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ABSTRACT

In this work, a supramolecular quantum mechanical self assembly of two minimal-protocells (micelles) containing
696 atoms is studied using density functional theory and its time dependent version. This two micelles system is
initially optimized using semiempirical PM3 method. Their frontier molecular orbitals are analyzed using DFT-
PBEPBE/6-311++G(d, p) method and excited states are calculated using TD-DFT//PBEPBE/6-311++G(d, p)
method. The electronic transitions corresponding to these excited states are discussed. WWe have noticed a number of
transitions which can be used for information exchange within this two micelles system.
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INTRODUCTION

The word “micelle” is the contraction of minimalqtocell, which are of special interest for applicas in the
biotechnologies. These micelles act as the cont&nertificial minimal cells which are synthesizen Los Alamos
National Laboratory (US) [1]The container consists of amphiphilic fatty acidlesoles that self-assemble into a
micelle. The hydrophobic interior of the micelleopides an alternative thermodynamic environmeninfrihe
aqueous or methanol exterior and acts as a stigdonyg for the photosensitizer, fatty acid precusgdood), and the
genetic materialThe quantum mechanical self-assembly of a systaranong two micelles has been considered in
this study. The electronic structure of this systeams been explored by density functional theoryTP&sing the
electron correlation approach. DFT has already leeeployed in a number of studies on various mobacsystems

of biological and pharmacological importance [2&part from this, DFT has established itself aoopyiar tool for
study of other molecular systems, such as inorgawiecules and small clusters [9-12].

Time dependent DFT (TD-DFT) is used to find excis¢ates properties i.e. the various electronictations within
the molecular system. It has successfully beeniegpgbr studying the nature of electronic transiidn many
biomolecules [13, 14]. In this work, we have empldyT D-DFT approach in order to explore electrordmsitions
within the two micelles system with different pheyathetic centres.

MATERIALSAND METHODS

The initial distance between the edging molecufesvio micelles was kept a few times larger in corigoa with
the experimental van der Waals distances betweganiar molecules. This initial configuration has heptimized
using semiempirical PM3 method. The process of gggnoptimization reduced the distance betweentiie
micelles to the experimental van der Waals distardge to Van der Waals and hydrogen bonding intiersc
between these micelles. The PM3 optimized struatfitevo micelles system has been used for singiet gmergy
calculations using DFT method with PBEPBE functidia&] and 6-311++G(d, p) basis set. The same gégrhas
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also been employed for TD-DFT calculations. Allozdétions are performed by using GAUSSIAN 09 progfas]
using 20 parallel processors.

RESULTSAND DISCUSSION

This two micelles system consists of 696 atomgolitains 45 water molecules, 14 fatty acid (FA) enales, 2
precursor of fatty acid (pFA) molecules and twdetié#nt sensitizer molecules viz. bis(4-diphenylaar®phenyl)-
squarine (in micelle 1) and 1,4-bis(N,N-dimethylanjnaphthalene (in micelle 2) as shown in Fig. lictvhs
optimized at PM3 level.

Fig. 1. PM 3 optimized structure of two micelles system considered in this study. Red, dark grey, light grey and blue spheresrepresent O,
C, H and N atoms, respectively.

The highest occupied molecular orbital (HOMO) andédst unoccupied molecular orbital (LUMO) are fient
orbitals which participate in chemical reactionimteraction with other systems. Virtually, the HOM®Orresponds
to the ground state of the system and LUMO cornedpdo its first excited state. So, any transifimm HOMO to
LUMO leads to the charge transfer from one regiorahother within the system. The HOMO-LUMO gap is
important parameter to measure the chemical hasdrestendency of a system to interact with odpacies. The
smaller gap between HOMO and LUMO allows enhancedéling of photoexcited electrons and hence, nreasu
the electronic transport properties. It also pdegi a quantitative estimate of the charge trarisferactions. For a
two micelles system, the HOMO and LUMO surfacesuwakted by DFT-PBEPBE/6-311++G(d, p) are shown in
Fig. 2. The HOMO-LUMO gap for this two micelles g is found to be 0.1930 a. u. One can see that@®MO

is mainly located near the sensitizer molecule ioefte 2 whereas LUMO is primarily contained by siimer
molecule in micelle 1. Therefore, the transitioonfr HOMO to LUMO essentially corresponds to the &tat
density exchange between sensitizer moleculesomtigelles system.
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LUMO

Fig. 2. The highest occupied molecular orbital (HOM O) and lowest unoccupied molecular orbital (LUMO) of two micelles system
calculated by DFT-PBEPBE/6-311++G(d, p) method.

In order to get further insights into electroniartsitions, we have calculated UV-visible spectrdnmm micelles
system using TD-DFT method which is shown in FigOBe can note that the substantial transitiorthénsystem
are calculated at 565.21, 546.86, 473.76, 466.@4 380.25 nm. The most prominent peak correspondbhdo

excitation wavelength of 546.86 nm.
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Fig. 3. UV-visible spectrum of two micelles system calculated by TD-DFT//PBEPBE/6-311++G(d, p) method.

We have analyzed electronic transitions within tigelles system up to 10 excited states as givdalite 1. Table
1 lists the vertical excitation energids),( oscillator strengthf{ and maximum excitation wavelength,{). The
oscillator strength is an important factor for theasurement of absorptivity as well as the intgreditan electronic
transition i.e. how strongly the particular elecimtransition is allowed. It is a dimensionlessuniity defined as by
the formula,

f=4 mceyB/ Na€?

where mis the mass of the electrog,the vacuum permittivity, N Avogadro constant, e is the elementary charge
and B is the molar natural absorption coefficianiegrated over the whole band units of frequentye @scillator
strength is a number usually close to zero and Boebidden transitions have oscillator strengtloselto zero,
while bands arising from electronically allowedns#@ion show value of order of one.

Table 1. Electronic transitionsin two micelles system

Excited Electronic t it Excitation energyE | Oscillator strength, Excitation wavelengths,
state ectronic transitions V) (nm) Aenao (M)
1 HOMO — LUMO 1.9307 0.0000 642.17
2 HOMO—-LUMO+2 2.1936 0.0228 565.21
3 HOMO-1-LUMO 2.2672 0.9778 546.86
HOMO-2—LUMO+1, HOMO-1-LUMO+2,
4 HOMO+55LUMO 2.6170 0.0179 473.76
5 HOMO-1-LUMO+2 2.6570 0.0344 466.64
6 HOMO—-LUMO+2 2.7746 0.0000 446.86
7 HOMO-2—LUMO+1 3.1755 0.0000 390.44
8 HOMO—-LUMO+4 3.2032 0.0000 387.04
9 HOMO-1-LUMO+3 3.2094 0.0000 386.31
10 HOMO-2-LUMO+5 3.3025 0.0633 330.25

The analysis of *lexcited state clearly indicates that it is maitéscribed by an electron excitation from HOMO to
LUMO i.e. the electron density transfer betweensgaer molecules within two micelles systems, antioned
earlier. Therefore, there is a possibility of inf@tion exchange from the micelle 2 to the micell@ntl vice versa.
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In order to explain electronic transitions for héglexcited states, we have calculated HOMO-m an#1OWn
molecular orbitals for m, n = 1, 2, 3 and 4. Thesdecular orbitals are displayed in Fig. 4.

m HOMO —m LUMO +n n

Fig. 4. HOMO-m and LUMO+n molecular orbitals of two micelles system

The second electronic transition"{2xcited state) corresponds to the transition HOM@MO+2. Note that the
LUMO+2 is localized near the sensitizer moleculeniicelle 2. Therefore, this transition leads to tiectron
density localization in the micelle 2 of two miesdlsystem. Similarly, the most intense transit@hédxcited state)
corresponds to the electron density localizatiotiwimicelle 1 of two micelles system (see Tabkndl Fig. 4).

The 4" excited state corresponds to the coupling of thr@esitions: HOMO-2>LUMO+1, HOMO-1—LUMO+2
and HOMO+5-LUMO. Out of these three transitions, HOMG>LUMO+2 can be used to exchange information
between two micelles as it corresponds to the medensity transfer from micelle 1 to micelle 2tivo micelles
system. Similar conclusion holds for th& Bxcited state as it corresponds to the same tiemsHOMO-
1-LUMO+2 (see Table 1).
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For even higher excited stated! &cited state which involves transition HOMQUMO+4 and leads to electron
density exchange within micelles 1 and 2 in twoatiés system. However, for all these excited stétesn 6 to 9),
the oscillator strength is essentially zero. Thhsse transitions are less likely to take placeampared to those
with non-zero oscillator strengths.

CONCLUSION

We have analyzed the electronic transitions in guarself assembly of two micelles systems using BR@ TD-
DFT approaches. The self assembly contains theingaml electron-correlated hydrogen bonds and van\deals
interactions that result from the addition of waded fatty acids molecules. These nonlinear intemag among the
atoms compress the micelles systems and resultiigei decrease in the HOMO-LUMO gap. The most sden
transition has been identified and properly assigifée have explored a number of transitions whigh e used
for information exchange within this two micellgstem. These findings may be useful for furtheestigations on
similar two micelles system and their applicationbiotechnology.
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