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Chapter 1

Introduction

/
I '

:^'
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rnHJt:
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1.1 General features of silicon compounds

Silicon containing compounds are abundant in nature. They have versatile

applications as hybrid materials', plastic and in opto-electronic materials^. Most abundant

fonu of silicon in nature is in the fomi of its oxide; it makes up three quarters of the earth

crust. The silicon and carbon are in the same group in the periodic table thus have similar

outer electronic configuration, so their reactivity are comparable. Comparison of

thermodynamic property as well as the reactivity of carbon and silicon compounds provides

information on equivalence of carbon and silicon in terms of reactivity. Some bond energies

of carbon and silicon with another atom that forms stable bonds are listed in the table 1.1.

This table clearly shows that silicon-oxygen single bond is more stable bond than carbon-

oxygen. The silicon-carbon bond, silicon-silicon and carbon-carbon bond energies are

comparable. But silicon has a less tendency to form silicon-silicon bond in comparison with

carbon to form carbon-carbon bond. This may be attributed to lower electronegativity of

silicon than carbon; the lesser electronegativity makes the silicon to form more polar bond as

compared to carbon. This also explains the susceptibility of a silicon-silicon bond towards

nucleophilic attack over a carbon-carbon bond; the possible involvement of a

hypercoordinated reaction intermediate is also another factor that favors such a process. In

spite of the comparable bond strength of SiH bond as compared to a CH bond, the

polarity of the former generally makes SiH bond more reactive. The silicon analog of
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methane is si lane, which is very reactive

conditions for similar reaction.

towards oxygen; methane requires drastic

Table 1,1

Si (kJ/mol) C (kJ/mol)

The properties of silicon in organosilanes are quite different from those of carbon in

organic hydrocarbons; the figure 1.1 lists the various types of silicon bond and its analogy

with carbon skeleton.^ The availability of d-orbitals in silicon allows silicon to have higher

co-ordination numbers. Thus, penta- and hexa- coordinate silicon are common.

-c =

✓

d^sp'

'■ Si'

Figure 1.1
The SiF bond is the most stable bond followed by silicon-oxygen bond. The SiF

bond is thermodynamically stable but is kinetically labile. This allows the nucleophilic

substitution at the silicon center as well as cleavage of silicon-oxygen bond with the help of

reagent containing fluoride ions, like tertiarybutylammoniumfluoride.'^® One impoitant

feature of silicon compounds is that the silicon-oxygen bond are thenually stable. But
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silicon-oxygen bonds are generally unstable in the presenee of acid, base or fluoride ionf

Lif A»

1.2 Multiple bonds to silicon

The multiple bonded silicon compounds are not common, but there are many

examples of silicon compounds having multiple bonds at the silicon center. The synthetic

methodology describing synthesis of SiC, SiSi bonds are also available in literature.^'''

Among the multiple bonded compounds, the very bulky group around silicon, like mesityl

group can stabilize SiSi as well as SiC bonded compounds. Two illustrative examples of

stable SiSi and Si=C containing compounds are shown in structure 1. I and 1. II

^OSiMe,

,Si=c

MOgSf

There are also examples of stable compounds containing SiSi double bond in cyclic units

and also in spiro compounds.^"' Two such examples are shown in structures l.III and l.IV.

rt R = f-BuMejSi R = f-Bu,MeSi

R—-Si

1. IV

The aromatic silicon containing compounds such as (l.V, l.VI) namely silabenzene

having the silicon atom attached to a bulky group like 2,4,6-tris{bis (trimethyl silyl)

methyl jphenyl (Tbt) group are isolated and characterised in order to make a comparisons of

aromaticity with con'esponding aromatic counterpart such as naphthalene and benzene
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respectively. Silabenzenes are generally not stable at room temperature; some trapping agent

like acetylene, methanol and benzophenone are used as matrix for stabilization and isolation

of the silabenzenes.^

Si-Tbt

1.V 1.VI

Tbt = 2,4,6-tris{bis(trimethyl silyl)methyl]phenyl

The carbonyl analogue of silicon, the silanone inteiTnediate are proposed to be

involved in the preparation of cyclic siloxane; but existence of silanone as independent

species is yet to be realized. In this context we can bring an example of such a reaction

between diphenyldichlorosilane with DMSO and 2,2,5,5 tetramethyl-l-oxa-2,5

disilacyclopentane that gives different type of cyclic siloxane. Proof for participation of

silanone as an intermediate in these reactions comes from the product analysis during the

course of the reactions. Verification of this hypothesis comes from the reaction between

diphenyldichlorosilane" and DMSO in the presence of 2,2,5,5 tetramethyl-loxa-2,5

disilacyclopentane (LVII). In this reaction silanone intennediate is trapped by insertion into

a strained ring containing silicon-oxygen single bonds. In fact, from this reaction it has been

possible to isolate 4,4,7,7 tetramethyl 1,-3 dioxa-2,2 diphenyl-2,4,7 trisilacycloheptane

(l.IX) and 6,6,9,9 tetramethyl-1,3,5-trioxa 2,2,4,4 tetraphenyl 2,4,6,9 tetrasilacyclononane

(l.X). The (l.IX) could have been formed by insertion of diphenylsilanone into a SiO

single bond of (l.VII). Altematively, (l.X) may be formed from the reaction of oxobridged

dimeric intermediate (l.VIII) with (l.VII). The proposed reaction scheme explaining the

product fomiation is shown in the scheme-1.1
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Phj,SiCI„ + :Ph2Si=o]

■S*"* - '■/;'
. Vw.- ■ «^  • ' v.

V'^V/

1  < y ' .•^f  -A ,' ■ /'■,

'i'-!

[Ph2Si=0] + ^Si^ \
1. VII

o  o
\ /
/Si\

Ph

+  ̂,Si

(1. VIII) 1. VII

;si'
/ I I \

o  o
PhO I /PhSi::^
Ph^Xo^ Ph

Scheme 1.1

The foregoing diseussion shows that there is a distinct difference in the reaetivity

pattern of silicon compounds with corresponding carbon analogue. The instability of multiple

bonds on silicon limits the synthetic strategies in silicon chemistry as compared to the

available methodologies in organic chemistry. This results several synthetic challenges to

overcome in silicon chemistry. There are scopes for new methodology on the synthesis of

following types of compounds.

(i) Isolation of silanone intennediate is yet to be achieved.

(ii) Stable silicon containing triple bonded compounds are limited.

(ii) Synthesis of silieon-silicon rr-delocalized conjugated polymers, which may have

highly unusual electronic properties.

1.3 Siloxanes

Siloxanes are silicon containing compounds having silicon oxygen bond. However, a

pure inorganic silicon-oxygen network is called silicate. The silicates are abundant in nature.

In organic chemistiy the silicon-oxygen bond is frequently used as a protective group for
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alcohols and phenols. This stems from both easy fomiation as well as cleavage of silicon-

oxygen bond. Among the silicon-oxygen bonded compounds the trialkyl silyl ethers are

prone towards hydrolysis during chromatography. The hydrolytic cleavage can be reduced by

increasing the steric bulk around a silicon-oxygen bond, which leads to more stable

silylethers.'" Based on rate of hydrolysis of a silicon-oxygen bond the effective steric effect

of trialkylsilyl groups on stabilizing a silylether can be realized. The stability of the

trialky/aryl silylether in the increasing order are as follows; Me2SiH < MesSi < PhMe2Si <

EtMe2Si < Ph3Si < (n-Bu)Me2Si < (Ao-Bu)Me2Si < (n-Bu)2MeSi < Et3Si

<(cyclohexyl)Me2Si< (/-pr)2MeSi < (/-Bu)Me2Si < (Ao-Pr)3Si< (/-Bu)Ph2Si < (/-Bu)3Si <

(cyclohexyl)3Si.'^ Thus, the relative stability of the silyl ether and selectivity in deprotection

are two important factors that decide the suceess of proteetion and deprotection of alcohols

or phenols.

There are several methods that can lead to silicon-oxygen bond fonuation are:

i) The reaction of silicon halides with alcohol (equation 1.1) gives coiresponding

silylether. These reactions are generally carried out in presence of base like pyridine,

imidazole and tertiary amine etc.'"'

Me ̂ Si C1 + roH
Me

Et3N

THE, 250c

Me^
Me—Si—OR

/
Me

Equation 1.1

The disadvantage of this method is that an acid scavenger is required for removal of

the liberated acid which otherwise can cleave a silicon-oxygen bond. Such reactions also

require aqueous workup to remove the ammonium salts fonned in the reaction. The reaction
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of tri-isopropylsilylchloride with alcohols in dimethylformamide in the presence of imidazole

or pyridinc is a commonly used reaction for alcohol protection.'

-Si-Cl + ROH Imidazole or pyridine
-Si—OR

Equation 1.2

The presence of bulky isopropyl substituents on the silicon lowers the rate of

reactions as compared to other conventionally used silylating agent such as

trimethylsilylchloride (TMS) or /-butyldimethylsilylchloride (TBDMS). Another advantage

of using tri-isopropyl silyl chloride is that; it selectively silylate primary alcohols even in the

presence of a secondary alcohol. The reaction of silyltriflates with alcohols also leads to

silylether."" An example of such a reaction involving the retention of optical active center is

shown in equation 1. 3

OR' OH
OR' OR

2,6-lutidine

O  CF,

OR OR'

O  +

R- t-butyldimethylsilyl
Ri= triethylsilyl 1  : 1 ratio

Equation 1.3

ii) Another widely studied method of silicon-oxygen bond formation is the dehydrogenative

coupling reactions of silanes with alcohols in presence/absence of a catalyst'^ (equation

R—Si-H
/
R

+  ROH
catalyst

Equation 1.4

R—Si-OR
/
R
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The dehydrogenative coupling reaction is advantageous over other reaction due to the

ease in the product isolation and possibility of continuous processing. A large number of

metal complexes can act as catalyst for this reaction. The activation of Si-H also can be

achieved by metal powders.

These reactions are also catalyzed by alkoxide and amines. The use of catalytic

amount of potassium hydroxide (mol 9%) 18-crown-6 ether (mol 3%) in dichloromethane'^

under mild condition demonstrates an example of supramolecular catalysis in synthesis of

silylether. A wide varities of silyl ethers are prepared by this method.

ROH
\
—Si—H
/

KOH, 18-crown-6 ether
/

RO-Si—

Equation 1.5

iii) Siloxy ether of dihydroxy aromatic compounds can be prepared by the reductive

disilylation of quinones by disilanes. Such reactions are catalyzed by palladium and rhodium

catalystsl'^

Me3Si-SiMe3 + PdCl2(PPh3)2
MCjSi—O

\ / O—SiMe,

Equation 1.6

The equationl.6 depicts the palladium-catalyzed disilylation of 1,4-benzoquinones with

hexamethyldisilane. In a relatively recent work, such methodology is extended to co-

polymerization reaction of hydrosilanes with 1,4-benzoquinone to give silicon-oxygen

bonded oligomers.
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R,R,SiH, + PdCl,(PEL)2

\ /
O—Si

Equation 1.7

iv) Another method for silicon-oxygen bond fomiation reaction is by the acid catalyzed

condensation of silanols."'

OH ^ —Si—O—Si— + HjO

Equation 1.8

This reaction is widely used for the synthesis of various macromolecular siloxane

architectures, such as linear siloxane, silsesquioxane and silica network and glasses.

However, the use of strong acid in these reactions causes equilibration of the reaction.

v) Unsaturated silicon containing compounds such as silenes, disilenes react efficiently with

alcohols to give addition products."''^ Nucleophilic addition of alcohols and water to

disilene^^'"'' (equation 1.9) require slightly elevated temperature in absence of catalyst but the

reactions are much slower than nucleophilic addition reactions of silenes. ""'^^(equation 1.

K\ R.
/Si=Si + ROH

R- ^R-

R' = Mesityl group

Equation 1.9

R' R'

I  I
R' Si Si—R'

OR H

.Si-CH, + MeOH MeO—Si—CH,

Equation 1.10
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vi) The silicon-nitrogen bonds are relatively unstable, they can be easily converted to silyl

ethers and such reactions are used for preparations of silylether attached to a phenolic group

through intervening carbon atom (equation 1. 11)

Riv NMe,
Si\ ROH

Reflux

'\ /OR

Equation 1.11

I. 4 Silicon-oxygen bonded compounds as precursor in organic synthesis

In the earlier section different synthetic methods used for silicon-oxygen bond

formation is emphasized. However, utility aspects of such reactions are realized when these

reactions are applied to some useful organic transformations. Some of the synthetically

useful organic reactions that involve silicon-oxygen bonded compounds are listed below to

show the utility of silicon-oxygen bonded compounds.

1. Acid catalyzed aldol reaction of silylenol ethers with an aldehyde is catalyzed by

Lewis base to give stereoselective carbon-carbon bond formation. (equation 1.12)

MejSiO-Y^ + PI, Lewis base

Equation 1.12
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The reaction of (l.XI) with benzaldehyde (l.XII) is catalyzed by TiCU to give 63:37 ratio of

l.XIII) and(l.XIV).

MejSiO-
+  PhCHO

l.XII

O  + P

A
l.XIII I.XIV

63 ; 37

Equation 1.13

2) Oxygen protected carboxylic acid gives cyclic compound through intermolecular aldol

reaction, ^'(equation 1.14)

OSiMe,

Equation 1.14
'-pi e reaction shown in equation 1.14 gives ring expansion with stereospecific transformation.

3) PrefoiTned silylenol ethers are used for Michael addition reaction of a a, P unsaturated
carbonyl compounds (equation 1.15).

Me,SiO~^^ TiCE

Equation 1.15
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4) Spirocyclic skeleton (l.XVI) ean be prepared from suitable silylenol ethers (l.XV) using

1)4 Dicyanonaphthalene (DCN) as an electron acceptor in acetonitrile. ^his reaction

proceeds in presence of light.

OMe

OMe

light, DCN OMe

CH,CN, H,0

OSiMe,
OMe

1. XV l.XVI

Equation 1.16

5) Trimethylsiloxy a-diazo-P-ketophosphate (1. XVII) in the presence of catalytic amount

of Rh2(OAe)4 gives a mixture of a-phosphono-5 lactone (l.XVIII) and 2-phosohano

cyclopentenone (l.XIX).'

,PO(OMe),

s  N,
OSiMe,

PO(OMe), O

O  O

PO(OMe),

l.-XVII i.xvm l.XIX

Equation 1.17

6) The reaction of ethyl (4-methoxy phenyl) silanediol with 4-octyne in presence of

[R1i(OH)2(COD)]2 as catalyst (where COD = cyclooctadiene) results in carbon-carbon bond

formation. (I.XX).

MeO
[RhCOHijCCOD)],

Pf .Pr

\ ^SiEt(OH)2 + Pr
toluene- H-O

MeO

1 .XX

Equation 1.18
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functional compounds has lot of advantages over the synthesis of similar type of compounds

from the other Si-functional compound.

The pursuit of clean, straightforward altematives to wurtz coupling reactions for the

synthesis of polysilanes has focused attention on dehydroeoupling reactions of silane

catalysed by transition metals. Dehydrogenative coupling of hydrosilanes result in the

formation of silicon-silicon'^^ and SiX^^ bond (X O, N, S, C etc.) scheme 1.9. The

transition metal catalyzed addition of hydrosilanes to multiple bonds is generally referred to

as hydrosilylation, is a well known process in organo silicon chemistry.®^ A major issue in

using hydrosilanes as starting reagent to produce Si-hetero atom bonds is to find out the

right catalyst for a desired transfonnation.

:Si—Sii

H  Si:

■ C Si

— C — f

MLn—Si

M = Metal

L = Ligand
n = 1,2 etc.

.Si—H RO— Si

R^N Si:
RS Si-

Scheme 1.9

The group-4 metallocene derivatives are considered the most active catalysts for

dehydrocoupling; they are capable of producing oligomers and sometimes polymers from

primary silanes. Catalyst derived from late transition metal complexes of Pt, Rh, Pd, Cu etc^''"

''^produces silicon-silicon and Si-heteroatom bonds. Rearrangement reactions are

commonly observed during these reactions.™ Semi-labile groups such as SiH, SiSiRi nnH
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SiPh are more reactive for redistribution than alkyl groups, but less reactive than halides,

alkoxide etc. One of the substrate that undergoes facile rearrangement is phenylsilane and it

gives diphenysilane, triphenylsilane etc as shown in equation 1.29. Transition metal

catalyzed redistribution or rearrangement between silicon atoms generally proceeds by

silylene transfer mechanism^' scheme 1.10

H

Catalyst
H

sf +
\

H

+ SiH. + Oligomer

Equation 1.29

ArSiH,

ArH, M
^  I

Si

H

ArSiH,

Ar^ H
\ /

Si

\ /H

"Si H

ArSiH, .Si=M
H

Arv^
^Si H

H  ,,

Ar^ /H
Ar Si

I

M

H—^i^
H

Ar^SiH^

Where M = Ruthenium

Scheme 1.10
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The making and breaking of SiX bonds in the co-ordination sphere of transition

metals is a valuable preparative tool for the transformations of the organosilicon compounds.

Such processes generally occur due to oxidative addition followed by reductive elimination.

Oxidative addition is more likely for metal in low oxidation states like Pd(0), Rh(I), Ni(0)

7 Setc. " The oxidative addition of alkylsilanes to transition metal complexes has been studied

throughly. These reactions also play important role in hydrosilylation of oleflns and serve

as important model for analogous CH activation. The common feature of these reactions is

that at some point during the catalytic cycle the silicon compounds interacts with the metal

72 77 1and MSi bond is formed. " The reverse reaction, often leads the formation of new SiX

bond by the cleavage of SiM bond.^""^^ The hydrosilylation generally follows oxidative

addition and reductive elimination and the different intermediates involved are shown in

scheme 1. 11

Reductive elimination

RjSi^

MLn HSiR,

-MLn Oxidative addition

MLn

/■

Where, M — Transition metal like Rh, Pd, Ni etc
L = Ligand
n = 0,1, 2 etc.

Scheme 1.11

However, the dehydrocoupling reaction of hydrosilanes by early transition metal

catalyst involves CT-bond metathesis reaction. The a-bond metathesis is a concerted process

in which a -bonds are broken and formed in a four-center transition state^*^ the mechanism

TH-1858_004701



'  , ■*. ' J ' .'

■  »V ''V'" fr'

^/:

T -^-t^

i'
'  * */ /jC)w5*' I

■ ' j'.";

(scheme 1 . 12) suggests a coordinati\ely unsaturated hydride complex as the active species

and the reaction scheme is based simply on the two steps. The fi rst step involves the

dehydrometalation of si lanes with a metal hydride and second step involves coupling of
metal silyl complex with a hydrosilanes to produce Si-Si bond. This step regenerates of

active hydride species for fiirther reaction. The most active catalyst precursors are therefore

hydride complexes or complexes that can be rapidly converted to hydrides under the

polymerization condition (scheme 1. 12). The zirconocene complexes having a composition

(CpCpZrH2)2 are very active catalyst for such reactions. Scandium, lanthanide, and actinide

complexes are also aetive catalyst for a bond metathesis.'^

H(SiHR) (SiHR), H

--Si (SIHR)^.^
\
I

--Si (SiHR)„.,

H(SiHR)„

M(SiHR), H

Seheme 1.12

1.7 Siloxane as a ligand and their role in supported catalyst

Recent interest in the development of environmentally benign synthesis has evoked
interest in developing polymer bound metal catalyst and reagents for organic synthesis that
maintain high activity and selectivity. Due to the superior mechanical and thennal propeitie
compared to organic polymer support, inorganic supports, such as clay, zeolite or silic

3 ^ ' 1 icagel
TH-1858_004701
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are ideal candidates tbr s(-v,m-i1 i . i so n-seveial-sLipported catalysts.^" Supported reagents are generally
obtained by the introduction of-i r.-io,-nt ^ ■ . sic  lea^ent into an inert, porous inorganic support.

dvantage ot using silica as supported catalysts over organic polymer
supported analogue are due to better availability of the active sites. The binding of chiral

g  do t e silica occuis on the surface and therefore makes it easier for the reactants to
interact with the chiral ligands, while the chiral ligand may be encapsulated in the polymer
matrix in the case of an organic polymer supported catalyst. There are numerous potential
advantages of supported icagcnt over conventional reagent; some of the important
advantages are as follows

(i) Good dispersion of the active sites can lead to the significant improvement in
reactivity.

(ii) Solids aie geneially easici and sater to handle than liquid or gaseous reagent.
(iii) The suppoited leagent is easy to remove from the final reaction mixture (filtration) hence

minimizing cioss contamination between inorganic and organic compounds.
The major disadvantages of the supported reagents are

(iv) The trapping of the undelivered organic molecules in the pores of supported reagent.

(v) The difficulty in ensuring good mixing of a solid-liquid or solid-liquid-gas mixture.

(vi) Leaching of active components from the support into solution.

For supported reagent, are used as model compound of silica. The silsesquioxane

containing SiOH groups, having partially condensed stmctures can be complexed with

catalytically active metal center. Metal containing silsesquioxane are extremely used for

alkene polymerization,^^ alkenc metathesis as well as active catalyst for alkene epoxidation.^'^
The incompletely condensed silsesquioxane trisilanol has recently been reported as precursor

for the soluble, titanium model compound, which is an active catalyst for the epoxidation of
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alkenes.^*^ The first titanium silscsquioxane known for its catalytic activity in epoxidation

reactions is (Cf.H 1 1 )7Si-Oi2Ti(iT^-C5H5)f'^^ This stable titinium complex was found to

effectively and selectively catalyze alkene epoxidations when reacted with olefin in the

presence tertiarybutylhydroperoxide. Similar tridentate ligated silscsquioxane titanium

complexes with general fonnula [TiR{(R' )7Si70i2}] (R = alkyl, cycloalkyl, alkoxy, aryloxy,

siloxy; R' = cyclopentyl, cyclohexyl, cycloheptyl) are also synthesized and are found to be

active epoxidation catalyst.

.Si—OH

Y  I I Ti(Oi-pr)^
R- ySi- O-0-- Si R THF
O

/Si —0

T  : /O I
,?i——si--Ro

j R :Si- o- ?— -ii-
Si Q Si.

Equation 1.30

I. 8 Silicon in biological environment

Higher animals require silicon for their overall growth and bone mineralisation

process. Chicken deprived of silicon in their diet exhibits significantly poorer growth

performance than those with normal quantities of silicon. Silicon compounds in some fomi

also has adverse effect on living beings, for example inhalation of small silica particles lead

to the diseases like silicosis, tuberculosis and lung cancer.

Bioactive organic compounds having OH, NH group can be readily protected by silyl

groups. This has effect of hydrophilic to hydrophobic molecules. For certain dtaigs, one

of the limiting parameters for efficacy is the degree to which they can cross liphophilic
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membranes. Silylatod der.vativcs have preferential absorption in liphophilic membranes over

the corresponding Oil, Nil preeLirsors, Sometimes the drug arrives at the active site after

deprotection; in this ease elTeel of silylation is simply to facilitate the delivery of the native
drug is called pro-drug/"^^ e.xamplc of such prodrug is l.XLXII

Some simple C-silylated derivatives of drugs are also known. They rarely

hydrolyzed at an appreciable rate under physiological conditions. Thus, they don't behave as
pro-dmg; they are bioactive compounds in their own way. Many potential sila-drugs have

been investigated. Bioactivities of some of the sila-drugs are exemplified by the compounds

l.XLIXII - l.XLXVII. Compounds with structure shown as l.XLXIII find application as

pain control (better than aspirin) and compounds l.XLXIV and l.XLXV as antitumor

dmgs.

MOjSi .SiMe.,

Me3SiO

MCgSi-^ O'

^SiMe3

Where, x = O, R = F

1. XLXIV

OSiMe,

1. XLXII

X = S. R = OMe

1. XLXIII 1. XLXV

1.9 Scope of the work

Siloxane additives are highly effective internal and external lubricants and have a

number of significant processing advantages for surface improvements.

Polydimethylsiloxane finds applications in silicon industry^^' as elastomer, lubricating oil,

heat resistant tiles etc. Polysiloxanes offer a wide spectrum of interesting opto-electronic

properties due to polar silicon-oxygen backbone that are not generally shown by common
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organic polymers." Some ot the outstanding properties of siloxanes are high thermal

stability, flexibility at low temperature and have low dieleetrie constant.

Low permittivity of silieoncs assist them to use as a wire coatings, motor insulators,

transformers ete.'^"Some siloxanes possess exceptional hydrophobieity. The resistance to

liquid water has made such siloxane for moisture barriers. Chemical inertness and biological

safety of poly-dimethylsiloxanes along with their spreading and lubricating properties have

established them to be useful components in skin care fomiulation. Siloxane also finds

medical application, like drug delivery system, artificial skin, and contact lenses because of

its high permeability to gases. Siloxane fi lled breast forms are simply the best and most

realistic that science and technology has yet been able to develop. In appearance, texture,

and movement they are simply the last word in mimicking the natural female breasts.

Siloxanes having amino-functional group fi nds application in hair care products.

Functionalized siloxanes also fi nd applications in textile industry.

Siloxane with porous structure tlnd application in selective adsorption or catalysis.

The ease of cleavage as well as formation of a silicon-oxygen bond makes them useful for

alcohol protection.'^^ The inorganic hybrid materials and nano-composites having silicon-

oxygen bond are projected to have great potential as advance material.

Poly-phenyl silsesquioxane is used as coating materials in electronics and optical

devices. Among these, the applieation in photo resist property of silsesquioxane is

outstanding they are also used as a protective coating fi lms for semiconductor devices,

magnetic recording media, and optical fiber coatings. Polymethyl silsesquioxane is used as

a binder for ceramics and used as additive to materials such as cosmetics. Bridge

98polysilsesquioxane has been widely used for surface modification and as coating materials.

Incorporation of dyes into the sol gel matrix is used for wave guide, lasers, sensors, light

TH-1858_004701



f-

■  ■ t i'ft

Vl.*'",
' */;'J v,';^,.'.. >

"k4'i§^-/

'c^)/

■' t''^"

emitting diodes and nonlinear optieal materials.- The combination of high surface area with
chemical functionality makes them potential candidates for packing materials for HPLC
column^^ catalyst support, '"^uid adsorbent materials.'®'

Wtth these backgrounds the development of new synthetic reagents for selective
transfonnation in silicon oxygen bond would provide ways for new material design.
Environmentally benign catalyst system for silicon-oxygen bond forming reactions is a
central point that needs further study. The utility of the hybrid material capable of providing
nano confinement as well as the design of surface modified Aiano-structured material needs a

clear attention. New catalyst from copper, palladium, gold and rhodium for SiH bond

activation can serve the purpose ot nano-confinement to the metallic states. For this purpose
the structurally simple air stable catalysts derived from nitrogen donor ligand could be prime
inteiest as they may provide way tor selective product formation. Keeping in view of

rnaterial design the identiiication ot active catalyst for silane for silicon-silicon or silicon-

hetero atom bond toimation needs clear attention. With the last objective in mind, in this thesis

the catalytic aspect of Pd, Au, Rh and copper complexes are investigated.
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sharing having a core oi halo-bridgcd CUX2L2 . These oligomers frequently aggregate into

stacks in which the copper ion complete its co-ordination sphere by forming long, semi co

ordinate bonds to chlorides ions on either one or two neighboring oligomers. The

monomeric [CuCln+2]"" complexes exist as square planar'°^ distorted tetrahedral"°, square

pyramidal geometi'y . The square planar [CuCU] ̂ are usually have ammonium cations and

are stabilized by hydrogen bonding interactions between the ammonium cation and the

chloride."^ The halogenocuprate chemistry of the type [CUX4] (X= Br, Cl) with inorganic

and organo ammonium counter 10ns are common but [HL][CuX3L] (L = monodentate

nitrogen base) are less common Some planar complexes having [CuCbL]" ions for

example (LH)[CuCl3(H20)] (LH = 2-aminopyridinium) are reported. Variation of the

reaction condition leads to the vaiiation of composition of products in many copper-halo

complexes; for example the (LH)2 [CuCU] as well as (LH)2 [CU2CI6] can be

^  Cl(1) Cl(l') ,

Cl (2) tl (2')

Figure 2. 1 the crystal structure of /ju-pyridinium tetrachlorocuprate complex

prepared with the same reagents but different reaction conditions."^ Wliile pursuing the

present research on identification of tetrachlorocuprate as catalyst and characterization of

them the crystal structure of /^/.s-pyridinium tetrachlorocuprate is reported by some other

researehers . The chemistry of this complex is important due to the fact that the co

ordination ability of pyridine decreases on protonation and the H-bonding ability of the H-N^
38TH-1858_004701
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group enables the pyridiniuni cation to stabilize [CuCb]"" layer type structure."^ The crystal

structure of the /u.s-pyndinium tetrachlorocuprate complex is shown in figla. In bis-

pyridinium tetrachlorocuprate (II) the Cu-Cl distances vary between 2.205 A and 2 265 A

and the Uans-C\ bond angles vary from 104.5 to 180° (i.e. limiting values of tetrahedral and

square planar geometry). In /?/x-pyridinium tetrachlorocuprate (la) there are two sets of non

equivalent Cu-Cl bond of which one has 2.233(1 )A slightly shorter than the other Cu-Cl

bond, which is 2.251(1) A. Both these chloride ions take part in the network of the hydrogen

bonds, and form a bifurcated bridge to the cationic proton of the pyridinium ion. The crystal

structure of compound(la) is composed of discrete [CuClc] polyhedra and isolated

pyridinium cations (figure 2.1). The copper atom sits on a crystallographic twofold axis

The Cl-Cu-Cl bond angles in (la) vary between 97.83 and 132° showing geometry
inteimediate between square planar and tetrahedral coordination. The packing coefficient of

la (0.695) indicates close packing. Packing appears as separate columns of cations and

anions. The cations are oriented so as to minimize electrostatic repulsion between identical

charges and simultaneously maximize attraction between opposite ones. The steric demand

of the pyridinium cations neighboring to each tetrachlorocuprate (II) anion, their hydrogen
bonds and the shielding as a joint effect isolates the tetrachlorocuprate anions in the

monomeric form. Since the nearest non covalent Cu-Cu and the shortest Cl-Cl distance

both longer than the sum of the Vander Waal radii, there is no visible interaction betwe

tetrachlorocuprate (11) anions.

The geometry of the analogous tetrabromcuprate compounds is reported as

compressed tetrahedral geometry with two bond angles distinguished from the others (96
104°) by their high values (123-136°). These values again show that the .

ficometry of
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tetrabromocuprate complexes is intermediate betweenT^quare-planar (D4h) and regular

tetrahedral (Tj) geometry.

Different types of speeies can be formed from a halo-cuprate complex in solid state or

solution while performing further reactions (scheme 2.1). The bromo complexes can change

its co-ordination by brominating an active site of a cation. For example the complex 2-

aminopyridinium(2-amino-5-bromopyridine) tribromocuprate is formed from bis (2-

aminopyridinium)tetrabromocuprate on irradiation of the later"^. During the synthesis of

[PyH]2[CuCl4], a polymeric [CuCl2(py)]n is also fomied."^ By decreasing the amount of HCl

in the course of the synthesis gives more amount of polymeric species. Which suggest that

there is an equilibrium between these two species exists and the direction of equilibrium

determined by the HCl concentration.

(NR3HX)2[CuXJ

Path A
Tetrahedral

CUX2 + NR3HX

(NR3HX)2[CuX4]
Squareplanar

(NR3H)[CuX3]

Path D

Path B
Path C

[Cu(NR3)2X2] + HX H2[CuX4] + nr.

Scheme 2.1

The complex (pyrimidinium)[CuCl3(Fl20)] on heating leads to the formation of

dimeric (pyi-imidinium)2[Cu2Cl6] complex'^®. This thermal reaction shows two-endothemiic

transition. At the first transition tempei'atui'e, the copper-water bonds break and the water

molecules are free to move through the channels so formed. At the second transition

temperature the water gets superheated and is eliminated from the crystal. This clears the

channels, and monoprofonated cations are able to co-ordinate to the copper ion to generate a
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new structure. I he foregoing discussion clearly suggests that halo complexes of copper (II)

may have satisi\' dil lerent structures and satisfy some prerequisites to act as catalysts for

organic transformations.

2.1.1 Synthesis and characterization of tetrachlorocuprate complexes

To look for the suitability of catalytic activity tetrachlorocuprate complexes five

copper complexes \\ ere sy nthesized by a simple synthetic procedure (equation 2.2 a-c). The

complexes (la-d) were prepared by common synthetic procedure in which methanolie cupric

chloride dihydratc solution was first acidified to generate the tetrachlorocuprate. Addition of

the corresponding aminc gave the required complex (for details refer to experimental

section). Whereas, the complex (le) was obtained from the reaction of anhydrous cupric

chloride with 3,5-dimcthylpyrazole.

Py + CuCL, + HCI

Py = Pyridine

RNH2 + CuClj + HCI

MeOH
[PyHj^ICuCIJ

Equation 2.2a

MeOH

For lb, n = 0 ; 1c, n = 1; Id, n= 3

[RNHglsICuClJ nHsG Equation 2.2b

O" 1b

I  I + CuCUJ  [vj 2

"h

R = MeO

R = Me

/Cl
2cu

N  "'Cl Equation 2.2c
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The compositions of the complexes were ascertained from the elemental analysis as

well as by estimating the copper and chloride content. The /^w-anilinium tetrachlorocuprate
and 6w-pyridiniLim tetrachlorocuprate complexes were found to be devoid of water of

crystallization whereas the /?/x-p-methoxyanilinium tetrachlorocuprate and bis-p-
mcthylanilinium tetrachlorocuprate complexes had one and three molecules of water of

crystallization respectively.

The IR spectra of Z?/x-pyridinium tetrachlorocuprate show the characteristics vc =c

and Vc =n band of the pyridinium ion appear at 1600 cm"', 1525 cm"' respectively in the

complex. The N-H stretching vibrations of the complex appear at 2850cm"' in the complex
whereas the free pyridinium shows v nh stretching at 3200cm"'. The Z?w-anilinium

tetrachlorocuprate has characteristic N-H stretching vibrations at 3018 cm"' in contrast to

aniline NH-vibration appearing at 3360cm"' . The N-H bending vibrations of -^Hs group of

the salts (1600- 1575 cm ' ) arc also present in the complex. Similarly the IR spectrum of bis-

p-methylanilinium tetrachlorocuprate shows a very broad absoiption band at 3000 cm"' in

which both the OH and NH stretching are merged; whereas, -h/x-p-methoxy anilinium

tetrachlorocuprate shows very broad and strong absoiption peaks at 3456cm"' and 3045ciu"

due to O-H and NH stretching arising from the water of crystallization and anilinium cation.

The absorption maximum in the UV-visible spectra of acetonitrile solution of the

complexes are listed in the table 2. 1. Each of these complexes la-Id shows three absorbance.

One of the absorption occurs in the visible region and the other two in the UV region. The

absorption in the visible region in each case is assigned to the d-d transition and occurs due

to the transition from ^E to ^T state. The absoiption in the region 300 -350 nm are assigned
to ligand to metal charge transfer transition. There is another absorption in the region of 240-

280 nm due to the n- TX*-transition from the counterion. The extinction coefficients of the
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absoiptions of /^/.v-p-mcthoxyanilinium tetrachlorocuprate and Z?/5-p-methylanilinium

tetrachlorocuprate complexes are higher than the values for ^w-anilinium tetrachlorocuprate
and Zjw-pyridiniLim tetrachlorocuprate, suggesting in the fonner two complexes distortion

from the tetrahedral geometry is more than the later two. The UV and visible spectrum of
Z?w-anilinium tetrachlorocuprate complex in acetonitrile is shown separately in figure 2.2.

360 •'00
*-V) 440

Figure 2.2 UV and Visible spectra of/?/.v-aniiinium tetrachlorocuprate in acetonitrile (3.3 x IQ"^ mmol in 3mi

acetonitrile)

Table 2.1. The UV-visible absoiptions of tetrachlocuprate complexes

n- 71* transition LMCT d-d transition

Complex (extinction co-efficient (extinction co-efficient (extinction co-efficient
in Litre moT'cm ')

242 nm (700)

246 nm (217)

274 nm (1700)

250 nm (2446)

Litre mol 'cm ') Litre mof' cm"' )

313 nm (728)

309 nm (644)

474 nm (650)

461 nm (217)

311 nm (1498) 461 nm (1262)

308 nm (2282) 458 nm (803)
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Once the optical absorption of the compound changes from 460 to 570 nm on
addition of methanol to acctonitrile solution of p-methoxy anilinium tetrachiorocuprate, it

can not be brought back to the original state having absorption at 460 nm by adding

acetonitrile. But addition of hydrochloric acid solution leads to regeneration of the absorption

at 460 nm and while doing this; the absorption at 570nm is lost. However due to effect of
dilution the intensity of absoiption becomes lower than the original value (fig 2.4). After

restoration of the 460nm absorption, the absorption at 570nm can be regained if methanol is

added. Since the methanol allows the growth of absorption at 570 nm and addition of

chloride ion pushes it to the state having absorption at 460 nm a dissociative path should be

responsible for such phenomenon. It is thus proposed that addition of methanol allows the

halogen to dissociate from the co-ordination sphere. This process would result in a [Cu2Cl6]~"

complex. Ho\ve\ er, the literature reports that the dimeric [CuCl3]"species can be fomied from

the tctiahalocuj:)ralcs' Since a halogen exchange process takes place during the

solvatochromic shift, it can be pushed back and forth by adding appropriate reagent. Thus the

sovatoehromicity of the /hA-p-methoxy tetrachiorocuprate complex is due to struetural

interconversion between monomeric and dimeric structure, which can be represented by the

equilibrium (equation 2.3)

[p-MeOC^H^NH3]3[CuClJ MeOH
[p-MeOqH^NH3]Cl + [p-MeOCgH,NH3]2[Cu2Clg]

Equation 2.3

The clear change in color on addition of methanol to the acetonitrile solution of bis-

p-methoxy tetrachiorocuprate and its interconversion to another species makes it a potential

candidate for recognizing alcoholic solutions. So various alcohols, such as methanol, ethanol

and t.s'o-propanol were used for such studies. It is found that similar effect on the change of
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absorption in each case is observed. Bulky hydroxy compounds such as calixarenes as well

as weakly co-ordinating hydroxy compounds such as phenols are not capable of changing the

visible-spectra of the complex Ic.

O'

^ 0.

s 0.

O.OT"

400 500 550 600 650
Wavelength (nm)

Figure 2.4 The \ isil4e .specti iini of (Ic) 0.25 mmol) in acetonitriie (2 ml); (2) on addition of methanol (0.2 ml,
5.3 mmol); (j) on adtlitit^n ot 1 IC'l (0.32 mmol); (4) on addition of methanol (0. 8ml, 21 .2 mmol)

The IR spectra of the 6/x-p-methoxyanilinium tetrachlorocuprate sample before

dissolving in methanol and after dissolving in methanol are different. In the case of freshly

prepared sample have strong broad IR absorptions at 3045cm'' and 3456cm"' whereas the

sample on dissolving in methanol the absorption peak of the sample appears as single

absorption at 2900cm'' . In addition to this there is a clear difference in the absorptions

810cm ', this absorption gives rise to two absoiptions at 810 and 830cm'' after

recrystallisation from methanol.

2.1.3 The electrochemical study

The redox behaviors of tetrachlorocuprate complexes were studied by cyclic

voltammetry using three-electrode system comprising of Ag/AgCl reference electrode, tw^
46

m
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platinum elcctrocics as w orkinu and auxiliary electrode in acetonitrile. All complexes (la, lb,

Ic and Id) display a c]uasi-rcvcrsiblc voltammogram in the region 400- 650 mV with

different AEp values and ipc/fx. ratio from 0.92 to 1.34 at a scan rate 100 mV/s. The quasi-

reversible cycle is independent of the direction of the scan. The voltamnietric response is

assignable to the Cu (ll)/Cu (1) couple as such processes are known in the literature'"'.

Selected voltammctric data lor the tetra chlorocuprate complexes are given in table 2.2 and a

representative voltammograms is shown in figure 2.5. The electrode potentials are calibrated

to the Fe / Fe^ couple of feirocene.

Table 2.2": The electrochemical data of the complex la- Id

Comple.x Epc (mV) AEpa(mV) |i!iEpa(mV)

# All the cyclic voltamograms are obtained from the complexes (0.0127mmol) dissolved in
acetonitrile (5ml) using tetrabutylammoniumperchlorate as supporting electrolyte with two

platinum as a working and auxiliary electrode and Ag/AgCl as reference electrode. All scan

are + ve with scan speed (lOOmV/sec)

10 09 08 07 06 0 5 0^ 03 02 0 t 0

PolenUal / V

Figure 2.5 Cyclic Voltamogram of [PyHJslCuCh]
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The complex la has similar rcdox couple in methanol solvent also but the peak positions

different in methanol. I hc methanolic solution of la has Epc and Epa at 394 mV and 527 mV.
r^. - ui^ thp shift in the oxidation andThis suggests that the change ol" coordination is responsible tor tne si

reduction potentials. The observation of quasireversible states are due to the fact that a
c  tptrahedral co-ordination ofpolymeric structure has to be cleaved to generate a favorable tetra

copper(I) which implicates that struetural change accompanies electron transfer.

This can be explained by a dissociative mechanism, which operates, on changing from

one solvent to the other. Different dissociative equilibriums of the complex in solution

through ligand exchange phenomenon is shown in scheme 2.2.

[CuCIJ2

-ci - "ci -

[CuClg]

[CuCIJ 3

-CI 'cr
K,

[011013]

Scheme 2.2

This scheme is based on the assumption that a dissociative path may be followed prior to the

reduction or a reduction of the metal center followed by a dissociative path to yield the

copper(I) species. Since each of these paths involve equilibrium processes and associated

with one electron transfer the equilibrium the difference in the shift in the positions of

oxidation and the reduction peaks are related to the two equilibrium constants. Thus, from

Nernst equation and with the formulations'"' in scheme 2.2 the relative value of Ki/K,, E,ed ̂

Box = 0.059 log (K,/K2). The value of Ki/K, is calculated for the te-pyndinmm copper (H)
complex by comparing the oxidation peak positions in two different solvents namely

methanol and acetonitrile. This is done with an assumption that the coppei (II) complex in

methanol goes to a tri-coordinated environment, but it is in tetra co-coordinated environment

m

■f
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in acetonitrile. Tri-chloro copper (II) complexes are well documented in literature ~ . The

K1/K2 is found to be 3. 1 X 10"'' which shows that the ligand dissociation followed by

reduction is the favorable process. This also makes an added advantage to the complex for

co-ordination unsaturation prior to the oxidation process of a substrate to get involved in a

catalytic reaction.

2.1.4 ESR spectra

Copper(ll) is a d'^ system has S= I/2, is ESR active. The nuclear spin quantum number

of copper being 1= 3/2 interaction of electron spin with nuclear spin results in hyperfine

interaction. The X-band ESR spectra of the complexes were recorded at room temperature

(figure 2.6). The ESR spectra for the /:u'x-pyridinium tetrachlorocuprate shows a narrower

isotropic signal when field set at 2500 Gauss, but it becomes more broader when field set at

3200 Gauss with g,so= 2. 16, which is due to characteristic flattened tetrahedral geometiy of
7 _[CuCU]"". The lack of anisotropy can be explained either by dynamic Jahn-Teller effect or by

strong spin exchange between centers that are randomly distorted by the static Jahn -Teller

interactions. The anionic ligand to metal bond causes the ESR absorption to occur higher to

DPPH standard. Tetrahedral stmcture for tetra-bromocuprate is already reported"^ to show

isotropic ESR spectra. .fiX-anilinium tetrachlorocuprate, also shows an isotropic signal at

g'i.vo=2.0. But for /?X-p-inethylanilinium tetrachlorocuprate trihydrate and his~p_

methoxyanilinium tetrachlorocuprate monohydrate has distorted signal, which indicates that

the geometry of the complex is distorted from tetrahedral to square planar. Thus, the

counterions have a role on the structure of the cotnplexes that are reflected in the ESR

spectra. Since the spectra were recorded at room temperature the hyperfine-coupling is not

seen in the spectra.
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Figure 2.6 X-band powder EPR spectra of 6/.y-pyridinium tetrachlorocuprate (a) and X-band EPR spectra
of ̂ w-z^-methyl anilinium tetrachlorocuprate (b)

2.1.5 Magnetic moment

As already mentioned copper (II) is a d'^ system, thus tetrahedral complexes of copper (II)

has single unpaired electron and must be paramagnetic. The spin only magnetic moment gs

for single unpaired electron is given by the expression

pAin B. M.) = gVs(s+l) (Equation 2.4a)

Where s is the absolute value ot the spin quantum number and g is the gyro magnetic ratio,

whose value is approximately, g = 2. Putting g = 2 and s =1/2 for single electron, spin only

magnetic moment comes 1.73 B. M. (for single unpaired electron)

The magnetic moments of simple Cu(II) complexes (Those lacking Cu-Cu interactions)

falls m the range 1.75 to 2.20 BM, regardless of stereochemistry of the copper(II) center.'^"*

The magnetic moments of the tetrachlorocuprate complexes were calculated by measuring %

(magnetic susceptibility) of the complexes and then using Curie law, the equation 2.4b

P = 2.84VxmT (Equation 2.4b)

Where - Molar susceptibility, T = Absolute temperature.

The magnetic moments of the tetrachlorocupurate complexes after diamagnetic

correction at 25 C aie listed in the table 2.3. The values show that the complexes are

monomeric in nature since these values are well within the range for a single electron.
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Table 2.3: Magnetic moment of tctrachlorocuprate complexes at BOOK

I clraL lilorocupratc complex

[PyHJ:[CuCl4]

[C6H5NH3]2[CuCl4]

1^^H30-C6H4NH3]2[CuC]4].H20

1p-CH3-C6H4NH3]2[CuC14].3H20"

Magnetic moment (BM)

*-i .. r'- • w I

2.1.6 Crystal structure of (I0)

The 3,5-dimcthylpyrazole (pz) on reaction with CuCh in acetone gives a copper

complex having composition (pz)2CiiCl2. The comparison of IR absorption of the complex

and the ligand suggests the complex lormation (table 2.4). The NH stretching frequencies of

the ligands aie elfccted on complex lormation; the absorptions at 3201cm'' shifts towards

higher side to 3267cm and the absorption becomes sharp. The enhancement of intensity is

attributed to the H-bonding present among the NH and anionic chloride ligand. The C=N

appearing at 1598cm ' ot the ligand shifts to a lower side at 1567cm"' suggests that the

complexation of the nitrogen atom increases the delocalisation of the lone pair of electron

attached to the nitrogen atom attached to a hydrogen atom.

Table 2.4.IR absoiptions of le and 3,5-dimethylpyrazole (cm"')

3,5-dimethylpyrazole (pz)2CuCl2

320l(m), 3140(iM71T(H<m). 3037(m), 2945(m), '3267(s), 320l(s), 2924(w), 1567(s),
2884(m), 2786(w), 2602(vv), 1598(m), 1486(w), 1419(s), 1275(m), 1183(m), 1050(s), 819(m),

1419(vv), 1312(m), I 153(\v), 1025(m), 851(vv), 794(s), 697(m), 615(\v), 543(w), 435(w)

779(w), 737(w)
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The dimeric nature of the copper makes the copper to have a penta co-ordinate environment

with a distorted trigonal bipyramid structure. In the ci^stal structure Cu(l)-N(3) bond length

is 1.998(3)A which is shorter than the Cu(l)-N(2) bond length 2.015(3)A and nonbridging

Cu(l)-Cl(2) bond length is 2.2985(9) A which is also shorter than the bridging counter part,

thus the bond length of Cu(l)-Cl(l) is 2.3258(9) A. and that of Cu(l)-C1(1A) is 2.6703 A

(1). The bond angle of N(3)-Cu( 1 )-N(2) is 88.67(11)° , almost close to the bond angle of

N(2)-Cu(l)-Cl(2) which is 88.95(8) ° and the bond angles of N(3)-Cu(l)-Cl(2) is 162.46(8)°.

The bond angles of N(3)-Cu(l)-Cl(l) is 89.36(8)° ; whereas the bond angles of N(3)-Cu(l)-

Cl(lA) is 98.76(8)° and Cl(2)-Cu(l)-Cl(l) is 98.76(8)° shows that due to the penta-

coordination nature of the copper center could distinguish the axial and equatorial positions

of a trigonal bipyramid geometry.

The un-coordinated nitrogen of the pyrazole has an acidic proton that participates in

hydrogen bonding scheme and leads to chain structure as shown in figure 2.8. The various H-

bond distances and bond angles that has direct relevance to the H-bonding scheme are listed

in table 2.5. In a three-dimensional network the dimeric units provides close packed

stmctures as shown in figure 2.9.

Table 2.5. Hydrogen bond distance and angles in [A and °] are

D-H—A

N(1)-H(1)-C1(2)

d(D-H)

'0.86(4)

d(H—A)

2.72(4)

d(D—A)

3.121(3)

: (DHA)

TiO(3)
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Figure 2.9 Closed pack structure of 6/5-2,4-dimethylpyrazoblecopper(II)chloride
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2.1.7 Thermochemical properties

Thermochromisni is a well-known phenomenon in co-ordination chemistry and is

usually ascribed to temperature dependent changes in the co-ordination geometry of the

chromophore'^^"''^ Mowever, the change in electronic structure via the thermal procedure is

quite slow, limiting the utility of those systems. For example copper (II) complex

[Cu(DED)2](BF4), wheie DED — MA'^-diethylethylenediamine'"^ shows three absorption

peaks at 515, 305 and 255 nm at room temperature. On cooling, the absorption peaks in the

515nm gets shifted to shorter wavelength, resulting in the color change from purple to red.

According to literature report this phenomenon is due to the square planar structure in the

law temperature (led) phase is dynamieally distorted towards tetrahedral configuration in the

high temperatuie (purple) phase. Structural phase transitions are quite common in copper

(II) halide salts and with hydrogen bonding cations, they are usually associated with

disordei mg of the cation and concomitant weakening of N-H—X hydrogen bonds. '^^Xhe

weakening of the hydrogen bonds increases the charge density on the halide ions of the

2- •[CUX4] amon, which relaxes its co-ordination geometry towards tetrahedral in order to

minimize the electrostatie repulsion between the halide ions. For this reason tetrahalocuprate

complexes are found to be theromochromic and shows different colors due to interconversion

between different structures. For several tetrachlorcuprate salts discontinuous

thermochrochromic phase transitions are observed with a "greenyelloworange" colour

progression as the distortion of the anion with respect to ideal tetrahedral geometry

decreases. The enthalpies of the phase transitions in tetrachlorocuprate are greater than those

observed in the corresponding tetrabromocuprate salts owing to the decreased ionic radii of

the chloride ion over that of the bromide ion, whieh usually peimits a larger distortion of the

tetrachlorocuprate unions from the Tj geometry.'^'^"'^^'^Several complexes having counter ions
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derived from ammonia derivatives are usually studied for this purpose. However, due to

polymerizing and oxidizing properties of anilinic compounds, the use of anilinium cations for

such thermal studies is limited. Another aspect of these complexes is the ability of these

complexes to release acid and exchange the coordination position of the halogens.

The thermal behavior of these complexes has been deduced from their TG/DTA and

DSC curves in nitrogen atmosphere and in air. The data shows that there are three processes

associated; namely, dehydration when water of crystallization is present; as in case of Ic and

Id, and organic eataions pyrolysis and phase transition in DSC curve. The thermogram of

Z?A-pyridinium tetra chlorocuprate (1 a) and anilinium tetra chlorocuprate lb) has distinct

differences that not only occur from the molecular weight difference but from the thermal

reactivity point of \icw. Based on the percentage of the weight loss the following equations

explain the weight loss in different tetrachlorocuprate complexes.

/<

^  I

iff

(PyH)dCuClJ (AnH)dCuClJ rp-CH30C,H,NH3)2[CuCld.H20 (p-CHjCgH.NHjtqCuClJSHjO

2PyHCl

( Theory)
Loss = 63.00%

AnH + AnHCl

Loss = 64.65%
( Found)

Loss = 56.83%

( Theory)

Loss = 55.24%

(Found)

H[CuCld

py =pyridine orHqCipChl
an =amlme

H30+;7-CH30C,H,NH,
+ P-CH30C6H^NH3C1

Loss = 61.30%

( Theory)

Loss = 62%
( Found)

HtCuCq]

or HqCujCh]

dHjO + p-CHjCgH^NH^
+ /?-CH3qH4NH3CI

Loss = 64.03%

( Theory)

Loss = 62.8%
( Found)

HlCuCq]

or H^FCu^ClJ
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In the case of the /^/.v-anilinium-tetraehloroeuprate it may thought that the aniline

being a reducing agent a part ot C uCh may get converted to CuCl on heating but this indeed

is not the case as the product of thermal reaction did not show dimeric or oligomeric aniline

in absence of oxygen. Furthermore the [CUCI3] species are well known and they prefer to

remain in dimeric form if the cations are small. The above results are indicative of the fact

that the pyridinium system undergoes thermal decomposition in a different manner than the

corresponding anilinium analogue. In the region of 150-300°C the compounds Tc and Id

losses 62% (theory 61.30%) weight, 62.8% (theory 64.03%) weight respectively that

corresponds to loss of one neutral molecule of the parent anilinium hydrochloride, aniline

and the water molecules ol crystallization. The thermal property of complex fa described in

literature suggest loss of one HCl molecules at 90*^0 but we did not observe any loss of

weight in this region in thermogravimetry but we have observed an endothenuic process in

DSC at this temperature.
/}

,''■4

: ' V
y«. .

%
TV

-cr . i I
.c ... :I *

300 400

Temperature in degree centrigrade

Figure 2. 10 Thermogram of 6;5-ani!inium tetrachlorocuprate (lb)

The compound la shows endothermie process at 87°C and IOT'^C in the differential

scanning calorimeter. There are two endothermie processes for la and no weight loss in TGA

was observed. These two transitions are referred to structural changes namely, at 87°C, ja
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changes from tclrahedral to square planar and at 104°C it exchanges halide ligands making

the N, N co-ordination. The compound lb shows an endothermic process at 102°C due to

change in the tetrahcdral structure to square planer. Structural phase transitions are quite
common in copper (II) halide salts and with hydrogen bonding cations they are usually

associated with disordering of the eation and eoncomitant weakening of N-H...X hydrogen
bonds. The weakening of the hydrogen bonds inereases the charge density on the halide ions

of the [CUX4] - anion, which will relax its eo-ordination geometry toward tetrahedral in order

to minimize the electrostatie repulsion between the halide ions.

40 60 80 100 120 140 160 180 200 220. .
'4—' 1 1 1 1 1 L 1 1 1 1 I ' '

Temperature in degree centrigrade —=>

Figure 2. 1 1 The DSC of /!7/.s-anilinium tetrachlorocuprate

2.1.8 Electrical property

Since the ammonium tetrachlorocuprate and many other sueh anionic chloro-

complexes have extensive H-bonding and polymerie structures"'^. They are expected to show

interesting material properties. There are many studies on magnetic properties which reveals

that based on the halo-bridged core around two or multiple number copper atoms the

complexes can be either ferromagentic or antiferromagnetic 1 18-1 19, 132
There is also recent

report on the interesting electrical properties arising from such systems. We have also

observed that cupric chloride when trapped in a supramolecular environment created by
TH-1858_004701
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highly hydrogen-bonded s\stem such as urea it shows interesting thermoelectric switching

properties. In such systems the resistance vs temperature profile (figure 2.8) passes through a
normal gaussian shape. Such property was explained as combination of proton conductivity
with structural change'

The electrical properties of the tetra chlorocuprate complexes also have reflection of

this endothermic process. The plot of normalized resistance versus temperature in the region
of 40°C-140"C for complex tetra chlorocuprate fb shows a sudden decrease in resistance in
the region where the endothermic process takes place (figure 2.12). Based on the

crystallographic evidences presented on the structural changes of related compounds from
tetrahedral to square planar geometry, the decrease in resistance is attributed to the parallel
stacking ot the copper centers on transforming from tetrahedral to square planar geometry. In
a square planar geometry the interaction between the d^" orbital gets maximized and thereby
causes enhancement ot electron flow in one direction.

f  I''

■■ " i

.■ » i'.. ' V v

R/R,42»c 15"

■

\

60 80 100 120 140 1^
Temperature {°C)

Figure 2.12: Ttie plot ol re.sistance normalized to resistance at 142^0 vs temperature of pallet of (lb)
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Figure 2. 13: The plot of resistance normalized to resistance at 104°C vs temperature of a thin

film of (1 c)

The teti-a chlorocuprate (II) complex Ic has a molecule of water of crystallization in

the interstices of the crystals. It has a structural change at 70-I08°C (from DSC). The

complex Ic has also a labile water molecule present in the system, which is lost at around

120-140*^C. The compound has a resistance vs temperature profile having an exponential
shape in the region 80-140 C (ligure 2.13). This observation is important in biological

system such as DNA nano particles it is obseiwed that the resistances versus temperature

profile are greatly influenced by the presence of water molecules. The low temperature

resistance data on such system has a transition in the temperature range of 80-140°C. It is

already mention that the tetrahalocuprate complexes are themiochromic and their

themiochromicity is generally associated with a structural change around the copper (II)

centers. We had also shown that the stmctural changes around copper (II) can effect the

resistance profile of a system and we have demonstrated the thenmoelectric switching

property from such possibilities.

The evidence of change in co-ordination geometry around copper (II) center is also

coming from the recorded IR spectra of Z?zx-/?-methoxyanilinium tetrachlorocuprate
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