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Introduction: Quantum confinement effects in 
semiconductor nanoparticles were discovered more 
than two decades ago [1] and have attracted increasing 
interest during recent years [2-4]. Influence of particle 
size on the energy levels of excitons and conduction 
band edges were verified for a variety of nanoscaled 
materials, e.g. small structures of silicon, germanium 
and indium phosphide. In the field of nanotechnology, 
applications such as quantum dots and quantum wires 
were developed, depending on the dimensionality of 
the spatial boundary conditions. Confined structures 
are characterized by a sharper density of states com-
pared to higher-dimensional objects which plays an 
important role in the design of a multiplicity of devices 
like diode lasers, biological sensors and solid state 
quantum computers. In addition, quantum confinement 
is revealed by a blue shift of energy levels with de-
creasing particle size. Among these features are con-
duction band edges manifested as absorption edges and 
exciton peaks in spectroscopic investigations. In the 
case of nanodiamonds, evidence for quantum confine-
ment was reported by Chang et al. in 1999 [5], but the 
discussion about the extent of this effect in nanosized 
diamond crystals is still ongoing [6-8]. 
We report on near edge X-ray absorption fine structure 
(NEXAFS) measurements of the carbon K-edge of 
artificial micron sized diamonds and of meteoritic 
nanodiamonds (Cδ). In comparison to bulk diamond, 
the NEXAFS spectrum of Murchison Cδ nanodia-
monds shows a blue shifted, asymmetric and broadened 
exciton peak. The effect of broadening observed in 
studies of terrestrial nanodiamonds has been associated 
with the particle size distribution in recent publications, 
e.g. [9], but a detailed explanation is still missing. We 
present a quantitative analysis of the modified peak 
shape of the C 1s core exciton and of the modified car-
bon K-edge. This modification is caused by the inter-
play between the size distribution [10] and quantum 
confinement. 

Experiment: Imaging NEXAFS measurements 
were performed at the soft X-ray beamline WERA at 
the synchrotron light source ANKA (FZ Karlsruhe). 
The samples were illuminated with monochromatized 
radiation with energies between 277 eV and 310 eV 
covering the carbon K-edge region (see Fig.1). The 
lateral distribution of the emitted electron intensity was 

mapped by means of a photoemission electron micro-
scope (FOCUS IS-PEEM). 

 

Fig.1 Comparison of the NEXAFS spectra of artificial 
CVD-diamonds with Murchison Cδ nanodiamonds. 
The Cδ spectrum shows a C 1s core exciton peak, 
which was not detected during previous investigations 
of meteoritic nanodiamonds [11,12]. 

XAS-Analysis: Excitonic states in semiconductor 
crystals result from the formation of bound electron-
hole pairs. The size of these quasiparticles, so-called 
Mott-Wannier-type excitons, is much larger than the 
interatomic distance in the crystal lattice and is charac-
terized by an effective Bohr radius that crucially de-
pends on material properties. Quantum confinement 
effects arise if the Bohr radius of the exciton is affected 
by the spatial boundary conditions of the host particle 
when reaching a critical size. Its deformation increases 
with decreasing particle size and is revealed by an in-
creasing energy of the exciton. Additionally, the con-
duction band edge is shifted to higher energies which 
can be detected as a blue shift of the onset of the X-ray 
absorption edge. The energy shifts for excitons and for 
the conduction band edge are both given within the 
Effective Mass Approximation (EMA) theory by 
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Here, Ere represents the unshifted reference energy in 
the bulk, and r is the radius of the particle. For analysis  
of the conduction band edge, m* is identified with the 
effective electron mass m*e, and in the case of the exci-
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ton, m* corresponds to the effective electron-hole pair 
mass m*

e-h.
Chang et al. have determined the effective electron 
mass (in units of the electron mass me) in nanodia-
monds as m*

e = 0.1me [5]. This value will be used dur-
ing analysis. 
Watanabe et al. [13] determined the exciton Bohr ra-
dius of bulk diamond as 1.57 nm. This small value 
suggests the occurrence of quantum confinement ef-
fects in diamond nanoparticles, and ensures bulk-like 
behavior for the micron size CVD diamonds. For bulk 
diamond, the conduction band edge is described by an 
arctangent step function (step width ΓS) [5]; the exciton 
peak is described by a Lorentzian with natural lifetime 
τL ∼ 1/ΓL.
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Ere,L and Ere,S are the bulk reference energies of the 
exciton and of the absorption edge. 
The Murchison Cδ nanodiamonds exhibit a lognormal 
size distribution L(r) with a median effective particle 
radius of <r> = 1.3 nm (corresponding to ∼1600 carbon 
atoms) as known from e.g. [10]. Assuming quantum 
confinement, different particle sizes cause different 
energy shifts of the carbon K-edge and of the C 1s core 
exciton. Therefore, the near edge X-ray absorption 
spectrum of nanodiamonds is obtained from the convo-
lution of the bulk X-ray absorption spectrum fbulk with 

the “energy distribution” of the nanoparticles L
~
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The values for the bulk reference energies Ere of the 
exciton and of the X-ray absorption edge Ere,L and Ere,S 
are extracted from the bulk CVD diamond fitting curve 
and serve as input for the numerically evaluated nano-
diamond fitting function. The corresponding widths ΓL,
ΓS and the effective exciton mass m*

e-h are treated as 
free parameters. The value for m*

e has been taken from 
[5], those for µ and σ describing the shape of the log-
normal size distribution from [10]. 
Applying a least squares fitting of fbulk to the onset of 
the carbon K-edge of the CVD diamond spectrum, ΓL ,
ΓS and the bulk reference energies Ere,L and Ere,S are 
obtained. The fitting function is shown in Fig.2a in 
comparison to the measured data. The two components 
describing the Lorentzian shaped exciton and X-ray 
absorption edge are plotted in the insert in addition. In 
Fig.2b, the blue shifted, asymmetric and broadened 
onset of the carbon K-edge of the Cδ nanodiamond 

spectrum is shown for comparison. Utilizing the bulk 
reference energies, and the literature values for µ, σ
and m*

e, the fitting curve is obtained by varying the 
three free parameters ΓL, ΓS and m*

e-h.

Fig.2 Comparison of the measured data (open circles) 
with the deduced fitting functions (solid curves). 

The fitting curve reproduces the measured data with 
high precison which supports the idea of quantum size 
effects in nanodiamonds, as originally proposed by [5]. 
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