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Introduction: The isotopic compositions of miner-

als and rocks provide important clues on the processes 

that shaped the composition of planetary bodies. As an 

example, Wang and Jacobsen used the heavy potassium 

isotopic composition of lunar rocks as evidence arguing 

that a high-energy and high-angular momentum giant 

impact scenario was responsible for the formation of the 

Moon, and casting some doubts on the canonical 

model.[1] Experimentally examining some of the pro-

cesses responsible for fractionating isotopes in lunar 

rocks is highly challenging due to the extreme condi-

tions associated with the Moon forming impact. 

 Among various approaches to all these seemly in-

tractable problems, first-principle calculation based on 

density functional theory (DFT) has been proven to be 

an extremely versatile tool, which was used to investi-

gate intricate chemical reaction mechanisms[2] and crys-

tal structures of material in the core of planets.[3] Herein, 

we present a first-principle computation of the reduced 

partition function ratio (𝛽 factors) for K in potassium 

bearing mineral, orthoclase. The rationale for calculat-

ing the 𝛽 factor for potassium in orthoclase is that dur-

ing condensation of K from circumterrestrial debris to 

the moon, K would condense into silicates, and ortho-

clase is taken as the model of silicates during the for-

mation process. We are interested in understanding how 

K isotopes would partition during the condensation to 

understand what caused K isotope variations in lunar 

samples and pose further constraints on the giant impact 

theory. 

Method: The computation is based on DFT and 

conducted using the Quantum ESPRESSO software.[4] 

Plane-wave basis set and Perdew-Burke-Ernzerhof 

(PBE) generalized gradient approximation (GGA)[5] as 

exchange correlational functional were employed. Pseu-

dopotentials were obtained from the ONCV library.[6] 

The large size of the orthoclase unit cell, which contains 

52 atoms, made the computation process time consum-

ing and at the time of writing this abstract, the influence 

of some parameters are still being tested. The cutoff en-

ergy (85 Ry) and the size of a uniform Monkhorst-Pack 

k-point grid[7] (3x2x3) were determined as the total en-

ergy converged within 15 meV/atom. The convergence 

with respect to q-point (under test and will be published 

in the poster) was determined as doubling the number of 

q points with 𝑙𝑛𝛽 changing less than 0.1‰.  

Starting from the experimental structure of ortho-

clase,[8] the crystal structure was first relaxed until the 

difference in total energy between two consecutive self-

consistent iterations was less than 10-4 Ry with a force 

convergence threshold 5 × 10−4  a.u. and a pressure 

convergence threshold 0.1 Kbar. After structural relax-

ation, phonon dispersion relationships for two different 

isotopes (39K, 41K) were computed based on density 

functional perturbation theory (DFPT or linear re-

sponse). 

The equilibrium isotopic fractionation factor of an 

element Y between two phases a and b can be written in 

the form of reduced partition functions ratios 𝛽:  

α(a, b, Y) =
𝛽(𝑎, 𝑌)

𝛽(𝑏, 𝑌)
 

where 𝛽(𝑎, 𝑌) is the reduced partition function ratio be-

tween phase a and a perfect gas of elemental Y. The 𝛽 

factors can be computed from the vibrational frequen-

cies of a given material through following equation: [9] 
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where 𝑣𝑞,𝑖  and 𝑣′𝑞,𝑖  are the vibrational frequencies of 

the vibrational mode 𝑖  with wave vector 𝑞 , N is the 

number of atoms in the unit cell, and 𝑁𝑞 is the number 

of 𝑞 points in the Brillouin zone. The calculation was 

done independently in Chicago and Toulouse (the pa-

rameters listed above are for the Chicago computation), 

so as to compare the reproducibility of the DFT calcu-

lation and the influence of some of the choices made in 

DFT calculations. Huang et al.[10] previously calculated 

the 𝛽 factor of K in orthoclase and their results differ 

from preliminary calculations. 

Results: The relaxed lattice parameters are provided 

in Table 1. They agree well with experimentally meas-

ured values.[8] A preliminary result of computed 𝛽 fac-

tors from Toulouse is shown in Fig. 1 with the calcu-

lated 𝛽  factor expressed in term of 𝑙𝑛𝛽  and fitted 

against 
1

𝑇2
. The Chicago results and a comparison be-

tween the two results will be presented in the conference 

with greater details. 
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Calculation Experiment Difference 

a (Å) 8.774 8.588 2.2% 

b (Å) 13.107 13.005 0.8% 

c (Å) 7.306 7.192 1.6% 

beta 115.582° 116.026° -0.4% 

Table 1. Calculated and experimental lattice parameters 

of orthoclase (monoclinic). 

 

Figure 1. Calculated 𝑙𝑛𝛽 versus 
1

𝑇2
. The fitted relation-

ship is 1000lnβ 𝐾
41/39

= 0.143 ×
106

𝑇2
 (Toulouse calcu-

lation; the Chicago results will be presented at the con-

ference). 

Conclusion: We provide a detailed scheme of first-

principle computation of the equilibrium fractionation 

ratios for orthoclase. The implications of those calcula-

tions on interpretations of the K isotopic record of lunar 

rocks will be discussed at the conference. 
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