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Figure S1. SERRS spectra of 1 × 10-4 mol L-1 doxorubicin adsorbed on AuNPs dry film, modified before drying with 

KCl, with final concentration of 1 × 10-3 mol L-1. 100 points obtained with λ0 = 632.8 nm. 
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Figure S2. Average SERRS spectra of 1 × 10-4 mol L-1 DOX from 100 points, after baseline corrected and smoothed, 

recorded on AuNP dry film, modified before drying with KCl, with final concentration of 1 × 10-3 mol L-1, obtained with 

λ0 = 632.8 nm. 

 

 

 

 

 

 

 

 

 



 

Figure S3. UV-Vis absorption spectra of (a) 1 × 10-3 mol L-1 doxorubicin aqueous solution, and (b) simulated with TD-

DFT methodology B3LYP/6+31G(d,p), only singlet states. Inset: Natural Transition Orbitals of (I) fundamental state and 

(II) excited state. 

 

 

 



 

Figure S4. Raman spectrum of (a) 1 × 10-3 mol L-1 aqueous solution; SERS spectra of 1 × 10-5 mol L-1 doxorubicin 

adsorbed on AuNPs dispersion, modified with KCl with final concentration of (a) 1 × 10-2 mol L-1 and  

(b) 1 × 10-3 mol L-1, obtained with λex = 632.8 nm. 

 



 

Figure S5. (a) Averaged 100 points, baseline corrected and smoothed SERS spectra of 1 × 10-4 mol L-1 doxorubicin 

adsorbed on AuNPs dry film, modified before drying with KCl, with final concentration of 1 × 10-3 mol L-1; (b) averaged 

62 points SERS spectra of 1 × 10-5 mol L-1 doxorubicin adsorbed on AuNPs dry film, modified before drying with β-ME, 

with final concentration of 1 × 10-8 mol L-1. Spectra obtained with λex = 632.8 nm. 

 

 



 

Figure S6. Positions where Au2 dimer adsorption were tested. The  symbol indicates a position in a colinear plane 

below the anthraquinones plane, and ʘ symbol indicates a position in a colinear plane above the anthraquinones plane. 

 



 

Figure S7. Positions, from ‘a’ to ‘g’, with initial position of Au2 dimer (I) and the resulting converged geometry (II).  

 

 



 

Figure S8. Positions, from ‘h’ and ‘i’, where Au2 dimer adsorption were tested (I), and the resulting geometry (II). (h) 

Adsorption were tested for protonated DOX hydrochloride by suppressing the chlorine anion, and (i) for neutral DOX, 

suppressing the chloridric acid.  

 

Figure S9. DOXH-Cl-Au2 (Au2a to Au2g), DOXH-Au2 (Au2h) and DOX-Au2 (Au2i) dimer conformation interaction 

energies. (ΔE0: sum of electronic and zero-point energies; ΔE: thermically corrected electronic energy; ΔH: sum of 

electronic and thermal enthalpies; ΔG: sum of electronic and thermal free energies). 

 

 

 

 

 



Table S1. DOX-Au2 dimer interaction sites and energies involved 

 

Site ΔE0 / (kcal mol-1) ΔE / (kcal mol-1) ΔH / (kcal mol-1) ΔG / (kcal mol-1) 

Au2a 10.18 11.26 10.67 20.12 

Au2ba 8.53 9.33 8.74 18.69 

Au2c 7.84 8.79 8.20 17.38 

Au2d 4.32 5.29 4.70 13.66 

Au2e 7.74 8.60 8.00 18.81 

Au2f −5.36 −4.36 −4.96 5.40 

Au2g 7.68 8.72 8.13 17.34 

Au2hb −20.77 −20.21 −20.81 −8.90 

Au2ic −25.72 −24.90 −25.49 −15.91 

aSaddle point; bprotonated DOX by suppressing Cl−; cneutral DOX. 

 

  The lowest energy value, from Neutral DOX, do not represent the adsorption conditions used in this work, since 

such a species is present only in basic pH. The second lower energy structure is also improbable to be present in the gold 

surface, since the DOX solution was prepared from hydrochloride species that, when dissolved, presents chloride ions 

that have high affinity by the metallic surface. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S10. Different views from optimized geometries of DOX and DOX-Au6. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Comparative SERS features of DOX results from literature 

 

SERSa 

(KClaq) 

632.8 nm 

SERSa 

(KClaq)  

1064 nm 

SERSa 

(MEaq)  

1064 nm 

SERSb 

AuNP  

785 nm 

SERSc AgNP 

633 nm pH 7.4 

SERRSd AgNP 

514 nm  

SERSd AgNP  

1064 nm  

    − − − 

    1638(sh)   

−    −  − 

    1586(sh) 1580 1579 

−      − 

 − −     

     −  

 −    −  

−    − − − 

 − −     

  −     

     −  

 −    −  

− −   − − − 

−     − − 

−     − − 

     − − 

aThis work; bPanikar et al.;1 cGautier et al.;2 dBeljebbar et al.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Cartesian coordinates for DOX optimized geometry 

Atom x y z Atom x y z 

O  − − C −  − 

O  − − C −   

O  − − H −   

H  − − H −   

O − − − C    

O −   C  − − 

H −   C    

O    C   − 

H    C   − 

O    C   − 

O −  − C  − − 

O −   H  − − 

H −   H  − − 

O − − − H  − − 

H − − − C − − − 

O − − − H − − − 

N − −  C − − − 

H − −  H − − − 

H − −  H − −  

H − −  C − −  

C    H − −  

H    C − −  

C    H − −  

H    C − − − 

C  −  H − − − 

H  − − C − − − 

C  − − H − − − 

C  − − H − − − 

C   − H − − − 

C −  − Cl − −  

H −  −     

C −  −     

H −  −     

H −  −     

C −  −     

C −       

H −  −     

H −       

C        

C        

 

 



Table S4. Cartesian coordinates for DOX-Au6 optimized geometry 

Atom x y z Atom x y z 

O −   C   − 

O −   C   − 

O    C   − 

H    H   − 

O    H   − 

O   − C −   

H   − C −   

O   − C    

H   − C    

O   − C    

O    C    

O   − C −   

H   − H −   

O  −  H −   

H  −  H −   

O  −  C  −  

N  − − H  −  

H  − − C  −  

H  −  H  −  

H  − − H  −  

C −  − C  −  

H −  − H  − − 

C −   C  −  

H −   H  −  

C −   C  −  

H −   H  −  

C −   C  −  

C −   H  −  

C    H  −  

C    H  −  

H    Cl  − − 

C    Au  − − 

H    Au − −  

H    Au − − − 

C   − Au − −  

C   − Au −  − 

H   − Au − −  

H   −     

C   −     
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