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The \steady- state " non- linear optic polari zati on arising in lithium sul-
phate monohydrate crystals under the in Ûuence of the short pulse laser ir-
radiation has b een investigated in the temp erature range of 95{ 305 K . T he
reversal of the sign of the comp onents of the generalis ed non- linear suscep-
tibili ty tensor ~â has been found at about 105 K . T he change of the photore-
sponse kinetics and a drastic temp erature dep endence of the comp onents
~â i j k in the temp erature range of 95{105 K , as w ell as the change of the
spectral dependence of the photoresp onse w ere observed.

PACS numb ers: 42.65. {k, 72.40.+ w , 77.70.+ a, 77.80. {e

1. I n t rod uct io n

L it hi um sul phat e m onohydrate (L SM) is a well -kno wn pyro electri c crys-
ta l [1]. At room tem perature the crysta l is m onocl inic and belongs to the point
sym m etry group 2. An interesti ng feature of LSM is the change of the pyro electri c
coe£ cient sign at about 100 K [2{ 4]. A simi lar phenomenon was also observed in
m any other ferro- and pyro electri c crysta ls, e.g. in to urm al ine (12{ 21 K), tri glyci ne
sul phate (5 K), l i thi um niobate (11 K). Ho wever, in LSM i t is observed at a much
hi gher tem perature (100{ 110 K) [5].

La ng [3] proposed an interpreta ti on of thi s sign reversa l . It is wel l kno wn
tha t the pyro electri c ẽ ect at constant stress is a compositi on of the pri m ary
e˜ect (i .e. pyro electri c e˜ect at constant stra in) and the piezoelectri c e˜ect due to
the therm al stra in. Lang calcul ated the pri m ary and secondary coe£ cients over
the tem perature range of 4.2{ 320 K. These coe£ cients cancel each other at about
106 K, whi ch results in a reversal of the to tal pyro electri c coe£ cient sign.
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The tem perature dependences of the pyro electri c coe£ ci ent and of the spon-
ta neous polarizati on have been investigated by Gavri lova et al . [4]. In thi s exp er-
im ent an app earance of sponta neous polarizati on com ponents along di recti ons x

and z has been observed below 110 K. On the basis of these results a polar phase
{ polar phase tra nsiti on connected wi th the al tera ti on of water m olecule state has
been pro posed. The neutro n di ˜ra cti on structura l study perform ed at 298, 80,
and 20 K showed the rota ti ons and changes of the values of the dipole mom ents,
see [6, 7].

T o get addi ti onal inf orm atio n about properti es of the LSM crysta l we have
carri ed out the measurements of the photo response due to the appearance of
non- l inear polari zati on of medium on \ zero" frequency [8{ 13].

The general ized non-l inear polarizati on of the second order ¤ 0 can be de-
scribed by the general ized non-l inear susceptibi l i ty tensor ~â

¤ 0
i

= " 0 ~â 0 = ! À !
i j k

E !
j

E !
k

; (1)

where E !
i

are the pro jecti ons of the Fouri er components of the electri c Ùeld vecto r
of the opti cal wa ve. In general , the tensor components ~â i j k are compl ex num bers.
Thi s tensor describes the e˜ect of opti cal recti Ùcati on (O R) [8, 9], Glass current
(G C) [10, 11], exci ted states dipole e˜ect (ED E) [12, 13].

2 . E x per i m ent a l m et hod

LSM single crysta ls were grown from satura ted water soluti on of l i thi um
sul phate by the slow evaporati on m etho d at the consta nt temperature of 303 K.
The sampl es were cut out along the crysta l lophysi cal axes x , y (p olar axi s), z .

W e used a Q -swi tched YAG : Nd 3 + laser as the radi ati on source, the wave-
lengths being 1 : 0 6 ñ m (m ain m ode), 0 : 5 3 ñ m and 0 : 3 5 ñ m (the second and thi rd
harm oni c, respectively). The dura ti on of the Ùrst harm onic was 15 ns.

The sampl es under inv estigati on were placed into a capacito r- typ e registra-
ti on system. The pul se vo l tage app eari ng on capacito r duri ng the passage of l ight
pul se was measured. Ti me resoluti on of the registra ti on system was about 1 0 À 9 s.

The use of a cryo stat al lowed us to perf orm the m easurements in the tem -
perature range from 95 K to 305 K.

3. R esul t s

W e have investigated ki neti cs of the photo response along axes x ; y ; z for the
wa vel engths of 1.06, 0.53, 0 : 3 5 ñ m at di ˜erent polarizati ons of the laser beam and
over the tem perature range of 95{ 305 K. At room tem perature the photo response
wa s observed only for Ñ = 1 : 0 6 ñ m due to l i ttl e power of higher harm oni cs. Its
am pl i tude dependence on the laser beam intensi ty was l inear up to 1 0 7 W / cm 2 .

The photo response along y axi s is represented in Fi g. 1a for the ti me interv al
of 0{ 35 ns and in Fi g. 2 (0.1{ 4 ñ s). Its leading edge was 60 ns, fol lowed by the ex-
ponenti al decay wi th a characteri stic ti m e of 5 ñ s, on whi ch the piezoelectri c signal
wi th a period of 1 ñ s was superim posed (see Fi g. 2). The ampl itude of photo re-
sponse was slightl y dependent on the laser beam polari zati on. The photo response
along x and z axes had simi lar ki neti cs, i ts am pl itude being nearl y one-hal f of tha t
in the y di recti on.
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Fig. 1. The photoresp onse along the y axis: a | room temp erature, b | 100 K .

Fig. 2. Piezoelectri c signal.

Fig. 3. T he temp erature dependenc e of the photoresp onse amplitud e at Ñ = 1 : 06 ñ m

along the y - (a) and z -axes (b).
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The tem perature dependences of the photo response am pli tude at Ñ = 1 : 0 6 ñ m
along y (Fi g. 3a) and z (Fi g. 3b) axes were m easured. It wa s found tha t the signal
changed the sign at the cri ti cal temperature T c ¤ 105 K, and i ts am pl i tude in-
creased dra stical ly below thi s point. At 95 K the e˜ecti ve value of ~â 2 2 2 was about
À 5 : 3 È 1 0 À 1 0 m / V in contra st to 1 : 8 È 1 0 À 1 0 m/ V at room tem perature. Mo reover,
the photo response ki neti cs has changed (see Fi g. 1), in parti cul ar, the leading edge
wa s about 25 ns at 95 K in contra ry to 60 ns at ro om tem perature.

At 95 K the photo response along y axi s appears for Ñ = 0 : 5 3 ñ m , whi ch
indi cates tha t the corresp ondi ng components of the non- l inear susceptibi l i ty tensor
are about 5 ti mes greater at thi s wavel ength tha n at 1 : 0 6 ñ m.

4. D iscu ssio n an d co ncl usions

In contra st to the stati onary m ode of exci ta ti on, at the pul se m ode vari ous
e˜ects coul d give a contri buti on into the photo response: opti cal recti Ùcati on [8, 9],
Glass current [10, 11], excited states dipole e˜ect [12, 13], pyro - and pi ezoelectri c
e˜ects. So, the probl em of separati on of di ˜erent contri buti ons arises. At the same
ti m e, using the short pul se exci tati on m ode and the investi gatio n of the photo re-
sponse ki neti cs wi th a hi gh ti me resoluti on al low us to separate contri buti ons of
di ˜erent e˜ects [14].

Fi rstl y, the pi ezoelectri c e˜ect ari seswi th a delay of hundreds nanoseconds
wi th respect to the laser pul se and its peri od depends on a size of the crysta l . Thi s
e˜ect is kno wn to be due to the therm oelastic blow [15].

Secondl y, al tho ugh the pyro electri c coe£ cient changes the sign at 105 K [4],
i ts tem perature dependence is qui te di ˜erent from the tem perature dependence of
the photo response observed in our exp eriments. The fol lowing features also al low
one to disti ngui sh the contri buti on of non- l inear polari zati on and pyro electri c e˜ect
to photo response:

¯ Co e£ ci ents, responsible for the photo response, increase by Ùve ti mes wi th
decreasing wa velength from 1 : 0 6 ñ m to 0 : 5 3 ñ m (at 95 K) (the pyro e˜ect
has an opposite spectra l dependence) ;

¯ The am pl itude of the photo response depends on the laser beam polari zati on.

The temperature dependence of the dielectri c constant " obta ined in [16] shows
tha t the change of " i s so insigniÙcant tha t i t cannot expl ain the photo response
sign reversal in thi s temperature range.

So, the photo response is connected wi th the app earance of the non- l inear
polari zati on of the second order and can only be due to OR , GC or ED E e˜ects.
As i t was m enti oned above, we can describe thei r contri buti on by the general ized
non- l inear susceptibi l i ty tensor of the thi rd rank ~â . For GC e˜ects the ari sing
of free carri ers under the inÛuence of laser radi ati on is necessary , whi ch seems
im probable f or the used wavel engths.

A most l ikely appearance of the non- l inear polari zati on is due to the exci ted
states dipole e˜ect related to the di poles m oments of sulphate ions and water
m olecules. The neutro n di ˜ra cti on inv estigati ons conÙrm the tem perature change
of the relati ve positi on of these di poles [4]. Thi s supp ositi on is also supp orted
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by a correl ati on of the photo response am pl itude wi th the presence of H im puri t y
in Li IO 3 crysta ls [17]. In contra st to the paper [17], where H im puri ti es were
cont ami nat ion and the photo response am pl i tude wa s of the order of 5{ 10 mV, in
the LSM crysta ls the local izati on of water m olecules in the crysta l latti ce resul ts
in a m uch higher photo response ampli tude.

The dra stic tem perature dependence of the tensor com ponents ~â i j k in the
tem perature range of 95{ 105 K wi th the sign reversal at T c ¤ 105 K, as well as
the change of the ki neti cs and of the spectra l dependence of the photo response,
m ay be connected wi th the phase tra nsi ti on suggested previ ously in [4].
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