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Second-harmonic generation spectroscopy: A technique for selectively probing excitons
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We show that second-harmonic generat{SilG) and sum-frequency generatié8FQ are selective tools
for probing excitons. In SHG and SFG measurements performedsgard CuCl films we observe Frenkel
and Wannier excitons, respectively. On the other hand, no second-harfsaniefrequency intensity en-
hancement was observed at energies above the conductivity gap. This is in strong contrast to, for instance,
one-photon and two-photon absorption experiments. The selectivity of SHG and SFG for excitons compared to
interband transitions can be explained in terms of coherence of the respective excitation processes.
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[. INTRODUCTION closer to the conductivity gap. The valence band of CuCl is
formed by a hybridization of the filled ¥3p® noble-gas
Second-harmonic generatié8HG) is mostly known as a  shell of CI" ions and the @ shell of Cu" ions!® The
surface and an interface sensitive tool for materials whictconduction band of CuCl is predominantly formed by Gu 4
have inversion symmetryHowever, SHG can also be used orbitals. Coupling of the electrons in the lowest conduction
as a powerful spectroscopic tool. For example, it is possibléand to holes in the highest valence bands gives rise to the
to observe linear opticalelectric-dipolg forbidden transi- edge excitons, the so-called; and Z;, Wannier
tions using SHG° Despite that nonlinear optical spectros- excitons'**° The conductivity gap of CuCl is about 3.4 eV.
copy is still not a very common technique, since the arrivalGoldmani® and Saitoet al'® deduced this value from the
of the optical parametric oscillator more papers are presenexcitonic fine structure in their optical spectra.” ioh
ing frequency-dependent SHG spectra, revealing the striat all’ and Reimanret al!® found the same value for the
selection rules and the selective power of this technicfidl®.  conductivity gap of CuCl from their two-photon absorption
In this paper we present second-harmonic and summeasurements.
frequency spectra from (g films and CuCl films. For both By measuring the SHGor sum-frequency generation
materials the excitonic states and the conductivity gap ar€SFG)] in the energy region containing thezdCand CuCl
covered by the available frequency range. This allows us texcitons and their conductivity gap, we observed a remark-
investigate the different way in which these excitations ap-able difference in the second-harmonic intensity at the exci-

pear in nonlinear optical SHG. ton energies and at the conductivity gidp.
Solid G4 is an example of a molecular crystal, which
exhibits semiconductor behavior in certain respects. One ex- Il EXPERIMENTAL SETUP

ample clearly demonstrating this behavior is the Frenkel ex-
citons found in G,. These excitons propagate via a charge- The main part of the experimental setup is a Nd:YAG
transfer-mediated mechanigm. (yttrium aluminum garnetlaser, which produces pulses of
The conductivity gap of solid & is about 2.3 eV, as was approximately 8 n§full width at half maximum(FWHM)] at
found by photoconductiviffand by combined photoelectron a wavelength of 1064 nrfl.17 e\j with a repetition rate of
and inverse-photoelectron spectroscopyVell below the 10 Hz. The second and third harmonic of the Nd:YAG laser
conductivity gap several Frenkel excitons are present. Thesare used to pump a dye laser and an optical parametric
originate from the lowest intramolecular excitations, i.e.,oscillator (OPO), respectively. The pumping of the OPO
from the highest occupied molecular orbit®ddlOMO), the  and the dye laser can be done either separately or synchro-
singlet h,, to the lowest unoccupied molecular orbital nously. The synchronous configuration was needed for
(LUMO), the singlett;,,. Due to the Coulomb attraction be- the SFG experiments. All the measurements were performed
tween the electron and the hole, the HOMO-LUMO excita-in ultrahigh vacuum (UHV) (base pressure of about
tion are split into a multiplet of four states Wifﬁ'lg, 1ng, 5% 10 % mbar) with a fixed geometrythe angle of inci-
1G4, and 'H, symmetry, respectivelysee also Fig. 3 in dence is 45°). A reference quartz crystal was used to correct
Ref. 6. Since the ground state is A, symmetry, all four ~ for changing laser characteristics such as pulse-to-pulse am-
Frenkel excitonic states are optically forbiddéelectric-  plitude fluctuations. For the temperature-dependent measure-
dipole forbidden. However, the'T,, state is allowed for ments a He-flow cryostatOxford, Ultrastat was used
magnetic-dipole transitions and tHél state is allowed for (4-500 K).
electric-quadrupole transitions. These are, therefore, observ- We grew 250-nm-thick g films in situ by evaporating
able in a SHG experiment?as we will see below. Ceo (purity better than 99.99%) from a Knudsen cell onto a
In contrast to the molecular behavior ofC CuCl is a  MgO substrate at UHV pressures below 20~ ° mbar. The
semiconductor with ionic character. Hence its excitons aré€gy data were taken usingm;,,— poy: (M—p) polarization
typically Wannier excitons, which are energetically muchcombination, wheren denotes 50%p- and 50%s-polarized
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. . FIG. 2. The black dots are the SFG data obtained when the two
FIG. 1. Spectroscopic SH@ray and SFG(black and white laser frequencies, and w, are scanned simultaneously so that

from Ceo film. All these resonances are resonarllt at the fundament w1+ hw, is constant at 3.757 eV. Their agreement with the SFG
hw, energy. For each experiment corresponding second-harmomé: .
ata, where only one laser was scanetite marks, proves that

and sum-frequency energy 1S |_nd|<_:ated in the UPREAXIS. Al this resonance is resonant at 2.02 eV and not at 3.7Ge&'the two
hw,;=1.826 eV there is the exutonlelg state (magnetic-dipole x axes in Fig. 1

allowed. Due to mixing of this state with thénearly degenerate
1Gg state a second peak at 1.866 eV arises. We assign the reso-

nance at 2.02 eV to théTy, state coupled with thé,,-phonon  gpjitting in the G, SHG spectrum to indirect interaction be-
mode, and the one at 2.3 eV to the excitonld state[electric-  ween Frenkel states, transmitted via the charge-transfer
quadrupole(EQ) allowed]. All the data are taken at = 78 K, manifold.

except the black circles. However, the enlarged spectrum in the . . . P .

inset shows that there is no difference between the EQ data taken gt Tfleztglzrd r\1/0r\1,|\|/neabr Optlczltl;]e_sonance n F.Ig' 1SIIS;§t abouj[

78 and at 4 K. w,=2.02 eV. We observed this resonance in a experi-
ment, where the OPO was scanned fromiw,

) ) _ =1.908-2.102 eV(590-650 nmy and the dye laser was

light. The CuCl film, 2.3.m thick, was grown by evaporat- fixed atfiw,=1.742 eV(712 nm. However, from this mea-

ing CuCl powder(purity of 99.995%) at 763 K on @ MgO syrement alone it is not possible to determine whether the

substrate. The film growth was done in a separate UHVjpserved resonance is A, =2.02 eV or ath(w,+ w,)

chamber at a pressure of about 10" ° mbar. For all CuCl  —3 76 ev. Therefore, we also scanned both lasers together,
measurements we used tisg —poy: (S—p) polarization  yhijle keeping the sum frequency constant at 3.757(330
combination. nm). The result is plotted in Fig. &losed circles The sum-

frequency intensity coincides nicely with the data obtained at
fixed 2w, and varyingfw, (open diamonds This clearly
demonstrates that the resonance is at the fundamental fre-
Figure 1 shows the combined spectroscopic SHG anduencyw; and not at the sum frequenay; + w-.
SFG data from the & films taken at low temperatures. We  The resonance diw;=2.02 eV could only be observed
observe four resonances within the available frequencyn a SFG experiment in which the sum of the two laser fre-
range. guencies was close t93.76 eV, in other words, close to the
21T,, state(electric-dipole allowel In a SHG experiment
where the sam& w, frequency range was used as in the SFG
A. The resonances at 1.826, 1.86, and 2.02 eV case no resonancé Waqs obsgr(léigg 3). The SHG data were
The first second-harmonic peaks 7ab=1.826 andhi taken at room temperature. However, the temperature differ-
=1.86 eV were presented and discussed in previouence cannot explain the absence of the resonance, since a
papers 2% Koopmanset al. demonstrated that the second- SFG measurement taken at room temperature also shows the
harmonic resonance &tw=1.826 eV (Ref. 2] is due to a  (slightly shifted resonancdsee Fig. 3. This means that for
magnetic-dipole transition which is optically forbidden, and our experiments it was necessary to be on double resonance
the transition was assigned to tHé'lg Frenkel excitonic in order to have sufficient sum-frequency intensity enhance-
state?® The resonance dtw=1.86 eV is only present be- ment.
low the rotational-ordering phase-transition temperature of There are two possible origins for this resonance around 2
260 K8 We explained this by anixing of the nearly degen- eV: (a) the electric-quadrupole-allowedHg state or a
erate 1Tlg and lGg free molecule states, which is only pos- charge-transfer excitonic state, (@) the 1Tlg state coupled
sible in the low-temperature pha¥eCalculations done by via the Herzberg-Teller mechanism with a vibrational mode.
Munn et al?2 support our assignment of the low-temperatureWe first discuss cas@).

IIl. FRENKEL EXCITONS IN C ¢,
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(o, + o,) (V) much higher peak power than our nanosecond laser, they
3685 370 375 380 385 have an enhanced sensitivity to SHG. A% a result, Kuhnke
T B e B B P et al. do observe the resonance at 2.02 “eMowever, as

= o SFGT78K ] noted before, in a SHG experiment it is not possible to dis-
%) ® SFG300K . . .
E 002F o sHG300K 1 tinguish whether the resonance is @tor at 2w. Kuhnke
2 ] et al. propose, that the transition at 2.02 eV is due to a
8 3 ] double resonance with a transition at 4.04 eV and the vibra-
OE ii §§ ] tional structure of thelT1g state peaking at 2.02 e&/How-
L 001f g ever, from our SFG measuremetftg. 2) we can clearly see
S i%% %Hﬁ 1 that the resonance at 2.02 eV is at the fundamental fre-
8 ] quency. Furthermore, the absence of a resonance in our SHG
g §§ ¢ %§§§§§§ ] experiment does not support the existence of a transition at
0.00 | % 3 1 4.04 eV.
e Kuhnke et al. notice that the absorption spectra show a
Lo 1 20 258 210 minimum at 4 eV, and they propose &3, state as the
T, (eV) possible origin for the 4.04-eV transitiériThe main reason

of Kuhnke et al. not to assign the 2.02-eV peak only to the

FIG. 3. The SFG resonandgircles at aboutfiw;=2.02 eV 1Tlg state+ phonon is that this transition is electric-dipole
was found at room temperature andlat 78 K while scanningiw;  allowed. Since they observe at the fundamental energy 1.35
and keepingfiw, fixed at 1.742 eV. The gray diamonds are the eV the electric-dipole transition between the HOMO and
result of a SHG experiment, performed with the safne; fre- LUMO +1 (of 2.8 eV) and this peak is very weak, they argue
quency range as input frequency. The SHG data do not show anhat an electric-dipole transition would gain intensity only at
resonance. the surface and not in the bulk. As a result, they conclude

from the large second-harmonic intensity of the electric-

Assigning the 2.02-eV resonance to tﬁblg state (the  dipole transition atiw=2.02 eV that it needs to be doubly
highest energy state of the multiplet splittingould yield a  resonant. Based on the experimental data presented in this
multiplet splitting of about 0.20 eV. This is much smaller paper it is not surprising that a second-harmonic resonance
than expected, since Neget al?® calculated the multiplet from a state above the conductivity gap appears to be very
splitting between the HOMO and LUMO states and found aweak. We will return to this point later. Here we would just
splitting of about 0.35 eV. Furthermore, Shirleyal?* in-  like to state that Kuhnkeet al. expect that the dipole
cluded electron-hole interactions in theib initio calcula-  (electric-dipol¢ contribution will be smaller than the quad-
tions and found a multiplet splitting of 0.5—0.7 eV. Since therupole (electric-quadrupole and magnetic dipoleontribu-
charge-transfer excitonic states are expected to lie above tfi@n, since the first originates from the surface and the later
'H, state?® they can also be excluded as candidates for thérom the bulk. On the other hand, one might expect intu-
2.02-eV resonance. itively that the dipole process dominates over the quadrupole

Case(b) seems more likely, and is supported by othereffects, since the atomic dimensions are much smaller than
experiments as well. Muccingt al?® claim from their the wavelength of the light uséd?® Koopmans pointed out
optical-absorption measurements on single crystals gf C that these two ideas are counterbalanced, and that to first
that the true origin of thelTlg state is at 1.86 eV. They order the dipole and quadrupole processes can be of compa-
observe a resonance at 2.03 eV as well, and assign this res@ble importance:

nance to alAg_’lTlg transition induced by thg;,-phonon A striking difference between the SHG spectrum of
mode with 0.179 eV (1440 cnt) energy. This is in agree- Kuhnkeet al® and our spectrurtFig. 1) is the intensity ratio
ment with the quantum-chemical calculations of Negral,  between the 1.83-eV peak and the 2.02-eV peak. Kuhnke
which show that the most intense false origin Jimlg is  etal.found a ratio of about 2, whereas Fig. 1 exhibits a ratio
v(ty,)=1437 cmt (0.178 eV of 15. The reason for this difference is that the spectrum of

In our SHG experiment the true origin of th&, state at Kuhnke et al. is taken at room temperature while our data
low temperature is not as clear as in Muccini’s case, due t§vere measured at 78 K. The second-harmonic intensity of
the mixing of the 1T, state with the'G, state. However, the resonance at:w=1.83 eV has a much stronger
this problem can be solved by taking the first moment of theemperature-dependericethan the resonance atiw
entire spectrum, which results in a mean frequency, i.e., & 2.02 eV(Fig. 3.
weighted average peak position. We determine the true ori-
gin of the 1Tlg state at 1.83 eVsee Fig. &) of Ref. 6. A
vibronic coupling with thet;, mode of 1437 cm® would
give rise to a peak at about 2.01 eV, in good agreement with The fourth resonance in Fig. 1 is at abdub,=2.3 eV.
our experimental observations. In order to be able to measure this resonance it was neces-

An alternative explanation for the 2.02-eV peak was pro-sary, as for the case of the 2.02 eV resonance, to perform a
posed by Kuhnke and co-workeétdhey measured an optical SFG experiment with: (w;+ w,)~3.7 €V, i.e., again close
SHG spectrum for g, using a fundamental energy range of to the 2'T,, state. A SHG experiment in the energy range
1.0to 2.3 eV. Since they use a picosecond laser, which hasfaw,=2.12—-2.38 eV (520-585 nm) yielded no detectable

B. The nonlinear resonance at 2.3 eV
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signal. We assign the resonanceiat; =2.3 eV to the exci- coherence, than a bound electron-hole pair. Since in a SHG
tonic H, state. This is in agreement with findings from experiment coherence is a prerequisite, a dephased excitation
other groups. Wilket al. found indications in their SHG ex- Will not contribute to second-harmonic intensity.
periments, that théAg to ng electric-quadrupole transition Another clear illustration of the direct relationship be-
is at about 2.33 eV? Kuhnkeet al® observe a peak d@tw  tween the second-harmonic intensity and the coherency of
=1.18 eV in their SHG spectrum, and assign this to thethe probed system during the excitation can be seen from the
electric-quadrupole transition to théHg state at Zw following: the second-harmonic intensity of the excitonic
—=2.36 eV. 1Tlg state in G increases strongly close to the rotational-
The large difference in second-harmonic intensity be-Ordering phase transitiofat 260 K down to about 200 K.
tween the electric-quadrupole transition at 2.3 eV and théince above this phase transition thg, @olecules are ro-
magnetic-dipole transition at 1.83 eV was predicted bytating uncorrelated, their motion leads to strofig)(dephas-
Koopmans>!! The electric-quadrupole-induced susceptibil- ing. It reduces the periodicity and the coherence of the sys-
ity should only be 10% of the magnetic-dipole-induced susiem. Below the phase transition thessCmolecules only
ceptibility, which means that the resonant intensities coulcBlternate between two equilibrium positions. Less dephasing
be different by as much as two orders of magnitude. Experiwill occur, resulting in an increase in second-harmonic inten-
mentally we find a difference in intensities of about 1.5 or-Sity. This enhancement is particularly large, since the
ders of magnitude. This discrepancy can be explained as fosecond-harmonic intensity is proportional to the square of
lows. G, is evaporated on a MgO substrate up to a thicknesthe number of coherent atoms or molecules involved. There-
of about 250 nm. This thickness was chosen to avoidore, dephasing processes such as rotations and vibrations of
dispersive-interference effects while tuning the fundamentaihe atoms strongly affect the second-harmofoc sum-
frequency (in m—p polarization combination athe  frequency intensity in a SHGlor SFG experiment.
=1.8 eV). However, since the fundamental frequency had to At first sight, one might expect that the sum-frequency
be tuned over a rather broad range to probe the resonancei@tensity of the G resonance dtw;=2.02 eV will exhibit a
hw=2.3 eV, it is likely that the dispersive-interference ef- Similar strong temperature-dependent behavior, as the reso-

fect introduces a certain enhancement of the sum-frequendjance atiw=1.83 eV. However, Fig. 3 shows that this is
intensity?” not the case. By considering the origin of the resonance at

hw,=2.02 eV, we can comprehend the different tempera-
ture dependence of the two resonances. For both resonances
C. Excitons versus interband transitions the excitonic'T,4 state is involved. However, for the tran-
Comparing the SHGSFG spectrum in Fig. 1 and the sition at 2.02 eV &;,-phonon mode is included. Due to the
SHG spectrum of Kuhnket al® to spectra obtained by one- coupling to this phonon the excitation still dephases consid-
and two-photon absorptiéh?®?° and electron energy-loss €rably even below the rotational-ordering phase-transition
spectroscopyEELS) in the same energy rangeone notices temperature. Below this temperature the temperature depen-
the following. In the SHG spectra, the excitons are clearlydence of the sum-frequency intensity7ab, =2.02 eV will
probed, and there is no visible contribution from the conducbe dominated by the temperature dependence of the phonons
tivity gap (i.e., interband transitionsin the one-, two-photon  rather than the motion of theggmolecules.
absorption and EELS spectra the excitons are observed as We can now also explain the difference in the SHG spec-
well, but are often dominated by the strong contributionstrum of Kuhnkeet al® between the second-harmonic inten-
from the optically allowed transitions which form the sity of the transition at 2w=2.7 eV and the one atw
electron-hole continuum. =2.02 eV. Both transitions are electric-dipole allowed and
In an attempt to understand the difference between thé&ingle resonant. The transition Atw=2.02 eV involves a

SHG and one- and two-photon absorption spectra, one neeggonon and will therefore be less coherent than the purely
to examine the differences between these techniques. THexcitonic transition atiw=1.83 eV. However, it also in-
most significant difference is that in one- and two-photoncludes an excitonic state, and it still is a transition below the
absorption experiments incoherent processes are probeehnductivity gap. On the contrary, the excitation ata2
whereas a SHG experiment involves only coherent pro=2.7 eV (to the 1T, statg is above the conductivity gap,
cesses. This realization has significant implications for oufmplying that it is much more susceptible to scattering pro-
SHG observations. In fact, an exciton ischarge-neutral cesses and dephasing. Hence, it will have much weaker
particle, where the electron and hole are bound together, hagecond-harmonic intensity.
ing a singlek vector. Since both particles are always bound We conclude that the SHG measurements show that an

" ; e exciton exhibits more second-harmonic intensity than an in-
to each other, and have a comrmowector, their probability terband transition. To confirm this idea we have studied the

to recombine without losing thek coherence is much_higher Wannier excitons of CuCl in a second-harmonic frequency-
than for the case of a free electron and hole, which resu'&ependent experiment.

from a transition across the conductivity gap. In the latter

case the electron and hole dveo chargedparticles moving

independently through the electron-hole continuum with IV. WANNIER EXCITONS IN CuCl

their ownk vector. They are, therefore, far more susceBtibIe In CuCl the energies of the two Wannier excitons, the
to scattering processes and dephasing, i.e., to lose kheir transvers&; andZ, , excitons, are at about 3.203 and 3.271
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020—— Y ; ; and two-photon absorption spectroscopit*® measure-
G i 3 T=100K ments both the Wannier excitons and the conductivity gap
€ 0151 010y | are observed with no particular discrimination. This differ-
g oos] ° . G ] ence in the probing technique is the same as we already
% i i ﬁf%a&é@% 3 found and discussed forgg: The SHG data on CuCl support
%9 0.10- i (ﬁiom T Tae o oo the idea drawn from the &g SHG and SFG measurements.
o oo
&)
%6 ot T ,.,5 xﬂ ] V. CONCLUSIONS
o T=5K

0.00 8, In conclusion, we have performed second-harmonic gen-

' 32 33 34 35 eration (SHG and sum-frequency generatid8FG mea-

2hm (eV) surements on £ and CuCl, in which Frenkel and Wannier

FIG. 4. SHG f cucl ol alline fil datsK excitons were probed, respectively. From these experiments
- rom a Lutlpolycrystalline fim measured & we deduce that excitons can be clearly observed while no
(cryostat temperature, which corresponds to about 25 K for the,,nyibytion from the electron-hole continuum can be found
samplé and at 100 K(see inset The energy range cove(aimos) i, o\ shectra. This is very different from spectra obtained by
the two 1s excitons and the conductivity gap of CuCl. The peak at d : h b . d EELS. An i .
~3.3 eV corresponds to the] Zxciton and the one at3.2 eVto  Orc. o two-photon absorption and EELS. An interpretation
o . ) ; of our measurements has been given in terms of the coher-
the Z , exciton. The extremely sharp spike a3.21 eV is due to . . -
accidental phase matchirgef. 33 ence needed for SHG experiments. An interband transition
T dephases much more rapidly than an exciton, resulting in a
strongly reduced SHG signal. With this idea a new under-
eV, respectively>>' The onset of the conductivity gap is at standing of the g SHG spectrum of Kuhnket al? is ob-
about 3.40-3.45 eV171832|n Fig. 4 the result of a SHG tained.
experiment covering both energy scales is shown. It is interesting also to speculate concerning the origin of
At low temperature we clearly see a second-harmonithe SHG and SFG spectra of clean and oxidiz¢d®) and
resonance at 3.287 eV, a sharp peak at 3.21 eV, and the on&it111) samples measured by Dauet al®>® They found a
of another second-harmonic resonance situated at about 3.§80ong resonance atizo=3.3 eV, which they assigned to
eV. No enhancement of SHG was detected around the barttie direct transition between valence- and conduction-band
gap at 3.4 eV. In the inset the 100 K data are shown, constates. With the knowledge deduced from the experimental
firming that the steep slope around 3.2 e\5&K is indeed findings in this paper that excitons will be preferentially seen
due to a second-harmonic resonance. in a coherent SHGSFG experiment(see also Ref. 19we
The very sharp peak at 3.21 eV is not due to a secondwould like to suggest that this resonance might be due to
harmonic resonance. Haueisen and Mabbserved in their ~ €Xcitonic states derived from a hole in thg band and elec-
SHG measurements a similar sharp peak at 3.217 eV, i.gfon in theA; band and a weak coupling between them. The
between the two exciton lines. They attributed this spike t°@1ds have nearly the same dispersion. In linear optics the
an accidental single point of near phase matchiag=0) difference between an excitonic transition and an interband
due to the crossing of the second-harmonic and the fungdransition between parallel bands is difficult to observe, es-
mental refractive index value, when the second—harmoni@ec\:/'vaIIy if the et:x;:r:totmc ?mdlng iner%y IS ogly t14t7 (;né‘{/% h
photon energy lies between that of the two excitons. SﬁﬁudeSHGe .suglggss_ da a terlnperta ure- etpen enldsbu y Od i €
calculated the optical constants by a Kramers-Kronig trans= signaj in S down fo low temperature could be used to

formation of measured reflectivity data and found that atdistinguish between the excitonic or interband transition ori-
gin of the signal. If the signal is of excitonic origin, we

about 3.217 eV the index of refraction has a value of 1.95 I tthe SHG sianal to st i the t
This equals the value of the index of refraction at the fundaVou'd expect the signal to strongly Increase as the tem-

mental frequency® perature is decreased to values well below the excitonic

That our spike is observed at a slightly lower energy tharpinding.energy of 14.7 meV or 17.0 K This is because' thg
Haueisen and Mah{3.21 eV versus 3.217 éYcan be un- dephasing processes due to excitations from the excitonic

derstood. Our lowest second-harmonic resonance occurs atites 1 the electron hole contlnuum_ WOUI.d be strongly re-
somewhat lower energy as wel-@.18 eV versus 3.202 duced at temperatures bel_ow the exciton bmdmg energy and
; i|ps we demonstrated in this paper such dephasing processes

also be at a slightly lower energy. This suggests that th(§trongly reduce t_he.S.HG intensity while the linear absorption
optical properties of our CuCl film are slightly different from should show a significantly weaker temperature dependence.
those of Haueisens CuCl crystal. At 100 K, the sharp peak is
much less pronounced, which is due to the increasing pho-
non activity at higher temperatures.

In our SHG measurements the two Wannier excitords, Z  This investigation was supported by the Netherlands
and ZIZ, are clearly visible, whereas no second-harmonid=oundation for Fundamental Research on Matie®M)
intensity enhancement was observed above the conductivityith financial support from the Netherlands Organization for
gap. On the other hand, in the one-photon absorftiti?®  the Advancement of Pure ReseafttwO).
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