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ABSTRACT

Lithium formate monohydrate (LFMH) single crystal has a point group mm?2 and unit cell dimensions: a; =
6.46 A°, a; = 10.01 A®°, and a; = 4.85 A°. The linear electro-optical tensor [ry] of LFMH has 8
independent components. Samples of 4 different orientations were prepared in a rectangular shape. A series
of relative and absolute measurements in longitudinal and transverse directions were carried out using
electrodynamic technique. The results show a great variety in values of tensor components which indicate
anisotropic electro-optic property. The electro-optic effect of LFMH crystal is about one half of that of

KH,PO, crystal.

INTRODUCTION

Electro-optic effect in crystals has received a great
attention in recent years due to its optical applications
e.g. in light location devices, polarizing interference
filters and high speed optical shutters.

The electro-optic effect was studied both in its linear
and quadratic forms comparatively long ago. Pockels!!2]
reported the linear electro-optical behaviour as a direct
influence of the electric field on the refractive indices of
the crystal. Therefore, any physical external effect (e.g.
electric, magnetic, mechanical) may induce a change in
optical indicatrix, both in position and shape. Theoretical
and experimental estimations of the electro-optical tensors
were previously studied®®!  for higher symmetric
crystals.

The electron-optic effect is a linear tensorial form
between the electric field and optical palarisation in
addition to the existence of piezo-electric effect in such
crystals. Studies on elastic, piezo-electric and piezo-optic
properties of Lithium formate single crystal has been
reported[g'm]. According to Neumann’s principle“ 1T and
the point group symmetry mm?2, the linear electro-optic
tensor [rj;] of LFMH has only 8 independent
components.

The aim of this work is to determine the 8 linear
components of the electro-optical tensor [fijk] of Lithium
formate monohydrate single crystal based on the
electrodynamic technique which provides high accuracy.
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MATERIALS AND METHODS

Lithium formate monohydrate LFMH crystals exist in
rhombic form of point group symmetry mm2 and space
group Rbn2,. It has unit cell dimensions 12].

a = 6.49A° a, = 10.01 A° and a; = 4.85 A°

Various samples of four orientation types Table (1)
were prepared in the form of a rectangular shape. The
main orientation (type 1) was obtained in which the 3-
perpendicular edges of the prepared rectangular were
coincidence with the axes of orthogonal lab. system. The
other types of orientations were also prepared by
inclination of 45° apart of each the main orthogonal axes
(x,y & z).

Table 1.
Sample type | Sample Orientation

[100] [010] [001]
[100] [011] [O11]
[101] [010] [101]
[110] [110] [001]

m

S W -

A series of relative and absolute measurements of the
path difference changes AS in the longitudinal and
transverse directions were carried out using the
electrodynamic technique.[m The optical systems which
were used through this technique is shown in Figures.
(1), (2). This technique applies to one of the three
possible settings of specimen and to one of the possible
directions of electric field E. Due to high sensitivity of
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measuring technique, experimental precautions were taken
into considerations, to avoid any mechanical and thermal
disturbances. e.g. the apparatus was set up on a table
covered with a thick sheet of rubber in addition to the
floor of lab. was also covered with a thick walled of
rubber materials.

P f
S ¢ 811t PM:1 Photomultiplier
P : Pclarizer PS : Phase Shifter
MS: Measure Cryst. AM : Amplifier
C : Senarment Compensa.or 0SC: Oscilloscoge
FC: Farady Cell H.T: High Tenaien

A : Analyzer R 1 Resistance

MV: Millivoltmeter

Figure 1. Block diagram of the apparatus for relative
measurements.

S i Slit 0S: Oscilloscope

P : Polarizer PS: Prese Snifter
SP: Splitting Prise M : Mirror

SC: Stand. Crystal L : Lens

MC: Measure Crystal PM: Pnotomultiplier
AM: Amglifier MV: Millivoltmeter

Figure 2. Block diagram of the apparatus for absolute
measurement.
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RESULTS AND DISCUSSION

When an electric field E is applied to ap anisotropic
crystal, an increment of polarization Aa;; may be induced.
and may be expressed in tensorial form:

Aay; =y B

where ry, is the electro-optic 3rd order tensor.
Consequently a change of path difference AS of the
incident beam may be detected. These variables can be
expressed in a physical relation as follows:

L
S =7\' (ni—nj) (1)

where S is the optical path difference between the two
polarized light waves at right angle, L is the optical path,
A is the wavelength of the incident laser beam, n, andn]-
are the refractive indices for each plane wave in the
direction of the optical indicatrix axes Figure (3).

The change in the path difference AS, due to the effect
of electric field,can be estimated by differentiating
equation (1) as follows:

A S=%(A n,-Anj) +ATL(ni-nj) Q)

T
N

Figure 3. Opt. indicatrix.

An; and An; are the changes in refractive indices, and the
term  (n;-n;) refers to birefringence. A series of
mathematical derivations were used to obtain the final
experimental equations:[14]
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as' =_TL(ni3aikail Tiam) ~24mmk ;- DIE, ()

ASj=—TL(ni3aika“rklm)—demk(nj—l)]Em @)

@, and o are matrix-transformation, where d_ . is the
piezo-electric constant which was previously measured
[9]. Equation (3), or (4), refers only to the effect of an
electric field component E upon one direction in the
sample. Each sample type Table (1) has 3 possibilities of
orientation measurements. Relative and absolute
measurements of changes in path difference AS as a
function of electric fields, E show a linear relationship,
Figures (4, 5, & 6).
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Figure 4. Relation between field E and the change of
path difference AS (relative-longitudinal).
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Figure 5. Relation between electric field E and change of
path difference AS (relative-transverse).

For determining the electro-optical tensor [rjy]
components, at least 10 mathematical equations were
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proposed. Through a suitable computer programme, the
proposed 10 equations could be solved and all
components of the electro-optical tensor [rj;] were
calculated and their values are presented in Table (2).

28102
400

300

2
£ glio0]
200} 2 Srcaseia B RRA R e . f".(o””

b'i Wi100)
R

-300 ¥ L 1 It 1 1
1] LY 20 S0 40 80 80 70

E (V/m]
Figure 6. Relation between electric field E and change of
path difference AS (relative-transverse).

Table 2. Values of the electro-optical constant.

Tijk Unit [107% m/v) St. Dev. %
12 2.88 4.1
figt 2.90 3.0
ri23 -0.50 10.0
ni 2.75 3.5
53 ) 4.65 2.0
3] 6.50 4.0
33 -0.20 11.0
332 2.10 4.0

The data show a great variety in the values of tensor
components which indicates the anisotropy of the electro-
optical property of LFMH crystal. The ratio between the
maximum and minimum value of tensor component
amounts to 32.0 times.

In order to evaluate the magnitude of electro-optic effect
in LiHFM crystal, the obtained values of KH,PO, crystal
to that of LIHCOO.H,O crystal are compared. It is found
to be two times as shown in Figure (7). According to
Buck’s observation[!®], the ratio between piezo-electric
tensor [dy;;] and electro-optic tensor [ry;] is equal to or
greater than -1.

Since the electro-optic effect depends on the change in
dielectric polarization with voltage, it is obvious that this
effect can be used to produce very short pulses which
may be of interest for optical applications, e.g. optical
shutter, birefringence evaluation and light modulation
(phase and amplitude).
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Table 3. Ratio between piezo-electric and electro optic
tensor components.
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Figure 7. The electro-optical effects of KH, PO, and
LiHCOO-H,0.

CONCLUSION

The linear electro-optic tensor [rijk] calculations of
Lithium formate monohydrate single crystal confirm its
asymmetric behaviour. The electro-optic effect of
LiHCOO.H,0 was found to be about half the value of
that in KH,PO,4. This indicates that Lithium formate
monohydrate is one of the polar group crystals and may
have potential optical applications. The ratio between
piezo-electric tensor [dkij] and electro-optic tensor of
LFMH obeys also Buck’s observation.

D 112

Acknowledgement

The author thanks the Institute of Crystallography,
University of Koln, Germany for the facilities of
preparing samples and electro-optical measurements
during the scientific visit in 1991.

REFERENCES

[1] Pockels, F. Abh. der Konig. Gesell Schaft der
Wissenschaft Zn Gottingen. Math. Phys. I, 39, 1894.

[2] Pockels, F. Lehrbuch der Kristaloptik (Leipzig,
1906).

[3] Haussuhl, S. and Walda, G., Phys. Stat. Solid (5),
K 163, Messungen des absoluten quadrat. Effekts in
Kristallen, 1970.

[4] Madhava, M.S. and Haussuhl, S., Z Krist. 142,
322, Linear electro-optical and pieze-optical
constants of Hexagonal Al(IO3); 2 HIO; 42 O.
1975.

[S] Skvorsov, A.P.and Virici, A., Sov. Phys. Sol. State,
18, No. 1, Electro-optic constants of CdE, Crystals.
1976.

[6] Jonker, G.H. and Lambeck, P.V., Ferroelectrics,
21, 641, 1978.

[7] Berezhnol, A.A. et al. Opt. & Spect. 46, 55, 1979.

[8] Berezhnol, A.A. et al, Opt. & Spect. 46, 285, 1979.

[9] Haussuhl, S., Z. Krist. 193, 122, Determination of
Piezo-electric and Piezo-optical constants of Lithium
Formate monohydtrate. 1990.

[10] Nohl, G.F., Z.Krist. 163, 214, 1989.

[11] Nye, 1.F., Phys. Properties of Crystals. (Oxoford.-
Clarend on Press) 1972.

[12] Groth, P. Chem. Crystallogr. III, 212, 1980.

[13] Bohaty L., Haussuhl, S. and Nohl, G., Z Kris.
139, 33, Linear elektro-optical Tensor of Monoclinic
Lithium Sulfate Crystal. 1974.

[14] Ramadan, T., Ph.D., Inst. of Crystallog. Univ. of
Koln. 1982. Germany.

[15] Buck, P., Ph.D. Freiburg-Germany, 1967.

Alexandria Engineering Journal, Vol. 32, No. 3, July 1993




