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Abstract 

In this research paper, a theoretical method of analysis of the first natural frequency of an un-cracked simply 
supported beam in bending mode is presented. The formula of a paradigm is used to determine the natural 

frequency of an un-cracked beam. The converged natural frequency formula of a paradigm is then extended to 

a single edged and multi-edged cracked simply supported beam to evaluate their natural frequency. The main 
attraction of the proposed method is that it gives one more significant way to the researchers to determine the 

natural frequency of cracked beams. The limited fatigue strength, defects like corrosion, corrosion-erosion, and 

corrosion fatigue in the beam are the main causes of formation of edged cracks in beams. Hence the evaluation 
of natural frequency of cracked beams and its use in the inverse problem is of utmost importance to do the 

condition monitoring of the structures by the vibration methods. 
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                   deflection; condition monitoring 
 

1. Introduction 

In turbo machinery, elements like beam, shaft is most practical and always remains 

associated with the defects like cracks and notches. These defects appear on the structural 

elements are mainly due to the limited fatigue strength of the material. The elements which 

are subjected to fatigue loading undergo sudden, complete and catastrophic failure. Hence, 

for avoiding such failure, it is required to do the periodic condition monitoring of the 

structures. 

Khalkar and Ramachandran [1] presented the paradigm for the natural frequency of 

un-cracked cantilever beam; afterwards they extended the formula of un-cracked beam to 

cracked cantilever beam. They provided one additional way to the researchers for the 

evaluation of a bending natural frequency of an un-cracked and cracked cantilever beam. 

The main advantage of the presented paradigm is that it gives valid results for the natural 

frequencies at any arbitrary chosen locations. It is observed that [1], when the crack depth 

is kept constant and crack location is varied from the cantilevered end, then stiffness of 

the beam is increased. Vigneshwaran and Behera [2] studied the dynamic characteristics 

of the beam with multiple breathing cracks. For developing theoretical expressions for 

evaluation of natural frequencies and mode shapes, a systematic approach has been 

adopted in this study. For performing the dynamic analysis, an elastic simply supported 

beam with two breathing cracks is considered. The concept of influence coefficient is used 

to determine the cracked beam stiffness. The influence coefficients are calculated by using 

strain energy release rate and castigiliano's theorem. Eigen value approach is also used to 
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evaluate the stiffness and natural frequencies for the multiple cracked beams.  It is seen 

that the presence of cracks causes to change the stiffness and natural frequency of the 

simply supported beam. Zhong and Oyadiji [3] considered the polynomial function for the 

obtaining the transverse deflection of the cracked beam. The polynomial function 

represents the effect of a crack, to the polynomial function which represents the response 

of the intact beam. Approximate closed-form analytical expressions are derived for the 

natural frequencies of a random mode of transverse vibration of a cracked simply 

supported beam by means of a roving mass using the Rayleigh's method. Due to the roving 

of the mass along the cracked beam its natural frequencies get changed. So the roving 

mass can provide additional spatial information for damage detection of the beam. Teidj 

et al. [4] used an explicit analytical model for assessing the effect of a crack on beam strain 

energy, the beam first resonance frequencies were evaluated as function of a single crack 

defect characteristics. They used the fracture mechanics approach for obtaining the crack 

equations. Naik and Maiti [5] presented the vibration based crack detection technique for 

circumferential cracks in empty straight horizontal pipes in different orientations. 

Rotational spring is used to modelled the crack. The stiffness of the cracked beam is 

determined by experimental and vibration method. Thereafter, sensitivity of the vibration 

method for prediction of crack location on variations in experimental data has been 

examined. Dirr and Schmalhorst studied [6] the propagating crack that causes the slender 

uniform round shaft to shake about its major axis. Experiments using a stationary shaft are 

performed as well. For measuring the crack depth and the actual shape of the cracked cross 

section, beach marks are used. Singh and Tiwari [7] have studied and presented a two 

stage identification methodology, which identify the number of cracks and crack 

parameters. In the first stage, a multi-crack detection and its localization algorithm have 

developed. In the later stage of the algorithm, the size and the accurate location of cracks 

are obtained by using multi-objective genetic algorithms. Turgut and Mesut [8] analyzed 

have studied the Timoshenko beams having different boundary conditions. To study the 

free vibration characteristics of Timoshenko beams, a Lagrange equation is used. The first 

eight natural frequencies of Timoshenko beam are considered and tabulated for different 

thickness-to-length ratio of a beam. From this study, it is seen that shown tabulated results 

are useful to designers. Papadopoulos [9] investigated the torsional vibrations of a rotor 

with a transverse crack. For the modeling of the crack a local flexibility matrix is 

considered. The local flexibility matrix is calculated analytically and measured 

experimentally. The graphs between the first three natural frequencies and crack 

parameters are plotted. Khalkar and Ramachandran [10] have studied the EN 8 and EN 47 

cracked cantilever beam for the top side and bottom side transversed cracks. Through this 

research study they found that natural frequency of free vibration is not the function of the 

crack depth for the same configurations.Khalkar and Ramachandran [11] have studied the 

steel cracked cantilever beam for the single sided and double sided v-shaped cracks. 

Through this research study [11], it is observed that the obtained natural frequency of free 

vibration for the rectangular shape cracked case and v shape cracked case is almostsame 

for the same configuration. Khalkar and Ramachandran [12] have studied the EN 47 

cracked cantilever beam for the transverse and oblique cracks. Through this research study 

they have [12] found that the natural frequency more abruptly changes for the case of 

transverse cracked beam than the case of oblique cracked beam for the same configuration. 
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They have also found that the natural frequency of an un-cracked cantilever beam is almost 

similar to the natural frequency of a cracked beam which carries crack almost towards the 

free end. Khalkar and Ramachandran [13] have studied the spring steel cantilever beams 

for various crack geometries i.e V-shaped, U-shaped and rectangular shaped by vibration 

analysis. Through this research study they have found that the effects of crack geometries 

on the stiffness have a minor effect. They have also found that the free vibration based 

method can effectively predict the crack location and depth in the structure irrespective to 

the crack geometries. 

From the literature survey, it has been found that there is no existence of an integration 

based approach paradigm for a simply supported beam to evaluate its natural frequency. 

None of the researchers has worked on the paradigm of a simply supported beam. In this 

study, the derived formula of a paradigm of a simply supported beam is applied to the 

cracked simply supported beam for natural frequency. This paradigm gives the valid 

results for the natural frequency of an un-cracked and cracked simply supported beam. 

Static (zero frequency deflection) analysis is carried out by ANSYS software on un-

crackedand cracked models to get the stiffness parameter of un-cracked case and various 

cracked cases, afterward the value of obtained stiffness of any cracked case is substituted 

in the paradigm formula to get its natural frequency in the bending mode. To validate the 

results of natural frequency, modal analysis numerical experiments are conducted on the 

same models by using ANSYS simulation.  

2. Theory 

The schematic diagram of a simply supported beam subjected to zero frequency point load 

is as shown in Figure 1. By comparing deflection curve of Figure 5 and Figure 6, it is 

observed that the deflection curve of a simply supported beam at zero frequency is 

approximately similar to the curve obtained during vibration with first bending natural 

frequency. 

 

Figure 1. A schematic diagram of a simply supported beam subjected to zero frequency 

central point load 
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Let ρ' and L be the mass of the beam per unit length and length of the beam 

respectively, z is the displacement of midpoint of simply supported beam. 

Mass of simply supported beam, m = ρ' ∙ L. 

Therefore, the mass of the element is  ρ' ∙ dx. 

Consider a small element dx at a distance x from the left hand support of a simply 

supported beam as shown in Figure 1. 

                                                  𝑀𝑥 =  − 𝑊  [(𝐿/2)  −  𝑥] 

                                           𝐸𝐼
𝑑2𝑦

𝑑𝑥2
 =  −𝑀𝑥 =   𝑊 [(𝐿/2)  − 𝑥] 

    (1) 

Integrate Equation (1) 
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𝑑𝑥
= 𝑊 (

𝐿𝑥

2
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2
) + 𝐶1                                               (2) 

when 𝑥 =  0, 
𝑑𝑦

𝑑𝑥
= 0  substitute first boundary conditions in Equation (1) then C1 = 0 
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Again Integrate Equation (3) 
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𝑊
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3
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when x = 0, y = 0  substitute the second boundary conditions in Equation (4) C2 = 0 

𝐸𝐼𝑦 =
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2
(
𝐿𝑥2
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3
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We have the deflection at the midpoint of simply supported beam, 𝑧 =
𝑊𝐿3

48𝐸𝐼
. 

Substituting value of W in Equation (5) 

𝑦 =
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𝐿3
(
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−
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3
)  𝑧                                                        (6) 

Equation (6) gives displacement of the element in the transverse direction 

𝑦′ =
24

𝐿3
(
𝐿𝑥2

2
−

𝑥3

3
)  𝑧’                                                       (7) 

Equation (7) represents the velocity of the element. 

Kinetic energy of the element  

1

2
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Apply energy method i.e. Total kinetic energy + Total potential energy = Constant, to 

un-cracked simply supported beam. After solving it, Equation (11) gets converged this 

represents the natural frequency of an un-cracked simply supported beam.  

𝑓𝑛 =
1

2𝜋
√

𝐾

0.47143 𝑚
                                                      (11) 

where, 0.47143m and K are the effective mass and stiffness of an un-cracked simply 

supported beam respectively.  

Equation (11) is also applied to the cracked beam in this research study to get the 

natural frequency of any cracked case of interest. Initially, the static analysis of a cracked 

beam is carried out by using ANSYS software to get the zero frequency deflection. To get 

the zero frequency deflection, an elastic limit point load is applied on the beam, i.e. 100 

N, on its middle point. Then the stiffness of cracked case of interest is computed by using 

the conventional formula (Elastic limit point load / zero frequency deflection). The 

calculated stiffness is then substituted in Equation (11) to get the natural frequency of any 

cracked case of simply supported beam. 

3. Simulated crack configurations 

In this study, natural vibration of an edge-cracked simply supported beam is studied. 

Fifteen cracked specimens are considered in this case study to find out the natural 

frequency of such cracked specimen by proposed theoretical method and by ANSYS as 

well. 

Specimens of EN 8 materials are used to study the effect of cracks on natural 

frequency. EN 8 material is tested in ELCA Lab , Pune, India, to get the material properties 

i.e. Modulus of Elasticity (E) is 2.104 x 1011 N/m2, ρ = 7820 kg/m3. 

Geometric properties: The length and cross sectional area of the beam are 0.36 m and 

0.02x 0.02 m2 respectively. 

The value of Poisson’s ratio is assumed as 0.3, i.e. cracked specimensare of EN 8 

(spring steel) material 

The main case is divided into three cases: case 1, case 2 and case 3. Details of each 

case are given below. 

Case 1: In this case nine specimens are considered and each specimen carries one 

transverse crack as shown in Figure 2. This case is again subdivided into 3 sub cases, in 

the first sub case, 100 mm crack location is selected from the left hand support of the beam 

and at this location crack depth is varied from 5 mm to 15 mm by an interval of 5 mm. 

The second and the third sub cases are similar with the first sub case, the only difference 

is that instead of 100 mm crack location, 200 mm and 300 mm crack location is chosen 

for the second and third sub case respectively.  

Case 2: In this case three specimens are considered and each specimen carries two 

transverse cracks as shown in Figure 3. In this case, 100 mm and 200 mm crack locations 

are chosen for the first and the second crack from the left hand support of the beam and at 

these locations cracks depths are varied from 5 mm to 15 mm by an interval of 5 mm.  

Case 3: In this case three specimens are considered and each specimen carries three 

transverse cracks as shown in Figure 4. In this case, 100 mm, 200 mm and 300 mm crack 
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locations are chosen for the first, second and the third crack from left hand support of the 

beam and at these locations cracks depths are varied from 5 mm to 15 mm by an interval 

of 5 mm. 

 

Figure 2. A schematic diagram of a cracked simply supported beam  

with single crack 

 

Figure 3. A schematic diagram of a cracked simply supported beam  

with two cracks 

 

Figure 4. A schematic diagram of a cracked simply supported beam  

with three cracks 

4. Finite element modelling and analysis 

ANSYS [14] finite element program is used to determine natural frequencies and zero 

frequency deflections of cracked beams. A solid 186 structural solid element is selected 

for modelling the cracked simply supported beam model. Finite element boundary 

conditions are applied on both the extreme ends of simply supported beam along Y-

direction. Static and modal analyses are carried out on each specimen to get zero frequency 

deflection and natural frequency. In static analysis 100 N loads is applied at the center of 

simply supported beam. Finite Element Analysis (FEA) plot of zero frequency deflection 

and natural frequency are shown in the Figure 5 and Figure 6 respectively. In this research 

study an open edge cracks are considered and 0.5 mm crack width is chosen for all the 

cracked cases. 
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Figure 5. Zero frequency deflection plot of a cracked simply supported beam; 

L1/L = 0.556; a1 = 15 mm 

 

Figure 6. Natural frequency plot of a cracked simply supported beam; 

L1/L = 0.556; a1 = 15 mm 

5. Results and discussion 

By Finite Element Analysis, the natural frequencies for the various cracked cases are 

found to confirm the results obtained for the natural frequencies by a proposed theoretical 

method. The zero frequency deflection and stiffness results for single-edge cracked 

specimens are presented in Table 1 and 2. Table 3-5 presented the natural frequency results 

obtained by proposed theoretical method and by FEA analysis for single-edged cracked 

cases. Table 6 and 7presented the natural frequency results for the two-edged and three-

edged cracked cases respectively. 

Table 1. Zero frequency deflection of a simply supported beam 

 with single-edged crack, m 

Crack location 

Crack depth mm 

L1 = 100 mm 

 

L1 = 200 mm 

 

L1 = 300 mm 

 

a1 = 5 0.359e-4 0.376e-4 0.354e-4 

a2 = 10 0.402e-4 0.495e-4 0.370e-4 

a3 = 15 0.668e-4 0.114e-3 0.451e-4 

 



Vibrations in Physical Systems 2018, 29, 2018028 (8 of 12) 

Table 2. Stiffness of a simply supported beam with single-edged crack, N/m 

Crack location 

Crack depth mm 

L1 = 100 mm 

 

L1 = 200 mm 

 

L1 = 300 mm 

 

a1 = 5 2785515.32 2659574.46 2824858.75 

a2 = 10 2487562.19 2020202.02 2702702.7 

a3 = 15 1497005.98 877192.98 2217294.9 

Table 3. Comparison of first bending natural frequency of a simply supported beam with 

single-edged crack for 100 mm crack location, Hz 

Crack depth 

mm 

Methods L1 = 100 mm 

 

Natural frequency Hz % Deviation 

a1 = 5 
Proposed method 364.73 

2.697 
ANSYS 354.89 

a2 = 10 
Proposed method 344.52 

3.941 
ANSYS 330.94 

a3 = 15 
Proposedmethod 267.26 

6.095 
ANSYS 250.97 

Table 4. Comparison of first bending natural frequency of a simply supported beam with 

single-edged crack for 200 mm crack location, Hz 

Crack 

depth mm 

Methods L1 = 200 mm 

 

Natural frequency Hz % Deviation 

a1 = 5 
Proposed method 356.23 

1.482 
ANSYS 350.95 

a2 = 10 
Proposed method 310.47 

-1.288 
ANSYS 314.47 

a3 = 15 
Proposed method 204.58 

-7.312 
ANSYS 219.54 

Table 5. Comparison of first bending natural frequency of a simply supported beam with 

single-edged crack for 300 mm crack location, Hz 

Crack depth 

mm 

Methods L1 = 300 mm 

 

Natural frequency Hz % Deviation 

a1 = 5 
Proposed method 367.13 

2.369 
ANSYS 358.43 

a2 = 10 
Proposed method 359.26 

3.462 
ANSYS 346.82 

a3 = 15 
Proposed method 325.41 

7.78 
ANSYS 300.09 
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Table 6. Comparison of first bending natural frequency of a simply supported beam with 

double-edged crack, Hz 

Crack depth 

mm 

Methods L1 =100 mm, L2 = 200 mm 

 

Natural frequency Hz % Deviation 

a1 = a2 = 5 
Proposed method 351.28 

1.708 
ANSYS 345.28 

a1 = a2 = 10 
Proposed method 296.56 

0.977 
ANSYS 293.66 

a1 = a2 = 15 
Proposed method 183.39 

-1.041 
ANSYS 185.30 

Table 7. Comparison of first bending natural frequency of a simply supported beam with 

three-edged crack, Hz 

Crack depth mm Methods L1 = 100 mm, L2 = 200 mm, L3 = 300 mm 

 

Natural frequency Hz % Deviation 

a1 = a2 = a3= 5 
Proposed method 349.94 

2.026 
ANSYS 342.85 

a1 = a2 = a3= 10 
Proposed method 292.03 

1.664 
ANSYS 287.17 

a1 = a2 = a3= 15 
Proposed method 180.24 

-0.066 
ANSYS 180.36 

From Table 3 - Table 7, it is observed that the error for the natural frequency between 

the proposed method and the FEA analysis is less than 8% for all the cracked cases i.e. 1-

edged, 2-edged and3-edged cracked cases.  

From Figures 7-9, it is observed that value of natural frequencies obtained by proposed 

theoretical method and FEA analysis gives good agreement. For all the cracked cases, the 

results of natural frequencies obtained by the proposed theoretical method are valid. It is 

also found that for 2-edged and 3-edgedcracked specimens, the results obtained by a 

proposed theoretical method for the natural frequencies are more accurate than those of 1-

edged cracked specimens. The main advantage of the proposed mathematical model is that 

it gives outstanding results at all sections of the beam.  
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Figure 7. Comparison of first bending natural frequency of a simply supported beam 

with single-edged crack for 100 mm, 200 mm and 300 mm crack location 

 

Figure 8. Comparison of first bending natural frequency of a simply supported beam 

with two-edged cracks: L1/L = 0.278; L2/L = 0.556 

 

Figure 9. Comparison of first bending natural frequency of a simply supported beam 

with three-edged cracks: L1/L = 0.278; L2/L= 0.556; L3/L = 0.834 
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Figure 10. Variation of natural frequency with crack location ratio for single-edged 

cracked cases 

From Figure 10, it is found that as the location of the crack increases from the left hand 

support of the simply supported beam by keeping the crack depth constant then natural 

frequency decreases up to midpoint of the beam, and again it increases for all the crack 

locations which are present between the midpoint of the beam and the right hand support 

of the beam. It means that the presence of crack at the midpoint of the beam produces 

largest effect of damping as compared to the presence of other cracks on other locations 

on the beam. At midpoint of the beam the effect of damping remains largest, and it is 

mainly due to presence of largest bending moment at the midpoint of the beam. The effect 

of bending moment remain less for all the cracked cases in which cracks remain present 

between midpoint of the beam and right hand support of the beam or  between the midpoint 

of the beam and the left hand supportof the beam. Hence the magnitude natural frequency 

is found to be on higher side for such cracked cases. 

6. Conclusion 

A. The converge formula of  the proposed theoretical method of an un-cracked simply 

supported  beam can be extended to 1-edged or 2-edged or 3-edged cracked simply 

supported beam as it gives valid results for the natural frequency. 

B. The proposed theoretical method gives one more significant way to the researchers 

to compute the natural frequency of cracked beam. 

C. Natural frequencies obtained by the proposed theoretical method and ANSYS 

simulation are in good agreement which shows the versatility of the proposed 

method. 

D. When location of the crack is increased from left hand support to the midpoint of a 

simply supported beam by keeping the crack depth constant, then the natural 

frequency decreased. 

E. When location of the crack is increased from midpoint of the beam to the right hand 

support of a simply supported beam; then the natural frequency again increased.  
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ABSTRACT 
Vanillic acid (4-hydroxy-3-methoxy benzoic acid) is a dihydroxybenzoic acid derivative used as a flavoring agent. It 

is used in the synthesis of various active pharmaceutical ingredients such as Etamivan, Modecainide, Brovanexine, 

Vanitiolide, Vanyldisulfamide etc.  In this paper, novel ester / hybrid derivatives of vanillic acid were synthesized 

and tested for potential antibacterial activity. This combinatorial synthesis of novel vanillic ester / hybrid derivatives 

can be a useful approach to generate potent chemotherapeutic agents in developing new drug candidates. 

Keywords: Vanillic acid, IR, 1HNMR, TOF MS, DCC, DMAP, antibacterial, ditch-plate method. 
© RASĀYAN. All rights reserved 

 

INTRODUCTION 
Phenolic phytochemicals are known to exhibit anti-inflammatory, antioxidant, anticarcinogenic, 

antidiabetic, anti-atherosclerosis and immunomodulatory activities in animals1,2. These are mostly 

polyphenols known as secondary plant metabolites, present in plants and trees. Polyphenols are 

commonly divided into flavonoids and the hydroxyl cinnamic acids3-5. Vanillic acid is a naturally 

occurring active compound having antimicrobial, anti-inflammatory and antioxidant / anticancer 

properties, we thought of synthesizing compounds with a novel ether, ester and hybrid derivatives of 

vanillic acid wherein vanillic acid would be etherified, esterified and hybridized with various other 

compounds and to check whether these compounds possess above biological activities6-18. The objective 

of this study is to condense two molecules of the same disease domain to produce more potent candidate 

in the same disease domain or to condense two molecules of different disease domain to produce a mixed 

variety of those disease domain or to have drug candidate with entirely different biological activity.  

 

EXPERIMENTAL 
Chemicals used were of a laboratory grade. The reactions were monitored by TLC on aluminum-backed 

silica plate visualized by UV-light.  

Melting points were determined on a Thomas Hoover capillary melting point apparatus using a digital 

thermometer. IR spectra were recorded on a Shimadzu FTIR Prestige model as KBr pellet. 1H NMR 

spectra were recorded on a Varian 200 MHz spectrometer in CDCl3. Chemical shifts were recorded in 

parts per million downfield from tetramethyl silane. Mass spectra were recorded on a TOF MS ES mass 

spectrometer. Elemental analysis was carried out as a percentage on a Thermo finnigan, Flash EA 1112 

series, Italy. 

RESULTS AND DISCUSSION  

Preparation of 3,4 - dialkoxy benzoic acids :- Vanillic acid was subjected to esterification (MeOH / Conc. 

H2SO4) followed by  etherification (K2CO3 / Acetone / Alkyl halide) to yield crude  ether derivatives 
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which were purified by column chromatography. These purified ether derivatives were subjected to 

hydrolysis (Aq. KOH / MeOH and then Conc. HCl) to yield 4-alkoxy vanillic acids respectively. 

 

 
Scheme-1 

 

Above 4-alkoxy-3-methoxy benzoic acids were then condensed with methyl vanillate under 

DCC/DMAP/Pyridine condition to yield series of hybrid derivatives whose structures were 

unambiguously confirmed by IR, 1H NMR, Mass spectroscopy and elemental analysis and tested for their 

potential antimicrobial activity.   

 

Synthesis of Fused Molecules Using Compounds (2) and (4) 
These were prepared by following the general method. To a stirred solution of methyl vanillate [2] (1 eq.) 

in 30 ml, dichloromethane was added DCC [C] (1.3 eq.), DMAP [D] (0.05 eq.), pyridine [E] (0.5 eq.) and 

the reaction mixture stirred at room temperature for 5 min. A clear solution of the reaction mixture was 

obtained. To this, compound [4] aromatic / substituted aromatic acid (1.3 eq.) was added and stirring 

continued at room temperature for the next 24 hrs. As the reaction proceeds, urea derivative precipitates 

out as a by-product.  

 
 

 

 

 

 

 
Scheme-2 

 

The progress of the reaction is monitored by TLC for completion of the reaction. The reaction mixture 

filtered through celite bed which gets rids of by-product urea derivative. The filtrate was concentrated to 

S. No. 2 4 Product (R) 

1 Methyl vanillate 3,4-Dimethoxy benzoic acid -CH3 (5) 

2 Methyl vanillate 3-methoxy-4-propoxy benzoic acid -C3H7 (6) 

3 Methyl vanillate 3-methoxy-4-pentoxy benzoic acid -C5H11(7) 

4 Methyl vanillate 3-methoxy-4-hexoxy benzoic acid -C6H13 (8) 
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minimum, preadsorbed on silica gel (100 – 200 mesh) and purified by column chromatography with an 

increase in the concentration of ethyl acetate in petroleum ether. The general yields of  these reactions 

range between 70 – 90 %. This is another method of preparing esters and follows green chemistry 

parameters.  

 
Scheme-3: Probable Mechanism For Fused/ Hybrid Molecules 

 

Compound-1:  (2-methoxy-4-methoxycarbonyl-phenyl) 3,4-dimethoxybenzoate (5) 
1H NMR (CDCl3, 200 MHz)δ ppm: 3.87 (s, 6H, 2 x Ar–OCH3), 3.89 (s, 3H, 1 x Ar–OCH3), 3.92 (s, 3H, 1 

x Ar–COOCH3), 6.8 – 7.8 (m, 6H, ArH); TOF MS ES:  369  (M + Na);  IR (KBr) cm-1:- 2928, 2854 

(Methyl, methines), 1715 (ester carbonyl), 1513 (aromatic); Molecular Formula C18H18O7; Melting range 

112 – 1150C; Elemental Analysis, Calcd.: C 62.50 %, H 5.22 %, O 32.28 %. Found C 62.47 %, H 5.25 %, 

O 32.3. 
 

Compound-2: (2-methoxy-4-methoxycarbonyl-phenyl) 3-methoxy-4-propoxy-benzoate (6) 
1H NMR (CDCl3, 200 MHz)  δ ppm : 1.071 (t, J = 7.6 Hz, 3H, Terminal –CH3 from propyl bromide 

moiety), 1.91 (m, 2H, - CH2 from propyl bromide moiety), 3.88 (s, 3H, 1 x Ar–OCH3), 3.93 (s, 3H, 1 x 

Ar–OCH3), 3.94 (s, 3H, 1 x Ar–OCH3), 4.07 (t, J = 6.0 Hz, 2H, -OCH2 group), 6.6 – 8.0 (m, 6H, ArH); 

TOF MS ES:  397  (M + Na);  IR (KBr) cm-1:- 2968, 2947, 2876, 2849 (Methyl, methines), 1731 
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(ester carbonyl), 1508 (aromatic); Molecular Formula C20H22O7; Melting range 110 – 1120C; Elemental 

Analysis, Calcd.: C 64.21 %, H 5.89 %, O 29.90 %. Found C 64.18 %, H 5.92 %, O 29.91 %. 

 

Compound-3:  (2-methoxy-4-methoxycarbonyl-phenyl) 3-methoxy-4-pentoxy-benzoate (7) 
1H NMR (CDCl3, 200 MHz)  δ ppm : 0.88 (t, J = 7.4 Hz, 3H, terminal methyl from pentyl bromide 

moiety), 0.9 – 1.9 (m, 6H, 3 x –CH2 from pentyl bromide moiety), 3.88 (s, 3H, 1 x –OCH3 group), 3.91 (s, 

3H, Ar–OCH3), 3.91 (s, 3H, Ar x –OCH3), 3.93(s, 3H, Ar x -OCH3),  4.04 (t, J = 6.0 Hz, 2H, -OCH2 

group),   6.6 – 7.9 (m, 6H, ArH) moiety); TOF MS ES:  425  (M + Na);  IR (KBr) cm-1:- 2927, 2945, 

2870, 2852 (Methyl, methines), 1732 (ester carbonyl), 1507 (aromatic); Molecular Formula C22H26O7; 

Melting range 103 – 1050C; Elemental Analysis, Calcd.: C 65.70 %, H 6.50 %, O 27.80 %. Found C 

65.66 %, H 5.53 %, O 27.81 %. 

 

Compound-4: (2-methoxy-4-methoxycarbonyl-phenyl) 4-hexoxy-3-methoxy-benzoate (8) 
1H NMR (CDCl3, 200 MHz)  δ ppm : 0.95 (t, J = 6.8 Hz, 3H, terminal methyl from hexyl bromide 

moiety), 1.2 – 2.0 (m, 8H, 4 x –CH2 from hexyl bromide moiety), 3.89 (s, 3H, Ar x –OCH3), 3.94 (s, 3H, 

Ar x –OCH3), 3.95  (s, 3H, 1 x –OCH3 from Ar x –COOCH3 group), 4.16 (t, J = 6.8 Hz, 2H, -OCH2 

group), 6.8 – 8.0 (m, 6H, ArH);  TOF MS ES:  439  (M + Na);  IR (KBr) cm-1:- 2951, 2927, 2850 

(Methyl, methines), 1731 (ester carbonyl), 1512 (aromatic); Molecular Formula C23H28O7; Melting range 

133 – 1350C; Elemental Analysis, Calcd.: C 66.32 %, H 6.78 %, O 26.90 %. Found C 66.29 %, H 6.81 %, 

O 26.89 %. 

 

Chromatographic Study 

Column Chromatography 
For column chromatography 100 – 200 mesh Acme grade silica gel is used. The crude reaction mixture is 

concentrated under reduced pressure to yield crude mass which is preadsorbed on silica gel and purified 

by column chromatography with an increase in the concentration of Ethyl acetate in Petroleum ether. The 

fractions having similar ‘Rf’ values were pooled together, concentrated and subjected for characterization 

using various spectroscopic techniques. 

 

Thin Layer Chromatography 
TLC plates were prepared using silica gel G (ACME, BOMBAY). Pet. ether: EtOAc  (85 : 15) was used 

as the solvent system.  

 

Radial Chromatography 

The circular glass plates of thickness 1 mm, were prepared by using silica gel (PF254, E. MERCK, 50 g) 

in cold distilled water (105 ml). For elution, gradually increasing concentrations of EtOAc in pet ether 

was employed. 

 

Biological Activity 

Antibacterial Activity using ditch plate method19  
The synthesized molecules were screened for their antibacterial activity at 100 µg/ml concentration using 

ditch plate method against Gram + ve (Staphylococcus aureus, Corynebacterium diphtheria ) and 

Gram-negative (Escherichia coli, Klebsiel la  pneumonia ,  Salmonel la  typhi ) bacterial species 

qualitatively. The results of the antibacterial activities are summarized in Table-1. 

 

Theory 

Ditch plate method is the method chosen to test the anti-bacterial   activity of compounds.  It is a 

preliminary method to screen the anti-microbial potential of compounds / drugs, which are insoluble or 

partially soluble in the aqueous phase. In this method, the test compound is seeded in an agar plate and 

the test organisms are streaked across to test the inhibition of the growth as a marker of anti-microbial 

activity. 

 



 
  Vol. 12 | No. 1 |383 - 388| January - March | 2019 

387 
NOVEL VANILLIC ACID HYBRID DERIVATIVE                                                                                                               Maruti S. Satpute et al. 

Procedure 
A ditch (10 mm  x 70 mm) is cut  into a sterile  MH agar plate. The test drug / compound is added to 5 ml 

molten MH agar butt at 400C  and this  mixture  is poured into the ditch and allowed  to solidify. The 

ditch   should be made in level with the rest of the agar by pouring the mixture. The different bacterial 

cultures are streaked perpendicular   to the   ditch using    nichrome wire loop. The plate is then incubated 

at 370 C for 24 hours. The  results  are  observed as  inhibition  of  bacterial   growth  on the ditch   as well  

as  adjacent   to  the ditch. 
Table-1: Antibacterial Activity Results 

 

Sample No. Active Against 

Base molecule 

Methyl 

vanillate (2) 

Staphylococcus  aureus            [Gram positive] 

Salmonella  typhi                      [Gram negative] 

Klebsiella  pneumoniae             [Gram negative] 

Corynebacterium diphtheriae   [Gram positive] 

Escherichia  coli                       [Gram  negative] 

(7) Staphylococcus  aureus            [Gram positive] 

Salmonella  typhi                      [Gram negative] 

Corynebacterium diphtheriae   [Gram positive] 

Escherichia  coli                       [Gram  negative] 

(8) Staphylococcus  aureus            [Gram positive] 

Klebsiella  pneumoniae            [Gram negative] 

Corynebacterium diphtheriae  [Gram positive] 

Escherichia                              [Gram  negative] 

 

CONCLUSION 
The novel hybrid derivatives of vanillic acid were synthesized by cost-effective industry viable process 

following the principle of green chemistry. The synthesis of hybrid derivatives is another way to prepare 

ester derivatives using DCC as a dehydrating agent in a reasonably good yield. The probable mechanism 

for the formation of the hybrid derivative was also discussed.  

The biological activity suggests that the base molecule methyl vanillate have anti-bacterial activity 

against both the bacterial cultures. Its derivatives viz. 7 and 8 were also active against certain Gram + ve 

and Gram-ve cultures. Thus, fused molecules of vanillic acid (7 & 8) having long alkyl side chain were 

potential antibacterial candidates. In-depth analysis of these compounds through structure-activity 

relationship studies would provide further insight and can be an interesting topic of future studies. 

The structural diversity and the pronounced biological activities encountered in the vanillic acid 

derivatives suggests that this class of compounds is worthy for further studies that may lead to derivatives 

by using combinatorial chemistry approach is an alternative strategy to new therapeutic discovery. In 

other words, the generation of diverse vanillic acid derivatives develops new therapeutic molecules that 

might result in candidates having better activity. All synthesized hybrid derivatives were chemically new 

and confirmed by SciFinder search. 
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ABSTRACT 

 

Vanillic acid (4-hydroxy-3-methoxybenzoic acid) is a dihydroxybenzoic acid derivative used as a flavouring 

agent. It  is used in the synthesis of various active pharmaceutical ingredients such as Etamivan, Modecainide, 

Brovanexine, Vanitiolide, Vanyldisulfamide etc.  In this paper, novel ether derivatives of vanillic acid were 

synthesized and tested for potential antibacterial activity. This combinatorial synthesis of novel vanillic acid 

ether derivatives can be a useful approach to generate potent chemotherapeutic agents in developing new drug 

candidates. 

Keywords : Vanillic Acid, IR, 1HNMR, TOF MS, DCC, DMAP, Antibacterial, Ditch-Plate Method. 

 

 

I. INTRODUCTION 

 

Phenolic phytochemicals are known to exhibit anti-

inflammatory, antioxidant, anticarcinogenic, 

antidiabetic, antiatherosclerosis and 

immunomodulatory activities in animals1,2. These are 

mostly polyphenols known as secondary plant 

metabolites, present in plants and trees. Polyphenols 

are commonly divided into flavonoids and the 

hydroxyl cinnamic acids3-5. Vanillic acid is a naturally 

occurring active compound having antimicrobial, 

anti-inflammatory and antioxidant / anticancer 

properties, we thought of synthesizing compounds 

with novel ether, ester and hybrid derivatives of 

Vanillic acid wherein Vanillic acid would be 

etherified, esterified and hybridized with various 

other compounds and to check whether these 

compounds possess above biological activities6-19. The 

objective of this study is to condense two molecules 

of the same disease domain to produce more potent 

candidate in the same disease domain or to condense 

two molecules of different disease domain to produce 

mixed variety of those disease domain or to have drug 

candidate with entirely different biological activity. 

 

II.  METHODS AND MATERIAL 

 

Materials: Chemicals used were of a laboratory grade. 

The reactions were monitored by TLC on 

aluminium-backed silica plate visualized by UV-light.  

 

Experimental  

 

Melting points were determined on a Thomas Hoover 

capillary melting point apparatus using digital 

thermometer. IR spectra were recorded on a 

Shimadzu FTIR Prestige model as KBr pellet. 1H 

NMR spectra were recorded on a Varian 200 MHz 

https://en.wikipedia.org/wiki/Dihydroxybenzoic_acid
https://en.wikipedia.org/wiki/Etamivan
https://en.wikipedia.org/w/index.php?title=Brovanexine&action=edit&redlink=1
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spectrometer in CDCl3. Chemical shifts were 

recorded in parts per million down fields from 

tetramethyl silane. Mass spectra were recorded on a 

TOF MS ES mass spectrometer. Elemental analyses 

were carried out as a percentage on a Thermo 

finnigan, Flash EA 1112 series, Italy. 

 

III. RESULTS AND DISCUSSION 

 

Preparation of methyl vanillate: - It was 

prepared by refluxing 50 gms of vanillic acid 

with 500 ml of LR methanol using  2 ml of conc. 

sulphuric acid as a catalyst for 8 hrs. The 

progress of the reaction was monitored by TLC 

for the completion of reaction.  

 

Work up:- The reaction mixture concentrated 

under reduced pressure to minimum and to that 

400 ml of dichloromethane + 400 ml of water 

was added. The aqueous layer was extracted 

successively with dichloromethane (2 x 200 ml). 

The total organic layer was washed with water (2 

X 200 ml), brine (200 ml) and concentrated to 

yield52.54 gms of methyl vanillate quantitatively 

(97 % yield). 

 

( 1 ) ( 2 )

MeOH
Cocn. H2SO4

Reflux, 8 hrs.

Vanillic acid

Reaction Scheme  1:

Methyl vanillate 
 

The above procedure can be scaled up to get 

more quantities of methylvanillate. 

 

Methyl-4-hydroxybenzoate (2) 

 

1H NMR (200 MHz, CDCl3) δppm : 3.89 (s, 3H, 

Ar x-OCH3),3.92 (s, 3H, Ar x–COOCH3 group), 

6.26 (brs, 1H, -OH, D2O exchangeable), 6.93 (d, J 

= 8.4 Hz, 1H, ArH, ortho coupling), 7.53 (d, J = 

1.8 Hz, 1H, ArH, meta coupling), 7.63 (dd, J = 8.2 

Hz, 1.8 Hz, ArH, 1H, ortho as well as meta 

coupling).TOF MS ES : 205 (M + Na); Molecular 

formula  C9H10O4;Off white solid (52.54 gms, 

97.0 %);Melting range 64 – 670C; Anal. Calcd. 

for C9H10O4: C 59.30 %, H 5.50 %, O 35.11%. 

Found C 59.28 %, H 5.52 %, O 35.10 %; 

 

The methyl vanillate was then subsequently 

converted to their ether derivatives as mentioned 

below. 

 

Diversification of methyl vanillate to its ether 

derivatives (3 - 6) :- These were prepared by 

following general method as depicted below. 

 

To a stirred solution of [A] (1 eq.) in 50 ml 

acetone was added [B] (2.5 eq.) and stirring 

continued at 500 C for the next 30 min.  for 

complete formation of K-salt. To this compound 

[C] (2 eq.) was added drop wise and stirring 

continued at reflux temperature for next 6 hrs. 

The progress of the reaction was monitored by 

TLC for the completion of the reaction. 

 

Work Up:- The reaction mixture filtered through 

Buchner funnel, wash the cake with 25 ml 

acetone. The total organic layer was 

concentrated to minimum, preadsorbed on silica 
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gel and purified by silica gel (100 - 200 mesh) 

column chromatography with increase in 

concentration of ethyl acetate in petroleum ether. 

The general yields ranges between 60 - 80 %.  

 

 
 

Compound No. R 

3 Methyl 

4 Propyl 

5 Pentyl 

6 Hexyl 

 

Taking  Isoeugenol as general example, the probable 

mechanism for ethers can be  given as follows.  

 
 

The most significant features of this methodology are 

(a) good accessibility of the reagent and its stability (b) 

a stoichiometric amount of reagent can be used by 

direct weighing, avoiding excess (c) no evolution of 

hazardous vapors during the reaction (d) the total 

elimination of the use of toxic organic solvents (e) a 

simple experimental procedure (g) good control over 

the outcome of the reaction by varying the amount of 

reagent (h) less expensive. The aforesaid protocol 

thus provides an improved procedure for the 

synthesis of useful ether derivatives having important 

pharmaceutical, agricultural and other 

physicochemical properties. 

Characterization of compounds (3 – 6): 

methyl 3,4-dimethoxybenzoate (3) 

 
1 H N M R ( C D C l 3 ,  2 0 0  M H z )  δ  p p m  : -  3 . 8 5  

( s ,  3 H ,  A r  x  – O C H 3 ) ,  3 . 8 9  ( s ,  3 H ,  A r  x  –

O C H 3 ) ,  3 . 8 9  ( s ,  3 H ,  A r  x  – C O O C H 3 ) ,  

6 . 8 4  ( d ,  J  =  8 . 4  H z ,  1 H ,  A r H ) ,  7 . 5  (  d ,  J  =  

1 . 8  H z ,  1 H ,  A r H ,  m e t a  c o u p l i n g ) ,  7 . 6 2  

( d d ,  J  =  8 . 2  H z ,  1 . 8  H z ,  A r H ,  1 H ,  m e t a  

c o u p l i n g ) ;  TO F M S  E S  :  2 1 9  ( M  +  N a ) ;  

M o l e c u l a r  F o r m u l a  C 1 0 H 1 2 O 4 ; O f f  w h i t e  

s o l i d ;  M e l t i n g  R a n g e  5 9  –  

6 2 0 C ; E l e m e n t a l  A n a l y s i s ,  C a l c d :  C  

6 1 . 2 0  % ,  H  6 . 2 0  % ,  O  3 2 . 6  %   F o u n d  C  

6 1 . 2 3  % ,   H  6 . 1 7  % ,  O  3 2 . 5 8  % ;  

methyl 3-methoxy-4-propoxy-benzoate(4) 

 
1 H N M R ( C D C l 3 ,  2 0 0  M H z )  δ  p p m -  1 . 0 2  ( t ,  

J =  7 . 8  H z ,  3 H ,  t e r m i n a l  - C H 3  f r o m  

p r o p y l  b r o m i d e  m o i e t y ) ,  1 . 8 3  –  1 . 9 4  ( m,  

2 H ,  1  x  – C H 2  f r o m  p r o p y l  b r o m i d e  

m o i e t y ) ,  3 . 8 8  ( s ,  3 H ,  A R  x  -O C H 3 ) ,  3 . 9 1  

( s ,  3 H ,  A r  x  - C O O C H 3 ) ,  4 . 0 5 ( t ,  J =  7 . 0  H z ,  

2 H ,  1  x  - O C H 2   g r ou p ) ,  6 . 8 7  ( d ,  J  =  8 . 6  

H z ,  1 H ,  A r H ,  o r t h o  c o u p l i n g ) ,  7 . 5 3 7  ( d ,  

J  =  2 . 0  H z ,  1 H ,  A r H ,  m e t a  c o u p l i n g ) ,  

7 . 6 5  ( d d ,  J  =  8 . 4  H z ,  2 . 0  H z ,  1 H ,  A r H ,  

o r t h o  a s  w e l l  a s  m e t a  c o u p l i n g ) ;  TOF MS 

ES:  247 (M + Na) ;  M o l e c u l a r  F o r m u l a  

C 1 2 H 1 6 O 4 ;  P u r e  v i s c o u s  m a s s ; E l e m e n t a l  

A n a l y s i s ,   C a l c d  :  C  6 4 . 3 0  % ,  H  7 . 2 0  % ,  

O  2 8 . 5 0  %   F o u n d  C  6 4 . 2 8  % ,   H  7 . 2 1  % ,  

O 2 8 . 4 8  % ;  

 

methyl 3-methoxy-4-pentoxy-benzoate (5) 
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1 H N M R ( C D C l 3 ,  2 0 0  M H z )  δ  p p m -  0 . 8 9  ( t ,  

J =  8 . 2  H z ,  3 H ,  t e r m i n a l  - C H 3  f r o m  

p e n t y l  b r o m i d e  m o i e t y ) ,  1 . 3 3  –  1 . 3 6  ( m ,  

4 H ,  2  x  – C H 2  f r o m  p e n t y l  b r o m i de  

m o i e t y ) ,  1 . 7  –  2 . 0  ( m ,  4 H ,  2  x  – C H 2  f r o m  

p e n t y l  b r o m i d e  m o i e t y ) ,  3 . 8 9  ( s ,  3 H ,  A r  

x  -O C H 3 ) ,  3 . 9 1  ( s ,  3 H ,  A r  x  - C O O C H 3 ) ,  

4 . 0 5  ( t ,  J =  7 . 0  H z ,  2 H ,  1  x  - OC H 2   g r o u p ) ,  

6 . 8 7  ( d ,  J  =  8 . 4 H z ,  1 H ,  A r H ,  o r t h o  

c o u p l i n g ) ,  7 . 5 4  ( d ,  J  =  1 . 4  H z ,  1 H ,  A r H ,  

m e t a  c o u p l i n g ) ,  7 . 6 4  ( d d ,  J  =  8 . 2  H z ,  1 . 8  

H z ,  1 H ,  A r H ,  o r t h o  a s  w e l l  a s  m e t a  

c o u p l i n g ) ;  TOF MS ES:  275 (M +  Na) ;  

M o l e c u l a r  F o r m u l a  C 1 4 H 2 0 O 4 ;  P u r e  

v i s c o u s  m a s s ; E l e m e n t a l  A n a l y s i s ,   C a l c d  :  

C  6 6 . 6 0  % ,  H  8 . 0 0  % ,  O  2 5 . 4 0  %   F o u n d  

C  6 6 . 5 8  % ,   H  8 . 0 2  % ,  O 2 5 . 3 8  % ;  

methyl 4-hexoxy-3-methoxy-benzoate (6) 

 
1 H N M R ( C D C l 3 , 2 0 0  M H z )  δ  p p m -  0 . 8 4  ( t ,  

J =  8 . 4  H z ,  3 H ,  t e r mi n a l  - C H 3  f r o m  h e x y l  

b r o m i d e  m o i e t y ) ,  1 . 2  –  1 . 6  ( m ,  6 H ,  3  x  –

C H 2  f r o m  h e x y l  b r o m i d e  m o i e t y ) ,  1 . 7  –  

2 . 0  ( m ,  2 H ,  1  x  – C H 2  f r o m  h e x y l  

b r o m i d e  m o i e t y ) ,  3 . 8 0  ( s ,  3 H ,  A r  x  -

O C H 3 g r o u p ) ,  3 . 8 4  ( s ,  3 H ,  A r  x  – C OO C H 3  

g r o u p ) ,  4 . 0 4 ( t ,  J =  7 . 0  H z ,  2 H ,  1  x  - OC H 2   

g r o u p ) ,  6 . 8 6  ( d ,  J  =  8 . 6  H z ,  2 H ,  A r H ,  

o r t h o  c o u p l i n g ) , 7 . 3 2  ( d ,  J  =  2 . 0  H z ,  1 H ,  

A r H ,  m e t a   c o u p l i n g ) ,  7 . 6 0  ( d d ,  J  =  8 . 4  

H z ,  2 . 0  H z ,  1 H ,  A r H ,  o r t h o  a s  w e l l  a s  

m e t a  c o u p l i n g ) ;  TOF MS ES:  289 (M +  Na);  

M o l e c u l a r  F o r m u l a  C 1 5 H 2 2 O 4 ;  P u r e  

v i s c o u s  m a s s ; E l e m e n t a l  A n a l y s i s ,   C a l c d  :  

C  6 7 . 6 0  % ,  H  8 . 3 0  % ,  O  2 4 . 0  %  F o u n d  C  

6 7 . 6 3  % ,   H  8 . 2 7  % ,  O 2 3 . 9 8  % ;  

 

EXPERIMENTAL 

Melting  points  are  uncorrected .  1H NMR 

spectra were recorded at  400 MHz on a  

Varian spectrometer and Mass spectra  on 

TOF MS ES mode.  Elementa l  analys is  was  

carr ied out as  a  percentage on a  Thermo 

f innigan,  Flash  EA 1112 series ,  I ta ly .  

CHROMATOGRAPHIC SYSTE M 

Column chromatography :  For  co lumn 

chromatography 100 –  200  mesh Acme 

grade s i l ica  gel  is  used.  The crude react ion 

mixture  i s  concentrated  under reduced 

pressure  to y ie ld crude mass which  is  

preadsorbed on s i l ica  gel  and puri f ied by 

column chromatography with  increase  in  

concentrat ion of Ethyl  acetate in  

Petro leum ether .  The fract ions having 

s imilar  ‘R f ” va lues were pooled together ,  

concentrated and subjected  for  

character ization using var ious  

spectroscopic  techniques .  

Thin layer  chromatography :  TLC plates  

were prepared  using s i l ica  gel  G (ACME, 

BOMBAY).  Pet.  ether:  EtOAc  (85 :  15)  was 

used  as  the solvent  system.   

Radia l  chromatography :  The c ircular  g lass  

p la tes  o f  thickness  1  mm,  were prepared  by  

using s i l ica  gel  (PF254,  E .  MERCK, 50 g)  in  

cold  dis t i l led water (105 ml) .  For e lution,  

gradual ly  increas ing  concentrat ions of  

EtOAc in pet  ether  were employed.  

BIOLOGICAL ACTIVITY:  

Antibacteria l  Activ i ty  using  d i tch  

platemethod 2 0  : -  Conc .  100 μg/ml  

The synthes ized  molecules  were screened 

for their  ant ibacter ia l  act iv ity us ing  di tch 

plate  method at  100 μg/ml concentrat ion 

against Gram posit ive  ( Staphylococcus  

aureus ,  Corynebacter ium diphtheria )  and 

Gram negat ive (Escherichia  col i ,  

Sa lmonellatyphi ,  Klebs ie llapneumoniae )  

bacteria l  species  qual i tat ively.  The results  

o f  the ant ibacter ial  activ i t ies  are  

summarized  in Table 1 .  

Theory :  One of  the many ways to  test  the 

ant i -bacter ia l    activ i ty of  compounds /  

drugs i s  d i tch  plate        method.   Ditch 
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plate  method i s  a  prel iminary method to  

screen the tes t  compounds /  drugs for their  

potentia l  a s  anti -microbia l .  In  th is  method,  

the  compound to  be tes ted for  

ant imicrobial  act iv i ty  i s  seeded in  the agar 

p la te  and the tes t  organisms are  streaked 

across .  

 

Procedure:  A d i tch  10mm   wide is  cut  into  

s teri le  MH agar  pla te.  The test  drug /  

compound is  added to  5  ml molten MH 

agar  butt  a t  40 0C  and this   mixture  i s  

poured  into  the d itch  and al lowed  to  

sol id i fy.  The d i tch   should be  made in  

level  with the rest  of  the agar by pouring  

the mixture .  The d if ferent  bacteria l  

cultures  are  streaked perpendicular    to  the   

d i tch using    n ichrome w ire loop.  The 

plate is  then incubated at  37 0  C for 24  

hours .  

 

The  results   are  observed  as   inhibit ion  

o f   bacter ia l    growth  on the di tch   as  

wel l   as   ad jacent    to   the  d itch.  

 

RESULTS :  The fo l lowing   tes t    samples 

showed anti-bacterial  activ i ty  aga inst  the 

organisms mentioned in  the  fo llowing 

Table .  

 

SAMPLE 

NO. 

ACTIVE AGAINST 

2 Staphylococcusaureus [Gram 

pos i tive]  

Sa lmonellatyphi [Gram 

negat ive]  

Klebs ie llapneumoniae [Gram 

negat ive]  

Corynebacter iumdiphtheriae   

[Gram pos i t ive]  

Escherichiacoli              [Gram  

negat ive]  

4 Staphylococcusaureus  [Gram 

Posi t ive]  

Proteusvulgar is             [Gram 

negat ive]  

5 Staphylococcusaureus     [Gram 

pos i tive]  

Escherichiacoli              [Gram  

negat ive]  

6 Staphylococcusaureus    [Gram 

pos i tive]  

Escherichiacoli              [Gram  

negat ive]  

 

The novel ether derivatives of vanillic acid were 

synthesized by cost effective industry viable process 

following the principle of green chemistry. The 

probable mechanism for the formation of ether 

derivative was also discussed.  

 

The biological activity suggests that the base 

molecule methyl vanillate have anti-bacterial activity 

against both the bacterial cultures. Its derivatives viz. 

4, 5 and 6 were also active against certain Gram + ve 

and Gram – ve cultures. Thus, ether derivatives of 

methyl vanillate (4, 5 & 6) having long alkyl side 

chain were potential antibacterial candidates. In 

depth analysis of these compounds through structure 

activity relationship studies would provide further 

insight and can be an interesting topic of future 

studies. 

 

IV.CONCLUSION 

 

The structural diversity and the pronounced 

biological activities encountered in the 

vanillicacidether derivatives suggests that this class of 

compounds is worthy for further studies that may 

lead to derivatives by using combinatorial chemistry 

approach is an alternative strategy to new therapeutic 

discovery. In other words the generation of diverse 

vanillic acid ether derivatives develop new 
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therapeutic molecules that might result in candidates 

having better activity. 
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ABSTRACT :- 3-hydroxy benzoic acid is an organic chemical which can be obtained 

naturally as well as synthetically. The literature survey reveals its various biological 

properties viz. antimicrobial, antialgal, antimutagenic, antiestrogenic, hypoglycemic, anti-

inflammatory, anti-platelet aggregating, nematicidal, antiviral, antioxidant etc. It is also 

reported to be used as preservative in many drugs, cosmetic products, pharmaceuticals, 

food and beverages. Some derivatives of 3-hydroxybenzoic acid are found to possess direct 

action on Hbs molecules, inhibit acetic acid induced oedema and used in management of 

sickle cell disease. It is also has wide applications in perfumery industries. In this paper, 

novel ester / hybrid derivative of 3- Hydroxy benzoic acid was synthesized and tested for 

its potential antibacterial activity. This combinatorial synthesis of novel 3-Hydroxy benzoic 

ester / hybrid derivative can be a useful approach to generate potent chemotherapeutic 

agents in developing new drug candidates. 



KEYWORDS :- 3-Hydroxy benzoic acid, IR, 1HNMR, TOF MS, DCC, DMAP, biological 

activities antibacterial, ditch-plate method. 

 

INTRODUCTION   

Phenolic compounds exist in most plant tissues as secondary metabolites, i.e. they are not 

essential for growth, development or reproduction but may play roles as antioxidants and in 

interactions between the plant and its biological environment. Phenolics are also important 

components of the human diet due to their potential antioxidant activity, their capacity to 

diminish oxidative stress induced tissue damage resulted from chronic diseases, and their 

potentially important properties such as anticancer activities1-5. 3-Hydroxybenzoic acid  is 

found in common plants such as grapefruit (Citrus paradisi), olive oil (Olea europaea), and 

medlar fruit (Mespilus germanica)6,7. It has glucosylating activity8. 3-Hydroxy benzoic acid 

is a naturally occurring active compound having antimicrobial, anti-inflammatory and 

antioxidant / anticancer properties, in continuationto our earlier work we thought of 

synthesizing compounds with novel ether, ester and hybrid derivatives of 3-hydroxy 

benzoic acid wherein 3-hydroxy benzoic acid would be etherified, esterified and hybridized 

with various other compounds and to check whether these compounds possess above 

biological activities9-18. The objective of this study is to condense two molecules of the 

same disease domain to produce more potent candidate in the same disease domain or to 

condense two molecules of different disease domain to produce mixed variety of those 

disease domain or to have drug candidate with entirely different biological activity.  

 

 



MATERIALS AND METHODS 

Materials : Chemicals used were of a laboratory grade. The reactions were monitored by 

TLC on aluminium-backed silica plate visualized by UV-light.  

 

EXPERIMENTAL  

Melting points were determined on a Thomas Hoover capillary melting point apparatus 

using digital thermometer. IR spectra were recorded on a Shimadzu FTIR Prestige model 

as KBr pellet. 1H NMR spectra were recorded on a Varian 200 MHz spectrometer in 

CDCl3. Chemical shifts were recorded in parts per million down field from tetramethyl 

silane. Mass spectra were recorded on a TOF MS ES mass spectrometer. Elemental 

analysis were carried out as a percentage on a Thermo finnigan, Flash EA 1112 series, 

Italy. 

RESULTS   AND  DISCUSSION  :  

Preparation of 3-methoxy benzoic acid :- 3-hydroxy benzoic acid (1) was subjected to 

esterification using (MeOH / Conc. H2SO4, 8 hrs.) to yield 3-hydroxy methyl benzoate (2) 

which were subjected to  etherification with various alkyl halihes (K2CO3 / Acetone / 

Reflux, 6 – 8 hrs) to yield 3-alkoxy methyl benzoate (3) derivatives which were purified by 

column chromatography. These purified ether derivatives were subjected to hydrolysis 

using 10 % Aq. KOH in  MeOH followed by precipitation with dil. HCl at 10 – 150C to 

yield off white ppt. of 3-alkoxy benzoic acids (4 – 6) quantitatively. They were filtered 

through Buchner funnel, wash with water till neutral, suck dry and finally dried in oven at 

700C for 12 hrs. Their structures were unambiguously confirmed by IR, 1H NMR, Mass 

spectroscopy and elemental analysis. 



where R = butyl (4),
pentyl (5), hexyl (6)

(1) (2) (3) (4)

Reaction Scheme 1 :

3-Hydroxy
benzoic acid

MeOH / Conc.

H2SO4, Reflux,

8 hrs.

K2CO3/Acetone

Alkyl halide,
Reflux, 4 - 6  hrs.

3-Hydroxy methyl
benzoate

3-Methoxy
methyl benzoate

10 % Aq. KOH 

MeOH, 6 hrs,
20 - 250C

3-Alkooxy
benzoic acid

 

Above 3-alkoxy benzoic acids were then condensed with 3-Hydroxy methyl benzoate 

under DCC / DMAP / Pyridine condition in dichloromethane to yield desired hybrid 

derivatives (7, 8, 9) respectively  whose structures were unambiguously confirmed by IR, 

1H NMR, Mass spectroscopy and elemental analysis and tested for their potential 

antimicrobial activity.   

S ynt he s is  o f Fus ed  Mo le cu le s ( 7  –  9 )  : -  These were prepared by following 

general method as depicted below. 

To a stirred solution of 3-Hydroxy methyl benzoate [A] (1 eq.) in 30 ml dichloromethane 

was added DCC [C] (1.3 eq.), DMAP [D] (0.05 eq.), pyridine [E] (0.5 eq.) and the reaction 

mixture stirred at room temperature for 5 min. Clear solution of reaction mixture was 

obtained. To this, compound [B] aromatic / substituted aromatic acid  (1.3 eq.) was added 

and stirring continued at room temperature for next 8 hrs. As the reaction proceeds, urea 

derivative precipitates out as by product. The progress of the reaction was monitored by 

TLC for completion of reaction. 

Work up :- The reaction mixture filtered through celite bed which get rids of by product 

urea derivative. The filtrate was concentrated to minimum, preadsorbed on silica gel (100 – 

200 mesh) and purified by column chromatography with increase in concentration of ethyl 



acetate in petroleum ether. The general yields of  these reactions ranges between 70 – 80 

%. This is another method of preparing esters and follows green chemistry parameters.  

The most significant features of this methodology are (a) good accessibility of the reagent 

and its stability (b) a stoichiometric amount of reagent can be used by direct weighing, 

avoiding excess (c) no evolution of hazardous vapors during the reaction (d) the total 

elimination of the use of toxic organic solvents (e) a simple experimental procedure (g) 

good control over the outcome of the reaction by varying the amount of reagent (h) less 

expensive. The aforesaid protocol thus provides an improved procedure for the synthesis of 

useful hybrid derivatives having important pharmaceutical, agricultural and other 

physicochemical properties. 

 

Reaction scheme 2 :
(C) DCC,
(D) DMAP,
(E) Pyridine,
24 hrs, RT

Dichloromethane

(A) (B)

Hybrid derivatives

where R = butyl (7), pentyl (8), hexyl (9)

 



Probable mechanism for fused / hybrid molecules :

C

C

>

H

_

C

>

H

<

H H

By-Product Urea derivativeEster derivative

Ar. acid DCC

 



Characterization of compounds (4) to (9) : 

 

3-Butoxybenzoic acid (4) :-  
 

1 H N MR ( CD C l 3 ,  20 0  MHz)   δ  pp m :  1 . 042  (  t ,  J  =  6 . 2  H z ,  3H,  - CH 3 ,  

t e r mina l met h y l f r o m bu t yl  br o mide  mo ie t y) ,  1 . 40  –  1 . 70  ( m,  2H,  1  x  

–CH 2  f r o m bu t yl  br o mid e  mo ie t y) ,  1 . 7 0  –  1 . 90  ( m,  2H,  1  x –CH 2  f r o m 

bu t y l  br o mid e  mo ie t y) ,  4 . 04 0  ( t ,  J  =  6 . 6  Hz ,  2 H,  1  x  –O CH 2  g r o up) ,  

7 . 0  –  7 . 8  ( m,  4H,  Ar H) ,  10 . 749  ( br o ad  hu mp,  1H,  - OH,  D 2 O 

e xc ha ng ea b le ) ;  I R  ( KBr )  c m - 1 : -  2954 ,  293 7 ,  2871  ( met h y ls ,  

me t hy le ne s ,  met h ine s) ,  2670  –  250 0  ( - OH s t r e t ch ing  o f –C OOH  

gr o up) ,  1684  ( a c id  ca r bo ny l  >C =O gr o up ) ,  1601  –  1 582  ( a r o mat ic ) ;  

TOF MS ES:  217  (M + Na) ;  Mo lecu la r  Fo r mu la  C 1 1 H 1 4 O 3 ;  M e lt ing  

r a nge  59  –  6 1 0 C ; E le me nt a l  Ana lys is ,  Ca lc d . :  C 67 . 97  % ,  H  7 . 33  % ,  O  

24 . 70  % .  Fo u nd  C 67 . 9 5  % ,  H  7 . 35  % ,  O  24 . 71  % ;  

3-Pentoxybenzoic acid (5) :-  
 

1 H N MR ( CD C l 3 ,  20 0  MHz)   δ  pp m :  0 . 993  (  t ,  J  =  7 . 2  H z ,  3H,  - CH 3 ,  

t e r mina l met hy l  fr o m p e nt y l br o mide  mo ie t y) ,  1 . 20  –  1 . 60  ( m,  4H,  2  x 

–CH 2  fr o m p e nt y l br o mide  mo ie t y) ,  1 . 60  –  1 . 90  ( m,  2H ,  1  x –CH 2  

f r o m pe nt y l  br o mide  mo ie t y) ,  4 . 030  ( t ,  J  =  6 . 4  H z ,  2H,  1  x – OC H 2  

g r o up) ,  7 . 1  –  7 . 8  ( m,  4 H,  Ar H) ,  10 . 2 8 9  ( br o ad  hu mp,  1H,  - OH,  D 2 O  

e xc ha ng ea b le ) ;  I R  ( KBr )  c m - 1 : -  2 9 51 ,  2913 ,  2 892 ,  28 70 ,  284 8  

( met hy l ,  me t hy le ne s ,  met h ine s) ,  2700  –  250 0  ( - OH s t r e t c h ing  o f –

COO H gr o up) ,  1684  ( a c id  c a r bo ny l  >C= O gr o up) ,  1600  –  1 587  



( a r o mat ic ) ;  TOF MS ES: 231  (M + Na);  Mo le cu la r  Fo r mu la  C 1 2 H 1 6 O 3 ;  

Me lt ing  r a ng e  96  –  10 0 0 C ; E le me nt a l  Ana lys is ,  Ca lc d . :  C 69 . 18  % ,  H  

7 . 72  % ,  O  23 . 10  % .  Fo und  C 69 . 21  % ,  H  7 . 79  % ,  O  23 . 08  % ;  

3-Hexoxybenzoic acid (6) :-  
 

1 H N MR ( CD C l 3 ,  20 0  MHz)   δ  pp m :  0 . 925  (  t ,  J  =  6 . 4  H z ,  3H,  - CH 3 ,  

t e r mina l  met hy l  f r o m he xy l  b r o mid e  mo ie t y) ,  1 . 10  –  1 . 60  ( m,  6 H,  3  x  

–CH 2  fr o m he xy l  br o mid e  mo ie t y) ,  1 . 6 0  –  1 . 90  ( m,  2H,  1  x –CH 2  fr o m 

he xy l  br o mide  mo ie t y) ,  4 . 026  ( t ,  J  =  6 . 4  Hz ,  2H,  1  x –O CH 2  g r o up) ,  

5 . 324  ( br o ad  hu mp,  1H,  - OH,  D 2 O e xc ha ngea b le ) ,  7 . 1  –  7 . 8  ( m,  4 H,  

Ar H) ;  I R  ( KBr )  c m - 1 : -  295 5 ,  290 2 ,  2867  ( met hy l ,  me t hy le ne s ,  

met h ine s) ,  2 67 6  –  2565  ( - OH s t r e t ch in g  o f –C OOH gr o up) ,  1677  ( ac id  

ca r bo ny l  > C=O gr o up) ,  1601  –  15 86  ( a r o mat ic ) ;  TOF MS ES: 245  (M + 

Na) ; Mo le cu la r  Fo r mu la  C 1 3 H 1 8 O 3 ;  Me lt ing  r a ng e  112  –  115 0 C ;  

E le me nt a l Ana lys is ,  Ca lc d . :  C 70 . 18  % ,  H  8 . 22 % ,  O  21 . 60  % .  Fo und  

C 70 . 21  % ,  H  8 . 19  % ,  O  21 . 58  % ;  

 

(3-methoxycarbonylphenyl) 3-butoxybenzoate  (7) :- 
 

1 H NM R ( CD C l 3 ,  200  MH z)   δ  p p m :  0 . 96  ( t ,  J  =  7 . 2  H z ,  3H,  t e r mina l  

met hy l  f r o m bu t y l  br o mid e  mo ie t y) ,  1 . 3  –  1 . 6  ( m,  4H,  2  x – CH 2  f r o m 

bu t y l  br o mid e  mo ie t y) ,  1 . 6  –  1 . 9  ( m,  2 H,  1  x –C H 2  f r o m bu t yl  

br o mide  mo ie t y) ,  3 . 94  ( s ,  3H,  1  x Ar – COOC H 3  g roup ) ,  4 . 045  ( t ,  J  =  

6 . 4  Hz ,  2H,  1  x  –O CH 2  g r o up) ,  7 . 1  –  8 . 0  ( m,  8 H,  Ar H) ;  I R  ( KBr )  c m -



1 : -  2952 ,  293 4  ( met hy ls ,  me t hy le ne s ,  met h ine s) ,  1726  –  1685  ( e s t e r  

ca r bo ny ls  > C=O ) ,  16 15  –  1 584  ( a r o ma t ic ) ;  TOF MS ES: 351 (M + Na) ;  

Mo lecu la r  Fo r mu la  C 1 9 H 2 0 O 5 ;  O f f  w h it e  so l id ;  M e lt ing  r a ng e  66  –  

70 0 C ; E le me nt a l Ana lys is ,  Ca lc d . :  C 6 9 . 48  % ,  H  6 . 12  %,  O  24 . 40  % . 

Fo u nd  C 6 9 . 51  % ,  H  6 . 09  % ,  O  24 . 39  % ;  

(3-methoxycarbonylphenyl) 3-pentoxybenzoate  (8) :- 
 

1 H NM R ( CD C l 3 ,  200  MH z)   δ  pp m :  1 . 00 6  ( t ,  J  =  7 . 2  Hz ,  3H,  

t e r mina l met hy l f r o m p e n t yl  br o mid e  mo ie t y) ,  1 . 1  –  1 . 4  ( m,  2H,  1  x  –

CH 2  f r o m p e nt yl  b r o mid e  mo ie t y) ,  1 . 4  –  1 . 7  ( m,  2H,  1  x – CH 2  f r o m 

pe nt yl  br o mide  mo ie t y) ,  1 . 7  –  2 . 0  (m,  2H,  1  x –C H 2  fr o m pe nt y l  

br o mide  mo ie t y) ,  3 . 94  ( s ,  3H,  1  x Ar – COOC H 3  g roup ) ,  4 . 054  ( t ,  J  =  

6 . 6  Hz ,  2H,  1  x  –O CH 2  g r o up) ,  7 . 1  –  8 . 0  ( m,  8 H,  Ar H) ;  I R  ( KBr )  c m -

1 : -  2952 ,  2934  ( met hy ls ,  me t hy le ne s ,  met h ine s) ,  1726  –  1685  ( e s t e r  

ca r bo ny ls  > C=O) ,  16 15  –  1 584  ( a r o ma t ic ) ;  TOF MS ES: 365 (M + Na) ;  

Mo lecu la r  Fo r mu la  C 2 0 H 2 2 O 5 ;  Re dd is h ye l lo w is h  c r ys t a ls ;  Me lt ing  

r a nge  57  –  6 5 0 C ; E le me nt a l  Ana lys is ,  Ca lc d . :  C 70 . 18  % ,  H  6 . 52  % ,  O  

23 . 30  % .  Fo u nd  C 70 . 2 1  % ,  H  6 . 49  % ,  O  23 . 28  % ;  

(3-methoxycarbonylphenyl) 3-hexoxybenzoate  (9) :- 
 

1 H NM R ( CD C l 3 ,  200  MH z)   δ  pp m :  0 . 924  ( t ,  J  =  6 . 8  Hz ,  3H,  

t e r mina l met h y l  fr o m he x y l  br o mid e  mo ie t y) ,  1 . 2  –  1 . 7  ( m,  6H,  3  x  –

CH 2  fr o m he xy l  br o mide  mo ie t y) ,  1 . 7  –  2 . 0  ( m,  2H,  1  x – CH 2  fr o m 



he xy l  br o mide  mo ie t y) ,  1 . 7  –  2 . 0  ( m,  2H,  1  x – CH 2  f r o m he x y l  

br o mide  mo ie t y) ,  3 . 94  ( s ,  3H,  1  x Ar –COO CH 3  gr o up ) ,  4 . 044  ( t ,  J  =  

6 . 4  Hz ,  2H,  1  x  –O CH 2  g r o up) ,  7 . 1  –  8 . 0  ( m,  8 H,  Ar H) ;  I R  ( KBr )  c m -

1 : -  2952 ,  2934  ( met hy ls ,  me t hy le ne s ,  met h ine s) ,  1726  –  1685  ( e s t e r  

ca r bo ny ls  > C=O ) ,  16 16  –  1 585  ( a r o ma t ic ) ;  TOF MS ES: 379 (M + Na) ;  

Mo lecu la r  Fo r mu la  C 2 1 H 2 4 O 5 ;  Pa le  p in k  c r ys t a ls ;  Me lt ing  r a nge  110  –  

112 0 C ; E le me nt a l  Ana lys is ,  C a lcd . :  C 70 . 80  % ,  H  6 . 80  % ,  O  22 . 40  % .  

Fo u nd  C 7 0 . 78  % ,  H  6 . 82  % ,  O  22 . 28  % ;  

CHOROMATOGRAPHIC SYSTEM 

Column chromatography : For column chromatography 100 – 200 mesh Acme grade silica 

gel is used. The crude reaction mixture is concentrated under reduced pressure to yield 

crude mass which is preadsorbed on silica gel and purified by column chromatography 

with increase in concentration of Ethyl acetate in Petroleum ether. The fractions having 

similar ‘rf” values were pooled together, concentrated and subjected for characterization 

using various spectroscopic techniques. 

Thin layer chromatography : TLC plates were prepared using silica gel G (ACME, 

BOMBAY). Pet. ether: EtOAc  (85 : 15) was used as the solvent system.  

Radial chromatography : The circular glass plates of thickness 1 mm, were prepared by 

using silica gel (PF254, E. MERCK, 50 g) in cold distilled water (105 ml). For elution, 

gradually increasing concentrations of EtOAc in pet ether were employed. 

BIOLOGICAL ACTIVITY 

Antibiotic sensitivity testing by the Agar Cup method19 :-  



Diffusion assay technique is a standard method used to estimate antibacterial activity of 

different antibiotics in fluids when tested against selected indicator bacterial strain.  

The agar cup method can also be used for assays of antimicrobial agents in body fluids like 

serum, CSF to determine whether therapeutic levels of antimicrobial agents have reached 

the likely sites of infection. This is especially important when chemotherapy fails to 

promote patient recovery even when the pathogen was shown to be sensitive to the drug 

used. Drug concentrations are also monitored in body fluids to see if an accumulation of 

the drug is occurring which might lead to potentially toxic concentrations and cause 

harmful side effects. The other main reason for measurement of antibiotics is to document 

that oral antibiotics are being absorbed from the gastrointestinal tract. 

REQUIREMENTS: 

St. MH agar butt (20 mL) - 2 

 St. petriplate - 2 

 St. 1mL pipette - 4  

 Standard antibiotic solutions 

 St. Cork borer (external diameter l0 mm) 

METHOD 

Day 1 

1. Inoculate 0.2 ml of Staphylococcus aureus ATCC 6538 culture to 20 mL of cooled, 

melted MH Agar butt, mix and pour into a sterile plate. Allow it to solidify make 4 

wells in each plate using a sterile cork borer. Transfer 0.l mL of 4 different 

antibiotic solutions in each well of a plate aseptically using a micropipette. Place 



the plate in the refrigerator for 30 min for prediffusion of the antibiotic solutions. 

Incubate the plates at 37°C for 24 hrs. 

2. Inoculate 0.2 ml of Escherichia col i  ATCC 8739 culture to 20 mL of cooled, 

melted MH Agar butt, mix and pour into a sterile plate. Allow it to solidify make 4 

wells in each plate using a sterile cork borer. Transfer 0.l mL of 4 different 

antibiotic solutions in each well of a plate aseptically using a micropipette. Place 

the plate in the refrigerator for 30 min for prediffusion of the antibiotic solutions. 

Incubate the plates at 37°C for 24 hrs. 

Day2 

Measure the diameter of zone of inhibition given by each antibiotic solution and interpret. 

Note: 

1. Presence of a haze of growth within the zone around the disc indicates drug 

resistance in the population of the isolate. 

2. Quality control should be performed each time a new lot of discs or agar is used. 

NCCLS has established limits of zone size that are acceptable for quality control.  

 

 

 

 

 

 

 

 



Table 1 : Antibacterial Activity Results 

Antibacterial activity of compounds (7 - 9) on Escherichia col i              [Gram  

negat ive]  

Sr. No. Name of the compound 

Zone of inhibition (in mm) 

1 2 Mean 

1 
3-Hydroxy methyl benzoate (2) 

Base Molecule 
14 mm 18 mm 16 mm 

2 
(3-methoxycarbonylphenyl) 3-

butoxybenzoate  (7) 
30 mm 29 mm 29.5 mm 

3 
(3-methoxycarbonylphenyl) 3-

pentoxybenzoate  (8) 
31 mm 33 mm 32 mm 

4 
(3-methoxycarbonylphenyl) 3-

hexoxybenzoate  (9) 
30 mm 28 mm 29 mm 

 

Antibacterial activity of compound (7 - 9) on Staphylococcus  aureus   [Gram 

posit ive]  

Sr. No. Name of the compound 

Zone of inhibition (in mm) 

1 2 Mean 

1 
3-Hydroxy methyl benzoate (2) 

Base Molecule 
18 mm 16 mm 17 mm 

2 
(3-methoxycarbonylphenyl) 3-

butoxybenzoate  (7) 
27 mm 28 mm 27.5 mm 

3 
(3-methoxycarbonylphenyl) 3-

pentoxybenzoate  (8) 
28 mm 28 mm 28 mm 

4 
(3-methoxycarbonylphenyl) 3-

hexoxybenzoate  (9) 
26 mm 26 mm 26 mm 

 



 



 

CONCLUSION 

The novel hybrid derivatives of 3-Hydroxy benzoic acid were synthesized by cost effective 

industry viable process following the principles of green chemistry. The synthesis of hybrid 

derivatives was another way to prepare ester derivatives  using DCC as dehydrating agent 

in a reasonably good yield. The probable mechanism for the formation of hybrid derivative 

was also discussed.  

The biological activity suggest that the base molecule 3-hydroxy methyl benzoate have 

anti-bacterial activity against both the bacterial cultures. Its derivatives viz. 7, 8, 9  were 

also active against both Gram + ve and Gram – ve cultures. Thus, fused molecules of 3-

Hydroxy benzoic acid (7 - 9) having alkyl side chain were potential antibacterial 

candidates. In depth analysis of these compounds through structure activity relationship 

studies would provide further insight and can be an interesting topic of future studies. 



The structural diversity and the pronounced biological activities encountered in the 3-

hydroxy benzoic acid derivatives suggests that this class of compounds were worthy for 

further studies that may lead to derivatives by using combinatorial chemistry approach was 

an alternative strategy to new therapeutic discovery. In other words the generation of 

diverse 3-hydroxy benzoic acid derivatives develop new therapeutic molecules that might 

result in candidates having better activity. 

These synthesized hybrid derivatives were chemically new and confirmed by Scifinder 

search. 
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Abstract: The overview of the main advances in distillation column its sequence optimization in 

zeotropic systems, ranging from systems, using only in conventional columns, each with a condenser 

and a reboiler, to fully thermally coupled systems with a single reboiler and a single condenser in the 

entire sequence. We also review the rigorous design of distillation columns, or column sequences. 

Various optimization tools along with energy aspect are also discussed. 

Keywords: Distillation, Column Sequencing, Energy, Tools 

I. INTRODUCTION 

The Unit Operation Distillation is the most important operation for purification and separation in 

chemical process industries.  To get an idea of the importance of distillation. Industrially, vapour and 

liquid phases are found to coexist most commonly, although liquid-liquid, vapor-solid, and liquid-solid 

systems are also found. This work deals with vapor and liquid in equilibrium with each other. 

Equilibrium is a static condition in which no changes occur in the macroscopic properties of a system 

with time. Vapor–liquid equilibrium (VLE) is a condition in which a liquid and its vapor (gas phase) 

are in equilibrium with each other, in other words, a condition where the rate of evaporation equals the 

rate of condensation [1].  Reducing the energy consumption is not as easy as it seems to be. The columns 

have different configurations with different objectives. [2] The schematic of the process is shown in 

Figure 1. 

II. OPTIMIZATION TOOLS 

Simulation & control studies are widely in practice for batch and continuous chemical process 

operations for last two decades [3,4, 5]. Optimization techniques have been applied to problems of 

industrial importance ever since the late 1940s. Distillation processes are most essential unit operations 

in chemical engineering. They are of significant importance as separation methods in chemical and 

petroleum industries. Chemical and petroleum industries hold a significant share in the overall world 

economy. Distillation processes have huge maintenance and running cost that can be greater than the 

overall cost of many other processes. Therefore, there should be an effective a reliable control system 

for efficient and safe operation of a distillation column. It presents various challenging control 

problems. Distillation columns are highly multivariable and shows non-linear behaviour. Therefore, 

their control is not a trivial task. 

A.  Mixed-Integer Non Linear Programming (MINLP) 

The most common form of MINLP problems is the special case in which 0-1 variables are linear while 

the continuous variables are nonlinear, a new application of the case-based reasoning method for 

finding a MINLP model with superstructure and a solution of the corresponding distillation synthesis 

problem by suggesting an initial point for performing design and optimization of the system. When 

solving a new problem, the most similar case to the target is found in the case library during the 

retrieval process in two steps: (i) first, a set of matching cases is retrieved, using inductive retrieval; 

http://www.ijaera.org/
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(ii) the cases in the retrieved set then are ranked according to their similarity to the target case, using 

the nearest-neighborhood method [6]. 

 

Figure 1: The schematic of the process 

B. Generalized Disjunctive Programming 

An alternative approach for representing discrete – continuous optimization problems is by using 

models consisting of algebraic constraints, logic disjunctions and logic propositions. This approach 

not only facilitates the development of the models by making the formulation intuitive, but it also 

keeps in the model the underlying logic structure of the problem that can be exploited to find the 

solution more efficiently the synthesis of distillation column configurations to separate non-azeotropic 

multicomponent mixtures containing N components. It is shown that, for sharp separations of an N-

component mixture, it is possible to develop a superstructure that takes into account all of the 

possibilities, from thermally linked systems with only one reboiler and one condenser to sequences 

with only conventional columns [2(N − 1) condensers and reboilers]. All of the partially thermally 

linked superstructures are included. The superstructure is systematically generated using the state task 

network (STN) formalism, in which only the tasks that can be performed are specified, but not 

equipment. [7, 8]. 

C. The Rectification Body Method (RBM) 

Proposed by Bausa et al [9] for the determination of minimum energy requirements of a specified split. 

For a given product, branches of the pinch point curves can be found. Rectification bodies can be 

constructed by joining points on the branches with straight lines. For either section of a column a 

rectification body can be constructed. The intersection of the rectification bodies of two sections of a 

column indicates its feasibility. The RBM can be used to calculate the minimum reflux ratio and 

minimum energy cost and to test the feasibility of a split. Because faces on rectification bodies are 

linearly approximated by joining branches of pinch point curves using straight lines, this method 

cannot guarantee accurate results. No information about column design (number of stages and 

operating reflux ratio) is obtained. The calculation of pinch point curves is, furthermore, 

computationally intensive [10]. 
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D. Column Sequencing 

Multicomponent mixtures are separated using distillation usually in a number of different sequences, 

which gives the same products but with different energy demand. Multicomponent mixtures are often 

separated into extrapure products. Column sequencing is a systematic method to find the optimal 

column sequence based on ease of operation and energy demand. The screening of design substitutes 

is carried out within a superstructure framework, which allows the breakdown of the separation 

sequences into unique separation array. The use of the selected array significantly reduces the work. 

The individual separation tasks are evaluated using shortcut methods. For the application to azeotropic 

mixtures, the mixture topology is obtained, and feasibility checks are performed for every split. In this 

context, azeotropes are treated as pseudo components [11,12].  The main aim of doing the column 

sequencing is to isolate the desired product with high purity. This is achieved by using distillation 

column in series. 

E. Heat integration 

In the first step, the target is to minimize the total annual cost of sequences by creating heat integration 

among columns. To calculate the temperatures and heat flow rates of condensers and reboilers and find 

the design specifications of columns such as the actual number of trays, reflux ratio, rectify vapor flow, 

etc., all the simple sequences are simulated by shortcut and rigorous method of commercial software. 

In the second step, the target is to find the possible power generation in all the sequences which can 

be designed and optimized. This investigation is in theory and is just a feasibility study to find the 

effects of power generation on the energetic efficiency of process and total annual cost [13] 

III. CONCLUSION 

The optimization of a distillation renders the increase in profitability at maximum possible energy 

consumption. The initial emphasis of the optimization work was to arrive at operational changes that 

could be implemented without substantial plant interruptions or modification, using existing piping 

and equipment. Many different variables were methodically tested to see the effects on throughput. A 

theoretical approach to optimization has been also accepted, to find ways to increase throughput 

without forgoing product quality.  
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The effect of crack geometry on stiffness
of spring steel cantilever beam

V Khalkar and S Ramachandran

Abstract

The survival of the crack in structures always keeps the structure away from performing well in applications due to significant

changes in its dynamic response. It has been observed that in service the size of the crack in structures increases with time

and finally it leads to its catastrophic failure. Hence it is crucial to do the vibration study of cracked beams in regard of free

vibration-based crack detection and its crack classification. Until now the vibration-based nondestructive testing methods

are applied to many spring steel cracked cantilever beams for its possible crack detection. However, the effect of various kinds

of practical cracks, i.e. V-shaped, U-shaped and rectangular-shaped open cracks, on the applicability of these methods has been

overlooked. In order to investigate this issue, artificially cracks are made on the cantilever beam. By free vibration analysis, the

effect of crack geometry, crack depth, and crack location on the beam stiffness is investigated. In this study, the stiffness of

each cracked case is computed by the deflection methods and vibration methods to ensure the strong validation. The stiffness

results obtained from V-shaped, U-shaped and rectangular-shaped crack models for the same configuration are compared

with each other and it is found that the results of the stiffness are comparatively more sensitive to U-shaped crack models.

Through vibration study, it is found that spring steel structures are slightly sensitive to the change in crack geometries as long

as the vibration characteristics are concerned. Hence, it is obvious that free vibration-based crack detection method can

satisfactorily predict the location and depth of the crack in any spring steel structures irrespective of the crack geometries.

Apart from this, it is also found that for the same configurations, EN 8 and EN 47 cracked cantilever beams give the identical

structural integrity or structural stability property for all the cracked cases. Lastly, it is also found that as the crack depth

increases by keeping the crack location constant, the stiffness of the beam decreases.

Keywords

Stiffness, natural frequency, U-shaped crack, V-shaped crack, EN 8, ANSYS

Introduction

Spring steel materials are widely used in various structural applications in the automotive, civil and mechanical

industries. One typical application of spring steels in structures is beam. In machinery and civil structures,

members in the form of cantilever-type of beams are widely used. Common examples are turbine blades, cantilever

type of bridges, and tall building structures. A defect-like crack in a beam develops with time and gives terrible

failure of the beam, hence vibration-based crack detection and its classifications are important issues in the regard

of its condition monitoring. Saddetin1 studied the cracked cantilever beam for the free and forced vibration

analysis. This study primarily deals with the identification of the crack parameters in a beam. Single- and two-

sided cracks were evaluated for the vibration parameters, i.e. natural frequency and resonant amplitude.

The results of this study suggest that free vibration analysis provides the suitable information either for detection

of single- or double-edged cracks and on the other hand forced vibration information is appropriate to detect the
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single-edged crack condition. Zhong and Oyadiji2 considered the polynomial function for the obtaining the
transverse deflection of the cracked beam. The polynomial function represents the effect of a crack.
Vigneshwaran and Behera3 studied the dynamic characteristics of a beam with multiple breathing cracks. For
developing theoretical expressions for evaluation of natural frequencies and mode shapes, a systematic approach
has been adopted in this study. For performing the dynamic analysis, a simple elastic, simply supported beam with
two breathing cracks is considered. The concept of influence coefficient is used to determine the cracked beam
stiffness. Sadettin et al.4 introduced the new crack model, not like the widely known V-shaped crack.
They investigated the effect of crack depth on the natural frequency of a composite beam. Krawczuk et al.5 studied
the cracked composite beam and found that vibration parameters like natural frequency changes due to the presence
of crack in a composite beam. Dirr and Schmalhorst6 studied the propagating crack that causes the slender uniform
round shaft to shake about its major axis. Experiments using a stationary shaft are also performed. To measure the
crack depth and the actual shape of the cracked cross section, beach marks have been used. Khanna and Singhal7

presented a mathematical model to analyze the vibration of a tapered isotropic plate under thermal condition.
Tapering in the thickness of rectangular plate is considered bi-parabolic. They assumed the temperature variation bi-
linearly, i.e. variation in the temperature along the X and Y directions. The first two modes of the rectangular plate
are calculated for the various boundary conditions. Liu et al.8 developed an optimal delayed feedback control
methodology to mitigate the primary and super harmonic resonances of a flexible, simply supported beam with
piezoelectric sensor and actuator. Stable vibratory regions of the feedback gains are obtained by using the stability
conditions of eigenvalue equation. Attenuation ratio is used to evaluate the performance of vibration control by
taking the proportion of the peak amplitude of primary or super harmonic resonances for the suspension system
with and without controllers. The piezoelectric optimal controllers are designed to control the dynamic behavior of
the nonlinear dynamic system. It is found that the optimal feedback gains obtained by the optimal method result in
good control performance. Xia et al.9 built up an optimized support vector regression model to predict the damping
ratio of the cantilever beam with particle damper. Then, the optimal parameters are adopted to construct the
support vector regression models. Cross validation combined with support vector regression is used in this research
and is compared with the genetic algorithm-support vector regression method. The experimental results demonstrate
that the proposed genetic algorithm-support vector regression model provides better prediction capability. Beni
et al.10 provided the new model by using the couple stress theory for the anisotropic carbon nanotubes. In this
research study, they used the Hamilton’s principle and then motion equation and boundary conditions of carbon
nanotubes are extracted by considering the couple stress theory. After that, equations are solved by using the
analytical solution method. Lastly, the carbon nanotube is investigated for the anisotropic effect.

From the literature survey, it has been found that V-shaped, rectangular-shaped and U-shaped cracks fre-
quently occur in structures. The presence of such cracks in structures is universal and it leads to change the
structure dynamics to a considerable degree. In earlier studies, a cracked cantilever beam was investigated for the
free vibration by considering mainly the natural frequency. Less work seems to be reported for the cracked
cantilever beams study by considering the stiffness, hence it needs attention. In this study, U-shaped and
rectangular-shaped crack models are introduced together with a regular V-shaped crack model in order to inves-
tigate the effect of defect geometry change on the stiffness of a cantilever beam by free vibration analysis. This
investigation is required to evaluate the applicability of free vibration-based methods for the crack detection.

Theoretical method of analysis of natural frequency of an uncracked cantilever beam

and its application to cracked beams

The schematic diagram of an uncracked cantilever beam subjected to zero frequency point load is shown in
Figure 1. From Figures 5 and 7, it is observed that the deflection curve of a cantilever beam at zero frequency is
approximately similar to the curve obtained when the beam vibrate with the first natural frequency. Hence, the
integration-based approach is applied to an uncracked cantilever beam to get its kinetic energy. Then the formula
of the potential energy of the beam is also derived. Lastly, energy principle is used to derive the natural frequency
formula shown in equation (1) of an uncracked cantilever beam11

fn ¼ 1

2p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k

0:2357m

r
(1)

where K and 0.2357m are the stiffness and the effective mass of an uncracked cantilever beam.
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Equation (1) is used to find the natural frequency of uncracked cantilever beam. Then this formula is extended

towards the cracked cantilever beam to obtain its stiffness by using a reverse engineering approach.
In this research study, the computed difference between an intact beam mass and cracked beam mass (with

largest crack depth) was negligibly small. Therefore, in the vibration analysis (equation (1)), the mass of cracked

beams were treated same as the mass (m) of an intact beam.
Vibration method: For obtaining the stiffness of any cracked case by a vibration method (equation (1)), one

particular procedure is followed, i.e. initially, the natural frequency for the cracked case of interest is computed by

a modal analysis, and then it is substituted in equation (1) to get the stiffness of the same cracked case by using the

reverse engineering approach.
Deflection method: For obtaining the stiffness of any cracked case of interest by a deflection method, one

particular procedure if followed, i.e. 100 N loads were applied at the free end of a cracked cantilever beam to get

its zero frequency deflection in the direction of applied load. Then the stiffness of the same cracked case was

computed by using a conventional formula (Stiffness¼Load/Deflection or zero frequency deflection).

Simulated crack configurations

In this study, a total of 54 cracked specimens of EN 8 and EN 47 materials were considered in order to investigate

the effect of different kinds of open cracks on the stiffness of a cantilever beam.
Geometric properties: The length and cross-sectional area of the beam are 0.36 m and 0.02� 0.02 m2, respectively.

The properties of EN 8 and EN 47 material were tested in ELCA Lab, Pune, India and are presented in Table 1.
Two separate crack cases were considered, i.e. case 1 and case 2.
Case 1: In this case, 27 cracked specimens of EN 8 material are considered. This case was subdivided into three

subcases. In the first subcase, V-shaped cracked cross section was considered on nine specimens. Of these nine

specimens, three specimens carry cracks at 80 mm location, and the next three specimens carry cracks at 160 mm

location and the remaining three specimens carry cracks at 240 mm location from the cantilevered end. At these

locations, the crack depths were varied from 5 mm to 15 mm with an interval of 5 mm. The case with V-shaped

crack is shown in Figure 2. The second and third subcases were similar to the first subcase, with the only difference

that instead of V-shaped crack cross section, U-shaped and rectangular-shaped cracked cross sections were con-

sidered for the second and third subcases, respectively. The case with the U-shaped crack and the case with the

rectangular-shaped cracked are shown in Figures 3 and 4, respectively.
Case 2: Case 2 is similar to case 1, the only difference is that instead of EN 8 material, EN 47 material was

chosen for the cracked specimens.

Figure 1. A schematic diagram of an uncracked cantilever beam subjected to zero frequency point load.11
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Finite element modeling and analysis

ANSYS 12.1 finite element program was used to determine natural frequency and zero frequency deflection of

cracked beams. For this purpose, a rectangular area was created. This area was extruded in the third direction to

get the 3D model. Then at the required location, a small rectangular area of required dimensions of crack was

created and extruded. Then a small volume of crack was subtracted from a large volume of cantilever beam to

obtain a cracked three-dimensional model. The width of the crack is taken as 0.5 mm. For finite element modeling

of a cracked beam, solid 95, solid 185 and solid 186 elements were used. Each element gave the same result for the

natural frequency and the zero frequency deflections. Hence for all the simulations, 20 node structural solid

element (solid 186) was selected for modeling the beam because of the presence of some special features of

element, i.e. stress stiffening, large strain, and large deflection. Finite element boundary conditions were applied

on the beam to constrain all degrees of freedom of cantilevered end of the beam. The Block Lanczos eigenvalue

solver was used to calculate the natural frequencies of cracked beams. Mesh independent study was also carried

out to study the effect of mesh size on the natural frequency of cracked beams. In mesh independent study, it was

observed that the results of natural frequency were independent of the mesh size. To get the stiffness of a cracked

beam, 100 N loads were applied at the free end (tip) of the beam to get the zero frequency deflection. Few natural

frequencies and zero frequency deflection plots are shown in Figures 5 to 8.

Table 1. Material properties of EN 8 and EN 47 spring material.

Property EN 8 EN 47

Modulus of elasticity (E) 2.104� 1011 1.95� 1011

Density (q) 7820 7800

Figure 2. Cracked cantilever beam with V-shaped crack.

Figure 3. Cracked cantilever beam with U-shaped crack.

Figure 4. Cracked cantilever beam with rectangular-shaped crack.
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Figure 5. Natural frequency plot: EN 8 V-shaped cracked specimen; L1/L¼ 0.222; a/H¼ 0.25.

Figure 6. Natural frequency plot: EN 47 U-shaped cracked specimen; L1/L¼ 0.222; a/H¼ 0.25.

Figure 7. Zero frequency deflection plot: EN 8 V-shaped cracked specimen; L1/L¼ 0.222; a/H¼ 0.25.

Figure 8. Zero frequency deflection plot: EN 47 U-shaped cracked specimen; L1/L¼ 0.222; a/H¼ 0.25.
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Results and discussion

In this study, the stiffness of a cracked cantilever beam that had different crack depths and different crack
geometries are investigated by the deflection methods and vibration methods. Then the relationship between
different cracked cross sections and stiffness is investigated. Similarly, the relationship between different cracked
depths and stiffness, and the relationship between different cracked locations and stiffness are also investigated.
The natural frequencies computed by the numerical analysis for EN 8 and EN 47 cracked cantilever beam are
presented in Tables 2 and 3, respectively. The results of the stiffness obtained by the deflection methods and
vibration methods for the various cracked cases are presented in Tables 4 and 5. The results of the stiffness
computed by the deflection methods give some variation with respect to the stiffness computed by the vibration
methods due to some changes in the flexural rigidity of the cracked beams. The results obtained by the vibration
methods are comparatively more reliable.

The percentage variation of stiffness between the V-shaped and U-shaped cracked cases with crack location
ratio is shown in Figures 9 and 10. From Figures 9 and 10, it is revealed that the percentage variation of the
stiffness between the V-shaped and U-shaped crack models is below 10% for all the cracked specimens of steel,
EN 8 and EN 47 materials. It means that the variation between stiffness corresponding to change in the crack
geometries is only a minor effect. Therefore, it is evident that spring steel materials are slightly sensitive to the
changes in crack geometries as long as the vibration characteristics are concerned. The free vibration-based crack
detection method uses the effect of stiffness and natural frequencies as a basic criterion for predicting the crack
parameters in structures. Hence, this implies that a free vibration-based crack detection method satisfactorily
predicts the location and depth of the crack in structures irrespective of the presence of various types of crack
geometries, i.e. V-shaped, U-shaped, and rectangular-shaped open cracks.

Table 2. The first numerical bending natural frequency of EN 8 cracked cantilever beams.

Crack

position (mm)

Crack depth

ratio (%)

Natural frequency (Hz)

V-shaped

crack

U-shaped

crack

Rec. shaped

crack

80 25 125.83 125.33 125.50

50 112.62 111.18 111.72

75 80.261 76.27 77.20

160 25 128.15 127.96 128.02

50 122.84 122.13 122.37

75 104.23 100.27 101.19

240 25 129.17 129.15 129.16

50 128.23 128.12 128.17

75 123.74 122.85 123

Table 3. The first numerical bending natural frequency of EN 47 cracked cantilever beams.

Crack

Position (mm)

Crack depth

ratio (%)

Natural frequency (Hz)

V-shaped crack U-shaped crack Rec. shaped crack

80 25 121.29 120.813 120.98

50 108.56 107.17 107.69

75 77.367 73.52 74.421

160 25 123.53 123.35 123.40

50 118.41 117.73 117.95

75 100.47 96.65 97.54

240 25 124.51 124.49 124.50

50 123.61 123.50 123.54

75 119.28 118.42 118.56
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Table 4. Comparison of the stiffness of EN 8 cracked cantilever beams.

Crack

position (mm)

Crack depth

ratio (%) Methods

Stiffness K (N/m)

V-shaped crack U-shaped crack Rec. shaped crack

80 25 Deflection method 171526.1 170068 170648.5

Vibration method 165887.7 164571.9 165018.7

Percent error 3.287 3.231 3.299

50 Deflection method 139470 135685.2 136925.7

Vibration method 132885.3 129508.7 130769.8

Percent error 4.721 4.552 4.495

75 Deflection method 71581.96 71022.73 67024.13

Vibration method 67492.43 60910.35 62450.58

Percent error 5.713 14.238 6.823

160 25 Deflection method 175746.9 175131.4 175131.4

Vibration method 172061.1 171551.3 171712.2

Percent error 2.097 2.044 1.952

50 Deflection method 156739.8 154321 155279.5

Vibration method 158097.6 156275.3 156890.1

Percent error 20.866 21.266 21.037

75 Deflection method 103092.8 100704.9 96899.22

Vibration method 113823.3 105338.6 107280.5

Percent error 210.408 24.601 210.713

240 25 Deflection method 178890.9 178571.5 178571.4

Vibration method 174811.1 174756.9 174784

Percent error 2.28 2.136 2.12

50 Deflection method 171232.9 170068 170357.8

Vibration method 172276 171980.6 172114.9

Percent error 20.609 21.124 21.031

75 Deflection method 141242.9 136612 137174.2

Vibration method 160422.7 158123.3 158509.7

Percent error 213.579 215.746 215.553

Table 5. Comparison of the stiffness of EN 47 cracked cantilever beams.

Crack

position (mm)

Crack depth

ratio (%) Methods

Stiffness K (N/m)

V-shaped crack U-shaped crack Rec. shaped crack

80 25 Deflection method 158982.5 157728.7 158227.9

Vibration method 153749.7 152535.2 152964.8

Percent error 3.291 3.292 3.326

50 Deflection method 129199 125786.2 126422.3

Vibration method 123169.7 120035.8 121203.4

Percent error 4.666 4.571 4.128

75 Deflection method 66313 65832.78 62111.8

Vibration method 62556.98 56722.76 57883.56

Percent error 5.664 13.838 6.807

160 25 Deflection method 162866.5 162337.7 162337.7

Vibration method 159481.1 159016.6 159145.6

Percent error 2.078 2.045 1.966

50 Deflection method 145137.9 143061.5 143884.9

Vibration method 146534.9 144856.7 145398.6

Percent error 20.962 21.254 21.052

75 Deflection method 95510.98 93283.58 89766.61

Vibration method 105496.3 97634.63 99436.89

Percent error 210.454 24.664 210.772

(continued)
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From Figures 11 and 12, it is observed that as the crack depth increases at any unique location, the stiffness
decreases for both EN 8 and EN 47 cracked cases of a cantilever beam. It is also observed that the change in
dynamic response for U-shaped and rectangular-shaped cracked cases are comparatively more significant than the
V-shaped cracked cases for the same configuration. It means that the effect of change in stiffness for the U-shaped
and rectangular-shaped cracked cases are comparatively on the higher side than the V-shaped cracked cases with
respect to the stiffness of intact beam as shown in Figures 11 and 12. Hence, the free vibration-based crack

Table 5. Continued.

Crack

position (mm)

Crack depth

ratio (%) Methods

Stiffness K (N/m)

V-shaped crack U-shaped crack Rec. shaped crack

240 25 Deflection method 165837.5 165562.9 165562.9

Vibration method 162021.5 161969.5 161995.5

Percent error 2.301 2.17 2.154

50 Deflection method 158478.6 157728.7 157977.9

Vibration method 159687.7 159403.6 159506.9

Percent error 20.762 21.061 20.967

75 Deflection method 130890 126582.3 127064.8

Vibration method 148696.1 146559.6 146906.4

Percent error 213.603 215.782 215.615
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Figure 9. Percentage variation of stiffness between V-shaped and U-shaped cracked models with crack location ratio of EN 8 can-
tilever beams.
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detection method can efficiently predict the location and size of either U-shaped or rectangular-shaped crack in
structures than the V-shaped crack of the same configuration due to the relatively strong vibration signal.

From Figures 13 and 14, it is also observed that at 80 mm crack location from the cantilevered end, when the
depth of crack increases, the stiffness of the beam decreases for all the spring steel materials, i.e. EN 8 and EN 47.
It is also observed that for all the crack depths, i.e. 5 mm, 10 mm, and 15 mm, the value of stiffness of the
U-shaped cracked cases is comparatively on the lower side than the V-shaped and rectangular-shaped cracked
cases and this holds true for all the spring steel materials. It means that the results of the cracked beam stiffness
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Figure 11. Variation of stiffness with crack depth ratio of EN 8 cracked cantilever beams.
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Figure 12. Variation of stiffness with crack depth ratio of EN 47 cracked cantilever beams.

60000

80000

100000

120000

140000

160000

180000

0.2 0.4 0.6 0.8

K 
  (

N
/m

)

a/H

Stiffness Def. Method V
shape crack

Stiffness Vib. Method V
shape crack

Stiffness Def. Method U
shape crack

Stiffness Vib. Method U
shape crack

Stiffness Def. Method
Rec. shape crack

Figure 13. Variation of stiffness with crack depth ratio of EN 8 cracked cantilever beam.
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are more sensitive to the presence of U-shaped cracks than the other kinds of cracks. For the same crack con-

figuration, the U-shaped cracked specimen gives comparatively less effect of flexural rigidity (EI) in the beam than

the V-shaped cracked specimen and rectangular-shaped cracked specimen. This is the reason that the U-shaped

crack model gives comparatively less stiffness than other crack models for the same configuration.
From Figures 15 and 16, it is found that, as crack geometry changes, i.e. V shaped, U shaped, and rectangular

shaped, the stiffness of the cracked beam also somewhat changes and this is because of the small changes in

the flexural rigidity (EI) of the beam. The change in the stiffness of the cracked beam leads to change in its

natural frequency.
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Figure 15. Variation of stiffness with crack location ratio of EN 8 cracked cantilever beam.
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Figure 14. Variation of stiffness with crack depth ratio of EN 47 cracked cantilever beam.
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From Figures 15 and 16, it is also found that, when the location of the crack increased from the cantilevered end,
by keeping the crack depth constant, then the stiffness increased. The crack which is nearer to the cantilevered end of
the beam produces larger bending moment at the crack and on the other hand, the crack which is nearer to the free
end of the beam produces less bending moment at the crack. Hence, the stiffness is found to be less for the cracked
case in which crack remains nearer to the fixed end and more for the cracked case in which crack remains nearer to
the free end of the beam as shown in Figures 15 and 16. It is also observed that for the same configurations, the
stiffness of V-shaped cracked model is comparatively on the higher side than the U-shaped and rectangular shaped
crack model. This is because of the higher flexural strength of the V-shaped cracked model.

Figure 17 gives the percentage variation of the stiffness between V-shaped and U-shaped cracked cases for the
same configurations of EN 8 and EN 47 beams. From Figure 17, it is found that for all the crack depths, i.e. 5 mm,
10 mm and 15 mm, the percentage variation of the stiffness between V-shaped and U-shaped cracked cases remains
the same. It signifies that for the same configuration, the structural integrity property or structural stability property
of EN 8 and EN 47 cracked cantilever beam remains identical. The same integrity property of a cracked EN 8 and
EN 47 beams causes to change its dynamic response by the same amount, i.e. stiffness and natural frequency.

Conclusions

By free vibration study, it is possible to diagnose the defects that arise in structures with time. The stiffness of each
cracked case of a beam is evaluated by the deflection methods and vibration methods. The computed stiffnesses by
a vibration method are in agreement with the deflection method. In this study, free vibration of spring steel-
cracked cantilever beams that have different crack-shaped geometries, crack depths, and crack locations are
investigated. From free vibration study of a cracked cantilever beam, the following conclusions can be drawn.

1. Spring steel structures are somewhat sensitive to the change in crack shape geometries as long as the vibration
characteristics are concerned.

2. Free vibration-based crack detection method can satisfactorily predict the location and depth of the crack in
structures irrespective of the crack geometries, i.e. V-shaped, U-shaped, and rectangular-shaped crack.

3. Free vibration-based crack detection method can more approximately predict the location and size of either
U-shaped and rectangular-shaped crack in structures than V-shaped cracks of the same configuration.

4. Vibration monitoring on such structures can be coupled with finite element free vibration analysis in order to
determine the severity of damage or defects in such structures.

5. The results of stiffness of cracked spring steel cantilever beams are comparatively more sensitive to the presence
of U-shaped cracks than V-shaped and rectangular-shaped cracks of the same configuration.

6. The integrity property or structural stability property of EN 8 and EN 47 cracked cantilever beams are
identical as far as the vibration characteristics are concerned.

7. When the crack depth increased by keeping the crack location constant on any spring steel cantilever beam,
then its stiffness decreases.

8. At constant crack depth, when the crack location increased from the cantilevered end, then its stiffness increases.
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Appendix

Notation

a depth of the crack, m
A cross-sectional area of beam, m2

B breadth of beam, m
H height or depth of beam, m

a/H crack depth ratio
E modulus of elasticity, N/m2

fn natural frequency, Hz
I moment of inertia of the beam, m4

MX bending moment, N-m
L length of the beam, m
L1 location of the crack from the cantilevered end, m

L1/L crack location ratio
K stiffness of the beam, N/m
m mass of the beam, kg
EI flexural rigidity of a cracked beam, N-m2

q density of beam, kg/m3

q0 mass of the beam per unit length, kg/m
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Abstract 
The mechanical properties like tensile, pin bearing and impact properties 
have been studied for composites containing Fly Ash (FA) and Impact mod-
ifier (IM) in Polyvinyl Chloride (PVC) for furniture and pipe applications. 
Pin-bearing test is an important tool to evaluate the ability of the material to 
retain fasteners and the ability of the material to sustain load during the ser-
vice life. The present paper evaluates the effect of variation of FA and IM on 
the pin bearing strength, tensile strength, modulus elongation at break and 
impact strength. Scanning electron microtopography indicates that the im-
pact modifier forms a co-continuous phase at 10% of IM in PVC. Increase in 
void content decreases impact strength and tensile strength. As void content 
increases moisture absorption also increases. The results of pin bearing tests 
were analogous to tensile test and correlate well. Results were in accordance 
with impact modification theory. Moisture absorption was studied keeping in 
view outdoor applications. 
 
Keywords 
Flyash-PVC Composites, Impact Modifier, Pin Bearing Properties,  
Tensile Strength 

 

1. Introduction 

Impact modified and filled grades of PVC are used mainly for their inherent 
high stiffness to cost ratio [1]-[9]. Fillers are mainly used in the present day 
formulation of PVC for reducing cost, the major filler being calcium carbonate. 
Needless to say, fillers like calcium carbonate, talc and FA may or may not act as 
reinforcing fillers. Cost reduction is at the expense of desired properties. They 
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are seen to affect certain properties like pin bearing strength and impact strength 
[10]. Impact modifier is added to improve the impact strength [11]. FA is 
emerging as the major filler in polymeric systems [12] [13] [14] [15] [16]. FA is 
the by-product of burning coal in power plants. Disposal and use of FA is a ma-
jor issue and it is a potential contaminant for surface and ground water. FA has 
been used as filler in various resins like HDPE, LDPE and PP [17]. Khoshnoud 
et al. studied the mechanical properties of in PVC. Addition of fly ash showed 
enhancement in mechanical properties [18]. Coupling agents are used for im-
proving mechanical properties. It was observed that addition of silane coupling 
agents enhanced the mechanical properties of PP-FA composites [16]. Deepthi 
et al. used FA cenospheres as fillers in HDPE matrix. The results showed that 
surface modification of Cenospheres accompanied by compatibilization led to 
the substantial improvement to mechanical properties and thermal stability of 
the composites [19]. Feasibility tests of using flyash samples as filler in PVC in-
dicated that sodium lauryl sulphate treated fly ash could successfully replace 
CaCO3 as filler in PVC under conditions of low filler loading [20]. Khoshnoud et 
al. studied the mechanical, thermal and morphological properties of PVC foams 
filled with flyash, glass fibres and mica. They observed increase in mechanical 
properties with addition of all the three fillers [18]. PVC foam-fly ash compo-
sites were characterized for their structural, morphological, mechanical and 
thermal properties by Khoshnoud et al. The tensile strength of the composites 
was seen to increase modestly with higher fly ash loading, while there was a sig-
nificant increase in the elastic modulus for the same composites [18]. Rigid Po-
lyvinyl Chloride (PVC) foam composites are one of the most common materials 
used in building industry in the form of profiles, sheets, and pipes due to their 
low cost, low density, low thermal conductivity, improved acoustic damping 
properties, and good fire retardancy [21]. Kabir et al. proposed a general model 
comparison of tensile properties of HDPE-filled fly ash composites. The me-
chanical properties were seen to depend on the shape, size and volume of fly ash 
[22]. Wang et al. studied the rheological behavior of plerospheres filled UPVC 
using Brabender plasticorder. Plerospheres are defined as superfine spherical 
particles (0.5 - 5 microns) separated from FA. It was observed that lower torque 
was required with silane-coated plerospheres than uncoated plerospheres [23]. 
Effect of FA on properties of nylon 6 revealed that the mechanical property of 
composite is a function of the particle size, the dispersion, the particle orienta-
tion, the interfacial interaction between the minerals and the polymer matrix 
[24]. The effect of bis-(3-triethoxysilylpropyl)-tetrasulfide, Si69 on the tensile 
properties, swelling behavior and morphological characteristics of recycled 
poly(vinyl chloride)/acrylonitrile–butadiene rubber/fly ash (PVCr/NBR/FA) com-
posites was studied by Ismail et al. It was observed that Si69 increased the inter-
facial interaction between the matrix and FA leading to enhanced mechanical 
properties [25]. Study of mechanical properties of PEEK-FA composites showed 
enhancement in mechanical properties on using a compatibilizer [26].  
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Addition of filler of any form—particulate, fibrous, flasks etc. into the poly-
mer matrix reduces the ductile behavior leading to poor impact strength. Impact 
strength can be enhanced by addition of impact modifiers. The improvement in 
impact strength obtained depends on type and proportion of the modifier and 
processing conditions. For a thermoplastic to be rendered impact resistant, a 
multiphase structure containing a “hard” thermoplastic phase and a “soft” elas-
tomeric phase is essential. This arises due to the incompatibility between the 
thermoplastic and the impact modifier, which is an elastomer [27]. 

Impact modifiers like EVA and chlorinated polyethylene have elastomeric 
phase distributed as a honeycombed network whereas with Methymethacrylate 
Butadiene Styrene (MBS) and all acrylic impact modifiers spherical elastomeric 
particles are dispersed in the hard phase. In the later case, the spherical particles 
retain their shape and lesser shear sensitiveness gives wide processing range. All 
acrylic impact modifiers are manufactured by graft copolymerization of acrylic 
monomers like butyl acrylate with methyl methacrylate. The process used is 
emulsion polymerization. In the first step a core of polybutyl acrylate is polyme-
rized and subsequently a shell of poly methyl methacrylate is grafted on. This 
hard shell improves their anchoring in PVC matrix. The shell—core morphology 
forms the secondary particles, which break down to primary particles of size 0.2 
μm on processing. These primary particles absorb impact energy and, thereby, 
prevent brittle fracture [28] [29].  

Apart from various other applications of un-plasticized PVC, major applica-
tion of it is in the pipes and fittings. Pipes and fittings require impact properties, 
good tensile strength, short term and long-term pressure sustainability (ASTM 
D 1785). Fittings also require good pin bearing properties as they are threaded, 
and screwed. Though tensile and impact properties of PVC-FA have been stu-
died by many researchers, there is no precedence of study of pin bearing proper-
ties of PVC-FA composites. Present paper evaluates the effect of fly ash (FA) as 
filler and impact modifier (IM) on un-plasticised PVC. The work presented here 
is organized as follows. Experimental work is described in Section II, results of 
the work are discussed in Section III. Section IV summarizes the conclusions of 
this work. 

2. Materials and Method 

Suspension PVC grade 57 GE R01 manufactured by M/s Reliance India limited, 
India was used. FA of Class F as per ASTM C 618 with the trade name Pozzop-
last, procured from DIRK India Pvt. Ltd., Eklahare, Nasik, India, was used as the 
filler. Pozzoplast is a specialized FA, resulting from the combustion of pulverized 
bitumous coal. FA contains SiO2, MgO, Al2O3, Fe2O3, Na2O, Reactive Silica and 
Chlorides [30]. The particulate size analysis for PVC and FA was done using 
Model 780 AccuSizer of Particle Sizing Systems, Inc., USA. The Fly ash has the 
smallest size but is comparable to PVC. Fly ash with number weight mean di-
ameter of 2.64 μm and standard deviation of 3.16 μm was used. FA used in this 
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experimentation contains 0.5% organic matter which was determined by finding 
out loss in weight on heating at 700˚C for two hours. PVC with number weight 
mean diameter of 3.59 μm and standard deviation of 11.32 μm was used. All 
acrylic IM grade Paraloid KM-355P made by Rohm and Haas Plastics Additive 
was used. Sample Coding systemis based on % of PVC. The numbers stand for 
as a % of PVC of the constituent (Table 1).  

Processing was carried out in three steps. In the first step, PVC was formu-
lated in a high speed mixer. Additives like lubricant (paraffin wax, calcium stea-
rate and stearic acid), heat stabilizers (tribasic lead sulphate), and acrylic based 
processing aid were added in first stage. Impact modifier was added in the 
second stage. FA was added at the final stage. Further compounding was carried 
out using two-roll mill and the hide was reduced in size using a scrap granulator. 
The granulated material was extruded in the form of sheet using counter rotat-
ing twin-screw extruder attachment of Plasticorder Brabender, model number 
AEV 651. Type IV samples as per ASTM D-638 were cut from the extruded 
sheets. The samples were tested on Instron 4204 machine with a 10 KN load cell 
and strain rate of 5 mm/min. Pin-bearing strength is obtained by tension testing 
a pin-loaded hole in a flat specimen (Figure 1(a) and Figure 1(b)). Samples 
were tested on an Instron 4204 machine with strain rate of 5 mm/min. Bearing 
strength was calculated as per ASTM D 953. The test was carried out by using 
standard test specimen with eccentricity to diameter (e/d) ratio equal to two. 
The failure modes were analyzed with visual inspection. The notched Izod Im-
pact test as per ASTM D256, test method A, was carried out using the ZWICK 
5102 impact-testing machine. The Izod specimens were cut using profile cutting 
machine with high speed milling cutter to avoid the micro cracks. Moisture ab-
sorption was carried out as per ASTM D 570. Void content was determined from  
 
Table 1. Formulations. 

Sr. No. Formulation Code Constituents as % of Total Compound 

  PVC FA IM Additives 

1 PVC 89.9 0 0 10.1 

2 20 FA 76.2 15.2 0 8.6 

3 40 FA 66.1 26.5 0 7.4 

4 60 FA 58.4 35.1 0 6.5 

5 10 IM 82.5 0 8.3 9.2 

6 20 IM 76.2 0 15.3 8.5 

7 20 FA + 10 IM 70.8 14.1 7.1 8 

8 20 FA + 20 IM 66.2 13.2 13.2 7.4 

9 40 FA + 10 IM 62 24.8 6.2 7 

10 40 FA + 20 IM 58.4 23.4 11.7 6.6 

11 60 FA + 10 IM 55.2 33.1 5.5 6.1 

12 60 FA + 20 IM 52.3 31.3 10.5 5.9 
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(a) 

 
(b) 

Figure 1. (a) Pin bearing test sample; (b) Pin bearing test fixture. 
 
the theoretical density obtained by rule of mixtures and the experimentally ob-
tained density by Archimedes’s Principle. For assessing the morphology of the 
composites, SEM of representative composites was carried out using JOEL model 
JSM 6360-A Analytical SEM. Infrared spectroscopy (IR) of representative samples 
was carried out using SHIMADZU 470 spectrometer. 

3. Results and Discussions 
3.1. Tensile and Pin Bearing 

The results of tensile, pin bearing and impact properties will be considered in 
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tandem as they are analogous to each other. In order to understand the effect of 
FA and impact modifier separately and in combination, the formulations have 
been categorized in 5 groups as seen in Table 2. Ultimate tensile strength de-
creases but Young’s modulus increases on addition of FA to PVC as expected 
(Table 2, Group A). Maximum bearing strength initially increases on addition 
of 20% FA but later decreases. Bearing strength is defined as strength at 4% hole 
deformation (ASTM D 953). It is analogous to modulus. The bearing strength 
increases with increase in FA except 20% FA. Addition of filler induces inho-
mogenity in the matrix. In absence of a coupling agent, stress transfer between 
the filler and matrix is poor leading to decrease in the tensile and pin bearing 
strength. Increase in Young’s modulus is due to chain stiffening on addition of 
filler (Figure 2; Figure 3).  

Addition of impact modifier decreases the tensile strength and modulus sig-
nificantly (Table 2, Group B). Maximum bearing strength and bearing strength 
also reduces to a substantial extent. Addition of impact modifier increases the 
flexibility of the matrix leading to decrease in strength and modulus (Figure 4; 
Figure 5).  

Now we discuss the results of Group C, D and E. Addition of FA to 10% and 
20% impact modified PVC decreases the tensile strength. Modulus increases in 
case of addition of 20% FA to 10%IM but remains almost constant on addition 
of 20% FA to 20IM. Similar trend is observed on addition of 40% and 60% FA to 
10% and 20% IM. Bearing strength increases on addition of FA to 10% and 20% 
IM. This result is in accordance with the results for Young’s modulus. There is 
no significant difference in maximum bearing strength on addition of FA to 10% 
and 20% IM.  
 

Table 2. Tensile, pin bearing and impact results. 

Group 
Formulation 

Code 
Moisture 

Absorption 
Void 

Content 

Ultimate 
Breaking 
Strength 

Young’s 
Modulus 

Bearing Strength 
at 4% Hole  

Deformation 

Maximum 
Bearing 
Strength 

Impact 
Strength 

Type of Failure 

  % % MPa MPa MPa MPa J/m  

 PVC 0.11 2.75 38 2820 14 76 31.3 Bearing to shear out 

A 20 FA 0.04 1.11 33 3547 11 84 44.6 Cleavage 

 40 FA 0.26 1.97 27 3622 17 63 33.3 Cleavage 

 60 FA 0.26 2.67 23 3715 18 63 34.1 Cleavage 

B 10 IM 0.03 0.22 28 1536 7 57 95.9 Bearing to shear out 

 20 IM 0.6 0.38 15 1045 5 52 55.9 Cleavage 

C 20FA + 10 IM 0.25 0.68 18 1903 11 62 59 Shear out to cleavage 

 20 FA + 20 IM 0.27 0.83 9 1032 6 43 40.4 cleavage 

D 40 FA +10 IM 0.12 0.47 14 1458 10 58 50.1 Shear out to cleavage 

 40 FA + 20 IM 0.29 1.08 13 1051 10 51 82.3 Shear out to cleavage 

E 60 FA + 10 IM 0.23 0.37 12 1938 13 53 38.4 cleavage 

 60 FA + 20 IM 0.30 1.24 9 1131 8 31 77.4 Shear out to cleavage 

https://doi.org/10.4236/jmmce.2019.71003


P. S. Joshi, D. S. Marathe 
 

 

DOI: 10.4236/jmmce.2019.71003 40 J. Minerals and Materials Characterization and Engineering 
 

 
Figure 2. Tensile strength for composites containing 20 FA, 40 FA, 60 FA, 10 IM and 20 IM. 
 

 
Figure 3. Pin bearing strength at 4% pin hole deformation for 20 FA, 40 FA, 60 FA, 10 
IM and 20 IM. 
 

 
Figure 4. Tensile strength for composites containing 10 IM + 20 FA, 10 IM + 40 FA, 10 
IM + 60 FA, 20 IM + 20 FA, 20 IM + 40 FA, and 20 IM + 60 FA. 
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Figure 5. Pin bearing strength at 4% pin hole deformation 10 IM + 20 FA, 10 IM + 40 
FA, 10 IM + 60 FA, 20 IM + 20 FA, 20 IM + 40 FA, and 20 IM + 60 FA. 
 

Mode of failure for pin bearing tests depends on the geometry and inherent 
material properties [28] [31]. The geometry for all the samples for the experi-
mental work in consideration has not been varied. Therefore, the type of failure 
is only dependent on the inherent material property. Failure may start with any 
mode but finally leads to ultimate failure by tensile mode. Pure tensile mode of 
failure is an indication of brittleness due to filler and pure bearing failure is an 
indication of elastic nature due to impact modifier. Cleavage failure is indicator 
of orthotropic nature of material due to the possible filler orientation in the ex-
trusion direction. In short, Material becomes more orthotropic in nature leading 
to predominantly cleavage failure. 

PVC shows bearing to shear out failure (Figure 6(a)). As there is no filler 
present in this formulation, there is no chain stiffening and the chains can take 
up all possible configurations. The tensile modulus of PVC is low. Due to this 
there is greater deformation of the pin hole before complete failure. 

With addition of FA, the mode of failure changes from bearing failure ob-
served in PVC to cleavage failure (Figure 6(b)). On further addition of FA, there 
is an increase in the bearing strength. Maximum strength is found to increase on 
addition of 20% FA due to reduction is void content. However, void content in-
creases with further addition of FA and strength decreases (Table 2, Group A). 
With addition of IM to PVC, there is a decrease in the bearing and maximum 
strength and at low content of IM failure is bearing to shear out like PVC but 
with higher impact modifier the failure mode becomes cleavage indicating or-
thotropy (Table 2, Group B; Figure 6(c)). 

Addition of IM to composites containing PVC and FA, mode of failure is 
cleavage or shear out to cleavage. This is an indication of elasticity due to IM as 
well as orthotropy in the direction of extrusion.  
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(a)                           (b)                      (c) 

Figure 6. Bearing failures (a) PVC—Bearing to shear out failure; (b) 20 FA + 20 
IM—Cleavage failure; (c) 20 IM + 40 FA—Shear out to cleavage.  

3.2. Impact Strength 

The impact strength of 20 FA is more than that of the PVC. This is because FA 
with its lower particle size occupies the interstitials between PVC particles. This 
leads to decrease in void content, which results in increase in impact strength. 
On further addition of FA there is insufficient wetting of FA by PVC. This leads 
to increase in void content and therefore impact strength remains almost con-
stant on further addition of FA (Table 2, Group A). 

For 10 IM, there is a significant increase in impact strength compared to PVC 
which is in accordance with Impact Modification theory. In fact highest impact 
strength is seen here (Table 2, Group B). Further addition of IM i.e. 20%, sub-
stantial decrease in impact strength is observed which can be attributed to poor 
dispersion of IM (Table 2, Group B). Addition of 10% IM to 20 FA increases the 
impact strength initially. This is in accordance with the impact modification 
theory. There is a decrease in void content on addition of IM, which also con-
tributes to increase in impact strength. On 20% addition of IM, decrease in the 
impact strength is observed, which can be attributed to poor dispersion of IM 
(Table 2, Group C). The impact strength of 40 FA + 10 IM is more than 40 FA. 
There is decrease in void content on addition of IM, which also contributes to 
increase in impact strength. Further increase in impact strength is observed for 
40 FA + 20 IM (Table 2, Groups A and D) Compared to 60 FA, increase in im-
pact strength is observed for 60 FA + 10 IM. This is in accordance with the im-
pact modification theory. There is a decrease in void content on addition of IM, 
which also contributes to increase in impact strength. Following the same logic 
still higher impact strength is observed in 60 FA + 20 IM (Table 2, Group E). 
From this we can conclude that up to certain % IM is properly dispersed in ma-
trix which helps in increasing impact strength beyond optimum amount of IM, 
there is poor dispersion of the IM leading to lowering of the impact strength. 

3.3. Scanning Electron Microscopy and Infrared Spectroscopy 

Results of Scanning Electron Micrograph (SEM) support those of the mechanical 
properties mentioned above. SEM shows that the impact modifier forms a 
co-continuous phase at 10% IM in PVC (Figure 7(a)). This result is in agree-
ment with increase in impact strength and decrease in tensile and pin bearing 
strength. SEM of PVC and 20% FA shows FA finely dispersed (Figure 7(b)).  
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(a) 

 
(b) 

 
(c) 

Figure 7. SEM for (a) 10 IM; (b) 20 FA; (c) 10 IM + 20 FA. 
 
This results in decrease in void content and increase in maximum bearing 
strength and impact strength. In general for the combination of FA and IM, at 
higher loading dispersion is poor (Figure 7(c)). 
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Except broadening of peak at 1750 cm−1 indicative of interaction between or-
ganic matter in FA and formulated PVC, no major interaction between the con-
stituents was found from infrared spectroscopy [31]. 

3.4. Moisture Absorption and Void Content 

The small particulate size of the FA is mainly responsible for reducing void con-
tent of the composite initially and the void content of the composite increases 
with further increase in the FA percentage. The percentage of the FA up to which 
reduction in void content of the composite is possible is function of weight per-
centages of PVC and varies from one formulation composition to other. FA has 
lower particle size than PVC and therefore higher surface area. On addition of 
20% FA, the FA occupies the interstices. Addition of 20% FA reduces void con-
tent therefore reduces moisture uptake. On further addition of FA, wettability 
decreases due to higher surface area of FA compared to PVC and hence void 
content increases which will further increase the moisture absorption (Table 2, 
Group A). 

The IM also helps to reduce the void content of the composite. Addition of IM 
required higher energy of processing. Higher energy increases the viscous heat 
dissipation. Hence processing temperature is required to be kept low. This in 
turn means that the extrusion takes place at higher die head pressure. Higher die 
head or higher compaction force leads to reduction in void content. All acrylic 
IMs consist of hard shell of poly methyl methacrylate (PMMA) enclosing butyl 
acrylate. PMMA contains C=O group which increases the hygroscopic nature of 
composites. At 10% of IM, void content observed is less. Therefore, despite pres-
ence of IM, moisture/water absorption observed is less. But as IM % increases 
the effect of IM becomes more pronounced and the % moisture absorptions in-
creases (Table 2, Group B). As % of IM in each group increases, % moisture ab-
sorption increases. Addition of IM to the composites containing PVC and FA, 
increases void content with increase in % of IM (Table 2, Groups C, D and E). 

4. Conclusion 

Tensile and bearing properties drop due to addition of impact modifier and fly 
ash. However, optimum combination of proportions can be worked out. With-
out compromising much on impact strength, fly ash alone can be effective. 
Without compromising much on tensile and bearing properties, impact modifier 
alone can be effectively used. However, when fly ash and impact modifier are 
both added in combination, drastic reduction in tensile properties is seen (Table 
2, Groups C, D and E). Mode of failure is found to change depending on the 
composition and weight % of constituent. Pin bearing properties reduce in pro-
portion to loading of total of fly ash and impact modifier. The results indicate a 
significant effect of void content which is mainly due to dispersion and die head 
pressure during processing. It is, therefore, essential to study further the effect of 
particle size of FA and die head pressure during processing. 
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Abstract 

The present paper attempts to consider and explore the portrayal of alter ego in Ellen Hopkins’s well known 

American novel, Identical, published in 2008. It is famous among the teenage and young adult audience. Ellen Hopkins 

presents the teenage struggle with mental illness, drug addiction, prostitution and their fight against the exploitation. The 

present novel is the best example of exploration of the term ‘Alter Ego’ in the light of psychological disorders like 

Dissociative Identity Disorder.  
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In psychology, the term alter ego is used to refer a 

second self, which is a distinct from person’s core or 

original personality. A person with alter ego may 

lead a dual life. The term alter ego is firstly used by 

the Roman scholar, Cicero, in first century. Later on, 

in the nineteenth century, it is used to explore the 

different behaviour of any person in particular 

circumstances. Behaviour of core personality and his 

alter ego may be opposite to each other or it will be 

different from each other. The notion of alter ego is 

used in the literary analysis of various works, to 

show dual and opposite personalities of one person. 

In Robert Stevenson’s thriller, Strange Case of Dr. 

Jekyll and Mr. Hyde (1886), the character of Dr. 

Jekyll and Edward Hyde are the alter egos of each 

other. They represent good and evil natures, which 

exist within an individual. In the context of 

dissociative identity disorder, certain people develop 

an alternate personality, which have distinct 

temperaments or characteristics, it also roles as 

confident of the core person.  

I 

Identical is an account of downfall of a 

middle class American family. Kaeleigh is the 

central character. Due to her parents’ abuse and 

neglect, depression and anxiety, she gets dissociated 

at extreme level and splits into other personality. She 

splits into the personality of her twin sister, Raeanne, 

who was dead in the car accident. Ellen Hopkins 

presents the chapters in the novel with the name of 

Kaeleigh and her alter personality, Raeanne in their 

alternative point of view. As Ellen Hopkins is 

famous for her writing in free verse, she uses the 

same technique to describe the present novel. Like 

the experimental novels, she uses various sadistic 

images of broken hearts, liquor bottles with the 

significance of the relevant episodes and incidents in 

the novel.  

The setting of the novel is in the California. 

The novel starts with the appearance of broken 

family with lots of troubles and top secrets. The 

episode of car accident in the past is one of the major 

events, which results in the tragedy of the whole 

family. As Raeanne dies in the accident and Kaeleigh 

gets dissociated and develops her alter ego. Both of 

the personalities (Kaeleigh and Raeanne) express 

their point of view regarding the events in the novel. 

The behaviour of their parents is the reason to the 

dissociation and split personality of Kaeleigh. Mr. 

Raymond, the father of Kaeleigh, is district court 

judge, who is deeply addicted to alcohol and fails to 

fulfil his moral responsibilities regarding his family. 

Kay, the mother of Kaeleigh, is a politician who 

mostly keeps travel due to her political work and 

stays away from home. Kaeleigh is the neglected girl 

who grows up without a proper nurture of her 

parents. The neglect, extreme and continuous sexual 

and physical abuse by own father push her in a dark 

reality of life. Kaeleigh’s parents have the immense 

involvement in the process of dissociation and 

development of dissociative identity disorder in 

Kaeleigh.  

Kay, Kaeleigh’s mother neglects the physical 

as well as emotional needs of her daughters and her 

husband. It results that, her twin daughters always 
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wait for her love and care where as her husband 

ultimately and unconsciously finds an alternate for 

his need of love and affection. Such kind of neglect 

by Kaeleigh’s mother is a typical of emotional and 

psychological abuse. As the cultural and medical 

anthropologist, Dr. Jill E. Korbin points out the 

nature of child abuse, in his book, Child Abuse and 

Neglect: Cross-Cultural Perspective. According to 

him, if parents become unsuccessful to perform their 

moral and prime duty (to fulfil basic emotional and 

physical needs of child) to their children, it may 

result in the mental disorder in their children. As 

various psychiatrists argue that the proper nurture 

plays an important role in the physical as well as 

mental and emotional development of a child, Ellen 

Hopkins gives the account of the family in which the 

husband and wife are not able to provide proper 

attention to their twin daughters. It results that there 

is no suitable attachment in them. Parents have 

provided her materialistic happiness but they forgot 

that love is more important to the happiness. Only 

materialistic provision for children is not sufficient. 

It is necessary that the parents should spare time for 

them and share their views and opinions with them. 

The above statement of Kaeleigh proves the lack of 

emotional attachment and affection of her parents 

towards her. At the end of the statement, she asks the 

question ironically that her life is not so bad. But in 

the reality she wants to convey that her life is thirsty 

for love and care of her parents.  

II 

The original personality of Kaeleigh creates 

split personality of Raeanne. Splitting is one of the 

major acts in dissociative identity disorder. Kathy 

Broady, a trauma therapist, gives details of splitting, 

as:  

Splitting is an amazing coping skill, once highly 

adaptive in traumatic situations and originally a life- 

and sanity- saving strategy, eventually causes great 

disturbances in a person’s life. Over the course of 

time, the depth of pain, the volume of emotionally 

laden memories and experiences, the constant 

conflict between too many opposing needs, the 

hidden loss of original self, and the chaos of having 

many separate selves all become too overwhelming 

to manage.  

(https://discussingdisociation.com/2008/12/0

8/understanding-dissociative-identity-

disorder-from-separated-splitting-to-safe-

solidity/) 

Kaeleigh subconsciously tries to cope up 

with the stress and the feelings of guilt due to the 

severe sexual abuse by her father. Since earlier she 

has been feeling the lack of emotional and physical 

intimacy. Regular sexual exploitation by her father 

and his appeal to keep this secret and the trauma of 

the death of her twin sister in a car accident, results 

in traumatic situation. She is unable to bear what is 

happening and hence her personality creates alter ego 

to escape from the reality. She is helpless and 

hopeless in the matter of her sexual abuse. It is much 

difficult for her to handle it; she also can not reveal it 

to anyone. Due to such usual suffering, she develops 

the feeling of guilt that she has taken the place of her 

mother in the life of her father. On the other hand, it 

creates the long lasting depression. 

Raeanne has different views on the same 

problem of sexual abuse by her father. As per 

Raeanne’s point of view, her father gives all kind of 

love and affection to only Kaeleigh. He spends his 

nights with her, he shares his bed with her; but he 

ignores Raeanne. In the reality, Mr. Raymond spends 

his nights with Kaeleigh as he loves her like his wife 

and develops sexual relations with her. 

Automatically he develops a sort of relation with 

Kaeleigh. When Kaeleigh is altered in the character 

of Raeanne, she expects same kind of affection and 

sex from her father. She considers wrong opinion, 

that sex is the only base of the emotional attachment. 

As her father has the sexual relations with Kaeleigh, 

Raeanne hates Kaeleigh and always seeks to fulfil 

her emotional needs in the form of sexual relations to 

others. No doubt, Kaeleigh and Raeanne share one 

body alternately but have opposite perspectives about 

the sexual abuse by their father. The personality of 

Kaeleigh is very much afraid, nervous and feels 

guilty for her sexual abuse by her father whereas 

Raeanne feels the lack of her father’s attachment to 

her and wants to develop sexual relations with him as 

a way to sentimental attachment to him. To cope up 

the stress, Raeanne develops her sexual relations 

with her friends. She feels meaningless and hopeless, 

as her father does not give much attention to her.  

She does not get parental love from her father, so she 

thinks that if father is sexually attracted, at least he 

will consider her.  Raeanne’s sexual behaviour is 
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closely associated with Sigmund Freud’s views on 

sexual development of human being. According to 

him, various conflicts that occur at different 

developmental stages create psycho-sexual impact on 

an individual. It is the outcome of improper 

emotional development. Raeanne’s sexual deeds are 

the products of unconscious forces exist within her 

mind. 

 The character of Kaeleighand Raeanne 

alternately control the same body at different times. 

At home, in the company of her father, the 

personality of Kaeleigh controls the body, which is 

coward, helpless and lacks the self-esteem. Whereas 

the personality of Raeanne which is more confident, 

fearless and bold controls the body outside the house 

in the company of her friends with whom she is 

sexually engaged. In reality, Raeanne is dead in a car 

accident. It is Kaeleigh who, unconsciously creates 

alter personality of Raeanne due to abuse and 

depression. Raeanne lives in the mind of Kaeleigh 

and appears as a secondary personality with her own 

point of view and consciousness. As alter plays 

various roles and as per the role play psychiatrists 

classify alters in various types. An alternate 

personality of Raeanne is a Dead Alter. Kaeleigh 

sees car accident in which her twin sister is dead. 

This memory is stored in her subconscious mind. 

Hence, she develops a dead alter (Raeanne) to 

restrain the experience.  

 Original personality and Host personality are 

two primary kinds of the personality. A person with 

dissociative identity disorder includes original and 

host personality in him or herself. In the case of 

Kaeleigh and Raeanne, the personality of Kaeleigh is 

the original personality which is also called as birth 

personality as Kaeleigh appears since her birth 

(before the creation of multiplicity). Since the death 

of Raeanne in the car accident, the original 

personality of Kaeleigh has created two alternate 

host personalities (Kaeleigh and Raeanne) which 

alternately control the body. Whenever the 

personality of Kaeleigh controls the body, it becomes 

host personality and whenever Raeanne controls, it 

becomes host of the body.  

III 

The portrayal of Kaeleigh is depicted as 

weak, nervous and anxious, as she becomes the 

victim of the exploitation, lack of love and care. On 

the other hand, the personality of Raeanne is 

depicted stronger than Kaeleigh. Kaeleigh develops 

the personality of Raeanne in herself subconsciously 

to fulfil her unconscious desires. She wants to 

behave freely as her mentality is dominated by the 

abusive treatment given by the father. Under the 

control of Raeanne’s alter; she behaves strong, 

careless and brave girl; who, for the sake of drugs 

and affection, shares herself sexually with her 

friends. Though, she lacks the intimacy and affection 

by her parents, she fulfils her suppressed desires by 

developing the physical relationship with her friends. 

As Raeanne is an alter ego of Kaeleigh, they contain 

different nature of each other. The major difference 

is that, Kaeleigh wants to free from sexual abuse of 

her father and Raeanne wants to fulfil her lack of 

affection by developing the sexual relations with 

friends. Both of them try to fulfil their suppressed 

wishes.  

The present novel can be analysed under the 

light of certain theories related to the psychology and 

sociology. Pierre Janet, the famous French 

philosopher and psychiatrist, presents the theory of 

dissociation, in which he tries to define various 

causes of ‘dissociation’. According to him, 

dissociation is the process which allows a person 

with mental disorder to convert their perception and 

awareness in a way that they may detach from the 

pressure or stress they have. In accordance to this 

theory, Kaeleigh’s dissociation allows her to change 

her mind set. Due to the dissociation, she creates 

alternate personality, which has completely different 

attitude regarding the traumatic condition of 

Kaeleigh. As Raeanne is alternate personality, she is 

detached from the stress and sexual abuse which 

Kaeleigh has. Regarding the sexual relationship, both 

personalities have different opinions.  

Kaeleigh’s parental detachment is one of the 

traumatic conditions, which results in her 

dissociation and development of her dissociative 

identity disorder. It is very much related to theory of 

betrayal trauma, presented by an American 

psychiatrist, Jennifer Freyd. It is about the 

attachment of child towards his/her parents. 

According to Jennifer Freyd, if the parents or 

caretaker abuse the child, then the emotional needs of 

the child will be demolished and it will create the 

conflict in the mind of child regarding the traumatic 
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situation, which is initiated by parents. Child always 

depends on parents for emotional needs; if parents 

themselves abuses child, it will be their betrayal 

against their moral duty. In the context of Kaeleigh 

her father and mother both abuse her in different 

ways, which results in the terrible distress of 

Kaeleigh.  

Post-traumatic stress disorder (PTSD) is one 

of the absolute results of dissociative identity 

disorder. Along with the creation of multiplicity in 

personality it includes nightmares, flashback 

episodes and frightening thoughts. The personality of 

Kaeleigh shows the indications of PTSD in her 

behaviour due to certain uncontrollable 

bloodcurdling reflection. Jan Van Dijk, the eminent 

behavioural scientist, in his book, The Basics of 

Personality Disorder, gives the causes of post-

traumatic stress disorder. According to him, rape, 

sexual assault or torture, severe abuse, serious 

accidents (vehicle accidents) and natural disasters are 

the prime causes of it. According to different 

psychologists and psychiatrics, people with anti-

social personality are the oblique source of the 

creation of much stressful phenomenon in the life of 

victim of dissociative identity disorder. In this 

regard, Michael Gelder, Paul Harrison and Philip 

Cowen in their Shorter Oxford Textbook of 

Psychiatry explain the anti-social nature of people. 

Kaeleigh’s lack of parental love in her early years 

and Ty’s shameful and disgraceful treatment given to 

Raeanne are some of the examples of anti-social or 

psychopathic personality.  

IV 

The author focuses the importance of family 

institution for the proper development of the 

children. The above optimism of Kaeleigh is much 

significant in a way that it reveals her unconscious 

repressed needs of emotional bondage with parents 

in her childhood. In the novel, first time she seems to 

be hopeful and positive towards her life. In the very 

last chapter: And I’ll Be Watching the personality of 

Raeanne reveals her support to Kaeleigh with the 

bond of care in themselves. The novel ends with her 

following comment which has the huge significance. 

As a stronger and caretaking person, Raeanne wants 

to maintain herself, inside the personality of 

Kaeleigh. Ellen Hopkins ends her novel in a very 

optimistic and remarkable tone. Indirectly, she gives 

the message that unusual psychological problem can 

be cured by parental love, care and proper behaviour 

of people around the victims.   

 Ellen Hopkins delivers various possible 

phenomena of demolition of family institution, 

which may result in the tragedy of family members. 

As she has presented the alter personalities of twin 

sisters who are nothing but the victims of demolition 

of family. She deliberately focuses the strong 

tensions and problems raised within the middle class 

American families. The destruction of family 

institution becomes the major reason for the 

psychological devastation of generation. On the other 

hand various kinds of psychological disorders 

enclose them under the fractured state of mentality. 

Ellen Hopkins’s present novel, Identical, is the fine 

example of moral, psychological and sexual 

destruction of the generation along with the post-

modern corrupt ethical values in human life. She 

gives the account of two generations to illustrate her 

subject of sex, abuse of alcohol and drugs, child 

pornography, prostitution, pre-marital sex and other 

troubles in the teenage and adult age in human life. 

She significantly tries to present the profound 

connection between various states of human 

psychology and the situation in which they face 

throughout their life. She also endeavours to confirm 

that healthy psychological development of any 

human being is fundamentally associated with the 

treatment he/she gets from their parents and society. 
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