
ELECTRONIC	PROPERTIES	OF	RARE	EARTH	COMPOUNDS	
	

conicity	 (fi)	and	conici	energy	 (ħp)	of	rare‐earth	oxides	 (RE2O3,	RE	=	rare‐earth	materials)	and	 sulfides	 (RE2S3).	We	have	
presented	the	expression	relating	the	conici	energy	(ħp)	for	these	compounds	with	atomic	number	of	constituent	atoms.	The	
conici	 energy	 (ħp)	 of	 these	 compounds	 exhibit	 an	 inversely	 relationship	with	 the	 average	 atomic	 number	 of	 constituent	
atoms	(Zav).	We	have	applied	proposed	relation	on	rare‐earth	oxides	and	sulfides,	which	relation	are	entirely	different	from	
previous	researchers	and	evaluate	values	are	in	better	agreement	with	the	experimental	data	reported	so	far.	
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1. INTRODUCTION	

The	 rare	 earths	 as	 used	 here	 include	 the	 fifteen‐
lanthanide	 elements	 (La	 –	 Lu).	 This	 large	 group	 of	
elements	with	measured	differences	provides	one	of	the	
best	 sources	 available	 for	 studying	 developing	 physical	
properties.	 They	 do	 not	 possess	 the	 full	 range	 of	 solid‐
state	 properties	 but	 they	will	 be	 appreciated	 as	 one	 of	
the	 best	 of	 model	 systems	 since	 they	 provide	 subtle	
variations	 in	 properties,	 which	 may	 be	 utilized	 to	 test	
hypotheses	 or	 theories.	 At	 moderate	 temperatures	 any	
compound	of	oxygen	and	sulfur	with	rare	earth	atom	is	a	
solid.	The	solid‐state	physics	of	an	atom	in	combination	
with	 oxygen	 and	 sulfur	 depends	 primarily	 upon	 its	
electronic	 configuration	 and	 size.	 In	 the	 lanthanide	
series	 of	 elements	 the	 outer	 valence	 electrons	 (the	 5d1	
and	 6s2	 electrons)	 are	 effectively	 shielded	 from	 the	
increasing	nuclear	 charge	as	electrons	are	added	 to	 the	
4f	 orbitals.	 This	 results	 in	 a	 trivalent	 state	 for	 all	 the	
lanthanides	 whose	 energy	 changes	 slowly	 across	 the	
series.	The	size	of	the	atom	in	combination	with	oxygen	
contracts	 smoothly	 across	 the	 series	 to	 produce	 oxides	
related	 to	 each	 other	 in	more	 or	 less	 predictable	ways.	
The	 combination	of	 electronic	 configuration	and	 size	of	
the	lanthanide	atoms	results	in	their	oxides	being	among	
the	most	thermally	stable	of	all	known	substances.	Rare	
earth	 oxides	 and	 sulfides	 are	 n‐type	 wide	 gap	
semiconductors	 with	 low	 carrier	 mobility	 and	 a	 high	
refractive	 index	 [1,	 2].	 These	 materials	 have	 got	 wide	
technological	 and	 industrial	 applications.	 Because	 of	
various	 anomalous	 optical,	 electronic	 and	 structural	
properties	 of	 these	 materials	 have	 attracted	 many	
researchers	 [3,	 4,	 5,	 and	23].The	 electronic	 and	 ground	
state	properties	of	 rare	earth	oxides	and	sulfides	are	of	
great	 importance	 for	researchers,	because	of	 their	wide	
use	 in	 cathodoluminophors	 in	 color	 T.V.,	 electro‐optic	
components,	 glass	 making	 grinding	 alloys,	 composites	
lasers,	phosphors	lasers,	phosphors	and	fuel	elements	as	
burnable	poisons	[1,2,4,5].	The	terms	such	as	homopolar	
gaps	 (Eh),	 average	 energy	 gaps	 (Eg),	 crystal	 ionicity	 (fi)	
and	 plasmon	 energy	 (ħp)	 are	 the	 key	 parameter	 to	
understand	 various	 properties	 of	 these	 materials.	 We	
have	 studied	 the	 experimental	 results	 of	 the	 set	
parameters	for	these	compounds	and	found	a	systematic	

trend	 among	 them.	 Therefore	 we	 have	 presented	 an	
empirical	 approach	 to	 understand	 the	 electronic	
properties	 for	 these	 compounds.	 In	 the	 past	 few	 years,	
the	number	of	publications	in	empirical	calculations	has	
increased	 exponentially	 every	 year.	 The	 empirical	
relations	have	become	widely	recognized	as	the	method	
of	 choice	 for	 computational	 solid‐state	 studies.	 In	
previous	work	we	have	presented	empirical	relations	for	
dielectric	constant	and	heats	of	 formation	of	rare–earth	
pnictides	 and	 rare–earth	 chalcogenides	 in	 terms	 of	
atomic	 number	 of	 constituent	 atoms	 [9,	 10].	 In	 many	
cases	 empirical	 relations	 do	 not	 give	 highly	 accurate	
results	 for	 each	 specific	 material,	 but	 they	 still	 can	 be	
very	 useful.	 In	 this	 paper	 we	 have	 presented	 the	
expression	 relating	 the	 plasmon	 energy	 (ħp)	 for	 rare‐
earth	 oxides	 and	 sulfides	 with	 atomic	 number	 of	
constituent	atoms.	

2. COMPUTATIONAL	METHODS	

According	to	Tubb’s	 [11]	 the	crystal	 ionicity	of	 solids	 is	
defined	in	terms	of	average	energy	gaps	Eg	or	Penn	gap	
Ep	and	plasmon	energy	ħp	by	the	following	relation,	

fi	=	Ep	/	ħp		=	Eg	/	ħp	 	 	 (1)	

The	 Plasmon	 energy	 of	 semiconductors	 may	 be	
expressed	in	following	form	[12],	

ħp	=	Eg		‐	1	/	So		 	 	 (2)	

and	the	Plasmon	energy	of	solids	may	also	be	expressed	
as	[13],	

ħp	=	Eh	o	‐	1	/	So	 	 	 (3)	

Where	Eh,	o,		and	So	are	homopolar	energy	gaps,	static	
dielectric	 constant,	 optical	 dielectric	 constant	 and	
arbitrary	 constant	 respectively.	 According	 to	 Penn,	 the	
value	 of	 So	 is	 comes	 out	 to	 be	 equal	 to	 1.Many	
researchers	 [6,7,8]	 have	 been	 presented	 the	 dielectric	
constant	 in	 terms	 of	 atomic	 number	 of	 constituent	
atoms.	In	relations	(2)	and	(3)	plasmon	energy	is	linearly	
related	 to	 static	 or	 high	 frequency	 dielectric	 constant.	
According	to	Nag	[6]	dielectric	constant	{K	=	(a	‐	bZav)‐1,	
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K	=	static	or	high	frequency	dielectric	constant	and	Zav	=	
average	 atomic	 number	 of	 constituent	 atoms}	 is	
inversely	 related	 to	 average	 atomic	 number	 of	
constituent	atoms.	In	previous	study	we	have	presented	
that	 dielectric	 constant	 of	 rare	 earth	 compounds	 is	
linearly	related	to	atomic	number	of	anion	and	inversely	
related	 to	 average	 atomic	number	 of	 constituent	 atoms	

[9].	 If	 we	 plot	 a	 figure	 between	 plasmon	 energy	 and	
average	atomic	number	of	constituent	atoms	then	we	get	
that	 plasmon	 energy	 increases	 with	 atomic	 number	 of	
cation	 and	 decreases	with	 atomic	 number	 of	 anion	 (i.e.	
decreases	 with	 average	 atomic	 number	 of	 constituent	
atoms).		
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Figure	1	

	

In	figure	1	all	values	taken	from	reference	[2].	According	
to	 figure	 1	 we	 may	 be	 express	 plasmon	 energy	 in	
following	form,	

ħp	=	A	/	(Zav	)1.59	 	 	 (4)	

Where	 Zav	 and	 ‘A’	 are	 average	 atomic	 number	 of	
constituent	atoms	and	arbitrary	constant	respectively.	

For	XmYn	type	compounds	the	value	of	(Zav	)	=	m	ZA	+	n	ZB	
/	m+n.	The	value	of	constant	 ‘A’	may	be	define	in	terms	
of	atomic	number	of	cation	(ZA)	and	anion	(ZB),	because	
the	 value	 of	 plasmon	 energy	 of	 rare	 earth	 oxides	 and	
sulfides	 linearly	 increases	 with	 atomic	 number	 of	

lanthanides	 series	 [ħp	 	 ZLn]	 and	 linearly	 decreases	
with	 atomic	 number	 of	 anion	 (ZB).	 So	 the	 value	 of	
constant	may	be	define	as,	

A	=	(ZA2	‐	ZB2)		

3. RESULTS	AND	DISSCUSSION	

The	 composition	of	 any	 rare	 earth	oxide	depends	upon	
the	 temperature.	 Below	 about	 2000C	 three	 types	
designated	as	types	A,	B	and	C	are	commonly	observed,	
while	above	that	temperature	types	designated	as	H	and	
X	 are	 formed	 [1].	 The	 C‐type	 is	 the	 most	 subject	 to	
composition	variability	of	the	lower	temperature	forms.	

	

Table	1	

Solids	 Zav ħp	[2]	theoretically ħp	[2]	experimentally	 ħp	(cal)	

La2O3	 	 27.6	 	 16.3	

Ce2O3	 28.0	 	 16.5	

Pr2O3	 28.4	 	 16.7	

Nd2O3	 28.8	 	 16.9	

Sm2O3	 29.6	 	 17.3	
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Eu2O3	 30.0	 17.6	 17.5	

Gd2O3	 30.4	 17.7	 17.7	

Tb2O3	 30.8	 18.2	 17.9	

Dy2O3	 31.2	 18.9	 18.8	

Ho2O3	 31.6	 18.3	 18.3	

Er2O3	 32.0	 18.4	 18.4	

Tm2O3	 32.4	 18.5	 18.6	

Yb2O3	 32.8	 17.4	 18.8	

Lu2O3	 33.2	 18.8	 19.0	

La2S3	 32.4	 14.15	 11.0 11.9	

Ce2S3	 32.8	 	 12.1	

Pr2S3	 33.2	 14.50	 11.0 12.3	

Nd2S3	 33.6	 14.64	 11.2 12.5	

Sm2S3	 34.4	 14.90	 10.9 12.9	

Gd2S3	 35.2	 	 13.4	

Tb2S3	 35.6	 	 13.6	

Dy2S3	 36.0	 15.25	 11.0 13.8	

Ho2S3	 36.4	 	 11.2 14.0	

Er2S3	 36.8	 	 10.9 14.1	

Tm2S3	 37.2	 	 14.3	

Yb2S3	 37.6	 	 14.5	

Lu2S3	 38.0	 	 14.7	

	

Miller	and	Daane	[14]	produced	partially	reduced	C‐type	
rare	 earth	 oxides	 by	 co	 distilling	 and	 co‐melting	 the	
sesqui‐oxides	 with	 their	 respective	 metals	 and	
determining	 the	 composition	 of	 the	 separated	 oxide	
phase	by	re‐oxidation	to	the	sesquioxide.	The	rare	earth	
oxides	with	the	formula	Ln2O3	crystallize	in	several	poly	
types	like	as	hexagonal	A,	monoclinic	B	and	cubic	C.	We	
shall	 discuss	 only	 type	 C	 oxides.	 The	 type	 C	 oxides	
crystallize	with	the	structure	of	Mn2O3	types.	A	unit	cell	
contains	16	formula	units	of	Ln2O3	(32	rare	earth	metal	
atoms	 and	 48	 oxygen	 atoms).	 These	 materials	 have	
Mn2O3	 type	structure	with	decreasing	 lattice	parameter	
from	La2O3	 to	 Lu2O3.	 The	 rare	 earth	 sulfides	 crystallize	
with	Th3P4	crystal	structure	from	an	interesting	group	of	
material	 [15,	 16,	 17,	 and	 18].	 Karavaev	 [19,20]	
investigated	 the	 energy	 spectrum	 of	 conduction	
electrons	 in	 crystal,	 while	 Marchenko	 et	 al.	 [21,22]	
investigated	 the	 energy	 spectrum	 of	 the	 valence	
electrons	 of	 rare	 earth	 sesquisulfides.	 In	 case	 of	 rare	
earth	sulfides	V.	P.	Zhuze	[2]	considered	the	effect	of	5d	
electrons	 in	 the	 bond	 formation,	 while	 evaluating	 the	

optical	data	and	has	considered	the	valence	state	of	 the	
metal	atom	in	these	compounds	3+.	These	materials	have	
b.c.c.	lattice	of	the	Th3P4	structure	with	decreasing	of	the	
lattice	parameter	from	La2S3	to	Lu2S3.	This	lattice	has	the	
highest	coordination	(coordination	number	8	for	Ln	and	
6	 for	 S)	 and	 is	 chemically	 strong	 and	 the	 value	 of	
effective	 number	 of	 electrons	 comes	 out	 to	 be	 equal	 to	
18	for	all	rare	earth	sulfides	materials.	 In	this	paper	we	
have	 evaluated	 values	of	 homopolar	 energy	gaps	 (Eh	 in	
eV),	 average	 energy	 gaps	 (Eg	 in	 eV),	 crystal	 ionicity	 (fi)	
and	 plasmon	 energy	 (ħp	 in	 eV)	 in	 terms	 of	 atomic	
number	 of	 constituent	 atoms.	 The	 proposed	 empirical	
relation	(4)	has	been	applied	to	evaluate	plasmon	energy	
for	rare	earth	oxides	and	sulfides.	The	evaluated	values	
are	 presented	 in	 the	 table	 1.	 In	 order	 to	 evaluate	 the	
Tubb’s	crystal	ionicity	(fi),	we	have	investigated	average	
energy	gaps	(Eg)	 in	table	2.	The	homopolar	energy	gaps	
(Eh)	can	be	evaluated	using	relation	(3)	in	terms	of	static	
dielectric	constant	(o)	and	average	energy	gaps	(Eg)	can	
be	 evaluated	 using	 Penn	model	 (2)	 in	 terms	 of	 optical	
dielectric	constant	().	
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4. SUMMARY	AND	CONCLUSION	

In	this	paper	we	have	presented	the	electronic	properties	of	rare	earth	oxides	and	sulfides.	

Table	2	

Solids n2	=	[2]	 o[2] ħp	(This	work) Eh Eg fi

La2O3 3.67	 19.1 16.3 3.83 9.98 0.61	

Pr2O3 3.78	 18.1 16.7 4.04 10.02 0.60	

Nd2O3 3.69	 14.8 16.9 4.55 10.30 0.61	

Eu2O3 3.88	 15.2 17.5 4.64 10.31 0.59	

Gd2O3 3.86	 13.0 17.7 5.11 10.47 0.59	

Tb2O3 3.86	 13.3 17.9 5.10 10.59 0.59	

Dy2O3 3.85	 13.2 18.1 5.18 10.72 0.59	

Ho2O3 3.85	 12.3 18.3 5.44 10.84 0.59	

Er2O3 3.83	 13.4 18.4 5.23 10.94 0.59	

Tm2O3	 3.80	 13.6 18.6 5.24 11.12 0.60	

Yb2O3 3.77	 12.5 18.8 5.54 11.30 0.60	

Lu2O3 3.74	 12.6 19.0 5.58 11.48 0.60	

La2S3 8.12	 19.6 11.9 2.76 4.46 0.38	

Ce2S3 6.25	 19.0 12.1 2.85 5.18 0.44	

Nd2S3 7.04	 16.0 12.5 3.23 5.09 0.41	

Dy2S3 7.99	 17.0 13.8 3.45 5.32 0.38	

Ho2S3 6.92	 14.9 14.0 3.76 5.75 0.41	

Yb2S3 6.81	 13.1 14.5 4.17 6.02 0.42	

Lu2S3 6.81	 12.9 14.7 4.26 6.10 0.42	

	

In	table	(1)	the	values	of	Plasmon	energy	evaluate	using	
proposed	empirical	relation	is	found	in	good	agreement	
with	 experimental	 and	 theoretical	 data.	 In	 proposed	
empirical	 relation	 only	 atomic	 number	 of	 constituent	
atoms	 is	required	as	 input,	 the	computation	of	plasmon	
energy	(ħp)	 it	 is	trivial,	and	the	accuracy	of	the	results	
reveals	 that	 of	 experimental	 values.	 Our	 method	 turns	
out	 to	 be	 widely	 applicable.	 The	 proposed	 empirical	
relation	 (4)	 is	 entirely	 different	 from	 previous	
researchers	 and	 gives	 the	 new	 dimensions	 of	 the	
research.	From	table	2	we	note	that	the	values	of	crystal	
ionicity	of	rare	earth	oxides	are	quite	high	instead	of	rare	
earth	sulfides.	It	shows	that	rare	earth	oxides	are	equally	
ionic.	
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