0H134N20,Pd1,Te,, (6335.80): C, 28.43; H, 2.13;
N, 0.44%. Found: C, 28.07; H, 1.95; N, 0.53%.

4. X-ray diffraction: A Bruker CCD X8 APEX Il diffractometer was used for the X-
ray structure analyses. The equipment was operated using a graphite
monochromator with Mo-Ka radiation (A = 0.71073 A). The structure was refined
using a full-matrix least squares on F? using all data (SHELX crystal structure
solution software). The structure was solved with SHELXS using direct methods.?
All non-hydrogen atoms were refined using anisotropic displacement parameters in
SHELXL.? The hydrogen atom positions were calculated starting from the idealized
positions. The free refinement of hydrogen atom parameters gave a low
data/parameter ratio and led to high correlations. Details about the structure
determination steps are provided in the Electronic Supplementary Information.
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5. Computational methodology: Density functional theory calculations were
performed to analyze the bonding properties of cluster 1. The hybrid B3LYP
functional ¥’ was used to describe the exchange and correlation term of the effective
Kohn-Sham potential. The Pople 6-31G basis set augmented with d and p
polarization functions was used to model the light atoms (H, C, O, Cl).% The basis
set used to model the heavy atoms (Pd, Te, Hg) was the Stevens/Basch/Krauss split
valence CEP-31G.”® The geometry of cluster 1, as extracted from the x-ray
diffraction data, was optimized based on an analysis of the vibrational frequencies.
The resultant configuration was (at least) a local minimum. All calculations were
performed using the Gaussian 09 code.® Plots of the natural orbitals were prepared
using the GabEdit software.

6. Diffuse reflectance spectroscopy: The optical band gap characterization of
compounds 1 and 2 was possible by using a CARY 5000 spectrometer outfitted with
a diffuse reflectance accessory to measure the diffuse reflectance spectra over the
UV-Vis wavelength range (200-800 nm). The compounds were studied in a
powdered form that included very large particles. The particles were characterized
by forming a layer of the analyzed sample material over a glass slab. A baseline was
acquired using the light intensity reflected by a PTFE standard plate, Rsq. The
detector noise signal, Ryeise, Was also characterized. No sample was placed in the
reflectance diffuse accessory during the acquisition of the baseline and detector
noise signals. The light intensity reflected by the sample (Rsampe) Was then
measured, and the sample diffuse reflectance was calculated according to the ratio r
= (Rsample/(Rsta — Rnvoise ) (See Electronic Supplementary Information).
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