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Distortions produced in the unit cell of a nonlinear organic crystal under the influence of an applied
electric fieldE are investigated by using synchrotron x-ray multiple diffraction (MD). A typical MD
pattern shows numeroukl/) secondary peaks and the position of each one is basically a function
of the unit cell lattice parameters. Thus small changes in any parameter due to a strain produced
by E give rise to a corresponding variation in tkiek/) peak position. The method was applied to
the meta-nitroaniline (mNA) crystal and we were able to determine three piezoelectric coefficients.
[S0031-9007(98)07912-5]

PACS numbers: 77.65.Bn, 61.10.-i, 77.84.Jd

Large high quality noncentrosymmetric organic singlelinear optical crystal mounted in a particular orientation
crystals have been grown in recent years mainly withwhich has been found practicable. Experimental results
the aim of exploiting their nonlinear optical properties, already obtained are sufficient to establish the feasibil-
particularly for second harmonic generation and signalty of the technique, as described later on. The organic
modulation via the linear electro-optic effect. The crys-crystal which has been examined is the meta-nitroaniline
tals, by virtue of their highly polar, anisotropic structures(mNA) [7,8] which crystallizes in the orthorhombic sys-
might also be expected to exhibit substantial piezoelectem with point groupmm?2 and lattice parameterg =
tric and, in some cases, pyroelectric effects, and these r&:501 A, b = 19.330 A, ¢ = 5.082 A). The polar axis of
sponses are related to a range of interesting phenomerthe material isc [001]. In addition, measurements have
including the optoacoustic and photorefractive effects. been made on lithium niobate [9], which has well estab-

X-ray multiple diffraction (MD) is a technique which lished piezoelectric coefficients, in order to assess the re-
has been used by several authors [1-5] to provide a phy$iability of the synchrotron x-ray setup.
ical solution to the important crystallographic phase prob- The MD phenomenon arises when an incident beam
lem. Besides, it is closely related to the crystal latticesimultaneously satisfies the Bragg law for more than one
symmetry which provides three-dimensional informationset of lattice planes within the crystal. A set of planes
and then is inherently very sensitive to small changes iralled primary (h, k, [,) is adjusted to diffract the
lattice parameters. A typical single MD pattern shows nudincident beam. By rotating¢({ axis) the sample around
merous multiple diffraction peaks, each one carrying inthe primary reciprocal lattice vector, and monitoring the
formation on one particular direction within the crystal. A primary intensity, several other planes called secondary
review of the technique can be found in Ref. [6]. In this(h, k; I;) will also diffract simultaneously with the
paper we present some preliminary results of investigaprimary. The interaction between the primary and the
tions of the distortions produced in an organic crystal bysecondary reflections is established through coupling
the application of an electric field. We have measured botheflections (4,-h, k,-k;,1,-I;) and provides positive
multiple and two-beam diffraction peak shifts. The com-(peaks) and negative (dips) features in the pattern
bination of these types of diffraction should provide a ver-Ipimay X ¢, called Renninger scan (RS) [10]. The
satile method of obtaining complete information on thepositions of the multiple diffraction peaks in a RS can
piezoelectric tensors of crystals of the more anisotropidbe measured in terms of the angfe,= ¢"X + ¢, [the
systems where there are a number of nonequivalent coedignal stands for the entrance and exit of the secondary
ficients. The amount of information that can be extractedeciprocal lattice point on the Ewald sphere (ES)], where
from one such experimental arrangement is greatly in¢, is the angle between the secondary vector and the
creased if some of the numerous multiple diffraction peakprimary incidence plane measured on the ES equatorial
which appear in a single MD pattern are investigated in adplane [11]. This angle is given by
dition to the two-beam case.

2 _H-
In the following we discuss the theory relating the cog¢"* + ¢¢) = 1 (H 2H HZO) =,
piezoelectric distortion of the lattice to the shifts in the 2 J1/22 — HE/4NH? — H;
diffraction peaks, using as an example one organic non- (1)
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whereHj is the primary vectorH is the secondary vec- so that the equations above together with Egs. (3), (4),
tor, H, = (H - Hy) (Ho/H3), and A is the wavelength of and (5) allow in principle the simultaneous determination
the incident beam. of three piezoelectric coefficients.

For the orthorhombic mNA crystal, the electric field The measurements have been carried out at the syn-
was applied in theec [001] direction and the primary chrotron radiation source (SRS) wiggler station 16.3 [13],
diffraction plane was taken #8ky0) with ko = 14. With  Daresbury Laboratory, Warrington, U.K. This station is
the secondary chosen #800), the magnitudes of the a high-resolution/high-energy single crystal diffraction fa-
vectors, Hy and H, defined in the reciprocal lattice, cility equipped with a Huber 512 diffractometer with servo
becomeH, = ko/b andH = h/a. In the orthorhombic control providing step sizes of 0.1 and 0.5 mdeg«in
case these vectors are orthogonal and Eq. (1) reduces taand ¢ axes, respectively. The wavelengths used in our

b experiments were 1.2 and 1.4878 A for measurements
cog¢p"™! = ¢g) = h)\—z. (2)  in LiNbO3; and mNA, respectively. Figure 1 shows the
a\[4b? — A%ky scheme for applying the electric field in the sample as

) o ] well as the MD path for one of the measured three-beam

The change in the angle on application of the field canases. The electric field was generated by a variable volt-

be expressed in terms of the fractional changes induced ifye |ow current dc power supply. The electric contacts are

the lattice constants by differentiating Eq. (2) to obtain  gstaplished through conductive sponges (Fig. 1a), kindly
Aa provided by SGL Carbon Group, Meitingen, Germany,

=" h00 h00
a tané™ = ¢o)A(6" £ ¢o) placed between the metal plates and the sample larger face
A2k} Ab which establish a uniform electric field within the crys-
42— N2 b () tal. The sponge also avoids mechanical strain in the sam-

) ple due to physical contact. Typical sample dimensions
With the secondary chosen d80/) the analogous are20 mm X 10 mm X 2—5 mm, and the x-ray incident

formula is beam hits the narrower sample face allowing for both rock-
c 00! 00! ing and RS measurements with the same setup. The sam-

- tan@™ = ¢o)A(S™ = o) ples were prepared by cleaving slices from mNA large high

A2kt Ab quality single crystals. They were cut in a solvent saw and

42— N2 b @ afirst polishing was made by hand in a wet tissue with sol-

vent. The necessary surface degree of flathess and paral-

~ Athird relation was obtained by measuring the changgejism required was achieved by mechanical polishing.
in the Bragg angléw) for the primary diffraction,

Ab Ad 0ko0 0ky0
=0 = —cotepigdonig . (5)

The three equations [(3), (4), and (5)] are sufficient to
allow the fractional changes in the three orthorhombic
lattice parameters to be determined at a given field. In
this case the crystal symmetry ensures that a field applied
along one of the crystal axes will not induce any changes
in the angles between the axes.

When a static or low-frequency electric field is applied
to a piezoelectric crystal, strains are developed in the b)
crystal: this is the well-known converse piezoelectric
effect. The piezoelectric tensor, expressed in matrix form,
for the mm?2 point group is given by [12]

Exx 0 0 ds

Eyy 0 0 d32 E

€77 _ 0 0 d33 x

2ey; 0 dy O gy ’ ©) h
2&; ds 0 0 z (2140)
28,y 0 0 0

) ) ) ) ) FIG. 1. (a) Scheme for applying the electric field in the
which, with the field applied along tH801] axis, leads to  sample allowing for both rocking and Renninger measurements

— _ with the same setup. The arrows show the sponges for electric
Exx dyE = Aa/a, (7a) contacts. Incident(/;) and primary (I,) beam directions,
gyy = dpE = Ab/b, and (7b)  respectively. (b) Possible MD path for the (000) (0140) (200)
” three beam case in the R$2140) is the coupling plane ang
e, = d3E = Ac/c, (7c) is the secondary beam.
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From the slope of the curvéb/b X E the value of
ld»n| = 1.93) X 107! mV~! piezoelectric coefficients

is determined. Figure 2 shows this curve together with
all other curves determined in this work. This value lies
within the range obtained in previous reported measure-
ments [14].

Several rocking curves for mNA were obtained in the
absence of the electric field, for two primary reflection
(080) and (0140). The shape and reproducibility shows
that the crystal quality and the experimental setup can
provide the determination of very small changes in lat-
tice parameters. Figure 3 shows how the (0140) rocking
curves change on application of the electric field up to
1 X 10° Vm~! parallel to thec axis. It can be seen that
the shapes of the curves are undistorted and that a clearly
defined shift in the peak position can be measured. These
features are a clear evidence of the lattice strain pro-
duced by the piezoelectric effect. From the slopabfb
[Eqg. (5)] X E plotted in Fig. 2, we can obtaifds,| =
16.5(7) X 107" mV~!. An analogous procedure vary-
ing the electric field up to thes X 105 Vm™!, the
(080) rocking curve measurements have provitdgg| =
14.9(5) x 107" mVv~! which confirms the previous re-
sult. After the measurement of a compldiecycle the
peak position has returned to its initial position, indicat-

FIG. 2. Plots of the strairx E for rocking curves and

Renninger scans. The piezoelectric coefficients are determinq ttice [15]

from the slope of the curves.

ing the reversibility feature of th& effect to the mNA
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FIG. 3. Change on (0140) rocking curves due to applicatiorFIG. 4. Region around thep = 90 deg. symmetry mirror
of the E varying up to1 X 10°Vm~! parallel to thec
axis. (@) OVmM™ (b)) 2 X 10°Vm™!, (¢) 4 X 10° Vm™!,
(d 6x10°Vm™, (¢) 8x10°Vm™', and (f) 10 X

100 vm™',
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of the mNA (0140) RS without (a) and with (b) ah8 X

10° Vm~! electric field applied. The various secondary peaks
appear indexed for a clear identification of the symmetry mirror.
Radiation Cuk,; (A = 1.54056 A); step size: 2 mdeg.
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T LAMARARAN RN T Ref. [16], since electrode-area effects in soft polymeric
- 1 materials can cause systematic difference between the

E‘E‘E direct and inverse piezoelectric coefficients [17]. All
three coefficients determined in this work present the
same order of magnitude of the elastic constants in
the corresponding directions for the same material as
suggested elsewhere [18]. It is also important to stress
the linearity obtained in all straiix E plots including
that for LiINbO; shown in Fig. 2, as expected from the
piezoelectric effect.

The results obtained show that the response of polar
organic crystals in the application of an electric field can
be monitored by a combination of two beam and multiple
x-ray diffraction techniques. The results described are
not intended as accurate determinations of piezoelectric
coefficients, but are presented as evidence that this kind
of application of the multiple diffraction technique can
provide a useful extension of experimental method when

1

Intensity (a.u.)

20.32 20.33 20.34 20.35 the anisotropy of the crystal response is such as to require
q measurements of a number of tensor material coefficients.
¢ (deg.) The authors thank Steve Collins for valuable help in

FIG. 5. Changes on the three-beam (000) (0140) (002 RS station 16.3, Daresbury, U.K. Finan_cjal support
peak position in the RS with the application d& || c. rom ESRC (Grant No. 20119) and from Brazilian agen-
(@ ovm~™!, (b) 12X 10°Vm™!, (¢) 24 x10°Vm~', cies CNPq (proc.n. 2011896-2), FAPESP, CAPES, and

(d) 36x10°Vm', (¢) 48x10°Vm™', (f) 6X  FAEP-UNICAMP are also acknowledged.
10° Vm~!, and(g) 12 X 10° Vvm™'.
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