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Single Excimer Laser Pulse Ablation on TiO2 Surfaces 
  

S. Dinu1, C. Oros1, G. Dima1, C. Stihi1, M. Iordan1, M. Voicu1 
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 Abstract 

This paper presents both theoretical and experimental investigations of the surface 
temperatures of TiO2 thin films under single nanoseconds excimer laser pulse irradiation. The 
target’s temperatures were evaluated by solving the one-dimensional heat flow equation in the thin 
films approximation. From the measurements of the surface profile, the volume dilatation or depth 
of the ablation crater was obtained and, then, the surface’s temperatures were determined in good 
correspondence with theoretical results.   
 Keywords: excimer laser, titanium dioxide, surface temperature 
 

Introduction 
Titanium dioxide (TiO2) and TiO2-based materials have been extensively studied [1,2]. This 

has been driven by their important applications in many fields such as heterogeneous catalysis, 
energy storage and transfer, photovoltaic cell production, sensor design, pigment production, 
corrosion protection, optical coating, ceramic manufacturing, electric device design, wastewater 
purification and selfcleaning coatings. TiO2-based materials exhibit high photo-catalytic activity 
and they are good catalysts in solar cell development and the photo-assisted degradation of organic 
compounds. TiO2 is non-toxic and plays a role in the biocompatibility of bone implants; Co-doped 
TiO2 is an ideal candidate for spin-based electronic devices. In addition, nanostructured TiO2 -
based materials (e.g., nanoparticles [3], nanotubes [4], nanofibers [5], and nanoporous structures 
[6]) are currently receiving much attention because of their unique chemical, electronic and 
catalytic properties. In this context the study of laser interaction with TiO2 thin films are of great 
both theoretical and experimental importan

When a laser irradiates the surface of a solid, the energy may be absorbed. In metals the 
optical absorption is usually dominated by free carrier absorption, i.e. electrons in the conduction 
band absorb photons and gain higher energy. In semiconductors electrons are excited from the 
occupied valence bands to empty conduction band, provided that the photon energy exceeds the 
band gap. In dielectrics with band gap larger than the photon energy multiphoton transitions are 
necessary to promote electrons from valence band to the conduction band. In all these cases the 
timescale of the energy deposition is determined by the laser pulse duration. Following absorption 
the optical energy is transferred from electrons to phonons, that is, lattice heating occurs. In 
dielectric materials, the laser pulse initially excites electrons to the conduction band there they can 
be further excited by free-carrier absorption. During and after the excitation, electron-electron and 
electron-phonon scattering occur, resulting in the thermalization of the electron system and the 
electrons with the lattice, respectively. In semiconductors and dielectrics photoionization and 
electron-electron impact ionization can produce a free electron gas of comparable high density.     

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 material properties 
and characteristics of the laser radiation, and the heat diffusion, determined by thermo-physical 
material properties and the interaction time. Many studies made until now for different solid 
materials (metals, dielectrics) have shown that the laser intensity of I105 106 W/cm2 produces 
only a heating of materials, the laser intensity of I106 107 W/cm2 produces the evaporation of 
materials, and for the laser intensity of I108 109 W/cm2 starts the laser-induced plasma regime. 
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Laser ablation of solids with nanosecond pulses of moderate intensity I 106  107  W/cm2 is widely 
used in modern technologies, such us thin film deposition, surface treatment, cluster formation  
etc. [7].  

This study concerned with an investigation of the TiO2 thin film surface temperature, solid 
heating and ablation induced by a nanosecond single excimer laser irradiation; to our knowledge 
there is not previous studies on this subject reported in the literature. 
 

Experimental method 
1. Laser 
The experiments were performed with a COMPex 205 KrF excimer laser operating at 248-

nm wavelength. The system is provided with a homogenizer. This laser delivers its energy, E =0.13 
J, in a pulse duration of p=25 ns (FWHM) with a nearly rectangular beam cross-section spatial 
profile. The laser radiation was focused onto the target’s surface with a convergent lens to the 
desired spot size and was monitored by well-known methods of diagnostics by scanning the laser 
beam with a pinhole in combination with a suitable detector. In order to obtain differed laser 
intensities on the target the area of laser spot on the target was modified by changing the lens 
position in respect on the target ‘s position, tab. 1. In these conditions the maximum value of laser 
intensity was above 107 W/cm2. The maximum rate of repetition for laser shots is 20 Hz. All 
experiments were performed by a single laser shot irradiation in air at normal conditions. 

 
Table 1. The experimental laser intensities on the target’s surface 

Laser spot 
area S 
(mm2) 

S1=713 
=91 

S2=611.5
=69 

S3=59 
=45 

S4=3.256
=19.5 

S5=2.254.25 
=9.56 

Laser 
intensity 
I(W/cm2) 

I1 

=0.57107 
I2 

=0.75107 
I3 

=1.15107 
I4 

=2.66107 
I5 

=5.43107 

 
 2. Targets 

TiO2 100-nm thickness was deposited on glass by magnetron sputtering deposition (MSD), 
which is known to produce films with nearly bulk-like refractive indices, low optical losses, and 
high laser breakdown thresholds [8]. The coating chamber is an industrial system (TSD 400-CD 
HEF&D) with various diagnostic facilities such as optical emission and mass spectrometers. The 
target is sputtered in DC mode with an ENI RPG 100 generator. A typical SEM image of TiO2 is 
given in fig. 1. 

 
Fig.1. SEM image of TiO2 

 
Results and discussions 
1. Theoretical results 
The temperature rises in the target  tzT ,  is quantitatively assess using well-know standard 

equation for the time-dependent heat flow in a solid [9]. The thermal effects during pulsed 
nanosecond laser irradiation can be explored by the solution of the one-dimensional heat flow 
equation with non-linear boundary conditions arising due to the formation and movement of the 
solid-liquid and vapor-liquid interface: 

 7
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where z refers to the direction perpendicular to the plane of the t get an t refe ime. The 
terms c(T), R(T) and (T) represent the temperature dependent specific heat capacity, reflectivity 

ar d rs to the t

and absorption coefficient, respectively. I(t) is the time dependent laser intensity striking on the 
surface. The one-dimensional nature of the problem is primarily due to the fact that the transverse 
dimensions of the laser beam are much larger than the thermal diffusion distance in nanosecond 
time scales. Assuming the applicability of a one-dimensional model for the short pulses used, and 
restricting consideration to single-pulse exposure, the temperature rise was calculated taking 
account of the finite optical absorption depth and pulse duration of the laser. If the absorption takes 
place in an infinitesimal thin layer (surface absorber), the temperature rise in the bulk T(z,t) during 
the laser irradiation can be described by the solution of the heat flow equation (1) in the thin films 

approximation, hlth, ( pTthl 
2

1
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 SRnhznhzR 2212 2
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22

pS

E
I


 is the average laser intensity during the laser pulse (with E laser energy per pulse), 

 film thih is the ckness, p is the laser pulse duration, 
c

kT  is the thermal diffusivity, S is the 

target’s laser spot area, and n is the number of iteratio e approximate model the material 
parameters used are assumed to be constant, i.e. they have no temperature dependences.  

The optical and thermo-physical parameters of TiO

T 
ns. In th

iffusivity) 
T=1.6

f

2 used in calculations are [10,11]: the 
thermal conductivity kT=6.52 Jm- s-1K-1, the thermal diffusion coefficient (thermal d

10-6 m2s-1, thermal diffusion length lth180 nm, vaporization temperature Tv=2773÷3273 K, 
vaporization energy Evap=6.6 eV. The reflectivity coefficient R was calculated by Fresnel formulas 
or n=2.37 and k=1.29: R=27%. The target surface temperature at the end of laser pulse was 

calculated with formula (2) which in our particular case could be written in the form:    

   
 2

6.1,0
mS

JE
T p  ,                                               (3) 

with T in Kelvins and p in seconds. Th  
calculations was n=3. 

 of energy

e resulting representative number of iterations in our

Accounting the electron interband transitions within the conduction and valence band under 
248 nm photon action  eV5 in the optical absorption depth nm15 , with a TiO2 

band gap of eVEg 3 , results an effective energy for heating the target’s material: EQ  4.0 , 

and the formula for temperature (3) become: 

`     
 

 
 2

64.0
mS

 .                                              (4) 

 given in tab. 2 for five different con ing the 
convergent lens we have modified the area of laser spot on the target (at laser energy and pulse 
duratio

orization temperature and one expect to have only heating of the material and 
a volum

2
6.1,0

JE

mS

JQ
T p 

The results are ditions of laser irradiation, i.e., us

n constants).  
For first three conditions of laser irradiation the target’s surface calculated temperatures are 

smaller than TiO2 vap
e dilatation. For last two conditions of laser irradiation the calculated temperatures are 

greater than the vaporization temperature and in these cases are expected to have laser ablation and, 
eventually, laser-plasma ignition with a corresponding ablation crater. 
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Table 2. The target surface calculated temperatures 
Laser 

.1) 

     
intensity I I1 I2 I3 I4 I5 

(see tab
Temperature 
T (K) 

915 1205 1850 3280 4360 

  
In order to make quantitative predictions on whether plasma ignition takes place at a certain 

intensity I, one can make use of the well known plasma ignition condition [12]: 
,BI p                (5) 

with B4104 Ws1/2cm-2. This rule was established for surface absorbing (m tallic) tar
tim al r condition

e gets with 
nanosecond or longer pulses, but may give a rough es ate so fo other s. In our 

experiments p=25 ns and the estimated laser intensity for plasma ignition is 
2

810531.2
cm

W
I  ; 

this value is about ten times grater than our experimental intensities, so the plasm t 
take place. 
 
 2. Ex

a ignition does no

perimental results 
The theoretical results can be correlated with the observations of the experimental profiles 

le pulse laser irradiation. The measurements of the target’s surface 
profile 

al expansion of 
target’s

of the target’s surface after sing
were made with a Dektak 3030 ST profilometer. The diagrams given in figs. 2-6 show the 

TiO2 surface profiles induced after irradiation of different laser intensities (tab.1).  
For the first three values of laser intensity the results are given in figs. 2-4. One can observe 

that we have no laser ablation; the laser pulse just heating the target and the therm
 surface due to the laser heating induces a surface elevation in the spot. One can estimate the 

temperature in the area of interaction considering the thermo-deformation of the target’s interaction 
area (a volume dilatation), and the temperatures are given in tab. 3.   

 

         
                 

   Fig. 2. I=0.57107W/cm2                             Fig. 3. I=0.75107W/cm2 
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    Fig.4. I=1.15107W/cm2                                      Fig. 5. I=2.66107W/cm2 
 
 

 
 

Fig. 6. I=5.43107W/cm2   
 

Figs. 2-6. TiO2 target profile after laser irradiation  
 

Experimental values of temperature are bigger than the theoretical ones because in our 
calculations we have no included the thermo-physical parameters dependence on temperature. Also, 
in our model we did not take account by the surface roughness before laser irradiation, but from 
tables 2 and 3 one can see that the results are in a relative good agreement. 

 
Table 3: The estimated temperatures considering a volume dilatation  
 

Laser 
intensity I 
(see tab.1) 

I1 I2 I3 

Temperature 
T (K) 

1042 1375 2107

 
The starting point for laser evaporation of material can be seeing in fig. 4, where in 

distinction of figs. 2 and 3 a crater begins to arise. In figs. 5 and 6 a crater produced by laser 
ablation is observed. In these conditions the temperatures achieved on target’s surface are greater 
than vaporization temperature of TiO2. Also, around the crater the melt material can not be 
observed; the surrounding surface is entirely devoid of any redeposited droplets, so is desirable to 
consider that the target material transforms direct from solid state in vapour state. Starting with 
evaporation time, the ablation rate per laser pulse can be estimated using the classical thermal rates 
equation [13]: 

 10
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Tk

Evap

                         (6) 

e 23
0 e  molecular layers/ns (for TiO

Be0   

wher Boltzm2), kB is ann constant, and Evap is the 

vaporization energy. Because eVEvap 6.6 for normal pressure and vaporization temperature, 

1 molecular layers/ns and from equation (6) results 0 molecular layers/ns (for TiO2). 

e r ind ced poriz tion le he 

23e
b  laser aUsing this equation, the dim

ablation speed per pulse,
nsion o  the cr tef a u y v a t us to estimate t

 , and target’s surface temperature: 

 


0ln

  
The results are given in tab. 4 and they are also bigger than the theoretical ones, tab. 2. The 
explanation consists in the limit of the model. When dealing with processes such as vaporization, it 
is necessary to take account the fact it is a non-isothermal one, with a strong temperature 
dependence of evaporation rate constant and, in order to make a correct evaluation of temperature, 
it is necessary to know the values of the optical and thermal properties of the film and the substrate 
at high temperature. Unfortunately, these are not known at the highest temperatures 


76520

.                           (7)

involving in 
is work, and for this rea is important in future 

TiO  

bla ce te
area (mm2) 3.2 .5 2.254.25=9.56 

KT

th son a theoretical evaluation of surface temperature 
2 and TiO2-based materials interaction with laser radiations.applications regarding 

 
Table 4: A

Laser spot 
tion rates and surfa

56=19
mperatures 

Ablation rate  (molecular 
yers/ns) 

7 (i.e.
pulse) 

10 (i.e.50 er pulse) 35 nm/laser nm/las
la
Temperature T (K) 3635 3696 
 

Also, at higher laser intensities we have observed that the film detached from the substrate. 
This can be explained in first approximation using the thermal model and supposing that the 

mperature film-glass substrate distribution is such that the interface stress is very high; but future 
work on this subject must be done.  
 

al rates equation. A 
ental data (surface temperatures and removal depths) was 

cknowledgements: This work was partially supported by a  Erasmus-Socrates Mobility 
rogramm. 

te

 
Conclusions 
 
We have investigated theoretically and experimentally the interaction of single nanosecond 

excimer single laser pulse with TiO2 thin films deposited on glass by magnetron sputtering 
deposition. Theoretically, in the case of solid heating, from the one-dimensional equation of heat 
flow in the thin films approximation, the target’s surface temperatures were estimated. In the case 
of laser ablation, the surface temperature is determined from classical therm
reasonable agreement with experim
reached and the differences are explained by the limit of the theoretical model. 
  
A
P
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Abstract 
 
High precision measurements of the physical-chemical environmental variables are 

essential but not sufficient to assess the response of ecosystems and humans to stress. A main goal 
of environmental monitoring is to monitor the state of whole ecosystems using bioindicators. 
 The article reports the basic data on elemental content of the vegetables leaves and soil 
from cropping areas.  A correlation between elemental map of vegetables and elemental map of 
surface soil was made. The concentrations of elements in samples were determined by different 
methods: the Proton Induced X-ray Emission spectrometry (PIXE) and Atomic Emission 
spectrometry technique with Inductively Coupled Plasma (ICP-AES). The PIXE analysis was 
carried out at IFIN-HH in Bucharest using a 3 MeV proton beam which was supplied by th
tandem accelerator a
- Sequential Plasma Spectrometer. The results obtained by the two methods were compared. 
 
   Introduction  

Vegetal samples can be used in monitoring environmental pollution by heavy metals.  Plants 
not only intercept pollutants from atmospheric deposition but also accumulate aerial metals from 
the soil. Aerial heavy metal deposit are taken up from the soil by plants via their root system and 
translocated to other regions of the plant.  Particle deposition on leaf surfaces may be affected by a 
variety of factors, including particle size and mass, wind velocity, leaf orientation, size, moisture 
level and surface characteristics1. The deposited particles may be washed by rain into the soil, 
resuspended or retained on plant foliage. The degree of retention is influenced by weather 
conditions, nature of pollutant, plant surface characteristics and particle size 2. Harrison and 
Chirgawi (1989) demonstrated experimentally the significance of foliar accumulation and 
translocation of air derived metal pollutants. The foliar route was found to be of similar importance 
to the soil-root pathway. Heavy metal absorption is governed by soil characteristics such as pH and 
organic matter content 3. Thus, high levels of heavy metals in the soil do not always indicate similar 
high concentrations in plants. The extent of accumulation and toxic level will depend on the plant 
and heavy metal species under observation. In an investigation of Cd, Cu, Ni and Pb uptake from 
air and soil by Achillea millefolium (milfoil) and Hordeum vulgare (barley) in Denmark, Pilegaard 
and Johnsen (1984)4 concluded that Cu and Pb plant concentrations correlated with aerial 
deposition but not with soil concentrations. In contrast, Ni and Cd content in the plants correlated 
with deposition and soil content.  The interpretation of analytical data is therefore complicated by 

 13
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many factors. However, metal accumulation in plants can reflect the relative extent of the burden 
and its dispersal. The article reports the basic data on the heavy metal content in the vegetabl

5 
e 

aves and soil from cropping areas obtained by Particle Induced X-ray Emission (PIXE) method 
and A  spectrometry technique with Inductively Coupled Plasma (ICP-AES) 6. Data 
colle d a direct influence of heavy metals concentrations in the chain soil-vegetables.  
 

ied in drying stove at 105 C for 1 hour. 
he soil samples from vegetables cropping area were drew from different depths in soil: over 

surfa eep. The soil samples were also dried in the same conditions 
as the

 sample was diluted with a convenient volume of deionized water followed by 
addition of internal standard (200μl solution of Y 2O3 in HNO3 medium, containing 160.8μg Y/ml). 
Volu

f 
Magurele, Bucharest. X-ray spectra were measured with a spectrometric chain with a CANBERRA 
Ge h ution at 6.4 KeV of Ka line of iron. The X-ray spectrum 
analy  at Valahia University of Targoviste, using LEONE fitting programs.  

rained and after powdering, 2.00 g powder leaves have been digested in  
40 m fter a set aside in fume cupboard overnight the obtained liquid was gently boiled  
(with

 The cooled sample solution was diluted with water at 250 ml solution and nebulized into plasma  
of sp urements were made using the Baird ICP2070 -Sequential Plasma  
Spectrometer in Targoviste.  

a, Mn, Fe, Cu, Zn, Cr, Sr, Mo in soil samples (table 2) with 
the u

e can observe the presence of toxic element Sr in soil and leaves of vegetables: the higher 
con alcium, 
potassium and iron concentration nd decrease inside the soil. 

le
tomic Emission

cted indicate

Experimental 
Sampling  
The sampling of vegetable, Apium graveolens (celery), Brasica oleracea (cabbage), leaves 

samples were made in phenological phase mature fruit of vegetables. The samples of fresh leaves 
were weighed, then were dr o

T
ce, 10 cm in deep and 20 cm in d
 biological samples.  
 
PIXE experimental procedure 
Sample preparation 
A few tens of milligrams of vegetable leaves and soil were weighted and put in 50mL HDPE 

vials. For each sample an equal volume of 2-4mL HNO3 and a few hundreds of microliters   H 2O2 
and HF were added. In order to assure complete digestion the samples were heated 4 hours at 75˚C. 
After digestion each

mes of 150μl were deposited and evaporated on Mylar foil (2,5μm thickness) fixed on 
aluminum frames.  

Analysis 
PIXE measurements of target elements were made using a 3 MeV proton beam extracted from 

the Tandem Accelerator FN-8 of the National Institute of Nuclear Physics – Horia Hulubei o

yperpure detector with a 160 eV resol
ses were made off-line,
 
ICP-AES experimental procedure 
Sample preparation  
The dried leaves were g
l HNO3. A
out major loss of volume). For a good digestion 3 ml acid perchloric have been added and  

2-3 ml water after cooling.  
Analysis 

ectrometer. ICP-AES meas

 
Results and discussions 
 
PIXE analysis  allowed determination  of S, Cl, K, Ca, Ti,  Mn, Fe, Ni, Cu, Zn, Sr in 

vegetable samples (table 1) and of  K, C
ncertainties of the data point of the order of 10%.  
ICP analysis allowed determination of Na, Mg, Fe, Cu, and Zn in vegetables samples (table 

3). The uncertainties are less then 6%. 
W

centration of Sr is on the surface of soil and decrease inside the soil.  Also the c
s are higher at the surface soil a
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 1. Conc ra  (mg/100g fresh sample ) of elements f  ve abl ve

ith PIXE method 

S Cl K Ca Ti Mn Fe Ni Cu Zn Sr 

Table ent tion rom get e lea s 
analysed w

 
Samples 

Apium 
graveolens 
(celery) leaves  

18 59 19.6 51 0.098 0.116 0.382 0.006 0.011 0.078 0.017 

Apium 
graveolen
(celery) le

s 
aves 

5 1  14.3 1.5 5.78 66.6 0.111 0.172 0.346 Nd* 0.018 0.088 0.019 

Brasica 
oleracea 

 

45.6 89 12 7.84 Nd* 0.098 1.164 0.003 0.053 0.13 0.012 

external 
(cabbage)
leaves  
Brasica 
oleracea 

49 88 10.7 6.7 Nd* 0.095 1.38 Nd* 0.061 0.138 0.014 

external 
(cabbage) 
leaves 
Brasica 
oleracea 
(cabbage) 
leaves  

inside 
21.8 5.99 36.3 11.9 Nd* 0.022 1.7 0.006 0.054 0.033 0.006 

4 

Brasica 
e 

(cabbage) 
leaves 

28.5
5 

4.75 36 14.22 0.005 0.017 1.88 Nd* 0.045 0.031 0.008 
oleracea insid

* not detected 

 
 

Concen ion (mg/100g )  of elements from il sam s an ed w  PI
method 

 
Table 2. trat  so ple alys ith XE 

 
Samples K Ca Mn Fe Cu Zn Cr Sr Mo 

Soil from 
surface 

37 12 0.07 46 0.005 0.13 0.04 3.6 0.13

Soil from 10 
cm  deep 

27.2 8.12 0.77 35.6 0.007 0.02 0.06 2.6 0.1 

Soil from 20 
cm   deep 

23.6 7.80 1.33 31 0.008 0.01 0.16 1.2 0.05
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Table 3. Concentration (mg/100g fresh samples ) of elements from vegetable leaves 

ed with ICP-AES method analyz
 

Samples Na Mg Fe Cu Zn 

Apium graveolens 
(celery) leaves   

5.24 0.92 0.374 0.017 0.07 

Apium graveolens 
(celery) leaves 

5.72 0.95 0.376 0.018 0.082 

Brasica oleracea 
external (cabbage) 
leaves  

12.2 1.25 1.17 0.05 0.131 

Brasica oleracea 
external (cabbage
leaves 

) 
12.8 1.74 1.25 0.058 0.135 

Brasica oleracea 
inside (cabbage) 
leaves  

11.7 1.87 1.67 0.047 0.04 

Brasica oleracea 
in

10.8 1.82 1.74 0.045 0.032 
side (cabbage) 

leaves 
 

A correlation between elemental map of vegetables and elemental map of surface soil was made  
(figure 2). We found an order two polynomial dependence between the elemental maps of surface soil  
sample and celery leaves sample. 
 

Figure 2 Corelation between elements concentrations of 
surface soil and celery leaves

y = -0.1046x2 + 4.7489x - 1.965

R2 = 0.8083

0
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0 10 20 30 40 5
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ce
le

ry
 l
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s

 

0
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Conclusions 
 
The obtained elemental composition of soil can be use to establish the optimal distances to 

plant the vegetables used in agroalimentary domain.  A good correlation between the elemental map 
of plants and the elemental map of soil samples can be made in the next work using the obtained 
basic data. For Fe Cu, elements which can be determine by both methods, the concentrations 
obtained by ICP method are in good concordance with the concentration obtained by PIXE method 
(figures 2 a, b). The obtained results demonstrate the complementarity of the two analytical 
methods PIXE and ICP,    in determination of the whole elemental map of different samples. 
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GREEN PIGMENTS DERIVATIVES FROM HETEROCYCLIC 
DIQUINOXALINE-PIPERAZINE SYSTEMS 

 
 

C. Rădulescu 1, A.-M. Hossu1, I. Ioniţă1, E. I. Moater1 

 
1’’Valahia’’ University of Târgovişte, Faculty of Science and Arts , 18-22 Unirii Blvd. 130082 

 
 
 

Abstract: In this paper, it was studied the alkylated compounds obtained by organic synthesis for 
first time, by spectral analysis, IR, UV-VIS and NMR. The alkylation reaction was realized with 
very good yields, if the process parameters were respected during the time of reaction. The 
alkylated diquinoxaline-piperazine-dicarboxylic acids were obtained by original synthesis and as 
thermorezistance green pigments can be used for paint as powder type. 
 
Key words: pigment, diquinoxaline-piperazine-dicarboxylic acids, spectral analysis 
  
 1. Introduction 
 

Many traditional pigments and pigment preparations have difficulties to keep the pace with 
technological progress in processing equipment. In addition, recent toxicological findings put 
pressure on established dispersing additives, which formerly enjoyed broad application in the paint 
industry [1, 2]. In last temps were prepared, for example, some red pigment with very good 
properties which found suitable applications in automotive paints, high grade printing inks, plastics, 
high grade industrial and architectural paints and as electrophotographic toners [3]. Also, the 
literature [4] present another red pigments (1,4-diketo-3,6-diphenylpyrrolo[3,4-c]pyrrole) which 
have attracted attention as colorants for imaging areas as well as color filters of liquid crystal 
displays.   

It is known [5, 6] that the light fastness benefit of pigments tends can be associated with a 
poorer, duller shade and has predisposed the two classes of colorant towards different applications. 
Of particular interest in recent years has been the development of inks for ink jet printing. Until 
recently almost all colour inks for use in Small Office/Home Office (SOHO) market have been 
based on dyes. The dominance of dyes is likely to continue in the developing “photographic” 
market, but for use on plain paper, pigment based inks, are becoming more prevalent [7-9]. 

This paper presents the syntheses and characteristics of new alkylated pigments derivatives 
from piperazine-quinoxaline systems. The experimental researches effected on these alkylated 
systems were demonstrated that due their ionic character can be utilized for paints of powder type 
under the thermorezistance green pigments.   

 
2. Experimental 

  
The condensation reaction, for the synthesis of diquinoxaline-piperazine dicarboxylic acids, 

was possible in DMF (Merck 99.9% and b.p. =1530C) either by the using the compounds 1 and 2 or 
the compounds 4 and 5, or 2 equivalents compounds 4 (Figure 1). The results are the same: the 
obtaining of heterocycles systems 3, respectively 6, derivatives of fluorubin, yellow shadows with 
red fluorescence. A mixture of 0.01 moles 2,3-dicloroquinoxaline-6-carboxylic acid, 0.01 moles 
2,3-diaminoquinoxaline-6-carboxylic acid and 500 mL DMF (or 0.01 moles 2-cloro-3-
aminoquinoxaline-6-carboxylic acid, 0.01 moles 2-amino-3-cloroquinoxaline-6-carboxylic acid and 
500 mL DMF) was refluxed in 12 hours, under stirring; then, 10 hours it was distillated the DMF. 
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The product was filtered and recrystallized from alcohol, yellow needles, separated and purified by 
TLC and HPLC methods; yield 74.8% [4, 5]. 

The heterocyclic systems 3 and 6 were methylated with dimethyl sulfate in excess acetic 
acid medium, the molar ratio was (CH3)2SO4:system 3 or 6 = 3:1 at 60-700C in 14 hours (until the 
chromatograme indicated total conversion) under stirring. The next step was the conditioning with 
NaCl time 15 minutes at 700C where there were obtained needles yellow-green with yield 92.6% 
(figure 2) [7, 8].  
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Fig. 1. The synthesis reactions of diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid, 3, 
and diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid, 6 
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Fig. 2. The alkylation reactions of heterocyclic systems 3 and 6 
 

The results obtained from purification methods by TLC and HPLC, the melting points and 
the yields of synthesized compounds 3 and 6, respectively 7 and 8 were presented in Table 1.  
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Table 1. The purification and separation by TLC and HPLC methods of compounds 3 and 6, 
respectively 7 and 8 

Compound Thin-layer chromatography HPLC chromatography Melting poinYields [%
Diquinoxali

ne [2,3-b][2,3-e] 
piperazine -
dicarboxylic 
acids, 3 and 6 

Substratum: silica gel F254 (Merck
Eluent:  n-butyl alcohol : DMF  = 
Rf ~ 0.92 and Rf ~ 0.76  yellow p

Column: Polygosil® 60-2540 C18 
Eluent: 1.015 mM heptansulfonic a
methyl alcohol solution 4% 
Flow: 0.8 mL/min.  
Detection: 307.5 nm 

 
 
357-358 

 
 
74.8 

Alkylated 
diquinoxaline-
piperazine-
dicarboxylic 
acids, 7 and 8 

Substratum: silica gel F254 (Merck
Eluent:  dioxane : formic acid : w
Solvent: water, 0.01% solution 
Rf ~0.83 and Rf ~0.68 yellow-
green shadow 

Column: Nucleogen® 4000-7-DEAE 
Eluent: 5M urea, 20 mM phosphate ta
Flow: 1 mL/min.  
Detection: 348 nm for both 
compounds 

 
 
364-366 

 
 
92.6 

 
The HPLC results were obtained by using an apparatus Jasco 800 with gel permeation 

columns Polygosil® 60-2540 C18 and Nucleogen 4000-7-DEAE. They were considered to be the 
most appropriate because they allow retention times long enough for an efficient separation and do 
not present the clogging phenomenon for the heterocyclic systems [ 9]. 

The TLC method was used: the absorbent layer silica gel, the plate material aluminum and 
the eluents which were chosen different for each compound.  

The melting points were determined with a Boetius apparatus with microscope and heating 
plate, without correction and the results were presented in Table 1. 
 

The spectral analysis 
 All organic compounds obtained by synthesis were studied employing chemical, UV-VIS, 

NMR and IR spectroscopy [12, 13] confirming the structures proposed. 
The UV-VIS electronic spectra were performed with Secoman S 750 apparatus in quartz cells 

(l=1cm) for DMF, respectively water of c~2x10-5M synthesized compounds solution. The 
characteristic absorbances were presented depending on the maximum wavelength.  

The IR spectra were made including the synthesized compounds in KBr disk; the absorption 
has been measured with FT-IR Jasco 620 spectrophotometer.  

The heterocyclic systems, 3 and 6, respectively 7 and 8 were analyzed by NMR 
spectroscopy using Varian Gemini 300 BB apparatus, the frequency of registration for proton 
spectrum, 1H-NMR, is 300 MHz and for carbon spectrum, 13C-NMR, is 75 Hz. The purified prove 
was dissolved in deuterio-dimethylsulphoxide, DMSO-d6, and the signals was reported at TMS. 
 
 
 3. Results and discussions 
 
 The alkylation of the pigments 3 and 6 was studied by chromatography during along time of 
reaction, on base of solubility difference in water for initial and final compounds. The reaction time 
can’t be so long and the temperature so high, for not lead at partial decomposition of the pigment 
with the formation of the resin. 
 The alkylation reaction was effected by using dimethylsulfat in excess. In this case, finally, 
it was added hot water for the hydrolysis reaction of dimethylsulfat excess and then the next 
operations were: the adding of active carbon, the filtration, the reduction of acid character by 
neutralization and the precipitation of the pigments under chloride. 
 The problem which appearing was: where it was fixed by alkylation the –CH3 group at 
heteroatoms of quinoxaline ring? The NMR spectroscopy was demonstrated the presence of only 
methyl group at nitrogen atom (example N1 or N1’ for compound 3, figure 3) at the biggest distant 
of the carboxyl group, a singlet at 3.58 ppm. In accordance with 1H-NMR spectrum the 
polimethylations is not possible. 
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Fig. 3. The presence of methyl group at nitrogen atom of quinoxalinic ring, at compound 3 

 
The 1H-NMR (DMSO-d6) and 13C—NMR (DMSO-d6) results for each synthesized 

compounds were presented. 
 
Diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid, 3, and diquinoxaline[2,3-b] 

[2,3-e]piperazine-6,7’-dicarboxylic acid, 6: H (ppm): 6.92 (1H, s, C6H3); 7.07 (1H, d, C6H3); 6.32 
(1H, d, C6H3); 9.50 (2H, s, 2COOH); 4.66 (2H, s, 2NH); C : 114.2; 118.6; 114.2 ppm for C5, C7 
and C8; 142.0; 142.0; 126.4; 140.0; 135.2 ppm for C2, C3, C6, C9 and C10; 198.0 ppm (COOH). 
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Diquinoxaline[2,3-b][2,3-e]piperazine-dicarboxylic acids, 3 and 6 
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The 1H-NMR spectrum for compound diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid 
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ppm 

The 13C-NMR spectrum for diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid 
 

ppm 

 

 

 

 

The 1H-NMR spectrum for compound diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid 
 

ppm 

The 13C-NMR spectrum for diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid 
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Alkylated diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid, 7, and alkylated 

diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid, 8: H (ppm): 6.92 (1H, s, C6H3); 
7.07 (1H, d, C6H3); 6.32 (1H, d, C6H3); 9.50 (2H, s, 2COOH); 4.66 (2H, s, 2NH); 3.58 (3H, s, 
CH3) C : 114.2; 118.6; 114.2 ppm for C5, C7 and C8; 142.0; 142.0; 126.4; 140.0; 135.2 ppm for C2, 
C3, C6, C9 and C10; 198.0 ppm (COOH); 35.5 ppm for CH3 resulted from alkylation reaction. 
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Alkylated diquinoxaline[2,3-b][2,3-e]piperazine-dicarboxylic acids, 7 and 8 
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The 1H-NMR spectrum for compound alkylated diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-
dicarboxylic acid 

 

ppm 

The 13C-NMR spectrum for alkylated diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic 
acid 
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The values of IR obtained spectra for unalkylated and alkylated compounds are in 
accordance with the emitted conclusions by the NMR spectrum. 
- The -COOH group (Table 2) presents bands, approximately, at 1720 and 1410 cm-1.  
- The bands appeared at 1640, 1530-1570 cm-1 are proposed for the characterization of quinoxaline 
ring (depending by CN and   C-N-); these values are due to the conjugation with the aromatic ring 
(the bands are sharps) and lead at the values diminution CN and increase the intensity of valence 
vibration C-N. 
- The C-NH- group, from piperazine ring, is characterized as faint absorptions as small intensity, at 
1690 cm-1 and 1510 cm-1.  
- The large presented band at 2800 cm-1 was attributed of N+-CH3 group. 
- The presence of alkylated nitrogen was identified at 1280, 1360 cm-1. 
 

Table 2. The IR spectra of compounds 3, 6 and 7, 8 
Compound -COOH N-CH3 N alkyl. C=N+ CH=N- C-NH- Phenyl 

3, 6* 1270; 1400; 1720; 1750 - - - 1640;1570 1690;1510 910; 850; 

830; 1010 
7, 8* 1240; 1410; 1720; 1740 2800 1280; 1360 1690;1700 1630;1570 1695;1520 755; 845; 860; 890 

*The IR spectrum for compounds 3 and 6 are identically, the same thing for products 7 and 8.  
By the study of UV spectra for alkylated compound was observed the apparition of a 

bathochromic shift with a great possibility of conjugation at chromophores system: from λmax = 
307.5 nm with maximum absorbance value 0.736 at λmax = 348 nm with maximum absorbance 
0.989 for 2.10-5 mole/L solutions in DMF and water. 
 
 4. Conclusions  
 In this paper, it was studied the alkylated compounds obtained by organic synthesis for first 
time, by spectral analysis NMR, IR and UV. The alkylation reaction was realized with very good 
yields, if the process parameters were respected during the time of reaction. The alkylated 
diquinoxaline-piperazine-dicarboxylic acids were obtained by original synthesis and as 
thermorezistance green pigments can be used for paint as powder type. The pharmacological tests 
didn’t proved toxicity and the lethal dose is insignificant for both alkylated compounds obtained by 
syntheses.  
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Abstract: The determination of vitamin D has gained increased significance in several areas of 
analytical chemistry such as pharmaceutical, clinical and food application. 
A large number of methods have been developed for quantifying vitamin D contents in 
pharmaceutical. The present paper presents research results regarding the establishing of the 
optimal working conditions for the determination of vitamin D from pharmaceuticals by HPLC. 
 
Keywords: vitamin D, pharmaceuticals, high performance liquid chromatography. 
 

1. Introduction 
 
 Vitamins D2 and D3 are very important fat soluble vitamins for human and animal diets. For 
this reason, they take part in many pharmaceutical preparations, foods and feed formulation. Due to 
the biochemical activity of the vitamins, their concentrations in the preparation are always very low. 
For this reason, a specific and sensitive method was essential for determination of vitamins D2 and 
D3. 
 The first physico-chemical technique for quantification of vitamins D and their principals 
isomers was the measurement of their absorption in UV. Vitamins D, also the pricipals isomers and 
their degradation products present absorption in a spectral domain beetwen 250 and 300 nm [1-5]. 
Other quantification methods were elaborate such as: colorimetry [6,7], spectrofluorimetry [8-10], 
voltametry [11], spectroscopy IR [12-16], mass spectrometry coupled with chromatographic 
technics (HPLC or GC) [17-19] and NMR spectroscopy [20]. 
 The quantification of vitamins D in pharmaceutical preparations for human usage is realised 
in the most of cases by HPLC method coupled with UV spectrophotometrically detection [21-23]. 
Because of the simplicity and fastness of these methods, they represente the advantage of their 
utilisation in current mode. The analytical procedure is realising by absorption HPLC [24], or by 
inverse phase HPLC. 
 In this study, we described a rapid and straightforward method for the determination of 
vitamin D in their commercial pharmaceutical preparation without purification. The described 
method could also be applied for determination of other vitamin D derivatives, fat soluble vitamins, 
and sterols, after extraction from their samples. 
  
 2. Experimental part 
 
 A liquid chromatograph equiped with a pump P 4000 Spectra-Physics Analytical, with 
detector UV 2000 Spectra-Physics Analytical was used. It was coupled to a computer Pentium III 
800MHz, soft Chromquest. 
 For the first determination, the parameters were: 
-         chromatographic column type Zorbax-SIL [4,6mm × 25cm]; 
 mobile phase: 2,5% isopropanol in hexane; 
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 wavelength for detection λ = 254 nm.  
 For the second determination, the work parameters were: 
 chromatographic column type Zorbax-SIL [4,6mm × 25cm, 6m]; 
 mobile phase: isopropanol:hexane = 90:10 (v/v); 
 wavelength for detection  λ = 254 nm.  

In the third determination, the column and the mobile phase were changed: 
 chromatographic column type Zorbax-SIL [2,1mm × 25cm]; 
 mobile phase: mixture from 0,02% methanol in dicloromethan (v/v) enriched in methanol to 
6%; 
 wavelength for detection λ = 254 nm.  

 
Figure 1. The separation of vitamins D2 and D3 from their metabolites by absorption HPLC 

 

 
 

Figure 2. The separation by absorption HPLC of vitamin D2 from its hidroxylated metabolites and 
vitamin D3 from its hidroxylated metabolites 
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Figure 3. The separation by absorption HPLC of dihidroxylated metabolites of vitamin D3 

 
3. Results and disscusions 
 

 The absorption chromatography is applied well on separation of metabolites and isomers of 
vitamins D. It starts from stationary phases with absorbant properties, porous silicagels and 
alumine, which are perfect for the separation of this kind of compounds a little polar and soluble in 
organic solvents. 
 The mobile phases used in vitamins D and their related molecules analysis by absorption 
HPLC are mixtures from hexane and a weak percent of isopropanol, these compounds are perfect 
soluble in them. Vitamins D2 and D3 can be separated on silice in izocratic mode with a mobile 
phase from 2,5% isopropanol in hexane, from their monohidroxylated metabolites: [24-(OH)-D2], 
[24-(OH)-D3], [25-(OH)-D2], [25-(OH)-D3]  
(Figure 1). If the isopropanol percent is increased (90/10 v/v), each vitamin can be separated in the 
most part from their hidroxylated metabolites (Figure 2). The using of ternar mixtures 
hexane/isopropanol/methanol permit the minimization of the phenomenon observed in particulary 
at the level of peak corresponding to [24,25-(OH)2-D3] [10]. 

 A new gradient can be used at the basis of a mixture from 0,02% methanol in 
dicloromethan, enriched in methanol to 6%, for the separation of a mixture with dihidroxylated 
metabolites of vitamin D3 (Figure 3). In the same conditions, this gradient permits the research with 
a superior height of teoretical peak comparative with that obtained for a ternar mixture 
hexane/isopropanol/methanol. The using of mixtures based on dicloromethan and methanol often 
induce the forming of bules. This kind of problem can be avoided by using of a ternar mixture 
hexane/dicloromethan/methanol (80/10/10 v/v/v), problem which will be studied in other paper.  
 

4. Conclusions 
 
 After all bibliographic informations, this method: HPLC coupled to UV absorption 
spectrophotometry detection represents an interesting potential and can be the most compatible 
technique with quantification of vitamins D in pharmaceutical preparations. Other detection 
methods could be compatible, but there are many problems with the practical part.  
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Abstract 
Photochromic compounds are able to change their absorption spectra when exposed to 

light or dark condition. This process is reversible when the photochromic moieties exist, as 
usually occurs, in two different forms, whose relative concentration depends on the 
wavelength of incident light. Polymers white side-chain photochromic groups have recently 
attracted a great deal of interest because the photoisomerisation of the chromophores can 
induce reversible variation of the macromolecular structure and hence their physical 
properties. 

Keywords: photochromic, polymeric materials. 
 
Introduction 

 The problem of “intrinsic colouring” of macromolecular compounds represents a 
subject that continuously preserves its actuality. Multiple practical applications (predictable or 
in current use) could be taken into consideration; their physico-chemical properties being, of 
course the direct consequence of an appropriate structural architecture.  

Obviously, the main feature of colored polymers is their capacity (as such, or as a 
mixture with other polymers) to exhibit colour; chemical bonding of chromophore groups 
would eliminate expensive dyeing techniques, but on the other hand would prevent dye losses 
(the undesired phenomenon called migration). However, another interesting feature of such 
structures is their potential to form liquid crystals; this fact allows applications in numerous 
fields of high technology. Not in the least, we have to mention another set of uses, known in 
general as non-linear optics (NLO).  

Polymers have a number of desirable properties which taken together should make 
them materials of choice for optical devices: may be tailored by conventional synthesis 
methods to meet specific device requirements (transparency at particular wavelengths and 
stability at particular temperatures); offer many processing options toward desired device 
formats which should reduce the cost of active device. 

In general all criteria are be satisfied by the model where electron donating (D) and 
electron accepting (A) groups are separated by an electronic bridge such as -electron 
conjugated group (see figure 1).  

 

ELECT RON
DONOR

ELECT RON
ACCEPT OR

CONJUGAT ED
LINKAGE

 
 
 

Figure 1: Structural Model for Chromophores 

 
 Procedures to fabricate NLO polymeric materials from a chromophore are 
schematically shown in figure 2.  
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Figure 2: Fabrication of Polymeric NLO Materials from a Chromophore 
 

From the point of view of the chromophore content, the polymers with covalent 
bonded chromophores are advantageous because, in general cases of chromophore dispersion, 
the chromophore content cannot increase more 20% due to phase separation of chromophores 
in polymers to produce crystals. Basically, these types of polymeric materials can be obtained, 
according to the final application, in two distinct ways: 

Synthesis of monomers containing chromogen groups (CM); in turn, they would 
generate colored polymers, either by step polymerisation or through chain (co)polymerisation. 

A polymer-analogous procedure: in the first step, a high-molecular polymer, 
containing reactive functions, has been obtained; subsequently, the reactive function is 
modified, either by a condensative coupling, or by a series of reactions involving a substituent 
of the initial polymer. 
 Comparing (co)polymerisation of colored monomers with the method of polymer-
analogous transformations, it becomes apparent that the latter method present the advantage 
of working with a chain having a definite size, suitable for a certain application; on the other 
hand, polymer-analogous reactions, as any other chemical transformation has a given 
conversion, so that an accurate control of the included chromophore (as well as its distribution 
along the chain) is not feasible. Furthermore, this technique implies subsequent purification, 
to remove the un-reacted chromogen.  
 Attachment of a chromogen on a given polymer support may be performed by two 
distinct ways illustrated in the figure 3. 

R R'
R"

X = 

Y = NH2

A)

B)
: chromogene group

CHHC

OC
O

CO

X + Y Z

 
Figure 3: Modification of Polymeric Materials: A) by the Succession of Chemical 

Modification; B) by a Condensativ Coupling Reaction on the Chromogene 
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Using the technique B (unique coupling reaction) we have investigated the possibility to  
modify the copolymer’s maleic anhydride–styrene (MA-S); maleic anhydride- dicyclopentadiene  
(MA-DCPD), butyl-vinyl ether–maleic anhydride–dicyclopentadiene (BVE-MA-DCPD), obtained  
by classical methods (radical polymerisation in bulk, solution or solution-suspension); all experiments  
were carried out under nitrogen, 2,2’-azo-iso-butyro-dinitrile being the initiator preferred  
in reactions with chromophore structures, prepared in our laboratories [9]. 

The UV-Vis characteristics of synthesized chromophores are summarized in the table 1. 
 

Table 1: UV-Vis characteristics absorption for synthesized chromophores 

 
Dye 

 
max1 

 [nm] 
max1 

[l/mol.cm] 
max2 

[nm] 
max2 

[l/mol.cm] 

C2H5 N N NH2

 

 

266 
 

6690 
 

416 
 

7460 

CH3 N N NH2

 

 
266 

 
2780 

 
417 

 
13513.51 

Cl N N NH2

 

 
266 

 
16157 

 
415 

 
27626 

I N N NH2

 

 
267 

 
14046 

 
- 

 
- 

N N NH2Br

 

 
266 

 
12163 

 
437 

 
3791.4 

CH3O N N NH2

 

 
267 

 
9481 

 
300 

 
10107 

 
       Copolymers based on MA have been modified based on a nucleophilic reaction of 
chromogen (by its functional group) to the anhydride ring; obviously, for each type of 
chromophore coupled, we have chosen the appropriate reaction conditions.  
The main conclusions regarding syntheses and are the following: 
          The initial colour of the low-molecular dye has been conserved; this represents a 
first proof for its bonding to the polymer chain. 
        Subsequent IR spectra have confirmed the attenuation (even the total absence) of 
the corresponding anhydride peak (1860 cm-1), as well as the apparition of new specific 
peaks indicating new functions such as amide (1668 cm-1 –first amide peak; 1590-1600 
cm-1 - second amide peak), carboxyl (1780 cm-1 and 3330 cm-1 respectively), or even 
imide; the last group may be explained either by a high reaction temperature, or a too 
long reaction time. 
        High dye concentrations and/or elevated reaction temperatures favour obtaining 
gel fractions, thus confirming the formation of cross-linked structures.  
UV-Vis spectra have shown for transformed polymers powerful absorptions at 340450 
nm, due to the azoic function.  
 The absorption peak in UV domain is determined by nature of polymeric support and 
cromophore structure: in principal the nature of R substituent. Irradiant the chromophor 
solution with UV radiation for a short time, we observe a change in the spectral 
absorption domain (see table 2). 
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Table 2: Absorption characteristics for irradiated chromophores solution 
 

Substance tir (min) Conc. 1 (nm) A1 2 (nm) A2 
- 263 0.960 405 1.99 

CH3 N N NH2

 4.5 
4.74.10-4 

263 0.995 405 1.972 
- 287 1.122 426 0.225 

CH3O N N NH2

 4.5 
6.61.10-4 

287 1.148 426 0.215 
- 263 1.147 422 1.974 

N N NH2Br

 4.5 
1.993.10-4 

263 1.175 422 1.902 
- 263 1.327 409 1.615 

C2H5 N N NH2

 4.5 
5.93.10-4 

263 1.329 409 1.619 
- 293 1.293 415 0.491 

I N N NH2

 4.5 
1.77.10-4 

293 1.295 415 0.500 
- 263 1.181 408 1.312 

1.5 1.179 412 1.069 
Cl N N NH2

 
4.5 

 
1.73.10-4 263 

1.167 410 1.138 
  

In recent years we have witnessed the extension in the applications of photochromic materials due, 
of course, to their distinctive optical properties. Such materials may be obtained either by using 
photochromic pigments, or starting from photochromic polymers. The first alternative implies a major 
disadvantage, namely the so-called wipeout phenomena; they are due to homo- or hetero-molecular 
aggregations, or emission is essentially an attribute of isolated molecules. Accordingly, there is an increased 
tendency to produce this type of materials starting from polymer substrates on which fluorescent chromogens 
are coupled. 
 Even if the method has been proved to be very efficient for SMA, however, for this substrate we 
have preferred the direct condensation of chromogen on the anhydride ring; without doubt, the later method 
is far easier to control, as we have already previously explained. 

Spectroscopic analysis (IR, UV-Vis) has put into evidence on one hand the keeping of the peaks 
characteristic to the initial materials (substrate and chromogen respectively), and on the other additional 
lines, showing the new polymer-chromogen links. 

Unfortunately not all the new materials prepared have been already tested to find out their possible 
applications. 
 In present we continue the work of characterization for these new types polymer materials.  

Conclusions 

 The procedure by polymer analogues reactions, applied to the high polymers, with reactive 
functions, are characterized to the peculiar determined by the steric influence of chromogen fraction 
and the reaction conditions. 
 The physical characterization of the materials from future applications take theme to the 
limited of specifically values referring in the scientifically reference materials. 
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