


ExperimentalDetails

Materials
Starting reagents and solvenigere purchased fronMerckor TCI Chemicaénd used without any purification.

All stages of the synthetic part are visualized in Scheme 1 (see the main tdgtdds).

Synthesis of R §-myrtenal

To thesolution of Se@(1.33 g, 12 mmol, 1.2 eq) in 20l of anhydrous ethanol was slowly addégS-pinene

(1.59 mL. 10 mmol, 1.0 eq)The resultingnixture was refluxed for 18,ltooled,and filteredthrough celite.The
resultingfiltrate was evaporateen arotary evaporator, devolved in diethgther, and washed with water and

brine. The organigphase was dried over anhydrous magnesiuniase] evaporated and purified by silica gel

column chromatography (Hx:AcQBSb:5) resultingn aslightly yellow liquidYield 0.93 g (62%)

Rf 0.42 (Hx:AcOE®5:5)

'H NMR(600 MHz, CDEMe,Sh 4+ dodnn 6&X MI 0OX cdTH O bHz M), P59¢DH X
= 3.2 Hz, 1H), 2.55 (t, J = 3.0 Hz, 1H), 2.49 (dt, J = 9.2, 5.6 Hz, 1H), 2.19 (itd, J = 5.7, 2.8, 1.4 Hz, 1H), 1.34 (s, .
1.06 (d, J =9.2 Hz, 1H), 0.75 (s, 3H).

BG™H}INMR(151 MHz, CDEMesSh + MpmMdnE MpMPTE MNnydnE nadysE oT OT 3
The NMR data werfsund to be in good agreement withe data reported in the literaturé?!

Synthesis ofl-(2-oxo-2-phenylethyl)pyridin-1-ium bromide 2)

Tothe & 2 f dzii A -Brgmoaeefophan@ne (2 g, 10 mmol, 1.0;€@l in Scheme Jlin 10 m of anhydrous
dichloromethaneunder Ar atmosphergpyridine (0.89 mL, 11 mmol, 1.1eq) was addatd the resulting

mixture was stirred overnightThe white precipitate of the productP2 appeared. It wadiltered through a

sintered glass funnelwashedwith a small amount of coldlichloromethane,and dried undera vacuum. Yield

2.779 (99.6%)

'H NMR(600 MHz, DMS®c 0 + ¢pdmMp O6RRI W I cdcI MOPMC33I0EN ), 03 vy
8.09 (dd, J = 8.3, 1.2 Hz, 2H), %8278 (m, OH), 7.67 (t, J = 7.8 Hz, 1H), 6.70 (s, 1H).

BA'H}NMR(151 MHZ, DMS@0 + MM dn I MIFM,B3.15314,125.8p21D. n n dy <

The NMR data werfaund to agreewith the data reported in the literaturé?

Synthesis of R R)-2-phenyt4,5-pineno-pyridine ((R,R-pinppy)

Tothe ACE pressureesselthe solution ofP2 (2.04 g, 7.3 mmol, 1.1 eq) and MdAc (1.03 g, 13.3 mmol, 2.0 eq)

was added and the vessel was filled witthe 25 ml portion of anhydrous ethanol. Tdhis mixture,
(R9-myrtenal (1.01ml, 6.7 mmol, 1.0 eq) was addeithenthe LINE & & dzZNB @Saa St o4l a Of 2a
overnight. After cooling, the reaction mixture was poured into water (5@nl) and extracted with
RAOKf 2 NR Y S K I T{eScontbmedarganic Yayebsaere dried over anhydrous magnesium date,
evaporated and purifiedby column chromatography ailica ge(Hx:AcOE©5:5). Yieldl.11 g (61%)rhe single
crystalsof (RR)-pinppy were obtained bycrystallizationfrom pentane Its composition and phase purity were
determined by'H NMR and*G*H}NMR studies, supported by singteystal Xray diffraction (S&XRD) analysis.

Rf 0.30 (Hx:AcOE®5:5)

'H NMR(600 MHz, CDEIMe{ A O 4y ®H g 7.95 & 2HY 7.52Xs, 1H)PHa .43 (m, 2H), 7.4Q 7.36

(m, 1H), 3.03 (d, J = 2.7 BH), 2.86 (t, J = 5.5 Hz, 1H), 2.72 (dt, J = 9.6, 5.8 Hz, 1H), 2.32 (tt, J = 5.8, 2.8 Hz, 1H)
1.43 (s, 3H), 1.25 (d, J = 9.7 Hz, 1H), 0.67 (s, 3H).

BJ'H}NMR (151 MHz, CDEMesSH & mMpp Py Z Mncd®nZ mMnp doZ ™mMEp402, Mnn
39.5, 33.0, 32.0, 26.2, 21.6.

The NMR data werfaund to agree witlthe data reported in the literatur&®



Synthesis ohBu-DABCQO-

DABCO (1;biazabicyclo[2.2.2]octane, 840 mg, 7.5 mmol, dg) was dissolved in 2218l of diethyl ether and
l-iodobutane (1.28 mL, 11.25 mmol, 1.5awgs addedo the resulting solutionThe eaction was carried out at
room temperature for24 hours The resultingprecipitateof nBu-DABCd- was filteredthrough a sintered glass
funnel, washed with diethy¢ther,and dried under vacuum. Yielt.92 g (95%).

'H NMR(600 MHzCROD* o®dnT oO6GX W I' 7dp I T2 nl0Z odoo @iz
1.77 (m, 1H), 1.861.77 (m1H), 1.46 (h, J = 7.4 Hz, 1H), 1.06 (t, J = 7.4 Hz, 2H).

BJ™H}INMR(151 MHzCROD) 1 65.6, 65.6, 65.5, 53.5, 53.5, 53.4, 46.1, 24.9, 20.8, 13.9.

The NMR data werfound to correspond well tthe data reported in the literaturé?

Synthesis ofl

The threestep synthesis ol started by mixingiridium(lll) chloride hydrate (200 mg, 0.67 mmol, 1.0 eq) and
(RR)-pinppy (417 mg, 1.68 mmol, 2.5eqjith 15 ml of ethoxyethanol and 5 mL of water. After 24 h refluxing
this mixture, theresulting solidoroductwas precipitated with water, filtrated on a sintered glass funnel, washed
with water andpentane and dried. The yellow solid was dissolveddam, dried over anhydrous magnesium
sufate, and evaporated to drynessYiéld, 436 mg, ca. 90%). Secondly,the asprepared [Ir'y(>-CI}(RR
pinppy)4] (436 mg, 0.30 mmol, 1 eq) was dissolvethimmmixture of methanol (100nl) anddcm (50 mL).Then
KCN (80 mg, 1.23 mmol, 4.1 eq) was added and the reaction mixture was refluxed fakf&t being cooled,
the reaction mixture was filteredand the resulting filtrate was evaporatedThe resulting potassium salt,
K[IM(CN}RR-pinppy}] was dried and used directly in the last st@jheefore, theentire product was dissolved
in 100ml of methanol, and 215 mg of tetrabutylammoniuffiBA)perchlomate (0.63 mmol, ca. twdime excess)
was added. The mixture waefluxed for24 h and the resulting precipitate wakltered. The filtrate was
evaporated to dryness, dissolvaed a small amount ofdichloromethane dcm), filtered, and the product was
precipitated by diethyl ether. The two last step®sultedin 560 mg (95%ield) of the yellow powderof the
objective compoundL. A singlecrystal ofl wasobtained by slow diffusion of diethyl ether into an acetonitrile
(MeCN solution of the compound Its composition TBA[I*(CN}RR-pinppyr6 MeCN(Mw = 1065.47gtmol?,

1), was determined by singlerystal Xray diffraction (S&XRD) analysis, while the phase purity andaits
stability were proven by the powder-tdy diffraction (PXRD) method (Fig.85 The crystals ofl are quite
hygroscopicand, while left in the air they adsorb water moleculeg¢generatingthe hydrated formof 1{4H0),
which does not cause amjstinct structural transformation, as evidencdxyy the results of the>XRDand CHN
elementalanalysisThesewater moleculescan be easily removed by an inert gas purge, which was confioyed
the results ofthe TG experimentdeeFig. 8 with the related comment).Elemental analysiscalailated for the
hydrated form,1t4H0 (GsHsslr1N7Os; Mw=1137.% g mobY): C, 61.24%; H, 7.62%;862%. Found: C, 61.08%;
H, 7.54%; N, 84%.TG (Fig. S&ith comments)loss of 2eCNmolecules together witlihe lossof 1 remaining
HO moleculeper formula unit calaulated: 9.24 %; found:9.35 %(as the other water molecules are removed
before the start of the TG measuremenR spectrumdeeFig S1with the relatedcommen): the bands located

at 2104 and 2096 cthcan be assigned to thstretching vibrations oferminal cyanid ligands proving the
presence of these ligands in ts&ructure.S356

In addition to the set of physical methods presented above, compduwds also investigated by th&l NMR
method in the dissolved form.

'H NMR(400 MHz, CEC| MesSh 1 9.28 (s, B4H), 9.23 (s1.04H), 7.58 (s, 1H), 7.56 (6,92H), 7.47¢ 7.41 (m,
2H), 6.71 (tdJ= 7.3, 1.4 HZH), 6.64 (dtdJ= 10.7, 7.2, 1.3 H2H), 6.26 (dddJ= 9.0, 7.3, 1.4 H2H), 3.38¢
3.29 (m, 8H), 3.16 3.13 (m4H),2.95 (t,J= 5.5 Hz0.86H), 2.90 (tJ= 5.4 Hz, D5H), 2.72 (ddtJ= 15.4, 9.4, 5.7
Hz,2H), 2.40¢ 2.31 (m,2H), 1.6 ¢ 1.53 (m, 8H),1.44 (s3.23H), 1.43 (s, ZH), 1.36 (qJ= 9.3, 8.3 HBH), 1.29

¢ 1.23 (m,2H), 0.95 (tJ= 7.3 Hz12H),0.81 (s3.2%H), 0.77 (s2.65H).

Comment on NMR studies of Dnly signals from the complexnion and TBA cation were reported above.
Signals from acetonitrile and watenoleculesare visible in the spectim but were omitted for the clarity of
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interpretation. A dgnal at around 1.57 ppm related to th€H- protons of TBAion is affected by the water
signal. Underlined signals in théH NMR are connected with the protons that are different between the
diastereoisomer¢RR andRR), thus their integration can be used to estimate the ratio of diastereocisomers as
1.25to0 1. We were not able to measur®C NMR with satisfactory results, due to the low solubility of the
complex in deuterated chloroform and thus low sigt@hoise ratio. MoreoverNMR studies did not allousto
determine which diastereomer is major. According taegsh results, and the fact that all other molecular
materials were obtained fromanidentically prepared sample df it can be assumed thaiot only compoundl

but also further materials 2¢4 are mixtures of diastereisomersThe analogous NMR studies for further
compounds2¢4 were, however, not performed as they reveal more complex structures that are expected not to
be preserved in the solution due to the dissociation (see the details on these compounds below).

Synthesis of 2

The25 mgportion of freshly filtrated crystals of (0.025 mmol, 10 eq) were dissolved in a mixture of methanol
(2 ml) and acetonitrile (1 mL)andthe 15 mgportion of n-BuDABC® (0.05 mmol, 2 eq) was added directly to
this solution.After 5 min of stirring, the mixture wafiltrated and diethyl ether vas layered on top of the
solution. After 2 weeks, garge number of yellow plate crystals @fappeared.Yield 15 mg (50%)Their
composition, (Bu-DABCQJIr'"(CNYRRpinppy}6 dMeON(Mw = 1247.43 gtmol?, 2tMeCN, was determined
by SEXRD analysigxposure of the crystals of2 to the air causeghe loss of acetonitrile molecule and
adsorption of water moleculesgéneratng the hydrated form 2f2H,0). It does not cause any structural
transformation which wasonfirmed by PXRD resultgFig. S§)CHN elemental analysand TG experiment (see
Fig. 8 with the related comment).

Elemental analysis calculated filve hydrated form 2t2H,0O (GgHs2l11riNsOz; Mw = 1242.52 g mobt): C,56.07%;
H, 6.65%; N,9.02%. Found: C56.55%; H,6.67%; N,9.51%. TG (Fig. S%ith the commen): loss of2 H,O
molecules per formula unit,calaulated: 2.90 %; found:3.14 %.IRspectrum (FigS1with the relatedcomment):
the bands located at 2102 and 2096 crhindicate the presence of stretching vibrations tefminal cyanicb
ligands>®

Synthesis of 3

The equimolar solution of freshly filtrated crystals ofl (31 mg, 0.0315 mmol) and lanthanum nitrate
hexahydrate (14 mg, 0.0315 mmol) in 2 mLaoétonitrileand 0.1 ml of MeOHhvas slowly diffused by diethyl
ether. After afew days wellshapedyellow crystals of3 appeared.Yield 26 mg (63%)Their composition,
(TBAY[LA"(NG)3(H:O) 52[IM (CNYRR-pinppy)l2 (Mw = 2632.60 gtmol?, 3), was determined by SXRD
analysis while thepurity of the phasetogether withits air stability were proven byhe RXRD method (Fig85s
Similarlyto 1, the expostion of 3 in the air causes the surfa@esorption ofwater moleculeqgeneratingthe
hydrated form3i4.5H0), occurringwithout any structural transformation, whiclwvasconfirmed by PXRD, CHN
elementalanalysisand TG resultdNote thatone coordinated water molecule per the formula unit is present in
3while another 4.5 water molecules per the formula unit appear as the solvent of crystallization in the hydrated
form, 3t4.5H0. Thus, irthe TG experimenta loss othe total number of5.5 water moleculeper the formula
unit is observedfor detailsregarding the TGsee Fig. Bwith the related commenk.

Elemental analysis calculated for the hydrated foBi#.5H0O (GogHisdrLaNieOss s, Mw = 2713.69 g mot?): C,

47.76%; H, 5.75%; N, 8.25%. Found: C, 47.92 %; H, 5.70 %; N, 8.33%. T@i{{ritneSDmment):loss of 5.5
HO moleculs per formula unit, calaulated 3.6%%; found: 3.63%. IR spectrum (Fig. Sdith the related

commen): the bands situated at 2110 and 209@mt! can be assigned to cyawidigands they are noticeably
shifted towards higher energy than, e.g., in the ionic sat which suggests their bridging charact&r



Synthesis of 4

The yellowcrystals o4 were obtained by slow diffusion of diethyl ethémnto the equimolar solution ofreshly
filtrated crystals ofl (31 mg, 0.0315 mmol) and lanthanum nitratexahydrate (14 mg, 0.0315 mmol) time
solvents mixture containingy ml ofacetonitrile, 0.1ml of methanol and 0.1 mL of dimethylformamidéield 22
mg (55%) Their composition{[La"(NG;)(dmf)s][Ir"(CN}RR-pinppyr] YMeCN(Mw = 126418 gtmol’!, 4), was
determined by S&RD analysis, while the phase putigether withits air stability were proven by the-RRD
method (Fig. 8). In the air, the crystalof 4 adsorb water moleculeggenerating thehydrated formof 4t2H,0),
which can be removed 3n inert gas purge, as confirmed byXRD, CHN elemental analysisd TG results (for
details,see Fig. S1 witthe related comment).

Elemental analysis calculated for the hydrated fodt2HO (CoHealriLaNi0O11; Mw = 1300.2 g mobl): C,
45.26%; H, 4.96%; N, 10.77%. Found: C, 45.54%; H, 4.97%; N, 10.51% TG (FitheSwmithent): loss of 3
dmf molecules together MeCNmolecue per formula unit,calculated 20.59%; found:20.30%. IR spectrum
(Fig. S1 witithe related comment): the bands situated at 2119 and 2092 éfcan be assigned to cyawid
ligands they are noticeably shifted towards higher energy than, e.g., in the ionic s2livbfch indicates their
bridging characte?®

Additional mmment on the description of syntheses ofompoundsl, 3, and 4: All obtained materials are
generallyair-stable; however,the prolonged expoision to the air leads to the dsorption of small amounts of
water moleculesdsdeterminedby the CHN elemental analysig)s confirmed by structural studies, this process
does not cause structural changes. We suppose that ttis®ration takes place only on the surface of fine
crystalline samplesf 1, 3 and4 because most of thee water molecules can beasily and quicklyemoved by
an inert gas purgetlfe detailed analysi®f this effectis presented ashe commentto Fig. &, see beloy.
Therefore,all physicalmeasurements were carried out on fresHiftrated compoundswhich eliminatedthe
adsorption of moisture as much as possible.

Structural studies

SinglecrystalX-ray diffraction SCXRD analysis foall compounds was performed at 100(2) K, using a Bruker D8
Quest Eco Photo50 CMOS diffractometer, equippét the Mo K 6 n ®© 1 ™ radiation olirceand agraphite
monochromator. The single crystals dfRR)-pinppy ligand and compoundd¢4 selected for the SERD
experimens were taken directlyfrom the respectivemother solutions coveredby Apiezon Ngrease,and
mounted on thededicated Micro Mounts™ holders. The SAINT and SADABS programs weeg for data
reduction and cell refinement processes. The absorption correctiorpadermedusing a multiscan procedure
with the help ofthe TWINABS prograriihe crystal structures were solved by an intrinsic phasing method using
a SHELXT programplementedwithin the Apex3package®” The further refinements were carried out by a
weighted fultmatrix least squaresnethod onF* of SHEL-2014/7 within the WinGX (ver2018.3 software= All
non-hydrogen atoms weranisotropically refinedwhile hydrogen atom$or (RR-pinppy ligands, aliphaticBu-
DABCQ and TBAcations, as well asleCNsolvent molecules were calculated in their idealized positions and
refined using a riding model. Thaethine hydrogenatoms in dmf molecules were found directlfrom an
electron density mapAreasonable number of restraints of the DASORand DELU types were applied for the
selected non-hydrogen atoms of RR)-pinppy ligands,countercations, coordinatd (but highly disordered)
nitrate(V) anions,and the part of solvent moleculeslt was doneto ensure the proper geomegs and the
convergence of theespectiverefinement procedure. Due to the significant disorder, two DFIX restraints were
appliedto i KS [ I bh 02 yRto éhdutelits pfdp& Feomeymnd keep the convergence of the
refinement For similar reasons, the FLAT restraint was applied for one of the coordinatédmahs in the
crystalstructure of3. Someof the reflections with intensitieendowedwith especially large errorsiffected by

the beamstop) were removed from the final refinement using the OMIT commabdingall of these
proceduresthe sets ofsatisfactory refinement parameters were achieved. The reference CCDC numbées for

$



crystal data of(RR)-pinppy and compoundsl, 2, 3, and 4 are 2297257 2297255 2297258 2297256 and
2297254 respectivelyDetailsof the crystal dataand refinement of thestructure are summarized in Table S1,

while representative structural parameters are gathered in TablesS82The structuralffigures(Fig.2, 3, and
S3;S7)were preparedusingMercury 3.8 software.Powder XR[Data were collected using a Bruker D8 Advance
902 LRGRSNI RATFTFNI OG2YSiS N rasliftionishirdSTRe RXROInfeasiremerds w¥ré 6 m
conducted at room temperature for thdried polycrystalline samplemmserted intothe 0.5 mm glass capilles

using the appropriateommercialkexperimental setup for rotating capillias (Fig. S8)

Physical techniques

The'H and™®G*H} NMR spectra were recorded for the proper solutions of investigated organic compounds at
room temperature using a Bruker AVANCE 600 MHz spectrometele the *H NMR spectm for 1 (in
solution) was recorded at room temperature usingJaol 400 MHz ECZRectrometer(see the details in the
Synthesis section abovepll solidstate physicalmeasurements were performed on freshly preparadd
filtrated samples(see thecommentto the description of the syntheses abov&€HN elemental analyses were
performed with standard microanalysis procedures using the Elementar Vario Micro Cuban@hkier.The
infrared (IR) absorption spectra were collected aNicolet iN10 MX FIR microscope in transmission mode.
Measurementsvere madein the range o y n n tcrbifar selectedsingle crystalplacedon Cakwindows.
ThermogravimetridTG) measurements were performed on a NETZSCH TG 209 F1 Libra apparatus under inert
gas at a heating rate of & min< in the temperature range 0o20¢cn n n The/®dbnd harmoniaeneration
(SHG) experiment wasarried outon a homemade optical setupising al040 nm femtosecond lasexs an
excitation light sourceThis setup is described in our previous wdrko verify the SHEffect, for all sampledg

4, the power and wavelength dependees of the output lightwere measured.To quantify the SH intensities
measuredin this setup, a potassium dihydrogen phosph@P)was usedasa reference sampleSolidstate
UVvis absorption spectra wereneasured ini KS NI y3S 2F HHAbLT pUN3600IYplus2 Y |
spectrometer using the thin films of power samples inserted between quartz plaBsdidstate
photoluminescent properties were measured using an FS5 spectrofluorometer equippedrvi (150 W) arc
lamp as an excitatiosourceand a Hamamatsu photomultiplier of the R928P type as a detector. Emission
lifetime measurements were conducted on the FS5 spectrofluorometer wsitige-correlated single photon
countingmethod with EPLEB80 picosecond pulsed light emitting diode (374.4 nm). The temperatariable
emission and excitation spectra were collected on the same spectrofluorometer using a GEABASIS
cooling power optical helium cryostathich isequipped with a DR04SlIclosed cycleryo-cooler (cold head),
water-cooled He compressor (AREWmodel), and a model 335 cryogenic temperature controller. For all types
of photoluminescenmeasurementsfreshly prepared powder samples were placed between two quartz plates.
Absolute luminescence quantum yiel@@3Y)were determined by a direct excitation method using an integrating
sphere module for the FS5 spectrofluorometer and barium suléstethe reference material following the
method described in our previous wotk’ Luminescent background corrections were performed within the
Fluoracle software.
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Figure Sl Infrared (IR) absorption spectreof the crystalline samples of, 2, 3, 4, and (RR)-pinppy ligand
presented in@) thebroadrange of 3809670 cni*and(b)thet A YA G SR HbBrmeunnn OY

Commenton Figure SiSignificant sorptionA y G KS NI y 3 S & Telatedviqstredichirg wibratidhy”
N@H) ofthe aromatic and aliphatic parts of organic ligandations,and solvent moleculesrhel700¢670 cnét
range is composed of margharacteristicabsorption peaks connected with skeletal vibrations such(@sC),
NC=C)NC=0),AN=0),ANO). In part (b) characteristic peaks related to stretching vibrationsogfnido
groups/ligandsare presented In this view, thehighest energy peaks ata. 2250 cni' are related to the
acetonitrile moleculef crystallization(in 1 and 4). In the lowe energy region around 2100 &ithe peaks
related to cyanido ligands are observéithe maxima aroun@094and 2104cnt! in 1 and 2 correspond to the
vibrations of terminal cyanid ligands in [IF(CN)}RRpinppy}]® anions.In 3 and 4, the A0 /  dmergiesare
slightly shifted to higherwavenumbes which can be ascribdd the coordination of the ligandby lanthanide
ions. All observed vibrations in the IR spectra of all compounds are consistent with the structural dsedysis

below).
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FigureX2. Thermogravimetric (TG) curvesllected in the temperature rangef 20¢n n n, foc the crystalline

samples ofa) 1, (b) 2, (¢) 3, and (d) 4. The steps related to the loss of solvembleculess are depicted.

Comment on Figure 2:The results of the CHElemental analysisndicate that the samples dsorb small
amounts of water from the air. Moreover, its absorption/removal does not result in a structural transformation,
and the abovepresented TG resultsshow that most of this solvent is removed &n inert gas purggeven
before the start of theTG measurement) Thus, the weight Icss in the TG curvef 1 corresponds totwo
crystallizing acetonitrile moleculemd some residuakater (about 1 molecul@er formula unij. The epostion

of the crystalsof 2 to air results inthe loss of acetonitrile molecuteandthe adsorption of water moleculge. As a
result, thethermogravimetric curve of this compound shows the lossaaf water molecules. The mass change

in the TGceurvein 3 corresponds to thaveight of 5.5 water moleculeper unit of formula,which is consistent
with the results ofCHNelemental analysi¢so, in this case, water molecules are not that easily removed as for
the previous cases)Note that among these 5.5 water molecules per the formula unit, one molecule is
coordinated to the La(lll) center while the remaining 4.5 molecules serve as the solvent of crystallization;
however, they are removed under heating in a single, rather featureless, broadT$tesample of, similar to

1 and2, when exposed to air,dsorbs about two water moleculgser formula unif which can be removed by a
gas purgeAs the temperature increasethe removal ofthe coordinateddmf molecules and theo-crystallizing
acetonitrile moleculexan be observedAll compoundsl1b4 are losing thesolventsup to ca.250 °C. Further
heating of the samples causesrapid decrease in mass, which is related to the decomposition of aliphatic
cations and ligands and/or the removal of cyanido ligands, which causes the decomposition of the sample.
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TableSl. Crystal data and structure refinement parametersligand(R R)-pinppy and compoundslc4.

Compound

(RR-pinppy 1 2 3 4
CiogHselr2 CGioHeolr1
Formula GigHhioNy GsgHrslriNy GsoHs1l1lriNg LaNucOss LaNOs
Form; Ila Vﬁ;g?t W' 24934 1065.47 1247.43 2632.80 1264.18
T/K 100(2)
<) 0.71073(Mo K)
Crystal system monoclinic orthorhombic | orthorhombic hexagonal orthorhombic
Space group C2 P2:2:12, P2:2:12, P 6222 P2:1212,
aK ) 17.8175(6) 13.624(3) 9.5351(3) 17.3485(8) | 14.5078(3)
bk ) 6.2588(2) 14.206(2) 18.9523(5) | 17.3485(8) | 16.0432(4)
cK ) 12.4934(5) 27.254(5) 30.5719(9) 37.291(3) 21.8900(4)
hk ¢ 90 90 90 90 90
ik ¢ 93.7720(10) 90 90 90 90
K C 90 90 90 120 90
VK 3) 1390.20(9) | 5275.0(16) 5524.7(3) 9719.8(11) | 5094.93(19)
z 4 4 4 3 4
DSy aA i & 1.191 1.342 1.500 1.349 1.648
. :fﬁzc; rrf’ttilog | 0069 2.575 3.023 2.755 3.501
F(000) 536 2208 2536 3972 2520
ONJ y IS | 2.90127.127 | 2.55425.027 | 2.25%25.027 | 2.41125.691 | 2.253:26.368
b22 <h< 22 b1l6 <h< 16 bll<h<11 b21 <h< 21 b18 <h< 18
Limiting indices b8 <k< 8 b16 <k< 16 b22 <k < 22 b21 <k< 21 b20 <k < 19
b16 <I< 16 b32 <I< 32 b36 <l < 36 b45 <l < 45 b27 <1< 26
rg;gsz;i‘i 9428 61588 66980 147854 40778
Rt 0.0200 0.0455 0.0534 0.0452 0.0476
Completeness 0.996 0.997 0.998 0.998 0.995
Flack parameter - 0.015(3) 0.016(4) 0.147(7) 0.056(4)
Dat/"’r‘; i?:;r:tzters 3054/172/1 | 9286/0/597 | 9746/131/ 645 6170/122/358 | 10357/23/641
GOF orP? 1.066 1.088 1.104 1.226 1.059
(2?2:?:2‘1;3)5] R=0.0391 | R=0.0244 | R=0.0403 | R=0.1005 | R =0.0352
WRfor all datay | R 0.0995 | WR=0.0524 | wR,=0.0979 | wR.=0.2293 | wR,=0.0678
Largestdifpeak | o 5910.215 | 0.90761.087 | 0.85b1.531 | 1.887b2.424 | 1.503b1.194

YR K2 {
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. 3.281A

Figure S3The view of the crystal structure ofRR-pinppy along the maing, b, and ¢ crystallographic axes
(I t),&nd the asymmetric unit with the labeling scheme for symmetrically independent atoms (@), the
[ b1 T 1717 IntbkBcNohsiibkt@eenNdolgclles are highlightékhermal ellipsoids were presented a

40% probabilityevel Hydrogen atoms were omitted for clarity.
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Figure S4The vievs of the crystal structure ofl along the maina, b, and ¢ crystallographid ES& 6+ b Q0 2
interactions scheme between ionstime crystal structure (d), and the asymmetric unit with the labeling scheme

for selected symmetrically independent atong.(Thermal ellipsoids were presentatla40% probabilityevel
Hydrogen atoms were omitted for clarit¢olors: yellow with various hues = Ir cerst with cyanido andRR)-
pinppyligands attached to them, green = TRAtions, grey MeCNmolecules.

TableS2. Detailed structure parameters daf

Selected bond distances wis{Ir1l(CN)RRpinppy}]O2 YL SES& «k )

LNMb / 2.033(5) IribC3 2.055(5) Ir1bN3 2.055(4)
LNMb / 2.044(5) LNMbL/ §  2.050(5) LNMb b 2.047(4)
Slected angles igis[Irl(CN)(RR-pinppy)]¢ complexes P
/ Mb L NM 88.1(2) / Hb L NM  94.61(19) / ob L NM 79.92(18)
/ MbLNM  174.8(2) / Hb L NM 173.6(2) / 0b L NM 91.8(2)

/ Mb L NM 89.5(2) / Hb L NM  90.29(19) / HmMb LNJ] 95.87(18)
/ Mb L NM 9572(18) / Hb L NM  94.19(18) / HMbLN] 79.96(18)
/ Mb L NM 92.4(2) / ob L NM 88.2(2) bobLNM 170.89(17)

Sl
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ﬂ&%@g

nBu-DABCO”

Figure S5The vievs of the crystal structure of along the maina, b, andc ONB a G £ £ 2 AN LIKA O |
interactions scheme between ionstime crystal structure (d), and the asymmetric unit with the labeling scheme

for = symmetrically independent atoms (e). Thermal ellipsoids were preseateal 40% probabilitylevel
Hydrogen atoms were omitted for clarity. Colors: yellow with various hues = lersewith cyanido andRR)-

pinppy ligands attached to therdark green = iodide anions, lighteen =n-BuDABCUCrations, grey MeCN.

TableS3. Detailed structure parametesf 2.

Selected bond distances wis{Ir1l(CN)RRpinppy}]O2 YL SES& «k )

LNMb / 2.048(10) LNMb / 2.053(9) LNMbL b 2.045(8)
LNMb / 2.061(10) LNMb/ |  2.041(9) LNMbL b 2.058(8)

Slected angles igis[Irl(CN)(RR-pinppy)]¢ complexes P

/ Mb L NM 88.5(4) / Hb L NM  173.2(4) / ob L NM 79.7(4)
/ Mb L NM 88.8(4) / Hb L NM 92.4(4) / 0b L NM 91.4(3)
/ Mb L NMm 176.5(4) / Hb L NM 94.1(4) / HMbLN]  90.9Q)
/ Mb L NMm 92.4(4) / Hb L NM 95.2(3) / HMbLN]  79.6(3)
/ Mb L NM 97.0(4) / 0b L NM 90.6(4) bobLNM 167.003)
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(R,R)-pinppy

Figure S6The vievg of the crystal structure oB along the maina, b, and c crystallographic axesakc), the
interaction scheme between ions the crystal structure (d), the asymmetric unit with the labeling scheme for
symmetrically independent atoms (e), and the arrangementyafidobridged{Ld',Ir'";} clusterstogether with

the schematic presentation of metal complexes forming the clusters (f). Thermal ellipsoids were prestested
40% probabilityevel Hydrogen atoms were omitted for clarity. Colors: yellow with various hues = lersent
with cyanido andR R)-pinppy ligands attached to them, blue with various hues = Laamsntith nitrate anions
and water molecules attached to them, green = T&gfions.
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Table$A. Detailed structure parameters &t

Selected bond distancesnd anglesn cis[Ir1(>-CN}RRpinppy)cO02 Y L} SES& «
L NMb / 2.040(16) L NMb / 2.052(17) LNMbL b 2.032(19)
88.2(7)/ 82.7(10)/
/ Mb L NM 89.6(9) / Mb L NM %5.7(8) / Hb L NM 93.3(10)
90.6(6)/
/ Mb L NM 178.4(11) / Hb L NM  89.2(10) bHbLNM  174.4(8)
Selected bond distances and angleslial[(>-NQ(® 2-NQs)s(> Z-NG;)]*
and[LalEe-NCY2NQy),(> Z-NO)(HO)PFEO2 Y LI SESa k)
_ _ 82(5)/ _
[ F Mmbbi 2515(7) bmMb[ |'m 84(5) hob[ I'm 118(3)
[ F mbhi 2.52(3) bmMb[ |'m 78.4(4) hnb[ | m 124.4(1)
_ _ _ 51.2(9)/
[ F Mmb h( 2.50(3) hmb[ | m 53.2(14) hnb[ | m 156(2)
47.7(18)/ 69(3)/
I Mmbh 2.84 hmb [ | hnb[ |
[ ™ [ 84(6) MbL[ ™ 81(5) nb[ I m 158(5)
_ 63.0(16)/ _
[ F mbhj 2.63(3) hmb[ |'m 67.7(13) hnb[ | m 117.8(12)
_ | 93.5(18)/ _
[ F mbh 2.43(6) hmb[ |'m 118.9(14) hpb[ | m 145(2)
136(3)/ 20.4(13)/
I Mmbh 2. 1 hmb [ | hpb[ |
[Fmbhy 2.6985(18) MEL M 130 PELE M o203
bmMb[ I m 156.8(7) hmMmb[ | m 153.4(7) hpb[ | m 72.3(12)
_ 77.9(8)/ _
bmMb[ I'm 124.7(8) hob[ I m 124(7) hTb[ m 103.8(12)
_ 85(5)/ 31(4)/ _
bmMb[ '™ 106(4) hob[ I ™ 115.1(17) htb[ ™ 51.9(6)
_ 76.6(14)/ . 47(3)/
bmMb[ '™ 114.8(13) hob[ I ™ 165.9(19) / MmbbwMmb 147.72
84(2)/ 67(3)/
b hob [ I - -
bmb [ 1w 88(2) obL kMl 566
Slecteddistances and angles between metal ioff  Selected distances between metal ions betweer
within the {Ld%Ir'";} clustersk ©) the {L&%Ir'";} clusterk )
_ . [ I ML | m
[ Mb[ M 5.397 (in [021] and [02L]) 11.167
[ I ML | m
I mb LN A4 432 17.34
[ Fm M 5.430/5.43 (in [100] and010]) 349
L NMbL L N 9.426 L N GnlL[OR3}) 12.441
[ F MmbLNMbB 59.59 - -
LNML[ I mb 120.43 - -
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(R,R)-pinppy

Figure S7The view of the crystal structure @f along the maina, b, andc ONE & GF €€t 23NJthék A O |
asymmetric unit with thedabeling scheme for symmetrically independent atoms (@ interactions scheme
between ions inthe crystal structure €,f), the detailed insight into the intermetallic distances between
neighboring metal cemtrs within cyanidebridged{Ld"Ir""} chains together with their arrangement ihe crystal

structure @). Thermal ellipsoids were presented a 40% probability. Hydrogen atoms were omitted for clarity.
Colors: yellow with various hues = Ir ceirst with cyanido andRR)-pinppy ligandsattached to them, blue with

various hues = La cears with nitrate anions andmf molecules attached to thengrey =MeCNmolecules.
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Table S. Detailed structure parameters of compoudd

Selected bond distances and anglesis{Ir1(>-CN)}RRpinppy}]02 Y LI SES& «

LNMbL/ 2.055(8) / Mb L NMm 92.9(3) / Hb L NMm 93.1(3)

L NMb / 2.044(7) / Mb L NM 174.5(3) / ob L NM 86.7(3)

LNMb / 2.062(7) / Mb L NM 92.3(3) / 0ob L NM 79.9(3)

LNMb/ |  2.051(8) / Mb L NM 94.6(3) / 0ob L NM 92.3(3)

LNMbL b 2.069(6) / Hb L NM  171.9(3) / HMbLN]  93.002)

LNMbL b 2.053(6) / Hb L Nm 88.2(3 / HMb L NJ 79.9(3)

/I Mmb L N 92.8(3) / Hb L Nm 94.1(2) bobL NM 169.8(2)
Selected bond distances and angles in [BalICY2-NQs)(dmf)s)cc2 Y LI SESa Kk )

[ F Mbbi  2655(7) bmMb[ kM 74.6(2) hob [} m 108.6(3)

[ mbbi 2629(7) bub[ I M| 121.70(19) hob[ I m 142.5(2)

[ F mbhi 2.601(6) bHbL[ I m™ 74.0(2) hob[ I m 72.7(2)

[ F mbh(¢ 2.624(6) bHbL[ I m™ 75.7(2) hnb[ Fm 49.14(18)

[ F Mbhi 2573(6) bub[ kM| 73.41(19) hnb[Fm 68.3(2)

[ F Mbh| 2.604(6) bHbL[ k™ 139.6(2) hnb[ F M| 127.49(19)

[ F mbhi 247507) bHbL[ I m™ 79.2(2) hnb[ F m| 139.35(19)

[ F mbhy 2443(5) bHbL[ '™ 79.0(2) hpb[ | m 69.5(2)

[ F mbh( 2461(5) hvmb[ |Fm 48.65(18) hpb[ | m 79.78(19)
bMb [ M 145.2(2) hmb [ | m 91.6(2) hpb[ F M| 146.66(19)
bmMb[ | m 72.8(2) hmb[ | m| 135.69(19) hTtb[Fm 108.8(2)
bmb[ Im 117.9(2) hvmb[ | m 77.8(2) htb[Fm 141.1(2)
bmb[ Im 138.5(2) hmb [ F m| 140.50(18) hyb[ Fm 76.9(2)
bmMb[ | m 120.4(2) hmb[ | m 75.4(2) / Mbbmb 167.54
bmMb[ | m 70.8(2) hob[ I m| 70.03(19) / HbbHD 167.77
bmMb[ | m 73.1(2) hob[ | m| 115.88(19) - -

Slected distances and angles between metal io

Selected distances between metal ions betweer

within the {Ld'Ir'""} chainsk  °) X the {LA"Ir"} chainx )

[ FMbL[ ™ 8.616 iKS aK2NILS$S 12.337

[ F Mb L NM 5.776/5.819 0KS &K2NJI 9 11.184
LNMbE L NM 10.782 - -
[ MbLNMb | 95.99 - -
LNML[ I mb 136.84 - -
LNMBL[ | mb L NM 3.04 - -
[ FMbLNMbL[ I ™ 1.44 - ]
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Table S6Results of Continuous Shape Measure (CShM) analysis-tmostinated iridium(lll) complesin 14
and ninecoordinated lanthanum(lll) complexes4n

CShM parameter*
Comp. Metal complex Geom.
HR6 | PPYs | OG6 | TPR6 | JPP%

1 C'S['r1(>fCN){trins’(RR' 2042 | 2688 | 054 | 1403 | 3029 | OG6
pinppy}l]

2 cis{iri(>-CNfrans (RR 30.89 | 2650 | 0.60 1382 | 3013 | 0OG6
piNppy}}*

3 cis{iri(>-CNttrans (RR 2067 | 2859 | 0.28 1536 | 31.80 | 0G6
piNppy}}*

is[IrL(>-CN)t R

g | Cslr-ChArans(R 3064 | 2701 | 048 | 1463 | 3079 | OG6
pinppy}i]

i - JCSARB | CSAPR | JTCTRPR| TCTP® | MFF9 i

4 | [Lal6-NCYE2NQ)(dmfs | 2.78 192 | 3.67 2.96 162 | MFF9

Comment on Table $: Continuous Shape Measure (CShM) analysis for Ir(lll) and Ln(lll) complexes was
performed using SHAPE software ver. 2.£2The ContinuousShape Measure (CShM) parameter represents
the distortion from an ideal geometry. It equals O for an ideal polyhedron and increag#ls increasing
distortion. Due to the significant disorder in the crystal structure3ofsee Experimental Detailg, some DFIX
NBaONFrAyGa 6SNB LI ASR F2NJ 0KS [Fbh 02YyR RA&AGE YOS
Therefore, the CShM analysssburdened with a largeexperimentalerror. However, for the record, the best
geometries for the nineoordinated lanthanum(lll) complexes3rare also found as MFF(G), while the ten
coordinated complexes are best characterized byghemetry ofJSPE@0 (sphenocorona).

*Continuous Shape Measure (CSipdjameters®?

- for sixcoordinated complexes

CShMHR6 b the parameter related to the hexago®d, symmetry)

CShM PRE b the parameter related to the pentagonal pyrami@

CShM O® b the parameter related to the octahedro®y)

CShM TPR b the parameter related to the trigonal prisnd4,)

CShM JPRY b the parameter related to the Johnson pentagonal pyrandg)(

- for nine-coordinated complexes®

CShM JCSARR L the parameter related to theapped square antiprism J1Q4()

CShM CSAPR + the parameter related to thapherical capped square antiprisi@u)
CShM JTCTPER bt the parameter related to théricapped trigonal prism J5D4)
CShM TCTPR L the parameter related to thapherical tricapped trigonal prisnDg,)
CShM MFR b the parameter related to thenuffin (G)
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i 4theo.
. Jn ) 3exp.
] 2exp.
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. 4 ,JL \ 1 exp.

5 | 11 17 23 29
2@/ deg.

Relative intensity / a.u.

FigureS8 Comparison of perimental(exp.)and theoretical(theo.) powder Xray diffracion (RXRD) patterns
of compoundslb4, presentedin the 2y range of §30°. TheoreticalP-XRD patterns were obtained frothe
singlecrystal Xray diffraction (S&XRD) structural analysis£ 100 K).
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Figure S9Wavelength dependencsof the SH signalor the powdersamplesl (a), 2 (b), 3 (c), and 4 (d), and

potassium dihydrogen phosphat&[DB, usedasreferencematerial (e),showntogether withthe comparison of
the SH signalfor all samplesand the KDP reference (finsets in6 I b tBebp¥iotos ofrespective samples,
mountedwithin the setup of theSHG experiment undéhe 1040 nm laser lightradiation.
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Figure S10Dependencsof the SH effect on the excitation intensity fine powder samplsof 1 (a), 2 (b), 3 (c),
and4 (d), as well as potassium dihydrogen phosph@®B, usedas a reference material (e3howntogether
with the comparison of all measured samples (f). Poiafgresentmeasured data with intensityncertainties
Linescorrespondo bestfit curvesto the quadratic equation pointing to th&Hnature of emitted light.

Comment onthe SHG effectshown in Figures S9 and S1Bccording to the Kleinman symmetry in Ron
dispersive materialghe SHG effect should not be observedtie 422, 432, and 622 point groups.S4<® Thus
we suspected that the wak but nan-negigible signal obtained fothe powdersampleof 3 could be connected
with the contamination with the precursor or other molecular materiabwever, the P-XRD analysis (Fig. S8)
showed that this sample is homogenous and does not contairceysfallineimpurities. After further literature
researchwe were able to confirm that Kleinman symmetry is often violated for molecular materials apart from
the quality of the crystal samp@%S8Therefore we suppose thathe results obtained foB are reliable.
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Figure S11Solidstate U\Wis absorption spectra fatb4 and (R,R-pinppy ligand gatheredA y G KS HH AL T
wavelength range.

Commenton Figure S11All obtained solidexhibitstrong absorption in UV and ilige range(up to ca. 400480

nm) which isresponsible for their yellow colomhe spectra ol and 2 consist of two main bands, positioned in
0KS NI y3IS 27F H H48LnmHThe vefyybrohdybBRnd meatedsin the visible range corresponds to
metakto-ligand chargdransfer transitions(Ir'"' to (R,B-pinppy, MLC7Y. The second bandgositioned in the UV
region, correspondsii 2 (S ~ S f iStdsidsy/within the (R,R-pinppy ligands, the higher energy
chargetransfertransitions,and high energyd-d electronictransitions related to Ir metal cerdrs. These bands
are alsodetectedin the absorptionspectra of3 and 4; however,the strong MLCTbands are shifted to lower
wavelengths, whichmight be correlated with the presence of heavy lanthanum(3+) ions to which the
[I(CN}RR-pinppy}]c metalloligands are coordinated.
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FigureS12 Solidstate excitation(a) and emissior{b) of (R R-pinppy ligandgatheredfor the indicated emission
and excitation wavelengths, respectivedy,77 K.
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FigureS13.Temperaturevariable solidstate excitation (a) and emission, (hormalized spectra ofL. The inset
in (b) represents the enlargement dhe 463580 nm region ofthe emission spectrum.The related
spectroscopic parameters of the emission patterns at each temperature are gathered in Table £mission
spectra in the (b) part were normalized to the third (going from lower to higher wavelengths) emission peak.
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Table S7.The positios of well-distinguished maximafothe solidstate emission patterns ot detected at
various indicated temperaturegthe positionof the main maximumat each temperaturewas underlined),
showntogetherwith the chromaticity parameters ahe CIEL931scale(Fig. S13).

CIE 1931 chromaticity CIE 1931 chromaticity
T/K <em,max/ NM parameters T/K <emmax/ NM parameters
X y X y
10 476,508, 548.5 0.327 0.502 170 | 477.5,508 550 0.362 0.5
30 | 476.5507.5550| 0.3% 0.506 190 | 478,507.55505 | 0.363 0.5
50 476,508, 548.5 0.3 0.507 210 | 479,508.5551.5 | 0.363 0.5
70 | 476.5507.5549 | 0.38 0.507 230 | 479.5,509 549 0.363 0.506
90 | 467,507.55505 | 0.3% 0.507 250 | 481.5510 5495 | 0.3% 0.5
110 476,507, 551 0.356 0.506 270 482,511,550 0.3% 0.5
130 | 477,507 5505 0.359 0.505 290 | 482.5510 5% 0.34 0.510
150 477,507.5 551 0.36L 0.5 - - - ;
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Figure S14Temperaturevariable soliestate excitation (a) anémission (b normalized spectra of2. The inset

Ay o000 NBLNBaSyita GKS Syt NHSYSyld 2F GKS ncpbppn
spectroscopic parameters of the emission patterns at each temperature are gathered in Table $Bnission

spectra in the (b) part were normalized to the third (going from lower to higher wavelengths) emission peak.

Table S8.The positions of welldistinguished maxima of the solglate emission patterns o2 detected at
various indicated temperatures (the position of the main maximameach temperaturewas underlined),
showntogether with the chromaticity parameters ttie CIE 193%cale (Fig. S14).

CIE 1931 chromaticity CIE 1931 chromaticity
T/ K <em,max/ nm parameters T/ K <em,max/ nm parameters
X y X y
10 | 471.5504.5539 | 0.240 0.473 170 | 471,502.5534.5| 0.276 0.493
30 472,504.5 541 0.243 0.477 190 472,503 541 0.278 0.4
50 472.5,504, 542 0.248 0.481 210 | 472.5,503 540.5| 0.280 0.491
20 4735035 540 0.254 0.4% 230 47252% 0.281 0.491
90 | 473.55503 541.5| 0.260 0.488 250 | 473.5,504, 542 0.280 0.4%8
110 472554,5(;_2.5 0.266 0.490 270 | 474.504.5 540.5 0.280 0.493
130 | 471.5,502.5539 | 0.270 0.42 290 | 475,505 5385 | 0.2® 0.4
150 | 471.5,502.5540| 0.272 0.493 - - - -
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Figure S15Temperaturevariable soliéstate excitation (a) and emission, (hormalizedl spectra of3. The inset
Syt NBSYSyi
spectroscopic parameters of the emission patterns at each temperature are gathered in Table &ission

spectra in the (b) part were normalized to the third (going from lower to higher wavelengths) emission peak.
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Table S9.The positions of welllistinguished maxima of the solglate emission patterns o8 detected at
various indicated temperatures (the position of the main maximum at each temperature was underlined),
shown together with the chromaticity parameters of the CIE 1931 scale (Fig. S15).

CIE 1931 chromaticity CIE 1931 chromaticity
T/K <em,max/ NM parameters T/K <emmax/ NM parameters
X y X y
10 | ae8s005527 | PP | 9493 | apg 47052,32_7-5 026 | 0476
30 | 468,500.5528.5| 0.250 0.465 190 470,497, 531 0.264 0.476
50 468.5,501, 528 0.251 0.467 210 | 471,496.5531 0.263 0.477
70 469,501, 532 0.2%4 0.471 230 | 471,497,5325 | 0.23 0.468
90 469.5,501, 529 0.2% 0.472 250 | 469.5,496.5529 | 0.25 0.4&2
110 | 470.5,500, 529 0.257 0.475 270 | 469,498 526.5 | 0.2% 0.460
130 | 470,499.5527.5| 0.260 0.474 290 | 469,497.5529 | 0.2% 0.459
150 | 472,499.5531.5| 0.2& 0.47% - - - -
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Figure S16 Temperaturevariable soligstate excitation (a) and emission, (bormalized spectra of4, shown
together with the comparison od few different indicatedhermometric parameters (¢and the corresponding
relative thermal sensitivitgurves(d). The inset in (b) represents the enlargementhaf 4656560 nm region of

the emission spectrum. The related spectroscopic parameters of the emission patterns at each temperature are
gathered in TableS10and S11See the comment below for detail§he emission spectra in the (b) part were

normalized to the third (going from lower to higher wavelengths) emission peak.

6



Table S10The positions of welllistinguished maxima of the solglate emission patterns of detected at
various indicated temperatures (the position of the main maximum at each temperature was underlined),
shown together with the chromaticity parameters of the CIE 1931 scale (Fig. S16).

CIE 1931 chromaticity CIE 1931 chromaticity
T/K <emmax/ NM parameters T/K <emmax/ NM parameters
X y X y

10 | 469.5503.5542 | 0.282 0.482 170 | 473.5,503 540.5| 0.342 0.506
30 469.5,503.5541 | 0.285 0.486 190 | 472.5,503 542.5| 0.348 0.508
50 | 470,503.5543.5 | 0.291 0.487 210 | 474,504, 5425 | 0.353 0.508
70 | 470.5,503.5 540.5| 0.297 0.492 230 474,503 541 0.351 0.507

90 471.5,504, 543.5 0.305 0.496 250 | 473,502.5543.5| 0.345 0.503

110 472,504, 540.5 0.315 0.500 270 473;1,;(;3.5 0.344 0.502

130 472.5,504, 539 0.323 0.506 290 | 473,503.5537.5| 0.345 0.503
150 | 473.5,502.5 538 0.332 0.504 - - - -
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Figure S17Selected ptical thermometry characteristickor compoundslc4. The (a) part containthe best
thermometric parameters obtained for all the compoundis the insetof (a), the repeatability of the optical
parameters is presentedPanel (b) containsthe relative thermal sensitivitycurves calculated based on
experimentalthermometric parametershown in (a)The &st panel(c) containghe temperature uncertaintyat
indicated temperature ranges; this part was alsalculated using the best thermometric parameter
characteristics shown in (é§ee the comment below for details.
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Comment on Figures S16 and S17:

In the quest for the development of the thermometric parameter tmabst accuratelyenables temperature
detection a few different parameters were define@his is presented precisely for compouadFigure S16)
while, for other compounds, only the optimized thermometric parameter is discussed (Figure S17).

For the case oft (Figure S16)he first approach was based on the intensity at maximum, in such &fivway

thermometric parameters were defineshamely, 'O ) 4O) , O )AO) , O o ho g ¥

O h'O 70 (where O is the intensity at the maximal value for the peak around 470 nm,
O is the intensity at the maximum at 540 nm which does not change its position upon cooling/heating,
O is the intensity at the maximal value for the peak around 500 fmg is the intensity at 469.5 nm,

O is the intensity at 470 nm).

The gcond approach was based on the ratios of areas under the emission bands, and similarly to the first
approach three thermometric parameters were define#ta the band at around 470 nm two different ranges

for integration were taken: 466d&77.5 nm (11 nm, largeAt7o nm) and 468.5¢474.5 nm (6 nm, smalleAS7o

nm). FOr the band at around 500 nm, the integration range was 497¢@i® nm Lsoo nr), While for the band at
around 540 nm, the integration range was 52%60.5 nm Qes0 nm). Therefore, three respective thermometric
parameters were as follows: 70 , 0 70 , ando 70 (Figure S16 c).

For all of the temperaturglependent thermometric parameterg, a classical MotBeitz model was applied,
under the assumption of the existence of only one nonradiative channel of emission extinction:

w

— .00
P QoG

WY

where:

No= thermometric parameter at 0 K,
h s theratio of nonradiative (W at 0 K) and radiative (W/rates of decay,

N & activation energy of neradiative channel of decay.

All parameters obtained from the fitting of the function to gathered data points are presented in Table S1
To compare the performance of different thermometer parameters, a relative thermal sensi@)itdérived
from fitted curves, was usedVefollowed the equation:

!

Y
v TY
w

Then, emperature uncertainty was calculated by the following equafién

w 1Y p 1 ! P
"Y'y v o o Wi
where:
7y is the uncertainty of the thermometric parameterg is the relative thermal sensitivity, in the

uncertainty of the detector equal to 2 CPS (value determibased onstandard deviation of the noise related
to the detector,”OA T "D are the values of the intensity at specific poistin a non-normalized, norsmoothed
emissionspectrum
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Table S1. Comparison obestfit parameters to the thermometric calibration curves fbg4 (see Fig. S1énd
S17,and related comment for details).

Compound Thermometric parameter No h L /K
1 "0 TO 1.21(1) 0.79(2) 43(3)
2 "0 g O 1.80(2) 1.48(8) 105(8)
3 ‘0 TO 1.356(7) 1.89(8) 198(7)

‘0 TO 1.51(2) 4.69(59) 230(18)
‘0 ¥O 1.70(2) 1.65(13) 159(12)
‘0 TO 0.896(3) 2.20(14) 307(11)
. 0 70 0.423(6) 4.25(49) 242(18)
b po) 0.575(6) 1.53(14) 178(15)
o p (o) 0.255(3) 5.21(60) 258(17)
0 g 710 1.52(2) 5.26(51) 219(14)
‘0 TO 1.51(2) 5.33(54) 231(14)
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Figure S&. Thermal changes of the emissionlorin 164 and (R,R-pinppy ligand presented on the CIE 1931
chromaticity diagramsThe related CIE 1931 chromaticity parameters are gathered in Tahl&8,S$B, andb11,
respectivelyfor (R,R-pinppy X, yparameters are 0.30D.463, respectively.
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Figure S9. Wavelengthvariable emission decay profiles fbrand 2 under <. = 374nm at room temperature
The moneexponential fitting was applied for each temperature. The Higtarameters are roughly presented
on thegraphswhile the detailed values are gathered in Tabl@.S1

Table S2. Bestfit parameters for the roomtemperature emission decay profiles df and 2 at indicated
emission wavelength

Compound <em./ M _0BK ¥ a X2
483 0.5206 n@B) 1.0880
1 513 0.5376 nGH) 1.0874
555 0.7506 n 6By 1.0472
475 1.0166 n ®y1 M H 1.0876
2 505 0.9506 nXBn 1.0982
540 1.1466 nXon 1.0781

Comment onthe determination of emissionlifetimes. It was possible to measurthe roomtemperature
emission lifetimes for three different emission components onlylfand 2 (Figure S18 and Table S12). For two
other compounds,3 and 4, only the general emission lifetime for the main emission component was
investigated; however, fo and 4, it was possible to gather also the temperature dependences of these
emission lifetimes (see Figures S19, S20, and S21, and Table S13).
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Figure 0. Temperaturevariable emission decay profiles f@under <xc= 374 nm andenm =500 nm, gathered

in the 1@;290 K temperature range. The momaponential fitting was applied for each temperature. The best

fit parameters are roughly presented on thgeaphswhile the detailed values are gathered in Tabl8.S1
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Figure 1. Temperaturevariable emission decay profiles #under <exc= 374 nm ancenm =510nm, gathered

in the 13;290 K temperature range. The moeaponential fitting was applied for each temperature. The best

fit parameters are roughly presented on tgeaphswhile the detailed values are gathered in Tabl8.S1
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Table SB3. Bestfit parameters for the emission decay profiles ®fand 4 to the monoexponential decay

function forthe indicated temperature fronthe 105290 K range (Figures S4i8d S19).

3 4
T/K _6BK xa X T/ K _6BK xa X
10 pdTTCcOopMq 1.0907 10 pPpHNORHC 1.0571
30 dbdPnonopoq 1.0806 30 odTHpPpOR NG 1.0744
50 pdPHonopmq 1.0574 50 odo T 05 19q 1.1408
70 pdnnyopnqg 1.0595 70 HPT PH OB ¢ 0.9863
90 ndcoyopnqg 1.0545 90 H®cmMT OB Nq 1.1037
110 odpdpnopngqg 1.0858 110 H®p dhmopnqg 1.0534
130 ndHcpopnqg 11774 130 H®PpHMOR Y 1.0920
150 odnHTORNY 1.050 150 H®HPcOpNq 1.1096
170 odPoHDOR NG 1.0443 170 H®nHCORNY] 1.0610
190 odmT hbopnqg 1.099 190 Mddhoy opnqg 11354
210 odbdoTTORNYq 1.1597 210 MOPTTYORNq 11344
230 HPPTHOR Y 1.0763 230 MmdPy THOR ] 1.1591
250 HPPHNOR Y] 1.2059 250 MPTHpPpOR Y 1.1379
270 HPopcopnq 1.1594 270 MOPT Mo pnq 1.1447
290 H®nynopndq 1.1003 290 Md®pnHOopNq 1.1072
a) b)
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Figure S2. Temperature dependences of emission lifetime 3ofa) and4 (b) with the indicatedexperimental
uncertainties.
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Computational Details

The theoretical calculatiorfer 1 were carried out using the ORCA %.Quantum chemistry program packagé.

In the first step, the geometry of an anigrcomplex [IF(CNYRR-pinppy}]¢, consisting of Ir(lll) center together

with the whole surroundindR R)-pinppy ligands and cyanalligands taken from theSCXRD experimentvas
optimized using DFT methods. In our treatment, we completely omitted counter ions present in the crystal
structure of 1. The structure was optimized using the B3LYP hybrid exckamgeation energy functional
which presented its reasonable performance for predicting the geometry parameters of ground and excited
states$?15?%2as well as, excitation energies for various organic and metal transition compé&t#td&.he def2

TZVP basis set was used together with the chdependent atompairwise dispersion correction using
D4(EEQATM modef?S%For the calculations, the ERPCM solvation model was used with chloroform as a
solvent which is consistent with the solvent used for registering the experimental spétiitae comparison of

the SEXRD structure with the optimized ground state is presented inr€i§23 together with the chosen
geometry parameters compared to the experimental ones in Table S14. They show overall good agreement
within a deviation of around 0.02 A for the bond lengths and an order of one degree for the angles. The
restricted KS determinant of a ground state served then as a reference one for the SOKT TAlculations in

the next step.To simulate UWis spectrasinglet excited states were optimized using-DBT and then mixed

with calculated triplet excited states for the optimized ground geometry from the previous step. Scalar
relativistic effects were included using thd' @rder regular approximation (ZORA)S?with a compatible
segmented alklectron relativistically contracted basis set SARIRATZVP with SARC/J option (general
purpose Coulomb fitting basis set for-alectron calculations which reduces to def2/J for atoms up to Kr and
specially implemented auxiliary basis set for atoms beyond Kr, that is Ir in thisS€a8&)o accelerate the
computation of tweelectron integrals, in addition to the resolution of identity approximation for the Coulomb
part (RIJ), the chain of spheres algorithm for the exchange part (COSX) w&&t&gthe spirorbit integrals

were calculated using the BIOMF(1X) approximation that is: using méiatd potential with the inclusion of-1
electron terms together with Coulomb term computed with RI approximation and exchange terms evaluated via
one-center exact integrals including the sgither orbit interaction omitting DFT local correlation terf#The
maximum number of centers to include in the integrals was set fthé. list of the first 30 excited singlet states

(for the geometry of the ground state optimized in the previous step) is presented in Table S16 together with
SOC states obtained by mixing singlets and triplets with the calculatezb@iling. The theoretical UMs
spectra from Figre 7 were simulated usinthe orca_mapspc tool with a broadening of 1800¢ffor singlets

only (TBDFT) and spiorbit states (SOC€orrected) compared to the experimental one. The relevant molecular
orbitals with the highest contribution to théirst five singlet and triplet states (Table S15) are presented in
Figure S2. To better understand the mechanism of absorption (and later the emission from those levels)
difference density maps for the firghree excited SGtates were plotted in Fige S&. After the inspection, it

can be seen that the transitions are mainly of metaligand charge transfer (MLCT) character with a slight
admixtureof CN to ligand CT mechanisrin the last step, to better elucidate the observed luminescence, we
simply performed the geometry optimization of the first excited-8@aie taking advantage of the possibility to
calculategradientsfor mixed states in ORCA software. After the optimizatiee presenteda few first relevant

SOC corrected states for the new geometry in Tablesa®ii738 together with the MOs in Rige S26 and
geometries compared in Rige SZBb analogously to the UVis step. One can infer from the density difference
mapsthat the main mechanism of the observed phosphoresceiscthe MLCTinvolving (RR)-pinppy ligands

and Ir(lll) centersvith a slight contributiorfrom the cyanidounits and the admixture of intraligand electronic
transitions (Figure S27, see the main manuscript for detdil®® obtained energies of Sfates were compared

with emission spectra df (Figures 7 and S28)e did not present relative intensities and therefore lifetimes of
the simulated emission bands based on calculated dipalesition moments, because of the significant impact

of vibronic coupling and intersystem crossing rates whose simulations are beyond the scope of this work.
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b)

Excited

Figure SZB. Comparison ofhe experimental crystatructure (gold from the SEXRD experimentcompoundl)
with the optimized ground stateg(blue) (a) and the comparison of the calculateground state(blue) with the
optimized firstexcited state (redjb). Hydrogen atorawere omitted for clarity.
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Table S14The set of representative structural parametersthe octahedral iridiunflil) complex fromthe SCG
XRD analysigompoundl) with the DFFoptimized geometry othe ground and excited state

SCXRDstructure Optimized ground state| Optimized excited state
Selected bond lengthsis{Ir'"'(CNYRR-pinppy)]¢ complexed ) =
LNMb / M 2.033(5) 2.073 2.112
LNMb / H 2.044(5) 2.072 2.089
LNMbL/ o 2.055(5) 2.061 2.020
LNMb/ HM 2.050(5) 2.061 2.053
LNMb b o 2.055(4) 2.068 2.095
LNMbbn 2.047(4) 2.072 2.070
Selected angles icis[Ir'"'(CN)RR-pinppy}]° complexes P
/ MmbLNMBL/ 88.1(2) 914 84.6
/ MmbLNMBL/ 174.8(2) 175.4 175.7
/ MLLNML/ 89.5(2) 91.1 85.93
[/ MLLNML b 95.72(18) 96.1 96.6
[/ MLLNML b 92.4(2) 89.9 88.9
/| HbE L NMbBL / 94.61(19) 90.0 92.2
/ HELNMmbL / 173.6(2) 175.0 170.1
/I HELNMbL b 90.29(19) 91.1 88.6
/I HELNMbL b 94.19(18) 96.1 96.0
/| obLNMb/ 88.2(2) 87.9 97.4
/] obLNMbb 79.92(18) 79.5 80.3
/ obLNMbb 91.8(2) 94.3 94.4
/ HMb L NMbL 95.87(18) 93.0 95.3
/ HMb L NMbL 79.96(18) 79.5 81.0
bobLNMLDb 170.89(17) 170.5 173.1
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Figure S2. Selected molecular orbitatsf the optimized ground statdor cis{Ir"(CN}RR-pinppy}]c complexes
Hydrogen atorswere omitted for clarity Orbitals are plotted wittanisosurface levedf 0.15.
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