Molekularni prepinace



Proc?

Stavba pocitacli vyzaduje stadle mensi komponenty a stale rychlejsi
procesory. Hlavni vyrobci Cipti oekavaji Ze brzo bude dosaZeno
hranice rozliSitelnosti pro kiemikové Cipy, ktera je cca 14 nm. Tato
hranice je dana fyzikalnimi pricinami - pfi mensich rozmérech dochazi
k tunelovani elektronli mezi vodici.

A pravé molekularni prepinace jsou prvky umoznujici stavbu
rychlejsich a uc¢innéjsich procesorti v minimalnich dosazitelnych
rozmerech. Jejich stavba vyzaduje pristup , bottom up” a spociva
v manipulaci s objekty na molekularni arovni.

Molekularni prepinace obvykle tvori jednotlivé molekuly, které
mohou byt riditelné preklapény mezi dvéma stabilnimi stavy.
Podnétem k prepnuti mize byt elektricky signal, zména v teploté
nebo chemickém prostredi, svételny signal.



http://www.intel.com/content/www/us/en/silicon-innovations/advancing-moores-law-
in-2014-presentation.html

Minimum Feature Size IMlOOFre Law

22 nm 14 nm
Node Node Scale
Transistor Fin Pitch 60 42 .70x
Transistor Gate Pitch 90 70 .78x
Interconnect Pitch 80 52 .65x
o o 22 nm 1%t Generation 14 nm 2"d Generation
Tri-gate Transistor Tri-gate Transistor
Transistor Fin Improvement Transistor Fin Improvement
height ml‘
22 nm 15t Generation 14 nm 2" Generation

22 nm Process 14 nm Process Tri-gate Transistor Tri-gate Transistor



Molekularni prepinace

Molekularni pfepinace jsou charakterizovany témito vlastnostmi :

Jde o objekty o velikosti molekul — tj. male.

PrepinaC ma dva zakladni stavy charakterizovaneé tim, ze jde o vzajemné
zrcadlové obrazy a tim Ze se liSi v optickych nebo elektrickych vlastnostech.
Molekula ma chiralni vlastnosti. Jako chiralni se oznacuje takovy objekt,
ktery neni totozny se svym zrcadlovym obrazem, nema stred ani rovinu
symetrie, avSak muzZe mit rotacni osu symetrie. Vztah mezi objektem a
jeho obrazem je podobny jako vztah mezi levou a pravou rukou.

Oba energetické stavy zarucuji stabilitu ale i reversibilitu.

Prepinaci ¢asy jsou v radu femtosekund (101° s). Tedy jaké je frekvence
zmen?



http://cs.wikipedia.org/wiki/Zrcadlen%C3%AD
http://cs.wikipedia.org/wiki/Rovina_symetrie
http://cs.wikipedia.org/wiki/Rovina_symetrie
http://cs.wikipedia.org/wiki/Ruka
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Jak prepinat prepinace?

* Prepinac je prepinan pusobenim svétla, zmény
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Velikosti molekul
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These & jona are only approxi and more sccurate values can

easily be found by multiplying the last column in the preceding table by
RV N The recnlt will he the her od rentl red H H

Morse JK. Atomic Lattices and Atomic
Dimensions. Proc Natl Acad Sci U S A. 1927 https://en.wikipedia.org/wiki/Benzene

Apr;13(4):227-232.
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Priklad fotoindukovaného
prechodu mezi dvéma
izomery organickeho barviva
s otevifenym a uzavrenym
retezcem.

Energetické schéma
procesu prepinani ve spodni
casti obrazku ukazuje
excitaci viditelnym nebo UV
svetlem a nasledny prechod.

Oba stavy se liSi zavislosti
absorbance na vinové delce.
Proces prepinani probiha v
pikosekundovych Casovych
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Jedna z moznosti :

Cyklické  étery -  cyklicke
slouCeniny obsahujici 5 -6
éterovych skupin. Jsou vysoce
stabilni a silné se vazi na kladné
lonty. Jako molekularni
prepinace se uplatnuiji
makrocyklické polyétery, zvané
crowny.

Dokazi velmi silné vazat kationty.
Reaguji_na spoustéec, kterym
muze byt svétlo nebo zména pH
drastickou zménou afinity k
nékterym iontlm, coz se projevi
jako vyrazna zmeéna elektrické
vodivosti.

dicyclohexyl-18-crown-6 complex
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* Prepnuti lze realizovat i chemickou cestou

Electron
Transfer
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Molekularni prepinace

* DalSi moznost : Rotaxany - slouceniny s molekulou ve
tvaru Cinky na niZz se muze pohybovat dalsi cyklicka
molekula. Polohu této molekuly [ze ménit napr.
zmeénou pH, elektrickym proudem a molekula funguje
jako prepinac se dvéma krajnimi stabilnimi polohami.

Macrocycle

Dumbbell shaped molecule




Nazvoslovi
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Katenany a Rotaxany

electron rich p-alkoxy

ESF OP VK: Inovace a rozvoj studia nanomateriall na Technické univerzité v Liberci



Rotaxany a jejich supramolekularni
polymer
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Rotaxany - nazvoslovi
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ESF OP VK: Inovace a rozvoj studia nanomaterialll na Technické univerzité v Liberci



Pilarareny
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Pilarareny a z nich supramolekularni
polymery
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Receptory neutralnich molekul
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Receptory neutralnich molekul

* |zolované molekularni dratky (vodice?)
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Molekularni prepinace

Fotochromni prepinace jsou molekuly, ktere
mohou byt opticky prepinany mezi dvema
Isomery (molekuly slozené ze stejnych
atomu ale s rozdilnou strukturou), které se
podstatne lisi v optickych vlastnostech.

K jejich ovladani muze byt pouzit laditelny
laser, ktery meni jejich absorbanci, staceni
roviny polarizace nebo Intenzitu
luminiscence.




Fotochromni prepinace
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Molekularni prepinace

V soucCasné dobe je znama rada jednomolekularnich
prepinacu. Moderni metody skenovaci mikroskopie
vyuzivajici moznost manipulovat s molekulami
prostrednictvim hrotu sondy vyrazne rozsirily
experimentalni moznosti.

Objevila se také moznost vyuzivat uhlikovych
struktur: napr. prepinac zalozeny na rotujici
molekule uzavrené v uhlikové nanotrubce umoznuje
prutok proudu pouze v jednom sméru, v opacném
smeéru je prutok uzavien. Vyvoj eletroniky na bazi
grafenu prodelava rychly rozvoj.




carbon nanotube

e two-terminal molecular switch tunnel junctions
(MSTJs) which incorporate a semiconducting,
single-walled carbon nanotube (SWNT) as the
bottom electrode. The nanotube interacts
noncovalently with a monolayer of bistable,
nondegenerate [2]catenane tetracations, self-
organized by their supporting amphiphilic
dimyristoylphosphatidyl anions which shield the
mechanically switchable tetracations from a two-
micrometer wide metallic top electrode.

DOI: 10.1002/cphc.200300871
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A schematic representation of an SWNT-MSTJ
device. DOI: 10.1002/cphc.200300871
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SWNTs revealed that they wer
tubes,

* First, they had to be long (=20 um) and straight to
allow for the top electrode alignment. Second,
we selected for low resistivity, ohmic,
semiconducting SWNTs by carrying out room-
temperature, voltage-gated transport
measurements on them.

e Typical resistances for a 15 um segment of a
SWNT were =0.1 MQ

DOI: 10.1002/cphc.200300871



catenane tetracations formed
Langmuir—Blodgett (LB) films.

a monolayer coverage of the [2]catenane
NDC* on a SWNT typically decreases the SWNT
conductivity by a factor of five,
dimyristoylphosphatidyl (DMPA~) anions

For both the LB films and the transferred
monolayers, features of the NDC*/DMPA- lipid
film revealed characteristic supramolecular
domains

DOI: 10.1002/cphc.200300871



* top electrode consisting of
20 nm Ti and 400 nm Al was
deposited

* the non-degenerate
[2]catenane NDC4+(green),
the tetracationic cyclophane .
TCP4+(blue), and the B Rk § 8o
degenerate [2]catenane ol AR T
DC4+(red). The read voltage swT «refvs_ st D
for these three traces was Ty
100 mYV. Write Voltage / V

— 1t

DOI: 10.1002/cphc.200300871



Stabilita zarizeni

* Device cycling for the nondegenerate [2]catenane
NDC*(green) contrasted with the lack of cycling for the
degenerate [2]catenane DC*(red). In both cases,

VieqaWas 100 mV, V,, . .was +2.5 V, and V . was -2.5 V.
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Molekularni prepinace

Kromé Gisté molekularnich pfepinacu se objevila i
moznost vyuzivat specifickych vlastnosti nekterych
nanocastic:

PrepinaCe s nanocCasticemi z urcCiteho materialu,
jehoz optické vlastnosti mohou byt fizeny opt|ckym
signalem. Tento signal vyvolava fazovou zmenu ata
ma za nasledek meritelnou zmenu optickych
viastnosti. Jako priklad lze uvést tenkou vrstvu z
bistabilnich Castic galia. Excitace vrstvy laserem
vede ke zmene odrazivosti vrstvy. Zajimave je, ze
novy stav je stabilni ackoli ma vyssi energii nez stav
puvodni.




Molekularni prepinace

Molekularni pfepinace se vyuzivaji jako prvky logickych obvodu. Priklad:

1. Derivat pyrazolinu méni in-
tenzitu fluorescence v zavislosti
na koncentraci H*

2. Derivat antracenu meéni in-
tenzitu fluorescence v zavislosti
na koncentraci Na* a /nebo K*

3. Antracen dosahuje vysoké
Intenzity fluorescence jen kdyz
soucasné jsou vysoké koncen-
trace H* a Na*.

V obr. Je naznaceno jaké logic-
ké Cleny realizuiji.
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Fig. 2.6 The fluorescence intensity of the pyrazoline derivative 1 is high when the concentration of H' is low, and vice
versa. The fluorescence intensity of the anthracene derivative 2 is high when the concentration of Na™ and/or K s high,
The emission is low when both concentrations are low. The fluorescence intensity of the anthracene 3 is high only whea
the concentrations of H' and Na are high. The emission is low in the other three cases. The signal transductions of the
molecular switches 1, 2, and 3 translate into the truth tables of NOT, OR, and AND gates, respectively, if a positive logic
convention ts applied to all inputs and outputs (low = 0, high= 1)




Realizace

Logicky obvod realizovany laserovym zdrojem 563 nm,
detektorem a tremi molekularnimi prfepinaci, jejichz stavy jsou
rizeny tremi nazavislymi zdroji UV svetla.
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Fig. 2.11 The visible source sends a monochromatic beam (563 nm) to the detector. The traveling light is forced to pass
through three quartz cells containing the molecular switch illustrated in Fig. 2.7. The three switching elements are operated
by independent ultraviolet inputs. When at least one of them is on, the associated molecular switch is in the purple form 7,
which can absorb and block the traveling light. The truth table and equivalent logic circuit illustrate the relation between
the three inputs I1, 12, and I3 and the optical output O




