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I. THEORETICAL CALCULATIONS: 

 

Geometry optimization of all His, Phe, and Tyr residues were accomplish using density 

functional theory (DFT) 
1, 2

 at the B3LYP/6-311G(d) and CAM-B3LYP/6-311G(d) 
3-7

 level of 

theory. Excited-states energies (νi), oscillator strengths (fi) and velocity rotatory strengths (Ri) 

were calculated for the first 80 electronic excited states computed via time dependent-DFT (TD-

DFT) 
1, 2

, at the same level of theory as for the geometry optimizations. Calculations were 

achieved in gas phase employing Gaussian 09 
8
. 

OPA spectra were calculated by a Gaussian broadening of the oscillator strength according to 

9
:  
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while ECD spectra were obtained from the velocity rotatory strength applying the Harada-

Nakanishi equations 
10

:  
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where the i subscript denotes to the particular excited state; vi is the transition frequency (cm
-1

) of 

the excited state of interest, v is the incident radiation frequency (in cm
-1

),  is the linewidth in 

wavenumber (1000 cm
-1

 at HW1/eM), fi is the oscillator strength (dimensionless) and Ri is the 

velocity rotatory strength (erg.esu.cm/Gauss) for the corresponding transition. The values of 

 i v  and  i v  have units of l.mol
-1

.cm
-1

. 
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Figure S1. Comparative theoretical-experimental ECD plots of L-Alanine (L-Ala), L-Leucine 

(L-Leu), and L-Valine (L-Val) down to 150 nm (The experimental data was imported from 

reference 11). L-Ala (B3LYP spectrum blue shifted +30 nm and CAM-B3LYP spectrum blue 

shifted +40 nm); L-Leu (middle) (B3LYP spectrum blue shifted +8 nm and CAM-B3LYP 

spectrum blue shifted +28 nm); L-Val (top) (B3LYP spectrum blue shifted +20 nm and CAM-

B3LYP spectrum blue shifted +40 nm). Theoretical calculations were performed with B3LYP/6-

311G* and CAM-B3LYP/6-311G* over the first 20 excited states.  

 



Figure S2. Comparative plots of TPA (top left), TPCD (top right), OPA (bottom left), and ECD 

(bottom right) spectra of all six His residues in their corresponding random-coil (red dotted line), 

-helix (black solid line) and -strand (blue dashed line) conformations for the lowest 80 

electronic excited states of all optimized structures were computed with TD-DFT/ CAM-

B3LYP/6-311G(d). Shaded area indicates where ECD is truly functional. 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



Figure S3. Comparative plots of TPA (top left), TPCD (top right), OPA (bottom left), and ECD 

(bottom right) spectra of all six Tyr residues in their corresponding random-coil (red dotted line), 

-helix (black solid line) and -strand (blue dashed line) conformations for the lowest 80 

electronic excited states of all optimized structures were computed with TD-DFT/ CAM-

B3LYP/6-311G(d). Shaded area indicates where ECD is truly functional. 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



Figure S4. Comparative plots of TPA (top left), TPCD (top right), OPA (bottom left), and ECD 

(bottom right) spectra of all six Phe residues in their corresponding random-coil (red dotted line), 

-helix (black solid line) and -strand (blue dashed line) conformations for the lowest 80 

electronic excited states of all optimized structures were computed with TD-DFT/ CAM-

B3LYP/6-311G(d). Shaded area indicates where ECD is truly functional. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S5. Comparative plots of TPA (left) and TPCD (right) spectra of all six His residues in 

their corresponding random-coil, -strand and -helix conformations. TD-DFT/B3LYP/6-

311G(d)/80 excited states. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S6. Comparative plots of TPA (left) and TPCD (right) spectra of all six Tyr residues in 

their corresponding random-coil, -strand and -helix conformations. TD-DFT/B3LYP/6-

311G(d)/80 excited states. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S7. Comparative plots of TPA (left) and TPCD (right) spectra of all three Phe residues in 

their corresponding random-coil, -strand and -helix conformations. TD-DFT/B3LYP/6-

311G(d)/80 excited states. 

 

 

 

 

 



Figure S8. Comparative plots of TPA (top left), TPCD (top right), OPA (bottom left), and ECD 

(bottom right) spectra of all six His residues in their corresponding random-coil (red dotted line), 

-helix (black solid line) and -strand (blue dashed line) conformations. TD-DFT/ B3LYP/6-

311G(d)/80 excited states. Shaded area indicates where ECD is truly functional. 

 

 



 

 

 

 

 



 

 

 

 

 

 

 



Figure S9. Comparative plots of TPA (top left), TPCD (top right), OPA (bottom left), and ECD 

(bottom right) spectra of all six Tyr residues in their corresponding random-coil (red dotted line), 

-helix (black solid line) and -strand (blue dashed line) conformations. TD-DFT/ B3LYP/6-

311G(d)/80 excited states. Shaded area indicates where ECD is truly functional. 

 

 

 

 



 

 

 



 

 

 

 

 

 

 



Figure S10. Comparative plots of TPA (top left), TPCD (top right), OPA (bottom left), and ECD 

(bottom right) spectra of all three Phe residues in their corresponding random-coil (red dotted 

line), -helix (black solid line) and -strand (blue dashed line) conformations. TD-DFT/ 

B3LYP/6-311G(d)/80 excited states. Shaded area indicates where ECD is truly functional. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S11. Stereochemical structures of L-histidine (left), L-tyrosine (right), and L-

phenylalanine (down) models in –strand conformation 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S12. Stereochemical structures of L-histidine (left), L-tyrosine (right), and L-

phenylalanine (down) models in -helix conformation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



Figure S13.  Comparative plots of TPA (left), TPCD (right) spectra of Tyr11 (red dotted line), 

His11 (black solid line) and Phe1 (blue dashed line) and TPA (left), TPCD (right) spectra of 

Tyr21 (red dotted line), His21 (black solid line) and Phe2 (blue dashed line) in random coil 

conformation. TPA and TPCD response for the lowest 80 electronic excited states of all 

optimized structures were computed with TD-DFT/ B3LYP/6-311G(d) in gas phase using Dalton 

2011.  

 

 

 

 

 

 

 

 

 



Figure S14.  Comparative plots of TPA (left), TPCD (right) spectra of Tyr11 (red dotted line), 

His11 (black solid line) and Phe1 (blue dashed line) and TPA (left), TPCD (right) spectra of 

Tyr21 (red dotted line), His21 (black solid line) and Phe2 (blue dashed line) in β-strand 

conformation. TPA and TPCD response for the lowest 80 electronic excited states of all 

optimized structures were computed with TD-DFT/B3LYP/6-311G(d) in gas phase using Dalton 

2011.  

 

 

 

 

 

 

 

 

 



 

Figure S15.  Comparative plots of TPA (left), TPCD (right) spectra of Tyr11 (red dotted line), 

His11 (black solid line) and Phe1 (blue dashed line) and TPA (left), TPCD (right) spectra of 

Tyr21 (red dotted line), His21 (black solid line) and Phe2 (blue dashed line) in α-helix 

conformation. TPA and TPCD response for the lowest 80 electronic excited states of all 

optimized structures were computed with TD-DFT/B3LYP/6-311G(d) in gas phase using Dalton 

2011. 
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