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1. Synthesis Terpy NHS ester 

All reagents and solvents were purchased from commercial sources and used as received 

unless noted otherwise. Reactions were carried out in standard glassware with Teflon-coated 

magnetic stirring bars on a magnetic stirrer under nitrogen atmosphere. NMR spectra were 

measured on a Bruker Avance 300 apparatus. Shift values are expressed in ppm relative to 

tetramethylsilane (1H, 0) or solvent signal (13C{1H}, DMSO-d6: 39.52). Melting point was 

determined on a Mettler-Toledo DSC822 instrument, using a heating rate of 0.5 °C.min−1 under 

helium atmosphere. HRMS spectra were acquired on a quadrupole orthogonal acceleration time-

of-flight mass spectrometer (Synapt G2 HDMS, Waters, Milford, MA). Samples were infused at 

3µL/min and spectra were obtained in positive (or: negative) ionisation mode with a resolution 

of 15000 (FWHM) using leucine enkephalin as lock mass. 

 

Compound 1 was prepared according to literature procedure [1]. 

To a suspension of compound 1 (3.53 g, 10 mmol), N-Hydroxysuccinimide (1.27 g, 11 

mmol) and DMAP (0.12 g, 1 mmol) in DMF (100 ml) stirring at room temperature was added 

EDC (2.9 g, 15 mmol) and the reactiom mixture was stirred untill forming a clear solution and 

TLC indicated complete conversion of compound 1. The solvent was removed under reduced 

pressure and DCM (50 ml) was added. Compound 2,5-dioxopyrrolidin-1-yl 4-([2,2':6',2''-

terpyridin]-4'-yl)benzoate (2 g, 4.44 mmol, 44.4 % yield) precipitated as a white amorphous solid. 

HRMS (ES+): calculated for C26H19N4O4+ [M+H]+: 451.1401; found: 451.1397. 1H NMR (300 MHz, 

DMSO-d6) δ 8.82 – 8.72 (m, 4H), 8.70 – 8.63 (m, 2H), 8.34 – 8.23 (m, 2H), 8.23 – 8.15 (m, 2H), 8.10 

– 7.98 (m, 2H), 7.59 – 7.49 (m, 2H), 2.94 (s, 4H). 13C{1H} NMR (75 MHz, DMSO-d6) δ 170.18, 155.89, 

154.60, 149.29, 147.64, 143.84, 137.41, 130.90, 127.98, 124.97, 124.59, 120.91, 118.11, 25.54. 

References: 

1. Martínez, M.; Carranza, M. P.; Massaguer, A.; Santos, L.; Organero, J. A.; Aliende, C.; De Llorens, R.; Ng-Choi, 

I.; Feliu, L.; Planas, M.;  Rodríguez, A.M.; . Manzano, B.R.; Espino G.; Jalón, F.A.  Synthesis and biological 

evaluation of Ru(II) and Pt(II) complexes bearing carboxyl groups as potential anticancer targeted drugs. 

Inorg. Chem. 2017, 56 (22), 13679–13696. DOI: 10.1021/acs.inorgchem.7b01178. 
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2. Procedure for calculation of α and k [s-1] 

 

To determine the electron transfer coefficient α, the peak potential Ep is plotted vs. log ν [1]. Epa 

and Epc are plotted separately in this way to give two branches. The slope of the line is given in 

Equation 1: 

           𝑠𝑙𝑜𝑝𝑒 = −
2.3𝑅𝑇

𝛼𝑛𝐹
    (1)   

   

Determining the x-intercepts of the lines for the anodic and the cathodic branches provides νa and 

νc, respectively, values that are used in Equation 2 to determine the electron transfer rate constant 

k [2]: 

  𝑘 =
𝛼𝑛𝐹𝑣𝑐

𝑅𝑇
=

(1−𝛼)𝑛𝐹𝑣𝑎

𝑅𝑇
                 (2) 

where: n is the number of electrons involved in the oxidation or reduction process, F is the 

Faraday constant, R is the ideal gas constant, T is the temperature.  

 

References: 

 

 

1. Laviron E.J., General expression of the linear potential sweep voltammogram in the case of diffusionless 

electrochemical systems. J. Electroanal. Chem. 1979, 101,19–28. 

2. Eckermann, A.L.; Feld, D.J.; Shaw, J.A.; Meade, T.J. Electrochemistry of redox-active self-assembled 

monolayers. Coord. Chem. Rev. 2010, 254, 1769-1802. DOI: 10.1016/j.ccr.2009.12.023 
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Figure S1. Representative cyclovoltammograms obtained for the gold electrode modified with:  

A) TPY/Co(II)/TPY/EA (solid line) and TPY/Co(II)/TPY/ssDNA (dashed line) 

B) TPY/Cu(II)/TPY/EA (solid line) and TPY/Cu(II)/TPY/ssDNA (dashed line) 

C) DPM/Co(II)/TPY /EA (solid line) and DPM/Co(II)/TPY/ssDNA (dashed line) 

D) DPM/Cu(II)/TPY/EA (solid line) and ) DPM/Cu(II)/TPY/DNA (dashed line) 

Buffer conditions: PBS pH 7.4, Scan Rate: 100 mV/s 

EA – NH2-CH2-CH2-OH  
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Figure S2. Representative Osteryoung square-wave voltammograms obtained for the gold 

electrode modified with:  

A) TPY/Co(II)/TPY/EA (solid line) and TPY/Co(II)/TPY/ssDNA (dashed line) 

B) TPY/Cu(II)/TPY/EA (solid line) and TPY/Cu(II)/TPY/ssDNA (dashed line) 

C) DPM/Co(II)/TPY /EA (solid line) and DPM/Co(II)/TPY/ssDNA (dashed line) 

D) DPM/Cu(II)/TPY/EA (solid line) and ) DPM/Cu(II)/TPY/DNA (dashed line) 

Buffer conditions: PBS pH 7.4 
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Figure S3. An example of the CV curves obtained for the gold electrode modified with:  

(A) TPY/Co(II)/TPY/EA, and (C) TPY/Co(II)/TPY/ssDNA  

B,D) plot of (●, Ipa) anodic and (■, Ipc) cathodic peak current against potential scan rate; Scan rates: 

0.050–1.0 V/s. 
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Figure S4. An example of the CV curves obtained for the gold electrode modified with:  

(A) TPY/Cu(II)/TPY/EA, and (C) TPY/Cu(II)/TPY/DNA 

B,D) plot of (●, Ipa) anodic and (■, Ipc) cathodic peak current against potential scan rate; Scan rates: 0.050–

1.0 V/s. 
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Figure S5. An example of the CV curves obtained for the gold electrode modified with:  

(A) DPM/Co(II)/TPY/EA, and (C) DPM/Co(II)/TPY/ssDNA 

B,D) plot of (●, Ipa) anodic and (■, Ipc) cathodic peak current against potential scan rate; Scan rates: 0.050–

1.0 V/s. 
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Figure S6. An example of the CV curves obtained for the gold electrode modified with:  

(A) DPM/Cu(II)/TPY/EA, and (C) DPM/Cu(II)/TPY/ssDNA  

B,D) plot of (●, Ipa) anodic and (■, Ipc) cathodic peak current against potential scan rate; Scan rates: 0.050–

1.0 V/s. 
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Table S1: Comparison of electrochemical genosensors presented with those already published. 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

Abbreviations: Au – gold electrode, ssDNA – single stranded DNA, MB – Methylene Blue, Fc – ferrocene, MCH – 6-mercaptohexan-1-ol, OSWV – Osteryoung Square Wave Voltammetry, CoP – Cobalt 

Porphyrin, MPA – mercaptopropionic acid, SPCE – Screen-printed carbon electrode, CHT – chitosan, PNA – Peptide Nucleic Acid, AQ – antraquinone, MBT – 4-mercapto-1-butanol; DPM – 

dipyrromethene; AET - 2-aminoethanethiol hydrochloride, Phen-Epoxy – 5,6-epoxy-5,6-dihydro-[1.10]-phenanthroline, MB-Primer – 8mer ssDNA modified with MB, G-DNA – G-quadruplex-DNA, 

Hem – hemin, DPV – Differential Pulse Voltammetry, GCE – glassy carbon electrode, depAuNPs – deposited gold nanoparticles, t-ssDNA – ssDNA target, AgNCs – silver nanoclusters, CA- cysteamine; 

Fc-PAMAM G1, G2, G3 – three different ferrocene-cored poly(amidoamine) dendrimers generations; GA – glutaraldehyde; AHT – 6-amino-1-hexanethiol; TPY-NHS – terpirydine with NHS.  

 

Electrode 

modification 

Measuring 

technique 
Target Detection limit [M] References 

Au/SH-ssDNA-MB + SH-ssDNA-Fc + MCH /MCH 

OSWV 

20 mer ssDNA 18-21×10-9 [1] 

Au/CoP-ssDNA/MCH 20 mer ssDNA 10-14 [2] 

Au/MPA/ NH2-3-iron bis(dicarbollide)-ssDNA 
20 mer ssDNA and 

181 mer dsDNA 

3×10-17 

8×10-17 
[3] 

SPCE/CHT/PNA-AQ  14 mer ssDNA  4.0 × 10-9 [4] 

Au/MBT+DPM-SH/Co(II)/DPM-COOH/NH2-ssDNA 

Au/MBT+DPM-SH/Cu(II)/DPM-COOH/NH2-ssDNA 
20 mer ssDNA 

1.28×10-12 

1.39×10-12 
[5] 

Au/AET/Phen-Epoxy/ 

Fe(III)/(Phen-Epoxy)2/NH2-ssDNA 

20 mer ssDNA 

and 

ca. 280 mer RNA 

7.3×10-11 
 

8.7×10-13 
[6] 

Au/SH-ssDNA-Fc/MCH+MB-primer  31 mer ssDNA  2.8×10-14 M  [7] 

Au/SH-G-DNA1/ G-DNA2 + Hem + t-ssDNA 

DPV 

30 mer ssDNA 5.4×10-14 [8] 

GCE/depAuNPs/SH-ssDNA/MCH/t-ssDNA/ AgNCs 18 mer ssDNA 1.62 × 10-16 [9] 

Au/CA/ GA/ Fc-PAMAM G1/GA/ ssDNA 

Au/CA/ GA/ Fc-PAMAM G2 /GA/ ssDNA 

Au/CA/ GA/ Fc-PAMAM G3 / GA/ ssDNA 

24 mer ssDNA 

3.8 × 10-10 

9.2 × 10-10 

6.6 × 10-10 

[10] 

Au/MBT+AHT/TPY-NHS/Co(II)/ TPY-NHS /NH2-ssDNA 

Au/MBT+ AHT/TPY-NHS /Cu(II)/ TPY-NHS /NH2-ssDNA 

Au/MBT+DPM-SH/Co(II)/ TPY-NHS /NH2-ssDNA 

Au/MBT+DPM-SH/Cu(II)/ TPY-NHS /NH2-ssDNA 

OSWV 
20 mer ssDNA 

 

2.13 × 10-15 

1.58 × 10-15 

5.43 × 10-15 

1.01 × 10-15 

This  

work 
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