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Despite the potential of current analytical methods to asses the
chemical nature of humic-type materials, to date around 50% of their 
N consists of ill-known structures. In order to shed some light on the 
N domains, a series of destructive and non-destructive techniques 
were applied in peat samples subjected to progressive thermal stress. 
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MATERIAL AND METHODS

Samples from sapric peat from Buyo (Galicia, Spain) were subjected
to controlled isothermal heating at 350 ºC for progressive periods
(60, 90, 120, 150 and 180 s). The samples were characterized by 
Curie-point pyrolysis-gas chromatography-mass spectrometry (Py-GC-
MS), and by solid-state 13C and 15N nuclear magnetic resonance
spectroscopies using cross-polarisation magic-angle spinning.

The N-compounds from peat samples unheated or heated for 60 
to 90 s consisted mainly of methylpyrazole, dimethylpirroline, 
methyldiphenylindole and pyrazole, whereas peat samples heated for 
120 s mainly yielded methylpyrazine and methyldiphenylindole (Fig. 
3). Dimethylpirroline and pyrazine prevailed in samples heated for 
150, and pyrrole in samples heated for 180 s.

RESULTS

Progressive concentration of heterocyclic N-forms (peak at -214 
ppm) was observed in the 15N-NMR spectra in the course of heating. 
The transition between amide to heterocyclic forms was observed in 
samples heated for 120 s, whereas under more drastic conditions 
both amide and heterocyclic N-forms were depleted (Fig. 1). The 13C-
NMR spectra clearly showed almost total depletion of the O-
containing functional groups, both carboxyl (173 ppm) and methoxyl
(56 ppm), in the sample heated for 120 s. Nevertheless, a significant 
amount of alkyl carbon (30 ppm) presented a thermal stability similar 
to that of the residual aromatic carbon (128 ppm). 

Figure 1. 13C and 15N nuclear magnetic resonance spectra from peat 
samples subjected to 0 and 120 s of heating at 350 ºC.

Figure 2. Kinetics of the release of pyrolytic compounds (% of total volatiles) 
from peat samples subjected to progressive heating (0 to 180 s) at 350 ºC.

Figure 3. Chromatographic separation (0-10 min) pyrolysis 
compounds from peat samples subjected to heating at 350 ºC for 
0 and 120 s.

The molecular assemblages analyzed by Py-GC-MS showed 
progressive enrichment in alkyl compounds, with a concomitant 
reduction in methoxyphenols, carbohydrate-derived and N-containing 
molecules in the course of heating (Fig. 2), whereas yields of non-
methoxyphenolic aromatic compounds remained relatively constant. 
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Figure 4. Shannon-Weaver diversity index calculated from the 
molecular assemblages of N-containing pyrolytic compounds 
from peat samples subjected to progressive heating (0-180 s).

CONCLUSIONS

In general, a two-stage transformation was observed: 

At relatively low heating intensity (representative of mid-intensity 
wildfires), the effect of the thermal treatment seemed to be mainly 
defunctionalization, dealkylation, and generation of newly-formed 
structures mainly at expenses of carbohydrates and peptides. At this 
stage, the biodiversity indices calculated from e.g., the yields of the 
N-compounds indicated increased complexity of the molecular 
assemblages with the progressive heating.

At comparatively drastic conditions (in this experiment, after 180 s 
heating) both pyrolysis and NMR data revealed that the thermal 
breakdown-resilient N-molecules consisted of heterocyclic and 
aromatic forms. This suggests a recalcitrant condensed alkyl domain 
together with a black-carbon-like condensed matrix where O-alkyl 
constituents were almost completely depleted or transformed into
aromatic structures, and the N-compounds have been transformed 
into new molecules leading to a diagnostic pyrolytic pattern.

The Shannon diversity index calculated for the N- containing 
compounds identified by Py-GC-MS showed a similar level for the 
unheated and the 60-150 s-heated samples, whereas in samples 
heated for 180 s the diversity value dramatically decreased (Fig. 4).


