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_ Luminescence of CuZO ~ Excitonic Molecuies; or.Not?
Y. Petroff s P.Y, Yu+, and Y. R. Shen
Department of Phy31cs, University of Callfornia,
v Berkeley, California 94720 and :
Inorganic Materials Research Division,

Lawrence Berkeley Laboratory,
Berkeley, California 94720

"ABSTRACT -

Luminesoencé=speetra of CuzobatIVarious temperatures'
excited by a tnnable dpe.IaSer showed nodevidence of the
existence of‘excitonic,moieculesv(or biexcitons) as suggested
recently by Gross ;ﬁ_;l  A pair of previously unreported

peaks w1th an exceptlonally strong temperature dependence

have been observed below 3°K.
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The existence of excitonic molecules (or biexcitons) in a crystal

was first suggested by the results of Haynes on Si.1 Since then, the
: ' : 2

subject has attracted much attention. Recently Gross and Kreingol'd

reported the existence of excitonic molecules in Cu

20. It,is

O consists of,twox

' well—established3 that the absorption edge of Cu2

.hydrOgenic series, known as the yellow and the green series, dué to

the éxéitons formed by the lowest conductionvband and tﬁe two. top

valence bands (split by spin-orbit coupling) at the‘center pf:the

Brillouin zbn37‘ These excitons are said to bé'forbidden bécause thé

conduction and valence bands inVolved haVe the same parity so thét the

ﬁ = ] excitons cannot$be excited by dipole transition. Gross and Kreingol'd2

observed an inverted'hydrogenic series in the luminescence spectrum of |

Cu20_at ZQK, with a'Rydberg'constaﬁt equal to.that of ﬁhé gréen eﬁciton'f

seriés. They concluded that this inverted series_in the luminescence

spectrﬁm éhould,reéult from.the decaylof excitonic molecules, each of

thch was composed qf éwo n=1 exéitoﬁs of thelgreen'series. However,

the binding enérgy‘(~‘150jcm"l) of the excitoﬁic molecule obtained from this

model was too lafge to exblain the'obséfved temperature dependence of

the lumiﬁescenée. L'vov and PaQinskii4 suggested that the excitonic molecule

éould be éompoéed of one n =1 and'oneun-= 2 excitons of the yellow -

series with a binding'ehergf eQualitovl6.9 cﬁ—l._ | ‘%* 3 - . .
Wé have carried out the'ﬁresent investigation_with thg burbose to. .

verify the existeﬁce of excitonic mblécules iﬁ Cu20 andvtb find e?idéﬁce

to suppoft either the model of Gross and Kreingol'd,2 or that of L'vov -

and Pavinskii. We used a CW dye laser (Sbectra Model 70),which is tunable .

from 16,000 cm;l to.i7,700 cm-l‘and has a linewidth of ~2 cm_1; to,e#cite

the luminescence.
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The use of such a tunable laser enables us to excite selectively
only the n = 1 green exciton3 (17,146 cm_l)'or both the n = 2 yellow

3 = N : _ :
exciton (17,328 cm v) and the n = 1 green exciton. Therefore, if the

excitonic molecule'is composed of two n =1 green excitons, as suggested
xby Gross and Kreingol d “the 1nverted series in ‘the luminescence spectrum
'should disappear when the exc1ting 1aser frequency is not high enough -

to excite the n;=:l green exciton. In a 51m11ar manner 1n»the L vov and .

Pavinskii model, the inverted series should disappear'if the laser only
excites the n-l but not ‘the n—2, yellow excitons. With the experiment
carried out by a more sen51t1ve detection system over a w1der tempera-

ture range, we can also-expect to»obtain-more.information about” the

luminescence spectrum of'CuZQ.

The results of our investigation give no evidence of excitonic
molecules in Cu20 as Gross and Kreingol'd”™ have suggested. Instead, we

found that most’of the luminescence lines of CuZO result from phonon-

assisted recombination of free exc1tons. - The exceptions are three lines

which appear to have much stronger temperature dependence than the rest.5
We have found no existing theory capable of explaining such.vstrong "
temperature dependence.

The samples used in this experiment were single crystals whose

,.absorption coefficients have been found to agree well with published-

data.6 The‘luminescence spectra taken at temperatures ranging from
1.4° X to 30° K were analyzed by ‘a typical Raman setup with photon
counting electronics.

In Fig. 1, we present the luminescence spectrum of Cu20 at 1. 41 K

excited by'a 7.5-mW laser beam at 16610.5 cm™ 1 (6020. 3 A) We have

g
[ PR
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labeled the peaks as A, B, C, and so on. The lines dc¢noted by R arc

the Raman lines of Cu,0, since théy shifted together with the éxciting

2
- frequency. - The positions of the luminescence peaks-are listed in
Table I. We found that the luminesceﬁce spectrum remained unchangcd‘

as the exéiting ;aSer'frequency cﬁanged from 16610.5 (:m_'1 to l7699-cm_l.
However, when -the lasef frequency waé_Below 16510 cmél, the absorption

edge of Cu,0, the luminescence disappeared’ completely as expected.

2
Gross gg_ﬂl.zlfeported'the observation of a serics of 5 peaks at
15434, 15252, lSZlO,_lSlSB, and'15164 cm_1 respectively, and suggeéted
that'théy form>the‘n = 2 ton=6 memberé_of an inverted hydfogenic
series which arises from the déca&vof excitonic molecules. We have
obserVed; however, only three peaks: N, 0,-énd P, at 15423, 15239, and
15216_cm-'1 réspectively in this region, Wé were not ébié.to detect the
othef ;WO peéks élthough, according Eo thevhydfogenic médel, the
intensity of thé'n’=:5 peak would Be'apprOQimately half of that of the
n=4 peék.  The.fact_that the.peaks'N, 0, énd;P did not disappear evén
_when the excitihg.photon energy was Béiéw botﬁbthe n=1 gréen exciton
energy and the ﬁ = 2 yellow exciton énerg& répudiates'thebbiexciﬁon
model 6f bqth Gfoss_and Kreingol'dz‘and'L'vov and Pav'ihskii.‘4 In
addition, we found that tﬁé'N ﬁeak.had a very different'temperaturg
dependence ffom 0 énd P (see Fig. 2). TFigure (2a) was,taken at 1.41°K.
All three peaks showed no apptediabie change between 1.41°K and 4.2°K,

but N diminished very rapidly at higher temperatures., Figure (2b) was

taken after the sample has just emerged from liquid Helium. The tempera-

ture was estimated to be aﬁproximately 5-6°K from the lineshape of the A

peak using the theory for phonon-assisted exciton recombinatibq of
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Gross 35_51.7 Such a.strong temperature dependence indicates that N
must come from an origin different‘frcm thoge of O and P’t We -also

found that as the exciting laser power'varies ftom 0f25 mw‘to 15.mw, the
intensities of these»peaks are always prdnortional to tﬁevintensity,

rather than square of ‘the intensity, of the E, peak (n=1 yellow exciton

1
line). .Alllthese_fesults are not compatible with'the idea that these.

peaks are produced by the decay of excitonic molecules.1 From the observed

. symmetric'broadening of 0 and P, (and‘also‘the peak M) with increasing

temperature, we aSsigthhem tentatively as emission 1ines invdlving impurities
or defects.z However, further 1nvest1gation is needed to undcrstand.the
exceptlonally strong tempetature dependence of the N peak.’

 All the other peaks except F and F' in Fig. 1 showed an asymmetric
broadenlng towards the high- energy side as the temperature increased,
although this was not very obvious: for H and K.sjnce they were masked by
the stronger nelghboring llnes at hlgher temperatures. This characteris-

tic asymmetric ',broadenlng indicates that these peaks must originate

" g , . . o 7
from phonon-assisted recomblnatlon of a free exc1ton. From the earlier

work on infrared absorpt:ions-.'13 and Raman scattering in Cu20 12- 14

are able to identify these various peaks as due to decay of the n =1
yellow exc1ton with simultaneous emission of phonon or phonons as listed
in Table I The assignment is partially based on the theoretical calcu-=
lation ovaarabatos and Prevot.lsﬁ Gross ggugl.%6 have,recently‘proposed
that the D.peak could be due to decay 6fvthe_nb= 1 paraexciton of the
yellow sefics.) Onevof'the reasons for their assfgnment was'that.this

peak had a very different Lvmpcralure dependcncc from the other ponka.

However » as shown 1n Fig. 3, we have found no appreciable temperutura
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dependence in this peak between lt67dK and 3.02°k. At higher temperatures,
the peak showed the characteristic asynmetric broadening of a phonon-
assisted exciton recombination line.5

All the .luminescence peaks of Cu20 showed no appreciable temperature
dependence between 1.4°K and 4 2°K except F and F', which appeared.to
have a remarkably strong temperature dependence as shown in Fig. 3
These two peaks have never been reported earlier in the literaturc.z’lG
Their intensities decreased with increase in temperature by a factor'of,

about 10 between 1.67°K and 3.02°K. .They remained proportional to the

intensity of Ei at Iow'exciting power”(< 3.8 mW) nhen local heating oft
" the sample.could be neglected. When the exc1ting power was too high,
the rnten31t1es of F and F' would actually decrease w1th increasnng
exciting power as a result of local heatlng of the sample. This prohably' |
explalns why Gross gt_a_ 25 16 did not observe these peaks even at 1.8°K |
since they used a high—poWer mercury lamp to excite the sample. -

So far ue have not been able topexplain the strong temperature
dependence of F and F' based‘on exiSting thebrdes.”lWe:would just point'
out that these two peaks have frequencies very close to that of radiative
recombination'of an n =1 yellowvexciton with simultaneous emission:of :
two phonons F (87 cm. ) + F (110 cm ) and 2F (220 cm_l)'respectinely.
The correspondingrtwo—phOnon llnes at 197 cm l.and_220 cm—ljhave also been ‘FK,‘
seen in the Raman - spectrum of Cu2012 14 and found-tovexhihit.a'strong.resonance>i.
,enhancement in their Raman Cross—section at the red ahsorption edge.
Further 1nvest1gat10n is necessary in order to.e]ucidate the nature of

this doublet.'

In conclusion, we have found' no evidence of the existence of
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excitonic molecules and paraexcitons in Cuzo from our luminescence
results., However, we noticed that there are three luminescence peaks

with exceptionally strong temperature dependence, the cause of which is

yet to be identified.
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"Figﬁfe'Captiohs o ' S .

Fig. 1. Luminescence spéctfgm of Cu,0 at 1.41°K excited by a 7,5-mW
laser beam at 16610.5 cm—l(6020.3A). The temperature quoted here
was obtained from the vapor pressure of'the liquid helium in
which the sample was immersed. - The actual temperature of the
samplg cogld be ébmewhat higher dué to local heating by the
laser. The optical geémetry was optimized here to give-ghe best
signal-to-noise ratio. The strong focusing of the laser beam on

the sample might have caused some local heating.

Fig. 2. Luminescence peaks N (15423 cm-l, 6484R), © (15239 cm_l;.6562A),
and P (15216 cm—l,_6572A) of cuzo excited by a 7.5 mW laser beam
at 16611 em L (6020.3A).

1

Fig. 3. Luminescence peaks D(16221 cm'l, 6165A), F(16202 cm —, 6172A),

and F'(16181 cm—l, 6180A) of Cu20 at four different temperatures,

excited by a 3.8-mW laser beam at 5691.5A.

Table T. The photon energy of peaks in the luminescehcc gpectra of Cu20
obtained at 1,41°K and the energy and symmetry of the phonon(ﬁ) involved .

in the radiative recombination



-10- o LBL-1133

 Symmetry assign-
ment of phonons

. -Phonon energy
Energy Separition obtained' by

Peak Enerny(Cm—l)

A

from Eq (em™ ) other techniques involved
E, 16402 ,
16317 85 88(2) g6 ® s
16295 107 | | 110® () 1oe(b) r],
¢ 162 S as0 o 149, 147() (1)(L0)
16221 O am 180(®), 181 2,
F 16202 "zoo 197(® r;2+r;5
F' 16181 221 22025559 | 2r;2
G 16091 - | i_ s . 3068 o 2r12+125
H 16069 . 333 - 328(8) | 330() 317,
I 16054 38 o ‘ - ry
3 15890 512 | s10¢® I I}
K 15772 630 626,38 640D |
, ' ‘ 628(h) :
L 15742 660 667™), 662( 1B woy
M 15710 - 692
Nooas423 a9
0 15239 _ 1162
P 15216 s
(a) S. Brahms and M. Cardona, Solid ﬁLatc Comm.’ 6 733 (1968)(Ploctroabborptxon)
(b) Absorption at 1.4° K ' :
(¢) From-Ref. 8
(d) ¥rom Ref. 9
(e) From Ref. 14
(£) From Ref. 12>
(g) Frdm Ref. ;3 -
(h) From Ref. 10 B
(1) From Rcf.,ll
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