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TARGOVISTE
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INTRODVCTION 

The "Valahia" University of 

Targoviste was founded m 1994 tn 

'Iargovrste, Romania. As a part of tlns YOWlg 

Universiry is ilie Research Department on 

Applied Physics and one of the research 

direction of this department is the 

application of Particle Induced X-ray 

Emission (PlXE) for the determinatioo of 

elements with atomic number greather than 

13 m biological, biomedical and 

environrnental samples. The Research 

Department on Applied Physics of Sciences 

Faculty from " Valah ia" University of 

Targoviste bave many scientific 

collaborations with Polytechnic University 

of Bucharest, University of Bucharest, 

University of GaJatzy' and Institute for 

Nuclear Physics and Engineering "Horia 

Hulubei" Buc harest. 

in this paper we present some 

applications of Particle Induced X-ray 

Emission (PIXE) and Induced Coupled 

Plasma (lCP) m bioiogy, veterinar)' 

medicine, end environmental studies. 

EXPERIM ENTAL METHODS 

Among tbe methods designed for the 

determination of the very low chernical 

concentrations, the Particle Induced X-ray 

Emission (PIXE) method is the best one 

specially for measuring the light elements . 

Tbis method is based on tbe fact that the 

bombardment of the sample with a charged 

particIe beam causes tbe ionisation of ilie 

atomic ionel' 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 

tbe X rays energies, as well as the intensities 

of the individual X rays line, allow a straigbt 
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forward determination of the target element. 

The detection Iimit of this method is very 

good because: i) intense fluxes of exciting 

radiation are available, ii) the X rays 

production yields for partic1es with energies 

in the MeV range are large and iii) the 

background associated with the exciting 

radiation lS rather low. The sample 

preparation technique does not require a 

special chemical preparation wbich may 

cause some losses in concentration or some 

contamination. A quantitative determination 

of an element content in a sample by PIXE 

method can be done both by absolute or 

relative measurements. 

The target samples for PIXE were 

doped with standard solution (1: 1) of 

Yttnum (standard for spectrum 

nonnalization and systematical error 

elimination) consisting of 130 mgl1 of 

Yttrium (prepared from Y203 ) in deionised 

water. Measurements of target elements 

were made using a 3.2 MeV proton beam 

extracted from the TANDEM accelerator 

from IFlN-HH Magurele, Bucharest, and 

passes through a collimator (3x4 mm) before 

reaching ' fie target. X-ray spectra were 

measured with a spectrometric chain having 

a CANBERRA Ge hyperpure detector (100 

6 

mm2x7mm) with a 160 eV resolution at 6.4 

KeV of K, line of iron. 

At ilie same time for trace element 

determinations, we use the ICP method. The 

reason for that choice is the irnpossibility 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. We prefer to use 

both methods because PIXE requires only a 

"drop" of sample in order to determine ali 

trace elements with atomic number between 

13 and 80 . 

ICP-OES 1S a destructive technique 

that provides only elemental composition. 

The ICP method bas been applied to a wide 

range of sample types: metals and wide 

variety of industrial materials, environmental 

samples (water streams, airbome particles 

and coal fly ash), and biologica1 and medical 

samples. 

We used rcp method 10 determine 

ilie concentration of Mg - element who can 

not been detennined using PlXE method and 

concentration of Fe to compared 
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experimental results obtained using the both 

methods. 

The ICP-OES (Inductively Coupled 

Plasma-Optica] Emission Spectroscopy) 

spectrometer used by us are a Baird lCP2070 

-Sequenţial Plasma Specrometer whicb 

consists of a sample introduction system, a 

plasma torch, a plasma power supply and an 

optical measurement system (figure 1). 

Rotary Hlghvl3.cuum 
pump pumps 

Figure 1: Instrumentarion for Inductively Coupled Plasma-Optica1 Emission Spectrornetry 

The sample must be introduced into a samples . Baird ICP2070 -Sequenţial Plasma 

plasma in a form that can be effectively Specrometer use as a plasma gas Argon aud 

vaporized and atomized (small droplets of the plasma is sustained in a quartz torcb and 

solution, small particles of vapor). The the plasma lS generated using a 

plasma torch confines the plasma to a radiofrequency generator at 40.68 MHz. 

diamerer of about 18 mm. Atoms aud ions Temperatures of 5000-9000K have beeri 

produced in the plasma are excited aud emit measured fi the plasma. The detection 

light. The intensity of light emitted at systems used are a sequenrial 

wavelengbts characteristic of ilie particular monochromator with a wavelenghts range 

elernents of interest is measured and related (160-800) nm. The optical ernission spectra 

to the concentration of each element frorn are made using a personal computer. 
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EXPERIMENTAL RESULTS 

A.	 IN BIOLOGY 

Al. THE BASELLA PLANT. 

This quant itative method applicable 

to BaselJa plants, is described in this work, 

along with the results obtained from the 

elementa] analysis of leaves from different 

Basella plants cultivated in Variety Testing 

Centre and in Green Houses of Targoviste . 

Basella plant belong ta BaselJaceae family is 

a tropical plant used as a vegetable. 

One of ilie problems of actual foods 

departmenr IS ilie variery abour ilie 

vegetables with agreat nourishment value. 

Is the case of Basella plant like tbe 

native spinach (Spinacea oleracea) . The 

mineral elements concentration grve 

infonnation about the nourishment value of 

Basella plant leaves. Among the reported 

work we used PIXE analysis method to 

determine the elemental composition of 

Basella leaves . cultivated in Variety Testing 

Centre (VTC) and green houses of 

Targoviste for a given level of soil fertility . 

Particle Induced X-Ray Emission 

was applied on Basella Alba L leaves , which 

are listed in table 1. In ilie experiment we 

used young Basella Alba Leaves sorted in 

four groups: Basella Alba - green bouse (PI, 

P I \ Basella Alba - VTC (P2, P2\ Basella 

Alba - VTC cultivated in soil treated with an 

artificial fertiliser using N (P3, P3\ BaselJa 

Alba - VTC cultivated in soil treated with 

natural fertili ser (P4 , P4 ) . 

Table 1. Basella Alba L leaves samples 

Samples 

PI 

p] 

Green mass Isl 
5 

5 

Dried mass [g] 

0.2966 

0.3080 
-- --

P1 ~ 5 0.4412 

' ­ -

P2 

P3 

P3 

P4 

P4 
--

I 
I 
1 
I 
I 

i.__._... 

l 

5 

5 

5 

5 

5 
.. - - -

I 
,- " ­ - ._.. ­

0.4133 

0.4317 

0.4174 

0.4458 

0.4511 
. . - ~ . _ --

8
 



FUNDAMENTAL SCILN Clc.:S 

The target sample have been 

prepared 1Il the following manner: the 

washed leaves were simply air-dried at a 

temperature of SOl) 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 foil s. 

Using PlXE method we identified 

and we determined the amount of the 

following elements : P , Ca, Mg, K, Fe, Mn , 

Zn. in table 2 are presented the results of 

PlXE analysis on Basella Alba leaves 

samples with an instrumental error !ess than 

12%. 

Table 2, The concentration of elernents in Basella Alba L leaves samples, mgll OOg 

ZnFeKMgCa 
-. _~ -. 

40 294.31 i 
14 7· ~ ~. __ 1 230.04 4 .80 I 1.50 I 1.32 iI -

I 
'. 

54 I 293 .27 I J46 .81 I 231.82 4.72 [ .37 lili.. 

L~ 8 . 2 0 r~~ ~ J 240 381.37 5.20 I 1.72 1.24 

78 I 389.33 I 16~ 225 .20 4.98 1.80 
~ ~-~ 

20 3 16.3 8 I 152. 72 202 .20 4 .92 1.62 I 0.98 
JI 

12 318 .02 I 150.25 200 .82 4.80 1.58 0.87 I -­ -­
02 351 .22 I 156 .12 22 7.51 5 .12 1.25 1. 12 

I 
I 

I 
- .--­

50 364.7 1 ] 56 .82 225.72 5 .0 ~ _. J 1.25 I 1.02 
.JI 

67. 

P 

67 . 

The con centration of elements: Ca, Mg, K is 

oflen an essential requirement m 

agroalimentary domain because theirs 

presenee in a big eoncentration is beneficial 

and give a remarkable nourishment value of 

Basella plants. 

Tbe use o f PIXE technique give 

possibility ta determine the elemental 

cornposition of plants with a great sensivity ­

tbe limit deteetion is J ug/g, that is genuine 

<) 

trace-element analysis cap ability . A se ries 

of elements was put in evidence in Basella 

Alba leaves samples, elements whicb give a 

great nourishment value of BaseJla plan t. 

Samples in the lCP experiment, was 

young Rase/la A/ba [J leaves plant gr..rwn in 

different conditions at Variety Testing 

Centre (VTC) of Targoviste, Romania . Six 

groups of Basella Alba [J were measured as 

shown in table . The leaves of the plants 
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were col1ected of approximately m some After a set aside in fume cupboard 

position in two successively months. The overnight the obtained liquid was gently 

wasbing leaves were simply air-dried at a boiled (without major loss of volume). For a 

temperature of 105° C in a c1ean box good digestion 3 ml acid perchloric have 

preventing further contamination. The dried been added and 2-3 mI water after cooling. 

leaves were grained and after powdering, The cooled solution was diluted with water 

2.00g powder leaves have been digested in at 250 rol solution and nebulized into 

40 mI acid nitric . plasma. 

Table.3 The samples groups of Basella Alba L measured by ICP method 

Sample 
.. ._-

Growtb fertiliser conditions 

B1(VTC)-July -
Natural fertiliser (excrements) 

NPK fertiliser 

-

B2(VTC) -July 

B3(VTC) -Tuly 

B4(VTC)-August 

B5(VTC) -August Natural fertiliser (excrements) 

B6(VTC) -August NPK fertiliser 

1 
I 

I
 
I
 

I
 
I
 
I 
J 

I 

Experimental results obtained by ICP concentration obtained by PIXE method 

method are presented in table 4 . The results (presented in table 4), so ilie both method 

obtained by ICP for iron concentration are in PlXE and ICP are complementary methods 

good concordance with the results for iron for elemental analysis (figure 2). 

Table 4: Mg and Fe concentration obtained by ICP method and PIXE method 

I
 

Elements Bl(VTC) 

-July 

B2(VTC) 

-July 

B3(VTC) 

- July 

B4(VTC) j B5(VTC) 

- August I - August 

B6(VTC) I 
- August I 

Mg 22 .65 18.33 16.14 21.00 ' 20 .72 18.75 

Fe(ICP) 

Fe(pIXE) 

2 .53 

2.28 

1.33 

1.25 

0 .75 

0 .64 

2.87 

2.33 

1.87 

1.53 

0.45 

0.15 
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Ia)Fe concent~;;iO~ -
- .- PIXE 

I3 .0 L__ _~ : _~ _ IC_P__ 1-~, 
I 

2,5 !,. ,1 
2.0 ;' -,, J 

"'i 
' iiE 1.5 

C-
a. <, 

1.0 , 

, .~ 

0,5 • 
00 • 

8 1 82 BJ B4 B5 86 

Figure 2: Fe concentration in BaseUa Alba L leaves obtained by PIXE and lCP methods 

A2. IN VETERJNARV MEDICfN spectrometric one ICP (lnduced Coupled 

Plasma). For Ca aud P content of the 

We apply the PIXE method for the anaJysed samples , we used PIXE based on 

microelernental analysis of blood serwn the internal standard method. The ICP 

samples collected from healthy and ill cows analysis method was used for Mg content 

(downer cow syndrome (DCS)). Until today determination . The determinations of 

the origin of DCS is uncertain. At the phosphatase alkaline enzyme of analysed 

beginning of our work, we assume some blood serum samples were made by a 

connections among the diininution of some spectrometric analysis using Bessey-Lowry 

nutritive elements from food, tbe activity of method . In studying disease s, a significant 

some enzymes and ilie origin of DCS. The variation in Ca, P, Mg and eI1ZJ1ne contents 

sam ples were collected from cows at some was observed . Those changes correlate with 

animal farms on the neighbourhood of age , season of alimentation and type of 

Targoviste city . To obtain a rnicroelemental disease . 

monitoring of these samples, we used a A typicaJ X-ray spectrum rrom a 

nuclear analysis method PIXE (Particle blood serum sample collected from a DeS 

Induced X--Rays Emission) and a CO\v iS shown in figure .3. 

II 
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Co 
un 
ts 

2 5 6 7 

Energy (keV) 

Figure 3. PIXE spectrum of blood serum sample of DeS cow 

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 tbe absorption of the X-rays in 

the windows of tbe chamber and tbe 

detector. an the otber hand, we cann.ot use 

only the ICP because for that type of 

measurements the quantity of blood serum 

needed is proportional to the number of tbe 

analyzing elements. We prefer to use botb 

methods because PIXE requires only a 

"drop" of sample in order to determine all 

trace elements witb atomic number between 

13and80. 

Pbosphatase alkaline enzyme (pa) is 

implicated in bone growth process and its 

activity determines the balance between the 

12 

content on Ca and P in blood (for a nonnal 

organism, the ratio CaIP is among I and 2, 

for rachitic organisms is greater than 3, and 

for osteopourotic ones is less than 1). 

Magnesium is an activator of the enzyme . 

To study the metabolic cbanges produced by 

phosphatase alkaline enzyme, we have 

collected blood serum from some cows with 

interest in medical reasons and to make 

detenninations of P> Ca and Mg contents 

using the PIXE and ICP methods. 

The reference values for contents of Ca, P, 

Mg and phosphatase alkaline enzyme are 

represented in table 5. Concrete dates 

obtained from bealthy and DCS cows at the 

beginning and at tbe end of the winter of 

1998-] 999 years are presented in tables 6, 7 

and 8. 
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Table 5. Reference values for contents of Ca, P, Mg and Pa in blood serum of cows 

Ca (mg/dl) P (mg/dl) Mg (m~g/dD" 1 Phosphatase 
alkaline 1.U.lt 

I Reference value 8.0-11 .0 1. 5 .0-7.2 ----'--_ 2 .1-2.8 ~ 10.0-3 6.0 

Table 6 . Contents on Ca, P, Mg aud Pa of blood serum samples col1ected dur ing december 1998 

[Tom healthy cattl e (cows with nurnber 3,5,7 ,8,9, 10 are on the first two weeks of Iactarion 211d 

1,2,4,6 are on ilie last two weeks of pregnancy) 

Cattle number-r-- -c-;-- -r ·~ Mg-r- P~ 
1, mg/dl m dl mgldl i LU.1l 

1. . 9 .9 I 5 ,4 2.4 j 9.50 

r 2. 11 .8 I 6.6 2 .5 8.82 
3 . 8.3 i 6.5 2 .4 12.98 
4. 12.2 I 6.O 2.8 I I2.74 
5. 9.7 I Î .l I 2.3 I 18.86 
6. 9 .9 6.3 \ 2,4 I 16.66 
,., {\ , t: A ""'l C 1 ""'\ rvo 
J 7 .1 V . '-t I .: ..J I 1 ~. 70 

8. 9.2 8.1 i 2.7 I 12.25 
9. tO .8 7.7 I 2.9 11 .76 

10. 9J 8 .1 3.1 I I 0.041 

- -~--average _ . IO.0±9.4% I 6.8± 10 . 9%-r~ 2. 6±8.4% ]" 12.66 ± 14.--lo;,:-0-----i 
~ L : 1 _ 

Table 7 . Contents on Ca, P, Mg and Pa ofbtood serum samples collected during march 1999 

from heaJthy cattle (cows with number 2,4,5,7,8,9 are on the first two weeks of lactation and 

t 
2. 
3. 

I 4. 
I 5. 

I 
6. 
7 . 

I 8. 
9. 

L 
10. 

Ca
 
m /dl
 

9.7
 
8.2 
9.8 
9.1 
9.2 

10 .8 
10.1 

9.3 I 
9.5 

1I .6 ! 

~.' 7±7~~ o/~_ I 
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Table 8. Cootents 00 Ca , P, Mg and Pa ofblood serurn samples collected during december J998 

- march 1999 from DCS cattle (cows with number 2,5,6,7,9 ,10 are an the first two weeks of 

lactation after parturition and 1,3,4,8,11,12 are an the last two weeks of pregnancy) 

Cattle number Mg Pa.PCa 
mg/dl I.U.IIm2ldlmeJdl 

7 .0 2.0 ,i 63.011. 3 .9 
2. 7 .5 3.5 2 .2 ~ 88 .12 

3.7 
I 

2 .0 65.913. 7.0 
4. 4.4 2 .3 64 .05 7.1 

45 .50 5. 4 .6 I 3.56 .9 
5.7 3.8 I 2.4 57.50 6 . I7. 40.439.7 5.5 i 2.3 : 

"I8. 6.8 3.9 2 .3 67.51 
9. 56 .01 6.0 : 4.5 2.3 

I10. 6 .5 4.6 2.5 45.03 I 
11. 8.2 5.3 I 2.6 57.44 
12. 7.5 5.2 I 2.0 41.07 I- ... ..... 

11 "1. /&lor";)fT,c. 7 '").J...O 001.. 11 11 .J... 1'") (l01.. i '") 11-1-1 (l QO,l.. ,7 h 1.+ I 7 ",,0,1.. I 
I .L....:.... ./ . ./ I V 

As we can see from the results 

presented before, the mineral and enzymatic 

parameters in the serum have values in the 

110nnaJ limits for the healthy cows even 

during the winter, wheo the mineral content 

of drying food (hay) is very poor. Ou the 

other hand, we can observe important 

decreases under the normal limits of the 

amount of Ca, P and Mg in the blood serum 

of DCS cows . It is easy to see the tendency 

of the DeS anima1s to have hypocalcemia 

and hypophosphatemia. Those perturbations 

can be the causes of the installations of the 

il1 cows in the lypostatic and decubital 

attitudes . The enzymatic Ievel IS an 

extremely sensitive parameter in Des and 

can serve as a diagnostic parameter. As the 

effect of de creases of Ca, P and Mg amount 

in the blood serum of DCS cows, we 

observe an increase of the amount of sorne 

enzymes like CPK, TGO and Pa. That 

secondary effect is a very grave phenomenon 

from thc clinical point of view because 

simultaneous increase of the leve1 of aII 

specified en.zymes is in most ca ses 

irremediable . 

The results obtained in this research 

work are a preliminary step in order to see 

the primary causes ofthe DCS. Those causes 

can be extremely various aud their correct 

detennination is the ba sic plan of the 

therapeutically act. 

14 



N INlJAMF:NT.1L SCI}.:;NG:S 

B. ENVlRONMENTAL obtained dust was mixed with a known 

INVESTIGATIONS amount of Yttrium (internal standard) and 

BJ. FOlJNTAIN WATER depicted on :3.um mylar support. 

We have analyzed samples collected frorn Using a 3MeV proton beam we obtain 

underground waters (potabJe ar non-potable) characteristic X rays spectrums . 

for establish il' they are good for We have identify 8 elements: S, CI, K Ca, 

consumprion. T11e target samples was Fe, Zn , Br and Sr and their coucentrations 

prepared by evaporation of 2 I of water; The are shown in the table bellow: 

Table 9 . The elemental concentrations of analyzed underground waters 

, EI-J R~~~- -~a~:'mi - saJW~:~rViforata 2 ;altinu-peniDg ad~t a ll~ _ 
emen 1Moreni ~IO renj Ţ foun t a in 1 fountain Moreni JGermany U.S.A. : 

f-- . .rountain I ;:untain . ! fountain L_ j
; . I 42.5 i I I i ~ 80 83.5 
i -- Cl 1- 5T31- - l. 45.3 .. --~--~--~_-L _ 250 , -25'0 

K L 8.6 I 7.0 _ ..J-_ i 0.08 12-h
 
, r ' "'-0 jr---_C_' a~J~---u8----~-2 8 0 2~5__ 1 3.05___ -,-40 - - ' - _ 

Fe I i 0.2 i -+ r.: - 1- 1.4 . 0.02 : 03 I--_.~-t---------.-, - 1.38l _ . O~I2-+----- 1 . 5 -j 

j - ~; I ~;~±=~- ~r=Fo:- I -- l---~-~ 
Comparing with the ceiling admitance in Mare, Craiova, Timisoara, Calarasi, Braila 

Germany (5 . Eberle, [AEA-Viena J9(5) and aud Arad with different kinds arid levels of 

l J S.A. (Public Law 93-523) we can observe industrial development by PIXE method . 

thar in rwo sarnples lViforata 2 fountain and Sarnple targets to be annalyzed were 

Paltinu-Moreni fountain) tbe concentration collected by the Institute of Hydrology and 

of Fe exceeds ilie maximul admitance levels. Waters of Bucharest and prepared in ilie 

following manner: aerosol partic1es were 

B2. AEROSOLS SAMPLES. collected on ceUuJosc fiber filter. Tlie flow 

We have analyzed aerosols deposits on rate was 15 to 20 liters per minute. A1r 

filters from ten Romanian towns: Pitesti, volume was measured with calibrated 

Giurgiu, Resita, Ramnicu-Vale-ea, BaJ3- gasmeters with a precision of about 5%. We 

15 
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use PlXE in internal standard variant. We A sample of Yttrium on filter was measured 

use Yttrium like an internal standard because too . Weak impur:ities of Ca , Fe and Zn were 

it is a very rare element in ilie environment found. Concentratiuns of elernents present in 

items. The intense peaks of Yttrium in ilie the aerosol sarnples were corrected for these 

X-ray spectrum could obscure the peaks of impurities of the filter. 

some elements possible existing in the We have identified 15 elements: S, K, Ca, 

samples: L and K Iines of Yttrium overlap Cr, Mn, Fe, Co , Ni, Cu, Zn, As, Hg and Pb . 

SKa and (Rb and Sr) K lines respectively. 111e measured eJemental concentrarions are 

Therefore we have analyzed targets with out given with respect to the concentration of ilie 

Yttrium too and we have not observed any Ca for aII analyzed samples in the following 

new elements . table 10: 

Table 10. The elemental concentrations with respect to ilie concentration of the Ca for all 

analyzed samples 

Cityl 

Element 
Pitesti Giurgiu Resita 

Rm. 

Valcea 

Baia 

Mare 
Craiova 

Timi 

scara 
C.Iaras; 1B,.ila Arad 

1 

_. _-----~ 

S 1 0.112 0.02 . 0.012 0.04 7 

K 0.57 0.272 0.122 0.052 2.5 1 0.2 0.26 0.174 0.36 
. -

Ca 

Ti 

1 

0.14 

I 

0.05 

l 

001 9 

1 

0.063 

1 [ 

-- ~.. 
0.505 

1; 

0.15 

1 

0.66 

] 

0.0[ 7 

1 

0.04 

V 

Cr 

0.018 

0.002 0.007 0.003 

0.012 
: 

0.007 0.035 0.012 

. 

0.006 
I 

0.001 

Mn f 0.027 0.0 14 0 02 1 0.017 0 .006 0.0 5 0.00 7 0.078 0.02 4 0.017 

Fe 1.09 0.49 0 .532 ' 0647 , 0.075 5.38 0.52 4.32 0.28 0 .58 

Ca .0 15 

Ni 

Cu 

t u 
0.009 

0.004 

0.012 

1 
0.00 1 

0.019 

0.006 

0.021 

0.023 
..• 

0.089 -
0.033 0.036 

0.00 1 

0.002 

0.008 

0 .015 

0.002 

0.004 

0 .003 

0.0 1] 

As 0.004 ).004 0.005 , 0.001 

Hg 

Pb 
~ 

. ---I l 
~--l 

0.006 0 .03 0.043 

0.001 

0.005 

0.003 0.001 

0.002 0 .0003 
. _ ~ -
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For the ratio conceutrations shown 

before we could make a cornparison between 

the analyzed filters from all the towns 

considered here, rrom the point of view of 

the pollutant elements: the town Craiova is 

put in evidence by its high ratios of 

concentrations Ti/Ca, Cr/C~ Fe /Ca, Co /Ca, 

Zn/Ca As /Ca, Pb/Ca. Calarasi has the 

highest ratio of MnJCa and ilie filter from 

Braila is put in evidence by the Hg/Ca. 

CertainJy the leveJ of pullution of a region 

can not be determined by a single filter and 

is need of a good statistic to draw 

conclusions. 

83. ANTARCTIC SAMPLES 

Antarctica is supported to suffer 

mmimally from anthropogenic pollution . 

The recent interest in Antarctica atmosphere, 

due to the "A ntarctic ozone Hole" had 

resulted in recognition of the need for Jong 

term background environrnental 

cbaracterization studies . 

In th.is work we have analyzed 

samples of ice from different depths of a 

gIacier from Antarctic zone. The samples 

heave been collected during a Bulgarian 

Antarctic Expedition. We have applicd 

Proton lnduced X-Ray (PIXE) aud Neutron 

Activation Analysis (NAA) methods in order 

17 

to determine pollutiug elements . The 

samples of 200 ml of molten ice have been 

passed through Nucleopore filters. 

For PTX.E analysis the samples 

togetber bJank Nucleopore filters have been 

irradiated by a 3 Me V proton beam supplied 

by the FN-tandem accelerator from rNPE­

Bucharest. The beam current varied between 

5-10 nA, to mention a count rate below 300 

counts/s . X-rays have been detected by 

means of a Si(Li) detector with a 160 eV 

resolution at 6.4 Ke V, and an associated 

electronic equipment. The X-ray spectra 

have been fitted off-line and after ilie 

substraction of ilie contribution given hy the 

blank filter, the concentration data have 

been obtained for 15 elements: Si, P, S, el , 

K , Ca, Cr, Mn, Fe, Ni, Cu, Zn , As , Sr aud 

Pb. The resu.lts of the analysis of Antarctic 

ice samples by PIXE method are shown in 

the table . The precision of the PIXE 

analysis was less then 5% for Ca, Cr, Mn, 

Fe, Ni , Cu and Zn, less then 8% for IZ, A'>, 

Sr and Pb and 1ess then 13% for Si, P, S and 

Cl. 

Some filters with the samples of ice 

aud the blank filter have been irradiated with 

thermal neutrons at the rabbit system of the 

Nuclear Reactor from INPE, Bucharest, at a 

flux of 2x 10 12 neutrons/cm 2 .sec, a period of 
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rime of 1 min, for the determination of short­

lived isotopes. The counting systern for the 

measurement of induced radioactivity in the 

samples consi.sted of a Ge(Li) detector with 

appropriate amplification equipment, and a 

personal computer. The energetic resolution 

was 2.3 Ke V at 1.33 MeV. NAA method, 

used for short irradiation permitted the 

detcrmination of some clernents whicb could 

not be observed by PlXE method: Na, Al, V 

and In . 
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X AND GAMMA RA y rfilp+ SILICON DETECTORS WITH
 

HIGH RADIATION RESISTENCE
 

GHEORGHE - VALERICA CIMPOCA, 

Physics Department , Scie nce Faculty, "VALAHIA" Universi ty ofTargoviste 

ABSTRACT: The paper describes some results concerning technology and behaviour ofXsand ga mma­

ray n 'pp' silicon detectors used in physics research, industrial and medical radiography and non-destructive 

testing. These detectors work at the room-temperature and can be used individually 10 detect X-and soft gmnma­

rays, or coupled with scintillators for higher incom ing encrgies. E lectrica! characteristics of these photodiodes, 

their modifi cation after exposure to radia/IOn and results of spectroscoptc X-and gmnma-ray measurements are 

discussed. Devices manufactured under this technology proved ta be stable after an exposure in high intensity 

ga mma field with the dose range of ro Krad- S Mrad. Nuclear radiation resistance was studi ed by irradiation 

with 6(JCo gamma source (J. 17and 1.33 M eV) al dose rates of 59 Krad/hour and 570 Krad/hou r. Result s 

gamma-radiation environments encountered in a lot ofapplications. 

Ke ywords: Silicon de/ee/ars, Xsray, Gamma-ray, Radiation resistance 

INTRODUCTION For seve ral years, modem 

Silicon detectors are widel y used in semiconductor detectors have been the 

X-and gamma-ray spectroscopy for direct pnmary choice for the measurement of 

detection or coupled with scintillators in nuclear radiation In various scientific 

high energy nuclear physics (modern fields' . Nowadays the recently deveJoped 

collider experiments are representative), high resolution silicon detectors found 

medicine and industrial applications. In X their way in medical applications. As a 

and ga rnma dosimetry , a low detection consequence many efforts have been 

Iimit (under 6 KeV) with silicon detectors devoted to the development of high 

becomes availabJ e. Work at the room sensitivity and radiat ion hard ened X-and 

temperature is now possible due to the gamrna-ray detectors for the energy range 

silicon processing evolution, which assures of 5 - 100 KeY. Most authors have studied 

low reverse current and higb life time of the silicon detectors made on N-type 

carners. 
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material because it is easy to process it 

by planar technology. 

We have investigated the use of p­

type silicon as the starting material for X­

and gamma-ray detectors because of 

several potential benefits it would bring. 

High purity, p-type silicon grown by the 

float-zone process exhibits better radical 

dopant uniformity than n-type float-zone 

silicon. Also it is ready available and quite 

inexpensive. In addition, p-type float-zone 

silicon is free of radiation damage caused 

by the neutron transmutation doping 

process. Recently, position-sensitive 

SIlicon dnft detectors were designect and 

manufactured on p-type substrates 3 and 

efforts are in progress to get avalanche 

photodiodes (APD), which are 00. high 

resistivity p-type materials, too". 

However, p-type silicon In 

combination with a passivating layer of 

Sj02 , lead to a more complex detector 

layout since the positive charge in the 

oxide causes an mversion in the surface 

layer. These features set stringent 

requirements for the technology in the 

construction of p-silicon detectors. In high­

purity silicon, the electron density can be 

large enough to invert the surface region of 

p-type silicon under the silicon dioxide. 

Consequently, it would be expected that 

silicon n+p diodes wouJd have higher 

leakage current than p+n. AlI these have 
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been demonstrated experimentally' Also 

p-type silicon is more resistant to tbe 

radiation damage smce acceptor-like 

centres are main1y created through the 

exposure, the result being only the 

necessity of a higher bias voltage to fully 

deplete the volume and not the conversion 

of the bulk material. Thus the importance 

of the p-material radiation resistance 

investigation was constantly signalised In 

the last decade". 

The paper presents two new 

geometries and an improved technology on 

p-type high resistivity material to obtain 

iow noise radiation detectors. Ţ est 

structures were characterised before and 

after gamma exposures with cumulative 

doses between 104 ~~' 107 rad (nOCo). 

Results indicate that proposed structures 

and their technology enable the 

development of reliable 0.+pp+ silicon 

detectors to be used to measure X-and 

gamma-ray radiations. 

For some specimens (0 .8 mm ' - 12 

rnm") , extremely low reverse currents were 

obtained and that, combined with Iow 

noise preamplifiers made possible the 

detection of low energy X-and gamma-rays 

at the room temperature. Detectors with 

thin dead layer demonstrate excellent 

energy resoJution for X-rays close to a 

value of 2 KeV (for 13.9 KeV line of 

24 IAm). 
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DETECTOR LAYOUT AND 

TECHNOLOGY 

The present work investigates the 

possibil ity to manufacture n+pp+ silicon 

detectors by conventional planar 

technology. Detectors are made of p-type 

silicon with (III) orientation, resistivity 

between 6 000 Qcm and 20 000 n cm, 

thickness between 260 urn and 360 um . 

TiAI 

oxide 

Both layouts proposed are shown in Fig.l , 

2. These structures were designed first 

time as PIN detectors for visible and near 

infrared light, especially to detect 

YAG:Nd laser (1064 nm). Electrical 

parameters needed as nuclear radiation 

detectors are quite the same: low reverse 

current at total depletion, low capacitance 

and nOIse and high responsivity. 

TIN 

€l €l S €> 

/ 400
(11 1) p-S1 

urn 
/ 

~. 

Back contact AuGa ar TlAI 

A ( 111) P - SI 

3 5 mm 

35 mm 

Tap VIe-; 

Fig.1 n+pp+ silicon detectors with p+ guardring 

Parameters obtai ned (especially 

reverse current) alJowed us to select a 

fraction of the manufactured batch to be 

tested as radiation detectors for X-aud 

Devices consited of a square (Fig. 

1) or round (Fig. 2) geometry n+pp-t- diode s 

with guardring: the first with p+ guard and 

the second with a n' guard sticked to the n+ 

gamma-rays. 

The 3 inch diameter wafers were 

first ox..idised at 950 "C in dry oxygen with 

contact 

2-3 % TCE (triclorethylene) in order to 

obtain a high quality initial oxide on the 

21 
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silicon surface. The oxidation step was 

followed by an in-situ high temperature N2 

annealing ( 950 "C ) to reduce the interface 

charges. The thickness of the oxide layer 

was 700 A. 

A O,7 urn layer of Si02 was next 

deposited on the wafers in an LPCVD hot 

wall reactor using TEOS as the source. The 

thermal treatment was performed at 850 ac 
in N2. P-type high resist ivity silicon wafers 

with the se oxides present very good 

stability at interface Si/Si02. The 

additional p" stop ring (Fig.l) and n" stop 

ring (Fig .2.) are used for the termination 

of the inverse layer at the surface of the 

silicon, and also it decreases the surface 

component of the reverse CUIIent. The p+ 

ring is formed by boron diffusion at 975 

"C ( from BN wafers ) together with p+ 

back contact. The n" ring is formed by 

glass deposition doped with phosphorus. 

After the first photolithography, boron 

was diffused simultaneously in the guard 

ring and in the p+ back contact. 

,}

'---­ - -,L----' (111 ) !>"S i 

p+ 

n+ 

Back contact AuG a Of rlAl 

360"", 

TlAJ 

0 + ~ta 5S w~h P 0 .8 mm 
2 .4 mrn 

A 
0 .8 mm 
2.4	 mm 

Top './ .i '~ W 

Fig.2 . N+PP+silicon detectors with n" guardring 

A second phosphorous implantation 

was made on the front side of silicon 

wafers with an energy of20 KeV and a 

dose of 1016 cm -2 . Implanted impurities 

werc activated at 700 ac in N2 . A 0,3 um 

layer of Si02 was next deposited on the 

22 
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wafers in an LPCVD using TEOS as the 

source. The final thermal treatment was 

performed at 850 °C in N2 , followed by a 

very slow cooling to 600 °C for gettering 

the unwanted impurities from the silicon 

active zones. Contact windows were 

opened on the surface by standard 

photolithography. An TiAI layer (l000 A 

Ti and la 000 A AI ) was deposited on the 

wafer surface and a TiAl ( or AuGa ) layer 

was deposited on the back side of the 

wafer. 

After electricaI characterisation 

seJected detector test structurcs were 

mounted on TO-18 and TO-5 cases as to 

iIluminate the chip through the n+ electrode 

polarised at a negative potential with 

respect to the p+ one. A transparent 

epoxidic resin layer was molded on the 

case. Photodiodes obtained by the 

described process have a sensitivity higher 

than 0.65 AJW at 900 nm and 0.45 AJW at 

1060 nm for 90% of the batch . Main 

characteristics of manufactured strucrures 

are shown in the Table 1. 

Table 1 

Type P resistivity Guardring Area Id* Co* i 

! 

I 
ri'pp+ 

square 

n''pp" 

\ 6000 Dcm 

.__. .. 

15000 Dcm 

p 

-n 
I 

12 mm" 

3.14 mm 2 

< 2 nA 

< 2 nA 

< 10 pF 

round 

+ -l­
n pp 20000 Dcrn 

..__._. 
-n 0.8 mrn" < 1 nA ~< 1.5 pF 

round 
I 

* ld and Co at total depletion 

EXPERIMENTAL MEASUREMENTS. 

RESULTS 

In order to test silicon diode s 

behaviour after the irradiat ion with gamma 

rays, the entire diode batch was exposed to 

a 6OCO source at a quasiconstant 

23 

temperature of ]5 "C, using facilities 

existent at the institute of Nuclear Physics 

and Engineering i n Bucharest. The 

exposure range was of 10 krad -:- 5 Mrad 

with dose rates of 59 kradlh or 570 kradlh 

and diode parameters measurements were 
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performed after cumulative doses of 10, 

20, 50, 100, 500 krad , 1 M and 5 Mrad. 

The following parameters were monitored: 

leakage current, junction capacitance and 

X and garnma rays spectral response. The 

diode leakage current vs. reverse voltage 

was measured using a Keithley model 419 

picoammeter and the corresponding curves 

are shown in the Fig.3, 4 with the 

cumulative dose as parameter. It is ShOWTI, 

after IMrad the leakage current begin to 

gradually increase for n+pp+ structures with 

p+ guardring. For n guardring the current 

degradation starts earlier than 500 krad . 

The main reason of this alteration with the 

exposure dose is considered to be interface 

states and oxide traps generation in intense 

gamma field . 

40 --.-----------------------------, 

30 

20 

10 

o 

--- . - no 
- • . - - 100 krad 
- 6--- 50 0 "-rad 
- -- v - 1 ~lr ad 

- ....-- 5 Mrad 

_ .Â.-	 _---v 

~;-;=-_.:iC---î=~=r=L" ~:=~~r:-=~;~ - ; 

n ' pp1 si l i con detectors 
wi eh p" guar.dring
 
A= L' rrrri'- , p =600 0 non
 

.... -- -­
~ ...A. _.....-­

o	 20 40 60 80 100 

Bias voltage (V) 

Fig.3 .	 The reverse current vs. reverse voltage for the n+pp+ structure (p+guardring) 

with the gamma dose as parameter 

- r. 

. '1 

: \,, 0 k 1 1d 
~IJ kr s r	 

l ~ ~} . :-m 

l' lt · ,--- - - - - - ---- - --- --,-- - - - - - - --, 

01 

~ 
60 1;:; 

;v ... 
"J 
U 40 

ro 
tn 

-'" '" (: ', ) ro 
>--l'"

- . 

- 0 ­

-~ 

'l r~ 

Bia s v al t a g e j V ; 

FigA. The reverse current vs. reverse voltage for the n+pp+ structure (n- guardring) 

with the gamma dose as parameter 
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The j unction capacitance vs. 

reverse voltage was measured using a C-V 

plotter at the frequency of 1 MHz and the 

curves family is shown in the Fig 5. 

Conceming the junction 

capacitance, no spectacular modifications 

were observed . For spectral response test 

in the X-ray range, the Rb K; line ( 13,39 

keV ) was recorded and for a more 

complex spectrum with X and soft gamma 
. 2'11rays a spectroscopic Am SOUTce was 

used. Spectra were recorded using a charge 

sensitive preamphfier with a 7 mV/100 

keV intercept (silicon), an Ortec 572 

spectroscopy amplifier, a variable voltage 

power supply for diode biasing and a PC­

based multichannel analyser. The noise 

corrtribution of the entire measurement 

chain in the line width was of 2,2 keV full-
I 

width at half medium ( equivalent silicon ), 

with an un.irradiated diode mounted in 

front of it 

- o no,""l 
'JlJ 

{) I) 
C 
.3­
U 4 0 

2 0 

--.&- 1 Mrad 
--'7- 5 Mrad 

,,' pp ~ .s l t J I.'V lI J~_I I .~ c: r; rr. 

V I .... :1 r/ H' t r-c~ ; . i Il..) 

o 
6C 

Re v e z s e v o l tage ( V i 

Fig.5 Junction capacitance vs.reverse voltage for the n"pp+ structure 

with the gamma dose as parameter 

Fig.6 shows 24J Am spectra obtained 

with a representative diode in the batch 

measured with the diode unirradiated and 

after cumulative expo sures of 0.1, 0.5 , 1 

and 5 Mrad . Clearly two effects are 

visible: the 59.5 keV gamma photopeak 

decreases in intensity with the dose, 

widens and moves toward low energies 

and the second is the broadening of the 
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spectrum in the X-ray region and its low 

energy tail , present even at the unirradiated 

diode, is accentuated as the dose increases. 

For both diode famiIies the 

spectrum shape evolution with the dose 

was the sarne, excepting the fact for n+pp" 

silicon detectors with n guardring the 

degradation appeared at Iower doses , so 
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that after 100 krad the noise and the line 

shape begin to produce irrelevant spectra. 

In order to separate noise 

contribution and garnma-ray-induced 

secondary effects (characteristic lines 

excitation in the metallic case or silver glue 

used to fix the chip on the base could be 

one of them), from charge coJlection 

degradation as a result of the high dose 

exposure, two other kind of measurements 

were done: one was to record tbe norse 

spectrum and to subtract it from the energy 

spectrum and the other, to get the energy 

spectrum of only a garnma-ray 24 1Am 

4 1Amsource e encapsulated in a steel 

case). Both of them showed no significant 

contIibution in our energy range of interest 

(10-;.-60 keV) excepting, for the gamma 

source, the increase of the low energy tail 

given by poorly collected events . 

----<>.--. 100 kra 
.- -- 5 00 kr a 
............- 1 Mr.a.d 
~ 5 Mr dd 

2-; l Am, T= 300 K 

n+pp· si1 l con de t e c t ors 

I-J~t h p" qu ar dri n q 

A=12 lIlIlf , p= 600 0 Dcm. V = 70 Vn 

59 . 5 4 keV 

.!!!lllial 

13.9 kev 

0 .015 

VI 
.U§ O . O O ~ 
U 

o. 00 0 J.J,...__---L_ _ ~~~  

10 0 200 300 4 0 0 

Channel nu.mber Ene r gy (keV) 

1 . 
1.J _ 

l ' 

• -4 - l' ~ 1 .-'} '1 

-:"tU .3 

- .....-1 :·'l-,., J 
- --­ _'­:; .rt 

.'.! 
~ 

;:, 
<~ 

- - tJ1 

. . tt. H - '­ l a ' : "l: ! 
()(1 ' : .1.": 

- - ..­ 1 jV ... ;l- j 

Channe l numbe r Ene r gy (keV) Channel nun :ber f.nergy (keV) 

Fig.6 24 )Am spectra for 6000 Qcm n"pp -t- detectors (p+ guardring) after various doses. 

b) X-ray region, c) gamma ray region 
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Fig.7 24]Am spectra for 15 000 Ocm TI"pp+ detectors (0- guardring) after various doses. 

b) X-ray region, c) gamma ray region 

Fig.8 shows the evolution with the dose of of Rb (13.39 keV) was recorded. Same 

a X-ray spectrurn shape. For this kind of degradation is observed: loss ofthe 

measurement, diodes were polarised at a efficiency, noise increase and poor charge 

somewhat higher voltage (100 V) collection . 

ovedepleting the volume and the Kc line 
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Fig.S Rb- Ka line (13.39 keV) recorded with n"pp" (p+ guardring) structure 

ov er depleted with gamma dose as parameter. 

CONCLUSIONS 

1hese structures and their 

technology does allow the manufacture of 

p-type silicon detectors with high radi ation 

resistance . Tests performed indicate a good 

charge collection in Si-p material and an 

irnproved stability of collection efficiency 

with the exposure do se. 

E ven thi s technoJogy offers devices 

with higher leakage current than n-rnaterial 

sta nda rd technology and thus more noisy 

and , for surface interactions, holes w ith a 

lower mobility are transported through the 

volume these drawbacks are cornpensated 

by the fact in radiation exposure acceptor­

like centers are created'' wh ich affect 

mainly elec trons but they, in this geometry, 

have shorter collection distance. 

Low resistivity st ructures proved ta 

hav e a better radiation behaviour. This 

could corne from the p+-type guard rin g 

which is al so deeper than the junction and 

interrupts the inversion layer accentuated 

by the gamma exposure. Specific to the p+­

type guard ring for Si-p in our geomerry is 

the fact it avoid the MOS parasitic 

str uct ure which would appear if a n+ guard 

ring will be used , onl y one nng is needed 

to in sure the breakdown protection and it 

does not ask for a separate supp ly voltage. 
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ABSTRACT: The experimenta l dep endence ofsurface hardness on Nd:lAC; laser parameters (laser intensity, lase r 

pulse dura/IOn. number of laser shots and laser Sp OI diametertfor aluminum, titanium, nickel, coopcr and two ktn cl 

ofsteel (2 ICrMoV5 7 and -lOC 130) targets is given. I( is show that the targ et surface han/ness tncreases wtth laser 

intensu y, with nnmber oflaser sho ts and laser pulse duration. 04/.10, the target surface hardness decreases when the 

laser spot diam eter increases. From these experimen ts result that the laser hardness is rather a fun c ti on on lasa 

sur face enerx.v densuy than laser energy. 

Subje ct terms: surface hardness, las er surface energy density 

INTRODUCTION aod after the laser is switch off it is cools 

In thermal processing with laser very rapidly. The temperature rises very 

radiat ion energy deposition and heating in a rapidly to almosr melting ternperature . Only 

material are a consequence of the balance a thin layer is heated, the other parts of the 

between the deposited energy, governed by target remam cold. Due ta the high 

optical materials proprieties aud temperarure gradients, thermal conduction 10 

characreristics of the laser radiation , and the the bulk material will cause sufficiently 

heat diffusion, determined by termophysical rapid cooling of tbe heated parts and the 

materials proprieties aud the interaction resultant structures are often meta.stable 

time. For temperatures below melting structures with particular proprieties. 

temperature the light-induced changes of Heating aud caoling rates are of the same 

proprieries occur within the solidus-range ln order ~ 1Oh KJs. The advantages and 

surface treatment with a laser, tbe metallic disadvantages of surface treatment with laser 

surface is heated locally extremely rapidly beams are tbus apparent: precise local 
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treatment., non-equilibrium structures with 

specific proprieties , difficult procedure for 

covering large areas with each track 

influencing the structure of the previous one 

if ilie laser beam is moving on the target 

surface [l]. 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 trans formation hardening offers 

decided advantages in loca! 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 metaJlic 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 nu.mber of ceramic materials 

which apart from their hardness show a good 

oxidation resistance. In realiry, the binding 

behaviour is more complicated and mixed 

types of binding are possible . 
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The equation governing absorption 

of laser energy on ilie metallic target is given 

by: 

-zLa, 
r1 = 10 (1 - R)e (1) 

where 1 is the laser intensity of the absorbed 

laser beam aud 10 is ilie intensity of the 

incident laser beam. The fraction of the 

incident light intensity reflected by ilie target 

is given by R. The factor a, represents the 

coefficient for the light absorption by the /" 

process which summed over the different 

absorption processes occurring at the 

depth of the radiation in the material. In the 

case of laser hard.facing the laser intensity 

must be below ilie critic al value for meltinub 

of material. For same lower laser intensity 

we account a singIe tem in equation (1) 

which represent the classical absorption of 

tbe electromagnetic radiation by a metallic 

material. 

Tbe critical laser intensity required 

for melting the surface of the target can be 

tbeoretically estimare by the following 

relationship: 

f 
m 

= _ k Ţ_T--,-m~_ 
2(1- R).fiy'p 

(2) 
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where Tm and kT are the melting temperature 

and the thermal conductivity of the material, 

respectively. 

It is know that in the case of laser 

interaction with tbe metallic targets the 

depth of the damage or the interaction 

corresponds closely to the deptb of thermal 

penetration III! given by the following 

relationship : 

1 ,r--­
I 'il = 2. './JrX Ţ T p (3) 

where XT is the thennal diffusivity of the 

metal and TI' is the laser pulse duration. 

LASER AND TARGETS LASER 

Experiments have been perfonned with 

the neodymium- YAG laser of our laboratory 

operating at 1.064-).l.ITI wavelength . The laser 

delivers Gaussian pulses of 2 rns, 2.5 ms and 

3 ms full width at half-maxirnum (FWH1v1) 

with a repetition rate till 20 Hz. The laser 

output energy can be ranging between O and 

15 1. The laser spot diameter can also be 

modify from 0.3 mm to 8 mm. In instance 

the maxim laser intensity is about 1.06xl07 

W/cm2 

For tbe hardness experiments we bave used 

lower laser intensities . AII experiments were 

performed in air at normal conditions 

TARGETS 

For experiments we bave used 

metallic targets of aluminum, titaniurn, 

n.ickel, cooper and two kind of steel: 

21 CrMoV57 and 40C130, witb 1.5-mm 

tb..ick and l O-mm diameter. Their surfaces 

were polished usmg a P 1000 grade 

polishing paper. In order to improve the 

laser absorption the surface of the targets 

was painted with a very thin black paint. The 

measurements of the target surface hardness 

were performed with a microhardness 

device . 

EXPERIMENTAL RESlJLTS 

First we have calculated the crirical 

laser intensity for melting the target surface 

using equation 2. The results for our target 

inaterials are given in table 1. Then we bave 

measured the experimental values for criticat 

laser intensity obtained when we use aur 

laser. In order to compare these values the 

results are given in same table . 

Table 1. Calculated and measured values of eritical laser intensity . 

Pf::
 
~ 

Iets Al 21CrMoV57 40C130 Ti Cu 
.

Ni 
" ' 

' ) 

1 

4.2x I03 1.7 x10~ 1.5xl0 4 9 .5 xI0~ 1.1 xl04 6.5xlO3 

7.6x 10 ~ 6 .9x 103 6.5x 103 7.5x10 3 7.9x ta' 7.5x 103 
-
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The calculated depth of thennal for three values of laser pulse duration. 

penetration, equation 3, is given in table 2 

Table 2. Calculated values of thermal penetrarion depth for three laser pulse durations _.. 
' , ' 

AI 21CrMoV57 40C130 Tl Cu Nip rgets 
261.6 68 .6 97.1 104.8 296.5 l18 .9"Cp=l ms 

i; 137.3369 .9 148 .2 97.0 1 380.4 168.2"Cp=2 ms 

(IJ.m) 453 .1 I 168 .2 181.5 118.8 513 .5 205.9"Cp=3 ms 
.1 

We have performed a firsr 

experiment in order ta obtain the dependence 

of surface target material hardness on laser 

intensitv. 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 

r 4 5-) 

40U 

~ 350 I > 300 

I ~ 250 
: 20 0 
-6 150 

~ 100 
50 
o 

o 
Lase r tnlli!nsity (kW/cm2) 

Flg .1 . s urtace tlll'get hardness vS.laser 
lnlensllyL	 _
 

The dependence of surface target 

material hardness vs . number of laser shots 

15 given in figure 3 . The laser energy for 
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analyzed the dependence of snrface target 

material hardness an 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 rom 

and ilie number of laser shots was 600 as in 

previous experiment. 

-1 

I 

-~2 ' ClMoV57F·A':1 
I 

~ 4OC ' 30 

i =-~u	 II
\-.- N~	 I 

I 
Flg.2. Surface target hardness VS. laser 

pulse duration I 

each target material and ilie laser spot 

diarneter were same as 1IJ previous 

experiment. In our last experiment we have 
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analyzed the dependence of surface target 

material hardness vs. laser spot diameter . 

The laser pulse duration was 2.5 ms, 

1---­

€ror------ - - ---,
 
700
 

~€ro -1.	 Al " 
~s;;() :=210M0v.57 

1
; 

1 ~	 l:Q) 
i- -OC I~ i,

~:ro 
I "C

:;; ;;00 L-----::..___//	 i--- li 
I I~Cu100 l' '- ---- -----4o -1-----'--- - !- t>t '1 

o eoo 12()) 1800	 ! , 
~rofstlOts 

Fig.3. Surface taryet hardness vs. nurrber of
 

Iasershots
 I 
__ . .-1 

CONCLUSI ONS 

We have measured the metallic target 

surface hardness before and after laser 

irradiation below melting temperature m 

order to study the hardness dependence on 

Nd:YAG laser parameters: laser intensity, 

laser puJse duration, number of laser shots 
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INTRODUCTION 

In this paper we present the 

quantitative methods P1XE (Particle 

induced X-ray emission) and LCP 

(Inductively Coupled Plasma) applicable to 

Basella plants, together with the results 

obtained from the elemental analysis of 

leaves from different Basella plarrts 

cultivated in Variety Testing Centre and in 

Green Houses of Targoviste. Using PIXE 

method we identified and we determined 

tbe amount of the following elements: P, 

Ca, K, Fe, Mn, Zn with an instrumental 

error less than 6%. Using rcp method we 

determined the amount of elements: Mg 

and Fe with an instrumental error less then 

10%. 

EXPERIMENTAL METBODS 

Particle lnduced X-ray Emission 

(PIXE) method is based on the fact that the 

bombardment of the sample with a charged 

35 

particle beam causes the ionization of the 

atomic inner shelIs followed by a 

subsequent of ilie characteristic X-rays . 

When the X rays spectru.m 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 straight forward 

determination of the target element. The 

deteetion Urnit of this method is very good 

because: i) intense fluxes of exciting 

radiation are available, ii) the X rays 

production yieJds for particles wîth 

energies in the MeV range are large and 

ni) the background associated with the 

exciting radiation is rather low. The 

sample preparation tecbnique does not 

require a special chemical preparation 

which may cause some losses in 

concentration or some contamination.. 

Measurements of target elements were 

made using a 3.2 MeV proton beam 
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extracted from the TANDEM accelerator 

rrom fFIN-HH Magurele , Bucharest, and 

passes through a collirnator (3x4 mrn) 

before reaching the target. X-ray spectra 

were measured with a spectrometric chain 

having a CANBERRA Ge hyperpure 

detector (l00 mmxZmm) with a 160 eV 

resolution at 6.4 KeV of K, line ofiron. 

SampJes in the PIXE experiment, 

was young Basella A/ba L leaves plant 

grown in different conditions at Variety 

Testing Centre (VTC) of Targoviste, 

Romania. Six groups of Basella Alba 1. 

were measured as shown in table 1 . The 

leaves of the plants were collected of 

approximately in some position in two 

successively months. The washing Jeaves 

were simply air-dried at a temperature of 

105° C in a clean box preventing further 

contarnination. The dried leaves were 

grained and after powdering a Jayer of the 

samples material were deposited on 

hostaphan foils . 

Table.l The sampJes groups of Basella Alba L measured by prXE and rcp method 

Sample Growth fertiliser conditions 

B l (VTC)-July 
-

Soil without fertiJiser 
-- ­ -

B2(VTC) -Julv Natural fertiliser (excrements) 

B3(VTC) -July NPK fertiliser 

B4(VTC)-August Soil without fertiliser 

B5(VTC) -August Natural fertili ser (excrements) 

'--._ -

B6(VTC) -August I NPK fertiliser 
I 

A1 the sarne time for trace element 

determinations, we use the rcp 

(lnductively Coupled Plasma) method . The 

reason for that choice is the impos sibility 

of measuring the content of Mg with PlXE 

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 K'P because for that type of 
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measurements the quantity of biological 

sample needed is proportional to the 

number of the analyzing eJements. We 

prefer to use both methods because prXE 

require s only a "drop" of sample in order 

to determine ali trace eJements with atomic 

number between l3 and 80. 

ICP-OES is a destructive techn.ique 

that provides onJy elemental composition. 
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The ICP method has been applied experimental results obtained usmg the 

to a wide range of sample types : metals both methods. 

and wide variety of industrial materials, The fCP-OES (Inductively Coup!ed 

environmental samples (water streams, Plasma-Optical Emission Spectroscopy) 

airbome particles and coal fly ash), and spectrometer used by us is a Baird 

biological and medical"samples. ICP2070 -Sequential Plasma Spectrometer 

We used fCP method to determine which consists of a sample introduction 

the concentration of Mg - element who system, a plasma torch, a plasma power 

can not be determined using PIXE method supply and an optica! measurement system 

and concentration ofFe to compared (figurel ). 

Plasma se.mpling 
intartacs 

RFinduction coil 
ssmPli~n ... 11 ­
cone , . I 1 

\ . fon ens delectmg 
00 /'/ ....II system 

c-----------:====-=5:::" :::;;:'::: .,:;:::;;.flEYl/1/ - - Uv. VIS gas 
monochromatorstreern ~_©L" ,~ _1- '-- ---' " )I 

---.....--Jo1 W -·~jflf POWER 

GSignB.l
RolBry Hiqhvacuurn hendlinq 
pump pumps 

Figure 1: Instrumentation for Inductively Coupled Plasma-Optical Emission Spectrometry 

The sample must be introduced into elements of interest is measured and 

plasma in a form that can be effectively related to the concentration of each 

vaporized and atomized (smaJl droplets of element from samples. Baird ICP2070 ­

solution., smalJ particles of vapours) . The Sequential Plasma Spectrometer use as a 

plasma torch confines the plasma to a plasma gas Argon and the plasma is 

diameter of about 18 nun. Atoms and ions sustained in a quartz torch and ilie plasma 

produced in the plasma are excited and lS generated usmg a radiofrequency 

emit light. The intensity of light emitted at generator at 40.68 MI-Iz. Temperatures of 

wavelengths characteristic of the particular 5000-9000K have been measured in the 
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plasma. The detection systems used are a 

sequential monochromator with a 

wavelengths range (160-800) nm. The 

optical emission spectra are made using a 

personal computer. 

Samples in the rcp experiment, 

was young Basella Alba L leaves plant 

grown in different conditions at Variety 

Testing Centre (VTC) of Targoviste, 

Romania. Six groups of Basella Alba L 

were measured as shown in table 1 . The 

leaves of the plants were collected of 

approx.imately in some position in two 

successively months. The wa shing leaves 

105() C in a elean box preventing further 

contamination. The dried leaves were 

grained and after powdering, 2.00g powder 

leaves have been digested in 40 ml acid 

nitric. After a se t asi de in fume cupboard 

ovemight the obtained liquid was gently 

boiled (without major loss of volume). For 

a good digestion 3 ml acid perchloric have 

been added and 2-3 ml water after cooling. 

The cooled solution was diluted with water 

at 250 ml solution and nebulised into 

plasma. 

EXPERTIWENTAL RESULTS AND 

DISCUSSION 

Using PIXE method we identified and we 

determined the amount ofthe following 

Sr. In table 2 are presented the results of 

PIXE analysis on Basella Alba leaves 

samples with an instrumental error less 

than 6%. 

Table 2. The microelementa1 concentrations (in ppm) measured by PIXE nonnalized 

to the concentration obtained for a control group 

Element 
B/(VTC)­

July 
B2(VTC}-

Julv 
B3(VTC) 

-JuLy 
B4(VTC)-

AUJ[Ust 

B5(VTC)-
AUJ[Ust 

B6(VTC)-
Aueust 

- p- -- 0.38 0.35 0.72 0.30 0.33 0.75 
S 0.40 0.71 0.13 

4 • • • • _ 

0 .65 0.66 0.18 '._.­
CI 1.75 2.26 0.36 0.43 3.81 0.20 

- K 56 .22 56.69 126 .96 48 .21 49.22 106.77 
Ca 43.22 37.90 38.93 46 .61 49.83 103.77 
Mn 0.05 0.18 0.012 0.06 0.23 0.02 

-- . 

Fe 2.28 1.25 0.64 2.33 1.53 0.15 
--- . 

Cu 0.03 0.03 - 0 .1 0.08 -
Zn 0.08 0.08 0.07 0.06 0.04 0.03 
Sr 0.64 0.44 0.92 0.62 0.42 0.87 
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Experimental results obtained by ICP and PIXEmethods arepresented in table3. 

Table 3: Mg and Fe concentration obtained by ICP method and PIXE method 

Element Bl(VI'C 
)-July 

B2(VI'C) 
-July 

B3(VI'C) 
-July 

B4(VI'C)­
August 

B5(VTC) 
-August 

B6(VI'C) 
-August 

Mg 22,65 18.33 16.14 21.00 20.72 18.75 

Fe (ICP) 2.53 1.33 0.75 2.87 1.87 0.45 

Fe(pIXE) 2.28 1.25 0.64 2.33 1.53 0.15 

The results obtained by ICP for obtained by PIXE method (presented in 

iron concentration are in good concordance table 3), so the both method PIXE and ICP 

with the results for iron concentration are complementary methods for elemental 

analysis (figure2). 

2.5 

2.0 

E	 1, 5 

~ 

I;)~ ~-~~~~ 
l' - .--PIXE IT 
1 "0.' ICP 1. 

~ .1." , 
i ·. .:Ă .... 

, :'1 "<. 'Ţ 
:; ~" 

i / . 
~ , '/
 

~I
 

\~ 

j j , I 
B2 B3 B<l 65 

Figure 2: Fe concentration in BaseJJa Alba L leaves obtained by PIXE and ICP methods 
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ABSTRACT. The phosphatase alkaline enzyme is responsible of the bone formation and growth (Ca/P ratio). 

Microelemental analy sis of blood serum samples is made by PIXF; (Particle Induced X-Rays Emission) method 

in interna! standard variant and the measurements are made 011 normal, rachitic, paretic and osteoporoutic 

animals (cattle 's) in order to making correla tion 's wtth phosphatase alkaline enzyme activity. We used PiXE 

method in internal standard variant for systemancally errors elimination 's. As an intemal standard element for 

spectrum 's iioi iiiuiÎ.jUiluh Wt' u~eJ YUrium. Th« sumples iniroduced inio ihe reaction chamber are bombarded 

with 3.2 MeV proton beam. The charac tertstics X -rays spectra were detected by a Ce hyperpure detector witn the 

energy resolution of 160 eV at the Ka 6.4 keV X-ray irou line are recorded using an acquisition computer. 

Using the calibration curve aud the UXJNE software were maktng determinations OII Ca, P, Fe and Mg content 

of analysed samples. Wejind a dependency between Ca/P ratio and Mg content of blood serum samples. 

INTRODUCTION make determinations of P, Ca and Mg 

Phosphatase alkaline enzyme 1S content using the PIXE method. For a 

implicated in bone growth process. In normal organism, the ratio Ca/P is among 

order to study their activity we have 1 and 2, for rahitic organisms is grater then 

collected blood serum of some cattle's, 3 and for osteoporoutic ones is less then 1. 

interesting frorn medical reasons and The Mg is an activator of the enzyme. 

SAMPLESPREPARATJONS advanced pregnancy steady (last weeks); 

Blood serum samples are collected the weight of cattl es. 

from jugular zone of cattle ' s selected by After the serum separation (24-36 

following criteria: hours), the target samples were doped with 

-the season of food alimentation standard solution (1:1) of Yttrium for 

(winter/summer), great milk productions, spectrum nonnalisation and deposited on 
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mylar foils who are attached on aluminium 

supports in order to introduce them in 

irradiation chamber (a multitarget 

irradiation chamber). We have prepared 10 

samples. The cattle 's having the 

experience number 4,5,6,7,8 ,9 are cattle's 

in the first days after bom of the young's 

cattle's. The cattle's having the experience 

number 2,3,10 are cattle's in the last week 

of pregnancy. 

THE EXPERIMENTAL SET-UP 

Measurements of mineral 

substances were made USLT1g a 3.2 MeV 

protons beam extracted from the 

TANDEM accelerator from IFfN-HH 

Magurele, Bucharest. X-ray's spectra were 

measured with a spectrornetric chain, with 

a CANBERRA Ge hyperpure detector with 

a 160 eV resolution at 6.4 KeV of Xk; line 

of iron. Amplification, generation and 

analysis of electric signals were achieved 

by an adequate electronic device: a 

sensitive preamplifi er with field effect 

cooled at the liquid n.itrogen temperature, a 

linear amplifier and a multichannel 

analyser with 4096 channels having an 

acquisition computer for data output ­

PDP 11. For each sample target were 

recorded the characteristic X-ray spectra. 

The X-ray spectrurn's analyses were made 
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off-line using a computer fitting 

programme - LEONE. The calibrations of 

experimental set-up were made using 

standard targets witch are prepared by 

evaporating pure elements (Ni , Cu, Ge , Ag , 

Sn, Au , Pb) on mylar foii. 

The determinations of phosphatase 

alkaline enzyme is analysed blood serum 

samples were made by spectrometric 

analysis using Bessey-Lowry method (the 

enzyme is a cathabolit for chemical 

reaction: R-O-P03H2+H2~ROH+H:J'04). 

A typical X-ray spectrum of blood 

serum samples is shown in figure 1. 

The contents of Ca, P, Mg, alkaline 

enzyme of analysed samples and the 

normal values are shown in table 

1.Analysing our data, we can see a good 

level of Ca. The samples number 1 is from 

a young cattle having a dismorexy's 

syndrome. We can see agreat level of 

enzyme content. Tbe sample number 10 

have agreat level of Ca aud P than the 

normal one, and the result shows that in a 

young organism there are compensatory 

mechanisms for balancing the loses of Ca 

by agreat milk production. The content of 

Mg in the same sample is grater than the 

normal value, because Mg 1S an activator of 

phosphatase alkaline enzyme. 
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Figure 1 

Table 1 

6 8 9 10 

.------ - - ,----- ----,-_...-•..._ - - ----,--- - - - - ,--- - - - - - -, 
Mg PhosphataseCa

Sample 
(ma/dl) (mz/dl) alkaline (I.U.Il) 

2.3 40.42 
3.1	 15.19 
2.3 17.15 

4 9.1 6.6 2.5 9.55 
5 2.3 11.27 

13.23 
7 
6 2.6 

7.0 2.710.1 9.55 
8 6.5 2.9 8.57 

9 
9.3 

7.0 2.79.5 9.55 
f----- - ... -- +--- - - - -f--- - - - - J--- - - - -f-- - - - - - -----l 

10 12.3 8.1 29.75 
Reference 

3.5 

5-7 .28-11 2.1-2.8 10-36
value 
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NONLINEAR OPTICAL PHENOMENA 

SERGIUDlNU 

Valahia State University of Târgovişte, Regele Carol! Street, no. 2, 0200, Târgovişte, Romania 

Until Jasers were invented people 

used to belive that the optical properties of 

a medium depend only on the frequency of 

the radiation which goes through it and not 

on its intentisy, because, when it carne to 

c1assical Iight sources, the intensity of the 

electric field of the wave was not higher 

than 105 V/ro, whiJe the intensity of the 

electric field inside tbe atom is 109 V/m 

(for semi-conductors) and 101l V/m (for 

the insulators). 

The discovery of lasers led to 

getting intensities of I -1027 W/m2 and, 

knowing that 

E
2 1I=Z f=>E~1014v/m, which 

cuZ =380n 

maybe compared to tbe intensities of the 

inter-tornic fields. 

It is obvious that , in this case, the 

properties of the mediurn depend on the 

intensity of the radiation as well. A new 

science has developed - nonlinear optics ­

which describes phenomena that can be 
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observed on a macroscopic scale based on 

the influence that the mediurn has on tbe 

optic radiation which goes through it and , 

on the corrections which appear whit it. 

Thes , the main phenomena 

emphasized by the nonlinear optisc are: 

l.OPTICAL REDRESSATION 

This means creating an electric 

field inside the medium where the laser 

radiation spreads. The intensity of this 

field is proportional to the intensity of the 

light wave field . 

2.GENERATING OPTICAL 

HARMONICS 

This means creating inside the 

medium some light waves of 2co, 

3co, nco pulsations, starting from a laser 

wave of co pulsations which interacts with 

the medium. 

The experimental scheme of an 

assembly used to obtain optical harmonics 

1S: 



Laser Filter Nonlinear Filter Photcdetector Amplifier 
f(ffi) element f (no) 

When reffering to these harmonics 

we can add: 

-the strength of an harmonic is 

related to the variance of the medium 

indices . 

-we get an increase of the strength 

density while getting through the medium. 

-the strength of the order n the 

harmonic altemates with the fundamental 

strength as in Tnco = (1",)" for slight enough 

entrance radiation. 

3.PARAMETRICAL GENERATION 

OF LIGHT 

We can get this when we spend a 

fraction of the energz of a ro I pulsation 

Iight eave to generate 2 new light waves of 

ro2 and 0)1-(02 pulsation (ro2 is ajustable in 

the field [O, (O] ) 

Thus, talking the nonlinear 

polarisation 

aE 2PNL =

and nepposing the 2 fields have the same 

direction, meanmg 

E =E W' cos (OI t + E W' cos 0)2 t we get 
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where 

This, the interaction of the 

pulsation waves ro 2 and (D 1 inside a 

nonlinear medium leads to creating new 

pulsation waves (02+ro 1 and (0 2-ro J which is 

a parametrical generation of light. 

4.LIGHT SE.LFFIFOCVS 

This means that light focuses inside 

a fine filament if its intensity gets over a 

certain point and it is created by the 

variation of a light wave field, as in: 

1/ 2 3 ne E 2 
[ ]n = Ca (l + xJ + [ ]1/2 '" 

2 Eo (1 + Xe ) 

5.STIMlJLATED DIFUSION OF 

LIGHT 

We should mention : - Raman diffusion 

- Brilouinn diffusion 

- Rayleigh diffusion 

6.DARHENlNG THE MEDruM 

This means that a medium which is 

opticaly transparent under a low intensity 

radiation (classical source) becomes 
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opaque under an high intensity radiation 

(laser) 

7.LIGBTING UP THE MEDfUM 

When this the case, the medium, 

which was initially opaque under a low 

intensity radiation becomes transparent (it 

lights up) under a high intensity radiation. 

8.THE SATIETY EFFECT 

This means a slowing-down of the 

increas in the saturation of the radiation 

and its stabilization at certain value whiJe 

the processed of stimulated ermssron 

overcome the absorbation ones. 

9.THE DISAPPEARANCE OF THE 

RED LIMIT OF TRE 

PHOTOELECTRIC EFFECT 

This shows when the intensity of 

the laser light wave is high enough to 

prove that the external photoelectric effect 

appears for frequences which are much 

lower than its standard frequency - 000. 

AII the above mentioned 

phenomena (and much more) are found in 

many applications in optics, electro-optics, 

creating new materials whit special 

properties. 
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THE NANOPHYSICS PROCESING OF ATOMIC UNITS 

OANA CATALINA BUTE 
Physiscs Department, Science Faculty, Valahia University ofTargoviste 

INTRODUCTION 

In order to observe the atomic 

dirnension, Scanning Probe Microscope 

(SPM), Scanning Tunnelling Microscope 

(STM), represent today the main current, as 

well as, an essentiaJ device for the 

nanotechnology. Scanning Tunnelling 

M.icroscope can process atom by atom, and, 

at the sarne time, it can measure the 

immediately result after processing. 

1.1. A method that was advanced 

from the conception of STM IS 

Electrode with sharp top 

"The evaporation in electric field of 

particular atoms". 

T11e schematic diagram of ilie 

evaporation in electric fieJd is shown m 

figure No . 1.1.The system consists of an 

electrode with sharp top made of wolfram 

which is controlled by a three-dirnensional 

positioning unity. This unity is based on a 

piezoelectric system with a subnanometric 

resolution, high accuracy aud a source of 

permanent current abolit few volts. 

Electrode wrth sharp top 

, 
w i r , 

I 

sv 

,-----­ 1 , / 
1 + 
I 

,-----­

+ 

! '1 
5V 

Figure Ll . 
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Models far the evaporation in electric 

field: 

a) a electrode with sharp top controiled 

by a positioning piezoelectric device with a 

subnanometric resolution. 

b) PI shows tbe d.ri ve force due to 

concentrated electric field at the sharp 

border. Tbe piece to be processed, made of a 

conductor material is placed to a distance by 

O1.nm or similar to it under an electrode . 

The intensity of electric field is by 5x1010 V 

m' in the workspace what creates a drive 

farce ar an extraction force over an ionized 

atom from the surface by 8x1O-.'l N . an the 

other hand the bound [arce aver an atom 

pLaced in the knot of the crystalline net is 

estimated to be by 5x10·il N for S~ sa we can 

wait for an atom placed an the surface can 

be removed by an electric field L.ike this. 

Another strong instrument in the 

science of surfaces, wb..ich bases an tbe STM 

is Scanning Probe Microscope (SPM) . SPM 

supplies precis and high resolute topography 

of the molecular structure at an atomic scale, 

in the real space, using the probe's heads 

placed very near by the surface. 

Further on are presented the SPM 

systems. With this new type of microscope 

is possible the exceeding of resolution limit 

of optic rrucroscopes and electronic 

rmcroscopes . 

1.2. In the figure 1.2. are sbown the 

components of a typical SPM. In tbis case, a 

physics magnitude- lik:e the runneling 

current, tbe magnetic force, the atomic 

force- 1S measured by tbe probe tap, the 

XYZ scanner and the regulator of command. 

Fig. 1.2. SPM system 
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THE ATOMIC MANIPULATION 

Eigler and Scheweizer from IBM 

described bow independent atoms can be 

positioning and bow can be built ilie models 

with STM. In this order they were capably to 

cool specimens at 4 K and to keep clean 

their surfaces wbole days. So, wben the 

xeOOD atoms are introduced towards a c1ean 

nickel surface, in vacuum, they remain on 

ilie surface In a physics adsorption state . 

Eigker and Schweizer have cleaned tbeir 

surface perfectly by a spraying process of 

argon atoms, a hardening process for the 

carbon moving off from the surface and fast 

hardening and they reduced the 

ri 

C-V o,, . 11 • _ 

i i !,
I Ir: 
O 
epxep. ,, .
'. . x, x, 

contarnination of specimen surface by 

absorption of residual gases until a leveJ in 

whicb was impossible the detection of 

another contamination for a long time . 

The adsorbed xenon atoms on uickel 

( 110) with a superficial potential about some 

electron volts are very stable and unreageot 

when they are cooled at 4 K. So when to 

probe top is placed above ofaxenon atom 

and is approached to tbis , the individual 

xenon atom and the probe top are easy 

attracted one to the other because of ilie 

interactioo van der waals force (see ilie 

figure 1.2 .1.) 

c~I \01

U

1/ 

6
6 
t, 

ccco:::p cii:C:tP. : 
! 

x, x, x. " 

Figure 1.2.l.The translarion ofxenon atom from Xl to X2 using a probe STM 

In the time of STM tunneling, if the 

tunneling current is increased while ilie 

polarization voltage is maintained 

constantly, ilie ' top removes nearer by 

specimen . 

48 

So in order ro increase the van der 

Waals interactions between ilie top and the 

specimen, ilie current is increased beyond 

the used level for the simple surface 

visualing . 
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The top specimen current witch 

tunneling through the electronic barrier is 

fixed at ~ 1 nA when we must visual the 

topographic surfaces , at ZI high of the top. 

This operation is shown in the 1.2.1 . figure. 

In the first stage , Eigler and his colleagues 

increased the current of a value about 10-60 

run. So, in the figure 1.2.1.is shown that the 

prob top is taken down to the atom and is 

positioned at Z2 high; the xenon atom is 

adsorbed at the border of the probe top, 

easily . Then, the top with the xenon atom is 

removed from Xl ta Xl, along the surface, 

with a speed by 0.4 nm S-I. The point X2 

represents the new position were the atom is 

put down. In this position the probe top is 

taken back at Xl by the decrease of 

tunneling current at the reference voltage 

used for the visualing. An individual xenon 

atom is placed in every unitary cell which 

contains 6x5 Ni atoms which occupy an area 

about 1.4x1.5 DIn. For now haven't been 

possible the amplasation of xenon atoms 

nearer than that presented above . 

Next figure (1.2.2.) shows an 

example ofwriting with xenon atoms. 

Figure 1-.2.2. 
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THEATOMICCOMMUTATION. 

Tbe figure 1.2.3. shows the probe top 

and the xenon atom are placed on a terrace 

of nickel (110) surface, witb the distance 

between the probe top and terrace is about 

0.38nm, and the polarization voltage applied 

is by -0 .02 V. The xenon atom remains in an 

ell made of the steps a nickeI surface . This 

atom is stable when is in contact with three 

nicke1 surfaces, so it has a small probability 

to be removed to another position from the 

nickel surface. (1.2 .2.) 

Fig. 1.2.3 . The ell position . The xenon atom is surrounded by three nickel surfaces . 

STM can function like an atomic maintained at -o.02V. Tbe application of a 

switch it tbe probe top is p1aced above the pulse by +0 .8Vfor 64ms brings about tbe 

xenon atom as you can see in ilie figure 1.2.4 change of place of the atom from specimen 

In ilie first stage, the po1arization is surface to the probe top. 

I 
1-)l V 

I 
.,. y .,. Y TElectronsI C ~ nm 00000 

(J..51Il1 I 
1 I 

l~~,on , 
~ 

I I I I I 

NI suostrete (110) Ni substrate (110l Ni suostrare (110) 

Fig. 1.2.4 . The princip1e of the atomic switch . 
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After that is applied a pulse by -D.8 V, so , 

the atom is put back in ilie first position. The 

surface is visualized using tbe tunneling 

current, which is present in the time of all 

operation phases for to 

localization of the atom. 

confirm 

10 

the final 

6 

o 

In the figure ] .2.5., the level A oftbe current 

corresponds to the probe top aud nickel 

surface from the figure 1.2.4 . (a) , were ilie 

current is decreased aud stable and tbe top is 

polarized at -O.02V. 

c\ t-D 
t1'~ ,,-.J ~ f) 

-

Î '-­ '--­ - '-­

B­

o 10 20 30 .l() Y.J ro 70 
Time (s) 

Figure 1.2.5 

When is applied ilie pulse by +0.8 V 

on the top for 64 ms, a transitory current 

appears (sta te B) . High conduction state 

(state C) appears when the xenon atom is 

removed to ilie top in this state the current 

isn 't stable as in state A because of the 

xenon atom from state A is localized in the 

eU position and it is in contact witb three 

surfaces, while in state C this atom is 

adsorbed at the border of the top, so it can 

move a little to the top . The transitory 

current in state O appears when is applied a 

puIse by -D .8 V for 64 ms which removes 

back on the surface the xenon atom . 
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THE INFLlJENCE OF 'ETHANOL IN DISSOLUTION TEST FOR 

ANTJBIOTICS CAPSULES 

ANA - MARlAHOSSU*, MIHAELA SCRlPCARlU**, VA SILE MAGEARU*** 
"Chemistry Department. Science Faculty, Valahia University of Targo viste 

"""In>rilulefl'Om control ofbiologicalproducts ard drugs ofuseveterinary, Str. Duduhn, rIT. 37,sec. 6. Bucharest 
*"*University of Bucharest, Faculty ofChemistry, Bd. Regina Eltsabeta, nr. 4- 12, sec . 3, Bucharest 

A BS TRACT: The present study is devoted to the dissolution lest/ar ampicillin capsules and the influ ence 

0/ ethanol 111 acti vity of tht» antibio tic in the hum an body. The lest is used 10 determin e the dissolutton rate of the 

active ingredients of solid dosage forms (for examp!e capsules) . The conclusions had been drawn an one 

examp le namely ampicillin capsules . 

INTROD{JCTION as solvents, diluents, Iubri cants and 

Capsules are solid preparations with disintegrat ing agents. The contents do not 

hard or soft shells of vario us shapes and cause deterioration of the shell. The she ll, 

capac it ies, usually containing a single dose however, is artacked by the digestive fluid s 

of acti ve ingre dient. They are intended for and the contents are released [3]. 

oral administration . The capsule shells Ampicil1in capsules contain 

material is consist in gelatin or oth er Ampicillin or Ampi cillin Trihydrate . 

subs tance, the consistenc y of wich may be 

adj usted by the additi on of substances such 

as glycerol or sorbitol. E xcipients such as 

surface - acti ve agents, opaqu e fillers, 

antimicrobi al preservat ive s, swee teners, 

coloring marter authorized by th e 

competent authority and fJ avouring 

substances may be add ed . 

The contents of capsules may be 
It 1S a white , crystalline powder , 

solid, liquid or of paste - like consistency. 
slightly soluble 111 wate r, practicall y 

They consist of one or more active 
insoluble in alcoh ol , in ether and in fatty 

ingredie nts with or without excipients such 
oils. 11 dissolves in dilute solutions of acids 

and of alkali hydroxides. 
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The aim of this work is the The mam cornponents of testing 

inf1uence of alcohol (ethanol) in medical 

treatment with antibiotics . 

EXPERJMENTALPART 

The choise of the apparatus to be 

used depends on the physical and chemical 

characteristics of the dosage form. Al I 

parts of apparatus that may come into 

contact with the preparation being 

examined or with the dissolution medium 

are chemically inert and do not adsorb, 

react with or interfere with the preparation 

being examined. AII metal parts of the 

apparatus that may come into contact with 

the preparation or the dissolution rnedium 

must be made from a suitable stainJess 

steel or coated with a suitable material to 

ensure that such parts do not react or 

interfere with the preparation being 

examined ar the dissolution medium. 

l' 1 

'~~fj 
- 1 "f
:0 

,1 

] 

I 
I 
i 

~~~' ...;- 1 

Fig. 1. Basket apparatus 

apparatus are listed ballow: 

(a) A cylindrical vessel , C, made of 

borosilicate glass or other suitable 

transparent material , with a nominal 

capacity of 1000ml. The vesseJ has a 

flanged upper rim and is fitted with a iid 

that has a number of openings , one of 

wich is central . 

(b ) A motor with a speed regulator abJe 

to keep a constant rotation speed of the 

basket withi n ± 4% of that specified in the 

individual monograph. Th e motor is fitted 

with a s tirring element wich consists of a 

drive shaft, Â, and a cylindrical basket B. 

The basket consists in two cornponents. 

The top part, with a vent, is attached to the 

shaft. It is fitt ed with three spring clips, 

that allow removal of the lower part for 

introduction of the preparation being 

examined. 

(c) A water bath that will maintain the 

dissolution medium temperature at 36 ,5 tlC 

to 37,5°e. 

lntroduce the stated volume of the 

dissolution medium into the vessel of the 

apparatus. Warm the dissolution medium 

to between 36,S oC and 37,5°e. [2J 

In the case of ampicillin capsules 

250mg, we used as the medium 900ml of 

distil led water and rotate the basket at lOO 

revolutions per minute, for 45 minutes . 

54 



FUNDAlvlE.N 7i/l . SCTENC!:.'5' 

Measure the absorbance of the 

filtered sample directly at the maximum at 

268nm. 

Eta lon solution conta ins 29 mg 

ampicillin trih ydrate (25 mg anhydrous 

ampieillin). It was passed in a glass 

balloon of 100ml and was brought at sign 

with distilled water.[l] 

( A <;amp/e - Ae c ) . 3600 - 25 C%= ' . . , 
Aefa/ot] -1000 

e.e. =. empty capsule . 

RESULTS AND DISCUSSION 

First, we carried-out the dissolution 

test of arnpicillin capsules and the re sults 

are showed in tabl e 1. 

Table 1 

Absorbance Admissibility conditions 
I AmPiciHin samples 

( ;1,= 268nm) (m!,!~75%)

i Eta lon 
-

~9m~ AT/100ml) 
0,160 

0,240 95,6 1. -
992. -.9246 

--f- - - - - ..-.- ----­
0,23 1 90 ,5 3. 
0,248 100
 

_.. 5.
 
4. 

0,242 i ._..95,6 
0,233 91 ,6 6. 

..1_.ţ:mp1y eapsu le 0,07 1­

In eac h sample was add ed aJcohol decrease of the absorbanee of ampi ci [lin 

in di fferent eoncentrations and it caused a (table2). 

Table 2 
.. 

Sarnp les 'Alcobol (% voi) Absorbance ( .il, = 268nml._ 
1. O 0,2 16 
2. 5 0,209 
3. 10 0,206 
4. 15 0,205 
5. 20 0,19 5 

. - ' 

6. 30 0. 184 
7. 40 0,178 
8. 50 

' - -
0.167 

" 
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Fig. 2 - The variation of absorbance of ampicilJin with the concentration of alcohol. 
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Fig . 3 - The variation of concentration of ampici Ilin with the concentration of alcohol 

CONCLUSIONS	 same tim e with the antibiotics causes a 

The results of quantitative control decrea sing in activity of these substances 

obtained with this analyticaJ method are in human body. 

shown that the consuming of alcohol in the 

REFERENCES 3. D. Dobrescu, "Farmacodinam ie", 
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STUDY OF THE ANTIOXIDATIVE PROPERTIES OF SOM.E 

TmAZuaCSKELETONCOMWOl~S 

LAURJ\MONICAGORGHIU, CRINELADUMITRESC'U,RADU WCIAN OL1EANU, SILVIU JIPA 

Chemistry Department, Science Faculty, Valahia University of Targoviste 

ABSTRACT: There is a considerable interest in thermal stabilization of commercial polyolefins because 

their service I{fe depends an a large extent by the stabilitation efficiency ofadditives. 

One of the most sensit ive procedures used for the determinatton of antioxidative ability IS 

chemiluminescence. 

AI/ important class of anttoxidants that has a continuous developing is the triazines skeleton antioxidant 

compounds class. In the case of these compounds an important decrease of the oxida/ion effec t in comparison 

with the sam e effec t of the simple phenolic or aminic antt oxidants is observed. 

In this paper the irfluence (?f some new synthesized triazinic antioxidants on the polyolefines is studied. 

The stohtlization efficiency ofthese additives IS also studied. 

INTRODUCTION oxidation; to A. LUMIERE , L. LUMLERE 

Organic matter has a strong tendency and A. SEYEWETZ ( 1905) for the 

to react with oxygen and oxidize. Dus is protection of photographic developers 

true for most commercial organic (these autbors first used therm 

rnaterials, e. g. pla stics, eLastomers, fibers , antioxidant); and to CH . MOUREU and 

fuels, lubricants and foods . CH . DUFRAlSSE (1920) for the 

A. W. Von HOFMANN (1861) first protection of acrolein. 

made the connection between oxygen and The development of methods of 

the deterioration of polymer properties in production and testing of new highly 

rus studies on the aging of gutta-percha [1]. efficient antioxidants for polymeric 

The concept of antioxidants and the materials have a great practicat 

discovery that small amounts of reducing importance. From this viewpoint the 

agents could protect materials susceptible ske leton derivatives are of interest for the 

to oxidation were attributed to S. L. polyethylene stab ilization. 

BIGELOW (1898) for sodium sulfite Chemiluminescence (CL) has found a wide 

solution [2]; to P . SISLEY (1903 and application in the studies of solid state 

1940) for stabi1ization of dyed silk to oxidation of polymers [3-7]. A sensitive 
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photomultiplier is used to measure the 

weak light accompanying oxidation of 

organic molecules . It is generally believed 

that the luminescence originate s from 

excited ketones [8-1Ol 
In the present work the eval uation of 

protective action of some triazinic skeleton 

derivati ves using CL method bas been 

performed. 

EXPERIMENTAL 

The new triazinic antioxidants were 

synthesized by the condensation of 

cyanuric chloride with different amines 

and/or thiols by refluxing in xylene [11]. 

As oxidative substrates the 

specified polymers oftabJe 1 were used: 

Table 1: The polymeric substrats 

Polyethylene 

type 

...-

Sort Producer Density (g/cm'') 
Flow (") 

IndeI.(g'I.Oom) 

LDPE A-23FB/035 Arpechirn Pitesti 0.921 1.83 

LDPE 1\.-322 BraLi 

----.. 

0.920 o.s 

LL DPE LLN 1001xF (E29996) EXXON MOBIL 0.9 15 2 07 

HDPE A- 53-MB/084P Arpechim Pitesti 0.966 

-' . 

6.15 

•• 0 

(" 190oC. 216 kg) 

These polymers were purified by 

precipitation with ethanol from hot o-xylene 

solutions. The resulted powders were rinsed 

with acetone and dried at the room 

temperature . 

The triazinic additives were mixed with 

polymers as chlorofonnic paste. After the 

solvent evaporation the samples were 

powerfully mixed. 

Molecular structure and denomination of 

these compounds are presented in Table 2 
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near a standard antioxidant (Irganox­

565) which has also a triazinic skeleton. 

Isothermal chemiluminescence 

emission measurements were performed 

in air at 2000C for all polymers and 

1900C for HOPE and LDPE using OL­

94 Oxyluminograph [12]. 

The CL-parameters used for the 

kinetic description of thermal ox.idation 

process were presented in a previous 

work [12]. 
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Table 2: Molecular structure and denomination of mercapto-s-triazines used for the 

stabilization of polyolefins 

Structure and denomination Code Structure and denomination 

2,6-thio-bis-(lawy1)-4-(4-hydroxy-3 ,5­
di-tert-butyl-aniline)-1 ,3,5-triazine 

f- .__~ 1,,--,3-.!...,5_-_triazine . _. ----+------1-- - ---------- - 1 

H2SC12SyNyNHVNH-Q 

NyN

NH-Q-NH-D
 

2,6-bis-( N-phenyl-p-phenylen- diamine)­

4-truo(lauryl)-1 ,3,5-triazine
 

r~ H 
HNUC(CH:J3 

N.J-N 
HSAN JlSH 

2,6-bis-(mercapto)-4- (4-bydroxy-3 ,5-di­
2,4-bis-(4-hydroxy-3 ,5-di-tert-butyl­tert-butyl-aniline)-l,3 ,5-triazine 
aniline)-6-mercapto- l ,3,5-triazine 

I AJ 

l _ --,--2_'4__b_iS (n-octyl-thio)-6-(4-hydroxy-3,5-di-tert-butyl-aniline)-1 ,3,5-triazine (IRGANOX-565) 

2,4-truo-bis-(2,6-di-tert-butyl-phenol )-6­
(4-hydroxy-3,5-di-tert-butyl-an i!ine)­

I 
A s I 
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RESULTS AND DISCUSSION induction period and oxidation 

decreasing rate as is shown in 2-5 
The stabilized samples leads to a 

figures in comparation with figure 1. 
substantial increasing of the oxidation 
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Figure [l]- Cl-traces ofLDPE(A-23FB/0.35P) (1); HDPE Figure (2]- CL-spect:rn of LDPE (K 322) unstabilized (1) or 

(A-53MB/0.84P) (2);WPE (K-322) (3) and llDPE protected withA2 (2), Al (3), A3 (4), Irganox-565 (5), A6 

(EXXON MOBIL) (4) - freeof'additive (6), AS (7) and A4 (8) (0,25 wt %) aditives 
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Figure [3]- Cl.-spectra of LDPE (A-23FB/035P) Figure[4]- CL-spectraof LLPE(EXXONMOBJL) 

unstabilized (I) ar protected with A2 (2), Al (3), A3 (4), A6 unstabilized (1)or protected with AI (2), A2(3), A3 (4), 

(5), AS (6) Irganox-565 (1) and A4 (8) (0,25 wt %) aditives lrganox-565 (5), AS(6), A4 ('7) and A6 (8) (0,25wt %) aditives 
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Figure [5] - CL-spectra of HDPE (A-53MB/084P) LIrl'ltabilized 

(1) orprotectedwithA2 (2), A1(3), A3 (4), Irganox-565 (5), A6 

(6), AS(7)and A4 (8) (0,25wt %) aditives 
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The kinetic parameters resulted from the substrats the same data of th.is table 

comparative data from each of these figures were obtained. 

are presented in tables like table 3. For ali of 

Table 3: Kinetic parameters for thennal oxidation ofLDPE (A-23FB/035P) stabilized with 

the studied mercapto-s-rriazines in 0,25 wt %. Cl, data. 

Iu­
tn-(min) 

(r. u.1g)(r.uJglmio) 

4140 163131 

2958 171500 

6026 190873 

3203 197050 

23 10 171150 

1907 182488 

1933 137562 

Jrganox-565 
'---­ - - - --'­-­---'-­ - - , 

1502 106040 

0.186 0.714 

0.011 1.456 

0.393 0.774 

1.321 

0.897 

0.745 

0.558 

0.461 

0.467 

l 

1. 000 O~?63 J 

In those tables are also presented the 

relative activities (A) and relative stabilities 

(S) defined in ( 1) and (2) equations. 

A=(t1k(t i)OJ I [(tik(tj)o] (1) 

where: (tij. ; (ti )o and (ti), are the induction 

periods of ilie sample proteeted by the studied 

antioxidant, of unproteeted sample and also of 

the standard antioxidant proteeted sample. 

S=( V::;.ax )~ I ( Vo:a'l, )0 (2) 

where: ( V::;.ax )0 and ( V::;.ax t a re the 

maximum oxidation rates for unprotected and 

stabilized samples. 

From the presented data analysis, it 

results that remarkable induction periods and 

great activities for A6 , AS and A4 triazines 
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are obtained. On the other hand the A3 

compound has a similar behavior with 

the standard antioxidant (Irganox-565 ) 

while AI and A2 have a lower activity. 

The relative stability is irnproved 

in all the analysed triazines. This aspect 

shows that some of the reaction 

products of the triazinic antioxidants 

with peroxi radieals keep also the 

protector effect in the propagation 

oxidating step. 

We have aJso observed that the 

main sta biliza tion parameter - induet ion 

period - inereases with flowing index 

increasing, like table 4 presents, 
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Table 4: Kinetic parameters 

- -­

Polymer 

LDPE (K322) 

Density 

(g/cnr') 

0.920 

Fbw(..) 

Index (g!l(W) 
.-

0.5 

-­- A5 

280 

Induction period tI (min) 

A6 A2 

144 14 

Nooe 

10 

LDPE (A·23FB/035) 0.92 1 1.83 350 293 18 10 

LLDPE (LLN ]00] xF) 0.915 2.07 368 480 29 10 

HDPE (A-53-MB/084P) 0.966 6_1 5 430 430 33 ]6 , 

The induction period increasing of 

maximum flow index sam ple may be 

explained by higher antioxidant mobility in 

'2 500 

the polymer with lower 

ramification. Thi s behaviour lS better 

illustrates in figure 6 for A5 antioxidant. 

~ 400 -
"O" 
.g 300 
(jI 

a. ~"" c L.UV 1/ 

~ 100 ~ 
~ O I --. --~ 

o 2 4 6 B 

Row Index (gI10min} 

Fig. [6] - Induction period-flow index depend ence for AS antioxidant 

CONCLUSIONS 

The presented data on LDPE and HOPE 

confirm the remarkable antioxidant activity of 

the triazinic compounds. The studied 

antioxidants present in the HOPE case a 

rnedium increasing of the induction period 

with approximately 35% greater than the 

LOPE (K322) case and 18.6% than LDPE (A­

62 

23FB/035) case. This increasing effect 

of the antioxidative protection IS 

explained through the higher cristalinity 

content of the oxidation substrate. 

The antioxidative efficiency 

evaluation has to be performed for 

every polymer. An extrapolation resuJt 

from each polymer to other is not 

recommended . 
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ABSTRACT: The study of the interaction between an acid dye and nonionic surfactant is very important In 

clarifying the mechanism of wool dyemg and color preservation and also for the washing conditions 

determination. 11 was examined the possibility of the formation of the complexes between a series ofacid dyes, 

newly synthesized, from the class of azoic dyes derivedfrom aminonaphtolsulphontc acids [1] and a noniontc 

surfactant from rhe cla ss of the alkyl polyglucozides f2'ţ.The tensiometric method has the advantage that we can 

monitor the surfactant- dye om interaction over a targe scale of concentrations. 771e formation of some 

surfactant- dye complexes was made evident in the different molecular ratios in the submicellar range compared 

10 the micellar range of concentration of the surfactant. The equilibrium constants, the free energv of the 

complex formation in the absence of nonionic micelles or mixed mtcelles. were determined. There are different 

equilibrium in the system which compe te one another over a large scale ofsurfactant concentration (adsorption. 

mtcellisation, small complex formatton, large complex -- mixed mtcelles formalion). 

INTRODUCTION scale of surfactant concentrations. The 

The study of the interaction nonionic surfactant, alkyl polyglucosidic 

between an acid dye and a nornoruc class, was chosen due to its less agressive 

surfactant is very important in clari fying properties against the natural fibre. 

the mechanism of wool dying and color 

MATERJALS AND METHODSkeeping, and also in establishing the 

The acid dyes abbreviated C 1 aud washiug conditions. The wool dying 

C TI were used , derived from l-arnino 8­mechanism is affected by the addition of a 

naphtol 3,6 sulphonic acids, with thenonionic surfactant, due to the formation of 

reactive system represented by thethe dye-surfactant complex. The goal of 

isothiocyanic gTOUp. [1]this work is to study the possibility of the 

The chemical formulas of the dyes formation of complexes between a series 
SH 

are:of new synthetized dyes from the class of ANo 
azoic dyes and a nonionic surfactant, by CI 

~N=N-o 
measuring the surface tension for a large no.s~ SO;;·l 
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SH 

N
A

o 
cu 02NON=Nro~ 

~ I 
Ho,S ~ SO,H 

The two compounds were purified 

by the recristalisation from the water and 

characterized by IR spectrum. 

The nonionic surfactant is an alkyl 

polyglucoside with an alkylic chain 

between 8-16 carbon atoms, short named 

APG, and an ave rage molecular mass of 

390 u.a.m., a product of Caspho-Europe 

[2]. 

It is a surfactant obtained from 

vegetal sources with a " soft" action upon 

the wool fibres. 

The surface ten sion determination 

for aqueous solutions of the dves with- , 
concentrations of 10--1- 10. 3 mole/liter, 

showed that the surface tension for thes e 

solutions is identical with the distilled 

water surface tension, where from comes 

that the two dyes are not tensioactives. 

There were made surface tension 

measurements for dye-surfactant mixtures 

over a large surfactant concentrations 10· 

4- 12,5 10-4 mole/liter. 

T he surface ten sion deterrnination 

method was the Du Nouy method. The Pt­

Ir ring was attached to a torsion balance 

(Spi ra1fede rwaage Germany) with an 

accuracy of 0,1 mN/m and a 

reproductibil ity of 0,05mN/m [3]. 

The tensiometric method has the 

advantage that one can monitor the 

surfactant-dye interaction over a Jarge 

scale of concentration. 

The surface tension measurements 

fumish data upon the adsorption of the 

surfactant molecules at the solution-air 

interface, because the surfactant-dye 

complexes are not adsorbed at the 

interface. 

RESULTS AND DISCUSSION 

The tensiometric results are shown 

in figures 1 and 2. 

In the ab sence of dye the surfa ce 

tension decreases Iinearly with increasing 

surfactant concentration and attains a 

constant value at the critical micelJ e 

concentration, of the surfactant, as typical 

for the amphiphiJe molecuJes, with a 

hydrocarbonated part with at least 8 

metilenic groups. At 21 °c the [APGJcMC= 

2.5 X 10-4 mol/l. In surfactant-dye 

mixtures, !TI which the surfactant 

concentration is lower then CMC, the 

surface tension increase, due to the 

presence of the dye, indicates the existence 

of an association process dve-surfactant 

and that the associated fonn is not 

tensioacti ve . 
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o	 UlOl5 0001 000l~ 0002 0002S 
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Fig. J - Surface tension vs alkyl poliglocozide (APG) concentration in aqueous solution (1) aud 

for the mixture APG - C I dye (2).The dye concentration 1x 1O-<l mol /I, at 2l -c 
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§ 
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Fig. 2 - Surface tension vs [APG] moliI at various constant concentration ofC Il in mixrure. (21 

aC) : 1- APG in water, 2- mix APG + CU 1 10-4 rnol/l , 3- mix APG + CII 1,6 10-4 moliI. 

Table 1: The critica1 micelle concentration CMC, values of tbe APG surfactant in mixtures with 
the dyes CI and CU and the number of surfactant rnolecules bound to dye, in the submicelle 

range (n) in the range micel1e (1) (21 °C). 

1------­
Composition 
APG in water 

.--. 
I 

CMC (molii) 
2,5 10-4 

n 1 ) 

mix APG +Cl I 10-4 mal l! 
--­

mix APG +Cl ] ,6 10-4 mo liI 
mix APG +Cll 1 10-4 molii 

[ J!?)xAPG -cn 1,6 10-4 rnol /l 

3,75 10-4 
12,5 10-4 
12,5 10-4 
22,5 10-4 

2 .3 
3.0 
1.2 
2.0 

10-30 

10-40 

i 
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In the presence of C 1 and Cll, on 

the surface tension isotherm can one 

observed a short plateau which enhance 

with the increase of dye concentration in 

the buJk, and leads direct1y to the 

modification of the CMC for the dye­

surfactant mixtures (Table 1). 

Whcn the concentration of nonionic 

surfactant increases, the surface tension 

initially decreases, reaches a short plateau 

at the first transition , decreases again, and 

finally attains a constant value at the 

second transition, where the surface 

tension is identical with that at the 

IAPG]cMc of surfactant soiurion In the 

absence of dye . 

Such a multiplicity of transitions 

also has been observed by Jooes [3] in the 

interaction of sodiwn dodecyl sulfate with 

polyethylene oxide. Multiple transitions 

revealed through the method used in the 

present work or (and) through the othen 

methods (condctometry, light difusion , 

viscosimetry) were put in evidence also in 

the case of other surfactant-dye, 

surfactant-polymer solutions [4]. 

Figures l and 2 show that in the 

submicelle domain to reach a given surface 

tension value, a soluticn which contains 

dye needs a greater quantity of surfactant 

than in the absence of the dye. The extra 

quantity of surfactant in the case of the 

surfactant-dye mixture , involves the 

existance of a strong surfactant-dye 

interaction. 

We may assume that the surface 

tension both dye and surfactant would be a 

measure of the free surfactant quantity 

existant the solution by means of the 

adsorption equilibrium of the free 

surfactant molecules on the solution 

surface, because the cornplexes are not 

adsorbed at the interface. This supposition 

is reasonable since the surface tension at 

the critical micellar concentration of the 

surfactant IS identical with the surface 

tension at the critical micel1ar 

concentration of the solution which 

contains both surfactant and dye. 

The assumption can be further 

reasonably sustained in what concems the 

proprieties of the complex by the fact that 

the complex should be more hydrophilic, 

the formation of the complex being 

allowed by the hydrophobic bound, which 

leads to a solubilization in micelJes. An 

other probable variant IS that the 

interaction between the studied acid dyes 

and the nonionic surfacta nt occurs by 

means of the etheric oxygens, like the 

interaction between the anionic aud those 

nonionic polyetoxilated surfactants [5]. 

The formation of some surfactant­

dye complexes in different molecular 

proportions in the micelle range compared 

to the submicelle range of the surfactant 
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concentrations was put into evidence. It is 

likel.y that the dye should prevent the 

formation of the surfactant micel1es so that 

the first micelles couJd be smal! with an 

aggregation number lower than in the 

absence of the dye . 

When a complex DSn 1S form ed 

according to the equation : 

D + nS ~ OSn (1) 

the following equation may be, 

[C] = K ([DJ - [C])([S] - n[C])'\ (2) 

assuming that the vaJue of activity 

coefficients is unity, where K represent the 

equilibrium constant , [C] the concentration 

of the complex, [D] the total concentration 

of the dye, [S] the total concentration of 

the surfactant , and n the nurnber of 

surfactant molecules bound to the dye. 

Equation (2) can be rewritten as : 

[X] /n = K([D] - [X]/n)([Sft (3 ) 

since [C] = [X]/n, lS] - n[C] = [S]" (4) 

There fore, the difference in the surfactant 

concentration, (X] = [S] - [S]' represents 

the quantity of nonionic surfactant that 

interactions witb the dye , since [S]' is the 

amount of the fre e surfactant in the dye ­

containing solution. 

]n equation (3) [O] and est are 

known and [X] 1S measured, and 

consequently K can be calculated if onl y n 

is detennined. The values of n might be 

68 

determined by the following 

approximation of equation (3): 

log ([X]/[XJ.)) = n log ([S]r*/[S]j*) (5) 

provided that [DJ» Xln( = [e]) for any 

pair of solutions, both i and j represent, 

respectively, [X] and [Sf at the surfactant 

tension Y, and Yf ' When log ([X]/ [X}l) is 

plotter as a function of log ([S][*/[S])*) a 

straight line of slope n is obtained. (Table 

1) The values of n, the number of 

surfactant molecules bound to a dye 

molecule, for the submicelle range, is 2 or 

3 for CI and 1 or 2 for C 11 (Table 1) . For 

K , there were obtained values between 

2 '10l;-1 013 in function ofthe n value (21 aC). 

An other complex, DSI, different 

from DSn, would be formed above the first 

transition point, the formation of DS ] 

causes the increase of [X] . lt is supposed 

that there is no more formation of DS I 

above the second transition point ([SJcMC), 

due to the absence of the dye. 

The I values would be determined 

by the difference, [S]cMC - [S]cMC*, 

supposing that [OSn]«lDS1] at [SJcMC The 

plot of [SJcMC- lS]cMC' as a function of{D 

J give a straight line whose slope gives the 

1value . (Table 1). 

The mechanisrn for the interaction 

system consisting of ac id dye and nonionic 

surfactant may be divided into faur kinds 

of process: 
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2- small complex formation ; 

3- large complex(mixedmicelle) fonnarion; 

4- ordinary surfactant micelle formation. 

These processes vary with the 

concentration of surfactant through various 

equilibria, competing with one another. 

CONCLUSIONS 

There is an interaction between 
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RESUME: En utilisant le xanthane , le bouillon xanthanique ou la cellolign ine fourfourolique comme supports a 

la fois organique el biodegradables on a reussi a retarder par voie chimique I'ur ee et les phosphates 

d 'ammonium. En resulte des engrais complexes organiques el mineraux contenant I 'azote et respectt vement le 

phosphore dans la plus grand partie insoluble s dans l'eau. qui deviennent accesibles aux plantes apres une 

degradatton microbiologiques du support organique OII a etablt les limites du processus . 

Les processus de levigation dans le sol accompagnes de fe nomenes de retrogradati on ainsi que la 

protectton du mi/ieu ont imposes depu is longt emps line au/re dire ction de recherch e dans la fabrication des 

engrais chimiques ( /) par la dimirrution de la solubilite des sels mineraux so lubles dans I 'eau . Dam des cultures 

trrique es la levigation s 'amplifie d 'une maniere impresionante dans cette situation la dimminution de la 

solubilite s 'impose ave" uneforce economique supplementaire. 
1 . ~ •• • ; ._ . J.. . . : • • :' _ ~_":' .J , , / : . ---...: __ • ..1 __ . _ ' .- :_~ ! . . __ ~ _ J _ . ... , _ _ I • • ' . ;/; .. ! ._. .. ~ _. ~ . , _ J : .• . ... : . .. ....: __ 
l_A::: fII r: ll l1f;; / t..IIUIA ~ J UIt l '-l1:"IJIH...UIIUft u-t:"~ ~ t:"t .) rmncr u ux aor« JU J U lf-JU I Hlt;;. uU:5"If::.fll f::. uvt:L. tU Utffl",UJlU ltllt 

de pli. Une autre Idee fructueuse, etan I'errvelop-pement dam des produits organiques. Cel idee peut etre 

câncretisee ausst par lmtermede d 'un greffage sur polymeres. La combina tson chimique reaiisee entre le 

polymeretvehtcul tractant 0 /1 support) el un compose chimique contenant de I 'azote ou du ph osphore sous forme 

assimilable par des plante.", realisees par des ttaisons estheriques ou atnidiques (idee emprumtee de l 'industrte 

de medicaments retardes) suppose la sciston de la liaison chimtque substrat-engrais par line action chimique 

(hydroli se) ou par voie mtcro-Inologtque. 

Dans le cas d 'ions nitrate OII encore ammonium, leurs tnciu ston dans line structure de ge l ou dans une 

microcapsu le representent des variantees appliquables. 

l.a techntque de microcapsulation utilisee par Mankins el Hill (2,3) eli 197j a subi d 'importants 

developpement s notamcnt dans l 'utilisation de microcapsules de gelatine ou de polymeres, ayant lin diametre de 

.::dOţJ (-I,5) . 

II y a des systhemes qu! realisent L'elib eration d 'une molecule biologiquement active comme SOli I celles 

de medicamentes. pestictdes, stimulateurs de cr oissance realeses sur amidon de Bittner 0 11 sur cellulose ­

matertaux btodegradables- la liason substrat - engrais h am aisement hydrolisables. 

L 'eliberation du biocomposant. donc la bioactivite, a ete realisee entre 5 el 50% dans le cas du 

support celullosique mi ligninique (8). Une bonne variante, techniquement realisable. est representee par la 

dispersion de l 'agent bioactif dans une solunon aqueuse de xanthogenat d 'amidone. suivie d 'une reticulauon 

oxidative par des tnetaux de transiuon OII d eptclorhidrine. Ma lheureuseme nt le praduit contient trop de sodium 

1/11 'il le rend itrutiltsable pour I 'agriculture. 
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PARTIE EXPERIMENTALE xanthanique et de la cellolignine obtenue 

En tant que support retardant nous dans la fabrication dirigee du fourfourole. 

avons utilise le xanthane, un bouillon 

H fl 

j{m~: ' (mf 
l OH -()OC.~<, J 

>{ 1 '1 [ I, rJ o~1« il '1 111 -1N< H::l/ 1 
()~ H 
i Il

Il H ·1 

)I-f 

Figur e 1. Formule de xanthan 

La forte solubilite du xanthane dans 

I 'eau a de energiquernent dimminuee par 

lelimination des carions. solution anneuse 
J -, - 1 - - ­

de 10/ (1 de xanthane percloree, par un 

cationite fort ; l'eluat colecte et concentre 

jusqua 3% de xanthane (sous vide) a ete 

trattee par l 'alcohol isopropiJique quand le 

xanthane precipite. Le polymere est seche 

et ensuite, toujours SOllS vide, est broye 

00 a utilise ensiute soit une solution ]% de 

xanthane precipite soit le boullion 

xanthanique (avant la precipitation du 

xanthane) toujours en concentration de 1% 

exprimee en xanthane qui sont ete traites 

par des solution duree 50% et de 

phosphate mono-amoniacal ou 

diarnrnoniacal 30%, en volumes 

croissantes. Les sels obtenus ont ete 

chauffes 30 minutes a lebulition . 

Pom l' analyse on a mineralise les 

echantions par H2S04 conc. et H202 30%. 

T .ţ': conrenn en R70te fl ete cletennine J)1'lr 

distillation (Pamas-Wagner) et le 

phosphore par la methode de molybdate 

(Lorentz). 

RESULTATS ET DISSCUTIONS 

Sur le tableau J sont presentes les 

resultats de I'analyses dazote et dans le 

tableau 2 ceux du phosphore. 

L'effet retardant du xanthane est 

appreciable merne pour des quantitees 

importantes de phosphore. Les engrais 

polymeres prepares sur certe vore 

contienment en moyene 15-16% N total 

d 'ou 97-98% insoJuble dans I'eau mais qui 

devient accesible aux plantes des que la 

chaine polyhydro-carbonatee de xanthane 

est coupee en petite morceau par des 

microorganismes du sol (ou d'un milieu 
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nutritif quelconque). Dans le cas d'un ajoute sous forme duree. On obtient ainsi 

boullion xanthanique eontenant 4,5% un produit organique et mineral ayant un 

xanthane on a reussi a retarder 95% 

dazote contenu de 22% N, done meill eur qu 'un 

Tableau 1. Contenu en azote ajoute sous forme de CO(NH2) 2 et le poueentage de retardernent. 
._. . 

I 

I 1 N solub. 

__

I 
N total N soloble 

N total trouve en HzO 
I Xanthan 

I 
I eu HzO 
i ajoute, apres trouve Perte Retardement 
I ajoute,

I g 
% 

% 
trait., apres % % 

% trait.,% 
1,0 6,,43 6,43 

i 
6,24 0,44 

i 
3,05 93 I 

I 
' -'" 

l1,0 18,64 18,64 17,96 0,49 3,82 97 

1,0 
I 

23,77 23,77 23 ,44 0,39 3,07 98 

'[ ableau '2. Contenu en azote et en phosphore ajoutes sous torme de 

(N~hHP0 4 + (NHţ )H 2P0 4 

Xanthane 
g 

N total 
ajouh~% 

N 
soluble 
ajoute, 

% 

N total 
trouve 

% 

N 
soluble 
trouve, 

% 

Perte 
% 

Retardement 
% 

1,0 2,29 2,29 - 2,20 0,13 4,09 94 

1,0 7,74 
-. ­

7,74 
_. . 

7,50 0,78 3,04 90 
1,0 10,71 10,71 10,3 1,04 4,01 90 

Tableau 2. Contenu en azote et eu phosphore ajoutes sous forme de 

( Nl-L~ )2HP 04 -+ (NH4)H2P0 4 

PzOs total 
ajoute, % 

PZ05 

soluble 
ajoute, % 

PZ05 total 
trouve, % 

PzOs 
soluble 

trouve, % 

Pertes, 
% 

Retardement 
% 

12,75 12,75 12,50 1,45 2,02 88,40 

35,02 35,02 34,23 1,72 2,02 94,98 

53,02 53,02 52,24 1,58 1,52 97,00 

y = k x, y = retardement, % 

x = 12,75 = 1, x =35 ,02 =3 
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x=53,02 =4 

k = tgu = 0,295 

Retardement,% 

(y) 100 

85 

Ci 

2 3 4 P20S 
12,75 35,02 53,02 

Fig. 2. La quantite de phosphore aţ outee ci Ig xanthane 

E n	 ajoutant l'azote sous forme d'uree, le 

poucentage de retardernent est eleve, 97­

98%, et sous forme de phosphates 

d'ammoruum, de 90-94%.Quant aux 

phosphates, la retardation va de 88% a 
97% au fur et a mesure que la quantite 

totale augumente, d 'apres I'equation d 'une 

droite representee SUT la figure 2. 

En utili sant le xanthane , le bouillon 

xanthanique comme support on a reussi a 
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retarde par voie ehmique I'uree et des 

phosphates damrnoniac. 

En resulte des engrais complexes 

organiques et mineraux contenant l'azote 

et respectivernent le phosphore insolubles 

dans l'eau, qui deviennement solubles 

apres une degradation microbiologique du 

support organigue. On a etabli les limites 

du processus de retardation raportees au 

support. 

3.	 P. Alexander, R.I . Bloek, Analytical 

Methods ofChemistry vol.S; Pergamon 

Press, New Yorg, 1961. 
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SYNERGISTIC EFFECTS O:F SOME DYES WITH STERlC HLNDERED 

PHENOLS IN I-PP THERMAL STABllJZATJON 

CR1NELA DUMlTRESCU, LAURA MONICA GORGHIU, 

RADU LUCIAN OLTEANU, SILVIU JIPA 

Chemistry Department. Science Fa culty, Valahia Uni versily of Targoviste 
cdumi_ I 3@Yahoo.com 

ABSTRACT. In this paper a new set of antioxidants is studied. They belong 10 H-aC1dclass, having dtfferent 

chemtcal struc tures in companson with "classical' stabilizers. The stabilizat ion effic tency of these addi tives has 

beeu studied. The oxidation indu cu on tim es and the oxidatton rates lVf!rC obtained for polymer systems 

containing 0.15 wt % of additivc. One of the must sen sitive procedures used for the de termina tion of 

antioxidat ive abtllty is chemiluminescence. 

A kinetic treatment of Ihe chemilum inescence data as well as synerge tic effe cts are discussed. 

fNTRODUCTlON EXPERIMENTAL 

The influence of color additives on The applications used iso-tactic 

thermal stabilit)' of isotactic polypropyJene polypropyJene Moplen, Himont, Italy. The 

is assessed by chemiluminescence. The polyrner was purified by disolving in 0­

selected concentration for this study 1S 0.15 xylene at heat and repeated precipitation 

% (w/w) . Kinetic parameters, namely, with methyl alcohol . The obtained powder 

ox.idation induction time (t.), half life time was washed in acetone and dried under 

of degradation (t In) and maximum vacuum at room temperature . The 

oxidation rime (tll)a>J, togetber with additives used were azo dyes (1, D, Ill, 

oxidation rat e on propagation stage of IV). 

tbermal degradation were determined. 

Synergistic effect of color additives and 

Irganox 1076 is characterized [1-4]. 
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s 

Ă 
I-lN o 

o-N=N~N=N-o
 
O:>~ H (),S~So,II 

(lD) 

(IV) 

In some sarnples, bes ide the organic 

dye was introduced the phenolic 

antioxidant lrganox-l 076 [ octa decyl - 3 ­

(3' ,5' di tert - butyl - 4 ' 

hydroxiphenyl) propionate] at 0,15 % In 

oxidation (l 70°C, air) were in the shape of 

free powder (20 mg). The measurernents of 

chemiluminescence (Cl. ) were rnade with 

oxyluminograph OL-94 apparatus (ICPE ­

Bucharest) [5]. The CL-parameters used 

for the kinetic description of therrnal 

;. 
1....­ _ -

t 
max 

Imax - ­ -- -,,­ -_.. - -­-­

Time (t) 

= tg a i 

_ '\cx I 

\ 

v ox 

r.I 
~ ---­ _=______t ­ - -

-_it 
'-1 I 

. [ 

__J_ 
'o J 

-I ~ 
I t 1/2
1---­ - - - -­ - - -

Imax /2>. ....... 
CI) 
c 
Q) ....... 
C 

-.J 
O 

Fig. [1 .j-Cherniluminescence diagram for oxidation ofpolymers 

t-oxidation induction period, ttlr required period for reaching half maximum CL intensity, 
v"s-oxidation rate in propagation stage of oxidation, tlDux-time e lapsed from the beginning of 
CL determination until attainment of maximum CL intensity, Irw:lx-maximum CL intensity, 10 

initial CL intensity 
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sam ples usmg such as additives theRESULTS AND DISCUSSION 
compounds (1), (II), (llI) and (IV) relative Figure 2, 3, 4, 5 shows the 

to free additives sample. chemiluminescence curves obtained in 

isothermal regirne (l70°C, air) of the i-PP 
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Fig .[2]-CL-curves ( 170oC, air) for i-PP Fig. [3]-CL-curves ( 170oC, air) for i-PP 
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Fig.[4]-CL-curves (nOOC, air) for i-PP Fig.[5]-CL-curves (170oC , air) for i-PP 

with additives O, l5% III with additives 0,15 % IV 

Based an the se data result that only additives sample (table 1). The diazo dyes 

the (II) and (IV) dyes have a significant (1) and (UI) have comparable induction 

protective effect concerning the Jength of times but lower than the firsts. The 

the induction tirne (ti or t1/1) and also the presence of azo group in position 7 do not 

low value of the maximum rate of improve the protective effect of the dye 

oxidation (voxma x) . These dyes have m (seeI and li). 

common the monoazo structure with azo On ilie basis of thermooxidation 

groups in position 2. induction time parameter (t.), we are able 

Can be observed that the induction to range the antioxidant effect of the se 

time have a higher value relative to free dyes as follows: IV > n > m > 1. 
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The dyes with protective aetion 

presents an important cooperative effe ets 

with phenolie antioxidant Irganox-I076 

(figure 6 and 7) (table 2) . The cooperati ve 

factors (8) presented in table II were 

ealculated from the ratio between the 

kinetic parameters of couple dye­

antioxidant and the sum of kin etie 

parameters of individual additives [6]. 

When 8 > 1 a synergetic effect is present, 

additi vation for 8 = 1, and an antagonistic 

effeet when 8 < 1. 

Table J. The kinetic parameters of thennooxidation ( 170°C, air) of i-PP 

using as additives (0, 15%) different azo dyes. Chemiluminescence data. 

Pigment 

None 

ti 

(min) 

4 

I tL/2 

(min) 

13 

tmax 

(min) 

33 

Vmax 

ax (u.r.Jglmin) 

2226 

(1) 

(II) 

rnn 

1 
6 

28 

30 

14 
.._-

41 

36 

50 

56 

45 

2060 I 
---~ 

2455 

6683 

(IV) 20 30 60 1869 
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Fig. [6]-CL-curves ( 1700C, a ir) for j-PP 

with additives 0,15 % II (1 ), 0,15% 

Irganox-1076 (2) , and 0,15% II + 0,15 % 

Irganox-I 076 (3) 
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Fi g. [7]-CL- eurves (1700C, air) for Î-PP 

with additives 0, 15% IV ( 1), 0,15 % 

I rganox - l 076 (2 ), and 0,15% IV -+ 0,15% 

frganox-1076 (3) 
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The synergistic effect of compounds regeneration theory elaborated by 

(II) and (IV) with screened phenol Spetsig[7]. 

lrganox-l076 can be explained by the 

Table 2. The cooperative factors for binary sistems azo dye I lrganox-J076 .
 

Chemiluminescence data.
 

Cooperative factor 
ti t lJ2 I

J 

ttnlU.Additive e etI12 et 1
 tmax (min) (min)(miu) 
; 

- -58
 72
 97
 -0,15% Irganox 1076
 

14
 50
 - - -0,15%(1) 6
 

-41
 56
0,15% (TI) - -28
 
._. .~ . 

- I0,15% (fi) 36
30
 45
 
I
 

0,15% (IV)
 
_ o_ o 

-30
 -20
 60
 -
275
 315
0,15% (1l)+0 ,15% 247
 2,87 2,43 2,05

I
 I

Irganox îOi6 I
 

1,800,15% (IV)+0,15% 160
 184
 220
 2,05 1,40 
1
 
t I
Irganox 1076
 

_ ._~ 1
'------._. .. 

CONCLUSIONS 

The paper carne with new arguments 

for using the chemiluminescence technique 

as rapidly and precise, for charactcrization 

of polymeric materials stability. 

In thi s work the cheluminescence 

method was used for study of 

thermooxidative degradation of i-PP with 

additives like different mono and diazo 

dyes substitution deri vati ves. 
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REVERSlBLE TRANSITIONS lNDUCED BY LIGHT 

lON1CA rONITĂ, CRINELA DUMITRESCU 

Chemistry Department. Science Faculty, Va/ahia University of Targoviste 

ABSTRACT:Photnrespansive system are system which respond 10 tight energy beyond mere/y absorbing anei 

releasing it as heat. Storage of the light energy for varying lengths of time, 10 reappear as fluorescence. 

photosphorescence and chemical ar even mechanical energy are properties of photoresponsive system . The 

system that utilize photochromic azo dyes as the absorbing chromophores. fII the al/el/dant absorption process, 

/ighf ener[!Y becomes stored up in what 15 prob ably best called chemical energy, since the chromophorcs became 

isomerised, the processes observed are reversible. 

The photochromic degree depended 

AZOIC DYES decisive of cuantic efftciency and thennal 

One stereochemistry factor, which stability of cis ._- fonn . 

plays an important part on colour azo dyes , Fortunately strong electronic donor 

IS their possibility to give cis-trans groups in azobenzene system reduced 

isornerization . sensitive tbe life - time at cis - isomer and 

The trans - fonn are rnuch stabile at thus, photochromia wasri 't a major 

room temperature, in while that cis isorner problem for dyes producers. 

can be generated only through Yet, some azobenzene dyes with 

photochemical methods. Absorption electronic donor groups present a 

spectra of that two isomer fonns at one azo pronounce photochromic phenomena [lJ : 

dye are always different and thus, exposing 

of a dye to light cause detectable quantities F F 

of cis - isomer is observed a change of 

colour which will be reversible at removed ~N-< > 
the source of Iight. 

This phenomena IS called (1) 

photochromie or phototropism and is The dye with upper part structure 

uncalled for dyes with industrial (I) is rapid converted al cis- fonn through 

application. his solution exposure at light day and after 
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four hour in the dark, at room temperature 

still contain only 10% trans - forrn [2]. 

The compound (li) was synthesized 

from azobenzene and present 

photochromic properties and good 

reversibility [3]: 

(LI ) 

where: Rj , R2 - halogen, halogen group in 

0- or m- position 

R) - OH or polymer with OH 

groups 

The azobenzene derivatives can be 

switehed from trans to cis by LJV 

irradiation. The relatively unstable cis ­

isomer may be electrochernically oxidized 

to tran s - azobenzene, as can see in the 

scheme bellow [4] : 

Using the photoelectrochernical 

properties of a Langmuir-Blodgett film (a 

81 

monoatomic layer of long rnolecules that 

are arranged parallel one to another al right 

angles to the pIane of the film) of 4 - octyl 

4'-(5-carboxypentamethylene -oxy)­

azobenzene (R = n-C XH I 7, R 1 O 

on a 

transparent Sn02 glass substrate, this work 

like an electrode [4]. 

PROTOCRRo~nCPOLYMERS 

The cis -- trans isomeric change 

principle in relative to - N=N- bond was 

used for the syntheses of the azo 

photocromic polymers. 
"'T"1 _ • _ _ _ _ _ 1 _ _ 1 _ _ ("" • ~ . 

J m:: WăCIUlIlUleCUJe t;UIUUIIIliiLJUfI 

influence the photochromic properties, the 

influence being pithy in the polyelectrolyts 

with contains the azo group in the lateral 

chain. 

The confonnational transitions of 

the polyelectrolyts depend by the 

ionisation grade, rave inf1uence not only 

the unfolding of the photoinduce reaction, 

also the one in the dark. From this reason, 

the wavelengtb of the isosbestic point from 

the absorption spectrum of the acrylic acid 

copolymer and N (2, 2 ' 

dimethoxyazobenzene) - acrylamida (lTI, 

IV), depends by the pH of the solution and 

it reduces with the degree of viscosity (pH 

= 5-7) as a resuJt of the polyelectrolyt 

conformation change. 
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This phenomena detennines also CH3 CHJ CH) 
1 I I 

the reduce of the reaction rate in the dark - CH.,- C - CH - C - CH2 - C - CH')­_ I I I ­2 

of the compound (rv), at pH = 6 - 9, COOH Ca coocn, 
1

though in this pH do main the isome riza tion Col. (VI) 
rate for the photochromic monomer 

increas es by the catalytic action of the HO-
Methacrylic acid : methacrylic acid 

ions. 
methylester = 60AO Mo\.% 

The conclusion it might be that the 
CH3 ?H3 CH3 

Cl S - trans isomerization reaction rate it 
- CH 2 - ~ - CH - C - CH 2 - b-CH ,­

isn ' t inf1uenced only by the pl-l, but also by I 2 I I ­
COOH Ca coon

the poli yelectolyt type (5]. I 
Col. 

(V U) <rN~N--< (lU 
a 

- ~ 
CH 

~'cH , 
100% methacry lic ac id a CR) a CH) 

f TlT\ CH, CH; CH, , ' H} I I ! 
Hj.: - CH~ - (i - CH'-T - L'H' -T- CH ,- CH , 

' NO I CH poe co L'OOCH t:H~N / -
Hf./ 2 I ' CH 

Col. J<rN~N-Q~ ~ _~ 
a 
_~ 

CH 

J 

- "'CI-I
3 100% methacrylic ac id (2-dime thylami no­

OCRJ CH) 
eth ylester-1) 

(IV) 

A monoazoic dyes (V) with a CH3 eH ca,
I 1 ) I 

simple constitution insolubJe in water, with - CH ,- C - C11 .; C - CH -r C - CH ­
- I -' I . I 2 CH J 

contains a polymerisable lateral chain it COO H CO COOCH ţ:H f! /
I " CH} 

was copolymerise with: methacrylic acid, CoL 

(VIII)his derivat ives or with a monomer mixture, 

metbacrylic acid - (2-dimethylam ino­so it fonns the hydro solub lc polyelecrrolyts 

(VI-IX) [6]: ethylester-l ) : methacrylic acid = 50:50 

Mo\.% 

-o- CHl < }-N = N f_~ NHCO~ = CH 2 

(V) 

(IX) 
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100% methacrylic acid -(2-dimethylamino­

ethylester-l) processed with dirnethylsulfat 

The polyelectrolyts tbus obtained 

have a molecular weight between 75000 

and 22500. 

For dark reaction when cis-trans 

conversion takes place, kinetics are 

apparent first order in aII dye systems, so 

that KJ (C) is defined: 

-d(C) 
---=k (e)dt d 

where (C ) equals cis forrn concentration 

Assuming that W is in rapid 

equilibrium with the cis forrn characterized 

by equilibrium constant K then a 

mechanism consistent with thc data is: 

C + I-t <=> CH+ K 

CW ---+ T k, 

C ---+ T k2 

in which the k's are rate constants. In the 

k, step, the reverse step (rate constant k.i) 

is not included because addition of 1-t or 

other catalysts to a solution of dye in the 

trans ferm (T ) does not cause a discernible 

absorption spectral shift by the free dyes 

toward that of the cis form. It must pointed 

out that is true only in the dark, in water. 

For other conditions it isn 't true [7]. 

Tbe same situation holds for tbe k2 

step; the reverse reaction k..2 may will be 

important under different solvents and 

temperature conditions. This step 15 

probably not a simple one step reaction as 

neted by several others for no aqueous 

system. For the present that activity of 

water is a constant at 250C and is a factor 

in k2 [7]. 

Pbotocbromic substances, 

especially those from spiranic type have 

been introduced in lattest years in cosmetic 

produces with a view to ' worsen' make-up 

at accidently exposure to intense Iight with 

a big fund of ultraviolet. 

One classic example is constituted 

by spiropyran (XII ), which is prepared 

through condensation of Fisher base with 

nitrosalicyl aldehyde. 

l.m.i= 330 (Un (.C"H OH) 
(X) (XI) 

(Xll ) 
: lr 
I 
,t 

(XlIT) 

The same action has the (XVII) dye 

used especially forirritant skin oii , nail 

varnish, dyes for hair etc [8]. 

(XIV) 
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CONCLUSIONS 

Photochromic substanees present a 

vast practice utiliry in a lot of domains 

series like: the proteetive of lens in the 

presence of UV and visible radiation, 

beeause the elosing of colour at Iight 

increase molecuJar extension of dyes, so 

the incident radiation in eyes is more 

reduced; protector windscreens for aII the 

transport vehicles, sensors which can put in 
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mORCANIe POLLUTANS IN THE AlR, 
FORMED IN PHOTOCREMICAL PROCESSES 

ELENA GRIGORESCU
 
"J. H. Hădu lescu " High School, 26 Unirii Blvd., 0200 Targoviste, Romania
 

INTRODUCTION 

The photochemicaI reactions 

involved in the air pollution have mostiy 

been studied during the last few years, to 

demonstrate their important role in the 

"photochernical smog" manifestation 

phenomena. 

Any process which, addi ng certain 

chcmical compounds ta the ordinary air 

components, ean alter its physical and 

chemica! properties so that these shou!d be 

deteeted by the inhabitants of the 

environment is called pollution. 

Two of the nitrogen oxides hold 

importance concerning the pre servation of 

the environment. 

NITROGEN OXIDES, POLLUTION 

SOURCES. 

Nitrogen monox ide is produced at 

high temperatures, by buming fosile 

cornbustibles, gases, fuel oil, coal, in the 

N2 + O2 4f .. 2 NO
 

.l1H = 2)1 Kcal
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At a high temperature, the form ed 

oxide dissociates rapidly. The equilibrium 

concentration of NO vanes with 

temperature. It is reglectible under 550° C, 

but becomes significant at 1700° C. The 

formed NO can react with the oxygen , 

resulting N02 : 

Nitrogenous anhydride IS also 

produeed in a small amount, mostly 

dissociated : 

From the IR absorption spectres the 

conclusion is drawn that also nitrogenic 

anhydride formation occurs, which 

vanishes through an other reaction: 

or else 

N03 + N02 = NI Os 

N205+ NO = 3N02 
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horn the experimental 

veriffications resulted that high 

temperatures combustion, quick cool ing 

aud instant dilution occur, with the 

emission of high concentrations of nitrogen 

monoxide and low concentrations of 

nitrogen dioxide. The stability of N0 2 

decreases together with increasing 

temperature. 

The oxidation of NO to N01 with 

oxygen shows a specific particularity, 

namely that the forming rate decreases 

with the temperature increase. Tbe rate 

also varies with the square of the NO 

concentration. Therefore, the oxydation 

rate ofNO in the air decreases rapidly with 

the NO dilution. A lot of time is therefore 

necessary for the traces of NO from the 

atmosphere to be oxidated, but a 

photochemical mechanism taking place 

under the inf1uence of solar light produces 

such an oxidation in much shorter time. 

Biologically produced NO 

represents the higher amount of nitrogen 

oxides in the atmosphere. 

The natural sources produce 

50*]07 t NO yearly, and those from human 

activities 5*]07 t NO~ yearJy. 

The concentrations of nitrogen 

oxides in the cities atmosphere are 10-J00 

tirnes higher than those from the outside 

cities atmosphere. 
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The average ttme of stabiliry for 

N02 is about 3 days, and for NO is about 4 

days. 

The buming processes of coal, oi! 

products, natural gas, and of the fuel used 

in the vehicles engines, contribute with 

about 90% at the nitrogen oxides 

concentrations. In industry , the nitrogen 

oxides are eliminated in the processing of 

HN03, of the nitrogenous fertilizers, of 

H2S04 (the bad chambers rnethod), and in 

the dinitration and nitration process. 

The process of electrocouting, 

engraving, welding, metal puriffication, 

expiosive detonations, obtaining the Iiquid 

N02 based fuels used in the spacecrafts jet 

propulsion , are considered as nitrogen 

oxides sources . 

The most senous nitrogen oxides 

pollution effects hold not on to the nitrogen 

oxides themseJves, but on to the role they 

play in the formation ofthe photochemical 

oxidants. (OX). 

A photochemical oxidant is any 

substance from the atmosphere produced 

by a photochemical process, capable to 

oxidate any materials insufficientJy 

oxydated by the gaseous oxygen. Tbese are 

very important components ofthe "smog". 
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INTERACTIONS OF THE NITROGEN 
interactions of some certain hydrocarbons 

OXIDES IN THE ATMOSPHERE 
and oxidation products of the hydrocarbons 

The format ion ofthe photochemical 
with the photolytie cycle ofN02 . 

oxidants is due to a complex process of 

Fig. 1. The photolytic cycle of the nitrogen dioxide 

The UV rays have enough energy 

to break the N-O bounds and to form new 

species ofNO and [Ol The atomic oxygen 

reacts with the O2 molecules rrom the air 

and forrn O~ , the main ox idant from the 

environmental air. 

During an ordinary day in a city, 

the ambient level of the nitrogen oxides 

follows a regulary pattern, related to the 

solar light and to the traffic. Before the day 

break, the concentrations of NO and N02 

keep level . Once the human activities 

enhance between 6-8 in the morning, the 

NO concentration fi se, due rnainly to the 

streets traffic. As the solar light intensify 
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pro viding UV radiations, the NO 

concentration mcrease, due to the 

conversion of prirnary NO into secundary 

N02 . As the NO concentration decrease, 

0 3 starts to accumulate up to a 

concentration va lue lower than 0,1 p.p .m. 

As the solar ltgh: intensity dimintshes aud 

the automotive traffic intensifies, toward 

evening, between the hours 17-20 the NO 

concentration starts growing again. The 

solar energy can no more transform NO 

into NOz. 

The fina! product of the pollut ion 

with nitrogen oxides is HNO), but in a big 

proportion this is pa ssed into nitrates. 
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0 3 + N02 ~ N03 + O2 

NO .l + N02 ~ N20) 

NZO) + H20 ~2HN03 

FORMING PROCESSES OF THE 

"PHOTOCHEMlCAL SMOG" 

As a eonsequence of a reaction 

between atomic oxigen and hydrocarbon 

an intermediary species is formed , very 

reactive, ealled hydrocarbonfree radical 

RO"2. 

The hydrocarbons eoneentration for 

air originates in natural sources, biological 

processes, coal , oil , petrol evaporation, 

emissions of unburned [uel in the exhaust 

gases , evaporation of organic solvents, 

dye s, vamishes. 

The free radicals react rapidly with 

NO to ferm N02. This way , NO is replaced 

from the cyele, the 0 3 transforming 

mechanisrn is eliminated and the 0 3 

concentration in the air is getting higher. 

The free radieals ean reaet with the 

oxygen and with the N02 to ferm 

peroxiacyl nitrates with other 

hydrocarbons and oxygenated species, 

forming other, undesirable organic 

produets. 

The mixture of products resulting 

Iram the hydrocarbons interactions within 

the ph otolytie cycle of NO ] is ealled 

"photochemical smog ". 1his lS shaped out 

of 0 3 and CO, peroxiaeetyl nitrates and 

other organic cornpounds: aldehydes, 

cetones, alkyl nitrates, and so forth. 

Fig. 2. The interaction ofthe photolytic eycle ofN02 with the hydrocarbons 
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The action of the solar light triggers 

the oxidation processes : 

NO + 0 2---+ N02 + O 

O + O2 + M ---+ 0 3 + M 

HCHO + O2 ---+ HCOOH + O 

These compounds make up the 

"photochemical smog" or the oxidant mist, 

pre sent in the atmosphere of the big, 

intensively circulated cities . 

Significant amounts of 0 3, free 

radicals, intermediaries and other oxidation 

products, show up in the atmosphere, as a 

result ofthe photochernical processes 

N02 + hu ---+ NO + O
 

O +RH---+R' +HO'
 

HO' + RH ---+ R' + H20
 

R' + O2 ---+ RO' 2
 

RO' + RH ---+ ROH + R*
 

The peroxiacetyl nitrate from the 

polluted atmospbere appears according to 

the reactions: 

R - COB + ho ---+ R' + HC' = O 

R - CO - CH3 + hu ---+ R' + CH3 - C· = O 

CH3- C = O + 0 2 ---+ CH3 - COO - O 

The nitrogen dioxide is a much 

more efficient absorbent in the fraction of 
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the UV Iight which reaches the surface of 

the Earth. 

The absorption by the N02 of the 

UV radiations with wave lenghts ranging 

between 3000-4000 Â, is followed by the 

reactions: 

UV 

------..~ NO + O 

light 

M being considered a mol ecule frorn the 

system. 

Togdhcl wilh ihe increase of the 

ultraviolet Iigh! intensity, one can ob serve 

a quick and almost quantitative oxidation 

of the NO to the N02. Th is photochemical 

ox idation IS unusuaI , because the 

absorption capaci ty of N02 increases with 

the irradiation. 

In terms of an undisturbed 

photolytic cycle of tbe N02 , ozone and 

NO are formed and distroyed in equal 

amounts . 

Pollution IS a danger to people, 

animaIs, plants, and to the state of some 

malrrials. 

Preserving the environment we live 

in , is and will be an essent iaI problem of 

the mankind. 
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VARIATIONAL FORMULATTON OF THE TMPULSIVE TRACTION
 

FOR A PLASTIC MATERIAL 

CONSTANTlN GHIŢĂ 
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ABSTRACT: We analyze the cvasi-static equilibrium of a plastic body governed by CI non linear 

differentia! constitutive law; the directionat linear hardening is expressed in terms of (1 hidden variable: the 

dimensionless plastic work: We obtain a result whtch gives an inferior boundfor the intensity impulsive factor an 

a side ofthe boundary. 

INTRODUCTION 

An existence result to a dynamicaJ 

contact problem with friction, based on the 

penalization and regularization methods 

was proved in [8] for a viscoelastic material 

with short memory. A quasi-static 

behaviour of a linear visco-elastic body 

with fading memory and dynamic boundary 

conditions was investigated in [1]. 

Analytical expressions in the duality 

of functional spaces of some constitutive 

laws and some friction laws have been 

described in several works of 1. 1. Moreau 

(for example [9]) . Variational formulations 

in distributional spaces of a Coulomb 

friction law, especially for the case of 

elastic structures, appear in french papers 

(example [2]). Some contributions about 

variational formulation of a few elasto­
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visco-plastic structures with sbort memory 

can be found in the author works [6], [7] 

and [10]. There we have imposed for the 

directional hardening case admissibility 

conditions at the quasi-statical loading and 

have sclected some technological 

parameters. 

The elasto-plastic structures case, 

having geometrical and physical 

nonlinearities was treated in the duality of 

spaces, based on a compensatory functional 

appear in the works of Y. Gao [3 - 5]. 

In this work we have given an 

elasto-plastic deformation process model 

with directional hardening in the context of 

unilateral contact and Cou1omb friction on 

the same side of the boundary. Following a 

way of thinking initiated by Y. Gao, about 

estimation of an impulsive factor of 
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superficial loading (a measure for the 

traction), we formulate in the sequel a 

variational inequality on a ti me­

independent statical admissible set of a 

variational space. Now we get a similar 

result about impuisive factor in the 

conditions of directional linear hardening 

and superficial friction in a [mite period of 

time during a quasi-statical loading. The 

dependence of this factor is essentiaJ on the 

superpotentials.complementary power 

developed by the stress tensors, superficial 

dissipated power by friction. 

PRELlMINARY CONCEPTS AND 

FRICTIONAL CONTACT PROBLEIH 

A body occupies a regular domain 

o. of R3 referred to a rectangular cartesian 

system (Euler system) OXIX2X~, Q is an 

open, bounded, connected subset of R3
, 

with a boundary I' (a Lipschitz boundary is 

sufficient). I' is decomposed into three 

mutually disjoint parts fu , r -, f s, tbe body 

is c1amped on fu; we assume that on fu the 

displacements are given. The body is 

submitted to given forces f on another part 

fI' and unilateral contact conditions witb 

Coulomb friction against a rigid obstacle on 

r s of the boundary. 

Let U be the space of admissible 

displacements and Uthe space of 
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admissible velocities; ilie space U is paired 

with the admissible forces space F by a 

bilinear form, expressed by (f, u), - the 

density of external power. Let E be a strain 

Green space, L the dual space of E, the 

Kirchhoff stress space. A strain tensor 0 is 

paired with a stress tensor c by the bilinear 

form (O,0)=cr:S - internal energy. For a large 

deformation, we take E the admissible 

strain rate space, the dual pair of EEE and 

o e I, is given by 

(o, E);nt = o :e:::: Tr(ee T) = l\o;(the 

density of internal power [3 -5]. 

At initial state the body has a nuii 

configuration, u(0)= U(0)=0; during a 

cvasi-static deformation process, the body 

is subjected to a uniform loading: by forces 

bInD., surface impulsive traction 

f = u(u, o, 8){ 11111 = 1, on the part r, of 

the boundary, here 8 1S a hidden variabJe of 

the material. We seek the loading factor U(Ţ 

on [1< related to a so lution (u, c, 8*) of the 

abstract governing equations modeiing the 

local behavior of a plastic material witb 

hardening, 8* is a conjugate factor of 8: 

E,::::At(u)uin Q, u::::Oonf 
u

' \ite[O,T] 

(geometric relation); 

A;(u)cr + b:::: O in 0., A;(u)ot:::: t) on [r, 

vt E [O, T] (equilibrium equation), 
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v t E [O, T] (unilateral contact with 

Coulomb's fri ction); 

(E, -El) EOWc(cr,e'), 8* =H8 in Q , 

'ţIt E [O, T] (c onstitutive law). 

DEFINlTIONS AND NOTATIONS 

Le t E :U-~E be the Green-Saint-

Venant rnap, 

direct ional deri vative OfE at UEU in the 

direction V E U is defined by 

dE (u)= l [VY + V'v T + VuV'uT + VuTV' UJ 
dv 2 

dE (u) = Al (u)v , which emphasize the 
dv 

nonlinear map, nam ely tangent geometric 

mapp ing . 

and jf we take u=v+ou., assuming that V is 

time independent, we inve stigate the 

relation-ship between the two geometric 

maps Al(u), A1(v). Indeed, a simple calculus 

of the Geteaux derivativ e of a strain rate 

tensor gives the foIl owing 

relation: 

A (1l~'1 = ~ e(u) = ~ c: (v + ou)= Al (V + ou)su = 

dt dt 
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=~[V'81i+V'8iJ T +V'81iV'vT +V'8IiTV'v]+ 
2 

+ ~[V8uV8u T + V8ti TV8u]=
2 

= Al (v}sti + An (8u)8u .where 

A (w)« = 2[vv vw T+ 'VVT Vw] =A~(v)w 
n 2 

is compensatory op erator associated with a 

displacement perturbation. 

Now, we define its conjugate 

operator A*l(u) by a Gauss-lan 

transformation 

(A((U)U, cr)o =(u,A;(u)cr)o' 

where: (. ,.)u = fC-);ilt dx , 
o 

(, ·)0 = fL ·)exl dx + f(-, }lxs' are 

n r 

global internaI and externa! powers. 

We refer to the compensatory map, taking 

~(VOU\70U T) = 2A (ou)Bu and
dt n 

integrating on [0, t, ] , where tf is a final 

time ofloading; we obtain 

te 

G(8u, lJtf ) = 2 f(An (8u)8u, Ţ) dt = 
O n 

fV8uV8u T : Ţdx(t f ) (= G(u(t r) - v.r] 
o 

that is so call ed gap f unction associated to 

the compensatory operator AnCou)·- [3 - 5]. 



Denote by 8 an internal variable, 

l 

0(t) = (1la f(A, (u)u, 0-) dt, having 
/lO ca n 

8(0)=0, a time function, as a dimensionless 

plastic power, where a c is a material 

constant, an yield threshold at a 

deformation by traction and /l(D) is a 

measure ofD (volume). Let 8 be the space 

of admissibJe hardening factor 8, 8* the 

space of 8*, conj ugate function of 8, 

8*=H8, where H is a positive tensor. 

UNILATERAL CONTACT WITH 

COULOMB FRICTION 

Let K be a subset of U, K is the set 

of an admissible displacements of every 

boundary point on f s ; u(t)EK <=> g(u)~O, 

for ali time, where g:U~R is a contact 

intensity factor. For a displacement u(t)EK 

of a boundary point on f s , we associate 

Vdu) the set of admissible velocities ofthe 

frontier po ints, 

We remark that 

g(u)(t) = (ag;:u)(O) + f3)e-a t 
- ~ for some 

a 

parameters aER, f3 E~ . 

Suppose that Signorini - Fichera 

boundary condition hold on [s, expressing 
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the contact with a unilateral support, having 

a nonlinear intensity g 

(3.1) g(u) 20, RN(u) 20, RN(u)g(u)=O where 

R == (1 + VuŢ)V c is a reaction of the rigid 

obstacJe, R
N 

= R · fi . 

then the conditions (3 .1) are equivalent to 

the subdifferential 

inclusion- RN(u) E a\jJ VK(U } (u)[2]. 

IT Coulomb 's friction holds in I", 

with given normal forces RN, there exists 

IR Ţ I~ ~IRNI , more precisely, if 

IRŢI < ~jRNI , then uŢ=Oand if 

IR Ţ I= ~IRN1, then there exists A20, such 

that u, = -AR Ţ , where ~l is the friction 

coefficient [2), [9). 

Lemma 2: Let u E W 1.1 ([O,T],R 3 
) a 

displacement of a boundary point, then 

Coulornb's friction Jaw is equivalent to a 

variational inequality. 

RŢ(uXvŢ - U Ţ ) + JlIRNI~VŢI-luŢI)~ 0, 

The last relation is an explicit 

writing ofthe subdifferential inclusion 

- RŢ(U(t))E 8(h(u(t)), \it E[o,Tl 

$T(V) = JJlIR NIlv T Ida 
1 
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Summarizing the two results, we inequality form 

deduce the folIowing (Al (u)u, 't - <J)+ (- e ,~ *-8 *):s; 
Proposition 1. The behavior of the 

body on r s, if u E W 1,1([O, T], R3 
), is \jJc (rA *)- \jJ c ('t,8 *), \:i('tA *) E L X 8* 

We take characterized by the inequality u(O) EK, 

S ad = {(v, 1: , ~ >1<) E U x 1: x 0 */A ; (V}t = b in o ,} R(u( t))(v- u(t)) + ).LIRN(u(t))I(lvTI-Iu( t)IT) ~ O, 

vv EVK(U(t»). ae. t E[O,TJ 

VARIATIONAL FORMULATION AND 

EVALUAnON OF INTENSITY LOAD. 

Let Cc1:x0* be a convex nonempty 

subset 

C = {(a,e *) E 1: x 0 * /cp(a,e *) S O in o] 
, where cp(a, e *) = T(a) - Y](e *) - a , \Ve 

c 

is so called complementary plastic 

superpotential, 8\jJc(.,.)c :E x8 is a 

convex subset. The dual ity between 

E x 0 and 1: x e * is given by (see also [5], 

[7]):
 

((T,e*). (E,-e)) = (T, AJu)u) + (e*,- 8)T'
 

where (e*,- s )Ţ = (8*, e ) - e(T)e * (T).
 

The constitutive equation ofthe hardening 

plastic material may be written in an 
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ABSTRACT: This parer conta ins hom otopy argument s and continuation methods fo r nonlinear opera tor 

equattons of Hammerstein type. Using the Leray-Schauder, 11 obtains existence results for the problem of forced 

oscilla tions of a pe ndulum withfinite amplitude. 

1NTRODUCTlON 

Rougbl y speaking, ilie degree of F 

ar y relative to D, written d(F,D ,y) , is a 

measure of the number of the solutions of 

the equation F (x) = y in D. 

L.EJ. Brouwer introduced m 1912 

the finite dimensional topological degree , 

uniquely defined by four axioms: the 

existence condition , the additivity with 

respect to ilie dornain , the invariance under 

homotopies and ilie nonnalization . 

In 1934, Leray-Schauder extended 

the degree to compact perturbations of the 

identity in infinite dimensional Banach 

spaces . 

Some properties of tbe topologicaJ 

degree are of interest in the theory of 

abstract Hammerstein equations. 

Proposition 1.1. Lei F:D c X ---7 X be 

such that I - F is compact and let 

y E X \ F( iJ)) . Then the Leray-Schauder 

degree d(r :D,y) satisfies the following 

propertics: 

a) The degree IS continuous in F. 

b) If H E C(r O,lJx D. X) is such that J 

Htt.} ls compact, f or every / E ro,lJ 

and Y E X \ H(j O,lj x oT)) . then the 

degree 

d( H(I ,), D,y ) = cons lan 1, 'ţf 1 E [0.1 ţ. 

c) Ifd(F,D,y) * O, then y E F(D'). 

d) The degree for the identity fun ction 

I : X ---7 X is 

I , yED 
d(J. D , y ) = O{ yllD 

For proofand details see [2], [6]. 
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THERESULTS	 2satisfying 1II11 = Ilxll aud < f ,» >= Ilx .11 

Let X be a real Banach space, with 
Therefore Jx is a non-ernpty set of X*, for 

strictJy convex dual space X*. This means 
every x E X, that is D(.J) = X. It follows 

that the unit sphere of X* contains no line­
also from the definition that J is odd 

segments, 
( J (-x) = -Jx), positively homogeneous 

11 (1 - t)x + tyll< ] 
(J(..u) =V(x), for all il ~ O), bounded, 

ţt { E [0,1 j , Ilx!1 = Ilyll=1, x:;t: y. 
bijective and norm preserving. 

In other words , the space X* is strictly 
It is easy to see that if ilie dual space X* 

convex if x,Y E X * with Ilxll = Ilyll = J and is strictly convex, then Jx is a single valued 

11(1 - t)x + ty ll=1 holds if and only ifx - y.	 map. In what follows , the reflexive Banach 

space will be considered equivalentlyWe mention a basic result due to
 

renormed as strictly
Asplund (e .g. [2]): For every a --- 1, there convex spaces and we 

may assume mat J is an operator.
exists au equivalent nonn Iit which is 

Let us consider tbe semilinear abstract 
strictly convex together with its dual norm 

equation Lx + N(x) = 0, where 
and such that 

L: D( 1,) c X ~ X * 1S linear and 

~ I H l a :s: 11·/1s a · 11·11" . N: X ~ X * is nonlinear. a 

lf L bas a continuous inverse A : ....,. t:' , thenIn virtue of this theorem, the assumption 

(2.1) can be written as (J + AN)x = 0,on strict convexity is not an essential 

where N : X ~ X * 1S nonlinear audrestriction for reflexive Banach spaces. 

~ 2P A: X* ~ X IS linear such thatThe map J : X given by 

2 2 R( N )c D( A). 
Jx = {I E X *1< f, » >= IIx l1 = iifl1} 

An equation of tbe form (2.2) 1S 

1S cal1ed ilie duality map , where <f , x ,;­
called Hamrnerstein equation. 

denotes the dualitv between X aud X *, i.e. 
Note that ilie operator AN : X ~ X 

the action of ilie functional f E X * to the 
is compact if A is compact and N is bounded 

element x E X. 
and demicontinuous.
 

According to Hahn-Banach theorem, to
 Tndeed, N transforms bounded sets of 
each x E X there coresponds an I E X * X in bounded sets of X* and further, A 
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carnes bounded sets of X * in relatively 

compact sets of X. Finally, the continuity of 

AN follows from the fact that A is 

completely continuous. 

in conclusion, I AN is compactT 

perturbation of the ident:ity map, so the 

Leray-Schauder degree can be considered. 

We give the foJlowing existence result : 

Theorem 2.1. Le t A: X * -) X he a 

compact linear map and let N : X -) X * he 

a bounded dem icon tinuous operator. Assume 

that there exists a bounded, open se t 

OED cX such that 

< Nţx ) ,» >? O • V .r EaJ. 

[hen the equation (! -; AN)x = O has 

at least one so lution x E D. 

Proof. We use the method of elliptic 

super-regularization due to Browder aud Ton 

(se e [1]). For every 1: >0, we consider the 

perturbation N <: X -) X *, defined by 

N ox:= Nx + slx , x ED( N ). 

It is easy to see that the operator 

p".:= ANo: X -+ X is compact. 

First, we prove that for every li > O. the 

equation 

(2.4) ( I +Po)x =O 

has ar least one solution denoted x" e D. Let 

us consider the Leray-Schauder homotopy 

H(t.x )=x +tP.x . XE J) ,IE[OJ]. 
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In order to use tbe property of 

invariance to homotopy of the Lera y­

Schauder degree, we must show that 

OflH([O,J I.OD). 

If assume by contrary that H(t,x) = O 

for some x E aJ ,t EI 0,1]. then 

Since A is linear, mon otone, it 

folJows 

2
O? < N {; x, x >=< Nx,» > +6ilxll ? Bllxl12 , 

thus x = (j E iD, conrradicrion . 

Tberefore O Il H([ 0.1], iD) aud 

con sequently 

d(J + Po,O,O) = d(H(I .) ,D.o ) = 

d( H (O,-),D,O) = d( 1,D,O) = 1. 

We obtained that d( I + P" .D ,O) ;ţ:. O, 

so ilie equation (2.4) has at leasr one solution 

X E D. From the equality o 

it follows that x o -+ x in X as B -) O. that is 

OE (1 + AN)(D]. Since AN is compact, we 

have OE (J + AN )(D). which proves the 

assertion . 

APPLICATION 

We are now III position to indicate 

how the existence results from the previous 
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section can be applied to the probLem of the 

forced oscillations of a pendulum. 

Let X = C(j 0,11) be the real Banach 

space of aII continuous functions 

f :[0,1] ~ R endowed witb the uniform 

convergence norm 

! ~ I I = sup Ix( t)1 ' x EX. 
t eţ u.t ] 

The problem of the forced oscillations of 

a pendulum witb finite amplitude lS 

described by the folIowing system 

- x© ©(t) = asin x(t) - z(t) ,/ E [0,11
(3.\ ) { x(o) =x(l) 

where x(t) is the amplitude of the oscillation, 

a :> O is a real constant depending on tbe 

pendulum length and the driving function 

z(t) is continuous, odd, periodic . 

The problem (3.i) can be written in 

the abstract fonn 

(3.2) Lx +- N(.'() - O. 

where Lx = - x ' , is linear with 

D(L) ={x E C([O,IDlx© © E C([O,I ]) , 

x(O) =x(l) = O} 

and the nonlinearity N is the superposition 
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operator relative to f (t,l;) =-a sin ţ + z( t ) , 

Nx(t) =-o sin x + z(t) , 

x E C([0,11), t e [O,IJ. 

It is well known that L is invertible 

with continuous inverse 
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_{S(1- /) , O:$ s s / :$ 1 
G ( / ,s) - .

/(1 - s) , O:$ / < s :$ 1 

The operator A.. D( A) c X ~ X *' IS 

compact because G IS continuous. The 

equation (3 .2) can be written as au 

Hammerstein equation 

(1 + AN)x = 0, 

where AN .. X -? X is given by 

ANx( /) = f;C(" s) f( s.x(s ))ds , x EX . 

The function G is continuous aud 

satisfies the usuall y Caratheodory conditions 

and growth conditions whicb assure the 

compactness of AN. 

According to ilie theorem, the equation 

(3 .2) aud consequently the equation (3.1) bas 

at least one solution. 
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SOME PROPERTIES OF MAXlMAL RING OF QUOTIENTS 

ANDREEA MlliAELA PANAlT 

Department ofMathematics, "Valahia" University, Targoviste,Romania 

e-mail: augusfandre@vahoo.com 

ABSTRACF: In the present paper are given file construction of the maxima/ ring of quotients and are 

demonstraied two properties ofmaxima/ ring ofquotients. 

This article tries to present some al]: J -7 M . It demonstrated that the 

properties of maximal ring of quotients 
family {HomR(J,M)tF became an 

studied closely. 
inductive sistem. 

First 1 want to present scantly the 
Then we define: 

construction of maximal ring of quotients. 

The context for this notion is: let R be a 

ring, Fan add.itive topoJogy on R, ( eff:cff) 
and we denote the module of quotients of 

a torsion theory with respect to F and { the 
M witb respect to F. 

radical associated to (<ifd1'J .We introduce 
In the particular case where 

on F the next relation: jf J,J E F, then we M=RR it obtains a ring structure which is 

define J -<.J if J contain J. 
called tbe ring of quotients of R with 

Evidently "-<" is an order relation. 
respect to F. 

Also we observe that F with this 
Now let R be a ring , F = D the 

relation becomes an arranged filtered 
additive topology ofthe left dense ideals of 

relation. 
R accordingly to the torsion theory of 

If we denote the category of left R­
Lambek 

modules with R ~) and if M is aR-module, 
The ring RD is the maximal ring 

1,J E F , 1 -< J then we define a canonical 
of quotients of R, and is denoted by Qm ' 

homomorphism like this: 
Then: 

HomAJ ,M)-7 HomR(.J ,M) which 

associates to the homomorphism 

a :J -7 M the homomorphism 
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We consider:	 supposition is false and it results that every 

ideal of Q/lt is esential in 11 R . 

torsion cla ss of additive topology D . It Proposition 1. Q", is Qm-injective module 

results : ifand only: 

G~) = {NI E n WIVx E M,lR(x)dense in R} {1 ERIIA =O}= O, for every 1 EQ/l i . 

Let be 

9 ' = {Ni E R ~IHomR (M,E(RR))= O} . Then Proofc ":::>" We suppose that Q", is Qm­

injective module.c9fn =9: . So that RE G9i{) equivalent with 

Let be 1 E ~Y{I . It results 1 ~R R and fromR E ,'? 

the [3] we know that for everyBut RR s E(R R), then 

hornomorphism a :1 ---7 R , exists a dense 
HomR(M,E( RR)):;t:O. 

left ideal J of R and a homomorphism 
So n R ~ 9." RR ~ (~ . It follows that the 

f3 : .J ---7 R ,with 1 ~ J and f3I J=a . 
II R is D - without torsion , then t(ll.R) =O. 

But J is dense in R and 1 ~ J , then 
So we have : 

1 is dense in R, so with the definition it 
O; = li!pHomR(I,R) 

l el) obtains for every 

In the next part of this article I will 

try to pre sent one condition which make 
For u= / we obtain : 

the Qm a Qm - injective module. v"E RIU :l)Jv =O}= Oc:>
 

Therefore, we introduce ilie
 {1 E RIIA= O}= o. So we did this 

foJlow ing set:	 . l i .
Jmp icatron .
 

_{l ~R R13a: T---7 Rhornomorphism which can't be"<=,, We t
ppose that 
oJ ( - extended to j3 :J ---7 R homomorphism, for everyf~ ~ RnR withj c J 

tA E .K:IIA. = O)=-0, or everv 1 E cYI/ . 
We demonstrate that every ideal of	 ­

Let be J ~ II R ,and a: J ---7 R. By o l t 1S esential in R R . Let be 1 E 9~t . We 

In this case every homomorphism 

a :1 ---7 R can be extended to j3 : J ---7 R , 

that 1S a contradiction to 1 E Q/lt. So the 

suppose that exist K ~R R 

KnI={O} . 

with Zom lemma we may say that it exists a 

hornornorphisrn j3 :K ---7 R which extinds 

a and can't be extinded to a left ideal L 

which contains K. 

So, K E Q.4i 

{1E RIIJv=O} =O. 

and 

103 



1976 

FUNDAMENTAl SCIENCF..S 

Aiso from [3J we can say that is enough to 

show that K is a dense ideal of R, which is 

equivalent with {A. E RI(K :a)..t = O}= O, 

for every a. 

Let be aER. We define 

We will try to show tbat rp can 't be 

extinded to a left ideal which contains 

(K :a). We suppose that exists 

P ~ (K :a) and lfI : P ~ R with 
'" 

We define 

y: K + Pa ~ R,y(k + pa)= fJ(k)+ rţ"(p). 

If k..Lpa=O, then p e (K :a) and 

rţ"(p) =tp(p):::: p(pa). 

Thus 

y(k+ pa) = p(k)+ fJ(pa) = fJ(k+ pa) . 

In conclusion r extinds fJ. But 

P ~ (K :a) and 3p E P with pa ~ K , and .. 
KcK «Pa . 

With this afirmation we denie the 

REFERENCES: 
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maximality of P. 

So, tp can ' t be extinded to a left ideal 

which conta.ins (K :a) . By the definition 

(K : a) E Q/f( ,and {A. E RI(K : a),1, =O}:::: O. 

Q.e.d 

The following proposition \'v1!1 

show tbat if R is a boolean ring( i.e. a 

commutative regular ring with all elements 

idempotent ), then QnI is boolean. 

Proposition 2. The maximal nng 

of quotients of a boolean ring is boolean. 

Proof: Le1 N be a boolean ring and 

Qm its maximal ring of quotients. 

.~ • . •• 1. _ \v: :::: ll_~HomnV ,1<.) 
[ <JJ 

We wil1 show that aII the elements 

of Qm are idempotent. Let be a E Qm ' 

A 

a::::';, .;: J ~ R,(r E D). With R boolean 

ring we say that .;2::::.; . So, it resuJts : 

,, 2 

.; ::::.;, and therefore a 2 
:::: a . Since 

a E Qm , we obtain tbat Qm is a boolean 

nng, 

Q.e.d. 

[2] Bo Stenstrom - Rings and Modules ce 

of Quotients Springer Verlag, 

Heidelberg-New York, 197] 

[3] Bo Stenstrom - "Rings of quotients " , 
Springer Verlag, Berlin-Heidelberg-New 
York, 1975 
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CURVILINEAR INTEGRAL J(C) FOR PROBLEMS OF VARJATJONS 

CALCULUS ON SUPERMANIFOLDS 

VALENTIN GABRIEL CRISTEA 

Department of Mathematics, .'Valahia " Universi tyvalentin __cris lea (â),yahoo.coni 

ABSTRACT: A propositionfor the curvilinear int egral I(C)/or piecewise sup erdifferentiable supercurve is glvell. 

Mathematics Sub ject Classifica tion (1991): 58A50 

Let V be a supervector space as in [1] , V· if there exist f fi E C'" ( B 7.,n, R ) [4] such 

be tbe dual supervector space as in[2], M be that: 

a supermanifold in sense Rogers as in [4] 
f(x ,8) = L!j1 (x.e)e 1 

t [4] 
and T(M) be ilie tangent superspace or /lEMn 

superbundle over M as in [2]. where { 

We consider B L ilie Grassmann 

algebra over the real s with generators Definition 2. Let L be a 

1(L) , f31(L I , . .. , f3~L I witb L posirive integer superdifferentiable function 00 T(M)x B L 

maud B . " = (B ) mffi (B ) n [4]L L o L I . TIJen L defines a superdifferentiable map of 

whereB ,. = (BL )oE9(B l.\ [5] . T(M) x B L ~ T" (M) x Bl. LI cal1ed the 

Definition 1. A function f: B z·n ~ Legendre 

supertransformation, grven fi localB i. is called a superdifferenriable 
coordinates by

function [4] 
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Tf this rnap is an immersion [2] of case, the map L1-
1 

comes locally in a 

T(M) x B L into T"(M) x BJ. ' then tbe simiJar way frorn a function H on 

funcnon L will be caJled a regular super­ T' (M) x BL called the super-Harniltonian : 

Lagrangian. In this 

with the scalar product defined in [1] aud we 

put OJ = 1J - Hdt where 1i = p' (e ) with e 

fundamental l-superform on T'(M ) and 

p' : T ' (M )x BL ----')-T'(M) is the projecnon 

of r (M )x Bf_ on r(M ) and 

the rigbt 00 M through the Lie supergroup 

GL(m ,u) [2], a e Gl.trn,n) and the interior 

autornorphism of GL(m,n) Ada- J defines an 

interior automorphism of the Lie 

superalgebra gl(m ,n) [2J . 

Oefinition 3. The function C : 

[b,kJ----')- M is called a superdifferentiable 

supercurve [1] if tbe functions x' o C (v ) 

1~ i ~ m and eao C ( v ) 1~ a ::S;n are 

superdifferentiable (Definition 1.), tbe 
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have: 

k;

J L( C (s))ds = JC'{lj 
b ~ . kl 

where OJ = 1i - Hdt . 
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UN TmtOREME DE SURJECTIVITE POUR OPERATEURS
 
MONOTONES DANS ESPACES DE HlLBERT
 

DINU TEODORESCU, 
Department de Mathematiques, Facu/le des Sciences, Universite " Valahia " Târgoviste, 

RESUJ\IfE: En utilisant un theoreme de surjectivite de F Browder, on montre qu'une classe d'operateurs 

monotones dans espaces de Hillb ert reels unt la propriete d 'etre tnversables. Le resulte etabli peut etre app/ique 

pmlr etud ier l 'existence et l'unicite de la solution des equat ions operatonelles nonlineaires dans espaces de 

Hillbert rcels. 

Soit E un espace lineaire norme sur Proposition J. Si A est un 

le corp K (K = R, C)et A: E ---+ E un operateur Lipschitz de constante (o , alors 

operateur. S'il existe (0)0 tel que les operateurs A ).et B ). sont operateurs 

1 in-;:chit7 ciI" constante Ul + Â.- - r - - - - .- -- - - -- ---- -- ­--~~ 

Proposition 2. Soient se-O et A unx, Y EE, on dit que A est un operateur 

operateur Lipschitz de constante (o. Alors 
Lipschitz de constante 0) . Pour A>O on 

les operateurs ACU + f: et B CU H sontdefinit les operateurs: 

operateurs Lipschitz injectifs de constanteA Î. : E ---+ E, A Â. = A + AI 
2m + E . 

et B ). :E ---+ E, B ). = A - AI, 
Demonstration: On va montrer 

ou lest l'identite de E. 
l'injectivite des operateurs A CU+E et B (j)H' 

1J est evident que : 

Soient x , y EE. A (t) = A(t) + (O) + E)t , B (t) = A(t) - (O) + c)t pom
CU H WH 

tout t EE , et an obtient: 

(ro + E)/Ix - yll = IIA cu +6 (x) - A(x) - A CU+ 6 (y) + A(y)11 ~
 
~ jlAcu+E (x) - A w+c (y)11+ liA(x) - A(Y)II ~ IIAwH; (x) - A OH 6 (Y)II+ ffillx - yll
 

et (O) + E)llx - yll = IIA(x) - BW+E (x) - A(y) + B(j)H (y)11~ 

~ IIA (x) - A(y)11 + IIBw+E (x) - Bw+e (y)11 ~ mllx - y ll + IIB co+E(x) - B Ol+e (y)ll· 

Donc: 

Ellx-yll~IIA (t) +E(X)-A Ol H;(y)11 ţj x, YEE (1) 
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et (2) 

En vertu de (1) et (2) , il resulte que operateur. On dit que A est un operateur 

les operateurs AQ) +e et B (HS sont monotone et 

injectifs . 

Dans ce qui suit H sera un espace \fx j , x 2 EH. 
de Hilbert reel et (. ,. ) sera re produit On dit que A est un operateur fort 

scataire SUI H. Soit A : H ~ H un monotone s'il existe a>O tel que : 

II est evident qu' un operateur fort On dit que A est un operateur hernicontinu 

monotone est monotone. et 

lim(A (x + ty), li ) = (A(x), u)\fx, y, u E H 
t ~O 

(autrement dit Iim A(x + ty) = A(x) dans la topologie faible de H). 
(~O 

On dit que l'operateur A sati sfait Dans certe situation on dit 

une condition de coercivite de type (b) et simplement que A est un operateur de type 

. (A(x), x)
lim = +00 

Ilxll-)(X) IIxli 
(b) . 

Proposition 3 . Tout operateur Lipschitz les operateurs A(vH et BW+E sont 

A: H ~ H est hemicontinu. (En hemicontinus). 

particulier, Sl A : H ~ H est un Demonstration: Soient x, y, U E H et 

operateur Lipschitz de constante W, alors 

I(A(x+ tny,u)-(A(x),u)1 =I(A(x +l"Y) - A(x),u)\~ 

~ Ilull'IIA(x+l"y) - A(x)II~ IIull- Q)llx+t"y- xii =Q)11uII·llyll·It"I~O 

donc lim (A(x + ty) , u ) = (A(x), u). 
t-)O 

Proposition 4. Tout operateur fort Demonstration: A soyant un 

monotone A : H ~ H est un operateur de operateur fort monotone, il resulte 

type (b) . ]'existence de ac-O tel que 
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(A (x) - Aty), x - y) ~ allx - ylJ 2 "V' X, YE H . 

Pour y=Oon obtient: 

(A (x) - A(O) , x ) ~ allxl1 
2 

=> (A (x ), x ) 2 allxl1 
2 

+ (A (O) ,X) "V' X E H . 

De l'inegalite Cauchy-Schwartz an obtient 

I(A(O),x)1~ IIA(O)II -llxli 

et comme H est un espace reel il resulte que: 

-(A(O),x) ~ IIA(Olllxll => (A (O), X) ~ -IIA(O) II- llxll"V' xE H. 

2 
Dane (A ( x), x ) ~ allxl1 - IIA (O)II ·llxll "V' X E H => 

( A (x), x ) II II II II . (A(x ), x)
=> II II ~ a X - A (O) "V' x E H cu X Ţ. O=> IIm II II = + 00 x IIxII-h-'X' X 

1 

Proposition 5_ Soient A : H ~ H Dernonstration: Soient 

un operateur Lipschîtz de constante cu et X],X 2 E H . De l'inegalite Cauchy-

E>O. Alors A WH =(w+E)I+Aest un Schwartz, comme H est un espace de 

Hilbert reel , il , resulte que :operateur fort monotone. 

- (A ( x 1) - A (x 2 ), x) - X 2 ) < i(A (x 1) - A(x 2 ), X) - X2 )1 
2 

~ iIA (x [ ) - A(x 2 )11' llx1 - Xl ii ~ mllx] - x 2 11 

= (A(x1)+(W +E)X ) -A(x 2 )-(m +E)x 2 ,X I-X 2 )= 
2 2 

= (A (x l ) - A(x 2 ), x , -x 2 )+mllx 1 -x 2r+f.IIX 1 -x 2 11 ~ EI 'X I - x2 11 . 

Soit UWH = - Bw+e = (O) + E)1 - A , UW +6 est un operateur Lipschitz injectif de 

ou A est un operateur Lipschitz de con stante 2(1,) + E , qui sat isfait: 

const.ante co et D O. En vert u de la 

proposition 2 , 
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P rnpo ution 6. Soi nt / \ : 1- I I )emnn :t rat ion : Soient X 1' " 2 E H. . n 

un OI ratcu r ipschuz de con stan te e,) \.'1 'en u des rnemes rgurncnts que lesqu '1. 

lurs 'Il ' " est un o ernteur fort uu liscs dans la demonstration Li 

mono tone. J rop '1 1ion .-, m ohticnt: 

(A(\ r) - ( :' i.x , - \ J .::: mi , .~ Il' .Don .: 

( J I ' ) li ' - )­
(li t & \ . - 1•• - , : \ ~ , ,; I - . ,~ ­

-: ((m+ E ) X 1 - -• 1 ) -- (J) f'; ) :! + A ( x 2 ) , X I .- x J =:. 

= (Ulfx1 - x -1- .' el x I - x J ~ - (1\ l , ' I ') - A( x 2 ), X I ' . J - f:llx1 - - x 2 f · 
Theoreme F, Browder, vo it / 1D. quc V~st Il operatcur in jccuf 

SUII H un cs ace de fIilber re 1. 1'0 En vertu des proposiuons - 1 (, 

opc ra tcur V H ' f de l y ~ 1h ), monoton ' -st Wl perateur tem rno notc ne, do nc r ~~ l 

el etn ic ntinu est surjccuf monotone ' 1 en vertu de la pr rosinon 4 i l 

I heorerne: ioicn: 1\ : H ~ H un es t un ope rate u de 1)1 c lb }." c: t aus ' 1 

. .. .... !;. , .,... , •• " 
t I t A ' U l .....ti ! 

.!;. 
II lw 1J l ' 

_, : . .. ... 
" " III U .. 

.. , 
..' V_..,.. II 

_ . ~_ 
Vt-""- I " 

f 
, 

... 
U I 

A I () ~ les o .ru tc urs ,., H e l I Iul ' 1. son t zn vertu du Theorerne e 

Bruwde r, V ' , 1 l ne surjecti t' Par 

Demonstration: Soi ! V un des 
consequent ~ 1 inve . ablc. 

(;.J., c 
~ t Il 

I lJ ' l: . 
( )n - men i re 

on .btient: 

R marque: En ven u le ( 1) CI ( 3 ~ 

E l i 

,( 
Ji 
u-1 (x ) - L - 1

1 • 1. ~ u & V)IIs ... ' II' - vII• 
E 

~ X . V l:­• 1-1 . 

Dane pc ur E.:> 1, les perateurs c u du i heorerne Prcard-Banach ils 

- 1 
1.: \ UL ~ c unt des c ntra tions ct cn 

. dmett im P' int fix un ique. 

ceuati rlor nelinian; 

1 S k ,R lJl.1.tr~,1 q 3. 

t 

I II 




