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Tables 
 

Table S1. Angles between the project of the Nε-Cε1 (the C atom between the two imidazole 
nitrogens) of the his imidazole into the Re(CO)2(N,N) plane and the line bisecting the angle 

between the two equatorial carbonyls. (Angle of 0 ° corresponds to Cε1 lying in the symmetry 
plane of the Re(CO)2(N,N) moiety, pointing between the carbonyls.) Values are in degrees. 
 

Re-azurin angle for each unique molecule in the asymmetric unit 
83-phen 3 355   
124-phen 35 93   
107-dmp 261 130   
109-phen 286a 93a 260b 78b 
126phen 281 279 129 280 

a,b Data correspond to the two 109-phen isomers. 
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Table S2. DFT (PBE0/CPCM-H2O) calculated spectroscopically relevant Kohn-Sham molecular 
orbitals of Re(Etim), conformation A.  
 

MO E (eV) 
Prevailing 
character 

Re phen COax 2COeq Etim 

Unoccupied        

105a  -0.80 Re + CO 31 5 16 47 1 

104a -1.02 π∗ phen 2 92 0 5 1 

103a  -2.22 π∗  phen 0 99 0 0 0 

102a  -2.49 π∗  phen 3 93 0 4 1 

Occupied        

101a  -6.66 Re 45 11 9 10 25 

100a  -6.83 Re 62 8 13 13 4 

99a  -7.06 Re + Et-im 32 4 1 13 50 

98a    -7.12 Re 47 4 2 19 27 

97a  -7.49 π phen 7 86 1 1 4 

96a  -7.82 phen 2 98 0 0 0 

 
Table S3. DFT (PBE0/CPCM-H2O) calculated spectroscopically relevant Kohn-Sham molecular 
orbitals of Re(Etim), conformation B.a 
 

MO E (eV) 
Prevailing 
character 

Re phen COax 2COeq Etim 

Unoccupied        

105a  -0.83 Re + CO 28 5 16 43 7 

104a -1.05 π∗ phen 2 91 0 5 1 

103a  -2.24 π∗  phen 1 99 0 1 0 

102a  -2.51 π∗  phen 3 93 0 3 1 

Occupied        

101a  -6.64 Re 54 4 13 12 16 

100a  -6.87 Re 55 21 10 13 1 

99a  -7.03 Re 7 2 1 2 88 

98a    -7.08 Re 64 4 1 28 3 

97a  -7.55 π phen 12 83 2 2 1 

96a  -7.84 π phen 1 98 0 0 1 
a To determine the molecular structure, the angle between the im plane and the symmetry plane 

of the Re(CO)3(phen) unit was fixed at 90° and remaining structural parameters were optimized. 
Full ground-state geometry optimization of B in H2O did not converge.  
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Table S4. TD-DFT (PBE0/CPCM-H2O) calculated lowest singlet electronic transitions of Re(Etim) 
(conformation B

a
) with oscillator strength larger than 0.001. (Transition energies in eV, the corresponding 

wavelength (nm) in parenthesis. Molar absorptivity in M
-1

cm
-1

) Experimental data are for Re(im).
1
 

 

State Main components (%) 
Calculated 
transitions 

Osc. 
Str. 

Expt. 
transitions 

Molar 
abs. 

b1A, MLCT 
90 (101a→102a) 3.32 (373) 0.073 3.40 (365) ~3500 

c1A, MLCT 
91 (100a→102a) 3.37 (367) 0.028 3.40 (365) ~3500 

d1A, MLCT 
92 (101a→103a) 3.66 (339) 0.024 3.76 (330)  

e1A, MLCT 
91 (100a→103a) 3.76 (330) 0.015 3.76 (330)  

a To determine the molecular structure, the angle between the im plane and the symmetry plane 

of the Re(CO)3(phen) unit was fixed at 90° and remaining structural parameters were optimized. 
Full ground-state geometry optimization of B in H2O did not converge.  
 
 
 
 
 
 
Table S5. TD-DFT PBE0/CPCM (H2O) calculated lowest singlet electronic transitions of 
Re(Etim) (conformation A) with oscillator strength larger than 0.001. (Transition energies in eV, 
the corresponding wavelength (nm) in parenthesis. Molar absorptivity in M-1cm-1) Experimental 
data are for Re(im).1 
 

State Main components (%) 
Calculated 
transitions 

Osc. 
Str. 

Expt. 
transitions 

Molar 
abs. 

b1A, MLCT 
99 (101a→102a) 3.17 (390) 0.002   

c1A, MLCT 
85 (100a→102a) 3.47 (358) 0.068 3.40 (365) ~3500 

d1A, MLCT 
80 (101a→103a) 3.62 (342) 0.093 3.76 (330)  

 
 
 
 
 
 

Table S6. ν(CO) IR bands of Re(Etim) in the ground state and the lowest triplet excited state. ∆ 

= shift of the IR band upon excitation, Values in cm-1. (∆ values for the conformation B are not 
available since the ground-state calculation of B did not converge.) 
 

 Ground state Excited state ∆ 

 Exp. 
Calc.

a
  

A-vac 
Calc.

b
  

A-H2O
 Exp. 

Calc
a
 

A-vac 
Calc.

b
 

A-H2O
 

Calc.
b
 

B-H2O 
Exp. 

Calc.
a
 

A-vac 
Calc.

b
 

A-H2O 

A” 1925 1920 1924 1968 1947 1977 1972 43 27 53 

A’(2) 1925 1929 1925 2013 1979 2025 2014 88 50 100 

A’(1) 2032 2000 2053 2072 2021 2084 2059 40 21 31 
a in vacuo calculated values (scaling factor 0.9285) 
b PBE0/CPCM-H2O, calculated values (scaling factor 0.9725) 
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Table S7. Stretched-exponential (eq. 5) dynamic shift parameters of the A’(1) ν(CO) band of Re-

azurins in KPi (D2O, pD ~ 7.1) buffer at 21 °C. Re-azurin concentrations are in the range 3.5-6 
mM. Parameters are based on Gaussian band-shape fitting of 83-phen, 109-phen, 107-dmp 
126-phen, and asymmetric log-norm fitting of 124-phen. Two sets of results are presented for 
107-dmp based on spectra obtained with 4.5-5.5 cm-1 resolution (LR) and 2-3 cm-1 resolution 
(HR). Kinetics fitting was begun at 2 ps, except 126-phen that is fitted from 1 ps. Only a low-
quality fit was obtained for 126-phen. 
 

 109
a
 83

a
 124 126 

107 
LR, 3-exp 

107 
HR 

A1 3.4±0.1 5.0±0.2 11.7±0.1 3.8±0.2 3.4±0.3 2.0±0.1 

A2 51.1±10.0 28.0±10.0 37.5±13.6 43.9±19.5 19.0±7.2 9.5±2.0 

τ1 327±25 297±36 540.6±11.4 346±61 131±24 243±38 

β 0.4±0.04 0.5±0.1 0.48±0.1 0.4±0.1 0.8±0.2 0.6±0.1 

τ2 0.6±0.26 1.4±0.8 0.87±0.6 0.6±0.6 2.3±1.0 3.3±1.1 

 
a Based on TRIR spectra reported before2 which were re-fitted with Gaussian functions  and tri-
exponential kinetics. Therefore, the kinetics data presented herein are somewhat different from 
those in ref.2 where Lorentzian fitting and bi-exponential kinetics were used.  
 

 

 
 
 
 
Table S8. Dynamic shift parameters of the A'(1) ν(CO) bands of 107-dmp, 124-phen, and 126-

phen in KPi (D2O, pD ~ 7.1) buffer measured as a function of the azurin concentration at 21 °C. 
Parameters are based on Gaussian band-shape fitting of high-resolution TRIR spectra of 107-
dmp and 126-phen, and asymmetric log-norm fitting (eq. 3) of high-resolution TRIR spectra of 
124-phen. Kinetics fitting was begun at 2 ps, except 126-phen that is fitted from 1 ps. 
 

 
107 

5.7 mM 
107 

1.9 mM 
107 

0.5 mM 
124 

4.3 mm 
124 

1.1 mM 
124 

0.5 mM 
126 

3.5 mM 
126 

0.7 mM 
126 

0.4 mM 

ννννGS, cm
-1 2028 2028 2028 2028.9 2028.9 2028.9 2030.8 2030.8 2030.3 

νννν(∞∞∞∞), cm
-1 2050.1 2050.4 2051.48 2067.4 2067.19 2067.3 2066.4 2065.3 2062.6 

A1
 2.0±0.1 2.2±0.1 2.5±0.1 11.7±0.1 10.9±0.1 11.0±0.2 3.8±0.2 3.4±0.2 3.0±0.3 

A2
 9.5±2.0 6.2±0.7 5.2±0.6 37.5±13.6 37.2±17.0 34.6±27.2 64.8±40 102±71 37.3±17 

τ1 243±38 192±29 271±45 540.6±11.4 498.0±14.7 541.9±25.7 491±76 383±65 222±53 

β 0.6±0.1 1.1±0.2 1.4±0.3 0.48±0.1 0.48±0.1 0.46±0.2 0.35±0.1 0.35±0.1 0.54±0.2 

τ2 3.3±1.1 6.1±0.6 6.7±0.7 0.87±0.6 0.90±0.7 0.86±1.3 0.26±0.4 0.16±0.3 0.97±0.8 
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FIGURES 
 

 
 
 

 
 
Figure S1. DFT/PBE0 in vacuo optimized ground-state (a1A) molecular structure of Re(Etim). 
The imidazole plane approximately coincides with the Re(CO)2(N,N) symmetry plane, bisecting 
the angle between the two equatorial carbonyls. Conformation C lies lower in energy by 0.027 

eV (∆G°). 
 
 
 

 
 
Figure S2. PBE0/CPCM-H20 optimized ground-state (a1A) molecular structure of Re(Etim). The 

angle between the project of the Nε-Cε1 (the C atom between the two imidazole nitrogens) of the 
his imidazole into the Re(CO)2(N,N) plane and the line bisecting the angle between the two 
equatorial carbonyls is 179.0o. No convergent solution was found for other possible 
conformations in H2O. 
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Figure S3. DFT/PBE0 in vacuo optimized molecular structures of the Re(Etim) lowest excited 

state a3A (3MLCT). The angles between the project of the Nε-Cε1 (the C atom between the two 
imidazole nitrogens) of the his imidazole into the Re(CO)2(N,N) plane and the line bisecting the 
angle between the two equatorial carbonyls are 164.8o and 346.0o for conformations A and C, 

respectively. Conformation C lies lower in energy by 0.035 eV (∆G°). 
 
 
 

 

Figure S4. PBE0/CPCM-H2O optimized molecular structures of the Re(Etim) lowest excited 

state a3A (3MLCT). The angles between the project of the Nε-Cε1 (the C atom between the two 
imidazole nitrogens) of the his imidazole into the Re(CO)2(N,N) plane and the line bisecting the 
angle between the two equatorial carbonyls are 172.0o and 96.6o for conformations A and B, 

respectively. Conformation B lies lower in energy by 0.026 eV (∆G°).   
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Figure S5. Time dependence of the peak energy of the A’(1) ν(CO) band of 107-dmp measured 
at different concentrations: 5.7 mM (black), 1.7 mM (red), 0.5 mM (blue) The curves are the 
triexponential fits (eq. 1) with parameters from Table 5.  
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Figure S6. Time dependence of the peak energy of the A’(1) ν(CO) band of 124-phen 
measured at different concentrations: 4.3 mM (blue), 1.1 mM (red), 0.5 mM (black) The curves 
are the triexponential fits (eq. 1) with parameters from Table 5.  
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Figure S7. Time dependence of the peak energy of the A’(1) ν(CO) band of 126-phen 
measured at different concentrations: 4.0 mM (black), 0.8 mM (red), 0.4 mM (blue) The curves 
are the triexponential fits (eq. 1) with parameters from Table 5.  
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