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Abstract: 

X- ray single crystal structure, spectroscopic and photophysical parameters of the titled 
compound were studied. Photophysical parameters include singlet electronic absorption, 
molar absorption coefficient, oscillator strength and dipole moment of electronic transition, 
fluorescence spectra, excited state lifetime and fluorescence quantum yield for PPPBB in 
different solvents.  PPPBB displays a little change in maximum absorption and emission 
spectra with solvent polarity, indicating a slight change in dipole moment of dye molecules 
upon excitation. The dipole moments (Δ𝜇 ) difference between the excited and ground state 
was obtained from Lippert-Mataga method. Ground and electronic excited states geometric 
optimization was performed using density functional theory (DFT) and time-dependent 
density functional theory (TD-DFT), complemented with spectral findings. A good 
agreement between theoretical data and experimental observations was found. The net 
photochemical quantum yield (c) of PPPBB dye was calculated in various solvents.  
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1- Introduction: 

Fluorescent moieties linked by flexible spacers are very important class of 
compounds due to their potential application as nucleic acid staining and detection of 
nucleic acids in electrophoresis gels and PCR technology [1-3]. Gel Green™, for example 
is an intercalating nucleic acid stain used in molecular genetics for agarose gel DNA 
electrophoresis that consists of two acridine orange moieties bridged by a linear 
oxygenated spacer while Gel Red™ is another intercalating nucleic acid stain used 
in molecular genetics for agarose gel DNA electrophoresis that consists of 
two ethidium subunits that are bridged by a linear oxygenated spacer [1, 3]. 

1-((E)-2-phenylethenyl)-2-(4-(2-((E)-2-phenylethenyl) phenoxy) butoxy) benzene 
(PPPBB) consists of two styryl benzene subunits that are bridged by an alkoxy spacer (Fig. 
1). Despite the compound has a Chemical Abstracts Service (CAS) Registry Number   
864867-98-1 and a CAS Index Name: 1-((E)-2-phenylethenyl)-2-(4-(2-((E)-2-
phenylethenyl) phenoxy) butoxy) benzene (PPPBB), there is no data available in literature 
regarding its chemical properties, spectral information, molecular structure, ..etc. In this 
paper, we took the task of chemical characterization of this interesting molecule. 

Müllen et al [4, 5] has prepared bis stilbene derivatives with rigid spacers and 
investigated their photophysical and photochemical behavior in different media. Stilbene 
derivatives are ideal dyes for investigation of the trans/cis photoisomerization reactions [6, 
7]. Hamond et al [8] provided a classical study for understanding the behavior of some 
stilbene derivatives in triplet excited state with the rate of intersystem crossing from singlet 
excited state to triplet state equals zero [9-12]. Sometimes, the most accepted mechanism 
of photoisomerization of stilbene derivatives have been reported as trizonal relaxation 
process [13-15]. The excited trans isomer then reaches the perpendicular configuration and 
is rapidly changed to the ground state. [9,16-18]. 

Styryl benzene derivatives have important applications in laser dyes, colorant dyes, 
optics and biphotonic process [19-21]. A new photonic material was obtained from the 
combination of amino stilbenes with the plasmonic properities of silver nanoparticles 
(AgNP) [22]. Recently, natural compounds containing a stilbene unit show anticancer 
activity via targeting a wide variety of intracellular pathways [23]. 

Tulloch and Kemp [24] have prepared 2,2`- Distyrylbiphenyl  and 2,2`- bis-(4-
phenylbuta-1,3-dienyl) biphenyl by Wittig reactions of 2,2`-bis 
(triphenylphosphoniometry) biphenyl dibromide with benzaldehyde and cinnamaldehyde, 
respectively. With sodium ethoxide as a base, their photolysis products have been shown 

https://en.wikipedia.org/wiki/Intercalation_(biochemistry)
https://en.wikipedia.org/wiki/Nucleic_acid
https://en.wikipedia.org/wiki/Staining_(biology)
https://en.wikipedia.org/wiki/Molecular_genetics
https://en.wikipedia.org/wiki/Gel_electrophoresis
https://en.wikipedia.org/wiki/Ethidium
https://en.wikipedia.org/wiki/Chemical_Abstracts_Service
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by IR, UV, NMR and mass spectra to be cyclobutane derivatives formed by intramolecular 
condensation.  

Böhn et.al [5] studied the effect of irradiation on the photo reactivity of 
distyrylbiphenyl and some of its derivatives. It was found that in the solid state the tert.-
butyl substituted derivative is quantitatively transformed into the intramolecular 
[2+2]cycloadduct while the 1,2-distyryl-benzene exhibits a strong tendency toward photo 
polymerization in the crystalline state and the tert. butylated derivative was photo stable. 

As the litarature data on PPPBB molecule are very scarce, we report in the present 
paper its X- ray single crystal structure, time-dependent density functional theory (TD-
DFT) caculations to investigate photo excitation energies as well as photo absorption 
spectra [25]. The spectroscopic, photophysical and photochemical properities of PPPBB 
are also reported. 

2- Experimental 

2.1 Materials and chemicals 

All solvents and chemicals (spectroscopic grade) were obtained from Sigma Aldrich and 
used without further purification. PPPBB was courtesy of Prof. K. Müllen, University of 
Mainz, Germany and was used without further purificaion.  The general method of its 
synthesis was described earlier [5] and the product is supplied by MDPI (Molecular 
Diversity Preservation International; samples@mdpi.org), Switzerland. 

 

 

Fig. 1. 1-((E)-2-phenylethenyl)-2-(4-(2-((E)-2-phenylethenyl) phenoxy) butoxy) benzene 
(PPPBB) 

 

 

O

O

1-(E)-styryl-2-(4-(2-(E)-styrylphenoxy)butoxy)benzene
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2.2 Instrumentation: 

2.2.1 Single crystal X-ray analysis 

Single crystals suitable for X-ray analysis were obtained at room temperature by slow 
evaporation of chloroform solution. One crystal was mounted on Agilent Supernova (Dual 
source) Agilent Techologies Diffractmeter equipped with a graphite- monochromatic 
MoKα radiation (λ = 0.71073 Å). Diffraction data collection was performed sing 
CrysAlisPro software at 296 K. The structure solution was achieved through computer 
assisted SHELXS-97 program package [26, 27] and refined by full-matrix least-squares 
methods on F2 using SHELXL-97, in-bulit with X-Seed [28, 29]. 

All the C-H hydrogen atoms were positioned geometrically and treated as riding 
atoms with Caromatic-H = 0.93 Å, Cmethyl-H = 0.96 Å and refined using a riding model with 
Uiso (H) = 1.5 Ueq (C) for methyl and Uiso (H) = 1.2 Ueq (C) for all other carbon atoms. 
CCDC (Cambridge Crystallographic Data Center) reference number 
(929938,971329,981028,980984) contains the supplementary  crystallographic data for 
studied compound.  

2.2.2. Electronic absorption and emission spectra  

The electronic absorption spectra were taken on Cary-400 UV-visible Spectrophotometer 
connected to a Cary data acquisition system using 10 mm matched silica cells, while 
emission and excitation spectra were recorded using a Jasco FP-8200 Spectrofluorometer, 
excitation bandwidth 5 nm, emission band width 5 nm, with Xe lamp light source. 
Fluorescence intensities were measured at right angle to the exciting light. Narrow 
entrances were used in order to minimize the intensity of the exciting light and thus to keep 
the photochemical reactivity (photoisomerization) at very low rate.  

2.2.3. Fluorescence quantum yield (𝝋𝒇) measurement 

Quantum yield of fluorescence(𝜑𝑓)  was determined by comparing the integrated 
fluorescence intensity of the sample solution with that of anthracene solution dissolved in 
cyclohexane, as a spectral and fluorescence reference of 𝜑𝑓  = 0.36 at λex = 313 nm [30, 31]. 
The concentration of the anthracene solution was adjusted at a small concentration to avoid 
reabsorption effect as its absorbance value did not exceed  0.15 absorbance units. The 
sample fluorescence quantum yield (𝜑𝑓𝑠  ) value was determined using the following 
equation: 
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𝜑𝑓𝑠 = 𝜑𝑓𝑟 ∫ 𝐼𝑠 (ύ)𝑑ύ𝐴𝑟𝑛𝑠2∫ 𝐼𝑟 (ύ)𝑑ύ𝐴𝑠𝑛𝑟2                     (1)  
The indices s and r denote sample and reference, respectively, integrals over Is and Ir 

represent areas under the corrected emission spectra. As and Ar are the absorbance values 
for the sample and reference at excitation wavelength. ns and nr are the refractive indices 
for the solvent and the reference used. The quantum yield of photochemical reactivity(c) 
was calculated using slope method [32]. The light intensity of irradiation (Io) was 
determined using ferrioxalate actinometry [33, 34]. 

3- Results and discussion: 

3.1. Single crystal structure of PPPBB 

 

Fig. 2. Labelled diagram of PPPBB 

Structural study along with other physical studies was carried out, to know the three 
dimensional and Van der Walls interactions of molecules in the unit cell. X- ray analysis 
reveals an orthorhombic unit cell with space group p21/n and contains two stilbene moieties 
connected by butoxy bridge in its skeleton. The measurement shows no physical interaction 
between molecules in unit cell. The crystallographic data and refinement parameters are 
listed in Table 1 and a labelled diagram of PPPBB is shown in Fig 2. 
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        Table 1: Crystallographic data of PPPBB  
  

C-C = 0.0045 Ă Bond Precision 

a = 10.675(3)Ă   b = 5.6424(10)Ă    c = 21.287(3)Ă 

α = 90o     β = 90.809o      γ = 90o 

Cell 

Orthorhombic Crystal system 

296 K Temperature 

1281.8(5)Ă3 Volume 

P21/n Space group 

-P2yn Hall group 

C32H30O2 Moiety formula 

C32H30O2 Sum formula 

446.56 Mr 

1.157 Dx,g cm-3 

2 Z 

0.070 Μ(mm-1) 

476.0 F000 

476.20 F000' 

14, 17, 29 h, k, lmax 

3472 Nref 

0.992, 0.994 Tmin ,  Tmax 

0.967 Tmin' 

1.038 Goodness-of-fit on F2 

MoKα (λ = 0.71073Ă) Radiation 

6.682-59.246o 2ϴ range for data collection 

0.46 ×0.28×0.28 Crystal size /mm3 

  
  

3.2. DFT Calculations 

Gaussian09 suites were used in MO caclculations [35] then pictured using the GaussVeiw 
[36] programs. The geometry of PPPBB was optimized to a minimum energy was 
performed using the Becke’s three parameter Lee Young-Parr (B3LYP) density 
functional theory (DFT) with basis set 6–31 G(d).  

UV-Vis. spectra of PPPBB in several organic solvents were simulated by using Time 
Dependent Density Functional Theory (TD-DFT) [37, 38] with the 6-31G(d) basis set. 
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Molecular structure 

L. configuration study 

The PPPBB chemical structure optimization in L configuration was carried out at the 
B3LYP /6-31G(d) level of theory and the results are given in Fig. (3). PPPBB molecular 
structure in L configuration is not planar where one of the phenyl rings at C42-O52 bond 
rotates out of the dioxybutyl group plane by 150.78o and one of the styryl groups rotates 
out of the phenyl group via 165.4o to avoid the steric hindrance. The O-C bonds connecting 
to phenyl rings have single bond character with length 1.380 Å. 

     Table (2) lists some selected bond lengths and angles of the optimized geometry of the 
studied PPPBB molecule in Trans or L configuration, Fig (3), which have been calculated 
by using B3LYP/6-31G(d,) level of theory. Several results could be obtained from Table 
(2): (1) The left phenyl ring and the styryl moiety with dioxybutyl group are almost in the 
same plane which is indicated by having dihedral angles equal zero over the entire 
backbone of the molecule. (2) The right phenyl ring rotates out of the dioxybutyl group 
plane by 150.78o.  (3) The right styryl moiety rotates out of the right phenyl group by 
165.4o. (4) All carbon–carbon and ring’s carbon–oxygen bonds are either doubly or singly 
bonded. This is exemplified by the C12-C14, C18-O51, C37-C39 and C42-O52 bonds being of 
shorter bond lengths compared with the C4-C12, C14-C16, C16-C18, C39-C41 and C53-C56 
bonds. (5) The estimated bond angles manifested the sp2 hybridization environment over 
the entire substrate. (6) We adopt the optimized molecular structure of PPPBB shown in 
Fig. (2), where C14-C16-C18-C21 dihedral angle is 179.85 o, for studying its calculated 
electronic and spectral properties in gas phase and some selected solvents. 

 

                                      (a)                                                                     (b) 

Fig. (3). (a) The atom numbering L-structure of PPPBB obtained by using B3LYP/6-
31G(d) level of theory. (b) 3D print. 
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Table (2). Some selected bond lengths (Å), dihedral angles and bond angles (degrees) for 
gas phase L-structure PPPBB calculated with B3LYP/6-31G(d) level of theory. 

Designation Bond length (Å) Designation 
Dihedral angle 

(degree) 
C4-C12 1.466 C3-C4-C12 123.50 
C12-C14 1.349 C12-C14-C16 126.01 
C14-C16 1.465 C16-C18-O51 116.67 
C16-C18 1.414 O52-C42-C41 116.67 
C18-O51 1.380 C41-C39-C37 126.01 
C37-C39 1.349 C5-C4-C12-C14 174.23 
C39-C41 1.465 C14-C16-C18-C21 179.85 
C41-C42 1.414 C16-C18-O51-C53 150.79 
C42-O52 1.380 C62-O52-C42-C41 150.78 
C53-C56 1.523 C42-C41-C39-C37 165.40 
C16-C17 1.407 C37-C29-C28-C27 179.72 
C41-C43 1.407 C37-C29-C30-C31 179.68 

The graphical representation of the HOMO-2, HOMO-1, HOMO, LUMO, LUMO+1, 
LUMO+2 orbitals, and the calculated energy gaps between HOMO- LUMO (Eg1), 
HOMO-1- LUMO+1 (Eg2) and HOMO-2- LUMO+2 (Eg3) for L-configuration in the gas 
phase at B3LYB/6-31G(d) level of theory are shown in Fig. (4). It is worth noting that 
charge density distribution in the case of HOMO levels MOs is mainly localized over vinyl 
and phenyl moieties while it is delocalized in the case of LUMO over the entire molecule. 
It was shown that the calculated Eg of PPPBB increases in the following order Eg1 < Eg2 
< Eg3 due to C-O single bond character in the PPPBB molecular structure
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Fig. (4). Graphical representation of HOMO, LUMO, HOMO-1, LUMO+1, HOMO-2 and 
LUMO2, with the calculated energy gaps in PPPBB L-configuration in the gas phase at 
B3LYB/6-31G(d) level of theory. 

The molecular electrostatic potential maps (MEP)  

        The molecular electrostatic potential maps (MEP) for PPPBB molecular structures in 
L-form in the ground and excited states are obtained via B3LYP/6-31G(d) level of theory. 
The graphical MESP maps are shown in Fig. (5). At the surface of the studied molecular 
structures, the MEPs are characterized using different colors, the red color regions 
correspond to negative MEP (electrophilic reactivity), the blue color sites refer to positive 
MEP (nucleophilic reactivity) and the green color parts relate to zero MEP. Accordingly, 
the negative potential site of PPPBB in the ground state is shown at the center of phenyl 
and vinyl groups, while it is little bit shifted in the excited state. The positive potential 
regions are localized over the center of the molecule and the hydrogen atoms as presented 
in Fig. (5). 
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Fig. (5) MEP maps for PPPBB molecular L-structure using B3LYP/6-31G(d) level of 
theory. 

Z- configuration study 

Optimization of the Z-configuration of PPPBB was carried out at the B3LYP /6-31G(d) 
level of theory and the results are given in Fig. (6). PPPBB molecular structure in the Z-
form is not planar where one of the phenyl rings at C42-O52 bond rotates out of the 
dioxybutyl group plane by 79.01o and, one of the styryl groups rotates out of the phenyl 
group via 24.57 o to avoid the steric hindrance.  

The O-C bonds connecting to phenyl rings have the lengths 1.383 and 1.366 Å, with 
single bond character. Table (3) lists some selected bond lengths and angles of the 
optimized geometry of the studied PPPBB molecule in Z-form Fig. (6), which have been 
calculated by using B3LYP/6-31G(d,) level of theory. Several results could be obtained 
from Table (3): (1) The left phenyl ring and the styryl moiety with dioxybutyl group are in 
the same plane. This is indicated by having dihedral angles equal to zero over the entire 
backbone of the molecule. (2) The right phenyl ring rotates out of the dioxybutyl group 
plane by 79.01o.  (3) The right styryl group rotates out of the right phenyl group by 24.57 

o. (4) All carbon–carbon and ring’s carbon–oxygen bonds are either doubly or singly 
bonded. This is exemplified by the shorter C12-C14, C18-O51, C37-C39 and C42-O52 bond 
lengths compared to C4-C12, C14-C16, C16-C18, C39-C41 and C53-C56 bonds. (5) The estimated 
bond angles manifested the sp2 hybridization environment over the entire substrate. (6) We 
adopt the optimized molecular structure of PPPBB shown in Fig. (6), where C14-C16-C18-
C21 dihedral angle is 180 o, for studying its calculated electronic and spectral properties in 
gas phase and some selected solvents 
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                                        (a)                                                         (b) 

Fig. (6). (a) The atom numbering structure of Z-form PPPBB obtained by using B3LYP/6-
31G(d) level of theory. (b) 3D print 

Table (3). Some selected bond lengths (Å), dihedral angles and bond angles (degrees) for 
gas phase Z-form PPPBB calculated with B3LYP/6-31G(d) level of theory. 

Designation Bond length (Å) Designation 
Dihedral angle 

(degree) 
C4-C12 1.467 C3-C4-C12 118.42 
C12-C14 1.351 C12-C14-C16 130.34 
C14-C16 1.463 C16-C18-O51 116.88 
C16-C18 1.422 O52-C42-C41 120.29 
C18-O51 1.366 C41-C39-C37 125.76 
C37-C39 1.348 C3-C4-C12-C14 171.98 
C39-C41 1.466 C14-C16-C18-C21 180.00 
C41-C42 1.414 C16-C18-O51-C53 178.28 
C42-C52 1.382 C62-O52-C42-C41 79.10 
C53-C56 1.523 C43-C41-C39-C37 24.57 
C16-C17 1.407 C37-C29-C28-C27 179.48 
C41-C43 1.407 C37-C29-C30-C31 179.45 

The graphical representation of the HOMO-2, HOMO-1, HOMO, LUMO, LUMO+1 and 
LUMO+2 orbitals, the calculated energy gaps between HOMO-LUMO (Eg1), HOMO-1-
LUMO+1 (Eg2) and HOMO-2-LUMO+2 (Eg3) for the Z-form PPPBB in the gas phase at 
B3LYB/6-31G(d) level of theory are shown in Fig. (7). It is worth noting that the charge 
density in the case of HOMO level is mainly localized on the vinyl and phenyl moieties 
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while in the case of LUMO, it is delocalized over the whole skeleton of the target molecule. 
The calculated Eg of PPPBB increases in the following order Eg1 < Eg2 < Eg3.  

 

Fig. (7). Graphical representation of the HOMO, LUMO, HOMO-1, LUMO+1, HOMO-2 
and LUMO+2 levels and the calculated energy gaps for the Z-form of PPPBB in the 
gaseous state at B3LYB/6-31G(d) level of theory. 

The molecular electrostatic potential maps (MEP)  

The molecular electrostatic potential maps (MEP) for PPPBB molecular structures in Z-
form were obtained in the ground and excited states via applying B3LYP/6-31G(d) level. 
The graphical MESP maps are shown in Fig. (8). At the surface of the studied molecular 
structures, the MEPs are characterized using different colors, the red color regions 
correspond to negative MEP (electrophilic reactivity), the blue color sites refer to positive 
MEP (nucleophilic reactivity) and the green color parts relate to zero MEP. Accordingly, 
the negative potential site of PPPBB in ground state is around O atoms, while the negative 
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potential sites in excited state are shifted to the center of phenyl and vinyl groups. The 
positive potential regions are around the hydrogen atoms as presented in Fig (8). 

 

Fig. (8). MEP maps for PPPBB molecular structure using B3LYP/6-31G(d) level of 
theory. 

3.3. Solvent effect on electronic absorption and emission spectra 

 Figs. (9, 10) show the experimental electronic absorption and emission spectra of 2×10-5 
M PPPBB solutions in solvents of different polarities. The corresponding spectral data are 
summarized in Table 4. As indicated in Table 4, the solvent polarity shows a slight effect 
on the position of electronic absorption and emission maxima (ca. 10 nm) but the ratios of 
the two absorption maxima at ca. 320 and 380 nm in different solvents vary. This may be 
due to the low polarity of PPPBB in both ground and excited states. The high molar 
absorptivity (ε =15700 – 85585 M-1 cm-1) and high oscillator strengths (f = 0.36 – 1.36) at 
lower energies, indicate strong allowed π –π* transitions. The fluorescence quantum yield 
(f) of PPPBB is slightly affected by solvent polarity as well. The spectral data of PPPBB 
in different solvents are listed in Table 4. Aromatic compounds that contain hetero atoms 
like nitrogen and oxygen often have low-lying, closely spaced π – π* and n – π* states. 
Inversion of these two states can be observed when the polarity and the hydrogen bond 
power of the solvent increases, because the n – π* state shifts to higher energy whereas the 
π – π* shifts to lower energy. This results in an increase in the fluorescence quantum yield 
due to radiative emission from n – π* state is known to be less efficient than from π – π* 
state [39].  
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Fig. (9). Electronic absorption spectra of 2 × 10−5 M PPPBB in different organic 

solvents. 

250 275 300 325 350 375

0.0

0.3

0.6

0.9

1.2

1.5

1.8

A
b

so
r
b

a
n

c
e

Wavelength (nm)

 1-Chloroform

 2-CH
2
cl

2

 3-Propan1-ol

 4-Heptan 1-ol

 5-DMF

 6-Formamide

 7-Water

 8-Chlorobenzene

 9-Butan1-ol

 10-Benzyl alchol

260 280 300 320 340 360

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

A
b

so
rb

a
n

ce

Wavelength (nm)

 1-MeOH

 2-Ethylacetate

 3-Cyclohexanol

 4-DMSO

 5-Ethylene glycol



15 

  

 

 
Fig. (10). Fluorescence spectra of PPPBB in different organic solvents at 𝜆𝑒𝑥 = 313𝑛𝑚. 
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Table (4). Absorption band maxima, λmaxa (nm), extinction coefficients εmax ,  (l mol-1 
cm-1), fluorescence band maxima, λmaxf (nm), and quantum yields of fluorescence (φf ) , 
for PPPBB in different organic solvents. 

 

Solvent 𝛌𝐦𝐚𝐱𝐚  𝜺𝒎𝒂𝒙 𝛌𝐦𝐚𝐱𝐟  𝛗𝐟 
Water 318 6190 381 0. 09 

Formamide 321 15700 385 0.114 
Ethylene Glycol 319 20845 381 0.0490 

Methanol 320 18545 375 0.306 
Benzyl alcohol 324 65650 382 0.039 

Propan1-ol 320 67125 375 0.074 
Butan1-ol 322 46660 375 0.117 
Heptan1-ol 322 34430 375 0.222 

Cyclohexanol 325 19620 377 0.0391 
DMSO 322 6030 384 0.0704 
DMF 323 21570 386 0.068 

CH2Cl2 322 19415 380 0.034 
CHCl3 319 85585 379 0.055 

Ethyl acetate 321 21200 375 0.288 
Chlorobenzene 323 55310 380 0.140 

CCl4 320 80475 378 0.067 
THF 316 20750 376 0.125 

CH3CN 320 33178 380 0.087 

Computational UV–visible spectra  

DFT method at TD-DFT/B3LYP/6-31G(d) level of theory has been applied to get the 
theoretical UV-visible spectra of PPPBB in different solvents. The computed absorption 
maxima for L-structures of PPPBB showed a slight red-shifted upon at increasing solvent 
polarity except for acetonitrile (CH3CN) as shown in Fig (11.a). On the contrary, the 
computed absorption maxima for Z-structure showed slight red shifts upon decreasing 
solvent polarity as shown in Fig (11.b). 

TD-DFT calculations of L- and Z-structure PPPBB molecule, show that the 
maximum absorption peaks (λmax) for all solvents are mainly due to electron transfer 
between molecular orbitals of the ground state configurations HOMOs-1 → LUMOs+1 
and/or HOMOs → LUMOs of π→π* character [40]. Tables (5) and (6) show the calculated 
TD-DFT contributions of ground state molecular orbitals configurations (HOMOs (H) and 
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LUMOs (L)) to the maximum absorption peaks as a percentage. They also list the TD-DFT 
calculated excitation energy (Eexc), corresponding peak wavelength (λmax) and maximum 
oscillator strength (f) for both L- and Z-structures of PPPBB molecule respectively in 
different solvents. 

 
(a) 

 
(b) 

Fig. (11). The calculated electronic absorption (Calc. Abs.) of (a) PPPBB L-structure 
molecule and (b) Z-structure. The B3LYP functional was applied with 6-31G(d) basis set. 

ɛ refers to molar absorptivity (M-1cm-1). 
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Table (5). the calculated excitation energy (Eexc), corresponding peak wavelength (λmax) 
and max. oscillator strength (f) for L-structure of PPPBB molecule in different solvents. 

Solvent Eexc (eV) λmax (nm) f 
Configurations % to 

the excitation process 

CCl4 3.6938 335.66 1.8637 
H → L (49.75 %) 
H-1 → L+1 (47.51 %) 

CH3CN 3.6923 335.79 1.7661 
H → L (49.48 %) 
H-1 → L+1 (47.04 %) 

THF 3.6882 336.17 1.8114 
H → L (49.56 %) 
H-1 → L+1 (47.30 %) 

CHCl3 3.6852 336.44 1.8398 
H → L (49.62 %) 
H-1 → L+1 (47.45 %) 

CH2Cl2 3.6831 336.63 1.8199 
H → L (49.55 %) 
H-1 → L+1 (47.37 %) 

DMSO 3.6796 337.2 1.8081 
H → L (49.49 %) 
H-1 → L+1 (47.34 %) 

Table (6). the calculated excitation energy (Eexc), corresponding peak wavelength (λmax) 
and max. oscillator strength (f) for Z-structure of PPPBB molecule in different solvents. 

Solvent Eexc (eV) λmax (nm) f 
Configurations % to 

the excitation process 

CCl4 3.8748 319.98 1.3482 
H → L (3.01 %)           
H-1 → L+1 (95.91 %) 

CH3CN 3.9049 317.51 1.3022 
H → L (3.07 %)           
H-1 → L+1 (95.63 %) 

THF 3.8896 318.76 1.3208 
H → L (2.93 %)           
H-1 → L+1 (95.89 %) 

CHCl3 3.8801 319.54 1.3313 
H → L (2.84 %)           
H-1 → L+1 (96.05 %) 

CH2Cl2 3.8859 319.06 1.3212 
H → L (2.82 %)           
H-1 → L+1 (96.03 %) 

DMSO 3.8889 318.82 1.3123 
H → L (2.73 %)           
H-1 → L+1 (96.10 %) 

The calculated results in table (6) are close to the experimental data values for the peak 
wavelengths shown in table (4). The differences between calculated and experimental 
values can be attributed to specific solvent effects on the singlet excited state of PPPBB.   
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Tables (7) and (8) list the energies of the HOMOs and LUMOs together with their 
energy gaps (E.G.) and other quantum chemical parameters as electronegativity (χ), 
chemical potential (μ) and chemical hardness (η) of the studied L- and Z-forms of PPPBB 
as obtained by B3LYP/6-31G(d) level. The energy gap between frontier molecular orbitals 
(HOMO and LUMO) is used as a powerful indicator of chemical reactivity, kinetic 
stability, and biological activity of molecular systems.  

The calculated E.G. of the studied L-form PPPBB compound in various solvents 
increase in the following order: DMSO < CH3CN < CH2Cl2 < THF < CHCl3 < CCl4. While 
in Z-form, they increase in the following order: CCl4 < THF < CHCl3< CH2Cl2< DMSO < 
CH3CN. In terms of the total electronic energy, the order of stability of L-form PPPBB in 
the selected solvents goes as DMSO <CH3CN  <CH2Cl2  <THF  <CHCl3  <CCl4 which 
indicates that the stability of the L form increases with increasing solvent polarity. While 
in Z-form, the order of stability is: CCl4 > THF > CHCl3 > CH2Cl2 > DMSO > CH3CN. 
The Z-form PPPBB molecule in DMSO and CH3CN has higher reactivity compared to 
other solvents due to the high polarity of DMSO and CH3CN as well as higher energy gap 
compared to other solvents [41, 42].    

 Using ELUMO and EHOMO values, the chemical potential (µ), electronegativity (χ) and 
the chemical hardness (η) for PPPBB molecule are calculated in different solvents [43] and 
the results are listed for L- and Z-forms in Tables (7) and (8) respectively. 

Table (7). The calculated EHOMO, ELUMO, energy gap (E.G.), and other quantum chemical 
parameters as electronegativity (χ), chemical potential (μ) and chemical hardness (η) of the 
studied PPPBB L-structure compound obtained by B3LYP/6-31G(d) level. 

Parameter CH2Cl2 CHCl3 CCl4 THF CH3CN DMSO 
HOMO (eV) -5.435 -5.411 -5.371 -5.429 -5.459 -5.461 
LUMO(eV) -1.388 -1.359 -1.309 -1.381 -1.419 -1.422 

E.G.(eV) 4.047  4.052 4.062 4.048 4.040 4.039 
µ (eV) -3.412 -3.385 -3.340 -3.405 -3.439 -3.441 
 χ (eV) 3.412 3.385 3.340 3.405 3.439 3.441 
η (eV) -2.023 -2.026 -2.031 -2.024 -2.020 -2.019 
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Table (8). Calculated EHOMO, ELUMO, energy gap (E.G.), and other quantum chemical 
parameters as electronegativity (χ), chemical potential (μ) and chemical hardness (η) of 
PPPBB Z-structure obtained by B3LYP/6-31G(d) level. 

Parameter CH2Cl2 CHCl3 CCl4 THF CH3CN DMSO 
HOMO(eV) -5.420 -5.387 -5.327 -5.387 -5.455 -5.458 
LUMO(eV) -1.431 -1.414 -1.393 -1.428 -1.442 -1.447 

E.G.(eV) 3.989 3.973 3.934 3.959 4.013 4.011 
µ (eV) -3.425 -3.400 -3.360 -3.407 -3.443 -3.452 
 χ (eV) 3.425 3.400 3.360 3.407 3.443 3.452 
η (eV) -1.994 -1.986 -1.967 -1.979 -2.006 -2.005 

 

The low μ value of PPPBB Z-form in DMSO reflects the lower tendency of electron escape 
from PPPBB in DMSO solvent compared to other solvents due to high polarity of DMSO. 
Further, the high χ value of PPPBB in DMSO indicates the high ability of the PPPBB 
molecule to withdraw electrons from DMSO being a more polar solvent. On the other hand, 
PPPBB molecule has a high η value in nonpolar CCl4 solvent compared with the other 
solvents indicating that PPPBB molecule in CCl4 solvent is very difficult to liberate the 
electrons (see Table 8). 

3.4- Calculations of molecular parameters 

Some molecular parameters, including excited state lifetime (τo, τf), oscillator strengths ( 𝒇 ) and transition dipole moments (µ𝟏𝟐) of PPPBB have been calculated. The natural 
(radiative) lifetime 𝜏𝑜 of PPPBB was calculated by using the modified Strickler – Berg 
equation [44,45].  𝐾𝑟 =  1𝜏𝑜 = 2.88 × 10−9𝑛2 < ύ >2𝑎𝑣 ∫ 𝜀(ύ) 𝑑ύ            (2) 

Where ( ύ)𝑎𝑣 is the average wavenumber corresponding to 0-0 transition (in energy units 
of 𝑐𝑚−1), n is the medium refractive index, Ԑ(ῡ) molar absorptivity of PPPBB in units of 𝑑𝑚3𝑚𝑜𝑙−1𝑐𝑚−1(𝑀−1𝑐𝑚−1). The integrals are calculated over 𝑆𝑂 ↔  𝑆1 absorption and 
emission spectra. The fluorescence lifetime (𝜏𝑓) was calculated from the relation [46,47]: 

     𝜏 = 𝜏𝑜𝜑𝑓 .              (3) 

The short fluorescence lifetime values are attributed to the high felexability of PPPBB 
molecule which enhances the rate of internal conversion (ic) and prescence two oxygen 
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atoms which enhance the intersystem crossing. This explains the low fluorescence quantum 
yieds (φf) values as well.  The transition dipole moment from lower state (So) to higher 
singlet state (S1) was determined from relation (4) [48,49].  

                                             𝜇12 =  𝑓 × 1074.72 ×𝐸𝑚𝑎𝑥                                 (4) 

Where 𝐸𝑚𝑎𝑥 is the energy maximum of electronic absorption band expressed in 𝑐𝑚−1 
and f is the oscillator strength which is related to the number of electrons undergoing 
transition from So to S1 and is given as the area under absorption band. The experimental 
oscillator strength values were obtained using equation (5) [50, 51]. 

          𝑓 = 4.32 × 10−9 ∫ 𝜀 (ύ)𝑑ύ                 (5) 

Where 𝜀 is the values for molar absorption coefficient measured in 𝑑𝑚3𝑚𝑜𝑙−1𝑐𝑚−1(M-1 
cm-1) and ύ is the value of the wave number measured in 𝑐𝑚−1.  The values of 𝑓 and 𝜇12 
are summarized in Table (9). The values of oscillator strengths and transition dipole 
moments indicate that the So → S1 transition is an allowed transition of 𝜋 → 𝜋∗ character. 
The linear relationship between oscillator strength and transition dipole moment is shown 
in Fig (12). 
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Table (9) Oscillator strength, transition dipole moment and lifetime values of PPPBB in 
different solvents. 

Solvent 𝒇 µ𝟏𝟐 τo(sec) 𝝉𝒇(sec) 

Water 0.3689 4.8919 1.922 × 10−9 1.755 × 10−11 
Formamide 0.3734 5.0428 1.6077 × 10−9 1.846 × 10−11 
Ethylene 
Glycol 

0.3789 5.0623 1.7479 × 10−9 8.581 × 10−10 

Methanol 0.7301 7.2522 1.024 × 10−9 3.137 × 10−10 
Benzyl alcohol 1.1297 8.8074 5.224 × 10−10 2.074 × 10−11 
Propan1-ol 1.5351 10.206 4.262 × 10−10 3.156 × 10−11 
Butan1-ol 1.0400 8.4183 16.22 × 10−10 7.300 × 10−11 
Heptan1-ol 0.6678 6.7457 9.823 × 10−10 2.190 × 10−10 
Cyclohexanol 0.4919 5.401 9.380 × 10−10 3.676 × 10−10 
DMSO 0.1095 2.7359 5.6821 × 10−9 4 × 10−9 
DMF 0.4732 5.6871 1.3398 × 10−9 9.160 × 10−11 
CH2Cl2 0.4385 5.4734 1.4398 × 10−9 4.264 × 10−10 
CHCl3 2.0017 11.626 3.029 × 10−10 1.687 × 10−11 
Ethyl acetate 0.4298 5.4057 1.6092 × 10−9 4.639 × 10−10 
Chlorobenzene 1.3608 9.6427 3.976 × 10−10 5.569 × 10−11 



23 

  

 

Fig. (12). Plot of oscillator strengths versus transition dipole moments for PPPBB in 
different solvents. 

The change in dipole moment of PPPBB upon excitation was calculated from Lippret-
Metaga’s relation Equations (6) and (7) [53-55], which are based on the energy difference 
between the maximum absorption and emission band.  

∆ῡ𝑠𝑡 = 2(𝜇𝑒 − 𝜇𝑔)2ℎ𝑐𝑎3 𝛥𝑓 + 𝐴              (6) 

                  

∆𝑓 =  𝐷 − 12𝐷 + 1 − 𝑛2 − 12𝑛2 + 1                  (7) 

                             

Where ∆ῡ𝑠𝑡 is the difference between (0→0) the absorption and (0←0) emission maxima 
expressed in wave numbers (𝑐𝑚−1), respectively, h is planck’s constant, c is the speed of 
light in vacuum, "a" is the Onsager cavity radius, 𝐷 and n are the dielectric constant and 
refractive index of the solvent, respectively. ∆𝑓 is the orientation polarizability of the 
solvent which measures both electron mobility and dipole moment of the solvent molecule. 
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The values of Onsager cavity radius (a) of molecular volume of PPPBB molecule is 
determined using Suppan’s Eq. (8) [56,57]. 

𝑎 = √ 3𝑀4𝜋𝑑𝑁3                       (8) 

Where 𝑑 is the density of PPPBB taken as 1.157 g/cm3, M is the molecular weight of 
PPPBB and N is Avogadro’s Number. A plot between (∆𝑓) and Stock’s shift (shown in 
Figure 13) reveals a slight change in dipole moment Δ𝜇 of 0.08 Debye indicating a slight 
change in the polarity of PPPBB molecule excited singlet state owing to its symmetry. 

 

Fig. (13). Plot of Δf versus stokes shift (𝑐𝑚−1) for PPPBB in different solvents. 

The ground (𝜇𝑔) and excited state ( 𝜇𝑒) dipole moments of PPPBB were determined by 
applying Bakshiev’s and Kawski – Chamma – Viallet’s equations [58] as given by Eq. (9) ῡ𝑎 − ῡ𝑓 = 𝑚1𝐹1(𝐷, 𝑛) + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡                           (9) 
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𝐹1(𝐷, 𝑛) = 2𝑛2 + 1𝑛2 + 2 [𝐷 − 1𝐷 + 2 − 𝑛2 − 1𝑛2 + 2]                        (10)      
                         (10) 

𝑚1 = 2(𝜇𝑒 − 𝜇𝑔 )22ℎ𝑐𝑎3                                                     (11) 

                                            

Kawski – Chamma – Vaillet,s formula is given as follows [59]: ῡ𝑎 + ῡ𝑓 2 = −𝑚2𝐹2(𝐷, 𝑛) + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡                        (12)       
                   

Where, F2 and m2 are defined as: 

𝐹2(𝐷, 𝑛) = 2𝑛2 + 1𝑛2 + 2 [𝐷 − 1𝐷 + 2 − 𝑛2 − 1𝑛2 + 2] + 32  [ 𝑛4 − 1(𝑛2    + 2)2]          (13) 

          

𝑚2 = 2(𝜇𝑒2 − 𝜇𝑔2  )2ℎ𝑐𝑎3                                                (14) 

                                    

And the symbols have the same meaning given in Eqs. (6) and (7). 

The parameters 𝑚1 and 𝑚2 were determined from absorption and fluorescence band 
shifts (Eqs. 11 and 12). 

Assuming the ground and excited states dipole moments are parallel, the values of 𝜇𝑔 and 𝜇𝑒 can be obtained using Eqs. (15) and (16) [60, 61]. 

𝜇𝑔 = |𝑚2 − 𝑚1|2 [ℎ𝑐𝑎32𝑚1 ]1 2⁄                        (15) 

                    

𝜇𝑒 = 𝑚2 + 𝑚12 [ℎ𝑐𝑎32𝑚1 ]1 2⁄                            (16) 
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And 𝜇𝑒 = 𝑚1 + 𝑚2𝑚2 − 𝑚1  𝜇𝑔             (𝑚2 > 𝑚1)          (17)     
 

The values of 𝜇𝑔 and 𝜇𝑒were calculated as 2.00 and  2.21  Debye, respectively indicating 
that the excited state of PPPBB is more polar than the ground state due to re-distribution 
of charge and change of geometry in PPPBB upon excitation. Apparently, the planarity of 
PPPBB is lost in the singlet excited state as confirmed by the UV-Visible spectrum being 
more structured than the fluorescence spectrum. 

3. 5- Photoreactivity of PPPBB: 

Photochemical reactivity of PPPBB has been investigated in various solvents to determine 
the photo degradation of PPPBB when exposed to UV radiation of λ = 310 nm. As shown 
in Fig (14), the absorbance of 2 x 10-5 M PPPBB in ethylene glycol and carbon tetrachloride 
(as a model examples) decreases with increasing the irradiation time using light intensity 𝐼𝑜 = 9.20 × 10−5 Ein min-1. The rate constant of photodecomposition was calculated by 
the applying slope method [32] according to the first order rate equation (18):                 ln 𝐴𝑜𝐴𝑡 = 𝑘𝑡                                                  (18) 

Where 𝐴𝑜, 𝐴𝑡 are the absorbances at times = 0 and t, respectively and k is the rate constant 
of the photodegradation process. Fig (15) was used to determine the rate constant of the 
photoreaction.  
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Fig. (14) Effect of radiation (λ = 310 nm, 𝐼𝑜 = 9.20 × 10−5 Ein min-1) on the absorption 
spectrum of 2 x 10-5 M PPPBB in (a) ethylene glycol and (b) carbon tetrachloride 

solvents. 
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(a) 

 

(b) 

Fig. (15). A plot of ln 𝐴𝑜/𝐴𝑡 versus time for 2 x 10-5 M PPPBB in (a) ethylene glycol and 
(b) carbon tetrachloride solvents. 
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The slopes in the linear plots of  ln (𝐴𝑜𝐴𝑡) versus time give the rate constants of the 

photodegradation process. Values of k in min-1 and photochemical quantum (𝜑𝑐) in 
different solvents are given Table (10). As shown in Table 10, the photochemical quantum 
yields in chlorinated solvents such as (CH2Cl2, CHCl3 and CCl4) are about ten orders of 
magnitudes higher than those in un-chlorinated. This may be explained in terms of electron 
transfer from the excited dye molecules to the solvent [62-65]. In this mechanism it was 
proposed that an electron transfer from PPPBB excited singlet to CHnCl4-n within transient 
excited charge transfer complex (exciplex) is the main primary photochemical process. It 
leads to formation of PPPBB radical cation together with chloride ion and a chloromethyl 
radical in the cage of solvent. The formation of contact ion pair usually occurs by electron 
transfer from excited donor (PPPBB) to the electron acceptor (CHnCl4-n) depending on the 
electron affinity (EA) of solvent as acceptor.  

(PPPBB) + hν → 1(PPPBB)*                                                     absorption of light    (1) 
1(PPPBB)* → PPPBB + hν                                                        fluorescence             (2) 
1(PPPBB)* + CHnCl4-n → 1[PPPBB …CHnCl4-n]*                    exciplex                    (3) 
1[PPPBB …CHnCl4-n]* → [PPPBB +δ …-δ CHnCl4-n]                electron transfer       (4) 
[PPPBB +δ …-δ CHnCl4-n] → PPPBB ·+δ Cl-  + · CHnCl3-n           contact ion pair        (5) 

 

Table (10). Photochemical quantum yield of PPPBB in different solvents. 

Solvent k (𝑚𝑖𝑛−1)  φc 
Ethyl acetate 1.9x10-2 5.01x10-3 

Ethylene Glycol 1.1x10-2 2.9x10-3 
Methanol 1.2x10-2 3.16x10-3 
Butan1-ol 1.5x10-2 3.95x10-3 
Heptan1-ol 9.4x10-2 2.48x10-3 

DMSO 3.3x10-2 8.69x10-3 
DMF 0.3x10-2 7.90x10-4 

CH2Cl2 7.7x10-2 2.03x10-2 
CHCl3 10.6x10-2 2.79x10-2 
CCl4 11.6x10-2 11.6x10-2 

Chlorobenzene 1x10-2 2.63x10-3 
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Conclusion: 

To our knowledge and according to our literature survey, the present study provides the 
first data about 1-(E)-styryl-2-(4-(2-(E)-styrylphenoxy) butoxy) benzene (PPPBB) 
molecule. The study included its X- ray single crystal structure, thermal stability, electronic 
absorption and emission spectra, fluorescence quantum yield (𝜑𝑓) , molecular orbital 
calculations using TD-DFT and geometrical optimization to a minimum energy with 
B3LYP of the density functional theory (DFT) with basis set 6–31 G(d). The electronic 
UV-Vis. spectra of PPPBB in different solvents were simulated by using TD-DFT with the 
6-31G(d) basis set. The molecular electrostatic potential maps (MEP) for PPPBB 
molecular structures in both the L- and Z-forms in the ground and excited states were 
obtained. In the L- configuration, the negative potential site in the ground state is shown at 
the center of phenyl and vinyl groups, while it is little bit shifted in the excited state. The 
positive potential regions are localized over the center of the molecule and the hydrogen 
atoms. For the Z- configuration, the negative potential site of PPPBB in ground state is 
around O atoms, while the negative potential sites in excited state are shifted to the center 
of phenyl and vinyl groups. The positive potential regions are around the hydrogen atoms. 
PPPBB shows little solvent polarity on both electronic absorption and emission spectra 
reflecting low polarity effect in both ground and excited states. Some molecular parameters 
including excited state lifetime, oscillator strength and dipole moment have been 
calculated. The oscillator strengths and transition dipole moments indicate that the So → 
S1 transition is an allowed transition of π→π* character. Finally, the photostability of 
PPPBB in different solvents upon UV irradiation (λ = 310 nm) was studied and the rate 
constants of photo-degradation together with the photochemical quantum yields (c) were 
calculated in different solvents by applying the slope method according to the first order 
rate equation. 
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