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Introduction:  The time scale of formation of hy-

drous phyllosilicates in the solar nebula has major im-
plications for the problem of incorporation of water in 
the Earth and other planetary bodies during accretion. 
On the basis of assumed value of the activation energy 
of hydration reaction (Q(hyd)) and simple collision 
theory (SCT), it has been argued that the kinetics for 
the hydration reactions was too slow at the nebular 
conditions to lead to the formation of hydrous phyllo-
silicates within the life time of solar nebula (~10 Ma) 
[1]. On the other hand, it has been suggested that the 
estimate of Q(hyd) was probably too high [2], and thus 
the feasibility for the formation of hydrous minerals in 
the solar nebula and subsequent accretion into larger 
bodies can not be ruled out [2, 3].   

In this work, we present quantum chemical calcula-
tions of the Q(hyd) for the reaction MgO (periclase) + 
H2O →  (Mg(OH)2 (brucite). For computational con-
venience, we have chosen a simple reaction to test the 
feasibility of the computational approach, and hope to 
build on it to address complex reactions such as For-
sterite/Enstatite → Sepentine/Talc + Brucite that are 
more realistic for nebular processes.  

Computational Method: The calculations are per-
formed by plane wave density-functional theory (DFT) 
using VASP (Vienna ab initio simulation package), 
version 5.2[4, 5]. The exchange-correlation contribu-
tion to the total energy is modeled using the GGA func-
tional of PBE[6]. The electronic interactions are de-
scribed by Projected Augmented Wave (PAW)[5, 7] 
provided by VASP[8]. The cutoff energy for the plane 
wave expansion is set to 450 eV. For the number of k-
points, we have used a 2×2×1 Monkhorst-Pack[9] k-
points grid for the calculations. The semi-core 2p elec-
trons of Mg are treated explicitly. For the hydration of 
MgO or dehydration of Mg(OH)2, there is an epitaxial 
relationship between (111) surface of MgO and (0001) 
surface of Mg(OH)2. Therefore, the hydration of MgO 
is studied on the (111) surface of MgO, which eventu-
ally forms (0001) surface of Mg(OH)2. The (111) sur-
face of MgO is modeled using the supercell approach. 
Each supercell modeled in a (4×4)a0/√2 periodic mode 
with eight atomic layers plus the adsorbed species with 
the vacuum space of 20 Å. The reaction pathway and 
activation energy are determined by using the Nudged 
Elastic Band (NEB) method[10].  

Results and Potential Implications: The calculat-
ed heat of reaction for the hydration of brucite at 298 K 
is 76.22 kJ/mol, which is very close to the value of -
81.51 kJ/mol calculated from internally consistent 
thermochemical database [11]. The minimum energy 
reaction path is determined form a monolayer of water 
adsorbed on the Mg terminated (111) surface of peri-
clase. The adsorbtion energy for water is -27.01 
kJ/mol. The results of calculations of energy vs. reac-
tion coordinate are illustrated in Fig. 1 along with the 
structures of the initial (1), final (3) and transition 
states (2). In the initial state, there is an adsorbed H2O 
layer on the (111) surface of MgO.  
 

 
Fig. 1: Activation energy and slected structural changes 
associated with the hydration of MgO to form 
Mg(OH)2 . The upper panel shows the energy change 
as a function of the reaction path, while  lower panel 
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shows ball and stick presentation of the initial state (1), 
activated complex (2) and final product (3). Blue, red, 
and red spheres represent Mg, O and H, respectively.  
This H2O layer eventually breaks the Mg-O bonds on 
the top layer of MgO, thereby producing a brucite layer 
(3). The calculated activation energy for the hydration 
reaction of MgO + H2O → Mg(OH)2 is ~100 kJ/mol. 

If we accept the activation energy of hydration of 
MgO to be a good approximation for the Q(hyd) of 
more complex reactions that are appropriate for the 
nebular conditions, and the SCT formulation [2] to be 
valid for the calculation of time scale of hydration, then 
it seems unlikely that the hydrous phyllosilicates were 
formed within the life time of solar nebula. Further 
work is in progress to better constrain the activation 
energy of hydration, especially if it is affected as the 
hydration of MgO proceeds deeper into the crystal, and 
for more complex hydration reaction, and also to im-
prove the formulation for the calculation of time scale 
of hydration in the nebular conditions.  
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