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Evolution towards centrosymmetry of the nonlinear-optical material RbTiOPO,
in the temperature range 293-973 K: Alkaline displacements and titanyl deformations
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The crystal structure of rubidium titanyl phosphate, RbTiQR&pace grougPna2,), has been refined at
room temperature, and at 473, 673, 873, and 973 K, by using single-crystal x-ray-diffraction techniques. The
data show a large anharmonic motion of the rubidium ions increasing with temperature. To describe the
importance of this motion in the phase-transition procedure and in the ionic conductivity phenomenon, two
models are developed. The study of the deviation to the centrosymmetric str(ggaoe groug’nan shows
that the change towards centrosymmetry of the titanyl groups correlates directly with the observed variation of
the second-harmonic generating intensity of the RbTIOPQ crystal versus temperature.
[S0163-182698)08233-3

INTRODUCTION mobile cations to oxygen atoms linking the TiO groups and
with one of the two angle¢Ti-O-Ti). More recently, Allan
At room temperature and pressure, rubidium titanium ox-and Nelme¥’ deduced, from their pressure studies of KTP,
ide phosphaté,RbTIOPQ, (RbTP crystallizes in the acen- that neither the lengths nor the orientations of the Ti-O bonds
tric Pna2, space group. In this isotype of KTIORQKTP), ~ correlate, at least directly, with the observed variation of
two crystallographically different distorted TiQoctahedra SHG power of the crystal versus pressure. As SHG coeffi-

are linked through comers, alternately cis and trans, to forn¢/€nt values are nonzero in a noncentrosymmetric structure,
unidimensional chains, which are oriented along ¢raptic W€ have studied the evolution of the RbTP structure and its

axis [001].2 These alternating long and short bond Ti-O di
chains are bridged by R@etrahedra forming an open frame- parameters, every 50 K from room temperature to 973 K.

work containing channels parallel to thexis. The two, not fth ; f inal |
try related, rubidium cations Rbsited in those chan- and of the atomic structure from single-crysta accurate data
Symmetry ' collected at 293, 473, 673, 873, and 973 K. Besides the an-

ne!s, are .rellati\_/ely free t‘? r.nigr.ate and cqntribute to the highharmonic refinement, another model, which splits the Rb
anisotropic ionic conductivityFig. 1). At high temperature, gjios is developed in order to describe their thermal depen-
the KTP family shows a reversible ferroelectric to paraelecgence. This structural evolution and its deviation to cen-
tric phase transitiod.The Curie temperatureTe) of RbTP  rosymmetry are studied in correlation with the evolution of
is in the range 1058-1102 %€ depending on the crystal the SHG intensityl ,,, of RbTP133
growth conditions. After this second-order phase transition,
the crystal structure belongs to the centrosymmetric space |. EXPERIMENT
group: Pnan®

Since KTP was introduced as an interesting nonlinear op-
tical material in 1976, many isostructural compounds have  The crystal (0.2%0.19x0.20 mn?¥) was grown by the
received considerable attention. To find correlafidnse-  flux-growth method? Ag Ka x-ray data were collected on
tween the optical nonlinearitiegmeasured as second- an Enraf-Nonius four-circld CAD4) diffractometer at 293,
harmonic generatiofiSHG)] and the structural distortions, 473, 673, 873, and 9733 K. For the high-temperature data
various definite compounds were studied in different wayscollection, we used a locafty improved gas-stream heating
Thomas, Glazer, and Watfsdeduced, from the comparison device® which gives the temperature on the crystal within 3
of the titanyl(KTP) and the stanny|KSP) structures, that the K. Table | gives some experimental details of the data col-
Ti-O bonds lengths, which lead to much more distorted oclection.
tahedra than their Snrounterparts, are elements of corre- The temperature was increased at a rate2oK per
lation. Phillips, Harrison, and Stuckyhave also compared minute. Every 50 K, this rise was stopped to determine the
the potassium, sodium, or silver titanium oxide arsenate, olattice parameters. The evolution of cell parameters and of
phosphate, respectively, KTA, KTP, NaTA, NaTP, andthe unit-cell volume versus temperature are shown in Fig. 2.
AgTP, for which the SHG intensities decrease from 1000 to In order to get accurate structure factors, multiple reflec-
0. They find correlations only with the coordination of the tions, (hk=1) and f—k= 1), were collected. During the 80

vergence from centrosymmetry versus temperature.
The present work describes the evolution of RbTP lattice

A. Data collection and processing
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cal harmonic expansion in real form up te=6 for even
order andl =3 for odd order was found optimal to fit the
absorption anisotropy. This procedure using these two ab-
sorption corrections improved the consistency of the data
(decrease of the internal agreement fa®®gg, Table ).

B. Least-squares refinements

At room temperaturexyz and anisotropic harmonic ther-
mal displacement)'! parameters of KTRRef. 21 were
used as starting parameters for the 293 K refinerentLy
(Ref. 22]; to refine the structure at the other temperatures,
the parameters of nearest temperature were used as a starting
point. In all cases, the Rb atoms were refined as (&is
scattering factofS); the residual charge was distributed on
the ten oxygen atoms. The core and radial valence scattering
factors for non-Rb atoms were calculated from Clementi
wave functiong* The anomalous dispersion of each atdm
was taken into account. To obtain the thermal displacement
parameters of the Rb ions, three strategies have been used.

“Harmonic model (hmjafter refinement of the, y, z, and
UY parameters against the room-temperature ¢(Edhle ),
the agreement indice®, R", Z are excellent. At higher tem-
peratures, the anisotropic refinements did not converge well:
they led to nonpositive definite thermal ellipsoids for some
oxygen atoms, and the residual densit{5(r) in the Rb

. _ 7 _QFrotiip)
T2y __ 7_ — . . .
s regions increased a lot with temperature.
P _ - = =0 Anharmonic model (am}herefore the harmonid’o(H)
RBCE5E - Debye—WaIIgr factc_)r was corrected b_y thg Gram-Chgrher se-
" ries expansion which is a Taylor-series-like expansion using
Rb(2,1p) the rectilinear Gaussian probability density functions and its
successive derivativéS. As programmed invioLLY %2 the
thermal anharmonid@(H) becomes

Rb(l)-Rb(Z)ﬁlane

(b)
i3

T(H)=To(H)| 1+ o Ch;hyh,

FIG. 1. (a) View of the RbTiOPQ structure, at 973 K, along the 3

b axis. The two pseudoatoms Rb, obtained with the split atom
model (sr) in each site, are representéh). View of these pseudoa- 4
toms positions, at 973 K with Rb1) and RB(2) as symmetric of +— DMMh by + -
Rb(1jp) and Rb(2ip) by the(1/4,1/4,1/4 inversion center. 4!
(where C/K' and DK™ are the third- and the fourth-order
days data collection, the maximum angular deviation in theGram-Charlier coefficients, respectively
orientation controls was less than the maximum allowed To reduce the number of parameters to the minimum,
value (0.089; owing to the improved sample holderno  only Rb atoms were anharmonically refined up to the fourth-
reorientation occurred. The standard intensities remained exrder Gram-Charlier coefficients. In spite of high correlation
tremely stable during the whole experiment. No measureeoefficients (>0.80 between the fourth- and the second-
ment above the phase-transition temperature was performextder[To(H)], amplitudes of some anharmonic coefficients
because of the crystal damage: at 1123 K, all intensities falhre significant; their values increased with temperature
to few percent after 72 h. (mainly: C333C283D338pD2333 | see  supplementary
Data reduction and error analysis were performed usingnateriaf’). This model improved the fit significanti§Table
the DREAR programs of Blessing. After the background ).
subtraction, the intensities were corrected for the Lorentz and Figure 3 gives the evolution of the thermal displacement
polarization effects. A polynomial fit to the slight decay of parameters. The average value Ofg [Ueq=(U+U?
the standard reflections intensitiésbout 3% at 973 K and  + U33)/3] for each type of atom is linear versus temperature.
less than 1% for the other temperatyreser the x-ray ex- For Ti, P, O, this straight line passes through the orjiig.
posure time, was applied to scale the data and derive thga)], but this is not the case for Rb. The evolution of theé
instrumental instability coefficient(p)=1.8%) used in the ellipsoid thermal coefficients of Rb) and RI§2) are similar
calculation ofo?(|F|?) = a2(|F|?) + ((p)|F|®)2.28 A firstab-  [Fig. 3(b)]. Only theU33 straight line does not intercept the
sorption correction g.,c= 6.89 mm ) by Gaussian integra- origin. At 0 K, its value is negative, which is physically
tion method(aBsorB2 progrant®) was made. Then the qual- wrong in the harmonic approximation. Despite a refinement
ity of these corrected intensities was improved by theat the fourth order of the Gram-Charlier coefficients for the
Blessing empirical absorption meth¢sorTAV?): a spheri- Rb, modeling each Rb ion by a single site is not adequate. It
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TABLE |. Details of data collections and refinements.
TemperaturdK) 293 473 673 873 973
Lattice parameteréA) a 12.9521) 12.9781) 13.0131) 13.0511) 13.0711)
b 6.49255) 6.51095) 6.53395) 6.5591) 6.5751)
c 10.558%1) 10.5421) 10.5191) 10.4941) 10.4781)
[Sin(@)/\ Jmax 1.29 1.29 1.16 1.08 1.13
No. of reflections measured 10667 12732 10908 10093 9225
No. of refl. used for refinl >3¢ 4397 5053 3694 2895 2733
Rin.2 (%) 2.03 2.22 2.53 2.5 2.3
Refinement program moLLy (Ref. 22
Model hm
Number of parameters 145
Scale factor 0.1852) 0.18623) 0.179@4) 0.18369) 0.18637)
R (R, (%) 2.873.649 4.064.27 5.126.11) 6.778.9 6.857.76
Goodness of figd 1.68 1.84 25 4.31 3.51
Model am
Number of parameters 195
Scale factor 0.1873) 0.18943) 0.188@3) 0.18694) 0.18633)
R (R, (%) 2.61(3.39 3.223.23 2.933.196 2.863.17 2.832.63
Goodness of fiz¢ 1.55 1.4 1.31 1.55 1.21
Extinction parametefs 1.997) 3.308) 3.6(1) 2.81) 1.41(6)
Model sr
Number of parameters 165
Scale factor 0.1888) 0.18823) 0.18734) 0.18643)
R (R, (%) 3.253.27 2.953.2) 2.943.16 3.032.73
Goodness of fiz® 1.41 1.32 1.54 1.24
Extinction parametefs 3.258) 3.51) 2.7(1) 1.41(6)

:Rim=(E|Y7Ymea,{)/E|Y|, average of equivalent reflections in rhsymmetry[sorTav (Ref. 20)].

R=[2(|Fo|—|F)/Z|Fol1, whereF, and F, are the observed and calculated factors respectiwelis the weight assigned to each
reflection,N is the number of independent reflections, anid the number of refined parameters.

ZRW={2[W(|F0| —|F)21/=w|F,|2}Y2, see footnote b.

Z={3[W(|Fo|—|F¢])2)/(N—n)}¥2 see footnote b.

eIsotropic extinction, type 2, Lorentzian and Nelmes-Thornley mosaic distribution.

needs a model which splits the Rb ions on two sites elon- Furthermore, at 973 K, for all models, we observed sys-
gated along the axis. The distance between these two atomgematically high correlation coefficient§0.73<corr(i,j)
must decrease to zero at 0 K. <0.95] between the temperature factors and the position pa-
Splitting of the Rb sites model (sthe anharmonic ap- rameters of all oxygen and rubidium atoms which are related
proximation @m) has been replaced by splitting each Rbpy the inversion center in the high-temperature centrosym-
atom onto two independent sites. The sum of the multipliCitymetric phase. Positional and thermal parameters obtained for
of these two sets of pseudoatoms was constrained to be Hy am, andsr models are given in supplementary material.
during all refinements. At 293 K, the short distance betweery, the structure parameters remain the same within esti-
the two pseudo-Rb ions in each @pand RI§2) site, leads mated errors except for Rb
to a much too strong correlation between theiy, z, U", '
and occupancy parameters. Therefore, at room temperature,
we used the harmonic modéiifn). At 473 K, x, y, z, andU"!
calculated fromam, were used as starting parameters. For

each Rb ion, two pseudoatoms labeled with subscifptnd . h h luti f th | f th
sp, were originally located at thegp,Yrp,Zry Sites With Figure 2 shows the evolution of the volume and of the

multiplicity of 0.9 and 0.1, respectively. During the refine- lattice parameters versus temperature. If the volume, and the
ment process these two atoms split naturally towards differd and b parameters increase with the temperatgeje-
ent positions. At the end of the refinementTat 473 K, the ~ creases. As expected, the evolution of lattice parameters is
distances between the two pseudoatom sites werg(1).27 Similar to that observed, at room temperature, by Zumsteg,
and 0.191) A along thec axis for R1) and RI§2), respec- Bierlein, and Giefin the study of K_,Rb, TP solid solution:
tively. Then, the results of each refinement were used for tha andb increase by 1.2 and 1.6 %, andlecreases by 0.3%
refinement of the structure at the next temperature. Despitehen x goes from 0 to 1. In our case, temperature has the
some correlation(>0.85 between the Rb pseudoatom pa- same effect as the Rb concentration in the solid solution. Our
rameters due to these short distan@@sximum 0.8 A for measurements of the lattice parameters allow the calculation
973 K), this model improved the fit significantly for all tem- of the thermal-expansion coefficienfSable Il). Our values
peratures studied. are higher in magnitude that those given by Chu, Bierlein,

Il. RESULTS AND DISCUSSION

A. Lattice parameters
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FIG. 2. Evolution of the volume (75) (a) and of the parametems b,c (A) (b) of the cell versus temperatu(i).

and Hunspergéf? obtained from dilatometer measurements. B. Validity of the splitting Rb sites (sr model)

These discrepancies can be explained by differences in crys- The residual density magsot given in this papércalcu-

tal purity and also by considering our results are averageghted from the harmonic modehm), show two residual

over 293-973 K(680 K), i.e., a much larger than for the positive peaks around the Rb sites along ¢texis. Then in

dilatometer dat4293-373 K(80 K)]. the sr model, each Rb site has been split into two indepen-

At 1193 K, all x-ray intensities vanish. For example, the dent pseudoatoms, Rb{f), Rb(1sp) for site 1, Rb(2p)

intensity of the reflectio0 2 10) decreases by more than and Rb(2sp) for site 2, corresponding, respectively, to the

70% in 46 h. The decrease afandb, and the increase af  initial room temperature positionip, and to the high-

lattice parameterésee in supplementary matefig| during  temperature split positiorsp. Thesr model describes more

that time, is in favor of a loss of Rb. precisely the evolution of the Rb ions. This is confirmed by
the linear evolution of the rubidium equivalent thermal dis-

Uyq (10°A%) Ui (10° A?)
100 + 9Rb 230 71 U33Rb(2)
/7 O
0 + /;5 200 +
/ .
#Rb * 8033 R(1)
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FIG. 3. Evolution of the average value Of,, thermal motion(am mode) for each type of atom (F0A?) (a) and evolution ofU'" for

each Ri1) and RK2) site (1¢ A?) (b), versus temperatuk). The asterisk indicates an average valu&gffor Rb atoms with the split
atom model §r).
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TABLE II. Thermal-expansion coefficientppm/K). initial room-temperature positionip. At 973 K, the occu-
: : pancies are about 60% for displacements of 0.8 A.
Correlation Dilatometer data At room temperature, the Rb atoms occupy large cavities
Our work coefficient (Ref. 28. enclosed by the oxygen framework. @bis coordinated by
a1y 13.56) 0.997 10.8 eight oxygen atoms giving rise to four short bonds

[2.74<Rb(1)-0<2.84 A], and four long interactions up to
3.23 A. RI{2) shows a nine oxygen atoms coordination, with
three short bondp2.74<Rb(2)-0<2.86 A], and six others
up to 3.13 A. At 973 K, the split atom modes) shows that
placement parametetde,, for which the temperature plot the distances Rb(ip)-Rb(2sp) and Rb(2p)-Rb(1sp)
passes through origiiFig. 3@)]. Moreover, qualitatively, the ~aré about3.51 and 3.21 A. Numbering dummy atom$(Rp
evolution of the heights and of the distance between the tw@nd RB(2) as the symmetric of Rb(ip) and Rb(2p) by
peaks on thénm residual density maps, which increase with the (1_/411/4',1/4 Inversion center[lflg. 1(b)], the distances
the temperaturéTable I1l), is in a good agreement with the RP(1ip)-Rb’(1) and Rb(2p)-Rb'(2) are about 3.3 and
positions of the Ri¥p) and Rb{p) pseudoatoms obtained 3-0 A. Then, at 973 K, the pseudoatosys are near R(1)
from thesr model. As harmonic refinement of a single atom@hd RB(2) positions. On the other hand, in KTP, at room
shifts the position of Rb towards the center of mass of bot{émperature, Thomas and GlaZeshow that the domain
Rb(sp) and Rb{p) pseudoatoms, and is not able to take mtotwmnlng is due to_ the dlsplacements of the K ions onto their
account the electron density which is far away, these posit€SPective hole sitelzorresponding to Ri§1) and Rb(2)]
tions and heights of the residual peaks, quantitatively, do not/hich are related by pseudosymmetry to the inequivalent

match exactly with the results derived for the split Rb model.Potassium sites () and K(2). They deduce that the ionic
diffusion paths for K along[0 0 1] involve both potassiums

and hole sites. Our work confirm that the diffusion paths in
the ionic conductivity phenomenon is Rbi)-
Figure 4 gives the thermal dependence of each Rb disRb'(2)-Rb(2jp)-Rb'(1). Moreover, if the high-
placement calculated fromm andsr models. In the anhar- temperaturéup to 1073 K positions of Rb ions lie halfway
monic model @m), the displacements of the Rb ions from petween the initial room-temperatuip position and their
their room-temperature positions, are small in thandb  associated Rbsites, it could explain the loss of Rb, by ther-
directions contrary to the direction[Figs. 4a) and 4b)]. In " mal motion inducing self-ionic-conductivity.
this hypothesis, tham Rb positions are the weighted mean
values of the two pseudo-Rb positions obtained fromsthe
So, in the split atom model, the displacements and the dis-
tances between the two pseudo-Rb ions are negligible in the
a andb directions within experimental errors. Therefore the To calculate the deviation from centrosymmetry, we use
major effect of temperature is the displacement of the Riihe Missym prograni® which determines the minimum aver-
ions along thec axis. age deviation of the atorrithe “tolerance’) to find “unseen
Along the c axis, in the anharmonic approximation, the pseudosymmetry” relationships. In all cases, whatever the
Rb ion positions change gradually with temperature. At 973emperature and the model usedssym has detected an
K, the Rb ions move about 0.5 A away from their room- inversion center at1/4,1/4,1/4 and a[001] perpendicular
temperature positions. At this temperature, boti{lIRland  n-glide plane & y0), corresponding to thé®nan space
Rb(2) ions are almost related by an inversion center aigroup, as observed for the paraelectric phase of FIVithen
(1/4,1/4,1/3 within 0.1 A. On the other hanfFigs. 4c) and  the atoms of the TigYPO, framework are investigated sepa-
4(d)], the split atom modelqr) shows that the initial room- rately from all the structure, i.e., without the Rb idf&gs.
temperature position,p of each Rb ion does not change, 5(a) and §b)], the deviations calculated are much smaller
only sp moves; it also demonstrates that the occupancy ofhan those given by all the structures. Then, these largest
theip sites decreases when the temperature increases. Thed®viations are only due to the Rb ions.
fore, from 473 K, the occupancies of the s@ip sites in- With the parameters obtained by the anharmonic refine-
crease and their positions move gradually away from themnent (@m), the deviation of Rb ions fronPnan symmetry

- 18.46) 0.997 13.3
s ~10.53) 0.992 -5.9

C. Thermal displacement of Rb ions

D. Divergence of centrosymmetric structure
and SHG properties

TABLE lll. Residual density peakéhm mode) and distance between the two pseudo-Rb i@ismode).

Distancé between Heights of the two peaks for Distancé between the
Temperature  the two peakgA) each Rb site ¢A ~3%) 2 atoms(A) (modelsr)
(K) Rb(1) Rb(2) Rb(1) Rb(2) Rb(1ip,-sp) Rb(2,is-sp)
293 0.62 0.44 15 2 1 1
473 0.75 0.62 25 3 1 2 0.27 0.19
673 1.06 1.06 25 3.5 1 3 0.48 0.38
873 1.06 1.06 3 3 3 3.5 0.66 0.56
973 1.06 1.06 25 25 3 3 0.77 0.68

aDistance along the axis.
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FIG. 4. Evolution of the displacement8) of each Rlf1) (a) and RI2) (b) ion along thea, b, andc axes, from the room temperature,
versus temperatur® (K) (AX=X;— X,93 « WhereX=x, y, or 2), and evolution of the displacemer(i) along thec axis, from the initial
room-temperature positioip, of ip and sp pseudoatoms with their associated multiplicity for eaciHIRlgc) and RI2) (d) site versus
temperaturel (K) (Az=z, 1—Zz;, 503« Wherep=ip or sp).

decrease gradually from 0.53 A at room temperature to 0.08duced about 50%. Then, the displacements of the Rb ions
A at 973 K[Fig. 5a)]. This evolution corresponds to a con- seems to be the principal feature of the structural phase tran-
vergence of the Rb ion positions toward centrosymmetrysition which is a second-order transitidience, it is accom-
But when the Rb ions are splisr mode), the Rb {p) panied by large displacementsiore than 0.5 A, parallel to
tolerance remains quite constant with temperature. On ththe ¢ axis) of Rb ions from their room-temperature
other hand, the Rb s(p) deviation value begins to decrease position®!
from 0.53 A at room temperature to 0.05 A at 673 K and The displacement of the P atom from the geometric center
then increases to 0.24 A at 973[Rig. 5(b)]. Consequently, of its four oxygen atom neighbord is negligible (A
the split atom model shows that the Rb ions reach “un-= 0.03 A at room temperatureompared to the evolution of
stable” centrosymmetry, in this structure. the octahedral distortion& . (displacement of the Ti atom
Within the framework only, the calculated deviation from the geometric center of its six oxygen atom neighpors
(about 0.18 A at room temperatiris three times smaller So, the evolution of the framework expresses mainly in the
than that calculated with the whole structure, but it starts teevolution of the octahedral distortion&, [Ti(1)] remains
decrease only at 873 [Figs. §a) and §b)]. At 973 K, this  approximately unchangddbout 0.211) A] up to 673 K and
deviation is reduced by half. At temperatures higher thardecreases to about 0(16 A at 973 K. Ay [Ti(2)] remains
1073 K (phase-transition temperatiiréhe crystal structure also approximately unchangédbout 0.1%61) A] up to 673
should be in space groupnan so the tolerance must be K, then it falls quickly to about 0.08) A at 973 K [Fig.
zero. This evolution corresponds exactly to the evolution of5(c)]. Another measurement of the octahedral distoMldm
the second-harmonic-generatinggHG) intensity |,, of  to find the mearM-O bond lengths and then to calculate the
RbTP versus temperatdrgFig. 5(d)]. On the other hand, at average deviations from the medis., (E?l(xi—f)|/6)]. In
873 K, the occupancies of the initial Rb ion positiapsare  this case, the average deviations from the means i@ ©
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FIG. 5. Programmissym (Ref. 30: evolution of the distancé?) to the average position of pseudosymmetry plane or inversion center
considering all crystal structure or only the Fi®O, framework, versus temperatufi€) (a) anharmonic modelgm), (b) split atom model
(sr). (c) evolution of the octahedral distortions, (displacement of the Ti atom from the geometric center of its six oxygen atom
neighbors for the Ti(1) and Ti(2) sites, versus temperatu(). (d) temperaturdK) dependence of SHG intensity,, (Fig. 2 in Ref. 3.

0.10(1) at every temperature; this average foZJiis 0.081) SUMMARY AND CONCLUSIONS
at room temperature and decreases about 30% at 973 K.

To describe more precisely the evolution of the octahedral The evolution to centrosymmetry of the RbTP structure
distortion, Fig. 6 shows the evolution of the short and longwas determined by accurate x-ray-diffraction measurements.
Ti-O bonds. For example, in the (B) group[Fig. 6(b)], at  Excellent agreement was obtained using two refinement
873 K, the shortest T2)-O(t1) bond starts to increase and models: anharmonicity of Rb and the split atom model. Then
the largest Ti2)-O(t2) bond decreases to converge towardsit can be directly applied to more complicated studies.,
the same value. Therefore, the lengths of the Ti-O bonds alssolid solution, K _,Rb, TIOPGO,).
correlate with the SHG properties. The relationship between The evolution of the structure versus temperature is in
these properties and the crystal structure may be establishgood agreement with other studies: the evolution of the oc-
using bond-polarizability theor}. Contrary to the study on tahedral distortiongwhich show the convergence to a local
several isotype%l, any other structural parameters cannot besymmetry ) is more important for T2); it corresponds to
correlated, at least directly, with the SHG efficienleyg.,  the partial ordering in the substitution of TRef. 34 or to
Ti(1)-O(t1)-Ti(2)]. Therefore, before a model is developed the localization of F&" impurities® The large displacement
to estimate the tensor components of the second-order susf the Rb ions from their room-temperature posifith
ceptibility djj., they must be measured precisely, i.e., bysuggest¥ the second-order phase transitib@ontrary to the
single crystal method® pressure study on KT which shows that the displacement
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FIG. 6. Evolution of some Ti-O bond lengtitd) for the Ti(1) site (a) and for the T{2) site (b), versus temperaturg).

of the alkaline ions is negligible until the transition and be-nyl groups, corresponds exactly to the evolutibaf SHG
come rapidly maximum at this high-pressure transition, thisntensity I ,,, versus temperature. We have to measure pre-
displacement is gradual versus temperature, and it permitgsely the evolution of the second-order susceptibility tensor
the analysis of its influence on the framework. The splittingcomponents versus temperature to develop a model based on
of the Rb sites shows that the alkaline ions may be considthis evolution of these structural parameters.
ered as a catalyst of the phase transition. This model de-
scribes also the diffusion paths of the high anisotropic ionic
conductivity.

If the influence of the alkaline sites is important, the study Dr. Slimane Dahaoui (LCNB) is gratefully acknowl-
of the divergence from a centrosymmetric structure showsdged for helpful discussions. The support of University
that the TiQ/PQ, framework is directly correlated with the Henri Poincarg Nancy |, University of Bourgogne and the
SHG power. Indeed, the evolution of this framework devia-CNRS is also gratefully acknowledged. P. Delarue is grateful
tion to the centrosymmetry, which is mainly due to the tita-to the Reion Lorraine for financial support.
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