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Abstract

Abstract

The molecular photoswitches have promising applications in information technology,
molecular devices and biomedical systems, and have attracted increasing interest over the
past few decades. Azobenzene ranks first among the available photoswtiches for its
fascinating characters of structural trans-cis photoisomerization and bistability. However,
most azobenzene-based photoswitches require UV light for photoisomerization, which is not
only difficult to penetrate into cells and tissues, but also triggers unwanted responses in vivo,
e.g. apoptosis. For practical applications, azobenzene-based compounds exhibiting
visible-light-triggered photoswitching behavior are highiy desired. Previous theoretical
investigation showed that the n-n* excitation of planar trans-azobenezene, though located
within the visible light region, is symmetry-forbidden and hardly photoactive. Very recent,
Beharry and his coworkers reported an o-methoxyl azobenzene compound, the
photoswitching of which is solely controlied by visible light. Inspired by these prior work, we
conducted a systematic theoretical investigation on the photo excitations of a lot of
azobenzene compounds with different o-substitutions as well as the pristine azobenzene. The
computational results suggest the following strategies/rules for rational design of
visible-light-active azobenzene-based photoswitches:

1) The n-n* transition of trans-azobenzene that is located in visible light region becomes
photoactive with enhanced absorption intensity as far as its structural planarity is broken.
Accordingly, introducing bulky o-substituents into azobenzene could activate such a
visible-light excitation.

2) The presence of electron-donating groups (e.g., alkyoxide or amino group) as
0-subtituents can enlarge the trans-cis band separation.

The azobenzene-based photoswitches designed following the aforementioned rules are
computationally predicted to have n-n* band of longer absorption wavelengths (420 nm ~

530 nm, in the visible light scope), notable absorption strength, and large trans-cis band



Abstract

separation. These compounds can be promising candidates for biological applications. The
present work illustrates that rational design of molecular devices such as molecular
photoswitches can be efficiently approached with the help of state-of-art quantum chemical

calculations.

Key words: Molecular design; Azobenzene-based potoswitches; (TD)-DFT; Biochemical
application.



B i

1.1 55

PRI ZER 70 1 To TERIANE R AR RIR I AR SR, BETS AE AR A1 A 45110 UK
HERTE I AL 5 T HOAT F e — TR L PR AR R I A o &> St py AR 4 40 7 1A e 2 mT 4%
Ve, NS DR A ) R RS L AT AT ARG (L& © 2011 4F, Woolley %5 A4
H—FhEAR AR, AN T AEAT I A REVE R o T ARG A, ] T T
AR £ o TAEAN R AT A T

XHARA ARV S NIRRT & 5 O62 — P ARH BRI Az ] e s, Bt e T
(1) IR e AN 2 (AR BB (20 B AMSRE AT gzl (3) £ EPKVEE A
SPEVIETCHE: (4) REBIMEATE R 2 UGB, R AT
SINEY T, W FEMIgoeiEfifohte. £4EM D 7H 5l e 7R, &
FPORE O T AEY B R, Bl A SR . 2k BCARRIM BN, MR
AR, s, MRS (B 1. °

Protein
structure
and folding




A

EE A

B 1.1 7> ORI ED 7 T RO R N R

Figure 1.1 Overview of the main biological processes (highlighted in orange), which can be
photo-regulated by the incorporation of molecular photoswitches into biomolecules (shown in
blue boxes).
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Figure 1.2 The diagram of molecular photoswitches
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Table 1.1 Selected molecular structures of photoswitches introduced into biomolecules.
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Figure 1.3 The mechanism of azobenzene isomerization.
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