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Random walk simulation from Marcus electron tranfer rates to 

charge mobility

Random walk is a statistical method to predict the properties of a random process 

on average by means of simulation. In this work, we start from the molecular crystal

structures determined by experiment and perform random walk simulations of hole 

diffusion constant with the Marcus inter-molecular charge transfer rates. Here we give 

a description of simulation process below.

Step 1: All the independent nearest neighbor pairs of molecules are identified in 

the single crystal. In the layered structure of an organic crystal, both the intra-layer 

neighbors and inter-layer neighbors are considered in the random walk simulation.

Detailed Information can be found in the main text.

Step 2: Calculate the Marcus hopping rates { }kα between all these nearest

neighbor pairs, called pathway. The charge is only allowed to transport between these

pathways and the probability for a specific pathway α is calculated as
k
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The time cost in the transfer between α -th neighbor is 1/ kα . 

Step 3: Perform the random walk simulation. We choose an arbitrary molecule as 

the starting point. The hole is only allowed to transfer between the chosen neighbors 

with the probability pα . At each step, a random number r  uniform distributed 

between 0 and 1 is generated. If
1j j

p r pα α
α α

−

< ≤∑ ∑ , the j-th neighbor is chosen as the 

next position. We save the positions every 100 ns, and then the function between the 

squared displacement and time can be obtained. The snapshot time is much longer
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than the time spent in the transfer between the neighbors and the total simulation time 

(10 µs) is again much longer than the snapshot time.

Step 4: Repeat Step 3 by many times in order to obtain an average diffusion 

constant 
2( )

lim
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l t
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< >
= , and then the mobility by the Einstein formula
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Two thousand simulations (Step 3) have been done, see Figure S1 for the example of 

6T/LT , where we depict result for 10 simulations and the average over 2000 

simulations.
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Figure S1. Squared displacement vs simulation time for 6T/LT. 

Step5: Determine the error of the calculated charge mobility. We repeat Step4 for 

twenty times, namely, totally 40000 simulations have been done. Then the error of the 

mobility is evaluated as 
max{ } min{ }

2
i iµ µ−

, and the average mobility is 
201

20 i
i

µ∑ . 

For 6T/LT, the mobility is calculated to be 0.0075 cm2/Vs with an error of 0.00025 

cm2/Vs. According to this method, a huge amount of simulations are needed to get an 

accurate result and evaluate the error.
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We propose the following simple scheme to estimate the error. In principle, all the 

simulations should be chosen randomly from an infinite set of simulations which 

contains all the possible charge transport tracks (See the schematic diagram below). In 

practice, we can use a large number of simulations (two thousands here) to express 

this set approximately. One hundred choices with two thousands of simulations each 

are used to evaluate the error. For 6T/LT, according to this scheme, the averaged 

mobility is obtained as 0.0075 cm2/Vs, and the error is 0.00028 cm2/Vs, which are 

very close the results of the brute average from 40000 simulations. Therefore, we 

adopt this simple process in the article work. 

Diagram S1. Schematic diagram of evaluating the error of mobility

We give in Figure S2 and Figure S3 the simulated mobility and the estimated 

statistcal error versus the number of samplings (N in Diagram S1), respectively. The 

converged behavior further confirms the reliability of our proposed simulation and 

anaysis scheme.
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Figure S2. Mobility vs number of simulations for 6T/LT (N=100)
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Figure S3. The error of mobility vs number of simulations for 6T/LT (N=100)


