Anul XLI

STUDIA
UNIVERSITATIS BABE $-BOLYAI

PHYSICA

1

Redactia: 3400 CLUJFNAPOCA str. Gheorghe Bilascu nr.24 Telefon : 194315,int.167

SUMAR -CONTENTS - SOMMAIRE

SOLID STATE PHYSICS

E. BURZO, R. TETEAN, Metamagnetic transitionsin Y (CoxNipx)zompounds . .. .... .. 3
M. COLDEA, I. BURDA, R. COLDEA, D. ANDREICA , Magnetic properties of LaMngAlg
AN CEMNGAlG .. . 11
M. PETEANU, I. ARDELEAN, V. SIMON, S. FILIP, G.GY ORFFY, EPR of Fe** ionsin
70Te0,-25B,05-PhOglasses ... ... 17
S. FILIP, O. COZAR, V. SIMON, I. ARDELEAN , EPR and magnetic susceptobility studies
of Cu® ionsSin BisOsPhO glasses . . ... ooooi e 25

V. SIMON, |. ARDELEAN, D. MANIU, V. MIH, D. ENIU, S . SIMON, Optica absorption
study on phosphate glasses containinguranium .. ........................ 35

1996



SPECTROSCOPY

L. DAVID, O. COZAR, L. SUMALAN, R. TETEAN, C. CRACIUN, N. POP, Structural
studies of some Cu(ll) complexeswith triazolylhydrazone . ... .............. 43
G. DAMIAN, V. ZNAMIROVSCHI, O. COZAR, M. TODIC A, V. CHIS, L. DAVID, R.
SALOMIR , Solvent effects toward on the mobility of the nitroxide radicals adsorbed
onXandY zeolites. . .. ... 49
I. MARIAN, S. CANTA, E. VERESS, M. VENTER, Surface enhanced raman scattering on
thecoveredredox glasselectrodes . . ............ ... 59
M. TODIC A, A.V. POP, D. CIURCHEA, D. STANIL A, G. DAMIAN, Solvent influence
of theresidual dipolar interaction in the polybutadiene toluene solutions . . . . . . . 65
M. TODIC A, J.P. COHEN-ADDAD, A.V. POP, D. CIURCHEA, NMR observation of the

pseudo-solid echoes in molten polysobutylene and polysobutylene-toluene Dg

SOIULIONS . . .o 71
M. TODIC A, V. SIMON, |. ARDELEAN, S. SIMON, NMR study of proton spin-spin
relaxation on polysoprene-toluene-Dgsystem . . ... ........ .. ... ... ..... 81

PLASMA PHYSICS

S.D. ANGHEL, A. POPESCU, A. SIMON, D. STANIL A, Review of High and Ultrahigh
Frequency Plasmas Used as Spectral Sources Operated at Atmospheric Pressure. 89

S.D. ANGHEL, E.A. CORDOS, T. FRENTIU, A. M. RUSU, A. SIMON, E. DARVASI,
Some fundamental characteristics for a RF capacitively coupled argon plasma with

tip-ring electrodegeometry . ... ... 109



METAMAGNETIC TRANSITIONS IN Y(CxNij.x)3 COMPOUNDS

E. BURZO?!, R. TETEAN!

ABSTRACT. The magnetic measurements on Y¢{ND x)s

compounds were performed in the temperature rang§805K and
fields up to 9 T. Metamagnetic transitions invotyinickel atoms, are
observed in the low temperature range, for compsumdth

0.%<x<0.6. Finally the magnetic behavior of the abovetaysis

analyzed.

INTRODUCTION

The YCg and YNk compounds crystallize in a PuMype structure
having R3m space group[l]. In the above lattice 3aransition metal atoms
occupy three types of sites. The cobalt and nigkelgnetic moments are
dependent on the characteristic environment of \@ergisite. The neutron
diffraction studies show values of cobalt momerfit8.65(3), 0.79(4) and 0.04(1)
g [2]. Very weak nickel moments were reported in Y¥hNamely 0.057(3),

0.073(3) and 0.065(3)s respectively [3].

The high field measurements performed on Y&lwow the presence of
two field induced successive transitions ae@® T and B=82 T [4]. These
metamagnetic transitions are believed to occurifégrdnt crystallographic Co
sites and are considered to come from a specigksbiadensity of state near the

Fermi level.

' "Babe-Bolyai" University, Faculty of Physics, 3400 CINppoca, Romania.



By gradual substitution of cobalt by nickel in YQwe expect that the
magnetic behaviour of the pseudobinary compounds b modified. The

presence, in the same compound, of very weak niokahents in addition to Co

ones can results in interesting magnetic properties

EXPERIMENTAL

The Y(CxNiix)s compounds were prepared by arc melting the
constituent elements in a purified argon atmosph&remall excess of yttrium
was used to compensate the loss of weight duringnge The samples were
remelted several times in order to ensure a goodolgeneity. The alloys were
then heat treated at 9%Dfor 10 days.

The X-ray analyses show that the compounds chggtah a PulNj - type
structure in all the composition range. The lattm@rameters are only little

dependent on composition, Fig. 1. This behaviouy becorrelated with nearly
the same radius of cobalt and nickel ions.
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Fig. 1. Composition dependencies of the lattice parameters

The magnetic measurements were performed in thpaeture range 5-

300 K and fields up to 9 T. The spontaneous mazgiain’'s, M, were



determined from the magnetization isotherms, acdogrdo the approach to
saturation law M=M(1-a/H)+#oH. We denoted by a the coefficient of magnetic
hardness angl, is a field independent contribution to susceptipilThe Curie

temperatures were determined from the thermal tianiss of magnetization’s in
low fields (B[10.01 T).

EXPERIMENTAL RESULTSAND DISCUSSIONS

Some magnetization isotherms, obtained for thepoamd having x=0.8
are plotted in Fig. 2. A transition towards a stagving somewhat higher
magnetization is induced by an applied field of $;@at low temperatures (5K).

The variation of magnetization (of metamagneticelypt above transition is
dependent on composition-Fig. 3.
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Fig. 2. Magnetization isotherms determined in Y{GNiy.); compound, at 5K

The increase in the magnetization at the critioald is of 0.012pg

(x=0.9), 0.07ug (x=0.8) and 0.0 (x=0.6). We attribute these transitions to the

nickel atoms whose magnetization’s increase urideaction of external field.



Similar transitions have been observed for cobalThCo, where two
states of different magnetization’s are inducedabyapplied magnetic field [5].
In our case, the transition is not so sharp ashi@dl. We attributed the observed
behavior to a distribution of exchange fields amshsequently of the critical
fields during this ferromagnetic-ferromagnetic typansition determined by the
presence of both Co and Ni atoms in lattice.
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Fig. 3. Metamagnetic transitions in Y (¢Mdi;); compounds with x=0.8 and 0.6, at 5k.

There are experimental evidence that in observetmagnetic transition
nickel is involved. The high magnetization stateYi@os; is observed in fields
more than one order of magnitude greater than ewpatally observed in the
present study. In Y(GdNi;.x)s the critical field is little dependent on compasit
even the exchange interactions decrease stronggnveobalt is replaced by
nickel. Also, the observed changes in the magneiizais of the order of
magnitude of nickel moment induced when replacitigun by gadolinium in

YNi3z[6]. In this case the meanvalue of nickel momeantease from 0.0ig (Y)

up to 0.15ug (Gd).



The neutron diffraction studies performed on Ex(fiex)s [7] show that
Ni atoms prefer the 18 h sites. We suppose thimisas substitutional preference
takes place in Y(GNi1x)s. We note that in Rm grror switch argument not specified. -
type structure the ratio of the atoms in h: c:tbssis 2: 1/2: 2/3.

In a first approximation we suppose that the rickagnetic moment of h
site in Y(CxNiy.x)3 is the same as that determined in Y{0.0654g). In this
case the nickel contribution to the magnetizatiol (CoxNiy.x)s will be 0.01g
(x=0.1); 0.04¢z (x=0.2) and 0.07& (x=0.4). By comparing the induced nickel
moment in GdNj, we expect an increase of Ni moment at the metastag
transition of the same magnitude as nickel momienYdi .

These agree with experimental data, except focdmepound with x=0.6.
Probably that in this case the high decrease ofettehange interactions, as
evidenced by changes in Curie temperatures, wiluence significantly the
nickel moments.

If we suppose that the decrease of the nickel mbmeroportional to the
exchange field, from the value evidenced in compowith x=0.1, the induced
moment will be about half than that expected, inreagment with the
experimental data.

The temperature dependencies of the magnetizataoe’ plotted in Fig. 4.
Except for the compound with x=0.2 the samplesfem@magnetically ordered.
Both the saturation magnetization’s and Curie teaipees decrease as cobalt is
replaced by nickel up to x=0.2.

As seen in Fig. 5 the compound with x=0.2 seenfi®etoon magnetic. The
disappearance of the ferromagnetism can be explajoalitatively by assuming
that a local minimum in the density of states ekxistween the Fermi levels

corresponding to YGoand Yng.
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Fig. 4. The thermal variations of spontaneous magnetization
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Fig. 5. The composition dependence of the magnetizatidrisKa

We analyzed the influence of external magneticldfieon the
magnetization’s of Y(Cg&Niggs compound. The magnetization isotherm
obtained at 5K is shown in Fig. 6. The magnetic rmpmncreases linearly with

a slope of ~ (300)us/T, up to 5 T and then saturates to a value of® Q1



We note that the induced moments per unit fieldhiear region is close to
that determined in cobalt compounds [8,9]. It via# interesting to study this

compound in higher external fields, some magnediesition being expected.
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Fig. 6. Field dependence of magnetization in Y{&Nio.)s, at 5K.

We conclude that in Y(Gdi1.x)3 system the metamagnetic transitions are

present, these being attributed to the contribstmmickel atoms.
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MAGNETIC PROPERTIES OF LaMAls AND CeMnAlg

M.COLDEA?, |.BURDA!, R.COLDEA!, D. ANDREICA!

ABSTRACT. The occurrence of a Mn moment in Lapbh and
CeMnsAlg is strongly correlated with the critical value déR A of
Mn-Mn distance below which the Mn moments collapsés
progressive change from a Cestate at very low temperature to an
intermediate valence state at room temperaturesingrithrough
thermal excitation to the 3+ magnetic state, in Gl was
evidenciated.

INTRODUCTION

The magnetic moment on the Mn sites in RNIR=Y and rare earth) has
been shown to depend strongly on the Mn-Mn distdhgeA critical value of
d=2.67A was postulated, below which the Mn momshtsuld not be stable. We
have also found that a similar phenomena takeg pleBMnAlg (R=Y, Gd) and
RMngAlg (R=Y, Gd, Er) of ThMn, structure type where the critical Mn-Mn
distance was estimated to be 2.6 A [2-4]. In RMg both the magnetic and the
nonmagnetic Mn atoms were observed to coexist.théenodynamic properties
at finite temperatures of these compounds have Hesaribed in terms of the
self-consistent renormalization (SCR) theory ohsjtuctuations, as a transition
from the itinerant electron character to the lanament type of the Mn moment.
These studies revealed also the importance of noeirig magnetic
measurements in a large temperature range in twdenderstand the magnetic

behavior of the investigated compounds.

' "Babe-Bolyai" University, Faculty of Physics, 3400 CNapoca, Romania.
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The RMnAlg compounds where R is a light rare earth (R=La-Sm)
crystallize in the hexagonal (rhomboedral)4in; structure type in spite of the
big difference in the compositions of ThMmand ThZn,; [5]. The magnetic
susceptibility of LaMgAlg was measured by Felner and Nowik only in the
temperature range 1.4K - 170 K [6]. This compourakos antiferromagnetically
with Ty=4 K. It was shown that the magnetic susceptibodibheys a Curie-Weiss
law in the temperature range 50 - 170 K with theapwgnetic Curie-Weiss

temperature6=-186 K and an effective magnetic moment per Mamat
He=2.6 Ug, considering that all six Mn atoms in the unitnfimia contribute with

the same value to the total magnetic moment.

RESULTSAND DISCUSSION

The aim of this paper is to study the magneticestat Mn atoms in
LaMngAlg from different crystallographic sites in a largenperature range and
through a comparative study to determine the valesiate of Ce ions in
CeMnsAlg. The samples LaM@lg and CeMpAlg were prepared by argon arc
melting. The purity of the starting materials w&9®% for Al and 99,9% for
La, Ce and Mn. X-Ray powder diffraction measurersesiiowed that both
compounds formed the hexagonabdim-, structure. No extra lines in the X-Ray
diagrams were observed. The lattice parametere agth those reported in [5].
The unit cell of ThZny; structure contains three formula units. The Thrato
occupy the position 6¢ and the Zn atoms are digibver four crystallographic
sites, namely 6c¢, 9d, 18f and 18h (in the Wyckofftation with the
corresponding multiplicity). This structure typencaccommodate four formula
units of LaMngAlg and CeM@gAlg, five atomic positions remaining unoccupied.
In order to identify the positions of atoms in tinait cell we took into account
the data for CeMyAl o [7] which crystallizes also in the 7&n,; structure type
and that the metallic radius of Mn is smaller thlaat of Al. The best fitting of
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the observed and calculated relative intensitigh®tines in the X-Ray diagrams
was obtained for the following distribution of theoms in unit cell: the 6c sites
are occupied by La(Ce) and Al atoms, the Mn andrémeaining Al atoms are
distributed at random over the 9d, 18f and 18lssitee number of Mn atoms in
these sites being 6,6 and 12 respectively.

The magnetic susceptibility of these compounds masasured between
100 K and 800K by a Weiss-Forrer magnetic balanite tie sensitivity of 18
emu/g. The temperature dependence of the reciprsoateptibilities of
LaMngAls and CeM@Alg is shown in figure 1.
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Fig. 1. Thermal variation of the reciprocal susceptibifity LaMnsAls and CeMBgAls.

The inset of figure 1 shows the magnetization v®remperature for
LaMngAlg measured by Felner and Nowik in a magnetic fi¢l8 8Oe [6]. The
1/x(T) curve for LaMAlg presents two linear portions in the temperatungea
of 100K - 280K and 440K - 800K and between these iwervals the slope of
the curve changes monotonously. The magnetic stisitigypin these two ranges
of temperature fit a Curie-Weiss law modified byeanperature indepedent part

Xo, according tox=C/(T-8) + Xo. The values of the Curie constants and the



Ivie WA/ imbhioml vy ¢ AWIARST Yy T WWERLL Yy B 7MYVl

paramagnetic Curie-Weiss temperatures ar8.82 emu/mol.K and;=-160 K

in the low temperature region ang=20.98 emu/mol.K an@,=-1208 K in the
high temperature region. For the effective magnaienent per Mn atom in the
high temperature range results the valyg=3.8345 which is very close to the
Mn** ion value (3.8fds). Approximately the same value of the magnetic mom
(3.9245) one obtains in the low temperature region if wasider that only two
Mn atoms per unit formula carry a magnetic mom&he results show that the
magnetic character of four Mn atoms per unit fomn{dixteen Mn atoms in the
unit cell) in LaMnyAlg changes from an itinerant electron type to a looament
type with increasing temperature. In LapAhg, as in RMgAlg (R=Y, Gd, Er) of
ThMny, structure type, there are crystallographic simsipied by Mn atoms for
which the Mn-Mn distance d 2.61 A The Mn atoms from these sites have no
magnetic moment at low temperatures. The remaihmgatoms retain their
magnetic moments because the Mn-Mn distances aaghgr than this critical
value. These atoms are the six atoms from 18f amestwo Mn atoms from 9d
and 18f sites for which the condition for the neareeighbors & 2.61 A is not
fulfilled. The Al atoms from 9d and 18h sites ché t3d-3d bonds between Mn
atoms causing the local 3d band width to becomerowar. The
antiferromagnetic order at very low temperaturegus only to these Mn atoms
(two per unit formula) which retain their magnetimment at low temperature.
The contributionygy, in the measured susceptibility of the other four Btoms
per unit formula from 9d and 18h sites may be ustded in terms of the SCR
theory of spin fluctuations [8]. The temperatur@eledence ofq, is the result of
the increase of local moments with increasing teaipee. The average
amplitude <& > of thermally excited longitudinal spin fluctuati® saturates at a
certain temperature T*, above which the suscefptibis governed by local
moment type fluctuations. In LaMAl ¢ this saturation temperature has the value

T*=440 K, where the ¥(T) curve deviates from linearity.
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The magnetic susceptibility of Celyi ¢ exhibits a Curie-Weiss behavior
only for T>300 K (Fig.1). The Curie constant ané fGurie-Weiss temperature
are determined to be C=11.82 emu/mol.K &¥d716 K, respectively. These

values are greater than those obtained for Lgl\gnin the high temperature
range. These differences are due to the magneticemibof Ce ion$lc=2.57 g
obtained from the relation Cx+C,, considering thaty,, has the same value as
in LaMneAls. Because theic is close to the frep*'ce ion value (2.5445), the
Ce ion of this compound above 300 K is in a trimalstate. Below 300 K, the
1/x(T) curve has an irregular form what suggests agban the magnetic state
of Ce ions. The contribution of Ce ions in the nuead susceptibility for T<300
K has been determined from the differenge= X(CeMmnsAlg) - x(LaMngAlg).
The XcdT) curve shows a maximum aroung.= 200 K characteristic for the
intermediate valence state of Ce ions, and at loteenperature decreases
monotonously with lowering temperature. The thermatiation of the Ce
susceptibility in CeMgAlg results from a progressive change from & Gete at
very low temperature to an intermediate valenceéestd room temperature,

arising through thermal excitation to the 3+ magnstiate.
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EPR OF F8* IONS IN 70Te@ 25Bp03 5PbO GLASSES

M. PETEANU?, I. ARDELEAN? V. SIMON! S.FILIP? G.GYORFFY!

ABSTRACT. The structural investigation of 70Te@5B203BPbO

vitreous matrix was performed by means of iron ipasamagnetic
resonance. The ions distribution in several stmattaggregates was
tested over a wide range of concentration. Thd&nee state was also
determined.

INTRODUCTION . Paramagnetic ions are often used as probes i
exploring the structure of new vitreous systems, rhgans of their EPR
absorption spectra [1-3]. For thesanhramagnetic lons these spectra generally

consist in absorption centred aifg14.3 and gff [12.0 values [1-3].
The @ff [14.3 resonance is attributed to isolate ions stdjeto strong

crystal field effects, acting as principal interantin the spin Hamiltonian. The
theory of the g14.3 absorption was detailed for a variety of disiw vicinities
[4-7] options for the most convenient case beingilallle according to the
structural peculiarities of the investigated syst@&@acause the intensity of the
g J4.3 absorption increases when temperature lowasscannot be assigned to
transitions inside the median Kramers doublet abencase of the rhombic field
model [4], and it seems appropriate to considetatragonal distorted field case,
resulting in transitions having an isotropic g 28l.value inside the lowest
Kramers doublet [8, 9].

! "Babe-Bolyai" University, Faculty of Physics, 3400 CINppoca, Romania.
2 University of Oradea, Department of Physics, 3T@&dea, Romania.



The @ff [0 2.0 resonance is commonly attributed either tdated

paramagnetic centres of octahedral (tetrahedrainstry or to exchange-
coupled pairs [10]. Tellurite systems become evernenstudied because of their
interesting properties having numerous applicati@ss semiconductors in
microelectronics, etc. The vitreous state formatiorbinary tellurite systems
containing transition metal oxides properties hgviumerous applications as
semiconductors in microelectronics, etc. was ingastd in detail [11]. Tellurite

systems containing B®3 were studied for revealing their electrical prajgsras
well as the structural ones [12, 13]. For obtainngre information concerning

tellurite systems we studied the 70TEEHB203BPbO vitreous matrix

containing FeO3 by means of electron paramagnetic resonance.

EXPERIMENTAL

The xFe@03:(1-x)[70Te®-25B03-5Pb0] glass system was studied by

means of the EPR spectrometry.

Samples were prepared by mixing the chemical paegents TeQ
H3BO3, PbO, and FEO3 in suitable proportions and melting these oxide
mixtures for 6 minutes, in sintered corundum crlegpat 1256C. The melts
were poured on a stainless steel plate, at roompdeature. Typical glasses were

obtained. Their structure was checked by means-dyX diffraction analysis.

Up to x = 20 mol % F#EO3 no crystalline phase was evidenced. The EPR

investigations were performed at room temperatweubing a JEOL-type

spectrometer, operating in the X frequency bandis(&Hz).

RESULTS AND DISCUSSIONS

Glasses of the system >dag(1-x)[70Te@-25B203-5PbO] were
investigated by means of EPR for x varying in thege 0.8x<20 mol%. The

features of the recorded spectra are detailedgnlFi
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Fig.1. EPR absorption spectra due td'Hens in glasses of the system 70T@6B,0;BPbO.

EPR absorption are due to3e(3P; 6S5/2) ions entering the matrix as

paramagnetic species. According to Fig.1 there sdrang dependence of the

absorption spectra structure, and the values cEB parameters, on theJdes
content of the sample. Mainly, the structure of spectra consists in absorption

centred at g14.3 and gl 2.0 their prevalence depending on concentratidn. A

low Fe3* content resonance's centred aflgl.3 prevail in the spectrum. As
shown in Fig. 1 their intensity rises on a shori@tration range, then suddenly
decreases, becoming favoured the absorption[a2®. This evolution may be

easier followed by considering the concentratiorpetielence on the EPR

parameters, i.e. the line-height I, the line-widtH, and the intensity of the



absorption line approximated as J =AHJ2. The concentration dependence of
these parameters is plotted in Fig. 2 and 3 foratheorption centred atlg4.3
and g12.0 respectively.
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Fig. 2 Line-intensity (a) and line-width (b) dependerme the FgO; content of the
sample, corresponding to absorption at43.
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Fig.3. Line-intensity (a) and line-width (b) dependenae the FgO; content of the

sample, corresponding to absorption at4y3.

In contrast to the @1 4.3 resonance's whose intensity increases on a
extremely short concentration range &381 mol %), abruptly decreasing, and
disappearing for x>5 mol % B@3, the gl12.0 absorption are detectable only for

x=1 mol % FeO3 and their intensity increases along the investgat
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concentration range £k<20 mol %). The increasing of thel¢2.0 absorption is
in prejudice of those centred atigt.3 values.
The gl04.3 resonance's removal during the impurifyingcpss is mainly

due to destroying of the neighbours configuratianthe iron ions vicinity.
Although randomly distorted these vicinities ammifar to each other having at
the origin the same crystalline structure of oxigesolved in preparing the
vitreous matrix, and the same ability of3ten ordering the surrounding. These
structural units are the microagregates which assloe independence of the
paramagnetic ions and their specificity of "isotltenes. The gradual increasing
of the paramagnetic ions density destroys the rsinotural ordering in their
neighbourhood and this structural units as chamatte entities become less
represented.

This restricted capacity of the matrix in accegtife3* ions in structural
units of well defined configuration and symmetrytypical for tellurite glasses
due to the particularities of their structure [14g]. During the impurifying
process the R ions substitute for 7. The microvicinity of the ion is a
distorted tetrahedron in the form of a roughly plamomplex, the symmetry

being low enough for justifying theld4.3 absorption.
The composition dependence of thél 8.0 absorption intensity shows an
increasing which do not follows linearly the €23 content (Fig.3). There is a

step during the impurifying process, at about 5 #oFe0O3 for the studied

glasses, over which, besides3fteron enters the matrix as #& species too.
Fe2t ions are not involved in the EPR absorption beirtmteractions with F&t
influence the characteristics of the absorptioadin

According to Fig. 2 the line-width of the [d 4.3 resonance's increases
along the investigated concentration range, buirtiti@l slope corresponding to

the dipolar broadening at low paramagnetic ionstardn(0.3x<1 mol %) is



changed at higher concentrations. The narrowinghef line becomes more
important after x(0 1 mol % FegO3, where, according to the line-intensity
dependence, this begins to decrease. The line-wieltheasing may reflect the
diminishing in number of partners involved in dipalipole interactions. A linear
dependence at low concentrations show a randomibdison of F&+ ions in the
vitreous matrix [16]. When the site population @dggs from randomness at
higher iron concentrations, the ions may inter&cbugh superexchange-type
mechanisms. Their strength is weak enough for famgumacroscopic magnetic
ordering, so the sample remains essentially paraet&g The superexchange
interactions of the nearest neighbours, even closeach other when the &3
content increases, act as narrowing mechanism efathsorption line. This
narrowing process is balanced by another broadgmocesses which now may
intervene, due to the structural units disorderiBgme of the low symmetry
centres no more contribute to the isotropic resoe'arat g14.3 and their EPR
signal is smeared out due to both its anisotropyg &me distribution of
parameters.

The line-width evolution of the @l 2.0 resonance's in Fig. 3 may be
explained having in view the clustered structureiroh giving rise to these
absorption. There are superexchange mechanismswnagrthe absorption line

balanced after a certain doping degree by broagemsechanisms due to

interactions between B& ions and the F&" ones.

CONCLUSIONS

EPR absorption due to ®& ions were detected in
xFe203:(1)[70Te®-25B03-5Pb0] glasses over the 03 x < 20 mol %

concentration range. The structure of the speatich the values of the EPR

parameters depend on glass composition.
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At small F8t ions content resonance’s centred &t 4.3 prevail in the
spectrum. They are due to isolated3Eéons in sites of tetragonally distorted
octahedral symmetry. Their number increases irOtBex<1 mol % range, then

abruptly decreases.
Over 1 mol % FgO3 the ions interact strong enough to be incorporated

gradually in a cluster structure. The correspondidR absorption are centred at
g 02.0. The investigated matrix is characterised ey pronounced tendency

of clustering the impurities.
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EPR AND MAGNETIC SUSCEPTIBILITY STUDIES
OF Cu2+ IONS IN Bi203:- PbO GLASSES

S. FILIPY, O. COZAR?, V. SIMON?, I. ARDELEAN 2

ABSTRACT. Results of EPR and magnetic measurements performed
on xCuO-(1-x)[Bi203-Pb0] glasses with @80 mol % are reported.
EPR data suggest a hexacoordinated geometry oftetinagonal-
distorted octahedral symmetry for Cu2+ ions. Thedification of
EPR spectra with the increasing CuO content ardaiqul by the
contribution of two kinds of copper ions: isolatud clustered ions.

The magnetic susceptibility studies show that ieestigated
X CuO-(1-x)[Bi203-PbO] glasses follow a Curie typehavior, the
Cu2+ ions, which represent approximately half o€ t&@u ions
(Nei?'INe > +cu'[0.5+0.6) are magnetically isolated, do not form

crystalline precipitates and seem to be randomsyriduted in the
Bi203-PbO matrix up to 50 mol% CuO.

INTRODUCTION

Electron paramagnetic resonance (EPR) studies @f+Gons in oxide
glasses have received a considerable attention,EfiR parameters being
sensitive to the local symmetry, the charactethefdhemical bounds as well as
to other structural factors [1-4]. In these papgkesconcentration effects of some
network-former (B203, SiO2, P205) and network-miedi{Na20, Cs20, ZnO,
PbO) oxides on the spin-Hamiltonian parameters legaht field absorption
energies have been studied.

Unlike the papers mentioned above, we have iryeastl the valence

states and distribution mode of copper ions, uEiRg and magnetic studies.

! Department of Physics, University of Oradea, 3R@nania.
2 Faculty of Physics, BakeBolyai University, 3400 Cluj-Napoca, Romania.
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Thus, in 19TeO2-PbO [5] and 2B203-K20 [6] glassrices, the copper
jons are in bivalent states, while in 2B203-PbO, B203-Li20 [8] and
70Te02-25B203-5Pb0O [9] glass matrices, both Cu+ @2t valence states
were evidenced. In past few years the glass sydtased on heavy metal oxides
(bismuth and/or lead) are investigated [10]. Theg aeharacterized by high
density, high refractive index, high thermal expans low transformation
temperature and excellent infrared transmissionceSnetwork bound strengths
of heavy metal oxide glasses are relatively weakpared to those of silicate
and borate glasses, the glass-forming regionsaamgaratively limited [10-11].

Although Bi203 and PbO are not traditional glassmers, they can
behave as main glass former in the systems basdteoBi203-PbO matrix,
because Pb2+ and Bi3+ ions are highly polarizabté the asymmetry of their
polyhedra inhibits the crystallization processesthe melts in which they
participate. Nakamura et al. [12] have investigatelamorphous ferrites in the
Bi203-Ca0O-Fe203 system and also the magnetic piepeof the rapidly
qguenched Bi203-Li20-Fe203 and Bi203-CuO-Fe203 [Kyajtems. Dimitriev
and Mihailova [14] have investigated the glass fation in the binary systems
Bi203-CuO, Bi203-MnO and Bi203-TiO2. Ardelean et §,15,16] have
investigated the glass formation and magnetic pt@se of XMO-(1-
x)[Bi203-PbO] glasses with M=Fe, Mn or Cr.

In this paper we report EPR and magnetic susdéptgiudies of xCuO-(1-x)

[Bi203-PbO] glasses with 0<%0 mol %, in order to obtain further information on

the distribution and the valence states of coper in oxide glasses.

EXPERIMENTAL

The starting materials used in the present stuele weagent grade purity
CuO, Bi203 and PbO. The samples were prepared kyngnof these chemicals

In suitable proportion and melting these admixtumessintered corundum
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crucibles at 125 for 10 minutes. The melts were poured on stasnideel
plates. The X-ray patterns were characteristiosimeous system. No crystalline
phases were evidenced up to 50 mol % CuO. The riagfea were obtained
using a Faraday-type balance in the temperatugeré@@-300 K.

The EPR measurements were realized at room tetperan X-band (9,4
GHz) and 100 KHz field modulation, with a JEOL-tygguipment.

RESULTS AND DISCUSSION

a) EPR studies
EPR spectra of Cu2+ ions in glasses wii xnol % consist of a single

broad asymmetrical line, without hyperfine struet(iFig. 1a). The characteristic

g values areg= 2.22 and g=2.05.

Fig.1a. EPR spectrum of Cliions for xCuO(1-x)[BiO; PbO] glass with x=0.003.
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Fig.1b. EPR spectrum of Cliions for xCuO(1-x)[BiOs; PbO] glasses with x=0.3.

EPR spectra become symmetrical with the increasirige CuO content,
due to the contribution of clustered ions charaoter by a broad symmetrical
line at g[12.1 (Fig 1b).

09+

Tkl

w 0.7+
[SY)
0.61-
0.5—/‘
0.4 L L 1 ! 1L
0 10 20 30 40 50

x [mol% ]

Fig. 2. The composition dependence of the EPR lineshaparasyry ().
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The coupling between these ions is realized byldigipole interaction.
By defining the asymmetry parametar) (as the heights of the,;gnd g
absorption (Fig. 1b), an increase of thealues with the increasing of the CuO
content is observed (Fig. 2). This fact may be @&xgld by the increasing of the
number of clustered Cu2+ ions with CuO content. sEhepectra suggest a
hexacoordinated geometry of the octahedral (Oh)nsstry with a small
tetragonal (axial) distortion for Cu2+ ions. This type of syminyeoccurs by an
elongation of the Cu-O bonds along the Oz axis.

The increasing of the ratio between the numbethef clustered and
isolated ions with an increase in x values is alsggested by the modifications
of the linewidths of the parallelAB;, and perpendicularABr) absorptions
(Fig.3). It is observed that th&B values increase with CuO content due to the
contribution of clustered ions. ThEB values increase for=80 mol % due to

the contribution of the broad line associated #odlustered ions.

450
400~
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AB [G])
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Fig. 3. PerpendicularABL) and parallel£4By) absorption linewidth vs. CuO content.
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b.) Magnetic susceptibility studies

The interactions between the Cu2+ ions and thefiluence on the
magnetic properties of xCuO-(1-x)[Bi203:-PbO] glasss a function of the
copper concentration were studied using magnesceqiibility measurements.
The temperature dependence of the reciprocal magnetceptibility of various
CuO-Bi203-PbO glasses is presented in Fig. 4.

15

%110 " %emu.g” )

100 200 300
TIK]

Fig. 4. The temperature dependence of the reciprocal miagsesceptibility of
CuQOBi,O3[PbO glasses: (0) 5, (x) 10,]Y 30 and {) 50 mol% CuO.

The reciprocal magnetic susceptibility follows arié-type behavior for
these glasses up to 50 mol % CuO. These resulggesughe copper ions are
magnetically isolated. In this way the copper igmesent the same magnetic
behavior as vanadium [17], cobalt [18] and nick&®][ ions in lead-borate
glasses, but it differs from that of copper ionsl#reO2-PbO [5], 2B203-K20
[6], 2B203-PbO [7], 2B203-Li20 [8] and 70TeO2-25B28Pb0O [9] glasses.
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To determine accurately the values of the Curiestants, corrections due
to the diamagnetism of the glass matrix and CuCewaken into account. The
molar values of the Curie constant (CM) are preskenin Table 1. The
experimental values of the Curie constants and emprently atomic magnetic
moments of copper ions for the studied glasses weweer than those
corresponding to CuO, considering that all coppesiare in the Cu2+ valence
state. We therefore suppose that in these glasgbsGu2+ and Cu+ ions are
present, the latter being diamagnetic. The reseh€@u2+ ions and the increase

of their number with cooper oxide content was ewvadel by EPR measurement.

Table 1.Curie constants, molar fractions of the copper iar@#* valence state and y/x ratios.

CuO content CM Cu2+0 content yIX
X (mol%) (e.m.u.-mol-1) y (mol%)
5 0.01165 3.1 0.62
10 0.02026 54 0.54
30 0.05616 15 0.50
50 0.09609 26 0.52

Thus, in the melts of these glasses the Cu2+dande induced according
to:

CU*+e - Cu'. (1)
In this case, bearing in mind that the atomic méagmeoment of free Cu2+ ions
is pett = 1.7315 (lus O 9.27410%3T™) that was usually observed in
paramagnetic salts [20], we estimated the molatiba (denoted by y in Table
1) of the copper ions which are in the Cu2+ valestage, using relation:
Ul = 2.83(Guly) 2 , y = 2.83Cy 12 . 2)
From these data we also estimated thg WNc2".c,” = y/x ratios for the

investigated glasses.
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This ratio takes values of approximately 0.5-Ol@lfe 1) and indicates
that more than half of the copper ions pass irCige- valence state.

The Curie constant, which is proportional to theagmetic ion
concentration and the square of the atomic magnatiment, must vary linearly
with the Cw+ ion concentration. In Figure 5 we present the24Cion
concentration dependence of the molar Curie cohstéins dependence suggests
that the molar fractions of Cu2+ ions has beeneotiyr estimated.

_/ ]
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Fig.5. The composition dependence of the molar Curie teohson the CHO
concentration in CuBi,Oz[PbO glasses.

CONCLUSIONS

In the xCuO-(1-x)[Bi203-PbO] system homogenoussga are formed up
to 50 mol%. The EPR data suggest for Cu2+ ionsxadwordinated geometry of
the tetragonal-distorted octahedral symmetry.

EPR and magnetic susceptibility data indicate that Cu2+ ions are
present as magnetically isolated species. They fewinithe dipole-dipole
interactions with increase of the CuO content.

The Curie constant values allow to established ith#hese glasses both

Cu+ and Cu2+ ions are present, Cu2+ representiagtd®-60 % of the cooper
ions in all investigated samples.
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OPTICAL ABSORPTION STUDY ON PHOSPHATE GLASSES
CONTAINING URANIUM

V. SIMON?, I. ARDELEAN?!, D. MANIU!, V.MIH! DANIELA ENIU? S.SIMON

ABSTRACT. Two phosphate glass systems containing uranium ions
xUO3(100-x)[2P0O5-PbO] and xU@(100-x)[2P>O5-NapO], with
0<x<20 mol % were investigated by optical absorptioacsmscopy

in the wave number range from 13000 to 300001.cmlasorption
bands centered at 18400, 20400 and 231d(l)ama observed in both

systems. Absorption bands at 16000 and 2200'6 cocur only for
uranium ions introduced in the lead-phosphate matnhile the

absorption band centered at 1575(51dsnrecorded only from samples
of sodium-phosphate matrix. The absorption linerstties denote

. . 4+ . .
that the most uranium ions are in Walence state, in the entire
. . i . 4

investigated composition range. The fraction of libns number

relative to the other evidenced valence state3+sahld U6+) is higher in
the lead-phosphate matrix than in the sodium-phatspbne.

INTRODUCTION

Oxide glasses and vitroceramics are investigated wcreasing interest
as possible nuclear waste hosts [1-3]. The gladsiaes used for storage of
radionuclides must be able to incorporate a higitert of radioactive nuclides.
Particular interest is accorded to uranium wastésThe solubility and stability
of the uranium ions in oxide glass matrices algoedd on the uranium valence
states. The most soluble ions are not the easirest to be stabilized in an oxide
matrix [5, 6].

! "Babes-Bolyai" University, Faculty of Physics, 3400, GNapoca, Romania.
2 University of Medicine and Pharmacy, Faculty of Phacy, 3400, Cluj-Napoca, Romania.
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In order to establish the valence states of thenium ions in two

phosphate glass matrices we carried out an omlzsbrption investigation that

allow to evidence the U ions, considered to be the best stabilized onemgm

the different states of uranium ions.

EXPERIMENTAL

The investigated samples belong to x3TD0-x)[2P05:Na20] and
xUO3(100-x)[2P>0Os5:-PbO] glass systems, wherex@20 mol %. The samples
were prepared by melting WO (NH4)2HPOQ4 and Na2CO3:10H20 or PbO

powder mixtures at 129C for 15 minutes, followed by fast cooling at room
temperature on stainless steel plates.

Optical absorption spectra were recorded at roemperature on a

Specord UV-VIS spectrometer in the wave number ¢ah§000-30000 cﬁ1

from plate samples of < 1 mm thickness and 5 mmmeiar.

RESULTS AND DISCUSSION

All samples containing uranium ions are light greatored. This result
L : 4+ . .
indicates the presence in the glasses ofibhs which confer them the green

. . . 3+ .
colour while red colour is typical for Uions and yellow colour for Uions [5].

The absorption spectra consist of lines disposednal 14950, 15750,
18400, 20400, 23100 Cinfor xUO3(100-x)[2P205-Nap0] glasses and around
14700, 16000, 18400, 20400, 22000 and 23100" cfor xUO3(100-
X)[2P205-PbO] glasses. The intensity of these lines arengimgables 1 and 2.
No absorption bands were registered for glass oastiix = 0 % mol).

The absorption lines from 15750 and 22000 onere attributed to U
ions, those from 14700, 14950, 16000, 18400 and@3m' to U ions and

~
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that from 20400 criboth to U” and U~ ions [5, 7].

Table 1.The intensity (in a.u.) of the lines from the optiabsorption

spectra of xU@(100-x)[2P>O5-NapQ] glasses.

1 ave nr. [cm]
N\ 14950 15750 18400 20400 | 23100
x[mol %]

0.1 2.0 1.0 0.5 1.1 1.2
0.5 1.2 0/7 0.3 0.4 0.5
1 2.0 1.8 0.4 0.9 1.2
3 5.7 4.3 1.6 2.7 3.9
5 6.8 5.6 2.1 3.8 6.0
10 10.4 9.7 4.5 6.7 8.4
20 9.0 8.5 4.2 7.4 9.6

Table 2 The intensity (in a.u.) of the lines from the eptiabsorption
spectra of xU@(100-x)[2P05-PbO] glasses.

cri] 14700 | 16000 | 18400 | 20400 | 22000 | 23100
X [mol %]
0.1 1.0 0.6 0.3 0.6 0.3 —
0.3 2.2 1.3 0.7 14 1.0 —
0.5 3.2 2.1 0.9 15 0.8 1.1
1 2.5 1.6 0.7 1.1 0.5 0.7
3 111 7.0 3.1 4.6 2.0 2.6
5 13.8 13.0 9.3 115 7.3 8.9
10 12.0 11.7 9.3 10.8 7.3 8.6
20 12.0 11.7 9.1 10.7 7.3 8.9

The uranium ions generally may appear éé U3+, U4+, U5+and Lf+. In
oxide glasses [8] their possible valence stateslar®/, V and VI. The valence
state IV of the uranium ions is considered to be ltlest stabilized one [6] in
oxide glasses.

The optical absorption lines indicate that a gpat of the uranium ions
introduced in the investigated phosphate glassiceatwere reduced during the

. 6+ .
preparation process from Uin UO3 to lower valence states Il and IV. The

presence of U ions in these glasses is not excluded, but thisnca state of
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uraniu ions processes no absorbtion bands in thesiigated frequency range,
and they confer no colour to the oxide glass madrimto which they are
introduced [5].

The ions number in different valence states wasidered proportional to
the intensity of the lines corresponding to thdermee state. There fore the total
uranium ions number was estimated pyltained from the addition of all line

intensities:
=D =l +ly+ly
i

According to this assumption the following ratiwere calculated:

I I ly,
fu=" fv =|_ and f{, =|_
t t t
as well as

| |
m="%¢ and mp="1¥
Ly Ly

in order to compare the ‘Uions share of the other valence states evidenged b
UV-VIS optical absorptionis spectroscopy.

All estimations were carried out by relative irgdgy measurements on the
same absorption spectrum, that allowed to avoidpitb&sible errors occurring
due to the differences in thickness, face planaityg faces parallelism of the
samples. From this reason we did not compare ttemsity of corresponding
lines arising from different samples.

The composition dependence of the relative intessobtained as above
described is plotted in figure 1 for the sodium-gblwate glass matrix and in
figure 2 for the lead-phosphate glass matrix. Gamearks a relative constancy of
the different valence state fractions for all saspfrom the two phosphate
systems containing more than 5 mol % 3J@ this case the highest fraction is

represented in both matrices Ry, fcorresponding to U ions, followed by the

fraction of U’ ions, f,, and that of J ions, f,

~
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Fig. 1L The composition dependence of different valent#es of uranium ions
fractions in xU@(100-x)[2P05-NapO] glass system.
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Fig. 2 The composition dependence of different valent#es of uranium ions
fractions in xU@(100-x)[2P0s5-PbQ] glass system.

An interesting composition dependence is obsefeetbw UO3 contents,

. -, 4+ .
0<x<5 % mol. In this composition range the number of ibns exhibit a
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maximum relative to the other valence states remesyy 65% in
xUO3(100-x)[2P0O5:Nap0]  for  x<0.5% U®B and 85% in
xUO3(100-x)[2P05-PbO] for 0.5<x3% mol U®. The same behavior is

observed in figure 3, which illustrates the composi dependence of the

N St St
multiplicity, m, of U'" ions number relative to U KArll:?“‘ and U iﬁzﬁu
1 VI

. 4+ . . .

ions number. For lead-phosphate glasses the anofudt ions is nine time
. + . . . 3+,

higher than that of U ions and seven time higher then the amount ofidhs

for 5<x<20 mol % U@. In sodium-phosphate glasses the number ofians is

three times smaller and that o?+Lilons Is four times smaller than that o?ljbns
for 3<x<20 mol %. The particular behavior regarding theemak states of
uranium ions in the low U®content composition range of the phosphate glasse

may be assigned to the structural changes inducélei structural units of the
phosphate matrix [9, 10].

CONCLUSIONS

The valence states of uranium are reflected in dptcal absorption

spectra both of PO5"NapO and RPOs5PbO glass matrices. The two glass
matrices differently influence the uranium ions diyuctural effects, so that the
absorption bands are not identical for the sampbedaining the same uranium
content. The origin of these electronic bands ie t¢ln electron splitting of
uranium ions in particular physical environment.

The position and intensity of the optical absanptiines in the 13000-

30000 cm wave number range indicate the preponderancé+dbUs relative to

U and U" ones, for both investigated glass systems. Tlaidra of U" ions
number relative to the other evidenced valenceesta higher in the lead-
phosphate matrix than in the sodium-phosphate one.
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Fig. 3. The composition dependence 61f+libns number multiplicity relative t03L+J (m) and
U6+ (m,) ions number for the lead phosphate (a) and soghmsphate (b) glass matrix.
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STRUCTURAL STUDIES OF SOME CU(ll) COMPLEXES IWH
THIAZOLYLHYDRAZONE

L. DAVID!, O.COZAR?* L. SUMALAN? R.TETEAN! C.CRACIUN', N.POP!

ABSTRACT. The Cu(ll) complexes with 2-N-acetyl-salicyliden-
hydrazino-4-chlor-methyl thiazole (L and 2-N-acetyl salicyliden-
hydrazino-4-thiazolyl acetic ester,(Lwere prepared and investigated
by electronic spectroscopy, IR, ESR and magnetisceqtibility
measurements. Elementary chemical analysis shoacthievement of
CuLCl type compounds. IR spectra suggest that Tu@h is
coordinated by two nitrogen atoms (from C=N bundi@se out of
thiazolic cycle and another from without) and oxggen atom from
phenolic group. The powder ESR spectrum of (@QlLis
quasiisotropic (g=2.113) at room temperature, wifde Culy,Cl is
characteristic of monomeric species with axial syt (g;=2.234,
0-=2.073). The isotropic ESR spectra of the CuLCl pounds in
DMSO solution suggest the presence of pseudo-trah
monomeric species. The anisotropic spectra werairadd for DMSO
CuLCl solutions adsorbed on NaY zeolite. The palallyperfine
structure shows the coexistence of two magneticeqoivalent
monomeric species.

INTRODUCTION

— (Hy—R
The copper(ll) complexes e N 'J‘ 2
0

with organic ligands are of large

: . |
interest  for the  possible 2 CHy

implications in pharmacology R=-CH(L))
. R=-C00C,He (L))
[1,2]. This paper reports the data CO0C2Hs

referring to some new Cu(ll) Fig.1. The ligand's structural formulae

' University "Babeg-Bolyai", Faculty of Physics, 3400 Cluj-Napoca, Roma.
2 University of Medicine and Pharmacy, Faculty ohRhacy, 3400 Cluj-Napoca, Romania.
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compounds with 2-N-acetyl-salicyliden-hydrazino#ez-methyl thiazole
(C13H12ON3SCI) (L ) and 2-N-acetyl salicyliden-hydrazino-4-thiazoltetic
ester GgH1704N3S) (L)) (Fig. 1). The choice of these ligand is motivabgdheir
different capacity of chelation due the existent®©pN and S donor atoms in
theirs molecules and by antiinflammatory and mipydsion activity which can
be increased or decreased by coordination.

In order to obtain further information concerning be tocal structure of
the metal ion, we have investigated the @liLand Cul,Cl compounds by

electronic spectroscopy, IR, ESR and magnetic paibdegy measurement.

EXPERIMENTAL

The synthesis of Cu(ll) compounds was performedtregting under
continuous stirring the aqueous solutions of G2ELO (0.1M), with the
acetonic solutions (0.1M) of the ligang, kespectively L (0.1M), calculated for
a molar rations of 1:1. The obtained dark greebisiwn micro-crystalline
precipitates were filtrated, washed with acetong dned at room temperature.
The elementary chemical analysis show that the wjp¢he compounds are
CuLCl.

Anal. Calc. for CulCl: Cu, 15.58; C, 38.29; N, 10.31; S, 7.86; H, 2.72
Cl, 17.42. Found: Cu, 14.83; C, 38.86; N, 10.237.80; H, 2.51; ClI, 16.9. Calc.
for Culy,Cl: Cu, 14.27; C, 43.15; N, 9.43; S, 7.20; H, 3.62;8.01. Found: Cu,
13.30; C, 43.33; N, 9.45; S, 7.35; H, 3.25; Cl27.6

The electronic spectra in the UV-VIS region wererformed with a
Perkin-Elmer lambda 15 spectrophotometer. IR measents were performed
with Perkin-Elmer 848 spectrophotometer in the 4000 cnt region by the
KBr pellets technique. ESR spectra were obtained@n temperature in the X
band (9.4 GHz) using a standard JEOL-JES-3B equipmEhe magnetic

susceptibility measurements were performed witaraday balance.
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RESULTSAND DISCUSSION

The most important IR bands for the ligands aredrtbopper complexes
are listed in Table 1. The bands assigned(@H) phenolic are lowered by 20
cm* in the spectra of the metal complexes indicatirginvolving of the oxygen
atom in the metal ion coordination [3]. TR¢C=N) exocyclic vibrations are
lowered by 40 cm and 10 crt in their metal complexes suggesting the
coordination of the nitrogen of imine group withetimetal ion. The bands
assigned t@(C=N) endocyclic are shifted by 30 ¢rand 10 crif respectively in
the spectra of the metal complexes. T€=0) ester vibration band appear at
1730 cni in the spectra of L.and of their Cu(ll) complexes.

The heterocyclic ring vibration appears at 18800 cm’. The bands
assigned to the(Cu-0) vibrations appears at 580 tmit 550 cni* and 540 cii

are observed the band characteristic o{j@u-N) vibrations.

Tablel
IR absorption bands (¢h
COMPOUND v(OH) v(C=0) Vv(C=N) v(C=N)
amidic exocyclic  endocyclic
L 3450 1695 1650 1610
CuL,Cl 3430 1695 1610 1580
Ly 3440 1695 1620 1600
CuL, ClI 3420 1695 1610 1590

The electronic spectra of the studied Cu(ll) campt show three
absorption bands at 13793 ¢n8382 crit, 23640 crit for CuL,Cl and 13458
cm*, 19047 crit, 24752 crit for Culy,Cl which could be assigned 8, E,

’B,_.?B; and a charge transfer transitions, respectivdly [4
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The values of the magnetic moments 1164 (CuLCl) and 1.75pug
(CuL, Cl) obtained from the magnetic susceptibility datad the values of the
electronic transitions are in agreement with aateddral distorted geometry
around C@'ions [5].

The powder ESR spectrum at room temperature of @uls
quasiisotropic (g=2.113). The shape of the spectisimot changed when the
temperature is lowered at 120 K, this fact sugggstihat the complex contains
grossly misaligned tetragonal axis [6]. An anispiccsspectrum characteristic for
monomeric species with axial symmetry,$8.234, g=2.073) have been
obtained for powder CylCl compound.

Room temperature ESR spectra of both CuLCl comgeun DMSO
solution (10 mg/cry) suggest the presence of pseudo-tetrahedral maiwme
species. No hyperfine splitting due to the intacacbf the paramagnetic electron
with nitrogen nuclei was observed.

The anisotropic ESR spectra were obtained for ragsoDMSO CuLCl
solutions on NaY zeolite (Table 2). A careful arsayof the hyperfine structure
from the parallel band (Fig.2) indicates the coexise of two magnetic
nonequivalent monomeric species [7]. ESR data conuag Cu(ll) ions in the
tetrahedral configuration are particularly due he tdecreasing of hyperfine
structure constants and the increasing of g-val@spect to those usually
observed in square-planar or octahedral-distortedr@ayments [8]. The dA
ratio has been considered as a convenient empinciéx of tetrahedral
distortion for copper(ll) complexes.

It has been pointed out that for square planacsitres this ratio have the
values in the range from 105 to 135 cm [9]. Th&Ag ratio have the values 118
cm for CuNO, chromophore and 1682 cm for CuQ chromophore in the case
of the both monomeric species emphasized by usteTisestrong tetrahedral

distortion for CuQ relative to CuNO, chromophore.
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Table?2

EPR parameters of mononuclear species obtainetVi@a@CuLCl
solution adsorbed on NaY zeolite

Compound [0 oo Ay[G] Chromophore
CuLCl 2.383 2.063 128 CuQ,
2.334 2.063 183 CuN,O,
Cul,Cl 2.378 2.081 125 CuQ,
2.336 2.081 183 CuN,O,

These results are in agreement with a squaretpsnature for CubD,
monomeric species and a strong tetrahedral distoftir CuQ species when the

ligand molecules are completely substituted by DMB&@ecules [10].

A,=183 G

r— |

g.= 23
L

1 | =

A,=125G

R

Fig.2. ESR spectrum of DMSO CulCe solution adsorbed on kiedfite.

gl=2,081
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CONCLUSIONS

IR spectra of thiazolyhydrazone complexes andr tBei(ll) compounds
show that metal ion is four coordinated by twoogen atoms, one oxygen and
one chlorine atom. Electronic transitions and thti@s of the atomic magnetic
moments are in good agreement with theoreticahasions to the 3osystems in
tetrahedral distorted geometry. Powder ESR spegftr@u(ll) complexes are
quasiisotropic for CulCl and anisotropic with axial symmetry for GuLl. The
anisotropic ESR spectra obtained for DMSO CuLCusohs adsorbed on NaY
zeolite suggest the presence of two magnetic navalgnt chromophores (CuO
and CuNO,). The values of A, ratio show more tetrahedral distortion for
CuQ, environment than for Cul®,. Also, exchanging a less electron rich O
atom ligand for a more electron rich nitrogen atemds to lower gand increase
A
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SOLVENT EFFECTS TOWARD ON THE MOBILITY
OF THE NITROXIDE RADICALS ADSORBED
ON X AND Y ZEOLITES

G.DAMIAN!, V.ZNAMIROVSCHI, O.COZAR, M .TODICA, V. CHIS,
L.DAVID, R. SALOMIR

ABSTRACT. ESR spectroscopy was used to investigate the
localization and the rotational motion of 3-Carbai¥h2,5,5-
tetramethyl-3pyrrolin-1-yloxy (Tempyo), 4-oxo-2,%&etramethyl-1-
piperin- yloxy (Tempone) and 4-acetamide-2,2,6ttaethyl-1-
piperidin-yloxy (4-Acetamide-Tempo) nitroxide radis in chloroform
and deuteriated chloroform solutions adsorbed @an&X'Y zeolites.The
changes in spectral lineshape and linewidth forodudsl nitroxide
radicals in normal and deuteriated chloroform emvinents are
interpreted in terms of dynamic properties, intttoas and localization
sites in cavities.

INTRODUCTION

The ESR study of the adsorbed organic compounds twansition-metal
lons on various porous surfaces give valuable mé&bion about the modification of
the local structure and interactions of the mokecabmplexes inside pores [1,2].
The local environment has a notable influence emthgnetic characteristics of the
adsorbed probes, thus the ESR signal relays infmman the structure and
dynamics of the probe and solvent [3].

ESR spectra of a nitroxide radicals dissolved anmal and deuteriated
solvent and adsorbed on various porous materiaks ggeful information about
isotopic effects and dynamical properties. Thelioaon of the probe molecules

can be also studied by this method [4].

1 "Babe-Bolyai" University, Faculty of Physics, 3400 CNppoca, Romania
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In this paper we report a comparative ESR studyhi@e nitroxide radicals,
Tempyo, Tempone and Acetamide-Tempo, dissolvet@iloraform and deuteriated

chloroform and adsorbed on NaX and NaY zeolites.

EXPERIMENTAL

A 4x10" mole/liter concentration solutions for the Tempygetamide
Tempo and Tempone nitroxide radicals (Fig. 1) iloidiorm (CHCE) and 99.8%

deuteriated chloroform (CDglwere preparated.

ﬁ 0 NHCOCH
H C—NH 3
\ A 2
.
N N
Tempyo Tempone Acetamide Tempo

Fig.1. The structure of the nitroxide radicals

The general formula for the used Bayer zeolitetNafAlO ,);(Si0,)19,4 2H,0 where z

Is about 260 and j=86 for NaX zeolite and j=56NalY zeolite. The zeolites were dried
four hours in air at 15C before impregnation in order to remove free wakbe
samples were prepared by stirring two days theteggalith nitroxide solutions. After
filtering the samples were washed with fresh solaed dried until a dry powder was
obtained. ESR spectra were recorded in X-baidbGHz) at room temperature with a
JEOL-JES-3B spectrometer with a field modulatioh@HIKHz.
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RESULTSAND DISCUSSION

The shape of the ESR spectra of the adsorbedidgroadicals solutions are
related on the molecular reorientation motionhi$ tmotion is fast on the ESR time
scale the spectra will be isotropic with the avesagf the principal components of
the g-values and hyperfine splitting factaf) [5]. The rate of the isotropic motion
determines the relative widths of resonances: eowaresonance for rapid motion
and a broader resonance for slower motion.

The analysis of the ESR line shape and line witltss been performed in
terms of rotational correlation times of the spiolg@s. For isotropic motion in the
rapid tumbling limit, the widthdH,,,, of an individual (hyperfine) line, in the first
approximation can be written as a function of theomponent of the nitrogen
nuclear spin numben€-1, 0, 1)[ 5, 6, 8]:

AH,=A+Bm+Cnt (1)
where the A coefficient includes other contribuidhan motion. The terms B and
C are functions related to the rotational correfsl timet for the motion and can
be defined as a function of peak to peak line waltthe central linedH,, and the

amplitudes of thenth linel,, [6]:

Il -1

e e e A e

I, Iy _ 6 N |2 N
C:;AHO[ TR O —2] =1.181110 ’(Aa J +3(z )]r -
- Sarr) - Harr)
in which
1 1
£9=0,= (s~ 9y 99=2( 9o ) (4)

Aa“:ag—%(ayx+ d)) od :%(%— 3) (5)
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and w=8.8x10%a">, a" is the isotropic hyperfine splitting andy the ESR
spectrometer frequency in angular units.

In range from B0 to 10° s (motion in the rapid tumbling limit) and
magnetic field above 3300 @g and4a" vanish, and the correlation timegsand
Ic are directly related to th& andC coefficients by the following simple relations
[6]:

=1, =K/B (6)

Tc =Txy= KJC (7)
whereK; =1.2710° and K, = 1.1910°. The average correlation times is:

T =1/3(ts + 2t¢) (8)

In the case of slow motion, the correlation timeswevaluated from the ratio
of the observed splitting between the derivateeex#tA,; and principal valué\z,,
determinated from rigid matrix spectrum [6,8]:

r= a[l— if 9
A

The a and 8 parameters depend on the kind of the diffusiorcgss. For
small spin probe, the intermediate jump diffusian preferable [9]. In our
evaluation, we takeo=5.910"° and3=-1.24 [6].

With the procedures described above the corral@itioes for isotropics and
anisotropics spectra were calculated.

The rotational correlation times, can be used alwutate the apparent
microviscosity 7 of the partially dehydrated medium using the DeSByakes-

Einstein relation:

V
r= ’IZ—T (10)

wherer is the average correlation timé the volume of the probe moleculgthe
viscosity near the probe moleculg, the Boltzmann's constant anfl the

temperature. The volume of the nitroxide molecubss walculated assuming the
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prolate ellipsoid of revolution with the same shsemiaxes and different long
semiaxes. The optimum dimensions of the molecules walculated using
ALCHEMY program.

In general, even in isotropic media, the motionthe nitroxide molecule
undergo anisotropic [6, 7]. Thus the ESR spectratrba treated in terms of two
correlation times corresponding to the motion alpoimicipal molecular axis and to
the translation of the molecule [6].

The motion of the nitroxide molecules inside zeois determinated by the
existence and the strength of the acidic sites.sitemgth and the concentration of
the sites are depending on the Si/Al ratio [8]. Ekelites with low Si/Al atomic
ratio (1-1.5), (zeolites X), have higher conceirabf sites with moderate acidic
strength and the zeolite with Si/Al atomic ratioooren than 2 have a low
concentration of the sites with high acid strer{gtvolites Y).

In Fig.2 and Fig.3 are presented the ESR speétttheonitroxide radicals

solutions adsorbed on NaX zeolites.

L0
il L0 G T

LG

(a) (b (c)

Fig.2. ESR spectra of nitroxide radicals in CHCEGblution adsorbed on NaX zeolite:
(a) Tempyo (b) Acetamide-Tempo (c) Tempone.
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The adsorbed undeuterated and deuteriated s@wfdhe nitroxide radicals
on NaX zeolites show the existence of a isotropecsum (rapid reorientation)
superimposed on an anisotropic spectrum (slowastation) corresponding to a
bulk sites and to a acidic site on wall, respebtivén the case of adsorbed
undeuteriated solutions the existence of the breatisignal suggests an increase of
the proton interaction between nitroxide radical &H groups on the surface and

between nitroxide radical and proton from solventaaules [9].

LG : .
bt

—_ 40 G
. - 9
00 .:\

(@) (b) (©

Fig.3. Esr spectra of nitroxide in CD{Xolution adsorbed on NaX zeolite:
(&) Tempyo (b) Acetamide-Tempo (c) Tempone.

The isotropic spectra of the adsorbed nitroxidikced on NaY zeolites (Fig.
4 and Fig. 5) show that the proton interaction leetwnitroxide molecules and OH
groups is negligible. However, a weak interactioours with undeuteriated solvent
giving rise to a broadening lineshape.

The ESR spectra in the last case, show a predotmsi@v motion of the
molecules in cavities. The differences betweentspace due to the symmetry and
polarities of the adsorbed molecules and to thldrmigiscosity of the deuteriated

solvent.
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406G LoG L0G

{a) (b) (<)

Fig.4. ESR spectra of nitroxide radicals in CH&blution adsorbed on NaY zeolite:
(a) Tempyo (b) Acetamide-tempo (c) Tempone.

LOG
L0G

— L0 G

(a) (b) ()

Fig.5. ESR spectra of nitroxide radicals in C&blution adsorbed on NaY zeolite:
(@) Tempyo (b) Acetamide-tempo (c) Tempone.

The radical mobilities were expressed in termshefcorrelation times for

the motion with a procedure described in refergsce
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The estimated values are in the range from 0.0075 P to 0.14pemding
on the nature of solvent, strength of acidic sited on the dimension of nitroxide
radical molecules.

The correlation times and apparent microviscosiitained for the studied

probes are given in Table 1.
Tablel

The correlation time, hyperfine A constants and viscosity values of
nitroxide radicals dissolved in chloroform and a=isted chloroform and
adsorbed on NaX and NaY zeolites.

Sample AAG) T (nS) n (P)
Tempyo-CDCYNaX 34.8 27.0 0.092
Tempyo-CHCY/NaX 23.7 2.2 0.0075
Tempo-CDCYNaX 35.3 41.0 0.151
Tempo-CHCYNaX 25.0 2.5 0.0092
Tempone-CDGINaX 31.0 6.8 0.14
Tempone-CHGINaX 23.0 2.1 0.043
Tempyo-CDCYNaY 35.0 31.0 0.105
Tempyo-CHCYNaY 32.4 8.8 0.03
Tempo-CDCYNaY 30.7 5.8 0.021
Tempo-CHCYNaY 26.3 2.8 0.0104
Tempone-CDGINaY 21.0 1.7 0.035
Tempone-CHGINaY 19.3 15 0.031

It can see that the correlation time depend ajgisBcon the solvent
deuteriation even if such dependence could not igerausly quantified.
Deuteriated liquids have a mean viscosity higheanthcorresponding

undeuteriated liquids.



et fm W i N =l | kW TSV MWL WY T T IV B/ TR T T W T T TN INVY/N L e TV AT VS

The correlation time values show a dependenceotility on the solvent
nature, on the acidic character of the zeolite am@$ and the symmetry of
adsorbed molecules. Thus, in the deuteriated spltea correlation times have
the low values than in the case of undeuterategestl This are due to the more
structurated deuteriat solvent with the consequeiocethe mobility and to the
absence of solvent hyperfine proton interactiorr. the same spin probes, the
correlation times increase fromax to 7yay COrresponding to the increase of the
stretch of cationic sites on the surface suppdré mobility among paramagnetic

probes, expressed by correlation times, increase time order
FTempon& ITemp& ITempye This differences in the correlation times are doe t

differences of the polarizability and dielectricnstants values of nitroxide

radicals.

CONCLUSIONS

The studied nitroxide radicals adsorbed on X andedlites show a
dependence of the molecular mobility on the stienghd acidic sites
concentrations inside pores and on the nature lgésb It is relevant that the
correlation times in adsorbed systems were invdyiahigher than in the
corresponding unadsorbed systems. This could hbw#d to an increase of the
local viscosity sensed by the probe. The differdnewveen radicals mobility in

the same medium are due to the symmetry and potarguest molecules.
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SURFACE ENHANCED RAMAN SCATTERING ON THE
COVERED REDOX GLASS ELECTRODES

I.MARIAN!, S.CINTA? E.VERESS®, M.VENTER!

ABSTRACT. Surface enhanced Raman scattering (SERS) was used
for the characterisation of redox glass electragéases. Depositing

the thin silver film on the electrodic surfacesg tkensitivity of
spectral determinations was remarkably improuvdgk @nhancement

of Raman signal at the redox glass-S@h interface was obtained.
The comparative study of the spectral response froodified and
unmodified redox glass surface alow the elucidatioih some
adsorbtion phenomena.

INTRODUCTION

The enhancement of the Raman signal from molecplased in the
vicinity of the metal has been largely reportédFew studies were made
considering semiconductor substrates for molecdmtion®™* As far as we
know Raman investigations at molecule-redox gladerfiace have not been
reported.

The aim of this paper is to prove the adsorbtiamlity of the
microcrystallite states contained on the redox gjlasirface, using SERS
spectroscopy.

Electrochemical deposition (ED) of Ag thin layer the semiconductive
electrod surface modifies the spectral responskeointerface. In this respect we
used SERS of KSCN on Ag colloid to establish thergation and the binding

way of the molecule by adsorbtion on the Ag surface

!"Babes-Bolyai" University, Department of Chemistry, 34Guj-Napoca, Romania.
2"Babes-Bolyai" University, Department of Physics, 340@Qj2Napoca, Romania.
% Institute of Chemistry, 3400 Cluj-Napoca, Romania.
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Also, the adsorbtion study of KSCN on the freeosedlass and then, on
the redox glass covered by silver, proved the dudior role of microcrystallites
of the glass.

The use of SCNon in the study of adsorbtion at electrodic ifdaees was
chosen for some specific advantages:

« SCN ions maintain their chemical identity in both dika and acid media.
* In case of Ag deposition on the redox glass surfAg&CN is the only solid
phase present in diluted thiocyanate system.

The semiconductor glass used, has the compositah %): SiQ (30);
Na,O (5); FeO;(8); FeO (8); BO;(35); ALO3(4).*2 A glass pearl shaped sample
was fixed tightly at the end of a high rezistiviijicate glass tube (support of the
electrode), by melting and rapid cheeling. By finigcedure the active superficial
layer (3 mm diameter) was enriched in®Gg

Electrochemical deposited Ag island films on redeass were obtained
using an galvanic cell with redox glass as workahectrod and Ag ring counter
electrod. The galvanostatic conditions were: 1 m#¢current density controled
by an Tacussel potentiostat, 10 minutes depositina, 0.1 M AgNQ aqueous
solution as electrolite. Both electrodes were ualdr the necesary cleaning
procedure.

SERS of KSCN 18 Mol L™ solution dropped on 1 ¢hig sol prepared
according to Creighton’s procedtie* was measured in 2 mL glass cell. The
final concentration of KSCN in SERS-active systeontaining BaGl was
2.3x10* Mol L™ The sol solution changed in colour from yellow torge.
Adsorption studies on films were carried out inf*1dol L™ KSCN solution.
Raman spectra have been recorded on a GDM 1000ledoadnochromator
equipped with an ILA 120-1 argon-ion laser; the &swn line at 488 nm was
used with an incident power of 120 mW. The scatkdight was collected at a

90° geometry; the spectral slit width was 4'tm



Triply distilled water was used for the preparatiof the solutions. All
reagents used were of analitical purity. The meaments were carried out at

room temperature.

RESULTS AND DISCUSSION

The IR spectrum of KSCN was recorded in the ra@#0-400 crit*.
According to the structure of the SCfoup, the most important peaks are 742
(medium), 2067 (strong) and 475, 470 (weak) assigo¢he S-C, €N and SCN
double degenerated bending vibrations, respectivelfRaman spectrum of the
molecule the €N vibration is the most intense and it will be usadfurther
discutions. Raman spectrum of 0.1 MKSCN aqueous solution is showed in

Fig.1.

1067

-4
v
s
=
‘@
5
.. a
5 c
Elow v 216 2132
E = N\
3 /
U
L m
——— " 2000 2200
Bema it Raman shift / cm™!
Fig. 1. Raman Spectrum of 0.1 M KSCN Fig. 2. SERS Spectrum of KSCN
agueous solution. on silver sol.

* All frequencies in crit
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In case of Ag sol SERS procedtien freshly prepared homogeneous
phase, the SCNspectrum (Fig. 2) presents a large band, spléited116 and
2132, respectively. The.SCikbn may be adsorbed on the silver surfaeethe S
or N atoms. Adsorption through S atom is specifibigher than 2106™* and
through N atom at less then this valu&he optained values suggest the S-
adsorption.The 2116 peak may be related to a mon@&geSCN connection
with a strong Ag-S covalent ratio. The presence2d82 peak suggests the
possibility of bridging adsorption as -Ag-SCN-Adzain.

In Fig. 3, Raman spectra of SCNN on the surface of the free redox glass

(a) and on electrochemical deposited overlayer Gimthe redox glass (b), are

presented.
(a) (b)
= —Ai
E: 3
= >
= =
g g
= = 2116 | 2122
0 2177 = NP4
= e
2 it
et o
2000 2200 ; —
Raman shift/cm™ 2000 2200

Raman shift /crn‘1

Fig. 3. SERS Spectra of KSCN on the free redox glassnd)Ayg electrochemically
deposited on the redox glass (b).
The 2177 peak (Fig 3a) is close to theNCstretching vibration of -SCN

group in organic compoundsThe 2067 peak from Raman spectrum shifted to

2177 indicates the chemosorption of S©N the redox glass surface through the

S atom.



In case of electrochemical deposited Ag film, Ramspectrum (Fig. 3b)
gives a splitted band at 2116-2122, comparabl&db ane presented in Fig. 2.
The 2116 peak can be assigned in the same mantieth&icorresponding peak
from SERS spectrum. The 2122 peak, stronger (ativel intensity) than that of
2132 (Fig. 2) suggests the same polymer struchwiewith a shorter chain. We
attributed this enhancement to a short range ictiera in the presence of
submicroscopic roughness of the Ag film. In timételmabout 20 minutes of
exposure, the Raman signal is diminished becauskesifoying of the Ag film
due to corrosion and photocorrosion. These prosease responsible for the

rising of absorption coefficient in support solutio

CONCLUSIONS

The redox glass electrod surface, investigate8MBRS spectroscopy, acts
as follows:

* In case of strongly chemisorbed species on thellwedaposited overlayer,
besides the electromagnetic enhancement, an auhlitiefect to spectral
respons can appear in time.

* The modification of adsorbtion coefficient near #lectrodic surface is due

to corrosion and photocorrosion.
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SOLVENT INFLUENCE OF THE RESIDUAL DIPOLAR
INTERACTION IN THE POLYBUTADIENE
TOLUENE SOLUTIONS

M. TODICA!, A.V.POP! D.CIURCHEA?! D.STANILA! G.DAMIAN!

ABSTRACT. The relaxation of the transversal magnetizatiornhef

protons attached to the polymeric chains was okseim order to
characterize the interaction between the protorthefkkeletal bonds.
This interaction depends on the temperature and pihlgmeric

concentration.

INTRODUCTION

The relaxation of the transversal magnetizatiothefprotons attached to
the polymeric chain is a reach source of infornratdout the local and long
range dynamics of the skeletal bonds of the polienenain, [1,2]. The main
mechanism which governs this relaxation is the ldipmteraction between the
protons of the polymeric chain. This interactiorafsected by the dynamics of
the skeletal bonds, which depends on the temperata solvent concentration.

If the orientational motion of the skeletal boridsan isotropic process
during the NMR observation time, then the dipotderaction is averaged to zero
and the shape of the relaxation function is likéhie case of the isotropic liquids.
When the orientational motion of the molecular ®ilan anisotropic process
during the observation time, then the dipolar atépn is not averaged to zero

and the relaxation function has pseudo-solid beiavi

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

We studied some polybutadiene - toluegesdlutions, with the polymeric
concentrations 100%, 88%, 78% and 53%. The miarostre of the polymer
was 40% in vinyl conformation, 36% in trans confatian, the molecular mass
Mn=190000 g/mole and the glass transition temperaflige202K. The
polymeric sample was kindly supplied by the Mantdez Michelin and the
deuterated toluene was purchased from Spectrom8pia et Techniques,
France. The solutions were enclosed in NMR tub&sr(eter 8mm) and sealed
under a primary vacuum. The concentration of tHetiems were controlledwith
an accuracy better than 1%. The glass transitiompéeatures of the solutions
weremeasured by DSC technique with an accuracgritbtin 4%.

All the measurements were performed using a CXilik&r spectrometer
wor king at 45 MHz, in the temperature range of B2, 334 K. The relaxation
of the transversal magnetization was observed usiagCarr-Purcell sequence,
[3], and the echoes pseudo-solids were observed tse following sequence of
impulsion:  flV2]y-[t-(T)y-t]n-[TV2]x-[t-(T)y-t]k-echo, [4]. The sample

temperature was controlledwithin 1K.

RESULTS AND DISCUSSION

Generally, the relaxation function of the transeérsagnetization is very
complex and its mathematical expression is difficth disclose from
experimental data. However, important conclusior®ua the relaxation
mechanism can be obtai ned by observing some pgrepef the experimental
curves, like the superposition property. This propeis observed for
temperatures higher than a characteristic temperédu each sample, which was

called“reference temperature'Tyef.
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Fig. 1. The superposition of the experimental curves feskfor the solution with the
polymeric concentratio® = 78%. The relaxation curves corresponds to the

reference temperaturd) Tref = 245K and«) T = 334K.

In many cases, the experimental curves correspgndo different
temperatures, My(T1,t) and M(T2,t), can be superposed by dividing the
time scale with a constant factor, called supetmwsparameter, S(TP), [5, 6].
When two experimental curves are completely supsgowe can suppose that
the two relaxation functions M (T1,t) and Mca(To,t') can be expressed by a
single mathematical expressionyMef,t), where the new time variableis

related to the variablésandt by the relations:
t=t'/S(Ty, ®) and t =t/ S(Tp, D).

We observed the superposition property for thetenolpolymer and
concentrated solutions aboveef, (Fig.1). For temperatures lowers thapefl

this property is not observed. This temperaturepedds on the solvent

concentration and it is related to the glass ttamsitemperature d'(CD) by the

relation: Tref(P) - Tg(tD) = 80+12 K|(Fig.2).
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Fig.2. Concentration dependence of the reference tetupergef(P), (0)
and the glass transition temperatuggd), (#).

The superposition parameter S{), has a linear temperature dependence
for the molten polymer and for the concentratedittmhs. This dependence is

notlinearly when the solvent concentration increésSig.3).

5 T T
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4 O &=78%
T 0 @&=88% 1
¢ O=100%
—~ 3} 4
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1+ ° J
0 1 1
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Fig.3. Temperature dependence of the superposition pagawieserved for solutions
with the polymeric concentratione) F = 53%,0) F = 78%, ©) F = 88%,
(®) F =100%.
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To determine the nature of the relaxation mechanise observed the
pseudo-solid echoes in the temperature range @frasgition. In previous works
we shown that the relaxation is governed by thigluas dipolar interaction if the
superposition property is respected and the echsesdo-solids have specific
properties, [7].

We observed this behavior for the molten polymed &oncentrated
solutions for temperatures higher thapefl The relaxation is governed by the
residual dipolar interaction. The orientational rmotof the skeletal bonds is an
anisotropyc process and the dipolar interactionosaveraged to zero. We can
assume that this anisotropy is due to the tempojamgtions between two
different chains, the entanglements. For time dedhgrter than the NMR
observation time, the polymeric system behavedikemporary network.

When the temperature increase, of about 60 - 8bKuta Tref, the
symmetry of the echoes is not respected. The matidhe molecular bonds is
fast, so that the life time of temporary junctioiss shorter than the NMR
observation time. As a result the dipolar inte@ttbetween the protons is

averaged to zero and the pseudo-solid characteeatlaxation function vanish.

1'@ T T T T
ﬂ)D O t=1ms
= 09b o & t=16ms
0.8 | ooO O  Mx 274K ;
— *%s
< Sse
x o"
(@)
0.6 | 2 _
s SINE 4
=) a Oo”
= O o
= = o
0.4 O —
O
0.2 1 | 1 1
0 1 2 3 4 5

t(ms)

Fig.4. The echoes pseudo-solids observed for the solutith polymeric concentration
@ =53%, at T = 274 K. The slopes of the relaxafimrction and the echoes function

are not symmetric.
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When the solvent concentration grows, the mobditypolymeric chains
increase. The motion of the skeletal bonds becamisaropic process during
the NMR observation time. As a result the dipotdeiaction is averaged to zero,

and the echoes pseudo-solids do not respect ikdfisgaoperties, (Fig. 4).

CONCLUSION

The temporary junctions between the polymeric mhainduces an
orientational anisotropy of the skeletal bonds #ng an partial average of the
dipolar interaction. This residual dipolar interantdetermine the pseudo-solid
behavior of the relaxation function.

The solvent molecules perturbs the junctions betwthe chains and
induces an isotropic motion of the molecular bondse dipolar interaction is
averaged to zero and the echoes pseudo-solids tlaespect its specific

properties.
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NMR OSERVATION OF THE PSEUDO-SOLID ECHOES IN
MOLTEN POLYISOBUTYLENE AND POLYISOBUTYLENE-
TOLUENE Dg SOLUTIONS

M.TODICA?Y, J. P. COHEN-ADDAD? A.V.POP! D.CIURCHEA!

ABSTRACT. The properties of the pseudo-solid echoes were
analyzed in order to estimate the contribution of the segmental
dynamics of the polymeric chain to the relaxation function of the
transversal magnetization.

INTRODUCTION

The dynamics of polymeric chain is a complex process which include
motions extended to a large spatial and temporary range, [1]. The elementary
motions are the rapid isomeric rotations of the skeletal bonds. When the
amplitude of this motions is weak and the observation time is short, this motions
affect only the monomeric units. We can associate a correlation length of this
motions comparable with the spatial extension of the monomeric units.

When the amplitude of this motions is strongly, this motions can affect
many monomers during the observation time. The new correlation length include
many monomers in this case. The new elementary link of the polymeric chain
can be regarded as the segment which correspond to this new correlation length.

Generally we can consider that the polymeric segment is smaller or equal
than the distance between two temporary junction between two different

polymeric chains.

! "Babes-Bolyai" University, Faculty of Physics, 3400 Cluj-Napoca, Romania.
? Lab. spectrometrie Physique, RMN-P, Univ. "Joseph Fourier", Grenoble, France.
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In the molten polymers, this temporary junctions can be considered as the
entanglements between the polymeric chains. The temporary junctions induces
an orientational order of the conformational fluctuations and thus an anisotropy
of the dipolar interaction between the protons. The dipolar interaction is not
averaged to zero during the observation time. This residual dipolar interaction
determine the zero solid behavior of the relaxation function, [2, 3].

In previous work we established a method to observe the existence of this
temporary junctions. This method is based on the observation of the properties of
the relaxation function of the transversal magnetization and the properties of the
pseudo-solid echoes, [4].

Fluctuations of this junctions can be associated with the segmental
dynamics of the polymeric chain. This motions diminish the anisotropy of the
dipolar interaction between the protons. As a result the pseudo-solid echoes do
not respect theirs specific properties. The analyze of the properties of the pseudo-
solid echoes can be a way to characterize the dynamics of the polymeric

segments.

EXPERIMENTAL

We studied the molten polyisobutylene and the polyisobutylene - toluene
dg solution, with the polymeric concentrations C=79%. The glass transition
temperature of the molten polymer is Tg=202 K and the glass transition
temperature of the solution is Tg=165 K. The polymeric sample was kindly
supplied by the Manufacture Michelin and the deuterated toluene was purchased
from Spectrometric Spin et Techniques, France. The samples were enclosed in
NMR tubes (diameter 8mm) and sealed under a primary vacuum. The
concentration of the solution was controlled with an accuracy better than 1%.
The glass transition temperatures of the solutions were measured by DSC

technique with an accuracy better than 4%.
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All the measurements were performed using a CXP Bruker spectrometer
working at 45 MHz, in the temperature range of 264 K to, 374 K. The relaxation
of the transversal magnetization was observed using the Carr-Purcell sequence,
[5], and the pseudo-solid echoes were observed using the following sequence of
impulsion: [p/2]y - [0- (P)y - dln - [P/2]x - [q - (P)y - dlk - echo, wheret =2 n g,
[6]. The sample temperature was controlled within 1 K.

RESULTSAND DISCUSSION

The analyze of the superposition property of the relaxation function of the
transversal magnetization and the analyze of specific properties of the pseudo-
solid echoes were utilized to observe the existence of the residua dipolar
interaction. In many cases the relaxation curves obey to the superposition
property and the pseudo-solid echoes has specific properties. This behavior is
associated with the existence of the temporary junctions between different

polymeric chains, [7, 8.
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Fig. 1. The superposition of the experimental curves observed for the molten
polymer. The relaxation curves corresponds to the reference temperature, ()
Tref =334 K and (¢) T = 374 K.
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We extended this analyze to the molten polyisobutylene and to the
polyisobutylene-toluene dg solutions.

The relaxation curve is not a single exponential function. However it is
possible to superpose the relaxation curves by multiplying the time scale with a
constant factor, called superposition parameter, Fig. 1. This property is observed
for each sample, for temperatures higher than a characteristic temperature, which
was called "reference temperature”, Tyef. This temperature is Trgf =334 K for
the molten polymer and T,g=294 K for the solution with the polymeric

concentration C = 79%. Below this temperature the superposition property is not

observed.
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Fig. 2. The pseudo-solid echoes observed for the molten polymer at T=334 K.
The slope of the relaxation function and the slope of the echo function are

not symmetric.

The superposition property can be associate with the existence of the
residualdipolar interaction only if the pseudo-solid echoes respect theirs specific
properties. We observed that the slopes of the echoes and the relaxation curves
are not symmetric, Fig.2. In this case the residual dipolar interaction is perturbed

by the fluctuations of the polymeric chains.
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The dominant mechanism which govern the relaxation of the transversal
magnetization is the dipolar interaction between the protons attached to the
polymeric chain, but this interaction is affected by two mains factors. the
anisotropy induced by the temporary junctions between two different chains and
the fluctuations of this junctions, [3, 9]. We can assume that the relaxation
function My(t) is expressed by the product of two others functions:

M (t)=M j(t)* ® (t) 1)

The function My&(t) is associated with the orientational order induced by
the temporary junctions and Fg(t) with the dynamics of this junctions.

The pseudo solid-echoes impulsion sequence affect the slope of the
function My&t), but do not perturb the function Fg(t), [6]. The pseudo
solidechoes is generated at the instant t. The slope P(t) of the relaxation function
represents the derivative of the total relaxation function at the instant t.

This slope can be evaluate experimentally.

dM (t=1) dMS(t=1) do (t=1)
dt B dt dt (2

When we apply the pseudo-solid echoes impulsion sequence, the

P(0) =

O (t=T)+M(t=T)

evolution of the transversal magnetization after the delay t, is described by the
equation:
v _rn€©
M (t)=M y (t)CDe(t) 3)
The sope Pg(t) of the echoes function at the instant t = t4 represents the
derivative of the relaxation function M (t).

dM(t=1,) ) e dd(t=T,)
¢e(t—T+)+MX(t—T+)T @)

— X
Fe(1.) = dt

The function Fg(t) isinvariant to the pseudo-solid echoes impulsion sequence.

Then:



S ItL Ay W T o WAIT TRl VN F ARSI VS 0 Vel Wy W WINPT

do (t=1,) do(t=1)
dt - dt (5)

On the other hand, the slope of the function M (t = T, ) is the inverse
of the slope of the function M$(1), [6].

dMs(t=t,) __dMs(t=1)
dit dt (6)

and Mé(t=t)=MS(t=t,) )
From equations (2), (4), (6) and (7) we obtain:
Pr (1) + Pe(r+) 1 d(De(T)
M () 20 (1) dt

8

Using the equation (8) we can calculate the logarithmic derivative of the
function Fg(t) for each instant t. To do this, we must generate many echoes for
different instants t and we must measure the slopes Py(t) , Pg(t) and the amplitude
of the relaxation function My(t). The precison of the reconstruction of the
function Fg(t) depends on the total number of pseudo-solid echoes generated for
each relaxation function.

We utilized this method to evaluate the function Fg(t) for many
temperatures, above and below Tgf, for the molten polymer and for the solution
with the concentration C=79%. The pseudo-solid echoes were generated in the
time range which correspond to the variation of the amplitude of the relaxation
function from 100% to 15%. In this time domain we can suppose that the
dynamics of the polymeric chainsis not perturbed by the long range fluctuations,
as the diffusion of the entire polymeric chains. Thus the relaxation function is
sensitive to the segmental dynamics.

For temperatures higher than Tygf, the expression of [Pr(t)+Pg(t)]/Mx(t)
represent a constant, for the molten polymer and for the solution with the

polymeric concentration C=79%, Fig. 3 and Fig. 4.
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In this case Fg(t) is an exponentia function, for the time range which

correspond to the pseudo-solid echoes.

-kt
D (1)=A exp()
We found for the constant k the following values.k=0.4 at T=374 K and

k=1.7 at T=334 K for the molten polymer, k=0.18 at T=334 K and k = 0.72 at
T=294 K for the solution.
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Fig. 3. Time dependence of the expression [Py(t)+Pg(t)]/M(t) for the molten polymer.
The pseudo solid echoes were generated for the temperatures: (o) T=334 K and
(O) T=374 K. Tgf=334.

Below Tygf, the expression [Pr(t)+Pe(t)]/M(t) do not represent a constant,
Fig. 4. The function Fg(t) is not an exponential function. Changes of the slope of
the function Fg(t) above and below Tygf must induces changes of the shape of the
total relaxation function My(t). As a result, the total relaxation function do not
respect the superposition property above and below Tygf. Then the temperature
Tref Ccan be regarded as an important parameter which indicate changes of the

dynamics of the polymeric chains.
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The analyze of the pseudo-solid echoes shown that an important factor

which induces changes of the dynamics of the polymeric chains is the segmental

dynamics.
O T T T T
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Fig. 4. Time dependence of the expression [Py(t)+Pg(t)]/M(t) for the solution. The
pseudo solid echoes were generated for the temperatures. (Q) T=334 K, (#)
T=294 K and (O) T=274 K.

CONCLUSION

The analyze of the slopes of the pseudo-solid echoes is an important way
to estimate the contribution of the segmental dynamics of the polymeric chain to
the total relaxation function of the transversal magnetization. This contribution is
described by the function Fg(t). For the molten polyisobutylene and for the
concentrated polyisobutylene - toluene-dg solutions, above Tygf, this contribution
can be expressed by an exponential function. Below Tygf, Fg(t) is not an

exponential function.
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Changes of the shape of the function Fg(t) arise around Tygf. This changes
indicates changes of the segmental dynamics of the polymeric chains. As aresult

the total relaxation function do not respect the superposition property.
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NMR STUDY OF PROTON SPIN-SPIN RELAXATION
ON POLYISOPRENE-TOLUENE-Dg SYSTEM

M.TODICA?, V.SIMON?, |. ARDELEAN?!, S.SIMON!

ABSTRACT. The temperature dependence of the shape of the
relaxation curves of the transversal magnetization and the properties
of the pseudo solid echoes was observed for the polyisoprene toluene
Dg solutions and for the molten polyisoprene. The temperature to
temperature and temperature to concentration superposition property
of the relaxation curves observed at higher temperatures indicate
similitudes of the relaxation mechanisms.

INTRODUCTION

The analyze of the relaxation process of the transversal magnetization is
an important source of information concerning the local properties of the
polymeric chain, like the dynamics of the macromolecules or the existence of the
temporary junctions between different chains, [1, 2]. But the relaxation processis
strongly dependent on the temperature , the polymer microstructure and the
solvent concentration, so that the NMR recorded curves are different from
sample to sample. It should be very useful for the study of the local properties of
the macromolecules to observe some similitude of the relaxation process for
different samples. This can ssimplify the analyze of the interaction between the
protons of the polymeric chain.

The am of our study is to analyze the temperature influence on the shape
of the relaxation curves of the molten polymer and polyisoprene toluene

solutions in order to observe some similitudes of the relaxation mechanisms.

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

We studied the molten polyisoprene and the polyisoprene-toluene Dg

solution, with the polymeric concentrations ®=78%. The conformation of the
molten polymer is 92% cis and the glass transition temperature is Tg=200£3K. The
glass transition temperature of the solution is Tg=164+3K. The polymeric sample

was supplied by the Manufacture Michelin and the deuterated toluene was
purchased from Spectrometrie Spin et Techniques, France. The samples were
enclosed in NMR tubes (diameter 8mm) and sealed under a primary vacuum. The
concentration of the solution was controlled with an accuracy better than 1%.

All the measurements were performed using a CXP Bruker spectrometer
working at 45 MHz, in the temperature range of 254 K to 344K. The relaxation
of the transversal magnetization was observed using the Carr-Purcell sequence,
[3] and the pseudo-solid echoes were observed using the following sequence of
impulsion: [Td2]y - [6- (T[)y -0ln-[1W2]x - [O - (n)y - O]k - echo, wheret=2n6,

[4]. The sample temperature was controlled within 1 K.

RESULTS AND DISCUSSION

The main mechanism which governs the relaxation of the transversal
magnetization is the dipolar interaction between the protons attached to the
polymeric chain. This interaction depends on the relative position of the
neighboring protons and thus on the dynamics of the polymeric links,

In the case of the rapid rotation of the protons around the molecular
bonds, this interaction is averaged to zero and the shape of the relaxation
function is like in the case of the isotropic liquids. If the free motion of the
protons is embedded by some physical constraints, like the entanglements or the
chemica links, then the dipolar interaction is not averaged to zero and the

relaxation functions have specific behavior.



This behavior isillustrated by the pseudo solid echoes with characteristic
properties, [5]. Changes of relaxation curves shape indicate changes of the
interaction between the protons. Generally this interaction is mainly affected by
the dynamics of the macromolecules. Thermal activation or the presence of the
solvent molecules in the vicinity of the polymeric links are important factors
which affect this dynamics.

In our work we observed the temperature dependence of the shape of the
relaxation curves and the pseudo solid echoes for the molten polyisoprene and
some toluene solutions of this polymer.

The relaxation curve is not a single exponential function and then it is so
difficult to disclose the exact mathematically expression of this function.
However we observed some particular properties of the relaxation curves, like
the superposition property. For a given sample we can superpose the relaxation
curves corresponding at two different temperatures, by dividing the time scae
with a constant factor, (Fig.1). The relaxation curve corresponding to the
temperature T=304K is chosen to reference. The time scale of the relaxation
curve corresponding to the temperature T=344K was divided with the factor
1.67. This property is observed only for the temperatures higher than a
characteristic temperature, which was called "reference temperature”, Tref. We
found Tref=304+5K for the molten polymer and we observed that Tyef-Tg=100+

10K. This behavior was also observed for other polymers, [6], and indicate that
the relaxation process can be described by the same mathematically function in
both the cases. We suppose that the relaxation process is governed by the same
mechanism.

The superposition property is not observed below Tyef, SO that we can
suppose that the relaxation mechanism change around this temperature. This
specific behavior can be explained if we suppose the double dependence of the
relaxation function on the asymmetry of the monomeric units rotations, at higher
temperatures and the dynamics of the skeletal bonds, at |owers temperatures, [7].
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Fig.1. The superposition of the experimental curves observed for the

moltenpolymer.

Thermal activation increases the mobility of the polymeric links, but the
existence of the temporary or permanent junctions between different polymeric
chains induces an anisotropy of the monomeric rotation. This asymmetry of the
monomeric rotations induces a non zero average of the dipolar interaction, (the
residua dipolar interaction). The relaxation function has a specific behavior
illustrated by the existence of the pseudo solid echoes, [1]. The pseudo solid
echoes with characteristic properties were observed only above Tygf, (Fig.2). The
slope of the relaxation curve and the slope of the echo are symmetric; the echoes

generated at two different instant 14 and T, cross a the instant T1+T».

Towards lowers temperatures the mobility of the polymeric links decrease
and the polymeric backbone became more rigid. The pseudo solid echoes do not
respect theirs specific properties, (Fig.3). The slope of the relaxation curve and

the slope of the echo are not symmetric.
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Fig.2. The pseudo solid echoes generated at different instants T and the relaxation
curve observed at T=344K for the molten polymer.

Another element which modify the mobility of the polymeric chain is the
solvent. The superposition property of the relaxation functions and the pseudo
solid echoes with characteristic properties were also observed for the solutions
above Tref. We found Tref=274+5K and Tyef - Tg=100+£10K for the solution.

The interaction between the solvent molecules and the polymeric links
increase the mobility of the chain, so that the dynamics of the chan in the
solution, to a given temperature, is greater that the dynamics of the chain in the
molten polymer. Generally the interaction between the solvent and the polymeric
chain can modify the relaxation mechanism of the transversal magnetization and
then the relaxation functions which describe the relaxation process are different
for the molten polymer and for the solutions. However in our case we observed
an important property of the relaxation curves of the molten polymer and the

concentrated solutions.
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Fig.3. The pseudo solid echoes and the relaxation curve observed for the molten
polymer at T=254K.

For a given temperature T1>Tygf the relaxation curve of the molten
polymer can be superposed on the relaxation curve of the solution
corresponding to a different temperature T, by dividing the time scale with
a constant parameter, (Fig.4). The relaxation curve of the molten polymer
corresponding at T1=294K is chosen as areference. The relaxation curve of
the solution correspond at T9=344K, and its time scale was divided with the
factor 2.83. That means that the relaxation process can be described by a
single mathematically expression, depending on different variables, for both
the polymer and the solution. In this case the dynamics of the polymeric
chain in the solution and in the molten polymer are similar. Below Tygf this
property is not observed. This observation simplify the analyze of the
polymeric dynamics above Tygf.. When the double superposition property,
concentration-temperature is observed, we can describe the relaxation

process by a single mechanism.



In addition the existence of the pseudo solid echoes with
characteristic properties above Tygf demonstrate that the relaxation is

governed by the residual dipolar interaction.
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Fig.4. The concentration-temperature superposition of the relaxation curves

observed for the molten polymer and for the solution.

CONCLUSION

The shape of the relaxation curves of the transversal magnetization
depends on the temperature. For higher temperatures, the relaxation curves of the
molten polyisoprene and concentrated polyisoprene-toluene solutions satisfy the
temperature to temperature superposition property and the temperature to
concentration superposition property. The pseudo solid echoes observed in the
superposition domain respect theirs specific properties. In this situation the
relaxation process is governed by the same mechanism, the residua dipolar
interaction. For lowers temperatures the superposition property is not observed
and then the relaxation process is different for the molten polymer and the

solutions.
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REVIEW ON HIGH AND ULTRAHIGH FREQUENCY PLASMA
USED AS SPECTRAL SOURCES OPERATED AT
ATMOSPHERIC PRESSURE

S.D. ANGHEL®, A. POPESCU? A. SIMON?, D. STANILA!?

ABSTRACT. The modalities for generation of plasmas mairtziat
atmospheric  pressure in radiofrequency and  micrewav
electromagnetic fields are reviewed: inductivelypled plasma (ICP)
and capacitively coupled plasma (CCP) in the radmfency range,
and microwave induced plasma (MIP) and capacitivaigrowave
plasma (CMP) in the ultrahigh frequency range. Pbssibilities to
use these plasmas as spectral sources for queditatid quantitative
analysis of gaseous, liquid and solid samples lace@esented.

INTRODUCTION

In the last twenty five years the spectral sourbased on the gas
discharge plasma sustained at atmospheric pressurghe alternative
electromagnetic field have had an important roléhie analytical spectrometry
domain. Thus, inductively coupled plasma (ICP) emcrowave-induced plasma
(MIP) were successful used as spectral sourcetmi@emission spectroscopy
[1-4,12,14] and atomic fluorescence spectrometrg][&nd as ionic sources for
mass spectrometry [7,8]. Compared to other speswalces, ICP has some
advantages: very high temperature (8000-10000 d¢), $pectral interferences,
large dynamic range (4-5 orders of magnitude) amy @wood detection limits

(under 1ng.ml-1).

! "Babg-Bolyai' University, Department of Physics, M.Kdgiceanu 1, 3400 Cluj-Napoca,
Romania.

? Research Center for Analytical Instrumentationp&b 67, 3400 Cluj-Napoca, Romania.
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Another kind of discharge maintained in alternatetectromagnetic field
is capacitively coupled plasma (named CCP whensitmaintained in a
radiofrequency field and CMP in microwave field)wlas discovered in 1928 [9]
and studied in the 1940s and 1950s [10]. Only enl&tst twenty years CCP and
CMP begin to be used as spectral sources in atemission spectroscopy [17-
20,25-33], in atomic absorbtion spectrometry [2hjdaas detector for gas
chromatography [22,23]. Although CCP, CMP and Mié bt attained the high
temperature of ICP, these techniques promise vapogsibilities of application
because their capabilities of excitation and iomireof liquid and solid samples.

The above mentioned plasmas are gas dischargatamad in alternative
electromagnetic fields having frequencies in thlicaange (10-100 MHz) or in
the microwave range (1-10 GHz), the absorbed pamterthe plasma being of
0.5-2 kW for ICP and 30-700 W for CCP, CMP and MIReir denominations
arise from the modality in which the energy of thkectromagnetic field is
absorbed by the plasma: inductive for ICP (thempkass assimilated to act as a
one-turn secondary coil of a transformer of whicimary is a two or three turns
coil connected at a high alternative voltage), cap& for CCP and CMP (the
plasma is maintained between the plates of a c@aideronnected at a high
alternative voltage) and inductive combined witpautive for MIP.

These kinds of discharges can be maintained atosmineric or
subatmospheric pressures, in the first case haviagger applicability, due to its

higher temperature and because of the absence gattuum installation.

PHYSICAL-CONSIDERATIONS

Assuming that an ionized gas, containing freetedas only, is placed in
an alternative electric field, its complex eledticonductivity is expressed by

the relationship:
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where ne is the free electron number density, e rardare respectively the
electric charge and the mass of an electron, niceiselectron-atom (molecule)
collision frequency and w is the angular frequentyhe electromagnetic field.
The admittance of the ionized gas:
ne v . n€  w

Y, = A -

express its electrical properties, the first teemf the active part and the second
the reactive part of the admittance. In equatioh A2and B are constants
depending on the discharge tube geometry. The enabgorbed from the
electric field per volume unit of ionized gas pecend is:

_nBe& v

C

in which Eo is the amplitude of the alternativectlie field. From equation (3)

one can observe the importance of the collisiongher absorption process of
energy into the plasma, because in the absencellgians (nc = 0) the plasma
does not absorb energy from the field. When thesune is low an electron can
travel a relatively long distance before it colbde@ith an atom, and in its travel
can gain enough energy from the electric field thieve the excitation or

ionization of the atom that it collides. The exditatom decays to the ground
state by emitting light, and so the plasma becomesry efficient light source.

At high pressure (particularly at atmospheric pues) the mean free path
of the electron is much smaller and there are numiésions per atom per
second, enough to distribute the kinetic energyoamly among the electrons,
atoms and ions. In such plasma the particles anefibre not only excited and
ionized but, as they possess considerable kine&oyg, the plasma is hot. If into

a such plasma are introduced (through a certair) theygaseous, liquid or solid
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substances they are firs atomized because of gietemperature, then excited,
ionized and finally deactivated.

The two mechanisms that are most often used wribesexcitation in the
plasma maintained in alternative electromagnebtd$ are so-called radiative
ionization-recombination sequence and electron anfddb]. The first step in the
radiative ionization-recombination process is tling ionization, described
by the equation:

M+Ar - MY +Ar+e (4)
followed by the radiative recombination of the gered ion with a free electron:
M™ +e - M +hy, (5)

In these equations M is an atom, e is an electnon, is a continuum
photon and the asterisk designates an excited. dfatee ion generated by
Penning step is excited it will decay to give itsracteristic radiation:

M™ - M +h|/y (6)

Similarly, the atom produced by ion-electron rebamation will probably
be excited and will yield its characteristic spaktline:
M" ~ M+hv, (7)
The excitation by electron impact can be also rilesd by a two-step
process, in which atoms or ions are excited:
M+e - M +e (8)
M*+e - M" +e 9)
followed by the desexcitation reaction (7) and (pd the emission of
characteristic radiation hnx and hny respectively.
lons excitation by electron impact, in the abseoicany sort of Penning
interaction, can be described by a three-stepsepsodhis mechanism pathway
would be initiated by electron impact ionizationatdm to yield the ion in either

the ground-state or as excited species:



A Vil iR il it M= iA1= v¥=if=1 1 =Aaivii iy My ¥ =i i M A

M+e - M +2€ (10)
M+e -~ M" +2¢ (11)
The decay of the excited ion on the ground statebe in accordance
with equation (6).
All these mechanisms are making possible to usgmbspheric pressure
plasmas maintained in electromagnetic fields astsgesources in analytical

spectrometry.

RADIOFREQUENCY-PLASMA

a. Inductively Coupled Plasma (ICP)

ICP can be generated when a tube containing aisgptaced into an
induction coil energized by &
high frequency power
generator. Into the inductior ﬂ\ ______ /_ ]C
coil the electric field is the ' | ’. | \\1
vectorial sum of two Vit |
components: a longitudina
component Ez, because of th
voltage between the two ends Fig. 1. - Components of the electromagnetic
of the coil, and a tangential field in an solenoidal coil.
component, Eq, because of the electromagnetic trmuphenomenon (Fig.1).
When ICP is maintained at atmospheric pressurepthgma gas (Ar, He) is
tangentially introduced into the discharge tubehwaitflow rate depending on the
tube dimensions and the absorbed power into themaa The tangential
introduction of the gas assures both the coolingheftube and the turbionary
stabilization of the discharge. The gas that sosttie plasma is initially made
electrically conductive by Tesla sparks. The cmaitens and electrons are

accelerated by the longitudinal component of thectek field sustaining the
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ionization in the flowing direction of the gas anckating a number of open-
ended and distinct ion paths. This is the firsp siethe plasma ignition named
“filamentary" phase. If the density of these filartseis sufficiently high and the
helicoidal motion is strong enough for their clasuhen the plasma will be able
to gain additional power from the field by electgnetic induction
phenomenon. This is the second ignition step natoedtinuous" phase, the
plasma having a homogeneous appearance. In th&e ggah longitudinal and
tangential components of the electromagnetic foeldtribute on maintenance of
the discharge. The ionized gas produces a con@udtig capable of absorbing
enough RF power to increase further the plasmaisdensity and thus to
decrease its resistance.This process will contasul®ng as enough RF power is
available and until an equilibrium state is achtebetween the impedance of the
plasma and the power that can be transferred tpldsena. Now, the plasma is
“fully” ignited and the tangential component of #lectromagnetic field has the
most important role. Thus, the plasma behavesamdary coil of a transformer
whose primary is the induction coil. From electrisaint of view the presence of
the plasma into the coil will determine an increakthe resistance of the coil, on
the one hand, and a decrease of its inductandégeosther hand.

The work coil is typically two or three turns ofater-cooled tubing. The
RF coll, replacing the classical electrode of ao/sprark discharge, does not
come in direct contact with the plasma. In this widne problem of elemental
contamination in the source from electrodes is ieted. The RF generator to
which is coupled the coil is usually operated ie frequency range of 27-50
MHz, with a nominal power output of 1-2 kW. The idlator and its output
circuit sometimes contain only one tuned circud,B5]. In this case, a change in
the impedance of the plasma modifies the frequeriocyperation but has very
little effect on the power transferred to the plasmlternatively, there may be
more than one tuned circuit, or there may be adunaput circuit with crystal-
controlled oscillator.
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In these cases, a change of the plasma impedéece the frequency to
which the output circuit is tuned and the powengfarred to the plasma is
reduced unless the tuned circuit is re-tuned tdréguency of the oscillator. It is
essential for this re-tuning to be automaticallytcolled. If this is done, there is
not much to choose between the free-running otargentrolled generators.

When ICP is used as spectral source, the dischargmites into three
concentric quartz tubes, system named "the torelg.Z). The main argon flow
Is the plasma gas-flow (12-18 I.min-1), which hae tlual function of supplying
the argon that maintains the plasma and to prosideeat shield in order to
protect the outer quartz tube of the torch agatihsthigh temperature of the
plasma (8000-10000 K). An intermediate argon gaw f{0-1 I.min-1) may be
used to adjust the vertical position of the plasiitee sample is introduced in the
center of the plasma by means of the carrier gagfL-2 |.min-1).

Liquid samples are converted by a nebulizer (pragienor ultrasonic) to
an aerosol with particles of varying diameters.agpiroplets with diameters up
to a few micrometers only are selected by a spreamber to be carried to the
plasma by the carrier gas-flow, while larger droplare removed through the
drain. Solid samples on the other hand can be wmgbrby means of laser
ablation, a spark source or a glow discharge. Ith lmases the aerosol and
vapours are transported to the plasma by the cayaeflow and are introduced
in its center. Due to the "skin" effect the plash@s a torroidal shape and its
center is relatively cool, which facilitates théroduction of the sample (Fig.3).

After penetrating in the core of the plasma theos@ is desolvated,
dissociated, atomized (in the preheating zone)exieded (in the initial radiation
zone). While the sample passes through the plasenaarious excited ionic and
atomic species relax to their ground states ermgittimaracteristic radiations. For
analytical purposes, the initial radiation zone aihe analytical zone are

considered to have a great importance.
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Fig.2. - Conventional torch for ICP Fig.3. - Characteristic zones of ICP

b. Capacitively coupled plasma.

Capacitively coupled plasma or radiofrequency (Ba&jpacitive torch is a
form of the plasma that could appear accidentallthe RF generators working
at relatively high power (102-104 W), or that coblel ignited deliberately with
the aim of studying the ignition and maintaining amanism, the electric
characteristics or its temperature. It also candesl in analytical purposes. This
kind of discharge could appear between the plat@scondenser connected at a
high RF tension, or on sharp edges where the mldiglid is particularly intense.
In the last instance it is sufficient to use a Englectrode (the sustaining
electrode of the plasma), the presence of the seaectrode being not
necessary, the RF current is closing through eartiround clamp. If it exists,
the second electrode can have different geometrimd (plate, disc, ring or
sharp tip), the discharge being or not in contath w. Many kinds of CCP are
operated at different pressures, frequencies, coadupowers, the electrodes

having different forms, each of these parameteirggbee classification criterion.
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In the present work are presented some CCP atsptmdc pressure,
maintained in the industrial frequency bands 066327.12 and 50 MHz.

In the RF range one had in view the constructiogemerators capable of
maintaining plasmas at atmospheric pressures oditars that the total power
consumption should be very low (under 100 W) anfintd efficient methods for
sample introduction into the plasma. The authorthefpaper [21] have obtained
a CCP contained in a 20 cm in length quartz tub&i(@. and 0.5 cm o0.d). Power
Is coupled into the plasma by using two stainldsselsstrips, 18 cm long and
0.5cm wide, which are placed parallel to each othereither side of and in
contact with the outside of this quartz tube (Fig.4

These electrodes

Sample Plasma

are connected to the RF o fu b '

{&) (end view)
o,

ower supply through a 1

Quartz

Power

|
coil inductively coupled ﬁnp _J
l Supply B

Cooper Rod f?

with the coill of Supports H

Tantalum strip

i@ -:,V,-,J'

oscillating circuit. A

stable plasma can be 7}

sustained at RF powers pimi|
from 30 to 600 W and at

a frequency of 27.12
Mhz. Plasma support Fig4.- CCP source for atomic absorbtion spectometry.

gas (Ar, He, and

mixtures of these gases with,,NH, and air) is introduced by using an inlet on
side of the main body of quartz container with fleates ranging from 0.2 to 0.6
l.min-1. The sample is introduced into the plasrhaough electrothermal
vaporization. Using a micropipet, before the igmtiof the discharge, the sample
Is placed on an electrically heated tantalum dtrgd offers the possibility that
the sample vaporization and atomization can beratggh and independently

optimized. A cycle of sample introduction has thségps: the drying, the ashing
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and the atomization. The plasma is ignited at the ef the ash step and is
measured its time-response by Atomic Absorptionc8pmetry (AAS) method,
the discharge being longitudinal traversed by ambdé@m a hallow-cathode
lamp. The detection sensitivities (picograms range) comparable with that
obtained through atomic absorption measurementsyusinventional graphite
furnace.

The same authors [19,20] combine the high effmyeaf atomization in
electrothermal atomizers with the high efficiendyeacitation in RF plasmas.
They have designed an excitation source with atatoiz in graphite furnace for

plasma emission spectroscopy (FAPES), whose scleetiagram is presented

in Fig.5.

This source
consists of an Sample Hole
electrothermal atomizer RF Electrole I F?ncehube

(the furnace) and a RF
discharge (CCP). The

graphite furnace s

L Quartz
A Window
~ o g /

heated using a .
! <
conventional  power | RF Power T
;‘ Supply RF Filter
suppl)-/ ar-ld it ac-ts as a 1 Ao
vaporization device. To Fidwies
) ] Power Supply
form a plasma inside SAWIERIE
the furnace, a 1 mm Fig. 5. - Schematic diagram of RF-Fapes source

diameter thoriated-
tungsten rod was
inserted along the center axis of the graphitedoen The RF power supply was
connected through a matched impedance betweenrdiphite furnace and the

central electrode, the plasma being in contact i electrodes.
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The working frequency was 27 MHz, the power ifite plasma was in the
range of 10-100 W and the gas flow-rate (Ar) wasniin-1. While solid and
liuid samples can be placed on the inner surfdcthe furnace tube, liquid
samples can also be placed on the central rod.d&textion sensitivities (AES
was the method of analysis) were lower than onegoam for some elements.

In the works [29,30,36] are described two type<afP sources, one of
low power (30 W, 12 MHz) and another of mean pow@@0-500 W, 27.12
MHZz), which can maintain such discharges in airofA&a mixture of Ar and air.
The generated plasma is in contact with only ometedde, which is a sharp
platinum tip of a cylindrical brass device (8 mnd.cand 60 mm in length). It is
placed into a quartz tube (15 mm i.d., 18 mm omd 400 mm in length)
sustained by the sample introduction system, wisichade of teflon (PTFE) and
assures a laminar flow of the aerosol (the liguadchgle pneumatic nebulized)
through the tube (Fig.6). At a distance of 45 mamfithe platinum tip the quartz
tube is surrounded by an annular counterelectrodedassures the symmetry of
the electromagnetic field lines, therefore the swimn of the discharge. The
carrier gas, which is the plasma support gas tas aflow-rate of 1.5 l.min-1.

In contrast to previous discharges that have adgemeous appearance,
this RF discharge has four characteristic zonagliln immediate proximity of
the plasma sustaining tip one can observe a thire-wiblet layer, named
superficial luminescence, with a thickness lowemntti mm and which has all
characteristics of a normal drop tension. The pretesma consists of a thread-
form core, which has the highest temperature (3800 K) [37] and which in
argon is brilliant-white, and a blue-light shed#ss brilliant and cooler than the
core, and which surround it.

The last two zones are separated by the supétfiomnescence through a
dark space similar to the dark spaces of lumindsdscharges in continuous

current.
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From analytical
point of view the core and f Shenth

the luminescence of the

- 371 Annular
Counter Fleetrode

plasma are important. In

the core zone, the

elements introduced into

Plasma Core

the plasma  through

pneumatic pulverization

Durk Space ;
are atomized, excited and - Ty
I Buperfictal —— | . Plathoum T
ionized. Lu:g::uu;ue .
) ) Kuample
The aerosol introduction S mi
System
is doing through a system saaties A A
that has twelve holes
concentrically  disposed Sustubning
] o ] Eleetrode
with the sustaining tip of Cooling

Water

the plasma, and which
assures the laminar flow Fig. 6. - Cross section diagram of CCP torch.
of the carrier gas without disturbing the plasma.

Into the plasma can be introduced a low amourauxdliary gas (with a
flow-rate lower than 0.5 I.min-1) for optimize tle&citation conditions for some
elements. The analysis is done with the help of Ate$hod, the detection limits
being in the range of ng.ml-1 to mg.ml-1 [31]. Theoerficial luminescence is
important because the positive ions, acceleratats imery intense field, collide
the sustaining electrode and break loose atoms finisn These atoms penetrate
into the superficial luminescence and into the aafréhe plasma, then they are
excited or even ionized. Consequently, this expenial arrangement has been
used for direct analysis of conductive samples.[BBE obtained detection limits

are in the range of 10-3-10-2 % for eight elements.
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MICROWAVE PLASMA

Microwave discharges were first observed during #arly 1940's by
physicists and electrical engineers as unwanted dastdrbing effects in the
development of RADAR equipment. Microwave plasmae aroduced by
interaction of electric fields at ultrahigh frequess (usually 2450 MHz) with
gases. Microwave plasmas can be classified intogiwaps: microwave-induced
plasmas (MIP) and capacitively coupled microwawasplas (CMP). Both types
of microwave-supported discharges can be classifisdworking at low or
medium power and at atmospheric or reduced pressure

a. Microwave induced plasma

A microwave-induced plasma is usually an electieste discharge
generated in a glass, quartz or ceramic tube, baaminner diameter on the
order of few millimeters to a few centimeters. Ting&rowave energy can be
transferred to the plasma using a resonant cawvitpaxial waveguide or another
microwave structure coupled with a rectangular wgange powered by a
magnetron (microwave generator).

In the first case, the purpose of the resonanitycas to enable the
formation of astanding electromagnetic wave sudht the field strength is
maximized in the vicinity of the plasma torch. Thesonant modes of these
cavities can be classified as transverse elediig ¢r transverse magnetic (TM)
modes. However, often the modes cannot be separdtedurely TE or TM and
are therefore called hybrid modes. The cavity whids become the most
popular means of forming analytical microwave plassiTMO010 [24,38]. This
is an efficient cavity which could be used to foarplasma in either argon or
helium , at atmospheric pressure, and at quiteitgut powers (40-100 W). A
schematic diagram of this cavity is shown in Figt has a shape of a pillbox and

consists of a cylindrical wall with a fixed bottaand removable lid.
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The discharge tube (the torch) is mounted in thetar of the cavity,
perpendicular to the
cylindrical walls. i

Microwave energy .
is transferred to the cavity
through a coupling loop

which consist of a 1mm-

thick cooper wire. Cavity
resonance is achieved \

. . . / - Qn;‘n;n
using either a tuning stub \ tube

in the bottom of the cavity

Cooper wire
coupling loop

or a stub through the [T made ‘ el
pHllbox™ cavity RF conncctor

cylindrical wall.

In the second case, Fig. 7. - Schematic diagram of the TM010 mode

the microwaves generated cavity for MIP.

by a magnetron are transferred to a helical catbugh a uniline, directional

coupler, three-stub tuner, taper waveguide and demtoansformer, and are
absorbed as circularly polarized waves by the pda#mough a discharge tube
placed inside the helical coil [4].

A schematic diagram of the mode transformer iswshon Fig.8. It
consists of two parts: one is a plane rectanguéareguide with a reduced height
for impedance matching between the resultant impeslaof the helical coll
together with the plasma and that of the micronswmérce; the other is a coaxial
waveguide with an impedance of 50 W, coupled whthrectangular waveguide.
One end of the helical coil (two turns) is connddie the inner conductor of the
coaxial waveguide, and the other is terminatedhatitont-end plate of the outer

conductor.
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Fig. 8. - Schematic drawing of the helical coil-type migayve induced plasma.

The torch consists of two concentric quartz tudres it is air cooled. The
flow-rate of the carrier gas (Ar) for the aerosgection is 0.35-0.5 I.min-1. The
cooling air flow-rate is 60-70 [min-1. Another stture for generating
microwave induced plasmas is the surfatron, whodeereatic diagram is
reproduced in Fig.9. The structure can be viewedadength of a coaxial
transmission line, terminated at one end by a shiatit and at the other end by
a capacitive gap. The electric field is imposedany electromagnetic surface
wave propagating along the discharge tube. No eakevave guide structure is
needed, because the interface between the plasthawarounding dielectric
constitutes such a guide. The structure has a symyraad shape capable of
launching an azimuthally symmetric surface wavenftbe gap region along the
length of the discharge tube. Tuning the surfatsceccomplished by moving the
short circuits to the length of the cavity. Thefaoe wave plasma is quite stable,
since only one mode of propagation is allowed. $adatron can be operated
over a broad range of frequencies (27 MHz to 10 G&lml a gas pressure
(between 10-4 torr and a few times the atmosphmassure). The consumption
power is up to 300W.
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Fig. 9.- Cross section of a surfatron cavity.

For a 100 W microwave induced plasma at atmosphaessure, the
excitation temperatures are about 5000 K for Ar @00 K for He, and the
electron densities are in the range of 1014-101@cirhis plasma has been used
for analysis of gaseous, liquid and solid samles detection limits being in the
range of 10-3-103 ng.ml-1 [14].

b. Capacitively coupled microwave plasma

In the capacitively coupled microwave plasmas (GM& magnetron
generates microwaves through a coaxial waveguideg vectangular waveguide,
to the tip of a central single electrode wheream#like plasma is formed. The
central electrode can be made of Pt, W, Al, graplut other conductive
materials. It has been developed two types of kbetrede configuration: in one
the electrode is a rod with a sharp tip, and timepda and the carrier gas diffused
into the plasma gas in the lower part of the tdrelow the solid single electrode
tip [11,12], and in the other one in that is usedtaular central electrode through
which the sample carried by the carrier gas iothiced directly into the plasma
[16-17]. The direct introduction of sample into thblasma flame has greatly

improved sample-plasma interactions, increasederdration of analytes in the
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plasma viewing region, and improved signal-to-baclkgd ratio, signal-to-noise
ratio and detection limits.

In the work [17] is presented a CMP from the secaategory, the
absorbed power into the plasma being of 600 W. Tuwer is necessary
because at the powers lower than 400 W the deoiyergy inside the plasma
iIsn't sufficient to assure the vaporization andratation of the liquid and the
solid samples, and the introduction of the aerasmltions often causes an
iImpedance mismatch of the system, thereby extihgqugsthe plasma. In Fig.10,
a schematic diagram of the plasma system is giVle. torch is likewise that
used in ICP, having two tubes only. It is made aang, and a 5 cm long
graphite tube is located on the top of the innéeiurhis graphite tube is the
sustaining tip of the plasma, too. The glass chimiseused to improve the
plasma stability by minimizing air drafts. The clmey, 80 mm i.d. and 180 mm
high, has quartz windows to enable measurementeofptasma emission. The
sample was introduced by a concentric nebulizer angpray chamber and swept

by plasma torch.

Plasma Glass chimney
\ y
Circular \
waveguide .
\ ~ Y; Quartz window
Graphite i :
MSgneon \ electrode ; __-Quartz tube
(2.45 GHz) .
[o

Rectangular
waveguide

Sample
aerosol

Fig. 10. - Shematic diagram of the generator for capacitieelupled microwave plasma.
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The carrier gas into the plasma gas and the cagas (He) flow-rates
were kept at 6 1.min-1 and 0.4 l.min-1 respectivé@lge observation height is just
above the top of the electrode since the signakmdxd in this area are maximal.
The sample was analyzed using the AES methodgjdteetion limits being in
the ng.ml-1 range.

At last, in the work [25] the authors present aPES system similar to
that described in the works [19] and [20], but wogkin the microwave range
(2450 MHz). Unlike the previously described CMPteys, here the plasma is in
contact with both discharge electrodes. Fig.11emtssa schematic diagram of
this spectral source, in which the plasma fillsfearmly the graphite tube over
the length of the central electrode. With this magement a forward power of 50-
70 W could be easily tuned for zero reflected powlre central electrode
terminated in a 2.9 cm length of 1 mm diameter |Wi® graphite coated
electrographite which traversed the length of lytic coated graphite tube.

The solutions were injected on the wall of thenage, then were dried,

atomized and —
analyzed  through & /

AES methods, the \

detection limits |

Microwaves —

being in the 101 pg

Quartz
Window

range. Helium was
Central
Electrode

used for both ;| ' g5 - 5T RS ke e

Furnace

external sheath at a Housing

flow rate of 1.5 Fig. 11. - FAPES workhead for microwaves.

l.min-1 and internal

purge gas, which served as the plasma supportagdflsw-rates among 50 and
360 ml.min-1. Because of long therm stability aétplasma, the authors suggest

its successful use as sputtering cell for the amalyf solids.
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CONCLUSION

Plasmas maintained at atmospheric pressure in fragiency and
microwave fields represent a spectral sources oategwith increase
attractiveness in qualitative and quantitative gsial Due to their superior
excitation and ionization capabilities (compardiwsith the traditional sources),
analytical performances are very high and almdghalknown elements can be
analyzed. As methods for analysis of gaseous,digmd solid samples can be
used atomic emission (absorption) spectroscopy,snsgaectrometry and gas
chromatography.

Between the modern spectral sources, inductivelypled plasma is the
most performant but also the most expensive. Dueth® low price to
performance ratios of microwave plasmas compareth WCP's, further
investigation is required to elucidate problemsoesged with these modern
spectral sources.

The authors hope that this short review will sebath as a useful
information source and as a starting point to tmeire development of these

kinds of plasmas.
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SOME FUNDAMENTAL CHARACTERISTICS FOR A RF
CAPACITIVELY COUPLED ARGON PLASMA WITH
TIP - RING ELECTRODE GEOMETRY

S.D. ANGHEL" E. A. CORDOS™, T. FRENTIUT,
A.M.RUSUT A. SIMON™" E. DARVAS| T

ABSTRACT. The excitation and ionisation temperatures and dleetron
number densities for a capacitively coupled RF mkassustained in Ar at
atmospheric pressure, with tip-ring electrode gdomes presented. The
plasma was operated at 185 W, 27.12 MHz and 1 lfais flow-rate. The
spectroscopically observed and investigated zons e plasma core.
Measurements were done, as function of observdgght (h), for different
tip-ring distances (H). The excitation temperatuicasAr were determined to
be in the range of 200800 K and the values of ionization temperaturethén
range of 3700-4700 K. The excitation temperatuoes-€ | were determined to
be in the range of 3700-4700 K. The ionization terafure for Ca at an
observation height of h = 18 mm was 4400 K and 4&d0r H = 10 and 40
mm respglciively. Electron number densities wererd@hed to be in the range
of 2-6 x10" "'cm .

INTRODUCTION

A gas may be regarded to be a plasma if it is exhsufficiently for its
properties to depend significantly on the ionizatithe gas remaining electrically
neutral macroscopically [1]. The important propertf a plasma, for
spectroscopic purposes, is those large quantifiedeotrical energy that can be
transferred to it, if it is sufficiently ionisedthis supply of energy will heat it to

very high temperatures.
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The effects of high temperatures on gases ared&won if the gas is not
monoatomic, followed by ionizations and excitati¢2js

From the point of view of macroscopical investigat the plasma is
electrically neutral and containing: electrons; tnreluatoms (in both ground and
excited states); ions (in both ground and excitates) and photons (as a result
of.relaxation processes). The distribution of theseicles, as function of energy,
is depending on a parameter calddssolute temperature [3]. Plasma contains a
number of different kinds of particles. Naturallyis possible and obvious to
have a certain number of different distributionad aconsequently, a similar
number of parameters will be necessary to desegdlob of those distributions.

In a plasma, sustained by a monoatomic gas, thesebe four kinds of
temperatures [3]. The electron temperaturedfTand kinetic (Doppler or gas)
temperature (fjn) will describe the kinetic energy distributionsedéctrons and
gas particles (atoms and ions). The the excitatgonperature (dyxo will be
necessary to describe the relative populationfi@fdifferent energy levels of a
given element and the ionization temperatuiig{Jlto characterise the ionization
equilibra. If the plasma gas is bi- or poliatontigp more temperatures could be
introduced. The rotational temperaturerdfj, which will governing the
populations of the rotational levels, and the \ibraal temperature ibr),
which will governing the populations of the vibatal levels. When all this
temperatures has the same values, the system @)léssaid to be in a state of
thermodynamic equilibrium.

Thermodynamic equilibrium is an idealised statg ttan not be observed
in reality. In spite of the well-known fact that spectral source in local
thermodynamic equilibrium (LTE) is considered to Ioet essential for
spectrochemical analysis, this special state cda@lddesirable on four major
counts [4]: the effects of instabilities in the smaiis likely to be minimised , in
this state the freedom from chemical interferenc®salmost perfect, the

behaviour of a given element - introduced in thespia - is more predictable and



In certain circumstances, some laws deduced fotesss in thermodynamic
equilibrium can be successfully applied to systédmas are not in this state.

Electron number density (ng) is a measure of the number of free electrons
per cm’ and is considered to be a fundamental parameteyellyy independent
from the temperature and any assumptions aboutexistence of LTE [4].
Consequently, if LTE exists gwill uniquely define the common temperature of
the system. In plasmase mill be the indicative of the degree of ionization.
Several researchers have determined the electromberu density in
radiofrequency and microwave supported plasmasyagpthe most frequently
used method: Stark broadening of the hydrogen Baﬁ‘ﬂ(e)\HB = 486.13 nm)
line [5]. Values of g could be determined using: the "line-to-continuuméthod
[6,7]; the spectral radiance of the continuum,Kaamers-Unsé6ld equation [8,9];
the series limit merging method [10] or the Thom&ayleigh scattering
measurements [11].

All these considerations, presented above, arelicapfe for a
radiofrequency capacitively coupled plasmas (RF C8lstained at atmospheric
pressure, with tip-ring electrode geometry. Therabizristic temperatures and
the electron number density of this specific RFcllisge are not very well
known and consequently the excitation, ionizatiowl &mission processes are
difficult to understand.

Therefore the aim of this paper is that to deteemthe excitation
temperatures for Ar and Fe |, the ionization terapees for Ar and Ca and to
estimate the electron number density using onlyctsgle line intensity
measurements. At the same time, it was kept in wedetermine the variations
of temperature as function of observation heightaihd tip-ring distance (H),
with the purpose of determining the optimum workipgrameters for the

spectrochemical analysis.
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EXPERIMENTAL

2.1. Instrumentation and operating conditions. The schematic diagram of
the experimental set-up is presented in Fig.1l. plesma was obtained and
operated with a 27.12 MHz RF generator, designéalig for ICP and later
adapted for RF CCP [12]. The RF discharge was maiet between a water-
cooled electrode, with a sharp platinum tip, comegto the ground.

Thermometric species were introduced into thenpdgausing a concentric
pneumatic nebulizer (Meinhard-type) in a 120 mluligation chamber, through
a specially designed polytetrafluoroethylene (PT&&)ice [13,14]. More details
of the instrumentation and operating conditions mesented in Table | and
Table Il, respectively in reference [15]. The cotien for the spectral response
of the spectrometric system was made with a sgeca@diance standard lamp
EPI 1604.

Scanning monochromator
RF 2 and photomultiplier
generator
27,12 MHz
2 kW

Recorder

e Sgnyb
chamber|
ArA

Control unit for
gas flow-rate | —
and pressure

Y

Ar

2003 >» O

Fig.1 - Experimental setup.



Tablel. Instrumentation

Apparatus M odel Manufacturer

Plasma power supply:

RF generator 27.12 MHz, 2 kW, free- EOP Research Institute for Analytical
running Colpitts type, modified for ICP Instrumentation, Cluj-Napoca
capacitive coupling and for operating at

low power.( 85 - 275 W)

Plasma tor ch:

* water-cooled central electrode: 8 mm

diameter, tungsten tip Qin angle

e quartz tube: 15 mmi.d., 200 mm
Laboratory constructed

length
» brass ring counter electrode: 25 mm
id.
Nebulizer and analyteintroduction
system:

* nebulizer: pneumatic concentric type

* 120 ml glass nebulization chamber Research Institute for Analytical
» 8roller peristaltic pump Instrumentation, Cluj-Napoca
e PTFE mixing chamber, with 12

concentric holes, 1.3 mm diameter

Opticsfor spectra recording:
« scanning monochromator: 35 m focal EU 700  Heath Co., Benton Harbor, MI, USA

length, 1200 groves / mm grating

«  photomultiplier tube (operated at 600 V) RCA
»  photomultiplier high voltage power 1P 28 Heath Co., Benton Harbor, MI, USA
supply EU 701

Recorder K 201 Zeiss-Jena, Jena, Germany
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Tablell. Operating conditions

Frequency

Forward RF power

Capacitively coupling system

Plasma support gas

Ar flow-rate (plasma support; sample nebulization)
Sample uptake rate

Focusing

Observation zone

27.12 MHz
185 W
Tip-ring geometry
High purity Ar
1 I/min
0.8 I/min, 10% nebulizatiorcadficy
guartz lens

plasma core (~ 2 mm width)

2.2.Procedure. The Ar excitation temperature was estimated from the
slope of the Boltzmann plot, using seven neutr@malines that are covering the
wavelength-range 383.50 - 451.07 nm. For measursnies basic assumption is
that excitation is thermal. Excitation temperataoaild be calculated from the

slope of a regression line fitted according toftil®wing equation:

Iog{lgLAJ 0f(Eexc) 1)

where | is the corrected line intensity;- the transition wavelength; g - the
statistical weight of the higher level; A - the pability of spontan emission and
Eexc - the excitation energy of the upper level of tieserved transition. Table
[l summarises the spectroscopical data for theliAes used (values were
compilated from several sources [16,17,18]).

Excitation temperatures for Fe | lines were calmdafrom the slope of

the Boltzmann plot, using the following equation:

|og{'§] 0f(Eec) )

where I,A, g and kexcwere explained above and f is the oscillator stifeng



Tablelll. Spectroscopic data for Ar | lines

A [nm] Eexc [eV] gA 10-6 [s-1]
383.50 15.088 0.8
404.44 14.716 0.3255
425.12 14.491 0.339
427.22 14.552 0.71
430.01 14.510 1.97
434.50 14.708 0.939
451.07 16.603 1.02

For this purpose seven Fe | lines were selectpdctfl data for these
lines are presented in Table IV. [4,18,19,20].

Table V. Spectroscopic data for Fe | lines

Alnm] EexdeV] (\3/gf)x10-13
371.994 3.34 1.3855
372.256 3.42 9.8294
373.484 4.19 0.2552
373.713 3.37 1.9392
375.873 4.26 0.5308
376.379 4.29 0.8258
376.719 4.31 1.1696

With the purpose of determining the ionisation tenagpure, the plasma

was supposed to be in local thermodynamic equilibriand electrically
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quasineutral (g=nj). The LTE ionisation temperature is presentedhm $aha

relationship:
n.mh, g, [QZT[mekBT)% ( E, J )
| - | I]_EX _ 1
na ga h2 a kBTion
where: n is the number density of the subscrippeties ( e = electron; i = ion;

a = atom in ground state); g is the statisticalgivedf the given particle &= 2);
Ej is the ionisation energy (all other symbols repnés the wellknown physical
constants). For Arijg= 6, § = 15.755 eV. Introducing the numerical values for

the constant terms, the following equation may l@ioed:

n, Oh; E,
—e—1 _483E1021quﬁ@xp( T J (4)
a on

This is a more practical form of the Saha equatitaking into account

the quasineutrality @nj), Eqn. (4) may be written as follows:

n? 1 E,
—¢_ = 28.981021 0~ [xp| — (5)
Na Ja KgTion

The relative intensity of an emitted spectral lif@s compared to the
ground state of the atom) is given by:
hc N, Eoc
= o) E'g_a@xp( kBT@KJ )
By combining Eqn.(5) and Egn.(6), and taking actdbe LTE condition
(Texc=Tion), the following equation may be obtained:

hc DA
| OA

1 E..—E
= 28.98 10210 [T 2 I]axp(—'} (7)
ne k TlOn

lonisation temperature could be estimated fromslbpe of a regression
line fitted in accordance with the following equati

|n(hcl:léiAJ=f( IEl‘(EXC—-EonEiJ=a+b(Ei _Ea) (8)

where:a = 51.721-2ln(ng)+3/2IN(Tjon) andb = -1/ (kg Tion)

In Egn.(5)a and b are two parameters, which depend on ionisation

temperature. Presuming thajo was previously estimated from the slope of



Egn.(5)., electron number density could be caledldtom parametea, which
represents the intersection of the Boltzmann pidt e axis ofin[hc@A/(IA)].
Following this mathematical order of ideas, thecpcal expression for gimay

be written as:

N, = exp{51.721— a+gln(Ti0n)} 9)
Egn. (9) represents the electron number densitdsh were estimated
using only spectral line intensity measurements.
Calcium ionisation temperatures were calculatechgishn expression
given by Boumans and De Boer [21]:

| 1 A A Ej+AEj-AE4
[—iJ =4,83002 0+ [ﬁg—] [ﬁ—) o’2mo- kBT (10)
LTE Ne \ A | \OA a

Ia
where: |/lg - ionic to atomic intensities ratidAEj and AEg represents the
transition energy of ionic and atomic lines. Tihend a indexes refer to singly
charged ions and neutral atoms respectively.
Three atomic and one ionic line was used for #leutation of Ton from

the slope of a regression line fitted in accordamitle the following equation:

I E. + AE. - AE
Iog{—') =f( i Ak' a } (11)
la LTE Bl

The relevant spectroscopic data for Ca are sumethiisTable V [22,23].

TableV. Spectroscopic data for Ca lines

A [nm] Transition energy [eV] gA [xl’(? s'l] Obs.
430.253 2.882 7.1 atomic line
445.673 2.784 7.5 atomic line
393.367 3.152 0.91 ionic line
422.67 2.932 1 atomic line
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It was assumed that, addition of an analyte spicikhe plasma has no
significant effect on the electron number densijch was estimated for the
"unseeded" system using Eqn.(9).

2.3 Reagents. Stock solutions (100Qag/ml) were prepared by dissolution
of the high-purity metals or their salts in HYQ@L+1) - for Fe and in HCI (1+1) -
for Ca. Single element working standard of 50 mgArate obtained by diluting
the stock solutions with high purity 2 % v/v HN@nd HCI 1:1 respectively.

RESULTS AND DISCUSSION

3.1 Plasma shape and spectra. The Ar plasma obtained with a tip-ring
electrode geometry has a filamentar shape withnéanse purple core and a
barely visible bluish outer mantle (sheath). Thezkarge extends up to the upper
electrode above which the heated gas forms a ldlyesh plume. It is very
stable and completely noiseless.

The plasma shape and especially the core lengtbwer dependent [13].
At 85 and 125 W the core does not exceed 20 mneighh while at 185 W it
extends up to the ring electrode 65mm) and at 275 W is well above it. The
width of the plasma mantle (sheath) gradually iases with power and at 275 W
completely fills the quartz tube. If higher powerlower Ar flow-rates are used,
the plasma heat will affect the quartz tube.

The optical emission could be observed eithervoado above the ring
electrode. The plasma background spectra were dedoin the 200-800 nm
range with distillated water as blank and Ar orakd air as support gas using
similar conditions as for the analytical determimas. The prominent feature of
the emission spectra are the OH bands, the NO pb#mel$p bands and the Ar
lines. The background from 450 to 800 nm is sm¢bif

3.2 Excitation temperatures. A typical Boltzmann plot for Fe | lines is
shown in Fig.2. Measurements were done at 185 Wh&Rter, 1 | Ar flow-rate
and h = 15 mm observation height for differentriiy distances (H = 10, 20 and



40 mm). Mean electronic excitation temperatureseweund to be in the range
of 3700-4700 K.
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9.5 A L. A 't A 3
3.2 3.4 3.6 3.8 4 4.2 4.4

Eoxc [eV]

Fig. 2 - Boltzmann-plot for Fe

The electronic excitation temperatures for Ar wérvand to be in the
range of 2008500 K, and were obtained at the same operationitoms like
for Fe lines. In Fig.3 is shown the effect of obsdéion height on Ar excitation
temperatures, for different tip-ring distances.

o H=40mm
4000 e H=30mm
a H=25mm
3500 ¢ H=20mm

3000

2500

2000

Excitation temperature [K]

1500

Observation height [mm]

Fig. 3 - The Ar excitation temperatures as function deation height

and distance between electrodes (H)
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3.3 lonisation temperatures. The ionisation-recombination temperatures
of Ar were determined to be in the range of 25004K. In Fig.4 is shown the
effect of observation height on Ar ionisation temgteres, for different tip-ring
distances.

The plots for Bxcand Tion as function of observation height and tip-ring
distance have similar shapes. The curves have twonmums situated close to
the electrodes. The maximums are the result ofctmaulated effect of the
distribution of the RF field lines and the suppgas flow.

The ionisation temperature of Ca determined acogrdd Eqn.(10) was
4460 K, for a tip-ring distance of H = 10 mm an®@& for a tip-ring distance

of H = 40 mm. Measurements were done at an obsemaeight of h = 18 mm.

o H=40mm
e H=30mm
a H=25mm
e H=20mm
sH=15mm
o H=10mm

4300

3800 r

3300

lonization temperature [K]

2800

2300

Observation height [mm]

Fig. 4 - The Ar ionisation temperatures as function ofestaation height and distance between
electrodes (H)

3.4 Electron number density. The results for g using Eqn.(6), were found
to be in the range of 2-6x 16 cm". The effect of observation height on electron
number density, for different tip-ring distancepissented (plotted) in Fig.5 and

obviously it has the shape ogjcand Tjgn (with a similar explanation).



0 H=40mm
® H=30mm
A H=25mm
+ H=20mm

o H=15mm

s H=10mm

Electron number density [E+14 cm-3]

0 5 10 15 20 25 30
Observation height [mm]

Fig. 5 - The electron number density as function of oletion height and distance
between electrodes (H)

CONCLUSIONS. A presentation of some fundamental characterifbics
a RF Ar CCP, with tip-ring electrode geometry hasrbgiven. The plasma was
investigated for electronic excitation temperaturenisation-recombination
temperature and electron number density. Table résgnts the characteristic

temperatures and electron number densities demvels study.

Table VI. Characteristic temperatures and electron numbesitieEsn

Specie ExclK] Tion[K] Ne [1014cm-d
Ar 2000 - 3500 2500 - 4500 2-6
Fel 3700 - 4700
Ca 4600 - 4700 2-6

These temperatures reflect the degree of exaitadimsation of the
relevant spectral lines used as thermal indicaf@ue to the non-equivalence of

the various state distribution temperatures, it mhbg concluded that
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thermodynamic equilibrium does not exist within tAe CCP with tip-ring
electrode geometry. Taking into consideration tihecigion of measurements
(£ 15%) we may suppose that the plasma core is ngtfae from LTE and the
analyte species are probably excited mostly byistofis with electrons (the
excitation temperature has a close value to thisation temperature).

The values presented in Table VI are similar wihi# results obtained by
other authors for capacitively coupled low powemdasmas [4, 24, 25, 17, 26].

The analytical performances are in good agreenvéhtthe explanations
given for the shapes ofe;c Tion and n, curves. For example, decreasing H,
Texc increases in the plasma core among 15 and 20 rbeeifeation heights)
and this part of the plasma yields the best resoitanalysis of nebulised liquid
samples. For liquid samples the optimum observdigight corresponds always
to the second maximum (Fig.3). At this height thesekcitation rate of the

analyte specie is the greatest.

REFERENCES

1.S.Greenfield,H McD.Mc G e arcrh Chemistry in Britain 16, 653 (1980).
2.S.Greenfield,H McD.McGeachP.B.SmithTalanta22, 1, (1975).
3.S.GreenfieldheSpex Speaker XXI1I, 1 (1977).

4, R.E.Sturgeon,S.N.Willie, V.Ou o n g,Sectrochim. Acta 46B, 1021 (1991).
5.Shi-Kit Chan,Akbar Monta s &pectrochim. Acta 44B, 175 (1989).
6.S.Bastiaans, R. A. Man g o Bdectrochim. Acta 40B, 885 (1985).
7.P.J.Galley, G.M. Hieft]&ectrochim. Acta48B, E 1725 (1993).
8.G.R.Kornblum,L.de G alaSpectrochim. Acta 29B, 249 (1974).

9.V.M.Goldfarb,S.V.DresviHjgh Temperature 3, 303 (1965).



10.Akbar Montaser, V.A Fass 6&l,L ars e nApplied Spectroscopy 35, 385
(1981).

11.D.S.Hanselman,N.N.Sesi, M. &g, G. M. Hie ft]epectrochim. Acta 46B,
495 (1991).

12.S.D.Anghel,APopescu, F.RaEZTataru, E.A.Corde, Revistade
Chimie 40, 344 (1989).

13.E.A.CordgS.D.Anghel, T.Fretiu, A . PopescuAAS,9, 635 (1994).

14.E.A.Cordg, T.Freniu A .Fodor, M.Ponta,AM.RusuNegoescu,
Acta Chimica Hungarica, 132, 313 (1995).

15.E.A.Cordg, T.Freniu, A M.Rusu,G.Vatg Analyst, 120, 725 (1995).
16.1.Kleinemann, & ajk o,Sectrochim. Acta 25B, 627 (1970).

17.R.E.Sturgeon,S.N.Willie, V.Tuo n g, J. G. D u n ®pplied Spectroscopy 45,
1413 (1991).

18. M.W.Blades,B.L. Caughli$pectrochim. Acta 40B, 579 (1985).
19.R.Rezaaiyaan,G.M. HieftAaa.Chem. 57, 412 (1985).

200 W.R.L.Masamba, A . H. Ali, J. D. Wie fordn e rectrochim. Acta 47B, 481
(1992).

21.P.J.W.M.Boumans,F.J de B oSpectrochim. Acta 32B, 365 (1977).
22.D.Littlejohn,J. M. Ottaw aAmnalyst 104, 208 (1973).
23.C.H.Corliss, W.R. B ozm a nNat.Bur.Sand.Monogr., 53 (1962).

24. M. W. B | a d e sjpectrochim. Acta 49B, 47 (1994).

25.D.C.Liang, M. W.Blad eAnal. Chem. 60, 27 (1988).

26.M.W.Blades,P.Banks,Chrisi&D.Huang,Ch.LeBlanc,D.Lian
I.E.E.E.Trans. on Plasma Sci., 19, 1090 (1991).



	00Contents
	01BURZO_TETEAN
	02COLDEA_ETALL
	03PETEANU
	04FILIP_ETALL
	05SIMON_ETALL
	06DAVID_ETALL
	07DAMIAN_ETALL
	08MARIAN_ETALL
	09TODICA_ETALL
	10TODICA_ETALL
	11TODICA_ETALL
	12ANGHEL_ETALL
	13ANGHEL_ETALL

