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FIG. 1: Convergence of the time average of the constraint force between the two methanes separated by a distance r. Each 

plot represents a backward time average, starting from the last simulation: (a) r 5.6 ˚ r 4.4 ˚= A; (b) = A for 6 ps average; (c) 

another simulation at r = A for 10 ps average; (d) r = A, MD simulation with 139 water molecules. The time-averaged 4.4 ˚ 4.4 ˚

forces for (c) and (d) are within 10−4 au. 

II. DATA COLLECTION AND ERROR ANALYSIS 

In the constrained MD method, one calculates the constraint force directly, and then integrates the mean force to 

obtain the PMEF or PMF. Here we examine the statistical error involved in obtaining the mean force. As noted in 

the main text, the hydration structure around a methane pair is less stable at certain methane-methane separations. 

This is reflected in the slow convergence of the constraint force at those methane-methane separations. Fig. 1 shows 

the convergence of the constraint force. Whereas at a separation r = A, the time average of the constraint force 5.6 ˚

converges in about 3 ps, the mean force at r = A exhibits larger fluctuations over a longer time scale (Fig. 1(b)). A4.4 ˚

longer MD simulation shows the mean force at r = A can drift from being repulsive to attractive (Fig. 1(c)). The 4.4 ˚

last column in Table I is the RMS constraint force fluctuation, analyzed by the method of the statistical inefficiency 

(see M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids (1989)). This gives a measure of the error in 

the calculated mean force. The difference in the average force for total simulation time 6 ps and 10 ps is also given 


