Appendix

Appendix:

A.1 Determination of spectra:

The samples were prepared as described in se@i@B). At elevated
temperature, the heated solution was packed inqtlzetz cell and was
quickly transferred to the instrumental apartmentl ahe spectra were
recorded while the solution still hot. The variaticn temperature was
recorded before and after the measurement and vbage value was
considered. Normally the variation in temperatuzear exceeded .

A.1.1 Orgel diagrams:

Orgel diagrams are useful qualified meanssfoowing the numbeof

spin-allowed absorption bands expected, and tlsgmmetry state
designations, for Td and weak fieldoh - complexesd® not included). The
two diagrams one fat" * ® °Figure (A-1) the other foi> > " ®Figure (A-2)
pack a lot of information in very little space. Netheless, there are three
major limitations to using Orgel diagrams:

They are restricted to weak field/high spin comd# and offer no
information ford" > ® " strong fields/ low spin cases. They only show
symmetry states of same highest spin multiplicitiiey are qualitative;

energy values cannot be obtained /calculated fremt ®° *?
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A.1.2. Tanabe-Sugano diagrams:

Appear much more "busy" than Orgel diagramsabse they contain all
terms arising from a configuration, not just terra§ highest spin-
multiplicity. Appear different than Orgel diagrarbgcause they use the
ground symmetry state as a straight-line horizobtde, whereas Orgel
diagrams place the parent term in a central logatiod direct ground
symmetry states below it. Appear "split" f, d ®, d ®, d ’, cases because
both low and high spin symmetry states are includshsequently, these
diagrams appear to be discontinuous - having twis pseparated by a
vertical line. The left part pertains to the wealdd /high spin condition
and the right to strong field/ low spin.

First note whyd ! and d ° cases have no T-S diagrams. A term
description for an atom/ion is more informative rthats electron
configuration because terms account for e-e repulenergies. However
there is no e-e repulsion for one "d" electrontsadt configuration gives
rise to a single terniD. In Oh and Td ligand fields this single term igitsp
into T,g, Eg, or E, T, symmetry states respectively. Only one absorption
band is expected and energy of the observed baed theA, or Aty value

directly. No calculations are necessary, so nodiagram ford * (andd®).
(85,42)
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A.2 Equations:

The equations that have been used in thendieiaion of spectra of

each complex were different from metal to anothecoading to the

splitting of terms for d configurations as shown in Figure (A-3) and in

Table (A-1).
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Figure (A-3): Splitting of terms for d" configurations in to (a) and (b).

Table (A-1): Splitting of terms for d" configuration. ¢

Configuration of
free-ion

Ground state
of free-ion

Energy leve
diagram

Predicted in Figure
(A-3)

F

Inverted (b)

v1=10 Dq
V2=18Dq-X
v3=12DQg+15B +x

(b)

V1=8Dq
v,=18Dq
va=6Dq+15B"

Inverted (b)

v1=10 Dq
V2=18Dq-X
v3=12DQg+15B +x

Inverted (a)

v1=10Dq

ay
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Also to measure the tendency of metal io form a complex

Jorgenson rule have been used, ghfactors provide an estimate of the

value of 10Dq for an octahedral complex when comtiwith thef value

for the appropriate ligands?

lODq + ligand X G ion

Table (A-2):- Values ofg and f factors for metal ions and various ligands

Transition metal Value of g Various Valueof f
ion factor ligands factor
Cr(111) 17.4 Cl 0.78
Co(ll) 9.00 tartaric acid 1.14 (this work)
Ni(Il) 8.7 H,O 1
Cu(ll) 12.5

In units of k (k=1000 cm™).

If all three transitions are observed, it Mraple matter to assign a value

to B', since the following equation must hold; {8in cni® units).

158‘:V3+ V2—3 Vi

The nephelauxetic ratjis given by:

f=B'/B.

Where ‘B’ is Racah parameter.

q¢
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A.3 Example of calculations:

Consider an example application of a Taribgano diagram for’d
case. The absorption spectrum of &@plution is shown below in Table
(A-3). For example, the mathematical calculation splectra, Cr@ in
choline chloride/tartaric acid room temperaturaddiguid.

Table (A-3):- Peak position of Chromium (lll) ionsin room temperature ionic
liquid of Choline chloride/tartaric acid.

lon [ viem® | v, em* | Lem®* | W w | v/, | AB Ref.

Cr®| 17605 | 23419 ? 1.33 | 0.752 | 32 | This work

Two bands are observed within the rang@medsurement. They have
maxima at 17605 and 23419 ¢mthese are spin- allowed laporte-
forbidden d-d transfers. Chromium is in the +3 afion state, so this is a
d® system. Reference to Orgel diagram Figure (4-®rins that three
bands are expected and they can be assigned as:
vi= ‘A (F) — *Tog (F)
vo=*Ag(F) - *Tig(F)
vs="Ag (F) — ‘Tg(P)
A° is taken to equal the absorption energy of 17685, @nd the intersect
on the x-axis of Tanabe-Sugano diagram eq\f#B. and by drawing a
vertical line from this point it will intersect Witother allowing electronic
state of Tanabe-Sugano diagram for d
There are several goals sought in analyzing spesiray Tanabe-Sugano
diagram:

1- To make correct band assignments. The two bands\aascould be
the first and second, or the second and third.rfldssignment cannot

be made by inspection.

q0
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2- To determine the magnitude of the ligand field tbplj parameter,
A°

3- To determine the magnitude of the e-e repulsioamater (called a
Racah B parameter).

Assumes bands are the first and second (so third isanot observed).

Compare the two results. Tanabe-Sugano diagramsgnatréess graphs

showing energy ratios. The abscissa shows valueshéo ratio A°/B

(i.e., ligand field splitting parameter / e-e repah parameter).

Step (1): the calculated ratio of experimental bandrgy is: E\y), E
(v1),

A/B intersection witiT.g at (E/B) = 32
A/B intersection witi'T,g at (E/B) = 42.53
B viav,=17605 cri1/32.00 = 550 cm.
B viav, =23419 crit /42.53 = 550.6 cih
Then B = 550.3 cih
Brree-ion =918 cnit,

To determine thes; A/B intersection with'T,g (P) at (E/B) = 86.47
v3= 86.47x 550 cm

= 37702.7 ci

=265.23 nm

And by using the equations of splitting of term trin Table (A-2), we
can determine the B arfdas following:
v;=10 Dq.

17605 crii= 10 Dq

Dq = 1760.5 cih

a1
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v,=18Dg-X
23419 cm = 18(1760.5 cm) — x
X = 8270 c.

v3=12DQg+15B +x
37702.7 chh= 12 (1760.5 cif) +15B + 8270cmi
15B = 8306 ch
B> = 553.7 cth

Or we can use the following equation to determiveeB’
15B =vg+ v,-3 v,
15B°=37702.7 cih+ 23419crit-3(17605 crit)
B*=553.7 cm

To determine the nephelauxetic ratio
p=B/B, then p=553.7 cri/918 cni
p=0.6

Measurement of the tendency of metal ion to forrmglex with the
probable existing ligand, using Jorgenson rule
10D¢ f iigand %g ion
And the data in Table (A-3) and Table (A-2),
17605= f jigang X17.4 x1000 crm

f ||gand= 1.01 Cm-l

v
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1.1: Green Chemistry:

1.1.1 Introduction to Green Chemistry:

“Green chemistry is the use of chemicahpiples and methodologies
for source reduction i.e. incorporates pollutioneyantion in the
manufacture of chemicals, and promotes polluti@v@ntion and industrial
ecology.” It may also be defined as “the invemtjalesign, and application
of chemical products and processes to reduce efintonate the use and
generation of hazardous substances® Green chemistry is in other
words the use of chemistry for pollution preventibtore specifically, it is
the design of chemical products and processesattatenvironmentally
benign. At its best, green chemistry is environraiyntenign, linking the
design of chemical products and processes withr thgacts on human
health and the environmeftt.

Chemistry is undeniably a very prominent éiour daily lives. From
plastics to pharmaceuticals to dry cleaning, manifeds comforts would
be impossible without the chemical industry.

Food and drink has been made safe to constmaedevelopment of
cosmetics has enabled us to beautify and admireappearances and the
whole area of pharmaceuticals has allowed the dpusnt and synthesis
of new cures for illnesses and diseases, all asudtrof chemistry.

However, additional chemical developmenttsoabring new
environmental problems and harmful unexpected sftéxts, which result

in the need for ‘greener’ chemical produéts.
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Most processes that involve the use of chalsihave the potential to
cause a negative impact on the environment. hasefore essential that the
risks involved be eliminated or at least reducedrt@cceptable level. In its

most simple form, risk can be expressed as:
Risk = Hazard.X.Exposure ®

Green chemistry looks at pollution prevemtan the molecular scale
and is an extremely important area of Chemistry tuthe importance of
chemistry in our world today and the implicatioriscan how on our

environment®

1.1. 2 The Green Chemistry Program: *°

The Principles of Green Chemistry have baishlled from a diverse

set of practices and emerging research.

In 2006, the Environmental Protection AgetERA),"” developed 12
principles of green chemistryhich help to explain what the definition
means in practice. The principles cover such cascep

* The design of processes to maximize the amourdwfnaterial that
ends up in the product.

* The use of safe, environment-benign solvents wpessible.

* The design of energy efficient processes.

* The best form of waste disposal, aiming not to tereiain the first
place.

The Green Chemistry program supports theenhgn of more
environmentally friendly chemical processes whiokduce or even
eliminate the generation of hazardous substandes.pfogram works very

closely with the twelve principles of Green Cheimyists shown below:

2
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1. Prevent waste: It is better to prevent waste rétkear to treat it.

2. Atom economy: Aim to maximize the incorporationadf materials
used in the chemical process into the final prad&or example,
minimize the production of by-product and wastes.

3. Less hazardous chemical synthesis: Design methacts that any
chemical substances produced have the least téfeict ®n human
health and the environment as possible.

4. Safer chemical design: Aim to produce chemicalscwHulfill the
desired function but have minimal toxicity.

5. Safer solvents and auxiliaries: Minimize the usel@mical solvents
and related substances (which may be flammablegc tard/or
environmentally unsafe). If unavoidable, use nomandous solvents
wherever possible.

6. Design for energy efficiency: Reduce the amourdrargy resources
required to perform a chemical process.

7. Renewable feedstock: Use renewable raw materiatb agents
whenever possible.

8. Reduce derivatives: Chemical derivatives are ofpeoduced as
temporary intermediate molecules between the stenti end
products. Such multistage processes require thet imb more
resources and chemical reagents. Therefore, thémmation of
such steps is desirable.

9. Catalytic agents: Use catalytic agents (small arsouwequired,
reusable) rather than stochiometric reagents (argmounts
required, non-reusable).

10.Degradable design: Design products to be degradafter

completing their function.
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11.Pollution reduction by real-time analysis: It iscessary to ensure
that new methods are truly safe and nonpollutingis Trequires
proper monitoring of reactions to identify potehtsort-term and
long-term by-product and their consequences. Irerotd achieve
this, new analytical technologies may need to heldped.

12.Safer Chemistry: Reduce the use of dangerous ch&miand

substances to minimize the risk of accidents

1.1. 3: Green Solvents:

Green solvents are environmentally friensibyvents or bio solvents,

which are maybe derived from the processing ofcagitral crops. Ethyl
lactate, for example whose structure is shown beiswa green solvent

derived from processing corf.

NG

OH
Ethyl lactate

Ethyl lactate is the ester of lactic acidactate esters solvents are
commonly used solvents in the paints and coatimgistry and have
numerous attractive advantages including being 16@¥egradable, easy
to recycle, non-corrosive, non-carcinogenic and-opone depletind®

Ethyl lactate is a particularly attractivavent for the coatings industry
as a result of its high solvency power, high bgilipoint, low vapour
pressure and low surface tension. It is a desirgolating for wood,
polystyrene and metals and also acts as a vergtiwHepaint stripper and
graffiti remover. Ethyl lactate has replaced sotgemcluding toluene,

acetone and xylene, which has resulted in the pwiage being made a
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great deal safef:”

The uses of petrochemical solvents are #ne th the majority of
chemical processes but not without severe impbaoaton the environment.
The use of toxic solvents contributes to air ernissof volatile organic
compounds (VOC’s); they are now considered as enmentally
unacceptablé*?

The Montreal Protocol identified the need resevaluate chemical
processes with regard to their use of VOC’s andirtigact theses VOC's
has on the environment. Green solvents were desdlogs a more
environmentally friendly alternative to petrocheatisolvents*?

Alternative promising areas of researchhmreplacement of the use of
VOCs in industry include the application of supgical carbon dioxide
andionic liquids as alternative solvents. Both of which have proted
have valuable applicatiorts”

lonic liquids (IL) are novel solvents compdsof organic cations and
inorganic anions which are liquid at room tempeamtwr just above. A
negligible vapour pressure (and an associatedthgimal stability) makes
IL promising replacements for volatile organic soits in industrial
processes. This has lead to IL being labeled asfgrand environmentally

(14)

friendly.
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1.2 lonic Liquids:
1.2.1 History of ionic liquid I L:

The history of IL’'s may be viewed as a tigky recent one, or one

extending back to 19th century.

A working definition suitable for a histoalcreview of ionic liquids, is
that the an ionic liquid is a salt with melting teenature below the boiling
point of water (100°C).

The roots of ionic liquids are firmly pladten traditional high
temperature molten saft”

The early history of ionic liquids being i®14. One of the earlier
known ionic liquids (room temperature molten salias reported by
Walden®. He reported the physical properties of ethylamimmomitrate,
[EtNH;]" [NOs] , which has a melting point of 12Cformed by the
reaction of ethylamine with concentrated nitriodat”

Much later, series of ionic liquids based amxtures of 1,3-
dialkylimidazolium or 1-alkylpyridinium halides andtrihalogeno
aluminates, initially developed for use as elegtasd, were to follow®?)

Hurley and Weif'® who stated that a room temperature ionic liquid
could be prepared by mixing and warming 1-ethylipium chloride with
aluminum chloride.

Another progenitor of current ionic liquidas the work of Prof. John
Yoke at Oregon State Universit$” In 19607's he found that mixtures of
copper (1) chloride and alkyl ammonium chloride evéguid near room
temperature when mixed as in equatfSh
CuCl g+ E&GNHCI g — EGNHCUCL oo, (1.1)

In 1970s, 1980s, Osretyoung et’a? And Hussey et at®*?carried

out extensive research on organic chloride-aluminzhitoride ambient
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temperature ionic liquid. The ionic liquid based AICI; can be regarded
as the first generation of ionic liquid&**

In 1992, Wilkes and Zawarotkd’ reported the preparation of ionic
liquids with alternative, 'neutral’ anions such lasxafluorophosphate
([PF¢]) and tetrafluoroborate ([BPF’, allowing a much wider range of
applications for ionic liquids. It was not untilcently that a class of new,
air- and moisture stable, neutral ionic liquids veasilable that the field
attracted significant interest from the wider stfemcommunity.®’

More recently, people have been moving afsay [PF] and [BR]
since they are highly toxic, and towards new anisunsh as bistriflimide
[(CFSO,),N] or even away from halogenated compounds completely
Moves towards less toxic cations have also beewiggy with compounds
like ammonium salts (such as choline) being justieasble a scaffold as
imidazole.®

The histogram of Figure (1-1) shows the ease of the number of
publications on ionic liquid during the last decanteto the time being.

As seen, the average number of publicationise last decade is about
40 papers per year while in 2004 about 1000 pap®isn 2005 about 1500
papers where published .

This reflects the increased interest in ionic liguin generaf®”
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Figure 1-1 Publications containing the phrase (ionic liquid or ionic liquids) in the
title; abstract and key words; determined by | SI web of science; asa function of
time.

1.2.2 lonic liquid definition:

An ionic liquid (IL) is a liquid consistinggf ions only, but this

definition is different from the classic definitiaf a molten salt. The latter
Is a high-melting, highly viscous, and highly caikee liquid, while an
lonic liquid is liquid at a much lower temperature 100 °C) and has a

lower viscosity ?®

1.2.2.1 Molten salt high temperatureionic liquid:

It is a rather dreadful name for an otheewisseful category of
materials and processes. The term "Molten Sal8ei$-descriptive; it is
melted salt(s). Another common name is Fused 3$ali(se simplest

example of a molten salt would be to take sodiutorade ("table salt")
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and heat it to a red heat (greater than 801° Q4@d° F) where it would
melt into a liquid. This liquid is stable, has aheapacity similar to water
(by volume) and flows much like water does. Theandjfferences are the
obvious higher temperatures attainable in the masdt state and when the
salt solidifies (freezes) it contracts versus exiyam like water. Thus,
molten salt freezing in a pipe would not burstpige as water would?>?
The high temperatures (>20) associated with most inorganic molten
salt often limit their utilization as solvents forany applications. Whether
practical or fundamental in nature. For exampl& &¥ganic compounds
possess sufficient thermal stability to be dissolwreinorganic molten salt
and many potentially interesting inorganic soluteibit high vapor
pressures at the elevated temperatures often emcednwith some
inorganic melts. In addition, the high temperatassociated with some
inorganic molten salts frequently place exceptioreuirements on the
design of apparatus used to study the neat meltsxtwaneous solutes
dissolved in melts and often add extraordinary amhaef nonessential
experimental manipulation. Considerable interestdrésen in the last few
years concerning aprotic molten salts that areidiquroximate to room

temperature (2&) ¢V

1.2.2.2 Room temperatureionic liquids (RTILS):

They are salts with melting points lowerrnttzFC. They look like a
classical liquid but they do not contain any molesuthey are made of
lons. The structure of these liquids is completdifferent from the
structure of any other solvents made of moleculd® properties of a
given solvent depend on the interaction betweenstiivent molecules. If

there are strong interactions between the solverkcules, the solvent is
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called a “polar” solvent, e.g. water, methanol,aetbl. If the interactions
between the solvent molecules are weak, it is gola” solvent, e.qg.
hexane, heptane, petroleum etf8r3?

lonic liquids represent a novel class of4agmeous solvents and may
also be considered as a novel medium for liquigedi extraction®

lonic liquids are highly solvating, non-cdorating medium in which a
variety of organic and inorganic solutes are abledissolve. They are
outstanding good solvents for a variety of compa@yrashd their lack of a
measurable vapor pressure makes them a desiraidatste for VOC's.
lonic liquids are attractive solvents as they armn-wolatile, non-
flammable, have a high thermal stability and atatireely inexpensive to
manufacture. They usually exist as liquids welbldefoom temperature up
to a temperature as high as Z200The key point about ionic liquids is that
they are liquid salts, which means they consish gllt that exists in the
liguid phase and have to be manufactured, they natesimply salts
dissolved in liquid. Usually one or both of the sas particularly large and
the cation has a low degree of symmetry, theseorfmatesult in ionic

liquids having a reduced lattice energy and heowel melting points®

10
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1.2.3 Physical properties of ionic liquids:

1-_Conductivity: ionic liquids have reasonably good ionic condutiaés

compared with those of organic solvents/ electeogtstems (up to 10 mS
cm?) ) at elevated temperature of e.g. DG conductivity of 0.1Q™
cm® can be achieved for some system. However, at teamperature their
conductivities are usually lower than those of @miated aqueous
electrolytes. Based on the fact that ionic liquie @mposed solely of ions,
it would be expected that ionic liquids have higimauctivities. This is not
the case since the conductivity of any solutionetels not only on the
number of charge carried but also on their mobilithe large constituent
ions of ionic liquids reduce the ion mobility whicim turn, leads to lower
conductivities. Further more , ion pair formationdfor ion aggregation
lead to reduced conductivity. The conductivity ohic liquids of higher
viscosity exhibit lower conductivity. Increasingetbemperature increases
conductivity and lowers viscosit{®

2-_Viscosity: generally, ionic liquids are more viscous commaooiaoular
solvents and their viscosities are ranging fronmia s to about 500 mPa s
at room temperature. The viscosities of some popitaand water stable
lonic liquids at room temperature are: 312mPa §Bonim] PF;; 154 mPa

s for [Bmim] BR, ©”; 52 mPa s for [Bmim] TEN ©®; 85 mPa s
for[BMP]TF,N ¢,

The viscosity of ionic liquids is determinbg van der waals (VDW)
force and hydrogen bonding. Electrostatic forcesy nadso play an
important role. Alkyl chain lengthening in the catileads to an increase in
viscosity®®. This is due to stronger (VDW) forces betweenaratileading
to increase in the energy required for moleculationo Also©®, the ability

of anaions to form hydrogen bonding has a pronadieffect on viscosity.

11
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The fluorinated anions such as,Bthd BF form viscous ionic liquids
due to the formation of hydrogen bonding. In gehaltaonic liquids show
a significant decrease in viscosity as the tempegahcrease$’”
3- Density: lonic liquid in general are denser than water witdues
ranging from 1 to 1.6 g cfmand their density decrease with increase in the
length of the alkyl chain in the cation. The deaesiof ionic liquids are also
affected by the identity of anion§” The order of increasing density for

lonic liquids composed of single cation may be espnt as:
[CHsSG] = [BF,]” < [CRCO;] [CRSOs| < [CsHCO,] < [(CRSOy).NT.

(35)

4-Mé€lting point:  lonic liquids have been defined to have meltinghpo

below 100°C and most of them are liquid at room temperati@eth

cations and anions contribute to the low meltinopgsoof ionic liquids. The
increase in anion size leads to decrease in mettingt. “? cations size
and symmetry make an important impact on the ngelpoint of ionic
liquids. Large cations and increased asymmetricstgubion results in a
melting point reductior>®

5- Thermal stability: lonic liquids can be thermally stable up to

temperatures of 45¢C the thermal stability of ionic liquids is limitelaly
the strength of their heteroatom- carbon and theteroatom-hydrogen
bonds, respectivel{:"

6- Electrochemical window: The electrochemical window is an important

property and plays a key role in using ionic liquid electrode position of
metals and semiconductors. By definition, the etsttemical window is
the electrochemical potential range over which eélectrolyte is neither
reduced nor oxidized at an electrode. This valugerdenes the
electrochemical stability of solvents. As knowne tllectrodeposition of

elements and compounds in water is limited byatg é€lectrochemical

12
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window of only about 1.2 V, but ionic liquids hasgnificantly larger
electrochemical windows, e.g. 4.15 V for [Bmim] B&t a platinium
electrode, 4.10 V for [Bmim] Bfand 5.5 V for [BMP] TEN at a glassy
carbon electrodé?® In general, the wide electrochemical windows @iido
liquids have opened the door to electro-depositmetnd semiconductors
at room temperature, which were formerly obtainady ofrom high
temperature molten salts. For example, Al, Mg, &&, and rare earth
elements can be obtained from room temperature lapids. The thermal
stability of ionic liquids allows to electrodeposita, Nb, V, Se and

presumable many other ones at elevated temper&fire.

1.2.4 Advantages of ionic liquids: “>®

There is a dramatic need to search for redteres to damaging
solvents which are used in huge quantities anduswelly volatile liquids
that are difficult to contain .

One of these alternatives is ionic liquids thatleyeid at room temperature
and that have physical properties that make theny vw&eresting as
potential solvents for synthesis :

1. Good solvents for a wide range of inorganic ancgoig materials.

2. Often composed of poorly coordinating ions and tarefore be
highly polar yet non coordinating§”
No effective vapour pressuré”
Liquid range of 30%C allowing tremendous kinetic control.
Thermally stable up to 260.
Their water sensitivity does not affect their inoliad applications.

N o g o~ w

Immiscible with a number of organic solvents andvpte non-

aqueous polar alternatives for two-phase systé&ns

13
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8. Relatively inexpensive/easy to prepare.

9. The ability to impart selective reactivity

10.onic liquids are attractive solvents as they aye-uwolatile, and non-
flammabile.

This has lead to IL being labeled as” green” andrenmentally friendly.

1.2.5 Applications of lonic Liquids:

lonic Liquids are of tremendous importantite chemical industry and
they represent an innovation in the way chemisgyperformed. As
functional materials, they are being used in a widaety of applications
such as chemical engineering, synthesis, catalysitieries, fuel cells,
biotechnology or analytical science. Numerous nemlmnations of ionic
liquids are available. They can be designed spadiyi for every type of
application since the selection of the ions deteewitheir chemical and
physical properties. The “unlimited” combinationtbe cations and anions
is opening up new opportunitiés’

lonic liquids provide benefits particularty the production area, since
they optimize the reaction and preparation stepsyTare very well suited
as solvents for organic syntheses, because tnaaliteolvents are for the
most part toxic, volatile and readily combustible.

Additionally, they are used for applicatioms catalysis and for
extractions. Production procedures, catalyses armaynee catalyses are
more efficient and longer lasting, since ionic ldgiincrease the yield and
facilitate the isolation of the products from cg&tl They are also suitable

for difficult aqueous preparation processgs.

14
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1.2.6 Room temperature ionic liquid based on choline chloride:

Abotf’® has recently developed a range of ionic compountigh are
fluid at room temperature. These ionic liquids drased on simple
precursors such us choline chloride (vitamig) Bvhich is cheap and
produced on a multi-ton scale and hence these lmpixls/ deep eutectic
solvents can be applied to large scale proceS8es.

Deep eutectic solvents (DES) can be formetvéen a range of
carboxylic acids and choline chloride. The physigaoperties are
significantly affected by the structure of the @atydic acid but the phase
behavior of the mixtures can be simply modeleddimiy account of the
mole fraction of carboxylic acid in the mixture.,3be physical properties
and phase behavior are dependent upon the numlaerdofunctionalities,
the aryl/alkyl substitutions and the compositiomuokture. The ease of
synthesis, availability and biodegradability of gt@mponents makes these

DES versatile alternatives to ionic liquftf’

1.3 Solvents:

Solvents may be defined as the componeatsafiution that is present
in the greatest amount, or the substance in wlrehsblute is dissolved.
For examples: The solvent for sea water is watbe 3olvent for air is
nitrogen.®?

The vast majority of chemical reactions peeformed in solution. The
solvent fulfills several functions during a chenhio@action. It solvates the
reactants and reagents so that they dissolve. fHaiitates collisions
between the reactant(s) and reagents that must ocouder to transform
the reactant(s) to product(s). The solvent alsoviges a means of

temperature control, either to increase the enefgiie colliding particles
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so that they will react more quickly, or to absdmat that is generated
during an exothermic reaction. The selection ofappropriate solvent is
guided by theory and experience. Generally a gobaest should meet the
following criteria.
* |t should be inert to the reaction conditions.
» [t should dissolve the reactants and reagents.
* |t should have an appropriate boiling point.
» |t should be easily removed at the end of the react
The second criterion invokes the adage "Ldkesolves like". Non-
polar reactants will dissolve in non-polar solver®®®lar reactants will
dissolve in polar solvents. There are three measafdhe polarity of a
solvent:
* Dipole moment
» Dielectric constant
» Miscibility with water
Molecules with large dipole moments and hilgglectric constants are
considered polar. Those with low dipole moments anthll dielectric
constants are classified as non-polar. On an apeedtbasis, solvents that
are miscible with water are polar, while those taed not are non-polar;

e.g. "Oil and water don't mix®©?
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1.3.1 Classification of solvents:

Solvents may be classified in three ways:

1.3.1.1: Aqueous and non aqueous solvents:

a- Aqueous solvents: Any solution in which water ($0) is the solvent.
For examples: cola, saltwater, rdn?.

b- Non aqueous solvents: An inorganic nonaqueous solvent is a solvent
other than water, that is not an organic compo@ammon examples are
liguid ammonia as basic solvent, sulfuric acid as aridic solvents
,bromine trifluoride as an aprotic solvent, andigoliquids as polar non
aqueous solvents. These solvents are used in chlemasearch and
industry for reactions that cannot occur in aquesalsitions or require

special environmenf®

1.3.1.2: Polar and non-polar solvents:

Other type of classification, Chemists have clasgisolvents into three
categories according to their polarity:

a- Polar protic

b- Dipolar aprotic

c- Non-polar.

a- Polar protic solvent:

Protic refers to a hydrogen atom attachednt@lectronegative atom,
when electronegative atom is almost exclusivelygexy In other words,
polar protic solvents are compounds that can beesepted by the general
formula R-OH. The polarity of the polar protic sehts stems from the
bond dipole of the O-H bond. The large differentelectronegativities of

the oxygen and the hydrogen atom, combined withsthall size of the
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hydrogen atom, warrant separating molecules thatago an OH group
from those polar compounds that do not. Examplgsotdr protic solvents
are water (HOH), methanol (GBH), and acetic acid (G&O,H).

More generally, any molecular solvent whatimtains dissociable “H
such as hydrogen fluoride, is calledpeotic solvent. The molecules of
such solvents can donate ari fproton). Converselyaprotic solvents
cannot donate hydrogen bonds.

Common characteristics of protic solvents:
1. Solvents display hydrogen bonding.
2. Solvents have an acidic hydrogen (although they bwmyery weak
acids).
3. Solvents are able to stabilize ions.
4. Cations by unshared free electron pairs .
5. Anions by hydrogen bonding.
Examples are water, methanol, ethanol, formic dgidrogen fluoride and

ammonia.

b- Dipolar Aprotic Solvents:

Solvents that share ion dissolving powelhwgtotic solvents but lack
an acidic hydrogen. These solvents generally hayte dielectric constants
and high polarity. aprotic describes a moleculd th@es not contain an
O-H bond. Typically this bond is a multiple bondtween carbon and
either oxygen or nitrogen. Most dipolar aproticveoits contain a C-O
double bond. Examples are acetone and ethyl acetate

Polar protic solvents are favorable fogl Seactions, while polar
aprotic solvents are favorable fogZSreactions. Apart from solvent effects,

polar aprotic solvents may also be essential factrens which use strong
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bases, such as reactions involving Grignard reagam-butyl lithium. If a
protic solvent were to be used, the reagent woeldddnsumed by a side

reaction with the solvent®

c- Non-Polar Solvents:

Non-polar solvents are compounds that have lowedigBt constants
and are not miscible with water. Examples includazene (¢H¢), carbon
tetrachloride (CG), and diethyl ether

All of these solvents are clear, colorlegsibls.

1.3.1.3: Molecular and | onic solvents:

Solvents can also be classified accordinthéoconstituent nature as
moleculer and ionic solvents. All solvents whethgueous , non aqueous,
protic or aprotic solvents, are molecular solventhile those of molten

salts such as RTIL are ionic solvent consisting@asiand cations.

1.4 Solubility:
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Solubility: A quantity expressing the maximum concentration of
some material (the solute) that can exist in andifaid or solid material
(the solvent) at thermodynamic equilibrium at spedi temperature and
pressure. Common measures of solubility includentass of solute per
unit mass of solution (mass fraction), mole fractiof solute, molality,
molarity, and others®®

Solubility is a fundamental property of @angpound and is useful in
the investigation of many thermodynamic properfés.
Solubility is the intrinsic property of matter torfn a homogeneous
dispersion of one component, the solute, into arotthe solvent. The
solution phase can be gaseous, liquidus, or solffis
Saturated solution is a solution that containstlad solute that can be
dissolved at a particular temperature.
Supersaturated solution: contains more solute taanbe dissolved at the

current temperatur€®

1.4.1 Benefit and application of solubility:

Solubility is of fundamental importance itaage number of scientific
disciplines and practical applications, the mosvialls ones being in
chemical engineering, material science and geology.

For example, solubility of a substance i®fuls when separating
mixtures. A mixture of salt (sodium chloride) anlica may be separated
by dissolving the salt in water, and filtering tfie undissolved silica. The
synthesis of chemical compounds, by the milligranailaboratory, or by
the ton in industry, both make use of the relasghkubilities of the desired

product, as well as unreacted starting materiajsprbducts, and side
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products to achieve separation.

Another example of this would be the synithes benzoic acid from
phenylmagnesium bromide and dry ice. Benzoic aithore soluble in an
organic solvent such as dichloromethane or dietthyr, and when shaken
with this organic solvent in a separatory funnell preferentially dissolve
in the organic layer. The other reaction products, the magnesium
bromide will remain in the aqueous layer, cleatipwing that separation
based on solubility is achieved. (On a practicalenahe benzoic acid
obtained after evaporating the organic solvent khimeally be purified by
recrystallizing from hot water®

The measurement of solubility is useful gtetmining the purity of
compounds, especially when other methods failedidentifying some
macromolecules and in establishing separation sebdor a number of
biochemicals and organic chemicals. Solubility neasients yield useful
information regarding some thermodynamic properdia molecule; this
helps in our understanding of the various interrmali@ forces at play
solution.

One of the most important applications débiity lies in the fact that
conclusions regarding the purity and identity afudostance can be drawn
by sophisticated solubility technique without eveaving to know the
chemical structure of the solid(s). One techniquigse solubility analysis
(PTA), is described here briefly to point-out thewerful applications it
has in the areas of food and organic chemistrprilmciple, phase solubility
analysis is derived from Gibbs phase rule. The riegle involves the
analysis of the composition in solution as a funtif the total amount of
solid added and yields a phase diagram. When pégs#ibration and
solubility analysis are used to prepare a puredsaeparated from its

impurities, the process is often called “swish fication.” This
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technique can also be used to enrich impuritiesoinition phase, which
helps to identifying them smith and downing, (1973rrett et al. (1963)
®9 have described the practical aspects of phaséibtyluanalysis and
have used this technique to determine the solylafitsteroids in mixtures
of organic solvent$>®

In addition the solubility is used to det@renthel attice energy and it
Is normally defined asThe energy per ion pair required to separate
completely the ions in a crystal lattice at a terapee of absolute zerf®

The lattice energy always the reverse psodhsrefore it is always
positive , the lattice energy of a crystal MX tlee enthalpy of the
process®”

MX(s) —> M+X AH’=U ..., (1.2)

The lattice energy of an ionic solid is aasie of the strength of
bonds in that ionic compound. It is given the syib@nd is equivalent to
the amount of energy required to separate a sohit icompound into
gaseous ions. Lattice energy can also be considarédue energy given off
when gaseous ions form an ionic solid. It is depehan ionic charge and
the ionic radius: as the charge of the ions in@eake lattice energy
increases (becomes more negative), and as thesrdellueases (the ions in
the ionic solid are closer together) the latticergy increase$®”

The solubility curves were used to deternthreeenthalpy of fusion of
the solute, which is expressed in cal/mol, by pigttlogarithm of
concentration in Molarity against the reciprocatloé absolute temperature
(/T).©2

The following equation may be applied, asisig the solution is ideal:
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Where X =the concentration of the solute (Rupl)
R = the gas constant (1.987 cahtol™")
T = the absolute temperature (K)
And AH°® = the Enthalpy of fusion of the solute (cal ol

1.4.2 Factors Affecting Solubility: ©®

There are three main factors that conthllslity of a solute:

@) Temperature
(2) Nature of solute or solvent

(3) Pressure

1.4.2.1 Effect of temperature:

The solubility of solutes is dependent emperature. When a solid
dissolves in a liquid, a change in the physicakstd the solid analogous to
melting takes place. Heat is required to break hbeds holding the
molecules in the solid together. At the same tiheat is given off during
the formation of new solute - solvent bonds.

Generally in many cases solubility increasggh the rise In
temperature and decreases with the fall of temperabut it is not
necessary in all cases.

a: Decreasein solubility with temperature:

If the heat given off in the dissolving procesgisater than the heat
required to break apart the solid, the net disaglvieaction is exothermic
(energy given off). The addition of more heat (eases temperature)

inhibits the dissolving reaction since excess Ieatready being produced
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by the reaction. This situation is not very comnwanmere an increase in
temperature produces a decrease in solubility. Xathermic process
solubility decrease with the increase in tempeeatur

For example: solubility of calcium oxide deg&ses with the increase in
temperature.

b: Increase in solubility with temperature:

If the heat given off in the dissolving rean is less than the heat
required to break apart the solid, the net diseglveaction is endothermic
(energy required). The addition of more heat fat#his the dissolving
reaction by providing energy to break bonds ingbkd. This is the most
common situation where an increase in temperatuw@uges an increase in
solubility for solids. In endothermic process sditjp increases with the
Increase in temperature and vice versa. For examgbdubility of

potassium nitrate increases with the increasempésature.

1.4.2.2 Nature of solute and solvent: ©¥

Solubility of a solute in a solvent purelgpends on the nature of both
solute and solvent. For example, a polar soligsadved in polar solvent,-
Solubility of a non-polar solute in a solventasge, or A polar solute has

low solubility or insoluble in a non-polar solvent.

1.4.2.3 Effect of pressure: ©¥

The effect of pressure is observed clearih@case of gases.

An increase in pressure increases of solubility gas in a liquid.
For example carbon di oxide is filled in cold fizdyink bottles (such as

coca cola, Pepsi 7up etc.) under pressure.

1.4.3 Some previous studies of solubility of transition metal in
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variousionic liquids:

There has been a growing interest in théystf ambient- temperature
lonic liquid as an amiable solvent for the studytraisition metal oxides
and transition metal chloro complexes. lonic liqugpresent an ideal
nonaqueous environment for studying the reactiohshese transition
metal complxes free from the effects of solvationd asolvolysis
phenomend®®

Oxygen containing transition metal compouritsve been used
extensively in industrial as catalysts or as suigpdor other catalyst
materials. For example, vanadium oxides and ote&ted vanadium-
containing compound are widely used as catalyste@ally for oxygen
transfer reaction$>®

The dissolution of vanadium (V) oxide ;3 in various
chloro_aluminate ionic liquids has been studieddtermine the complexes
formed with respect to melt composition angDy concentration. YOs did
not dissolve in eitherl-n-butyl-3-methylimidazoliwetrafluroaluminate or
1-n-butyl-3-methylimidazolium trifluoromethanesutfae ionic liquids.
V,0s was found to dissolve at temperatures greater T0a@’ in 1-ethyl-
and 1-n-butyl-3-methylimidazolium tetrachloroalurmie.®”

Additionally, the study of the solubilibf a range of metal oxides in
a eutectic mixture of choline chloride/ urea, shedrthat the dissolved
metals can be reclaimed from a mixed metal oxidetrirnausing
electrodepositing®®

The other one is measuring the solubilitysofne metal oxides in the
elemental mass series Ti through Zn which have legermined in three
lonic liquids based on choline chloride. The reswlis obtained are

compared with aqueous solution of HCI and Nd&l.which showed in
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some instances a larger solubility in ionic ligundcomparison with those

obtained from previous solvents.

1.5 .Chemistry of transition metal:

1.5.1 Copper (I1) oxide or cupric oxide (CuQ):

It is a black powder, insoluble in waterdiésolves in acids to give
solutions of copper (l) salts. It is readily redddo the metal by heating
with hydrogen and is used to determine carbon gddoigen in organic
compounds (the carbon as carbon monoxide redueefiper(ll) oxide to
copper)’®

The water insolubl& copper (I1) Oxide is the higher oxide of copper
and is a basic oxide. It dissolves in mineral asigish as hydrochloric acid,

sulfuric acid or nitric acid to give the corresporgicopper (ll) salts:

CuO + 2HNQ — Cu (NGy)2 + HoO v, 1.4
CuO + 2HCl—- CuCL+ H,O e 1.5
CuO + HSO, — CuSQ+ H,O 1.6

The ion configuration of this cation is 3d

1.5.2 Chromium (VI) Oxide (Chromium Trioxide):

Chromium trioxide is obtained as bright red crystahen concentrated

sulphuric acid is added cautiously to a concerdraigueous solution of a
chromate or dichromate (VI). It can be filtered tffough sintered glass or
asbestos, but is a very strong oxidizing agent smaxidises paper and
other organic matter (hence the use of a soluticheoxide — "chromic
acid' — as a cleansing agent for glassware). ChnonfVI) oxide is very
soluble in water ; initially, "chromic acid',,.8rO,, may be formed, but this

has not been isolated. If it dissociates as :
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Ho,CrO, « H + HCrO, oo 1.7
; then the HCr@ ions probably form dichromate ions :
2HCIOy © CLOZ + HoO oo, 1.8

Chromium(VI) oxide is acidic, and the copesding salts are the
chromates anddichromates, containing the ions CrJ3 and Cs0;?, i.e.
[CrO, + CrQ;]). The oxidation state of chromium-i$ in each ion®?

The ion configuration is of 3d

1.5.3 Cobalt oxide Co30.:

This is ¢d8"(Cd"),0, and has the normal spinel structure witH"Cions

in tetrahedral and &8 ions in octahedral site$”

It is obtained as a brown precipitate;@0 Aqueous when cobalt (II)
hydroxide is oxidized in alkaline conditions (or evh a cobalt (lll) is
decomposed by aqueous alkali). On heating it givedlack mixed oxide
Co;0.. ® the ion configuration of Co (1) is 3dand for Co (Ill) is 38

1.5.4 Zinc(l1) oxide, ZnO:
it is prepared by heating the hydroxide ZdjOor the carbonate

ZnCQG;. It is a white solid, insoluble in water, but rdgdoluble in acids to
give a solution containing the zinc(ll) cation, amd alkalis to give a
hydroxozincate(ll) anion:
ZnO + 2HO" - Zn* 4u+3H0 1.9
(e.g.) ZnO + 20H+ 3H,0 — [ZN(OH)(H,0)]% wevveeeeee. 1.10

Zinc(Il) oxide is therefore amphoterie. Osaling, the oxide becomes
yellow, reverting to white on cooling. When zinciae is heated, a little
oxygen is lost reversibly. This leaves a non-stioictetrie compound. The

crystal lattice is disturbed in such a way thatt&tans from the excess zinc
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metal remaining can move in the crystal almostrasly as they can in a
metal. This makes zinc oxide a semiconductor amdsgit a yellow color,
which is lost when oxygen is taken up again on iogokto give zinc

oxide ® the ion configuration is 38

1.5.5 Nickel oxide NiO:

Heating nickel (1) hydroxide Ni(OHkl)gives the black oxide. NiO,
which is also obtained by heating nickel(ll) caraten or the hydrated

nitrate. ®® The grey or black color of nickel oxide arise frastight
nonstiochiometry. It is a basic oxide dissolveslgas acids. But insoluble

in water."? the ion configuration is 3d

1.6 I nteraction of the ligands with the metal ions:

The tendency of metal ion to from a statdenplex with ligands
depend on many rules such as the hard and soft aod bases (HSAB)
rule of Pearsort’®which imply that metal ion tend to coordinate with
certain functional groups of the ligand to fromtabte complex. On the
other hand, the tendency of transition metal ioa special oxidation states
is affected by the coordination to certain ligandfis phenomenon is
called (symbiosisf’>*,

Increasing the positive charge on the ceéritemsition metal ions
strengthens the metal —ligands bond. The metalprefers to bind with
atoms of high electron density such a§ NO*, P, § and ¢ . The
ligand should have certain characteristic propgtiiemake it convenient to
form stable complex with transition metal ions. Thiee, geometrical

shape, number and geometrical arrangement of ligartd donor atoms
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play the important role in the stability of the uktant complex. Metal
centers, being positively charged, are favoreditd o negative charged
biomolecules, the constituents of proteins and eiachcid offer excellent
ligands for binding to metal iorl§”. The Irving Williams series of stability
for a given ligand shows a good criterion for thiabgity of complexes
with dipositive metal ions which follows the order:

Ba®" < SF" < C&" < Mg?* < Mn** < Fé* < Cd* < Ni** < CU* > Zr?*

This order arises in part from a decreas®ze across the series and in
part from ligand field effect. A second observatierthat certain ligands
form their most stable complexes with metal ionshsas Ag, Hg"" and
P£*, but other ligands seem to prefer ions such &% Ai**, and C§".
Ligands and metal ions were classified as claser(é)) according to their
preferential bonding. Class (a) metal ions inctuttese of alkali metals,
alkaline earth metals, and lighter transition neetalhigher oxidation states
such as Tf ,Cr, F€® ,Co™ and the hydrogen ion,*HClass (b) metal
ilons include those of the heavier transition metalsd those in lower
oxidation states such as Cig', Hg"?, Pd? and P¥. According to their
preference toward either class (a) or class (baimehs, ligands may be
classified as type (a) or (b), respectively. Stabdf these complexes may

be summarized as follows "%

Tendency of ligandsto complex Tendency of ligandsto complex
with Class (a) metal ions with Class (b) metal ions
N>>P>As>Sh N << P <¢o0 As < Sb
O>>S>Se>Te O<<S<Se~Te
F>ClI>Br>| F<Cl<Br<lI

The ligand should have certain charatierproperties to make it
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convenient to form a stable complex with transitroatal ions. The size,
geometrical shape, number and geometrical arrangfeaidigand donor
atoms play the important role in stability of tresultant comple¥®

One of the important aspects of CFT is #ildigands are not identical
when it comes to a causing separation of the dadriftor transition metal
compounds, we are well aware of the multitude dbrsoavailable for a
given metal ion when the ligands or stereochemistrg varied. In
octahedral complexes, this can be considered aectefh of the energy
difference between the higher’ddx-y? (eg subset) and the dxy, dyz, dxz
(t.g subset).

It has been established that the abilitylighnds to cause a large
splitting of the energy between the orbitals iseasislly independent of the
metal ion and the spectrochemical series is alifgands ranked in order
of their ability to cause large orbital separations

A shortened list includes:

(I'<Br <SCN~CI<F <OH ~ONO < GO, ¥ < HO < NCS <
EDTA* < NH® ~ pyr ~ en < bipy < phen < CN CO)

When metal ions that have between 4 ancGtreihns in the d orbitals
form octahedral compounds, two possible electrémcalions can occur.
These are referred to as either weak field - stfegld or high spin - low
spin configurations.

The MOT method has provided a quantitativeasure of the d-
splitting. The eglg splitting (called the octahedral ligand field igplg
Ao= 10Dq) Follows the general trend.

Point to consider about tig splitting:
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1- Charge on the metal:-

As charge increase, electrostatic attradtieteveen M and L increases,
M-L bond distance decreased angl $hcreased. Also as charge increase,
metal becomes more electronegative, decreasyg. Both trends lead to
greater field strength for the more highly charged
2- The nature of the metal ion, radial extensio2’0find 3 row transition
metals are greater, thug Slarger, leading to the following trend ixy: 1%
row transition metal <<" row transition metal ~"3row transition metal.

3- Nature of ligand:-

Different ligands have different,Sfor a given metal ion. Can assess
by measuringA, for different ligands about a given metal ion avenm
charge
CI<F<OH, < CN- €0H, < NH; < CN

From experiments such as these, may dedugenaral ranking of
ligands in terms of field strength... this ranking alled the
spectrochemical series:

(N<Br<$ <SCN<CI< F<OP<OH<H,0<NH;<CN<CO<
NO")
Weak field strength (smad) Strong field strength (large) o-

n-donors only m-accepter

In the above series, the ligand type has been ayext| onto the
spectrochemical series. As is readily apparent frdm energetic
disposition ofA,, n-donors give weak ligand fields-only ligands give

intermediate fields ang-acceptors ligands give strong fiel$:7%

1.7 Aim of the present work:
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In view of the increasing interest in pregign of ionic liquids as they
offer a new class of room temperature ionic liquitiss planed to prepare
an ionic liquid based on choline chloride/ carbaxyhcid, as choline
chloride based ionic liquids offer good air stabtel moister in sensitive
solvents.

In the current work, it was interested tegare an ionic liquid from
mixture of choline chloride with tartaric acid atalinvestigate their phase
behavior, fluidity, solubility of some transitionatal oxides, reactivity and
conductivity. The purpose of chosen those compoumdseir availability
easy of preparation and non-toxic behavior astttetompounds are used
as chicken food and humane consuming respectively.

To understand the behavior of the metalgmmd in solution and to
determine their extent of dissolution in the sotgeras this knowledge
would help in variable aspects such as solubilityodpct,
precipitation...etc, the following metal oxides CunO, NiO, CgQO,,
CrO; were chosen to be examined in the newly prepanad liquid in this
work, particularly for their advantages applicatimn electroplating as an

example.
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Chapter Three

Results and discussion

3.0Introduction:

lonic liquids are highly solvating, non-cdorating medium in which a
variety of organic and inorganic solutes are abledissolve. They are
outstanding good solvents for a variety of compaurahd their lack of
measurable vapor pressure makes them a desirabééitste of VOC's.
lonic liquids are attractive solvents as they apa-wolatile, have a high
thermal stability, and are relatively inexpensi/g.

Over the past few years, research and apipinsa of ILs have
expanded tremendously. The initial impetuses fas #xpansion were
organic synthesis and the growth of green chemistry

The principle of creating an ionic fluig somplexing a halide salt
can be applied to mixtures of quaternary ammonialts svith a range of
amides. " The charge delocalization is achieved through dyeln
bonding between the halide anion and with the ammdeety. It was shown
that a eutectic mixture of choline chloride witreargave a liquid with a
freezing point of 12 °C. This liquid was found tavie interesting solvent
properties
that are similar to ambient temperature ionic iguand a wide variety of
solutes were found to exhibit high solubiliti€s)

This principle is not limited to amides, #n be applied to a wide
variety of other hydrogen bond donors such as aeiasnes and alcohols.
(75,76)

Choline chloride or 2-hydroxy-N,N,N-trimetleyhanaminium chloride
IS an organic compound and a quaternary ammonilimT$ee counterion

Is chloride. In the laboratory choline can be predaby methylation of
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dimethylethanolamine with methyl chloride. In tmelustrial Davy process
choline chloride is produced from ethylene oxidgdrochloric acid, and
trimethylamine ®® Choline chloride is mass produced and is an inaport
additive in feed especially for chicken where it@erates growth. With
urea it forms a deep eutectic solvent. Other coram@echoline salts are
choline hydroxide and choline bitartrate. In foadfs the compound is
often present as phosphatidylcholif&.

Tartaric acid is a white crystalline orgaaimd. It occurs naturally in
many plants, particularly grapes, bananas, andrtadsa and is one of the
main acids found in win&® It is added to other foods to give a sour taste,
and is used as an antioxidant. Salts of tartait @@ known as tartarates.
(78)

However, the behavior of many dissolved gounds in solvent are
not straight forward process, as they may eithactrevith formation of
soluble products or associated with gas evolutrosobd precipitation.

Moreover, complex formation may also havpr@anounced effect or
the extend of solubility of particularly the tratien metal cations. Therefor
the solvation of transition metal oxides were aiseestigated by u.v.
visible spectroscopy to follow the behavior of thesolution of the metal
oxide in the new hither to unreported Choline dilet tartaric acid ionic

liquid which was prepared in this work.
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3.1 Preparations of Choline chloride /tartaric acid ioa liguid

and its phase behavior:

Tartaric acid was mixed with choline chl@iah different mole ratio
and heated up to 180, and then homogeneous colorless liquids were
usually formed at different temperatures dependingthe ratio of the
tartaric acid to choline chloride, the starting paratures of melting are
shown in Table (3-1). The liquid was slowly cooladtil it solidified;
freezing point was taken as the temperature athwthie first solid began to
form, the results obtained are presented in TaBi&),( and graphically
shown in Figure (3-1).

It is clear from Figure (3-1) that the additiof choline chloride had a
significant effect on the melting point of puretéaic acid. The depression
of the melting point of tartaric acid was gradualhcreased with the
addition of choline chloride until a eutectic poiof the mixture was
reached at % when of the mixture was 66 mole% choline chloricg3
mole% tartaric acid. Then increasing the addinghafiine chloride showed
an increase in the melting point of the mixtureiluhe temperature of 302
°C represents the melting point of pure choline Gtéosalt.

Choline chloride /tartaric acid ionic ligs had been prepared at 74
°c. " but in this work it had been prepared ¥E 5 ,this maybe due to
using the racemic tartaric acid (mp= 208B) instead of d-tartaric acid
(mp=171-174 °C) that is used in this work.

The viscosity of all mole ratio of chai chloride / tartaric acid ionic
liquid were found visually to have a high viscosiBelatively, however,
the viscosity increased as the mole ratio addedrtaacid increased.

However, the viscosity of the 3:1 mole ratimline chloride / tartaric

acid was also found to have a high viscosity too.
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Table (3-1): Compositions and freezing points of aline chloride/ tartaric acid and
temperature where melting started.

Moles of the
Choline | Tartaric components | Temperature of Ereezin
chloride acid Choline starting melting - o(?
(mole %) | (mole %) chloride: compounds’c P
tartaric acid
1 75 25 3:1 70 8
2 66 33 2:1 60 5
3 60 40 15:1 60 5.5
4 50 50 1:1 70 7
5 40 60 1: 15 80 8.5
6 33 66 1:2 80 9.5
7 25 75 1:3 90 11

During the preparation of these different entios of the ionic liquids
it was observed that all of them were clear visdamusds between 5- 19C
as shown in Table (3-1), all of them are and trezasity decreases with
temperature. No gas evolution or precipitate waando during the

preparation of choline chloride/ tartaric acid mhquid.

41



Chapter three Results and discussion

It is well-known that pure choline chlorideelts at 302C and tartaric
acid melts at 176C. However these compounds were mixed in different
mole ratios to prepare ionic liquids in an attenipt obtain room
temperature ionic liquids.

It is possible to form compounds which ageil at room temperature
by reacting an amine salt, preferably a quaterraarnyne salt (choline
chloride) which is capable of forming hydrogen bavith the anion of the
amine salt. Compounds suitable for forming suchrbgen bonds include
amides, such as urea, thiourea and acetamide,aabdxglic acids such as
tartaric acid, oxalic acid, and cirtic acid, aloghand phenol. It is believed
that hydrogen bonding of organic compound with #w@on of the
ammonium compound allows charge delocalization,civratabilizes the
liquid form of the compound’®

Therefore, one of the methods of reducingntie#ting point of choline
chloride is to use a hydrogen bond donor compoikedértaric acid which
is a di-carboxylic acid. This mixture was prepaasdllustrated in (2.3.2).

It was stated that fluidity is of key impamtce to the design of ionic
liquids, as they tend to be more viscous than nubdediquids. It is shown
that the fluid properties of these Deep Eutectitv&us are linked to the
size of the mobile species and the availabilityholes of appropriate
dimensions to allow mobility. This idea is foundlde valid not only for
other ionic liquids but also for molecular liquidsd high-temperature

molten salts®?
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Figure 3-1: Phase diagram of the freezing points dfholine chloride/ Tartaric acid
as a function of composition.

Figure (3-1) shows the phase diagram of thd¢umes of tartaric acid
with choline chloride as a function of compositiorhis diagram is of
eutectic type. As mixing two compounds may leads wifferent type of
diagram these are eutectic, reaction system, amhgmuent melting®®

The first type is the eutectic which is quid with the eutectic
composition freezes at a single temperature, witpoeviously deposition
solid of its component A or B. A solid with eutecitomposition melts,
without change of composition, at the lowest terapge of any mixture
solutions of composition to the right deposed Bheey cool, and solution
to the left deposed A: only the eutectic mixturgéat from pure B or pure
A) solidifies at a single definite temperature

This system was constant and with three ghpsesent, the phase rule
tells us that there is a single Degree of freeddntha eutectic point

according to phase rule since:
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Gibb's phase rule: F=1+C-#%: 80

F = the number of degreiefsedom.

C = number of components.

P = number of phases.
F=1+2-3=0

The conductivity of the DES of Choline chite/ tartaric acid was
measured and it is found to be 0.1 mS*anhich is in the lower range of
the conductivities of different carboxylic acid ionliquids which was
reported to be in the range of 0.1 mS'cml0 mS crit depending on the
composition and temperatufe’). These values are similar to Choline
chloride/ urea DES”.

It was also reported that the densitiesoafd liquids are in the range
of 1 to 1.6 g ciil. The obtained density of choline chloride/ tartaatid
ionic liquid of 1.6 g crif is in the same range of densities.

It was reported that the lower the molar weight of added
carboxylic acids to choline chloride would increate depression of
freezing point of the mixturé®. This however, was not applied with
tartaric acid, as it showed a much lower freezioghfpthan other lower
molecular weight carboxylic acid, Table (3-2). Thnaybe arises from the
presence of additional 2 hydroxyl groups in congaariwith succinic acid
which may enhance the formation of hydrogen bondirege by increase

the delocalization of the charge.
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Table (3-2) Freezing point of several Choline chlade/ carboxylic acid (2:1) ionic
liquids and the melting point with range of depres®n of melting point of several

carboxylic acids®?.

Freezing

Melting

Molecular - e Depression
Structure weight poir P of melting
(g/mol) (ionic (pure oint
g liquid)°C | acidyc P
O OH
Citric HO
192.123 69 149 80
acid HO on
O
(@]
d- OH 0
Tartaric HONOH 150.09 5 172 167
acid 0 OH
Adipic i
_ " «| 146.14 85 153 68
acid |
[e]
Succinic|
_ | 118.09 71 185 114
acid
(6]
Malonic i i
_ M 104.03 10 135 125
aCId HO OH
o
Oxalic OH
_ 90.03 34 190 156
acid HO
(0]
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3.2 Solubility of metal oxide in choline chloride/tartec acid

ionic liguid:

Metal oxides are usually insoluble in mstlecular solvents and are
generally only soluble in aqueous acid or alkaheTdissolution of metal
oxides is a key to a range of important processek as metal winning,
corrosion remediation, and catalyst preparation.

A limit number of studies have shown thaabéent temperature ionic
liquids have potential as solvents for metal recpv@hitehead et &f"
have shown that imidazolium based ionic liquid barused to extract gold
and silver from mineral matri"

Some work has also been carried out orekbertowinning of metal,
principally aluminum, from ionic liquid$®22®

In this work the choline chloride/ tartaracid ionic liquid was
investigated for its ability of dissolving some wmebxides (CuO, ZnO,
NiO, Cx04, Cr0s) hence metal oxides solubilities were determimethis
melt.

Table (3-3) shows the data for the solubiit the metal oxide in IL at
different temperatures and it can be seen that téwegs to increase with
temperature. It is evident that the solubility dxts strong temperature
dependent which may be put in the following ord@ufO > CrQ> NiO >
C04>Zn0O ]
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Table (3-3): solubilities of the metal oxides ifmolality X 10 and color of the
solution in room temperature ionic liquid of choline chloride- tartaric acid at

variable temperature.

Compound| Molecular RT

40°Cc | 60°C | 80°C |100°C
name formula | 27°C
CUPE cuo | 105 | 127 | 20 29 | 38
oxide
Zinc Zno 3.5 4.5 5.3 6.4 8.7
oxide
Nickel NiO 2.8 35 | 51 58 | 7.8
oxide
e Cro; 156 | 187 | 27 | 3.99 | 483
oxide
cobalt | co0, | 076 | 088 | 114 | 146 | 1.96
oxide

The choline chloride/ tartaric acid ioniguid is an acidic solvent as its
pH was found to be 1.5, this may explain the higb&ubility observed
with the more basic oxide such as CuO.

The solubility curves were used to deternthme lattice energy of the
solute, which was expressed in cal/mol, by plottilmparithm of
concentration against the reciprocal of the absdkrnperature (1/T) using

the following equation assuming the solution isaide

[e]

Lnx = + const.
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The results are represented in Figure)(3-6)(3-8)(3-9) and(3-10).
As shown in Table (3-4)
Details of the results and discussion of each nwetale is described in the

following sections.

Table (3-4) Calculated lattice energy for each metaxide.

Comp. Molecular Intersept Laties
name formula slope | linearity (constaﬁt) energy
(cal mol'™)
Cupric cuo | -veevr| caaey | g ey 4058.05
oxide
Nickel NiO  |ovesor| caava | v,onoy | 30605761
oxide
zine oxide| zno |-vevr| cavey | ovevas 2915.525
Chromic cro, | -vaver| caay | vaata | 3626.8711
oxide
Cobalt
-Y¢¢¢,4 +,4A41 -,V ety .
oo C0s0s 2871.06
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3.2.1_Chromium oxide (Crg):

The saturated solution of the deep browmmium oxide in choline

chloride/ tartaric acid deep eutectic solvents (DEf#as prepared as
described in section (2.3.3). At the initial adalitiof metal oxide the solid
material was not dispersed easily in the liquidestaf DES due to the
viscose nature of the solvent which required mametto show a
noticeable dissolution of chromium in the solvehis was visually
indicated by the color of the solution when it chath from colorless to
dark green. The latter color was intensified witlnet and stirring as it
changed to bluish green when the mixture was @ft7f days to insure
complete dissolution of the oxide with the aid afcasionally stirring.
However, the undissolved deep brown chromium oréeains unchanged
at the end of the seven days.

To determine the solubility of the melt tims solution at variable
temperatures, it was heated to 40, 60, 80 and°@0As described in
section (2.3.3.) The viscosity of the solution ajpesh with temperature as it
decreased and finally reached almost similar ftyidf water at 100C. At
the end of the 4 hours of heating without furtierisg was applied and it
required only 5-10 minutes to separate the solidissolved chromium
oxide from the clear soluble chromium solution okine chloride/ tartaric
acid system. A sample was taken as described itiose(2.3.3) and
analyzed for metal content by atomic absorptiorcspeetry.

The resulted solubilities at variable tenapares are represented in
Table (3-3) and plotted in Figure (3-2),

In molality vis reciprocal absolute tempearat (1/T) was also plotted
as showen in Figure (3-3). The determined slopen ffagure (3-3) was
applied in equation (1-1) to deduce the latticergymef chromium oxide
which was fond to be 3626.87 cal mMglable (3-4).
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Figure 3-2: Solubility of CrO3z in Choline Chloride-Tartaric Acid ionic liquid wit h
the absolute temperature in °C.

Referring to Figure (3-2), the solubilityagv found to increase with
increasing the temperature as it reached 0.048310EC.

The increasing solubility with temperaturadicates an exothermic
process which arises from the dissolution of thel@xn the ionic liquid
solvent.

The solubility of metal oxide would be exped to be larger when for
example, dissolving basic metal oxide in acidiosent or vis versa. There
for the solubility of chromium oxide (CePwhich is known to have an
acidic characterization, expected to show low sgbtybin the acidic
choline chloride/ tartaric acid ionic liquid as tiselubility observed in
basic ionic liquid was reported to be higher tharthis melt (0.108 M) in
choline chloride/ urea ionic liquid®as shown in Table (3-5) .

Chromium (VI) oxide showed smaller solui® in choline chloride/
tartaric acid room temperature ionic liquid, 0.02%t 27C in comparison

with that water at same temperature which is 0/268°
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However, at 6C the solubility of chromium oxide obtained in this
lonic liquid was found to be larger than that repdrin hydrochloric acid
solution ( 0.043 M, 0.02 M respectivel{f’

In a close compression the solubility thes ionic liquid of choline
chloride/malonic acid at 6@ was found to be closer to that obtained in
ionic liquid of this work (0.064 M and 0.043 respieely). ©°
The color change derived from the dissolution o®£in this ionic liquid

was further studies in section 3.3.1.

~y
T T T T T T T 1

0.J02 0.0022 0.0024 00026 0.0028 0.003 0.0032 0.0034
-2.5 1
g =3
g *
£ 35 A
-4
y=-1825.3x + 1.8868
45 R®=0.992

1UTemp

Figure 3-3: Log plot of solubilities of CrO; in Choline Chloride-Tartaric Acid ionic
liquid with the absolute temperature in K.
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3.2.2_Cobalt oxide (G©,):

A saturated solution of black cobalt oxidedholine chloride/ tartaric

acid deep eutectic solvents (DES) was preparet@srsin section (2.3.3);
the initial addition of metal oxide shows a slowmkrsed in the liquid state
of DES because of the viscose nature of the somémth needed more
time to show a notable dissolution of cobalt in tavent. A visual
indication is recognized by color changing fromaortdss to light green,
which becomes more intense with time as it changdighter green when
the mixture was left for 7 days to insure complitsolution of the oxide
with the aid of occasionally stirring. However, kadk undissolved cobalt
oxide remained unchanged at the end of the sewen da

The solubility of the melt in thislgbon was determined at a
variable temperatures, it was heated to 40, 60180,C; as described in
section 2.3.3. The viscosity of the solution isemsely proportion with the
temperature ; and finally it reached almost similaidity of the water at
100°C.

After the 4 hours of heating, no furtherrstg was applied and it
required only 5-10 minutes to separate the cle&rbs® cobalt solution
from solid undissolved cobalt oxide in Choline cide/ tartaric acid. A
sample was taken as described in section (2.3Batmmic absorption was
used to analyze the metal content. The resultedbgitles at variable
temperatures are represented in Table (3-4) arite@dlmm Figure (3-4).

In molality vis reciprocal absolute tempgara (1/T) was also plotted
as shown in Figure (3-5). The determined slope fi€igure (3-5) was
applied in Equation (1-1) to deduce the latticergnef cobalt oxide that
was found to be 2871.06 cal ifipTable (3-4).
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Figure 3-4: Solubility of Co;04 in Choline Chloride-Tartaric Acid ionic liquid wit h
the absolute temperature in °C.

According to Figure (3-4), the solubilityas/ found to increase with
increasing the temperature as it reached 0.0196t 0@ °C; that's
indicates that the process of the dissolution efrttetal oxide in this ionic
liquid solvent is an exothermic process.

Cobalt oxide showed good solubilitiescimoline chloride/ tartaric
acid room temperature ionic liquid, 0.0122 M af@7n comparison with
water at room temperature which is insolubte

The solubility of metal oxide would bgpected to be larger when
dissolving basic metal oxide in acidic solvent arewersa, that's why, the
solubility of cobalt oxide (Cs®,) which is known to have a basic
characterization, expected to show high solubilitythe acidic choline
chloride/ tartaric acid ionic liquid (0.0122 M) vidithe solubility as
reported is drooped to (1.2 X 1) when dissolved in choline chloride/

urea ionic liquid®as shown in Table (3-5) .
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Figure 3-5: Log plot of solubilities of C@O4 in Choline Chloride-Tartaric Acid
ionic liquid with the absolute temperature in K.

And in the acidic media, at 6Q the solubility of cobalt oxide
obtained in this ionic liquid was found to be srmaalihan that reported in
hydrochloric acid solution ( 0.0183 M with 0.59 kspectively(®®.

In a closer comparison the solubility imet ionic liquid of example
choline chloride/malonic acid was found to be vepse to that obtained in
ionic liquid of this work (0.0182 M with 0.02 respwvely) ©?).

The color change derived from the dissotutid CgO, in this ionic

liquid was further studies in section 3.3.2.
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3. 2.3 Nickel (1) oxide (NiO):

The saturated solution of nickel oxide inoe chloride/ tartaric acid

deep eutectic solvents (DES) was prepared as shosection 2.3.3. The
dispersed of the solid metal oxide in the liquiatstof (DES) was not fast
due to the high viscosity of the solvent ,whichuieed a period of time to
dissolute completely then it possible to make aalisdentification when
the color change from the colorless into green. blsh-green colored
solution was set up with time by means of occasiprsdirring for seven
days to insure a complete dissolution of the oxidethe solvent;
nevertheless, an undissolved black nickel oxidemained unchanged at
the end of the seven days.

The solubility of the melt in the solution svaerified at different
temperatures 40 ,60 ,80 and 100°C as describeedchior (2.3.3.). it was
obvious that the viscosity becomes lower when éngperature goes higher
as it reaches a parallel fluidity to that of waded 00°C.

An easy separation of the undissolve nickale was applied without
stirring, from the clear soluble nickel solutionaholine chloride / tartaric
acid ionic liquid. A sample was taken as descriine(®.3.3.) and analyzed
for the metal contents by using atomic absorption.

The resulted solubilities at variable tenaares are represented in
Table (3-4) and plotted in Figure (3-6).

In molality vis reciprocal absolute tempgara (1/T) was also plotted
as shown in Figure (3-7). The determined slope fiegure (3-7) was
applied in Equation (1-1) to deduce the latticergn®f nickel oxide which
was fond to be 3060.57 cal rifoTable (3-4).
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Figure 3-6: Solubility of NiO in Choline Chloride-Tartaric Acid ionic liquid with
the absolute temperature in °C.
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Figure 3-7: Log plot of solubilities of NiO in Cholne Chloride-Tartaric Acid ionic
liquid with the absolute temperature in K.
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Referring to Figure (3-6), the solubility svdound to increase with
increasing the temperature as it reached 0.07810QIC.

The increasing solubility with temperature indiogti an exothermic
process arise from the dissolution of the oxid#aionic liquid solvent.

The solubility of metal oxide would be exptto be larger when for
example, dissolving basic metal oxide in acidicvent or vis versa. The
nickel oxide (NiO) shows a low solubility of 6.620°> M at 27°C ,when it
dissolved in basic media like choline chloridedaiionic liquid®:while it
shows a high solubility of (0.0448 M) at 27°C whedissolved in choline
chloride / tartaric acid ionic liquid in comparmsavith water which is
insoluble at room temperatur® as in Table (3-5).

At 60°C the solubility was much higher when it dissolredholine
chloride / tartaric acid ionic liquid than that oefed in hydrochloric acid
(0.0816 M with 0.08V respectively$?.

In a closer compression the solubility inestlonic liquid of choline
chloride/malonic acid was found to be that the sility in the prepared
choline chloride/tartaric acid is much higher tithat obtained in choline
chloride/malonic acid ionic liquid (0.0816 M compdr to 0.002 M
respectively}®.

The color change derived from the dissolutibNi® in this ionic liquid

was further studies in section 3.3.3.
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3.2.4 Cupric(ll) oxide:

The saturated solution of cupric (Il) axieth Choline chloride/ tartaric

acid deep eutectic solvents (DES) was preparedeasriled in section
2.3.3. At the initial addition of metal oxide thelid material was not
dispersed easily in the liquid state of DES dué®viscose nature of the
solvent which required more time to show a notatisolution of cupric
(1) in the solvent when the color of the solutidmanged from colorless to
yellow , the latter color was intensified with timénen the mixture was left
for 7 days to insure complete dissolution of thedexwith the aid of
occasionally stirring. However, a black undissolvedpric (ll) oxide
remains unchanged at the end of the seven days.

Using different temperatures (40 ,60 ,80 400)°C to establish a
clear idea about the solubility of the melt in #wution ,as we know the
viscosity decreased at higher temperatures , yEHI@Cthe viscosity of the
melt approaches to the viscosity of water.

A (5-10) minutes was enough to isolate thdissolved cupric oxide
from the soluble cupric oxide in choline chlorid@artaric acid ionic liquid.
A sample was taken as described in section (2eh8)analyzed in atomic
absorption.

The resulted solubilities at variable tenapares are represented in
Table (3-4) and plotted in Figure (3-8).

As shown in Figure (3-8) we notice a directly podtional relationship
between the solubility and the temperature ; yel@G°C the solubility

reaches to 0.38 m.
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Figure (3-8): Solubility of CuO in Choline Chloride-Tartaric Acid ionic liquid with
the absolute temperature in °C.

In molality vis reciprocal absolute temperat(l/T) was also plotted as
shown in Figure (3-9). An exothermic process wiltise from the
dissolution of the cupric oxide in the ionic ligusdlvent , when the lattice

energy of 4058.05 cal nidlis obtained from the slop applying in equation
(1-1) as shown in Figure (3-9), Table (3-4).
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Figure (3-9): Log plot of solubilities of CuO in Cloline Chloride-Tartaric Acid
ionic liquid with the absolute temperature in K.

The solubility of metal oxide would bepected to be larger when
for example, dissolving basic metal oxide in acislodvent or Vice versa,
therefore a high solubility are obtained when thprc oxide is dissolved
in acidic media of choline chloride / tartaric aeidhic liquid (0.168 M) at
27°C in comparison with water at room temperature Whids insoluble
8- While in basic solvent of choline chloride / ureaic liquid ©® the
solubility is dropped to 5.5 X 1 as shown in Table (3-5).

At moderated temperature of 60°C gbkibility of cupric oxide
become higher when a hydrochloric acid is usedsmwent (compare 0.32
M with 0.65 M respectively®®

In a closer compression the solubility they ionic liquid of choline
chloride/malonic acid was found that the obtair@da liquid in this work
Is much higher than choline chloride/malonic a@d32 M compared to
0.176 respectively§”.
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The color change derived from the dissoluttdnCuO in this ionic

liquid was further studies in section 3.3.4.

3.2.5 Zinc oxide:

The saturated solution of zinc oxide in {@f® chloride/ tartaric acid

deep eutectic solvents (DES) was prepasad scction 2.3.3; the mixture
was left for 7 days to insure complete dissolutidrthe oxide with the aid
of occasionally stirring. However, no color changder the addition of
metal oxide to the Choline chloride/ tartaric amdic liquid, even at the
end of the seven days.

To determine the solubility of the melttims solution at a variable
temperatures, it was heated to 40, 60, 80, M@s described in section
2.3.3. The viscosity of the solution decreased famally reached almost
similar fluidity of the water at 108C. At the end of the 4 hours, no further
stirring was applied and it required only 5-10 nte@suto separate the solid
undissolved white zinc oxide from the clear solulziec solution in
Choline chloride/ tartaric acid. A sample was takendescribed in 2.3.3
and analyses for metal content by atomic absorptibne resulted
solubilities at variable temperatures are represemt Table (3-4) and
plotted in Figure (3-10).

In molality vis reciprocal absolute temperati¢T) of solubilities is
also plotted as shown in Figure (3-11). The deteeahislope from Figure
(3-11) was applied in Equation (1-1) to deduce |t#itce energy of zinc
oxide that was fond to be 2915.525 cal mdkble (3-4).
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Figure 3-10: Solubility of ZnO in Choline Chloride-Tartaric Acid ionic liquid with
the absolute temperature in °C.
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Figure 3-11: Log plot of solubilities of ZnO in Chdine Chloride-Tartaric Acid
ionic liquid with the absolute temperature in K.
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Referring to Figure (3-10), the solulyinvas found to increase with
increasing the temperature as it reached 0.8710GHC.

The increasing solubility with temperatunelicating an exothermic
process arises from the dissolution of the oxiddenionic liquid solvent

The solubility of metal oxide would be exped to be larger when for
example, dissolving basic metal oxide in acidiwvent or vis versa.

There for the solubility of cupric oxide (Zh@hich is known to have
an amphoterie characterization, expected to shal Bblubility in the
acidic choline chloride/ tartaric acid ionic liquashd high solubility in basic
ionic liquids too, as in choline chloride/urea iotiguids which was 0.023
M. ®?as in Table (3-5).

Zinc (I1) oxide showed good solubilitiss choline chloride/ tartaric
acid room temperature ionic liquid, 0.056 M afQ7n comparison with
water at room temperature which it is insoluBie.

However, at 66C the solubility of zinc oxide obtained in this ion
liguid was found to be smaller than that reportedhydrochloric acid
solution (compare 0.0848 M with 0.78 M respectiy&R.

In a closer compression the solubility they ionic liquid of choline
chloride/malonic acid was found to be higher tot tbhtained in ionic
liquid of this work (0.199 M compared to 0.0848 dspectively)®.
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Table (3-5): Solubilities of metal oxides in Moraliy in different solvents.

Choline Choline Choline
Metal |\, 5 | chiorides | chlorider | chlorides HC
oxide : : : : (0.65 M)
tartaric acid| malonic acid urea

CrO; | 0.064 0.043 0.064 0.108 0.02
Coz0, | insoluble] 0.0182 0.02 1.2 X 10 0.59
NiO |insoluble] 0.0816 0.002 6.6 X 10 0.08
CuO |insoluble 0.32 0.176 6 X 10 0.65
ZnO |insoluble] 0.0848 0.199 0.025 0.78
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3.3 Electronic spectroscopy of transition metal oxidescholine

chloride/ tartaric acid room temperature ionic lad:

Electronic absorption of transition metalmglexes are usually
attributed to the partially filled d-orbital of thaetal. The energy required
for such transition is that of the near ultravicdeid visible region. While
charge transfer spectra are due to transitions detwnetal and ligand.
Studies of electronic spectra of complexes helpthendetermination of
structure of the complexes through the electramtieraction of the metal d-
orbital and ligand orbital. The range of the speecdr(190-1100) nm. using

choline chloride/ tartaric acid ionic liquid as@\went.

3.3.1 Electronic spectroscopy of chromium trioxide in cle

chloride/ tartaric acid ionic liquid:

When deep brown chromium trioxide dissolwedcholine chloride/
tartaric acid ionic liquid, showed a green cololuson. This solution was
investigated by U.V. Visible spectroscopy at rooemperature and at
elevated temperature up to 1Wwhen the color changed into bluish green
color.

The color change of chromium oxide before and aftedissolution in the
lonic liquid indicated a reduction in the chromi@¥) into chromium (ll1),

as the latter usually gives green solution of tlealwedral coordination
nature of this metaf*” The color before dissolution usually attributed to
ligand- metal charge transfer spectra. As this lwaver the blue end of the
visible region.

The recorded ultraviolet visible spectrafrthe green solution of the
chromium oxide showed two bands with absorption imaxat 568 nm
(17605cnt) and 427 nm (23419¢H which were consideredvy),( v,)
respectivelyas shown in Figure (3-12) , the high energy speahserved
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indicated that chromium oxide in Choline chloridaftaric acid ionic

liquid consist of octahedral coordination.
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Figure (3-12) The UV- Vis. Spectrum of Chromium (Il) oxide in Choline chloride/
tartaric acid ionic liquid at room temperature.

The third band of the octahedral coordinmat{os) which normally
occur at higher energy was deduced by using Tan8hgano diagram
Figure (3-13) of d electronic configuration and it is found to be 2%
(37702 crit).

And the bands may be assigned as:

1= Ay(F) — *T24 (F) (10Dq)
V2 = 4A29 (F) - 4Tlg (F)
V3 = 4A29 F - 4Tlg (P)
The terms of thesplitting may also illustrated in Figure (3-14)
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60 A

A,

Figure (3-13) Tanabe-Sugano diagram for Hion configuration.
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Figure (3-14 ) Crystal field splitting of the termof d* ion octahedral configuration.
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The calculated values of interelectronic tejom parameter (Racah
parameter B) in the complex formed in cholineodkle/ tartaric acid ionic
liquid with chromium (lll) ion and that ohephelauxetic factor were
represented in Table (3-6). It is notice that Rguatameter (553 cm was
found to be much less than that in free ion (918)cdue to the expansion
of d- electron over the complex which expectedaduce the metal inter
electronic repulsion.

In addition, the apparent value of B in pbemes is always smaller
than that of free ion. This phenomenon is knowmeghelauxetic effect
and is attributed to delocalization of the metaicalons around the ligand
as well. As a result of this delocalization (cloexipansion) the average
interelectronic repulsion is reduced and therefrés usually smaller®®
This is also found in this work g5 complex was found to have a small
value as shown in Table (3-7).

Calculation by Jorgenson rule of averagarenment for Cr (lll) ions
in choline chloride/ tartaric acid ionic liquid didot support that the
coordination is either of 6 chloride ions or thteetarate ions. The field
factor value of the solvent ions with the metal wassidered to be 1.14 as
deduced from the nickel coordination in this ioleid section 3.3.3.

However, the calculation revealed that therdmation of Cr as of 2Cl
and 2 of the solvent, the latter ion bonded toddetral metal as bidentate
ligand. This calculation indicated a non-uniformomtinated ligands
around the Cr (lll) ions as illustrated in TablegBand shown in Figure (3-
16); therefore, it may show irregular octahedrapgh This suggestion is
supported by the large molar absorption value af (Zmol* cm?) as
shown in Table (3-11), since the normal octahedralld show much less

value (<10)&)
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As shown in Figure (3-15), increasing theperature did not show

significant changes in color as it is only incresaee intensity of the green

color and there was no change in bands positon.
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Figure (3-15) The UV- Vis. Spectra of chromium oxid in Choline chloride/
tartaric acid ionic liquid at different temperature s in °C.

solvent

solvent

Figure (3-16): Suggested structure for chromium (Il) in choline chloride/ tartaric

acid ionic liquid.
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Table (3-6): The observed 10Dq as comparison witlé calculated 10dq in
different ratio of ligands

Calculated Calculated

Observed] Calculated | 10Dq (4cl with] 10Dq (2cl-
10Dg | 10Dqg (6Cl-)| 1 tartarate ion with 2

) tartarate ion)

Calculated
10Dq (3
tartarate ion)

17605 13570 15660 17748 19835

Table (3-7) Chromium (Ill) oxide electronic spectraparameters

Chromium | o | ygoc 60°C go°’c | 100°C
(111) oxide
s 17605 | 17513 |  17574| 17361 1754
v, 23419 | 23148 | 23005| 23148 23201
v, 37702 | 37388 | 37424| 37208| 37461
B free ion 918 918 918 918 918
B 553 533 519 551 535
B 0.6 0.58 0.566 0.6 0.58
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3.3.2 Electronic spectroscopy of cobalt oxide in choline

chloride/ tartaric acid ionic liguid:

When cobalt oxide dissolved in choline cidef tartaric acid ionic
liquid, showed a green color solution.

To understand the behavior of the dotwailde in choline chloride/
tartaric acid ionic liquid in different temperatarethe samples were
investigated by U.V. Visible spectroscopy at rooemperature and at
elevated temperature up to 1M

The ultraviolet visible spectra of the smuatof the cobalt oxide shows
one absorbance maxima band at 698 nm (1432Bevhich represent3,
and two other absorbance at 667 nm (14992)@nd 643 nm (15552¢t
both represent a forbidden transitiof&.,— ?A; (°G) )and {A,— “T, ((G))
respectively , as shown in Figure (3-17) .

Cobalt oxide normally spinel with €@ons in tetrahedral interstices
with green colored solution and €mn in octahedral interstices with red
colored solutions. It is known that Gdas more stable than Cbso it is
expected that all Cdwill reduced to C& as in equation (3-1)
CoP+6—5C0?% i, equation (3-1)

That is indicating that cobalt oxide in Choline aidle/ tartaric acid ionic
liquid consists of tetrahedral coordination compdéxobalt (11).

The term symbol for the ground state of @pion F* can split in
tetrahedral crystal field as following:

0= ‘A2(F)  — T2 (F) (10Dq)

v = ‘Az (F) — T (F)

v3= A (F) —  ‘T.(P)

And Figure (3-18) shows the assigned electronitsiteon of the term
symbol for the ground state of Co(ll) id.
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Figure (3-17): The UV- Vis spectrum of CgO, in Choline chloride/ tartaric acid
ionic liquid at room temperature.
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Figure (3-18) Crystal field splitting of *F term of d’ ion tetrahedral configuration.
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In this casey,; should be in the IR region and in near IR region.
Examination of this part of the IR has some tinmeBdated the presence of
a band, though overlying vibrational bands makerpretation difficult.

As Jorgenson calculations of averagerenwent for Co (Il) ions in
choline chloride/ tartaric acid ionic liquid sugtethat the coordination is
of four chloride ions. This calculation indicatesiform coordinated
ligands around the Co (ll) ions; therefore, it nsénpw a regular tetrahedral
shape as shown in Figure (3-19).

This suggestion is supported by the largéamabsorption value of
(6.3) since the normal tetrahedral would show ledge (<10) as shown in
Table (3-13).

Moreover, increasing the temperature dwmt show significant
changes in color as it is only increases the inte$ the green color and
there was no changes in band position as in Taki8).(and this is
indicated in Figure (3-20).

Table (3-8) Cobalt oxide CgQO4 electronic spectra parameters.

Cobalt | oroc 40 °C 60 °C so°’c | 100°
oxide
e 14326 14285 14265 14144 1408
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Figure (3-19): Suggested structure for cobalt (11)n choline chloride/ tartaric acid
ionic liquid.
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Figure (3-20) The UV- Vis spectra of CgD4 in Choline chloride/ tartaric acid ionic
liquid at different temperatures in °C.
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3.3.3 Electronic spectroscopy of nickel (I1) oxide in chpe

chloride/ tartaric acid ionic liguid:

The green solution of nickel oxide and cholaidoride / tartaric acid
lonic liquid, was investigated by U.V-Vis spectropg at room
temperature and at elevated temperature reachaés Up0°C, when the
color changed into blue.

The recorded ultraviolet visible spectfattee green solution of the
nickel (Il) oxide shows two absorbance maxima bamds655 nm
(15267cnt) and 418 nm (23923 ¢t which was considered),( vs)
respectively as shown in Figure (3-21) While thisranother band near the
second absorbance band at 699 nm (14308) onhich represents a
forbidden transition, that appeared due to spintacbupling transition
from the®A, ground state to the singlet state'&f which are very close in
energy, indicating that nickel (lI) consisted oftaieedral coordination

complex.
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Figure (3-21): The UV- Vis spectrum of NiO in Chahe chloride/ tartaric acid
ionic liquid at room temperature.
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The third bandvf) which normally occur at a low energy was deduced
by using Tanabe- sugano diagram Figure (3-22) &f etectronic
configuration and it's found to be 1007 nm (9923%m

And the bands may be assigned as:

V1= %Ay — Taq (F)
Vo= Ay — *T1 (F)
V3= Ay — Ty (P)

Since the terms of theé® donfiguration can split as illustrated in Figuge (
23)

Figure (3-22) Tanabe-Sugano diagram for Hoctahedral electronic configuration
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Figure (3-23) Crystal field splitting of °F term of d® ion octahedral configuration.

The calculated values of interelectrampulsion parameteR@cah
parameter B) in the complex formed in cholindodde/ tartaric acid
lonic liquid with nickel (lI) ion and that ohephelauxeticfactor were
represented in Table (3-9). It is notice tRatcah parameter (627.9 ¢
was found to be much less than that in free iorB@16m') due to the
expansion of d- electron charge on the complex ixpected to reduce
the metal inter electronic repulsion.

In addition, the apparent value of B immgdexes is always smaller
than that of free ion. This phenomenon is knowmegshelauxeticeffect
and is attributed to delocalization of the metaici#lons around the ligand
as well. As a result of this delocalization (cloexipanding) the average
interelectronic repulsion is reduced and therefrés usually smaller®®
This is also found in this work g5 complex was found to have a small

value as shown in Table (3-9).
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From the obtained spectra of nickel iis Bolvent it was deduced that
the field factor of the coordinated part of theveolt was equal to 1.14. this
large field may arise from the tartaric acid anians it is assumed that the
bond of tartaric acid to nickel was of bidentatel #mree molecules of the
tartarate was attached to the central metal agndited in Figure (3-24)

And as Jorgenson calculations of averaga@amwent for Ni (Il) ions
in choline chloride/ tartaric acid ionic liquidstipport that the coordination
Is of three tartarate ions. This calculation intecauniform coordinated
ligands around the Ni (ll) ions; therefore, it mehyow a regular octahedral
shape. As shown in Table (3-10).

This suggestion is supported by the smallamabsorption value of
(6.3) as shown in Table (3-13) since the normatloatiral would show less
value (<10).

Moreover, the effect of increasing tempematwas not recognized on
the color changes but it increases the intenslkeeofiteen color. and there is

no change in the band position as shown in Figea25]).
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Figure (3-24): Suggested structure for nickel (I1n choline chloride/ tartaric acid

ionic liquid
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Figure (3-25) The UV- Vis spectra of NiO in Cholie chloride/ tartaric acid ionic
liquid at different temperatures in °C.
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Table (3-9) Nickel (I1) oxide NiO electronic specta parameters.

Nickel 1 proc | 40°c 60°C go°c | 100°C
oxide
o 9923 9904 9908 9680 0688
v, 15267 | 15243 | 15174| 15174 15191
va 23923 | 23866 | 23752 24006 2400
Bfreeion| 1030 1030 1030 1030 1030
B 627.9 615.3 613.5 682 681
B 0.6 0.597 0.595 0.662 0.662

Table (3-10): The observed 10Dq as comparison withe calculated 10dq in
different ratio of ligands

Calculated Calculated Calculated
Observed| Calculated 10Dq (4cl 10Dq (2cl- 10Dq (3
10Dg | 10Dq (6Cl-)| with tartarate with 2 qt
: : tartarate ion)
ion ) tartarate ion )
9923 6786 6786 9220 9923
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3.3.4 Electronic spectroscopy of cupric oxide in choline

chloride/ tartaric acid ionic liguid:

A yellow solution was obtain when cuprigide is dissolved in
choline chloride / tartaric acid ionic liquid; the®lution was examined by
U.V-Vis spectroscopy at room temperature and atadéel temperature up
to 100°C, where at this point the colure of thaigoh is changed into deep
yellow.

The recorded ultraviolet visible speaifahe yellow solution of the
cupric oxide showed one broad band absorption nmaxan 1069 nm
(9355cnt) as shown in Figure (3-26).
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Figure (3-26) The UV- Vis. Spectrum of Cupric oxidgCuO) in Choline
chloride/ tartaric acid ionic liquid at room temperature.
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The dconfiguration makes Cu Il subjected to john-tetlstortion if
placed in an environment of cubic (i.e. regularabedral, or tetrahedral)
symmetry, and this has a profound effect on aktéseochemistry.

The high absorption of copper (ll)cimoline chloride/ tartaric acid
lonic liquid may indicates a large distortion ia geometry.

The result of Cu(ll) in choline chlosidtartaric acid ionic liquid is
similar to those taken for Cu (Il) in molten chiteiof LiCl/ KCI at 400°C
which showed one absorbance maxima at 950§ erhere it propose to be
in distorted octahedral to tetrahedral coordinafitn

The suggested average environmental isdbper (1) in choline
chloride/ tartaric acid was bonded with two chleridns and one tartaric
acid molecule. As shown in Figure (3-27). This sgimn is supported by
the value of molar absorption (15.9) as shown ibld43-14) since the
normal octahedral would show less value (<10) aodmal tetrahedral
(~100).

As shown in Figure (3-28), increasing theperature did not show
significant changes in color as it is only increagke intensity of the

yellow color and there was no change in bandsipasit
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solvent

/“o
0

Figure (3-27): Suggested structure for copper (l)n choline chloride/ tartaric acid
ionic liquid.
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Figure (3-28) The UV- Vis spectra of Cupric oxidéCuO) in Choline chloride/
tartaric acid ionic liquid at different temperature s at °C.
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3.3.5 Electronic spectroscopy of zinc oxide in cholinelghde/

tartaric acid ionic liquid:

Zinc has two s electrons outside filled @lish No lose of electron
occur to gives ions or complexes, so it is regardsdnon-transition
elements, and since there are no electron transidimc complexes are

colorless and cant be identify by U.V. Vis speatoysy.

The results of molar absorptivity were afgd in Tables (3-11), (3-
12), (3-13), and (3-14).

Table (3-11): Variable of molar absorbability ) of the spectra for chromium oxide
in choline chloride ionic liquid at variable temperature measured at. =357.9 cnf-

o A ConcentrationinM (c) | b €L /moler
RT °C 0.683 0.025 1 27.3
40°C 0.904 0.025 1 36.16
60°C 0.927 0.025 1 37.08
80°C 0.943 0.025 1 37.72
100°C 1.033 0.025 1 41.32

7 A Concentration in M (c) b €L/ molen
RT°C 0.898 0.025 1 35.92
40°C 1.124 0.025 1 44 .96
60°C 1.146 0.025 1 45.84
80°C 1.177 0.025 1 47.08
100°C 1.260 0.025 1 50.4
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Table (3-12): Variable of molar absorbability €) of the spectra for cobalt oxide in
choline chloride ionic liquid at variable temperatue measured ath= 240.7 cnf.

At v3 A Concentration in M (c) b €L /molem
RT°C 1.62 0.01 1 162
40°C 1.751 0.01 1 175.2
60°C 1.816 0.01 1 181
80°C 1.937 0.01 1 193.7
100°C 2.090 0.01 1 209

Table (3-13): Variable of molar absorbability ) of the spectra for nickel oxide in
choline chloride ionic liquid at variable temperatue measured ath= 232 cni".

07 A ConcentrationinM (c) | b €L /moler
RT °C 0.28 0.044 1 6.36
40°C 0.413 0.044 1 9.36
60°C 0.452 0.044 1 10.2
80°C 0.487 0.044 1 11.07
100°C 0.607 0.044 1 13

03 A ConcentrationinM (c) | b €L /moler
RT °C 0.642 0.044 1 14.5
40°C 0.806 0.044 1 18.3
60°C 0.823 0.044 1 18.7
80°C 0.817 0.044 1 18.5
100°C 0.846 0.044 1 19.2
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Table (3-14): Variable of molar absorbability () of the spectra for copper oxide in
choline chloride ionic liquid at variable temperatue measured at.=324.8 cnf-

At Vax A Concentration in M (c) b €L /molem
RT°C 2.683 0.168 1 15.97
40°C 2.709 0.168 1 16.07
60°C 2.767 0.168 1 16.47
80°C 2.767 0.168 1 16.47
100°C 2.799 0.168 1 16.66

3.4Thermodynamic effect of d-orbital splitting:

It was found that the calculated lattice energiéshe dissolved
metal oxides in choline chloride/ tartaric acidiohquid did not have a
straight increasing line when it plotted with atomumber Figure(3-29).

This was found to be in agreement with the latBoergies of the
metal dichloride of the divalent element of thesffitransition serie§”
Figure (3-30).

This would be attributed according to crystal fighd:ory, to the d-
orbitals splitting into &g and eg orbitals which stabilized by 4Dg and 6 Dq
respectively. This would imply that the electrome antering d-orbitals of
different energies as progress through a transsemes causing a non

linear graph of for example lattice energy.
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Figure (3-29) Lattice energies for C$O3, Co304, NiO, CuO, ZnO element of the
first series of the transition metals.
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Figure (3-30) Lattice energies for the dichloride bthe divalent elements of the first
series of the transition metals.

87



Chapter three Results and discussion

3.5Conclusion:

1-

The prepared room temperature ionic liquid was dasequaternary
ammonium salt (choline chloride) that was mixedhwitydrogen
bond donor molecule [(CIHOHCOOH)] in mole ratio of 2:1
showed different physical properties from othereas solvents.
The prepared ionic liquid was colorless, high vt have low PH,
and 5C freezing point.

This prepared ionic liquid has been used as noe@gisolvents to
study the solubilities of some first row transitioretal oxides, Cr¢)
Co;04, CuO, NiO and ZnO, which showed promising projesrtio
dissolve the oxides.

The prepared ionic liquid has been used as soliergtudy the
behavior of the metal oxide. The interaction whraneined by UV-
Vis that took place between transition metal iond #he possible
ligand in each solution gave complexes with pogsiariable mixed
ligands of octahedral and tetrahedral geometry.

The calculated ligand field shows different strén@tccording to the
10 Dq value of each metal complexes), differentdRaparameter
(B") and different electron repulsion paramet®; (vhich refers to
different ionic character between the metal andditheor atom of the
ligand.

The obtained lattice energies from the solubiligasurements of the
metal oxides were consistent with the enterele@taepulsion
normally showed by the transition metal complexes.

Heating the resultant metal solutions didn't appéar have a
noticeable geometrical deformation but merely iasheg the

intensity of the absorb visible energy bands.
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3.6 Suggestion for future work:

The following suggestions can be postulated to rnsompletion of the

study in this work:

1- Investigating the solubility and coordination of ofimer set of
transition metal complexes using another transitietals ions such
as second or third rows of transition metal usimg $ame prepared
choline chloride/ tartaric acid ionic liquid.

2- Studying the solubility of metal chlorides in adiit to the metal
oxides that already studied.

3- Finding a suitable method to isolate the prepamdpiexes of the
transition metal ions from their ionic liquid salurt.

4- |dentifications of the isolated complexes of trensition metal ions
by using infrared spectroscopy, magnetic suscdipgilmr the x-ray

diffraction.
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Chapter Two

Experimental

2.1. Chemicals and | nstruments:
2.1.1. Chemicals:

The chemicals used in this work and theiitpand supplier are listed
in Table (2-1)

Table (2-1) Chemicals and their puritiesand suppliers

Chemicals Purity % Supplied from

Choline chloride 99 Merck
Chromic oxide 99 BDH

Cobalt oxide 98 Merck
Cupric oxide 99 BDH
Nickel oxide 99 BDH

Sulphuric acid conc. 98 Thomas Baker

d-tartaric acid 99 BDH
Zinc oxide 99 BDH
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2.1.2 | nstruments:

There were some instrumental analysis andgoiures were applied in

this work which will be described in the followirsgction:

2.1.2.1- Metal analysis.

The metal content in complexes was measured byiatabsorption
technique in PERKIN-ELMER-5000 Atomic Absorption egprophoto
meter for the determination of (Co, Cu, Cr, Ni, add), using air-
acetylene lamp, of 240.7, 324.8, 357.9, 232, ar®l®@tm' wavelength
respectively. the measurement was carried outarahoratory of biology

department/ college of science/ Baghdad University

2.1.2.2- UV-Vis spectr oscopic:

The electronic spectra of complexes wereaiobtd by using
SIMADZU (Japan), UV-Vis 1650 PC ultra violet vistbspectrophotometer
from room temperature to 1®using quartz cells of 1.0 cm length and
lonic liquid as solvent in the range of wave len@80-1100 nm (52632 —
9091 cnt). As the spectra were recorded and characterizbd.
measurement was carried out in the laboratory efmistry department/
college of science/ Al-Nahrain University

2.1.2.3 Conductivity measurement:

The conductivity measurement was carried at 27 °C using
HANNA instrument 5000 ps/ cm. the measurement veasexl out in the
laboratory of chemistry department/ college of sced Al-Nahrain

University

34



Chapter two Experimental

2.2. Setting of heating appar atus:

Working in room temperature ionic liquid sehts offer a simplicity of
apparatuses arrangements, in contrast to high trampe molten salts
apparatuses which requires heating equipments witastand the high
temperature used (i.e. heating to > 100 °C). TloeeefFigure (2-1)
illustirate the apparatuses used with room tempezaonic liquid, which is
similar to those might be used with aqueous systBEme. apparatuses of
Figure (2-1) consists of :

1. Hot plate.
Oil bath.
Stand
Clamp.
Thermometer.

Reaction beaker.

N o O R~ DN

Glass rod.

L‘: i J 7
. S ® @

| B

Figure (2-1):- Setting of heating apparatus
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2.3 Methods:

2.3.1 Drying method:

All materials were dried before used as avkm sample was kept in

drying oven at 8{C for 4 hours. The dried samples where storedsieated

container which was kept in a desiccator for furtnse.

2.3.2 Determination composition/ melting point, phase diagram

of choline chloride/ d- tartaric acid ionic liquid:

The composition / melting point phase diagnaas obtained for the
melting points of the mixtures of choline chloril@OC,H,N (CHs)s CI")
(m wt = 139.63 g/mol ) / tartaric acid ((CHOHCOOH](m wt = 150.09
g/mol). The appropriate ratio of their compoundgevprepared from the
dried samples which were milled together and intoedl into an
appropriate beaker. The beaker was gradually hedtech room
temperature with continuous mixing of the solid tare until it reached
liguid state when further heating to nearly “@above melting point was
applied to insure complete melting. The temperatofemelting was
recorded and the heating was cut-off allowing thedtrto cool gradually
when the mixture was still in the liquid state négror close to room
temperature.

To determine the freezing point of their tanes they were placed in

an ice bath and the temperature at which the mealeh was recorded.
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2.3.3 Solubility determination:

Metal solubility was determined by addin@®g of cupric, chromic,

cobalt, nickel, and zinc oxide to 5 ml of Cholinklaride/ Tartaric acid

ionic liquid in 10 ml beaker in order to get fivatgrated solution. Each
solution was left for one week with daily hand ratig to determine the
solubility at room temperature (27°)C at the ¥ day the solution left

without stirring to insure settling of the undissad metals, after that (1 g)
of the soluble was taken from each solution and ihdy inserting the

glass rod in the beaker to reach the upper layahefsolution to take
several drops and put in a volumetric flask, thessalved in 10 ml of

concentrated sulfuric acid. Then, the all solutieveye taken for atomic
absorption analyzing.

Solubility measurements at 40, 60, 80, ab@°C were carried out for
the metal oxides by heating the saturated solutionkose temperatures
and kept for 4 hours then the last hour was with siuring to allow
settling of the undissolved oxides.

Finally, the determined metal content ofsthesamples were used to
calculate the metal oxide concentration in the dotiquid at each

temperature of analysis.

2.3.4 The molar absorptivity: "

Calculation of the molar absorptivity reaa the unit of
concentration to be in molarity, therefore the dateed solubility of the
metal oxide was changed from molality to molaritpydathe molar
absorptivity was calculated by using Beer’'s lawHAb c), Where

A = absorbance

€ = molar absorpitivity (L cihmol™?)

b = pathlength (1 cm)

c = concentration (Mol/ L)
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Abstract

Choline chloride / tartaric acid room temperatuoeic¢ liquid was
prepared and the obtained phase diagrams of theinmighowed eutectic
point at 5°C. The ionic liquid showed a conductive propertiigh
density and low PH values.

Secondly, the dissolution of £&n, CrG;, NiO, CuO, and ZnO. Were
studied and found soluble in choline chloridartdric acid ionic liquid
as their solubilities were determined by measutinggdissolved metal by
atomic absorption from room temperature up to 20 The lattice
energies of the metal oxides were deduced andffinetsof the d- orbital
electrons on the lattice energy were compared.

In addition to their solubilities the aboselution of metal oxides
were investigates by ultraviolet visible spectrggcoThe spectra were
measured and assigned to the expected coordinatictme choline

chloride/ tartaric acid ionic liquids, the effedtincreasing temperature of

the solution up to 10C were also studied and showed similar

coordination but higher vibration with increasimgriperature.
Racah factor for there complexes (B’) wertednined together with
field factor, crystal field splitting energyf), nephelauxetic factors and

molar absoptivities for each spectra at the vagigdiperatures.
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