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Band structure calculations relevant to bis-ethylenedithio-tetrathiafulvalene-based charge transfer salts con-
taining tris(oxalato)metallate anions, with generic formula (BEDT-TTF)4A[M(C2O4)3]·Solv, where A is a mo-
novalent anion, M is a trivalent cation and Solv is a solvent, suggest that their Fermi surface is liable to achieve 
networks of compensated orbits coupled by magnetic breakdown. Even though this picture accounts for quantum 
oscillations spectra of a number of these compounds, puzzling results can be noticed in several cases, pointing to 
the possibility of Fermi surface reconstruction at low temperature. 

PACS: 71.18.+y Fermi surface: calculations and measurements; effective mass, g factor; 
71.20.Rv Polymers and organic compounds; 
72.15.Gd Galvanomagnetic and other magnetotransport effects. 

Keywords: Fermi surface, quantum oscillations, organic metals, high magnetic fields. 

1. Introduction

Even though the crystal structure of quasi-two-dimen-
sional organic metals may appear complex compared to that 
of many inorganic compounds, their band structure is ex-
tremely simple. Indeed, according to calculations [1], the 
Fermi surface (FS) of many salts, in particular those with 
β′′  type packing considered hereafter, can be considered to 
originate from a hole orbit (labeled   in the following) 
with an area equal to that of the first Brillouin zone (FBZ). 
Within an extended zone scheme, these orbits which can be 
approximated by ellipses, may overlap along either one or 
two directions, leading to either one- or two-dimensional, 
respectively, networks of orbits coupled by magnetic break-
down (MB) in magnetic fields [2] (see Fig. 1). 

Quasi-two-dimensional charge transfer salts with generic 
formula (BEDT-TTF)4(A)[M(C2O4)3]·Solv (where BEDT-
TTF stands for bis-ethylenedithio-tetrathiafulvalene, A is a 

monovalent cation such as H3O+, 4NH ,+  etc., M is a trivalent
cation such as Fe3+, Cr3+, etc., and Solv is a solvent such as
dichlorobenzene (C6H4Cl2), benzonitrile (C6H5CN), nitro-
benzene (C6H5NO2), etc.) set up a family of organic com-
pounds which aroused great interest for many years [3] since 
the discovery of superconductivity in the iron-containing salt 
β″-(BEDT-TTF)4(H3O)Fe(C2O4)3·C6H5CN [4]. 

Provided that their ground state is metallic, their FS topol-
ogy is liable to illustrate the networks of orbits displayed in 
Fig. 1. For example, according to band structure calculations 
relevant to β″-(BEDT-TTF)4(NH4)[Fe(C2O4)3]·C3H7NO [5] 
reported in Fig. 1(e) or β″-(BEDT-TTF)4H3O 
[Fe(C2O4)3]·C5H4BrN [6], the FS topology of these salts is 
similar to the scheme of Fig. 1(b) yielding one electron (e) 
and one hole (h) compensated orbits separated by small and 
large gaps, labeled ∆1 and ∆2, respectively. However, in the 
FBZ region around ∆2, the Fermi level is very close to 

© V.N. Laukhin, Alain Audouard, Jean-Yves Fortin, David Vignolles, Tatyana G. Prokhorova, Eduard B. Yagubskii, and Enric Canadell, 2017 



V.N. Laukhin, A. Audouard, J.-Y. Fortin, D. Vignolles, T.G. Prokhorova, E.B. Yagubskii, and E. Canadell 

the band extrema which can make the actual FS topology 
very sensitive to subtle structural details. Namely, if the 
gap is larger, the electron-type orbits transform into qua-
si-one-dimensional sheets as displayed in Fig. 1(a). Op-
positely, in the case where the gap is closed,   orbits 
intersect along two directions, yielding the scheme of 
Fig. 1(c), with two hole (h1 and h2) and one electron (e) 
compensated orbits. This is illustrated by, e.g., band 
structure calculations relevant to the compound 
(BEDO)4Ni(CN)4·4CH3CN [7], where BEDO stands for 
the bis-ethylenedioxi-tetrathiafulvalene molecule. More 
recently, compounds with two different alternating BEDT-
TTF layers have been further synthesized [8,9] such as α-
′pseudo-κ′-(BEDT-TTF)4H3O[Fe(C2O4)3]·C6H4Br2. Where-
as layers with ′pseudo-κ′ structure are insulating, α layers, 
the FS of which is depicted in Fig. 1(d), are metallic. In the 
latter case, due to folding of the FBZ, the FS is composed of 
two electron and one hole compensated orbits. At variance 
with the above considered cases, these three orbits are con-
nected by a MB junction whereas the set is isolated within 
the FBZ [8,10]. 

According to the above statements, all these compounds 
may offer a playground for the study of quantum oscillations 
in networks of orbits. Nevertheless, puzzling experimental 

data can be observed, in line with the various reported 
ground states, including normal metal, charge density wave, 
superconductivity, and temperature-dependent behaviors. 

In this paper we review FS parameters (frequencies, ef-
fective masses) and Fourier amplitude calculations in cou-
pled orbits networks (Sec. 2). In Sec. 3, recent data con-
cerning quantum oscillations in the family of BEDT-TTF 
molecular metals containing tris(oxalato)metallate anions 
are examined at the light of these calculations. 

2. Calculation of Fermi surface parameters 

In this section, we consider frequencies, effective masses 
and Fourier amplitudes relevant to the various FS topologies 
presented in Fig. 1. The case of   orbits overlapping in one 
direction, illustrated in Fig. 1(a), is nevertheless put aside 
since it has not been reported for the considered family yet. 
Let us simply recall that it corresponds to the widely studied 
linear chain of coupled (hole) orbits (see, e.g., [2,11] and 
references therein) for which the two basic frequencies ob-
served in the oscillatory spectra correspond to the closed h  
and MB-induced   orbits, known as the α  and β  orbits, 
respectively, in the literature. Fourier spectra, which are 
composed of linear combinations of these two frequencies 

Fig. 1. (Color online) Sketch of Fermi surfaces formed by overlapping of elliptic  orbits along (a) one and (c) two directions. An intermedi-
ate case in which the  orbits come close to each other in one direction is depicted in (b). Fermi surface calculations of (d) α-′pseudo-κ′-
(BEDT-TTF)4H3O[Fe(C2O4)3]·C6H4Br2 [10], (e) β″-(BEDT-TTF)4(NH4)[Fe(C2O4)3]·C3H7NO [5] and (f) (BEDO)4Ni(CN)4·4CH3CN [7]. 
(e) and (f) are illustrations of (b) and (c), respectively. Red and blue labels correspond to hole and electron orbits, respectively. Arrows indi-
cate direction of quasiparticles. Ellipses in solid red lines have an area equal to that of the first Brillouin zone and correspond to the  orbits. 
Ellipse in dashed line in (d) has an area twice the first Brillouin zone due to folding. 
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(Fα ~ 500–1000 T, Fβ » 4000 T), are strongly influenced 
by oscillations of the chemical potential in magnetic field. 

For   orbits either coming close together in the direc-
tion transverse with respect to the chain or intersecting in 
two directions (see schemes of Figs. 1(b) and (c), respec-
tively) compensated orbits are observed. In contrast with 
the above mentioned case, oscillations of the chemical po-
tential are significantly damped [12,13] and the Lifshitz–
Kosevich formalism [14–16] holds. 

Within this formalism, for magnetic field applied paral-
lel to the normal to the conducting plane, oscillatory part of 
the magnetization relevant to the harmonic λ  of an orbit 
η  can be written 

 osc = ( , )sin 2
F

m A
B
η

η λ

 
− η λ πλ  ∑∑  (1) 

for two-dimensional FS. The de Haas–van Alphen ampli-
tude ( , )A η λ  is given by 

 ,( , ) = ( 1) ( , )
s MBF

A R R
m

λ ηη
η λ

η
η λ − η λ

πλ
, (2) 

where 2sη  is the number of turning points of the orbit 
and , , ,( , ) = .T D sR R R Rη λ η λ η λη λ  The temperature, Dingle 
and spin damping factors are given by [16] , =TRη λ  

1
, ,( ),sinhX X−

η λ η λ=  , 0= exp ( / )D
DR u m T Bη λ η η− λ  and , =sRη λ

cos( /2),g mη η= π λ  respectively, where the field- and 
temperature-dependent variable ,( )X η λ  and the constant 

0( )u  are expressed as , 0 /X u m T Bη λ η= λ  and 0u =
2 1

02 ( )Bk m e −= π   = 14.694 T/K. ,DT η  mη  and gη  are 
the Dingle temperature, effective mass in 0m  units and 
effective Landé factor, respectively. In the following, the 

thλ  harmonic of η  is regarded as the orbit λη  since 
( , ) ( ,1).R Rη λ = λη  The MB damping factor is ,

MBRη λ =  
, ( ) ( )

t rn nC ip qη λ=  where ,Cη λ  is the symmetry factor. 
The tunneling (p) and reflection (q) probabilities are giv-
en by /20e B Bp −=  and 2 2 1p q+ =  where 0B  is the MB 
field [17]. For magnetic fields tilted by an angle θ  from 
the normal to the conducting plane, the above formulas 
still hold provided B is changed to cos .B θ  

2.1. One-dimensional chain of compensated orbits 

In the case of the scheme of Fig. 1(b), which is illustrat-
ed by the band structure calculations of Fig. 1(e), the FS is 
composed of a pair of compensated electron (e) and hole 
(h) orbits. Provided the MB gap 2∆  in the direction paral-
lel to the chains is large enough, a linear chain of compen-
sated orbits is obtained. The primary point is that, owing to 
the “opposite sign” of electron and hole orbits, any η  orbit 
composed of en  electron and hn  hole orbits corresponds 
to the Fourier component with frequency 1= ,nF nFδ δ  
where the fundamental frequency 1F  is the frequency 
linked to both e  and h  orbits ( 1 = =e hF F F ) and nδ  = 

| | .e hn n= −  In the framework of the Falicov–Stachowiak 
model [18,16], the effective mass is given by =mη

,e e h hn m n m= +  where ( )e hm  is the absolute value of the 
effective mass of individual electron (hole) orbit. As a re-
sult, an infinite number of η  orbits corresponds to the 
frequency nFδ . Moreover, η  orbits with the same number 
of e  and h  orbits may have different MB damping fac-
tors. This point is exemplified in Fig. 2 in which the case 
of three η  orbits composed of one electron and two hole 
orbits ( 2 )e hη = +  is considered. Whereas they correspond 
to the same frequency 1F  and have the same effective 
mass = 2 ,e hm m mη +  their MB damping factors are dif-
ferent: 2 2 2(1 )p p−  for Figs. 2(a) and (c), and 4 2(1 )p p−  
for Fig. 2(b). Extensive calculation of the Fourier ampli-
tude, based on combinatorial analysis, has been reported in 
[13]. Limiting ourselves to η  orbits with frequency 1F  
made of at most three individual orbits, yields: 

 1 2 2= e h e h e hA A A A A+ ++ + + +  (3) 

with 

 21= (1 )e e
e

F
A R p

m
− − , (4) 

 21= (1 )h h
h

F
A R p

m
− − , (5) 

Fig. 2. (Color online) Examples of magnetic breakdown (MB) orbits, relevant to the linear chain of compensated orbits of Fig. 1(b), 
involving 1 electron and 2 hole orbits. These three orbits yield the same frequency corresponding to one single orbit and have the 
same effective mass, m = me + 2mh. However, MB damping factors are different: p2(1 – p2)2 for (a) and (c), and p4(1 – p2) for (b), 
where p = exp(–B0/2B) is the tunneling probability and B0 is the MB field. 
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 2 2 2 21
2 2= [ (1 ) (2 3 )]

2e h e h
e h

F
A R p p p

m m+ + − −
+

, (6) 

 2 2 2 21
2 2= [ (1 ) (2 3 )]

2e h e h
h e

F
A R p p p

m m+ + − −
+

. (7) 

As a consequence, the effective mass deduced from 
temperature dependence of the amplitude 1A  depends on 
many parameters, namely on the relative value of em  and 

hm , Dingle temperature, MB field and effective Landé 
factors. For strongly different em  and hm  values, 1A  is 
governed by the smaller effective mass, provided the con-
tributions of 2e h+  and 2e h+  are small enough. In con-
trast, as em  and hm  are close, a mean value is deduced 
from experimental data. Besides, for small 0 /B B  values, 
hence large tunneling probability, orbits 2e h+  and 2e h+  
can contribute substantially, leading to non-Lifshitz–
Kosevich behavior (i.e., apparent temperature-dependent 
effective mass) [13]. In addition, 1A  is strongly dependent 
on the relative values of the spin damping factors which 
are governed by the product .g mη η  Owing to this state-
ment, experiments with various directions of the magnetic 
field with respect to the conducting plane can yield more 
insight on the involved parameters. 

2.2. Two-dimensional network of compensated orbits 

Analogous considerations hold for the two-dimensional 
network of Fig. 1(c). It must be noticed that such network 
which is illustrated by the band structure calculations of 
Fig. 1(f), has not been predicted for the considered family 
(i.e., with BEDT-TTF as the donor), yet. Nevertheless, as 
discussed in the next section, several experimental oscilla-
tory spectra are in line with this picture. In this case, the FS 
is composed of one electron (e) and two hole (h1 and h2) 
orbits. Therefore, instead of one Fourier peak and harmon-
ics, spectra are composed of linear combinations of com-
ponents with frequencies eF , 1hF  and 2hF . Since orbits 
compensation yields the additional relationship 1e hF F=  + 

2,hF+  frequency 1 2( , , )e h hF n n n  resulting from an η  
orbit made of en , 1hn  and 2hn  orbits is given by 

1 2 2 2 1 1( , , ) | ( ) ( ) | .e h h e h e h h hF n n n n n F n n F= − + −  The ex-
ception of 1 1 2 2h hn h n hη = +  must nevertheless be noticed 
since any MB orbit solely made with hole orbits cannot 
exist according to Fig. 2(c). Therefore, as it is the case for 
the one-dimensional chain, a given frequency results 
from the contribution of an infinite number of η  orbits. 
As an example, the frequency 1(2)hF  results from the contri-
bution of the orbits 2(1)e h+ , 1(2)h , 1(2) 2(1)2 2 ,e h h+ +  

1(2) 2(1)3 2 3 ,e h h+ +  etc., yielding, limiting ourselves to the 
two first η  orbits with the lowest effective masses: 

 1(2) 1(2) 2(1)( ) = . . .h h e hA F A A ++ +  (8) 

with, taking into account the symmetry factors (1 and 2 for 
1(2)h  and 2(1)e h+ , respectively), 

 21
1(2) 1(2) 1(2)

1(2)
= (1 )h h

h

F
A R p

m
− − , (9) 

 2 2 21
2(1) 2 2(1) 2(1) 1(2)= [2 (1 )(1 )]

2e h e h
h e

F
A R p p p

m m+ +− − −
+

,  

  (10) 

where 1(2) 0,1(2)exp ( /2 )p B B= −  and 0,1(2)B  is the MB 
field linked to the gap 1(2).∆  

Similarly, in addition to the e orbit, more complex MB 
orbits such as 1 22 2 ,e h h+ +  1 22 2 2 ,e h h+ +  1 22 3 3 ,e h h+ +  
etc. albeit with large effective mass and small MB damp-
ing factors, can contribute to Fe. In that respect, more ex-
tensive calculations, such as reported in Ref. 13 for the 
one-dimensional chain, are needed to get a more deeper 
insight on the oscillatory behavior of two-dimensional 
networks of compensated orbits. Nevertheless, it can be 
considered that for large enough Dingle temperature and 
MB gaps only orbits with the smallest effective masses can 
significantly contribute to the data. 

2.3. Isolated set of compensated orbits 

Finally, the case of isolated set made of two electron 
and one hole compensated orbits reported in Fig. 1(d) has 
been considered in Ref. 10. Owing to orbits compensation, 
leading to = 2 ,h eF F  oscillation spectra are composed of a 
series of Fourier components with frequencies 
| 2 |e h en n F−  and effective masses e e h hn m n m+  where 

( )e hn  is the number of involved electron (hole) orbits. As a 
result, each Fourier component results from many MB or-
bits. E.g., the two main frequencies, Fe and = 2 ,h eF F  
arise from e, e h+ , 3e h+ , 3 2e h+ , etc. and 2e, h, 4 ,e h+  
2 2e h+ , etc., respectively. Their amplitudes are given by 

 
2 1/2 2 2 1/22(1 ) 2 (1 )=e e e h

e e h

p p pA R R
m m m +

− −
− − +

+
  

 
4 2 1/2 2 2 3/2

3
2[ (1 ) (1 ) ] . . .

3 e h
e h

p p p p R
m m +

− − −
+ +

+
 (11) 

and 

 
2 2

2 2
(1 ) (1 )=

2e e h
e h

p pA R R
m m

− −
− +   

 
2 2 2 4 2 2

4
2 (1 ) 3 (1 )

4 e h
e h

p p p p R
m m +

− − −
+ +

+
  

 
4 2 2 2 2

2 2
3 (1 ) 2 (1 ) . . .

2( ) e h
e h

p p p p R
m m +

− − −
+ +

+
 (12) 
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3. Comparison with experimental data 

In this section, experimental data reported in the literature 
are examined at the light of the above calculations. To our 
best knowledge, and as far as high magnetic field data rele-
vant to salts with tris(oxalato)metallate anions are concerned, 
the one-dimensional chain of compensated orbits and the 
isolated set of compensated orbits considered in Secs. 2.1 and 
2.3, respectively, are only illustrated by β″-(BEDT-
TTF)4H3O[Cr(C2O4)3]·C6H5NO2 [19] and α-′pseudo-κ′-
(BEDT-TTF)4H3O[Fe(C2O4)3]·C6H4Br2 [8,10], respective-
ly. In the former case, only one frequency F = 230(10) T, 
corresponding to a rather small area of about 6% of the FBZ 
area, is observed. This result supports the scheme of Fig. 1(b) 
and band structure calculations relevant to β″-(BEDT-
TTF)4(NH4)[Fe(C2O4)3]·C3H7NO [5] and β″-(BEDT-
TTF)4H3O[Fe(C2O4)3]·(C6H5CN)0.35(C6H5Cl)0.65 [9], 
which predict FS areas of the same order of magnitude (8.8 
and 7.4% of the FBZ area, respectively). Considering the 
small orbit area, rather high effective mass is obtained *(m =
= 2.2) attributed to the presence of Cr3+ magnetic ions. Nev-
ertheless, since the MB field is not known, hampering com-
prehensive data analysis on the basis of Eqs. (3)–(7), it is not 
possible to infer the respective effective mass of electron and 
hole orbits. In contrast, field, temperature and angle depend-
ence of the oscillations spectrum are reported for α-′pseudo-
κ′-(BEDT-TTF)4H3O[Fe(C2O4)3]·C6H4Br2 [10]. Despite the 
observed rather large Dingle temperatures, the orbit e + h has 
a definite influence on the amplitude (Ae) of the oscillations 
with frequency Fe due to a small MB gap (B0 ~ 2T), where-
as, albeit to a lesser extent, 2e contribute to the amplitude Ah. 
In short, the data support Eqs. (11) and (12), allowing the 
determination of the effective masses me = 0.93(4) and mh = 
= 0.88(4) which are rather close to each other even though 
the h orbit area is by a factor of two larger than the e orbits 
area. Finally, beyond the case of salts with tris (oxa-
lato)metallate anions, it can be remarked that such FS 
topology also holds for (BEDO-TTF)2ReO4·H2O [20] 
whose quantum oscillations have been studied in, e.g., 
Refs. 21, 22 and for which similar data analysis would be 
important to unravel the so far not adequately understood 
quantum oscillations behavior in this salt. 

Unlike the two cases above, many experimental data are, 
at first sight, in line with the scheme of Fig. 1(c). As exam-
ples, combinations of frequencies predicted in Sec. 2.2 for 

two-dimensional networks are observed for the data reported 
in Table 1: for all the considered compounds, three frequen-
cies, labeled Fa, Fb–a and Fb are observed. Within the report-
ed uncertainties, the relationship Fa + Fb–a = Fb holds, in line 
with the considered type of two-dimensional network, pro-
vided it is assumed that the frequencies Fa and Fb–a are 
linked to the hole orbits (h1 and h2) while Fb corresponds to 
the electron orbit. Within this framework, the electron orbit 
area amounts to 6 to 9% of the FBZ area. 

Effective mass of the   orbit (see Fig. 1) can be es-
timated as 1 2.e h hm m m m= + +



 Assuming as a tentative 
approximation that bm , am  and b am −  correspond to the 
effective masses of the orbits em , 1(2)hm  and 2(1)hm  
(i.e., the complex MB orbits mentioned in Sec. 2.2, lia-
ble to enter the relevant amplitudes, and MB gaps have 
negligible contributions) yield m



 ~ 2–4 which is with-
in the reported values for compounds with the FS topo-
logy of Fig. 1(a), for which the effective mass of the β  
orbit (equivalent to the   orbit) ranges from 
mβ = 1.9(1) for θ-(BEDT-TSF)4CoBr4·C6H4Cl2 [23] 
(where BEDT-TSF stands for the bis-ethylenedithio-
tetraselenofulvalene molecule) to mβ = 6–7 for the star-
ring compound κ-(BEDT-TTF)2Cu(SCN)2 [24,25]. 

Nevertheless, we have to be cautious with the physical 
meaning of the parameters determined from experimental 
data. Indeed, let us consider β″-(BEDT-TTF)4 
H3O[Fe(C2O4)3]·C6H4Cl2 which is the most extensively 
studied compound of this family, with respect to quantum 
oscillations [26–28]. Whereas Shubnikov–de Haas (SdH) 
spectra evidence the three frequencies Fa, Fb–a and Fb, in 
line with the considered scheme (see Table 1), de Haas–van 
Alphen (dHvA) spectra, obtained with a tilt angle θ = 29°, 
only evidence Fa and Fb as reported in Fig. 3. Unless spin-
zero phenomenon could be invoked to explain the absence 
of Fb–a, this feature is unexplained. In that respect, any angle 
dependence study of the b a−  component is unfortunately 
not reported, yet. Besides, even though the temperature 
dependence of the dHvA b oscillations amplitude follows 
the Lifshitz–Kosevich behavior, a strong slowing down of 
the temperature-dependent damping of the SdH amplitude 
is observed at high temperature (see Fig. 4). As a result, b 
oscillations are observed up to 32 K. This feature is con-
sistent with a zero-effective mass quantum interferometer. 
However, not any quantum interferometer can be obtained 
within the considered two-dimensional network. 

Table 1. Frequencies and effective masses reported in the literature for (BEDT-TTF)4A[M(C2O4)3]·Solv, labelled as AM·Solv, 
where DMF and DCB stand for C3H7NO and C6H4Cl2, respectively. Effective mass of the  orbit is calculated as m



 = me + mh1 + mh2 

Compound  Fa Fb–a  Fb  Fa + Fb–a  ma  mb–a  mb  m


 
(NH4)Fe·DMF [30]  48(2) 192(2) 241(5) 240(4) 0.58(6) 0.7(1) 1.07(10) 2.35(26) 

(NH4)Cr·DMF (0.8 GPa) [29]  67 245 311 312 0.4(2) 0.80(25) 1.10(25) 2.30(65) 
(NH4)Cr·DMF (1 GPa) [29]  68 255 320 323 0.60(15) 0.8(2) 0.8(2) 2.20(55) 

(H3O)Fe·DCB [26,28]  74(5) 272(5) 348(3) 346(10) 0.85(10) 1.0(1) 1.5(1) 3.35(30) 
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Even more obvious discrepancies between the model FS 
of Fig. 1(c) and quantum oscillations data are observed in 
the literature. For example, even though SdH data of β″-
(BEDT-TTF)4(NH4)[Cr(C2O4)3]·C3H7NO, collected under 
applied pressures of 0.8 GPa and 1 GPa, can be interpreted 
on the basis of three compensated orbits as above [29], up to 
six Fourier components with no clear frequency combina-
tions are observed at ambient pressure [29]. In contrast, sub-
stituting Cr3+ for Fe3+ allow to recover the three frequencies 
Fa, Fb–a and Fb at ambient pressure and low temperature 
(see Table 1 and Ref. 30). However, an unexplained splitting 
of the b component is observed above ~ 3 K in this com-
pound. In addition, even though the low-temperature spec-
trum is preserved under applied pressure of up to 0.98 GPa, 
an unexplained huge pressure-induced increase of the fre-
quencies is observed 1( (ln( ))/ = 1 GPa )d F dP −  [31]. To end 
with this series of puzzling examples, β″-(BEDT-TTF)4 
H3O[M(C2O4)3]·C5H5N salts, with M = Ga, Cr, Fe, reveal 
two main Fourier components with frequencies in the range 
38–50 T and 340–350 T (~8.5% of the FBZ area), respec-
tively [32]. In addition to these frequencies which are close 
to Fa and Fb, respectively, a plethora of Fourier components 
are observed. Few of them could be considered as frequency 
combinations. In the case of the scheme depicted in Fig. 1(a) 
involving only hole orbits, oscillations of the chemical po-
tential can induce frequency combinations [2,10,25]. How-

ever, this phenomenon can be barely invoked for compen-
sated multiband metals [13]. As a result, it is likely that the 
observed frequencies actually corresponds to classical orbits 
which rules out the textbook scheme of Fig. 1(c). Phase 
transition such as density wave condensation can be invoked 
to interpret these discrepancies [33] since they can drastical-
ly change the FS topology at low temperature. 

4. Summary and conclusion 

According to band structure calculations, many charge 
transfer salts with generic formula β″-(BEDT-TTF)4 
A[M(C2O4)3]·Solv are two-dimensional compensated met-
als. Accordingly, they are liable to illustrate textbook Fermi 
surfaces predicted by band structure calculations hence 
providing a playground for the study of quantum oscilla-
tions. Field- and temperature-dependent de Haas–van Al-
phen oscillations amplitude are evaluated for the one-
dimensional chain and the two-dimensional network of 
compensated orbits. However, although the observed fre-
quencies are in agreement with predictions of band structure 
calculations in several cases, either comprehensive experi-
mental data are missing or the behavior of the amplitudes is 
not in agreement with calculations, hence with predicted 
band structures, pointing to a Fermi surface reconstruction at 
low temperature in these compounds. As a result, compre-

Fig. 3. (Color online) Oscillatory data relevant to β″-(BEDT-TTF)4H3O[Fe(C2O4)3]·C6H4Cl2. (a) Shubnikov–de Haas oscillations 
and (c) magnetic torque data (yielding de Haas–van Alphen oscillations). Corresponding Fourier analysis are given in (b) and (d), 
respectively (from [28]). 
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hensive data illustrating one- and two-dimensional networks 
of orbits are still needed. A noticeable exception is provided 
by α-′pseudo-κ′-(BEDT-TTF)4H3O[Fe(C2O4)3]·C6H4Br2 
the oscillations data of which are quantitatively accounted 
for by a Fermi surface made of an isolated set of compen-
sated orbits. 
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