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< Nitrogen metal/silicate partitioning and
implications for Earth’s missing nitrogen
problem

Nitrogen (N) is one of the most significant
volatiles in our planet, an essential element
for life,
atmosphere.
depleted by an order of magnitude
compared with other volatiles,
(C), water and noble
considered as the missing N problem of the
BSE. This problem 1is

and the primary component of the
Our bulk silicate Earth (BSE) is
in N
such as carbon
gases, which is

missing N also



manifested by the super—chondritic C/N ratio

of the BSE. Several hypotheses have been
proposed to account for this anomalous
depletion. Different models proposed to

explain the N deficit of the BSE are caused
primarily by the difference in the measured
partition coefficients of N between Fe and
melts (denoted by Dy) at high
pressure—temperature conditions. To clarify
the partitioning behavior of N at conditions
relevant to the core—mantle differentiation,

silicate

we performed ab initio molecular dynamics
combined with the thermodynamic integration

method to calculate Dy to 135 GPa and 5000 K.
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Our calculations predict Dy to be 3 (for NHs
speciation) ~32 (for N, speciation) at 20 GPa,
109~209 at 60 GPa and 84~491 at 135 GPa
(Figure). And Dy increases to 4~54 as
temperature decreases from 5000 K to 4000 K
at 20 GPa. The calculated Dy values at 20 GPa
are in good agreement with previous studies.
These effects of
pressure and temperature on Dy. In particular,
they suggest a nonlinear effect of pressure
on metal/silicate partitioning of N

results show opposite

Specifically, N becomes much more siderophile
from 20 GPa to 60 GPa. And the effect of
pressure is less significant from 60 GPa to
135 GPa. We also evaluate the effect of the
core composition on N partitioning. When 10
at% Fe is substituted by Sulfur(S), Dy reduces
from 491 to 213, indicating that the presence
of S in the metallic melt decreases the
siderophility of N. The incorporation of 10
at% Silicon(Si) into the metallic melt leads
to a reduction of Dy to 188.
Oxygen(0) has an opposite effect on Dy in
comparison with S and Si, where Dy increases
to 611. Overall, N is strongly siderophile at
these conditions even though several weight
in the

In contrast,

percent light elements are present
metallic melt.

The structural and electronic analysis is
performed to reveal the
partitioning. There is a significant N-N bond
in the silicate melt for N, speciation, and a
N-H bond in the melt for NHs
speciation. However, with increasing pressure
the coordination number (CoN) of N by N
decreases from 0.87 to 0.49~0.42, whereas
the CoN of N by Si increases from 0.37 at 20
GPa to 1.13 at 60 GPa and to 2.07 at 135 GPa.
These results indicate that about half of
molecular N dissociates and bonds with Si.
Similarly, in NHs;-bearing silicate melt, the
CoN of N by Si increases with pressure. These
results imply that N behaves as anion in the

mechanism of N

silicate

silicate melt and interacts more with the
silicate framework upon compression, which is
nearly independent of redox states. The
nonlinear effect of pressure on Dy is related
to the structural changes of the silicate
melt under high pressure. Such pressure—
induced structural densification is likely to
promote the dissociation of molecular N in

the silicate melt, and control the
partitioning behavior of N under high
pressure.

Using our predicted partition coefficients
we model the distribution of N during deep
core—mantle differentiation. The geochemical
modeling results demonstrate that more than
70% N is stored in the metallic core after
core-mantle separation and less than 10% N
These imply that the
Earth’s core is likely the largest reservoir
of N, and the mantle can be depleted in N due
to deep differentiation. Our
modeling further shows that at shallow magma
ocean conditions, where Dy is smaller than D,
the C/N ratio of the BSE decreases during
core—mantle differentiation. Whereas at deep
magma ocean conditions,
because N becomes more siderophile than C at

resides in the mantle.

core—mantle

this value increases

very high pressure. Therefore, fractionation
between N and C at deep magma ocean can
increase the C/N ratio to the value of the

current BSE. (Shengxuan Huang, PD, JSPS, GRC)
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