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Photoinduced nonlinear optical phenomena in amorphoy3eAsCaCl-PbCl, glasses have been studied
using experimental and theoretical quantum chemical and molecular-dynamics methods. Especially photoin-
duced two-photon absorptidifPA) and second-harmonic generati@®HG) were measured in the IR region
from 5.5-21um. CO laserA=5.5um) and parametrically generated wavelengh®—13.7um) were used
as a source of pumping light. We have found that with an increase of photoinducing power, the SHG for probe
CO, laser(for the double frequency=5.3 um) signal increases and achieves its maximum value at photoin-
ducing power 1.45 GW/cfper pulse. The absolute values of the SHG were more than one order less
comparing toy,,, tensor for AgAsSe single crystals. With decreasing temperature, the SHG signal strongly
increases within the 16—24 K temperature range. Femtosecond probe-pump measurements indicate on an
existence of SHG maximum at pump-probe time delay about 25 ps. Spectral positions of the TPA maxima are
strongly dependent on the pump power. Contrary to the SHG behavior, for the TPA we observe at least two
time delayed maxima: at 20—27 and 65 ps. We explain these dependencies within a framework of the quantum
chemical approach taken into account with photoinduced anharmonic electron-vibration interaction. We have
revealed that As-Te tetrahedra play a key role in the observed photoinduced nonlinear optics effects. The
obtained results show that the mentioned effects can be used as a powerful tool for investigations of picosecond
IR nonlinear optics processes. Simultaneously the investigated glasses are promising materials for IR femto-
second quantum electronid$§0163-18209)05325-4

I. INTRODUCTION tural clusters as well of vibration and electronic subsystems
we performab initio electron structure calculations with si-
As,Te;-CaCl-PbCl, glasses promise to be perspective multaneous molecular-dynamics geometry optimizations. Es-
materials for IR optoelectronics and quantum electronics du@ecially we should clarify the role played by IR harmonic
to the possibility of their use in different branches of IR and electron-harmonic interactions on the observed phenom-
optoelectronics, holography, and IR quantum electronics ma€na, particularly during the high-resolved femtosecond tem-

terials engineering, particularly as a material for IR fibers.porary effects. . o _
The range of light transmissio of the obtained glasses = We perform complex investigations of IR photoinduced

falls within the range 0.65—4@m at the level 25—50 %see influence on nonlinear optical properties; particularly we in-

Fia. 1. Th high phot hanical stability t vestigate the optical second-harmonic generat®iiG), de-
4"‘% Gi/v/cn%yzpossess 'gh photomechanical stabiliy to scribed by the polar third rank tensors, and two-photon ab-

These glasses, due to peculiarities of their chemica?orption(TPA)’ described by imaginary part of fourth-rank

5 . . . nonlinear optical tensors, in order to clarify the physical
content; cquld be mterest.mg for IR photomduced effepts. echanisms responsible for the photoinduced changes in the
Some physical and chemical properties of the mentioned . ;

. iddle infrared spectral range.

compounds were described by several authérsut to our
knowledge, there is no work devoted to the influence of ex-
ternal IR laser light on their basic optical properties, particu-
larly on nonlinear optical susceptibilities. The problem of
photoinduced changes in glasses is well developed for chal-
cogenide glasses and /S particularly®~* But in the
mid-IR spectral range the nature of photoinduced changes of
the optical properties of glasses remains unknown. As a con-
sequence in the present work we perform the photoinduced
nonlinear optics measurements in the,Pes-CaCl-PbCl ! L ' '

o . . 10 20 30 40
glasses to test a possibility to use this material for IR non- Afum]
linear optics electronics. To clarify mechanisms and origin of
the photoinduced effects and contribution of particular struc- FIG. 1. Phototransparendyof the As-Te-CaG}HPbC}, glasses.
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' formed using a boxcar IR bolometer with the gain time of
374 ps. The presented data are obtained after averaging over
€0, \\ST @ the large sample surfacésp to 1.0 cm). The absolute value
of the output photoinduced SHG is about f0compared
with the input probe C@ intensity. The optimal sample
" thickness for achievement of maximal SHG signal lies
M L c0 within the 1.24—-2.76 mm range.

Using a ZnSe beamsplitter and proustite delaying line, the
goz laser beam was split into two beams at 1gu®. Our
apparatugsee Fig. 2 allows us to vary delay time between
the pump and probe light for the different wavelengths. At
(i/he same time, the equipment allows us continuously to vary

experimental nonlinear optical methods. The experimentallyldnt Power and light polarizations. The IR energy fluence is

obtained results for the photoinduced SHG, TPA Versuscontrolled using the GENETIC 5.M electronic boxcar with

i ; P te about 220 ps.
pump intensity, temperature, and delaying time are presenté# _ g
in Sec. Ill. Theoretical analysis of physical mechanisms 1N€ Separation between the output SHE=5.3um),

causing the photoinduced nonlinear optics effects on &)u_mping CO()‘:_S'S'“m) orh(5—13 um) light is achi(;ved
ground of ab initio quantum chemical calculations and USiNg an IR grating monochromator IRG-8.96-M with spec-

molecular-dynamics simulations is presented in Sec. IV. tral res;olution of 0.055u_m/mm._ The SHG intensity is mea-
sured independently using digital RIR-34 IR bolometer with

accuracy up to 220 quanta per pulse.
Il. EXPERIMENTAL DETAILS The TPA signal is obtained from the pump-dependent ab-
A. Sample preparation sorption features. The measurements are carried out in the
. . . single-pulse regime, with a pulse frequency repetition of 8
The investigated glasses are synthesized by methods dgy, "3 the tunable pulse duration within 3.7-79 ps. To

scribedtint. Re];' 15 1I—khel upp;er ang onvelrzli(r)nits do;gl(eg, Y evaluate TPA coefficieng we use the expression FIL
concentration for bulk glass tormation IS _.2.U an mo °’—,8/’|p, where/ is the thickness of investigated sample,

resp(_actively. The third con_"lpound Ca;@lnhance; the glass o4 pT is intensity dependent phototransparency for pump-
forming tendency of the binary system. The binary systen]ng wavelength

As,TeyCaCl cannot form bulk glass due to the higher field * "o o5ch pulse we measure separately the signals of the
strength of the C& ion. Concentration of Pbglas varied ump, probe, and output pump plus probe intensities. After
within 12—-21%. Specimen homogeneity determined by X-ray, o . the-surface averaging we obtain the values of the TPA

diffraction (XRD) and optical polarized methods is about ;qeficient. We extract scattered and reflected background

6.5%. Maximal average sizes of the samples vary within theassuming Gaussian-like shape of the probe, GGer beam.
sizes 5<3x 7 mn¥. Scattering background was less than Stability of laser intensity is higher than 0.6%. But in order

0.4%. to avoid errors connected with the specimen nonhomoge-
. . nates we will present the obtained nonlinear susceptibilities
B. Experimental technique (SHG and TPA in the arbitrary units. We vary also laser

The experimental equipment for performing photoinduceoSPOtS within the 80—209)Lm_ to exclude dlffer_ent dlffractlp_n
measurements of nonlinear optical susceptibilities is showRhenomena. All the specimens are supplied by additional
in Fig. 2. We use two different kinds of pump and probethermopower bolometer fqr control of specimen hegtmg. As
light. In the first type, light from CQ laser is split by a @ criterion of thermostability we have chosen relative local
semitransparent ZnSe pla@T) into two beams: the first one t@mperature changes less than 0.1 K. _
is propagated through the polarizBd, the second one is We carry out the measureme_nts for fixed pumping wave-
doubled or parametrically passed through the lindar  'ength of 10.6um and by varying the probe wavelength
wavelength parametrical A§sSe generator, that gives within the spgctral range 5—2,@m. Degree of polarization
light with continuous wavelength varying within the spectral for the pumping and probing light is equal to 96-98 % de-
range 7—15m. This beam propagates through the sangple P€nding on the spectra wavelength. _ o
and interacts with the glass sample. Therefore we are able to AS & consequence, we are able to vary light polarizations
detect an interaction between the pump and probe lasdioth for incident as well as for output light. The pumping
beams and to detect the wavelength mixing two-photon pro@d probing beams are synchronized in time within 450 fs.
cesses, that give information concerning the nature of thd "€ Polometer integrates the energy fluence with a time reso-
observed TPA processes. In the second experimental georition up to 0.45 ps. Intensities of the beams were changed
etry, we use a pulsed CO lasefA=5.5um, P using the proustite prisms. Time delay betv_veen_ the pump
=12-29 MW, 7=0.44—80 ps, frequency repetition 8—15 and p(obg bearr_l is changed by ZnSe delaying line. All the
Hz) with wavelength of 5.5«m for IR pumping light. The detection is carried out using h|gh-t|me—re§olved spectroana-
probe CQ laser beam(\=10.6 um, P=46 MW, 7=0.9— lyzer SA-165 connected with the 40 ps gained boxcar.

50 ps, frequency repetition 8—15 His used to calibrate the
observed nonlinear optical output signal. The laser frequency
and pulse duration is chosen to avoid a local nonequilibrium The measured dependencies of the photoinduced SHG in-
specimen overheating. Control of the pulse energy is pertensities(\=5.3um) as a function of pump pulse CO laser

ozl
—

FIG. 2. Experimental setup used for the measurements of th
photoinduced SHG and TPA in the investigated glasses.

In Sec. Il we briefly describe specimen preparation an

Ill. EXPERIMENTAL RESULTS
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FIG. 4. Dependences of the photoinduced TPAa6.3um, in
FIG. 3. Dependences of the photoinduced SH&=5.3 um, in arbitrfelry units, Yersus pum.p-probe time delay at different tempera-

arbitrary units, versus photoinducing CO laser and temperdttine: tures:(+) 4.2 K; (©) 8.6 K; (O) 16.3 K.
4.2 K; (©) 8.6 K; (1)) 16.3 K; (O) 22.4 K. All the measurements 150 noints. They? parameter of student statistics was not
correspond to the time delay between the probe and the pump ligh{nrse than 5%.
of about 25 ps. To investigate fourth-order nonlinear optical effects we
measure TPA for geometry corresponding to the,, tensor
component corresponding to collinear polarizations of the
fpump and probe beams. The off-diagoyal,, tensor com-

onents show the output signal at least half an order weaker.

(A=5.5um) integrated exposure time for different pump
fluences are presented in Fig. 3. We have found that wit

Increasing power .Of th_e pump CO-Iaser_ pulse_s the .SH Continuously varying time delay between the pump and
maximum output signal increases and achieves its maximury;ohe heams we observe two TPA maxitsee Fig. 4 The
at CO photon fluxes within the 0.86-1.38 GW/cdensities  first one occurs at a delay time range within 18—41 ps and
per pulse. Maximal output SHG signal is observed for col-continuously increases up to 10-48 ps with decreasing tem-
linear polarizations of probe and pump light beams and inciperature up to liquid helium temperatufeHeT). Several
dent angles lying within 3—6°. We have revealed also thatimilarities between the temperature dependences for the
the lowest scattered background was obtained for the spot ghotoinduced SHG and the mentioned TPA maximum could
probe laser beam about 92—34m. All the photoinduced be observed. The secc_)nd time-depe_nd_ent TPA maximum is
changes are reversible with precision up to 0.014%n- temperaturg4.2—-17 K independentwithin the 62-99 ps
trolled by the phototransparency This narrow maximum shows a weak temporary asymmetry.
For delaying times higher than 100 ps the output TPA signal

The maximal intensity of the output SHG is achieved forbecomes very lowcomparable with the noise backgroind

the time delays about the 27 ps and at low temperaturefhe absolute TPA values are changed within 1.27-1.44 cm/
(below 20 K. The results are presented versus temperaturg,

and one can clearly see that decrease of temperature below T'o understand the spectral distribution of the TPA signal

22 K enhances the output SHG signal at least four times. A}o carry out measurements versus the waveleggtthin

16.3 K the shape of the SHG is very sharp versus the pumg,e spectral range 10—4@m) at different temperaturesee

light intensity. The next decrease of the temperature belovp:ig_ 5. All the measurements were conducted for the delay-
10 K leads to appearance of a flat maximum within the 1.18-ing time at about 22 ps. One can see that the maximal TPA
1.53 GW/cnt atT=4.2 K. At temperatures higher than 60 K signal is achieved within the spectral range 21248 at

the SHG signal is commensurable with the light-scatteringr =4.2 K and its range increases up to 18—3a8 for LHeT.
background. One can see also several asymmetries in tfhis fact indicates on a correlation between the temperature
observed behaviors. The maximal observed absolute SH&nd the IR modes. For reliability we control the signal at
values are more than one order less compared with0.6 um as well as 5.3um.

AgsAssSe crystals for they,,, (A=10.6um) nonlinear op- Picosecond relaxation times indicate substantial contribu-
tical susceptibility tensor components. The photoinducedion of electronic subsystem playing in the observed photo-
SHG signal relaxation time does not exceed 0.9 ps and dénduced changes. As a consequence the photoexcited vibra-
creases up to 0.6 ps for temperatures higher than 35 K. Aliions contribute to the time-resolved susceptibilities due to a
the measurements are done during CO pump illuminatiomigh value of electron-vibration interaction constants and
and the presented values correspond to maxima of the SHRigh concentration of photoinduced vibration modes. Stabil-
output signal after statistical averaging through the specimeity of the observed spectral dependences was higher than 0.2
surfaces. For each point we obtain the statistics of more thagm. Intensities of the photoinduced IR modes are repro-
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FIG. 5. Spectral dependences of the TPA, in arbitrary units, at F|G. 6. Spectral dependences of imaginary part of dielectric
different temperatures:+) 4.2 K; (¢) 8.6 K; (1) 16.3 K; (O) 22.4  gysceptibilitye,(E): (O) before IR photoexposuré ) during IR
K. photoexposure of 1.2 GW/dn(—.—.—.—) theoretically calcu-
lated without inclusion of excited statels; — —) with taken into
duced with reliability of about 3.6%. All the measurementsaccount the configuration interactions.
are made during illumination. They show the full reversibil- ] ] ) ) )
ity after the applied photoinducing signal. In multiple multiconfiguration self-consistent-field(MCSCPH approach

H H 25
photoexposure-thermoannealing cycles these changes of opcluded in thecavmes program:” On the ground of the op-
tical density can be repeated with a small irreversible com!imized structural geometry appropriate eigenenergies and
ponent(of 0.1—0.24 %. eigenvectors are calculated. The latter are used for evaluation

of the electron-vibration states playing a chief role in the
nonlinear optical susceptibilities. The long-range contribu-
IV. THEORETICAL SIMULATION AND DISCUSSION tions are taken into account using the quasicrystalline ap-

The above-obtained experimental data unambiguousl?roa_cg 155u2(:50t237ssfully applied by us to the different disordered
show essential influence of vibration subsystem on the nonmedia™=>>"
linear optical susceptibilities. At the same time electron vi- As a criterion of the quality of our model we compare the
bration should play an essential ralguasiphonon interac- calculated by the mentioned method spectra of the imaginary
tions). Therefore in our considerations we will pay specialPart of dielectric optical susceptibility,(E) with the experi-
attention to electron-quasiphonon interactions, particularly tanental spectra obtained from ellipsometry measurements
anharmonic renormalizations of vibration subsystems. (see Fig. 6. In Fig. 7 are presented corresponding dependen-

We carry out molecular-dynamics geometry optimizationscies of £;(E) obtained experimentally and calculated with
using the hybrid Becke’s methtd??involving the starting ~ inclusion of the long-range solid-state interactions. One can
basis from thesaussiaN 94 program?® Polarized correlation See a good agreement between the theory and experiment.
consistent double basig*is used within the discrete Fourier Several discrepancies in absolute values and shapes reflect
transform (DFT) procedure. Geometrical parameters ob-probably electron-quasiphonon renormalization. With in-
tained by the mentioned method are proven to reproduce tHgeasing IR photoinducing power one can see several shifts
experimental RDF datgésee Table )l within 0.07 A. The of the main optical modes originated prevailingly from the

nondynamic correlations are taken into account within the#SAs-5pTe electronic terms. This confirms the essential role
of strong electron-quasivibration interaction in the observed

TABLE |. Experimental RDF distances for the first and secondphenomena. In the calculated spectra we are not able to take

coordination sphere of the main chemical bonds. into account trapping levels of essentially modified obtained
spectra.
Chemical First coordination Second coordination Therefore we perform calculations for the vibration basis
bond sphergA| spherglA| set remormalized by electron subsystems. Second derivatives

of an electrostatic cluster potential with respect to given nor-

As-Te 2.56%) 3.2486) mal coordinates are calculated numerically with precision up
Pb-Cl 2.5148) 3.3013) to 0.0021 hartree for the main chemical bonds presented in
Ca-Cl 2.8142) 3.5616) Table I. The latter are used for determination of force con-
Te-Te 3.0013) 4.0861) stants. An eigenenergy of thieth vibration mode is ex-
Pb-Pb 3.00@) 4.1249) pressed as

CI-Cl 2.8997) 4.5680)

Q(vi) =2Quo( vyt 3), 1
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W (Q)=4(h/2m) " 2c*H g X (r)(Er— Q) 2B~ (Qy),
(4)

whereH is a sum of they and ¢ levels widths,E;z is an
energy of the IR photoinducing beaf}, denotes &th vi-
bration energy andy(r;) is a degeneration degree of the
corresponding electron energy levels.

The parameteB ™ () is equal to

a(n) 9(§)

B (=2 X
7 3

{%: (7,70 Ve-pn(r @, 10+ 1){¢|d| )

x<Eg—En+Qk>*l+§ (nld|¢)

X(@,n0|Ve-pn(r)€ ma-1)
2

X(Eé—En—Qk)1] 6, )

where ¢ denotes a virtual intermediate excited vibration
state,d is an electric dipole moment for a given optical tran-
sition; 7o and 7,¢,¢ correspond to electronic and vibration
states, respectively. The sums are performed over all degen-
erated initial and final states. The notati@rdenotes an av-
erage with respect to occupation numbers of the quasiphonon
states for quasiphonons with frequer@y. In order to take

into account occupation dynamics due to photoinduced
changes we build the systems of population differential

equations:
o) danoldt=—3 Ag, [ [Bou(t=1n,1+3 (Aaun).  (6)
FIG. 7. Changes of electronic charge-density distribution for the

AsTe, clusters:(a) before photoexposure arftl) after photoexpo-
sure with an increment 0.430). dn,/dt= _é Apa | [Bap(t— T)Inﬁ]+§ (AapNa), (68
where Qko:(h/27'f)(fk/,l/«k_)71/2/2 is the zero-point motion wherel is the power density of IR photoinducing power, the
energy andv=0,1,2 ... is thevibration quantum number occupation of the ground states, is the population of the
associated with the following wave function: ath state, and-is delaying time between the pump and probe

_ Va v 1112 beams. Coefficients of thB,, and Ay, are induced and
Wi(Qu) = (2Qo/m) (2w spontaneous Einstein coefficients between the grédnaind

X expl — Qkoﬂﬁ) H,[(200)Y2Q, ], ) excited(a) states are

whereH (x) is the Hermite polynomial. The obtained har-  Ag,=87w3|dgal?NeoNphol 1~ Nea) (1= Npha)/30C3,

monic vibration wave functions serve as a basis for the fol-

lowing evaluations of electron-vibration interactions. Bo.=C3Ao,/ mhw?. (7)
An electron-phonon interaction potential was calculated

in a nonlinear approximation: Here n¢, and nyp, correspond to the Fermi-Dirac and
Bose-Einstein carrier distribution of the ground state for
N @2 -1/2 _ _ -3 electronic and vibration states, respectively. These terms in-
Vepnl(r)=e %:s Mins"| Zms(Ts = Umg) [T~ Und clude the temperature-dependent term. We have taken into
account 24 relatively stronger IR oscillators. As a conse-
guence we resolve the set of 24 differential equations taking
3 . ”
into account the broader conditions.

Our calculations show that the dominant role in the cor-
whereM s andZ . are the effective ionic mass and charge;responding photoinduced optical susceptibilities give the
the corresponding ions are numbered royand s, respec-  As-Te cluster because only for the mentioned cluster is es-
tively. Theuns e VeEctor is a relative displacement of two sential redistribution of the electronic charge density under
ions from their equilibrium positions; andrg, . Probability  photoillumination observedsee Fig. 7. For the Ca-Cl and
of a one-phonon transition is equal to Pb-CI clusters the changes are relatively srigthaller than

- 2 Zm's’(rs’_um's’)|rs’_um’s’|73 )
m's’
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2.4%). This is confirmed by calculation of the matrix dipole
moment that in the case of the As-Te cluster is equal to 0.975
D. At the same time, for the Ca-Cl and Pb-CI clusters the
total dipole momentum is equal 0.03 and 0.08 D, respec-
tively.

Therefore we can conclude that the As-Te clusters play a
dominant role in the appearance of the observed photoin-
duced changes for the investigated glasses. Moreover, from
comparison of Fig. @) with Fig. 7(b) one can observe an
appearance of local noncentrosymmetfagentricity in the
electronic charge-density distribution. The latter is very im-
portant for the nonlinear optical susceptibilities. FIG. 8. Theoretically calculated dependences of the photoin-

To understand the temperature dependencies we considéuced SHG foh=5.3 um, in arbitrary units, versus the intensity of
the contributions of the vibrations subsystems both due to théhe photoinducing CO lasep, and temperaturd.
harmonic as well due to the anharmonic electron-vibration
contributions: (o) L e3_NIAD” D (Oli|a){alj| B){B|K|O)

Xijk " =32 T Tiik ot o) (0t w)

SHG [arb. units]

B (0=ClAr ML (1,00, @ (Olile(alil)(BIKIO)

(0= 20)(wg— )

WhereGﬁ/,(rf) is a Green functiorfy and y’ are numbers

of coordination sphejedefined as i (Ofi){alkIB){AIi]0) (12)
(0t wg)w,—w) |’
GIL (r) =2 {(nlVepn(rile)(eldlé)
¢
i (o) 1 ENL
+(nldl e} @|Vepn(r)|E)HE,~E,) " Xk =72 51 Pijk%
9 . . .
. o > (Ofila)(alj|B){aljl v){v[1|0)
The resulting expression is &Fy | (0,0—20) (00— 20) (@ 400— ©)
(0j|a)(ali| B){alil v){~]10)
’ ’ * — —
GIL(r} 0= KLDKIrQF-02=i8) L, (10) (00t @)(@po=20) (0= )
T . .
(0j|a)(alk|B)(ali|y)(¥I!|0)
where the coordinateK}(r{) are obtained for a given vi- (030F @) (w01 20) (@400~ @)
bration type from the states renormalization. Numerical cal- : .
culations are performed with accuracy up to 0.02 hartree. n (Oljla){alklB){alill v)(~10) (13)
To include the lattice deformations into the Green func- (0301 ©) (gt 20)(w40+ 3w)

tion, we take into account deformation localization allowing
us to use the Dyson relatioA%.The deformation potential
and corresponding charge defect perturbance determine théere the(ali|8) are the dipole matrix momenta between
potential operatol) and the @ and B electronic quasiband stateB,is permutation
operator,N is the concentration of the effective electron-
vibration states, the summation over theneans summation
over the whole effective molecular sphere. The TPA coeffi-
cients are evaluated as the imaginary part of the fourth rank
tensors.
, , The use of the calculated MO electronic states and wave
where G{},(0) and G}},(1) are the Green functions for functions renormalized by the harmonic and anharmonic in-
harmonic subsystems and disturbed by anharmonic electroteractions allows us to estimate the time dependencies of the
vibration potentialU, respectively. matrix dipole moments. In Fig. 8 are presented dependencies
The relation between the real and imaginary parts of thef calculated photoinduced SHG versus temperature and
Green function are obtained using Kramers-Kronig disperpumping power. One can clearly see good agreement with
sion relations. In order to explain the observed dependencigbe experimental datdsee Fig. 3 The observed low-
it is necessary to carry out evaluations of the time-dependenémperature increase of the corresponding nonlinear suscep-
nonlinear optical susceptibilities. Calculations of the thirdtibilities reflects essential redistribution of the occupation be-
and fourth rank nonlinear optical susceptibility tensors haveaween the ground and intermediate state. Polarized
been carried out using the following expressiohs: photoinducing power creates a large number of IR polarized

GXX.(1)=G)X.(0)+GXX,(0)UG}%.(1), (1D
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FIG. 9. Theoretically calculated dependences of the TPA for

A=0.53um in arbitrary units versus pump-probe time delay and FIG. 11. FTIR measurement of the optical densyversus
temperatures. external photoinduced IR light of different intensityn GW/cn).

the first case favors an appearance of additional maximum
. . due to the retardation between the intermediate levels in Eq.
phonons that, due to relatively high value of electron-

vibration in the As-Te cluster, stimulate an appearance °¥ In order to obtain information concerning the origin of the

noncentrosymmetry demonstrated in Fig. 7. The latter playgpseryved photoinduced changesntribution of the particu-

thel key role in the optical SHG described by the third-ordeng, stryctural fragments, partial sensitivity to the structural
polar tensors.

o _ fragments to the IR illuminationwe carry out Fourier trans-
The acentricity is caused mainly by the electron-formation spectroscopy measurements at temperatures at

quasiphonon anharmonicity described by expressidits  about 20 K. In Fig. 11 are presented spectral dependencies of
(10) and increase of temperature due to essential reorientadditional optical densityp measured by Fourier transform
tion of the particular clusters suppress the observedhfrared(FTIR) for the AsTe;-CaClL-PbCl, glasses. One can
noncentrosymmetry. As-Te-Ca-Cl bridges contribute also t@learly see an essentially different change of additional ab-
the observed effect, but their influence is relatively weaksorption for the modes corresponding to the As-Te at 321
(less than 1.6%and it will be a subject of a separate work. cm * and other structural fragmentfor example, Pb-Cl at
The observed behavior indicates also the occurrence of 430 cmil). This result confirms our calculations that the
low-temperature structural rearrangeméptobably order- electron-vibration modes of the As-Te clusters play a key

ing) of the structural fragments which can be detected by theole in the observed IR photoinduced phenomena.
CO-laser photoinduced SHG.

The performed calculations of temperature dependences
of the TPA versus the delaying tin{Eig. 8 and wavelength
(Fig. 9 show also a good correlation with experimental data.
Several discrepancies appear in the absolute values of the We have revealed an essential influence of IR laser light
corresponding susceptibilities. From the performed calcula®n the nonlinear optical susceptibilites in  the
tions we have found the dominant role of the vibrationsAS:Te€;-CaCh-PbCh glasses. We have shown that with an
modes(within the 8—22um spectral rangeeffectively con-  increasing photoinducing CO-lasé¢k=5.5um) exposure,
tributing (higher than 68%to the mentioned photoinducing the CQ (A=10.6um) SHG maximum increases and
and temporary dependenci@ee Fig. 10 An appearance of achieves its maximum at CO photon fluence 0.85-1.10
the additional delaying maxima for the TPA contrary to the GW/cnt per pulse for pump-probe delaying time of about 22
SHG is the result of the fourth-step photon processes de?s. A good correlation between the TPA and SHG tempera-
scribed by Eq(13). In the case of the SHG we deal with the ture dependencies was shown. The key role of the vibrations
three-step process. As a consequence such additional stepdfd electron-vibration anharmonicity within the 8—2n

was revealed.

The absolute SHG values were more than one order less
comparing with ZnS crystals in case of jis,, (A=10.6um)
tensor components. The relaxation time of the photoinduced
SHG signal did not exceed 0.95 ps. Our molecular-dynamics
geometry optimization and quantum chemical calculations
unambiguously show that the photoinduced noncentrosym-
metry is caused solely by the electron-quasiphonon anhar-
monic interaction within the As-Te terahedra. There exist at
least two maximgat 19—-39 ps and 67—-84 pm the high-
resolved temporary dependences of TPA originating from
the anharmonic electron-vibration renormalization of the
MO electronic states in the mentioned glasses. The dominant
FIG. 10. Calculated spectral dependences of the TPA versutole of the As-Te cluster contributing to nonlinear optical

temperature. susceptibilities was revealed both theoretically as well by the

V. CONCLUSIONS

TpA [arb. units]
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Fourier spectroscopy and ellipsometry measurements. Exhe essential asymmetry of the quasiphonon and electronic
perimental data indicate an essential difference of thenolecular-orbital states interaction for the tensors of differ-

electron-vibration interaction in the case of the third- andent ranks and different temperature occupation of the particu-
fourth-rank optical susceptibilities. This difference reflectslar electron-vibration states.
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