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Ferroelectric phase transition in deuterated glycinium phosphite crystals
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The dielectric permittivity between 500 Hz and 1 GHz and pyroelectric properties of
(ND3CH,COOD)D,PO; (DGPI) single crystals in the vicinity of ferroelectric phase transiti®@22 K) are
measured. The spontaneous polarization alondpthaeis is found to be %102 C/m? at 290 K. DGPI shows
the critical slowing down near 322 K. The results confirm the order-disorder nature of the ferroelectric phase
transition of the second order typ&0163-182807)04901-]
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transition at 224 K. It is the second ferroelectric crystal of drogen bonds. The knowledge of the dielectric properties of
as BPI.? Both these crystals belong to the monoclinic sys-paraelectric-ferroelectric phase transition in the GPI crystal.
of hydrogen bonded phosphite anions to which the amino
electricb axis in BPI and GPI, respectively. }
i
bonds in the paraelectric-ferroelectric phase transition KX 1 0016
centrosymmetric with disordered protdfsn the paraelec-
indicates that the ferroelectric dynamics of the BPI cryssal 400 |
The activation energy AE=17 kJ/mo) estimated for the
macroscopic relaxation time in the GPl crystal
in BPI® This implies that the mechanism of the para-
strong interphosphite hydrogen bonds. Thus it might be sug- 1 MHZ™. 0.002

Glycinium phosphite crystalgNH ;CH,COOHH ,PO;, polarization is due to the ordering of the glycinium cations
abbreviated as GPundergo continuous ferroelectric phase which force the protons into order in the interphosphite hy-
the phosphorous acid with amino acids beside the betainiuthe deuterated crystalND ;CH,COOD)D ,PO3, will allow
phosphite crystal(CH3)3NCH,COOHH,PO;, abbreviated ©One to determine more precisely the nature of the
tem and similar space grouf®,/a andP2,/c for GPland  This is the subject of this paper.

BPI, respectively. Their structures contain the infinite chains
acid cations are attached by strong hydrogen bdfdhese 700 0.020
chains are oriented parallel and perpendicularly to the ferro- \ a

1 0.018

Very large isotopic effectca. 100 K on theT, indicates
the essential role of the strong interphosphite hydrogen
mechanism of both the BRRef. 5 and GPI(Ref. § crys-
tals. According to the x-ray data these hydrogen bonds are s5gp |
tric phase. That seems to be in accordance with the dielectric
measurement. The investigation of the dielectric relaxation
described in terms of the soft relaxational mode associated
with the proton flipping motion in the double potential well.

GPI crystal is, however, more than three times higher than

that obtained for BPI AE=5 kJ/mo). Simultaneously, the
(r=4x10 15 at temperature close to tfig) is nearly one 200
order in magnitude longer than that=6.6x 10 ! s) found
ferroelectric phase transition in the GPI crystals is not only

strictly connected with the movements of the protons in the 100 |
gested that the dynamics of the organic sublaffiggcinium

cationg of GPI could play a key role in the long-range order.

Most likely, the dynamical disorder of the protons is coupled 0315 20 3;5 330°'°°°
to the motions of the glycinium cations. Accordingly, only
one type of the glycinium cations is observed by the vibra- Temperature [K]

tional methods in the paraelectric phase. In the ferroelectric FIG. 1. Temperature dependence of the real part of complex
phase a splitting of some glycinium bands is obsef/éid. electric permittivity,s’, in the vicinity of T,=322 K at 500 Hz and
may indicate that two different glycinium cations appear in1 MHz and illustration of the Curie-Weiss law along thexis for

the ferroelectric phase. Thus it seems that the spontaneotiss DGPI crystal at 500 Hz.
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160 FIG. 2. Electric permittivity vs
temperature measured along the
c* anda axes for the DGPI crys-
tal.
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The GPI crystals were grown from the aqueous solutiongontrolled by a UNIPAN Temperature Controller type 650
containing the glycine and phosphorous acid in the ratio 1:1with fluctuation less thart: 0.1 K. The overall error for com-
The deuterated crystals were obtained by threefold recrystaplex electric permittivity was less than 5% and 10% in the
lization from a solution in the BO (99.8%. In each step of low and high frequency region, respectively.
crystallization 48 g of GPI were dissolved in 50 ml of hot  The measurements of the pyroelectric current and charge
D,0. The estimated valugrom the IR and Raman powder were performed under short-circuit conditions during linear
spectra in Ref. Bof a deuterium concentration is more than heating of the sampl@with a rate of 1 K/min on a Keithley
95% for the protons attached to nitrogéwH ;) and oxygen 617 type electrometer. For the pyroelectric studies, the silver
(OH) atoms and ca. 65% for the P-H bonds. painted aredabout 9.5 mm) of the samples was perpen-

For the dielectric measurements, the samples of dimerdicular to theb axis. The reproducibility of the pyroelectric
sions 5<5x1 mm® were cut perpendicularly to the, b,  current was better than 20% for all samples and the experi-
andc* direction. The plates were silver painted. Complexmental error ofA P was smaller than L.C/m?.
electric permittivity was measured by a HP 4284A Precision The temperature dependence of the real part of the com-
LCR Meter in the frequency range 500 Hz—1 MHz and by aplex electric permittivity €") for DGPI taken at 500 Hz and
HP 4191A Impedance Analyzer in the frequency range 30L MHz is shown in Fig. 1. A pronouncel-type peak of
MHz—-1 GHz. The measurements were performed in the teme’ is found along thé direction atT =322 K (g~ 680 at
perature range 290—-350 K on heating. The temperature &00 Hz and 530 at 1 MHz Except for the close vicinity of
the specimen was varied continuously with the rate of 0.1IT, the dielectric dispersion is not observed up to 1 MHz
K/min in the vicinity of T, and 0.5 K/min elsewhere. In the both for the paraelectric and ferroelectric phase, whereas, in
high frequency region the temperature was stabilized anthe case of the GPI crystals, a distinct low-frequency disper-

FIG. 3. Change of the sponta-
neous polarization, AP, as a
function of temperature for the
DGPI crystal.

300 305 310 315 320 325
Temperature [K}



55 FERROELECTRIC PHASE TRANSITION IN ... 171

relation determined by the least-squares fitting are the fol-

300 lowing: &.,.= 10, T,=320 K, andC. =705 K (whereas be-
\ ——30 MHz low T.C_=265 K). The ratio of Curie-Weiss constants
& -e-37 above and below ., C, /C_=2.66, is typical for ferroelec-

tric crystals with continuous phase transition. The value of
C. is also characteristic of the ferroelectrics with the order-
disorder type of phase transition. We should also notice that
deuteration strongly influences the Curie-Weiss valde X
which in the case of GPI was found to be 26¢ K.

Electric permittivity vs temperature measured along the
c* anda axis is shown in Fig. Zthec* direction is perpen-
dicular to thea axig). In general, the electric anisotropy both
in the GPI and DGPI crystals reveals large similarity. How-
ever, the deuteration causes a distinct increase incthe
value, which is nearly twice as large as that observed in GPI.
It is interesting that thes.« value in the vicinity of T, is
comparable with those found for the polaaxis of the title
crystal. We should notice, however, that the shape of the
ec+(T) curve is rather unusual. The value of« is quite
large even for the temperature far frofp (e« =180 at 305
K) and increases substantially to 550 unitsTat This high
value of e« is preserved more or less constant in the mea-
sured temperature range of the paraelectric phase.

The temperature dependence of the pyroelectric charge
was measured along theaxis in order to check the ferro-

‘ , electric activity. As shown in Fig. 3, the pyroelectric signal
305 310 315 320 325 330 335 appears below 322 K. These measurements were performed
after the sample had been cooled to room temperature under
an applied dc electric field of about 2.5 kV/cm. The sponta-
neous polarizationPg at room temperature was about

FIG. 4. Temperature dependence of the real part of comple¥x 10~ 2 C/m?. The observation of the 50 H2-E loop at
electric permittivity,e’, in the vicinity of Tc=322 K for several  ropom temperature additionally confirmed the ferroelectric
frequencies along thie axis for the DGPI crystal. nature of the low temperaturébelow 322 K phase. The

value of thePg found in DGPI is nearly the same as that in
sion appears in the ferroelectric phase due to the domairthe case of GPI.
walls motion! In a temperature range of about 10 K above Figure 4 shows the temperature dependence of the real
T., the temperature dependencesgfmeasured at 500 Hz is part of complex electric permittivityg,, in the vicinity of
well represented by the Curie-Weiss relation T;=322 K for several frequencies between 30 and 1000
g'=e,+C,/(T—T,) (see Fig. L The parameters of this MHz measured along thie axis. ¢/, shows a peak at 322 K
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FIG. 5. The Cole-Cole dia-
¢ gram in the paraelectric phase for

50 | s the DGPI crystal.
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up to 100 MHz and above this frequency it splits into two 2.2x 10" ® s. This value is comparable with that obtained for
peaks, the width of which broadens with increasing fre-other h9ydrogen bonded ferroelectrics like TGS—family
quency. crystals’ CDP21° and RbQPO,. 1t

The Cole-Cole plots of the observed relaxation are pre- The results of dielectric dispersion presented above are
sented in Fig. 5. The dielectric relaxation in DGPI crystals ischaracteristic of the para-ferroelectric phase transition of the

well described by the following Cole-Cole relation: second order type, where a critical slowing down of the mac-
_ roscopic relaxation time 1) is observed. The relaxational
e* =g+ (gg—8.)[1+ (i)', (1) mode softens to the frequency of 75 MHzTt, which is

more than three times lower than th@50 MH2) in the
normal GPI crystal.

Now it may be concluded that deuteration of the GPI
parameterz,, ¢.., 7, anda are the fit parameters for each crystal influences its_ dynamical prope_rties in the vicinity of_
temperature independently. The small values aof the _para-f_erroelectrlc phase transition  temperature. This

manifests itself by the elongation of the macroscopic relax-

(a<0.02) indicate the almost monodispersive nature of di-_,.” "~ . e
electric relaxation in DGPI. ation time on deuteration even when taking into account that

The results presented in Figs. 4 and 5 indicate that th hg;?gggr%utf Off th%gngg% ;c(r)ansmo'l‘g)( ishigher for
fundamental ferroelectric dispersion appears in the micro- an for :

wave frequency region. On approaching the Curie tempera- This work was supported by KBN project register No. 2P
ture, the macroscopic relaxation time reaches the value 03 110 06.

whereegy ande,, are low and high frequency limits of the
electric permittivity, respectivelye is angular frequencyr
is relaxation time, andv is distribution of relaxation times
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