
An Experimental and Computational Look at the Radiolytic Degradation of 
TODGA and the Effect on Metal Complexation 

Ashleigh Kimberlina, Dominique Guillaumonta, Sylvie Arpignya, Béatrice Camèsa, Philippe Guilbauda, Georges Saint-
Louisa, Hitos Galánb, and Laurence Berthon*a 

Supplemental 

Table S1: Complete list of peaks found in ESI-MS spectra. Some peaks remain unassigned. The numbers refer to the 

solution conditions detailed in Table 1.  The conditions are also listed under the name where octOH = 5 %Vol 1-

octanol, x mol L-1  HNO3 = concentration of HNO3 in the precontact, even numbers being irradiated to approx. 250 

kGy and odd numbers being irradiated to approx. 500 kGy.  Nd refers to if the product has appeared in an ion peak 

with Nd3+. References are literature sources in which the degradation product has previously been identified as a 

radiolysis product of DGA. Main degradation products and degradation products found in Nd molecular ion peaks 

have been given a DP number.  
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Figure S2 : ESI-MS of TODGA solutions irradiated to 500 kGy after dilution in 1/10000th in acetonitrile. 
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Figure S1: ESI-MS of TODGA solutions irradiated to 250 kGy after dilution in 1/10000th in acetonitrile. 
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Figure S2: ESI-MS of TODGA solution irradiated to 500 kGy after dilution in 1/10000th in acetonitrile 



 

 

 

 

 

 

              

 

 

 

 

Figure S3: Schematic representation of molecule used in TODGA and bond dissociation energy calculations.  

Bond dissociation energies of TODGA were calculated using Gaussian 16. The energies of the two fragments formed 

by the hemolytic cleavage of bond were calculated using the G3MP2 method. The difference in total energy of the 

fragments and the whole molecule is the bond dissociation energy. To reduce computation time, the bond 

dissociation energies for TEDGA were calculated for the center of the molecule, three of the octyl chains in TODGA 

were replaced with ethyl chains when calculating the alkyl C-C bond dissociation energies, and the alpha-

hydroxyamide half of TODGA was used for the calculation of C-H bonds in the alkyl chains.  

The weakest bond in the molecule is between the etheric C and O. The amide C-N bond is the strongest, therefore 

least likely to be broken by direct excitation, i.e. being attacked by a dodecane radical. The alkyl chains, for the most 

part, have the same high energy, making fragmentation of the alkyl chain more unlikely than fragmentation closer 

to the polar center of the molecule. The bond between the first (C1) and second (C2) carbons on the alkyl chain seems 

unusually weak, considering that the adjacent amide would strengthen the C1-N bond, but not weaken the next 

bond. This result is due to the computational method used, as each fragment made by the hemolytic cleavage of the 

bond is calculated separately. The fragment containing the amide is stabilized due to the presence of a partial double 

bond (●CH2≈N-C=O), which causes the overall energy of that fragment to decrease. 
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Figure S4: UV-Vis spectra of Nd-TODGA solutions in n-dodecane + 5 %Vol 1-octanol with either DPVII 

(a) or DPIX (b). In the top, the color progresses from light to dark as DPVII is added. 

Initial solution: 0.1 mol L-1 TODGA in dodecane + 5 %Vol 1-octanol solution containing 18 mmol L-1  

Nd. Progressive addition of 0.1 mL of 0.1 mol L-1  DPVII (top) or DPIX (bottom) in 0.1 mol L-1  TODGA 

solution until a 1:1 mol ratio of TODGA to the degradation product was reached. Final concentration 

0.05 mol L-1  TODGA + 0.05 mol L-1  DPVII (top) or DPIX (bottom) 9 mmol L-1  Nd in dodecane+ 5 %Vol 

1-octanol. 
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Figure S5. UV-Vis spectra comparing the Nd3+ spectra of irradiated TODGA solutions to the final titration of DPVII 

into a 0.1 mol L-1  TODGA in dodecane + 5 %Vol 1-octanol solution containing 15 mmol L-1  Nd. Ratio of TODGA to 

DPVII is 1:1. Spectra have been concentration / dilution corrected. 
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Figure S6: ESI-MS of the final titration solution of DPIX into Nd-TODGA in n-dodecane. The insert the largest peak 

containing DPIX and Nd. This peak only fits when DPIX is deprotonated. 
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