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The purple pigment that is used in colouring molten glass and porcelain known as Purple of Cassius discovered in the 17th century was
found by Richard Zsigmondy in 1897 to consist of nano gold with stannic oxide. The preparation of this material involves gold being
dissolved in aqua regia, then reacted with a solution of tin(II) chloride. The tin(II) chloride reduces the dissolved gold to elemental gold
supported on tin dioxide to give a purple precipitate which is thermally stable and is used as a pigment to give purple colour to glass and

porcelain.
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INTRODUCTION

In the 1650's Andreas Cassius a chemist in Hamburg,
Germany discovered a purple pigment that can be used in
colouring glass and porcelain (Figure 1). It was prepared by
adding a solution of stannous chloride to a dilute gold
chloride solution. The precipitate was known as Purple of
Cassius and was applied in the most famous glass and
porcelain factories of Europe in Meissen in Saxony and in
Sévre in France.

Figure 1. Museum pieces of glass coloured with Purple of Cassius

That compounds of gold could impart a red colour to glass
had been known for many centuries. Egyptian manuscripts
from the Greco-Roman era make reference to it. The great
metallurgist Georgius Agricola (1494-1555) knew of it, as
did Paracelsus von Hohenheim (1493-1541), in the first half
of the sixteenth century, while Benvenuto Cellini (1500-
1571) at about the same time refers to a transparent red
enamel discovered by an alchemist who was also a
goldsmith. Andreas Libavius (ca. 1540-1616) the German
alchemist who wrote the first text-book of chemistry,
Alchemia, in 1597 knew also about the purple pigment.
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In 1650 few years before Cassius publication Johann
Rudolph Glauber (1604-1670) described the purple color of
a gold pigment. Another distinguished contemporary
alchemist Johann Kunckel (1630-1703) (Figure 2) who was
well familiar with the glass technology of his time and in
1678 and was given charge of a glass factory at Potsdam in
Germany.
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Figure 2. Johann Kunckel (1630-1703)

He produced many products of ruby glass between 1679
and 1689. He published his Ars Vitraria Experimentalis,
oder Vollkommene Glasmacherkunst. This work remained a
standard treatise on glass technology for many years, and it
is here that are found references to the production of ruby
glass by the use of the purple precipitate described later by
Cassius.
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ANDREAS CASSIUS

There were two Andreas Cassius: the father (1605-1673)
and the son (1645- ca 1700). It is quite possible that the
elder did devise a process for making the purple precipitate
and it was his son who wrote De Auro (Figure 3) in which
he described the procedure but in the book he made no
mention of his father. The full title reads: "Thoughts
Concerning That Last and Most Perfect Work of Nature and
Chief of Metals, Gold, Its Wonderful Properties, Generation,
Affections, Effects and Fitness for the Operations of Art;
[lustrated by Experiments".

Figure 3. De Auro by Andreas Cassius in 1685

LATER WORK

Swedish chemists

The Swedish chemist Carl Wilhelm Scheele (1742-1786)
observed that when MnO, is dissolved in hydrochloric acid
a red color is formed which when diluted precipitates the
black MnO,. The Swedish chemist Jons Jakob Berzelius
(1779-1848) described the yellow colour obtained by
passing hydrogen sulfide into arsenious acid. He mentioned
that the coloured solution should probably be regarded as a
suspension of arsenic sulfide because it settled out. Other
examples like the formation of colloidal sulfur when H,S
reacts with SO, etc.

Faraday
Michael Faraday (1791-1867) (Figure 4) spent much time

in the mid 1850s investigating the properties of light and
matter. He made several hundred gold slides and examined
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them by shining light through them. To make the gold leaf
thin enough to be transparent, however, Faraday had to use
chemical means rather than mechanical: commercial gold
leaf was made by hammering the metal into very thin sheets
but this was too thick for his purposes. Part of this process
involved washing the films of gold, which Faraday noticed
produced a faint ruby coloured fluid.

Figure 5. Thomas Graham(1805-1869)

He shined a beam of light through the liquids and
observed a cone was well defined in the fluid by the
illuminated particles.
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He realized that this cone effect was made because the
fluid contained suspended gold particles that were too small
to see with the scientific apparatus of the time but which
scattered the light. He noted the light scattering properties
from suspended small gold particles. It is because of this
discovery that Faraday is seen as one of the first researchers
into nano science and nano technology.

Graham

Thomas Graham (1805-1869) (Figure 5), Professor of
chemistry at University College in London, realized in 1861
that some solutions were different: when the suspended
materialdid not precipitate and could not pass through
parchment filters. With diffusion rates much slower than
normal, Graham suggested these peculiar solutions must
consist of larger particles, inventing the terms 'sol' and
'colloid' to describe them. Colloid comes from Greek Kolia
means glue.

Tyndall

British scientist John Tyndall (1820-1893) (Figure 6)
described in 1869 light scattering by particles in a colloidal
solution. Figure 7 shows light beam passing through a
normal solution [right] and then passing through a colloidal
solution where scattering is observed.

Figure 6. John Tyndall(1820-1893)

Zsigmondy

The nature and constitution of Purple of Cassius presented
scientists with a problem which, throughout the whole of the
nineteenth century, was attacked by some of the most
distinguished chemists of the time. The formation of the
purple precipitate was used to test for trace amounts of gold
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in solution. Richard Zsigmondy (1865-1929) (Figure 8) a
Hungarian chemist in the Austrian Empire also prepared red
colloidal gold solutions by the reduction of gold chloride
with formaldehyde in a weakly alkaline solution.

Figure 7. Tyndall effect: scattered light in the colloidal solution to
the left

In his own words it was a clear solution like red wine. In
dialysis experiments, however, they behaved like colloidal
solutions, i.e., gold particles did not pass through the
parchment membrane. Blue colloidal gold could also be
obtained from dilute gold chloride solution by reduction
with hydrazine or hydroxylamine.

Figure 8. Richard Zsigmondy (1865-1929)
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It was Zsigmondy, who had spent some years studying gold
colours and had joined the Schott Glassworks in Jena in 1897,
developed the ultramicroscope (Figure 9) for the examination
of colloids. He showed that the Purple of Cassius consisted of
very finely divided gold with stannic oxide and that a mixture
is capable of behaving like a chemical compound. For this
investigation, he was awarded the Nobel Prize in Chemistry in

1925.

Figure 9. The ultramicroscope: illuminating colloidal particles from
the side scatters light, making them visible

The reaction taking place is an oxidation-reduction
process:

A +3e> Au
Sn®'— Sn*" + 2¢

and the overall reaction is

2Au* +3Sn* — 2Au + 3Sn*"

In addition to the precipitation of ultra fine gold particles,
the hydrolysis and the precipitation of stannic oxide in the
reaction mixture

Sn*" + 2H,0 — SnO, + 4H"

is essential for stabilizing the colloidal gold. The purple
precipitate is then used in colouring porcelain or glass.

CONCLUSIONS

Colloidal solutions are heterogeneous in nature and are
closely related to nano chemistry. They consist of particles
between 40 and 900 nanometers in a liquid too small to be
visible to the naked eye or through conventional
microscopes. On the other hand nano particles are between 1
and 100 nm in size and may be in colloidal suspension or in
the solid state. They are smaller than the wavelength of
visible light which is 400 - 700 nm (Figure 10).

Materials change as their size approaches the nano scale
mainly due to their large surface area. They often possess
unexpected optical properties. Gold colloidal solution
appears deep-red to blue in solution depending on their size
(Figure 11).
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Figure 11. Effect of particle size on nanogold. Particle size
increasesfrom left to right
[https://en.wikipedia.org/wiki/Colloidal gold]

Purple of Cassius are nano gold particles supported on
colloidal tin oxide and is capable of coloring glass and
porcelain deep red in color although gold is yellow in color.

Recently, gold nano particles are utilized in organic photo
voltaics, sensory probes, therapeutic agents, drug delivery in
biological and medical applications, electronic conductors,
and catalysis.
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Previous tribochemical studies showed that the high activation energy of reactions between solids covered by mechanical energy has not
exclusively be thermally origined as that had been adopted formerly. For studying of tribochemical elemental effects, some theoretical
considerations of combination atomic force microscope (AFM) and scanning tunneling microscope (STM) techniques using one dual tip

cantilever have been discussed to develop a solid baseto make experimental setup called Tandem Nanoscope.
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Introduction

Tribochemistry is a branch of chemistry dealing with the
chemical and physico-chemical changes of solids due to the
influence of mechanical energy.**? Nano-tribology is a
branch of tribology dealing with friction and wear processes
in nanometer scale using scanning probe microscopy (SPM)
methods.

The most fascinating discovery of tribochemical studies
performed worldwide in the last decades was that the high
activation energy of reactions occuring between solids and
covered by mechanical energy do not exclusively originate
from thermal sources as that had been adopted formerly. In
order to study the elements of these tribochemical effects,
some theoretical considerations of combination atomic force
microscope (AFM) and scanning tunneling microscope
(STM) techniques using one dual tip cantilever have been
discussed in order to develop a solid base to make
experimental setup called Tandem NanoScope. The article
here present these theoretical considerations and conclusions
about making possibility of a Tandem nanoscope.

Tribochemistry

Definitions

Tribochemical synthesis, sometimes called
mechanosynthesis including the current state of the art, as
well as opportunities and challenges to it becoming a
mainstream synthetic technique. It nowadays covers
industrial ~ aspects, inorganic  materials, cocrystals,
pharmaceutical applications, organic synthesis, discrete metal
complexes, extended metal-organic materials'® (MOFs) and
has very close connections to nanotechnologies
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Mechanical activation of chemical reactions

The general course of mechanically activated chemical
reactions, observed in many experiments, for instance in a
ball mill, can be described by following principal diagram:
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Figure 1.The course of tribochemical reactions®

At the beginning there is the low, only thermally activated
reactivity, followed by the rising activity with mechanical
treatment arriving to a stationary high level. Subsequent to
the mechanical treatment there is decay of the reaction
velocity and after treatment remains the state of the so called
mechanically activated solid at some higher level.

There are tribochemical reactions with positive affinity,
which are thermally activated reactions, as for instance HgS
(Cinnabar) decomposition by trituration in a Cu mortar by a
Cu pestle with a little amount of acetic acid producing
elemental mercury [ancient Greece 400 BC].

HgS + Cu + (Emech) — Hg + CuS (AG is negative) (1)
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There are also tribochemical reactions with negative
affinity, that are non-thermally activated reactions, such as
milling of rocksalt (NaCl) in presence of Hg produces
elemental sodium (as amalgam) and chlorine.?

NaCI+(X+1)Hg+(Emech) —
NaHgx + HgCl (AG is positive) 2
One can see that for a set of tribochemical reactions in
“statu deformandi” (in time of mechanical activation) it can

be said that characteristically they are proceeding whilst
producing non-equlibrium negative affinities (Table 1).

Table 1. Some Tribochemical reactions with negative affinity
(positive free enthalpy)”

No.  Reaction Azgsk kJ molt
1 BaO2 — BaO + 2 O2 -55.2

2 SiC + 2H2 — Si+ CHa -58.9

3 C + 2H20 — CO2 + 2H2 -62.4

4 2Cu + CO2— 2CuO +C -140.2

5 Au + % CO2 — 1/2Au203 + %C -311.5

6 Fe304 +2C — 2CO2 + 3Fe -330.2

7 2MgO +C — COz+ Mg -744.9

In the mechanically induced electrochemical deposition
of metals without external current, contrary to the
electromotive series, the “Tribogalvanic Effect”  has a
minimal affinity of -300 kJ mol™.1* It has been shown that
the negative affinity of tribochemical reactions does not
decrease with rising temperature, as it might be expected, but
increases instead (Table 2).

Table 2.Temperature dependence of the negativeaffinity for
twotribochemial oxidation reactions of coppercalculated by the 1%
UHLICH approximation

Basic Affinity, A% kJ. mol*!

Temperature 298K 1000K 2000K
4Cu+C0O2—2Cu20+C  101.7 199.6 342.3
2Cu+C0O2—2CuO+C  138.9 271.1 466.1

The experimental results suggest that a common thermal
activation can be excluded with high probability. Following
the principle of least contradictions the hypothesis of the
“Magma-Plasma-Model“ was developed.> The “Magma-
Plasma-Model” proposes that local temperatures greater than
10* K in ultra-short-time can be generated at mechanical
impact points, associated with transient (tribo-) plasmas and
the ejection of energetic species including free electrons.'
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Figure 2.Magma Plasma Model (MPM) ,, Triboplasmas*

The energetic relaxation of triboplasmas was described by
the following stages.

Stochastic

Triboplasma Processes

Edge and Post Plasma

Relaxation of . COUPlEd NONrEVETSIDIE
- thermodynamical processes
Triboplasma
Recombination of
Plasma Products

Non reversible thermodynamical
- Processes, described by
Thermostatics

Fi

Scanning Probe Microscopy (SPM) for Nano-Tribochemisty

There are many universal scanning probe microscopes
combining the use of AFM or STM.*® Precisely such types of
nano-analytical devices appear to be useful for the
examination of elemental effects of tribochemical reactions.
For this purpose a device must be designed, which can
generate a tribochemical reaction “just in time” and observe
directly possible magma plasmas or their relaxation processes
respectively.

The idea is to use simultaneously an atomic force
microscope (AFM) for the nano-tribological impacting of a
metallic surface and a scanning tunnelling microscope (STM)
for the examination of tribochemical reactions with atomic
scale resolution.
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Tandem Nanoscope

How should such a dual function device be designed? There
must be a dual tip cantilever, where one tip will function as
AFM that is touching the metallic surface and generating the
tribomechanical action under the required circumstances.
This tip must be electrically insulating. The other tip, being
electrically conductive, does not touch the surface to be
examined. It serves as STM analyzing the physical and
chemical conversions with atomic resolution.

lateral power
(friction)

" ',*' laser
diode
cantilever
Triboplasma
tunneling
current / metallic
probe
<>
motion

Figure 3. Tandem Nanoscope.

The device called by us “Tandem NanoScope”. A
functional sketch with a dual tip cantilever is follows:

EHT = 4.97 kV
WD= 17 mm

Signal A= SE2
Photo No, = 2347

Date :30 Aug 2007
Time :18:04:19

Figure 4. ,,Hammerhead* cantilever - NIST
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The dual tip device may look as shown below using an idea
from the National Institute of Standards NIST, a so called
“Hammerhead”. One tip serves as AFM, touching the sample
surface, the other tip, coated with gold and moving in some

nanometer distance to the surface will be the “watching”
STM.

Discussion

The principle of “Tandem Nanoscope” o0pens new
perspectives to scanning probe microscopes with novel
abilities for direct watching of tribochemical reactions,
maybe also triboplasmas, with atomic resolutions and opens
a way before building it experimentally.
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The possibility of gold extraction from the concentrate obtained by secondary enrichment of flotation tails of Madneuli gold-containing
barite-polymetallic ore has been studied. Such concentrate contains the gold in the mineral in finely-impregnated form and is considered as
difficult-to-process material. It was shown that by the use of Fe,(SO4); as an oxidizer in thiourea acidic solution, the concentrate
preliminary milling and roasting at 400 °C is necessary for the 90 % extraction of gold. By electrochemical method, the 90 % extraction is
reached at the system “soft” oxidation in the conditions of Red/Ox potential of 0.4 V in temperature range of 25-35 °C.
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INTRODUCTION

The problem of gold extraction from resistant
anthropogenic mineral resources may be considered as the
most important ones which face modern gold-mining
industry. Complex multistage schemes of enriching of
mentioned ores do not allow the extraction of the ultra-
dispersed gold in full measure. Therefore, in the most cases
such mineral resources cannot be processed economically
and ecologically-acceptable criteria.

Among anthropogenic waste, the enriched tails of the
majority of sulfide ores, as the source of noble metals, are of
significant interest. Moreover, their storage has a severe
impact to the environment. The flows of natural and
artificial leaching appear in underground and surface water.

The problem of processing of the above-mentioned
mineral resources is topical for Georgia also. In tailing
dumps of Madneuli Mining-Processing Combine up to 120
million tons of anthropogenic mineral resource is collected
among which up to 27 million tons are flotation tails of
enriching of sulfide mineral (barite-polymetallic and
chalcopyrite) which contain more than 10 tons of gold and
up to 120 tons of silver. Processing of such mineral by
profitable technology is a prospective problem and hence
investigations in this direction is topical.

EXPERIMENTAL

The objects of our research were gold-containing flotation
tails of processing of barite-polymetallic ore. They contain
0.5 and 1.8 g ton™ of gold and silver respectively.
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In addition, Cu, Zn, Pb, S, Fe, Cd and Al,O; are also
present in amounts varying from 0.02 to 1.7 %. These tails
contain 80-90 % quartzite, 3-6 % barite, 3 % pyrite, 3 %
alunite 2 % kaolin, 1 % sericite and 2-3 % iron hydroxides.
On the basis of mineralogical composition of those tails the
procedure for secondary flotation enriching was selected.
Flotation was carried out at laboratory flotation machine of
mechanical type and at the test bench of flotation machine.
Flotation of primary tails of barite-polymetallic ore was
carried out by technological scheme presented in figure 1.

The tails were crushed in a wet mill for 5 min at a ratio of
L:S = 1:1. Thereafter the suspension was delivered to a
flotation machine of mechanical type where the flotation
was performed in a the presence of collector ,butyl xanthate
(60 g ton™") and foaming agent T-80 (50 g ton™"). Reagents
were delivered twice, at beginning of the process and after
10 min. Flotation duration wasl18-20 min. Cleaning was
performed by butyl xanthate (20 g ton™) and foaming agent
T-80 (50 g ton™). Cleaned general concentrate was dried in a
thermostat, crushed and sieved. Determination of elements
concentration in enriching products was carried out by
atomic absorption method. In table 1 the composition of
secondary enriching flotation tails of barite polymetallic ore
of Madneuli deposit is presented.

Table 1. Chemical composition of secondary concentrate of
flotation tails of barite-polymetallic ore.

Au, Ag Zn Cu Fe Sto: Ssos; Ba,
% % % % % %

g ton™

253 258 046 057 445 44 425 79

For gold extraction from flotation tails of secondary
enriching of barite-polymetallic concentrate the researches
were carried out by means of electro-chlorination and of
chlorination by gaseous chlorine as well as by concentrate
treatment by thiourea solutions.
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RESULTS AND DISCUSSION

We have used electro-chlorination method earlier at
processing of gold-containing secondary quartzite with gold
extraction up to 85 %." Advantages of this method lies in the

Igrite-po!yimetallic tails |

L
i Crushing, t=5min. 8:1=1:1 |

Section D-Research paper

fact that generation of the oxidant, chlorine, is performed
directly in the process of concentrate leaching. In electro-
chlorination an intensification of mineral opening is carried
out at the expense of its dissolving in cracks and structural
imperfections and oxidation of sulfide sulfur.

Butylxanthate-60 g/ten
T-80—50 g/ton

S:L~=1:3.5

Sulfide flotation

‘ Rough concentrate

Butylxanthate-20 g/ton
T-80—30 g/on

Soda-2kg/ton
Soap raw fall oit-0.4g/ton
Liquid glass-1 g/ton

A
Cleaning

h

Gold-containing
sulfide concentrate
on leaching

aning
I |

b

I cleaning

R
11 cle:

| Main barite flotation

k 4

¥
L'l Tails

BaSQ, p=70%
Concentrate 2.-56%

Figure 1. Scheme of flotation of primary tails of barite-polymetallic ore.

This process allows the access to deeply impregnated gold.
The method was also tested at leaching of gold-containing
concentrate of secondary enriching of barite tails. Their
chemical composition is presented in table 1.

Electro-chlorination of the concentrate of the tails
secondary enriching was performed by the procedure
described previously for researches on treatment of gold-
containing secondary quartzite.' The results are given in
table 2.

As evident from table 2, leaching duration has no
unambiguous regular effect on the process of extraction of
gold and other components from the concentrate. The results
remain within experimental reproducibility. Low gold
extraction may be explained by incomplete opening of
sulfide mineral. The comparison of the results obtained at
leaching of mentioned concentrate by chlorination as well as
by electro-chlorination methods are partly indicative of
thereof (Table 3) .
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As evident from table 3, five-hour chlorination treatment
of enriching tails in acid solutions gives lesser gold
extraction than electro-chlorination treatment in the same
conditions. This difference is more appreciable in alkaline
solutions.

As evident from the data of table 1, concentrate, obtained
by enriching of tails of barite - polymetallic ore, contains all
components practically only in the form of sulfates. It may
be suggested that among them non-soluble sulfates ( Ba, Ca
etc.) may be also presented which do not interact with
oxidants (including anode ones) as well as with acids, bases
and which may cause the gold passivity.

Hence, obtained results show that concentrate of tails of
barite-polymetallic ore belongs to the group of rather
resistant minerals and gold extraction by chlorination and
electro-chlorination methods doesn’t exceed 40-50 % which
is indicative of the limit of capability of those methods for
concentrate of given type.
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Table 2. Effect of duration of electro-chlorination leaching of concentrate of flotation tails of enriching of barite - polymetallic ore.

1 2.5 8.15 675.0
2 2.5 5.32 880.0
3 5.0 10.75 688.0
4 5.0 11.5 805.0
5 8.0 22.33 855.0

48.5 61.0 61.0 58.0 46.0
- 57.0 38.0 36.0 42.0
40.6 57.0 43.0 40.0 38.0
48.5 57.0 46.0 48.0 42.0
544 65.0 67.0 69.0 38.0

Experimental conditions: electrolyte - NaCl-150 g L™'; sample-200 g; temperature - 30 °C; pH - 0.5

Table 3. Chlorination and electro-chlorination treatment of concentrate of flotation tails of enriching of barite-polymetallic ore.

1 NaCl+HCl Electro-chlorination 0.5+0.05
2 NaCl+HCl Chlorination 0.5+0.05
3 NaOCl Electro-chlorination 1140.05
4 NaCl+NaOH Chlorination 11+0.05

1052+50 48.6 85.0 73.0 67.0 54.0
1069+45 40.7 85.0 77.0 63.0  50.0
663+45 58.0 96.0 73.0 27.0 250
683435 31.0 70.0 75.0 14.0 17.0

Experiment duration 5 h, temperature 40 °C.

It is suggested that concentrate resistance is caused by
physical depression of gold by non-soluble barium sulfates.
For gold extraction from gold-containing concentrate of
barite tails the researches were also carried out by means of
thiocarbamide solutions. This method was tested by authors
of the work at leaching of secondary quartzite and high
degrees of gold extraction were obtained (83 %).
Researches, performed on thiocarbamide leaching of
concentrate of barite tails at room temperature, did not give
desired results. Gold extraction degree slightly increased in
comparison with above-mentioned methods and comprised
66 %, but the index is as yet low. Preliminary leaching of
concentrate by solution of sulfuric acid at 70-80 ° C causes
the increase of gold extraction degree only by 3-4 % and
comprised 69.8 %.

Table 4. Effect of roasting temperature on gold extraction degree
from concentrate of barite tails at pre-treatment and at no-
treatment .

Table 5. Voltammetric characteristics of platinum electrode in
various systems

1 0 0.338 0.229 0.270
2 5 1.402 0.382 0.377
3 10 1.398 0.200 0.391
4 15 1.400 0.411 0.393
5 20 1.418 0.417 0.404
6 30 1.558 0.427 0.643
7 50 1.698 0.444 0.648

System A = 0.5 N KCI, B = 0.5 N KCl + 0.5 N Thiourea, C = 0.5
N KCI + 0.5 N Thiourea + 0.5 N HC1

Table 6. Electrochemical treatment of flotation concentrates of
tails of barite- polymetallic ore

Red/Ox, V 1.0+0.15 1.0+0.15 04+0.04
Gold extraction 54.0 64.3 87.1
degree, %

1 400 89.2 823

2 500 86.4 72.0

3 600 88.0 79.7

4 700 75.6 73.6

5 800 86.3 66.5
Experimental conditions: roasting duration 2 h, sample 20 g,
leaching duration- 4 h, S:L=1:5, concentration:

Thiourea 2 %, Fey(SO4); 1 %, HySO4 1 %.
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Experimental conditions: ¢ — 25 °%C; 1,- 075 A em®; m - 200 g,
duration 5 h.
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Table 7. Electrochemical treatment of gravitational concentrates of
chalcopyrite tails

No. t,h T,°C Red/Ox,V  Gold extraction
degree, %
1 1.0 25.0 0.4+0.04 30.0
2 3.0 25.0 0.4+0.04 55.0
3 50 250 0.4+0.04 86.0
50 300 0.4+0.04 86.8
5 50 350 0.4+0.04 87.4

Experimental conditions: KCI 100 g L™, Thiourea 18 g L', I,
0.75 Acm 2, m 200 g.

For complete removal of physical and chemical
depressants of gold the roasting of secondary concentrate at
temperature range from 400 °C to 800 °C and cinder
leaching by thiourea solution was performed. After
concentrate roasting at 400 °C gold extraction increased to
89 % and at further temperature growth gold extraction
degree is slightly reduced.

In following series roasted concentrate was treated by acid
before thiourea leaching. Experimental results are presented
in Table 4. As evident, gold extraction degree from
concentrate, roasted at 400 °C, reduced and comprised
82.3 %. At further growth of temperature reduction of gold
extraction degree is more appreciable, at 800 °C this value
reduced to 66 %. Experimental results have shown that pre-
treatment of cinder by acid is non-productive. Because of
the fact that roasting of gold containing concentrate of barite
tails at 400 °C gives the best results, in the following series
of experiments roasting was carried out in temperature range
from 350 °C to 500 °C at additional grinding of concentrate.
Results have shown that after roasting at 400 °C and fine
grinding of concentrate (0.16 mm) and cinder treatment by
thiocarbamide solution, gold extraction degree is notably
increases and attains 93.4 %. At temperatures of 350 °C, 450
%C and 500 °C this value is roughly same i.e. 88-89 %

Experimental results have shown that re-grinding and
roasting of concentrate is reasonable for complete opening
of gold surface which is favorable for efficiency of further
operations of gold extraction. But the use of pre-treatment
(grinding, roasting) of concentrate under study before
leaching with further extraction of noble metals from the
solution is associated with a high power consumption.

Therefore for simplification of technology of processing
of resistant sulfide ores and concentrates and for elaboration
of eco-safe and highly efficient method of their processing
the two methods, electrochemical and thiourea one, were
combined. = From the viewpoint of electrochemical
dissolution of metals the resistant sulfide ores must be
considered as system of sulfides in which fine-dispersed
gold is impregnated. At the action of electrochemical
reactions the electronegative elements of this system will be
dissolved primarily. As a result of electrochemical
dissolution of sulfides in anode space the destruction of
mineral structure and opening of fine-dispersed
mineralization of gold proceeds. By selective complex
formation with free thiourea, present in the electrolyte, gold
will pass to the solution in the form of cation complex

(eqn.1).
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Au + 2H,NC(S)NH, + HCl — Au[H,NC(S)NH,],Cl
+H+e (1)

At the cathode the complex discharges and precipitation
of metal results. This method provides the electrochemical
treatment of resistant sulfide mineral (in the form of
suspension or pulp) in chloride electrolyte, containing
organic ligand for complex formation, thiourea.’*
Variation of potentials at polarization of Pt - electrode in
this solution is presented in Table 5.

Introduction of thiourea in chloride solution is favorable
for reduction of system Red/Ox potential from 0.8-1.2 to
0.35-0.45 V  (Table 6). In accordance with,” standard
potential of reaction (eqn. 2).

2CS(NH,), 5 2CS(N,H3) +2H" 2)
is equal to + 0.42 V. Standard potentials of reactions,’

S* HS+2e Eo=+0.006 V 3)

S,” —28+2¢ Eo=+0.476 V )

At the values of Red/Ox potentials of electrolyte systems
under study (Table 5) passing of the following reactions is
highly possible:

2CuS + 4HCl - 46 — 2CuCl, + S, + 4H" 5)
FeS,+ 2HCI - 2¢” — FeCl, + S, + 2H" (6)

In Table 6 the results of the research of gold-containing
concentrates of barite - polymetallic flotation by the use of
various chloride systems are listed.

As evident, efficiency of gold extraction from given
concentrate is attained only from electrolytes containing
thiourea as a complex former. It also should be noted that
electrochemical treatment of the 3-rd system was performed
without ore pre-grinding and roasting of concentrate.

Similar results were obtained at electrochemical treatment
of resistant gold-containing gravitational concentrates of
chalcopyrite tails in mentioned systems (Table 7).

Conclusion

On the basis of results obtained, it may be concluded that
resistant gold-containing flotation tails of enriched of barite-
polymetallic ore may be efficiently processed by thiourea
method (by grinding and pre-roasting of concentrate) with
94 % gold extraction as well as by electrochemical method
(without grinding and pre-roasting of concentrate) with
90 % gold extraction. In the latter case an acid chloride
electrode, pH 0.5-2 was used, containing 15-20 g L' of
selective organic complexing agent for noble metals,
thiourea.
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The process takes place in the conditions of “soft”
oxidation regime, Red/Ox = 0.38-0.42 V, without separation
of molecular chlorine and without environmental
contamination. It should be noted that the latter method is
reassuring, therefore, further the researche will be continued
in mentioned direction.
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF IMINES

AND THEIR METAL COMPLEXES
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Two new schiff bases (E)-(4-chlorophenyl)-(4-chlorobenzylidene)acetohydrazide and (E)-(4-chlorophenyl)-(1-methoxynaphthalen-2-
ylmethylene)acetohydrazide and their metal complexes were synthesized. All of the synthesized imines and their metal complexes were

characterized and screened for antimicrobial activity.
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Introduction

Schiff bases, characterized by the azomethine group (—R-
C=N-), form a significant class of compounds in medicinal
and pharmaceutical chemistry and are known to have
biological ~applications due to their antibacterial,®
antifungal,>® and antitumor”® activity. Schiff base ligands
are considered “privileged ligands” because they are easily
prepared by the condensation between aldehydes and
amines. The incorporation of transition metals into these
compounds leads to the enhancement of their biological
activities and decrease in the cytotoxicity of both metal ion
and schiff base ligand.”"!

Schiff bases with donors (N, O, S, etc.) have structural
similarities with neutral biological systems and due to
presence of imine group are utilized in elucidating the
mechanism of transformation of racemization reaction in
biological system.'*"*

Coordination chemistry, a study of metal complexes is an
important research area in inorganic chemistry. Detail
reviews regarding Schiff base metal complexes and their
applications have been published by several scientist in
recent years, Neelima Mishra et al.’and S. Arulmurugan et
al.'® on biological activities, Katarzyna Brodowska et al."”
on using invarious fields of science, Ahmed M. Abu-Dief et
al."® on versatile applications, and Kavita Rana et al.'” on
analgesic, anti-inflammatoryeffect.
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Experimentals
Synthesis of Schiff base

In order to prepare Schiff base firstly esters of substituted
phenylacetic acid were prepared, which were further reacted
with hydrazine hydrate to obtain hydrazides from which
Schiff base were prepared.

a) General procedure for the synthesis of esters

To a magnetically stirred ice cold solution of carboxylic
acid (20 mmol) in methanol (20 mL), a catalytic amount of
concentrated H,SO, (2-3 drops) was added dropwise. The
contents were gently warmed to room temperature and then
refluxed for 2-3 h. After completion of the reaction as
indicated by TLC (20% ethyl acetate: n-hexane); excess
methanol was removed under reduced pressure on rotary
evaporator. The reaction mixture was cooled to 0°C,
basified with saturated aqueous NaHCO; and finally
extracted with dichloromethane (3x15 mL). The combined
organic layer was washed with water, separated, dried over
sodium sulphate and concentrated on rotary evaporator to
afford the corresponding esters as oily liquids.

b) General procedure for the synthesis of hydrazides

A mixture of carboxylic ester (20 mmol) and hydrazine
hydrate (100 mmol) was refluxed at 100 °C for 1h. Progress
of the reaction was monitored by TLC (50 % ethyl acetate:
n-hexane).After completion of reaction; the excess amount
of hydrazine hydrate was evaporated under reduced
pressure. The crude product was triturated with petroleum
ether under ice-cold condition, washed several times with
water and dried by toluene azeotrope to get the
corresponding hydrazide as the crystalline white solid.

¢) General procedure for the synthesis of Schiff base

In equimolar mixture of aldehyde (2 mmol) and hydrazide
(2 mmol) in ethanol (5 mL), 2-3 drops of glacial acetic acid
were added at room temperature and the contents were
refluxed till completion of reaction for appropriate time.
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After completion of the reaction as monitored by TLC (3:7
ethyl acetate:n-hexane), excess of ethanol was evaporated
on rotary evaporator and the contents of the flask poured
over crushed ice. The solid obtained was filtered, washed
with cold water, dried and finally recrystallized from
chloroform: hexane (1:1).

Table 1. List of synthesized Schiff base ML, type metal complexes

Schiff base aldehyde Metal Time, Yield, %
component, R=4-Cl h

Al 4-Cl-benzaldehyde Zn 6.0 91

A2 4-Cl-benzaldehyde Pd 6.5 87

A3 4-Cl-benzaldehyde Co 7.5 81

A4 4-Cl-benzaldehyde Cu 7.0 80

AS 4-Cl-benzaldehyde Fe 6.0 84

A6 1-MeO-2-naphthaldehyde  Zn 6.5 89
A7 1-MeO-2-naphthaldehyde  Pd 6.0 82
A8 1-MeO-2-naphthaldehyde  Co 7.5 84
A9 1-MeO-2-naphthaldehyde Cu 6.0 92
A10 1-MeO-2-naphthaldehyde Fe 6.5 91

B) General procedure for preparation of Schiff bases metal-
complexes

A mixture of Schiff bases (2 mmol) and nitrates of metal
(1 mmol) in ethanol (5 ml) was refluxed for 6-8 hours. The
pH of solution is adjusted to 7-8 by using alcoholic
ammonia solution. The progress of reaction was monitored
on thin layer chromatography (TLC) using petroleum ether:
ethyl acetate (7:3 ml) eluent. The products were isolated
after reduction of volume by evaporation. It was filtered,
washed with ethanol, dried under vacuum and further
recrystallized in ethanol. The reaction time and yield of
complexes prepared are specified in Table 1.

Spectral analysis of Schiff bases

(4-Chlorophenyl)-(4-chlorobenzylidene)acetohydrazide

IR v max cm-1: 735, 812, 1012, 1087, 1140, 1296, 1393,
1491, 1612, 1668, 1896, 2862, 2966, 3083. 'H NMR: § 2.50
(s, 2H, Ar-CH,-), & 4.0 (b, 1H, -NH-N- ), & 7.30-7.80 (m,
8H, Ar-H), 8 8.0 (s, 1H, -N=CH ). °*C NMR: 40, 128.56,
128.86, 129.10, 129.35, 131.43, 131.79, 133.61, 134.64,
134.89, 135.03, 135.14, 145.81, 166.75, 172.47. EI-MS:
308.2 (M+, 65 %), 307.2 (80 %), 305.2 (100%).

(4-Chlorophenyl)-(1-methoxynaphthalen-2-ylmethylene)aceto-
hydrazide

IR v max cm-1: 745, 806, 977, 1050, 1199, 1255, 1336,
1474, 1557, 1665, 2840, 3057, 3198. 'H NMR: & 2.52 (s,
3H, Ar-OCHs), 8 3.90 (s, 2H, Ar-CH,-), 5 4.2 (s, 1H, -NH-
N-), 8 7.40-8.10 (m, 10H, Ar-H), & 8.85 (s, 1H, -N=CH). *C
NMR: 40, 57.13, 113.86, 124.40, 124.84, 125.49, 126.21,
127.59, 128.38, 129.211, 131.03, 132.54, 132.82, 133.12,
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133.89, 135.04, 141.59, 158.05, 165.39, 170.95. EI-MS: 353
(M+, 45 %), 351.3 (100%).

Analysis of metal complexes

Characterization of all the prepared hydrazone-based
Schiff base ligands complexes with metals Zn(Il), Pd(Il),
Co(I), Cu(Il), and Fe(Il) were done. Their elemental
analysis confirmed the ML, nature of complexes. The IR
data of some complexes are given in the supplementary
material.

Table 2. Anti-bacterial activity of ligand and complexes (in mm)

Compound Inhibition zone, in mm
Escherichia  Bacillus Pseudomonas
coli subtilis aeruginosa

L1 14 20 17

L2 11 29 12

Al 21 25 20

A2 20 25 20

A3 18 20 17

A4 25 22 29

AS 19 26 18

A6 11 16 14

A7 19 22 18

A8 08 10 11

A9 24 31 27

A10 18 21 20

Penicillin 23 30 28

Antibacterial activity

Antibacterial activity of synthesized Schiff bases and their
complexes has been screened against bacteria Escherichia
coli, Bacillus subtilis &Pseudomonasaeruginosa. Results of
the ligands and complexes prepared were showed moderate
to excellent activity as compare to standard Penicillin Table
2.

Conclusion

In conclusion we synthesized novel Schiff bases and metal
complexes.These ligands and metal complexes were
screened for antibacterial activity. Ligand L2 showed good
activity against Bacillus subtilis. Complex Al, A4 and A9
showed better activity against Escherichia coli, Bacillus
subtilis andPseudomonas aeruginosa. All other compound
were have variable but less than standard antibacterial
activity.
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EXCHANGE SPATIAL-ENERGY INTERACTIONS

G. A. Korablevial”

Keywords: Lagrangian equations; wave functions; spatial-energy parameter; electron density; elementary particles; quarks.

The notion of spatial-energy parameter (P-parameter) is introduced based on the modified Lagrangian equation for relative motion of two
interacting material points, and is a complex characteristic of important atomic values responsible for interatomic interactions and having the
direct connection with electron density inside an atom. Wave properties of P-parameter are found, its wave equation having a formal analogy
with the equation of y-function is given. With the help of P-parameter technique, numerous calculations of exchange structural interactions
have been performed and the applicability of the model for the evaluation of the intensity of fundamental interactions has been demonstrated.
Initial theses of quark screw model are also discussed.
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where c is the velocity light in vacuum.
SPATIAL-ENERGY PARAMETER Lagrangian equation for relative motion of the system of

. ) two interacting material points with masses m; and m; in
When oppositely charged heterogeneous systems interact,  cogrdinate x is as follows:

a certain compensation of the volume energy takes place,

which results in the decrease in the resultant energy e.g.

during the hybridization of atom orbitals.® But this is not a

direct algebraic deduction of corresponding energies. The Mppx" = v (1)
comparison of numerous regularities of physical and ox

chemical processes leads us to assume that in such and similar
cases the principle of adding reverse values of volume
energies or kinetic parameters of interacting structures are ==

observed. For instance, during the ambipolar diffusion, when m. m; mp

joint motion of oppositely charged particles is observed in the (1a)
given medium (in plasma or electrolyte), the diffusion

coefficient (D) is found as follows:

where

here U is the mutual potential energy of material points, my is
the reduced mass and x" = a (characteristic of system

1 1 acceleration).

n_
D a, a_

. . U AU
For elementary interaction areas Ax, pl e then
where

a+ and a-are the charge mobility of both atoms and 7 is the

constant coefficient. mpalx = —AU
Total velocity of the topochemical reaction (v) between the 1 1
solid and gas is found as follows: 1/(ahx) X A/me + 1/my) ~ AU
1 1 1 or
—_ = — + J—
vV U, 1

~ AU
where 1/(myalx) + 1/(m,alx)
v1 Is the diffusion velocity of the reagent and
vz is the velocity of reaction between the gaseous reagent

and solid.

Since in its physical sense the product mia4ax equals the
potential energy of each material point (-AU;), then

1 1 1

Change in the light velocity (Av) when moving from the Rt =

¢ ! c1ty . AU ~ AU, AU,
vacuum into the given medium is calculated by the principle

of algebraic deduction of reverse values of the corresponding

velocities: 2

Eur. Chem. Bull.,2016, 5(10), 431-440 DOI: 10.17628/ech.2016.5.431-440 431


mailto:korablevga@mail.ru

Exchange spatial energy interactions

Thus the resultant energy characteristic of the interaction
system of two material points is found by the principle of
adding the reverse values of initial energies of interacting
subsystems.

Therefore assuming that the energy of atom valence
orbitals (responsible for interatomic interactions) can be
calculated by the principle of adding the reverse values of
some initial energy components, the introduction of P-
parameter as the averaged energy characteristic of valence
orbitals is postulated based on the following equations.

1 1 _ 1
q?/n * Win;  Pg
(3)
1 1 1
PO q (Wrn)i
(4)
Py = Po/n
(%)

here
Wi; is the orbital energy of electrons,?
ri is orbital radius of i—orbital,?
q:Z*/n* 45
n; is the number of electrons of the given orbital,

Z* and n* are the effective charge of the nucleus and
effective main quantum number, and

r is the bond dimensional characteristics.

The term Po will be called spatial-energy parameter (SEP),
and e Pk as effective P—parameter (effective SEP). Effective
SEP has a physical sense of some averaged energy of valence
electrons in the atom and is measured in the energy units e.g.,
in electron-volts (eV).

Values of Po-parameter are tabulated constant values for
the electrons of the atom given orbital.

For the dimensionality, SEP can be written as follows:

k
[Po] = [q?] = [E] x [r] = [A] x [v] = 2 - Jm

where [E], [h] and [v] are the dimensionalities of energy,
Plank’s constant and velocity respectively.

The introduction of P-parameter should be considered as
further development of quasi-classic notions using quantum-
mechanical data on the atom structure to obtain the energy
conditions criteria of phase-formation. At the same time, for
similarly charged systems (e.g. orbitals in the given atom) and
homogeneous systems the principle of algebraic addition of
these parameters will be preserved.

X Py =2(Po/n) (6)

Y Py =L (7)

r
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YPy=Py+Py+Py+-,  (8)

rYPE=XP 9)

Here P-parameters are summed for the valence orbitals of all
atoms.

To calculate the values of Pg-parameter at the given
distance from the nucleus either atomic radius (R) or ionic
radius (r;) can be used instead of r depending on the bond type.

Applying the equation (8) to hydrogen atom we can write
down the following

KGR = KCIS+mea
(10)

where e is the elementary charge, ni and n, are the main
quantum numbers, m is the electron mass, c is the velocity of
electromagnetic wave, A is the wave length, K is a constant.

Using the known correlations v=c¢/ A and A = h/mc (where
h is Plank’s constant, v is the wave frequency) from the
formula (10), the equation of spectral regularities in hydrogen
atom can be obtained, in which 27%¢%/hc = K.

EFFECTIVE ENERGY OF VALENCE
ELECTRONS IN AN ATOM AND ITS
COMPARISON WITH THE STATISTIC MODEL

The modified Thomas-Fermi equation, converted to a
simple form by introducing dimensionless variables,® can be
written as egn. (11).

U=eV—Vo+715) (11)

where

Vo is the countdown potential,

e is the elementary charge,

1o IS the exchange and correlation corrections,
V;j is the interatomic potential at the distance
ri from the nucleus and

U is the total energy of valence electrons.

For some elements, the comparisons of the given value U
with the values of Pe-parameter are given in Table 1.

Asi it is seen form the Table 1 the parameter values of U and
Pe are practically the same (in most cases with the deviation
not exceeding 1-2 %) without any transition coefficients.
Multiple corrections introduced into the statistic model are
compensated with the application of simple rules of adding
reverse values of energy parameters, and SEP quite precisely
conveys the known solutions of Thomas-Fermi equation for
interatomic potential of atoms at the distance r; from the
nucleus. Namely the following equality takes place:

U=P,=e(V,—Vy+13) (12)

Using the known correlation® between the electron density
(Bi) and interatomic potential (Vi) we have Egn. (13).
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Table 1. Comparison of total energy of valence electrons in atom calculated in Thomas-Fermi statistic atom model (U) and with the help of

approximation.

Atom Valence electrons ri (A) X o(X) U (eV) Wi(eV) n g2(eV A) Pe (eV)
Ar 3p4 0.639 3.548 0.09- 35.36- 12+ 4 73.196 33.45
0.084 33.02
352 0.607 3.268 0.122- 47.81 34.8 (1) 2 96.107 48.44
0.105 44.81 29.0 2 96.107 42.45
2P4 0.146 0.785 0.47 834.25 246 4 706.3 817.12
\Y 452 1.401 8.508 0.0325 7.680 7.5 2 22.33 7.730
8.23 0.0345 8.151
Cr 452 1.453 8.95 0.0295 7.013 7 2 23.712 7.754
8.70 0.0313 7.440
Mn 452 1.278 7.76 0.0256 10.89 6.6 (t) 2 25.12 7.895
7.5 2 25.12 10.87
Fe 452 1.227 7.562 0.0282 8.598 8.00 2 26.57 9.201
72000 2 26.57 8.647
Co 452 1.181 7.565 0.02813 9.255 8 2 27.98 10.062
7.378 0.03075 10.127 7.5 (t) 2 27.98 9.187
Ni 452 1.139 7.2102  0.02596 9.183 9 2 29.348 10.60
77 (@) 2 29.348 9.640
Cu 452 1.191 7.633 0.0272 9.530 7.7 2 30.717 9.639
In 552 1.093 8.424 0.033 21.30 11.7 2 238.3 21.8
8.309 0.03415 22.03*
4410 0.4805 3.704 0.106 155.6 20 10 258.23 145.8
Te 5p* 1.063 8.654 0.0335 23.59 9.8 4 67.28 24.54
8.256 0.0346 24.37*
552 0.920 7.239 0.0326 26.54 19 2 90.577 27.41
7.146 0.0341 27.72* 17 2 90.537 25.24

Note: (1) Bond energies of electrons Wiare obtained: “t” — theoretically (by Hartry-Fock method), “+” — by XPS method, all the rest — by he
results of optic measurements; (2) “*” — energy of valence electrons (U) calculated without Fermi-Amaldi amendment.

B2/3(3e/5) x (V- Vh);
B23i= Ae x (Vi- Vo + t20)=[Aexn X (Vi- Vo + 720)]/n

(13)

where 4 is a constant.

According to the Egns. (12) and (13) we have the following
correlation (Eqn. 14), setting the connection between Po-
parameter and electron density in the atom at the distance r;
from the nucleus.

(14)

Since in the value e(V; — V, + t3) in Thomas-Fermi model
there is a function of charge density, Po-parameter is a direct
characteristic of electron charge density in atom.

This is confirmed by an additional check of equality
correctness (14) using Clementi function.” A good
correspondence between the values of fi calculated via the
value of Py and obtained from atomic functions is observed.
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Wave equation of P-parameter

For the characteristic of atom spatial-energy properties two
types of P-parameters with simple correlation between them
are introduced, Pe=Po/R, where R is the dimension
characteristic of the atom. Taking into account additional
quantum characteristics of the sublevels in the atom, this
equation in coordinate x can be written down as follows:

AP AP,
E™ Ax
or
P daP,
E™ ox
where

the value AP equals the difference between Po-
parameter of i-orbital and

Pcp—countdown parameter (parameter of basic state at
the given set of quantum numbers).

According to the established rule® of adding P-parameters of
similarly charged or homogeneous systems for two orbitals in
the given atom with different quantum characteristics and in
accordance with the law of energy conservation we have
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AP"E - AP,E = PE,}\.

where Pg; is the spatial-energy parameter of quantum
transition.

Taking as the dimension characteristic of the interaction
AA=Ax, we have

AP'y AP'y Py APy AP", Pl
MM MmN T A T T m

If we divide termwise by 44, we get

AP",
A d?p,
AL AA?

(AP’O
v

~

are tae”

Taking into account the interactions where 2z4x = A4 (closed
oscillator), we have the following equation

then:

, AA = h/mv

d?p P
?20 + 4n2h—2m2v2 = 0 or

8mm

d?Py _
+ h_ZPOEk = 0

dx?

(15)

where Ex=mv?/2 electron kinetic energy.

Schrédinger equation for stationary state in coordinate x is

8m

d?y
2 + 2
dx h

WE, =0 (16)

Comparing the Egns. (15) and (16) we can see that Po-
parameter correlates numerically with the value of y function
i.e., Po=yand in general it is proportional to it, Pooc . Taking
into account wide practical application of P-parameter
methodology, we can consider this criterion as the
materialized analog of y -function.
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Since Po-parameters, like w-~function possess wave
properties, the principles of superposition should be executed
for them, thus determining the linear character of equations
of adding and changing P-parameters.

Wave properties of P-parameters and principles of
their addition

Since P-parameter possesses wave properties (by analogy
with w-function) the regularities of the interference of
corresponding waves should be executed mainly with
structural interactions.

Minimum interference, oscillation attenuation (in anti-
phase), takes place if the difference in wave motion (A) equals
the odd number of semi-waves:

A= ( A 1
= 2n+1)5—/1<n+5>,

wheren=0,1,2,3,...(17)

As applied to P-parameters this rules means that minimum
interaction occurs if P-parameters of interacting structures are
also “in anti-phase” i.e, there is an interaction either between
oppositely charged systems or heterogeneous atoms (for
example, during the formation of valence-active radicals CH,
CHy, CHs, NO3 ..., etc).

In this case the summation of P-parameters takes place by
the principle of adding the reverse values of P-parameters as
in Egns. (3) and (4).

The difference in wave motion (A) for P-parameters can be
evaluated via their relative value (y = P2/P1) or via the relative
difference in P-parameters (coefficient &), which with the
minimum of interactions produce an odd humber:

(18)

when n =0 (main state), Po/P1 =%

Let us mention that for stationary levels of one-dimensional
harmonic oscillator the energy of these levels ¢ = hy(n+%),
therefore in quantum oscillator, in contrast to a classical one,
the minimum possible energy value does not equal zero.

In this model the minimum interaction does not produce the
zero energy, corresponding to the principle of adding the
reverse values of P-parameters (Egns. 3 and 4). Maximum
interference, oscillation amplification (in the phase), takes
place if the difference in wave motion equals the even number
of semi-waves:

A= Zn%1 =An or A=L(n+1)
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As applied to P-parameters the maximum amplification of
interactions in the phase corresponds to the interactions of
similarly charged systems or systems homogeneous in their
properties and functions (for example, between the fragments
and blocks of complex organic structures, such as CH, and
NNO; in octogen). Then

y=2=(m+1)
Py

(19)

By the analogy, for “degenerated” systems (with similar
values of functions) of two-dimensional harmonic oscillator
the energy of stationary states: e=hi{n+1).

In this model, the maximum interaction corresponds to the
principle of algebraic addition of P-parameters (Egns. 6-8).
When n = 0 (basic state) we have P, = P1, or maximum
interaction of structures takes place when their P-parameters
equal. This postulate can be used as the main condition of
isomorphic replacements.®

STRUCTURAL EXCHANGE SPATIAL-ENERGY
INTERACTIONS

In the process of solution formation and other structural
interactions the single electron density should be set in the
points of atom-component contact. This process is
accompanied by the redistribution of electron density
between the valence areas of both particles and transition of
the part of electrons from some external spheres into the
neighbouring ones. Apparently, frame atom electrons do not
take part in such exchange.

Obviously, when electron densities in free atom-
components are similar, the transfer processes between
boundary atoms of particles are minimal, this is favourable
for the formation of a new structure. Thus the evaluation of
the degree of structural interactions in many cases means the
comparative assessment of the electron density of valence
electrons in free atoms (on averaged orbitals) participating in
the process.

The less is the difference (Po/r'i — P"ofr';), the more
favourable is the formation of a new structure or solid
solution from the energy point.

In this regard, the maximum total solubility, evaluated via
the coefficient of structural interaction, «, is determined by
the condition of minimum value ¢, which represents the
relative difference of effective energies of external orbitals of
interacting subsystems:

! _pn "
Pro/1{ —P"o/1i

= G100 % (20)
_ Prg—=P"s
@ = 25272200 % (20a)
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where Ps, the structural parameter, is found by Eqgn. (20).

1 1 1
—_— =+ —4 - (20b)
Ps  NiPg  NiPg

here N1 and N, are the number of homogeneous atoms in
subsystems.

The nomogram of the dependence of structural interaction
degree (p) on the coefficient «, unified for the wide range of
structures was prepared based on all the data obtained. Figure
1 presents such a nomogram obtained using Pe-parameters
calculated via the bond energy of electrons (w;) for structural
interactions of isomorphic type.

The mutual solubility of atom-components in many (over a
thousand) simple and complex systems have been evaluated
earlier using this technique. The calculation results are in
compliance with theoretical and experimental data.®

Isomorphism as a phenomenon is used to be considered as
applicable to crystalline structures. But similar processes can
obviously take place between molecular compounds, where
their role and importance are not less than those of purely
coulomb interactions.

In complex organic structures during the interactions the
main role can be played by separate “blocks” or fragments.
Therefore, it is necessary to identify these fragments and
evaluate their spatial-energy parameters. Based on the wave
properties of P-parameter, the overall P-parameter of each
fragment can be found by the principle of adding the reverse
values of initial P-parameters of all atoms. The resultant P-
parameter of the fragment block or all the structure is
calculated by the rule of algebraic addition of P-parameters
of the fragments constituting them.

The role of the fragments can be played by valence-active
radicals, e.g. CH, CH,, OH", NO, NO2, SO4%, etc. In complex
structures the given carbon atom usually has two or three side
bonds. During the calculations by the principle of adding the
reverse values of P-parameters, the priority belongs to those
bonds, for which the condition of minimum interference is
better performed. Therefore the fragments of the bond C-H
(for CH, CHy, CH3...) are calculated first, then separately the
fragments N-R, where R is the binding radical (for example —
for the bond C-N).

Apparently spatial-energy exchange interactions (SEI)
based on equalizing electron densities of valence orbitals of
atom-components have in nature the same universal value as
purely electrostatic coulomb interactions, but they
supplement each other. Isomorphism, known from the time
of E. Mitscherlich (1820) and D.l. Mendeleev (1856), is only
a particular manifestation of this general natural phenomenon.
The numerical side of the evaluation of isomorphic
replacements of components both in complex and simple
systems rationally fit in the frameworks of P-parameter
methodology. More complicated is to evaluate the degree of
structural SEI for molecular, including organic structures.
The technique for calculating P-parameters of molecules,
structures and their fragments has been successfully
implemented.
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But such structures and their fragments are frequently not
completely isomorphic with respect to each other.
Nevertheless there is SEI between them, the degree of which
in this case can be evaluated only semi-quantitatively or
qualitatively. By the degree of isomorphic similarity all the
systems can be divided into the following three types.

(1) Systems mainly isomorphic to each other i.e., systems
with approximately identical number of dissimilar atoms and
nearly similar geometrical shapes of interacting orbitals.

(2) Systems with the limited isomorphic similarity i.e,
systems which either (a) differ by the number of dissimilar
atoms but have nearly similar geometrical shapes of
interacting orbitals, or (b) have definite differences in
geometrical shapes of orbitals but have identical number of
interacting dissimilar atoms.

(3) Systems not having isomorphic similarity i.e., systems,
which differ considerably both by the number of dissimilar
atoms and geometric shapes of their orbitals.

Then taking into account the experimental data, all types of
SEI can be approximately classified as follows.

Systems (1): (i) a« < 0-6 %, p = 100 %. Complete
isomorphism, there is complete isomorphic replacement of
atom-components, (ii) 6 % < a < 25-30 %, p = 98 — (0-3) %.
There is either a wide or limited isomorphism according to
nomogram 1. (iii) a > 25-30 %, no SEI.

Systems (2): (i) a < 0-6 %, (a) there is the reconstruction of
chemical bonds, can be accompanied by the formation of a
new compound, (b) breakage of chemical bonds can be
accompanied by separating a fragment from the initial
structure, but without attachments or replacements. (ii) 6 % <
o < 25-30 %, limited internal reconstruction of chemical
bonds without the formation of a new compound or
replacements is possible and (iii) o > 20-30 %, no SEI.

Systems (3): (i) a < 0-6 %, (@) limited change in the type of
chemical bonds of the given fragment, internal regrouping of
atoms without the breakage from the main part of the
molecule and without replacements, (b) change in some
dimensional characteristics of the bond is possible. (ii) 6 % <
a < 25-30 %, very limited internal regrouping of atoms is
possible and (iii) « > 25-30 %, no SEI.

Nomogram (Figure 1) is obtained for
interactions for systems of types (1) and (2).

isomorphic

¥y & 2w s § ©

=

Figure 1. Dependence of the structural interaction degree (p) on the
coefficient a
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In all other cases the calculated values « and p refer only to
the given interaction type, the nomogram of which can be
clarified by reference points of etalon systems. If we take into
account the universality of spatial-energy interactions in
nature, this evaluation can be significant for the analysis of
structural rearrangements in complex biophysical-chemical
processes.

Fermentative systems contribute a lot to the correlation of
structural interaction degree. In this system the ferment
structure active parts (fragments, atoms, ions) have the value
of Pe-parameter that is equal to Pe-parameter of the reaction
final product. This means the ferment is structurally “tuned”
via SEI to obtain the reaction final product, but it will not
induced into it due to the imperfect isomorphism of its
structure in accordance with (3).

The most important characteristics of atomic-structural
interactions (mutual solubility of components, energy of
chemical bond, energetics of free radicals, etc) were
evaluated in many systems using this technique.®°

TYPES OF FUNDAMENTAL INTERACTIONS

According to modern theories, the main types of
interactions of elementary particles, their properties and
specifics are mainly explained by the availability of special
complex currents e.g., electromagnetic, proton, lepton, etc.
Based on the foregoing model of spatial-energy parameter the
exchange structural interactions finally come to flowing and
equalizing the electron densities of corresponding atomic-
molecular components. The similar process is obviously
appropriate for elementary particles as well. It can be
assumed that in general case interparticle exchange
interactions come to the redistribution of their energy masses,
M.

The elementary electrostatic charge associated with the
electron as a carrier is the constant of electromagnetic
interaction. Therefore for electromagnetic interaction we will
calculate the system proton-electron.

For strong internucleon interaction that comes to the
exchange of z-mesons, let us consider the systems nuclides-
m-mesons. Since the interactions can take place with all three
mesons (7, z° and z*), we take the averaged mass in the
calculations (<M> = 136,497 MeV s2).

Rated systems for strong interaction are

P- (@, % z*), (P-n) - (z, n° «*)
and
(n-P-n) - (w, 7% m).

Neutrino (electron, muonic) and its antiparticles were
considered as the main representatives of weak interaction.

Dimensional characteristics of elementary particles (r)

were evaluated in femtometer units (1 fm = 10 m) by the
data presented earlier.'
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At the same time, the classic radius, re=e2/mes?, was used
for electron, where e is the elementary charge, m. is the
electron mass and s is the speed of light in vacuum. The
fundamental Heisenberg length (6.690 x 10 fm) was used as
the dimensional characteristic of weak interaction for
neutrino.*®

The gravitational interaction was evaluated via the proton
P-parameter at the distance of gravitational radius (1.242 x
10% fm).

In the initial egn. (3) for free atom, Po-parameter is found
by the principle of adding the reverse values g? and wr, where
q is the nucleus electric charge, w is the bond energy of the
valence electron. Modifying the Eqgn. (3), as applied to the
interaction of free particles, we receive the addition of reverse
values of parameters P = Mr for each particle by Eqn. (21).

1/ Po=1/(Mr)1 + 1I(Mr)+ (21)

where M is the energy mass of the particle (MeV s?).

By using Eqn. (21) and the earlier data,*® Po-parameters of
coupled strong and electromagnetic interactions were
calculated in nuclides-n-mesons (Pn-parameters and proton-
electron , P.-parameter).

For weak and gravitational interactions only the parameters
P, = Mr and P,= Mr were calculated, as in accordance with
the Egn. (21), the similar nuclide parameter with greater value
does not influence the calculation results.

The relative intensity of interactions (Table 2) was found
by the equations for the following interactions.

Strong ag =< B, >/P, >=B,/P, =1 (22a)
Electromagnetic ag = P./< B, >=1/136.983 (22h)
Weak ag =P./< P, >,

0B = 2.04 x 101, 4.2 x 10° (22¢)
Gravitational ag = P,/< P, > =59x1073°  (22d)

In the calculations for as, the value of P,-parameter was
multiplied by the value equaled 2n/3, i.e. <P>=(2n/3)Pn.
Number 3 for nuclides consisting of three different quarks is
“a magic” number (see the next section for details). As it is
known, number 27 has a special value in quantum mechanics
and physics of elementary particles. In particular, only the
value of 27 correlates theoretical and experimental data when
evaluating the sections of nuclide interaction with each
other.'’

As it has been reported,’® nuclear interactions are
distinguished as very strong, strong and moderately strong.
For all particles in the large group with relatively similar mass
values of mass, unitary multiplets or supermultiplets, very
strong interactions are similar.!® In the frames of the given
model a very strong interaction between the particles
corresponds to the maximum value of P-parameter, P = Mr
(coupled interaction of nuclides). Taking into consideration
the equality of dimensional characteristics of proton and
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neutron, by eqgn. (21), we obtain the values of P,-parameter
as 401.61; 401.88 and 402.16 (MeVfm s?) for coupled
interactions p-p, p-n and n-n, respectively, thus obtaining the
average value ag = 4.25. It is a very strong interaction. For
eight interacting nuclides ag ~ 1.06 i.e., a strong interaction.

When the number of interacting nuclides increases, as
decreases — moderately strong interaction. Since the nuclear
forces act only between neighbouring nucleons, the value ag
cannot be very small.

The expression of the most intensive coupled interaction of
nuclides is indirectly confirmed by the fact that the life period
of double nuclear system appears to be much longer than the
characteristic nuclear time.°

Thus it is established that the intensity of fundamental
interactions is evaluated via P,-parameter calculated by the
principle of adding the reverse values in the system nuclides-
n-mesons. Therefore, it has the direct connection with Plank’s
constants.

(27/3)Pn= Er = 197.3 MeVfms? (23)

(21/3)Py =~ Myl = 197.3 MeVfms? (23a)

where

E and r, Plank’s energy and Plank’s radius are
calculated via the gravitational constant,

M, Ak, energy mass and nuclide Compton wave-length.

In Egn. (21), the exchange interactions are evaluated via the

initial P-parameters of particles equaled to the product of
mass by the dimensional characteristic i.e., P = Mr.

Since these P-parameters can refer to the particles

characterizing fundamental interactions, their direct
correlation defines the process intensity degree (ag):
P _ (Mr);
=t=-—" 24
% PR (M1 ( )

The calculations by the Eqgn. (24), using the known Plank’s
values and techniques are given in table 3. As before, the
energy and dimensional characteristics are taken from the
literature.*®

The results obtained are in accordance with theoretical and
experimental data.?02!

ON QUARK SCREW MODEL
Let us proceed from the following theses and assumptions:
(i) By their structural composition macro- and micro world
resemble. One part has some similarity with the other: solar

system — atom — atom nucleus — quarks.

(ii) All parts of this “matroshka” are structural formations.
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Table 2. Types of fundamental interactions
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Interac- M, <M> r Elementary M, <M> Pn, Pe, Pv,Py  27/3Ph= a8, <ap> as (experi-
tion type MeVs?  fm particles MeVs?  fm MeVfms2 <Pn> (Egn.22)  mental)
Electro- P 938.28 0.856 e 0.5110 2.8179  Pe=1.4374 - 1/136.983  1/137.04
magnetic
Strong P 938.28 0.856 1w, % x* 136.497 0.78 Pn=94.0071 196.89 1 1
P-n 938.92 0.856 1w, % x* 136.497 0.78 Pn=94.015 196.90 1 1
n-P-n  939.14 0.856 1w, % x* 136.497 0.78 Pn=94.018 196.91 1 1
Weak Ve, Vg <6 x 6.69 x  P,=4.014-10% <2.04 x 1010-104
10° 10+ 10710
Dy, Ue <1.2 6.69 x  P,=8.028 x10r <4.2x10% 105-10°
10-4 4
Gravitati- P 938.28 1.242 P,=1.17 x 10 5.9 x 10%8-10%°
onal x 103 & 10-%°
Table 3. Evaluation of the intensity of fundamental interactions using Plank’s constants and parameter P = Mr.
Interaction type Particles, M r Mr as=Mr/(Mr)p as
constants MeVs? fm MeVs? (calculated)  (experimental)
Strong Proton 938.28 4=0.2103 197.3 1 1
Plank’s values 1.221 x 10?2 1.616 x 10-%° 197.3
Electromagnetic electron 0.5110 2.8179 1.43995 1/137.02 1/137.036
Weak U.U, <6 x 10° 6.69 x 10 <4.014 x10® <2.03x 10 1010-10
U, Ve <1.2 6.69-10 <8.028-10* <4.07-10°C 10°-106
Gravitational Proton 938.28 1.242 x 10°% 1.165 x 10%  5.91x 10°% 10%8-10%°
Gravitational radius

(iii) Main property of all systems is motion, translatory,
rotary and oscillatory.

(iv) Description of these motions can be done in Euclid
three-dimensional space with coordinates x, y and z.

(v) Exchange energy interactions of elementary particles
are carried out by the redistribution of their energy mass M
(MeVs?).

Based on these theses we suggest discussing the following
screw model of the quark.

(i) Quark structure is represented in certain case as a
spherical one, but in general quark is a flattened (or
elongated) ellipsoid of revolution. The revolution takes place
around the axis (x) coinciding with the direction of angular
speed vector, perpendicular to the direction of ellipsoid
deformation.

(ii) Quark electric charge (q) is not fractional but is an
integer, but redistributed in three-dimensional space with its

virtual concentration in the directions of three coordinate axes.

Each axis having an electric charge = g/3.

(iii) Quark spherical or deformed structure has all three
types of motion. Two of them, rotary and translator, are in
accordance with the screw model, which beside these two
motions, also performs an oscillatory motion in one of three
mutually perpendicular planes, xoy, xoz, yoz (Figure 2).
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(iv) Each of these oscillation planes corresponds to the
symbol of quark color, e.g. red for xoy, blue for xoz and green
for yoz.

(V) Screw can be “right” or “left”. This directedness of
screw rotation defines the sign of quark electric charge. Let
us assume that the left screw corresponds to positive and right
to negative quark electric charge.

(vi) Total number of quarks is determined by the following
scheme: for each axis (x, y and z) of translator motion two
screws (right and left) with three possible oscillation planes.

(vii) We have 3 x 2 x 3 = 18 quarks. Besides, there are 18
antiquarks with opposite characteristics of screw motions. In
all there are thus 36 types of quarks.

These quark numbers can be considered as realized degrees
of freedom of all three motions (3 translatory + 2 rotary + 3
oscillatory).

Translatory motion is preferable by its direction, coinciding
with the direction of angular speed vector. Such elementary
particles constitute our World. The reverse direction is less
preferable, this is “Antiworld”.

Motion along axis x in the direction of the angular speed
vector, perpendicular to the direction of ellipsoid deformation,
is apparently less energy consumable and corresponds to the
quarks U and d, forming nuclides.
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Such assumption is in accordance with the values of energy
masses of quarks in the composition of andirons, 0.33. 0.33,
0.51, 1.8, 5 in GeVs? for d, u, s, ¢, b, t types of quarks,
respectively.

The quark screw model can be proved by other calculations

and comparisons also.

Figure 2. Structural scheme of quark in section yoz.

CALCULATION OF ENERGY MASS OF FREE
NUCLIDE (TAKING NEUTRON AS AN
EXAMPLE)

Neutron has 3 quarks di-u-d, with electric charges -1, +2, -
1, distributed in three spatial directions, respectively. Quark
u cements the system electrostatically. Translatory motions of
the screws di-u-d, proceed along axis x, but oscillatory ones
proceed in three different mutually perpendicular planes
(Pauli principle is realized).

Apparently, in the first half of oscillation period u-quark
oscillates in the phase with di-quark, but in the opposite phase
with dz-quark. In the second half of the period everything is
vice versa. In general such interactions define the geometrical
equality of directed spatial-energy vectors, thus providing the
so-called quark discoloration.

The previously formulated rules of adding P-parameters
spread to both types of P-parameters (P and Pg). In this case,
there is an additional energy Pe-parameters, since the
subsystems of interactions possess similar dimensional
characteristics. As both interactions are realized inside the
overall system, Pg-parameters are added algebraically, and
more accurately, in this case, geometrically by the following
formula

_ 2
=4 mi+m;

N =

where, M is the energy mass of free neutron, m; = m, = 330
MeVs? masses of quarks u and d (in the composition of
androns).
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The calculation gives M = 933.38 MeVs. This is for strong
interactions. Taking into account the role of quarks in
electromagnetic interactions,? we get the total energy mass
of a free neutron as M=933.38+933.38/137=940.19 MeVs=2.
With the experimental value M = 939.57 MeVs the relative
error in calculations is 0.06 %.

CALCULATION OF BOND ENERGY OF
DEUTERON VIA THE MASSES OF FREE
QUARKS

The particle deuteron is formed during the interaction of a
free proton and neutron. The bond energy is usually
calculated as the difference of mass of free nucleons and mass
of a free deuteron. Let us demonstrate the dependence of
deuteron bond energy on the masses of free quarks. The quark
masses are added algebraically in the system already formed,
inprotonm; =5+5+ 7 =17 MeVs?, in neutron my=7 + 7
+5 =19 MeVs?. As a dimensional characteristic of deuteron
bond we take the distance corresponding to the maximum
value of nonrectangular potential pit of nucleon interaction.
By the graphs experimentally obtained we know that such
distance approximately equals 1.65 fm. Exchange energy
interactions of proton and neutron heterogeneous systems are
evaluated based on the Eqgn. (21). Then we have:

1/ (Mc 1.65 K) = 1/(17-0.856) + 1/(19-0.856),

where K = 2z/3. Based on the calculations we have Mc =
2.228 MeVs?, this practically coincides with reference data®
(Mc = 2.225 MeVs™).

After modification, the basic theses of quark screw model
can be applied to other elementary particles (proton, electron,
neutron, etc) also. For instance, an electrically neutral particle
neutron can be considered as a mini-atom, the analog of
hydrogen atom.

CONCLUSIONS

(1) The notion of spatial-energy parameter (P-parameter) is
introduced based on the simultaneous accounting of
important atomic characteristics and modified Lagrangian
equation.

(2) Wave properties of P-parameter are found, its wave
equation formally similar to the equation of w-function is
obtained.

(3) Applying the methodology of P-parameter

(a) most important characteristics of exchange energy
interactions in different systems have been calculated

(b) intensities of fundamental interactions have been
calculated and

(c) initial theses of quark screw model have been given.
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OPTIMIZATION OF SUCROSE LOSS FROM SUGAR INDUSTRY
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The aim of work is process optimization of a milling plant in order to minimize sucrose loss with final bagasse as another option. The
experiment was carried out with design expert software. By identifying main factors i.e. imbibitions of water and hydraulic pressure effect
on response variable i. e percentage sucrose in bagasse, it was applied to the process optimization in order to get the optimum process
condition in which the sucrose loss is minimum. This is achieved at maximum imbibitions of water (62.6 m®h%) and maximum hydraulic
pressure (110 kg cm?). Under these optimum conditions, the minimum sucrose in bagasse is 3.4 % unit. This results in sucrose saving of

0.04 ton hL,
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INTRODUCTION

Sugar industry is one of the major agro-industries and
competitive sectors for the Ethiopian economy. The country
has suitable weather conditions at different areas for cane
plantation and sugar production.! There are three sugar
factories with total production of about 3000,000 tons of
plantation white sugar per year. Nowadays there are a
number of projects in Ethiopia to expand the existing and to
install new sugar factories (Metahara Sugar Factory
Strategic Plan Manual, 2008). The goal of sugar cane
factory is to have an efficient and profitable operation with
the required sugar quality and maximum sugar recovery.
One of the biggest problems in sugar industries is the loss of
sucrose in different forms. The monetary value of the losses
of sucrose is of extreme importance because of the direct
impact on profitability. Generally, two types of sucrose
losses exist in sugar factory, namely known/determined and
unknown/undetermined losses.? The determined loss
consists of losses of sucrose with by-products i.e. losses in
bagasse, losses in filter cake losses in molasses.
Undetermined sucrose losses include chemical (inversion),
biological and mechanical losses (i.e. sucrose that is
unaccounted for when completing a mass balance over the
mill). All of these components need to be minimized to
maximize sugar recovery. The sucrose loss in molasses is
particularly important because it is normally by far the
largest of the four components of total loss.3

For the sugar factory to be competitive and profitable,
more attention must be paid to overall recovery of sugar.
The cost of production of sugar is increasing from time to
time due to escalating cost of spare parts and chemicals. The
establishment of new sugar factories in Ethiopia and the
globalization issues, including the COMESA agreement,
may result in high competition among sugar factories.
Therefore, the existing sugar factories need to improve their
internal efficiency, particularly the recovery of sucrose, to
become competitive, profitable and to assure sustainability.*
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One of the biggest problems in the sugar industries which
challenge their profitability is the loss of sucrose with
bagasse, with filter cake and with final molasses. At present,
in Metahara Sugar Factory (MSF) 9.1 to 9.3 % of the sugar
that enters the factory with the cane are lost with final
molasses. This is a big loss which should be minimized.®
The company is losing sugar that is expected to be
recovered and there is a need to increase the efficiency of
sugar factory. The causes of the high sucrose loss with final
molasses are not clearly identified for MSF. The aim of this
project is therefore to identify the most significant loss areas
and apply process optimization and equipment modification
techniques to minimize the losses.

The main objective of this work is to investigate and study
the process conditions at milling plant and D-massecuite
processing line and finding the optimum point at low grade
boiling, crystallization, reheating and centrifugal plant to
reduce sucrose loss with final molasses.

EXPERIMENTALS

Cooling temperature, reheating temperature, brix,
polarization (pol), and purity of final molasses, D
massecuite and of liquor extracted from D massecuite at
different steps were the study variables.

The study was conducted in two parts. First, assessment of
the existing purity drop across each unit of D massecuite
processing line (boiling, cooling, reheating and centrifugal
separation) was conducted. This was done by intensive
nutch filtration and analysis. After identifying the most
significant loss areas, process optimization options were
applied for each step.

MATERIALS

Samples of D-massecuite, final molasses and D-fore
worker magma, seed for D-massecuite boiling were taken
from different process steps. The study was conducted on-
line using the existing D-vacuum pans, cooling crystallize,
massecuite re-heater and D-centrifugal machines at MSF.

441



Optimization of sucrose loss from sugar industry
Optimization of D-massecuite boiling

Response surface methodology (RSM) was adopted in the
design of experimental combinations.

The main advantage of RSM is the reduced number of
experimental runs needed to provide sufficient information
for statistically acceptable results.® A three-variable (three
levels of each variable) Box Behnken experimental design
was employed.® The parameters and their levels were chosen
based on the practical experience and related literature
available on molasses exhaustion. The independent variables
included massecuite final brix (98-102), purity (54 — 58),
and seed volume (1000-2000 mL) each at three levels.
Higher the brix and seed volume the higher the purity drop,
but the viscosity also increases. It was practically observed
that discharging from pan is difficult with brix of more than
1020. With seed volume higher than 2000 mL, the grain size
of the massecuite becomes very small which can pass
through the centrifugal sieves and will cause high sucrose
loss with molasses. It is also difficult to handle in
crystallizers and pumps due high solidity of the massecuite.
Hence seed volume of 2000 mL and massecuite brix of 102
are taken as maximum practical values.” Response variables
were purity drop between the massecuite and its mother
liquor, mother liquor purity and massecuite viscosity. By
inserting minimum and maximum values into Design expert
response surface Box Behnken program, the following
combinations of the factors have been obtained.

Optimization of D-massecuite cooling

The effect of cooling temperature (43 — 49 °C) and time
(18 — 36 h) on purity drop is studied. Cooling of final
massecuite is usually done in the temperature range of 40-
50 °C depending on the nature of the massecuite. Based on
this fact, cooling experiment was aimed to be done in
continuous crystallizers at massecuite temperatures of 40 —
50 °C by controlling the cooling water flow rate. But it was
found that nutsch filtration was difficult with the existing
compressed air pressure (6.0 bars) for massecuite
temperature less than 43 °C. Therefore, a minimum
temperature of 43 °C was kept for the experiment.
Maximum and minimum limit of cooling time is taken from
Mauritius experience. The experimental design was using
design expert response surface.

Optimization on reheater

Two factors, cooling temperature of massecuite (43 — 49
°C) and reheating temperature (50 — 56 °C) each at three
levels and three responses (purity rise across the re-heater,
nutsch purity after reheater and massecuite flow rate) were
considered. Reheating time is calculated from flow rate and
reheater volume. Design Expert-Response surface- ‘User
Defined’ is applied to analyze the data and to find optimum
solution.

Optimization on centrifugal separation
The amount of water has been optimized based on the

final molasses purity and D-fore worker sugar purity.
Amount of spray water in flow % Massecuite (1 — 10 %) isa
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factor, and the responses are purity rise across DFW
centrifugal machine and DFW magma purity. Design
Expert-Response surface- One Factor Design is employed to
analyze the data. With given minimum and maximum values
of the factor.

Sample preparation and analysis

All analyses have been conducted according to
International Commission for Uniform Methods of Sugar
Analyses (ICUMSA) method for pol, brix and viscosity.
Relative Viscosity of massecuite at discharge from pan has
been done using the new HAAKE 6Plus viscometer. Purity
is obtained from calculation of pol and brix. Infrared
temperature sensor and thermometer were used temperature
measurements. Horne’s Dry Lead acetate, watch glass, and
Whattmann No. 91 filter paper were used to clarify the
samples for analysis of polarization. Weighing balance, Brix
hydrometer, 200 mm polarization tubes, saccharometer,
were used for measurement of the samples. Nutch bomb was
used for pressure filtration (5.5-6 bar) of mother liquor from
D-massecuite at different steps to study the purity drop.
HAAKE 6Plus viscometer was used to measure viscosity of
masseculite.

RESULTS AND DISCUSSION

Purity drop for the existing conditions

Sampling and purity analyses for massecuite and its
respective mother liquor at pan discharge, inlet and outlet of
each continuous crystallizers, reheaters and centrifugal
machine were done. About 15 experiments were executed
for each point to get reliable average values. The average
values are given in Tables 1-3.

Table 1. Average purity drop across 1st battery of crystallizers.

S.No.  Unit Temp. Nutch Pty
°C Purity drop
1 *Discharge from pan (ave- 65.3 36.0 21.35
rage massecuite purity=
57.35, brix = 101.3)
2 12 outlet/13 inlet 54.7 33.72 2.28
3 13 outlet /14 inlet 51.2 3218 154
4 14 outlet /reheater inlet 48.8 3166  0.52
5 Reheater outlet 53.6 3252 -0.86
6 Centrifugal machine outlet 52.5 3409 -1.57

(final molasses)

DOI: 10.17628/ech.2016.5.441-449

Table 2. Average purity drop across 2nd battery of crystallizers

S.No.  Unit Temp. Nutch Pty

°C Purity  drop
1 Pan 65.3 36.10 21.25
2 15 outlet/16 inlet 5850 33.13 2.97
3 16 outlet /17 inlet 52.10 3248 0.65
4 17outlet /reheater inlet 50.60 32.02 0.46
5 Reheater outlet 55.82  33.09 -1.07
6 Centrifugal machine 55.60 35.61 -2.52

outlet
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Table 3. Average purity drop for both the batteries of crystallizers.

S.No. Unit Temp. Nutch Pty
°C purity drop
1 Pan 65.3 36.05 21.30
2 1%t crystallizer 56.6 34.425 2.625
3 2M crystallizer 51.65 32.33 1.1
4 3 crystallizer 49.7 31.84 0.49
5 Reheater 54.71 32.81 -0.97
6 Centrifugal 54.05 34.86 -2.05
machine

From the assessment it is seen that the purity drop across
crystallizers is lower, only about 4.21 against standard of 5 —
7 in modern vertical crystallizers. The purity rise across
centrifugal machine is acceptable (less than 2). The purity
rise across the reheater is also higher than the standard
values of less than 0.5 units. Assessment of the existing
operation shows that there was lose control of the operation
parameters at all D-massecuite processing steps and resulted
in high loss of sucrose with final molasses. The average brix
and purity of D-massecuite after boiling were 101.3 and
57.35 respectively, and the purity of mother liquor extracted
from this massecuite (nutch purity at pan discharge) was
36.05. The massecuite was boiled with slurry volume of
2000 mL. The nutch purity obtained was higher than the
required and ultimately contributed to the increase in final
molasses purity. Therefore, optimization of boiling
parameters (massecuite purity, seed volume and massecuite
brix) was necessary to minimize the nutch purity on boiling.

At massecuite cooling, the final cooled temperature of the
massecuite was only 49 °C, which resulted in low purity
drop across crystallizers (only 4.21 units against the
standard of more than 6 units). Here, the assessment results
indicated that there was room for improvement at
massecuite cooling to minimize sucrose loss with final
molasses by increasing purity drop across cooling
crystallizers. This can be achieved by cooling the massecuite
to lower possible temperatures. Based on this fact, process
optimization was carried out on massecuite cooling to obtain
optimum cooling temperature and time at which high purity
drop is achieved.

Considering the assessment study of D-massecuite
reheating, there was an average mother liquor purity rise of
0.97 across reheater at reheating temperature of 54.71 °C.
The purity rise obtained was higher than the required
standard of 0 — 0.50 units. The purity rise should be reduced
by controlling and optimizing the necessary parameters
(cooling and reheating temperatures).®

For D-massecuite centrifugal separation, the average
purity rise across centrifugal machines was 2.05 units.
Purity rise in the “D” centrifuges should not be higher than 3
and it is better if it is lower than 2. The purity rise obtained
from the assessment study was acceptable value when
compared with the standard limits recommended on
literatures. But during this test, the DFW sugar purity was
on the low side (82 — 83), which will cause high
recirculation of non-sucrose back to the boiling house.
Therefore, optimization was required to improve the DFW
magma (sugar) purity to the standard value of 84 or more
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without incurring high purity rise the mother liquor across
centrifugal machines. The final molasses purity during the
assessment study was also 34.86 which show a high sucrose
loss.

Optimization of D-massecuite boiling

Based on the factors combination, series of experiment
was done and the values of the responses at each factor level
combination were taken. Boiling of D- massecuite was done
in one pan, the massecuite and its mother liquor was
analyzed for purity. The corresponding viscosity was also
measured.

Data were modelled by multiple regression analysis and
the statistical significance of the terms was examined by
analysis of variance for each response. The adequacy of
regression model was checked by R?, Adj R?, Pred R?, Adeq
Precision and F-test.® The significance of F value was
judged at 95 % confidence level. Quadratic model is
suggested by the design program for this response to test for
its adequacy and to describe its variation with independent
variables. From ANOVA test the Model F-value of
15363.10 implies the model is significant. There is only a
0.01 % chance that a "Model F-Value" this large could
occur due to noise.

The graph indicates (Figure 1a) that purity drop increases
with increase in massecuite brix at constant massecuite
purity and seed volume (optimum seed volume and
optimum massecuite purity). Examination of the response
surface plots indicates that, purity drop increases with
increase in seed volume and massecuite brix. At higher brix,
more sucrose in the solution will be absorbed to the crystals
due to high supersaturation and this will increase purity drop
between the massecuite and its mother liquor (nutsch). More
seed volume implies that there is Response surface plot for
purity drop at boiling (with constant massecuite brix) large
number of sugar crystals available in the solution for the
sucrose molecule to be absorbed to. This is why the purity
drop increases with seed volume (Figure 1b). From this
graph we interpreted that, at constant massecuite brix and
seed volume, as massecuite purity increase the purity drop is
increased.The Model F-value of 2099.52 implies the model
is significant. There is only a 0.01 % chance that a "Model
F-Value" this large could occur due to noise. Values of
"Prob > F" less than 0.0500 indicate model terms are
significant.In this case A, B, C, AB, BC, A2 B2 C2 are
significant model terms.  Values greater than 0.1000
indicate the model terms are not significant. The "Lack of
Fit F-value" of 2.07 implies the Lack of Fit is not significant
relative to the pure error. There is a 24.68 % chance that a
"Lack of Fit F-value" this large could occur due to noise.
Non-significant lack of fit is shown in the good-fit model
(Figure 1c).

Model equation for nutch purity at boiling
Equation in terms of coded factors:
Nutch purity = 36.47 + 0.21A - 0.49B - 0.39C - 0.040AB +

3.750x10%AC - 0.060BC + 0.52A%- 0.082B2+ 0.044C?
@)
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Figure 1. (a) Effect of massecuite brix on purity drop at constant
seed volume and masseciute purity, (b) Effect of seed volume on
purity drop, (c) Effect of massecuite purity on purity drop

Equation in terms of actual factors:
Nutch purity = 197.35225 — 13.57644Pty + 4.51375Bx

+4.4717x103S~  0.01000PtyBx+3.75x10°PtyS-6x10-5BXS
+0.13103Pty 2- 0.020531Bx? + 1.76500x10°7S?

O]
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Figure2. (a) Effect of massecuite purity on nutch purity (b) Effect
of seed volume and massecuite brix on nutch purity.

Analysis for nutch purity

The effects variation of factors on nutch purity is also
observed, which showed in Figure 2a and b. At constant
massecuite brix and seed volume, the nutch purity decreases
with increases in massecuite purity for the massecuite purity
of up to 56 and then increases with increase in massecuite
purity. Minimum nutch purity is obtained at massecuite
purity of about 56.

Analysis for massecuite viscosity

Linear model is suggested by the design program for this
response. All statistical analysis including ANOVA test,
post ANOVA statistics, lack of fit test are done for the
Nutch purity data. All the tests indicated that the model is
statistically acceptable.’® All the Data analyses results
indicate that the data are statistically valid, which presented
in Table 4.

Model equation for viscosity optimization

Equation in terms of coded factors:

Relative viscosity = 201.39 -58.10A+31.58B + 35.43C (3)
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Figure3. (a) Effect of massecuite purity on viscosity, (b) Effect of
seed volume on viscosity and (c) Effect of massecuite brix on
viscosity

Equation in terms of actual factors:

Relative viscosity = 143.16676 - 29.05000Pty
+ 15.78750Bx + 0.070850S

(4)
The effects variation of factors on massecuite viscosity

was also observed from the model equations and response
surface plots shown in Figure 3. It is observed that the
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viscosity of the massecuite has a linear relationship with all
the factors. It increases linearly with brix and seed volume
and decreases with the purity of massecuite. The viscosity of
D-massecuite increases almost linearly with increase in brix
and decrease in purity. At low purity the proportion of non-
sucrose impurities is high causing increase in the viscosity
of the massecuite.

63 —
®
5.575 —|
4.85 —| C)
4125 —
L
-
34 —
I I I I I
18.00 2250 27.00 3150 36.00
B: cooling time
63 —
®
-
5575 —| .
4.85 —| C)

4125 —

I I I I I
43.00 44 50 46.00 47.50 49.00

A: cooling temprature

Figure 4. () The effect of cooling time on purity drop and
(b) Effect of cooling temperature on purity drop.

Optimization solution for D- massecuite boiling

The optimization was to get maximum purity drop,
minimum nutch purity and minimum viscosity as much as
possible. The Second response (nutch purity at boiling) was
considered as an important response and more weight is
given to it since it is the major determining factor of the
final molasses purity. Six solutions are obtained. The
solution with maximum desirability is selected as an
optimum solution (with desirability of 58.8 %). Massecuite
purity of 57.189, brix of 102°and seed volume of 2000 mL
are selected as optimum parameters to obtain optimum
purity drop of 21.41, nutch purity of 35.77 and massecuite
relative viscosity of 244.332 Pa.s.
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Table 4. Fit summary for massecuite viscosity.

Section D-Research paper

S.No. Source SD R? Adjusted R? Predicted R? Press Remarks
1 Linear 47.68 0.6037 0.5123 0.5346 34707.30 Suggested
2 2FI 54.29 0.6048 0.3677 0.4830 38549.92
3 Quadratic 61.25 0.6478 0.1950 0.3848 045878.45
4 Cubic 80.51 0.6523 -0.3907 + Aliased
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Figure 5. (a) Effect of reheater temperature on purity rise on
reheater, (b) Effect of cooling temprature on purity rise across
reheater (c) Response surface Plots Analysis for nutch purity after
reheater.
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A. Cooling temperature

Figure 6. (a) Effect of water% massecuite on purity rise and (b)
Effect of water percentage massecuite on DFW magma purity

D-Massecuite cooling optimization

Study of purity drop across continuous crystallizer was
conducted by using nutsch analysis at different cooling
temperature and time, in order to observe the trend of purity
drop with temperature and cooling time, and to determine
the optimum values. Cooling temperature is varied by
changing the flow rate of cooling water to cooling discs and
cooling time is varied by changing the massecuite flow rate
to the crystallizer under study. Laboratory analyses were
done for different factors level combinations as per the
design.
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Approach to this experiment

There are two batteries of crystallizers in Metahara sugar
factory. One set of crystallizer (1% battery) was used for the
study while the 2" battery was working under accustomed
condition. Before starting of the experiment, massecuite and
cooling water flow were adjusted at different rates by
manipulating the valves on the discharge lines in order to
get the desired massecuite cooling temperature at desired
cooling time. After several trials, the predetermined values
were obtained at different valves openings. The valve
opening positions and the water pressure on the cooling
water discharge line were noted corresponding to the
massecuite cooling temperature and cooling time. The
cooling time was calculated from the known volume of the
crystallizers and flow capacity of centrifugal machine in
terms of current load.

Data analysis for massecuite cooling optimization

Data were modeled by multiple regression analysis and
the statistical significance of the terms was examined by
analysis of variance for each response. The statistical
analysis of the data is performed using Design Expert
Software (Stat-Ease). The adequacy of regression model
was checked by R?, Adj R?, Pred R?, Adeq Precision and F-
test.® The significance of F value was judged at 95 %
confidence level. The Model F-value of 3.26 implies there is
a 6.88 % chance that a "Model F-Value" this large could
occur due to noise. Values of "Prob > F" less than 0.0500
indicate model terms are significant. In this case A and B are
significant model terms.  Values greater than 0.1000
indicate the model terms are not significant. If there are
many insignificant model terms (not counting those required
to support hierarchy), model reduction may improve in
model, which presented in Table 5.

Table 5. Post ANOVA test for purity drop D- masscuite cooling.

S.No. Parameter Value
1 SD 0.76

2 Mean 4.94

3 CV.% 15.29
4 Press 11.24
5 R? 0.3178
6 Adj R? 0.2203
7 Pred R? 0.0403
8 Adeq precision 6.124

The Pred R? of 0.0403 is in reasonable agreement with the
Adj R? of 0.2203. Adeq Precision measures the signal to
noise ratio. A ratio greater than 4 is desirable. Our ratio of
6.124 indicates an adequate signal. This model can be used
to navigate the design space. SD stands for standard
deviation.

Model equations for purity drop on massecuite cooling
Equation in terms of coded factor:

Purity drop = 4.94+0.6 x A +0.38 x B (5)
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Equation in terms of actual factor:
Pp =-5.32033 +0.19856 x A + 0.0418 x B (6)

where,

A = cooling temperature
B = cooling time

Response surfacep analysis of purity drop on massecuite
cooling

Purity drop on massecuite cooling is shown in Fig. 4a and
b, the purity drop increases with decrease in cooling
temperature and increase in cooling time. The lower the
temperature, the lower the solubility of sucrose in the
solution and hence less sucrose remain in solution, more
sucrose from the solution deposited to the crystal surface.

Optimization solution for D-massecuite cooling

The optimization was to get maximum purity drop at
minimum cooling time and maximum cooling temperature
as much as possible. Best results are obtained at cooling
temperature of 49 °C and cooling time of 18 h. At these
optimum parameters, the purity drop is 5.16129 units with a
desirability level of 84.5 %.

Analysis of optimization experiment on D-massecuite reheating.
Response 1 - Purity Rise across reheater

Model equation for D-massecuite reheating optimization
Equation in terms of coded factors:

Pr= +0.38 — 0.051A — 0.062B + 0.21AB -0.051A2+ 0.21B2 -
0.097A%B - 0.095AB? + 0.15A3 + 0.35B2 @)

Equation in terms of actual factors:

Pr = -1645.41788 + 6.65489 x Tc + 89.57652 x Tr —
0.57058 x Tc2— 2.03920 x Tgr? — 3.57835 x103 xTcZx Tgr
- 350997 x 108 x Tc x T2 + 5.46755 x 103 x T¢B
+ 0.013991 x Tg® (8)

where

Pr = Purity rise on reheater,

A= Coded value of cooling temperature,
B= Coded value of reheating temperature,
Tr= reheating temperature (°C),

Tc= Cooling temperature (°C),

Np = Nutch purity after reheater.

Response 2 - Surface Plots Analysis for Purity Rise on
Reheating

Effect of reheating temperature on purity rise across

reheater : Purity rise across the reheater increases with
increase in cooling as well as reheating temperatures.
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The higher the gap between the cooling and reheating
temperature, the higher is the purity rise.!! This is due to the
relatively longer time taken to bring the reheated
temperature to the required value.

Model equation for nutch purity after reheater

Equation in terms of coded factors

Np =29.31 + 1.97A + 0.56B + 0.39AB + 1.16A%+1.59B2
9)

Equation in terms of actual factors

Ne = 86165039 - 13.46743Tc -
0.043268TCrr + 0.1266Tc2+ 0.17619TR?

20.47896Rr +
(10)

Response surface plots analysis for nutch purity after reheater

Nutch purity after reheating also increases with increase in
both reheating and cooling temperature. Increase in
temperature leads to dissolution of crystals in the massecuite
and hence the purity of mother liquor. The result is
representing in Fig. 5a, b and c.

Response - Massecuite Flow Rate (MFR) across reheater
Model equation development across reheater

Equation in terms of coded factor:

MFR = +19.20 + 0.56A + 2.38B (11)
Equation in terms of actual factor:
MFR = -31.53825 + 0.18800T¢ + 0.79422Tr (12)

Response surface plots analysis for massecuite flow rate

The effect of cooling reheating temperature on massecuite
flow rate is shown in Figure 6a and b. The massecuite flow
rate increases with increase in temperature due to low
viscosity at high temperatures. The figures reveal this fact
and show that the effect of reheating temperature is more
significant on the massecuite flow rate than cooling
temperature. Flow rate sharply increases with increase in
reheating temperature up to about 56 °C.

Optimization  solution for Massecuite  Reheating
Experiment with maximum desirability is selected. One
solution is obtained at desirability of 81.2 %. Minimum
purity rise of 0.5346 units is obtained at optimum cooling
temperature of 43 °C and reheating temperature of 50 °C.

D-massecuite centrifugal separation optimization

The amount of water was measured by online flow meter
on the hot water line and the massecuite flow rate was
calculated from the centrifugal machine load current. The
load current has a direct relation with flow rate. The
following data are generated for optimization across
centrifugal machines.
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Figure 7. (a) Effect of water percentage massecuite on purity rise
and (b)Effect of water percentage massecuite on DFW magma

purity

(a) Analysis for optimization experiment on massecuite
separation

The Model F-value of 57.74 implies the model is
significant. There is only a 0.01 % chance that a Model F-
Value this large could occur due to noise. Values of Prob >
F less than 0.0500 indicate model terms are significant. In
this case A, A? are significant model terms. Values greater
than 0.1000 indicate the model terms are not significant. If
there are many insignificant model terms (not counting
those required to support hierarchy), model reduction may
improve the model. The lack of fit F-value of 0.74 implies
the lack of fit is not significant relative to the pure error.
There is a 57.93 % chance that a lack of fit F-value this
large could occur due to noise. Non-significant lack of fit is
good, we want the model to fit.

Model equation for purity rise

Equation in terms of Coded Factors:

Purity rise = 2.14+ 1.82A + 1.03A2 (13)
Equation in terms of Actual Factors:
Purity rise = 1.44993 - 0.15377W + 0.050654W?  (14)
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Response surface plots analysis for purity rise across
centrifugal separation

Effect of water% massecuite on purity rise

There is a second order relationship between purity drop
across centrifugal machine and the amount of spray water
added, which is shown in Figure 7 (a).

DFW Magma Purity across centrifugal

The Model F-value of 111.43 implies the model is
significant. There is only a 0.01 % chance that a Model F-
Value, this large could occur due to noise. Values of Prob >
F less than 0.0500 indicate model terms are significant. In
this case A are significant model terms. Values greater than
0.1000 indicate the model terms are not significant. If there
are many insignificant model terms (not counting those
required to support hierarchy), model reduction may
improve the model. The Lack of Fit F-value of 1.57 implies
the Lack of Fit is not significant relative to the pure error.
There is a 23.73 % chance that a Lack of Fit F-value this
large could occur due to noise. Non-significant lack of fit is
good, we want the model to fit.

Model equation for DFW magma purity

Equation in terms of Coded Factors:

DFWpty = 82.23+555A 17
Equation in terms of Actual Factors:
DFW pty = +75.44733+1.2394W (18)

Response surface plots analysis for DFW magma purity

The effect of water percentage massecuite on DFW
magma purity is shown in Figure 7b. For optimization
solutions, one solution with maximum desirability is
selected by the software. The solution was obtained with
desirability of 59.8 %. The optimum spray water is 7.65 %
massecuite. At this spray water, the optimum purity rise and
DFW magma purity are 3.23 and 84.889 units respectively.

The higher the purity rise, the higher is the loss of sucrose
with final molasses. The lower the purity of DFW magma
purity, the higher is recirculation of molasses (non-sucrose)
back to the boiling house. Non-sucrose recirculation also
needs equal attention since it reduces boiling house
efficiency, increase steam consumption and reduce final
product quality.

Conclusion

To sum, according to economical point of view that the
process optimizations were compared with the factory’s
existing working norms. D- Massecuite boiling optimization
has resulted in nutsch purity reduction of 0.28 units.
Similarly, an increase in purity drop of 0.95 (from 4.21 to
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5.16) across cooling crystallizers was obtained at optimum
cooling time of 18 h and temperature to 49 °C for the
existing crystallizer’s capacity. The cooling experimental
results have indicated that a purity drop of 5.25 units can be
achieved if crystallizer capacity of MSF increased so as to
give cooling time of 20.3 h and temperature of 49 °C. For
the existing reheaters, the optimum reheating temperature
was found to be 50 °C which gave a purity rise across
reheaters of 0.530 against the value of 0.97 before
optimization and the optimum massecuite flow rate of 16.25
t h™X. From the centrifugal separation optimization result, the
optimum spray water was found to be 7.65 %, with which
massecuite giving a purity rise of 3.238 across centrifugal
machines and DFW magma purity of 84.88. The overall
effect of process optimization was a reduction in final
molasses purity by 0.48 units (from 34.86 to 34.38) for the
existing capacity of cooling crystallizer which leads to
annual saving of 1428.84 tons sugar, equivalent to
18,574,920 Birr. Additional saving of 4,058,964 Birr per
year is expected if enough crystallizer capacity is installed
for MSF.
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SONOCHEMICAL SYNTHESIS AND CHARACTERIZATIONS

OF NANOSIZED METAL COORDINATION POLYMERS
DERIVED FROM 5-(3-PYRIDYL)-1,3,4-OXADIAZOLE-2-THIOLE
AND 2-AMINOTHIAZOLE

Maged S. Al-Fakeh'"!

Keywords: Coordination polymers,Nanoparticles, SEM, XRD, thermal studies.

Nanosized coordination polymers of Co(II), Ni(II), Cu(II) and Cd(II) of mixed ligand derived from 5-(3-pyridyl)-1,3,4-oxadiazole-2-thiole
(POZT) and 2-aminothiazole (AZ) were synthesized. The compounds were characterized by elemental analysis, IR and electronic spectral
studies. Thermogravimetry (TG), derivative thermogravimetry (DTG) and differential thermal analysis (DTA) have been used to study the
thermal decomposition steps of the compounds and to calculate the thermodynamic parameters of the nanosized metal coordination
polymers. The kinetic parameters have been calculated making use of the Coats-Redfern and Horowitz-Metzger equations. The scanning
electron microscope SEM photographs and particle size calculations from the powder XRD data indicate the nano-sized nature of four
compounds prepared under ultrasonic irradiation (average size 23-56 nm). The antimicrobial activity of the synthesized compounds was

tested against six fungal and five bacterial strains. The majority of compounds were effective against the tested microba.
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Introduction

Metal-organic frameworks (MOFs) are extensively
developed as a new type of functional crystalline materials
for a wide range of promising applications in separation,
storage, exchange, and heterogeneous catalysis due to their
high stability and structural diversity."” Nanometer-sized
particles of metal coordination polymers are of interest to
explore, since their unique properties are controlled by the
large number of surface molecules, leading to an entirely
different environment than those in a bulk crystal.’
Therefore, they are of potential use as materials for
nanotechnological applications. The variety of pyridyl
connectors have been extensively applied in this respect.’
The important role played by organosulfur compounds, in
chemical or biological processes are well documented.® The
pyridyl-oxadiazoles are suitable bridging ligands for the
synthesis of coordination polymers and several papers have
been published on using cyclized pyridyl 1,3,4-oxadiazoles
for the preparation of metal complexes.”” Azoles represent a
very interesting class of compounds because of their
pharmaceutical, analytical and industrial applications.'® We
now report the preparation and characterization of nanosized
Co(II), Ni(ll), Cu(ll) and Cd(I), 5-(3-pyridyl)-1,3,4-
oxadiazole-2-thiole and 2-aminothiazole complexes.

Experimental

High  purity  5-(3-pyridyl)-1,3,4-oxadiazole-2-thiole
(POZT) and 2-aminothiazole (AZ) were supplied from
Sigma Aldrich and Merck. All other chemicals were of AR
grade.
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Preparation of the coordination polymers

Preparation of the mixed ligand complexes of POZT and
AZ with Co(Ill), Ni(Ill), Cu(ll) and Cd(II) followed
essentially the same procedure. The preparation of
[Co(POZT)AZ)CI(H,0),], is given below as a typical
example.

To an ethanolic solution (15 mL) of CoCl,.6H,O (0.5
mmol), a hot solution (15 mL) of POZT (0.5 mmol) was
added dropwise with stirring, and then a solution of AZ (10
mL ethanol, 0.5 mmol) was added to the mixture. The
mixture was refluxed and then cooled to room temperature.
Subsequently, the solution mixture was stirred for 40 min
under ultrasonic irradiation and then the blue precipitate was
separated, washed with distilled water and EtOH and dried
over CaCl, in a desiccator.

Physical Measurements

Stoichiometric analyses (C, H, N, S) were performed
using Analyischer Funktionstest Vario El Fab-Nr.11982027
elemental analyzer. IR spectra were recorded as KBr disks
(400-4000 cm™) with a FT-IR spectrophotometer model
Thermo-Nicolet-6700 FTIR and the electronic spectra were
obtained using a Shimadzu UV-2101 PC spectrophotometer.
Magnetic susceptibility measurements were done on a
magnetic susceptibility balance of the type MSB-Auto. The
conductance was measured using a conductivity Meter
model 4310 JENWAY. Thermal studies were carried out in
dynamic air on a Shimadzu DTG 60-H thermal analyzer at a
heating rate 10 °C min"'. XRD-diffraction patterns were
recorded on a diffractometer Model PW 1710 control unit
Philips, anode material Cu 40 K,V 30 M,aoptics: automatic
divergence slit. Scanning electron microscope was of the
type JEOL JFC-1100E ION SPUTTERING DEVICE, JEOL
JSM-5400LV SEM. SEM specimens were coated with gold
to increase the conductivity. For the biological activity, all
microbial strains were kindly provided by the Assiut
University Mycological Centre (AUMC), Egypt. These
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strains are common contaminants of the environment and
some of which are involved in human and animal diseases
(Candida albicans, Geotrichum candidum, Scopulariopsis
brevicaulis, Aspergillus flavus, Staphylococcus aureus),
plant diseases (Fusarium oxysporum) or frequently reported
from contaminated soil, water and food substances
(Escherichia coli, Bacillus cereus, Pseudomonas aeruginosa
and Serratia marcescens). To prepare inocula for bioassay,
bacterial strains were individually cultured for 48 h in 100
mL conical flasks containing 30 mL nutrient broth medium.
Fungi were grown for 7 days in 100 mL conicals containing
30 mL Sabouraud's dextrose broth. Bioassay was done in 10
cm sterile plastic Petri plates in which microbial suspension
(1 mL/plate) and 15 mL appropriate agar medium (15
mL/plate) were poured. Nutrient agar and Sabouraud's
dextrose agar were respectively used for bacteria and fungi.
After solidification of the media, 5 mm diameter cavities
were cut in the solidified agar (4 cavities/plate) using sterile
cork borer. The chemical compounds dissolved in
dimethylsulphoxide (DMSO) at 2%w/v (= 20 mg/mL) were
pipetted in the cavities (20 ul /cavity). Cultures were then
incubated at 28°C for 48 h in case of bacteria and up to 7
days in case of fungi. Results were read as the diameter (in
mm) of inhibition zone around cavities."'

Result and discussion

The compounds were prepared by the reaction of 5-(3-
pyridyl)-1,3,4-oxadiazole-2-thiole, metalchlorides and 2-
aminothiazole (dissolved in EtOH). The prepared complexes
were found to react in a molar ratio of 1:1:1 of metal, POZT
and AZ.The complexes are air-stable, they are insoluble in
common organic solvents but partially soluble in DMF and
DMSO. The conductivity values, measured in DMSO at
room temperature, lie within the range for nonelectrolytes.
The compositions of the complexes are supported by the
elemental analysis provided in table 1.

Fourier transform infrared spectroscopy (FT-IR)

The main FT-IR frequencies can be seen in table 2. The
bands observed in the 1608-1620 cm™ regions are assigned
to the v(C=N) stretching vibration of the 5-(3-pyridyl)-1,3,4-
oxadiazole-2-thiole." It is found that the CSC band of the 2-
aminothiazole at ~740 cm™ is almost unchanged in the
respective complexes, indicating that the thiazole-S is not
involved in the bonding."> The same is true for the vC=N
stretching vibration of the azole for all complexes where no
appreciable shift was noticed. However, the stretching
vibration of the amino group in the free AZ observed at
3220 cm™ is shifted to a lower wave number, appearing in
the range 3150-3172 cm™ in the complexes and suggesting
coordination of the amino nitrogen to the metal(Il) ions."
Furthermore, it is found that the bands at 3445 cm’ in the
spectra of compound (2) is assigned to vVOH of water of
crystallization'> whereas the VOH stretching vibrations of
the coordinated water molecules are located in the range
3197-3202 cm™ for all compounds.'® Metal-oxygen and
metal-nitrogen bonding are manifested by the appearance of
a band in the 513-543 cm™” and 428-446 cm™ regions,
respectively.'”
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Electronic spectra

The UV-Vis spectra of the compounds were recorded in
DMSO. The spectra displayed two absorption maxima
located in the regions35,714-37,037 and 29,411-31,746 cm’
! which are attributed to n—n* and n—7* transitions within
the POZT and AZ ligands [18,19]. The Co(II), Ni(II) and
Cu(Il) coordination polymers exhibit a band at 18,685,
19,801 and 17,518 cm™ respectively corresponding to the d-
d transitions. In the visible spectra, there were characteristic
bands attributed to the d-d transitions in the complexes
typical of octahedral structures. The structure of the
coordination polymers can be postulated as follows (Figures
2 and 3).

Magnetic measurements

The magnetic moments of the compounds were measured
and it has been found that the cobalt(Il) compound (1) has a
magnetic moment of 4.38 B.M typical for octahedral
complexes,”’ whereas the magnetic moment values 2.13 and
1.88 B.M that were found for the Ni(Il) and Cu(Il)
compounds  respectively  suggest their  octahedral
structures.”'*

Thermal analysis

The thermal decomposition of the compounds has been
investigated in dynamic air from ambient temperature to
700 °C. The thermal decomposition data of the compounds
are collected in table 3. As a representative example the
thermal behaviour of the Co(II) complex (1) will be
described. The thermogram of the complex shows three
decomposition stages. The first stage corresponds to the
release of the two water molecules (calc. 8.81 %, found
7.41 %). The DTG curve displays this step at 177 °C and an
endothermic peak appears at 179 °C in the DTA trace. The
second and third steps correspond to the decomposition
products of the ligands. These two steps are manifested by
two DTG peaks at 331 and 500 °C and are associated with
two exothermic peaks at 333 and 503 °C in the DTA curve,
respectively. The final product was identified on the basis of
mass loss consideration as CoO (calc. 18.33 %, found
17.61 %) (Scheme 1).

100

w0 (’

Transmittance [%]
N
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Wavenumber (cm™')

Figure 1. FT-IR spectrum of Ni(I) compound (2).
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Table 1. Colors, elemental analysis and melting points of the compounds.

{[Co(POZT)(AZ)CL(H,0), ]} (1) C1oH,CoNsO5S,Cl, 408.72  Blue 20.10 2.86 17.04 1549 274
2938 295 17.13  15.68

{[Ni(POZT)(AZ)CI(H,0),]. H,01,(2)  CioHNiN5O,S,ClL, 42648  Lightgreen 28.02 3.12 1633 1495 281
2816 330 1642  15.03

{[Cu(POZT)(AZ)CI(H,0),1}, (3) C1oH1,CuNs05S,Cl, 41334 Brown 2897 286 1690 1548 269
2905 290 1694 1551
{[Cd(POZT)(AZ)CI(H,0),]}, (4) C1oH1,CdN505S,Cl, 462.20  White 2566  2.50 1509 1379 290

2598  2.59 15.15 13.87

Table 2. Infrared spectral data of the coordination polymers.

1) 3198 3164 1616 1487 736 543 428
2) 3445, 3200 3150 1620 1456 733 538 437
3) 3197 3158 1608 1470 728 513 446
4) 3202 3172 1615 1483 724 530 431

Table 3. Thermal decomposition data of the compounds.

N S
\( a 1 33 177 220 741
A, D 221 331 38  23.88
_/ 3 387 500 700 5110

S

- @ I 29 60 130 1177
Mo (L — o S e 131 213 285 2215
\( 31 286 394 436 8.08
\ / \N/N 4t 437 502 700 4194
@ 1 35 109 250  6.98
2nd 251 321 435  28.75
31 436 583 700 38.13

Figure 2. Proposed structure of the metal complex.

[Co(POZT)(AZ)CI(H,0),]

Ist l 33-220 °C

[Co(POZT)(AZ)CI] + 2 H,0

2nd and 3rd l 221-700 °C

Decomposed Product + CoO
(in dynamic air)

Figure 3. A perspective view of coordination round Co(II). Scheme 1. Thermal decomposition of Co-compound
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Table 4. Kinetic and thermodynamic parameters for the thermal decomposition of the compounds

Compound Step Coats-Redfern equation AS* AH* AG*

r n E 1027 Jmol K! kJ mol”! kJ mol”!
1) 1* 1.0000 0.50 55.6 6.52 -192.5 50.53 167.78
2) 1* 0.9997 2.00 126.2 2.54 -186.4 120. 7 244.61
“ 1* 1.0000 0.66 44.6 8.95 -194.1 39.65 155.18

Kinetic analysis

Non-isothermal kinetic analysis of the complexes was
carried out applying two different procedures: the Coats-
Redfern” and the Horowitz-Metzger”* methods.

Coats-Redfern equation

In[1-(1-0)"™/ (1-n)T*] = MIT+ B (for n # 1) (1)

In[-In(1-0))/ T*] = M/T + B (forn=1) )

where

a is the fraction of material decomposed,

n is the order of the decomposition reaction and
M=E/R and

B=ZR/OEF,

E, R, Z and O are the activation energy, gas constant, pre-
exponential factor and heating rate, respectively.

Horowitz-Metzger equation for n # 1

In[1-(1-a)"™/1-n]= InZRT*/DE — E/RT:+ EO/RT> (3)

forn=1

In[-In(1-0))] = E6/RT “)

where 0 = T-T;, T; is the temperature at the DTG peak.

The correlation coefficient, 7, is computed using the least
squares method for equations (1), (2), (3) and (4). Linear
curves were drawn for different values of » ranging from 0
to 2. The value of n, which gave the best fit, was chosen as
the order parameter for the decomposition stage of interest.
The kinetic parameters were calculated from the plots of the
left hand side of equations (1), (2), against 1/7 and against 0
for equations (3) and (4). The kinetic parameters were
calculated according to the above two methods and are cited
in Table 4.

The negative AS* values for the different stages of
decomposition of the complexes suggest that the activated
complex is more ordered than the reactants and that the
reactions are slower than normal.>?’ The more ordered
nature may be due to the polarization of bonds in the
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activated state, which might happen through charge transfer
electronic transition.”® The different values of AH* and AG*
of the compounds refer to the effect of the structure of the
metal ions on the thermal stability of the complexes.”’ The
positive values of AG* indicate that the decomposition
reaction is not spontaneous.

X-ray powder diffraction of the compounds

The X-ray powder diffraction patterns were recorded for
four of the coordination polymers. The diffraction patterns
indicate that the compounds are crystalline. The crystal
lattice parameters were computed with the aid of the
computer program TREOR. The crystal data for Co(Il),
Ni(IT), Cu(Il) and Cd(II) metal mixed-ligand compounds
belong to the crystal system triclinic. The significant
broadening of the diffraction patterns suggests that the
particles are of nanometer dimensions. Scherrer's equation
(eqn. 5) was applied to estimate the particle size of the
coordination polymers.

D= K—ﬂ“ (5)
fcosb
Table 5. X-ray diffraction crystal data of the compounds

Parameters (@) 2) ()] “4)
Mol. Wt. 408.72 645.67 413.34 462.20
Crystal system Triclinic  Triclinic  Triclinic  Triclinic
a(A) 7.34 8.53 9.02 3.47
b(A) 10.05 9.00 8.53 6.37
c(A) 11.96 10.98 13.75 7.51
a (°) 103.81 86.19 90.00 65.80
B(°) 117.00 65.09 52.67 110.31
v(°) 82.44 59.21 120.74 62.92
Volume of unit 763.97 645.67 646.18 102.09
cell (A%
Particle size (nm) 35 60 23 56

Scanning electron microscopy

The scanning electron micrographs of the Co(II), Ni(Il),
Cu(Il) and Cd(II) ternary coordination polymer prepared
bysonication is illustrated in Figures (6-9). The micrograph
shows the morphology of this nanostructured compounds.
The nano crystals aggregate to a great extent in the form of
cornel reefs for cadmium compound.
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The particle size of the compounds are in the range 38-60
nm. These results are in a good agreement with the size
determined from XRD analysis by the Scherrer’s equation
(Table 4).

o

oy
. Y, 4
42 i} el
Eu CNRY 4 O

aoa863

1pm

15kV ¥16.8808

Figure 7. SEM picture of Co(II) compound.

Biological Activity

For testing the antibacterial and antifungal activity of
these compounds we used more than one test organism to
increase the chance of detecting the antibiotic property of
the tested materials. The data showed that in some cases the
ligand has a higher or similar antimicrobial and antifungal
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activity than the selected standards (chloramphenicol and
clotrimazole). Also, the complexes of certain metal ions
possessed enhanced antimicrobial activity and in some cases
activity similar to the selected standards (Table 6).

Table 6. Microbiological screening of the compounds.

DOI: 10.17628/ecb.2016.5.450-455

aMicrob Compound

) (2) 3) (C))
B. cereus (G+ve) 10 16 12 18
S. aureus (G+ve) 10 12 10 14
S. aureus (G-ve) 10 11 8 16
E. coli (G-ve) 10 12 11 18
P. aeruginosa (G-ve) 10 12 10 14
T. rubrum 8 8 10 12
A. flavus 0 0 0 10
C. albicans 8 0 0 12
F. oxysporm 0 8 0 10
G. candidum 10 0 11 18
S. brevicaulis 0 8 8 12

The toxic action of the prepared coordination polymers
against the growth of bacteria and fungi studied may be due
to thiols, which are the vital constituents in the living cells,
having a reduction potential for disulfide form at or below -
200 mV, may be oxidized by the metals complexes. The
complexes may cause disturbance in the respiration process
due to the presence of (C=S) group in the azole
complexes.**

Conclusion

The results presented in this work showed that synthesis
of nanosized metal (II) coordination polymers derived from
5-(3-pyridyl)-1,3,4-oxadiazole-2-thiole and 2-aminothiazole
can be achieved via the sonochemical method. Some of the
complexes show a remarkable biological activity against
bacteria and fungi indicating that they can be as potential
antibacterial or antifungal drugs.
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AND PHOTOSTABILIZATION OF MEFENAMIC ACID
DERIVATIVE WITH SOME DIVALENT METAL IONS

Adil Ahmed A. Al-Dulimial?l”, Rehab A. M. Al-Hasani@ and Emad A. Yousif P!

Keywords: Triazole; photochemistry; mefenamic acid metal complexes; UV light; photostabilization; semi-empirical calculations.

A new mefenamic acid derivative, (4-amino-5-(2-(2,3-dimethylphenyl)aminophenyl)-1,2,4-triazole-3-thion (L), has been synthesized and
characterized by spectroscopic and elemental analysis. The ligand (L) has been used as a chelating agent to prepare complexes of Co(II),
Ni(II), Cu(II), Zn(II) and Cd(ll) ions. The structure of the complexes, in solid state, has been suggested. The theoretical treatment of the
complexes, in the gas phase, has been studied using the Hyperchem-8 program for the molecular mechanics and semi-empirical
calculations. The heat of formation (AH+°) and binding energy (AEb) for the ligand and their complexes were calculated by PM3 method.
The electrostatic potential of the ligand (L) has been calculated to investigate the reactive sites of the molecule. Photostabilization of PVC
film in air was investigated in the absence and presence of the ligand L and theirs complexes by accelerated weathering tester. It was found

that various indices values increased with irradiation time and this increase depend on the type of additives.
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Introduction

1,2,4-Triazole constitute an interesting group of
heterocyclic compounds containing three N atoms in a 5-
membered ring and its derivatives represent some of the
most biologically active classes of compounds possessing a
wide spectrum of biological and pharmacological
properties.’® There are known drugs containing the 1,2,4-
triazole group e.g. Triazolam,” Alprazolam,® Etizolam and
Furacylin.? N4-amino and 3-thione of 1,2,4-triazoles with
substitution at 5-position have been studies as anti-
inflammatory and antimicrobial agents.’® An important and
versatile class of well-established biologically active
compounds are those with the -N-C=S moiety (" soft" sulfur
atom besides the "hard" nitrogen). This group is found in
many basic structures of drugs either to be part of an open
chain, e.g. thiocarbamates, isothiocynates  and
thiosemicarbazides or involved in heterocyclic ring, e.g.
mercapto  derivatives of triazoles, oxadizoles and
thiodiazoles.***3

In this work, we report the preparation of 4-amino-5-(2-
(2,3-dimethylphenyl) aminophnyl-1,2,4-triazole-3-thion (L)
as a ligand, in an attempt to prepare a new ligand with a 4-
amino-3-thione-1,2,4-triazole ring , substituted at 5-position
with mefenamic acid residue, and to investigate the
coordination behaviour of the prepared new ligand towards
Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(Il) ions. Theoretical
study, in the gas phase, by using semi-empirical method has
been performed in order to show the most stable
conformation and to compare these results with the
experimental data. Also the prepared complexes of (L) were
used to enhance the photostabilization of polymer polyvinyl
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chloride (PVC). The photostabilization activity of these
compounds was determined by monitoring the carbonyl
(Ico), polyene (Ipo) and hydroxyl (lon) indices, weight loss
method with irradiation time. It was found that the (lco),
(Iro) and (low) indices values increased with irradiation time
and this increase depend on the type of additives.!41®

Experimental

Instrumentation

Melting-points were recorded on a Gallenkamp MF B600
010F melting point apparatus Elemental analyses were
obtained using EA-034 for the ligand and their metal
complexes. Metal contents of complexes were estimated
spectrophotometrically using Flame atomic absorption
Shimadzu-670 AA Spectrophotometer. Bruker
Spectrophotometer model ultra-shield was used at 300 MHz
for H- and *C- NMR. IR spectra were recorded using FT-
IR-8300 Shimadzu in the range of 4000-400 cm. Electronic
spectra were obtained using UV-1650PC-Shimadzu
spectrophotometer at room temperature, the measurement
were recorded using a solution of 10°M concentration of
(L) ligand and its metal complexes in DMF as a solvent.

Magnetic susceptibilities of samples in the solid state were
measured by using a Bruker BM6 magnetic balance. The
molar conductivity was measured by using Electrolytic
Conductivity Measuring set Model MC-1-Mark V by using
platinum electrode (EDC 304) with cell constant (1 cm),
concentration (10° M) in DMF as solvent at room
temperature.

Synthesis of ligand (L)
The ligand (L) was prepared starting from mefenamic acid

(MFA) according to the following general steps can be seen
on Scheme 1,168
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Preparation of (2-(2,3-dimethyl phenyl)amino ethyl benzoate
(G1)

Sulphuric acid (8 mL) was added dropwise with
continuous stirring to a solution of MFA (0.1 mol) in 200
mL ethanol. The mixture was heated under reflux for 10 h.
After cooling, the mixture was poured on to crushed ice, the
precipitated crystalline solid was filtered, washed
successively with water, 10% NaHCOs; solution and water.
The crude product was recrystallized from ethanol, to give
compound G1 as off white crystals, in 84 % yield, m. p. =

108-110 °C.
Ji;\ /? MeOH /Q\ /?
—> HC NH
H,S0,4
crts 0" N0

CHg
H,NNH ».H,0
EtOH
C’ ; ) KOH MeOH H3C NH
CH R
; 0 °C, CS,, RT 3 H’\“ o
s\ NH NH,

1) HoNNH ».H,0

2QH"

Scheme 1. Synthesis of the ligand L.

Preparation of( 2-(2,3-dimethyl phenyl)amino ethyl
benzohydrazide (G2)

Ester of G1 (0.1 mol) was dissolved in absolute ethanol
(50 mL). To the above solution was added 80 % hydrazine
hydrate (0.1 mol). The resulting reaction mixture was
refluxed on a steam bath for 10-12 h. After cooling, cold
water (150 mL) was added to the mixture and the separated
white crystalline solid was filtered, washed with cold water,
dried and recrystallized from ethanol to give 82 % yield of
G2, white colour, m p. 156-158 °C.

Preparation of (2-(2,3-dimethyl phenyl)amino ethyl
benzoyl)hydrazine carbodithioate (G3)

Compound G2 (0.05 mol) was treated with a solution of

potassium hydroxide (0.0643 mol) in ethanol (70 mL) at 0°C
with stirring, then 7 mL of carbon disulfide was added
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dropwise and the reaction mixture was stirred overnight at
room temperature. The solid product (G3) was filtered,
washed with cold methanol and dried.

Preparation of 4-amino-5-(2-(2,3-dimethylphenyl)aminophe-
nyl)-1,2,4-triazole-3-thion (L)

A mixture of compound G3 (0.05 mol) and 80 %
hydrazine hydrate (10 mL) was heated under reflux till the
evolution of hydrogen sulphide completely ceases (about 6
h). After cooling, water (200 mL) was added and the
mixture was neutralized with 10 % HCI and allowed to
stand for three h. The separated crude product was filtered,
washed with water, dried and recrystallized from ethanol to
give 80 %)yield of compound L, as white powder with
melting point 215-217 °C.

Preparation of metal complexes (A1-A5)

Suitable amounts of Co(CH3;C0Q),.4H20, Ni(CH3COO)s..
4H,0, Cu(CH3C00)2.H,0, Zn(CH;COO0),.2H,O and
Cd(CH3C00),.2H,0 were dissolved in ethanol and added to
an ethanolic solution of L in 1:2 mole ratio of metal : ligand
with stirring. The reaction mixture was heated under reflux
for 4 h, during this time a precipitate was formed. The
product was filtered off, washed with hot ethanol, followed
by cold water and then dried under vacuum. All complexes
were identified by elemental analysis, flame atomic
absorption, FT-IR and UV-VIS spectroscopy, magnetic and
conductivity measurements.

Computational methods

Four types of calculations, viz., single point, geometry
optimization, vibrational frequency and bond length, were
carried out, using Hyperchem-8, a sophisticated molecular
modeler editor and powerful computational package. This
program known for its quality, flexibility and ease of use,
uniting 3D visualization and animation with quantum
chemical calculations, mechanic and dynamic.'%%
Hyperchem offers ten semi-empirical molecular orbital
methods, with options for organic and main group
compounds for transition metal complexes and spectral
simulation.?>?? We chose parameterization model version 3
(PM3) which including transition metals. PM3 were used for
the calculation of heat of formation, binding energy, total
energy and bond length for all metal complexes.

Photostabilization of polymer

Commercial PVC supplied by Petkim Company(Turkey)
was re-precipitated from THF solution and finally dried
under vacuum at room temperature for 24 h. Fixed
concentrations of PVC solution (5 g 100 mL™) in THF were
used to prepare polymer films with 40 um thickness
(measured by a micrometer type 2610 A, Germany). The
films were prepared by evaporation technique at room
temperature for 24 h.%% To remove the possible residual
THF solvent, film samples were further dried at room
temperature for three h under reduced pressure. The films
were fixed on stands specially used for irradiation. The
stand is provided with an aluminium plate (0.6 mm in
thickness) supplied by Q-panel company.
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Irradiation experiments

Accelerated weatherometer Q.U.V. tester (Q. panel,
company, USA), was used for irradiation of PVC films. The
accelerated weathering tester contains stainless steel plate,
which has two holes in the front side and a third one behind.
Each side contains a lamp (type Fluorescent Ultraviolet
Lights) 40 Watt each. These lamps are of the type UV-B
313 giving spectrum range between 290-360 nm with a
maximum wavelength at 313 nm. The polymer film samples
were vertically fixed parallel to the lamps to make sure that
the UV incident radiation is perpendicular to the samples.
The irradiated samples were rotated from time to time to
ensure that the intensity of light incident on all samples is
the same.

The degree of photodegradation of polymer film samples
was followed by monitoring FT-IR spectra in the range
4000-400 cm?' using FT-IR 8300  Shimadzu
Spectrophotometer. The position of carbonyl absorption is
specified at 1720 cm™, the hydroxyl group at 3450 cm™ and
1604 cm? is due to polyene group. The progress of
photodegradation during different irradiation times was
followed by observing the changes in carbonyl and hydroxyl
peaks. Then carbonyl and hydroxyl indices were calculated
by comparison of the FTIR absorption peak at 1720, 3450
and 1604 cm? with reference peak at 1450 cm®,
respectively. This method is called band index method
which includes as shown in eqn. (1).

| =A )

where
As= Absorbance of peak under study,
A = Absorbance of reference peak,
Is= Index of group under study.

Actual absorbance, the difference between the absorbance of
top peak and base line (Atop peak — Agase line) IS calculated
using the base line method.

Determination of average molecular weight using viscometry
method

The viscosity property was used to determine the average

molecular weight (May) of the polymer, using the Mark-
Houwink relation (egn. 2).

[n] = KM® )

where

[n] is the intrinsic viscosity,

K and « are constants depending upon the polymer-solvent.

The intrinsic viscosity of a polymer solution was
measured with an Ostwald U-tube viscometer. Solutions
were made by dissolving the polymer in a solvent (g 100
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mL?) and the flow times of polymer solution and pure
solvent are designated as t and tp respectively. Specific
viscosity (#sp) was calculated by egns. (3) and (4).

o=t )

where 7 = relative viscosity.

New = M= 1 (4)

The single-point measurements were converted to intrinsic
viscosities by the eqn. (5).

[??] = {*..-"'E_r'r':'}{rlxp - ll517"|['|:-}|L:: (%)

where ¢ = concentration of polymer solution in g 100 mL™2).

By applying eqgn. (5), the molecular weight of degraded
and un-degraded polymer can be calculated. Molecular
weights of PVC with and without additives were calculated
from intrinsic viscosities measured in THF solutions using

eqn. (6).

[n]=4.17x10"*Ma,® (6)

Results and discussion

Study of the complexes in solid state

The physical and analytical data of the ligand (L) and its
metal complexes are given in Table 1. The results obtained
from elemental analysis are in satisfactory agreement with
the calculated values. The suggested molecular formula was
also supported by spectral measurement as well as magnetic
moment. The ligand L is soluble in common organic
solvents such as (ethanol, acetone and methanol), whereas
the new complexes are coloured crystalline solids, soluble in
chloroform, DMF and DMSO.

The nuclear magnetic resonance spectra of L gave
satisfactory spectra data and the molecular structure was
assigned on the basis of 'H-NHR spectrum. The spectra
were obtained in DMSO-ds solution as an internal reference.
According to the results obtained from the spectrum (Figure
1), the molecular structure of the ligand can be illustrated
dH(1,2) = 2.095-2.281 ppm (6H, s, CH3), dH) = 5.3 ppm (2H,
s, NH.), 6H) = 9.47 ppm (1H, s, NH), 6H) = 12.41 ppm
(1H, s, NH), 5Ph = 6.706-7.89 ppm (7H).
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Table 1. Physical data for Ligand (L) and its metal complexes (A1-A5).
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Comp. Color M. P. Yield % Analysis found/calculated Suggested formula

No. C% H% N% S% M%

L White 215- 80 61.73 547 2251 1029 - (C16H17NsS)

Al Brown 234d 90 5407 5.01 1752 8.01 7.37 [Co(C32H34N10S2)(CH3COO0):]
A2 Yellowish 260d 78 5409 5.01 1753 8.01 7.35 [Ni(Cs2H34N10S2)(CH3COO)2]
A3 Dark green 250d 88 53. 498 1742 797 7.90 [Cu(C32H34N10S2)](CH3COO)2
A4 Off white 200d 90 53.64 497 1738 795 812  [Zn(Cs2H3sN10S2)](CHsCOO)2
A5 Off white 270d 85 50.62 4.69 1640 7.49 13.17 [Cd(C32H34N10S2)](CH3COO)2

Table 2. Stretching vibrational frequencies (cm™) located in the FT-IR spectra of (L) and their metal complexes.

Comp. vc=s ve=N vNH> VNH vcoo™ vcoo® M-N M-S M-O
No. (as,s) (as,s)(coord.) uncoord.

L 1041 1643 3269,3209 3439 = - - - -

Al 1020 1640 3252,3212 3441 1537, 1305 - 530 459 523
A2 1030 1643 3263,3211 3440 1512, 1302 - 532 457 540
A3 1030 1640 3252,3200 3439 = 1665 529 460 -

A4 1022 1640 3252,3194 3440 = 1655 530 455 -

A5 1030 1645 3240,3155 3442 = 1660 533 454 -

The 3 C-NMR spectrum for L showed the following peaks.

C(l) = 169.615, C(z) = 161, C(3) = 148, C(4) = 138, C(s): 137,
C(e )= 134, C(7): 131.64, C(g): 131.17, C(g): 126.18, C(lo):
125.94, Cuyy = 122.13, Cp) = 116.55, Cpa) = 113.02, C(14) =
111.29, Cs) = 20.16, Ci6) = 14.37 (Figure 2).

The characteristic stretching vibration modes concerning
L and its metal complexes (Al — A5) are presented in Table
2. In all complexes (A:-As), the ligand (L) behave as a
bidentate coordinating with metal through sulfur of
thiocarbonyl and nitrogen of amino group, therefore the
bands due to v(c=s), (vs and vas Of NHy) and four (I-1V)
thioamide bands were shifted to a lower frequency as it can
be seen in Table, as well as the new bands for complexes
(Arand A) in the region of 1521, 1537 cm'*, which may be
assigned to the asymmetric vibration of coordinated
carboxylate groups (vasC00’) and the bands in the region of
1302-1305v cm? may be attributed to the symmetric
vibration of carboxylate group (vs€007).24 2°

The large differences between the frequencies of [vas(COO™
)] and [vs(coo)], (Av>200cm™?) in (A1) and (A2) complexes
are indicative of the involvement of the coordination of the
carboxylate groups to the metal ion in a monodentate
fashion.?*% In contrast to (Al) and (A2) complexes, the
complexes (A3), (A4) and (A5) show appearance of new
bands in the region of 1655-1665 cm® which may be
assigned to the vibration of uncoordinated carboxylate
groups. Other low intensity bands observed in the region of
445-460, 518-520 and 523-544 cm™* may be attributed to vi-
s and vm-n respectively, in the all complexes and vm-o in the
case of (A1) and (A2) complexes, respectively.?627
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The electronic spectra of the free ligands (L) and their
complexes (Al- A5) were recorded in chloroform solution.
The spectrum of L shows a strong band at 42194 cm™,
which is attributed to =—n* and others at 31545, 29411 cm,
due to n—7*.

The measured magnetic moment of Al is 4.2 B.M, this
indicated that the cobalt ion in the complex is typical of d’
system with three unpaired electrons indicating a quartet
state and suggest high spin octahedral geometry. The
electronic spectrum of Al in chloroform exhibited two
bands at 15384 and 18691 cm, assignable to *Tig—*Axg(F
and “T1g—*T1g() transitions respectively for an octahedral
geometry of Co(ll). The value of various ligand filed
parameters vi, B, B and Dq have been calculated using
Tanabe-Sugano diagram for d’ system and found to be
7039.9, 623,0.642 and 934.5 respectively. The molar
conductivity measurement in DMF showed that the complex
is non electrolyte (Table 3).

The light green A2 complex in chloroform exhibited
bands at 15267 and 25974 c¢cm™ assigned to *A,g—3Tig )
(v2) and 3A,g—3Tig () (vs) transitions respectively, which
indicate octahedral geometry of Ni(ll). The absence of any
band below 10000 cm™ eliminates the possibility of
tetrahedral environment in this complex. The different
ligand field parameters B-, B and Dq have been calculated
using the same diagram and found to be 611, 0.54 and
1099.224 respectively indicating that Ni-L bond is covalent.
Magnetic moment, 3.09 B.M, of the solid complex showed a
higher orbital contribution. Conductivity measurement in
DMF showed that the complex was nonionic.

459



Synthesis and properties of mefenamic acid complexes

Section A-Research paper

Table 3. Electronic spectra, magnetic moment and conductance in for the metal complexes

Symb.  Amax cm?! Band assignment  10Dq Molar Cond. S.cm?mol?  peff. B.M Suggested geometry

Al 7039.9 (Cal.) Tig—*Togm 9337.6 15.65 4.2 0C-6
1538.4 4T1g—4Aog(F)
1869.1 4T1g—*T1gp)

A2 10992.24 (Cal.) $A2g—3T2g () 10976 18.09 3.09 OC-6
15267 3A2g—3T1g (F)
25974 3A2g—3T1g )
33112 CT

A3 14084 2B1g—2Aug - 168.22 1.92 SP-4
25773 2B1g—?B2g+ ’Eg

A4 32258 ILCT - 166.86 0.0 T-4
38167
47619

A5 31055 ILCT - 170.9 0.0 T-4
34482
47169

The measured magnetic moment of A3 is 1.92 B.M
showing that the Cu(ll) ion in the dark green complex is a
d® system. Electronic spectrum in chloroform, shows one
broad band at 14084cm™ which corresponds to ?Big—2?Ag
transition, and a shoulder band at 25773cm™ which is
assigned to 2B;g—?B,g+2Eg transition. The position of these
bands is in a good agreement with that reported for highly
distorted octahedral geometry. Conductivity measurement in
DMF showed that the complex was highly ionic.

The two complexes (A4) and (A5) are colourless in
chloroform solution, so there is no d-d transition in the
visible region, The complexes are diamagnetic as is
expected for d'® ions. The conductivity measurements
indicate ionic behaviour of the complexes.

Stereochemical structure of the complexes

According to the results obtained from the elemental
analysis, spectral studies, magnetic and conductivity
measurements, the suggested general structure of the
complexes (A1-A2) can be illustrated as Figure 3. The
Complexes A3 and A4 has tetrahedral and A5 square-planar
structure with the same coordination sites of the ligand L.

Theoretical studies of the ligand and their metal complexes

The electrostatic potential (EP) describes the interaction of
energy of the molecular system with a positive point charge.
EP is useful for finding sites of reaction in a molecule.
Positively charged species tend to attack a molecule where
the electro static potential is strongly negative
(electrophonic attack). The EP of the free ligand was
calculated and plotted as 3D and 2D contour to investigate
the reactive sites of the molecules (Figure 4). The results of
calculations show that the LUMO of transition metal ions
prefer to react with the HOMO of sulfur and nitrogen atoms
of the free ligand.

The conformations of the free ligand and its complexes

obtained from the semi-empirical and molecular mechanics
calculations that were fully re-optimized to estimate the heat
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of formation (AH°) and binding energy (AEy) by using the
PM3 method for free ligand (L) and its metal complexes
(Table 4).

The vibrational spectra of (L) and its metal complexes
have been calculated (Supplementary Material). The
theoretically calculated wave numbers showed that some
deviations from the experimental values but these deviations
are within the generally acceptable limits in theoretical
calculations.?

The Gaussian suite of software was employed throughout
this study for bond length measurements. Optimizations
were carried out for the model systems represented in the
Supplementary Material. The initial state for structure did
not give bond lengths naturally so that the geometry
optimization was used for correct bond lengths. Calculation
parameters were optimized of bond lengths for the free
ligand and its metal complexes by using the semi-empirical
PM3 method, at geometry optimization of 0.001 kcal mol?,
to give excellent agreement with the experimental data,® as
it shown in Table 5.

Photostabilization study

The complexes of Co(Il), Cd(I1), Ni(Il), Zn(Il) and Cu(ll)
with (L) were used as additives for the photostabilization of
PVC films. To study the photochemical activity of these
additives for the photostabilization of PVC films, the
carbonyl, hydroxyl and polyene indices were monitored
with irradiation time using IR spectrophotometry.

The irradiation of PVC films with UV light of wavelength
2A=313 nm led to a clear change in the FT-IR spectrum. The
appearance of bands in 1720 cm™* has been attributed to the
formation of carbonyl groups related to aliphatic ketone.
The hydroxyl band that appeared at 3450 cm? was
annotated to the hydroxyl group and 1604 cm™ is due to
polyene group.®® The absorption of the carbonyl, hydroxyl
and polyene groups was used to follow the extent of
polymer degradation during irradiation. This absorption was
calculated as carbonyl index (Ico), hydroxyl index (lon) and
polyene index (lpo).
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Figure 3. Suggested structure of the complexes Al and A2.

Figure 4. HOMO and LUMO 3D (a) and 2D (b) and electrostatic
potential 3D (c) and 2D (d) contours for L.

Table 4. Conformation energetic (in kJ mol?) for the ligand and its
metal complexes.

Compound PM3
AHC AEp

L 532.958 -17237.78
Al -82634.277 -241013.37
A2 -781.116 -41912.129
A3 211.67 -35667.124
Ad 855.52 -34816.181
A5 1005.164 -34647.978

It is reasonable to assume that the growth of carbonyl
index is a measure to the extent of degradation. However, in
Figure 6, the Ico of L>A3>A4>A5>A1>A2 showed lower
growth rate with irradiation time with respect to the PVC
control film without additives.
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Table 5. Selected bond lengths (A% for ligand (L) and its metal
complexes.

Compounds C=S N-NHz M-S M-N M-O
L 1.634 1.430 = = =
Al 1.758 1.821 2.277 1.873 1.373
A2 1.762 1.488 2.284 1.882 1.282
A3 1.732 1.870 2.468 2.132 =
Ad 1.771 2.754 2137  1.8457 =
A5 1.751 3.345 2.270 1.956 =

Because the growth of carbonyl index with irradiation
time is lower than PVC control, as seen in figure 7, it is
reasonable to conclude that these additives might be
considered as photostabilizers of PVC polymer. Efficient
photostabilizer shows a longer induction period. Therefore,
the A2 is the most active photostabilizer, followed by A1,
A5, A4, A3, and L which is the least active. Just like
carbonyl, hydroxyl and polyene compounds are also
produced during photodegradation of PVC. Therefore, lon
and lpo could also be monitored with irradiation time in the
presence and absence of these additives. Results are shown
in Figures 7 and 8.

/ —4—PVC (blank)
2 —m—PVCHL
e 15 e PVC+(A3)
= 14 - —<—pVC+(A4)
05 i —#— PVC+(A5)
o | PVC+A1)
0 100 200 300 400

PVC+(A2)
Irradiation time (hrs)

Figure 6. Relationship between the Ico and irradiation time of
PVC films of 40 pum thickness.

The photodegradation of PVC is commonly known to be
accompanied by a dehydrochlorination process (the
evolution of HCI gas) consequently, weight loss occurs,
which increases with increasing irradiation time. The
stabilizing efficiency was determined by measuring the %
weight loss of photodegraded PVC films in the absence and
in the presence of additives. The weight loss percentage as a
function of the irradiation time can be used as a good
measure of the degree of degradation and consequently can
measure the stabilizing potency of the stabilizer and how
long that stabilizer would protect the polymer.3* The results
of the weight loss as a function of the irradiation time is
shown in Figure 9. The results clearly showed the low extent
of weight loss (i.e., the low extent of dehydrochlorination as
evolved HCI is the main degradative product) of
photodegraded PVC stabilized by the complexes of (L) in
comparison with the weight loss of photodegraded
unstabilized PVC. The stabilizing efficiency of the
investigated photostabilizers was found to follow the order:
PVC >L>A3>A4>A5>A1>A2.
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Figure 7. Relationship between the Ip and irradiation time of PVC
films (40 um) thickness containing 0.5 % additives.
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Figure 8. Relationship between the lon and irradiation time for
PVC films of 40 um thickness.
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Figure 9. Variation of the weight loss of PVC films of 40 pum
thickness with the irradiation time.
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Figure 10. Variation of the viscosity average molecular weight
with irradiation time of PVC films of 40 pm thickness.
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The analysis of relative changes in viscosity—average
molecular weight (Mav) has been shown to provide a
versatile test for random chain scission. Figure 10 shows the
plot of (Mav) versus irradiation time, with absorbed light
intensity of 1.052 x 10®ein dm= s, for PVC film with and
without 0.5% (wt/wt) of the selected additives. Mav is
measured using eqn. (3) with THF as a solvent at 25 °C. It is
worth mentioning that traces of the films with additives are
not soluble in THF, indicating that crosslinking or branching
in the PVC chain does occur during the course of
photolysis.3%32  For better support of this view, the number
of average chainscission (S; average number cut per single
chain) was calculated using eqn. (7).

S=—22-1 (7)

where Mav,o and M.y are viscosity—average molecular
weights at initial (zero) and at irradiation time (t),
respectively. The plot of S versus time is shown in Figure 11.
The curve indicates an increase in the degree of branching
such as that might arise from crosslinking occurrence. It is
observed that insoluble material was formed during
irradiation, which provided an additional evidence to the
idea that crosslinking does occur.

16

14 &>
12 —4— PVC(blank)
10 // ~fl—=PVC+LI
v 3 / A —#—PVC+A3)
6 .4 — PVCH+(A4)
g —#— PVC+AS)
0 i —8—PVC+A1)
L @
0 100 200 300 400 PVC+(A2)

irradiation time (hrs)

Figure 11. Changes in the main chain scission (S) during
irradiation of PVC films of 40 um thickness.

For randomly distributed weak bond links, which rapidly
break in the initial stages of photodegradation, the degree of
deterioration a is given by eqn.(8).

a=—— ®)

where m is the initial molecular weight.

The plot of o as a function of irradiation time is shown
in Figure 12.The values of a of the irradiated samples are
higher when additives are absent and lower in the presence
of additives when compared with the corresponding values
of the additive-free PVC. In the initial stages of
photodegradation of PVC, the value of o increase rapidly
with time; these indicators indicate a random breaking of
bonds in the polymer chain.
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Figure 13. Changes in the degree of deterioration (o) during
irradiation of PVC films of 40 um thickness.

Mechanism of the photostabilization

Depending on the overall results obtained, the efficiency
of the complexes as stabilizer for PVC films can be arranged
according to the changes in the carbonyl and hydroxyl
concentration as a reference for comparison and the
efficiency is A2>A1>A5>A4>A3>L. Metal chelate are
generally known as photostabilizers for PVVC through both
peroxide decomposer and excited-state quencher. Therefore,
it is expected that these complexes act as peroxide
decomposer (Scheme 2).3°%2 The ring of benzothiazol in this
compound plays an important role in the mechanism of
stabilizing process by acting as UV absorber. The UV light
absorption by these additives containing benzothiazol
dissipates the UV energy to harmless heat energy (Scheme
3). This mechanism is in agreement with that reported
ones. 323

H, OP
’(N'NH i HN'N
RTINS ys=X (R

-
- o
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Scheme 2. Suggested mechanism of photostabilization of
complexes as peroxide decomposer.
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Scheme 3. Suggested mechanism of photostabilization of triazole
as UV-absorber.
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