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Th e p aper rep or t s the electro n parama gnet ic resonance investigation of
C u2 + dop ed [ ( CH 3 ) 2 N H 2 ]5 Cd3 Cl 11 (D M A CC ) mono cr ystal . DMA CC :Cu2+

w as studied in the temp erature range (6 Ë 2 93 ) K . W e did not observe any
anomalies of spin -H amilto ni an parameters of Cu2+ ion corresp ondi ng to the
temp erature anomalies observed in dielectri c studies. T he electron paramag-
netic resonance anomaly recorded at about 40 K results from the subtle

changes in b onds angles and C u{C l distances and suggests the smooth sec-
ond order transition .

PAC S numb ers: 76.30. {v , 05.70.Fh

1. I n t rod uct io n

Crysta ls conta ining methylo amm onium cati ons exhi bi t a numb er of phase
tra nsiti ons related to the dyna mics of organic cati ons [1{ 4]. The crysta l of general
form ula [(C H NH MCl x , where M = Cu, Co ; , shows ferroelectri c prop-
erti es [3, 4]. The [(CH NH Cd Cl (D MACC) crysta l (M = Cd, ) at
room tem perature is ortho rhom bic wi th a space group . The uni t cell wi th
latti ce param eters ¡A, ¡A, ¡A consists of four
form ula uni ts, [5].
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The crysta l structure of D MACC is form ed by two al terna ti ng layers para l lel
to (001) plane. One of the lay ers consists of di methylo ammonium cati ons wi th van
der W aals intera cti on between them . The other layer com pri sesthe chloro cadm ate
compl exes linked in a chain by one of cati ons [N( 1) H 2C( 1) H 2]. The am monium
group of thi s cati on connects two separate [Cd 3 Cl 11 ] 5 À anions by form ing hydro gen
bonds wi th the equato ri al doubl y bonded Cl (1) and Cl (2) ato m s. The [Cd Cl
uni t consi sts of octa hedra l ly coordi nated Cd ato m s wi th Cl ato m s at the corner
of the coordi nati on polyhedro n [5]. Each of three di storted octahedra is connected
to the others by shari ng faces in such a way tha t the Cl (3){ Cl (3) is com mon to
al l three polyhedra , whi le the corners Cl (1), Cl (1) , and Cl (2) are each shared by
two . Thus each octahedro n has two unshared corners, wi th two term inal chlori ne
ato m s. The room -tem perature X- ray studi es showed an ori entati onal disorder of
one dim ethyl oam monium cati on for whi ch a Ûip-Ûop m oti on is al lowed [5].

D ielectri c measurements [6], di lato metri c [7], and l inear bi refri ngence [8]
studi es of D MACC revealed the phase tra nsiti ons at about K,

K, 127 K. The dielectri c consta nt along the -di recti on shows a broad
m axi mum at and cusp- l ike break on at and disconti nuous change at
[6]. It is considered tha t the pha se tra nsiti on at is prom oted by orderi ng of the
di methylo ammo nium ions.

Unf ortuna tel y, because of mark ed Ùrst order tra nsiti on the crysta l cra cked
at givi ng no chance for dielectri c study below . Fortuna tel y, for electron
paramagneti c resonance (EP R) m easurements small m onocrysta ls obta ined af ter
sam ple cracking are su£ ci ent for low tem perature studi es, to o.

EPR is usual ly sensiti ve to structura l changes, theref ore we were exp ecting
the changes in EPR spectra whi ch woul d corresp ond to the three anom al ies of low
frequency di electri c constant at K, K, K.

The crysta ls CH NH Cd Cl were grown from soluti on conta ining sto-
ichi ometri c quanti ti esof CdCl 4H O and (CH NH Cl and about 12 m ol percent
CuCl was added.

Our EPR m easurements of Cu concentra ti on in the crysta l under inv esti -
gati on shows tha t Cu concentra ti on was about of 4 m ol percent.

The good qual i ty yel low monocrysta ls of DMACC :Cu were investi gated by
an X- band EPR spectrom eter in the temperature range of ( ) K. The
ortho gonal laborato ry fram e chosen for the EPR anisotro py pattern was related
to the , , and crysta l lographi c axes as fol lows: , and [6].

The EPR spectrum of Cu ions in D MACC recorded at room tem perature
(R T) for externa l magneti c Ùeld para llel to the -crysta l axi s is shown in Fi g. 1.
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Fig. 1. T he exp erimental ( E) and simulated (S) EP R spectrum of C u2+ ion in DMA C C

at room temp erature. A n external magnetic Ùeld B is parallel to the b -crystal axis.

Fig. 2. The simpliÙed angular dependence of the resonance Ùelds for Cu2+ complexes

in the ( X Y ) plane w hich include only g and A ( C u ) changes. T he symb ols represent the

experimental data for C u( I) (solid squares), C u(I I a) (op en circle) and C u(I Ib) (solid

circle) complexes. T he solid lines w ere calculated using Eq. (1).

Three ki nds of Cu2 + com plexes: one denoted as Cu(I), Cu(I Ia ) and Cu(I Ib)
were found. Fi gure 2 presents the ful l ani sotro py pattern in the (X Y ) plane.
The Cu(I Ia) and Cu(I Ib) com plexes are m agneti cal ly equivalent but structura lly
nonequivalent and the Cu(I) compl ex is m agneti cal ly and structura l ly nonequi va-
lent wi th respect to centers Cu(I Ia ) and Cu(I Ib).

The spi n-Ham i lto nian used for ful l EPR of Cu 2 + spectra descripti on has the
fol lowi ng form :
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Ĥ = g ÙH Ŝ + Ŝ A ( C u ) Î ( (1)

where is the spectroscopic tensor; , are the hyp erÙne and superhyp er-

Ùne tensors, respectively; are the electron and nucl ear spin operato rs,
respect ively.

The spin-Ha mil to nian param eters, whi ch give the best Ùt between calcul ated
and exp erimenta l l ine positi ons in anisotro py pattern and di recti on cosines of
crysta l Ùeld gradi ent wi th respect to the system are presented in Tabl e.

T A BLE

In DMACC crysta l the Cu ion replaces Cd and is octahedra lly coor-
di nated wi th Cl ato ms at the corners of the coordi nati on polyhedro n. Cruci al
argum ent f or such a site pl ace of Cu ion is the presence of superhyp erÙne struc-
ture from four chl orine nucl ei wi th 3 2. Fi gure 3 shows the vi ew on structure
of the [Cu Cl ani on, where com plexes and thei r pri ncipa l di recti ons are
m arked.
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Since we have exp ected to observe som e anomaly near the phase tra nsiti on,
we have m ade the EPR investigati on in the temperature range (6 Ë 2 9 3 ) K. The
crysta l was ori ented in thi s way tha t magneti c Ùeld was di rected along the a-crysta l
axi s. No te tha t the com plexes Cu(I Ia ) and Cu(I Ib) are equiv alent at thi s ori enta -
ti on of crysta l . Thi s means tha t there are no di ˜erences for positi on of resonance
l ines belonging to both com plexes (see Fi g. 2). One can observe a lot of clear
separate resonance l ines for Cu(I Ia ) and Cu(I Ib) compl exes due to a higher value
of superhyp erÙne constants A ( C l ) = 13 Gs wi th respect to the l ine wi dth (8 Gs)
at thi s ori enta ti on. On the contra ry the spectrum of com plex Cu(I) consi sts of
onl y f our bro ad lines because the superhyp erÙne spli tti ng constant A ( C l ) from Cl
nucl ei has a smal l value at thi s ori entati on 4 Gs). We di d not observe any
anom alies in the spi n-Ha m il to nian parameters versus temperature for the com plex
of typ e-I.

Fi gure 4 shows the evoluti on of the EPR spectrum for com plexes of I I- typ e
versus tem perature. There is a clear vi sibl e smeari ng of al l EPR l ines below 40 K,
whi ch is especial ly empha sised on edges of the spectrum . Fi gure 5 presents the
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Fig. 5. The experimental (E) and simulated (S) EPR spectra of C u2+ ion in DMA C C

crystal for temp erature 60 K (a) and 20 K (b). A n external magnetic Ùeld is directed

along the a -crystal axis.

exp erimenta l and sim ulated EPR spectra at temperature 60 K and 20 K, re-
spectivel y. The sim ulatio n indi cates the di ˜erence in l ine positi ons belonging to
Cu(I Ia) and Cu(I Ib) com plexes below 40 K. W e must keep in mind tha t com plexes
Cu(I Ia) and Cu(I Ib) are equivalent at thi s orienta ti on at an externa l magneti c Ùeld
above 40 K. Bel ow thi s tem perature the compl exes Cu(I Ia ) and Cu(I Ib) become
nonequivalent. No nequivalency of I I-typ es compl exesm eans the di ˜erence in coor-
di nati on envi ronm ent of Cu(I Ia) and Cu(I Ib) ions; the changes in the bond angles
and/ or distances wi thi n polyhedra .

Fi nal ly, our EPR resul ts and spectra simul ati ons suggest the smooth second
order tra nsi ti on below about 40 K. D ielectri c m easurements of DMACC: Cu 2+ con-
Ùrm the appearance of anom al ies at tem perature as for pure D MACC crysta ls [6].
Unf ortuna tel y, Cu 2 + ion is not enough sensiti ve to detect these phase tra nsiti ons.
W e com bine the reason of thi s wi th a large di ˜erence radi us of Cd 2 + and Cu2 +

(see Fi g. 3) and a stro ng m olecular Cu{ Cl bondi ng, whi ch causes the parti al ly
decoupl ing of copper from the crysta l l ine netwo rk.
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