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Th e i nvesti gati on of G d3 + -dop ed LaF 3 ; La 0 : 9 C e0 : 1 F 3 ; C eF3 ;

La 0: 9 N d0: 1 F 3 ; Li Y F 4 ; and LiY 0 : 9 Y b0 : 1 F 4 sing le cr ystals at 4.2 K w as car-
ried out in order to study the Gd 3+

À RE 3+ exchange interactions (RE = C e,
N d, Y b). T he exchange interactions w ere estimated by the applicati on of the

molecular- Ùeld model at li qui d-hel iu m temp erature, using the g shif t f rom
the isostructural diamagneti c hosts LaF 3 and LiY F 4 to the paramagnetic
hosts. T he lattice dynamics is studied by analysin g spin- H amil toni an param-
eters in the light of the superp osi tio n model and the rotational inv ariance

theory for phonon- in duced contributions to spin- H amilton ian parameters. I t
is suggested from the rotational inv ariance mechanism for phonon- in duced
contributions to spin- H amil toni an parameters that the rotational contribu-

tions inÛuence the exchange interactions signiÙcantly . Further, the distor-
tions caused by the La 3 +

= Ce3 +
; La 3+

=N d3 +
; and Y 3+

= Y b3+ substitution s
a˜ect signiÙ cantly the 4f 7 electron {ph onon interactions, as well as the ex-
change interactions. T he magnitude of the isotropic exchange interactions is

larger for more symmetrical charge distribu tio n of the 4 f
7 shell.

PAC S numb ers: 63.20.K r, 75.30.Et, 75.30.H x, 76.30.K g

1. I n t rod uct io n

In our recent paper [1] the successful way was shown to study the latti ce
dyna mics (f rom ligands) using the electron param agneti c resonance (EPR ) tech-
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ni que as well as the superpositi on m odel and the rotati onal invari ance theory
for phonon- induced contri buti ons to spi n-Ha m il to nian param eters (SHP). The
X -band (¤ 9 : 5 GHz) EPR studi es of Gd3 + -doped La F3 , La 0 :9 Ce0 : 1F3 ,
La Nd F Li YF and Li Y Yb F single crysta ls, in the tem perature range
4.2{ 295 K, were carri ed out in order to inv estigate the Gd spi n{ phonon inter-
acti ons [1]. W e concl uded tha t the electron{ pho non intera cti ons are strongly
dependent on the local structure deform ati on of the site sym metry of Gd ion.
Al tho ugh the vari atio n of the distorti on of the local site sym metry is small , i t
has a stro ng ẽ ect on the consta nt , whi ch describes the coupl ing between
electrons and who lepho non spectrum of the crysta l latti ce. The determ ined latti ce
dyna mics param eters (describing the strength of the dyna mical part of the crys-
ta l Ùeld) and (describing the rati o of the anha rm onic contri buti ons from the
rota ti on to contri buti ons from the stra in) also inÛuence signi Ùcantl y the constant

in the inv estigated crysta ls. Furtherm ore, the values of in these crysta ls
show tha t the rota ti onal contri buti ons to the Gd SHP from phonons are much
smal ler tha n tho se from the stra in.

The purp ose of the present paper is to study the e˜ect of the crysta l Ùeld
di storti on and the latti ce dyna m ics on the exchange intera cti ons between Gd
and R E (R E = Ce, Nd, Yb) at l iquid-hel ium tem perature. W e used the EPR
techni que and the superpositi on m odel , because they are very sensiti ve to the di s-
to rti on of the crysta l latti ce. W eha ve chosen the Gd -doped La F La Ce F ,

Nd F Li YF and Li Y Yb F single crysta ls to com pare how di˜erent
crysta l Ùeld sym metri es can change the spi n{ phonon intera cti ons. In addi ti on, we
used SHP f or CeF sing le crysta l from R ef. [2]. We have adopted the theo ry of the
rota ti onal invariance for phonon- induced contri buti ons to SHP developed by Bates
and Szym czak [3, 4] whi ch gives more preci se descripti on of the observed contri -
buti on to SHP from latti ce dyna m ics. The previ ous resul ts of temperature EPR
( -band) studi es in Gd -doped LaF , La Ce F (and m easured presentl y in
the tem perature range 4.2{ 50 K), La Nd F Li YF , and Li Y Yb F sin-
gle crysta ls have been used to inv estigate the inÛuence of structura l and crysta l
Ùeld e˜ects, as wel l as latti ce dyna mics (f rom l igands) on the exchange intera c-
ti ons between the im puri t y and the host param agneti c ions. The above sampl es
are the crysta ls f or whi ch well -resolved EPR spectra can be recorded down to
l iqui d-helium tem perature.

The crysta l growth and crysta l structure have been given in Refs. [1, 5{ 9].
The experim enta l arra ngement has been described elsewhere [9]. The angular vari a-
ti on for Gd -doped LaF , La Ce F , La Nd F , Li YF , and Li Y Yb F
single crysta ls in the plane wa s shown in R efs. [9{ 12]. EPR spectra are con-
sistent wi th the rhom bic site sym m etry for the Gd ion in the tri gonal
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sym m etry of lantha num Ûuori des, and the tetra gonal D 2 d site sym metry of l i thi um -
-yttri um Ûuori des. The determ ined g -facto rs of Gd3 + for the Z and X di recti ons
in the above single crysta ls at l iquid-hel ium tem perature were used in order to
estim ate the isotro pic exchange intera cti on.

The average Gd 3 + { R E3 + pai r exchange-intera cti on constant J

i s estim ated for the param agneti c host La Ce F CeF ,
La Nd F and Li Y Yb F using the molecular-Ùeld m odel [9, 13, 14]. In
the Ha mi l to nian of pai r-exchange intera cti on the symbols and are the
spi n operato r of Gd ion ( ) and the e˜ecti ve spin operato r of host ions, re-
spectivel y. From thi s model, the to ta l exchange intera cti ons between Gd and
i ts nearest and/ or next- nearest param agneti c RE neighbours can be expressed
as fol lows [9, 13, 14]:

(1)

where is the numb er of nearest and/ or next- nearest neighb ours param agneti c
R E ions surro undi ng Gd dopant ion in the inv estigated sing le crysta ls, the
rem aining ions are the diamagneti c La or Y ions, givi ng no contri buti ons to
exchange intera cti ons (i t is noted tha t for Gd -doped CeF , NdF , and

f or Li YbF , whereas for Gd -doped La Ce F La Nd F , and
Li Y Yb F [6, 9]). The and are the - tensor values of Gd ion in the
isostructura l paramagneti c (La Ce F CeF La Nd F Li Y Yb F )
and the diam agneti c (La F , Li YF ) hosts in the di recti on, respectivel y. Fur-
therm ore, is the Bohr magneto n, m T) is the average magneti c Ùeld
for -band EPR of Gd and are the probabi l i ti esof occupati on of the two
lowest levels in the , and ground term s of Ce , Nd , and Yb
host ions, respecti vely. These ground term s spli t in the presence of the rhom bic and
tetra gonal crysta l line electri c Ùelds into three, Ùve, and four Kra m er' s doubl ets,
respect ively. However, at l iqui d-helium tem perature onl y the lowest ground- state
doubl et is exp ected to be populated and consequentl y the e˜ecti ve spin of the host
ions is .

Assum ing the Bol tzm ann distri buti on, the pro babi li ti es are

exp exp (2)

where and are energies of the lowest ground- state doubl et of R E ion and
is Bol tzm ann' s constant.

The energies and can be expressed as fol lows:

(3)

(4)

where is e˜ecti ve -factor in the di recti on of RE host ion.
The values of -shifts and determ ined

on the basis of the values in the param agneti c and diam agneti c hosts are given
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in T able I (i t is noted tha t g d
z z

= g d
x x

= 1 : 9 7 6 for Gd3 + -doped LaF 3 [15] and
g d

z z = 1 : f or Gd -doped Li YF [9]). The resul ts are pre-
sented in T able I. The values of -shi fts and e˜ecti ve -facto r for La Ce F
were determ ined in thi s paper using the resul ts of EPR and m agneti c susceptibi l -
i ty measurements, respecti vely. The and values were extra polated from the
form ula (4) given in Ref. [16] using the l inear scaling of m agneti c susceptibi l i ty
wi th the m ole fracti on of the di amagneti c La ions [17]. (In thi s purp ose, the
upp er l im it of the susceptibi li ty for the di recti on was determ ined for CeF in
the powder [18] and in the single crysta l along the axi s [19] and axi s [16].)
There is a good agreement of the value wi th tho se equal to
for 1% Ce in La F m easured at 20 K by Baker and R ubi ns [20]. Further, using
the values of e˜ecti ve -facto r and for the and di recti ons, respectively,
the calcul ati ons from Eqs. (1){ (4) give the average values of Gd R E pai r
exchange-intera cti on constants . The pl ot of absolute value of Gd RE pai r
exchange-intera cti on constant versus average di stance between the Gd
and RE ions is given in Fi g. 1. It can be seen tha t thi s dependence is di ˜erent
tha n tho se e or as reported by Mi sra and Ka hri zi [14].

TABLE I

It is expected tha t the exchange paths between Gd and RE ions take
pl ace vi a the interm ediary of and orbi ta ls of l igand F ions in the investigated
crysta ls. Theref ore, i t is very importa nt to analyse the inÛuence of a distorti on
of the crysta l l ine electri c Ùeld in the surro undi ngs of the Gd ion and latti ce
dyna mics from l igands on the exchange intera cti ons between Gd and RE ions
at l iqui d-hel ium tem perature. In thi s purp ose we adopted the sup erpositi on m odel
[23, 24] and the rota ti onal inv ariance theory for pho non- induced contri buti ons to



Gd 3 +
À RE 3 + Exchange Int eract ions . . . 449

Fig. 1. T he absolute value of Gd 3+
À RE 3+ pair exchange- interactions constant J p as a

function of the average distance R a v betw een Gd 3+ and RE 3+ ions in the investigated

crystals.

SHP [1, 3, 4]. The ri gid-latti ce value b2 (R L) of the intri nsic parameter b2 (i .e.
the value of at K minus zero point vi bra ti ons), for Gd -doped al l
inv estigated crysta ls, was ta ken from T able in R ef. [1]. Further, the value of the
intri nsi c param eter for Gd -doped CeF single crysta l wa s evaluated from the
superpositi on m odel usi ng the values of and from Ref. [2]. These values at
4.2 K were determ ined by extra polati on of the square functi on [7, 9, 11, 12]. W e
have determ ined GHz and GHz at 4.2 K for
Gd -doped CeF . Fi nal ly, using the above resul ts and the superpositi on model,
we have received GHz. The (R L) was determ ined using
the Ùtti ng of to tem perature in the range 200{ 373 K f rom the fol lowi ng
equati on [1]:

RL
e

d (5)

where is the coupl ing constant describi ng the m agni tude of Gd spin{ phonon
intera cti on and is the D ebye temperature ( 397 K for CeF [25]). W e
have determ ined, for exam ple, tha t param eter RL 4 5202 0 0300 GHz
for Gd -doped CeF .

The anharm oni c contri buti on from the stra in to the SHP ) is
given by the rela ti on [1]:

R L (6)

where for La RE F and for Li Y Yb F in the investigated
tem perature range 4.2{ 295 K.
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Further, the anharm oni c contri buti ons from the stra in £D and from the
rota ti on £ D r to D are given by the equati ons [4]:

£ D =
À ñh

3 2 ¤ 2 £
( (7)

and

(8)

where are the components of the -typ e magneto elasti c tensor
(f ul ly symm etri c deform ati on), is the density of the crysta l , and are the
longi tudi na l and the tra nsversal velociti es of sound, respectively, and

e
d (9)

where .
The values of sound velociti es at l iqui d-hel ium tem perature were calcul ated

usi ng elasti c constants from Refs. [26, 27] for the elasti c wa ves polari zed in the
[100], [010], and [001] di recti ons.

The rati o of the anharm oni c contri buti ons from the rota ti on ( ) to con-
tri buti ons f rom the stra in ( ) is given by the relati on [4]:

(10)

The Gd spi n{ phonon intera cti on constant from Eq. (5) can be expressed in
term s of the magneto elastic tensor components as fol lows [1]:

(11)

The param eter , describing the strength of the dyna mical part of the crysta l Ùeld,
is evaluated from the form ula [1]:

(12)

On the other hand, the parameter is deÙned by the expression [28]:

(13)

where is the mean square displacement of l igands from thei r equi l ibri um
positi ons, and is the equi l ibri um m ini mal distance between the rare-earth ion
and l igands.

The calculati ons from Eqs. (6){ (10) yi eld the values of anharm onic contri -
buti ons from the stra in and from the rota ti on , the sum values of m agneto -
elastic tensor components , and the rati o (T abl eI I). The
resul ts of the rati o for the investi gated sampl es at liqui d-hel ium tem perature
are in agreem ent wi th tho se obta ined in R ef. [4], using the isotro pic conti nuum
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TABLE I I

Values of the lattice dynamic parameters K 2 ; £D ; £ D r ; G ; j R D j ; ² ,
and u for the Gd 3+ -dop ed crystals at liqui d-hel ium temp erature are
determined from Eqs. (6){(13). T he D is the static b0

2 parameter,

and R 0 is the equili bri um reference distance betw een Gd 3+ and F À

ions at liquid -hel iu m temp erature. T he parameters R D and ² are
dimension less.

C rystal LaF 3 La 0: 9 C e0: 1 F 3 La 0: 9 N d0 : 1 F 3

K 2 [GH z] 0.5334(200) 0.5284(305) 0. 6638(314)

D [GH z] 0.6970(20) 0. 6980(33) 0.6523(47)

£D [GH z] 0.3574(134) 0.3540(204) 0. 4448(210)

£D r [GH z] È 10
À 5

À 231 : 9(0 :7 )
a

À 233 : 0(1 :1)
a

À 219 : 4(1 : 6)
a

À 210 :3(0 : 6) b
À 211 :3(1 : 0) b

À 19 8: 9(1 :4) b

G [GH z] À 53 : 39(2 : 00)
a

À 52 : 70(3 : 04)
a

À 65 : 73(3 : 11)
a

À 58 :56(2 :20)
b

À 57 : 79(3 : 34)
b

À 72 : 09(3 : 41)
b

j R D j È 10 À 3 6.49(0. 26) a 6.58(0. 41) a 4.93(0. 27)a

5 :88(0 :24)
b 5. 97(0. 37)b 4.47(0. 24) b

² È 10 À 3 6.69(0. 50) a 6.72(0. 78) a 6.77(0. 64)a

6.10(0. 46) b 6. 13(0. 71)b 6.17(0. 58) b

R 0 [ ¡A ] 2.4146 2.4127 2.4093

u [ ¡A ] 0.1975(74) a
0: 1977(114)

a 0.1982(94) a

0.1886(71) b 0.1888(109) b 0.1892(90) b

C rystal CeF3 LiY F 4 LiY 0 : 9 Y b0 : 1 F 4

K 2 [GH z] 0.8986(600) 0.1662(164) 0. 2043(267)

D [GH z] 0.5956(200) {2. 6002(17) {2. 5644(40)

£D [GH z] 0.6020(402) 0.1297(128) 0. 1593(208)

£D r [GH z] È 10 À 5
À 200 : 9(6 :7) a 448 :9(0 : 3) a 421 : 0(0 :7) a

À 182 :3(6 : 1)
b 449. 6(0. 3) b 421.6(0. 7) b

G [GH z] À 88 : 68(5 : 92) a
À 36 : 87(3 : 65) a

À 47 : 66(6 : 23) a

À 97 :18(6 :49)
b

À 36 : 21(3 : 58)
b

À 46 : 81(6 : 12)
b

j R D j È 10
À 3 3.34(0. 33) a 34.62(3.45) a 26.42(3. 49) a

3.03(0. 30) b 34.68(3. 45) b 26.46(3. 50) b

² È 10 À 3 6.79(0. 91) a 3.52(0. 70) a 3.34(0. 87)a

6.19(0. 83) b 3. 58(0. 71)b 3.40(0. 89) b

R 0 [ ¡A ] 2.3959 2.2617 2.2590

u [ ¡A ] 0.1974(132) a 0.1341(133) a 0.1306(172) a

0.1886(126) b
0 :1353(135)

b 0.1318(174) b

a determined for elastic w aves p olari zed in the [001] direction ;
b determined for elastic w aves polarized in the [100] and [010] directions
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phonon m odel for orbi ta l sing let ions in low sym metry 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 determ ined
from Eqs. (11){ (13) values of the coupl ing constant K 2 , the param eter ² and
the am pl itude u of l igand vi bra ti ons in the inv estigated sam ples at l iqui d-helium
tem perature are also given in Tabl e I I. It can be seen tha t the values of the dy-
nam ical param eters G ; R D ; ² , and u determ ined for the elasti c waves polari zed
in the [001], and [100], [010] di recti ons, di ˜er slightl y alm ost in the range of errors.
The di ˜erences of the dyna m ical param eter £ D r in these di recti ons are due to
smal l ani sotro py of tra nsversal sound vel ocity . It conÙrms correctness of the ro-
ta ti onal invari ance theo ry used for the phonon-induced contri buti ons to SHP for
orbi tal singlet ions in low symm etry crysta l Ùelds at l iqui d-helium tem perature.
Furtherm ore, the same order of m agni tude of am pl i tude u as in present paper is
determ ined from a m odel of the tra nsferred hyp erÙne intera cti ons of 1 9 F l igands
wi th Gd 3 + in PbF and SrF [29].

The coupl ing constant can be expressed using Eqs. (7), (8), (10), and
(11) in the sim pler form

(14)

The Gd spin{ phonon coupl ing constant versus the dyna m ical param eter
for the inv estigated Gd -doped crysta ls in the tem perature range 4.2{ 295 K is
pl otted in Fi g. 2. It can be seen tha t the dependence is stronger in the case of lower
di storti on of the crysta l sym metry . The rhom bic site sym metry f or the Gd
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ion in the D 4
3 d

tri gonal sym m etry of lantha num { (ra re-earth) Ûuori des is lower tha n
the tetra gonal D 2 d site sym m etry of l i thi um {yttri um { (ra re-earth) Ûuori des. Thi s
shows tha t the lowering symm etry of the crysta l Ùeld changes signiÙcantl y the
4 f 7 electron{ phonon coupl ing constant K . The coupl ing constant for Gd
in CeF is the largest and equal to GHz, whereas the absolute
value of the dyna mical param eter is the smallest and equal to at
4.2 K (T abl e I I). It can be concluded on the basis of Fi g. 2 tha t the site sym m etry
of Gd in CeF is at 4.2 K because is lower tha n . Thi s concl usion
is supp orted in Ref. [30]. There is a signi Ùcant e˜ect of the m asses di ˜erence of
composite ions and com plexi ty of the crysta l on the dyna m ical param eter (see
T able II). The rati o , whi ch describes dyna mics, is one order of magni tude
larger in l i thi um { yttri um { (ra re-earth) Ûuorides tha n in lantha num{ (ra re-earth)
Ûuori des.

Below we analyse the inÛuence of the dyna mical parameters and on
the exchange intera cti ons constant between Gd and R E ions. W e have
pl otted the relati ons versus in Fi g. 3 and versus in Fi g. 4. There
are strong l inear correl ati ons between the values of these param eters. The coef-
Ùcients of correl ati on are equal to 0.9995 and 0.9990 for the pl ots in Fi g. 3 and
Fi g. 4, respectivel y. Such strong correl ati ons suggest the existence of a com m on
m echani sm responsible for the electron{ phonon and exchange intera cti ons.
The m echanism m ay be related partl y to the polari zati on of l igand F ions. The
polari zabi li t y depends on the surro undi ngs of the F ions, and i t is larger in Li YF
tha n in La F . The electrostati c polarizati on of ligands, caused by the distorti on of
latti ce, can pro duce a large contri buti on to the . Further, the distorti ons caused
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Fig. 4. T he exchange interactions constant J p for Gd 3+
À RE 3+ pair as a function of the

ratio R D of the anharmoni c rotational to the vibration al contributions for elastic w aves

p olarize d in the [001] direction for Gd 3+ -dop ed investigated crystals at liqui d- heli um

temp erature.

by the La3+ =Ce3+ ; La3 + Nd and Y Yb substi tuti ons, a˜ect signi Ùcantl y
the electron{ phonon and exchange intera cti ons. The latti ce dyna m ics due to
the stra in ( ) and due to the rota ti onal- typ e di splacements of the l igand F
ions ( ), as well as the tem perature- induced distorti on of a Gd site sym -
m etry , can change the charge distri buti on of the shell . The increase in the
tem perature- induced distorti on of the Gd site symm etry and of the value,
causes the decrease in the absolute value (see Fi g. 3). On the other hand, the
increase in the value causes the increase in the value (see Fi g. 4). Thus,
the larger rota ti on- typ e di splacements of the F ions in Li Y Yb F crysta ls,
contra ry to La Ce F La Nd F , and CeF crysta ls, cause addi ti onal po-
lari zati on of the shell. These stati c and dyna m ic e˜ects can cause a m ore
spheri cal distri buti on of the electro ns in Li Y Yb F tha n in CeF . Such
m echani sm expl ains stronger isotro pic exchange intera cti ons between Gd and
Yb in Li Y Yb F tha n tha t between Gd and Ce in CeF , as shown in
Fi g. 1.

Since the latti ce dyna m ics from the l igand F ions inÛuence signi Ùcantl y
the isotro pic exchange intera cti ons of the Gd { RE ions, i t is im porta nt to
study spin{ spin relaxati on. The spi n{ spin relaxati on ti m e , arising from stro ng
di po le{ dipole intera cti ons between Gd and RE ions, can be determ ined f rom
the equati on [31]:

(15)

Using the relati on given by Van Vl eck [32]:
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2 Â ¡ = 2 : 3 5
p

h Â ¡ 2 (16)

the Ùnal form is as fol lows:

(17)

where is the second mom ent (m ean-square power frequency devi ati on
from Larm or frequency ) of the resonance line. Accordi ng to Van Vl eck [32], the
second m om ent can be obta ined from the relati on (14) in Ref. [11].

The spi n{ spin relaxati on ti mes , determ ined from Eqs. (17) are equal to
( , and

s at 4.2 K for Gd -doped La Ce F , La Nd F , CeF ,
and Li Y Yb F , respecti vely. It can be seen tha t is larger appro xi matel y by
facto r 2 in La Ce F tha n in La Nd F . It is conÙrmed by the determ ined
spi n-bath (l iqui d-helium ) relaxati on ti m e tha t is one order of magni tude larger
in Ce (1%)-doped LaF tha n in Nd (1%)- doped La F crysta l [33]. The smal lest
value of the spin{ spi n relaxa ti on ti m e was determ ined in Gd -doped CeF crys-
ta l . Further, in Gd -doped Li Y Yb F crysta l the spin{ spi n relaxati on ti m e

is cl ose to tha t in Gd -doped La Ce F . Thus, the f ast spin{ spin relaxa ti on
can cause weakness of the isotro pic exchange intera cti ons ( ) between Gd and
Ce in CeF , as well as tha t between Gd and Nd in La Nd F . Thi s e˜ect
m ay be related to the m echani sm di scussedearl ier tha t induces deform ati on of the
charge di stri buti on of the shell . The sign of the isotro pi c exchange intera c-
ti ons consta nt can be expl ained by di ˜erences in crysta l lographi c structure of
the investi gated crysta ls. The Gd Ce pai rs in La Ce F and CeF , and
Gd Nd pai rs in La Nd F have thei r m agneti c m oments ordered anti f er-
rom agneti cal ly. On the other hand, the Gd Yb pai rs in Li Y Yb F have
thei r m agneti c mom ents ordered ferrom agneti cal ly.

It is concluded tha t the Gd RE (R E = Ce, Nd, Yb) isotro pic exchange
intera cti ons are stro ngly dependent on the local structure deform ati on of the site
sym m etry of Gd ion. Al tho ugh the vari atio n of the di storti on of the local site
sym m etry is smal l , i t has a strong e˜ect on the constant whi ch describes
the isotro pi c exchange intera cti ons between Gd and RE ions in the inv es-
ti gated La Ce F , La Nd F , CeF , and Li Y Yb F single crysta ls at
l iqui d-helium tem perature.

The isotro pic exchange intera cti ons constant is stro nger in Li Y Yb F
tha n in CeF , as well as in La Ce F tha n in La Nd F due to the smal ler
tem perature- induced distorti on of Gd site symm etry in Li Y Yb F , contra ry
to CeF , as wel l as in La Ce F , contra ry to La Nd F . The tem perature-
- induced distorti on of the latti ce causes the lowering of the sym metry of Gd
surro undi ng in Gd -doped La Ce F , La Nd F , and CeF crysta ls at low
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tem peratures. The latti ce dyna m ics parameters K 2 and R D caused by the stati c
and dyna m ic di storti ons inÛuence signi Ùcantl y the isotro pic exchange intera cti ons
of Gd3 + (4 f 7 ) wi th Ce3 + (4 f 1 ) , or Nd 3 + , or Yb ions in the inv es-
ti gated crysta ls. The dyna mic contri buti on due to the rota ti on causes m ore
sym m etri cal distri buti on of the electrons. On the other hand, the dyna mic con-
tri buti on due to the stra in and the stati c contri buti ons due to the deform a-
ti on induced by the substi tuti on of ions, as well as due to the tem perature- induced
di storti on, cause the less sym m etri cal charge di stri buti on. Thi s e˜ect is reÛected
in the magni tude of the isotro pic exchange intera cti ons tha t is stro nger for m ore
sym m etri cal charge di stri buti on of the shell . In thi s paper we have shown the
successful way to study the isotro pi c exchange intera cti ons in the l ight of latti ce
dyna mics (f rom l igands) using the EPR techni que and the superpositi on m odel , as
wel l as the rota ti onal invari ance theo ry for phonon- induced contri buti ons to SHP
from the latti ce anharm oni city.
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