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Table S1. TD-DFT G03/PBE0/PCM-DMF calculated singlet electronic transitions of 
[Re(imH)(CO)3(N,N)]+ (top) and [Re(Cl)(CO)3(N,N)] (bottom) with oscillator strength larger 
than 0.001. Transition energies in eV, corresponding wavelengths (nm) in parenthesis. Molar 
absorptivities in M–1cm–1. Transitions originate in the a1A' ground state. Relevant frontier 
orbitals are depicted in Figure S2. 
 

State Main components (%) Calculated 
transitions 

Osc. 
Str. 

Expt. 
Transitions 

Molar 
abs. 

[Re(imH)(CO)3(phen)]+ 
a1A" 98 (HOMO→LUMO) 3.07 (404) 0.003   
b1A' 72 (HOMO-1→LUMO) 

20 (HOMO→LUMO+1) 
7 (HOMO-2→LUMO) 

3.37 (368) 0.054 

c1A' 75 (HOMO-2→LUMO) 
24 (HOMO-1→LUMO) 

3.53 (351) 0.109 

3.40a, 3.76 
(~365, 330) 
 

~4000 

g1A" Mixed π – π* 4.69 (264) 0.174 
f1A' Mixed π – π* 4.74 (262) 0.137 

4.48 
(277) ~2×104 

h1A" Mixed π – π* 4.84 (256) 0.429   
[Re(imH)(CO)3(dmp)]+ 

a1A" 98 (HOMO→LUMO) 3.22 (384) 0.003   
c1A' 52 (HOMO-1→LUMO)  

24 (HOMO→LUMO+1) 
23 (HOMO-2→LUMO) 

3.56 (348) 0.118 

d1A' 76 (HOMO-2→LUMO) 
17 (HOMO-1→LUMO)  

3.63 (341) 0.075 

b1A" 90 (HOMO-
1→LUMO+1) 

3.74 (332)  0.066 

3.40-3.87a 
(365-320) 

 

g1A" Mixed π – π* 4.69 (264) 0.256 
f1A' Mixed π – π* 4.71 (263) 0.194 

4.49 
(276) 

 

h1A" Mixed π – π* 4.84 (256) 0.392   
[Re(imH)(CO)3(bpy)]+ 

a1A" 97 (HOMO→LUMO) 3.03 (409) 0.004   
b1A' 72 (HOMO-1→LUMO);  

27 (HOMO-2→LUMO) 
3.36 (369) 0.042  

c1A' 73 (HOMO-2→LUMO); 
 26 (HOMO-1→LUMO) 

3.46 (358) 0.067 
3.53a 
(351)  

d1A' Mixed π – π* 4.32 (285)  0.029  
d1A" Mixed π – π* 4.34 (286) 0.259 

3.86, 3.99 
(321, 311)  

 



 

State Main components (%) Calculated 
transitions Osc. Str. Expt. 

transitions 
Molar 
abs. 

[Re(Cl)(CO)3(phen)] 
a1A“ 98 (HOMO→LUMO) 2.97 (418) 0.002   
b1A‘ 90 (HOMO-1→LUMO) 

10 (HOMO→LUMO+1) 
3.13 (396) 0.077 

c1A’ 90 (HOMO→LUMO+1)  
10 (HOMO-1→LUMO) 

3.24 (371) 0.032 

b1A” 95 (HOMO-1→LUMO+1) 3.44 (361) 0.023 

3.39 (366)a 4000b 

g1A” Mixed π – π* 4.71 (263) 0.073 
f1A’ Mixed π – π* 4.78 (260) 0.085 4.25 (292sh)  

h1A” Mixed π – π* 4.85 (256) 0.469 4.61 (269) 30620b 
[Re(Cl)(CO)3(dmp)] 

a1A“ 98 (HOMO→LUMO) 3.11 (399) 0.002   
b1A‘ 71 (HOMO-1→LUMO)  

27 (HOMO→LUMO+1) 
3.24 (383) 0.059 

c1A’ 71 (HOMO→LUMO+1) 
27 (HOMO-1→LUMO) 

3.34 (372) 0.071 

c1A’ 90 (HOMO-1→LUMO+1) 3.41 (364) 0.037 

3.48 (356)a 
 

 

g1A” Mixed π – π* 4.58 (271) 0.087  
f1A’ Mixed π – π* 4.69 (264) 0.144 

4.29, 4.59 
(289sh, 270)  

h1A” Mixed π – π* 4.89 (254) 0.345 4.86 (255)  
[Re(Cl)(CO)3(bpy)] 

a1A“ 98 (HOMO→LUMO) 2.94 (422) 0.003   
b1A‘ 97 (HOMO-1→LUMO) 3.12 (397) 0.078 3.35 (370)a 2450c 
c1A‘ 90 (HOMO-1→LUMO+1) 4.20 (295) 0.043  
d1A’ 75 (HOMO-2→LUMO+1) 4.24 (292)  0.019  
e1A’ 75 (HOMO-2→LUMO+2) 4.40 (282)  0.029 

3.90, 4.23 
(318, 293) 

 
d1A” Mixed π – π* 4.44 (279) 0.358 4.88 (254)  

a Broad band tailing to ~430 nm. b From Worl, L. A.; Duesing, R.; Chen, P.; Della Ciana, L.; 
Meyer, T. J. J. Chem. Soc. Dalton Trans. 1991, 849-858. c From Worl, L. A.; Duesing, R.; Chen, 
P.; Della Ciana, L.; Meyer, T. J. J. Chem. Soc. Dalton Trans. 1991, 849-858. 
 



Table S2. TD-DFT G03/PBE0/PCM-DMF calculated triplet electronic transitions of 
[Re(imH)(CO)3(N,N)]+ (top) and  [Re(Cl)(CO)3(N,N)] (bottom). Transition energies in eV, 
corresponding wavelengths (nm) in parenthesis. Transitions originate in the a1A' ground state. 
Relevant frontier orbitals are depicted in Figure S2. 
 

State Main components (%) Calculated 
transitions 

[Re(imH)(CO)3(phen)]+ 
a3A" 36 (HOMO→LUMO);  30(HOMO-4→ LUMO+1)  

20 (HOMO-1→LUMO+1) 
2.65 (467) 

a3A' 76 (HOMO-1→LUMO) 2.94 (422) 
b3A" 50 (HOMO→LUMO); 30(HOMO-4→ LUMO+1) 3.06 (406) 
b3A’ 62 (HOMO-3→LUMO); 19(HOMO→ LUMO+1) 3.37 (367) 

[Re(imH)(CO)3(dmp)]+ 
a3A" 34 (HOMO-1→LUMO+1) 34(HOMO-4→ LUMO+1) 

29 (HOMO→ LUMO) 
2.66 (467) 

a3A' 71 (HOMO-1→LUMO) 2.98 (416) 
b3A" 74 (HOMO→ LUMO) 3.14 (394) 
b3A' 81 (HOMO→ LUMO+1) 3.42 (362) 

[Re(imH)(CO)3(bpy)]+ 
a3A" 74 (HOMO→LUMO); 21 (HOMO-4→ LUMO) 2.77 (448) 
a3A' 80 (HOMO-1→LUMO) 3.09 (401) 
b3A” 55 (HOMO-4→ LUMO); 25 (HOMO→LUMO) 3.17 (391) 
b3A' 91 (HOMO-2→ LUMO) 3.36 (369) 

 
State Main components (%) Calculated 

transitions 
[Re(Cl)(CO)3(phen)] 

a3A" 37 (HOMO→LUMO);  35(HOMO-4→ LUMO+1)  2.63 (470) 
a3A' 85 (HOMO-1→LUMO) 2.85 (435) 
b3A" 60 (HOMO→LUMO); 21(HOMO-4→ LUMO+1) 2.96 (418) 
b3A' 85 (HOMO-3→LUMO) 3.25 (381) 

[Re(Cl)(CO)3(dmp)] 
a3A" 30 (HOMO-1→LUMO+1) 36(HOMO-4→ LUMO+1) 

20 (HOMO→ LUMO) 
2.63 (471) 

a3A' 73 (HOMO-1→LUMO) 2.91 (426) 
b3A" 78 (HOMO→ LUMO) 3.04 (407) 
b3A' 87 (HOMO→LUMO+1) 3.25 (381) 

[Re(Cl)(CO)3(bpy)] 
a3A" 83 (HOMO→LUMO) 2.75 (451) 
b3A" 93 (HOMO-1→LUMO) 2.90 (427) 
b3A' 67 (HOMO-3→ LUMO+1); 22 (HOMO→LUMO) 3.13 (397) 
b3A' 92 (HOMO-2→LUMO) 3.37 (368) 



Table S3. TD-DFT PBE0/PCM-DMF calculated triplet-triplet excitation energies (eV) for 
[Re(imH)(CO)3(N,N)]+ (top) and [Re(Cl)(CO)3(N,N)] (bottom) with oscillator strengths larger 
than 0.01. Transitions originate in the UKS-optimized lowest triplet a3A. 
 

[Re(imH)(CO)3(N,N)]+ 

 
N,N 

Final 
State Main contributing excitations Assignment 

Transition 
energy 
eV (nm) 

Osc. 
Str. 

Expt. 
 

eV (nm) 
b3A (90β → 93β)(89β → 93β)  0.72 (1720) 0.014  
c3A (92β → 93β) (91β → 93β)  1.29 (959) 0.033  
d3A (88α → 93α)    1.87 (664) 0.019  
e3A (94α → 97α)   LMCT(phen•-, imH) 1.95 (635) 0.036 
f3A (94α → 99α)   LMCT(phen•-) 2.47 (502) 0.017 
g3A (94α → 101α)   LMCT(phen•-, imH) 2.89 (429) 0.019 
h3A (94α → 102α) (94α → 102α)    LMCT(phen•-) 2.93 (423) 0.063 
i3A mixed   LMCT(phen•-, imH) 3.01 (411) 0.024 

2.18-2.70 
(570-460) 

j3A (92β → 94β)   LMCT(phen•-) 3.12 (398) 0.031 
k3A (85α → 95α)   LMCT(phen•-, imH) 3.54 (351) 0.034 

~3.31 (~375) 

l3A (83α → 93α)   LMCT(phen•-, imH) 3.84 (323) 0.048  
m3A Mixed MLCT + ππ*( phen•-) 4.43 (279) 0.199 

 
 
 
 
 
phen 

n3A Mixed MLCT + ππ*( phen•-) 4.48 (275) 0.275 
4.08 (304) 

b3A (97β → 101β)(98β → 101β)  0.84 (1477) 0.010  
c3A (97β → 101β)(99β → 101β)  1.24 (1001) 0.089  
d3A (102α → 104α)    1.85 (668) 0.014  
e3A (102α → 105α)   LMCT(dmp•-, imH) 1.97 (630) 0.045 
f3A (102α → 107α)   LMCT(dmp•-) 2.54 (502) 0.025 
g3A (94β → 101β) LMCT(dmp•-) 2.84 (436) 0.021 
h3A (94α → 101α)   LMCT(dmp•-) 2.89 (429) 0.019 
i3A (102α → 109α) (102α → 110α)   LMCT(dmp•-, imH) 2.91 (426) 0.103 
j3A mixed   LMCT(dmp•-, imH) 3.04 (408) 0.023 

2.18-2.76 
(570-450) 

k3A (93β → 101β)   LMCT(dmp•-) 3.27 (378) 0.015  
l3A (102α → 113α)   LMCT(dmp•-, imH) 3.49 (355) 0.022  
m3A (100β → 102β)(100β → 103β)    LMCT(dmp•-, imH) 3.61 (343) 0.033  
n3A Mixed MLCT + ππ*( dmp•-) 4.24 (292) 0.133 
o3A Mixed MLCT + ππ*( dmp•-) 4.26 (291) 0.071 

 
 
 
 
 
 
 
 
 
dmp 

p3A Mixed MLCT + ππ*( dmp•-) 4.39 (282) 0.292 
4.08 (304) 

b3A (85α → 86α)  1.03 (1200) 0.010  
c3A (88α → 90α)  1.60 (774) 0.018  
d3A (88α → 91α)  1.66 (745) 0.035  
e3A (88α → 94α) LMCT(bpy•-) 2.01 (617) 0.044  
g3A (88α → 93α)(80β → 87β) LMCT(bpy•-) 2.79 (444) 0.019 
h3A (88α → 93α)(80β → 87β) LMCT(bpy•-) 2.82 (439) 0.024 
i3A (88α → 99α)(86β → 88β) LMCT(bpy•-, imH) 3.12 (397) 0.030 

2.75, 2.92 
(451, 425) 

k3A Mixed ππ*( bpy•-) + MLCT 3.59 (345) 0.146 

 
 
 
 
 
bpy 

l3A Mixed ππ*( bpy•-) + MLCT 3.65 (340) 0.304 
3.38 (367) 

  



[Re(Cl)(CO)3(N,N)] 

 
N,N 

Final 
State Main contributing excitations Assignment 

Transition 
energy 
eV (nm) 

Osc. 
Str. 

Expt. 
 

eV (nm) 
b3A (85α → 86α)  0.75 (1645) 0.012  
c3A (82β → 84β) (83β → 84β)  1.37 (906) 0.040  
d3A (85α → 87α)    1.87 (664) 0.025  
e3A (85α → 88α)   LMCT(phen•-, Cl) 1.98 (626) 0.029 
f3A (79β → 84β)   LMCT(phen•-) 2.46 (504) 0.015 
g3A (85α → 91α)   LMCT(phen•-, Cl) 2.68 (463) 0.028 
h3A (85α → 92α)  LMCT(phen•-) 2.77 (447) 0.035 
i3A mixed   LMCT(phen•-, Cl) 3.12 (398) 0.027 
j3A (85α → 95α)   LMCT(phen•-) 3.31 (375) 0.060 

2.64, 2.19 
(470, 565sh) 

k3A Mixed LMCT(phen•-, Cl) 3.65 (339) 0.016 
l3A Mixed LMCT(phen•-, Cl) 3.68 (337) 0.015 
m3A Mixed MLCT + ππ*( phen•-) 4.25 (292) 0.036 
n3A Mixed MLCT + ππ*( phen•-) 4.35 (285) 0.162 

 
 
 
 
 
phen 

o3A Mixed ππ*( phen•-) 4.54 (273) 0.110 

4.13, 4.04, 3.97 
(300sh, 307, 312sh) 

b3A (93α → 94α)  0.65 (1906) 0.007  
c3A (90β → 92β)(91β → 92β)  1.32 (940) 0.056  
d3A (93α → 95α)    1.79 (691) 0.025  
e3A (93α → 96α)   LMCT(dmp•-, Cl) 1.89 (657) 0.032  
f3A (93α → 98α)   LMCT(dmp•-) 2.52 (492) 0.027 
g3A (86β → 92β) LMCT(dmp•-) 2.63 (472) 0.017 
i3A (93α → 101α)    LMCT(dmp•-, Cl) 2.79 (444) 0.068 
j3A (85β → 92β) LMCT(dmp•-, Cl) 3.07 (404) 0.026 
k3A (84β → 92β)   LMCT(dmp•-) 3.24 (383) 0.034 
l3A (93α → 103α)   LMCT(dmp•-, Cl) 3.28 (378) 0.048 

2.65, 2.19  
(467, 565sh)  

m3A (100β → 102β)(100β → 103β)    LMCT(dmp•-, Cl) 3.68 (337) 0.013 
n3A Mixed MLCT + ππ*( dmp•-) 4.16 (298) 0.074 
o3A Mixed MLCT + ππ*( dmp•-) 4.24 (292) 0.058 

 
 
 
 
 
 
 
 
 
dmp 

p3A Mixed ππ*( dmp•-) 4.29 (289) 0.051 

4.13, 4.04, 3.97 
(300sh, 307, 312sh) 

 

b3A (77β → 78β)  1.14 (1091) 0.009  
c3A (79α → 80α)  1.53 (807) 0.026  
d3A (79α → 82α)  1.63 (763) 0.032  
e3A (74β → 78β) LMCT(bpy•-) 2.35 (526) 0.030 
f3A (79α → 84α) LMCT(bpy•-) 2.64 (470) 0.014 
g3A (79α → 85α) LMCT(bpy•-) 2.73 (455) 0.013 

2.58 (480) 

h3A (79α → 89α) LMCT(bpy•-, Cl) 3.03 (409) 0.041  
i3A Mixed LMCT + ππ*( bpy•-) 3.53 (351) 0.114 

 
 
 
 
 
bpy 

j3A Mixed LMCT + ππ*( bpy•-) 3.62 (342) 0.294 
3.32 (373) 
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Figure S1. Time dependence of the band area of the minor (black) and major (red) excited-state 
A'(1) bands of [Re(Cl)(CO)3(dmp)]. Data obtained by band-shape fitting of the TRIR spectra, see 
the text. 
 
 

 
 

Figure S2A. Frontier molecular orbitals involved in TD DFT calculated lowest singlet and triplet 
transitions of [Re(im)(CO)3(dmp)]+ (bottom) presented in Tables S1 and S2. PBE0/PCM(for 
DMF) calculation. MO's of other investigated imH complexes are similar. 
 



 
 

Figure S2B. Frontier molecular orbitals involved in TD DFT calculated lowest singlet and triplet 
transitions of [Re(Cl)(CO)3(N,N)] presented in Tables S1 and S2. PBE0/PCM(for DMF) 
calculation. MO's of other investigated imH complexes are similar. 
 
 

 
 
Figure S3. Electron-density differences upon three intense transitions from the lowest triplet 
state a3A of [Re(imH)(CO)3(phen)]+, expected in the visible part of the TA spectrum. Regions of 
decreasing and increasing electron density are displayed in blue and red, respectively. The 
transitions are described in Table S3. TD DFT (PBE0/PCM-DMF) calculation. 



 
 
Figure S4. Comparison of simulated UV-vis excited-state absorption spectra of a) 
[Re(imH)(CO)3(bpy)]+, b) [Re(imH)(CO)3(phen)]+. Open-shell TD-DFT (PBE0/CPCM-DMF), 
included all transitions calulated in the range 200 - 800 nm, 0.3 fwhm. 
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