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Abstract . i
Estimation of electric dipole moment, polarizability and molar polarizability of monocycliC

(aniline and acetopimnone) and bicych'_(lz (1-naphthol and 4-hydroxycoumarin) aromatic
compounds were carried out. A standard solution of the solutes were prebarcd in double
distilled solvents ranging from polar to non-pdlar solvents (acetic acid, ‘cthanol, propan-z-ol;
chloroform and n-hcxanc).“The _refrac'tive indic’:és and the dielectric constants of the samples
were determined in these soIVerﬁs. The refracti ve-indcx was zﬂcasurcd from di:gitzil table 9 volts
alkaline bat'teryircfréctome'ter which meaéures at temperature range of 10- 50°C. The dielectric

| con;tant wés d;arjved from the refraﬁtive index using the Maxwell and Debye g:quatibns.. These
two parameters (dielectric constant and refractive index) were used to estimate the
aforementioned microséopic parameters (dipole moment, polarizability and molar
polarizability). The fcsults Siloxx's'diffcrcnt variations of the dipol_c moments of the solutes as
the solvent polarity increases ﬁ'oﬁi n- hexane to ethanol. However, constant decreasc of the
dipole moment of all the molecules was observed in acetic acid. This trend was also observed

in the computational studies of the dipole moment of the aforementioned monocyclic and

bicyclic aromatic compounds using Hartreefock (HF) simulation with the basis set being 6-
31G*, I '

Keywords: Microscopic properties; Maxwell equation; cyclic compounds; Hartreefock
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simulation; basis set
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Moments of Monocyclic and Bicyclic Aromatic Conipounds

Experimental and Theorctical Estimations of Dipole
N

INTRODUCTION

. : : iitivi ive index, densily,
The macroscopic (bulk propertics, such as relative permillivity, refractive index, ¥

. - : wular forces i i ctron pair
thermodynamic characteristics) and microscoplc (intermolccular forces including cle P

. . .y . : " 1 solvents and
donating and accepting abilities) arc important in determining the polarity of solvents

they also play a major role defining the solubility of solutes in various solvents (Katritzky ef

al, 2004). The effect of solvents on the physical properties of solutes, especially in organic

compounds, has been well documented in'literature (Burke, 1984).The crucml role of these
solvents in various processes and inferactions takmg place in solutions is significant in ‘the

understanding of the physicochemical propertiés of the solute. Polarity is an important solvent

property for explaining solvent effects (cage cfféct) on'many chémical_process’es (Barton,

1975).

A molecule as a \a,;'l;nole, while still neutral, will haave the properties of a small magnet, with
equal But opposite poles, called dipoles. A molecule, because of its structure, can have several
dipole; at once. These dipoles may be strong, weak and may ca;ncel out, The resulting sum of
all the dipoles is what is imown as the dipole moment of the molecule (Burke, 1984). The
polarity or non-polarity of a molecule is characterized by whether the molecule has a permanent
dipole moment or not"(Burrell, 1968). The stréngth of the molecular dipoles is the major
determinant of the cohesive energy density and the solubility of solutes. However, the
knowledge of dipole moment alone is not sufficient in solubility determination, as the overall

polarity of a molecule is often the combined result of the contributing polar nature of

molecule’s environment (macroscopic).

In solutions, molecules of SO]U[CS arrange themselves in an organized manner. Non-covalent

interactions, as well as hydrogen bonding conmbule gencr’\lly to the solubility and selt-

assemblage of solutes in solvents, The self—as;emblmg property of these solutes may be
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dependent on the molecular rigidity and the competition between inter and intra molecular
interactions taking place in the solution (Rehm and Schmuck, 2008). N(;n—polar solutes i n polar
solvents have the tendency to be polarized (induced polarity). In fact, any molecule even if
nonpolar, will be temporarily polarized in‘the vicinity of a pvolar' solvent, and the induced and
permanent dipoles will be mumally attracted (Stark effect). These dipole-induced dipole forces

are called Debye interactions (Feller, 1972).

The separation between op'poéit% charges in classical systems, such as solute-solvent system is
termed dipole: moment. The separation of these charges in molecules usually arises due to
clectronegativity différénces of t]_:le molecular constifue’nts. Normally separated or induced
dipolev moments’ measurcments in molecules are vital in determining both the physical and
chemical propertics of n%olecular-mattcr (Liectal., 2011). Thcrdipole moment determination or
measurement of heterohuclear dimeré has been used to modify and steer chemical reactions
(Ospelkaus et al., 2010). and cﬁposes res;carchers to new trends in ultracold chemistry, quantum
information science and quant‘um physics (Carr, DeMille, Krems, & Ye, 2009). Molecular
polarizability describes, the effect.of an external field on the electron density of molecules
(Miller, 1975). In electron transfer reactions, the rate of the reactions is mainly dependent on
solvent polarizability because there is a significant effcct of the solvent polarizability on the
reaction activation barrier which is largely influenced by solvent reorganization energy (Gupta

& Matyushov, 2004).

In this article, we estimate the effect of solvents of varying polarities on the experimentally and
computationally determined dipole moments of monocyclic (Aniline and Acetophenone) and

bicyclic (1-Naphthol and 4—hydroxycoumarinj aromatic compounds.

t

EXPERIMENTAL

MATERIALS AND METHODS
|
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MATERIALS

Solvents such as n-Hexane, chloroform, acetic acid, propan-2-ol, cthanol, Solutes (Aniline, 1-

Naphthol, Acctophenone and 4-ydroxycoumarin), Abbe refractomelter, digital weighing

~

balance and distilled water for refractometer calibration
APPARATUS
Retort stand, non- digital micro pipette (plastic), volumetric flagk and beakers, distillation kit

EXPERIMENTAL METHOD

All the 'solllteé (aniline, acetophenone and l-qaphthol) were sourced locally, except 4-
hydroxycoumarin which was purchased from Si‘gma Aldrich company in Germany. The
solvents used (n-hexane, chloroform, propan-2-ol, ethanol and acetic acid) were products of
British Drug Houseé limited, (BDH) and were double distilled prior to their usage. 0.001M
solutions of the solutes were prepared in each of the solvents and the refractive indices of the
resulting solutions were dctenﬁined with the use of calibrated Abbé refractometer. Using
Maxwell equation (eqn. 1) and Debye equétion (eqn. 2), the dielectric -constants and thc‘d’ipole

moment of each of the solutes in different solvents with varying polarities were determined.

n=gl/l2- ‘ | O
Therefore: e =n? | (2)
Where n is the refractive index and & is the dielectric constant

Inserting the value of the dielectric constant into the Debye equation:

™
[y

_ PPm
2 M C (3)

|

™
+

Equation 3 can be rearranged to give:
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p =M(5"'1) (4)
" p(e+2) '

where p is the mass density of the sample in the volume of the solvent. The density of the samples was obtaincd

—mass9) _ Eor solid samples, i.e. 1-naphthol and 4-hydroxycoumarin, the masses of the

from the formula: p = prm——

r

solutes dissolved in 250 ml of cach solvent was used. For liquid samples, i.. aniline and acetophenone, the mass

cquivalences were obtained from the amount and molar masses of the liquid samples dissolvgd in cach solvent,

ie,

miass (g) : 5) -

{lmount (mo,!) = molar mass (gmol~1)

The amount, which is obtained by using 0.001M concentration prepared and 250 ml of the solvents used, is

calculated to be 0.00025 mol. Therefore, p for aniline, acetophenone, 1-naphthol and 4-hydroxycoumarin were

calculated as: 0.093, 0.120, 0.144 and 0.162 g/dm® respectively, -

S PR

M is the 'molar mass of the lﬂolcculcs; and Pm is the molar polarization, ‘vh{cﬁ may also be defined as:

_Naf, oy :
P’” = 3g, (“+ 3KT - (6)

&g is the permittivity of vacuum = 8.85 x 1071
|

N, = Avogadro’s constant = 6.02 x 1023

u = dipole moment, K= Boltzmann constant = 1.38x10J/K, T= Temperature = 208 K

3M£o (5"‘1)

- = polarizability given by: .
| T by a2 2

Rearranging equation (5) givés the dipole moment to be: ~

p= JBTCRE =) ®)



COMPUTATIONAL METHOD

The COmputationg] evaluation of the dipole moments of the four compounds (aniline,

acetophenone, I-naphtho] ang 4-hydroxycoumarin) in solvents of varying polarities was

RESULTS AND DISCUSSIONS

Experimenta) Method

compounds (aniline, acetophenone, I-naphtho] and 4-hydr0xyc_oumarin) are as shown in the

tables below:

Aniline
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Table 1: Experimental and Theoretical Estimation of Dipole moment of Aniline

Solvents  Refractive  Diclectric constant Dipolc moment

ingex | Experimental Computational
wherane . 144 207 | 323 '.1..67
Chloroform 143 206 3.18 1.76
Propan-2-ol 142  2_.0-2_ | 3.08 1.79
Ethanol 141 200 3.06 1.79
Acetic acid 1:40 | 196 296 1.73

Correlation between Experimental and
Computational dipole moments
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Figure 1: Correlation between Experimental and Computational values of Aniline
r? value of Aniline = 0.1863
Acetophenone

Table 2: Experimental and Theoretical Estimation of Dipole moment of Acetophenone
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Solventy Refiactive index

n-hexane 145
Chloroform 1.47
Propan-2-g] 1.48

Ethano] 1.49

Acetic acid 1.50

/s
e C sy
p fio yolic dromatic Compe

o regeme maoments of Monocyelic and Dicyclic ,

Dielectric

constant

2.10

2.16

2.20

2.23

2.26

1

Dipole moment

Experimental

3.30

3.42

3.50

3.55

3.62

Correlation between Experimenta] and
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Figyre 2: Correlation pe

r? value = 0.0015

I-naphtho]

Computational dipole moments

Computational
3.53
3.85
4.19
4.25

3.25

tween Experimenta] qng Computationa] values of 4 cetophenone

Table 3- Experimental ang T heoretical Estimation of Dipole momeny of I-Naphtho]

Solvents Refractive index
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n-hexane 141
Chloroform  1.45
Propan-2-ol 1.43
Ethano.l 1.46

Acetic acid  1.44

Abdul Raheem Adenike M. et al,

Diclectric Experimental
constant

1.99 3.04

2.09 3.26

2.05 3.17

212 3.33

2.07 3.22

|

- Correlation between Experimental and -
Computational dipole moments ‘
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Figure 3: Correlation between Experimental and Computational values of I-Naphthol

1? value = 0.6082

4-hydroxycoumarin

Table 4: Experimental and Theoretical Estimation of Dipole moment of 4-hydroxvcoimavin

Solvents

Refractive index
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Diclectric Experimental Comﬁulaliﬂnﬂl
constant
n-hexane 145 2.10 3.28 5.54
Chlorvform 1.44 2.07 3.22 6.19
Propan-2-01 1 4¢ 1.97 2.99 6.93
Ethang] | 141 1.99 3.05 7.07
Acetic acid 1.38 1.91 6.80

2.85

Correlation between Expérimental and
Computational dipole moments
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Figure 4: Correlation between Eiperimental and Computational vahes of 4hydroxycoumarin

r value = 0,660]

DISCUSSION | s

reveals an anomaloug variation of the dipole moment values. In aniline apd 4=

hydroxycoumaxin, the experimental values of the dipole moments decreases as th
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the solvent increases from n-lexare to chloroform, while the values (dipole moment) increases

as the polarity of solvents incre.wses in solutions of acetophenone and I-naphthol.

Furthermore, the coniparison of the dipole moments of both experiment and computation

showed a direct proportional ty fot both acetophenone 4nd 1-naphthol and an inverse

proportionality for aniline and 4-'vdroxycoumarin. Additionally, both experimental and

computational apalysis revealed an i sreasc in the value of dipole moments until acctic acid

(the most polar solvent used), wheré the value of dipole' momént decreased sharply. The dipole
N o

moment in the most polar solvent, which is the acetic acid, does not follow the pattem observed

for other solvents.

The correlation values betwecn cf;perlmeutal and compufatxonal (1 value), which is higher in
the bicyclic compounds (I-Naphthol and 4-hydroxycoumann) than in the monocyclic
compounds showed that the computat1onal method (HF/6 31G) used in thls rescarch is better
applicable to bicyclic aromatic compounds than for monocychc aromatic compounds This:

observatlon showed a better convergence of basis setl'(6-31G) in bioyclio aromatic compounds

than in monocyclic compounds. The basis set convergetice or non-convergence may be due to
| inter electronic coulomb singulariti" which is more pronounced ih-bicyclic aromatic compounds
than in monocyclic compoundq Howevex the Hartree Fock mcthod is excellent in comparin",
the cxpcnmcnta] dipole moment with the compuhtlonally estimated dipole moment (Halker,

Klopper, Hel gaker, & Jorgensen, 1999).
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CONCLUSION

The dipole moments of aniline, acelophenone, I-naphthol and A-hydroxycoumarin has been
analysed both experimentally and compulationally in solvents of different polarities. The dipole
moment value increases as the polatity of solvents increases for both aniline and 4-
hydroxycoumarin, while it varies inversely with polarity for acetophenone and 1-naphthol. The
results of these variations provide an insight to the structural correlation of both aniline and 4-
hydroxycoumarin gs well as both acetophenone and I-naphthol. An unusual decrease was observed
in the dipole moment of the oompounds in acetic acid. With this unusual behaviour, it can be

inferred that the dipole moment tends to converge (goes to a minimum) as the polarity of the

solvent is further i Increased. This observation is related to the, submission of Parkanyi and Aaron

(Parkanyi & Aaron 1998)

The computational results of dipole moments in these solvénts (n-hexane to ethanol) showed direct
and inverse proportlonallty as compared to the experiment. It also revealed the decrease of the

dipole moments in acetxc ac1d for all solutes, This showed an optlmum polarity at which the dipole

moment of molecules is said to vary dlrectly or mversely with the polarity of solvents. The

computational observatlon is the same as the expenmental observatxon in terms of the maximum

at which polarlty vanes w1th the dipole moment, A further i investigation on dipole moments of

arornatic compounds usmg computatlonal melhod w1th tlme dependent / density functxonal theory

(TD/DET) needs to be carried out as thls prowdes amore Accurate and par: ameternzed basis set for

hcterooychc compounds such ag 4- hydroxycoumarm (Laurent & Jacquemin, 201 3).
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