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Phase transition in potassium dihydrogen phosphate induced by an applied static electric field
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Raman scattering experiments show that the potassium dihydrogen phogfb&ecrystal undergoes a
phase transition at 20 K induced by a static electric field applied alongO®8 direction relative to the
orthorhombic structure. Qualitative changes occur in the Raman specl@Zaf)Y and X(Y 2)Y scattering
geometries for applied dc electric field intensities of the order of 4.7 kV/cm or higher. The phase transition
exhibits an irreversible character similar to that presented by KDP under uniaxial pressure at 110 K.
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Potassium dihydrogen phosphdt€DP) is the prototype In this work the effect of a static electric field on the
of a family of ferroelectric crystals with bridging hydrogen normal modes of KDP is studied. The polarized Raman spec-
bonds. Its physical properties have been studied extensivetya of KDP atT=20 K shows that a diffuse phase transition
in the last five decadés!’ Busch®was the first to show that takes place starting from fields intensities of the order of 4.7
KDP exhibits a ferroelectric phase transition at low temperakV/cm. We suppose that this transition is related with trans-
ture. Nowadays, it is known that KDP can undergo at leastations, librations and bending modes of the3PGons.
four crystalline modifications in the temperature range 10— KDP single crystals were grown from saturated solutions
525 K (KDP fusion poinj. The two most studied KDP of KH,PO, powder in tridistilled water by slow evaporation
phases, the tetragonal and orthorhombic phases, belong &b controlled temperatures. The crystals obtained with this
142d (D13) and Fdd2(C3®) space groups, respectively. process were transparent and have good optical quality. The
The tetragonal phase is stable at room temperature and t&5% 1.5 mn? crystals were prepared with silver electrode
orthorhombic phase exists beldw=122 K. The monoclinic ~€vaporated onto the large faces which are perpendicular to
phase belonging t€,;, factor group is obtained when the the ferroelectricc axis. The voltage applied in the sample

crystal or a powder sample is heated to a temperature aboYere done by a source model 246 high voltage supply of the
453 K19 Keithley Instruments with a maximum output voltage-08

Recently, Raman spectra and polarization measuremenl[%/'Rmmn measurements were done with a conventional
have showed the occurrence of a phase transition in KDIZ uipment(argon ion laser and double monochromytor
taking place at temperatures near 63°%n this transition, quip 9

h all fruct q h ol with an instrumental resolution of 1 c¢rhin all experiments.
€ crystafline structure undergoes ? change Space  Tpge crystallographia andy axes of the orthorhombic struc-
group (orthorhombic structupeto a C space grougmono-

o X ture are rotated 45° relative to the crystallograpti@andy’
clinic structurg, wherei=1,2,3,4. axes of the tetragonal structure. In the geometries of scatter-
~ Under uniaxial pressure, KDP undergoes two phase trafpg x| v andz are relative to the crystallographic axes of the
sitions when the force is applied along tf00] or [010]  grthorhombic structure. Raman measurements at low tem-
direction relative to the orthorhombic StrUCtL(ferrOEIGCtriC perature were obtained with Samp|es p|aced ina C|ose_cyc|e
phasg for temperatures neaf..?*?* One phase transition helium refrigerator. The temperature was controlled with a

occurs at 125 K when the uniaxial pressure is of the order oprecision of=0.1 K.
0.5 kbar. In this phase transition, the KDP crystal change Raman spectra of the monoclinic phase of KDP at 20 K
from a tetragonal structuréD %3 space groupto an ortho-  without applied dc electric field are shown in Fig. 1. The
rhombic structure belonging ©5, space group, with#19.  geometries chosen for the light scattering w€Z2)Y,
The other phase transition occurs at 110 K when the uniaxiak(YX)Y, X(Y2)Y and X(ZX)Y, relative to the crystalline
pressure is of the order of 0.3 kbar. This phase transitionaxesx, y, andz of the orthorhombic structure. These geom-
maintains the KDP structure as orthorhombic, with the sametries yield Raman spectra for thé&'(Zz,XY) and
factor groupC,,, but with a different class of the space A”"(ZX,Y2) irreducible representations of th€, factor
group, different from the original 19. group, respectivel§® A typical KDP Raman spectrurtsee

By using Brillouin-Rayleigh scattering to study the KDP Fig. 1) can be divided in two regiongi) a high frequency
ferroelectric phase transition, Courtens and Ganfrhbave  region(w>800 cm %), with internal modes due to stretching
observed that the transition from the paraelectric to the ferroef the PG~ ions; (i) a low frequency regionw<800
electric phase is suppressed under hydrostatic pressure witm™ 1), with modes due to librations and bending of the phos-
removal of the static central peak. Westetnal?* found a  phate ions, as well as translations of all ions. The internal
tricritical point when studying KDP under an electric field vibrations of PQ~ ions observed at 20 K are distributed
and a hydrostatic pressure. among the irreducible representation of tbhgfactor group
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FIG. 1. KDP Raman spectra at 20 K in the monoclinic phase 600 400 200
without a dc electric field(a) and (b) A’'(ZZ,XY); (c) and (d) wlem™)

A"(ZX,Y 2).
FIG. 2. KDP Raman spectra at 20 K of tlgZX)Y scattering
geometry as a function of the dc electric field.

as Ti,(PO3)=A"(v1,2v,,3v3,3v,) + A" (v1,2,313,3v,).
A detailed discussion on the distribution of the normal
modes of KDP in the irreducible representations of @ fications are irreversible in the following way: all features
factor group has been published elsewlére. seen in the Raman spectrum of Figc)2remain present

A static electric field was applied along tf@01] direc- when the dc electric field is turned of, and the crystal is
tion relative to orthorhombic structure of the KDP at 20 K. maintained in this condition for an arbitrarily long time. To
Qualitative modifications in the irreducible representationgyo back to Raman spectra of KDP in the monoclinic struc-
A'(ZZ) andA’' (XY) were not observed, even with fields as ture without an applied dc electric field, the temperature of
high as 14.4 kVv/cm. In contrast, qualitative modifications arethe crystal has to be increased over the Curie temperature
observed in the Raman spectra of irreducible representatiort3 =122 K), and then cooled to temperatures below 60 K.
A"(ZX) andA"(Y Z) for dc electric fields of the order of 4.7 Clearly, the phase transition from ferroelectric phase to this
kV/cm or higher. phase is not reversible. This irreversibility can be understood

Figure 2 shows the low frequency region of the Ramanas a manifestation of a lowering in the cell potential due to
spectra as a function of applied dc electric field for thean increase in the dipole interactions. A reduction of the dc
A"(ZX) representation at 20 K. The spectrum labeled electric field intensity is not sufficient to overcome the
corresponds to the monoclinic phase of KDP without an appotential barrier created by dipole interactions. To overcome
plied dc electric field. By increasing the dc electric field upthe potential barrier, thermal energy has to be transferred
to 14.4 kV/cm, we can observe slow and continuous qualitato the dipoles by increasing the temperature of the crystal
tive modifications in the Raman spectra. The spectrum laabove the Curie temperatuf®22 K). The paraelectric phase
beled (b) was obtained with the crystal under a dc electricis observed in the Raman spectrum. Now, by cooling the
field of 4.7 kV/cm when qualitative changes have started tarystal to temperatures below 60 K, the Raman spectrum
appear. At this value of the field, the disappearance of thef the monoclinic phase is reached. The irreversibility of
translations modes with frequencies of 140 and 200%cim  this phase transition induced by a static electric field is simi-
observed, as well as a rapid decrease in the intensity of benthr to that already observed in KDP under uniaxial
ing mode of phosphate ions at approximately 480 tnBy  pressuré?
increasing the dc electric field up to 5.6 kV/cm qualitative  Figure 3 shows the Raman spectra of KDP as a function
modifications occur that are shown in FidcR These modi-  of the intensity of the dc electric field that was obtained with
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FIG. 3. KDP Raman spectra at 20 K of thg¢Y 2)Y scattering FIG. 4. KDP Raman spectra at 20 K of thZX)Y and
geometry as a function of the dc electric field. X(Y2)Y scattering geometriesa) in the absence of a dc electric

field; (b), (c) under dc electric field of the order of 14.4 kV/cm.

a X(Y2)Y scattering geometry. While Fig.(8 is identical
to Fig. 2a), Fig. 3b) shows an abrupt change in the inten- modes belonging to unidimensional representation can only
sities of the modes with frequencies of the order of 520 andbe ascribed to a structural modification. A reasonable expla-
580 cm L. After the most visible modifications occurring for nation for this observation, based in a group theoretical
fields around 5.6 kV/icm[see Figs. &) and 3c)], only  analysis, is as follows: the PO ions change fronC, local
qualitative changes are found with fields as high as 14.4ites symmetries in a monoclinic structure with factor
kV/cm in the X(ZX)Y scattering geometrjsee Fig. 2d)]. group toC, local sites symmetries in an orthorhombic struc-
This can be interpreted as a stabilization of the KDP latticeture with C,, factor group, inducing a structural modification
through a diffuse phase transition that takes place startingn the crystalline lattice of the KDP. An increase was found
with fields of the order oEy=4.7 kV/cm. in the symmetry of the crystal with the applied dc electric
Figure 4a) shows the Raman spectrum of the KDP crys-field. To find it exactly it would be necessary to make an
tal in the monoclinic phase at 20 K identical to Fig&)land  x-ray measurement at low temperature. Table | shows the
Fig. 1(d). Figures 4b) and 4c) show the Raman spectra of correlation chart of the phosphate ions in fBglocal sites
the KDP crystal under dc electric field of the order of 14.4symmetries between the symmetry ion and @g factor
kV/cm obtained with theX(Y2)X and X(ZX)Y scattering group. The changes of the BOions are suitable to increase
geometries. Clearly, the Raman spectra of Fig. 4 are qualitehe dipole interactions, producing a lowering of the cell po-
tively different. Figures &) and 4c) correspond to different tential that can explain the irreversible character of the phase
irreducible representations that are diverse from the oné&ansition that the KDP crystal exhibits under a dc electric
without an applied dc electric fielgFig. 4@]. The Raman field at 20 K. In the absence of a dc electric field, the stability
spectrum of th&X(ZX)Y scattering geometry shows shade of of this phase is guaranteed by the increase of the dipole
modes with frequencies around 580 and 915 tivelonging interactions.
to X(Y2)Y scattering geometry. An explanation of these A diffuse phase transition in KDP crystal induced by an
changes based on the motion of domain walls due to thepplied static electric field was observed with Raman scat-
applied static electric field can be ruled out since the dipolesering measurements. It was found clearly distinctive, quali-
are necessarily irc, local sites symmetries in the mono- tatively different spectra as compared to that of the mono-
clinic structure, and the Raman spectrum shows the situatiodlinic phase. The spectra of this phase have sharp and well-
in each local site of the ions irrespective of the possibledefined structures. This phase is induced by changes in the
formation of domains. Changes occurring in the number ofocal sites symmetries of the BOions in the KDP crystal
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TABLE 1.
symmetry and th&,, factor group.
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Correlation chart of the phosphate ions in t8g local sites symmetries between the ion

P Of ion symmetry local sites factor group Raman
T4 2x C; (yz) Co tensor

A (v1) , A; (Vi,v2,2v3,2ve) XX, Yy, 22
A (V],V2,2V3,2V4 )

E (v2) Az (v2,v3,v4) Xy

F1 . B1 (V2,V3,V4 ) XZ
A (Vz,V3,V4 )

Fz (V3,V4 ) B2 (Vl,V2,2V3,2V4) Yz

under dc electric field intensities of the order of 4.7 kV/cm orthe dipole interactions produced by a reduction of the cell
higher. The electric field supplies the necessary stress to apetential.

commodate the phosphate ions in diveGsdocal sites sym-
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