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Sensitization of NIR Lanthanide Luminescence by Heteronuclear
Platinum—-Silver (Gold) Complexes with Ethynyl-Functionalized
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Abstract With two highly phosphorescent heterotrinuclear complexes [PtM,(dpmp),(C=CCsHatpy),][(ClO4),] (1, M=Ag;
2, M = Au; dpmp = PPh,PPhPPh,) as precursors, six PtM,Ln, heteropentanuclear adducts {[PtM,(dpmp),-
(C=CCgHytpy),][Ln(hfac)s],} [(ClO4),] (Ln=Nd, Er, Yb) were synthesized by the reactions of PtM, complexes with two
equiv. Ln(hfac);(H,0),. The crystal structures of PtAg,Nd, (INd) and PtAu,Nd, (2Nd) complexes were characterized by
X-ray crystallography. PtM, complexes 1 and 2 exhibit intense low-energy absorption and strong room-temperature phos-
phorescence, which qualifies them as favorable energy donors to facilitate PtM,—Ln energy transfer in corresponding
PtM,Ln, heteropentanuclear adducts. The addition of Ln(hfac);(H,0), to dichloromethane solution of PtM, complexes results
in a gradually deepening of the color from yellow-green to yellow, which is associated with the enhanced and red-shifted
LLCT (ligand-to-ligand charge transfer) absorption bands upon formation of the PtM,Ln, arrays, as indicated by the change
of the UV-vis absorption spectra of 2 upon titration with Yb(hfac);(H,0),. Upon visible light excitation at 390 nm<A., <450
nm which is the absorption region of PtM, chromophores, while the phosphorescence of PtM, chromophores vanishes
mostly, near-infrared (NIR) luminescence from Nd™, Er'", or Yb™ centers is successfully achieved through effective sensiti-
zation from PtM, chromophores following PtM,—Ln energy transfer. Titration of 2 with Yb(hfac);(H,0), in dichloromethane
induces rapid attenuation of the emission of PtM, chromophore so that the phosphorescence in visible region is mostly
quenched whereas the NIR emission from Yb™ is remarkably enhanced upon the addition of 2 equiv. Yb(hfac);(H,0),, fur-
ther demonstrating that energy transfer from PtM, sensitizers to Ln"™ centers indeed occurs. The rates (kgr) of energy transfer
were estimated as 6.5X 10° s for INd, 4.42X10°s ' for 1Er, 2.83X10%s ' for 1Yb, 4.04X10° s "' for 2Nd, 1.36X 10%s "'
for 2Er and 5.44X 107 s™' for 2Yb species. The rates of PtM,—Ln energy transfer following PtM,Nd, > PtM,Er,>PtM,Yb,
can be rationally elucidated by spectroscopic overlapping degree between the emission spectra of PtM, complexes and the f-f
absorption bands of Ln"™ ions.
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Figure 1 Synthetic routes to PtM,Ln, (M=Ag, Au; Ln=Nd, Er, Yb)
heteropentanuclear complexes
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Figure 2 ORTEP drawing of 1Nd showing 30% thermal ellipsoids.
Phenyl rings on the phosphorus atoms and the F atoms on the trifluoro-
methyl are omitted for clarity
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Table 1 UV-vis absorption spectral data of 1, 2 and PtM,Ln, hetero-
pentanuclear complexes

Compd  Ag/nm(e/M 'ecm ')

1 231(120559), 283(66945), 319(55914), 405(21842)

2 233(117253), 286(75463), 323(60935), 390(48511),
439(13704)

INd 232(138688), 287(102899), 305(105512), 329(85500),
405(36568)

1Er 231(148641), 289(129460), 300(125604), 327(97329),
402(38516)

1Yb 233(112656), 289(102126), 303(98813), 328(69981),
400(29439)

INd  232(118455), 288(93942), 306(103244), 328(82145),
393(43656)

2Er 233(94863), 289(94863), 300(104479), 324(77787),
392(33725)

2Yb 232(98593), 290(101694), 304(102008), 327(74394),
392(36512)

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Table 2 Luminescence data for 1, 2 and PtM,Ln, heteropentanuclear
complexes

CH,Cl, Solid
Compd
Dem/MM (Tern/18)* D /% e/ AN (Te/ 1S D /%
1 519(4.09) 36.1 523(4.66) 4.69
2 517(2.80) 40.8 528(3.85) 10.59
INd 519(0.77 ns), 519(0.61),
1064(2.71) 1.08 1064(2.27) 0.91
1Er 519(1.28 ns), 519(2.2),
1543(3.13) 0.022 1543(2.14) 0.015
1Yb 519(1.77 ns), 519(1.5),
981 (17.0) 0.85 981(15.51) 0.78
2Nd 517(1.24 ns), 517(1.4),
1064(3.34) 1.34 1064(2.32) 0.93
2Er 517(3.67 ns), 517(2.9),
1543(3.60) 0.026 1543(2.12) 0.015
2Yb 517(9.2 ns), 517(7.0),
981(19.86) 0.99 981(15.99) 0.80

“ The excitation wavelength in the lifetime measurement is 375 nm. * The
quantum yields of 1 and 2 in solid state were determined by integrating sphere,
and those in degassed CH,Cl, were determined relative to that of
Ru(bpy)3(PFs)z (®en=0.062) in degassed acetonitrile. “ The quantum yields of
Ndm, Erm, N complexes are estimated by the equation @=1,/7,, in which
Tobs 1S the observed emission lifetime and 7, is the radiative or “natural” life-
time, viz. 0.25, 14 and 2 ms for Ndm, Er'' and me, respectivelym].
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Figure 3 Emission spectra of 1Nd (blue), 1Er (red) and 1Yb (green) in
dichloromethane solutions at ambient temperature
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HrP o2 F5PIMLLn, T PIML R (B B K RO 73 i, o465
LA A PIPIMLGd, T PIMy R 5 B IR RO 5 s (M= Ag, 1o
=17170 ns; M=Au, 7,=8863 ns), A1 %5 4
(ker) I RE— 0L A X, ker=(1/tponarn— Vtpaviaga)/2
=6.5%X10° s (INd), 4.42X10* s™' (1Er), 2.83X10° s
(1YDb), 4.04X10* s™' (2Nd), 1.36X 10 s ' (2Er), 5.44 X
10" s (2Yb).
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Figure 4 Titration of 2 with Yb(hfac);(H,0), in dichloromethane solu-
tion, showing the phosphorescence quenching of PtAu, chromophore and
the emission increase of Yb center
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4.1 RFFILES
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tpy)2][(Cl04),] (M=Ag, Au)H! Ln(hfac);(H,0), (Ln=Nd,
Yb, Er)f&Z JESCHR 7 iR IS 1. SN BT I R
R T ABEAT T4 28RN 3 AR B, vl i &
FH PRI 700 A2 e 0l Al g . BT A 1) S 6 48 A 8 2 A P
Schlenk Mi{EFLZS 2k R AT

ERAh-n] RO IR ZE Perkin-Elmer Lambda
25 AN - WOk A EBEAT; £04M 6% E Magna750
FT-IR Y& il - f# A KBr Ak, C, H, N (a8 04T
££ Perkin-Elmer model 240C JCE /AT _FHEAT. HmW %
JFU 7t Finnigan LCQ il EA ) — S0 be- R &
WAVE s AR, H AP RS RIS E Bruker
Avance 111 (400 MHz)#Z G344 BRI SiMe, 14 P
br, 85% H3POL AF A MR & W0k KHHEIE . Fdr b
Fe R 8 L FEHREAE Edinburgh FLS920 %% 6 E4%
AT
42 UEYHIEK

[PtM,(dpmp),(C = CCsHutpy),{Ln(hfac):},][(ClO4),]
(M=Ag, Au; Ln=Nd, Er, Yb). [[[PtM,(dpmp),(C=C-
CeHutpy)][(Cl04),] M=Ag, Au)f] LA 2.2
5] Ln(hfac);(H,0),, Zild I 2 h, 38, 75T
VE, WRATIEM, SR MR P NN IE PEbE, BT Ak
FURS =), T AEWR4E ) — S e 212 i
IEPEREY U B HOR S, 722 70%~85%.

INd (M = Ag, Ln = Nd). Anal. caled for
C140H0,Ag,CILNd,F3¢NgO,PePt: C 44.04, H 2.43, N 2.20;
found C 43.89, H 2.48, N 2.11. IR (KBr) v: 2093 m (C=
C), 1655 s (C=0) cm .

1IEr (M = Ag, Ln = Er). Anal. caled for
C140H9Ag,CLERF36NOPePt: C 43.51, H 2.40, N 2.17;
found C 43.87, H 2.45, N 2.16. IR (KBr) v: 2095 w (C=
C), 1655s (C=0)cm .

1Yb M = Ag, Ln = Yb). Anal. caled for
C140H92Ag,ClYb,F3eNgO,0PePt: C 43.38, H 2.39, N 2.17;
found C 43.16, H 2.41, N 2.16. IR (KBr) v: 2105 w (C=
C), 1654 s (C=0).

2Nd (M = Au, Ln = Nd). Anal. caled for
C140Ho,Au,CILNd,F3eNgO,50PePt: C 42.07, H 2.32, N 2.10;
found C 42.48, H 2.34, N 2.07. IR (KBr) v: 2093 m (C=
C), 1655 s (C=0) cm .
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2Er M = Au, Ln = Er). Anal. caled for
C140HorAu,CLErF3sN¢O50PcPteC,H g C 42.62, H 2.63, N
2.03, found C 42.97, H 2.82, N 2.01. IR (KBr) v: 2103 w
(C=C), 1655 s (C=0)cm .

2Yb (M = Au, Ln = Yb). Anal. caled for
C140HoyAu,Cly Yb,F3gNgOPePte2CH s: C 43.48, H 2.94,
N 1.98; found C 43.46, H 2.83, N 1.96. IR (KBr) v: 2105 w
(C=C), 16545 (C=0)cm .
4.3 BRIKEHIRRR
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SHELXTL-97"F o EAT. W AARRT S 8059, PIbks &
GERATE A BIAR. FTAT—CF; JEPLERE E C—F 1)
PHESTE 1.31 A BAT IRGITERG 1, B—XR 1 F I
AN 0.50. FRA T8 BE 2 tHC P IR A4 15 ke
(15, Jlid Platon K FH 1) Squeeze iy 2 REAT T Ab#),
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