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Abstract

A short review of our recent EPR experi-
mental and theoretical reseach work results of
the phase transitions and incommensurate states
in dielectric improper ferroelastics of the type
ABFe .6H20 (A -divalent and B - fourvalent metal)
and conductive acceptor graphite intercalation
compounds (GICs) are presented with more empha-
sis on early unknown common properties of this
incommensurate materials.

A& lack of the generally accepted trans-
lational symmetry in incommensurate states remo-
ves some limitations for the erystal structure
organization. Therefore, incommensurate systems
are potential carriers of new physical proper-
ties.1 Magnetic resonance methods are powerful
techniques for studing of such systems.2 In this
review our recent investigation results of incom-
mensurate phases of dielectric crystals ABFe.BH20
and conductive acceptor GICs are presented.

It has been found and investigated by
means of 3d-ions EPR and conduction ESR (CESR):

- the incommensurate phases of the crys-
tals MgBFe.BH20 (B- Si, Ge, Ti) and of the mixed
ferroelastics of the type (Mg,Zn)BFe.6H20;3

- the order parameter of the paraelastic
phase -~ incommensurate phase transition in above
mentioned crystals, which is a rotation angle of
the complex ions around the crystal C-axis rela-
tive to their position in the paraelastic phase;
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two anti-phase lattice displacement modulation
waves of the type: F(x,T) = Fo(T)cosw(x) * dF(T),
where Fo(T) and w(x) are the modulation wave
amplitude and phase; the critical temperature de-
pendence of the parameters Fo(T) and dF(T) near
the phase transition temperature;

- the succession of modulated states in
crystals MgBFa.6Hz209.4 and 1in GICs CsnHNG3,3.5
which can not be unambiguously reduced to the
well known "devil’'s staircase” of discreate chan-
ges in the modulation wave vector;

- the influence of defects on phase tran-
sitions and incommensurate states;

- the "nonmetalliec” temperature dependen-
ce of the GICs CESR 1line width and the decrease
of spin carriers mobility during and after incom-
mensurate crystallization of the "guest” molecu-
les subsysten;5

- the current carriers injection pheno-
menon at incommensurate crystallization of “gu-
est” molecule lavers in acceptor GICsS3;

- effect of "guest"” molecules subsystem
dimension on phase transitions and incommensura-
te states in GICs CsnHNO3 (n = 2 = 5), inclu-
ding the GIC stage index (n) dependence of phase
transition temperatures;

- the "devil’'s staircase” type process,
realizing at graphite intercalation from gase
phase.®B

This results of the investigations will
be discussed in details at the Congress.
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Abstract

in acceptor graphite interecalation rom-
powids (GICE) wan found  and investigated the oj-
miltaneous inerexce  of conduetivity, conduection
ECR {CESR) line width and gpin earriers concent-
ration (N). 1t wae chown by means of the OFER
method that the inerease of N is direetly con-
neceted with Lhe partial loeaiivation of the oon
duction electirons. It nae been proposed, that lhe
increase cof leaatized electrene concentration iz
the main reacon  tor the deecrease (the inereans)
ol the in plane gpin capriers mopility  =and non-
metallin incresse (Lhe CKSR lins width).

the systematice investigation of the er-
fect of temperature on the CESR spectrm of GT0x
were realized with the - 2D CESR ling ghaps analy-
sie precedure develceped by authors. ' Nordueti-
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an eariier unknown vyphenomenon: if layers of
"guest" molecules underge an aggregate or a siruc-
tural vhase trangition, such as in GI¢s with
nitrie acid,
then with a

25 134258 temperature
E ﬁhﬁ%i decreace Lo-
20 o o wer than a
s eritieal pha-
« e - se traneiti-
lo 1.5 3 o o . 1.3 5.. onr I‘egion,
DO I 0 g(c) and o{a)
are: * wone,, w00D 18 10 increage in
“eotens, T spite of the
osd,, 1%.&“ §o.s decreace  {1)
F 2.8 800000 0 Aa k0 A0 racaAT ©0m sec § of the \}ldf'}""
00 0 earrier mohi-
4 820 120 ‘60‘ Kzéo_ 240 280 320 _-“t'y ("‘lg.ﬂ.

CESR meacu-
Fig.2. CESR line thape parameterr I'emente of
in C, HN03 vs. T. 1,2,3 and 4 _cor- Ch&?ge ear-
respond Lo A/B, AU, T=(A.D¥ANand Trier concen-
N{T)Y={I/1 »0tc)) ") rempectively. Ltration (N)
° ve.,  tempera-
lure show (Fig.2) ihat thie unusual "normetal -
Yie " behaviour of GICe resulte from ihe incere-
age 0f the curreni carrier concentration in n -
- tundg. Thus, one ezn eonclude  that  in this
gsynthetiec metlaly, in the solid phase of the in-
tercalate ( in all the fLemperature Immnge ol in-
Vbct‘gﬂtlbn;, Lthe ‘efafive cign ol the tLemperu-
ture coefficient of cjentrorondu.t1v¢ty ie due
te the increase in N. In  ‘tenm ¢f tha {(I0s
tight binding model, the inereaze nf Lhe eurrent
aurrier concentration in I-bands irdieates  that
in some G1Ce rhace trancitions are "iriggers" (or
the proecsss of  reoxidation of graphite layer:n.
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Abstract

The resultis of etperlmental investiga-
ticns and theoretjcal analysiz of the current
carriers ESR  line shape in anisotropic con-
ductors fgruphite and itc aeceeptor lype interca-
lation compourde} are presented.

The effecte of sample eize, eleciro-
magnetic configuration, magnetie field modu -
latxon frequency and temperature on the line -

shape and intensity of the conduction electron
spin reconance  ( CESR } wae  investigated 1in
graphite  and ite acceptor type intercalation
compoundes. The theoretical analyeics or the
line-~chape are carried out in limits of the two-
- dimensional modirication of the Dyson - Kaplan
model and within this model the qualitative
explanation of the all observed peculiarities
of the experimental curveg were obtained, In
araphite to achieve a quantitative conformity it
requ1PVh, in addltlcn. to tuake into consgiderua-
tion the dependence of the ratio of the mean va-
lues of this amplitude at the nonequivalent
faces on a sample size, Using Lhis model, we
propose  an  experimenial procedure 1o detﬂrmine
the two - dimensicnal diffusion conctant of cur-
r«nt curricrs: and c— axis revisgtivity from
ORESR gpecira o anisolropic conductors.

References

1. Ziatdinov, A.¥. and Mishchenko, N.M. (1994)
Fioipe Yverdoge Tela (Ruselia), 36, 23600,



:

CANTERBURY 1996

—
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IN SITU STUDY OF THE KINETICS AND PLANAR
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Abstract

The reculte of an (2 z2itu condaetion Egp
( CESR ) studies by twe - 2one  vapour tranepopt
method, or the interralation prececs of nitrio
acid moleentes into highly oriented pyrolytia
graphite (HOPG) are presented.

The applicaiion of the newtiy, developed
procodure’ of CESR in siluy  oxperiments of  HOI
intercalation wae allownd us Lo atudy  ndi-
vidual rmeacetions siepe ( Figot ) and Lo tiees.
ver wwe escentially  different intercalatien
mechaniamea: a4 «low diftaeiorn of  the inbtoarsalsto
through sidee parqliel to Lhe c-axis in-the whole
thiknece of 4 cample and a1 rolatively fqriar me-
leation of 4 new phase in the npoear surfaco oul
leries. ¥ach of thege interenlation mechanicme ig
characrterized by an " industion period " Aduring
which grapnite takee up comparatively litite
intercalunt «and by

the indz2x (n) of s a1, & ~2. s+ -3 @
the  stage  appen- . <tz
Ting of itz own. "
n the HOPG plates 29 " el
with protecled bu- ~ - i
. PO e
Fig.i. CEDR iinos,_,‘ Cagans® T
shape parametars of N <
the {(HOVC+HND_) sys- '° et
tam v« expou;u?e time g4a 22 | 0.3
Ity 1. 2 and 3 cor- 144
recponds to AH, A/g T I T T s 5 o 1T 12 1

and T/1 = (A+HY. A", 7. nour
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ca! wplanes the second or the above - mentiched
1ntvrndiat10n mechanieme ie ineffeetive. This

facl sugeeste that the near ourface intewﬂala ion
ie probably due to the formation of charge den-
sity  wavee  in surface layere during the lnlthl
reriod ¢ the intercalation. By assuming that the

eentreg of perturbation of conduction electron
arin wave funetions gre situated preferentially
4l the edgee of the umag - Herold lelands, the
decrezse of CEER lire width ve, expcosure time
(Big. 2} 2un be attribnied Lo ke decrsace in the
mmber  art Lhe inerease eige of intercalale ju-
lanage ae tre intercalate conceniration inereagec,
peecauee  oF thic, after formation ke dnitia)
slaoe  of 410, the inereage of the btasal plane
vonﬂuvtivity VL expeosure time may be due te ihe
inereggse of “riarge papcier moebill Ly, rainer thun

the increuse of Its coricentralion.

- , ,
Fig.2. CESR tine o(0)-1{1"). m(D)-2(2"), a(a)-3(3")
thope paramctcrn 30, @
of graphite vuo. <L65
ex¥posure time {t! 25“!!'59?:...-- .4.5
1(1'), 2(2°) and i sl b
3{3*) corraspend 20 3 Jfo . -
ta A/B, Ay arng _0  jmeSmeel °% P - "
= > 154 “ o @ *eeet
171 = (A+8)-Ad 14{'s
a e
for plate with 10f‘§. 3
rrotected {(unpro- . 4
tected | basal 5 .
plane Ip is the ‘-:‘ S,
SR line inte i 0 T e———r——r—
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y © ' T . hour
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