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Th e dependen ce of the crystal-Ùeld spl ittin g parameter D in
N i SnCl 6 Â6 H 2 O on hydrostatic pressure was determined by the electron para-

magnetic resonance metho d, for the pressures up to 500 M Pa . T he deri va-
tive ( @D =@p) T as w ell as the temp eratures and pressures at w hich the
D -parameter reaches zero, w ere determined. T he molecular mechanism re-

sponsibl e for the temp erature and pressure changes of the D -parameter is
similar to that one observed in the isomorphic N iSiF 6 Â6H 2 O .

PACS numb ers: 62.50.+ p, 76.30.Fc

1. I n t rod uct io n

Ni ckel chl orostannate hexa hydra te, Ni SnCl 6 H 2 O, belongs to the tri gonal
space group [1] wi th one m olecule in the rho mbohedra l uni t cell. The
[Ni (H 2 O 6

2 + and [SiF6
2 com plex ions are arra nged in CsCl - like structure. Each

wa ter octa hedron has a smal l tri gonal di storti on. The tri gonal crysta l l ine Ùeld
component spli ts the spin tri pl et of Ni 2 + ) ion into a sing let and a doubl et.
Thi s spli tti ng, represented by a zero-Ùeld spli tti ng param eter , wa s m easured by
the electron param agneti c resonance metho d [2{ 4] as a f uncti on of tem perature
between 4.2 and 370 K [4]. The value of decreases rapidly wi th increasing tem -
perature, reaching zero at 338 K and becom ing negati ve at higher temperatures.
In the vi cini ty of room tem perature the vari ati on is l inear wi th the coe£ cient
( cm K .

In contra st to Ni SnCl 6 H2 O, in the isomorphi c crysta l Ni SiF 6 H2 O the
-parameter is negati ve under atm ospheri c pressure and i ts m agni tude increases

(453)
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wi th increasing tem perature [5]. For thi s com pound, hydro stati c pressure EPR
m easurements at room tem perature show tha t under pressure the value of D i s
considerably reduced, reacheszero and changesi ts sign at 620 MPa [6]. On the basis
of these results, the geometri cal contri buti on (vo lume and uni t cell shape) to the
crysta l l ine Ùeld spli tti ng was separated from the dom inant phonon contri buti on.
Our recent EPR pressure study of Ni SiF 6 Â6H2 O perform ed over the tem perature
range 90À 1 9 0 K has shown tha t there is an interv al of tem peratures and pressures
in whi ch D becomes zero and the line wi dth considerably decreases [7].

Thi s unusua l pressure behavi our of the D -param eter in Ni SiF 6 Â6H2 O was
the m ain reason to ta ke up a sim ilar study for ni ckel chl orostannate. So far no
pressure studi es have been perform ed for thi s com pound. The aim of thi s study
is to determ ine the dependence of the D -param eter on pressure. W e put special
emphasis on the range of tem peratures and pressures, in whi ch the D -parameter
is smal l, passesthro ugh zero and changes the sign. The pressure and tem perature
behavi our of the D -param eter in Ni SnCl 6 Â H2 O is com pared to tha t in nickel
Ûuosil icate and is discussed in term s of phonon and geom etri cal contri buti ons.

EPR measurements at the f requency 9.4 GHz under hydro stati c pressure
were carri ed out on both sing le crysta l and crysta l l ine powder sampl e of
Ni SnCl 6 H2 O using a special appl iance connected to a standard spectrom eter
[8, 9]. Single crysta ls of the com pound were grown from an equimolar aqueous
soluti on of Ni Cl 2 and SnCl 4 by slow evaporati on at C. The sing le crysta l was
pl aced into the sam ple hole of the corundum -Ùlled resonato r wi th the tri gonal
sym m etry axi s along the di recti on of the externa l m agneti c Ùeld .

The EPR spectrum is described by an axi ally symm etri c spin-Ham i lto ni an
of the form

2 (1)

where [4].
-param eter as a functi on of tem perature or hydro stati c pressure was de-

term ined from the data obta ined for the single crysta l , whose tri gonal axi s was
para l lel to the di recti on of the m agneti c Ùeld. Then the spectrum is m axim all y
spl it into tw o l ines correspondi ng to two allowed spin tra nsiti ons ( ).
The wi dths of the l ines are about 50 mT at am bient condi ti ons. W i th increasing
tem perature, the distance between the tw o resonance l ines decreasesand then they
m erge. The value of the -param eter decreases and reaches zero at 338 K when
the resulti ng l ine wi dth of two overl apping l ines becom es minim al.

The results of the pressure m easurements at three constant temperatures :
196 K, 273 K, and 350 K are shown in Fi g. 1. The dependence of on pressure
is l inear. From the l inear Ùt to the experim ental data the value of the pressure



InÛuence of H ydrostat ic Pressure . . . 455

Fig. 1. T he D -parameter of N iSnC l 6 Â6 H2 O as a function of hydrostatic pressure for

three constant temp eratures.

coe£ cient (@D =@p ) T equal to (1 0 :9 cm / MPa below room tem per-
ature and ( cm / MPa at 350 K is obta ined. For the latter, the
change in the sign of under the pressure of 25 MPa is observed.

The crysta l powder m easurem ents were carri ed out in the range of tem -
peratures and pressures, in whi ch the -param eter is smal l and reaches zero i .e.
between 300 and 390 K up to 160 MPa . A bro ad spectrum of Ni ions aver-
aged over al l orienta ti ons of the crysta ll i tes of the powder sampl e wi th respect to
the di recti on of the steady m agneti c Ùeld is observed. W hen decreases, the
peak- to -peak distance of the spectrum decreases and in the case of we deal
wi th one sym metri c Lorentzi an l ine wi th the m inim al wi dth. Such behavi our of
the powder spectrum perm i ts determ inati on of the range of pressures and tem per-
atures for whi ch . The values are inserted in Fi g. 2 and approxi mated by a

Fig. 2. T he temp erature versus pressure w hen D = 0 . Op en squares are the minima of

the e˜ective line width obtained from the constant pressure measurements ; solid squares

| from the constant temp eratures.
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l inear pl ot using the least squares m etho d. Thus, the fol lowing dependence of the
tem perature when D = 0 on hydro stati c pressure has been determ ined:

T D = 0 = 3 3 7 ( 2 ) + 0 : 5 6 (4 ) p ; (2)

where bra ckets give the erro rs; T and p are expressed in K and MPa , respectively.
The dependence of the D -param eter on hydro stati c pressure at a constant

tem perature can be obta ined i f Eq. (1) is combi ned wi th the tem perature de-
pendence of D . From the di ˜erenti al of the functi on D the fol lowi ng
expression for the pressure coe£ cient when is f ound:

=0

(3)

Thi s equati on allows a determ inati on of the pressure coe£ cient (
4 cm MPa , whi ch is close to tha t obta ined di rectl y from the

sing le crysta l measurements.

Let us com pare the tem perature and pressure changes in the -parameter
for Ni SnCl 6 H 2 O wi th tho se obta ined by Walsh [6] for Ni SiF6 H 2 O. For both
compounds, the tem perature vari ati ons of in the vi cini ty of room tem perature
are linear and the tem perature coe£ cients, , are sim i lar [4] in spi te of
the opposite signs of . The value of the pressure coe£ cient obta ined in
thi s work for nickel chl orostannate is about 30% larger tha n for ni ckel Ûuosil icate.
Thi s fact is related to a hi gher com pressibi li ty of the Ni SnCl 6 H 2 O latti ce.

As i t was shown by W alsh [6], the -param eter is indep endent of the volume
of the crysta l wi thi n the exp erimenta l error, but i t is considerabl y sensiti ve to the
uni t cell shape. The changes under pressure are m ainly caused by deform ati ons
of the water octa hedron, its elongati on or Ûatteni ng along the threef old axi s of
sym m etry . Thi s deform ati on leads m ainl y to changes in the polar angle of the
octahedron; the change in the Ni { l igand distance is neglected. The devi ati on of

from 0 (the polar angle for the regul ar octahedron) causes the ap-
pearance of the tri gonal com ponent of the crysta l l ine Ùeld acti ng on Ni 2 + ion and
thus a non-zero . For Ni SiF6 H 2 O the stati c, ioni c m odel of the [Ni (H 2 O 6

2 +

octahedra l compl ex leads to the fol lowing dependence [6]:

0 cm

In nickel Ûuosil icate the stro ng inÛuence of tem perature on under constant
di mensions of the uni t cell is observed, whi ch m eans tha t dyna m ics of the water
octahedron and al l crysta l latti ce consi derabl y parti ci pate in . For these reasons
we assume tha t the observed tem perature and pressure dependence of is a
compl ex functi on of the form : . D i ˜erenti ati ng thi s expression
we obta in
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where ln and ln are the cell shape therm al expan-
sion and com pressibi l ity coe£ cients, respectivel y. Af ter el iminati on of ln
from Eqs. (4) the fol lowing equati on is obta ined:

(5)

who se left side represents the contri buti on to the observed tem perature changes
of the -parameter com ing from the therm al expansi on of the crysta l latti ce. In
the calculati ons we om itted the dependence of on the m etal { l igand di stance,
whi ch because of small radial compressibi l i ty of the octahedron gives negl igibl e
contri buti on. Thus, the m easurements under uni axi al stress are not needed. For
Ni SiF H O on the basis of W alsh data [6] the rati o MPa / K
is obta ined, but from our last more accurate data [10] thi s rati o is less and
equals 2.71 MPa / K. From the last value and Eq. (5) we obta in tha t the con-
tri buti on of the therm al expa nsion of the crysta l equals cm / K and
the phonon contri buti on is cm / K. The rho mbohedra l uni t cell of
Ni SnCl H O nm , [1]) has larger dim ensions tha n tha t
of Ni SiF H O nm , [11]). Unf ortuna tel y, no experim en-
ta l data on the therm al expansion and com pressibi l i t y coe£ cients are kno wn for
ni ckel chl orostannate and so the exact calcul ati on of the phonon and geom etri cal
contri buti ons to is not possible. Neverthel ess, from the sim i lar behavi our of
the -param eter as a functi on of tem perature and pressure for both com pounds
we m ay supp ose tha t the both contri buti ons: phonon and geometri cal, are in
Ni SnCl H O appro xi m atel y the sam e. It suggests a sim i lar molecul ar m echa-
ni sm of the ori gin of the axi al crysta l -Ùeld spli tti ng and i ts tem perature and
pressure changes in these two crysta ls.
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