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Synthesis of [AuR(tht)] (R = 0-CeBrFa, p-CeBrFa, 0-CeFal, p-CsFal; tht =
tetrahydrothiophene)

To a solution of 5 mmol (R=0-CeFal, p-CeFal) or 8 mmol (R = 0-CeBrFa, p-C6BrFs) of LiR
in 100ml of diethyl ether at -78°C was added the equimolecular amount of ClAu(tht).
The reaction was stirred for 3 hours at -78°C and after that, the mixture was allowed to
warm to room temperature around 1 or 2 hours. The solid fraction was eliminated by
filtration through celite and the filtrate was concentrate ca. 5ml giving rise to the
precipitation of [AuR(tht)] (R = 0-CeBrFs, p-CeBrFs, 0-CsFal, p-CsFal) which was isolated by
filtration. Another fraction of this complex can be obtained by addition of n-hexane to
the diethyl ether solution and subsequent filtration. The complex [AuR(tht)] (R = o-
CeBrFa, p-CeBrFa, 0-CeFal, p-CsFal) is isolated as a white solid.

Experimental Data for:

[Au(o-CsBrFa)(tht)]. *H (298 K, toluene-ds): & 2.42 (m, 4H, H1), 1.28 (m, 4H, H,). 1°F
(298, toluene-ds): 6 -115.41 (dd, 4F, F1) (3J(F1-F2) = 30.4 Hz, 5J(F1-Fa) = 12.3 Hz), & -
156.66 (ddd, 4F, F2) (3J(F2-F1) = 30.4 Hz, 4J(F2-F3) = 19.2 Hz), *J(F»-F4) = 1.6 Hz), 6 -157.45
(dd, 4F, F3) (3J(Fs-F4) = 21.3 Hz, #J(Fs-F2) = 19.2 Hz), § -126.43 (ddd, 4F, Fa) (3J(Fs-F3) =
21.3 Hz, 5J(Fa-F1) = 13.9 Hz), %)(Fs-F2) = 1.6 Hz). MS(ESI-): m/z 652.83 [Au(0-CsBrFa)2]".
ESI(+) m/z 373.02 [Au(C4HsS)]*. ATR-IR: v 1614, 1596, 1082, 824 cm™* (Au-(0-CsBrFa)).

[Au(p-CeBrFs)(tht)]. *H (298 K, toluene-ds): 6 2.36 (m, 4H, H1), 1.21 (m, 4H, H2). *°F
(298, toluene-ds): 6 -114.55 (m, 4F, F1), 6 -134.61 (m, 4F, F;). MS(ESI-): m/z 652.84
[Au(p-CsBrFa)a] . ESI(+) m/z 373.02 [Au(CsHsS)]*. ATR-IR: v 1578, 1532, 1075, 764 cm!
(Au-(p-CeBrFa)).

[Au(o-CsFal)(tht)]. *H (298 K, toluene-ds): & 2.46 (m, 4H, Hi), 1.32 (m, 4H, H,). *F (298, toluene-
ds): 6 -116.14 (dd, 4F, F1) (3J(F1-F2) = 30.8 Hz, 5)(F1-F4) = 12.8 Hz), 6 -155.53 (ddd, 4F, F2) (3J(Fo-F1)
= 30.8 Hz, 4)(F2-Fs) = 19.5 Hz), *J(F-F4) = 2.0 Hz), § -157.37 (dd, 4F, F3) (3J(Fs-Fa) = 22.4 Hz, *)(Fs-
F,) = 19.5 Hz), § -111.87 (ddd, 4F, F4) (3J(Fs-F3) = 22.4 Hz, 5)(F4-F1) = 12.8 Hz), J(F+-F2) = 2.0 Hz).
MS(ESI-): m/z 746.81 [Au(o-CsFal)a]". ESI(+) m/z 373.03 [Au(C4HsS)]*. ATR-IR: v 1578, 1606, 1589,
1083, 812 cm™ (Au-(0-CeF4l))

[Au(p-CsFal)(tht)]. *H (298 K, toluene-ds): & 2.37 (m, 4H, H1), 1.22 (m, 4H, H,). °F (298, toluene-
ds): 6 -114.25 (m, 4F, F1), 6 -122.21 (m, 4F, F3). MS(ESI-): m/z 746.82 [Au(p-CesFal)2]". ESI(+) m/z
373.02 [Au(C4HsS)]*. ATR-IR: v 1640, 1565, 1092, 874 cm* (Au-(p-CsFal)).
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Figure S1. FT-IR spectrum of complex [Au(o-CsBrF4)(tht)].
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Figure S2. FT-IR spectrum of complex [Au(p-CsBrF4)(tht)].
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Figure S3. FT-IR spectrum of complex [Au(o-CsFal)(tht)].
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Figure S4. FT-IR spectrum of complex [Au(p-CsFal)(tht)].
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Figure S5. 'H NMR spectrum of complex [Au(o-CsBrFs)(tht)] in toluene-d8
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Figure S6. °F NMR spectrum of complex [Au(o-CeBrF;)(tht)] in toluene-d8
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Figure S7. *'H NMR spectrum of complex [Au(p-CsBrFs)(tht)] in toluene-d8
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Figure S8. °F NMR spectrum of complex [Au(p-CeBrF;)(tht)] in toluene-d8
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Figure $10. °F NMR spectrum of complex [Au(o-CsFl)(tht)] in toluene-d8
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Figure S12. °F NMR spectrum of complex [Au(p-CsFal)(tht)] in toluene-d8



Il. Characterization of complexes 2-5
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Figure S13. FT-IR spectrum of complex 2.
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Figure S14. FT-IR spectrum of complex 3.
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Figure S16. FT-IR spectrum of complex 5.
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Figure S17. TGA spectra of complexes 1-5.
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3 'H NMR spectra (300 MHz, 298K)
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Figure $19. *H NMR spectrum of complex 3 in toluene-d8
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4 9F NMR spectra (282 MHz, 298K)
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Figure S22. F NMR spectrum of complex 2 in toluene-d8
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Figure $23. °F NMR spectrum of complex 3 in toluene-d8
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5 31P{*H} NMR spectra (122 MHz, 298K)
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Figure $26. 31P{*H} NMR spectrum of complex 2 in toluene-d8
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Figure S27. 3'P{*H} NMR spectrum of complex 3 in toluene-d8
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Figure S29. 31P{*H} NMR spectrum of complex 5 in toluene-d8
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6 Single crystals X-ray diffraction analyses

Table S1. Data collection and structure refinement details for 1 and 2
1 2
Chemical Formula CasHa24AUF5P2 CasH24AUBIF4P2
Crystal habit Yellow prism Colourless prism
Crystal size/mm 0.061 x 0.053 x 0.023 0.106 x 0.059 x 0.057
Crystal system Triclinic Triclinic
Space group P-1 P-1
alA 9.3057(7) 9.5296(7)
b/A 13.6833(10) 13.7464(9)
c/A 14.0638(9) 14.1548(9)
a/® 117.397(2) 65.383(2)
p/° 96.580(2) 71.256(2)
y/° 102.952(3) 75.683(2)
VIA3 1499.62(19) 1582.40(19)
z 2 2
Dc/g cm3 1.795 1.829
M 810.46 871.37
F(000) 788 840
T/°C -173 26
20max/° 68 55
p(Mo-Ka)/mm'? 5.069 6.061
No. refl. Measured 46032 46803
No. unique refl. 10486 7517
Rint 0.0839 0.0430
R[F>20(F)]@ 0.0501 0.0456
WR[F2, all refl.]E! 0.1031 0.1314
No. of refl. Used [F>20(F)] 10486 7517
No. of parameters 397 391
No. of restrains 87 0
st 1.142 1.057
Max. residual electron density/e-A-3 2.075 1.996

*R:(F)=3NIFo| = |Fll/Z]Fo |.

bWR: (F) = [S{W(Fo>=FA)?Y/S{wW(FoA)?°% wt = 0(Fo?) + (aP)? + bP, where P= [Fo? + 2FZ?]/3 and a and b are
constants adjusted by the program.

¢ S = [S{w(Fo>-F2)?}/(n-p)]°>, where n is the number of data and p the number of parameters
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Figure S30. Crystal structure of complex 1 showing the polymeric double chain formed via C-
H---F hydrogen bonds and F---F contacts. Colour code: C, grey; H, white; Au, yellow; F, green; P,

orange.

Figure S31. Crystal structure of complex 2 showing the polymeric double chain formed via C-
H---F and C-H---Br hydrogen. Colour code: C, grey; H, white; Au, yellow; Br, brown; F, green; P,

orange.
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Table S2. Selected hydrogen bond lengths (A) and angles (°) for 1.

D-H--A d(D-H) d(H-A) d(D-+A) <(D-H--A)
C(8)-H(8)...F(1)#1 0.95 2.575 3.342(7) 138.0
C(33)-H(33)..F(3)#2  0.95 2.435 3.286(7) 149.0

Symmetry transformations used to generate equivalent atoms:

#1 —x+1,-y+1,-z+1; #2 x,y+1,z+1

Table $3. Selected hydrogen bond lengths (&) and angles (°) for 2.
D-H--A d(D-H) d(H:A) d(D--A) <(D-H-+A)
C(8)-H(8)...Br(1)#1 0.93 3.11 3.902(7) 143.6
C(33)-H(33)...F(2)#2 0.93 2.545 3.347(7) 144.7

Symmetry transformations used to generate equivalent atoms:

#1 —x+1,-y,-z+2; #2 x,y,z+1
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Il Optical properties

1. UV-Vis absorption spectra in solid state
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Figure $32. UV-Vis absorption spectra in solid state for complexes [Au(o-CsBrF4)(dppBz)] (2)
(black), dppBz (blue) and [Au(o-CeBrFs)(tht)] (red).
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Figure S33. UV-Vis absorption spectra in solid state for complexes [Au(p-CsBrF4)(dppBz)] (3)
(black), dppBz (blue) and [Au(p-CeBrFs)(tht)] (red).
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Figure S34. UV-Vis absorption spectra in solid state for complexes [Au(o-CsF4l)(dppBz)] (4)
(black), dppBz (blue) and [Au(o-CeFal)(tht)] (red).
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Figure $35. UV-Vis absorption spectra in solid state for complexes [Au(p-CsFal)(dppBz)] (5)
(black), dppBz (blue) and [Au(p-CsFal)(tht)] (red).
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2. Temperature-dependent emission spectra for complexes 2-5
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Figure S36. Left: Temperature-dependent change of emission energies and intensities for
complex 2 in the 77-300K range. Right: (up) Excitation and emission spectra in solid state for
complex 2 at room temperature (black) and 77K (red); (bottom) Emission intensities vs

temperature.
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Figure S37. Left: Temperature-dependent change of emission energies and intensities for
complex 3 in the 77-300K range. Right: (up) Excitation and emission spectra in solid state for
complex 3 at room temperature (black) and 77K (red); (bottom) Emission intensities vs

temperature.
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complex 4 in the 77-300K range. Right: (up) Excitation and emission spectra in solid state for
complex 4 at room temperature (black) and 77K (red); (bottom) Emission intensities vs

temperature.
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Figure S39. Left: Temperature-dependent change of emission energies and intensities for
complex 5 in the 77-300K range. Right: (up) Excitation and emission spectra in solid state for
complex 5 at room temperature (black) and 77K (red); (bottom) Emission intensities vs

temperature.
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3. Lifetimes at RT and at 77K
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Figure S40. Lifetime decay for complex 2 at room temperature: T=22.60 + 0.27 us (x> = 1.13)
(left) and at 77K: T = 70.85 + 0.41 ps (x? = 1.16) (right).
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Figure S41. Lifetime decay for complex 3 at room temperature: t=9,92 + 0.30 ps (x> = 1.14)
(left) and at 77K: t1=32.76 + 1.72 s (x> = 1.06) (right).
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Figure S42. Lifetime decay for complex 4 at room temperature: t=9.63 + 0.75 us (x> = 0.76)
(left) and at 77K: t=37.37 + 0.42 ps (x? = 1.56) (right).
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Figure S43. Lifetime decay for complex 5 at room temperature: T=9.42 + 0.28 ps (x> = 1.05)
(left) and at 77K: t=34.40 + 0.65 s (x> = 1.16) (right).
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4. TADF studies
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Figure S44. Temperature dependence of the emission decay time for complexes 2 (left) and 3
(right). The solid red lines represent the fit of the experimental data according to Eq. 1 (main
text). The fit parameters are showed in the attached tables.

40 354
° | Model TADF (User) Wodel 5 (LA::(F ‘;;)Ta” .
% + +exp(-Af(K*x] < e

35 Equation (3*0)(9;—)(1/((_};;((.)()‘);()8)) are) Equation Xp(-AI(K™X)))
21\ 730 A 0
2 Plot B 3 ot
3 A 347,80021 + 19,47477 ~ A 43220914 + 11,78975
@ 30 0,60081 + 0,08922 Q c 0,49993 + 0,03963
£ Eeduwd Chi-Sq 1‘6;415 § 25 Reduced Chi-Sqr n;.gz:a
- R-Square (COD) 0,98508 L :;?q;iEJ;:D) n,§9275
>25+ Ad). R-Square 0,98384 > j. R-Sq
® |
%] Q 20
@ [}
0 20 - o
c c
.g .g 15 4
@ 151 @
£ £
W 40 i 10

(]
5 T T T T T T 1 5 T T T T T T 1
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Temperature (K) Temperature (K)

Figure $45. Temperature dependence of the emission decay time for complexes 4 (left) and 5
(right). The solid red lines represent the fit of the experimental data according to Eq. 1 (main
text). The fit parameters are showed in the attached tables.
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Figure S46. Left: Fractional emission intensities (simulation results) stemming from TADF (red)
and direct phosphorescence (black) as a function of temperature calculated on the basis of the
experimental data and Equations 3 and 4 (main text) for complex 1; Right: Schematic energy

level diagram and decay times of 1 in powder.
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Figure S47. Left: Fractional emission intensities (simulation results) stemming from TADF (red)
and direct phosphorescence (black) as a function of temperature calculated on the basis of the
experimental data from figure 6 (main text) and Equations. 3 and 4 (main text) for complex 3;
Right: Schematic energy level diagram and decay times of 3 in powder.
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Figure S48. Left: Fractional emission intensities (simulation results) stemming from TADF (red)
and direct phosphorescence (black) as a function of temperature calculated on the basis of the
experimental data from figure 7 (main text) and Equations. 3 and 4 (main text) for complex 4;
Right: Schematic energy level diagram and decay times of 4 in powder.
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Figure S49. Left: Fractional emission intensities (simulation results) stemming from TADF (red)
and direct phosphorescence (black) as a function of temperature calculated on the basis of the
experimental data from figure 7 (main text) and Equations. 3 and 4 (main text) for complex 5;
Right: Schematic energy level diagram and decay times of 5 in powder.
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IV Computational Methods

1. Results of DFT optimization of complexes 2-5 in the S state

Figure $50. Model Systems of complexes 2-5 in the ground state So

2. xyz coordinates for model 2-5 in the Sg state

68

Model 2 SO

P 12.289851 7.541646 7.851496
C 9.975455 5.437777 5.149464
C 10.904249 6.299120 5.718317
H 11.441986 6.987658 5.082463
C 11.156348 6.298898 7.093152
C 13.744827 6.518553 8.281974
C 12.872402 8.480744 6.387079
C 14.060233 5.312245 7.655218
H 13.421466 4.931838 6.869035
C 14.012367 8.162887 5.647238
H 14.611412 7.304902 5.920775
C 12.126448 9.606459 6.026015
H 11.255245 9.877574 6.611160
C 13.626061 10.049288 4.196808
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3. Results of DFT optimization of complexes 2-5 in the T; state

Figure S51. Model Systems of complexes 2-5 in the lowest triplet excited state T,

4. xyz coordinates for model 2-5 in the T state

68

Model 2 T1

Au 12.108502258 6.865840068 0.593343919
P 12.936854781 6.859436473 8.202881044
C 10.907539397 4.831357147 5.340395650
C 11.713023890 5.731404873 5.989134218
H 12.269848534 6.454767952 5.404175881
C 11.820603328 5.763799718 7.403726855
C 14.679211948 6.301853127 8.103562454
C 12.866696763 8.500042343 7.429156335
C 15.024028220 5.244818815 7.256349970
H 14.264304525 4.781082260 6.641149466
C 14.010821003 9.222978249 7.073993341
H 14.992721131 8.794243520 7.216142977
C 11.607190462 9.077734160 7.220437975
H 10.714667831 8.525503378 7.483505241
C 12.640764833 11.056891325 6.317307367
H 12.553786339 12.046648592 5.886571613
C 11.497467739 10.344435192 6.668149576
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H 10.517521276 10.778002977 6.513622157
C 13.894406643 10.491677412 6.519578253
H 14.788389205 11.036751188 6.242870179
C 16.335204589 4.787270178 7.204978554
H 16.591900577 3.973399628 6.538046624
C 15.663242226 6.867476332 8.921789245
H 15.408055346 7.659299945 9.612750018
C 17.310929917 5.365985821 8.009047254
H 18.330433581 5.001977021 7.973473647
C 16.971375683 6.404728957 8.870050802
H 17.722394322 6.848461480 9.511772500
P 11.103006159 4.812355180 9.941870903
C 11.041481117 4.789800794 8.173764473
C 10.218538538 3.891819181 7.468318479
H 9.6106415006 3.189179038 8.027358570
C 10.140581447 3.887050644 6.094176320
C 9.417919078 4.597333234 10.609089959
C 8.590629328 5.717225738 10.751016699
H 8.976432770 6.703905453 10.526081522
C 12.048907512 3.373202929 10.578216398
C 7.281320204 5.575706448 11.186093104
H 6.656168797 6.452879345 11.297225486
C 8.904585121 3.333882033 10.918279404
H 9.530679638 2.455691962 10.829323179
C 12.617154695 2.441500407 9.710601522
H 12.469246178 2.545463834 8.643590721
C 12.256480098 3.239929274 11.955243938
H 11.830177663 3.963943024 12.640212827
C 7.589723630 3.195411142 11.350896421
H 7.205165210 2.210189416 11.584486070
C 13.566789357 1.253962243 11.581221475
H 14.156506759 0.433020679 11.970284865
C 13.371640959 1.384995203 10.212084459
H 13.8076595006 0.666446103 9.528916033
C 6.775655041 4.312847365 11.486361769
H 5.753880428 4.203666986 11.828249622
C 13.007360902 2.184609814 12.453176012
H 13.162829384 2.090799986 13.520934381
F 11.697286085 12.102154587 12.138385919
F 14.833001366 7.668629578 12.065708710
F 15.731363425 9.941687913 13.180405599
F 14.169165838 12.169146542 13.207051139
C 12.758436200 8.656474065 11.479506252
C 11.983648003 9.816502944 11.524777995
C 14.014320690 8.745940877 12.057471981
C 12.443761827 10.992640200 12.099592289
C 13.714489183 11.039772875 12.657448495
C 14.507707009 9.903475797 12.641127298
H 10.834018362 4.854878456 4.261046500
H 9.487288114 3.187215187 5.591005169
Br 10.208993244 9.851124566 10.808351535
68

Model 3 T1

Au 12.164704412 6.766000361 10.619676848
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5. Coordination environment for the gold(l) centers for complexes 2-5 at the
ground state So and the first triplet excited state T,

Table S4. Selected bond lengths (A) and angles (°) for the coordination environment of the
gold(l) centers for complexes 2-3

Au-C (A) 2.084 2.08 2.10 2.07 2.09
Au-P (A) 2.2794 2.31 2.38 2.31 2.38
Au-P (A) 3.4398 3.08 2.53 3.08 2.52
C-Au-P (°) 177.16 174.63 169.29 17337  169.50
C-Au-P (°) 118.29 110.74 107.42 11121  106.72
P-Au-P (°) 64.29 74.32 82.96 74.36 83.73

Table S5. Selected bond lengths (A) and angles (°) for the coordination environment of the
gold(l) centers for complexes 4-5

So T: So T:
Au-C (A) 2.08 2.10 2.07 2.09
Au-P (R) 2.31 2.38 2.31 2.38
Au-P (R) 3.07 2.54 3.08 2.52
C-Au-P (°) 175.51 169.79 174.21 169.47
C-Au-P (°) 109.92 107.48  110.05 106.90
P-Au-P (°) 74.56.70 82.53 74.22 83.62
Q0’3.034& %’Qiy
’.. 11.21° . 2.09 A
T3 co:_\ d 83.73°(
169.50°
2.31 A“ﬁa“"" 238 h
S0 T1 P'@

Q 307 A 264A | o i Q 252A

-
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*e 109.92° N ., 106.90°
Yo, N 82.53°( 2104 ., o 2.09 A
7456 (¢ ' % )\ sa62 ( |
a2 (% 2.07 A J

169.47°
2.38A

2.08A
169.79°

231A 175.51° 174.21°

231A

. " oD . . 0

Figure S52. Coordination environment for the gold(l) centers for complexes 3-5 at the ground
state So and the first triplet excited state T,
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6. Computational calculation of the energy difference between Sp and T,

Table S6. The energy difference between the ground singlet state and the lowest excited triplet
state calculated at the B3LYP/def2-TZVP level are compared to the experimental data. Spin-orbit
coupling matrix element (SOC in cm™); rate constant for intersystem crossing (Kisc (So>T1) are
also reported for complexes 2-5

SOC(So-Ti) AE(So-T1) AE(So-T1) E(So-T1) kisc (So-T) kisc (So-Ta)

Theory Exp. Exp. (Theor. Energy) (Exp. Energy)
2 46.8 cm™ 10730 cm? 17668 cm? 566 hm 1-10%s? 3-10%s?t
3 59.5 cm™? 9491 cm™? 16949 cm? 590 hm 4-10°s? 310351
4 56.5 cm™ 10920 cm? 16234 cm? 616 nm 1-10%s? 2:102%s1
5 60.2 cm™? 9618 cm™ 16807 cm? 595 nm 3-10°s?t 5-103s1

7. Frontier HOMO and LUMO for complexes 3-5.

L 3
HOMO LUMO

Figure S53. The orbitals obtained in the CASSCF calculation that correspond to the HOMO (left)
and the LUMO (right) of complex [Au(p-CeBrF4)(dppBz)] (3)

Figure S54. The orbitals obtained in the CASSCF calculation that correspond to the HOMO (left)
and the LUMO (right) of complex [Au(o-CsF4l)(dppBz)] (4)
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:

HOMO LUMO
Figure S55. The orbitals obtained in the CASSCF calculation that correspond to the HOMO (left)
and the LUMO (right) of complex [Au(p-CeF4l)(dppBz)] (5)

8. Transition densities calculations

Figure S56. Transition densities for complexes [Au(p-C¢BrF.)(dppBz)] (3) (left) and [Au(p-
CeFal)(dppBz)] (5) (right). During the transition the electron density increases in the green areas
and decreases in the red ones.
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