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ORDER-DISORDER PHASE TRANSITION IN ACCEPTOR TYPE 
GRAPHITE INTERCALATION COMPOUNDS 

S.G.Ionov, V.V.Avdeev, V.A.Kulbachinskii, S.A.Lapin, 
E.A.Kamenskaya, E.B.Udod 
Moscow Lomonosov University, Chemical Department, 
119899, Moscow, Russia 

ABSTRACT A study was been made of the characteristic 
features of the electrical conductivity of some low 
stage acceptor type graphite intercalation compounds 
(GIC) near order - disorder phase transitions in 
intercalant layers of IC1, A1C13, SbC15. A change in 
the intercalant order of the iodine monochloride in 
graphite under pressure was detected. 

INTRODUCTION 
Intercalation of graphite increases the distance between 
the graphite layers by a factor of 2+3, but alters only 
slightly the parameters of the crystal lattice in the 
basal plane. Intercalation of molecules in graphite 
produces monomolecular layers in which the intercalant 
molecules do not occupy strictly fixed positions, but form 
a two-dimensional liquid'' 2. Cooling of GIC solidifies 
these layers which form either a periodic lattice 
(commensurate or incommensurate with graphite structure) 
or an amorphous glassy structure. The structure of 
intercalant layers is governed by the actual form of the 
intercalants and in some cases may be determined by X-ray 
analysis. The regular structure of the layer need not be 
associated with the regular distribution of charged 
centers, the number of which can vary quite widely, for 
example in GIC with A1C13. In present paper we report the 
study of order-disorder phase transition in quasi single 
crystals of low stage GIC of acceptor type Cg,3A1C13.4, 
C24.5SbC15r c8.31c11.1f c16.51c11.1' c24.81c11.1 and 
hetero GIC C12FeC13(IC1)0.75. 
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320 S.G. IONOV ET AL. 

EXPERIMENTAL 
GIC samples of the acceptor type were obtained by 
intercalation of highly oriented pyrolytic graphite 
annealed at T=3300K. We synthesized GIC containing A1C13, 
IC1, FeC13 by the vapor phase method whereas SbC15 GIC 
were synthesized by the liquid phase method. The IC1 was 
produced by synthesis from elements and purified by 
recrystallization from the melt, FeC13 and SbC15 were 
synthesized from the elements and refined by multiple 
distillations in a dry chlorine flow or in vacuum 
correspondingly. Synthesis of A1C13, IC1 GIC took place in 
two-section glass ampoule in a chlorine atmosphere. The 
ampoule was sealed and placed in a tubular electric 
furnace. Variation of the temperature gradient between 
intercalant and graphite yielded GIC on different 
stochiometric compositions. The temperature gradient 
prevents also the condensation of an intercalant of the 
surface of samples. 

The results of X-ray and chemical analyses of all the 
GIC on which physical measurements were carried out are 
listed in Table.1, where N is the stage number of GIC, di 
is the thickness of a layer filled with the intercalant, 
Ic is identity period in the direction of the trigonal 
axis, Ic=di+(N-l)*doI do=3. 35A. The compound 
C12FeC13(IC1)0.75 was synthesized in two steps. At the 
beginning the second stage C12FeC13 was produced. The 
introduction of IC1 resulted in the filling of all free 
interlayer spacing. The sequence of layers in 
C1pC12(IC1)()75 are C-FeC13-C-IC1, -C-FeC13-... etc. 

The electrical conductivity of the c-axis of GIC 
samples was determined by the four-contact method under DC 
conditions and also by a contactless induction method at a 
frequency of 100 kHz (in the a direction). Order-disorder 
phase transitions are easily registered by the 
discontinuity in resistivity pc along the c-axis. 
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ORDER-DISORDER PHASE TRANSITION 32 1 

Hydrostatic pressures were created in a special chamber 
filled with dry oil. 

Table.1 Chemical analyses and X-ray results 

Chemical formula 

‘9.3kO. lAlC13. 4kO.l 

C12FeC13(IC1)0,75 

c8.31+0. 14IC1l. 10kO. 03 

‘16.5kO. 5IC1l. 1 O k O .  03 

‘24.8+0. 5IC1l. l O k  0.05 

‘24.5kO. gSbC15. OkO. 1 

N 

9.54k0.02 

9.40tO. 02 

7.13k0.02 

7.12kO. 02 

7.1220.02 

9.36kO. 02 

9.54kO. 02 

16.52k0.02 

7.13k0.02 

10.47k0.02 

13.82k0.02 

12.71k0.02 

RESULTS AND DISCUSSION 
Order-disorder phase transitions in GIC samples which we 
investigated were accompanied by a strong reduction (by a 
factor of 2) of the resistivity pc along the c-axis. Such 
a change exhibited a hysteresis on the temperature scale, 
typical of first order phase transitions. Fig.1 shows how 
pc depends on temperature in C24,5SbC15 (1) and 
C9.3A1C13.4(2). A study of temperature and pressure 
induced structural and electronic changes in SbC15 
intercalated graphite was done in [3-51. 

Gravimetric, X-ray and chemical analyses showed that 
chemical composition and stage number did not change after 
some cycles of cooling. In the GIC of iodine monochloride 
order-disorder transitions occur for Tc-310K (N=l), 
Tc-312K (N=2) Fig.2. In GIC C8.31C11.1 with N>2 Tc does 
not depend on N and Tc=313K. 
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FIGURE 2 Relative change resistivity along the c-axis in 
the first stage GIC C12FeC13(IC1)0,75 
and C1fj51Cll.l (3). 

C8.3IC11.1 (2) 
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L 1 

150 200 210 TJK 150 200 210 TJK 

FIGURE 3 Temperature dependencies of the resistivity 
ratio pa(T)/pa(300K) measured by a contactless method for 

C24.5SbC15 ( 1 ) and Cg. 3AlC13.4 (2) 

FIGURE 4 Pressure dependence of phase transition 
temperature Tc f o r  C16,51Cll.l. 
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324 S.G. IONOV ET AL. 

In Fig.2 the relative change in the c-axis 
resistivity pc is shown also for first stage hetero GIC 
C12FeC13(IC1)0,75* The temperature of the phase transition 
in this GIC Tc 302K is less than in C16,51Cll,l and the 
resistivity discontinuity for the transition is less by a 
factor 2. The temperature shift of the transition may be 
explained by the reduction of the interaction in the IC1 
layers in the hetero GIC as compared with pure IC1 GIC. 

The dependence of the resistivity pa in a basal plane 
on T did not show strong anomalies (Fig.3), that is a 
concentration of carriers almost the same before and after 
the phase transition. 

We investigated also pressure dependence of Tc in 
(Fig.4). The value of Tc increases when ‘16, 5IC1l. 1 

pressure increases. The quantum oscillations of transverse 
magnetoresistance showed that a pressure induced phase 
transition occurs in the IC1 GIC, accompanied by a change 
in the stage from the second to the third [6]. The 
characteristic features of the transition is the monotonic 
increase in the content of the third stage regions and a 
decrease in the content of the second stage regions in the 
specimen. 

In investigated GIC, temperature of phase transition 
is different from the temperature of melting Tm of 
intercalated substances: Tc=203+210K for Cg.3A1C13.4 
(Tm=465.7K), Tc=230+240K for C24.5SbC15 (Tm=275.9K). 
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