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 Small size organic molecules linked together by 

metal, hydrogen and π-π bonds. 

Αlessandro Piccolo (2001) The Supramolecular structure of humic substances. 

Soil Science, Vol. 166, pp. 810-832.



Environmental Science & Technology,Vol. 36 (2002) pp.76-84.





DNA sequence (Biology)

Supramolecular assembly of the building blocks 

(Chemistry)
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Polarity
Fractionation



Limitations
Only for hydrosoluble organic matter!

FA, DOM, HA at high pH

Not for SOM!



Ester bound

Ether bound

A humic-acid-like polycondensate produced with no use of catalyst
J. Colloid Interface Sci. 336 (2009) 59–66.

Col. & Surf. A: Physic. & Engineer. Aspects 389 (2011) 254-265.

Humeomics:
Biomacromolecules  12 (2011) 1187-1199.



Organic Matter

Humeomics





1. Soil Preparation to remove Metals/ 

break humic aggregates in soil (HCl 0.1M)

2. Mild extraction to obtain the Unbound 

fraction ORG1 (DCM/MeOH 2:1)

3. Extraction out of 

Clay Minerals to obtain  

the Weakly bound ester 

fraction ORG2 + AQU2

(BF3/MeOH 12%)

4. Heavy Extraction

to obtain the Strongly 

bound ester fraction 

ORG3 + AQU3

(KOH/MeOH 1M)

5. Residual 

Extraction to 

obtain the  

Ether bound 

fraction AQU4

(HI/H2O 47%)

6. Final Extraction to 

obtain Residual SOM 

(NaOH 0.5M/Na4P2O7 0.1M)
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Atomic ratio of O/C

eSOM
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eSOM 1st year
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Total Humeomics 1st year
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Atomic ratio of O/C
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ORG1
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ORG2
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Atomic ratio of O/C

ORG3

In ORG1 most of the lipids are degraded 

after 2 years.

ORG2 loses aromatic compounds in favor of lipids.

ORG3 gets more oxidized.
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Atomic ratio of O/C

1st year ORG1
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Atomic ratio of O/C

3rd year ORG1 
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Atomic ratio of O/C

1st year ORG2 
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Atomic ratio of O/C

3rd year ORG2 
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Atomic ratio of O/C

1st year ORG3 
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Atomic ratio of O/C
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Atomic ratio of O/C

RESOM
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AQU2

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Atomic ratio of O/C

A
to

m
ic

 r
a

ti
o

 o
f 

H
/C

 

 

 

 

AQU3
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Atomic ratio of O/C

AQU4

In AQU2 there is a great turnover of molecules over the years, favoring homogeneity.
AQU3 becomes more heterogeneous and oxidized.
AQU4 and RESOM get more oxidized.
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Atomic ratio of O/C

1st year AQU2 
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Atomic ratio of O/C

1st year AQU3
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Atomic ratio of O/C

1st year AQU4

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

A
to

m
ic

 r
a

ti
o

 o
f 

H
/C

 

 

 

 

Atomic ratio of O/C

1st year RESOM
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Atomic ratio of O/C

3rd year AQU2 
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Atomic ratio of O/C
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Atomic ratio of O/C
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Atomic ratio of O/C

3rd year RESOM 
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+ FeO

5-methoxytryptophan

Orbitrap mass (in negative mode): 305.022
Average mass: 234.251Orbitrap mass +H mass -FeO mass

305.022       + 1.008    -71.930              =      Monoisotopic mass: 234.100



5-methoxytryptophan

C12H14O3N2
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1st year AQU2
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1st year AQU3
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Atomic ratio of O/C

1st year RESOM
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Atomic ratio of O/C

3rd year RESOM

There is a visual trend 

of Fe being detached 

from lipids (AQU2) and 

get attached to more 

oxidized material such 

as polysaccharides and 

lignin derivatives 

(AQU2, AQU3, and 

RESOM).

More oxidized and less 

condensed Fe-bound 

moleclules in 3rd year 

AQU2 and RESOM 

fractions. 
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Changes in the carbon yield, specifically in those molecules which remain 

stable in time, reveal a chemical affinity to iron.



Higher affinity of AM to Fe than HN



Perspectives

 More research is needed in revealing Fe affinity to 

certain groups of molecules.

 Iron complexation to OM seems to be group-

specific and could eventually lead to an in-situ

stabilization technology of soil organic carbon.

 More soil humeomics research is needed to reveal 

humification/carbon sequestration mechanisms.









Thank you for your attention!


