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ABSTRACT 8 

 9 
For this experiment, this is the first time using 1 choline chloride (ChCl) : 2  ethylene glycol (EG)based 10 
liquid (ethaline) to study the interaction between Ni (II) with ethylene diamine. Two of the optical 11 
methods for analyzing spectrophotometric measurements have been utilized for determination of, the 12 
stoichiometry and whenever possible, the stability constants of the chelates formed. Job`s method was 13 
necessary to determine whether, the metal ionion and the ligand ethylene diamine form one or more 14 
than one chelate, when more than one chelate formed, the results obtained depend on the maximum 15 
wavelength and for meaningful conclusions the wavelengths were carefully chosen. The empirical 16 
formulae of the chelates were further substantiated by the molar ratio method. The effect of time and 17 
temperature on the formation and stability of these chelates in solution is also investigated. The 18 
stability constants, K1, K2and K3 for the nickel (II) chelates were calculated by both optical methods, 19 
though reliable, and are comparable to literature values. 20 
 21 
Keywords: Ni (II), en, ionic liquid, deep eutectic solvent (DES), Job`s method, molar ratio, stability 22 
constant and UV spectra 23 
 24 
INTRODUCTION 25 
 26 
The transition elements are classically defined as those which, the elements have been partially filled d-27 
or f- subshells. However, a broader definition the elements which have been partially filled d- or - 28 
subshells in any of their commonly occurring oxidation states, includes the coinage metal ions1, Cu, Ag 29 
and Au as transition elements. Cu(II) has a 3d configuration, Ag, (II) ion a 4d configuration and Au (III) 30 
ion a 5d configuration. From a purely chemical point of view it is also appropriate to consider these 31 
elements as transition elements, since their chemical behavior is, on the whole quite similar to that of 32 
other transition elements. Thus, with the above broad definition in mind, one finds that the majority of all 33 
known elements are transition elements. 34 
The transition elements display all the properties common to metal ions. They have relatively low 35 
ionization potentials, they are good conductors of heat and electricity and they are lustrous, malleable 36 
and ductile too. The fact that they have small sizes and high electro positivity renders them a high 37 
charge to size ratio; a fact responsible for their ability to form a large group of binary compounds, 38 
commonly known as coordination compounds, with a large variety of ligands. In this respect, transition 39 
elements display a marked ability to react with a large variety of ligands above and beyond that 40 
expected on the basis of normal valence rules. 41 
  42 
Werner's2 recognition of the existence of two types of valence, primary and secondary, was a major 43 
breakthrough in the history of coordination compounds. Recently, however progress in the chemistry of 44 
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transition elements has occurred across two broad fronts, classical coordination chemistry and 45 
organometallicchemistry, which have been tended by two separate schools of chemists.There are no 46 
universally valid principles on the basis of which the relative values of formation constants of complexes 47 
of different metal ion ions with the same ligand, or of the same metal ion ions with different ligands can 48 
be predicted.Ligands supply the electron density for the covalent bond formation. The strength of this 49 
link partly depends on the nature of the donor atom directly attached to the metal ion atom, and partly 50 
on the nature of the complexing agent.The nature of the complexing agent varies considerably from 51 
inorganic to organic species. The organic species usually contain one or more non-metal ionlic 52 
elements of group IV, V or VI which are electron donating atoms. The potential part of an organic 53 
species differs greatly; some are aromatic as catechol and some are basic such as amines and 54 
diamines aliphatic or aromatic. 55 
The nature of the donor atom has a distinct influence on the strength of the ligand and eventually on the 56 
stability of the metal ion complex. In an extended form of the spectrochemical series it is also seen that 57 
the position of the ligand depends largely on the donor atom in the order: 58 

Halogen ≈ S < O< N < P 59 
 60 
Thus, the nitrate which donates through 0 is a weaker ligand than the nitrite which donates through N. 61 
An even more striking example is in the thiocyanate, SCN, group with a weak ligand field when 62 
coordinated through S and a much stronger field when coordinated through N. These features govern 63 
the effect of ligands by their contribution to the crystal field stabilization energy, but this term may  only 64 
be  a minor contribution to the overall stabilization and it is also therefore necessary to not to equate 65 
strong crystal field unthinkingly with metal ion complex stability3. 66 
 67 
Within a particular transitional group the tendency of complex formation increases, in a way, with the 68 
availability of d-electrons for hybridization. Data available on the correlation of stability of transition 69 
metal ion complexes indicated a considerable increase along the series Mn, Fe, Co, Ni, Cu, and that in 70 
every case the stability drops off with Zn. It seems, therefore, that the values of the stability constants 71 
increase in a regular manner with some property related to the atomic number, and that the regular 72 
variation of this property reaches a discontinuity in the case of In. It is important to note that there is a 73 
regular increase in the number of 3d-electrons and that in all cases excepting Zn2+ the d-orbitals can 74 
take part in homopolar bond formation. Thus, it seems that covalent bond formation involving d-orbitals 75 
is of primary importance among the factors affecting the stability of these chelates. The above order of 76 
stability of metal ionion chelates is part of a more extensive order4, known as the Irving-Williams order. 77 
It was also particularly noted that the Zn (II) chelates are much less stable then Cu (II) chelates4. It is 78 
also interesting to note that, in general agreement with the above the relative stabilities of glycine 79 
chelates of the transition metal ions as determined by Ley5, from conductance measurements, fall in the 80 
order: 81 
 82 

Cu > Ni > Co, Zn >Cd. 83 
Atomic structure is found to affect the tendency of the metal ionion towards complex formation. Metal 84 
ion ions with an inert gas structure show a lower coordination tendency than those with pseudo-inert 85 
gas structure.  86 
 87 
Ionic liquids 88 
 89 
High temperature molten salts have long been used for metal ion extraction and metal ions such as Li, 90 
Na, Ti and Al have been electrowin for molten salts6,78the main limitation with high temperature molten 91 
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salts is clearly the operation temperature which makes operation difficult and limits the range of 92 
substrates that can be used. In an endeavour to reduce the melting temperature of salts numerous 93 
studies focussed on Li+/ K+/ AlCl3 eutectics which have freezing points close to 100oC.9 The use of 94 
quaternary ammonium salts particularly pyridinium and imidazolium salts has pushed the freezing point 95 
down to ambient conditions. The term “ionic liquids” has been used to distinguish between high 96 
temperature and low temperature systems.  97 
Ionic Liquids have clearly been reported to be green solvents most notably for their low vapour pressure 98 
compared to molecular alternatives. In the application of ionic liquids to metal ion deposition the green 99 
credentials of this methodology could also come from a significant reduction in the volume of low level 1 100 
ChCl: 2 EG based liquid (ethaline) streams that would need to be processed. Today, it is generally 101 
recognised that this is only part of the picture since many ionic liquids do have significant toxicity. Some 102 
ionic liquids have been designed to contain ions which are known to have lower toxicity and these 103 
include functionalised imidazoles,10 lactams,11 amino acids12 and choline13 although it is only the last of 104 
these which have been extensively applied to metal ion deposition. 105 
The requirements for ionic liquids to be used on a bulk scale for metal ion deposition are that they need 106 
to be; low cost, non-toxic, pre-registered and water insensitive14,15,16. 107 
The majority of discrete anions do not achieve all of these criteria and so it is more likely that eutectic 108 
based ionic liquids will be more applicable for bulk-scale electro deposition. 109 
The systems studied so far described can be expressed in terms of the general formula   110 

Cat+ X-z Y.  111 

Where Cat+ is in principle any ammonium or phosphonium cation, X is generally a halide anion (usually 112 
Cl-). They are based on equilibria set up between X- and a Lewis or Brønsted acid Y; z refers to the 113 
number of Y molecules which complex X-. 114 
One of the key advantages of these types of ionic liquids is the ease of manufacture. The liquid 115 
formation is generally mildly endothermic and requires simply mixing the two components with gentle 116 
heating. Another key advantage is that they are water insensitive which is very important for practical 117 
electroplating systems. The final key advantage of eutectic based systems is that because they are 118 
simple mixtures of known chemicals they do not have to be registered as new entities as they revert to 119 
their constituent components upon excessive dilution in water. 120 
The ionic liquids described can be subdivided into four types depending on the nature of the 121 
complexing agent used. 122 
Eutectic Type 1  Y = MClx, M = Zn,17,18,19,20 Sn,21 123 

Eutectic Type 2   Y = MClx.yH2O, M = Cr,22 Co, Cu, Ni, Fe 124 

Eutectic Type 3  Y = RZ, Z = CONH2,23 COOH24, OH 125 
Eutectic Type 4             MClx + RZ = MClx–1

+·RZ + MClx+1
–,M = Al, Zn and Z = CONH2, OH25 126 

In current years, the advantages of ionic liquids ( ILs ) in inorganic nanomaterials synthetic processes 127 
have been gradually realized and have received more and more attention due to their unique physical 128 
and chemical properties26,27,28,29,30. Various approaches to the fabrication of inorganic nanomaterials 129 
with unprecedented and sometimes unique structures and properties have been reported in ILs. The 130 
most fascinating objective is that it cannot only replicate traditional inorganic particulates, nevertheless 131 
also supply routes towards new inorganic particulate with features that cannot or hardly be produced by 132 
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applying traditional processes. Because of the significance and the rapid expansion of ILs in inorganic 133 
nanomaterials, this will open the door for the researchers to dig deep in this field or types of these kinds 134 
of tunable solvents in all type of research areas.  The inorganic–organic hybrids such as metal ion–135 
organic frameworks synthesized in ILs have been reviewed recently by Parnham and Morris31. 136 

Deep eutectic solvents( DES ) are easy to synthesise, economically viable to produce on a large scale, 137 
relatively insensitive to water, exhibit high metal ion solubility, pre-registered for reach and can be 138 
recycled make them useful in wide range of application, such as metal ion plating, electro-polishing and 139 
metal ion recycling. Type III eutectics have the ability to dissolve high concentrations of metal ion oxides 140 
which allows them to be used for metallurgy.As a consequence they can be applied to large-scale 141 
processes.  142 
Deep Eutectic Solvents have been used by a variety of groups in a range of applications which are 143 
summarised briefly here. The largest number of applications has been in the field of synthesis. In the 144 
same way that ionic liquids have been used as bulk solvents for synthesis, the same is true for DESs. 145 
There are a limited number of applications in organic synthesis,32,33 although the applications to 146 
inorganic synthesis and particularly in the area of template growth of solids is more 147 
extensive.34,35,36,37,38,39 DESs have also been used as media for biocatalysts as several enzymes have 148 
been found to be stable in these liquids.40,41,42,43,44,45,46 There are two reports of DESs based on choline 149 
chloride and glycerol being used for the purification of biodiesel through the extraction of excess 150 
glycerol.47There are also reports of DESs being used as electrolytes in dye sensitised solar cells48,49. 151 
The novelty of Type 3 eutectics is that they use a simple hydrogen bond donor to complex the simple 152 
anion (usually chloride). The majority of the work to date has focussed on simple amides, alcohols and 153 
carboxylic acids. The first reported eutectics were those formed between choline chloride and amides 154 
such as urea and acetamide.24These materials have been called Deep Eutectic Solvents to differentiate 155 
them from ionic liquids with discrete anions. A eutectic forms when there is a large interaction between 156 
the two species in the mixture. An example of this is the choline chloride: urea mixture. By themselves 157 
they have freezing points of 303C and 135C respectively. By combining these two compounds in a 158 
ratio of 1:2 (choline chloride: urea), the product formed has a freezing point of 12C which is a 159 
depression of freezing point of is 178 oC. For comparison the freezing point depression for the choline 160 
chloride-zinc chloride system was much larger (272 oC)50due to the covalent bonds formed in the metal 161 
ion chloride case. The main reason behind choline chloride being such a useful quaternary ammonium 162 
salt is to do with the fact it is an asymmetric quaternary ammonium salt with a polar functional group, 163 
but is also small.  The asymmetric nature of this molecule reduces the freezing point of the ionic-164 
molecular liquid, as does the polar functional group. Abbottet.alhas published extensively on the subject 165 
of choline chloride HOC2H4N+ (CH3)3Cl- (ChCl) because it is non-toxic and readily available as a bulk 166 
commodity chemical. Its common use stems in part from its simple manufacture; an efficient gas phase 167 
reaction between trimethylamine, ethylene oxide and HCl. This means that the Sheldon E factor51 for 168 
this salt is close to zero because almost no waste products are formed during this reaction. 169 

 170 
EXPERIMENTAL 171 
 172 
Although much worthy research has been dedicated recently to the development of new instrumental 173 
techniques, the use of chemical reactions still remains the true basis of numerous methods of detection, 174 
separation and determination. In this respect the reaction of organic reagents with inorganic substances 175 
are very important in inorganic analysis. 176 
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There are many solution properties which change measurably as a result of complex formation and 177 
which are very informative on the existence and stability of the different species present in solution. A 178 
careful consideration is necessary, however, as to whether the effects of complex formation are 179 
quantitatively reflected in the measured property. The choice of an adequate method is a prerequisite 180 
for obtaining reliable equilibrium or stability constants. Following is an outline of some of the methods 181 
frequently used for the determination of stoichiometry and stability of metal ion complexes. 182 
  183 
MOLAR RATIO METHOD 184 
 185 
This method was introduced by Yoe and Jones52 and is considered a more reliable method in the case 186 
of successive complex formation. A series of solutions is prepared in which the total concentration of 187 
the metal ion is kept constant and the concentration of the ligand is varied under similar conditions. A 188 
plot of absorbance as a function of the ratio of moles of ligand to moles of the metal ion is prepared. 189 
This plot is expected to give a straight line from the origin to the point where equivalent amounts of the 190 
constituents are present. The curve will then be- come horizontal, if only one complex of high stability is 191 
formed (Figure la). This is because all of one constituent is used up, and the addition of more of the 192 
other constituent can produce no more of the absorbing complex. 193 
A complex that undergoes, appreciable dissociation in solution, however, gives a continuous curve 194 
which becomes approximately parallel to the molar ratio axis only when an appreciable excess of the 195 
variable component is added, (Figure 1b), and results obtained by extrapolation of this curve are 196 
unreliable53, Harvey and Manning54,55found that in some cases such a curve can be made to break up 197 
sharply at the perfect molar ratio, if the ionic strength of the solutions is adjusted by addition of an inert 198 
electrolyte.  199 
 200 
 201 
 202 
 203 
 204 
 205 
 206 
 207 
 208 
 209 
 210 
 211 
 212 
 213 
 214 
 215 
 216 
 217 
 218 
In the case of successive complex formation of different absorbances more than two linearly 219 
intersecting parts are observed in the graph; (Figure 1c). The corresponding point at themolar ratio axis 220 
to each intersecting point gives directly the ligand to metal ionion ratio in each complex. 221 
 222 
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A series of solutions which contain a constant amount of metal ionion solution and varying amounts of 223 
ligand solution were prepared. The initial concentration of both metal ion and ligand was kept the same. 224 
Deep eutectic solvent (ethaline) was added to make the total volume 5.00 cm3. Absorbance of the 225 
solutions were recorded similarly.  226 
 227 
CONTINUOUS VARIATION METHOD 228 
 229 
A series of solutions of varying mole fractions of metal ionion and ligand were prepared keeping the 230 
total volume 5.0 cm3. To determine the wavelength of maximum absorption, three samples of different 231 
mole fractions of metal ionion and ligand from the series were selected. The solution absorbance was 232 
then measured at the wavelengths where only the complex absorbs as a function of the mole fraction of 233 
the metal ionion.  234 
A series of solutions of varying mole fractions of metal ionion and ligand were prepared keeping the 235 
total volume 5.0 cm3. To determine the wavelength of maximum absorption, three samples of different 236 
mole fractions of metal ionion and ligand from the series were selected. The solution absorbance was 237 
then measured at the wavelengths where only the complex absorbs as a function of the mole fraction of 238 
the metal ionion.  239 
 240 
 241 
 242 
MATERIALS 243 
 244 
Choline chloride [HOC2H4N (CH3)3Cl] (ChCl) (-Choline Chloride / Glenthman LLFE SCIENCES /1 kg 245 
Prod code GV0479 -99 %) was, when necessary, recrystallised from absolute ethanol, filtered and dried 246 
under vacuum. Ethylene glycol (EG) (Ortanal + 99 %), was used as received. The mixtures were 247 
formed by stirring the two components together (in a 1: 2 molar ratio of ChCl: hydrogen bond donor)at 248 
60 oC until a homogeneous, colourless liquid formed.The metal ion salts Nickel (II) Chloride 249 
hexahydrate (Scharlau 90%) / NI0139, ethylene diamine / Merck- Schuchardt 96% / 1L / Art 800947 250 
were used as received. The concentrations of metal ion salts and ethylene diamine were in the range 251 
between 0.004 mol dm-3 to 0.05 mol dm-3.Balance / METTLER TOLEDO (AB54-S)/5 digit/   10 mg 252 
minimum SNR 1125180005 / Made in Switzerland. 253 

UV visible spectrophotometer 254 

A Shimadzu model uv-1601 spectrophotometer made in China was used with the cell path length equal 255 
to 10mm. Values for λmax were determined using the spectrophotometer’s built-in peak-pick feature, 256 
using UV- probe software. 257 

 258 
RESULTS AND DISCUSSION 259 
 260 

The ligand ethylene diamine produces three different colours with nickel (II) depending on the number of 261 
moles of ligand per mole of the nickel (II) ions. This color reaction forms the basis for the application of 262 
spectrophotometric methods for the determination of the empirical formulae of the colored chelates of 263 
nickel (II) with ethylene diamine and their approximate stability constants.The method of molar ratio was 264 
applied first to establish the empirical formulae for the colored chelates of nickel (II) and ethylene 265 
diamine. A series of solutions was prepared in which the mole fractions of nickel (II) and ethylene 266 
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Figure 2b represents photo the colour change after successive addition of ethylene diamine (en) 
substance to Ni+2 in ionic liquids. 

 

Figure 2a shows the visible absorption of nickel chelate with ethylene diamine 
in ionic liquids. 

diamine were varied between 0.00 and 1.00 at constant total volume and under exactly similar 267 
conditions.Four of these solutions with different mole fractions were selected and their absorption 268 
spectra were then measured in the range 750 to 400 nm, as shown in Figure 2aand Figure 2b 269 
represents the photo of the colour of Ni (II) complexes formed after the successive addition of ethylene 270 
diamine. The spectra (i), (ii), (iii) and (IV) refer to Ni(II) ions in 1 ChCl: 2 EG based liquid (ethaline) 271 
solution, the 1:1 chelate, the 1:2 chelate and the 1:3 chelate, From these spectra it has been concluded 272 
that Ni(II) ions react with ethylene diamine to form the chelates [Ni(en) (H2O)4]2+, [Ni(en)2(H2O)2]

2+ and 273 
[Ni(en)3]2+ in 1 ChCl: 2 EG based ionic liquid (ethaline) solutions, depending on the number of moles of 274 
ligand per mole of metal ionion and with maximum wavelength of 626 nm, 604 nm and 587 nm, 275 
respectively. The absorption of the [Ni (H2O) 6]2+ ion is centered at maximum wavelength 650 nm. The 276 
successive shift to higher energy on moving from Ni (II) ions to the 1:3 chelate is in accordance with the 277 
stronger ligand field of the chelating ligand as compared to H2O. 278 
 279 

 280 
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 299 
 300 
The 1:1 Chelate; [Ni en (H2O) 4]2+

 301 
 302 
The molar ratio method was first applied to confirm the fact that Ni (II) ions react with ethylene diamine 303 
in 1 ChCl: 2 EG based liquid (ethaline) solutions to form a stable complex in the ratio of 1:1. 304 
A series of solutions 0.25 M in both metal ion and ligand was prepared in the usual manner according 305 
to the molar ratio method. The absorbance of the above solutions was measured at maximum 306 
wavelength 640 nm and a temperature of 27 °C. The plot of the complex absorbance, corrected for 307 
excess metal ion and/or excess ligand, against the mole ratio of ligand to metal ion, L/M, is represented 308 
in Figure 3. 309 
If only one complex of high stability is formed in solution, one would expect the plot to give a semi 310 
straight line from the origin to the point where the equivalent amounts of constituents are present. The 311 
curve will then become horizontal since all of one constituent is used up and the addition of more of the 312 
other constituent can produce no more of the absorbing complex, unless the constituent which is in 313 
excess itself absorbs at the same wavelength. In such cases, the curve will show a positive slope after 314 
the equivalence point, but of smaller magnitude than that prior to equivalence. 315 
The stability constant Log K1 is calculated in this investigation from Figure 3 andwas found Log K1= 316 
6.87, 27°C which is fairly in good agreement with the literature value4(Log K1 =7.52). The little 317 
difference between the value obtained in this study and the published work value could be due to the 318 
experimental settings at which the values were achieved. 319 

 320 
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Figure 3 depicts the plot of absorbance against ethylene diamine (en) mole 
ratio per a mole of Ni (II) in ethaline. 

 321 

 322 

 323 

 324 

Another series of solutions 0.25M in both metal ion and ligand was prepared according to the Job`s 325 
method. The temperature was maintained at 26°C. The absorbance of the above solutions was 326 
measured at 640 nm wavelength. The net absorbance was then plotted against the mole ratio as shown 327 
in Figure 4. From Figure 4,the value of Log K1 =6.52 which is obtained using deep eutectic solvent 328 
(ethaline) as solvent have been found reliable, the calculation of the stability of formation constant (K1) 329 
of 1:1 Ni- diamine complex was found consistent. 330 

 331 

 332 

 333 

 334 

 335 

 336 
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Figure 4 shows the plot of absorbance versus mole fraction of Ni (II) in deep 
eutectic solvent (ethaline). 

 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

It is very interesting to observe that the value ofthe stability constant of the 1:1 Ni (II)-diamine complex 353 
obtained by the molar ratio (Log K1 = 6.87) is in consistent with the value calculated by using 354 
continuous variation method (Log K1 = 6.52)   and more over are bothare close to the literature value in 355 
aqueous media4. The slight difference between the values obtained in this study and the literature 356 
values could be attributed to the experimental conditions at the values were calculated.   357 

 358 

EFFECT OF CONCENTRATION 359 

The effect of the concentrations of both Ni(II) ion and ethylene diamine ( en ) ligand have been 360 
investigated using molar ratio method on the extent of the 1 : 1 Cu-diamine complex. It has been 361 
noticed that the successive increase in absorbance at mole fraction = 1 as the initial concentration of 362 
both metal ionion and the ligand increase. 363 
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Figure 5 shows the plot of [Ni (en)] 2+ complex absorbance versus its 
concentrations. 

 364 

 365 

Table1. Calibration Curve Data forNickel (II) Ethylene diamine Complex (1:1) 366 
 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

Molar Concentration of  
Ni(II) –en Complex 

Absorbance 

0 
0.0125 
0.025 
0.0375 
0.0500 
0.0625 

0 
0.099 
0.183 
0.266 
0.358 
0.436 
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Figure 6 depicts the plot of absorbance against ethylene diamine (en) mole 
ratio per a mole of Ni (II) in ethaline. 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

The absorbance of the complex increases remarkably with increase of initial concentration of both Ni (II) 400 
ion and ethylene diamine. The plot of absorbance versus molar ratio of ethylene diamine, L / M for 401 
different initial concentration is depicted in Figure 6. It was found that the Ni (II) ion-diamine complex 402 
obey Beer`s lawobey Beer`s law, which is shown in  Figure 5 403 

The 1:2 Chelate; [Ni (en) 2 (H2O) 2]2+ 404 

The molar ratio method was first applied to establish the fact that Ni (II) ions and ethylene diamine 405 
react under the specified conditions to form a stable complex in the ratio of 1:2.A series of solutions 406 
was prepared according to the molar ratio method. The concentration of these solutions was exactly. 407 
0.20 M in both metal ion and ligand. The absorbance of these solutions was measured at maximum 408 
wavelength 565 nm and 27˚C.The plot of the net absorbance corrected for excess metal ion and/or 409 
ligand against the mole fraction of ligand -L/M- is shown in Figure7. 410 
 411 

 412 
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Figure 7 depicts the plot of absorbance against ethylene diamine (en) mole ratio 
per a mole of Ni (II) in ethaline. 

 413 

 414 

 415 

The profile of Figure 7 indicates  a stepwise formation of more than one complex where the  mole ratio 416 
of Ni (II) equal three comprehensibly indicating the possibility between Ni(II) and the diamine ligand in 1 417 
ChCl: 2 EG based liquid (ethaline) solution. The value of the stability constant was obtained from 418 
Figure 7 (Log K2= 5.18), which is comparable to the value obtained in aqueous media (Log =6.28)4.The 419 
method of continuous variations was also applied to confirm the results outlined above. A series of 420 
solutions 0.20 M in both metal ion and ligand was prepared under the same conditions of temperature 421 
and ionic strength. The plot of net absorbance versus mole fraction of the metal ion is shown in Figures 422 
8a,further confirmed by the image of the successive colour change as a function of mole fraction of Ni 423 
(II) ion, this is shown in Figure 8b the straight lines resulting from the extrapolation of the two legs of 424 
Figures 8a intersect each other at a mole fraction of 0.33 indicating the formation of a 1:2 chelate. Also, 425 
it has been observed that  a break at mole fraction equal to 0.5 indicating the stepwise complex 426 
formation of 1 : 1 Ni(II) and ethylene diamine complex, which is shown inFigures 8a.The stability 427 
constant of the 1:2 chelate was determined from Figure 8a has the value Log K2 = 4.48The value 428 
obtained by continuous variation was found uncertain; this could be attributed to the asymmetrical bell 429 
curve due to stepwise complex formation of 1:1 complex. But the value of K2 calculated using molar 430 
ratio method was found is in good agreement with literature values. 431 



 

14 
 

Figure 8a shows the plot of absorbance versus mole fraction of Ni (II) in deep 
eutectic solvent (ethaline). 

 

Figure 8b represents photo the colour change after successive addition of ethylene 
diamine (en) substance to Ni+2 in ionic liquids (continuous variation method). 
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It is very impressive to observe that the value of the stability constant of the 1:2Cu (II)-diamine complex 439 
obtained by the molar ratio is in good agreement with the literature value in aqueous media4. The slight 440 
difference between the values obtained in this study and the literature values could be attributed to the 441 
experimental conditions at the values were calculated.   442 

Furthermore, many values have been published for the formation constants of various metal ion-ligand 443 
systems, especially in past and recent years, but the experimental methods and precision attained have 444 
varied considerably. Some authors have worked at unspecified "room temperature" and with solutions 445 
in which the ionic strength must have varied appreciably in aqueous media which is not in our case as 446 
solvent with high ionic strength (ionic liquids solvents) during the experiments and can only be 447 
estimated approximately from their Figures56 448 

EFFECT OF INITIAL CONCENTRATION 449 
 450 
Again the molar ratio method was introduced to explore the effect of initial concentration of both metal 451 
ion and ligand on the extent of formation of the 1:2 Ni-diamine complexes in deep eutectic solvent. 452 
It was observed that the 1:2 Ni (II)-diamine complex obeys Beer`s law. A plot of absorbance the 1:2 Ni 453 
(II)-diamine complex versus concentration at maximum wavelengths of 565nm summarized in Table 2 454 
show linearity as evident in Figure 9. 455 

Table2. Calibration Curve Data forNickel (II) Ethylene diamine Complex (1:1) 456 
 457 

 458 

 459 

 460 

 461 

Molar Concentration of  
Ni(II) –en Complex 

Absorbance 

0 
0.0125 
0.025 
0.0375 
0.0500 
0.0625 

0 
0.112 
0.21 
0.304 
0.403 
0.501 
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Figure 10 shows the plot of absorbance against ethylene diamine (en) mole 
ratio per a mole of Ni (II) in ethaline. 
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 483 

 
Figure 9 shows the plot of [Ni (en) 2]2+ complex absorbance versus its 
concentrations. 
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Figure 11 reveals the plot of absorbance against ethylene 
diamine (en) mole ratio per a mole of Ni (II) in ethaline. 

It has been noticed that the break in Figure 10, at mole fraction = 3 which becomes more apparent as 484 
the initial concentrations of both metal ionion and the ethylene diamine increase. 485 

The 1:3 Chelate; [Ni (en) 3]2+ 486 

The Molar ratio method was used to determine the stoichiometry and stability constant of the 1:3 487 
chelate if possible. The absorbance of the solutions was measured at maximum wavelength 530 nm, 488 
the temperature was exactly 26˚C,and the data is shown in Figure 11 which reveals the plot of net 489 
absorbance of the complex against diamine ratio to Ni (II) (L/M).  490 
 491 

 492 

 493 
 494 
 495 
 496 
 497 
  498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

 506 

The complications arising from stepwise formation of complexes in deep eutectic solvent (ionicliquid) is 507 
observed in Figure 11. Thecurve in mentionedFigure  shows more than linear intersecting parts 508 
breaking off at ligand to metal ion ratio of approximately 2.00 and 3.00; a conclusion which confirms the 509 
formation of 1: 2 and 1: 3 complexes. In view of these complications, attempts to calculate the stability 510 
constant using Figure 11 will be uncertain. 511 

A series of solutions 0.20 M in both metal ion and ligand was prepared in the usual manner according 512 
to continuous variations under the same conditions as in the molar ratio method. The absorbance of the 513 
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Figure 12 shows the plot of absorbance versus mole fraction of Ni (II) in deep 
eutectic solvent (ethaline). 

 

solutions at maximum wavelength 530 nm at 27 oC. The plot of net absorbance against the mole 514 
fraction of the metal ion is shown in Figure 12. 515 

 516 

 517 

 518 
Figure 12 reveals that the 1:3complexesare reasonably symmetrical inthe 1 ChCl: 2 EG based liquid 519 
(ethaline) solutions.The stability constant of the ethylene diamine chelate was calculated from Figure 12 520 
was found Log K3 = 4.81which consistent with the literature value4( Log K3=4.26) . Furthermore 521 
ethylene diamine was used as complexing agent (brightener) in the electro deposition of metal ions 522 
such as nickel resulting even distribution of nickel coating and bright finish57. 523 
 524 
Complex 1 : 1 1 : 2 1 : 3 
Molar Ratio Log K = 6.87 Log K = 5.18 Log K =   Unreliable  
Job`s Method Log K = 6.52 Log K = 4.48 Log K = 4.81 
 525 

CONCLUSION 526 

The reaction of Ni (II) ion with ethylene diamine chelate in is 1 ChCl: 2 EG based on liquid (ethaline) 527 
has been investigated using spectrophotometric methods. Three complexes instantaneously are formed  528 
the first 1 : 1 mole ratio ,the second 1 : 2 mole ratio at maximum and the third 1 : 3 mole ratio at 529 
maximum wavelengths 626 nm , 604 nm and 587 nm respectively. The empirical formula and stability 530 
constant for the three complexes were determined by continuous variations and molar ratio methods. 531 
The values of stability, constants K1, K2and K3were found in good agreement with the values obtained 532 
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in aqueous solution, despite the different settings and methods which is encouraged to use the ionic 533 
liquids in coordination chemistry researches. The effect of concentration of the complexes formed [Ni 534 
(en)]

 2+, [Ni (en) 2]2+ and [Ni (en) 3]
2+ was also studied and revealed that the three complexes obey Beer`s 535 

law. The absorbance increases considerably as the concentration increases. For [Ni (en)]
 2+it has been 536 

observed that there is a break at mole ratio 3 as the initial concentration of both the metal ion and the 537 
chelate increases. Also it has been noted that the value of stability constant K3 calculated from molar 538 
ratio method is undertrained, this may attributed to isosbestic point. The deep eutectic solvent type III 539 
(ionic liquids) is found to be an excellent solvent in coordination chemistry. That will allow expansion 540 
into the research area, for example inorganic synthesis, organic synthesis and catalyst etc. 541 

REFERENCES 542 

                                                
1F. A. Cotton, and G. Wilkinson, Advanced Inorg. Chem, Willey-Interscience Publication, Fourth Ed., 

1980.  

2          Werner, A Neuere Anschauungen auf dem Gebiete der Anorganischen Chemie Sohn, 
Brunswick, 1920. Fourth Ed.,  Friedrich Vieweg and Sohn, Brunswick, 1920. 

3          K. M. Mackay, and R. A. Mackay, Introduction to Modern Inorganic Chemistry 2nd Ed., Intertext 
Books, London, 1973. 

4          Irving and Williams, The stability of transition-metal ion complexes, J. Chem. Soc., 1953, 3192. 
5          Martell and Calvin, Chemistry of The Metal ion Chelate Compounds, Prentice-Hall, Inc., 

1956,184.  
6 W.H. Kruesi and D.J. Fray,The electro winning of lithium from chloride-carbonate melts, Met. 

Trans. B., 1993, 24B, 605. 
7 D. J. Fray and G. Z. Chen,Reduction of titanium and other metal ion oxides using 

electrodeoxidationMaterials Science and Technology2004, 20, 295. 
8 G. Grjotheim, C. Krohn, M. Malinovsky, K. Matiasovsky, and J. Thonstad, Aluminum 

Electrolysis (2nd Edition), Aluminium-Verlag, Dusseldorf, 1982 
9 F. Lantelme, H. Alexopoulos, M. Chemla and  O. Haas,Thermodynamic properties of aluminum 

chloride solutions in the molten LiCl KCl systemElectrochim. Acta 1988, 33, 761. 
10 N. Gathergood, P. J. Scammells and M. T. Garcia, Biodegradable ionic liquids Part III. The first 

readily biodegradable ionic liquids, Green Chem., 2006, 8, 156. 

11 Z. Du, Z. Li, S. Guo, J. Zhang, L. Zhu and Y. Deng,Investigation of physicochemical properties 
of lactam-based Brønsted acidic ionic liquids J. Phys. Chem. B, 2005, 109, 19542.  

12 K. Fukumoto, M. Yoshizawa and H. Ohno, Room temperature ionic liquids from 20 natural 
amino acids, J. Am. Chem. Soc.,2005, 127, 2398.        

13 A. P. Abbott, G. Capper, D. L. Davies, R. Rasheed and V. Tambyrajah,Novel solvent properties 
of choline chloride/urea mixtures,Chem. Commun,2003, 70. 

14A.P. Abbott, K., El Ttaib, K.S. Ryder, and E.L.  Smith, Electrodeposition of Nickel Using Eutectic 
Based Ionic Liquids.Transactions of the IMF, 2008, 86, 234. 

 
15         A. P. Abbott, K. El Ttaib, G. Frisch, K. J. McKenzie and K. S. Ryder, electrodeposition of copper 

composites, Phys.  Chem. Chem. Phys., 2009, 11, 4269. 
 



 

20 
 

                                                                                                                                                     
16A. P. Abbott, K. El Ttaib, G. Frisch, K.S. Ryder and D. Weston, The electrodeposition of silver 

composites using deep eutectic   solvents, Chem. Chem. Phys, 2012, 7, 2443. 
17 N. Koura, T. Endo and Y. Idemoto,The electrodeposition of amorphous Co-Zn alloy from 

ambient temperature molten salt electrolytes, J. Non-Cryst. Solids, 1996, 205, 650.  
18   L. Simanavicius, A. Stakenas and A. Starkis, The initial stages of aluminum and zinc 

electrodeposition from an   aluminum electrolyte containing quaternary aralkylammonium 
compound, Electrochim. Acta, 1997, 42,1581. 

19 P. Chen, M. Lin and I. Sun, Electrodeposition of Cu‐Zn Alloy from a Lewis Acidic ZnCl2‐EMIC 
Molten Salt, J. Electrochem. Soc., 2000,147, 3350. 

20 P. Chen, and I. Sun, Electrodeposition of cobalt and zinc- cobalt alloys from a Lewis acidic zinc 
chloride-1-ethyl-3-methylimidazolium chloride molten salt, Electrochim. Acta, 2001, 46, 1169. 

21 A. P. Abbott, G. Capper, D. L. Davies, H. Munro, R. Rasheed and V. Tambyrajah, Preparation 
of novel, moisture-stable, Lewis-acidic ionic liquids containing quaternary ammonium salts with 
functional side chains electronic supplementary, Chem. Commun., 2001, 2010. 

22 A. P. Abbott, G. Capper, D. L. Davies and R. Rasheed, Ionic liquid analogues formed from 
hydrated metal ion saltsChem. Eur. J. 2004, 10, 3769. 

23 A. P. Abbott, G. Capper, D. L. Davies, R. Rasheed and V. Tambyrajah, Novel solvent properties 
of choline chloride/urea mixtures, Chem. Commun,2003, 70. 

24 A. P. Abbott, D. Boothby, G. Capper, D. L. Davies and R. Rasheed, Deep eutectic solvents 
formed between choline chloride and carboxylic acids: versatile alternatives to ionic liquids, J. 
Am. Chem. Soc. 2004, 126, 9142. 

25Smith EL, Abbott AP and Ryder KS: Deep eutectic solvents (DESs) and their applications. Chem Rev 
2014, 

26          Taubert A. Inorganic materials synthesis – a bright future for ionic liquids?. Acta Chim Slov 
2005,52,183. 

27          M. Antonietti, D. Kuang, B. Smarsly and Y. Zhou, Ionic liquids for the convenient synthesis of 
functional nanoparticles and    other inorganic nanostructures. Angew Chem Int Ed 
2004,43,4988. 

28          Y. Zhou Recent advances in ionic liquids for synthesis of inorganic nanomater. Curr Nanosci 
2005,1,35. 

29A. Taubert and Z. Li, Inorganic materials from ionic liquids. Dalton Trans. 2007,7,723. 
30F. Endres and ZE. Abedin, Air and water stable ionic liquids in physical chemistry. Phys Chem Chem 

Phys   2006,8,2101. 
31R. Parnham Emily and E. Morris Russell, Ionothermal synthesis of zeolites, metal ion– organic 

frameworks, and inorganic–organic hybrids. Acc Chem Res 2007,40,1005. 
32 S. B. Phadtare and G. S. Shankarling, Halogenation reactions in biodegradable solvent: 

Efficient bromination of substituted 1-aminoanthra-9, 10-quinone in deep eutectic solvent 
(choline chloride: urea), Green Chem.,  2010, 12, 458 

33 Z. Chen, W. Zhu, Z. Zheng, and X. Zou, One-pot α-nucleophilic fluorination of acetophenones 
in a deep eutectic solvent, J. Fluor. Chem. 2010, 131, 340. 

34 F. Himeur, I. Stein, D. S. Wragg, A. M. Z. Slawin, P. Lightfoot, R. E. Morris, Ln 
(C9O6H3)((CH3NH) 2CO)2, using deep eutectic solvents, Solid State Sci.2010, 12, 418. 

35 S. M. Wang, Y. W. Li, X. J. Feng, Y. G. Li and E. B. Wang, Three new polyoxometalate-based 
hybrids prepared from choline chloride/urea deep eutectic mixture at room temperature, 
Inorganic Chemistry Communications2010,13(8), 972.   



 

21 
 

                                                                                                                                                     
36 J. Y. Dong, Y-J. Hsu, D. S. H. Wong and S. Y. Lu, Growth of ZnO nanostructures with 

controllable morphology using a facile green antisolvent method, J. Phys. Chem. C2010, 114, 
8867. 

37 P. C. Jhang, N. T. Chuang and S. L. Wang, Layered zinc phosphates with photoluminescence 
and photochromism: chemistry in deep eutectic solvents,Angew. Chem., Int. Ed.  2010, 49, 
4200. 

38 S. Chen, J. Zhang, T. Wu, P. Feng and X. Bu, Zinc (II)-boron (III)-imidazolate framework (ZBIF) 
with unusual pentagonal channels prepared from deep eutectic solvent, Dalton Trans. 2010, 39, 
697. 

39 E. A. Drulie, D. S. Wragg, E. R. Parnham, P. S. Wheatley, A. M. Z. Slawin. J. E. and Warren, R. 
E. Morris, Ionothermal synthesis of unusual choline-templated cobalt 
aluminophosphates,Angew. Chem., Int. Ed. 2007, 46, 7839. 

40 J. T. Gorke, F. Srienc and R. J. Kazlauskas, ACS Symp. Ser. 2010, 1038 (Ionic Liquid 
Applications), 169. 

41 D. Lindberg and M. de la Fuente Revenga, M. Widersten, Deep eutectic solvents (DESs) are 
viable co-solvents for enzyme-catalyzed epoxide hydrolysis, J. Biotech. 2010, 147, 169. 

42 J. T. Gorke, F. Srienc and R. J. Kazlauskas, Toward advanced ionic liquids. Polar, enzyme-
friendly solvents for biocatalysis, Biotech. Bioproc. Eng.  2010, 15, 40. 

43 Y. A. Sonawane, S. B. Phadtare, B. Borse, A. R. Jagtap and G. S. Shankarling, Synthesis of 
diphenylamine-based novel fluorescent styryl colorants by knoevenagel condensation using a 
conventional method, biocatalyst, and deep eutectic, Org. Lett. 2010, 12, 1456. 

44 M. C.Gutierrez, M. L. Ferrer,; C. R. Mateo and F. del Monte, , Freeze-drying of aqueous 
solutions of deep eutectic solvents: a suitable approach to deep eutectic suspensions of self-
assembled structures, Langmuir2009, 25, 5509. 

45M.Elaghoury, A. Alarbah, E. Shirif, and N. Jia, Performance Evaluation of Ionic Liquids Using 
Numerical    Simulation. Advances in Chemical Engineering and Science, 2022, 12,145. 

 
46K. Sood, Y. Saini and K. Kishor Thakur, Ionic liquids in catalysis: A review, 2023, 81, 739. 
47 M. Hayyan, F. S. Mjalli, M. A. Hashim and I. M. AlNashef, A novel technique for separating 

glycerine from palm oil-based biodiesel using ionic liquids, Fuel Proc. Tech. 2010, 91, 116. 
48 A. P. Abbott, P. M. Cullis, M. J. Gibson, R. C. Harris and E. Raven, Extraction of glycerol from 

biodiesel into a eutectic based ionic liquid,Green Chem., 2007, 9, 868. 
49 H. R. Jhong, D. S. H. Wong, C. C. Wan, Y. Y. Wang and T. C. Wei, A novel deep eutectic 

solvent-based ionic liquid used as electrolyte for dye-sensitized solar cells, Electrochem. 
Commun. 2009,11, 209. 

50 A. P. Abbott, G. Capper, D. L. Davies, H. Munro and R. Rasheed, Ionic liquids based upon 
metal ion halide/substituted quaternary ammonium salt mixtures, Inorg. Chem. 2004, 43, 3447. 

51 R. A. Sheldon, The E Factor: fifteen years on Green Chemistry,Chem. Ind. (London), 1992, 
903. 

52         J. H.Yoe  and , A. L. Jones , Colorimetric Determination of Iron with Disodium-1,2-
dihydroxybenzene-3,5- disulfonate, Ind. Eng. Chem., Anal. Ed. 1944,16, 111. 

53J. H.Yoe  and , A. L.Jones Ind. Eng. Chem., Anal. Ed. 1944,16, 111. 
54А. Е. Harvey and  D. L. J. Manning , Spectrophotometric Studies of Empirical Formulas of Complex 

Ions1,  J. Am. Chem.    Soc., 1952, 74. 4744.  
55        Fleming Woldbye,  Method of Continuous Variations Act. Chemica. Scan. 1955, 9, 290. 
56Nasanen, R. Studies on some Metal ion Complexes of Catechol-3,5-Disulphonic acid, 1959,  5, 13.        



 

22 
 

                                                                                                                                                     
57       K. El Ttaib. The electrodeposition of composite materials using deep eutectic solvents 

Thesis;2011. 
 
 
 
 
 


