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Hydrogen bonding between paraffinwax, cholesterol, naphthalene with phenol is studied in
carbon tetrachloride by using the FTIR spectroscopic method. Utilizing the Nash method,
the formation constant (K) of the 1:1 complexes is calculated. Using the K value, the free
energy change (∆G)
∆G) is also calculated. The calculated formation constant and free energy
change values vary which suggests that the proton donating ability in the order: paraffin
wax ˂ cholesterol ˂ naphthalene.
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INTRODUCTION
Intermolecular hydrogen bonding interaction plays an
important role in determining the structures and activities of
organic, organometallic and biological molecules [1-4] and
also involved in the interaction of many substrates to the active
site of enzymes [5]. Studies of the interaction between
associated and non-associated
associated liquids in inert media provide
valuable information regarding molecular complex formation
in solution. Infrared studies of methyl methacrylate
methacryla and ethyl
methacrylate in various solvents have been reported by Liu et
al. (2004) and Zheng et al.. (2004)[6]. Rosenberg and Smith
(1963)[7] calculated the equilibrium constant of aliphatic
esters-alcohol
alcohol systems. Krueger and Hawkins (1973)[8]
reported the OH stretching frequency of substituted benzyl
alcohols (methoxy, methyl, chloro and nitro) in carbon
tetrachloride using infrared technique. Dharmalingam et al.
(2006a,b) [9,10] have reported the hydrogen bonding between
acrylic esters with aliphatic alcohols
lcohols in non-polar
non
solvents
through FTIR study. FTIR investigation of the properties of
organic compounds is of great value in understanding the
nature of molecular interaction between the molecules.
Keeping both the industrial and scientific interests in
i mind, we
report here the results of our investigation on the H-bonded
H
complexes of paraffin wax, cholesterol
ol and naphthalene with
phenol in carbon tetrachloride using FTIR spectroscopic
*Corresponding author: P. Sivashankar
Christ The King Engineering College, Karamadai

measurement. This study is expected to provide better
understanding of the nature of molecular orientation and
particularly the role of specific solute
solute–solute interactions on
the stability of 1:1 complex formation betweeno
betweenof paraffin wax,
cholesterol
rol and naphthalene with phenol in carbon
tetrachloride.
Experimental section and method

MATERIALS
Paraffin wax, cholesterol, naphthalene, phenol and carbon
tetrachloride with AR grade.paraffin wax pellets were boiled
up to its boiling point 570C. The liquid was collected and
allowed to cool room temperature, purified paraffin wax was
formed.cholesterol was heated up to its boiling point 1480C.
Then liquid was allowed to cooling state, finally purified
sample of cholesterol was formed.
ormed. Naphthaleneto purify the
sample of naphthalene using tthe technique recrystallization
methanol iss the used the solvent for the recrystallization. The
solvent is boiled and add to impure sample of naphthalene
untill its completely dissolved state. All
Allow the solution to
room temperature. After the crystallization process complete
using Buchner funnel to separate naphthalene crystals.carbon
tetrachloride was treated with anhydrous calcium chloride,
refluxed for eight hours and then distilled. The liquid was
collected at its boiling point 76
76-77oC. Phenol was distilled
under reduced pressure at boiling point 81o C (17mm of Hg),
melting point 40.5-41o C. That was purified by vacuum
sublimation melting point 93
93-93.5o C respectively. The
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physical parameters of all the chemicals used in this study
were checked against their literature values

Fig 1 FT-IR Spectra of phenol with naphthalene in CCl4 system
Fig 3 FT-IR Spectra of phenol with paraffin wax in CCl4 system

Table 1 Naphthalene with phenol in Carbon tetrachloride system
of C=C Stretching vibration and hydroxyl absorbance.
Concentration
(moles lit-1)

Free hydroxyl Inverse of the
Band
Observed
Absorbance concentration

Carbonyl
Band
Absorbance

0.03

0.1144

31.2500

0.1739

0.05

0.1264

18.1818

0.1674

0.07

0.1452

13.1313

0.1549

0.09

0.1648

11.9047

0.1249

0.11

0.1853

10.2040

0.1135

2.7121
2.5506
2.2844
1.9844
1.7006

Table 3 Paraffin Wax with phenol in Carbon tetrachloride system of
C-C Stretching vibration and hydroxyl absorbance.
Concentration
(moles lit-1)

Fig 2. FT-IR Spectra of phenol with cholesterol in CCl4 system
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Free hydroxyl Inverse of the Carbonyl
Band
Observed
Band
Absorbance concentration Absorbance

0.03

0.09913

18.1818

0.2596

0.05

0.01219

10.0000

0.2365

0.07

0.01338

6.6666

0.2218

0.09

0.15237

6.3694

0.1739

0.11

0.17831

5.8823

0.1366

4.3470
3.3508
2.9230
2.6018
1.9869
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Table 4 Formation constant and Free energy values of
1:1 complexes
System
Phenol+
Naphthalene
Cholesterol
Paraffin wax

Nash method
K11 lit mol-1

Free energy
-∆G11

16
15
14

6.8696
6.7097
6.5388

used. The spectrometer possesses auto align energy
optimization and dynamically aligned interferometer. It is
fitted with aKBr beam splitter incorporation of a high-energy
ceramic light source, a temperature-controlled, high-sensitivity
DLATGS detector. A baseline correlation was made for the
spectra recorded.

Plot 1 Naphthalene with phenol in Carbon tetrachloride system of C=C
Stretching vibration and hydroxyl absorbance.

RESULT AND DISCUSSION
The observed spectral data of paraffin wax, cholesterol,
naphthalene with phenol in carbon tetrachloride are reported in
figures. The hydroxyl absorption bands in the range is (36043614), and carbonyl absorption bands in the range is (12151589). For ternary mixtures, the proton acceptor concentration
is fixed at 0.03 mol l-1 varying the proton donor concentrations
0.03 mol l-1 to 0.11mol l-1 by changing the concentrations, the
free O-H band intensity increases with increasing. But at the
same time the revise trend is noticed for the carbonyl
absorption band. From the observation, it indicates that the
existence of 1:1 complex formation between the free hydroxyl
group and carbonyl group. This type of 1:1 complex formation
between methacrylates and phenol in carbon tetrachloride
system was reported by Khan and Sivagurunathan(2008)[11].
The association between donor A and donor B complex AB
can be represented by the equilibrium A+B↔AB, ifonly 1:1
complexes are present. The formation constant (K) for the 1:1
complex is calculated with the help of Nash(1960)[12]
method.

Plot 2 Cholesterol with phenol in Carbon tetrachloride system of C-O
Stretching vibration and hydroxyl absorbance.

CAlCULATION
Formation constant and free energy of the 1:1 complex

NASH METHOD
Plot 3 Paraffin Wax with phenol in Carbon tetrachloride system of C-C
Stretching vibration and hydroxyl absorbance.

In this method at lower concentration of alcohol the influence
of the higher order complexes on the absorption spectrum of
the base is neglected. The concentration A, B and AB involved
in the interaction are assumed to be obeying Beer’s law at a
given frequency characteristic of the 1:1 complex[13]. Here
one assumes that the existence of a chemical equilibrium of the
from.

Table 3 Paraffin Wax with phenol in Carbon tetrachloride system
of C-C Stretching vibration and hydroxyl absorbance.
Concentration
(moles lit-1)

0.03

Free hydroxyl Inverse of the Carbonyl
Band
Observed
Band
Absorbance concentration Absorbance
0.0887

23.2558

0.1426

0.05

0.1186

17.8571

0.1366

0.07

0.1312

14.0285

0.1249

0.09

0.1442

10.6382

0.1191

0.11

0.1644

6.6666

0.1079

A+B
4.7800

AB

(1)

Where B is a donor molecule and A is an acceptor. For
purposes of orientation, one assumes that only A and AB
absorb in the wavelength region of interest and for temporary
mathematical convenience, it is taken that the concentration of
A is to be very small relative to that of B. the equilibrium
constant appropriate to reaction (1) is given in concentration
units by

4.1253
3.2522
2.9759
2.4882

Kc =

Recording of FT-IR spectra
SHIMADZU series FTIR spectrometer with resolution of ±
0.01 cm-1was used. Spectra were recorded at 298Kin the range
of 4000 – 400 cm-1, and NaCl cell of path length 0.05cm-1 was

(2)

Where Cab is the formation constant of the complex AB and Ca
and Cb are the formal concentrations of A and B per centimeter
of path (A) is given by
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A= εaCa+εabCab
(3)
Where εa and εab are the molar absorptivities of species A and
AB respectively. In the absence of complexing agent B, the
total absorbance per centimeter is given by
Ao=εaCao

(4)
o

Where Ca is the initial concentration of A. If one divides
equation (3) by equation (4) and substitutes for Cabfrom
equation (2).
=

°

1+

°

ε

(5)

ε

And invoking equation (2) on second time one finds
(7)

When equation (7) is substituted into equation (5) which
results
= 1+

°

ε

/ (1+KCb)

ε

(8)

=Z
(9)
°

ε

=α

and Cb=

(10)
(11)

Then the equation (8) becomes
Z=

(

α⁄ )

(

⁄ )

(12)

CONCLUSION

Equation (12) may be solved explicit for obtain
Y=

(

α)

(

)

(13)

From the study, it may be concluded that proton donating
ability of phenol and proton accepting ability of paraffin wax,
cholesterol and naphthalene are linearly.

(14)
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When now one defines
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(
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The absolute temperature 298K and K11 is formation constant.
The free energy of the bond formation obtained at 25ºC for the
system and values are given in table 4. It has been found that
two opposing effects are possibly operative in these mixtures;
namely, specific interactions between the carbonyl group and
O-H group, and non-specific interactions (i.e., the breaking of
intermolecular hydrogen bonds)
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between paraffin wax, cholesterol, naphthalene with phenol in
carbon tetrachloride solution are increasing in the order:
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For convenience, let one defines

ε

1.
And substitutes equation (14) into equation (13) a linear
equation results
Y = X(k-α)-k

(2)

Where R is gas constant.

(6)

=(kcb+1)-1

Using the formation constant, obtained in the present
investigation, the free energy (ΔG) were calculated for the
systems under consideration with the relation.
ΔG= -RT ln K11

By introducing conservation of species A
Cao = Ca+Cab

Where ΔG=0, there is no network obtainable, the system is in
a stable of equilibrium. When ΔG is positive, network must be
put in to the system to effect the reaction can proceed
spontaneously with accomplishment of the network. The larger
amount of this work that can be accomplished the further
removed is the reaction from equilibrium. For this reason –ΔG
as often been called the during force of the reaction.

2.

(15)

The physical significance of the equation (15) is quite clear.
When the reciprocal of the donor concentration is plotted
against the reciprocal of one minus the absorbance ratio value
and a straight line should result if 1:1 complex formation
occurs. The intercept of this line is the negative of the
formation constant and the slope is related to the molar
absorptivity of the complex.
Free energy

3.

4.

5.

The free energy[14,15] function provided the measure of
chemical affinity under conditions of constant temperature and
pressure energy changes in a chemical reaction can be defined
as,
ΔG=G(product)-G(Reaction)
(1)

9138

G.A. Jeffrey, W. Saenger, Hydrogen Bonding in
Biological structures, Springer-Verlag, New York,
1994.
P.Hobza, Z. Havlas, Blue-Shifting hydrogen bonds,
chem. Rev. 100 (2000) 4253-4264.
O.Takhanshi, Y. Kohno, K. Saito, Molecular orbital
calculations of the substituent effecton intermolecular
CH/π interaction in C2H3X-C6H6 complexes ( X= H,F,
Br, and OH), Chem, Phys, Lett. 378 (2003) 509-515.
J. Reynisson, S, Steenken, The complexation energy of
the one-electron oxidized guanine-cytosine base pair
and its parent ayatem with small cations. A DFT-study,
J. MOL. Struct. (Theochem) 635 (2003) 133-139
H. Raissi, M. Yoosefian, F. Mollania, F. Farzad, A.R.
Nowroozi, D. Loghmaninejad, Ab initio and DFT
computational studies on molecular conformations and
strength of the intramolecular hydrogen bond in
different conformers of amino-2-iminomethyl acryl
aldehyde, Comput. Theor. Chem. 966 (2011) 299-305

International Journal of Current Advanced Research Vol 7, Issue 1(F), pp 9135-9139, January 2018
6.

Liu, Q., Zheng, J.P., Fang, D.J., 2004. Solvent effects
on infrared spectra of methyl methacrylate. Spectrosc.
Lett. 37, 225-953.
7. Rosenberg, A.S., Smith, H.F., 1963. Relation between
molecular Structure and hydrogen bonding of aliphatic
alcohols and aliphatic esters as determined by infrared
spectroscopy. J. Chem. Soc. Part V, 5395-5399.
8. Krueger, P.J., Hawkins, B.F., 1973. Infrared absorption
band studies: fundamental OH stretching vibration of
benzyl alcohol conformers in dilute carbon tetrachloride
solution. Can. J. Chm. 51, 3250-3262.
9. Dharmalingam. K., Ramachandran. K., Sivagurunathan.
P., 2006 FTIR study of molecular interaction in butyl
methacrylate-organic solvents mixtures. Z. Phys. Chem
220, 739-748.
10. Dharmalingam. K., Ramachandran. K., Sivagurunathan.
P., 2006 FTIR study of molecular studies of acrylic
esters with I-alcohols Spectrochim. Acta Part A 64,
127-129.

11. Khan, F.L.A., Sivaguruathan, P., 2008. Infrared studies
on Hydrogen bonding interaction between acrylic esters
with 1-dodecanol and phenol in carbon tetrachloride.
Phys. Chem. Liq. 46 (5), 504-509
12. Nash, C.P., 1960. The calculation of equilibrium
constants from spectro-photometric data. J. Phys.
Chem. 64, 950-953
13. V. E.Borisenko, Yu. A. Zavjalova, T.G. Tretjakova, Z.
S. Kozolva, A.Koll, J. Mol.Liq. 109 (2004) 125.
14. P.
Sivagurunathan,
K.
Dharmalingam
and
K.Ramachandran, Ind.J. Phys. 79 (12) (2005) 1403.
15. Th. Zeegers – Huyskens, P. Huyskens, H. Ratajczak and
W.J. Orvile- Thomas (Eds.), Molecular vibrations, vol.2
(1980) pp.107.
16. Venderheyden, L., Zeegers-Huyskens, T. H., 1983.
Infrared and raman study of interaction between methyl
acetate and phenol derivatives. J. Mol. Liq. 25, 1-11

How to cite this article:
P. Sivashankar and A. Umamaheswari (2018) 'Formation Constant and Free Energy Values of 1:1 Complexes of Paraffin
Wax, Cholestrol, Napthalene with Phenol', International Journal of Current Advanced Research, 07(1), pp. 9135-9139.
DOI: http://dx.doi.org/10.24327/ijcar.2018.9139.1497

*******

9139

