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A trinuclear cyclometalated Pt(ll) 4,6-diphenyl-2,2'-bipyridyl complex with bis(diphenylphosphinomethyl)-
phenylphosphine bridging ligand ([4-Ph(C~N~N)Pt]sdpmp) has been synthesized and characterized. It exhibits a
broad electronic absorption band from 400 to 600 nm because of its intramolecular Pt---Pt interactions that have
been revealed by X-ray crystal structure analysis. This complex shows strong red emission in acetonitrile at room
temperature and 77 K. The electronic and emission spectra exhibit concentration and temperature dependence.
With increased concentrations, the UV band of the absorption spectrum gradually decreases and broadens,
accompanied by an increase of the [do*r*] band between 400 and 600 nm. For emission spectra, the 550 nm
band that originates from the mononuclear platinum(ll) component gradually decreases with increased concentrations,
while the band at ~700 nm that corresponds to the *[do*, /7] state increases. In addition, the UV—vis and emission
spectra exhibit temperature and viscosity-dependence. The concentration-, temperature-, and viscosity-dependent
characteristics indicate a conformational change of the complex arising from the rotation along the oligophosphine
axis. This complex exhibits broad, positive, and strong transient difference absorption bands from the near-UV to
near-IR spectral region. However, because of the increased ground-state absorption in the visible region, the
nonlinear transmission of this trinuclear platinum complex decreases.

Introduction temperature in fluidé.Because of the heavy metal effect of

Platinum(ll) complexes with cyclometalating ligands have platinum, the intersystem-crossing rate of these complexes

attracted increasing interest in recent years because of theillf1 gerj(alrally h!ghd which Ieaddsdfu_) a high quintﬁm 3|/|e'ld of
potential applications in organic light-emitting devices, the triplet excited state. In addition, many of the platinum

chemical catalysi,and chemical sensofsMost of these terdentate complexes possess long-lived triplet excited tates
complexes exhibit a square-planar configuration and show and bro_ad and relatively strong tripl_et_transient differen_ce
relatively strong emissions in visible spectral range at room absorption spectri.These characteristics could result in
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strong reverse saturable absorption. Studies on the nonlinear
optical properties of these complexes indicated that the
platinum complexes could exhibit strong broadband nonlinear
transmissiorf. Moreover, the photophysical properties and
nonlinear transmission properties could be modulated by
chemical modifications of coordination liganti<.It has also
been reported in literature that the intermolecular metal
metal orz— interactions arising from aggregation in square
planar Pt(Il) complexes could influence the emission energy
significantly® Recent reports by Che’s and others’ groups
on some binuclear and trinuclear Pt(ll) complexes demon-
strateq that intramo_lecular-P-Pt orm—m interactions could [4-Ph(C*N*N)Pt]sdpmp. A mixture of 0.107 g (0.200 mmol)
occur in these multinuclear complexes, which modulates the 4-Ph(CN"N)PH|CI and 0.037 g (0.067 mmol) of dpmp in 30

energy of the excited states at some extent and leads to they of cH,CN/CHOH (1/1, viv) was stirred for 24 h at room

\ " At

6Ph2P\/F’hP\/PPh2

Figure 1. Chemical structure ofd-Ph(C*"N"N)Pt]sdpmp.

Pt Rt

appearance of a new metahetal-to-ligand charge transfer
(MMLCT or [do*, =x*]) absorption band in the visible
spectral range and a red-shift of the emission Fa@ulir
group recently reported the effect of metahetal coupling
andsr—o interactions on the nonlinear transmission proper-
ties of three binuclear platinum(ll) complex&sTo further

temperature under Norotection. The resultant clear solution was
filtered into a saturated GI@H solution of NHPF;. After removal

of the solvent, the solid obtained was washed by water and ether.
The crude product was recrystallized twice by diffusion of benzene
into acetonitrile. Red crystals were obtained in 18% yi#tiINMR
(CDsCN): 6 8.01 (br, 4H), 7.92 (dJ = 8.0 Hz, 2H), 7.81 (t]) =

understand the effect of these interactions on the nonlinear;'gs"g jg)’ 7'734(:* 2'7")1'17'?7'_667(?*:"')'235276587 (m,_lgHg,
transmission properties of multinuclear Pt(Il) complexes, a H'z 4H') Gng]'(s 21)—|’) 646((31; 7 0 HZZ’ 2H))' 6'40 ((tt:]] ; 5'5
new trinuclear cyclometalated Pt(ll) 4,6-diphenyl:2yy- ' e : e ' : o ;

) . 2 Hz, 1H), 6.32 (tJ = 7.5 Hz, 1H), 6.15 (t) = 7.0 Hz, 2H), 5.37

(diphenylphosphinomethyl)phenylphosphine bridging ligand ny; caled for [GgHy4F1aNePsL9PE] *, 2302.3409; found, 2302.9835
has been synthesized and characterized, and its photophysical009). Anal. Calcd for GH74F18NePsPt-CsHgs: C, 49.43; H, 3.19;
characteristics and nonlinear transmission have been meawn, 3.33. Found: C, 49.80; H, 2.70; N, 3.58.

sured. Crystal Structure Determination. Single crystals of 4-Ph-
(C~"N~N)Pt]sdpmp were obtained by diffusion of benzene vapor
into a dilute acetonitrile solution of the complex. A crystal with a
dimension of 0.2x 0.2 x0.2 mm was sealed in a glass capillary
with mother liquid. The capillary with crystal was transferred to a
Bruker CCD diffractometer with graphite-monochromatized Mo K
radiation ¢ = 0.71073 A). The frames were collected at ambient

Experimental Section

Synthesis. The ligand bis(diphenylphosphinomethyl)phenyl-
phosphine (dpmp) and the precursor complex 4,6-diphenyd-2,2
bipyridy! platinum chloride ([4-Ph(GN"N)Pt]CI), were synthesized
according to the reported procedutegll the starting chemicals

were purchased from Alfa Aesar. All the solvents were used as (eMPerature with a scan width of 0.5 w and integrated with
received unless otherwise stated. Bruker SAINT software package using narrow-frame integration

1H NMR spectra were measured on a Varian 500 MHz VNMR algorithm. The unit cell was determined and refined by least-squares

spectrometer. ESI-HRMS analyses were conducted on a Bruker'POn the refinement aKYZcenteroids .Of reﬂections above 20
Daltonics BioTOF Il mass spectrometer. Elemental analyses were ()- The data were corrected for absorption using SADABS program.

performed on a Perkin-Elmer 2400 Series Il CHNS/O analyzer. 1he structures were refined o using the WinGx software
packagé?! The crystal structure was solved by the direct method.

All of the non-hydrogen atoms were refined with anisotropic
displacement coefficients. Hydrogen atoms were idealized using
SHELXL9722 The weighting scheme employed was= 1/[o?-
(Fo?) + (0.1311§ + 24.6706°], whereP = (F?2 + 2F?)/3. The
refinement converged 8, = 0.0526,R, = 0.1343 for reflections
with | > 20 (I) and Ry = 0.1203,R; = 0.1506 for all data.R; =
Y(IIFo | = IFc IN/ZIFol, Re = [Z(W(Fo? — Fc?)2)/3(Fs?)F*2 and

S= GOF onF2 = [J(W(F2 — FA&(n — p))]¥2 wheren is the
number of reflections ang is the number of parameters re-
fined). Crystallographic and structural refinement data are listed
in Table 1.
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Results and Discussion

Crystal Structure. The crystal structure of the4{Ph-
(C"N~N)Pt]sdpmp cation is depicted in Figure 2. Selected

(11) Farrugia, L. JWinGX, A Windows Program for Crystal Structure
Analysis University of Glasgow: Glasgow, U.K., 1998.
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Table 1. Crystallographic and Structural Refinement Data for
[4-Ph(C"N"N)Pt]sdpmp

empirical formula G1sHgoF18N7PsPt3
fw 2685.05
cryst syst triclinic
space group P1
a(A) 16.217(10)
b (A) 19.452(10)
c(A) 20.925(10)
a (deg) 69.59(10)
f (deg) 70.89(10)
y (deg) 87.72(10)
V (A3) 5825(5)
Z 2
pealcd (g CM3) 1.531
wu(cm™Y) 3.75
F(000) 2634
T(K) 293(2)
wavelength (A) 0.71073
data collection range (deg) 1.926.50 Figure 2. Perspective view of the complex cation @f-Ph(C"N"N)-
index ranges —-20=h=0 Pt]sdpmp with selected atomic numbering scheme. The thermal ellipsoids
—24<k=<24 are at 50% probability. All hydrogen atoms, solvent molecules (21C
—26=<1=<21 and 1 CHCN), and counteranions (3PF have been omitted for clarity.
no. of unique data 20432
final [I > 20(1)]2 R1=0.0526 Table 2. Selected Bond Lengths (A) and Bond Angles (deg) for
WR2=0.1343 Complex Cation of4-Ph(C"N”N)Pt]sdpmp
Rindices (all datd) R 0022 Pt(1)-C(1) 2.005(9) PN 2.003(7)
Pt(1)-N(2) 2.156(8) Pt(1)P(1) 2.267(2)
aR1= 3 (||Fo | — IFc II)/3|Fol, WR2 = [F(W(Fo* — FA?)/3 (FPA)FY2 Pt(2)-C(38) 2.033(9) Pt(2yN(3) 2.020(7)
Pt(2)~N(4) 2.174(8) Pt(2)}P(2) 2.271(2)
Pt(3)-C(45) 2.034(1) Pt(3yN(5) 2.016(8)
bond lengths and bond angles are listed in Table 2. The Pt3)-N®©) 2.140(8) PI3)yPQ) 2.2573)
relevant bond angles around platinum(ll) deviate from the c(1)-Pt(1)-N(1) 80.4(4)  C(1)Pt(1-N(2) 157.6(3)
ideal values of 90 or 18Qindicating that each platinum(ll) (ngg—gttg)):*;(é)) 1%38 mgg:g)):s((g 22?(8
metal center adopts a d!storted s_quare—planar geomgtry. The C(38)-PI2)-N(3) 798(5) C(38)Pt2)-N(4)  1568(3)
Pt=N, Pt—=P, and Pt C distances in the complex are similar  c(38)-Pt(2)-P(2) 96.5(3)  N(3YPt(2-N(4) 76.8(3)

to other 4,6-diphenyl-2;2ipyridyl-containing dinuclear or N(3)—-Pt(2)-P(2) 176.5(2) N4 Pt(2)-P(2) 106.7(2)
trinuclear platinum(ll) complexes reported in the litera- ggi;ﬁgg?gg %%.73((43)) ﬁ((‘éﬁf(tg_m\(‘é? 1?;2((3
ture?290.1%0 The three [4-Ph(GN”N)Pt]" moieties are ar- N(5)—Pt(3)-P(3) 174.7(2)  N(6YPt(3)-P(3) 104.6(2)
ranged into a linear face-to-face configuration by the dpmp i _

ligand. The Pt(1}Pt(2)-Pt(3) angle is 168% and the angle betwee_:n ligated Pt(1) plane and Pt(2) plane is smaller
distances of the two neighboring Pt atoms are 3.469 A than the torsion angle between Pt(2) plane and P(3) plane:
between Pt(1) and Pt(2) and 3.168 (0.5) A between Pt(2) the torsion angles are 11.83 gnd Zz.m_out Pt(1)-Pt(2)

and Pt(3). These values are comparable or slightly shorter@nd Pt(2)-Pt(3) axes, respectively (defined by the angle
than those of other trinuclear-dubstituted CN*N com-  between the N(HPt(1)-Pt(2) and Pt(1) Pt(2)-N(3) planes
plexes reported in the literature, such[63"N"N)sPty(us- ~ @nd that between the NESP(2)-Pt(3) and Pt(2) Pt(3)-
dpmp)](CIO 4)s*H,0 (3.194 and 3.399 A% [(C"N"N)sPts- N(5) planes). When the phenyl substituent at the cyclom-
(u3-dpmp)](ClO 4)32Et,0-CH:CN (3.364 and 3.617 A etalated ligand becomes more involved in theonjugation
[{4,4-Buy(C"N"N)} sPts(u-dpmp)](ClO 4)33CHCN (3.217 of the_ C'N”N ligand, the extent of slipping or offset petween
and 3.601 Ay2[{4-Et0,C(C"N"N)} sPts(u-dpmp)](ClO »)z the ligand planes decreases. TheNCNPt planes in the
2CH5CN (3.466 and 3.647 A% and [{'Bu(C"N"N)} ;Pts- compound are almost parallel to each other with the dihedral
(u-dpmp)](ClO4)s2CH5CN (3.300 and 3.533 AP The angles between the planes N{I}(11) and N(3}-C(32)
distance between the two neighboring Pt atoms just falls in P€ing 3.8 and that between the planes N{¥}(32) and

the range of effective metametal interaction distance N(5)—C(55) being 2.4 The shortest interplane atowa;\om
(3.09-3.50 A) that is usually observed in extended linear- S€parations are 3.446 A for Ct9XC(29) and 3.442 A for
chain-arranged monomeric Pt(ll) structutésTherefore, ~ C(30y"C(54). This makes ther-x interactions or €x
weak ¢ cf interactions exist across PtEpt(2)-Pt(3), and interactions feasible. Although these interactions are weak,
the interaction between Pt(2) and Pt(3) is stronger than thatthey could be important in molecular assembly. It should
of Pt(1)-Pt(2) because of the shorter distance. For the same@lso be np_ted that the mtrod_uctlon of a_phenyl s_ubst|tue_nt at
reason, the PPt interactions in this complex are compa- the 4-position of each "N !|gand only induces little steric
rable or stronger than those in the aforementioned reportedindrance. The phenyl ring is almost coplanar to th&lN
complexes. To reduce the repulsive forces introduced by thePlane with torsion angles of 19.9, 19.1, and 361 Pt(1),

overlap of two neighboring ligated Pt(Il) planes, the torsion P(2), and P(3) moieties, respectively. _
Figure 3 displays a portion of the molecular-packing

(13) Miskowski, V. M.; Houlding, V. H.Inorg. Chem.1991, 30, 4446 diagram. The shortest distance between two Pt atoms in
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Figure 3. Portion of the molecular packing diagram of complex cation4dsPh(C"N"N)Pt]sdpmp.

adjacent molecules is 7.612 A; therefore, no intermolecular solutions when concentration changes, as observed in the
Pt---Pt interactions is possible even in the crystal form. corresponding dinuclear platinum(ll) complexg4-Ph-

UV —vis Spectra.The UV—vis spectra of4-Ph(C*"N~N)- (C"N”N)Pt].dppm and [4-Ph(C*N"N)Pt].dppe.td Such a
Pt]sdpmp are displayed in Figure 4. Like the trinuclear Pt- conformation change could be induced by rotation of the
(I) complexes reportedf [4-Ph(C*"N"N)Pt]sdpmp also 4-Ph(C'N"N)Pt components along the oligophosphine ligand.
exhibits a broad and weak absorption band in the region of The rotation rate or degree of rotation are influenced by the
450-600 nm, which can be attributed to tHdo*, 7*], that concentration, temperature, and viscosity of the solution. At
is, the IMMLCT (metal-metal-to-ligand charge transfer) higher concentrations, the face-to-fesym conformer with
transition resulting from Pt-Pt interactions. The presence feasible metat metal interactions could dominate, resulting
of intramolecular Pt-Pt interactions has been confirmed by in the[do*, #*] band. In contrast, at lower concentrations,

the crystal structure of théd{Ph(C*"N"N)Pt]sdpmp complex, the degree of rotation could become larger, which breaks
in which the separation between the neighboring Pt metalsdown the metatmetal interactions and thus reduces the

is within the metat-metal coupling distance (3.68.50 A). [do*, *] band intensity. Unfortunately, the reason that
Interestingly, the UVW-vis spectrum of 4-Ph(C*N”N)- causes this concentration-dependent phenomenon still re-
Pt]sdpmp complex, especially th§do*, 7*] transition band, mains unclear at this time and needs to be investigated in

exhibits concentration-, temperature-, and solvent-depen-the future.
dence. As shown in Figure 4A, when the concentration of The UV—vis spectrum also exhibits temperature depen-
solution increases, the band @280 nm decreases, along dence. As shown in Figure 4B, with increased temperatures,
with a slight red shift. Meanwhile, the fine structures in the the intensity of thé[do*, 7*] band decreases, indicating that
300400 nm region disappear, and the extinction coefficient the intramolecular Pt-Pt interactions decrease. This should
of the low energy[do*, 7*] band increases. This indicates be attributed to the increased rotation between the two
that the intramolecular PtPt interactions increase with an  neighboring ligated Pt moieties along the oligophosphine axis
increased concentration. Alternatively, these changes couldat higher temperatures, which causes the conformational
be attributed to intermolecular interactions resulting from change and destroys the intramolecular-Pt interactions.
aggregation. However, attribution to intramolecular interac- The temperature-induced conformational change has also
tion is preferred because of the evidence from the crystal been reported by Yam and co-workers for three dinuclear
structure, which manifests that the thrée?h(C N"N)Pt platinum(ll) terpyridyl complexes with appropriate flexible
components adopt a face-to-face geometry and the separatioiridge and “sticky ends”, although this change was described
between neighboring Pt metals is within the metaletal as intramolecular aggregation and deaggregation in their
coupling distance (3.093.50 A). In contrast, the shortest work.% The hypothesis of rotation of ligated Pt moiety along
intermolecular metatmetal distance is found to be 7.612 the oligophosphine axis can be further supported by the
A; therefore, intermolecular metametal interaction is not  emission study in solutions with different viscosity, which
possible even in the crystal form. Further evidence to excludewill be discussed in the emission section shortly.
the intermolecular interactions has been found from the The UV—vis absorption spectrum of4{Ph(C*N"N)-
emission studies of SDS micell solutions, which will be Pt]sdpmp in different solvents is illustrated in Figure 4C
discussed in the following emission section. and Table 3. It exhibits an insignificant solvatochromic effect,
The observation of[do*, 7*] band at higher concentra-  and no general trend has been observed [the, 7*] band
tions is obvious but not at dilute concentrations, which blue shifts in acetone and acetonitrile in comparison to those
suggests that there could exist different conformers in in DCM and THF. However, more polar solvents, such as

8606 Inorganic Chemistry, Vol. 46, No. 21, 2007



Trinuclear Pt(ll) 4,6-Diphenyl-2,2-bipyridyl Complex
1.0x10° A ‘ A
1 ——8X10" M
soxt0{ .y - - - 4X10°M
S 2X10° M
G\ - = 1X10* M
) 4
+ 6.0x10° ¥ —m BX10% M
g "
‘To 1
: \
< 4.0x10% AN
o
\\
2.0x10° ‘,‘
&
0.0 I T A R N
L T T -l ----- B‘TE

Absorbance (a.u.)

v |l
400 500

Wavelength (nm)

Absorbance (a.u.)

—-—--acetone
————— CHsoH

400 500
Wavelength (nm)

Figure 4. UV—vis spectra of4-Ph(C"N~N)Pt]sdpmp complex (A) in
CHsCN at different concentrations at room temperature, (B) inn@K at
different temperatures (solution concentration is 8.1.0-5 mol/L), and
(C) in different solvents at room temperature (solution concentration is 1.2

x 1074 mol/L).

DMF, cause a slight red shift of thgdo*, =*] band

compared to those in DCM and THF.

Emission. [4-Ph(C*"N~N)Pt]sdpmp is emissive at room
temperature in acetonitrile solution and at 77 K in acetonitrile
glassy solution (Figure 5). At lower concentrations, the
emission spectrum consists of two bands insCN at room
temperature, one band isa700 nm and the other one is at

T
600

Table 3. UV—vis and Emission Band Maxima of
[4-Ph(C"N”~N)Pt]sdpmp in Different Solvents at Room Temperattire

A em(nNM)

Solvent A abs(nm) (tem (NS)P 71a (NSF
THF 289, 321, 496, 526 697 (974) 901
DCM 290, 319, 496, 527 697 (1033) 891
Acetone 317,492, 521 699 (718) 570
CHsCN 288, 492, 521 699 (708) 578
MeOH 289, 319, 496, 526 712 (245) 229
DMF 289, 324, 499, 530 715

aMeasured at a concentration of 121074 mol/L. P4 ¢x = 491 nm.
¢ Measured at 600 nni ¢x = 355 nm.
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Figure 5. Concentration-dependent emission spectrfde?h(C"N"N)-
Pt]sdpmp in acetonitrile at room temperaturgef{ = 400 nm) and 77 K
(Zex = 380 nm). The inset shown in the room-temperature emission figure
is the corresponding normalized emission spectra.

~542 nm. With increased concentrations, the emission band
at ~700 nm increases, while the intensity of the emission
band at 542 nm decreases. Similar to the emission of other
trinuclear platinum(ll) complexes reported in the literatifre,
the emission at-700 nm can be attributed to tRglo*, 7],

that is,3SMMLCT state, whereas the high-energy emission
band at 542 nm is ascribed to tHdLCT state in the 4-Ph-
(C*"N”~N)Pt component when the molecule adopts a twisted
conformation that exhibits no metainetal interactions. As
discussed in the U¥vis spectra,4-Ph(C*"N~N)Pt]sdpmp
exhibits a conformational transformation in solution caused
by the rotation along the oligophosphine axis. At lower
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Figure 7. Normalized solid-state emission spectra [4fPh(C"N"N)-
1.0 Pt]sdpmp. Aex = 425 nm.
: (b)

..... In agreement with the discussion in the "UVis absorption
>8] " section, the metaimetal interactions are considered to be
[ i intramolecular rather than intermolecular not only because
£ o0s6- . of the crystal structural evidence discussed earlier but also
— \ . .

S NN because of the two facts discovered from the solid-state
% 0.44 7 0X10° M A emission and the emission in SDS (sodimtodecy! sulfate)
E o 21X10° M o micell solutions. As shown in Figure 7, the emission band
2 02 - 6:3X10'5M 3 maximum appears at_ 677 nm for th&-Ph(C*"N”"N)Pt]s-
| ---1ex10*m N dpmp powders and a film formed from-a10~* mol/L CHs-
e BTX10% M N CN solution after solvent evaporated, which is similar to the
0'0 | J ) J i i i
P P o0 50 500 700 nm band observed in solutions. The red shift of the

emission band in solutions could be caused by the solvation
- 6. Normalized oxcitat . Bh (N NP . effect. Because the 677 nm band is attributeg{do*, 7*]
dilfgfg:gnt 'congerrrrl]t?a:tzignsei)r(lcéaél?lnaf?ce)graat%per(ature: za) ]%gnr}:gr:d at Ff‘XCIted'State t,’e‘?ause of intramolecular melneta! Interac-
545 nm and (b) 700 nm. tions, the emission band at 700 nm should arise from the

intramolecular metatmetal interactions as well. The at-
concentrations, the percentage of twisted conformer without tribution of the 700 nm emission band to intramolecular
intramolecular metatmetal coupling is higher. Thus, the rather than intermolecular metaietal interaction is further
emission originated from théMLCT state of the mono-  supported by an emission study in SDS micell solutions, in
nuclear 4-Ph(CN~N)Pt component is stronger. As the which the concentration of SDS is adjusted to %4102
concentration of solution increases, the percentagsynf mol/L. The SDS concentration surpasses the critical con-
conformers increases. Because of the intramolecutaiF®t centration required for the formation of micells and is at least
interactions in thesynconformers, the low-energy emission 2 orders of magnitude higher than thé-Ph(C*N"N)-
band corresponding to tiffdo*, 7*] state is enhanced. For  Pt]sdpmp concentration added in the micell solution. In this
low-temperature (77 K) emission, a similar trend has been case, each SDS micell can be considered as trapping only
observed. one @-Ph(C*"N"N)Pt]sdpmp molecule. This eliminates the

To confirm the different origin of the two emission bands intermolecular interactions and prohibits the rotation along

at lower concentrations, emission spectra at a different the oligophosphine axis. The emission observed in these
excitation wavelengthi¢, = 491 nm for room-temperature  micell solutions can thus be attributed to individual mol-
emission andlex = 530 nm for 77 K emission), where itis  ecules. As shown in Figure 84{Ph(C*"N"N)Pt]sdpmp in
located in thel[do*, #*] band, have been measured. As SDS micell solutions exhibits a dominant banch@84 nm
shown in the Supporting Information (Figures S1 and S2), and a broad shoulder around 550 nm, which corresponds to
only the 700 nm band appears. This clearly indicates thatthe’[do*, #*] and 3MLCT emission, respectively. The
the emission at~700 nm arises from th§do*, 7*] excited amount of A-Ph(C*"N"N)Pt]sdpmp added into the micelle
state. Furthermore, the excitation spectra monitored at 545solution shows no effect on the emission spectra nor the
and 700 nm exhibit different features (Figure 6). The relative intensity of the two emission bands. This further
excitation spectra monitored at 545 nm exhibit a strong band confirms that the 700 nm band in solution indeed arises from
at ~350 nm, while the excitation spectra monitored at 700 the intramolecular metalmetal interactions, not from the
nm show a broad band in the range of 4800 nm, which intermolecular interactions.
is consistent with thg{do*, 7*] transition band in the UW- To confirm the hypothesis of conformational change
vis spectra. Therefore, we conclude that the low-energy caused by rotation of ligated Pt moiety along the oligophos-
emission at~700 nm arises from th§do*, 7*] excited state. phine axis, emission of 5.& 10°® mol/L [4-Ph(C"N"N)-

Wavelength (nm)
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Figure 8. Normalized emission spectra ¢-Ph(C"N”~N)Pt]sdpmp in
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Figure 9. Normalized emission spectra ¢-Ph(C"N”~N)Pt]sdpmp in
mixed solvents of 2-heptanol and dichloromethahg = 425 nm.

Pt]sdpmp solutions in mixed solvents with different vis-
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Figure 10. Temperature-dependent emission spectrfdd?h(C"N"N)-
Pt]sdpmp in CH3CN at a concentration of 5.8 107° mol/L (Aex = 380
nm). The valley at 686 nm and the spike at 764 nm are instrument artifacts.

solvent should not influence the relative emission intensity
of the two bands and (2) conformational change caused by
the rotation along the oligophosphine axis accounts for the
relative intensity variation of the two emission bands and
the degree of rotation is affected by the viscosity of the
solvent. At low viscosity solvents, rotation is more feasible,
the amount of twisted conformers increases. Therefore, the
intensity of the 550 nm band increases.

The temperature-dependent emission characteristics further
supports this conformational transformation hypothesis. As
shown in Figure 10, the emission at542 nm decreases
when the temperature increases from 1 to°@8while the
intensity of the emission band at710 nm increases
accompanied by a slight blue shift. When the temperature
continues to increase, the intensity of the 542 nm band
remains unchanged, but the low-energy band decreases

cosities has been studied, and the results are shown in Figureapidly. When the solution is heated to 80, both emission
9. 2-Heptanol and dichloromethane (DCM) were chosen asbands disappear. This temperature-dependent behavior can
the solvents because they have the similar dielectric constantde explained by the conformational change caused by rotation

(9.21 for 2-heptanol and 8.93 for DCM) but quite different

viscosities (6.53 for 2-heptanol and 0.45 for DCM). There-
fore, the effect of solvent polarity can be excluded. The
different emission behaviors observed in solutions with
different volume ratios of these two solvents should arise
from the difference in solvent viscosity and thus different
degrees of rotation of the solute. It is clear from Figure 9
that in the mixed solvent with a lower viscosity, such as
2-heptanol/DCM= 1:4, rotation along the oligophosphine

along the oligophosphine axis as discussed in the-\i¥
absorption section and in the previous paragraph. When the
temperature is increased from 1 to 38, rotation along the
oligophosphine ligand increases, resulting in mayn
conformers. This leads to an enhancement offitie*, 77*]
emission. However, when the temperature continuously
increases, the more rapid rotation reduces theMRtinterac-
tions, which decreases the intensity of the 710 nm band. At
even higher temperatures, the enhanced nonradiative decays

axis is relatively easier, thus the emission band around 550quench the emission from thet-Ph(C*N"N)Pt]sdpmp

nm due to mononuclear 4-Ph(8"N)Pt moiety is more

intense. When the volume ratio of 2-heptanol increases, the

complex completely.
In addition to the evidence obtained from the temperature-

viscosity of the mixed solvent increases and the rotation dependent UV-vis absorption and emission studies, as well
along the oligophosphine axis becomes less feasible. As aas the viscosity-dependent emission study, the temperature-
result, the amount of twisted conformers decreases, and thedependentH NMR spectra also indicate that there could be
relative intensity of the 550 nm band decreases drastically. rotation to some extent along the oligophosphine ligand. As
Excitation at different wavelengths, such as 380, 400, and shown in Supporting Information Figure S3, at lower
415 nm, gives rise to similar results. These results suggesttemperatures, the chemical shifts of the hydrogens on the

that (1) the 700 nm band arises from intramolecular metal

coordinated pyridyl and phenyl rings appear at a relatively

metal interactions rather than intermolecular interactions high field. With increased temperatures, the chemical shifts

because, if it is an intermolecular interaction, viscosity of

of the corresponding hydrogens shift to downfield. This
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Table 4. Emission and Transient Absorption Lifetimes[dfPh(C"N~N)Pt]sdpmp in Acetonitrile at Different Concentrations at Room Temperature
and 77 K

RT 77K

concentration A (nm) A (nm) concentration A (nm)
(x107°mol/L) (tem (NS)) (T1a (NS)) (x107°mol/L) (tem (NS, %))

0.08 550 (35) 0.7 573 (747, 13%; 39 419, 87%)

0.4 550 (52) 410 (49, 54%; 196, 46%); 600 21 712 (2882)

2 550 (59); 700 (81, 7%; 578, 93%) 410 (57, 27%; 386, 73%); 600 (61; 432) 6.3 715 (2642)

10 550 (84); 700 (708) 410 (73, 6%; 569, 94%); 600 (588) 18.8 712 (2655)

50 700 (944) 56.5 718 (2580)

aJex = 355 nm.

phenomenon can be rationalized by the conformational thus becomes similar, resulting in an increase of hydrogen
change at different temperatures. At lower temperatures, thenumbers (6H) corresponding to the most downfield peak
three ligated Pt(Il) moieties tend to be arranged to a face- (8.04 ppm).
to-face conformation, as demonstrated by the crystal struc- The kinetic emission 0f4-Ph(C*N"N)Pt]sdpmp at dif-
ture. Because of the short distance between the neighboringerent concentrations have been studied to determine the
ligated Pt(Il) moieties, the ring-current effect of the aromatic emission lifetime (see Supporting Information Figure S4 and
benzene and pyridine rings would cause the chemical shiftsS5 and Table 4). Similar to the steady-state emission spectra,
of the hydrogens on the aromatic rings at the oth&l\ emission of i~-Ph(C*N"N)Pt]sdpmp at lower concentrations
ligand(s) appearing at upfield. When temperature increases,s dominated by the 550 nm band that has a lifetime of tens
the rotation of the ligated Pt(ll) moieties along oligophos- of nanoseconds. With increased concentrations, the relative
phine ligand increases, the face-to-face arrangement of theintensity of this band gradually decreases, accompanied by
three ligated Pt(Il) moieties is destroyed, as a result, the the appearance of the 700 nm band that has a lifetime of
electron-shielding effect decreases, and the chemical shiftshundreds of nanoseconds. When the concentration is in-
of the corresponding hydrogens would shift to downfield. creased to 5.0< 10~* mol/L, the high-energy band com-
The line broadening and upfield shift were also observed pletely disappears. At 77 K, the emission is very weak at a
by Yam and co-workers in some dinuclear platinum(ll) low concentration of 7.0x 10° mol/L, with a band
terpyridine complexes with a flexible bridge and “sticky maximum at 573 nm. From 2.% 107 to 5.7 x 10~* mol/
ends® and by Gourdon et. al. and Toma et. al. in some L, the glassy solutions exhibit only one emission band at
planar aromatic ruthenium complexes at low temperaturesca. 710 nm, with a lifetime of approximately 2.6.
because of intramolecular/intermolecular metaletal and It is worthy of mention that in comparison to the
a—m stacking interaction¥! corresponding mononuclear comp[éxPh(C*N"N)Pt]PPhs

In addition to the downfield shift of thé’s at increased ~ (%em = 550 nm) and the dinuclear complg4Ph(C"N"N)-
temperatures, the number of hydrogens corresponding to the’t2dppm (4em = 670 nm), the emission energy of the
most downfield peak (8.02 ppm) also changes. According trinuclear complexd-Ph(C*N"N)Pt]dpmp (Zem = 700 nm)
to the estimation of ChemDraw software, the hydrogens at décreases drastically, whereas the emission lifetime increases
the 6/6/6"-position (labeled in the structure shown in Figure {romM 127 ns fof4-Ph(C*N"N)PtJPPhs to 202 ns fof4-Ph-
1) are the least shielded, and the hydrogens dt33/ire (C"N"N)Pt],dppm®® and to 944 ns for[4-Ph(C"N"N)-

the second least shielded in comparison to the other aromatid"tlsdPmPp i CHCN solutions. At a first glimpse, the
hydrogens. When the molecule adopts the face-to-facedecrease of emission energy and the increase of the emission
conformation, the hydrogens on 6/@positions of the lifetime seem to be associated with the metalketal interac-

peripheral coordinated pyridyl ring at the two edge-ligated 1N that alter the parentage of the*emlttmg state ffom
Pt(Il) moieties are less shielded compared to the correspond-MLCT. for mononuclear complex_ do”, « ]_fqr dinuclear

ing hydrogen (§ at the middle CNAN moiety: therefore, and trmuclear qomplexes. The dlfferentemlttmg states could
the peak at the most downfield (8.02 ppm) should be assignedzf"We Id|fferen('; I|f§t|m;es. Howevler, the Ionlgerlhfetlme F’glthi
to these two hydrogens. The integration of this peak should Inuclear and trinuclear complexes could aiso possibly be

correspond to two hydrogens. This is exactly the case athﬁtSrZ(Ij 2%;?2@8;&0;;:16 c?r%grl\llt is:l;/he:t ?:;::r?iet%fﬂ:ﬁe
—30 °C. At high temperatures, such as 80, because of P P

: o . . other 4-Ph(CN”~N)Pt component(s) above or below, which
the rotation of the three moieties along the oligophosphine . .
. : . reduces the solvent quenching effect. To figure whether the
ligand, the face-to-face conformation no longer exists, the

hydrogens on the middle ligated Pt(ll) moiety become less r_eductlon of solvent quenchmg or the metahet_al Interac-
) . . g tion accounts for the longer lifetime of the binuclear and
shielded. The chemical environment of 3,6-position hydro-

Il the th iheral dinated vl Ti trinuclear complexes, emission lifetimes[dfPh(C*N"N)-
gens on all the three peripheral coordinated pyridyl rings P]PPhs, [4-Ph(C"N*N)Pt],dppm and[4-Ph(C*N"N)Pt]s-

_ dpmp at a concentration of1 x 10~* mol/L were measured
(14) (S"’.‘)H(ioﬂg:ﬁi"]@;’,\'I‘iiglr;%{jfs‘i'?‘%?ﬁizlegé?ﬁf;3E7E)2ﬁﬁf',\$|t.’),\le’%ﬁ’qa’ in a noncoordinating solvent DCM. The lifetimes were found
H. Inorg. Chem2004 43, 3521. to be 550 ns fof4-Ph(C*"N"N)Pt]PPhs, 1.3 us for [4-Ph-
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(C*"N”~N)Pt].dppm, and 1.Qus for[4-Ph(C"N"N)Pt]sdpmp.
Therefore, it is clear that the long-lived emission féPh-
(CA"N~N)Pt].dppm and[4-Ph(C"N"N)Pt]sdpmp is caused
by the nature of thido*, 7*] excited-state that is further
separated from the nonradiative-d state in comparison to
the high-lying®MLCT state. This reduces the nonradiative
decay through d€d state and thus prolongs the lifetime of aQ 0044
thed[do*, 7*] state. Although the long-liveddo*, 7*] state o
could also possibly be caused by the different degrees of <
distortion of this state comparing to tR®ILCT state, this .
possibility cannot be confirmed without theoretical calcula- 0.024, !
tions. Nevertheless, we believe the further separation of the
3[do*, 7*] state from the d-d state being the major cause
based on the fact that some platinum complexes with a low- 0.00 '

lying 3MLCT state possess a long lifetime of approximately 400 500 600 700 800
microseconds, which has been exemplified by our group for

me platinum terpyridyl complexes with phenyl li
some platinum terpy dy complexes with phenylacety de Figure 11. Time-resolved transient difference absorption spectfa-&th-

ligand®® The relatively shorter lifetime of4-Ph(C*N"N)- (C*"N~N)Pt]sdpmp in argon degassed GEAN at room temperature at a
Pt].dppm in CHsCN should be attributed to the solvent concentration of+10-4 mol/L. Zex = 355 nm. The time listed in the figure

quenching effect. To further demonstrate the effect of metal s the time delay after the laser pulse.
metal interactions on the lifetime of the multinuclear system, . L . . o
mononuclear platinum triads with the open coordination sites with a lifetime of 58_8 ns. The s_|m|lar excne_d—state lifetime
blocked should be synthesized and studied in our future work. obtained from the kinetic tran_aept absgrptlon measurement
Because of the charge-transfer nature of the emitting state,_tO Fhat obtained from _the Kinetic emission mgasurement
it is expected that both the emission energy and lifetime indicates that the transient apsorptlon could arise from the
would be affected by the polarity of solvent. In contrast to S&me excited-state that emits or from a state that is in
the UV—vis absorption spectrum that exhibits a minimal and equilibrium with the emitting state. Therefore, the transient
nonsystematic solvent-dependence, the emission energy@bsorption could be attributed to tHdo*, 7*] state, possibly
emission lifetime, and emission intensity all decrease pro- Mixed with some®MLCT character in view of the short-
nouncedly when the polarity of the solvent increases (seelived component of the 410 nm band.
Supporting Information Figure S6). This suggests that the As discussed in the emission section, because of the
3[do*, 7*] state is more polar than that of the ground state. charge-transfer characteristic of the lowest excited state, the
Polar solvents, such GBH and CHCN, stabilize the polar  emission energy and lifetime are influenced by the polarity
excited-state more than the less polar ground state, whichof solvent. Similar to the lifetime measured by the kinetic
decreases the energy gap between the excited-state and themission, the lifetime of the excited-state that gives rise to
ground state, resulting in the red-shift of the emission band. the transient absorption ¢-Ph(C"N~N)Pt]sdpmp is also
As a consequence, the nonradiative decay rate increasesaffected by the nature of the solvent. As presented in Table
Igaqmg to the de.crgase of _thg emission intensity and the3 the lifetime of[4-Ph(C"N"N)Pt]sdpmp in more polar
lifetime of the emission. A S|m|Iar_trgnd has peen reporteq solvent (CHOH) is much shorter than those in less polar
by Che and co-workers for the emission of a trinuclear plati- ¢, ents (THF and DCM). This trend is consistent with what
num {4,4-Buz-(C*N"N)} sPt(us-dpmp)](CIQ)s complex: has been observed from the kinetic emission measurement.

_Transient Absorption. It is well-known that th_e trar!sient This further supports our assumption that the transient
difference absorptlon measures the absorption d"cf(_ar(':'r'ceabsorption state is the same as the emitting state, that is, the
between the excited-state and ground-state absorptions. Ig[d o*, 7] state

the excited-state absorption is stronger than that of the ground . . . .
Nonlinear Transmission Because the transient absorption

state at a given wavelength, a positive signal will appear. “
of [4-Ph(C"N”N)Pt]sdpmp shows a broad, positive band

This phenomenon could lead to a reverse saturable absorp Y ‘ )
tion. To determine the spectral region for reverse saturable oM 500 to 750 nm and the lifetime of this band is hundreds

absorption, the transient difference absorption spectrum of Of Nanoseconds, itis expected that it would exhibit nonlinear
[4-Ph(C"N*N)Pt]sdpmp has been measured. As shown in fransmission, namely, the transmission would decrease with
Figure 11, the transient difference absorption spectrum of increased laser energy at this spectral region. Surprisingly,
[4-Ph(C*"N"N)Pt]sdpmp exhibits two positive absorption ~ the[4-Ph(C*N"N)Pt]sdpmp CH:CN solution with a linear
bands, one at~410 nm and the other at600 nm. In transmission of 80%nia 2 mm thickquartz cell only exhibits
comparison to the corresponding mononuclear and dinuclearnegligible nonlinear transmission effect in the fluence region
complexes, the positions of both bands red sHifthe band ~ used in our experiment (shown in Figure 12). The nonlinear
at 410 nm exhibits a biexponential decay, with a short transmission behavior of the corresponding dinuclear plati-
lifetime of 73 ns (6%) and a longer one of 569 ns (94%). In num(ll) complex{4-Ph(C"N"N)Pt]:dpmp that exhibits com-
contrast, the 600 nm band exhibits a monoexponential decayparable nonlinear transmission behavior to SiNc (a bench-

{ —O0ns

----165ns
0064 ......

Wavelength (nm)
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cross-sectiondp) for [4-Ph(C*"N”~N)Pt]sdpmp and[4-Ph-
(C"N”"N)Pt].dppm, the equatiotf

Oeﬁ/OO = In-I-salln-rlin

has been used, whefeyis the transmittance at the saturation
fluence (defined absa= hv/oo®:, whered;, is the quantum
yield of the first triplet excited state) anfi, is the linear
transmittance.

The oeslog Value was calculated to be 1.23 fpt-Ph-
(CAN"N)Pt]sdpmp and 5.35 for{4-Ph(C*N"N)Pt].dppm.
Although the nonlinear transmission ¢-Ph(C*"N"N)-
Pt]sdpmp at 532 nm is very weak, in view of the red shift
of both the[do*, 7*] band in the UV~vis spectrum and

Figure 12. Incident fluence versus output fluence curves for the binuclear the peak of the transient difference absorption spectrum, it

platinum(ll) complex4-Ph(C"N"N)Pt].dppm and trinuclear platinum(ll)
complex[4-Ph(CAN~N)Pt]sdpmp for 4.1 ns laser pulses at 532 nmin a 2

mm cell. Both of these complexes were dissolved in acetonitrile. The linear

transmission was adjusted to 80%.

mark nonlinear transmission material reported in literat@re)
has also been measured to evaluate the effect of msieatal

is possible that the nonlinear transmission at longer wave-
lengths, such as 600 nm, could be stronger, which needs to
be demonstrated in our future work.

Conclusion

The intramolecular Pt-Pt interactions if4-Ph(C*N"N)-

interactions on the nonlinear transmission behavior. It is very Pt]sdpmp lead to a broad and moderately strong absorption

clear from Figure 12 thg#-Ph(C*"N"N)Pt].dppm exhibits
a much stronger nonlinear transmission than thg#&?h-
(C"N"N)Pt]sdpmp. At the incident fluence of 0.53 J/¢mn
the transmittance od-Ph(C*"N”"N)Pt]sdpmp decreases to
71%, while it decreases to 43% fig-Ph(C"N"N)Pt].dppm

band from 400 to 600 nm, which is ascribed to tfau*,

*] transition. These interactions also cause a red-shift of
the emission band and transient difference absorption bands.
The emission of this complex exhibits concentration, tem-
perature, and viscosity dependence, indicating a conforma-

at the same incident fluence. The nonlinear transmissiontional transformation. Because of the increased linear ab-

threshold, defined as the incident fluence at which the sorption cross-section at 532 nm, the nonlinear transmission
transmittance drops to 90% of the linear transmittance, is Of this complex at 532 nm is significantly reduced. However,

found to be 0.45 J/ctnfor [4-Ph(C*"N"N)Pt]sdpmp and
lower than 0.04 J/cénfor [4-Ph(C"N~N)Pt].dppm. The

with the strong and broad transient absorption bandGi0
nm and the long excited-state lifetime, this complex could

much weaker nonlinear transmission of the trinuclear com- possibly exhibit stronger nonlinear transmission at longer

plex[4-Ph(C"N"N)Pt]sdpmp could be attributed to its large
ground-state absorption cross-section at 532 ogn— 1.8

x 10717 cn?), which is nearly twenty times larger than that
of [4-Ph(C"N"N)Pt].dppm.fd As has been pointed out in
our previous work for th¢d-Ph(C"N"N)Pt].dppm complex,

wavelengths, which may be confirmed in our future work.

Acknowledgment. Acknowledgement is made to the
National Science Foundation (CAREER CHE-0449598) and
Army Research Laboratory (W911NF-06-2-0032) for sup-
port. We also thank North Dakota State EPSCoR (ND

the critical parameter that determines the degree of nonlinealEpSCoR Instrumental Award) for support. We are grateful
transmission is the ratio of the excited-state absorption toto Dr. Hongshan He for his help in obtaining the crystal
ground-state absorption cross-section rather than the absolutgtructure and the anonymous reviewers for valuable sugges-

value of the excited-state absorption cross-seétéir the
case of4-Ph(C"N”N)Pt]sdpmp, the enhanced intramolecu-

lar Pt--Pt interactions in comparison to those of the dinuclear

complex[4-Ph(C"N”~N)Pt]sdpmp increases its ground-state

tions.

Supporting Information Available: Crystal data (CIF file),
emission spectra at room temperature when excited at 491 nm,
emission spectra at 77 K when excited at 530 nm, time-resolved

absorptiOI_’l CrOSS'SeCtiC_)n at 532 nm, Whic_h leads to a dgcreas%mission spectra at different concentrations at room temperature
of the ratio of the excited-state absorption cross-section t0 and 77 K, emission spectra in different solvents at room temper-
the ground-state absorption cross-section and in turn reducesiture, and temperature-dependéhtNMR spectra in CBCN. This

the nonlinear transmission significantly.

material is available free of charge via the Internet at http://pubs.

To quantitatively compare the different ratio of excited- acs.org.

state absorption cross-section) to ground-state absorption

IC700757X

(15) Mansour, K.; Alvarez, D., Jr.; Perry, K. J.; Choong, |.; Marden, S.

R.; Perry, J. WProc. SPIE-Int. Soc. Opt. Eng1993 1853 132.

8612 Inorganic Chemistry, Vol. 46, No. 21, 2007

(16) Perry, J. W.; Mansour, K.; Marder, S. R.; Perry, K. J.; Alvarez, D.,
Jr.; Choong, 10pt. Lett.1994 19, 625.





