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MAGNETIC PROPERTIES OF Cr203-TeO2-B203-PbO GLASSES

|. ARDELEAN!, M. PETEANUY, V.SIMON?, S.FILIP?, N. MURESAN*

ABSTRACT. The magnetic measurements have been performedzgC
TeOp-B203-PbO glasses with 0 <x 20 mol %. The data indicate that the
chromium ions are in & valence state. For 3 mol % the greater part of

these ions are isolated or experience dipole-dipaieractions. For higher
CrpO3 content a mictomagnetic type behaviour is evidénce

INTRODUCTION
Chromium ions were largely used as paramagnetibgw for revealing the
local order in diamagnetic vitreous matrices. Aagreariety of vitreous systems were

investigated by means of & EPR absorption spectra. They are oxide glasses as
phosphate [1, 2], borate [3-5], fluoride [6-9], bsulphate [10], lead-bismuthate [11]
and also chalcogenide glasses [12]. EPR and magneéstigation of chromium ions

in 3B203-PbO [4] and 2BO3-Li203 [5] vitreous matrices have evidenced the presence
of both CB* and CP* ions.

Tellurite glasses have been extensively studiedauss their interesting
properties and possible applications [13-15]. Thgma#c behaviour of &t ions was
less investigated in vitreous systems [16]. Preslipwe investigated the tellurite glass
matrices 95Te@5PbO containing R ions [17-19] and 70Tef25Bp03-5PbO
containing C&+ [20], Mn2t [21] and F8* ions [22]. We succeeded to obtain
information on the valence states of the paramagmapurities, their distribution in
different structural units, the ligand field effe@nd the stability of the studied systems.

This paper reports results concerning magnetic eptigs of CpO3-TeOp-
B20O3-PbO glass system.

! Faculty of Physics, BakeBolyai University, Cluj-Napoca.
2 Department of Physics, University of Oradea, 3708d®a, Romania.
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EXPERIMENTAL

The xCp0O3:(100-x)[70Te®@-25B203-5Pb0] glasses with 0 <% 20 mol %
Cro03 were prepared using as start materialsd3r TeOp, H3BO3 and PbO of reagent
grade purity.

The samples were mixed in suitable proportion andteahein sintered
corundum crucibles at 108G for 6 minutes. The melts were poured onto stasnbesel
plates. The X-ray analysis showed that homogengtasses are formed up to 20 mol

%. The magnetic data were obtained using a Farageykalance, in the temperature
range 80-300 K.

RESULTSAND DISCUSSION

The temperature dependence of the reciprocal stilsititps for some of the
investigated glasses is presented in Fig. 1.
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Fig. 1. Temperature dependences of the reciprocal magnhetaeptibility for
XCr,03 (100-x)[70TeQ 25B,05 5Pb0O] glasses.
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For x < 3 mol % CrO3 a Curie type behaviour is evidenced, suggestiag th
chromium ions are magnetically isolated. This ressltalso confirmed by EPR
measurements [23], which indicate only isolated*Oons, subjected to dipole-dipole
interactions. For higher concentrations (x > 3 ®#@ICrn0O3) a Curie-Weiss law is
showed. The paramagnetic Curie temperatigsare negative and increase in absolute
magnitude when @GO3 content is higher. This suggests that the chronimms are
predominantly antiferromagnetically coupled. Thegmetic interactions take place only
at short range and can determine a mictomagngtetighaviour [24, 25]. These results
are also in agreement with the EPR data [23]. Alamdonclusion was reported by
Landry et al. [2] and confirmed by Fournier et @6] for phosphate glasses containing
cr3* ions, and by Ardelean et al. for 383-PbO [4], 2B03-Li203 [5] and By O3-PbO
[11] glasses.

The composition dependence of the paramagnetice Gamperaturefp, is
presented in Fig. 2. The absolute magnitud@linearly increases within 8 x < 10
mol % CpO3.
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Fig. 2. Composition dependence of the paramagnetic Cem@érature9,
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For x > 10 mol % CrO3 the slope of the curve changes, the increasing

becomes much slower indicating weaker exchangeaictiens between chromium ions
[4, 27]. By using the molecular field model [28,]2he molecular field constant may

be written as:
1=6,/Cy =2z], /Ng’uy

where N and z are the total and exchange coupletbeuof magnetic ions, g is their
spectroscopic splitting factor, and s the Bohr magneton. The values of §#C,,

calculated for the experimentally obtained datapaesented in Fig. 3.

-200+ ~
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% \\\
=100
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Fig. 3. Composition dependence of the molecular field amtstl.

The J values have a particular evolution. Theyeiase up to x = 10 mol %
Cro03 and decrease thereafter.Because the number of exchemggled ions is

proportional to the total number of magnetic iormsf the glass sample we assume that
the z/N ratio is constant. In this assumption tleerdasing of J values reflects the
decrease of the exchange coupling intensity andyjestg more disordered local

environments of G ions for x > 10 mol % G0O3.

The composition dependence of the Curie constaptisoresented in Fig. 4.
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Fig. 4. Composition dependence of the paramagnetic Caristant, G.

The G, values, which are proportional to the ions coneian, linearly vary
with the CpO3 content.

According to Table 1 the effective magnetic momegig = (3.87 + 0.02) Y
are very close to the magnetic moment of fre$*Cions usually obtained in
paramagnetic salts containing chromium [30]. Thhe, matrix structure favours the
appearance only of €t valence state.

Table 1. Magnetic moments of chromium ions in ¥O( 100-x)[70TeQ 5B,05 5PbO] glasses

X “eﬁ
[mol % CrO3] (U]
1 3.87
3 3.87
5 3.87
10 3.86
15 3.89
20 3.85
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CONCLUSIONS
In XxCrp03:(100-x)[70Te®-25Bp055Pb0] glasses with 0 < £ 20 mol %

only the presence of 8t ions is evidenced. For samples containing 8 mol %

magnetically isolated & ions were evidenced. For higher 203 content a

mictomagnetic type behaviour is shown, the predantirsuperexchange interactions
being negative. The intensity of magnetic coupliepehds on the ordering degree of

the CB* ions environment.

REFERENCES

.V.K.Zakharov and D.M.Y udinSoviet Phys. Solid Stafe 1267 (1965).
.R.J.Landry, J.T.Fournier and C.G.Y ounlgChem. Physi6, 1285 (1967).
.D.Loveridge and S.Park®hys. Chem. Glasség, 19 (1971).

4. 1.Ardelean, Gh.llonca, M.Peteanu, D.Barbos andredrea J. Mat.
Sci 17, 1988 (1982).

5.0.Cozar, |.Ardelean, |.Bratu, Gh.llonca and Sn&in, Solid State
Commun 86, 569 (1993).

6. G.Fuxi, D.He and L.Huiming, Blon-Cryst. Solid$2, 135 (1982).
7.J.M.Dance, J.J.Videau and J.PortidrNon-Cryst. Solid86, 88 (1986).
8.E.A.Harris, Phys. Chem. Glass@8, 196 (1987).

9. C.Leign, J.Y.Bouzare, J. Emery and C.Jacobonly Phys. Condens.
Matter. 7, 3853 (1995).

10.A.S.Rao, J.L.Rao andJ.S.V.LaksmaSolid State CommuB5, 529 (1993).

11.1.Ardelean, O.Cozar. V.Simon and S.Filij,Magn. Magn. Mat157/158,
165 (1966).

12. I.V.Chepeleva, E.R.Zhilinskaya, V.V.Lazukin aAdP.Cernov,
Phys. Stat. Solidb) 73, 65 (1976).

13.J.Moncoujoux, J.Faurie and K.KohlImulléeuerres refract31, 47 (1968).
14.Y.Dimitriev, V.Dimitrovand M.Arnaudov]. Mat. Scil8, 1353 (1983).

15.H.H.Qiu, H.Mori, H.Sakata and T.Hirayam@eram. Soc. Jpn. Int. EA03,
32 (1995).

16. E.P.Kashchieva Likvatiya v telluritni sistemi‘Thesis, University of Sofia, 1984.

17.1.Ardelean, Gh.llonca, M.Peteanu and |.L ucudia Univ. BabeS-Bolyai
Physica 1, 65 (1979).

18.1.Ardelean, M.Peteanu, Gh.llonc®&hys. Stat. So(a) 58, K38 (1980).

w N P



19

20.

21

22

23

24
25
26

27.

28
29

30

MAGNETIC PROPERTIES OF GO3-TeOp-Bo03-PhO GLASSES

.I.Ardelean, Gh.llonca, M.Peteanu andD.P Solid State Commui33, 653
(1980).

M.Peteanu, I|.Ardelean, S.Filip and F.Ciorcas, Mat. Sci.. Mat.
Electronics7, 165 (1996).

.1.Ardelean, M.Peteanu, S.Filip and D.AlexandduMagn. Magn. Mat
157/158, 239 (1996).

.M.Peteanu, I.Ardelean, V.Simon, S.Filip and Gy.@rffy, Studia Univ.
BabeS$-Bolyai, Physicd 996 (in press).

.M.Peteanu, S.Filip, V.Simon, N.MureSan and | d¥erlean J. Mat. Sci.
Ted. (submitted).

. P.A.BeckMet. Trans2, 2015 (1971).
.C.M.Hurd Contemp. Phy223, 469 (1982).
.J.T.Fournier, R.J.Landry and R.H.BartaiChem. Phys$5, 2522 (1971).

E.J.Friebele, N.C.Koon, L.K.Wilson and D.L.Kies,J. Am. Ceram.
Soc 57, 237 (1974).

. L.F.BatesModern MagnetismCambridge University Press London, 1962, p. 133.

.I.Ardelean, E.Burzo, D.Matulescu-Ungur and Sngin, J. Non-Cryst.
Solids 146, 256 (1992).

. E.Burzo,Fizica fenomenelor magneticel. 1, p. 241, Ed. Acad. Bucuresti, 1979.



STUDIA UNIVERSITATIS BABES-BOLYAI, PHYSICA, XLI, 2, 1996

EPR OF Mn2t |ONS IN 2B203-SrO GLASSES
M.PETEANU?Y, |. ARDELEAN?, V.SIMON?!, S.FILIP?, M.FLORA?

ABSTRACT. The Mr?* ions distribution on different structural units tbe
2B203'SrO glasses was revealed by means of EPR. Octétsstinmetric
sites tetragonally distorted were detected, anal thls progressive clustering
of Mn2* ions at high manganese content.

INTRODUCTION.

Manganese ions were frequently used as paramagmehes for exploring the
structure and properties of amorphous vitreousesyst Many oxide glasses so as
borate [1-5], alkali-silicate [6, 7], alumino-sitite or phosphate [8], tellurite [9, 10] and
also chalcogenide [11-13] or halide glasses [14+46}e investigated by means of EPR

due to Mr?* ions. The effort was primarily done on elaboratihg theoretical support

for explaining the absorption lines at[®4.3 and g0 3.3 in the M&™* absorption
spectra. There are also valuable information canicgrthe structural details of the

investigated glasses revealed by the distributfddr®* paramagnetic ions on different
structural units building the vitreous matrix, theoordination, the valence state, etc.

There are systems where besideMions, the M3+ species were also detected [17-
19].

Strontium borate glasses were studied by mea®d& [4], and also b}lB
nuclear magnetic resonance, infrared spectroscogpyardness measurements [20].

This paper aims to present our results concerrfiegBPR of MR* ions in
2B203-SrO glasses revealing interesting aspects.

EXPERIMENTAL.
Glasses of the system xMrA®-x)[2B203:SrO] were prepared within 0.085

x £ 0.5 mol by using reagent grade oxides. The mixtheasng suitable proportions,
corresponding to the desired concentration of Mn@re mechanically homogenized

and melted in sintered corundum crucibles, in antdtal furnace, at 119C.

! Babg-Bolyai University, Faculty of Physics, 3400 Cluapbca, Romania.
2 University of Oradea, Faculty of Sciences, 370adea, Romania.
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The molten material was maintained at this tempegafor 30 min. to
homogenize by means of thermal convection, thenquasiched at room temperature
by pouring on a stainless-steel plate. Typical glgsse both aspect and structure were
obtained having the gradual coloration specifiartanganese within the investigated
range of concentration.

The EPR measurements were performed by using a Jf@Lspectrometer,
with 100 KHz field modulation. The absorption spactvere recorded at room

temperature, in the X frequency band. Samples wevedered and studied in tubular
sample holders of the same caliber.

EXPERIMENTAL RESULTS. DISCUSSION.

The detected EPR absorption spectra evidenced th@+MBo5, 6S5/2)
paramagnetic ions, within the investigated conedioin range. The structure of the
absorption spectra strongly depends on the MnOeoordf the sample, and may be
observed in Fig. 1. For samples with low fnconcentration the spectrum consists in
absorptions centered at values of 4.30, 3.33 a@d af the effective g factor. The
absorption at g1 2.02 is the prevalent part of the spectrum hawimg hyperfine

structure (hfs) characteristic for the %(I = 5/2) isotope well resolved for 0.0&5 <
0.03 mol (Fig. 1.a).

| amplif. xlo3
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Fig.1.a. EPR absorption spectra due toions in vitreous matrices of the system
2B,05-SrO at low MnO content.
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At high manganese content (Fig. 1.b) the spectreduces to a single
absorption line, without hfs, centered df g.0.
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Fig.1.b. EPR absorption spectra due toions in vitreous matrices of the system@B SrO
at high concentration of Mn.

The absorptions at § 4.3 are less intense and do not show any hfs. Their
evolution may be followed in Fig. 2. The absorpt&ignal is broadened due to the

unresolved hfs.
The absorption intensity increases in the 0.806< 0.05 mol concentration

range, and then decreases until the complete disapg. Superimposed on this broad
absorption, the line corresponding to accidentadurities of Fé+ (3P, 6S5/2) ions
was also detected. Being narrow and well resoltieid, line has been used as a field
marker of the spectrum, being positioned at the kelwn g = 4.285 value [21].
The absorption centered a13.33 was detected for the 0.085 < 0.1 mol
range. It is a broaden, unresolved line and dshotv any hfs.
13
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Fig. 2. The gJ4.3 absorptions evolution when the Mions
concentration increases in the sample.

As previously mentioned, only the[§2.02 absorption has a well resolved hfs.

The resolution depends on the Rfnions concentration in the sample, as may be seen
in Fig. 3.

The best resolution was obtained for the lowesapagnetic ions content
providing the optimal opportunity in positioning ethlines of the hfs sextet, and
evaluating the EPR parameters of the absorption koe these spectra the hyperfine
coupling constant, A, was approximated as separdigiween the lines of the central
pair of the hfs sextet, and the g factor was cated at the middle point of this. The
separation between the hfs linAsihfs, increases with the magnetic field. This suggests

second order terms to be taken into account insgiie Hamiltonian in an accurate
theoretical approach.

14
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Fig. 3. The evolution of the hfs at thé.0 absorption when increasing the
Mn?" ions concentration.

The hfs smears progressively when the2Nrions concentration increases
(Fig. 3) due to the dipolar broadening of the EPRogtion line, and the crystal field
parameters fluctuation [15].

The hfs sextet superimposes on a large absorgtien the envelope of all
contributions at absorptions havingt2.0. This last one depends on the manganese
content of the sample. The concentration dependaite line-width corresponding to
this absorption is presented in Fig. 4.

The g O 2.0 absorption was generally attributed to isalaparamagnetic
centers in octahedral symmetric sites, slightlyagnally distorted, or to exchange
coupled pairs of ions [22]. Depending on conceitnatour samples show an evolution
of the vitreous matrix structure from structuraltsiinvolving M2+ ions in well defined
vicinities, of a certain symmetry, to structuralgeggates containing clustered ionic
formations.

15
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Fig. 4. The variation of the@.0 absorption line-width as function
of the manganese content of the sample.

Within the low concentration range of paramagnietics (Fig. 1.a) the §2.0
absorption is prevalent in the spectrum, havingel kesolved hfs. The hyperfine sextet
is due to isolated M#* ions in high symmetric sites (octahedral), separawell
enough from each other to avoid strong dipolaradgons. The g factor and hyperfine
coupling constant values and the well resolved sufigport this statement, and also
evidence the predominantly ionic character of theding between M#* ions and the
02" ions generating the octahedral symmetric ligareddfi There are weak axial
distortions superimposed on this field, varyingnfrone vicinity to another [23, 24].
Their random orientation determine the absorptiore lbroadening. The random
distribution of Mr?* ions in the vitreous matrix together with this élening give the
large envelope at @ 2.0 having superimposed the hfs sextet.

When the paramagnetic ions concentration incretsesifs smears out, and
the intensity of the broad, symmetric absorptiorgdl 2.0 increases. Its line-width
follows the evolution given in Fig. 4. Within 0.085x < 0.1 mol MnO the absorption
progressively broadens evidencing dipole-dipoleetyteractions between the Krh
ions. For x > 0.1 mol MnO the line suddenly narrpegidencing magnetic exchange

type mechanisms between Rfhions close enough to each other for interactingg Th

reached doping level of the sample imposes thergssiye clustering of M ions.
For x > 0.25 mol MnO the narrowing is balanced liny line broadening due to another
mechanisms like the interaction between mixed \@destates of manganese, or the

progressive disordering of the vitreous systemhijh MnO content, besides M
16
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species, the only ones giving rise to EPR absorgtioaur experimental conditions,

superior valence states may occur in the sampleiti@ous oxide matrices Mt ions
were frequently reported as progressively involwdten increasing the MnO content

[17-19]. The interaction between Mt and M3+ ions in their neighbourhood gives the
EPR absorption line broadening.

Due to distortions, inherent in glasses, the kibaeld in the paramagnetic ion
vicinity is not perfectly cubic. This field act viae spin-orbit coupling on the Zeeman
splitting of the ground state level. The stronglgtdited versions of the vicinity are
characterized by strong crystal field effects indgclarge splittings between the
multiplet levels in zero magnetic field. The micreve field quanta is inefficient in
inducing transitions at resonance, between thegelsle Transition will be induced
between the levels of the same multiplet as sdlilbg the static magnetic field, and
corresponding to absorptions positioned by > 2.0023 values.

In the case of our samples, the strongly distovtexdions of the octahedral

vicinity of Mn2* ions give the resonant absorptions af 4.3 and g13.33 (Fig. 1.a).
According to the recorded spectra, the weight eséhabsorptions is small and their hfs

unresolved. This proves a relative small conceintmabf M2+ ions involved in such

structural units. The absorptions aflg.3 and g13.33 reach their maximum intensity
for approximately 0.05 mol MnO. The further incrieasof the MnO content of the
sample reduces the isolated ions possibilities rtange their vicinity, so that the

structural units of MA* in low symmetric crystal field become less repnése, and the
paramagnetic ions are gradually involved in clisst&he clustering process generalizes
for a manganese content exceeding 0.1 mol MnO.

From the variety of symmetries of the Rion vicinity efficient in the685/2
state splitting [25, 26] we selected those for \uhtice theoretical isotropicggf values
of 4.285 and 3.33 are very close to those expetaligrdetected. The tetragonal and
tetragonally distorted cubic vicinities are of pautar interest, for which both values of
the isotropic g factor (4.285 and 3.33) may be rbigcally obtained. Isotropic g = 3.33
values, corresponding to transitions within the dstvdoublet, where theoretically
obtained, in the strong ligand field approximatienen for an undistorted cubic field
case [26].

A characteristic of the absorption lines deteaed [04.3 and gJ3.3 is their
weak resolution and lack of hfs. This is principallie to fluctuations of the ligand field
parameters in the paramagnetic ion neighbourhoddttz random distribution of the
cubic vicinity distortions. Some of the low-symmetienters no more contribute to the
isotropic absorption and the resulting EPR linersadened due to anisotropy and the
ligand field parameters distribution. The trigorsgimmetric vicinities and those of

trigonal distorted cubic symmetry of the Rihion, may give anisotropic absorptions
having the g0 3.33 value for one of the components of the gofaf26]. All these
contributions result in the absorption line broadgrand an unresolved hfs.

17
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CONCLUSIONS.
By means of EPR measurements,a\'hrspecies were detected in glasses of the
system xMnQ1-x)[2B203-SrO] within 0.5< x < 50 mol % MnO.

For samples with a low MnO content (&5x < 5 mol %) isolated MA+
paramagnetic ions were detected in sites of octahegmmetry slightly tetragonally
distorted. They give rise to intense absorptionssliat gff 0 4.3, and gff [ 3.33
values. The weight of these lines in the spectrusmiall enough to suggest a relatively
low content of M#+ species involved in such vicinities.

For a high manganese content{5x < 50 mol % MnO) the progressive
clustering of Mt jons was observed. The resulted aggregates giveintease
absorption line centered agfg 2.0 having a peculiar dependence on concentrafion
its line-width: a dipolar broadening within 08 x < 10 mol % MnO and a
superexchange narrowing for x > 10 mol % due toma#g interactions between the

Mn2* jons involved in clusters.
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SPIN FLUCTUATIONS IN (1-x)USi;gxDySi, SYSTEMS
I.LUPSA®, P.LUCACI}, M. MARCU?

ABSTRACT. The magnetic and structural properties of (1-X)USi;geXDySi,
systems were studied. The low temperature magnetic behaviour of USi; gg Was
discussed in the spin fluctuations model. The uranium substitution by dysprosium
leads to the appearance of the antiferromagnetical ordered phase and in addition
the quenching of spin fluctuationsis evidenced.

INTRODUCTION

The USi; g3 structure was reported to be of so called disordered tetragona ThSi,
type[1]. The magnetic susceptibility closely fits a Curie-Weiss law with peg=3.53 et/ Ugiom
, close to that of uranium U*(5f%) freeion value. A dight positive deviation occurs below
100 K and a constant Van Vleck type paramagnetism is reported below 10 K [1].

The DySi, compound crystallizes in a tetragona structure of ThSi, type having
lattice congtants a=0.3974nm and ¢=1.3676nm [2]. The magnetic measurements indicate
that DySi, is an antiferromagnetic having Ty=17K and the effective magnetic moment 10.4
Ms [3].

In this paper we report the magnetic properties of (1-X)USi; ggxDySi, systems in
connection with their structure.

EXPERIMENTAL RESULTS

The samples were melted in an arc furnace in a purified argon atmosphere. Then
they were thermally treated in vacuum at 1200 K during one week. X-ray analyses show
that the compounds have tetragonal symmetry of ThSi, type. The lattice parameters have
values between those of DySi, and USi; g3 which are very close each other.

The temperature dependence of USi; gg susceptibility is presented in figure 1.

The USi;gg compound shows at low temperatures a maximum a 14 K in
agreement with previoudly reported data. Over this temperature the x values are decreasing
and above T'=80K the susceptibility follows a Curie-Weiss law: x=C/(T-68). We denoted
by C the Curie congtant and 6 is the paramagnetic Curie temperature.

By fitting the experimental results we obtained C,and 6 vaues. The Curie molar
congtant is 1.6 emuK/mol and 6=-386K. The effective magnetic moment is 3.57pg/Uatom.

1Technical University, 3400 Cluj-Napoca.
2 Babeg-Bolyai University, 3400 Cluj-Napoca
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Fig.1.The temperature dependence of the reciprocal susceptibility of (1-x)USi1 gsXDySi, systems.
Thethermal variation of USi; g susceptibility in the low temperature range is presented in inset.

The systems where uranium is substituted by dysprosum show also a Curie-
Weiss type behaviour (fig.1). The molar Curie constants calculated in accord with Curie-
Weiss law are increasing as the dysprosium content is increasing up to the value of 13.53
emuK/mol corresponding to DySi,. The paramagnetic Curie temperatures are negative and
are rapidly decreasing in absolute magnitude from -386K to -40K for x=0.2 as it seen in

figure 2.
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Fig.2.The composition dependence of 8 vaues,of the Curie constants
and of the peg/Uzom VA uesfor (1-x)USi1 geXDySi, systems.

Assuming that the contribution of Dy ions to the Curie constants are the same as
those of free Dy, the effective uranium moments were determined. The effective
magnetic moments attributed only to uranium atoms are decreasing from 3.57 g to 0.5 g
for x=0.8; an dmost linear decreasing of these vaues with dysprosium composition is
evidenced
(fig 2).

DISCUSSION

The transition from a nearly temperature independent susceptibility to a Curie-
Weiss type behaviour at temperature T>T =80 K suggests the presence of spin fluctuations.
This behaviour is supported also by the high negative paramagnetic Curie temperature. The
effective magnetic moment is close to that of U*(5f?) freeion.

The magnetic behaviour of this system may be anayzed in the self consistent
renormalization (S.C.R.) theory of spin fluctuations [4-6]. The wave number dependent
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susceptibility x4 has large enhancement due to electron-electron interaction only for small
g, for which temperature dependence is significantly. The average mean square amplitude
of thelocal spin fluctuations

< Slzuc >= 3kb Tz/\/q
q

Error! Switch argument not specified.increases with increasing temperature until it
reaches an upper limit determined by the charge neutrality condition at T'=80K. At T> T
USi;1 g3 behaves as if having a loca moment. The nearly same magnetic behaviour was
observed in U(LaAl), compound [7].

The decreasing of the pPegi/Ugom 8 Well as -6-Error! Switch argument not
specified. values indicates a gradual quenching of spin fluctuations when uranium content
isdecreasing.

As dysprosium content is greater, an antiferromagnetic order is present proving
the increasing of change interactions.

A smilar stuation, a superposition of spin fluctuations behaviour and an
antiferromagnetic order was reported in (UR)AI; systems where R=Gd or Dy [8].
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THE MAGNETIC BEHAVIOUR OF XUC0,(1-X)USi;gg SYSTEMS

P. LUCACI?

ABSTRACT. The magnetic properties of XUCo,(1-X)USi; g3 Systems in the 77-
500 K temperature range were studied. The reciproca susceptibilities follow a
modified Curie-Weiss law. As silicon is substituted by cobalt the paramagnetic
Curie temperatures are decreasing in absolute magnitude as well as the effective
magnetic moments of uranium atoms. The magnetic behaviour of the above
system is discussed in the spin fluctuations model. A gradual silicon substitution
by cobalt leads to a quenching of spin fluctuations.

INTRODUCTION

The USi; g crystalizes in a tetragona structure of ThSi, type [1]. The magnetic
susceptibility above 100 K follows a CurieWeiss law with Peg=3.53 Pet/Uzom , ClOSE tO
that of uranium free value. A nearly temperature independent paramagnetism is reported
below 10K [1].

The UCo, compound crystallizes in a cubic symmetry of MgCu, type [2]. This
compound shows a temperature independent susceptibility (10° emu/mol) [3].

We substituted silicon by cobalt in order to analyze the structural and magnetic
properties of XUCo,(1-x)USi1 gg Systems.

EXPERIMENTAL RESULTS

The samples were melted in an arc furnace in a purified argon atmosphere. Then
they were thermally treated in vacuum at 1200 K during one week. X-ray analyses show
that the compounds have tetragonal symmetry, of ThSi, type, for composition x < 0.8.

The magnetic measurements were performed in the 77-500 K temperature range.
For USi; g5 in the low temperature domain we used the measurements of Remschnig [1]
superposed on our data obtained for T>77 K. The reciproca susceptibilities as afunction of
temperature are plotted in figure 1. In inset is plotted the temperature dependence of the
susceptibility for USi;gs compound. A maximum at ~ 10 K is shown. Above this
temperature the x values are decreasing and for T>T =80K the susceptibility follows a
CurieWeiss law. The magnetic behaviour of the system xUCo,(1-x)USi; g5 Obeys a
modified Curie-Weiss law: x= X,+C/(T-6). We denoted by X, the temperature independent
term, C represents the Curie constant and 6 is the paramagnetic Curie temperature.

! Technical University, 3400 Cluj-Napoca.
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Fig.1. The temperature dependence of the reciprocal susceptibility of XUCoy(1-X)USi; gg Systems.
The thermal variation of USi; gg susceptibility in the low temperature range is presented in inset.
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By fitting the experimental results we obtained X, C, 6. The composition
dependence of X, 6 and pg values are plotted in figure 2. The paramagnetic Curie
temperatures are negative for x < 0.8 and are increasing from -386 K, characteristic to
USi; g3t0-20K for x=0.8.

The effective magnetic moments are decreasing from 3.57pg for USi; g to zero
value for UCo,. The temperature independent term of the susceptibility is dmost linearly
increasing to 1.1 10 emu/mol characteristic for UCo,.
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Fig.2. The composition dependence of X,0 and pe/Ugom Values for XUCo,(1-x)USi; g3 systems.
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DISCUSSION

The USi; gg compound has amaximum in the susceptibility values at ~ 10 K. Over
80 K aCurie-Weiss law is followed. The paramagnetic Curie temperature is negative (-386
K). The effective magnetic moment is 3.57g as expected for U** free ion. These facts
support that USi; gg is a spin fluctuations system. The magnetic properties of this compound
may be analyzed in the self consistent renormalization (S.C.R.) theory of spin fluctuations
[4-6]. The wave number dependent susceptibility X, has large enhancement due to electron-
electron interaction only for small g, for which temperature dependence is significantly.
The average mean square amplitude of the local spin  fluctuations
<S2 >= 3kBTZXq Error! Switch argument not specified.increases with increasing

q

temperature until it reaches an upper limit determined by the charge neutrality condition at
T'=80K.At T >T USi; g behaves asif having alocal moment.

Substituting silicon by cobalt a superposition of spin fluctuations behaviour and a
Pauli paramagnetism is evidenced. As x is higher ¥, vaues are increasing. The
paramagnetic Curie temperatures are negative for x < 0.8 and increase up to zero value for
x=0.8. The effective magnetic moments are attributed to uranium atoms and they are
decreasing when cobalt content is greater. These composition variations of X,,0 and et
values indicate the transition from spin fluctuations to a Pauli type paramagnetism.
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IMPROVEMENT OF CORRELATION FILTERS USING A NEW
COMPUTER GENERATED HOLOGRAM METHOD

M. GILOANY S. ASTILEAN!

ABSTRACT. This paper presents an improved correlation fittesed on a

new graphic code for computer generated holograah wWe have already
proposed. Computer simulations and comparison ethibr graphic-codes for
computer generated holograms are performed. Usingnethod the response
of the correlation filter was improved by 44 %.

INTRODUCTION

Pattern recognition is a large field of which agno identify certain structures
(images, sounds, different signals). One of thetrposverful method used in pattern
recognition is the correlation. Through correlatmme image is compared with all the
translated versions of another image. This teclmigequires a great amount of
operations. Optical correlators are characteriged imassive parallelism that leads to a
fast correlation. The first optical correlator wasgnsed by Van der Lugt in 1960's [1].
In Van der Lugt-type optical the correlation filtkas to be the complex conjugate of
Fourier transform of the reference pattern (see BigBecause the Fourier transform of
the reference pattern has complex values the cangenerated hologram technique is
used to record the complex filter function.

Computer generated holograms (CGH) consist onspanent dots on an
opaque background. They have a cellular structaeh ecell encoding a complex
amplitude. The most famous technique used to desigmputer generated holograms
was proposed by Brawn and Lohmann and is known tmud@hase-technique [2].
Other graphic codes for CGH have been proposed,[8a&&h graphic code allows a
finite number of quantisation states in complexnpléhat leads to quantisation error
[7-8]. The information of magnitude and phase ofmptex amplitude cannot be
stored accurately. This is usually the main rea®orthe bad quality of correlation
image. Different methods have been proposed toawgpthe correlation image quality
[9-16].

! Faculty of Physics, Optics and Spectroscopy Depent, Babg-Bolyai University, 3400 Cluj-
Napoca, Romania.
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Fig. 1. Optical set-up of Van der Lugt correlator.

In this paper we present the improvement of aetation filter using a novel
technique to design CGH that we have already pexpfk/]. The mathematical model
of this graphic code and the algorithm to redu@edbmputation time are reviewed in
section 2.1 and 2.2, respectively. Section 3 ptessecomparison between our proposed
method and the other technique for CGH.

GRAPHIC-CODE FOR CELL-ORIENTED HOLOGRAMS
2. 1. Mathematical model

We have considered a cell with five vertical stitghe same height (M=5). In
this case a cell can encode a complex amplitudéhtisathe following form:

4 2
X A, exp(m) @
m=0

where the value Arepresents the magnitude encoded in the m-thEgith slit allows
N+1 equally spaced magnitude levels. Th® slit encodes a complex number with
phase (&m /5).

Figure 2 shows the structure of a cell with N=5 and the geivical
interpretation in the complex plane.
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Fig. 2. Structure of the cell and the mathematical moéiéh® proposed graphic-code.

Each distinct combination of A(m=0, 1, 2, 3, 4), where at least one @f,A
A, Ay As, A4 is equal to zero, gives us a distinct quantisatitate ( e.g. the
combination (3, 3, 1, 4, 2) gives the same quatiisatate as the combination (2, 2, 0,

3, 1) becauseg exp(j %Tm) = 0. The number of distinct combinations of, for
m=0

N+1 magnitude levels is (N+l)and excepting the level zero we have distinct

combinations. According to this one can prove fbatN+1 magnitude levels we have

(N+1)>-N° quantisation states. For N=5 we have 4651 quaitiisatates which are

located in circle of radius R = 10 A cas [ 5), where A is the difference between two

adjacent levels of magnitude (see Figure 3).

The problem is to find the combination of,Avhich represents the best
approximation for the complex amplitudeg\y where U, is a sample of Fourier
transform ) according to relation (1). In the negrttion we present the algorithm to
obtain the best approximation for the sampje U

2. 2. Algorithm

The algorithm consists in a motion through the gjgation states network
towards the true complex amplitudey,Ustarting from different random quantisation
states (see Fig. 3 ). This algorithm is proposeckdluce the iteration time required by
the generation of all the quantisation states.
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Al

A4

Fig. 3. Graphic presentation of the step 2 operation.

Step 1: Generate a random quantisation state. (A quartisatiate is determinate by
the values p where m=0, 1, 2, 3, 4).

Step 22 From the current quantisation state (S) we moveatdss the complex
amplitude . First we calculate the phase of complex numbeainbd by
subtracting S from |J namely |, - S. Then we quantisate this phase on five
levels (m=0, 1, 2, 3, 4) and we increase with gty the magnitude 4, (A
is a quantity equal with the difference betweemeeljt levels of magnitude.) In
this way we moved to another quantisation statg ($'order to explore the
whole gantization states network this step is regzeéor 2N times. The errar

= |Uqg - S| is computed for each intermediate quantisasiate and the best
approximation is stored.

Step3: Go to Step 1 or stop if a desired approximatioasvobtained or after an
imposed number of trials.

SIMULATION

In order to compare our proposed method with othethod we computed the
correlation filters of alphabetical charactpresented in figure 4 (top).

Figure 4 shows the response in the correlationepzbtained by the proposed
method (for M=5 and N=5) in a) and Lohmann-typepbia code with eight phase
levels and nine magnitude levels, (i.e. M=8 and Nm8b). The values of intensity at
the origin of the correlation plane (normalised thee value for the original non-
quantised filter) are 0.99 for the proposed metand 0.55 for Lohmann-type graphic
code. Also, the size of the hologram was reduceti vdspect to the Lohmann-type
CGH where a cell has 8x8=64 pixels. This is an irtgrdrresult in frequency truncation
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error reduction. Hence the response of the filtas Wnproved in the first case because
the quantisation errors was reduced.

f"ﬁmt

I B
= I 'm.-—.;‘-&" s,
. .

a) h)

Fig. 4 Alphabetical character used in simulation (topj aamputer
simulated reconstruction:our method (a) and Lohrigtpa method (b).

CONCLUSION

In this paper we have used an earlier proposeghgraode for CGH in view
to improve correlation filters. Our method incremslee number of quantisation states
although the cell has only 5x5=25 pixels. Usingstimethod the response of the
correlation filter was improved by 44 %. On the samathematical model other

algorithms, like simulated annealing, can be usedorider to design improved
correlation filters.
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COMPUTER SIMULATION OF RBS SPECTRA FOR HIGH
DOSE IMPLANTED OXYGEN IN SILICON SAMPLE

A.M.BAKIR!, M.BERCU?!, F. CONSTANTIN? V.V.GRECU!

ABSTRACT. Rutherford backscattering spectrometry (RBS)msduto study

the modified composition of gilicon samples aftexygen high dose

implantation (1017 - 1018 ions/¢n The RUMP program is used in fitting
the proper oxygen concentration profile and deatiye.

INTRODUCTION

The RBS techniques permit to establish the laryeitkness and composition
in a sample [1]. Peack heights, area and widthagalith beam parameters and
detection are used in order to determine the gissitmentioned above. For complex
mixtures of elements with concentration profilegnpaiter's code are required in order
to solve them. The RUMP code permits the RBS spesitralation starting with a
sample description; the description includes thmepa number of layers, the thickness,
the composition and of course the beam and detegéometry; it is able to create one
element contribution to the RBS spectra along thbal spectra [2],[3].

The ion beam implantation is a versatile methotbiming stoichiometric or
nonstoichiometric compounds; this techniques iglisamproving the microhardness
and adhesion of thin layers deposited on massiget The success of implantation
depends on the knowledge of implant species andit bawgplant parameters like
projected range of implanted ions, Rnd the concentration profile usually a Gaussian
like function. The purpose of this paper is to deiee these parameters after a
carefully fitting of experimental data with thedoat predictions for silicon samples
implanted with oxygen by using RUMP code [4],[5].

RBSEXPERIMENTS

The RBS experiments were performed using a 2,7MeV particle beam
delivered by a U-120 cyclotron of the Institute Mdiclear Physics and Engineering -
Bucharest. The scattered particles were detected dyrface barrier silicon detector
with a total depletion layer of 500 um and an a&tarea of 150mf The detection
angle was 165 The beam spot had the dimensions 1mm x 0,2mm. &am lintensity
was of the order of 10mA.

! Faculty of Physics, University of Bucharest.
2 Institute of Nuclear Physics and Engineering, Buekbt.
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The samples used in the present work consistdtedbtlowing:

a. A silicon sample implanted with a fluency ofl10 ions cm? at an energy
of 170 key (AR1104)

b. A silicon sample implanted with a fluency of . ions cm? at an energy
of 150 key. The sample was annealed after the irtgglan (at
100PC)(AR1105).

RBS SPECTRUM SIMULATION - PHYSICAL CONSIDERATIONS

The application of high energy (MeV) ion beams himtfilms analysis has
become more and more important in the last fewsyeltnerefore, a serious need has
arised for fast-easy-to-use computer programs atuate the data.

The backscattering spectra can be analyzed usingotimputer simulation; this
involve a specific target description along the exikpental setup parameters. The
algorithm alters generally the target compositionilithe calculated and experimental
spectra are fitting together; the fitting procedcoeld be a least-squares method.

A RBS analysis of a solid sample supposes thas#dmeple is bombarded by
ions having certain incident energyg)Eatomic number (9 and atomic mass (M.
The projectiles scattered with energy (E) at an erf@)l; The yield of the detected
particles between;and E, 1 is [6,7].

Ein Ei+
YE)a C & [ o) dE )
where: E,(E) is the energy of the incident ion before thatteeing, ¢ andAx; are the
atomic concentration and the thickness of a slagrevthe incident energy igfE;;1)
at the front of the slap andf£E;) at the back. In case of RBS where the crossaecti
has an analytically form, this spectrum can beuated easily [8,9].

There are many different elements that should kentanto account for the
spectrum simulation. The cross sections are thet nmportant data sets in the
simulation process. Also, it is an important facafiecting the sensitivity of a given
backscattering measurement, which clearly vari¢l thie mass, charge, and energy at
the coming ion. In the standard RBS methods itssumed that the differential cross
section is a Rutherford cross section. This asswmjiivalid in the range of about 800-
2400 key for He and 50-700 key for H.

Another important element of the simulation is #vgergy loss calculation.
This determines the depth scale. The energy of arwith initial energy (k) after
penetrating ¥) thickness in the material is:

Xr
E
E(X)= E, - jd— dx @)
» dx
where % = xsina, with a being the angle between the target surface noamalthe

direction of the incident beam. The sample is dididgo slabs so small that (dE/dX)
can be considered constant in the slab. The erzdtglypenetrating the ith slab is:
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dE AX.
E =E .- — | __ — 3
i i-1 dX E=E;_; sina ()

In the second method, the energy of an ion aféereprating thicknessyj is
given its Taylor expansion [9]:

dE 1 ,d°E

EW =B x5 Y2 X ax

+ --- (4)

Taking the computer's precision into account, siisond order approximation
is sufficient.

In order to generate a realistic spectrum, thieviohg factors must be take into
account:

. The energy fluctuation due to energy stragglinghef penetrating ions in the
target.

. The energy straggling of the detected particleshia outgoing path and
absorbent layer.

. The multiple scattering of incident ions and emitpediticles in the target.

. The geometrical spread caused by the finite beamsip® and detector solid
angle.

. The angular and lateral spread by particles anditBgumental system
resolution.

The energy straggling has been calculated usingr'®dheory and the
geometrical straggling. The Bohr's model calculates straggling in terms of real
density of electrons traversed by the beam. Thedatdndeviation Qg) in the beam
energy loss in a layer with thickness (t) is [10]:

Q2 =4mez? 2z (Nt) (5)
|

where Z is the atomic number of the ion, e is the electtbarge, Zand (Nt} are the
atomic numbers and areal densities of the targenst The geometrical straggling as a
function of depth can be calculated by assumingadhahese straggling as well as the
detector resolution are gaussians [11]. Theretbeesquare of the standard deviation of
the resulting energy stragglin@€) can be computed by adding the square of the
individual standard deviations.
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RESULTSAND DISCUSSION

The targets are two silicon wafers; they were imigld at two different
implant doses. The implant ion was oxygen at enefgy70 and 150keV. One target
was implanted at a fluency of %6 ions/cn? and the second at B ions/crnf. The
second target was after implantation annealed. r€igu presents the first target
(AR1104) and figure 2 the second one (AR1105) alweitly the simulated spectra.
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Fig.1. Simulated and measured RBS spectra of silicon keaimplanted
with a fluence of 18 oxygen in cnf at an energy of 170 keV.
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Fig.2 Simulated and measured RBS spectra of silicon saimglanted
with a fluency of 18 oxygen in crifat an energy of 170 keV.

The RUMP code [9] is used in fitting the experinadritata; we compose the
target like a bulky silicon target with some diffud oxygen; one of the RUMP main
features is the ability in constructing a compoditger in which the composition of
elements can vary along the depth. Practicallyldlger is subdivided in many layers
(maximum 99) every sublayer having its own diffuseoncentration. We chose for the
implanted oxygen a Gaussian like distribution;ifowe gave as starting parameters the
amount of implanted oxygen (in relative units), thepth of maximum concentration
and the mean width at half height. The second aind plarameters are estimated with
the help of TRIM code [12]; the TRIM code compuths tmhean range for projectile
ions in amorphous targets for a given incident gyneFor a better spectra modeling a
supplementary thin layer is placed on the targeti®a dioxide silicon thin layer (few
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nanometers), meaning the target handling beforeafted implant in atmosphere; and
the annealing are responsible for the surface oxide
The main results are summarizediable 1

Table 1.
Target/Obs. TosiO,y Oxygean Oxygenfwhm Fluency/energy
layer nm nm nm ions/cnf/keV
1-nonannaled 3 445 210 10/ 170
2-annealed 6.5 395 354 19/ 150

Remarks:

The implanted oxygen has a Gaussian distribution.

The mean rangé{p, of implanted oxygen fits the prediction of TRIMdmfor
nonannealed targets.

After annealing the thickness of the top §i®increasing.

After annealing the Oxygen Gaussian distributiendmes wider.

Acknowledgements
The authors gratefully acknowledge dr. E.IVANOV fheir assistance and
advises to finished this work.

CONCLUSION
Computer simulation is a powerful tool ion beanalgsis spectra. From the fit
spectrum, the important information of implanteggen ions can be determined.
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NMR OSERVATION OF THE SPIN-SPIN RELAXATION
IN CIS POLYBUTADIENE -TOLUENE-D g SOLUTIONS

M. TODICA Y, A.V.POF, L.DAVID?!, S. ANGHEL!
G.D. POPESCU, D. STANILA!

ABSTRACT. The relaxation of the transversal magnetizatibthe protons
attached to the polymeric chain was analyzed irerr established a
correlation between the relaxation time and theradtaristic parameters of
the viscoelasticity.

INTRODUCTION

Many properties of the polymeric materials areedatned by the dynamics of
the polymeric chain, [1].

This dynamics can be estimate by observing theuéwal of the dipolar
interaction between the protons attached to backboh the chain. The dipolar
interaction is the main mechanism which govern thelear relaxation of the
transversal magnetization, [2].

In the case of one isotropic spin system sumetea rapid motion during the
NMR observation time, the dipolar interaction i®eged to zero. The relaxation of the
transversal magnetization is like in the isotrofipiids. When the dynamics of the
polymeric chain is not an isotropic process durihg observation time, the dipolar
interaction is not averaged to zero and the relaxafunction of the transversal
magnetization has a specific behavior, [3].

In molten polymers or polymeric solutions, thesaiopy of the chain motion
is induced by the temporary junctions between difie macromolecules, (the swelling
points). The polymeric system can be regardedtesporary lattice, [4].

Some properties of the polymeric materials, Ike tiscoelasticity, are directly
connected with the existence of this temporaryctBecause this temporary junctions
induces a non zero average of the dipolar intemactive attempt that a correlation
between the NMR parameters of the relaxation oftthesversal magnetization and
some viscoelastic parameters can be established.

! "Babes-Bolyai" University, Faculty of Physics, 3400 CINppoca, Romania.
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EXPERIMENTAL

We studied the molten cis polybutadiene and thgete ¢ solution of this
polymer, with the polymeric concentratiods=88%, ®=80%, ®=70%, ®=60% and
®=50%. The microstructure of the molten polymer i%9in cis conformation and 1%
in vynil conformation. The glass transition temperat of the molten polymer is
Tg=173 K, the molecular mass 4110 000g/mol, and the viscoelastic modulus
Gn0:6.9 MPa. The polymeric sample was kindly suppligdie Manufacture Michelin
and the deuterated toluene was purchased from rSpegttie Spin et Techniques,
France. The samples were enclosed in NMR tubesm@dex 8mm) and sealed under a
primary vacuum. The concentration of the solutiors wantrolled with an accuracy
better than 1%.

All the measurements were performed using a CXBk@r spectrometer
working at 45 MHz, in the temperature range of B3, 344 K. The relaxation of the
transversal magnetization was observed using the-Rlamcell sequence, [5]. The
sample temperature was controlled within 1 K.

RESULTS AND DISCUSSION

The relaxation of the transversal magnetization dsegned by the dipolar
interaction between the protons attached to thgnpalic chain, but this dynamics is
perturbed by the complex dynamics of the entireroraclecule. This dynamics occurs
in a large spatial and temporary scale. The elementation refers to the monomeric
unit and arise in a short time scale. Generallyg timotion affect the spin-lattice
relaxation.

During the specific time of the spin-spin relagatithe elementary motion can
affect many momomers. The motion of the polymemgmient formed by many
monomers is an anisotropyc process because thegétzent between two different
chains. The entanglements induces an orientatmmagr and thus an anisotropy of the
segmental dynamics. For short observation timeptiigmeric system can be regarded
as a rigid lattice. During this time the dipolateraction between the backbone protons
is not averaged to zero and the relaxation funatidirhave a specific behavior. We can
consider that the relaxation of the transversalmatigation is directly associated with
the existence of the temporary junctions betweerptitymeric chains.

When the relaxation is governed by one given mgishathe relaxation curves
can be described by the same mathematical funcdsra result the relaxation curves
can be superposed, [6, 7], Fig. 1.
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Fig.1. The superposition of the experimental curves otegkfor the molten
polymer. The relaxation curves corresponds to efierence temperature,)(
Tref =254 K, ¢) T = 294 K and @) T=334K.

When the NMR observation time is long, the dipatderaction is affected not
only for the segmental dynamics, but also for theasnics of the entire chain, like the
reptation.

For sufficiently long time the polymeric chainschene to desingage from
the initial swelling points and the macromoleculaage their initial conformation.
The system can not be depicted like a rigid lattitiee dipolar interaction between
the spins is strongly affected by the dynamicshef éntire chain. As a result the
relaxation function is affected in the terminal iy by the long range dynamics.
That means that the relaxation mechanism is destriiy different mathematical
functions in the terminal region and at the begigniof the relaxation. The
beginning of the relaxation curve is associate viftb anisotropy induced by the
temporary junctions and the end of the relaxatiomve is associated with the
dynamics of the entire chain. As a result the rafepa curves do not respect the
superposition property in the terminal region, Eig.
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the temporary lattice, like the viscoelasticity.

Mx/Mx(0)
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Our interest will be focused on the superposititomain of the relaxation
curves and we try to correlate one NMR parametén thie characteristic properties of

We supposed that the anisotropy of the dipolaraution is directly connected
with the relaxation time of the transversal magragion. But the relaxation curves do
not represent a single exponential function anch tihdés difficult to define a single
relaxation time 3. For this reason we tried to find another paramethich will have
the same physical signification for all the relasatcurves. We choose the timg g
measured at 0.6 of the normalized amplitude of eatdxation curve, Fig.2. For this
value of the amplitude the relaxation curves oloethé superposition property.
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Fig.2. The relaxation of the transversal magnetzatioth@fmolten polymer:
()T=254K,¢) T =294 K and ¢)T=334K.

We measured the parametgg in the temperature range from 254K to 334K
for all the samples. We observed a linear deperedaricthis parameter with the
temperature for all our samples, Fig.3. This depand can be expressed as:

tos(T,®) = P(®)[T- T, (®)]

(1)
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Ti(®P) represent the intersection of the linear plothwihe axis of the
temperatures

P@) is the slope of the linear plot.

The parameters;{®) and P{) can be evaluated experimentally.

t0.6( ®,T) (ms)
N

0 1 1
230 250 330 350

| |
290 310
T(K)
Fig.3. Temperature dependence of the paramgtgfdr different
cis-polybutadiene-toluenedXolutions ® is the polymeric concentration.

1
270

Our interest is focused upon the parameteb)Pfhich depends on the
concentration of the solutions, but do not dependha temperature. We observed a
linear dependence of this parameter when a nevablarip-2-2 is used, Fig.4. This
dependence can be expressed as:

_ b
P(CD)—A{1+ e }
()

where A and b are the fit parameters.
From mechanical studies it is known that the catreéion dependence of the

modulus of elasticity ﬁo(dJ) of the polymeric solutions is described by thatien:
0 — 0
Gy (P) = G P° 3)
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where q\lo is the modulus of the molten polymer anid one exponent with the value
from 2 to 2.3, [8].
If we take b:B/C,?q0 in equation (2) we obtain:

B
P(®) = A{l+—l
G, ®*? @)

In equation (4) we can separate the expressidheomodulus qs‘qo(tb) of the
solutions, if we take the value 2.2 for the expdrenThe constants A and B has the
values A=3.84 18 m?/K and B=16.8 MPa for ours samples.

0.05 . , . , . ,

0.04
2 0.03
o

0.02

0.01

1 2 3 4 5

-2.2
()

Fig. 4. Linear plot of the parameter®) versus the variable-2-2for some cis-polybutadiene-
toluene [y solutions, with different polymeric concentrations

From relations (1) and (5) we obtain:

too(T.®) = A(T-T, (<D))[1+ ﬁ}
N ©)
The empirical equation (6) expressed the relatetwben the NMR parameter
tg.s and the modulus of the solutions. This equationt teat the specific NMR
parameters, like the relaxation time of the tramsalemagnetization, can be connected
with the parameters of the viscoelastic propertthefpolymeric solutions.
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CONCLUSION

The analyze of the relaxation time of the translersagnetization is an
important way to observe the existence of the temmolattice in the polymeric
solutions. This temporary lattice is induced by tlnporary junctions between
different polymeric chains. It is possible to edidied a correlation between the NMR
parameters of the relaxation and the viscoelast@bior of the polymeric system. This
dependence is described by the empirical equadipn (
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PROTON SPIN -LATTICE RELAXATION IN
SOME POLYISOPRENE SOLUTIONS

M. TODICAl, S.ANGHEL?Y, V. SIMON?!

ABSTRACT. Spin-lattice relaxation time Tq of the protons attached to the
polymeric chain was measured in some solutions of the polyisoprene and
CDg, CCl,4 and CDCl g solvents. The temperature dependence of the time T4
was analyzed over a wide range of the temperature above the glass transition
temperature. The maximum of the spin-lattice relaxation rate is observed for
al the samples. The temperature dependence of the spin-lattice relaxation
time is connected with the local dynamics of the polymeric chain. The
correlation time tc of the loca motions corresponding to the maximum
relaxation rateistc =2.2 108s.

The experimental curves T4(T) obtained for the polyisoprene-C7Dg
polyisoprene-CCl,4 and ponisopreneCDCI& solutions obey to the
superposition property. The relaxation process is governed by the same
mechanism in all this solutions.

INTRODUCTION

The relaxation of the longitudinal magnetization of the protons attached to the

polymeric chain is a reach source of information about the local dynamics of the
skeletal bonds of the chain, [1, 2]. The main mechanism which govern this relaxation is
the dipolar interaction between the protons of the segmental units which include a few

polymeric links.

The presence of the solvent molecules in the vicinity of the polymeric
segments, or thermal activation, affect the local dynamics of the chain and thus the
dipolar interaction between the neighboring protons. As a result the spin-lattice

relaxation rate will depends on the temperature and solvent concentration.

In this study we are interested to observe this dependence for some solutions of

the polyisoprene.

1
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EXPERIMENTAL

We studied some polyisoprene-toluene Dg solutions with the polymeric
concentration ®=94%, ®=78% and ®=59%, polyisoprene-CCly solutions with the
polymeric concentration ®=77% and ®=59%, and polyisoprene-CDCl3 with the
polymeric concentration ®=85% and ®=62%, in the temperature range of 234K to
350K. The isomeric conformation of the polyisoprene sample was 92% cis-1,4, the glass
transition temperature Tg=201+4K and the thermal expansion coefficient a=6.7 104 K-
1 The glass transition temperature of the toluene is Tg=113+4K and the thermal
expansion coefficient a=1.7 103 K-L. The samples were enclosed in NMR tubes and
sealed under a primary vacuum. Spin-lattice relaxation time of the protons was
measured using the inversion-recovery sequence (Tt-1-172), [3]. All the measurements
were performed at 45 MHz, using a CXP Bruker spectrometer.

RESULTSAND DISCUSSION

The dominant mechanism which govern the spin-lattice relaxation of the
protons attached to the polymeric chain is the dipolar interaction with the nuclear spins
located within one given chain segment, [4]. For a complex spin system, with protons
located on different positions, the spin-lattice relaxation rate is expressed by a
mathematically function which include the interaction with al the nuclear spins, [5].
When the protons are located in equivalent positions or the interaction between the far
spinsis neglected, the spin-lattice relaxation is described by a single relaxation time T1.
The relaxation time is temperature dependent and reach its minimum when the Larmor
frequency wg is equal to the frequency of the loca reorientation of the polymeric
segments. In this case wgtL, [6]. Thisis asimple way to calculate the correlation time
1 of the local reorientation of the polymeric segment.

The temperature dependence of the Tq for the molten polymer and for the
polyisoprene-toluene solutions was analyzed in previous works, [7]. For each sample
the minimum value of the relaxation time Tq is observed for a specific temperature
6(®d) depending on the polymer concentration, but the minimum value of the T is the
same as for the molten polymer in all the cases, T1min(8)=50£5ms. The correlation
time corresponding to those temperatures is tc[R2.2 108 s for al the samples. We
observed the relation 6(®P)-Ty(P)=107+10K, were Tg(db) is the glass transition
temperature of the solutions calculated with the expression, [8]:

a, T, (®) +a,T;(1- )

To(®)= a,®+a,(1- )

For this system the experimental curves T1(T) can be superposed if we plot
the relaxation time T4 versus the new variable T* =T—Tg(CD)=T—9(¢)+(107110K). This
superposition property shows that the temperature dependence of the relaxation time
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Tq can be described by the same mathematically expression, depending on the new
variable T*, for the molten polymer and for the concentrated solutions. But the
relaxation process is affected by the local dynamics of the polymeric links, which
depends on the temperature and solvent concentration. When the superposition
condition is fulfilled then the presence of the toluene molecules in the vicinity of the
polymeric chain do not modify dramatically the local dynamics of the skeletal bonds
and thus the relaxation processis like in the case of the molten polymer.
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Fig. 1.. Temperature dependence of the relaxation time T4 of the molten
polyisoprene and polyisoprene-CCl 4 solutions.

It should be interesting to observe the behavior of this polymer when the
toluene is replaced by another solvent, like the CCl4 or CDCl3. The temperature
dependence of the relaxation time T4 of the polyisoprene-CCl4 solutions is shown in
Fig.1. The minimum value of the relaxation time Tq is the same for all the samples
T1min(8)=50£5ms, like for the molten polymer. This minimum correspond to one
characteristic temperature 6(®) for each concentration. The correlation time t
corresponding to those temperatures is 1o[2.2 108 s. For a given concentration of the
polymer, the temperature 6(®) corresponding to the polyisoprene-CCly solutions is
higher that the temperature 8(®) corresponding to the polyisoprene-C7Dg solutions.
Then the mobility of the polymeric chain, corresponding to a given temperature T, is
greater in the polyisoprene-C;Dg solutions like in the polyisoprene-CCl, solutions.

The curves Tq(T) of the molten polymer and the solutions can be
superposedwhen we utilize the variable T*=T-6(®$)+(107+10K), Fig. 2.
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Fig. 2. Superposition of the curves T1(T*) of the molten polyisoprene and
polyisoprene-CCl4 solutions.

If we combine both the superposition properties, polyisoprene-C7Dg and
polyisoprene-CCly, we can affirm that the temperature dependence of the relaxation
time T1 is described by the same mathematically expression depending on the new
variable T*. In this case we have the same dynamically properties of the polymeric
chain when the C7Dg or CCly solvents are utilized. The CCl4 molecules play the same
role in the dynamics of the polyisoprene like the toluene molecules.The temperature
dependence of the relaxation time Tq of the polyisoprene-CDCl3 solutions is shown in
Fig. 3. We found the same minimum value of the relaxation time T1 like for the molten
polymer T1min(®)=50+5ms, for all the samples. This minimum correspond to one
characteristic temperature 6(®) for each concentration. The temperatures 6(®P)
corresponding to the minimum of T4, for all the solvents, are represented in Fig. 4. The
temperatures 8(®P) decreases when the solvent concentration increase. This
representation suggest the fact that the temperatures 8(®) has the same concentration
dependence like the glass transition temperatures of the solutions. On the other hand
this behavior can indicate a simple superposition property of the curves T1(T) by
trandation along the temperature axe. In fact we can superpose the curves T1(T) of the
solutions and Tq(T) of the molten polymer when we utilize the variable T*=T-
8(dP)+(107+£10K), Fig. 5.
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Fig. 3. Temperature dependence of the relaxation time T4 of the molten
polyisoprene and polyisoprene-CDCl 3 solutions.

The CDCl3 molecules are different from the CCl4 molecules by the presence
of one deuterium atom which replace one Cl atom. This situation determine a slightly
difference on the spatiadl symmetry of this molecules. However the superposition
property of T1(T*) indicate the fact that this difference do of this solvents are used. In
this case the dynamic process of the skeletal links is the same in both the solvents. If we
compare the resultat of the superposition of T4(T) for all the samples we can conclude
that the spin-lattice relaxation process is governed by the same mechanism when the
C7Dg, CCl4 orCDCl3 solvents are utilized. One similar behavior of this polymer in
different solvents was observed for other authors, [9,10]. Then the local dynamics of
polymeric chain is governed by the same mechanism in all this solvents.
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Fig. 4. Concentration dependence of the glass transition temperature of the polyisoprene-CDg
solutions and concentration dependence of the temperatures 6(®) of the polyisoprene in different

solvents.
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Fig. 5. Superposition of the curves T1(T*) of the molten polyisoprene and
polyisoprene-CDCl 3 solutions.
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CONCLUSION
The superposition property of the relaxation curves T1(®,T) suggest the fact

that the relaxation process can be expressed by a single mathematically function. This
property is also respected if the toluene is replaced by the CCl4 or CDCl3 moleculesin
the polyisoprene solutions. The local dynamics of the polymeric segments is governed
by the same mechanism for the polyisoprene C7Dg, polyisoprene CCly and
polyisoprene CDClg concentrated solution. The correlation time of the local
reorientation of the polymeric bonds can by calculated when the curves T1(®,T) reach

its minimum and has the value for this systems t,[12.2 108s.

© ©
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SPECTROSCOPIC AND MAGNETIC INVESTIGATION OF SOME
CU(11)-NITRAZEPAM COMPLEXES

L.DAVID?! O.COZAR? E.FORIZS’, R. TETEAN!
C.CRACIUNY, D. OPRISOR!

ABSTRACT. The CulbX, (L=7-nitro-1,3 dihydro-5-phenyl-2H-1,4
benzodiazepin-2-one, also known as nitrazepam ogadan, X=ClI,Br)
complexes were prepared and investigated by IR, ESK magnetic
susceptibility measurements. The IR spectra suggiest Cu(ll) ion is
coordinated by two nitrogen and two halogen atdrhs. powder ESR spectrum
at room temperature of Cupr, is quasiisotropic, while for CyCl, is
characteristic for axial monomeric species with Ismreombic distortion. The
isotropic ESR spectra of these compounds in DMFRyndolutions suggest the
presence of pseudo-tetrahedral monomeric species. different monomeric
species were evidenced in Cu(ll)-Nitrazepam soistadsorbed on NaY zeolite.

INTRODUCTION.

Derivatives of 1,4-benzodiazepine are used in amgias tranquilizing and
sedative-hypnotic agents [1-5]. 1,4-benzodiazepm® adopt monodentate, bidentate or
bridging ligand bonding mode. The stereochemisiy @emical reactivity studies of their
coordination compounds with transition metal ioedphus to determine the relationship
between chemical structure and biological actigityghese drugs. It is well known that the
metal complexes of ligands which have biologicdivig are more active than the free
ligands [2,3]. There have been studied the peegedf 1,4-benzodiazepines with the
palladinum (ll) and platinum (Il) metals for theicensiderable antibacterial power [2].
Nitrazepam (7-nitro-1,3dihydro-5-phenyl-2H-1,4 bediaze- pin-2-one) (Fig.1) is one of
these benzodiazepine which is a commercially adailalrug with myorelaxant and
anxyolitic activity.

! "Babe-Bolyai" Univ., Depart. of Phys., Cluj-Napoca, Rania
2 "Babe-Bolyai" Univ., Depart. of Chem., Cluj-Napoca, Ramie
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Fig. 1. The Nitrazepam structural formulae

We report here the synthesis and spectroscopiaatkazation of two complexes
of copper(ll) halides with Nitrazepam. The choif¢he Cu(ll) metal is a result of his large
implications in pharmacology [6].

EXPERIMENTAL.

The ligand, nitrazepam, supplied by Terapia ofj-Qapoca has been used
without further purification. The complexes was adhed by adding a solution of
nitrazepam (0.5 g, 1.9 mmol) in acetone to the tewluof appropriate metal salts
(CuChbx2H,0; CuBk, 0.8 mmol) in an equal volume of the same solvEm. solutions was
vigorously stirred for about 30 min. at room tengpere and the insoluble precipitates were
filtered off. The complexes were purified by meahsepeated washing with acetone.

Infrared spectra have been recorded in the 4000:#0 range with a Bio-Rad-
Digilab-FTS 65A/896 spectrometer by the KBr pellitshnique. Far-IR spectra in the
range 500-100 cthwere recorded on a Bio-Rad FTS-40V using polyethylpellets. The
magnetic susceptibility measurements were perforimdie temperature range 77-300 K
with a Faraday balance. ESR spectra were obtametiei X band (9,4GHz) using a
standard JEOL-JES-3B equipment at room temperature.

RESULTSAND DISCUSSION

All the typical bands of the ligand appear in tle $pectra of the metal
complexes. The most important IR bands and theswglaments are listed in Table 1. One
of the changes observed in the IR spectra of ttredmmplexes is the negative shift (18-19
cm?) of the n(N-H) vibration band which appears in #i®5 cn region. Positive shifts
(22 cm* and 3 crit) appear for the n(C=0) and n(C=N) vibration modspectively.
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Compound V(NH) v(C=0) V(C=N) V(Cu-N) v(Cu-X)

Nitrazepam (L) 3214 1695 1611 - -
CuLCl, 3195 1718 1615 302 285
CulL;Br, 3196 1717 1614 302 287

Table 1. IR spectroscopic data (¢inof the ligand and Cu(ll)-complexes

The spectra of complexes present the band chastict®f the symmetric and
antisymmetric stretching modes of the nitro-groutha same value (1529 and 1350%m
as in the free ligand [7].

In the Far-IR spectra of the complexes a new tassignable to thg(Cu-N)
vibration appears at 331 ¢nand 346 cm which confirms the involvement of nitrogen
atoms in the coordination [8]. The bands assigeethé v(Cu-X) vibration (X=Cl, Br)
appears at 302 chand 246 cn.

The amide and imino bands are found to be unafidoy complexation and thus
rules out the coordination through keto-oxygenhoough the 4-nitrogen. Also, no bands
are present in the range whergCu-O) usually lies for this metal. The fact thaet
spectrum of the Cu(ll)-nitrazepam compound showstaeable difference in the position
of v(C=0) stretching frequency given by the same béditickedfree ligand may be explained
through the possible hydrogen bonds owing to themed crystallization. The presence of
this water of crystallization is confirmed by thedium-strong absorption bands observed
in the ranges 3480-3450 ¢rfor v(O-H) frequency and 1640-1625 ¢rfrequency. Since
vibrational modes such as wagging, twisting andingcactivated by the coordination to
the metal have not been found in the expected satitggppears that coordinated water (at
the metallic ion) is not present.

These results suggest that only the N(1) atorhehitrazepam and the halogen
atom (Cl or Br) are involved in the coordinatiomqess. The nature of the halogen atom

The results for the atomic magnetic moments ug&CulL,Cly) and 1.72yg
(CuL,Br,) obtained from the magnetic susceptibility measers are in good agreement
with theoretical values corresponding to thé Sgstems [9]. The effective magnetic
moments suggest a distorted tetrahedral local @mvient around Ctiions [10]. Fig.2
presents the magnetic data for the @ili. compound. The linear dependence(dfvs T
show a Curie-Weiss behavior with55 K. The positive value & suggests the possibility
of the ferromagnetic interactions between metadiits, through the hydrogen bounds.

The powder ESR spectrum of Gall, complex obtained at room temperature
(Fig.3) exhibit the absorption signals typical ahdomly oriented single state (S=1/2)
species having an axial symmetry with a small rhondlistortion (g=2.208, g=2.059,
0:=2.025). The powder ESR spectrum of gBil, is quasiisotropic (g=2.090).
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Fig. 2. Temperature dependencexdffor CuL,Cl, complex

The monomeric species prevail also in the pyridify® and dimethylformamide
(DMF) solutions of Cu(ll)-Nitrazepam compounds. T8tepe of the spectra (Fig.4) and
the obtained values of ESR parameters for thesti@swd (Table 2) suggest the presence of
Cu(ll) pseudotetrahedral species [11]. No hyperfipktting due to the interaction of the
paramagnetic electron with nitrogen or halogeneaiwehs observed.

j 9y: 2.025
206,
ﬁ\ 9,22 059
I
o
;}:? 200 .
\J 9,52.13

Fig. 3. Powder ESR spectrum of CydI,
complex at room temperature

Fig.4. ESR spectrum of Py CyCl,
solution at room temperature
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Table2. ESR parameters of DMF and Py G¥L solutions

Compound Solvent oy Ao(G)
CulL,Cl, DMF 2171 55
CulL,Cl, Py 2.133 64
CulpBr, DMF 2.174 59
CulpBr, Py 2.141 69

The anisotropic spectra with four hyperfine lineghe g region and a strong
absorption signal in thegregion were obtained from Cu(ll)-Nitrazepam solosi
adsorbed on NaY zeolite. The spectra of a DMFZuylsolutions show the coexistence of
two monomeric species with different values fqr and A, parameters (Fig.5) with
different values for gand A, parameters. One of these species with Oddhromophore
is due to the coordination of solvent moleculethatCu(ll) ion in halogen atom's stead.
The other set of parameters confirms the existeh@ CuQ chromophore with planar-
distorted tetrahedral gfsymmetry [12].

Table 3. ESR parameters of mononuclear species obtaired(Ii)-Nitrazepam
solutions adsorbed on NaY zeolite, at room tempezat

Chromophore
Compound Solvent o oo Au(G) | and symmetry
CuL,Cl, DMF 2.393 2.081 122 CuQ,-Ty
2.353 170 CUN;O, — Doy
CuLCl, Py 2.282 2.059 163 CuNN, - Oy
2.249 178 CuN, - Dgp,
CuL,Br, DMF 2.383 2.082 125 CuQ,-Ty
2.351 170 CUN,O,— Dyg
Cul,Br, Py 2.297 2.062 169 CuNN, - Oy,
2.251 174 CuN;— Dy,
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Fig.5. ESR spectrum of DMF CyBr, solution adsorbed on NaY zeolite

ESR data concerning the Cu(ll) ion in the tetratleslymmetry are characterized
by the decreasing of hyperfine structure constamisthe increasing of, alues relatively
to those usually observed in square-planar or edtakdistorted environments. This can
be explained by the 4p-admixture in thg ground state of planar-tetrahedral distorted
species [13]. Electronic spectra of GML compounds in DMF solutions show an
absorption band at 13400 ¢rwhich may be attributed to the,d d,2,,2 transition [2].
Considering/,2.,2=13400 crit andp?=1 a value of 0,79 respectively 0.77 was estimated
for thea? coefficient for the both compounds Gdll, and CulBr.. Using the LCAO-MO
procedure [13] a ontribution of 2% of Aprbital to the ground state has been obtained for
the studied complexes.
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Fig.6. ESR spectrum of pyridine CuCl, solution adsorbed on NaY zeolite (a).
Extended perpendicular absorbtion (b)

ESR spectra of pyridine Cu(ll)-Nitrazepam solusicadsorbed on NaY zeolite
also suggest the presence of two magnetically novedgnt monomeric species (Fig.6).
One of these species having GNB chromophore is due to the substitution of halogen
atoms by pyridine molecules. The analyses of ESRnpeters characteristic for these
monomeric species suggest a hexacoordinated ocghluistorted geometry around €u
ions due to the possible coordination of another yridine molecules along the Oz axis.
The G, local symmetry results from the great value opgrameter and relative small value
of A, comparative with the case of square-planar symm&he second monomeric
species of CulNchromophore occurs by total substitution of hatogms and nitrazepam
molecules by pyridine molecules. The existenceu{&hromophore is also confirmed by
the appearance of nine nitrogen superhyperfins Iméhe g region (8=14 G).
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CONCLUSIONS

IR spectra of nitrazepam and its Cu(ll) compourtasasthat Cu(ll) ion is four
coordinated by two nitrogen atoms and two halogems.

The magnetic moments are in good agreement wétbrétical estimations to the
3d® systems with a tetrahedral distorted geometry.

The powder ESR spectra of Cu(ll) complexes arsigodropic for CukBr, and
anisotropic for CukCl, suggesting an axial local symmetry with a smatbrmhic
distortion.

The anisotropic ESR spectra obtained for DMF ayritiime Cul,X, solutions
adsorbed on NaY zeolite show the presence of twgnet nonequivalent monomeric
species. The kinds of these monomeric specieshanid¢al symmetry around Cu(ll) ions
depend on the solvent nature.
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CAPACITIVELY COUPLED PLASMA ASSPECTRAL SOURCE
FOR DIRECT ANALYSISOF CONDUCTIVE SAMPLES

S.D. ANGHEL', M. TODICA!

ABSTRACT. A spectral source based on a RF capacitively coupled plasma
at atmospheric pressure is presented. This discharge is in contact with only
one electrode that is the sample too. The plasma support gas is Ar, with a
flow-rate of 0.6 - 1.6 I/min. The frequency of electromagnetic field is 27.12
MHz and the absorbed power by the plasmais 85 -275 W. The dependence of
spectral line intensities on various parameters (plasma power, Ar flow-rate,
observation height, angle of the conical sample) has been studied. The
excitation temperature of Ar atoms has been determined too, and the detection
limits for some elements in brass and low-alloy steel are presented.

INTRODUCTION

In atomic spectrometry, direct analysis of conductive and nonconductive solid
samples without chemical treatment is very important. Dissolution of solids to be
introduced into the excitation source consumes time and can determine the
contamination of samples and the deterioration of sensitivity of analysis method.

Many kinds of plasma excitation sources for solid samples are known. Its
included dc(Arc) and ac(Spark) plasmas, inductively coupled plasmas (ICP),
capacitively coupled plasmas (CCP), glow discharges (GD), flowing afterglows, Theta-
pinch discharges, exploiding films and wires, and laser produced plasmas [1].

Capacitively coupled plasma at atmospheric pressure principally has been used
for the analysis of liquid samples[2 - 6] and as detector for gas chromatography [7,8]. It
has been tested as spectral source for direct analysis of solid samples. Liang and Blades
[9] combine the high efficiency of atomization in electrothermal atomizers with the high
efficiency of excitation in rf plasmas. They achieved an excitation source with
atomization in graphite furnace for plasma emission spectroscopy (FAPES). The
working frequency was of 27 MHz, the power into the plasmawas in the range of 100 -
600 W and the gas-flow rate (Ar) was 1 I/min. The detection sensitivities were lower
than one picogram for some elements. In the microwaves domain (2450 MHz, 500 - 700
W) Ali et al. [10] employing a modified conventional |CP torch placed into a resonant
cavity have analyzed powdered solid samples. The detection sensitivities were in the ng
domain.

! Babes-Bolyai University, Faculty of Physics, Cluj-Napoca, Romania
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In this work a new method for direct analysis of conductive samples is
presented. The same kind of plasma torches as in the work [6] is used, the solid sample
being placed on the sustaining electrode of the plasma. In the system described below,
both atomization and excitation steps are interpreted.

EXPERIMENTAL

The experimental set-up is shown in Fig.1 and the components are listed in
Table . Fig.2 shows the torch and the sample place. The generated plasmais one of tip-
ring type, being in contact with only one electrode, which is as well the sample. It has a
conical shape being placed on the top of a cylindrical brass piece (8 mm o.d. and 60 mm
in length). They are inserted into a quartz tube (15 mmi.d., 18 mm o.d. and 100 mm in
length) sustained by the introduction system of the plasma gas (Ar). The Ar introduction
system is made of Teflon (PTFE) and has twelve equidistant cylindrical holes
surrounding the plasma sustaining electrode. This assures the laminar introduction of
the plasma gas that is an important condition for plasma stability. At a distance of 40
mm from the sample tip, the quartz tube is surrounded by an annular counterelectrode
that assures the symmetry of the electromagnetic field lines, therefore the symmetry of
the discharge.

Tablel Instrumentation for capacitively coupled plasma as
excitation source for solid conductive materials

Instruments/Components Manufacturer

Spectrometer

e 1m, 2400 grovesmm, Research Centre for Analytical Instrumentation
* linear dispersion, Cluj-Napoca, Romania
e 0.5nm/mm

RF Generator
e free-running, Research Centre for Analytical Instrumentation
«  Colpitts oscillator, Cluj-Napoca, Romania
o 27.12MHZz,50-300 W

Computer
« Telerom P- 386 IEIA Cluj-Napoca, Romania

Torch Laboratory made

Capacitively coupled plasma at atmospheric pressure of tip-ring type has four
characteristic zones that confers it an inhomogeneous appearance (Fig.2). In the
immediate proximity of the plasma sustaining point one can observe a thin blue-violet
layer, named superficial luminescence, with a thickness lower than 1 mm and which has
all characteristics of a normal cathode fall. The plasma consists of a thread form core
that has the highest temperature (3500 - 4000 K) and which in argon is brilliant-white,
and a blue-light coat less brilliant and cooler than the core, and which surround it. The
last two zones are separated by the superficial luminescence through a dark space
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similar to the dark spaces of luminescent discharges in direct current. From analytical
point of view the core and the luminescence are important.

RF

Senerator Spectrometer

Computer —e | Display

Fig.1. - Experimental set-up for CCP Used as spectral source for solid conductive samples.
The sample form and dimensions are shown in Fig.2.
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Fig. 2. - Schematic diagram of CCP torch and dimensions of the sample (mm).
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In the alternance of the electromagnetic field in that the electrode has a
negative potential, the positive ions are accelerated in the very intense electric field of
the normal cathode fall. The energized ions collide the sample and their kinetic energy
determines the surface atoms to be gected (solid sampling by sputtering phenomenon).
The atoms penetrate into the superficial luminescence and the core of the plasma where
they are ionized and excited, and emit their characteristic line spectra. Because an
overheating of the sample electrode tip could make the both processes hard to control,
the lower electrode of the torch iswater coolled.

RESULTSAND DISCUSSION

Brass and low-alloy sted have been used as samples. In a first stage the
influences of the power into the plasma, plasma gas flow-rate, observation height
measured on the tip of the sample and the angle of the cone on the relative intensities of
the emission lines and on relative standard deviation were studied. These dependencies
are presented in Fig. 3- 7.

The rise of the spectra line intensity when the plasma power is increased
(Fig.3) can be correlated both with the increase of the density of the positive ions that
are accelerated in the normal cathode fall and the increase of the excitation temperature
of the plasma.

1,2

Reiative intensity

O L i L 1 1
0 50 100 150 200 250 300
RF power , W

Fig. 3 - Effect of plasma power on emission intensity for Zn - O at 213.861 nmand Pb - A at
405.783 nm from brass. Gas flow-rate, 0.62 I/min and 6 = 90°.

The gas flow-rate influences both the plasma absorbed energy and the time
residence of the atoms in the plasma. At the flow-rates lower than 0.4 |/min the plasma
volume decreases and its core disapears because of air difussing in the upper part of the
torch. Conseguently, the emission intensity strongly decreases. The increase of the gas
flow-rate above 0.4 |/min is accompanied by changes of the dimensions and the plasma
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appearance. At this flow-rate the core and the superficia luminescence of the plasma
become visible and the intensities of the emission lines increase. At gas flow-rates
higher than 0.7 I/min the emission intensity again decrease, this time because of a
reduced time residence of atoms in the plasma (Fig.4). For gas flow-rates in the range of
0.4-0.7 1/min the emission intensity is maximum and the relative standard deviation is
minimum.

120

100 +
X
4 80
c
>
2 60
<
& 40t

20 |

b—p—4b Sy
0 1 1 ° IH IH
0 0,2 0,4 0,6 0,8 1

Gas flow-rate , I/min

Fig. 4. - Effect of gas flow-rate on emission intensity - O and RSD - A for Zn at 213.861 nm.
Plasma power, 135 W and 8 =90°.

1,2

Relative intensity

10

Observation height , mm

Fig. 5 - Emission intensity for Zn from brass at 213.861 nm at different observation heights.
Plasma power, 135 W, gas flow-rate, 0.62 I/min and 8 =90°.
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The decrease of the emission line intensities when the observation height is
increased (Fig.5) is due to the decrease of the temperature in the core of the plasma on
the one hand and of the diminution of the number of the sampling atoms that are
acceded in this zone on the other hand. From Fig.6 one can observe that if the sampleis
sharper the excitation process is more efficient because of the increased electric field in
the neighbourhood of the sample tip. For angles smaller than 60°, the sample is
overheated and the accidental thermal emission determines plasmainstabilities.

12

1t
08 r
06 r

04 |

Relative intensity

02

0 Il Il Il Il Il
45 60 75 90 105 120 135

Angle of the conical tip, 0

Fig. 6. - Emission intensity for Pb - O from brass at 405.783 nm and Mn - A from low-alloy steel
at 403.076 nm as function of angle of conical sample.
Gas flow-rate, 0.62 |/min and plasma power, 135 W.

It has been studied too the dependence of the relative standard deviation (RSD)
on the plasma power (Fig.7).
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Fig. 7. - RSD for emission line of Zn at 213.861 nm at different RF powers.
Gas flow-rate, 0.62 |/min and 8 = 90°.

It has been obtained a minimum at the plasma power about 150 W. At the
powers lower or greater than 150 W RSD increases because of the lower sampling
efficiency and also due to the rise of the electrothermal emission.

Also it was observed that the distance between the sustaining tip of the plasma
and the annular counterelectrode has not influences on the emission line intensities
when this parameter was in the range of 10 - 60 mm, because of the power and the
appearance of the plasma remain unchanged.

Excitation temperature of Ar atoms in the superficial luminescence of the
plasma was cal culated from the slope of a Boltzmann-plot prepared by using the plasma
as thermometric species. Table Il summarizes the spectroscopic data for selected Ar
lines. Here A is the wavelength of the transition, g - the statistical weight of the lower
level, f - the oscillator strength and Egy - the excitation energy of the upper level of the

observed transition. The correction of the measured line intensity (1) of the spectral line
was based on the calibration of the detection system. It was calibrated in the 400-800
nm range with a spectral radiance standard lamp type EPI 1604. Fig.8 presents a typical
plot for the Ar lines obtained at the operating power of 135 W.
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Tablell Spectroscopic datafor Ar lines

A Eexc of
[nm] [eV]
340.62 15.47 0.0382
419.83 14.59 0.0246
430.01 14.51 0.0169
451.07 14.58 0.0101
555.87 15.14 0.0740
557.26 15.32 0.0457
603.21 15.13 0.2178

The precision of the measurement of individua line intensities was within a
few percent RSD. The temperature, determined from the slope of the plot using the
equation:

3
log A = const .—%Eexc (1)
of T

has an estimated uncertainty of 15%. It is about 3880 K.

The detection limits (DL) was calculated using 3o criteria:

=3><O.01><RSD><XBxC 2

DL
Xa °

where X A isnet analyte signal, Xg- background signal and C, - analyte concentration.

The results for a few elements contained in brass and low-alloy steels are listed
in Table I11. The liquid monoelement solutions pneumatically nebulized into the plasma
were employed solely for the identification of analyte emission lines. Figure 9 presents
a calibration curve for vanadium from low alloy-steel which is linear over three orders
of magnitude, starting from a concentration five times DL.
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Fig. 8. - Boltzmann-plot for Ar at 135 W rf power

Tablelll. Detection limits of some elements from brass and low-alloy steel

15,6

Element | DL
[nm] [%]
Brass
Pb 405.78 0.03
Low-Alloy Steel

Co 345.35 0.003
Cr 425.43 0.01
Mn 403.07 0.05
Mo 386.41 0.02
Ni 352.45 0.03
\% 437.92 0.003
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Fig.9. - Cdlibration curvefor V in low-alloy steel at 437.324 nm. Gas flow-rate, 0.62 |/min and
plasma power, 135 W.

The simplicity of the system described above, the low cost and the easiness of
operation and its promising performances can determine a further development of this
analyzing method.
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LOCAL SOFTENING OF HARD SHELLED SEMIPRODUCTS
BY USING PLASMA GENERATOR

IOAN BICA!

ABSTRACT. The work presents the experimental results conegriie
local softening of Diesel motor cylinders with pie& using a specialized
plasmagenerator.

Key Words.(localsoftening),(plasma generator), (softeningngerature),
(cutting tool).

1. INTRODUCTION.

Cylinders for Diesel motors, are obtained throeghtrifugal chill casting of
grey cast iron. The marginal surfaces of the cyliadeve a high hardness Z50 HB)
shell. The oughing by cutting of the shell leads tagh consumption of cutting tools as
well as to a reduced Specific discharge of chips.

In order to decrease the consumption of the auttiol and to increase the
specific discharge of chips, the marginal surfamfethe cylinder are locally heated in
the ransferred electric arc plasma [1,2,4].

The transferred electric arc plasma increasesetimpdrature of the hard shell
in the cutting zones and consequently, the cufiimges diminish.Intuitively, it is not
possible to have a cutting area with local plasestihg. It is necessary to correlate the
plasma heating area (the power of the transfertedirie arc plasma, the distance
between the plasma generator and cutting toolusadi anodic patch) and the cutting
area (cutting rate, advance of cutting tool, deyftbutting) of the semiproduct, in order
to obtain a good cutting regime, comparable tautheal one. There are known the
roughing technologies by cutting of hard and supethsteel semiproducts [2,3].
Roughing by cutting of semiproducts with hard shedl less well nown.

In the paper there are presented the analytioghaeature distribution in the
cuttingzone, as well as the temperature distribubo the cutting edge,at the local
plasma heating for roughing of the marginal surdacéthe Diesel engine cylinders.
There are evidenced the conditions necessary tan atteally the plastifying
temperature of the hard shell, the temperatureigmadt the cutting edge which ensure,
as much as possible, the uniform ear of the taolyell as the temperature area of the
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roughed surface which do not produce unwanted phrassformations and thermal
deformations of the cylinder.
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Fig.1. Roughing by cutting of the shell on the outsiddae of the cylinder for
Diesel motor (schematic diagram)

where: 1 - plasma generator; 2 - current source;cglinder; 4 - cutting tool; AB -
cutting width; S - cutting tool feed rate; Ox,0y,Ozthe axes of the orthogonal
coordinate system Oxyz; L - the distance betweerplli@ma generator and the cutting
tool measured on the circumference of the cylinderithe number of rotations of the
machine tool.

The theoretical results are compared with thoseaiodéd experimentally under
semiindustrial conditions.

2. CALCULATION OF TEMPERATURE DISTRIBUTION
2.1. Description of the procedure
The limited heating with the plasma arc of the rujdir for Diesel motors
which is roughed by cutting is presented in Figure
The plasma generator 1, connected to the curremts@, heats the cylinder 3
along the cutting width:
AB=Db :i 1)

sny
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where:

¢ bis the cutting width, m;
e tisthe cutting depth, m;
e X is the plan approach angle of the cutting tool.

The heated zone is cut by the cutting tool and threren away. The roughed
surface remains at a lower temperature as comparékat of the cutting area.The
plasma generator 1, from Figure 1, is placed astantce L from the cutting tool 4. The
roughing speed of the cylinder is v.

2.2. Temperature distribution of cylinder

An orthogonal coordinate system Oxyz is attacteethé cutting area of the
cylinder for Diesel motors, as in Figure 1.

The sense of rotation of the workpiece is choseanture that the heated zone
reaches on the shortest way the edge of the cutioigConsequently, the positive sense
of the Ox axis is opposed to the velocity vectothia origin of the Oxyz coordinate
system (fig.1).

Taking into consideration that the plasma arc t®rcentrated energy source
having a cylindrical form the relation for the teangture in the cutting area results as
follows [2,3]:

_016[P | a, ~ 10° (&, (K, 2 5
T(XY,2)e, = o \/aO+K 10“[3(@)[@;{ —ry J 2

where:
e T(xy,2)lL = -L is the temperature in the coordinate point, {¢L.z) situated on the
cutting tool edge, K;
e P isthe power in the plasma arc, W,
¢ nisthe plasma heating efficiency of the cylinder;
« L is the distance between the plasma generatorhandutting tool, measured on
the circumference of the cylinder, m;
* & is the confinement coefficient of the plasma aré,
The confinement coefficient of the argon plasmaisdetermined by means of
the relation [2,3]:
3010™

a, = 2 3)

where r is the anodic spot radius, m.
K, from the relation (2) is expressed by means oféhation [2,3]:

K, = 25[10° v @
wllL

where:
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« vis the cutting speed, Ht.

« is the thermal diffusivity of the shell on the miaa) surfacesof the cylindewgs®
Taking into consideration the case in Figure 1¢k and z = 0), the relation

(2) becomes:

0.16[P
T2 =50 4

aO _ 4 2
\/aO+K1EEXp( 10* K, %) (5)

The values of radius r of the anode spot was expettally determined. The
used procedure is described in the paper [4]. Ffarent values of P in the plasma arc
of 10-16 W; 16.5 16W and 20-18W, the average value of the anode spot radiusis r
4-10° m. The research work for the temperature distritouin the cutting area is
performed by using the relation (5).

The mean experimental values of the thermophysioaktants for the hard
shell of
the cylinders are as follows [1]:

- the softening temperature; =873 K+ 10%;
- the melting temperature;=1573 K+ 10%;
- the thermal conductivityx = 0,04 W mit K™
- the thermal diffusivityw = 25 10° m? s™.

2.3 Temperature distribution of cutting tool

During the roughing operation by limited heatinggbasma arc the cutting tool
gets warm. The temperature at a certain point oncthiéng tool edge results from
relation (5) multiplied by # coefficient [2,3] i.e.:

Ts(xy,2) P T(xy,z) (6)
where:

-Ts (X,y,2) is the temperature at a certain pointl@dutting tool edge, K;
-T(x,y,2) is the temperature at a point of the agtdge, K.

The 3 coefficient takes into account the heat storagethé material. For the
hard shell [1]3 =1.5.

The cutting tool wear when roughing by cutting wjghasma arc limited
heating is due to the non uniform distribution loé temperature along its cutting edge
length [3].

To study the temperature distribution on the cgttinol edge the thermal
uniformity coefficientu is introduced. It is defined by means of the refaf1,3]:

b
T(Ly.2)

= "2 ()
Ts(L!le)

7,
where:
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-Ts(L, y, b/2) is the temperature at a point situatetthe@ end of the cutting tool edge, K;
-Ts(L, y, O) is the temperature at a point situatethenmiddle of the cutting tool edge.

The relation (8) for coefficient of thermal unifortymi was obtained by
replacing the relation (5) in the expression (7) &king into account the expressions

(3) and (4):
U= exp{— Svib } (8)

412w +vD?)

As the origin of the coordinate system Oxyz issghoat a point corresponding
to the half of the cutting width b, see Figuretere results:

b
Zziz (9)

Introducing the relation (9) in relation (8) theesults the dependence of the
thermal uniformity coefficienft, on the z variable, i.e.:

= exp ——322 (10)
H 12w +v 12

3. EXPERIMENT

The experiments concerning the usual cold rougbyngutting of the shell
from the marginal surfaces of the cylinder were pamad to roughing by plasma arc
limited heating.

The experimental installation which has been usedescribed in the paper
[5]. A specialized plasma generator was developedrder to perform inside the
cylinder the roughing by cutting through limitedatiag with plasma arc. Its description
and technical characteristics are presented inrpgfje The experimental tests are
presented i able 1.

Nr. I U 10° (D v 10° S 10° 1 L 10°M 10° [,
ct. [ A | V) | (NmPBY | (mBY (m [rev?) (m) (m) (m) (m)
1. 250 60 1/3 2.00 0.38 4 0.1 10-17 3.9
2. 260 60 1/3 2.00 0.5 4 0.1 10-12 3.5
3. 275 60 1/3 2.00 0.6 4 0.1 10-12 3.5
4, 300 60 1/3 2.00 0.7 4 0.1 10-12 3.5

| - the electric current intensity of the plasme; ar
U - the voltage of the plasma arc;

D - the argon flow rate;

v - the cutting speed;

S - the cutting tool feed rate;

t - the cutting depth;
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L - the distance generator-cutting tool, measureahencircumference of the Diesel
motor cylinder;
d - the distance between the plasma generatorenanzl hard shell of the Diesel motor
cylinder;
d, - the diameter of the plasma generator nozzle.
The cutting tool used during the experiments haslispt@tes, characterized by the
following geometry:
-plan relief angle: a=12
-plan clearance angle:  y=-6°
-plan approach angle: ~ x=4%
-secondary approach anglej=45
-inclination angle: x'=-3
-radius: r'=0.3n9
To avoid the heat storages inside the cylinderraukl be blasted at a flow rate of 0.2
Nm?®s™.The roughing by cutting of the shell from the maagisurfaces of the cylinder
is performed when the cutting width has the vaks@ b0°m.

4. RESULTSAND DISCUSSION
Figure 2 shows the temperature distribution, Tthim cutting area for the depthy, in the
Diesel motor cylinder wall.

GAS { 2
\WATER {__._ ] N
1 A
A Lle

T

Fig. 2. The temperature distribution, T, in the cuttingaafor the depth, y, in
Diesel motor cylinder wall.

The experimental results in Fig. 2 are for:

-tggciszower in the plasma arc: (a) P =18W0(b) P =16.5 1AW, (c) P =20
10w;

-the cutting speed: (1) v =1nt;g2) v =2m & (3) v =3m &;
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-the distance between the plasma generator arittieg tool:L = 0.10 m;

-material: cast iron;

- 0 - experimental values.

For the power P = 10 3 in the plasma arc, the temperature on the cylinde
surface (y=o m) is T=1023 K, when the cutting sp&ed=1.0m & and generator -
cutting tool distance L=0.10 m. When the cuttingespicreases the temperature on the
surface of the cylinder decreases. When the cusiiegd is v=3msand the power is
the same in the plasma arc (P=18Vi}) (Figure 2 a), the temperature on the surface of
the cylinder is T=843 K.

The maximum temperature on the surface of the dglins 1773 K when the
cutting speed is v=1 m'saand the plasma generator-cutting tool distantet10 m as
in Figure 2 c.

In the depth of the cylinder wall the temperatdeereases exponentially to
values up to 373K as in Figure 2.

The temperature in the cutting area decrease&aisfance L between the
plasma generator and the cutting tool increases,kgyure 3).

The results in Fig. 3 were obtained by using: thiing speed: v = 1 m’s
depths in the cylinder wall: (1)y = 0 m; (2)y = @*; powers in the plasma arc:(a) P =
10 1GW; (b) P = 16.5 18W; (c) P = 20 1&W; material: the hard shell on the marginal
surfaces of the Diesel motor cylinder o - experitakcalues.

If at the distance L=0.05 m the temperature onstiiéace of the cylinder is
T=1353 K for P=10 1W T=2043 K for P=16.5 T®V and T=2373 K for P=20 &/
then at a distance L=0.15 m the temperature onutiace of the cylinder will become:
T=733 K for P=10 18, T=1063 K for P=16.5 10V and T=1233 K for P=20 fav.

On the bases of the data from Figure 3 the tertyrergradient module in the
cylinder wall was calculed. The calculed valuesgiven in Table 2.

10° P 1070 10*[AT/Ay

(W) (m) (K Cm™
10 5 36
10 14
5 4
16.5 5 50
10 26
5 8
20 5 60
10 28
5 12

where:

P - the power in plasma arc; L - the distance betwbe plasma generator and the
cutting tool, measured on the circumference ofDiesel motor cylinderAT/Ay - the
temperature gradient module.
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Fig. 3. The temperature distribution, T, in the cuttingaardepending on the distance,
L, between the plasma generator and the cuttiflg too

From Table 2 there can be observed that the tempergradient module
decreases when the distance L between the plasneragmnand the cutting tool
increases.

Having in view the thermophysical constants of ¢iiinder shell (the melting
temperature (F1573K+ 10%; the softening the temperature873K+ 10%) there was
used a cutting regime with limited heating by plasanc corresponding to the curve 2 in
Figure 2b.

The optimum area of roughing by cutting with plasana limited heating of
the outside and respectively inside surfaces otyfiader corresponds to the number 3
in Table 1. When the electric current intensity #4215 Ay the cutting temperature,
measured with an electric resistance pyrometer i2T3K+ 10%.

For electric current intensities | > 275.,Athe temperature at the cutting area
exceeds the melting temperature of the shell aacttitting tool is thermally strongly
affected.The temperature at the roughed surfacasuned with an electric
resistance pyrometer does not exceed 373 K. Thendepee of the thermal uniformity
coefficienty, along the length of the cutting tool (axis Oz &égure 1), is presented in
Figure 4.
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Fig. 4. The dependence of the non-dimensional magnituoie the z coordinate

case (A):
-the cutting speed: (1) v=1rt:g2)v=2m &; (3) v=3m &;
-the distance between the plasma generator armzlittieg tool: L = 0.10 m
-the anode spot radius: r = 430

case (B):
-the cutting speed: v = 2rit's
-the distance between the plasma generator anidgtttol: (4) L = 0.05 m; (5) L =
0.10 m; (6) L =0.15 m;
-the anode spot radius r=4"4m.

case (C):
-the cutting speed: v = 2rit's
-the distance between the plasma generator arndgtdbl: L = 0.10 m
-the anode spot radius: (7) r = 3°1®; (8) r=4 10m; (9) r=5 10’ m.
Observation:b is the cutting width, m.

The temperature along the length of the cutting &mge tends to become
uniform for low values of the cutting speed, (séguFe 4A-curve 1). When the cutting
speed is constant,(see Figure 4B), the temperatarg the length of the cutting tool
edge tends to turn uniform for high values of thstashce L, between the plasma
generator and the cutting tool (curve 6).

On the other hand, for the anode spot radius 624, the temperature along
the length of the cutting tool, on the cutting diste b=4 18m is uniform (see Figure
4C-curve 8).

By increasing the value of the anode spot raduou=5 10¢° m, there results
the thermal non-uniformiy of the cutting tool whigye cutting width is b=4 Ifm.

On the extremities of the cutting tool edge (b€8 in), the temperature has
higher values( =0.57) for the anode spot radius r=5%0(curve 9), as compared to
the temperature in the same points of the cuttiog but for the anode spot radius r=4
10°m (curve 8).

According to the data presented in Figure 4B-cérvilne thermal uniformity
coefficient of the cutting tool ig =0.75. This leads to the conclusion that the vedar
the cutting tool is reduced. The maximum cuttingueal used corresponding to
roughing the cylinder without any heating are pnése in Table 3.

Table 3:
Vo 10° 5, 10° M,
(m Y (m Crev?) (m)
1.33 0.22 3

where:
Vo - the cutting speed;
So- the cutting tool feed rate;
tp - the cutting depth.
The working life of the cutting tool having an aage wear VB~0.8 103m,
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isT=15 s.

Indeed, by using the plasma limited heating cgttiregime from Table 1
(number 3) it comes out that for the same averaggr WRB,=0.8 10° m, the working
life of the cutting tool ig = 165s.

The working life of the cutting tool has increasdt,=11 times when the
plasma arc limited roughing was performed, as coathb#o the usual roughing of the
shell from the marginal surfaces of the cylinder.

Using the roughing regime in Table 3 and respelgtitreat in Table 1 (number
3) it follous that the specific discharge of chipshigher by roughing with plasma arc
limited heating as compared to the usual roughing.

There have been noticed certain cylindricity déwied of not more that0.55
10° m on the radius as a result of the plasma aradinheating of the marginal
surfaces of the Diesel motor cylinders. As the pssing by cutting for the final
dimensions is commonly performed, these deviatayeqot significant.

5 CONCLUSIONS

1. For the cutting area, the temperature in the aytdrea is of 1273kt 10%. At
depths of y=4 18 m in the cylinder wall the temperature is up t@ 57

2. The specific volume of chips increases 5.3 timesnwhamighing by means of
plasma arc limited heating as compared to the Bpecilume of chips when using
the common roughing.

3. For the cutting area, the theoretical value ofrtli® between the temperature at the
cutting tool edge and the temperature at the Haleocutting tool is1 = 0.75.

4. Correspondingly the working life of the cutting techen roughing by means of the
plasma arc limited heating increases 11 times agpaced to the commonly used
roughing.

5. The analytical model for roughing by cutting witimited heating with plasma arc
of hard steel semiproducts gives satisfactory tesi$o in the case of semiproducts
with hard shell.
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REMARKSIN N=1 SUPERSYMMETRIC GAUGE THEORIES

RADU TATAR?!

ABSTRACT. In the present paper we are developing some news fac
concerning the dynamically generated effective midés and the vaacuum
structure for N=1 supersymmetric theories. We asingu theories with
different gauge groups and we are trying to obtainnections between these
theories. As a first example, in this paper we eoasidering the case of
unitary groups SU and SP and we are showing thiegecific ranges of N
and N, the theories based on these groups are equivaletite sense
introduced in this paper (they have the same dffecpotential and the same
vacuum structure). For other ranges, the SP thisoeguivalent with SU on
some singular points of the last one.

1. INTRODUCTION

There are already 2 years since the exploring ofr fdimensional
supersymmetric field theories which are exact hadex with the work of Seiberg [2]
when the number of flavors and the number of caoeswithin specific ranges.

Ever since, a large amount of work have been dotieis area for all types of
classical gauge groups [3] [6] [7] and even for s@mceptional groups as @& [8] [9].
For all these theories the effective potentialseangtained for all ranges of the number
of colors and number of flavors. Besides, many Itesuave been obtained for the
different phases of the theories (for a very dethdiscussion see [11]).

Another achievement made in these theories wasdiitevery of an electric-
magnetic type duality for these theories [10] whishthe analog of the dualities
appearing in N=2 [12] and N=4 [13] [14] supersymiicetheories. Besides the original
approach of [10] which considered fermions onlythie fundamental representation,
later results considered also fermions in the atlj@presentations and other cases. [16]
[17]

What appears to be rather interesting is thatHeories with different gauge
groups, the form of the effective potential cantbe same, fact which is of course
simply connected with the Dynkin index for the fangental and adjoint representations
for different groups. Moreover, it turns out thiag thumber of vacuum states can be the
same for two different theories. Starting from #héso observations, we introduce the
concept of equivalence between such two theories.cbncept of duality is apparently

YUniversity of Miami Coral Gables, Florida, 33124 3A.
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weaker than the concept of duality because forlaeggmce we are not requiring the
'tHooft anomaly condition.

The equivalence concept can give another classificaf theories, besides the
group structure classification and the duality. Whene takes the combination of
duality and equivalence, the spectrum of dualitiwhjch are defined only for the
theories with the same type group (SU, SP, SO ceithe extended to a type of duality
between theories with different types of groupss(ite denote by equduality).

We analyse the possible connection between 2 idsewrith different gauge
groups, one with SU ()Nl and the other one with SP(2N2), both having the matter
content in the fundamental representation. We stibw that in some cases two such
theories can be taken equivalent, in thee sendethiegy have the same effective
potential and the same number of vacuum statesaletry to make an attempt to
discuss their dualities, which could enlarge the afedual theories to theories with
different gauge groups.

A summary of our results is the following. For(N. - 1, we find that SU(N
and SP(2N- 2) give the same effective poteential and hheeseame number of vacuum
states.

In section 2 we discuss briefly the results of [3] for the SU groups and the
results of [7] for SP groups.

In section 3 we are considering the cagseN{ - 1, for which the two theories
are equivalent in the sense of their equal effecpetential and number of vacuum
states.

In section 4 we are going further and discussctases N= N; and N = N, +
1, for which the SP theory will be equivalent to 8idory at a singular point, where the
“baryons* are zero.

In section 5 we discuss the problems which apjpesection 4 and something
about the dualities for NN, + 1.

2. SUPERSYMMETRIC SU(N.) AND SP(N.) GAUGE THEORIES

2.1 SU(Ny)

These are the “oldest” theories treated in thedlitee, starting with seminal
papers [1], where present ideas were introducearder to discuss for the first time
dynamical SUSY breaking. Actually the constructmnexact effective potentials and
the supersymmetry breaking appear both in thealrdiscussion.

In [2], the four dimensional supersymmetric gaubeories which have a
continous manifold of inequivalent vacua was tréatedetail, for a particular range of
the number of flavors when the number of colorsixed the starting point was the
supersymmetric QCD, based on an Sy@auge theory with Nlavors of quarks, Qn
the fundamental representation angl i@ the antifundamental representation. The
anomaly free global symmetry is

SUni X Sune X U(D)r 1)
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where the U(Jg charge of Q i ~No .
f
For these theories has been shown in [2][3][11]t thee effective Lagrangian

dynamically generated for these theories is
1/ No-N;
/‘SNC—N,

Wy = (N, =N, JON =N, | =—— @)
detQQ

whereA\ is the dynamically generated scale of the thethiy determinant is over all the
matter fields in the low-energy theory(which liddve the dynamically generated scale)
and thee factor appears as a sign of the fact that we havéple vacua.

One of the main features of this case it is thatdlassical and quantum levels
differ dramatically. In the classical theory, ttealsir potentialis zero for an entire space
given by the flat direction correspondingto squarKsis space is the classical moduli
space of vacua.

For the quantum case, formula 2 tells us thatahly value for whichthe
potential is 0 is at infinity, which cannot be animium. So at quantum level the
degeneracy is completely removed and the theorg doehave any vacuum.

To characterize the moduli space gauge invariaintlj2] were introduced the
following gauge invariant combinations

M:z Qr
=Q Q] 3)

N+ Ly N, ! i ol10'2 giNe

f
N 4)
and the same fdB. The lore is to call M mesons and B baryons.

Their charges are completely determined by thegesaof Q's.

The flat directions are the spaces of these nddsfisubject to a constrained
which simply connects the 3 fields and follows fraimee Bose statistics for the
fundamental quarks.

At classical level, in the casg®W,, there is only one constraint

det M-BB=0 (5)

At quantum level this changes because of a onariton effect.

The modified form for the constrain is

det M-BB=A?"° (6)

The quantum space is different from the classioal ©f course, the effective
potential given by (2) is now 0.

One important observation consist in the existarfcgecific points where the
global symmetry is enhanced. This points are ca#ledjular points. One of the
important singular points is the one with
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B=B =0, )
and the M matrix is
M = /\20ij (8)

It is obvious that in this case the condition {®)satisfied. In this case the
flavor symmetry SU(N is broken to SU(N. This is an important result which will be
used later. The "t Hooft anomaly conditions artisBad for the broken symmetry.
(conform [2]).

For the case NN +1, the quantum moduli space of the massless thedhe
same as for the classical theory. The differencerdst this case and the preceding one
consist in realization of the confinement, foj=N. the confinement is realized with
chiral symmetry breaking and foriN.+1 the confinement is realized without chiral
symmetry breaking. [2][11]

For the case N\t N.+2, the quantum moduli space is the same as thsictd
one. The method of constructing the effective pidérs different and for these case
appears the duality.

2. 2. SP(2N,)

In this case the gauge group is the symplectiamr8P(2N,) this being the
subgroup ofSU(2N,) which leaves invariant an antisymmetric ten$8rwhich can be
taken to bel = 1703,

The dimension of this group M.(2N, + 1). The matter content consist 2\
fields Q, i = 1. . . 2N;, in the fundamental representation 9(2N.) which is 2N,
dimensional.

The noduli space of degenerate SUSY vacua, givethdyero's of the scalar

potential is given by
g ifi=j<Nyori=j+N,
i = {0, otherwise '
for N sN.-1 and
_la, ifi=jsN ori=j+Ny
Qi = { 0, otherwise

The space of vacua is now specified only by "mesuperfields, which are
given byMij:QicdeJCd.
In the caseN; (N1, explicit calculations of [7] showed that the effeet
potential dynamically generated in this case iggiby
Ned ANy, \Y(NetN )
c!Nf

W, =(N,+1-N, )0y _y | ——o )
of FANN PfM
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The results (2) and (9) will one of our startingr® in the next section.
ForN; >N, we have the same behavior as in$¢N.) case for different values
of both N's. We will return to this common featlater.

3. Ng sN¢-1. THE EQUIVALENCE BETWEEN SU(N¢) AND SP(Nc-1)

First we define what we imply by equivalence.

We say that two theories are equivalent if theyehthe same effective
potential and the same number of vacuum statessome cases the equivalence
requirement can be stronger in the sense that tgudvaent theories can have
additional common features, but these are the sapesonditions for the duality. We
return to this discussion in the conclusions.

3. 1. Pure Yang-Mills theories (no matter)

Consider two pure Yang-Mills supersymmetric gatiggories, one with gauge
group SU(N,) and the other one with gauge gro8B(2N.-2). The only kind of
confinement which appear at this level is the gaogiondensation, gaugino being the
fermionic partner of the gluons in the vector stipét.

In [5], the result for this condensation for owogps was

<A>
M) =[N /A . and PN 72 =2_2/ e . (10
o 64772 N A

27
c &P

where the indices for (denote the group to whighstale correspond. Again tBgc
factor represents the root of unity and the indierotes the number of vacuum states.
Now we make one important assumption for our gagrgeips. Assume that

the two scales are related by the following
2 .3

e 3 3
2 Ne :/\SU :/\NC,O (12)
In this case we can write the two relations in) (b single form
< AA >
3 = /|3 OD (12)
32 SP,SU Nc. NC

which tells us that the gaugino condensate is #mesfor both theories therefore the
vacuum structure is the same, both theories ha\irgcuum states.

The effective potential of the pure Yang Mills theds constructed with the
help of the "glue-ball" field S. Because S hasasce logh®™™; for both theories, and
now the two scales are taken to be equal, the -lgflis” of both theories are identical

giving the effective potential:
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/\3NC 13
W(S)=S[Iog[s“N°c'°]+Nc] (13)
The two requirements for equivalence are now $atisind we state that at
pure gauge levedU(N.) andSP(N.-2) are equivalent.
The choice of 11 allows us to state this equivadercsimilar choice will be
made after introducing flavors.

3. 2. Supersymmetric QCD

Let us now introduce matter fields in the fundarabnepresentations of both
gauge groups as we discussed in section 2. For &dan introduce any number of
flavors but for SP we can introduce only an evemioer of flavors as it is required
[15]. Suppose that at each level of introducingterathe number of flavors introduced
in SP theory is always the double of number ofdtavfor SU, i. e. in SU we are
introducing flavors one by one and in SP we an@thicing flavors in pairs. So, at each
level we will haveN; matter fields in the SU theory ar@iN; matter fields in the SP
theory, denoted b@' ™ i=1..Nf andQ'™, i=1...2N.

The gauge invariant combination of matter fieldseniatroduced in section 2.
As a function of these we have the effective paadsgenerated non-perturbatively as
in (2), (9).

As it is obvious from these two formulas, the owdi for (appearing in both
theories is the same, so the number of vacuurnrsdtatee same.

We make now another assumption. We suppose teafHy for the squarks
are the same in both theories. With this, we wbte @ show that for ani N,

PfMgp(onc-2)= detMgyng-

where the indices of M's denote the correspondawgg groups. Of course, for SU we
haveN flavors and foiSP2N; flavors.

The relation between scales is considered to bererglization of 11 as
follows

Ne—2 A3NG-N — AS3N-Nf
2 /\SP(ZNfC—Z),2Nf _ASJNC,Nf (15)

Using now (14) and (15), we can state that thentiatls for the two theories are equal.

Coupling this with the above equivalence betweacuum structures, we can
say that the 2 theories are equivalent.

4.N;=Ng N+ 1

For this case, our previous discussion fails. Thibecause of the "baryons"
appearing in the SU theory and not appearing irStReheory. In SP theories, because
the "baryons" are defined with (factors, they cardbcomposed in products of mesons.
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We cannot say that such products are baryons bedhasmesons have zero
baryon numbers(so their product has also 0 barywnber) whereas the baryons have
non-zero baryon numbers. So, indeed, the only gaugwiant fields for SP are the
mesons.

This means that the theories cannot be equivalEié SP theories are
equivalent with SU restricted to a singular poingé. to a subspace of the moduli space.
This point of the moduli space is exactly the orecassed in section 2 i. e. the point
where the 2 baryon fields are 0 but the meson 8Béltsatisfies the quantum moduli
space condition det M¥"® The effective potential is 0 for both theories from
definition.

For both theories, by adding mass terms to theamhecally generated
superpotential, one obtains the fermion condensatioven by the expectation values
for the meson field M. N(N,, where all the classical vacua are lifted, by addi

w —%m”Mu for SP group and W, = mM for SU, the result for the expectation

tree —

value for M is

_ SN \UNG[ 1)
(M) =0, (2" ?PimADs ™) (mj” (16)
for SP(2N-2) group and
i 1/N i
_ 3Nc -N c(1 (17)
Mr —DNC[deASU fj (E)r

i J
for SU(Nc) group.

So the number of vacua is the same for both gremgsthis is true for the
entire moduli space of both theories. The expeamtatialues for M are also equal
because of the relation between scales [15] anid#rgity expressed in [14] which is
now changed with the same relation for m's, thecgsuof M’

The refore, our equivalence requirements arefiegtiand we say that SP(2N
2) is equivalent with SU(N for Nf= N..

We go further, to N= N..+1. In this case, as obtained in [7], the effextiv
potential for the light fields in the low energyetiry is

___Pm (18)
-1

W =- N
Nc-1 c
2 NsE
for SP(2N-2).
If compared with the result for SU(Nobtained in [2], again the equality

between the superpotentials is obtained for thgusim point B = B of the moduli
space for SU. Both theories have at origin of figbdice massless composite mesons so
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the chiral symmetry of the theory is unbroken thefais represents confinement
without chiral symmetry breaking for both theorias,opposed with the one with chiral
symmetry breaking obtained for N N.. So, again the two theories are equivalent in the
sense that they satisfy the 2 necessary requirement

5. POSSIBLE DUALITIESAND FURTHER COMMENTS

It is already well known that for the case>NN, + 2, SQCD can be described
in the original "electric" formalism and in the ddemagnetic" formalism. (see [10][11]
for an extended discussion of SU and [7] for thalithuin SP). The SU(N electric
theory has a dual description as a SN theory and the SP(2N 2) electric theory
has a dual description as a SP(2Nf - 2Nc - 2) theor

As in previous section, the SP(2N2) theory is equivalent with SU{Nand
the SP(2N2N.-2) is equivalent with SU(NN.). So if we have an equivalence between
electric theories, the same equivalencewill be betwtheir duals. An equivalence plus
a duality does not give aduality, because doesatigfy all the requirements(ex. ‘tHooft
anomaly condition). Nevertheless, some of the duédatures appear after composinga
duality and a equivalence.

If we start with SU(NY) at a singular point, by using the relation betwége
electric and magnetic baryons

g iNe = FiNdEiNG | (19)

J1dNg

(B are the electric baryons, b are the magnetigdrar andN, = N, - N ), we see that
the dual theory will be again at a singular poiliewe all the dual baryons are 0.

If the original mesons have all the entries nol;rthe corresponding M's
singlets which appear in the dual theory are noo aed therefore all the dual quarks
are massive. The low energy magnetic group leadgltino condensation after
integrating out all the massive fields and the spptential has the same form as in the
case N< N, but of course now the sign will be opposite.

For Sp theories, to M= QCdeJCd mesons correspond ;M= -M; singlets.
Again, for Pf M# 0 in the electric theory, the M singlets are nerozand again the dual
quarks are massive. By integrating out the massuwarks and using the relation
between scales and relation [14] the resulting sagtential will be the same as for SU.

So a duality plus an equivalence give an equivaelVe can say that SU{N
and SP(N- N, - 2) are equidual (obtained one from another bguality and an
equivalence).
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A NONLINEAR MODEL OF ECOSYSTEM
S. CODREANU?Y, M. F. DANCA?

ABSTRACT. The work presents the dynamics of an ecosystem thite
species in competition. The methods of nonlinearadyical systems theory
are used and different possible behaviour of tlsystem are revealed.

Introduction

It is well known that the increasing progress e tunderstanding of the
dynamical processes in ecology is due to the stfdynore realistic mathematical
models in this field [1]. Such models are in faanlinear differential equations
(ordinary, delay, partial, stochastic) or differenequations (when the variable timme
can be considered discrete). The basic charadaterist these equations is the
impossibility to be solved analytically. But, netlesless, a considerable amount of
informations can be obtained by using the methddth® new theory of nonlinear
dynamical systems [2-5].

In this work we present an application of thisayeto the study of the
nonlinear dynamics of the competition between thepecies. The main result is that
there are different possible behaviours of the icemed dynamical system.

Study of the nonlinear model
Let us consider the following system of three défdial equations:
dx; (1) _ .
o X, (1) 1- ZA” Xt =123

a
1 ixi(t)zl' 0<x, (t)<1 (1)
b i=1

= o T

and the parameters (a>0)

! "Babes-Bolyai" University, Faculty of Physics, 3400 CINppoca, Romania.
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A NONLINEAR MODEL OF ECOSYSTEM

The variable xdenotes the population density of the speicaw thei( j) - th
element of the matrix (A determines the effect of specie®n the growth rate of
specied.

The system (1) which contracts the volumes in thessp space has two steady
states, or equilibria:

X, =0 (i=12,3 )
and

. 1

' 1+atb

We will consider only the last, nontrivial equilibm, which depends on the
parametersa and b. Its stability is analysed by the known method legbto the
linearized system. Thus the stability matrix is:

(i=12,3 3

1
5i) = () “
which leads to the eigenvalues equation:
(1-2)*-3ab(1-A)+ a+ b’=0 (5)
The solutions of this equation are:
A, =1+a+b
(6)

atb i
A2,3=1_ > iz\/§|a_q

Sincea andb are positive, the eigenvalues (6) have positiat parts if
a+b < 2 and the equilibrium is unstable. If a*I®?, there is instability only in one
direction and the stability in a phase plane. Obsipif a+b = 2, then Reg 3= 0 and the
phase trajectory is a limit cycle which indicatesoscillatory behaviour.

We have investigated this dynamical system alsmarically using the
standard Runge-Kutta algorithm, and we observederdifit behaviours as the
parameters were varied. Some of these behavioarprasented in the Figures 1-4. In
figure 1 a steady state of the system is illusttaidne limit cycle can be observed in the
Figure 2. For the parameteasandb indicated in the Figure 3 the orbit asymptotically

3
approaches the corners of the triangular regiomneefby in =1 in a cyclic
i=1
fashion and finally rests in one of them. The samigaluiour is illustrated in the Figure
4 where the arrows indicate the evolution dirediai the phase trajectory of the
system.

Conclusions

We have investigated a special kind of ecosystgmmsing the general methods
of the theory of nonlinear dynamical systems. Baohlytical and numerical study have
revealed different behaviours of the system asgptirameters were varied. The model
considered by us could be applied also in biomédmiances.
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Fig.1 The orbit tends to a fixed point for a=0.01, Fig.2 A limit cycle for a=0.9 and b=1.1
b=1.6

Fig 3 The orbit asymptotically approaches one cor- Fig 4 A thee dimensional illustration of the behavior
ner of the triangular region (a=0.01 and b=2) from the fig 3
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A DETAILED COMPUTATIONAL STUDY OF RABINOVICH -
FABRIKANT (R.R.) MODEL

M. F.DANCA', S.CODREANU?

ABSTRACT. The nonlinear R. F. model, which cannot be anzyii
integrated is numerically investigated with thensierd Runge-Kutta method.
Different behaviours of the system are obtainethagarameters are varied.

The model investigated by us, which was proposeRdiyinovich-Fabrikant
[1] in order to explain the stochasticity arisirggthe result of development of
modulation instability in a nonequilibrium dissipet medium, is:

X1=X,(X; —1+x2) +bx,
X2 =X, (83X, +1-x2) + bx,

X3 = —2X (a+ X, X, )

with a andb positive parameters.

This system of three autonomous differential eguaticontracts the volumes
in the phase space if a > b so it could have aacatr. Also the system is symmetrical

by the changesx — x and y-» —y. For the physical reasons we will restrict olurdy
only to the casez¢& O.

Thus the equilibrium states of the system arg={0, 0, 0J and:

*

+a 2+r—ab+b2T
X,,=| ————,%al/ b(2 , — |,
L2 ( al b(2+ 1) +yalbz+n J

2+r

:
, +ta 2-r-ab+ P
X,,=| ————,%+alb2-r1), —m——
o { Jalb(2-r) G 2-r J
wherer = +/1- 2ak + 3b?

! Babg-Bolyai Univ., Faculty of Physics, 3400 Cluj-Napo&omania.
2 Spiru Haret High-School, 3400 Cluj-Napoca, Romania
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8=3/2b

a=(3b2 +4){2b

~
1.2

Fig. 1 Diagram of the parametric domains of the steady states

It is obviously that the nontrivial steady statehe system depends strongly
on the choice of the parameterandb.

In figure 1 we present a diagram of the domaingatiies of parameters for
which the steady states are possible. There arequilibrium states in the shaded
region.

The stability of the equilibria with the usual tedue applied to the linearized
equations is very difficult. It implies to solveetifiollowing eigenvalues equation:

det(A-Al) =0
where A is the Jacobi matrix evaluated at the ot
b+2x,x, X;—-1+x2 X,
A=|3x,+1- 3(5 b X,
—2X,X, —2X X, —2a- 2XX, «

So we decided to find the steady states and thex pbssible behaviours of the
system by numerical integration. For that we hasedla standard Runge-Kutta method
[2]. Our main results are presented in the Fig@r&s
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Fig. 2. A steady state.
a=04
b=0.09

Fig.

3. A limit cycle
a=1.1
b=0.1
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Fig. 4. A possible limit cyele

a=1
b-0.4

Fig.

S. A chaotic behavior
a=1.2
b=0.1
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Fig.6
A chaotic behavior
a=12
b=0.1

Fig.7

A three dimensional version of the Fig 3.

The transients have been neglected
a=0.06
b=0.05
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