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Pressure and temperature-dependent Raman study of YLif
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Raman scattering spectra of single crystals of Yllilave been measured over wide ranges of hydrostatic
pressure$0—20 GPaand temperature80—-1000 K. Unlike other members of the scheelite crystal class, the
internal modes of YLig due to vibrations within the LiJE3 tetrahedra display largéw/dP anddw/JT slopes.

In contrast, all four external modes corresponding to lattice translations showa&niall slopes, with one of

them (whose observation from the pressure cell is gledso showing a smalWw/JP slope. These results
suggest that temperature or pressure affect primarily the dynamics of t}jé giBup. This conclusion is

further supported by an anharmonicity analysis in which the volume contribution to the total frequency shifts
observed with temperature has been found very large for the internal modes. An abrupt change of slope in the
frequency-versus-pressure diagrams of internal modes at 7 GPa is attributed to a stiffening oﬂrgmmrs.

From the anharmonicity analysis, it is concluded that the internal binding in trié téfrahedra is essentially

of ionic character[S0163-182809)09805-7

I. INTRODUCTION 3Ag+SBg+5Eg+ 5A,+3B,t+5E,.

YLIF , has been extensively used for several years as ho§tf_theé Raman modes, 4 are external translationa(2
+2Eg), 2 rotational Ag+Eg) and 7 internal within the tet-

material for various optically active rare-earth ions and the heq A +3B. 4 E
production of laser actiof Therefore, an understanding of "ahedron (2q-+3By+2E,).

the lattice dynamics of YLifis essential and, indeed, sev- _ . In this article the Raman spectra of Yl,iBre reported for
. . wide ranges of hydrostatic pressures and temperatures, and
eral relevant studies have been publishéYover the years

; " - dwldP and dw/JT derivatives as well as Gneisen param-
reporting Rama#® and IF~° spectra as well as neutron 2. @ P

diffraction® and lecular d . lculatiols Th eters are obtained. Furthermore, the volume and pure tem-
firaction” = and molecular dynamics caicufations. 'he perature contributions to the total frequency shifts observed

purpose of the present work is to extend such a lattice dyith temperature are evaluated for certain modesose
namics study under conditions of variable pressure and teMsymmetry identification andw/dP slopes are unambigu-

perature. N _ ~ ously determiney thus providing information about the type
At ambient conditions, YLify has the tetragonal scheelite of ponds involved.

(CawQ,) structure(C§;, space groupwith two molecules in
its unit celP'* (Fig. 1). Most of the other alkaline earth tung- Il. EXPERIMENTAL
states and molybdates, such as S)BAWGQ,, ) .
CaMoQy,,SrMoQ,, etc., also crystallize in the scheelite struc- A rectangular (4 4x5 mn) single crystal of YLif cut
ture. These salts consist of tightly bou)(d);z (X=W, Mo) and rE:)ohshed along t:e cry;tallographlc axes has:een gsed
tetrahedra which are linked to metal cations via weak ioni?{); aet;emfpsraet}u_r N E.pin theence measmé:)e_zrr;_e;és. _tﬁstlﬁr;mg a
bonds. Because of the different force constants correspondf o ooy frame in waic axesy.z comnciae wi o
. . : crystallographic axes,b,g respectively, the following 90
ing to the internally bound atoms in the tetrahedra on the oné . f . h b @ ing A
hand, and the lattice ions on the other, the vibrational fre_scatterlng configurations have been USPEZ)X giving Aqg

T I o . symmetry phononsy(xy)x giving By phonons, ang/(zy)x
quencies of atoms within theXO, “ anions (“internal in which E, phonons are observed.

mode$ are much higher than the frequencies of vibrations Eq; the high pressure experiments, small single crystal
between lattice ion§‘external” modes.

In YLIiF,, the cation is Y2 and the molecular anion
LiF, 3. However, in contrast to th¥O;, 2 anion of tungstates
and molybdates, the internal binding in the L fftetrahedron
is not as strongit is considerefl of about the same magni-
tude as the external lattice bindinghich means there is no
much difference between frequencies of “internal” and “ex-
ternal” modes. The internal/external division has been dis-
puted for some modes of YLiFn a recent molecular dy-
namics calculatiolf because of the strong mode coupling.

Group theoretical considerations predict the following ir-
reducible representation for the zone center modes dfhe
(scheelite space group: FIG. 1. Unit cell of YLIiF,.
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T T
YLiF,
300K - 1Atm

T TABLE I. Frequenciegin cm™%) and assignment of Raman ac-
tive phonons of YLif (300 K, 1 atm.

Ref. 6 Ref.7 Ref.8 Ref.9 Thiswork Phonon symmetry

g 151 151 A

é 153 158 149 154 154 =

= 177 177 167 174 173 By

199 203 193 199 198.5 Eq

zy (Ep 248 251 241 246 246 By

e 264 269 261 265 265 A

100 200 300 400 500 329 329 322 326 326 Eg

Raman shift (cm™) 329 331 323 327 326.5 By

FIG. 2. Polari q R ‘ 368 376 369 373 372.5 =

of YLiF. 4 ét a?n?)rilgr??::(;nzt)jﬁioﬁ(sng):}ezgor{((jizn)gXto ;r;ag Sp:géa 382 382 375 379 379 By
. T 425 426 422 427 426 A

E4 phonon symmetries. 9
427 430 423 427 426 By

446 450 442 447 446 E

«

samplegtypical dimensior=50 um) have been inserted in a
Diamond Anvil Cell (DAC) together with ruby chips for

monitoring the pressure. A solution of methanol-ethanol ha%erved around 7 GPa in almost all plots of Fig. 5. We have
been used as pressure transmitting medium which displa .

VS . . . ; )
hydrostatic behavior up to 11 GPa and only small deviatio Confirmed that this change of slope is discontinuous by per

. . orming a series of data point fittings for the phonons at 326
(up to 2.5% from this behavior for the range 11-20 GPa. and 446 cm?® which show the largest slopes and slope

. The low temperature measurements have. been perform%%anges. First, we fitted the data points of each phonon to a
|nS|de. a closed cycle He cryostat. F_or.the h|g_h temperatur uadratic function and then we performed a sequence of two
experiments, th_e sample was held "??"de a_sn!ca cell in ArIinear fittings for each phonon, each time assuming a differ-
atmosphere \.Nh'Ch was centrally positioned |n5|de; a vacuilnt value of critical pressur@ssumed data point in which
operated optical furnace of low temperature gradients. the slope changgon both sides of the 7 GPa value. The

The 496.5 nm AF laser line has been used for the exci- standard deviatiofchi-squareglof the two fitting procedures

tation of R_a”?a” spectra since it do_es not excite any Iummesﬁave been plotted against the assumed critical pressure for
cence emission in the spectral region close to the line. Spec-

tral analysis and detection of scattered light have been

accomplished by a double monochromator in line with a (b) YLIiF,
cooled photomultiplier and photon counting equipment. The E

; h yz(E)
spectral resolution has been 2.5 ¢hfor the temperature : i &
dependent measurements and 3.5 tfor the pressure ones. {1 153.7 cm

lll. RESULTS

Figure 2 shows thez, xyand zy components of the Ra-
man spectrum of YLifrat ambient conditions giving th&,,
By andE4 symmetry phonons respectively. Some of the ob-
served weak features result from polarizer leakages of strong
lines belonging to different phonon symmetries. The fre-
guencies of all Raman phonons of YLi&t room tempera-
ture measured in this work and in previous studies are listed
in Table 1. OneA phonon had escaped detection until re-
cently when Salauet al® reported it at 151 cmt. We have
also observed this extremely weak peak, which is just above
noise levelFig. 3a)], by careful polarization measurements
around this spectral region using slower scans. To make sure
that this peak is not a polarization leak of the neakhy
mode at 154 cmt, we recorded at identical conditions the LSV S N
componenfFig. 3(b)] and found no such interference on the 120 150 180 210 240
zzcomponent by thé&, mode. Instead, some of the spectral Raman shift (cm'l)
activity at 175 cm? in the zz spectrum[Fig. 3@)] is most

likely due to a polarization leak of the strorfgy, phonon of FIG. 3. Polarizedzz Raman spectrun@) of YLiF, at ambient
the xy spectrum. conditions in the low frequency region showing the very wégk

Raman spectra of YLifat various pressures are shown in phonon at 151 cm'; to make sure this is not a polarization leak, the
Fig. 4, while Fig. 5 illustrates the pressure dependence of thgz spectrum is also givefb) showing the nearb, phonon at 154
phonon frequencies. An apparent decrease of slope is olem™.

Intensity

YLF, zz(A)
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FIG. 4. Raman spectra of YLjFfor various hydrostatic pres- Pressure ( GPa )

0-15.2 GP .
sures( R FIG. 5. Pressure dependence of phonon frequencies of the Ra-

the two phonons and are shown in the inset of Fig. 5. In botfnan acti\_/e_ modes of YLif The solid lines are linear least-squares
cases, the data points fit better to two linear functions andfings giving the dw/ 9P slopes. The error bars are up tol.5
this confirms that the change of slope is discontinuous. Fur9,m| ?ndggf:feps in thjtger;'ca' and zoi'(z)olm%' A‘:"Xg; refSpeC'
thermore, this series of fittings confirm also that the SloPéévyfi/o.ngP;(the'y inc?e’a:(: with_inccrr;asigg pr_es.s)u_nelset: ;ar?_r
g[]?ggg?natthz %ﬁg\"vﬁqosssggozaf’r%‘:’nf%etr;g\?ve ?2223reesli?1r:a Iasr_d deviationgchi squaresof quadratic(straight line$ and two-
fitti the dw/JP Ig d Grei P t rine linear fittings (circles for the pressure data points, plotted
l Ing, the Jo slopes an Meisen parame ery against pressure, for the phonons at 824 circles and solid ling
=dIn w/dInV have beer_w deduced _and are given in Table II'and 446 cm* (open circles and dotted lijjesee text for details.
(see Sec. IVE for details concerning the volume compress-

ibility used for the calculation of the Gngisen parameters 3 )
The low frequencyE, phonons at 154 and 198.5 Chare  been used for the doublet around 375 ¢rhelow P, (Fig. 5)
just about observed inside the DAC as their intensity is at th&S the two components do not appear to separate, thus ob-
noise level, which makes the determination of their fre-f@ining the samelw/dP slopes for the two phonori§ig. 5
quency shifts with pressure difficult. Because of this, we@nd Table I). Above P, this doublet initially broadens and
have not included their plots ars/JP slopes in Fig. 5 and above 10 GPa displays a fiatquare-likg shape, most likely
Table I, respectively. Detection of thBy phonon at 173
cm ! inside the DAC is obscured by the presence of a TABLE Il. Frequencies of phonons of YLjfobserved at ambi-
plasma line whose position coincides with the frequency ofnt conditions inside the pressure cell, along with their pressure
the phonon; however, since this phonon does not emerge derivatives and mode Gneisen parameters at 300 K. The Gru
high pressures, it is concluded that it is either pressure indegisen parameters were determined using a valkiel.24
pendent or itsdw/JP is very small. All clearly observed X 1072 GPa ! which was calculated from the experimental elastic
phonons display normal mode behavior, that is, they hardefonstant data of Ref. 27 according to E¢l) and(12).
with increasing pressure. The slope/JP of the phonons

appears, on the whole, to increase with increasing phonoRonon frequency dw/dp .
frequency. (Cm (cm™/GP3 14
Six peaks are clearly observed at ambient pressure insidgsagg) 1.13 0.368
the DAC, three of which are double(826—326.5 cm?, 265(A,) 5.00 1.501
372.5-379 cm?, and 426—426 cim'), corresponding to two ’ 413 0.963

phonons of different symmetriésee also Table)l The dou-  326(E,+B,)

blet at 326 cm* splits at about 4 GPa as a consequence of 6.66 1.66

the differentdw/JP slopes of the twdB, andEy) phonons. 375y By) 4.54 0.973
Given that polarized Raman measurements are quite difficu#26(A,+B,) 5.77 0.956
to obtain inside the DAC, unambiguous assignment of thei46(E,) 14.43 2.519

two resolved peaks is not possible. A one line fitting has
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YLiF, 1Am,  y(xy)Xx ' TABLE II. Mode. frequencies of YLiE at 0 K optained by
M extrapolation of the fitting to the function of E€L), their tempera-

580K ture derivatives at 300 K, and fitting values of the parameters in Eq.

(D).

g wo (dw/ diT)BOOK a; a

g (cm™ (cm™YK) (10 3cm ™ YK) (10" %cm YK?)
154.9€,) —0.005 —-4.6 —-0.08
177.48,) —0.020 —13.3 -1.19
JL I 201.8(E,) -0.013 -13.1 -0.02
1(')0 260 3(')0 400 500 246.7B,) —0.006 —-2.5 —-0.57
Raman shift (cm™) 269.2(A,) —0.021 -9.8 -2.00
. . . 331.48,) ~0.026 ~14.2 ~2.00
FIG. 6. Polarized/(xy)x Raman spectrum of YLifat various 330.7€,) ~0.020 ~150 ~0.80
temperature¢85-793 K. 376.0€,) ~0.012 ~135 ~0.22
because of a gradual mode separation; for this reason, wis1-9By) —0.015 ~136 —0.23
have performed a two line fitting for this doublet abdvg, 432.80,g) ~0.023 —21l1 ~0.40
which shows a gradual separation of the two peaks. How?28-9B,) —0.018 —11.0 -110
—0.057 —48.0 —-2.00

ever, unambiguous assignment of the two modes is not alsFOEy)
possible for this doublet. Finally, the doublet at 426 ¢m
starts resolving a6 GPa, showing a continuous increase of
spectral distance between the two modes. The remaining o(T)=wo+a T+ a,T? (1)
three peaks observed from the DAC are unambiguousl

identified as theBy, A, andE4 modes at 246, 265 and 446 'The fiting values wg, @, @, together with the slopes
cm L, respectively. dwldT for 12 phonons at 300 K, are given in Table IIl. All

They(xy)x component of the Raman spectrum of YLiF Phonons display normal temperature dependence, that is,

is shown in Fig. 6 for various temperatures, while the tem-"€gativedw/JT slopes.
perature dependence of frequencies of 12 phonons are given

in Fig. 7. (It is difficult to determine the temperature depen- IV. DISCUSSION

dence of the very weaRy phonon at 151 cit.) The ex- _ _ N
perimental points of Fig. 7 are fitted by the following poly- A. Raman spectra of YLiF, at ambient conditions
nomial function: Our assignment of phonon symmetries for Ykif able

I) is based on polarized Raman measurements and is in
agreement with previous repofts’ The phonon frequencies

450442 2 a YLiF, ]

A AL of this work are in very good agreement with those of Ref. 9,
{66860 4. 2 , 1Atm | but less so with other previous work$
4004 N SN The atomic motions corresponding to the 13 Raman sym-
metry species of YLif were reported by Millert al® Re-
%288 ¢ g9 ¢ Qs Sa | cently, Salan et al° performed a molecular dynamics cal-

culation in YLiF, using a rigid ion model and reported that
certain Ramariand IR modes cannot be assigned to simple
LA A ] atomic motions proposed by Millest al® (but to a combi-

. nation of such motionsbecause of strong mode couplings.
Although, couplings between internal and external modes are
anticipated in a crystal with not so strong internal binding, it

(98]
(9,
()
I
1

LA L AN 2

o«
Odq
1

1ee ¢ e o o

Raman shift ( cm™)
S
<

2509vyvyvv v v : M MEZIIE is difficult to realize that such interactions alter drastically
the character of the modes, in view also of the experimental
evidence that the low frequency mode 2E,) are ver
20014444 4 44 4 aaaa T sensitive to rare-earth sgbstitu)t/ﬁiﬁo forsB\((J,ZLWhilge) the higK
1°¢eee o, , . 1 frequencyB, andE4 modes and all thé; modes are either
150{"" "= = wu = 228 g moderately or not sensitive at &ff.

Because of this strong experimental evidence, we shall
e e L B s e L retain the internal/external characterization for all modes in
0 200 400 600 800 1000 YLiF,. In this situation, the By and 2, phonons at low
frequenciegTable ), being sensitive to rare-earth substitu-
tion, correspond to externglattice) modes, i.e., motions of
FIG. 7. Temperature dependence of phonon frequencies of th¥~_ OF translations of whole formula units according to Ref.
Raman active modes of YLJF The error bars are0.5 cmitand 6. The two rotational modes should be thg at 151 cm?t
+1 K in the vertical and horizontal axes respectively for and theE, at 326 cm * because they are barely sensitive to
<300K, and up tar1 cm ! and =3 K for T>300K. rare-earth substitution; the rotational character of #ijs

Temperature ( K )
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mode is further supported by the fact that it is the weakestf one combines temperature and pressure Raman results, the
among allA; modes. The remaining high frequency modestwo contributions can be separated and estimated using the
should be due mainly to motions within the l,;fftetrahe- following expression:

dron.
dw B iw Jw
o), " kel T, @
B. Pressure dependence of Raman phonons P k T v

Of the 4 external modes, only the phonon at 246 tis ~ where @w/dT)p is the (isobarig variation of o with tem-
observed clearly in the DAC, showing a smaidb/JP slope  perature as measured in temperature Raman experirtents
(Fig. 5, Table I). In contrast, the internal modes and thetal effecd, (dw/dP)+ is the (isothermal change ofw with
rotational E; mode at 326 cm' appear to be strongly pres- Pressure as measured in pressure Raman experirfwaits
sure dependent, thus confirming the ®i¢fat the binding ume contraction 8(T) is the volume thermal expansion co-
within the LiF, 3 anion is not as strong as in tungstates ancefficient and«(T) is the volume compressibility. The first
molybdates. Jayaramaet al*?% observed abrupt decreases term on the right of Eq(2) represents the volume effect,
of phonon frequencies with pressure in BayW@®ef. 12,  While the term ¢w/dJT), is the (isochorig variation of w
and in PbMoQ and PbWQ (Ref. 13 and attributed these with T (anharmonic effegt a quantity which cannot be mea-
effects to a first order phase transition to monoclinic wol-sured but can be calculated from Eg).

framite (C%,) or monoclinic HgMoQ (C$,) structure. Simi- The ratio of the volume term to the total variatidaq. 2)
lar frequency discontinuities have been observed by Christo- B (90l 9P)

filos et al!* for CaMoQ, at 8.2 and 15 GPa who concluded g=— DT &)
the occurrence of two phase transitions for this crystal, with k (doldT)p

t_he first at 8.2 GPa to one of the monoclinic structures men;s 5 dimensionless parameter introduced by Weinstein and
tioned above. _ , , Zallen'” in order to determine the relative importance of the
In the case of YLik, all internal modes sustain abrupt (g effects. This parameter, known as the implicit fraction,
decreases of slope &.=7 GPa(Fig. 5), but there are no may assume values between 0 andnd largely indicates
frequency discontinuities or new Raman bands observeghe' tyne of crystal bonding associated with the particular
above this pressure. Therefore,_ the possibility of a structurglygge. Fory approaching zero, the explicit effect is almost
phase transition is remote but it should not be excluded alanirely responsible for the frequency shift observed in Ra-
together because Raman signals from the DAC at high pres$pan measurements under variable temperature, implying that
sures are low and some weak peaks may not be detectabige crystal bonding is essentially covalent or, in the case of
Most likely, th|53 slope decrease is due to a stiffening of theyjecular crystals, the internal binding of molecular groups
tetrahedral Lif” group (it becomes less compressiblee- s strong!” in either case, thermal expansion does not affect
cause of force constant changes, but without any change @he forces involved. For=1, thermal expansion is exclu-
its coordination. It appears that YLjFremains tetragonal sjyely responsible for the observed frequency shifts, indicat-
Can aboveP, with the only structural change justified by ing that the crystal bonding is of ionic character. For
these slope decreases being a possible change of the LiEQ 5 (5=x), the contributions of the two effects to the
distances rather than the"¥-LiF, > ones. total observed shift are comparable and have the Jame
positeé sign. When the volume effect is dominant with a
small explicit contribution of the opposite sign, the param-

eter n takes finite values above unity.
The Raman phonons of YLjshow normal mode behav- The integrated form of Eq2) is

ior with temperature, that is, negative/dT slopes in their

C. Temperature dependence of Raman phonons in YLifF

frequency plots(Fig. 7), without any sign of instability or Ao T)=Awyo(T) T Awep(T) (49
discontinuity. Hence, YLif remains stable over the range
30-1000 K. or

In a molecular crystal, it is expected that the internal AwexpT) = Aol T) ~ Awyo(T), (4b)

modes should display smadkw/dP and dw/JdT because of

the strong internal binding of the molecular groups involved.which makes possible the separation of the two effects in
This is not the case with YLiFfor which very large slopes terms of frequency shifts instead of their derivatives. The
are obtained for some internal mod€Eable Il). Hence, total frequency shiftf\ w(T) are obtained from Fig. 7 or

YLiF 4, does not behave like a typical molecular crystal. Eg. (1) and the volume driven shift from
- . TRT) (0w
D. Anharmonicity analysis Awy(T)=— fo W P T,dT . (5)

In temperature-dependent Raman measurements, there are
two contributions to the observed phonon frequencylt has been found in other materidg! that (Jw/dP)t
shifts1®23(i) one results from thermal expansion which al- slopes vary little with temperature and, therefore, they can be
ters the interatomic distances and consequently the bindingonsidered constant in the integral of E§).
forces(volume or implicit effect and (ii) the other is due to Strictly speaking, the above analysis and E&).are valid
pure temperature effect and it is associated with anharmonianly for isotropic crystals of cubic symmetry for which the
phonon interaction and decégnharmonic or explicit effegt  phonon frequency is a function of two variables: volume
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and temperaturey = w(V,T). For a uniaxial crystal, though, - . T ' ' ' ]
such as YLiR, the phonon frequency is a function of three B o0 YLIF, B B
variables, namely the crystal lattice parameteendc (the g 5.0x107 _' 1
c/a ratio is not constant with temperatyreand tempera- s ; -
ture: w=w(a,c,T). Certain corrections to isotropic ap- 'g 40s107 s 1
proximation were introduced by Peeteyn the case of te- Taoao] 1
tragonal TiQ by considering uniaxial stress Raman dataand g 1 "
repeated later by Cerdeirt al!® and Liarokapiset al?° in £ 20x0% 1
other uniaxial crystals. In a recent wotka complete analy- g Lox 0,5_' i i
sis has been carried out in order to derive the correct expres- £~ | «
sion of Eq.(2) for a uniaxial crystal and calculate the per- @ 00 : . : .

0 200 400 600 800 1000

centage deviation of the isotropic approximation from the
accurate uniaxial approach. For such an accurate analysis, it
is necessary to have uniaxial stress Raman data available, but FIG. 8. Volume thermal expansion coefficigAtfor YLiF, in
in the absence of such data for YLjRall calculations will be  the range 0-790 Ksee text for details
performed using the isotropic approximation.

The low signal to noise ratio of the four lowest frequency Where
modes and the difficulty in identifying the phonon symme- 4
tries of the components of the doublets in the DAC Raman D(£)= EJ? X dx ®
experiments, restricts the anharmonicity analysis to only five £ Jo(e*~1)°
m . Thr f them are unambi I igned in th . .
ex%ierismentse,engmteli thz1 :x?eralﬁébn?gg:sai/;jg gm?,dandt es'g the Debye mtegr_al_anwx:B (300)D(6,/300) is the
the internalA, and E, modes at 265 and 446 cth respec- h'g.h temperature I|m|t|.ng value of3(T). It should be
tivel 9 g : . .pointed out that according to Gluyas al?® ®,=246K at

y. We have also carried out an anharmonicity analysi "

for the doublet at about 375 cmh [372.5E,)—379(B,) ]. ~0K for CaWa, W? hote hgre thaF ther7e are additional
As was mentioned, the components of this doublet cannot b@nd rather controversial data in the literafiiréor the low

: P temperature limiting value of th@®, for CawWQ, varying
identified in the pressure dependent measurements below 9 D i
GPa and for this reason a commdn/dP slope has been between 230 and 285 K. In the case of Yl,ifhe only value

: PR isting from independent measurements is the low tempera-
determined for the two components by a one line fitgag.  SX'SUN9 T < e .
5 and Table II. In the temperature dependent measurement ure Ilmlt!ng vaIueD—279 K atT=4.3K (Ref. 27 which
though, the two components of this doublet are clearly iden-aIIS within the above mentioned range of values for CaV0
tified and theirdw/dT slopes definitely determined-0.012  1herefore, in the absence of temperature dependéngce
and —0.015 cm YK for the E, and B, phonons respec- data on YLIiR, it is reasonable to use the data of the isomor-

tively). Thus, using the commathw/d P slope and the above Phous Caw@ for T<93K. Combining the experimental
mentioneddw/d T slopes, we can perform an anharmonicity values for(T) as obtained from E6) and the estimated
calculation for these phonons. valueg® for B(T) from Egs.(7) and (8), we have fitted all

these data points to the functf@n?®

Temperature (K )

E. Thermal expansion coefficient and compressibility of YLiFR B(T)=(AIT+ B/Tz)sinhf 2(T1/T) 9)

In anharmonicity studies, it is often frustrating when one
reaches the stage of analysis which involves the introductio
to calculations of the thermal expansion coefficient and com
pressibility of the material. There are only a few materials
for which these parameters have been measured over
tended temperature ranges. In the case of YLike tem-
perature dependence of the lattice parameters has been m
sured by Blanchfieleét al?*in the range 170—825 K and by
Misiak et al® for four temperatures, namely 93, 153, 213, AV T,

(—) =J B(T)dT.
v/,

and the rather satisfactory fitting is shown in Fig. 8. The

ﬂtting parameterd\, B andT, are given in Table IV. Values

of B(T) for T>823 K have been obtained by extrapolating

the function of Eq.(9).

ex- Using the fitted data of Fig. 8 and having in mind the

definition of B(T), we calculate the volume expansion from
uation:

and 293 K. We have used average values of lattice param- (10
eters in the region of temperature overlap of these sttftfies

and then we calculated the volume expansion coefficient ifyg fing (AV/V)p=10% for the range 4—1000 K.

the range 93-825 K from the expression:

TABLE V. Fitting values of the parameters in Eg®) and
2 Aa(T) 1 AC(T) (12).

AD=am aT tem aT ©

) _ B(T) A=—-4x105° B=1.3(K)
For T<93K there are no data concerning thermal expansion

and because of this we have used approximate values of T1=149 (K)
B(T) as calculated from the Debye temperature data of Glu- _ 3 1 _ 6 11
yaset al2® for the isomorphous CaWjusing the formul% «(T) C=1063<1077(GPa’) D=3.8710"(GPa K ™)

E=328.2 (K)
B(T)=pB.D(£)=p.D(Op/T), (7




4160

< 4
1354

Compressibili
5 B o
< o (=
1 1 1

_
w

0 200 400 600 800
Temperature (K)

1000

FIG. 9. Volume compressibilityc for YLiF,; the data in the
range 4.2—-300 K are based on experimental measurerfsetsext
for the extra point at 700 K

SARANTOPOULOU, RAPTIS, ZOUBOULIS, AND RAPTIS

PRB 59

K oo\.\o_: ¥ e o
-20| YLiF, — Ao T
-40 oo etho,,l 446 om” ()
-60 .
-.E Otwwes s o ° ¢ et
.10 i o
2 325 em’ B) T 379 em” (B,
<
Oree-2, 4\' *e .,
10 O Tt
. 0 e )
265 cm” (A) T 246 cm” (B,)
20 =

)\\

O ®
- R BT SPSEY g

0 200 400 600 300

Temperature ( K )

200 400 600 800 1000
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circles contributions, to the total frequency shifts of YLiks func-
tions of temperature. The error bars for bdt,, and A we,,, are
up to =8% for T>200K. Estimation of the error bars for

< 200K is meaningless because Al's (including the total shift

The temperature dependence of the elastic constarné
YLiF, has been measured by Blanchfield and Saufflars

are very smallsee text for details

the range 4.2-293 K from which the volume compressibilityA w, and Awe,, over various temperatures and modes.

can be calculated

Similar procedure was followed for the estimation of the

error bars for the implicit fractiony, i.e., by using Eq(3)

C11+ Clz+ 2C33_ 4C13
K= 7 .
(€11t C1p)C33—2CT3

(11)

and propagating the errors of the quantities involved; these
error bars were found about15%.
In the external mode at 246 crh (translation of ¥*

The values ofx obtained in this way have been fitted to the along thec-axis), the thermal expansion and anharmonicity

expressioff~2?
2

T+E’

k(T)=C+DT+ (12
For T>300K, values ofx were obtained by extrapolating
the fitting of the experimental points of the 4.2—300 K range,
assuming a linear dependencexddt high temperaturegs is
the case in other dielectric cryst#ls™ and an estimated
value of 1.3& 10 2GPa ! at 700 K based on a slope equal
to that of the isomorphous CaMa®® The results of this
fitting are shown in Fig. 9, while the fitting constar@s D
andE are given in Table IV.

F. Contributions of volume and explicit effects to the total
frequency shifts observed in YLiF, under variable temperature

Equations2) and(4) have been used to separate the con-
tributions of the volume and explicit effects and E§) to
calculate the volume induced shiftw,,,. As was mentioned
in Sec. IV D of this chapter, this analysis has been carried out
for 5 out of the 13 Raman phonons.

The contribution\ w,,,; aNdA w,p, to the total shift for 5
phonons of YLiF are shown in Fig. 10 plotted against tem-
perature, while plots of the implicit fraction for these
phonons are shown in Fig. 11. The error barsAas,, and
A weyp Were estimated at various temperatures above 200 K
from Eqgs.(5) and(4b) respectively by propagating the errors
of directly and indirectly measured quantities. Below 200 K,
all Aw's (including the total shift are very small, so that it

serves no purpose to estimate their errors which are compa-

rable in magnitude. In addition, fof >200K the thermal
expansion coefficientobtained from experimental datés

Implicit fraction n

5
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0.0

YLiF, )
446.0cm” E,

)
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8
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0.0
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1.0
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/
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induced shifts are small, comparable and of the same sign

FIG. 11. Implicit fraction » for 5 phonons of YLif plotted

practically constant, thus making the estimation of errorsagainst temperature. Typical error bars fpare about+15% for
convenient. Error bars of up th8% were estimated for both T>200K (see text for details
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(downward shifts Fig. 10 The implicit fraction 5 for this  does not behave like a typical molecular crystal and this
phonon has an average value-e0.7 and never exceeds the conclusion is further supported by the anharmonicity analy-
value of 0.8, thus indicating that the character of the externadis carried out. In contrast to isomorphous tungstates and
binding is not entirely ionic. Unfortunately, due to poor sig- molybdates, the internal modes of YLiBue to intramolecu-
nal to noise ratio in the pressure experiments, we cannqpy vibrations of the tetrahedral LjE groups show large
generalize this conclusion for all external modes. .. dwldP anddw/JT slopes. This result, together with the fact
Tlhe. four mte_;)rllal dmo?es ffor which zr} anh?]rmomcny that the volume contribution to the total frequency shifts ob-
?na yS;]S- Ihs possll e’t ISF;_ayI r(;equ?nclzy S '(;S wit Atzmperaéerved with temperature dominates over anharmonicity in the
ure which are amost entirely due 1o 1arge cownwalevol 556 of the internal modes, suggest that temperature does not
shifts (Fig. 10. The anharmonicity contribution is small and - . ; ;
. affect significantly the lattice dynamics of the crystal, but it
of the same sign for thd; and E; modes at 265 and 446 d ffect the int I d . ¢ the L A
cm™ L, but of opposite sign for thé&y and By phonons at . oes affect the intérnal dynamics of the L group.lc SO
372.5 and 379 ciit. These observations essentially imply anludging from the pressure dependence of the 246 cex-
ternal mode and, to certain extent, the presumably small

ionic Li-F bonding in the LiI{3 group. Similar conclusions oL e
can be drawn upon examining the graphs of implicit fraction?@/@P slope of the 173 cm external modewhich is ob-
scured by a plasma line throughout the pressure ange

7y for the internal modegFig. 11), which show valuesy . X
=1 for T>150K. suggest with caution that pressure also should not affect the

At low temperatures; tends to zero for any crystar? lattice dynamics to the degree it affects the internal dynam-
(because the thermal expansion coefficient tends to zero; ségs. Hence, the conclusions of this work are in agreement
Fig. 8), thus incorrectly implying a drastic change in the with the accepted view for the existence of a strong crystal
nature of the bonding. Therefore, consideration of the imdield"#2%in this material, a property which justifies its use as
plicit fraction # for determining the contribution of the two host for laser activated ions.
effects and the nature of the bonding is appropriate only Furthermore, the results of this work suggest that any
above certain temperature at which the thermal expansiostructural modification in this crystal should be primarily
coefficient assumes a reasonable value. In general, bearingmiediated through a change of coordination of the;E’iF
mind the large margins of error involved at low tempera-group. The material is stable over the entire temperature
tures, such anharmonicity studies are meaningful above cefange(30-1000 K of its study. The change of slope in the
tain temperature, which for YLiFis about 200 K. phonon frequency plots at 7 GPa most likely indicates a

The anha(monicity stgdy of .both external and intema'stiﬁening of the Li|§3 group at this pressure. Finally, from
modes of YLiF has provided evidence that temperature af-

) . the anharmonicity analysis it is concluded that the bonding in
fects more, through thermal expansion, the dynamics of th e LIE-3 aroup is essentially of ionic character
LiF;3 group than the lattice dynamics. These results imply 4 group y '
weak intramolecular forces and rather strong intermolecular
ones and suggest that any structural change in the crystal is
more likely to occur through a modification of the lj?:
coordination.
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