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Single-molecule study on [2.2]Paracyclophane MCBJ conductance measurements
* Mechanically-controlled break junction (MCBJ) forms atomically sharp electrodes . pmbat:::i
by bending the flexible substrate.' The precise mechanical movement and atomic 10° ps-meta-para Ps-para-meta | [Yps-meta-meta
contact is ideal for single-molecule characterization. - 10°
* [2.2]paracyclophane (PCP) mole- A eloctrode - o % 1:
cules are flexible molecules, which %
have been experimentally shown to g 10
host large mechanosensitivity, orig- ~ 109 | | _
inated from quantum interference Quer el Sepper PB 10 51 3 3 0 1 2 3 0 1 2 3 0 1.2 3™
(Q|).2 electrode displacement (nm)

* Fast-breaking measurement- We monitor the conductance of the single-molecule

* Theoretical calculations predict that IQ U - ' junction at 100 mV (ps- ) and 250 mV (ps- ), while opening the MCBJ.
the type of QI, constructive or de- \?J O ;m The recorded thousands of consecutive breaking traces are plotted in a two di-
R. Q..

structive, can be changed by dif-
ferent substitution patterns of the RSO FEF AN e

Py

mensional (2D) histogram, showing the single-molecule conductance distribution.

Y . -phenyl-anchored molecules show no clear conductance plateaus, different
PCP core.”
from the -phenyl-anchored cases. It suggests that -phenyl-anchored
* We create 4 different PCP mole- 3 Hf::»\ ‘R molecules have such low conductance below detection limit.
cules to study the substitution effect. > ,
Y * On the other hand, ps- -coupled PCP shows a higher conductance ps-
1. Agrait, N., Yeyati, A. L. & van Ruitenbeek, J. M. Quantum properties of atomic-sized conduc- ps-para-mEFB FGE ps-meta-meta EOF ° ° ° ° °
tore Py Rep. 377, 81-275 (2003), -coupled PCP, suggesting a possible substitution effect different from the phe-
2. Stefani, D. et al. Large Conductance Variations in a Mechanosensitive Single-Molecule Junction. Nano Lett. 18, 5981-5988 (2018).
£ L X Sion, A B Yoshwame, K. Orbital Views on Eecon-Transpor praperfes of ydophanes maght e fermelocurr Transport, ul. Cham, Soc. Jon. 86, 191188 20120 " 0 " nyl-anchoring substitutions.

Mechanosensitivity & Gauge factor

(a) i : : — .h 1 : . 1 1 - e)r———m——§——————————— -+ 2 (a) 50 e (b) -
1o 104 PS- para—para' n- p ase 1 _
* To probe the mechanosensi - A A A 4‘ ;\ \ ARNAAAAAN 'g AAAN o & " ps-para-para — data 1 800+ ps-meta-para : — dala
ol o 105 , AN 1 WH \J 11 ‘ “ 8 I"-"k A i ﬂa YAV 40 | == smoothed " - smoothed |
1'|V|1')’ of [PS- B and i 4 A \” bk VVVY A VA A distribution distribution
10 -20 l 600 |
Ps- - PCP, we per-, B B
. . | ps-para-para: double i 20 < € =
form the distance modulation 10 rp? 4 afa. pf';? T T requency AR AN = 38 3 400!
experiment. We first openthe <77} ‘*“ ,._fw," 1 “‘ ;M"T:‘ U f l.rh.‘ﬁl' PM ) P 5 -
junction by 7.5 A and further (= s o
. d . | 5 i | ps-para-para: anti-phase Z0 - i | ® ol . . A .
|n1'r0 Uce d ll-rl dng U q r WG Ve i__J _ .,h'. ] '. .-”' Jﬁl I_‘.l '"'. ".\ If-, ,l'.ﬁ .". .'ﬁ"- I'l'. .-P\ J_.‘.I .'A'. |h'.| .-'Iﬂ'-..l r"II'.I I."Iﬁ.'- .--g'lll'.l I"IH-,J” I',I .-‘. 0 %‘_ 8 5 4 3 -2 - 0 1 2 3 4 5
of 5 A at 5 Hz. - 07 |. || l'*“ ¥ r"“ "ll f h‘r|| ﬁ R I“ WK ?'lr"g': oy ll 'J‘ o 1 "g gauge factor gauge factor
Py W L | J \ v | I ﬁ 4 - —_— ° ° e,0 o
o O 4248 AAMAARSAAAALS RAY |, ®* To quantify the different mechanosensitivity of the PCPs, we
* Only ps- - shows re- 104p PS- ""ef?jf?a"a e use the notion of gauge factor (GF), which is essentially the
. 6 '\ .H ?f‘r n ."*". .r \, ; A A xi."r# ;.f' f* * j‘;ﬁ --Jian.f"j:;,l_l'ﬁ --.;ﬁ",f:"“.:'ﬁf' .""';“‘F'ﬁ“,""?' 1.1 . .
sponses fo the modulation 105 VVVVVVVVINW YT VTV VVVVY] © _ _ fast Fourier transform (FFT) of the modulation response.
with 3 different phase behav- w0t . . NS - NS . .
: : : 0 1 2 3 : 5 107 10° 10° 10° * The complex GF is defined as:
iours: in-phase, anti-phase time (s) conductance (G,) FET (log(G/Go))(f)
. » — io(f) —
and double frequency. This () =r(f)e FET(d/do)(f)
corresponds to different initial positions in a conductance dip as a function of displacement. For exam- The GF amplitude is large when G responds the modula-
ple, double-frequency corresponds to the vicinity of a conductance dip where conductance increases tions. It is evident that ps- ] is more mechanosensi-
whenever the molecule is stretched or compressed. These are the same behaviours seen in the report- tive than ps- _ . It also suggests the absence of DQI
ed long PCP, suggesting the presence of Destructive QI (DQ) in ps- : PCP.? in the case of ps- ]
Calculated transmission Summary
* Density-functional theory (DFT) based transport calculations have been per- * Via the single-molecule study of IN N
formed for the 4 PCP molecules.” The observed substitution effect are rationalized PCPs we realize the substitution l
via the transmission maps. effects at the phenyl groups and
: : PCP cores. This is summarized in @
* For the case of -phenyl-anchored PCPs, strong DQI is observed leading to . g —
| d | | the flgure here. Destructive .
oW conductance level. para Quantum para gonstructlve
. . tum
: * For phenyl rings, constructive QI Interference o
. -phenyl-anchored PCPs both show higher conductance level. However, o (CQIF)) ) 7 gf' Constructive o= = | Interference
[ ] [ ] [ [ ] [ ] [ ] [ ] [ ] q ens or Connec- Quantum
transmission dip is only observed in ps- : PCP, consistent with the experi- _ _ PP . . o Quantum Mechano-
. tion while connection glves Interference sensitivity
mental observations.
ps-para-para PCP ps-meta-para PCP ps-para-meta PCP ps-meta-meta PCP DQL
(a)
o * For PCP cores, CQI happens for ps- connection and DQI occurs for ps-

—"7\ /|

\
1; JL‘U;

connection, opposite to the case of phenyl rings.

* Qur discovery is in agreement with reported substitution rules of phenyl-like mole-
cule both experimentally and theoretically.” Within the same molecule, we fur-

-
? . . . . 3 4 .
< Ll ) | 3 ther demonstrate the predicted substitution rules for PCP molecules.”* This knowl-
[0} N =
~ v ] 10-3 w ofe ° e, 0
> r 4 3 edge facilitates the future designs for DQI-based mechanosensitive molecules.
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