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SUMMARY

Soil organic matter from the surface horizon of two Brazilian soils (a Latosol
and a Chernosol), in bulk samples (in situ SOM) and in HF-treated samples (SOM),
was characterized by elemental analyses, diffuse reflectance (DRIFT) and
transmission Fourier transform infrared spectroscopy (T-FTIR).  Humic acids
(HA), fulvic acids (FA) and humin (HU) isolated from the SOM were characterized
additionally by ultraviolet-visible spectroscopy (UV-VIS).  After sample oxidation
and alkaline treatment, the DRIFT technique proved to be more informative for
the detection of “in situ SOM” and of residual organic matter than T-FTIR.  The
higher hydrophobicity index (HI) and H/C ratio obtained in the Chernosol samples
indicate a stronger aliphatic character of the organic matter in this soil than
the Latosol.  In the latter, a pronounced HI decrease was observed after the
removal of humic substances (HS).  The weaker aliphatic character, the higher
O/C ratio, and the T-FTIR spectrum obtained for the HU fraction in the Latosol
suggest the occurrence of surface coordination of carboxylate ions.  The
Chernosol HU fraction was also oxygenated to a relatively high extent, but
presented a stronger hydrophobic character in comparison with the Latosol
HU.  These differences in the chemical and functional group composition suggest
a higher organic matter protection in the Latosol.  After the HF treatment,
decreases in the FA proportion and the A350/A550 ratio were observed.  A possible
loss of FA and condensation of organic molecules due to the highly acid medium
should not be neglected.

Index terms: hydrophobicity, organo-mineral interactions, HF-treatment, humic
substances.
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RESUMO:   CARACTERIZAÇÃO QUÍMICA E ESPECTROSCOPIA DE
INFRAVERMELHO DA MATÉRIA ORGÂNICA DE DOIS SOLOS
DO SUL DO BRASIL

A matéria orgânica de horizontes superficiais de dois solos (um Latossolo e um
Chernossolo) foi caracterizada em amostras não tratadas (in situ SOM) e em amostras
tratadas com HF (SOM) por análise elementar, espectroscopia infravermelho com
transformada de Fourier por reflectância difusa (DRIFT) e por transmissão (T-FTIR).  Ácidos
húmicos (HA), ácidos fúlvicos (FA) e humina (HU), isolados da SOM, foram caracterizados
também por espectroscopia UV-VIS.  A técnica de DRIFT mostrou-se mais informativa do
que a de T-FTIR na detecção da “in situ SOM”, bem como da matéria orgânica residual
após a oxidação da amostra e após o tratamento alcalino.  Os maiores valores de índice de
hidrofobicidade (HI) e da razão H/C obtidos para o Chernossolo indicam que a matéria
orgânica neste solo apresentou um caráter alifático superior ao observado no Latossolo.
Neste último, observou-se acentuado decréscimo do HI após a remoção das substâncias
húmicas (HS).  O menor caráter alifático, o maior valor para a razão O/C e o espectro de T-
FTIR, obtidos para a fração HU nestes solos, evidenciam a ocorrência de coordenação de
superfície de íons carboxilatos.  A fração HU do Chernossolo também apresentou elevado
grau de oxigenação, mas, em oposição à HU do Latossolo, o caráter hidrofóbico foi mais
elevado.  As diferenças químicas e na composição de grupos funcionais indicam maior
proteção da matéria orgânica no Latossolo.  Após o tratamento com HF, foram observados
decréscimos na proporção de FA e da razão A350/A550, e a possível perda de FA e condensação
de moléculas orgânicas em decorrência do meio fortemente ácido, deve ser considerada.

Termos de indexação: hidrofobicidade, interação organo-mineral, tratamento com HF,
substâncias húmicas.

INTRODUCTION

Most of the research with humic substances has
been performed either with humic acids (HA) or with
soil organic matter (SOM), employing chemical and
spectroscopic methods.  Modifications in composition
and structure of humic substances (HS) as a
consequence of the extraction procedure is still an
issue of controversy (Tan et al., 1991; Senesi et al.,
1994; Dick & Burba, 1999).  On the other hand, the
investigation of in situ SOM may be limited by the
low C content and by the presence of paramagnetic
ions, which can interfere with the resolution of some
magnetic resonance techniques (Rivero et al., 1998).
In order to diminish such interference, the treatment
of soil with HF solution has lately been used
(Skjemstad et al., 1994; Schmidt et al., 1997; Dai &
Johnson, 1999).  Nevertheless, Piccolo (1988) had
observed that treating HS with strong acid mixtures
could cause HS condensation in higher molecular
weight structures.

IR spectroscopy using Fourier transform IR
spectrometers (FTIR) has found widespread use for
the characterization of HS (Piccolo, 1988; Baes &
Bloom, 1989; Stevenson, 1994; Celli et al., 1997;
Rivero et al., 1998; Baranciková et al., 1999).  In
transmission FTIR spectroscopy (T-FTIR), however,
problems associated to the KBr pressed pellet
method and the interference of water can become
considerable.  There are no such difficulties with
diffuse reflectance FTIR (DRIFT) spectroscopy, which

can be conducted with bulk samples, and represents
a much more rapid and practical IR technique (Baes
& Bloom, 1989; Niemeyer et al., 1992).  This
technique finds its principal application in studies
on HS surface reactions and simple organic
compounds with soil minerals (Hinedi et al., 1993;
Capriel, 1997; Kaiser et al., 1997).  Capriel et al.
(1995) proposed an index obtained by DRIFT
spectroscopy to evaluate the SOM hydrophobicity.
A close relationship between the hydrophobicity
index (HI) of SOM and the texture of a group of 92
arable soils was found in that study, where higher
HI values indicated a stronger hydrophobic
character.  According to the authors, the SOM
hydrophobicity is mainly determined by the C-H
group proportion.  The intensity of the C-H
absorption bands around 3.000 to 2.800 cm-1 in the
IR spectra could therefore express the hydrophobic
character of the investigated SOM.

The UV-VIS spectroscopy of humic substances
provides the ratio E4/E6 (Chen et al., 1977); a useful
tool to estimate the humification degree and
molecular size of the investigated sample (Martin-
Neto et al., 1998).  Nevertheless, other ratios like
A350/A550 can be used for the same purpose (Dick &
Burba, 1999).

While there is a considerable amount of
information about organic matter from temperate
climate soils, organic matter from Brazilian soils has
only recently become a subject of systematical
studies with chemical and advanced spectroscopy
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techniques (Martin-Neto et al., 1991; Nascimento et
al., 1992; Dick & Burba, 1999; Novotny et al., 1999).

Main objectives of this study were (I) to compare
the chemical characteristics of SOM and its humic
fractions from two soils of different mineralogy by
elemental analysis and UV-VIS and FTIR
spectroscopy; and (II) to evaluate the potential
capacity of DRIFT spectroscopy for research on the
in situ SOM.

MATERIALS AND METHODS

Soil samples

Samples from the A horizons of a Chernosol and
a Latosol from Rio Grande do Sul State were
collected and the < 2 mm fraction was obtained by
sieving the crushed soil after previous mechanical
removal of plants and root debris.  According to soil
taxonomy, they are classified as Mollisol and Oxisol,
respectively (Soil Survey Staff, 1998).

The Chernosol (Rio Pardo), collected under native
vegetation, contained 261 g kg-1 of clay, which
consisted mainly of 2:1 clay minerals and kaolinite.
The Latosol (Santo Ângelo), collected from a two-
year-old field experiment under oat/soybean crop
rotation, contained 650 g kg-1 of clay, dominated by
Fe-oxides and kaolinite.  In order to explore the
DRIFT technique further, an additional sample from
the same Latosol was collected from a neighboring
19-year-old field experiment of oat/soybean crop
rotation.

HF solution treatment

The procedure of concentrating organic matter
with a 10 % HF solution was adapted from Schmidt
et al. (1997).  In a polyethylene tube, 50 mL of 10 %
(v/v) HF were added to 10 g of soil.  After 2 h of
mechanical agitation, the suspension was left to
stand for about 24 h, and the supernatant removed
by decantation.  This procedure was repeated
13 times.  The concentrated organic matter (SOM)
was rinsed five times with distilled water and dried
at 60 °C in a vacuum oven.  Part of it was separated
for further analysis and the remaining material was
submitted to chemical fractionation of HS.

Chemical fractionation of HS

Five grams of SOM were shaken with 20 ml of
0.5 mol L-1 NaOH for 3 h.  The extract containing
the extractable HS was separated by centrifugation
and stored in a collector flask.  This procedure was
repeated until the supernatant became colorless.
The volume of the alkaline extract was measured
and an aliquot of 5 mL collected and stored for the
UV/VIS analysis.  The pH was lowered to 2 with
4.0 mol L-1 of HCl and the suspension was allowed

to settle for 24 h.  The precipitated HA was separated
from the FA by centrifugation and rinsed three times
with distilled water.  The rinsing supernatant was
added to the FA extract.  After measuring the FA
extract volume, an aliquot of 2 mL was collected and
stored for the UV/VIS analysis.  The extraction
residue containing the HU was washed with distilled
water and dried at 60 °C in a vacuum oven.

For the chemical HS fractionation of the natural
soil, a previous treatment with 20 mL of 0.1 mol L-1

HCl was carried out (2 h of mechanical agitation)
and the supernatant disposed of.  This procedure
was repeated three times.

Purification of HA and FA extracted from SOM

The HA was treated with 20 mL of 5 % (v/v) HF-
HCl (1 h of mechanical agitation, repeated three
times).  The purified HA was washed with distilled
water until the chloride test was negative and dried
at 60 °C in a vacuum oven.

The acid FA extract was run over an acidified
XAD-8 resin and eluted with 0.1 mol L-1 NaOH.  The
pH of the eluted FA was neutralized with 0.1 mol L-1

HCl and the suspension was shaken during 1 h with
the cationic resin Amberlite IR-120 at pH 4.  The
resin was separated by decantation and the FA dried
at 60 °C in a vacuum oven.

Oxidation with 30 % (v/v) H2O2

Approximately 2.5 g of soil sample were treated
with 10 mL of 30 % (v/v) H2O2 in a beaker on a
heating plate under magnetic stirring, until bubbles
ceased to emerge.  The supernatant was removed
by decantation and the treatment repeated nine
times.  The oxidized soil residue was dried at 60 °C
in a vacuum oven.

Elemental analysis

The C, H, and N contents were determined in
replicates using a Perkin Elmer 2400 elemental
analyzer.  After correcting the results to an ash-free
basis, the O content was calculated by difference.
The ash content was determined by calcination of
the SOM samples and their fractions HA, FA and
HU at 750 °C for 4 h.

DRIFT and T-FTIR spectroscopy

The T-FTIR and DRIFT spectra were recorded
on a Bomem MB-102 Spectrometer, coding 32 (T-
FTIR) and 600 (DRIFT) scans at a resolution of 4 cm-1

and within a spectral range of 4000-400 cm-1.  Prior
to analysis, the samples were vacuum-dried for 48 h.
The T-FTIR spectra were obtained from the samples
pressed into KBr pellets, under 12 MPa.  The DRIFT
analyses were performed with sample powders,
without the addition of KBr, due to reproducibility
problems, as reported by Urban (1993).  These
spectra were collected as reflectance units and
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transformed to Kubelka-Munk units.  The spectra
interpretation and the absorption band assignments
were based on Farmer (1974), Tan (1996), Celli et al.
(1997) and Kaiser et al. (1997).  The hydrophobicity
index (HI) was calculated according to Capriel et al.
(1995) by dividing the integrated area of the aliphatic
absorption band (3.000 to 2.800 cm-1) by the sample’s
C content.

UV-VIS spectroscopy

The UV-VIS spectra of the alkaline HS and FA
extracts were performed on a Shimadzu 160-UV
spectrometer from 200 to 800 nm.  The pH of the FA
aliquot (taken before the purification procedure) was
elevated to pH 13 by adding 3 mL of 0,1 mol L-1

NaOH to 1 mL of FA sample.  The FA/HS index ratio
was estimated according to Dick & Burba (1999):
FA/HS = (A400-A750)FA × V(mL)FA / (A400-A750)HS ×
V(mL)HS, where A400 and A750 are the absorbances
at 400 and 750 nm, respectively, and V(ml) the
volume extract.  The A350/A550 ratio was also calculated
where A350 and A550 are the absorbances at 350
and 550 nm, respectively (Dick & Burba, 1999).

RESULTS AND DISCUSSION

DRIFT spectroscopy

The DRIFT spectrum of the in situ SOM of the
Chernosol (Figure 1, spectrum a) presented the

following main absorption bands associated to
organic matter: (a) a broad band centered at
3.400 cm-1 due to H bonded to OH groups (also from
the minerals); (b) bands between 2.950 and 2.850 cm-1

attributed to aliphatic C-H stretches; (c) a peak at
1.628 cm-1 associated to a structural vibration in the
aromatic C = C and antisymmetric C = O stretch of
COO-; (d) a peak at 1.531 cm-1 (amide II), (e) a peak
at 1.370 cm-1 assigned to a symmetric C = O stretch
of COO- and -CH bending of aliphatics.

Main features associated to the inorganic
counterparts were: (a) sharp bands around 3.700 and
3.600 cm-1, assigned to OH groups from the Al-OH and
Si-OH surface, (b) bands between 1.900 and 1.750 cm-1,
assigned to Al-O groups from the clay mineral
surface, and a shoulder at 1.680 cm-1 due to mineral
structure groups; (c) a broad band around 913 cm-1

associated to mineral structure surface groups.

The presence of carboxylic group absorption
bands at a lower wave number (1.628 cm-1) is an
indicative of coordination between SOM and
minerals (surface complex) and, or ions (Celli et al.,
1997).  The shift from 1.725 to 1.625 cm-1 of carboxylic
group absorption bands due to SOM adsorption on
goethite and amorphous Al(OH)3 has been reported
by Kaiser et al. (1997).  In the Chernosol of the
present study, adsorption probably occurred at the
edges of the kaolinite particle, where aluminol
groups, the most reactive sites, are located (Sposito,
1989).

Figure 1. DRIFT spectra of the whole soil (a), of the HS-extracted soil (b) and of the oxidized soil (c) of the
Chernosol.
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After the removal of HS, a strong decrease in
absorption intensity of the region 2950 to 2.850 cm-1

was observed in the DRIFT spectrum (Figure 1,
spectrum b) while the bands at 1.628 cm-1 and at
1.370 cm-1 disappeared.  The C content dropped from
20.2 to 7.1 g kg-1 (Table 1) after the alkaline
treatment.  Similarly, soil oxidation also caused a
pronounced reduction of the aliphatic stretching
intensity (Figure 1, spectrum c) and the carbon
content (3.4 g kg-1).  The occurrence of absorption
peaks at 1.628 and 1.426 cm-1 in this spectrum could
indicate that SOM, which was strongly coordinated
to the mineral surface, resisted oxidation.

The DRIFT spectra of the in situ SOM, of the
residue after HS removal and of the oxidized sample
of the Latosol (Figure 2) showed less prominent
bands of the SOM than the corresponding samples
of the Chernosol (Figure 1).  The C content dropped
from 22.4 (untreated sample) to 8.9 g kg-1 after the
HS extraction and to 3.8 g kg-1 after oxidation.  These
values lie in the same range as those obtained for
the Chernosol (Table 1).

Due to the higher clay amount (650 g kg-1) in the
Latosol, the occurrence of SOM within clay-sized
aggregates is more common than in the Chernosol
(260 g clay kg-1).  Therefore, the organic matter is
less accessible to IR radiation, producing a spectrum
with less prominent absorption bands.  Physical
protection of SOM within microaggregates has been
reported by Skjemstad et al. (1993), among others.
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Figure 2. DRIFT spectra of the whole soil (a), of the HS-extracted soil (b) and of the oxidized soil (c) of the
Latosol.

Transmission FTIR spectroscopy

In both samples, the transmission spectra of the
whole soil provided much less information about
SOM than the DRIFT spectra (Figures 3 and 4), since
the absorption bands associated to organic matter
were comparatively weaker.  A similar observation
was reported by Niemeyer et al. (1992).  The same
effects caused in the DRIFT spectra by HS removal
and by sample oxidation were also observed in the
transmission technique.

Table 1. Hydrophobicity Index (HI) and C content of
the in situ SOM, of the HS-residue (residue after
HS alkaline extraction), of the SOM (HF-treated
sample) and its extracted HA. Latosol 19: Latosol
sample under crop during 19 years

Sample HI C Sample HI C

g kg-1 g kg-1

Chernosol: Latosol:

In situ SOM 23 20.2 In situ SOM 18 22.4
HS-residue 20 7.1 HS-residue 10 8.9
SOM 4.9 278 SOM 5.1 310
HA 0.20 492 HA 0.22 478

Latosol 19:

In situ SOM 9.9 26.2
SOM 6.0 304
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Figure 4. Transmission FTIR spectra of the whole soil (a), of the HS-extracted soil (b) and of the oxidized
soil (c) of the Latosol.

Figure 3. Transmission FTIR spectra of the whole soil (a), of the HS-extracted soil (b) and of the oxidized
soil (c) of the Chernosol.
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The transmission FTIR spectrum of the
Chernosol SOM (Figure 5, spectrum a) revealed a
typical pattern of humified organic matter.  In
addition to the absorption regions already observed
in the DRIFT spectrum of the in situ SOM, the T-
FTIR spectrum showed (a) a peak at 1.724 cm-1 due
to –C = O stretching of -COOH, (b) shoulders at
1.450-1.420 cm-1, assigned to -CH3 and -CH2 bending;
(c) a peak at 1.243 cm-1 due to antisymmetric -C-O
stretching and OH deformation of -COOH, -C-OH
bending of phenols and of tertiary alcohol; (d) a
shoulder at 1.158 cm-1 ascribed to symmetric -C-OH
stretching of aliphatics; (e) a broad peak at 1.061 cm-1,
assigned to -C-O stretching of phenols, polysaccharides
and, or, aliphatic groups.

In a comparison with the whole soil spectrum,
the occurrence of antisymmetric -COO- stretching
at a higher wave number (1.645 cm-1) in the
Chernosol’s SOM spectrum confirms (Figure 1,
spectrum a, 1.626 cm-1) that the in situ SOM was
strongly coordinated to the mineral surface.

Compared to the HA, the carboxylic content is
higher in the FA, indicated by more intense bands
at 1.718 cm-1 and at 1.225 cm-1 (Figure 5, spectra b
and c).  Moreover, the peak at 1.031 cm-1 (ν(Si-O-Si)) in
the HA shows that the purification was not very
effective.

Figure 5. Transmission FTIR spectra of SOM (a) and its fractions: HA (b), FA (c) and HU (d) of the Chernosol.
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In the HU fraction (Spectrum d, Figure 5), the
stronger absorption bands at 1.593 and 1.397 cm-1

indicate the presence of carboxylate anions strongly
bonded to metals and, or, minerals.  The contribution
of aromatic and aliphatic moieties in this region,
though, should not be neglected.  The pronounced band
at 1.068 cm-1 suggests the presence of ether groups.

The SOM ash content was 150 and 260 g kg-1,
respectively, in the Chernosol and in the Latosol
(Table 3).  In the HU fraction, the ash content
reached 470 and 610 g kg-1, respectively, indicating
a relative enrichment of the inorganic components
in this alkali-insoluble fraction.  It appears that, in
the present study, humin does not only consist of
hydrophobic moieties, but also of carboxylated
structures strongly coordinated to inorganic
components, composing a very stable organomineral
association.  This association seems to be more
relevant in the Latosol, since the HU fraction in this
soil presented a much higher ash content.  Fründ &
Lündemann (1991) had already pointed out the
insolubility of organic matter in alkaline solution
due to binding or complexation with minerals in the
soil.  The occurrence of carboxylic groups and of
humic acid-like structure in humin has also been
reported earlier by other authors (Preston &
Ripmeester, 1982; Rice & McCarthy, 1989; Stevenson,
1994; Malekani et al., 1997).  Nevertheless, one should
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not discard the possibility that this organomineral
complex could be an artifact from the previous HF
treatment.

The T-FTIR spectra obtained for the Latosol
fractions (Figure 6) showed similar features to those
of the Chernosol and the same considerations
expressed above are valid in this case.  Humic and
fulvic acids extracted from the natural soil showed
T-FTIR spectra similar to those obtained for the HA
and FA fractionated from the SOM and are therefore
not shown here.

UV-VIS spectroscopy, hydrophobicity index
(HI) and elemental composition

The values calculated for the FA/HS ratio
(Table 2) show that the SOM concentration
treatment reduced the fulvic acid yield, indicating
that part of the FA was lost during the HF treatment.

For the Latosol, the A350/A550 values were lower
in all humic fractions extracted from SOM when
compared with those extracted from untreated soil
(Table 2), suggesting that the former had a higher
molecular size/condensation ratio (Chen et al., 1977;
Dick & Burba, 1999).  The occurrence of molecular
condensation due to the strong acid treatment, as
already observed by Piccolo (1988), can be considered
the cause for the decrease in the A350/A550 ratio.
Additionally, the loss of organic moieties with lower
molecular weight should also be considered.  In the

Figure 6. Transmission FTIR spectra of SOM (a) and its fractions: HA (b), FA (c) and HU (d) of the Latosol.
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FA/HS A350/A550

Soil
Soil SOM Soil SOM

Chernosol 0.20 0.12 - -
HS - - 2.60 3.40
HA - - 2.50 3.20
FA - - 7.60 4.70

Latosol 0.36 0.14 - -
HS - - 6.40 3.90
HA - - 6.10 3.70
FA - - 9.30 7.30

Table 2. FA/HS and A350/A550 ratios of humic
fractions extracted from the natural soil
sample and from SOM (HF-treated soil) (*)

Chernosol, this behavior was only observed for the
FA (Table 1), while the A350/A550 ratio for the HA
fraction was less affected by the HF treatment.

The hydrophobicity indices (HI) obtained for the
in situ SOM and HS-residue (Table 1) are in the
range of those observed in arable soils by Capriel et
al. (1995) and Capriel (1997).

The HI for the in situ SOM was higher in the
Chernosol than in the Latosol, indicating a higher
hydrophobicity character for the organic matter in
the former.  Considering that the aliphatic groups
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are the most recalcitrant structures in the SOM
(Baldock et al., 1997) it follows that the humification
degree is higher in the soil with 2:1 mineralogy than
in the Latosol.

After the alkaline removal of soluble HS, the HI
dropped considerably in the Latosol, showing that
the remaining HU fraction has a less hydrophobic
character.  This result agrees with the findings of
the T-FTIR analysis, where the HU fraction spectrum
revealed a strong coordination of the organic matter
to the mineral or metal surfaces by its carboxylate
groups.  In the Chernosol, where the organomineral
interaction was less strong, the HI value changed
little with the removal of HS substances and no
preferential extraction occurred.  The values
obtained for the in situ SOM in the OX-19 sample
show that the long term cultivation caused a
decrease in the hydrophobicity index as already
pointed out by Capriel (1997).

For both soils, the HI values for the SOM were
much lower than those obtained for the in situ SOM
(Table 1).  An extreme situation was verified with
the HA, where the HI values were lower than one.
The occurrence of a major chemical alteration due
to the HF treatment, as well as a preferential
dissolution of hydrophobic structures by the acidic
hydrophilic medium are most unlikely (Piccolo, 1988;
Schmidt et al., 1997).  For the relationship between
HI and hydrophobicity established by Capriel et al.
(1995), the C content varied between 6.4 and
64.9 g kg-1.  It seems that for higher C contents, as
observed for the SOM and HA in the present study,
this relationship is not suitable.

In both soils, the elemental composition of the
SOM, HU and HA differed among each other,
indicating that neither the HU nor the HA could
solely be used to estimate the composition of the
whole SOM (Table 3).  In the Chernosol, the H/C ratio
was higher in the SOM, compared to that of the HU
and the HA.  This higher aliphaticity might be
related to the contribution of the FA for the whole
organic matter.

Between the two soils, the SOM of the Chernosol
presented a higher H/C ratio which can be associated
to the higher HI calculated for the in situ SOM
(natural sample) in this soil, when compared to the
SOM of the Latosol.  The use of HI as an aliphaticity
index should, though, be checked by further studies
with a larger number of samples.  The O/C ratio was
also higher for the Chernosol SOM, indicating a
lower oxygenation degree in the Latosol SOM.
Similar behavior has been observed earlier with the
humic substances of these two soils by means of 13C-
NMR spectroscopy (Dick et al., 1999).

The higher O/C ratios obtained for the HU
fraction in both soils points to a higher Oxygen
content in the humin fraction, and this fact tallies
well with the presence of carboxylate groups,
identified previously by T-FTIR spectroscopy
(Figures 5 and 6, spectrum d).  In the specific case
of the Latosol, the humin also showed a lower H/C
ratio than the other two analyzed fractions in
agreement with the lower HI value obtained for the
HS-residue (Table 1).  Almendros et al. (1996)
obtained H/C values around 1.5 for humins from
Spanish soils isolated with methyl isobutyl ketone
(MIBK method).  The lower H/C values obtained in
the present work might be due to the employed
alternative procedure: SOM concentration with HF
solution, followed by the alkaline extraction of HS.

Both HA presented a lower O/C ratio than the
other two organic fractions, in agreement with their
lower content of carboxylic groups, identified by T-
FTIR spectroscopy (Figures 5 and 6).  Furthermore,
the lower H/C ratio observed for HA in comparison
with the respective SOM (Table 3) suggests that the
contribution of aromatic groups to the absorption
band at 1.633-1.619 cm-1 (Figures 5 and 6,
spectrum b,) is greater than that of the COO- groups.

The SOM of the two soils presented similar values
for the C/N, while the HA and HU fractions showed
distinct variation regarding this ratio (Table 3).  In
the Latosol, the HU and HA were poorer in nitrogen,
in comparison to the whole SOM.  Either the Latosol

Table 3. Elemental composition, C/N, H/C, and O/C ratios of the SOM and its fractionated HU and HA

(1) Ash-free basis. (2) Calculated by difference of 1.000 g kg-1. (3) Atomic ratio.

Sample Ash C(1) H(1) N(1) O(2) C/N H/C(3) O/C(3)

g kg-1

Chernosol:

SOM 150 439 45 58 458 7.6 1.23 0.78
HU 470 434 40 64 462 6.8 1.11 0.80
HA 60 524 46 72 358 7.3 1.05 0.51

Latosol:

SOM 260 500 46 69 385 7.2 1.10 0.58
HU 610 454 37 46 463 9.9 0.98 0.76
HA 90 529 51 58 362 9.1 1.16 0.51
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FA was relatively enriched with nitrogen or some
nitrogenated compounds of low molecular weight
had been extracted by the previous chemical
treatments.  The T-FTIR spectra (Figure 6) support
the second hypothesis, since the amide absorption
band (around 1.540 cm-1) was less intense in the FA
spectrum (spectrum c), in comparison to the other
spectra.  In the Chernosol, the C/N ratio was relatively
similar in the three analyzed organic fractions,
indicating a uniform nitrogen distribution (Table 3).

CONCLUSIONS

1. The DRIFT technique has shown to be a much
more informative method to detect in situ SOM than
the T-FTIR.  It also made the identification of the
remaining organic matter after the oxidation
treatment possible, and of the humin fraction in the
soil residue after the alkaline HS extraction.  The
applicability of the HI as an inference of the
hydrophobic character appears to be limited by the
sample’s C contents and can not be employed in
concentrated SOM samples.

2. The in situ SOM of the Chernosol was more
hydrophobic and more aliphatic than that of the
Latosol, as indicated by the HI index and H/C ratio.
The variations of both indexes might be correlated.
Nevertheless, further studies must be developed to
check this assumption.

3. The organomineral association, more
pronounced in the Latosol, probably promoted
physical protection of the organic matter, leading to
a less humified SOM in this soil.

4. The treatment with the HF solution allowed
the acquisition of a more informative T-FTIR
spectrum of the SOM as well as the determination
of its elemental composition.  Furthermore, the
humin fraction could be isolated and also
investigated by means of infrared spectroscopy and
chemical analysis.  However, there is some evidence
that part of the fulvic acid was lost during the acid
treatment and that some condensation might have
occurred.  The formation of inorganic artifacts in the
humin fractions should be considered as well.
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