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Abstract: Nanoemulsion is a heterogeneous fluid system that has been used in chemistry, biology and industry as a reaction medium 
and in medicine and allied sciences as a delivery vehicle for poorly water-insoluble biochemical compounds. It is made up of 
water-oil-surfactant and co-surfactant (usually a short chain alcohol). This fluid system has come of age and it is necessary that its 
physico-chemical properties be properly determined and documented. Such physico-chemical properties include dielectric constant, 
polarity, refractive index, viscosity, acidity, basicity and density. These properties are very important in designing a fruitful, effective 
and meaningful interpretation of chemical reactions and its utility. These are determined and documented in this work. 
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1. Introduction 

Nanoemulsion, (miniemulsion, as it is sometimes 

called) [1-4] is a heterogeneous system of oil-in-water 

dispersed by an amphiphilic compound (surfactant) 

and a co-surfactant, usually a short-chain alcohol.  

The mean oil droplet diameter of nanoemulsion ranges 

from 50 to 200 nanometers [5-17]. This heterogeneous 

system is known to exhibit unique properties [18, 19] 

and is used in all areas of science and technology: Its 

application includes solubilization of water-insoluble 

or poorly insoluble molecules [20-24], drug delivery 

[2, 6, 7, 9, 13, 20-25], pharmaceutical formulation [8, 

9, 24], dermatology [11, 25-27] and a host of other 

applications. Many techniques have been used in 

producing a very kinetically stable nanoemulsion. 

Such techniques have varied from very sophisticated 

mechanical process [6] to ultrasonic room temperature 

[9, 14, 28], including Phase Inversion Temperature 

(PIT) Technique [14-17, 29]. The literature is replete 

of reviews [2, 5, 7, 9, 10, 12, 13, 19, 21, 22, 25, 26] 

detailing the formulation and usage of this unique 

system whose physico-chemical properties have not 

been adequately documented. It is the objective of this 
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work, therefore, to obtain and document the useful 

physico-chemical parameters of this unique system to 

aid and to enhance in its use in efficient design of 

chemical reactions tailored for specific in application.  

2. Experimental 

2.1 Chemicals 

Analytical reagent grade methanol and ethanol were 

obtained from Pharmco. Other alcohols (propanol, 

butanol and hexanol) were obtained from Sigma 

Aldrich in 95-98% purity. Reichardt dye ET(30) of 

90% purity, tetradecane and 1-pentanol of 99% purity 

and cetylhexadecyltrimethylammonium bromide 

(CTAB) were obtained from Across Chemicals. All 

chemicals were used as received. 

2.2 Nanoemulsion Preparation 

Appropriate weight of CTAB and a measured 

volume of water were mixed together. To this mixture 

a known volume of n-tetradecane as oil was added 

with vigorous stirring. A calculated volume of 

co-surfactant (1-pentanol) was added drop-wise with 

vigorous mechanical stirring for about five minutes 

before transferring it to ultrasonic sonicator bath for 

about 7-10 more minutes. The solution so prepared 

D 
DAVID  PUBLISHING 



  

20

was isotonic

stable for a 

shows the c

work and 

nanoemulsio

2.3 Instrume

The inst

Brookfield 

viscosity det

for the meas

Abbe Digita

the refractiv

model DMA

Carry spectr

of the absorb

3. Results 

We show

nanoemulsio

The imag

distribution 
 

Table 1  C
nanoemulsion

Component 

Water 
CTAB 
(Surfactant) 
Oil (tetradeca
Co-surfactant
(n-pentanol) 

 

Fig. 1  SEM 

The 

c, clear and t

considerable

composition 

their value

on described 

ents 

truments us

viscometer 

termination; 

surement of 

al refractome

ve index; the 

A 35 for de

rophotometer

bance of the a

and Discus

w in Fig. 1 t

on prepared a

ge was furth

using the Im

Chemicals used
n. 

Weight, g

174.0 

12.0  

ane) 14.0 
t 

29.90 

image of 76%

Determinatio

translucent. T

e length of tim

the compoun

s in the m

in this work. 

sed in this 

Model RDV

the VWR Co

the solution 

eter for the 

digital PAA

ensity measu

r model 1E f

alcohols.   

ssion 

the SEM im

as discussed a

er analyzed 

mage J prog

d in the pre

g Volume, m

174.0 

12.63 

18.25 

31.80 

% nanoemulsion

on of the Phys

This solution 

me. The Tab

nds used in 

make-up of 

work inc

VD II+ for 

onductance m

conductance,

determination

AR density m

urement and 

for determina

mage of the 7

above.  

for particle 

gram from D

eparation of 

mL Percentage

76.0 

5.0 

6.0 

13.0 

n. 

sico-Chemica

was 

ble 1 

this 

the 

lude 

the 

meter 

, the 

n of 

eter, 

the 

ation 

76% 

size 

Dune  

76% 

e, %

 

Scie

sho

123

W

oil d

R

6-D

is o

is b

env

acc

is th

T

(30

λmax

wav

U

Rei

valu

thro

nan

of 

nan

max

solu

bath

the 

the 
 

Fig.
Emu

Fig

Em

al Properties

ences, Inc. [

wn in Fig. 2.

3.0 nanometer

We used this 

droplet in thi

Reichardt dye

Diphenyl-4-(2

often used for

because this 

vironment. It

ordance with

he chemical s

The equation 

) values is  

ET (3

x in this eq

velength of E

Using the sol

ichardt, Taft a

ue of the al

ough hexan

noemulsion. W

Rd solubiliz

noemulsion. 

ximum wav

ubilized in

hochromicall

76% nanoem

observed  shi

C
ou

n
ts

 (
A

.U
.)

0

200

400

600

800

1000

1200

Fig. 2 Pl. 2  Plot of th
ulsion.  

g. 2  Plot of t

mulsion. 

 of Nanoemu

[30]. The plo

. It can be se

rs. 

value as the

s preparation

e (RD) also

2,4,6-tripheny

r polarity eva

compound 

ts maximum

h the polarity 

structure of th

that is often

0), Kcal/mol 

quation is a 

ET (30) in a gi

lvatochromic

and other wo

lcohols used 

nol) were 

We show in F

zed in propan

A closer lo

velength of 

1-propano

ly compared 

mulsion. How

ift is  characte

Diam

100

lot of the Size Distrhe Size Distribthe Size Distri

ulsion 

ot for this d

een that the p

e average dia

n. 

o known as 

yl-1-pyridino)

aluation of so

is very sen

m wavelengt

of a given so

his compound

n used to calc

= 28591/λmax

characteristi

iven solvent. 

c technique d

orkers [31-37

in this wor

obtained in

Fig. 4 a typica

nol and in t

ook will rev

f the Reich

ol is sligh

to the RD s

wever, it was

eristic for  all 

meter, nm

150 20

ributon of Oil Droputon of Oil Dbuton of Oil D

istribution is

lot peaked at

ameter of the

ET [30] (2,

)phenolate) 

olvents. This

nsitive to its

th shifts in

olvent. Fig. 3

d.   

culate the ET

x, nm    (1)

ic maximum

developed by

] the ET (30)

rk (methanol

n the 76%

al absorbance

the prepared

veal that the

hardt’s dye

htly shifted

olubilized in

s noticed that

the  alcohols

m

00

plet in 76 % Emuls
 

roplet in 76%Droplet in 76%

s 

t 

e 

, 

s 

s 

n 

3 

T 

) 

m 

y 

) 

l 

% 

e 

d 

e 

e 

d 

n 

t 

 

sion% % 



The Determination of the Physico-Chemical Properties of Nanoemulsion 

  

21

 
Fig. 3  Structure of Reichardt’s Dye (ET(30). 
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Fig. 4  Plot of the absorbance spectrum of RD in 76% 
nanoemu and in propanol.  
 

used. This observed shift is seen to be a function of 

the respective dielectric constant of a given alcohol. 

Table 2 gives the ET(30) of the alcohols and their 

respective dielectric constants The values of the 

dielectric constants (ε) used were obtained from the 

Minnesota Solvent Descriptor Database [38]. 

When the observed ET(30) values in 76% 

nanoemulsion are plotted as a function of the 

dielectric constants of the alcohols, a straight line 

curve is obtained as can be seen in Fig. 5. 

The slope of this curve is 0.3356 and the intercept is 

44.1086 with a correlation coefficient of 99.70%. 

Using these values the regression equation obtained is: 

ET (30) = 0.3356ε + 44.1086       (2) 

From this equation the effective dielectric constant 

for each alcohol in ET (30) is determined with the 

equation: 

εf = (ET (30) – 44.1086)/0.3356     (3) 

In Eq. (3), εf stands for effective dielectric constant 

as defined by Zachariasse and his co-workers [39]. 

The ET (30) is also a function of the polarity of the 

fluid system. We have used the Bakshiev equation F2 

(ε, n) [40] in this case to show that the observed ET 

(30) is also linear with the relative polarity of some 

organic solvent as can be seen in Fig. 6. 

 
Table 2  The calculated ET (30) values of the alcohols and 

the dielectric constants. 

Solvent 
number 

Solvent 
Dielectric 
constant (ε) 

ET (30), 
Kcal/mol 

1 methanol 31.613 55.09 

2 ethanol 24.852 52.61 

3 propanol 20.521 50.69 

4 butanol 17.332 49.81 

5 pentanol 15.13 49.21 

6 hexanol 12.51 48.79 

 

Dielectric Constant

14.50 20.83 27.16 33.49

E
T

(3
0)

, K
ca

l/
m

ol

49.00

51.33

53.66

56.00

1

2

3

4
5

 
Fig. 5  Plot of ET(30) versus dielectric constants of 
alcohols.  
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Fig. 6  Plot of ET(30) versus polarity index.  
 

 

Fig. 7  Plot of ET(30) versus acidity parameter.  
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Catalan et al. [41-46] in a series of studies showed 

the basicity and acidity of solvents. Using their 

methodology, the acidity (SA) and basicity (SB) of the 

prepared 76% nanoemulsion were determined. It was 

observed that these two parameters are also linear with 

the ET (30) value. The plots that show this linearity are 

given in Figs. 7 and 8. 

The observed/calculated physico-chemical 

properties of the oil in water nanoemulsion (76%) 

nanoemulsion are given in Table 3. 

We also compared the observed polarity of this 

nanoemulsion with the solvent polarity obtained by  
 

 

Fig. 8  Plot of ET(30) versus basicity parameter.  
 

Table 3  The observed/calculated physico-chemical 
properties of 76% nanoemulsion.  

Parameter Value 

ET (30) 51.702 Kcal/mol 

Effective dielectric constant, εf 22.59 

Polarity 0.633 

Refractive index, n 1.2631 

Density 0.961 g/mL 

Acidity parameter, SA 0.435 

Basicity parameter, SB 0.721 

Conductance 10.17 kµS 

Viscosity, η 16.0 cP 
 

Table 4  Comparison of the polarity of different solvents 
with the prepared nanoemulsion.  

Compound Polarity 

Hexane 0.009 

Benzene 0.111 

Chloroform 0.259 

DMF 0.385 

DMSO 0.444 

Acetonitrile 0.460 

1-Propanol 0.617 

Acetic acid 0.648 

Glycerin 0.812 

Water 1.000 

76% nanoemulsion 0.633 
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other workers using different methods [47] as 

compiled by Prof. Steve Murov. This is given in  

Table 4.

 It can be seen that the polarity of 76% nanoemusion 

prepared in this work is reasonably close to the 

polarity of 1-propanol as shown in Fig. 4. 

4. Conclusion 

We have shown in this work that the 

physico-chemical properties of nanoemulsion can be 

determined using RD and the values obtained are 

reasonably comparable to literature values. Also, 

nanoemulsion system is a very good solubilizing 

medium for molecules that are poorly soluble in water 

and is therefore usable in both pharmaceutical 

formulary, dermatology and a host of other 

applications. 
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