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General remarks 
 

Solvents and reagents 
 
All reagents and solvents were purchased and used without further purification. 

Deuterium oxide 99.9%D was purchased from Cambridge Isotope laboratories. NaOH, 

DL tartaric acid, D tartaric acid and glyoxylic acid hydrate were purchased from Acros 

Organics. Meso tartaric acid hydrate and dihydroxy fumaric acid hydrate were purchased 

from Aldrich, while the synthetic gibbsite was purchased from Ward’s science. 

 

Instrumentation 
 
NMR spectra were recorded on Bruker DRX-600 and were calibrated using residual 

undeuterated solvent (HOD 4.79 ppm). The DL/Meso tartaric acid and Homo/Hetero-

chiral dimer ratios were determined by integrating the corresponding peaks obtained from 

16 scans at a d1 = 1 sec. We determined the relaxation time for tartaric acid in the 1M 

NaOH/LiOH p1= 2.7 sec => d1 = 2.7*1.44*5 = 19.44 sec. At d1 = 20 or 60 sec we 

obtained similar results.  

 

General procedures 
 

Mineral screening 
 
50 mg powdered mineral were stirred in 500 ul 1M NaOH/LiOH in D2O solution at room 

temperature and 1200 rpm in a 1.8 ml Eppendorf tube using a small flea stir bar (2x6mm). 

After 30 minutes, dihydroxyfumaric acid (0.125 mmol, 0.25M) and glyoxylic acid (0.125 

mmol, 025M) were added and continued stirring. After another 30 minutes the tube was 

centrifuged and the clear solution was analyzed by NMR. 
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Dimer formation from tartaric acid 
 
5 mg natural gibbsite were stirred in 500 ul 0.1M tartaric acid/1M NaOH/LiOH D2O 

solution at room temperature and 1200 rpm in a 1.8 ml Eppendorf tube using a small flea 

stir bar (2x6mm). After 30 minutes the tube was centrifuged and the clear solution was 

analyzed by NMR. In a second set of experiments, the NaOH/LiOH solution was 

replaced with a 2M LiOH solution in D2O.  

Results of the mineral screen for the glyoxylate reaction 
 
 
Table 1. Meso:DL tartaric acid ratios of the mineral screening for the glyoxylate reaction 
 

   Name Formula  Meso:DL 
0 No mineral  - 1.10 
1 Hydroxy apatite Ca5(PO4)3OH 0.96 
2 Gibbsite Al(OH)3 1.41 
3 Kaolinite Al2Si2O5(OH)4 1.13 
4 Corundum Al2O3 1.12 
5 Montmorillonite (Na,Ca)0.3(Al,Mg)2Si4O10(OH)2*nH2O 1.02 
6 Eskolaite Cr2O3 1.15 
7 Calcite CaCO3 1.08 
8 Periclase MgO 1.05 
9 Quartz SiO2 1.11 

10 Albite NaAlSi3O8 1.14 
11 Forsterite (Mg0.9Fe0.1)2SiO4 1.00 
12 Enstatite MgSiO3 1.12 
13 Sphalertite ZnS 1.22 
14 Alkaly basalt Polymineralic 1.13 
15 Barite BaSO4 1.14 
16 Cassiterite SnO2 1.14 
17 Celestine SrSO4 1.18 
18 Orpiment As2S3 1.06 
19 Prehnite Ca2Al(Si3Al)O10(OH)2 1.09 
20 Rutile TiO2 1.09 
21 Scheelite CaWO4 1.07 
22 Wollastonite CaSiO3 1.13 
23 Olivine (Mg, Fe)2SiO4 1.14 
24 Gibbsite (Commercial) Al(OH)3 1.67 
25 Montmorillonite K10 (Commercial) (Na,Ca)0.3(Al,Mg)2Si4O10(OH)2*nH2O 1.06 
26 Montmorillonite KSF (Commercial) (Na,Ca)0.3(Al,Mg)2Si4O10(OH)2*nH2O 1.10 
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The role of the base in the formation of the dimers 
 
The 1M NaOH/LiOH solution is needed for the formation of DL and meso tartaric acid 

from dihydroxy fumaric acid and glyoxylic acid. Besides the need for a high pH for this 

reaction to work (12-13), the bases help solubilize the two starting materials. We have 

studied the if both of them are needed and we concluded that only LiOH has to be 

present, while NaOH  

 
 

 
 
Fig.1. NMR spctra showing the necesity of LiOH for the formations of dimers. The 
reaction works both in 1M NaOH/LiOH (bottom) and 1M LiOH (top), but not in 1M 
NaOH (middle) 
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NMR spectra 
13C NMR spectra for the homo and heterochiral dimers 
 

 
Fig. 2. 13C NMR spectra of the homo and heterochiral dimers obtained from DL Tartaric 
acid (bottom) and homochiral dimer obtained from D Tartaric acid (top). The poor 
signal/noise is due to the high pH. The dimers were obtained by strring 5 mg of gibbsite 
with 0.1M tartaric acid in 500 µl 1M NaOH/LiOH. 
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1H NMR spectra for the homo and heterochiral dimers 
 

 
Fig. 3. 1H NMR spectra of the dimers obtained from DL Tartaric acid (top: homochiral 
dimer at 4.08 ppm and heterochiral dimer at 3.86 ppm) ) and the homochiral dimer 
obtained from D Tartaric acid (4.06 ppm). The dimers were obtained by strring 5 mg of 
gibbsite with 0.1M tartaric acid in 500 µl 1M NaOH/LiOH. 
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1H NMR spectra for the homo and heterochiral dimers in 1M 
NaOH/LiOH for various e.e.’s of tartaric acid 
 

 
 
Fig. 4. 1H NMR spectra of the homo- and heterochiral dimers vor various e.e. values of 
the starting tartaric acid (0.1M), obtained in the presence of 5 mg natural gibbsite and 500 
µl 1M NaOH/LiOH.  
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1H NMR spectra for the homo and heterochiral dimers in 2M LiOH for 
various e.e.’s of tartaric acid 
 

 
 
Fig. 5.   1H NMR spectra of the homo- and heterochiral dimers vor various e.e. values of 
the starting tartaric acid (0.1M), obtained in the presence of 5 mg natural gibbsite and 500 
µl 2M LiOH (LiOH is not completely soluble at this concentration).  
 
 
 
 
 


