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ABSTRACT

Electron paramagnetic resonance spectrum of the Cu?* ion in CsCl is
studied at different temperatures. The local symmetry at the Cu®" site
is found to be tetragonal. A model of substitutional Cu*" ion associated
with a first neighbour cation vacancy is proposed to explain the observed
spectrum.

INTRODUCTION

WHEN divalent impurity cations are placed substitutionally for monovalent
ions of the host lattice, the excess of charge that results from the substitu-
tion is to be compensated. The charge compensation usually takes place
by forming cation vacancies in the lattice. It has been found¢ from the
paramagnetic resonance of Mn** in alkali halides having f.c.c. or NaCl type
structure that the Mn2* ions go substitutionally at cation sites and that some
of them are associated with nearby cation site vacancies showing thereby
orthorhombic or tetragonal site symmetries while others, being too
far away from cation vacancies, exhibit cubic site symmetry. A fairly large
amount of EPR work™ % has been done on transition metal ions doped in
crystals of CsCl, CsBr, NH,Cl and NH,Br which are known to have b.c.c.
structure. Since all these have the same type of structure it is expected that
the immediate environment of the paramagnetic ion impurities in these
crystals will be similar. However, the EPR studies of Mn2* and Cu?" in
NH,C18 2. 13 and Mn>" in CsCl'? indicate that the paramagnetic ions are
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incorporated interstitially between four anion ions with water molecules
replacing two neighbouring cations (NH ;+ or Cs*) in the (100) direction while
the studies of Mn?** in CsBr 8 indicate that Mn?t ion is incorporated sub-
stitutionally in the lattice associated with a first neighbour cation vacancy.
It has been found that in NH,Br, Mn23* ions?® go in substitutionally at cation
sites with remote charge compensation sites while Cu?* ions!?> 20 go predomi-
nantly in interstitial positions, the site symmetry being the crystallographic
(100) direction, with only a few of them going in substitutional positions

at room temperature. The present paper reports the EPR study of Cu?*
in CsCl single crystals.

Trappeniers and Hagen!? in their paper on EPR of Cu?t in NH,CI give
for comparison the constants obtained by them for Cu2?* doped in CsCl
crystal which was grown from a solution containing ammonia. The
crystals of CsCl grown in the present experiments are grown without the
presence of ammonia and the spectrum obtained is entirely different from
that obtained by Trappeniers and Hagen. Further comments in this con-
nection will be made in the latter part of the paper.

EXPERIMENTAL DETAILS AND RESULTS

Single crystals of CsCl doped with Cu2*+ are obtained by slow vaporiza-
tion at room temperature of aqueous solution of CsCl to which 0-9 per cent
by weight of CuCl, has been added. The crystals are yellowish in colour
but clear and transparent. Spectra were recorded on a Varian V-4502 EPR
spectrometer with 100 Kc/s modulation at X-band frequencies. The reso-
nance line of DPPH was used as a reference.

" The free Cu*! ion has a 3d® configuration with a ground state] 2D.%
When subjected to a cubic crystalline field this five-fold orbital degenerate
state splits into a doublet (2E) and a triplet (*T) and the orbital degeneracy
is further removed in the presence of a tetragonal or an orthorhombic com-
ponent. in the crystalline field leaving an orbital singlet as the ground state.
The nuclear spin of copper is 3/2 and the hyperfine interaction gives a four
line spectrum. Figure 1 shows the EPR spectrum taken when the direction
of magnetic field is parallel to a (100) axis of the crystal. The angular varia-
tion of the spectrum reveals that the local symmetry about Cu?* ion is
tetragonal with (100) axis as the symmetry axis. There are three geometri~
cally equivalent positions of the symmetry axes, due to the equivalence of the
three crystallographic (100), (010) and (001) axes. But they are magnetically
inequivalent, giving three different spectra at any arbitrary orientation.
Figure 2 shows the angular variation of the g-tensor in a  (001)

"
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plane. In Fig. 1 the lines marked 1, are those dus to the magnetic complex
of Cu?* 1on whose site symmetry axis is parallel to the direction of magnetic
field and the lines marked I are those due to the magnetic complexes of
Cu?t ion whose site symmetry axes are perpendicular to the direction of
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Fia. 1. EPR spectrum of Cu** doped CsCl single crystals with H parallel to (100) axis in
the (001) plane at room temperature.
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the magnetic field. Each line in the spectrum marked I, shows the expected
splitting due to the non-equivalence of the two complexes in the perpendi-
cular plane when the magnetic field * H® deviates from the (100) direction
in a (001) plane or a (010) plane (see Fig. 3). It may be noted here-that
copper has two isotopes Cu®® and Cu® with 69-09% and 30-91% natural
abundance respectively and one would expect a doubling of the hyperfine
structure lines, However, in the present experiments the hyperfine lines
due to different isotopes could not be observed separately. The reason for
this might be the fact that the magnetic moments are not much different
from one another (2:2206 and 2-3790 nuclear magnetons** respectively)
while the line widths (peak-to-peak derivative widths) are of the order of
£S5 gauss. "
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FiG, 3. EPR spectrum of Cus+ doped CsCl single cr ith: F i
) L yStal with: H makin : f 10°
with (100} axis in the (001) plane at room temperature. & an angle of 10

Discussion

When the Cu®* jon is incorporated in. CsCJ it can go substitutionally to
a Cs* site and the charge neutrality can be maintained by producin g a cation
vacancy. If it substitutes for Cs* and is associated with a first neighbour
cation vacancy, the Cu®* jon will have a tetragonal site symmetry with
(100) axis as the site symmetry axis. If the cation vacancy is at a second
nearest‘ nexghbour site the site Symmetry of the magnetic ion will be ortho-
rhombic with the Symmetry axis along a (110) direction of the crystalf As the
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angular variation of the spectrum (see Fig. 2) shows that the local symmetry
about Cu®* is tetragonal the latter type of charge compensation is to be given
-up in favour of the first. However, there is a second possible way of incor,
‘porating Cu®* ion in the lattice, still the local site symmetry being tetra-
gonal as observed. The Cu®t ion can go at an interstitial position, i.e., in
‘ the plane-of four Cl~ ions and for the compensation of extra positive charge
‘the two first neighbour Cg* ions lying along the four-fold axis get removed,
thereby giving rise to a tetragonal symmetry. Existence of this type of
complex was observed earlier in the case of Mn** doped NH,CI 8- * and
CsCl ' and Cu* doped NH,CI 13, 15 and NH,Br 20 where in two water moles
cules are supposed to occupy the positions of the action (NH," or Cs*). Since
both the interstitial and substitutional models lead to EPR spectra with the
‘same symmetry properties it is not possible to say difinitely what is the
position of the paramagnetic ion unless one has some additional features
in the spectrum. Foreman and van Wyk!? observed superhyperfine struc-
ture from the neighbouring nuclei in the case of Mn2?* doped CsCl when
Mn?* is incorporated interstitially in the lattice. Superhyperfine structure
due to the halogen nuclei has also been observed in the EPR of Cu2t+in Cu2t:
NH,Br? and Cu?": ND,CI*® crystals where Cu" goes in interstitially in
the (100) direction. The absence of such structure from the neighbouring
nuclei in the present experiments suggests that Cu*" is not interstitial in the
CsCl lattice. It may also be noted that the optical absorption spectrum
of the crystal did not reveal any water absorption. Thus in all it appears
that Cu?t goes substitutionally in the crystal and is associated with a first
neighbour alkali vacancy.

The spin Hamiltonian which describes the spectrum (S = 4, I = 3/2)
is given by? 18

H = g, BHzS; + g8 (HxSy + HySy) + AS,T, + B (Sgly + Syl,)

where the terms have the usual meanings. The quadrupole terms are neglec-
ted as no quadrupole effects are seen in the spectrum. The magnetic field
positions of the resonance lines for H || Z axis are given by

B2
Hz(m)=Ho'Am“'2*H;[I(1+ 1) — m?)

while those for H,z axis are

- A% 4B2? o
H, (m) = Hy — Bm — _21;}%" I+ 1) — m2]
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where H, = (hv/gB), v being the microwave frequency. The param.egggs
obtained from the analysis of the observed spectrum are g, == 2-229 ? 0 10-_;
g, =2-0334£0-003, A=062941X 10~* cm.~* and B=>547=x1 Xd .
cm-t. These may be compared with the following .values obtaine };
Trappeniers and Hagen'® for Cu* in CsCl grown in the presence 0?5
ammonia: g, = 2-0132 + 0:0006, g, =2-217 & 0-002, A = 143-9 &

« 10~tcm-) and B ~0 x 10-*cm~%. The fact that the value of B
obtained in the present experiments for Cu?* is 54-7 X 10-4 cm.~! while that
obtained by Trappeniers and Hagen is ~ 0 shows clearly that thc. spectra
_in the two cases are different. It may be mentioned here Trappe;mers and
Hagen reported that the spectrum obtained by them for Cu?* n NH,CI
crystal grown in the presence of ammonia is different from that. in crystals
grown under different other conditions and suggested that Cu?" 1s probably
associated with one (or two) ammonia molecule (s) situated in the ;:)lace of
a neighbouring (NH,)* vacancy (or vacancies) in the (10C) direction. .If
this suggestion is extended to Cu+in CsCl grown in the presence of ammonia,
the spectrum obtained by Trappeniers and Hagen could be due to Cu?* whx(‘_:h
substitutes a Cs* ion but is associated with a neutral ammonia molecule 1n
the place of a first neighbour alkali vacancy.

The spectrum is recorded at different temperatures in the range of
300° K to 77° K and it is found to be practically independent of temperature.
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