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Vibrational Spectra of Nucleotides in presence of the Au Cluster Enhancer in 

MD Simulation of a SERS Sensor 

 

Tatiana Zolotoukhina , Momoko Yamada and Shingo Iwakura 

 

Detailed tables of the calculated vibrational frequencies with high intensities for the DNA 

nucleobases and nucleotides, cytosine, thymine, adenine, and guanine, are collected in the 

present supporting information. The Green-Kubo method is used to obtain transient 

spectra in reaction coordinated in the molecular dynamics method. 

 

The spectra of the bonds of atoms in the nucleotides reflect nucleobase structural 

differences. The spectra of all bonds have been calculated simultaneously at the same 

translocation through the graphene pore and arranged in the tables presented below. The 

highest amplitude frequencies of a particular bond are numbered in the sequence of 

decreasing intensities. They are collected into the spectral maps of molecular species and 

can be used as a fingerprint for the identification of nucleotides. The first four tables 

present frequencies for each bond between atoms that have numbers according to the Figs 

in the text of the paper. Tables 1-4 show results for four nucleobases in the nucleotides. The 

same frequencies that are present in spectra of many bonds belong to the cyclic ring modes 

of the particular nucleobase.  

 

The remaining four tables, Tables 5-8, show calculations for the corresponding four 

nucleobases only, without the presence of the attached 2-deoxyribose. 

 

All calculations of bond stretching in the adjacent tables were performed in the frequency 

region 100 - 2000 cm-1. The time step was 0.2 fs, calculations of spectra were done for 8192 

time steps that correspond to approximately 16 ps duration, and to 40 cm-1 resolution. All 

spectra of nucleotides or bases were obtained from the single MD run. The interaction 

interval with graphene during transient spectra sampling was sufficient to have intensities 

of vibrational modes amplified in calculations. The sampling time corresponds to several 

vibrational periods of bending and stretching modes that bring numerical errors in the 

computation of frequencies by FFT to a sufficient level. 
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The numbering of the nucleotide atoms used in tables 1~4 and 5-8. Base atoms order is 

shown for each base, deoxyribose numbering is done consecutively after each base 

numbering as shown below for cytosine example.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

deoxyribose numbering 



Comparison of calculated frequencies with experimentally measured IR 

spectra 

 (C. S. Peng, K. C. Jones, and A. Tokmakoff, "Anharmonic Vibrational Modes of Nucleic Acid 

Bases Revealed by 2D IR Spectroscopy," J. Am. Chem. Soc., 2011, 133, 15650-15660) 

・CYT 

Calculated                      Experimental 

1721𝑐𝑚−1(C-C , C-N)           1624𝑐𝑚−1          93𝑐𝑚−1 difference 

1557𝑐𝑚−1(C-N)                1503𝑐𝑚−1     54𝑐𝑚−1 difference 

 

・THY 

Calculated                      Experimental 

1721𝑐𝑚−1(C-C , N-C)      1657𝑐𝑚−1     64𝑐𝑚−1 difference 

1762𝑐𝑚−1(N-C)                 1677𝑐𝑚−1     85𝑐𝑚−1 difference  

 

・ADE 

本 Calculated                      Experimental 

1639𝑐𝑚−1(C-C , C-N , N-C)    1588𝑐𝑚−1     51𝑐𝑚−1 difference 

 

・GUA 

Calculated                      Experimental 

1639𝑐𝑚−1(C-N , N-C)       1692𝑐𝑚−1     54𝑐𝑚−1 difference 

1557𝑐𝑚−1(C-C , N-C)       1556𝑐𝑚−1     1𝑐𝑚−1  difference 
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