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Abstract 

The writing on calixarene has been extensively looked into. A Elevation in the synthesis and 

functionalization of calixarene is introduced. Different utilizations of calixarene as fluorescent 

sensors and nanocatalyst are secured. The aim and scope of the current work is additionally 

talked about. 

3



4 

INDEX

Sr.No. Contents Pg.No.

1. Introduction of Supramolecular Chemistry 6

2. Chemistry of Calixarenes 12

3. Chemistry of Calix(4)pyrrole (CP) and Thiacalixarenes (TCA) 13

3.1. Synthesis of Thiacalixarenes (TCA)

3.2. Conformers of TCA

4. Functionalization of TCA 20

4.1. Lower rim Functionalization

4.2. Functionalization of TCA at Upper rim

4.3. Functionalization of Sulfide bridge

5. Application of TCA 39

6. References 55

4



5 

Abbreviation

C[4]A Calix[4]arene

TC[4]A Thiacalix[4]arene
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UV Ultra-Violet

mp Melting point

nm Nanometer

ml Milliliter

Fig Figure
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1. INTRODUCTION OF SUPRAMOLECULAR CHEMISTRY

This kind of Chemistry has outperformed basic particles and built up its power over non-covalent 

interaction [1]. It has built up another measurement, whose objective is to pick up predominance 

over the intermolecular bond. The intricacy (complexity) has expanded past atoms and towards 

super-molecules and sorted out poly-molecular arrangement in chemistry [2]. 

Supramolecular chemistry is an exceptionally interdisciplinary field of science that covers the 

physical, chemical and biological highlights of concoction types of more noteworthy intricacy 

than particles themselves that are held together and composed by methods for intermolecular 

(non-covalent) restricting communications. This moderately youthful research region has been 

characterized, conceptualized, and organized into a rational framework. Supramolecular 

chemistry is quickly expanding at the boundary of chemical science involving physical and 

biological events. There has been an excellent development in supramolecular science that has 

pulled in the consideration of numerous researchers from different fields, for example, chemical 

and biological science [3]. There have been noteworthy evolution in supramolecular components 

during the last decade in various fields such as, catalysis, molecular folding, molecular 

recognition, self-assembly and nano-medicine etc. With such extensive applications researcher 

recognize that supramolecules are the chemical building blocks of the future. Supramolecular 

structures are not only additive but also outcome of co-operative interactions, with hydrogen 

bonding, hydrophobic interaction and co-ordination and their properties are frequently better 

than some of properties of each individual block.  
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Supramolecular chemistry is as yet a youthful field, implying that it tends to be somewhat hard 

to characterize precisely what it envelops – in fact it is a field that has grown quickly because of 

commitments from an assortment of related fields. Thusly, the subject should be handled from 

different perspectives. In this book, supramolecular science is grouped into three classes: (I) the 

science related with an atom perceiving an accomplice particle (sub-atomic acknowledgment 

science); (ii) the science of atoms worked to explicit shapes; (iii) the science of sub-atomic get 

together from various particles. This order is profoundly identified with the size of the objective 

sub-atomic framework. Sub-atomic acknowledgment (Molecular recognition) science for the 

most part manages the smallest supramolecular frameworks (systems), furthermore, incorporates 

collaborations between only a couple particles. In contrast, the chemistry of atomic gatherings 

can incorporate sub-atomic frameworks made from countless quantities of molecules. [4]

A supramolecular assembly possesses amazing structural flexibility and illustrates the binding or 

a complexation event that takes place between a host and a guest. Supramolecular chemistry 

includes various types of molecular receptors such as crown ethers, cryptands, spherands, 

porphyrins, and calixarenes. Supramolecules can be classified by their generation of time scale 
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as (a) first generation (cyclodextrins) (b) second generation (crown ethers) and (c) third 

generation (calix[n]arenes). From the different type of supramolecular receptors calixarenes have 

created raise interest in both applied and fundamental chemistry [5].  
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Figure-1 Generation of supra molecules

The non-covalent interactions supporting the two and three-dimensional structure are key 

challenge as well as very significant in chemical and biological sciences. Supramolecular 

chemistry “chemistry beyond a molecule” provides one such platform to study the non-covalent 

interactions of systems, the chemistry of system where molecules are able to self-organize, self-

assemble, and self-control into systems. Supramolecular Chemistry has grown significantly in a 

broad range of fields of research and has been employed in many multidisciplinary applications 

such as biology, physics, engineering, medicine and chemistry. Over last few years significant 
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developments in the areas of supramolecular chemistry took place including molecular devices, 

molecular recognition, catalysis, self-organization, ensembles and nanochemistry. Among these, 

molecular recognition chemistry aims at the design and synthesis of molecular receptors which 

are useful to understand and mimic nature’s specific interactions towards various guest 

molecules by non-covalent interactions. For a molecular receptor to be an effective host, 

molecular scaffold should be easily synthesized undergoing chemical modification with designed 

recognition behavior.  

In addition, there are some phenomena which belong to Supramolecular Chemistry which can 

be classified into two major categories as below (i) Molecular recognition in solution (lock and 

key), which generally deals with the smallest supramolecular systems. It is based on the design 

and the preorganization of supramolecules as well as implementing information storage and 

processing. Therefore, results in suitable structural and chemical features able to form a selective 

and strong binding of a guest (molecule or ion) with a host molecule (receptor).  

(ii) Organized self-assembly which is a process resulting from the association of two or more 

components through selection to form divers and suitable structures (membranes, liquid crystals) 

.

Third generation supramolecule receptor Calixarenes given by C. D. Gutsche in 1978 is a class 

of cyclic phenolic compound derived from Greek word, ‘calix’ meaning vase or cone shaped 

conformation Calixarenes with various cavity sizes have been designed in which each of having 

conformational isomers as well as modified phenolic hydroxyl groups. These structural 

characteristics allow us to create various structural modifications leading to modified calixarene 

derivatives. When organic moiety attached is pyrrole, furan, pyridine etc. they are known as 

Hetero-calixarenes. These hetero-calixarenes possess unique supramolecular characteristics 
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with interesting chemical and physicochemical properties as well as wide applications. 

Calix[4]pyrrole belongs to the family of hetero-calixarene macrocycles, which phenolic units are 

replaced with four pyrrole units instead of. 

Cram introduced to the term ‘host–guest’ in 1970.Solid state host–guest chemistry is a subclass 

of Supramolecular Chemistry where host molecule accommodates small guest molecule via non-

covalent interaction. Binding sites of host components converge in the complex while binding 

sites of the guest component i.e. molecule or ion diverge in complex. 

Main focuses in the host-guest chemistry is on the development of synthetic host that binds with 

a guest as target species via non-covalent interaction as well as the molecular recognition 

between a synthetic receptor and its substrate leading to the ‘host-guest’ complex or 

supramolecule called as "a target species complex”

Host-Guest complexation

4. Different techniques for synthesis of calix

Calix can be synthesized mainly using four techniques: 

4.1 One-pot [1+1+1+1] condensation  
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4.2 [2+2] Condensation  

4.3 [3+1] Condensation  

4.4 State of the art approach

Among these, one-pot approach is most popular for preparing simple calix[4]pyrrole. 

4.1 one-pot [1+1+1+1] condensation 

Condensation of pyrrole(s) and ketone(s) in 1:1 ratio in the presence of an acid catalyst is known 

as one-pot synthesis of calix[4]pyrrole. Hydrochloric acid, methane sulfonic acid, trifluoroacetic 

acid, and boron trifluoride diethyletherate act as acid catalyst in one pot synthesis. Methanol, 

ethanol, acetonitrile, and dichloromethane can be used as solvent, but in some reactions ketones 

itself used act as both reactant as well as solvent for condensation with pyrrole. One-pot 

condensation can be categorized into two types on basis of pyrroles or ketones are used in the 

reaction i.e. a) homo-condensation and b) mixed condensation. 

4.2 [2+2] Condensation 

Acid-catalyzed condensation of two dipyrromethane units in a predictive step from pyrrole and a 

ketone, with two ketone units (normally different from those used in the synthesis of the 

dipyrromethanes) refers [2+2] Condensation. This [2+2] approach represents an important means 

of constructing a variety of calix[4]pyrrole macrocycles, which otherwise cannot be obtained by 

one-pot condensation.

4.3 [3+1] Condensation 
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[3+1] Condensation involves the reaction of a tripyrrane or its derivative with a pyrrole or its 

derivative in the presence of an acid catalyst. Due to the poor stability of most tripyrranes in the 

presence of an acid, the reaction products are generally obtained in low yield. Infact, no true 

calix[4]pyrroles have been synthesized using this method. 

4.4 State of art approach

Synthesis of calixpyrroles in high yield by an environmentally clean process is of topical interest 

so as to meet the increasing demand for reducing the pollution hazards caused by the usage of 

homogeneous acid catalysts. Heterogeneous catalytic synthesis is known to be one of the most 

effective ways to the selectivity of calixpyrroles with high yield and it has the potential to be 

scaled up at relatively low cost. The synthesis of calixpyrroles over mesoporous materials, such 

as MCM-type silica and alumina catalyst has highlighted the future application of these materials 

for the synthesis of macrocycles. The same author recently prepared porphyrins and calixpyrrole 

macrocycles using zeolite based molecular sieves catalyzed synthesis in liquid phase under 

microwave irradiation.

2. Chemistry of Calixarenes

Calixarenes are the third generation of this supramolecular host molecules and among with this 

three generation calixarenes are simple to synthesize & modified with comparison of crown 

ethers and cyclodextrins [26]. Calixarenes were grown later than crown ethers and cyclodextrins 

yet have still been extensively investigated. Calixarenes with different hole (cavity) sizes have 

been planned, every one of which has conformation isomers, and their phenolic hydroxyl groups 

are frequently changed. These primary qualities permit us to make calixarene subsidiaries with 

different structural alterations [4]. Calixarenes which are cyclic oligomers in structure composed 
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of phenolic (Ph-OH) units related with methylene group and clearly shown conformational 

properties and cavity that can accommodate different guest species. Calixarenes are synthesized 

by the base-catalyzed condensation reaction of p-alkylphenols and it can be modified by some 

functionalization of its upper and lower rime [27, 28]. calixarenes are in this manner known as 

macro cycles with unlimited prospects that are not contemplated other regular hosts [29].

utilizing these kinds of manufactured parts various calixarene-based receptor have been 

integrated and their capacities have been used in different manners, for example, in 

chromatography, sensory, and partition chemistry applications [5]. Further calixarenes are 

characterized in to two classes one is Heteracalixarenes and second is Heterocalixarenes; In (i) 

Heteracalixarenes, in which hetero atoms for example, N, S, and O replace the scaffold 

methylene group; and (ii) Heterocalixarenes, in which heterocyclic moiety , for example, Furan 

and Pyrroles replace the phenolic group [30]. 

3. Chemistry of Thiacalixarenes (TCA)

OHOH HO

S

OH
SS S

LOWER RIM

UPPER RIM

BRIDGING SULFUR

Figure-2 Functionalization of TCA
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In Heteracalixarenes, that are less talked about in the substance writing, the carbon linkages 

between aromatic units are supplanted by heteroatoms [31]. Thiacalixarenes are arranged as 

heteracalixarene elements since they contain sulfur atoms instead of the typical methylene 

gatherings [32, 33]. Thiacalix[4]arene (TCA) rose in 1997 as individuals from the 

heteracalixarene family and have since gotten extensive consideration from the supramolecular 

network [30]. Miyano et al. [34] revealed a further secondary class of calixarene family, the p-

tert-butylthiacalix[n]arenes (where, n = 4, 6, 8), in which all the methylene scaffolds of the 

calixarene were reliever by sulfide bonds. Thiacalixarenes have additionally been investigated as 

atomic stages for fascinating likely applications, for example, the consideration of an assortment 

of guest molecules, the acknowledgment (recognition) of metal particles, chiral 

acknowledgment, novel anion receptors and novel dendritic-shelled sub-atomic receptors [35].

Until 2006, different surveys [16] [36] [37] accentuated the amalgamation of upper-edge 

functionalization, conformational conduct considers and the elements of metal complexation on 

thiacalix[4]arenes, and numerous extra new perspectives identified with derivatization and 

application have not been investigated up to this point. Along these lines, we have completely 

explored the work on thiacalixarenes, focusing in fundamentally on new derivatives and 

functional groups with applications identified with new examination areas, for example, 

fluorescence, drug and biochemical applications.

In contrast with the basic qualities of the traditional calix[4]arene moiety, thiacalix[4]arene is 

progressively alluring because of the accompanying reasons; (1) the size of the ring of 

thiacalix[4]arene than that of calix[4]arene is 15% bigger due to the more drawn out bond length 

of carbon-sulfide bridge, when contrasted with Carbon–Carbon(c-c) [38] (2) the ring linkages 

affiliating sulfur(S) with the phenolic oxygen’s may act agreeably after restricting metal particles 
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(3) simple change in sulfide bridge by the oxidation to form a sulfoxide and sulfone derivatives 

can change the properties of cavity  form by the  structures of calix benzene rings. 

3.1 Synthesis of Thiacalixarene (TCA)

Straightforwardness in the procedures of thiacalixarene has encouraged availability to gram-scale 

amounts of these compounds thiacalix[4]arenes are popular due to their changed cavity sizes and 

extra  binding sites  that gave by the nearness of sulfur molecules. Adequate techniques are being 

created for the derivatization of thiacalixarenes, in which the conformational results become 

significant.

General method

Thiacalixarenes 1 (n = 4,6,8) are cyclic oligomers gotten under Basic conditions from p-tert-

butylphenol and natural sulfur (S8), i.e., for the substitution of the methylene scaffold in 

traditional calixarene by sulfur(S) molecules (Scheme 1).

OH

+ n/4 S8
NaOH

n

OH

S

n

+ nH2S

n = 4,6,8

Scheme-1 General synthesis method of TCA 
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3.1.1 Single-step method

In 1997, Kumagai et al. [30] revealed single-step method for the amalgamation of TCA by 

continuously warming a blended mixture of p-tert-butylphenol (64.5 g, 0.43 mol), elemental 

sulfur powder (S8) (27.5g, 0.86mol) and sodium hydroxide (NaOH) pellets in  tetra-ethylene 

glycol dimethyl ether (tetraglyme) as solvent below nitrogen condition to 230°C temp. Over a 

time of four hours and afterward keeping up this temp. For an extra three hours with concurrent 

expulsion of the developing hydrogen sulfide (H2S) by a moderate flow of nitrogen gas. The 

yield was 54%. Different salt metal hydroxides along with CsOH, NaOH, KOH, and LiOH were 

inspected as the impetus in the response, among which NaOH gave the best outcome as far as the 

yield of (1) tert-butylated TCA. This may propose that the sodium cation goes about as a layout 

for the development of the thiacalix[4]arene (1). Lahotak et al. [39] determined another 

thiacalix[4]arene, called 4,11,17,23-tetraphenyl thiacalix[4]arene (2), utilizing biphenyl-4-ol with 

sulfur powder (Scheme 2). 

OH

R

OH-

S8

OHOH HO

R

S

R
R R

OH

SS
S

1.R=But

2.R=Phenyl

Scheme-2 Single-step synthesis method of TCA
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3.1.2 Two-step method

Sotaro et al. proposed a helpful two-step system [40] in which a sulfur-bridges over straight 

dimer of p-tert-butylphenol is arranged first and utilized as the beginning material for cyclo-

condensation with sulfur to incredibly improve the yield of TCA (83%). The beginning dimer (3) 

was acquired in acceptable yield (75%) by treating p-tert-butylphenol with SCl2 in dry CHCl3.

The base-catalyzed response was practiced with the beginning direct dimer (3) and sulfur in 

diphenyl ether utilizing NaOH as the base in a round-bottomed flask furnished with an attractive 

mix bar. After slow warming of the reactants in a proportion of 1:2:1, separately, to 130 °C Over 

a time of 2h, then to 170°C for 2 h lastly to 236°C for 3 h, the response blend was portrayed by 

HPLC to contain a perplexing blend of numerous oligomers of p-tert-butylphenol connected by 

sulfur, among which were the cyclic oligomers, TC[n]A including n=4,6, and 8 (Scheme 3). 

OH

OHHO HO

S

OH

SS
S

SCl2

OH OH

S

S8 NaOH

Ph2O
,

Scheme-3 Two-step synthesis method of TCA

3.1.3 Three-Step method
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Sone et al. [41] announced the principal combination of this class of heterocycles in 1993 [42]

by means of a stepwise procedure. Analogs of p-tert-butylcalix[4]arene contained sulfide bridge 

in the spot of the methylene linkages. Be that as it may, p-tert-butylthiacalix[4]arene was gotten 

in poor yield by cyclization of a straight tetramer [43] with sulfur dichloride (SCl2) (Scheme 4).

OH

SCl2

OH OH
S

OH OH
S

OH OH
SS

SCl2

OHOH HO

S

OH
SS

S

SCl2

Scheme-4 Three-step synthesis method of TCA

3.2 Conformers of TCA 

The thiacalix[n]arene platform as customary calix[n]arene has two edges. The phenolic groups 

(Ph-OH) containing restricted edge is also known as the 'lower rim', while para-substituents of 

platform is more extensive segment is known as the 'upper rim'. The four potential adaptations 

displayed by thiacalix[4]arenes "cone", "partial cone", "1,2-alternate" , "1,3-alternate" as 

appeared into figure-3 are conceivable from the direction of the phenolic units concerning one 

another. E. Graf et al. [38] reported the first X-beam structure of tetra-thiacalix[4]arene and 

confirmed that TCA adopted a cone conformation with actual C4 symmetry establish by means 

of a cyclic layout of hydrogen bonding consist of four phenolic units. This X-ray analysis gives 

information about bond length between bridging group and aromatic residues is 15% more large 
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than corresponding calix[4]arene is indicating the larger cavity of thiacalix[4]arene as compare 

to traditional calix[4]arene [32]. 

OHOH HO

S

OH

SS
S

S

OH

OH

OH

S
S

OH

S

                       Cone                                partial cone 

OH

S

S

OH
OH

OH

S
S

S

OHOH

OHOH

S SS

                1,2 alternate                 1,3 alternate 

Figure-3 Conformers of TCA 
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4. Functionalization of TCA

4.1 Lower rim functionalization

For the modification of thiacalixarenes there are wide range of variety in the methods have been 

reported here to before. For the functionalization of lower rim important method is ‘modification 

of hydroxyl’s groups (phenolic hydroxyl groups). Hydroxyl groups are dynamic species and can 

experience responses with various reagents. With an abundant number of different ether and 

ester groups thiacalixarenes have been substituted. Different conformers can be discriminated 

because of incompatible groups are sufficient to prevent interconversion. Normally two types 

modification in reaction method of thiacalixarenes are undergoes (1) alkylation and (2) 

esterification.

OHOH HO

S

OH

SS
S

OH OH

R2
R3

R4R1
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4.1.1 Alkylation  

The alkylation with simple halo-alkanes and ethyl bromo-acetate of thiacalix[4]arenes are occurs 

in presence of various metal carbonates (M2CO3, where M= K+ ,Na+ ,Cs+) give various products 

with different conformations like cone, partial-cone, 1,2alternate,1,3alternate [16]. With the halo-

alkanes (RX; X=I, Br; R=C2H5, Me, nPr and nBu) alkylation of thiacalix[4]arenes gives 

production like tetra alkylated and partially alkylated product with the presence of  metal 

carbonates (M2CO3; M= K+, Na+, Cs+). Because of various metal template effect of M2CO3 (M= 

K+, Na+, Cs+) Conformer gradation of thiacalix[4]arenes is varied from traditional calix[4]arenes. 

4.1.1.1 Alkylation with propyl-iodide: Alkylation of classical calix[4]arene with the propyl 

iodide in the presence of K2CO3 (metal carbonate) in acetone gives partial cone conformation 

product as main product and 1,3 alternate conformation as side product in small amount. Now, if 

we change the base and solvent, we get different product conformations. Here, we take NaH

(sodium hydride) or KH (potassium hydride) in to DMF, we get cone conformation as main 

product with them. Now, as compare with product of alkylation of thiacalix[4]arenes with this 

classical calix[4]arenes product we get different conformations products from classical. The 

alkylated products of thiacalix[4] with propyl iodide presence K2CO3 gives 1a and 2a in the 1,3-

alternate conformation as main product (scheme1) [44]. Now, As we show in alkylation of 

classical calix[4]arenes give cone conformation product with changing of base from K2CO3  to 

NaH or KH in DMF but as for thiacalix[4]arene does not produce the requisite cone 

conformation. With the use of two step method of dialkylation-dialkylation in high yield of cone 

conformer of the tetra-alkylated result 1c of thiacalix[4]arene 2 has been prepared  (scheme 5) 

[45]. In any case, the two-advance alkylation didn't work for p-tert-butylthiacalix[4]arene, yet 
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prompted a blend of partial cone and 1,3-alternate conformers. This outcomes showed that the 

nearness of tert-butyl groups on the upper edge of thiacalix[4]arene essentially impacted the 

conformational result of the response. 

Scheme-5 Alkylation of TCA with propyl-iodide
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4.1.2 Acylation 

The acylation of thiacalix[4]arene(TCA) at lower rim is not find out as broadly as compare with 

alkylation of thiacalix[4]arene.

4.1.2.1 Acylation of TCA with benzoyl chloride: Acylation of thiacalix[4]arene with benzoyl 

chloride in  pyridine presence at 0oC is given di-benzoylated derivative(39% yield) (scheme 6) 

[46]. 
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Scheme-6 Acylation of TCA with benzoyl chloride.
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4.1.2.1 Acylation of TCA with acetyl Chloride (CH3COCl) or acetic anhydride (CH3CO)2O: 

Acylation of thiacalix[4]arene with acetyl chloride gives tetra-acetoxy derivatives with 

functional conduct of various conformation at room temperature (scheme 7) [47]. And upper-rim 

substitution is responsible for this different type of conformations. Now, acetylation of p-tert-

butylthiacalix[4]arene with acetyl chloride gives 1,3-alternate conformations 1e (43%) and 1,2-

alternate conformation 1g (38%) of tetra-acetoxy derivatives as main products. But in other case 

when unsubstituted thiacalix[4]arene 2 gives partial cone conformation 2f (70%) as main 

product. This type of concern between conformation selection and upper rim substitution is not 

establish in normal acylation of classical calixarenes and it gives static lower-rim of tetra-

acetoxy derivatives with compare to thiacalix[4]arenes [48]. 
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Scheme-7 Acylation of TCA with Acetyl Chloride. 
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Thiacalixarenes have been subbed with a tremendous number of various ester and ether

gatherings. At the point when the substituent bunches are sufficiently huge to forestall 

interconversion, distinctive conformers can be separated. The proportions of the conformers are 

subject to a wide scope of boundaries, for example, the temperature of the response, the idea of 

any base utilized, the size and steric imperatives of the alkyl gathering, and the idea of the 

leaving gatherings (Table 1). Different subsidiaries of thiacalix[4]arenes with lower-edge 

functionalization and their stereoisomers are momentarily recorded in the accompanying table.

Table 1

Sr.

No.

R1 R2 R3 R4 Conformers Ref.

1

N

O

N

O

N

O

N

O
1,3- 

Alternate
[49] 

2

N N

N O

O

NN

N O

O

1,3- 

Alternate
[50] 
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3

N N

N

NN

N

1,3- 

Alternate
[51] 

4

NH

O

NH

O

HN

O

HN

O

Cone [52]  

5

NH

N

N

H2C

CH2

NO2

CH2

CH2
O

CH3

NH

N

N

H2C

CH2

NO2

CH2

CH2
O

CH3

1,3- 

Alternate [53] 

6
H2C

N

N
N

NH

HO

O

H2C

N

N
N

NH

HO

O

H2C

N

N
N

NH

HO

O

H2C

N

N
N

NH

HO

O
Cone [54]  
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7

N N

N

CH2

O

O

O

N N

N

H2C

O

O

O

N N

N

CH2

O

O

O

N N

N

H2C

O

O

O

1,3- 

Alternate [55] 

8
CH2

NN

N

NH

O

H2N

CH2

NN

N

NH

O

H2N

CH2

NN

N

NH

O

H2N

CH2

NN

N

NH

O

H2N

Cone [54]

9
CH2

NN

N

NH

O

H

HO

CH2

NN

N

NH

O

H

HO

CH2

NN

N

NH

O

H

HO

CH2

NN

N

NH

O

H

HO

Cone [54]
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10
CH2

H2C

C

O

CH2

H3C

O
N

N

CH2

CH3

CH2

H2C

C

O

CH2

H3C

O
N

N

CH2

CH3

1,3- 

Alternate 
[56] 

11

NO O

CH2

N OO

H2C

NO O

CH2

N OO

H2C 1,3- 

Alternate, 

Cone 
[57] 

12

NO O

CH2

H H

NO O

CH2

Cone 
[57] 

13
CH2

NH2

H2C

NH2

CH2

NH2

H2C

NH2

1,3-

Alternate, 

Cone 
[57] 

14

NH

NH

H2C

O HN

HN

CH2

O NH

NH

H2C

O HN

HN

CH2

O

1,3- 

Alternate, 

Cone 

[57] 
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15

NO O

CH2 H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH3

NO O

CH2 H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH3

1,3- 

Alternate 
[57] 

16

NH

NH

H2C

O

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH3

HN

HN

CH2

O

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH3

1,3- 

Alternate 
[57] 

17 CH2

N

O OO O

OO

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH3

CH2

N

O OO O

OO

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH2

H2C

CH3

1,3- 

Alternate 
[57] 

18
CH2

S

H
CH2

S

H
Cone [58] 

19

O

CH2

S

H

O

CH2

S

H

Cone 
[58] 
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20
H2C

S

H
H2C

S

H

Cone [58] 

4.2 Functionalization of TCA at upper rim 

Functionalization at the upper rim of TCA have been done principally by means of two methods 

(1) Electrophilic aromatic substitution (SEAr) reaction at para-position of phenolic groups [36]

and (2) ipso-substitution by electrophilic group at tert-butyl groups.

OHOH HO

R
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R
R R

OH

SS
S

R
R

R
R
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4.2.1 Friedel-Crafts Dealkylation 

The friedel–Crafts dealkylation of the tert-butyl group at the upper position of rim is the initial 

step for the electrophilic aromatic substitution. p-tert-butylthiacalix[4]arene can be changed over 

in the completely de-tert-butylated product with 51% yield under reflux conditions utilizing 

phenol/AlCl3/toluene. as per the built up system in the traditional calixarene chemistry [38] with 

cone conformation as thiacalix[4]arene. Sometimes because of this tendency it gives different 

variety of results in particular on a large scale reactions. Kumagai et al. have improved this 

technique for large scale methods. In this process they take thiacalix[4]arene with 10.5 equiv. of 

aluminium chloride (AlCl3) at 80 0C with phenol and it gives 80% yield [59]. Now, for the regio-

selective partial dealkylation of thiacalix[4]arene was occurs using 7.1 equiv. of aluminium 

chloride (AlCl3) at lower reaction time for the production of mono-, di-, and tri (p-tert-

butyl)thiacalix[4]arene with 7%, 20%, and 21% yields [59]. fractional de-tert-butylated 

thiacalix[4]arenes embrace the cone conformation in arrangement and in the solid state like p-

tertbutylthiacalix[4]arene [60]. 
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Scheme-8 De-tert-butylated structures of TCA

4.2.2 Bromination of TCA 

Tert-butyl thiacalix[4]arene (TCA) is modified with different reactivity by various electrophilic 

aromatic substitution reactions as compare to tert-butyl calix[4]arenes. Bromination of tert-butyl 

thiacalix[4]arene is the widely investigated substitution reaction with compare to classical tert-

butyl calix[4]arenes. Bromo substituted derivatives are very useful intermediates in many 

synthetic applications. Here dibromo and tetra bromo derivatives can be synthesized by the 

bromination of dipropoxy-thiacalix[4]arenes [61] at room temperature for 24 hours. Here 

dibromo derivative is synthesized by use of 6 equiv. bromo for gating 73% yield and 12 equiv. of 

bromo gives terta-bromo derivatives with about 90% yields [62]. Now, The Bromination of 
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thiacalix[4]arene with  the presence of NBS (in acetone) for 4 hours  gives tetrabromo 

derivatives of thiacalix[4]arenes with 90% yield [63]. 
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Scheme-9 Synthesis of bromo derivatives 

4.2.3 Nitration of TCA 

Nitration of given de-tert-butyl thiacalix[4]arene is occurs with the presence of  KNO3  and AlCl3 

gives tetranitro derivatives with 67% of yield [64]. Selection of solvents is very important for 

reactions occurs in in-situ formation as it establish the active electrophilic species NO+NO3
-.

Some nitrating solvents are not able to get nitration’s products. Hu et al. [65] reported on further 
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reduction tetra-nitro derivatives with SnCl2 gives tetra-amino-thiacalix[4]arene derivative (93% 

yield) which is very useful for further synthesis. Y. Li et al. [46] reported about the synthesis of 

di-nitro-thiacalix[4]arene derivative (71% yield) with the presence of HNO3 and CH3COOH.
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Scheme-10 Synthesis of nitro derivatives 

4.2.4 Sulfonation of TCA 

Sulfonation of thiacalix[4]arene is important for the study of thiacalix[4]arenes derivatives in to 

the aqueous medium because of insolubility of thiacalix[4]arenes in to the water. Introduce the 

sulfo group on the upper side of thiacalix[4]arene is help to take more application of compound 

derivatives into aqueous solutions. Here we introduce ipso-sulfonation of thiacalix[4]arene 
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because of direct sulfonated compounds are not possible. Fujimoto et al. [66] introduce ipso-

sulfonation of p-tert-butylthiacalix[4]arene with the presence of concentrated H2SO4 and NaCl 

gives p-sulfonatothiacalix[4]arene (4-sulfonic acid salt) derivative with  good yield (81%). 
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Scheme-11 Synthesis of ipso-sulfonation of TCA 

4.3 Functionalization of Sulfide Bridges
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With compared to traditional calix[4]arene presence of sulfide groups in thiacalix[4]arene is 

exclusive characteristic of it which can go through oxidation to sulfonyl and sulfinyl functions. 

Because of sulfur atom in the place of methylene bridged it can be undergo with some unique- 

applications. Which cannot applicable on traditional calix[4]arenes. Now, oxidation of 

thiacalix[4]arene with the presence of some oxidant like H2O2(hydrogen peroxide) or NaBO3

(sodium perborate) or TFA (trifluoroacetic acid)  in some organic solvents gives sulfone 

derivatives and sulfoxide derivatives; which are the result of conversion sulfide bridge to sulfone 

and sulfoxide derivatives [67, 68]. Hosseini et al. reported that sulfonyl derivatives and 

sulfoxide derivatives have 1,3 alternate conformation [69, 70]. Sulfonyl derivatives has hydrogen 

bonding between phenolic hydroxy group and sulfonyl oxygen. 
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Scheme-12 Oxidation of TCA at Sulfide Bridges

The oxidation of p-sulfonato thiacalix[4]arene conduct sulfony derivative [71] while P.Lhotak 

et al. [72] observed distinctive novel building blocks utilizing thiacalix[4]arene tetra-acetate in 

the cone conformation, which was stereo-selectively and regio-selectively oxidized to various 

sulfoxide subordinates. These creators found that no nitrated item was framed while endeavoring 

the ipso-nitration of tetraacetate, yet the sulfoxide subordinates were recognized. The Regio- and 
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stereoselective oxidation of the sulfide to sulfoxide was too detailed in 2003 by I. Stibor et al. 

[73] utilizing a mix of NaNO3-CF3COOH, which fills in as a fantastic oxidizing agent.
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5. Application of TCA

TCA have so many advantages for functionalization at lower rim, upper rim, and sulfide bridges. 

Now, with compare to traditional calixarene thiacalix[4]arene have good biding ability with 

metal ions because of sulfide group present at bridging position. Thiacalix[4]arene  have 

functionalized for good binding affinity with soft and hard metal ions with incorporation of 

oxygen. TCA have been functionalized for the detection of various anions, cations and neutral 

analytes. In other applications of thiacalix[4]arenes have been reported as self-assembled 

coordination networks, molecular switches, magnetic materials, logic gates and luminescent 

materials.
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5.1 Spectroscopic sensors (UV/Fluorescent sensors)

5.1.1 Cationic recognition

C. Redshaw et al. [50, 51] reported fluorescent sensor which is functionalized from lower edge 

of thiacalix[4]arene having triazole ring as cationic binding sites with 1,3 alternate conformation 

with specifically bind Ag+ particles with huge improvement of the monomer emissions of pyrene 

with ratiometric fluorescence conduct. This all report suggested that triazole moiety is 

responsible for the good affinity with Ag+ ion because presence of nitrogen atom on it and 

coordination by the ionophoric cavity and sulfur atom of TCA. 
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Figure-4 Fluorescent mechanism of compound with Ag
+
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Kumar et al. [52] reported tetra pyrene-appended chemosensor in cone-conformation of 

thiacalix[4]arene. In aqueous medium it gives compliance behavior with metal ions. The 

chemosensor indicated high selectivity to Fe3+ particles by fluorescence extinguishing of excimer 

emission of pyrene units because of reverse photoinduced charge transfer to carbonyl oxygen 

from pyrene units. In presence of any variant cations, anions, amino acids, blood serum or 

bovine serum albumin (BSA) the selectivity is not affected. That’s why it used as selective 

sensor in living cells (PC3 cells) for Fe+3 ions.  
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Figure-5 Fluorescence binding mechanism of compound with Fe
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Luo et al. [74] reported p-tertbutyl thiacalix[4]arene (with diagonal 8-hydroxyquinoline 

moieties) derivative in very stable complex formation of ligand with Co2+, Zn2+ and Ni2+ ions by 

UV–Vis and fluorescence spectroscopy and 1H NMR titration. Stoichiometries of Co2+, Zn2+ and 

Ni2+, were 1:2, 1:2 and 1:1, respectively and it gives very stable complexes with this three metal 

ions shown by results. We accept that the p-tert-butylthiacalix[4]arene (diagonal 8-

hydroxyquinoline moieties) derivative may have the hypothetic use as the change metals 

fluorescent test and natural light-emitting diodes.
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Krunal Modi et al.[75] reported fluorescent sensor which is functionalized from lower edge of 

thiacalix[4]arene having 8-Quinolinesulfonyl chloride as cationic binding with specially bind 

Co(II) particles. A novel Chemo sensor TCTQ8S (Thiacalix[4]arene Tetra quinoline-8-

sulfonate)was synthesized and characterized which has 8QSC as an ionophore. TCTQ8S goes 

about as an effective BTurn-Off  fluorescent chemo sensor for the specific and delicate 

acknowledgment of Co(II) metal particles among different cations, for example, Na(I), K(I), 

Ag(I) Fe(III), Cr(III), Cu(II), Hg(II) ,Ba(II), Co(II), Pb(II), Sr(II), Bi(II), Ca(II),Zn(II). 
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Figure-7   8-Quinolinesulfonyl chloride as cationic binding with Co (II) 
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Shufang Zhu et al. [76] reported that water-dissolvable thiacalix[4]arene tetrasulfonate (TCAS) 

showed specific chromogenic acknowledgment towards copper(II) particle over other progress 

metal particles.
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Figure-8   Tetrasulfonate (TCAS) as cationic binding with Cu (II) 

Savan M. Darjee et al. [77] reported fluorescent sensor which is functionalized from lower edge 

of thiacalix[4]arene having naphthoyl chloride as cationic binding with specially bind Zn+2 ions. 

The thiacalix[4]arene naphthalene 1-carboxylate (TCNC) species works a powerful receptor for 
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Zn2+ particles, in arrangement with a recognition breaking point of 1 nM to 740 nM. The 

consolidation of an extra TCNC ligand in the complex leads prompts a surprising increment of 

fluorescence, uncovering the interest of the TCNC atoms in the excitation and energy transfer 

measures. The mass and titration tests bolsters a solid official of the Zn2+ particles to TCNC 

indicating a slow disappearance of the free TCNC and its transformation to the TCNC:Zn2+ (1:1) 

complex. 
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Figure-9   Naphthoyl Chloride as cationic binding with Zn
+2

Varma et al. [49] planned another thiacalix[4]arene subordinate in a 1,3-substitute   

conformation bearing four quinolinoloxy groups through propyl chains as a ligand , which 

displayed articulated Hg2+-selective on-off-type fluoroionophoric properties among the agent 

transition and weighty metal particles, including Cu2+. The location of turn-off for Hg2+ was 

discovered to be 2.0 X 10-6 M in the blended H2O-THF framework. The receptor displayed just 

minor liking for Cr3+ and Ag+ and no proclivity for the other change metal particles tried, 

including Cu2+, in this way decreasing the chance of obstruction from these metal particles. 
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5.1.2 Anionic recognition  

Keyur D. Bhatt et al. [78] synthesized the fluorescent chemosensor with two quinoline moieties 

which are based on thiacalix[4]arene armed for fluoride ions. They observed emission spectra of 

different anions like Cl-, F-, Br-, H2PO4
-, I- and CH3COO- in tetra butyl ammonium salt (TBA) 

with acetonitrile as solvent. Compound gives observed emission spectra at 408nm with addition 

of fluoride ions (F-) it gives 470nm spectra which shown the red shift while another anions don’t 

gives changed in adsorption spectra. This changed of spectra gives the information about 

interaction of electronegative fluoride (F-) ions with given moiety due to hydrogen bonding. 
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Figure-10 Proposed binding modes of compound with F
-
 ions 

Kumar et al. [79] reported fluorescent chemosensor for fluoride ions with two naphthyl moiety 

of thiacalix[4]arene. Given moiety don’t give emission spectra with given receptor but with the 
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addition of F- (fluoride) ion into the moiety it gives emission spectra band. That results of spectra 

gives the information about the higher selectivity of fluoride ions with given receptor. The 

increase in emission spectra in motivated by the fluoride ions (F-) in described by the 

intramolecular pi-pi interaction excimer formation among two naphthyl moiety. This 

intramolecular interaction is held due to intermolecular binding interaction of fluoride ions with -

NH group of thiourea moieties 
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Figure-11 Proposed binding mode of compound with F
-
Figure

Manoj Kumar et al. [80] synthesized fluorogenic chemo-sensors for fluoride ions and cyanide 

ions of thiacalix[4]arene in various modes. The nearness of fluoride particles initiates the 

fluorescence discharge to 'on state' and the nearness of cyanide particles results in 'ratiometric 

conduct. This pyrene based fluoride sensors gives intramolecular charge transfer mechanism 
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(ICT) and high selection to fluoride (F-) with enhanced Monomer emissions and cyanide (CN-)

ion with ratiometric character.  
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Figure-12 Fluorogenic sensors for fluoride and cyanide ions of TCA

S SS
O O

O O

S

N N

N N
SS

S SS
O O

O O

S

NH HN

NH HN
SS

S SS
O O

O O

S

N N

N N
SS

F- CN-

ICT

F-

CN-

O

O

O O O

O
O O

O

Figure-13 Fluorogenic sensors for fluoride and cyanide ions of TCA

48



49 

Dye extraction agents

H.-Y. Guo, et al. [54] Synthesized alkynylthiacalix[4]arene and ethyl 2-azidoacetate followed 

by an ammonolysis with ethanolamine, leucinol and hydrazine hydrate, respectively, three novel 

thiacalix[4]arene derivatives 1, 2 and 3 with triazolyl groups and hydrogen bonding groups (NH 

and OH) were synthesized in high yields. They exhibited excellent extraction capability for six 

anio������������	�����
��
�������������������
���-triazole rings and hydrogen bonding groups all 

play crucial roles in dye complexation.
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Figure-14 TCA as Dye extraction agents  

Sensing Of Explosive

K.Modi et al. [81] synthesized the fluorescent chemosensor with reaction of thiacalix[4]arene 

with naphthalene sulfonyl chloride. The selectivity of fluoroionophore has been analyzed for 4-

Nitrotoluene (4-NT) and 2,3-dinitrotoluene (2,3-DNT) among various nitro aromatic compounds 

(NACs) using the spectrofluorimetric technique.
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Figure-15 Fluorogenic sensors for 4-Nitrotoluene (4-NT) and 2,3-dinitrotoluene (2,3-DNT) 

of TCA
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Catalysts

Thiacalix[4]arenes have the ability to form mono-, di-, and polynuclear complexes with a wide 

range of metal ions due to the presence of O- and S-coordinating sites which could be used as 

efficient catalysts for various transformations. Antonio Proto et al. [82] synthesized 

thiacalix[4]arene based dinuclear titanium complexes were applied as catalysts for the [2+2+2] 

cycloaddition of terminal alkynes.
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Figure-16 TCA as Catalysts

Biological Applications

Thiacalix[4]arene derivatives have also been employed for the detection of different biological 

analytes. Evtugyn et al. [83] developed a redox active matrix comprised of polycarboxylated 

thiacalix[4]arene embedded on the electro polymerized Neutral Red (NR) layer, which was 

immobilized by a DNA aptamer with NR as an amperometric aptasensor for the determination of 

thrombin. Poly carboxylated thiacalix[4]arenes in the partial cone 1, cone 2 and 1,3-alternate 3 

conformations bearing NR were also employed for the label-free detection of thrombin. The 1,3-

alternate conformer 3 showed better binding with thrombin as compared to the cone and partial 

cone conformers.
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Figure-17 TCA as Biological Applications
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Sensing of Metal Ions

The surprising complexation capacity of thiacalixarenes toward metal particles has been used for 

the detecting of them.

Lamartine et al and J-Renault et al. applied thiacalix[4]arene to a segment of thin films for 

electrolyte-separator semiconductor (EIS), ion-sensitive field effect transistor (ISFET), and gold 

microelectrodes, which permitted recognition of Cu2+ at a degree of as low as 10-7 M. [84-88]

Needless to state, phenols are electroactive practical gatherings. In this manner, voltammetric 

acknowledgment of metal particles utilizing thiacalix[4]arene was examined. In pH 8 

arrangement, voltammograms  of thiacalix[4]arene drastically changed within the sight of 

progress metal particles, for example, Cd2+, Co2+, and Ni2+, while alkali-metal particles also, 

alkali earth-metal particles caused just unimportant changes to that of thiacalix[4]arene even at 

high focuses. It was illustrated that the voltammetry was relevant to the investigation of Cd2+

particle [88]

Then again, adjusted thiacalix[4]arenes were to  applied for detecting of metal particles. 

Hamada et al. adjusted the phenolic capacity of thiacalix[4]arene and its de-tert-butylated 

compounds with a Dansyl moiety to the relating sub-ordinates [fig-18], which were utilized as 

host atoms for the fluorescent detecting of metal particles in fluid arrangements.[59, 89]. It was 

discovered that the quantity of tert-butyl moieties altogether influenced the fluorescent power, 

expanding with diminishing number of tert-butyl gatherings.
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Aim and Scope

As Thiacalix[4]arene is versatile supramolecular receptor and find application as optical sensors, 

electrochemical sensors, HPLC supports, anion transporting agents, chelating polymer, optical 

chemosensors, host molecules  components in liquid crystals, photo resists, selective membranes 

surface reforming agents, anions and cation extraction agents. Fluoroionophores find application 

as chemosensor for ionic and neutral analytes by complexation. 

The aim is to synthesize two different platforms of thiacalixarenes and further functionalize them 

with the appropriate fluorophore to yield potential fluorescent sensors. 
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CHAPTER  4 
DIFFERENTIAL QUADRATURE METHOD FOR SOLVING LINEAR AND NON-

LINEAR DIFFERENTIAL EQUATION 
BY 

AMIT K PARIKH & JISHAN K SHAIKH 
 
ABSTARCT: In this chapter, we have studied polynomial based differential quadrature 
method for solving linear and non-linear differential equations. We also studied use of 
uniform and non-uniform grid point in Polynomial based differential quadrature method. We 
obtained numerical solution of linear and non-linear differential equation by both the grid 
points and we compared solution between uniform and non-uniform grid points. We conclude 
that non-uniform grid point gives better accurate results compare to uniform grid points. We 
also observed that this method gives better approximate solution compare to some 
conventional methods like Finite difference method, Finite element method and many more. 
This method is required less number of grid points, less computer storage and also less time 
consuming. 
 
Key words: Differential quadrature method, Polynomial based differential quadrature 
method, Linear and Non-linear differential equations, Uniform and Non-uniform grid points. 

1. Introduction of Differential Quadrature Method: 

a few of these equations can be solved by analytical methods. In most of cases, we depend on 
the numerical solution of such partial differential equations. There are many numerical 
methods available for solving linear and non-linear differential equations approximately. We 
are going to introduce differential quadrature method for solving linear and non-linear 
differential equation approximately. We are using some conventional methods like Finite 
difference method, Finite element method, Finite volume method and many more. Some of 
them methods are time consuming, more computer storage required and less accurate 
methods. It is difficult to obtain closed or exact solution of the differential equations. These 
methods are helpful to obtain numerical solution instead of exact solution. We are using 
different numerical techniques for obtaining numerical solution of the differential equations 
with the help of initial and boundary conditions. Most of engineering and real life problems 
mathematical models having linear or non-linear partial differential equations. There are two 
types of differential equations (1) Ordinary differential equations and (2) Partial differential 
equati
this chapter, our main focus is solving linear and non-linear differential equations 
numerically. Many engineering problems and real life problems are governed by a set of 

equations, parabolic equations, Heat equation, hyperbolic equations, wave equation, Navier 
 

Method. Chang Shu has been also given remarkable work in this method with the different 
grid points [04]. He used different types of base functions also for obtaining numerical values 
of the weighting coefficients. This method is a numerical discretization procedure for the 

unknown functions at any grid point by using weighting coefficient methods [02]. For 
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weighting coefficients, we are assuming N grid points  on the real y-

axis. Weighting coefficient of partial derivatives is also playing an important role in this 

non-linear differential equation (1) Number of uniform or non-uniform grid points (2) Base 
function for obtaining the values of weighting coefficients (3) Weighting Coefficients of 
different order partial derivatives (4) Discretization of partial derivatives 

2. Weighting Coefficient: 
 

Here  and  are characterize weighting coefficients of first and second order partial 

derivatives respectively [01]. 

We will use following base functions to obtain the value of   and . 

  (1) 

        (2) 

We will use (1) and (2), for obtaining , which is given as follow 

              (3) 

And          (4) 

We can obtain formula of  is given by 

    (5) 

And                              (6) 

Similarly we can obtain formula for nth order which is given by as follow 

     (7) 

And                                              (8) 

3. Types of Grid Points: 

solution of the governing equation. (1) Uniform grid (2) Non-uniform (Chebyshev-Gauss-
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(a) Uniform grid: Uniform grid points can be defined as follow [05]. 

i.e.         (9) 

(b) Non-uniform grid: We will define non-uniform grid points as follow. These types of 
grid points known as Chebyshev-Gauss-Lobatto Grid points [05]. 

                               (10) 

Generally we are using uniform or non-uniform (Chebyshev-Gauss-Lobatto) grids points for 
the numerical analysis. 

4. Runge Kutta Method: 

We are using 4th order Runge-Kutta Method to discretize time derivatives in the resulting 
system of algebraic equations. Runge-Kutta Method is a one-step method for solving initial 
value problems [07].  

For example 
We are using Runge Kutta method for solving following differential equation 

, with                  (11) 

For using 4th order Runge-Kutta method first of all we have to rewrite our differential 
equation in this form 

       (12) 

Where              (13) 

    2 1,
2 2n n

h h
K f x y K                     (14) 

                                   (15) 

              (16) 

Above method we are using for explicit dependence on independent variable types 
differential equations. 
 
5. Pike and Roe four stage RK4 method: 
 
Pike and Roe -stage RK4 scheme for the problem that function 

]   
Consider the ordinary differential equation 

          (17) 

            (18) 
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     (19) 

     (20) 

     (21) 

     (22) 

The RK4 scheme requires two levels of storage. All the Runge-Kutta schemes of a given 
. The stability regions for this class of schemes 

expand as the order increases [05]. 
 
Examples 
 

 

               (23) 

Where is dimensionless variable [11]. 

The initial condition has been chosen as a negative exponential function of space variable-x, 
which is according to the physical behavior of the longitudinal dispersion phenomenon. The 
concentration of the contaminated water or saline water reduces as it moves on along x-
direction. The appropriate boundary conditions are taken as [11] 

              (24) 

The non-linear partial differential equation (23) has been discretized by using Polynomial 
based differential quadrature scheme as follows [03] 

, Where                             (25)  

                        (26) 

  , where ,                    (27) 

We have to calculate weighting coefficient of first and second order partial derivatives using 
equation number (3), (4), (5) and (6) for uniform and non-uniform grid points.  



 

RECENT ADVANCEMENT OF MATHEMATICS IN SCIENCE AND TECHNOLOGY (ISBN): 978-81-950475-0-5  
  

 

 

45 
 

The weighting coefficients and  for uniform grid points N=5 [08]. 

 

 

 
Similarly, 

 

Similarly let we obtain weighting coefficients and  for non-uniform grid points N=5 

[08]. 

 

 

Similarly, 

 

Now we substituting equation (25), (26) and (27) in equation (23) 

              (28) 

Above equation is a set of ordinary differential equations [07]. 
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Let we solve above equation by using RK4 method with uniform and non-uniform grid points 
for different time level. 

Table-1: Concentration for uniform grid points  

X 0 0.25 0.5 0.75 1 
T      
0 0.795422 0.764992 0.729996 0.690242 0.652142 

0.1 0.710122 0.674612 0.635311 0.601246 0.558952 
0.2 0.643224 0.594124 0.541203 0.500124 0.460943 
0.3 0.564252 0.505699 0.461201 0.414332 0.370635 
0.4 0.508514 0.456340 0.396122 0.351992 0.307834 
0.5 0.461255 0.399744 0.330192 0.289837 0.248958 
0.6 0.422313 0.348819 0.279452 0.230454 0.182468 
0.7 0.381132 0.308487 0.237680 0.181952 0.127046 
0.8 0.335261 0.267110 0.199422 0.140135 0.081176 
0.9 0.296838 0.232821 0.167800 0.104618 0.041242 
1 0.254051 0.189352 0.123478 0.080962 0.017421 

 

 

Figure-1: Concentration Vs Time 

 

Figure-2: Concentration Vs Distance 
Table-2: Concentration for non-uniform grid points  
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X 0 0.308382 0.499602 0.83 0.999999 
T      
0 0.8260474 0.8070885 0.7857240 0.771201 0.755856 

0.1 0.7182382 0.7092745 0.6803108 0.661234 0.642719 
0.2 0.6031246 0.5846934 0.5762622 0.558950 0.530943 
0.3 0.5367522 0.512612 0.4947260 0.464332 0.420635 
0.4 0.4538350 0.4200253 0.3961225 0.361992 0.327834 
0.5 0.4109011 0.370546 0.3419216 0.289837 0.248958 
0.6 0.3646932 0.327073 0.2794528 0.230454 0.182468 
0.7 0.3366484 0.2921645 0.2376806 0.181952 0.127046 
0.8 0.3066483 0.2580355 0.1994227 0.140135 0.081176 
0.9 0.2738261 0.2308135 0.1678009 0.104618 0.041240 
1 0.2505274 0.207003 0.1434786 0.080960 0.017421 

 

     Figure-3: Concentration Vs Time 
 

 
Figure-4: Concentration Vs Distance 
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 (2) Let we solve following equation by using uniform and non-uniform grid points. This is a 
governing equation of the Counter-current imbibition phenomenon in a Homogeneous porous 
medium [09, 10]. 

2 2

2

S S S
S

T X X
     (29) 

Discretize equation (29) by applying the equation (30) to (32) 

     (30) 

    (31) 

    (32) 

Substitute equation (30), (31) and (32) in equation (29) [08] 

            (33)  

Initial condition selected as follow [08] 

       (34) 

Boundary Conditions as follow 

 

                                                                      (35) 

To solve equation number (33), we are applying equation number (3), (4), (5), (6), (34) and 
(35) respectively. We also used RK-4 method for solving above system of first order 
differential equation [08]. 

Table: (1) Numerical results applying Chebyshev-Gauss-Lobatto grid points N=5 [12]. 

Distance(X) 
0 0.308382 0.499602 0.83 0.999999 

Time(T) 
0 0.746441 0.719054 0.682082 0.630201 0.552612 

0.1 0.65541 0.612397 0.573225 0.526024 0.460542 
0.2 0.580619 0.536022 0.496552 0.444243 0.370513 
0.3 0.51296 0.458069 0.418251 0.366112 0.29761 
0.4 0.457663 0.400617 0.361291 0.301022 0.228762 
0.5 0.403545 0.34807 0.306732 0.239153 0.162224 
0.6 0.35399 0.287775 0.250265 0.187281 0.107012 
0.7 0.303552 0.251341 0.210265 0.149223 0.061056 
0.8 0.264477 0.210856 0.170238 0.107601 0.03044 
0.9 0.229433 0.171875 0.130227 0.090179 0.012221 
1 0.197943 0.144444 0.106261 0.072068 0.009268 
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                                                       Figure-1: Saturation Vs Time 
 

 
Figure-2: Saturation Vs Distance 

 
Table: (2) Numerical results applying uniform grid points N=5 [08]. 
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Distance X/ 
0 0.25 0.5 0.75 1 

TIME T 

0 0.776441 0.739154 0.702382 0.650311 0.572719 

0.1 0.68541 0.632797 0.593125 0.546262 0.480943 

0.2 0.610619 0.566622 0.516752 0.464727 0.390635 

0.3 0.55296 0.498069 0.43835 0.386123 0.317834 

0.4 0.497663 0.440617 0.38109 0.321922 0.248958 

0.5 0.443545 0.385807 0.326932 0.259453 0.182468 

0.6 0.39399 0.337775 0.270665 0.207681 0.127046 

0.7 0.353552 0.291341 0.230665 0.169423 0.081176 

0.8 0.314477 0.250856 0.190738 0.127801 0.04124 

0.9 0.279433 0.211875 0.150527 0.103479 0.017421 

1 0.247943 0.184444 0.12676 0.072168 0.005868 
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     Figure-3: Saturation Vs Time 
 

 

    Figure-4: Saturation Vs Distance 
 

Scope of the method and Problems: 
The DQM will yield extremely correct solutions with comparatively little machine effort and 
storage necessities and, thus, are very suitable for recently in style personal computers. 
Moreover, the mathematical techniques concerned within the methodology aren't refined. So, 
the DQM is well learned and used. The theoretical analysis and numerical experiments 
conjointly show that the DQM is particularly economical for highly nonlinear issues. The 
numerical study shows that the right test functions are essential for the machine potency and 
responsibility of the DQM. It conjointly shows that the DQM provides similar results 
however with relatively quicker calculation speed, less nodes and memory usage. Compared 
with the opposite existing approaches, this approach shows easy use, smart stability, wide 
relevancy and high accuracy. Engineers in several fields have endeavored to be told the 
mechanics of drain and to use to issues of water system, land reclamation and stabilization of 
foundations and conjointly to the fields of rock oil production and agriculture [13].  
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