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Spectral-line-broadening study of the trivalent lanthanide-ion series.
I. Line broadening as a probe of the electron-phonon coupling strength

A. Ellens* H. Andres' A. Meijerink, and G. Blasse
Debye Institute, Utrecht University, P.O. Box 80000, NL 3508 TA Utrecht, The Netherlands
(Received 15 May 1996

Line broadening is evaluated as a method to probe an electron-phonon coupling strength of lanthanide ions.
Various problems which complicate the analysis of line broadening, like a contribution of different relaxation
processes and the difference in behavior for different transitions in the same system are discussed, using
LiYF,:EW*" and LiYF,:PP" as examples. The results show that the electron-phonon coupling parameter
derived from a fit to the Raman two-phonon process for different transitions, provides a good estimate of an
electron-phonon coupling strength. In a second paper this line-broadening method is used to probe the variation
of the electron-phonon coupling strength through the trivalent lanthanide-ion $&04€3-18207)00101-X]

[. INTRODUCTION electron-phonon coupling strength, we have chosen another
way to evaluate the electron-phonon coupling strength for
The electron-phonon coupling of trivalent lanthanide ionsdifferent lanthanide ions. In this series of two papers we
has been a subject of study for several decades. Not onkgport linewidth measurements as a function of temperature
from a fundamental point of view is there interest in this On several transitions of nine trivalent lanthanide i6@&’",
subject, but also from an applied one. In the application o', N&®*, EU*, G, Tb*", EF*, Tm**, and YB") in
lanthanide ions in, for example, laser materials, fiber ampli-iYF4. In comparison to the measurements of the vibronic

fiers for telecommunication. or luminescent materials.transition probabilities, the linewidth measurements are a

electron-phonon coupling can play an important role. Thd€latively easy method tp e\_/aluate an electron-phonon cou-
ng strength of lanthanide ions.

electron-phonon coupling manifests itself in several wa s,p” . : . .
b Ping 4 In the past, many linewidth broadening studies have been

viz. multiphonon relaxation, vibronic sidebands, and line rformed on lanthanide ions and transition-metal ions in
broadening, and line shift with increasing temperaftfre. pertormed on 'anthanide ions a ansflion-metal ions

Part of the research in our group is concentrated on ihjyarious crystalllne_systems. Examples are given in Refs._5, 6,

: : : " "3nd 14-21. The aim of most of those studies was to elucidate

electron-phonon coupling. We are especially interested in thfhe mechanism responsible for the line broadening. In this

answer to the question whether there is a trend in thgj g naner the method of temperature-dependent line broad-
electron-phonon coupling strength through the trivalent langing 1o study the variation of an electron-phonon coupling
thanide ion series. The reason for this interest is that algyrength is evaluated. Several problems will be discussed:
though phenomena like multiphonon  relaxatfomibronic (A) the influence of the choice of the Debye temperature on
SidEbandé, and line bl’oadeniﬁb6 have been studied thor- the e|ectron_phonon Coup"ng parametém’ the importance
oughly for many individual trivalent lanthanide ions, the re- of the contributions to the total linewidth of the direct pro-
ports on a systematieariation of the electron-phonon cou- cess and the Raman process, ai@ the variation of
pling strength through the lanthanide series are ratheglectron-phonon coupling parameters for different transitions
scarce/™® This lack of knowledge is the motivation of our of one lanthanide ion. These problems are discussed using
research of the electron-phonon coupling strength of lanthe line broadening for several transitions offEwand P?*
thanide ions in several host lattices like LiY&nd LgOs. in the host lattice LiYR as examples. It is shown that line
In the past, the research in our group on the electronbroadening is a reliable and relatively easy method to study
phonon coupling strength was concentrated on the vibronian electron-phonon coupling strength through the trivalent
transitions of Pt (4f%), GAP*(4f"), and recently also lanthanide ion series.
Tm3* (412 #19-13The vibronic transition probabilitie@,;,) In the subsequent pap§part Il) an overview of the line-
of several transitions of these ions were obtained and conbroadening results of nine lanthanide ions is given. In that
pared for several host lattices. The results of this work on the@aper the variation in the electron-phonon coupling strength
vibronic transition probabilities, seem to indicate that theas derived from line-broadening experiments is dealt with.
electron-phonon coupling strength is large in the beginningAlso parameters that can qualitatively explain the variation
and the end of the series, but small in the middle. This beare suggested.
havior of the electron-phonon coupling strength can be ex-

plained by considering the energetic position of the opposite Il. THEORY
parity states, the lanthanide contraction and the shielding of '
the 4f electrons by the & and 5° electrons. The summary of the theory on linewidth broadening given

However, as shown in Ref. 13, the vibronic transitionbelow, is mainly derived from Refs. 1, 2, 5, and 6. The
probabilities are in some cases hard to obtain. To obtaitinewidth of a zero-phonon line is determined by the lifetime
more evidence whether or not there is a variation in theof the starting and final level. The total linewidtA E(T)]
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depends on the temperatur€)(and is a summation of sev- practice the thermal behavior of the linewidth is described
eral contributionsAE(T) is given by quite well by a single characteristic temperature. This effec-

o nh. eD R orb VIR Rad tive Debye temperaturéy can differ from the one derived
AE(T)=E™+E"(T)+EX(T)+E"A(T)+E™(T)+E™"  from the phonon cutoff energlyy,) or calculated from, e.g.,

(1) specific-heat datésee Sec. IV A%

In this equation most of the possible contributions to the The contribution of the Orbach process arises from a reso-
linewidth are given; in reality however, only a few of them nant two-phonon process: the energy differences between
contribute significantly. The contributions in E@) are due levelsi, j, andj’ arewithin the range of phonon energies of
to the inhomogeneous broadeniﬁf;'”h), the direct process the system. In most linewidth studies the contribution of the

(or one-phonon procesgP), the Ramar(two-phonon pro-  Orbach process is neglected. It is supposed to be only effec-
cess ER), the Orbach(two-phonon process(E°™), mul-  tive in the case of relaxation between the Zeeman split levels

tiphonon relaxationEMR), and radiative relaxatioER2%,  of a Kramers ion; in that case the contribution of the direct
respectively. These different contributions will be explainedand Raman process are of minor importahge”®
below. Multiphonon relaxation, the simultaneous emission of
The inhomogeneous contribution to the linewidth is duemore than one phonon to bridge the energy difference to a
to random crystal-strain inhomogeneities. This temperaturdower lying level, enters Eq(1) via EYR(T). The contribu-
independent contribution gives a Gaussian line shape arigpn of this process is also assumed to be negligible in most
depends on the disorder in the host lattice. Typically, at 4.Zases.
K the inhomogeneous linewidth for transitions of lanthanide ~ The last termER?is the contribution due to the radiative
ions varies from 0.1 cM' in a high-quality single crystal to relaxation of a state. Since the radiative relaxation times of
some 100 cm! in a glassy®?223 intra 4f" transitions of trivalent lanthanide ions are of the
EP(T) is the contribution due to the direct or one-phononorder of someus to ms, this contribution can be neglected.
process: one phonon is emitted or absorbed. This contribU-ifetimes like these give, according to the Heisenberg prin-

tion is described by ciple, 6contributions of less than>8l0® cm™! to the total
width.
Since the contributions to the total linewidth of the Or-
D/Ty_ D D Ty
E(T)=Een(T)+ Eab&T)_]Zi By(n+1)+ JE>, Bij(n). bach process, multiphonon relaxation and the radiative relax-

2) ation can be neglected, the formula for the total linewidth

, ) i i contains only the contributions from the inhomogeneous

In this equation,n Is the phonon occupation number |ine\yidth, the direct process and the Raman two-phonon pro-
[exp(AE;;/kT)—1] % andi andj are two levels, for ex- esq Many papers neglect also the direct pro¢sss, for
ample, crystal-field components of one term, at a_dl_stanchamme, Refs. 5, 16, 21, and 27ts contribution can be

AE;; from each other. The energy differend&;; is within - o |a4ively large at lower temperatures, but at higher tempera-

the range of phonon energies of the sSysteB). is the  y,req the Raman process becomes dominant. When the direct
electron-phonon coupling coefficient for the direct processprocess is neglected, EfL) simplifies to

The direct process gives a Lorentzian line shape. From the

formula it can be derived that at low temperatures the con- T

tribution of one-phonon absorption vanishes, whereas thé\E(T)=E""+ ER(T)ZE'”hﬁLE(T—)

contribution of the one-phonon emission does (Xjt.; 8;). P
Next to the one-phonon process, two-phonon relaxation

processes also exist: the Raman two-phonon procegsithough this simplification will introduce an error in the fit

[ER(T)] and the Orbach two-phonon procd&®™(T)]. In  values(Tp anda), it seems satisfying in many cases. In Sec.

the Raman two-phonon relaxation, a certain lévabsorbs a IV it will be shown that Eq.(4) is also appropriate in this

phonon that bridges the gap to an intermediate I¢tethe  study.

system relaxes with a higher energetic phonon to lgvéhe

Raman two-phonon process is a nonresonant process, and the 1. EXPERIMENT

energy differencedE;;» andAE;; are assumed to be much ) . . . .

larger than the range of phonon energies in the system. There A single crystal of LiYF, with PP* as dopant ion was

is also an intrinsic Raman two-phonon process: the phonor@©oWn using the Bridgman method. The crystal growth melt

that are absorbed and emitted are of the same effergy. ~ contained 0.05 mole % of dopant ion. The crystal was trans-
Using the Debye approximation of phonon energies, iparent and of a good quality. Pieces of some 1.5 mm thick

can be derived that the temperature-dependent contributiofere used for the measurements. A crystalline powder of

to the linewidth by the Raman process is described by ~ LiYF4 with dopant Ed" was prepared according to the pro-
cedure described in Ref. 28. The samples were checked by

R T\ (To/m  x% x-ray powder-diffraction analysis and found to be single
E (T)=E(T—) (&—1)? dx. ) phase. LiYR has the inverse scheelite structure, space group
br 7o 14,/a. The site symmetry for the lanthanide ion $.%°

In this equation is the electron-phonon coupling parameter Transmission spectroscopy showed that the samples did not
for the Raman proces3,; is the effective Debye tempera- contain optical impurities.

ture andx=7% w/kT. In the Debye approximation the density ~ High-resolution measurements were carried out using an
of phonon statep(w) scales withw?, the square of the pho- excimer-laser-pumped dye laser setup. The excimer laser
non frequency. Although the Debye model is rather rough, irsetup consists of a Lambda Physik LPD3002 tunable dye

7JTD IT XGeX
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laser which is pumped by a Lambda Physik LPX100 excimer TABLE I. @ values for different Debye temperatures. The er-
(XeCl) laser. The typical linewidth of the dye laser output is ror is defined asr==3;] fit value;—y;|/Z;y; .

0.18 cm'L. The sample is mounted in an Oxford Instruments —
liquid-helium bath cryostat. Emission spectra were recordedo (K) a (cm™) o
with a 1 mfocal length Spex 1704 monochromator with a

resolution of some 0.2 cit. The temperature of the samples 200 ‘71'3 8'823
in the cryostat could be varied betwe2 K and room tem- 5 1'3 0.068
perature. Above room temperature use was made of a homgbo 19 0.069

made high-temperature cébee Ref. 30 ’
The linewidths of the transitions were either derived by400 35 0.073
500 60 0.077

fitting the line shape, or from the specttidth at half
heigh?.

width of the°Dy(I';)="F,(I'5,) transition of LiYF,:Eu**
with six different Debye temperaturé$, =150, 200, 250,

In this section three important aspects of the line broad300, 400, and 500 K It is clear thata increases when a
ening for lanthanide ions will be discussed, using results fohigherTp, is chosen. With decreasing Debye temperature the
El’" and PF' in LiYF, as examples. First the choice of the error decreases also, although temperatures below 250 K do
Debye temperatureT() is dealt with(Sec. IV A), and sec- Nnotimprove the fits considerably. Since the choice dfeof
ond, the contribution of the direct process to the linewidth200 K (or lowen would give an unrealistic Debye tempera-
(next to the dominant Raman process discussedSec. ture in view of the data from the literature, we have chosen
IV B). Finally, the variation of the line broadening as a func-for Tp=250 K. Also for other transitions this relatively low

tion of temperature for different transitions on the same ionvalue of Ty gives a good fit of the experimentally observed
in the same host lattice will be discuss&ec. IV O. temperature dependence of the linewidth. The choice of 250

K for Tp is somewhat arbitrary, but in this comparative
study the exact value dfy, is not of major importance since
another choice off ; would change the absolute values,
The theoretical models for the temperature-dependent lingyt not their relation.
broadening by Raman two-phonon relaxation processes, as- By using the same value af, for LiYF, for all fits, thea
sume a Debye distribution of the phonon density of statesyalues for different transitions of different lanthanide ions
i.e., p(w) scales withw”. Above the phonon cutoff frequency can be compared. Therefore, a possible variation in an
(wp) the density of states drops to zero. This phonon cutofelectron-phonon coupling strength of trivalent lanthanide

frequency is related to the Debye temperature Vigons can be derived from the variation of the Raman two-
Tp=hwp/k. The assumption of a Debye distribution of the phonon coefficientr.

phonon density of states is necessary to derive the analytical
expression for the Raman two-phonon proddss. (3)]. In
practice, however, it is found that a Debye temperature that
is lower than the Debye temperature determined from the The general expression for the temperature-dependent line
phonon cutoff frequency, gives a better fit of the experimenbroadening Eq. (1)] contains several contributions. As dis-
tally observed temperature dependence of the linewidth toussed in Sec. Il, the two important temperature-dependent
Eqg. (3), see also Refs. 5, 16, and 24. The fact that a lowephonon relaxation processes that contribute to the line broad-
Debye temperature gives a better fit can be explained by thening are the Raman two-phonon process and the one-
fact that the real density of phonon states does not fit thehonon absorption and emission processii®ct process
Debye model exactly: the density of phonon states for lowetn many papers the direct process is neglected, although it
energetic phonons is considerably higher than predicted ihas been shown several times, that the contribution of one-
the Debye model. In the case of LiYBn extra argument for phonon relaxation processes to the linewidth can be
the choice of a lower Debye temperature will play a role.significant®41%2934The evaluation of the contribution of
Since the lanthanide ion substitutes for th& Yon, the main  the direct process to the total linewidth is not an easy task,
ion-phonon interaction will involve vibrations with the since one has to take into account one-phonon emissions and
F~ ligands. These are relatively lower in energy than theabsorptions to a number of crystal-field components of the
Li-F vibrations which determine the phonon cutoff starting and final levels. Especially when many crystal-field
frequency® components are present, the calculation of the unkngwn
An effective Debye temperature can, for example, be esparameters can be quite difficd.Only for transitions
timated from elastic constants, the distribution of the phonorwhere a few closely spaced crystal-field components are in-
density of stateg¢from neutron-diffraction data or vibronic volved in the direct process, the evaluation of h@aram-
sidebandsor from the Debye temperature that gives the beseters can be straightforward. Otherwise, one has either to
fit to the experimental data. In the literature the valudfgf  take into account only a limited number of all tiley one
for LiYF,, based on elastic constants of the crystal is 40%honon accessible leve$!®?°or, as is done in Ref. 14, one
K.32 The value that can be derived from the phonon cutoffhas to assume that ths scale with the cube of the resonant
frequency(570 cmi !, Refs. 31 and 3Bis 780 K. We have phonon energys~w°).
chosen to derive the value @f, from fits to the experimen- Thus, there are two approximations: one considering only
tal data. In Table I, an example is shown of fits to the line-the Raman process and one considering both the direct and

IV. RESULTS AND DISCUSSION

A. The Debye temperature(Tp)

B. The contribution of the direct process



176 A. ELLENS, H. ANDRES, A. MEIJERINK, AND G. BLASSE 55

*DyT)) - 7F2(rz,4)

50 100 150 200 250 300

Dy = BT

50 100 150 200 250 300

SDO(Fl) g 7Fl(rl)

Linewidth (cm™)

50 100 150 200 250 300
5
5 7
@ Dl(r3,4) « FoTp
——————
0
50 100 150 200 250 300

© Dy TRy
M

50 100 150 200 250 300
Temperature (K)

1. LiYF,:Eu®*

For EC** the temperature dependence of the line broad-
ening was studied for five transitions. The linewidth data are
shown in Figs. (a)-1(e). These data were fitted with only
the Raman process as a temperature-dependent line-
broadening contribution, according to Hd) (full line), and
simulated including both the direct and the Raman processes
(dashed ling

Fits to the Raman proces§he parameters of the fits
without the direct process are found in Table II, column 4:
the a values are found as the coefficients of the t&R{T)

[see Eg.(3)]; the values forE'" are the experimental
linewidths at 4.2 K(see Fig. ]; both values depend on the
transition studied.

Simulations including both direct and Raman process
The parameters for the simulations including both the direct
(one-phonoj and the Ramar{two-phonon processes are
found in Table Il column 2. The levels which are accessible
by one phonon from either the starting or the final levels, are
included in the simulations. The energy differences between
the levels between which one-phonon processes play a role,
are derived from Ref. 35. These energy differences are indi-
cated in Table Il, column 2 as numbers between parentheses.
The a values of these fits/simulations including both the di-
rect and the Raman process are found as the coefficients of
the termER(T) in Table Il, column 2.

The first value that will be evaluated is the inhomoge-
neous linewidth. Following Yen, Scott, and Schawlbwe
suppose that the inhomogeneous linewidth is the same for all

FIG. 1. Fits and simulations to the temperature-dependenfransitions. This assumption is not necessarily true, but it

linewidths of LiYFi:EW®". (8 °Do(I'y)='Fu(T34; (b)
D(M)="Fo(T'9; (© °*Do(l)="Fy(I); (@) °Dy(I's)
="Fo(Ty); (e °Dy(T'1)="Fo(T'4). The full lines are the fits ac-
cording to the Raman process oiilgq. (4)]; the dashed lines are
the fits/simulations including both Raman and direct processes.

introduces only a relatively small error. From the transitions
with the smallest linewidth at 4.2 K, theD,«<'F, transi-
tions, we have estimated™ to be 0.3 cm®.

The next values that have to be evaluated are8kgethe
electron-phonon coupling parameters for the direct process.
The procedure to derive these parameters is the same as ap-

the Raman process as temperature-dependent lin@lied in Refs. 6, 19, 20, and 34: from the linewidths at 4.2 K
broadening mechanisms. In this study the contribution of thend the temperature-dependent linewidths th&secan be
direct process to the total linewidth is evaluated for severatalculated. Since not aB parameters can be calculated from
transition on E&" and PF" in LiYF,. The assignment and the linewidth data at 4.2 K, the unknowparameters have

position of the energy levels of LiYfFEU*" are derived from
Ref. 35, and of LiYR:PP" from Ref. 36.

to be included in the fit. Due to the large number of fitting
parametergthe 8 parameters and), fitting can become im-

TABLE Il. Fits of the transitions studied for LiYEEW" including the direct proces&olumn 2, and omitting the direct process
(column 4. The assignment of the transitions and the energy differefnambe}) between the levels involved in the direct processes are
derived from Ref. 35. n:[exp(AEij/kT)—l]*l, n stands for the one-phonon absorpti¢n;-1) for the one-phonon emissiofnumbet
=the difference in energyAE;;) between the two levels between which the direct process ocElig;) =the formula for the Raman

process, its coefficient ia [see Eq.(3)].

Fit equation including

only the
Transition Fit equation, including the direct and the Raman processes ¢ Raman process T
SD () <="Fo(Ty) 0.3+0.5{334n+0.5430.n+4.1ERX(T) 0.05 0.3+r4.8ER(T) 0.06
D (I3 < "Fo(T'y) 0.3+0.5334n+0.5{430:n+ 3.6ER(T) 0.12 0.3+4.2ER(T) 0.11
SDo(I')="F4(Ty) 0.3+0.5{96}(n+1)+0.5[(n+1)+0.546Ln+ 15ER(T) 0.09 1.2-17.ER(T) 0.11
SDo(T')="F,(I'9)  0.3+0.5[461}(n+1)+1{557(n+1)+0.785n+1.525%n+14ER(T) 0.10 1.8+23ER(T) 0.10

*Do(I'y)="F2(34 0.3+1.5546/(n+1)+0.7%85(n+1)+1.4174n+1.4196n+13E(T) 0.07 2.6+27ER(T) 0.08
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possible. Therefore, we have performed simulations of the 100

linewidth data in the case where we could not achieve reli-

able fit data. Although the error in th@ values might now 5 -
become largegsome 50% there is not much freedom to @

change them too much, since the linewidth data at 4.2 K do
not permit this. Consider the following example: the homo-
geneous linewidth of théDy(I',)="F,(I"3) transition at
4.2 Kis 1.5 cm®. Although the exacB values belonging to
the one-phonon emissions from leVél,(I"'3) might differ
from the found fit valuesE"™+3;_;8;; (in which i=T'3)
must be 1.5 cm. This means that, although we do not know
the B values exactly, we can derive from the spectra at the
4.2 K limit values for these8's.

Comparison of the two approximatiarBy including the
direct process, the error becomes smaller and the linewidth ©

data are described better than including the Raman process @ Pop & Hap
only. This can also be seen from Figsa)t-1(e), although in . M/

(b)

50 N N
(c) Pos — Hie

Linewidth (cm'l)

some cases the two lines are similar. 100 200 300 400
It is clear from Table Il that by including the direct pro-
cess, thex values can be up to 50% smaller. With Goutfey M@ Poa
we conclude that neglecting the direct process introduces a VPNV
considerable error in the value. This error in ther value 0 100 20 360 20

will be larger when more levels accessible by one phonon are
nearby. However, another conclusion from Table Il is that, 1 ® Dy He g

although by incorporation of the direct process the&alues

change, the same order of magnitude of the electron-phonon 0 160 200 3% 00
coupling strength is still found. This seems to imply that if
we want to compare different transitions, or even different

transitions of different lanthanide ions, we do, in most cases,

not need to take into account the contribution of the direct FIG. 2. Fits and simulations to the temperature-dependent
process. linewidths of LiYF,:PP™. (8) 2Pga=°3Hec; (b) 3Poa=3Hgg; (C)

3Poa=Hac; (d) *Poa="H,g; () *Poa=>F2g; () 'D2p=Hyc.
2. LiYF,:Pr3* The full lines are the fits according to the Raman process |dfdy

h USi f h . . (4)]; the dashed lines are the fits/simulations including both Raman
To support the conclusion from the previous section,,  girect processe&d)—(f) are only fitted to Eq(4).
some linewidth measurements have been performed on a

system with an early lanthanide ion: LiYfPr". Six transi-  vary considerably for different transitions on one ion. For the
tions were studied of which six were fitted to the Ramanfive transitions studied for Eii the « values range from 4.2
process only, and three were simulated including both théo 27 cni *, and for the transitions on ¥t from 30 to 161
Raman and the direct processes. The data and ﬁt§,,m‘1. This large variation ofx values for different transi-
simulations are shown in Figs(@-2(f) and in Table Ill.  tions is in agreement with previous observations. For ex-
The procedure followed was the same as for Lj¥r". ample, it has also been found for the systems YAGNd
From Table IIl it can be derived that the direct process(Ref- 9, LaFRy:Pr” (Ref. §, and AOy:Cr'" (Ref. 14. This
has a significant contribution to the total linewidth, evenYariation of a values can be ascribed to a difference in
more than in the case of Bl The reason for this is most electron-phonon coupling strength for the different levels.

H 7 7
probably that the levels that are involved in the studied tran:rhe results in Table Il show that for Eu the Fand 'k,

i~ - evels have a relatively strong couplifigesulting in largex
sitions have a large number of crystal-field componenté " 4 . -
(3H6,3H4). Although the direct process has a significantvalues for transitions involving one of these leyelahile

5 5 7 H ;
contribution, it is clear that the Raman process is still domi the "D, °D,, and o levels have a weaker coupling. Since

SO T i . ‘there is such a large variation aefvalues for different tran-
+
nant. This is in line with the observations for LaPr" (Ref.  gjions on the same ion, it is important to measure a large

6). Another conclusion from Table 1l is that with or without ,,mper of transitions for one ion to get an idea of the range
including the direct process, the values change but the of o, parameters. By comparing the range @fparameters
same order of magnitude of the electron-phonon couplingor different lanthanide ions, one can compare the electron-
strength is found. This was also the case fof'EdThis con-  phonon coupling strengths of different ions. For example,
firms the conclusiorfof Sec. IV B J) that if we want to com- comparison of our results on the values of P¥ (ranging
pare different transitions, or different transitions of differentfrom 30 to 161 cm') and EJ" (ranging from 4.2 to 27
lanthanide ions, we do not need to take into account them 1) shows that the electron-phonon coupling for the Ra-

Temperature (K)

contribution of the direct process. man two-phonon process for Euis weaker than for BF.
C. Variation of the a values of one ion V. CONCLUSIONS
The results in Tables Il and Ill show that the values In this paper the line broadening for transitions within the

derived from the temperature dependence of the linewidthdf" configuration of trivalent lanthanide ions is evaluated as
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TABLE llI. Fits of the transitions studied for LiYEPr" including the direct procegsolumn 2, and without the direct procegsolumn
4). The assignment of the transitions and the energy differefnasnbef) between the levels involved in the direct processes are derived

from Ref. 36.
Fit equation including only the

Transition Fit equation, including the direct and the Raman processes o Raman process o
3Poa="Heg 0.25+3.2581}n+5{140n+ 8{161}n+ 9{249 + 82ER(T) 0.07 0.25+153ER(T) 0.15
3Poa="Hgc 0.25+3.2581}(n+1)+0.0559%n+0.%480n+3{168n+73EXT)  0.07 3.5+ 111ER(T) 0.05
3Poa="3Hyc 0.25+1.5[79}(n+1)+0.2{134n+2{412n+ 69ER(T) 0.05 1.85+-88ER(T) 0.05
3Poa=Hyp 0.3+63ER(T) 0.06
D,g=3Hyc 1.3+161ER(T) 0.06
3Poa="3F 5 8.3+30ER(T) 0.09

a method to study the electron-phonon coupling strengthelectron-phonon coupling strength for different ions, a large

Some transitions on LiYEEW" and LiYF,:PF" were stud-
ied as examples.

number of transitions has to be measured to obtain a range of
a values. Summarizing, it is shown that temperature-

The results show that the temperature-dependent lingependent linewidth measurements provide a feasible

broadening can, in good approximation, be described by inmethod to study the relative electron-phonon coupling
cluding only the Raman two-phonon process as the dephastrength for lanthanide ions.

ing mechanism. The dire¢bne-phonopprocess contributes

as well: however, it is not necessary to include it for a com-

parative study of the electron-phonon coupling strength.
The choice of the Debye temperatuily for the Raman
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