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Experimental section

General comments. 4-(N, N-diphenylamino)-4'-bromobiphenyl,' 4-ethynyl-N, N-diphenylaniline,?
9,10-dibromoanthracene®* [Au(epbpy)], (epbpy = 5-(4-ethynylphenyl)-2,2'-bipyridine),*
Eu(tta);x2H,0 (tta = 3-thenoyltrifluoroacetonate),’ were synthesized according to the published
procedures. Tetrahydrofuran (THF), toluene and diethyl ether were distilled over Na-
benzophenone ketyl under a nitrogen atmosphere prior to use. The syntheses of the phosphine
ligands LL1-L3 and of their precursors was carried out under a nitrogen atmosphere. Other reagents
and solvents were used as received. The solution on 'H, 3'P{'H} and '"H-'H COSY NMR spectra
were recorded on Bruker Avance 400 and AMX-400 spectrometers. Mass spectra were recorded
on a Bruker Solarix XR instrument in the ESI* and APPI (atmospheric pressure photoionization)
modes. The infrared (FTIR) spectra were measured on a Bruker VERTEX 70 FT-IR spectrometer.
Microanalyses were carried out in the analytical laboratory of the University of Eastern Finland

using vario MICRO cube CHNS-analyzer (Elementar, Germany).

Computational details. The long-range-corrected LC-PBE functional was used for geometry
optimization of all studied compounds.®7 When calculating the absorption spectra, the hybrid
functional CAM-B3LYP,® which adequately describes the complexes with charge transfer. For
Eu(Ill), a large-core version of the Stuttgart-Dresden MWB potential was selected as the basis set,
which does not consider f-electrons explicitly, but includes them in the composition of the core.’
This approach simplifies the calculations and significantly improves SCF convergence in
comparison with the large-core version, reduces the estimated time without affecting the quality
of the calculated design characteristics. The standard version of the MWB60 potential was used
for Au(l), and 6-31G * basis set was used for all other atoms. Where appropriate, solvent effects
were taken into account using the IEF-PCM formalism.!%-!! Solvent-dependent luminescent
properties of Aul-Au3 were studied in the framework of state-specific solvation approach.'> The
nature of the excited states was analyzed by natural transition orbitals (NTO) formalism.!3 All

quantum chemical calculations were performed by using the software package Gaussian 16.14

Photophysical measurements. The photophysical measurements in solution were carried out at
concentration of ca. 1-5x10° M (10 mm cuvettes) in cyclohexane (CHX), toluene,
dichloromethane (DCM), 1,2-dichloroethane, chloroform (CHCI;), diethyl ether (Et,0),
tetrahydrofuran (THF), acetone and acetonitrile (MeCN), which were distilled prior to use. Steady-
state absorption spectra were recorded using a PerkinElmer Lambda 900 UV/VIS/NIR and
Shimadzu UV-1800 spectrophotometers. The excitation and photoluminescence spectra were

collected on a HORIBA FluoroMax-4, Fluorolog-3 and AVANTES AvaSpec-ULS4096CL-EVO
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spectrofluorimeters. The Xe lamps (300 W and 450 W) and LED 365 nm was used as an excitation
light source to obtain luminescence. Lifetimes were determined by the time-correlated single
photon counting (TCSPC) method using a HORIBA Fluorolog-3 spectrofluorimeter and photon-
counting system with a LED (maximum of emission at 340 nm) in pulse mode (width 0.9 nm,
repetition rate 100 kHz) for nanosecond domain or Xe lamp (450 W, repetition rate 10 kHz) for
microsecond domain as the excitation source. The lifetime data were fitted using the HORIBA
Instruments software package and the Origin 9.55b program. The relative emission quantum yield
in solution was determined by the comparative method.!> Coumarine-102 (in ethanol, ®.,, =0.764)

and rhodamine 6G (in water, ®.,, = 0.962) was used as a reference standard.

Solvent-variable optical characteristics for Aul—Au3 were analyzed using the Lippert—Mataga

equation, which describes the dependence of the Stokes shift between the absorption and emission

bands (VSt, cm™') on the solvent polarity parameter (A/):16-17

20w Af

Vg, = 5+ const
A€y heag

A= fos—H gs (D) is the difference between the dipole moments in the excited and the ground
states, £0 is the permittivity of vacuum (8.85x10712 C2J-'m™), R is Planck’s constant (6.63x10734

I's), € is the velocity of light (3x10'° ¢cm s71), % is the radius of the Onsager cavity around the
fluorophore (m). The Onsager radii for metalloligands were estimated from the DFT optimized
structures (7.7 A for Aul, 9.1 A for Au2 and 10.1 A for Au3) as half of the distance between
diphenylamine donor and the acceptor diphenylphosphine groups, which corresponds to the part
of the molecule where charge separation takes place; Af is the orientation polarizability (intrinsic
solvent polarity), which is determined by the corresponding dielectric constant (€) and refractive
index (M):
e-1 n*-1

Af = -
2¢e+1 2n%+1

Commission internationale de I'éclairage (CIE 1931) coordinates was calculated from

photoluminescence data by using Origin 9.55b software pack.

S4



Syntheses
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Scheme S1. Synthetic routes to achieve ligands L1-L3: (a) i. n-BuLi 2.5 M, THF, —78 °C, 1 h; ii.
PPh,Cl, —78 °C — rt, 2h; (b) p-HC,CsH4NPh,, Pd(PPh;),Cl,, PPh;, Cul, i-Pr,NH/THF (1/1), 60
°C, 10h; (¢) i. HC,SiMes, Pd(PPh;),Cl,, PPhs, Cul, i-Pr,NH/THF (1/1), 60 °C, 10h; ii. KOH,
methanol/THF (1/2), rt, 1h; (d) i. n-BuLi 1.6 M, diethyl ether/THF (1/1) -85 °C, 1 h; ii. PPh,Cl, —
78 °C — r1t, 2h.

4-(Diphenylphosphino)-4’-(N,N-diphenylamino)-biphenyl (L1).!® A solution of 4-(N,N-
diphenylamino)-4'-bromobiphenyl (2.00 g, 5.0 mmol) in THF (40 ml) was cooled to —78 °C, and
a 1.6 M solution of #n-BuLi in hexane (3.4 mL, 5.4 mmol) was added dropwise within 10 min. to
give a light yellow clear solution, which was stirred at this temperature for 1 h, and then it was
treated dropwise with neat PPh,Cl (1.2 g, 5.4 mmol). The reaction mixture was allowed to reach
room temperature and was stirred for additional 1 h. Then it was quenched with methanol (2 ml)
and evaporated. The solid residue was washed with deaerated methanol (3 x 15 ml) and dried.
Crude L1 was purified by column chromatography (Silica gel 70-230 mesh, 2.5%15 cm, eluent
dichloromethane-hexane 2:3 v/v). The solvents were evaporated to afford nearly colourless foam-
like amorphous solid, which was additionally digested with air-free methanol (15 ml) and dried

(1.96 g, 78 %). *'P{'H} NMR (CD,Cly; 298 K; 8): —6.9 (s, 1P, PPhy).
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"H NMR (CD,Cl,, 298 K; 9): 7.56 (dd, 2H, Jyy 8.4 and 1.4 Hz), 7.49 (d, 2H, Jyy 8.8 Hz), 7.38—
7.31 (m, 12H), 7.28 (dd, 4H, Juy 8.5 and 7.3 Hz), 7.13-7.08 (m, 6H), 7.05 (tt, 2H, Jyy 7.3 and 1.2
Hz).

<
o
N

7 2.04
11168

413
1 2.00

~ | 592

flppm) 770 760 750 740 730 7.20 10 700 690 680

Anal. Calc. for C36HogNP: C, 85.52; H, 5.58; N, 2.77. Found: C 85.06; H 5.26; N, 2.38.
4-[(4-Bromonaphthalen-1-yl)ethynyl]-V, NV-diphenylaniline. A mixture of 1,4-
dibromonaphthalene (1.90 g, 5.6 mmol), 4-ethynyl-N,N-diphenylaniline (1.37 g, 5.1 mmol),
Pd(PPh;),Cl, (0.36 g, 0.5 mmol), PPh; (0.13 g, 0.5 mmol) and Cul (0.10 g, 0.5 mmol) in i-
Pr,NH/THF 1:1 v/v mixture (70 ml) was stirred at 60 °C for 10 h under a nitrogen atmosphere.
Then the reaction mixture was poured into water (150 ml) and extracted with dichloromethane
(3%50 ml). Combined organic layers were dried over anhydrous Na,SO,, filtered and evaporated.
The resulting brown oil was purified by column chromatography (Silica gel 70230 mesh, 4x20
cm, eluent dichloromethane-hexane, 1:7 v/v) and further recrystallized from hot hexane to afford
yellow crystalline material (1.40 g, 63 %). '"H NMR (CDCl;, 298 K; 0): 8.45-8.47 (m, 1H,
naphthalene), 8.27-8.29 (m, 1H, naphthalene), 7.77 (d, 1H, Jyy 7.7 Hz, naphthalene), 7.64—7.66
(m, 2H, naphthalene), 7.58 (d, 1H, Jyy 7.7 Hz, naphthalene), 7.50 (d, 2H, Juy 8.1 Hz, C¢Hy), 7.31
(dd, 4H, Juy ca. 7.6 Hz, meta-H NPhy), 7.16 (d, 4H, Juy 7.6 Hz, ortho-H NPh,), 7.06-7.12 (m,
4H, para-H NPh, + C¢Hy). Anal. Calc. for C;0H,(BrN: C, 75.96; H, 4.25; N, 2.95. Found: C 76.01;
H4.12; N, 3.11.

4-[(4-(Diphenylphosphaneyl)naphthalen-1-yl)ethynyl]-V,/V-diphenylaniline (L2). Prepared
analogously to L1 from 4-[(4-bromonaphthalen-1-yl)ethynyl]-N, N-diphenylaniline (1.00 g, 2.1
mmol), n-BuLi (2.5 M in hexanes, 0.9 mL, 2.3 mmol) and PPh,Cl (0.46 g, 2.1 mmol). The resulting
yellow solid residue was washed with methanol (4x15 ml) and diethyl ether (2x10 ml) and dried.
Crude L3 was passed through a pad of Silica gel (70-230 mesh, 3x6 cm, eluent dichloromethane-
hexane, 1:1 v/v) and dried in vacuo to afford bright yellow solid (0.59 g, 49 %). *'P{'H} NMR
(CDCl3; 298 K; ): —14.1 (s, 1P, PPh,). 'H NMR (CDCls, 298 K; J): 8.49 (m, 1H, naphthalene),
8.42-8.45 (m, 1H, naphthalene), 7.56—7.60 (m, 2H, naphthalene), 7.46—7.51 (m, 3H, naphthalene
+ CeHy), 7.29-7.37 (m, 14H, PPh, + meta-H NPh,), 7.14 (d, 4H, Juy 7.6 Hz, ortho-H NPh,), 7.04—
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7.10 (m, 4H, para-H NPh, + C¢Hy), 6.96 (dd, 1H, Juy 7.4, 4.7 Hz, naphthalene). Anal. Calc. for
CoH3oNP: C, 87.02; H, 5.22; N, 2.42. Found: C 86.65; H 5.00; N, 2.31.
4-[(10-Bromoanthracen-9-yl)ethynyl]-V, N-diphenylaniline. Prepared analogously to 4-[(4-
bromonaphthalen-1-yl)ethynyl]-N, N-diphenylaniline from 9,10-dibromoanthracene (2.60 g, 7.8
mmol), 4-ethynyl-N, N-diphenylaniline (2.00 g, 7.4 mmol), Pd(PPh;),Cl, (0.52 g, 0.7 mmol), PPh;
(0.19 g, 0.7 mmol), Cul (0.14 g, 0.7 mmol) in i-Pr,NH/THF 1:1.5 v/v mixture (125 ml). The
resulting orange solid was purified by column chromatography (Silica gel 70-230 mesh, 4x20 cm,
eluent dichloromethane-hexane, 1:5 v/v) to afford yellow-greenish product (2.15 g, 55 %). 'H
NMR (CDCl;, 298 K; 0): 8.70-8.71 (m, 2H, anthracene), 8.57-8.59 (m, 2H, anthracene), 7.61—
7.67 (m, 6H, anthracene + C4Hy), 7.33 (dd, 4H, Jyy ca. 7.6 Hz, meta-H NPh,), 7.19 (d, 4H, Juy
7.6 Hz, ortho-H NPh,), 7.09-7.13 (m, 4H, para-H NPh, + C¢H,4). Anal. Calc. for C34H,,BrN: C,
77.87; H, 4.23; N, 2.67. Found: C 77.90; H 4.17; N, 2.77.
4-[(10-Ethynylanthracen-9-yl)ethynyl]-V,N-diphenylaniline. i. The synthesis was carried out
under a nitrogen atmosphere. Trimethylsilylacetylene (0.60 g, 5.8 mmol) was added to a mixture
of 4-[(10-bromoanthracen-9-yl)ethynyl]-N, N-diphenylaniline (2.00 g, 3.8 mmol), Pd(PPh;),Cl,
(0.28 g, 0.4 mmol), PPh; (0.10 g, 0.4 mmol) and Cul (0.08 g, 0.4 mmol) in i-Pr,NH/THF 1:1 v/v
mixture (100 ml) and reaction mixture was refluxed for 10 h. Then it was poured in water (150
ml) and extracted with dichloromethane (5%30 ml). Combined organic layers were dried over
anhydrous Na,SO,, filtered and evaporated. The resulting orange solid was purified by column
chromatography (Silica gel 70-230 mesh, 4x20 cm, eluent dichloromethane-hexane, 1:5 v/v) to
afford orange microcrystalline material (1.28 g, 62 %). 'H NMR (CDCls, 298 K; 6): 8.67-8.69 (m,
2H, anthracene), 8.60-8.62 (m, 2H, anthracene), 7.62—7.65 (m, 6H, anthracene + C¢H,), 7.33 (dd,
4H, Juy ca. 7.7 Hz, meta-H NPh,), 7.18 (d, 4H, Jyuy 7.7 Hz, ortho-H NPh,), 7.10-7.13 (m, 4H,
para-H NPh, + C¢Hy), 0.45 (s, 9H, Me).

ii. The obtained product was dissolved in methanol/THF 1:2 v/v mixture (60 ml) under a nitrogen
atmosphere and KOH (0.27 g, 4.8 mmol) was added. The reaction mixture was stirred at room
temperature for 1 h, then it was poured into water (200 ml) and extracted with dichloromethane
(4%50 ml). Combined organic layers were dried over anhydrous Na,SO,, filtered and evaporated.
The resulting orange solid was purified by column chromatography (Silica gel 70-230 mesh, 4x20
cm, eluent dichloromethane-hexane, 1:2 v/v) to afford orange microcrystalline material (0.88 g,
78 %). 'THNMR (CDCls, 298 K;; 9): 8.68-8.70 (m, 2H, anthracene), 8.61-8.64 (m, 2H, anthracene),
7.62—7.65 (m, 6H, anthracene + C¢Hy), 7.33 (dd, 4H, Juy 8.0, 7.8 Hz, meta-H NPh,), 7.18 (d, 4H,
Jun 8.0 Hz, ortho-H NPh,), 7.09-7.13 (m, 4H, para-H NPh, + C¢Hy), 3.34 (s, 1H, C,H). Anal.
Calc. for C36H3N: C, 92.08; H, 4.94; N, 2.98. Found: C 91.45; H 4.66; N, 2.39.
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4-[(10-((diphenylphosphaneyl)ethynyl)anthracen-9-yl)ethynyl]-V,N-diphenylaniline (L3). A
solution of 4-[(10-ethynylanthracen-9-yl)ethynyl]-N, N-diphenylaniline (0.88 g, 1.9 mmol) in
diethyl ether/THF 1:1 v/v mixture (80 ml) was cooled to —85 °C, and a 1.6 M solution of n-BuLi
in hexane (1.3 mL, 2.1 mmol) was added dropwise within 10 min. to give a red suspension. The
resulting mixture was stirred at this temperature for 1 h, then it was treated dropwise with neat
PPh,ClI (0.42 g, 1.9 mmol). The reaction mixture was allowed to reach room temperature and was
stirred for additional 1 h, quenched with methanol (10 ml) and evaporated. The solid residue was
washed with methanol (3%15 ml), dried and the crude material was passed through a pad of Silica
gel (70-230 mesh, 3x6 cm, eluent dichloromethane) to afford red-brown product (0.65 g, 52 %).
3IP{TH} NMR (CDCls; 298 K; 8): —32.8 (s, 1P, PPhy). 'H NMR (CDCl3, 298 K; §): 8.64-8.66 (m,
2H, anthracene), 8.52—-8.55 (m, 2H, anthracene), 7.78—7.83 (m, 4H, ortho-H PPh,), 7.54-7.61 (m,
6H, anthracene + C¢Hy), 7.38-7.43 (m, 6H, meta+para-H PPh,), 7.33 (dd, 4H, Juy ca. 7.8 Hz,
meta-H NPh,), 7.15 (d, 4H, Juy 7.8 Hz, ortho-H NPh,), 7.06-7.10 (m, 4H, para-H NPh, + CsHy).
Anal. Calc. for C4H3,NP: C, 88.19; H, 4.93; N, 2.14. Found: C 87.80; H 4.43; N, 2.00.
Synthesis of complexes Aul-Au3. [Au(epbpy)], (45.0 mg, 0.1 mmol) and the corresponding
phosphine L1-L3 (0.1 mmol) were suspended in degassed dichloromethane (10 ml). The resulting
mixture was stirred for 1 h to produce a nearly clear solution, which was passed through a layer of
Celite and diluted with an excess of hexanes to precipitate the product. The solid was collected by
centrifugation, washed with hexanes (3%5 ml), diethyl ether (3x5 ml) and dried.
H,; H, Hs He¢ H, Hsg

H, / N\ N/ — —Au-L numbering scheme for Au1-Au3, where L=L1-L3
=N N
HI HH H10 H9

Aul. Colorless solid (89 mg, 95%). 3'P{'H} NMR (CDCls, 298 K; d): 41.7 (s, 1P). '"H NMR
(CDCl;, 298 K; 0): 8.94 (d, 1H, Juyy 2.2 Hz, 11-H), 8.71 (d, 1H, Juy 4.1, 1.7 Hz; 1-H), 8.44-8.49
(m, 2H, 4,6-H), 8.04 (dd, 1H, Juu 8.1, 2.2 Hz; 5-H), 7.85 (ddd, 1H, Juy 8.0, 7.8, 1.7 Hz; 3-H), 7.70—
7.47 (m, 20H, 7,8,9,10-H + (C¢Hy), + orthot+meta+para-H PPh,), 7.35-7.27 (m, SH, 2-H + meta-H
NPh,), 7.13-7.19 (m, 6H, ortho-H NPh, + (CsH,),), 7.08 (t, 2H, Juu 7.5 Hz, para-H NPh,). Anal.
Calc. for Cs4H390AuN;P: C, 67.71; H, 4.10; N, 4.39. Found: C, 67.62; H, 3.98; N, 4.48.

Au2. Yellow solid (90 mg, 90%). 3'P{'H} NMR (CDCl;, 298 K; 9): 36.8 (s, 1P). 'H NMR (CDCl;,
298 K; 0): 8.93 (d, 1H, Juy 2.0 Hz, 11-H), 8.71 (d, 1H, Juy 4.5, 1.8 Hz; 1-H), 8.56 (d, 1H, Jyy 8.3
Hz, naphthalene), 8.52 (d, 1H, Jyy 8.7 Hz, naphthalene), 8.43-8.49 (m, 2H, 4,6-H), 8.03 (dd, 1H,
Jun 8.2, 2.0 Hz, 5-H), 7.85 (ddd, 1H, Juy ca. 7.8, 1.8 Hz; 3-H), 7.71-7.47 (m, 19H, 7,8,9,10-H +
naphthalene + C¢Hy + orthot+meta+para-H PPh,), 7.29-7.35 (m, SH, 2-H+ meta-H NPh,), 7.17
(d, 4H, Juu 8.0 Hz, ortho-H NPh,), 7.11 (t, 2H, Juy 7.3 Hz, para-H NPh,), 7.08 (d, 2H, Jyu 8.8,
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Ce¢Hy), 7.01 (dd, 1H, Jyp 13.4 Hz, Jyy 7.5 Hz, naphthalene). Anal. Calcd for CgHy AuN;P: C,
69.84; H, 4.01; N, 4.07. Found: C, 69.40; H, 4.15; N, 3.93.
Au3. Red solid (92 mg, 86%). 3'P{'H} NMR (CDCls, 298 K; d): 16.5 (s, 1P). '"H NMR (CDCl;,
298 K; 0): 8.95 (m, 1H, Jyy 1.9 Hz, 11-H), 8.76-8.69 (m, 3H, 1-H + anthracene), 8.51-8.42 (m,
4H, 4,6-H + anthracene), 8.10-8.02 (m, SH, 5-H + ortho-H PPh,), 7.85 (td, 1H, Jyy ca. 7.8, 1.7
Hz, 3-H), 7.70-7.55 (m, 16H, 7,8,9,10-H + anthracene + C¢Hy + meta+para-H PPh,), 7.37-7.30
(m, 5H, 2-H + meta-H NPh,), 7.20 (d, 4H, Juu 7.6 Hz, ortho-H NPh,), 7.17-7.10 (m, 4H, para-H
NPh, + C¢Hy). Anal. Calcd for C¢¢HyzsAuN;P: C, 71.67; H, 3.92; N, 3.80. Found: C, 71.72; H,
4.11; N, 3.46.
Synthesis of complexes AulEu-Au3Eu. Eu(tta);x2H,O (1 eq.) and the corresponding
metalloligand Aul-Au3 (1 eq.) were dissolved in dichloromethane (10 ml). The resulting solution
was stirred for 1 h, diluted with hexanes (10 ml) and filtered. Solid residue was dissolved in toluene
(5 ml), filtered through a layer of Celite and evaporated. Obtained precipitate was washed with
acetone/pentane mixture (3x10 ml, 1/10 v/v), dissolved in toluene (2 ml) and precipitated by
adding to a vigorously stirred pentane (20 ml). The solid was collected by centrifugation and dried
in vacuo.

Hy H,Hs HsH, H,

H, /N \ —— —Au-L numbering scheme for Au1Eu-Au3Eu, whereL=L1-13
=N N
~N

CF

3 |
AulEu. Colorless solid (83 %).3'P{!H} NMR (CDCl;, 298 K; 9): 41.6 (s, 1P). '"H NMR (CD,Cl,,
298 K; 6): 14.79 (br s, 1H, 11-H), 14.40 (br s, 1H, 1-H), 9.61-9.80 (m, 4H, 3.,4,5,6-H), 8.71-8.82
(m, 3H, 2,8,9-H), 7.89-7.91 (m, 2H, 7,10-H), 7.57-7.80 (m, 16H, (C¢H,4), + ortho+meta+para-H
PPhy,), 7.33 (dd, 4H, Juu 7.9 Hz, meta-H NPh,), 7.05-7.18 (m, 11H, ortho+para-H NPh, + tta +
(CHy),), 6.54-6.56 (m, 3H, tta), 6.16 (br s, 3H, tta), 2.97 (br s, 3H, tta). FTIR (KBr, cm): v =
2114 (C=C), 1599 (C=0). Anal. Calc. for C;3sHs;AuEuFoN3;O4PS;: C, 52.83; H, 2.90; N, 2.37.
Found: C, 53.06; H, 3.04; N, 2.35.

Au2Eu. Yellow solid (78 %). 3'P{'H} NMR (CD,Cl,, 298 K; 9): 36.7 (s, 1P). "H NMR (CD,Cl,,
298 K; 0): 14.77 (br s, 1H, 11-H), 14.37 (br s, 1H, 1-H), 9.61-9.80 (m, 4H, 3,4,5,6-H), 8.62-8.81
(m, 5H, naphthalene + 2,8,9-H), 7.86—7.87 (m, 2H, 7,10-H), 7.51-7.79 (m, 15H, naphthalene +
C¢Hy + meta+ortho+tpara-H PPh,), 7.36 (dd, 4H, Juy 7.8 Hz, meta-H NPh,), 7.04—7.20 (m, 12H,
tta + naphthalene + C¢H, + para+ortho-H NPh,), 6.53-6.55 (m, 3H, tta), 6.15 (br s, 3H, tta), 2.96
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(br s, 3H, tta). FTIR (KBr, cm™): v = 2197, 2114 (C=C), 1600 (C=0). Anal. Calc. for
CgsHs3AuEuFoN;O6PS;5: C, 54.61; H, 2.89; N, 2.27. Found: C, 54.77; H, 3.01; N, 2.15.

Au3Eu. Red solid (72 %). *'P{'H} NMR (CD,Cl,, 298 K; 0): 16.3 (s, 1P). '"H NMR (CD,Cl,, 298
K; 0): 14.75 (br s, 1H, 11-H), 14.37 (br s, 1H, 1-H), 9.62-9.84 (m, 4H, 3,4,5,6-H), 8.71-8.79 (m,
5H, 2,8,9-H + anthracene), 8.57 (d, 2H, Jyu 8.5 Hz, anthracene), 8.13-8.19 (m, 4H, anthracene),
7.90-7.92 (m, 2H, 7,10-H), 7.62—7.78 (m, 11H, anthracene + ortho+meta+para-H PPh,), 7.35 (dd,
4H, Juu 7.9 Hz, meta-H NPh,), 7.12-7.22 (m, 12H, ortho+para-H NPh, + C¢H4 + tta), 6.55 (br s,
3H, tta), 6.15 (br s, 3H, tta), 2.97 (br s, 3H, tta). FTIR (KBr, cm!): v= 2182 (C=C), 2139 (C=C),
1601 (C=0). Anal. Calc. for CyoHssAuEuFoN;O¢PS;: C, 56.26; H, 2.89; N, 2.19. Found: C, 55.99;
H, 2.98; N, 2.11.

Au1l

8 M J\A/\ M MJAWLJ‘MK JUM..

1 1 2 1 1 20 5 6 2

Au2

N m MMLAAA N MMLMM
1 1 11 2 1 1 19 5 4 2 2 1

Au3

T
1|3 4, 4 4

T T
2.0 8.6 8.2 7.8 7.4 70  ppm

Figure S1. 'H NMR spectra of Aul-Au3 (CDCl3, 298 K). The numbers under the signals indicate

relative integral intensities, * at 7.26 ppm indicates chloroform residual signal.
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Figure S2. "H NMR spectra of AulEu—-Au3Eu (CD,Cl,, 298 K). The numbers under the signals

indicate relative integral intensities, * at 5.32 ppm indicates dichloromethane residual signal.
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Figure $3. Mass spectra of Aul-Au3 (ESI*), dichloromethane /methanol.
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Figure §4. FTIR spectra of AulEu—Au3Eu (KBr).
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Figure §5. Minimum energy structures of complexes Aul-Au3 and Au3Eu, Au3Eu (DFT LC-
PBE method).
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Table S1. Bond lengths for gold complexes Aul-Au3 and AulEu—-Au3Eu dyads estimated by

geometry optimization.

Bond lengths, A
Au-P Au-C Eu- Eu-N
Aul 2.284 1.973 — —
Au2 2.289 1.972 — —
Aul 2.279 1.971 — —
AulEu 2.284 1.973 2.370 2.586
Au2Eu 2.289 1.972 2.370 2.588
Au3Eu 2.279 1.971 2.369 2.586
oy —
—02
50 —1L3
'l_g 40-
=
5 304
20
10
0 T T T T T T ]
300 400 500 600

Wavelength, nm

Figure S6. UV-vis absorption spectra of the phosphine ligands L1-L.3 in 1,2-dichloroethane.
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Figure S7. Natural transition orbitals involved in the lowest energy singlet electronic excitations

for complexes Aul—Au3.
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Figure S§8. Excited state diagrams for the phosphine ligands L1-L3, complexes Aul-Au3 and
AulEu-Au3Eu predicted by TDDFT analysis. Energy levels of the Eu(Ill) ion (right) are

provided for comparison.!?
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Figure §9. Natural transition orbitals involved in the lowest energy singlet electronic excitations

for complexes AulEu and Au3Eu.
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Figure S10. Changes of the absorption (left) and emission (right) spectra of Aul-Au3 (10> M
DCE solutions) upon titration with Eu(NO3); (10 M acetonitrile solution).
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Table S2. Photophysical characteristics of Aul-Au3 in different solvents at 298 K.

CHX Toluene Et,O CHCl, THF DCM Acetone MeCN
Aul
Aabs, NM? 334 335 330 327 333 328 334 327
Aem, NP 403, 423 425 435 445 450 460 475 490
Vi, cm! 5126 6321 7315 8109 7808 8748 8887 10173
CIE¢ 0.15,0.02 0.15,0.05 0.15,0.07 0.15,0.09 0.15,0.13 0.15,0.16 0.17,0.26  0.20, 0.34
Au2
Aabs® 334, 388 336, 401 332,393 321,402 334, 395 321,400 393 321,392
Aem™® 428, 450 460 480 495 515 525 560 580
Vs 3550 3198 4612 4673 5899 5952 7588 8269
CIE¢ 0.15,0.08 0.16,0.19 0.17,030 0.21,040 0.28,0.50 0.31,0.53 042,051 0.47,0.48
Au3
Aabs® 326,490 329,498 325,487 324,493 329, 489 326, 492 484 325,483
Jem®? 520, 555 550 572 590 620 630 644 666
Vsi 1177 1898 3051 3334 4321 4452 5133 5689
CIE¢ 0.33,0.61 0.43,0.55 048,050 0.53,046 0.57,042 0.58,0.40 0.53,0.42 0.48,0.40

« measured at 0.15 O.D. at the excitation wavelength; ? fluorescence band, A = 365 nm; © (X, y), calculated from

emission spectra.
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Figure S11. Normalized absorption spectra of Aul-Au3 and AulEu—-Au3Eu in solvents with

different polarity (cyclohexane CHX, toluene, dichloromethane DCM, chloroform, diethyl ether,

tetrahydrofuran THF, acetone, and acetonitrile MeCN).
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Figure S12. Normalized emission spectra (left, A.xc = 365 nm) and CIE 1931 coordinates (right)

for Aul in different solvents.
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Figure S13. Normalized emission spectra (left, Aexc = 365 nm) and CIE 1931 coordinates (right)

for Au3 in different solvents.
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Figure S14. Lippert-Mataga plots vs; = kxAf + b of the linear relation between the Stokes shift

(vsy) and solvent polarity (Af, cyclohexane CHX, toluene, dichloromethane DCM, chloroform

CHCl;, diethyl ether Et,0, tetrahydrofuran THF, acetone and acetonitrile MeCN) for compounds
(A): Aul, slope = 13162+1867, intercept = 55934371, correlation coefficient R = 0.87; (B): Au2,
slope = 15224+2026, intercept = 2902+403, correlation coefficient R = 0.89; (C) Au3, slope =
1358741024, intercept = 1342+203, correlation coefficient R = 0.96.
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Figure S15. The emission spectra (left, Aexc = 365 nm, normalized on the fluorescence band) and

CIE 1931 coordinates (right) for AulEu in different solvents.
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Figure §16. The emission spectra (left, Aexc = 365 nm, normalized on the fluorescence band) and

CIE 1931 coordinates (right) for Au3Eu in different solvents.
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Figure S17. The emission spectra of Au2Eu normalized on the fluorescence band at different

excitation wavelengths in chloroform (CHCIs), diethyl ether (Et,O) and tetrahydrofuran (THF).
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