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Comment on “Revised Fine Splitting of
Excitons in Diamond”

Sauer et al. report in [1] on the exciton fine structure of
diamond. Extending earlier work on bound excitons [2,3],
they observe the same fine structure (two groups of spec-
tral features, separated by about 11 meV, with four lines
each) for the free excitons [4]. Sauer et al. suggest “a
novel coupling scheme of electrons and holes into exci-
tons applying specifically to diamond.” They propose that
exchange interaction dominates in both diamond excitons
and spin-orbit coupling plays a minor role, only to the ex-
tent of introducing a level mixing that makes both groups
of the fine structure, spin singlet and triplet, optically al-
lowed (the triplet would not be allowed for pure exchange
coupling). However, only qualitative arguments are given
to support this interpretation.

Here we quantitatively determine the, by no means neg-
ligible, spin-orbit splitting of the edge excitons in diamond
and the smaller exchange parameter from the level splitting
between the two groups of lines [1,2], and their spectral
weights, estimated from Fig. 1 of Sauer et al. We fur-
ther show that these results for diamond are in good agree-
ment with those obtained by scaling [5] known parameters
for other semiconductors and, in the case of the spin-orbit
splitting, with recent band-structure-based calculations [6].

The relative importance of spin-orbit coupling l and
exchange interaction D in excitons has been treated ex-
tensively [7,8]. In the simple case of coupled excitons in-
volving the hole states jJ � 1�2, Jz � 61�2� and jJ �
3�2, Jz � 61�2� of diamond, analytical expressions can
be derived [7]. While the energy level splitting EA 2 EC

of the two interacting states is rather insensitive to D�l,
their relative spectral weight IC�IA varies very strongly
with the ratio of the two interactions [7] (e.g., for D�l �
2, IC�IA � 10). This theory has also been used [9] to ex-
plain the details of the exciton doublet observed in the
partial photoemission yield spectrum of the Al 2p core
exciton in AlSb.

In addition to the level splitting of about EA 2 EC �
11 meV observed for the edge exciton in diamond [1,2]
(notation of Ref. [7]), the data of Sauer et al. (dotted
curves in their Fig. 1) show that the intensities of the
two doublet components are essentially the same, i.e.,
IC�IA � 1. From these values, using Eqs. (2.9) and (2.10)
of Ref. [7], we obtain l � 11.7 meV and D � 3.9 meV.
l is very close to the value of 13 meV obtained in a recent
band calculation [10]. The difference between 11.7 and
13 meV reflects the reduction in spin-orbit splitting for ac-
ceptor levels discussed in [6]. These results show that the
exchange interaction, albeit sizable, hardly influences the
energy level splitting. However, the intensity ratio of
the emission is strongly affected.

In order to highlight the general nature of our results,
we show in Table I the exchange splittings D̃ for several
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TABLE I. Exchange couplings D̃ from Eq. (1) compared to
experimental values �D�.

aex [Å] D̃ D [meV]

ZnSe 40.5 0.23 0.45a

GaP 31 0.52 0.5a

C 15.8 3.90 3.9b

CuCl 10.1 14.95 10.8a

aRef. [12].
bextracted from the data in [1] as described in the text.

semiconductors estimated with the expression proposed in
[5] for materials with direct gaps ,2 eV:

D̃ � 15.4 3 103a23
ex meV (1)

(aex is the exciton Bohr radius in angstroms). To demon-
strate that this expression can be extrapolated to larger and
indirect gaps [11] we compare in Table I the D̃ obtained
with Eq. (1) with experimental data for ZnSe, CuCl (direct
gap), and GaP (indirect). Table I also includes the value
of 3.9 meV, found with Eq. (1) for diamond. It is the same
as extracted by us from the data of Sauer et al.

In conclusion, the exchange and spin-orbit interactions
in diamond follow the general trend for tetrahedral semi-
conductors. The spin-orbit splitting is larger than the ex-
change splitting but somewhat smaller than that at the band
edge, in agreement with [6].
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