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SM1. Crystals of [(H9Heade+)(Htda-)], 1. 

Three photos taken from dissolution using polarized light. 
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S2. FT-IR spectrum of [(H9Heade+)(Htda-)], 1. 

 

S3. FT-IR spectrum of [(H2dap+)2(tda2-)]·2H2O, 2. 
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S4. Thermogravimetric analysis (TGA) of [(H9Heade+)(Htda-)], 1. 

 

S4.1. Weight loss and data to estimate the final residual for 1. 
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S4.2. FT-IR spectra of standard gases to identify evolved gases in TGA of 1. 
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S4.3. Time-spaced FT-IR spectra to identify the evolved gases in the TGA of 1. 
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S4.4. Selected FT-IR spectra to identify the evolved gases in the TGA of 1. 
Second (up) and third (down) steps. 
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S4.5. Summary of results and Comments on TGA of 1. 

Step Temperature 
ºC 

Time 
min 

% Observed 
Weight Loss 

Gases or final residue  

1 180-250 14-23 7.336 H2O, CO2  
2 250-465 23-44 51.209 H2O, CO2, CO, X**, SO2, 

H2C=CH2, N2O (t*) 
3 465-650 44-66 40.293 H2O, CO2, CO,  

 N2O, NO, NO2 
Residue 650-950 93 1.032 Undetermined 
* t = Trace amounts. ** X = Unidentified gas.  

Coments: 

Compound 1 exhibits rather high stability. Its decomposition initiates at 180ºC. In the first step, 
it releases only H2O and CO2. The gases evolved during the second step primarily indicate the 
combustion of the Htda− counter-anion, potentially accompanied by a partial  decomposition of 
the N9-(2-hydroxyerthyl) arm from the H9heade+ cation, resulting in the production of ethylene 
and small quantities of N2O. Subsequently, the final step, among others gases produced, the 
three common N-oxides, are generated, primarily due to the combustion of the purine moiety 
from 9heade. Notably absent are the typical peaks around 970 ad 930 cm−1, associated with 
ammonia loss. Furthermore, this absence cannot be attributed solely to the high temperatures 
(>450 ºC) of the third step, as all the three steps promote N-oxide formation. Indeed the 
thermogravimetric analysis of molecular 9heade (not shown here) revealed an initial weight loss 
>96% (215-420ºC) releasing H2O, CO2, CO and N2O (without produce ammonia), followed by 
a second step (420-625ºC) producing these gases alongside NO and NO2. The majority of the 
weight loss in compound 1 occurs below 700ºC. Additionally, the chemical purity of the tested 
sample is affirmed by the low final residue (∼1%) at 950 ˚C. 

 

*Coments: 

Compound 1 initiates its decomposition at 180-250ºC, resulting in a weight loss of 7.34% 
releasing H2O and CO2. This is followed by distinct phase between 250-465ºC, accounting for 
51.12 % of weight loss, characterized by the generation of H2O, CO2, CO, SO2, H2C=CH2 and 
potentially HSCN along with some N2O. A subsequent step from 465-650ºC, responsible for 
40.19% of weight loss, produces H2O, CO2, CO, and N-oxides (N2O, NO and NO2) excluding 
NH3. A stable but minor residue forms (1.16% or 1.03% at 650 or 950°C, respectively). These 
findings are indicative of a partially overlapping combustion of both ligands and are consistent 
with the anticipated stability of the purine moiety of 9heade. 
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S5. Thermogravimetric analysis (TGA) [(H2dap+)2(tda2-)]·2H2O (2). 

 

 

  



11 
 

S5.2. FT-IR spectra of standard gases to identify evolved gases in TGA of 2. 

 

 

S5.3. Time-spaced FT-IR spectra to identify the evolved gases in the TGA of 1. 
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S5.4. Selected FT-IR spectra to identify the evolved gases in the TGA of 2. 
Second (up) and third (down) steps. 
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S5.5 Summary of results and Comments on TGA of 2. 

Step Temperature 
ºC 

Time 
min 

Lost weight (%) Gases or final residue 

   Observed Calculated 
0 r.t.-135 0-12 0.535 Humidity H2O, CO2 (t*) 
1 135-180 12-18 9.762 7.047 2 H2O, CO2 (t*) 
2 180-400 18-39 27.859 30.452 H2O, CO2, CO, X**, SO2 

3 400∼800 39-82 59.673 62.142 H2O, CO2, CO, 
NH3, N2O, NO, NO2 

Residue 950 93 2.048 0 Undetermined 
*t = Trace amounts. ** X = Unidentified gas. 

Comments: 

At the outset, the analyzed sample of compound 2 (9.361 mg) registers a minimal weight loss 
(referred to as step 0, possibly attributable to moisture < 0.6%). The thermal breakdown of 
compound 2 primarily commences by eliminating its tightly bound water content (termed step 
1, 135-180ºC, calculated for two water molecules only). Subsequently, the organic combustion 
takes place across two new steps. The first stage (step 2, 180-400ºC) shows a weight loss 
closely aligning with the anticipated value for the combustion of the tda2- ion (30.45%), with the 
evolved gasses reasonably corroborating this process. Notably, an unidentified gas 'X' is 
released during this stage, a phenomenon also observed in the thermogravimetric analysis of 
free H2tda acid (not presented here). The weight loss in the final step 3 (400-800ºC) similarly 
matches the estimated value for two H2dap+ ions (62.142%). Once more, the evolved gasses 
align with these observations. Collectively, these steps result in a residual mass of 2% (at 
900°C). The cumulative weight loss from steps 1-3, alongside the residual mass (at 950ºC) 
nearly corresponds to the total sample weight projected for compound 2 (excluding moisture), 
accounting for approximately 99.342%. 
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S.6. Thermogravimetric analyses (TGA) of used reagents in this wok. 

S6.1.TGA of 2,2’-Thiodiacetic acid, H2tda (powder sample, 98%). 

 

Step/Residue Temperature 
°C 

Time 
min 

Weight* 
(%) 

Gases or Residue (R) 

1 130-325 12-31 −93.886 H2O, CO2, CO, SO2, CS2, X** 
2 325-380 31-36 −1.851 H2O, CO2, CO, H2CO, SO2, CS2, 

X** 
R-380 380 36 −4.263  
3 380-550 36-54 + 1.855 H2O, CO2, CO, H2CO, SO2, CS2, 

X** 
4 550-830 54-83 −1.222 H2O, CO2, CO, H2CO, SO2 
R-830 830 83 −1.89 Unidentified 
R-950 950 93 −1.64 Unidentified 
*Lost (−) or gained (+) weight. ** Unidentified gas. 

Comments:  

The TGA analysis of this compound reveals an initial step with a weight loss of approximately 
94%, where the formation of CS2 and SO2 was identified as sulfur-gases. The observed saw-
tooth pattern in the first derivative of the weight loss plot versus temperature aligns with the 
reported melting point for this acid (128-131ºC). In the subsequent step, the presence of 
formalin was also noted. The remaining material (∼ 4.2%) shows an increase in weight before 
undergoing further decomposition resulting in a final residue of less than 2%, which aligns well 
with the claimed purity stated by the supplier.  

Selected reference: Vinciguerra, V., Bucci, R., Marini, F., Napoli, A., Thermal behaviour of 
iminodiacetic, oxydiacetic and thiodiacetic acids. J. Therm. Anal. Calorim. 2006, 83, 475–478. 
https://doi.org/10.1007/s10973-005-6939-6  

  

https://doi.org/10.1007/s10973-005-6939-6


17 
 

S6.2. TGA of 2,6-diaminopurine, Hdap (powder sample, 98%). 

 

Step/Residue Temperature 
ºC 

Time 
min 

Weight* 
(%) 

Gases or Residue (R) 

1 115-220 9-16 − 3.119 H2O, CO2(t),  
2 240-335 16-33 − 9.097 H2O, CO2 
3 335-435 36-54 − 25.226 H2O, CO2, CO(t), NH3, N2O 
4 435-775 54-83 − 61.288 H2O, CO2, CO(t), NH3, N2O, NO, 

NO2 
R-830 775 83 0.712 Unidentified 
*Lost (−) or gained (+) weight. 

Comments: 

The initial step primarily exhibits water loss (along with some CO2). The second step begins 
above 240°C, without notable production of N-gases. The weight loss becomes substantial in 
this phase about 300 °C, in line with its reported melting point (302°C). Subsequent steps 
generate water, CO2, some CO, NH3 and N-oxides. Our findings also demonstrate that steps 3 
and 4 (> 85% of weight loss) notably generate N-gases (including ammonia) and result in < 1% 
residue. As a result, we infer that the sample under study contains approximately 3% water.  
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S6.3. TGA of N9-(2-hydroxyethyl)adenine, 9heade (powder sample, 98%).

 

Step/Residue Temperature 
°C 

Time 
min 

Weight* 
(%) 

Gases or Residue (R) 

1 215-420 18-39 − 96.431 H2O, CO2, CO, N2O (t) 
2 420-625 39-63 − 3.380 H2O, CO2, CO(t), N2O, NO,NO2 
R-625 625 63 0.176 Unidentified 
3 625-950 63-95 0.679 H2O, CO2, CO(t), N2O, NO,NO2, 

SO2 (i)  
R-950 950 95 0.855 Unidentified 
*Lost (−) or gained (+) weight. (t) = Small quantity. (i) Unexpected gas, attributed to impunity. 

Comments:  

The vast majority of the sample (>96%) undergoes melting and decomposition in the initial 
step, aligning well with the reported melting point for 9heade (243°C). Once again, the saw-
tooth pattern in the first derivative of the weight loss plot versus temperature concurs with the 
reported melting point for this synthetic purine nucleoside (242 or 240-244°C). The resulting 
material undergoes nearly complete decomposition resulting in a residue (<0.2%) at 625°C. 
This residual material further gains weight, culminating in a final residue of <1% at 950ºC. 
Additionally, during this last step, the production of SO2 from an impurity or contaminant is 
observed. Nevertheless, our findings align with the supplier's guaranteed purity (98%). 
Interestingly, no ammonia is detected among the evolved gases, in contrast to the typical 
presence observed in the TGA of adenine or 2,6-diaminopurine (see S6.2) and near all of its 
metal complexes. 
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S7. DSC curve for [(H9Heade+)(Htda−)], 1. 

 

  



20 
 

S8. DSC curve for [(H2dap+)2(tda2−)]·2H2O, 2. 
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S9. 1H NMR spectrum in D2O of 1. 

 

S10. 1H NMR spectrum in D2O of 2. 
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S11. 13C NMR spectrum in D2O of 1. 

 

S12. 13C NMR spectrum in D2O of 2. 

 


