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Over the past two decades, interest in gold(l) complexes has been
stimulated by their tendency to aggregate through closed shell
“aurophilic” interactions and their consequent luminescence
properties=7 Aurophilic interactions also play a key role in St &
determining the solid-state structures that many gold(l) compounds
exhibit*&12 The emissive properties of certain Au(l) compounds
have been found to be sensitive to environmental factors such as  auz @
volatile organic vapors! making them of interest in possible sensor
applications. The present study describes a new set of compounds
that exhibit a unique property among metal complexes in which P16
luminescence can be switched on under gentle grinding of a solid .
sample. This phenomenon, termedhinescence tribochromisny>16 (a) (b)
leads to b_rlgm blue or cyan phott_)emlssmn from the_ samplt_a. In Figure 1. (a) View of cationicla (phenyl rings omitted) and (b) helical
contrast with triboluminescence which represents transient emissiongrrangement of Au(l) ions with ligands omitted for clarity.
upon sample grinding or crushidg®luminescence tribochromism
is a sustained change in thhoteemission spectrum upon the initial
application of pressure. The process can be reversed through re-
crystallization, and the luminescence can be turned on or off through
control of acidity as well. The compounds reported here are Au(l)
thiouracilate complexes containing bis(diphenylphosphino)methane
(dppm), and their luminescence relates to the different types and
degrees of aurophilic interaction that the solid-state structures reveal.

The title complexes are prepared by the reactionuedigpm)-
Auy(CRCOO), with 2-thiouracil (TU) and 6-methyl-2-thiouracil
(Me-TU) to givelaandlb, respectively. Exchange of GEOO-
for other simple anions is accomplished readily by metathesis with
NaY where Y = NOs;~, CIO,~, Au(CN),~ yielding colorless
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crystals exhibiting IR bands characteristic of &s well as the dppm Wavelength (nm)
and thiouracilate ligands. The crystal structured@aind1b have Figure 2. Emission spectra of nonemissive (black line) and crushed crystals

been determined and the cationlafis shown in Figure la with (blue line) of 1b, CH,Cl, solution (- - -) of1b and crystals «¢+-+) of 2b
selected bond distances and angles tabulated in Supporting Informad{blue form) at room temperature (& = 375 nm).
tion.® In these structures, the thiouracilate and dppm ligands bridge bright blue or cyan photoluminescence at ambient temperature. The
two Au(l) ions, each having a linear coordination geometry and a emission spectrum of this form, shown in Figure 2 for the=Rle
Au---Au intramolecular distance of 2.8797 (4) A. Iba, the derivative, exhibits a single band at 483 nm and a corresponding
CFRCOO anion refines satisfactorily but with large temperature lowest-energy excitation maximum at 375 nm. However, powder
factors and is H-bonded to the TU ligand protonated at the X-ray diffraction patterns of polycrystalline and crushed samples
uncoordinated N atom. Most striking is the extended arrangement of 1 reveal that no gross phase change transpires upon crushing
of the dinuclear cationic complexes that forms an aurophilic helix (see Supporting Information). Derivatives with different Y-anions
(Figure 1b) with hydrophilic thiouracilates stacked in the center of exhibit similar emission behavior upon crushing. For salidentle
the helix and hydrophobic dppm ligands on the helix exterior. heating (37°C) for 5—6 h or sonication in a closed vial also gives
Neighboring dinuclear (i.e.Auy) cations link in a head-to-tail conversion to the emissive forr@)(with release of acid as detected
arrangement based on the TU ligand with Bwermolecular using moist pH paper above the solid.
Au-+Au distance of 3.3321 (5) A. The basic structural arrangement  Brightly emissive2 can be prepared directly by stirring GH
for 1bis similar but the aurophilic helix is discontinuous with one  Cl,/MeOH solutions ofl over NaCQO; followed by filtration and
Au-+-Au separation of 4.344 A for a head-to-head connection (the crystallization to yield pale yellow crystals of X-ray quality.
others are head-to-tail and average 3:23854 A). Analytical and spectroscopic data support the formulatio@ a$

The complexes [Ap(u-TU)(u-dppm)]Y and the Me-TU ana-  the neutral dinuclear complex in which the thiouracil is doubly
logues are either nonemissive or weakly photoluminescent. For deprotonated. The structure @b (Figure 3) shows the same
1la, the weak emission is white in color indicative of multiple u-thiouracilate u-dppm pattern as that fdra and 1b but a vastly
emissions. When solid samples bfare gently crushed under a  different packing arrangement. The intermolecular arrangement is
spatula, a dramatic conversion occurs to give samples exhibiting that of dimers held together by a strong aurophilic interaction of
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Figure 3. Perspective view o2b. The phenyl rings on phosphorus atoms
are omitted for clarity.

2.9235 (4) A and a head-to-head orientation of the thiouracil groups.
The thiouracil carbonyl groups serve to block further aggregation
along the Au--Au direction. The emission spectra & and 2b
obtained as above show single bands at the saye™ as those
seen for the crushed samples Ipfalbeit with slightly narrower
band profiles (fwhm= 58 and 73 nm for the Me derivative).
Excited-state lifetimes foRa and 2b, synthesized directly or by
crushingl, are 2-4 us at 298 and 77 K. Conversion backlas
achieved by recrystallization & from solutions to which trifluo-
roacetic acid is added, while exposure of s@lih CRRCOOH vapor
leads very slowly to loss of luminescence. The latter process is
reversed upon exposure to NE&apor.

Emission measurements in room-temperature fluid solution
contrast with the solid state observations and exhibit distinct
behavior as a function of acidity. Specifically, @1, solutions of
1 are blue emissived{,"® = 489 nm) whereas corresponding
solutions of2 are nonemissive. Upon exposure to Nipor, the
blue-emissive solutions ofl become nonemissive as acidity

decreases, but a further decrease yields a modest return of emission (g,

at the sameler™ The process is reversed when CPOH is
used and can be carried out repetitively with no loss of emission
intensity. The probable site of protonation/deprotonatioth and
2 is the uncoordinated pyrimidine nitrogen atom as evidenced by
H-bonding in the structures and similar thiouracil carbonyl bond
lengths inl1 and?2. Variation of the complex concentration from 1
x 1072to 1 x 1075 M in CH,Cl,/toluene (v/v= 1/1) shows that
emission intensity does not increase linearly with concentration,
suggestive of a possible equilibrium between emissive and non-
emissive forms.

In CH,Cl,/toluene frozen glass at 77 K, compléb exhibits
dual emission bands ag"® at 440 and 486 nm. The lower-energy

band is more sensitive to concentration than the higher-energy band

and is attenuated in dilute frozen solution (see Supporting Informa-
tion). Despite differences in the fluid solution emission, qualitatively
similar emission results are obtained &irin frozen glass at 77 K
with emission bands ate,"@ = 450 and 485 nm.

The emission properties dfand2 in the solid state are clearly
affected by the interplay of thiouracilate protonation and the
different aurophilic interactions exhibited by these systems. We
propose that the latter leads to the unique luminescence tribo-
chromism reported here. In nonemissiveith its helical structure,
the intermolecular Au-Au interactions are weak, and the extended
Au---Au interactions are severely kinked, whereas in emisgive

with its dimeric structure, theatermolecular interaction is strong,

and the Au-+Au---Au---Au arrangement, more linear. Application

of pressure td appears to induce cleavage of the weakest links of
the Au, helix, rearrangement to dimers, and release of volatile acid.
The systems reported here thus represent an interesting and exquisite
balance of aurophilic interactions and aelohse properties that
confer on these systems their unique luminescence tribochromism.
Other related systems exhibiting this property will be reported
separately.
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