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JOAN URSU

Professor Toan Ursu, member of the Academy of the S R of Romansa, Roma-
nian physicist of high national and international renown, a prominent son of his
Clug homeland, has come wnto the O0th year of his life Founder of the research
wn Sold State Physics wn Clug-Napoca as well as of the Romamian school of mag-
netic resonances, wmbiator of the research on laser actwe media, solid state lasers,
resonant and non-vesonant ntevaction of laser radiation with wmaltler, particularly
actwe in the field of nuclear materials and nuclear power, and originating several
major projects wn the freld of 1sotope separation, Toan Ursu “has brought an wmpor-
tant comtribution to the development of Physics wn our country.

An offspring of the schools and the Umwersity wn Cluj, Professor Ursu has
started his research career wn the local Dwision of the Institute of Atomic Physics —



IFA, origwmally downg wwvestigations on transport phenomena 1n gases. Selected
results obtained at that time werve gathered in his monograph Efecte magnetome-
canice la oxigen (Eduura Academier, Buchavest, 1959). Subsequently the study
of gasfsolid wnterface phenomena was approached, with particular emphasis on the
catalysis of the hydrogen-deuterium 1sotopic exchange.

Beginning with the year 1957, Ioan Ursu has much contributed fo the develop-
ment of Solid State Physics at the Umwversity of Cluy and at IFA—Cluy, gmding
the research geared to the understanding of the gas[solid wnterface phemomena, of
the electric, magnetic and structural propertres of solhds, as well as to the many-
sided wnvestigatrion of radiation effects on solids Drawing upon s own results and
turmng to the best account the experience gained during his dynamac interaction
with venowned labovatories worldwnde, Professor Ursu laid furm principial and
methodological grounds to this research emterprise. Classic measurement techmques
such as X-ray diffraction, magnetic susceptibility and electric, and thermal, conduc-
twity determinations were soon fto profitably compele with modern methods that
were brilantly and most efficiently implemented through Professor Ursu’s efforts ;
among these — the electron parvamagnetic vesonance, the nuclear magnetic resonance,
the electron macroscopy and others. The rvesulls obtained through his work at the
Unwersity of Cluy as well as with various renowned laboratories in the USSR,
USA, GDR, Switzerland were soon recognized as important scientrfic achievements.
Over the years, these brought increasing praise on behalf of the wnternational expert
commumity to the Romanian school of radio-frequency spectroscopy, thereby created.

In recogmitron of s outstanding scientrfic merits, wn 1963 Professor Ioan
Ursu has been elected a corresponding member of the Academy of the S.R of
Romama, to become full member in 1974. He held offices with the steering bodies
of the wnternational societres AMPERE and ISMAR, ever since thewr foundation.
In 1976 Professor Ioan Ursu has been elected President of the European Physical
Society The good name the Romaman Physics owes to Professor Ursu has been
time and agawm confirmed, by the establishment wn our couniry of the Summer
School of the international Groupment AM PERE (Atomes et Molécules par Etudes
Radwo—Electriques) — the first of the kind, by the orgamzing of the 16th AM PE-
RE Congress, of the 7th AM PERE Specialized Colloque, of the 3rd General Con-
Serence of the European Physical Society, as well as of the wnternatronal series of
Conferences  Trends wm Quantum Electromics”, hosted by the Central Institute
of Physics, at thew 3rd editron this fall

The mawn contributtons by Professor Ioan Ursu wn the field of electron para-
magnebic vesonance and wnuclear magnetic vesomance arve gatherved wn the books
Rezonanta electronicid de spin (Eduura Academier, Bucharest, 1965), La reso-
nance paramagnétique électronique (Dunod, Paris, 1968), Rezonanja magnetici
in compust cu uraniu (Edutura Academrei, Bucharest, 1979), Magnitny rezonans
v soyedineniah urana, (Ewnergya, Moscow, 1982). Ioan Ursu has also brought
outstanding comntributions to other, modern and important, domawns of Physucs,
such as the Nuclear Physics, Laser Physics, Surface Physics, the Physics of high
technologies and new materials a.o His work wn these fields is llustrated by books
such as Energia atomicd (Editura Stungrficd, Bucharest, 1973), Fizica st tehno-
logia materialelor nucleare, (Editura Academier, Bucharest, 1982), Physics and
Technology of Nuclear Materials (Pergamon Press, Oxford, 1985), and Interac-
t1unea radiafter laser cu metalele (Eduura Academies, Bucharest, 1986).



Professor Ioan Ursu has much contributed to the orgamzing and sound evol-
vement of the Physics educational system in Cluwj, as Dean of the Department of
Mathematics and Physics, and then Vice President of the University of Cluj-
Napoca. Great many students among those who were privileged to emjoy his tea-
ching and the influence of his charismatic personality were to be assigned tasks
and public responsibilities commensurate with the skills thewr mentor knew to
reveal and educate wn them, with unparalleled didactic and pedagogic talent. The
academc life in Clug, as well as the Romanian Physics in general, were always
gwen the considerate attention and support by Professor Ursu, during the years
of hus serving as Divector Gemeral of the Central Institute of Physics wn Bucha-
rest, President of the State Commiitee for Nuclear Energy, Presvdent of the Natio-
nal Council for Science and Technology, and First Vice President of the National
Commuitee for Science and Technology.

Professor Ioan Ursu has always demonstrated profound care for the public
needs, and dedicatron in their solutioning. He is a member of Romamia’s Great
National Assembly.

Toan Ursu 1s the son of Ioan Ursu and Ana Ursu. He is married to Lucia
Ursu. They have three children. .

At s 60th Birthday, we heartedly wish Professor Ioan Ursu many happy
returns, an ever sound health and stremgth, and new, accomplished successes in the
many-sided activity that he devotes to the Physical Sciences in the benefit of
Romama’s progress and welfare.

THE EDITORIAL BOARD
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MAGNETIC BEHAVIOUR OF THE Ni—Pt ALLOYS

I POP* and H. LITSCHEL**

Dedscated to Professor IOAN URSU on ks G0 th anniversary

Reresved  February 10, 71988

ABSTRACT. — The magnetic behaviour of the Ni_,Pt, alloys (x =1, 2;
3,4,5,8, 10, 15, 20, 25, 30 at %) has been investigated It was pointed
out that the temperature dependence of the spontaneous intensity of magne-
tization satisfies the 73/2 law in the temperature range 0~ 04 T, and T*
law between 04 T, — 07 T, The concentration dependence of the magnetic
moment values per alloys atom 1s lmear only in the low domain of concen-
trations The extrapolated values for pure nickel and for pure platinum atoms
are 11 good agreement with other earlier reported data

Introduetion. The magnetic properties of the N1—Pt alloys can be explained
m a similar way as i Ni—Rh, N1—Pd and Pd—Pt alloys by using the mag-
netic environment model [1,2] and coherent potential approximation as well
[3] The reported experimental resulls concerning temperature dependence of
the spontaneous magnetization for Niss. 3 Ptys 7 showed a T2 dependence of this
quantity [4], while for the concentration higher than 40 at 9, Pt the T%2 law
was found [5]. The linear concentrations dependence of the magnetic moment
[6] 1s confirmed only for the low concentrated N1—Pt alloys [7] In order to
study the transport phenomena 1n' the N1—Pt alloys, we have also mvestigated
some magnetic properties of the system to which this paper 1s devoted.

Experimental. The samples Ny, _.Pt, (x=1,2,3,4,5,8,10;15,20; 25;
30 at 9,) have been prepared by elcctric arc melting furnace under pure argon:
atmosphere from the high purity base-metals. In order to obtain homogenous
solid solutions, the samples have been annealed at 1,173X durmng 24 hours.
The temperature dependence of the specific intensity of magnetization using
a Weiss—Forrer balance type, having a 1078 e m u sensivity, relative to pure
N1 value of the magnetization

Experimental Results and Discussion. Some of the obtained experimental
results ¢ = {{H)r are presented in Fig 1 By extrapolation of the linear part
of the isotherms for H=0, we obtamned the spontaneous intensity of magne-
tization values. The temperature dependence of the spontaneous intensity of
magnetization for all investigated samples 1s given in Figs. 2 and 3.

In order to see which model is more appropriate to describe the Ni;_,Pt,
metallic system, we plotted in Fig. 4 the dependence of the spontaneous inten-
sitv of magnetization \ersus 792 One can see frcm the figurc that this depen-

* Departament of Physics, Clug-Napoca University, 3400 Cluy-Napoca, Romania
** Technscal Intttufe of Sibiu, B-dul Viclorter, no. 5, 2400 Sidiu, Romanie
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'Fig 3 The tempeiature dependence of the spontaneous intensity of magnetization

dence is linear up to the T = 0.4 T, temperatures even for the spin wave
model for the temperature dependence of spontaneous magnetization is well
verified 1 a sufficiently broad temperature range (0—- 04 T,).

" For the higher temperature region (0.4 Tc — 0.7 T,) the ¢ = f(T?) depen-
dence 15 verified, as one can see 1n Fig. 5. In this temperature range the iti-
nerant-electron model 1n the approximation of the molecular field theory is
verified

The extrapolated values of the spontaneous intensity of magnetization
presented in Figs. 2, 3 and 4 for T = 0 have the same values. From these
values the moment values per alloy atom were determined. The concentration
dependence of the magnetic moment per alloy atom is plotted in Fig 6, m
comparison with other reported experimental results [6 7, 8,9] and the theo-
retical curve 1s given by continuous line [3]

One can see that the magnetic moment values decrease approximately
linearly with the platinum concentration for the low concentrated alloys. This
liear dependence and the slow decrease may be given by the fact that the
Fermu level of the spontaneous magnetic moment is hot displaced to the higher
energies domain when the platmum concentrations increase. The pronounced
modification of p(c) for ¢ > 89, at. Pt pointed out that for these concentrations
the rigid-band model cannot be applied in this domain On the other hand
we have to mention that this non-linear dependence can be also suggested the
¢ pecific heat data [10, 11].
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MAGNETIC BEHAVIOUR OF THE Ni—Pt ALLOYS [0 ¥
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Fi1g 6 The concentration dependence of the magnetic moment per alloy atom.

® This study, O Fischer and Besnus [7], /A Manan [6], [] Besnus and Herr [8],

& Alberts et al [9], the contimuous lmme 1s the theoretical curve (Inoue and
Shimizu [3])
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APPLICATION OF THE FAST FOURIER TRANSFORM ALGORITHM
FOR DECONVOLUTION OF EPR IMAGING SPECTRA

AL. NICULA*, S. ASTILEAN* and M. TODICA*

Dedicated to Professor IOAN URSU or his 60th aniversary
Recesved March 15, 1988

ABSTRACT. — The development and testing of a useful Fast Fourier Tran-
sform (FFT) routine on a personal computer 1s described The feasibility to
perform the deconvolution procedure of EPR 1maging spectra by Fourter methods
1s also examined.

1 Introduction. The Fast Fourier Transform (FF’I‘) is a well-known and
~well-appreciated algorithm for reducing the number of calculations required to
compute the Discrete Fourier Transform (DFT) compared to using a straight-
forward numerical evaluation. Probably, the most common application of the
FFT 1s to produce frequency domain spectra from time domain data. For
-example mm NMR or NMR Imaging, after a suitable sequences rf pulses, the
resulting free induction decay 1s.Fourier transformed to generate the frequency
spectrum which contains’sttictural and dynamical information [1] Also, 1n
EPR Imaging, the analysis for. the observed spectra requires the deconvolution
procedure and for this purpose the Fourter transform was used in a FFT algo-
1ithm [2, 3].

In I R Spectroscopy the resulting interferogram can be digitized and
Fourter transformed to yteld a frequency spectrum detailing certain molecular
motions. In general, one, two, and three dimensional DFT’s aré of wide use
in several domaius of pure and applied physics (optics, solid state physics, plasma
phys1cs astrophysics, ...) and it 1s fair to say that the FFT is used widely
‘in many disciplines.

Information regarding the spatial distributions of paramagnetlc species is
very important for studies on transport phenomena in solid and liquid films,
biological systems, chemical reactions, surface diffusion etc. For these purpose
EPR Imaging has been developed during the last five years [4].

Papers of previons authors have contributed to present EPR Imaging
measurements- and mathematical developments of the deconvolution procedure
and 1mage reconstruction [5,.6] ‘ '

The aim of this paper 1s to present the feasibility of performing the decon-
‘volution procedure of EPR Imaging spectra by Fourier methods Also, the par-
ticularity of derivation and implementation of a 51mp1e but effictent FFT algo-
rithm on an P C is presented

. This feasibility is examined to allow performing an 1nterface with EPR and
NMR spectrometer. .

+® Unmversily of Clup-Nipsca, Faculty of Mathemitics asi Plysics, 3130 Cluj-Napaca, Rominia [N
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-2 The FFT Algorithm. The
FFT algorithm devised by Cooly and
“Tukey (1965) greatly reduces the time,
Tequired to compute the DFT. The
-development and theory "of this
techimque is well documented [7, 8].
‘We shall therefore only discuss the
FFT algorithm bneﬂy What is re-
-quired 1s the evaluation of the DFT,
1.e tilie following expressmn

, 1N—
( =2 X X,
#=0 .
]z=0 1, .. N—1'
where W = exp( —2m ‘L/N) The s® Fig 1 ngual — flow graph for a FFT of

.quence appearing on the left side s - - complex points

usually a function of frequency and y -
the sequence appearing on the right 1s usually a functlon of - time, space,
or 1t may also be referred to as merely “input data”. o

This equation can be written as a matrix equation *
; 1
{Ak} = {Wkn} {Xn} (2)

where {4;} and {X,} are column vectors containing the N frequency samples
and the N time samples, respectively, {W,,} 15 a square matrix of order N
contamning the complex unit vectors, exp(—2ms kn[N) It can be seen that a
direct calculation of this matrix equation would require N? complex multipli-
cations The saving of FFT algorithm result from a factorization of the matrix
into a number log,N of matrices, assuming N 1s a power of two.

A schematic representation of the logic flow during the FFT is most com-
monly tlustrated under the form of.a signal flow graph which is shown 1n
Fig 1. for the transform of 8 complex points.

In the diagram, the complex points to be transformed are displayed on the
left X, — X,, and the resulting transformed pomnts are shown at the right as
4, — A4, It 1s well-known that the FFT “scrambles” the pomnts mmto a modi-
fied order obtained by inverting the binary representation of the subscripts.
It 1s necessary to rearrange the order of the final array into the more useful
order of sequential subscripts.

The diagram serves as a flow-chart of the calculations and can be broken
into three basic substructures pasrs, cells and passes In Fig. 1., pairs are con-
nected by a “butterfly” pattern of lines which symbolically represents the
mathematical operations being performed We consider, for example, the 2 com-
plex points X, and X, The operations performed on these 2 points are:

Xo=X,+ W0 X,=X,+ [cos (—2rnDIN) + @ sun (—2=QJ/N)1X,
X,=X,— W, X,=X,— [cos (—2r4[N) + ¢ sin (—2=[N)1X, 3
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Cells consist of a variable number of pairs and are visually identified as
group of overlapping “butterflies”. In Fig. 1, one can find 1, 2, and 4 cells,
respectively. Finally, the largest structure in Fig 1 1s #he pass. There are always
log,N passes for a transformation of N complex points, equal to the number
of matrices resulting from a factorisation. In the first pass, there are N/2 pairs
per cells and each succeeding pass contains one-half as many pairs per cell
as a preceding pass

The interactive FFT subroutine has been written in BASIC language for
an HC — 85 personal computer (PC). Note that 1t contains three FOR —NEXT
loops which is the major reason for long execution times required to the trans-
form of 256 data points Fortunately, there are various tricks which can be
used to reduce the amount of work Our subroutine introduces some additional
simplifications which further emhance the execution speed of FFT

3. The correspondence between diseret and integral Fourier transforms.
In the application of digital computers to Fourter methods with continuous
function, one must necessarily treat a discrete set of sampled values over a
nnite |interval of time or distance. From this, we present some features
which relate the Fourler integral transform to the DFT.

Consider the integral Fourier transform of a function x(f):

+o
a(f) = S x(t) exp (—2mft) dt (4)
and its mverse: -
+o0
at) = § alf) exp @ ofY) df ©)
In order to observe the effect of sampling at finite intervals, express (5) eva--
luated at the points x, = #Af, =0, +1, +2, ..., with F ~ 1/A¢:
+o w VP
%(t,) = S a(f) exp @m nf|F) dt = 3~ S a(f) exp 2m wnf[F) df =
K=—w
= - KF
:S S alf+ kF)  exp 2monf|F) - df 6)
k=—o0

where 3% a(f + KF) = a,(/)

Thus, knowing x(f) only as sampling points, the best one can do about obtai-
ning a(f) 1s to compute a,(f) The latter differs from a(f) by the sum of the
a(f) displaced by all multiples of F This error 1s referred to as “aliasing”

In general, if x(f) and a(f) aie coupled by Fourier integial transform, then

T x(nAl) o ap(kAf), n, k=0,1,2, N —1 (7):
where N = 1/A¢ Af
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/\ﬁ(t)
/\ gREFTIHL))

It is well-known that the Fourier
transform of a product of two func-
tions is proportional to the convolu-
tion of the individual transforms.

This effect 1s shown 1n Fig. 2 m
which the Fourier transform of a
sampled function 1s shown to repeat
at intervals corresponding to the
mverse of the spacing between the
impulse functions The important
thing to observe 1s Fig 2 ¢ in which
the function on the mterval [1/2Af,
1/At] is an 1mage of the function on
the iterval [—1/2A¢, 0]. For an N

a)

13

flt)

il

points transform, the first NV/2 pomnts
are the positive frequencies and the
second N/2 points are the negative
irequencies

The Nyquist sampling theorem
states that a wave-form must be
sampled at a rate at least twice
that of the highest frequency present
in order to prevent aliasing. By this
criterton, a sampling interval of A
would suffice to sample components
of frequecy f< 12At =F[2

An example of the use of this
theorem 1s as follows One may
select F, a maximum frequency
mterval, and N, a number of points
The parameters, Af = F|N, T = 1/Af and At = 1/F are all determined.

As an example, we present the results of the Fourter transform of the
trial function.

9, EFTI5lt)]

.| ‘L,.H
e) j\ /\ /\.gj(o')egzm

Fig 2 A schematic representation of the effect

of discretely sampling of a continuous function

which 1s Fourier transformed The Fourler

transform of f; multiplied by f, 1s the convolu-
tion of g, and g, shown in ¢)

x(t) = exp (—t) for £ > 0 8)
x(t) =0 for t << 0
The correct results 15 a(f) = 1/(1 + 2mzf) 9)

The test for our program 1s depicted in Fig 8 For N =32 and F =4
the aliasing 15 reduced, and a reasonable approximation to a(f) 1s obtained
over a wider range of f

4 Fourier Transform of a real funection. iThus far we have dealt exclusi-
vely with FET of complex data, but in EPR Imaging only input of real data
is used for the transform The output, however, will always be complex, con-
sisting of a real and an imagimary part. '
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10 There are many alternative
xit)=et approaches to perform the DFT of
{a) 05 real data

R ST R a) The Fourier iransform of two
I T A sets of real data i one pass through

a DFT subrutine

10
Reall) Using the linearity property, we
see that if X(#) and Y(n) are real
fb) sequences such that
X (n) & Ay(k) + 1B.(k)
a5y . (10)
Jmalt) o’ k ;B.(k
{c) 0"__'—:_-,,—,:.—“-.".4:1-:"_ _____ Y(n) & Ay( )+ i y( )
W if we form Z(n) = X(n) + 1Y (n)
o3 L L 1 (11)
¥ i 1 i ’ L then Z(n) has the transform
1g 3 The calculat f the d
transform :f Caﬂcl: ¢ 3cornl 21 f :31 n ::Si:rlezen Fotllsrlileé Z(n) < A, (k) + 1B.(k) (12)-

T=8 N=232 At=1/4 and F =4 The two B
sobde curves are the real and mmagmary parts Replaung k by N — k, taking com--
;))f a((if) and tlile computed results are indicated plex con]ugate of both sides and
y dots Alasmng errors i the solut :

g rednced ution are  anplying an umportant property, we

get .

A:B) = 5 [40R) + AN — B)] (13)

4, (k) = - [Br) + BV — B)] (14)

| B(k) = [Bifk) — B,(N — })] (15)
B, (k) = — [A(N — k) — 4,(8)] (16}

Hence, this procedure 15 to

1) form Z(n) as defined by (11),

2) compute A,(k) + ¢ B,(k) by means of the DFT subroutine

3) compute A,(k), B,(k), 4,(x¥) and B,(k) according to (13—16) for k=
=012 ., N2

b) Doubling algorithm-computing the Fourier transform of 2N pomts fromm
the transform of two N-points sequences

This alternative consists 1n splitting the mput sequence (which is assumed.
to contain an even number of terms) into two alternating subsequences, to
be combined 1n one single complex sequence of one halt length The DFT of
this single complex sequence is then post-processed to recover the FT of the
input sequence.
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5. Applieations of the Fourier Transform in processmg of EPR and EPR
Imaging spéetra. Application of Foutier transform to NMR and NMR Imaging
1s well-established [9] In this section we will present only the use of FT m
processing of “EPR Imaging“spectra -

There are several differénces between EPR and NMR Imaging EPR Ima-
ging encounters greater spectral width because of large magnetic anizotropy,
large nuclear hyperfine splitting, or short relaxation times For this and other
reasons, EPR cannot take advantage of the pulse techniques used in NMR
Imaging Of particular concern in EPR Imaging 1s the problem of hyperfine
structure - it 1s difficult to distinguish between spectral components separated
by hyperfme splittings and spattially distinct spectral components separated by
magnetic field gradients For these reasons it is necessary to use the decon-
volution process TIn addition, 1 the measurement under moderate magnetic
gradients which do not reduce S/N ratios’ greatly, the observed spectra must
be deconvoluted to become distributions of paramagnetic species

Then, 1 both cases, the analysis for the observed spectra’ requires the
deconvolution procedure [2, 3]

- In a previous paper [6] we have described mathematical manipulation of
the deconvolution procedure. For this purpose, the Fourter transformation was
used

In this paper, after derivation and
implementation of an efficient FEFT sub- . o
foutine on a PC, we can report the first . .
processing of EPR spectrum by decon- 3
volution procedure ‘

As an example, Figs. 4 (a) “and (b) ‘ <
display a stmulated Gaussian spectrum  sr-=wr s - - - (a)
without nosse of two phantoms wunder
the homogeneous external magnetic field
{response function). Figs 4 (b) and (¢)

show a convoluted spectrum under the Ty
magnetic field gradient and a deconvolu- . N
ted spectra, respectively. The response ° * . ir
spectrum was transformed by the FFT waocwran T (b}

into frequency domain and an inverse
filter function, in accordance to some
other works, was determined [2, 3].° ’ o

After the determination of the n-
verse filter function, the convoluted spec- n
trum was deconvoluted to obtain a spin ; {
density projection function. A great effec- wmmemmman® Lo lwve Pl (c)
tiveness of deconvolution is achieved when ) . \ '
the optimal inverse_filter function is well Fig 4. Deconvolution for stmulated single
adjusted. Note that this procedure mtro- lme EPR spectrum without noise a) res-
duces small fiction peaks on either side of f;:jjlmf;;”“?;:‘m;za“f;? a;‘“;i‘:%gzut:’%
the singlet which will interfere in the ex- S -
terior region of the object (see, Fig. 4, ¢). gpéc;ﬁgnspgt?:h ffﬁrﬁffﬁulfﬁxftggﬁ

LI T
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The extracted spectrum or deconvoluted is defined by an integral with
respect to the perpendicular axis to the direction of the magnetic field gradient.
The contribution of each point toward the resomance signal 1s denoted by a
density function f(x, y), proportional to the density of paramagnetic species.
If the external magnetic field gradient 1s applied along the coordonate axis x,
the integral of f(x, y) along y is called the resonance sum or resonance pro-
jection -

P(x) = g flx, y)dy (17)

A complete set of resonance-sums is called a projeciron or profils and cor-
fesponds to a deconvoluted spectrum Finally the reconstruction process is per-
formed with the theory of the comvolution filtering back-projection method [10].

The resonance-sums are observed at different angles by rotating the sample
within cavity.

After the filtering we have -

Sz, ) =37 P(xcos @, 4 ysin @,; O,)AD (18)
1=1
where m is the number of projections and A® 1s the interval between projec-
tions.

6. Conelusions. In conclusion we remark the usefulness of the Fourier
method in deconvolution procedure of the EPR Imaging spectra. In turn we
have attempted the deconvolution method to single line spectrum, only to
test our FFT program developed on a PC, but the method could be extended
to more general hyperfine patterns

Finally, FFT subroutine is a very good choice for implementing on PC,
because it 1s a fast and particularly simple algorithm. Also, it is clear that
any FFT algorithm should take advantage of a few basic enhancements.
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HABSTRACT — Relation of a Compoasite Flald (in the Rayleigh—Bénard Model).
The Rayleigh— Bénard model for a composite fluud has been studied to include
the effect of a umform rotation on the thermal convection The collision n-
teraction between the particles of flmud 1s to be considered The purpose of
this paper 1s to give the dispersion equation

Introdmction. Nous nous proposons de déduire 1’équation de dispersion
d’un fluide composé, incompressible, constitué d’'un composant visqueux =
et d’un composant non-visqueux, s Nous considérons une couche de fluide éten-
due a4 linfinie, en présence d'un effet des collisions entre les particules du
fluide et sous l'action d’un mouvement de rotation uniforme avec une vitesse

angulatre o (0, 0, Q) dirnigée d’aprés 'axe Oz La couche de fluide est chauf-

fée de bas en haut sous l'action de l'accélération gravitationnelle g (0, 0, —g)
{effet Rayleigh—Bénard)

Nous utilisons les résultats obtenus par 3. Chandrasekhar [1], M. Vasiu
[2], mais & la différence de travaux cités nous considérons un modele de
fluide composé, nonionisé, en presence d'un effet des collisions entre les par-
ticules du fluide

Equations fondamentales pour Pétat perturhé du fluide. Le systéme des
dquations pour 1'état perturbé du fluide s’écrit de la mantére suivante

v} 1 9p 5 = , = o -8

= - — o, (U — 1)) - vAY — 20¢ 4 20, X Q (L)
ot po OF

~ - o i M

P v — ) oy L@

3t DU 4 :;fész{ilh:sﬂ

v 0=0; V %=0 3)

LN (4)

a1 Cce ez

ol 'v? est la perturbation de la vitesse du composant », »’ est la perturbation

de la pression hydrostatiqu= du composant 7, v; est ia perturbation de la vitesse
du composant s, « est le coefficient thermique de expansion de volume du

® Unsversité de Ciuy Napoon, Departenent de Paysique, 3100 Cluy Napoca, Roumanie

_2 — Physica 1/1988
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fluide, 6 est la perturbation de la température, » est la coefficient de conduc-
tibilité thermique, p = ar| est la temperature da ﬂulde (T Ty— Bz

ol Ty=1T pour 7=0),V est lopérateur nabla A= =, V2. est loperateur de La-
place, w, = vy, = p,fp,, OU p, '€st-la densité du composant' s, p, est la
densité du composant 7, v est le coefficient de viscosité cinematique du com-
posant 7. Admettons que des petites perturbations ¢(x, v, z, ¢) se propagent
dans le fluide sous la forme ,

o' (x,,5, 2, 1) = @*(2) exp (1h,x -+ 1R,y + nt), ,(5;,

oit g*(z) est 'amplitude d’onde, %, et %, sont les composantes du vecteur d’onde

%, »n est la pulsation - (cetté grandeur peut étre un nombre ‘complexe).
En tenant compte def (5) lequatlon (2) s’écrit sous la forme

" Y, -, X
vy = £ v, 6
‘(‘” + Vc) - ( )l
Introduisant les grandeurs ) - C :
- n*=nd, g i
o Ad=14£_ . . (7%

7+ ve
Yéquation (1) prend la forme suivante

b

1
1

n¥g = — L Vp 4 AT, — atg + 24 x O (8
vpo 1 B

Par lapplication du l'opérateur ,,rot” sur ’équation (8), s’obtient
n* 1ot 3, = vA(rot v)) — o 1ot (6g) 4 2 1ot (7 x ) (9)

Fn tenant compte des relations

rot (GE) = V6 X E—i— 9rot§= Vo XE

rot (7, X Q) = (Q - V)o, = O aa”
4
Tequation (9) s’écrit sous la forme
| n* 10t v, = VA (1ot ) — aVO X g + 2QD3; (11}
ot D = % . Introduisons maintenant la -grandeur
= vy ou; o, . , .
= (ot v;), = = — =2 = ik, v, — tkyu, = {12}
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ot v; et u, sint les composantes du vecteur .vitesse v;(u,,-v,, w;). 1’équation
(11), en projection sur ’axe Oz, prend la forme :

wt = vA ¢ + 20Dw; (13)

Par V'application du' I'opérateur rot (rot) sur I’équation (8) on obtient, en, pro-
jection sur I'axe Oz, la forme.modifiée de I'équation (8) .

n*(rot (rot 1)), = vA (rot (rot v)), -+ 2 (rot (rot (2, X Q))), — (14')

‘ " _ x(rot (rot )8g))).. ' N
" Faisant les calculs on o;btieﬁt - )
w*Aw, = vA2w, —|— g (Z—:z- + %) TQ'IQDC, .- (15)
parce que rot (rot 'z_):) = V-(V- ;1;) — A, = ~A7;;; et V' 7_); = 0 et rot (rot (v, X

x ), = QDT, (rot (rot (6g)), = ¢ (Zze

turbations (5), de l'opérateur A = D? — k% olt D? = d?/dz? et k2 = k% + K}, les
équations (4), (13) et (15) s’écrivent sous la forme

%). En tenant compte des per-

n — (D — F)0O(z) = BW(z), (16)
w* — v(D* — K)Z(z) = 20DW (z), (17)
[*(D? — B2) — v(D2 — BRI (2) = —oagh?@(z) — 20DZ(2), (18)

ot ¢'(x, ¥, 2, t) = 0, w, { et respectivement o*(z) = @(z), W(z), Z(z) sont les
perturbations et respectivement lea amplitudes des perturbations.
L’équation de dispersion Introduisons maintenant les grandeurs suivantes

azkd,U*:n*dz,czndz,pzl’zzdz (19)
v v %

oft d est une longeur caractéristique pour le fluide (I’épaisseur de la couche
du fluide). Remplacons les grandeurs (19) en (16)—(18) Nous obtiendrons ces
équations sous la forme

(D? — a2 — op)® = —

ﬂ] W (20)

%

(D2 — @ — %) Z = — ( de WD (21)

v

- (D — @) (D2 — @ — o*) W = (29‘1“) DZ + (ﬂ} 2@ (22)

v
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a3 .
ot D= £ , D= P Introduisant les nombres
dz z

aBgdt 402
R =2 T =

(3 v?

olt R est le nombre de Rayleigh et T est le nombre de Taylor, éliminant les
fonctions @ et Z entre les équations (20)—(22), on obtient 1’équation de dis-

persion
(D? — a* — op){(D? — a®) [(D? — a* — ¢*)?] + TDRW = (23)
= —Ra*(D?* — a? — ¢*)W.

Cas particulrer Pour le cas d’un modéle de fluide non-composé en l’ab-
sence de l'effet des collisions: v =0, 4 =1, #* =, ¢* = o, 1_); = 0, I'équa-
tion de disperston (23) se réduit a la forme obtenue par Chandrasekhar.
Le probléme d'un modéle de fluide 1onisé en présence d'un effet des collisions
sera analysé dans un autre article.
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ABSTRACT. — Dispersion Relation of a Composite Plasma (in the Rayleigh—
Bénard Model with Thermosolutal Effect). The purpose of this paper 1s to
give the dispersion equation for a composite flud The fluid consists of an
1omzed component and a mneutral component The Rayleigh—Bénard model
(thermal convection i the presence of the gravitational acceleration) has been
studied to include the thermosolutal effect and the collision interaction between
the particles of fluid in the presence of Hall effects

JIntroduetion. Dans le présent article nous voulons déduire 1'équation de
dispersion d’un fluide composé, constitué d'un composant visqueux, ionisé,
incompressible, doué d’une conductivité électrique finie, en présence de I'effet
Hall (composant noté par l'indice p) et d’'un composant neutre (de pomt de
vue électrique), noté par l'indice #, sous 'action d’un champ magnétique uni-

forme 50(0, 0, B,) dirigé d’aprés I'axe Oz et ausst sous l'action de l'accéléra-

tion gravitationnelle g (0, 0, —g)
Nous considérons une couche de fluide, de I’épaisseur d, étendue 4 I'mfinie,
qui est chauffée de bas en haut (admettons l'existence d'un gradient de tem-
1 rin-
Z

térieur du fluide) {modeéle Rayleigh—Bénard généralisé), en présence d’un
effet des collistons entre les particules du fluide

Nous utilisons les resultats obtenus par S. Chandrasekhar [1], M Vasiu
[2], R. Sharma, K. Sharma [3], [4], [5], P. Gupta. K. Singh [6].

Equations fondamentales pour Pétat perturbé du fluide. Pour le modéle
de fluide considéré le systéme des équations magnétohydrodynamiques s’écrit
sous la forme

’ dT b
pérature B’ = — et ausst d’'un gradient de concentration B’ =
¥4

%:——l_ Vp—}—evc(iz, '—‘u«:) +VA1—‘;“— a.e-g.—*‘
P
+ o'vg + “‘p (V x B) x B, (1)
% — vy — ) @

* Umiverssté de Clup-Napoca, Departement de Physique, 3400 Cluj-Napoca, Roumante
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ef’ Vx(uxB)+v,,‘AB~ffCV><[(VxB)xB] 3)
P roo O (S 1
S R O T ,
= ='xA 6+ pw (4)
%= WAy + pw ©)
.t v \ v
V 4,=0V #,=0 . (6)

ol uj, est la perturbation' de'la vitesse du- composant :p, u est lai petturbatlon
de la vitesse du ,composant 7, e est' la ~densité ‘du - composant p, = = p,/p, oil
ps est la den51te ‘du. Ccomposant #, «, est le coefficient thermique de expansion
de volume, « est le coefficient solvan’c de expansion de volume, i est le coef-
ficient de conductibilité thermique, %" est le coetficient’ de ‘diffussion de disso-
lution, v,, est le coefficient de ditfusion magnétique # est la perturbation de la

pression du composant p dufluide, B est la perturbation du, champ magné-
tique, 0 est la perturba‘uon .de la température, y est la perturbatlon de la
concentration, V. est I'opérateur nabla, A’ est loperateur de Laplace, w est la

perturba‘clon du,composant #yy de la vitesse u,, ¥ = 1/Ney,, 1/Ne est la con-
stante de Hall A T o

Admettons que des petjtes perturbatlons se propagent dans le fluide sous
la forme

o(%, ¥, 2) = o(2) exp (thx + ok,y + nt) ' (7)

ol cp =u, B,, 0, b, v, <p( ) est l’amphtude d’onde, k., &, son‘c-l,eé coﬁposaﬁtes
du vecteur d’ onde n est la pulsatlon d’onde .

\

En mtrodulsant 2] 1a grandeur n¥ = nA ou A = l + ,ﬁl\’équation N

prend la forme

(1 —3A) = Vb >>2,‘B:; )

Pour, s1mp11:f1er la 'notation nous omettons 11nd10e P
Par V'application” du Uopérateur #ot sur' ’équation (8), en tenant compte des
relations vectorielles
Tot (eoc—g’)~=‘J\V X (Gmg)vz avl X g, ot («’{g} =V X (*{oc'ig’) =
LT VY X g )
rot [(rot B) X B [_V X [(V x B) x Bo] = (B V)(V X B)
ol V X [V(B0 B)] = 0; l’équatmn \(8) prend la forme

(1 — YA)(V X #) = —a¥8 X g + o' Vy X §+TI;(EO . V)(V x B) - (10)
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En projection sur 1'axe Oz les equations (3) et (10), s’écrivent

=2 230 ‘
8 —

(# — vuA)B; = B,Dw — %XB,D(V X B), (1)
et
(n%* — YA)(V X #), = —— ByD(V X B),, (12)
Kop
ol D = di . Introduisons maintenant les grandeurs
$4
{=(Vx#, E=(VX B (13)
Les équations (11) et (12) prendent la forme
(n — vuA)B, = B,Dw — XB,D¢ (14)
et
(m* — vA)§ = > DE, (15)
Hop B

I’application du l'opérateur rof (rof) sur l’équation (8), écrite en projection
sur l'axe Oz, nous conduit a la forme

- - —

(w* — vA)(rot (rot #)), = —a(rot (rot (6g))). 4 «'(rot (rot (vg))): +

4 Bo D(rot (rot —E)),. (16)
Kof

En tenant compte des relations’ vectorielles

— e

Tot (rot %)) = V X (V X #) = grad (d1v #) — Ak = V(V - %) — Aw = —Aw, [(17)

(rot (rot (0g))); = (rot (VO X g)).= g

7 s o0, 90
(33:2 ayr ]’

(rot (rot (YE))): = (rot (Vy X é—;))‘ =8 (ﬁ + %) ’

ox?

Tot (rot §)) =V X (V X EE} = grad (div E) — AB = —AB,

P’équation (16) s’écrit de la maniére suivante ) &
(18— vAYw = (25 4 28| — g (80 - TL) 4 PoDAB). ] (18)
dxt dy? gv®  Oy*)  ue .

Par l'application du 'opérateur ‘rot sur 1’équation (3), ézrite en projection sur
T’axe Oz, on obtient ‘

(n — vyA)E = B,DY + %B,D(AB) (19)

En tenant compte de la formz (7) des perturbations, de l'opérateur A ==
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= D?— R ou D?= %, k? = ki + k;, le systéme des équations (4), (5), (14),
2

(18), (18) et (19) s’écrit sous la forme

(n — »(D* — B))O = BV, (20%
(m— 2" (D — R¥)) = p'W, (21}
(n — v,(D* — B))K = B DW — XB. DX, (21)
(5% — y(D2 — p2))Z = 2o DX, (22)

HoP
(m* — v(D? — B))(D* — YW = —ogh®® + o' gkl + :B’p— DDt — K, (23)
(n — v (D? — )X = B.DZ + ¥ B,D(D* — K, (24)
ot ©, I', K, W, X et Z sont les amplitudes — constdérées comme fonctions
de z — des perturbations 0, v, B,, @, & U 1especiincment Intreduisens les.

grandeurs

@ =kd, 2 =dz, G:nd‘, c*='ﬁf,p1=l, (25)5

Py = ~ , P = ‘Y— ;

Yin ~

ot d est une longueur caractéristique du domatne occupé par le fluide. Rem-~
plagons les grandeurs (25) en équations (20)—(24) Le systéme des équations
{20)—(24) s’écrt de la mantére sutvante

(Dt — @ — pio) = — [P )W, (26)

(D* — a* — p,o)l = — (i—dJ W, 27)

(D? —v% — p,6)K = — (ﬂ, DW + (3‘}2) DX, ©28)

(D? — a2 — 6%)Z = — ( f: ) DX, (29),

(D2 — a2) (D2 — a2 — o*)W = (g_‘i} 20 — (—g‘z_) @l — (30)

— ( Bod ) (D* — a?)DK,
HopY

{D? — @ — p,o)X = — (-B—d) DZ — ("B) (D — a®)DK. (31)

dvy,
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Introduisons maintenant les constantes

Rd? B’ d? Byd agd® o'gd? B,d
60=F_, 01:{9_’_' 2= ) , 63: 4 a, C4= 4 [l")‘, C5: ) ,
* b UgeVy v v '
RBd XB
Ce = LBt , Cp = 9 (32),
Vo AT

et les opérateurs
O=D%—¢a? 0, =D%— a®> — po, 0, = D* — a® — p,0,
0, = D% — a®> — pyo, OF = D? — @ — o* (33)

Par conséquent le systéme des équations (26)—(31) prend la forme

0,0 = —c, W, (34)
0, = —c, W, (35)
0,K = —c,DW + ¢,DX, (36).
0*Z = —¢,DX, (37),

00*W = ¢;® — ¢,I' — ¢,0DK, (38),
0,X = —¢,DZ — ¢,0DK. (39)

_ L’équation de dispersion. Finalement on obtient I’équation de dispersion.
Eliminant la fonction Z entre les équations (37) et (39) par l'application de
Popérateur —e¢;D dans (37) et du l'opérateur O* dans (39) 1 en résulte

DX — 2,0%0D2K
0%0? — g2

(40}
La substitution de la relation (40) dans I’équation (36) nous conduit a la forme
LK = —c¢,L,DW, (41)

olt les opérateurs L et L, ont la forme
L = (0*0, — QD?)0, + MO*0D?; L, = 0*0, — QD?, (41y
olt M = cge;, Q = cocs. Appliquant l'opérateur 0,0,L dans l'équation (38), en
tenant compte de (41), éliminant les fonctions K, ©, T', on obtient I'équation

de dispersion

0,0,(LO0* — QDOL)W = —(RatLO; — SatLO)W, (42)

oit R = 4** est le nombre de Rayleigh, S = gal‘?w , Q= B ot le nombre
ry

%<V LoPVVm
de Chandrasekhar.
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Remplagons les grandeurs (32) et les opérateurs (33) dans l'équation (42)
nous obtiendrons la forme finale de l’équation de dispersion

(D — @ — pgo)(D* — @ — ) {[[(D* — a* — o*)(D* — @ — p,0) —
— QD¥](D* — @ — pyo) + M(D* — a)(D* — a* — c*)D“](DZ — @)(D* —
— @ — o¥) — QDD* — &?) [(D- — @ —o¥)(D*— a*— pyo) — QDW= (43)
D = D7t ) — QDAD $a0) + M(D* —
— @)(D? — a? — o*)D2] [~Ra2(D2 — @ — py0) + Sa2(D? — a® — plc}W.

Cas partieuliers. Pour le cas d’'un modéle de fluide 10nisé, non- compose
(v =0, o* = o), en l'absence du leffet Hall (X =0, M =0) et aussi en
Pabsence du l'effet de ,(finite Larmor radius” et du mouvement de rotation
on obtient I'’équation de dispersion établie par P. Gupta, K. Singh [6].

(D* — @ — 0)(D* — a* — py0) — QD?][(D? — a* — ;o) (D" — a* —
— $,0) (D — @ — $0)(D* — aH(D* — @ — o) — QDY(D* — @ (D* —
— @ — $,0)(D* — @ — pg0) + @(D* — 4% — p0){R(D* — @* — py0) —
— S(D? — a% — plc)}]W =0

Pour le cas d'un modéle de fluude 10misé, composé en l'absence du l'effet d’un
gradient de concentration (B’ =0, S =0) et du mouvement de rotation on
wbtient 1'équation de dispersion établie par R. Sharma, X. Sharma [3]:

{(D —a)(D* — @ — o*)(D* — @* — ,0) + RaH{(D* — a* — p,0)(D* —
— a? — %) — QD(D? — a® — py0) + MD*D? — a2)(D? — a* — c*)}W =
= QD*D* — @®)(D* — a* — py0)[(D* —a* — c*)(D? — @® — p,0) — QD*]W.

Pour le cas d'un modele de fluide ionisé, non-composé, en l’absence,du mou-
vement de rotation on obtient ’équation de dispersion établie par R. Sharma,
K. Sharma [4] (cette équation, a la méme forme comme l’équation (43) oit
c*=90, n¥*=mn A=1).

Pour le cas d’'un modéle de fluide non-ionisé (Q =0, M =0, p, = p, p, =
= p3 = 0), composé, en l'absence du l'effet d’un gradient de concentration
(" =0, S =0) et du.mouvement de rotation (la vitesse angulaire Q = 0)
lequatlon de dispersion (43) se redu1t ala forme obtenue par nous [2]:

Y S [
(D? — a? — po)(D* — a? — o-*)(D2 — aZ)W — —Ra&W.

En l'absence de l'effet des collisions entre les particules, du fluide (fluide non-
composé) (v, =0, A =1, n* ='n, o* = ¢) "équation de dispersion se réduit

a la forme obtenue par S. Chandrasekhar [17.

(D? — a?)(D? — a® — po)(D? — a* — o) W = —Ra*W.
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ABSTRACT. — Transport phenomena through membranes which take part
m nonconventional (noncryogemc) separation and purification of helium from
gaseous muxtures are presented in the first part of the paper A brief mathe-
matical description of the diffusive transport of substance through a tubular-
cylindrical nonporous membrane 1s given The second part of the paper 1s
mamly assigned to the description of the experimental installation for helium
separation and purification through diffusion and/or actrvated diffusion in ca-
pillary membranes, which was performed 1n our laboratory The obtained expe-
rimental results and possibilities for high purification of helium are discussed
Finally, a discussion 1s approached on the possibilities of large scale applications
of nonconventional methods for helmm separation and purification from gaseous
mixtures and their competitivity with cryogemic omnes

1 Introduetion. Helium 1s a noble gas with implications of great importan—
ce in the modern fields of scientific research and technological developments.
[1-3].

The conventional method for helium recovery and purification from natural
gases with high concentrations, of economic importance, 1s the cryogenic one.

In the late decades, simultaneously with the development of membrano-
logy, the possibility and opportunity of noncryogenic recovery and purifi-
cation of helium from gas-mixtures has been studied [4—21] Noncryogenic
separation and purification of helum involves, 1 all cases, the use of membra--
nes. According to the widest acceptation, a membrane 1s a discontinuity region
interposed between two phases [16] The elementary piocess of noncryogenic
helium separation and purification 1s the diffusion through such a ,,disconti-
nuity’” region An idcal membrane should meet two essential qualities great
selectivity and high permeation rate But, in fact, these requirements are
contradictory Therefore, the choice of the most suitable membrane is decisive:
for an efficient separation-purification method From the point of wiew of
their structure, the membranes can be porous or nonporous, while after their
mode of action they can be adsorptive, diffusive, 1on-exchanging etc In all
cases membranes can be made up as films, sheets, capillary tubes or hollow
fibres

2. Possibilities ofiered by nonconventional methods. Trom the transport
phenomena through membranes the following could be taken into account for
noncryogenic separation (recovery) and purification of helrum

* Unmversity of Clug Napoca, Faculty of Matkematics and Phisics, 3400 Cluy-Nafcea, Riowaria
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2 1)) Daftusion through nonporous membranes; and

(2 2) Free molecular diffusion (Knudsen flow) through porous membranes.

2 1. Diffusion through nonporous membranes. Diffusion is a universal phe-
:nomenon, consisting in a substance transfer under the individual or simulta-
neous action of concentration, pressure and temperature gradients. The most
.general mathematical description of the diffusion process 1s gtven by Fick’s
Jlaws

—

J;=D, - VC, (1)
—V(Dj - VCj) + "’7? =0 2)

-where J, 1s the permeate current density of component 7, C, is the concentra-
‘tion of component 7 m the working phase; and D, is the diffusivity. The per-
meability P,, diffusivity D,, and solubility S,, of a given component 7, are

-1 the following relation to each other: P, =D, S,

Inorganic monporous membranes have the following features (a) relatively
small permeation rate (small substance transfer flow) ; (b) high, even very high,
selectivity, (c¢) operation at high pressures and temperatures. It seems that
these membranes could be suitable for the high purification of helium

Orgamc nonporous membranes (polymers) offer (a) greater permeation rates,
(b) smaller selectivities, (c) operation at smaller pressures even at temperatures
close to the ambient one A careful choice of structure and shape (capillaries,
hollow fibres) of such membranes, could make them very suitable for helium
recovery and purification from natural gas-mixtures However, for higher values
of heltum purity 1t 1s necessary to use 2—3 separation-purtfication stages in
cascade.

2 2 Free molecular diffusion. In order to obtain separation through micro-
porous membranes the following conditions must be met (1) The pore dia-
meter must be much smaller than the mean {ree path of the diffusing compo-
nents; (2) The temperature must be high enough to avoid appreciable surface
flow, (3) Trans-membrane pressure must be low enough, so that the mean free
path should not be reduced below the limit tmposed by condition (1) Thus for
helrum separation from natural gases, at a transmembrane pressure of 1 atm
and an operatng temperature of 20°C, microporous membranes having pore
diameter between 5 A and 300 A are required For two molecular components,
of masses M, and M,, the 1deal separation factor is o = (44,/M,)/* The main
advantage and disadvantage of the separation by free molecular diffusion might
respectively be the relatively great flows and the small separation factors, invol-
ving the necessity of cascades if reasonable purities are wanted. So far, large
scale application cases of free molecular diffusion, through microporous membra-
nes, for helium separation from natural gases are not yet known

3 Substance transport through solid nonporous membranes. It is conven-
tionally considered that the membranes having pore diameter between 5—10 A
are nouporous

31 Processes wnvolved wn substance transport Qualitatively, the transport
stages of a substance, through a solid nonporous membrane, are. (1) Superfi-
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cial adsorption, followed by absorption,  ie. by: the:penetration of the gas
molecules from the high pressure side; in the membrane ; (2) ‘Selective diffusion
through the:interstitial ,,empty” places, or through place-changes te the small,
pressure side ,of. the membrane, this step bemng,.in fact, decisive for the sepa-
ration.process ;. (3) Desorption from the membrane, at the small pressure side.

3 2. Necessity of capillary membranes: To judge the. efficiency, and thus
the competitivity, of nonconventional helum recovery-purification methods,
as compared to the conventional ones, the separation factor (selectivity) and
the substance amount, transported through the membrane, for comparable ener-
getic and mitial investments cost, must be discussed The substance quantity,
in our case of helium, transported through solid nonporous membranes is directly
proportional to the membrane surface and the applied trans-membrane pressure.
Capillary membranes offer the possibility.of using very. high transmembrane
-pressure (more than 100 bar) increasing, at.the same tume, to a great extent,
the permeation. area. ' f o o

33 Substance transport equations wn the case of tubular — cylindrical mem-
brane. For simplification we: consider the unidimensional case of a substance
transport by diffusion only along the direction » of the radius of the tubular-
cylindrical membrane. In fact this is the direction of the pressure gradient.
In this particular case, using cylindrical coordinates, Fick’s equations become :

‘ o v nac :
- , i S = —D, a—J 3)
(4
2
. %% —p, (29 4 L "E) (4)
I . ot ort ¥ or

where 7,, 7, are the external and internal radius of the membrane, C,;, C,»
are the concentrations of compomnent 7 at the outer, inner walls of the mem-
brane, respectively. ‘

Statwonary state. This physical fact is described mathematically by (9C,/
/0t) = 0. The following notations are made* J,, = #,/A, where J, [mol/m? s]
is the density of the stationary current of the substance quantity (7 — com-
ponent) which will be transported through the tubular-cylindircal membrane,
A is that membrane area whach 1s crossed vertically by the current of substance
quantity transported. Solving differential equations (3) and (4) for the statio-
nary case ome can obtain,

];; _ Ppn—Pun 1 "5 Py— Py 1 (5)

T m ) Tt

where p,;, P2 are the partial pressures of the component ; at the external
and the internal walls of the tubular membrane, respectively

Nonstatronary: state In order to determine the diftustvity, D,, and the per—
meability, P,, 1t 1s necessary to know the noustationary current, #, and the
stationary current, #,, of the substance  quantity of component 7, through
the considered membrane Paper [15] piesents the solutions of-the diffusion
equations obtained by some authors We have taken into account the solutiom
given'm paper [22]; taken as a counvergent series, for long periods. ot time, for
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which the Fourier numbers Fy fulfil the condition Fy = (D,/I?).> 0.03 The
initial and limiting conditions are chosen to give a solut1on as stmple as possible,
but at the same time, with not too rough approxmmations, namely - C, = 0 for
t=0and:r, <7<7," C, =.0 for t> 0 and r=1y C, —Cﬂ for t<'0 and
r =7, We’ are cons1der1ng also” that our cylinder is’ empty with very thin
walls related fo the diameter and to its length, that means (L/r) — oco. Under
these conditions, the solution of equation (4)-for » = 7,, i.e. at the internal wall
of the tubular membrane, will be. !

' v

t .

‘

G 3G\ i . Dy Gy it
( Y J(?__f)‘ DGy
- or 7=1, L£] -
a0 ’
"1 . Tolryom) Io(reon,) I '
Xj———— 2 )y, 20 DR, ex a2 Dit ] ‘ 6
[m (rafr2) ; I(raom) — I3(rycem) p{=wDf ©)

where J,, is the density of the nonstationary current of the substance quantity
of component y at » = 7, I, (ra,) 1s the zero order Bessel function of type 1,
in which o, is the positive root of the eigenvalue equation. The eigenvalue

equation is of the form. )
Io(”z“m) YO (7’10(1”) - I0(710(m) Yo(f’zdm) =0

Yy(re,) being the zero order Bessel function of type 2.

We simplify by noting (r,/r,) =k, 7, — #,(k — 1) =1. For 1 <k < 1.5,
1e for empty cylinders with very thin walls, the Bessel functions can be deve-
loped into polynomial series [23] Thus, one can obtain for the nonstationary
current density of the substance quantity of component 4,'J,., which is permeate
m the mside of the cylindrical membrane (v = 7,), the following simplifted

expression ‘

Jo =2 G=1 [1+22 exp{—"%-D,t}] (7)

! In % yrpunf]

Solution (7) is éahsfaétorily rapidly converging for Iy = (D,#/i?) > 003,
so that only a few terms of the series are necessary depending on the accuracy
nitially 1mposed -

4. Expermmental installation for helium separation and purilieztion through diffusion and/or
aetivated diffusion in capillary membranes. Our team frcm the Faculty of Mathematics and Physics,
Clu)-Napoca University, has accomplished and tested a laboiatory installation for moncryogenic
helium separation from gazeous muxtures With this mstallation investigations are made concerning
the separation andjor high purification of helmim by diffusion andfor activated diffusion through.

capillary membranes [24—30]
11 Functional conception and systenuic stiucture of the wnstallaiton The expernmental installa-

tion was elaborated and accomplished for research purpose It covers two major functional requi-

rements -
(A) Systematic investigation of transpoit phenomena parameters and their dependence on

temperature and pressure for heltum-capillary nonporous membrane sysiems, the membranes being
anorganic and/or orgamic (polymeric) ones, i order to choose the most efficient membranes for
helmum recovery and punfication from natural gases

(B) Technological mvestigation, at laboratory scale, of the possibilities and efficiency of non-
cryogenic helum recovery-purification methods from natural gas-mixtures, i view of future semi~
arge or even large scale application
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To the choice of project parameters were correlated the material possibilities and the opti-
amization of functional requirements.

From a functional pomt of view the installation was conceived to ensure

(1) Simultaneous operation with 1—19 capillary membrane fascicles, each fascicle being made
up of 200—300 membranes, according to the geometric parameters of the capillaries,

(2) Exposure of the capillary membrane to the high pressure of the gas mixtures, both at
the internal and external sides. In-the first case the gas mixture flows through the capillaries,
1n the second — between the capillaries In the last case one end of the capillaries 1s obstructed.

(8) Operation at systematically measurable transmembrane pressures in the domam from
1 bar to 30 bar.

(4) Operation at variable temperatures, rigorously controllable, between room temperature
and 400°C In the case of absolute necessity the operation temperature could be enhanced to 500°C.

(5) Possibility of obtaiming gas mixtures with the desired partial pressures of the components
and with hellum concentrations varying between a few percents and tenths of percents

(6) Preluninary aud high vacuum in the installation, with systematical control possibilities
-of the obtained vacuum and of operation pressures 1n order to ensure the accuracy of the permea-
tion processes

(7) Systematic measurement of the absolute values of permeate gas pressures These measu-
rements are necessary for type A investigation purpose

(8) Methodical taking control samples (to analyse them by mass-spectrometry) from permeate
gas, m view of calculating the effictency of the separation process implicitly that of mmembrane
selectivity (separation factor)

(9) Taking control samples from the formed gas-mixture for a methodical pursuit of time
«evolution of helum concentration and also that of the other components

(10) Taking control samples from the refulated gas in view of calculating the heluum recovery
factor from the gas-mrxtures

(11) Measuring and adjusting the refulated gas flow as a function of the optimum helium
recovery factor

(12) Methodical vertfication of each capillary membrane fascicle before including 1t mn the
dinstallation

(13) Watching the functional parameters of the installation from a central command and
control panel i

(14) Security of these mmain systems in cases of damage or unexpected events (like cut-offs
of electrical power andfor cooling water, etc)

(15) Leadmng of the permeation process during long or very long operation periods in quast-
contmuum operation conditions

To ensure these functional requirements the systemic structure of the installation 1s the
following (1) Permeation column (separation, purification), (2) Vacuum system, (3) Gas supply
system under pressure, (4) Heating system, (5) Cooling system, (6) Gases and control samples
extraztion system, (7) Command, control and safety system, (8) Testing system of the capilary
membrane-fascicles

In Figs 1 and 2 two general views of our experimental separation installation are shown A
sSchematic presentation is given in Fig 3 The mzanings of symbols nsed are the followmng PST
— codling water relay, SMIS — me=chanical system (valve) for ,,close upwards”, RAR — cooling
water tan%t, PRAR — cooling water rectrculation pump, BR — battery of taps, CC — direct
current, CA — alternative carrent, MR — cooling mantle, PD — diffusion pump, PVP — preli-
munary vazuum pum?d, CGP — permeate gas chamber, CGR — refulate gas chamber, RI — heat-
ing resistance, JVJ — high vacaum gauge, JI — interchangeable gauge, JVP — preliminary
vacuum ginge, RS — flow resistance, M Hg — mercury manometer, T,, T,, T3 — 1ron — constantan
thermocuples, BGA — supply gas bottle, BGR — refulate gas bottle, SLP—GP — extraction
system of permeate gas samples, SLP—GA — extracting system of supply gas samples, DI—GA
— supply gas mtroduction system, under pressute, DIF — testing system of the capillary membrane
fascicles, MB — bourdon pressure manometer, SLP—GR — system of control sample extraction
from the refulated gas , ‘

42 Expzrimentation of the separation wnstallation Functional teshing of the separation wnstalla-
tion The funztonal testing, both sequential and general, of the separation-purification installation,
1s a very complex oparation, n=eding a lot of time It implies unavoidably, the necessity to remedy
some executional or a>s2mbling defects, and even small retouches concerning the functional con-
<eption of parts of the construction A detailed description of the stages and results of the whole
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F1'g 8 Installation for helium sepatation and putification through ‘diffusion au:i/ot activeled
diffusion '1u capillary membranes Schematic preseutation. 1. vacuum distributor. 2. vacomm re-
servotr, 3 veantilation group, 4 command, control and safety block for separation column, 5. colmnrx
signahization blozk, 6 tempsrature measurem=nt and control blozk, 7. powet supply -block, 8. pro-
grammed commnand block for vacuum system, 9 command, control aud safety black, for vacouz.
system, 10 vacuum system signalization blozk, 11 battery programmead loading block, 12. storage
battery (24 V — CC), (a) vacuum line, (b) cooling water lne, (c) command and power suppip

line, (d) water tap, (¢) vacuum valve
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functional testing, of our installation, including both sequential and gencral testing operation, would
exceed the amm and framework of the present paper, but i1t can be found in paper [29] Therefore
we give here a schemeé omly of the general conception on which the tfests were based

(1) Sequential and general testing of each operative sysiem of the installation

(2) Functional testing of the installation as a whole

On the hase of ,,at heat” tests of type (G), (H) [29] that means the cperation of installation
at temperatures and pressures respectively of 20—200°C and 5—20 bar, the following conclusions
were drawn (a) A vacuum of 107 torr in the permeate gas chamber can be obtamned in a rela-
tively short time (2—3 h), (test (G) [29]) (b) After 3 h, from decoupling the yvacuum lme of the
permeate gas collection chamber, the pressure increased frcm 107! torr to 0,1 torr (test (H) [29]),
because of surface degasation and leakages (c) In the specific conditicns of test (G), the 19 fas-
cicles of Pyrex capillary membranes (one fascicle having = 200—250 membranes) can ,,transport”
to the permeate gas collection chamber, a helmm flux corresponding to a pressure increase of
approximatively 100 torr/h, that 1s 300 torr during 3 h (d) According to the above conclusions,
we can estimate the maxunum impurification limut, m the case of operatien conditiong (G), (H),
for permeate heltum, to 3 5 X 107294 (0 1 torr/300 torr) Thus the punty hmit of helmun corres-
ponds to ~9996% A Ilgh vacuum and a long degasation period, with a more careful choice
of the tightness elements to be used, could enhance the upper hmmt of helmum purity to 99 999,

The teshing of the capillary wmembiane fascicles Detailled presentation of the long series of
experimentations concerning the capillary inembrane fascicles would also exceed the framework
of the present paper They are presented in paper {29] Here we mention only the maimn conclu-
stons The technology of capillary membrane — fascicle building up must be, 1n itself, the object
of systematic laboratory investigations Paper [31] outlines the mam results of our imvestigations
concerning the technology of capillary membrane fascicle building up, giving also some of the impli-
cations on the purity limit of permeate helium

The expertmental results of the tests performed on one of those fascicles, to be included
in our separation and high purification mnstallation, are presented i Fig 4 The fascicle 1 question,
F17, was buwilt up by the combined techmology “IGFS”, bemg ccdified as F17 IGFS—200 PF
Fig 4 presents, for aims of comparison, the results obtamed in the “witness test’” Analysing the
results of the three experiments performned with the above-named fascicle, the conclusions are sunilar
to those drawn from the experiments performed with the E6—IGED FS fascicle [31], namely
(a) The leakage-degasation rate 1s not semsitive to the great pressure yarations m the “pressure
chamber” of the testing system (b} The leakage-degasation rate (DSD) 1s continuously decreasing if
the tune of previous evacuation (TPV) 1s increased, even if the pressure inthe “pressure chamber’
(PCP) does increase 24 times (from 1 bar to 24 bar of CO,), gomng from experiment number 2
to expertment number 3 (c) After 26 hours of previous evacnation (TPV = 26 h) the leakage-
degasation flow of the fascicle 1s close to the “witness test” value, 1e DSD = 3 8 x 10~ torr I/s

43 High punfication possibilities of helrum The results of the experiments performed with
the capillary membrane fascicles, in particular with those of F17 IGFS—200 PF, allow us to
estimate the purity limit of obtainable helium, if our installation 1s equipped with fascicles of the
type and characteristics of those discussed above Taking into account that one fascicle contatns
200 membranes, the leakage-degasation flow for a single membrane, (DSD)yempr . w1l be 19 X
X 10~° torr Ifs On the other hand, the results presented mn paper [31] show, for a single capiliary
membrane of the above mentioned type and dimensions, operating at a pressure between 20—24 bar
and a temperature of 30°C, a limit value of permeate helium flux of ~35 x 1073 torr lfs Thus,
the impurification of permeate helium, caused by the rate of leakage-degasation of membrane,
can be estimated at ~5 x 1073% If our separation-purification installation will be equipped with
fascicles having similar operating parameters, like those of fascicle F17 IGFS—200 PF, and 1t
the natural gas-mixture supply has an important heltum concentration, then we can hope for a
permeate heltum purity lmmt of ~99 9959 Papers [24—33] describe a part of our investigation
«fforts and results 1n this direction

5 Large scale applications of nonconventional helium separation-purifi-
cation methods. There are some interesting cases of large scale application of
diffusion phenomena to the separation and purification of helium andjor hydro-
gen from gaseous mixtures [11, 14, 34—40]

5 1. Interesting results were obtained with the Permasep Project of the
American Dw Pont Company [35—38] The main parameters of the permeator
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are length™S 5m’and mternal diameter 300mm The miembrands used are hollow-
fibres of polyester, having an outside diameter of 50y, and an inside diameter
of 18u. The permeator includes 50 millions of such membranes, having an active
surface area of 2 X 10% m2 Permeation is operated at 38°C and at a trans-
membrane pressire of 45 bar. The refinery capacity is of 125,000 STP m3/day
(~40 millions STP m3/year). It-was destined to hydrogen and/or helum sepa-
ration from gas mixtures In the case of hydrogen the obtained punty value
is of 959, mm a single separation stage.-

5.2 Paper [40] mndicates that a new prototype of helium extraction, under
construction in Canada, will open the way to lower cost heltum recovery. This
plant, representing the unified efforts of the govermment and the prnivate
industry, 1s designated to process natural gases with a helium content of 005
to 0.29%, using diffusion separation techmques

" 5.3. The Japanese Teijin Ltd Company [38, 39] has developed a noucryo-
genic method of helium recovery from natural gases This method is based on
the selective permeability of some hollow fibres made up of synthetic materials.
The separation is operated at room temperature and a pressure of about 29 bar.
Com pared to the conventional, cryogenic, helium recovery/purification methods,
1mmplying removal of other gases by liquefaction and/or absorption at low tem-
peratures, the Teiymn process features a 309, saving in operating cost at about
the same initial investments.

Ackrowledgements. The authors would l:ke to cxpress their sincerest thanks
to Professor Ioan Ursu for his permanent wmnterest and liclp 1n the development
of this research field
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ABSTRACT. — We study the gravitational effects given by a mass distri-
buted on a rotating spheric surface, near the center of the sphere The rest
mass M, 1s’ umformly distributed on the spherical surface of radms A, and

the angular veloaity Q 15 time dependent

1. The case O = 0 The studies concerning the gravitational effects which
appear inside a uniformly rotating sphere surface have been initiated by H
Thirring [1]..Starting with the Einstein equation, and applying the method of
the weak field, using as a test body a material point, for translational motion
H. Thirring obtained the equation

;;.: — gradcp—f—g—)\-(ﬁx}), (1)
34
mhere
"2202 kM,
=——EA—(xf—}—x§—2x§), )\:—0—5—— (2)

(n is the gravitational radius of the source, the third axis was considered in’

the direction of Q which had the components 0, 0, Q)

Tately, this problem has been reconsidered, using another method namely
the post-Newtoman approximation [5] The test body has been considered a
spinning particle with the rest mass ,, the study being also generalized on
the rotation effects If we accept a second order approximation the fundamental
quantities are the scalar potentials ®, ¥, and the vector potential ?: Using
the general expressions of the potentials, for the studied case we obtain the

functions .

. A4 Q2 Q1
®=- % 4 ¥=— c2 B 1352A (x:f + xg - 2x§), (3)
= 40 = -
E=— " (Qx3) (4)

The motion of translation can be described using the Lagrangian [5]

m m, ‘ 3 =
Ly =002 2000 g ® — 202 — 2 —22 o2 4 mge (€, ). 5)
2 8¢ 2¢2 2¢?
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Due to the tramslation effect we obtain from (5), using the Euler-Lagrange

equation, the equation (1) which is valid for Q = 0. The function ¢ is replaced
by the function ¢’ which contains another numerical factor
A Q2

¢ = — 20 4 af — 24 ©)

Concerning the rotation effect we get a precession described by the equation

d;o o — —
20— (& x ), @)
+where
- 4)\ —
= 24 8
R=14 ®)

and 80 1s the angular velocity of the test body in the rest frame
In the following we will study this problem 1n a more general case, namely

for Q#0 We will try to show which from the functions (1) or (6) is the
most exact one

2 The case Q 0 We will study this more general case using a method
given by the author [3], which 1s mn fact a version of the post-Newtonian
approximation We will take the Lagranglan given by I G Fichtenholtz [2]
valid (in the second order approximation) for a system of material points

1 1 k
L= = 30 me, 8 A — D 0} 4 — D
2 8c2 72 2 %) Yab

k2 7 1 1 1
T s E Moa Mop Moce ( 3 + + ) + (9)
6c* apc ab ¥ac Yba Ybe Yea Veb
k 7 WoaMoh — — 1 - — — — - -
o 2 30 o B0f — T(0 ) — - (U, B — o) (8 % — %),
4c% “ap Yab o

where by comma 1n the notation we indicated that from the sum the selfac-
tion terms are avoided

As test body will be chosen a spheric gyroscope which 1s in fact a classi-
cal spherical, homogeneous body with the rest mass m, and the small radius a.
We considered that the mateiial points from the studied system are contained
1n the source body or in the gyroscope, and these material points are subjected
to some constrains After a simple algebra one obtamns a new Lagrangian
which contains the expression of L, given by (5) and the supplemerntary contri-
bution
8myra® R

(€2, &), (10)

which gives information on the rotation of the gyroscope (The radius being
small the translation-rotation interference terms can be neglected in the kinetic
energy of the gyroscope) Using the function

L=1,+1, , (11)

L, =" g22 —
2 5 0 154
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and the ‘standardprocedure; we ‘get the equatmn

/

‘E:-grad@+ I(Qx) (Qxx) L a

vttt - ("

valid for the translation mo’txon “where: % 1s the position vector of the center
of gyroscope.
, The function .L-given &y (11) and.the' Euler-Tagrange equation- .

L - 9L
£~ =
dt 30)0 30)0

will give the equation concerning the rotation effect as
' L Pt
== (Q — Q. 14}
Qo =+ Qxap) + 34 (14)
3. Conclusions. Because the methéd from the previoﬁs section also leads

at the function ¢’, we can say that functlon (6) is more exact.
For the Newtonian energy of 'the gyroscope, from (12) and (14) we obtamn :

d [, 4 2 2
| : dt( v2 —}—mo<p’—— (Q, N), | - (}5)
where .
N = m(x'x %), ' (16
zespectively :
(0 ) OG- \
(50t =% @ a0, (17)
where e ‘
®=%mﬁ ~ (18)

The time evolution of the orbital angular momentum ecan be obtained from:
(12) and given by the equation

4 lmo

e 8
i " [(%, %)0

N i — @ NF O ©,95, (19

dt

which contains the vector M of components

= 13, Q2 3am Q2 .
Ml— 2 X% —°—xx,0). 20
54 2y o M (20)

¥rom (19) we obtain for N, the equation

%~m“—u #) + T (g + ) 2 (21)

4t

The above equations offer us the possibility to draw the following conclu-
sions concerning the energy and the angular momentum :
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In the case of Q = 0, the mechanic energy of gyroscope is conserved. If

Q # 0, due to a coupling between the rotation angular momentum of the source
and the orbital and rotational angular momentum of the gyroscope the energy
of the gyroscope is variable;

Because the coefficients of Q from the equations (14) and (21) are posi-
tive, as compared to the third component of the orbital angular momentum
and the rotational momentum, we can conclude that an engagement effect ap-
pears ;

The m(')dplus of the angular velocity Jo for the O = 0 case 1s conserved.

Tn the case Q # 0 this conservation is not perserved ;
The effects are very small, being determined by quantities 2/4, Q and Q-
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ABSTRACT. — The paper demonstrates the obtamnment of one-dimensional
projection spin density by CW NMR Imaging expermments The test were
performed by water-filled phantoms

Introduetion. In the past ten years, a variety of techniques have been pro-
posed and demonstrated, which allow of spatial discrimination and mapping
of the magnetic resonance transitions in heterogeneous objects

The elementary principles of NMR Imaging are now well established [1]
Recently, the EPR experiment in magnetic field gradients brings about new
opportunities m - magnetic resonance imaging [2, 3]

Reconstruction from projections offers several advantages when compared
to those techniques that depend upon transient perturbations of the NMR res-
pounse [4] Currently, m order to obtain the one dimensional projection in
frequency space, the free induction decay following a siugle rf pulse was digi-
tized and Fourler-transformed

The aim of this paper 1s to present the preliminary imaging experitment
ccarrted out on CW NMR spectrometer JEOL HNM 3H—60 If the static

magnetic field EO and the radiofrequency magnetic field B are uniform over the
object, the NMR spectrum 1n the presence of the linear gradient will correspond
to a one-dimensional projection, such as that KPR Imaging convoluted spectrum.

For testing our device imaging, these studies were performed by using
water-filled phantoms In this experiment, both thin-walled glass capillaries
contained pure water The recorded spectrum in the presence of a field gradient
represents a one-dimensional projection of the H,O content of the capillaries,
integrated over planes perpendicular to the gradient direction, as a function
of the gradient coordmmate The experiments demonstrate the capacity of this
technique to generate one dimensional distributions of spins within objects

Freld gradient cotls. A limiar G, field gradient, parallel to the homogeneous H(f) field, was
used The gradient was obtained by means of an ant: Helmholtz pair of coils, supplied by a va-
riable stabilised power source, rangmng from zero to 100 volts Each coil 1s made of Cu 01 mm
turns wire The interior diameter 1s d = 98 mm, the exterior diameter 1s D = 130 mm, and the
thickness of each coil, 1s ¢ = 1,8 mm The distance between the coils 1s 2b = 45 mm

For the median region, of about 10 mm width, situated on the symmetrical axis of the cous.
¢the gradient s practically linear [5]

A gradient of about 0,30 G/cm, can be obtained by these coils

The arrangement of the coils 1s shown in Fig 1

. ¥ University of Clug-Napoca, Faculty of Mathematics asl Physics, 3100 Cluj-Napoca, Romania
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the phanfom tubes filled

field gradient coils L b with water

— o .

Fi1g 1 The arrangement of the phantom tubes in the magnetic field The tubes
are set parallel to the magnetic field

Jixperimental arrangement and results.

Two glass tubes filled with water, with an exterior diameter of 4 mm, and
the thickness of the walls of 07 mm set side by side, were employed. Thus
the distance between 1its centers 1s 4 mm, and the space between the probes
is 14 mm The tubes are set perpendicularly on the magnetic field (Fig 1).

Initially, the tubes were placed as shown i Fig 2 The absorbtion spec-
trum was recorded both with and without the magnetic field gradient A single
resonance signal was recorded in both cases, Fig 3

H,
Gy o
Q .
©

g

Lom—

TF1g 2 The tubes are set Fi1g 3 The recorded absorbtion spectrum,
perpendicularly to the mag- both in the presence and in the absence of the
netic field magnetic field gradient, when the tubes are pla-

ced perpendicularly to the magnetic field.
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Then, the tubes were placed as shown
in Fig. 1. If the magnetic-field gradient is
absent, the recorded signal is the same as

in the previous case. No modlflcat1on is ob-
served if the tube:system is:rotated. -~
But if the field gradient is superiinposed
to a homogeneous field, the resonance line is
broadened and it starts to separate into two ‘
Fi1g 4 The absorbtion spectrum 1 the

components (Flg 4) The two lines corres- presence of the magnetic field gradient

ponding to the two phantoms tubes are com- when the tubes are placed parallel to the

. . tic field 1 G, = 0,10 Gjem; 2.
pletely separated for a field gradient of fn?;in:_ 8,1::1386/cm, 3 G, — 0,30/6/cm.

about 0,30 G/cm.

The amplitude of the signals is smaller as the spin quantity yielding a
signal is half of the quantity of the spins which yielded the signal shown
in Fig. 3. Only one of the'signal components remains if one of the tubes is
eliminated This experiment demonstrates that resomance condition w, =
=y[H() 4+ G, x] was fulfilled separately for each of the phantom tubes
and that the absorbtion signals are each yielded by a different tube. Thus,
a ,,Spin imaging resonance’” was achieved.

Conclusions. If a magnetic field gradient is superimposed to a homoge-
neous field, the local resonance condition 1s modified and that results mn the
altering of the absorbtion spectrum For a certain value of the gradient, com-
Pletely separate signals corresponding to: the different regions of the sample
are recorded. Conclusions referring to the spatial distribution of the spins can
be drawn from the analysis of the -absorbtion spectrum. The phenomenon
was practically .put m evidence by .the JEOL JNM 3H—60 spectrometer
which had been modified as.shown above.

-

o, —,‘
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ABSTRACT. — The temperature dependence of the reciprocal magnetic sus-
ceptibility between 100 and 1,250 X 1n the magnetic field strenght of 9 500 Gs
for the set of four samples of «-(Al,0;—Fe,0,) biphasic system was invests-
gated The reciprocal magnetic susceptibility has no linear but step varation
with the temperature increase, determined by the superposition of the anti-
ferromagnetic phase on the paiamagnetic phase

1. Introduetion. The oxidic system «-(Al,O;3—Fe,05) crystallizes in the
conrundum type of structure, and gives rise to the solid solutions only in
a narrow range of concentration, up to 5 mol % «-Fe,0,. In the previous
paper [1] we have reported the magnetic behaviour of the «-(Fe,0;—Al,0,)
oxidic system for the samples with the concentration 1; 3,5, 7; 10, 20;
40 ; 60 and 80 mol %, of «-Al,0; The system 1s antiferromagnetic and has a
magnetic spin structure of «-Fe,0O; type in the solid solutions regions, i.e.
up to 20 mol % a-Al,0; The Néel temperaturefor the monophasic system de-
creases mouotonously with the «-Al,0, concentration increase, while for the
biphasic system is concentration independent The temperature of the spin
reorientation for the solid solutions monotonously decreases with the «-Al,O,
concentration increase The magnetic susceptibility of the «-(Fe,0;—A1,0,)
system in the paramagnetic region is practically temperature independent in
a temperature range of about 100—200 degrees where the magnetic order is
not destroyed yet. So, it was interesting to study the magnetic behaviour for
the samples rich m Al,0,; even in the biphasic region.

e

B
) Samples preparation and expernnental. From the «-(Al,0,—Fe,0,) system was prepared
a set of samples with the concentiation 4, 7, 10 and 15 mol% «-Fe,0O, For the preparation of
the system we used Al,(S0,); and Fe(NH,)(SO,). treated with NH,OH 1n order to obtain Al(OH),
and Fe(NH)(OH,), respectively After filtration, the two hydroxides were ireated with HNO,
Tesulting AINO,), 6H,0 and Fe(NO,), - 6H,0 The obtamed salts were dried in the temperature
range of 333—343 K 1n order to avoid the crystallization water loosing From the alumimum and
jron nttrates th: proportions for the corresponding concentrations were established, and mixed
together aund precipitated at warm with NH, in a weak excess After the precipitation the resulted
oxidic comnounds were filtred, washed with distilled water, and dried In order to stabilize the
structure, the samples were calcined at the temperature of 873 K, and for the elttmnation of the
crystallization water the samples were dried at 533 K for 5—6 hours Frnally, the samples were
pressed 10 pellets, sintersl at the temperature of 1,123 K for 7 hours and slowly cooled down.

The temperature dependence of the magnetic susceptibility for the investigated samples in

the temperature range 100—1,100 IX and in the magnetic field of 9,500 G intensity was carried
out using a Weiss—Forrer equipment with 10~% cmd/g sensitivaty [2].

* Unwersity of Clup-Napoca, Fazu'ly of Muthembics and Phys.cs, 3100 Clug-Napoca, Romania
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3 Experimental results and discussion. The temperature dependcnce of
the reciprocal magnetic susceptibility for the a«-(Al,0;—Fe,0,) samples with
the concentration of 4, 7, 10 and 15mol % of «-Fe,0; 1s given in Fig 1.

As one can see from this figure the reciprocal magnetic susceptibility versus
temperature changes very unusually, except the case for the sample with the
concentration of 4 mol % «-Fe,O; which 1s linear At lower temperatures the
reciprocal magnetic susceptibility increases nonlinear with the temperature
mcrease up to 450 K and then limear up to 780 K, when the slope of the
lines changes, and at 960 K changes again The region with the step depen-
dence of the reciprocal magnetic susceptibility versus temperature represents
the transition region from the ordered magnetic state to paramagnetic state
Actually, the temperature dependence of the reciprocal magnetic susceptibi-
lity curves coumsists in the superposition of the temperature dependence of
the reciprocal magnetic susceptibility coiresponding to the o-(Fe,O;— Al,O4)
antiferromagnetic phase and «-(Al,0;—Fe,0,) paramagnetic phase, the system
bemng biphasic This fact explains the nonlinear dependence of the reciprocal
magnetic susceptibility at low temperature and of course the step dependence
at higher temperatures .

For the solid solution with 4 mol % «-Fe,O, the temperature dependence
of the reciprocal magnetic susceptibility 1s linear obeing the Curie—Weiss law.

These results are filling the existent knowledge about the magnetic beha-
viour of the «-(Fe,0,—Al0;) oxidic system, especially on the biphasic part
of the equilibrium diagram [1], and allow to better understand the magnetic

behaviour of the thernary system o-(Fe,0;—ALQ,—Cr,0,) investigated be-
fore [3]
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ABSTRACT. — The parametric instabilities of a magnetized two-component
cold plasma are studied in a left-hand polarized electric field and 11 a hybrd
pump field by applymng a multitime scale perturbation-based method The
growth rates of instabilities are obtained for the dipole approximation

Introduetion. The parametric instabilities were intensively studied [1—2]
because of their applications in devices proposed for thermonuclear fusion,
astrophysics and electronics. In this paper we will investigate parametric in-
stabilities of a magnetized two-component plasma 1 an applied left-hand circu-
larly polarized electric field and in a hybrid field, by using a method based
on multitime scale perturbation previously used in the study of paramé"’c‘hé’
instabilities of a magnetized plasma 1n a right-hand polarized electric field,
with ions dynamics [3]

The plasma in a left-hand polarized electric field. For the externally applied
fields of the form

\

B = Re {Eq6, — 162)  exp (i{kor — wed)} (12)
Eex‘t = B, ;\1 ' » (1b)

where e:, é; and e/; are the unit vectors along the rectangular Cartesian axes,
and where w, and %, satisfy the following dispersion relation [3]:

2
¢RE — wh + g wﬂwo_wQ (2)
where w,, are the characteristic plasma frequencies
Why = Amcmgenlim, (3)
and
Q. = ¢,Byfcm, 4)

are the corresponding cyclotron frequencies.

* Unwersity of Clw-Napoca, Faculty of Mathematics and Physics, 3100 Cluj-Napoca, Romania
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The velocities due to the external fields and the zero order extermal current
ate different from those given for a right hand polarized pump field [3]:

W = a,,(e/; sin (w,f) + 23 - cos (wyt)) + an(é; sin Q¢ + c/; - cos Q.48) =
= PO =70 5
where
e E,
= f_ T 6
W m"c(wﬂ_nm:) ( )

and
2

—41:]m =E (—wo + E g Q ) X (22 - sin wyt - é;,cos wot) 4+

+ Eo 2 W, — Q é\2 - sin Quct + é\3 Ccos Q,wt) = (6')
= '—47:,7&(2);”. — 4r E _—7:(;;){)"’ (6")

The assumption that a, are small quantities was made throughout our
investigation. Due to this fact, when the method of many-time scale pertur-
bation is applied to cold plasma equations of motion and Maxwell equations,
only the first order equations are different from those obtained in [3].

After a perturbation expansion of the longitudinal and transverse equations,
because we are interested in the propagation of the response parallel to the
external magnetic field, we arrived at the following relations :

(aﬂ +w‘°)( th= —-2’-2';19;,, ke

Qs —wwpt +elwg‘t

—tw,t —1 - —_

[e=ro¢ - o=1t] - (a - z_w+)
Wy, &

.
Yl ]

o) |y aten
{5 0%+ 2 + w%.) F ofon 0 (2 & 00u) +

+ w3, Q, (g + Q)]} (E%) =

— (et 4~ 0nct) [51_-8

1w etw ¢
=:i:( :I:zflzcjwplﬂu P [Eie kr_,_gi 7 ]:{:

a(el) Lwif F Q, —wf FQ
- —wEt + swi g
K] d [Ere "k Ey &'k
= 4 1Q,, | w3, Q,, — — — 8)—(9
(2 £ 1003, 00 (Et)[wkiinw = ) —©)

—2& g Qlc)( :tigza) [E7e ™ +EL e ] +

ot \ot n wg

£2(20u0)(L ko) DI [ e i e e

4 — Physica 1/1988



50 v < S COLDEA, J KARACSONY

where: the 'spatial’ dependece rexp (tk;)' was assumed ‘and: de vt

] e i R L P A T TR O LI T I
E* =Eq, i 1ETZ (105
~ VO E S e ) Vi e S ¢
w} = 0} + @ {12},
0l = ht Fwh . (18)
(E£), = EL exp (—zwk t) - EL exp (1w £) (14) — (15}

and . ) L —”{

—m+2 EX (16)—(17)

' (”+wk_an .

After secularities eliminations, the autonomous, palrs of differential equations.
give us the following results :

2.1, When wf + wi, = wo, the elhptlcally polanzed right- hand response
may' be exc1tea with a maxnnum growth rate given by VRN

t

' . "
. ' A

o) i ' 1

. ) . iy IZ on ,,| X

1 (RPN 'lmax =i T wz Q X 112 =, Ve (183_)/

¢ . 1’2 3/2» ne R
N 2w} + 3

" I wk — Qm;

s o . ekE,. wp, 12 :
ol + Q14 w3 Q - ’ (18b),

wh B

klr N (w]t _ Q)g

\

where the assuﬁpﬁon that electrons dommate in ) , was made On the other
band in writting Egs. (18) was mtroduced the notation '

]

Q.=-0 Q>0 ’ (19}

2.2. For wy + Q. = —w,, the elliptically, left-hand polarized response be-
comes unstable, having the maximum growth rate of the following form
9 -
Amax = %_ Y1 lalu}ﬁ = (20a):
w32 | 2 _ P ne
Wy [ W \ %"V( wy ’_’ Q?z} K
: 12
—. ekE, ’”p:tu 5 (20b)
| we + Q| 2k+_p1 S,

(wy — )
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28" "When w;f1—:Q,,

1!
response is obtained as :

51
—wi,, the growthlrate of the lell1pt1cally’ rlght-hand
4

vk ' ’: 1!}122!“”' -
Pmax = g wi Q. B (212)
- a3 DY R o
:,, \ - P‘ . * n W —Qn,;)
- ' 12
L= [ ! (21b)
. p B + Wl . :
My | Wy — maQ' 2wf — (wt + Qe
o D o ' : Troan
The plasma in a hybrid pump’ field.” For an electric field of the form
ED = Re{E, - exp (i{ko % — wot)es} (22a)
with ‘
v 0 - gszy + 63k03 [ T (22b)
and a magnetlc f1eld of the form' ' .
ext = Bo ' é\ ! (220)
w, and %, are related through the dispersion equation of the form
wg — otk — 35— | [ e 5 Tt
. - wz — ch '

n

' w2 Q72
I 3 pn Tiuc "
wZ—ch] B [; 2—9,2”] . 0'(2.3?
In an analogous manner with the prevmus case of the plasma in a left-
hand polarized cucularly pump field, in this ‘case we arrived at the following
results :
becomes unstable,

y

3.1. When w,, —{— w, = Wy, the right-hand elliptically polarized response
with maximum growth rate.

——Zwﬁnlb I[ m'f‘ )

1 —
w2 Q 1/2
212 210};-—“ Z ,_pn ne
n (W — Qu)?
’ , w, 1/2
. eREqw, 1 n Q‘] w20
2o = 012 2w 2w — o
\ &
where ) "

(24)

1

(25)
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3.2. When the frequency matching w; -+ w, = w, is fulfilled, the maximum
growth rate of the left-hand response 1s obtained as:

[~ o ]
k _pﬂ ”"
max - ; - w2 .Q 12 - (263')
w2 2wy — 3 —2
[ n {wg + an)’]
B e wel 1 0 w, 1/2
=— —d——|-T— 2
2 m | wh— Qz] ( 2 T 2w°) {2w; + wh Qf(wy — Q)*} (26b)
33. When w; + Q, == —w,, the left-hand polarized response becomes un-
stable with the maximum growth rate obtained, of the form
Mo = o Ml we® 27)
2 w; Q 142
[Zwk -+ (w; _ Q)n}
3.4. Finally, for the condition wj — Q. = —w,, the maximum growth
rate of the right-hand elliptically polarized response is the following
2 ekEqw, w 1/2 (28)
max "y wfl’- Q
MR e
iy (wf + Q)

Coneclusions. Our analysts is acceptable only if the spatial variation of
the pump fields can be neglected with respect to the response fields, ie. for
the following conditions of the so-called dipole approximation -

B, K> 0 (29)
RR < 1 (30)

The condition (29) 1s fulfilled for the case of a left-hand polarized field when
we have

Wi > w,, (Z‘)Q<wk, Q> wf + w, (31)
2
+ . (T w"’ L — w?
Wy < Wy L )Q < wy; Q> max {wk +w,, __w+_} (32)
(2 %

A comparison of A2 from the equation (2) with A% from equation (16) gives
us the following - condition for (30)

2 2 0
wpn > 2122 + wpn ne (33)

n wn(wo - an) Wy # wg(wo — w}> an)

For the case wy,> w, the mequality (33) 1s not fulfilled, result which
1s in accordance with the previously obtamed results trom the condition (2) [4].
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In the case of a left-hand elliptically polarized field, instead of (31) and
(32), the conditions

wo > - {—Q + O F dwg} (34a)
Q> 3'117)1;1 (34b)

ensure the validity of equation (29)
The approximation done by the inequalities (30) is satisfied when we have

w2 w2
o1 "
QF Qw, + Q) <l a (85)

As results by comparing our equation (20) with the relation (31) from [3],
the growth rate of the left-hand elliptically polarized response arround the
frequency (Q — w,) is, m the left-hand polarized pump field, smaller than
in the right-hand polarized pump field. Our result 1s 1n accordance with those
obtained in [4], [5] and [6]

Finally, in the case when w; -+ Q;, = —w,, the conditions for dipole
approximation are the following
w, > max {’ﬂ Q, % [—Q + /O + 4w;]} (36)
"y
or
W, << min {’ﬂ Q, % [—Q + /O + 4wf,]} (37)
"y
and
ﬂ[&_ “ ]< i LB LY oS! (38)
Q1 Q Qw, + Q) QQ — w,) m,

As results by comparing our equation (21) with equation (34) from [3],
the growth rate of the right-hand elliptically polarized response around the
frequency ((mym,) - Q — w,) is greater m the left-hand ploarized pump field
than in the right-hand polarized field, m accordance with the previous result
obtained in [S] and [4].

In a similar manner the conditions for dipole approximation can be deduced
for the case of a hybrid pump field These conditions have the following
form for the case under discussion :

2 _ 2
Q < min {wo w?’ \/wg . w;, wol (39)
W,
or
w? — i
max{0 ’,«/w(’,—w",}<ﬂ<w0 (40)
Wy
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'and‘( S e W v :“[ AR B L S R S LI R Tt
( le JZ v N ,::.|
2 2
b wp — Q w2 <\ ,2in+ w2 Q
22 -
W ®1 % Q2 w,  wl(w, — w + Q) (41)
oo 0 — 02 N '
w2 Q \2 b, I i . - Vi
v b w2 — Q2 'wa TN g ) T )
- 2% 1
) 2 52 2 _ % a0 2
i o % w—e wy  wl(w, — w — Q) (42)
0 02 4 e -
0 . ) v
- wwgf 'l’ L w41 QU o ’ w2 ‘ - N
0 — Tt
PR it . Qzl no¢ ‘1(w2 _ Q”)'(w _ wzgz oL w2w2)<v [( w2 “,(22]"< il S0y ¢ o (43)
170
et 2” ‘ L w‘;QE v' ,' HIEN ’2'[ )'* Lt ' R BN LI
w , - ! 2 o
Sl SR B S B e L9 TP (44)
Q2 (2 — Q%) (wf — »2Q? — wzwz) w2 — Q| QR —w) | m Q )
0 0 10 0 ! RVITS A

"-Fgs. '(39) ‘and (40) assure that B> 0 The’conditions for %% >0 aré the
same with those given in the case of left-hand polarized pump field. ..

. In each case pammetnc tstabilities appear ‘due to coupling of different
modes The coupling appear$,between longitudinal mode and the night- or
left-hand polarized responses For the left-hand polarized pump field there
is a coupling only between the longitudinal mode and the left-hand polarnized
response, as well in weak as in strong external magnetic fields. For the hybrid
puinp field there are couplilgs between ,all ~modes for all values of externally
applied magnetic freld.

i
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ABSTRACT. — The magnetic susceptibility measurements have bzen performed
on xMoQ, - (1 — #)[2P,04 - Na,0] glasses with 5 < x < 50 mol % These data
suggest that all along the concentration range the molibdenum ions are in
majority as magnetic 1solated species From Curie constant and atomic mag-
netic moment values we have assumed that in these glasses the molibdenum
ions are predominant as Mo®¥, Mo5+ and Mo*t valence states.

Introduction. In the past few years there have been many reports on
investigations of the valence states and distribution mode of the transition
metal jons in the network of the oxide glasses [1—7] Up to now, the EPR
[7—10] studies of the oxide glasses with molibdenum ions suggest the presence
of Mo®* ions, which may be magnetically 1solated or coupled with mixed
exchange pairs formation.

In order to obtain further information on the molibdenum ions in oxide
glasses, this paper will report results of magnetic susceptibility investigations
of molibdenum —soda —phosphate oxide glasses.

Experunental. We have studied th: <xM>0, (I —x)[2P,0, Na,0] glasses with 5 <3 §
< 50 molY,, mantaiamng the P,0 /Na,0 ratio coustaut, that s keeping the matrix structure un-~
modified In this way, wntially the glass matox 2P30,—~Na,0 was prepared by mixing NH HPO,
and Na,CO, ani mnzlting ths ad nixtars 1n a sintered corundum crucible We uszd the technigne
previously repoeted [11] After codling, th2 host glass was crushed and the resulting powder wag
muxed with appropriate amoaats of M»D,, bafore final malting at Tyy= 850°C for 05 h. The molten
glass was p>iral oato a stamless-ste:l plata The structure of these glasses has been studied by
X-ray diffraction analysis and did not reveal any crystalline phase up to 59 mol% MoO,. )
T The M1z 1stic saszestibility data were peeformad using a Faraday typ: balance in the tempe-
rature range S0 to 300 K

" Results and discussion. The temperature dependence of the reciprocal mag-
netic susceptibility of the various glasses from this systen is presented im
Fig. 1. For theseé glasses, in all concentration range of moslibdenum ions, a
Curie law is observed. This suggests that the predominant pirt of molibdenum
ions are 1solated and that no magnetic order is present Thais behaviour agrees
with the EPR study conclusions [127.

~The Concentration dependence, of the magnetic susz2p:tolity at 7 = 230 K
is presented in Fig 2. This dependence shows a miximam at x ~ 42 mol %
MoO,. . o ) : o

LA T L N o
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L *-%= 5 mol %Mo0; / ’
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Fig 1. The temperature dependence of the reciprocal magnetic susceptibility.

To determine accurately the values of the Curie constants, Cy, and atomic
magnetic moments, p,, a correction due to the diamagnetism of the glass
matrix and MoO, was taken into account. The composition dependence of
the Curie constants, Cy, is presented mm Fig 3 The values of the Curie constant,
which is proportional to the paramagnetic ions concentration, increase with
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molibdenum ions concentration up to =~ 40 mol % MoO, About this concen-
tration the Curie constant decreases Having i view that the Curie constant
18
\ ,
N Ker (1)‘
3K

it results that this depends on the square of the effective magnetic moment.
In relation (1), N 1s the number of transition metal 1ons 1n umt volume,
K — the Boltzmann constant and p. — effective magnetic moment. The
experimental values of Curie constants and of the atomic magnetic moments
obtamed for these glasses are smaller than those which correspond to MoO,
content, considering that all molibdenum ions are in Mo** valence states
(kao+ = 2.83 up) In this way, we consider that Mo®*, Mo+, Mo** and Mo3+
ions are present m the studied glasses The presence of the Mo®™ 10ns (pae+=
= 1.73 up) have been evidenced by EPR measurements [12] From optical
absorption spectra, it results that the Mo3™ 1ons (pme+ = 3 87 pp) are present
in small proportion in these glasses. Thus their contribution to the Curie con-
stant values is also small Because the Mo®™ ions are diamagnetic, 1t follows
that the presence of these i1ons may lead to the decreasing of the Curie con-
stant value, in the studied glasses This is true since the Curie constant is
proportional to the paramagnetic ions concentration From the Curie constant
experimental values, 1t results that in the case of the sample with x = 50 mol %,

MoO,, the molibdenum ions are present as Mo®* and Mo®™ valence states.
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Conclusions. By means of the magnetic susceptibility investigations of
xMoO, (1 — x)[2P,0, - Na,0] glasses with 5 < x < 50 mol 9%, weé have ob-
-tained information.concerning the molibdenum ions distribution in the soda-
phosphate glass matrix which explans their magnetic behaviour.

Magnetic properties of xMoO, - (1 — x)[2P,0; Na,O] glasses depend on
the MoO, content These data also suggest that all along the concentration
range the molibdenum ions are present as magnetic 1solated species.

. From Curie constant and atomic magnetic moment values, it results that
in these glasses the molibdenum ions are prevailmng as Mo®*, Mo®* and Mo**
valence states. :
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ABSTRACT. — Integral cross sections for the rotat1ona1 excltatlon of NH,
1n collisions with He are computed NH, 1s treafed'as 4 rigid rotor and a recent
potential energy surface for tihe \IH3 v He interaction [5] 1s employed The
cross section calculations have been carried out withm the framework of the
quantal coupled states approximation, and the results obtained at the relative
kinetic energy E = 97,7 meV are mn fair agreement with those available
the literature

1
v

1. Introduetion. Rotational energy transfer of ammonia molecules 1n colli-
stons with He have attracted great interest;in the last decade, because of, the
1mportance of the radio frequency observations of interstellar ammonia [1].
‘Quantitative collisional rates for the rotatlonal excitation of NH, 1n collisions
with" H, and He are needed fot the mterpretatlon of the line 1nten51t1es Ex-
tensive calculatlons for NH;—He have been performed employing several cal-
culated 1nteraction potentlals [21—1[5].

In' the present work we use the ‘potential energy surface (PES) presented
in [5] and develop an omnginal numerical strategy for the solution of the
scattering problem. The construction of the above mentioned PES 1s described
in Sec. 2. Details of the scattering calculations are presented in Sec. 3 Results
and comparison with the results-of [5] are'given in 'Sec 4.

2 Potential Surface. As already pomted out, our calculations are based
on the PES derived in [5]

In order to describe the potential energy surface of the NH;—He system,
it 1s convenilent to use a fixed axes coordmate system with the origin located
at the center-of-mass of the ammonia molecule The z-axis coincides with the
symmetry axis of the NH, molecule. The three H atoms are located in a plane
perpendicular to the z axis. The triangle formed by the H atoms is rotated
such that one hydrogen atom lies 1n the x-z plane. The position vector of
the He atom is described relative to these body fixed axes (R 1s the distance
from the origm, 6 and ® measure the angle from the z axis and the x—z
plane, respectively)

The potential surface can now be expanded 1 terms of spherical harmonics,
with the restriction that the potential has to be invariant under operations of
the isymmetry ‘group Cs, to which the ammonia molecule belongs :

V(R, 6, D) Z_‘,VM ML+ 8,0) [V (0, ®) 4 (=1)% Yaa(6, @) (1)

1

* Unmwvers.ty of Clug-Napoca, Facu'ty of M uhemit.cs a‘,i‘ Phyvsic., 310) Cluy Napoca, Romansa
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with

V5 (6, @) = (—1)* [2—“—+i L — 01" pricos 8) exp (1 @) (2
4= A+ !

where P% are unnormalized associated Legendre functions.

The interaction potential is partitioned into a Hartree—Fock energy con-
tribution, which is obtained from large basis self-consistent-field (SCF) calcu-
lations, and a correlation energy contribution, which is approximated by a
damped multipolar dispersion expansion [6]—[8]. Accordngly, the expansion
coeffictents V ,3(R) can be expressed as.

Viu(R) = V35 (R) + f(R) V32 (R) (3)
where the damping function has the form:

exp [—y(D/R — 1)2], R< D

f<R>={1 s

(4)

with y=0.5 and D=53A. Using the SCF potential energy values
VSCE(R,, 6, ®,) tabulated in [5] for R, =(3, 4, ,8)a,, 8, =0,=/8 ., 6 =%,
and ®, = 0, n/9, ..., /3, the coefficients V‘;’(EF (R:) may be obtained by solving
for each R the system

VSCF(R,, 6, @) i)E;OViﬁF(Ro(l+8uo>-1[Y;.u(e,, D,) + (—1)¢ Y, _.(6, )] (5)
w
$n=3n

In order to obtan the coefficients V3, (R) for distances greater than 8a,, we

first extrapolated the pure SCF energies in the form
pser(R, 6, @) = — [T 4 Do 6
(R, 0, '“_(E+EJ (6)

with A,, and B,, determined from the SCF values at 7 and 8q,.

The multipole expansion coefficients of the dispersion energy are explicitly
given 1n [5] as

d. C;\U-
VENR) = — 3 )
np6 RH
where the coefficients C)* are related to the dipole polarizability and to the
components of the dipole-quadrupole polanzability tensor

3. Seattering Formalism. The total Hamiltonian for the collision of a rigid
rotor and an atom, 1n space-fixed coordinates located at the center-of-mass
of the system can be written as follows

H= — ;T: V%a + Hrot(ﬁ) + V(R’ ﬁ) (8)
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~where y, is the atom-molecule reduced mass, R 1s the collision coordinate from
rotor center of mass to the atom. The rotor orientation is specified by

= («Py), the Euler angles that rotate the space-fixed axes into the body
fmed principal momentum of inertia axes of the molecule (used to expand
the potential)

The rotor elgenfunc’nons are assumed known, and

rot( )I]km> - Jkl]km> (9)

‘where £, & and m are the total rotor momentum, and ist projection on the
body fixed z’ axis and on the space-fixed z axis, respectively [9]

The ammonia molecule is a typical symmetric top, having a threefold
axis of symmetry through the nitrogen. It 1s not, however, an ideal example
of a rigid rotpr, because it undergoes rapid inversions — large amplitude
vibrations of the nitrogen through the plane of the hydrogen atoms Since
the vibrational period 1s about 50 ns and the duration of a thermal energy
NH,;—He collision is less than 1 ns, the rigid rotor approximation may not
be unreasonable [2].

The symmetric top eigenfunctions can be identified with matrix elements
of the rotation operator

27+ 1
8x?

| kemy — Dm0 By) (10)

where D}, (ayB) are matnx elements of the rotation operator [9]. The corres-
ponding eigenvalues have the form

Ex = B, + 1) — By & )

Tt can be seen that | 7&m)> and |7—Am) are eigenfunctions of H,y, corresponding
to the same eigenvalue E,, so that any linear combination will also be a
valid eigenfunction Proper symmetric top wavefunctions must also be eigen-
functions of the inversion operator, and the correct linear combinations are

l7kem) = (l7kmy 4+ < |7 — km)) (12)

V2T + 840) +80)

where now £ > 0, and = = 41, except for 2 =0, when only € = +1 1s
allowed. .

Within the framework of the close coupling (CC) formulation one can
form total angular momentum eigenfunctions

(TMyk <Ly = 35 gmimy| JM gk <my [l (13)
where ({m;) are spherical harmonics Yy, (0, @) and (gym 7., |im,) are Clebsch—
Gordan vector coupling coefficients. The scattering wavetunction with total
mmomentum J and projection M on the space-fixed z axis and appropriate to
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the entrance channel jkel can be expanded as ’ \
S i qJ]Mjke_z — E u‘{gjk’el )l]]y[]lkl)elll> ) , . (14?_

, ST R A

X I f - L

Substituting this wavefunction into the t1me 1ndependent Schrédinger equatlon
for the scatterlng : S , o . LI

H — (B + Ea)J#ms =0 (15)

where E is the relative lk1net1c energy, g1ves the usual coupled equatmns for
the radial functions ) , o

W]

|, - = + K :k]“"ﬁ»’;"ff('R) —

ar* = R? o ;
LSS My e |V | TMy sUyulMst(R) ' (16)
A2 gurere J J

!

with the wavenumber given by : oo

Kl = 2—“" (E + Ep — Eyx) 7 (17

The choice of the expansion set 1 (14) as total angular momentum eigenfunctions.
leads to a block diagonal potential matrix (JMy"kR” "l |V |JM)'R l').
Consequently, each block of equation (16) may be solved independently for
each J and M. This expresses the fact that the collision cannot induce transi~
tions among total angular momentum states.

Further simplifications of the system (16) may be achieved, within the
framework of the coupled states (CS) approximation, which may be easily
mntroduced using the CC formulation in a body- flxed coordJnate system. Here,

the operator of the orbital angular momentum, [ = 7 — 7, 1s approximated
by the operator of the total angular momentum ] . In other words, the CS
approximation consists of neglecting the off-diagonal matrix elements of 72
in the body-fixed frame, and further approximating the diagonal ones by
%% J(J + 1) The scattering wavefunction may be’ written.

pnem = 50 W R R <m) (18)
and the set of coupled equations for the radial functions takes the form.
d? 1 em
[Es __foRJf_) + K’Zk’kl wFEM(R) = , (19)

— 2_11;0 ”Z:”<7”k” EH?nl Vljlk, Elﬂz> M_{ﬂ):eem (_R)

As shown in [9], the potential matrix elements on the right-hand side of
Eq. (19) have the form

GREm|Vlghemy =35 g Viu(R) (20)
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The- coeff;c1ents a’k’;‘;"‘ ate ‘calculated taking into account Egs. (3) — (7) and!
(12) ”1 . b + i
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Equations (19) are solved subject to the following asymptotic conditions :-

u]]jkkgm(R) ~ 3]]’ 8kk’ 86 =’ €XP ['_i(Kijk R — ]71:/2)] -

K
"( ) Ghem| STk <'m exp Ky R — Jx[2)] (22)

K; k%

State-to-staté integral cross sections, summed over final and averaged.
over initial degeneracies, can be obtained from the S matnx as

s(fke gk &) =2, (2] + )/ (jk=—s'k' =') (23)
J
with

J 17 ’ =; , , cer — J IZN ! P ,
Wk <y W ) = e By S Do — GREmISI K S m) [ (29)

Because of permutational symmetry among the identical hydrogen nuclei
in ammonia, the rotational levels can be divided into two sets, which are asso-
ciated with different nuclear spin states and which mterconvert at a neglijable-
rate i thermal energy collisions Levels with 2 = 3n are designated ortho-NH,
and levels with 2 = 3n + 1 are designated para-NH; The CS scattering forma-
lism predicts no transitions trom one modification to the other, and this can.
be seen as follows: From the properties of the 37 symbols 1t is apparent that
there are only nonvanishing potential matrix elements (72 €'m|V|jkem)
with etther p = 4-(&’ — k) or u = 4 (" + k) On the other hand, the molecular-
symmetry ensures that the expansion of the intermolecular potential will con-
tain only terms with p = 3z Thus, both &’ and % must be either of the form.
3n (for ortho-NH,), or fo the form 3z 4 1 (para-NHj) Therefore, there will
never be coupling between ortho- and paralevels and hence the scattermng,
calculations can be done separately for the two species

The projection of the internal angular momentum onto the body-fixed
z axis, m, 1s contained 1n the potential matrix only as a parameter The sets.
of equations involving different values of m are fully decoupled

4. Results and Discussions. We have computed state-to-state mtegral cross.
sections for the rotational scattering of ortho-NH; from He at 97 7 meV, case:
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‘for which there are 20 open channels (the ammonia molecule being initially
in the ground state). The rotational energies yielded by Eq. (11) with B, =

= 1.23 meV and B; = 0.45 meV for those open channels are listed in Table I
) Table 1
Rotational energies (in meV) and caleulated integral cross sections in A?

for the rotational transitions of ertho —NH, from the ground state to the
state speeified by 7/, &’ and .

5 Y =’ Eypn s(ks—y'k's’)
Ref § this work
0 0 + 00 00 48 5780 42 4660
1 0 + 02 46 10114 0 9692
2 0 + 07.39 5.1576 6 6828
3 0 + 1478 1.0281 1 0394
3 3 — 10 72 6 6806 55372
4 0 + 24 63 0 5053 04017
4 3 - 20 58 4 4772 4 3612
5 0 + 36 95 0 3829 03929 -
5 3 - 32.89 02212 01733
6 0 + 5173 0 0615 0 0583
6 3 — 47 67 0 0201 00162
6 6 + 3551 11538 11063
7 0 + 68 97 0 0012 00010
7 3 — 64 91 00125 00121
7 6 + 5275 0 6220 05197
8 0 4 88 67 0 0002 0 0002
8 3 — 84 62 0 0000 0 0001
8 6 4- 72 46 00153 00123
9 6 + 94.62 — 0 0000
9 9 - 74 35 — 00143

For the ortho-modification the ground state is characterized by the quan-
tumnumbers 9 =0, 2 =0, € =1, m = 0. From Eq. (21) 1t can be seen that the
parity of the final state 1s €’ = (—1)¥. Therefore in the scattering calcula-
tions the final states j', &', €' = (—1)¥, m = 0 have to be included, leading
to the above-mentioned basis set of 20 open chanmnels.

Some of the expansion coefficients V,, of the spherical harmononics series
(1) are presented in Fig 1 The V,, coefficients have been obtained employing
the procedure described m Sec 2 The mterpolation of these coefficients has
been accomplished using the Akima algorithm, which was found to work better
than the cubic spline interpolation 1 what concerns the absence of oscillations.

The coupled equations of the scattering (19), subject to the asymptotic
conditions (22), have been solved using an algorithm based on the method
.of Sams and Kour: [10]—[11] From the obtained scattering matrix SJ, state-
to-state mtegral cross sections o/(jk<=-—jy'R’<’) for a certamn total angular
momentum J may be computed Fig 2 shows the J dependence for two such
integral cross sections, ¢/(00+—-00+4) and /(004 —10+). It should be noted
the typical smooth behaviour of the elastic cross section ¢/(00+4— 004-) for
the ground state ‘Total state-to-state rotational integral cross sections
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c(jk -4k ') are listed in Table I, where they can be compared with the
corresponding cross sections obtained in [5]. The two sets of cross sections
are in fair agreement. Some discrepancies could be explained by the fact that

24 T ] L) T
G100+ =00+) N
20 R )
= ¥
£
= 16 I % !
by ~ !
e & '
X S !
i >ﬂ .
=1 0100+ =10+)
4 4 e
=
= 8
S
4
-1 1 L g \—r/
3 4 5 6 7 B
2 1 ] 1 5
0 10 20 30 40 50 Rla.ol
Fi1g 1. Expansion coefficients Vlu- as defined in Fi1g 2 Total angular momentum de-
Eq. (3) vs mternuclear distance pendence of the integral rotational cross

secttons o/ (00+—007) and o/{00*—10*)_

we have included only 50 total angular momentum values J in our calculations,
and consequently, some cross sections could probably not.be fully converged.

The numerical calculations have been performed on a CORAL 4030 com-
puter and the total CPU time required to obtain the results presented in
Table I was about 75 hours Therefore, we 1investigate at present the possi-
bility of using “cheeper’” approximations in order to perform such molecular
scattering calculations.
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ABSTRACT. — The stripping reaction of benzene, toluene, p-ailene, Br-benzene,
phenol, anisol and amline have been studied at a double focusing mass spectro-
metzr with mhomogeneous Wien filter using air as collision gas Fiom the
position of the maximum of the peaks in spectra we have measured the values
for 0, and these values give the difference between' the double 1omzation po-
tentials and the single iomization potentials of the compounds The values of
double 1ontzation potenuals ale mm good agieemenl with our experimental

rLsult-;

The IKE spectra with Wien filter double focusing mass spectrometer
realized in our Institute have about the value E/2 of the potential applied
to the electric deflector, a cluster of peaks, partially overlapped This cluster
of peaks, appearing when the precision i the amalyser 1s 66 x 1072 Pa,
is the result of the collisicn mduced processes

From the detailed analysis of each cluster of peaks correspondmg to the
studied substances (benzene, tolucne, p-xilene, Br-benzeme, phenol, anisol,
aniline) 1t 1s possible to say that they result from the follomng processes .

'..  — the formation of the double charged ions [CoH X2+,
— for the 1ons [CoH;X]* with even mass, the flaomentatmn into one

ion and one fragment with the same mass 1s possible

“. After the collision ot the 1ons [CeH;X]T with the molecules of the re-
sidual gas, the ions are excited This fact is possible due to the mmtial kinetic
energy of the ions This eneigy is very close to the energy corresponding
to the value E/2 The energy necessary to yield in this way double charged
ions is brought from the kinetic energy of the reactant ions

Taking mto account that the ions undeigomng the stripping reaction are
in the fundamental state, these reactions may be used to.determme double
ionization potentials. For the ions with many ‘atoms, having the kinetic energy
in the range of KeV and near zero scattering angles, the minimum difference
in kinetic energy of the ions [CeH;X 1% and [C;H X2 may be well appso-
ximated by [1]
Qmn = DIP[CH;X ]+ — IP[C{H,X ]2+

|
* Inststule of Iscloprc and Molecular Technology, 3400 Clug-Napoca, Romanse
e ric  al Leee, Sascul, Cluy-County, Romania
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The stripping reaction of benzene, toluene, p-xilene, Br-benzene, phenol,
anisol and aniline has been studied with the double focusing mass spectrometer
with inhomogeneous Wien filter [2], using air as collision gas This mass
spectrometer has “reversed geometry” . the ions traverse the Wien filter ahead
of the electric deflector As a function of the applied fields the Wien filter may

Table 1

The Q values and tlie double iomzation potentials of
some aromatie compounds

Double 1onization
potentials (eV)

Compound Ion
composition (eV) Exper:- ILiterature
mental
Benzene CeHg 16 252 26 0
Toluene C,H, 15 23 8 245
p-xilene CgH,, 11 197 —
Br-benzene C¢HBr 8 169 —
Phenol CeH,O0H 8 165 -
Anisol C,H,O0 5 132 —
Amline CH,NH, 14 217 —

have a focusing action in the median plane or have a defocusing action The
electric deflector having auxiliary plates may work with a variable field index.
In order to study spontancous or collision-tnduced transition the instrument
may be switched from MIKE to IKE mode without breaking the vacuum.
Examining the IKE spectra of the abovementioned aromatic compounds,
obtamned with this mass spectrometer, we rended evident the peaks correspond-
mg to the reactions giving rise to the double charged ions [C,H;X]2* From
the position of the maximum of the peaks 1n spectra we have measured the
values for Q and these values give the difference between the double ioniza-
tion potentials and the single ionization potentials of the compounds For the
values of the single 1omization potentials we have used the data from literature
[3] Table 1 gives the Q values and the double ionization potentials determined
using the method described by R G Cooks, T. Ast and J H. Beynon.

The values of DIP that we find in literature are 1n good agreement with
our experimental results (see Table 1)
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ABSTRACT. — The linear sweep voltamametry technique applied on effective
surfaces determination of an electiode 15 presented Also, the surface coveirage
with an adsorbed powson 1s evaluated, either by changng the concentration,
for a constant mmmersion time, or by changmg the immersion time, for a con-
stant concentration of poisonmng solution

1 TImtroduetion. The galvanostatic desorption of hydrogen held in a finite
quillibrated (Pd—H) electrode 1s strongly influenced by the properties of
the 1nterface region These properties are depending either on the phystcal
structure of the suiface layer (electrodeposttion of Pd black -with difterent
roughness factors), or on the, chemisorption of some surface active substances,
which could affect the electronic state of the electrode surface [1, 2] We have
reported that the presence of sulphur compounds at the electrode surface alters
the kinetic parameters values, whatever the initial suplhur compounds were
(thtourea or cysteine), because the poisoning product should be a monolayer
of sulphur [3]

. In this paper, the adsorption of thicurea on palladium elecirodes is stualed
either for different concentrations of THU solution, or for different immersion
times of palladium .in a given solution It 1s known that the amount of sul-
phur chemisorbed on the palladmum surface 1s strictly equivalent to the amount
of THU previously adsorbed on the surface and consequently the sum of the
charges consumed . for oxidation of surface layer enable us to, evaluate the
adsorption concentration of THU [4] '

2 Experimental. The working elecirode was a Pd disc, with a geometrical area exposed
to solution S; = 0277 cm?, suppoited on a small Pt clamp, m order to be able easily to remove
the sample It was covered with Pd-black by eclectrodeposition of Pd from a bath tested by Ibl
[5] The electrodeposition was carrted out under conditions of natural convection, at constant
current This electrode, having a roughness factor f, = 260 was poisoned by immersion 1 a
THU solution with a concentration raugmng between 10~ M — 10~23{ for three mmutes It was
then removed from the THU, solution, carefully rnsed with a stream of twice dstilled water and
fur.,her wmtroduced 1nto an electrochém;ca; cell filled ‘with 13 KOH solution, at 20°C The cell
Was provided with & hydrogen’ reference electrode connected to 1t by a Luggm capillary and an
auxihiary Pt wire electréde’ The solution was contmuously stirred by babbling pure argon.

The amount of THU adsorbed on the Pd electrode was estimated by anodlc oxidation with
the linear sweep voltammetric techmique' The current-potential cutves have been recorded at a

* Unwersity of Clug-Napoca, Facully of Mathemalics and Physies 3400 Chwy-Napoca, Rosmama
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constant scan rate of 20 mV/s, using an Electroscan TM Electroanalytical system (Beckman) We
started to”scan the potential-always from the equillibrmum value of Pd electrode, first towards
the anodic region up to 16V and backwards to the cathode region, up to 03V At this time
the apphed potential was switched off, the Pd electrode removed from the cell, and carefully rinsed
with & stream of twice distilled water Further, 1t was replaced 1mto the cell and there was a rest
period until the new equilibrium potential was established The next scan of the potential started
from this new equilibrium value, and a new current-potential curve was recorded This operation
was repeated until reproducible I—E curves were obtaned, mdicating that the adsorbed substance
was completely removed from the electrode surface, and 1ts imitial electrochemucal characteristics

restored

Sraftm?)
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4

/——o_-.— !

§

10 302 Cmol ¢m?

e

3. Discussion. The sum of the ano-
de charges Q, spent for removing THU
from the electrode surface enables us
to 'estimate the amount of adsorbed
compound at the surface of Pd elec-
trode, and comsequently the values of
the surface area Syuy occupied by THU,
for different concentrations. The catho-
de charges Q,, 'spent for removing the
oxide from the electrode surface also
enable us to estimate the real surface
S» of the clean electrode. So, we were
able to calculate the degree of elec-
trode coverage (Table 1)

The dependence of the surface area
Sty on the THU solution concentra-
tion is 1llustrated in Fig. 1 which re-
presents the adsorption isotherm. The

plot of C/S vs C is a straight line,
which 1s a good confirmation ot the ad-
sorption 1sotherm (Fig 2)

If the working electrode is changed
by another, with a roughness factor
fo = 26 (ten times smaller than the first

0 z 6 8 10 10 cmdemd one), the adsorption 1sotherm is the
Fig 2 same. It 1s 1interesting that the cove-
rabe 7 Y€ can also be watched by keepmg the
: concentration constant, for different time
t Sraw Sw Sy Cray 0 . Intervals of ummersion m THU solu-
() (enr®) (o) (em?) (M) (%) tion with a constant concentration C =
3 72 80 1-10—2 91 = 1073 M (Table 2) At the same time,
g ggg ;gé 775 g }3:: ?g the dependence of Sruy vs ‘time repre-
3 516 768 2 10-3 67 sents an adsorptton 1sotherm, too. (Fig.
g 367 79 110 47 3) with a linear dependence between
184 747 510~ 25

t/S vs time (Fig. 4)
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Table 2
We conclude that the limear sweep . Sy Su S, o
voltammetry technique 1s very useful (1m1n) (cm?) (cm?) (em?) (%)
for adsorption phenomena studies. A 5 298 756 prs
lot of surface parameters can be deter- 6 431 728 59
: 12 480 732 735 64
mined by means of this technique. It o4 55 704 o1

1s very 1mportant to be able to de-

termue effective surfaces for electrodes with different roughness factors, and
to evaluate the areas occupied by some adsorbed substances.
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ABSTRACT. — The temperature dependence of the powder ESR spectrum
of the paramagnetic centers in gamma-irradiated Na,SeO, 1s discussed The
appearance of a new ESR lne at ¢ = 20216 attributed to the SeO,~ radical
indicates a possible structural transition at 165 K m Na,SeO,

1 Introduction. The magnetic resonance studies organized and developed
at the University of Cluj-Napoca by I Ursu [1, 2] had a sigmificant role
in the later investigations concerning the correlation between structural and
physical properties of the solid state [3—6]. A persistent problem throughout
this study was that of detecting, using the FSR method, of many kinds of
radicals trapped i radiation-damaged inorganic crystals, especially ferroelec-
tric crystals [7—10]

Electron spin resonance (ESR) spectroscopy has proved to be an elegant
tool for the study of radiation defects in crystals It should be mnoticed that
the absence of an ESR spectrum does not necessarily prove the absence of
radiation damage thouorh The mitial products may have been unstable at the
temperature of the expenment having recombined or decomposed to form
diamagnetic products The presence of the latter may be inferred by optical
spectroscopy or other methods, but is not revealed by ESR

The utility of ESR method as applied to a study of structural transition
in solids consists in the identification of the type of defects produced by ra-
diation and 1n the imvestigation of its ESR parameters through transition
temperature !

This paper will attempt to present new aspects concerning the structural’
changes which appear in Na,SeO, near the transition pownt evidenced by the
ESR properties of the SeO[ rad1ca1

Sodium selenate belongs to a class of substances as NaNH,;SeO,, K,S20,,
which presents ferroelectric tramsition [11, 12] As 1t has been shown (13]
gamma irfadidtion of Na,SeQ, produces paramagnetic spectes idéntihel as
SeOg;, SeOj;, SeOp. The radicals SeO; and SeOj -are -observable at room
temperature. The SeO~ radical is used as a prob> of structural phase transition
in Na,SeO,. - o

2 Exysamontal. Paranagastiz caataes warz produazel 1n powlered sambles of Na,5:0, by
a 90> ganny soaczz for 10) Dhours at room temparature- The ESR spactra were recorded at
X-b111 (~22 G Iz fregazaces, uy1z a JE3—3B spactroncter at room temperature (300 K)
anl at 77 K Vi-ab'= tznoecata 23 stadies oa the powdear samjles wora athieval by means of

* Umvers'ty of Ciwg-Napisa, Fau'ty of M yh.mitics anl Paysiwcs, 319) Cluy Nepocn Roniva
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cold nitrogen gas flow techmique usmg a

JET—VT—2 vanable temperature acceso-
1y. The temperature was, momtored with
a copper-constantan thermocouple
Expermments were carried out in the
temperature range from 300 XK to 137 K
and 77 K. -

L

3. Results and discussion. As
in previous measurements [13] the
species SeOj is the main product
in gamma irradiated Na,SeO,. The
g — tensor of this radical is of cy-
lindrical symmetry. The second

radical 1dentified at room tempe-
rature 1s SeO;, the g — tensor of
which is similar to those which
have already been reported [13,
14].

The temperatuie dependence of
ESR absorption line 1n the deriva-
tive form is shown m Fig 1

As the temperature decreases
a distinct lmme A at g = 2 0216 ap-
pears at about 165 K This lme
may be attributed to SeOp radi-
cal which was first observed 1n
X,Se0, by irradiation at 77 X [12]
This radical disappears on war-
ming the sample to room {empe-
rature and 1s reversible The ESR
lines show no hyperfine features
due to 7"Se All this leads us to
conclude that the appearance of
the SeOp at 165 K denotes a struc-
tural change in Na,SeO, at this
temperature The appearance of
the SeO; at low temperatures in-
dicates a distortion of this radical
below 165 K. The high symmetlry
of the SeO; radial at high tempe-
ratures 1s thought to be due to
fast reomentation of this group.

|

——
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F1g 1 The temperature dependence of ESR absorp~
tion line 1n gamma-irradiated. powder Na,SeO,



ESR EVIDENCE OF STRUCTURAL PHASE TRANSITION IN Na:SeO: 7%

The structural phase transition in Na,SeO, at 165 K may be connected:

with the structural phase transition from the paraelectric normal phase to an
incommensurate phase at T; =129 5 K detected in isomorphous K;SeQ, [15].

The investigations of a'possible transition between 137' K and 77 K are

in progress.

[
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ABSTRACT. — A method for the determination of steadily travelling domains
1 transferred electron devices 1s descritbed Two cases are constdered a) quasi-
equiltbrium between high and low mobility valleys, and b) the influence of
infervalley transitions 1s taken into account. It 1s shown that the former 1s
a limit case of the latter The resulting expressions show that the doman
velocity 1s slowly influenced by 1ts shape. rNumenca.l results are in good agree-
ment with data based on other methods

1. Introduetion. It 1s important to determine the domain velocity in
-transferred electron devices,. since this parameter determines the oscillation
frequency if the geometry is fixed. The general theory of the differential equa-
tions for those governing the process of the domain propagation gives solu-

fions for the (E, p, %) space only. Because this method is complicated and 1t
-is difficult to interprete its results, there are other methods to evaluate the
domain velocity. The method of equal areas was developed by Butcher and
Fawcett [1], [2], while its generalization belongs to Gelmont and Shur [3].
Volkov [4] sets the domain velocity in terms of the analogy between the
-equat1ons of the problem and the equations of an undamped oscillation of a
mass centre :

In this paper we present a method to determine the domain velocity and
“fhe current through the sample in the presence of steadily travelling domains.
The method can be used in conjunction with its applicability to transferred
-electron devices whose functioning 1s based on the RWH mechanism. Namely
-i?f which, as was developed by Ridley and Watkins [5] and Hilsum [6], the
negatwe differential conductivity is due to the field dependent elecdron trans-
fer from the high mobility valley to the low mobility valley. Two cases will
.be considered a) the case of quasi-equilibrium between high and low mobility
states (instantaneous tramsitions), and b) the case of non-instantaneous tran-
51t10ns Further on, we consider that the domain represents a space charge wave
_propagatmg with velocity #.

2 Velocity Determination. The process of domain propagation in trans-
ferred electron devices can be studied by equations describing the behaviours

* Research Institute for Computer Technique and Infor matscs, 3400 Cluj-Napoca, Romamia )
** Umversity of Clug-Napoca, Facylty of Mathematics and Physies, 3400 Cluj-Napoca, Romama

-



VELOCITY DETERMINATION IN TRANSFERRED ELECTRON DEVICES 75

.of the electrons and the electric field within the sample. These equations are:
the equation of total current, the continuity équation and the Poisson equation.

_-7?= Pt M E’*’ grad (D, - Pt)

7] L -
o — divf = (—1) gulp, E) (1)

= 4 4
dwE=f(po—91-~ pa) =~ p

In equations (1) p, = ¢ - #,. The index “1” refers to values from high mobility
central valley, while “2” to those from low mobility upper valley. p, and #,
represent the space charge densities, respectively the concentrations. p, is the
positive space charge. D, are the diffusion coefficients for which the Einstein
relation is valid. ¢4 (ps, E) 1s the function describing intervalley transitions. The
electron transfer in both senses is characterized by the transition times 71,
and te - @y (p,, E) has the form [7]:

@12(@1! Po E) =f_ 0 (2)

. . T12 Ta1
and implicitly depends on E.
Our purpose is an analytical investigation of steadily travelling domain
velocities when the total current is given [8] by
j=u p -+ j;s= const 3)
that is, the whole conduction and displacement current through the sample
is constant ‘

If we consider the one-dimensional case and using the relations (1) and
{3) we obtain ’

u.e E ‘V '
]=‘4ﬂ + Ja A . (4)
’ ’ -e. E” .
7 =u-p =X £ pm (5)
, 4 4n
E=—:(Po—91_99):':9 (6)

'@‘F;1+]i:<P—12
U py 2= —Pe . ' (7)

It'must be pointed out that in order to discuss the domain displacement,
this requires a solution of an essentially non-linear differential equation system
(4)—(7) Let us consider two cases: a) assuming the quasi-equilibrium between
valleys, namely the transitions take place mstantaneously and b) taking into
account their influence on the domain displacement. .

a) Quasi-equilibriwm between Valleys Knowing the orders of magnitude of time
constants, as a first approximatinu we assume that inside the domains a quasi-
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equilibrium exists between the high and low mobility states In this situation
g2 = 0 and consequently, from '(2) we have 2 =T — y(E). Then from (6)

. ! T12
we obtain :
__ po—e- Eldr __ tlpo — &+ E’l4m) 8
P1 1. T P2 T Ty (8)

As a main variable it 1s recommendable to choose the electric field because it
is generally known from experiments The differential equation for ¥ 1s obtained
by replacing these expressions in (6). The domain velocity and the current are-
computed by the relations (4), (5), (7) and (8) To simplify further calculations,
it 1s convenient to introduce the following average values:

p=ntrs p_Dait¥l o DD 9)-
1+ L+ I+ N
and ) '
r=—c 5 =£ % F,zi(i‘ﬁ)
47Tpy y dE 4n | dat

A simple but longer calculation gives the domaimn velocity and the current

8 - v(Dy — Dy) D’ E F,
—u =1 — D= 10)
" +"' vi(1 + )? T + F, (10)
Ja=1v po— D F, (11)-

Notice that, by means of F, factors, the computed amounts depend on the domain
shape, 1e. the high field distribution in space.

To determine the order of magmtude of the term influenced by the domain
shape let us use the following data [9] which refer to GaAs: y, == 8 X 103%cm?/
Vs, wy, = 200 cm?/Vs, D, = 240 cm?/s, D, = 60 cm?[s, ¢ = 125, p, = 10¥cm 3,
T =0 X 105, 7, =5 X 10™%, Eyuw =43 X 103 V/em, v(E)= (E/Ew),
k=23 We admit the Gaussian shape for the domains* E = Egexp [(=x/d)]?
with d = 20 um, E; =5 X 104V/cm. With these data we get an order of mag-
nitude of 10° cm/s This value is small as compared to the order of magnitude
of 10°—107 cm/s of domain velocities. To illustrate that diffusion makes only"
a small contribution to the domain velocity, here are the values of terms two
and three from (10) 7, =1.53 X 105 cm/s, T3 = 1.054 X 10*cm/s
b) The Influence of Tramsibrons on the Domain Velocsty Taking into account
the intervalley transitions, computing is more difficult since @, 5% 0. For the
sake of simplicity the mobilities and the diffusion coefficients were assumed
field independent in both valleys The method previously used can be applied
in a similar way At first we express the charge densities, further on we also-
set the other quantities in terms of electric field and its derivatives Finally”
we conclude

(Difvy wip)(eg + 8 Ty + 0y)
(Dofof mpp)ey + ap + 8 o

3 - Fy
Ja == A BT Dpu [‘7-2 + D, =(1+ P‘-z/%"l);—] (131

1

— U =

(12}
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The concrete form of the terms «, i§ complicated, they depend on v, <5, <ay,
D,, D, and F,. Introducing the shape parameters «, an algebraic equation
system 1s derived to determine the domain velocity and current. (12) ‘and (13)
are also influenced by ‘the field distribution in space.

We will now examine the conditions. to be satisfied by some quantities
to make the quasi-equilibrium wvalid

As we mentioned above, we may admit in the first approximation that
the domain velocity is 1ndependent by 1ts shape Neglecting the terms 1nfluenced
by the domain shape and taking into account D,, D, = const, relation (12)
for Veloc1ty may be rewritten as follows:

—y = v+ 3 y(Dy — Dy)fvy-v(l + ¥)* + va7/7, . (14)
1+ (w/m2) (1 + veafu) /(1 + 7). ’

If the field is high enough then vy » 1 and </7;, € 1 thus from (14) 1t reappears
—u = v+ El]?i—_l—_—)— Consequently we demonstrated that what was treated
T U Y

in quast-equilibrium approximation 1s a limit case of the general case in which
the mfluence of the intervalley transitions i1s taken into account.

3 Results. We found few information on coraputed or measured values
of domain velocity with today’s literature Most of them refer to GaAs, the
most adequate material for transferred electron devices In Table I we present

a comparison of the domain
velocities computed by the re-

E u u[10] u[11] u[11] lation (10) with those obtai-
(x10%cmfs) (X 10° cmfs) (x10%cm/fs) (x10°cm/s) ned by method of equal areas
[10], by means of an empiri-

Table 7

2By, 1482 99 10 cal formula [11] and those
8Eyy, 9 189 86 85 determined  experimentally
4Em 6 592 63 59 98 [11]. Notice that we have ta-
SEw 5578 58 55 88 ken into account only those
6Eq, 5195 53 51 86

values of ¥ for which we have
found comparative data

Comparing columns 2, 3 and 4 we see a good agreement between the results
computed here and those issued 1m [10], [11] If a problem does arise, 1t
refers to the experimentally determined velocities Generally, experimentally
measured velocities are smaller Based on experimental research, this 1s due to
the influence of traps. There are some theoretical studies (e g [12]) i which
this problem is treated

4 Coneclusions. In this section we summarize the main results of the paper
as follows

A method for the determination of the domain velocity and total current
in transferred electron devices is described. In both cases considered (quasi-
equilibrium between valleys and noninstantaneous transitions) the domain velo-
city and the current are given in terms containing the mfluence of domain
shape. As 1t is shown, the former is a limit case of the latter. Assuming a proper
domain shape and concrete parameters of GaAs our numerical results are in
good agreement with data based on other methods
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BY THERMAL ANALYSIS, XRD AND EPR METHODS

ELEONORA TRIF*, DORINA STRUGARU*, I. IVAN**, k. RUSSL***,
GABRIELA GHEORGHE*** and AL. NICULA*
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ABSTRACT. — Theumal analysis mn relation to XRD and EPR methods pro-
vides useful tools mm studying various properties of zeolites, 1t being conclu-
sive that the thermal stability and various structural changes depend on the
nature and content of exchangeable cations Cation exchange with rare earth
and protons increases the thermal stability of YV zeolite, whereas the 1iron
contamning zeolites exhibits lower thermal stability

1. Introduetion. Zeolites are enjoying tremendous interest in both the
scientific and industrial world. They are used on a large industrial scale for
a great vamety of processes, from sumple drying to complicated catalysis reac-
tions in sophisticated combmmations with other compounds The zeolites of
type X and Y have been extensively used as catalysts for petroleum cracking
and hydrocarbon conversion reactions High thermal stability is one of the
important prerequisites for solid catalysts such as zeolites The thermal sta-
bility of the zeolite framework depends considerably on the type of cations, their
distribution among the non-framework sites and the degree of cation exchange.

The zeolites of type A, X and Y modified with multivalent cations were
the subject of a number of our previous studies [1—4] The aim of the present
work 1s to evidence some structural and thermal properties of the cation ex-
changes Na¥-type zeolites obtained from ICITPR-Ploiestt The compounds
have been analysed by thermal analysis, XRD and EPR spectroscopy methods.

21 Thermal analysis. The chemical composition of the mvestigated sample
is presented in Table 1

Table 1
Composition of the samples
Samples 510,/A1,0,4 Na,0 MnO Fe,04 Ads capac
mol % wt % wt % wt g CeHy/100 g
1 NaY (sol silicic acid) 51 968 0003 010 250
2 Fe NaY (sol stlicic acid) S1 940 0003 036 25 4
3 FeNaY (sol silicic acid) 51 66 001 255 258
4 NaY (sodwium silicate) 506 101 0010 028 26 6
5§ ReY (sodium silicate) 506 323 0009 072 220
% wt Re,0;—12 98
6 HY (sodum stlicate) 041 0 005 027 203
7. FeNaY (sodmum silicate) 506 9 80 0009 054 26 0
8 FeNaY (sodmm silicate) 506 66 0021 300 262

* Unversity of Clug-Napoca, Faculty of Mathematics and Paysics, 3400 Cluy-Napoca, Romania
* ICI TPR, 2000 Plosests, Romania
%0 JCsPMSM, 3400 Clus-Napoca, Romania
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The thermal analysis curves (TG,
ey b 7 DTA and DTG, Fig. 1), were obtai-
10001 UTH / ned by using the derivatograph type

] " Paulik Samples were run in air at-
" mosphere with constant heating rate
of 10°/mm and a maximum tempe-
g0} 27 rature of 1100°C.

X The thermal analysis provides

an excellent method of separating

200k and 1dentifying different structural
Lt changes of the samples The DTA
curve 1s characterized by a sharp and

Lm strong endotherm peak (60—400°C)
and two exoterm peaks. The low-tem-
1ok perature endotherm, Tpeax & 220°C, 15
due to the loss of water from zeo-
lite cavities. The high-temperature
exotherms are attributed the first
one, T, to the structural collapse of
the zeolite lattfice, and 1t 1s taken as
30 1 1 1 L | | a measure of thermal stability of
20 4 60 80 100 120 the zeolite; the second one, T,, cor-
Tme(mnl - responds to the phase tramsition to

TFi1g 1 Typical thermal analysis curves for gnother crystalhne phase (mulht,
FeNaV—8§ samples crystobalit, or quartz) as confirmed

by the X-ray analysis The results of

the thermal analysis on the parent and modified zeolites are presented in Table 2.
The partial replacement of sodium by rare-earth cations (ReY), or hydro-

gen (HY) enhances the thermal stability, as evidenced by both the icreased
-exothermic T'; peak values (Table 2) and the temperature, T,u at which the
-collapse of the zeolitic structure begins Although for iron exchanged samples

1200

=4
o
P=3

4001

éndo e Lxo

S oo
T

20

Weight loss %

Table 2
Thermal analysis results
DTA
Samples % Lossm  Min of endo- Base width Exotherms (°C) E
wt from TG therm peak K J/mol
(°0) °¢ T, T,

1 Na¥ (sol sil. acid) 260 230 70—400 930 — 18 66
2. FeNaY 26 0 230 40—480 950 1050 40 60
3 FeNa¥ 24 00 220 60—480 920~ 1060 3074
4 Na¥V¥ (sodmum silicate) 26 4 230 60—400 830 920 1870
5 ReY 243 220 60—400 960" — 2390
6 HY 130 190 100—370 1000 — 2670
7 FeNaY 240 230 100—420 850 920 22 80
8. FeNaV¥ 220 220 90—410 920 1000 40 60
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the values of T, increases, the modification of the skeleton structure begins
at temperatures lower than that of the parent ones (Table 3) as evidenced by

the XRD data for calcined samples.
The thermal analysis method has also been useful in an investigation of

the intracrystalline water properties.
. The process of dehydration of zeolites 1s reported by Freeman and Caroll

[5]. as belonging to the reaction type:

, A(solid) = B(solid) + C{gas) (1)
and is u§ually described by equation *
: E "
% = dyexp|— 2] (1 = 2) (2)

where # is the order- of reaction, « is the degree of conversion, whereas 4,
and. E are constants representing the frequency factor and activation energy,
respectively. The value of # were evaluated from DTA curves by means of

Kissinger [6] methods

- n=1,26 /S

where S is the shape mdex factor. It results that the process of dehydration
of the studied zeolites follows the first-order kinetics (# = 1). The values of
the ,,average’ activation energy, given in Table 2, have been evaluated from

Table 3
, ILattice constants

3 ! A s
Samples: - a, + 0025 (A) T o
25°C 600°C 700°C 800°C 900°C  1000°C (°C)
1. Na¥ (sol. acid) 24 57 - 24 61 24 50 - - 820
2 EeNaY | To2461 - 24 62 24 58 24 55 — 800
3. FeNaY ) ' 24'59 — 24 56 24 53 24 58 — 650
4. NaY (sodinm siicate)!  24.52’ - 2451 24 63 .- — 700
5. ReY , 24 46 - 24 50 24 54 24 54 — 820
6. HY. 24 40 24.35 24 34 24 39 24 38 24 22 900
7. FeNaY 24 62 - 24 52 2462 — — 650
8. FeNaY 24.61 '— 24'53 24,52 — — 650

TG cuﬁn‘&es by abplying the Coats-Redfern method [7]. At low temperatures,
T < Tpeax,  the- function

t

. [,_ In (' — u)]’ —C— E- 3)
) RT
is.a straight line, Fig..2, and, from its slope, activation eniergy can be derived.
As the.data: from -Table 2 evnden,ce the E values grow when the iron content
is increased: This suggests that the water molecules are more strongly bonded
to the mmitivalent cations. [8] and confirms.the formation of hydrated hydro-
xide> clmsters  [9]..

22, XBD: analySIS. The- changes in. the zeolite phase content were moni-
tored- from: XRD: spectra evolution: The X-ray powder patterns were obtained

6 — Physica 1/1988
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Fi1g 2 ILineanzation of TG curve for FeNaY —8 Fag r3 X-ray patterns of NaY 4 heated .

with the Coats—Redfern method (1 = 1) R _ at different temperatures

2

at room temperature by a DRON-3 apparatus by means of CuK radiation
(A = 154178 A) and a rate of 10.mm/min. The samples were heated at dif-
ferent temperatures, between 300 and 1100°C, for 4 h, Ain air atmosphere and
then rehydrated at room temperature..

2

The typical X-ray patterns for the studied samples, Fig. 3, are in agre¢-

ment with the literature [10, 11] data. They can evidence the changes ‘in

crystallinity of the samples at high temperature, i. e the break-down of the .

zeolite lattice andfor the transition to -another crystallme phase.
The relative intensities and d values are dependent both on the degree

of cation echange and on the mnature of cations. Hence, for samples: with :

-~

rare-earth 1ons (ReY) the intensity of the peak corresponding to the 311 plane -
is diminished and lines 220, 620 and 444 are missing: It seems likely that the
multivalent jons may mnot hold positions coincident with those held.by the .

alkali metal cations, since they determine the mod1f1cat10ns of the scattering

factors.
The lattice constants, a,, were caleulated from the average of the amy =

=«/k2 + k2 4 12, duu values (cubic lattice) obtained from the Bragg'spacings °
of the reflexions with 6 > 10°, for which the error'of --0.05° in the' determina-.
tion of the.reflecting angle gives rise to an uncertainty in @, within:0.025. 4. :

Hence, it results that the structure collapse ‘begins at temperatures, Tims,

lower than that corresponding to the T peak of the DTA curve. On"the .

other hand, our investigations have evidenced that:the.exchangeable cdtions

alter the size of the unit cell. Hence, the ReY and -HY' modified- zeolites pre- -
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sent lattice contraction, and the iron exchanged ones evidence the dilation of
the framework. By plottmg the T.mt temperature of the samples against the
corresponding lattice constant values™ of uncalcined samples, one can relate
the thermal stab111ty of the modified samples to their unit cell dimension,
Fig. 4, a greater stablhty bemg related to one smaller a, value [12]. At the

Tamf N “ ,%(°A) ' e
(°c] AT
1000} . i T L —-«:-v/r“\
900f- RN . 24-59 .
8001 ZL.ZE)-
" 00k St Sl
O T R T R a.(A) : - 500 1000 e
Fig 4 Lattice constant values, a,, I‘1g 5 Lattice constant, ¢, versus the heating
of uncalcined sample and the struc- temperature for HY sample.

tural collaps temperature, T,.¢, for P )
samples derived from Na¥ —4 zeolite.

same time the stabjlity depends on the nature and concentration of the exchan-
geable cations Our analysis evidenced the increase of the thermal stability of the
modified zeolites of about 170°C for HY zeolites, and of about 130°C for ReV
samples, 'respectivély. On 'the contrary, the iron exchanged samples evidenced
a dccrease of the.structural stability of about 50°C. By following the depen-
dence of.q, on the calcination temperature, we obtained diagrams like the one
presented Fig. 5. {The results obtained for HY modified zeolites show that the
.most - important feature of the curve is the minimum of @, at 700°C. This
‘means _that the sample reaches a maximum degree of stabilization after 4 h.
of treatment.at 700°C. From decrease of a,, entailed by increasing calcination
temperature, T > Toms = 900 °C, it may, be inferred that the zeolite is neither
homogeneous from the point of wiew of stability nor from that of its lattice
constant values. Hence, the X-ray patterns evidence the gradual degradation
of the structure. It is evident that in the course of heating, the less stable
zeolite part will collapse first, whereas the remaining part, undamaged by ther-
mial treatment will have a much lower: destruction speed.

2.3. EPR analysis. Iron is always present in trace amount in parent zeo-
lites [13]. When sodium silicate is chosen as starting reactant, for example in
the case of Na¥ —4 zeolite, a broad résonance with AB =0.16 T,atg =2 841
is obpserved . “This' signal, in Fig. 6, suggests the presence of small particles of
ferfomagnetic substances (Fe,O, or ‘mixed ‘ferrites) formed during mucleation
of zeolites, from iron; impurities-present in-the zeolitic starting reagents [14].
On the contrary, NaY 1 sample prepared from silicic acid, containing less that
20 ppm iron 1mpur1t1es exhibits no obsetvable ferromagnetic signal - Since the
main aim of this study is to ‘detect the structural changes wich occur during
the ion exchange and heat treatment, and $ince any ferromagnetic pattern dis-
turbes the signal evolution for samples loaded with paramagnet1c ions by 1on
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exchange, our paper is only concerned
with the EPR results of the purer Na¥ —1
zeolite and of the modified FeNa¥Y —2.3
samples The modified zeolites were prepa-
red from the parent one, Na¥—1, by ion
exchange with aqueous solutions of triva-
lent iron ‘Together with Fe?' impurities,
about 0 01 wt %, of Mn?* (expressed as MnO)
was introduced 1n samples. It is to notewor-
thy that samples loaded withiron by ion
exchange do not show ferromagnetism.
The effect of the thermal treatment
was followed by comparing the EPR spec-
tra taken at room temperature (JES—3B
spectrometer) for three types of samples:
a) original, hydrated omes, used as
prepared ; ’
b) samples heated for 4 hours in air
at temperatures between 300 and 1100°C;
¢} samples undergoing the treatment
under (b) followed by rehydration at room
temperature.

The hydrated NaY—1 zeolite shows 4
an isotropic EPR signal at g = 4 3, with ¥
a'line width of AB=10mT It is the only criginal -

one we detected in the purer zeolitic ma-
terial. The spectrum at g = 4.3 evidences
no significant changes upon heating Only
a slight increase of its intensity and a
shoulder at g ~ 8 was observed. This indi-
cated a negligible effect of hydration and
dehydration on the coordination and va-
lency of the paramagnetic species, and hen-
ce this signal is attributed [15] to Fed+
ions substituting for A3+ in the framework
of zeolites The slight increase i the signal
intensity from hydrated sample ‘tos heated
ones certifies a small amount of ions solva-
ted in the “intracrystalline fluid”’. Due to
their short relaxation times, the Fe(H,0)3*
tumbling complexes cannot be evidenced
by EPR experiments at room temperature
[16] Dehydration forces the Fe?t ions
pierce into localized I’, IT or II’ cation si-
tes, which account for the slight increase
of the g =43 signal intensity [13, 16]

As for ion exchanged zeolites, the hyd-
rated samples show, Fig. 7a, a signal at Prg 7 EPR spectra for HeNaV—8§- sample.

heated, 6 00°C

0057
—_—

. rehydrated; 208

heated, 900

(s
s
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g =43 and a broad resonance at g = 2, upon which a hyperfine structure
(A ~ 10 mT) 1s superposed. Fig 7 presents the spectra evolution for samples
containing 29 Fe,0, and 0019% MnO The typical h.f. structure (4 x~ 10 mT)
is due [17] to the presence of Mn (H,O)3 complexes in the supercages The
broad lme at g = 2, with AB = 120 mT 1s attributed to the superparamagnetic
species, i.e , to hydrated hydroxide clusters formed through hydrolysis of Fe3t
within the supercages. The calcination leads to cancellation both ot the broad
signal and of the hf. structure, Fig. 7b, whereas a significant increase of the
g = 4 3 signal has been observed For samples.which maintain their crystallinity
upon heat treatment, T < 650°C, the room temperature rehydration results
in the appearance, once again, Fig 7c, of the EPR spectrum typical of origmal
hydrated material Under condition of severe treatment only, T > 650°C, an
irreversible EPR signal occurs at g =2 (AB = 30 mT), suggesting the forma-
tion of several Fed*-rich phases

The mechanisms likely to be responstble for the spectra evolution may be
related to the decomposition of the hydrated hydroxide clusters, to the valency
changes of the 1ons and/or to their migration to cation sites The oscillating
Fe3+ 1ons distributed among sites I’, II and II’ account for increased signal at
g =43 Actual pomt symmetry of the ligand freld for all cation sites and
for fully hydrated ones 1s orthorhombic or lower Although for vibrational and
EPR purpose, sites I’, IT or II' can be considered to have pseudo—Cs, or C,
symmetry [18, 19] and hence an 1sotropic resomance, typical of disordered
compounds [20, 21] occurs at g =43

The reversible character of the hf structure supports the idea of rever-
sible valency changes for manganese 1ons If these ions preserved their bivalent
state they should always give resonance at g = 2, for both hydrated and de-
hydrated samples [17], The redox reactions including Fed*, Mn2t/Fe2* Mn3+
couples, with the thermochemical decomposition of water [22] may explain
the annihilation of the broad resonance and of the hf structure On the other
hand, a considerable fraction of the 1ons may form diamagnetic or antiferro-
magnetic bridged complexes of the type M—O*"—M or M—OH—-M [23, 24],
which exhibit no EPR signal or exhibit a very large one at g =23 In our
opinion, the very large resonance, AB = 200 mT, at g =23, Fig 7b, must
have been due mamly to Fed' 1ons with a weak antifferomagnetic coupling.

On contact with water and atr the Fe?* and Mn3+ species are almost entirely
converted back to original valency states For samples treated at temperatures
lower then T = 650°C, the rehydration results in movement of ions from
localized positions toward the supercage This determines a decrease of the

= 4.3 resonance intensity and a regeneration of both the resonance with
AB = 120mT at g =2 and of the h{f structure .

When a part of the zeolitic material collapses 1n the course of heating,
T> Tome = 650°C, clusters of stable oxides [9] (Fe3*-rich phases) with a strong
exchange coupling [25] are likely to be produced Since the partial or total
destruction of the zeolitic structure prevents migration of water and 1ons through
the denser collapsed phase, the EPR signal exhibits no changes upon dehydra-
tion and rehydration The intensity of this signal (AB = 3D mT, ¢ = 2) 1increa-
ses if the content of the collapsed phase 1s mcreised and 1t is not semsitive
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to any:dehydratlon of the sample Only by meltmg the mate,nal T > 900°C,
the ;paramagnetm ions get, once again, ,1solated in the ,Vitreous, matnces the
signal-at. g = 2, (AB = 30 mT) )fades "away; andr the mten51ty of the g= 4 3
signal 1ncreases agaim I TR

.+ wWer mayiconclude by; statngg that the, EPR study allowed us to follow not
only, the thermal; stability , of structure but also the 1o0m, dynamrcs and redox
behamour of 1ronj andj manganese contamed srmultaneously m the zeohte o

> 3 Conelusions. “The:ithermal analysrsif;?owdes) a’ useful "tool to restimate
thanges m the"thermal"propertres and:-modifications-in the zeolite lattice as.
4 consequence of.cationexchange. 5o+ -, . 17 s e
“+Calculation of the energy>of activation for dehydration mvolves, the. assump—
tion that-the ‘water . molecules: are more strongly: bonded to ;the multivalent
cations and confirms.thei formation ‘of hydrated hydroxlde—type clusters Sup-
porting evidence is provided by EPR anylysis ; 1.5 - : )
‘T'he thermal properties.can be related to structural characterlstlcs such as.
unit-cell dimensions. .A: decrease 1y lattlce constant for modlfled zeohtes 1s con-
nected to an mcreased thermal stabrhty The results indicate thc t cation exchan-
ge with rare.earth-and protons-increases the- thermal stability of Y-type zeolite,
whereas the,iron :containing zeolites exhibit lower thermal ‘stabdity. =
.+ The EPR study allows to,follow the ion dynam1cs,r the redox behaviour,
the thermal stability and the phase iransifions of the ssample o
. Tke mformation acqulred {rom, thermal analysrs in relation te }xRD and
EPR methods provide a useful beckground in studymg varieus _aspects of
zeolites, 1t, being concludent that the thermal stability and the structural chan-
ges of-the modified zeolues depend on the nature and content of exchangeable
cations. Ce . ¢ -

ThlS contrlbutlcn is: dedlcated to Acad Prof -Jon Ursu'’s 60“1 ANNIvVersary.
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ABSTRACT. — A method of growmg photoconductive PbSe thin films on
glass substrates by chemucal deposition using selenourea and lead citrate complex
1s given An wn sitie spectrophotometric method is presented for the study of
the thin film deposition Six distinct stages are identified in the deposition
reaction The effect of thermal annealing in air at 350°C on the photocon-
ductive behaviour of the PbSe thin films 1s also investigated

1. Introduction. Chemical thin film deposition is a problem of current inte-
rest because of the increasmg number of thin film applications and relative sim-
plicity of the deposition technology A particular interest has been shown for
the chemical deposition of semiconductor thin films, ltke PbSe photoconduc-
tors, for detection of IR radiation in spectral range of 3—5 pm PbSe films are
used as high sensitivity IR detectors for the mentioned spectral range if the
deposition on glass substrates 1s made by one of the following methods : vacuum
evaporation, epitaxial deposition, or chemical deposition from aqueous solu-
tions [1, 2, 3].

In a previous work [4] we described our method of growing photoconduc-
tive PbSe thmn films on glass substrates by chemical deposition using sodium
selenosulfate as selenium ion source.

The formation of PbSe films from solutions on a substrate is determined
mainly by the chemical reaction kinetics between Pb2t and Se?~ ions We
were interested in the controlled film formation and this was achieved by
severe component concentration regulation.

We are describing now our procedure to prepare PbSe films by homoge-
neous precipitation from aqueous solutions using selenourea as selenmum ion
source,

Pb%*t 10ons were taken i citrate complex form in weak alkaline medium

(pH . 9,5).

2. Experimental details. 21 Pre- CALCIUM
paration of selenourea selenourea was gﬁgﬁg'“ CYANAMIDE SELENGURER
obtamed by following the diagram in
Fig 1 Fust was prepared a cyananude

solution by the continuous carbonation l é:fs,z I HpSe

of a cooled aqueous calcium cyanami- H

de slurry mamtamimng ithe pH at 6 0— o

6.5 [5] This solution was concentrated “

in a rotating evaporation system and the

cyanamide was extracted in a methyl- Fig 1 Technological diagram for selenourea preparation.

* Inshaute of Isotopic and Molecular Technology, 3100 Cluz-Napoca, P O Box 700, Romania
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ethyl cetone solvent Selenourea was obtamned m an etheric solution of cyanamude by the chemical
reaction between cyanamide and H,Se in presence of a small amount of NH,OH [6] The H,Se
was obtamned from elementary Se and H, gas m a furnace at 250°C Later we obtamed sele-
nou Mreame too frorck—Schuchard cyanamide of synthesis grade

22 The deposution of PbSe films:
the deposition of PbSe films from aqu-

LEAD ACETATE SOLUBLE PbSe eous solutions containing selenourea may
SOLUTION LEAD COMPLEX FILM be achieved followmng the diagram in
* Fig. 2
The deposition procedure and the
S°'§'3FU$5‘§”E| [pH SET"NGI Fsﬁﬁ%ﬁa expenmerftal laboratory setup were the
same as in our previous work [4]

method n
F1g 2 Technological diagram for PbSe film deposition 4744, ﬁzhz d;iiii:g;lzzﬁzrg;twcj‘hee propes-
N ties of thin, polycrystallme films are
strongly connected with the listory of the film growmng It has been shown that the pho-
toconductive behaviour exhibit a stiong dependence on therr mucrostructure [7, 8] The first
attemnpts to use the attenuation of a light beam due to the deposttion taking place i the reac-
tion vessel [9, 10] yielded some data regarding the mcubation period and the autocathalitical sta-
ge of the deposition reaction
Our intention was the study of the film deposition and the volumic precipitation as well, and
for this reason the mtensity of the emergent light was measured m a direction parallel to the
incidence direction
An UV —VIS Specord (Carl—Zeiss— Jena) was used m the range 30—125x10® cm™! The
reaction mixture was measured mm comparison with the lead complex solution used to prepare
it Both selenourea and selenosulphate using depositions were studied
The extmction of the reaction mixture was recorded at every 3 mumutes From time to time
substrates were taken out from the reaction
Il [ n []V[ Y IVI mixture, prepared simultaneously with one used
Vo, ’ in the cell of the spectiophotometer, and extinc-
» 30 520 5 |12,5 tion measurements were made on the substrates
A covered with the PbSe films [11]

Fig 3 gives the vartation of the measured
extinction at several wave-numbers plotted vs.
the logaiithm of the elapsed reaction time The
fact that the dotted lme corresponding to the
extinction values measured at 125x 103 cm™ on
the deposited PbSe films 1s parallel to the stra-
1ght segments of stages IV and VI shows that
the reaction take place identically in the deposi-
tion vessel and the cell of the spectrophotome-
ter

1.0 <+

24 Thermal anneahng of the PbSe films -
As-grown PbSe filins were subjected to a sen-
sitization m order to improve photoconductive
behaviour The most significant effect 1s repor-
ted m the case of semsitization in air or oxy-
; N gen [12—15] .

5 40 The films were placed 1m a quartz boat m
an open, horizontal furnace preheated to 350°C.
log t The annealing time ranges from quutés to days.

i; gt 3 Vartation of the extinction of the After the treatment the resistance and the pho-
ctton muxtures vs. the loganthm of the re-  toresponse of the films were measured The

action tume for four values of 1 /> The dotted
line represents the variation of the extinction C Perumental data for one set of samples plot-

of ‘the substrates covered with PbSe measured ted vs treatment time are shown in Fig.' 4
at 125 x 10® cm™? [16]
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This b_éhavmur,wa.s found to be characteristic of.all the chemu- T
cally deposited films;we studied. In,the fizst few, minutes a .very. '
sharp.drop in resistance and photoresponse takes place, this 1s w0l
followed in the range of 6—8 hours by,a simulianeous maximun
n resistance and photoresponse, a second maximum of the resis-
tance and the photoresponse 1s evidenced i the range of 24—26
hours The maximum photoresponse on untreated films 1s obtamed
at 15—18 pm, while the treatment shlf‘cs this maximum to 100
3,6 ym

4300

2004 {200

a(mv)e

Riks2)®

1100

3

) _ .
3 Besults ami dlSCLSSlODS 3.1. Using' the proce-~ ~ # © 20 30

dure described above, we obtained photoconductive Annegling time(h)

films The quality of ithe fﬂms was influenced by seve-
ral factors e Fi1g 4 The vanation of rests-
tance R(0) and photoconduc-

~ the addition time of lead acetate and seleno-  tion o{ ) vs anmeahng time

urea solutions to a dilute reaction mixture at a given

pH value and temperature of the bath with glass substrates 1 1t mfluenced
the adherence and the thickness of the films; continuous addition of the reac-
tion components gave better results, mlcrostructule “of the films depends on this
parameter.

The evolution of the reaction using selenourea 1s faster than that of the
reaction using sodium selenosulphate, so that the slow addition of the reac-
tants is desived fo: the formation of thick films witn good miciostructure

— the deposttion time has a direct influence on the thickness and on the
microstructure, longer deposition {imes yielded. better results For example
in approx. 2 hours one can reach a thickness up to 0.8 pm

— the stability of the lead complex and selenourea determine a relatively
narrow pH domain 93-9.7 - N

— 1n order to control the dimensions of the crystallites forming the depo-
sited film, the reactant comcentrations ought to be near 1071 M.

. — at lower temperatures the reaction was slow, the film adherence was
weaker and longer deposition times had to be used 1n order to achieve the
de51red thickness.

— 1t was found that the age of the solutions influences the deposition ;
a newly prepared lead complex ‘Solution reacts rapidly, while a few days old
complex solution slowly. Selenourea solutions were always freshly prepared from
solide selenourea because of the instability properties of the selenourea solutions.

3 2. As 1t may be seen in Fig. 3, there are six dlstmct stages in the deve-
lopment of the'deposition reaction. “ '

Stage I is the so called autocathalitical stage [10] characterized by a

strong acceleration of the ptrocess due to a fast increase i the number of the
emstmg cathalitical sites. '

1

Stage 1T the volumic pre01p1tat10n reaches a kind of dynamic equilibrium ,
all the curves plotted tend toward the same values ~This indicates that the:
number of particles of different sizes floating ih the liquid is umformly dis-
tributed all over the entire size range’ of particles producmg a, significant
light scattenng ! i
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Stage III is a stage of transition fromh a dominantly volumic precipita-
tion to the growth of the film. In this stage formation of a continuous film
takes place from the nuclei produced at the end of stage II. ' .

Stage IV 'is dominated by fast growth of the film An extremely thin
film was observed on the substrate : the films are bright ‘and ,tnirror like micro-
scopical observation d1d not show grains grown out from the smooth surface
of the film. ' Lo e

Stage V: due, to the Iowering of the concentratlon of the reac‘cants the
supersatura‘mon reaches the critical value at which'a transition takes place from
“layer-like” growth to “island-like” growth. »

Stdge VI: the growth is characterized by an “1slamd like” mechanism,
the films exhibit a' rough surface of together-grown grains: The “valley-hill*
profile is fairly well evidenced,by microscopical observatlon in dark field 111u—
mination at a magnification of 650 X.

3.3. A possible explanation for the first sharp drop in resistance may be
that after preparation the film is considered as consisting of an” amorphous
tissue inwhich small single crystals dre uniformly distributed. The amorphous
material. surrounding the small crystals causes the high resistance .values mea-
sured on asgrown films. The amorphous PbSe is in a metastable state till the
activation energy needed for the structural transition 1s supplied to it.:
Ve observed that amorphous PbSe exists from room .temperature to about
220°C.

The shift of photoresponse maximum from 16—1.8 pm on untreated sim-
ples to 3.6 pm after treatment is in accordance with the size quantization effet
teported in [17] for PbSe and HgSe. The amorphous PbSe may be regarded
as conshtuted of crystalhtes with diameter less than 50 A ; the carriers injected
from “crystalline islands” need a supplementary activation energy to produce
the photoconductive effect in the amorphous substance [18] surrounding the
“crystalline islands” and this causes the shift of the photoconduction maxi-
mum to lower wavelengths. After the crystallization of the amorphous PbSe
and the recrystallization due to the thermal treatment, one gels the value
reported in the literature for PbSe photoconduction maximum, 3.8 pm [19].

4 Conclusions. Chemical deposttion procedure of PbSe films in a lead cit-
tate — selenourea bath 1s a complex process which may be monitored keeping
all reaction parameters under control. Selenourea is a quite instable substance
and for this reason the deposition technology needs more attention (rigurously
pH control, light-tight conditions during selenourea solution adding). Identifi-
cation of distinct stages in the carrying on ‘the deposition recation by spectro-
photometric method suggest the possibility of using it for deposition monitoring
if real-time curve computation is used. The method permits the study of the
influence of several factors on the going through of thegdeposmon reac-
tion \

There were identified two ditferent types of processes g)vermng the pheno-
mena taking place when heating chemically deposited Pb32 fi.ms in air at 339°C:
a fast crystallization of the amorphous material, produciag the charp resistance
and photoresponse drop and slow processes of diffusive nature which cause the
resistance and photoresponse maximum at (6—8) hours ard {24—26) hours,
xespectively



92

h ?’S":‘*P’.‘\”"

Ll
oL ®N

bk
W

14
15
16.
17

18.

19.

° AL DARABONT, P FITORI, LP BIRO

REFERENCES

. G. Coates, J Electrochem Soc, 110, 174 (1963) ’ o
.B. Schoolar, J.R Lowney, J Vac Sci Technol, 8 (1), 224 (1971)
C J Milnefr, B N Watts Nature, 163; 322 (1949) :
Al Darabont, P Fitory, L P leé, Studia Usw  Physwcd, XXX, 2,50 (1986)
S: A Millér, B. Bann, J Appl Chem, 6, 89 (1956) .
Houben-Weyl, Methoden der O1gamschen Chcmte 4 Auflage, Eugen Muller Vol 9, x1187_
W D Lawson, F A Smith, A S Young, J Electrochem Soc, 107, 206 (1960)
V I Petrov, A V. Prokhorov, E A Yunovich, Fuz Techi Poluprov , 18, 484
(1984)
R A Zingaro, D O Skovlin, J Electiochem Soc, 11'1.\42 (1964)
A B Lundim G AvK1itaev, Izv Akad Nauk SSSR Neorg Mat, 1, 2107 (1965)
L P Bird, P Fitori, Al Darabout, 7-th Int Conf on 1hwn lems Dec 7—11, 1987,
New-Delhi, India

.B N McLean, U S Patent 2, 897, 409 Aug 22 1961
.T M Johnson, US Patent 3, 178, 312 April 13, 1965 -

R, M Candea, R Turcu, P Mdrgineanu, D Déddarlat, Phys Status Sohidr A,.
96, 337 (1986)

R M Candea, R. Turcnu, G Borod1 I Bratu, Phys Siaius Schdr 4, 100, 149 (1987).
L' P Biré, Al Darabont, P Fitory, Europhysics Lett, 4 ( (n), 691 (1987)

J. M T\Tedeljkov1c, M T Nenadovie, O J Micic,A J Noztk, J Phys Chem,
90, (1986) . :

N I‘ Mott, E A Davzis, Electronic Processes itn non- C;ystallme Malesials, Clarendon Press
Oxford, 1979, p 200, 209

R. Dalven, Infrared Phys, Vol 9, Pergamon Press, Lcuden, 19C9, p 147.



STUDIA UNIV BABES-BOLYAI, PHYSICA, XXXI1II, 1, 1988

ARGON OF HIGH PURITY

F. ATANASIU*, A. RADOI*, V. ALMASAN*, L. MURESAN*, M. ATANASIU*
and S. DRONCA*

Dedicated to Professor IOAN URSU on Mlus 60 th anniversary
Recerted  November 15, 1987

ABSTRACT. — The most common methods for argon production and purifi-
cation are summarized The removal of some trace impunties from refined
argon 1s also described A laboiatoiy plant for argon high purnification 1s pre-
sented

I. Intreduction. Argon has been largely employed in technology and scien-
tific research from the beginning of its availability First, 1t was used as shielding
gas for the mert-gas-shielded arc welding and to provide an inert atmosphere
i which chemically reactive materials, such as hot titammum and transistor-
grade-silicon, could be handled without contamination Most incandescent lamp
bulbs are filled with argon containing a little nitrogen and most fluorescent
lamps are filled with argon-krypton mixtures New applications of argon are
1 the field ot laser technology, determination of the age of rocks, cryogeny,
as filling gas for radiation detectors, as raw material for stable isotopes sepa-
ration, (*6Ar, 3Ar), as carrier gas 1 gas-chromatography, aso [1]

Almost 19, of the earth’s atmosphere 1s argon, and so, mndustrially, this
gas 1s produced by the liquefaction and rectification of air A small quantity of
argon 1s produced by distillation of the bleed-off gas of the ammonia plants,
contamming hydrogen, nitrogen and argon [2]

IL. Methods for argon production and purifieation. The liquefaction and
distillation of air results m a gas containing 97—989, argon [3]. At this level
of purity, the crude argon contains oxygen and nitrogen as the main 1mpuri-
ties. The oxygen 1s usually removed by catalytic combustion with hydrogen.
The combustion process reduces the oxygen content to a few ppm by volume
and leaves about 19, hydrogen and 19, nitrogen as the major impurities.1n the
resulting argon [1, 2] Another usual method to remove the oxygen is by adsorp-
tion on ILinde molecular sieve Type 4A [11].

Refining the “crude” argon by rectification one can obtain 99 9969, punty
gas or better [1,4] A purity of 99 9969, corresponds to total impurities of
40 ppm Actually, the total impurities are almost always less than this, their
concentrations are usually mn the followmng ranges. 1 to 10 ppm nitrogen, O
to 5 ppm oxygen, 0 to 5 ppm carbon dioxide, about 1 ppm hydrogen, 0 to
6 ppm moisture [1, 4, 5].

Special purification methods offer research grade argon which has. a purity
of 99 999—-99.99999, [1, 5, 6].

* Inshitute of Isotoprc amd Molecular Technology 3400 Cluz-Napoca, Romamsas 5, P.O. Box.700%
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I11. Removal of traee level impurities from argon. Typical trace level impu-
rities in 99.99—99 9959, grade argon are. oxygen, nitrogen, hydrogen, carbon
dioxide, methane and moisture [3, 7].

Most common methods for oxygen removal from primarily refined argon
are by catalytic combustion with hydrogen added [1], by adsorption on molecu-
lar sieve, or by passing the gas on activated charcoal [8], on copper and acti-
vated nickel {which both reduce also the moisture level) [3], on MnO [9], on
Al—Mg or Ca—Mg alloys at temperatures between 250--450°C [10], on Ba
[11, 12] and on uranium furnaces which can reduce the nitrogen contedt also
at 900°C [13].

The removal of nitrogen traces is accomplished by adsorption on molecular
steves [1, 3, 14, 15],.0r by absorption in lithium, magnesium and calcium getters
[1,3]

. The water vapors can be reduced on molecular sieves moisture traps at
liquid nitrogen temperature '[1, 3], or by using chemlcal’actrve medra hke KO:I
P O and calcium chloride [3]. Cl X :

* The methane traces are. removed in' the same trme by the catalyt1c com-
bustion of oxygen ; passing through copper oxide’ or calcium furnaces. [1], or
by adsorption through synthetic dehydrated zeoiitic sodtum (calctum) aluminium
silicate at low temperatures [16]. e Lo

Hydrogen level is reduced on copper oxrde and palladmm ab 250—300°C
[31.

Carbon dlomde is often absorbed by passmg the gas through sodlum or
potassium hydroxrde solutrons [17] N ‘

Iv. Laboratory plant fer ultrapure argon productlon. Usmg the experi-
mental sequence presented in Fig. 1, one obtains ultrapure argon with a punty
of minimum 99. 9999, from mdustnal crude argon which had a purity of

w

L

r

Crude argo . © TR . . . ' 4 - :
(mdusrr;uge v : - e : GCr-'f .,
mn gAY o R P Anawser| . -
y ! s B i v e, Lo ! N g . ! J , N !
S ) f . v o ] b
N . g . . , B ( - _Uttra tugh ¢«
g s e ’ K punity argon !
I | Svmmniomamnty ’ 0 ' . | [mm 99 999¢ o)
v ' ,. [ ) [ . )
- t ' i N
' P 4 I, X v - ‘ . T
Moisture trap Copper oxlde Activated , . Titamum .
in liquid nitroge” 7 furnace " nickeltrap © ¢ o 7 furnace [ o 't
b ‘{500°C} Lot Lo . {700-800°C} =+, - 2 e

’Frg 1. 'Schematm 'dlagra'.rr:f hf a laboratory i)fant for ultrariure argon ﬁroduction'
oot 11
min. 99.999,. The contents of thte main ifnpurities are : max. 1 ppm’ hydrogen,
max. 1 ppm nitrogen, max. 1 ppm methane, about 2 ppm ' fhoisture, “about’
2 ppm oxygen and max. 1 ppm carbon dioxide, [6, 18]. The analyses of trace
level impurities was accomphshed on a Varian Aerograph'1732. -° ~
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Abstract. — The structural and temperature dependence of the reciprocal mag-
netic susceptibility were investigated for the intermetallic system Dylel,]_ Al

(0 > x >17) A new intermetallic compound Dy,Al,, was obtained It was
pointed out that the isostructural intermetallic compounds Dy,N1,, and Dy,Al,,
give rise to a contmmuonse solid solutions series The lattice parameters a and ¢
monotonously change with x nickel concentration Fiom the magnetic pomnt of
view, the investigated intermetallic compounds with the general forimnula,
Dy.N1,,_,Al; are ferrimagnetic and their behaviour 1s interpreted on the basis

of the VYafet and Kittel model The new intermetallic compound Dy,Al,, 18
paramagnetic and obeys a Curie—Weiss law, with the negative paramagnetic
Curte temperature 6p = —90 K

1 Introduetion. The intcrmctallic compounds Dy,Niy, and Dy,Al;, are
isostructural and give rise to a continuous solid solutions series with the ge-
neral formula Dy,N1,._,Al, The compounds crystallize i the hexagonal Th,Ni;,
structure type In a previouse paper [1] we have investigated the magnetic
behaviour in the ordered state and also in the paramagnetic state for some
of these compounds, namely Dy,Ni, ,Al,, with x=0, 02, 04, 06, 1 The
results were 1nterpreted on the basis of the magnetic interactions N1—N1 and
Ni1—Dy, taking into account the positions of the magnetic 1ous 1n the lattice.
There are 1n these compounds four crystallographically inequivalent sites for
N1 atoms (4f, 6g, 127 and 12k) and two tor Dy atoms (2b and 2d) [2] The
N1 atoms on 6g, 12k and 127 sites give rise to identical hcxagons and between
the atomic planes tormed by these thrce Ni sites are located the Ni atoms
on 4f sites The Dy atoms are locatcd in the center of the hexagons formed
by Ni atoms on 127 sitcs The ground state at 0 K 1s lormed f{rom three
collinear sublattrecs A, B and C The sublattices A and B comprises the spins
on 4f sites (sublattice A) and 6g, 12 and 12k sites (sublattice B) The sublat-
tice C comprices the Dy atoms on 2b and 2d sites Because the B—C interac-
tion 1s dominant, the sublattices B and C will be magnetized i opposite direc-
tions, so the sublattice C 1s paralld to sublattice A When the triangular
arrangcment 1 the B sublattice appears, the spins on C sites fall into two
similar sublattices, whose magnetizations also form a triangular arrangement
due to the strong B—C interaction, their resultant being antiparallel to that
of B sublatticcs and conscquently parallel to A So the magnetic behaviour
for these mntermetallic compounds may be well cxplaincd by Yafet and Kittel
theory [3]

¢ Untversity of Clu)-Napoca, Faculty of Mathematics and Physics, 3400 Cluj-Napoca, Romema
** Umiversity of Brasov, 2200 Brasov, Romania
*** Polytechnical Institute of Cluj-Napoca, 3400 Clu)-Napoca, Romania
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2 Experimental. The compounds Dy,Ali7—«Ni; (0 > x > 17) were prepared by arc-melting
stoichiometric amounts of the elements m an argon atmosphere. The purity of the starting elements
-was 9999, for Dy and N1 and 99999 for Al. The samples were checked for homogeneity by
X-ray analysis and only single phases were found. The magnetic susceptibility was measured bet-
‘ween 100 and 1,100 X with a Weiss-Forrer type o magnetic balance, with a sensitivity of 10—8cm /g
[4] ;n a magnetic field of 9,500 G intensity

3 Results and discussion, The X-ray measurements were performed on
a TUR-M-62 equipment, using the Debye—Scherrer method on powdered sam-

ples For the investigated intermetallic pseudobinary compounds the lattice
parameters a4, ¢ and their ratio c¢/a are listed in the Table 1.

Table ¢
Lattice parameters Ratio
Intermetallic compounds .
a, A c. A . cla

Dy,Al;, 11788 11.322 0,9604
Dy,Ni,Al, 1 11.322 10 314 09109
Dy,NiAl, 10 842 9 667 0.8916
Dy,N1,Aly, 10 395 9 409 09051
Dy,N1Al, 9 925 9188 09257
Dy,N1,,A, ' 9451 9035 0 9559
Dy,N1,,Al, 8 980 8 850 0 9855 -
Dy,Nuy,,Al, 8536 8 704 10916
Dy,N1,Al, 8311 8770 1 0552
Dy, N1, Al 8 045 8677 10785
Dy,Niy, ,Aly 7 995 8672 1 0846
Dy,Ny, Alg, 7.954 8 669 10898
Dy,N1,, (Al ¢ 7 902 8 666 1 0966
Dy,N1,, (Al 4 7 851 8 663 11034
Dy.Ny,, 7828 . 8660 11062

As one can see from Fig 1, the lattice paramzter a dacreases linearly with
-the nickel concentration increase while the lattice parameter ¢ decreases’ mono-
tonously The concentration dependence of the lattice paramesters ratio c/a
1s given 1n the figure 2 One can see that the curve has a munimum for x = 4

The monotonouse variation of the lattice param=ters with th: concentration
x 1n the compounds formula shows that the system Dy,Al, .Ni, forms a
continuous solid solution series

The temperature dependence of the reciprocal magnetic susceptibility for
the intermetallic new compound Dy,Al;, and for the pseudobinary interme-
tallic compounds Dy,Ni,,_ ,Al,, withx =1; 2 1s given in the Fig. 3 As one
can see the magnetic susceptibility for the Dy,Al, obzys the Curie— Weiss
law with the negative paramagnetic Curie temperature 0p = —90 K, sugges-
-ting a possible antiferromagnetic ordering of the dysprosium magnztic moments
at  lowered temperatures The effective maguetic moment per formula unit
determined from the Curie—Weiss constant of 15.144 pp 1s in very good agre-
ement with that calculated taking into account the values of 10 64 up/Dy+3
and 164 pp/N1 atom. For the pseudobinary intermetallic compounds the reci-
procal magnetic susceptibility 1s linear at high temperatures, but 1s not linaar

*7 — Physica 1/1988
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at lower temperatures suggesting the ferrimagnetci ordering at low tempera~
tures, as on can see from the Figs 3, 4 and 5 for the all investigated com-
tounds

From the linear part of the curves 1/y(T) we bave determined the effcc—
tive magnctic mcments per formula unit As one can see from the Table 2.
the calculated and the expcrimental determined values are 1 good agreement.

) Table 2
. Effective magnetic mo- Effectiv
ment per formula umt, magnetic

Intermetallic compounds B

moment per
calculated determuned

nickel atom

, wp -
Dy,Al,, 15 146 15 144 -
Dy,Ni,Al; 15 322 15 264 164
Dy, N1,AlL, 15 400 15 434 167
Dy, Ni,Al, 15 574 15 555 165
Dy,Ni,Al, 15 745 15 726 171
Dy,Ni,Al, 15 915 15 910 170
DY,N1,,Al, 16 084 16 044 162
Dy, N1, Al 16 250 16 290 164
DY, N1, Al, 16 332 16 396 162
DY, N1,,Al 16 415 16 419 165
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In the last column are given the effective magnetic moments values, determined
per nickel atom by taking into account 10 64 pp/Dy3+. All the determined valucs
are in good agreement with the experimental value pcr nicke atom for pure
nickel metal of 164 pg.

4. Conelusions, The intermetallic system Dy,Ni,, ,Al, give rise to a con-
tinouse series of solid solutions. The system crystallizes 1n a hexagonal lat-
tice of Th,N1,, type. The intermetallic compound Dy,Al;, is a new compound,
isostructural with Dy,Ni,.

The lattice parameters @ and ¢ continously changes with the x nickel or
aluminium concentration.

The intermetallic system Dy,Ni;,_.Al, is fernmacnehc excepting Dy,Al;,
which is paramagnetic in the investigated temperature range, obeying the
Curte—Weiss law with negativ paramagnetic Curie temperature, Op = —90 X

In the paramagnetic regime for the more mickel concentrated compounds
the temperature dependence of the reciprocal magnetic susceptibility obeys
a Néel law. For the less nickel concentrated compounds only a small nonlinea-
rity 1s observed at law temperaturcs suggesting the ferrimagnetic oider.

s
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Laser Spectroscopy of Solids, W M Yen
and P M Selzer (Eds), Second Edition, Sprin-
ger—Verlag, Berlin—Heildelberg, 1986, pp

The theoretical and experimental study of
optical properties, which has known wide deve-
lopment mainly by employmg laser as an exci-
ting source, 1s continuously spurred by the advan-
ced technologies that require ever more efficient
optical materials

This book (second, revised edition) covers
a survey of the spectroscopic properties of imsu-
lators as derived from application of tunable
laser spectroscopic techmiques. An outline of the
optical spectroscopy of ions and molecules n
solids 18 given in Chapter 1, which serves as a
background for the following chapters. Further
on, i Chapters 2 and 3 the microscopic and
macroscopic aspects of the theory of dymamuics
of optically excited states with emphasis on
ton-ton interactions, which are responsible for
optical energy transfer in condensed phases, are
considered. Chapter 4 reviews the recently deve-
loped experimental methods that allow the obser-
vation of the various dynamical processes. Much
stress 1s laid on the fluorescence lme narrowing
techmque — a very versatile method for obser-
ving both relaxation and energy mgration Inves-
tigation of the optically active 1omns i insulator
by laser spectroscopic techmique 1s considered
in Chapter § The next chapters relate the same
technique to the study of fluorescence spectros-
copy in glasses. Finally, aspects on processes
entaitling relaxation, quencing, and transfer out
of excited optical states 1n ordered and disordered
sohds are brought to Lght i the final chapter.

The materal 13 organized m such a way
that the student obtains a good understanding
of the properties of insulators as derived from
the application of tunable laser spectroscopic
techniques, as he gets familianized with this
mmportant tool provided by laser spectroscopic
techniques.

The book can successfully be referred to
by either first time domain-contacting students
and by specialists, who all encounter here a rele-
vant up-to-date documentation on both expe-
rimental technigues and theoretical researches.

TRAIAN ILIESCU -

ty Ao '

K. Shimota, Introduction to Laser
Physies, Second Edition, Springer— Verlag, Ber-
lin—Heidelberg —New York—TLondon—Paris—
Tokyo, 1986.

Lasers have brought an actual revolution
m science and techmque. New fundamental and
applicative developments in physical optics,
quantum electronics, non-linear optics and spec-
troscopy have emerged. Fundamental research
15 today unconceivable without the use of lasers,
nor 1s it possible to solve varied techmical and
technological problems.

The author of this book, who has been
mvolved in laser research, considers here both
the basic concepts and the theoretical aspects
of lasers and the effects induced by laser radiation.
After reviewing, i Chapter 1, the types of
lasers and the spectral range covered by the
laser radiation emutted by these, in the next two
chapters the concept of coherence and the electro-
magnetic theory of the hght applied to lasers
are discussed. The processes of the absorption
and emussion of light described in Chapter 4
are meant to pave the way {for the reader so
as to better understand the principles of lasers,
which make the core of Chapter 5. By resorting
to the rate-equation theory, the interaction
between the light and atoms in the resonmators
under the imnfluence of pumping and relaxation
1s considered in Chapter 6, while Chapter 7 is
focused on the interaction of the atom with the
coherent light when 1t aquires a dipole moment
of certam fixed phase with respect to the optical
field The final two Chapters, (8 and 9), 1n a
semiclassical treatement way, deal with the
non-linear effects of the coherent light and the
theory of laser ociullations

An easy mathematical language is employed
in the book, the somewhat difficult aspects
beeing treated in details. Contribution to enfor-
cement of the exposed ideas 1s provided by each
chapter-end problems, as well as by the answers
and solving given in the end

This 13 a useful refference book both to
undergraduate students and to those directly
mvolved in researches on lasers.

- TRAIAN ILIESCU
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