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Th e X -band EPR study of Gd 3 + -dop ed La F 3 ; La 0 : 9 C e0 : 1 F 3 ,
La 0: 9 N d0: 1 F 3 ; Li Y F 4 and LiY 0 : 9 Y b0: 1 F 4 single crystals in the te mp erature

range 4.2{2 95 K w as carried out in order to investigate the Gd 3+ spin{ph onon
interactions. Spin- H amil toni an parameters are analysed in the light of the
superp ositi on mo del and the rotational inv ariance theory for phonon- in duced

contributions to spin- H amilton ian parameters. T he 4 f
7 electron{phon on in-

teractions can be describ ed by the Debye model. I t is suggested, from the
rotational inv ariance mechanism for phonon- in duced contributions to spin-
-H amiltonia n parameters, that the rotational contributions are much smaller

than those from the strain. Temp erature- induced distortion s of the crystal
Ùeld, as well as these distortion s caused by the La 3+ /N d3+ and Y 3+ /Y b3+

substitutio ns, inÛuence signiÙcantly the 4 f 7 electron{phono n interactions.

T he coupling constant K 2 of 4 f
7 electrons to the w hole phonon spectrum of

the crystal lattice is stronger in the LaF 3 ; La 0 : 9 C e0 : 1 F 3 ; La 0 : 9 N d0: 1 F 3 w ith
larger temp erature- indu ced distortion of the Gd 3+ site symmetry than in
LiY F 4 ; LiY 0 : 9 Y b0: 1 F 4 . Our results are compared w ith those for Gd 3+ - doped

RbC dF 3 and PbF 2 single crystals.

PACS numb ers: 63.20.K r, 76.30.K g

1. I n t rod uct io n

The LaF 3 and Li YF 4 single crysta ls are the most used Ûuori de laser host m a-
teri als, neutro n scinti l lati on detecto rs and radiati on hard scinti l lators for calori me-
try at f uture col l iders [1{ 4]. The X- band ( ¤ 9 5 GH z) electro n param agneti c reso-
nance (EPR ) studi es of Gd 3 + -doped La F3 , CeF 3 , PrF 3 , NdF 3 , Li YF 4 , and Li YbF 4

sing le crysta ls were reported in R efs. [5{ 7]. A deta i led X- band EPR studi es were
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perform ed in Gd3 + -doped La x R E1 À x F 3 (R E = Ce, Pr, Nd) and Li Y 1 À x Yb x F4

sing le crysta ls for vari ous values of x and at variable tem peratures, in the range
4.2{ 295 K, in order to inv estigate crysta l Ùeld ẽ ects [8{ 13]. The smal l distorti on
from the D 4

3 d
tri gonal space group was observed in La x Ce1 À x F3 and La x Nd 1 F3

sing le crysta ls using magneti c susceptibi l i ty m etho d [14, 15]. A smal l change of the
crysta l Ùeld in La F3 , La Ce F , and La Nd F wi th lowering tem perature
below 150 K, as a result of tem perature induced distorti on of the crysta l latti ce
wa s observed in our recent work [11].

The purp ose of the present paper is to study the inÛuence of the crysta l Ùeld
di storti on on the Gd 3 + spin{ pho non intera cti ons at di ˜erent tem peratures using
EPR techni que and superpositi on model, because they are very sensiti ve to the di s-
to rti on of the crysta l latti ce. W ehave chosen the La F3 and Li YF 4 to com pare how
di ˜erent crysta l Ùeld sym metri es are changed wi th the temperature. The D ebye
tem peratures of the investi gated crysta ls are com parabl e. Thus, we can com pare
the latti ce dyna m ics of La F3 and Li YF 4 crysta ls. W e have adopted the theory
of ro ta ti onal invari ance for phonon- induced contri buti ons to spin-Ham i lto nian pa-
ram eters (SHP) devel oped by Bates and Szymczak [16, 17], whi ch gives m ore
preci se descripti on of the observed contri buti on to SHP from latti ce dyna m ics.
The previ ous results of temperature EPR (X- band) studi es in Gd3 + -doped LaF 3 ,
La Ce F La Nd F Li YF and Li Y Yb F single crysta ls have been
used to inv estigate inÛuence of structura l and crysta l Ùeld e˜ects on spin{ phonon
intera cti ons between Gd3 + and crysta l latti ce. The above sam ples are the onl y
crysta ls studi ed in deta i ls f or whi ch well - resolved EPR spectra can be recorded
down to l iquid-hel ium tem perature.

The La RE 1 F 3 (R E = Ce, Nd) and Li Y 1 Yb F 4 1) sing le
crysta ls doped wi th Gd 3 + (0 .1 m ol%) were grown from the m elt by a modi -
Ùed Bri dgman{ Sto ckba rger metho d [9, 18, 19]. They were tra nsparent and the
La RE 1 F3 cleft easily in the cleavage planes (001) and (110). The La F3 , CeF 3 ,
and NdF 3 sing le crysta ls have a tyso ni te structure wi th the tri gonal space-group
cl assiÙcati on 4

3
tri gonal sym m etry wi th a hexam olecular uni t cell ) [9, 18].

The site symm etry of the La + Ce + and Nd + ions is 2 . The crysta l lographic
axi s is para l lel to the 3 axi s, and perpendicul ar to the three 2 axes. There

are six m olecules per uni t cell . The Li YF 4 and Li YbF 4 crysta ls have the scheel-
i te (Ca W O 4 ) structure wi th the space-group classiÙcati on 1

6
4

) and the 4

local sym metry at Y 3 + or Yb 3 + sites [19]. They possessa body- centered- tetra gonal
crysta l structure conta ini ng four molecules per uni t cell . It is assumed tha t
La RE 1 F3 sing le crysta ls have the tyso ni te structure , wi th the and dim en-
sions scaled in proporti on to between l imi t values of latti ce constants in LaF 3 ,
CeF 3 , and NdF 3 . Further, the Li Y 1 Yb F 4 crysta ls have the scheeli te structure
wi th and also scaled between latti ce consta nts of Li YF 4 and Li YbF 4 [12].
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3. R esul t s an d d iscu ssio n

The exp erimenta l arra ngement has been described elsewhere [12]. EPR spec-
tra of the Gd 3 + -doped LaF 3 ; La0 :9Ce0 :1 F3 ; La Nd F Li YF and
Li Y Yb F single crysta ls were recorded wi th the externa l m agneti c Ùeld
rota ted in the pl ane at temperatures 4 K 3 0 0 K. The plane is
the crysta l lographi c (001) pl ane in La R E1 F 3 (R E = Ce, Nd) and (100) plane
in Li Y 1 Yb F4 ( = 0 À 1). The ( j j ) axi s, along whi ch the overa l l spl itti ng of
EPR l ines has a m axi mum , l ies in the plane (001) in La R E 1 F3 (R E = Ce, Nd)
[11] and the ( j j ) axi s l ies in the (100) pl ane in Li Y 1 Yb F 4 [12].

The angular vari atio n for Gd3 + -doped above sing le crysta ls in the plane
wa s shown in Refs. [8, 10, 12, 13]. EPR spectra are consi stent wi th the rhom bic

2 site sym m etry for the Gd 3 + ion in the 4
3

tri gonal symm etry of lantha num
Ûuori des, and the tetra gonal 2 site sym m etry of l i thi um { yttri um Ûuori des. The
determ ined SHP ( ) of Gd 3 + in La RE 1 F 3 (R E = Ce, Nd) and Li Y 1 Yb F4

hosts were Ùtted successful ly in the tem perature range 4.2{ 295 K to the quadra ti c
functi on [10{ 13], whi ch suggested the existence of the Gd 3 + spin{ phonon inter-
acti ons. In order to separate the spin{ phonon contri buti on from tha t of the ther-
m al expansi on we used the superpositi on m odel . In thi s model are expressed
as l inear superpositi ons of sing le-l igand contri buti ons to the intri nsi c param eters
ñ ( 0 ) [20, 21].

W e consider the ni ne nearest neighbour F ions to a Gd 3 + ion substi tuti ng
for La 3 + , Ce3 + , or Nd 3 + ion in LaF 3 , La Ce F and La Nd F [9{ 11]. In
the sam e way, for the Li YF 4 and Li Y Yb F , we consider the eight nearest
neighbour F ions to a Gd3 + ion substi tuti ng for Y 3 + , or Yb 3 + ion [12, 13]. In
order to evaluate the intri nsi c param eters ñ ( 0 ) , the requi red latti ce consta nts
of La Ce F , La Nd F , and Li Y Yb F were estim ated using Vegard ' s
law. The uni t cell param eters of La F3 , CeF 3 , NdF 3 , Li YF 4 , and Li YbF 4 were mea-
sured in the range 87{ 295 K [18, 19]; tho se param eters at lower tem peratures were
obta ined by extra polati on. The appl icati on of the superpositi on m odel requi res
exact kno wl edge of intri nsic exponenti al parameters and positi ons of l igands
around the param agneti c ion. W e assumed tha t 2 = 9 and 4 = 1 4 , whi ch are the
sam e as tho se for LaF3 , CeF 3 , and NdF 3 hosts [6]. In the same way, for Li YF 4

and Li Y Yb F we assumed tha t 2 = 1 [12, 13]. The major part of the tem -
perature dependence of 0

2 i s due to the spin{ phonon intera cti on e˜ects. Using the
data of latti ce constants dependent on temperature [18, 19] we evaluate to 33% (in
lantha num Ûuorides) [10] and 22% (in l i thi um { yttri um Ûuori des) [12] the contri -
buti ons of therm al expansi on to the 0

2 change wi th tem perature. The remaini ng
part (67% for La F3 and 78% for l i thi um À yttri um Ûuori des) of the 0

2 change wi th
tem perature is due to the m odul ati on of the crysta l Ùeld by therm al ly exci ted
phonons. The tem perature dependence of 0

2 i s su£ cientl y reÛected by the change
of the intri nsic param eter ñ

2 , because the e˜ect of therm al expansi on (contra cti on)
of the latti ce on ñ

2 i s calculated to be rather small.
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Fig. 1. Temp erature dep endence of the intrinsic parameter ñb2 for Gd 3+ -dop ed LaF 3 ,

La 0: 9 Ce0: 1 F 3 ; La 0: 9 N d0: 1 F 3 ; LiY F 4 ; and LiY 0 : 9 Y b0 : 1 F 4 single crystals. T he curve

lines show n here are the best Ùtted in the temp erature ranges 200{295 K for LaF 3 ,

La 0: 9 Ce0: 1 F 3 ; La 0 : 9 N d0 : 1 F 3 , and 150{2 89 K for LiY F 4 ; LiY 0 : 9 Y b0 : 1 F 4 using E q. (1).

T he lines are extrap olated to liqui d-hel iu m temp eratures at constant parameters K 2

and ñb2 (RL) ta ken from Table.

Below we consider the successful use of intri nsic parameters to describe the
spi n{ phonon intera cti ons in rare-earth Ûuori des, since they better represent the
crysta l Ùeld tha n the param eters b m

l
. The intri nsic parameters ñbl represent an as-

sembl age of sing le-parti cle e˜ects of shielded electrostati c contri buti on, cov alency,
overl ap and conÙgura ti on intera cti on. The ground conÙgurati on 4 f 7 i s shielded
by the 5 2 5 6 shell of Gd3 + , and i t causes weaker intera cti on wi th ligand ions
(F ) havi ng outer 2 2 2 6 shell . In practi ce, we consider onl y the ñ

2 param eter,
because it is tho ught to conta in consi derabl e electro stati c contri buti ons from l ig-
ands, whereas the ñ

4 and ñ
6 param eters represent mostl y overl ap and covalency

e˜ects. Exp erim enta l data show tha t the fourth rank SHP are not vari ed wi thi n ex-
perim ental errors in the tem perature range 4.2{ 295 K for La R E 1 F3 , whereas
for Li Y 1 Yb F 4 are vari ed very slightly [10, 12, 13]. There is no tem perature
dependence for the sixth rank SHP in the above single crysta ls. Thus, from the
tem perature dependence of ñ

2 we can see spi n{ phonon intera cti ons, since thi s pa-
ram eter is very sensiti ve to the tem perature- induced di storti on of the crysta l Ùeld.
In order to describe the tem perature dependence of ñ

2 plotted in Fi g. 1 we used
the D ebye m odel , whi ch assumes tha t paramagneti c ions Gd 3 + are coupl ed to the
who le phonon spectrum of the crysta l latti ce. The equati on adopted to Ùt ñ

2 to
tem perature is the fol lowi ng [22]:

ñ
2 ( ) = ñ

2 ( RL ) + 2 1 + 8
4

0

3

e 1
d (1)



Gd3 + Spin À Phonon Int eract ions . . . 377

where ñb2 (R L) is a \ rig id latti ce" value of ñb2 (i .e. the value of ñb2 at T = 0 K
m inus zero point vi bra ti ons), K 2 i s the coupl ing constant describing the magni tude
of Gd 3 + spin{ phonon intera cti on and ˚ D i s the D ebye tem perature. The ñb2 (R L)
and K 2 were determ ined by Ùtti ng the ñb2 from Eq. (1) to our data by the least
squares m etho d. W e obta ined the best Ùts in the tem perature range 200{ 295 K
( ˚ = 391 K [23]) for La F3 , La Ce F La Nd F , as well as in the range
150{ 289 K ( = 405 K [24]) for Li YF 4 and Li Y Yb F . The results of Ùtti ngs
are given in T abl e. The ñ

2 (R L) \ ri gid latti ce" value decreases wi th increasing
m ass of rare-earth ions in the lantha num (ra re-earth) Ûuori des, as well as these
values are larger tha n tho se in l i thi um { yttri um (ytterbi um ) Ûuori des. The Gd3 +

spi n{ phonon intera cti on coupl ing constant 2 i s smal ler in mixed crysta ls due
to larger dyna m ic deform ati on ari sen from the substi tuti on of heavi er Nd 3 + and
Yb 3 + f or La 3 + and Y 3 + , respecti vely. Thi s coupl ing constant is larger in La F3

tha n in Li YF 4 .
The theo ry of ro ta ti onal invari ance for the phonon- induced contri buti ons

to SHP f or orbi tal singlet ions, gives more preci se descripti on of the observed
contri buti on to the 0

2
from latti ce dyna m ics [16, 17]. It is usual ly di£ cult to

determ ine m agneto elasti c tensor components in low sym metry crysta l Ùeld, e.g.,
in La F3 and Li YF 4 crysta ls. In order to expl ain experim enta lly measured 0

2
by the

above m echanism, we need to separate the therm al expa nsion from tho se of the
spi n{ phonon contri buti ons. The spin{ phonon contri buti ons are calcul ated using
the ñ

2 values, as fol lows:

= [ ñ
2 ( ) À

ñ
2 ( R L ) ] (2)

where = 0 6 7 for La RE 1 F 3 and = 0 7 8 for Li Y 1 Yb F4 in the investigated
tem perature range 4.2{ 295 K. The m ost im porta nt contri buti ons to the 0

2 are due
to the latti ce anharm onici ty. There are two importa nt phonon- induced contri bu-
ti ons to 0

2 | from the stra in and from the rota ti on. The form er is responsi ble for
the vi brati onal modes resulti ng in the vi bra ti on- typ e displacements of the l igand
ions, whereas the latter is responsi ble for the rota ti onal m odes, resulti ng in the
rota ti on- typ e displ acements of the l igands around the paramagneti c Gd 3 + ion. In
the theory of the magneto elastic tensor, whi ch is used to describe the intera cti on
between phonons and the spin system , spi ns are coupl ed to the latti ce vi a defor-
m ati ons of the latti ce expressed by a symm etri c, Ùnite elastic stra in tensor, and
by anti sym metri c parts of the stra in tensor. Further, the anharm oni c contri bu-
ti ons from the stra in and from the rota ti on to (= 0

2
) are given by the

equati ons [17]:

=
À ñ

3 2 2
( 1 1 + 1 2 + 1 3 )( 5 + 2 5 ) ( ) (3)

and

=
À ñ

3 2 2

5 ( ) (4)
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TABLE
Values of the parameters ñb2 (RL) and K 2 obtained by a least squares Ùt of the intrinsic

parameters with Eq. (1) in the temp erature range 200{295 K ( ˚ D = 391 K ) for
Gd 3+ -dop ed lanthanum (rare- earth) Ûuorides, as w ell as in the range 150{289 K ( ˚ D =

405 K ) for lithium{y ttrium (rare- earth) Ûuorides. T he D is the static b0
2 parameter,

and R 0 is the equilib riu m ref erence distance betw een Gd 3+ and F À ions at room
temp erature. Values of the lattice dynamic parameters £D ; £D r , G; j R D j ; ² , and u

for the Gd 3+ -dop ed crystals at room temp erature are determined from Eqs. (2){(9).

C rystal LaF 3 La 0 : 9 C e0: 1 F 3 La 0 : 9 N d0 : 1 F 3 LiY F 4 LiY 0 : 9 Y b0: 1 F 4

ñb2 (RL) À 5 :0 69 1 À 5: 0 394 À 4 :9 244 À 4 :3 744 À 4 :3730

[GH z] (100) (121) (114) (137) (202)

K 2 0.2219 0. 2254 0. 1621 0. 1480 0. 1408

[GH z] (17) (19) (24) 0.1480(1) 0.1408(2)

D 0.7009 0. 6991 0. 6956 2 :4 863 2 :4830

[GH z] (20) (20) (20) (20) (125)

£D 0.3316 0. 3331 0. 2334 0. 2425 0. 2312

[GH z] (134) (148) (143) (126) (318)

562 :6 a 563 :9 a 547 :0 a 1008 :0 a 957 a

£ D r (1.6) (1.6) (1. 6) (0. 6) (5)

[GH z]/ 10 5 509 : 3b 510 : 5b 495 : 2b 1023 :9 b 972 b

(1.5) (1.5) (1. 4) (0. 6) (5)

20 : 53
a

20 : 52
a

14 : 75
a

29 : 37
a

29 : 47
a

G (0. 83) (0.91) (0. 91) (1. 53) (4. 05)

[GH z] 22 : 56
b

22 :55
b

16 :21
b

28 :50
b

28 :59
b

(0. 91) (1.00) (1. 00) (1. 48) (3. 93)

16 :97
a

16 :93
a

23 :44
a

41 :57
a

41 :39
a

D (0. 73) (0.80) (1. 51) (2. 18) (5. 89)

10
3

15 :36
b

15 : 33
b

21 : 22
b

42 : 23
b

42 : 04
b

(0. 66) (0.73) (1. 36) (2. 22) (5. 99)

16 :15
a

16 :23
a

15 :82
a

8: 25
a

7: 85
a

² (1. 31) (1.44) (1. 94) (0. 86) (2. 16)

10 3 14 :70 b 14 : 77 b 14 : 40 b 8 :51 b 8 :09 b

(1. 19) (1.31) (1. 77) (0. 88) (2. 22)

R 0 2.4187 2. 4168 2. 4133 2. 2695 2. 2669

[¡A ] 2.4187 2. 4168 2. 4133 2. 2695 2. 2669

0 :3074 a 0 :3079 a 0 :3036 a 0 :2062 a 0 :2008 a

u (124) (137) (187) (107) (279)

[¡A ] 0: 2932 b 0: 2937 b 0: 2896 b 0: 2093 b 0: 2039 b

(119) (131) (178) (109) (283)
a determined for elastic w aves p olari zed in the [001] direction ; b determined for elastic
waves p olarized in the [100] and [010] directions
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where G 1 1 ; G 1 2 ; G 1 3 are the components of the A 1 -typ e magneto elasti c tensor
(f ul ly sym metri c deform ati on), £ i s the crysta l densi ty , v l and v t are the longi tu-
di nal and the tra nsversal vel ociti es of sound, respectivel y, and

f ( ! ) = + 8
ñ

4

0

3

e À 1
d (5)

wi th ñ = .
The values of sound veloci ti es at room tem perature are ta ken f rom

R efs. [23, 25, 26] for the elastic waves polari zed in the [100], [010] and [001] di -
recti ons. W e calculated tho se sound vel ociti es at lower tem peratures using elastic
constants [25, 26]. The rati o of the anharm onic contri buti ons from the rota ti on to
contri buti ons from the stra in is given by the relati on [17]:

R = (6)

The calculati ons f rom Eqs. (2){ (6) yi eld the values of anharm oni c contri buti ons
from the stra in and from the rota ti on , the sum v alues of m agneto elasti c
tensor com ponents = 1 1 + 1 2 + 1 3 and the rati o R (T able). The resul ts of
the rati o R for the inv estigated sampl es at room tem perature are in agreement
wi th tho se of obta ined in Ref. [17], using the isotro pic conti nuum pho non m odel for
orbi tal sing let ions in low symm etry crysta l Ùeld; i .e. the rota ti onal contri buti ons
are m uch smal ler tha n tho se from the stra in.

The Gd 3 + spin{ phonon intera cti on constant 2 given in Eq. (1) can be
expressed in term s of the m agneto elastic tensor com ponents as fol lows:

2 =
À ñ 4 ( 5 + 2 5 )

3 2 2
( 1 1 + 1 2 + 1 3 ) (7)

The param eter describi ng the strength of the dyna m ical part of the crysta l Ùeld
can be evaluated from the f orm ula

=
j j

(8)

On the other hand, the parameter is deÙned by the expression [27]:

=
h

2
i

2
0

(9)

where h
2

i i s the m ean square di splacement of the l igands from thei r equi l ibri um
positi ons, and 0 i s the equi l ibri um m ini mal distance between the rare-earth ion
and the l igands.

The determ ined from Eqs. (8) and (9) va lues of the parameter and the
am pl i tude of vi bra ti ons of l igands in the investi gated sam ples at room tem per-
ature are given in Tabl e. It can be seen tha t the values of the dyna m ical param -
eters R , and determ ined for the elasti c waves polarized in the [001],
[100] and [010] di recti ons are equal each to each wi thi n the errors. The values



380 M. L. Paradow ski , L. E. Mi siak

of the dyna m ical param eter £ D r di ˜er slightl y in these di recti ons due to small
ani sotro py of tra nsversal sound vel ocity . It conÙrm s correctness of using the rota-
ti onal invari ance theo ry for the phonon- induced contri buti ons to SHP f or orbi ta l
sing let ions in low symm etry crysta l Ùelds. The tem perature dependence of G ,
determ ined from Eqs. (2), (3) and (5), is plotted in Fi g. 2. There is a signi Ùcant
vari ati on of G wi th temperature for La F3 , wherea s for Li YF 4 thi s param eter is
varyi ng very slightly . D eterm ined from Eqs. (7) and (8) the Gd3 + spin{ phonon
intera cti on coupl ing consta nt K 2 and the parameter ² are plotted in Fi gs. 3 and
4, respecti vely. It can be seen tha t values of these param eters for Gd 3 + -doped
La F3 are changed stro nger wi th tem perature tha n tho se for Li YF 4 . It suggests
tha t the stati c distorti on of the Gd 3 + site sym m etry increases wi th decreasing
tem perature in the f orm er crysta l . In addi ti on, we have plotted the absolute val -
ues of the rati o j R D j in Fi g. 5. The rati o j R D j i s larger appro xi ma tel y by factor
3 in Li YF 4 , Li Y 0 :9Yb 0 F and by factor 1.5 in La Nd F tha n in La F3 and
La Ce F (T able). On the other hand, the Gd 3 + spi n{ phonon intera cti on cou-
pl ing constant 2 i s smaller in crysta ls wi th larger rota ti onal contri buti ons, show-
ing tha t vi brati onal modes are coupl ed stro nger to spins tha n rota ti onal modes.
Further, the temperature dependence of 2 i s reÛected by decrease in the
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Fig. 4. Temp erature dep endence of the parameter ² f rom vibrati on- typ e displaceme nts

in the [001] direction of the ligand F À ions for Gd 3+ -dop ed LaF 3 and LiY F 4 single crys-

tals.

Fig. 5. Temp erature dependence of the absolute value of the ratio j R D j of the anhar-

monic rotational to the vibration al contributions for Gd 3+ -dop ed LaF 3 and LiY F 4 single

crystals.

and the j R D j values wi th tem perature (Fi gs. 3, 4, and 5). The coupl ing constant
K 2 between 4 f 7 electrons and phonons in LaF 3 i s about 1.5, 2.2, and 3.2 ti m es
larger tha n in Li YF 4 at room, l iqui d-ni tro gen and l iqui d-hel ium temperatures,
respect ively. Thi s statem ent can be conÙrmed by opti cal m easurements at 77 K,
im plying the larger am pl i tude of the latti ce zero vi brati ons and param eter in
La F3 ( = 4 6 9 È 1 0 2 ¡A and = 3 6 4 È 1 0 4 ) versus Li YF 4 ( = 3 7 7 È 1 0 2 ¡A and

= 2 3 5 È 1 0 4 ) [27]. The rati o of ( LaF ) ( Li YF ) gives 1.55 in R ef. [27] whi ch
is cl ose to 1 8 9 Ï 0 5 8 in thi s paper at 77 K. Further, for comparison we have de-
term ined = 2 0 4 7 È 1 0 2 ¡A in LaF 3 and = 1 3 9 5 È 1 0 2 ¡A in Li YF 4 . Orl ovski i
et al . [27] used the point- charge nonl inear relaxati on theo ry , assuming a harm oni c
appro xi m atio n for the crysta l latti ce vi brati ons and determ ined one order of m ag-
ni tude smal ler values of and about 4 ti m es smal ler tha n EPR techni que due
to consideri ng higher- lyi ng exci ted mul tipl ets of Nd 3 + , between whi ch tra nsi ti ons
pro duce m ainly opti cal pho nons. Further, the sam e order of m agni tude of am pl i -
tude as in present paper is determ ined from a model of the tra nsferred hyp erÙne
intera cti on of 1 9 F l igands wi th Gd3 + in PbF 2 [28].

The coupl ing of the 4 7 electrons to the who le phonon spectrum stro nger
tha n in our crysta ls exists in the Gd 3 + -doped R bCdF 3 single crysta l , due to the dy-
nam ics of charge compensato rs causing a tetra gonal di storti on of the crysta l Ùeld.
The value of 2 = À 0 7 7 3 5 (2 4 ) GHz for Gd 3 + -doped R bCdF 3 was determ ined
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from the tem perature dependence of b0
2

[22], as com pared to K 2 = 0 : 2 2 1 9 (1 7 ) GHz
for LaF 3 or K 2 = 0 : 1 4 8 0 (1 ) GHz for Li YF 4 . On the other hand, in Gd 3 + -doped
PbF 2 sing le crysta l the value of K 2 = À 0 : 1 0 7 9 GHz for tetra gonal deform ati ons
and K 2 = 0 : 3 6 8 8 GHz for tri gonal deform ati ons wa s obta ined f rom EPR uni ax-
ial stress exp eriment in the tem perature range 130{ 600 K by Kuri ata et al . [29].
Thi s shows tha t distorti on of the crysta l Ùeld (tri gonal is lower sym m etry tha n
tetra gonal ) inÛuences signiÙcantl y the 4 f 7 electron{ phonon coupl ing constant K 2 .
These resul ts from the l i tera ture support our data , since they are of the same
order of m agnitude. It argues existence of a m echanism responsi ble for the Gd3 +

spi n{ phonon intera cti ons, whi ch is caused by the di storti on of the Gd3 + site sym -
m etry .

A m echanism responsibl e f or the 4 7 electro n{ phonon intera cti on m ay be
also rela ted partl y to the polari zati on of l igand F ions. The polarizabi l i ty de-
pends on the surro undi ngs of the F ion, and i t is larger in Li YF 4 tha n in LaF 3 .
El ectrostati c polari zati on of the l igands, caused by distorti on of the latti ce, can
pro duce a large contri buti on to the ñ

2 . The latti ce dyna m ics due to the stra in
( ) and due to the rota ti onal -t yp e displacements of the ligand F ions ( ),
as well as the tem perature- induced distorti on of a Gd 3 + site symm etry inÛuence
signiÙcantl y the charge di stri buti on of the 4 7 shell . The tem perature- induced
di storti on of the Gd 3 + site sym metry and the parameter are larger, and on the
other hand, the parameter j R j i s smal ler in LaF 3 tha n in Li YF 4 . These stati c and
dyna mic e˜ects can cause tha t the 4 7 electrons are m ore spheri cal ly distri buted
in Li YF 4 tha n in LaF3 . In addi ti on, the lowering of a Gd3 + site sym metry wi th
tem perature causes an increase in a numb er of low-frequency vi brati onal modes,
as i t is kno wn from theory of groups. Such mechanism expl ains strong coupl ing of
the Gd3 + ions wi th vi brati ons of the crysta l latti ce in LaF3 tha n in Li YF 4 . It is
conÙrmed by determ ined hi gher frequency of phonon spectrum in Li YF 4 [30, 31],
as com pared to lower frequency phonons in LaF3 [32]. Sala�un et al . [30, 31] per-
form ed R aman, inf rared and inelasti c neutro n scatteri ng study of the Li YF 4 and
of Li LnF 4 series of com pounds (Ln = Ho, Er, Tm , Yb; Y). They report tha t the
heavy Ln ions are not inv olved in the lowest frequency opti cal and modes.
It was deduced tha t only Ram an-acti ve modes at low frequenci es wi th and
sym m etri escan im ply lantha nide vi bra ti ons in the (001) pl ane and along the [001]
di recti on, respecti vel y. A combinatio n of Y 3 + tra nslati on in the (001) plane, plus
the rota ti on around the -axi s of Ûuori ne ions causesan angular distorti on. Thus,
the Ùve sym metri c and the four anti symm etri c modes were found for vi bra ti ons
of Ûuori ne ions [31]. It supp orts the larger rota ti on- typ e displ acements of the F
ions in Li YF 4 and Li Y Yb F crysta ls, contra ry to LaF 3 , La Ce F , and
La Nd F crysta ls.
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4. Co n cl usion s

It is concl uded tha t the 4 f 7 electro n{ phonon intera cti ons are strongly depen-
dent on the local structure deform ati on of the site sym m etry of Gd 3 + ion. Al tho ugh
the variatio n of the distorti on of the local site sym metry is smal l, i t has a dra stic
e˜ect on the constant K 2 , whi ch describes the coupl ing between 4 f 7 electrons and
who le phonon spectrum of the crysta l latti ce. The tem perature dependence of K 2

i s stronger in La F3 tha n in Li YF 4 due to the larger tem perature- induced distorti on
of Gd3 + site sym metry in La F3 , contra ry to Li YF 4 . The latti ce dyna m ics param -
eters ² and R D inÛuence signiÙcantl y the 4 f 7 electron{ pho non coupl ing constant
K 2 in the investi gated crysta ls. Further, the values of R D in these crysta ls show
tha t the rota ti onal contri buti ons to the Gd 3 + SHP from phonons are much smal ler
tha n tho se from the stra in. In the present paper we show the successful way to
study the latti ce dyna m ics (f rom ligands) using the EPR techni que and the su-
perpositi on m odel , as well as the rota ti onal invari ance theo ry for pho non- induced
contri buti ons to SHP from latti ce anharm onici ty.
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