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Abstract:  
 
Our research has been conducted on the charge transport properties of the single-
crystal DPTTA and the cocrystal DPTTA-F4TCNQ using the density functional 
theory coupled with incoherent charge-hopping model. Charge mobility is primarily 
considered from the combination of reorganization energy and charge transfer 
integral, which are important parameters in model of the charge-hopping model. 
The reorganization energy of DPTTA in both single-crystal and cocrystal forms 
exhibits similar values. Consistent with the properties of super-exchange coupling 
and direct coupling when under the same type of coupling mechanism, it 
decreases with increasing distance from the core molecule. We conclude this 
section by using kinetic Monte Carlo combined with Einstein's equation to derive 
the charge mobility, and find it to be consistent with the theoretical analysis. In our 
study, we propose corresponding theoretical guidelines for the rational realization 
of the ambipolarity of D-A complexes, hoping to contribute to the understanding 
and rational design of the basic mechanism of D-A complexes. 
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1. INTRODUCTION 

Due to their low price and good carrier mobility, organic 
semiconductors have been widely studied [1-3]. 
Ambipolar organic semiconductors can transport holes 
and electrons simultaneously in organic field-effect 
transistors (OFETs) [4], which is more advantageous 
than the use of n-type (electronic transport) or p-type 
(hole transport) organic semiconductors [5]. As a result, 
the use of ambipolar organic materials in organic light-
emitting transistors (OLETs) [6, 7] and organic 
photovoltaics (OPVs) [8] is developing. 

There are several ways to achieve ambipolar, the first 
one is single-crystal [9-12]. Single-crystal ambipolar 
organic semiconductor is component with some 
molecules. It can simultaneously transport electronic 
and hole using molecule HOMO and LUMO. 
Heterojunction structures [13-15] are another method 
to realize ambipolarity. Guo et al. [16] in 2021 used 
hexadecafluorophthalocyanine (F16CuPc) to combine 
2D molecular crystal (2DMC) as a heterojunction to 
form ambipolar organic field effect transistors. The third 
method is cocrystal that have two or more component 
connected by noncovalent interactions in the crystalline 
[17]. In comparison to the single-crystal, the cocrystal is 
more amenable to ambipolar realization, which uses 
donor (D) molecules and accepter (A) molecules to 
achieve simultaneous hole and electron transport, with 
the benefits of facile synthesis and broad applicability 
[18-20]. The use of D-A complexes for ambipolar 
transport developed rapidly [21] after T. Hasegawa et 
al. [22] reported the behavior of ambipolar transport at 
low temperatures using complexes of the type 
BEDTTTF-F2TCNQ [23]. Li et al. [24] in 2013 
subsequently presented an overview of the D-A system 
with DPP as an acceptor to achieve power conversion 
efficiencies as high as 6.05% in OPVs and high 
mobility on OFETs. Recently Balambiga et al. [25] 
successfully used Picene and PTCDI to achieve 
ambipolar transport in OFETs. As well as a lot of D-A 
complexes to form ambipolar materials such as 
Perylene-TCNQ [26], DBTTF-TCNQ [27] and Co-TPP-
C60 [28] are good ambipolar D-A complexes. These 
results demonstrate that using cocrystal to realize 
ambipolar organic semiconducting is an effective 
approach. 

However, the cocrystal for ambipolar semiconductors is 
confronted with various challenges. For example, the 
basic mechanism of co-crystallization is pointedly 
ambiguous, it limited cocrystal devloped. In this paper 
we try several studies of the charge transport 

properties have been performed for cocrystal [29-32]. 
The study of cocrystal can be found by considering the 
energy levels, the transfer integral, and the effects of 
orbitals. Here, we compute frontier molecular orbitals, 
reorganization energies, charge transfer integrals, and 
anisotropy of carrier mobility of single-crystal DPTTA 
(meso-diphenyl terathia[22]annulene[2,1,2,1]) and the 
cocrystal DPTTA-F4TCNQ (DPTTA=meso-diphenyl 
terathia[22]annulene[2,1,2,1], F4TCNQ=fluorinated 
derivarives of 7,7,8,8,-teracyanoquinodimethane), with 
the expectation of providing some assistance in the 
design of D-A complexes [33]. TCNQ [34] is an 
extended n-type material with good planarity, forming 
D-A complexes that are more likely to form stacks face-
to-face in order to produce good super-exchange 
coupling [29]. F4TCNQ is the product after replacing 
TCNQ with four F atoms, which has a better electron-
accepting capability compared to TCNQ [35]. However, 
the theoretical part of cocrystal DPTTA-F4TCNQ has 
not been reported much. The aim of this study was to 
investigate the charge transport properties of DPTTA 
and DPTTA-F4TCNQ in order to compare the change 
in charge transport properties of ambipolar D-A 
complexes by incorporating F4TCNQ. Which are 
discussed primarily from the Marcus theory in terms of 
the reorganization energy and the transfer integral, 
which are important influencing factors. The change in 
reorganization energy of DPTTA molecules after the 
incorporation of F4TCNQ molecules is obtained in 
Section 3.2 and the change of transfer integral in 
Section 3.2, from these two parameters, we obtain the 
rational design guidelines of D-A complexes. 

2. METHODOLOGICAL APPROACH 

Density functional theory (DFT) calculations were 
carried out for both the DPTTA and the DPTTA-
F4TCNQ. These are rates of intermolecular charges 
using the Marcus equation [36]: 
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Where V represents the transfer integral between the 
initial state and the final state. We used direct coupling 
method in this paper to calculated transfer integral and 
then V is <!i

0 F ! j
0 >  Where F represents the Fock 

operator 

F = SC!C"1            (2) 

Here S  denotes the intermolecular overlap matrix, C  
is the coefficient of the dimer Kohn-Sham orbital and ε 
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denotes the energy of the dimer Kohm-Sham orbital. !  
is reorganization energy and we have two models to 
calculate. The first one is the adiabatic potential 
method (! = !1 + !2 )  in Figure S1 (Supporting 
information) and the second one is normal-model 

 
(! = ! jj" = Sj!wjj" ) . Here !1  is the energy 

difference between the neutral geometry and charged 
geometry in the optimal and !2  is the energy 
difference with the charged molecule in two 
geometries. In the normal-model Sj  is Huang-Rhys 
factor representing the local electronic-phonon 
coupling, and wj  represent the vibration frequency in 
the j mode. 

Charge mobility calculated by the Einstein equation 

u = eD
KBT

 where e is the charge, KB  is the Boltzmann 

constant, T is the room temperature with 298K, and D 
is the charge diffusion coefficient. We used the kinetic 
Monte Carlo simulations to evaluate D. From y 
molecule to the z molecule through the f pathway, the 

charge hops probability is pf =
Kyz

f

Kyz
f

f!
. The simulation 

time can be expressed as 1
Kyz

f , where the Kyz
f    is the 

charge hopping rate of y molecule to z molecule 
through the f pathway. The kinetic Monte Carlo 

simulation randomly selects a random number m 
between 0 and 1 when pff =1

j!1
" < m # pff =1

j
"  then the 

charge hops along the j direction. This method was 
carried out 2000 times, each time for 10us finally obtain 
the relationship between the diffusion coefficient D and 

the mean-square displacement l(t)2 ,D = lim
t!"

l(t)2

6t
 which 

can be brought into Einstein's equation to derive the 
charge mobility. 

For both DPTTA and DPTTA-F4TCNQ, we use the 
program Gaussian16 [37] to compute the geometry 
optimization and the frequency. The DPTTA single-
crystal and DPTTA-F4TCNQ cocrystal reorganization 
energy geometry optimization, vibrational mode 
analysis, and transfer integral calculations are all done 
at the B3LYP/6-31G(d,p) level. All calculations of 
charge mobility using the MOMAP software package 
[38]. Each kinetic Monte Carlo runs 2000 simulations 
and 1 ms of simulation time for each mobility 
computation. 

3. RESULTS AND DISCUSSION 

3.1. Crystal Structures 

All of the crystal structure data used in this article are 
taken from the Cambridge Crystallographic Data 

 
Figure 1: (a). Chemical structure of DPTTA and F4TCNQ. (b). Crystal structure of DPTTA single crystal and DPTTA-F4TCNQ 
cocrystal. (c). Energy level diagram for DPTTA and F4TCNQ. 
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Centre (CCDC). In the case of the DPTTA single-
crystal, the space group is C2/m, the DPTTA-F4TCNQ 
cocrystal belong to the P1, and the ratio of the DPTTA-
F4TCNQ complexes is 1:1. Depending on the specific 
search system, one finds that the number of adjacent 
molecules between DPTTA and F4TCNQ in cocrystal 
are not the same, which will be described in detail in 
the next section on the transfer integral for the charge 
transport properties. 

For Figure 1b DPTTA single crystal structure we find 
that the molecular stacking is 2D brickwork stacking not 
like the DPTTA-F4TCNQ cocrystal is face-to-face 
stacking. The reason why DPTTA-F4TCNQ cocrystal 
can make D-A face-to-face stack is F4TCNQ molecular 
doesn’t have benzene ring influence. This indicates 
that DPTTA-F4TCNQ cocrystal may produce good 
charge mobility due to good stacking. But the specific 
needs to be considered from a combination of transfer 
integral and reorganization energy. We will explain the 
specific effects of this stacking pattern on charge 
mobility in the next two sections. In Figure 1c, we see 
that the HOMO and LUMO orbitals for DPTTA are 
primarily in the conjugated backbone but in F4TCNQ 
the orbitals spread evenly on the molecule. In fact, the 
calculation shows that the HOMO and LUMO orbitals of 
the DPTTA molecule have a significant overlap with the 
molecular orbitals of F4TCNQ, primarily between the 
conjugated backbones and the four S-atoms. This 
suggests that the DPTTA-F4TCNQ cocrystal could 
theoretically exhibit good charge transport properties, 
and the carrier mobility results are expected to be 
improved. As a donor DPTTA has a large ionization 
energy of -4.73 eV and the electron affinity for F4TCNQ 
is -5.50 eV are very close to one another. For HOMO-
LUMO bandgap of DPTTA is 2.13 eV and F4TCNQ is 
2.41 eV have a similar HOMO-LUMO bandgap. 

3.2. Reorganization Energy Analyze 

In terms of the charge transport properties of DPTTA 
and DPTTA-F4TCNQ, the calculation of the 
reorganization energy is an extremely important 
assessment factor. For the reorganization energy λ we 
mainly discuss it into two parts, the external 
reorganization energy and the internal reorganization 
energy. The external reorganization energy is the 
interaction between molecules, this part has little 
influence on the hopping model and the calculation is 
relatively difficult, so we consider the internal 
reorganization energy of the molecule. We calculated 
the reorganization energy of F4TCNQ and DPTTA 
molecules using both the adiabatic potential energy 
surface method and the normal model method. In 
Figure 2, we present a comparison of the dispersion of 
duschinsky rotation matrices with respect other models. 

In Figure 2 DPTTA is discrete and F4TCNQ is linear 
minds normal-model does not applicable to DPTTA but 
suitable to F4TCNQ. As depicted in Table 1, there 
exists a considerable difference between the 
reorganization energies of the DPTTA molecule 
calculated using the adiabatic potential energy surface 
method and the normal model method. This 
discrepancy can be attributed to the unsuitability of the 
normal model method for calculating the reorganization 
energy of the DPTTA molecule. Moreover, this 
validates the discreteness of the duschinsky rotation 
matrix of the DPTTA molecule presented in Figure 2. In 
our calculation, the DPTTA molecular has a smaller !e   
(162 meV) than the F4TCNQ molecular (which has a 
!e value of 256 meV), while the !h  value of DPTTA 
(201 meV) is larger than the !h  value of F4TCNQ 
(which is157 meV). This implies that DPTTA molecules 
may exhibit superior performance for hole transport, 
whereas F4TCNQ molecules may be more adept at 

 
Figure 2: (a), (b). Duschinsky rotation matrix of DPTTA and F4TCNQ in ground state. 
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electron transport. In particular, the DPTTA molecule 
demonstrates excellent P-type hole transport 
capabilities with a remarkably low hole reorganization 
energy, which promotes efficient hole transport. It's 
worth noting that the difference between the hole 
reorganization energy of DPTTA molecules (39 meV) 
and the electron reorganization energy (201 meV) is 
relatively small and not considered significant. 

When analyzed in terms of reorganization energy, 
ambipolar transport is achievable in DPTTA single 
crystals, with both types of carriers reaching similar 
values. However, electronic coupling is another factor 
that significantly affects the carrier mobility of the 
crystal. This effect on carrier mobility plays a crucial 
role in establishing DPTTA as a good P-type organic 
semiconductor material based on experimental 
measurements. Unlike DPTTA molecules, where the 
hole and electron reorganization energies do not differ 
much, F4TCNQ is unable to form an ambipolar single 
crystal due to its larger hole reorganization energy 
(99meV) difference with electron reorganization 
energy). In practical applications, F4TCNQ is widely 
used as a good n-type material due to its excellent 

planarity and is often seen in D-A eutectic as an 
acceptor molecule. 

For Figure 3 we first compare Figure 3a and b to find 
that the major changes in the F4TNCQ occur in the 
mid-frequency region. Figure 3c, d shows the F4TNCQ 
reorganization energy in the neutral state and anion 
state. Special attention for (a) and (c) they are F4TNCQ 
neutral states for calculating hole and electronic. In (a) 
have two maximum values is 1509.2 cm-1 and 1710.62 
cm-1 but in (c) only one maximum value in 1509.2 cm-1. 
The low-frequency reorganization energy for the 
F4TCNQ molecule was found to arise primarily from the 
relative motion of the cyano group, and the N atom 
starts to stretch. The intermediate-frequency 
reorganization energy arises from the stretching motion 
of the carbon-carbon double bond as well as from the 
movement up and down the benzene ring. The 
relaxation of this structure leads to the reorganization 
energy of F4TCNQ and occurs mainly on the more 
stable cyano and benzene rings. So the value of the 
final reorganization energy is not very high. The low-
frequency electron reorganization energy in F4TCNQ is 
mainly caused by the hydrogen group. In contrast, the 

Table 1: Reorganization energy of adiabatic potential energy method and normal model method for single-crystal 
DPTTA and cocrystal DPTTA-F4TCNQ (meV). (all calculate in b3lyp 6-31g(d,p) level) 

 Compared aP (λe) aP (λh) NM(λe) NM(λh) 

Single-crystal DPTTA 161.98 201.01 262.79 725.66 

DPTTA 161.93 200.93 261.34 715.73 cocrystal 

F4TCNQ 255.60 156.65 256.64 157.18 

 
Figure 3: (a). The reorganization energy contribution of F4TCNQ in the ground state and cation state in each vibrational mode. 
(b). Reorganization energy contribution of F4TCNQ molecule in the ground state and anion state. 
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stretching of the central benzene ring is the primary 
factor influencing the hole reorganization energy. 
Although reorganization energy exhibits more low-
frequency regions, there is no significant difference in 
structural relaxation between the neutral and anionic 
states. The final electron reorganization energy is lower 
than that of the hole reorganization energy. To regulate 
reorganization energy, we can minimize the relative 
motion of the central benzene ring and increase its 
skeleton rigidity to achieve a smaller reorganization 
energy. One possible approach for improving 
reorganization energy is to reduce the influence of the 
hydrogen group on electron reorganization energy. 

3.3. Transfer Integrals 

In the previous section, we have described the 
reorganization energy of DPTTA and F4TCNQ. Another 
important influence on charge transport model is 
transfer integral, for the transfer integral in cocrystal 
has a large change and we shall discuss this in detail in 
this section. 

The carrier (hole/electron) transport pathways of the 
DPTTA single crystal and the DPTTA-F4TCNQ 
cocrystal are shown in Figure 4. It can be found that 

DPTTA in both the single crystal and cocrystal the 
transport pathways changed from 12 to 18. For D-A 
complexes, one can also directly calculate the effective 
electronic coupling by applying this equation. Figure 
5a, b, c are used to obtain the calculated electronic 
coupling results absolute value for the complexes of 
DPTTA-F4TCNQ with DPTTA (F4TCNQ) as the core 
molecule for the surrounding molecule (All data in 
supporting information S3). Figure 5a shows the 
hole/electron transfer integrals calculated by the 
molecule DPTTA under the trajectory indicated in 
Figure 4a, it can be concluded that the single-crystal 
transfer integral of DPTTA is consistent with the 
relationship between the distance and the intensity of 
the transfer integral. We can see that the transfer 
integral absolute value of the hole (electron) decreases 
as the distance is increased. In the cocrystal, this 
situation is different in that the distance in the path from 
P1 to P18 is constantly increasing, but the transfer 
integral of holes (electrons) does not decrease with the 
distance increase. This difference is evident in the 
paths P11, P12, P15 and P16 pathways, where the 
distances of P11 and P12 have increased by 0.48 Å 
compared to P10, P11, but the hole (electron) transfer 
integral has increased more than four times from 6.87 
meV to -25.03 meV we believe that the mechanism of 

 
Figure 4: (a), (b). The carrier transport path of DPTTA molecule in single crystal and cocrystal (c). The carrier transport path of 
F4TCNQ molecule in DPTTA-F4TCNQ cocrystal. 
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super exchange is occuring. While the stacking angle 
of the complexes, the overlapping area, and the 
stacking distance all have some influence on the 
transfer integral. The same conclusion can also be 
drawn from P15 and P16 when compared to P13 and 
P14. As the distance increases but the value of the 
transfer integral doesn’t decrease but gets larger. As 
this is an interesting phenomenon, we searched along 
the trajectory in Figure 4 and found that P1, P2, P5, P6, 
P11, P12, P15, and P16 belong to the charge transfer 
of the effective orbital couplings. However, it is only in 
the four paths of P11, P12, P15 and P16 that it can be 
clearly found that the charge transfer integral has a 
greater increase with respect to the other paths. P1 
and P2 belong to the electronic coupling under the 
direct exchange mechanism between D/D due to the 
transfer integrals we have calculated satisfying the 
direct exchange mechanism. Furthermore, we found 
that the D/A electronic coupling between the F4TCNQ 
molecule and the DPTTA molecule is dominated by the 
superexchange mechanism, as evidenced by paths 
P11, P12, P15, and P16. The good planarization of the 
F4TCNQ molecule plays an important role in molecular 
orbital formation, contributing to the molecule's strong 
bonding and antibonding effects, which result in the 
intermolecular centers moving farther apart. This leads 
to a good charge transfer integral value due to 
molecular orbitals and superexchange coupling. We 
speculate that the charge transfer integral values in 
DPTTA single crystals follow the distance after the 
formation of eutectic by reference F4TCNQ molecules. 

The superexchange mechanism affects some paths in 
DPTTA single crystals, resulting in relatively large 
charge transfer integrals at near-molecular center 
distances. This phenomenon is closely related to the 
bonding mechanism of molecular orbitals and the good 
π-π stacking due to planarization. 

From Figure 5a, we can find the direct exchange 
mechanism and the super-exchange mechanism. The 
P17 and P18 paths have larger values of the charge 
transfer integrals than the P13 and P14 paths. We 
found that the molecular positions of both the P17 and 
P18 pathways were in a relatively parallel state, with 
the centers of the two molecules widely separated but 
the two conjugated skeletons relatively close together 
(supporting information S3). The HOMO (LUMO) orbital 
of the DPTTA molecule is concentrated primarily on the 
conjugated backbone. The centers of the molecules 
are parallel, but the centers are farther apart, but the 
distance of the conjugated backbone is relatively close, 
and the coupling of the two orbitals is more evident. 
According to our analysis, P17 is located farther from 
the molecular center compared to P13 and P14 but 
exhibits a higher charge transfer integral value. The 
presence of side chain benzene rings in DPTTA 
molecules in a single crystal environment can alter the 
molecular stacking and enhance charge transfer 
properties. However, when DPTTA single crystals are 
doped with F4TCNQ molecules, the absence of side 
chain benzene rings in F4TCNQ leads to a reduced 
face-to-face stacking distance between molecules. This 

 
Figure 5: The transfer integral absolute value of transfer pathways for DPTTA molecule in single crystal (a) and cocrystal (b). 
F4TCNQ (c) molecule transfer integral absolute value in cocrystal.  
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reduces the interaction between benzene rings and 
results in a smaller face-to-face stacking distance. 
Shorter face-to-face stacking distances lead to higher 
charge transfer integral values, which is observed 
when considering the charge transfer products of P1 
and P2 paths in the eutectic. Our findings show that the 
charge transfer integrals under the superexchange 
mechanism are smaller than those under direct 
coupling. We also conducted a study of the HOMO 
(LUMO) orbital energy levels in two different 
environments of DPTTA molecules. Our analysis 
reveals that in the same single crystal environment, the 
HOMO (LUMO) orbitals are closer to each other, 
resulting in a greater electronic coupling strength. After 
doping DPTTA with F4TCNQ, the HOMO (LUMO) 
orbital energy levels of F4TCNQ become closer to 
those of DPTTA. However, the orbital energy level of 
F4TCNQ differs significantly from the HOMO (LUMO) 
orbital energy level of DPTTA, explaining the large 
difference in charge transfer product values. 

The Figure 5c primarily shows the integral of the 
charge transfer under the trajectory around the 
F4TCNQ molecule. In comparison to the DPTTA 
molecule, there are only twelve adjacent molecules 
surrounding the F4TCNQ molecule. It can also be 
concluded from the data in Figure 5c that the charge-
transfer integral is continuously decreasing with 
increasing distance. But then an interesting situation 
came up. Two adjacent molecular positions, P5, P6 
and P7, P8, were found after P3 and P4, all of which 
increased the corresponding distance, but there was no 
situation in which the charge-transfer integral 
decreased with increasing distance. The decrease in 
the charge transfer integral with increasing distance is 
due to the large orbital overlap of the stacking between 
the faces, but molecules at path positions P3 and P4 
found in parallel (supporting information S3). The F 
atoms of the F4TCNQ molecule are in close proximity 
to the conjugated backbone, and the benzene ring of 
the side chain of the DPTTA molecule is in close 
proximity to the cyano moiety of F4TCNQ. This orbital 
overlap situation leads to a situation where the P3 and 
P4 paths have similar molecular center distances but 
the hole transfer integral is the smallest. In terms of the 
electron transfer integral, the central distance of the P5 
and P6 paths can be found to increase by 2.134 Å 
compared to the P3 and P4 paths, but instead the 
charge transfer integral increases by 0.224 meV. In this 
portion of the data, the relative position of the orbital 
overlap, both cyano positions of F4TCNQ at this 
position can be found to both face the conjugated 

backbone of DPTTA, formation of greater LUMO orbital 
coupling, and formation of electron transfer below the 
P5, P6 path is greater than the P3 and P4 paths. 

3.4. Carrier Mobility and Anisotropic Mobility 

The two important factors in the Marcus theory, the 
reorganization energy and the transfer integral, have 
been analyzed and discussed in detail above the 
calculation. DPTTA can be found to be 0.08-0.7 cm2V-

1
S

-1 with respect to the experimental value, and the hole 
mobility of 0.0085 cm2V-1

S
-1 has been calculated in this 

work. The reason for the large difference between our 
data results and experimental data is that we believe 
that the experimentally obtained average value of 
multiple measurements of the device with the largest 
charge mobility. And our calculation is based on 
average value of anisotropy. 

Above to calculate shows that DPTTA is an ideal P-
type material with moderate hole transport properties, 
but when it is doped with F4TCNQ, the hole mobility 
becomes 0.0172 cm2V-1

S
-1, which is almost an organic 

semiconductor (10-8~100) [39] the minimum value 
defined. With the addition of n-type F4TCNQ, the 
DPTTA is changed from a P-type unipolar material to 
an ambipolar material, the calculated electron mobility 
of 0.5572 cm2V-1

S
-1. The reason for such a large band 

gap between the hole mobility and the electron mobility 
is primarily due to the fact that the reorganization 
energy in F4TCNQ is much smaller than that of the 
DPTTA molecules. In order to confirm that the D-A 
complexes formed by DPTTA-F4TCNQ are ambipolar 
transport materials, it is of interest to compare the hole 
and electron mobilities obtained experimentally, but the 
hole mobility is orders of magnitude smaller than the 
electron mobility in a strongly nonequilibrium manner. 

For the anisotropy of charge mobility we investigated 
from the xy, xz, yz directions as shown in Figure 6 The 
cocrystal orientation could not be determined in the 
experiment [40]. For the xy direction, we can find that 
DPTTA single crystal hole anisotropy mobility is 
maximum mobility in 0° and 180°. The maximum 
mobility becomes 100°/280° when the F4TCNQ is 
doped and the biggest value 2 orders of magnitude 
bigger. For xz direction, DPTTA single crystal 
anisotropic mobility maximum in 50°/230° yet in 
cocrystal the hole mobility is anisotropic like electronic 
mobility. The maximum anisotropic mobility in the yz 
direction of the DPTTA single crystal as the DPTTA-
F4TCNQ cocrystal becomes 45° and 225°. Thus, we 
can find that the mobility motion of the DPTTA single 
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hole is like the hole mobility of the cocrystal however 
the electronic mobility has different situations. We 
believe that the direction of anisotropic mobility differ 
dues to the crystal structure is not the same. 

4. CONCLUSIONS 

We conclude by completing three pieces of work on the 
charge transport properties of the single crystal DPTTA 
and the cocrystal DPTTA-F4TCNQ, and analyzed the 
charge transport properties of DPTTA in the single-
crystal environment as well as charge transport in the 
F4TCNQ doped cocrystal environment. In conclusion, 
we found in the charge transfer integral, we found that 
the hole transfer integral of the DPTTA single crystal 
coincides with a decrease with increasing 
intermolecular distance, but the hole transfer integral of 
the DPTTA-F4TCNQ cocrystal is different, the most 
obvious one is that the intermolecular center distance 
of the P11, P12 paths increases but the size is 12 
times that of the P9 and P10 paths. We believe that in 
this case there is a super-exchange coupling. 
Compared with direct coupling, it is found that the 

transfer integral provided by the super-exchange 
coupling mechanism is larger, and super-exchange 
coupling is the same as direct coupling reduce. In the 
final analysis of charge mobility, it was found that the 
anisotropic mobility (supporting information) diffusion of 
the DPTTA-F4TCNQ cocrystal was greater than that of 
the DPTTA single crystal in the three-dimensional 
case. These results indicate that it is more difficult to 
achieve directional transport of the cocrystal molecules 
DPTTA-F4TCNQ, which will cause a large loss of 
carriers. 

From the analysis of the above results we can put 
forward a reasonable estimate of the charge mobility 
optimization. Improve the charge mobility of the 
DPTTA-F4TCNQ cocrystal is to reduce the structural 
relaxation of the side-chain benzene ring or to remove 
the side-chain benzene ring. The coupling of the super 
exchange mechanism shows its importance in DPTTA-
F4TCNQ. The premise of increasing the distance 
between molecular centers is that the super exchange 
coupling hole transfer integral is approximately 4 times 
larger than the direct coupling hole transfer integral. 

 
Figure 6: Hole anisotropic charge mobility of DPTTA single crystal ((a), (b), (c)), DPTTA-F4TCNQ cocrystal ((d), (e), (f)) and 
DPTTA-F4TCNQ cocrystal electronic anisotropic charge mobility ((g), (h), (i)) in xy, xz and yz views.  
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This provides evidence that within the same 
intermolecular distance the transfer integral under the 
super exchange coupling mechanism has a larger 
value than the coupling integral under direct coupling. 
The second solution to improving mobility is thus to 
rationally use the super exchange coupling 
mechanism, in order for the mobility of the cocrystal D-
A complexes to increase to a reasonable higher value. 

SUPPORTING INFORMATION 

The supporting information can be downloaded from 
the journal website along with the article. 
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