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T
ransition m

etals cations as E
O

R
 agents in 

carbonate reservoirs: an atom
istic point of view
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Experim

ental observations indicate that the injection of cationic transition m
etals 

(TM
) brine solution could assist oil desorption from

 carbonates. A
fter a 

reference brine injection, by adding C
opper II solutions, 5%

 to 10%
 of 

increm
ental recovery of original oil in place is observed, leading to a potential 

application on enhanced oil recovery (EO
R

) processes. H
ow

ever, the m
olecular 

m
echanism

 involving C
u

2+ and calcite/oil interactions are far from
 being w

ell 
understood. H

ere, first principles sim
ulations based on the D

ensity Functional 
Theory (D

FT) w
ere perform

ed to investigate the processes involved in the 
form

ation of a TM
-oil com

plex [1] and the coverage of carbonate rocks w
ith the 

respective TM
 m

inerals [2]. W
e have sim

ulated octanoic acid (oct- deprotonated 
and octH

 protonated), to m
odel the acidic oil com

ponents, the C
u(O

ct)2 com
plex 

and the calcite (C
aC

O
3) as m

atrix (Figure 1), to determ
ine the structural 

properties and adsorption energies of the oil m
odel and the form

ed C
u-oil 

com
plex, taking into account w

ater as an im
plicit solvent.The adsorption 

energies for octanoic acid  suggests interactions w
ith the calcite surface ( -0.6 eV

 
for oct- and -1.3 eV

 for octH
). H

ow
ever, in the presence of TM

 cations, the 
square planar com

plex form
ation energy is highly stable (-1.5 eV

 per TM
-O

 
bond), 

indicating 
that 

the 
com

plex 
form

ation 
is 

therm
ionically 

favorable. 
B

esides, the adsorption of the TM
-oil com

plex is favorable w
ith the calcite 

surface in the aqueous phase; the nonacid fraction of the oil is capable of 
detaching the com

plex from
 the carbonate porous m

edia. 

 
Figure 1: a) octanoic acid; b) C

u(O
ct)2  com

plex, adsorbed at calcite (10.14) 
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