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Abstract:

Aluminum chloride-urea ionic liquid was investigated by Lewis
acid-base titration with chloride ions for its active species concentration
with the aide of electronic spectroscopy. A coordination bonds between
aluminum cationic species of the ionic liquid and the aromatic ring of
toluene or benzene was assumed to be responsible for new bands formed
In visible and ultraviol et regions.

Upon Lewis acid-base titration these bands was found to disappear
and the concentration of the acidic species therefore was elucidated to be
around 75 mole % of the initial aluminum chloride used to prepare a 1.5
mole aluminum chloride to 1 mole ureaionic liquid. The product of this
reaction was assumed to be between mole acidic species to mole chloride
ion according to the mole fraction elucidated graph.

The behavior of some transition metal compounds (chlorides and
sulfates) of (Cu(ll), Co(ll) and Ni(l1)) coordination in theionic liquid was
also investigated in this ionic liquid by electronic spectroscopy. Cobalt
chloride snowed a different behavior than the distorted octahedral
geometry of copper chloride as it reacted with the anionic species to
precipitate as form of a tetrahedral complex containing urea, aluminum
and chlorideions.

The behavior of nickel sulfate in the ionic liquid also showed an
acid-base reaction with the acidic species of ionic liquid as the bands at
334 nm and 474 nm decreased with increasing the salt concentration. The
coordination of Ni(ll) cation was found to be an octahedra geometry
with stronger ligand field effect. Similar strong ligand field was also
observed with copper sulfate which showed four bands resulted from

separating metal d-orbitals more obviously than the tetragonal John-

Teller effect found with copper chloride in sameionic liquid.
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Abbreviations

Name

RTIL

Room temperature ionic liquid

[EtNH3] NO;

Ethylammonium nitrate or ethylamine nitrate

BMIM

1-Butyl-3-Methyl Imidazolium

[BMP|Tf,N

1-butyl-1-methyl pyrrolidinium bis (tri fluoro
methyl sulfonyl) imide

[(CF;3 SO,), N

Bis (tri fluoro methyl) sulphomide anion

PFo

Hexa fluoro phosphate

BF,

Tetra fluoro borate

[RNCI(PPhs)s]

tris(tri phenyl phosphine) rhodium chloride

[CF-CO;]

Tri fluoro acetate
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Chapter One

| ntroduction

1.1 General Concept of ionic liquid:

For two millennia, most of our understanding in rostry has been
based upon the behavior of molecules in the saiytizase in molecular
solvents. Most chemical reactions have been cawigdin molecular
solvents recently, however, a new class of solveat® emerged—ionic
liquids ™. These solvents are often fluids at room tempesatand
consist entirely of ionic species. They have maascinating properties
which make them of fundamental interest to all cis¢ésnsince both the
thermodynamics and kinetics of reactions carrietdimuonic liquids are
different to those in conventional molecular solgeithus the chemistry

is different and unpredictable at the current sthtenowledgé’.

Classical organic solvents as toluene, dietttiler or methanol are
bound in their application by e.g. their boilingiqto ionic liquids do not
encounter this problenTheir vapor pressure is negligible under most
reaction conditions used?®. As they are made up of at least two
components which can be varied (the anion andmatibe solvents can
be designed with a particular end use in mindogodssess a particular
set of propertieg!. Furthermore, their potential as green solvents tdu
lack of volatility attracted a lot of interest dsey have been successfully

employed in various technical processds but arguably the most
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outstanding quality after all is their modularity which they owe their
name 'designer solvent'.

At first, the prospect of carrying out cheali reactions in ionic
liquids may seem daunting to a chemist who haswaoked with them
before, but it turns out that carrying reactions iouonic liquids can be
exceptionally easy. The first room-temperature aoriquid ethyl
ammonium nitrate [EtNE [NO3] (m.p. 12 °C) was discovered in 1914
" This organic salt already was a room temperaiomee liquid, but
didn't prompt any significant interest at that tifiéis was surprising as
this discovery brought out a new class of solvetitdook about two
decades (1934} before the next ionic liquid was presented tophblic
in a patent. In this patent it was claimed thataserorganic salt have the
ability to dissolve cellulose and alter its reaityiV, later on, in 1948 this
ionic liquid was followed by chloroaluminate basmit liquids™, but
interest did not develop until the discovery ofdnionic liquids made
from mixtures of aluminum (lll) chloride andN-alkyl pyridinium

chloride!” or 1, 3-dialkylimidazolium chlorid&".

D

H |:| ,.-""'-'"-:H
L W e
H 0 o

First publication 1914~ First patent 1934

Fig. (1.1): First ionic liquidsreported .
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At this point ionic liquid were still more inter@sg to electrochemists
rather than to organic or catalytic chemists. Jus¢ paper about a
homogenous reaction, the hydroformylation, in anidoliquid was
published by Parshall in 1972 But other scientists had chosen to focus
more on their electrochemical properties like Swain et al.'?. He
used tetraalkylammonium ionic liquid to describendtic and
electrochemical effects. In 1975 the Osteryolthgroup and Gilbert et
al ™ studied the physical properties of pyridinium-tshskloroaluminate
lonic liquid, an ionic liquid that raised hope te bBpplicable in batteries,
especially by the United Sstates air force. Thigsehbad to be abandoned
duo to the easy reducibility of the pyridinium ntyiea real constraint for
application in batteries. Thus, seven years laterl982 Wilkes and
Hussey'? tried to look for a less reducible cation by MND@@odified

neglect of differential overlap) calculatiofi¥.

In general, ionic liquids consist of a salt wherne @r both the ions are
large, and the cation has a low degree of symmeétrgse factors tend to
reduce the lattice energy of the crystalline forfrthee salt, and hence
lower the melting point*.. lonic liquids come in two main categories,
namely simple salts (made of a single anion andm@aand binary ionic
liquids (salts where equilibrium is involved).

For example, [EINE[NO;] is a simple salt whereas mixtures of
aluminum(lll) chloride and 1,3-dialkylimidazoliumhiorides (a binary
lonic liquid system) contain several different iorspecies, and their
melting point and properties depend upon the modetibns of the
aluminum(lll) chloride and 1,3-dialkylimidazoliumhioride present.
Examples of ionic liquids consisting of a simpldt gae given in (Fig.

1.2), and these show room temperature melting behav

v
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Fig. (1.2): Examples of smpleroom-temperatureionic liquid™.

For the binary systems, the melting poirgedels upon composition,
and this complex behavior has been studied extelysior the archetypal
system, [emim] CI-AIG ([emim] © = 1-ethyl-3-methylimidazolium)**.
lonic liquids have been described as designer st8¥&', and this means
that their properties can be adjusted to suit teguirements of a
particular process. Properties such as meltingtpeiscosity, density,
and hydrophobicity can be varied by simple charigethe structure of
the ions. For example, the melting points of 1-BBymethylimidazolium
tetrafluoroborate$” and hexafluorophosphat€d are a function of the
length of the 1-alkyl group, and form liquid crylétee phases for alkyl
chain lengths over 12 carbon atoms. Another impbrfaoperty that
changes with structure is the miscibility of waterthese ionic liquids.
For example, 1l-alkyl-3-methylimidazolium tetrafloborate salts are
miscible with water at 25 °C where the alkyl chbangth is less than 6,
but at or above 6 carbon atoms, they form a sepatase when mixed
with water™. This behavior can be of substantial benefit wbamying

out solvent extractions or product separationshaselative solubility of
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the ionic and extraction phase can be adjustedakernthe separation as

easy as possible.

1.2 Characterization of lonic Liquid:

lonic liquids are one kind of molten saltgtwmnelting points of below
100 ° C, and sometimes as low as -96 ° C givinggad with ionic
properties at least to some extent, most of thegeds have organic
cations and inorganic anions. They possess a wqdelIrang, in some
cases in excess of 400 ° C which represent a nass df solvent with
non-molecular, ionic charactefhe apparently somewhat arbitrary line
drowns between molten salt and ionic liquids atedt temperature of 100
° C can be justified by the abrupt improvement e trange of

applications for liquid salts below this temperati?.

lonic liquids are attractive solvents as they aom-wolatile, non-
flammable, have a high thermal stability and afatireely inexpensive to
manufacture. They usually exist as liquids welloleroom temperature
up to a temperature as high as 200%°¢&

lonic liquids are highly solvating, non-coordinatirmedium in
which a variety of organic and inorganic solutes able to dissolve.
They are outstandingly good solvents for a varmtycompounds, and
their lack of a measurable vapor pressure makes thedesirable

substitute for Volatile Organic Compounds (VOCSs).

The key-point about ionic liquids is thaeyhare liquid salts, which
means that they consist of a salt exists in thadigghase and have to be
manufactured, they are not simply salts dissolvetiquid. Usually one

or both of the ions is particularly large and tla¢ian has a low degree of

o
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symmetry, these factors result in ionic liquids ihgva reduced lattice
energy and hence lower melting poifits

lonic liquids are interesting for the special pndj@s unique to fluids
of chareged particals and for applications of ioriquids as

environmentally friendly as solvelit .

1.2.1 Advantages and Disadvantages of 1onic Liquids:

RTILs possess a unique array of physicochemicglgites that make
them suitable numerous task-specific applicationg/hich conventional
solvents are non-applicable or insufficiently effee. Such properties

include:

1. Dendity: lonic liquids in general are denser than watethwialues
ranging from 1 to 1.6 g cthand their densities decrease with increase in
the length of the alkyl chain in the cation. Thenglges of ionic liquids

are also affected by the identity of aniéiis*".

2. Viscosity: Generally, ionic liquids are more viscous than canm
molecular solvents and their viscosities are rapgnom 10 mPa s to
about 500 mPa s at room temperatftiré. The viscosity of ionic liquids
is determined by Van der Waals (VDWA! forces and hydrogen
bonding. Electrostatic forces may also play an irtgyd role. Alkyl chain

lengthening in the cation leads to an increasasoogity. This is due to
stronger Van der Waals forces between cationsrgami increase in the
energy required for molecular motion. Also, theligbof anions to form

hydrogen bonding has a pronounced effect on visc3i
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3. Mdting Point: lonic liquids have been defined to have meltinghpoi
below 100 ° C and most of them are liquid at roemgerature. Both
cations and anions contribute to the low meltingh{soof ionic liquids.
The increase in anion size leads to decrease itingedoint™. Cations
size and symmetry make an important impact on tleéimg point of
lonic liquids. Large cations and increased asymmetrbstitution results

in a melting point reductiof”.

4. Conductivity: lonic liquids have reasonably good ionic conduités
compared with those of organic solvents/electratytgems (up to 10 mS
cm-1) 1. However, at room temperature their conductivities usually
lower than those of concentrated aqueous electsly#ased on the fact
that ionic liquids are composed solely of ionsyduld be expected that
lonic liquids have high conductivities. This is nibte case since the
conductivity of any solution depends not only oe tlumber of charge
carriers but also on their mobility. The large ddoent ions of ionic
liquids reduce the ion mobility which in turn lead® lower
conductivities. Furthermore, ion pair formation awdion aggregation
lead to reduced conductivity. The conductivity oic liquids of higher
viscosity exhibit lower conductivity. Increasingettemperature increases

conductivity and lowers viscosit§".

5. Stability and Thermal Stability: In most of these applications, the
stability of ionic liquids, at least at a certaxtent, is crucial for optimum
process performance. Several studies have indidaggd although not
100% inert, certain ionic liquids incorporated didlkyl imidazolium
cations are generally more resistant than traditisnlvent under certain
harsh process conditions, such as those occurdaton, photolysis and
radiation processe$§?. lonic liquids can be thermally stable up to
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temperatures of 450 ° C. The thermal stabilityasfic liquids is limited
by the strength of their heteroatom-carbon and thetieroatom-hydrogen

bonds, respectivel.

6. Electrochemical window: By definition, the electrochemical window
Is the electrochemical potential range over whiehdlectrolyte is neither
reduced nor oxidized at an electrode. This valu¢erdenes the
electrochemical stability of solvents. As knownaiqQueous solution, the
electro-deposition of elements and compounds istdanby the low
electrochemical window of water (about 1.2 V). e ttontrary, ionic
liquids have significantly larger electrochemicahdows, e.g. 4.15 V for
[bmim] BF; at a platinum electrode, 4.10 V for [bmim] B&nd 5.5 V for
[BMP] Tf,N at a glassy carbon electrodfé

7. Low nucleophilicity and capability of providing widg coordinating

or non-coordinating environmefit..

8. Color: High quality ionic liquid incorporating [bmim] cation and a
variety of anions such as [RF, [BF,] °, [CRCO,] "and [(CRSO,).N] -

have been reported to be colorless, even thoughatenot 100% pure.
The color of less pure ionic liquids generally rasgrrom yellow to
orange. The formation of the color has been atiedbio the use of row
materials with color or excessive heating duringe thynthesis of

imidazolium salf®® 33,

9. Hygroscopicity: The water content has an influence on the viscadity
lonic liquids. Viscosity measurements indicate tioaic liquids become
less viscous with increasing the water content.rblydis problems can
also occur. Most of the ionic liquids have extreyrlelw vapor pressure,

which allows removing water by simple heating ungszuum.
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10. Hydrophopicity: The degree of polarity can be varied by adapting
the length of the 1-alkyl chain (in 1, 3-substitlienidazolium cations).
The anion chemistry has a large influence on tbeeaties of ILs, though
little variation in properties might be expectedvieen same-cation salts
of these species, the actual differences can bealig for example,
[omim]PK; ~ is immiscible with water, whereas [bmim]BFis water

solublet®,

1.3 Synthesis of lonic Liquids:

There are many ways to prepare different typesmtiliquid such as:
1- Metathesisreactions. are good candidates for those new ionic liquids
for the first time. However, they can leave theid¢diquids contaminated

with a small amount of halide ions that may reatthwsolute materials
[34(b)]

[EMIM]l + Ag [BF,] — [EMIM][BF,] + Agl| at (12°C)

2- Acid-base neutralization reaction: tetraalkylammonium sulfonates
have been prepared by mixing equimolar amounthefsulfonic acid

and the tetraalkylammonium hydroxide, the excedemmas removed in

vacuunt*®),

Solfonic acid + [[N] [OH] — [R4sN] [RSO5] + H,O

3- Direct combination of salts: direct combination of a halide salt with a
metal halidé**®) such as:

AICL+ [EMIM]CI — [EMIM]* + AICI, (basic part)
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When a large amount of AlCWwas used it gave [ACl;] ~ this
considered (acidic part), and the addition of esxckEem AICkL gave
[Al 3Clyq]’, this reaction must prepare in dry and high pusdgditions.

4. Eutectic method: Another method for ionic liquid preparation:
Choline chloride + urea [choline chloride] [urea]

The imidazolium-based ionic liquids can lkerived from a
corresponding common precursor, the 1l1-alkyl-3-mlethgtazolium
halide, in general the chlorid®. This precursor is prepared by alkylation
of 1-methylimidazole. The alkylation is carried ontan autoclave, at 6
atmosphere of nitrogen and 90 ° C without additidnsolvent, if the
chloroalkane is gaseous at room temperature(dagyoathane). Higher
homologues can be prepared under atmospheric peéSsu

This precursor is then either used in gathetic reaction, where the
1-alkyl-3-methylimidazolium halide is reacted wahGroup 1 metal salt,
in particular a sodium salt, or a silver salt of ghesired anion, or in an
acid-base neutralization reactiBrl. This reaction is stoichiometric and,
therefore, equimolar amounts of waste MX or HX preduced. This
could be circumvented by the direct alkylation eméthylimidazole
with, for example, alkyl trifluoromethanesulfonateor alkyl

bis(trifluoromethanesulfonyl) amide”.
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4 5 R
Most commonly ; F@h, | ‘ = RI\\ +/R Rl\\+/’ !
used cations: _,_.-"N\\{.‘H “R +.z ,-"N \ /P\
N I
| R, Ht {2 R.‘
R
|-alkyl-3-methyl- N-alkyl- Tetraalkyl- Tetraalkyl-
imidazolium pyridinium AMMONIUM phosphonium
(R, ;4= alkyl)
SU"IC- |)l)'ibih|t "L'f'::llﬂr'j.nﬁl_}IUbIU “.'uttl_-r_};ulublt
anons: (PR} [BF, | [CH,CO,|
[(CF;50, N} [CF,80,] [CF,CO,I. [NO,]
[BR,R,R;R, | Br-, CH I
[ALCL], [AICL] (decomp.)
Most commonly ethyl  octyl
used alkyl chains: butyl  decyl
hexyl

Fig. (1.3): The building blocks of ionic liquids.

1.4 The Aluminum Chloride-Based lonic Liquid:

Chloroaluminate ionic liquids are one of the mostely studied
topics in the condensed phase at present. They witigdly of interest
for the reduction of aluminum for both battery asiating application§®
37].

Hurley and Weir®® stated that a room temperature ionic liquid
could be prepared by mixing and warming 1-ethyliipium chloride
with aluminum chloride. Ionic liquids were in someriod discovered by
US scientists Hurley and Wel® at the Rice Institute in Texas in
1951while looking for a cheaper and easier way tecteoplate
aluminum. The ionic liquid they produced was anyhkridinium
chloroaluminate. The imidazolium cations were disred by Hussey
and Wilkes at the US Air Force Academy while loakirfor a
replacement for the alkylpyridinium cations sintey were relatively

easy to reduce, both chemically and electrochefyic@heir particular

R
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favorite, [ethyl methyl imidazolium] [AIG] had a melting point below
room temperaturé’. The chloroaluminate ionic liquids act as both
catalyst and solvent in many processes, chemicattioms in the
chloroaluminate ionic liquids, including Friedela®s®! and

oligomerisation reactiort” have been tested successfully.

In 1970s and 1980s, Osterydingnd Husse§” carried out
extensive research on organic aluminum chloride i@mkemperature
ionic liquids and the first major review of roomiperature ionic liquids
was written by Huss&j. The ionic liquids based on AlClcan be

regarded as the first generation of ionic liquids.

Eutectics between Algland quaternary ammonium salts were
studied and they were found to contain complex ramisuch as AlGl
and ALCI;. In the last 10 years many papers has appearecewhe
complex anions have been replaced by discreteediskell anions such
as BR, PR and (CRSGO,),N and a number of good reviews have been
published in this aré4™? These salts have tended to have lower
viscosities, higher conductivities and wider po@ntindows.

These liquids have been proffered as s@téinl a wide variety of
applications ranging from fuel desulphurizattdrto metal processit§'.
However, very few have come to practical fruitianyat although several
are at pilot scale. This is partly due to the caxpy of synthesis and
purification. In an endeavor to produce simpleuidts with applications
in metal finishing that is, large volume applicatp several grouffa™®
have revisited the eutectic based ionic liquids shdwn that the ideas

used for aluminium eutectics are valid for othettatsefor example, zinc
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and tin. The ideas can be expanded to use hydragtdl salts*”? and
even hydrogen-bond don8Ps*?! (HBD) to complex the halide ion of the

guaternary ammonium salt.

The widely spread application of ionic liquids aeeidenced
through their use in catalyS, electrochemisti§, biotechnolog§?
and material processifig. One of the only factors linking all of these
lonic liquids is the use of organic cations, moktwdich are nitrogen
based with the vast majority containing imidazoliumoieties. Metal
containing ionic liquids have primarily incorpordtehe active metal
center as a chlorometllate anion. Aluminum-baseacidquids are well
known and exemplars using imidazolium and pyridmiaghlorides are
amongst the first studied ionic liquitis®. In all cases aluminum forms
anionic species including Al¢land ALCI; ¥ One issue associated with
this is the Lewis acidity and general reactivitytioé metal center which
Is largely affected by the relative content of tieavis base in the liquid.
Cationic aluminum complexes are less common thaeir thnionic

counterparts and are certainly unknown in ioniaibig.

The majority of ionic liquids are based armatgrnary ammonium or
phosphonium catioffd, however it was recently shown that room
temperature eutectics should also be formed betWe€t, and simple
amides and dioles. It was shown that AlGlan also undergo
disproportionation by forming a complex with aceidenor urea and the
complex is liquid at ambient temperature with ao34t fold higher

conductivity than the corresponding zinc chloridéeetics .
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By varying the molar ratio of the organic salt tiCA, basic, neutral
and acidic melts can be formed. System with a m@ao of AlCkL:RCI
less than 1 was reported to be basic, consist o€Rand AICl, ions; A
molar ratio of AICLRCI greater than 1 is acidic, which contain§ R
Al,Cl; and AICl, ions. The acidity of the system changes sharpbutb
the 1:1 molar ratio. The addition of AlCto RCI initially leads to the
formation of AICL; beyond the 1:1 molar ratio composition, the AICl3
reacts with the AIGI to form ALCI;. Aluminum electrodeposition is
feasible in acidic melts in which polymeric formg[aICl 4], [Al.Cl],
and [AkClyg ~occur®,

The dominant equilibrium that describes this systambe expressed as:
Al 2C|7_ +ClI — 2A|C|4_

The hepta chloroaluminate ion is a strongviseacid and chloride
ion is the conjugate Lewis base.

To characterize the Alghmide complexes; Abood et. &I used
a variety of analytical techniques were appliedhe liquids. FAB-MS
showed several aluminum containing species whiate W& Cl,.(Acet),]”
and [AICL(Acet)], slight traces of aluminum containing cations vahic
could be [AICI(Aect)]*".

There was primary aluminum containing ammapecie which was
AICl; with only small traces of ACI;. Analogous complexes were
found when using Urea as the amide although theakipr [AICI,.U] *
was comparatively small compared with the acetamase"l. Jacobs
and Nocker showed that the complex [AIQNHs)4] * [AICI,] ~ could be
formed but this was a solid with a melting point1&0 ° CP®. Similar
studies with pyridine and tetrahydrofuran yieldethlagous complexes

with 4 neutral ligands surrounding the aluminumteemand 2 additional
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axial chloride ligands.e. an octahedral geometfy’ ®®. The speciation
observed from FAB-MS suggested that the lower mglgoints of these

complexes are due to their coordination geometry.

Al NMR spectroscopy of the AlGlamide liquid showed the
presence of 3 main peaks&tl01.1, 88.6, and 73.6 ppm. The peak at
88.6 is thought to correspond to AlGEince it integrates to the other two
peaks. It was assumed that the peaksd=at101.1 and 73.6 ppm
corresponded to the complexes [AlGAcet) ;] © and [AICL (Acet)] *
respectively>’l.

The method of complexation can be determithedugh analysis of
the IR spectra of the liquid and pure amide. Sigaift shifts in the
stretching frequencies of the N-H were shifted fr8890 and 3151 ¢
in pure acetamide to 3435 and 3361'dmthe eutectic liquid. The C=0
stretching frequencies were shifted from 1673 a@ilicm' to 1662 and
1557 cn. Similar shifts were also observed for the AlGitea liquid and
these suggested that the complexation to the alumotcurs through the
oxygen on the amide. The liquid only forms in tlempositional range
1:1 < amide: AIC§ < 1:2. Outside these limits a suspension of either
AICI; or amide in the eutectic forng.

This is clearly related to the stoichiometf the amide: AIC
complex, once the AIGT is saturated with amide no further material will
dissolve in the liquid. Therefore it can be conelddhat the reaction

occurring to produce the aluminum-based ionic tiggi®™”

2AICI; + nAmide <« [AICI,.nAmide]™ AICI," (3)
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This liquid was found to be optically transga, highly fluid and
have a density of 1.4 g ¢ina conductivity of 0.804 mS c¢hmand a
viscosity of 60 cP at 25 ° €. 1:1 AICk: acetamide and 1:1 Al§lurea
systems were found to have similar but lower cotidiygz and higher
viscosity than the 1:1 3-butyl-1-methyl imidazoliuohloride: AICk
system (which has a conductivity of 10 mS'camd a viscosity of 27 cP).
The properties of these liquids are similar to &éo§ other ionic liquids
based on quaternary ammonium cations, and thegeameto prepare and

less water sensitive than other aluminum contaifiqugds >".

An inert organic solvent can be used to areghloroaluminate (ll)-
based ionic liquid; the inert solvent would in sw&ses provide cooling
media to the thermodynamically exothermic reactioh aluminum
chloride with amide (for example urea). If not paegd in inert organic
solvent, the solid reaction of Alg&Urea would require cooling the
reactants to prevent the formation of hot spots thight burn some of
the organic components. If this occurred, theseumtips would be

difficult to separate and the ionic liquid would less pure media.

Cooling should not be extreme as the reacateeds to be warmed at
least to room temperature with physical mixing ndiate the reaction,
thus appeared the assistant of preparation oftypis of ionic liquid in
organic media.

Additional benefit can be obtained frore th situe preparation of
lonic liquid in inert organic solvent is that theoduced ionic liquid
would have less sensitive to atmospheric moistsréha ionic liquid

would be diluted in organic solvent, particularlyrminum chloride- urea
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lonic liquid reported to be less moisture sensitilkan other types of
aluminum chloride ionic liquid such as with imidéam or pyridine.
There is a disadvantage of the ionic tigbeing prepared in inert
organic solvent that is the unavoidable presencth@forganic solvent,
which would also be easily evaporated. Therefotegha sealing of ionic
liquids containers is necessary. An additional athge is the reported
era of electrodeposition of aluminum metal from thleted ionic liquids

in (for example) toluene.

1.4.1 Reactionsin Aluminum Chloride Based | onic Liquids:

The chemical behavior of Franklin acidicarblaluminate (I1) ionic
liquids (whereX (AICl3) > 0.50) is that of a powerful Lewis acid. As
might be expected, it promotes reactions that ameventionally
promoted by aluminum (ll) chloride, without sufieg the disadvantage
of the low solubility of aluminum (l1l) chloride imany solvents. Indeed,
chloroaluminate (lIl) ionic liquids are exceptiolyapowerful solvents,
being able to dissolve kerogéff!, C60 and many polymer&?. The
preparation of these ionic liquids is straight fard: Simply by mixing
the appropriate organic halide salt with alumindl) ¢hloride results in
the two solids melt together to form the ionic ldjuHowever, this

synthesis must be performed in an inert atmospHere

A classical reaction promoted by Lewisdacds the Friedel-Crafts
reaction, which was found to work efficiently inlgtoaluminate (ll1)
ionic liquid€®*!. A number of commercially important fragrance
molecules have been synthesized by Friedel-Crafla@on reactions in
these ionic liquid&®. Traseolide® (5-acetyl-1,1,2,6-tetramethyl-3-

ARY%



Chapter One I ntroduction

isopropylindane) and Tonalid® (6-acetyl-1,1,2,4;dekamethyltetralin)
have been made in high yield in the ionic liquidnjm]CI-AICI; (X =
0.67) (Fig.(1.4)). In the acylation of naphthaleties ionic liquid gives
the highest known selectivity for the 1-positfoh

acetyl chlonda ~ ._
N fenniCLAICS (F=067) ”j
% Smmatd’C Hn/*“:w "*.
e
0 S~

e
"-. :-_ﬂ
zcefy chlonde
e [emi}CEAICT, (¥=0.67) NN
[ | — - 39 % 1-iomer
T J . at NN 2 bomer

Fig. (1.4): Theacetylation of 1, 1, 2, 6-tetramethyl-3-isopr opylindane
(upper) and naphthalene (lower) in [emim]CI-AICl; (x= 0.67).

Cracking and isomerization reactions occeadily in acidic
chloroaluminate (IlI) ionic liquids. A remarkablexaample of this is the
reaction of polyethylene, which is converted to &tome of gaseous
alkanes with the formula (€2n+2, wheren = 3-5) and cyclic alkanes
with a hydrogen to carbon ratio of less than twag.(F1.5)J°%. The
distribution of the products obtained from thisatean depends upon the
reaction temperature and differs from other polykethe recycling
reactions in that aromatics aralkenes are not formed in significant

concentration®?.
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Fig. (1.5): Isomerization and cracking reactions of alkanes and alkyl
chainsin chloroaluminate (I11) ionic liquids.

Another significant difference is that ghionic liquid reaction
occurs at temperatures as low as 90 °C, whereasgtanal catalytic
reactions require much higher temperatures, tylgi&10—1000 ° G
A similar reaction occurs with fatty acids suchsasaric acid or methyl
stearate, which undergo isomerization, crackingd adimerization
reactions. This has been used to convert solidistaaid into the more
valuable liquid, iso-stearic acitf!. The isomerization and dimerization of
oleic acid and methyl oleate has also been foundodcur in
chloroaluminate (111 ionic liquid€”.

The dimerization and oligomerization oéfais in the presence of
homogeneous nickel (ll) catalyst has been studigtensively in
chloroaluminate (Ill) and alkylchloroaluminate jllionic liquids [®® !
Few catalysts are known that catalyze the lineanedization and

oligomerization of C4-olefins. Linear C8-olefin déms are highly
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desirable intermediates for the production of C&sptizers, exhibiting
better thermal properties than those produced tagghly branched C8-
olefin dimer feedstock.

The products of these reactions are insolublie ionic liquid and
can be separated by decantation, leaving the ilbied and catalyst
behind, from where the catalyst and solvent cameosed. Polycyclic
aromatic hydrocarbons dissolve in chloroaluminditg ionic liquids to
form highly colored paramagnetic solutidf?s

The addition of a reducing agent, such alantropositive metal,
and a proton source results in the selective hyatragon of the aromatic
compounds. For example, pyrene and anthracene eareduced to
perhydropyrene and perhydroanthracene at ambienpematures and
pressures; only the thermodynamically most staddener of the product
is obtained’".

This contrasts with catalytic hydrogenatreactions, which require
high temperatures and pressures, an expensivaptatoxide catalyst
and give rise to an isomeric mixture of prodi€is

By careful monitoring of the reduction etionic liquid, a number
of intermediate products can be isolated, and tbguence of the
chemical reduction process can be determined (Ei@)).
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Fig.(1.6): The sequence in the reduction of anthracene to
per hydroanthracene (™.

It is also possible to carry out catalytic hydroggon reactions of
cyclohexene using Wilkinson’'s catalyst, [RhCI(REh in basic

chloroaluminate(lll) ionic liquids!

, but neutral ionic liquids are
preferred for this type of reaction, for ease ohdiemg and lower
moisture sensitivity.

AICl3is a Lewis acid and has been used in ionic ligfods range
of catalytic reactiong®®. To demonstrate the efficiency of the AICI
amide (urea and acetamide) systems the acetylafiderrocene was
carried out in an analogous method to that usiegiml: 2AICL . The
reactions were carried out in a Schlenk flask umgjeat O ° C for 2 hours
with subsequent work up by quenching with 2 M H®Gluson and
extraction with dichloromethar®”. Interestingly, the two amide-based
liquids show differing reactivity. The urea liqughve moderate yield of
each of the compounds (acetylferrocene and dideatytene) whereas
the acetamide liquid gave a yield of 56% of thecdiglated product with

low quantities of the monoacetylated intermedf&ie This later result is

Y
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an improvement on that reported for the emim AlGuid despite the
fact that there is significantly less AlCIThe fact that no product was
obtained using 1:1 emiml: Algkuggests that AlGII is not very Lewis
acidic. It also suggests that the cationic alumirzontaining species is
more Lewis acidic than ACI; ©7,

Other technological applications of aluminbased ionic liquids

have been for batteries or metal depositivr®.

1.4.2 Electrodeposition of Aluminum:

Electrodeposition in ionic liquids would have mavantages. The
low working temperature (120 ° C and higher) coregawith the hot
plating process suppresses the formation of Dbriitiermetallic
compounds in the under layer. The higher electrwcalductivity of the
electrolyte (by 1 to 2 orders) makes it possible carry out the
electrolysis at higher current densities. Theress toxicity, no danger of
explosion and control of the thickness of the Alelamake it potentially

attractive for wider application.

Aluminium can be electrodeposited in molten sattddroaluminate
molten salts), mainly chlorides, where Al can bpakited either by using
a soluble aluminium anode or the electrochemicabdosition of the
electroactive species, &l; , which formed in the Lewis acidic molten
AICl5: Alkali metal chloride mixture of molar ratio 2*4.

The electrochemical reduction of the electroactipecies occurs as the
following ["®:
4 AlL,Cl; +3e - Al+7AICl,;

Yy
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Extensive work has been reported on the rel@eposition of
aluminium from such type. The first paper on theceblytic aluminium
deposition from a molten AlgGINaCl mixture was published at the mid
of nineteenth centuy”.

The first attempt to use this electrolyte for tdeposition of
aluminium on an iron base was made by Plotnikov andal. %%
Chittum®? proposed LiCl instead of NaCl. The quality of theldyers
deposited in molten electrolytes containing aluommi and alkali
chlorides was examined by Orleva and Laifidr Bromides as well as
chlorides have been tested as possible electrdiytése deposition of Al
layers®®. A systematic investigation of electrolytic alurinim-plating
in molten chlorides was carried out by Delimarskid et. al’®®®". From
the different mixtures containing aluminium and alkchlorides, the
binary mixture with a composition corresponding ttee compound
2AICI;.NaCl was found to be the most suitable electrolyie the
electrolyte is hygroscopic, electrolysis is carriedit in an inert
atmosphere; furthermore dehydrating substance$y ascsilicagel and
active coal should be added directly to the el&g®o This increases the
current efficiency of the electrolysfg..

The results of the electrolysis of the binatyminium chloride —
alkali chloride (AICE-MCI) mixtures, however, were disappointing as in
all cases Al was deposited in the form of a duhrse-grained layer with
low anticorrosion resistance. Therefore, numerdiesrgpts were made to
influence the process of electrocrystallizationatdminium, mainly by
addition of different metals, either in the formaafmpounds (chlorides or
oxides), or as auxiliary anodes of respective mefdhe influence of Sn,
Pb® 81 zn sb, Bi®, Mn % Cu, Ag, Cd, Ga, In, Tl, G&Y and Vv
have been studied. It was found that only Sn, Pt &m have a

Yy
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favourable influence on the properties of the de#pddayer. In all cases,
however, instead of pure aluminium the correspapdiluminium alloy

was deposited.

Paucirova and Matiasovsiin 1975 have succeeded to electroplate
iron substrates by a fine-crystalline, silver-btigahnd non-porous
aluminium layer from molten salts based on chia{de Also, they
found that the optimum electrolyte for aluminiumeatoplating in
molten salts was a quaternary mixture of 80 wt.%IAF 10 wt.% KC1
+ 5 wt.% NaCl + 5 wt.% Nal and in the temperatuege 150 — 200 ° C
with a cathodic current density of up to 7 A dn=22.R. Stafford reported
that aluminium, aluminium—manganese and aluminigamum alloys

can be electrodeposited from A} aCl molten salt at 150 °© ¢4

The drawbacks of the AIENaCl molten salt are its high AlgVapor
pressure, which may result in explosions at elelseperatures and the
fact that the melt is very corrosive. Thereforeicoliquids might be an

alternative’".

1.4.3 Electrodeposition of Aluminium from lonic liquids:

Electrodeposition of aluminium from ionic liquidarcbe performed at
room temperature. The aluminium deposits obtaimeduaually of good
quality, high purity, of low porosity and heat msint ). Popular
examples of ionic liquids include the chloroalunteéavhich are prepared
by mixing anhydrous AlGlwith a suitable organic halide. This kind of
lonic liquids can be considered as the first gem@raof ionic liquids.
Moreover, it is the simplest system from which ahiom can be easily

electrodeposited. As the molar ratio of this migtahanges, the melt can

Y¢
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be classified as basic, neutral or acidic in theseeof Lewis acidity. In
the neutral 1: | melt Al is present almost entiray/AICl, ions, whereas
in the 2: | melt it is present as @, 7).

The melts having a molar ratio between 1:d aril, both AICI; and
AICI, ions will be present. The acid-base propertieshef melt at
ambient temperature may be described by the fatigweiquilibrium®:

2 AICI, <« AlLCl, +Cl
In acidic melts, ACI; ion is the only species from which aluminium
can be electrodeposited according to the followeagtion’":
4 AlL,Cl; +3e — Al+7AICI,

In presence of excess of AICI3, the followingaction is virtually
completd’”:

AICl; + AICk — AlCl;~

A lot of work has been done using chloroaluastenionic liquids to get
high quality aluminium deposits by several auth&éi@. example, AIGl/
1-ethyl-3-methylimidazolium chloride (Algl [EMIm] CI) and the ionic
liquids AICI; / N-butylpyridinium chloride (AIG / N-BPC) have been
widely used in electrodeposition of aluminium atsdalloys!’ .

Among six kinds of AICJILs systems (ILs [bmim]ClI, [omim]Br,
[bmim]BF,, [bomim]PFR;, [emim][EtSQ] and [bmim][HSQ)]), which have
been studied by YUE Gui-kuan, LU Xing-mei, ZHU YBnWANG Hui,
ZHANG Xiang-ping and ZHANG Suo-jian§®, it was reported that
AICl3/[bomim]CI and AICE[bmim]Br are the most appropriate
electrolytes for the electrodeposition of Al withet highest average
conductivities (in the acid range where aluminumn cde

electrodeposited).

Yo
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For ionic liquids with large halide concetions the breakdown of
metal oxides on electrode surfaces is prevalenis kasier for ionic
liquids with chloride ions which can act as goaghhds for the dissolving
metal iond*/.

Hussey and et. al. did intensive studies on thetrel@eposition of
aluminium and aluminium alloys in Algl [emim] ClI ionic liquid. They
succeeded to electrodeposit transition metal-alwmiralloys such as Al-
Mo P71 AITi B8 Al-zr B9 Ag-Al M9 and ternary Al-Mo-Mn[*®%
alloys. These alloys are technologically importd@cause of their
corrosion resistance, especially pitting corrosamg in some cases, their
interesting magnetic properties.

Jiang et dt°? have studied the electrodeposition, electrochdmica
nucleation and surface morphology of aluminum othkangsten and
aluminium electrodes from 2:1 molar ratio AClemim]ClI ionic liquid.
The electrodeposits obtained on both tungsten Andisum electrodes
were dense, continuous and well adherent.

The AICk / [emim]Cl (60/40 mol.%) ionic liquid was used to
electroplate mild steel by well adherent and higlagisted to scratches
aluminium coatings'®! . However, the quality of the deposit can be
greatly improved by utilizing pulse plating techmés °*'%! or by
addition of some organic solvents such as benzedenzethyl t-butyl
ether that improve the deposit surface morpholtigg. possible that the
organic moleculé¥®™ play the role of brighteners.

Endres et al. reported that nanocrystaliheninium can be made
electrochemically in Lewis acidic ionic liquids leais on AICk and
[emim]CIl under galvanostatic conditions by additioh nicotinic acid
106l Also the AICKL / 1-ethyl-3-methylimidazolium chloride (AlgI/

A\l
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[emim]CIl) melt is a viscous and transparent ligatdroom temperature
when the molar composition is in the range of 0t8:2:11*%"]

Lai'**® have electrodeposited aluminium in room temperaf@i;
/[emim]CI ionic liquid on glassy carbon, platinumnd tungsten.
Moreover, he has studied the mechanism of the retkposition and
dissolution processes in such ionic liquid. Theaot®#d results indicated
that the aluminium deposition process at the abogationed substrates
Is preceded by a nucleation step and is kineticatiynplicated. The
deposited aluminium was found to be unstable arigjestito a slow
corrosion process. This is most likely due to inmpes and organic cation
present in the melt.

Also, aluminum deposition from AICI [emim]Cl ionic liquid was
studied employing an inverted optical microscopep&rform in situ
optical observations during the deposition proastingsten electrode.
Thin, continuous aluminum coatings with crystalesizbelow optical
microscopic resolution were produced from a 1.1ICIA [emim] CI

molten salt at potentials < -0.2 V vs. an Al (W)teference electrodé”.

AlICl;-based ionic liquid was reported to be colored whédated
with organic solvent (toluene), and this dilutioasMound to enhance the
quality of the electrodeposition conducted in ttype of ionic liquid.
Hussey et al. studied the Lewis acidic AKEIMIMCI ionic liquid [> 50
mole % AICE] and found that although aluminum could be elquat®d
from the neat ionic liquid, the quality of the dlecleposit is greatly
improved and enhanced by the addition of benzere @ssolvent*®),
Abbott et al. studied the addition of 30% v/v duine to AIC}-EMIMCI
lonic liquid, the addition of toluene was usefulaccelerate the rate and

modify the deposited aluminum particf&s!,
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AlCl-amide ionic liquid was found to have 3 peaks wtested by
*’Al NMR spectroscopy which corresponds to the preseof AICL,
[AICI, (Acet.),]" and [AICL (Acet.)], the size of the peak that
corresponds to AlGlwas found to increase upon the addition of MgCl
while the other two peaks decreas®&ll Thus it was indicated that the
addition of chloride ion caused the reaction of théoride ion with the
cationic parts as their peaks decreased and pragiidCl,; as its peak
increased.

This work intended to investigate the AlCkea ionic liquid
prepared in organic solvents (toluene and benzame)the coordination
of aluminum species in them. The ionic liquid proed was of deep red
color in benzene and of dark green color in toludimese liquids showed
the presence of new bands (compared to the bandkeoforganic
solvents) in the visible region when examined by/\J¥. Spectroscopy.
These new bands were used to detect the Lewisbasie-titration of the
acidic active species [Algl(n.Urea)]* ®" of the ionic liquid with
chloride ion using potassium and calcium chloridd the determination
of the concentration of these species in this iigidd. The coordination
of some transition metals in Alglrea ionic liquid in toluene was

investigated.
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1.5 Aim of The Present Work:

Aluminum chloride is one of the widely usgdoup three metal

compounds. One of its major interests is to symshsic liquids for
their wide chemical applications. The new synthas$izaluminum
chloride-urea ionic liquid has proved to have corapke properties to
these of chloroaluminate ionic liquid as catalgstdrganic reactions and
aluminum metal deposition at room temperature. Hanehe aluminum
chloride-urea ionic liquid containing an active cps of the type
[AICI ,.nU] " which are reported to be the major active spediad.hence

the aim was:-

1. Determination of the concentration and identificati of the
interaction of aluminum chloride-urea ionic liquwlith organic
diluent by investigation with spectroscopic methods

2. In addition, studying their reactions with Lewissltachloride ions
of alkali, alkali metals and determination of thencentration of
active species.

3. Moreover, elucidation of the reaction of some titams metal
compounds in the diluted ionic liquid in toluenegoadination

nature, and the possible complex formation in riei& solvent.
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2.1 Chemicals:

All chemicals in this work were used withghest purity available
and without further purification. Table (2-1) shotix® reagents, purities
and suppliers:

Table (2.1):- The chemicals used with their puritie and suppliers.

Chemical compounds Purity % Company
Aluminum chloride 98 Fluka
Urea 99.5 Thomas Baker
Toluene 99.5 Chem. Supply
Benzene 99.7 Thomas Baker
n-Hexane 99.9 Laboratory Chemical
Calcium chloride 98 Chem. Supply
Potassium chloride 99 CarloErBa
Cobalt chloride 98 Chem. supply
Cupric chloride 98 Riedel-de Haén
Cupric sulfate 99.5 Analar
Nickel sulfate 99 Riedel-de Haén

2.2 Practical Methods-

2.2.1. Preparation of Aluminum chloride- Urea ionic
Liquid :-
Aluminum chloride and urea were used to prepareathie liquid in

different proportions which must be within 2:1 td Inole ratio to insure
the formation of liquid staté”.

Two methods were adopted for this preparation:
1. Direct addition of milled urea to powder aluminuimaride when

a vigorous reaction was started to form liquid.eAfa small portion
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of ionic liquid was formed, further aluminum chldei followed by
urea portions were added to this liquid and agagnréaction took
place to form another amount of liquid.

The increment additions of aluminum chlorated urea were
continued until all the weights of both salts weoasumed to form
the ionic liquid.

2. The second procedure was made by reaction of tteeisan inert
organic diluent solvent such as toluene, benzedeharane. This
was carried out by adding the proper portion ofralwm chloride
to a reaction tube followed by the addition of angasolvent. After
that the weighted out urea portion was added inergatly to the
reaction tube where a reaction of urea with alumrahnloride has
started indicated by the color change of the o@anivent from
colorless to green color and the consuming of atumi chloride
as urea was added in each time. This was alsaedaotit until no

further urea or aluminum chloride was left in tkaation tube.

The final ionic liquids obtained from bothopedures of ionic liquid
preparation were kept in a sealed tube and storea desiccator filled

with silica gel to prevent the contact of moistwién the ionic liquid.
All precipitates formed from the addition of varogompounds to the

ionic liquid diluted by toluene were separated bgahtation and washed

with toluene after words.
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2.2.2. Preparation of Calcium and Potassium Chloride

Mixtures with lonic Liquid:-

Calcium chloride and potassium chloride vesikled to 1ml of
(46.7% (1.5 AICL: 1lurea) + 53.3% toluene) ionic liquid in a sergds
percentage additions that calculated on the bésisewriginal aluminum
chloride used in the preparation of the ionic leqd0, 12.5, 14.3, 16.7,
20, 25, 33, 40, 50, 60, 75, 80, 90 and 100) moleB#&th calcium and
potassium chlorides mixtures were left for 2 howith stirring at room
temperature.

The calcium chloride additions produced tlagers which were
composed of:-

1. Colorless upper layer liquid that was confirmedbéotoluene when
examined with the ultraviolet\visible spectroscopy.

2. Light green lower layer liquid which was examingdtbe UV\Vis.
spectroscopy.

While potassium chloride additions produced thegets which were:-

1. Colorless upper layer liquid which was confirmedtoluene by
examining it with the UV\Vis. spectroscopy.

2. Light green lower layer liquid which also was exaed by the
UV\Vis. spectroscopy.

3. White precipitate layer was obtained after washwth toluene,
and its amount increased with the sequent incremiepbtassium
chloride additions.

The (80-100) mole % additions of potassium chlopdeduced the first
and the third layers.

32



Chapter Two Experimental Part

2.2.3. Preparation of Transition Metal Mixtures with

lonic Liguid:-

The transition metal compounds were addedainseries of
concentrations to 1ml of (46.7% (1.5 AlClLurea) + 53.3% toluene) at
room temperature with stirring, table (2.2), thextuies was left for 1
hour for all additions in case of nickel and coppalfate compounds, 20
minutes for the highest concentration of coppeoritié and 3 hours in

case of cobalt chloride.

Table (2.2):- Concentrations of the transition methcompounds in the ionic

liquid.
Nickel and copper sulfate (M)| Copper and cobalt
chloride (M)

0.2 0.1
0.5 0.2

1 0.4

1.2 0.5

1.5 0.8

1.8 1

2

Qualitative tests were carried out using pdages outlined in
"Vogel's Textbook of Macro and Semi-micro Quaivtat Inorganic
Analysis"**®) g5 follows:

Chloride test was made by using silver nitratergiwivhite precipitate of
silver chloride ion. Aluminum test was carried ousing sodium

hydroxide producing a white precipitate of aluminbydroxide.
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2.3 Instruments:-

The main instrument used throughout thish\stwas the electronic
spectroscopy of the resulted transition metal cemgs in the ionic
liquid.

2.3.1. Electronic absorption spectra

The electronic spectra of complex solutiorese obtained by using
CECEL CE7200, ultraviolet-visible spectrophotomet&t room
temperature using quartz cells of 1.0 cm path leagid water reference

in the range of wavelength 190-900 nm.

2.3.2. Fourier Transform Infrared spectroscopy (FTR):-

FTIR spectra in the range (4000- 400) cmetenrecorded using
potassium bromide disc on FTIR instrument model088Bimadzu,

spectrophotometer, Japan.

2.4. Assignment of spectra

2.4.1. Orgel diagrams:-

Orgel diagrams were useful for showing the numlbespm-allowed
absorption bands expected, and their symmetry designations, for Td
and weak field Oh — complexes’ (Wt included). The two diagrams (one

d“*%? the other for 8> " § pack a lot of information in very little

for
space, as shown in Fig. (2.1) and (2.2). Neversiselthere are three
major limitations to use Orgel diagrams:
1- They are restricted to weak field/high spin cormmhs and offer no
information for o > ° “strong fields/ low spin cases.
2- They only show symmetry states of same highestrspitiplicity.
3- They are qualitative, and therefore energy valuasnot be

obtained or calculated from thefi**'2
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)
+ A »

d".d® tetrahedral d".d® octahedral

d*.d" octahedral d*.d” tetrahedral

Fig.(2.1):-The splitting of free-ion D terms in ochhedral and tetrahedral

fields .t

Fig. (2.2):-The splitting of free-ion F and P termin octahedral and tetrahedral
fields. ™2

35



Chapter Two Experimental Part

2.4.2 Tanabe-Sugano diagrams:-

Tanabe-Sugano diagram uses the ground symmetrg atta
straight-line horizontal base, whereas Orgel dimgrgplace the parent
term in a central location and direct ground symmnestates below it.
Appear "split" ford*, d°, d°, d’, cases because both low and high spin
symmetry states are included. Consequently, thieggains appear to be
discontinuous - having two parts separated by acattine. The left part
pertains to the weak field /high spin condition a&hd right to strong
field/ low spin.

First note why dand d cases have no T-S diagrams. A term description
for an atom/ion is more information than its eleatrconfiguration
because terms account for e-e repulsion energies.

However there is no e-e repulsion for one "d" etettso the d
configuration gives rise to a single terf®, In Oh and Td ligand fields
this single term is split into,f, E;, or E, , symmetry states. Only one

absorption band is expected and energy of the wbddrand gives thAo

or Atd value directly. No calculations are necessary, sd+8 diagram

for (d*and d). 112

2.4.3. Equations:-

The equations that were used in determination ettsp of each
complex were different from metal to another acowgdo the splitting of

terms for d configurations as shown in Fig. (2.3).
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Fig. (2.3):- Splitting of terms for d” configurations into (a) and (b).***®!

Also Jorgenson ruf8*@ have been used to measure the tendency of
metal ion to form a complex, th@)(factors provide an estimate of the
value of 10Dqg for an octahedral complex when comtimith the 1)

value for the appropriate ligands:

10Dq =f ligand X gion X 1000

Table (2.3):- Values of(g) and (f) factors for metal ions and various ligandg'3®)

Transition metal ion | Value of (g) factor | Various ligands | Value of (f) factor
Co(ll) 9.00 cr 0.78
Ni(Il) 8.70 HO 1.00
Cu(ll) 12.5 Urea 0.92

In units ofk K (=1000 cn)

If all three transitions are observed, iaisimple matter to assign a
value to B (Racah parameters), since the following equatioistrhold;
(B is in cm" units).

15B=v3+ vo—3v;

37



Chapter Two Experimental Part

The nephelauxetic ratipis given by:

Where (B") is Racah parameter. And)(B for free ion.

38



Chapter Three Results & Discussion

Chapter Three

Results & Discussion

3.1 Preparation of Aluminum Chloride-Urea lonic Liquid in

Solvents:

Aluminum chloride-urea ionic liquid can beepared as a direct
mixing of the two salts under inert atmosphere wrhsmixing can be
carried out in an organic solvent like toluene,Zmme and n-hexane. The
resulted ionic liquids in these organic diluentswld similar behavior at
least to the reduction-oxidation cyclic voltammagraf Al*® active

species?,

The addition of a simple amide (in this casea) to aluminum
chloride caused the formation of a liquid contagnicationic species
[AICI,.nAmide] * and anionic species AICI as illustrated in the

following equatior®™:
2AICI; + n. Amide << [AICL.nAmide]” + AICl,” ...... (3.1)

The aluminum chloride and urea reacted exatically and
immediately without external heating and the migtugported to reach a
temperature around 75 9€. This ionic liquid is shown to be a suitable
medium for the acetylation of ferrocene and thectebeleposition of
aluminum and demonstrated that quaternary ammoicafions are not

always needed to form ionic liquif$.
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3.1.1 Preparation of Aluminum Chloride-Urea lonic Ligquid

in Toluene:

Toluene was not reacted with/or dissolvéemanum chloride or
urea, this made the preparation of the aluminuraradé-urea ionic liquid
safer, since toluene would work as a protectotttierreactants and ionic
liquid because the aluminum chloride and its idigaids known to be
sensitive to moisture or water. In addition toluevauld also work as a
reaction medium and would help distributing thetheteased from the
aluminum chloride-urea exothermic reaction. Thisuldoprevent the
formation of hot spots area which could lead tonteeme of ionic liquid
forming impurities from this side decompositiongtan.

At the same time it was found that toluemnacted with the ionic
liquid changing it from faint yellow to dark greeolor (46.7 viv% (1.5
AICl3:1Urea) ionic liquid and 53.3 v/iv% toluene). Toleeis known to
have two bands ¢gand B) in the ultraviolet region where Band has
higher energy than B band and both are relatedea-t* aromatic ring
transition***. When toluene alone was examined by ultraviolsitsle
spectroscopy in present work, these two bands wleserved at 199.5nm
(E;) and 264nm (B) [Fig. 3.1] which were found to Hese to those
reported in literatur&*,
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DataStream - Toluene
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Fig. 3.1:- Theultraviolet\visible spectrum of toluene.

However, when ionic liquid was preparedaluéne, the color of the
mixture was turned immediately to dark green. Tdask green solution
of diluted ionic liquid in toluene was examined hitraviolet-visible
spectroscopy and showed, on one hand, that thal iBjtand B bands of
toluene but observed at similar absorption wavelengvith increased
absorption intensities (compare Fig.3.2,A and B ).

On the other hand, two new bands at 334 and 474vam also
recorded for ionic liquid in toluene. The latterotwands were related to
an interaction of Lewis acidic species of the iohdpiid [AICI,.nU] *
with the ring n-bond electrons of toluene causing the charge feans
between toluene and metal cationic species. Theraotion may be
considered as coordinated bond and electrons lagingted from the-

ring bond of toluene to metal cationic species.
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Fig. 3.2:- Theultraviolet\visible spectra of (A) toluene and (B) (1.5AICl3:1urea)
ionic liquid in toluene.

This type of interaction would be analogous to éo$ transition
metal-arene organometallic complexes which wes fecognized in the
1950's**®l. Such interaction helps the addition of nucleagshito the
arene liquid causing de-protonation of acidic arenetons.n’- metal
complexes were also suggested for bi-metallic ciuoncarbonyl-arene
complexes of chromium or tungsten as stated byhEist". In addition
such interaction may enhance the reported catakgéiction of ferrocene
acylation®”. On this basis, the original aromatic ring banéisotuene
(E> and B) are also expected to be enhanced to hajtsarbancesf,,,)
than in toluene alone.
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3.1.2 Preparation of Aluminum Chloride-Urea lonic Liguid

in Benzene:

The preparation of aluminum chloride -ureaic¢ liquid in benzene
(80 vivd (2AICI3:1Urea) and 20 v/iv% benzene) showedimmediate
exothermic reaction between the reactants in whiehzene helped to
distribute the heat released from the reaction nadecting aluminum
chloride -urea ionic liquid from moisture or air gimilar attempts to

those in toluene.

In the ultraviolet region benzene was reported @awehthree bands
which were related te-7* aromatic ring transitions and named E, and
B where g at higher energy thanfand B bands, and,Band at higher
energy of B band™®. The E band could not be observed since it was
reported to have a wavelength of 180fH which was out of the
instrument's range (190-900) nm. The other two bgigland B) were
observed in present work in the ultraviolet regadri99.5nm and 257nm

respectively [Fig. 3.3, B] similar to those reparte literature***.
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Fig. 3.3:- Theultraviolet\visible spectra of (A) toluene and (B) benzene.

The color of the prepared ionic liquid ienzene showed a deep red
color which was examined by the ultraviolet-visilgpectroscopy [Fig.
3.4B] which revealed an increase in the initialaabance of benzene B
and & bands at same wavelengths, and the appearans®e oktv bands
similar to those obtained in toluene. The new bamseared at 320 nm
and 420 nm which were also related to the intevaadf the same acidic
cationic species of the ionic liquid [AlhUrea]® with the n-ring
electrons of benzene ring in a similar mechanisrthefinteraction with
toluene (see sec. 3.1.1).
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Fig. 3.4:- Theultraviolet\visible spectra of (A) benzene and (B) aluminum
chloride-ureaionic liquid in benzene.

3.1.3 Preparation of Aluminum Chloride-Urea lonic Liquid

in n-Hexane;

n-Hexane is also used in the preparatioth@faluminum chloride -
urea ionic liquid, but it was found to form a prcitee colorless layer.
The resulted mixture of ionic liquid in n-hexaneifgosed of 80 v/v% n-
hexane and 20 v/v% (1.6Al€1Urea) ionic liquid) showed two separated
layers; although it was mixed with continuous agitation at 30-50 °C for
one hour, where the top colorless layer was n-hexad the lower layer
deep orange contain the ionic liquid. Unlike toleeand benzene, n-
hexane layer did not show a color change when ioued was prepared
in this organic diluent and neither it mixed wittnic liquid. The deep

orange color can be related to reaction of iomjuaitl with some unknown
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Impurities either present in n-hexane or resultednfdecomposition of
some ionic liquid due to hot spot formation whiabulel not be avoided

by heat diffusion in n-hexane.

Although it is not the task of the presentrkvto identify the
impurities present in n-hexane, ionic liquid formeadhis mixture could
indicate its catalytic activity to purify n-hexaff®m organic impurities.
However, it was also noted that if pure n-hexane used; it would play
an important role in the preparation of ionic lidwes a protective layer,
preventing ionic liquid from contacting with atmdwpic air. The reason
for not mixing ionic liquid with hexane would bdated to the absence of
lone pair in the organic solvent that may be irded with the acidic
species present in the ionic liquid. From the rssobtained and ease of
preparation of ionic liquid of aluminum chlorideea, it may be said that
toluene and benzene both are suitable for preparaii ionic liquid in
situ, but not n-hexane. It is also expected thgtaganic liquid could be
mixed with ionic liquid as long as it contains lopair presented as free

electrons on an atom or from double bond &mohg bonds.

Therefore; toluene was chosen to undertakererental work for the
investigation of possible determination of acidpgeaes in ionic liquid

from their interaction with-ring electrons.

A



Chapter Three Results & Discussion

3.2 Determination of The Active Acidic Speciesin

Aluminum Chloride-urea lonic Liquid using chlorideion:

The cationic specié¥! as were found in this work to be the major
species responsible for the interaction of iorgaikl with solvent used as
diluent (cf. sec. 3.1). This influence was used determine the
concentration of the active species present initimi liquid by reacting
them with metal chloride (e.g. calcium chloride guatassium chloride)
in a Lewis acid-base reaction where ionic liquigipee species would
act as Lewis acid and the added chloride as Leasg bt was found that
when an excess portion of metal chloride was addeithe dark green
lonic liquid solution in toluene, this caused tleparation of two liquid

layers, an upper colorless layer and lower layeigbt green color.

The slow reaction of calcium chloride andgsstum chloride with
lonic liquid was found to be less exothermic thia@ preparation of ionic
liquid (estimated by touching the reaction tubel it for two hours
with mechanical stirring at room temperature tacheaquilibrium.

When incremental portions of chloride wedeled to the dark green
mixture of ionic liquid in toluene, it showed ancrease of colorless
upper layer, increased in volume with increasingrtie concentration.
This layer showed similar absorption band to tha&spure toluene [Fig.
3.5]. However, the lower layer that changed colont dark green to
light green showed a suspension of added excesisimathloride when
it exceeded a 75 mole% of the original aluminunodbe used in the

preparation of the ionic liquid.
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Fig. 3.5:- Theultraviolet\visible spectrum of (A) puretoluene and (B) colorless
upper layer.

When potassium chloride was added to theurexit was noticed
that in addition to the two layers noticed with atam chloride, a
precipitate was settled at the bottom of the reactube and increased
with increasing the amount of potassium chlorideisTprecipitate was
found to be white in color when separated fromrnheture and washed
with excess toluene, and showed the vibrationatibamilar to those of
urea when examined by FTIR [Fig. 3.6].
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Fig. 3.6:- The FTIR spectrum of the precipitate produced by potassium chloride
addition to (1.5AICl3: 1lurea) ionic liquid in toluene.

This Lewis acid-base reaction was followed by witket/visible
examination of the light green solution Fig. 3.6l &n8.

DataStream - CaCl2 addition

3.0—‘
244 \
-
2 18-
v
o
4
]
2
]
8 124
=
0.6+
——
——
0.0 T T T T |
190 332 474 758 900
Wavelength [nm]

Fig. 3.7: Ultraviolet\visible spectra of (A) 1.5AICl3:1ureaionic liquid in toluene,
(B) 12.5 mole %, (C) 14.3 mole %, (D) 75 mole % of calcium chloride additions.
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Fig. 3.8: Ultraviolet\visible spectra of (A) 1.5AICI3:1lureain toluene, (B) 12.5
mole %, (C) 14.3 mole %, (D) 75 mole % of potassium chloride additions.

When potassium or calcium chloride was im@etally added it was
observed that the toluene bands §&d B) decreased in their intensities
(emay) @nd the other two bands (334 nm and 474 nm) welglaffected
by the sequence of additions of calcium or potassibloride. The band
at 334 nm was sharply decreased from the firsttiaddcorresponded to
10 mole% addition of potassium or calcium chloridesliculated on the
basis of total AIG), and it continued to decrease until it disappagare
completely at 75 mole% addition. The lower lessmse absorbance band
at 474nm was also decreased when chloride was duddd less extent
until it was entirely disappeared at the 75 moledditoon of calcium
chloride compare [Fig. 3.7] and [Fig. 3.8].
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The bands at 474 nm and at 334 nm represant bands of the
toluene interaction with the active acidic spe¢d€!,.nU] " of the ionic
liquid; the presence of these two bands can beideresl as a guiding
sign for the concentration of the active acidicGhInU] * species. The
sudden decrease and the gradual decrease in3B8d am and at 474 nm
bands respectively with the gradual increase incddleium or potassium

chloride addition can be explained as follows;

The calcium or potassium chloride additian the ionic liquid
provides the medium with Lewis basic chloride anéonl since the ionic
liquid already possessed an active Lewis acidicispdAlChL.nU] * P71,
the basic chloride ion reacted with the active iacgpecies thought to
produce ionic species of AlCI Thus as the concentration of the chloride
ion increase the reaction with the acidic speciesl#valso increase, and
the concentration of these acidic species in thacidiquid would
decrease. Thus the bands at 474 nm and at 334 hioh(aorrespond to
the interaction of acidic species with toluene) evelecreased as the
amount of the acidic species reacted with the adoion. Thus acidic
species lose their interaction with toluene causing separation of
toluene from the mixture as an upper colorlessrlaye

Therefore; it is possible to represent the overgdiction between
one mole acidic species of ionic liquid with theotmoles of Lewis base
(chloride ions) as follow;

[AICI,.nU]" + 2CI' — AICI, "+ n. Urea ............ (3.2)
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This reaction is analogous, as Lewis acid basdiogado that reported
for chloroaluminate acidic species reactiti' but with different molar

concentration;

AlLCl;, "+ CI™—> 2AICl; ™ .. (3.3)

Thus it can be said that the Lewis acid-basetibimaand concentration
elucidation of the acidic species of aluminum cideramide ionic

liquids was around 75 mole% of the initial AiGised in the preparation
of 1.5:1 mole ratio of AIGt Urea.

It should be noticed that addition of pstas chloride resulted in
formation of solid material insoluble in the liqustiate of the system, in
contrast to calcium chloride addition where onlguld system was
observed and no solid material was obtained. Thi®R FEkamination of
the solid material in the first case revealed aihlg existence of urea
vibrational bands [Fig. 3.6]. This could be relatedhe changing in the
mole ratio of ionic liquid state as some aluminumodde was consumed
in the Lewis acid-base reaction and forming a sysiat of the limitation
of liquid state reported for this type of ionicdig as being between 2:1
and 1:1 (AlCi:amide) . However in the second case, this was not
observed properly due to dissolution of calcium ptax formed with
urea making a new liquid system mixture with othieecies present. This
needs to be confirmed by further work which was afuhe scope of the
present research.

When the obtained absorbance was represented withratio as in [Fig.

3.9] it clearly represents two reactions.
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_ Relationship between Absorbance and added molefftiofide to 1.5:1 mole ratio
1.3 | AlICI-Ureaionic liquid in toluene.
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Fig. 3.9: Molefraction representation of added calcium chloride (Al at 334 nm
and A2 at 474 nm) and potassium chloride (B1 at 334 nm and B2 at 474 nm) to
ionic liquid in toluene.

The first at the low mole fraction of added chlerichole fraction of
(0.125) in similar mechanism, if potassium or aaicisalt were used in
the neutralization reactions, until a mole fractadrd.2 of chloride, where
a second reaction between the formed product adddadhloride was
commenced. The latter reaction revealed the foomatf 2 to 1 mole
reaction of acidic species to chloride ions as rfaximum absorbance
was obtained at 0.33 mole fraction of chloride i(fsreaction 3.2).

Although the first reaction differ if chloed were added as potassium
salt or calcium salt probably due to cationic cleaeffect of single and
double charges respectively, but they both shovwmias trend in the
second reaction. The latter reaction may be assuasedommenced
between the products of the first reaction (beihgimilar nature) with
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added additional chloride salts regardless of thwire of the cationic

presents.

Further observation was the nature of both absmrgiiands at 334 nm
and at 474 nm which they showed identical behaviorisoth cases of

chloride salts, indicating their similar origin, atated above, stemmed
from the interaction between cationic acidic spe@ad aromatic ring

system.
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3.3Chloride Containing Transition Metal compounds n

Aluminum Chloride-Urea lonic Ligquid in Toluene:

Transition metal chlorides cupric chloridedacobalt chloride were
added to the ionic liquid composing of 46.7% (lusahum chloride-
lurea) and 53.3% toluene to investigate the tiansihetal coordination
In the presence of Lewis acid base reaction and tsfollow their

reaction with the acidic species:

3.3.1Cupric Chloride in Aluminum Chloride-Urea lonic

Liquid in Toluene:

It was found that cupric chloride reactiothwonic liquid in toluene
was an immediate, exothermic and faster than tliatatcium and
potassium chloride as it required shorter time rfiutes at maximum)
for the largest concentration of cupric chloridectamplete its reaction
with acidic species with mechanical stirring atmotemperature.

The cupric chloride behavior in aluminumaride-urea ionic liquid
in toluene differed from that in other ionic liggiér molten salts media.
In choline chloride-urea ionic liquid, 0.1M cupmtloride was found to
be only soluble after 72 hours similar concentratwas found to be
soluble in choline chloride- malonic acid ionicuid after similar time
19 although it contains acidic organic salt. In LiGBKmolten salt ionic
liquid cupric chloride was found to be soluble4a@ °C)™*,

Thus it can be said that cupric chloride wagsch more soluble in
aluminum chloride-urea ionic liquid (1M) than inatime chloride-urea or
malonic acid ionic liquids or in LICNKCI molten kaonic liquid, due to,
most expectedly, its reaction with acidic speciésAtCls-urea ionic
liquid as stated in Table (3.1) which shows thecemtration of cupric

chloride and its reaction time in ionic liquid.
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Table (3.1):- Concentrations of cupric chloride adéd to aluminum chloride-urea

ionic liquid in toluene at room temperature.

Cupric chloride | Reaction Time
Concentration(M) |  (minutes)

0.1 10
0.2 11
0.4 12
0.5 14
0.8 18

1 20

As with calcium or potassium chloride, additionanfpric chloride also
caused separation of two layers. The upper cobfger was examined
by ultraviolet/visible spectroscopy which showenhitar bands to those
of toluene. And the lower deep green layer whicls veaamined by
ultraviolet/visible spectroscopy before and aftex thloride addition and
found to be experience some changes. The coldreoimixture was also
changed from dark green to deep green when thdccaploride was
added.

The amount of separated toluene as an upger increased with
increasing the concentration of cupric chloride, ichh indicated
consuming of ionic liquid through the Lewis acidsbareaction between
the Lewis base chloride anion and the Lewis acidcigs of the
aluminum chloride-urea [AIGINU]" . As it was found in qualitative
experiment that ionic liquid limited dilution tolne do not exceed 20
viv% of ionic liquid and 80 v/v% of toluene. Thissa indicated the
reduction in the acidic species coordinated witheoe there by releasing
toluene in excess than the required dilution wdidia species of original
lonic liquid.
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Fig. 3.10: Ultraviolet\visible spectra of (A)1.5 aiminum chloride-1urea ionic
liquid in toluene, (B)0.1M, (C)0.4M and (D)1M cupric chloride in the (1.5
aluminum chloride-1urea) ionic liquid in toluene ard the inset of 1M cupric
chloride in ionic liquid (590 — 692) nm.

Spectroscopic investigation of above acidebesaction and cupric
chloride coordination in ionic liquid revealed smele findings in
supporting of the occurrence of such reaction gpe ©f coordination
present in ionic liquid. This can be illustrated sis®wn in [Fig. 3.10]
where different concentrations of cupric chlorideiged the decrease of
the bands of acidic species coordination to toludune to neutralization
with chloride ions reducing their concentration atitereby, band
intensities (334 nm and 474 nm). However, the bahdctahedral
coordinated copper (ll) cation remained so as atét by the presence of
its absorption at 639.5 nm [Fig. 3.10, C]. Howewewas noticed that the
toluene interaction with acidic species of ioniguid, where reduced as
indicated by the reduction of bands intensities}(8& and 474 nm) and
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particularly the obvious disappearance of the bain834 nm; while it
was again appeared and increased their intensiigs increasing the
concentration of cupric chloride. This was relat®@ new interaction of
Cu (Il) complex with thet-ring bonds producing a new coordination of
toluene and showing absorption similar to that afrmaum active

species present originally in ionic liquid.

It is known that cupric chloride gave blue aquesoisition and it has
a term symbol of Cu (l1) ion &is ¢D) with one broad absorption band
due to distorted Cu (Il) octahedral structure. @Gudqubjected to (John-
Teller) effect that any non-linear molecule withgdaerate electronic
ground state will undergo a geometrical distortibiat removes that
degeneracy, because the distortion lowers the ayveehergy of the

complex.*?

In a comparison between the behaviors of Cu (ligprathe in agqueous
solution and in aluminum chloride-urea ionic liqundtoluene [Fig. 3.12]
cupric chloride was found to give one broad ban8ll&5 nm in aqueous

and 639.5 in ionic liquid.
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Fig. 3.11: Ultraviolet\visible spectra of cupric ctoride (A) in water (B) in ionic

liquid in toluene.

This would reflect that Cu (Il) cation hadearacted in ionic liquid
with stronger ligand field than water. In additiothe molar
absorptivity in ionic liquid was found to be largéran that in water
(compare 36 with 13.3 L molcni* respectively), which indicate a less
symmetrical arrangement of the already distorte@dhsdral structure
of copper (ll) as revealed from the broad bandoitlmedia.

Although Cu (ll) cation showed different cdmation nature in
variable solvents (Table 3.2), yet in this ionmuid showed a stronger
field than any of the other solvents (639.5 nm)isTik not the normal
finding of weak ionic liquids coordination naturethvcopper or other
transition metal cation?* 20 119 and 123 hjch might be caused by the
production of complex anion a part from the origiaaion of ionic
liquid, with stronger field. This anion expectedda® produced from the

acid-base reaction of acidic species neutralizaifaonic liquid.
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Table (3.2):- The behavior of Cu (ll) ion in various solvents.

Solution of Cu Color Absorption Transition g(Lmol™ Suggested Ref.
(1IN ions bands cm?) structure
(hm)
Aqueous solution | Blue v =819.5 ’Eg— “T.g 13.3 Oh. This
+ work
[Cu(H;0)d”
Aluminum Deep v =630 ’Eg— “T.g 36 Oh. This
chloride\ureain | 9"®€" [Cu(L)g?* work
toluene
Hydrated Blue v=802.5 ’Eg—°T.g 29.8 Distorted Oh. | 122
Ammonium [Cu(IL)¢]?
Aluminum
sulfate/urea
LiCl/KCI Pale blue v= 1052 “B,g—°B.g - Distorted 120
Oh. Or Td.
’B1g— *Eg

Yellow v= 1089 ’B,— °B, 10.6 Td. two chloridd 123
Choline 2 2 X
chloride/tartaric Bi—E and one tartaratk
acid ions
Choline Blue V=766 Eg—°T.g 17.02 Oh. 119
chloride/urea [Cu(urea)]®*
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3.3.2 Cobalt Chloridein Aluminum Chloride-Urea lonic

Liquid in Toluene:

Anhydrous cobalt chloride was incrementally addedaiseries of
concentration (0.1, 0.2, 0.4, 0.5, 0.8 and 1) Mltominum chloride-urea
ionic liquid diluted with toluene. It was found ththe color of the ionic
liquid changed from dark green color to olive cobfter 3 hours of
mechanical agitation at room temperature, but wthermixture was left
to settle it separated into two layers, the firaswpper green layer liquid
and the other was olive colored precipitatee cobalt chloride behavior
in aluminum chloride-urea ionic liquid diluted witbluene differed from
that in other ionic liquids or molten salts medracholine chloride-urea
lonic liquid (0.1 M) was found to be only solublfea 72 hours at room
temperaturd'*®, and at (40-70 ° C) in Ca(NR.4H,0/CaCh M. In
acetamide/Ca(Ng».4H,0 it was soluble at (40-90 ° & In molten
salt Co (ll) ions dissolved at (447-480 ° C) in LKI| 2,

When the upper layer was examined with theawiolet-visible
spectroscopy [Fig. 3.12] at different concentradioof added cobalt
chloride it showed the disappearance of the bahde®ardinated acidic
species to toluene because of neutralization arictd ions reduced the
concentration of acidic species and thereby tharel§ intensities (334
nm and 474 nm). However, no cobalt bands were wbdem this

spectrum.
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Fig. 3.12: Ultraviolet\visible spectra of (A) aluminum chloride-ureaionic liquid
in toluene, (B) 0.5M and (C)1M cobalt chloridein ionic liquid, inset (C and B)
cobalt chloridein ionic liquid (450-520) nm.

The lower layer olive precipitate was mixed withettliyl ether in an
attempt to extract any cobalt complex produced framove reaction.
After shaking with diethyl ether and left to setttee mixture separated
into two parts. The upper layer contained diethilgee and a lower layer
contained light sky blue precipitate. The precigitavas separated and
washed with extra diethyl ether. The solid preaii@twas found to be
sensitive to air as it change color to pink indigtigeometrical changes
from blue tetrahedral into pink octahedral cobalinplex. However, the
cobalt precipitate was found qualitatively to comtarea when tested by
FTIR as it showed the major vibrational frequendascarbonyl (C=0)
and amide groups (-NM at 1643 crit and 1579 cm and also
gualitatively was tested for chloride ion with @itv nitrate solution
forming white precipitate indicating the presenteldoride ion.
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Further investigation and chemical analisiequired to identify the
cobalt complex nature and characterization, bwg thiout of the time

required for the present work.
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3.4 Sulfate containing Transition metal Compounds n

Aluminum Chloride-Urea lonic Liquid diluted with

Toluene;

Sulfate containing compounds (nickel sulfated cupric sulfate)
were added to ionic liquid composed of 46.7% (LiBsahum chloride-
lurea) and 53.3% toluene to investigate the reaadioacidic species
with sulfate anions instead of chloride ions ane toordination effect

where sulfate anions are present.

3.4.1 Nickel Sulfate in Aluminum Chloride-Urea lonic

Liquid in Toluene:

Upon addition of nickel sulfate to the ioniguid, it reacted
immediately with an exothermic nature due to wagrtime reaction tube.

Dissolution of nickel salts in other moltsalts or ionic liquid were
reported without acid-base reaction. For exampiekeh chloride was
found to be soluble in choline chloride-urea rooemperature ionic
liquid slowly and required 72 hours to dissolve pdetely (0.1M nickel
chloride)**. However, nickel sulfate required worming up to °4D to
dissolve in hydrated ammonium aluminum sulfate/uiceac liquid™??
much less concentration than nickel chloride inlickeochloride-urea
ionic liquid (compare 0.1 M with 0.02 M). In additi salt nickel chloride
in LiICI/KCI was found to be soluble at 700-1000 &6d in CsCIl melt at
864 ° CI**,

Nickel sulfate portions were incrementaltdad to ionic liquid (0.2
M,05M, 1M, 12M, 15 M, 1.8 M and 2 M), andeie additions
produced three layers which were:

1. Colorless upper layer liquid which was found to tbkiene only

when examined by ultraviolet\ visible spectroscopy.
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2.Deep green lower layer liquid, this layer was testey the
ultraviolet\visible spectroscopy [Fig. 3.13] comiaig nickel cation
and ionic liquid as will be discussed later.

3. Light green precipitate layer which was found tatein only nickel,
sulfates, chloride anion and aluminum when testeditgtively with

the absence of urea.

The amount of the upper layer described alabifers with respect to
the added amount of the nickel sulfate, as theehicklfate addition
increased the separation of toluene also increabezh clearly indicated
the Lewis acid-base reaction between the Lewis saffate anion and
the Lewis acidic cationic species [AK3IU] * of the ionic liquid.

So the reaction between nickel sulfate and #Htidic species
[AICI,.nU] * break up the interaction between toluene and malgicidic
aluminum species, and thereby the toluene was aeobias an upper
layer since its density is less than the ionicititau

Nickel sulfate addition also changed tlzek green color of the
aluminum chloride-urea (53.3% toluene) ionic ligwtich had bands at
474 nm and 334 nm in the visible and ultraviolgfioas to liquid of deep
green color [Fig. 3.13] that has bands at 644 nih 481 nm (0.2 M

nickel sulfate).
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Fig. 3.13: Ultraviolet\visible spectra of (A) alunmum chloride-urea ionic liquid
in toluene full range, (B) 0.2M nickel sulfate in he aluminum chloride-urea ionic
liquid in toluene full range and the inset (B) thenickel sulfate band in ionic
liquid (430-900) nm.

[Fig. 3.13] reveals the disappearance obthed at 334 nm when the
smallest concentration of nickel sulfate was ad{@& M), while the
band at 474 nm experienced less change. Howewwesdiution showed
the appearance of new band at 644 nm, and a third at 431 nm.

As with potassium chloride or calcium chiiej addition of nickel
sulfate also believed to reduce the interactioalofminum acidic species
with toluene because both 474 nm and 334 nm baedsced their
intensities with increasing addition of sulfatefergng to expected Lewis
acid-base reaction.

Going back to nickel cation coordinationenatction in this mixture
showed bands with low intensities when comparetth@¢callowed charge

transition between aluminum acidic species andetwu These bands
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were accepted to be at 644 nm representing ffed2l Laborate
forbidden transition of nickel octahedral coordioat complex of the
transition state ofA.g (F) to°T.g (F), while the third band was observed
at 431 nm which could be due%,g (F)— °T.g (P) transition state.

The first band of nickel transition state’afg (F) — *T,g (F) would
have a value of 905 nm when calculated from Tar&loggano diagram
[Fig. 3.14].

4,, 'T,, 3T,
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1E
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EAY T
50 3T,
£ 40 3T
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3p E,
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3F
0 A,,
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Fig. 3.14:- Tanabe-Sugano diagram for Yoctahedral ion configuration.

The small and close molar absorptivity value of ltla@ds of nickel
(I1) cation either in aluminum chloride-urea ioniquid in toluene or
water [Table (3.3)] revealed the symmetrical cowmation of ligands
around the nickel cation as it is reported that Wiadue ofe in Oh
geometry has a value ranged from 10 to 100 L™mai'[R]. The
octahedral coordination of nickel (I) in this i@niquid was found to be
similar to those obtained in different ionic liquiget showing different
band energies. For example, it showed bands atr{#l®69-746 nm and
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1050 nm) in choline chloride/urea room temperatiogic liquid**
while in acetamide/KN@it showed bands at 431 nm, 800 nm and 1333
nm, but at 429 nm, 793 nm and 1234 nm in butyrafidRO;.1*%°!
These differences reflect the variable strengththefse ionic liquid

anionic species coordinated to nickel cation.

Table (3.3):- The electronic spectroscopic behaviaf Ni (Il) ion in various

ionic liquids and molten salt ionic liquids and sugested structure.

Solutions of Absorption Color B' (cm” | ¢(Lmo | Cal. | Suggested Ref.
Ni (1) ion Bands (nm) D) It b structure
cm?)
Aqueous V1ca= 1075 green 775.03 0.75 | Oh. This
Solution v,= 658 gé [Ni(H,0)?* Work
V3= 395.5
(Aluminum V1ca,= 905 Deep 356.25 36 0.346| Oh. distorted | This
Chloride v, = 644 green 33 INi(IL) 2" Work
-urea) in toluene vy =431 42 e
LiIC\KCI v=1250 - - - - Distorted 120
v=704.2 tetrahedral
1=653.6
CsClI v= 1333 - - - - Tetrahedral 120
v=714.2
v= 637
Butyramide/NaNO; | v=1234 - - - - Octahedral 126
V=793
v=429
Acetamide/KNO; v=1333 - - - - Octahedral 126
1v=800
v=431
Choline v= 1050 - - - - Oh. 119
chioride/urea v=(669-746) [Ni(urea)Cly]
v=410
NH4AI(SO,)2.12H,0 | vycq= 1198 Pale 884.6 0.85 Oh. 122
/urea reen 7 .
v,= 670.5 9 145 IN(IL) &2
vg= 401.5
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3.4.2 Cupric Sulfate in Aluminum Chloride-Urea lonic

Liquid in Toluene:

The reaction of anhydrous copper sulfate whi# ionic liquid was
found to be exothermic as it was noticed, as withei sulfate, from the
warm reaction tube. The reactions were left forhanr to complete its
reaction which cooled to room temperature chantiegdark green color
lonic liquid to deep green liquid. This reactionafpric sulfate was not
observed in other ionic liquids probably due to #iesence of similar
species present in aluminum chloride-urea ionigidiq

As Cu (Il) salts were found to be soluble imaaiety of ionic liquids
and molten salts, for example; copper chloride sasble after 72 hours
in choline chloride-urea ionic liquid™® and in LICI\KCI copper (I1) ion
was soluble at 400 ° €%%. While copper sulfate pentahydrate was found
not to be easily soluble in hydrated ammonium ahwm sulfate-urea
lonic liquid at room temperature until the temparatwas raised to 40 °
C when 0.05 M of copper sulfate was soluble afeenminutes producing
clear blue solutioff?.

As with nickel sulfate (see section 3.4.1jpric sulfate was added in
incremental concentrations of (0.2, 0.5, 1, 1.2, 1.8 and 2) M and these
additions were also found to separate the mixtote three layers which
were:

1. Colorless upper layer liquid that found to be tokevhen examined
by ultraviolet\ visible spectroscopy [Fig. 3.5].

2.Deep green lower layer liquid tested by the ulwbetlvisible
spectroscopy [Fig. 3.14].
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3.Light green precipitate layer which was found tontean only
copper, sulfates, chloride anion and aluminum whested

gualitatively with the absence of urea.

As the cupric sulfate addition increasedgéearation of toluene was
noticed to be increased which indicated a Lewidd-aeise reaction
between the Lewis base cupric sulfate and the Leawidic species
[AICI,.nU] " of the ionic liquid. So the interaction betweea tulfate and
the [AICL,.nU] * was suggested to be stronger than that betweeen®!
and the acidic species [AIKhU] * and thus the toluene was separated
and floated as an upper layer due to density @iffees in comparison
with ionic liquid.

The electronic spectroscopic comparison .[Ad.4] between the
behavior of aluminum chloride-urea ionic liquid tmluene alone and in
presence of added cupric sulfate, it was obserhatl an immediate
disappearance of the band at 334 nm along witlsritelest added cupric
sulfate concentration (0.2 M) while the band at 44 was decreased
along with the continuous addition of cupric swdfatiowever; new bands
at 898 nm, at 820.5 nm, at 718.5 nm and at 675 ene @ppeared in the
visible region but with much lower absorbance than 334 nm and 474
nm bands (noticed clearly when the chart was maghids shown in
[Fig. 3.14]. These new bands might be relateddgeametrically distorted
octahedral of copper (II) complex. The interactafrihe ligands caused a
large separation of d-orbitals which resulted iseparated four dzx or
dzy orbitals to dzand dx-y* and from dxy to dky®and dZ as illustrated
in [Fig. 3.16].
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Fig. 3.15: Ultraviolet\visible spectra of (A) 1.5M cupric sulfatein the (aluminum
chloride-urea) ionic liquid in toluene (614-902) nm, (B) inset: aluminum
chloride-ureaionicliquid in toluene and cupric sulfatein theionic liquid (full
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Fig. 3.16: Energy level diagram expected for distorted copper (11) resulted from
copper sulfatein ionic liquid diluted with toluene 3@,

In a comparison between the behavior of Cu (lIfatelin aqueous
solution and in aluminum chloride-urea ionic liqurd toluene, a 0.2M
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aqueous solution of cupric chloride gave one brbadd centered its
maximum at 797.5 nm which represent a tetragomattstre of copper
complex but with less separation of d-orbitalsamparison with those in
lonic liquid as it appeared only in one broad band.

In comparison of the observation in presemrkwwith reported
finding of the behavior of cupper (Il) cation [TalB.6] it was found that
it had different coordination in different types iohic liquid as Cu (Il)
lon had electronic transition band reported to @89 nm) assigned to
a tetrahedral geometig choline chloride/tartaric acid ionic liquiéf?,
and at (1052 nm) assigned to form distorted octathenr tetrahedral
coordination in LiCI/KCI molten salt ionic liquit®.

But in choline chloride/urea copper cation showdxhad at (766 nm)
which assigned to octahedral coordinatfdfl. Non electronic transition
band was reported to separate as those obtainettheinaluminum

chloride-urea ionic liquid in toluene.
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Table (3.4):- The electronic spectroscopic behavior of Cu (I1) ion in variousionic
liquids and molten salt ionic liquids.

Solution of Cu Color Absorption Transition g(Lmol™ Suggested Ref.
(1) ions bands cm?) structure
Aqueous solution blue v=797.5nm | *Eg— T.g 10.8 Oh. This
[CutO)* | "
Aluminum Deep v; =898 nm ’Eg—°Ag 14.9 Oh. distorted This
: : green v,=820.5 nm | *Eg—?B,g 13.7 2+ work
chloride\ureain v3=718.5 nm | 2B,g—?A.g 13.2 [Cu(IL)¢)
toluene v, =675 nm ’B,g—’B1g 12.97
AICI3- 1,methyl - v= 234139 crit | ’B,— B, - Tetrahedral 128
3ethylimidazolium v=24570cm™ | *B;— ’E CuCl4?"
chloride
LiCI/KCI Pale blue v=1052 nm | °B,g—°B.g - Distorted 120
zBlg_’ zEg Oh. Or Td.
Choline Yellow v=1089 nm | °B,— B, 10.6 Td. two chloridg 123
chlorideftartaric ’B,— E and one tartratg
acid
ions
Choline Blue V=766 Nm ’Eg—°T,g 17.02 Oh. 119
chloride/urea [Cu(urea)]?*

A general comparison can be drawn from thlealsior of different

type of metal salts used to neutralize the acigeces of ionic liquid.

This can be referred to the chloride salts, aslialketal potassium

chloride and alkali earth metal chloride calciuntocidle were straighter

forward in their Lewis acid-base titration of theidaic species of ionic

liquid. Both showed a 75 mole % neutralizationled briginal aluminum

chloride in the (1.5:1) mole ionic liquid with ure#et as they showed

two reactions of the neutralization Fig. 3.9, tlety differ in the first

reaction and assumed to be caused by the doubtgecbé alkali metal

cation. Their spectroscopic bands behave, howesieowed similar

trends.
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Transition metal chlorides (cobalt and cupe®th showed similar
acid-base reaction with ionic liquid acid specis,irdicated by similar
reduction in the intensities of the bands of thas&lic species with
toluene indicating the concentration of metal ddes. However, the
coordination of cooper showed one broad band whilease of copper
sulfate showed four bands. This was related tostheng field of the
anionic ligands coordinated to copper cation sdpdris d-orbitals more
obviously than the tetragonal John-Teller effectthe copper chloride
case.

Cobalt showed a different behavior than evmhloride as it reacted
with the anionic species to form a tetrahedral dempthat was
precipitated and the ligand showed no bands fomaltolbhis complex
showed the presence of urea, aluminum and chlaidge

Nickel sulfate when used for neutralizatmithe acidic species of
lonic liquid did not show a major differences, ke tndicator bands 334
nm and 474 nm were also decreased with increasengalt addition. The
coordination of nickel cations were of octahedrabmetry similar to
lonic liquids but with stronger field effect in agment with that found
with cooper sulfate.
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Conclusion:

Lewis acid-base reaction was found to be possible to estimate
the concentration of the active species of aluminum chloride-urea type
ionic liquid. This was found possible by reacting the ionic liquid with
Lewis basic species such as chlorides or sulfates. The reaction was also
found to be easily followed if aromatic organic diluent was used such as
toluene or benzene. These two organic diluent interacted with the acidic
species via its ring-n bonds forming a coordinated bond to the acidic
species thereby induced a new electronic bonds to emerge at the
ultraviolet and at visible region.

However simple metal chloride (potassum chloride or calcium
chloride) reacted directly without further complication than the transition
metal chloride (cobalt and copper chlorides). The reaction of the first two
chlorides indicated a 75 mole % of the initial aluminum chloride used in
the preparation of 1.5:1 mole ratio of aluminum chloride urea. Transition
metal salts (chlorides or sulfates) also reacted as Lewis acid-base reaction
with similar effect on the newly formed ultraviolet/visible bands at 334
nm and 474 nm, but transition metal cations showed different behaviors.
Cobalt formed tetrahedral insoluble complex inionic liquid while copper
formed soluble octahedral complex. Sulfate anions showed stronger
ligand field on both nickel and copper cation than the chloride on the

copper cation geometries.



FutureWork:

1. Separation of the resulted complexes.

2. ldentification of the complexes produced in situ by different
anaytical methods.

3. Applying further methods to study the reaction processes, such as
NMR, Mass spectroscopy, Atomic Absorption, etc.

4. Investigating different transition metal salts with stronger field to
investigate the possibility of preparation of new complexes such as
acetates.
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INVESTIGATION IN SOME
GROUP THREE METAL
COMPOUND IONIC
LIQUIDS



General Concept of ionic liquid

Most chemical reactions have been carried out in molecubents recently,
however, a new class of solvents have emerged called liquids that are
highly solvating ,non-coordinating medium in which a véarief organic and
Inorganic solutes are able to dissolve .

They have many, fascinating properties which make them pfldmental
Interest to all chemists. As they are made up of at least tvmgpomentgcation

and anion)which can be varied ,these solvents can be designed withiayar

end use in mind , or to possess a particular set of propehtes;e ionic liquids
are called DESIGNIEHR SOLVENTS”.

Classical organic solvents are bound in their applicatigrely. their boiling
point; ionic liquids do not encounter this problem sinceirth@por pressure is
negligible under most reaction conditions used.

Their potential as green solvents due to lack of volatilitiraewted a lot of
Interests as they have been successfully employed in \sag@ohnical processes.



» The first room-temperature ionic liquid ethyl ammoniunrate [EtNH,] [NO ]
(m.pt. 12 °C) was discovered in 1914, the next ionic liquicsypaesented in a
patent in 1934 which claimed that certain organic salt hdwe dbility to
dissolve cellulose and alter its reactivity, this ioniculid was followed by
chloroaluminate base ionic liquids, but interest did novedep until the
discovery of binary ionic liquids made from mixturesafiminum (Il1) chloride

anc N-alkyl pyridinium chloride or 1, 3-dialkylimidazoliurnr chloride.

> [EtNH;][NO,] is a simple salt whereas mixtures of aluminum(lil) chleriand
1,3-dialkylimidazolium chlorides (a binary ionic liquidystem) contain several
different ionic species, their melting point and propertiepend upon the mole
fractions of the aluminum(lll) chloride and 1,3-dialkylidazolium chloride

present.



Characterization of lonic Liquid:

Very low vapor pressure (do not evaporate at room temperature).
Non-flammable.

Dissolves many organic and inorganic materials.

Highly polar.

Liquid window of up tc400°C .

Excellent thermal stability up td50 °C

Have moderate to poor conductivity.

Large electrochemical window

vV V.V V VYV V VYV V VY

Useful in many classes of chemical reactions, such as catalytic
reactions, Friedel-Crafts reactions and gas purification.



Synthesis of lonic Liguids:

There are many ways to prepare different types of ionic dicquich as:

1- Metathesis reactionsare good candidates for those preparing new ionic liquids
for the first time. However, they can leave the ionic liquatsitaminated with a
small amount of halide ions that may react with solute makeri

[EMIM]I + Ag[BF ,] — [EMIM][BF ,] +Ag |

2- Acid-base neutralization reaction: tetraalkylammonium sulfonates have been
prepared by mixing equimolar amounts of the sulfonic acidd ahe
tetraalkylammonium hydroxide, the excess water was rechoveacuum.

Solfonic acid + [R,N] [OH] — [R,N] [RSO,] + H,0O



3- Direct combination of salts: direct combination of a halide salt with a metal
halide, such as:

AICI .+ [EMIM]CI — [EMIM] * + AICI,



The Aluminum Chloride-Based lonic Liguid:

» Chloroaluminate ionic liquids are one of the most widelydstd topics in the
present. They were initially of interest for the reductidnatuminum for both
battery and plating applications.

» In an attempt to find cheaper and easier way to electroplaieniaum,
alkylpyridinium chloroaluminat ionic liquid was producec bul the
alkylpyridinium cation was easy to be reduced and sipegyl methyl
imidazolium] [AICI,] was preferred.

» Eutectics between AICI3 and quaternary ammonium salts stedked and they
were found to contain complex anions suchA&sl,” andAl,Cl.-. Then complex
anions were replaced by discrete, closed-shell anions asét,, PR, and

(CKSO,),N-".



» By varying the molar ratio of the organic salt to AlCbasic, neutral and
acidic melts can be formed. System with a molar ratio of ARCI less than 1
IS basic, consist oR*, CI- and AICI; ions, a molar ratio of AICERCI greater
than 1 is acidic, which contairi$", Al,Cl,- and AICI, ions.

» The liquid of AICl;:amide only forms in the compositional rangjd. < amide:
AICI; < 1:2. Outside these limits a suspension of either Al@ amide forms
In the liquid. This liquid was concluder to product [AICI ,.nU]* anc AICI ;.

» The size of theZ’Al NMR spectroscopy peak that correspondsAi€l - was
found to increase upon the addition BfgCl, while the [AICI,.nU]* peaks
decreased indicating the reaction of the added chloridemitim the cationic
part as its peak decreased and produtiligj , as its peak increased.



» In this work the organic solvent was added to the aluminunoraié in
reaction tube followed by urea and the final ionic liquid ase of toluene was
composed of46.7 v/v%(1.5 AICI;: 1urea) +53.3 v/v% tolueng of (80 v/v%
(2AICI3:1Urea) and20 v/v% benzeng in case of benzene and of( v/v%
(1.6AICl;:1Urea) andB0 v/v% n-hexangin case of hexane.

» Potassiumand calcium chloridewere added (to determine the active species
concentration) to the liquid prepared in toluene in a seaégercentage
addition: thal calculater on the basi: of the original aluminurn chloride usecin
the preparation of the ionic liquid and were left for 2 houfstirring at room
temperature.

> A series of different concentrations of solichnsition metacompounds were
added to the liquid prepared in toluene at room temperatuolengre left for 1
hour in case of Nif and Cy* sulfates, and 20 min. for the highest
concentration of copper chloride and 3 hours in case of tchédride.



Preparation of Aluminum Chloride -Urea lonic
Liquid in Toluene:

» When ionic liquid was prepared in toluene, the colathe mixture was turned
Immediately to dark green and the UV. Visible spestopy of this mixture
showed the toluene bands with increased absonptiensities and two
additional bands ¢334nmand474nm Fig. 1.

» The latter two bands were related to an interaaifdrewis acidic species of
the ionic liquid[AICI ,.nU] * with the ringr-bond electronsf toluene causing
the charge transfer between toluene and metalniaspecies.



Fig. 1:- The ultraviolet\visible spectra of (A) toluene and BB} (1 A&IGurea)
lonic liquid in toluene.




Preparation of Aluminum Chloride -Urea lonic
Liquid In Benzene:

» The color of the prepared ionic liquid in benzene showed g ded color
which showed by UV. Visible spectroscopy the presence otz&ea bands and

the appearance of two new bands similar to those obtaineduarte but aB20
nmand420 nmFig. 2.

» The new bands were also related to the interaction of the semdec cationic
species of the ionic liquidAICI ,.nUrea]" with the n-ring electrons of benzene
ring in a similar mechanism of the interaction with toluene.



Fig. 2:- The ultraviolet\visible spectra of (A) benzene andgBalalumumam
chloride-urea ionic liquid in benzene.




Preparation of Aluminum Chloride -Urea lonic
Liquid in n -Hexane:

» Hexane was found to form a protectivelorlessupper layer and the lower layer
of deep orangeolor contained the ionic liquid.

» This color can be related to reaction of ionic liquid with ssmnknown
iImpurities eithel preser in n-hexan: or resultec from decompositio of some
lonic liquid due tohot spot formationwhich could not be avoided by heat
diffusion in n-hexane.

» The reason for not mixing ionic liquid with hexane would béated to the
absence of lone pain the organic solvent that would interact with the acidic
species present in the ionic liquid.



Determination of The Active Acidic Species:

» When incremental portions of chloride were added to thecibquid in toluene,
it showed:

s Colorlesaupper layer (toluene).

*» Light greenlower layer in case of calcium and in addition to the
two layers a third precipitate layer was produced and fountde
uree by FTIR in cast of potassiur.

» UV. Visible spectroscopy showed in Fig.3 and 4 :
*» Decreased intensity of toluene bands.
* The band aB34 nmwas sharply decreased from the first addition.
% The band ai74 nmalso decreased.

» Then both bands continued to decrease along with additionig they
disappeared completely at tfie mole%addition.



Fig. 3: Ultraviolet\visitle specia of (A) 1.8KCL1urea ionic liquid in toluene, (B) 12.5
mole %, (C) 14.3moEe8o(DDYS mole % of calcium chioridie adiditions.




Fig. 4: Ulraviolet\visitike spectiia of (A) 1.8A/0(3:1urea in toluene, (B) 12.5w0ieléd{(G)
14 . 3nmotdeXes (D VS molie % off potassium chilondie adiditions.




» Calcium and potassium chloride provided the medium with isévasic chloride
anion which reacted with active Lewis acidic spedie<’l ,.nU] * present in the
lonic liquid and thought to produce ionic species\df|,,~ andurea

» Thus it can be said that the concentration of the active acaiionic species of
aluminum chloride-amide ionic liquids was arourna mole%oof the initial AlCI,
used in the preparation af5:1 mole ratio of AICI: Ureaionic liquid.



Cupric Chloride in Aluminum Chloride -Urea
lonic Liguid in Toluene:

» Copper chloridereaction with ionic liquid in toluene was ammmediate
exothermicand faster than that of calcium and potassium chloride. ‘©hdisn
was of deep green color.

» The UV. Visible spectroscofr showe(the Cu (Il) absorptiol banc in the visible
region, indicating octahedral geometry Fig. 5.

» A new interactionof Cu (1) complex with ther-ring bonds producing a new
coordination of toluene and showing absorption similarHat tof aluminum
active species present originally in ionic liquid.



Fig. 5: Uliraviolet\visitle speciia af (A) 1. skiommoomckldoddelurea ionic liquid in toluene,
(B)0. 1), (@D . 4% aamati (MM cupriic chiloride im the (1. Salumimumatiitorce 1urea) ionic
liquid in toluene and the inset of Mvtappicccbldoddam iomic liquid (30D —622%) mmn.




Table (1):- The behavior of Cu (ll) ion in various solvents.

Solution of Cu Color Absorption Transition ¢ (Lmol-! Suggested
(1) ion bands (nm) cml) structure

Agqueous Blue v =819.5 ’Eg— °T,0 13. :

solution [Cu(H,0)¢]%"

Aluminum Deep green v =630 ’Eg— °T,g 36 Oh.

chloride\urea [Cu(IL)¢]?*

in toluene

Hydrated Blue v=802.5 ’Eg—2T,9 29.8 Distorted Oh.

Ammonium [Cu(IL)g]?*

Aluminum

sulfate/urea

LiICI/KCI Pale blue  v=1052 ’B,g—?B,g - Distorted Oh.

’B,g— °Eg or Td.

Choline Yellow v= 1089 ’B,— 2B, 10.6 Td. two

chloride/ ’B,— %E chloride and

tartaric acid one tartarate
lons

Choline Blue v= 766 ’Eg—2T,9 17.02 Oh.

chloride/urea [Cu(urea}]?*



Cobalt Chloride in Aluminum Chloride -Urea
lonic Liguid in Toluene:

» The ionic liguid color changed fromark greercolor toolive colorafter 3 hours of
mechanical agitation at room temperature, and when theuneixtas left to settle
two layers emergedreen liquidlayer andolive colored precipitatéayer.

» The UV. Visible spectroscopy showed in Fig. 6:

*» Disappearance of the bands of coordinated acidic speciesiuene
due to neutralization with chloride ions.

** No cobalt bands were observed in the spectrum.

» After extraction with diethyl ether the olive colored prgitate turned toight sky
blue color and was found to be sensitive to air as it change colpirk indicting
geometrical changes fromlue tetrahedrainto pink octahedralcobalt complex,
and it was found to contain chloride ion and urea.



Fig. 6: Ultraviolet\visible spectiia of (A) @lumimum chlondie unessaiomocligud in toluene,
(B) 0.9Waartd((©)1LM colballt chiloride im iomic liquid, inset (C and B) cotbaltciloridie im
jonic liquid (450-52Q) mm.




Nickel Sulfate in Aluminum Chloride-Urea lonic
Liquid in Toluene:

» Nickel sulfatereaction with the ionic liquid was of an exothermic naturad a
produced three layers:

% Uppercolorlesdayer (toluene).

% Deep greerower liquid layer.

* Light green precipitatdayer contain (nickel, sulfate, chloride, and
aluminun ions’ with the absenc of uresc.

» The UV. Visible spectroscopy showed in Fig. 7:
*» Disappearance of the band3i4 nm
% The band ati74 nmremained unchanged.

“ A new bands appeared 481 nm 644 nmand 905 nmwhich were
related to thevctahedrageometry.



Fig. 7: Ulhraviclketvisibe specta of (A) alumimum chilonde uresaicancliogud in toluene full
range, (B) 0.2Miukkéksiftitddanrtieecalommoomcoldoddaurea iomic liquid in toluene full
range and the inset (B) the nickel sulfate band in ionikquid (430Q-2QQ) mmn.




Table (2):- The electronic spectroscopic behavior of Ni i) lprominasaoios iaomcligudis
and molten salt ionic liquids and suggested structure.

Solutions of Absorption Suggested
Ni (1) ion Bands (nm) : structure

Aqueous Vicq= 1075  Green 775.03 0.75 Oh.

Solution v,= 658 31 [Ni(H,0)q]2*
V= 395.5 85

(Aluminum V1cq = 908 Deerf  35€.25 36 0.34¢ Oh. distorte

Chloride v, = 644 Green 33 [Ni(IL) £]%*

-urea) in vy =431 42

toluene

LICNKCI v=1250 - - - - Distorted
v=704.2 tetrahedral
V=653.6

CsCl v= 1333 - - - - Tetrahedral
v=714.2
v= 637

—————————————————



Acetamide/
KNO,

Choline
chloride/
urea

NH,AI(SO,),
12H,0/
urea

v=1333 -
v=800
v=431

v=1050 - - - -
v=(669-

746)

v=410

V1cal= Pale 884.6 0.85
1198 green 7

v,= 670.5 14.5

vy= 401.5

Octahedral

Oh.
[Ni(urea),Cl,]

Oh.
[Ni(IL) 2"



Cupric Sulfate in Aluminum Chloride -Urea lonic
Liquid in Toluene:

» The reaction with the ionic liquid was exothermic and pragtlithree layers:

*» Uppercolorlessoluene layer.
% Deep greerower liquid layer.

* Light green precipitatdayer which was found to contain (copper,
sulfate, chloride, and aluminum ions) with the absence eaur

» The UV. Visible spectroscog showetin Fig. 8 :
* Immediate disappearance of the band&t nm

* Decrease of the band 474 nmalong with the continuous addition of
cupric sulfate.

“* New bands were appeared&i8 nm at 820.5 nm at 718.5 nmand
675 Nnm

» The new four bands might be related to a geometrically destiooctahedral of
copper (Il) complex.



Fig. 8: Uliraviolet\visitke speciia of (A) 1.9 oppocsliftdenriiibgdhimmum chlonde-
urea) ionic liquid in toluene &14-302) mmn, () imsett: @lumimuwm chilondewes iomic guiid
in toluene and cupric sulfate in the ionic liquid (fullrange).

r




Table (3):- The electronic spectroscopic behavior of Cul{lipbiominaravicsiamcligudis
and molten salt ionic liquids.

Solution of Cu (Il) Absorption Transition Suggested
lons bands (nm) F structure
Aqueous solution Blue v=797.5 ’Eg— °T,g 10.8 Oh.
[Cu(H,0)q]**
Aluminum Deep v,=898 ’Eg—2A g 14.9 Oh. distorted
chloride\urea in green v,=820.5 ’Eg—2B,g 13.7 [Cu(IL)g)?*
toluene v;=718.5 ’B,g—?A,g 13.2
v, =67E ’B,g—?B,g  12.97
AICI3- 1,methyl - v=34139(cm 2B,— ?B, - Tetrahedral
3ethylimidazolium o) ’B,— °E CuCl42-
chloride v=24570 (cm
Y
LiCI/KCI Pale  v=1052 ’B,g—?B,g - Distorted Oh. Or
blue ’B,0— Eg Td.
Choline Yellow v=1089 ’B,— °B, 10.6 Td. two chloride
chloride/tartaric ’B,— °E and one tartrate

acid ions

e —————————————————————————






-duadAl)

el a3 8 naail ) sl 5 gatalWl 2 ) 6S e G sSEall (S 0¥ Jiluall Al jo s
ao s Bacliy ks Jeld daglial Sl i) (358 kall Jalail) alasciuly dlledl)
oY) Bl 833 ga gall Aus gal) o galalV) o) Ja) n ALl B pal i ¢S5 4 ) 6ISD G 5l
4 all Adlaiall (8 Baaa o da o oS5 Gl dai g o 3l sl O sl ill Ale g )Y ABLAY (g
Apsadil) 348l

ypasd @lly G5k e Ay baaall o el sda Clid) gl saeliy Gaela Jeli ¢ b
258 e %Y Adsall L culS 5 (V) Bl 8 Adledll dsgall o) 3a¥) 358
) asiad¥l 268 e Jse 1,0 Aty V) Qi juiaad d axdiid) sl s sialY)
O Jse) O OIS delall gl i) o (dsall sl BB e jedas Losdl e dse )
iliaall 2y 51U gl e Jse Y (S s¥) Jll] Aladl) daa sl ¢ 32 Y)

(Ni « Co (I1) «Cu (I1)) ZdEEY) juabiall (any LS o il gl sl Al 50
Alladll Zpcaalall ol 3aY) G Gusl 320l 5 (mdla Jeli asas SV il 3 (1])
Jolail) alaaiady (il ) SISN 5 iy ) Adlaall o sall e gac @l ¢ jally s JiLull
Aagi Bas) 5 A ja edal sl (Bl (elail) oy ) SIS Adlizal 8 5l il (558 audall
Can lail) 25 5 e Tilisa 1S ghu jedal il oI 3y ) SIS Ll = slanidl L oauigl) S0
B S A 7 shandl el JKE 13 Tt U e 501 Jilall A0dl ) 301 g Jelis 4l
s Lol sy sedal dbeall 138 g by S o s (o) jeday b il Lol ) JS S5
058 5 o spiadYI Sl

ponll O dua 6 S & juad eday Al LS sl S ) Ll JSal) ey pS ddlal die
Sl & ) Bl 5 bl Alizal 504 ) pe i) 8 jiagili £VE 5 jiagli PV 3 AL
e iy (81 AN Al Jilgae (B eda (o) N Al 2 shaual) Al JS 03 (S
osaill sy S S dilial 8 ek LS (5 58

OS5 Al g ada @l dsa s edal aladll Bulin (8 uladl) ¢l p< ALl Alls b L)
Jad A ) Lae ulaill sl ae Adubiiall Al SIS gl Jlaally ddagi ye

ol ay ) K dsla) Al 8 John-Teller Ll (e s gua g i1 (S -l )




Gl Al Ay ggerr

ol Codly JWl el 8y
aghall &S [ ) Amaler
$LorSIl gud

Sl & iJEiY! ol Ol R Lo Al

Il

bé! PR V-7 :\3\...0)
) el —aglall &S
e LaS se gerle doryd | Oldlase e o5 ol

& o
J-Jc’\.é Ao 89 40

() el Y oY 0 gyl
31,40

355 (M oz (S3la Sl




CHAPTER ONE

INTRODUCTION



CHAPTER TWO

EXPERIMENTAL
PATR



CHAPTER THREE

RESULTSAND
DISCUSSION



REFERANCES



	Microsoft Word - _1_ Face, cometees, and aknoledgment.pdf
	Microsoft Word - _2_ الاهداء.pdf
	Microsoft Word - _3_ Abstract.pdf
	Microsoft Word - _4_ Contents.pdf
	Microsoft Word - _5_ Chapter one -التعديل الاخير.pdf
	Microsoft Word - _6_ Experimental part - التعديل الاخير.pdf
	Microsoft Word - _7_Solvents.pdf
	Microsoft Word - _8_ CaCl2 and Kcl addition.pdf
	Microsoft Word - _9_ CuCl2 additions.pdf
	Microsoft Word - _10_ CoCl2 addition.pdf
	Microsoft Word - _11_NiSO4 additions.pdf
	Microsoft Word - _12_CuSO4 additions.pdf
	Microsoft Word - _13_ conclusion and future work.pdf
	Microsoft Word - _14_ referances-final.pdf
	Microsoft PowerPoint - The presentation [Read-Only].pdf
	Microsoft Word - الخلاصة بالعربي.pdf
	Microsoft Word - الواجهة بالعربي.pdf
	Microsoft Word - فواصل.pdf



