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LIGHT-DRIVEN MOLECULAR MOTORSBASED ON
AZOBENZENE PHOTOIZOMERIZATION

Rodica-Mariana ION Daniel MUNTEANU

Rezumat. Un motor molecular poate fi definit ca un ansamb&iun nunir discret de
componente moleculare concepute pentru a efectyadrnimecanice sub controlul
factorilor de produge de energie corespudtpare.

Abstract. A molecular motor can be defined as an assembly discrete number of
molecular components designed to perform mechamumavements under control of
appropriate energy inputs.
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1. Introduction

A molecular motor can be defined as an assembly discrete number of
molecular components designed to perform mechamoakements under control
of appropriate energy inputs. The word®tor and machine are often used
interchangeably when referred to molecular systeMelecular motors and
machines operate by means of electronic and/oeauckarrangements and make
use of thermal fluctuation®@rownian motion)They are characterized by the kind
of energy input supplied to make them work, theetygf motion (such as
translation, rotation, or oscillation)performed by their components, causing
readable changes in some chemical or physical propkthe system.

Molecular photochromic switches are an intriguitttass of organic
molecules which allow the control of molecular sture and function with light.

For references usd||

Consequently, this offers the possibility of effieg dramatic changes to the
bulk properties of a system by irradiation. Photaical methods are also useful
for monitoring the operation of the motor. In gealewith respect to chemical
systems photons can play the dual rolevofing (causing a change in the system)
and reading (reporting the state of the systey a matter of factcis—trans
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photoisomerization reactions involving N=N, C=N,@+C bonds are well known
processes. The molecular tweezers based on therazmte unit were perhaps the
first examples of lightdriven molecular machinepaged in the literature. The
construction of molecular rotary motors poses sdvehallenges, particularly
because it is difficult to satisfy the unidirectadmotation requirement.

For the references usg”.

In general, they are extremely clean and reversexctions, the prototypical
case being theis—transisomerization of azobenzene. See figure 1.
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Fig.1. Cis—transisomerization of azobenzene
Photochemical methods are also useful for operaifothe motor, and@is—
trans photoisomerization reactions involving N=N, C=N, 6=C bonds are
discussed in this paper, and azobenzene photoizzatien, especially. The
efficiency aspectgquantum yield)and issues in movement of a nanorobot
regimes are discussed.

2. Experimental part

2.1. Materialsand apparatus

50 ml solution of azobenzene have been insertdaquartz photoreactor.
Argon is flow into the photoreactor during all réan in order to avoid the
photooxidation of azobenzene. Some samples have fretevated time to time
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from the photoreactor and they have been registelsd UV-VIS
spectrophotometry. For irradiation a 250 W Hg medjpressure lamp has been
used. See Figure 2.
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Fig. 2. The photochemical reactor

3. Results and discussion

Organic molecular photochromic switches are mdéscuthat can be
interconverted reversibly between two (meta)-staitdees, A and B, by stimulus
with light. See Figure 3.

This change is the result of cis -> trans photoisoezation. For the switch to
be useful, it should meet three criteria:

(1) it should be thermally stable;

(2) the states A and B should have different propersesh as a large
change in molecular geometry, polarity, UV-VIS apsion, etc.;

(3) both states of the switch should be separatelyezddble.

In principle, an ideal photochromic switch wouldxh#it perfect
photocontrol. This means that irradiation at défar wavelengthgkl and k2)
allows quantitative photoconversion to states A Bndespectively. The ability to
address each isomer selectively necessitates thahdAB possess significant
differences in their UV-VIS absorption spectra.ni@ny cases this change in
absorption is a desirable property in itself. Fereferences usé f].
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Azobenzenes have received considerable experimemtd theoretical
attention because they undergo light-driven transis isomerization. Their cis-
and trans-isomers have a different spatial arraegérmf the aromatic moieties,
and consequently show significantly different plegsiand chemical properties, as
shown in Figure. Use Figure 3.

For de references use {, 8, ).

A major advantage of azobenzene switches is llegtdre easy to synthesize.
However, an important drawback is that, dependimg tbe nature of the
substituents on the aromatic groups, these switoftea undergo thermal cis->
trans isomerization at room temperature.

Quantum yield measurements

Method |

The used formula is:
_AIVIY (1)
1 WA,

where:

V — sample volume;

Yint — CiS izomer/total concentration in stationaryesta
& — extinction coefficient at one wavelength;

| — layer length;

I, — intensity of incident radiation;

A — absorbance.

The results are shown in Table 1.
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Table 1.
Wavelength

g Tn-but Ttertbut C
228 11887 13638 7653
245 2598 2680 15460
291 9543 13233 3466
316 19017 21506 1007
357 1057 1746 3698
439 810 453 20

For all calculus, A constant is decisive. Thishis slope of the straight line.
First is determining Y for a stationary concentration. The ratio between
concentration and total concentration is Y. Byirfdt In(Yin-Y) vs. irradiation
time a straight line — A - is determined. The measients have been made for

348 nm, 369 nm and 375 nm and the following equatare obtained:

348 nm: Y =-3.31*18 X — 0.476;
369 nm: Y =-1.87*16X — 1.725;
375 nm: =-1.99*16 X — 1.050.
The experimental results could be resumed indieviing Table 2.
Table 2.
2 (nm) 348 369 375
A/10 (min™) 3,31 1,87 1,99
V/107 () 3,5 35 3,5
Y int 0,58 0,26 0,38
& (I/mol*cm) 6495 150 162,5
|, (Einst/min) 1,16*10 34,24*10° 1,031*10°
[ (cm) 1 1 1

Under such circumstances, the quantum yields are:

D35 = 0,009;
®369=0,033;
(D375 = 0,158

So, the best quantum yield is obtained for 375 nm.
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Fig. 3. Trans azobenzene spectrum in n-butylic for diffelirradiation time
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Fig. 4. Trans azobenzene spectraompared with cis azobenzene

Method 11

The quantum yield was determined knowing fractdreis izomer, y, from
the mixture of both izomers. We presumed thatahytiwas only trans izomer.
We determined the molar extinction coefficients bath izomers, as shown in
Table 3.

Table 3.

y) trans cis
228 11887 7653
245 2598 15461
291 9543 3466
316 19017 1007
357 1057 3698
439 810 20
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Could be seen that the photoizomerization of traomer at irradiation with
348 nm, 369 nm and 375 nm and concentration oflB5M, the stationary state
is different for each wavelength. In order to cédtel the quantum vyield, we used
the following equation:

dy 1,0 |, 0 (2)
— == EFll-y)|-—=—|P. [ -k
where:
| — sample length, cm;
®; . — quantum yield for trans — cis, respectively-ctsans;
&t,c — absorbtion molar coefficients;
V — sample volume, I;
D — optical density, as in eq. (3):
3)

|n(ll—°j =D =cllg, + (&, ~¢&)y]

F = D/(I-exp(-D)). 4)
The first two terms from the right side of eq.lveal the rate of
photochemical reaction and the third is the ratéhefmal reaction cis — trans.
Knowing that dy/dt = O for t->o0, we could solve the equation fd; and then
introducing into (1) could be obtained:

dy/dt = AIF(y — y) — ky(F/F - ) (5)
A =120l Vy;
We could neglect the last term from (2), and e @uld result:
2= (%-y) (6)
I(z) = Fdz/z
By integrating vs. z and t, results:
I(z) = -At + constant ‘ (7)
where 1(z) is calculated under the hypothesis fratl.
So, I(z) = In(2).

By graphical representation of I(z) vs. time, tesa straight with slope A,
and finally could be calculated the quantum yield.

The quantum yields are:
D35 = 0,172;

®369=0,100;
(I)375 = 0,120

Both quantum yields obtained by both methods, gquége similar. The
photoizomerization could be considered as a trarnsfeone electronic excited



60 Rodica-Mariandon, DanielM unteanu

molecule on a higher vibrational level belongingtihe ground state. Also, the
photoizomerization involves a comon state for trang cis izomers. Between
these levels not exists an energy barrier, thesteanbethween them being
spontaneously.

For the references usé’["].

Photoizomerization could be considered as a “thérmeaction” of one
excited level as an interconversion of excited males trans and cis over an
energetic hypothetic barrier very small able towlthe interconversion in a very
short lifetime of excited state (£&). Such barrier would be smaller for N-N bond
than the rotation with 180at N-N-C bond. Studying the planar configuratidn o
both izomers, we can conclude that the trans izomemplanar, the not-
participating electron of nitrogen being in the abglane ofzn electrons of
benzene and the double bond. See Figure 5.

For cis azobenzene the benezene rings are pecpéaredi on -N=N- plane.
See Figure 6.
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Fig. 5. The planar configuration Fig. 6. The configuration of cis azobenzene

of trans axobenzene

19 K. E. K. Eric Drexler, Nanosystems: Molecular Mamty, Manufacturing and Computation.
New York: Wiley, 1992.

1B, L. Feringa, N. Koumura, R. A. van Delden andK\J. ter Wiel, “Light-driven molecular
switches and motors”, Appl. Phys. A, vol. 75, p84.308, 2002.



Light Driven Molecular Motor Based on Azobenzeroflizomerazition 61

The principle aspect in context to artificial napioot is also presented in this
paper. See Figure 7.
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Fig. 7. The priciple of molecular motor

A molecular motor is molecular motions of its compnt parts. The motor
responds to an input (energy) with an output (woakldd must produce a
unidirectional, cyclic process.

See Figure 8.
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Fig. 8. Action of azobenzene molecular motor (exposur@fe-nm light causes the
backbone to contract, pulling on the canglefright)).

Conclusions

Photochemical methods are also useful for momitpthe operation of the
motor. Cis—trans photoisomerization reactions involving N=N , C=Mr, C=C
bonds are well known processes. The molecular ®reebased on the
azobenzene unit were perhaps the first exampledigbtdriven molecular
machines reported in the literature. The constoactf molecular rotary motors
poses several challenges, particularly becauses idifficult to satisfy the
unidirectional rotation requirement. These areligeacesses to obtain lightdriven
operation of molecular machines because they baipgut evident structural
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changes that can be exploited to cause large amelitnotions in suitably
designed molecular and supramolecular systems.hén gresent work, the
highlight review focused on selected recent examplehere light-driven
molecular motors based on azobenzene have been fosesbme switching
behaviour.
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