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A new family of Pt(ll) luminescent metallomesogdrased on dicatenar pyridylpyrazolate ligands
[Pt(pZX™™PY,] (R(n,n) = CsHa(OCHane1)2, N = 4-18) has been prepared, and their mesomorphlic a
photophysical properties are described. The congmurere isolated as red € 4-8) or yellow i = 10-

10 18) solids at room temperature, but the first omee converted to yellow crystals by slow evaporati
of a chloroform-acetone mixed solution. All of théehave as discotic liquid crystal materials, eitimf
hexagonal columnar mesophases (ol a wide range of temperature. Photoluminesserties in the
solid state at variable temperature showed a higileston in the liquid crystalline phase, which was
significantly red-shifted with respect to the yellgreen emission of the solid state. This photojays

1s change was attributed to the formation of aggregimugh Pt(d)—Pt(d?) interactions, so giving rise to
the metal-metal-to-ligand charge transféMNILCT) responsible for the luminescence observeskifig
advantage of these properties we have fabricatlineoic solid supports doped with the platinum
complex [Pt(p3A%19P%,] which can be used as temperature sensors fotekmological applications.
In addition, the Pt-bispyrazolate complexes and tteeresponding pyrazole ligands have been praowed

20 be useful as chemosensors toward® Fa?*, Cd* and HG" metal ions.

Keywords Platinum complexes, discotic metallomesogenss@efuminescence

s (solar cells)’ or medicine (contrast agent$).

Introduction To these aims, Pt(ll) complexes have been coreidas an
important topic due to their versatile physico-cieahproperties.
They have a YHelectronic configuration which favours a square
planar coordination geometry, giving rise to ingtiey

so luminescent and/or mesomorphic properties which weally
generated from stacking mode associated with irdkxcolar
interactions, specially Pt-Pt andfom ones'®?’

Over the last years, the design of luminescent gsofor
application as chemosensors plays an importantirnoldinical
2s medicine™? biology®® and environmental chemistfy. Recent
research progress has been focused in the preparati
fluorescent chemosensors to selective detectionramdval of
heavy metal ions such as CuPd*, zr**, P¥*, C* and Hg"

hich highly harmful both . q As a part of our research in metallomesogenic aamgs
which are hignly harmiu to both environment andmam g, 0 by transition metal ions and pyrazole ligaffd° we have
30 health:”*“ Among them, mercury is one of the most poIIutants5

) 1 sz recently reported discotic Pd(ll) metallomesogeresell on
and neurotoxic metals even at very low concentnatiolts dicatenar pyridine-functionalised pyrazole ligaf@d(pR™"™),]
presence in the human body can induce permaneint dsenage

and PAC)(HpZ P HpzR®nP = 3-35-
to disrupt metabolic processes and cause depressiaitability. [Pdci(Hp ) (Ip ! (

i i o bis(alkyloxy)phenyl)-(5-pyridin-2-yl)pyrazole, Rf) =
In the digestive tract, an a(_:ute pqsomng by m@rmn produce CeHa(OCHomr)ss N = 4, 6, 8, 10, 12, 14, 16, 18) which exhibitec
3s detachments of the gastrointestinal mucosa, reguiti a loss of

) R 7" s relevant columnar mesomorphisi.
fluids and eIectronte? Therefore, it is evident the necesgty to Encouraged by our previous results, we were istedein
develop ananced materlgls and new methods foarladytical extending the study to a new family of Pt(ll) coexgs based on
determination of these toxic metals. . - o these pyrazole ligands in order to obtain novely{fohctional
.On the other hand, the mcreasnng.utllhty gf Innm:rysftal molecular materials that combine both columnaritigerystal
“ science to new technologies demands liquid cryq&ahnatgnals es and photoluminescence properties. In addition,ngkidvantage
that integrate novel structural elements and phygicperties to of the supramolecular organisation of the liquigstals and their

be useful for their future appllcatlpnz.felr? thlspect, discotic ease of processing, we have developed solid su ors
metallomesogens are of great intetesn fields such as which can be used for real technological applicetio

optoelectronics (field-effect transistors, displays® energy

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1



Journal of Materials Chemistry C Page 2 of 15

Table 1. Numbering of the compounds describedigwtiork.

Compound n 2
[HpZR™"P] 4 a4
6 a6
8 a8 KoPtCly
10 al0
12 al2
14 al4 7 N OR
=N_ N-N
16 al6 H\ /Pt: \H
18 al8 I;I—N N=
RO
[Pt(pZ"I™,] 4 b4 7N\ 4
b6
b8 OR R = CpHanp+1
10 b10 n=4,6,8,10,12, 14, 16, 18
12 b12 Scheme 1. Synthesis of the platinum complexes #8%(),] b4-b18
14 b14 higher frequencies with respect to those of the figands. In
16 b16 w0 addition, the band ata. 765 cm associated with the(CH)
18 b18 deformation of the pyridyl substituent was batochically

shifted®! These results, combined with the absence/{(dfH)
The synthesis and characterisation of the new rplati  Vibrations in the higher-energy region, are coesistwith the
complexes, the establishment of their liquid crjisia and  coordination of the ligand in its pyrazolate form.

s photoluminescent behaviour and their applicatiseaperature %  On the other hand, the stronfCH) bands corresponding to
sensors and chemosensors for certain cations svessied in this ~ the symmetric and antisymmetric stretches of thyl ahains can
work. be clearly observed in the range of 2848-2957'.crt is

The pyrazole liganda4-a18 previously reported by &sand interesting to note that the position of these arah be related
the new Pt(ll) compounds9-b18 described in this work are With the order in the alkyl chairi So, for complexeb4 andbs,

1o schematically presented in Table 1. The numberisgduto = they appear 15-35 chat higher frequencies than for the
identify them implies a letter to indicate the typecompound ~ remaining Pt(ll) compounds, this shift suggestirftatt the
and a number corresponding to the carbon atoms @umtthe ~ compounds with short alkyl chains show a liquictliorder,

alkyl chain. while long chains produce a more crystalline order.
TheH NMR spectra in CDGlsolution at room temperature of
Results and discussion ssall complexes and thé*C NMR spectrum ofbl2 as a

representative example display the expected sigfiala the
pyrazole ring and their substituent groups, whidh ghifted due

Bispyrazolate Pt(Il) complexes [PtHZ"™),] (R(hn) = to the coordination. The presence of only one $efignals for
CeHa(OCHanea)2: N = 4, 6, 8, 10, 12, 14, 16, 184-b18 were each type of protons or carbons is indicative bfgh symmetry
synthesized by reaction of the corresponding dizat@yrazole s between the two pyridylpyrazolate ligands.
ligands [HpZ™™ a4-al8 with K,PtCl, in a 2:1 molar ratio In particular, the signal from the 6-H proton b&tpyridine
2 (Scheme 1). The new compounds were isolated agred4-8) ~ 9roup, which can be clearly observed at 10.75 ppm, is
or yellow (1 = 10-18) solids at room temperature, some of themdownglleld shifted in relation to that of the fragdnd ¢a. 8.64
containing molecules of water of solvatation. Thestfred ~ PPM):" This fact is probably associated to the preserice o
complexes were transformed to yellow crystals fram ¢sintramolecular C—H---N hydrogen bonds (see beloavfirming
chloroform-acetone mixed solution. This differenéeolour will ~ ©nce again the anionic nature of the coordinatgahlis.
2 be justified later and will constitute the basis tloeir application  crystal structure of [Pt(pzR©®™),] b8
as temperature sensors. _ _

All complexes were fully characterised by speatopic Suitable yellow crystals ob8 were obtained by slow vapour
techniques (IR™H NMR and3C NMR in a selected case) and diffusion of acetone into a chloroform solution tbe complex.
CHN elemental analysis (see experimental sectidnylScrystal 7 1"€ compound crystallises in the triclinic spaceugrP(-1), with

20 X-ray structural analysis df8, as a representative example of the WO _formula units per unit cell. The molecular sture is
obtained complexes, was also carried out in omestablish the ~ depicted in Figure 1, and Table S1 lists selecteutlbdistances

potential structural relationship between the maasp and the ~2and angles. . .
solid state. The platinum atom is surrounded by four nitrogeme of the

The IR spectra of all complexes in the solid sstew, among ™ WO Pyridylpyrazolate ligands, giving rise to a agerplanar

s others, the characteristi{fC=N) and C=C) bands of the 9J€ometry with mean Pt-N(pyrazole) and Pt-N(pyrifline
pyridine and pyrazole groups around 1597 cslightly shifted at distances of 1.98(1) and 2.03(1) A, respectivehe Environment

15 Synthesis and characterisation

2 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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30 Table 2. Thermal behaviour of Pt(Il) compounds

n Transitiorf T°/°C AH / kImol*
b4 4 Cr—Cr'—Col, 146 35.3
Cok—l 307
|—Col, 305
Colk—Cr 129 -6.0
b6 6 Cr—Cr'—Col, 107 51.1
Cok—l 251 12
|—Coly 242 -0.6
Colk—Cr 105 -7.0
b8 8 Cr—Cr'—Col, 107 17.1
Figure 1. ORTEP plot fdp8 with 30% probability. Hydrogen Cobl 248 18
atoms have been omitted for clarity. The inset shthe ’
intramolecular hydrogen bonds between the pyrazdiigands. I—Col, 241 -0.6
Colk—Cr 89 -1.2
b10 10 Cr—Cr 80
Cr—Col, 83 78.9
Cok—l 243 0.5
1—Col, 241 -1.0
Colk—Cr 73 -1.5
b12 12 Cr—Cr'—Col, 9 105.8
Cok—l 225
1—Col, 208 -0.4
Colk—Cr 69 -3.8
bl14 14 Cr—Cr 81 5.3
Cr—Col, 94 93.6
5
: ) _ Cok—l 211°
Figure 2. Columnar packing b8 through thea axis
around the metal centre presents a high planaadydeduced I—>Coh 208
from the two five-membered chelate rings origindtedn the Pt— Cok—Cr 80"
N bonds, PtN1C5C6N3 and PtN4C13C14N6 (dihedral aofjle ;6 16 Cr-Cr’ 99
10 0.6(1)°). The major deviation of the square-plagaometry is Cor ol 102 117.9
produced from the bite angles of 79.6(4) and 8()°&{éfined by r—t0h )
the N1-Pt—-N3 and N4-Pt—N6 bonds, respectively. dditen, Coh—l1 193
the pyridine and benzene planes of each ligandlarest parallel I—Col, 192
with the own pyrazolate one (dihedral angles vayynom 1.7 to
0 Colk—Cr 90"
15 6.9(1)°).
As it can be observed in the inset of the Figuréh# high b18 18 CrCr 104
planarity of the core combined with the anionicunatof the cr—Col, 107 176.8
ligand favours the formation of intramolecular C-HN c | 14
hydrogen bonds between the non-coordinated N-plicazmd Oh—
20 the nearest carbon atom from the pyridine groughef other I—Col, 138
ligand (d(C10---N5): 3.11(1) A, <(C10-H10.--N5): 243 Coh—Cr 90

d(C18---N2): 3.07(1) A, <(C18-H18---N2): 144.6°).eNbat the
strength of these bonds is comparable with that thod &¢Cr, Cr = crystalline phases, Gat hexagonal columnar mesophase, | =
intermolecular N-H---N hydrogen bonds establisimethé free  isotropic quuid.b DSC onset peak§ Overlapped processé’sDetected
2 ligand® In fact, they are maintained in solution as it e by POM.® AH(exothermic peak at 83 °C) = -15.0 kJihol

deduced from the notable chemical shift observedttie 6-H
pyridine proton in théH NMR spectra of the complexes.

The C(pyrazole)-C(pyridine or benzene) distancesaofl.43
A are, in general, slightly shorter than those fbimthe free

ligand, this feature suggesting an higher deloatitia of ther
electronic charge due to an increasing conjugatighe platinum
complexes.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00—-00 | 3
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Figure 3. Microphotographs ¢, b) [Pt(pZ{***?P},] b12 at 207 °C and
190 °C, respectively, ar(d) [Pt(pZ***®"),] b18at 119 °C, on cooling.

On the other hand, each molecular unit showsalitis shape
s in which the two alkyl chains of each ligand armas$t coplanar
with the benzene rings, as deduced from the armgbseen the
lines linking the oxygen and the terminal carboonat at each
chain and the normal to the own benzene plane wiiche from
74.9 to 87.8(1)°. In this arrangement, the fourylathains run
1 almost parallel and they are extendeal 10 A (mean value
measured as the distance between the oxygen antrthinal
carbon atoms at each chain),
interdigitation with the terminal
molecules (see Figure S1).
15 On a supramolecular level, weak = interactions ota. 3.4 A
defined between the pyridine and benzene rings gae to a

chains of neighinimg

columnar packing of molecules along to thaxis. Note that the
core is rotatecta. 40° with respect to the axis defined by the

platinum atoms. In this situation, the platinumtces are located
2 at 6.71(1) A (Figure 2).

Mesomorphic behaviour

The thermal behaviour of the new Pt(ll) compounds been

examined by using both polarised optical microscp®M) and

differential scanning calorimetry (DSC) techniquédditionally,
25 an X-ray diffraction study at variable temperatwaes also

exhibiting an extensiv

@y Clearing
@ Melting

Temperature / °C
2

10 12 16

n

14 18

Figure 4. Melting X-Rayd clearing temperatureraph of Pt(Il)
complexes

performed for b1l2 in order to confirm the nature of the
30 mesophases. Table 2 lists the phase transitionei@tyres and
their associated enthalpy data established by DSC.

All platinum complexes exhibited enantiotropic
mesomorphism showing columnar phases as expectedisio
like molecules. The mesophases were undoubtedhtifidel as

35 Col, on the basis of their pseudo focal-conic and d&adr
textures, which were observed during the coolingcess from
the isotropic liquid (Figure 3). The presence ofmeotropic
domains was consistent with the preferred uniaotiaractei® of
the columnar phases.

w0 The DSC thermograms exhibited a different pattesnaa
function of the length of the terminal alkyl chairs the case of
the platinum complexes bearing chains witkh 14 carbon atoms,
endothermic peaks assigned to solid-solid, solidapkase and
mesophase-isotrope transitions could be observedgdithe first

s heating, the two first transitions usually overleqgpin a single
peak. Note that the solid-solid transformation \wa$ observed
in the successive cycles of heating, which suggdsas this
structural change occurs irreversibly. On coolingnf the
isotropic liquid, exothermic peaks were detecteteatperatures

s Similar to those measured on heating (except tloérojse-
mesophase transition b#}), in agreement with the formation of
the mesophase and the solidification process.

By contrast, DSC traces of the complexes with lorgjde
chains fi = 14, 16 and 18) did not show the peak correspandi

s5 t0 the clearing temperature. Likewise, on coolimg formation of

the mesophase from the isotropic liquid could rebbserved, so
that the temperatures of these phase transitions determined
by POM. The absence of these peaks in the DSC tlygams

can suggest that these ggbhases are highly disorder&d,

0 probably due to the increase of the alkyl chaingtle.

In general terms, in the first cycle of heating #olid-solid
and the solid-mesophase transitions occur at teahpes very
close to each other, appearing practically oveddppas
previously commented. However, in the particulasecafbl4

es the two peaks corresponding to these phase tramsitwere

separated by 13 °C, which allowed to observe amnadiate
exothermic peak AH = -15.0 kJmal) at 83 °C on the first
heating. This fact can be attributed to the foromatof Pt-Pt
interactions between molecules in the solid whicbusd favour

o the attainment of the columnar mesophase, as it been

previously suggested from similar results reported the
literature®*

4 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]
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Table 3. Absorptionigs") and emissionm™ Zem i) Maxima in nm, molar absorption coefficiendsil Lmol'cm™ and luminescence quantum
yields @) for ligands and complexes in @E; solution and in the solid state at 298 K

Compound

Jaba™® (e/101) @ e

maxa
m

Aem (solid) 0 AN

O°

[HpZR(n,n)py]

[PHpZ )]

[PA(p£ ")

[PACHL(HPZ""™)]

6
10
12
18
4
6
8
10
12
14
6
12
6
18

a6
alo
al2
al8
b4
b6
b8
b10
b12
b14
c6
cl2
dé
dis

258 (1.7), 286(1.0)

258 (2.2), 286 (1.5)

258 (1.8), 286 (1.2)

258 (2.0), 286 (1.3)

270 (7.8), 340 (2.7), 436 (0.6)

271 (5.5), 299 (4.8), 436 (0.4)

270 (7.4), 340 (2.7), 436 (0.5)

270 (6.0), 340 (2.4), 435 (0.4)

276 (2.5), 342 (0.9), 436 (0.1)

269 (13.2), 340 (5.4), 434 (0.1)
272 (1.7), 296 (1.5), 325 (sh) (0.7)
272 (5.5), 296 (4.8), 325 (sh) (2.6)
266 (1.8), 300 (1.6), 300 (1.4)

266 (2.7), 300 (2.5), 298 (2.1)

2 Estimated error: + 1 nmi.Stokes shift® Estimated error: + 5 %. (sh = shoulder)

374
374
374
374
500
500
500
500
500
500
375
376
360
360

365
364
365
365
504, 533
500, 532
505, 533
506, 531
505, 531
500, 535

88

88
88
88
64
64
64
65
64
66
50
51
60
62

0.04
0.03
0.04
0.04
10.0
10.0
10.0
10.0

020.

010.
<0.01
<0.01
<0.01
<0.01

A comparative study of the melting and clearing gematures

s of all platinum metallomesogens shows the gredténice of the
alkyl chain length on the mesomorphic propertiegyfe 4). In
compounds with short alkyl chainsh (< 10) the melting
temperatures decrease by increasing the chainhlefaytouring
the formation of the mesophase. However, when timaber of

10 carbon atoms is greater than 10 at the hydrophoh#ins, an
increase of the melting temperatures is observeiddrgasing of
n, so indicating that the van der Waals interactian®ong the
hydrophobic tails in the solid are a determinardtda In all
cases, the clearing temperature decreases by simgethe chain

0.2

norm.

0.15

0.1

0.054

A ——Abs

15 length, so that shorter alkyl chains give wider opdmse stability
ranges. Thus, the complex with four carbon atonmsbés a very
high clearing temperature and shows the highelilisgeinterval.

—— Emis.
N
\

Solid State

0.8

0.6

-0.4

+0.2

230

280

330

380

430

a.u.

In order to confirm the columnar nature of theuidycrystal
phases, the compoutid 2, selected as a representative example,

20 Was subjected to temperature-dependent powder Miffagiction 0.2
(XRD) measurementss it can be observed in Figure S2, the 2D A
XRD patterns at the mesophase temperature showegdais in
the small angle region with éspacing ratio of 1: 13: 1N4:
17, which were indexed as (100), (110), (200) and0)2

2s reflections of a two-dimensional hexagonal latfae 27 A)3®

The maximum corresponding to the intracolumnatadise
was not observed in any of the diffractograms tegisl during
the range of existence of the mesophase, whiahdisative of a
high disorder along each coluffiin agreement with the small

s0 enthalpy values associated to the clearing procéssthis N
situation, the relationship between the moleculatume V,
(2073 &) and the columnar cross-section afea (631 A)* was
ca. 3.3 A. This value is usually found for the (OQ%flection
corresponding to the stacking distance, so thangakto account

s the relationshipcS, = ZVy, in which Z is the number of
molecules per columnar unit, it is deduced thahgls Pt(ll)

Wavelength/nm

——Abs.

—— Emis. |
— Solid State

01 0.6

0.4

0.05+
0.2

02+ T T T T T T ——
250 300 350 400 450 500 550 600
Wavelength/nm

Figure 5. Absorption (bold full line), emission ¢fen line) in CHCI,
solution (1x16 M) and emission at solid state (full line) speatfa
a0 [HpZR®O" a6 (A) and of [Pt(p2©¥™),] bs (B) at room temperaturé .
= 286 nm fora6, Aexc = 340 nm forb8).

This journal is © The Royal Society of Chemistry [year]
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/a.u. u
norm. norm.
1* ! norm. la.u. 17 | norm /a.u.
1e .
i 0.8/ ® l 08 %o ® 3741m
0.8 06l ® ® 374 nm 0.8 0.6/ ..
0.4 hd 0.4/ ..

0.6 0.2 . 0.6 0.2 .

0 ®oe o o 0. ®ee 0 o
0 02040608 1 1.2 0 01 02 03 04 05

0.4 [Hg*'V/[a18] 0.4 [Pd>)/[a18]

0.2 @ 0.2
0* T T T O, T T T 1
300 350 400 450 500 550 300 350 400 450 500 550

Wavelength/nm Wavelength/nm

/a.u.
norm
norm. /a.u.
1q
08| *,
0.6 ® 374 nm
024 M . e ®374nm
l 0.2 . o
®ee, .0
01 0,2 0.3 0.4 0.5 b
[zn**)/[a18] 02 04 06 08

0 / T T T T : — : :
300 350 400 450 500 550 600 300 350 400 450
Wavelength/nm Wavelength/nm

Figure 6. Normalised fluorescence titrations fopfF#*®"] a18in CH,Cl, solution (1 x 16 M, Aex. = 286 nm) as a function of increasing amounts of
Hg(NO,), (A), [PA(CHCN),][BF ]2 (B), Zn(BF,), (C) and Cd(CES0s), (D). Insets show the emission read as a functighlg?’)/[a1§ (A), [Pd*]/[al]
(B), [Zn*"])/[a1§ (C) and [Cd"])/[a1] (D).

500 550

s complex occupies the cross-section area of an al@mediscotic 30 to ones observed in the solid state. Taking intcoant these
unit. results, it is important to indicate that the iragi@g number of
On the other hand, the absence of the chara@tdristad halo  carbon atoms does not significantly affect the ppbysical
corresponding to the liquid-like arrangement ofdlie/l chainsis  spectral behaviour.
probably due to this lack of short-range order. The absorption spectra of Pt(Il) complexd®l-b14) show
s three bands. The two first, at 269-276 nm and & 84
respectively, correspond to characteristic eleatrénansitions of
The absorption, emission and excitation spectra tioé the organic ligands, which are red-shifted to respe the free
polycatenar pyrazole ligands6, alO, al2, al8and their ligands and exhibit higher molar absorptions cegfits ranging
corresponding  Pt(Il)-bispyrazolate complexdst-b18 were  between 0.9-13.2xf@.mol’cni®. The third band, observed in a
measured in dichloromethane solutiooa. (10>-10° M) and in 4 lower-energy region ata. 436 nm ¢ = 10° Lmol'lcm?), was
isthe solid state at 298 K. Similar spectrophotoroetaind  attributed to a metal-to-ligand charge transfer 1) in both the
spectrofluorimetric studies for analogous Pd(ll)talemesogens  singlet and triplet manifolds.
c6, c12 d6 andd18, which have been recently reported by'us, The luminescence spectra in solution and in tHil siate
were also carried out for comparison. As a reprasier display emission bands originated from Pt(ll) moeonunits
example, Figure 5 shows the photophysical charaatéon of . which are bathochromically-shifted with respectthese of the
wthe pyrazole ligand [HF£®" a6 and the complex corresponding pyrazole ligand, exhibiting a Stobeidt of ca. 64
[Pt(pZ*®®,] b8, respectively. All results are summarised in nm. Particularly, in the solid state appears a sgcintense
Table 3. fluorescence band which was red-shiftéd,, (= 531-535 nm)
Pyrazole ligandsa, alQ al2 al8)exhihit a broad absorption related to that of the solutiof.f,= 500 nm). It is interesting to
band in the region of 250-290 nm attributed to tr? s note that the origin of this shift could be atttigdi to the presence
2s transitions of pyrazole and/or pyridine urfitsyith the maximum  of z-- « interactions between the pyridine and benzenesrifg
at 258 nm and a shoulder at 286 nm. Concerning ffies@®n neighbouring monomers, which do not exist in soluf? The
spectra, a band with a maximum centred at 374 nsnobaerved,  fluorescent nature at room temperature of the well®t(ll)
with a similar fluorescence quantum yieldoat 0.03-0.04. In all  derivatives was evidenced from the lifetime of ctemb12 (4.5
cases, these emission bands are slightly red-ghiitth respect ss ns), selected as a representative example.

10 Photophysical Characterisation

6 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Table 4. Stability constants for liganalé andal18in CH.Cl, in the

presence of Zii, Cd*, Hg* and Pd" and Pt(ll) complexeb6 andbl4in

CH.Cl, in the presence of Hy

Compound Interaction >logB (emission)
a6 Zn** (3:1) 17.560.01
Cd** (3:1) 17.57+0.01
Hg*" (2:1) 12.52+0.03
P (3:1) 18.21+0.07
als Zn?* (3:1) 17.55+0.09
Cd** (3:1) 17.51+0.04
Hg*" (2:1) 15.52+0.13
P& (3:1) 20.35+0.04
b6 Hg?* (1:1) 6.61+0.01
b14 Hg™ (1:1) 6.85+0.01

s To a comparative purpose, similar studies werdezhout for the
palladium compounds [Pd®2"™),] (n = 6,12) ¢c6, c12 and
[PACL(HPZ™™)] (n = 6, 18)d6, d18 In general terms, the
most significant differences with respect to thedm of the
Pt(Il) complexes were related with the shift of therescence

10 bands to a lower wavelength and with the abseneamigsion in
the solid state. The fluorescent quantum yield alas affected
by the metal showing the strongest values for mlanti

derivatives.

Sensorial ability towards metal ions

15 In order to explore the potential sensorial abitifythe pyrazole
ligands and their corresponding platinum derivajveeveral so
metal titrations followed by absorption and emissio
measurements were performed in dichloromethandisolwith

the addition of different metal salts in acetofetri

20 The fluorescence response @6 and al8 chosen as
representative examples of the ligands, was testedrds the
soft metal ions H, Pd*, Zr** and Cd*. A similar behaviour
was observed in both compounds, and thereforednr&i6 are
only depicted the titration spectra @18 As it can be observed,

s the natural fluorescence emission of the pyrazidestrongly
quenched by addition of increasing amounts of*Hmd Pd*,
which is consistent with the chelation enhancemehtthe

quenching effect (CHEQY %

In the case of the addition of Hga total quenching of the
30 emission band was observed upon the addition df matal
equivalent, while only 0.3 equivalents of¥vere necessary to

achieve a similar quenching effect (insets of FegbiA,B).

A different behaviour was observed upon?Zmnd Cd*
complexation. In both cases, the emission bantiefree ligand
35 centred at 374 nm was quenched, but at the sarseatinew red-
shifted emission was turning up e& 447 nm. The plateau °
observed in the insets of Figure 6C,D after additidrea. 0.3
equivalents of metal ion suggests the formationcahplexes

with a 3:1 (ligand-to-metal) molar ratio.

4 On the other hand, no significant changes werectid in

M = Zn2*, Cd?*, Pd?* ML,

M= Hg?* ML,

Figure 7. Schematic representation of coordinatiade for MLs and
ML, complexes (R = g5 or CigHsy).
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0.4 [Hg®")/[b6]
0.2
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Figure 8. Normalised fluorescence titrations fa(E*®*™ b6 in
CH.Cl, solution (5 x 16 M) as a function of increasing amounts of

5 HQ(NGs),. The inset shows the emission read at 500 nnfagcdon of

[Hg*1/[b6].

molar ratio was deduced for the complexes obtaiinech the
titrations with HG*. These features point out to a bidentate
coordination of ligands through of pyrazole and igipe

absorption spectra, verifying only a small decrea¢he band o nitrogens to the metal ion, giving rise to six {ZrCd* and P4&")

centred at 258 nm (see Figure S3).

In order to postulate the stoichiometry of the ahebmplexes
formed in solution from the ligands, the stabilitynstants were
45 determined using the HypSpec progfarand are gathered in

and four (H§") coordination environments in agreement with the
structures suggested in Figure 7. Careful inspectibnthe
stability constant values indicated that the steshignteraction
was observed for Biwith a value of log = 18.21+0.07 fom6

Table 4. The results suggest the formation of cemgs with a esand log3 = 20.35+0.04 for al8 Both ligand-to-metal

3:1 ligand-to-metal stoichiometry for the interactiof ligandsa6
andal8with Zr?*, Cd* and P&", while a 2:1 ligand-to-metal

stoichiometries, 2:1 and 3:1, were also confirmadh® basis of
the Job’s plot methotf.

This journal is © The Royal Society of Chemistry [year]
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Figure 9. Fluorescence spectra of Pt(ll) compi2R in the solid state as a function of temperaturéeeting (A) and on cooling (B).

k-

Figure 10. (A,B) Solid-solid transformation for Ptcomplexes on heating. The insets show imagédr @fn the solid state at 25 °C (a,b) and in the
5 mesophase at 94°C (c,d) taken with the naked-eft #hd under UV lamp\¢.= 365 nm) (right).

On the other hand, the fluorescence behaviour i) P  mesophase to the solidification process on cooling.
complexes towards different drugs (caffeine, niatibuprofen) The emission band in solid state of the dicatgryaazolea6
and ions (CN I', HZ?") was also investigated. Among the various (see Figure S4) centred at 365 nm is almost urteffeentil ca
species tested only the addition of 2Hgaused a remarkables 46 °C, when a strong quenching was observed. Frdm th
1 change in the natural emission bandb6fandbl4, selected as temperature the fluorescence maximum was blueeshiftom
representative examples. In both cases, the floenes 365 nm to 340 nmAA = 25 nm) in the heating cycle, indicating
maximum centred at 500 nm was decreasing upon ssigee that the excited state is slightly modified. Theophysical
addition of Hg*, according to the expected CHEQ effect. behaviour was not restored on cooling.
However, unlike the free ligands, a total quenchimgs not 3s However, several remarkable and very interestimgnges in
1s produced. After adding 2 equivalents of #gthe fluorescence the photoluminescence of the Pt(ll) compounds weserved by

intensity remained constant as it is observed guié 8. variation of the temperature. The luminescence tspeof
On the other hand, the stability constants wese ahlculated complexbl2 as a representative example are shown in Figure 9.
obtaining values of lo§ = 6.61+0.01 forb6 and of log? = On heating, from room temperature unth 90 °C, the
6.85+0.01 forbl4 (Table 4), both of them revealing a 1:Lkobehaviour of the emission band at 505 nm is simitarthat
20 complex-to-metal stoichiometry. reported for other platinum complexes, showingaavsiiecrease
At the same time, in both cases explored, the rpkisa of the fluorescence intensity by increasing temipmeg>*? At the
spectra do not show significant changes. same time, a new red-shifted emission bapg< 605 nm) arose

at 94 °C with a similar luminescence intensity tat thf the initial
45 solid, which gradually is blue-shifted and decresaseintensity

The photophysical properties of the pyrazole ligafénd Pt(ll) upon the temperature increases. This peculiar m#d-Fom
25 complexesb4-b14 were studied at different temperatures from emission maximum is indicative of a structural ajarin the

the solid to the liquid crystal states on heatimgl &rom the  solid state which clearly affects the excited stAgit is known,

Variable temperature luminescence studies

8 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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45 Table 5. Calculated TDDFT singletj%nd triplet (T) vertical excitation

2 wavelengths (in nm) and corresponding singlet tagoil strengths (in
-~ — parallel-displaced parenthesis) for the parallel-displaced and sarfieinformationsas
é- — sandwich calculated at the B3LYP/LanL2DZ level.
% Exc T/ nnf Si/ nnf Ta/ nnf S/ nnf
= 1 54265  498.10 (0.0114) 733.05 693.92 (0.0000)
- 2 537.01  491.16 (0.0357) 632.69 594.88 (0.0003)
3 491.85 462.63(0.0023) 576.72 536.99 (0.0185)
4  482.84 453.40(0.0025) 539.19 531.68 (0.0002)
5  460.05 429.45(0.0006) 522.64  513.46 (0.0002)
6  449.66 424.05(0.0046) 517.33  495.09 (0.0011)
7 44097  410.60 (0.0014) 507.74  479.03 (0.0070)
: : : : — : 8  435.61  408.21(0.0030) 503.75 459.26 (0.0001)
Wavelength / nm 10 410.24  401.04 (0.0141) 490.41  455.16 (0.0009)
Figure 11. Simulated fluorescence spectra calalilatth the TDDFT @ parallel-displaced conformatichSandwich conformation

formalism at the B3LYP/LanL2DZ level. The TD spectvere simulated

by fitting lorentzian functions (FWHM=15 nm), ceatrat the calculated ~ Th€ mechanism being considered is that, upon featinthe
5 excitation wavelengths. s0 solid, the unit cell deforms such that the two prasly non-
interacting metals from adjacent complexes sudddmdgome
above each-other, leading to direct interactionwbeh the ¢
orbitals of the metals and, thus, to a red-shiftttef emission
spectra. With the purpose of validating this medran two

. 5 ss dimmer configurations were considered: one takeectly from
1o probably due to the formation of aggregates thro&ft,)— the X-ray determined structure (parallel-displacedformation;

Pt(d,") interactions, which should favour the supramdiecu see Figure S5) and another where one of the meecwhs

ordering of the ?‘H' mesophase observeq (§ee Figure 10). Theyansiated along its molecular plane as to plaeetwo platinum
large Stokes shift of 169 nm and the lifetime (&) of b12

confirm the phosphorescent nature of solid stateifascence
15 corresponding to the molecular aggregates.

In agreement with this fact, the DSC thermogramb®
shows an overlapped peak at 94 °C correspondinget@liove
mentioned solid-solid and solid-mesophase tramsti@able 2).
This red-shift could be also observed with a nadégel when the o

20 complexes were studied by POM.

On cooling, the emission from the mesophase isluzily
recovered and the maximum remains at 605 nm when th
solidification temperature is reached (Figure 9B)ede results
suggest that the solid-solid transformation obskree the first

25 heating is not reversible, so that the moleculearayement of the
mesophase is maintained after the mesophase-satisition.

The above results allow us to establish that itpa&id crystal
state not only does not quench the emission, tharees it.

On the other hand, thin films were prepared bydipecoating

30 method from CHCI, solutions of the yellow Pt(ll) complexes.
Interestingly, a strong red fluorescence could imenédiately
observed after evaporation of the solvent. Fluaese spectra
registered at room temperature show an intensesgmiand
centred around 617 nm, which is attributed to IMMLCT

3s transition of the Pt(ll) aggregates. These ressuiggest that the
molecular arrangement adopted in thin layer is gbbpthe same
as that proposed in the mesophase. Likewise, thedleur of the
complexed4-b8 obtained before crystallising also evidences the
presence of Pt-Pt aggregates at room temperature.

the square-planar geometry of-rdetal complexes allows the
formation of aggregates through axial interactitifS.On this
basis, the new emissive red-shifted band couldtiowed to a
triplet metal-metal-to-ligand charge transféMEILCT) state

atoms above each other (sandwich conformationFggpee S6).
o In both structures, the aliphatic substituents wegaced with
methyl fragments in order to reduce the computationst of the
calculations. The hydrogen positions were allowedetax prior
to the calculation of the vertical excitation eriesy since these
are known to be wrongly assigned in X-ray deriviedcures.

In Figure 11 are shown the simulated fluorescapeetrai(e.
S>>, transitions) of both conformations. The calculated-
shifting of ca. 60 nm when going from the parallel-displaced to
the sandwich conformation is consistent with thit sibserved
experimentally, if the underlying mechanism woulde b
70 fluorescence. Within that scenario, and in the cdgbe parallel-

displaced conformation, the lowest energy verteatitation, at

2.49 eV (498.1 nm), is &S, transition, mainly dominated by a

HOMO->LUMO excitation. In the case of the sandwich

conformation, the first non-zero oscillator stréngexcitation
75 corresponds to a ¢SS, transition at 2.08 eV (594.9 nm),

dominated by a HOMO-1->LUMO excitation (Figure 12)

Interestingly, the LUMO is mainly localized in angle platinum

atom in the parallel-displaced and absent in thmrsg metal,

whereas in the sandwich conformation it embracdis betals in
g0 @ rather symmetric way. In fact, the LUMO in thisnéormation
has major contributions from the?datomic orbitals of the two
metals, which implies a major contribution of thetal to the
photophysical properties of the complex. Howevapegimental
results suggest that phosphorescence is the meondeneath
ss the emission spectrum of the sandwich conformatierable 5
40 DFT calculations are reported the wave lengths associated with ftigett
excitations, for both conformations. Similarly tbet singlet-
singlet transitions, the phosporescence transifioasT,->S,) are
characterised by a red-shift of the associated lsagéhs upon
90 moving from the displaced to the sandwich conforomat(it
should be noted that oscillator strengths werecadtulated for

In order to ascertain the mechanism leading taedeshifting of
the absorption spectra of the Pt(ll) complexes upesating, time-
dependent density functional theory (TDDFT) caltioles were
performed using GaussianfGat the B3LYP/LanL2DZ level.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00—00 | 9
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vy parallel-displaced

HOMO-1

HOMO

LUMO front view

LUMO front view

Figure 12. Principal molecular orbitals involvedtire $->S, and $->T; (for the parallel-displaced conformation) ang>S; and $->T, (for the
sandwich conformation) excitations, as calculateti@B3LYP/LanL2DZ. Platinum atoms shown as orasgjgeres; remaining atoms pertaining to
distinct complexes coloured in different shadegrefy for sake of clarity.

s triplet->singlet transitions). The lowest energycigation for the
parallel-displaced conformation is at 2.28 eV (542m) and
shifts to 1.96 eV (632.7 nm) in the sandwich comfation, in
agreement with the emission maximum observed ataBiB3605
nm, respectively. In the former, the excitatiord@minated by a

10 HOMO-1->LUMO transition, whereas the latter it isndinated
by a HOMO->LUMO transition (Figure 12). This reftscthe
importance of the Pt-Pt interaction in the sandvachformation,
along with the contribution of their,datomic orbitals to the
LUMO, suggesting that the spin forbidden singlaitat

15 excitations are made possible due to the strong-cait
coupling of the metal centres.

Solid Support Sensors

Taking advantage of the physical and structurahgha of these
complexes by varying the temperature, their padintias solid
20 supported sensors was evaluated by preparation lofvaost
polymethylmethacrylate (PMMA) polymer doped with eth
platinum complex10 (PMMAL0). This polymer was submitted
to three different conditions, such as, (i) hot(&ir°C, 50°C and
60°C), (ii) hot water (from 50°C to 90°C), (iii) heditieom room
25 temperature to 80°C on a hot-plate, measuring thereébcent
emission in solid state with the fibre optic systeannected to
the Horiba J-Y Fluoromax-4.
Changes in the emission colour from yellow-greeéds(m) to
red (605 nm) were only observed in the conditidijsand (iii)
30 but at different temperatures (Figure 13). So, @t Wwater this
variation started at 80°C, while in contact withat Burface the
change was detected at lower temperature, statirey 48°C.
In this latter condition, platinum complexes coudd really
useful as a polymeric material implanted on molplones,
35 tablets or notebooks in order to detect a prolonggubsure to
high temperatures. The irreversibility of the caltnansformation

| la.u.
norm.

1

0.8

0.6

04

0.2

50

40
Temperature (°C)

*After hot water or surface

Figure 13. (A) Normalised emission as a functioteofiperature at 505
nm and 605 nm of polymethylmethacrylate (PMMA) dbpéth the
a0 complex [Pt(p2%19™),] b10on a hot-plate. Images of PMMALO0 after
heating in hot water or in contact with a hot scefetaken with the naked-
eye (B) and under a UV lamp (Qefc= 365 nm).

would alert us that the device or its battery cohlive been
damaged by misuse, although the temperature retarnsrmal
45 conditions.

Conclusions

Novel Iluminescent Pt(ll) metallomesogens of the etyp
[Pt(p®"™),] supported by dicatenar pyridylpyrazolate ligands
have been synthesized and characterised. All complbehave

10 | Journal Name, [year], [vol], 00—00
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as liquid crystal materials exhibiting hexagonalluamar shifts 5 are listed relative to M8&i using the signal of the
mesophases (Gplwith wide temperature ranges. However, the deuterated solvent as a reference (7.26 and 770fpp*H and
mesomorphic behaviour of these compounds showsromgst *°C, respectively) and coupling constanfs are in hertz.
dependence with the alkyl chains length. The resuggest that s Multiplicities are indicated as s (singlet), d (t=t), t (triplet), g

when the core-core interactions predominate over whn der
Waals ones (in complexes witm =
arrangement is favoured giving rise to stable mieasgs with
temperature intervals that exceed 150 °C in sonescas
Several spectrophotometric and spectrofluorimetitiations
of the platinum complexes and their correspondirygazole
ligands were performed in dichloromethane solutiors

particular, the addition of H{ leads to the formation of the

species with 2:1 ligand-to-metal or 1:1 complextetal
stoichiometries. In both cases, a CHEQ effect of éh@ssion

band was observed after titrations. In additiogarids were also

used as fluorescence probes to selective deteofi@m?*, Ccf*
and Pd*.

Photoluminescent studies in the solid state atiabbr
temperature show that the luminescent emissionhefRt(Il)-
bispyrazolate complexes is enhanced in the liquydtalline
state. Furthermore, the emission band is signifigaied-shifted
with respect to that of the solid phase. This feafs explained
on the basis of the formation of Pt—Pt interactjomisich lead to

4-10), a columnar

(quartet), quint (quintet), ddd (doublet of doublef doublets), m

(multiplet). The'H and**C chemical shifts are accurate to +0.01

and +0.1 ppm, respectively, and coupling constemi€.3 Hz.
Phase studies were carried out by optical micipgesing an

es Olympus BX50 microscope equipped with a Linkam THED

heating stage. The temperatures were assigned eobasis of
optic observations with polarised light. Measuretaeaf the
transition temperatures were made using a PerkireEPyris 1
differential scanning calorimeter with the sample { 4 mg)

70 sealed hermetically in aluminium pans and with ating or

cooling rate of 10 Kmifl. The X-ray diffractograms at variable
temperature were recorded on a Panalytical X’PRORMPD
diffractometer with Cu-i& (1.54 A) radiation in ad — @
configuration equipped with an Anton Paar HTK120gating

75 stage (X-Ray Diffraction Service of Complutense Ursitg).

Photophysical measurements

UV-Vis absorption spectra were recorded with a dage650
spectrophotometer equipped with a Julabo thermoataed the

the 3MMLCT transition responsible for the luminescence luminescence emission by a Horiba J-Y Scientifisofbmax-4
observed. Taking advantage these properties we dunatructed e spectrofluorimeter. The linearity of the luminescermissiorvs
polymeric solid supports doped with the complex concentration was checked in the concentrationaaisgd (15-
[Pt(pZX@%19P,]  which has been proved to be useful as 10°M). A correction for the absorbed light was perfednwhen
temperature sensors for real technological apjicat necessary. The spectroscopic characterisationsiteatibns were

In summary, the effectiveness of thél,N-bidentate  performed using stock solutions of the compourds 10° M),
coordination of the mesogenic ligands towards Ptameentre e prepared by dissolving the appropriate amouna@falQ alz
has allowed to obtain new poly-functional liquidystal and  al8 b4-b14 c6, c12 d6 andd18in dichloromethane in a 10 mL
luminescent materials. The columnar supramolearganisation ~ volumetric flask. The studied solutions were pregarby
of these new metallomesogens along with their cit@ appropriate dilution of the stock solutions up ®°1 10° M.
photophysical properties could be useful for designnovel Titrations were carried out by the addition of rolder amounts
devices which could contribute to develop more cetapt o Of standard solutions of the soft metal ions*H@d*, Zr** and
technologically materials. Cd* in dry acetonitrile.

All measurements were performed at 298 K. Lumiarse
quantum yields were measured using a solution ofirggi sulfate
in sulfuric acid (0.1 M) as a standaré{ = 0.541"*8 and were

os corrected for different refraction indexes of soitge Lifetime
measurement in degassed CH solution was recorded in a
Tempro Fluorescence Lifetime System, from Horibéa J-

Experimental section
Starting materials

KoPtCl, Hg(NOy),-xH,O, tetrakis(acetonitrile)palladium(ll)
tetrafluoroborate ([PA(CKEN),][BF 4]2), Zn(BF,),- xH,0,
polymethylmethacrylate (PMMA) compounds were pusgth Luminescence spectra of solid samples were maasisiag a
from Sigma-Aldrich and Cd(GS0O;), was obtained from fibre optic system connected to the Horiba J-Y Fontax-4
Solchemar. All these chemicals were used withouthés 10 spectrofluorimeter exciting at appropriake (nm) of the solid
purification.  The  3-(3,5-bis(alkyloxy)phenyl)-(5-pgtin-2- compounds. Lifetime measurement in the solid statéer argon
yhpyrazole ligands [HPZ"™| a4-al8 were prepared as we Wwas recorded with a Horiba J-Y Fluoromax-4 spektmfmeter
described in a previous work. with a NanoLED pulsed laser.

Physical measurements Synthesis of the platinum complexes [Pt(52""™),] b4-b18

Elemental analyses for carbon, hydrogen and nitrogere 105 A solution of KPtCl, (0.12 mmol, 0.05 g) in 5 mL of distilled
carried out by the Microanalytical Service of Coniphse  water was added to a solution of the corresponginigzole
University (validated range: %C 0.5-94.7, %H 0.6;%N 0.5-  [HpZX™™] (0.24 mmol) in 15 mL of ethanol (96 %) under
23.0). IR spectra were recorded on a Perkin Ellpec®um 100  nitrogen atmosphere. The mixture was refluxed #h2and the
FTIR spectrophotometer with a universal ATR accessorhe deep-red residue obtained after cooling at roonpezature was
4000-650 crit region: w (weak), m (medium) and s (strorfg), 1o dissolved in 15 mL of CHGland then filtered over celite.
13C NMR and DEPT spectra were performed at room tertymera  Addition of acetone gave rise to reul% 4-8) or yellow ¢ = 10-
on a Bruker DPX-300 spectrophotometer (NMR Service of 18) solids, which were filtered off and drigdvacuo Finally, the
Complutense University) from solutions in CRCIChemical  first red complexes were converted to yellow crigstay slow

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 11
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evaporation of a chloroform-acetone mixed solutioh the
corresponding complex.
[Pt(pzR*4P%,] (b4): Yellow solid (40%). Found: C, 56.4 H,
5.5; N, 9.0. PtG@N¢Hs50,-H,O requires: C, 56.1; H, 5.7; N,
5 8.9%. ValCm* 1597s¥(C=C + C=N), 764my(C-H),,. o (300
MHz; CDCl; Me,Si): 0.99 (12H, t3) 7.4, CH), 1.56 (8H, m,
CH,) 1.84 (8H, qt3J 6.7, CH), 4.07 (8H, t21 6.7, OCH), 6.44
(2H, t,%3 2.2, H), 6.90 (2H, s, 4-H), 7.10 (4H, d) 2.2, H),
7.26 (2H, m, 5-H), 7.63 (2H, d) 7.7, 3-H), 7.88 (2H, dddJ 7.6,
107.7,%31.3, 4-H), 10.83 (2H, ) 5.4, 6-H).
[Pt(pzR®9P%,] (b6): Yellow solid (39%). Found: C, 60.0 H,

6.5; N, 8.1. PtgNgHgsO,4 requires: C, 60.3; H, 6.6; N, 8.1%.

Vma/CM' 1594sw(C=C + C=N), 765my(C-H),,. Jy (300 MHz;

CDCl;; Me,Si): 0.94 (12H, t3J 7.1, CH), 1.37 (16H, m, Ch),
15 1.50 (8H, m, CH), 1.86 (8H, qtJ 6.7, CH), 4.06 (8H, t3J 6.6,
OCH), 6.44 (2H,1/32.2, H), 6.78 (2H, s, 4-H), 7.04 (4H, &)
2.2, H), 7.13 (2H, ddd3J 7.6, 5.4,%3 1.3, 5-H), 7.45 (2H, &fJ
7.7, 3-H), 7.72 (2H, ddd) 7.6, 7.7 1.3, 4-H), 10.65 (2H, &)
5.4, 6-H).

[Pt(pzR®8P%,] (b8): Yellow solid (35%).Found: C, 62.4 H,
7.4; N, 7.3. PtgNeHg4O,4 requires: C, 62.7; H, 7.4; N, 7.3%.
VmalCM* 1598s»(C=C + C=N), 765my(C-H),,. dy (300 MHz;
CDCls; Me,Si): 0.92 (12H, t3J 7.1, CH), 1.34 (32H, m, Ch),
1.54 (8H, m, CH), 1.84 (8H, qt3J 6.7, CH), 4.06 (8H, t3J 6.6,
25 OCHy), 6.44 (2H, t7J2.2, H), 6.78 (2H, s, 4-H), 7.04 (4H, 4)

2.2, H), 7.13 (2H, ddd3J 7.6, 5.6,%3 1.3, 5-H), 7.55 (2H, fJ

7.7, 3-H), 7.72 (2H, ddd) 7.6, 7.723 1.3, 4-H), 10.75 (2H, d)

5.6, 6-H).

[Pt(pzR019P ] (b10): Yellow solid (50%).Found: C, 63.0
0 H, 7.6; N, 6.7 %. PtggNeH 10404 2H,0 requires: C, 63.0; H, 8.0;

N, 6.5%.vma/cm* 1597s1(C=C + C=N), 764my(C-H),,. d; (300

MHz; CDCl;; Me,Si): 0.89 (12H, t3J 6.9, CH), 1.28 (56H, m,

CH,), 1.85 (8H, qt3J 6.6, CH), 4.05 (8H, t3J 6.5, OCH), 6.43

(2H, 1,3 2.1, H), 6.77 (2H, s, 4-H), 7.04 (4H, d) 2.1, H),
35 7.12 (2H, m, 5-H), 7.43 (2H, d) 7.8, 3-H), 7.77 (2H, m, 4-H),

10.63 (2H, d2J 5.5, 6-H).

[Pt(pzR(1212P,] (b12): Yellow solid (48%). Found: C, 65.5

H, 8.1; N, 6.1. PtgNgH1:¢0,.H,0 requires: C, 65.6; H, 8.5; N,

6.0%. v/t 1597s1(C=C + C=N), 763my(C-H),,. Jn (300
40 MHz; CDCl; Me,Si): 0.87 (12H, t31 6.9, CH), 1.26 (72H, m,

CH,), 1.84 (8H, qt3J 6.5, CH), 4.06 (8H, t3J 6.5, OCH), 6.43

(2H, 1,3 2.1, H), 6.83 (2H, s, 4-H), 7.06 (4H, d) 2.1, H),

7.18 (2H, m, 5-H), 7.52 (2H, d) 7.8, 3-H), 7.79 (2H, m, 4-H),

10.73 (2H, d3J 5.5, 6-H).J. (75.48 MHz; CDC};, MesSi): 14.1
s (CHg), 22.7 (CH), 26.2 (CH), 29.3 (CH), 29.4 (CH), 29.5
(CHy), 29.6 (CH), 29.7 (CH), 31.9 (CH), 68.0 (OCH), 99.5
(C-4"), 100.2 (G), 103.7 (G), 117.8 (C-3), 120.4 (C-5), 136.8
(C), 138.2 (C-4), 149.5 (C-3), 150.4 (C-2), 151.3 4} 154.0
(C-5), 160.3 (G).

[Pt(pzR419,] (b14): Yellow solid (40%). Found: C, 67.9

20

50

H, 8.8; N, 5.7. PtgNgH13,0, requires: C, 67.9; H, 8.9; N, 5.7%.

Vma/cmit 1598s1(C=C + C=N), 766my(C-H),,. oy (300 MHz;
CDCly; Me,Si): 0.87 (12H, t3J 6.9, CH), 1.26 (88H, m, Ch),
1.84 (8H, qt3) 6.7, CH), 4.05 (8H, t31 6.6, OCH), 6.43 (2H, t
551 2.1, H), 6.86 (2H, s, 4-H), 7.07 (4H, 4) 2.1, H), 7.24 (2H,
m, 5-H), 7.55 (2H, ¢?J 7.9, 3-H), 7.83 (2H, m, 4-H), 10.75 (2H,
d,%15.6, 6-H).
[Pt(pX1619P%,] (b16): Yellow solid (44%). Found: C, 68.4

H, 9.0; N, 5.2. PtgNgH14¢0,.H,0 requires: C, 68.4; H, 9.3; N,
60 5.2%. vna/Ci* 1598sv(C=C + C=N), 765my(C-H)p,. dy (300
MHz; CDCl; Me,Si): 0.87 (12H, t3J 6.8, CH), 1.26 (104, m,
CH,), 1.84 (8H, qt3J 6.6, CH), 4.05 (8H, t3J 6.5, OCH), 6.43
(2H, t,%J 2.1, 5-H), 6.89 (2H, s, 4-H), 7.09 (4H, & 2.1, H),
7.26 (2H, m, 5-H), 7.59 (2H, d) 7.6, 3-H), 7.86 (2H, m, 4-H),
65 10.81 (2H, d33 5.7, 6-H).
[Pt(pzR1819P,] (h18): Yellow solid (38%). Found: C, 70.2
H, 9.2; N, 4.9PtC,oN¢H1640, requires: C, 70.3; H, 9.6; N, 4.9%.
VmalCM* 1597s»(C=C + C=N), 765my(C-H),,. dy (300 MHz;
CDCl;; Me,Si): 0.87 (12H, t3J 6.9 Hz, CH), 1.25 (120H, m,
70 CHy), 1.84 (8H, qt3J 6.7, CH), 4.05 (8H, t3J 6.6, OCH), 6.43
(2H, t,%3 2.2, H), 6.89 (2H, s, 4™-H), 7.10 (4H, d) 2.2, H),
7.26 (2H, m, 5-H), 7.62 (2H, d) 7.6, 3-H), 7.88 (2H, m, 4-H),
10.85 (2H, d3J5.5 6-H).

DFT calculation method

7s DFT and TDDFT calculations were run with Gaussidfidtith
default grids and convergence criteria. The inmargetry for the
parallel-displaced conformation was obtained frame X-ray
geometry, whereas the input geometry for the sartdwi
conformation was obtained by sliding one complexmirthe
so previous conformation along the aromatic planetoaplace the
platinum atoms above each other. The hydrogeniposibf both
conformations were optimized prior to the calcwatof the TD
spectra, with all remaining atoms fixed at theitiah positions.
All calculations were performed using the B3LYP ftiocal and
ss the LanL2DZ basis set, consisting of a D95V setHgpdrogen
and first-row elements, and a Los Alamos effectivee potential
(ECP) plus a DZ set for the valence electrons of\Rttical
excitations energies and oscillator strengths vgeteed for the
first 10 singlet excited states using the formalismplemented in
o0 Gaussian09>>3

Table 6. Crystal and refinement data li@r

Page 12 of 15

Empirical formula [GoHsaN6O4Pt]
Formula weight 1148.42

Crystal system Triclinic

Space group P(-1)

Space group number 2

alA 6.7075(8)

b/A 17.804(2)

c/A 24.778(3)

a () 79.629(2)

B©) 85.170(2)

7 (°) 83.157(3)

v/ A 2883.9(6)

z 2

T/K 296(2)

F(000) 1192

pcl g cm® 1.322

wl mnt 2.482

Scan technique  andg

Data collected (-7, -21, -24) to (7, 20, 29)
6 range (°) 1.17 to 25.00
Reflections collected 22107
Independent reflections 9858, = 0.0900)
Completeness to maximun(%) 97.4

Data / restraints / parameters 9850 /0 /640
Observed reflectiond B 25(1)] 4874

R 0.0608

R 0.1687

*S[|Fol ~IFell / ZIIFol. "{ Z[w(Fs-F?) / Z[w(Fo*)}
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Preparation of the solid support doped with compoud
[Pt(pzR*%19Py,] b10

powder 2D XRD diffraction pattern fob12 on heating, absorption
spectra titrations foml18 in CH,Cl, solution, fluorescence spectra of

60 compoundab in solid state as function of temperature, DFT simulated

A solid support based on polymethylmethacrylate KPA was
prepared by dissolving 100 mg of PMMA powder
s dichloromethane, followed by the addition of compdi10 (5
mg) dissolved in the same solvent. The polymer fivas
obtained after very slow evaporation at room teripee (~ 48
hours). 1

X-ray crystal structure determination

w Data collection of [Pt(g#®®"),] b8 was carried out at room 70;

temperature on a Bruker Smart CCD diffractometer using,
graphite-monochromated MoeK radiation { = 0.71073 A)
operating at 50 kV and 35 mA. The data were calkciver a 5
hemisphere of the reciprocal space by combinatibrtheee 7
15 exposure sets. Each exposure of 20 s coveredrD«@°The cell
parameters were determined and refined by a |leastres fit of
all reflections. The first 100 frames were recdkekcat the end of 7
the data collection to monitor crystal decay, andappreciable s 8
decay was observefEmpirical absorption corrections were made
20 using SADABS prograr® A summary of the fundamental
crystal and refinement data is given in Table 6.

The structure was solved by direct methods anmhaefby
full-matrix least-square procedures &3 (SHELXL-97)% All
non-hydrogen atoms were refined anisotropicallye Tilydrogen

2s atoms were included in their calculated positionsl aefined 14
riding on their respective carbon atoms. %0 15

CCDC 1008267 contains the supplementary crystallbgzap 16
data for this paper. These data can be obtained dfecharge
from The Cambridge Crystallographic Data Centre via®

30 www.ccdc.cam.ac.uk/data_request/cif. o5 18
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