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PREFACE

The oxirane ring is Ipne of the most versatile functional group
among small rings in 'Iorganic chemistry. The polarity and strain
of the three memberlpd ring allow many reactions with 1large
nunber of reagents 'like electrophiles, nucleophiles, acids,
bases and radical’is. The 'naturally occurring terpene
hydrocarbons can easiil.y be converted to epoxides economically.
Some products formed 'lfrom the isomerization of terpene epoxides

are valuable raw matérials for perfume, flavourings, cosmetics

|

|and pharmaceutical iri'ldustries, while some products are useful

intermediates in orgaéi)ic synthesis.

|
The present| investigation chiefly concerned with the

' |
lpreparat:ion, characterisation and activity determination of

aluminium-rare earth .binary oxide catalysts 1like Al,0,-Y,04,

51203-Sm203, A1203—Pr6011, A1203—Nd303 and A1203—Eu203. The

|
activity and selectivity of catalysts are studied in the
transformation reactions of terpenyl oxiranes like «, B-pinene

oxides, (4), (—)—llimonene oxides, 3-carene oxlde and

ar-curcumene oxide.

!
Varying compositions of A1,0,-¥,0, systems are

prepared, characterisbd and activity determined in the

transformation of (¥)-1limonene oxide. Various methods of

preparation are adopteld for making 1\1203—3!203 (1:1) catalyst
and activity and ;electivity are determined in the
transformation of (+)-|i-limonene oxide. The results of these
investigations are presllented in this work.
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HETEROGENEOUS CATALYSIS IN:TERPENE CHEMISTRY

|
1.0 Introduction
|

| Catalytic transformation of petroleum hydrocarbons to
usefu# products over solid catalysts is a well established
fieldl. in the petroleum and chemical industry. The
devel%pments of catalysts to perform specific reactions has
also brogressed tremendously iIn the last five decades. There
is a4 abundant resource of chiral organic materials in the
form!of essential oils composed of terpene compounds. Very
usefyl products for perfumery and pharmaceutical industry
coul#l be obtained from terpene hydrocarbons if catalytic
tranéformations were employed. There are very few reports on
cata}ysis of terpene compounds and hence there is a whole

fielh open for active research.

1.1 Heterogeneous Catalytic Systems
|

| Heterogeneous catalytic reactions are by far the most
imp%ttant reactionsgs in man-made chemical conversions. The
auiéability of catalyst for chemical reactions depend on
thrse factors viz. activity, selectivity and stability. The

activity indicates the reactivity of catalytic systems, the

ra ? at which reactants are tFansformed to products. The

selpctivity is a measure of the ability of a catalyst to
|

preferentially catalyse one of a number of possible reactions

an tée stability indicates hoJ long a catalyst will be able

|
to||fulfill its action. |



The use of heterogeneohs catalysts 1in chemistry

provides some advantages over homogeneous catalysts.

1. ﬁhe separation of the cataljst from reaction mixture is

epeated use of the catalyst'is possible and

Iigh activity and selectivity of the catalysts.

The luse of so0lid acid-base cat§1y5t5 have some advantages
over|| traditional acid-base catqusts. These catalysts are
easilly disposable and produce rlﬁo corrosion to the system.
Morepver, some solid cat#lysts exhibit acid-base

bifuynctional nature. Depending on the surface properties,

[

sol

d catalysts are divided mai#ly into three groups. Solid

acids, solid basges and so%id acid-base bifunctional
catalysts.

There are excellent reviews on the characterisation
of acidic and basic properties of solid catalyshsl'z

Tanadbe has contributed extenFively on solid acids and
baj 53'4'5. There are a numqer of methods employed for
delermination of surface acidity and basicity. Each of them
taken by itself give some usefbl informations, but none of

th dive a complete picture ofl surface acid-base propertiesl

of [[the s0lid under examination. A very brief review of the

ac ?i and basic properties of oxide catalysts along with

thﬁht determination is attempted.



1.2 hs°11d Acid catalysts |

| The concept of surfabe acidity was orginally
int,rduced with the aim of expiaining the presence of some
projpcts formed in catalytiJ chemical reactions, not
as Ta consequence of suppositions about the nature of
surface-active sites of solid catalysts. Acid properties on
a 7flid surface requires the scription of acid strength,
aciﬁ amount and their nature yhether they are Bronsted or
Le fs type. Acid strength and acid amount are strictly

in Fr connected and most of the experimental methods can

gl a measure of total aciditylof both types.

1.2.1 Acid strength

|

The aci%!strength Pf A solid is the ability of the
sulfaCel to convert an adsorbed neutral base in to 1its
conjugate acidG. 1f the reac¢tion takes place through the
‘trdansfer of a proton from the solid surface to the adsorbed
mglecule (Bronsted acidity) or of an electron pair from the

adsorbed molecule to the solié surface (Lewis acidity), the

acid strength can be expressied. regspectively, by means of

tTe Hammett acidity function HF as follows7'8'9.
Ho = pKa + log{[Bl/[BH'1] —— (1)
oF Ho = pKa + log [(Bl/[AB])] —> (2)

w%ere Ka is the equilibrium éonstant of the dissociation of

I .
ﬁhe acid and (B], [BH+] and [AB] are the concentrations of



neutraw base, its confjugate acid, and the addition product
formed d$r1ng the adsorption of the base on the Lewis centre

respectively.

' Colors of adsorbed Hammett indicators can be used to
bracket the Ho of a golid surface in the same way that the
| .
colors o? more convenTional acid-base indicators are used to
bracke ;the pHl of an, agqueous solution. When an acid color
is obtbined for the adsorbed indicator, the Ho of the solid

surface is equal to oL lower than the pXa of the indicator.
!
Color tests were made by adding 3-5 ml of dry

benzene to 100 mg of dried, powdered solid, adding a
few drops of a 0.1% solution of indicator in benzene, mixing
the resulting suspension and noting the color developed on

the catalyst surface.
1.2.2 Acid amount

The amount of acid sites on a 8o0lid 1is wusually
expressed as the number of m mol of acid sites per unit
weight or per unit surface area of the solid. The
determination of the number of acid sites in which the solid
sugspended in non-aqueous solvent, is titrated with n-BuNH,,
using an adsorbed Hammett indicator to establish the end
point, This method was developed by Johnsonlo. The result

will be only for sites whose acid strength is greater than

or equal to that of indicator used. Benesi has further|



developed tl;mis method, using a series of indicators, to get

o
a digtribution of acid sites of varying strengthll.

'I‘hqI acidity values obtained from a series of

1ndicators|are cumulative from the least basic indicator to

the most basic one. Hence this method gives an idea of the

[
hetqrogenepity of the surface. However, Hammett indicators

are unable to distinguish between Bronsted and Lewis acids.

firschler | developed more proton specific aryl methanol

|
indicators‘l:‘L2

the equatibn

which react with Bronsted acids according to

ROH + H' —— > RY + H,0 —> (3)

where R’ is a colored carbonium ion. A new acidity

function, denoted by HR by Denol3 was used to define acid
gstrength : in terms of these aryl carbinol indicators and

given by equation (4) as follows.

H, = -log ah' + log 2H.0 + log (fR'/fROH) —> (4)

R 2

|
and henclle the two surface acidity functions are related by
equation! (5) as follows

(fROH-fBH+

H, = Ho + log 3y y
fB. fR

0 - log ) —— (5)

2

"In  the case of visible indicators, physical
adsorption of indicators on the surface of the catalyst, may
|
cause & spectral shift to longer wave lengths which cause

q'ver e+'timation of the number of acid sites of specific



stréngth Suc4 gfrorl ean ’o avoidod by fluorescent
iﬂdﬂcators whicﬁ aie colo 1n|bc€h acidic and basic forms
and| can be uéed mor ately for the visible
det?rmination of Lnd point. Th 8 ultimate technique for the
non‘aqueous titrgtion of surface acidity was developed by
Dru?hel and Sommersl4 who employed spectrophotometric
mearurements of adsorbed indicators to determine end points.

Ultraviolet indicators listed in Table-1 are used if the end

point is determined spectrophotometrica11y14.

Optical spectroscopy provides a method which can be
applied for the quantitative and qualitative determination
of 'acid centers as well as for their determination of

individuval nature (Bronsted or Lewis type)15'16’17. Ammonia

or lpyridine can be used for IR studies of chemisorbed bases.
Fer the adsorxrption bands a direct evidence for the
ex#;tence of Bronsted and Lewis sites can be obtainedls'lg.

A #ﬁst of commonly used solid acids are given in Table-2.
1.2.3 Some Solid Acids

1.7.3.1 Alumina

Alumina is most widely used as a catalyst or

catalyst support. It's robust, porous and inexpensive

fure make it a support or co-catalyst in the process of

i Pustrial importance like isomerization, alkylation,

cgkalytic cracking and hydroformingzo-zs. Most important




Ta%le 1

Basic Indicators for Specirophotometric Determination
of Acid Strength

#ndicator : pka

!

?henyl azonaphtyl amine +4.0
P-Dimethyl aminoazo benzene +3.3
Amino azobenzene +2.8
Benzene azodiphenyl amine +1.5
P-Nitro aniline +1.1
O-Nitro aniline -0.2
;—Nitrodiphenyl amine -2.4
5,4-Dichloro~6—nitro aniline -3.2
P-Nitroazo benzene -3.3
2,4-Dinitro aniline -4.4
‘Benzal acetophenone -5.6
P-Benzoyl diphenyl -6.2
Anthraguinone -8.1
2,4,6-Trinltroaniline -9.3
3-Chloro-2,4,6 - trinitro aniline -9.7
P-Nitrotoluene -10.5
Nitrobenzene -11.4

2,4-Dinitrotoluene




thing is that alumina can be 'tailored' to suit the

requirements of diverse catalytic reactions.

Aluminas having varying surface areas can be
prepared by thermal decomposition of its hydroxides or by
precipitation as colloidal gels. The colloidal gels are
often preferred as supports in commercial reforming and
hydrotreating catalysts because they can be prepared in a
pure state and their porosities and surface areas are
readily adjusted by appropraite choice of gelation
conditions. The surface of uncalcined aluminas consists of
amphoteric hydroxyl groups which are feebly acidic, unless

they have acid producing impurities. When aluminas are

activated above 50006‘, a varlety of surface groups are
. 16'2 [

\\«-wmed 7. Primary change on heating is the removal of
mes. eof the nydroxyl, groups, but some remaln even at high

v~peratures of 800—1000°C28.

Mring heating several types of oxide ions are
prednced on the surface of alumina by condensation of

hyil‘rsx_-.\,']_r jons and these oxide rich portions of alumina

:ml'fac‘r é@ontain incompletely coordinated aluminium ions that

are centeri,’bfﬁ Lewis acids'®’30

‘*l\ -

centers jncrease ‘\‘Tthl the number of oxide iong.

. The acid strength of these

i

Aluminas are capable of skeletal isomerization of

31,32 ' -
8lefingy , deuble bend isomerization30 32 etc. However

the complexity sf eaeh reaction depends on the model



|
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A '
reaction stulﬂied. Indicator tests showed that the seat of
activiLy in | v-alumina as Lewis centres32'35. Infra red
study Iof p}élrid.ine chemisorbed on alumina verified the
existence of! Lewis acidity and the absence of Bronsted
acidity19'34.' BRcidity on the surface of alumina can be
prototed by ' addition of other anions 1like fluoride,

phosphate, BF, as well as other metal oxides3'35'36.

1.2.3.2 Silica gel

Pure | silica gel is Inactive for demanding
ac:l.d-cat,:alyzeél- reactions, evidently because surface SiOBH
groups have o'lnly feeble acid strength. The pKa values of
such groups fali'll somewhere in the range of 4 to 7 depending

on the type of measurement37*39. Infra red studies of bases

chemisorbed on silica gel also show that the SiOH groups are

only weakly acidic. When silica gel is heated at 500°C or
above, most of the surface SiOH groups are removed40.
Morrow and Codly41 suggested the formation of reactive sites
on silica gel l}LJy dehydroxylation and they found the presence
of strained si-o-si bridges as reactive sites. Low and

42,43

Morterra showed that a reactive form |bf silica gel can

be prepared by a three step procesé( consisting of
ethoxylation df silica gel, pyrolysis of l|1-.l'1e product, and
emoval of surface SiOH groups. They poq'tulated that the

|
Leactive sites are made of biradical centers.
|
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Si/O\Si

0

Although pure silica gel is catalytically inactive
for Bkeletal transformations of hydrocarbons, only trace
amounts of acid-producing impurities 1like alumina provide
ic&talytic activity. Tamele et al.44 showed that
introduction of 1little amount of aluminium in silica gel

- made a 40 fold increase in cumene conversion at 500°cC.

Surface aclidity and catalytic activity of silica can
be generated when non metal or halogens interacted with
45

sllica gel Phosphoric acid mounted on silica gel is

active for hydrocarbon cracking.

1.3 Rare Earth Oxides

The history of rare earth elements begin in 1788 in
Sweden with the discovery of ytterbite by Arrhenius. The
leﬁematic study of rare earth's separation properties began
ﬁh 940. From that time they are used for various research
programmes in industrialised countries. Rapidly rising

applications of rare earths started from 1960.
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The special combination of inherent physical and
chemical propefties of the lanthanides sets them apart from
| |
'all other elements. The lanthanides are a group of fairly

lectropositive]elements and their 4f electrons do not have

significant radial extension beyond the filled 592596

|
rbitals of the xenon inert gas core. The lanthanides

ﬁherefore appear like closed shell inert gas with tri
Qositive charge. The most stable alternate oxidation states
a&e formed by elkments that can attain empty, half-filled or
f%lled f 1levels. This property of rare earths is widely
uétlizad as oxidante in orgnic chemistry46_52. Owing to

lanthanide contraction, higher coordination numbers are most

common in higher lanthanides.

The chemical and ceramic properties of rare earth
elements fesultl from their high affinity for oxygen
préducing highly .stable oxides which can be used in high
tenjperature materials. Y203 help in the stabilization of

Zro2. which serves as an electrode.

Chemical properties of rare earth elements are
used in the largest field of application as catalysts. Most
important are thel cracking catalysts for the petroleum
industry. The rare earth elements combined into molecular
sleves serve in fluid bed or fixed bed reactors to increase
the yield of gasoline. In addition, there ére the

combustion cftalysts for automobiles for air pollution



Vesg

ntrol. The rare earth elements are physiologically inert
d therefore present no danger to the environment. One of
e largest single use for rare earth mixtures is in fluid
acking catalysts in petroleum industrySB. All zeolite
acking catalysts currently manufactured contain rare earth
ides present as a mixture of the rare earth elements since
olite catalysts containing rare earth are structurally

re stable and maintain their hydrogen transfer properties.

Since 1962 rare earths have been used to stabilize
>lite cracking catalysts for the petroleum industry54.
:il1 recently this application to catalysis has been the
.y commercially significant one. Currently however, a
wer of new applications of potential commercial
jhificance are appearing. One of the most important of
'se is the use of cerium in catalysis for automobile
iaust emission control. The rare earth oxides have a
iber of distinguishing properties important in catalytic
lications. The oxides are basic55 compared to alumina,
thanum oxide being most basic; The oxides also have good
rmal stability, a wvaluable characteristic in most
ustrial applications. Cost and abundance are important
perties to be considered for any commercial application.
ortant potential catalytic applications include, ammonia

thesis, hydrogenation/ dehydrogenation, polymerisation,

merization, oxidation, auto exhaust emission control etc.
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Oxides like La203, Y203, Sm203, Gc1203 or Dy,0, were

used for catalyéic combustionss, for stabilizing alurhina57

and other metallic oxides like Mgo,sioz, MnO and Fe30458.
For isomerization of various rrtenthadienes59 these oxides are

used. Rare aarth oxides vere also used for the

hydrogenation of o].efimexs0 in the isomerization of

li:enes58 »3:61.62,13  for the oxidative coupling of

|thane59. La203l, Tho2 are widely used for the hydrogenation

|
and dehydrogenatiion of 4-isopr09eny1-1—methyl—cyclohexaness.
The catalytic behaviour of 1anthanide/sio2 catalysts varied

With 1levels of 1lanthanide 1loading which is used for

o

ydrogenation of alkyne63.
1.4 So0l1id Base Catalysts
' | i
Base stnength of a solid surface is defined as its

proton acpeptind; ability and is expressed by Hammett and
64a

[lqiyrup H_Ifunctﬁon after the analogy of acid strength by
Ho functiol:n.
| Bl =B b 1t __, (6)

1

-log aH' + £B /fBH

=
N 4
I}

i}

pKBH - log CBH/CB (7

wr?ere an’! is the activity of the proton adsorbed on the
| |

gurface apd £ and c are the activity coefficient and the
| i

Téncentra ion o:b‘.-’ an adsorbed indicator. As evident from
|
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equation (7), base strength of solid surfaces increase with
an increase in fH_. Base strength of a variety of basic
solids were meadured from the color changes of a series of
H- indicators Iadsorbed on the solids. Base strength
distribution of solids were measured by titration of

materials suspended in benzene with benzoic ac1a®4® or C023.

The alkaéline earth oxides 1like Ca0O show maximum
basicity when calcined at SOOOCGl and the number of reducing
sites increased upto 700°C. Strong basic sites are surface

02‘ and weaker ones are surface OH groups. Surface

dislocations agt as reducing sitesﬁl. Since water is
amphoteric and c¢arbon dioxide is acidic, fresh basic oxides
may adsorb them from atmosphere, forming surface hydroxides
and carbonates. The heat treatment of such s0lid bases
result in a progressive elimination of adsorbed water and
COZ' Thié elimination involves the reappearance of basic
gites with an inherent base strength of the solid. Further
evidence for the extent of such poisoning 1is provided by the
gact that, the difference in base s8strength between an
#ntreatedlsolid and the evacuated appear to increase with an
increase in base strength of solid-base surfaces.

Rélative basic strength of alkaline earth oxide is

|

a0 > SroO >CaO > Mgo62 and order of basicities in m mol/g is
' ! 62

Iy

0 > Ca0 1> SxrO '> BaO ~. Y, 04/ La203 and CeO2 are less

%sic thaﬁ alkaﬂine earth oxide363, but more basic than ZrO

2



l6

and Thozﬁ“.l A list of commonly used solid base catalysts

are given in Table 3. Generally the oxides of the upper
part of ‘the periodic table has higher acid strength and
lower basic strength as compared with that of lower
part Iin the same group and the oxide of the metal of the
left side in the periodic table has higher basic strength
and lower Lewis acid strength as compared with that of the
right side in the same period. If the crystal structure of
two oxides were same then the electronegativity of the

metals govern their acid-base property.

Table 3

List of Commonly used Solid Base Catalysts

1. Mounted bases NaOH, KOH on silica, alumina alk. metal

and alk. earth metal dispersed on silica, alumina,
carbon.

2. Anion Exchange resins

3. Charcoal heat treated at 1173°k or activated with N.O,

2
NE3 or ZnCl2 - NH4C1-CO

4. Metal oxides :

2

Be0, MgO, ©Sx0, Cao, A12 3¢ Y2 37 La2 3t CeOZ' ThO

T102, ZrOz.

5. Metal salts

2'

Nazco K2CO3, KHCO CacCo

3'
§. Mixed oxides:

3’ 3! SrCOB. KCN

5102 - MgoO, SiO2 ~ CaO, 5102 - WO3. SiO2 - SrO.‘Alzo -

3
MgO, Al,0, - ThO,, B1,0,'- 2r0,, MgO - TiO,.
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1.5 Solid Acid-Base Catalysts

Solid acids have a basic property and solid bases
have an acidic property also. So the classification of
s0lid acids and bases is made by their predominent property.
A s801id acid-base catalyst may be defined as a solid
catalyst possessing both acidic and basic properties which
play important roles for catalytic action. Oxides 1like
¢r0,,ThoO, and Zno act as weak 8olid acid  Dbase
catalyst565—67. Alumina has Lewis acidity, but it shows
basicity when small amount of water or impurities were

present on its 3urface68. A mixture of Ti.O2 and MgO or

TjLoz—ZrO2 show acid base propertng.

1.6 Orgin of Acidity

Tanabe have probosed a hypothesis that acid sites
on binary metal oxides are formed by an excess of a negative
er positive charge in the mixed oxides-’o. The charge
whether excess or not and positive or negative are

determined by the coordination numbers and valencies of the

poaltive and negative elements.

T\{e hypothesis is based on two postulates. (1)
The curdll'uation number of a positive element of a metal
sxlde and that of a second metal oxide are maintained even
whlon they are mixed. [(2) The coordination number of a
noflgat\iv- 4] ement (oxygen) of a major component oxide is

retaiped for all oxygems in a binary oxide. As an example
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4be structure of Tio, -~ 8i0, where Tio2 is the major
onent oxide, and Sioz-TiO2 where SiO2 is the major oxide

e given in figures (1) and (2).

| |
o 0o — 5 o)
Y | e
—0—— T S Sl—0 —| —0—Si—0— Ti— 0

Fig. 1 Fig.2
Ih Figs. (1) and (2), the coordination numbers of positive

eiements in the component single oxides remain 4 for Si and
6 for Ti when they are mixed, where as those of the negative
elements should be 3 and 2 respectively. In Fig. 1 the
four positive charges of Si atom are distributed to four
bonds ie., a positive charge is distributed to each bond,
vhile the two negative <charges of oxygen atom are
distributed to three bonds, ie., -2/3 of a valence unit is
distributed to each bond. The difference in charge for one
bond is +1-2/3 = +1/3, and for all the bonds the valence
unit of +1/3 x 4 = +4/3 is excess. In this case, the Lewis
acidity is assumed to appear on the presence of an excess of
the positive charge. In Fig. 2 the four positive charges of

the titanium atom are distributed to six bonds, ie., +4/6 of

a valence unit to each bond. The charge differénce for each
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bond is +4/6-1 = -1/3, and for all the bonds the valence
unit of ~-1/3 x 6 = -2 is excess. In this case, Bronsted
acidity 1is assumed to appear because two protons are
considered to associate with six oxygens to keep the
electric neutrality. In any case, TiOz—SiO2 1s expected to
show an acidic property because of the excess of a positive

or negative charge.

The present hypothesis predicts which combinations
of oxides in the periodic table will generate acidity and at
what compositions the Bronsted or Lewis acidity will appear,
but it does not predict the acid strength of the oxide
mixture. The postulates of the hypothesis are applicable
only to <chemically mixed binary oxides and not for
mechanical mixtures. Tanabe has made another study of metal
.oxides prepared by coprecipitation method, and correlated
their acid strength with average electronegativities of
metal 1ons71. They observed that highest acid strength were
found to increase with increase of the algebraically

averagea electronegativities.

72

Thomas proposed that the acidities of binary

oxides are generated when c; = Cy and v, < v, or when
c, = 2c, where c; and c, are the coordination numbers of a
positive element and a second one, where v, and v, are

the valencies of the regpective positive elements.
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Tanabe's mechanism based on excess charges on the
wrface of oxides leading to acidity have superiority over

her proposed theories, since their studies revealed a 90%

validity of the hypothesis.

1/7 Orgin of Basicity

On an oxide surface, a combined oxygen atom in an
ordde surface can act as an electron donor and its capacity
is expected to be related to the effective negative charge
on the olxygen atom73. The higher the negative charge, the
stronger 'the base property. Sanders;on”3 suggested that the
anetial i\eqative charge on a combined oxygen anion has been
‘Lttima l from the electro negativity equalization

rincipla. According to this theory the base strength of
Elkali earth oxides is expected to decrease in the order
of Sro,ill!Cab and Mgo. A good agreement in the order of base
gtreng | b*tween the observed and expected strongly suggests

tjihat thé combined oxygen anion acts really as a basic site

HI:I the oxide surfaces.

f the surface of a Dbasic oxide has a reqular
structure, the base strength would be uniform. In actual

basic oxides have irregular surface structures

j nany kinds of defects, which would be produced
| .
re eas ly in oxides of high melting points than in those

|.
low |melting pointg. Some surface hydroxyls will be
|

Present |bn defect sites also. Combined oxygen anions in
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In the next decade several concepts were propounded.
'!aﬂor?? advanced reasons why preferential adsorption takes

place on active centers and why these centers have highest

-

savalytic activity. At this time Balandin proposed his

mltiplet hypothesis?s_gl. The multiplet theory proceeds

from the premise that catalysis is a chemical phenomena, and
t'li;‘r.: covalent bond reguire catalytic activation. The
enerqy of the chemical valence interaction of two atoms A
ad B ound together with covalent bonds is characterised by
a potei!.\_u_\\ cetve, presenting the energy as a funckion of

'uustan[c between {he centers i the aroms.

Aceording to this theory, the molecule as a whole do
pet
\ o

belonging to them come in contact with each other on the

teke part in catalytic reaction but single atoms

merfaee of eatalyst. A group of surface atoms attract

\Ik:ucting molegule and that is referred as multiplet.

\ By 1940 the theory of absolute reaction rates, the

'rﬁut.lon that for metallic and semiconductor catalysts,
Pomsea other than chemical interaction between surfaces and

sflserbed species were responsible for their action. Now

pad theoxy, ligand field theory can be applied for

deswcibing the overall electron concentration of the solid.

!
e of the ma:l’n features displayed by a
heberegenscus catalyst is an enhancement in reaction rate of

a given process by virtue of a diminution in the activation
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enexgy. This is inextricably bound up with the adsorption
energy of the activated complex. The stronger the
adsorption, the lower the activation energy for adsorption,
but now a higher activation energy is required for the
desorption of products. On a certain part of the surface
only, the respective activation energies will have their
optimum values. Thus the energy of adsorption of the
activated complex on an optimum site will be sufficiently
large to allow surface reaction to occur and yet not be too

great to impede the desorption of products.

1.9 Rearrangements of Terpenes and Terpenyl Oxiranes over

Solid Acid-Base Catalysts
'1..9.1 Rearrangements of Terpenyl Oxiranes

The oxirane ring is one of the most versatile
funciional'group among small rings in organic chemistry.
The }mlarity and strain of the three-membered ring allow
many reactions with large number of reagents 1like
electrophiles, nucleophiles, acids, bases and radicals. The
naturally occuring terpene hydrocarbons can easily be
converted tp epoxides economically. Some, products formed
from the isterization of terpene epoxides are valuable raw
materials for perfume, flavourings, cosmetics and
pharmaceutical industries. While some products are useful

intermediates in organic synthesis.
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Severﬁg workers have studied the isomerizations of
limonene, cargne and pinene oxides catalyzed by Al,0, and

SME. The first isomerization work was performed by Humbert

and Guthaz. where the reaction of limonene oxide was carried

ot in the presence of alumina at 200°C.

Alumina and silica gel are industrially important in
catalytic processes, especially in petrochemical industry.
inlaboratory:these materials are put to use as adsorbents
in the chromatographic separation of compounds. It was
during such an application the interesting reaction of
isomerization was observedaa. When humulene epoxide was
chromatographqd on active A1203, much of the epoxide was

lost by conversion to alcohols®?.

When Nigam and Levies

chromatographed limonene oxide
on active alumina, it isomerized yielding mainly
corresponding, a,f8-unsaturated alcohols, exocarveol (4) and
endocarveol (5) with some products like dihydrocarvone (6),

perillyl alcoheol (7) and 8,(9)-p-menthene 1,2-diol (8). The



| A
preduat dlstribution changed with nature of alumima, whethet

iy, 4a wasic, meutral or acidic.
| | CHQH

e
' : : 0O
J OV\ OY‘QO OY\
e i
= =" 8 =y /8

When chromatographed on alumina86

r a-pinene oxide
(9) isomerized to give pinocarveol (10) c¢is and trans
pinqpamphone (11) and @&-campholenic aldehyde (12). Nature
of ihe products largely depend on the nature of alumina

employed .

o
_ ov o
| —
¢HO
9 10 11 12

In this reaction 92% selectivity for the formation of

273

ixﬁ while 84% selectivity for pinocamphone over Al

]

pingcarveol was observed over Al,0, treated with KOH and

03 doped

2

{itlIL LiC10,.
Several group of workers started studying the
isoperizations of 1limonene, carene, pinene and other
?g*ides over Al,0,, silica and other metallic oxides.

ﬁmee and co-workers were prominent among them. They
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9

- 6
studidd the isomerization of caryophyllene oxide on active

M‘zoﬂl in petroleum ether to give three alcohols (14,15,16)

o —> oH oH CHZOH

AN p 15 16

sukh Dev and his co-workers studied a number of
rearransement reactions over alumina and silica gel.
3|+cnrene exide (17) in hexane rearranged to give two
isemeric alccholl”, trang-3(10)-caren-4-01 {18) and

rrere-2-caren-4-901 (19)

®
/L/ . 4’09 ,"0“
e ]
e
“\
17 18 19
I
fimilarly  the 1somerizations of epoxy pinene

P-rimachialens e-'de and PB-citronellol oxide were carried
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eut. Fpexy pineﬁeBB was converted to trans-pinocarveol (20)

pinecamphene (11) and a-campholenic alcohol.

| \x I ¥
i #° 0
[
) CH?H
20 11 21

»

g-citronellol oxide (22) isomerized to 6-hydroxyl

(3,7-dimethyl) oct-7-en-1-01 (23) and 5-methyl-2-(2) hydroxy

.{lopi'qylj oxepane (24) over Al,0, BT
: ————p
CH
0o '?H o CH&)H
s
: — OH
22 23 24

f-Himachalene oxide (25) gave mainly allylic alcehels ef
fa-hydroxy-1a-himachala-2,7(14)-dlene(26) . and ™ -hydrexy-

jt-himachala-2,5-diene (27) ever Al

293-
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carene oxide (17) rearranges to 3,6,6 - trimethyl
sicyelo 13.1.01 hexane-3-carbaldehyde (28) and some other
hydrocarbonsag like 3,7,7 - trimethyl tropilidene (29),
1-methyl-4-isopropenyl-benzene (30), 1,5,8(9)-p-menthatriene

(31), and p-cymene (32).

-0 ‘¢CHO
= =
28 29 30 31 32

In this reaction composition of the product was dependent on

17

the silica gel-substrate ratio.

Joshi and co-workers 90 found that the reactions of

carene oxide and other epoxides over active Alzo four

3’
different types of reactions were observed
{1) transformation to allylic alcohol (2) hydration to a
trans-glycol (3) isomerization to a ketone (4) carbonium ion
rearrangements. These workers pictured the transformations
38 the coordination of epoxy oxygen with an electron
icceptor site on catalyst surface, with oxirane ring clevage

ind simultaneous proton elimination in the case of allyl

alcohols.
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| In 19705 the first systematic isomerization reaction

|
in a heterogeneous system was investigated by Arata and

.1Inabe‘bll'92'93. d-Limonene oxide was isomerized in toluene

' +t 10 8°c to p-cymene (32), l-methyl-3-isopropenyl

Eclop*bntane-—1-—carba1dehyde (33), l-methyl-3-isopropylidine

" clo?lentane—l—carbaldehyde (34), carvenone (35), carvone
I

' 36) H:is and trans - dihydrocarvone (6) cis and trans-exo
' |

inrvehl (4) and cis and trans - endo carveol (5).

Q ) oV o
—>
g v’ o
3 4 5 6 37
0 O
;; ; ; ; ,0 0
/ /
33 34 35 36

Tanabe and co-workers investigated this reaction
.I‘:‘:!-:‘_.‘-?‘g OSSR A acids , bases, acld-bases, mounted acids

and over compounds like BF,-etherate, LiCl0,. The total

3 4
yleld and percentage of products varied largely with type of

catalyst used. Acidic catalysts like $i0,-A1,0,, BFy ""'
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e and Li.(ll()4 formed carbonyl compounds in greater

i
(at least 80%). Solid H.PO heat-treated at a low

3774
ure gave comparatively uniform yields of all the
ds, though ketone was relatively predominent. The

jftdme variation of the products over 8102—1\120_3 suggests the

lpreferential isomerization of the cis form to 35 and 33 to

4. The isomerization occurs to form a compound containing
I'éxodoublie bond in a 5-membered ring and one with endo double

hond i a 6-membered ring. These are due to their

utabniqiesg" oy

From the product distribution over catalysts like

lid H;3P04, HZSO4/8102 and 5102—2\1203 the double bond
gration is considered to be catalyzed by Bronsted acidsgﬁ.
e formation of a very large amount of carvenone (35) over
HSo4/Sib2 leads to this conclusion. In a homogeneous
talytic reaction with CH;COOH-1% H,S0, at 16°C for 8hr,
limonene oxide rearranged into 35% carvenone (35), 16%
thydrocarvone (6) and 10% cymenegG. The cymene formation
8 also interpreted as Bronsted acid-catalyzed dehydration
4 the reactant with a subsequent shift of double bond of
te isopropenyl group to the 6-membered ring. BFy, a

| {ypical Lewis acid showed high selectivity for the formation

# ketones. Other Lewis acids ZnCl?, an:2 showed similar

mctivity96 »97 .

|
!
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MgO0 and Ca0 have no basic strength enough to bring
about the transformation of epoxidesga. The isomerization

of d-limonene oxide was studied over Niso4 and FeSO

calcined at various temperaturesgz. Compounds p-cymene,

l-methyl 3-isopropylidine cyclopentane-l-carbaldehyde,
carvenone were slightly produced over these catalysts,
' contrast to the large quantities of these materials over

solid 113P04, 112504/53102 and Sio,-Al.0 Since these

2 273°
cathlysts are free of strong Bronsted acid sites whose acid
strength is high enough to bring about isomerizations of
doutfle bond of the isopropenyl group or dehydration of the
reactant. Catalytic reactions of metal oxides largely depend
onr.!preparation and pretreatment conditions of catalyst.
Dil#drocarvone was formed over FeSO,, while exo and endo

allyl alcohols were predominently formed over TiO

[2-'1.1:02 and 2x0,. N".LSOA produced approximately the same

ntity of both ketone and allyl alcohols. Compound

1 |ethyl. 3-isopropenyl cyclopentane-l-carbaldehyde was

p:gely formed over NiSO 4 when calcined at low temperature

k‘h‘%‘hkwhpn calcined at high temperature.

l
I

f Oyer \\’LS() catalyst which was

calcined at 250°%
trans torll o! dihydrocarvone, exo-and endo- -allyl alcohols

Huililhdi thly after 25 min, while those of the cis form

Lhoresned afver 25 minutes. Similar observations were made

-!l’: Teso, amd 'r'wz-zwz for trans forms of allyl alcohols.
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In the formation of allyl alcohol, exo-alcchol was
_a:eJlominently formed over endo-alcohols over N1504, TJ'.O2 and

rio'-Zroz while 2x0, give preference to endo-alcohol
:’o:jation. The preferential formation of exo-alcohol is due
t» abstraction of primary proton over secondary one. This is
e to the enhanced acidity of primary hydrogen due to

ethronic effectgs'gg. Steric factors also play a role as

th

abstraction of a proton on a carbon atom outside the

ring is easier than that of a proton on the ring.

Allyl alcohols largely formed on Tioz—zmz explains
tp bifunctional nature of the catalyst. The choice of the
enIo—Or exo-double bond formation depend on the distance
vesween acidic and basic sites on the catalyst. The
hifunctional mechanism was experimentally proved by using
ﬂm deutexated epoxide, 1,2 epoxy cyclohexane 3.3,6,6—64100.
trom i.sotTppic studies it was concluded that the expoxide is
usprbed on a pair of acidic and basic sites, and that allyl
alcohol is formed when both the opening of the epoxide ring
ird the hydrogen abstraction are simultaneous, while ketone

i« formed when the former is prior to the latter.

e

o~y wens used for  isomerization of d-limonene
oxide behaved differently depending on different preparation
oonditions. ”“19'5 prepar=d by hydrolyis of its sulphate andJ
variows esemercial samples were used for the study. Al,0,

sa~ole premored by hydrolysis produced carbonyl compounds
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and allyl alcohols in equal amounts while one commercial
sample produced more carbonyl compounds and another sample

ioduced more allyl alcohols. The allyl alcohols produced

wre of trans form.

Settine and his co-workers found that carvomenthene

spoxide (37) in the presence of ZnBr:2 rearranges with ring

tntraction to l-methyl-3-isopropyl cyclopentane-1-

tarbaldehyde (38) and methyl (3-isopropyl-cyclopentyl)

wtone (39) and carvomenthone98(40).

0
0 cHo ko
. /j:'\ 20
?
|
37 38 39 40

Eschinasi reported the rearrangement of this epoxide

A

F

.pﬂesence of aluminium isopropoxide (in small amounts) to

Mylic alcohols®’,  1,(7)-p-menthen-2-01 (41,42)  and

mvbtanacetol (43,44) in high yields.

_ow o¥ oM ov
__%
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Arata and coworkers studied the isomerization of

101

carLomenthene oxide in heterogeneous conditions as in the
of d-limonene oxide =~ over various solid acid base

cas
|

cat&lysts. The products they obtained were 1l-methyl-3-

isopropyl cyclopentane - 1 - carbaldehyde (38) carvomenthone

(40[), 1(7)-p-menthene-2-01 (42), and carvotanacetol (44).

—9 Y

2 3, 5102—T102 and

~Falite H-F9 a large amount of aldehyde (38) and ketone (40)

m‘l\t acidle catalysts like Sio -Al,

«rta formed. The gelectivity for carhonyl compounds were

Sen. The formatien of these compounds show the presence of a

tertian sarboniun j.@né ‘B the intermediatae ia the ~ =it o
cecse.| Guer catalysts like H,S0,/Si0,, FeSO,, Niso, and

.
Jl;jﬂﬂ. the ketone (40) was preferentially formed. The

|
oxygen adsorbed on the strong acid sites of Sio.-Al

277203
and sioz~'rioz are strong enough to attack the 3-position of
!
the cyclohexane ring to form a five-membered ring, while

| ’
I:r(:inryj carbonium ion formed by the breaking of an a-bond

qarbonium ion formed by relatively weak sites of H 804/510

2 2’
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!PSi‘, bli.SO4 or solid HPO, does not seem to be so. A

hvdrogen at the 2-position of the ring seems to migrate as a
| |

hydtlide ion to the cleaving tertiary centre during the

coure of the formation of a weak carbonium ion.

As in the case of d-limonene oxide, Ti02—2r02 showed
remarkable activity for the formation of allyl alcohol and
the alcohol with endo-double bond exceeded the one with exo

double bond.

When A1203 was used as a catalyst for isomerization
theg product distribution largely varied with the type of

alv.Tnina used in the reaction.

Ans a part of a series of studies dealing with

\.\I teatrangement of epoxides over heterogeneous acid

and base catalysts, Arata and his co-workers carried out
| |

il'omeriz tion reactions of 2- and 3-carene oxides over

! 102,103

heterogeneous catalysts The reaction products of

d.carene oxide were 3,7,7-trimethyl tropilidine  (29)

5:1;5,3 (9)-p-menthatriene(31),p-cymene(32) 3,6,6-trimethyl
flbﬂcyclo [3,1,0) hexane-3-carbaldehyde (28), l-methyl-1-
I[L)m}rl—B— isopropyl cyclopent-3-ene (45), isocaranone (46),
T_nmone (47), carvenone (35), trans-2-carene-4-01 (19) and

trans-3(10)-carene-4-01 (18). The catalysts used were

gelected on its activity for isomerizations of d-limonene

jde and carvomenthene oxides.
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The wmaln  products with various catalysts were

ctr‘ht‘ql compounds and allylic alcohols with a three

-em'rw:elf.! ring except for the case of H2504/5102 which
Pfﬂu?ﬂ“ﬂ large amount of p-cymene, cavenone and l-methyl-1-
fornyl- 3- isopropyl cyclo pent-3-ene were formed
predoninently over 8i0,-Al,0, and FeSO,, while allylic

llCOhtlltHrl formed preferentially over TiO,-ZrO,.

Most of the products with 112804/531.02 resulted from
the rfns}'ag of three-membered ring. In this case sulphuric
acid s;upported on 5102 dissolves in the medium and clevage
of ti | epoxide and cyclopropane ring results in free acid
cataiygis. Carvenone (35) may be formed from isocaranone and

carangne, Among caranone and isocaranone, the most stable

isoczranone (46) was formed predominently.
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:Tioz - Zr02 produced trans—-2-caren-4-01, while T:l.o2

prodchd trans-2-caren-4-01 and trans-3(10)-caren-4-01 in

equal

|
amounts. When .&1203 was used as a catalyst in the

isomerization, the product composition varied largely with

pxeparlation conditions of A120

3+ In all cases carbonyl

compounds and allyl alcohols were present among the

products.

p ﬁl\u
g ;,k\
{\% ’/ggz

In the isomerization of 2-carene oxide (48), the

+s were p-cymene (32),1(7),2,8(9)-p-menthatriene(49),

methyl-styrene (50), cis-2,8(9)-p-menthadiene-1-01

ghellandren-8-01(52),cis and trans-1,8,(9)-p-mentha

01(53),8-phellandren-8-01(54) and p-cymen-8- 01(55).

o*

n

b

52 53

T e 49 50 51
o
o o o
3
54 55
The reactivity of 2-carene oxide was very high when

ctive. All products obtained were resulted from the

spared to 3-carene oxide, but very few catalysts were
i
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_ |
opening of the epoxide ring. Over catalysts like lithium

diet yl amigde in a heterogeneous system104, 2-carene oxide

ylelded allylic alcohols with retention of cyclo propane

ring, In the case of 2-carene oxide clevage of c(2)-0 is

favourable than the ¢(3)-0 bond of 3-carene oxide.

;nis—2,~8 (9) = p - menthadien-1-01 on acidic sites dehydrated

i

intermediate. SiOZ—A1203 produced a completely dehydrated

to give cyrﬁene through a stable tertiary carbonium ion

ppoduct on its strong acidic sites, the reaction of HC]./S:i.O.‘2

vas similar to Sio2 - A1203.

The formation of cis-2,8(9)-p-menthadien-1-01 can be
interpreted by accounting the greater stability of
cyclopropyl carbinyl cationlgs. The clevage of the a-bond
of oxygen, adsorbed on an acid site of the catalyst, is more
avourable ir.nrhi.ch is then followed by opening of the
yclopropanei!ring. T.’|.02-Zr02 showed greater selectivity for
he formatiol- of cis-2,8(9)-p-mentha dien-1-01 which acts as

bifu’nctiOlEal catalyst with the abstraction of a proton

rom C-9 by a basic site facilitates opening of the

!:3-membered réi.ng by the push effect of the anion.

Acidic site --- HO _

4 >
(

Esic site --H

48
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Compounds a-phellandren-8-01 (52) .8 ~phellandren-3-0)
and p-cymen-8-01 were formed by hydration of 2-carene oxide

or cis-2,8(9)~p-menthadien-1-01 and subsequent dehydration

metatitanic acid 2-carene oxide gave B85% <cis-iso

106

on hcid sites or dehydrogenation on basic sites. In presence
of
limpnenenol (51) in hexane at 70°C for 1 hr reaction .

2a ,3u- Epoxypinane on treatment with 1%1203 is
conterted to trans-pinocarveol (10), pinocamphone (1l1l) and
@ -dampholenic alcohol (21)87. The selective formation of
traris-pinocarveol (10) from the epoxide in a homogeneous
catjlytic gystem was carried out with basic media such as

pot-t-butoxide in pyridine or N,N-dimethyl formamidellg,
;\Lilﬂ.\ﬁ4 in c¢yclohexane

108 and LiNl-:t2 in ether-benzene or

I.:I.Allr-l4 in tertiary aminelog.

.0 '
6; Eb ’OH@ﬁo
. CH
i ca
9 10 11 21

Joshi et al. obtained a-campholenic aldehyde (12)
a8 the main product from the rearrangement of a-pinene
oxide on silica gel. Minor products were trans-carveol (56)

and trans-sobrerol (57)
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12 CHO W

56 57

e gelective formation of a-campholenic aldehyde from the
epoxide with acidic media is also observed in the

ogeneous System with BF , etheratello, ZnBr 110-112 and

2
-toluene sulphonic acidllB.

Arata and Tanabe investigated systematically the
{somerization of a-pinene oxide over various acid-base
114 .
datlysts like Sioz—A1203, H PO, I—\1203 and other metal

pxides, metal sulphates etc. The main products were

2,2,4-trimethyl-3-cyclo penten-l-acetaldehyde (58),

a-campholenic aldehyde (12), pinocamphone (11) and

trans-pinocarveol (10).

~ o _o¥
—_—>
CHo CHo
12 11

9 58 10
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The reactivity was very high in comparison with
i-1imonene, carvomenthene and 3-carene oxides, though the
reactivities with 'I'i.oz—Zro2 were not so high. The high
reacthvity seems to be due to the large strain energy of the

I-membered ring. The main products with various catalysts

vere aldehydes like 2,2,4-trimethyl-3-cyclo penten-1-
wetJidehyde, a —campholenic aldehyde and 7allylic alcohol.
‘irhe {aldehydes were formed predominently over 5102—1\1203,
%1021'-1'102, solid H,PO,, FeSO, and NisO, with the
*le-tivities more than 86% to aldehydes, whereas allylic

hcolHol wags produced preferentially by '1‘102 and 2r0., with a

2
#leItivity of more than 80%. Large amounts of aldehyde and
laeto e with low yield of allylic alcohol were formed over

gozl,-'z:coz and aluminas, which showed high selectivity for
|

fﬁm%tion of allyl alcohol 1in reactions of d-limonene,

;azvbmenthene and 3-carene oxides.

?93 Rearrangement of Terpenes

The first isomerization of 2-pinene in a 1liquid
iasLe over solid catalysts was done by Gurvich in 1915115.
!.nche then a number of studies have been reported and
";_»ducts were bi-and tri-cyclic terpenes such as 2(10)-
n.lnelne ,camphene, 1,77 ,-trimethyl tricyclo (2,2,1,0] heptane,

%ornene, fenchene and monocyclic terpenes such as p- or

' nthadienes, p- or m-cymene and polymers.
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Some of the products obtained from isomerization of
terpenes arel industrially important raw materials.
Citronellol which is used in perfumery, is synthesized from
2(10) - pinenells. The reaction products of 2-pinene largely
depended@ on solvents and type of acids. Monocyclic terpenes
are produced in highly polar solvents 1like H,0-H,S0,,
CH, COOH-HZSO4, while mgdium polar solvents yielded bicyclo
compounds like camphene, fenchene, bofnene, 2(10)-pinene 1is
formed in highly non-polar media such as gsmall amount of HBr

or benzoic acid in hydrocarbon solventsll7'118.

On the other hand, s0lid acid catalysts like mineral
clay, silica-alumina, alumina, Tioz, aluminium phosphate
promote isomerization of 2-pinene. The acid sBites on the
surface of the catalysts play an important role in the
izomerization reactionllg. For this purpose, the catalytic
activities for the isomerization of 2-pinene was compared
with acid strength and a rough correlation between them was
foundllg-lZl. The catalytic activity of a catalyst exceeds
the activity of other catalyst that has a stronger acid
strength but less acidity than the former. An acid catalyst,
wvhich has the highest acldity at an acid strength of
fo ¢ -5.6 and no acidity at acid strength stronger than

Bo < -5.6 will produce bi- and tri-cyclic monoterpenes of

vhich main constituent is camphene.
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Liquid bases like organocalkali metal in pentane-KOH
gr t-BuOK in DMSO promote interconversion between 2- and
IlO)-pinene similar to the case of acids in non-polar

121-123

lvents Alkaline earth oxides catalysed

Bomerization reaction with high selectivities. In all these

[y

relactions high vacuum was maintained. Catalytic activity of

(!aio appeared when evacuated at 500°C and attained maximum at

o 8

Zi|0°C and decreased with higher evacuvation temperature.

rn

-qurface area of Ca0 at different temperatures were measured

gnd its value decreased with calcination temperature. Higher

ctivity observed at higher temperature was due to the

ippearance of more active sites at higher temperatures of

¢alcination. In the case of SrO, maximum activity was
,qﬂserved at 1100°C calcined sample and the reaction reached
equilibrium after 15 minutes of reaction. BaO showed
ximim activity when catalyst was calcined at 1100-1300°cC.
bhen calcium, strontium and barium carbonate were used as
precursors for catalyst preparation the compound should be
Ic:alcined in vacuum at 600, 900 and 1100°C which are the
| ssociation temperature of corresponding carbonates. By
[

leination all co, from the carbonates are removed to give

‘ lrery strong basic sites.
In the case of nickel sulphate maximum activity was

‘tserved when calcined at 400°c, indicating Lewis acid sites

lare active for isomerization reaction. If Lewis acid are
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}ﬁﬂe for isomerization, typical Lewis acids such as BF 4,

y or Ticl4 would <catalyze the isomerization, but
italysts like BF,, AlCl; or TiCl, yielded polymers only
owing Lewis acids are converted to Bronsted acid site by
,'Fmption of 2-pinene and the converted site is active for
omerization. The same mechanism was suggested for butene
omerization by Ozaki and co—worker5124. In general the
active sites for the isomerization of 2-pinene are

cpngsidered to be Bronsted acid sites.

Many wérkers by kinetic studies revealed that the
ifmwrization proceeded two separate and one way paths after
fqnﬂng a common intermediate between 2- and 2(10) - pinene.
one of the paths give monocyclic terpenes and other gives
rise to bi-and tri-cyclic terpenes. The presence of a common
intermediate between 2- and 2(10) - pinene was evidenced by
the fact that 2-pinene isomerized to form the products with

sgame distribution as 2(10)—pinene119'123.

The measurement of
ispmerization products during reaction gives an idea of path
of the reaction. In presence of 2-piene, the isomerizations
of camphene and 1,8-p-menthadiene are suppressed due to
preferential adsorption of 2-pinene against camphene,
genthadienes and others on the catalyst surface124. When
camphene and 1,8-p-menthadiene were recemized over sgolid

icids in the absence of pinenes the reaction produced, but

In presence of pinenes, the reactions were suppressed. When
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ptical yields of camphene and 1,8-p-menthadiene on nickel
Iulphate calcined at 250 and 450°C were plotted against the
progress of 3isomerization, the 1long flat straight lines
T!)btained showing a decrease in the optical yield with
progress of reaction. These results support one-way paths
for the course of the reaction. The optical yields of
camphene and 1,8 p-menthadiene produced from 2-pinene took
values identical with those of 2(10) - pinene, proves the
preasence of a common intermediate between 2- and
2(10)- pinene. Every optical vyield for camphene and
1,8-p-menthadiene took positive values, indicating that the
configuration of an asymmetric centre of the reactant and
the products are the same, while 1,8-p-menthadiene was
produced by a different reaction pathway involving the
attack of a proton of a cyclo butane ring. From the
mechanism of inter conversion reaction between 2- and 2(10)
- pinene over Pd/A1203 and raney Ni, an intermediate for the
reaction should be of the alkyl type, since adsorbed
hydrogen was essential to activate the catalysts. The
intermediate over alkaline earth metal oxides were = -allyl
anion type.

To determine the mechanism of interconversion over
so‘lid bases, a liquid base was taken as model catalystlzs.
No reaction was observed for 2-pinene over dimsyl sodium

catalyst in DMSO-d6 but isomerization of 2(10)-pinene with

same catalyst system took place. 2-and 2(10)-pinene picked
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|
denterium, with first deuterium incorporation of

inene at Cy-trans to gem-dimethyl group. In this
it:he bulkiness of the gem-dimethyl group prohibits

|
reagents or solvent approaching cis-side of the group.

jiBootIi . found the activity of 3-carene as an
indust ;,tal raw material for !-menthol, which was used in
perfumery, in pharmaceuticals and as flavouring 4in tooth
paste, chewing gum and cigarettes. The first step in the
reaction is the conversion of 3-carene to 2-carene over
petal oxide catalysts. In 1975 Tanabe initiated the activity
of finding suitable metal oxide catalysts for conversion of

I‘s-carene to 2—carene126. The reaction was carried out 1in

|
i';gs,cmc?talytic pulse reactor connected to a gas chromato-
~ one or 3 ml pulse of 3-carene was injected

in %o 3 el stream and products were trapped at -196°C

and then cvayrrated to column and analysed. The main
|
I.

wers ars 3- and 2-carene, 1,5-},3-1,8 and 1,4-p-
hadleses, p-oyrene, ,4(8)- and 2,4(8)-p-menthadienes.
exe uag \argely {ormed over MgO, CaO prepared from

-Il' 820, 7}and 7.r<)2. BaO, 2Zn0O and 'I‘hO2 poduced only

(prdymens. & the other hand, Al,05, Ce,0,, TiO, and Si0, -
|
“3203 which are wlid 29dds catalysed the reaction to form
127

mainly variow lhthaéimep and p-cymene .

Selectlee fo- m';ion of 2-carene from 3-carene was

g.portd twhsic rnéalysts like Na or K metal on

|
il
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M2d$128 , organoalkali metal, pot tert—butoxidelzs'lzg,

|
uthTum ethylene diamine 26128 gynce Mgo, Ca0, Sro, Y,0,
and uz::o are reported to be solid basesl32'l33 the

pref rential formation of 2-carene may be due to the action

-of bp'sic sites.

In the case of MgO and Ca0 they became active by

|
pre-treatment at 500 and 700°C since these temperatures are
the ‘:decomposition temperatures of their salts. At these

calcination temperatures basic sites are produced on the

L of the catalyst. Over basic catalysts like MgO, CaO
tm‘n sechanism involving T -allylic anion intermediate
| propesed for double bond migration in olefing?8s131, By
dylep this mechanism to the isomerization of 3-carene to

w Lo lepes of 'veactlon paths are possible one passes
\

Since <catalysts have the ability to activate

[teriuml34'135 exchange reaction, with deuterium 1is an
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oxide catalysts in 1:1(w/w) ratio like A120

48

I ent way to elucidate reaction path for isomerization.
the experimental data, allylic hydrogens in a ring
ens on C-2 and C-5 1in the case of 3-carene and
ens on C-4 of 2-carene) exchanged easily than the
c hydrogens out of a ring and olefinic hydrogens were

ubstantially exchanged. Only one side of carenes can

ct with the surface of the catalyst, because of the
Iness of the gem—-dimethyl group. The allylic hydrogens,
| are towards the catalyst surface, will be abstracted
euterated species are formed by picking up a deuterium
from the surface. Thus deuterated species will have a
rium which is always located on the side accessible to

urface.

organisation of the Present Work

In the present work the author has conducted

{somerization reactions of terpenyl oxiranes like (+) and

(-)

limonene oxide, 3-carene oxide, o and pB-pinene oxides

and |ar-curcumene oxide over chemically mixed catalysts like

0,3—‘{2 3 A1203-—Sm203, A1203 - Eu203, 1\1203-Pr6011 and

A12q3 - Ndzo3. Most of the reactions reported on the
isomerization of terpenyl oxiranes are described above and
it is seen that there are no references of mixed oxide

catalysts containing rare earth oxides.

Chapter II deals with preparation of different binary

-Y

3 273’
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MZOL—szoy A1203—Pr6011. A1203 - Eu203 and 13\1203 - N6203.
The | physico-chemical characteristics of catalysts were
determined by chemical estimataion, surface area, pore
volu*ne, acidity and basicity studies. XRD, ESCA, TGA and

HhS27 AI NMR of the catalysts were also taken.

Chapter I1I describes the heterogeneous reactions
ca:rll:ed out with terpenyl oxiranes like a,B-pinene oxides,
(#), (-} limonene oxides, 3-carene oxide and ar-curcumene
cxide. Reactions were done at differnt temperatures and

products were identified by GLC and GC-MS analysis.

In Chapter 1V , 2\1203—‘1203 catalysts were prepared
In different compsoitions and their activities with (+) -
limohene oxide studied. In Chapter V different methods of

preparation was employed for A120 Y203(1:1) catalyst and

.
their activity in the isomerization of (+)-limonene oxide
are discussed. Chapter VI gives summary and suggestions for

future work.



CHAPTER - 11



BINARY OXIDE CATALYSTS OF ALUMINA-RARE EARTH OXIDES-
PREPARATION ARD CHARACTERISATION
b

2.1 Introduction

Method of ©preparation and characterisation of
citalysts has become very important in catalytic reactions.
.~ important factor 1looked for in a catalyst 1is its
sprcificity giving high vyields of the product. This
c-[--ncificii:y can be achieved only if the catalyst has high
mrflace area, porosity, amorphous or crystalline nature
-supled with acidic and or basic sites, stability and
«vtended reaction 1life. The above attributes is highly
ispendent on the method of preparation of catalyst. The

»+vual methods used for the preparation of catalysts are

eneous and heterogeneous precipitations followed by

I hing with agents or solvents which will increase surface
'nrna, porosity and calcination at suitable temperatures. The
tost use of sol-gel method is purported to give very high

face area.

l

A very important development in the area of catalysis
wich made a premier contribution in the field are zeolites.
jeolites are mainly aluminosilicates synthesized with the

Llp'of organic templates and heat treated.

In the present work, binary oxide catalysts of
mmintum with rare earth metals 1like Yttrium, Samarium,

opium, Praseodymium, Neodymium were prepared and
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ethods of preparations

chdz!rcterised. In this cha\'-yf%:_:,,ﬁ:

1@ll  these catalysts and characterisation has been
Eibed. A brief out line of the principle involved in
dif rent methods for characterisation of the catalyst is
alsb| attempted. The properties of the catalysts are

corxplated to preparation methods.

2.2||' Preparation of Catalysts

! Various steps involved in the catalyst preparation

are [Bchematically represented as below:

‘ Coprecipitation | —> Washing & Filteration
i Calcination | <————— | Drying

Schebe 1. Steps involved in the preparation of binary
oxides

l

2.2.]1|. General Procedure for the Preparation of Catalysts
Prinb‘iple

' Alumina widely used as catalyst and support can be

prepared with a wide range of surface areas and pore

136,137

sizesg The versatality in different phases |is

l
prodtlaced. under different preparation and calcination

conditions.
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The most important method for the preparation of
binatﬁ' oxides 1is coprecipitation method of 1its mixed
hydraxides. The raw materials for precipitation are

select':!ed in. such a way that there should be 1least

contamination of 1ions. Nitrates of common metals are
prefe#red over sulphates and other salts, since they leave

00 cq'ntamination after calcination.

The factors which affect the catalyst texture in
‘ptepdlx;ation are medium of precipitation, precipitating
It,empe,i'atur:e. rate of stirring, presence of coprecipitating
sgent, pH and ageing time. The acidic and basic properties
a8 well as the catalytic activities of mixed oxides vary
vith preparation conditionsgs. Lower temperature, higher
stirring rates with short ageing time leads to high surface
ar.ea catalyst. When coprecipitation 1s done for different
oxides the precipitating rate of components may be
different. In this instance, rate of stirring, pH of the
golution, temperature of precipitation, ageing and precursor
addition are important. For a homogeneous coprecipitation
it constant pH, simultaneous addition of precursor solution
{8 the best route. Usually in a coprecipitation method, NH 5
Is used as the precipitating agent. The precipitates are
formed in a non-uniform concentration of hydroxide ion. The

pixed oxldes prepared by this type of heterogeneous

coprecipitation show higer acid strength. For producing
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sily filterable precipitate, precipitation from homogenous

glution(PFHS) using urea as precipitant is used. Urea

'Iaes' at elevated temperatures according to the

(NH2)2CO + Hzo —_> ZNH3 + CO2

NH3 + H20 _— NH4OH

"OH formed precipitates the metals as its hydroxide. The
|
écipitate formed will have a more uniform distribution of

id strength than that formed by heterogeneous method.

2J2.2 wWashing and Filteration

Washing was performed by pouring 500 ml of wash
snlution over hydroxides on the filter and sucking Adry.

filteration was done on vacuum filter with suitable filter

mer. Number of washings depend on the presence of

rﬂlmovable ions on the precipitate.

'2.,2.3 Drying

Drying 1is wusually performed in an air oven at
{asired temperature. The primary purpose of it is to remove

{lsorbed water and sometimes water of hydration. Drying can
I

g0 be done in an inert atmosphere or under vacuum in which

seous atmosphere will not affect the catalyst. Heating
nte and final temperature of oven are two variables which

Jluence catalytic properties.
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2.2.4 Calcinatiom ' .

This 1is a ,6 thermal treatment carried out for
decomposing precux:sf:)r compounds in the making of the
catalyst. The catalyst will be porous and having mechanical
strength after calcination. WNature and activity of catalyst

|
mterials differ greatly with the rate of heating and
!

tem#larature of calcination. Usually calcination is carried
f
out lln a muffle furnace with a slow air flow to flush the

turpace.
2.115 Experimental

Matgrials

The materials used are Al(No3)3.9H20 (E.Merck

(Igdia) Ltd; A.R.grade) ¥,04, Smy04, Pre0;;y., N4,05, Eu,04
{ 95.9% pure supplied by Indian Rare Earths Ltd; Alwaye).
3 (A.R grade supplied by E.Merck (India Ltd), NH {25%

sglotion, supplied@ by BDH) and 50% HNO3 solution.

In the present work, we used binary 1:1 oxides of

05-Y,0,.  AL,04-Smy04,  AL,04-Pr 0;;, Al,0,-Nd,0, and

0,-8u,0,.  For comparative purpose along with binary

ldes single oxides of A1203, ¥,05, 8m,04, Prsoll' Nc1203
A Ru,0, were also prepared. Single oxides were subjected
b similar preparation and pretreatment conditions as that
binary oxides. Table 4 and 5 give the details of the

alysts prepared as well as the precursor solutions used

iy preparation.
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Quantities of Different Compounds used for the
Preparation of Single Oxides

Quantity of precursor used in g

Oxide A1{NO, ) 3-9H,0 NH,NO4 Rare earth Amount
prepared . oxide used obtained
| in g
Alzo3 370 -100 _— 50.3
Y203 - 100 50.3 50.3
$m203 - 100 50.3 50.3
Pr6011 - 100 50.3 50.3
Eu203 - 100 50.3 50.3
Ndfh - 100 50.3 50.3
Table 5
Quantities of Different Compounds Used for the
Preparation of Binary Oxide Catalysts
Quantities of starting components
oxide in g Composition
prepared Al(NOq)3.9H20 NH,NO4 Rare earth of catalyst
i oxide
A].203—Y203 370 100 50.3 1:1
M203—Sm203 370 100 50.3 1:1
A].203-Pr6 11 370 100 50.3 1:1
A1'203—E\1203 370 100 50.3 1:1
A%Oyﬂd203 370 100 50.3 1:1
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| 2.2.6. Preparatjon of Single Oxide catalysts

2.2,6.1. Preparations of M203.

| To an aqueous solution of Al(N03)3.9H20 (370 g in

!10601\11 distilled water), 150 g of NH NO4 added. To the

4
resulting solution 25% NH3 added in excess with vigorous
agitation. The final pH was 10. After ageing for 20 hrs,
the precipitate was washed throughly with distilled water,

o
filtered in vacuum, dried at 130 C for 24 hr and calcined at

100%¢ for 5 hr.

2,2,6.2. Preparation of 1203

50.3 g of 5|!2O3 was dissolved in minimum amount of

308 ANO, and the solution was diluted with distilled water

a volume of 900 ml. 100 g NH4NO3 was added to the

'1utinn. 25% NH, was added with vigorous agitation to a

F
hyLroxide was washed throughly with water. It was then

3
al pH 10. After ageing 20 hour the precipitated yttrium

Filtered and dried at 130°C for 24 hr. The precipitate was
ll:llCin&d at 400°C for 5 hr. This procedure is followed for

rhe preparation of other single oxides 1like Sm,04, Pr 0.,

.'“203' and Nd203. In all cases the oxides were calcined at
0° for 5 hr.
2.2,7 Preparation of Binary Oxides

The hydroxides of binary oxides were prepared by

®precipitation. 370 g of Al(NO4);.9H,0 was dissolved in
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ssatalning rare earth nitrate. Rare earth nitrate soclution

wis prepared by dissolving required weight of rare earth

oxid? in minumum amount of 50% HNO 200 g of NH,NO, added

3 473
to the mixed solution. 25% NH, solution was added with
vi«jotous stirring. The precipitated hydroxides were aged
for 20 hr in solution. The precipitate was washed with
distilled water until it was free from nitrate ions. The
piecipitate was filtered under vacuum and heated to 130°C in
an alr oven for 24 hr and calcined at 400°C for 5 hr. The
sarme procedure i1s followed for all binary oxide catalysts'
preparation. A1203—Y203 ' Al,0,-Sm,04, Al,0,-Nd 203+
A12°3—Pr6011 and A1203—E0203 used 1in this study were

prepared in 1:1 (w/w) ratio.
Characterisation of Binary Oxide Catalysts

2.3 Chemical Analysis of Binary Oxide Catalysts
2.3.1 Principle

The rare earths were precipitated as their oxalates
by oxalic acid from the binary oxide mixtureslBe. The
omalate was washed, filtered and ignited to oxide. From the
velght of oxide obtained, the weight of alumina in the

pinary mixture was determined. Table 6 gives the chemical

ptimation values of different binary oxides used.

52
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11.3,2 Procedure

1 g of the catalyst was accurately weighed and
iissolved in dilute HC1 by boiling. The solution was
{iloked to 250 ml, neutralized most of the acid by adding
9, solution, followed by a drop of methyl violet indictor.
Te gelor of the solution was adjusted to blue-green by
v}iiﬂon of HCl or BH , solution. The solution was heated to

hilienL; and a saturated solution of oxalic acid (12%) was

itled |with constant stirring. A crystalline precipitate

started forming after one minute. The solution was boiled
fer 3 minutes again and cooled overnight with occasional
stireing. The precipitate was filtered on a whatman No.40
fil!:I paper. The precipitate was washed repeatedly with 2%
Wy | alic acid and 1% v/v concentrated hydrochloric acid.
The | lter paper was transferred to a previously weighed
sllidl crucible and ignited from 900°c to 1000°C for 1 hr.
The erucible was cooled in a desiccator, weighed. Heating,
cnliEg and weighing continued till constant weight 1is

sbtained. From the weight of rare earth oxide, weight of

alumina in the binary oxide mixture was determined.
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Table 6

Chemical Esti Ltion Values of Different Catalysts

Catalyst Chemical estimation
1:1 value w/w
'A1203—Y203 1:0.952
AL,0,-Sm,0, 1:0.920
A1203—Pr6011 1:0.931
A1203-130203 1:0.952
A1203—N6203 1:0.943

L&F Surface Area

2JH1. BET Technique

Measurement of surface area of s0lid materials is
clagsically performed by method developed by Brunauer,

hm?tt and Teller (BET Method)l39.

2.4{2. Principle

In this method, pre adsorbed gases and vapours from
the|8olid surface is removed. Then solid is coocled to the
volling point of adsorbate gas. The solid surface 1is
indremently exposed to higher partial pressures of adsorbate
ﬂunm£i1 the entire surface is covered by one molecular

lijer of the gas. The extent of the surface of the solid
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cas " ralculated yimultiplying the number of molecules of

aisstbate gas requilred to form the monolayer times the area

soveped by each gas| molecule.
Temperature is held constant in this method and

(o]

ulmjh of nitrogen adsorbed at liquid nitrogen temperature
C) is measured at several pressures.

P19|

i If n is the volume of nitrogen adsorbed in a

'nmlfyer then BET equation can be written as
!
|

e -2 1
n(P —P) n_c n_c o
m m
'vhere % - vapour pressure of nitrogen at ad=orption

experiment.

P - nitrogen pressure.

n - volume of nitrogen adsorbed at pressure P and
the temperature of 1liquid nitrogen calculated

to S5TP.

C -~ constant related to the difference between the
heats of liquefaction and adsorption of the

adsorbate.

A plot of P/n(PO - P) versus P/PO will be 1lenear
La range of pressures from 0.05 to 0.35 where S is the

€ Jjual to c—l/nmc and intercept 'i' equals 1/nmc
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(9)

+
Il
3=
l

1
- rrey —_— (10)

L car{ be determined by adsorption, surface area 's' can be

obta'ured from the equation

hm;)ﬂ = Avagadro's number 6.024 x 1023 molecules/q

| A = area occuplied by one nitrogen molecule in the
ilqu]%l nﬁtrogen state, 16.3x10 20 n2

I'“ = g.molar volume 22400 ml

= sample welght in g.

- -

IMlsox:.pt:ion and desorption occur when the sample is

l
.4.;_!. Procedure
|
I
|

erged in to and then withdrawn from a liquid N, bulb.

2

anges in the ratio of nitrogen to helium in the flowing

l

Ly ftr due to adsorption and desorption are sensed as

]
’-azy gausian shaped signals by a specially designed

al | conductivity detector. The instantaneous signal

|
ignt is proportional to the rate of adsorption or
°0 !ption and the total integral area under the curve is
[

rtional to the quantity of gas adsorbed. Thisg area is

|
I'atically integrated by the equipment (Quantasorb Jr.).
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hmration of this integrated desorption signal with a
mﬂ volume of adsorbate produces an accurate measure of
1

ﬁLmﬁorbed volume. Table 7 gives the surface area values

1
ﬁdﬁferent catalysts obtained by BET method.

Table 7

Specific Surface Areas Obtained for Various
Catalysts by BET Method

Catalyst Surface area m2/g
A1,0,-Y,0, 101.8
A1203—Sm203 97.35
A1203-—Pr6011 42.517
A1203~E0203 101.25
A1203—Nd203 121.507

| |
1.9 Pore Size Distribution:

|
Most common method to find the pore size is mercury
in

usion technique.

|
|
LQP Apparatus
|
|

.The equipment used in the present study is an

Au;rscan 60 porosimeter.
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' 2.5132 Principle .

The technique of mercury porosimetry consists
etsentially in measuring the extent of mercury penetration
inte an evacuated solid as a function of applied pressure.
prcory unlike other 1liquids, has a positive angle of
ounl'/tact with most of solid catalyst materials hence pressure

mst be exerted for mercury intrusion in to the pores.

Ho

riﬂﬂ Mercury penetrating a cylindrical pore

The technique of mercury porosimetry was orginally
dereloped to enable pore sizes to be determined in the
n"mpore range where gas adsorption method breaks down for
practical reasons. Since the angle of contact of mercury

vith solids is nearly 140° and therefore more than 90°, an

'epEs pressure ip is required to force liquid mercury in to

¥

poregs of a solid. The idea of using mercury intrusion

‘ymeasure pore size appears to have been first suggested by

nﬂhbum who put forward the basic equation140.
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Yp _ 2 cos © S (11)
p
#ere y° 1s the radius of the pore, assumed to be
eylindrical.
Equation |(11) f,s, the special case of the Young-Laplace

L.quation .

PHg—Pg‘:"Y(L*"l—) —> (12)

y T2
‘where pP9 is the course of pressure on mercury phase and p9
that in the gaseous phase. Since the meniscus is a segment

ef a sphere

~
il
La ]
1l

2 ypcos e
g _ o9 _
and p - p° =4pD

15 the pri:assure which must be exerted on the mercury to
ferce it into a cylindrical pore of xadius yp. These
invertions in equation (12) with s8light rearrangment, lead

firectly to the washburn equation (1l1).

The method consists in measuring the extent of
aercury penetration into an evacuated solid as a function of
ths applied hydrostatic pressure. 1In 1945 Ritter and Drake
deieloped this technique for high pressures. The range of
bae pc;rosimeter extended from Yp/\J3S;\ to YPN 7.5 ,.\m.
ti» size of pore penetrated at atmospheric pressure. 1In

: experimental designs the pore size range is extended to
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ily increasing the maximum applied pressure to.~ 5000 bar

dat the upper end by reducing the applied pressure below
pspheric pressure. Gas adsorption method has
gsiderably overlapped by mercury intrusion method. Gas
orption at the upper end of the mesopore range and
' porosimetry at the lower end are applicable.
mtact angle of mercury, 1llike that of other liguids,
wends not only on whether mercury is advancing over, or
_ eding from the solid surface, but also on the physical

d chemical state of surface itself.

In mercury porosimetry the volume v of mercury taken
by the solid is measured as the applied pressure (pHg—pg)
increased. The value Y (Hg) at any value of applied
",:_' sm:e Pi therefore gives the volume of all pores having a
adius equal to or greater than Yip and is called
lative pore volume. In this technique cumulative pore
dlume v dJdecreases as YP increases, where as in gas

'orptioni( 2viP) increase with increasing YP.

By measuring changes in volumetric penetration as
pressure p in dynes per square centimeter is changed,
fle volume of pores in various size ranges as calculated
from the washburn equation can be determined.

P;S.3 Procedure

A known weight of the sample was taken in the cell

# porosimeter. The cell was filled with mercury and
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'ac{lﬁted by applying high vacuum. Without breaking vacuum

hceﬁi of mercury was drained off. The cell was then
ixﬂ@ﬁmraito the metallic cup of the porosimeter and the

position of the cell was adjusted and pressure increased
|

gradually to 60 kPsi. After reaching the maximum
|

gmﬁﬂme\ms allowed to fall off. From the intrusion data

value,

-bon&size distribution and total pore surface area was
:unimm with the help of a computer. Table 8 gives the
¥¢ﬂ pore surface area of different catalysts. The pore
ize distribution of various catalysts obtained by mercury

itrusion method is given in Fig 4.

Table 8

Tétal Pore Surface Area Values of Different Catalysts
" Obtained by Mercury Intrusion Method

fatalyst Sample wt Total pore surface

g area m2/g

§14203(1113 0.4560 30.64
§3-Sm203(1:1) 0.3990 37.87
ffﬂd203(l:l) 0.3980 21.79
QH-EUZO3(1:1) 0.4200 28.39

|
FD

- . 0.4050 4,43
3PrGOll(l.l)
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2.6 X-ray Diffraction Method

Thid method is the most widely used technique for

identification and characterisation of materials, since it

is non-destructive.

2.6.1 Principle

X-ray diffraction can be visualized as a reflection
of the incident beam by parallel closely spaced planes of

atoms within a crystal. The condition for reflection is the

well known Bragg equation

n)\ = 2dsin ©

X-rays are electromagnetic waves and of shorter wave
length. They are generated when high velocity electrons
impinge on a target. From Bohr structure of atom, the
critical voltage to generate these rays is that which gives
the bombarding particle sufficlent energy to eject one of
the shell electrons from the target atom. when this happens
an electron from one of the outer shells immediately
negotiates a Jjump replacing the dislodged electron and
emitting a quantum of radiation. A monochrmatic beam of
x-rays were produced from the selective filter in the
i?atrument. Interference of electromagnetic waves over
slalid produce a diffraction pattern which is characteristic
of its crystalline nature. No sharp diffraction pattern was
sbserved for amorphous sample. A diffractometer consists
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l
ssgentially an x-ray generator, a goniometer for rotating
|

the sample and measuring diffraction angles, and an X-ray
‘-I;‘:t;}mter tube and counting circuits to detect, amplify and
nel'aaure the diffracted radiation. The diffractogram
represent a permanent record of intensity against
diffraction angle, and is obtained directly by a strip-chart

recorder or by some out put device.

2.6.2 Procedure

Equipment used in the present study was pw 1710
Bhillips Holland comprised of an x-ray tube working in the
|

‘voltage range 35kv and electron emission current 10 mA. The
eletron beam produced by the heated filament was focussed to
the slender target area. Cuke radiation was used in the

Liffraction studies since it has long wave length and hence

reater 26 interval, and also copper has outstanding thermal
c nductivitly. About 10 mg of the sample was spread on the
sanple holder. Sample was scanned at an angle 20-60°. The
pattern of all single and binary oxides are given in

8. 5 and 5'.

Thermogravimetric Analysis

The method of thermogravimetry is  basically
qu'&t}titative in natu.re that the mass change can be
lecﬁrately determined. The temperature ranges in which the
magg: changes occur are gualitative and in that respect they

depend on the instrumental and sample characteristics.
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2.7.11 perivative Thermogravimetry.
Princliple

In thermogravimetry, mass of a sample m is
continously recorded as a function of temperature T or
time t.

m = £(T or t)

guantitative measurements of the mass changes are possible
by determination of the distance, on the curve axis, between
the two points of interest or between the two horizontal

nass levels.

In derivative thermogravimetry, the derivative of

#ass change wilth respect to time dm/dt is recorded as a

function of time(t) or temperature (T) or
3t - f (T or t)

In other cases, the derivative of mass change with resgpect

te temperature, dm/dt is recorded as a function of time (t)

or temperature (T) as

dm _
E'-I‘-—f(Tort)

'n either case, the resulting curve is the first derivative
of the mass change curve. A series of peaks are obtained in
shich the areas under the peaks are proportional to the

total mass change of the sample. DTG curve presents the
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game information given by the TG curve in a visually
iaccessible way, sSince the area under the DTG curve is
|proportional to mass change. The DTG curve allows the ready
determination of the temperature at which the rate of mass
change is maximum, and it provides additional information to

the extrapolated onset temperatures. Dynamic

thermogravimetry has been widely used to study the kinetics

.of thermal decomposition reactions.

ELECTROMAGNETIC

BALANCE -
o= =y PHOTO - SENSITIVE
' 1 NILL DETECTOR
FUANACE 1 SAMPLE 1
TUBE —.\: EOAT =)
: 1
= [__ GAS 1 &
_— . ' FLOW = 0 v
GA3 § ]
outiLE? \ )
|l FURNACE ( P TARE WEIGHTS
Tmeqrooe
1

1 .

[[ PROGRAMMER l RECORDER Luuunu

T 7

Fig.6 Dupont thermal balance

|

ilfhermobalance is an instrument that permits
cmtinoug weighing of a sample as a function of temperature.
Pedarn tlliermo Balance consists generally a recording balance
ferisce, furnace temperature programmer or controller and

a recorder. The balance consists of a null-balancing,
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||'remove water. The benzene was refluxed
over| sodium, 'idisti]ﬁled and kept over sodium wirelés.

| |
n—BuNle (q.D Fine chemicals) was purified by

Stm%k apparaius to

|
|
distjllation.| About 0.1 M solution is prepared by weighing

Im} of n-BuNﬂz in 100 ml volumetric flask and making upto

volume using ;I)urifiqd dry benzene.
{

y |
Indi4a-tors
!

Neutral red was obtained as the hydrochloride salt.

It was 'convertefd to 1|Lhe nevtral base by adding slight excess

of sta dardizedi sodivm hydroxide solution. The product was

L4

wasped several |times and stored In a desiccator over
drierite. All oiher indicators enlisted in Table 9 were
purified by recr'ystall]isation. Indicator solutions were

prepared by dissoyving 0.1g of material in dry benzene.

2.8.2 Acia Strength Meagurements

To determine the acid strength of catalysts, a
| |
variety of Hammett inldicators are used. The Hammett
|
indicators used in the present study are listed in Table 9

yith their color cf\anges and corresponding pKa' values.
|
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Indicators used forAcid StrengthMeasurements
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_
In#icators

Basic Acia pKa
‘ color color
Al I-
' Neqtral red Yellow red +6.8
|
C—baphthjl red brown red +4.0
vellow
|
Methyl yellow orange red +3.3
4-phenyl brown purple +1.5
azodiphenyl amine yellow
- piciinnamal 'acetone orange brick red -3.0
Benzal aceto phenone colorless yellow -5.6
Mthraquingne colorless 1light -8.1
yellow

’imental

1. Ten to [fifteen grams of catalyst samples were calcined

400% for 5 hour. After the calcination period
sémple %as allowed to cool while dry air is passed
t?roughlhhe furnace. When the sample reached 150°, it
i% transferred to screw cap bottles and stored in a

5 .
desiccator.
2, Rolghly 0.1 g of sample was transferred to a test tube,

5m11 of dry benzene added followed by 5 drops of 0.1%

indkcator' golution. Color developed on the catalyst
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sample was noted. From the color change acidic or basic
nature of the catalyst to various indicators in

different pKa values were found.

2.8.3 Acidity of Catalyst Surfaces

‘of n-.B,uNH2 using various Hammett indicators by Benesi's

Acidity of catalyst surface estimated by titration
37

auccesgive approximation method.

Bxperﬂsental

1.

2.

\
Roughly 1 g of the calcined catalyst sample was

trgnsferred to welghed Bcrew cap bottle kept in a
de?iccator. Screw cap bottle reweighed to obtain the

saipple weight correctly.

Te‘| ml of dry benzene was added to weighed samples.
0. IM n-BuNH, in benzene was added in successively
1n3;'reasing amounts. Screw cap tubes were capped and

eqﬁlilibrated in a shaker overnight at room temperture.

After equilibration, two ml portions of the catalyst

su Lensions were added to test tubes and tested with
|

Har'ﬂnett indicators. Test tubes were arranged in the

orqjer of increasing butylamine content and checked at

|
whjch stage enough n-butyl amine was added to neutralize
alyst acidity to a particular indicator.

ca

Sté'pa 2 and 3 were repeated with smaller stepwise

in Lease in the n-butyl amine content, 80 that

1
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jncertainty in measuring the titer values will be very

mall, '

The aclid strength of all single and binary oxides
were determined and are depicted in Tables 10 and 11
respTctively. Steps 1,2,3,4 of the above procedure was
repeatedly done to get the acidity of all binary oxides.

The |acidity in mmol/m2 of varlous catalysts are given 1in

Table 12.
Table 10
Acid Strength of Various Single Oxides

Catalyst Ho range

A1203 ‘3-0 tO -556

Yz‘lfb +3.3 to + 1.5

Sm, 0, +1.5 to -3.0

Eu 03 +1.5 to -3.0

‘.

Table 11

|
AciﬂiStrength of Various Binary Oxide Catalysts
!

Caﬁalyst Ho range
A1#03—Y203 -5.6 to -8.2
A1%03-Sm203 -556 to —812
A12-03—Nd203 -5.6 to -8.2
| —— -— —
A1203 Euzo3 5.6 to -8.2

il



Table 12

Acidity Distribution of Binary Oxide catalysts
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Acid amount in m mol/m2 at various acid
strength (Ho values)

Catalyst +6.8 +4.0 +3.3 +1.5 -3
M70f4203 0.0589 0.0044 0.002) 0.0030 0.0001
Alfh-Nd203 0.1074 0.5099 0.0123 0.0070 0.0028
M70§6m203 0.0924 0.4375 0.0292 0.0041 0.0071
m20j£“203 0.1135 0.4990 0.0350 0.0380 0.0088
12.8.4 Basicity
Naterials

Cyclohexane, (E. Merck (India) Ltd, G.R. grade)

“nzene (G.R grade, E. Merck (India) Ltd) and benzoic acid
.|I
(B9.5% pure guaranteed reagent, supplied by BDH) are used in

ge -studies. Indicators and their color changes at

rresponding pKa values are given in Table 13.

Table 13

Indicators used for Basic Strength Measurements

|
o

Indicator pKBH Basgic Neutral

! color color
%4.&htlnitro aniline 12.2 Reddish Yellow

; orange
Lt-D%nitroaniline 15.0 Purple Yellow
$-Nitroaniline 18.4 Yellowish Yellow

orange

i%mlbroaniline 26.5 Pink Colorless

]



80

2.8.5 Purification of Materials

Purification of cyclohexane

Cyclohexane was passed through a column of activated
silica, and lithium aluminiam hydride added and distilled

and keﬁt over sodium wire. It was again distilled and kept

on 4A moleculer sieves.

Benzene was purified as in section 2.8.1. Benzoic

acid was purified by recrystallisation and solution was made
|

in dry cyclohexane. 1Indicators were dissolved in benzene to

get 0.1 wt% solution.

2.8.6 | Experimental

The method consists of titrating catalyst
suspengions with benzoic acid using various nitroaniline

indlcators.

1. About 15 g of catalyst sample was transferred to glass

mple tubes and calcined at 400°C for 5 hr. It was

8
tlen cooled to 150°C and kept in a desiccator.

2. About 159 of catalyst sample was transferred to weighed
sgrew cap vials. The sample weight was determined and
10ml of cyclohexane was added to each of them. Maximum

care wag taken to avoid contact of the sample with air

while transferring.
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Benzoic acid solution was added in successively

increasing amounts to each of the samples. Samples were

equilibrated for 5 hours in a shaker.

After equilibration 2ml each of catalyst suspensions
ere taken in test tubes and indicators added. Test

tLbes were arranged in increasing amount of benzoic acid

content.

The color developed in each test tubes were noted after
2@ hr. Titrations were repeated with small increments
in the amount of benzoic acid, to reduce the amount of

drror. The end point, where basic color just

O

isappeared was determined. The basic strength and

basic amount of all binary oxide catalysts are given in

<

ables 14 and 15.

Table 14

pasic Btrength of Various Binary Oxlide Catalysts

Catalyst H_ range

A1203—Y203 15 to 18.4
A1203—Sm203 15 to 18.4
A1203-Nd-203 15 to 18.4

A1203—Eu203 15 to 18.4
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the same energy. For most commercial ESCA instruments hy,
{s either 1256.3 eV generated from a Mgk« anode or 1486.7

from an Alka source.

In this device a heated tube provides electrons
which are accelerated to a potential of hetween 10 and 20
kev towards a water cooled anode side. The electrons creat
core holes in the anode atoms, which are filled by relaxing
electrons from high levels. The relaxation process 1is
followed by X-ray fluorescence. Several factors prefer Mg
or Aluminium as anodes. The factors are a narrow line width
di;)(—ray transition which is essential to obtain a narrow

[
spread in observed E The energy of the characteristic

B
I-ray should be sufficient to excite photoelectron and Al
has an advanced merit of higher melting point. The
r‘psultﬁ:ng X-zay from Aluminium will have large intensity

hence good resolution.

2.9.2 Procedure

Photo electron spectroscopic measurements were
carried out on an ESCA-3 Mkll electron spectrometer (V.G
$clentific U.Ip(.). Photo electrons were excited using Alka
radiation which were monochromatized by reflection from a
quartz crystal. Sample was mounted on a sample holder and
vag cl&aned bb ar® ion sputtering. In this method a beam of
Mﬂ-SO?OeV A|r+ ions with a current of 1-10 }11-\/cm2 was

ﬁocuas%-d to the sample. These ions posseses considerable
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freq#ency there will be energy transition taking place

between the spinning nucleus and radio frequency beam. This

transition is called resonance and hence the term nuclear
|

magrietic resonance. The precessional frequency 'Y ' |is

dir#ctly proprotional to the external field Bo.
Y oC Bo

Very broad NMR adsorption 1lines are obtained from solid
samples because chemical shift amisotropy as well as dipolar
and quadrupolar interactions which in solutions and liquids

arqd averaged by the rapid thermal motion of the molecule are

not so averaged in solids.

2.10.2 Procedure

27Al has magnetic moment I = 5/2 and a chemical

shift at the range of 450 ppm. So the peaks will be very
broad. Magic Angle Spinning device was hence used.
Instrument used was Brucker MSL 300 at 78.2 MHz. Sweep

width was 250kHz with a pulse length of 1 Psec.

| Sample keeping device in MAS 27A1 NMR

(¥ig.7
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Compressed N2 enters the space between the stator
and the rotor through jet holes maintalned at an angle to
the conical mushroom surface of the rotor. The whole
assembly was placed at 54°44' to the direction of applied
magnetic field. Relaxation delay of the instrument was
500 ms. NaY-zeolite was used as the reference at 62.8 ppm.
Sample was spun at the magic angle at the rate of 4.3 KHz

and also at 3.34 KHz.
2.11 ' Results and Discussion
2.11/1 Catalyst composition
Binary oxide catalysts were prepared by

preciEitation as hydroxides from nitrate solution, the

addit

on of ammonia solution in one lot with efficient
stirrling preclude the initial precipitation of rare earth
hydroxides. The precipitate was throughly washed to free
| ftself of nitrate ions and calcined at 400°C for 5 hr. The

single oxide catalysts were also prepared in the same

anner.

:Gravimetric estimation of catalysts doesn't show
wmidh vhriation in the composition from theoretical values.
This s|hows that during coprecipitation neither aluminium
prevmi compliete precipitation of rare earth nor rare earths

preven compléte precipitation of aluminium.

\
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2.11.2 Surface Properties
2.11.2.1 Surface Area

The accessibility of a catalyst surface to reacting
gases| is of considerable importance in the selection of a
solid material which is to function as an active catalyst
for 1eterogeneous reaction. For a given catalyst, greater
the amount of surface available to the reactant the better
the conversion to products. Few catalyst preprations which
are |energetically homogeneous in the sense that all
adsorption sites are equivalent and the same amount of
energy is exchanged between each molecule of adsorbate and
adsorbent site. If such a catalyst could be prepared, then
its pctivity would be directly proportional to the surface

area|l exposed to the reactant. Surface area measurement is

an important expedient 1in predicting catalyst performance
and determining the role which the catalyst surface plays in

any heterogeneous reaction.

Table 7 gives the specific surface area results of
alumlina-rare earth oxide mixtures consisting of Preo,y.

Nd20 r Sm,04 Y203 and Eu,04 (all 1:1 binary oxides). The

ecurface area values determined by BET method ranged from
97.3% m2/g to 121.507 mz/g. The highest specific surface

area valueéI has been obtained for A1203—Nd203 system while

'has got a value, 101.25 m’/g. Even though the

Al 203-!:’.\)203‘

)
method of pFecipitation of catalysts were same, surface area
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of A120.3—Pr6011

of 41.51 mz/g. This may be due to agglomeration during the

was found to be unusually low having a value

formation of the mixed binary oxide. It is interesting to

note that except Nd,O, system the surface area are in tune

with .decomposition pattern presented in the

thermogrgvimetric data. 1t appears that the increased

Purface area of A1203—Nd203 system is probably due to slow

Fecomposition of the hydroxide mixture as it requires still
°|

tﬂgher temperature for complete decomposition on the other
hand, from the reactivity data it appears that A120 ~-Eu,0

3 273
system is more effectlive than the other binary oxide systems

studied. Although A1203—Eu203 has got slightly 1lower

surface area but possibly has sufficient microporosities
which is quite possible because of the fast removal of
hydroxyls from the system. This 1is true if we compare
A1203*F.u203 system and A1203—Y203 system having near
specific surface areas but different TGA patterns.

2.11.2.2 Poxe Size Distribution

Pore volume Dv(r) distribution versus radius of
various binary oxide catalysts are deplicted in Fig. 4. Aall
five binary oxides show different patterns in pore size
distribution. Pore surface area values calculated €rom
mercury porosimetry are given in Table 8. A1203—‘1203 showed
a wide distribution of pore from 200 to 1000% and total pore

surface area 30.61«m2/g. For A1203—Sm203 pore size
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|- °
distributipon ranged from 20-200a. 1\1203-Pr6011 had a very

narrow distribution of 20-25A. Other catalysts 1\1203—;‘.:\1203

d A1203-N6203 had a distribution of pore size between 20

- S
Id 70A. 1&1203-—szo3 had a total pore area of 37.87 mz/g

ile }\120)3—1?'7:60ll had a very semall value of 4.43 mz/g.

|
A1203-E0203 and 15‘1203--Nd203 had total pore area 28.39 ang

2
21.79 m“/g respectively. The pore surface area of the

catalysts determined by mercury porosimetry are found to be
very low when compared to surface area obtained by BET

method. In mercury porosimetry pore area above 20A was
de!termined. Since there 1is large difference in the surface
area valueg in mercury porosimetry the pores below 20;\ are
not taken .in to consideration. This indicates a bimodal
pore size distribution one above 20;. and one below 20?\, for
these binary oxides precipitated at a final pH 10. Aluminas
precipitated at the above pH was observed to have a bimodal

pore size distributionlAl.

2.11.3 ©Effect of Method of Preparation on Crystallinity

The XRD pattern of all catalysts are shown in
Figs. 5 and 5'. Pure Al(OH)3 precipitated and calcined at
400°C shows highly amorphous nature probably because the
decomposition is not complete and also because of residual
micro porosities. On the other hand the hydrated yttrium
oxide is a purely crystalline precipitate. When heated at

100°C it tas well defined pattern. Other single oxides like
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Eu.203. A1203 angd \{203 also show diffraction 1lines as
indicated in the Fig. 5. The XRD of binary oxides do not
sBlow any diffraction pattern indicating its amorphous
nature. All the binary oxides still retain their fine

nature and this low temperature calcination at 400°c may not

be sufficient for particle coarsening and it may require
BI

i1l higher temperature. This 1is clearly evident in the
thermogravimetric data also. In the case of binry oxides
studied, the 1rare earth oxides shift the decomposition
|

temperatures to lower ranges, gtill incomplete

dehydroxylation takes place.

Even though there is difference in the pH for the
precipitation of rare earths and alumina the absence of
AL,0, crystallites and rare earth oxide crystallites
indicated by XRD shows that the binary metal oxides are not
mechanical mixtures but consists of new complex oxides.

Tnis could be in the form of metal-o-metal type of linkages.

2.11.4. Thermogravimetric Analysis

Fig. 8 presents the thermogravimetric curves of

alumina-rare earth oxides (l:1 mixtures) 1like A1203—Y203,
-Sm.,0

A1203-Pr6011, A1203 204 A1203—-Eu203 and A1203—Nd203.
Mlthough there is a general tendency seen to bring down the
final decomposition temperture to about 550°C, there are

Aifferences with respect to the individual rare earth

oxides, while Prﬁoll' Sm,0 4 and E:11203 influence the major
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decomposition peak such that the decomposition takes place

between 286°C and 296°C.

In the case of A1203—Pr60ll the major decomposition
takes place at 286.87°C with a mass loss of 38%. Below
I400°C 65% of decomposition is complete. For A1203—Sm203
“there is an initial mass loss of 10% below 100°C followed by
a major decomposition at 292.9°C which leaves a residual
mass of 51.6%. A1203—Sm203 system again shows a small
decomposition at 373°%¢ with a residual mass of 72%.
A1203-Y203 shows an initial decomposition below 100
followed by a major decomposition at 296°C with a mass loss
of 54%. A1203-Eu203 system shows a small decomposition at
363°C leaving residual mass 33.5%. For A1203—Y203 (1:1) the
major decomposition occurs at 298°C with a mass loss of 28%
and the system behaves in a different way than the other
binary oxides. Further around 70% decomposition takes place
much below 400°C in the case of A1203—Eu203, Al\203-Pr6011
and A1203—Sm203 suggesting very low extent of free OH groups
in these oxides. 1t 1s worthwhile to suggest that this

decomposition could influence the favourable occurrence of

reaction sites in these oxide systems.

Among these three oxides A1203—Eu203 (1:1)

composition appears to have the lowest loss on ignition much
below 400°C suggesting the possibility of higher occurence

of reaction sites. Moreover the major decomposition in this
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{115 Acidic and Basic Properties

The amount of acid sites at different Hammett acid
ﬂtrenélths on unit surface area for the four catalysts are

shown in Fig. 9. The acid sites of A1203'Pr6011 could not

be estimated due to the dull green color of the catalyst.

The amount of acid sites at Ho < +6.8 was found to be

273

ltT(imum for Al,0;-Eu,0, followed by Al,05-Nd,04.
Al had an acid amount of 0.1.135mmol/m2 and

9037Eu,0,

Allo3—N6203 had 0.1074 m mol/m2 at pKa +6.8. The least acid

enount was found for 1\1203—‘1203. Same pattern is followed

at -Ecid strengths tlo<+4. At medium acid strength of +3.3 and

+1.5, }!\1203—5‘11203 showed highest acid amount of
|

0.035 mmol/m2 and 0.038m mol/m2 respectively. At medium

acid strength 11‘\1203—Sm203 was found to have more acid amount

than Al1,0,-Nd,O At high acid sites of Ho < -3, the amount

273 273"
of acid sites 1is highest for 1\1203-8\1203 followed by
A1,0;-5m,0; and least for Al,0,-¥,0,. It is clear from the

acidity values in Table 12 the catalysts have weak to

moderate acid strengths.

1\1203 prepared under the same conditions showed more
iacidities at lower acid strengths than binary oxides. The
gingle oxide catalysts of rare earths showed only weaker
acid sites.

All binary oxides of alumina-rare earths showed

weaker basic st;;:ength ranging in between pKBH values 12.2 to
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15. The basgic strength and basic amounts of various
catalyts are given in Tables 14 and 15. From the table,
Al,0,-Nd,0, is found to have highest total basicity.
1&].203—1:‘,1.1203 has got more basic amount at higher sites (15.0)
with a value of 0.2864 rneq/m2 followed by A1203-Nd203 with a
value of 0.2551 meq/mz. 1%1203—Sn1203 has intermediate
basicity while 15\1203-‘[203 has got 1least basicity. The
single oxides of rare earths did not show any color change
with any of the basic indicators. 1\1203 showed basicity but

the basicity value was less than that of all binary oxides

cluding Alzo -Y¥,0,.

3 7273
Catalytic activities largely depend on the amount

strength of acidic and basic centers on the catalyst

ixface. A1203—E‘.u203 and 1\.1203-Y203 although had same

ves of surface areas their activities are largely

ferent. This 1is quite conclusive from the 1largely

different values of the acidity and basicities.

Information on the basic strength of the mixed oxide
catialysts can be obtained from XPS analysis, since XPS data

is Indicative of site str:engthl46 to 151 The electron pair

.

donating ability of the oxides can be correlated to O IS

binding energy. The O IS binding energy measured for the

three oxides viz. A1203—N6203, 1\1203—E’r6011 and Al1.0,-Eu.0O

273 273
are 536, 539.25 and 540eV respectively. The order of basic
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strendth obtained from XPS data is Al,0,-Nd,0, >
A1203—Pr60ll > A1203-Eu203. eventhough the difference in

binding energy are very small.

2.11.7 Effect of Coprecipitation on Acidic and Basic
Properties of Binary Oxjide Catalyst when compared to

'Single Oxide Catalysts.

The single oxide catalysts of rare earths showed
acidic sites at weaker acid strengths ranging between +3.3
to +1.5. Al,0, showed acid strengths in between Ho < +1.5
to Ho < -5.6. The binary oxides showed an acidity range
from Ho ;»—5.6 to tHo ;.~8.1 showing that there 1is an
increase in the acid strengths of binary oxides when
compared to single oxides. Alumina showed more acidity at
all acid strengths upto Ho é_+l'5 and showed no acidity at
Ho < -3. But all bipary oxides showed acidity in the range
from Ho < +6.8 to Ho ;’—3. The increase in acidity at
higher acid strength can be accounted by the formation of
more strained sites on catalyst surface due to

coprecipitation.

The binary oxides studied was found to be weaker
bases since they do not show any basic sites at higher basic
strengths of H_ 18.4 to 26.5. The single oxides of rare
earths prepared by the same procedure did not show any basic
sites at all, where as Al_ O, show basicity less than the

273
binary oxides. There is definitely an increase in basic
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stréngth of the mixed oxide catalyst indicating generation
of |lmore basic sites ¢than the individuval oxides. The
therpogravimetric curves indicate that the calcination of
thelgare earth hydroxide to the oxide is not complete as it
showg a peak at 500°C, where as the catalysts were prepared
at 400°C. This could also provide an enhancement in the
basicity of  binary oxide <catalysts. The binary oxide
catalysts showed higher acidity at higher acid strength and
less at lower strength. Binary oxides show more basicity
Tnd mpre basic amount than single oxides. Most probably it
éouldhbe due to the formation of metal-o-metal bonds formed
#uind calcination from complex hydroxides produced during

|
coprecipitation.

2,11.8. Nature of Coordination of Aluminium Atoms on the

Activity of Catalysts

It 1is reported in the 1literature that the
coordination number of aluminium atoms in the lattice could

27A1NMR142’143’144. The chemical shift

be inferred from MAS
around 60 ppm has been attributed for Al atom in tetrahedral
c%ordinétion where as for octahedral coordination of
a;mﬂmium, chemical shift will be between zero to 10 ppm.
Table 16 gives the chemical shift value of Al atoms in
different catalysts. 1In the case of Al,03-Y,04,
2%& NMR spectrum showed two signals one at 69 ppm and other

the MAS

at' 7.7 ppm showing Dboth tetrahedral and octahedral

:amrdination. From calculating the percentage areas of the
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signdl at 60 ppm it is found that 1/3rd of the Al atoms are
in tetrahedral coordination. In the case of A1203—Sm203 two
gsignals are observed, one at 7 ppm and other 62 ppm. From
calcualted area percentage it was observed that as in the
case of A1203—Y203, 1/3r@ of Al atoms are present in the
tetrahedral coordination. For A1203—-Nd203 both signals at
56 ppm and 4.3 ppm were having almost equal area indicating
that the Aluminium atoms are equally distributed in
tetrahedral and octahedral coordinations. For A1203—Eu203,

A1203—Pr6011 very broad signals are obtained. This can be

attributed to magnetic anisotropy and quadrapolar

interactions of aluminium with rare earth atoms. In the

kmse of Al,0,-Eu,0; two signals were obtained at 356.8 ppm
‘and 2.8 ppm. For A1203-Pr60ll the signals obtained were at
:ﬂlppm and 4.4 ppm. In both these catalysts both signals

are of equal intensity showing that aluminium atoms are

present equally in tetrahedral and octahedral coordination.

Table 16

Chemical Shift Values of Various Catalysts in

MAS 27AINMR

<

ﬁatalyst tetrahedral octahedral
ppm ppm
\
§T203—2203 69 7.7
A}zoj‘P‘6°11 50 4.4
A].:203—Sm203 62 7
b03—Nd203 56 4.3

A1203—Eu203 56.8 2.8




- 111



TRANSFORMATION OF TERPENYL OXIRANES OVER BINARY OXIDE

CATALYSTS OF ALUMINA - RARE EARTH OXIDES

3.1 Introduction

Terpenyl oxiranes are important intermediates in
the functionalization of cheap raw materials like terpene
hydrocarbons which are abundantly available from natural
esgential o0ils. Many of the hydrocarbons like limonene,
piﬁene etc. are available as optical isomers in nature. Many
of the aroma and flavour compounds of commercial importance
do Ihave chiral centers in the molecule. The prime example in
the odour characteristics of optical isomers is carvone.

(j-)'Carvone has a spear-mint odour, (+4) carvone has got a

floral odour.

In our ongoing efforts to obtain aroma and flavour
compounds of value it was decided to carry out
tran’p'formation reactions of terpenyl oxiranes using the
bina&:y oxide catalysts of alumina-rare earth oxides. The
preparation and characterisation of binary oxide catalysts
are already described in chapter II. The terpenyl oxiranes
used in this study are a-and B-pinene oxides, (+) and

(-} limonene oxides, 3-carene oxide and ar-curcumene oxide.

(+) and (-) carvone, myrtenal, nuciferol are very

high value aroma compounds used in perfumery industry in
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large amounts. The terpenyl oxiranes selected for the study

ceuld g\ive the above mentioned high value products.

he reactivity and selectivity of binary oxide
~atalysts in the transformation of each terpenyl oxiranes
has beenT dealt with separately. Acidity and basicity of
utalystsi' are determined by surface area, pore size and
thermal treatment. Most of the catalytic reactions takes
slace dueﬁ to the active participation of the acidic and
basic si Ls present on the surface of the catalyst. The
products Ek"prrnecl in the heterogeneous catalysis reaction are
rainly cdérelated to acidic and basic strength of the
caYlyst. ‘Hence it is very essential to have the data for

really reference.

Tables 11, 12 and Fig. 9 give the relevant data
eyt acidkty and Tables 14 and 15 give data about the
masibity.

Table 11

Acid Strength of Various Binary
Oxide Catalysts

Catalyst Ho range

2\1203 Y203 -5.6 to -8.1

2\1203—Sm203 ~-5.6 to -8.1
, )\1203-Ndzo3 -5.6 to -8.1




Table 12

Acidity Distribution of Binary Oxide Catalyst in
m mol/m2 at vVarious Acid Strength

—)
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Catalyst +6.8 +4 +3.3 +1.5 -3
1
AIZI—Y203 0.0589 0.0044 0.0021 0.0030 0.0001
A120 -Nd.zo3 0.1074 0.5099 0.0123 0.0070 0.0028
A120I—Sm203 0.0924 0.4375 0.0292 0.0041 0.0071
'.1\120|—Eu203 0.1135 0.499 0.0350 0.0380 0.0088
Table 14

Basic Strength of Various Binary Oxide Catalysts

Catalyst H- range

Al,0 —Y203 15 to 18.4
Al,0 —Nd203 15 to 18.4
Al,O ~5m,04 15 to 18.4
Al,0,-Bu,0 15 to 18.4

273




Table 15
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Basicity Distribution of Binary Oxide Catalysts in meq/m2

Basic amount in meq/m2

Catalyst in H- range
12.2 15 Total basicity
A1203-Y203 0.0243 0.0451 0.0694
A1203—Ndzo3 0.1234 0.2551 0.3785
|M.203—Srn203 0.1232 0.1335 0.2567
'\1\1203—5:0203 0.0592 0.2864 0.3456

3.2 Epoxide Rearrangements

Acidic and basic catalysts like BF;, MgBr

lithium dialkyl amide

jatalytic rearrangement of epoxides.

2—t—Buok or

have been frequently used in the

With acidic catalysts

poxides generally rearrange to carbonyl compounds and with

ﬁasic catalysts to allylic alcohols. Recently heterogeneocus

ﬂatalysts like alumina, silica and other solid acid base

t#talysts were used for epoxide isomerization.

Oxirane ring

Fig.12.

Oxirane ring in ethylene oxide.
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samples. Linalyl acetate was chosen as the internal

standard in most cases.

GLC analysis was done on a 5840N Hewlett-Packard gas
chromatograph. Column ov17(10%); 1.8 M length, I.D 3.)l mm;

carrier gas N, at a flow rate 20 ml/min, F.I.D. detector;

2
column temperature programme from 80 to 200°C at the rate of
IDOC/min. Injector temperature 250°%, F.I.D. temperature

300°c.

GC-MS was carried out on a Varion - 3400 Incos.50
aags spectrometer. Column DB-5; length 30 M; 1.D 2.5 nm;
column temperature programme from 60 to 200°C at the rate of

5%/min, carrier gas used was helium.

3.3 Transformation of a-Pinene Oxide (2,7,7-Trimethyl-3-oxa

tricylo [4.1.1.0]) octane)

garlier Studies

When Nigam and Levi chromat:og):aphed85 a-pinene oxide

{9) over active Al1.0,, pinocarveol (10), cis and trans
273

pinocamphone(11) and a-campholenic aldehyde(1l2) were

obtained.
0.
o O
ey T .
9 10 11 12

Joshi and co-workers observed the transformation of 2a, 3
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| -epoxypinane to trans-pinocarveol (20), pinocamphone {(11)

I 8 8
3 -

wr ‘_oH :
: o
SN S
@PH
20 11 21

Rykowsk1107 et al. observed the selective formation of

' 'and a-campholenic alcohol (21) over Alzo

trans-pinocarveol from epoxide in basic media like t-Buok in
pyridine or N,N-dimethyl formamide over homogeneous
catalysts. Over silica gel Joshi and co-workers observed
the formation of large amount of 2,2,3-trimethyl-3 cyclo

penten-l-acetaldehyde (12) from w-pinene oxide89

______;> )
CHO
4 12 OM
,gg 57

However in acidic medlia with BF_-etherate, 2nBr and

3 2
P-toluene sulphonic acid, epoxide 1is transformed ¢to
a-campholenic aldehyde110-113. Tanabe and his co-workers

studied the isomerization reactions of a-pinene oxide over a

number of solid acid base catalysts 1like sioz—A1203,

114

SiOz—TiOZ, solid H,PO 204 FeSO4 etc. . The

qPO, TiOz, Al
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main products were 2,2,4-trimethyl-3-cyclopenten-1-
acetaldehyde (58). a -campholenic aldehyde (12) pinocamphone

(11) and trans-pinocarveol(10).

o)
(0] _‘ov\
—
CHo o
12 11 10

4 58

|
Pyi\:olysis of a-pinene oxide on iron catalyst vyielded
pilﬂocamphonellz‘ Decomposition reactions of a-pinene oxide
ove’lx synthetic zeolites (like 3A, 4A, 13X and TSZ-645-PSH)
vere studied by Nomura and co—workersl55}) They observed the
formation of campholenic aldehyde from q-pinene oxide.

a-pinene oxide isomerized to campholenic aldehyde and

dihydro carvone over chromic acid adsorbed aluminalss.

However a systematic study of the isomerization of
@-pinene oxide using alumina - rare earth oxides were not

made so far. So we made an attempt in the present work to
carry out reactions K of a-pinene oxide over 15‘1203—3!2 37

Al203—Sm2 37 1\1203—Pr6011, A1203-Ndzo3 and A1203-Eu203.

3.3.1 Materials

(+) ~pinene (97% pure) supplied by Aldrich Chemical
Company, U.S.A. CaCl2 lumps supplied by B.D.H. Solvents,

benzene toluene and xylene, ether, 30% H202 (solution},
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3.3.4 Preparation of a-Pinene Oxide

a-pinene oxide was prepared by the method of Royals
and Harre1196. 100 g of (+)- a-pinene (0.07 mol) was added
dropwise to ice cold solution of monoperphthalic acid and
the reaction mixture was kept in a refrigerator until the
reaction was complete. Rate of the reaction was monitored
by TLC. The reaction mixture was extracted with ether.
Ethereal solution was washed with aqueous sodium carbonate
solution to remove free acid. The solution was separated
from the agueous phase and dried over anhydrous sodium
sulphate. The solvent was removed under vacuum. The crude
mixture was fractionally distilled in vacuum. The fraction
collected at 100-102°C (10 mm Hg) yielded 73 g. Purity of
the fraction was found to be 97% by GLC analysis. It is

assumed to be a mixture of cis and trans epoxides.

3.3.5 Reactions of a-Pinene Oxide
Reactions at 80°C

a-Pinene oxide (1.3 Q mol) and 1 g A1203-Y203 and
5 ml1 benzene were refluxed with stirring. Reaction course
was monitored by TLC at 1 hr intervals. After 15 hr the
reaction was found to be slow, reaction mixture filtered and
catalyst separated. Catalyst was extracted with methylene
chloride. All extracts were combined together and Bolvent

removed.
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The same procedure was repeated for reactions at
- 110°% ana 140°c. Solvents used were toluene and xylene.
Reaction time was 7 hr at 110°C and 6 hr at 140°C. Same
Ireaction procedure was repeated at three different
temperatures 80°c, 110°c and 140°c for other binary oxide
-5m,0

\catalysts, A1203—Nd203, Al,0,-P A1203 204 and

2037Prg0y ¢

IA1203—Bu203.

3.3.6 Preparation of Authentic Samples

1

3.3.6.1 Preparation of Campholenaldehyde (2,2,3-trimethyl

-3-cyclopentene-1- acetaldebyde) (12)

Materials

a-pinene oxide, glacial acetic acid (98%), NaoH and
anhydrous sodium sulphate supplied by s.D Fine

€hemicals Ltd.

Experimental

Campholenaldehyde is prepared by the procedure given
by Royals et a196. "a-pinene oxide (30.4 g, 0.2 mol) was
edded with stirring to 100 ml glacial acetic acid at 20%¢.
After the addition reaction mixture was stirred for another
20 hr. 20% NaOH solution added to neutralize the acid at
15°C and the resulting mixture was extracted with ether.

Ether extract was washed with water, dried over anhydrous

sodium sulphate and solvent removed. The crude mixture was
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|
dhstilled and fraction collected at 55°C (4 mm of Hg)

yi’ielded 6 g (20%). Purity of the product was found to be

8h% by GLC analysis.

3L3.6.2 Preparation of Pinocarveol(6,6-Dimethyl-2-methylene
\

H*teriala

Se0, Absolute alcohol (supplied by S.D Fine

bycyclo {3.1.1] heptan-3-01) (10)

emicals) and Pp-Pinene (supplied by Aldrich Chemical
o pany, U.S.Ah)

erimental

! The procedure followed was given by Quinn157. About

0.p5 mol (6.56 g) of Se0, in 30 ml absolute alcohol was
ad@ed dropwise during 1 hr period, with vigorous stirring to
13,6 g (0.1 mol) of B -pinene. During the addition solution
begome warm and turned yellow. After stirring another half
an thour at room temperature, the solution was refluxed for 4
hour. The reddish brown solution obtained was washed with
tworfold quantity of water. The reddish brown solution was
filtered to remove the black preclipitate of selenium. The
solvent removed and solution fractionally distilled and
firet fraction collected at 70°C (5 mm of Hg) yielded 3.7 g

(776). Purity of pinocarveol was checked by GLC and found
to be 87%.
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Experimental

The procedure followed was Quinn's methodlS7.

B-pinene 13.6 g (0.1 mol) was taken in 28 ml of absolute
alcohol and 6.56 g (0.05 mol) of Se0, powder was slowly
added to it during 1 hr period with vigorous stirring.
After the addition solution was stirred for another 30
minutes at room temperature. The reaction mixture was then
refluxed for 6 to 8 hr. The reddish brown solution obtained
at the end of reaction was washed with 75 nl of water. The
reaction mixture was separated from aqueous layer. The
black precipitate of selenium in the reaction mixture was
removed by filteration. Solvent removed and reaction
mixture purified by column chromatography on neutral
alumina. Solvent used was 5% methylene chloride in hexane.
The second fraction containing the ketone was separated and
Asolvent removed. The product obtained yielded 3.5 g
(25.7%). Purity of the product was checked by GLC and found

to be 87%.

3.3.7 1Identification of Products

The reaction mixtufe was analysed by GLC, GC-MS and
constituents were identified by comparing relative retention
time with authentic samples. MS data given in each case is

in the decreasing order of abundance.
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Compound 12 was identified as 2,2,3-trimethyl
-cyclopentene-l-acetaldehyde by RRT and MS.

108(100), 93,41,67,95,43,55,91.

Cciqound 10 was identified as isopinocarveol by RRT and MS.

A1{100), 55, 91, 70, 79, 119, 105, 134.

CoTpound 59 was identified as pinocamphol by its RRT and MS.
41(100), 55, 69, 83, 95, 91, 110.

Compound 60 was identified as pinocarvone by its RRT and MS.

81(100), 55, 108, 41, 150, 135, 122, 69, 39, 27.

Compound 70 was identified as cis-myrtanol by its RRT and MS

‘1(100)' 54' 82' 95' 67' 91' 109A

Cempound 62 was identified as pinane diol by RRT and MS.

41(100), 95, 109, 53, 91, 67, 43, 55, 77, 93.

Colp?und 63 was identified as trans-myrtanol by RRT and MS.

11(100), 54, 82, 93, 44, 51, 79, 77, 95, 91, 108.

3.3.8 Results and Discussion

For reaction at 80°c, percentage convergion ranged
from S50 to 83 over various Dbinary oxide catalysts.
A1.203--N(1203 showed maximum conversion (83%) to products.

M203—Sm203 yielded 82% products. Al,04-Y,0, showed 1least

conversion to products (50%). Among the products the ring

Cfntracted aldehyde (12) was the major one produced over all

chtalysts.
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Table 17

Activity and Selectivity of Various Catalystsin Benzene(l5 hr)

§talyst Converstion Product %

z 12 10 59 60 70
A‘1“203-YZO3 50 29 11 14 25 -
ni03—5m203 62 34 16 20 19 -
sz3—8u203 82 35 - 21 23 10
sz3~Nd203 83 3l 17 21 20 -
M203_Pr6011 65 40 17 16 15 -

Table 18

Activity and Selectivity of Various Catalysts in Toluene (7 hr)

Product Z

Catalyst Conversgion

pA 12 10 59 60 70 62
A1203-Y203 80 20 10 20 4 4 4
1\1203-St|1203 90 18 26 18 19 3 -
A1203-F,u203 94 31 11 21 17 6 -
5.1203—}111203 91 25 16 20 14 5 -
M203-Pr6011 93 21 15 17 13 5 7
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Table 19

Activity and Slectlivity of Catalysts 1n Xyleme (6 hr)

Catalyst Conversgion Product %

2 12 10 59 60 70 62 63
M203-Y203 97 20 10 13 15 - - -
A1203—S|11203 96 18 22 16 17 - 6 -
A.1203—Et.|203 100 46 - 16 12 - 4 6
A120 3-Nd 204 100 20 12 20 22 - - 4
A1203--P1‘6011 a7 29 11 18 18 18 3 4

3.3.8.1 2,2,3-Trimethyl 3-cyclopentene-l-acetaldehyde (12)

at  80°c, carbonyl compounds were the major
constituents in the product mixture. Among carbonyl
compounds aldehyde (12) predominated over ketone (60). At
3060 A1203-Pr60ll produced 40% yield of aldehyde, while

Méo3—Euzo3 produced 35% yield of aldehyde and 11\1203—Sm203

produced 34%. At 110°C the percentage yield of aldehyde

v&r!d.ed from 18 to 31. Al,0,-Eu,0, produced 31% yield of

aldehyde and R1,0,-Nd,0, produced 25% yeild. Lowest yields

of 18% and 20% were obtained for A1203—Sm203 and A1203-!203.

At 140°%, 1&1203—1311203 produced 46% aldehyde,
11\263—?1'6011 produced 29% aldehyde. The yield of aldehyde

varifed from 18 to 46% over various catalysts. Lowest yield
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the: results indicate that a lower temperature of 80°C is

moye favourable for the formation of aldehydes.

3 L .8.2 Trans-pinocarveol(la,3a,5a)—-6,6-dimethyl-2-methylene

bicyclo [3.1.1] heptan-3-01) (10)

| At 80°C the yield of pinocarveol varied from 11 to

178, A1203—N6203 and A1203-Pr6011 produced maximum yield of

17% and A1203—5m203 produced only 16% yield of carveol.

A1203-Yzo3 produced lowest yield (11%) and A1203—Eu o

273
produced no pinocarveol at 80°c. At 110°%c 1\1203-511\203
showed highest yield of 26% while 15‘1203-—3l203 produced

minimum yield (108%). The yield of pinocarveol ranged from
10 to 26% at 110°C. As temperature changed from 80 to 110°
the yield of alcohol decreased over all catalysts except
A11'2'03—Sm203. At 140°C the yield of pinocarveol decreased
except in the case of A1203-Y203. A1203-Y203 yielded 10%
aloohol at 110°C and 140°C. At highest temperature 140°¢
the percentage yield varied from 10 to 22, A1203-Bl.1203'
produced no alcohol at 140°c.

The formation .of allyl alcochol can be depicted as
below. The epoxide gets adsorbed on an acid site on the
catalyst surface and epoxide ring opens up forming a
tertiary carbonium ion. At the same time a proton from the
sethyl group is extracted by a basic site adjacent to acidic

site which results in an exocyclic double bond. The proton
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from the basic site attacks the oxygen atom resulting in the

\»'&\\
Y -

formation of alcohol.

vy

A : Acidic site B : Basic site

At lower acid strengths an increase in the percentage yield
of allyl alcohol with acid amount was observed. At higher
acid amounts there is a decrease in the percentage yield of
elcohol for all catalysts. The variation of allyl alcohol

production with acid amount in m mol/m2 is given in Fig 14.

3.3.8.3 Pinocamphol.[(la,2a,3a,5a)-2,6,6-trimethyl-bicyclo

[(3.1.1) heptan-3-01] (59)

The yield of pinocamphol varied from 14 to 21% at

)
80°C. 1%1203—}311203 and 1-\1203—Nd203 produced alcohol in 21%.

while 13.1203—Sm203 produced only 20% alcohol. Lowest yield

of 1l4% was observed over A120 At llOOC, the

37¥203-
percentage production of pinocamphol varied from 17 to 21%.

- 3 i -
A1203 Eu,0, produced maximum yield (21%) while Al,0, Nd203

produced 20% pinocamphol. No significant variation in the
yield of pinocamphol was observed except in the case of

P«1203-&(203 when temperature changed from 80 to 110°c.

— 3 o —
}\1203 1203 produced 20% pinocamphol at 110 ~C. A1203 Y, 3¢
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A1203~ m,0, and 15,1203-Eu203 showed a decrease in the yield

" when erature increased from 110°C to 140°. Maximum

yikld was observed over A1,0,-Nd,05 (20%) and Al,0,-Pr 0,,

produced increase in production of pinocamphol at 140°C.

The formation of pinocamphol can be illustrated as

follows. The epoxide attaches it self to the surface of the

catalyst through oxygen atom. The epoxide ring opens up to

fqrm a tertiary carbonium ion which abstracts protons from
|

catalyst surface to form the alcohol.

A. Acidic site

As evident from the Fig. 15 at 80°C there is a

regular increase in the production of pinocamphol with acid

amount at Ho < +6.8, +4 and +1.5. At other temperatures

thete is no regular variation in the percentage production

with acid amount. An increase in the yield of pinocamphol

wlth"l basicity at H_l5 was also observed.
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1.3.8.4 Pinocarvone (2-WMethylene-§,6-dlmethyl vicyclold. )

heptan-3-one) (60)

At 80°C the percentage production of pinocarvone

varied from 15 to 25. Highest yield was observed over
-N

A1203 Y203 AlO -BEu 03 produced 23% and 23‘1203 d203
produced 20% pinocarvone. At 110°C the yield of
pinocarvone changed from 4 to 19%. Highest yield 19% was
observed over z\‘l203-3m203 followed by 17% yield in the case
of A1203 Eu,05. A1203 Nd A produced 14% pinocarvone, and
Mzo3 2O3 produced only 4% yjeld. At 140°C the percentage
yleld of pinocarvone ranged from 12 to 22%. 1\1203 Nd O

showed 22% conversion, while 18% conversion was observed

over 11%1203 Pry0gy- 15% yield of pinocarvone was observed

over A1203—-Y203 and A1203—Eu203 showed lowest yield of 12%.

The formation of pinocarvone from epoxide can be
f1lustrated as follows. The epoxide gets adsorbed on an
acidic site at catalyst surface through oxygen atom. A

proton from the methyl group is abstracted by an adjacent

H
I

H~C H

O'
O
——b A - Acidic site

B - Basic site

sic site, mean while epoxide ring opens upto form tertiary

Adrbonium ion and an exocyclic double bond is created on the
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ring. N proton is eliminated and a carbonyl group is formed

which gets desorbed from the catalyst surface.

Fig. 16 shows the wvariation 1in the yield of
pinocarvone with acid amounts of different acid strength.
Nol specific pattern was observed at different temperatures
ancll acid strength hence useful conclusions could not be
obtlained. A general observation would be that the yleld was

some what lower at 110°C when compared to that at 80°C and

140%c.

Carbonyl compounds were the major components in the
products at 140°c. In these reactions studied a number of
compounds were produced in very small amounts which could
not be identified. Al,0,-Fu,05 produced 10% cis-myrtanol at
80°C while all catalysts except A1203—Pr6011 produced
cis-myrtanol in 3 to 6% at 110°c. 1&1203—19::6011 produced
cie-myrtanol in 18% at 140°C. 1\1203—Eu203 and A1203-Pr6011
produced diol in 4 and 3% yield at 140%c. Trans-myrtanol
was produced in 4 and 7% yield by 13‘1203--31:203 and
§011 at 110°c and at 140°C trans-myrtanol yield

varied from 4 to 6% over 13‘1203—N<3203 to 1\1203—Eu203.

M203—Pr

3.4. Transformations of B-Pinene Oxide (6,6-Dimethyl-
tetracyclo (3.1.1.1.1) heptane] (69))]
Rarlier studies

158%a

Sukh Dev and co-workers studied the effectof

modifying the Al,O., with various bases or salts and they

273
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observed that with 2,2-disubstituted oxiranes the main
products are aldehydes. 2a, 10-Epoxy pinane (64) produced
trans-myrtanal (65) and myrtenol (67) in 3:1 ratio and over
A1203-NaOH in hexane at 25°% produced trans-myrtanal (65),

nyrtenal (66), myrtenol (67) and trans-myrtanol (63).

“'““x

CHPH CHoH

a@@ﬁ

3, 10-Epoxy pinene (68) under the same conditions gave same

63

products over A120 -NaOH.

3
C_::HO ChO CHPH CHOH
— ) )
68 65 66 67 63
Nomura and co-workerslSSbobserved the formation of perillyl

alecohol from 2(10)-pinene oxide over synthetic zeolites like

3, 47, 13X and TS2-645-PSH in presence of HCOOH.

3.4.1 Materials

p -Pinene oxide (90% pure) supplied by Aldrich
Ohemical Company, Solvents benzene, toluene and xylene were
supplied by E.Merck (India) Ltd are guaranteed reagents

Tieh were purified as described before.
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3.4.3{2 Reactions of g-Pinene Oxide
o

Brperimental -
Reaction at 80°C

| p-Pinene oxide (1.3 m mol) and Al1,04-Y,05 (1 g) and
Sml!i solvent (benzene)l were stirred under reflux. The
cour |e of the reaction was monitored by TLC. BAfter 6 hr
reaction was found to be very slow. Reactlon mixture
filtdred and catalyst extracted with methylene chloride and
file |red. All flltrates combined together and solvent

removed in vacuum.

. The same procedure was followed for all catalysts
and for reactions at 110°C and 140°C. Reactions were
mnit@red at 1 hr intervals by TLC. Reaction time was 6 hr
in bo{ll:h cases,

3.4.3' Preparation of Authentic Samples

1
|

Preparation of myrtenal - [6,6-Dimethyl bicyclo

(3.1.1) hept-2-ene-2-carboxaldehyde] (66).

hterﬁals

Myrtenol (supplied by Sigma Chemie), dry CH Cl2

2
(supplied by BDH) and pyridinuium chloro chromate (supplied

by Aldrich Chemical Company)

l)?erlnental

'*Myrtenol 2 g (0.013 mol) was taken in 10 ml Adry

C"{-'émz' excess pyridinium ehlorochromate (4 g) added to this
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gsolution and stirred for 4 hr. It is then extracted with

methylene chloride and pyridine removed by washing with
excess copper sulphate and dilute HC1l. It is then washed
with water and solvent removed. Yield obtained 1.1 g (55%).

Purity of the product was found to be 78% by GLC analysis.
3J.4.4 1Identification of Products

The products in the reactions were analysed by GLC
and GC-MS and constituents were identified by comparing
relative retention times with authentic samples. MS data of

all compounds given are in the dJdecreasing order of

abundance.

Compound 70 was identified as cis-myrtanol by its RRT
and MS.

41(100), 54, 82, 95, 67, 91, 109.

Compound 7)1 was identified as cis-myrtanal by RRT and MS.

41(100), 79, 55, 67, 86, 123, 59, 114, 105, 133.

Compound 65 was identified as trans-myrtanal by RRT and MS.

79(100), 41, 67, 107, 5SS5, 85, 93, 122, 113, 135, 153.
Compound 66 was identified as myrtenal by its RRT.

fompound 67 was identified as myrtenol by RRT and MS.

79(100), 91, 108, 119, 41, 93, 92, 43, 121, 152.



3.4.5 Results and Discussion

Reactions
140°%C. The percentage conversion over various catalyst

illustrated

in Fig. 17.

were

Tables

carried out

20,

at 80°%,

110°¢

21 and 22 give
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and
are

the

actilvity and selectivity of various catalysts at different

temperatures.

59 to 68.

Al1,0.-Sm

20375m,04

was observed over A1203

Activity of Catalyats at sd’c for B-Pinene Oxide Isomerization

Max imum

and Al,0,-Nd,O

conversion

2-3
produced 63% conversion to products and least conversion 59%

-Pr O

11°

Table 20

68%

A1203—Y 0]

observed

and Al

273

At 80°C the percentage conversion ranged from
over

(o) —Eu203

Product %

Catalyst Conversion

. % 70 71 65 66 67
L1203-Y203 63 15 4 45 - 7
A1203-Sm203 68 24 1 40 6 5
A1203—30203 63 15 3 51 5 3
M203-Nd203 68 24 2 37 5 6
A2,0.-Pr 0 59 17 - 38 3 4

273 7611
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Table 21

Activity of Catalysts at 110% forf-Pinene Oxide lsomerization

Products %

Catalyst Conversion
b4 70 71 65 66 67
I,Alzoa-Yzo3 50 6 6 10 - 8
M203'Sm203 63 14 - 5 7 S
203—l-lu20 3 56 29 - S 9 6
A!1203-Nd 2O3 53 32 - 4 8 6
M203_Pr601 1 57 24 - S 5 5

Table 22

o
Activity of Catalysts at 140 C for f-Pinene Oxtde Isomexrization

i3

Products?
Catalyst Converstion
b4 70 71 65 67
|
||11203*’1203 85 24 9 ° 10
iA1203-szo3 73 22 6 4 12
A_1203—Bu20 3 59 20 7 5 6
A1203—Nd 203 63 29 4 6 6
0,-Pr, 0 66 30 7 6 4

273 611




%>

Converaliorn

80

70

60 1

SOJ

By

Catalysts

m—b

Fig.17 Percentage conversion of B -plnene
oxide over various catalysts at
different temperatures
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As the reaction temperature changed to 110°, the
| percentage conversion decreased to the range of 50 to 63

over various catalysts. Al 03 Srr1203 showed maximum

conversion 63% to products, while Al -Eu,0 and

203 273
)\1.203 Pr,0,, showed conversions of 56 and 57% respectively.

At 140°C, Al 3 Y203 showed maximum reactivity with an yield

of B85% followed Dby A1203 Sm,0, to A1203 1\1(3203 and

31203-_”6011 produced 63 and 66% conversion to products.

A1203 Eu 03 produced only 59% conversion to products.
Over the five binary oxide catalysts fJ-pinene oxide

was transformed to give cis and trans-myrtanal (71 and 65)

fmyrtenal (66), cis-myrtanol (70) and myrtenol (67)

SIS

ﬂ: 80°¢ carbonyl compounds were the major products formed

u(ﬁ

ger various catalysts. At 110°c ana 140°C alcohols were

#djor components in product mixture.

3/4.5.1 cis-myrtanol (Cis-6, 6-dimethyl bicyclo (3.1.1})

heptane-2-methanol] (70)

At 80°C the yield of cis-myrtanol varied from 15 to

Ys. AL,0,-Sm,0, and Al,0,-Nd,0, were the best catalysts

2
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for the formation of cis-myrtanol with a percentage yield of

- ig- 1, whil
24, A1203 Pr.0,, produced 17% yleld of cis-myrtanol,6 while

o
A1203—Eu203 yielded only 35 %. At 110°C, A1203—!203 and

Al.0.-Sm.0, showed a decrease in yield to 6 and 14%.

273 273

A1203—Eu203

A1203-Nd203 showed much higher yield of 32%. I\1203—Pr6011

showed a steady increase in yield from 17 to 24 and to 30%

produced an increase in yield to 29% and

vhen temperature changed from 80 to 110 and to 140°c. At
140°C the yield of cis-myrtanol varied from 20 and 30% over
various catalysts. A1203—Nd203 produced only 29% yield

while A1,0,-Y,0, yielded 24% of cis-myrtanol.

273 2

The initial step in these reactions is the formation
of a tertiary carbonium ijion by adsorption of an epoxide
oxygen atom on an acid site on catalyst surface. The
carbonium ion (B') then abstracts a proton from catalyst

gsurface to give the alcohol.

\ & CHpH

H-
—— S

A: Acidic site
Pig. 18 gives the variation in the yield of cis-myrtanol

vith acidic amount at various Ho values. For reaction at
110°C the yield of cis-myrtanol increased with acid amount

at Ho < +4 and +1.5. The variation of percentage production
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With acid amount is not regular at other temperatures and no

correlation can be observed.

3.4.5.2 Trans-myrtanal (Trang-6,6-dimethyl bicyclo [3.1.1]

heptane-2 carboxaldehyde] (65)

Trans-myrtanal 1is the major product formed over
various binary oxide catalysts at 80°C and the percentage
yleld varied from 37 to 51. }'\1203—Eu203 produced maximum
yleld of 51% followed by A1203-Y203 (45%). Al,0;-5m,0,
produced 40% yield and A1203-Pr60ll produced 38%
trans-myrtanal. At 110°C  the yield of trans-myrtanal
decreased from 4 to 10% over various catalysts. A1203—2203
produced maximum yield of 10% and 5% yield was observed over

o .
2O3 and A1203—Eu203. At 140°C the yield varied from

4 to 9% with maximum yield 9% over 1\1203—3!203 and minimum 4%

A1203—Sm

over A1203—Sm203. A1203—Nd203 and 11.1203—Pr:60]_1 produced 6%

yleld of trans-myrtanal.

Cis-myrtanal (71) was produced in small amounts of 1
to 4% over various catalysts at 80°c and no catalysts
produced cis-myrtanal at 110°% and 140°c with exception of

. (o]
A1203—Y203. A1203—Y203 produced 6% yield at 110°C,
The initial step in the formation of aldehyde is the

adsorption of epoxide on catalyst surface through oxygen

atom. The expoxide ring opens up which results 1in the
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formation of a tertiary carbonium ion which abstracts a

proton from CH2—O resulting the formation of an aldehyde.

A: Acildie site

The variation in the production of trans-myrtanal
iwith acid amound in m mol/m2 is depicted in Fig.19. The

i_variation in the yield of trans-myrtanal with acidities is
l

mot regular. At various acid strengths, the percentage
production decreased with increase in acid amount and then

Increased with further increase in acid amount.

3.4.5.3 Myrtenal (6,6-Dimethyl bicyclo[3.1.1] hept-2-ene

-2-carboxalydehyde]l (66)
' The percentage yield of myrtenal varied from 3 to 6%
at 80°C over wvarious catalysts and a glight increase in
yleld was observed at 110°c from S5 to 9%. I\.1203--}3u203
1
p:oﬂuced maximum yield of 9%. 1\1203-N<3203 produced 8%

rtenal and 11\1203-Srn203 produced 7%. At 140°C the yield of
gttenal decreased to a maximum yield of 6% over A1203-—N6203

Tnd A1203_Pr6011 .
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The formation of the aldehyde involves the initial
formation of carbonium ion by the adsorption of epoxide on
catalyst surface, along with the abstraction of a proton
from CH,O-group by a basic site adjacent to acidic site. A
proton is eliminated near the tertiary carbon with the

formation of an unsaturation in the ring.

~

(B
B /_.“O"‘ A CHO Ho
. 3
Oon
+ H
% —%‘ _Hl
A: Acidic site B : Basic site

3.4.5.4 Myrtenol [6,6-Dimethyl bicyclo [3.1.1]1 hept-2-ene

~-2-methanol] (67)

The yield of myrtenol is small when compared to

sther products. At 80°c the percentage productlon of
|

Py‘rtenol varied from 3 to 7 over various catalysts with

'-J;imtxm 7% yleld over Al,0,-Y,0,. At 110°C the yield

vaéied from 5 to 8% with maximum over A12O3—Y203. At 140°C a
4

slight increase in yleld was observed from 4 to 12%. Maximum
yleld was observed over A1,0;-5m,0, (12%) followed by
i
512P3-Y203 {10%).

The first step in the formation of myrtenol is the

formation of tertiary carbonium ion and a proton 1is
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abstracted from the molecule by a basic site adjacent to
acidic site. The proton migrates from basic site to oxygen

resulting in the formation of myrtenol.

A

CHP CHOH
'&3 ?
S

A : Acidic site B: Basic site

An attempt has been made to correlate the yield of
myrtenol with acid amount at various acid strengths. It is
illustrated in Fig. 20. The variation in the yield of
aicohol with acid strength is irregular. So we could not

observe a regular correlation between acidity and yield of

myrtenol .

3.4.6 Comparison of Reactivity of @ and pB-Pinene Oxides

The trialkyl substituted 1,2 epoxide, a-pinene
oxlde is more reactive than the 2,2 disubstituted oxirane,
p-pinene oxide. Reactivity of a-pinene oxide increased
with temperature. B-pinene oxide showed a fall in reaction
rate from 80 to 110°C and again an lncrease in reaction rate
'when temperature changed to 140°c. At 80°% a -pinene oxide

ylelded carbonyl compounds in 51% to 56%, and yield varied
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from 35 to 58% at 140°%. B-pinene oxide produced more
aldehydes at 80°c, than that at 110 and 140°c. The
. percentage yleld of aldehydes over various catalysts ranged
from 41 to 59 at 80°C for B-pinene oxide, and at 140°C the
yleld varied from 10 to 13%. A1203—Eu203, and A1203-N6203
are found to be best catalysts for a-pinene oxide
{somerization at 80, 110, and 140°% , while 1\1203—\!203

showed B85% conversion to products at 140°c for B -pinene

oxide isomerization.

3.5 Transformations of Limonene Oxides

Barlier Studies

Humbert and Guth performed the first
isomerization of d-limonene oxide in a heterogenous
catalyst systeme2 over A1203 at 200°C. The main products
being carveols, dihydrocarvone, methyl-l-isopropenyl-3-
cyclopentyl methanol. When Nigam and Levi chromatographed
limonene oxide over active alumina it isomerized mainly to
.allylic alcohols, exo-and endo-carveols along with
dihydrocarvone, perillyl alcohol and 8(9)-p-menthene
1,2-di0l. The product distribution varied with nature of
alumina used83. Settine and co-workers in 1964 observed the
rearrangement of limonene oxide over solid zinc bromide in

refluxing benzene to aldehyde and ketone97.



148

(35) , carvone (36), cis and trans dihydro carvone (6)

cis and trans-exo-carveol (4) and cis and trans-endo-carveol

()
—_>
= =
3 32 33 34 35
= =
“36 6 “ 4 5

In these reactions studied, the selectivity for the

(5).

to:mg]tion of various products depended on the catalyst used.
Meldle catalysts like H,50,/510,, 510,-A1,0,, BFj-etherate
and \,LiC1O4 gave mainly carbonyl compounds. Among the
catalysts Bronsted acids facilitate double bond migration
reactions. Bilfunctional catalysts like TiOZ—ZrOZ, Ti0, etc.
formed allylic alcohols. Among allylic alcohols electronic
facté'rlg play a role in the exo-and endo-alcohol formation.
Basic oxides 1like Ca0O, BaO, MgO are 1inactive to the
lsomerization of 1limonene oxide while metallic sulphates
like Niso4 and F‘eSO4 produced different products depending

en their calcination temperature.
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There are reports in literature for the use of Y,04,
La, 04 and Ce,0, in the isomerization of 3-carene. No other
catalysts were used in the isomerization reactions of
terpenes. A number of perfumery compounds like carvone were
reported to be formed €from limonene oxide. Hence in the

present study a number of alumina-rare earth oxide catalysts

like A1203—‘1203 ’ A120

A1203—E\1203 were used.

3—Sm203, A1203—Pr6011, A1203-Nd203 and

3.5.1 Transformations of (+) - Limone Oxide ([l1-Methyl-4-

(1-methyl ethenyl)-7-oxabicyclo{4.1.0] heptane-R] (3)

iMaterials

(+)-Limonene oxide was 97% pure and is a 1l:1 mixture
of cis and trans epoxide supplied by Aldrich Chemical

Company. Solvents, toluene and xylene were analytical grade

reagents which were purified as in section 3.3.2

3.5.2 Experimental

Reactions at 110°c

(+)-Limonene oxide (100 mg, 0.65 m mol), 500 mg of
lcatalyst and 5 ml solvent (toluene) were stirred at 110°c.
'%Reaction rate was monitored by TLC. After 20 hours reaction
I'was found to be slow. Reaction mixture was filtered to
remove the catalyst. Catalyst refluxed with methylene

chloride and filtered. All filtrates were combined together
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a2d sovlent removed. Reaction was repeated for all five

lﬂnary oxide catalysts.

Reactions at 140°C

The same procedure at 110°C was repeated for all five
blnary oxide catalysts at 140°C. The reaction was monitored
after 1 hr by GLC analysis and percentage conversion ranged
from 32 to SO%. 15‘1203—E1\1203 and A1203—Pr6011 showed maximum
':eplnversion of 50%. The reactions at 140°C were monitored by
TWC and it was found that after 8 hr, the reactions were
tqp.nd to be slow. The catalyst was sBeparated from reaction

ilﬁture and extracted with methylene chloride. All filtrates

combined together and solvent removed.

8.5.3 Preparation of Authentic Samples

3.5.3.1 Preparation of Methyl (3-Iso propenyl cyclopentyl)
ketone (72)

Raterials

(+)-Limonene oxide, ZnBr, {both supplied by Aldrich
themical Company). Solvent benzene was supplied by BDH is a
‘'suaranteed reagent and dried by distilling over sodium

setal.

\
Bxperimental

Methyl {3-iso propenyl cyclopentyl) ketone was
prepared by following the procedure of R.L. Settine and

97
co-workers” .
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39g (0.26 mol) of 1limonene oxide was added to
lefluxing benzene. To that solution 1 g of freshly fused
zinc bromide added. During addition of ZnBr2 external
heatiang was discontinued. The mixture was refluxed for 2
hours and 200 ml water added. The benzene solution was
yashed with water to remove zinc salts. The solution was
extracted and solvent removed. The crude material was
| :glistilled in vacuum and the second fraction obtained at 75°C
(10 mm of Hg) was collected. In GLC analysis this fraction
contained two components which were 1identified as methyl
(3-isopropenyl cyclopentyl) ketone and 4dihydro carvone. IR
and NMR of the mixed ketones were taken. Yield 23 g (57%).
Purity of methyl-3 isopropenyl cyclopentyl ketone was 53% by

GLC analysis.

3.5.3.2 Preparation of carveols(4',4, 56,5)

Materjals

(+)-Limonene oxide, Aluminium Isopropoxide supplied

by E. Merck (India) Ltd.

Experimental

16g of (+)-limonene oxide (0.12 mol) and 1 g of
aluminium isopropoxide were heated under coarse vacuum at
150 mm of Hg. After a vigorous reaction, temperature of the
Ireaction mixture rose upto 160°C, and reaction was allowed

ito continue for 10 minutes and the distillate obtained was
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[ .
®llected. The material obtalnd was a mixture of four
leomeric allylic alcohols which separated on GLC (Column
|

wed ov 17 (10%) I.D 3.1 mm, 1.8 m length, order of elution

hﬁing trans-exo-alcohol cis-exo-alcohol, trans-endo and

cis-endo alcohol).

]
i

J.F.J.J Preparation of Limonene Diol (8)

|

feterials

(+)-Limonene oxide, supplied by Aldrich Chemical

ny. Tetrahydrofuran guaranteed reagent supplied by
:Ef:ck (India) Ltd, 1% H,S0, Bolution. Ethyl acetate and
wie are guaranteed reagents supplied by BDH, which was

[ |
fulbet purified by distillation over dry sieves. Silica gel

for column chromatography was 60-120 mesh supplied by

|

J,’ India) Ltd.

ntal

Diocl was prepared by the method of Arbuzov158 l.4 g

.

¢ (4)-limonene oxide was taken in 20 ml tetrahydrofuran and

1 al vater. Tt was cooled to 0°C and 2.5 ml of 1% H,S0,

- and kept at 0°c for 30 minutes. After that period,
rm!;ion mixturé attained room temperature, it was stirred
tor hr. Then 50 ml of water added and extracted with
lltlgl,.lne chloride. Extract was washed with aqueous NaHCO,

ln‘lltlbn and dried over anhydrous sodium sulphite. Solvent
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removed and the diol mixture was purified by column

chromatography .

| A chromatographic column was filled with a slurry of
silica gel in hexane-ethyl acetate (9:1) mixture. Column was
elited with hexane-ethyl acetate (9:1) and first diol
eallected. Yield 1.11 g. Purity of the diol was found to be
$6¢ by GLC analysis. Second diol was collected by eluting
the column with hexane-ethyl acetate (7:3) mixture. Yield
dltained was 0.13 g. Purity of the diol was found to be 85%

b GLC analysis.

o

5.4 1dentification of Products

The reaction mixture was analysed by GLC and GC-MS.

gtituents were identified by comparison of their relative
retention time with authentic samplea. Linalyl acetate was
as the internal standard. The MS data given in the text

ite in the decreasing order of abundance.

und 4' was identified as trans-exo-carveol by its RRT

Msl

41(100), 55, 67, 79, 91, 109, 119, 134, 105, 123.

und 4 was identified as cis-exo-carveol by its RRT

ad MS.

41(100), 81, 67, 55, 107, 93, 121, 136, 152.
!

nd 72 was 1identified as methyl (3-isopropenyl

qdopentyl) ketone by comparing its RRT with authentic
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sample and MS.

41(100), S5, 109, 84, 9}, 69, 77, 119, 105, 134, 123, 152,
Compound 56 was idenified as trans-endo-carveol by its RRT
and MS.

119(100), 134, 91, 92, 93, 109, B84.

Compound S5 was identified as cis-endo-carveol by its RRT

and MS.,

84(100), 134, 109, 41, 55, 119, 83, 9l.

Compound 36 was identified as carvone by comparing RRT with
an authentic sample supplied by Fluka (A.G) Chem. U.S.A. and

MS.

82 (100), 54, 41, 93, 108, 79, 58, 67.

Compound 8 was identified as limonene diol by comparing its

RRT with authentic sample and MS.

43(100), 71, 67, 55, 82, 108, 88, 137, 152, 119, 1l0l.

3.5.5 Results and Discussion

At 110°C over all binary oxide catalysts conversion
ranged from 65 to 76%. Minimum conversion 65% was observed
over A1203—2203 and A1203—Pr60ll produced maximum conversion
of 76%. At 110°%C Al,0,-Eu,0, produced 75% conversion to
products. Compared ¢to other catalysts A1203—Eu203 and
M703—Pr6011 were found to be better catalysts than others.

At 140°C, when reaction mixture was analysed by GLC,

conversion ranged between 32 to 50%. Maximum conversion 50%



Table 23

Reaction at 110°C for 20 br
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Product X
Catalyst Conversion
% 4" 4 72 56 5 36 8
1\1203—‘1203 65 12 10 9 9 15 9 30
AL,0,-Eu,0, 75 35 20 - 13 - 20 14
A1203—Pr6011 76 33 - 20 12 - 20 10
A1203-Sm203 70 22 - - 21 10 14 25
A1203-Nd203 72 30 15 - 15 - 15 20
Table 24
Reaction at 140°C for 1 hr
Product 2
Catalyst Conversion
% 4" 4 72 56 5 36 8
A.1203—Y203 32 18 6 24 - - - 42
A1203-Eu203 50 36 8 28 - - 16 10
M203_P'6011 50 29 - 14 17 - 14 8
A1203-Sm203 40 27 10 24 - - 18 9
M203—Nd203 38 30 10 - 5 - 15 12
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After B hr at 140°C the yield of trans-exo-carveol
reached 37% in the case of 1\1203 '1203. Except A1203 \!203 and
A12 3 PrGOll' other catalysts showed a decrease in the
production of exo-carveol. Among the five binary oxide
catalysts A1203 Y203 showed a steady increase 1in the

percentage production from 12 to 37 with rise in temperature

from 110° to 140°c.

The formation of allyl alcohol can be illustrated as
follows. The epoxide gets adsorbed on the catalyst surface
through oxygen atom on an acidic site. The epoxide ring
opens up giving a tertiary carbonium ion. A proton from
methyl group is abstracted by a basic site resulting in an
exocyclic double bond. The proton attached to the basic site

by weak forces may shift to the oxygen atom.

|
4H— C—H- B
o-—
%}
/
A . Acidic site B - Basic site
lI‘:}r reaction at 110°C , there exists a correlation between

the production of trans-exoc-arveol with acid amounts at
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Ho < +6.8 and Ho < +1.5. As the acid amount increased the
yield of carveol also increased, which is illustrated in
Fig.21. From reaction mechanism it is8 clear that allyl
alcohol formation requires the coexistence of acidic and
basic sites on catalyst surface. With the increase in
basicity at pKBH +15, an increase in vielad of

trans-exo-carveol was observed.

3.5.5.2 cCis-exo-carveol [2-Methylene cyclohexane 1-0l1-5

(1-methyl ethenyl) cis] (4)

Binary oxldes 1like A1203-Y203. 1\1203-—Eu203 and
A1,0.-Nd,0, formed cis-exo-carveol at 110°C. At 140°C when
reaction was monitored after 1 hr, the yield of alcohol

varied from 6 to 10%. At 140°C after 8 hr + the yleld of

exo-carveol 1increased and ranged from 22 ¢to 30%. WNo

cls-exo-carveol was formed over A1203—Pr6011 at 110°c but it

yielded maximum (30%) at 140°.

3.5.5.3 Trans-endo-carveol [2-Cyclohexane-1l-ol,2-methyl

-5(1-methyl ethenyl) - trans] (56)

Over various binary oxide catalysts the yield of
trans-endo-carveol varied from 9 to 21% at 110°.
R1,0,-Sm,04 produced maximum yield 21% while R1,0,-Nd,0,

yielded only 15%. Least amount of trans-endo-carveol (9%)
was formed over A1203-2203. At 140°C when reaction mixture

| was analysed after 1 hr, Al,0,~Pr.0,, and Al,0,-N4,0,
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produced trans-endo- carveols. After 8 hr at 140°C the yield
of alcohol changed from 13 to 23% over A1203-Eu203. When
temperature increased from 110 to 140°C the percentage yield
of trans-endo carveols decreased over A1203—Y203,

A1203—Sm203 and A1203—N6203.

The formation of trans-endo-carveol can be
illustrated as given below. The epoxide ring opens up when
the oxygen gets 1loosly bonded to an acid site, and a
tertiary carbonium ion is formed. A basic site adjacent to
the acidic site abstracts a proton from ring carbon and
leaves a double bond inside the ring. The proton migrates to

the oxygen from basic site which then leaves the catalyst

surface to form the alcohol.

B 4
H o
o¥
H
———->‘\;I;j —
= =

A : Acidic site B: Basic site

B _a

As evident from Fig.22 the yield of
trans-endo-carveol increased with acid amount in m mol/m2 at

Ho < -3. For basicity values at H_15 a similar trend can be
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observed. Over other acid amounts the variation in the yield

of trans-endo-carveol is not regular.

3.5.5.4 Methyl-3-isopropenyl cyclopentyl ketone (72)

A1203—Y203 and A1203-—Pr60ll produced cyclopentyl

ketones at 110°C. When reaction was conducted at 140°C and

lafter 1 hr all catalysts except A1203—Nd203 produced ring
| contracted ketone and yield varied from 14 to 28%.
||A1203—Eu 0, produced maximum yield of 28% and 24% yield was

2

|
jobserved over A1203—Y203 and A1203-Sm203. When reaction
hﬂxture was analysed after 8 hr at 140°C no ketone formation

ﬁas observed.

The formation of ketone can be represented as below.
e epoxide gets adsorbed on catalyst surface through oxygen
tom and epoxide ring opens up. A tertiary carbonium ion is
roduced followed by a ring contraction. A methyl group
grates to the carbonium ion which is followed by a proton

elimination to give the ketone.

| A: RAcid site
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There is no regular variation in the percentage
production of ketone with acid amount at various acid
ranges. At 140°C, the ketone formed may get transformed to
 exo-carveol because no ketone formation was obsrved at that
temperature and there is a clear increase in the amount of

lels-exo-carveol.

3.5.5.5 Carvone [2-Cyclohexene-l-one, 2 methyl-5-[l-methyl

ethenyl]] (36)

The yield of carvone ranged from 9 to 20% over

o
various catalysts at 110°C. A1203—Eu203 and 1\1203-Pr6011

produced maximum yield of 20%. As temperature increased to
140°%, the percentage yield decreased. At 140°C, when
geaction mixture was analysed after 1 hr, A1203—Eu203

produced 16% and 17\1203—Pr6011 produced 14% of carvone. When
|
Yeaction mixture was analysed after 8 hr at 140°C the yield
L

i

ﬁecreased to 15% over Al,0,-Eu,0, and 1l1% over Al,04-Pr 0,,.
At 140°C over various catalysts the yield varied from 4 to

158%.

The mechanism for the formation of carvone 1is
i1lustrated as follows. The epoxide gets adsorbed on an
cldic site through oxygen atom and a proton from ring
LA:Mn is extracted by a basic site on catalyst surface. The

spoxide ring opens up and a tertiary carbonium ion is formed

vhich eliminates a proton and an unsaturation is formed on
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the ring. Finally the ketone gets desorbed from the catalyst

surface.

8 A H’B\A-

H (o)
H H o
—9 _— —-—?
—H
= -~ ~d

A ’ Acidic site B

\

Basic site

As evident from Fig.23 there exists some correlation
for the formation of carvone with acid amount at 110°C and
140°C (8 hr) for Ho < +6.8 and Ho < +1.5. As the acid amount
]increased, the percentage production of carvone also
I\;ncreased. There exists no correlation for yield of carvone

\"pith acid amount at other acid strengths.

All binary oxide catalysts produced diol in 10 to
308 yield at 110°%. Highest yield 30% was observed over
).1203—-1{203 and 25% field was obtained over A1203—Sm203. At

140°¢  when analysis was carrjed out after 1 hr, the

percentage of diol decreased with the exception of

AL,0,-¥,0,. Al,0,-Y,0, produced 42% diol. At 140°C after
8 hr of reaction, 1\1203--’1203 produced 24% diol and
A1203—Sm203 produced 30% while Al,0,~Nd,0, yielded 21% diol.
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¥When reaction temperature changed from 110 to 140°C the
yield of diol decreased from 30 to 24 in the case of
A1203—Y203 and 1\1203--9r6011 showed an increase from 10 to
20%. A1203—Eu203 showed a decrease in the percentage yield
of diol from 10 to 8 when temperature changed from 110 to

140%c.

The formation of diol can be illustrated as follows.
The epoxide oxygen attaches 1itself to the catalyst's
surface. The initial adsorption could be due weak Vander
waals forces. The substrate gets adsorbed on an acid site
on the catalyst surface through oxygen atom. Epoxide ring
opens up and a tertiary carbonium ion is formed, which is
attacked by H,0 by its lone pair of electrons on oxygen
which results in the formation of a diol with the

elimination of a proton.

¢
. Wy o4
on W
— ="
= = =

A: Acid site
There exists no direct correlation with percentage yield of

diol and acid strength. An inverse relationship is observed
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for the yield of diol at 110°c with acid amount at
Ho < +6.8. As the acid amount increased the percentage yield

of diol decreased.

Cis-endo-carveol (5) is a minor product formed in

15% and 10% only over Al.0,-Y.O0, and Al,0.-Sm.0. at 110°c.

273 "273 273 273

At 140°C no catalysts produced cis-endo-carveol.

For the two reactions carried out at 110°c and 140°c
allyl alcohols were the major products formed over all
catalysts. A1203—Eu203 was found to be the best catalyst
among others. The purpose in carrying out the isomerization
was to obtain carvone, the high value perfumery product
wvhich could be obtained only in yields varying from 5-20%.

Allyl alcohols the major product produced could be converted

to carvone by oxidation.

3.5.6 Effect of Catalysis Reaction on the Chiral Carbon at

C4 in the Transformation of (+)-Limonene Oxide

In (+)-limonene oxide, the chiral carbon at C4 has

the R-configuration. In order to find out whether any change
is happening at C4, one of the products, namely carvone was
isolated by eiaborate column chromatography from the
reaction products, on the reaction of (+)-limonene oxide

o
with A1203—Pr6011. The carvone isolated had an [a]D—GS .

20
The reported value for R(-) carvone is [a]D - 61°. 1t is
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very clear from this that no configurational change has

taken place at the C4 chiral carpbon.

3.6 Transformation of (-)-Limonene oxide [l-methyl-4-

(1-methyl ethenyl)-7-oxabicyclo [4.1.0] heptane-s] (73)
3.6.1 Earlier studies

d-Limonene oxide was used Dby a number of
investigators in heterogeneous reactions. So far no reports
appear in literature on the isomerization studies of

(-)-limonene oxide over any binary oxide catalysts.

3.6.2 Preparation of m-chloro perbenzoic Acid

m-chloro perbenzoic acid was prepared by the

standard procedure given by Mc Donaldlsg.

3.6.3 Preparation of (-)-Limonene oxide
Materials

(-)-Limonene (97% pure supplied by Aldrich Chemical
Company), m-chloroperbenzoic acid, ether, Nal-lCO3 solution

and anhydrous sodium sulphate.
Bxperimental

{-)-Limonene oxide was prepared by the procedure
given by E.E. Royals and Harre1196. (-) Limonene, 30 g
(0.2205 mol) added in one lot to m-chloroperbenzoic acid

solution (200 ml) in an ice bath. The reaction mixture was
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kept in an ice bath for 2 hr and transferred to a
refrigerator. The reaction rate was monitored by TLC. After

24 hr, reaction mixture was filtered to remove free acid.

e filtrate was washed with aqueous NaHCO3 solution to
emove acid. Finally the mixture was dried over anhydrous
odium sulphate and solvent removed. The crude reaction
xture was distilled under reduced pressure and the second
fraction was collected at 70-72°C (10 mm Hg). Yield 18 g
(60%) and the product obtained was 82% pure by GLC analysis.

s fraction again fractionally distilled and second

fraction collected at 70°C (10 mm Hg) yielded 10 g. The
p'xoduct obtained was 94% pure by GLC analysis and it is

assumed to be a 1:1 mixture of cis and trans epoxide.

3.6.4 Reactionsg of (-)-Limonene oxide

Reactions at 110°c

(-)-Limonene oxide 200 mg (13 m mol), 1 g catalyst
and 10 m} solvent (toluene) were stirred under reflux.
Reaction rate was monitored by TLC at every 30 minutes
1Interval. After 10 hr reaction was found to be very slow.
Reaction mixture was filtered and catalyst extracted with
methylene chloride. All extracts combined together and
solvent removed. The same procedure was repeatead for all

five binary oxide catalysts.

Reactions at 140°cC

Reactions at 140°C were done using xylene as a

golvent. Reaction time was 8 hr and same procedure was
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repeated for all catalysts. Reaction procedure was same as

that at 110°C.

3.6.5 Preparation of Authentic Samples

F.G.S.l Preparation of Carveols (74, 74°,75, 76)

i .
f*aterials
(-) Limone oxide, aluminium isopropoxide (supplied

‘by Aldrich Chemical Company)

Experimental

Carveols were prepared by the method of Eschinasigg.
Reaction procedure was same as given in section 3.5.3.2.
Yield obtaiﬁed 73%. Purity of the carveols were checked by
GLC analysis in an ov 17 (10%) column at temperature
programme (80-200°C). oOrder of elution for carveols was
trans-exo-carveol, cis-exo-carveol, trans-endo-carveol and
cis-endo-carveol. Purity of the four diols were checked by

GLC analysis.

3.6.5.2 Preparation of Limonene Diol(78)

Diol was prepared by the method given by Arbuzovlsa.

Materials

(-)-Limonene oxide, THF supplied by E. Merck (India)

Ltd, and 1% H so4 solution.

2
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Experimental

Reaction procedure same as in section 3.5.3.3. Diols
purified by column chromatography. Purity of the products

were found to be 83 and 90% by GLC analysis.

3.6.6 Identification of Products

The reaction mixture was analysed by GLC and
constituents were identified by comparison of their relative
retention time with authentic samples. P-cymene was used as

the internal standard in GLC analysis.

Compound 74 was identified as trans-exo-carveol by its RRT.
Compund 75 was identified as cis-endo-carveol by its RRT.
Compound 76 was identified as trans-endo-carveol by its RRT.
Compound 77 was identified as carvone by comparing its

relative retention time with authentic sample.

Compound 78 was confirmed as limonene diol by comparing its

RRT with an authentic sample prepared.

3.6.7 Results and Discussion

When isomerization was carried out at 110°C, the
various binary oxide catalysts yielded 27 to 66% products.

A1203—N6203 produced maximum conversion of 66%. A1203-Sm203

and A1203—Eu203 yielded 63% and 62% products respectively.

Least percentage conversion was observed over Al.0.-Y.O,.

273 "273
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The percentage conversgion varied from 40 to 81 over

various catalysts at 140°c. A1203-Nd203 produced maximum

conversion of 81% and A1203-Eu203, A12O3—Sm2

conversion. At 140°C also least conversion was observed over .

Q3 produced 80%

A1203—Y203. among the five binary alumina-rare " earth
oxides, A1203—Nd203 was found to be best catalyst for the
isomerization of (-) limonene oxide at both temperatures of

110 and 140°C.

(-)-Limonene oxide rearranges over binary oxide

catalysts to give trans-exo-carveol (74), cis-endo-carveol

{75}, trans-endo-carveol (76), carvone (77) and limonene
diol (78).
ow
o] ““Oy\ 0o . ,on &) oW
e
- = = = = =
73 74 75 76 77 78

The activity and selectivity of various catalysts are given

in Tables 26 and 27.



Activity of Catalysts at 110°¢C for (-)-Limonene Oxide Reaction (1 hrj

Table 26

174

Product X%
Catalysts Conversion 74 75 76 77 78
%
A1203-Y203 27 33 35 17 7 8
A1203~Sm203 63 20 24 4 3 46
A1203-Eu203 62 25 32 7 4 32
A1203-Nd203 66 26 28 8 8 15
A1203—Pr60ll 35 43 24 33 4 30
Table 27

Activity of Catelysts at 140°C for (-)-Limonene Oxide Reaction (8 hr)

Product %
Catalysts Conversion 74 75 76 77 78
%

\512034203 40 27 25 - 11 18
|

AL,0,-5m,0., 80 40 16 6 22 16
?1203{“203 80 27 26 13 12 15
41203—1&6011 70 30 30 14 16 8
K1,0,-Nd,0 81 30 25 10 14 21

3

273
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3.6.7.1 Trans-exo-carveol (2-Methylene cyclohexane-1-01-5

(1-methyl ethenyl) trans] (74)

At 110°%c all binary oxides yield trans-exo-carveol
and the percentage yield varied from 20 to 43. Maximum yield

of 43% was observed over A1203—Pr6

observed over A1203—Sm203. A1203—Y203 produced 33% while

A1203—Eu203 produced 25% yield.

Oll and minimum (20%) was

When reaction was carried out at 140°C the variation
in the percentage production of trans-exo-carveol was
irregular. Al203—Y203 and A1203—Pr60ll showed a decrease in
the production while other catalysts showed an increase in
the yield of products. Maximum yield 40% was observed over
A1203-Sm203, A1203—-Pr6011 and A1203—Nd203 produced 30% yield

of trans-exo-carveol. The mechanism for the formation of

trans-exo-carveol is explained in section 3.5.5.1

As evident from Fig. 24 at various acid strengths
with increase in acid amounts, the percentage yield of
alcohol increase first then decreases and again show a small
increase. An increase in the percentage production of allyl

alcohol with basic amount at Ho+l5 was observed.

J.6.7.2 Cis-endo-carveol ([2-Cyclohexane-1-01,2-methyl-5

(1-methyl ethenyl) - cis] (75)

Over various catalysts, the yield of endo-carveol
varied from 24 to 35% at 110°C. Maximum yield 35% was

observed oveyxy A1203—Yzo3 and A1203—Eu203 produced 32% vyield
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-Sm.0 and Al.O0,-Pr.oO

of cis-endo-carveol. A1203 203 203 6211 produced

lowest yield, 24%.

The percentage yield varied from 16 to 30% at 140°c.
A1203—Pr60ll produced maximum vyield of cis-endo-carveol
(30%8) and increase in yield of carveol was observed only
over A1203—Pr6011. All other catalysts showed a decrease in
the yield of cis-endo-carveol, with rise in temperature from

110 to 140°C. A1203—Sm203 produced a minimum yield of 16%.

The formation of endo-carveol from epoxide can be
depicted as follows. The expoxide oxygen gets itself
attached to an acidic site and epoxide ring opens to a
tertiary carbonium ion. A proton from ring carbon 1is
- abstracted by a base to give an unsaturation in the ring and
" the proton is transferred from basic site to oxygen atom and

an alcohol is formed.

B A

B
- 7 - T

A
) ] H >
HH N OH
EES -
-~ — =

A: Acldic site B: Basic site

In Fig. 25 acid strength at various Ho valaues are
plotted against percentage yield of cis-endo-carveol. There

{8 no regular variation in the yield of alcohol with acid
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strength. So no direct correlation can be obtained from the

figure. An increase in the yield of cis-endo-carveol was

observed for basicity values at pKBH +15.

3.6.7.3 Trans—-endo-carveol [2-Cyclohexane-1-01 2-methyl-5

(1-methyl ethenyl) - tramns]) (76)

At 110°c A1203—Y203 produced 17% of trans-endo
tarveol and A1203—Pr6011 produced 33% alcochol. All other
catalysts produced only 4 to 8% vyield. At 140°C  the
percentage yield varied from 6 to l4. A1203—Pr6011 produced
maximum yield of 14 and A1203—Eu203 produced only 13% yield

of trans-endo-carveol.

A close examination of the Fig. 26 shows that there
exists a correlation of acid amount with percentage yield of
alcohol at Ho S +6.8 and +1.5 for reaction at 140°. =at
other acid strengths no direct relationship was observed. So

no correlation was possible at other cases.

3.6.7.4 Carvone [2 cyclohexane-l-one, 2-methyl-5-(1-methyl
ethenyl)] (77)

The yield of carvone is small varying from 3 to 8%

over various catalysts at 110%c. A1203—Ndzo3 produced

maximum yield of carvone (8%). Over all catalysts as

tmperature changed to 140°C the yield increased. A1203-Sm203

yield a maximum of 22%. A}.203-Pr6011 produced an increase in

yleld to 16%. In the case of all other catalysts the
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percentage yield varied from 11 to 14. The mechanism of

formation of carvone is illustrated in section 3.5.5.5.

From Fig.27 it is clear that as the acid amount at
various strengths increased, the yield of carvone increased
then decreased and again increased. So the variation in the
percentage yield of carvone with acid amount in m mol/m2 is
not regular and no correlation can be obtained from the

data.

3.6.7.5 8,(9)-p—-menthene-1,2-diol (78)

At 110°C, A1203~Sm203 produced maximum yield of diol
(46%) and over various other catalysts yield varied from 8

-Pr O

to 32%. Al,0_.-Eu, 0, produced 32% diol and A1203 6211

273 273
produced 30% diol.

As temperature changed to 140°C the vield of diol
decreased over all catalysts except A1203—Y203. A1203—Y203
produced 8% diol at 110°C and 18% at 140°C. At 140°C maximum
yield was observed over A1203-Y203 (18%). The formation of

'diol from tertiary carbonium ion is illustrated in section

3.5.5.6.

An attempt has been made to correlate the formation
of diol with acidities at different Hammett acid strengths.
Fig. 28 1illustrates the variation of acid strength with
percentage of diol at various acid amount. At 110°C there is

an increase in yield of diol with acid amount at Ho < +3.3.
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ion for
At all other acid amounts there is no direct correlati

percentage production of diol and acidity.

3.6.8 Comparison of the Reactivity of (+)-Limonene Oxide and

{-)-Limonene Oxide

When reactivity of both isomers of limonene oxide
were compared, (+)-limonene oxide showed more reactivity
than (-)-isomer. Regarding selectivity more carbonyl
compounds were produced over (+)-limonene oxide and all four
isomers of allyl alcohols were formed. For (+)~isomer
exo-allylic alcohol predominate over endo-allylic alcohols.
In the case of (+)-limonene oxide, cis-endo-carveol 1is
formed only over two catalysts. For (-)-isomer
cis-endo-carveol is a major constituent in product mixture.
Regarding diol formation, more diols were produced at 110°%

than 140°C in the case of (-)-1limonene oxide.

3.7 Transformations of 3-Carene Oxide ([2,7,7 trimethyl

3-oxa tricyclo [{4,1.0.0 ] octane] (17')

Barlier studies

Sukh Dev and co-workers studied the isomerization
reactions of 3a, 4a epoxy carane and 3f ,4f expoxy carane

over A1203 in hexane . They observed the formation of
87

major amounts of alcohol in these reaction
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[ ) \“UC H 0“
g A\\\O* " |OH 2
—_—
17 18 19 79
= 0O i ..O“
o o 3 o
- —>
17* 46 18 80

On contact with silica gel (+)- 3q, 4« epoxy carane
(17) rearranged to give 3,7,7-trimethyl tropillidine (29)
ymethyl-4-isopropenyl benzene (30) 1,5,8 (9) p-mentha

I%:ri.ene (31), p-cymene (32) and 3,6,6-trimethyl bicyclo

89
i/f ?

2 28

[3.1.0) hexane-3-carbaldehyde °° (28).

' F/5 E =3

29 0

CHO

1

In the case of 3-carene oxide with alumina four

Edifferent types of reactions wvere observed
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(1) transformation in to allylic alcohol (2) hydration to a
trans-glycol (3) lsomerization to a %ketone (4) typical
carbonium ion rearrangements. Settine and co-vworkers
observed the isomerization of 3-carene oxide over ZnBr, to

p-cymene, an aldehyde, caranone and isocaranone.

CHo -
17 32 28 47 46

As a part of their series of studies dealing with
epoxide rearrangements, Tanabe and co-workers observed the
following product formation from 3-carene oxide over
catalyste ' like NiSO4, MgSsO,, Sioz—A1203, solid H,PO,

'etc.102'103.

I
o
—>
17 ' 29

46 47 35 19 18

w
 —
(8]
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N
(o]

Q
]
;OE
>®i
@
=
[
E 4
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The reaction products wvere 3,7,7-trimethyl
tropilidine (29) 1,5,8(9)-p-mentha triene (31), p-cymene(32)
3,6,6-trimethyl bicyclo [3.1.0]hexane-3-carbaldehyde (28),
methyl-1-formyl-3-isopropyl cyclopenta-3-ene(45) isocaranone
(46), caranone (47), carvenone (35), trans-2-caren-4-01 (19)

and trans-3(10), caren-4-01 (18).

The formation of various products depend on the
nature of catalyst used. Acidic catalysts preferred carbonyl
' compounds and bifunctional catalysts preferred the formation
of allyl alcohols. With sto4/sioz the products formed
‘Eesulted from the opening of three membered ring. Rare earth
igxides like La,05, Ce,0, and Y,0, are used for the
isomerization of 3-carene. Binary oxides of alumina-rare
‘é’arth oxides were not used in the isomerization studies of
3-carene oxide. So in the present study the author used
jinary oxides 1like Al.0,-Y

2 2 611"’

b203-Ndzo3 and Al,0;-Eu,0,.

3.7.1 Reactions of 3-Carene Oxide

!,bterials

(+)-3-carene (93% pure) supplied by Aldrich Chemical
Company, U.S.A. Neutral 1\1203 suplied by Sisco. Solvents
genzene and toluene were guaranteed reagents supplied by
B. Merck (India) Ltd. Solvents were purified by distillation

wer sodium metal. Purity of (+) 3-carene was enriched to
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97¢ by column chromatography over neutral 1\1203 and

fractional distillation.

43,7.2 Preparation of Monoperphthalic Acid
r
Kiterials

A
|

Phthallic anhydride and 30% H202 supplied by E. Merck
(India) Ltd. Phthalic anhydride was further purified by

sublimation. Diethyl ether was obtained from BDH.

Drying of ether

Passed through a column containing neutral active

Al.O,,LiATIH

273! 4
over sodium wire.

added, kept for 24 hr and distilled and kept

Experimental

Mono perphthalic acid was prepared by following the
method of E.E. Royals and Harrellgs. Freshly sublimed

pbthalic anhydride (60 g, 0.4 mol) and 100 ml 30% H and

292
400 m1 dry ether were stirred together at a moderate rate at
:'ZOOC for 24 hr. After 24 hr the aqueous layer was separated
rom ethereal solution and washed with 150 ml portions of
408 ammonium sulphate solution. The solution was first dried

with 30 g of anhydrous sodium sulphate and then over 45 g of

fxierite .

A 2 ml aliquot of the acid was added to 20 ml of 20%

1
kI solution and titrated after 10 minutes. The liberated
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jodine was titrated against 0.1 M sodium thiosulphate
solution. From the titre value, the weight of acid present

per ml. was calculated.

3.7.3 Preparation of (+) 3-Carene Oxide (17')

50 g of (+) 3-carene (0.35 mol) was added in
drop-wise to an ice cold solution of monoperphthalic acid
and the reaction mixture was kept in a refrigerator till the
reaction was complete. Completeness of reaction was
monitored by TLC. The reaction mixture was filteared to
remove the precipitated acid and extracted with ether. Ether
solution was washed with saturated sodium bicarbonate
solution to remove traces of free acid present. Ether
solution was separated from aqueous phase and dried over
anhydrous sodium sulphate. Solvent removed and traces of
3-carene present in the reaction mixture was removed by
vacuum distillation. The epoxide obtained was 97% pure by

'GLC analysis. Yield 90%. The expodie is 1:1 mixture of cis

and trans forms.

3.7.4 Reactions of 3-carene oxide

Reactions at 80°C

3-carene oxide (0.3 m mol), A1203—Y203(1 g) and S ml
Bolvent (benzene) were stirred at 80°c. Percentage
conversion of reactant was monitored by TLC at 20 minute

intervals. After 1 hr the reaction was found to be slow.
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Reaction mixture was filtered and catalyst extracted with
methylene chloride. BAll extracts combined together and
solvent removed in vacuum. All five binary oxide catalysts

vwere used for the study.

Reactions at 110°C

Reactions at 110°C were done gimilarly as reactions
at 80°C. The same procedure was followed for all binary

oxide catalysts.

3.7.5 Preparation of Authentic Samples

3.7.5.1 Preparation of 3,6,6-Trimethyl bicyclo [3.1.0]

hexane carboxaldehyde (28)
Materials

3-carene oxide, zinc bromide, dry benzene.

Experimental

The procedure followed was the method of R.L.Settine
and co—workerslso. To a refluxing solution of zinc bromide
hn 50 ml of Adry benzene was added slowly to a solution

Lontaining_lO.BS g (0.071 mol) of 3-carene oxide in S50 ml

of dry benzene. An exothermic reaction was followed which
-q'ras controlled by placing the reaction vessel in a water
bath. The reaction mixture was then refluxed for 2 hr,
éooled and 500 ml water added. The benzene solution was

separated from agueous layer and washed with HZO to remove
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taces of zinc salts and berreme Zaper dried over anhydrous
godium suvlphate. Solvent was removed. The crude material
pbtained was fractionally distilled in vacuum. The 2nd
Caction collected at 70-80°C (10 mm of Hg) was a mixture of
leehyde and ketones. The constituents were identified by
éLC analysis as 3,6,6-trimethyl bicyclo [3.1.0] hexane
carboxaldehyde and carnone and isocaranone. Total vyield

7.5 g (69%) IR, NMR of the mixture was taken. Purity of the

product was 87% by GLC analysis.
3.7.5.2 pPreparation Trans-3(10) caren-4-ol (18)

Materials

3-carene oxide, Aluminium isopropoxide. The

procedure used by E.H. l-Zschi.nas:L99 was adopted.

Experimental

A nixture of 32 g (0.210 mol) of 3-carene oxide and
30 g of aluminium isopropoxide were slowly heated in
coarse vacuum (150 mm Hg). The reaction temperature rose to
150°C and a mixture of allylic alcohol distills over. The
mixture containing four allylic alcohols were separated in
GLC. Yield of trans-3 (10)-caren-4-o0l was 26% and purity was

86% by GLC analysis.
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3.7.5.3 Preparation of Caran-diol (80)

Materials

3-carene oxide, THF and 1% H2504.

Experimental

The procedure followed was given by Arbuzovlss. The

diol was prepared by following the same procedure as given
in section 3.5.3.3. The yield of diol was 70% with purity

81% by GLC analysis.

3.7.5.4 Preparation of Trans-Caran—-3-ol (81)

Materials

3-carene, THF, diborane solution in THF supplied by
Aldrich Chemical Company. NaOH solution, 30% H,0, . diethyl

ether and dry MgSO4.

Experimental

The method followed 1s the procedure given by H.C.
Brown et a1.161. 3-carene (4 g, 150 m mol) was taken in a
' three necked flask which was equipped with a thermometer,
: condensor and a pressure equalising funnel. To the flask THF
; (60 ml) was added. Reaction mixture was cooled to 0°c and
:uiﬂ1 stirring diborane solution in THF (35.7 ml) was added
drop-wise. The mixture was stirred at 0°c for 3 hr. wWater
. (7.5 ml) in 15 ml THF was added drop-wise for 30 minutes.

After the addition of water, reaction mixture was allowed to

stand for 1 bhr. During the period H, was evolved. To the
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resulting mixture, NaOH (3N, 18 ml) was added followed by
18 ml of 30% H,0, in drops for 15 minutes. Reaction
temperature was carefully maintained at 45°C. Reaction
mixture was stirred for another 3 hr at room temperature.
The alcohol formed in the reaction was extracted three times
with ether and ether extracts were combined together and
dried over drierite. The reaction mixture was distilled in
vacuum to remove solvent and the fraction collected at 89°c
(35 mm Hg) was the alcohol. Yield 63% and purity was 90% by

GLC analysis.

3.7.6 1Identification of Products

The reaction products were analysed by GLC, GC-MS
and constituents were identified by comparing relataive
retention time with authentic sample. Linalyl acetate was
used as the internal standard. The percentage of individual
constituents were calculated from the area percentage data
produced by the electronic integrator of the GLC. Mass

spectral data given is in the decreasing order of abundance.

Compound 32 was identified as p-cymene by comparing its RRT
with authentic sample supplied by Fluka A.G. Chem U.S.A. and

MS.

119¢(100), 91, 41, 77, 65, 51, 58, 103, 134, 74.

Compound 28 was identified as 3,6,6-trimethyl bicyclo
(3.1.0) hexane carboxaldehyde by its RRT, with authentic

sample and MS.

41(100), 67, 81, 109, 55, 91, 137, 123, 119, 152,
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conversion. Al ,04-Nd 304 produced #% conversion to products.

47 46 80 81

17!

|

At 110°C the yield over various catalysts ranged
from 50 to 92%. Maximum conversion 92% was observed over
A1203-Pr6011. A1203—Sr|1203 produced 88% conversion while

Al ,05-Nd 203 produced only 50%.

Catalysts like 15‘1203 Y203, A1203 Sm203, A1203 -Nd 03,
}.1203 13):60ll and 13‘1203 Euzo3 transformed -3-carene oxide
ill?' ) to the following products. P-cymene (32),
3,6,6-trimethyl bicyclo{3.1.0) hexane-3-carboxaldehyde(28),
3(10)-caren -4-01(18) ,trans-2-caren-4-01(19), caranone (47),
fsocaranone (46), caran diol (80) and trans-caran-3-01 (81).

In the isomerization reaction carbonyl compounds were the

major products obtained.
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3.7.7.2 3,6,6-Trimethyl bicyclo [{3.1.0] hexane-3-

carboxaldehyde (28)

The percentage yield of aldehydes varied from 12 to

24 at 80°C over various catalysts. A1203-Pr6011 produced

maximum yield of 24%. A1203-Y203 produced 16% aldehyde while

A1203—Sm203 produced only 15%, Al 03-Nd203 produced 20%

2
aldehyde.

At 110°c, A1.0.,-Y.0, and Al,0,-Sm.,O produced an
273 "273 273 273

increased yield of aldehyde, while other catalysts showed a

. decrease in yield. A1203-Y203 produced maximum yield of 25%

. followed by Al,0

The formation of aldehyde can be explained as below.
' The epoxide gets adsorbed on the catalyst surface through
oxygen atom and epoxide rxring opens up followed by a ring

contraction to form aldehyde.

N
e \<1- CHO
Lo
_—> I
A: Acidic site

An attempt has been made to correlate the acidic and
basic amounts with percentage yield of aldehyde. Fig.29
gives the correlation of acid amount in m mol/m2 at

different acid strength. Thre was no specific correlation



198

25 25+
: :
201 g 20-
4
3 i) 1 4
W
" )
i £y
1‘]‘3 \Q} A \Q’]
LS S 5 S S —
" 0 .05 09 40 N 0 .004 .04 .045 .05
Aclid amoont (umol/mz) at Ho < 46.8 Acid amount(-nol/nz) at Ho <+4
25 257
1 3
20- Z 20
4
y 15 4 y5{ TO—d
. K
9 10 ° 10
¥ g
L) ~T T 1'=-1 T " T T “_Y_i
0 .005 .00 .03 .p3%5 0 .003.004 .007 .03

Mid amount (nmol/mz) at Ho < + 3.3 Acid amount(mol/lz) at Ho < +1.5

izo- O _ Reaction at 80°C
3 18- ' ® - Reaction at 110°C
%10

3 0 0001 1003 007 008

‘kil munt(mol/nz) at Ho < -3

fp.29 Variation in the percentage yleld of 3,6,6-Trimethyl bicyclo {3.1.0])
I hexane carboxaldehyde with acid amount.



199

observed at different temperatures and hence useful

conclusions could not be obtained.

3.7.7.3 Trans-2-caren-4-01,[3,7,7-Trimethyl bicyclo [4.1.0]

hept-2-ene-4-ol1] (19)

The yield of trans-2-caren-4-01 varied from 9 to 30%
at 80°C over various alumina-rare earth oxide catalysts.

Maximum 30% yield was obtained over A1203-Nd203 while 16%

yield was obtained over A1203—Sm203. A1203-Pr6011 produced

133 trans-2-caren-4-ol1 and 9% product obtained over

A1203—Y203.

At 110°C the yleld ranged 11, 10 and 12% over

A1203-Eu203, A1203— 7203 and A1203-Sm203 respectively.

The formation of alcohol can be illustrated by the
adsorption of epoxide oxygen on catalyst surface on an

' acidic site with the opening of epoxide ring resulting a
l

. tertiary carbonium ijion. A proton from ring carbon is

. extracted by a basic site, which results an unsaturation in

;the ring. Proton migrates to oxygen forming an alcohol.

. B A ;

: ! : \a\\ﬁi

r H [Po 0

H < . O¥
i = E—

A : Acidic site B: Basic site
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A correlation has been attempted for acidic and
basic amounts with percentage yield of alcohol production.
The variation of yield with acid amounts is irreqular and no
correlation can be obtained as evident in Fig.30 at all acid
strengths except Ho < -3. At Ho ; -3 as acid strength

increased, a gradual increase in the yield of alcohol was

observed at 110°c.

3.7.7.4 Céranone (3,7,7-Trimethyl bicyclo (4.1.0]
hept-4-onel (47)
The yileld of caranone varied from 11 to 30% over
various catalysts.A1203—Nd 0, produced maximum yield of 30%,

273

‘while 24% vyield obtained over BAl,0,-Sm,0 At 80°C the

273 273°
lowest yield 11% was observed over A1203—Y203.
At 110°%, 45% yield was obtained over Al,0,-Eu,0

273 273
and 15%, over A1203—Y203. A1203—.Ndzo3 produced no caranone.

The formation of ketone from epoxide takes place by
transfer of a proton from carbon bearing oxygen atom to
tertiary carbonium ion formed by the opening of epoxide ring

after adsorption to the catalyst surface.

oxé;) | H‘\@

A : Acidic site
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The variation in the vyield of «caranone with
acidities at various acid strength are depicted in Fig.3l.
A8 evident from Fig. 31, there is no regular variation in
the yield of caranone with acidity at various acid strength

and hence no useful correlation is obtainable.

3.7.7.5 Tramns-caran-3-ol (3,7,7-Trimethyl bicyclo (4.1.0]}

heptan 4-o0l1 (81)]

At 80°C, the yield of trans-caran-3-ol varied from 3
to 15%¢ over various catalysts. Maximum yield was observed
over 15«1203—5m203 and 13% yield obtained over A1203—Pr6011.
As temperature increased to 110%c, yield of alcohol
increased in the case of A1,0,-Pr 0,,, Al,04-Eu,0, and

A1203-N620 Al,0,-Nd Og produced 25% alcohol, while 22%

3 273 2
was produced by A1203—Pr6011.

The formation of trans-caran-3-ol can be illustrated
a8 follows. The epoxide gets itself attached to the acidic
glte on the surface of catalyst by weak attractive forces
.\through oxygen atom. The epoxide ring opens up resulting in

e formation of a tertiary carbonium ion which abstracts a

roton from catalyst's surface to yield an alcohol.
|
{

amounts at various Ho values and percentage yield of

In Fig. 32, an attempt is made to correlate acid

trans-caran-3-ol. As evident from Fig. 32 there is no direct
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'lcorrelation for the variation of acid amount and yield of

lcohol.

& BN

n
3 H—H ! ﬁ/o

A Acid site

Along with major products mentioned above, small
ambunts of trans-3-caren-4-o0l1 (18), isocaranone (48) caran
diol (80) were obtained in minor amounts as shown in table
28 and 29.

Table 28

Mctivity of Catalysts in the Transformation of 3—Carene Oxide in Benzene

Products X

Catalysts Conversion

-l () 32 28 18 19 47 48 80 8l
, A1203—‘1203 44 - 16 - 9 11 10 43 3
A1303—Pr60“ 38 - 24 - 13 15 8 18 13
A1203--szo3 46 3 15 - 16 24 6 - 15
).1203—13'.:203 32 3 12 16 9 20 - - 5
A1,0.,-Nd.0 10 - 20 - 30 30 - - 10

2°3 7273
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Table 29

Activity of Catalysts in the Transformetion of 3-Carene Oxide in Tolueoe

Product %

Catalyst Conversion

1:1 4 32 28 18 19 47 48 80 8!
A1203-Y203 60 - 25 - 10 15 5 22 5
A1303-Pr60ll 92 5 21 - 10 12 - - 22
A.1203-Sm203 88 5 24 - 12 13 - 1 3
A1203—Eu203 70 3 12 - 11 45 - - 15
A1203—Nd203 50 4 10 25 - - - - 25

3.8 Transformations of Ar-curcumene Epoxide

3.8.1 Earlier Studies

There are Oery few reports on the transformation

studies of sesquiterpene epoxides on oxide catalysts and

studies on ar-curcumene epoxide has not been reported. The

few reports on humulene epoxide and caryophyllene epoxide

are given briefly below.

Nigam and Levil62 while working on the isolation and

pmification of humulene epoxide observed the

»
transformation of epoxide to alcohol on alumina.
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82

Similarly caryophyllene oxides (84) in petroleum

ether at room temperature yielded three allylic alcohols in

o ?5,163,164

70, 21, and 9% yields on Al,0,

CH,OH

84
86 87

165
Robert et al. observed the rearrangement of

humulene 4,5 epoxide (88) with BF3-etherate to two tricyclic
alcohols.

ﬁ? humulene epoxide in presence of acid catalysts



208,

rearranges to tricyclic dio1s186:167
3}
w n
] 74 _ » o
— 7 - . OM -~ -0H
Ow W -
o
52 | 91

In 1980, Roberts and co-workers obtained a bicyclic alcohol

from humulene -8,9 epoxide with ¢tin chloride in CHC1
168

3
solution at -15°C for 15 minutes reaction.

Ow
83 94

3.8.2 Preparation of Ar-curcumene [Benzene, 1-(1), 5'-

dimethyl -4' hexenyl)-4 methyl]
Materials

Zingiberene, 2,3-dichloro 5,6-dicyano 1,4-benzoquinone
supplied@ by Sigma Chemie and benzene. Zingiberene was
isolated from hydrocarbon fraction of ginger oil by

fractional distillation under vacuum.169
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Experimental

Ar-curcumene was prepared by the method of Menon.N.

.170 25 g of Zingibereme (95) in 20 ml dry benzene

et al
refluxed with 23 g of 2,3 dichloro 5,6 dicyano

1,4-benzoquinone for 1 hr. After 1 hr, reaction mixture

filtered and solvent removed. Reaction mixture was purified
by column chromatography over neutral A1203. The IR and RNMR

of ar-curcumene was found to be comparable to the reported

data. GLC analysis of sample recovered showed 60% yleld and
90% purity.

3.8.3 Preparation of Ar-curcumene Oxide {Benzene,l-

(1',6'-3dimethyl -4' oxaheptane) -4 methyl] (97)

Materials

Ar-curcumene, monoperphthalic acid, ether.

Experimental

Ar-curcumene 50 g (0.246 mol) was slowly added to
monoperphthalic acid kept at 0°c in an ice bath. The
reaction mixture was kept in refrigeratoar till the reaction
is complete. Reaction mixture filtered and filtrate washed
with aqueous sodium bjcarbonate solution. The solution was
dried over anhydrous sodium sulphate and solvent removed.
Reaction mixture purified Sy column chromatography on A1203.

Purity of the epoxide was found to be 90% by GLC analysis

IR, NMR of the epoxide was taken.
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' -1
1R:2980, 2880, 1620, 1460, 1380, 1120, 820 cm

NMR (CHC13) ppm : 4H (unresolved m at 6.9, —C6§4—). 3H(S, at

2.25, C6H4—C§3), 1H (unresolvedls at 1.4, C6H4— CH-), 3H (m
(o]
at 1.3, C.H,-C-CH,) 3H (m at 1.2, c’->C-CH3), 3H (m at 1.15
-~CH

Io\
- C-C-CH,)

3.8.4 Reactions of ar—-curcumene epoxide

Experimental

500 mg (2 m mol) of epoxide was mixed with 2.5 g of
catalyst and 10 ml solvent (toluene) and stirred under
reflux. Reaction rate was monitored by TLC. After 8 hr,
reaction was found to be slow. Catalyst separated by
filteration and extracted with methylene chloride. All
extracts combined together and solvent removed. Reaction
mixture was purified by column chromatography on neutral
alumina. Two main fractions separated and solvent removed.

The same reaction procedure was followed over all other

catalysts.

1.8.9 JIdentification of Products

Infra red spectrum of fraction 1 showed absorptions
at 1725 cm Y, 1670 cm showing it to be a mixture of
saturated and a, B unsaturated ketones in the proportion of
3:1 approximately. Fraction 1 showed single spot in TLC

(petroleum ether, 60-80°C solvent system). The NMR spectrum
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gave indication that this to be a mixture of benzene-1-
(1',5'-dimethyl hexen-4'-one) -4 methyl and benzene-1 (1',5S’
dimethyl 5'-hexan-4'-one)-4 methyl. The mixture of two
ketones could not be separated.

98 99

Fraction 1I showed infrared absorptions for hydroxyl at

3400 cm ' and olefinic protons (> C=CH,) at 890 em Y,

The NMR (CHC13) showed, 4H (unresolved m at 6.8, -C6§4—), 1H
(d, at 4.7, C = CH,), 1H(4, at 4.6, C = CH,), 1H (m, at
3.8,'*CH2—(5_}1-0H), IH (unresolved m at 3,-CH-OH), 3H(S, at
2.2 C6H4—Cﬂ3). 3H(unresolved m at 1.5, =C —C§3) 3JH (S, at

U b
1.2, —9—CH—C§3) lH(unresolved m at 1.}, —?-CE-CH3)

Baged on the above spectral data fraction 11 was
identified as benzene —1(1}5'—dimethy1 S'-hexen-4'-o0l)

-4 methyl (100).
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100 OH

~

3.8.6 Results and Discussion

Nuciferol is a widely used perfumery chemical in

cosmetic industry. Ar-curcumene, the starting material for

ar-curcumene oxide was obtained from Zingiberene as shown in

scheme 2,
DoA
—
g5 96
\
Scheme 2

Zingiberene constituted about 30-35% in ginger oil.

A process has been developed in our laboratory for

de-terpenation of ginger o0il by column chromatographic

procedure over silica gel. The hydrocarbon fraction was

fractionated wunder vacuum to obtain zingiberene 1in

approximately 60% purity. The zingiberene fraction was

reaction and the product subjected to

subjected to DDQ

elaborate column chromatography to obtain ar-curcumene in
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90% purity. Ar-curcumene oxide was prepared by
monoperphthalic acid and product purified by column

chromatography. By GLC analysis it was found to be 90% pure.

The ar-curcumene oxide was subjected to catalytic
reaction with various alumina rare earth oxide catalysts.
The conversion rate of ar-curcumene oxide was calculated
based on the ar-curcumene oxide recovered during the column

chromatographic purification of the product.

Table 30 gives the activity and selectivity of
various catalysts for the 1isomerization of ar-curcumene
oxide. At 110°C ar-curcumene oxide rearranges to ketones 98,
99 and allylic alcohol 100. The ketones 98 and 99 could not
be separated by column chromatography and hence it is

reported together as percentages of products in the table.

Table 30

Activity and Selectivity of various Catalysts for
Transformation of Ar-curcumene Oxide

Product %
Catalyst Conversion
% 98 and 99 100

A1203—Y203 €5 10 50
A1203—Sm203 80 10 60
A1203—Eu203 . 90 15 70
A1203—Nd203 85 12 68
A1, 0,-Pr_.0O 63 8 55

273 6711
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The percentage conversion over various catalysts
varied from 63 to 94Q Alzoa'Eu203 produced maximum
convergion (90%) and 85% conversion was observed over

A1203—Nd?

products.

— >
98 o 99 o 100 ow
97
/ -

3.8.6.1 Benzene-1-(1',5° dimethyl-hexan-4'-one)-4 methyl

_03. A1203—Sm203 produced B0% conversion to

and Benzene-l (1',5' dimethyl-5'hexen-4'-one)-4

methyl (98,99)

Over various catalysts the yield of ketones varied
from 8 to 15%., Maximum ketones were produced over
R1,0,-Eu,0, (15%). A1203—Y203 and Al,05-Sm,0, produced 10%

ketones.

The formation of ketonesgs are pictured as below. The
epoxide gets adsorbed on the acidic 8ite on catalyst
surface. The epoxide ring opens up forming a tertiary
carbonium ion which abstracts a proton from carbon bearing

C-0 bond to give a saturated ketone.
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D gDy

A Acidic site

The formation of unsaturated ketone is depicted as
follows. The epoxide attaches itself to the surface of the
catalyst through oxygen atom by weak electro static forces.
Fpoxide ring opens up forming a tertlary carbonium ion and a
proton is abstracted by a basic site which eliminates a

proton to give unsaturated ketone.

+
- - H E
. (A |
O.A o
.-B 4. B
n-gv AN ~
H
A ! Acidic site B: Basic site

3.8.6.2 Benzene -1-(1',5'-dimethyl-5'-hexen-4'-0l1)~4 methyl
(100)

The percentage yield of alcohol varied from 50 to 70

over various catalysts. A1203—E0203 produced 70% alcohol,

while 68% was produced over A1203—Nd203. A1203—Sm203

produced 60% of alcohol.
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The formation of alcohol from epoxide can be

: plained with the bifunctional nature of catalyst. Epoxlde
ts attached to an acidic site on catalyst surface, through
ygen atom and epoxide ring opens up forming a tertiary

carbonium ion. A proton from the methyl group is abstracted

by a basic site on catalyst surface. The proton gets

transferred to oxygen atom to form alcohol.

A: Acidic site B; Basic site

An attempt to correlate the acid strength with
percentage yield of alcohol is made in Fig.33. The yield of
alcohol increased with the increase in acid amount at

Bo < +6.8, +4 and +1.5. A similar observation can be made

-—

for basicity wvalve at pKBH +15. Thus there exists a

correlation between percentage yield of alcohol, acidity

and basicity.
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SURFACE CHARACTERISTICS AND CATALYTIC ACTIVITY OF

BINARY OXIDE A1203-Y203

OF (+) - LIMONENE OXIDE

IR THE ISOMERIZATION

4.1 Introduction

Properties of a catalyst largely depend on its surface
properties like ©porosity, surface area, -crystallinity,
acidity, basicity as well as its composition. The above
mentioned qualities like catalyst texture and stability can
be modified by different preparation conditions. Since
coprecipitation is the method of preparation used for the
catalyst, the precipitated binary oxide will be having

properties different from that of component oxides.

Binary oxide catalysts are widely used as catalysts
and catalyst supports and their surface and catalytic

properties have been described by a number of

workers.sa'ln_l74 A1203 had been widely used as a catalyst
and catalyst support. Investigators 1like Peril75'176,
Dabrowskil77. Kndzinger, Ratnaswamy178 and Ellisl79 made

attempts to propose mechanisms for the activity of A1203.

Fukuda and co-workers reported Y,0, as a basic oxide, but

less basic than alkaline earth oxide63. The introduction of

04 alter the properties of

varying amounts of y203 in A12

both 1\1203 and Y203.
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In previous chapters, 1l:1 mixture of alumina-rare
earth oxides 1like A1203—Y203, A1203-Sm203, A1203-Eu203.
A1203—Ndzo3 and A1203-Pr6011 were made, characterised and
their activity determined in the transformation of terpenyl
oxiranes like «as, - plnene oxides, (t), (-) limonene
oxides, 3~carene oxide and ar-curcumene oxide. It wvas
observed that all the binary oxides except A1203-Y203 had
similar acidic and basic properties' with varying
reactivities in the transformation of terpenyl oxiranes.
Yttrium is always treated as part of the lanthanide group
even though it is one period behind lanthanides in the
periodic table. Properties of yttrium had been found to be
similar since they are in the same group. The slightly

different properties and activity of A1203—Y203(1:1)
catalyst propelled the author to investigate the change in

properties and reactivity with variation of Y 0, in the

2

composition of A1203-—Y203 catalyst.

In the present chapter catalysts of A1203-Yzo3 having
different compositions were prepared following the
coprecipitation technique. Physico-chemical nature of
catalysts were characterised and their activity determined

in the transformation of (+4+)-limonene oxide.
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4.2 Preparation and Physico Chemical Characterisation of
Catalysts
4.2.1 Preparation of Catalysts

The various steps involved in the preparation can be

outlined as below :

. . Washing and
Coprecipitation > Filteration > Dr]fng
[Calcination\
Scheme 1 : Steps involved in the preparation of binary oxide
catalysts

Preparation of single oxides, A1203 and Y,0, are given

in section 2.2.6.1 and 2.2.6.2.
4.2.2 Preparation of Binary Oxides

The principles of various steps involved in the

preparation are briefly outlined in section 2.2.1 to 2.2.5.

A1203-—Y203 catalysts in the compositions of 9:1, 7:3, 1:1,

3:7 and 1:9 are prepared.

4.2.2.1 Materials
Al(NO3)3.9H20 (A.R. grade supplied Dby E.Merck

(India) ftd), ¥,05 (99.9% pure supplied by Indian Rare
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Earths Ltd, Alwaye), NH4NO3 (A.R. grade supplied by B.D.H),

25% NH; solution (supplied by E. Merck (India) Ltd) and 50%

HNO3 .

Experimental
4.2.2.2 Preparation of A1203—!203(9:1)

Al(NO3)3.9H20 (331.2 g) dissolved in 1000 ml water.
S g of Y203 was dissolved in minimum amount of 1:1 HNO 4 and
it was added to water solution containing Al(N03)3.NH4NO3
(100 g) added to the mixed solution. The solutions were well
mixed and 25% NH, added with stirring. The precipitated
hydroxide was aged for 20 hr and washed with plenty of
water. The precipitate was filtered through Whatman No.l
filter paper and dried at 130°¢ for 24 hr. The preciplitate

was calcined at 400°C for 5 hr.

4.2.2.3 Preparation of Al,0,-Y,0, (7:3)

Al(NO3)3.9H20 (257.6 g) dissolved in 1000 ml water.
15 g of Y,04 dissolved in minimum amount of 50% HNO, and
mixed with aluminium nitrate solution. 100 g of NH,NO, added
to the mixture followed by 25% NH, solution with stirring.
The precipitate was aged for 20 hr and washed with plenty of
water. The precipitate was filtered through whatman No.l
filter paper and dried at 130°C for 24 hr and calcined at
400°C for 5 hr. Preparation of Al,05-¥,0, (1:1) is

described in section 2.2.7. The same procedure is followed

in making the catalyst.
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4,2.2. i - :
4 Preparation of A1203 2203 (3:7)

Al(NO3)3.9H20 (110.4 g) dissolved in 1000 ml water.
35 g of Y,05 dissolved in minimum amount of 50% HNO, and
both solutions were mixed together. 100 g of NH4NO3 added to
that solution followed by 25% NH, solution. The solution was
stirred well during NH, addition. The precipitate was kept

in the solution for 20 hr and washed with plenty of water

and filtered. The precipitate dried at 130°C for 24 hr and

calcined at 400°C for 5 hr.

4.2.2.5 Preparation of Al,0,-Y 04 (1:9)

273 "2

Al(NO 0 (36.8g) was dissolved in 1000 ml

3)4-9H,
water. Y,0, (45 g) was dissolved in minimum amount of 50%
HNO; and mixed to the Al(N03)3 solution. Then 100 gm of

4
precipitate was kept in solution for 20 hr and washed with

NH,NO, added followed by 25% NH , solution with stirring. The

water to remove impurities. It was then filtered and dried

at 130°C for 24 hr and calcined in air at 400°c for 5 hr.

4.3 Chemical Analysis of Catalysts

Principle

Ytrrium present in these catalyst mixtures were
precipitated és its oxalate by oxalic acid from its
solutionlza. The oxalate was ignited to oxide and its weight
determined. From the weight of oxide, weight of alumina in

the mixture was estimated. The weight of each component in



Table 31
Chemical Estimation Values of Different
Catalysts
Catalyst Estimated
value(w/w)
A1203—Yéo3(9:1) 11.5:1
A1203—Y203(7:3) 2.8:1
A1203—Y203(1:l) 1.05:1
A1203—Y203(3:7) 0.47:1
A1203—Y203(1:9) 0.12:1

. Bxperimental

i Procedure for the chemical estimation 1is given
|
|
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in

section 2.3.2. In each case the composition of catalyst is

found to be close to the theoretical value.
Burface Properties of Catalysts

§{.4 surface Area

surface area of the catalyst was determined by BET

method of N, adsorption at -196°c. The powder is cooled to

2
2196°c and surface is incremently exposed to N, till the
sgurface gets a unimolecular layer cover of adsorbent.

gurface area of the solid was calculated by multiplying the

nmber of molecules of N, gas required to form a
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unimolecular layer times the area covered by each molecule.
The principle and procedure of the method is described in
s?ction 2.4.2 and 2.4.3. Table 32 gives the surface area

vilues of different catalysts obtained by BET method.

“Sasle A\

Speciile Surface Nrea Values of Various
Catalysts Obtained by BET Method.

Catalyst Surface area
2

m-/g
Al203—2203 (9:1) 144.9
A1203—Y203 (7:3) 126.7
A1203—-Y203 (1:1) 101.8
A1203-Y203 (3:7) 23.62
A1203—Y203(l:9) 16.55

4.5 Pore Size Distribution

Mercury intrusion technique was used to determine the
pore size dlistribution of catalysts. Autoscan 60 porosimeter
was used for mercury intrusion. The principle and procedure

are described in section 2.5.2 and 2.5.3. Pore surface areas

obtained for different catalysts are given in Table 33 and

pore size distribution curves of different catalysts are

given in Figure 34.
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Table 33

Pore Surface Area of Various
Catalyst Mixtures

Catalyst Pore surface

area in mz/g

A1203—Y203 (9:1) 64.77
A1203—2203 (7:3) 56.48
A1203—2203 (1:1) 30.64
A1203-Y203 (3:7) 23.89
A1203—YZO3 (1:9) 11.79 )

A6 Scanning Electron Microscopy
4,6.1 Principle

A gtream of electrons generated from a heated tungston
filament and accelerated by a potential upto 50 kv, are
feeus:aed by a series of electromagnetic lenses, into a fine
pfobe so that when this strikes the object, it may have a
dimeter of ~10 nm. The probe is caused to move over the
surface of object in a zig-zig raster by two pairs of
leflecting coils which carry current from a scan generator.
The same current traverses the coils of a cathode ray tube,
toe produce on the screen an i1identical but a longer raster.

The electron probe striking the specimen creates secondary
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b. A1203—Y203(9:1)

a. A1203—Y203(!:1)

e. Al203—Y203 (3:7) f£. A12O3—Y203(1:9)

»

Fig. 35. SEM of Different A1203—Y203 Compositions
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i
electron micrographs of various catalysts are given in

E#g.35.

!
4.7 X-ray Diffraction Studies

X-rays are electromagnetic waves of shorter wave
length which incident on a parallel closely spaced planes of
atoms within a crystal. The condlition for reflection is the
well known Bragg eguation n A= 2d sin®. The instrument used
in the present study was PW 1710 Phillips Holland which
works in an emission current of 10 mA. Source in diffraction
was CuKa radiation and sample scanned at an angle 20-60°.
Figs. 36 and 37 give the XRD pattern of all catalysts. The
principle and procedure of the method are given in

section 2.6

4.8 Thermogravimetric analysis

The principle and procedure for this method are given

in section 2.7

Samples are heated at a rate of 20°C/min.,
non-isothermally in air upto 850°C. The weight loss of the
ajmple is measured as a function of temperature. The
dérivative curve (DTG) is obtained by the electronic
differentiation of the TG signal. The instrument used was
951 Dupont thermal balance. Fig.38 gives the thermal

analysis diagrams of catalyst samples.
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;
B!

)

Fig. 36 XRD of Single Oxides

[
| . ]
| . 60 40 20
20
Fig. 37 XRD of Binary Oxides

1. Y,04 2. 1\1203 3. 1\1203—2203 (1:9)

4, A1203—Y203(3:7) S. A1203—Y203(1:1)

6. A1203—Y203(7:3) 7. A1203-Y203(9:1)
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.

4.9 Acidity and Basicity Measurements

Materials

Benzene (supplied by E. Merck (India) Ltd.), n-BuNH ,
supplied by S.D. Fine Chemicals. 1Indicators used 1in the
present study are supplied by Aldrich Chemical Company Ltd.
Purification of solvents are given in section 2.8.1. Table 9

gives the name of indicators used in the acidity

determination.

4.9.1 Acid Strength Measurements

Various Hammett indicators are used for acid strength
measurements. Procedure for acid strength determination is

given in section 2.8.2.

4.9.2 Acidity of Catalyst Surface

Aclidity of catalyst surface was estimated by titration
with n-butyl amine wusing various Hammett indicators

7
following Benesi's methoé;

4.9.3 Experimental

The procedure for determination of acidity of
catalyst's surface 1is given in 8ection 2.8.3. The acid
strength and acid amount of different catalysts are given in

Table 34 and 35 respectively.
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Acid Strength of Various Catalysts

Ho-range

Catalyst

Al,0,

Y,0,
Al,-Y,0,(9:1)
R1,0,-Y,04 (7:3)
A1203—Y203(1:1)
R1,0,-Y,0, (3:7)
R1,0,-Y,0, (1:9)

-5.6 to -8.1
+1.5 to + 3.3
-5.6 to -8.1
-5.6 to -8.1
-5.6 to -8.1
+1.5 to +3.3

+1.5 to +3.3

Table 35

Acid Amount of Various Catalysts in m mol/ﬁz

aAcid amxmtinlnnong in the Ho range

Catalyst
+6.8 +4 +3.3 +1.5 -3 Total
acidity
A1203—Y203(9:1) 0.0837 0.0242 0.0114 0.0031 0.0006 0.1232
h1203—Y203(7:3) 0.0631 0.0165 0.0063 0.0023 0,0001 0.0885
A1203-Y203(1:1) 0.0589 0.0044 0.0021 0.0030 0.0001 0.0687
A1£O3—Y203(3:7) 0.0846 0.0338 0.0067 - - 0.1253
0.0725 0.0241 0.0030 - - 0.0996

h1203-Y203(l:9)
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4.9.4 Baslicity Measurements

Materials

Cyclohexane (supplied by E. Mexck (India) Ltd.),
Benzene guaranteed reagent supplied by BDH and benzoic acid
(95% pure) supplied by BDH. Indicators used in the present
study and their color changes at different pRBH values are
"given in section 2.8.4. The indicator solutions are made by

dissolving 1 g indicator sample in 1000 ml dry benzene.

Tables 36 and 37 give basic strengths and basicity
values of different catalysts. The procedure for basicity
determination are given in section 2.8.6.

Table 36

Basic Strengths of Various Catalysts

Catalyst H_ value’

A1203—Y203(9:1) +15 to 18.4
A1203—Y203(7:3) +15 to 18.4
A1203—Y203 (1;1) +15 to 18.4

A1203—Y203(3:7) -

A1203—’1203(1:1) -
A1203 +15 to 18.4

¥,03 B
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Table 37

Basicity of Different Catalysts

Basicity in meq/m2

Catalyst +12.2 +15
I\1203—Y203 (9:1) 0.26 0.16
A1203—Y203 (7:3) 0.022 0.04
A1203—Y203 (1:1) 0.024 0.045

4.10 MAS 27a1 NMR Studies

27A1 is 100% abundant with I = 5/2 and a chemical
shift range around 450 ppm. The 1line width of the 27A1
resonance is a sensitive function of the symmetry of the

nuclear environment. Usgeful chemical information c¢an be

obtained from the spectra provided quadrupolar coupling and

180

chemical shift effect can be separated . The principle and

procedure for this method is described in section 2.10.1 and
2.10.2. Fig. 39 illustrates the MAS 2/A1 NMR of A1,0,-¥,0,

(1:1) spun at 3.34 and 4.03 kHz.

4.11 catalytic Reaction

The activity and selectivity of the catalysts were

checked in the isomerization of (+) -limonene oxide (97%
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Fig. 39. MAS Al NMR of A1203—Y203 Sample Spun

at 3.34 and 4.03 kHz.
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pure, supplied by Aldrich Chemical Company, U.S.A. and is a
1:1 mixture of cis and trans epoxide). Toluene and methylene
chloride used were AR grade supplied Dby E. Merck

(India) Ltd.

4.11.1 Experimental

(+)-Limonene oxide (200 g, 1.3 m mol), A1203—Y203
1 g and 5 ml solvent (toluene) were refluxed with stirring.
Conversion rate of the reactant was monitored by TLC. After
8 hr the reaction was found to be very slow. Reaction
nmixture filtered to separate the catalyst, and the catalyst
extracted with methylene chloride. All filtrates combined

together and solvent removed. The same procedure was

followed for all catalysts and reaction time was 8 hr.
4.11.2 Preparation of Authentic Samples

4.11.2.1 Preparation of Carveols
Materials

(+)-Limonene oxide, aluminium isopropoxide.

Experimental

Carveols were prepared by the same method given in

section 3.5.3.2.
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4.11.2.2 pPreparation of (3-isopropenyl cyclopentyl) ketone

Materials

(+)-Limonene oxide, ZnBrz, benzene

Experimental

Procedure gsame as given in section 3.5.3.1.

4,11.2.3 pPreparation of Limonene Diol

Materials
(+)-Limonene oxide supplied by Aldrich Chemical
.Company, T.H.F. s8supplied by E. Merck (India) Ltd. and

1% HZSO4.

Bxperimental
Procedure same as given in gsection 3.5.3.3.

4.11.2.4 Preparation of 1l-methyl-3-isopropenyl cyclopentyl

—-l-carboxaldehyde

Materials

(+)-Limonene oxide, ZnBr2 and benzene.

Experimental

The method followed here is the procedure of Settine

and co—worker597. (+)-Limonene oxide 3.9 g (0.026 mol) was

taken in 100 ml dry benzene and refluxed. To the refluxing
golution 1 g of ZnBr, added. Exothermic reaction occurred

and external heating was stopped. The mixture refluxed for
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2 hr and 200 ml water added. The benzene solution was
separated and washed with water and dried over anhydrous
sodium sulphate. Solvent removed and the crude material was
fractionally distilled in vacuum. The first fraction
collected at 76°C (10 mm of Bg) was aldehyde. Yield 1.1 q.
Structure of aldehyde was confirmed from IR and ﬁMR spectra.

Purity of the product was found to be 87% by GLC analysis.

4.12 1Identification of Products

Reaction products in the mixture were identified by
GLC and GC-MS. Linalyl acetate was used as the internal
standard in GLC analysis. GLC analysis was done on a 5840A
Hewlett-Packard gas chromatograph. Column used OV17 (10%),
1.8 M length, 3.1 mm I.D., column temperature programme
80-200°C at the rate of 5°C/min. Injector was at 250°C and
F.1.D. detector at 300°C. carrier gas was helium at the rate

of 20 ml/min.

GC-MS analysis was done on a Varion-3400 Incos 50
mass spectrometer. Column DB-5, length 30 M, I.D-2.5 nm,
column temperature programme from 60-200°C at the rate of
5°C/min. Carrier gas used was helium. MS data given in each

case ig in the decreasing order of abundance.

Compound 4', 4, 56 and S5 were identified as trans-exo-
carveol, cis-exo-carveol, trans-endo-carveol and

cls-endo-carveol respectively by RRT and MS.
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Compound 4°' MS 119(100), 55, 67, 79, 91, 109, 119, 134, 105,
123.

Compound 4 MS 41(100), 81, 67, 55, 107, 93, 121, 136, 152.
Compound 56 MS 119(100), 134, 91, 92, 93, 109, 84.

Compound 5 MS 84(100), 134, 109, 41, 55, 119, 83, 91.
Compound 8 was identified as limonene diol by its RRT and
Ms. 43(100), 71, 67, 55, 82, 102, 88, 137, 152, 119, 101.
Compound 72 was identified as methyl~-3-isopropenyl
cyclopentyl ketone by comparing its RRT with standard
and MS.

41(100), S5, 109, 84, 91, 69, 77, 119, 105, 134, 123, 152,
Compound 36 was identified as carvone by its RRT with an
authentic sample and MS.

82(100), 110, 95, 39, 41, 54, 137, 152.

Compound 33 was identiied as l-methyl-3-isopropenyl

cyclopentyl carbaldehyde by its RRT with an authentic

sample.

4.13 Results and Discussion

Varying compositions of A1203—Y203 were prepared by
coprecipitation from their nitrate solution using 25% NH3 as
the precipitant. All binary oxides were prepared under the

same condition. The final pH of the solution was 10.

Chemical estimation of the catalysts show that all

the precipitated mixture are having composition close to

theoretical value.
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Surface Properties
4,13.1 Surface Area

The surface area of all binary oxide catalysts
heated at 400°C and that of single oxides like A1203 and
Y,0, are presented in Table 32. The highest value of
156.1 mz/g has been obtained in the case of A1203. These
valueslstart decreasing as the Y203 content increases. As
can be seen in the case of thermal decomposition of yttrium
hydroxide influence the decomposition of hydrous aluminium
oxide such that the decomposition temperature has been
brought down and surface area values obtained for these
systems ideally support this observation. Since all the
hydroxides were decomposed at 400°C over a period of 5 hr,
the extent of decomposition occured in different mixtures
would have been different. Some retaining residual OH groups
gtill intact since the avallable reaction site depend on the
avalilable hydroxide and is also dependent on the effective
surface area and microporosity and it can be assumed that
alumina can definitely be most reactive. This can be made
clear by specifically comparing the thermogravimetric curve
of A1203 and A1203—Y203 (3:7) where the surface area are

156.1 mz/g and 23 m2/g respectively.

4.13.2 Pore Size Distribution

Fig. 34 present the pore number fraction versus

radius for various oxide samples prepared for the present
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sthdy. For Al,0,-¥,0,(9:1) there {s a narrow distribution
around 20& and pore surface area 6.7 mz/g. The narrowest
diétribution of pores 1is seen in the case of A1203—Y203
(9:1) which has also the lowest range of pore radius among
the mixtures. This is indicative of the advantages with
respect to specific surface area, decomposition pattern and
reactivity compared to other compounds. In the case of
Al,04-Y,0, (7:3) the distribution ranged from 20 to 150 A
with a pore surface area 56.4 mz/g. For Al,0,-Y,0, (1:1)

2°3 "273
there is a wide distribution pattern from 20 to 1000A with
a pore surface area 30.6 mz/g. In the case of A1203—Y203
(3:7) the pore size varied from 20 to 250 R with a pore
surface area 23.89 mz/g. For A1203—-Y203 (1:9) the pore sizes
still have smaller range from 20 to 200% with a small pore
surface are 11.79 mz/g. As the yttrium content increases the
pore size distributes over wider ranges. There is a general
wide distribution tendency of pore size variation upto 1l:1
composition with increase in yttrium content. The tendency
is reversed although the best conditions for narrow
distribution are seen in the 9:1 composition. There are
large differences in the distribution patterns of different

samples. Table 33 gives the pore surface areas of all

catalyst compdsitions.

4,13.3 X-ray Difraction Studies
The x~ray diffraction patterns of all catalysts are

shown in Figs., 36 and 37. Pure aluminium hydroxide calcined
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o
at 400°C shows highly amorphous nature probably because the
decomposition is not complete and alsc because of residual

microporosities. On the other hand the hydrated yttrium

oxlide is purely crystalline precipitate when heated at 400°c
it has well defined pattern. As the yttrium content
increases there ls a partial crystallinity introduced in to
the mixture on heating at 400°C which is supported by the
thermogravimetric data. However all mixtures still retain
the flneness possibly particle coarsening require still
higher temperature. There is no visgsible indication possible
from the XRD data excepting the fact that partial
crystallinity introduced due to an optimum composition
structure shown in Fig. 37 (9:1) could be the most ideal
among the various compositions investigated. This \is
especially true because on the one hand pure Al(OH)3

calcined at 400°C has a pattern very different from that of

yttrium hydroxide at same temperature.

4,13.4 Microstructure

Fig. 35.pxesent the morphological features of the
partially dehydrated coprecipitates of A1203 and aluminium
oxlde-yttrium oxide coprecipitates. Pure Al(OH)3 prepared in
the present investigation has highly agglomerated solid
morphology appearing as a partially decomposed gel. From the

surface area data it 1is found that this hydroxide should



244

have microporosites well distributed within the gel network
due to the partial and slow evolution of the hydroxyls
during calcination. This ©possibly is the reason for
increased activity. Further it is observed from the XRD data
that the partly calcined aluminium hydroxide is extremely
fine and. amorphous. On the other hand the morphological
feature of (9:1) A1203-Y203 mixture is8 highly porous
possibly having more of open pores due to the shifting of
thermogravimetric peaks to lower temperature. There is only
marginal difference in surface area from A1203 to Al,0.,-Y,0

273 7273
(9:1). Al,0, has got surface area 156.1 m2/g while 9:1

273
mixture has a surface area of 144.4 mz/g. Yttrium hydroxide
in minor quantities probably influence the decomposition of
the mixture such that the yttrium hydroxide decomposes
preferntially 1leaving channels for the decomposition of
aluminium hydroxide. This is made clear from the pore size

distribution data where very narrow distribution is seen

around 20A.

As the Y,0, content increases the morphological
features of <calcined powder drastically changes as
gseen in Fig. 35. The surface area of this mixture
is much lower compared to earlier. Samples for A1203-Y203
{(7:3) surface area being 126.7 mz/g and 101.8 m2/g for
A1203—‘1203 {1:1). The pore size also distributes over a

range possibly the decomposition of yttrium hydroxide and
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Al(OH)3 overlaps and hence the advantage of facilitating
eagy decomposition from the aluminium hydroxide phase \is
lost at this composition. This is seen from the data
gupported by XRD where a partial crystalline phase different

from the pattern for pure Al(OH)3 is observed as in Fig.36.

As the yttrium hydroxide content increases still the
morphological feature of the partially calcined powder
remain nearly the same indicating there could be an optimum
aluminium oxide - yttrium oxide ratio for obtaining the
right properties (Fig. 35). As evident from Table 32 the
surface area of the catalyst decreases which is inexplicable

from these observations.

4.13.5 Thermogravimetric Analysis

The thermogravimetric curve of hydrated aluminium
oxide (Fig.38) shows initial loss of about 3% followed by a
gradual decomposition to the basic oxide over a temperaure
range of 850°C. There is a drop of about 18% weight around
300°c which is followed by a gradual reduction indicating
the major phase being Al(OH)3. On the other hand the
thermogravimetric diagram for hydrated yttrium oxide shows a
multiple decomposition pattern with a loss of about 13% in

the first step around 300°C followed by about 16%

above 500°cC.
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In the case of mixture of hydrated aluminium and
yttrium oxides there is a common decomposition peak around
300°¢ accompanied by a loss of 28% which account for the
joint losses from both hydroxides. However, due to the
influence of the hydrated yttrium oxide the drastic
reduction around 550°C has been smoothened out in the
mixture. Thus, complete decomposition is made possible at a
lower range. It 18 interesting to mention that the
decomposition is more or less complete at around 500°C and

nearly 60% remains undecomposed at 400°c.

4,13.5.1 Effect of Composition on the Decomposition of
Oxides

In comparison of the thermal Adecomposition pattern
of hydrated aluminium oxide, 1!;1203—%203 (1:1) and
A1203—2203(3:7)‘, the following points are observed (Fig.38).
As explained earlier while the major decomposition occurring
at around 300°C is additive in nature ie. with increase of
hydrated Y203, the extent of decomposition is 17%, 28% and
628 respectively for A1203, A1203-Y203(1:1) and A1203—Y203
(3:7). The final dJecomposition peak which 1is less
predominent in the case of pure A1203 is distinctly getting
elearer as the 2203 content increases with decomposition

peak slightly 1less than 500°C for 3:7 mixture. It is

econcluded that Fig. 38 (3:7) that as a result of decrease in
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decomposition temperature with increase in Y04, the
effective OH group remaining in the hydrated oxides is

decreasing.

4.13.6 Acidic and Basic Properties

The total acidity in m mol/m2 of various catalysts
are given in Fig. 40. Total acidity increased with Al,0,
content in the catalyst. Acidity decreased from 0.1232
m mol/m2 to 0.0687 m mol/m2 when composition changed from
A1203—Y203 (9:1) to R1,0,-¥,04 (1:1). Total acidity
increased to 0.1253 m mol/m2 when Y203 content in the
catalyst changed to 3:7. Catalyst samples which have higher
amount of Y203 does not show any acidic sites of higher
strength (Ho < +1.5 and -3).

In Fig.4)l acidic amount in m mol/m2 of various

catalysts are plotted against percentage of Y203. Among the
different compositions of catalysts A1203-'1203 (9:1),(7:3)
and (l:1) Al,0,-Y.O (9:1) showed more acid amount at

273 273
varjous acid strengths. At Ho < +6.8 an acid amount of

0.0837 m mol/mz'was observed over A1203—Y203 (9:1) and it

Idecreased to 0.0589 m mol/m2 for A1203—Y 0o, (1:1).

273

For catalysts A1203—Y203(3:7), acld amount
(Ho < +6.8) 1increased to 0.0846 m mol/m2 and the value
ecreased to 0.0725 m mol/m2 for Al,0,-Y.0, (1l:9). The same

273 7273
;tgrend can be observed for acid strengths at Ho < +4 and
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+3.3. At acid amount +1.5, A1203-—Y203 (9:1) produced

0.003 m mol/m2 and the value showed 1little variation for

A1203—‘12O3 (L:1). At highest acid strength of Ho < -3
A1203—Y203 (9:1) produced 0.0006 m mol/m2 and the value
decreased to 0.0001 m mol/m? for Al,0,-Y¥.0, (7:3).

273 7273

From Table 37 it is clear that the catalyst with
highest alumina content showed highest basicity. A decrease

in basicity is observed from A1203-Y203 (9:1) to Al,04-Y,0,

(7:3). A1203—Y203 (7:3) produced basicity of 0.022 meq/m2 at

H +12.2 and 0.04 meq/m2 at H_15.0 respectively. When
compogsition changed to 1:1 mixture, Al,0,-¥,0, had a
basicity value of 0.024 meq/m2 at H +12.2 and 0.045 meq/m2

—Y203(l:9) and Y.0, showed

at H_+15, AX,O0.,-Y 0, (3:7), Ale 203

273 7273

no basicity values.

3

Al showed acid amounts of 0.1787, 0.1149, 0.1245

203
and 0.0191 m-mol/m2 at Ho < +6.8, +4, +3.3 and +1.5

respectively but no acid sites at Ho < -3 was observed.

A1203 produced least basicity values of 0,051 meq/m2 at

H 12.2 and 0.0766 meq/m2 at H- 15. Y O3 produced no basic

2
color with 1indicators, but produced an acidity of

1.5 m mol/g at Ho <+6.8, 5.6 m mol/qg (Ho < +4) and
1.4 m mol/g at Ho < +3.3. No acidic sites were observed at

Ho < +1.5 and -3 on the surface of Y,0 Among the five

273"
differdnt compositions of A1203—Y203 used in the study
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A1203—!203 (9:1), »‘1203-31203 (7:3) and A1203—Y20

showed aclidic as well as basic sites.

3 (1:1)

4.13.7 Effect of Co-ordination on the Properties A1203-—Yzo3

The MAS 27A1 NMR spectra of 1\.1203—1[203 (1:1) 1is
given in Fig. 39. Signals in the range of 7 ppm and 66 ppm
showed octahedral as well as tetrahedral coordination of
aluminium atoms in the mixed oxide. In the present study

sample spun at 3.34 kHz and 4.03 kHz.

Tanabe's hypothesia70 ' for the generation of
gsurface acldity of binary oxides can be applied here also.
From Fig. 39 it is beyond doubt that some Al atoms are in
tetrahedral coordination while some are in octahedral
coordination in the mixed oxides. In the binary oxide where
A12O3 being the major oxide (a), the three positive charges
of yttrium are distributed to six bonds, while two negative

charges of oxygen are distributed to two bonds.

The difference in charge for one bond is 3/6 - 2/2
and for all the bonds the valence unit of -1/2x6 = -3 in
excess. In this case, Bronsted acidity is assumed to appear
because three protons are associated with three oxygen atoms

for electrical neutrality.

In the second case (b) where A1203 is the minor

oxide, three positive charges of Bl are distributed to four



252

Fig. 42 Model Structure of A1203—1203
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bonds, while two negative charges of oxygen are distributed
to three bonds. The difference in charge for one bond is
3/4-2/3 and for all the four bonds the valence unit of
1/12x4 = 1/3 in excess. In thlis case Lewis acidity is
assumed to appear on the catalyst. By titrimetric method,

among the various compositions,A120 -Y,0,(9:1) was found to

3
be most acidic among various compositions.
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Fig.43 Model Structure of A1203-—Y203 (octahedral)
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In the octahedral coordination of aluminum, when
A1203 is the major oxide the three positive charges of
yttrium are distributed to s8ix bonds while two negative
charges of oxygen are distributed to three bonds. fhe
difference in charge for one bond is 3/6-2/3 and for all the
bonds the wvalue is (3/6-2/3) 6 = -1 in excess. This shows
Bronsted acidity only. When Y203 is in excess and A1203 the
minor oxide, three positive charges of Al are distributed to
six bonds, while two negative charges of oxygen are
distributed to three bonds. The difference in charge for one
bond is 3/6-2/3 and for all bonds the valence unit of
(3/6-2/3) 6 = -1 in excess. In this case also Bronsted

acidity appears on the catalyst surface.

Fig.44 Model Structure of A120 -Y, 0

3 7273

4.13.8 cCatalytic Reactions

Catalytic activity of different compositions of
A1203—Y203 was checked in the isomerization studies of (+)

limonene oxide at 110°c. (+)-lirmonene oxide (3) isomerizes
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mainly to the following products, trans angd cis
exo~-carveol (4',4) trans- and cis-endo-caraveol(56,5),8,(9)

-p-menthene 1,2 diol (8), l-methyl-3-isopropenyl cyclopentyl
ketone (72), <carvone (36) and 1-methyl 3-isopropenyl
cyclopentyl carbaldehyde (33).

2
3

@)
=

%
>

|

Oy O

1NN

£
n
[+,

O -

/\4\

72

[#%)
W

As the percentage of Y,0, in the catalyst increases

the catalytic activity decreases. A1203 and A1203—Y203 (9:1)



255

showed 100% conversion to products. The selectivity of
various catalysts are given in Table 38. Except Y,04, all
catalyst compositions showed a decrease in percentage
conversion with increase in the percentage of Y203.
Reactivity decreased from 75 to 30% as the composition

0,-Y.,0, (1:9).

changed from A1203—Y 0, (7:3) to Al, 47Y,04

273
Table 38

Activity and Selectivity of Various Catalysts for
Isomerization of (+)-Limonene Oxide

Products %

Catalyst Conversion

(%) 4 4 72 56 8 S5 36 33
A1203 100 - 14 8 8 65 12 2 12
A1203—Y203(9:1) 100 6 - 5 5 76 - 3 -
A1203—Y203(7:3) 75 18 17 - 8 55 - 10 -
A1203—Y203(1:1) 65 12 10 9 10 34 12 10 -
A1203*Y203(3:7) 55 1 22 - 8 15 - - -
A1203—Y203(1:9) 30 27 - 23 - 10 - 17 -

Y203 75 16 35 19 - - - 8 -
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4.13.8.1 Trans-exo-carveol [2-Methylene cyclohexane-1-01-5

(1-methyl ethenyl] trans] (4')

The percentage yield increased from 6 to 18 from

Al 04-Y,0 (9:1) to (7:3).A120 -¥.,0, (1:1) produced only 12%

2 273 3 273
trans-exo-carveol and yield increased to 27% in the case of

A1203—Y203 (1:9).

As evident from Fig. 45 the variation 1in the
percentage yleld of exo-carveol with acid amount is not
regular. Percentage yield increased with increase in acid
amount, again decreases and again increases. Hence a direct

correlation cannot be obtained from the value.

4.13.8.2 Cis-exo-carveol [ 2-Methylene cyclohexane-1-01-5

(1-methyl ethenyl) cis] (4)

Pure A1203 produced 1l4% yield of cis-exo-carveol.
The yield decreased from 17% to 10% as the composition of
catalyst changed from (A1203—Y203) 7:3 to 1:1. The
percentage yield increased in 22 for A1203—Y203 (3:7). 35%
yield of cis-exo-carveol was observed over Y,0,.

An attempt has been made to correlate the acid
amount in m mol/m2 to the yield of cis-exo-carveol at

various acid amounts. As evident from Fig. 45 the percentage

of cis-exo-carveol increased with acid amount over various
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catalysts Ho é_+6.8, and +3.3. At these ' Ho values
(+6.8, +3.3), a correlation is obtained and over other acid

strengths no correlation can be seen.

4.13.8.3 Trans-endo-carveol {2-Cyclohexene-1-01,2

methyl-5-(1-methyl ethenyl) trans] (56)

The yield of trans-endo-carveol is small over

various catalysts. A1203—-Y203 (1:1) alone produced 10% yield

of trans-endo-carveol, over other catalysts yield varied

from 5 to 8%.

4.13.8.4 cis-endo-carveol (5)

Cis-endo-carveol was produced only over A1203 and

Al,0,-Y

2037Y,0, (1:1) in 12% yield.

4.13.8.5 carvone [2-cyclohexene-l-one, 2-methyl-5-({1l-methyl
ethenyl (36)]])

Carvone was produced in smaller amounts over all

catalysts except Al,0,-Y,0, (1:9)}. Al,0,-Y,0, (1:9) yielded

273 273 "2
17% carvone. Y504 produced 8% yield of  carvone.
1\1203—1c203 (7:3) and 11\1203—3{203 (1:1) produced 10% of

carvone.

4.13.8.6 8,(9)-p-menthene 1,2-diol (8)

A1203 produced 65% diol while 2203 yielded none. As

the percentage of Y,0, in the catalyst increased yleld of
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diol decreased from 76 to 108%. Al 0,-Y O, (9:1) produced 76%

273 "273
diol and it changed to 34% over Al1,05-Y,0, (1:1). The yield
of diol decreased to 15% over A1203—1203 (3:7) and to 10%

over A1203—Y203 (1:9).

In Fig. 45 an attempt to correlate the acld amount
inm mol/m2 to yield of AQiol is illustrated. The percentage
yleld increased with acid amount in m mol/m2 at some acid
amounts like Ho < +6.8, +4 and +3.3. At other Ho values no

correlation can be observed from the data.

4.13.8.7 1l-Methyl-3-igsopropenyl cyclopentyl ketone (72)

The percentage yield of ketone was 8 on A13O3 and 19
over Y,0,. A1203-—Y203 (1:9) is the best catalyst for the
formation of this ketone since it yielded 23%. A1203—-'1203
(1:1) produced only 9% of ketone and the percentage yleld

decreased to 5 in the case of A1203—Y203 (9:1),

4.13.8.8 1-Methyl-3-isopropenyl cyclopentyl carbaldehyde
(33)

A1.0, alone produced 12% yield of this aldehyde.’

273

4.14 conclusion

among the different compositions studied A1203—Y203

(9:1) showed maximum acidity, pasicity and reactivity. The

reason for the variation in properties of this catalyst can
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be attributed on the basis of thermogravimetric data. As the
yttrium content increases the decomposition temperature of
the mixed hydroxide is made to shift to lower ranges than
pure Al(OH)3 and pure Y(OH)3. This fundamental difference in
the catalyst nature leads to difference in properties 1like

surface area, acidity, basicity, activity and selectivity.



CHAPTER - V



EFFECT OF PREPARATION AND PRETREATMENT CONDITIONS ON THE
NATURE OF BIRARY OXIDES OF A1203—Y203 AND ITS ACTIVITY

FOR THE ISOMERIZATION OF (+) - LIMONENE OXIDE

S.1 Introduction

The nature of active sites on the surface of
catalysts has been the subject of considerable investigation
during the past 50 vyears. Particular attention has been
given how the active sites on catalyst surface varied with
preparation and pretreatment conditions. And also the
overall performance of a catalyst is known to depend not
only on the inherent catalytic activity of the active phase
but also on the texture of the 30lid. The degree of control

of surface area and pore size is possible during preparation

and also by the use of additives.18171%0
Alumina, a widely used catalyst and supportlgl can
be prepared with a range of surface areasl41 and pore

136,137,141,192-197

sizes. This versatality is in part due

to different phases that may be produced on calcination.
The nature and crystal forms of intermediates formed in the

preparation also play an important role.

In the previous chapter various compositions of
alumina-yttria catalyst are made and activity is checked in

the reactions of (+)-limonene oxide. 1In the present chapter
»
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alumina-yttria (1l:1) catalyst was made under different
preparation conditions by coprecipitation and the activities

checked in the isomerization study of (+) - limonene oxide.

5.2 Preparation of Catalysts

S.2.1 Materials

Al(N03)3.9H20, 25% NH3 solution, NH4NO3 supplied by
E. Merck (India) Ltd. Y504 supplied by Indian Rare Earths

Ltd; and S0% HNO3 solution.

Experimental

5.2.1.1 Preparation of A1203—!203 (1:1) - A

1l

The method of preparation of (1l:1) catalyst 1is
briefly outlined in section 2.2.7. The precipitated
hydroxide was washed with plenty of water, filtered, dried

at 130°C for 24 hr and calcined at 600°C for 5 hr.

5.2.1.2 Preparation of A1203—1203 (1:1)—A2

Procedure followed was same as given in section
2.2.7. The precipitated hydroxide was washed and dried at

130°C for 24 hr and calcined at BOOOC for 5 hr.

5.2.1.3 Preparation of A1203—1203 (1:1)—A3

Preparation of hydroxide was same as that given in
section 2.2.7. The initial pH of the solution was kept at 4

when precursor solutions are mixed. 25% NH3 added to
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complete the precipitation till pH changes to 10. The
hydrqxide was washed with water, filtered on a whatman.

No.l filter paper dried at 130°c for 24 hr and calcined at
400°C for 5 hr.

5.2.1.4 Preparation of A1203 ¥,04 (1:1)-A4

Preparation followed the same procedure as in
section 5.2.1.3. Only difference is pH of the initial

solution was kept at 6 when precursor solutions are mixed.

5.2.1.5 Preparation of A1,0,-Y 503 (1:1)-Ag

Preparation procedure for the hydroxide was same as
given in section 2.2.7. The precipitated hydroxide was
aged for 3 days washed, filtered, dried at 130°Cc for 24 hr

and calcined at 400°C for 5 hr.

5.2.1.6 Preparation of A1203 Y,04 (l:1) -A

6

Preéaration method of hydroxide was same as in
section 2.2.7. The precipitated hydroxide was aged for 7
days in Bolution, washed, dried at 130°Cc for 24hr and

calcined at 400°C for 5 hr.

5.2.1.7 Preparation of Al 203-Y 293 (L:1) - A,

Preparation method of hydroxide was same in section
2.2.7. The hydroxide was aged for 14 days in solution,
»

washed, dried at 130°c for 24 hr and calcined at 400°C
for 5 hr.
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5.2.1.8 Preparation of A1203—Y203 (1:1)—A8—By Homogenous

Precipitation Using Urxea

Al(NO3)3.9H20 (184 g) was dissolved in 1000 ml
water. 25 g of Y203 dissolved in minimum amount of 50% HNO3
and both sBolutions were mixed together. The solution
boiled, and 200 g of urea added to that. After few minutes
a precipitate was formed which was again bolled for 5 more
minutes and kept for 20 hr. It is then washed with excess
water, filtered and dried at 130°C for 20hr and calcined at

400°C for 5 hr.

5.2.1.9 Preparation of Recycling Catalysts

A1203—Y203 (1:1) was prepared as in section 2.2.7.
This catalyst was used for recycling. After each reaction

catalyst was refluxed with CH,OH and extracted and calcined

3
at 400°c. This procedure repeated after each reaction and

catalyst was used for 5 cycles.

Physico-Chemical Characterisation of Catalysts
5.3 Chemical Analysis of the Catalysts

The precedure for chemical analysis is given 1in
gsection 2.3.2. Yttrium present in each of the catalyst
sample was precipitated as its oxalate by oxalic acid.
Oxalat® was washed and filtered on a whatman No.40 filter

paper and ignited to oxide in a previously weighed crucible.



265

From the weight of yttrium oxide, the weight of alumina in
the catalyst sample was determined. Table 39 gives the

chemical analysis values of various catalysts.

Table 39

Chemical Estimation Values of Various Catalysts

Catalyst Chemical estimation
value w/w

AL,0,-¥,0,(1:1)-A 1.143:1
AL,0,-¥,0,(1:1)~A, 1.125:1
A1203—Y203(1:1)—A3 1.02:1

A1,0,-¥,0,(1:1)-A, 1.096:1
A1,0,-Y,0,(1:1)-a, 1.081:1
A1203—Y203(1:1)—A6 1.042:1
A1,0,-¥,0,(1:1)-A, 1.022:1
A1,0,-Y,0,-Ag 1.125:1

5.4 Surface Area Analysis

Surface area of various catalysts were determined by

BET method of N, adsorption at -196°C. The instrument used

2
was Quantasorb. Jr. The principle and procedure of the

method are briefly outlined in section 2.4.2 and 2.4.3.
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Surface area value of various catalysts are given in

Table 40.
Table 40
Specific Surface Area of Various Catalysts

Catalyst Surface area

in m2/g
A1203—Y203(1:1)—A1 24
A1203—Y203(1:1)—A2 59.6
A1203—Y203(1:1)—A3 55.5
A1203-Y203(1:1)—A4 133.3
A1203-Y203(1:1)—A5 55.7
I\1203—Y203(l:1)—A6 28.7
A1203—Y203(l:l)—h7 45
A1203—Y203(1:1)—A8 46 .8

5.5 Scanning Electron Microscopy

Section 4.6 gives the principle and procedure of
this method. Jeol SEM JSM 35C was used for scanning
studies. A water solution of the material was dispersed
with ultrasonic sound. A drop of the solution was placed on
the brass stub and coated with gold and used for SEM

analysis.
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5.6 X-ray Diffraction Studies

The principle, instrumentation and procedure of the
method are outlined in 2.6.1 and 2.6.2. In the present
study, instrument used was PW 1710 Phillips Holland. Source
of X-rays were CuKa radiation and samples scanned at 20-60°,
Fig.47 gives the XRD patterns of Al,0,-Y,0 (1:1)

273 7273

precipitated at initial pH 4, pH 6 and Al 0,-Y.O

2037¥,03 (1:1)

calcined at 600 and 800°c.
5.7 Acidity and Basicity Measurements
5.7.1 Acidity Measurements

Matexials

Benzene, n-BuNH, {supplied by S.D. Fine Chemicals).
Various indicators listed in Table 9 are used for the study.

Purification of various materials are given in section

2.8.1.

Experimental

The method of Benesi37 for determination of acidity
is described in section 2.8.3. The amount and acidity of

various catalyst samples are given in Tables 41 to 44.
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Fig. 47 XRD Spectra of Al,04-¥,04(1:1)

. Catalyst made at pH

. Catalyst prepared at pH4

6

. Calcined at 600°C

Calcined at 800°
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Table 41

Acid Strength of Various Catalysts

Catalyst Acid strength(Ho)
A1203~Y203(1:1)—A1 -5.6 to -8.1
A1203-YZO3(1:1)-A2 -5.6 to -8.1
A1203—Y203(1:1)—-A3 -5.6 to -8.1
1\1203—Y203(1:1)—A4 -5.6 to -8.1
A1203—-Y203(1:1)—A5 -5.6 to -8.1
A1203—Y203(1:1)—A6 -5.6 to -8.1
A1203—Y203(1:1)-A7 ~5.6 to -8.1
A1203—Y203(1:1)-A8 -3.0 to -5.6

5.7.2 Basicity Measurements

Materials

Cyclohexane, benzene, benzoic acid (all supplied by
BDH). Indicators used in the present study are enlisted in
Table 13 and procedure for basicity determination is briefly

out lined in section 2.8.6.

Basicity was determined by the method of ’ioneda64b

et al. Table 45 gives the basicity values of different

catalysts.
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Table 43

Acid Strength of Recycled Catalysts
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Catalysts

Acid strength

Catalyst II
Catalyst IIIX
Catalyst IV

Catalyst V

-3 to
-3 to
-3 to

-3 to

—5.6
—506
_506

Table 44

Acid Amount at Different Acid Strengths of

Various Recycled Catalysts

Acid amount in m mol/g at various Ho values

Catalyst +6.8 +4 +3.3 +1.5 -3
Catalyst II 0,2 0.15 0.2 0.15 0.3
Catalyst III 0.05 0.10 0.18 0.37 -
Catalyst 1V - 0.4 0.15 0.1 45 0.005
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Basicity Values of Different Catalysts in meq/m2

Basicity values at different H—values»

in meq/m2

Catalyst :

12.2 15 18.4 Total

basicity

A1203-Y203(1:1)-Al 4.916 0.0661 0.0166 4.983
A1203-Y203(1:l)—1\2 3.3898 0.5050 0.0033 3.9065
A1203—2203(1:1)—A3 1.0810 0.3783 0.0360 1.495
A1203-Y203(1:1)—A4 0.5251 0.2850 0.0300 0.8401
A1203—Y203(1:1)—A5 1.0771 3.554 0.1795 4.6449
A1203—Y203(1:1)—A6 2.4390 7.4564 0.04878 9.9441
A1,0,-¥,04(1:1)-A, 1.333 6.200 0.0222  7.5552
A1203—Y203(1:1)'—A8 0.8119 0.2991 0.1709 1.2819

5.8 Catalytic Activity

The activity and selectivity of various catalysts

were checked in the isomerization of (+)-limonene oxide.

5.8.1

Materials

(+)-Limonene oxide (1:1 mixture of cis and

trans epoxide, 97% pure supplied by Aldrich Chemical Company

U.S.R) solvents toluene, methylene chloride were guaranteed

reage

nts.
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5S.8.2 Experimental

(+)-Limonene oxide (200 mg, 1.3 mmol). A1203—’1203
(1 g) and solvent (toluene, 7 ml) were refluxed with
stirring. Reaction rate was monitored by TLC. After 8 hr,
reaction was found to be slow. The reaction mixture
filtered and catalyst extracted with methylene chloride. All

filtrates combined together and solvent removed. The same

procedure was followed for all catalysts including recycled

one.

5.9 Preparation of Authentic Samples
5.9.1 Preparation of Carveols

Materials

(+)-Limonene oxide, Aluminium isopropoxide.

Experimental

The procedure for carveol preparation was given by

Eschina3199 and described in section 3.5.3.2.

5.10.2 Preparation of (3-Isopropenyl cyclopentyl) Ketone:

Materials

{+)-Limonene oxide, ZnBr, and dry benzene.

Experimental

The preparation followed the procedure of Settine97

and described in section 3.5.3.1.
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5.9.3. Preparation of Limonene Diol
Materials

(+)-Limonene oxide, THF solution, 1% sto4.

Experimental

The preparation followed the procedure of Arbuzov158

and given in section 3.5.3.3.

5.10 Identification of Products

Reaction products were identified by GLC and GC-MS
analysis. GLC was done on a 5840 A Hewlett-Packard gas
chromatograph. The column is used ov 17 (10%), 1.8M length;
3.1.m.m 1.0, column temperature, programme 80-200°C at the
rate of 10°C/minute. Injector at 250°C and FID detector at
300°C. Carrier gas used was helium at the rate of
20 ml/minute. Linalyl acetate was the internal standard

used.

GC-MS was done on a Varion 3400 Incos 50 mass
spectrometer. column DB-5, length 30M, I.D 2.5 nm, column
temperature programme from 60 to 200°C at the rate of
5°C/minute and carrier éas used was helium. MS values are
given in the decreasing order of abundance.

Compound 32 was identified as p-cymene from its RRT with

authentic sample and MS.

119(100), 91, 41, 77, 65, S1, 58, 103, 134, 74.
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Conpound A' wae ldentifled az tTran-era-carvec)l by TRIT and
MS.

41(100), 55, 67, 79, 91, 109, 119, 134, 105, 123.
Compound 4 was identified as cis-exo-carveol by RRT and MS.
41(100), 81, 67, 55, 107, 93, 121, 136, 152.
Compound 56 was 1identified as trans-endocarveol by RRT

and MS.
119(2100), 134, 91, 92, 93, 109, 84.
Compound 5 was identified as cis-endo-carveol by RRT and MS.
B4(100), 134, 109, 41, 55, 119, 83, 91.
Compound 36 was 1dentified as carvone by its RRT with an
authentic sample supplied by Fluka and MS.
82(100), 110, 95, 39, 41, 54, 137, 152.
Compound 8 was identified as 8,(9)-P-menthene 1,2-diocl by
its RRT with authentic sample and MS.
43(100),71,67,55,82,102,88,137,152,119,101.
Compound 72 was identified as methyl-3-igsopropenyl
cyclopentyl ketone by comparing its RRT with authentic
sample and MS.
4}(1l00), 55, 109, 84, 91, 69, 77, 119, 105, 134, 123, 152

5.11 Regults and Discussion

A1203-Y20 (1:1) binary oxide <catalysts were

3
prepared by coprecipitation using 25% NH, solution and also

by excess urea. Gravimetric estimation of the catalysts are
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given in Table 39. The composition of different oxides were

close to theoretical values.
Surface Properties
5.11.1 Surface area

Table 40 give the surface area values of different
catalysts by BET method. As evident from the
thermogravimetric deconposition paktern in Fig.3%, bYoth
Al,04 and Y,0, decomposed below 600°C and Y,0, influence the
decomposition pattern of A1203 such that the decomposition
is 50% complete near 450°c. At 600°c, no phase separation
for rére earth oxide is possible, but it is possible in the
case of A1203. This is quite clear from XRD pattern of these
catalysts. So a sharp increase in the surface areas of the
catalyst from 24 mz/g to 59.6 m2/g was observed. When pR of
the initial solution changed from 4 to 6 there 1is a
tremendous increase in surface area from 55.5 mz/g to
133.3 mz/g.-This may be due to partial gel formation with
large microporosities at higher pH. An irregular change in
surface area values observed with ageing. When alumina is
precipitated its amorphous hydroxide is first formed which
undergo phase change with ageing. Same phenomena happens
when coprecipitate is formed. After ageing for a few days
the precipitate will be considered to be a mixture of
amorphous hydroxide along with various crystalline phases,
tg; properties of each species present in the precipitate
vary with ageing time. Hence the irregular variation in

surface area can be accounted.
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When urea is used as the précipitating agent, fine
precipitate of hydroxide is formed with small particle size,
but on boiling the smaller particles agglomerates to higher

particles and hence surface area will be low as evident

from Table 40.

5.11.2 X-ray Diffraction Studies

The XRD pattern of various catalysts are given in
Fig.47. At 600°C, the XRD shows no phase change but some
partial crystallinity is formed when catalyst is calcined at
800°C. The initial pH of the solution had little effect on
crystallinity and the oxides formed at initial pH 4 and 6
showed no crystalline nature. When  hydroxides are
precipitated using urea an amorphous hydroxide is formed,

which on calcination produced a fine powder.

5.11.3 Scahning Electron Microscopic Studies

The morphological features of A1203—Y203(1:1)
precipitated at initial pH 4 and 6 are given in Fig.46., It
is quite clear from surface area measurement that hydroxide
formed at initial pH 6 is microporous, when pH changes from
4 to 6 an agglomerated form with a partial gel €formation
occurs which gives a form with high acidity, basicity and
activity. Fig.46(c,d,e) present the morphology of catalysts
prepared from the hydroxides aged for 3,7 and 14 days. When

ageing time changed from 3 to 7 days an agglomerated form of



a. Catalyst prepared at pH4

e. Catalyst aged for 14 days

Fig. 46 SEM of Catalysts.
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6

b. Catalyst preparted at piHl

d. Catalyst

aged for 7 days
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the catalyst with 1less pores 1is formed. When ageing
continued for 14 days a partially decomposed gel morphology
appeared, with moderate surface area, high acidity, basicity

and activity.

5.11.4 Acidic and Basic Properties

Tables 41 to 44 give the acid strength and acid
amount of various catalysts used in the study. When
calcination temperature increased an increase in acldity was
also observed. When catalyst is calcined at 400°c acidity
values of 0.0589 m mol/m2, 0.0044, 0.0021, 0.0030 and 0.0001
m mol/m? are obtained at Ho < +6.8, +4, +3.3, +1.5 and -3
respectively. When calcination temperature increased to
600°C acidity values changed to 0.3375, 0.0333, 0.0166,
0.0083 and 0.0029 at respective acid amount of Ho < +6.8,

+4, + 3.3, +1.5 and -3.

When pH of the solution changed from 4 to 6, acidity
of catalysts decreased. Total acidity changed from
0.5404 m mol/m2 to 0.2609 m mol/mz. This may be due to
partiai gel formation resulting in a tremendous increase in
surface area which leads to a reduction in the number of
acidic sides per unit area. The acidity of catalysts varied
largely with ageing. When catalyst was aged for 3 and 7 days
acidity at acid amounts Ho < +6.8, +4 and +3.3 increased and

then decreased when ageing time increased to 14 days. This
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can be explained on the basis of surface area change.
Bcidity values at Ho < +1.5, and -3 showed increase with
ageing time. When urea was used as the precipitant total
acidity decreased to 0.0245 m mol/m2 and at all Ho values

low acidity was observed.

Table 44 give the acidity values of recycled
catalysts in m mol/g. Catalyst (1l1) showed weak acidity at

Ho < +6.8 and strong acidity at flo < -3.

Bagicity of various catalysts are given in Table 45.
When calcination temperature increased from 600 to 800°C,
total Dbasicity decreased from 4.983 to 3.9063 meq/mz.
Corresponding decrease in basicity at various H-values were
also observed. Simlilarly when pH of initial solution
increased, basicity decreased. It is clear from Table 45
that as ageing time increased, total basicity increased from
4.6499 meq/m2 to 9.941 meq/m2 and decreased to 7.5552
meq/mz. A similar trend can be seen at different basic
amounts (H.) when urea 1is used as the precipitant total
basicity is only 1.2819 meq/m2 but the catalyst showed

highest basicity of 0.1709 meq/m2 at H-18.4.

5.12 Catalytic Aétivity

The activity and selectivity of catalysts were
checked in the isomerization of (+)-limonene oxide at 110%c.

Highest reactivity (90%) was shown by catalyst prepared by
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urea precipitation. When calcination temperature of
catalyst changed from 600 to 800°c, percentage conversion
increased from 65 to 75. As the initial pH of the solution
changed from 4 to 6 percentage conversion decreased from 75

to 50. Ageing increased reactivity from 66 to 75 and then
to 86%.

Over various binary oxlides of A1203-~Y203
(+)-limonene oxide (3) isomerized to give P-cymene (32),
trans—exo—carveol(4')trans—endo—carveol(SG),cis—endo—carveol

(5), carvone (36)) methyl (isopropenyl cyclopentyl) ketone
(72),8(9)—p—menthene 1,2-diol (8)

o ‘“O“ 3 ‘“‘.O“ ow
—>
N EN FN &N, AN
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32 36 72 8

The percentage conversion varied from 85 to 92 over
various recycled catalysts. The main produces obtained in
the isomerization are trans and cis-exo-carveol (4' and 4)
cis-endo-carveol (5), carvone (36) and 8{(9)-p-menthene 1,2

diol (8). The activity and selectivity of various catalysts

are given in Tables 46 and 47.



Activity and Selectivity of Various Catalysts
for (+)-Limonene Oxide Isomerization

Table 46
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Product %

Catalyst Conversion

(%) 4’ 5 56 36 8 72 32
A1203—Y203-A1 65 10 - 8 7 45 - -
A1203—Y203—A2 75 13 4 14 9 32 - -
A1203—Y203-A3 75 10 8 - 5 32 - -
A1203—Y203-}\4 50 2 5 20 6 32 - -
A1203-Y203—A5 66 7 5 9 4 43 - 1
Al,04-Y,0,-A, 75 5 3. 6 3 52 - 2
A1203—Y203—A7 86 3 4 5 - 70 - 2
A1203—Y203-—A8 a0 - 9 - 9 - 42 -
1\1203-Y203 58 10 4 8 5 65 - -
(Calcined at 400°C)

Table 47

Activity and Selectivity of various Recycled Catalysts

Product §
Catalyst Conversion
4 4 5 36 8
Catalyst II 85 S 4 7 3 51
Catalyst III 90 8 5 10 5 38
Catalyst IV 92 8 6 10 5 57
Catalyst Vv 89 15 8 17 5 40
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5.12.1 Trans-exo-carveol (4')

The yield of trans-exo carveol varied from 2 to 13%
over various catalysts. Maximum yield (13%) was produced
over A1203—-'1203 (1:1) calcined at 800°C and minimum (2%) was
produced over A1203-’1203 {1:1) precipitated at pH 6.
Al,0,-Y,0, (1:1) calcined at 600°C and A1,0,-Y,0,(1:1)

273 "273
produced at pH 4 also produced 10% yield of alcohol.

An attempt has been made to correlate the acidity
and basicity at various Ho values to the yield of alcohol as
shown in Fige. 48 and 49. The variation in the percentage
production of alcohol with acid amount is not regular and
hence no useful <correlation can be obtained. Such

observation can be obtained in the case of basicity also.

5.12.2 Trans-endo—carveol (56)

The yield of trans endo carveol ranged from S to 20%
over various catalysts. Maximum yield 20% was produced over
A1203—Y203 (1:1) prbduced at initial pH 6. When calcination
temperature of catalyst changed from 600 to 800°C, the yield

of alcohol increased from 8% to 14%.

The variation of acidity and basicity of catalyst
with yield of alcohol was given in Figs. 48 and 49. From the
figure it 1s observed that the variation of acidity and

basicity with alcohol yield is irregular.
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5.12.3 Cis-endo-carveol (5)

Cis-endo-crveol is produced in 3 to 9% over various
catalysts. Maximum yield 9% was observed over A1203—Y203
made by urea precipitation. Cis-endo-carveol was produced

in 17% yield by the recycled catalyst in the 5th cycle. In

various other cycles yield varied from 7 to 10%.

The variation of acidic and basic amounts with
percentage production of cis-endo-carveol 1is given in
Figs. 48 and 49. As shown 1Iin figure no direct relation

involving allyl alcohol production and acidity or basicity

is obtainable from the data.

5.12.4 Cis-exo-carveol (4)

This alcohol is produced in 4 to 8% over various

recycling reactions and maximum yield 8% was observed in the

5th cycle.

5.12.5 Carvone (36)

Carvone is produced in 3 to 9% over various
catalysts. A1203—Y203 (1:1) calcined at 800°¢C and

A1203—Y203(1:l) produced by urea precipitation produced 9%
yield of carvone. Carvone is produced in 3 to 5% yield over

various recycled catalysts.

The acidity and Dbasicity of catalysts were

correlated to percentage yield of carvone over various
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catalysts. No correlation can be observed for all

catalysts.

5.12.6 8,9-p-menthene 1,2-diol (8)

Dicl is the major product produced over various
catalysts. Except A1203—Y203 (1:1) prepared by urea all

other catalysts produced diol in 32 to 70%. Al,0 (1:1)

371293
calcined at 400°c yielded 65% diol while the percentage
decreased from 45 to 32 when calcination temperature changed

from 600 to 800°C. Maximum yield 70% was observed over

A1203-Y203 (1:1) aged for 14 days.

Along with these major products mentioned above some
minor products like p-cymene (32) was also produced in the
reaction. I\1203—Y203 (1:1) made by urea precipitation alone
produced methyl (isopropenyl cyclopentyl) ketone (72) in 42%

yield.

5.13 Conclusion

Studies on the preparation of alumina rare earth
oxide catalysts under various preparation conditions show
that the morphology and surface area largely controlled by
amounts of ambrphous hydroxide and various partially
crystalline phases present in the medium. This in turn is
controlled by pH at which precipitation is carried out and

ageing of the precipitate.
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Calcination temperature 1largely influenced the
catalytic acﬁivity. When A1203—Y203 (1:1) prepared at 400°c
was compared to that p;epared at 600°C and 800°%C a large
increase in actlvity was observed. The percentage conversion
of reactants increased from 58 to 65 and then to 75. The
product formed from the three catalysts were same. There are
variation in the percentage yield of various products. The
yield of various products increased with increase in the
calcination temperature, but a sharp decrease 1in the
percentage 'yield of diol was observed. Yield of diol
decreased from 65 to 32, A1203—y203 {l:1) prepared by urea
precipitation showed 1large difference in activity and
selectivity from the rest of catalysts. This catalyst showed

highest activity and maximum selectivity (42%) for ketone

formation.



CHAPTER VI



SUMMARY AND FUTURE PERSPECTIVES

6.1 Summary

Aluminium-rare earth binary oxide catalysts were
prepared and their activity and selectivity  were
determined in the transformations of a, B-pinene oxides,
{+), (-)-limonene oxides, 3-carene oxide and ar-curcumene
oxide. The results obtained in the study are presented in

this work.

Catalysts like A1203—Y203, A1203—Sm203.
Al,0,-Prx

203 6011’ A1203—E6203 and A1203—Ndzo3 were prepared in
1:1 (w/w) ratio. Surface area, pore size distribution,
acidity and basicity of catalysts were measured. XRD, TGA,
ESCA and MAS 27Al NMR of the catalyste were recorded. From
thermogravimetric data it is clear that rare earth oxides
shift the decomposition temperature of catalysts to lower
ranges. The 1low temperature calcination, 400° is
insufficient for particie coarsening and can be seen from

XRD studies. The catalysts showed wide pore size

distribution, acidity as well as basicity.

The activity and selectivity of catalysts varied
with epoxide used for transformation studies. Carbonyl
compounds like compholenaldehyde, pinocarvone, myrtanal,

and 3,6,6-trimethyl bicyclo [3.1.0] hexane carboxaldehyde
»



were the major products formed over a,f-pinene oxides and
3-carene oxide. (+)-Limonene oxide produced more
exc-allylic alcohol while (-)-limonene oxide yielded more
endo-allylic alcohol. Major product formed from
ar-curcumene epoxide was an allylic alcohol. An attempt to
correlate catalytic acidity and basicity with yield of

various products were made.

37503

like 9:1, 7:3, 1:1, 3:7 and 1:9 were prepared and

Alzo catalysts in different compositions

characterised by surface area, pore size distribution,
acidity and basicity measurements. SEM, XRD, TGA, MAS 27Al
NMR of catalysts were recorded. As the yttrium content in
catalyst increased partial crystallinity and microporosity
were introduced in to the catalyst. Acidity decreased when
composition changed from A1203—Y203(9:1) to A1203—Y203
(1:1). Catalyst samples with more Y,0,4 showed less acidity
and basicity. Catalytic activity in the transformation of

(+)-limonene oxide decreased as the composition of

catalyst changed from A1203-Y203(9:l) to A1203—Y203 (1:9).

Different modés of preparation were adopted in
making A1203—Y203(1:1) catalysts and their activity
determined 1in the transformation of (+)-limonene oxide.
Catalytic acidity and activity were enhanced by higher

calcination temperature. Ageing of the precipitated

290



hydroxide influenced catalyst's morphology, acidity and

basjicity. Ageing produced an 1increase in .catalytic

activity with increased production of diol. A)l,0,-¥,0,

(1:1) prepared by urea precipitation showed highest

catalytic activity.

6.2 Suggestions for Future Work

The binary oxide catalysts, alumina-rare earth
oxides has not been reported in the transformation of
terpenyl oxiranes till the present work. Even though the
expected products of perfumery value were only obtained in
lower amounts those catalysts show promise. The formation
of allylic alcohols were favoured by these catalysts,
Attempts should be made to make catalysts with more
specificity to obtain important perfumery chemicals by

changing the mode of preparation, calcination,

composition etc.

The surface characteristics of the catalysts were
determined after the catalysts were prepared in this work.
An indepth interpretation of TGA data may lead to the
optimum calcination temperature and possible information
on the acidic and basic properties of the catalysts. This
should be carried out Dbefore actually making the

catalysts. Coprecipitation method has been found to be

291



gquite good in high surface area and wide pore size. Latest
technique of preparing fine powders like sol-gel technique

may be adopted for making the catalysts.

All the epoxides studied in this work were
mixtures of cis-and trans-isomers. It could be beneficial
to carry out reactions with single epoxides for proper
understanding of the approach of the substrate molecule

with catalyst surface and thereby to the products.
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