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Atomic force microscope images before and after adsorption of PMoi2

Figure S1. AFM images of the CNT device before ((a), (c), and (e)) and after ((b), (d), and (f)) adsorption of
PMo1, showing the molecules in cluster form.



Relationship between the RTS and the power spectral density

Figure S2 shows the time-domain signals, histograms of the time-domain signals, and the
frequency-domain signals of the CNT devices after ZnPP adsorption. We observed identical
corner frequencies in the power spectral densities (PSDs) of the current noise, regardless of
whether the devices exhibited two-state or three-state RTSs, as well as in the case without
any observable RTS. As mentioned in the main text, we believe that the corner frequency
does not depend on the number of adsorbed molecules.
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Figure S2. Identical PSD corner frequencies after ZnPP adsorption. (a), (b), and (c) show the time-domain
signals, histograms of the time-domain signals, and the frequency-domain signals, respectively, from device-1,
which exhibited two-state RTSs. (d), (e), and (f) show the time-domain signals, histograms of the time-domain
signals, and frequency-domain signals, respectively, from device-2, having three-state RTSs. (g), (h), and (i) are

the time-domain signals, histograms of the time-domain signals, and the frequency-domain signals, respectively,
from device-3, without any observable RTS.

We also performed numerical simulations to demonstrate the effect of the number of
molecules that provide RTS to the PSD of the current noise. We created the RTS by
generating random numbers having a uniform distribution at a given time scale. We set the
random duration of each pulse of these RTSs by generating a random number having an
exponential distribution. We repeated the above steps 100 times and summed all of the RTS
data to simulate the RTS from 100 molecules. The PSDs were obtained by fast Fourier
transform followed by the application of a Gaussian filter. The PSDs were fitted using only
the second term of Eq. 1 in the main text, S(f) = B/[1+(f/fc)2]. Figure S3 shows the results of
our simulation. It is clear that the summation of 100 RTSs may obscure, but does not
completely hide, the corner frequency of the Lorentzian-shaped PSD.
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Figure S3. Numerical simulation of the RTS. (a) and (c) show the simulated RTS from 1 and 100 molecules,

respectively. (b) and (d) show the power spectral density of the simulated RTS from 1 and 100 molecules,
respectively.



Fitting of the RTS and its lifetime distribution
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Figure S4. Fitting of the time-domain signal with the RTS using the hidden Markov model for the case of (a)
CNT+PP, (b) CNT+ZnPP, and (c) CNT+PMoz1.. The right-hand panel in each row show the lifetime distribution
of the RTS signal, which was fitted using an exponential equation.



Temperature dependence of the RTS

Time-domain signals from room temperature to 200 K are shown in Fig. S5 for the case of

PMo1.. The RTS lifetime increases as the temperature decreases, and the RTS begins to
vanish at 200 K.

a 4.5x10° b 4.5x10° c 4.5x10°
L T -035ms RT 1,-057ms 273K T, -295ms 260 K
z 2 <
*54‘0:(10*7 Ty=03lms Emmo*— Ty =046 ms Emmo*— Ty=092ms
5 5 5
O ] O

3.5x10% 4 3.5x10*WUMMWWMMW‘W\/ 35x10‘“MM%JW

3.0x10°

3.0x10°

839 8.40 401 402 30”09 2 9.07 928
Time (s) Time (s) Time (s)
d 45x10° 45x10° f 45x10°
L T -932ms 240K| € T, =459ms 220K T 200 K
< < <
‘05:40:(10**7 T,=237ms Enyomo*f T,=356ms dgzmmo*“f
5 5 5
O O @)

3 EX103WWMMM 3.5x10° 1 3.5x10%
3.0x10° 3.0x10° 3.0x10% +
2.00

i 2&‘)1 2.02 2.38 ) 2“39 2.40 4.40 . 4.;11 4.42
Time (s) Time (s) Time (s)

Figure S5. Temperature dependence of the RTS for CNT+PMos2. (a), (b), (c), (d), (e), and (f) show the time-
domain signals of the device at room temperature and at 273, 260, 240, 220, and 200 K, respectively, and

T, and 7, are the average RTS lifetimes. The RTS completely vanishes at 200 K.



Temperature dependence of the RTS

Figure S6 shows the cyclic voltammetry (CV) and differential pulse voltammetry (DPV)
measurement results.
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Figure S6. Results of electrochemical measurements. (a), (b), and (c) show the voltammetry measurement
results for PP, ZnPP, and PMo12 molecules, respectively. The left- and right-hand panels show the CV and DPV
curves, respectively.



