
International Journal of Engineering, Mathematical and Physical Sciences

ISSN: 2517-9934

Vol:6, No:5, 2012

563

 

 

 
Abstract—We report the electronic structure and optical 

properties of NdF3 compound. Our calculations are based on density 
functional theory (DFT) using the full potential linearized augmented 
plane wave (FPLAPW) method with the inclusion of spin orbit 
coupling. We employed the local spin density approximation (LSDA) 
and Coulomb-corrected local spin density approximation, known for 
treating the highly correlated 4f electrons properly, is able to 
reproduce the correct insulating ground state.  We find that the 
standard LSDA approach is incapable of correctly describing the 
electronic properties of such materials since it positions the f-bands 
incorrectly resulting in an incorrect metallic ground state. On the 
other hand, LSDA + U approximation, known for treating the highly 
correlated 4f electrons properly, is able to reproduce the correct 
insulating ground state. Interestingly, however, we do not find any 
significant differences in the optical properties calculated using 
LSDA, and LSDA + U suggesting that the 4f electrons do not play a 
decisive role in the optical properties of these compounds. The 
reflectivity for NdF3 compound stays low till 7 eV which is 
consistent with their large energy gaps. The calculated energy gaps 
are in good agreement with experiments. Our calculated reflectivity 
compares well with the experimental data and the results are analyzed 
in the light of band to band transitions.  
 

Keywords—FPLAPW Method, optical properties, rare earth 
trifluorides LSDA+U 

I. INTRODUCTION 

ARE-earth compounds have been studied intensively [1] 
because of their unique magnetic properties and useful 

technological applications as magneto-optical (MO) recording 
media. Among them fluoride crystalline materials have been 
studied due to their applications in the fields of solid state 
lasers and scintillators. Industrially, the fluorides are used for 
the manufacture of arc carbons with well balanced light 
emission. Particularly, lanthanum trifluoride is used in fibre 
optics, fluorescent lamps and radiation applications [2].  It is 
also used as an ion-specific fluoride detecting electrode in 
solutions, where it is doped with europium at the level of 
approximately 1% [3]. The rare earth trifluorides (RF3) are 
wide band gap insulators and are transparent in the visible 
region. Good optical properties of RF3 compounds, coupled 
with low non-radiative emissions (mainly because of the low 
cut-off phonon frequencies) make these materials good host 
matrices for visible or infrared light emission and for other 
optical applications [4]. Greis and Haschke [5] have reviewed 
the structures and the chemistry of rare earth fluorides. The 
light CeF3 compound exhibits a structural phase transition [5, 
6] with orthorhombic YF3 structure at lower temperatures and 
the less symmetric hexagonal structure at higher temperatures. 
The heavy GdF3 compound has the orthorhombic YF3 
structure.  
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Xu and Duan [7] present a theoretical investigation on the 

magnetic and magneto-optical properties of light rare-earth 
trifluorides CeF3, PrF3, and NdF3. The result shows that in the 
visible region the Faraday rotation is mainly caused by the 
intra-ionic electric-dipole transitions between the 4fn and 4fn-

15d configurations of the rare-earth ions. Recently Burian et al. 
[8] investigated the photoemission from Eu, Gd, Tb, and their 
trifluorides with respect to exchange splitting of core-levels. 
The major part of the observed splitting was reproduced by the 
density-functional theory (DFT) based calculations. 

On the other hand measurements on the lanthanide 
trifluorides have focused on their optical properties [9-11] and 
optical applications [2]. Stephan et al. [9, 10] measured the 
reflectance of thin film sample of RF3 while reflectance of 
single crystal of some RF3 compounds were measured by 
Olson et al. [11] in the energy range 10 - 34 eV region. The 
principal difference between the experimental data for the two 
kinds of samples is that the film reflectance has sharp structure 
with low magnitude in the 10-15 eV region as compared to 
that in the single crystalline data.  

The aim of this work is to perform the electronic band 
structure calculations and to exploit these to study the optical 
properties of NdF3 representing light RF3 compounds and also 
to discuss the role of f – states on these properties. Our 
calculations thus demonstrate the effect of occupancy of f-
electron states since Nd has less than half filled f- states. 

II. DETAILS OF CALCULATIONS 

NdF3 are known to crystallize in hexagonal structure { space 
group P63 /mmc (D4

6h)}  with two formula units in the unit cell. 
The rare earth atoms in the unit cell of hexagonal structure are 
located at 2c sites [± (1/3, 2/3, 1/4)] [13]. Based on the 
surroundings, there are two types of F atoms in the unit cell. 
Two atoms of the first type are at 2b sites [± (0, 0, 1/4)] and 
four atoms of the second type are at 4f sites [± (1/3, 2/3, u), ± 
(2/3, 1/3, u + ½), where u = 0.57] [12]. The first type of F 
atoms are at 4c site with u and v as 0.528a and 0.601c and the 
two F atoms of the other kind are at 8d sites [± (x, y, z), ± (x, 
½ -y, z), ± (x + ½, y, ½ - z) and ± (x + ½,  ½ -y, ½ - z), where 
x, y and z are 0.165a, 0.060b, and 0.63c (a, b and c are the 
orthorhombic lattice parameters) , respectively [13]. Spin-
polarized calculations have been performed using the 
experimental lattice parameters [13]. The calculations have 
been performed using the full-potential linearized-augmented-
plane-wave method as implemented in the WIEN2K code [14], 
within LSDA+U approximations. The LSDA+U method, 
introduced by Anisimov et al. [15], explicitly includes the 
onsite Coulomb interaction term in the conventional 
Hamiltonian. The intra-atomic correction energy U is taken to 
be 5.0 eV for CeF3 [16]. We used RmtKmax equal to 7.0, 
resulting in 1775 plane waves for the basis functions and the 
cut off energy is 7.84 Ry. Convergence with respect to energy 
and number of k points (5000 k points for self consistency) has 
been thoroughly checked. Since calculations of the optical 
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properties require a dense k-space mesh, we used 8000 k 
points in the Brillouin zone for calculation of the reflectivity 
and related optical properties.  

III.  RESULTS AND DISCUSSIONS 

The spin polarized band structure (BS) of NdF3 using 
LSDA+U approximation is shown in Fig. 1. The BS of NdF3, 
with no bands intersecting the Fermi level, shows the 
nonmetallic nature. We note that the difference in the spin up 
and spin down bands is mainly due to the position of f states. 
The occupied spin up f states are at ~ 0.01 eV below Fermi 
Energy (EF) and unoccupied spin up f states are centered 
around 5.0 eV above EF, while the spin down f states are 
unoccupied and lie around 6.0 eV above EF. The splitting of 
ionic levels is seen to be much larger than that expected due to 
spin-orbit splitting alone, hence the crystal-field effects 
dominate, as has also been reported earlier [17] for NdF3 
compound. The LSDA+U approximation shifts the f bands in 
the Density of states (DOS) away from EF yielding an 
insulating ground state in agreement with experiments [11].  
This indicates strongly correlated behavior of f-electrons in 
these compounds.  

 

 
Fig. 1 Band Structure of NdF3 using LSDA+U for spin up (solid 
lines) and spin down (dotted lines) states. The top of the valence 

band is at 0 eV (marked as EF) 
 

The total DOS for NdF3, using LSDA+U is shown in Fig. 2. 
The f states are highly localized in general and easily identified 
as sharp peaks in the total DOS.  The occupied f states lie 
close to EF in the NdF3 while the broad valence band is 
constituted by F-p states. The broad conduction band is made 
up of d states of both Nd and F atoms. The majority Nd-f states 
are hybridized with the valence band i.e. with the F-p states. 
Due to this, spin up f bands are broader in NdF3 compound.  

           
Fig. 2 Total Density of States for NdF3 using LSDA+U 

approximation. Solid (dotted) lines represent the majority (minority) 
states. The top of valence band is at 0 eV (marked as EF) 

 
Our calculations predict NdF3 as wide band gap insulators. 

Our calculated energy gap for NdF3 is 7.3 eV. Calculated total 
magnetic moment 2.99 is in agreement with the experimental 
value [19] of 3.6. A good agreement with the experimental 
value is not expected since latter have been estimated from the 
value reported for LaxNd1-xF3 single crystal. Keeping in mind 
the fact that the LSDA fails to give the correct insulating 
ground state for rare earth compounds these LSDA+U results 
are quite encouraging. 

Keeping these observations in mind and also because LSDA 
+ U is able to reproduce the correct ground state, henceforth 
all the results on optical properties have been  presented with 
LSDA + U approximation only, for the sake of good  
readability of figures. The upper panel of Fig. 3 displays the 

results for parallel reflectivity R|| (when electric field E
r

|| to c-
axis) while the lower panel shows the perpendicular 

reflectivity R⊥ (when E
r

⊥ to c-axis) for NdF3 compound along 
with the experimental data from Olson et al. [11] The 
calculated reflectivity projects an insulating behavior at low 
photon energies indicating largely a transparent nature, with a 
reflectivity as low as 8%, in the visible and ultra violet range. 
The reflectivity for NdF3 stays low till ~ 7 eV which is 
consistent with their large energy gaps. After this there is a rise 
in the calculated values marking the onset of interband 
transitions. The calculated spectra show relatively sharper 
features with more structures particularly in the high energy 
range as compared to experimental curve. Nevertheless, our 
calculations also show similar trends for the reflectivities e.g. 
likewise experimental data, there is a broad structure, 
consisting of two main peaks in the energy range 8 -15 eV for 
R||. The experimental and calculated curves match well 
magnitude wise. Similarly R⊥ also has a good agreement with 
experimental data in this energy range, with the magnitude 
showing very good agreement. The drop in experimental as 
well as calculated reflectivity at ~ 17 eV is easily explained by 
the density of states curves (Fig. 2) which show this energy as 
the separation between the top of the conduction band and 
bottom of the valence band thus exhausting transitions 
between all the states in these bands. The low R values around 
17 eV are reproduced fairly well for NdF3 compound by our 
calculations, and so is the experimental peak around 27 eV. 
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Besides this, the calculations show two sharp peaks for the R|| 
of the NdF3 compound around 20 eV and 23.5 eV. The two 
seem to be fused into a single peak around 24 eV in the 
experimental data. It indicates that the calculated results will 
show better agreement when stronger relaxation effects are 
taken into account.  
 

 
Fig. 3 Parallel component (upper panel) and perpendicular 

component (lower panel) of the reflectivity of NdF3 using LSDA+U 
approximations, along with experimental data [11] 

 
Analyzing the origin of these structures, we find that the 

structures up to ~ 17 eV are due to the transitions from 
occupied F-p states to unoccupied R-d and F-d states. 
Comparison of the experiment and the theory for the 
prominent peak in the 10 - 15 eV range suggests that 
calculations show slightly larger dispersion for the shallow 
valence bands, in the low energy region. This seems to suggest 
a strong impact of inter atomic interactions on the F-p states. 
Our results show that the peaks around 20 and 23.5 eV involve 
transitions from the occupied f-states and terminating at 
unoccupied f-states. Almost same position of the structures in 
the experimental spectra indicates that the relative separation 
of states, involved in interband transitions leading to these 
structures, remains almost unaltered. Our calculations bring 
out most of the features of the experimental data at correct 
energies although the calculated peaks are more prominent in 
the high energy range in both parallel and perpendicular 
components. As already suggested, a stronger relaxation would 
improve the agreement. 

IV. CONCLUSIONS 

Our calculation on NdF3 compound shows that the 
electronic structures, energy gaps are highly influenced by the 
f -states in these compounds. These f-states are well treated by 
inclusion of on-site coulomb interaction with LSDA+U 
approximation. The shifting of f-states away from EF by using 
LSDA+U approximation shows the correct insulating nature of 
both compounds in agreement with experimental observations. 
Our calculated BS and DOS using LSDA+U approximation 
show that the d states of both R and F atoms constitute the 
broad conduction band while the F-p states constitute the 
broad valance band. The R|| and R⊥ for both compounds are in 
fair agreement with the experiment. Low values of reflectivity 

clearly indicate the transparency of these compounds in the 
visible and ultra violet region of spectrum in agreement with 
experimental observations. Thus LSDA+U results are able to 
explain the optical properties of NdF3 compound well.  

ACKNOWLEDGMENT 

Author thanks Prof. B. K. Sahoo for fruitful discussion. 

REFERENCES   

[1] K. H. J.  Buschow, Ferromagnetic Materials Vol. 1 edited by E.P. 
Wohlfahrt (North-Holland, Amsterdam) 1980, p 297. 

[2] P. Fabeni, G. P. Pazzi and L. Salvini, Journal of Physics and Chemistry 
of Solids 52 (1991) 299; M. Madou, T. Otagawa, M. J. Tierney, J. 
Joseph and S. J. Oh, Solid State Ionics 53–56 (1992) 47; R. Burkhalter, 
I. Dohnke and J. Hulliger, Progress in Crystal Growth and 
Characterization of Materials 42 (2001) 1; A. A. Kalachev and V. V. 
Samartsev, Laser Physics 12 (2002) 1114; A. A. Kalinkin, A.A. 
Kalachev and V. V. Samartsev, Laser Physics 13 (2003) 1313. 

[3] M. Bralic, N. Radic, S. Brinic and E. Generalic, Talanta 55 (2001) 581; 
Y. Tani, Y. Umezawa, K. Chikama, A. Hemmi and M. Soma, Journal of 
Electroanalytical Chemistry 378 (1994) 205;X. D. Wang, W. Shen, R. 
W. Cattrall, G. L. Nyberg and J. Liesegang, Australian Journal of 
Chemistry 49 (1996) 897. 

[4] A. Kaminskii,  Laser Crystals, Berlin: Springer (1990). 
[5] O. Greis and J. M. Haschke, in: K. A. Gschneidner Jr. and L. Eyring 

(Ed.), Handbook on the Physics and Chemistry of Rare earths, vol.1 
North-Holland, Amsterdam (1982) 387. 

[6] R. E. Thoma and G. D. Brunton, Inorgan. Chem 5 (1966) 1937. 
[7] Y. Xu and M. Duan, Phys. Rev. B 46 (1992) 11636. 
[8] W. Burian, J. Szade, J. Deniszczyk, T. O'Keevan and   Z. Celinski, 

Phys. Rev. B 74 (2006) 113110. 
[9] G. Stephan, M. Nisar and A. Roth, Acad. Sci. B 274 (1972) 807. 
[10] M. Nisar, A. Roth, G. Stephan and S. Robin, Opt. Commun. 8 (1973) 

254. 
[11]  C. G. Olson, M. Piacentini and D. W. Lynch, Phys. Rev. B 18 (1978) 

10 5740. 
[12] R. O. Jones and O. Gunnarsson, Rev. Mod. Phys. 61 (1989) 689. 
[13] R. W. G. Wyckoff (Ed), Crystal Structures, vol.2 Interscience, New 

York 1965. 
[14] P. Blaha, K. Schwarz, G. K. H. Madsen, D. Kvasnicka and J. Luitz, 

WIEN2k, An Augmented Plane Wave + Local Orbitals Program for 
Calculating Crystal Properties, Karlheinz Schwarz, Techn. Universität 
Wien, Austria, (2001) ISBN 3-9501031-1-2. 

[15] V. I. Anisimov, J. Zaanen and O. K. Andersen, Phys. Rev. B 44 (1991) 
943; V. I. Anisimov, I. V. Solovyev, M. A. Korotin, M. T. Czyzyk and 
G. A. Sawatzky, Phys. Rev. B 48 (1993) 16929. 

[16] O. Greis and J. M. Haschke, in: K. A. Gschneidner Jr. and L. Eyring 
(Ed.), Handbook on the Physics and Chemistry of Rare earths, vo1 20 
North-Holland, Amsterdam (1995). 

[17] B. N. Harmon, V. P. Antropov, A. I. Liechtenstein, I. V. Solovyev and 
V. I. Anisimov, J. Phys. Chem. Solids 56  (1995) 1521.  

[18] W. S. Heaps, l. R. Elias and W. M. Yen, Phys. Rev. B 13 (1976) 94; G. 
K. Wertheim, A. Rosencwig, R. L. Choen, H. J. Guggenheim, Phy. Rev. 
Lett. 27,(1971), 505-507. 

[19] M. Itoh, D. Iri and M. Kitaura, Journal of luminescence 129 (2009) 984-
987. 

[20] M. Cukier, B. Gauthe and C. Wehenkel, J. Physique 41 (1980) 603-613.  
 
 
 

 

 


