W) Check for updates

Eur]JIC Chemstry

European Journal of Inorganic Chemistry EUEIRCER (Crioites]

Societies Publishing

Accepted Article

Title: Reactivity Studies of Cyclic Alkyl(Amino) Carbene (cAAC)-
Supported Phosphinidenide with AuCl

Authors: Ekta Nag, Maria Francis, and Sudipta Roy

This manuscript has been accepted after peer review and appears as an
Accepted Atrticle online prior to editing, proofing, and formal publication
of the final Version of Record (VoR). The VoR will be published online
in Early View as soon as possible and may be different to this Accepted
Article as a result of editing. Readers should obtain the VoR from the
journal website shown below when it is published to ensure accuracy of
information. The authors are responsible for the content of this Accepted
Article.

To be cited as: Eur. J. Inorg. Chem. 2023, €202300485

Link to VoR: https://doi.org/10.1002/ejic.202300485

WILEY .*vcH


http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejic.202300485&domain=pdf&date_stamp=2023-09-26

European Journal of Inorganic Chemistry

10.1002/ejic.202300485

WILEY-VCH

Reactivity Studies of Cyclic Alkyl(Amino) Carbene (cAACQC)-
Supported Phosphinidenide with AuCl

Ekta Nag,® Maria Francis,® and Sudipta Roy*®

[a] E. Nag, M. Francis, Dr. S. Roy

Department of Chemistry, Indian Institute of Science Education and Research (IISER) Tirupati,

Tirupati 517507, India
E-mail: roy.sudipta@iisertirupati.ac.in
Homepage: https://sudiptagroup.com/

Supporting information for this article is given via a link at the end of the document.

Abstract: A neutral octa-nuclear Au'-cluster (2) with molecular
formula  [(Cy-cAACPAu)4(AuCl).] [Cy-cAAC = :C(N-2,6-
'Pr.CsHs)(CesHi10)(CMe2)(CH2)] has been isolated, and structurally
characterized by single-crystal X-ray diffraction. 2 has been further
studied by NMR and ESI-MS. The us-P bridged Au'-cluster 2
possesses a C2 axis that passes through the two Au atoms
positioned oppositely of the central Au(l)4Ps core, and two carbene-P
chromophores. The emission spectrum of 2 exhibited a broad band
with Aem at 720 nm, and an average lifetime of 3.36 ns when excited
at 388 nm in solid state at room temperature. Cyclic voltammetry
(CV) studies revealed that 2 can undergo reversible one-electron
oxidation at 0.76 V. The electronic transition in 2 has been further
studied by computational methods.

Introduction

N-heterocyclic carbenes (NHCs) have been proven to be
excellent ligands so far for the generation of two coordinate Au'
complexes 11 consisting of mononuclear to polynuclear 247:9-101
metallic units with fascinating structural aspects, varied
catalytic,”) and photoluminescence (PL) properties.l"1%11 The
Auii-nanocluster reported by Narouz et al. showed an improved
electrochemical reduction of CO, to CO with coordination of an
NHC ligand.®! The carbon-centered hexa-nuclear Au' cluster
reported by Ube et al. showed green emission with a wu-C atom
at the centre.®l There are several other Au-complexes reported,
which have been stabilized by various ligands, and attracted the
attention of chemists over the past few decades.*?-3¢1 While
carbenes and phosphines act as monodentate ligands;
combination of a singlet carbene with a P-Ar (Ar = bulky
aromatic group) unit or P~ anion evolves a new class of ligand,
called the carbene-phosphinidene/phosphinidenide [NHC=P-(Ar)
(A); Ar = Ph, Mes, Figure 1], which can possess two to three
pairs of non-bonding electrons on each P-atom, and thereby,
can have multiple bridging modes. A decade ago, Weigand, and
Flrstner independently showed that a cationic, and neutral
carbene-phosphinidene can coordinate to two AuCl molecules
(G, D) (Figure 1). Dias,*® and Tamm groups ® separately
isolated bis-Au'Cl adducts of NHC=P-(Ar) (Ar = 26-
dibenzhydryl-4-methylphenyl, (B); Mes, Ph, (C)) with a Au---Au
distance of 3.69 A. Interestingly, Doddi et al. further showed that
the dichlorination of NHC=P-(Ph)(AuCl), can lead to the
formation of a tetrameric Au'4Cl, di-cation, stabilized by two
NHC-phosphinidene (F).®! In 2014, Tamm group reported the
first example of an NHC-phosphinidene with a formal mono-
anionic phosphorus ligand, bridging three metal atoms (H).27 In

2015, Bertrand and co-workers showed the coordination
behaviour of the parent phosphinidene NHC-PH treating with
two equiv of (tht)AuCl (tht = tetrahydrothiophene), which resulted
in the formation of the bis-metal complex |, representing a formal
us3-P atom considering the isolobal relation between the H* and
Au* ions.B™ While a neutral carbene-phosphinidene can bind to
only two Au' centres (Figure 1), an anionic carbene-
phosphinidenide ligand cAAC=P~ (cAAC = cyclic alkyl(amino)
carbene), possessing three pairs of electrons on the P-atom can
bind up to three Au' ions.B®3%1 However, the coordination
chemistry of anionic cCAAC-phosphinidenides (CAAC=P") is yet to
be explored. In this context, NHC-phosphinidenide stabilized
molecular phosphorus-potassium clusters
[Ka(SIMesP),(HMDS),] (SIMes = 1,3-bis(2,4,6-
trimethylphenyl)imidazolidine-2-ylidene, HMDS = N(SiMej3),),
and [Ks(SIMesP),(OtBu)4] reported by the Hanisch group
exhibiting us-bridging through P atoms is noteworthy.®#% In past
one decade, while NHC=P-P(Ar) [Ar = Ph, Mes, Figure 1] has
been shown to stabilize around six different Au' complexes (B-C,
E-G), till now no neutral Au-cluster have been reported with the
anionic cAAC=P~ ligand. Moreover, for none of these Au'
complexes (A-G), the  corresponding redox, and
photoluminescence properties have been reported.
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Figure 1. Previously reported representative neutral and/or cationic carbene-

phosphinidene complexes/clusters of Au (B-1). Dip = 2,6-diisopropylphenyl;
Mes = 2,4,6-trimethylphenyl.
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cAAC is known to control its electron-pair quite well depending
upon the requirement of the acceptor atoms.!*8 |t donates the
lone pair of electrons on the Ccamene atom to form a
comparatively stronger o-bond by making the N=C bond as a
formal double bond (Figure 2).1!
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Figure 2. Bridging modes of the mono-anionic carbene-phosphinidenide
ligand (CAAC=P").

Results and Discussion

We have performed the Natural Bond Orbital (NBO) analysis (at
BP86/def2-TZVPP level of theory) of cAAC=P~ ligand to have a
deeper understanding of the electron densities distribution, and
nature of participating orbitals in complex formation. These
studies showed the presence of two lone pairs of electrons on
the P atom, one with 1.98e occupancy, having 77% of s- and
23% of p-character (HOMO-2); while the other with 1.79e
occupancy and 99.9% of p-character (HOMO) (see SI for
Computational details). To have a comparison between the
present ligand system (Cy-cAAC=P") with the already existing
NHCP™ ligand, similar calculations have been performed at the
same level of theory, which showed comparable results with
respect to the electron occupancies (see Sl for details). However
as expected, the NPA charges on P are found to be greater in
NHCP™ (-0.415) than that of Cy-cAAC=P~ (-0.342), whereas, the
same on Ccamene iS found to be significantly greater in case of
Cy-cAAC=P~ when compared to that of NHCP~ (-0.079), which
are in good agreement with the fact that cAACs are better 1
acceptors than the NHCs (see Sl for Computational Details).
However, when cAAC=P~ being used as a ligand for complex
formation, the electron densities would be pushed over the P
atom, facilitating the us-bridging with available metal ions.

We have previously shown that the neutral chloro-
phosphinidene cAAC=P-CI *? can be quantitatively converted to
the corresponding K-phosphinidenide cAAC=P-K (1) by
reductive dehalogenation of the former in the presence of two
equiv of K-metal under ambient temperature.*d 1 can be
inherently utilized as the source of the mono-anionic phosphorus
ligand, cAAC=P~,383% which can bridge between two or three
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metal centres; where cAAC acts as the electron reservoir as
illustrated in Figure 2. Herein, we report on the synthesis, and
structural characterization of a neutral atomically precise, first
CAAC-phosphinidenide-stabilized redox-active, fluorescent octa-
nuclear Au'-cluster 2 in excellent yield as an orange light emitter.
The K-salt of Cy-cAAC-phosphinidenide (Cy-cAAC=PK)(THF)n
(1) (Cy-CAAC = ZC(N-Z,G-ipr2C6H3)(CeHlo)(CMez)(CHz)) was
reacted with two equiv of (Me;S)AuCI in toluene. The reaction
was initiated at -40 °C (using isopropanol/liquid nitrogen bath),
and stirred for 12 h at room temperature (rt) to obtain the
crystalline, orange color precipitate of [(Cy-CAACPAU)4(AUCl)4]
(2), which was filtered, and dissolved in DCM. The yellow-
orange rod-shaped single crystals, suitable for single-crystal X-
ray diffraction were obtained in 72% yield from the concentrated

DCM solution at -20 °C from a freezer (Scheme 1).
- \Q\f w
5 A
=" 42 (Me;S)AuCl —— = IAu \ / ¢l

<, % &W\\/}\q

[(Cy-cAACPAU)4(AUCl)4] (2), 72%

Toluene

[(Cy-cAACPK)(THF),]
™M

Scheme 1. Synthesis of [(Cy-CAACPAu)4(AuCl)4] (2). Cy-cAAC = C23HasNP.

Reaction of 1 with one equiv of (Me,S)AuClI in toluene under
similar reaction conditions produced 2 with a reduced yield of
10% along with the formation of the bis-phosphinidene Cy-
CcAAC,P; as the major product, which was characterized by NMR
spectroscopy.! The orange crystalline solid of 2 was found to
be stable in air for about a week, and for more than a year under
argon atmosphere at rt. The powder of 2 was found to be
thermally stable up to 208 °C under an inert atmosphere, and
then decomposed to a brown liquid. The crystals of 2 were
soluble in polar organic solvents, like THF and DCM, but not in
non-polar solvents, e.g., toluene and hexane. The DCM solution
of 2 was found to be stable for months at rt under an argon
atmosphere. Moreover, upon exposure of the same solution to
air under humid conditions for 12 h at rt, no decomposition was
observed, which was subsequently proved by the 3P NMR
spectroscopic analysis, showing the resonances characteristic of
only cluster 2.

The octa-nuclear Au'-cluster 2 was characterized by ESI-MS (in
DCM solution), showing the presence of the di-cation (2-2Cl)%*
[(Cy-cAACPAU)4(AusCl;) — 2CI** (Figure 3). For other
representative dicationic fragments of cluster 2, see Sl (Figures
S20-21).
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Figure 3. Experimental (bottom) and simulated (top) ESI-MS spectra of [(Cy-
CAACPAU)(AUCI)s — 2CIJ2* di-cation (2-2CI)2* in DCM. Cy-cAACP = Ca3H3sNP.
ESI-MS: m/z calculated for Co2H140AusCl2N4Ps as [M - 2ClJ2+: 1535.3359
(Molecular Weight: 3072.6865); found: 1535.3357.

X-ray single-crystal diffraction of 2 showed the formation of a
charge-neutral, octa-nuclear Au-phosphinidenide cluster [(Cy-
CAACPAU)4(AUCl)4] (2), which crystallizes in monoclinic C2/c
space group (Figure 4). 2 contains four us-P bridging Cy-
CAAC=P" anions, four Au' ions, and four AuCl units having a
centre of inversion within the molecular structure of 2. The four
Au' ions in the middle have been bridged by 5-Pcy-caac=p to form
a nonplanar Au's unit at the centre of cluster 2. Each P atom of
the Cy-cAAC=P’ ligands is coordinated to one AuCl molecule,
leading to the formation of a nonplanar Au(l)sPs core in the
middle with two AuCl molecules above, and two below the
average plane of AusP4 unit. The structure of 2 is found to be
quite unique when it is compared with those of the previously
reported Au-complexes (Figure 1).0-20

Au3 F’1I \\ Au4l
W\

—

Figure 4. Molecular structure of [(Cy-cAACPAu)a(AuCl)s] (2). The ellipsoids
are shown at the 50% probability level. The occupancies of Aul and Au3 are
0.5. Hydrogen atoms, and disordered atoms are omitted for clarity. Metal
atoms Aul, Au2, Au4, Au5, CI1, and CI2 are disordered with occupancies of
major counterpart 0.8, 0.62, 0.53 and 0.51 and 0.51 and 0.53, respectively.
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Selected experimental bond lengths [A], and bond angles [‘]: P2-C1 1.789(11),
N2-C1 1.323(15), P1-C24 1.820(11), N1-C24 1.399(14), Au5-CI1 2.17(2), P2-
Aul 2.325(3), Au4-P1 2.404(4), Au5-P2 2.304(3), P2-Au2-P1 171.2(3), P2-
Au5-CI1 177.7(7), Au4-P1-Au2 107.1(2). Symmetry code: (i) —x+1, y, -z+3/2.

Complex 2 possesses 2-fold rotation axis of symmetry, where
the rotation axis passes through Aul and Au3 and hence the
occupancy of these atoms is 0.5. The Au' ions are slightly
disordered around the mean Au's plane with an average Au-Au,
and Au-P distances of 3.54, and 2.33 A, respectively.'*18l The
Au---Au distance at the central Au', ring (3.54 A) is significantly
higher than that of the tetrameric dicationic chloride-bridged
Au(l); complex (3.02 A).Bl The previously reported Au-Au
distances of bis-carbene-Au', complexes are found to be
comparatively shorter (3.3955(5)/3.362(1) A), indicating the
presence of aurophillicity between the two gold ions.*Y Thus, the
aurophillicity in 2 could be said as weaker in magnitude, which
might be the reason why the Au-ions in 2 are slightly disordered.
The C-N, and C-P bond distances of Cy-cAAC=P unit of 2 are
1.323(15)/1.399(14), and 1.789(11)/1.820(11) A. The P1-Au2,
and P1-Au4 bond lengths are in the range of 2.353(5)-2.404(4)
A, and are significantly longer when compared with the reported
tetranuclear dicationic NHC-diphenylphosphinidene
[(IPr-PPh),AusCl](X)> complexes [2.239(10) A].B! The 3P NMR
spectrum of 2 exhibits multiple resonances in the range of -39.6-
45.6 ppm. The observed chemical shifts are found to be upfield
shifted when compared to that of the corresponding Cy-
CAAC=P" ligand ((Cy-cAAC=PK)(THF)n (1); 207 ppm), and the
tetrameric chloride bridged dicationic Au's complex (-28.17 ppm)
reported by Doddi et al.® but similar to that of the cationic
complex isolated by Weigand et al. (-40.4 ppm).it7

Complex 2 was found to be redox active. The cyclic voltammetry
(CV) studies of 2 showed that [(Cy-cAACPAuU)4(AuCl)4] (2) can
undergo an one electron reversible oxidation above Ej;; = 0.76 V
(Figure 5) in DCM, suggesting the formation of the
corresponding cation [(Cy-cCAACPAU)4(AuCl)s]* (2%) with the
peak to peak potential difference of 70, and 300 mV,
respectively. However, several attempts to isolate the cation 2*
in the solid state were failed.

0.000003 =
E1/2 =0.76 V
0.000002
< 0.000001
<
[
@
=
3
0.000000 -
=150 mV/s
——100 mV/s
-0.000001 50 mV/s
2
L] L] L} L] L)
0.59 0.69 0.79 0.89 0.99

Potential vs (Cp)zFe/(Cp)zFe+ V)

Figure 5. Cyclic voltammograms of complex [(Cy-cAACPAu)4(AuCl)4] (2) in
DCM containing 0.1 M [n-BusN]PFs as the electrolyte employing silver as a
reference electrode, glassy carbon as a working electrode, and platinum as
counter electrode. cAAC = Cy-cAAC.
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Photophysical Studies

The UV-vis studies of 2 showed three strong absorption bands
at 310, 336, and 388 nm in DCM (Figure 6, top). The previously
reported dark green color cationic carbene-Au' complex with a
two-coordinate Au' ion showed similar UV-vis absorption bands
at 312, 401, 435, and 642 nm.[® The absorption at 642 nm has
been assigned due to the electronic transition from HOMO to the
5d orbital of Au'.*®l The excitations with the wavelengths ranging
from 250-470 nm led to a broad emission band ™ of 2 in the
range of 550-850 nm with a maximum (Amax) at 720 nm in the
solid state at rt (Figure 6, top).
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Figure 6. Top: UV-vis absorption (blue curve, Amax = 388 nm) and Emission
(orange curve, Aem = 720 nm) spectra of [(Cy-cCAACPAu)4(AuCl)4] (2) in solid
state at rt. Middle: Lifetime decay plot of 2 at rt. The exciting pulsed and
emission shown in orange color (tav. = 3.36 ns at 720 nm during excitation with
a light source EPL of 375 nm) and fitting in blue curve. Bottom:
Photoluminescence color coordinates of 2 plotted in the CIE 1931 chromaticity
diagram. The black dot corresponds to the coordinates attributed to pure
orange light emission (0.62, 0.35).

The previously reported carbene-Au'-complexes with Au---Au
interactions display emission bands of 400-600 nm upon
excitation in the range of 300-400 nm.24 A trinuclear carbene-
Au'-amide complex with Au--Au distances of 3.6660(5),
3.7296(5), and 3.7526(3) A showed emission band at 722 nm
(orange emission) upon excitation at 296 nm.[S! 2 possesses an
average emission lifetime of 3.36 ns (at Aem = 720 nm) when it is
excited with the light source EPL of 375 nm (Figure 6, bottom).
The photoluminescence quantum yield (PLQY) ¢p. of 2 has
been experimentally estimated to be nearly 1% (0.89%). The
lower value could be rationalized by the higher thermal motion of
Au'4 unit leading to the facile dissipation of absorbed photons via
non-radiative decay.

2 possesses two chemically different Au' ions from central Au(l)4
unit, and two different terminally coordinated AuCl molecules
(Figure S4 in Sl). It also contains two different Cy-cAAC=P
moieties, which possess the N-C-P unit as the electron
accepting chromophore (T*n=c.p). The filled d-orbitals of Au'
centre are expected to involve in the electronic
conjugation/cross-conjugation of this complex.

The natural bond orbital (NBO) analysis of 2, calculated at
BP86/LanL2DZ level of theory showed that the HOMO, and
HOMO-2 represent the d-orbitals of Au, and p-orbitals of CI of
the two AuClI units of 2 (Figure 7). HOMO-129 illustrates the o
interaction between the Ccaac and P atom. HOMO-104 exhibits
an extended electron delocalization of a -type nature between
the (Cl)Au-P-Au moiety. Whereas, HOMO-14 and HOMO-6
signify the interactions involving the P atom and the Au atoms.
The former displays a o-type interaction encompassing both
types of Au atoms, whereas the latter portrays an interaction
between the P atom and Au(Cl) (see SI).
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Figure 7. NBOs of 2 calculated at BP86/LanL2DZ level of theory (all energy
values given above are in eV).

The time dependent density functional theory (TD-DFT)
calculation on 2, performed at BP86/LanL2DZ level of theory
showed that the transitions at 381.5, and 339.6 nm correspond
to HOMO-12—LUMO, and HOMO-9—LUMO+4 transitions
(Figure 8).
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Figure 8. Calculated absorption maxima of excitation energies, oscillator
strengths of 2 at BP86/LanL2DZ in solvent (DCM) phase. Electronic transition
from the electron pairs on P/CI to *n=c-p 0f Cy-cAAC=P unit of 2.
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The former is the electronic excitation from the d-orbital of Au
atoms, and lone pair of electrons of Cl atoms into the m* of
C=Ncaac, While the latter from the d-type orbital on Au-atom with
Cl lone pairs type orbitals to * orbital extended over phenyl ring
of diisopropylphenyl group (Dip). The corresponding oscillator
strengths are (f) 0.0632, and 0.0124, respectively. Notably, the
Au1-Cpipring distance in 2 is found to be 3.36(2) A, while the
Au2/Au3 centres are surrounded by cyclohexyl/iPr groups of
CAAC. The Au4-Cpiping distance is found to be 3.30(1) A.

Conclusion

In conclusion, we have utilized the potassium salt of cyclic
alkyl(amino) carbene-anchored mono-anionic phosphorus atom
(Cy-cAAC=P") as the ligand to react with AuCl to stabilize, and
isolate the octa-nuclear Au'-cluster (2) in high yield. 2 possesses
a square like nonplanar Au's ring whose all four vertexes have
been bridged by u3-Pcy.canc=p atoms to additional four terminal
AuCl molecules. Cyclic voltammetry studies showed that 2 can
be reversibly oxidized to its mono-cation in DCM solution at 0.76
V. The average lifetime of fluorescence transition of 2 has been
experimentally estimated to be 3.36 ns in solid state with a
photoluminescence quantum yield of 0.89%. TD-DFT
calculations showed that 2 possesses two electron-donor
orbitals (PAuCl, AuCl), and two low-lying T orbitals as the
acceptors (N=C-P, and the aromatic ring of the Dip group of
cAAC) corresponding to two different electronic transitions,
which are also supported by the experimentally observed UV-vis
absorption spectrum of 2.

Experimental Section

All manipulations were carried out using either standard Schlenk
line techniques under argon atmosphere or in an argon-filled
glove box, where O; and H,O levels were kept below 0.1 ppm at
all times using oven-dried (150 °C) glassware. Solvents obtained
from the Solvent Purification System were further dried by
refluxing with Na/K alloy for two days, followed by vacuum
distillation over 4 A molecular sieves. Commercially purchased
deuterated solvent CD,Cl, was further purified by stirring over
anhydrous CaH; for two days, followed by 12 h of reflux, and
vacuum distillation.

Synthesis of complex [(Cy-cAACPAU)4(AuCl)s] (2): In an
oven dried Schlenk flask, Cy-cAAC=PK (1) (150 mg, 0.37 mmaol,
1 equiv), and anhydrous (Me,S)AuClI (218.3 mg, 0.74 mmol, 2
equiv) were taken. Freshly distilled and precooled (-40 °C using
isopropanol/liquid nitrogen bath) toluene (15 mL) was added to
the same flask to obtain a yellowish-orange solution. The
reaction mixture was stirred overnight at room temperature (rt) in
the absence of light. An orange color precipitate was formed
after overnight stirring. The reaction mixture was filtered through
a frit to obtain a light orange color residue of complex 2, which
was further washed with cold n-hexane (0 °C), and dissolved in
anhydrous DCM. The DCM solution was concentrated up to 1-2
mL, and stored at -20 °C to obtain the needle shaped, golden
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yellow single-crystals of complex 2 (210 mg, 72%) suitable for X-
ray single-crystal diffraction.

1H NMR (400 MHz, 298 K, DCM-d2) &: 7.88 (d, J = 6.5 Hz, 1H, -
ArH), 7.63-7.54 (m, 4H, -ArH), 7.40-7.29 (m, 6H, -ArH), 7.05 (d,
J =6.3 Hz, 1H, -ArH), 3.48-3.28 (m, 4H, -(cyclohexyl)), 3.21-3.08
(m, 2H, -(cyclohexyl)), 3.04-2.93 (m, 2H, -(cyclohexyl)), 2.76
(septet, J = 12.8, 6.4 Hz, 2H, -CH(CHa),), 2.61-2.50 (m, 6H, -
CH(CHz3)2), 2.46-2.39 (m, 2H, -(cyclohexyl)), 2.38-2.32 (m, 2H, -
(cyclohexyl)), 2.21 (d, J = 6.9 Hz, 8H, -CHz), 2.00 (d, J = 13.1 Hz,
6H, -(cyclohexyl)), 1.94-1.84 (m, 8H, -(cyclohexyl)), 1.81-1.73 (m,
6H, -(cyclohexyl)), 1.67 (d, J = 6.6 Hz, 4H, -(CHa)z), 1.65-1.55 (m,
8H, -(cyclohexyl)), 1.57 (d, J = 6.6 Hz, 4H, -(CHzg)2), 1.39 (d, J =
6.9 Hz, 12H, -(CHs)2), 1.35 (d, J = 5.3 Hz, 12H, -(CHa)z2), 1.33-
1.24 (m, 28H, -(CHs)2), 1.20-1.13 (m, 12H, -(CHz)2) ppm; 13C
{1H} NMR (101 MHz, 298 K, DCM-dy) 6: 224.0 (Ccarbene), 145.8,
144.8, 143.4, 133.3, 132.0, 131.0, 130.3, 126.9, 126.7, 126.6,
125.9, 79.0, 78.3, 58.6, 58.3, 46.3, 45.8, 42.2, 41.6, 39.8, 33.0,
32.2, 31.9, 31.3, 30.8, 29.8, 29.2, 29.0, 28.5, 27.8, 27.0, 25.4,
25.2, 25.0, 24.8, 24.1, 23.8, 23.3, 23.0, 22.7, 14.2 ppm.
Decomposition Point: 208-210 °C.

Photophysical studies of 2: All measurements have been
performed under argon atmosphere using standard quartz
cuvettes (1 cm x 1 cm cross-section) or quartz holder. The UV-
Vis absorption spectrum for 2 has been recorded using Agilent
Cary Series UV-Vis-NIR spectrophotometer. The
photoluminescence (PL) spectrum, lifetime, and absolute
guantum yield for 2 have been measured in the solid state or in
solution (DCM) in an EDINBURGH FLS1000 photoluminescence
spectrometer at rt. The DCM solution of 2 showed the
absorption maximum at 388 nm, and emission maximum at 715
nm, whereas, in solid-state emission maximum was observed at
720 nm on excitation at 400 nm. The lifetime of 2 was found to
be 3.36 ns at 720 nm during excitation with a light source EPL of
375 nm.

Measurement of the absolute quantum yield (%) of 2: The
absolute quantum yield for cluster 2 was measured using an
integrating sphere for both the powder form, and the DCM
solution of cluster 2 utilizing the Edinburgh FLS1000
photoluminescence spectrometer. The absolute method obtains
the quantum yield directly by capturing all fluorescence emitted
by the sample via the integrating sphere. The measurements
were performed starting with the blank measurement followed by
the sample measurement for both the solid and solution samples
of 2 at rt.

Supporting Information

Deposition Number 2194542 (for 2) contains the supplementary
crystallographic data for this paper. The Crystallographic
Information File for 2 can be obtained from the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum
Karlsruhe Access Structures service via
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A neutral, redox-active Au's cluster has been stabilized and isolated in the solid state by employing cyclic alkyl(amino) carbene
(cAAC)-supported mono-anionic phosphorus (CAAC=P") as the ligand. The novel Au's cluster has been observed to exhibit orange
emission with an average lifetime of 3.36 ns and photoluminescence quantum yield of 0.89% (in solid state).
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