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1. Introduction 

Molecular mixing model (MMM) represents a practical, empirical approach proposed by 

Nelson [1], and further developed by Nelson and Baldock [2] in an attempt to describe the 

molecular composition of natural organic matter from quantitative data based on the different 

carbon types determined by 13C-NMR spectroscopy. These authors have shown that detrital 

organic matter, either terrestrial or aquatic, coming from different sources, could be described 

in terms of up to six generic organic components (carbohydrate, protein, lignin, lipid, “pure 

carbonyl”, and char), assuming that the experimental spectra of the organic matter could be 

reproduced from a linear combination of spectra of these six generic organic components. In 

the present work, we apply the MMM to pure humic acids (HAs) isolated from the sediments 

of the Mediterranean semiarid wetland (Las Tablas de Daimiel, Central Spain) to check 

whether their molecular composition may be successfully expressed as a mixture of 

biomacromolecules. 

2. Materials and Methods 

Eighteen samples of surface soil and/or sediments from Las Tablas de Daimiel, corresponding 

to different local environments in the wetland, were collected, and the HAs extracted 

following standard procedures. The elementary composition (C, H, N) was determined with a 

Perkin-Elmer 2400 Series 2 CNHS/O elemental analyzer; O content was calculated as the 

difference. The IR and visible spectra were also recorded. The solid-state CPMAS NMR 13C 

spectra of the HAs were acquired with a spectrometer Bruker MSL 100, and spectral areas of 

the seven regions described in Table 1 were measured as percentages of the total 13C- NMR 

signal. 

3. Results and Discussion 

Signal intensities for the six components in the seven 13C NMR spectral ranges have been 

defined from Baldock et al. [3] for soil ecosystems. These authors also supplied the elemental 
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atomic ratios (normalized against C) H/C, N/C and O/C ratios for the six organic components. 

Using these data and the measured areas in the NMR spectra, we have obtained the HA 

compositions in terms of the six generic biomacromolecules by solving a system of equations 

for each sample using the Generalized Reduced Gradient nonlinear optimization code in the 

Solver add-in of Microsoft Excel with two restrictions: i) the sum of component fractions 

must be 100, ii) the component fractions must be equal or greater than zero (Fig. 1). 

 

Table 1: Spectral regions used for the MMM model 

Spectral region              Chemical shift  

“Carbonyl”     210–165 ppm 
O-aromatic     165–145 ppm 
Aromatic     145–110 ppm 
O2-alkyl      110–95 ppm 
O-alkyl        95–60 ppm 
N-alkyl/methoxy      60–45 ppm 
Alkyl        45–0 ppm 

 

 

 
Figure 1: Humic acid composition, as calculated with the MMM. Samples are ordered from higher 

aromaticity (top) to lower aromaticity 
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In order to assess the performance of the MMM in this case, the errors of predicted spectral 

areas were evaluated for each spectral zone in each sample. The biggest errors (about 30% of 

measured vs experimental area, mean of all samples) are recorded in the O2-alkyl region (95–

110 ppm) in all the samples. For each sample, the sum of absolute values of the differences 

between the measured and the calculated signal intensities for all seven spectral ranges are 

represented in Fig. 2. 

 
Figure 2: Total error for each sample (horizontal figures) of calculated spectral areas compared to 

experimental spectral areas 
 

An additional assessment of model performance is to compare predicted and experimental 

H/C ratios. A good correlation between MMM calculated and experimental H/C ratios is 

obtained but there is a bias; estimated H/C ratios are bigger than measured H/C ratios (Fig. 3). 

4. Conclusions 

The composition of the AHs from Las Tablas de Daimiel wetland could be approximated by a 

mixture of biomacromolecules.  One of the advantages of this approach over the 

straightforward use of 13C-NMR signal areas, in addition to the indirect, semiquantitative 

identification and determination of compounds of interest, like char, is the improved analysis 

of the origin of HAs from different precursor macromolecular entities. Incomplete 

concordance between experimental and simulated spectra might be attributed to experimental 

errors in 13C-NMR spectra of HAs, but giving the better concordance obtained in many cases 

using natural organic materials [2, 4] instead of HAs, the occurrence in HAs of specific 

chemical structures with special 13C-NMR signatures could be an important factor explaining 
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discrepancies. Spectral ranges with 

particularly poor reproducibility may 

also add to this variance. 

The six organic components of HAs are 

widespread in the wetland, but clear 

differences are evident between HAs. 

Whereas structural components as 

carbohydrate, protein, and lipid 

dominate HA composition across the 

wetland, variable quantities of lignin 

and char are also present in all HA. 

Presently, we are trying to use this 

wealth of structural information to characterize the wetland sedimentary organic matter, 

identifying the origin and humification paths experimented by detrital organic matter in Las 

Tablas de Daimiel. 

Figure 3: Correlation between predicted and 
experimental and H/C ratios in HAs from Tablas de 

Daimiel wetland 
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