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Abestract

The solvation structures of the solutions of Co(SCN), and CoCl, were studied
using spectroscopic (electronic and vibrational) and conductometric measurements.
The Solutions of Co(NCS); in acetone (Ac) show the domination of the tri-thiocyanto
pseudo tetrahedral specie, [Co(NCS)sAc] with mole fraction of 0.4984, as the
thiocyante coordinated through the N. while the solvation in ethanol gave a mixed
octahedral-tetraherdal concentration dependant equilibrium these species are solely
coordinated with EtOH. It has been shown that concentrations above 0.0201 mol. dm’
% the solutions turn from violet to blue and the tetrahedral species became dominant is
[Co(EtOH),(SCN),] and only at these solutions the thiocyante coordinate with the Co
through the S atom. The solvation in formamide give only the hexasolvated
octahedral ion [Co(FA)s]** with no evidence of any binding between the Co and SCN.
However higher concentrations give rise to solutions with high aggregates.

However the solvation of [CoCl;] in Ac give rise also to a dominating dichloro
neutral tetrahedral specie [CoCl,(Ac),] as the conductivity measurements indicated,
while the dichloro netural [CoCl,(EtOH),] dominates at high concentrations, while in
concentrations lower than 0.0039 mol. dm?® the exsitance of the 1:1 complex
electrolyte [Co(EtOH)sCI)]'[Co(EtOH)sCI]™ explains the high conductivity and low
molar absorvitivity of the solutions.

The CoCl, was sparingly soluble in formamide and form a residue there for it
was excluded from the study. These results were explained in light of Guttmann's
theory of auto-complex formation.



Summary

This research aims to study the competitive behavior of each of the
chloride or thiocyante with a number of anhydrous solvent on the
coordination sites in cobalt(ll) in the light of Gutmann's Theory of Auto-
complex formation. The solvents used, which had been selected on the
basis of there donor number DN values, acetone Ac (16.0) is a sovent
with medium DN, a relatively high ones in formamed FA(26.6) and

ethanol EtOH (32).

To understand the nature of the species persent in solutions prepared, the
study was conducted in five stages

(1) study the process of solvation

Preparation of binary component solutions was carried out by dissolving
the salt chloride / Thiocyante cobalt (1) in each of the solvent solvents
mentioned above, with the requirement to achieve full solubility, and on
this basis were excluded from the study solutions of cobalt chloride(ll) in
formamed because salt was not completly solube. the case of solvents,
acetone and ethanol, the solubility was complete without any residue,

even when highly concentrated solutions.

It is well known that solvation of transition metal salts are different from
the non-transition metals ones in that the former involves complex
formation that is accompanied by solvent coordination either in water or
in any other non-aqueous solvents. Evidence by X-ray measurements of

aqueous solutions on the validity of this hypothesis.

(2) Study of Electronic Spectra

The electronic spectra of the solutions were studied in the range of 200 —
1800nm of the Dbinary solutions resulted from dissolving
cobalt(I)chloride/thiocyante in all the solvent mentioned above solvents,
for the characterization of the observed bands and deifying of electronic
transfer, which caused them. The spectral bands were divided into three

zones

1 — UV region 200-431nm, the bands were assigned to be a result of
charge-transfer due to the character of the halide or the pseudo halide.

2 — Visible region 431-800nm, the band were assigned to the transition
due to the splitting of energy levels on the cobalt (Il) according to the



simplified schemes of Orgel diagrams and the more complex Tanab and
Sugano diagrams, these bands gave straight forward indications on the
nature of the symmetry around the metal.the bands that appeared at 646
nm and 680 nm for the spectrum of solutions cobalt(ll) thiocyante and by
cobalt(I1) chloride in acetone, respectively, indicated a pseudo tetrahedral
coordination of symmetries Cs, and C,, respectively, as well. Similarly,
the case with solutions of cobalt chloride(ll) in ethanol, which showed a
strong band of 656 at the summit of all these three cases, the solutions

were deep blue in color.

The solution cobalt(Il) chloride in EtOH color was a light blue with shade
of violet, it showed a band of medium intensity at 622 nm and at 514 nm
with very low intensity clearly indicating the existence of hexa-

coodinated cobalt(ll) with octahedral symmetry.

The color of the solution cobalt(ll) thiocyante in formamed was pink and
showed a band of weak intensity at 522 nm and was assigened to the
formation of the hexa-solvated ion.

3 - Near infrared region 800-1600nm show the v, transition in the
solutions of four coordinated speices, and also the v; transition of the
octahedral cobalt(Il) thiocyante solution in formamed. This band did not
appear in the spectra of a four-coordiante species even when measuring to
the up to 2000nm. Therefore, calculated with the other ligand field

parameters using the known equations of calculation.

(3) Study of the Vibarational Spectra

The infrared spectra of solutions was carried out to demonstrate the
coordination of the solvent molecules with the metal. The solutions of
cobalt(ll) thiocyante and chloride in acetone showed a shift in the
stretching frequency of acetone carbonyl group of the value of 1725 cm™
to the value 1702 and 1710 cm™, respectively, and this was evidence of
the coordination of acetone to the metal. Similarly the EtOH solutions of
cobalt(ll) thiocyante and chloride showed shift in the postion hydroxyl
stretching frequency to remove the value of 3339 cm™ of pure ethanol to

the value 3325 and the 3321 cm™, respectively.

The IR spectra show also that the carbonyl in formamide did not bind to
the meatl instead the coordination was by the Amide group as the
absorption decresed from 3316 to 3284 cm™upon solvation.



The IR spectra of solutions also provided clear signs on the mode of
coordnation of the thiocyante and cobalt(ll),since the thiocyante show
linkage isomersm and can be liked to the meatal via N or S atoms.
Results have shown that corrdination was through the nitrogen atom in
the case of acetone solutions. But it was through Sulfur in ethanol blue
solutions not obverved diluted violet colored solutions. And did not enter
the coordination in the case of cobalt(ll) thiocyante solutions of

formamed.

(4) Study of Solvation Structures of Solutions

This study was carried out on four types of solutions varing in
compostion and concentration as follows:

1-Binary Solutions contining cobalt(ll) thiocyante /chloride +
coordinated solvent

2 - Ternary solutions contining - cobalt(ll) thiocyante /chloride +
coordinated solvent + non-coordinated inert solvent (cyclohexane)

3 - Ternary solutions contining - cobalt(ll) thiocyante /chloride +
coordinated solvent + cobalt(Il) nitrate.

4 - Ternary solutions contining - cobalt(ll) thiocyante /chloride +
coordinated solvent + potassium thiocyane or lithium chloride.

The first type was used to study the effect of increased concentration on
the solvated species in the solutions. In case of cobalt(ll) thiocyante and
chloride in acetone which gave the phenomenon of optical consistency,
that is the molar absorbitivity does not change with increasing
concentration indicating the presence of one specie that is the tri-
thiocyanato Co(NSC)sAc. While in case of cobalt(ll) thiocyante and
chloride in EtOH the speices present in the solutions were concentration
dependent, that in the solution of the blue a relatively high concentration
of cobalt Thiocyante the tetrahedral speices became more dominent with
a strong influence of the six-coordinated species on the value of
molecular absorption that it does not reach up to the expected value of the

tetrahedral species

In the case of cobalt(ll) Thiocyante in Formamide the hexa-solvated
octahedral ions [Co(FA)s]** are persent. The mono thiocyanteo
[Co(FA)sNCS]" occur at higher concentration, but only to the extent then

ions tend to associate as dimmers or aggregates.



The second type of solutions have been perpared by adding inceresed
mole fractions of cycloheaxen which decerses the overall polarity of the
solution and promote the formation of neutral species, the pure spectra of
them were obtained in acetone solutions of and cobalt(ll) thiocyante and
chloride. Similar solutions in the case of fomamed was not studied
because we can not have access to low-polar solvent that completely

soluble with formamide.

Type |11 solutions were used to study the ability of the solvent to the
exple chloride and thiocyante ions from the coordination sphere of
cobalt(ll) by the addition of the cobalt(ll) nitrate to keep a constant
concentration of the cobalt(ll) at the same time decreases Thiocyante and
chloride ions concentration as the nitrate ions are non-coordinated. It was
found that the only case where the expulsion was complete is in solutions
of cobalt(Il) thiocyante in ethanol, where two types are formed, one of the

tetrhedral Co(EtOH),** and the the octahedral Co(EtOH)”".

Type IV solutions used to study the ability of both the chloride and
thiocyante ions to expel the solvent from the coordination sphere of
cobalt(ll). Spectral measurements have shown that tetra-thiocyanteo
Co(NCS),* is formed at mokar ratio of 3 Thiocyante:Cobalt(I1) and the
tetra-chloro CoCl,% at molar ratio of 4 in case of acetone solutions.
Similarly, the tetra-thiocyanteo Co(NCS),*" also formed in the cobalt(l1)
thiocyante solutions of formamide. Cobalt(ll) Thiocyante in ethanol form
the tetra-isothiocyanato Co(SCN),*™ atmolar ratio of 9. In both cases, the
formation of such speiecesis not holistic has been a part of the cobalt
retained a number of coordinated solvent molecules, in the octahedral
coordination. The cobalt(ll) chloride in EtOH the chloride ions could not

expel the ethanol that has a very high DN.

(5) Study of the Condectivity of Solutions

The study was carried out using the stepwise dilution of solutions, where
this technique has resulted in the ability to study solutions at low
concentrations, where the spectral measurements fail. The conductivity
data were treated using Onsager equation, that showed all solutions
behave as weak electrolytes on high concentrations,as in the case of
cobalt(ll) Thiocyante in acetone, and even were non-electrolytic in case
of solutions of cobalt(ll) chloride in acetone, which gave a support of the
assumption made in interpretation of the spectral measurements results.
Both salts behave as strong electrolytes of the 1:1 type. which allowed the



to make free-hand extraplotation of the curve to intersects with the Y-axis
in order to estimate the perliminary value of the molar conductance.

In Ethanol, both cobalt(ll) Thiocyante and chloride were initially weak
electrolytes, but with diluition the conductance increases to the extent that
permitted, the assumption of the existence of 1:2 electrolyte. perliminary
value of the molar conductance were calculated using the free-hand

extraplotation method.

On the other hand, the solutions of cobalt(ll) thiocyante in Formamide
behaves as strong electrolytes and gave high values of connectivity at
low-concentrations, making possible to assume the formation of dimmers
of the formula [Co(FA)g],"". the curve in this case could not intersects
with the Y-axis easily, which make it a must to use the equation of Helmy
et.al., which plots the relationship between the logarithm of concentration
and molar conductance to results in straight lines that can be extended to
y-axis to give the more accurate values of the preliminary molar
conductance than the values drawn based on the equation has been
Onsagr equation, the results of both methods were compared and used to

support the hypotheses made to explain the results of spectral studies.

The Thesis is concreted from 3 Parts:

Part | - The Introduction topics, including the definition of non-aqueous

solvents and there classifications as well as the concept of

solvation number and donor number, and some account was made

to Guttmann's theory of auto-complex formation for the salvation

of halides and pseudo halides in non-aqueous, and finally a
literature survey of some related pares were made.

Part Il - gave a description of the methods, devices and chemicals used
in this study.

Part 111 - singled out by the presentation of results and discussion and
through the three chapters:

Chapter | - characterization of spectral bands (vibration and
electronic) for the solutions prepared)

Chapter Il — the solvation structures studies of species present in
solutions.



Chapter 111 - studies a way to alleviate connectivity solutions for
the sequential bilateral component came from the salt to dissolve
in the solvent under study.

Finally, the thesis concluded with a number of appendixes containing the
values of physical constants of the solvents used and the images of the
three infrared vibration spectra and tables of spectral values recorded for
solutions measured for studies of solvation structures, and the scheme of
Tanab and Sugano for d’ configuration. Then the list of references that

have been consulted during this study.
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