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Abstract— Complexes [Ir(C*"N)(G1-bpy)]PF, where C”N is a cyclometallating ligand derived from 2-(2
thienyl)pyridine and 2-phenylpyridine, and G1-bpy is a dendritic bipyridine ligand of the first generation,
4,4-bis[3",5"-bis(benzyloxy)phenylethyl]-2:bipyridine, were prepared and characterized by NMR,
electronic absorption, and emission spectroscopy. The polyether dendritic substituents spéit effect on

the spectral and luminescence properties of the complexes, manifested as slight destabilization of the elec-
tronically excited charge-transfer state involving the bipyridine ligand, as compared to the model complexes
[Ir(C"N) o(bpy)]PF.

Bis- and triscyclometallated Ir(lll) complexes at- properties of the related mixed-ligand biscyclometal-
tract increased researchers’ attention owing to thkated complexes of Ir(lll) containing a 4,dubstituted
possibility of using them as phosphorescing materialdendritic bipyridine ligand. The choice of polyether
in organic light-emitting devices (OLEDs) {B8]. In  dendritic substituents is governed, on the one hand,
these devices, singlet and triplet excited states arisifgy their donor power and, on the other hand, by the
from charge recombination ar¢rapped with a chro- possibility of specific solvation of the bipyridine
mophore in which fast intercombination conversionmoiety. Both these factors can affect the energy of the
results in room-temperature electrophosphorescencexcited charge-transfer state involving the bipyridine
One of the factors governing the performance of phodigand.
phorescing OLEDs is the spiarbital coupling caus- e :
ing the singlettriplet mixing of the excited states of __1he dendritic bipyridine ligand was prepared ac-
the chromophore. As compared to Ru(ll) and Os(icrding to [7] (Scheme 1).

complexes, Ir(lll) complexesdf) are characterized by In the first step, 4,4dimethyl-2,2-bipyridine reacts
higher quantum yields of the luminescence in liquidwith excess lithium diisopropylamide in anhydrous
solutions at room temperature {for example [¢],,,s THF at -10°C. The resulting 4,4bis(lithiomethyl)-

of (fac-[Ir(ppy),] is 0.4, where ppy is 2-phenylpyridi- 2,2-bipyridine reacts with dendritic benzyl bromide
nate). This is due to efficient intercombination converin THF. The disubstituted dendritic bipyridine ligand
sion between the singlet and triplet excited statesand the monosubstituted product can be subsequently
caused by sphorbital coupling in the Ir(lll) ion.  separated by column chromatography.

In mixed-ligand biscyclometallated complexes of The 'H NMR spectrum of the resulting dendritic
the type [Ir(C*"N)(bpy)]PF; [here C~N is 2-(2thien- bipyridine ligand confirms its symmetrical structure
yl)pyridinate (tpy) or 2-phenylpyridinate (ppy); bpy is (see Experimental). In particular, the bipyridine moie-
2,2-bipyridine], studied in [5, 6], the orbital nature of ty gives three proton signals, the integral intensity of
the luminescing state strongly depends on the solvemiach of them corresponding to 2He., the related
polarity and matrix hardness. Colomtat al. [5, 6] hydrogen atoms of the two pyridine rings are equiva-
believe that this effect, especially in the case of thdent. At the same time, in the monosubstituted deriva-
phenylpyridinate complex, is due to the fact that theive, the protons in positions 3 and and in positions
intraligand excited state and the charge-transfer state and 5 are nonequivalent and give separate signals.
involving, respectively, the cyclometallating and bi- The protons in positions 6 and, nore remote from
pyridine ligands have close energies. Therefore, it ithe dendritic substituent, are less sensitive to the sub-
interesting to study the spectral and luminescencstitution.
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In the 'H NMR spectrum of the dendritic bipyri-  With a CH,Cl,—CH,OH mixture as solvent, the
dine, the proton signals are shifted upfield as comchloride ligands in the dimeric complex can be readily
pared to unsubstituted 2Ripyridine (by 0.16 ppm gypstituted by the dendritic NN bipyridine ligand
on the average), which reflects the donor power of thgnyer mild conditions and with a high product yield

dendriticsubstituent. (62-67%). This route was used previously for prepar-

The starting compounds for preparing mixed-ligand™9 [Rh(PPYL(bpy)]" [8]. The reaction course and the
Cyc|0meta”ated Comp|exes [|r(C/\E{El_bpy)]+ are purlty of the target prOdUCt were monitored by thin-
the dimeric complexes [Ir(C*NTI], prepared by the layer chromatography on 4D, plates with CHCI -
published procedure (Scheme 2). CH;OH, 20:1, as eluent.

Scheme 2.
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Table 1. 'H chemical shifts  ppm, relative to TMS) andH-'H coupling constantsJ( Hz) in the'H NMR spectra of
the complexes [Irf(C"NXG1-bpy)[" in CD.Cl,

Atom in (C*N)Ir fragment
Compound
3 4 5 6 3 4 5 6

[Ir(ppy),Cll, | 7.94 7.80 6.83 9.25 5.87 6.82 6.61 7.56

(3 75)| 33 75, 8.1,[(3) 6.0, 7.4, A1 5.1, G178 | G378 | G378 | (377

43 1.5) 43 1.5) 43 1.5) 43 0.9) 7.2) 7.2)

[Ir(ppy), - 7.95 7.78 6.99 7.51 6.33 6.93 7.07 7.74
(bpy)]*? (182 (183,74 (373, 56)| (3 5.5) (3 75) |(C37.5,7.4)(317.5,7.9) (3 7.8)
[Ir(ppy), - 7.89 7.64 6.88 7.417.27 m 6.28 7.06 6.93 7.71
(G1-bpy) [(C37.8) |(3) 8.4, 7.4)| (3 75, 6.1) G177 | C376) |((38.1,75) (31 7.8)
[Ir(tpy),Cll, | 7.56 7.68 6.67 9.00 589 (3] 4.8) 7.1Z (31 4.8)

(380, | (184,69 (374 59| (5.9

4J 1.5)
[Ir(tpy),- 7.52 | 7.40-7.28 m| 6.726.67 m 7.52 6.28 €1 4.8) 7.44 @3 4.8)
(G1-bpy)I

bpy G1
Compound
3,3 5,5 6,6" Ph CH,0 CH,—CH,
[Ir(ppy),(bpy)]*®  |9.29 €J 7.8)|7.45€17.3,5.6)7.97 €J 5.7) - - -
[Ir(ppy),(G1-bpy)' |8.25 s 7.12 €3 5.4) |7.81 ) 5.7)|7.417.27m,6.486.45m | 4.99 [3.14-3.11 m,
2.982.93 m
[Ir(tpy) (G1-bpy)I |8.26 s 7.16 €1 5.7) |7.76 3 5.7)|7.40-7.28m,6.496.47m | 4.99 [3.183.12 m,
2.992.94 m

a pata from [9]. P 4-H. ¢ 5-H.

The main'H NMR parameters (chemical shifts and H® protons of the C”N ligand are appreciably shielded,
coupling constantsJHH) of the complexes [Ir(C’\I\Q) which is due to the anisotropic effect of the pyridine
(G1-bpy)]PR are given in Table 1. For comparison rlngs of the bipyridine ligand. On the other hand, the
we also give data for the correspondingl)-dimer-  H® protons of the ppy ligand and“Hprotons of the
ic complexes and published data for [Ir(pgﬂopy)] tpy ligand in [Ir(C*N),(G1-bpy)]PF are less shielded
[9]. The 'H NMR data for [Ir(tpyk(bpy)]” are not than the corresponding protons in the dimeric com-
given in Table 1, because Colombo andidel [5] plexes because of the absence mtlonor chloride
gave onIy the general view of the spectrum. Accordindigands in thetrans posmon The coordination shifts
to the'H NMR spectrum (Fig. 1), the related protonsAs = 8con, — 8y for the H® and HS protons of the
of the two cyclometallating ligands in the complexesbipyridine moiety of the dendritic ligand in the com-
[I(C"N),(G1-bpy)] are equivalent, which indicates plexes [Ir(C"N}(G1-bpy)]PR; are close to zero,
that the complex is highly symmetrical. The startingwhereas for £ this shift is about-0.8 ppm. Such a
d|mer|c complexes [Ir(C*NXI], also give first-order shleldlng is due to the anlsotroplc effect of the ring

'H NMR spectra. Taking into account the crystallo-current in the pyridine ring of the cyclometallatlng
graphic data available for [Ir(ppy®l], [10] and ligand. On the whole, the coordination shift§ in the
[Ir(ppy),(acac)] (here acac is acetylacetonate) [2] andomplexes [Ir(C*N)(G1-bpy)]PF are smaller than in
mild conditions of the synthesis of the complexeghe related complexes with unsubstituted-Bjpyri-
[Ir(C"N),(G1-bpy)]PFs, we can conclude that the dlne The largest difference i3 is observed for the
pyridine rings of the two cyclometallating ligands in H>® protons in the bipyridine moiety of the com-
[Ir(ppy).(G1-bpy)]PK and [Ir(tpy,(G1-bpy)]PF; are plexes [Ir(ppy)(G1-bpy)I" and [Ir(ppyh(bpy)I” (AS
arreangedtrans to each other. As compared to the-0.07 and 0.86 ppm, respectively). This may be due
(u-Cl)-dimeric complexes, in the correspondingto the van der Waals interaction of the® lnd H
mononuclear complexes [Ir(C*N{G1-bpy)]PF the protons, enhanced by dendritic substituents. It is
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Fig. 1. IH NMR spectrum of [Ir(ppy)(G1-bpy)]PR in CD,Cl,.

interesting that, in the_ related tpy complexes, thavas observed previously [13] with Pt(ll) tpy com-
difference inAS of the H and H protons is consid- plexes compared to the ppy complexes. As seen from
erably smaller £{0.06 and 0.06 ppm). Table 2, the position of the low-energy spin-forbidden
The parameters of the electronic absorption spedfansition is sensitive to the structure of the noncyclo-
metallating ligand. An increase in the ligand donor

t f th [ Ir(CH 1- PE i i- i . :
crt?lo(r)onge(teh;r?én pa('?X?(‘:‘or[nr(?er%?o%ra?upr)Q] aPelngis;n jpower causes a bathochromic shift of this band from

Table 2 together with published data for some othef63 10 492 nm. This fact suggests that the low-energy
cyclometallated Ir(Ill) complexes. The electronic ab-SPin-forbidden transition involving the cyclometallat-
sorption spectra of the related complexes [Irf(CAN) ing ligand is essentially an MLCT transition.
(G1-bpy)]PE and [Ir(C*"N)(bpy)]PF, are similar. . . .

In the UV range of the spectra, there is a strong banfl Sl/r\mlarly to the previously studied complexes
with a vibronic structure at 27845 nm for the tpy LT(C"N)2(bpy)] ,Athe luminescence behavior of the
complex and 260340 nm for the ppy complex, origi- complexes [Ir(C N)(G1-bpy)I" strongly depends on
nating from the spin-allowed intraligand transitionsth® matrix [dichloromethane or poly(methyl methac-
involving the cyclometallating and bipyridine ligands. 'ylate)] and temperature (298 or 77 K) (Table 3,
The spin-allowed metal-to-ligand charge-transfefig- 2). Such adependence was not observed with
(MLCT) transitions are observed at 38830 nm. mMixed-ligand Ir(lll) phenylpyridinate complexes with
Taking into account the electrochemical data for théV"N,C-coordinated ligands derived from 6-phenyl-
complexes [Ir(C "N)(bpy)]" [8] and the assignment 2,2-b|pyr|d|ne [14]. _Therefore, as a basis for inter-
of the related absorption bands for the complexeBretation of the luminescence data we chose a model
[Pt(C™N)(bpy)] [12], we can expect lower energy of suggested by Colombet al. [5, 6] for Ir(lll) com-
the MLCT transition involving the bipyridine ligand. plexes with unsubstituted bipyridine. According to this
The spectrum of [Ir(ppy(G1-bpy)] contains also the model, the close energies of the two low-lying excited
bands of spin-forbidden transitions at 437 ¥200) states and thépurei” MLCT character of the elec-
and 469 nmg 580). Relatively high intensity of these tronically excited state involving the bipyridine ligand
transitions is due to strong spiorbital coupling allow the stability of this excited state to be varied in
caused by the Ir(llljon. These low-energy transitions a wide range by varying the polarity or hardness of
are not manifested in the absorption spectrum of ththe matrix. Depending on the conditions, the lowest
corresponding tpy complex, probably because oéxcited state is either th&IL/MLCT) (IL is intralig-
lower molar extinction coefficients. A similar pattern and transition) state involving the cyclometallating
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Table 2. Electronic absorption spectra of mixed-ligandthe *(drx Ir — T{ay) type. The position of the maxi-
cyclometallating complexes of Ir(lll) in dichloromethane mum and the shape of the luminescence band are sim-

Compound

Amax NM Ex 1073

[Ir(tpy) o(G1-bpy)I

277 (48.8), 308 sh (34.2), 331 sh
(15.1), 417 (9.3)

ilar to those characteristic of other Ir(lll) phenylpyri-

dinate complexes with polypyridine ligands. Introduc-
tion of dendritic substituents led to a hypsochromic
shift of the maximum of the charge-transfer lumines-
cence band compared to [Ir(ppihpy)]’, which is

[Ir(tpy),(bpy)] @ 279 (46.3), 310 sh (30.6), 417 (8.9) consistent with the donor nature of the substituents.
[Ir(tpy),Cl],» 290 (47.9), 403 (10.8), 454 (8.6) Furthermore, the effect of dendritic substituents is
[Ir(tpy) (acac)P 302 (25.1), 336 (12.6), 387 (6.3), manifested in going to hard matrices. Whereas in the

453 (3.2)

262 (48.1), 309 sh (20.1), 338 sh
(9.2), 357 (6.9), 381 (5.7), 413 sh
(3.1), 437 (1.2), 469 (0.58)

luminescence spectrum of [Ir(ppWpy)]” the super-
position of two types of luminescence bands in poly-
(methyl methacrylate) was observed only at 10 K, in
the spectrum of [Ir(ppy G1-bpy)]" the second lumi-

[Ir(ppy)(G1-bpy)T*

[Ir(ppy),(bpy)]*© 265 (36.1), 310 (16.1), 335 sh, 375 nescence component at 480 nm is detected even at
(4.7), 410 (2.8), 465 (0.58) room temperature. Another evidence is the nonexpo-
(BugN)[Ir(ppy), - 260 (41.7), 337 (8.5), 384 (5.8), nential decay of the luminescence. Similar behavior is
(CN),]¢ 433 sh (0.43), 463 (0.21) observed in glassy matrices at 77 K; the short-wave
(BugN)[Ir(ppy), - 266 (38.9), 335 (6.7), 355 (5.3), 400 maximum (470 nm) of the arising luminescence band
(NCS),¢ (3.4), 437 (2.3), 476 (0.65) overlaps with the low-energy band in the absorption
[Ir(ppy),(acac)f 260 (49.0), 356 (8.2), 403 (4.7),
450 (3.2), 492 (1.0)
[Ir(ppy),Cll, 260 (68.0), 335 (13.0), 355 sh

(11.0), 400 (6.3), 434 (4.2), 484 (1.1)

@ pata from [5]. b Data from [1], 2-methyltetrahydrofuran.
¢ pata from [8]. 9 Data from [11].© Data from [2].

Table 3. Luminescence characteristics of the complexes
[Ir(CN) (NN

5
Amax M (@, ps) TB T
Compound CH.CI poly(methyl| C,H;OH- E %w
29% g | methacry- | CH3OH- T &
late), 298 K| CH,Cl,, 77K = E
w
[Ir(ppy),(G1-bpy)[[|562 (<1) [480 sh, 470,
523 (1.7} |524 sh (4.3)
[Ir(ppy)(bpy)I*™® 585 532 524 (4.8)
[Ir(tpy) ,(G1-bpy)I'| 544 sh, [540 (10.1) |535 (17.3)
585 (5.1
[Ir(tpy),(bpy)]*®  |600 541 532 (17§

2 Nonexponential luminescence decay; the long-lived com-
ponent of the luminescence signal is indicatBdData from
[6, 8]. ¢ Data from [5]. d [Rh(ppy)(bpy)]PF; matrix.

0
250 350 450 550 650
A, Nm

750

ligand or the®MLCT (dr Ir — ni},) State. However,
nonuniform distribution of complex species in solution
can lead to a boundary situation, superposition of two
types of luminescence. In particular, in a dichloro-
methane solution at room temperature, the lowest (1) C,HgOH-CH3OH-CH.Cl,, 4:1:1, 77 K;
electronically excited state of [Ir(ppyG1-bpy)] (2) poly(methyl methacrylate), 298 K; an@)(CH,Cl,,
responsible for the luminescence can be assigned to 298 K.

Fig. 2. (I) Absorption spectra in dichloromethane and
(I1) luminescence spectra of (a) [Ir(p¥E1-bpy)]PR
and (b) [Ir(tpyh(G1l-bpy)]PR. Solvent (matrix):
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spectrum. The range 47815 nm and the lifetime The dendritic bipyridine ligand G1-bpy was pre-
(~1-5 us) are typical of the luminescence from thepared according to [7]. A 2 M solution of lithium
electronically excited state of th%(IL/MLCT) type diisopropylamide in THFheptane (1.4 ml) was added
involving the ppy ligand in phenylpyridinate com- at -10°C to a solution of 171 mg of 4'4limethyl-
plexes of both Ir(lll) [2, 11] and Pt(ll), containing no 2,2-bipyridine in anhydrous THF. After stirring for
polypyridine ligand N”N. 45 min, a solution of 1 g of 3,5-bis(benzyloxy)benzyl
It is known that tpy complexes are characterized bypromide in 30 ml of anhydrous THF was added. The

larger (by 3000 cimt on the average) singldtiplet resulting solution was stirred for 12 h at room tem-
Sp“tting than the Corresponding ppy Comp|exes [Gperature. When the solution became |Ight yeIIow, the
13]. This accounts for the larger energy gap betweefgaction was considered to be complete. The resulting
the electronically excited state involving the cyclo-solution was poured onto ice, and the aqueous layer
metallating ligand and théMLCT (dr Ir — =nf,,) Was extracted with dichloromethane %0 ml). The
state. As a result, in hard matrices [e.g., poly(methyéxtract was dried over N&QO,. The solvent was evap-
methacrylate)], even at room temperature, only therated on a rotary evaporator, and the residue was
3(IL/MLCT) state in [Ir(tpy),(G1-bpy)]" and [Ir(tpy),-  chromatographed on SiO(eluent dichloromethane
(bpy)]" is luminescing, with a characteristic shape ofethyl acetate, 5: 1 by volume). Fractions wih 0.5
the luminescence band. Dendritic substituents exert gTLC on SiO, plates, eluent dichloromethamaeth-
additional effect in dichloromethane solutions at roomanol, 20 : 1) were combined, and the solvents were
temperature. Appearance of a shoulder at 544 nm ifemoved on a rotary evaporator. The reaction product
the luminescence spectrum of [Ir(tp{®1-bpy)',  was dissolved in diethyl ether, precipitated with eth-
absent in the spectrum of [Ir(tpyppy)I" taken under gno), filtered off, and vacuum-dried. Yield 23%
the same conditions, and the nonexponential IumlneﬁMR spectrum (CDG)), 5, ppm @, Hz): 8.59 +$,

J

cence decay suggest superposition of two types 5.0, 53, 0.9), 8.32 (H3, 53, 0.9), 7.46-
. . HH Y, HH . y . y HH . y .
luminescence bands, as it was recorded for the Corme-sg (H .0 7.12 (Hs,s, 3‘]H 5.1), 6.52 (H,

sponding ppy complex in a poly(methyl methacrylate)ﬁl\]HH 2.1), 6'.48 (H, %34y 2.1), 3&0];2.97 m (C@—

matrix at 298 K. CH,), 5.03 s (CHO).

Thus, the luminescence behavior of mixed-ligand
cyclometallated Ir(lll) complexes with a dendritic  [Ir(ppy) ,(G1-bpy)]PFs. To a solution of 30 mg of
bipyridine ligand strongly depends on the structure oG 1-bpy in CHCI,~CH,OH (5 : 6) we added 20.7 mg
the cyclometallating ligand (effect through the sing-of [Ir(ppy),Cl],. The mixture was refluxed for 12 h.
let-triplet splitting energy), temperature, and matrixThe reaction progress was monitored by TLC (SiO
(effect of the hardness and polarity). Introduction ofcH,Cl,-CH,OH, 20:1). The final solution was
dendritic substituents can be considered as one Mog@pljed to room temperature, and the solvents were
influencing factor; polyether dendritic substituents incemoved on a rotary evaporator. The residue was
positions 4 and ‘4of the bipyridine ligand exert a iggolved in a minimal volume of methanol and fil-
“soft” effect on the spectral and luminescence ProPekared: a saturated solution of NPF; in methanol

ties of the complexes [Ir(C*NJG1-bpy)]PFs, mani- was added to the filtrate. The resulting yellow precip-

fested in slight destabilization of the electronically. : : :
excited charge-transfer state involving the bipyridine'tate was filtered off, washed with diethyl ether, and

ligand, compared to the model complexes [Ir(C{N) vacuum-dried; yield 62%.

(bpy)]PFs. [Ir(tpy) 2(G1-bpy)]PFs was prepared similarly from

EXPERIMENTAL 30 mg of G1-bpy and 20.9 mg of [Ir(tpyG1],. Yield

1 67%.
The "H NMR spectra were recorded on a Bruker

Aspect-300 spectrometer at 298 K. The electronic ACKNOWLEDGMENTS
absorption spectra were taken on a Kontron-Uvikon-
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