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Abstract. The transport properties of nematic aerogels, which consist of oriented mullite nanofibers 
coated with a graphene shell, were studied. It is shown that the magnetoresistance of this system is well 
approximated by two contributions – negative one, described by the formula for systems with weak 
localization, and positive contribution, linear in the field and unsaturated in large magnetic fields. The 
behavior of phase coherence length on temperature obtained from the analysis of the negative contribu-
tion indicates the main role of the electron-electron interaction in the destruction of phase coherence 
and, presumably, the transition at low temperatures from a two-dimensional weak localization regime 
to a one-dimensional one. The positive linear contribution to magnetoresistance is apparently due to the 
inhomogeneous distribution of the local carrier density in the conductive medium. It has also been es-
tablished that the temperature dependence of the resistance for graphenized aerogels with a low carbon 
content, when the graphene coating is apparently incomplete, can be represented as the sum of two con-
tributions, one of which is characteristic of weak localization, and the second is described by hopping 
mechanism corresponding to the Efros-Shklovskii law in the case of a granular conductive medium. For 
samples with a high carbon content, there is no second contribution.
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1. INTRODUCTION

Graphenization by  chemical vapor deposition 
(CVD) of nematic aerogel based on γ-Al2O3 (nafen) 
or on aluminum silicate Al2O3⋅ SiO2 (mullite), in the 
process during which the aerogel nanofibers are cov-
ered with one or more layers of graphene with a large 
number of defects [1-3], makes the aerogel conductive 
with very interesting properties. In Ref. [4], we char-
acterized graphenized mullite samples, in particular, 
we  investigated their structure by scanning electron 
microscopy, determined the carbon content by X-ray 
photoelectron spectroscopy (XPS) to  estimate the 
thickness of the graphene coating, and obtained Ra-
man spectra, which allowed us to qualitatively assess 
the degree of defectivity and grain size of the carbon 
coating. As  a  result of  measurements of  transport 

properties of bulk aerogel samples, the resistivity and 
its anisotropy were determined. It was also shown that 
the temperature dependences of electrical resistivity 
of both bulk and compact graphenized mullite sam-
ples in the range of 9-40 K can be described by formu-
la (1) for variable range hopping (VRH) conductivity, 
in which the exponent α  varies from 0.4 to 0.9 when 
the number of layers in the graphene nanofiber shell 
decreases from 4-6 to 1-2.

	 0( ) = (0)exp .
T

R T R
T

α        
	 (1)

The magnetoresistance measured in  Ref.  [4] 
at  4.2  K  in  a  magnetic f ield up  to  2.3  T  was 
negative, signi f icant in  magnitude (MR  = 
( ( ) (0))/ (0) 0.1R B R R− ≈ −  in  a  f ield of  2  T) and 
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increasing as the thickness of the graphene shell de-
creases. Approximation of  the field dependence 
of magnetoresistance by the corresponding expression 
for weak localization of carriers in the two-dimension-
al case (2D-WL) allowed us to determine the values 
of the phase coherence length (13-15 nm), which are 
in a reasonable ratio with the size of graphene grains 
in the aerogel nanofiber shell. Thus it turned out that 
this system exhibits properties characteristic of both 
strong localization (hopping conductivity) and weak 
localization (negative magnetoresistance). This cir-
cumstance, as well as the limited temperature range 
in which the law (1) was satisfied, and especially the 
obtained low values of  0T  (below 30K) indicated the 
need for a more detailed study of the transport prop-
erties of graphenized nematic aerogel in a wide range 
of temperatures and magnetic fields.

In  the present work, the resistance dependences 
of graphenized mullite in magnetic fields up to 16 T and 
in the temperature range from 3 to 300 K have been 
investigated. It  was found that the magnetoresis-
tance can be  represented as a  sum of  two contribu-
tions: negative (MR− < 0) and positive (MR+  > 0).  
For samples with a  small number of  layers in  the 
graphene nanofiber shell, the negative contribution 
at temperatures near helium can reach the value 0.5≈ −  
in a magnetic field of 16 T. It also turned out that the 
negative MR− contribution in the whole region of mag-
netic fields and temperatures is described with good ac-
curacy by the expression for the case of 2D weak local-
ization [5, 6]. The positive contribution, which is linear 
and unsaturated, seems to be due to  the significant 
inhomogeneity of the conducting medium [7-13]. The 
analysis of the temperature dependence of zero-field re-
sistance has shown that in aerogel samples with a min-
imum number of layers (1-3) in the graphene nanofiber 
shell ( )R T  contains two contributions: (a) the contribu-
tion 1 / lnWLR T∝  associated with weak localization 
under conditions of diffusive transport of carriers and 
(b) the contribution hopR  due to the hopping mechanism 
according to formula (1). In this case, regardless of the 
graphene coating thickness, the value of α  in Eq. (1)  
is equal to 1/2 (Efros-Shklovsky law), and 0 =T  210-
260 K. For samples with a  larger graphene shell thick-
ness, the hopping contribution is absent.

2. AEROGEL SAMPLES AND 
EXPERIMENTAL DETAILS

As  previously [4], samples with carbon content 
of 14 at.% (AG-14), 20 at.% (AG-20), 31 at.% (AG-
31) and 44 at.% (AG-44) were studied. As it was noted 

in this work, if, based on the data on the carbon content 
in the samples and the average diameter of nanofibers, 
to estimate the thickness of the graphene shell, it turns 
out that it is 1-2 graphene layers for samples with the 
minimum carbon content (AG-14) and 4-6 layers for 
samples with the maximum content (AG-44).

The magnetoresistance measurements were carried 
out using the standard four-terminal method on indi-
vidual fragments of aerogel with a large ratio of length 
to its transverse size. The cross section of such frag-
ments was of  the order of  0.05  mm2 with a  length 
of 6-8 mm. 

Fig. 1. Electron microscopic image of the end face of an AG-44 
aerogel fragment with a transverse dimension of about 0.2 mm. 

Fig. 1 shows an electron microscopic image of the 
end face of one of such fragments with a transverse di-
mension of about 0.2 mm. For each sample, a separate 
special holder (Fig. 2) was made of tinned copper wires 
with a diameter of 0.06 mm stretched at a small angle 
to the plane of the holder base, which served as leads 
to current and potential contacts to the sample. After 
placing the sample in the space between the contact 
wires and the plane of the holder base, a small drop 
of conductive self-hardening silver paste was applied 
from the back side of  the contact wires in the place 
of  contact to  form a  stable contact. It  is  clear that 
in  such geometry the measured value of  electrical 
resistance is  determined mainly by  its longitudinal 
(along the nanofiber direction) component, and when 
the magnetic field vector is  directed normal to  the 
sample axis, the measured magnetoresistance will 
be transverse.
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Fig. 2. Design of aerogel sample holder in the form of nanofiber 
fragment. 1 – holder base (glass-textolite); 2 – contact pads (cop-
per); 3 – contact wires (copper wire); 4 – self-hardening conduc-
tive silver paste; 5 – nanofiber aerogel fragment. 

Fig. 3. Magnetoresistance of AG-14 sample at temperatures from 
3 to 300 K.

3. EXPERIMENTAL RESULTS AND 
DISCUSSION

3.1. Magnetoresistance

Fig. 3 shows the MR ( )B  dependences measured 
at different temperatures for sample AG-14 with the 
lowest carbon content (number of  graphene layers 
in the nanofiber shell 1-2), and in Fig. 4 MR ( )B  de-
pendences for samples AG-31 and AG-44 with twice 
or three times greater thickness of the graphene shell.

It can be  seen that at all temperatures the mag-
netoresistance is negative, significant in magnitude, 
and decreases by only an order of magnitude when 
the temperature changes from helium to room tem-
perature. It can also be seen that at low temperatures 
a noticeable positive contribution to the magnetoresis-
tance appears, leading to a strong deformation of the 
MR(B) dependences  at temperatures 3-5 K.

When processing the experimental data, it turned 
out that at  all temperatures the field dependences 
of MR are divided with good accuracy into two con-
tributions: a negative M <0R−  and a smaller positive 
M >0R+ , which, as it turned out, is strictly linear in the 
magnetic field in fields larger than 1 T, and quadratic 
in the field at  0B → . At the same time, the negative 
contribution at all temperatures can be described using 
the well-known expression for the magnetocondensa-
tion MC in the case of 2D-WL [5, 6, 20] as follows: 

	 1M ( , ) = 1,
M ( , ) 1

R B T
C B T

− −
+

	 (2)

where 

	

( , ) (0, )M ( , ) = =
(0, )

( )1= ( ) ln .
2 ( )

G B T G TC B T
G T

B T BA T
B B T

φ

φ

−

    
    Ψ + +        

	 (3)

Here, the conductance

1( , ) = ,
( , )

G B T
R B T

( )A T  is a temperature-dependent constant determined 
by the system parameters, Ψ  is the digamma function, 

2
( ) = ,

4
B T

eL
φ

φ



Lφ – phase coherence length.
The procedure of  experimental data processing 

to separate the contributions of MR−  and MR+  was 
carried out in two stages and was summarized as fol-
lows. First, we approximated the dependences of mag-
netoresistance on magnetic field measured at a given 
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Fig. 4. Magnetoresistance of samples AG-31 and AG-44 at differ-
ent temperatures.

temperature in the field range from 1 to 16 T by the 
sum of 

	 M ( , ) = M ( , ) M ( , )R B T R B T R B T− ++ 	 (4)
with three temperature-dependent parameters: ,A Bφ 
of Eq. (3), and the coefficient C  of positive linear con-
tribution in magnetic fields above 1 T. That is, in this 
sumMR−  is expressed by Eqs. (2) and (3), and MR+ 
by the formula 

	 M ( , ) = ( ) .R B T C T B+ 	 (5)

In this case, since graphene grains in the aerogel 
nanofiber shell are located at different angles to the 
direction of  the magnetic field, and the destruction 
of the contribution to the magnetoresistance associat-
ed with weak localization occurs due to the magnetic 
field component perpendicular to the graphene plane, 
the approximation was averaged over all possible an-
gles according to the expression 

/2

/2

( ) 1 ( cos )=
(0) (0)

R B R B d
R R

π

−π

   ∆ ∆ θ θ   π   
∫

as it was done, for example, in Ref. [21] for highly con-
ductive carbon nanotube fibers.

Fig. 5. An example of the separation of contributions to the mag-
netoresistance for sample AG-14 at  = 4.2T  K. 1 – experimental 
dependence of the magnetoresistance on the magnetic field, 2 – 
dependence on  B  negative contribution −MR  according to  
Eqs. (2,3), and 3 – dependence on B  positive contribution +MR .

Fig. 6. Temperature dependences of experimental values of the 
magnetoresistance and corresponding values of negative and posi-
tive contributions in the magnetic field of 16 T for samples AG-14, 
AG-31, and AG-44.

At the second stage, from the difference of exper-
imental MR  values and MR− values, calculated by 
Eqs. (2), (3) with parameters A and Bφ, obtained at the 
first stage of processing, the type of magnetic field de-
pendence of the positive contribution MR+ was deter-
mined. Fig. 5 shows, as an example, the result of the 
separation of the contributions to the magnetoresis-
tance for sample AG-14 at  = 4.2T  K. It can be seen 
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that both contributions, negative and positive, differ 
in high fields in absolute value by a factor of about two, 
so that in a maximum magnetic field of 16 T, in the 
absence of the positive contribution, the magnetore-
sistance of this sample would reach a value of approx-
imately 0.5− .

The ratio of the values of negative and positive con-
tributions to the magnetoresistance at different tem-
peratures in the maximum field of 16 T for the samples 
of  three compositions is  illustrated in Fig. 6. It can 
be seen that as the carbon content (thickness of the 
graphene shell) increases, the magnitudes of both con-
tributions decrease, and unlike the negative contribu-
tion, the positive contribution becomes insignificant at 

100T   K with increasing temperature.

3.1.1. Parameters of  negative contribution  
to  the magnetoresistance

The temperature dependences of the parameter Bφ 
in Eq. (3) for samples of all compositions are grouped 
around a single dependence, which is linear at  > 20T  
K (see Fig. 7). Since the phase coherence length Lφ 
is related to Bφ by the relation 

= ,
4

L
eBφ

φ



the value of  2( )L T−
φ  also changes linearly in this tem-

perature region (see Fig. 7, right scale).

Fig. 7. Temperature dependences of the parameter values φ( )B T . 
The right axis shows the corresponding values −

φ
2L .

The phase coherence length is  defined by  the 
formula 

= ,L Dφ φτ

where D is the  diffusion coefficient, φτ  is the dephas-
ing time. As it is known, at weak localization the phase 
breaking of carriers motion at  inelastic interactions 
can occur not only (and, in the case of graphene due 
to weak electron-phonon interaction, not so much) 
due to phonon scattering, but primarily due to elec-
tron-electron scattering [22]. In this case, the expres-
sion for the temperature dependence of  1−

φτ  in a 2D sys-
tem can be written in the form [20] 

	
2

2
1 = ln ,

2
Bk T R e

R eφ

 π 
 τ π  



 





	 (6)

where R


 is the resistance per square. In this case, 2L−
φ  

should depend linearly on temperature, which is ob-
served in the samples of all four compositions, starting 
from 20 K and, practically, up to room temperature 
(see Fig. 7).

Note that such a large negative magnetoresistance 
(up  to  50% at  helium temperatures and about 2% 
at  room temperature) for all samples, together with 
a  linear dependence 2( )L T−

φ , extending to  similarly 
high temperatures, is observed in a highly defective 
graphene system, apparently, for the first time. The 
main reason for these large magnetoresistance val-
ues is apparently the very high degree of defectivity 
of the graphene coating of the aerogel nanofibers. The 
coefficient 

2
=

2
R e

A
π


Fig. 8. Temperature dependences of the phase coherence length 
φ( )L T , calculated from the values of parameter φ( )B T .
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in Eq. (3) reaches the value of one for AG-14 at 4.2 K. 
Accordingly, this gives an estimate of  48.1 10R ≈ ⋅



 Ω.

The extrapolation of the linear part of the 2( )L T−
φ  

dependence to zero temperature indicates that along 
with the temperature-dependent contribution, there 
is also a temperature-independent contribution to the 
phase coherence length. At the same time, the behav-
ior of the 2( )L T−

φ  (or, respectively, 1( )T−
φτ ) dependence 

at low temperatures on our samples is very different 
from that observed earlier on  CVD- and epitaxial 
graphene samples with sizes of several tens of microns 
[23, 24] or on micron-sized graphene samples prepared 
by mechanical exfoliation [25, 26]. In all these stud-
ies, the values of  1( )T−

φτ ) at  low temperatures reach 
a saturation, approaching the value of the tempera-
ture-independent contribution 1

0
−
φτ . It was assumed in  

Refs. [23, 24] that this contribution is related to “spin-
flop” scattering on  local magnetic moments, which 
may be possessed by some structural defects or impu-
rities. It was shown in Ref. [25] that the saturation yield 
occurs when the magnitude of Lφ is compared to the 
sample size. Also spatial inhomogeneity of carrier den-
sity can be a possible cause [24, 26]. In all these studies 
on weak localization in graphene, the values 0Lφ  were 
in the range of 0.6-2 μm. However, similar behavior of 

2( )L T−
φ  at  0T →  was also observed in studies of mag-

netotransport in disordered multilayer carbon nano-
tubes [21, 27] at much smaller values of  0Lφ  (the order 
of 20-40 nm).

T (K)

Fig. 9. Dependences of  φ( )L T  on  −1/3T  based on  the results 
of approximation of field dependences of magnetocondactance 
in one-dimensional model.

In contrast to the above-mentioned works, in our 
case the dependence 2( )L T−

φ  shown in Fig. 7 not only 
does not reach saturation with decreasing temperature, 
but, on the contrary, becomes stronger. A similar be-
havior was observed in Ref. [28], where a narrow strip 
of sufficiently perfect graphene obtained by mechan-
ical exfoliation was studied. From the data present-
ed in this work, it can be seen that below 40 K there 
is a more rapid decrease in the value of  1−

φτ , which is 
proportional to  2L−

φ . It should be noted that such char-
acter of the temperature dependence the authors ob-
served only at a small number of carriers and in con-
ditions of strong antilocalization. As can be seen from 
Fig.  7  of  our work, this behavior of  Lφ takes place 
at temperatures when the value of Lφ becomes of the 
order of the average aerogel filament diameter (15 nm) 
[4]. It is reasonable to assume that when the tempera-
ture drops below 15-20 K, a gradual change in the con-
duction regime from two-dimensional to one-dimen-
sional begins to occur (transition 2D → 1D).

In the one-dimensional case, the expression for the 
temperature dependence of  1−

φτ  has the form [20] 

	
2/32

1

1 = ,Bk Te D

φ

 
 

τ σ  





	 (7)

where 1σ  is  the conductivity of  a  unit length 
of  a  one-dimensional conductor, and the quantum 
correction to the conductivity is described by the fol-
lowing expression 

	
2

1D
1= ,

[ ln Ai( / )]B

e Lφ

φ
δσ −

π − τ τ ′

	 (8)

where Ai – is the Airy function, 

2 2= 3 / ( ) ,B D eBaτ 

where a is the transverse dimension of the one-dimen-
sional conductor.

It  turned out that the dependences of magneto-
dactance on the magnetic field measured by us at low 
temperatures (2-20 K) admit approximation by  the 
formulas of this one-dimensional model. The values 

( )L Tφ  obtained from this approximation are propor-
tional to  1/3T −  in accordance with expression (7) (see 
Fig. 9) and exceed the corresponding results of the 2D-
WL model (at 10 K about two times, see Figs. 8 and 
9). This can be considered a quite satisfactory agree-
ment, taking into account that in the transition region 
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neither model, strictly speaking, performs well. Quali-
tatively, the transition to a faster growth of Lφ with de-
creasing temperature at the 2D → 1D transition can 
be explained by the fact that there is a decrease in the 
number of possible states into which the electron can 
scatter, not only due to a decrease in the width of the 
interval Bk T , but also due to the fact that states near 
momentum directions perpendicular to the filament 
axis are eliminated from the “game”. As for the tem-
perature-independent contribution 2

0L−
φ , as can be seen 

from Fig. 7, it decreases significantly (and 0Lφ , respec-
tively, grows) if we extrapolate to points below 20 K. 
Whether this is related to the 2D → 1D transition re-
mains questionable.

3.1.2. Positive contribution to  magnetoresistance

Fig. 10 shows the temperature dependence of the 
coefficient C  in Eq. (5), which characterizes a linear 
positive contribution to the magnetoresistance, unsat-
urated in fields up to 16 T. This contribution manifests 
itself primarily at low temperatures (see Fig. 5) and be-
comes insignificant at  100T   K (see Fig. 6).

Linear nonsaturating magnetoresistance (LNMR) 
in  systems with strong inhomogeneity has recently 
been the subject of many publications (see, for exam-
ple, [7-13]). Attention to the LNMR effect was drawn 
after experimental studies [29, 30] on LNMR on sil-
ver chalcogenides, as well as theoretical studies [31, 
32]. In the latter, it was shown by numerical model-
ing on a  two-dimensional random resistor network 
(RRN) that taking into account the Hall contribution 

Fig. 11. Normalized temperature dependences of the resistivity 
of aerogel samples of all compositions. Symbols show the results 
of approximation according to Eq. (9).

Fig. 10. Temperature dependences of the coefficient C  in Eq. (5) 
of the positive linear contribution to the magnetoresistance.

to the potential distribution on the grid leads to the 
LNMR effect in a magnetic field perpendicular to the 
grid plane. This result was proposed as an explanation 
of the results of [29, 30]; and this explanation was ac-
cepted by the authors of many subsequent experimen-
tal studies, where the LNMR effect was observed for 
a wide variety of objects, including single-layer CVD 
graphene [8], bilayer mosaic graphene [12], multilayer 
epitaxial graphene [11], and such objects as, for exam-
ple, layered compounds of transition metal dichalco-
genides [10, 13].

Another approach to  the explanation of  LNMR 
(the so-called effective medium theory) was proposed 
in Ref. [33], where it is shown that this effect in an in-
homogeneous conductor should be  observed when 
it consists of different volume regions of electrons and 
holes with homogeneous conductivity. The equivalence 
of the effective medium and RRN models is demon-
strated in Ref. [7] using data from several experimen-
tal works for different objects. Both these models lead 
to the same results and along with the linear depen-
dence of  magnetoresistance in  strong fields predict 
a quadratic dependence at  0H → .

In our case, taking into account the fact that the 
conducting medium of graphenized samples of nemat-
ic aerogel, namely, the bound, strongly stretched along 
one direction, chaotic in cell size mesh of graphene 
shells of mullite filaments, is by no means a homo-
geneous medium, the above explanation of the linear 
contribution to magnetoresistance seems to be quite 
justified. It  should be  noted that this contribution, 
unlike other magnetoresistance mechanisms, is not 
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related to any particular type of  conductivity, such 
as  diffusion or  hopping. At  the same time, it  can 
be noted that the characteristic size of inhomogeneities 
associated with this contribution is much larger than 
the characteristic sizes essential for this or that type 
of conductivity (free path length, localization length), 
i.e., it has a mesoscopic order of magnitude.

3.2. Temperature dependence of  resistance. 
Hopping conductivity

Fig. 11 shows the temperature dependences of re-
sistivity measured in a zero magnetic field for aerogel 
samples of all compositions in the temperature region 
(T  < 100 K), where the resistivity varies most signifi-
cantly. The dependences of the resistance normalized 
to the value at  = 273T  K are shown, which excludes 
the geometric factor and allows us to compare the rel-
ative values of resistivity as a function of composition 
and temperature. From the given data we can see that 
the range of resistance variation is significantly differ-
ent for samples with minimal thickness of graphene 
shell (AG-14, AG-20) and samples with greater thick-
ness (AG-31, AG-44).

Assuming that (a) mainly the conductivity of high-
ly defective graphene nanofiber shells is determined 
by diffusive transport across graphene grains under 
weak localization conditions when the conductivity 

( ) lnT Tσ ∝ , and (b) at small thicknesses the continu-
ity of the graphene coating may be broken and hop-
ping conductivity between separate fragments of the 
graphene shell may occur, for samples AG-14 and AG-20  
we approximated the experimental dependences ( )R T  
by the sum of two contributions with four fitting pa-
rameters , ,a b c and 0T .

	 ( ) = ( ) ( ),
(273 ) WL hop
R T R T R T

R K
+ 	 (9)

where 

1( ) = ,
lnWLR T

a b T+
1/2

0( ) = exp .hop
T

R T c
T

        

The results of  such approximation are shown 
by symbols in Fig. 11.

The choice of  = 1/2α  for the hopping contribution 
in Eq. (9) in the procedure of approximation of ex-
perimental dependences ( )R T  for samples AG-14 and 
AG-20 is due to the fact that this law is characteristic 

for granular conductors [16, 17], as  well as  for the 
mechanism of hopping conductivity between nanow-
ires in the insulator matrix, considered in [18, 19]. The 
values of the parameter 0T  obtained for samples AG-
14 and AG-20 as a result of approximation ( )R T  are 
equal 260 and 210 K, respectively.

For samples AG-31 and AG-44 with a larger thick-
ness of  the graphene nanofiber shell, the graphene 
coating appears to be continuous. For these samples, 
the relative change in resistance at  < 100T  K is small, 
and the single contribution of  WLR  in Eq. (9) appeared 
to be sufficient to describe it. Taking into account the 
fact that below 15-20 K begins the transition 2D → 1D, 
approximation of experimental dependences ( )R T  the 
first term of the sum (9) was carried out from 15 K and 
above, and below this temperature, as can be seen from 
Fig. 11, the deviation of experimental curves upward 
from the approximation values correlates with the 
previously stated assumption about the change at low-
ering the temperature of the conduction regime from 
two-dimensional to  one-dimensional. For samples 
AG-14 and AG-20 such deviation is not visible against 
the background of strong hopping contribution. 

Thus hopping transport in  the studied graphene 
aerogels with the value of  = 1/2α  in Eq. (1) explic-
itly manifests itself only for samples with the mini-
mum thickness of  the graphene shell of  the aerogel 
nanofibers. 

4. CONCLUSIONS

Thus, in  the present work, the magnetotrans-
port properties of  nematic aerogels consisting 
of graphene-coated nanofibers Al2O3⋅ SiO2 have been 
investigated in the temperature range from 3 to 300 
K and magnetic fields up to 16 T. It is shown that the 
measured magnetoresistance is well enough approx-
imated by the sum of two contributions – negative, 
described in the framework of the 2D model of weak 
localization, and linear in the field positive, unsaturat-
ed in strong magnetic fields.

It was found that for all the studied samples the val-
ue 2L−

φ  obtained from the analysis of negative magneto-
resistance above 20 K depends linearly on temperature, 
which indicates electron-electron scattering as  the 
main mechanism of dephasing. At lower temperatures, 

2L−
φ  decreases faster than linearly. Since in this tem-

perature region the phase coherence length Lφ becomes 
comparable to the diameter of the nanofibers, it can 
be assumed that this behavior is related to the onset 
of the transition below 20 K from a two-dimension-
al localization regime to a one-dimensional regime, 
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where 2L−
φ  is proportional to  2/3T . The approximation 

of the magnetoresistance below 20 K using the formula 
for weak 1D localization gives values Lφ that only ex-
ceed twice the corresponding values obtained within 
the 2D model. 

We note the large magnitude of the negative mag-
netoresistance (up to 50% at helium temperatures and 
about 2% at room temperature) together with the lin-
ear dependence 2( )L T−

φ , extending to the highest tem-
peratures. This appears to be observed for the first time 
in a highly defective graphene system. The reason for 
this is apparently the very high degree of defectivity 
of the graphene coating of the aerogel nanofibers. 

The linear positive contribution to the magneto-
resistance can be  explained by  the inhomogeneous 
distribution of the local charge carrier density in the 
system, which leads to the admixture of the Hall com-
ponent to the longitudinal component of the bulk re-
sistivity tensor. 

The temperature dependence of  the resistivity 
of nematic aerogels in the zero field can also be repre-
sented as a sum of two contributions, one of which cor-
responds to regions with diffusion character of trans-
port and is described by  the expression for the case 
of weak 2D-localization. For the second contribution, 
the formula for variable range hopping conductivity 
with exponent equal to 1/2 (Efros-Shklovsky law) was 
used. For samples with high carbon content the second 
contribution is negligibly small and below 10 K a sig-
nificant deviation from the theoretical dependence 
is observed, which also confirms the assumption about 
the transition below this temperature to the one-di-
mensional regime of weak localization. 
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