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Highlights

- An Acceptor-Donor-Radical triad with tetrathiafalene donor and nitronyl nitroxide
radical was synthesized.

- Tetrathiafulvalene radical cation oxidized form fieachable without alteration of the
nitronyl nitroxide radical.

- Both tetrathiafulvalene-based molecular skeledod nitronyl nitroxide phosphorescence
can be observed.

- The ratio of the emission intensities can be duthepending on the irradiation energy.

Abstract

An acceptor-donor-radical triad based on tetrativalene (TTF)-fused
(benzimidazol-2-yl)-pyridine (bzip) which is alky&d with a nitronyl nitroxide (NIT) radical
derivative, has been designed and synthetizeX-its/ structure has been refined showing a

complex arrangement of head-to-tail dimers of tAé&-bzip moieties and a 1D network of
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short contacts between the NIT radicals. Its ebettemical behavior has been studied by
cyclic voltammetry (CV) showing that the TTF andTNinoieties can be reversibly and
independently oxidized. The occurrence of intramwala ligand charge transfers (ILCT) of
both TTF - bzip and TTF- NIT nature has been evidenced by UV-visible etettr
absorption spectroscopy coupled to TD-DFT calcoleti Moreover, these calculations and
RPE measurements confirmed the radical form (S of\f)e compound as well as the spin
density mainly localized on the methyl-benzo-[1463yoxide-4,4,5,5-tetramethylimidazolin-
2-yl] unit. Both emissions of the NIT radical an@H-based molecular skeleton have been
observed with a tunable intensity ratio dependinghe irradiation energy. Finally, this new
triad may be a valuable candidate for the consbmcobf multi-property compounds by
coordination of metallic ions either on the TTF&@danolecular skeleton or on the NIT

moieties.

Keywords: Tetrathiafulvalene, nitronyl nitroxide radicakiads, electrochemistry, photo-
physical properties
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1. Introduction

Chemists and physicists have been working hartdhind for more than two decades
in order to design multifunctional materials witbntrollable physicochemical properties. In
particular, they have tried to conceive moleculechdectures able to force interactions
between these properties until reaching a synergéfiect between them. Multiferroism and
magneto-chiral dichroism are maybe the most reptatee examples of synergy between
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several different physical properties[1]-[3]. Inghine, this work is focused on the search of
molecular compounds that exhibit both electroniaduativity and magnetic behavior. To
obtain such compounds, we used the extremely hemcstry based on the tetrathiafulvalene
(TTF) core in order to take advantage of its redmtivity and potential electronic
conductivity[4]. It has been demonstrated thatuaiffrl strategy is to add to the TTF core
localized electrons thanks to transition metald 48d 41)[5]-[10] or lanthanides[11]-[12].
Suchrted andTef systems have shown exciting transport propertiek as antiferromagnetic-
superconductor or magnetic-field induced supercotialy transition[13]-[14] but also have
given rise to redox-active [15]-[18], or luminesteaingle-molecule magnets (SMM)[19]-
[20]. The successes in obtaining such multi-prgpenblecular systems were guaranteed
thanks to two approaches that allow the observationteractions between mobile electrons
of the organic network and localized electronshaf paramagnetic metals: i) through-space
interactions or ii) covalent bonds. Whereas thet fstrategy leads to very weaid/Tef
interactions, the second one might enhance thene Through-space” approach is
commonly used thanks to a plethora of functionéibra of the TTF core with organic
moieties suitable to coordinate metal ions (amimiwile, phenolate, phosphinf;diketonate,
pyrazine, pyrimidine, pyridine, pyridine-N-oxidejppridine...)[5],[21],[22]. All of these
organic coordinating groups are magnetically inmb¢8 = 0). However, an underdeveloped
strategy consists in the functionalization of thié=Tcore with a stable organic radical (S = %)
to play the magnetic relay between thenobile electrons and the paramagnetic metal. The
design and elaboration of such “TTF-radical” dyads very challenging and to date only few
researchers took this synthetic route: Sugaetd[23]-[26] developed the functionalization
of the TTF core with nitrosyl or nitronyl nitroxidgpin carriers while Yamaguchkt al[27]
and Dattaet al[28],[29] studied such donor-radical dyads from anputational point of
view. Additionally, Pilkingtonet al[30],[31] used the verdazyl moiety as stable rddiale
Vecianaet al.exploited the perchlorotriphenylmethyl radicalgdfB26] to design their dyads.

In our group, a family of donor-acceptor dyads doason the 2-(4,5-(4,5-
bis(propylthio)-tetrathiafulvalenyl)H-benzimidazol-2-yl)-pyridine  molecular  skeleton
1[37],[38] has been previously designed and alkgatgh various organic moieties such as
2-pyridyl[39], dimethyl-2,2’-bipyridyl,[40] di-(pyazol-1-yl)-4-pyridyl[40] and 4-pyridyN-
oxide[41]. In the present work, following this sketic strategyl has been alkylated with
the 4-bromomethylbenzo(1-oxyl-3-oxide-4,4,5,5-teteghylimidazolin-2-yl) organic radical
2 and leads to the formation of the 2-{1-[methylbefizoxyl-3-oxide-4,4,5,5-



tetramethylimidazoline)]-4,5-[4,5-bis(propylthicgttathiafulvalenyl]- H-benzimidazol-2-
yl}pyridine acceptor-donor-radical tria8l In the next lines, X-ray structures ®fand3 are

analyzed as well as the electrochemical, photoipalyand magnetic properties &f

2. Experimental Section

2.1 General

The ligand 2-(4,5-(4,5-bis(propylthio)-tetrathiafalenyl)-1H-benzimidazol-2-yl)-
pyridine[38] 1 and the organic radical precursor 4-bromo-metmzb€l-oxyl-3-oxide-
4,4.5,5-tetramethylimidazolin-2-yl)2[42]-[44] were synthesized following previously
reported methods. The 4-(bromomethyl)benzaldehyds purchased from Acros company
while all other reagents were purchased from Aldr@o., Ltd. and used without further

purification.

2.2. Synthesis

4-bromomethylbenzo(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazolin-2-yl) 2. Slow
evaporation of a C¥Cl,/n-hexane mixture affords single-crystal suitableXeray diffraction
studies.

2-{1-[methylbenzo(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazoline)]-4,5-[4,5-
bis(propylthio)-tetrathiafulvalenyl]-1H-benzimidazol-2-yl}pyridine  (3).  2-(4,5-(4,5-
bis(propylthio)-tetrathiafulvalenyl)H-benzimidazol-2-yl)-pyridinel (33.3 mg, 0.06 mmol)
and KCOs; (13.3 mg, 0.10 mmol, 1.5 equiv) were added to drninys DMF (3 mL), and then
the mixture was stirred for 30 min under argon. duson of anhydrous DMF (2 mL)
containing 4-bromo-methyl-benzo-(1-oxyl-3-oxide-%,%-tetramethylimidazolin-2-yI2 (15
mg, 0.046 mmol, 0.8 equiv) was added, and the tiagumixture was stirred for 2 h at room
temperature. Then additional,®0; (13.3 mg, 0.10 mmol, 1.5 equiv) and of 4-bromo-
methyl-benzo-(1-oxyl-3-oxide-4,4,5,5-tetramethyldazolin-2-yl) (1) (10 mg, 0.03 mmol,
0.5 equiv) were added. The mixture was stirredoatr temperature overnight under argon
atmosphere.

The solvents were eliminated under vacuum and #sedwe was dissolved in GEl,
filtered, concentrated to 5 mL and finally n-hexgfemL) was added. Slow evaporation in

the dark gave green single crystal3cfuitable for X-ray study. Yield: 37 mg (75 %). Ana



Calcd (%) for GeHagNsO,Ss: C 56.47, H 4.97, N 9.15; found: C 56.55, H 5.819.09. |.R.
(KBr): 2959, 2926, 2866, 2853, 1632, 1586, 156543141423, 1387, 1364, 1320, 1220,
1162, 1103, 851, 786, 738, 701, 613 and 540.cm

2.3 Crystallography

Single crystals of2 and 3 were mounted on a D8 VENTURE Bruker-AXS
diffractometer for data collection (MeKradiation sourceh = 0.71073 A), from the Centre
de Diffractométrie (CDIFX), Université de RennesFiance. Structures were solved with a
direct method using the SHELXT program[45] andredi with a full matrix least-squares
method on Eusing the SHELXL-14/7 program[46]. Crystallograpdata are summarized in
Table 1. Complete crystal structure results as a CIFifiduding bond lengths, angles, and

atomic coordinates are deposited as Supportingrirgton.

2.4 Physical Measurements.

The elementary analyses of the compounds wererpsgtbat the Centre Régional de
Mesures Physiques de I'Ouest, Rennes. Cyclic voitatry was carried out in GEl,
solution, containing 0.1 M of N@Ely)4sPF as supporting electrolyte. Voltamograms were
recorded at 100 mVisat a platinum disk electrode. The potentials wasasured/ersusa
saturated calomel electrode (SCE). Absorption speeére recorded on a Varian Cary 5000
UV-Visible-NIR spectrometer equipped with an int&tipn sphere. The solid and solution
emission and excitation spectra were measured wsikipriba-Jobin Yvon Fluorolog-3®
spectrofluorimeter, equipped with a three slit deulgrating excitation and emission
monochromator with dispersions of 2.1 nm/mm (1200oges/mm). The steady-state
luminescence was excited by unpolarized light feodb0 W xenon CW lamp and detected at
a 90° angle for diluted solution and for solid staheasurements by a red-sensitive
Hamamatsu R928 photomultiplier tube (sensitivity0-BB0 nm). Spectra were reference
corrected for both the excitation source light mstigy variation (lamp and grating) and the
emission spectral response (detector and gratppropriate filters were used to remove the
residual excitation laser light, the Rayleigh smat light and associated harmonics from
spectra. The emission/excitation spectra recordvege realized on powder sample mounted
directly onto copper plates using conductive silgkre and cooled in an optical cryostat

capable of reaching temperature down to 77 K thmaugontinuous nitrogen liquid flow and
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a nitrogen atmosphere inside the sample chambetis(@F, Oxford Inst.). The
luminescence of solution has been measured at th&Ksample is introduced in a quartz
capillary tube, which it is placed inside a sma#iviar containing nitrogen liquid. The dc
magnetic susceptibility measurements were perforomesolid polycrystalline sample with a
Quantum Design MPMS-XL SQUID magnetometer betweemnZ 300 K in applied
magnetic field of 0.2 T for temperatures of 2-20aKd 1T for temperatures of 20-300 K.
These measurements were all corrected for the djaetia contribution as calculated with
Pascal’'s constants. EPR spectrum was recordechto temperature in toluene solution with
a BRUKER EMX X-band ESR spectrometer equipped aittOXFORD cryostat.

2.5 Computational Details

DFT geometry optimizations and TD-DFT excitatiorergy calculations oB were
carried out with the Gaussian 09 (revision D.01¢kaa@e[47] employing the PBEO hybrid
functional[48],[49]. All the atoms were describedlwthe SVP basis sets[50]. The first 100
mono-electronic excitations were calculated. Insédips, a modelling of bulk solvent effects
(solvent = dichloromethane) was included througle tolarizable Continuum Model
(PCM)[51], using a linear-response non-equilibriapproach for the TD-DFT step[52],[53].
Molecular orbitals were sketched using the Gabgdiphical interface[54]. Spin density
distribution was drawn using VESTA code (versioB.B)[55].

3. Results and Discussion

3.1 Synthesis

The elaboration of ligands involving both TTF amdronyl nitroxide remains
challenging and only few examples have been preilyopublished[23]-[26]. The synthetic
pathway toward the  donor-acceptor  2-{1-[methylbdtzaxyl-3-oxide-4,4,5,5-
tetramethylimidazoline)]-4,5-[4,5-bis(propylthicdttathiafulvalenyl]-H-benzimidazol-2-
yl}pyridine 3 is outlined inscheme 1. Its design required the synthesis of a nitroritybxide
radical with a benzo-bromo-methyl moiety as substit. To obtain it, the classical synthetic
route is employed i.e. a direct condensation o{8ebis(hydroxyamino)-2,3-dimethylbutane
base in presence of the 4-(bromomethyl)benzaldehlyde leads to the formation of the
reduced form oR. The desired nitronyl nitroxyde is obtained by oxidation of the latter

compound with sodium periodate. Finally, the 2@ %-bis(propylthio)-
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tetrathiafulvalenyl)-1H-benzimidazol-2-yl)-pyridinggand 1 was alkylated with the bromo
nitronyl nitroxide derivative at room temperature dive 3. It is worth to notice that the

alkylation step must be performed at room tempeeatu prevent the degradationf

_0 w M
/ \
OH OH &N~ g\oe
CHCl, CH,Cl,

Ho—NH  NH—, NalO,

DMF, K,CO,

I H <
NS s S N —
\/\SIS S:EINH\]}
(3)
Scheme 1. Synthetic route for compoun@sand3.

3.2 X-ray structures

Compound? crystallizes in theC2/c (N°15) monoclinic space groud gble 1). The
asymmetric unit is composed of one molecul@ @Fig. S1).. The crystal packing does not
reveal anyteTt interaction between the phenyl rings. The mairranttions between the
molecules take place between the N-O groupsIO2 = 4.039 A and AID1 = 4.403 A)
and between the bromine atom and the phenyl kg §2).

Table 1. X-ray crystallographic data f@&and3.

Compounds 2 3
CCDC 1535280 CCDC 1535281
Formula C14H1sBrN,O, C7nH76N1004S12
M / g.mol* 326.2 1530.14
Crystal system Monoclinic Triclinic
Space group C2/c (N°15) P-1 (N°2)
a=23.8847(12) A a=13.6015(14) A
Cell parameters b =10.6482(6) A b = 16.2250(20) A
c=11.7735(6) A c=17.6720(20) A
f =95.459(2) ° a=68.538(4) °

£ = 84.066(4) °




y=88.706(4) °

Volume / & 2980.8(3) 3609.6(7)
Z 8 2
T/K 150(2) 150(2)
20 range /° 5.3420<55.04 5.76 260 < 55.96
Ocaic g.cm? 1.454 1.408
W/ mm’ 2.758 0.420
Number of reflections 3411 77927
Independent 2655 16508
reflections
Rint 0.0523 0.0757
Fo? > 20(Fo)* 1336 10449
Number of variables 172 883
Ry, wR 0.0387, 0.1043 0.0729, 0.1796

Compound3 crystallizes in theP-1 (N°1) triclinic space groupT@ble 1). The
asymmetric unit is composed of two molecules3ofFig. 1). The X-ray structure o8
highlights the success of the alkylation reactimtes the two N3 and N8 nitrogen atoms are
alkylated with the methylbenzo(1-oxyl-3-oxide-4 &%etramethylimidazoline) radical
moiety. Several structural differences distinguiblb two crystallographically independent
molecules. The molecule with the sulfur atoms S$6as defined as molecule A while the
molecule with sulfur atoms S7 to S12 is definednadecule B. i) The angles between the 1-
oxyl-3-oxide-imidazoline and phenyl rings are cédted equal to 47.0(1)° and 32.7(1)° for
molecule A and B, respectively; ii) The alkylateaiety (the radical) and the TTF-based
moiety are perpendicular (88.0(1)°) for the molecBl while this angle is 74.9(1)° for the
molecule A; iii) The twist angle between the pynieliring and the benzoimidazole fragment
is equal to 13.3(1)° for the molecule A but is wviarger (28.6(1)°) for the molecule B; iv)
The TTF core adopts a boat conformation in the oudéeA while it is almost planar in the
molecule B; v) Finally the two thiopropyl groupsean the same side compared to the plan
formed by the TTF core i.e. the side of the radivaliety for molecule A while for the
molecule B one thiopropyl group is localized in fiilan of the TTF core and the second one

is localized on the opposite side of the radical. un



Fig. 1. ORTEP view of3. Thermal ellipsoids are drawn at 30% probabiltydrogen atoms
are omitted for clarity.

These differences are imposed by the crystal pgckinoptimize the interaction
between the molecules. The latter reveals the foomaf head-to-tail dimers througitmt
stacking between the TTF core and imidazole-2-pyeidFig. 2a). In order to optimize the
stack, the TTF in boat conformation is associatél the more twisted imidazole-2-pyridine
moiety (28.6°) while the planar TTF is associatathwhe less twisted imidazole-2-pyridine
moiety (13.3°).




Fig. 2. Crystal packing o8 in the (011) plan (a) and along thaxis with highlights of the
A-A (green) and B-B (blue) dimers (b).

The difference between the values for the twordiked angles are a consequence of
the optimization of the interaction between thexy3-oxide-4,4,5,5-tetramethylimidazoline
radicals. The radical units form two kinds of disarvolving either two molecules A (drawn
in green orFig. 2b) or two molecules B (drawn in blue éig. 2b). Several short contacts
between the N-O groups have been identified witfilD1 = 3.545 A, OTIN4 = 3.463 A,
N4IN4 = 3.840 A for the dimer of molecules A and@33 = 3.392 A, OBIN9 = 3.435 A
and NIIN9 = 3.922 A for the dimer of molecule B. Then ttlieners of A-A and B-B
molecules are almost perpendicular and interacethey through other relatively short
contacts between the N-O groups with[@@4 = 4.312 A, OPID4 = 4.756 A and NBID4 =
4.862 A. These contacts may have significant cansetes on the magnetic behavior3of
Finally, the radical and TTF parts interact thro@®jfillD4 short contacts (3.312 A).

3.3 Cyclic voltammetry

The redox properties of compountt8 are investigated by cyclic voltammetiyig.
3). The values of the oxidation potentials are tiste Table 2. On the one hand, the cyclic
voltammogram for2 shows one mono-electronic oxidation at 0.85 V esgponding to the
oxidation of the nitroxide radical to the oxoammuani cation[56]. On the other hand, the
cyclic voltammogram forl shows two mono-electronic oxidations at 0.50 V fioe first
oxidation and 0.91 V for the second oxidation, esponding to the formation of a radical
cation and a dicationic TTF fragment, respectiv@&y| Finally, the voltammogram fo3
shows three mono-electronic oxidations at 0.51 W the first oxidation, 0.84 V for the
second oxidation and 0.93 ¥i@. S3) for the third oxidation corresponding to the fatmon
of a radical cation form of the TTF core, the oxoaomium cation and the dicationic form of

the TTF fragment, respectively.
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Fig. 3. Cyclic voltammograms ol (red curve),2 (purple curve) an® (green curve) in
CH.CI, at a scan rate of 100 mV~.sThe potentials were measuresl a saturated calomel

electrode (SCE) with Pt wires as working and couekectrodes.

The electrochemical properties attest the podsilid i) oxidize the TTF core in the
radical cation form maintaining the integrity ofetmitronyl nitroxide radical and ii) the

reversibility of all the oxidations.

Table 2. Oxidation potentials (Ws SCE, nBuNPFs, 0.1 M in CHCl, at 100 mV-3) of the

complexesl-3.

Elyp/V Eyp !/ V Ez/ V
OXET_ | Rl [OE2,, | FEh, | OB | By
1 0.56 0.45 / / 0.96 0.86
2 / / 0.96 0.73 / /
3 0.58 0.45 0.91 0.77 0.99 0.86

3.4 Magnetic characterizations

The calculated total spin density distribution 8fis shown inFig. 4a (see
computational details) whereas the Single-Occupedecular Orbital (SOMO) is called
HOMO-1a on Fig. 6. The SOMO is essentially located on the 1-oxyix&le-imidazoline
unit with the spin density mainly localized on BeN-C-N-O chemical bonds of the 1-oxyl-
3-oxide-imidazoline moiety with partial delocalicat on the phenyl ring. Solution room
temperature EPR spectroscopy confirms that theaadi localized on the nitronyl nitroxide
moiety. The X-band spectrum recorded with a BRUKERX spectrophotometer at an
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excitation frequency of 9.468011 GHz Bfmeasured in toluene at room temperature is
shown onFig. 4b. It features the characteristic signal of a sirgjkxtron spin (g=2.00716)
coupled to two equivalertN nuclear spins (&7.44 G). This value is in agreement with

other reported values for nitroxide radical delivwes [57].
O

1 S

ﬁ)

(@)

(b)

L 1 1 2 | 1 | 1 | L | 1 J

3340 3350 3360 3370 3380 3390 3400
H/G

Fig. 4. (&) Spin density distribution with Mulliken analg spin population (spin density cut
off 0.005 &bohf®), (b) EPR spectrum at room temperatur8 of toluene.

3.5 Absorption spectra

The UV-visible absorption properties ®have been studied in GEI, solution Fig.
5). To rationalize the attribution of the experimsrdbsorption bands, TD-DFT calculations
were performed on the DFT-optimized geometry (seeputational details) @, following a
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computational strategy already used successfullgtbar TTF-based systems[21],[60],[61].
The calculated UV-visible absorption spectrum armeatular orbital diagram are shown in
Fig. 5 and6, respectively. The absorption spectrunBafan be described as the sum of the
absorption spectra df and2 (Fig. $4). The experimental absorption curve dhas been
decomposed into eight bandsid. 5a and Table 3). The calculated UV-visiblabsorption
spectrum for3 reproduces well the experimental curtg( 5a and5b). The lowest energy
band is calculated at the average value of 23177 @xperimental value 25100 &hand
attributed to arer* HOMO, - LUMO, transition which is identified as the Intra-Ligand
Charge Transfer (ILCT) from the TTF core to the Zemdazole-2-pyridine acceptor (red
deconvolution). The later ILCT is classically obsst for the TTF-based ligands especially
for the  2-(4,5-(4,5-bis(propylthio)-tetrathiafulealyl)-1H-benzimidazol-2-yl)-pyridine
molecular skeletod[38],[62]. The two other HOM® - LUMOg and HOMQ - LUMO+1;
transitions were identified as a TTF to Nitronylraxide (NIT) charge transfer (ILCTF{g.

5a, Table 3).

£*10™* /L cm™ mol”

I N
A ! % \\\ Ay
A R T
I} AA (,' !
r/ 3/ ! \\\’ \\\:,\ AR
/ AL S NV v
0 L 1 4 \\_ ! M N
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Fig. 5. @) Experimental UV/vis absorption spectrum irugioh (c = 4-10° M) of 3 in CH,Cl,

(open grey circles), respective Gaussian decomgpnsi{dashed lines) and best fit (full black
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line). b) Theoretical absorption spectrum (blacke)i the bars represent the main

contributions that are listed hable 3.

Table 3. TD-DFT calculated excitation energies and maintgbutions of the low-lying
electronic transitions foB. In addition, the charge transfer and the pureamolecular
transitions are reported. ID, IA, INIT, H and L repent the intramolecular TTF (Donor),
intramolecular benzimidazole-2-pyridine (bzip, Apt®w) and intramolecular nitronyl
nitroxide (NIT) transitions, and the HOMO and LUMf@spectively. Therefore, ILCT stands
for Intra-Ligand Charge Transfer. The theoreticalues are evaluated at the PCMECH)-
PBEO/SVP level of approximation.

((I:Er;XR) (E;'T‘]‘?f) Osc.  Type Assignment Transition
23160 0.05 e — T NiT H; - L (88%)

25100 23194 0.35 ILCT  Thyro Mg H, - L, (48%)
Hy— L+1, (42%)

H-1,- L, (40%)
H-1; L (57%)
H-10,- L+1, (20%)
28500 32080 0.02 IA Tl — T bzip H-10; - L+1; (10%)
H-1,- L+1, (34%)
H-3,- L, (32%)
H-2,- L, (37%)
H-3; - L+1; (32%)
H-2,- L+1, (38%)
H-2, - L+3,(7%)
H, - L+6/+7,(8/11%)

31700 34047 0.15 ID Thre— T T7E H-25 - L+4; (7%)
Hjy - L+7/+8;
(10/13%)

H-2, - L+3, (10%)
H, - L+7/+9, (9/9%)
H-2; - L+4; (10%)

27200 28812 0.12  INIT  Thyr— Tty

32525 0.90 1A
30200 + ThozipTTF— T bzip
32954 0.16 ILCT

33300 36292 027 ID  Toe TCore

H; - L+8/+10; (9/9%)
36475 0.21 INIT Tt — T NiT H-5, - L+1, (46%)
36200 + + H-4,- L, (38%)

36763 0.21 IAILCT  Thuprre—Ttos  H-4y—L+1, (29%)
H-3,- L+2, (15%)
H-2, - L+2, (16%)
H-3, - L+3; (15%)
H-2, - L+3; (18%)

H-16, - L+1, (12%)
H-5,- L+1, (7%)
H-11, - L+2, (7%)

39549 0.07 ID Tore— T8 r7e

The next absorption band clearly comes from the@my nitroxide contributionKig.
) and it has been effectively identified as a pwm NIT to NIT excitation (HOMO-1, -
LUMO, and HOMO-} - LUMOj) centered at 27200 ¢h(calculated at 28812 chy
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(purple deconvolution) Tlable 3). The next four absorption deconvolution bands ewer
calculated at 32080 ch average value of 32740 &m34047 crit and 36292 c and
mainly assigned to intra-benzimidazole-2-pyridineiety (IA) followed by intra-TTF (ID)
transitions.

Energy / eV

Fig. 6. MO diagram of3.

The two highest energy bands of the absorptiontspacare assigned to a mixture of
a new intra-NIT excitation (HOMOz5- LUMO+1,) with additional IA and ID contributions
(Table 3). One can notice that the alkylation of the molacskeletonl with an organic
radical moiety leads to a significant change inltve-energy part of the absorption spectrum
compared to what is seen for other alkylated basée{igands. Indeed the alkylating group
has been reported to have negligible effect orldiveenergy part of the absorption spectrum
when this group is the 2-pyridine[37]. When theylking group is a morerextended
moiety such as the dimethyl-2,2’-bipyridine or gdi(azol-1-yl)-4-pyridyl group, a
significant effect on the higher-energy part of thpectrum (35000-38000 ¢ is
observed[40].

3.6 Emission spectra

The emission and excitation spectreBadre represented Hg. 7, S5-S7. At 77 K in
CH.CI, frozen solution, the photo-excitation 8fat 27027 crit (370 nm) in thereT*
HOMO-1, - LUMO, and HOMO-} - LUMOg transitions (NIT to NIT transitions, see
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absorption properties section) results in a vigitdar-infrared and structured emission with
several maxima between 18000 and 12000 (fig. 7a).
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Fig. 7. (a) Solution Xex = 27027 crit (370 nm) in the H-1-L, and H-%- L, Tt Tt* intra-
NIT excitation for black curve) andd = 23810 crit (420 nm) in the H- L, and H-L+1,
ILCT for red curve) luminescence spectrum3oin CH,Cl, (C = 1.%10° M) at 77 K. (b)
Solid-state Xex = 27027 crit (370 nm)) luminescence spectra ®fin the 77-300 K

temperature range.

By analogy with previous reports, the high-enemggxima localized in frozen
solution at 17180, 16700, 16300 and 15700  can be attributed to the molecular skeleton
(17035 and 15350 ch)[39]. Consequently, it can be associated to a phm®scence signal.
Moreover, the most intense signal at lower energit maxima localized at 14350, 13900,
13700, 13050 and 12200 &nis attributed to the emission of the nitronyl oitide radical. It
is worth noticing that light irradiation in the lest-energy ILCT (23810 ch which is
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attributed to Tere— N HOMO; - LUMO, and Terr - Ttz HOMO, - LUMO, and
HOMO; - LUMO+1; ILCT (Table 3), significantly change the ratio between the two
emission signalsHig. 7). In other words, the intensity ratio of the entass of NIT radical
and TTF-based molecular skeleton is dependenteo€dmtribution of them in the irradiated
absorption band. As a consequeflcean be described as a tunable multi-emissive digdn
low temperature in C§Cl, solution. Such multi-emissive behavior has alrelaglgn observed
in another TTF-based ligand due to the weak intevoaversion between the excited singlet
states on the NIT radical and the molecular TTFRetakeleton[63].

The emission properties 8fhave been also studied in solid-state betweem@3a0
K. At low temperature, only the emission of theicatl moiety is detected with a thinner
signal than in solution nevertheless with two obable maxima at 13660 ¢h(Emaxy) and
12500 crt (Emaxd)- At 77 K, the maximum Ex,ain the solid-state spectrum is shifted by -700
cm* by comparison with the maximum observed in thezdro solution spectrum. This
difference comes from the disappearance of theaatiens between the molecular entities
leading to perfectly independent molecules in sotutUnfortunately the room temperature
emission either in solid or liquid state is too Wéa determine a reliable quantum vyield.

On the solid-state, by lowering the temperature, ithensity of the radical emission
decreases by a factor of 6 and a gradual redshiftrcomaxima of approximately -1.8 &K
(-400 cm') and -0.9 crit/K (-200 cm) for Enaa and Enaxa respectively Fig. 7b). These
trends are in agreement with what was observeditongl nitroxide (NIT) compounds

either uncoordinated or coordinated by lanthanides [64].

4. Conclusions

In conclusion, the synthesis of one of the rarangdes of compounds combining
both redox active tetrathiafulvalene (TTF) andamiyl nitroxide (NIT) moieties is presented.
The molecular skeleton 2-(4,5-(4,5-bis(propylthiefrathiafulvalenyl)-1H-benzimidazol-2-
yD)-pyridine 1 was alkylated with the 4-bromomethylbenzo(1-oxydx3de-4,4,5,5-
tetramethylimidazolin-2-yl) organic radicaR leading to the formation of 2-{1-
[methylbenzo(1-oxyl-3-oxide-4,4,5,5-tetramethylimmbline)]-4,5-[4,5-bis(propylthio)-
tetrathiafulvalenyl]-H-benzimidazol-2-yl}pyridine compound. This latter compound can
be described as a TTF-based conjugated donor-accdyad decorated with a radical
acceptor or as a donor-acceptor-radical triad. rAdlkylation of the TTF-based molecular

skeleton,3 keeps the paramagnetic behavior brought by thieatdhoiety.3 presents very
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exciting and rich electrochemistry and photo-phgisproperties. Both TTF and NIT can be
reversibly oxidized and cyclic voltammetry highligithe possibility to stabilize the radical
cation form of the TTF core without oxidizing thdTNradical. The alkylating radical unit
strongly contributes to the absorption spectrunhweiiectronic communication between the
TTF core and NIT unit, thus leading to Intra-Ligaharge Transfer (ILCT). Light
irradiation of3 highlights the tunable multi-emissive behavioBah CH,Cl, solution with a
complex visible/near-infrared phosphorescence cgmiiom the both NIT and TTF-based
skeleton.

The TTF-based donor-acceptor-radical triad cowddepthe road to multifunctional
coordination complexes with electronic conductivigynd single-molecule/ single-chain

magnet behaviors.
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