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CuC l nanocrystal s were elab orate d in a N aCl ionic matri x by dopin g t he
latter w ith copp er powder during grow th . Optical absorption measurements
revealed nano crystal s w ith a mean size of order 32 ¡A . T his is consolida ted

by the Raman scattering measurements w hich show ed nano domain s of sim-
ilar size. X- ray di ˜ractio n measurements indicate a good crystalli ni ty of the
matrix and conÙrm the presence of C uCl nano crystals w ithin our samples.

T he annealin g e˜ect at 3 00
£ C show ed an increase in C uC l nano crystal size

w ith annealin g time and demonstrated clearly the existence of a comp ound
containing copp er w ithin our samples.

PAC S numb ers: 78.67. {n , 78.40.Fy , 78.40. { q

1. I n t rod uct io n

Since the discovery of the tra nsi stor, there is m ore tha n Ùfty years, the semi-
conducto rs play a m ajor ro le in electroni cs, and consequentl y in our everyda y l i fe.
At the end of the seventi es, wi th the intro ducti on of new techni ques of contro l led
crysta l growth, such as m etal -organic chemical vapour depositi on or molecular
beam epi ta xy, etc. , growth of sol ids of low dim ensional i t y (tw o, one, or even zero)
became possibl e. Thi s typ e of materi als is very attra cti ve both f or appl icati ons
and theo reti cal inv estigati ons. Indeed, we may use them to fabri cate lasers [1],
opti cal am pl iÙers, or solar cells. In the Ùeld of electronics, the growi ng numb er of
ta ken patents [2, 3] allows to supp ose tha t the appl icati ons of nanocrysta ls wi l l
be very im porta nt in the near future. The work presented here consists in wo rk-
ing out of CuCl nanocrysta ls in a Na Cl ioni c m atri x and thei r characteri zati on.
Opti cal absorpti on m easurements at am bient tem perature are fol lowed by a study
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of the ẽ ect of therm al anneal ing on the opti cal absorpti on spectra . Then X- ray
di ˜ra cti on (X RD ), photo lum inescence,and Ram an di ˜usi on m easurement are also
studi ed.

2. Ex p er im ent

Our sampl es were fabri cated usi ng the Czochra lski techni que. The pri nci ple
of the m etho d consists in m elti ng the materi al , whi ch is to be crysta l l ized, in a
m elti ng pot. Crysta l l izati on is then obta ined due to a weak temperature gradi -
ent. The latter is settl ed by the form ati on of a m eniscus around a seed crysta l in
conta ct wi th the melt surface. D oping of the melted NaCl wa s done at tem per-
ature averaging 9 0 0 £ C. Cho sen pul l ing parameters are one centi m etre per hour
and one turn per m inute, respecti vely, for tra nslati on and rota ti on m ovements.
One Ùnal ly obta ins pasti l les in the form of di scs wi th about 1 m m of thi ckness
and 1 cm of diam eter. These pasti lles were then subj ected to vari ous m etho ds of
characteri zati on.

3. R esul t s an d d iscu ssio n

Opti cal absorpti on measurements of Na Cl doped wi th copp er were made on
several sampl es. Fi gure 1 shows an exampl e of the obta ined spectra. The latter

Fig. 1. Optical absorption spectrum of N aCl dop ed by copp er.

presents several peaks in the vi sibl e and near ul tra vi olet. The peaks appear as
a shoulderi ng [4] (addi ti on of peaks originated from di ˜erent sizes). In the ideal
case where the nanocrysta ls have al l the same size, the peak shoul d be very Ùne.
The bro adening of the peak tel ls us about the im porta nce of the size dispersion of
the nanocrysta ls [5]. The Ùrst observed peak is located at the neighbourho ods of
255 nm . Thi s one is a llotted to the interna l tra nsiti ons from Cu+ monomeric [6, 7].
Ano ther peak appears in the neighbourho ods of 340 nm . At thi s stage, the nature
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of thi s peak is not kno wn [8], but the e˜ect of therm al anneal ing at 3 0 0 £ C shows
a behavi our of a com pound conta ining copper, as wi l l be seen f urther. The very
Ùne peaks whi ch appear at 307, 360, and 417 nm in the spectrum are due to the
change of the lam p of the m easuri ng equipm ent. Thi s change occurs auto matica l ly
to sweep al l the f requenci es of the range of measurement. In the vi sibl e part of the
absorpti on spectrum , one can see the existence of two peaks to wards 435 nm and
469 nm shown in to p of Fi g. 1. Accordi ng to D i jken et al . [9], these tra nsiti ons are
due to tra p levels located in the forbi dden band of CuCl nanocrysta ls. Fi gure 2
shows the part of Fi g. 1 m agni Ùed in the region 368{ 378 nm . Fi tti ng wi th four
Gaussian functi ons, we obta in four l ines located at positi ons: 368, 371, 373, and
375.5 nm . The Ùrst and the fourth are al lotted to Z 1 ; 2 and Z 3 exci to ns, respectively,
wi th a spin-orbi ta l spli tti ng of 66 m eV. Thi s v alue is sensibly equal to tha t of
69 m eV given by Cardona [10] and Goldm ann et al . [11]. The energy positi on of
these exci tons is shif ted to the high energies compared to tha t of excito ns in bul k
crysta l [10, 12]. Thi s is due to the quantum conÙnement e˜ect. T o estim ate the
size of nanocrysta ls, we used the form ula of weak conÙnement given by Eki m ov et
al . [13, 14]:

E = E g À E ex c +
ñh

2
¤ 2

2 M a 2
; (3 .1)

where E is the positi on of the exci to nic l ine, E g | the gap of the considered
m ateri al , E exc | the bindi ng energy of the exci to n, ñh | the Pl anck constant,
M | the to ta l m ass of the electro n{ hole quasiparti cl e, and a | the nanocrysta l
radi us assumed of spheri cal form . For CuCl , we have M = 2 : 5 m 0 ; E exc = 152 m eV
[15]. Kno wi ng tha t the peak wi th 373.5 nm of Fi g. 2 corresp onds to tha t of Z 3

exci to n, one Ùnds a di ameter 2 a = 3 2 ¡A.

Fig. 2. Optical absorption spectrum of CuC l nano crystal s.

On the basis of the fact tha t energy bands, sim i lar to tho se of exci to ns in
bul k CuCl , are observed in the tra nsparent area of the absorpti on spectrum of
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Fig. 3. Evolution of the optical absorption spectrum according to the anneali ng time

at 300 £ C : (1) rough sample, (2) af ter 24 hours of annealin g.

Na Cl , i t is al lowed to supp ose the exi stence of nanocrysta ls of CuCl in a Na Cl
m atri x stro ngly doped by copper. The ori gin of these bands is expl ained by the
form ati on of nanocrysta ls of CuCl in the Na Cl matri x by Ùxati on of the Cu+ ions.
In thi s part, we wi l l study experim ental ly the behavi our of the opti cal absorpti on
spectra of the Na Cl sampl es doped by copper, accordi ng to the anneal ing ti m e
at 3 0 0 £ C. Opti cal absorpti on m easurements are ta ken after each stage of anneal-
ing. The resul ts are presented in Fi g. 3 for rough sam ple (curve 1) and after 24
hours of anneal ing (curve 2). The rem aining results are given in Table. Duri ng the

TAB LE

Evolution according to time of the CC C peak w ith
resp ect to the C u peak at 300

£ C .

T ime [h] Peak C u [arb. u.] Peak CC C /Peak Cu

0 0.6124 0.5452

8 0.5884 0.5781

12 0.5724 0.6163

16 0.5469 0.6328

24 0.5039 0.6945

vari ous stages of anneal ing, we note, accordi ng to ti m e, a progressive reducti on
of the line correspondi ng to the Cu + ions (to 255 nm ) and a simul ta neous and
pro gressive appearance of the l ine at 340 nm as shown in the to p of Fi g. 3. It is
on the basis of thi s parti cul ar behavi our tha t we al lot thi s peak to a com pound
conta ining copper (CCC). Thi s result can be expl ained by the fact tha t because of
anneal ing at 3 0 0 £ C, the aggregates of copp er ions, inside the sampl e, are di spersed
in the form of separated ions and thei r intera cti on wi th the matri x and wi th the
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other elements whi ch m ight exi st as im puri ties gives ri se to aggregates of thi s m a-
teri al . The increase in the peak correspondi ng to the CCC can be expl ained by
the increase in the numb er of aggregates of thi s m ateri al. The opti cal absorpti on
spectrum of CuCl nanocrysta ls, after 24 hours of anneal ing is shown in Fi g. 4.
W e observe a displacement of the Z 3 peak positi on of 375 nm at 379 nm (to wards
weak energies). The shift of the Z 3 excito n peak to ward the long wavel ength side
is attri buted to the increase in the size of CuCl nanocrysta ls wi th anneal ing ti m e.
Thi s displ acement induces an increase in the CuCl nanocrysta l size of 32 ¡A to
50 ¡A. Thi s behavi our is expl ained by the quantum conÙnement e˜ect ; when the
size increases, the quantum conÙnement e˜ect decreases and the energeti c positi on
of CuCl exci tons passesto wards weak energies.

Fig. 4. Optical absorption spectrum of C uC l nano crystal s after 24 hours of annealin g

at 300
£ C .

XR D measurements were taken on several sam ples and the obta ined spectra
are al l identi cal. Let us note tha t, by using a monochrom ato r, only the l ine K ˜

of copper was selected from the source of X- rays. The spectrum of Fi g. 5 presents
an exampl e of these results. Thi s one consists of two pri nci pal l ines wi th the
positi ons 2 ˚ = 3 1 : 6 8 £ and 2 ˚ = 6 6 : 2 4 £ . The Ùrst corresponds to the di ˜ra cti on
from the pl ane (200) of Na Cl and the second to i ts harm oni c (400). Thi s ri ses
from the com pari son of the spectra obta ined accordi ng to AST M card (Am erican
Society for T esting and Ma teri als) of NaCl . The appearance of these two harm oni cs
conÙrms well the good m onocrysta ll ini ty of the fabri cated m atri x. The other l ines,
of low intensi ty com pared to tho se of the matri x, appear at 2 ˚ = 2 8 : 3 9 £ ; 2 ˚ =

3 3 : 3 2 £ ; 2 ˚ = 4 7 : 5 2 £ ; 2 ˚ = 5 6 : 3 2 £ ; 2 ˚ = 6 9 : 4 4 £ , and 2 ˚ = 7 6 : 6 8 £ . The latter
correspond, accordi ng to ASTM cards, to the plane (111), (200), (220), (311),
(400), and (331), respecti vely, of a CuCl crysta l of zinc blende structure wi th a
cell parameter of 5.416 ¡A. Thi s result conÙrms the presence of CuCl nanocrysta ls
in the m atri x.
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Fig. 5. X RD spectrum of N aCl sample dop ed by copp er.

Fig. 6. Raman di˜usion spectrum of N aC l sample dop ed by copp er.

The resul ts of m easurement of the R aman di ˜usi on on the NaCl sampl e
doped by copp er are presented in Fi g. 6. The R aman di ˜usi on low frequency
can reveal the presence of nano-hetero geneiti es inside our sam ples [16, 17]. The
presence of the band at very low frequency 37 cm À 1 was connected wi th the
inelasti c scatteri ng of the l ight by the natura l vi brati ons of nanodom ains in the
Na Cl m atri x. As one can see i t on the same Ùgure, we have in addi ti on a Stokes
band at { 280 cm À 1 and an anti -Stokes band at +2 80 cm À 1 in relati on to these
nanodom ains.

The size of these nano-heterogenei ti es is estim ated by the form ula of D uval
et al . [16]:

2 a =
s v

c!
; (3 .2)

where v i s the sound vel ocity in the nanodomain, c | the celeri ty of the l ight in



Fabr icat ion and Charact er izat ion . . . 285

the vacuum , 2 a | the diameter of the parti cle, ! | the positi on of the Ram an
band low frequency, and s | the f orm factor whi ch vari es appro xi m atel y between
0.5 and 0.8 accordi ng to the shape of the nanodomain. In our case where the
sound veloci ty is on avera ge equal to appro xi m atel y 5300 m / s and where the band
positi on is ! = 3 7 cm À 1 , one Ùnds a nanodom ain average size of 2 a = 3 1 ¡A. In good
agreem ent wi th the value of the average size estim ated by the opti cal absorpti on
m easurements, thi s resul t conÙrms well tha t thi s nanodomain represents the CuCl
nanocrysta ls.

Fig. 7. Photolumin escence spectrum of N aCl sample dop ed by copp er.

Mea surements of photo lum inescence were ta ken at the am bient tem perature
wi th an exci ta ti on of 488 nm whi ch app ears in the obta ined spectrum (Fi g. 7)
at the sam e positi on. Thi s spectrum shows a very apparent peak at 576 nm very
bro adened on the side of low wa velengths. The deconvoluti on of the curve by two
Gaussians shows the exi stence of two peaks at 539 nm and 579.5 nm . These are
al lotted to the emission of defect such as the F- centre in the sampl es [18], ex-
pl aining the greenish-yel low colour of the sam ples. Indeed, the wa velength 539 nm
corresponds to the green and 579.5 nm to the yel low. The peaks corresp ondi ng
to CuCl are not observed, since the energy of the radiati on used (2.54 eV) is not
su£ cient to exci te the levels of Z 1 ;2 and Z 3 exci tons whi ch are located between
3.2 eV and 3.4 eV (387.5 and 364.5 nm ).

4. Co n cl u si on

In thi s work we succeeded to fabri cate the CuCl nanocrysta ls by doping
the NaCl m atri x duri ng growth by a Ùne powder of copp er. The size of CuCl
nanocrysta ls is estim ated to be 32 ¡A. The displacement of the exci to nic peak
positi on of CuCl to wards hi gh energies is due to the quantum conÙnement e˜ect.
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XR D and Ram an scatteri ng m easurements conÙrm ed wel l the form atio n of CuCl
nanocrysta ls of zi nc blende structure and a cell param eter of 5.14 ¡A. The study
of the therm al anneal ing e˜ect at 3 0 0 £ C showed an increase in the size of CuCl
nanocrysta ls wi th anneal ing ti me and shows tha t the peak whi ch appears in opti cal
absorpti on measurements at 340 nm belongs to a compound conta ini ng copp er.
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