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Introduction

Studies on platinum(II) complexes containing acetylide lig-ACHTUNGTRENNUNGands have received considerable interests in recent years.[1]

In this area, a prototype is [Pt ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG(C�CR)]+ (tpy=

2,2�:6�,2��-terpyridine, R= aryl, alkyl) ,which has demon-
strated interesting photophysical[1d,h] and nonlinear optical
properties.[1a,i, 2] Attachment of PtII to acetylide ligand(s) has
a number of advantages: 1) the large spin-orbit coupling
constant of PtII increases the rate of singlet–triplet intersys-

Abstract: The complexes [Pt ACHTUNGTRENNUNG(tBu3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1R}]+ (n= 1: R=

alkyl and aryl (Ar); n= 1–3: R=

phenyl (Ph) or Ph-N ACHTUNGTRENNUNG(CH3)2-4; n= 1
and 2, R= Ph-NH2-4; tBu3tpy=4,4�,4��-
tri-tert-butyl-2,2�:6�,2��-terpyridine) and
[Pt ACHTUNGTRENNUNG(Cl3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R= tert-butyl
(tBu), Ph, 9,9�-dibutylfluorene, 9,9�-di-
butyl-7-dimethyl-amine-fluorene;
Cl3tpy=4,4�,4��-trichloro-2,2�:6�,2��-ter-
pyridine) were prepared. The effects of
substituent(s) on the terpyridine (tpy)
and acetylide ligands and chain length
of arylacetylide ligands on the absorp-
tion and emission spectra were exam-
ined. Resonance Raman (RR) spectra
of [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=n-butyl,
Ph, and C6H4-OCH3-4) obtained in ace-
tonitrile at 298 K reveal that the struc-
tural distortion of the C�C bond in the
electronic excited state obtained by
502.9 nm excitation is substantially
larger than that obtained by 416 nm ex-
citation. Density functional theory
(DFT) and time-dependent DFT

(TDDFT) calculations on [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG(C�CR)]+ (R= n-propyl (nPr), 2-pyr-
idyl (Py)), [Pt(H3tpy){C�C(C6H4-
C�C)n�1Ph}]+ (n=1–3), and [Pt(H3tpy)-
{C�C(C6H4C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}]+/
+H+ (n=1–3; H3tpy=nonsubstituted
terpyridine) at two different conforma-
tions were performed, namely, with the
phenyl rings of the arylacetylide lig-ACHTUNGTRENNUNGands coplanar (“cop”) with and per-
pendicular (“per”) to the H3tpy ligand.
Combining the experimental data and
calculated results, the two lowest
energy absorption peak maxima, l1 and
l2, of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or
Cl, R= aryl) are attributed to
1[pACHTUNGTRENNUNG(C�CR)!p* ACHTUNGTRENNUNG(Y3tpy)] in the “cop”
conformation and mixed 1[dp(Pt)!p*-ACHTUNGTRENNUNG(Y3tpy)]/1[pACHTUNGTRENNUNG(C�CR)!p* ACHTUNGTRENNUNG(Y3tpy)] tran-

sitions in the “per” conformation. The
lowest energy absorption peak l1 for
[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-
H-4}]+ (n= 1–3) shows a redshift with
increasing chain length. However, for
[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-
N ACHTUNGTRENNUNG(CH3)2-4}]+ (n=1–3), l1 shows a
blueshift with increasing chain length
n, but shows a redshift after the addi-
tion of acid. The emissions of [Pt-ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl) at
524–642 nm measured in dichlorome-
thane at 298 K are assigned to the 3[p-ACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(Y3tpy)] excited states
and mixed 3[dp(Pt)!p* ACHTUNGTRENNUNG(Y3tpy)]/3[p-
(C�C)!p* ACHTUNGTRENNUNG(Y3tpy)] excited states for
R=aryl and alkyl groups, respectively.
[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-
N ACHTUNGTRENNUNG(CH3)2-4}]+ (n= 1 and 2) are non-ACHTUNGTRENNUNGemissive, and this is attributed to the
small energy gap between the singlet
ground state (S0) and the lowest triplet
excited state (T1).
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tem crossing and phosphorescence efficiency; 2) the strong
field acetylide ligand raises the energy of the d–d deactiva-
tion state; and 3) the pp-orbitals of acetylide ligand mix with
dp(Pt) orbitals through p-conjugation, which facilitates
charge migration and energy transfer.

Over the past several years, the spectroscopic properties
of [Pt ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG(C�CR)]+ and related systems have been studied
by various groups.[1–4] It has been shown that variation of
the R substituent results in remarkable changes in the spec-
troscopic properties. For instance, the electronic excited
states and photophysical properties, including emission
energy, lifetime, and quantum yield, can be varied by the
para-substituent of aryl acetylide ligands and are affected by
external stimuli, such as acids[1a,b, 4] and metal ions.[1a,4] Sever-
al assignments have been proposed for the lowest energy ab-
sorption bands of [Pt ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG(C�CR)]+ (R= aryl) at lmax>

400 nm including 1[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)] metal-to-ligand charge-
transfer (1MLCT),[1a,d] 1[p ACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tpy)] ligand-to-
ligand charge-transfer (1LLCT),[1a,4] and an admixture of
1MLCT and 1LLCT transitions.[1a,g,2a] In early reports, the
emission of [Pt ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG(C�CAr)]+ was assigned to the
3[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)] (3MLCT) excited state. The 3[p-ACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tpy)] (3LLCT) excited state is usually suggest-
ed to account for quenching of 3MLCT emission.[1a,2a, 4]

Recent computational studies revealed that the lowest
energy absorption and triplet emission of the PtII complexes
containing aryl acetylide ligands with electron-donating
amine substituents are solely derived from the pACHTUNGTRENNUNG(C�CAr)!
p* ACHTUNGTRENNUNG(tpy) (LLCT) transition.[1g]

In the literature, there are a number of studies on the
effect of aryl acetylide chain length on the spectroscopic
and photophysical properties of metal aryl acetylide com-
plexes, including [Ru ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG(bpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+

(n=1–3; bpy= 2,2�-bipyridine, Ph=phenyl),[5] [AuACHTUNGTRENNUNG(Cy3P)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ (n= 1–4; PCy3 = tricyclohexylphos-
phine),[6] trans-[Pt ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}2] (n=1–3),[7] and
trans-[Ru ACHTUNGTRENNUNG(dmpe)2 ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}2] (n= 1–3,
X=H or N ACHTUNGTRENNUNG(CH3)2; dmpe= 1,5,9,13-tetramethyl-1,5,9,13-tet-
raazacyclohexadecane).[8] In these reported examples, the
electronic transitions are MLCT dp(M)!p* ACHTUNGTRENNUNG(C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1Ph) and/or intraligand (IL) p!p* ACHTUNGTRENNUNG(C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1Ph) in nature. However, systematic studies on the
effect of aryl acetylide chain length upon ligand-to-ligand
charge-transfer (LLCT) transitions of transition-metal com-
plexes are lacking. Since the terpyridine ligand has low-lying
p* orbitals, [Pt ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n= 1–3,
X=H or N ACHTUNGTRENNUNG(CH3)2; n= 1–2, X=NH2) is a unique class of
complexes for examining the effect of aryl acetylide chain
length on LLCT transitions.

The aim of the present study is to elucidate the electronic
transitions of platinum(II) acetylide complexes supported by
the tBu3tpy and Cl3tpy ligands (tBu3tpy=4,4�,4��-tri-tert-
butyl-2,2�:6�,2��-terpyridine and Cl3tpy=4,4�,4��-trichloro-
2,2�:6�,2��-terpyridine). A group of alkyl acetylide ligands
and aryl acetylide ligands with varied chain lengths were ex-
amined. The nature of the electronic transitions at l>

380 nm and the corresponding excited states were examined

by combining both the data obtained by using UV/Vis ab-
sorption and resonance Raman (RR) spectroscopy and the
results of quantum chemical calculations. At l>380 nm, [Pt-ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tert-butyl (tBu) or Cl, R= aryl) com-
plexes show two partially overlapping absorption bands of
different electronic origins. The lower energy band (l1) has
a predominantly 1[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tpy)] character for the
complexes in the “cop” conformation, and the higher energy
band (l2) has mixed 1[dp(Pt)!p* ACHTUNGTRENNUNG(Y3tpy)] and 1[pACHTUNGTRENNUNG(C�C)!
p* ACHTUNGTRENNUNG(Y3tpy)] (C�C is the carbon-carbon triple bond directly
attached to the Pt ion) parentage for the complexes in the
“per” conformation (“cop” and “per” refer to the conforma-
tions of the PtII complexes with the aryl rings coplanar and
perpendicular to the Y3tpy ligand, respectively). The alkyl
acetylide analogues, [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=alkyl), show
broad absorption bands at l�400–430 and 420–490 nm for
Y= tBu and Cl, respectively, which are assigned to a mixture
of 1[dp(Pt)!p* ACHTUNGTRENNUNG(Y3tpy)] and 1[p ACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(Y3tpy)] transi-
tions. The emissions of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl)
are assigned to 3[p ACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(Y3tpy)] excited states
for R =aryl and 3[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)]/3[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(Y3tpy)]
excited states for R=alkyl in CH2Cl2 at 298 K and in
nBuCN (nBu= n-butyl) at 77 K. The chain length effect on
the photophysical properties of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CAr)]+ is dis-
cussed.

Results

Synthesis and characterization : The syntheses, elemental
analyses, NMR spectroscopic data, and mass spectrometry
data of salts of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CAr)]+ are given in the Sup-
porting Information. Cross-coupling reactions[9] of [Pt-ACHTUNGTRENNUNG(tBu3tpy)Cl]+ [10] or [Pt ACHTUNGTRENNUNG(Cl3tpy)Cl]+ [12] with HC�CR[11] in the
presence of a catalytic amount of CuI and diisopropylamine
in CH2Cl2 or a mixture of CH2Cl2/CH3CN (Me =methyl)
gave complexes 1–22 with product yields ranging from 56 to
90 %. The [Pt ACHTUNGTRENNUNG(Cl3tpy)Cl]+ complex, isolated as Cl�, PF6

� or
[Pt ACHTUNGTRENNUNG(dmso)Cl3]

� salts, was first prepared by Horbert et al.[12]

using [Pt ACHTUNGTRENNUNG(dmso)2Cl2] as a precursor. Following the literature
procedure, [Pt ACHTUNGTRENNUNG(Cl3tpy)Cl][Pt ACHTUNGTRENNUNG(dmso)Cl3] was isolated and
found to have a low solubility in common organic solvents,
rendering its purification to be difficult. To circumvent this
problem, [Pt ACHTUNGTRENNUNG(Cl3tpy)Cl]+ was prepared by using [Pt ACHTUNGTRENNUNG(cod)Cl2]
(cod=1,5-cyclooctadiene) as a precursor and was isolated as
a OTf (OTf= triflate) salt. Since [Pt ACHTUNGTRENNUNG(Cl3tpy)Cl]OTf is more
soluble in common organic solvents, it was used as a precur-
sor for cross-coupling reactions with HC�CR to give [Pt-ACHTUNGTRENNUNG(Cl3tpy) ACHTUNGTRENNUNG(C�CR)]+ for photophysical measurements.

All complexes are air- and moisture-stable (1–22) and
were obtained as a yellow (1, 2 a, 3–6, 8–10 and 20 a),
orange (2 b, 14 and 16), reddish orange (11, 15 and 18),
brick red (7 a, 13, 20 b, 22), brownish orange (17 and 19),
purple (12, 7 b, 21 a) or dark green (21 b) solids at room tem-
perature. They were characterized by elemental analyses, IR
and NMR (1H, 13C) spectroscopy, and MS. Additionally, 5
and 8 were characterized by 19F NMR spectroscopy. The
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structures of 2 a, 4–6, 7 a and 9–11 were determined by X-
ray crystallography.

X-ray crystal structures : The crystal structures of 2 a, 4,
5·2 CH3CN, 6·CH3CN, 7 a·2 CH3CN, 9·2 CH3CN, 10·2 CH3CN,
and 11·2 CH3CN were determined by X-ray crystallography
(see Supporting Information, Tables S1 and S2, Figures S1–
S8).[13] All of the complexes display one conformation in
their crystal structures except 6·CH3CN, for which three dif-
ferent conformations were found (Figure S2 in Supporting
Information). In each conformation, the platinum atom
adopts a distorted square-planar geometry, which is compa-
rable to the reported structures of terpyridyl platinum(ii)
complexes with s-acetylide ligands.[1b,j, 4b, 9,10, 14]The Pt�N-ACHTUNGTRENNUNG(tBu3tpy) distances are in the range of 1.930(8)–2.049(9) �,
as found in other platinum(II) terpyridine complexes.[1b, 4b, 14]

The Pt�C(acetylide) distances are 1.914(2)–2.08(2) �, which
are similar to the reported values for [Pt ACHTUNGTRENNUNG(tpy) ACHTUNGTRENNUNG(C�CR)]+

(R=Ph, 1.98(1) �;[14b] R= C6H4-NACHTUNGTRENNUNG(CH3)2-4, 1.977(6) �;[4b]

R=C6H4-N(CH2CH2OCH3)2-4, 2.07(3) �;[1b] and R= C6H4-
NCS-4, 1.988(5) �[14a]). The C�C�C angles deviate slightly
from the idealized angle of 1808 (169.9(2)–178.7(7)8). The
acetylenic aryl rings and the [Pt ACHTUNGTRENNUNG(Y3tpy)] planes of
5·2 CH3CN, 7 a·2 CH3CN, 9·2 CH3CN, 10·2 CH3CN, and
11·2 CH3CN are essentially coplanar, but, for 6·CH3CN, the
dihedral angles between the acetylenic pyridyl and the tpy
rings are in the range 56.6–70.98. In the crystal structures of
2 a, 4, 5·2 CH3CN, 7 a·2 CH3CN, 9·2 CH3CN, 10·2 CH3CN and
11·2 CH3CN, the molecules are stacked in pairs in a head-to-
tail fashion with Pt···Pt contacts >4.0 �, and the p···p sepa-
rations between terpyridine units are in the range 3.472–
3.588 �, which would allow weak p···p interactions.[15] Inter-

molecular Pt···Pt contacts of 3.632 and 3.813 � were found
between the complex cations for all of the three conforma-
tions in the crystal structure of 6·CH3CN.

Resonance Raman spectroscopy : Resonance Raman (RR)
spectra of 1 (R=nBu), 7 a (R= Ph), and 11 (R= C6H4-
OCH3-4) were obtained at lex =416 nm in CH3CN and are
depicted in Figure 1 a–c, respectively. For 1, there are two
fundamental vibrational modes and one overtone in its RR
spectrum. The Raman band at 1550 cm�1 is assigned to nom-
inal n ACHTUNGTRENNUNG(C=C) and n ACHTUNGTRENNUNG(C=N) stretching modes of tpy, and the
one at 2134 cm�1 is attributed to n ACHTUNGTRENNUNG(C�C) of the acetylide
ligand. In the cases of the aryl acetylide complexes 7 a and
11, more fundamental vibrational modes appeared in the
region of �1602 cm�1, which are due to additional n ACHTUNGTRENNUNG(C=C)
and n ACHTUNGTRENNUNG(C=N) stretching modes from the aryl group of aryl-ACHTUNGTRENNUNGacetylide ligands. Moreover, the fundamental vibrational
stretches of n ACHTUNGTRENNUNG(C�C) of the aryl acetylides were found at
2120 cm�1 and 2121 cm�1 for 7 a and 11, respectively.

Complex 11 was also excited at its lowest energy absorp-
tion band at 502.9 nm in CH3CN (Figure 1 d).The resonance
Raman spectrum of 11 obtained at lex =502.9 nm is different
from that obtained at lex = 416 nm. When 11 was irradiated
at 502.9 nm, the RR intensity at 2121 cm�1 is almost double
that of the 1300–1600 cm�1 bands; however, when 11 is irra-
diated at 416 nm, the RR intensity at 2121 cm�1 is almost
half that of the 1300–1600 cm�1 bands.

Electronic absorption spectroscopy: The UV/Visible spectral
data of 1–22 in CH2Cl2 are listed in Table 1. All of the com-
plexes exhibit intense absorption bands at lmax �380 nm
with e�104 dm3 mol�1 cm�1 and less intense broad bands at
lmax> 380 nm with e values in the order of
103 dm3 mol�1 cm�1. At lmax > 380 nm, there are two partial-
ly overlapping bands (labeled l1 and l2 for the lower and
higher energy regions, respectively). The main features of
these two absorption bands are affected by: 1) substituents
on both acetylide and tpy ligands of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+

(Y= tBu or Cl, R= alkyl or aryl); 2) chain length n of aryl
acetylide ligand of [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-
4}]+ (n=1–3: X=H or N ACHTUNGTRENNUNG(CH3)2; n=1–2, X=NH2); and 3)
the addition of acid to [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-
NX2-4}]+ (n= 1–2, X=H; n=1–3, X= CH3) (these points
will systematically be discussed below). All comparisons are
based on the absorption spectra measured in CH2Cl2.

Substituent effect of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y=tBu or Cl, R=

alkyl or aryl): At the spectral region with l>380 nm, the ab-
sorption spectra of the alkyl–acetylide–platinum(II) com-
plexes bearing tBu3tpy ligands measured in CH2Cl2 show
two partially overlapping absorption bands with broad peak
maxima at lmax =403, 428 nm for 1 (R=nBu); 400, 429 nm
for 2 a (R= tBu); 403, 428 nm for 3 (R= isobutyl (iBu)); and
404, 428 nm for 4 (R=CH2cyp; cyp=cyclopentane). The
aryl–acetylide complexes with the substituents R=Ph (7 a),
C6H4-F-4 (8), C6H4-Cl-4 (9), C6H4-Br-4 (10) also show two
broad overlapping absorption maxima at l1 =461–464 nm
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and l2 =411–413 nm. For the complexes with aryl–acetylide
ligands that have electron-withdrawing substituents, l1 =

413 nm and l2 = 383 nm for 5 (R= C6F5) and l1 =412 nm
and l2 = 389 nm for 6 (R= Py; Py= pyridine), these l1 and l2

values are �2720 cm�1 and �1690 cm�1, respectively,
higher in energy than those of 7 a. With electron-donating
substituents R=C6H4-OCH3-4 (11), C6H4-NACHTUNGTRENNUNG(CH3)2-4 (12),
C6H4-NH2-4 (13), C6H4-Ph-4 (14), -(DBF)-H (20 a), -(DBF)-
N ACHTUNGTRENNUNG(CH3)2 (21), -(DBF)-NH2 (22), l1 and l2 become distinctly
separated with l1 at 476–577 nm and l2 at 404–413 nm
(DBF= 9,9�-di-n-butyl-9H-fluorene). The l1 of 11–14 and
20 a–22 show a significant redshift from 7 a with a span in
values as much as 3920 cm�1 and decreases in the order: 14
(R=C6H4-Ph-4; 21 010 cm�1)>11 (C6H4-OCH3-4;
20 410 cm�1)>20 a (-(DBF)-H; 20 160 cm�1)>13 (C6H4-NH2-
4; 19 230 cm�1)>22 (-(DBF)-NH2; 18 800 cm�1)>21 a
(-(DBF)-N ACHTUNGTRENNUNG(CH3)2; 17 950 cm�1)>12 (C6H4-N ACHTUNGTRENNUNG(CH3)2-4;
17 640 cm�1). (The UV/Vis absorption spectra are shown in
the Supporting Information, Figure S9.) The l2 of 11–14 and
20 a–22 are insensitive to the para-substituent of the aryl–
acetylide ligands. In general, both l1 and l2 of the Cl3tpy
series of R= tBu, 2 b ; Ph, 7 b ; -(DBF)-H, 20 b ; and -(DBF)-
N ACHTUNGTRENNUNG(CH3)2, 21 b demonstrate a redshift by as much as
�2330 cm�1 from the corresponding tBu3tpy series (2 a, 7 b,
20 a, and 21 a). (The UV/Vis absorption spectra of 2 a (Y=

tBu, R= tBu) and 2 b (Y=Cl, R= tBu) in CH2Cl2 are given
in Supporting Information, Figure S10.)

The solvent effect on the UV/Vis absorption spectra of 5,
7 a, 11–13 and 21 b was examined. (Their UV/Vis absorption
data are listed in Supporting Information, Table S3.) A sig-
nificant solvatochromic effect on the absorption bands at
both lmax<380 nm and l2 was not observed, and l1 shows
negative solvatochromism. Figure 2 shows the UV/Vis ab-
sorption spectra of 7 a in various solvents; the largest span
of l1 is 2840 cm�1 and was observed by changing the solvent
from CH2Cl2 to MeOH.

[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–3: X=H
or N ACHTUNGTRENNUNG(CH3)2; n=1–2, X=NH2) with aryl–acetylide ligands
that have different chain lengths : Figures 3 and 4 show the

Figure 1. a) RR spectrum of 1 with lex =416 nm in CH3CN at 298 K.
b) RR spectrum of 7a with lex =416 nm in CH3CN at 298 K. c) RR spec-
trum of 11 with lex =416 nm in CH3CN at 298 K. d) RR spectrum of 11
with lex =502.9 nm in CH3CN at 298 K (solvent subtraction and back-
ground correction are marked by * and + , respectively).

Figure 2. UV/Vis absorption spectra of 7a in the 350–550 nm range in
various solvents at 298 K (concentration 2 � 10�5 mol dm�3).
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Table 1. Spectroscopic data of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ 1–22.

Complex (Y, R) Absorption lmax [nm] (e [dm3 mol�1 cm�1] Emission in fluid
solution at 298 K[a]:
lmax [nm]ACHTUNGTRENNUNG(t0 [ms]; fem

[b] ; kq

[1� 108
m
�1 s�1]

Glassy emission
at 77 K: lmax

[nm]ACHTUNGTRENNUNG(t0 [ms])[c]

Solid state emis-
sion at 298 K:
lmax [nm]ACHTUNGTRENNUNG(t0 [ms])[d]

Solid state emis-
sion at 77 K:
lmax [nm]ACHTUNGTRENNUNG(t0 [ms])[d]

1 (tBu, nBu) 287 (28760), 316 (20320), 326 (16770), 341 (17800),
403 (sh, 4680), 428 (5540)

548 (2.7); 0.32; 2.7 499 (9.2), 534
(sh, 8.9)

541 (1.3) 508 (2.2), 541
(3.6), 577 (sh,
4.2)

2a (tBu, tBu) 287 (27660), 317 (19850), 325 (16970), 341 (17360),
400 (sh, 5410), 429 (6390)

547 (3.2); 0.44; 5.5 498 (8.4), 530
(8.0)

545 (1.3), 583
(sh, 4.0)

507 (1.1), 540
(1.9), 583 (4.0)

2b (Cl, tBu) 256 (36180), 271 (sh, 30610), 310(sh, 12200), 324
(18240), 345 (7060), 422 (sh, 3840), 453 (4050), 483
(sh, 2650)

595 (0.45); 0.012;
16.9

527 (7.15), 564
(sh, 7.20)

605 (0.37) 570 (sh, <0.1),
647 (1.65)

3 (tBu, iBu) 287 (29080), 316 (20740), 325 (17600), 341 (18530),
403 (sh, 4940), 428 (5840)

547 (3.0); 0.35; 1.7 499 (9.0), 533
(8.7)

496 (sh), 529
(0.3), 563 (sh)

492 (1.7), 531
(2.3), 570 (sh,
3.7)

4 (tBu, CH2cyp) 287 (28350), 316 (19840), 323 (17220), 341 (17450),
404 (sh, 4530), 428 (5190)

547 (3.0); 0.33; 1.4 499 (9.3), 534
(9.7)

524 (0.9) 509 (4.0), 545
(3.8), 585 (sh,
3.9)

5 (tBu, C6F5) 286 (33890), 312 (19730), 323 (17630), 338 (19450),
383 (sh, 5070), 413 (6990)

524 (4.6); 0.55; 4.0 486 (12.3), 519
(11.5), 614 (sh,
2.3)

634 (0.4) 640 (1.1)

6 (tBu, Py) 287 (35700), 314 (19840), 323 (17380), 339 (17580),
389 (sh, 5380), 412 (6180)

545 (6.4); 0.61; 6.3 484 (9.3), 520
(9.7)

546 (sh, 0.2), 620
(0.3)

533 (6.0), 563
(sh, 5.3), 629
(sh, 2.0)

7a (tBu, Ph) 285 (29570), 315 (19340), 325 (16770), 340 (16500),
413 (5950), 464 (sh, 5980)

587 (3.6); 0.18; 2.5 526 (12.3), 608
(sh)

545 (sh, 0.2), 656
(0.2)

513, 590 (sh,
5.9), 671 (2.0)

7b (Cl, Ph)[a] 268 (sh, 36530), 319 (10050), 341 (7590), 420 (sh,
2620), 476 (sh, 2520) (CH3CN)

635 (0.09); <0.01;
n.d.[e]

insoluble 700 (<0.1) 745 (0.50)

8 (tBu, C6H4-F-4) 286 (29900), 315 (20060), 325 (17270), 340 (17410),
412 (5640), 461 (sh, 5260)

588 (2.9); 0.14; 4.3 528 (13.2) 515 (0.7), 553
(1.0), 590 (sh,
1.4)

515 (3.0), 549
(6.3), 590 (sh,
7.4)

9 (tBu, C6H4-Cl-4) 284 (48275), 315 (27480), 326 (24120), 340 (18830),
411 (5860), 462 (sh, 5530)

580 (4.4); 0.17; 6.3 526 (13.1) 515 (sh, 0.3), 600
(1.0)

523 (0.5), 597
(4.6)

10 (tBu, C6H4-Br-4) 286 (39340), 314 (18590), 325 (16080), 340 (15770),
413 (5550), 461 (sh, 5430)

578 (4.0); 0.23; 4.2 523 (14.6) 518 (sh), 650
(0.2)

519, 666 (0.7)

11 (tBu, C6H4-
OCH3-4)

284 (40650), 314 (19160), 324 (17510), 339 (15570),
383 (sh, 3650), 413 (4540), 490 (5320)

647 (<0.01); n.d.;
n.d.

563 (12.2) 640 (0.6) 620 (5.4), 660
(2.4)

12 (tBu, C6H4-N-ACHTUNGTRENNUNG(CH3)2-4)
288 (47090), 296 (41170), 312 (33040), 337 (17960),
385 (sh, 3550), 405 (3790), 567 (4560)

541 (<0.01); n.d.;
n.d., 535[f]

nonemissive nonemissive 740 (<0.1)

13 (tBu, C6H4-NH2-
4)

287 (60360), 312 (26720), 323 (22180), 338 (18860),
406 (5040), 520 (5700);

600 (<0.01); n.d.;
n.d., 550[f]

nonemissive nonemissive 768 (<0.1)

14 (tBu, C6H4-Ph-
4)

287 (53610), 337 (sh, 14600), 412 (4860), 476 (5330) 607 (0.70);0.04;
16.8[g]

531 (12.1), 568
(11.8), 589 (sh,
8.76)

611 (0.55) 585 (4.79), 620
(sh, 3.26)

15 (tBu, C6H4C�
CPh)

288 (48120), 312 (62770), 329 (55250), 411 (6190),
469 (6766);

600 (0.96); 0.048;
3.6

537 (35.8), 577
(28.3)

610 (0.5) 581 (3.8), 621
(4.1)

16(tBu, C6H4C�
CC6H4-N ACHTUNGTRENNUNG(CH3)2-4)

286 (49300), 298 (sh, 40900), 316 (43300), 342
(60490), 359 (sh, 53240), 411 (sh, 13210), 491 (7870)

520 (0.37); 0.04;
n.d., 587[f]

550 (34.9) 723 (<0.1) 718 (<0.1)

17 (tBu, C6H4C�
CC6H4-NH2-4)

288 (39900), 316 (53650), 327 (58270), 340 (57480),
389 (6510), 409 (6550), 483 (6930)

600 (<0.01); n.d.;
n.d., 586[f]

551 (36.4); 593
(sh, 18.6)

nonemissive 644 (<0.1)

18 (tBu, C6H4C�
CC6H4C�CPh)

287 (34330), 326 (sh, 66520), 335 (70400), 358 (sh,
49500), 411 (6960), 471 (sh, 7530)

604 (0.87); 0.055;
1.1

550 (153.7), 587
(162.3), 620
(2.33)

634 (0.30) 621 (4.4), 668
(sh, 1.7), 690
(sh, 1.0)

19 (tBu, C6H4C�
CC6H4C�CC6H4-N-ACHTUNGTRENNUNG(CH3)2-4)

286 (31000), 315 (sh, 38330), 342 (49000), 360
(41960), 480 (sh, 5950)

601 (0.90); 0.012;
36.8[g]

568 (273), 606
(sh, 295.6), 642
(sh, 2.14)

720 (<0.1) 707 (0.22)

20a (tBu, -(DBF)-
H)[h]

288 (34820), 303 (34910), 314 (34310), 327 (39740),
395 (sh, 3810), 412 (4030), 496 (4920)

642 (<0.01); n.d.;
n.d.

549 (16.0) 589 (0.52) 556 (7.23), 594
(sh, 6.81)

20b (Cl, -(DBF)-
H)

274 (33780), 289 (34220), 300 (34140), 323 (40740),
342 (sh, 12760), 393 (sh, 3180), 420 (3940), 440 (sh,
3780), 549 (4280)

nonemissive 607 (7.43), 701[i]

(1.64)
665 (0.26), 694
(sh, 0.25)

657 (2.44), 705
(sh, 1.71)

21a (tBu, -(DBF)-
N ACHTUNGTRENNUNG(CH3)2)

270 (sh, 35100), 284 (sh, 27960), 340 (45510), 356
(sh, 42050), 411 (sh, br, 6960), 557 (5650)

nonemissive nonemissive 608 (<0.1) 600 (sh), 646
(0.33), 706 (sh)

21b (Cl, -(DBF)-
N ACHTUNGTRENNUNG(CH3)2)

254 (sh, 47820), 270 (sh,44480), 326 (41590), 345
(44340), 359 (44190), 421 (sh, 6190), 640 (4410)

undetectable[j] undetectable[j] undetectable[j] undetectable[j]
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UV/Vis absorption spectra of [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-X-4}]+ with X=H and N ACHTUNGTRENNUNG(CH3)2 (n=1–3), re-
spectively. The UV/Vis absorption spectra of [Pt ACHTUNGTRENNUNG(tBu3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (X=NH2, n= 1–2) are

given in the Supporting Information (Figure S11). Com-
plexes 7 a (n=1), 15 (n= 2), and 18 (n= 3) of the X=H
series display spectroscopic properties different from those
of 12 (n=1), 16 (n= 2), and 19 (n=3) of the X= N ACHTUNGTRENNUNG(CH3)2

series and from those of 13 (n= 1) and 16 (n= 2) of the X=

NH2 series. The l1 value of the X= H series shows a slight
redshift with increasing chain length: 7 a (n=1, 21 550 cm�1,
464 nm)>15 (n=2, 21 320 cm�1, 469 nm)>18 (n= 3,
21 230 cm�1, 471 nm). Conversely, l1 shows a blueshift with
increase in n for the X=N ACHTUNGTRENNUNG(CH3)2 and NH2 series:
�3190 cm�1 when changing n from 1 to 3 for X= N ACHTUNGTRENNUNG(CH3)2

and �1470 cm�1 when changing n from 1 to 2 for the X=

NH2 series.

Effect of acid on the electronic transitions of [Pt ACHTUNGTRENNUNG(tBu3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–2: X=NH2 or n=1–
3: X=N ACHTUNGTRENNUNG(CH3)2): There is a distinct color change from dark
purple (n= 1, X=N ACHTUNGTRENNUNG(CH3)2, 12), reddish orange (n=1, X=

NH2, 13 ; n=2: X=N ACHTUNGTRENNUNG(CH3)2, 16 and X=NH2, 17), or red-
dish brown (n=3: X=N ACHTUNGTRENNUNG(CH3)2, 19) to bright yellow upon
addition of a few drops of neat CF3COOH to solutions of
the PtII complexes. As depicted in Figure 5, a significant
blueshift of the lowest energy absorption maxima (l1) of the
amine substituted aryl–acetylide complexes 12, 13, 16, 17
and 19 was observed after addition of neat CF3COOH. A
similar finding has previously been reported for terpyridyl
PtII complexes containing amino substituted aryl–acetylide
ligands.[1a,b, 2a,4] The l1 shows a blueshift from 567 to 412 nm
and from 520 nm to 409 nm for 12 (X=N ACHTUNGTRENNUNG(CH3)2, span of
6640 cm�1) and 13 (X=NH2, span of 5220 cm�1), respective-
ly, with a growth in the absorption maxima intensity around
380–415 nm after the addition of acid. Similarly, l1 of 16
(n=2, X=N ACHTUNGTRENNUNG(CH3)2) and 17 (n= 2, X=NH2) demonstrate a
blueshift from 491 and 483 nm to 448 and 446 nm, respec-
tively, (1950 cm�1 shift for 16 and 1720 cm�1 shift for 17),
though the shift is smaller than the corresponding values for
the n= 1 counterparts, that is, 12 (X= N ACHTUNGTRENNUNG(CH3)2) and 13 (X=

NH2). Interestingly, both the absorption energy and absorp-
tivity of the lowest absorption band (l1) for 19 (n=3, X= N-ACHTUNGTRENNUNG(CH3)2) are essentially unperturbed upon addition of a few
drops of neat CF3COOH.

Table 1. (Continued)

Complex (Y, R) Absorption lmax [nm] (e [dm3 mol�1 cm�1] Emission in fluid
solution at 298 K[a]:
lmax [nm]ACHTUNGTRENNUNG(t0 [ms]; fem

[b] ; kq

[1� 108
m
�1 s�1]

Glassy emission
at 77 K: lmax

[nm]ACHTUNGTRENNUNG(t0 [ms])[c]

Solid state emis-
sion at 298 K:
lmax [nm]ACHTUNGTRENNUNG(t0 [ms])[d]

Solid state emis-
sion at 77 K:
lmax [nm]ACHTUNGTRENNUNG(t0 [ms])[d]

22 (tBu, -(DBF)-
NH2)

270 (sh, 20200), 288 (19450), 316 (30920), 341
(32440), 397 (sh, br, 3710), 532 (3560)

nonemissive nonemissive 658 (<0.1) 647 (0.43)

[a] Room-temperature emission maxima in degassed CH2Cl2 at complexes concentrations of 2� 10�5 mol dm�3 with lex =430 nm unless otherwise stated.
[b] The luminescence quantum yield fem was measured at room temperature using [Ru ACHTUNGTRENNUNG(bpy)3] ACHTUNGTRENNUNG[PF6]2 in degassed CH3CN as a standard. [c] Emission band
maxima in glassy nBuCN with lex =430 nm at complexes concentrations of 1� 10�5 mol dm�3, emission maxima are in italics. [d] lex =430 nm, emission
maxima are in italics. [e] Measured at 2� 10�5 mol dm�3, in CH3CN, n.d.= not detected. [f] Addition with a few drops of CF3COOH. lex =405, 409, 400
and 480 nm for 12, 13, 16, and 17 respectively. [g] lex =475 and 480 nm for 14 and 19, respectively. [h] DBF =9,9�-di-n-butyl-9 H-fluorene. [i] For compari-
son of 3LLCT emissive-state in the discussion section, the emission maxima concerns l=607 nm, since lmax at 701 nm is concentration dependent. [j] Due
to the instrumental limitation, l> 900 nm is undetectable.

Figure 3. UV/Vis absorption spectra of [Pt ACHTUNGTRENNUNG(tBu3tpy)ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1Ph}]ClO4 (n =1, 7a ; n =2, 15 ; and n=3, 18) in CH2Cl2 at 298 K
(concentration =2�10�5 mol dm�3).

Figure 4. UV/Vis absorption spectra of [Pt ACHTUNGTRENNUNG(tBu3tpy)ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}]ClO4 (n=1, 12 ; n=2, 16 ; and n =3, 19) in
CH2Cl2 at 298 K (concentration=2 � 10�5 mol dm�3).

Chem. Eur. J. 2010, 16, 6540 – 6554 � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 6545

FULL PAPERPlatinum(II) Complexes

www.chemeurj.org


Emission spectroscopy : The emission data of [Pt ACHTUNGTRENNUNG(Y3tpy)-ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl, R=alkyl or aryl) 1–22 are listed
in Table 1. The emission lifetimes are in the microsecond
range, revealing that the emitting states are of triplet parent-
age. We will focus mainly on the solution-state emission
properties of complexes 1–22 at both 298 and 77 K.

Substituent effect of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y=tBu or Cl, R=

alkyl or aryl): For the tBu3tpy series, the alkyl–acetylide
complexes (1–4, except 2 b) emit at 547 (R= tBu, 2 a ; iBu, 3 ;
and CH2cyp, 4), and 548 nm (nBu, 1) with emission quantum
yields of 0.32–0.44 in degassed CH2Cl2 at 298 K. Conversely,
the emission maxima of the aryl–acetylide complexes (7 a, 8-
10, and 14 with R=Ph, C6H4-F-4, C6H4-Cl-4, C6H4-Br-4,
C6H4-Ph-4, respectively), range from 578 to 607 nm and
show a redshift from those of the alkyl–acetylide complexes.
The emission quantum yields of the aryl–acetylide com-
plexes (7 a, 8–10, and 14 with fem =0.04–0.23) are lower than
those of the alkyl–acetylide complexes 1–4 (except 2 b). This
could be accounted for by the energy-gap law,[16] since these
last complexes emit at a higher energy. Consistent with the
UV/Vis absorption spectral data of 5 and 6 (R=C6F5 and
Py, respectively), in which their absorption maxima, l1, are
at higher energies than that of 7 a (R=Ph), the emission
maxima of the former two complexes (lmax = 524 and 545 nm
for 5 and 6, respectively) show a blueshift from that of the
latter (lmax =587 nm). In the cases of electron-donating sub-
stituents, R=C6H4-OCH3-4 (11), amine-substituted aryl
groups (12, 13, 16, 17, 19, 21 a, and 22), fluorene-substituted
aryl groups (20 a), these aryl–acetylide–platinum(II) com-
plexes are nonemissive (fem<0.01) in degassed CH2Cl2 at
ambient temperature. This phenomenon has similarly been
reported in other terpyridine–PtII complexes with nonsubsti-
tuted tpy ligands bearing electron-donating aryl–acetylide li-
gands.[1b,2a, 4,14] For the Cl3tpy series, 2 b (R= tBu) exhibits an
emission at lmax =595 nm (fem =0.012), and 7 b (R=Ph) and
20 b (R=DBF) are nonemissive (fem<0.01) in degassed
CH2Cl2 at 298 K.

All of the [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=alkyl or aryl) com-
plexes are emissive in glassy nBuCN at 77 K (concentration
1 � 10�5 mol dm�3) except 12, 13, 21 a, and 22, which have
amine substituted aryl–acetylide ligands. The alkyl–acetylide
complexes 1–4 (except 2 b) show emission maxima at 498–
499 nm, which are at higher energies than those of the aryl–
acetylide complexes with the exception of 5 and 6. The
emission maxima of the aryl–acetylide complexes 5, 6, 7 a,
8–11, 14, and 20 a are in the range of 484–567 nm with the
emission energies following the order: 6 (20 660 cm�1, R=

Py)>5 (20580 cm�1, R=C6F5)>10 (19 120 cm�1, R= C6H4-
Br-4)>7 a (19 010 cm�1, R=Ph)�9 (19010 cm�1, R= C6H4-
Cl-4)>8 (18 940 cm�1, R= C6H4-F-4)>14 (18 830 cm�1, R =

C6H4-Ph-4)>20 a (18 210 cm�1, R= -(DBDF)-H)>11
(17 760 cm�1, R=C6H4-OCH3-4). Changing the tBu3tpy to
Cl3tpy leads to a redshift in the emission energy. For in-
stance, from 2 a to 2 b (R= tBu), the redshift in emission en-
ergies are �1540 and 1070 cm�1 in degassed CH2Cl2 at
298 K and in nBuCN at 77 K, respectively.

Figure 5. a) UV/Vis absorption spectra of 12 in CH2Cl2 before and after
addition of a few drops of neat CF3COOH at 298 K. b) UV/Vis absorp-
tion spectra of 13 and 17 in CH2Cl2 before and after addition of a few
drops of neat CF3COOH at 298 K. c) UV/Vis absorption spectra of 16 in
CH2Cl2 before and after addition of a few drops of neat CF3COOH at
298 K. d) UV/Vis absorption spectra of 19 in CH2Cl2 before and after ad-
dition of a few drops of neat CF3COOH at 298 K (concentration 2�
10�5 mol dm�3).
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[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–3: X=H
or N ACHTUNGTRENNUNG(CH3)2; n= 1–2, X=NH2) with different chain lengths :
The effect of the chain length n of aryl–acetylide ligands on
the emission properties of [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-X-4}]+ (n= 1–3: X =H and N ACHTUNGTRENNUNG(CH3)2; n=1–2:
NH2) was examined. For [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1Ph}]+ (n= 1 (7 a), n=2 (15), or n=3 (18)) com-
plexes, their emission bands recorded in CH2Cl2 are broad
and structureless, and the emission lmax shows a slight
redshift from 587 to 604 nm as n increases from 1 to 3 at
298 K (Figure 6). The emission energies fall in the order:
7 a (17 040 cm�1, n=1)>15 (16 670 cm�1, n= 2)>18
(16 560 cm�1, n=3). At 77 K and in glassy nBuCN, 7 a, 15,
and 18, display structured emission bands at lmax =526, 537,
and 550 nm, respectively (Figure 7).

For the [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NH2-4}]+

series, 13 (n=1) is nonemissive (fem<0.01) in CH2Cl2 at
298 K and in glassy nBuCN at 77 K, but 17 (n=2) is emis-
sive at lmax = 551 nm (t= 36 ms) in glassy nBuCN at 77 K.
For the [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+

series, 12 (n=1) is nonemissive (fem<0.01) in CH2Cl2 at
298 K and in glassy nBuCN at 77 K, but 16 (n=2) and 19

(n=3) are emissive under similar conditions. Complex 16
emits at lmax =507 (t=0.4 ms, fem =4.0 � 10�2) in CH2Cl2 at
298 K and at 550 nm (t= 35 ms) in nBuCN at 77 K, and com-
plex 19 shows emission maxima at 601 (t= 0.9 ms, fem =1.2 �
10�2) in CH2Cl2 at 298 K and 568 nm (t=270 ms) in glassy
nBuCN at 77 K.

Effect of acid to the electronic transitions of [PtACHTUNGTRENNUNG(tBu3tpy)-
{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–2, X=NH2; n= 1–3,
X=N ACHTUNGTRENNUNG(CH3)2 : The emission intensities at lmax = 541 nm of 12
(X=N ACHTUNGTRENNUNG(CH3)2, n=1) and at lmax�600 nm of 13 and 17 (X=

NH2, n= 1 and 2, respectively) in degassed CH2Cl2 at 298 K
increase upon addition of a few drops of neat CF3COOH
(see Figures S12, S13, and S14, respectively, in the Support-
ing Information). The emission energies of the protonated
forms of 12, 13, and 17 show a blueshift (span 210–
1520 cm�1) from their respective nonprotonated ones. How-
ever, the emission of 16 (X= N ACHTUNGTRENNUNG(CH3)2; n= 2) demonstrates
a redshift from 520 to 587 nm by �2220 cm�1 after the addi-
tion of neat CF3COOH, and 19 (X= N ACHTUNGTRENNUNG(CH3)2; n=3) emits
at the same emission maximum (lmax =601 nm) in the pres-
ence and absence of acids.

Calculations : DFT and TDDFT calculations were performed
for the model complexes [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=nPr
(1 H), Py (6 H), Ph (7 aH), and C6H4-NACHTUNGTRENNUNG(CH3)2-4 (12 H)), [Pt-ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ (n=2 (15 H) and n=3
(18 H)), [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+

(n=2 (16 H) and n=3 (19 H)), and [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]++H+ (n=1 (12 H+H+), n= 2
(16 H+H+), and n=3 (19 H+H+)) in order to understand
the photophysical properties of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y=

tBu or Cl, R=alkyl or aryl). (The results are summarized in
the Supporting Information, Table S5.) Here, we considered
two extreme conformations as depicted in Figure 8: the
H3tpy plane and the aryl plane being coplanar (“cop”) and
perpendicular (“per”) to each other, since the aryl rings of
the aryl–acetylide complexes are free to rotate at room tem-
perature. Comparison of the energies of spin-allowed singlet
electronic transitions of these model complexes were per-
formed to explore how the electronic absorption energies
are affected by: 1) acetylide substituent of [Pt ACHTUNGTRENNUNG(H3tpy)-
(C�CR)]+ with R= nPr (1 H), Py (6 H), Ph (7 aH), and
C6H4-NACHTUNGTRENNUNG(CH3)2-4 (12 H); 2) the chain length n of [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1: (7 aH), n= 2: (15 H),
n= 3: (18 H); X=H and n=1: (12 H), n=2: (16 H), n=3:
(19 H); X=N ACHTUNGTRENNUNG(CH3)2); and 3) addition of acid to [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+/+H+ with different
chain lengths n (n= 1 (12 H+H+), n= 2 (16 H+H+), and
n= 3 (19 H+H+)).

Substituent R of [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=nPr, Py, Ph, and
C6H4-NACHTUNGTRENNUNG(CH3)2-4): The lowest allowed transition energies
(f>0) obtained from TDDFT calculations for 1 H, 6 H,
7 aH, and 12 H with “cop” and “per” conformations in
CH2Cl2, together with the experimental low-energy absorp-
tion maxima (lmax>380 nm) measured in CH2Cl2 are listed

Figure 6. Emission spectra of [Pt ACHTUNGTRENNUNG(tBu3tpy)ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]ClO4

(n=1, 7a ; n= 2, 15 ; and n =3, 18) in degassed CH2Cl2 at 298 K (lex =

430 nm, concentration 2� 10�5 mol dm�3).

Figure 7. Emission spectra of [Pt ACHTUNGTRENNUNG(tBu3tpy)ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]ClO4

(n=1, 7a ; n=2, 15 ; and n =3, 18) in glassy nBuCN at 77 K (lex =430 nm,
concentration 1� 10�5 mol dm�3).
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in the Supporting Information (Table S5). For 1 H (R= nPr),
there is a strong band (f�0.1) derived from a HOMO!
LUMO transition at lcalcd =450 and 451 nm for the “cop”
and “per” conformations, respectively. When R changes
from alkyl (nPr) to aryl (Py, Ph, and C6H4-N ACHTUNGTRENNUNG(CH3)2-4)
groups, the lowest spin-allowed singlet transitions for the
“cop” and “per” conformations are derived from different
electronic origins. The lcalcd = 473–732 nm (span 7480 cm�1)
of the complexes with the “cop” conformations are assigned
to the HOMO!LUMO transitions and show a redshift as
the aryl group R becomes more electron-donating: 6 H (R=

Py, 473 nm)<7 aH (Ph, 512 nm)<12 H (C6H4-NACHTUNGTRENNUNG(CH3)2-4,
732 nm). This result is consistent with the experimental find-
ings of l1 values: 6 (Py, 412 nm)<7 a (Ph, 464 nm)<12
(C6H4-NACHTUNGTRENNUNG(CH3)2-4, 567 nm) with a span of 6640 cm�1. On the
other hand, at the “per” conformations, lcalcd =409–435 nm
(span �1460 cm�1) are assigned to the HOMO�1!LUMO
transitions, which show a redshift to a lesser extent com-
pared with those of the HOMO ! LUMO transitions with
the complexes at “cop” conformations when the electron-
donating ability of the aryl group R increases. The small
change of the HOMO�1!LUMO transition energy is com-
parable to the experimental findings of l2 (from 389 to
413 nm, span �1494 cm�1; see Table S5 in the Supporting
Information).

The HOMO of 1 H is different from that of 6 H, 7 aH, and
12 H in that it is an antibonding combination of �34–35 %
Pt ACHTUNGTRENNUNG(dxz) and �47–48 % pACHTUNGTRENNUNG(C�C) fragment orbitals for the
complexes at both “cop” and “per” conformations. For the
last three aryl–acetylide complexes with “cop” conforma-
tions, their HOMOs are predominantly the entire aryl–ace-
tylide ligand in character, which increase from 71 % with
R=Py (6 H) to 75 % with R= Ph (7 aH) and to 91 % with
R=C6H4-N ACHTUNGTRENNUNG(CH3)2-4 (12 H) with decreasing admixture of Pt-ACHTUNGTRENNUNG(dxz) character. The HOMO energy increases since R is

more electron-donating and this leads to a redshift in the
HOMO!LUMO transition of the complex with the “cop”
conformation (see Table S4 in the Supporting Information).
The HOMO�1 of 6 H, 7 aH and 12 H with “per” conforma-
tions are antibonding combinations of �37–41 % Pt ACHTUNGTRENNUNG(dxz) and
�44–46 % p ACHTUNGTRENNUNG(C�C) fragment orbitals, without involvement
of the para-substituents in the aryl groups. Since the para-
substituent of the aryl group does not have a significant
effect on the HOMO�1 energy of 6 H, 7 aH and 12 H, the
insignificant variation in the experimental l2 values at
389 nm (6, Py); 413 nm (7 a, Ph); 405 nm (12, C6H4-N-ACHTUNGTRENNUNG(CH3)2-4) could come from the HOMO�1!LUMO transi-
tion with “per” conformation. For both alkyl and aryl–acety-
lide complexes with “cop” and “per” conformations, the
LUMOs are essentially of H3tpy (89–91 %: “cop” and 91–
92 %: “per”) in character and the molecular orbital (MO)
energies are invariant with the substituents R (R=nPr
(1 H), Py (6 H), Ph (7 aH), and C6H4-NACHTUNGTRENNUNG(CH3)2-4 (12 H)).
Thus, the lowest energy absorption band at lcalcd = 450–
451 nm for 1 H (R=alkyl) is an admixture of 1[dp(Pt)!p*-ACHTUNGTRENNUNG(H3tpy)]/1[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(H3tpy)], and for 6 H, 7 aH, and 12 H
(R=aryl), the lcalcd =473–732 nm are predominantly of 1[p-ACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(H3tpy)] in character, and lcalcd =409–435 nm,
being of similar nature to the lowest energy absorption
bands of 1 H, could be described to have mixed 1[dp(Pt)!
p* ACHTUNGTRENNUNG(H3tpy)]/1[p ACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(H3tpy)] parentages.

[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–3: X=H
or N ACHTUNGTRENNUNG(CH3)2) with different chain lengths : The HOMO surfa-
ces of [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (X=H,
n= 1 (7 aH), n=2 (15 H), n=3 (18 H) and X=N ACHTUNGTRENNUNG(CH3)2, n=

1 (12 H), n=2 (16 H), n=3 (19 H)) are shown in Tables 2
and 3, respectively. In agreement with the experimental
findings for [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ with l1 =

464 nm (7 a, n=1), 469 nm (15, n= 2), and 471 nm (18, n=

3), the lowest calculated singlet transition energy shows a
slight redshift from lcalcd = 512 nm for n=1 to 561 nm for
n= 2 and to 576 nm for n=3 with the “cop” conformation
and is derived from a HOMO!LUMO transition. The
HOMOs of [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ are mainly

Figure 8. Geometries of “cop” (top) and “per” (bottom) conformations;
15H is taken as an example here.

Table 2. The HOMO surfaces of the model complexes [Pt ACHTUNGTRENNUNG(H3tpy)ACHTUNGTRENNUNG{C�C-ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ (n =1 (7aH), n=2 (15H) and 3 (18H)) of partially opti-
mized singlet ground state with the “cop” and “per” conformations.

7aH (n=1) 15H (n=2) 18H (n=3)

“cop” conformationHOMO

“per” conformation: HOMO�1[a]

[a] HOMO�2 for n=3.
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antibonding combinations of p ACHTUNGTRENNUNG(C�C) and Ar fragment orbi-
tals (Ar= aryl rings on aryl–acetylide groups): 7 aH (n=1,
20 % Pt, 35 % C�C, 40 % Ar); 15 H (n=2, 9 % Pt, 37 %
C�C, 51 % Ar); 18 H (n=3, 5 % Pt, 38 % C�C, 55 % Ar),
whereas the LUMOs are all H3tpy-based (90–91 %) irre-
spective of the chain length n (see Table S4 in the Support-
ing Information). Since the HOMO is composed of pp moi-
eties of aryl–acetylide ligand delocalized over the entire
chain, the number of nodes in the oligomeric aryl–acetylide
ligand increases as n increases, leading to an increase in the
HOMO energy. Thus, the calculated lowest absorption
energy of 7 aH, 15 H and 18 H with “cop” conformations
show redshifts as the chain length n increases and is as-
signed as 1[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(H3tpy)] transitions. With “per”
conformations, the only allowed transitions for 7 aH, 15 H,
and 18 H are derived from HOMO�1 (or HOMO�2 for
n= 3)!LUMO transitions, which slightly change from
lcalcd =423 to 418 nm as the chain length n increases from 1
to 3. The HOMO�1 (or HOMO�2 for n=3) of 7 aH, 15 H,
and 18 H are similar to the HOMO of 1 H, consisting of anti-
bonding combinations of Pt ACHTUNGTRENNUNG(dxz) and p ACHTUNGTRENNUNG(C�C) (directly at-
tached to Pt) fragment orbitals and the LUMOs of 7 aH,
15 H, and 18 H are all H3tpy-based irrespective of chain
length n. Hence, this HOMO�1 (or HOMO�2 for n=3)!
LUMO transition is assigned to mixed 1[dp(Pt)!p*-ACHTUNGTRENNUNG(H3tpy)]/1[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(H3tpy)] transitions.

For 12 H (n=1), 16 H (n=2), and 19 H (n=3) with X=N-ACHTUNGTRENNUNG(CH3)2, their HOMOs with the complexes in the “cop” con-
formation are essentially localized on the C6H4-NACHTUNGTRENNUNG(CH3)2-4
group with contributions of 77 % (n= 1), 67 % (n= 2) and
65 % (n=3), and the LUMO and LUMO+1 are predomi-
nantly of H3tpy character (see Table S4 in Supporting Infor-

mation). The calculated lowest
absorption band for the “cop”
conformation shows a blueshift
from lcalcd = 732 nm at n=1
(12 H) to 714 nm for n=2
(16 H) and to 683 nm at n= 3
(19 H). This band is derived
from a HOMO!LUMO transi-
tion with f>0.2. There is anoth-
er band of smaller oscillator
strength (f<0.02), which was
found to be HOMO!
LUMO+1 in character and also
shows a blueshift with increase
in chain length n : l2(calcd) =

598 nm for n=1; 566 nm for
n= 2; and 543 nm for n=3.
Both calculated absorption
bands are in accordance with
the experimental trend of l1 of
[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�
C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}]+ (n= 1–
3), which also shows a blueshift
with increase in chain length n
from 1 to 3. Thus, l1 is assigned

to the 1[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(H3tpy)] transition. With [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+ (12 H, 16 H and 19 H,
n= 1, 2 and 3, respectively, in “per” conformation), an al-
lowed transition at lcalcd =413–435 nm is assigned to
HOMO�n!LUMO (n=1–3) transitions. These HOMO�n
orbitals are essentially of the same character as the
HOMO�1 (HOMO�2 for 18 H) for [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C-ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ (7 aH, 15 H, and 18 H, n=1, 2 and 3, re-
spectively) with “per” conformation, in other words, anti-
bonding combinations of �37–39 % Pt ACHTUNGTRENNUNG(dxz) and �44–46 %
first pACHTUNGTRENNUNG(C�C) fragment orbitals. The small variation in lcalcd =

413–435 nm is in agreement with the experimental results of
l2 and is assigned to mixed 1[dp(Pt)!p* ACHTUNGTRENNUNG(H3tpy)]/1[pACHTUNGTRENNUNG(C�C)!
p* ACHTUNGTRENNUNG(H3tpy)] transitions.

Effect of acid on the electronic transitions of [PtACHTUNGTRENNUNG(H3tpy)-
{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+ ACHTUNGTRENNUNG(n=1–3): TD-DFT
results for the protonated forms of [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+ (n= 1–3) are given in the Sup-
porting Information (Table S6). Upon protonation of 12 H,
16 H, and 19 H, the calculated lowest singlet transition ener-
gies are: lcalcd = 444 (12 H+H+), 514 (16 H+H+) and 546 nm
(19 H+H+), respectively, with the complexes in “cop” con-
formation, and are derived from HOMO!LUMO transi-
tions and are described as 1[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(H3tpy)] transi-
tions. For 12 H+H+ (n= 1), 16 H+H+ (n=2), and 19 H+H+

(n=3), the LUMOs are essentially H3tpy-based; however,
their HOMOs are mainly composed of the antibonding
combinations of PtACHTUNGTRENNUNG(dxz), pACHTUNGTRENNUNG(C�C), and Ar fragment orbitals,
similar to the HOMOs of the [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1Ph}]+ (n=1–3) series. As the number of nodes in
the aryl–acetylide ligand increases with chain length n, the

Table 3. The HOMO surfaces of the model complexes [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}]+ (n= 1
(12H), n= 2 (16 H) and n=3 (19H)) at both optimized singlet ground state with “cop” and “per” conforma-
tions.

12H (n=1) 16H (n= 2) 19 H (n=3)

“cop” conformation

HOMO�1 –

HOMO

“per” conformation:

HOMO-n

HOMO – –
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HOMO energy increases, leading to a redshift in the
HOMO!LUMO transition energy. With “per” conforma-
tions, the calculated allowed transitions are at lcalcd = 398,
412, and 418 nm for 12 H+H+ , 16 H+H+ , and 19 H+H+ , re-
spectively. These absorption bands are less sensitive to chain
length effects and are derived from HOMO�1 (or
HOMO�2 for n= 3)!LUMO transitions. The HOMO�1
(HOMO�2 at n= 3) surfaces of 12 H+H+ , 16 H+H+ , and
19 H+H+ are similar in character to the HOMO�n orbitals
of 12 H, 16 H, and 19 H before protonation. This band is
thus assigned as mixed 1[dp(Pt)!p* ACHTUNGTRENNUNG(H3tpy)]/1[p ACHTUNGTRENNUNG(C�C)!p*-ACHTUNGTRENNUNG(H3tpy)] transitions.

Energy gap (DE ACHTUNGTRENNUNG(S0–T1)) of [Pt ACHTUNGTRENNUNG(H3tpy)ACHTUNGTRENNUNG(C�C�nPr)]+ and [Pt-ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–3, X=H, N-ACHTUNGTRENNUNG(CH3)2 or N ACHTUNGTRENNUNG(CH3)2H
+): To gain insight into the effect of

acids on the emission properties of the [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C-ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}] + (n=1–3) complexes, ge-
ometry optimizations were also carried out for the lowest
triplet excited states (T1) of both the nonprotonated and
protonated forms. Geometry optimizations of [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG(C�CR)]+ (R=nPr (1 H)) and [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-X-4}]+ (n=1: (7 aH), n=2: (15 H), n=3:
(18 H) were also carried out at their lowest triplet excited
states (T1) for comparisons. Table 4 presents the energy gap

DE ACHTUNGTRENNUNG(S0–T1) between the S0 and T1 states at their respective
optimized geometries in CH2Cl2. It was found that DE ACHTUNGTRENNUNG(S0–
T1) of [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1-C6H4-X-4}]+ (n= 1–3)
has a different chain length dependence between the X=H
and N ACHTUNGTRENNUNG(CH3)2 series: the energy gap of the former decreases
as n increases, while that of the latter increases as n increas-
es. Protonation at the N ACHTUNGTRENNUNG(CH3)2 substituent of 12 H, 16 H,
and 19 H leads to an increase in the energy gap DE ACHTUNGTRENNUNG(S0�T1).

Discussion

UV/Vis absorption spectroscopy : In general, the UV/Vis ab-
sorption spectra of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl, R=

aryl; 5–22) have two overlapping broad absorption bands
with peak maxima at l1 = 412–640 nm and at l2 = 383–
421 nm. Upon varying 1) the para-substituent of the aryl
group and substituent of tpy ligand; 2) the chain length n

with R= (C6H4C�C)n�1C6H4-X-4 (n= 1–3: X=H or N-ACHTUNGTRENNUNG(CH3)2; n=1–2: X=NH2); 3) acidity of the medium with
R= (C6H4C�C)n�1C6H4-X-4 (n=1–3: X=N ACHTUNGTRENNUNG(CH3)2; n= 1–2:
X=NH2); and 4) the solvent polarity, l2 spans a narrow
spectral region (2360 cm�1), and l1 changes over a wide
spectral region (span of 8650 cm�1). Based on the TDDFT
results on model complexes [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=aryl),
these two absorption bands l1 and l2 are derived from two
different electronic transitions. The lower energy absorption
band l1 of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl, R=aryl)
with the “cop” conformation is predominantly 1[p ACHTUNGTRENNUNG(C�C-
Ar)!p* ACHTUNGTRENNUNG(Y3tpy)] in character. The higher energy absorption
band l2 of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl, R=aryl)
with the “per” conformation is assigned to mixed 1[dp(Pt)!
p* ACHTUNGTRENNUNG(Y3tpy)]/1[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(Y3tpy)] transitions.

Substituent Effect of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y=tBu or Cl, R=

alkyl or aryl): The lowest energy absorption band, l1, is de-
rived from a HOMO!LUMO transition of the complexes
with the “cop” conformation as revealed from the TDDFT
calculations. Since the HOMO energy of [Pt ACHTUNGTRENNUNG(tBu3tpy)-
(C�CC6H4-X-4)]+ increases with increasing electron-donat-
ing ability of the para-substituent X, l1 of [Pt ACHTUNGTRENNUNG(tBu3tpy)-
(C�CC6H4-X-4)]+ shows a concordant redshift and the l1

values are in the order of: 8 (21 690 cm�1; F)�10
(21 690 cm�1; Br)>9 (21650 cm�1; Cl)>7 a (21550 cm�1;
H)>14 (21010 cm�1; Ph)>11 (20 410 cm�1; OCH3)>13
(19 230 cm�1; NH2)>12 (17 640 cm�1; N ACHTUNGTRENNUNG(CH3)2).

A slight redshift of l1 is observed from 14 (476 nm; X=

Ph) to 7 a (464 nm; X=H), and this could be due to lack of
p-conjugation between the two adjacent phenyl rings of 14.
With R=9,9�-di-n-butyl-9H-fluorene (DBF; 20 a), the two
phenyl rings are constrained to a coplanar geometry, leading
to enhanced p-conjugation. Consequently, the l1 of 20 a
(496 nm) shows a redshift from that of 14 (476 nm) by
850 cm�1. Due to the p-conjugation and mesomeric effect of
the amine groups,2(a) l1 of 22 (532 nm; R= (DBF)-NH2) and
21 a (557 nm; R= (DBF)-N ACHTUNGTRENNUNG(CH3)2) show further redshifts
from that of 20 a.

Similar to previous work on cyclometalated PtII com-
plexes containing acetylide ligands,[17] modification of the
terpyridine ligand with electron-withdrawing groups also
leads to a redshift in the lowest absorption energy band.
The LUMOs of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ complexes are tpy-
based. Replacement of the tpy substituents Y from electron-
donating tBu to electron-withdrawing Cl group lowers the
LUMO energy and, hence, the transition energy of [Pt-ACHTUNGTRENNUNG(Cl3tpy) ACHTUNGTRENNUNG(C�CR)]+ decreases (l1 increases) from its tBu
counterpart as follows: 2 a (23310 cm�1; Y= tBu, X= tBu)>
2 b (20 700 cm�1, Y =Cl, X= tBu); 20 a (20 160 cm�1, Y= tBu,
X= -(DBDF)-H)>20 b (18 210 cm�1, Y=Cl, X= -(DBDF)-
H) and 21 a (17 950 cm�1, Y= tBu, X= -(DBDF)-N ACHTUNGTRENNUNG(CH3)2)>
21 b (15 630 cm�1, Y= Cl, X= -(DBDF)-N ACHTUNGTRENNUNG(CH3)2) in CH2Cl2

and 7 a (23 810 cm�1; Y= tBu, X=Ph)>7 b (21 010 nm, Y=

Cl, X=Ph) in CH3CN.

Table 4. PBE1PBE DE ACHTUNGTRENNUNG(S0–T1) energy gap [eV] for the model complexes
[Pt ACHTUNGTRENNUNG(H3tpy)ACHTUNGTRENNUNG(C�CnPr)]+ (1 H); [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�CACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ (n=1
(7aH), n=2 (15H), and n=3 (18H)); and [Pt ACHTUNGTRENNUNG(H3tpy)ACHTUNGTRENNUNG{C�CACHTUNGTRENNUNG(C6H4-
C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}/+H]+ /2 + (n =1 (12H), n= 2 (16H), and n=3
(19H)) in CH2Cl2 before and after protonation modeled by PCM.

Complex DE ACHTUNGTRENNUNG(S0–T1) [eV] Complex DE ACHTUNGTRENNUNG(S0–T1) [eV]

1H 2.59 16 H 1.46
7aH 1.99 16 H+H+ 2.01
12H 1.34 18 H 1.81
12H+H+ 2.34 19 H 1.56
15H 1.84 19 H+H+ 1.89
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[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–3: X=H
or N ACHTUNGTRENNUNG(CH3)2; n= 1–2, X=NH2) with different chain lengths :
For the aryl–acetylide complexes, 7 a, 15, and 18 (X=H
series), l1 shows a redshift with increase in chain length n,
but for the amine-substituted aryl–acetylide complexes, 12,
16, and 19 (X=N ACHTUNGTRENNUNG(CH3)2 series) and 13 and 16 (X=NH2

series), l1 shows a blueshift with increase in chain length n.
The different chain length effect on the spectroscopic behav-
ior of the X=H and N ACHTUNGTRENNUNG(CH3)2 series could be rationalized by
the intrinsic difference in the nature of the HOMO partici-
pating in the 1[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tBu3tpy)] transition. In the
X=H series, the HOMO is fully delocalized over the entire
aryl–acetylide ligand. A redshift trend is observed in [Pt-ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (X=H, n=1 (7 a),
n= 2 (15) and n=3 (18)) and is explained by a greater con-
jugation across the [-C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph] chains with in-
creasing n values.6,7,9, 37 However, in the X=N ACHTUNGTRENNUNG(CH3)2 series,
the HOMO is essentially localized on the C6H4-NACHTUNGTRENNUNG(CH3)2-4
unit. As the separation between donor orbital (HOMO) and
acceptor orbital (LUMO) increases as n increases, the elec-
trostatic attraction between these orbitals decreases, and
thus l1 of [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+

show blueshifts with an increase in chain length n.

Effect of acid on the electronic transitions of [Pt ACHTUNGTRENNUNG(tBu3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-NACHTUNGTRENNUNG(CH3)2-4}]+ ACHTUNGTRENNUNG(n=1–3): Upon addi-
tion of acid to the amine-bearing aryl–acetylide complexes
(12, 13, 16, 17, and 19), l1 shows a blueshift with magnitude
in the order of: 12 (n=1, 6640 cm�1)>16 (n=2,
1960 cm�1)>19 (n=3, �0 cm�1); and 13 (n= 1,
5520 cm�1)>17 (n= 2, 1720 cm�1). This observation could
be explained by the DFT results that the HOMOs of 12 H,
16 H, and 19 H are localized on the C6H4-NACHTUNGTRENNUNG(CH3)2-4 unit
before protonation. Addition of H+ on the N atom of the
amine substituent on the aryl–acetylide ligands of 12 H,
16 H, and 19 H leads to a change in the nature of the
HOMOs from being localized on the C6H4-N ACHTUNGTRENNUNG(CH3)2-4 unit
to being delocalized over the entire aryl–acetylide ligands,
similar to the HOMOs of the nonsubstituted [Pt ACHTUNGTRENNUNG(tBu3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ series (n=1, 7 a ; n= 2, 15 ; n= 3,
18). Consequently, the l1 value of the protonated forms of
12, 16, and 19 show redshifts with increasing chain length n
from 1 to 3 (l1 =412 nm for n= 1, 448 nm for n=2, and
480 nm for n=3 with X= N ACHTUNGTRENNUNG(CH3)2 and l1 = 409 nm for n= 1,
446 nm for n=2 with X=NH2).

It should be noted that, from the TDDFT results of the
protonated forms of 12 H, 16 H, and 19 H, the calculated
lowest absorption energies correspond to their respective
HOMO ! LUMO transitions with lcalcd =444, 514, and
546 nm for 12 H+H+ , 16 H+H+ , and 19 H+H+ , respectively.
These transition energies all show blueshifts from the calcu-
lated lowest absorption energies of the corresponding non-
protonated forms (lcalcd =732, 714, and 683 nm for 12 H,
16 H, and 19H, respectively), in disagreement with the ex-
perimental results that the lowest energy absorption band of
19 is essentially unshifted after addition of acid. However,
when compared to the second lowest absorption energies

calculated (lcalcd,2 = 598, 566, and 543 nm for 12 H, 16 H, and
19 H, respectively), the calculated magnitude of blueshifts
are in good agreement with the experimental findings.

Insight from electronic and resonance Raman spectroscopy :
Resonance Raman (RR) spectroscopy is informative in
probing the structural distortion upon electronic excitation.
Excitation of 11 at 416 and 502.9 nm gave distinctly different
results, in which the n ACHTUNGTRENNUNG(C�C) stretch mode at 2100 cm�1 is
doubly enhanced in the latter excitation. This implies that
the electronic transition at 502.9 nm involves a larger struc-
tural distortion of the C�C unit than at 416 nm. It is noted
that the n ACHTUNGTRENNUNG(C=C) and n ACHTUNGTRENNUNG(C=N) stretching mode, at 1300–
1600 cm�1 are observed at both 416 and 502.9 nm excita-
tions, and these stretching modes originate from the aryl
groups of acetylide and terpyridine ligands. The RR findings
are supportive to the assignment of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+

(Y= tBu or Cl, R=aryl) that the lower energy band (l1)
comes from 1LLCT 1[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tpy)] transitions,
whereas the high-energy band (416 nm) is derived from
1MLCT/1LLCT of 1[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)]/1[p ACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)]
transitions.

Emission spectroscopy: Based on the DFT calculations on
model complexes [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=nPr (1 H), Py
(6 H), Ph (7 aH), and C6H4-N ACHTUNGTRENNUNG(CH3)2-4 (12 H)), [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ (n=1 (7 aH), n= 2 (15 H) and n=

3 (18 H)), [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}]+

(n=1 (12 H), n= 2 (16 H) and n=3 (19 H)), their SOMOs
(singly occupied molecular orbital) and SOMOs�1 at the
optimized lowest triplet excited state (T1) have similar pa-
rentages as the LUMOs and HOMOs at the optimized sin-
glet ground state (S0), respectively. These model complexes
at the optimized T1 geometries have the same frontier mo-
lecular orbital (FMO) orderings as their corresponding sin-
glet ground states (S0). Hence, discussion on the emission
properties of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl, R=alkyl
or aryl) 1–22 is based on the assignments of their low-
energy absorption bands (see above).

Substituent and chain length effects of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+

(Y=tBu or Cl, R= alkyl or aryl): Since the lowest energy
electronic transitions of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl,
R=alkyl) originate from mixed 1[dp(Pt)!p* ACHTUNGTRENNUNG(Y3tpy)]/1[p-
(C�C)!p* ACHTUNGTRENNUNG(Y3tpy)] transitions, the emissions of the alkyl–
acetylide complexes 1, 2 a, 3, and 4 at lmax =547–548 nm in
CH2Cl2 at 298 K and at �498–499 nm in glassy nBuCN at
77 K, are derived from excited states with mixed 3[dp(Pt)!
p* ACHTUNGTRENNUNG(tpy)]/3[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)] character. From TDDFT calcu-
lations, the mixed 1[dp(Pt)!p* ACHTUNGTRENNUNG(H3tpy)]/1[p ACHTUNGTRENNUNG(C�C)!p*-ACHTUNGTRENNUNG(H3tpy)] transition of [Pt ACHTUNGTRENNUNG(H3tpy) ACHTUNGTRENNUNG(C�CR)]+ of 1 H (R=

alkyl) occurs at a lower energy than those of 6 H, 7 aH, 12 H,
15 H, 16 H, 18 H, and 19 H (R=aryl). For example, TDDFT
calculations gave lcalcd = 451 nm for 1 H (R=nPr) and lcalcd =

409 nm for 7 aH (R=Ph) and these lcalcd are assigned as de-
riving from mixed 1[dp(Pt)!p* ACHTUNGTRENNUNG(H3tpy)]/1[pACHTUNGTRENNUNG(C�C)!p*-ACHTUNGTRENNUNG(H3tpy)] transitions. Correspondingly, the mixed 3[dp(Pt)!
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p* ACHTUNGTRENNUNG(tpy)]/3[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)] excited states of [Pt ACHTUNGTRENNUNG(H3tpy)-ACHTUNGTRENNUNG(C�CR)]+ (R=aryl; 6 H, 7 aH, 12 H, 15 H, 16 H, 18 H, and
19 H) are also expected to be at higher energies than that of
2 H (R= alkyl). However, the [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG(C�CR)]+ (R=

aryl) complexes emit at a lower energy than those with R=

alkyl (see Table 1). This could be explained by assigning the
emission of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl; R=aryl)
as being derived from 3[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(Y3tpy)] instead of the
mixed 3[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)]/3[pACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)] excited states.

Two factors affect the 3LLCT transition energies of [Pt-ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ (Y= tBu or Cl; R= aryl). One is the
SOMO�1 energy which is increased by the electron-donat-
ing ability, p-conjugation, and chain length n of the aryl–
acetylide ligand. The other is the SOMO energies which are
decreased by changing the Y substituents from electron-do-
nating tBu to electron-withdrawing Cl. These two factors
lead to the following findings: 1) there is a moderate red-
shift in emission energy of [Pt ACHTUNGTRENNUNG(tBu3tpy)(C�CC6H4-X-4)]+

upon increase in the electron-donating ability of the para-
substituent X; 2) the emission energy decreases from
18 830 cm�1 for 14 (R=C6H4-Ph-4) to 18 210 cm�1 for 20 a
(R= -(DBF)) in glassy nBuCN at 77 K due to extended p-
conjugation in the latter; 3) the emission energy of [Pt-ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1Ph}]+ shows a redshift with in-
crease in chain length n from 1 to 3; and 4) the emission
energy of [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ shows a redshift upon re-
placing Y from tBu to Cl. 2 a (Y= tBu ; R= tBu,
20 080 cm�1) and 2 b (Y= Cl ; R= tBu,18 980 cm�1); 20 a
(Y= tBu; R= -(DBF), 18 210 cm�1) and 20 b (Y= Cl; R= -
(DBF), 16 470 cm�1) in glassy nBuCN at 77 K.

Effect of acid on the electronic transitions of [Pt ACHTUNGTRENNUNG(tBu3tpy)-ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ (n=1–3, X=N ACHTUNGTRENNUNG(CH3)2; n=

1–2, X=NH2): Similar to the reports on related amine-con-
taining aryl–acetylide–platinum(II) complexes,[1a,b, 2a, 4,14] com-
plexes 12 (n= 1, X=N ACHTUNGTRENNUNG(CH3)2), 13 (n=1, X= NH2), and 17
(n=2, X=NH2) are nonemissive in neutral CH2Cl2 solu-
tions, but become emissive in the presence of acids. To sup-
port these findings, the energy gap (DE ACHTUNGTRENNUNG(S0-T1)) at the re-
spective gas-phase-optimized geometries of the S0 and T1

states were calculated. The energy gap law states that the
nonradiative decay rate knr decreases exponentially with the
energy gap DE ACHTUNGTRENNUNG(S0–T1),[16] so that a small DE ACHTUNGTRENNUNG(S0–T1) could
result in a lack of emission. DE ACHTUNGTRENNUNG(S0–T1) of 7 a is 1.99 eV, and
its emission is derived from the 3[p ACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tBu3tpy)]
excited state. Compared to 7 aH, 12 H has a smaller DE ACHTUNGTRENNUNG(S0–
T1) (1.34 eV). It is, therefore, likely that the lack of emission
of 12 is due to the small DE ACHTUNGTRENNUNG(S0–T1). Upon protonation of
12 H at the amine substituent, DE ACHTUNGTRENNUNG(S0–T1) increases dramati-
cally to 2.34 eV, which is even higher in energy than that of
7 aH (1.99 eV). Since the emissive state of 7 aH is 3[p-
(C�CAr)!p* ACHTUNGTRENNUNG(tBu3tpy)] in nature, the much larger DE ACHTUNGTRENNUNG(S0–
T1) of the protonated form of 12 H should also create an
emissive 3[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tpy)] excited state based solely
on the energy gap law. It is thus proposed that the emission
of the protonated forms of [Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�
C)n�1C6H4-X-4}]+ (X= N ACHTUNGTRENNUNG(CH3)2 for 12 (n=1), 16 (n=2), 19

(n=3), or NH2 for 13 (n=1) and 17 (n=2) are derived
from the 3[pACHTUNGTRENNUNG(C�CAr)!p* ACHTUNGTRENNUNG(tBu3tpy)] instead of the
3[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)]/3[p ACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)] excited state, al-
though the latter is usually proposed in the literature to be
the emissive excited state. Complexes 16 and 19 are emissive
both in the presence and absence of acids. This is probably
due to the fact that as the chain length n of the aryl–acety-
lide ligand increases, the calculated energy gap DE ACHTUNGTRENNUNG(S0–T1)
also increases from 1.34 (12 H, n=1) to 1.46 (16 H, n=2),
and to 1.56 eV (19 H, n=3). As a result, the nonradiative
decay rates of 16 and 19 become smaller, and, thus, these
two complexes are emissive even in the absence of acids.

Conclusion

In this work, a combination of spectroscopic and computa-
tional approaches were employed to investigate the photo-
physical properties of square-planar platinum(II) complexes
bearing terpyridine and acetylide ligands, [Pt ACHTUNGTRENNUNG(Y3tpy)-
(C�CR)]+ . It has been reported that rotation about the
metal–carbon bond in metal–acetylide complexes[18] is essen-
tially frictionless at ambient temperature due to the cylindri-
cal symmetry of the triple bond, which is able to maintain
conjugation between the metal and the aromatic plane irre-
spective of their relative orientations. Thus, it can adopt con-
formations coplanar (“cop”) or perpendicular (“per”) to the
terpyridine ligand in [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ . The lowest ab-
sorption energy, l1, is derived from the 1[pACHTUNGTRENNUNG(C�CAr)!p*-ACHTUNGTRENNUNG(H3tpy)] excited state with the “cop” conformation, whereas
the second lowest absorption energy, l2, is from mixed
1[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)]/1[p ACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)] excited states with
the “per” conformation. Such an assignment is also in ac-
cordance with the significant solvatochromic effects of l1

and only a slight blueshift in l2 upon increase in solvent po-
larity. The emissions of the alkyl–acetylide complexes of [Pt-ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+ are due to mixed 3[dp(Pt)!p* ACHTUNGTRENNUNG(tpy)]/3[p-ACHTUNGTRENNUNG(C�C)!p* ACHTUNGTRENNUNG(tpy)] excited states; however, the emissions of
the aryl analogues were found to originate from the 3[p-
(C�CAr)!p* ACHTUNGTRENNUNG(H3tpy)] excited states.

It was demonstrated that the photophysical properties of
[Pt ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-X-4}]+ complexes show
different chain length n dependence: when X=H, l1 shows
a redshift with n, but, when X=N ACHTUNGTRENNUNG(CH3)2, l1 shows a blue-
shift with n. This is due to the different nature of the
HOMO of these two series of complexes. For the X=H
series, the HOMO is fully delocalized over the entire aryl–
acetylide ligand, but, for the X= N ACHTUNGTRENNUNG(CH3)2 series, the HOMO
is localized on the C6H4-N ACHTUNGTRENNUNG(CH3)2-4 moiety. Upon addition
of acid, the amine substituent no longer contributes to the
HOMO, and the HOMO of the protonated form of the X=

N ACHTUNGTRENNUNG(CH3)2 series become delocalized over the entire aryl–ace-
tylide ligand, similar to those of the X=H series, and hence
the amine series also has a redshift in l1 with increasing
chain length n after addition of acid.

As reported in the literature, [Pt ACHTUNGTRENNUNG(tBu3tpy)(C�C-C6H4-X-
4)]+ bearing amine substituents (X= NH2 and N ACHTUNGTRENNUNG(CH3)2) are
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nonemissive at room temperature in CH2Cl2. However, [Pt-ACHTUNGTRENNUNG(tBu3tpy) ACHTUNGTRENNUNG{C�C ACHTUNGTRENNUNG(C6H4C�C)n�1C6H4-N ACHTUNGTRENNUNG(CH3)2-4}]+ are weakly
emissive under similar conditions and all of the amine-bear-
ing aryl–acetylide complexes become emissive at 298 K
upon addition of acid. This photophysical behavior could be
explained by invoking the energy gap law, in which the
energy gap between the singlet ground state and the first
triplet excited state is the smallest when n=1 and this gap
increases with increase in chain length n and upon addition
of acid.

Experimental Section

General : [Pt ACHTUNGTRENNUNG(tBu3tpy)Cl]ClO4
[10] and acetylenes[11] were prepared accord-

ing to literature methods. (Caution: perchlorate salts are potentially ex-
plosive and should be handled with care and in small amounts.) [Pt-ACHTUNGTRENNUNG(Cl3tpy)Cl]OTf was synthesized by modification of a literature method.[9]

The solvents used for synthesis were of analytical grade and purified ac-
cording to conventional methods.[29] All solvents for photophysical studies
were of HPLC grade. Fast atom bombardment (FAB) mass spectra were
obtained on a Finnigan Mat 95 mass spectrometer with a 3-nitrobenzyl
alcohol matrix. 1H (500 MHz), 13C (126 MHz) and 19F (376 MHz) NMR
measurements were performed on a Bruker DPX 500 FT-NMR spec-
trometer with tetramethylsilane (1H and 13C) and CF3COOH (19F) as ref-
erences. Elemental analyses were performed by the Institute of Chemis-
try at the Chinese Academy of Sciences, Beijing. Infrared spectra were
recorded on a Bio-Rad FT-IR spectrophotometer. UV/Vis spectra were
recorded on a Perkin–Elmer Lambda 19 UV/Vis spectrophotometer or
on a Hewlett–Packard 8453 spectrophotometer. The [Pt ACHTUNGTRENNUNG(Y3tpy) ACHTUNGTRENNUNG(C�CR)]+

complexes were prepared following the cross-coupling reactions of [Pt-ACHTUNGTRENNUNG(Y3tpy)Cl]+ with HC�CR, details of which are given in the Supporting
Information.

Emission and lifetime measurements : Steady-state excitation and emis-
sion spectra were recorded on a SPEX 1681 Fluorolog-2 Model F111AI
spectrophotometer. Solution samples for measurements were degassed
with at least four freeze-pump-thaw cycles. Low-temperature (77 K)
emission spectra for glassy and solid-state samples were recorded in
5 mm diameter quartz tubes, which were placed in a liquid nitrogen
Dewar equipped with quartz windows. The emission spectra were cor-
rected for monochromator and photomultiplier efficiency and for xenon
lamp stability. Emission lifetime measurements were performed with a
Quanta Ray DCR-3 pulsed Nd:YAG laser system (pulse output 355 nm,
8 ns). The emission signals were detected by a Hamamatsu R928 photo-
multiplier tube and recorded on a Tektronix TDS 350 oscilloscope.
Errors for l values (�1 nm), t (�10%), F (�10 %) were estimated. The
emission quantum yields were determined using the method of Demas
and Crosby[28] with [Ru ACHTUNGTRENNUNG(bpy)3]PF6 in degassed CH3CN as a standard ref-
erence solution (Fr =0.062).

Computational details : The 18-valence electron Stuttgart small core rela-
tivistic pseudo-potentials with their corresponding optimized set of basis
functions were employed for the Pt atom[19] with all other atoms using
the standard split-valence 6–31G* basis set[20] for all calculations. The cal-
culated wavelength value is labeled as lcalcd. The tert-butyl groups on the
Y3tpy ligand are replaced by hydrogen atoms (H3tpy) to save computa-
tional cost. The singlet ground (S0) and the lowest triplet (T1) excited
states were partially optimized using the density functional theory (DFT)
method with the aryl–acetylide ligand being constraint to be coplanar
(“cop”) and perpendicular to (“per”) the tpy ligand. The low-lying S0–Sn

transition energies at the optimized singlet ground states were calculated
using time-dependent density functional theory (TDDFT).[21] The electro-
static solvent effect was taken into account in the excitation energy calcu-
lations using the polarizable continuum model (PCM)[22] with the solva-
tion energies evaluated by a cavity model, namely, the united atoms
topological model.[23] The density functional PBE1PBE[24] was employed
for both geometry optimizations and excited state calculations. This func-

tion has been shown to reproduce charge transfer bands in metal com-
plexes in both the gas phase[25] and in solution.[26] All calculations were
performed using the Gaussian 03 program package.[27] RR spectra were
acquired by using the apparatus and methods previously detailed in refer-
ences [8] and [30].
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