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THE STUDY OF SPECTROSCOPIC AND OPTICAL PROPERTIES OF
VEGETATION IN RELATION WITH PHOTOSYNTHESIS

SIMONA LARISA APOSTOL
Valahia University, Physics Department, 24 Bd Unirii,0200 Targoviste

Abstract: In this paper we analyzed the optical and spectroscopical properties of vegetation
that can be used for the monitoring of the photosynthetic activity in plants. The study present the
spectroscopical properties of the main pigment involved in photrosynthesis, the chlorophyll, at
different levels of organization from isolated molecule to complex assembly in a leaf, after a short

remind of photosynthesis.

1. Introduction

The studies of optical and spectroscopic
properties of vegetation make possible today
the monitoring of the physiological state of
plants and the efficiency of photosynthesis,
especially by measurements of chlorophyll
fluorescence. It has several advantages: no-
invasive and no-destructive techniques,
rapidity and simplicity of measurements, the
availability at distance by the use of lasers.
Despite the enormous progresses
maked the last decenies in the study of
photosynthesis by chl fluorescence,
fundamental studies are still needed; often they
are correlated with applied studies in order to
understand mechanisms and to assign
molecular origins of the spectral signatures
related to different physiological stresses that
affect the functioning of plant photosynthesis.

2. How Photosynthesis works ?

2.1. What is Photosynthesis ?

Photosynthesis is the process by which living
organisms (plant or bacteria) convert the
energy of light into chemical energy of organic
molecules. In plant, the solar energy is used to
oxidize H2O with the simultaneous production
of O2 and reduction of CO2 to organic

compounds as sugar:

CO2 + 2H20 + light energy ——>
(-CH20-) + O2 + H20

The chlorophyll (chl) is the molecule that play
an essential role in the capture and conversion
of light energy.

2.2. Photosystems
functioning

In plants there are two Photosystems called
PSI and PSII, working in series, that realize
the photochemical act. Each photosystem is
composed of various protein subunits, with
which are associated specific pigments. PSI
contains a reaction center with P700 - a special
dimer of chla absorbing at wavelength longer
than 690 nm. Similarly, PSII is composed of
various protein subunits, chla molecules and a
reaction center containing P680. This
photosystem interact with two light harvesting
complexes - a tightly bound one and a slightly
larger peripheral one, containing chla, and
chlb [1].

Organization and

2.3. Photochemical act and Electron flow
The photochemical reaction of photosynthesis
involves the removal of an electron from an
excited state of the special chlorophyll that
acts as an excitation trap. This electron is then
transferred by a series of molecules and lead to
ultimately to the reduction of NADP. The
oxidized Chl trap, which has lost an electron
can accept another from the water, leading to
02 evolution.

3. Optical and spectroscopic properties of
photosynthetic material at different levels of
organisation

3.1 Photosynthetic Pigments

Several types of pigments harvest the energy
of light (chlorophylla and b, carotenoids,
xantophylles for plants). Only special form of
chla form reaction centers. All other pigments
are therefore accessory pigments forming
groups arranged to extend the size of light-
capturing units trap acting as antennae for
capturing photons which donate excitation to
reaction centers.
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Pigments absorb in different part of the
spectrum and in combination enable an
organism to absorb light of different
wavelengths over a wide range of visible solar
spectrum. This is of great ecological
importance for organisms, which may exploit
a greater energy supply or grow in different
radiation environment.

.

Chiarophyil

Absorplion

Wavelength (nm)

Figure 1. Absorbtion spectra of various
photosynthetic pigments compared to solar
spectrum

Chlorophyll is the most abundant pigment in
the leaf and appear green due to their
absorbtion of blue and red light. Chemically,
chlorophyll are clorin macrocycles with four-
fold symmetry, derived from porphyrin .
Absorbtion spectra

Measured in organic solvents after extraction
from the plant chla absorbs most strongly at
430 nm (Soret band) and 660nm, and chlb at
450 and 640 nm (see Figure 2). The absorbtion
maxima shift with the solvent.

L Solvent: ether

(Soret band)

Molar absorplion coefficient (mM™' cm™")

4iw 500 600 700 800
Wavelangth (nm)

Figure 2. Absorbtion and fluorescence
emission spectra from chlorophyll in ether
Aggregation of chl also cause a shift;
crystalline chla has its long wave absorbtion
maximum at 740 nm. Chlorophyll is a very
efficient pigment with a cross-section

absorbing area per molecule of 3,8%* 10-16
cmZ2. Chla has a molar extinction coefficient of
1,2%105 M-lem-! at 430 nm [4] .

Fluorescence

Electrons in the higher levels of the first
singlet decay by radiationless transition to the
lower levels and if not used in photochemistry
or transferred to other molecules, decay to the
singlet ground state by emission of
fluorescence. In chla of the thylakoids
fluorescence is emitted at a peak of 685 nm. It
shows the accumulation of excitation energy in
the antennae and is inversely related to the use
of electrons; it indicate the state of electron
transport and biochemical processes relative to
energy capture.

3.2. Photosystems

The  photosynthetic =~ pigments,  except
carotenoids, when extracted from the
photosynthetic membranes with polar organic
solvents, emit fluorescence with high quantum
yields and characteristic spectra. But not all
pigments in the pigment-protein complexes
fluoresce. In LHC for example, the transfer of
excitation from chlb to chla is so efficient that
fluorescence is emmited from chla only. Also
the transfer of energy from LHCII to RCII is
so efficient that the fluorescence of LHCII can
hardly be observed.

At low temperature PSI, PSII and LHC
can be distinguished by their characteristic
fluorescence bands. The emission spectrum
consist of three bands: F685, F695 atributed to
PSII and F735 attributed to PSI [6].

3.3. Leaves

3.3.1. Absorbtion spectra

In leaves, the high light scattering of the
tissues increases the light path through the
pigment containing cells, and even radiation of
wavelengths between 500 and 600 nm, poorly
absorbed by the chlorophylls is efficiently
absorbed and utilized.

A dramatic self-absorbtion effect is often
observed in leaves in which densely
pigmented chloroplasts are concentrated in
small volumes; the fluorescence spectrum of
leaves also differs from that of chloroplasts
isolated from them [7]. Thus, detailed study of
absorbtion and fluorescence spectra requires
fragmentation of the leaf in chloroplast,
thylakoid or even into small membrane
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fragments, so that the absorbtion within them
becames low enough that appreciable
distorsions are not produced .

The leaf epiderm represents an efficient
filter for the UV radiations that are more
energetic and may damage photosynthetic
apparatus.

3.3.2. Transmitance and reflectance

A leaf absorb typicaly about 80% of the
incident PAR (photosynthtic active radiation
400-700 nm). The rest 20% is transmitted and
reflected with a local maximum in the green
region of the spectrum. The transmitance and
reflectance increases dramaticaly at longer
wavelength in the FR region of the spectrum
where there is no significant absorbtion by the
leaf (see Fig. 3). The optical properties of a
leaf depend on chlorophyll concentration and
stage of development and also plant species
[8].

1.0 0.0

‘n.":s 0.6 .
=] c
I 2
s =
= E
w04
0. %
S

S]
"

1.0

0.0 : A - ;
400 500 600 700 800
Wavelength (nm)

Figure 3. Reflectance and Transmission
Spectra from leaves of deacreasing Chl
concentration (from a to d)

3.3.3. Fluorescence emission
Under near-UV radiation, fluorescence
emission from a leaf, as well as from intact
chloroplast, can mainly be observed in the red
and blue domains of the visible spectrum (Fig.
4). The well known red fluorescence is due to
the chlorophyll but the origin of the blue
fluorescence is still a subject in study.
Experimental results show that the blue
fluorescence signal depends on the type of
vegetation, and that blue and red fluorescence
should be considered simultaneously because
they contain complementary information and
are highly specific of a type of vegetation. By

using the UV-laser-induced fluorescence in
plants it is possible to asses at distance the
health of vegetation [9].
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Figure 4. Fluorescence emission spectra
from corn leaf after UV and VIS excitations

The blue-green fluorescence
It was shown that BGF emission spectrum
depends on plant type [10] and anatomy [11,
12] and also on environmental factors like
water stress [13] or nutrient concentration in
soil [14].
All these findings make BGF to become a new
potential signature for remote sensing of plant
[9] comparable to red fluorescence. Unlike the
red fluorescence, BGF is a sum of emissions
by several fluorophores distributed in different
compartments of the leaf and the plant cell.

Many studies were performed in order
to analyze the molecular origin of BGF, for
example [11]; [15]; [16]. The principals
candidates were divided in two classes: 1)
aromatic compounds located in vacuole and
cell walls of epidermis and 2) cofactors of the
metabolism: pyridine and flavine nucleotides
which are directly related to the redox state in
the plant cell [16]. The fluorescence of
pyridine nucleotide could be complementary
to the red, chlorophyll, fluorescence, but its
detectability in intact leaves was questioned.

The red chlorophyll fluorescence
After the absorbtion of light, a part of the
excitation energy of chlorophyll is lost by
radiationless de-excitation and most is used to
drive  the  "chemical" reactions  of
photosynthesis (ATP  synthesis, NADP
reduction, etc.). Some energy is also dissipated
as fluorescence. There is a competition
between the different ways of deactivation of
excited states of chlorophyll.

850
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Fluorescence derive from the lower more
persistent S1 level rather then S2 level which

decays in about 10-13 5. For this reason
chlorophyll fluorescence is red (see Fig 1),
regardless of the quality of the exciting light. It
is slightly shifted to longer wavelength than
the red absorption peak (Stokes shift) .

In vivo, most emission at normal
temperatures is from chla of PSII [19]; PSI
only produce significant fluorescence at low
temperatures (77K). The specificity of the red
fluorescence coming from chlorophyll in vivo
is the variable fluorescence under actinic light
conditions. This parameter is a very sensitive
indicator of the energy status of the
photosynthetic system, indicating how the
multiple processes of energy absorption and
utilization interact.

a) Fluorescence yield and lifetime
The rate of decay of the excited state depends
on radiationless transitions, excitation transfer,
fluorescence and  photochemistry.  The
associated rate constants for these processes
are respectively Kd, Kt, Kf and Kp so that the
overall rate constant is K=Kd+Kt+Kf+Kp.
Singlet excited states are relatively short lived,
that of chlorophyll in an organic solvent being

about 5.10-9 s. The fluorescence quantum
yield, defined as the number of emitted quanta
divided by the number of absorbed quanta, is
expressed by the relation:
Of=Kf/(Kd+Kt+Kf+Kp*P) (1)
P being the fraction of PSII reaction centers
that can perform photochemical conversion.
The rate of fluorescence emission, F, is
proportional to the light absorbed (I), to the
fraction of the energy reaching PSII (b), with
the chl a concentration and quantum yield

(2D);

F=I*b *(chl PSII)* Of ()
Chlorophyll a solution emits about 30% of the
light absorbed as fluorescence but in vivo its
yield is much lower (see table I).

Table I: Typical utilization of absorbed quanta
by photosystem II when electron transport is
optimal or blocked (Rosema et al. 1991).

Mecanism Electron transport
optimal blocked

Photosynthesis | 84 0

Heat 14 88

Fluorescence | 2 12

Following the absorbtion of photons of a short

light pulse, the initial number (No) of excited

states decrease in time as:
-dN/dt=No*(Kd+Kt+Kf+Kp)(3)

giving the time course of the excited states:

N(t)=No*exp(t/t) 4)
where the lifetime is defined by:
=1/(Kd+Kt+Kf+Kp) (5)

The fluorescence intensity is proportional to
the number of excited states

F(t)=N(t)*Kf (6)
The natural or intrinsec lifetime 1o is the
lifetime when fluorescence is the only
deacivation pathway; the fluorescence yield is
related to these lifetimes by:

Of=1/7 (7)
In photosynthetic material the fluorescence
decay is assumed to results from the
superposition  of  several  exponentially
decaying processes and the mean lifetime can
be calculated from the individual lifetimes tj

and amplitudes At as :
N

> A
i=1

BN

> Aiti

i=1 (8)
Analysis of picosecond fluorescence kinetics
at room temperature suggest that there are
three exponential components with lifetimes of
about 0,1; 0,4 and 2 ns. The 0,1 ns component
seems originate from PSI, and 0,4 and 2 ns
from PSII. The 2ns component becomes
dominant 1in the presence of DCMU
suggesting that is emmited from RCII in which
first quinone acceptor QA is reduced [7].

b) Yield changes
Changes in fluorescence yield is caused by
various factors such as: quenching at the RC,
quenching by stimulation of internal
conversion, a change in exciton transfer and a
change in absorbtion cross section of PSI and
PSII. In contrast to PSII, the fluorescence of
PSI doesn't change with the redox state [6].

[Mlumination of a dark-adapted leaf
induces a typical chla transient fluorescence
(the Kautsky curve) from a minimum Fo to a
maximum level Fm, of 5-6 times higher
intensity.

3.3.4. Luminescence
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Thermoluminescence

The states resulting from the charge separation
in PSII can be stabilized at subzero
temperatures. Then, by heating the sample at a
constant rate, a relatively well-characterized
"glow curve" with distinct peaks can be
recorded (Fig.5). Each peak is generated when
the appropriate thermal energy kT (k,
Boltzman constant; T absolute temperature) is
available from the ambient medium; this
thermal energy should be related somehow to
the activation energy of some step along the
recombination  path.  Qualitative  and
quantitative information can be obtained. TL
constitutes a kind of "fingerprint" of the
system, which having been suitably pretreated
or modified, is frozen in a particular
configuration of states [30]. Although the
method is not very complicated, only a few
groups have used it extensively. However, it
has produced a wealth of results in recent
years, related mainly to the donor side and
acceptor side of PSII.

ity

- . b T

i | I
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Figure 5. Thermoluminescence bands from
a leaf

Phosphorescence
Even in vitro, phosphorescence data on Chl are
scant. The quantum yield of phosphorescence

is low (10~ to 10'4), the emission at long
wavelengths (900-1000 nm), where the
quantum efficiency of photomultipliers is low,
and the experiments are marred by emission
from the impurities, present even in the best
purified preparation because of degradation of
the pigments.

Phosphorescence data from leaves at 77°K are
summarized in the following table:

Table II.
Mate- | Ex. A | Em.A | Life Assignment
rial (nm) (nm) time

(ms)
Bean 627 870 6,2 ProtoChloro
leaves | 630- | 920- | 2,5- phyll(ide)

10

647 970 3,3 idem
678 1000 | 1,5 chlorophyllide
668 960 1,7 chla

Maize | 640 980 1,9 chla

leaves | 690 995 1.4 chla

Excitation spectra at 77°K show that the
phosphorescence arises mainly from pigments
absorbing at about 670 nm. This suggest that
the phosphorescence is due mainly to
disagregated Chl [31].
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LEAVES TREES ANALYSIS BY ATOMIC ABSORPTION
SPECTROMETRY

ANCA BANCUTA', ION V. POPESCU', CLAUDIA STIHI!
GABRIELA BUSUIOC?, MARIUS BELC?

!Valahia University of Targoviste, Science Faculty, Physics Department, No.2 Carol I Street, Targoviste,
Romania
?Valahia University of Targoviste, Biology Department, No.2 Carol I Street, Targoviste, Romania
Ovidius University of Constanta, Romania

Abstract: The aim of this work is to determine the elemental composition of tree leaves
using Atomic Absorption Spectrophotometry (AAS) method. Biological samples are interesting
from many aspects of environmental monitoring. By analyzing tree leaves conclusions can be
drown regarding the metal loading in the environmental growth medium.

So that, starting from assumption that the pollution factors from environmental medium can
modify the normal concentration of elements, we decided to control the presence of toxic elements
and the deviation from normal state of elements in leaves of different trees from areas situated at
the same distance of pollution source.

Using AAS spectrophotometer SHIMADZU we identified and determined the concentration
of- Cd, Co, Cu, Zn, Mn, Cr, Fe, Se with an instrumental error less than 1% for most of the elements
analyzed.

_ klc
[=1,xe or —k-].co Where _ T

I
—log— log
. IO 0
1. Introduction value is absorbance, formula, which indicates
_ ' that absorbance, is proportional to atomic
Atomic Absorption Spectrophotometry (AAS) density.
is a destructive technique used for elemental  Atomic absorption spectrometry determines the

analysis of different samples from different  gample by using the fact that the sample
domains. We use AAS methOd to determine the Concentrations are proportional to hght

conpentratiqn of: Cd, Co, Cu, Zn, Mn, Cr, Ee, absorbance’s in the atomization stage.
Se in the dlfferent leaVCS Of trees COHeCted m Using the Calibration curve — absorbance and

different period at 2 Km distance from  concentration — when the absorbance of an

pollution source — Special Steel CompleX,  unknown sample is obtained, the concentration
Targoviste, Romania. of the element can be obtained.
The principle mentioned above can be applied
2. EXPERIMENTAL to light absorption of “Free atoms”. A “Free
atom” means an atom not combined with other
The AAS (Atomic Absorption  atoms. However, elements in the sample to be

Spectrophotometry) spectrophotometer (figure ~ nalyzed are not in the free state, and are
1) use by wus is a SHIMADZU combined with other elements invariably to
spectrophotometer [1, 2] with hollow cathode make a so-called molecule.

lamp (HCL). The atomic spectrometry uses . Absorption cannot be done on samples
absorption of light of intrinsic wavelength by 1 the mplecule state, bepauge molecules do not
atoms contains in a sample. The HCL gives of absorb light. The combination must ‘be‘ cut off
light characteristic to the elemental wavelength ~ PY Some means to free the atoms. This is called
being measured. Thus, the light absorbed  atomization. o
measure the atomic density. The atomic density The most popular method of atomization is
determines the absorption rate and the Lambert- dissociation by heat-samples is heated to a high

Beer’s law give the value of absorbance from  temperature so that molecules are converted
each element of the samples. into free atoms. This method is classified into

The formula of Lambert-Beer’s law is: the flame method, in which a chemical flame is
used as the heat source; and a flameless

12
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method, in which a very small electric furnace
is used.

Sample for AAS experiments (table 1) was
prepared in the following manner [2,3]: leaves
of trees, collected of approximately in some
position, have been washed and simply air-
dried at a temperature of 105° C in a clean box

G

preventing further contamination. The dried
leaves have been grained and after powdering,
0.25-g powder leaves have been digested in 8-
ml acid nitric and 10-ml peroxide. The filtrated
solution was diluted with water at 50-ml

solution.

Figure 1: Instrumentation for Atomic Absorption Spectrophotometry [3, 4]
S - source of characteristic monochromatic radiation of the analyzed elements (hallow cathode
lamp); C1, C2 — condensor lens; A1 — burner with flame when the solution sample is nebulised; F1,
F2 — input and output slits; L1, L2 — collimators lens; P — monochromator prism; FM -
photomultiplier; A — amplifier; D — detector; PC — personal computer for data acquisition

3. Results and discussion

Using AAS method we identified and
determined analyzed samples the
concentration of: Cd, Co, Cu, Zn, Mn, Cr, Fe,
Se with an instrumental error less than 1% for
most of the elements analyzed.

Experimental results obtained by AAS method
are presented in tables 2.

The variation of elements concentration for

different type of sample is presented in figure
2.
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Table 1. Sample type in AAS experiments

Sample Sample type The period of
title collection
Al Leaves of plum tree July 2001
A2 Leaves of plum tree September 2001
Bl Leaves of mulberry tree | July 2001
B2 Leaves of mulberry tree | September 2001
Cl Leaves of lime tree July 2001
C2 Leaves of lime tree September 2001
Dl Leaves of cherry tree July 2001
D2 Leaves of cherry tree September 2001
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Table 2. The concentration (ppm) of elements in samples obtained using AAS method

Sample | Cr Mn Fe Co Cu Zn Se Cd
title

Al 0.212 | 0.029 [ 0.103 0 0] 0.005 | 0.901 | 0.003
A2 0.167 | 0.513 | 1.766 [ 0.006 | 0.142 | 0.098 | 3.575 0
Bl 0.276 | 0.486 | 2.274 0] 0.046 | 0.242 | 3.471 | 0.018
B2 0.054 | 0.854 0 0] 0.141 | 0.348 | 1.773 0
C1 0.321 [ 0.879 | 2.907 | 0.177 | 0.057 | 0.142 | 4.701 | 0.003
Cc2 0.063 | 1.421 1.534 | 0.023 | 0.022 | 0.195 | 1.999 [ 0.006
D1 0] 0.266 | 1.785 0] 0.104 | 0.167 | 2.391 0
D2 0.141 | 0.567 | 2.216 | 0.026 [ 0.079 | 0.168 | 3.134 0

The variation of the elements concentration in leaves of plum trees
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Figure 2. The variation of elements concentration for different type of samples:
a) leaves of plum tree; b) leaves of mulberry tree
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The variation of the elements concentration in leaves of lime trees
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Figure 2. The variation of elements concentration for different type of samples:
c) leaves of lime tree; d) leaves of cherry tree.

We can state that:

In leaves of plum tree the Mn and Cd
concentrations are greater in September
than July and the other concentration
are lower in July than September.

In leaves of mulberry tree the Mn, Cu
and Zn concentrations are greater in
September than July and the other
concentration are lower in July than

September.
In leaves of lime tree the Mn, Zn and
Cd concentrations are greater in

September than July and the other
concentration are lower in July than
September.

In leaves of cherry tree the Cr, Mn, Fe,
Co and Se concentrations are greater in
September than July and the other
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concentration are lower in July than
September.
So, we observe that the Mn concentration is
high for all the species trees and the other

elements an  aleatory  variation in
concentration.
4. Conclusions
The wuses of AAS techniques give the
possibility to determine the elemental

composition of plants with a great sensibility.
We  identified and  determined  the
concentration of heavy and toxic elements Cd,
Co, Cu, Cr, Se and Zn, which can put in
evidence the presence of these elements in
environmental medium, together with mineral
elements Fe, Mn. This study demonstrates the
potential of AAS method in environmental
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biomonitoring, and also we can say that the
leaves of trees can be used as an indicator for
pollution.

The results of this work were use in the
following biological and environmental
research activities.
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Abstract: The aim of this article is to present the tendency to use more and more precise
technologies, namely going from microtechnologies (which are able to handle details at the scale of
microns), to nanotechnologies (which go down to the dimension scale of atoms and molecule).

1.Definition of the domain.
1.1 Microsystem. Microtechnologies.

By definition, a microsystem must detect,
process and evaluate external signals, must

make decisions based on the obtained
information, and finally must convert the
decisions  into  corresponding  actuator
commands/1/. A microsystem  doesn’t

represent a miniaturised version of the bigger
system because by scalling down, the
phenomena are different and the system must
be re-engineered or constructed on a
completely different principles.

In Europe, there is a clear distinction
between microelectronics and the so-called
“microsystem technologies”(MST). In our
conception, microtechnologies include both

microelectronics and MST/2/. Many new
process and  technologies used  for
Microsystems are derived from

microelectronic technology which is dedicated
to fabricate complex electronic
circuits constructed from electron devices.
Microtechnologies are structuring the
macroscopic materials at the micrometer level.
In general, they are able to fabricate physical
structures, which are activated by various
forms of energy. Microsensors and
microactuators are typical examples.

A complete system, which can interact
with the external world, can be also fabricated.
This 1is possible by integration in one
component of various components performing
completely different tasks .We can speak
about MEMS (Micro-Electro-Mechanical
Systems), BIO-MEMS and MEOMS (Micro-
Electro-Opto Mechanical Systems).

1.2. Nanoscience and nanotechnologies.
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Nanoscience and nanotechnologies are
related to physical structures and features in
the range of nanometers and the corresponding
specific phenomena. In a broad definition,
nanotechnology includes all technologies
associated with either the “top-down”
approach of sculpting the desired structure
from a macroscopic piece of material, or the
“bottom-up” approach of building a
nanostucture atom by atom and molecule by
molecule/3/. Development of nanotechology
have been spurred by refinement of tools to
see the nanoworld, such as more sophisticated
electron microscopy and scanning tunneling
microscopy. By 1990, scientists at IBM had
managed to position individual xenon atoms
on a nickel surface to spell out the company
logo, using scanning tunneling microscopy
probes, as a demonstration of the extraordinary
new technology being developed/5/.

On the other hand, the development of
nanotechnologies has created a great interest in
the worlds of materials and life sciences. The
nanostuctured materials have a huge potential.
They allow creation of completely new
materials with desired properties. About these
nanomaterials we will discuss in the next
chapter.

2.The future of
nanobiotechnologies.

nanomaterials and

Nanoparticles, nanospheres and other
nanostructured materials are products of the
current interest in nanomaterials. While they
may not yet have revolutionized our daily life,
nanomaterials are set to become key
components in future high technologies
market/4/.

2.1. Range of nanomaterials.


mailto:oanab@valahia.ro

The annals of “Valahia” University —Sciences Section, vol. nr 13 (2003)

Over the past decade, nanomaterials
have been the subject of enormous interest.
Nanomaterials can be metals, ceramics,
polymeric materials, or composites materials.
Their defining characteristic is a very small
feature size in the range of 1-100 nanometers
(nm). The unit of nanometer derives its prefix
from a Greek word meaning dwarf or
extremely small/5/. One spans 3-5 atoms lined
up in a row. By comparision the diameter of a
human hair is about 5 orders of magnitude
larger than a nanoscale particle.

Nanomaterials have actually been
produced and used by humans for hundreds of
years —the beautiful ruby red color of some
glass is due to gold nanoparticles trapped in
the glass matrix. The decorative glaze known
as luster, found on some medieval pottery,
contains metallic spherical nanoparticles
dispersed in a complex way in the glaze,
which give rise to its special optical properties.
The techniques used to produce these materials
were considered trade secrets at the time, and
are not wholly understood even now.

The bottom-up synthetic approach has
been used by chemists to initiate developments
of three major kinds of nanomaterilas with
applications in very different fields.

The first are nanoparticles which are
developed on a very small scale. These are
particles( spheres or tubes) designed with
dimensions less than 100 nm and they are used
in fields like electronics or cosmetic industries.
On a larger scale, there are the so- called
surface-structured nanomaterials and volume-
structured nanomaterials.

Surface-structured nanomaterials  get their
name from the fact they are coted with a 100
nm thick layer. They are typically used in the
textile industry or for data storage. Finally,
volume-stuctured nanomaterials are
characterised by the fact that one of their
components (for example, grain, particle,
charge) is smaller than 100 nm. They are
typically used in the automobile or packaging
industries.
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Figurel.The organization of nanomaterials in
the fields of materials sciences and life
sciences/4/.

2.2 Applications of nanomaterials.

The variety of nanomaterials is great,

and their range of properties and possible
applications appear to be enormous, from
extraordinarily tiny electronic devices to
biomedical uses. In this order we can speak
about nanoparticles, which are today marketed
as dry powders or liquid/ paste dispersions to
which some additives can be added to obtain
stable and homogeneous media/4/. The
principal nanometric powders available today
are the metallic oxide powders and nano-
clays:silica, alumina, titanium oxide.
A new category of nanoparticles is carbon-
nanotubes. They are tiny tubes about 10,000
times thinner than a human hair-consist of
rolled up sheets of carbon hexagons. They
have the potential for use as minuscule wires
or in ultrasmall electronic devices. To build
those devices, science-men must be able to
manipulate nanotubes in a controlled way.
IBM researchers using an atomic force
microscope (AFM), an instrument whose tip
can apply accurately measured forces to atoms
and molecules, have recently devised a means
of changing a nanotube’s position, shape,
orientation, as well as cutting it.
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Figure2. Carbon nanotube: 1-50 nm in

diameter; 10-100 micrometers long.

There are two categories of surface-
structured materials, which are commercially
available today. The first concerns materials
with high magneto-resistance that are used in
the reading heads of large capacity computer
hard disks and the second category are
nanocapsules that contain an active ingredient.
In this application, a protective coating of
nanometer dimensions of active products
covers the active ingredients. Nanocapsules
may present new possibilities for drug

delivery, gene therapy, and medical
diagnostics.

Volume-structured materials includes
nanocomposites, nanoporous or

nanocrystallised materials. Of this group,
nanocomposites are the products used most at
the industrial level.

There are several varieties of polymeric
nanocomposites, but the most commercially
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advanced are those that involve dispersion of
small amounts of nanoparticles in a polymer
matrix. In this way it is possible to improve
certain physico-chemical properties of the
matrix polymer. For example, adding such
small amounts as 2% by volume of silicate
nanoparticles to a polyimide resin increases
the strength by 100% /5/.

3. Biomimetics

Some  materials, structures and
subsystems are now inspired from the living
organisms. The technical systems may become
much more efficient in this way. The Japanese
scientists who are attempting to construct
microrobots take the same biomimetic
approach, in simulating the “mechanical”
construction of the insect body/2/. We have
also to consider new methods of fabrication
such as self-assembly, auto-organisation and
self-repair/3/.

The use of biomimetics and the design
of novel matrices will be used in organ
reconstruction and to decrease the body’s
rejection of implants/4/.
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FROM NANOSTRUCTURED MATERIALS TO
FUTURE ELECTRON DEVICE
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Abstract: In this paper we present a brief introduction to the nanostructure science and technology
and its impact to the future electronic and photonic devices. Among new methods of controlled synthesis
and in-situ characterisation for nanoparticles and nanocoating, a strong emphasis is focused on the self-
assembly organisation as a paradigm change for the preparation of quantum wires, quantum dots,
dislocations, loops and carbon nanotubes structures. These self-assembled nanobuilding blocks used in the

post silicon devices era will create high density and efficient functionalities in the next years.

Key words: nanostructure, carbon nanotubes, quantum dot devices, single electron device

INTRODUCTION

In the last three decades the research
and development in micro-electronics has
continuously enlarged the computing power
per silicon chip by reducing the geometrical
dimensions of the integrated devices and
increasing their complexity [1].
Nowadays, there is an intense study around
the world to determine the exact point where
the dimensional scaling becomes either
physically  unfeasible or financial
impracticable. The limit seems to be related
to the gate length of MOSFET transistors,
which cannot be lowered below 100 nm due
to short channel effects. Below 100 nm
MOSFET’s face a scaling limit when SiO,
gate dielectric is used to high direct
tunneling gate leakage currents. This
unprecedented shrinkage of the volume
needed per transistor was the driving force
for the development of process equipment
and high chemical and spatial resolution
analytical characterisation tools. In the
material research area, the same trend of
miniaturisation has occurred.

This was motivated by the microelectronics
requirements and also by the realisation that
new properties will enable breakthrough in a
multitude of technological important fields.

Within this framework, the nanostructure
science and technology has been born as a
broad and multidisciplinary area of research
and development, which has been growing
rapidly in the last few years. The paradigm of
the new science is: novel performance through
nanostructuring. This means that the
synthesis and control of materials in nanometer
dimensions can open the way to new material
properties and devices. The explosive
development of this new field is explained by
the interdisciplinary activities involved in
nanostructuring, where scientific interlinking
has fuelled novel concepts and materials. The
nanostructure science and technology is
covering simultaneously the field of new
materials and technological processes in
conjunction with their application in future
devices, including those ones from the post-
silicon era. Within this paper we present a brief
overview on the specific synthesis methods for
the formation of nanostructured materials and

their  application to  future electron
nanodevices.
CONTROLLED SYNTHESIS AND

ASSEMBLY OF NANOPARTICLES AND
COATINGS

Controlled synthesis and assembly of materials
at the nanoscale level is the starting point and
the key to new functionalities.
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Preliminary results of the research in
nanostructured materials have increased the
belief that the ability to control the nanoscale
building blocks of the materials can result in
enhanced properties at the macroscale level:
increased  hardness, magnetic coupling
catalytic absorption or higher efficiency
electronic or optic behaviour. The strategies
of controlled synthesis for nanostructured
materials can be classified in two groups, as
“bottom-up” and “top-down” approaches.

Within the “bottom-up”, initially, the
nanostructured building blocks are formed
and subsequently they are assembled into the
final material. An example of “bottom-up”
approach is the formation of powder
components through the aerosol technique
and their compaction into final material by
physical and chemical annealing [2]. Sol-gel
technology is also an example of “bottom-
up” method for nanostructure coatings
formation by wet chemical synthesis, where
both building blocks formation and their
assembly are integrated within one process.

The “top-down” approach, either
starts from raw material and then “moulds”
the functionality, or it begins with the
formation of nanostructured building blocks
by “ball-milling”-type techniques and, then
they are subsequently assembled [3].

To met the requirements of
nanostructuring, the physical (reactive
sputtering, reactive evaporation, laser
ablation) and chemical method (chemical
vapour deposition, atomic layer epitaxy,
molecular beam epitaxy) for nanocoating
preparation have to be conducted to the their
limit of in-situ control and defect-free
standard. The “bottom-up” approach is
expected to play an important role in the
synthesis of new materials like nanoparticles
chain (wires), nanometer fiber or tubes and
self-assembled quantum dots, 2D and 3D
nanostructures. Actually, chain aggregates of
nanoparticles assembled in molecular or
quantum wires are going to revolutionise
computational devices and optoelectronics in
terms of number of atoms per logic function
and electro-optical efficiency [4]. In
addition, the synthesis of single-crystal
semiconductor nanofibres with diameters in
the range of 3 to 15 nm, by vapour phase
epitaxy and laser ablation vapour-liquid-
solid techniques [5]

offers a considerable technological promise for
optoelectronic device applications, such as p-n
junction for light emission. A possible and
effective way to generate nanofibers (or tubes)
is based on the use of membrane-template
technique [6], where nanochannels were
generated in the membrane by electrochemical
etching.

Self-assembly and “natural nanoscaled
templates” specific to organic material
synthesis have become a new paradigm and a
deliberate strategy for nanostructured material
synthesis. Self-assembly is a process in which,
a big molecular structures is obtained from the
organization of a large number of molecules or
atoms into a given shape, typically through
specific interactions of the molecules among
themselves and with a template. Due to the
important role of the chemical bonds in the
self-assembly organization, the interaction of
the different bonding mechanism is a matter of
strong fundamental research all over the world
[7]. In Fig. 1, it is presented the large variety of
carbon nanotube structures with different wall
configurations,  including  metal filled
nanotubes. Within the family of the carbon
materials, there are also included fullerenes
(like endohedral fullerenes and metal coated
fullerenes), carbon nanoparticles and porous
carbon.

Fig.1 Examples of carbon nanotube
structures with different wall configuration,
including a metal-atom filled nanotube.

The carbon nanotubes have the
interesting properties that its semiconductor or
metallic behaviour depends on the form and
the diameter of the nanotube.
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Porous carbon is also an important material
to be used as molecular sieve ( or
membrane) or as nanostraws for filtration.
Self-assembled synthesis of carbon-based
nanotubes and quantum dots exhibits a great
potential in optical devices and self-
assembled semiconductor quantum dots
applied in  future = memories  and
semiconductor lasers.

The principles of self-assembly have
been applied to the physical vapour
deposition processes for the formation of
arrays of semiconductor quantum dot. Thus,
due to the inherent strain during epitaxial
growth of lattice-mismatched materials and
expected strain-induced transition from two-
dimensional (layer stage) to three-
dimensional (islanded) growth, an array of
semiconductor quantum dots with a density
of about 10''cm™ was formed [8]. The
quantum dots diameters were in the range of
200-300 A, and they varied by only about
7% from one to the other. Such
semiconductor quantum dots were also
obtained by the epitaxial growth of InAs thin
layers on GaAs substrate). This new method
of quantum dot fabrication is much beyond
of the capabilities of standard high resolution
lithographic and pattern transfer processes.
This method has opened the way to the new
generation of laser structures. The
mechanical, optical and electronic transport
properties of these new materials can be
varied by controlling the diameter and the
monodispersity of the primary particles, the
crystalline  structure and morphology,
aggregate length, interfacial properties and
material purity.

The success of the new methods for
nanostructured material preparation can be
obtained only by the contribution of high
resolution, in-situ monitoring strategies. Here,
we have to mention the role of reflection high
energy electron diffraction (RHEED) on the
understanding the nature of surface bonding.
In addition, the powerful scanning probe
technology, including scanning tunneling
microscopy (STM) and atomic force
microscopy (AFM) has brought an increased
understanding of the surface morphology of
the new nanomaterials. Recently, these
material characterization methods have
extended their application range and they

become the basis of material patterning,
processing and manipulation at the nanometer
scale [8]. Thus, in Fig. 2, it is shown the
application of atomic force microscopy for
“repairing” a metal path on the surface [9].
One can see how 50 nm gold particles are
manipulated in the opened area between two
interrupted paths, re-making thus their
continuity [9]. This is a very good example of
the “positive feed-back” between the
synthesis technology and the material
characterisation technology, sustaining each
the development of the other, and both of
them contributing to the evolution of future
electron devices.

.
\

Fig.2. The tip of the AFM is used for
manipulation of 50 nm gold particle into the
gap between two Au/Ti electrodes.

a) b)

FUTURE ELECTRON DEVICES

The recent efforts performed within
the nanostructured science and technologies
have created conditions for the investigation
of new electronic devices with dimensions
ranging from 0.1 to 50 nm, as described in
the previous section.
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In Fig. 3, we present the evolution of
primary electronic devices, which are now
intensively  investigated in  different
laboratories, all over the world as a function
of size. The materials that are considered at
the laboratory level cover a broad range
from charge clusters shaped by electric fields
to metallic colloids and to single oligomer.

ansistors
ATOMIC S
SWITCH

| | |

0.1 1 10 100
Nanometers

Fig.3.Evolution of primary electronic devices
as function of size
STE - Single electron Transistors
LES — Light Emitting Silicon
QDL — Quantum Dots in Lasers
SINGLE ELECTRON TRANSITORS

The challenge in the field of
semiconductor memory devices is the single
electron transistor (SET), which opens to
way to increase the capacity of data storage
electronic circuits, may be to a level
compatible to magnetic technology. The
single-electron  charging  effect was
discovered back to 1950’s on granular
metallic systems, but the theoretical model
based on Coulomb gap appeared at the end
of 1980’s, when a nanoscale tunnel junction
was built and measured [10]. Today, there
are many technological approaches for the
SET fabrication. They start from the
conventional  technologies based on
semiconductor materials (GaAs, Si) and
continue to more sophisticated directions
like Si edge quantum wire approach and the
self-organised quantum dot (SOQD), which
are prepared on semiconductor (as it was
described in the previous section). Recently,
non-semiconductor materials have been used
for the SET implementation.

Thus, a single molecule of benzene-1,4-
dithiol was self-assembled from solution
onto two electrodes of a mechanically
controllable break junction [11]. The spacing
between the electrodes is about 0.8 nm and
I-V  measurements at rom temperature
showed a Coulomb gap of 0.7 V. Electronic
transport in oligomers located between two
electrodes is also studied. The single
electron devices may be used in quantum
cellular automata (QCA) for data storage.
Each cell holds two electrons having two
polarization configurations, which can
represent the “0” and “1” states. These cells
would interact via Coulomb forces with their
neighbour ones, eliminating thus the need
for the metal interconnections [12]. This
might be a change in the paradigm of future
electron-based memory devices. Another
important  change brought by the
nanostructured materials may be in the field
of the semiconductor lasers with large
applications in compact disk players, laser
printers and optical communication schemes.

QUANTUM DOTS IN LASERS

The quantum well based
semiconductor laser was the first step in the
paradigm change in this field, where “bulk”
active layers were used for inversion of
mobile charge population and its coupling to
an optical field, which will finally stimulate
an radiative emission. The refinements in the
molecular beam epitaxy have allowed
preparation of very thin and controlled-
structure films making possible a good
engineering of the spacing between energy
levels in the band gap and finally, increasing
the efficiency of lasers. Much greater
improvements are now expected from the
lasers with quantum dots active layers, with
respect to quantum well laser generation. It
is predicted that the QD lasers may be less
temperature-dependent than the existing
ones and that they will better withstand to
higher temperature operation. In addition it
is anticipated a reduction of threshold
current for laser operation. The most
important requirement for the success of the
QD lasers with respect to quantum well and
bulk lasers come from the necessity to get
uniform size quantum dots.
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The ideal behaviour of QD laser is obtained
when all the quantum dots have the same
size, in order to avoid smearing out of the
density of states. Figure 4. illustrates one of
the key concept in the AlGaAs/GaAs lasers
operation. Stimulated recombination of
electron-hole pairs takes place in the GaAs
quantum well region (active layer), where
the confinement of carriers and of the optical
mode enhance the interaction between
carriers and radiation.

CICCICICCA um
Photon of

light

Conduction band

Valence band n-type
CCe) P

Q00O O®® GaAs AlLGa As

p-type Al,Ga, xAs
+ p—
I
1

’ 1
Fig.4. Schematic of a AlGaAs/GaAs laser

Figure 5 shown the change in the electronic
density of states as a function of the
dimensionally of the active layer.

3D 2D 1D 0D

N(E)

a) B) C

Fig.5. Density of electronic states as a
function of structure size

a) Bulk Semiconductor; b) Quantum well
¢) Quantum Wire and d) Quantum dot

Even if now, there are many unsolved
technological problems related to QD
uniform size distribution, which limit the
optical efficiency of the present QD lasers
(like in the earlier stages of quantum well
lasers), the solution seems to be natural self-

assembly of QD, which already proven high
optical efficiency [13].

DEVICES BASED ON NANOTUBES

An important step to the post-silicon
era of electron devices is made with the
recent progresses in the nanocarbon-based
electronic devices. The discovery of the self-
assembled single wall nanotubes (SWNT)
prepared by laser ablation of a graphite rod
chemical vapour deposition [12] has
increased the belief that high quality nano
carbon tube can be industrially applied. The
engineering of the electronic properties of
the carbon nanotubes is performed by the
control of the nanotube diameter and its
chirality, and this was already proven by
four-point probe conductivity measurements.
It has been proven that the electric transport
mechanism in carbon nanotubes is controlled
by resonant tunneling and single-electron
charging effects. The hole transport seems to
be predominant in the electrical
conductivity. Metallic nanotubes present a
high field enhancement at their extremities
due to their strongly polarisation behaviour
in an electric field. This effect and others
related to quantum confinement at the tip,
make the nanotubes outstanding field
emitting materials. It has been recently
shown that the nanotubes emit electrons very
efficiently when they are exposed to an
electric field and irradiated by a laser to
remove their cap [14]. This property has
opened the gate to the future field-emission
displays and microwave tubes. One of the
last convincing applications of carbon
nanotubes is the cathode ray tube (CRT)
based on nanotube field emitter. The result is
not industrially applicable for the moment,
but it supports the efforts necessary to solve
the present technological problems.

Therefore, all the above examples of
future devices shows that the next years
belongs to generation of self-aligned
structures amplifying the material properties
by self-organisation to an unprecedented
level.

LIGHT EMITTING SILICON

Dislocation engineering enables Light-
Emitting Silicon.
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The introduction of dislocation loop array and
associated strain fields prevent carrier
diffusion and recombination in high quality
silicon. The dislocation loops introduce a
local strain field, witch modifies the band
structure and provides spatial confinement of
the charge carriers. The band gap of the
silicon is raised on carrier diffusion is
presented. The electrons are effectively
blocked and forced to give up their energy as
radiative emission, or electro-luminescence.
The stress at the outside edge (1.2 A) of the
interstitial dislocation loop is 25-50 GPa,
witch will cause an increase in band gap
energy at the edge of 0.3-0.85 eV.

Dislocation loops in mono-crystal of
silicon are produce by ion implantation
(boron, phosphorous or another implant
species) so that to form the p-n junction can
be achieved both and independently. In the
figure 6 we reported a light-emitting silicon
were made by implanting boron.

Dislocation loops

AuSb

n-Si

AuSb

Fig.6. Light-Emitting Silicon

The dislocation loops has been observed
in a planar region parallel with implanting
surface, and around 100 nm from the p-n
junction. These dislocations formed an array
and are typically about 80-100 nm in diameter
and are spaced about 10-20 nm apart. The
strain field at the edge of the dislocation loop
is high and it falls off around each loop
approximately with the distance. The device
operates as a conventional light-emitting
diode under forward bias.

Therefore, all the above examples of future
devices shows that the next years belongs to
generation of  self-aligned  structures
amplifying the material properties by self-
organisation to an unprecedented level.

CONCLUSIONS

The nanostructure science and
technology is reshaping the landscape of
materials synthesis and characterisation and
future devices taking the benefit of the
unexpected enhancement of the electrical,
optical, magnetic and mechanic properties of
the self-organised nanostructured materials.

The  controlled  synthesis  of
nanoparticles and nanolayers is obtained by
refinement of the existing chemical and
physical methods and by adding in-situ
monitoring techniques during the material
formation in the earlier nanostructuring
stages. A change of paradigm in the new
material formation at the nanoscale comes
from the bio-inspired technologies, where
self-assembly method appears to be a solution
to the future electron devices.

Self-assembled quantum dot technology
seems to be the key to the quantum cellular
automata based on single electron transistor,
quantum dot lasers and high emission
display based on carbon nanotubes,
considered in this paper as outstanding
examples of electron devices belonging to
the post silicon generation of the third
millennium
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RARE EARTH DOPED LiNbO; WAVEGUIDE AMPLIFIERS AND
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Abstract: Rare earth doping (above all N&° and Er’") mainly of silica-based optical fibers has
been applied to develop fiber optical amplifiers and lasers of excellent properties. Moreover, it can
also be an attractive method to fabricate active devices on the planar substrates of integrated

optics.
1. Introduction

In particular, rare earth doping of LiNbO; will
significantly increase the potential of this
material allowing a monolithic integration of
optical amplifiers, lasers, modulators and other
active and passive devices on the same
substrate.

2. Doping and waveguide fabrication
techniques

Different methods can be used to fabricate
rare earth doped LiNbO; optical waveguides
and lasers.The most straightforward way is to
start with wafers already doped in the bulk.But
also a localized (photolithographically
defined) doping of a surface layer of undoped
substrates by implantation and indiffusion is
possible, before waveguides are prepared by
proton exchange or Ti-indiffusion.
a)Doped crystal growth
The growth of rare earth doped LiNbO;
crystals, using the Czochralski technique,
has been successfully by several groups. It
seems that a MgO-codoping, which also
reduces the susceptibility of LiNbO; to optical
damage (optically induced changes of the
index of refraction), facilitates a striation-free
growth. Up to now, bulk crystals doped by
Nd*" and Er’* have been grown from a melt
containing 0,4-2 mol % Nd,0O; and 0,2-0,6 mol
% Er,0s, respectively.

b) Implantation and indiffusion
Localized doping is possibile by a (masked)
ion beam implantion of rare earth ions
followed by thermal annealing. This has been
successfully demonstrated by Buchal and
Mohr; the wusually used 200 KeV as
implantation energy, resulting in a penetration
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depth of the peak of the Gaussian ion
distribution underneath the surface of about
400 A°. The implanted dose typically was
10'%cm® leading to a nearly complete
amorphization of the doped surface layer.
Immediately after the implantation the samples
were annealed in a oxygen atmosphere
(typically during 1 h at 1030 °C ) to restore the
crystallinity of the LiNbO; matrix by an
epitaxial regrowth of the surface layer and to
get simultaneously a diffusion of the rare earth
dopant deeper into the substrate till a typical
waveguide depth of some um is reached.

c) Proton exchange and titanium
indiffusion

Both fabrication techniques have been
used to prepare optical strip waveguides in
LiNbO;3; substrates, homogeneously doped
during crystal growth with Nd (and MgO, to
reduce the susceptibility to optical damage ). It
was shown that the presence of Nd (~0,2 at %)
has only a negligible effect on the proton-
lithium exchange rate. However, the Ti-
diffused channels fabricated up to now with a
somewhat larger cross-section had rather high
losses (~1,6 dB/cm ) due to a poor substrate
quality. Erbium-doped waveguides have been
fabricated by the Ti-diffusion technique only
in surface-doped LiNbO; substrates. After the
implantation of Er, followed by thermal
annealing, the optical waveguides have been
prepared in the usual way (e. g.by indiffusion
of 6um and 7 um wide Ti stripes of 95 nm
thickness at 1060°C during 9h ).

3) Neodymium doped devices

Nd-doped optical amplifiers (with a gain
up to 7.5 db) and lasers (with a maximum
output power of 14 mW) for the wavelength A
= 1,08 um are the first rare earth doped
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LiNbO; waveguide devices. They take
advantage of the excellent properties of the
Nd** ions with a four-energy level system
responsible for the A~=1,08 pm emission.
(figure 1)
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Figure 1: Simplified energy diagram of

Nd:LiNbO; optical amplifier (and laser)

Gain evolution for various pump power levels

(P,(0)=0,1;5 mW) in a proton-exchanged

Nd:MgO:LiNbOs channel guide in the low
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integration (solid lines) ) is (figure 2):
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Figure 2: Gain evolution for various pump
power levels

Small signal gain at A =1,084 um of a 5,9 mm
long channel guide amplifier as function of the
coupled pump power (A ~ 815nm) is shown in
figure 3.

Lallier et al. operated a proton-exchanged
channel guide in a Nd:MgO:LiNbO; substrate
as an optical amplifier, pumped by a styryl 9M
dye laser at A ~815 nm. The French group
used a Nd-doped waveguide laser as signal
source for A=1084nm and coupled about 1 pW
into the 5,9 mm long amplifier. Fig. 3 shows
the small signal gain as function of the coupled
pump power with a maximum of 7,5 dB at 22
mW.
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Figure 3: Small signal gain at as function of
the coupled pump power
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The efficient Nd-doped optical amplifier
presented above allows to develop waveguide
lasers by introducing the necessary optical
feedback for the signal wave by appropriate
mirrors or grating structures. Up to now, only
dielectric mirrors, vacuum-deposited on the
polished end faces of the amplifier waveguide,
have been used to fabricate a laser. Lallier et
al. succeeded in demonstrating the first Nd-
doped waveguide laser in LiNbOs. They
prepared a proton exchanged channel guide in
a X-cut Nd:MgO:LinbOs substrate doped with
0.22 at % Nd and 3 mol % MgO. By the
combination of MgO-doping and proton
exchange optical damage effects could be
avoided allowing continuous wave  (cw)
operation of the laser in a single transverse
mode. In the 12 mm long waveguide of
effective pump area Aggr = 35 ;,tm2 (width: 8.5
pm) 91 % of the coupled pump power (A, =
0,814 um) was absorbed. The fluorescence
lifetime t3 = 109 us and the stimulated cross-
section 6% = 1.7 x 10" ¢m? were found to be
identical in the waveguide and in the bulk.
From the mirror reflectivities of 90 % and the
signal propagation loss a total loss L = 0.525
can be calculated resulting in a theoretical

P, =134 mW. The
figure favorably agrees with the measured
threshold of 1.5 mW (figure 4). Also the
calculated single end slope efficiency of 14 %

with an emission wavelength A=1.085 pm
agrees well with the measured one of 13 %.

threshold pump power
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Figure 4: Power characteristics of the first
Nd:MgO:LiNbO; waveguide laser with proton
exchanged channel guide

Parallel to the Nd-doped waveguide lasers
with proton exchanged channel, another
version with Ti-diffused guide was developed
by a German group. A Z-cut wafer of
Nd:MgO:LiNbO;, grown from a melt
containing 0.34 mol % Nd,O; and 5 mol %
MgO, was used for the waveguide fabrication.
The 6 um wide channels of 0.8 cm length were
monomode at both the pump (A, = 814.6 nm)
and emission (As= 1.084 um) wavelengths.
The effective pump area A = 36 um® was
comparable to or 3 times larger than that of the
proton exchanged channels of the lasers
reported above (figure 5).
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Figure 5:  Power  characteristics  of
Nd:MgO:LiNbO3 wave guide laser with Ti-
diffused channel guide

4. Erbium doped devices
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Very recently, also Er-doped LiNbO;
devices have been reported . As their well
developed fiber optical counterparts they allow
(broadband) amplification and lasing in the
important wavelength range 1.5 um <A, < 1.6
pum, preferred for future optical
communication systems.

Erbium 1is substitutionally incorporated into
the LiNbO; — lattice as Er’' (probably
replacing Li" and Nb°" like Nd*™).

To analyze signal amplification by stimulated
emission in Er-doped LiNbO; — waveguides a
simplified energy diagram is used neglecting
the level splittings by the Stark-effect. If also
excited state absorption is neglected, a three-
level diagram is sufficient to model an

amplifier for A, = 1.53 pm radiation (figure 6).
3 .
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Figure 6: Simplified energy diagram of an
Er:LiNbO; optical amplifier (and laser)
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Figure 7: Output power in forward direction
of an Er-doped Ti:LiNbO; waveguide laser in
cw-operation versus coupled pump power

Figure 7 presents the power characteristics of a

10.5 mm long waveguide laser with a 7 um
wide Ti-diffused channel in the Er-doped
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LiNbO3; surface (Z-cut); the emission
linewidth is 0.3 nm.

The laser has a dichroitic, diclectric rear mirror
(vacuum-deposited on the polished end face)
to give a high transmittance at A;=1.48 um and
a high reflectance at the laser wavelength A, =
1.53 pm simultaneously. The front mirror is a
35 nm thick Au-layer of about 0.5 %
transmittance only.

S. Conclusions
The recent work on rare earth doped

LiNbO; waveguide amplifiers and lasers was
summarized. To analyse and to understand
these devices in more detail, an appropriate
theory of optical amplification in waveguides
was developed; it gave results of fairly good
agreement with the experimental data and will
help to optimize amplifiers and lasers. It is
likely, that in the near future not only
improved (broadband) optical amplifiers and
(tunable) lasers — eventually with mode-
locking and Q-switching capability — will be
developed, but also more complex integrated
optical circuits with lasers and/or amplifiers on
the same LiNbOj; substrat.
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Abstract:

The aggregation process of some porphyrins such as

tetrakis(4-

sulphonatophenyl) porphyrin (TSPP) and chlorophyll (ChL) are investigated by different spectral
techniques: absorption, fluorescence, steady state and transient absorption spectroscopy,
transmission and scanning microscopy. The excited states lifetimes and the aggregation process for
two essential porphyrins, are discussed in this paper. The analysis of transient absorption kinetics
revealed a decrease of the excited singlet state lifetime of TSPP from 5.0 ns (free porphyrin) to 1.6
ns (aggregated porphyrin). Excitation with 490 nm offer informations about the aggregates to the
S2-exciton state. The decay of transient absorption anisotropy clearly shown that there is at least a
fraction of porphyrin molecules which loss their mobility upon aggregation. Assuming that the
intersystem crossing rate is not modified, the shortening of the singlet state lifetime will cause an
important decrease of ¢r. For ChL excitation with 430 nm offer informations about the second singlet
which decay to the first excited state in 107? s. In a solution of monomeric ChL there is little radiationless
dissipation to the ground states but in aggregated ChL it dominates.

1. Introduction

Aggregates of chromophores represent
an interesting system for several reasons.
Aggregation is a common phenomenon for
molecules with a flat and extended m-electron
system such as porphyrins, cyanines,
xanthenes, etc [1-5]. Porphyrins can form a
variety of structures from linear head-to-tail or
J-aggregates to fractal aggregates  grown
under different regimes of aggregation, and
can exhibit rich photophysical properties.
Chlorophyll aggregates, as a natural porphyrin
play an important role in nature by
collecting light energy in the first steps of
photosynthesis, which occur on the ultrafast
time scale [6]. Photophysical properties of
TSPP porphyrin, as a synthetic one have been
studied extensively in vivo and in vitro with an
application for photodynamic therapy of
cancer [7-9].

The size and shape of TSPP aggregates in
solution have been investigated extensively
using spectroscopic and light scattering
methods [5,7]. Aggregates can break into their
constituent parts which can be monomers or
smaller aggregates and this can probably be
shown by the change of the relative peak
positions. Also, interaction  between
intraaggregate substructures (monomers or
smaller aggregates) can be probed by scanning
electron microscopy (SEM). Images of
solidification  patterns can allow this

32

information but they also can be
complicated by a variety of additional
processes occurring due to a complex nature of
the solutions.

Fractal theory was developed in the last
two decades in order to achieve a better
characterization of different phenomena in
physics, chemistry, biology, medicine and so
on [10].

A direct method to determine fractal
dimension is to analyze images obtained from
scanning tunneling microscopy, scanning
probe microscopy, transmission electron
microscopy (TEM). TEM micrographs can
provide high-resolution pictures of 3-
dimensional objects.

The aim of this paper is to analyze
TEM images in order to obtain fractal
dimensions of 3-dimensional objects and to
apply the method to some porphyrins. Also, it
is reported some transient absorption studies of
some porphyrins, the transient absorption and
transient  absorption anisotropy decays.
Meanwhile, the interaction between
intraagregate substructures (monomers ans
aggregates) can be probed by scanning
electron microscopy (SEM) and transmission
microscopy (TEM).

2. Materials and methods
H,TSPP (Figure 1) has been prepared
according to the literature [4]:
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Fig. 1 The structure of the
R porpliyrin molecule

R = 505
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Figure 1. Structural formula of H,TSPP .

Aggregates were prepared according to
the procedure reported in [4] by adding an HCl
and/or NaCl solution to a solution of meso-
tetrakis(4-sulfonatophenyl)porphine
tetrasodium salt (TSPP) (Aldrich), and used
within a couple of days.

ChL was solved in 75 mM potassium
phosphate buffer (pH 6.8) so that the final
concentration of ChL was 4 uM. Aggregates
form within 2 h of incubation in the dark at

4C.
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Figure 2. Structure of naturally occurring
chlorophyll pigments.
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Femtosecond  transient  absorption
spectrometry measurements were performed
using a setup described elsewhere [11].
Aggregates in solution were excited using
~130 fs pulses at a wavelength of 490 nm
corresponding to the sharp S2-exciton peak on
the ground state absorption spectrum. The
temporal behavior of the recovery of the
ground state of the aggregates was monitored
at 706 nm.

SEM images were collected with a
Hitachi S-2700 scanning electron microscope
operating at 10 kV. Values of the fractal
dimension, Dy, have been calculated using a
box-counting technique where the minimum
length of the box edge was equal to the size of
the pixel, and the maximum length was taken
as the 1/5 of the width of a fractal object.

Steady state absorption spectra have
been measured with a  Perkin-Elmer
spectrophotometer Lambda 2S.

Transient absorption measurements in
the nanosecond time range have been
performed using an experimental set-up,
elsewhere published [12].
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Measurements of  the mean
fluorescence lifetime and fluorescence yield
were also performed using a newly designed
phase fluorimeter based on a laser-diode
emitting at 635 nm (Philips CQL 840/D,
Eindhoven, The Netherlands).

2. Results and discussion

a) Absorption measurements

(TSPP) is an anionic porphyrin, a very
large disk-shape molecule which possess four
negative charges the sulfonate groups from
the four corners. In aqueous solutions, at
neutral pH, the electronic absorption spectrum
of TSPP is typical of free base porphyrins
(Dpp symmetry) and is characterized by an

intense Soret band at arround 420 nm and four
Q bands in the 500-700 nm range (the aetio-
type spectrum).

Aggregation of TSPP can be activated by
decreasing pH or increasing ionic strength of
the solution, and it can be monitored using
different positions of absorption peaks
corresponding to different species, Fig.3.

Figure 3. Evolution of absorption spectrum
of a solution of 2.5x10° M H,TSPP in upon
addition of water

The J-aggregate is formed initially as a
transparent colloidal solution which is then
precipitated from the aqueous solution with
time by exposure to light (after ionizing
tratment of TSPP the light had a strong
aggregation effect).

In acidic medium, new absorption bands
(from 490, 707 nm) become dominant when

the concentration of TSPP exceeds 10~ M and

they are attributed to the aggregated forms of
TSPP, Table 1.
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Table 1. The specific absorption bands of

different TSPP forms
Porphyrinic forms B band Q bands
Wex10°amM™ em™)) [Wex10°@m/MLem™ly

H,TSPP -4 412/355 515/130
551/4.5
579/1.9
33/1.01

Hy +2T1spp | 433/357 550/140
594/3
644/14

H 42+TSPP4 422 490 707

J-aggregate

H42+TSPP4 401 517

H aggregate 252

gereg 593

650

Preliminary measurements of the size
of H2TSPP indicate that N~10"-10° [15] and
aggregate is roughly a hollow cyclinder [16]
with a radius corresponding to the radius TPP
molecule (0.2 nm) and the length of the
aggregate is 16 uM.

Fractal analysis of the images of the
typical patterns found on a coverslip which
were modified to the binary format was
carried out using a box-counting method,
and the following values of the fractal
dimension were obtained: (i) Df = 1.44; (ii)
Df = 1.50; (ii1)) Df = 1.71. These values
characterize the geometry of the observed
structures and  reflect the  complex
phenomena  which occurred during a
crystallization process. From the analysis of
the images it is noted that the situation is
different from the case with the Ilow
porphyrin concentration.

b) Transient absorption measurements

Pumping in the Soret band populates
the S, state of porphyrin. This state relaxes
back on femtosecond time scale to the first
excited singlet state S;. This attribution is in
good agreement with the value of 5.2 ns
previously reported for the S; state lifetime of
H,TSPP. The intermediate detected at the end
of the decay of the S, state should be the triplet
state T, because it is known that porphyrins
have a high quantum yields for triplet state
formation (¢r).

The excitation wavelength of 490 nm
was used to excite the aggregates to the S2-
exciton state. This is seen as a sharp red-
shifted relative to the monomer peak in the
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ground state absorption spectrum. The probe
wavelength was chosen to be 706 nm
corresponding to the dip in the transient
difference absorption spectrum caused by the
bleaching of the peak assigned to the SI-
exciton state. Kinetics of the similar
spectroscopic  feature revealed relaxation
dynamics of the hot Sl-exciton state to the
ground state for the case of linear TSPP J-
aggregates. The first lifetime measured in the
present study was on the order of 300 fs for
all the cases, and was in agreement with the
S2->S1 internal conversion kinetics.

¢) TEM and SEM measurements

The second lifetime (0.9 - 8 ps) is
ascribed to the process of intra aggregate
vibrational energy redistribution for the
cases (i) and (iii) because its typical value
is ~ 1ps but itis too long for the case
(i), T2 = 8 ps, which corresponds to the
largest value of fractal dimension. It is
noticeable that the lifetimes for the cases of (i)
and (iii) are closer to each other as well as the
D¢ values for these cases, and the increase
in the lifetimes corresponds to the increase
in D¢. This is reasonable since the increase in
branching will lead to the increase in density
of the vibrational states.

The third, large lifetime (t3 = 10-39 ps)
would be obvious to assign to the process of
vibrational cooling, i.e. transfer of energy to
surrounding  solvent molecules.  Again,
lifetime values are in the reasonable range
for the aggregates in the experimental
condition (ii). This unusual behavior might
be associated with the specificity of
localized vibrational states of the self-similar
fractals called fractons.

d) Chlorophyll Structure

Chlorophyll represent the principal
class of pigments responsible for light
absorption in photosynthesis ands are found in
all photosynthetic organisms. It is, a
tetrapyrrole having a relatively flat porphyrin
head in the center of which a magnesium atom
is coordinately bound. Mg divalent cation
changes the electron distribution and produce
powerful excited states. Attached to the head is
a long chain phytol which acts like a “tail”
about 2 nm in length containing 20 carbon
atoms. This tail provides a non-polar region
that helps bind the Chl molecules to Chl-
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protein complexes, but it makes no appreciable
contribution to the optical properties of Chl in
the visible region. The association of Chl with
proteins in vivo tunes the absorbtion of light
over a wide range of wavelengths.

ChL self-assemble into a J-type
aggregate [17] with a helical structure, the
important factor responsible for this being
ring-ring interactions. For the Chl a the red
absorption is between 660 and 675 depending
on solvent. Aggregation of Chl also causes a
shift; crystalline chl a has its long wave
absorption minimum at 740 nm. The maxima
in the light absorption correspond to the
different energy levels in the molecule The
highest energy level is the second singlet,
excited at 430 nm. The excited electrons make
the transition in 10" s from the second to the
first excited singlet state to which the electrons
are excited by red light. The lifetime of the
first singlet state is about 5x10” s before it
decays to the singlet ground state. In a solution
of monomeric Chl there is little radiationless
dissipation to the ground states but in
aggregated chlorophyll it dominates. The
participation of the lowest vibrational
sublevels of both the ground state and the
lower excited states of Chl a can be
appreciated by considering the minor band
adjacent to the major red band. The shorter
wavelength absorption band at 615 nm in ether
— 14 kJ mol™ higher in energy than the 662 nm
bandncorrespond to a transition to the first
excited vibrational sublevel of first excited
singlet state S1.

0y

Figure 4.
Absorption spectra of chlorophylls a and b
and bacteiochlorophyll a in ether showing

principal electronic transitions in
blue(Soret) and Red wavelengths

e) Chlorophyll fluorescence

Although Chl absorbs strongly in both
the red and the blue, the fluorescence emission
is essentially all in the red spectral region (see
Figure 4). This is because the upper singlet
state S2 of Chl excited by blue light is
extremely unstable and goes very rapidly to
lower singlet S1 by radiationless dissipation
before any appreciable blue fluorescence can
take place.

Electrons in the higher vibrational
levels of the first excited singlet (called S1)
decay also rapidly by radiationless transition to
the lower levels and, if not used in
photochemistry or transferred to other
molecules, decay to the singlet ground state
So, by emission of fluorescence of lower
energy than the exciting light. Thus, a solution
of Chl irradiated with blue light emits red
fluorescence. The small band peaking at
wavelength greater than 700 nm indicate
electronic transition to excited vibrational
sublevels of ground state.

In vivo Chl fluorescence shows the
accumulation of excitation energy in the
antenna and it is inversely related to the use of
electrons; it indicates the state of electron
transport and biochemical process relative to
the energy capture. Chl a fluorescence is
largely quenched by aggregation: in
concentrated solutions and even in dilute
solutions when by some means the molecules
are associated into dimmers or higher
aggregates (e.g. in the presence of dry
nonpolar solvents Chl form nonfluorescent
aggregates that dissociate by the addition of
basic substances which ligate Mg, restoring
Chl fluorescence; similar nonfluorescent
aggregated forms of Chls are also produced
when polar organic solutions are diluted by
water).

There are always at least three options
for the decay of the excited singlet state:
fluorescence, in which the molecule returns to
the ground state by emission of a quantum of
light, internal conversion, in which the energy
of the molecule is converted into vibrational
energy of the ground state and intersystem
crossing to the triplet excited states. For dilute
Chla and b in solvent as ether or toluene,
fluorescence and intersystem crossing account
for at least 90 % of the singlet decay, for BChl
a internal conversion account for at least half
of the singlet state decay [13]. The study of
Chl fluorescence quenching may bring useful
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informations about molecules interactions.
Others data such as the fluorescence lifetime
in aerated and deoxygenated solutions t¢ ,TfO,
could provide new and useful informations.

Table 2.
Fluorescence Lifetime (tf) and Quantum
Yield (¢r) for Chl solutions at room
temperature, measured using SPF (single
photon counting) and phase fluorimetry
methods

Pigment | Solvent | Concentrat | Degassed | 1, (ns) or
type ion (M)
Chla |H 107 Yes 6.44 10.35
10°  [No 6.54
p 107 |Yes [6.07
10°  [No 51 103
Chlb |P 2x10° | No 3.6 |0.11
A No 5.9 10.06
Chl |P 107 |Yes 6.1
Cl |P 107 |Yes |65

4. Concluding remarks

Presently reported transient absorption
measurements demonstrate that aggregation of
TSPP significantly modifies the porphyrin
photophysics. The transient absorption
anisotropy measurements indicate that at least
a fraction of aggregated porphyrins are
considerably less mobile than the free
porphyrins. This fraction losses probably some
of its photosensitizing efficiency being less
accessible by oxygen molecules.

The lifetime values are in the
reasonable range for the aggregates in the
experimental condition. This unusual behavior
might be associated with the specificity of
localized vibrational states of the self-similar
fractals called fractons. Dynamic behavior of
fractons is described by spectral dimension, ds,
which is related to Df, and thus should also
correlate with photophysical observations. It is
of interest to determine the values of Df for all
cases and will be the area of our future
research.

Preliminary measurements of the size
of H2TSPP indicate that the aggregate is
roughly a hollow cyclinder with a radius
corresponding to the radius TPP molecule (0.2
nm) and the length of the aggregate is 16 uM.

ChL self-assemble into a J-type
aggregate with a helical structure, the
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important factor responsible for this being
ring-ring interactions.
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Pb, Ar, Hg AND Cd INFLUENTION OF CATTLE METABOLISM

LAUR C. MANEA, IULIANA MANEA PREDA, GABRIEL D. DIMA, LAVINIA MOISE

“Valahia” University of Targoviste, Romania

Abstract: In the west of Targoviste exist the intense metallurgic activity, this reason make in
the area the evident rush of motor traffic can provide small noxa emanation. At some distance (3
km) is a farm of dairy cows, grazing area is border with metallurgic factory. Because of this
proximity we can suspicion some nociv influention of heavy metals (Pb, Ar, Hg, Cd), investigation
searching to may in evidence theirs presence in blood, milk, muscles or organs (liver,
kidney).Heavy metals actions about haemoglobin, building inactiv form methaemoglobin laed,
combine with sulphur hydric groups (Cd, As, Hg) wich obstruct activitis of some enzimes, substitute
enzimatics fodder calcium (Cd), inhib oxidativ phosphorilation, and decrease ADN sintese.

1. Introduction

In about three kilometers there is a breeding
milk cows farm, which can influence the
accumulation in these animal products (milk,
meat) of the elements like Pb, Cd, , Co, Cu,
Hg - that are polluting in this way even the
man is contaminated taking in consideration
that the pondery of these animal products in
man's diet.

An additional source of residues in meat
is environmental pollution with toxic
materials either from natural sources or from
industrial pollution of the environment. The
seriousness  of  the  problems and
consequences of instigating control on these
residues have not been fully evaluated.

The animals contamination it could be
done in many ways: through the comsuption
of the cropped plants from the fields with a
higher containing of heavy metals or through
the in halting of some powders with the
mentioned containing or through the water
containing heavy metals.

From many times the chemical
manifestations are uninteresting in time,
these elements accumulation in the animals
organism can produce the transformation of
these animals in polluted recesses for man.

2. Experimental

The samples concerning dairy cattles
territory coterminous industrial extent. The
samples aim at blood, milk, organs
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prelevation (liver, kidney) and muscles
(psoas, gluteus) from cattles wich was
slaughter.

These has extravasate from the animals in
different ages and varied physiologic states
(lactation, gestation).

The blood samples has drawing in the test
tube, with steril needles at reduce calibre
from jugular vein, after wards these was take
at room temperature (25-27°C), “in the timps
at 24-36 hours for to praise the serum. For
the serum separation at coagulated plasma
used one Pasteur dropper, adherent
coagulum is detach with these of walls tube
test. These operation must making with
special atention for avoid haemolysis at
someone of coagulum  section.After
separation the serum was processing
imediatly or in maximum 24 hours with aim
to stoped some biochemical alterations of
serum, in case wich was prolonged
examination moment. In this research we
took beef samples after 1 hour the
slaughtering.

Also, we took milk sample of dairy farm.

The atomic absorbtion spectrometry was
used for determination of heavy metales. The

atomic  absorbtion  spectrometry  uses
absorbtion of light of intrinsic wavelengths
by atoms.

All atoms are classified into those having
low energies and those having high energies.
The state having low energies is called the
ground state and state having high energies is
called the excited state.
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The atom in the ground state absorbs
external energies and is put in the excited
state.

The difference between energies in the
ground state, and in the excited state is fixed
by element and wavelenght of light to be

absorbed. The atomic absorbtion
spectrometry uses the hollow cathode lamp
(HCL).

The HCL gives off light characteristic to
the elemental wavelenght being measured.
Thus, the light absorbed measures the atomic
density. When light of a certain intensity is
given to many atoms in the ground state, part
of light is absorbed by atoms.

When light of a certain intensity is given
to many atoms in the ground state, part of
this light is absorbed by atoms. The
absorption rate is determined by the atomic
density.

The principle mentioned above can be
applied to light absorbtion of ““ Free atoms”.
A Free atoms” means an atom not
combined with other atoms. However,
elements in the sample to be analyzed are not
in the free state, and are combined with other
elements invariably to make a so-called
molecule. Absorbtion cannot be done on
samples in the molecule state, because
molecules do not absorb light.

The combination must be cut off by some
means to free the atoms. This called
atomiyation. The most popular method of
atomiyation is dissociation by heat —sample
are heated to a high temperature so that
molecules are converted into free atoms.The
flame is produced by a burner for
atomization and this is the most popular
method.

A typical diagram of the burner is shown
in figure 1.

4226 7K
Tight

Burner head

Sample
solution

Figure 1. The diagram of the burner
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This figure explains measurement of
calcium contained in the sample liquid as
calcium chloride. The sample is atomized by
a nebulizer at first. Then, big water drops are
discharged to the drain, and only a fine mist
is mixed with fuel, and oxidant in the
atomizer chamber and sent to the flame.

When they get in the flame, the mist
evaporates instantaneously and fine particles
of calcium chloride molecules are produced.
When these particles further advance in the
flame, calcium chloride is dissolved by heat
and free calcium atoms and chloride atoms
are produced.

If a beam of light at wavelength
422.7nm(Ca) is introduced through this part
of the flame, atomic absorption can be
measured. In the upper part of the flame,
some of calcium atoms are combined with
oxygen to become calcium oxide and some
are further ionized. Therefore, atomic
absorption does not show sufficient
sensitivity even if light is given to such a
position.

Many combinations of various gases have
been tested as the flame for atomization.

In consideration of analysis sensitivity,
safety, easy use, cost and other points; there
are four standard flames used: air-acetylene,
nitrous oxide-acetylene, air-hydrogen and
argon-hydrogen. These flames are used for
each element depending on the temperature
and gas characteristics.

The equipment must be set at the
optimum analysis conditions to obtain the
best measurement results.

Optimum conditions generally vary with
the element and with the composition of the
sample, even if the same elements are
contained. Therefore, it is necessary to fully
study the measuring conditions in actual
analysis.

We have measured the content in Cd, Co,
Hg and Pb in accordance with the following
preparation methods:

= (Cd (Cadmium) 1.0mg Cd/m/
Standard material : Metal cadmium 99.9%
up Preparation method of solution : 1,000g
of metal cadmium is heated and dissolved
with nitric acid (1+1) 30 m/ and is diluted
with water to 1000m/ accurately after it has
cooled.

= Co (Cobalt) 1.0mg Co/m/ Standard
material : Metal cobalt 99.9% up Preparation
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method of solution : 1.000g of metal cobalt
is heated and dissolved with nitric acid (1+1)
30 m and is diluted with water to 1000m/
accurately after it has cooled.

. Pb (Lead) 1.0mg Pb/m/
Standard material : Metal lead 99.9% up
Preparation method of solution : 1.000g of
metal lead is heated and dissolved with nitric
acid (1+1) 30m/ and is diluted with water to

1000m/ accurately.
= Hg (Mercury) 1.0mg Hg/m/ Standard
material Mercury chloride (HgCl2)

Preparation method of solution: 1.354g of
mercury chloride is dissolved in water and is
diluted to 1000m/ accurately with water.

In the case of milk samples it is necessary
to perform a sample pretreatment. This
include a nitric acid or perchloric acid
decomposition followed by  ashing by
drying. We have place 5~10 g of sample in a
quartz beaker, add 1~3 ml of sulfuric acid,
and gently heat on a hot plate at 120°C.

After the components, which are
volitilized at low temperatures are driven off,
we have continue to heat the sample until
carbonization occurs. (At this time, if intense
bubbling in the sample occurs, add 0.5 ml of
nitric acid.) We place this in an electric
furnace, increase heat at a rate of 100°C per
hour, and at about 500°C perform ashing
over a period of several hours. If ashing is
incomplete, we wet with 2~5 ml of 50%
magnesium nitrate solution or nitric acid
(1+1).

After drying, we have continuing the
ashing process. After that, we add 2~4 ml of
water to the ash, and after drying, 5 ml of
hydrochloric acid to dissolve the salts. We
use water to prepare fixed volumes of the
measurement solution.

3. Results and discussions

After the affectuation of these
determinations it was found that lead has a
sensible increasing during the processing
stages.

Table 1. Normal content of heavy metales
in variable samples, mg/kg

Mercury was absent in all the samples.
Cadmium remaind constantly. Cu registered
a more important increasing at semiproducts
and finished products.

In table no.2, we can observe evolution of
these elements in milk and during the
processing and the obtaining of finished
products.

Increase of heavy metals (lead, cadmium,
mercury) in the various tissue can be
determinate  toxic haemolytic  anemy,
because the methaemoglobin is oxidabil
form hemoglobin, enable to connect
reversible the oxygen.

Table 2. Content of heavy metales in
samples, mg/kg

Samples Pb Cd Cu
Muscles 0,05 0,02 1,56
Serum 0,07 0,02 2,04
Milk 0,05 0,02 2,46

The lead amount decrease the hem
biosynthesis and erythropoietin
hypochromian anemia show longevity

shorter of red sell this process can be
injurious of human health if the animals
produces will been consummated. The lead
contamination is most frequent to young
cattle because these present three sensitive
factors:

* Behavior, calves and young cattle
lick one each other;

= Physiological, digestive activities is
biggest at young cattle;

=  Metabolism, lead fixation in young
tissue is biggest, and born reshuffle mobilize
lead.

The handful cadmium action is possible to
achieve through inhibition at enzymes with
the tiol groups, substitute enzymatic- zinc
and can to destroy the testicular tissue
structure, and exercise negative influence for
the reproductive function, also inhibit
oxydative phosphates to mitochondrial level
and decrease AND — synthesis.

More over inhibit pancreatic insulin and
diminish calcium absorption from fodder.

Hg

Samples Pb Cd Cu Hg
Muscles 0,2 0,02 0,1 - 4. C .
. Conclusions
Serum 0,05 0,01 0,05 - The results was confirmed increase of few
Milk 0,02 0,01 0,02 - heavy metals in fact more alarming but

taking in consideration your reminisce and
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cumulative affect in animal organism we can
opined that increase after normal level may
involved about human food.

Cadmium is one of the most toxic heavy
metals this influence can be exacerbate of
poor fodders in the calcium. Between causes
of cadmium contamination can be involved
fertilization pasture with mud proceed from
combing out station, oils for motors overflow
and foods decreases in Ca, Zn, Fe, proteins
and vitamin D.

Mercury is present in cinnabar rocks in
mixable quantities; in addition, it is a minor
component in all the earths surface. It is used
in industry to produce chlorine and in
agriculture as a fungicide, among many other
uses which assure its spread throughout the
environment.

Lead have not yet reached the status of
major toxicity problems, except that lead
poisoning is considered a present and
increasing problem in children raised in
cities.

Acute toxicity is very low, but all are
cumulative poisons with definite threshold-
effect level. Thus whys the clinical signs
appear, the reversal of symptoms is difficult
because of long-term tissue damage and the
reservoir of toxic material already in the
animal organism.

Is important to be continued this
investigations about in special of cattle.
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METAL SURFACE TREATMENT WITH LASER RADIATION
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Abstract: The experimental dependence of surface hardness on Nd:YAG laser parameters (laser
intensity, laser pulse duration, number of laser shots and laser spot diameter) for aluminum,
titanium, nickel, cooper and two kind of steel (21CrMoV57 and 40C130) targets is given. It is show
that the target surface hardness increases with laser intensity, with number of laser shots and laser
pulse duration. Also, the target surface hardness decreases when the laser spot diameter increases.
From these experiments result that the laser hardness is rather a function on laser surface energy

density than laser energy.

Subject terms: surface hardness, laser surface energy density

1. Introduction

For many applications it is necessary to
generate wear resistant, hard surface layers.

In thermal processing with laser radiation
energy deposition and heating in a material
are a consequence of the balance between the
deposited energy, governed by optical
materials proprieties and characteristics of
the laser radiation, and the heat diffusion,
determined by termophysical materials
proprieties and the interaction time. For
temperatures below melting temperature the
light-induced changes of proprieties occur
within the solidus-range. In surface treatment
with a laser, the metallic surface is heated
locally extremely rapidly and after the laser
is switch off it is cools very rapidly. The
temperature rises very rapidly to almost
melting temperature. Only a thin layer is
heated, the other parts of the target remain
cold. Due to the high temperature gradients,
thermal conduction to the bulk material will
cause sufficiently rapid cooling of the heated
parts and the resultant structures are often
metastable  structures  with  particular
proprieties. Heating and cooling rates are of
the same order ~10° K/s. The advantages and
disadvantages of surface treatment with laser
beams are thus apparent: precise local
treatment, non-equilibrium structures with
specific proprieties, difficult procedure for
covering large areas with each track
influencing the structure of the previous one
if the laser beam is moving on the target
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surface [1]. The laser is not a universal tool
and should not be considered simply as a
possible substitute for existing methods. It is
very effective for treatment of thin surface
layers. If thick layers are to be treated then
other heat sources are more appropriate.
Laser transformation hardening offers
decided advantages in local or partial
hardening of components or treatments of
components which are too large for
treatment other by flame hardening.

The hardness of the material is strongly
related to its binding behaviour [2]. The
metallic binding gives not the highest
hardness values but allows a certain amount
of plastic deformation. The highest hardness
values are obtained for covalent bindings,
like diamond. Heteropolar bindings are
found for a number of ceramic materials
which apart from their hardness show a good
oxidation resistance. In reality, the binding
behaviour is more complicated and mixed
types of binding are possible.

The equation governing absorption of
laser energy on the metallic target is given
by:

=Y
I=(1-R)e (1)
where [ is the laser intensity of the absorbed
laser beam and [ is the intensity of the
incident laser beam. The fraction of the
incident light intensity reflected by the target
is given by R. The factor ¢; represents the
coefficient for the light absorption by the "'
process which summed over the different
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absorption processes occurring at the
irradiated surface, and z is the penetration
depth of the radiation in the material. In the
case of laser hardfacing the laser intensity
must be below the critical value for melting
of material. For same lower laser intensity
we account a single term in equation (1)
which represent the classical absorption of
the electromagnetic radiation by a metallic
material.

The critical laser intensity required for
melting the surface of the target can be
theoretically estimate by the following
relationship:

k T T m

I, =
20-R)\[z,7,

where T, and k7 are the melting temperature
and the thermal conductivity of the material,
respectively.

It is know that in the case of laser
interaction with the metallic targets the depth
of the damage or the interaction corresponds
closely to the depth of thermal penetration /;,
given by the following relationship:

1 —
llh:E ”ZTTp (3)

where yr is the thermal diffusivity of
the metal and 7, is the laser pulse duration.

2)

2. Laser and targets

Laser

Experiments have been performed with
the neodymium-YAG laser of our laboratory
operating at 1.064-um wavelength. The laser
delivers Gaussian pulses of 2 ms, 2.5 ms and
3 ms full width at half-maximum (FWHM)
with a repetition rate till 20 Hz. The laser
output energy can be ranging between 0 and
15 J. The laser spot diameter can also be
modify from 0.3 mm to 8§ mm. In instance
the maxim laser intensity is about 1.06x10’
W/em?. For the hardness experiments we
have wused lower laser intensities. All
experiments were performed in air at normal
conditions.

Targets

For experiments we have used metallic
targets of aluminum, titanium, nickel, cooper
and two kind of steel: 21CtMoV57 and
40C130, with 1.5-mm thick and 10-mm
diameter. Their surfaces were polished using
a P 1000 grade polishing paper. In order to
improve the laser absorption the surface of
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the targets was painted with a very thin black
paint. The measurements of the target
surface hardness were performed with a
microhardness device.

3. Experimental results

First we have calculated the critical laser
intensity for melting the target surface using
equation 2. The results for our target
materials are given in table 1. Then we have
measured the experimental values for critical
laser intensity obtained when we use our
laser. In order to compare these values the
results are given in same table.

Table 1. Calculated and measured values
of critical laser intensi

Targets Al | 21CtMoV57 | 40C130 Ti | Cu | Ni
L.x107 42 17 15 95| 11 | 65
(W/em?) | 7.6 6.9 6.5 751 79| 15

The calculated depth of thermal penetration,
equation 3, is given in table 2 for three
values of laser pulse duration.

Table 2. Calculated values of thermal
penetration depth for three laser pulse
durations

Targets Al [21CrMoV57[{40C130| Ti Cu Ni
1,=1 ms|261.6 97.1 104.8 | 68.6 |1296.5( 118.9
7,=2 ms [369.9 137.3 148.2 | 97.0 |380.4| 168.2
I 7,=3 ms [453.1 168.2 181.5 | 118.8|513.5] 205.9
(nm)
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Figure 1. Surface target hardness vs. laser
intensity

We have performed a first experiment in
order to obtain the dependence of surface
target material hardness on laser intensity.
The results are given in figure 1. The laser
irradiation parameters were: pulse duration
2.5 ms, the laser spot diameter 5 mm, and the
number of laser shots 600.

In other experiment we have analyzed the
dependence of surface target material
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hardness on laser pulse duration. The results
are given in figure 2. The laser energy for
each target material was close below the
critical value for melting given by table 1.
The laser spot diameter was 5 mm and the
number of laser shots was 600 as in previous
experiment.
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Figure 2. Surface target hardness vs. laser pulse
duration
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Figure. 3. Surface target hardness vs. number
of laser shots

The dependence of surface target
material hardness vs. number of laser shots is
given in figure 3. The laser energy for each
target material and the laser spot diameter

were same as in previous experiment.
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Figure 4. Surface target hardness vs. laser
spot diameter

In our last experiment we have analyzed
the dependence of surface target material
hardness vs. laser spot diameter. The laser
pulse duration was 2.5 ms, the laser energy
for each target material was same as in
previous experiment and the number of laser

shots was 600. The results are given in figure
4.
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4. Conclusions

We have measured the metallic target
surface hardness before and after laser
irradiation below melting temperature in
order to study the hardness dependence on
Nd:YAG laser parameters: laser intensity,
laser pulse duration, number of laser shots
and laser spot diameter. From our
experiments result that the laser surface
hardness increases with laser intensity, laser
pulse duration, number of laser shots and

decreases when laser spot diameter
increases.
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PIXE AND ICP ANALYSIS OF TREES LEAVES
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Abstract: In this paper we present the applications of elemental analysis methods: Particle
Induced X-ray Emission (PIXE) and Induced Coupled Plasma (ICP) in biological domain.. These
research activities were performed in the frame of collaborations between Valahia University of
Targoviste, Institute for Nuclear Physics and Engineering “Horia Hulubei” Bucharest and Special

Steel Trust from Targoviste.

1.Introduction

The microelemental analysis method
Particle Induced X-ray Emission (PIXE) [1,4]
is based on the fact that the bombardment of
the sample with a charged particle beam
causes the ionisation of the atomic inner shells
followed by a subsequent of the characteristic
X-rays. When the X-rays spectrum is detected
by high-resolution detector, the well-known Z-
dependence of the X-rays energies, as well as
the intensities of the individual X-rays line,
allow a straightforward determination of the
target element.

For PIXE measurements the sample
preparation technique does not require a
special chemical preparation, which may cause
some losses in concentration or some
contamination. A quantitative determination of
element content in a sample by PIXE method
can be done with a great sensibility by relative
measurements. The detection limit is 1 ppm.

The Inductively Coupled Plasma (ICP)
[2] method is based on the fact that the atoms
and ions produced in the plasma are excited
and emit light. The intensity of light emitted at
wavelengths characteristic of the particular
elements of interest is measured and related to
the concentration of each element from
samples.

These two methods PIXE and has been
applied to a wide range of sample types:
metals and wide variety of industrial materials,
environmental samples (water  streams,
airborne particles and coal fly ash), and
biological and medical samples.

45

2.Material and method

PIXE measurements of target elements
were made using a 3 MeV proton beam
extracted from the TANDEM accelerator from
IFIN-HH Magurele, Bucharest, and passes
through a collimator (3x4 mm) before
reaching the target. X-ray spectra were
measured with a spectrometric chain having a
CANBERRA Ge hyperpure detector (100
mm?x7mm) with a 160 eV resolution at 6.4
KeV of K, line of iron. The X-ray spectrum
analysis can be made off-line using ORIGIN
or LEONE fitting programs. A schematic
diagram of PIXE experimental arrangement it
is show in figure 1.

At the same time for trace element
determinations, we use the ICP method. The
reason for that choice is the impossibility of
measuring the content of Mg with PIXE
because of the absorption of the X-rays in the
windows of the chamber and the detector.

On the other hand, we cannot use only
the ICP because for that type of measurements
the quantity of biological sample needed is
proportional to the number of the analyzing
elements.

At the same time for trace element
determinations, we use the ICP method. The
reason for that choice is the impossibility of
measuring the content of Mg with PIXE
because of the absorption of the X-rays in the
windows of the chamber and the detector. On
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the other hand, we cannot use only the ICP
because for that type of measurements the
quantity of biological sample needed is
proportional to the number of the analyzing
elements. We prefer to use both methods
because PIXE requires only a "drop" of
sample in order to determine all trace elements
with atomic number between 13 and 80. We
used ICP method to determine the
concentration of Mg — element who can not be
determined using PIXE method and
concentration of Fe to compared experimental
results obtained using the both methods [3].

Sweeping Collimators Reaction Cold Faraday
plates chamber trap P
L] Target
Beam
Ge
hiperpur
detector
Current
Amplifier  |integrator
PDP11
To
computer

Figure 1: A schematic diagram of
PIXE experimental arrangement

The ICP-OES (Inductively Coupled
Plasma-Optical ~ Emission  Spectroscopy)
spectrometer used by us are a Baird ICP2070 -
Sequential Plasma Spectrometer (figure 2)
which consists of a sample introduction
system, a plasma torch, a plasma power supply
and an optical measurement system .

The sample must be introduced into
plasma in a form that can be effectively
vaporized and atomized (small droplets of
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solution, small particles of vapor). The plasma
torch confines the plasma to a diameter of
about 18 mm. Atoms and ions produced in the
plasma are excited and emit light. The
intensity of light emitted at wavelengths
characteristic of the particular elements of
interest is measured and related to the
concentration of each element from samples.
Baird ICP2070 - Sequential Plasma
Spectrometer use as a plasma gas Argon and
the plasma is sustained in a quartz torch and
the plasma is generated using a radio
frequency  generator at 40.68 MHz.
Temperatures of 5000-9000K have been
measured in the plasma. The detection systems
used are a sequential monochromator with a
wavelength range (160-800) nm. The
optical emission spectra are made using a
personal computer.
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Figure2: A schematic

spectrometer

diagram of ICP

3. Experimental results and discussions

Samples in the PIXE and ICP experiments
was:

» leaves of different trees from
different distances of pollution
source - Special Steel Trust,

Targoviste (table 1)
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Table 1. PIXE and ICP samples

Sampl Type of sample
e

P1 Leave of walnut -2 Km distance from
pollution source

P2 Leave of walnut —5 Km distance from
pollution source

P3 Leave of apple tree - 2 Km distance
from pollution source

P4 Leave of apple tree - 5 Km distance
from pollution source

P5 Leave of plum tree - 2 Km distance

from pollution source

Pé6 Leave of plum tree - 5 Km distance
from pollution source

P7 Leave of peach tree - 2 Km distance
from pollution source
P8 Leave of peach tree - 2 Km distance

from pollution source

Sample for ICP experiments was
prepared in the following manner: leaves of
trees, collected of approximately in some
position, have been washed and simply air-
dried at a temperature of 105° C in a clean box
preventing further contamination. The dried
leaves have been grained and after powdering,
0.25-g powder leaves have been digested in 5-
ml acid nitric. After a set aside in fume
cupboard overnight the obtained liquid was
gently boiled (without major loss of volume).
For a good digestion 10-ml acid perchloric
have been added and 1 ml HCI. The cooled
solution was diluted with water at 100-ml
solution and nebulized into plasma.

Sample for PIXE experiments was
prepared in the following manner: the washed
leaves were simply air-dried at a temperature
of 50° in a clean box preventing further
contamination. The dried leaves were grained
and after powdering a layer of the samples
material were deposited on hostaphan foils.

Using the ICP method, we identified and
determined in analyzed samples the
concentration of Mg, Ca, and Sr with a
precision less than 6%.

Using PIXE method we identified and
determined analyzed samples the
concentration of: Cd, Co, Cu, Zn, Mn, Cr, Fe,
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Se, Pb with an instrumental error less than 1%
for most of the elements analyzed.

Experimental results obtained by ICP and
PIXE methods are presented in tables 2 and 3.
The most significant change can be observed
at Mg, Ca, Se, Zn, and Fe and Sr
concentrations. For leaf trees from a grater
distance to pollution source the Sr
concentration decreased and the Mg, Ca, se,
Zn and Fe concentrations increased. So, we
can say that the increase of element mention
above can be done by the decrease of Sr in
plants.

4. Conclusions

The uses of PIXE and ICP techniques
give the possibility to determine the elemental
composition of plants with a great sensibility.
We  identified and  determined  the
concentration of Mg, Ca, Cd, Co, Cu, Cr, Fe,
Mn, Se, Zn, and toxic elements Sr, Pb that can
put in evidence the presence of these elements
in environmental medium. This study
demonstrates the potential of PIXE and ICP
methods in environmental biomonitoring, and
also we can say that the leaves of trees can be
used as an indicator for air pollution —the
subject of our future works.
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Table 2. The concentration (ppm) of elements in samples obtained using ICP method

SAMPLE MG CA SR

Pl 7.89 47 0,18

P2 11.6 72.7 NOT DETECTED
P3 8.04 NOT DETECTED | 43.1

P4 8.9 NOT DETECTED | NOT DETECTED
P5 11.2 NOT DETECTED | 41.1

P6 13.8 42.1 NOT DETECTED
P7 7.01 40.4 0.16

P8 5.72 47 0.2

Table 3: The concentration (ppm) of elements in samples obtained using PIXE method

SAM | CD CO CU CR |FE | MN PB SE ZN
PLE
Pl NOT NOT 0.29 0.1 |8.11 | NOT 6.14 27.0 | 1.30
DETEC | DETEC 0 DETEC 1
TED TED TED
P2 0.7 5.61 3.96 13. | 419 | 12.45 NOT 336. | 13.1
22 10 DETEC | 85 0
TED

P3 NOT NOT NOT 0.4 |5.87 |2.79 0.18 7.65 |0.82
DETEC | DETEC | DETEC | 3
TED TED TED
P4 NOT NOT 1.92 2.6 | 48.8 | 12.09 NOT 144. | 3.96

DETEC | DETEC 8 9 DETEC | 52
TED TED TED
P5 NOT NOT NOT 53 |2.45 | NOT NOT 21.4 | 0.87
DETEC | DETEC | DETEC | 4 DETEC | DETEC | 8
TED TED TED TED TED
P6 0.07 NOT NOT 3.0 | 3.06 |0.69 NOT 26.1 | 0.13
DETEC | DETEC | 6 DETEC | 3
TED TED TED
P7 0.06 3.19 1.03 5.7 1522 | 15.82 NOT 48.2 | 2.55
7 8 DETEC | 4
TED
P8 0.25 NOT 0.63 3.8 1315 |6.75 NOT 84.5 | 3.36
DETEC 3 9 DETEC | 5
TED TED
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B. CHEMISTRY SECTION
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INVESTIGATION OF ROSEMARY EXTRACTS FOR THE PROTECTION
OF POLYETHYLENE AGAINST THERMAL OXIDATION
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Abstract : This paper presents the effect of some rosemary extracts on the thermal
stabilization of low density polyethylene (LDPE). IR and UV spectra’s of these extracts indicates

that the major substances are carnosic acid, carnosol and epirosmanol.

Chemiluminescence (CL)

resulting from the exothermic termination reaction of peroxi radicals was used for the
characterization of effectiveness of these extracts for protection of LDPE.

1.Introduction
Rosemary (Rosmarinus officinalis) is of
a great applicative interest because it exhibits

considerable  antioxidant  properties  in
comparison to other plants. The main
compounds that are responsible for the

antioxidant activity of rosemary belong to the
phenolic diterpenes [1-3]. Carnosic acid,
carnosol, rosmanol and epirosmanol (fig.1)
were shown to be the major substances which
have been found in leaves of rosemary [4,5].

OH

|
|
\ |

\\. H

Carnosic acid

Rosmanol Epirosmanol
Fig.1 — Antioxidative compounds in rosemary
leaves

Wenkert et al [4] reported a

concentration of 0,35% carnosic acid in dried
leaves. Richheimer et al [6] found a markedly
higher concentration of carnosic acid ranging
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from 1,7% to 3,9%, and the carnosol content
amounted to 0,2-0,4% in dried rosemary
leaves.

In the presence of oxygen, carnosic
acid is converted to carnosol and rosmanol [7].

The problem of stabilizing
polyethylene against thermal-oxidative ageing
is still of topical interest. Despite the
abundance of new stabilizers in the patent
literature, further investigation of natural
antioxidant compounds  have received
increasing interest for their use instead of
synthetic ones. Interest in employing
antioxidants obtained from natural sources is
due to the toxic effects of synthetic
antioxidants and is connected with the plastic
packing for the food industry.

Chemiluminescence (CL) resulting
from the exothermic termination reaction of
peroxi radicals has proved to be a sensitive
technique for antioxidant ranking.

In the present study we have applied the
chemiluminescence method for the
characterization of the effectiveness of some
rosemary extracts for the protection of low
density polyethylene (LDPE) against thermal-
oxidation.

2.Experimental
Plant material (seeds) was extracted with
methanol, chloroform, acetone and diethyl
ether, separately. All the solvents were of
analytical grad purity. The extraction
precipitates were separated from liquid phase
by filtration.
The infra-red absorption spectra of
rosemary extraction precipitates were recorded
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over the range 400 to 4000 cm™ on IR-75 Carl
Zeiss Jena spectrophotometer.

Ultra-violet absorption measurements
(200 to 300 nm) were made upon a Secomam
S-750 spectrophotometer. In these
measurements rosemary liquid extracts were
examinated.

Low density polyethylene (LDPE)
provided by the Brazi Chemical Company as
K322% type was used as polymeric support.
LDPE was purified by precipitation with
methanol from hot o-xylene solution. After the
removal of remaining solvent, LDPE mass was
dried at room temperature.

The rosemary extracts were added to
LDPE by intimate grinding of polymer wet
(CHCl3) powder. The compounded (0,25 %
w/w) samples were dried in a dessiccator at
room temperature for 24 h.

Isothermal chemiluminescence
measurements were performed in an
Oxyluminograph OL-94, which has been
previously described [8].

3.Results and discussion

Figure 2 shows a typical infra-red
absorption curves obtained for the rosemary
extraction precipitates. The absorption bands
occurring in the region 1100-1190 cm™ can be
ascribed to etheric and carboxylic groups. The
3300-3600 cm™ region show the content of
bonded hydroxyl groups. Absorption at 1715
cm ! characterizes the content of C=0 groups
and absorption at 1650 cm” belong to
monomeric OH groups. The 2000-2300 cm™
region can be attributed to diazo groups or
nitrile group [9].

Figure 3 shows a typical ultra-violet
absorption curves obtained for the rosemary
liquid extracts. These show a maximum in the
region 220-230 nm and a shoulder at 260-270
nm. The latter region must be due to the
ketonic carbonyl ( see [10]) also shown in the
infra-red region. According to Bosch et al
[11], the UV spectra (230 nm) of all phenolic
diterpenes are similar to carnosic acid.
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Fig.2 — IR — spectra of rosemary extraction precipitate obtained in methanol (1)
and acetone (2)

Figure 4 shows the chemiluminescence
(200°C, air) of LDPE unstabilized with
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rosemary extracts. The kinetic parameters of
CL data are given in table 1.



The annals of “Valahia” University —Sciences Section, vol. nr 13 (2003)

/H_—_O

Carnosic acid Quinone / Semiquinone

OH

\ Dihydrocarnosic v
/ acid

Quinone

arnosol

\J

. Rosmanol
Semiquinone

Scheme 1 — Oxidation cascade reactions of carnosic acid
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As can be seen all rosemary extracts
inhibited LDPE degradation in air at 200°C by
trapping the radicals formed in the polymer
matrix. It is proved by the increased values of
the induction periods (ti) by comparison with
the blank sample. However, the results
obtained with extracts from rosemary seeds
demonstrate that the type of extraction solvent
strongly influences the composition of the
extracts and consequently their antioxidation
activity.
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Fig.3 — UV-spectra of rosemary extraction
liquids: (1) diethyl ether; (2) methanol
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Fig.4 — Isothermal CL curves (2000C, air) for
LDPE unstabilized (1) and stabilized (0,25%
w/w) with rosemary extraction precipitates
resulted from solutions in diethyl ether (2),
acetone(3) and methanol (4)

Methanol seems to be the most efficient
solvent for the antioxidant extraction. This is

20
proved by the lowest Ip and Z] L values.
0

The concentration of carnosic acid in the
methanolic extract would be probably situated
at the highest level. The scheme 1 shown
above illustrates the mechanism through which
carnosic acid acts as an efficient antioxidant
[12].

When carnosic acid donates a hydrogen
to quench a free radical, it forms carnosol,
which is also an antioxidant, which in turns
forms rosmanol, another antioxidant
compound. Therefore, these compounds are
oxidized to other compounds that can be
rearranged to produce in addition more
antioxidants, capable to scavenging more free
radicals.

Table 1- Kinetic parameters for thermal
oxidation of LDPE in air at 2000C in the
resence of studied extracts

Integrated
Induction | Initial CL | CL signal
Solvent | period | intensity Io i 7
ti(min) (r.u./g) — " CL
(r.u/g)
o 8.8 3800 134300
Acetone 12 3067 08133
Diethyl 14.9 3133 08301
ether
Methanol 4 1900 14767
T T I I I | T
120000 + _
-~ I
3100000 - 2 |
280000} 1
2 I
E 60000 ]
’4 -
O
40000 - N
20000 + _
! fII IO N NV BN U B
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0 20 40 60 80100120140160180200
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Fig.5 — CL curves for LDPE stabilized with
rosemary extraction precipitate in methanol (1)
210°C; (2) 200°C; (3) 190°C
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Figure 5 shows the effect of temperature
on the chemiluminiscence of LDPE stabilized
(0.25% w/w) with the rosemary extraction
precipitate resulted from the methanol
solution. The curves from figure 5 were used
to calculate the main kinetic features as listed
in table 2.Table 2 also includes the kinetic
features for the unstabilized LDPE samples.

From t; and tm., E; and E,.x activation
energies were calculated respectively. As can
be seen in table 2, E;>Enax. This difference
could be due to the existence of different
processes: E; corresponds for induction period,
while En.x corresponds to overall process
(induction and acceleration of oxidation).

Table 2- The CL kinetic parameters of the
LDPE unstabilized and stabilized with
rosemary extraction precipitate in methanol

Unstablized | Stabilized LDPE
T%mp. Induction MAXIMUMI P 4 tion [MAXIMUM
O time oxidation time oxidation
t(min) | "7 [t (min) | "7
! tmax (Min)| tmax (IMiN)
180 36 187 — —
190 20 92 65 175
200 8.8 84 24 100
210 — — 10 52
E(Kj/mol)| 113.8 71.5 165.8 | 107.6
InA -26.6 | -13.9 | -389 | -22.8
Corr. coef| 0.998 | 0.918 | 0.999 | 0.999

The stabilized LDPE presents higher
values for the activation energies in
comparison with the unstabilized ones.

4.Conclusions

e Rosemary extracts containing carnosic
acid or other phenolic compound
which derives from carnosic acid, can
be used as low temperature antioxidant
for LDPE;

e The compounds responsible for the
antioxidant activity come from a
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cascade of oxidation reactions starting
with carnosic acid;

e Scavenging of radicals is a suitable
method for inhibition of primary
oxidation product formation by natural
extracts in the plastic packing;

e Chemiluminiscence provides a means
for quickly determining the stability of
various materials in the presence of
different antioxidants. The length of
the induction period is a measure of
stabilizer efficiency and the initial CL
intensity is dependent upon the degree
of oxidation.
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Abstract: The paper presents a class of monoazodyes, derivatives of 6-amino-4-hydroxy-2-
naphtalenesulfonic acid (,, y acid”). These dyes were obtained by the azo coupling reaction of ,, y
acid” with the diazonium salt of primary aromatic amines, in alkali media. IR, UV-VIS, TH_NMR
spectroscopy and elemental analysis characterized the structure of synthesized compounds.

Introduction

The azo dyes are compounds with azo
groups (- N = N -) bounded by hybridised
sp’carbon atoms. By the number of azo
groups, the dyes ca be: mono-, dis-, tris-,
tetrakis- azo dyes. An intermediate compound
very used in synthesis of commercial azo dyes
is  6-amino-4-hydroxy-2-naphtalenesulphonic
acid (“y acid”).

The coupling reaction of diazonium
salt for molecules with hydroxy and amino
groups (like as “y acid”) is influenced by pH of
reaction medium. Therefore, in acid medium
(pH = 4-5) the coupling is oriented by amino
groups (is been obtained in large ratio the
aminoazoderivatived) and in alkali medium
(pH = 8-9) by the hydroxy group (resulting in
large ratio the hydroxyazoderivated) [1,2].

Experimental

The 6-amino-4-hydroxy-2-naphtalene
sulphonic acid (“acid y”, 7-amino-1-naphtol-3-
sulphonic acid, Fluka) technique, 90% purity,
was used. The aniline was purified by low-
pressure distillation to 99%, m.p. = -6 — (-5) °
C, b. p. (10 torr) = 70 — 71° C, d4*°=1,022
g/ml, nD20=1,586. Were also wused: 4-
chloroaniline (1-amino-4-chlorobenzene,
Fluka), 99% purity, m.p. = 70-72°C, b. p. (10
torr) = 113-114°C; 4-nitroaniline (1-amino-4-
nitrobenzene, Fluka), 99% purity, m.p. = 146-
149° C; 3-nitroaniline (1-amino-3-
nitrobenzene, Fluka), 98% purity, m.p. = 112-
113° C; 2-chloro-4-nitroaniline (1-amino-2-
chloro-4-nitrobenzene, Fluka), 98% purity,
m.p. = 105-108°C; 2,4-dinitroaniline (1-
amino-2,4-dinitrobenzene, Fluka), 99% purity,
m.p. = 176-180°C.

It is to mention that the impurities are
inorganic soluble salts, which can be removed
finally in the filtrate, therefore there will be
not involved in reactions. The inorganic
reagents and solvents used were of analytical
grade purity.
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The diazotising of primary aromatic
amines was made by usual methods [3].

Synthesis of 6-amino- (2,4 -
dinitrophenylazo)-4-hydroxy-2-
naphtalenesulphonic acid 6

The ,, y acid” in wet—]gulp form (23.8 g,
0,1 mole) is dissolved at 30" C in water (190
ml) adding Na,COjs to result a neutral solution;
water and ice was added for cooling at 5° C
and to increase the reaction volume at 460 ml.
After that the cooled suspension of 2,4-
dinitroaniline diazoderivated was poured under
stirring (initially water was added 1:10 for
acidity reduction) and Na,COs3; was added to
obtain an alkali reaction medium (the pH was
permanent controlled). The coupling take
place rapid but for finishing the reaction the
stirring was maintained 3-4 hours. Finally the
reaction mass was salted with NaCl (5% in
volume) and stirred another 6 hours. After the
filter the pressed precipitate was dried at 90 —
100° C to obtain 41.9 g product 6 (yield =
92.3%).

Similarly were obtained the monoazo
colours 2 -5,7.

The 'H-NMR spectra were recorded on
a VARIAN GEMINI 2000 (300 MHz)
spectrometer. The records were performed at
ambient temperature, the chemical shifts are
given in ppm relative to TMS, and DMSO-de
was used as solvent. The chemical shifts were
obtained by COSY ('H-'H), APT and
HETCOR techniques.

The IR spectra were recorded on a
BRUKER spectrometer in KBr pellet a 400-
4000 cm’™. For calibration of the frequencies
(cm™) was used polystyrene as standard.

The UV-VIS spectra were performed
with SECOMAM S 750 apparatus in quartz
cells (1 =1 cm) for aqueous solution (thermal
controller at 20-25°C) of ¢ = 10*-10°M of
synthesized compounds.
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CARLO-ERBA MI1106 apparatus
performed the analysis calculated for C, H and
N.

The thin layer chromatography was
made by one-dimensional ascending technique
using silica gel as stationary phase (MERCK
DC Plastiffolien Kieselgel 60 F 254 plates)
with 0.2 mm thickness of absorbent layer and
for elution the solvents mixtures 1-
buthanol:ethanol:water = 2:1:1 (v:v:v) and 1-

NH,
SO i,
NaOS

0-5°C; pH=9

1

buthanol: 1-propanol:ethyl-acetate:water =
2:4:1:3 (viviviv).

Results and discussions

Were obtained monoazo colours by the
coupling reaction between  6-amino-4-
hydroxy-2-naphtalenesulphonic acid and the
diazonium salts of some primary aromatic
amines, in alkali medium (reaction 1) [3]:

\ -
NH, O
+ HX
NaO S

2-7

The removal of inorganic salts was
made by the acidification of aqueous sodium
salt solutions of azoic dyes to precipitate such
as free acids. The obtained precipitate was
washed with HCI 2% solution (to pass the salts
in filter liquor). The salts tracks were filtered

again. To obtain the sodium salt of the colour,
NaOH was added. After concentration from
mass reaction precipitate the sodium salt dyes

[4].
The synthesis of 2-7 compounds was
performed at 92.3-98.7% yields (table 1).

Table 1. Azoic compounds, derivatives of 6-amino-4-hydroxy-2-naphtalenesulphonic acid

Compound Yield, (%) Ar
2 98.7 CeHs
3 94.5 4-0O,N- C¢Hy
4 94.9 3-O,N- CcHy
5 98.2 4-Cl- C¢Hq4
6 92.3 2,4-O,N- C¢H3
7 95.0 2-Cl1-4-O,N- CeHj3

Also was obtaining in small quantities
the 8-13 isomers as secondary products [5, 6].
The presence of these compounds in the

reaction mixture was observed by the
apparition of two spots in thin layer
chromatograms (table 2).
~N—Ar
OH N~

NaO3S

8-13 (secondary products)

The columns chromatography was used
for separation of hydroxyazo from
aminoazoderivative  isomers. The used
stationary phase was silicagel and for the
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elution the solvent system C4H9yOH : C,HsOH
:NH; : pyridine (4:1:3:2, v:v:v:v)[5]

The azo dyes and also the secondary
reaction products were characterized by the
absorption peeks in visible spectra (table 3, 4).
Also, in the UV — molecular spectra of studied
compounds the vibrations due to naphthalene
ring (220 — 290 nm).

In the IR spectra (made in KBr) were
present absorption bands of OH (3430 3455
cm™), NH, (3250 — 3350 cm™) groups, the
nitro groups vibrations (asymmetrical 1433 —
1588 cm™ and symmetrical 1360 — 1390 cm’
in 3, 4, 6, 7 compound) and SO; ~ Na groups
(1041 — 1098 and 1156 — 1190 cm™). Can be
mentioned also the vibration deformmg bands
of naphtalenic ring (661 953 cm™) and there
armonics (~1614 cm™) [7].

In the 'H-NMR spectra (DMSO — ds,
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300 MHz) were identified the signals: 6.85 — The results of elemental analysis (table
8.78 ppm (m, ArH), 2.8 — 3.9 ppm (2H, s, 5) show a good correlation between
NH») and water signal, both overlap, 10 — 12 experimental and calculated data.

ppm (1H, s, OH) — coalescent signal [8].

Table 2. Ry values in thin layer chromatograms

Compound’ R¢ Mobile phase

2 8 0.51;0.65 1-buthanol : ethanol : water
’ 0.59;0.71 1-buthanol : 1-propanol : ethyl acetate : water

0.56; 0.68 1-buthanol : ethanol : water

0.63; 0.75 1-buthanol : 1-propanol : ethyl acetate : water

0.57;0.69 1-buthanol : ethanol : water

0.63;0.76 1-buthanol : 1-propanol : ethyl acetate : water

0.55;0.67 1-buthanol : ethanol : water

0.62;0.74 1-buthanol : 1-propanol : ethyl acetate : water

0.53;0.66 1-buthanol : ethanol : water

0.60;0.73 1-buthanol : 1-propanol : ethyl acetate : water

0.58;0.70 1-buthanol : ethanol : water

0.65;0.77 1-buthanol : 1-propanol : ethyl acetate : water

Table 3. Characteristics of UV-VIS spectra of 2-7 compounds

Amax N, (A)

Compound

Uy (10° M) VIS (107 M)

237.5 (0.485); 347.3 (0.137) 497.7 (0.107)

237.3(0.768); 292.0 (0.419) 503.0 (0.361)

235.9(0.718); 477.4 (0.243)

237.4(0.719); 289.4 (0.448) 477.2 (0.264)

237.1 (0.729); 295.6 (0.478) 512.8 (0.498)

N[N N[ [N

238.5 (0.729); 291.8 (0.643) 485.0 (0.351)

Table 4. Characteristics of VIS spectra of 8-13 compounds

Compound 8 9 10 11 12 13

N A 485.2 4927 465.8 466.0 498.5 471.9
mav I, (A) | 735) (0.348) (0.273) (0.280) (0.483) (0.325)

Table 5. Elemental analysis of 2-7 azoic dyestuffs

Elemental analysis, (%)

Compound Formula C H N

caled found caled found caled found

C6H12N3;04SNa 52.60 52.65 3.28 3.21 11.50 11.59

Ci6H11N4OsSNa 46.83 46.89 2.68 2.60 13.65 13.70

Ci6H1N4O¢SNa 46.83 46.81 2.68 2.66 13.65 13.62

Ci6H11CIN;O4SNa 48.06 48.01 2.75 2.73 10.51 10.47

C16HoNsOsSNa 42.19 42.15 2.19 2.17 15.38 15.36

NN N AW

C16H0CIN4OsSNa 43.19 43.17 2.24 2.21 12.59 12.60

1 . .
Isomers in the mixture
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The 2-7 monoazo derivatives structure
was confirmed by correlation between
elemental and spectral analysis data.

Conclusions

e Were obtained by coupling in alkali
media with different aromatic
diazoderivatives, six  monoazo  dyes
derivated from 6-amino-4-hydroxi-2-
naphtalenesulfonic acid.

e The secondary reaction products
presents in small ratio — aminoazo- and
hydroxiazoderivatives — (in function of pH —
media), appear because that the coupling
reaction doesn’t have a high selectivity. The
column chromatography was used to isolate
these compounds in pure form; their
properties are relatively the same, the
differences can be observed only in VIS
absorption pecks.

e The  synthesis colours  were
characterized by elemental analysis, UV-

VIS, IR, 'H-NMR spectroscopy. The
obtained data confirm the proposed
structures.
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CHEMILUMINESCENCE STUDY OF IR-LASER IRRADIATION OF LOW
DENSITY POLYETHYLENE

LAURA MONICA GORGHIU, SILVIU JIPA, CALIN OROS,
CRINELA DUMITRESCU, RADU LUCIAN OLTEANU
Valahia University of Targoviste, 18-22 Unirii Boulevard, Targoviste

Abstract: There is a considerable interest in thermal stabilization of commercial polyolefins
because their service life depends on a large extent by the stabilization efficiency of additives.

One of the most sensitive procedures used for the determination of antioxidative ability is
chemiluminescence.

The triazines compounds are an important class of antioxidants that has a continuous
developing. In the case of these compounds an important decrease of the oxidation effect in
comparison with the same effect of the simple phenolic or aminic antioxidants is observed.

In this paper the influence of IR — laser over some stabilized LDPE samples with new triazinic
antioxidants is studied. The stabilization efficiency of these additives is also studied. Heating the IR
— laser irradiated samples above 200°C rapidly decomposes all peroxidic groups and gives a CL
emission that is proportional to peroxide content.

*

R
The oxidation of polyolefins is an important 2RO0> —= R/CZO + ROH +0,
cause of the premature failure of articles made
from these polymers. The oxidation processes
may be heat, light, mechanical action or high R * R
energy radiation. c=0| —= c=0+ (),
Hydroperoxide groups are widely recognized R R
as key intermediates in the oxidative
degradation of many polymers [1-3]. They are The main luminescence species present in
present in polymers as impurities generated by polyolefins are the excited carbonyl groups
oxidation during storage, processing or use. [10].
Hydroperoxides in polyolefins are thermally In this paper the chemiluminescence method
labile. Free radicals generated by this was applied to evaluate the thermal oxidative
hydroperoxide decomposition reaction begin degradation of polyolethylene, induced by
new oxidative chain reactions by attack on the laser irradiation and the effect of various
polymer matrix (RH) [4]: antioxidants on the chemiluminescence
t0 behaviours.
ROOH ROs + HO-
. . . Experimental

RO, HO- + RH ROH, H,0 +R Low density polyethylene (LDPE) provided by
Re + O, ROOe the Brazi Chemical Company (Romania) as

K322® type was used. Some polymer
ROO- + RH Re + ROOH characteristics are density 0.920 g/em’,

crystalinity 45,5%, number of —CH3 per 100
carbon atoms 3. LDPE was dissolved in hot o-
xylene and its precipitation was achieved by
pouring methanol into the solution. The
precipitate was filtered, washed with acetone
and dried at room temperature.

Table 1 presents the molecular structure of the
mercapto - triazines used as stabilizers in this

paper. Details on their synthesis are presented
ROOH ——— RO-, ROO- elsewhere [11].

The chemiluminescence (CL) method has been
recognized as a useful tool for the study of the
oxidative degradation of polymers and also for
the assessment of stabilizers [5-8].

The  predominating chemiluminescence
mechanism is assumed to be the Russel
mechanism described as follows [9]:
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Tabel 1 — Molecular structure and chemical
name of studied additives

Code Structure and denomination

C(CH,),
OH

HN

.
xx

H25C1 S— C12H25
2,6-thio-bis-(lauryl)-4-(4-
hydroxy-3,5-di-tert-butyl-

aniline)-1,3,5-triazine

C(CH,),

Ts

C(CH,),
OH

HN C(CHy),

NJ\N C(CH,),
PNPN

S N NH

Ts

H,sC OH

2512

C(CH,),
2,4-bis (4-hydroxy-3,5-di-tert-
butyl-aniline)-6-thio-(lauryl)-
1,3,5-triazine

C(CH,)

3
/@EOH
HN C(CH,),

NZ N C(CH,),

T PNP R

HS NH OH

C(CHy),
2,4-bis-(4-hydroxy-3,5-di-tert-
butyl-aniline)-6-mercapto-1,3,5-
triazine

C(CH,),
OH

Irganox-565 C(CH,),

S—=CgHy,
2,4-bis (n-octyl-thio)-6-(4-
hydroxy-3,5-di-tert-butyl-
aniline)-1,3,5-triazine

The addition of a stabilizer (0.25%w/w) was
carried out by a wet route. Polymer was
brought in a slurry state with chloroform and
the appropriate amounts of each additive
solution in CHCl; were separately poured
during gentle homogenization. The
compounded polyethylene samples were dried
in a desiccator at room temperature for 24 h.
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Then thin films were pressed at 140°C for 2
min to a thickness of about 120 & 20 pum.
Irradiation was carried out by means of a IR-
laser NdYAG type, Spic3 (A = 1.06 um, mean
energy/pulse = 5 — 7 J, laser pulse duration T,
= 3 ms). The IR-radiation produced by the
NdYAG laser was directed toward polymer
film. The irradiation temperature was below
the melting point of the polymer.

Isothermal chemiluminescence measurements
were performed in air at 210°C in an
Oxyluminograph OL-94 which has been
previously presented [12]. The weights of the
laser — oxidized samples varied between 0.05
and 0.07g.

Results and discussion

The chemiluminescent behavior of a typical
low density polyethylene stabilized with
0.25% w/w of different triazines is shown in
figure 1. The chemiluminescence intensity

rose to a maximum, then dropped off. The rate
of rise (i.e maximum oxidation rate, v

max )

appeared to vary as a function of the stablhzer
structure.

40000 .“{.4,.,,
35000 - ]

fL

75 100 1235 150 175 200 223
Time (min)

30000

L

25000 -
20000
15000 -

10000 l
5000 /J
0

v 3(‘

I1CL/1,S (ur/g)

Fig.1 — Isothermal CL curves from
unirradiated LDPE (210°C, air) samples

containing 0.25%w/w of different triazines:
(1) free of additive; (2) T7; (3) Irganox-565;
(4) T6 (Ix0.7); (5) Ts

The stabilization efficiency order in LDPE of
the studied antioxidants can be expressed by
the following sequence, irrespective of the
level of laser — irradiation (fig. 2):

Ts > Te> Irganox-565 > T,
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This order is clearly detailed by the values of
kinetic parameters (table 2). Because oxidation
induction time OIT) characterizes the
modifications occurring during the early stage
of thermal degradation in air, it could be
considered an appropriate parameter for the
assessment of stabilization efficiency.

The chemiluminescence intensity (I) may be
directly associated with the accumulation of
hydroperoxide and carbonyl groups in the
polymer during its thermooxidation while the
initial CL intensity (Ip) seem to be associated
with the degradation of polymer caused by
laser irradiation.

On the other hand, OIT show the effect of the
laser — irradiation as can be observed in figures
3 and 4. OIT decreases with the intensity of
the laser treatment. This means that the
antioxidant is consumed during the laser
irradiation of the polymer. A simple and
adjusted scheme (see [13]) of laser induced

p— e

oxidation process for polyethylene sample is

shown in figure 5.

40000 ———————— T T T T T T

35000 4 -
30000 |- .
25000 - /"\3

1CL/,5 (u.r/g)

20000
15000L /!
10000/

5000 4

0 4 : : A YD I ST |
0 20 40 60 80 100 120 140 160 180

Time (min)

260

Fig. 2 - Isothermal CL curves from laser -
irradiated LDPE (2100C, air) samples

containing 0.25% w/w of different triazines:
(1) free of additive; (2) T+; (3) Irganox-565;
(4) T6 (Ix0.7); (5) Ts (Irradiation condition: 2 min 6J;
3ms; 30Hz + 1min 7.5J ; 3ms ; 30Hz)

Table 2 — Kinetic parameters for thermal oxidation (2100C, air) of the IR laser irradiated
LDPE in the presence of studied mercapto — triazines

D ti t1/2 tmax IO Imax v(r)x;ax
Antioxidant | o (min) (min) (r.u./g) (rw/®) | (ru/emin)
Unirradiated sample

None 9 23 50 2747 35463 1286

Ts 142 166 200 496 32851 705
Te 90 111 145 664 45529 1026
T, 13 23 45 591 29249 1398
Irganox-565 19 27 45 451 22283 1372
Irradiated (30 s; 4.5 J; 3 ms; 15 Hz) sample
None 7 23 55 3186 31853 985
Ts 125 154 200 832 31005 534
Te 71 90 120 933 46242 1171
T, 11 21 50 579 27178 1330
Irganox-565 21 29 50 707 24266 1386
Irradiated (2 min; 6 J; 3 ms; 30 Hz + 1 min; 7.5 J; 3 ms; 30 Hz) sample
None 3 19 45 8127 35541 1281
Ts 116 133 160 565 31856 854
Te 62 82 110 688 44565 1186
T, 10 21 40 629 32835 1352
Irganox-565 13 21 40 618 26893 1672
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40000 ————

I CL/1,5 (u.r./g)

1 I
100 150 200

Time (min)

0 50

Fig. 3 — Decrease of OIT for LDPE (210°C,
air) stabilized (0.25% w/w) with Ts triazine

by laser irradiation
(1) Unirradiated sample; (2) Irradiated sample (30s;
4.5J; 3ms; 15Hz); (Irradiated sample (2 min; 6J; 3ms;
30Hz + Imin; 7.5J; 3ms; 30Hz)
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Fig. 4 — Decrease of OIT for LDPE (210°C,
air) stabilized (0.25% w/w) with T triazine
by laser irradiation
(1) Unirradiated sample; (2) Irradiated sample (30s;
4.5J; 3ms; 15Hz); (Irradiated sample (2 min; 6J; 3ms;
30Hz + 1min; 7.5]J; 3ms; 30Hz)

IR laser (0]

P Pl

RH——R-

/

heat

Re+ ROOH

ROROHH0,\  o.st po
S |

M (hv),

RO

stable compd., Re
02

ROO-

Fig. 5 — Simple scheme of laser — induced
oxidation and CL process for polyethylene

Radical species (R¢) produced by main chain
scission which is caused by the action of IR-
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laser light and heat, react with O, and form
peroxy radical (ROOe). The bimolecular
reaction of ROOe is known to be able to excite
a product ketone up to its first triplet state
(RO*). Visible chemiluminescence is emitted
as it returns to its ground state. The CL
intensity is proportional to the rate of the
bimolecular colligation of ROOe.

The radicals stabilization can be explained by
the following reactions [14]:

ROO- + AH As+ ROOH

As + ROOs —> ROOA

The peroxy radicals are intercepted by the
added antioxidant (AH). The complete
consumption of an inhibitor by the above
reactions at elevated temperatures is marked
by a suddent increase in  the
chemiluminescence emission due to the
peroxy — peroxy reactions.

Conclusions

= Heating the IR — laser irradiated samples
above 200°C rapidly decomposes all
peroxidic groups and gives a CL emission
that is proportional to peroxide content;

= The addition of triazine antioxidants to

polyethylene increases their
thermooxidative stability as indicated by a
delay of degradation;

w The chemiluminescence method provide a
sensitive technique in polymers thermal

oxidative stability evaluation.
Chemiluminescence  gives  quantitative
information such as: induction time,

oxidation rate, extent of oxidation, etc.
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Abstract: In this paper there are presented the research results regarding the establishing of
the optimal conditions for the stability of fat-soluble vitamin A in multivitamin pharmaceutical
products. Vitamins are generally sensitive to light, high temperatures and moisture. They should be
kept in properly closed containers, protected from humidity and light at temperature of maximum
21°C. The analyzed technique used was the HPLC method for analytical characterization of this.

1. Introduction

Most of the fat-soluble vitamins
present in pharmaceutical preparations or in
natural products are accompanied by a number
of closely related compounds. This explains
why chromatographic methods are so
frequently used in analysis of these
compounds. HPLC is almost ideally suited
for these compounds because of its simplicity,
speed, selectivity and sensitivity.[1-6]

Vitamin A  (formula 1) was
chromatographed in the form of the alcohol,
the acid or the respective ester in the presence
of its isomers or other vitamins, especially Da,
D; and tocopherol [7-10]. Reverse-phase
chromatography with a mobile phase of
methanol and water (96:4 or 95:5) was used
for the quantitative determination of vita-
mins A [11-14]. The retinol was determined
in serum with high sensitivity over a wide
linear range using UV detection at 340 or 280
nm and using retinyl acetate as the internal
standard.

Formula 1
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A number of HPLC modifications for
the simultaneous analysis of vitamin A in
pharmaceutical preparations and biological
material have been worked out. These methods
usually used UV, fluorimetric or electro-
chemical detection [15,16]. This vitamin was

determined using elution with aqueous
methanol and detection at 325 nm. [17]
In this paper the influence of

temperature on the stability of this vitamin fat-
soluble is analyzed using the HPLC method,
during 30 months. The stability of this is
influenced in principal by temperature, light
and moisture and also by the preservation
conditions.

2. Experimental part

Investigations were carried out with a
Spectra-Physics Analytical Model P 4000
liquid chromatograph with a Model 2000 UV
detector (Spectra-Physics Analytical). This
system was connected to a computer Pentium
111 800MHz.

The pump P 4000 is conceived to reach
the performances and the maximal capacities.
It presents features of vanguard: four solvents,
eleven files users of the names of files and
solvents, and a waiting line for the link of the
files.

The UV 2000 is a detecting UV/vis
doubles length of wave, programmable,
entirely equipped. It functions as well in
simple fashion that length of wave doubles in
fashion, in the UV ranges and visible. The UV
2000 also offers the spectral sweep, a file
develop (for the development of the methods),
the storage of several files, a waiting line (for
the link of the files), and more. We place the
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detector to a length of wave A = 326 nm for
vitamin A.

A mobile phase composed of methanol
and water (98/2) allowed a very good
separation of vitamins A on LC 18 column.

The wvials of oral solution Biosol
(Biokim Istanbul Turkey) were stored in
special climate shelves. The vials were kept at
tem}geratures of +50C, +150C, +21°C and
+37°C.

The following
executed:

- optical appearance of the product;
- qualitative and quantitative analysis of

the active ingredient (vitamins A).

tests have been

3. Results and discussion

For vitamin A, the European Pharma-
copoeia gives the following storage
instructions: “store in a well-closed, well-filled
container, protected from light, between 8°C
and 15°C. When the container has been
opened, its contents should be used as soon as
possible; any part of the contents not used
at once should be protected by an
atmosphere of inert gas (e.g. nitrogen)”.

The limits for the contain in vitamin A
for each vial are 45000-55000 U.I./mL.

The results of the determinations for
each temperature, test period 30 months, are
presented below in tables.

Assay Vitamin A
(U.I/mL)
Nominal value 50000
Date of manufacture 55000
6 months 54000
12 months 54000
18 months 53000
24 months 51000
30 months 50000

Table 1. The results obtain at temperature
+5°C (refrigerator)
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Assay Vitamin A
(U.I/mL)
Nominal value 50000
Date of manufacture 55000
6 months 54000
12 months 53000
18 months 51000
24 months 50000
30 months 49000

Table 2. The results obtain at temperature

+15°C (cool cabinet)

Assay Vitamin A
(U./mL)
Nominal value 50000
Date of manufacture 55000
6 months 54000
12 months 52800
18 months 51000
24 months 49500
30 months 48000

Table 3. The results obtain at temperature
+21°C (room temperature)

L

Assay }/ Vitamin A
(U.I/mL)

Nominal value 50000

Date of manufacture 55000

6 months 52000

12 months 49000

18 months 47000

24 months 41000

30 months 37000

Table 4. The results obtain at temperature
+37°C (climate cabinet)
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Figure 1. Variation of contain in Vitamin A with
time test at different temperatures
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The oral solution of Biosol in the
original vial is stable and retains its activity
when stored at room temperature (18-21°C).
Under high temperatures (37°C  climate
cabinet), the solution 1is showing an
intensifying colouring after longer storage and
looses activity, which are even below the
tolerances of the declared value.

4. Conclusions

The stability tests show that during a
storage period of 2 years an adequate stability
is provided, when the product is stored at room
temperature (< 21°C) and protected from light.
The choice of the storage temperature plays an
important roll for the stability of the
pharmaceutical products of vitamins.
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AZOIC DYES DERIVATIVES
OF PHENYLAMINOMETHYLENSULPHONIC ACID

Ionica IONITA, Cristiana RADULESCU, Ana-Maria HOSSU
University *’Valahia’” Targoviste, Faculty de Science, Department of Chemistry, 18-22 Unirii Bdvl.

Abstract: The paper presents the synthesis and characteristics of a two dyes, derivatives of
phenylaminomethylensulfonic acid. In future the synthetized structures will be included on
macromolecular catena to obtain some stable photochromic materials with special applications.

Synthesis contained following stage:
diazotizing even p-anilines'' and the coupling
salt of diazonium with the
phenylaminomethylensulfonic acid ™.

The way of thing for diazotizing even
established anilines on base variation of the
next parameters of reaction: order of reactant
load, the molar ratio, the influence of the
addition time of sodium nitrite and the reaction
time.

Synthesis of phenylaminomethylensulphonic
acid — A mixture of NaHSO; solution and
formaldehyde solution is heated at 70°C,
where it is maintained for 0,5h.

The resulted solution is cooled at 250C,
then the aniline is added and the mixture is
heated for 3h at 25-30°C and then 1h at 35°C.
The mixture was diluted with water, cooled to
20°C and the precipitated product.

NH2 NHCH2$O3Na

+ CH,0 + NaHSO;——> +H0

The "H-NMR spectra for
phenylaminomethylensulphonic acid:

- H? triplet 8y: 6.48 ppm, with the coupling
constants orto J(4,3) = 7.68 Hz

- (H?) H° split doublet 8 6.69 ppm, with the
coupling constants orto J(2,3) =8.16 Hz

- (H) H? triplet 8y: 6.69 ppm, with coupling
constants orto J(3,4) = 7.29 Hz

- NH — triplet at 5.96 ppm, constants J = 6.61
Hz

- the signals of 3.88 ppm has been attributed
the presence of group —CH,, constants J = 6.61
Hz
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The C-NMR spectra present signals for
carbon atoms: C°, C° §: 128.694 ppm, C%, C°

8:112.677 ppm, C' &:115.864 ppm, and
carbon atom from CH,- group present

0: 60.613 ppm.
The results at the elementary analysis

proved the presence of synthetized compound.

Synthesis at diazoniu salts and

preparation of the dyes:

® 0
X—@»NEN: = @N:N:

) |, GHs

AOrr=rt_*
Y — Y
b) Y =NHCH,SO;N

5 S SV
N=N + © Y N=N Y

i\ l )
OO

a) Electrofil active forms of diazoniu
derivatives
b) Active form of coupling component

Purification methods for the azo dyes which
were obtained. The purification of the azo dyes
was achieved through recrystallization from
solvents (ethanol and CCly).

The purit was checked
chromatography™ on thin layer.

The obtained spots were distinguishing

by

units with R¢ values 0.83 and 0.86.

Physic-chemical®! characterization of the
synthesised compounds was done by UV, IR
and NMR spectroscopy.
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The spectra UV were recorded on a
SECOMAM S750 spectrophotometer, utilizing
the vat from quartz, for solution of
concentration 2.10™ mol/l in DMF.

Table 1.Results of UV-VIS analysis of azo dyes

Dye IOMNONHz %QOI\H\)—@NHZ
Valu D 2
o 294 263
(nm)
Ao 405 405
(nm)
The synthetized compounds were

characterized by NMR spectroscopy ¥ using
an Varian Gemini 300BB apparatus, the
frequency of registration be in the case “C-
NMR of 75 MHz, and in the case '"H-NMR of
300 MHz, using deuterated dimethyl-sulfoxide
as a solvent.

The 'H-NMR values of dyes are
presented in table 2.

Table 2.The 'H-NMR values of compounds

Code S(ppm) S(ppm)
@ 2
H*(H®) 7.87¢ 7.33¢
J02,3:8.00HZ J02,3:8.07HZ
Jm2,6:1 .55Hz
H(HY) 7.68¢ 7.67°
1°3,=8.7Hz | 1°,=8.14Hz
I 5=1.55Hz
H(H") 7.70¢ 7.63¢
J08,9:8.64HZ Jog,9:8.85HZ
ng,12=1.6HZ
H'H") 6.72¢ -
J%95=8.64Hz
NH, - 3.97°
CH; - 112
J=7.2Hz
CH, - 2.66°
J=7.2Hz
R I C,H;

s = singlet; o = orto; m = meta; d = doublet;
t = triplet,; ¢ = cvartet

The "“C-NMR values of dyes are
presented in table 3.
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Table 3.The >C-NMR values of compounds

Code | 5(ppm) S(ppm)
@ ()

C! 59.700 59.853
C3(CH 137.819 122.724
C(C) 122.934 121.996
c? 119.909 124.665
C’ 115.427 112.580
cch 130.15 129.162
c’«cch 139.81 128.726
CH; - 15.458
CH, 27.641
R I C,H;s

‘ B
| T
‘ k

T T, |

= e B e o L
160 150 140 13 120 u 1 £l a n 60 50 an pam

Figure 1.The "*C-NMR spectra
of compound (1)
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Figure 2. The C-NMR spectra
of compound (2)
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SYNTHESIS AND CHARACTERISTICS OF COMPACT CONDENSED
SYSTEM 2-AMINOTHIAZOLO[S,4-f]INDAZOLE

CRISTIANA RADULESCU, IONICA IONITA, ANA MARIA HOSSU
“Valahia” University of Targoviste, Faculty of Science, Department of Chemistry, Unirii Bdvl. 18-20,
Targoviste, Romania, mail: radulescucristiana@yahoo.com.

Abstract: In this present study an original heterocyclic compact condensed system with
thiazolic ring, 2-aminothiazolo[5,4-f] indazole was synthesized. In laboratory was tested an
original alternative for the synthesis of this heterocyclic system by obtaining intermediary N-6-

thiazolotioureea.

The liquid chromatography of high performance, HPLC, was applied in this case, leaded at
the separation and purification of the heterocyclic compound 2-aminothiazolo[5,4-f]indazole.
IR, UV-VIS, NMR spectroscopy and elemental analysis characterized the structure of

heterocyclic system synthesized.

Introduction

The compact condensed heterocyclic
systems with thiazolic ring are easy to be
synthesized, using a variety of methods: either
classic methods of heterocycles starting from
compounds in which the thiazolic ring already
preexist, or generating the thiazolic ring from
the diverse heterocyclic structures of aromatic
type. The compact condensed heterocyclic
systems are solid products with very high
melting points having the tendency to
decompose before reaching them.

The thiazolic ring determines a great
stability doubled by a remarkable biological
activity, this fact leads to their application in
many fields of interests.

Experimental part

Heterocyclic system 2-aminothiazolo
[5,4-f]indazole was obtained by synthesis, in
pharmaceutical scope, using a quotation
method in the specific literature[1] for some
thiazolo-indazolic compounds —
sulphocyanuration of 5-aminoindazole with
dirodan, generated “in situ” by bromine action
about Cu(SCN),.

The original synthesis was proposed[2-
4] lead at stage presented in figure no.1.

The nitration reaction of o-toluidine
was realized by analogy with a quoted method

70

in specialty literature[5]; this method was
required a nitric mixture formed of 84%
sulphuric acid, 7,36% nitric acid and 6,9%
water.

The results of my experimental
researches is referring at dependence of
selectivity nitration reaction by concentration
sulphuric acid in nitric mixture, utilizing at the
ratio molar o-toluidine: HNO;=1:1,02 is

presented.
The disadvantage of this method was:
the transformation of o-toluidine in

ammonium salt is not total and from this
reason in the nitration reaction resulted 2-
aminotoluen in great quantity. The elimination
of this disadvantage was tested moreover the
original methods of synthesis:

1. The increase of  sulphuric acid
concentration in the nitric mixture moves the
equilibrium of the o-toluidine protonation
reaction in the right part.

2. The adding Na,SO4 in the reaction mass,
when the formatting sulphuric acid of o-
toluidine was favorized by “common ion
effect” (because the concentrate sulfuric acid
was dissociated much less). The dependence
of selectivity nitration reaction of o-toluidine
in according with concentration sulphuric acid
in nitric mixture and with the concentration
Na,SO4 in reaction mass was presented in
figure no. 2.
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Figure no.1. Synthesis of heterocyclic system 2-aminothiazolo|[5,4-f]lindazole
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Figure no. 2. The dependence of selectivity nitration reaction in according with the
concentration sulphuric acid in nitric mixture and with the concentration Na,SO,

In case of these two methods a significant
increase of selectivity nitration reaction was
observed, because was added sulphuric acid
with concentration situated between 94-96%
in the nitration mass. The increase of
concentration acid cannot lead at significant
increase of selectivity, probably was due at
small variation of the dissociation degree of
sulphuric acid in same time with the
increasing concentration. The conclusions
were:

e The results of research presented in figure
no.l were obtained at the concentrations
H,SO,, in nitric mixture, situated between
90-96% (90 < x > 96), when the selectivity
of process it’s already remarkable (figure
no.2). The adding Na,S04 25 <x’ > 30,
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leads at the increase, in each case, of total
selectivity nitration reaction.
e The increase of the concentration Na,SOg4
effect in reaction mass is significant at the
x value near as 90. The concentration of
sulphuric acid in nitric mixture is greatest
and the adding Na,SO;, effect is very small
significant under selectivity aspect. This
fact is normal, because both factors (the
increase of x and x’ values) were acted
about qualitative system in same way (the
increase of anion HSO4 concentration)
they were compensate with quantitative
aspect.
The determination of product reaction
composition was realized after purification by
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recrystallization and continued of elution
column by HPLC chromatography.

For to assure the homogeneity of
reaction mass before nitration, o-toluidine
was dissolved in sulphuric acid 100% (molar
ratio H;SO4:0-toluidine=6,1:1). Also, the
increase of selectivity nitration reaction in
according with the increase of x can be
attributed to diminution of concentration as
amine in reaction mass and this thing leaded
at the increase homogeneity of system,
prevented the precipitation of sulphat acid of
o-toluidine, difficult soluble in H,SOy4
concentrated. In this case the reaction rate was
small and in this motive was necessary a long
time as reaction, over 12 hours. This time,
over 12 hours, leads at the total conversion of
o-toluidine and for that motive the selectivity
of process may be assimilate with global
yield.

Under thermic aspect, the process
most be operated at temperature -12°C for to
decrease the oxidant effect of nitric acid about
amino group. When the nitration was
finished, the reaction mass was added over
water at temperature under 60°C and then the
suphat acid of 2-amino-5-nitrotoluene
precipitate was separated as o-toluidine,
soluble, then was filtrated. In next stage, the
sulphat of 2-amino-5-nitrotoluene  was
dissolved in water at SOOC, then was treated
with NH; 25% until pH~7,5 and finally
precipitate compound 4.

5-Nitroindazole was synthesized in
accordance with method presented in
specialty literature[6].

The reduction of 5-nitroindazole was
nest stage and for obtaining of optimal yield
was necessary a selection both a reducing
agent and a reaction conditions, because can
appeared secondary product: aromatics amine
by  degradation of indazolic  ring,
azoxiderivatives, azoderivatives, etc.

Consulting the literature[S] was chose
the reducing agent: iron in presence of
electrolytes solution, in very thin acid
medium or neutral medium (reduction
Béchamps). The work conditions for this
reaction for synthesis of S5-aminoindazole
was: the electrolyte FeCl,, was formed in
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reaction mass by treating the iron with HCI
dilutee solution, at the reflux temperature,
under stirred, and the optimal molar ratio was
13,88 moles water:0,16 moles HCI 36%:0,80
moles iron; then was added 5-nitroindazole, in
small quantity, in one hour, under stirred, the
molar ratio chose was 0,80 moles iron:0,1
moles 5-nitroindazole and the pH=5,5-6; in
permanence was verified the end of reduction
reaction by the analysis of aureole formed as
black iron oxides. For an efficient reduction
and for obtaining a good yield, the time of
reduction reaction was 8 hours. Finally, the
reaction mass was alkalinized with NaOH
solution until at pH~7,5. For diminution|[2] of
reaction time, in the beginning in reaction
medium was added 1-5% zinc, because in this
case was realized an efficient “chemical
corrosion” of iron, leading to the increase of
chemical rate of reduction process.

In laboratory[2] was tested a new
original ~method for synthesis of 2-
aminothizolo[5,4-f]indazole, 9. In this
alternative N-(5-indazolile) tioureea was
obtained by direct arilation of tioureea with 6-
aminoindazole in acid catalyze. The optimal
parameters for this synthesis was: molar ratio
6-aminoindazole:tioureea=1:5; reaction
medium is HCI solution 5% and reflux
temperature was applied in process; time for
reaction was 12 hours; the isolation of N-(5-
indazolile) tioureea was realized by alkaline
treatment with NHj3 solution 25%.

Results and discussion

The purification of the synthesized
organic compounds was realized by
recrystallization of organic solvent for
eliminating the resinous product and by
HPLC chromatography. Also, the purity
verification was effected by thin layer
chromatography and by melting points
determination. For to separate the trace of
impurities, the final compounds was analyzed,
developing was realized with Erlich reactive
or by diazotation - cupling reaction with
aromatic amine N-substitute or N,N-
substitute. The results were centralized in
table no.1.
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Table no. 1. The purification methods of organic compounds 4 - 9

Compound

The purification method

Melting
point, °C

kmaxa nm
(Extinctia)

5-nitro-o-
toluidine, 4

e  Recrystallization of ethylic alcohol, resulted yellow-orange
prisms.

o Thin layer chromatography:

-Substratum: silica gel (Fys4-Merck) on aluminium layer.

- Eluent : ethylic alcohol: CH;COOH = 10 : 90 (vol / vol)
R¢=0,82; unitary spot, pure substance

o The high performance liquid chromatography (HPLC)
-Column and flow: Nucleogen® 4000-7 DEAE, 2 mL/min
-Eluent: 0,5 M NaCl, 6M urea, 25 mM phosphate of sodium
-Detection: hpax = 356,1 nm

108 — 109

219,6 (0,791)
244,1(0,753)
356,1 (0,262)

5.
nitroindazole,
6

o Recrystallization of ethylic alcohol, resulted yellow crystals
o Thin layer chromatography:

- Substratum: silica gel (Fys4-Merck) on aluminium layer.
-Eluent : ethylic alcohol : acetic acid = 10 : 90 (vol / vol)
R¢=0,75; unitary spot, pure substance

e The high performance liquid chromatography (HPLC)
-Column and flow: Nucleogen®™ 4000-7 DEAE, 2 mL/min
-Eluent: 0,5 M NaCl, 6M urea, 25 mM phosphate of sodium
-Detection: hpaxy = 329,5 nm

208 —209

207,8 (1,711)
243,8 (2,207)
279,3 (1,564)
329,5 (0,602)

3.
aminoindazole
7

e  Recrystallization of ethylic alcohol obtained aces white -
gray.

o Thin layer chromatography:

- Substratum: silica gel (F,s4-Merck) on aluminium layer.

- Eluent : ethylic alcohol : acetic acid = 10 : 90 (vol / vol)

R¢ = 0,64; unitary spot, pure substance

o The high performance liquid chromatography (HPLC)
-Column and flow: Nucleogen® 4000-7 DEAE, 2 mL/min
-Eluent: 0,5 M NaCl, 6M urea, 25 mM phosphate of sodium
-Detection: hpax = 377,5 nm

210-211

210,9 (1,363)
288,8 (0,446)
377,5 (0,165)

2-
aminotiazolo
[5 ’4'f]
indazole,

9

e  Recrystallization of ethylic alcohol, obtained brown powder.
e Thin layer chromatography:

- Substratum: silica gel (Fys4-Merck) on aluminium layer.

- Eluent : ethylic alcohol : acetic acid = 10 : 90 (vol/vol)
R¢=0,52; unitary spot, pure substance

o The high performance liquid chromatography (HPLC)
-Column and flow: Nucleogen® 4000-7 DEAE, 2 mL/min
-Eluent: 0,5 M NaCl, 6M urea, 25 mM phosphate of sodium
-Detection: Amax = 378,2 nm

218-219

210,8 (0,559)
239.9 (1,178)
286,4 (0,326)
378,2 (0,020)

The high performance liquid chromatography
was applied in this case, using apparatus
JASCO 800, for leading at the separation and
purification of the compounds synthesized.
For this case were used the gel-permeable
columns, Nucleogen® 4000-7 DEAE, (Table
no. 1) considered to be the best and the most
appropriate because they allow retention
times long enough for an efficient separation
and do not present the colmation phenomenon
for the heterocyclic system.

The UV-VIS electronic spectra|7]
were performed with SECOMAN S 750
apparatus in quartz cells for ethylic alcohol of
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¢ ~ 2'10° M of the synthesized compounds.
The absorption bands characterized by
maximum wave length are presented in same
table.

The IR spectrum were made including the

synthesized in KBr disks,
absorption been measured with SPECORD 75

IR apparatus and the results were analyzed by

compounds

O’Sullivan[8] for a general structure:
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and Ry, Ry, R3 can be CH,, NH, O, CO, SO,,
CH, NH and demonstrated R4 and Rs groups
modified a little the IR spectrum for this
general structure (in spectrum will find
characteristics of vibration for R4 and Rs that
can be NO,, NH,;, COOH, CN). The
O’Sullivan theory must emphasized same
characteristic vibrations for indazolic and
benzothiazolic, heterocyclic systems “fused”
in molecule.

The IR  spectrum of  general
heterocyclic system presented bands at the
1600, 1460, 1390, 1310, 1270, 1250, 1200,
1160, 1100, 1060, 1020, 950, 890, 850 and
750 cm™
eThe IR spectrum of 5-nitroindazole was
characteristics band at 1660, 1480, 1325,

1265, 1140, 1110, 1040, 850 and 750 cm’
and these values was presented, also, 5-
aminoindazole and 2-aminothiazolo[5,4-f]
indazole.

eThe indazolic derivatives can exist under
more tautomere forms. The behavior of atoms
group —N=N-, respectively —C=N- was less
differentiates in IR spectrum, stabilized at
1620 cm™ values. We propose as by analysis
of IR spectrum, in case of indazolic
compounds, establishing of preponderant
tautomere forms. In these products the weight
of hydrogen bond intermolecular N — H ....N
is very important, because the large band
attested the implication of NH group in very
strong hydrogen bond.

e The values vnop symmetric = 1359 cm'l,
respectively vno» asymmetric = 1537 cm™
confirming the fact these groups isn’t
implicated in hydrogen bond.

eThe —NH, groups were observed, in IR
spectra, about sharps bands of vibrations; the
band more high correspond to asymmetrical
valence vibration, (3400 cm” for 5-
aminoindazole and 34250 cm” for 2-
aminothiazolo[5,4-f]indazole), and this with
the more small correspond of s?/mmetrical
valence vibration (3350 cm~ for 5-
aminoindazole and 3340 cm’ for 2-
aminothiazolo[5,4-f]indazole).

eThe bands situated at 655 and 625 cm’
corresponding C — S bond.
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eThe structures proposed was confirmed in
accordance with the values found about the
benzothiazolic and thiazolic  systems:
v=1620, 1580 respectively, 980, 920 and 850
cm™.

eThe bands of indazolic ring vxu = 3385 cm'l,
vey = 3050 cm” and 2935 cm’! confirming
the structure proposed.

The study of IR spectrum[9] attested
the structure propose suggesting the next fact:
all derivatives studies that included the
indazolic structures there is preponderant
under azometinic tautomere.

The compounds 4-9 were analyzed by
NMR spectroscopy using VARIAN GEMINI
300 BB apparatus, with frequency of
registration in case 'H-NMR is 300 MHz and
in case *C-NMR the frequency is 75 Hz. The
purified prove was soluble in DMSO and
signals was reported at TMS. We select
compounds 9 to present in NMR spectra.

"H-NMR spectrum for 2-aminotiazolo
[4,5-f]indazole leads at the signals (figure
no.3)

- At benzene nucleus the protons was: H' —
singlet, 8y : 6,72 ppm and H* — singlet, 8y
5,96 ppm (the coupling constants, J, were zero,
because in position 2 and 6, respectively 3 and
5, the carbon atoms of benzene ring cannot
have protons, in accordance with structures 9
and 9a). .
- The signals of proton, -CH=, was attributed
of ou: 8,50 ppm, split doublet, with the
coupling constant J = 8,60 Hz emphasized
tautomere structure 9).
- The protons of group —CH,, were attributed
of oy : 7,25 ppm, split doublet, with the
coupling constant J = 8,60 Hz.
- The signals of 4,66 ppm, singlet, has been
attributed the presence of amino group.
- The proton of —NH group present signal at
4,76 ppm, singlet.
H

H o H
4 H 4C 2
S~5~~ ~‘3C/C\\ S\SC/ ~‘3C/C\
HNQ LN == H N oL
N~C12CN N
o H 9a H

The presence a two tautomere forms
for system 2-aminothiazole[4,5-f]indazole was
indicated as the same coupling constant, J =
8,60 Hz, for both protons.
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Figure no. 3. The "H-NMR spectra of compound 2-aminothiazolo[5,4-flindazole

The “C-NMR spectra (figure no. 4) - The carbon atoms of -CH= and —CH, groups
present next signals for carbon atoms: present the signals 8: 140,0, respectively 59,0
- The carbon atoms present signals, 5for both ppm.
tautomere forms: 123,7 and 110,9(C°); 107,0 - The signal, &: 130,0 ppm, has been attributed

and 95,63 (Ch; 137,2 and 143,9(C22; 108,7 and at carbon atom on thiazolic ring.
117,9(C"); 149,0 (C”) and 128,9(C") ppm.

el LJ e .L~.‘:.t.~. £ 'J ! .J.L.wr—.ﬂ.ﬁ-rJ. I, e e et et SN st A oS ettt L, un, ettt oAttt gt s Mo

ppm
Figure no. 4. The BC-NMR spectra of compound 2-aminothiazolo|[5,4-f]lindazole

The elementary analysis results were presented in table no. 2.

Table no. 2. Elemental analysis of compounds 4 - 9

Comp. | C % N % O % S %
Calc. | Exp. | Calc. | Exp. | Calc. | Exp. | Calc. | Exp.
4 55,26 | 55,12 | 18,42 | 18,41 | 21,05 | 21,03 | - -
6 55,26 | 55,09 | 25,76 | 25,61 | 19,63 | 19,59 | - -
7 55,26 | 55,01 | 31,57 | 31,32 | - - - -
9 50,52 | 50,39 | 29,47 | 29,13 | - - 16,84 | 16,76
Was obtained a new compact condensed
Conclusions system by an original methods, very
profitable both technological and economical.
A new original synthesis methods of 2- The synthesized compounds  were
aminothiazo[5,4-f]indazole was elaborated by characterized by IR, UV-VIS and RMN
intermediary preparation of derivate N-piridil spectroscopy, thin layer chromatography,
tioureici, which were oxidized with liquid HPLC, elementary analysis and
bromine. decomposition points.
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Abstract

The synthesis and characterization of some new cationic dyes derivatives from heterocycle
system with thiazolic ring, 2-aminothiazolo[5,4-f]indazole were described. These dyes were
elucidated by chemical and spectral analyses, UV-VIS, NMR and infrared analyses, confirming the
structures propose. The results obtaining by dyeing polyacrylic fibers (intense and brightness color,
fastness to washing, fastness to perspiration, fastness to boiling and to blenching, exposure to
sunlight, ability to be absorbed a beginning from retained by the fiber) and the relationship between
chemical structure of some cationic dyes and perspiration/light fastness was discussed.

Keywords: 2-aminothiazolo[5,4-f]lindazole, dimetilsulphate, cationic dye, polyacrylic fiber

Introduction

The cationic dyes derivatives from
heterocycle system  2-aminothiazolo[5,4-f]
indazole were obtained for first time by original
synthesis.

In these synthesis the cationic dyes
never been quoted in the specific literature and
never been purified by classic methods of
purification. And this thing was happened
because the diazotizing reaction was
incomplete and resulted big quantity of
phenolic products by decomposition of
diazonium salts.

The results of my research were leaded
to the diminution of phenolic compounds in
reaction mass and the removing these.

In the paper was investigated the
synthesis of new cationic dyes (blues); were
studied by chemical, UV-VIS, NMR, infrared
analyses and the results of dyeing polyacrylic
fibers.

Experimental part

The heterocycle system 2-
aminothiazolo[5,4-f] indazole was diazotized in
phosphoric acid 80% medium with NaNO,
25% solution, at —120C, time 4-5 hours.
Diazonium salt obtained was treated with
varied coupling compounds (table no.l) in
phosphoric acid 80% and acetic acid in excess,
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at -10°C; the time necessary was 2-3 hours.
Finally about 8 hours, precipitated the disperse
dyes, reds (figure no. 1); these dyes were
purified by recrystallization of ethyl alcohol
and separated by HPLC.[1-3]

The disperse dyes were methylated with
dimethyl sulfate at acetic acid medium, at
excess, molar ratio was (CH3),SOq:disperse
dye=3:1, at 60-70°C, time 12-14 hours, (the
cromatograma indicated total conversion),
under stirred. The next stage was the condition
with NaCl, time 15 minutes, at 7OOC, when
resulted blues cationic dyes (figure no. 1 and
table no. 1); these were purified by
recrystallization in ethyl alcohol and HPLC.[2]

The cationic dyes synthesized were used
for dyeing polyacrylic fibers and cotton/PNA
texture (mixture). The polyacrylic fiber and the
texture had been scoured at 600C, at time Y2
hour, and dried under vacuum for 48 hours at
room temperature prior to dyeing.

The dyebath (200 ml) was prepared at
room temperature with cationic dye (2,0%
aqueous solution) acetic acid 1% solution and
sodium sulphate 10% solution and adjusted to
Ph = 1; the fleet rapport was 1:40. The dyebath
temperature was raised to 600C, 70°C and
100°C and held constant during the whole
dyeing process. The dyed polyacrylic fiber
(similar the texture) was rinsed first in cold
water and then boiling water to remove unfixed
dye and dried at room temperature.[4]
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Figure no.1. The stages of synthesis cationic dyes 12-20

12-20

Table no. 1. The cationic dyes obtaining by synthesis

Nr. R, R, Colour coupler Cationic dye Color
crt }\-max-,u nm and Emax
12 H CH3 H CH3 CHaso; Blue llght
N<CH3 /,‘H3 "\‘\’“ B H 590 nm
IO, 12300
13 CH3 CH3 CH3 CH3 CHasO; Blue llght
N<c|-| /El N CH 594 nm
’ N @[ e N 12510
H S CH,
T ™[O | ot | B
2''s 4 N _
N\Hﬁs>'\l N®N<C2H5 12400
15 C2H5 C2H5 CZHS CH CH SO- Blue llght
N4 H ik 320,
@ C,Hy N//C@[N\;N:N@'\KCZF% 595 nm
\H s CH, 12850
16 H C2H4OH H CH, ; Blue
©N<CZH40H ,,E N = H 601 nm
" ﬁ el 12980
N s C,H,0H
17 C2H4OH C2H4OH ®N<ZZ:AZ: E (‘:NI-J'3 CHBSO; 6(];;51116
2Hy W ]i:[ $ e (oK nm
N s C,H,OH 13100
N< H 73 39
@ C,Hg ,/C N\"' ) CN 608 nm
N, P N=N N¢ 13400
H S C,Hg
1 9 CH3 C2H4OH CH3 CH3 C SO_ Blue
®N<C2H40H ,/(H: N+ s CH 604 nm
N D[ wand N 13200
N s C,H,OH
20 C,H; C,H,OH CHs H ¢Hs  CH;SO, Blue
®N<02H40H N//CD[N\;N:N N<C2H5 607 nm
N s C,H,OH 13330
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Results and discussions

Purification methods (recrystallization
of ethyl alcohol and chromatographic methods)
the melting points and yields of cationic dyes
are presented in table no. 2.

Disperse and cationic dyes were studied
employing chemical, UV-VIS, NMR and IR
spectroscopy, confirming the  structures
proposed.

Table no. 2. The purification methods, melting points and the yields of cationic dyes

Cationic | Chromatographic thin HPLC method Melting | Yield,
dyes layer method pooint, %
C
Substratum: silica gel Fys4 | Column: Nucleosil® 100-5 C;sPPN
(Merck) on aluminium Eluent A: Trimethylammonium acetate
layer 0,1M : acetonitrile : water = 90:5 (v/v)
12 - 20 | Eluent: dioxane: formic Eluent B: Trimethylammonium acetate >250 | 58,1-
acid : water=1:3:1 0,1M : acetonitrile : water = 30:70 (v/v) 67,2
Solvent: water, sol. 0,01% | Linear gradient from 15% at 40% B.
Flow: 1 mL/min.
Detection, hmax= 590-608 nm

In case of cationic dyes 12-20 the problem
that appeared was: in where place was fixed the
—CH; group resulted by the metylation with
dimetylsulphate, at nitrogen atom from
indazolic ring or at nitrogen atom from
thiazolic ring.

The grafting position of —CHj3 group for
the thiazolobenzothiazols compounds was
established by differential analysis[11] and by
'H-NMR spectroscopy correlated with results
obtained by IR analysis.[2]

The UV-VIS electronic spectrum were
performed with SECOMAN S 750 apparatus in
quartz cells (L=1cm) for ethyl alcohol of c~2
10° M of the synthesized compounds. The
molar extinction coefficient, €nax, characterized
by maximum wave length are presented in table
no. 1.[5]

The IR spectrum[5,12] was made
including the synthesized compounds in KBr
disks, absorption been measured with
SPECORD 75 IR apparatus and the results
were:
eThe IR spectra of disperse and cationic dyes
confirm the proposed structures in accordance
with the values found about the thiazolic ring: v
= 1610, 1055-1100 and 2100-2400 cm™".
eThe bands of indazolic system vng=3155 cm’l,

ver=3060 cm’ and 2930 cm'l, but and
specific bands placed between 1380-1071,
respectively 850-740 cm™ confirming the
structure proposed.
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eThe —N(CH3), group was identified at all
disperse and cationic dye because the
absorption band for this group (especially
when is bound to aromatic ring) is one single
and appear at 2800 cm’.

eThe azo chromophore group, -N=N-, was
characterized as faints absorptions, as small
intensity, at 1500-1600 c¢cm™ and 1020-1050
cm™.

oeThe alkylated nitrogen was identified at
cationic dyes at 1260-1290 cm™ frequency, for
two bands.

The disperse and cationic dyes were
analyzed by NMR spectroscopy[5] using
VARIAN Gemini 300 BB apparatus, with
frequency of registration in case 'H-NMR is
300 MHz and in case C-NMR the frequency
is 75 Hz. The purified prove was soluble in
DMSO-ds, and the signals was reported at
TMS. We select illustrative, cationic dye 13 to
present in NMR spectra.

The "H-NMR spectra for cationic dyes
blue, 13 purified by HPLC, lead to the signals:
H' - singlet, 8y: 6,41 ppm.

H* — singlet, 8y: 7,02 ppm.

H®, H'’-split doublet, &y:6,67 ppm, with
coupling constants orto J(9,8) = 8,00 Hz and
meta J(8,12) = 1,50 Hz.

Hg, H“—Split doublet, 0y:6,10 ppm, with
coupling constants orto J(9,8) = 8,00 Hz and
meta J(9,11) = 1,50 Hz.
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The six protons of —N(CHj), group present The carbon atoms C?, C°, C°, C°, present
signal at 2,49 ppm, singlet and the protons of —  signals of 8: 113,7; 137 0; 133,4; 101,0 ppm.

N'-CH; group present signal of 2,30 ppm,  The carbon atoms C¥, C'2 and C9 C11 present
singlet. next signals &: 122,2 ppm and 112,2 ppm; C’

The proton of -NH group, indazolic ring, was .4 C1°s: 140.6 ppm and 152,1 ppm.
attributed to signal of 4,76 ppm, singlet. . ’

The proton from —CH, indazolic ring, was

attributed the triplet of 7,10 ppm. The signals 7,70 ppm and 43,6 ppm were

13
The “C-NMR spectra present next — ,...ed to carbon atoms from —N"-CHj; and—
signals for carbon atoms: N(CH3), groups

The carbon atoms C' and C* present signals of
d: 110,0 ppm, respectively 127,9 ppm.

The signal 6: 125,0 ppm has been attributed at
carbon atom on thiazolic ring.

J(orto)
CH,
& 4 N+ c i “g | A
/) SC/ e - ,C5c7 3o ~NE 8c- C
N el o \>N N, 1 N(CH3)2<— N, i HN=N<; Bo—nicHy)
/C l /C 12 11 6C 2 3/2
- J(meta) N/ 1ATV TS 2c: 11C
J(meta) q Cc
H H H
J(orto)
13 13a
The polyacrylic fiber and cotton/polyacrylic tests by estimation fastness shades with grey
fiber textures were submitted the qualitative scale; the results were expressed by note from 1

at 5.[6,13]

Table no. 3. The fastness test of cationic dyes on polyacrylic fibers

o ' Washing Perspiration | Perspiration ‘ .
Cationic |Cool water| Light p fastness fastness Ironing Friction
astness . )
dye fastness fastness 40°C acid alkali fastness fastness
(pH=5,5) | (pH=8)
12 4 4 3-4 4 4 3-4 4
13 4 4 3-4 4 4 3-4 4
14 4 4 3-4 4 4 3-4 4
15 4 4 3-4 4 4 3-4 4
16 4 4 4 4 3-4 4 4
17 4 4 4 4 3-4 4 4
18 4 4 4 4 3-4 4 4
19 4 4 4 4 3-4 4 4
20 4 4 4 4 3-4 4 4

*These fastness measures were made in accordance with strength standards.
good the washing fastness at 40°C (table no. 3

The perspiration/light fastness at and no. 4).
cationic dyes increases if used colorant The relationship between colour and
solution 2-3%. This aspect determines the perspiration/light fastness test was influenced
improvement at the dyeing fastness with ’2-1 by coupler colorant. Also, the number of
tone.[7-9] electrons donating group in cationic dye
The cationic dyes derivatives from molecule lead at displace of absorption
2-aminothiazolo [5,4-f] indazole dyeing maximum at greatest wave lengths and
polyacrylic fibers and cotton/polyacrylic fiber implicit at light fastness diminution.[10]
texture in bright blue shades, with good
perspiration/light  fastness, good ironing The affinity of synthesized cationic
fastness and friction fastness, but was less dyes depend on presence of the functional

groups in dye molecule, also the dispersion
degree at dye and the polyacrylic fiber nature
dyeing submitted.
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Table no. 4. The fastness  test of cationic dyes on cotton/polyacrylic fibers texture

o . Washing Perspiration | Perspiration ‘ .
Cationic | Cool water| Light £ fastness fastness [roning Friction
astness . .
dye fastness fastness 40°C acid alkali fastness fastness
(pH=5,5) | (pH=8)
12 4 4 3 4 3-4 4 4
13 4 4 3 4 3-4 4 4
14 4 4 3 4 3-4 4 4
15 4 4 3 4 3-4 4 4
16 4 4 3 4 3-4 4 4
17 4 4 3 4 3-4 4 4
18 4 4 3 4 3-4 4 4
19 4 4 3 4 3-4 4 4
20 4 4 3 4 3-4 4 4
[17] Okano, S., J. Japan Assoc Textile, 32,
Conclusions 194, 1991

Were obtained new cationic dyes
derivatives of 2-aminothiazolo[5,4-f]indazole,
by an original method, very profitable both
technological and economical. The synthesized
cationic dyes were characterized by IR, UV-
VIS and NMR spectroscopy, thin layer
chromatography, HPLC and decomposition
points. These dyes were used with success in
dyeing process of polyacrylic fibers and the
fastness values tests and this thing is proved.
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Abstract:

A possible correlation between chemiluminescence (CL) emission and oxidation of edible oil
at elevated temperatures, usual for frying processes, has been studied based on similarity of the
chemical structure of the oils and hydrocarbon polymers. CL emission was found to be dependent
on temperature, activation energy values calculated from various CL parameters indicating the
occurrence of an inhibited oxidation and oxygen diffusion controlled process. Specific CL curves
were recorded from various types of oils, suggesting that CL could be used as an analytical
technique for identification of nature, grade or origin of edible oils. Previous thermal oxidation at
130° induced a degradation that has been evidenced by changes in both CL parameters and IR
spectra. Because CL and IR data are consistent, it was drawn the conclusion that CL could be used
as a marker of thermal oxidative degradation. a-tocopherol induced a weak antioxidative effect
that seems to increase as decreasing the temperature. In fact, a very slight improvement in stability
was observed

1. Introduction fact, similar scheme is used to explain the
oxidation of hydrocarbons and of some
Lipid oxidation is a very important polymers (such as natural rubber or
process related to foods preparation and polyethylene), that are more simple systems.
degradation (alteration) and also to ageing In these cases, chemiluminescence (CL)
processes in living organisms [1-5]. emission is well related to oxidation and it
Several oxygen active species were becomes a useful method to investigate the
identified as initiators of oxidation, and two oxidation kinetics, mechanism or to evaluate
main types of oxidation processes, namely the effectiveness of various stabilizers [12-
thermal- and photo-oxidation are responsible 16].
for lipid oxidation [6, 7, 8]. Beside these Lipid systems are considerably more
mechanisms there is also the enzymatic complicated than mineral oils or pure
peroxidation [1, 5]. polymers. Therefore, is often difficult to apply

traditional methods to study their oxidation,
because the results could be contradictory,
being influenced being influenced by various

It is well known that oxidation compositional factors. CL is very attractive to
processes occur by mean of hydroperoxides study lipid oxidation, because luminescence
and radicals, as a chain process that could be signal could be directly related to the reactions

described by a Bolland Gee scheme [9-11]. In of hydroperoxides and peroxyl radicals, i.e. the
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same species involved in  oxidation
mechanism. Actually, it was shown that

there are several differences between lipids
systems and hydrocarbons, and extrapolations
should be carefully made.

CL was wused to characterize the
oxidation of some model compounds, such as
linoleic acid [17]. In paper [18] a direct
correlation of CL and oxidation extent (as it
was described by concentration of malonic
dialdehyde - a major product of lipid
peroxidation) was reported. Similar results
were reported also in papers [19, 20].

Recently, it was reported that CL signal
increased after hydroperoxide concentration
vas level of, that is the decomposition of lipid
hidroperoxides lead to peroxyl radicals which
react to product excited species responsible for
light emission [21]. In other words, under
these conditions, oxidation occurs before an
increasing in CL signal. It was also tentatively
applied to check the oxidation level (to detect
the rancidity, or its beginning state) in various
foods, such as vegetal edible oils [22, 23],
milk powder and instant Chinese noodles [23],
breakfast cereals and soda crackers [24] a.s.o.
Cash and colab. tentatively estimated the shelf
time of some vegetal edible oils, based on CL
induction time, i.e. the period before the non-
linear increasing of CL. They considered that
traditional methods, such as analysis of
concentration of secondary oxidation products,
sub-evaluate the shelf time at low temperature
[22]. However, the smell and coloration of the
model system clearly appeared before the end
of the induction period. Several standardized
procedures were also proposed, but it is clear
the field is not enough explored [25].

The aim of this work was to
preliminary study the CL emitted from several
edible oil samples during isothermal oxidation
in order to check if CL could be a valuable test
for characterization of oxidation at elevated
temperatures (specific to frying processes). On
the other hand, we intended to observe if CL
curves are specific, to be applied as marker of
the oil origin or grade.

2. Experimental

2.1. Materials
Commercial available grade edible oils
were used in this study, namely:
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- refined sunflower oil, recommended
for both salad and frying; two different grades,
produced by different enterprises and called
“sample A” and “sample B” were analyzed;

- ground sunflower oil, sample C;

- olive oil, sample D.

All samples are viscous, clear liquids
and yellow colored liquids, the most intense
color (yellow-brown) being exhibited by
sample C.

Pure d-a - tocopherol, has been used as
an antioxidant. It was included in oil sample (5
cm’) after accurate weighting and mixed by a
glass rod. All samples were kept in refrigerator
to avoid the effect of heat and light.

2.2. Methods

CL emission from initial or oxidized oil
samples has been recorded by CL-RTL
97/03M apparatus, made by ICPE CA
Bucharest (see Fig. 1a, b).

Fig. 1a - General view of the apparatus CL-

RTL 97/03M (ICPE-CA): 1- sample unit
(furnace and measuring cell); 2-photo-
multiplier tube; 3- measuring unit, including
high voltage supply; 4- thermometer; 5- tem-
perature controller

14

8888888

Fig. 1b - Bloc schema of the apparatus CL-
RTL 97/03M (ICPE-CA): - light tight box;
2- oven; 3- heater; 4- thermocouple;

17
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5- temperature controller; 6- sample; 7- lens;
8- shutter; 9- PM tube; 10- high voltage
supply; 11- amplifier; 12- A/D converter;
13- interface; 14- digital data display;
15- computer; 16- printer; 17- computer
display; 18- gas inlet; 19- flowmeter; 20- gas
exit

A typical CL curve and parameters
describing the oxidation kinetics are presented
in Fig. 2 and Table 1 respectively.

Imax

Imax/’) B SN 0 )

CL intensity (I)

Time (t)

tin

Fig. 2 - Typical CL curve from isothermal
oxidation of an organic material

Weight loss of the samples during oxidation
has been determined by sample weighting
before and after measuring of CL. The
calculation has been made using the formula:

m,—m,
A =L "1.100 (1)
m.

1

where m; and my are the initial and respectively
the final (after CL measurement) weight of the
sample.

Table 1 - CL parameters related to oxidation
process and their signification

Parameter Significance
t; oxidation induction time
tin time requested for reaching half of CL
intensity
ts time to reaching first CL shoulder
Vox oxidation rate
tm time requested for reaching maximum of
CL intensity
Lnax maximum of CL intensity

v
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The thermo-oxidative pre-treatment at
130° has been made in aluminum cells (50 mm
in diameter and 8 mm in height), that where
exposed in an air oven; the thickness of oil
layer was 5 mm.

Infrared spectra were recorded in
transmission using a Specord 75 IR (Karl
Zeiss Jena) on oil films of about 100 deposed
between two PE thin films (20um) separed by
a spacer.

3. Results and discussion

3.1. Effect of the nature of oil on the
CL curves

The analyzed oil samples exhibited
different CL curves that seem to be dependent
on the oil type or grade (see Fig. 3 and Table
2). Thus, we can observe that CL signal start
to increase considerable latter with olive oil as
compared to sunflower oil samples. This
means that olive oil is more stable to thermal
oxidation than other analyzed samples. It is
well known that oil olive is recommended to
be used in cooking and also that several oils,
among them being included sunflower oil are
sensible to oxidation because of their high
content in polyunsaturated fat acids [26, 27].
Our result is in agreement with these
observations, proving a higher oxidation
susceptibility of olive oil.

On the other hand, we can observe
some differences between the CL curves from
the sunflower samples (A, B and C). Thus, the
ground oil seems to be less emissive as
compared to refined samples that emit more
CL. This could be caused by some
composition effects. We can suppose that there
are some components in non-refined oil, which
could play an antioxidative role. Another
possibility is that one removable component is
a quencher or light absorber of CL emission.
First hypothesis is supported by the
observation that CL increased slower, and Iax
was reached latter in the case of ground
sample as compared to samples A (se€ tmax
values in Table 2).
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Fig. 3 - CL curves at 150° from some edible
oils: 1 - refined sunflower oil (sample A);
2 - refined sunflower oil (sample B); 3- ground
(non-refined) sunflower oil (sample C);
4 - refined olive oil (sample D)

Table 2 - CL parameters of oxidation at 150°
of various oil samples

Sample ti tin tn Voxa Imax ts
(min.) | (min.) | (min.) (u.r./g) |(min.)
A 5 75 180 [ 190 | 22800 | 23
B 8 140 299 | 33 | 19200 | 64
C 4 84 245 | 44 | 13400 | 40
M 64 208 384 | 30 | 9400 [ 128

’measured in r.u/g.min.

On the other hand, there are some
differences in oxidation kinetics in the case of
samples A and B. This would be assigned to
different stabilization effectiveness in these
two samples.

A rancidity smell has been detected in
the region of the first CL shoulder (see ts
values in Table 4). This suggests that t; and/or
ty values could be related to the loss of
comestible quality of the oil during oxidation.
In this case, t,, and t;, parameters, which are
often used to characterize the polymer
oxidation, could lose their importance.

3.2. Effect of temperature

It is well known that increasing of
temperature leads to an increasing in oxidation
rate, and as a result, CL intensity tends usually
to increase. Similar tendency we can observe
in the case of sunflower oil sample A when the
CL intensity has been lower at lower
temperatures (see Fig. 4).
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Fig. 4 - CL curves from sample A (refined
sunflower oil) at various temperatures:

1- 140°C; 2 - 150°C, 3 - 160°C, 4 - 170°C;
5-180°C

We can observe sigmoid-shape curves,
similar to those recorded from polymers but, in
this case, especially at low temperatures, the
oxidation rate seems to change for several
times during oxidation, resulting several
shoulders that could be assigned to oxidation
of various oil components. In fact, CL curves
from vegetable oils seem to be a composition
of jointed sigmoids which would result either
as successively oxidation of several
components, or as successive oxidation of
various oil layers. It was observed that, during
oxidation, solid oxidized layers were
successively separated toward the border of
the cell.

CL parameters describing the oxidation
kinetics are presented in Table 3.

Table 3 - CL parameters from oxidation of

sunflower oil (sample A) at various
temperatures
T t ty | tm [Vox | Imax t Am

°C) |(min.)|(min.)|(min.) (ur./g) |(min)| (%)
140 7,5 | 105 | 258 | 52 {10200 | 45 | -13,88
150 6 62 188 |111(21240| 30 |[-15,61
160 2 70 | 187 [121[25340] 24 |-20,57
170 0O 45 162 [139(33425] 13 |-24,23

*in r.u./g.min.

It should be noticed also that at the end
of the measurement (at tn.x) all samples were
solid films, exhibiting a rubber-like
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consistency and yellow colored, the color
being more intense as increasing the
temperature.

We can also observe in Table 3 an
increasing in weight loss of the samples during
oxidation, as increasing the oxidation
temperature. The observed weight changes are
the result of several process which are
competing during the oxidation: one is the
oxygen uptake and crosslinking and it should
result in an increasing in sample weight;
another process is the loss of volatile products
- low molecular weight components initially
existing in the oil, or appeared from scission-
oxidation processes.

When CL parameters in Table 3 are
plotted in Arrhenius coordinates, straight lines
were obtained as it is shown in Fig. 5.
Activation energy values, corresponding to
various stages of oxidation were derived from
these curves (Table 4).

The value of E, calculated from t; (61.6
kJ/mol, 1i.e. 14.74 kcal/mol) suggest a
contribution of both oxygen diffusion and
antioxidative effects. On the other hand, this
value 1s typical for decomposition of
hydroperoxides in organic compounds [28].
Similar values of E, were obtained from vy
and I, while with Ay, (30.7 klJ/mol)
considerably lower value has been provided.
This last value of E, is similar to those derived
from t;; and tp,, and suggests that weight loss
and intense oxidation (described by t,, and t;.)
are strongly related.

5.6 T T T T T T T T T T T T T T T T T
E a= 5.34 kcal/mol ®

55F

54

53

Int

y=sum an x " |

59 I a0=-1.00014

al=2685.42 7]
r 0.0597958
5.1 [1]=0.936214—
5 R T T SR (N TR S SO SR N SR ST S T N .-
0.00225  0.0023  0.00235  0.0024
UT (K 7}

Fig. 5 - Arrhenius plot of t,, as a function of
temperature for oxidation of sunflower oil
(sample A) at various temperatures
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Table 4 - Activation energy and other
parameters of Arrhenius plots for oxidation of
sunflower oil (sample A) at various
temperatures
CL parameter used for E, calculation
t tin ts tm
E, 97.5 1384 | 616|223
(kJ/mol)
In A

Correla-
tion

Vox

48.6

Imax

59.2

26.61
0.962

18.28
0.909

26.25
0.914

6.61
0.905

14.11
0.980

1.00
0.936

3.3. Thermooxidative pre-treatment at
130°C

Thermal oxidation at 130°C at various
exposure times resulted in an expected
decreasing in stability of the samples. This
decreasing is proportional to the duration of
the exposure (see CL parameters of pre-
oxidized samples in Table 5). Pre-oxidized
samples did not exhibit any induction period
(t)). The values of t; decreased also quickly as
a function of pre-oxidation time, as it is shown
in Fig. 6.

Table 5 - CL parameters (at 150°C) and
weight loss of pre-oxidized samples (exposed
at 130°C for various times)

hours ti t1/2 tm Vcoxa Imax tSl Am
(min.)|(min.)|(min.) (u.r./g)|(min.)| (%)
0 6 62 | 188 |111{21 240 30 [-15,61
2 - 86 | 196 [105[19580| 12 [-14,36
4 - 45 | 141 |148|31360| 6 |-6,43
8 - 50 | 185 ]133]24640( - -5,6
12 - 36 | 165 |87 (26600 - [-5,26
%in r.u./g.min
T T T T T
30+ .
B
Z o .
g
10+~ .
0 | L | L | L | L
0 2 4 6 8

Pre-oxidation time at 130 °C (hours)

Fig. 6 - Decreasing in ts values (at 150°C) of
sunflower oil (sample A) pre-oxidized at
130°C for various periods
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The shapes of CL curves from exposed
samples seem to become more simple by
disappearance of several shoulders that would

be assigned to oxidation of several
components.

The CL intensity from exposed
samples is higher than in the case of

unexposed ones; therefore CL (by means of t;
or Iyax values) could be a marker of thermal
oxidation exposure of oils.

Infrared spectra were also sensitive to
oxidative changes, especially in the region of
3480 cm™ (hydroperoxides, see Fig. 7) and
1720cm™ (ketone carbonyl groups). However,
this latter band is overlapped by the more
intense absorption at 1760 cm™, due to
carbonyl ester groups.

The hydroperoxide content increased
after 4 hours exposure. This moment is
corresponding to the disappearance of the first
shoulder (t; became 0) in CL curve, being an
evidence to support the above hypothesis that
related t; oil and comestibility.

100
)
= ]
8 s
2 60
£ i
g 40
; -
20
0 N N 1 N N 1 N N 1 N
4000 3500 3000 2500

Wavenumber (cm'l )

Fig. 7 - IR spectra in region of 4000 - 2200
cm’ from some sunflower oil samples (A)
previously submitted to thermal oxidation at
130°C: 1 - initial; 2 - 4 hours; 3 - 12.5 hours.

3.4. Effect of tocopherol

Tocopherol is well known as a fat soluble
antioxidant [2, 3], being involved in various
processes of lipid oxidation. The inhibition
mechanism consists in radical trapping. Our

experiments, carried out at elevated
temperature, revealed a low antioxidative
activity of a-tocopherol, as suggest a

comparison of data presented in Table 6 and 3.
We can clearly observe that the stability is
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basically the same, excepting a slight
increasing in t; and t; values in the case of
tocopherol containing samples.

Table 6 - CL parameters for oxidation at
various temperatures of tocopherol containing
sunflower oil (sample A)

T (OC) ti tin tm Vox Imax ts
(min.) |(min.)|(min.)|u.r./g.min.)|(u.r./g)| (min.)

140 18.5 | 86.5 | 233 86 14720 49

150 5 59 | 135 200 25760 20
160 4 60 | 141 314 47500 | 14,5

170 - 52 1 99 468 51600 6

This increasing in stability seems to be
more significant at lower temperatures than at
higher ones, and could be related to the known
decreasing in activity of tocopherol at elevated
temperatures [29]. A higher effectiveness is
therefore expected at lower temperatures,
which are not used in frying processes.

On the other hand, it is known that the
antioxidative effectiveness of tocopherols
decreases as increasing vitamin E [29], thus a-
tocopherol should exhibit the weakest effect as
antioxidant among the tocopherols. Similar
results concerning a weak antioxidative effect
of a-tocopherol in stabilization of several
polyolefins were recently reported [30].
Moreover, antagonistic effects of tocopherol
and some stabilizers added or contained in the
oil could be supposed, because similar
behavior has been observed in the case of
oxidation of oil samples containing phenols, in
spite that they exhibited very high activity in
polyolefins. These results will be reported
elsewhere.

The values of the activation energy
calculated from various CL parameters
concerning the oxidation of tocopherol
containing oil, could be gathered in three main
categories, namely:

- low values, in the cases of t, and t;»
indicating a low influence of the temperature
and a significant oxygen diffusion control on
oxidation process;

- intermediate values, as in the case of
Imax parameter;

- high values, for E, calculated from t;,
ts and vy, suggesting the occurrence of some
inhibition effects.

A comparison of E, values for oxidation of
sample A (in initial, blank state and in
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presence of tocopherol) is presented in Fig. 8.
We can observe that E, values seem to be
slightly higher in presence of tocopherol.

Conclusions

A possible correlation between CL and
edible oil oxidation at elevated temperatures
has been studied based on the similarity of the
chemical structure of oils and hydrocarbon
polymers. Similar (sigmoid) CL curves are
observed in both cases.

30.0
25.0
20.0
15.0 |
10.0
5.0 1
0.0 -

[ | blank

a-tocopherol

Ea (kcal/mol)

ti ti tm Vox  lmax ts

Fig. 8 - Comparation of E, values calculated
from various CL parameters for oxidation of
sunflower oil, sample A, blank and o -
tocopherol containing.

Different CL curves were provided
under the same conditions by olive oil and
sunflower oil, thus CL would be applied as an
analytical test to discriminate between
different kinds of edible oils. CL curves from
different grades of sunflower oils are also
different, suggesting that CL could be also

applied to discriminate between oils of
different origin or grade.
Activation energy values

corresponding to various oxidation steps can
be derived from CL measurements, and the
results suggest the occurrence of a diffusion
controlled process and an influence of
inhibitors at the beginning of oxidation.
Previous thermal oxidation at 130°C
induced an oxidative degradation that has been
evidenced by changes in CL parameters. Thus,
CL could be a marker of oxidative stress. IR
data are in good agreement with those of CL.
o-tocopherol  induced a  weak
antioxidative effect that seems to increase as
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decreasing the temperature. In fact, a very
slight improvement in stability was observed.
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C. MATHEMATICS SECTION
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MATHEMATICAL CLASSIFICATION WITH FUZZY PARTITIONS.
DEFUZZIFICATION OF OPTIMAL PARTITIONS

ALINA CONSTANTINESCU
Valahia University Targoviste - 0200 Targoviste, Romania
e-mail: alina@valahia.ro Tel.: +40 45 611079; +40 92 342736

Abstract: The propose of this paper is to present the defuzzyfication of the optimal
partition obtained from “n-medium Fuzzy” (Fuzzy — Isodata) algorithm classification .

1.Introduction.

The optimal partition is denoted:

P={A}, Ay, ..., Ay} and it is a fuzzy
partition. There interpretation is given by a
classical partition:

P={A.A,...,A,|
which is defined such as:

xeA, oA (x)= maxlimumAj(x)
j=lL.n

We provide that the rule of choosing a
classical partition P is not equivalent to
minimizing the distance between P and P .
According to my calculation I considered the

definition of the distance from Fuzzy-Isodata
algorithm.

2.Defuzzification of optimal partitions

IfX= {Xl, xz, e xP}, x' € RYa data set,
P={A4, ..., Ay} afuzzy partition,

A;: X—[0, 1], obvious ZAi (XJ): 1 for any
i=1

x' e X.

Each fuzzy set A; describes a class (cluster) of

elements.

We represent fuzzy partition with a matrix A

with n lines and p columns.

A=(4,) i > Ay = A (%) € [0, 1] with

Jj=l...p

ZAij:IforanijI...p

i=l
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and

If matrix norm A: ||A|| = m'ax‘Aij
ij

distance d(P, P’) =||P — P’|| for any P, P’ fuzzy
partitions of X.

3.Theorem:
If P={A,,....A,} with x’ € A, ifand only
if:

4, (xj): max 4 (xj )

Then d (P, P ) >d (P, P') , for some P’ different

fuzzy partition. In other words, P cannot
minimize the chosen distance between P and
P.

Proof: d(P,ﬁ) < d(P,P') for any P’ if and
only if
[P —P| <[P —P] forany P’ if and only if

max‘A,. (xj )— Zl(x’l < max‘Ai (xj )— A (x-’l

i,j iL,J

If A and A is associated matrix to P
respectively P .

A= (Kij ) i=l..n>

j=L.n

v {1 if Ai(xj):ml?x Ak(xj)withjzl...p
;=

0, as for the rest
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5
Ay,
k=1 ¥

J
‘1—Al~(x X:
k#i
. J J
,1fAi(x )= mzx Ak(x )

‘Aij‘ = Aij ,as for rest

Let P with A;; — A= € extremely small and
with:
A= m,?XAk (x’ )

Ag=max 4, (x")

If we consider P' different partition, namely

A'ij = Aij -gand

A'rj = Arj +eg,

where € = | Ajj— Ay ‘

and A"y = Ay as for the rest.

Then:
d(P,P’) = maX\Ai(xj)— A;(le _
LJ

= max {g, 0} =¢

But d(P, P )=max|4, (x)- Z(’Cq:
L]

n
“max 3 4,
T =l

ke#i

Because:

n
max Y A4, >¢
=

k#i

Then d(P,P)>d(P,P).

4.Conclusion: Empirical rule of choosing a
classical partition P is not equivalent to

minimizing the distance between P and P if
the distance is defined like in Fuzzy- Isodata
algorithm.
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CANTOR-BERNSTEIN THEOREM AND APPLICATIONS

CRISTINEL MORTICI
Valahia University of Targoviste Dept. of Mathematics
Bd. Unirii 18, Targoviste, ROMANIA
Email: cmortici@valahia.ro

Abstract. We give in this note an interesting proof for Cantor-Bernstein theorem. Then we
show how this theorem permits us to develop an ordering relation on the set of cardinals and finally

some applications are given.

Let U be a system of sets also called
univers. We say that two sets 4,BeU are
equipotent if there bijection
f:A— B.We denote:

exists a

A~B < 3f : A > B bijection

2% 9

s
or simply A~B. Easy, ”~"is an equivalence
relation, as we can see from the following
scheme:

(reflexivity) _ A~4 p
(symmetry) fA~B =B~ A4 ,
(transitivity) A~ B, B N C= 4 . C

-1

Now by cardinal of the set 4, denoted card4
we mean the equvalence class of A,

cardAZ{B|B eU,B~ A4}

In consequence, we have

cardA = cardB < 3 f : A — B bijection .

On the other side, we can define an ordering
relation on the sets of cardinals. Indeed, we
will say that

cardA < cardB < 3 f : A > B injection .

It is not hard to prove that the following
equivalent definition holds true:

cardA < cardB < 3 g: B — A surjection .

For any set AeU we have cardA< cardA
because the identity function 1,:4—> 4 is
injective.

If 4, B,C €U satisfy:

cardA < cardB , cardB < cardC ,
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then there exist injections f:4—> B and
g:B—>C.

Their product go f: 4 - C remains injective,
so cardA < cardC .

In this way, we established the reflexivity and
transitivity of the relation "<". The
antisymmetry property is not obvious. There
are a lot of proofs for that. It also follows from
the next basic theorem:

Theorem (Cantor-Bernstein). Assume
that for two given sets A and B there exist
injections f:A—>B and g:B—> A. Then

there exists a bijection h: A— B.

Solution. We will say that be B is
ancestor of an element a € 4 if
(gofogo..ofog)(b)=a , for some

2k+1times
integer k2>0. Similarly, we will say that
ac A is ancestor of an element be B if
(fegofo..ogef)(a)=b,

2k+1times
for some integer k£>0. Finally, a'e 4 is
ancestor of ae A if f(a') e B is ancestor of a
and b'e B is ancestor of be B if g(b")e 4 is
ancestor of b, in the sense of the previous
definitions.

Let us denote by M,,M,, M the set of all
elements of 4 which have an odd, even,
respective an infinite number of ancestors.
Analogue, let N,,N,,N_, the set of all
elements of B which have an odd, even,

respective an infinite number of ancestors.
We will prove that the function ¢:4— B

given by
g'(x) , xeM, UM,
P(x) =
f(x) , xeM,



mailto:cmortici@valahia.ro

The annals of “Valahia” University —Sciences Section, vol. 13 (2003)

is bijective.

Indeed, its inverse is w : B— A given by

_ fﬁl(y) ° yENl
v {g(y) , yeEN,UN,

If xeM, UM,_, then

p(x)=g'(x)e N,UN,, s0
y(p(x) = g(p(x) = g(g™ () =x.

If xeM,,then p(x)= f(x)eN,,

so y(p(x) = (p(x) =" (f(x)=x.

In consequence,

oy =1,.

wop=1, and analogue,

A direct application of Cantor-Bernstein
theorem is the following
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Proposition. cardN" = card(N" xN").
Solution. The idea is to use the function
N >N xN’,

S (n)=(n,1)

and the function g :N"xN" — N given by
g(m,n)=2"".3"",

It is easy to see that f'and g are injections and
according to the Cantor-Bernstein theorem,
there exists a bijection 7#:N" — N"xN'. That
is cardN" = card(N" xN").
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SOME REMARKS ON THE STUDY OF THE NONLINEAR
DIFFUSION EQUATIONS

DINU TEODORESCU

Department of mathematics, Valahia University of Targoviste

Abstract: In this paper we consider two models of nonlinear diffusion for which we show that is

possible a reduction to a more convenient form.

Let D be an open and bounded subset of R".
For T>0, let D, ={(t,x)/0<t<T;x € D}.
We consider the problem of finding a function

u = u(t, x) satisfying
ou , .
(1.1) m =div(a(u)gradu) in D,

(1.2) u(0,x)=0,xe D,

(1.3) u(tx)=0, xedD,0<t<T.

The problem (1.1),(1.2), (1.3) is known as the
homogeneous initial-boundary value problem
the diffusion-convection

for nonlinear

equation.

We suppose that the coefficient a: R, - R,
a=a(s) is given and satisfies:
c<a(s)Vs 2 0(c>0), aeC'([0,0)).

The right term of (1.1) can be written as:

0 ou |
Ea(“%j‘

S ou ’ 0’u
Z‘[a (u{ﬁ_xj hatw) ale

1

= a(u)Au + a'(u)Zn: (2—”] ,
i=1 \ OX

i
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n 2
where Au = ZZ 1;[
xi

i=1
So, the equation (1.1) becomes:

% = a(u)Au + a'(u)g(%j .

1

Let wus consider now the function:

y
F :R, >R, Fa(y)zj.a(s)ds.
0

We have F, (y)=a(y)>0 and then F, is

invertible.
For u(t,x) a solution of (1.1), (1.2), (1.3)

define:

(2) v(t,x) = F, (u(t,x)).

We obtain:
ov ' Ou ou 4 ou
2 _-F == = — =alF —and
= E 5 =a = alE )
n 2 n ’
I LA CH (A
o OX; T Ox, ox;

Also,we have:
v(0,x) = F,(u(0,x))=F,(0)=0  for xeD

and
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v(t,x) = F, (u(t,x)) = F,(0) = 0 ,for
xeoD0<t<T.

It results, using the transformation (2), that the
problem (1.1), (1.2), (1.3) becomes:

2.1) % =b(W)Av in D,,

(2.2) v(0,x)=0,
(2.3) v(t,x)=0,

xeD,

xedD,0<t<T,

where b(v) = a(F, ' (v)).

The advantage of the equivalent problem (2.1),
(2.2), (23) is

that the nonlinear term

2

.. 0

containing Z(G_J does not appear any
xl

more.

Consider now the nonlinear equation (3)

ju|” M Au (a > 0)in [0,00)x R".
ot
From the viewpoint of physics (3) is known as

a model of the fast diffusion. Let w = w(x) be

a solution of the nonlinear equation
Aw=|w"w in R". We define:

1
4) u(t,x)=(at+ p)* w(x) (p>0) for

B

XeR", te[-—,»).
a
We have :

A= (at + B)e Aw= (az+ﬂ)i|m4“w and

|u|a aa—L; = (at + ﬂ)|w|aw-é(at + ﬂ)i_]

o=

1
=(at+ ﬂ)2|w| w.
It results that u =u(z,x) given by (4) is a

solution for the equation (3).
So the evolution equation (3) is reduced to the

stationary equation
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S)Aw= |w|aw.
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ON THE ASYMPTOTIC REPRESENTATIONS OF THE REGULAR
LACUNARY FINITE SUMS ASSOCIATED TO A GIVEN SERIES

ANDREI VERNESCU

“Valahia” University,Dept.of Mathematics, 18 , Unirii Blvd., Targoviste
e-mail: avernescu@pcnet.ro

Abstract: We present here (as a generalization of our previous works [1] and [2]) a general
method for obtaining in certain natural conditions of the asymptotic expressions for a
finite sum with the indices in an arithmetical progression (a so-called regular
lacunary sum)starting from a given series.

1. In the previous Conference (Iassy,
1999) we have given an asymptotic
representation for the regular lacunary sums
(i.e. having the indices in an arithmetical
progresion) of  the  harmonic  sum

1 1 1

H" =1+—+—+...+—. Let r>1
’ 2 n

be a

natural, fixed number o = {1,2,3,...,r}. These

sums are
(1.1)
H;f;=l+ L, .. 1

+
oa+(n-1r
To answer this purpose, we have used the
asymptotic expression (of first order) of H,,
namely H, +Inn=y+g,’

n 2

y=lm(H, —Inn)=0,577... is the famous

n—0

o o+r o+2r

where

Euler's constant, and (g, ) is a sequence

n

which converges to 0 for n — co. Also, we
have used the generating function

G!"): C — C of the finite sequence

l,l,l, s ,i , defined by the equality
2°3 rn
u ul ou u™
1.2)G )y ==—+—+—+.. +—.
(1.2)G," () 1 2 3 m
(r)

,a

We have expressed the sums H,'/ as linear

combinations of the values of the generating
function in the points o, (/=0,1,2,...,r -1),

2 We denote by In the natural (neperian) logarithm of a
strictly positive real number and by log the complex
logarithm.

where o,,®,,...,®,_, are the roots of order r
of the unity 1.e. the roots of the equation
z' =1.
So, we have obtained the formula:
A = 4 S0 6 ) |
i=1
We have established the following asymptotic
representation for the GV :
(14)GY () =—log(1-u)~ I} (u).
where for the complex logarithm we have
considerated an unspecified but fixed branch

and where we have [V (u)= J. lz—dz
—Z
0

(ueC\[l,0)) and, for any ueC\{l}, with
|u]=1, we have lim /" (u)=0.

So, we have obtained the following asymptotic
representation

(1.5)
r-l1
H,, =1[H,A,, DACHE 10g(1—(0,)j+0(1)
r i=1

where o(1) denotes, as usual, a function of

natural variable n» which converges to 0, when
n—> 0,
Replacing in (1.5) H, by its asymptotic

expression and also @, and log(l-w,)by

their expressions, we have obtained:
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r

r—1
H") = l{lnn +Inr+y— Z(cos 20l ln(z sin
Toor

=1

We give, as particular examples,
obtained in [2], the formulas for » =3 and
r =4 the apparition of a term in wis due to
the complex logarithm.

a) The caser=3

H) ST
’ 7 3n-2

3 ﬂ\/g

1 1
=—Inn+—| y+=In3+—— |+o(l
3 3[y 2 6 ] o0

H,532’—l+1+l+ —t -

’ 8 3n—-1
:—1nn+—(y+%1n3—ﬂ]+o(1)
H,ﬁg’—1+l+l+.. L

’ 9 3n

1 1
=—Inn+—-y+o(l

3 37 +o

b) The caser =4

H,E“l):l+l+l+...+ L
’ 59 4n-3

1 1 T
=—Inn+—| y+3In2+— [+o(1
4 " 4[]/ 2) o0

I 1 1 1
=—+—+—+...+ =
2 6 10 4n-2

(4)
Hn,Z

1 1
=—Inn+—(y+2In2)+o(1l
Z 4(7 )+o(1)

H® L S T
’ 4n-1

1 1 V4
=—Inn+—| y+3In2-— |+o(1
p nn 4(7/ n 2} o(1)

H£4j=l+l+L+...+L=
T4 08 12 4n

—llnn+l +o(1)
4Ty

All these questions were published in
extenso in [2]. These suggest the
generalization which follows.
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r r

l_nj + @=rm ;r)n sin %H +o(l).

2. Now we consider a series of real or

complex numbers, S = Za

n=l1
and let r,aoe N be r>1, a €{1,2,3,...7}. We
note:

2.8 =a, +a,,, +a

with a, — 0

ne (n—w)

+...+a

o+2r a+(n-1)r

These are the sums mentioned in the title
(associated to the series S); these are subsums

of the rn-th partial sums of § (Sm = z a, ] :
k=1

Our purpose is to obtain in certain conditions
some asymptotic representations for the sums

@.1).

We consider the generating function of the
finite sequence {al ,0y,05,...,d,, },

G!"1:C — C, defined in a natural way by the
equality

QDG wy=au+au’+...+a,u"

The conditions which we consider are the
following:

(1) For the partial sum S, of S we have an
asymptotic representation

(2.3)S, =o(n)+Ar+o(1)

where ¢ is a function of the natural variable n,

A is a constant and o(1) is as usual; the
expression @(n) is the so-called principal part

of §,.

(i) The generating function G has an
asymptotic representation of the form

Q4G W) =Fu)+e, @),

where, for all ueCwith |u|=1, we have
lijllsi"] (u)=0

Using the methods of our also mentioned

paper [2], we obtain first (without the
hypothesis (i) and (ii)), the following

THEOREM 1. For any r € N, r >1 and
ae(1,2,3,...r), fixed, we have
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lr—l ~ ,
=2 (01)" G (),

=0

(2.5)8") =
or equivalent
r—1
(2-6) S, = l(Sm +2 ()" G,E’](m,)}
r 1=0

Now, in the hypothesis (i) and (i1), we obtain
the asymptotic formula given by the following

THEOREM 2. If (i) and
satisfyied, we have
(2.7)

S;Y; = l((p(rn) +A+ i(mf ) F((o,)] +o(1)
r I=1

(i) are

3. This method is general and the
application depends only on the conditions (i)
and (ii); in the previous case, of the sums of
harmonic nature, fortunately the conditions
were satisfied.

Another example can be produced now.

Taking into account that the sum E, = Zl/k!
k=0

“begins” from the term coresponding to k=0,
we must made some little, not essential,
modifications concerning the indices. It
consists in the obtaining of the asymptotic
expressions of the regular lacunary sums
defined starting from the sum of exponential

type

En:1+l+l+...+l,
2 n!
i.e.Eﬁ“O{:IJrl 1 o
’ ol (o+7r)! (au+mn)!
where r» are as previous, but
e{1,2,3,...r -1}.

We have the asymptotic expression
E =e- E', with 0 (0,1) and the generating
n!

functionis G':C — C,
2 m

G (u . L )
®) (rn)!

2
Let/" (u) = I ~“z™dz, zeC be. So, as
0
in the real domain, we have the well-known
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formula, obtained by an integration by parts
and an iteration, which, with our notations is:

i G (w)
and therefore

r u eu r
(DG ) ="~ ol @)

where, if |u|=1, we have lim/" (u)=0. So,

we have GU(u)=&é+o(1).
And so, we have satisfied the two conditions
(1) and (ii). We obtain succesively

r 1 < a\— r
Er(lo)z :;Z(a)l ) 1Gy[, ](a)l):

( _ﬂllgr)(a)l)J =
n!
[E + z (0f) " e” j +o(1)

(0=0,12,...,

[e+2(wl)l “”j+0(l)

_ 13

re

gMH

\:Ir—‘

r) or finally:

(34)E" =

n,o

4. Particular cases
a) Thecase r=2
(Therefore oo =0o0r a=1)
1

+ =
(2n)!

:l(e+1j+0(l):ch1+o(l)
2 e

po-Ll L. 1. 1

nl — o + =
oo 3 s 2n+1)!

=l(e—lj+o(1) —sh1+o(1)
2 e

EXN =1+— L L,
2 4

b) Thecase r=3
(Therefore oo =00r a=lora=2)

1

E(3)—1+1+l+ + =
Gn)!

3t e
1
=—|e
2(

+ icos?] +o(1)

Je
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@ 1 1 1 1
==t —t—=+...+ =
o4 (Bn+1)!
=l e+icos 2—”—£ +o(1)
30 Ve 32
(3)_l+1+1 1

=t —t—+...+

co20 58l (Bn+2)!
_1 e+icos 2—”+£ +0(1)
3l e 302

c) Thecase r=4
(Therefore o =0or
a=lora=2ora=3)

E,§40)=1+l+l+...+ L
' 4 8! (4n)!
1 1
=—|e+—+2cosl [+0o(])
4 e
E,(,“l’:l+l+l+ h— =
15t 9 (4n+1)!
1 1 .
=—|e——+2sinl [+0o(1)
4 e
E® :l+ 1.1 1

n,2

— b ———=
216 10! (4n+2)!

:%(e+l—2cos1j+o(l)

e
E;4§=l+l+i+...+ L
Co3 71 (4n+3)!
=l(e—l—2sin1)+o(l)
4 e

Of course, all the values of this case can
be expressed in chl and shl.

Remark. This work was presented at the
International Conference on Complex Analysis
and Related Topics, “The IX"™ Romanian Finnish
Seminar”, August 27 — 31, 2001, Bragsov, Romania.
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